
INTRODUCTION 

This notebook is intended to be a working tool that provides a readily available 
compilation of current FHWA policy and guidance on pavements. Users are 
encouraged to add material as they see fit. 

The notebook is composed of: 

(1) Reference to appropriate Federal-aid Highway Program 
Manual directives; 

(2) Other issuances, such as Technical Advisories and Notices which present 
short-term instructions or interim policy; 

(3) FHWA memorandums clarifying policy or providing 
technical guidance; 

(4) Discussions reflecting current state-of-the-art or 
philosophy; 

(5) Material on developmental and research areas related to 
pavements. 

The material is arranged by subject into chapters and sections. The Table of Contents 
shows current date for each document. 

Any comments, suggested additions, or revisions to the notebook should be directed to 
the Federal Highway Administration, Attn: Mr. Peter J. Serrano, Pavement Division, 
HNG46, 400 Seventh St., S.W., Washington, D.C.; Telephone number 202366.1341 
or email at Pefer.J.Serrano@fhwa.dot.gov. 
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Enclosed is the second revision to the Pavement Nofebook for Fff WA Engineers. Please 
make the changes contained in the attachment. Submit the attached form on the following 
page so that we can include your name and address on our mailing list. For further 
information or additional copies of the notebook contact Mr. Peter J. Serrano at 
202.366.1341 or Peter. J. Serrano@fhwa. dot. gov. 
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Chief, Pavement Division 
Federal Highway Administration 
400 Seventh Street, SW., Room 3118 
Washington, D.C. 20590-0001 

Refer to: HNG-40 

Attn: Mr. Peter J. Serrano, P.E. 

Dear Sir: 

I have received a copy of the Pavement Notebook for FHWA 
Engineers and would like to be on your distribution list for 
future updates and/or additions to the notebook. 

Request for additional copies should be addressed to: 

Federal Highway Administration 
Pavement Division - Attn: Mr. Peter J. Serrano, P.E.. 
Pavement Design and Rehabilitation Branch (HNG-42) 
400 Seventh Street, S.W. 
Washington, D.C 20590 

Please mail or fax the form below. 

- - - - -e-w----- - - - - - - - - - -  “a,+ l-he-we. 
bUL. 11cL. F; 

- - - - - - - - - - - - - - - -  

Name: 

Title: 

Agency: 

Address: 

Telephone Number: 

Federal Highway Administration - Pavement Division 
Attn: Mr. Peter J. Serrano, P.E. (HNG-42); 
Fax number: 202.366.3713 
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AP-2 1 Geotechnical Microcomputer Programs 

DESCRIPTION : This project has involved the development of several geotechnical programs 
under contract with geotechnkai microcomputer programming firms. These programs have been 
made available to the States by the OTA. 

BACKGROUND : The microcomputer industry has undergone rapid changes in recent years. New 
developments in hardware and sofbvam make the use of the microcomputer in civil engineering applications more 
feasible, practical, and almost indispensable. 

The microcomputer can be used to solve many geotecbnicai problems that need repetitive and yet complicated 
calculations, such as analyzing embankment and foundation deformations, estimating pile behavior under static 
and dynamic forces, and calculating foundation settlements. Five of the microcomputer programs developed or 
under development are: 

COM624P: Analyze the behavia of piles or drilled shafts, subjected to lateral loads using the p-y 
method. 

EMBANKz Determines one-dimensional compression settlement because of embankment loads. 

SPILE: Calculates the ultimate static pile capacity in cohesive and cohesionless sok 

Bss: ,dnaips stability of slopes that contain soil reinforcement. The analysis is performed 
using a two-dimensional limiting equilibrium method, 

MSEW: &signs and/or analyzes required reinforcemen t for mechanically stabilized retauung 
walls, which does not consider specific facing configurations. 

DRIVEN: This program is the updated version of the SPILE Program. 

PILE 
FOUNDATION : This program will be developed based on the University of Florida program - 

LPGSTAN which is capable of analyzing bridge foundations subject to extreme 
evarts oupricana, ship and ice impats). The program will extend its capabilities 
to include the analysis and design of sound walls, retaining walls, signs and high 
rnastligbtings-. 

*. PROJECT MANAGER : Cl&n-Tan Chang, HTA-22, (202) 366-6749 

STATUS: TheSPILEprOgramhasbeenupgradcd,thenmp~iscalledDrivar Thisprogramis 
&mataitobecompletedbytbeendof199S. RSSProgramhasbancomplerad ItwiUbeteatedforabout2 
ma&s and will be distributed eariy December 1995. Contracts are being negotiakd to develop a new version 
of MSEW program and a multiple faceted program called Pile Foundations. 

10.5.19 
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[FEDERAL-AID POLICY GUIDE 
April 22, 1994, Transmittal 10 23 CFR 500BJ OPI: HNG-41 

SUBCHAPTER F - TRANSPORTATION INFRASTRUCTURE MANAGEMENT 

PART 500 - MANAGEMENT AND MONITORING SYSTEMS 

Subpart B - Pavement Management System 
Sec. 
500.201 Purpose. 
500.203 PMS definitions. 
500.205 PMS general requirements. 
500.207 PMS components. 
500.209 PMS compliance schedule. 

Authority: 23 U.S.C. 134, 135, 303 and 315; 49 U.S.C. app. 
1607; 

'23 CFR 1.32; and 49 CFR 1.48 and 1.51. 

Source: 58 FR 63475, Dec. 1, 1993 [Effective Jan. 3, 19941 - 

Sec. 500.201 Purpose. 

The purpose of this subpart is to set forth requirements for 
development, establishment, implementation, and continued 
operation of a pavement management system (PMS) for 
Federal-aid highways in each State in accordance with the 
provisions of 23 U.S,C. 303 and subpart A of this pa,rt. 

Sec. 500.203 PMS definitions. 

Unless otherwise specified in this part, the definitions in 
23 U.S.C. 101(a) and. Sec. 500.103 are applicable to this 
subpart. As used in this part: 

Pavement design means a project level activity where 
detailed engineering and economic considerations are given to 
alternative combinations of subbase, base, and surface 
materials which will provide adequate load carrying capacity. 
Factors which are considered include: materials, traffic, 
clixam, .maintenance, drainage, and life-cycle costs. 

Pavement management system (PMS) means a systematic'process 
that provides, analyzes, and summarizes pavement information 
for use in selecting and implementing cost-effective pavement 
construction, rehabilitation, and maintenance programs. 

Sec. 500.205 PMS general requirements. 

(a) Each State shall have a PMS for Federal-aid highways 
that meets the requirements of Sec. 500.207 of this subpart. 

1.1.1 



(b) The State is responsible for assuring that all 
Federal-aid highways in the State, except those that are 
federally owned, are covered by a PMS. Coverage of federally 
owned public roads shall be determined cooperatively by the 
State, the FHWA, and the agencies that own the roads. 

(c) PMSs should be based on the concepts described in the 
"AASHTO Guidelines for Pavement Management Systems.t8 [AASHTO 
Guidelines for Pavement Management Systems, July 1990, 
can be purchased from the American Association of State 
Highway and Transportation Officials, 444 N. Capitol Street, 
NW*, suite 225, Washington, DC 20001. Available for inspection 
as prescribed in 49 CFR part 7, appendix D.] 

(d) Pavements shall be designed to accommodate current and 
predicted traffic needs in a safe, durable, and cost-effective 
manner. 

Sec. 500.207 PMS components. 

(a) The PMS for the National Highway System (NHS) shall, as 
a minimum, consist of the following components: 

(1) Data collection and management. 

(i) An inventory of physical pavement features including the 
number of lanes, length, width, surface type, functional 
classification, and shoulder information. 

(ii) A history of project dates and types of construction, 
reconstruction, rehabilitation, and preventive maintenance. 

(iii) Condition surveys that include ride, distress, 
rutting, and surface friction. 

(iv) Traffic information including volumes, classification, 
and load data. 

(v) A data base that links all data files related to the 
PMS. The data base shall be the source of pavement related 
information reported to the FHWA for the HPMS in accordance 
with the HPMS Field Manual. [Highway Performance Monitoring 
Syst.=(HPMS) Field Manual for the Continuing Analytical and 
Statistical Data Base, DOT/FHWA, August 30, 1993, (FHWA Order 
M5600.1B). Available for inspection and copying as prescribed 
in 49 CFR part 7, appendix D.] 

1.12 



(2) Analyses, at a frequency established by the State 
consistent with its PMS objectives. 

(i) A pavement condition analysis that includes ride, 
distress, rutting, and surface friction. 

(ii) A pavement performance analysis that includes an 
estimate of present and predicted performance of specific 
pavement types and an estimate of the remaining service life 
of all pavements on the network. 

(iii) 

(A) A 
present 

(B) A 

An investment analysis that includes: 

network-level analysis that estimates total costs for 
and projected conditions across the network. 

project level analysis that determines investment 
strategies including a prioritized list of recommended 
candidate projects with recommended preservation treatments 
,that span single-year and multi-year periods using life-cycle 
cost analysis. 

(C) Appropriate horizons, 
these investment analyses. 

as determined by the State, for 

(iv) For appropriate sections, an engineering analysis that 
includes evaluation of design, construction, rehabilitation, 
materials, mix designs, and preventive maintenance as they 
relate to the performance of pavements. 

(3) Update. The PMS shall be evaluated annually, based on 
the agency's current policies, engineering criteria, 
practices, and experience, and updated as necessary. 

(b) The PMS for Federal-aid highways that are not on the NHS 
shall be modeled on the components described in paragraph (a) 
of this section, but may be tailored to meet State and local 
needs. These components shall incorporate the use of the 
international roughness index or the pavement serviceability 
rating data as specified in Chapter IV of the HPMS Field 
Manual. 

Sec. 500.209 PMS compliance schedule. -- 

(a) By October 1, 1994, the State shall develop a work plan 
that identifies major activities and responsibilities and 
includes a schedule that demonstrates full operation and use 
of the PMS on the NHS by October 1, 1995, and on non-NHS 
Federal-aid highways by October 1, 1997. 
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(b) By October 1, 1995: 

(1) The PMS for the NHS shall be fully operational and shall 
provide projects and programs for consideration in developing 
metropolitan and statewide transportation plans and 
improvement programs; and 

(2) PMS design for non-NHS Federal-aid highways shall be 
completed or underway in accordance with the State's work 
plan. 

(c) By October 1, 1997, the PMS for non-NHS Federal-aid 
highways shall be fully operational and shall provide projects 
and programs for consideration in developing metropolitan and 
statewide transportation plans and improvement programs. 

1.1.4 
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NON-REGULATSRY SC-PPLEMENT 

CPI: EKG-42 

-: &7 -I-ie 23 CFR 500.205(d) establishes the foiiowing 
requirement: "Pavements shall be designed to 
aczmmodate current and predicted traffic needs in 
a safe, durable, and cost-effective manner." The 
regulations do net specify the procedures to be 
foi -lowed to meet this requirement. Rather each 
Siate iiighway Agency (SHA) is expected to use a 
design procedure which is appropriate for their 
conditions. The SHA may use the design procedures 
cutlined in the AASHTO Guide for Design of 
?avement Structures or they may use other pavement 
design procedures that, based on past performance 
cr research, are expected to produce satisfactory 
pavement designs. 

a. FRWA Evaluation of Pavement 3esicrn Procedures 

(1) Consistent with FHWA's Operational 
Philosophy on process review/product 
evaluation (PR/PE) attached to Executive 
Director Carlson's November 12, 1991 
memorandum, the FHWA field offices will 
conduct periodic reviews of the .%-IA's 
pavement design process. As part of the 
review, FHWA field offices will sample a 
sufficient number of projects to 
determine that the pavement design 
process is being followed and the 
process provides reasonable engineering 
results. If the reviews show that the 
SHAs have and are following an 
acceptable pavement design process, -- routine pavement design reviews of 
individual projects will not be 
required. 

(2) The FHWA encourages the development of 
mechanistic pavement design procedures. 
To promote consistency in application of 
mechanistic related design procedures, 

. 
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Ff337<-AI3 PCLICV G'U'ICE 
Octoke- 5 . , 1995, Transmittal 14 NS 23 CFR SO0 

the Pavement Division wiil participate 
with the Region and Division cffices in 
reviewing and discussing these 
procedures with the State during their 
development. 

b. Fa.ctors to Consider in Pavement 3eSir;n. 

Highway agencies should pay particular 
attention to the following items in designing 
pavements. 

(1) Traffic. Pavement designers should work 
closely with the SHA component 
respcnsible for the development cf the 
Traffic Monitoring System for Highways 
(TXS/H) required under 23 CFR 500.801. 
The TMS/H should reflect the accuracy of 
traffic volume, classification, and 
truck weight data required for pavement 
design. 

ia) Accurate cumulative load (normally 
expressed as 18 kip equivalent 
single axle loads or ESALs) 
estimates are extremely important 
to structural pavement design. 
Load estimates should be based cn 
representative current vehicle 
ciassification and truck weight 
data and anticipated growth in 
heavy truck volumes and weights. 
Representative current traffic data 
should be obtained using 
statistically valid procedures for 
obtaining count, classification, 
and weight data based on the 
concepts described in the FHWA 
"Traffic Yonitoring Guide" and the 
"AASHTO Guidelines for Traffic Cata 
Programs." 

(b 1 Accurate veh;cle classification 
data on the n-.unber and types cf 
trucks is essential to estimating 
cumulative loads during the design 
period and should be given special 
emphasis. Weight information 
should be obtained using weigh-in- 
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Zcfober 5, 3.995,. Transmittal 14 NS 23 CFR 500 

mction (WIM) equipment since this 
data is more representative than 
data obtained using static 
enforcement scales which are 
plagued with avoidance problems. 
States should continue to automate 
their monitoring program through 
installation of strategically 
placed automatic vehicle 
classification and WIM systems as 
soon as possible to improve the 
current base traffic data used to 
forecast future truck volumes and 
loads. 

(cl The SHA's forecasts of future 
loadings should, as a minimum, be 
based on two truck classes: trxks 
up to 4-axle combination and trucks 
with 5-axles or more. Changes in 
load factors should also be 
monitored and forecasted. The 
forecasting procedures should 
consider past trends and future 
economic activity in the area. A 
traffic data collection and 
forecasting program that identifies 
the most important truck types and . 
the changes in numbers and weights 
of these truck types during the 
design period should provide 
realistic load estimates. . . 

(2) Roadbed Soi.& . Both the 1486 and 1993 
versions of the "AASHTO Guide For Design 
of Pavement Structures" require the use 
of -the Resilient Modulus (s) (a measure 
of the elastic property of soils) in 
lieu of soil support value as the basic 

-- materials value to characterize roadbed 
soils for flexible pavements. The 
AASHTO Guide strongly recommends that 
SHAS acquire the necessary equipment to 
measure s. SHAs who use I$ values 
converted from CBR and R-value should 
conduct correlation studies using a 
range of soil types, saturation levels, 
and densities to determine realistic 
input values. For rigid pavements, the 
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use of a k-value is required. NCIIR? 
Xeport 372, SuDDort Unser Portland 
Cement Ccncret- WC- Pavements, provides 
improved guidance on selecting 
appropriate values for this factcr. 
r'roper roadbed soil support is needed 
for longer pavement service lives and 
more cost-effective pavement design. 

(3) Drainaae 

(a) Drainage is one of the more 
import ant factors in pavement 
design, yet inadequate subsurface 
drainage ccntinues t,o be a 
significant cause of pavement 
distress, particularly in portiand 
cement concrete pavements. String 
the last 10 years significant 
strides have been made in the 
development of positive drainage 
systems for new and reconstructed 
pavements. There have also been 
major developments in products and 
materials which can be used for 
retrofit longitudinal edgedrains. 

(b) The developments in permeable base 
technology and longitudinal 
edgedrains make positive gavemecz 
drainage possible and affordable. 
Accordingly, pavement design 
procedures need to consider the 
effects of moisture on the 
performance of the pavement. *dhe re 
the drainage analysis or past 
performance indicates the potential 
for reduced service life due to 
saturated structural layers or 

-- pumping, the design needs to 
include positive measures to 
minimize that potential. 

(4) Shoulder Structure 

(a) Recent studies demonstrate that 
full structural shoulders' improve 
both mainline pavement and shoulder 
performance. Research results have 
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shown that widening the right 
pavement lane and placing the edge 
stripe 0.5 m from the outside 
pavement edge significantly 
improves pavement performance. 

(b) The SHAs are encouraged to use 
paved shoulders where conditicns 
warrant. Shoulders should be 
structurally capable of 
withstanding wheel loadings from 
encroaching truck traffic. C!n 
urban freeways or expressways, 
strong consideration should be 
given to constructing the shoulder 
to the same structural section as 
the mainline pavement. This will 
allow the shoulder to be used as a 
temporary detour lane during future 
rehabilitation or reconstruction. 

(c) On new and reconstructed pavement 
projects, .the SHAs are encouraged 
to investigate the advantage of 
specifying that the shoulder be 
constructed of the same materiais 
as the mainline, particularly on 
high-volume roadways. Constructing 
shoulders of the same materials as 
the mainline facilitates 
construction, reduces maintenance 
costs, improves mainline pavement 
performance, and provides 
additional flexibility for future 
rehabilitation. 

(5) &gineerinc and Economic Analv sis. 

The design of both new and rehabilitated 
-- pavements should include an engineering 

and economic evaluation of alternative 
strategies and materials. The project 
specific analysis should be evaluated in 
light of the needs of the entire system. 
Appendix B of the 1993 "AASHTO Guide for 
Design of Pavement Structures,." and the 
"FHWA Pavement Rehabilitation Manual," 
provide guidance on engineering 
considerations. The Engineering 
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evaluation should include consideration 
of the use of recycled materials or 
pavement recycling techniques where 
feasible. Economic considerations 
include an economic analysis based on 
Life Cycle Costs (LCC). The FHWA 
interim policy statement on LCC analysis 
published in the July 11, 1994 Federai 
Resister provides guidance on LCC 
Analysis. 

(a) Pavements are long term puklic 
investments and all t?e coszs (both 
agency and user) that occur 
throughout their lives shouid be 
considered. LCCA identifies the 
long term economic efficiency of 
competing pavement designs. 
Xowever , the resulting numbers 
themselves are less important than 
the logical analysis framework 
fostered by LCCA in which the 
consequences of competing 
alternatives are evaluated. 
When performing LCCA for pavement 
design, the. variability of input 
parameters needs to be considered. 
The results of LCCA should be 
evaluated to determine whether 
differences in costs between 
competing alternatives are 
statistically significant. This 
evaluation is particularly 
important when the LCC analysis 
reflects relatively small economic 
differences between alternatives. 

(b) The FHWA's policy on alternate 
bids, which would include bids for 
alternate pavement types, is 
addressed in 23 CFR 635.411(b). 
This section requires the use of 
alternate bid items "When . . . more 
than one... product... will fuifill 
the requirements... and these . . . 
products are judged... equally 
acceptable on the basis of 
engineering analysis and the 
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(2) 

anzicigated prices... are estim,:teci 
to be approximately the same. 

The FkiA does not encourage the use of 
alterxate bids 
pavement type, 

to determine the mak1ir.e 

difficqulties 
primarily due to l- 

in developing truly 
t .e 

equivalent pavement designs. 

In those rare instances where the use of 
alternate bids is considered the SYA's 
engineering and economic analysis of 0h.a 
pavement type selection process should--- 
clearly demonstrate that there is SO 
clear cut choice between two or more 
alternatives having equivalent designs. 
Equivalent design implies that each 
alternative will be designed to perform 
equally over the same performance period 
and have similar life-cycle costs. 

C. Rehabilitation Pavement Desicn. It is 
essential that rehabilitation projects 
properly engineered to achieve the best 

be 

return possible for the money expended. When 
an existing pavement structure is sound and 
the cost to restore serviceability is minor 
when compared to the cost of a new pavement 
structure or major rehabilitation an 
engineering and economic analysis'of 
alternative actions may not be necessary. In 
general, for all major rehabilitation 
projects, each-of the following steps should 
be followed to properly analyze and design 
the project. 

(1) Project Evaluatioq 

(a ) Obtain the necessary information to 
evaluate the performance and 
establish the condition of the in- 
place pavement with regard to 
traffic loading, environmental 
conditions, 
quality. 

material strength, and 
Historical pavement 

condition data, obtained from the 
Pavement Management System (PMS), 
can provide good initial 
information. 
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(b) Identify the types of pavement 
distresses and the factors causing 
the distresses before develcping 
appropriate rehabilitation 
alternatives. The tools necessary 
to analyze pavement failures, s.Gch 
as coring, boring, trenching, and 
deflection measurements, are well 
known, and need to be employed more 
often. 

(c) Evaluate the array of feasible 
alternatives in terms of how well 
they address the causes of the 
deterioration, repair the existing 
distress, and prevent the premature 
reoccurrence, of the distress. 

(2) Project Analvsi$ 2- 

(a) Perform an engineering and econcmic 
analysis of'candidate .strategies. 
The engineering analysis.should 
consider the-traffic loads,-.. 
climate, materials,: cqnstruction 
practices, and expected 
performance. The economic analysis 
should be based on life cycle cost- 
and consider service life, initial 
cost, maintenance costs, user 
costs, and future rehabilitation 
requirements, including maintenance 
of traffic. 

(b) Select the rehabilitation 
alternative which best satisfies 
the needs of a particular project 
considering economics, budget 
constraints, traffic service, 

-- climate, and engineering judgment. 

(3) ‘Proiect Cesiffq 

(a) Conduct sufficient testing, both 
destructive and non-destructive, to 
verify the assumptions made during 
the alternative evaluation phase. 
The SHAs should consider a new 
distress survey if the original 
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(c ) 3nce a rehabilitation alternative 
is selected, design the project 
using appropriate engineering 
techniques. A number of 
publications are available to guide 
the selection of these engineering 
techniques. The FHwA's "Pavement 
Rehabilitation Manual." and 
training c'ourse "Techniques for 

_ Pavement Rehabilitation" provide 
excellent--guidelines. There are 
also a number of excellent guides 
available from the asphalt and 
concrete industries. 
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condition surv‘ey was sample based 
or if the survey is not current in 
terms of the time the project is 
scheduled to go to cor,tractl. 

(b) Consider and address all factors 
causing the distress in additicn to 
the surface indicators in the finai 
design. Such factors as structural 
capacity, subgrade support, surface 
and subsurface drainage 
characteristics need to be 
considered and provided for in the 
final design. 

(4) 

-- 

Project ImDlementatioa 

(a) Document the intent of the design 
in the project plans and 
specifications to provide both the 
contractor and the construction 

'engineering personnel a clear and 
concise project, proposal. In 
addition, maintain adequate 
communication between the design 
and construct:-33 engineers. This 
will reizfor?e the intent of the 
design and przide feedback on 
project constr*;ctability and 
performance to aid timely 
evaluation of the selected 
rehabilitation alternative. 

1.1.15 



FZ",ETa-AID POLZCY GC'I3E 
Cctober 5, 1995, Transmittal 14 NS 23 CFR 503 

2 

Cb) The performance information should 
aiso be included as a par: c? the 
SHA'S PMS. The lack of gocd 
performance data on pavement 
rehabilitation techniques is cne of 
the weaker points in the 
rehabilitation process. Increased 
emphasis should be placed cn 
developing basic performance and 
maintenance cost data on 
rehabilitation techniques w'nere 
performance data is not presently 
available. 

SA rc-v L--a (23 CFR 5aZO.2C)Sd) 

a. The SHAs should provide skid resistant 
surfaces on all projects, regardless of 
funding source. New pavement surfaces 
constructed with Federal funds must have skid 
resistant properties suitable for the needs 
of t1he traffic. New pavement surfaces on 
projects where a skid resistant surface was 
previously constructed with Federal funds 
must have skid resistant properties suitable 
for the needs of the traffic even if not now 
financed with Federal-aid funds. 

'm Y. The SEAS should analyze pavement perfcraance 
histories and existing skid data to ensure 
that the materials, mix designs, and 
construction techniques used are capable of 
providing a satisfactory skid resistant 
surface over the expected performance perisd 
of the pavement. Each SHA's skid accident 
reduction program should include a systematic 
process to identify, analyze, and correct 
hazardous skid locations. The SHA's should 
use the same ccastruction procedures and 

---quality standar Ys used in constructing new 
pavements in pa- ament maintenance operations. 

c. plans and specifications for proposed 
pavement rehabilitation and reconstruction 
projects should include items to minimize 
disruption and ensure adequate protection Of 
the motorists and workers within the 
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construction work zcne in accordance with the 
prcvisior,s of 23 CFR 630, subpart J and 
23 CFR 635, s&par= A. 

I  
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ACTION: ISTEA Pavement Management Systems 

Director, Office of Engineering 

Regional Administrators 

NOV 04 1994 

HNG-41 

We are approaching the first bench mark in implementing the Pavement 
Management System (PMS) provisions in ISTEA. By January 1, 1995, each State 
is required to submit to the division office the certification statement, worC 
plan, and status for implementing its PMS. The division office should review 
the submission and forward its comments and a copy of the documents to the 
region. The regional office has the responsibility to review and accept the 
submission and notify the division office accordingly. 

The purpose of this memorandum is twofold. First, we want to provide 
technical guidance and criteria in order to implement the Pl4S provisions in 
ISTEA in a complete and consistent manner. Secondly, we request your 
cooperation and assistance in providing us with PM information, so we can 
continue to monitor the States' progress in developing and implementing their 
PMS'S. 

1. During the past months, we have assisted several field offices in 
reviewing draft work plans and noted some deficiencies and 
inconsistencies that warrant attention. Presently, we need to focus on 
four technical items: (1) multi-year prioritization, ('2) life-cycle cost 
analysis, (3) condition survey distresses, and (4) condition survey 
samples. Attached It technical guidance on these four items for your 
use. We have reiterated some of the fundamentals of PMS for the benefit 
of the States and divisionstio are experiencing a high turnover and 
influx of engineers and managers who are new to PMS. 

2. For the past 8 years the Pavement Management Branch has maintained a 
national database on the status of the States' PMS's that is used to 
assess and guide the national PM program. With the advent of the ISTEA 
certification process, the information in the database will continue to 
play aKTiiiportant role in managing the national program. As you know, 
the information has always been collected and reported by the FHYA staff. 
We are requesting your cooperation and assistance to have the division 
office PMS specialists update this information when they concurrently 
review the States' PMS certifications and work plans. Please send the 
completed P?4S Survey form (copy attached) to the Pavement Management 
Branch, HNG-41 by January 17, 1995. .- 
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Implementing the PMS provisions in ISTEA is of vital importance to FHUA. The 
key to success is a strong joint effort between Headquarters and the field 
offices. Ue will continue to provide technical guidance and directlon as 
needed to help achieve a comprehensive and consistent PM progrlol. If you 
have any questions, or need technical assistance, please contact Hr. Frank 
Botelho at 202-366-1336. 
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ECHNICAL GUIDANCE 

1. Multf-Year Prioritization. 
of a PMS. 

Multi-year prioritization is the heart 
It provides a prioritized listing of projects for which 

rehabilitation/preservation actions are recommended for each year 
of the planning horizon. The multi-year prioritized list of 
candidate projects and treatments is a "first cut" list that is 
normally produced by the Pavement Management Engineer(s) and 
submitted to the appropriate offices in the Agency to be used as 
inout in developing the statewide pavement preservation program. 
The prioritization is based on priority factors, predicted 
performance, and economic analysis relative to the goals set by the 
State for its network. The candidate projects should have a high 
benefit cost ratio based on life-cycle cost analysis. The 
prioritization process must be objective, analytical, formalized, 
and automated (computerized for State and large local networks) in 
order to be stable and repeatable with time and changing of 
personnel. Its established engineering criteria and analytical 
methodology are the basis and means of producing and documenting an 
accountable and justifiable pavement preservation program. 

2. 

Hany States have not yet established or utilized the above criteria 
for multi-year prioritization. Rather, they are prioritizing 
projects solely on a subjective, manual, and "worst first' basis. 
The field offices need to promote and support major efforts by the 
State highway agencies (WA's) to satisfy the intent of our 
regulation on multi-year prioritization. 

Life-Cvcle Cost Anal Isis. The need and purpose for life-cycle cost 
analysis is strongly emphasized in ISTEA. The FHUA issued an 
interim policy statement on life-cycle cost on July 11, 1994. 
This policy statement.should be used by the field when evaluating 
the States' life-cycle cost analysis procedures. Prioritization 
and life-cycle cost analysis are the analytical basis for 
demonstrating that the expenditure of Federal-aid funds are 
justifiable and cost effective. 

A State MS wst include a life-cycle cost analysis (that is 
comwnsurrte with the level of investment and types of preservation 
Wmtments) for candidate projects in order to compare alternative 
treatments and strategies to produce a cost effective preservation 
program that satisfies the goals of the Agency. The life-cycle 
cost analysis should be based on the performance prediction and 
economic models used in multi-year prioritization. Life-cycle cost 
analysis of specific project treatments should consider future 
treatments required to maintain the pavement until reconstruction. 
Life-cycle cost analysis of network-level strategies requires an 
analysis period of at least one complete cycle in the life of the 
network, which should be at least 35 years. 
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3. Condition Survey Distresses. Pavement condition data are the 
foundation for measuring and monitoring: the "health" of the 
network: the current and predicted performance of pavements; and 
the remaining service life of the network. A PM condition survey 
bridges the "information gap" between general planning data and 
detailed design data. Condition data are combined with performance 
data, life-cycle cost analysis, and priority factors to develop the 
multi-year list of prioritized projects. The type, extent, and 
severity of the individual distresses are also used to determine 
viable preservation treatments. 

The types of distresses that are measured in a pavement condition 
survey should be chosen on the basis that they support the 
decisions on where, when, and how to preserve the network. A 
"sufficiency rating" (commonly used for planning purposes) or a 
single distress survey do not constitute a PM condition survey. 
The premise of using either one as a 'cormK)n denominatgr' does not 
provide the engineering detail needed in PMS's. 

4. Condition Survey Samples. The reliability of condition data is 
crucial to the credibility of a PMS. The least amount of error 
will .occur if 100 percent of the pavement is sampled. The 
viability of sampling 100 percent is only possible when using 
automated survey equipment, such as the equipment that is currently 
used to measure roughness, rutting, and faulting. In the absence 
of automated equipment, SHA's customarily measure distress data 
using an approximate 10 percent representative sample. That is, a 
10 percent sample on each and every mile of the network. This may 
somewhat increase or decrease depending on the variability in 
pavement candition. 

Because of the expanded network coverage of ISTEA (i.e., a total of 
936,000 centerline miles of Federal-aid highway), some WA's are 
exploring cost cutting measures to reduce the added burden of 
collecting pavement condition data. Generally, reducing the number 
of distresses or redutig the sample size does not result in real 
cost savings because of the increased risk of errors in PMS. 
However, SHA's can achieve real cost savings by reducing the 
freauency of the condition surveys. Condition surveys can be 
conducted every 2 years instead of every year. Biennial surveys 
Wld be supplemented with annual updates for newly improved 
sections and when unexpected changes occur caused by either the 
environment, loading, premature failures, or accelerated 
deterioration. 

While these fundamental criteria apply to all Federal-aid highways, we want t 
prevent unnecessary data collection and analysis burdens, so please remind PM 
practitioners that the level of effort needed to do items 1, 2, and 3 is far 
less for lower order roads than for the proposed National Highway System. 
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Date 

I. ORGANIZATION 

A. State 

NHS 
ii(A) app 

PMS SURVEY 
Idles to both the NHS and Non-NHS) 

8. FHLjA Regl on 

C. State Staffing Resources 

The following staffing information pertains only to the staff at the central 
office. It does not apply to district staff or field data collection crews. 

1. Does the SHA have a person who is designated as the State's PMS Engineer'? 
Yes No 
contact). - 

(If no. still provide a name. address. etc. for the point of 

Name 
Address 

City sr 
Phone 

Zipcode PlusFour 
FAX 

2. Does the PMS Engineer work full time on PMS? Yes No 
khat percentage is spent on PMS? Part-Time Percentage 7 

If par?-:-Te. 

3. Does the PMS Engineer have the full responsibility and author-i ty 3 1s: 1-e 
development. implementation. and operation of PMS? Yes No-. 

4. If NO. how is PMS managed? 

5. If the PMS engineer has an assistant(s). staff. or in-house support: :PC*:~';S 
each position(person's name). percent time spent on PMS. and a brief descr'c:‘:n 
of their primary function(s). This pertains only to the central office and 
excludes c&ition survey crews.L+dd additional names on separate sheet.; 

Name Percent Time Primary Function(s) 

;: 
C. 

: . 

'PMS Engineer is the person who is in charge of leading and working on 
developing. implementing. and operating the PMS on a day-to-day basis. 

Revised 10/20/94 
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D. Does the State have an active PMS committee(s) or group(s) that guide and update 
the PMS? Yes. No ',. Provide the positions(1.e. pa,/ement design. 
materials. etc.)ofMS committee(s) members on an attached sheet. 

II. PMS DATABASE 

A. PMS Coverage 

B. Inventory Data Considering No 1. z. 4: 5. 6. i‘ 
9: 

E!' 
12: 
13. 

w  

Development In Future- 
Pavement type : 
Pavement width 

- 

Shoulder type 
Shoulder width 
Number of lanes 
layer thicknesses - 1 
Joint spacing 
Load transfer 
Subgrade classification - 
Material properties - 

z 

Resilient modulus - z 
Drainage 7 
Gther (specify) 

C. Project History 

1. ConstWtion 
2. Rehabilitation 
3. Maintenance' 

‘SS Under No 
Development 

2"Maintenance" refers to preventive maintenance not Corrective 
maintenance. Corrective maintenance refers to pot hole repair. etc. 

Revised 10/20( 
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-. 
D. Condition Survey 

,- .\ 

1. 
7 - 
7 v. 

Yes Under 
Qevelopment 

Considering No 
In Future 

E. Distress Yes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

High speed windshield 
survey at 30 to 55 mph. 
Lcw speed survey at - 
0 to 10 mph. 
Combination of high - 
and low speed. 
35mm film viewed at - 
a workstation. 
Video tape viewed at - 
a workstation. 
Distress Identification.- 
Manual with pictorial 
references used to 
calibrate extent and 
severity. - 
Fully automated. 
Specify equipment: - 

Under 
Development 

Considering 
In Future 

Equipment 

10 

u 

F. Xhat is the frequency of condition data collection on the NHS? 

G. HOW does the State collect the:r condition data? 
In House Contractor(seec7fy) 

H. Traffic/Load Data 

1. Does the PMS database cont3.n. Yes Under Cons1 dering NO 

Annual &AL's 
Development In Future . 

k .Earecast ESAL's 
C. Cumulative ESAL's 

2. Does the PMS have an ESAL flow map that is route specific? 

Yes - Under Development Considering in Future No 

I. Does the PMS provide IRI or PSR(circle one) to FHWA HQ for the HPMS sample s:tes? 

Yes - Under Development - No- .- .1 
Revised 10/20/94 
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J. Does the PMS have a relational database? 

Yes Under Develcpment No 

I(. How much work has been completed in developing the PMS database? 
Development work would Include: establishing data files. collecting data, loading 
'data. tir:t:ng application programs for analy,sls. etc.. 

O-25": 25-50x; - 50-753 - 75-100% - 

III. INVESTMENT ANALYSES 

A. Pr:oritization 

1. Does the PMS office/unit produce a multi-year prlori tized 1 ist of 
recommended candidate projects(this IS considered a "first cut" list)? 

Yes Under Development No 

2. What method does the PMS 
projects? 

a. Subjective3 

b. ObJectiveJ 

1. Priority Model 

2. Incremental 
Benefit Cost 

3. Marginal Cost 
Effectiveness 

4. Optimization 

use to produce the multi-year prioritized list of 

Yes Under 
Development 

Considering No 
In Future 

Yes Under Cons7derlng 30 
Development In Future 

a. Linear Progr3mnlng 
b. Non-Linear PrcgrJmnlng 

Integer Progr3m:ng 
---"d: Dynamic Progra;rmlng 

e. Other (Specify) 

3"SubJective" indicates that the ptoJects were prioritized by indfviduals 
using only personal knowledge of the roads. 

'"Objective" means that the prolects were prioritized using a repeatable 
analytical process. 
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3. If the ansW; ituz;estlOn 2'(b) is Yes or Under Development. who 3eve:oped tne 
software? Contractor(specify) 

4. Check the factors used to PrlOrltlZe projects: 

. 
;: 

G: 
e. 
f. 
9. 

8. Preservation Treatment 

Yes Under 

Clstress 
Development 

Cy;s;;e;;ng NO 
t 2 

9lde 
,raff!c 
Functional class - - 
Skid 
Structural adequacy- - 
Other (Specify) - - - - 

I. Does the PMS assign a preservation treatment to a candidate project? 

Yes - Under Development - No 

2. If the answer to question 1 is Yes or Under Development, rJhich groups 
treatments does the PMS cover? 

of 

. Yes Under No 

Reconstruction 
Development 

g: Rehabilitation - - - 
C. Maintenance' - 

3. Ahat method is used to assign a preservation treatment to a 
candidate project. 

Yes Under 
Development 

Considering No 

a. Subjective6 
In Future 

b. Objective' 
. . 

1. Matrix 
2. Decision tree 
3. Cost Benefit 
4. Optimization Methoa - 

listed previously. 
5rWher (Specify> - - 

'"Maintenance" refers to prevent:. re maintenance not corrective 
maintenance. Corrective maintenance refers to pothole repair, etc. 

'"Subjective" indicates that the projects were prioritized by individuals 
using only personal knowledge of the roadi. 

'"Objective" means that the proJects were prioritized using a repeatable 
analytical process. 
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4. If the answer to,question 3(b) is Yes or Under Development. who developed t, 
software? In House -. Contractor(specify) 

5. Does the PMS do a life-cycle cost analysis for the recommended 
preservation treatments? 

Under Cevelopment - NO 

6. If the answer to question 5 is Yes or Under Development, who developed the 
scft.dare? In House Contractor(specify) 

C. ?avement Performance Monitoring and Projection 

1. Does the PMS monitor pavement performance? 

Yes - Under Development No 

2. Check all the pavement indices used to monitor pavement performance: 

Yes % Under 
Development 

Considering- No - 
In Future 

a. Ride 
b. Distress 

-- 

c. Combined Index - - 1' 7 
e. Qther (Specify) - -- 

3. Is load data (cumulative ESAL's) used to monitor pavement 
performance? 2 

Yes - Under Development - Considering'in Future - No- 

4. Does the PMS generate pavement performance curves? 

Yes Under Development Considering inFuture No 

5. Are the curves developed for? 

Yes Under Considering No 
--Development In Future 

Family of pavements 
Each pavement 

6. Does the PMS monitor and predict performance using? 
-- 

Yes Under Considering No 
Development In Future 

Markov Transition 
Semi-Markov Transition -- - 

7. Does the PMS monitor pavement performance using another method? 
(specify). 

Revised 10/20/94 
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8. Does the PMS compute the Remaining Service Life of the 
network? 

Yes - Under Development - No 

3 2 If the ansjver to Question 8 is Yes or Under Cevelopment. who developed the 
scftdre? In House ~ Contractor(specl fy) 

IV. ENGINEERING ANALYSIS 

A is the performance data in the PMS database used to evaluate either the 
accuracy. quality. or the cost effectiveness for: 

Yes Under 
Develooment 

Considering No 
In Future 

New pavement design procedures 
Overiay design procedures 

-- 

Rehabilitation techniques - 
-- 

Materials 
-- 

Construction 
-- 
-- 

Preventive maintenance 
Mix designs 
Other (Specify) . . 

-- 
-- 

; V. PRODUCTS 

A. Is the PMS's multi-year prioritized list of FeCOmfiiended projects used as input 
in the development of the State's: 

Yes Under 

1. Pavement Preservation 
Development 

Program .. - 

2. Statewide TFanSpOftatiOn 
Improvement ProgramGTIP) -_ - - 

No 
. 

8 

VI. 

j__ 

3. TranSpOFtatiOn ImpFOvement 
Program(TIP) 

Is the PGi,multi-year prioritized liSt(fiFSt cut) 
approved list of pavement preservation projects for 

compared to the final 
reasonableness? 

Yes - Under Development Considering in Future No 

UPDATE 

Does the SHA annually evaluate and update 'the PMS relative to the agency's policies. 
engineering criteria. practices. experience, and current information? 

Yes - Under Development - No- 

Revised 10120194, 
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Memorandum 

Subjrct INFORMATION: OIG Final Report on the 
Audit of Cost Comparison of Asphalt 

oat.: July 26, 1994 

Versus Concrete Pavement 

From: Rodney E. Slater 
Administrator , 

lo: The Honorable A. Mary Schiavo 
Inspector General (JA-1) 

We have completed our review of the final report on the Audit of 
Cost Comparison of Asphalt Versus Concrete Pavement in Region 4. 
Your transmittal memorandum requested that we reconsider our 
nonconcurrences with your recommendations and provide specific 
target dates and further clarification where we have agreed to 
correctivs actions. 

Our specific comments relative to each recommendation are 
contained in the attachment to.this memorandum. 
clarification, 

For 

report, as well 
we have included our responses to the draft 

as a summary of the OIG comments on those 
responses in the attachment. 

Our further review of the report reveals a fundamental 
philosophical difference in our approach to administering the 
Federal-aid highway program. This difference is specifically 
stated in the report’s synopsis, alluded to in the report itself, 
and incorporated into many of the report's recommendations. 

The philosophical difference is clearly articulated in the 
statement on page iv which reads as follows: ". . the 
continuinu Problem vith Pm's traditional stratebt 0~ 
Zacilitatinu,.rather than man88tins . . . .(@ The report suggests 
that the FHWA needs to alter its operational relationship with 
State highway agencies (SHA) and adopt, a8 we interpret it, a 
stratewishat is inconsistent with this Administration's approach 
toward customer service and minimizing mandates. We find this to 
be totally unacceptable and continue to nonconcur with that 
premise and in all recommendations in the report that would lead 
the FHWA in that direction. 

The FHWA’s basic philosophy of g8facilitatinu. rathot thu 
madat- is based upon the fact.that the Federal-aid highway 
program is a federally assisted Stat8 program. The FHWA must 
administer it in that light. The Federal-aid highway program is 
fundamentally a formula allocated program. With finite 
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allocations, SHAs are independently under intense fiscal pressure 
to assure the most efficient use of all highway dollars, whether 
they are Federal, State, or local dollars. 

The FHWA's fostering of a cooperative partnership approach has 
served FHWA, the States, and the Nation well since its inception. 
This partnership approach was strengthened by the passage of the 
Intermodal Surface Transportation Efficiency Act of 1991. The 
FHWA continues to look toward bettering, not dismantling, this 
relationship in the future. 

In response to the specific recommendations contained in the 
report, among other things, we have attached specific 
clarification and timetables for life-cycle cost analysis (LCCA) 
and pavement design activities as you requested. The FHWA 
believes that it is important to note that we have made 
significant progress over the last few years in both of these 
areas. 

In the area of LCCA, we have reviewed the recent 1993 American 
Association of State Highway and Transportation Officials 
(AASHTO) survey of SHA applications of LCCA, conducted an 
FHWA/AASHTO symposium on LCCA in December 1993, and plan to 
publish an interim policy statement on LCCA. This policy 
statement will include recommendations on minimum analysis 
periods to be used and references Office of Management and Budget 
Circular A-94 for guidance on the selection of appropriate 
discount rates. The goal of this policy statement is to clearly 
define the FHWA’s position on some of the more important 
components of LCCA, including analysis period, discount rate, and 
user costs. We intend to publish this policy statement in early 
summer. 

It is important to note that we are making significant progress 
in this area and will be in a better position to further 
determine our course as current efforts evolve. 

The same is true in the area of assuring high quality, 
cost-effective highway pavement design, construction, 
maintenanos, and preservation. The new December 1993 Pavement 
Management System (PM) regulation requires SHAs to develop 
comprehensive coordinated systems to effectively manage pavement 
to address current and evolving long-term pavement needs. It 
also broadens the pavement design requirements to include an 
analysis of the entire pavement structure (subgrade, subbase, 
base, and pavement). The regulation specifically requires that 
pavement design analysis consider life-cycle costs. 

The FHWA intends to rewrite its Federal-Aid Policy Guide (FAPG) 
on pavement design to better track with the recently revised PWS 
regulation by the end of this calendar year. The revised FAPG, 
in conjunction with the new PI4S regulation, will provide 
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significantly more definitive guidance on pavement design. AS 
noted in our earlier response, the FHWA agreed to direct its 
regional pavement engineers to participate with the divisions in 
pavement design and management reviews in each State during the 
next 2 years. Headquarters pavement engineers will participate 
in at least one of these reviews per region. 

Further, we continue to stand by our original position, as stated 
in our September 2 memorandum, that the audit report does not 
support a finding of a material internal control weakness. 

We appreciate the opportunity to comment on this draft report 
concerning the Audit of Cost Comparison of Asphalt Versus 
Concrete Pavement in Region 4. 

2 Attachments 
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New Jersey reported the performance of their experimental permeable base 
pavement sections constructed in 1979-1980 at the 1988 Transportation 
Research Board Meeting. Their initial observations/findings on the AC 
sections were that the thinner sections were performing as well as the 
thicker sections with rutting being about the same. On PCC pavement 
sections, there was less deflection, no faulting or pumping, and 
substantially reduced frost penetration. 

Pennsylvania rated the performance of their experimental permeable base 
sections constructed in 1980 much better than dense-graded aggregate base 
sections. Based on the positive interim results of these sections, a, 
permeable base layer between the PCC pavement and dense-graded aggregate 
subbase became the State standard in 1983.(3) 

Rideability 

i 

All of the States indicated that the rideability of permeable base pavements 
was no different than that on dense-graded bases. This was substantiated in 
California and North Carolina (asphalt cement treated) and Michigan 
(untreated). The rideability of some recently constructed PCC pavements in 
these States had been measured using the California and Rainhart 
profilographs at O-5 inches per mile. In general, those States using a 
stringline for both horizontal and vertical control had a substantially 
better ride quality than those that did not. Also, those States that had 
incentives/disincentives for rideability had projects with very good ride 
quality. 

aids for permeable base materials were generally found to have slightly 
higher costs per unit weight than the impermeable dense-graded materials they 
replaced. Five of the seven States that used an untreated permeable base 
found that they were slightly more costly per unit measure than conventional 
dense-graded aggregate bases while two States. Iowa and Michigan. indicated 
that the unit costs for their permeable base material were the same or 
sometimes less. 

As expected. the treated permeable base materials were two to three times 
more costly per unit measure than conventional dense-graded aggregate bases. 
However. all three States that predominantly used treated permeable base 
material found that the unit costs for it were about the same as those for 
dense-graded AC base. In addition. all three noted that because of the 
higher void content of the permeable material, the yield was 15-30 percent 
higher than dense-graded AC. California found that asphalt cement treated 
permeable base was generally less costly per unit measure than cement treated 
base (CT91 and lean concrete base (LCB). The material unit costs were the 
same. or slightly more than asphalt concrete base but because of the large 
void content'the yield was 20 percent higher. Kentucky. which had used some 
asphalt treated permeable base within the past year. also found that its 
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Memorandum 

Subject INFORMATION: Proposed Final Interstate Dare SEP 2 I I994 
Maintenance Fund Transfer Policy 

aeorv 15 
Fcom Director, Office of Engineering 41:1 3' HN’G-42 

TO Regional Administrators 

Attached is a copy of the FHWA's proposed final policy statement on Interstate 
Maintenance Fund Transfers, which was published in the Federal Resister on 
Friday, September 2. It addresses criteria relating to the decisions on 
adequate maintenance of the Interstate System for purposes of the Interstate 
Maintenance Program Transfer provisions of Title 23, United States Code, 
Section 119(f) (1). It is a proposed replacement for the Interim Maintenance 
Fund Transfer Policy, published at 58 Federal Reaister 12229, on 
March 3, 1993. 

The proposed final policy statement would add safety and geometric criteria 
not originally proposed in the interim policy, and modify the existing 
criteria for pavements. Modifications-to the pavement criteria would 
change the IRI criteria from 240 cm/km (150 inches/mile) to 200 cm/km 
(127 inches/mile), modify the faulting criteria to reflect a faulting rate 
of 525 mn/km (33 inches/mile) for both plain and reinforced jointed concrete 
pavements, and add a surface friction related criteria. 

We have reopened the docket and will be accepting written public comments 
until November 1, 1994. We would appreciate it if FHWA field offices would 
adhere to that date in submitting any comments. Please note, that until we 
publish a final policy ;t;teynt, the interim Interstate Fund Transfer Policy, 
published in the Federa ea ster on March 3, 1993, is still in effect and 
governs Interstate Maintenance Fund Transfer requests. 

The Pavement Division continues to coordinate this effort for the Office of 
Engineering. Please direct any questions relating to this policy and/or its 
implementation to Mr. John Hallin. He can be reached at (202) 366-1323. 

FAA William A. Weseman 

Attachment 

NOTE : The proposed final policy statement proposes changes to agency policy and has 
published to gather public comment. Until the statement becomes final the interim policy been 

statement will prevail for transfer of interstate maintenance program fknds. 
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, i 

Fedsral Highway A&nfwstation 
[FHWA Docket No. S-lo] 

transfer of Intentato Malntenanco 
Program Funda 

*GENII: Federal Highway 
Achinistmtion (FKWA). DOT. 
*CnOW Proposed finai policy statement: 
requests for comments. 

SUMMARY: This proposed final policy 
statement sets forth the FHWA’s policy 
for addn&ng the interstate 
maintenance progmm funds tmnsfer 
provisions of 23 LX. lrs(fl[l). The 
criteria for determ,Wng what constitutes 
adequate maintenancu. which am 
included in this policy. ~IW -ted 
with only the tnnsfer of Lute- 
Meintenana, (II4 funds and am not 
related to the Stats’s msponsibility to 
properly maintain projects ccmmqmd 
with Fedaal-aid fkrdr outlined in P 
u.sc118.MAia~. 
DATE% CotnmemU mast be rwxived 00 
or b&m Nowmbar 1.1994. 
ADDU99SES: Submit written. signed _ 
comments conwmbg this policy 
statement to FHWA Do&& No. 93-h. 
Federal Highway Adminhaatfon, Rucm 
4232. HCG10, Officm of the Chief 
counsel. 400 sovoulh Stmet SW.. - 
Wasp DC 20594 All commsnta 
mwivod wilI be available for 
exambation et the ahovr a&ire& 
botwsaa ~30 a.m. and 3zz p.m., at, 
Monday through Fddry, &ttpt FedemI 
h&la* ;‘: 

-TmllcdcrrtiM& 
~7.izLidPevumtDdgr. 
ad RahMLluticw3 Brmcb (202) 366 
1323. or r& Vlviaa Philbin. Attnrmy- 
Advisor. Offia of Chief CounsaL 
General Law B~I& (202) 3664780. 
Federal Highway Administration. 400 
Seventh Stnwt SW.. Washington, DC 
20590. 

(HUFSAM). a public interest group, 
pr0Wied written comments to the 

docket gPtabtisbed for the interim policy 
statement. 

The SHA comments ranged from 
administrative type questions. such ae 
requests for ciarification of 
measurement procedures and use of 
etistmg pavement management system 
data. to fundamental positions on the 
individual indicators and the specific 
established criteria. Some SHAs 
endorsed various portions of the titeee 
established. whiie othen took exception 
to part or ail of the criteria. 

The HUFSAM strongly endorsed the 
interim policy. It stressed the need to 
assure that the Interstate System be 
maintained at a very high level and 
noted that. horn its studies, nationwide, 
the interstate maintenance funding 
levels am inadequate. 

After evaluating the comments 
received. the FHWA contirmtw to 
believe that ttansfen of apportioned IM 
Euds specifically eemarked for 
Interstate maintenance to other 
deai@ programa should k’- 
pernlitted ody wixJn the Inte~ta . 
System routes am in a physic& 
opanrtionrt and cab condition bid 
peti at or near the level for-which 
they were dosigned. and cwstructe& 
Because pavement and b-e activities 
constitute the major cost items of IM 
eligible euivitk the interim policy 
bcusod on pawmetnt and bridge 
condiffou indicatars u the detennking 
fecton fix eIigiity to tmnefer IM 
hut& 0th~ ssssntial elements. 
necmsuy to maintlrin the physical and 
operational integrity of the Interstate. 
must aAso be considabd in 
rransportatioo dairionr Respooses to 
the intarim policy. however. indicata a 
concern tbu other ek~ntia! elements 
need not be consider& in trprrsfar 
decisions. This war not the intent of the 
interim policy StaternWtt. 
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supports a contmued strong emphasis 
on safety. 

In a sampling of SHA pavement 
management systems conducted during 
the past year. the FHWA found that the 
pavement condition indicators 
established in the interim policy are 
generally collected and used by the 
States in evalualing the condition of the 
Interstate for their 0~71 management 
purposes. While the data collection and 
reporting procedures differ somewhat, 
the fundamental indicators are 
consistently used by the SHA’s to 
manage th& Interstate pavements. 

The urouosed Enal policy includes 
the o&i&l pavemeniand bridge 
condition indicators established in the 
interim policy and adds pavement 
surface Mction as a fourth pavement 
condition indicator. However, the 
roughness criteria has been modified 
and the separate faulting criteria for 
jointed plti and joint reinforced 
concrete pavement (Ips and JRCP) has 
been replaced with a single criterion of 
525 mm/km (33 inches/mile) for both 
jointed 

In ad 8, 
avement types. 
‘tion to these interim facton. 

this proposed final policy statement 
adds uiteria for the additional traffic 
and safety mlatad indicators of (1) safety 
appurtenances, (2) trafBc control 
devices. and (3) getomefric elements. 
These indicators am equally aiticd to 
the hterstete System which mlies 
heavily on the availability of IM funds 
for continued adequacy. Maintenance of 
the Intentate System’s opamtiond aa 
well as physical characteristiu in a 
satisfactory manner remains the 6rst 
priority for the use of these fun&. 
Cornment8 Reuived 

This section addmsses specific SHA 
comments organized around the criteria 
established for each of the individual 
condition indicaton. 
Pavement Rougbncrr 

hS?l.ASSU adthatttle 
International Rou s Index mn. 
developed at the lntmrzutional Road 
Roughness wt. is not the 
appropriate meuq glrideebility. The 
FHWA recogaiza.tbp-JlU doea have 
some limitatioos. If doQ, however, 
provide a common quantitative basis 
with which to mfemn~ the diffamnt 
measures of roughness. Furtb. it ia 
curmntly coUeued by SHAs and 
provided to F’HWA undetrtla8 Hi&Nay 
Performanca Monitoring System 
(HPMS) submissrun requimmanu 
Although the FIMA is open to w of 
improved pavement surface rideability 
messurea. until such time that improved 
measures and equipment to measure 
them am accepted and readily available 

to SHA’s. the FH\VA will continue to 
rel 

P 
on IRI as the ride indicator. 

our WAS commented that the 
specific IRI criteria of 240 an/km Cl50 
inches/mile) was too severe. The FHWA 
disagrees. The selection of the 240 cm/ 
km upper limit criteria on pavement 
roughness was directly tied to the 
FHWA’s desire to require Interstate 
pavement to be in fair or better 
condition. The interim polcy noted that 
initial W to pavement setideability 
ratinP 1 IPSR) conversion studies’ 
indi&~d a 240 cm/km IN is equivalent 
to a PSR range of 3.0 to 3.5. Pavements 
within this range are classified as fair in 
the FHWA’s “1992 Highway Statistics” 3 
report. Subsequent additional analysis 
of the IRI/PSR correlation indicates that 
a 240 cdkm IRI mom accurately 
reflects a much lower PSR range of 2.5 
to 2.8 (pavements in this rangiam 
classified as being in poor to medlocm 
condition 4). Eased On this furthe; 
analysis, the FHWA has established an 
upper limit of allowable IRI of 200 cm/ 
km (1~7”hile). This converts to a PSR 
of between 2.8 and 3.2 which is mom 
consistent with the FHWA’s original 
objective that pavements be in fair or 
better condition s. 
Rutting 

Rutting comments were limited to 
data collection difficulties and mfl acted 
adegmeof unceminty about whet data 
c~lIiuion equipment -md proaulure 
would be considarwd uceutabla No 
comments were received thxemingthe 
appropriatenets of the rutting indicator 
or the asubIishd criteda. Themfom the 
FHVVA hes retained 15 mm (518 inch) as 
the upper aliowabla limit of NttiIQ. 
Conceme mlated to data coIlaccion 
equipment and procsdurss am 
addressed under “Pavement Data 
Coilection.” later in the preamble. 
Faulting 

The SHA comments on the faulting 
criteria were split evenly: five SHAs 

‘Thr FSR cootapt WOJ dwe1op.d I thr !QS6 
Aouriao hvoclJu00 of suu Hi#hvmy OltklJlJ 

thought that the fauitq criteria were 
too restrictive. while five SH.As 
‘commented that the criteria were 
acceptable. In addition. the HUFSAX 
found ‘be criteria acceptable. 

One SHA recommended simplifying 
the policy by replacing the separate 
faulung criteria for jointed plain and ’ 
jointed reinforced concrete pavement 
(J?CP and JRCP) with a single faulting 
criterion in mmikm (inches/mile) for 
both pavement types. .4 mm/km based 
criteria wouid eliminate the need to take 
joint frequency into account, as the 
average allowable faulting per joint 
would be directly related to the nu,mber 
of joints/m:le. The FHW.4 recognizes 
the merit in this nxommcndation and 
has replaced the separate faulting 
criteria of 3 mm on JPD and 6 mm on 
JRCP with an equivalent maximum 
faulting rate of 525 mm/km (33 inches/ 
mile) for both. This faulting rate is 
equivalent to 3 mm per joint on typical 
JpB with 6 meter (20 foot] joint spacing 
and6mmperjointonJRCPwithl2 
meter (40 foot) joint spacing. Because 
joint spacing varies between States, the 
allowable faulting per joint will differ 
from State to State, even thou& the 
faulting rate per km remains cdnstant. 
Administrative-Pmced 
Limits 

ural Tolcray 

The most common comment, reckti. 
horn seven SHAs. wa9 that the scope of 
the application of the criteria was too 
stringent. The crux of the argument was 
that some tniemnca limit should be 
established to allow a SIiA in 
substantial compliance to transfer 
funds. A common suggestion wus that 
the FHWA only mquire that 90 to 95 
percent of the Interstate System meet 
the criteria before allowing transfer. 

The FHWA recognizes that there are 
continually evolving pavement and 
bridge needs and. at any one point in 
time. even SHAs with exarptionally - 
good pavements might not meet the 
criteria on 100 percent of their Interstate 
system. The FHWA has already 
provided relief for this situation. The 
interim policy specifically allows 
transfer when all criteria are not met on 
the Intentate if the work necessary to . 
correct any deficient segment!, is 
included in the approved Staz 
Transportation Improvemen: *gram. 
required by 23 U.S.C 135(f). This relief 
is included in the Enal police. The 
FHWA believas that allowing a 5 to I.0 
percent exemption or t0le~CO WOU 
be unwise, as it would allow tmnsff 
money necessary to maiataio the 
Interstate highway system. 

, 
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Pavement Data Collection 
Several SH.AS posed comments and 

questions on data collection and 
repomng procedures. The primary 
concern appeared to be whether FHWA 
would require a specific data collection 
effort using some standardized 
equipment and procedures that would 
be different horn what is currentiy used 
by the individual SHAs. Further. the 
comments included request for 
flexibility in summarizing the data. 
Several suggested that FHWA should 
use whatever SHA P.MS data was 
avaIlable to determine the acceptability 
of a certification accompanying a 
transfer request. 

The FHWA intends to rely primarily 
on current surface roughness. rutting, 
and faulting information contained in 
SHAs PMS database(s) and from 
information reported in ?IPMS in 
evaluating the pavement component of 
State certiScations accompanying 
Interstate maintenance fund transfer 
requests. 

The FHWA mcognizes the uniqueness 
of each SHA’s PMS and the diver&y of 
equipment and procedume used by the 
SHAs to meet their particular pavement 
management needs. The FHWA is not 
prescribing new spec& imifonm data 
colleccioa equipment, procedures.. 
sampling. or data reduction techniquee 
to determine compliance with the : :. 
pavement Interstate maintenance 
transfer criteria. 
Bridgea 

Only two SHA’s commented on the 
bridge section of the policy. Both 
endorsed the use of the cummt NatioaaI 
Bridge Inventory (ND11 bridge deck 
condition rating (Item S81 es an 
indicator and supported the criterie 
requirement that bridge decks have l 
condition rating of 5 or better. T&is is 
consistent with the long standing W of 
a deck rating of less than 5 to detenaiaa 
a structud~y deficient bridge. 

Both States alao 
FHWA indude the mcrn. 
superstructure and 
policy and delete tli&&@. - 
requirement con- %““8 0 inter&- 
policy. ; -’ 

The FHWA orig&&y co&dered- - 
using superstructure and sizbstructutw- 
ratings as specific criteria when it 
initially developed the interim polky. 
Upon further consideration. FHWA stU 
supports “load poeting” criterion which 
reflects supersuuctum and substructUre 
condition ratings and is aiso a measure 
of potential safety concern. 

The need for load posting is en end 
result of applying supentructuna and 
substructure conditions. along with 

other factors. in making !oad cming 
capacity calcuiations. Changes in 
condition ratings, and therefore. the 
load posting. are affected by a reduced 
maintenance effort which eventually 
leads to continual and long-term 
deterioration of bridge elements. 

One of the SH.%s further 
recommended that the FHIVA 
incorporate faiiure suxeptibilitv as an 
indicator. Failure susceptibility*is not 
required nor normally assessed by 
States in the course of inspecting 
bridges to meet national bridge 
inspection standards. As a result, the 
FHWA believes it would be 
inappropriate to use faiium 
susceptibility as a nationwide criterion 
in the IM fund transfer policy. and has 
not included it. 

Finally. one SHA recommended that 
bndge railing adequacy should be 
included in the decision factors. the 
FHWA considered including bridge 
rding adequacy as indicated by NE1 
Item 36 in the e&f dev%ioDmcnt of 
policy criteh Th; NBI Ita& 38 is a four 
segment item that ratee bridge railings 
for adequate impac! atmngtb. and 
approech guar&ii for adequate vehicle 
safety and protection. 

The adequacy of bridge railinga and 
approach guardnil is a serious safety 
concern and should be ctxtsidamd izr 
the States’ maintenanca program as well 
as in developinghighway safety 
prqec+ .,. -\r 
Bridge Da&. 

A ** -- . 

The NBr’mtitigr am determined’in ; 
accordaaw withthe “Recordillg and 
codingGui&fortheStnlchltlt 
Inventory and Appreisal of the Natitit’s 
Bridges” Coding Guide) U.S. DOT/ 
FHWA. December 1988. 
Policy 

For the purpoee of 23 U.S.C. 11910(l), 
which pmvidee for kansfer of State 
apportioned IA4 funds that ara in exc& 
of a State’s nod to the State’s NHS and 
STlJ apportionment. the FHWA ti 
accept a State’s cextification if the 
State’s Interstate routes meet the 
following criteria: 
hvcment: - 

(r]AnXUofZOO&perkm(1Z7hchd 
per do) or 10s~ 

(t) Rutting of 1Smm (WS inch) or I- on 
flexible ~vmmeau: 

(3) cuutullttn bultinfJ of SOS tam per km 
(33 inchu/mile) or lass OD jointed rigid - 
pvem~ts and ,* 

(4) Surhcas have adequate rurha Hctim 
and drainqe. baud oa the Strte aaident~ 
tacord system not identifying any Ioaths 
with a hi8h Incidence of wet weather 
accidents. 

Bcdges: 

(1) Br:dge de& u-i “fax ccnc:t:on~~ or 
bet!er (Codmg Gude item 58 rated s or 
better!. and 

(2) No load posttng required (Codlog Guide 
item -0 rated 5). 

Safety Appurtenances: 

Guaha~l. br:dge rak safety barrlen. and 
other safety features mcludmg the upsmam 

ends of all uaific banlen meet (a) tne 
per~onnance ct:tena of 23 CFR 625. (b) 
acceptable use warrants. and [cl itwallarion 
requxements per State standard pians. 

Trafic Control Devices: 

All major guide. regulatory. and waning 
signs meet the mmimum size. shape. color, 
forznar. and message rqurrements as well as 
the day and night legibility and visibility 
requirements of the ML7CD and 
amendments. 

Geometric Elements: 

(I) The horizontal and vertical alignment. 
and widths of modian. trawled wry. and 
shoulden mat thr MSHTO Interstate 
Standards. as incorpctrsted in 23 CFR 625. in 
effact dthor at the time of o@iml* . 

. coasntaioa. major mowtructiwtbc 
inclusioe iatn the Intersuta syst~*hic&. 
ever was the latest: mb 

(2) Hazudow fuams Nixed obiata. steep 
sideslops. otc) within the cleu zone are. 
either eliminated. uxmxed. or adequately 
shieldad. 

In the event that the ‘ixindition. it9 
reflected by current detabesee, does. not 
meet the requimd criteria, fot”anp 
segment of fnterstsfe. the State’s mquest 
for funding tmnsfer may. not be 
approved unleee the Stats cetiei that 
the deficient segments have either been 
subsequently upgraded to meet the 
required criteria or that the work 
necessary to comrct any such deficient 
segments is included in the approved 
State Transportation Improvement 
Pqram. required by 23 U.S.C. 135(fl. 

Section 119(f)(2) of Title 23, U.S.C., 
allows the Statw to tmnsfer up to 20 
percant of the apportioned M funds to 
the NHS and SIT apponionment based 
solely on the request of the Statee. 
(23 U.S.C 119 urd its; 49 CFR 1.4iNbIl 

illuad 00: Aupt 29.1994. 
RodmyE.Slater. 
Federui Hightwty Administmto~ 
[FR Dot 94-2%76t Flied +l-rw: 8:4S am? 
uLwocowam~ 
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. XYE : The-proposed final policy statement 
proposes changes to agency policy and has 
been published to gather public comment. 
Until the statement becomes final the interim 
policy statement will prevail for transfer of 
interstate maintenance program funds. 

Fedcmr Hlghway Admlnlstrstlorr 
[FHWA 0ock.t MO. S3-103 

Transfer of Interstate Maintenanc* 
Program Fund8 

AGENCI: Federal Highway 
Administration (FLEA), DOT. 
ACTlON: Interim policy statement. 

SUYIURI: This interim policy atatemmit 
establishes tbe FHWA’a policy for 
addressing the Interstate maintoorna 
program funds tT&nrtkr provisioM of 
section llQ(fI(l) of titb 23. Uaitd 
Statea Code (U.S.C). which wee 
amended by Section 1009 of the 
Intermodai Surfaa Tmnspomtioa 
Efficiency Act (ISTEAl of 1991. By 
publishing this interim policy statement 
thr IWVA seeiu to adviw St&a of th* 
criteri8 tha agency will urn in l vdrutiry 
a State’s mqusst to transfer intadrtr 
- Gntenana fur& while providing tha 

lortunity for public comment prior to 
ding a final policy staWa8nt 

DATES Comments must be necsivod on 
or before May 3,1993. 
ADORESSES: Submit wtittan, signed 
comments concerning thir policy 
statement to FHWA Docket No. 93-10. 
Federal Highway Administratioa. mom 
4232. HCG10,Ofika of the chief 
counsai. 400 seventh stmet. SW., 
Wsshia ton, DC 2QS90. All comamats 
receiv J will be available for 
examination at the above addruaa 
between 8:30 a.m. and $30 p.m. ct. 
Monday through Friday, 
Federal holidaya. 

exqt legal 

Pan PumNEn HlDRuATloN CQMIEP. Mr. 
Louis Papclt, Chief, Pavement Mvidoa, 
(2021366-1324. or Mrs. Vivian phiib 
Attorney Advisor. OffIce of CMd 
couMe1, General kw Bmnahrl;wZ) 
366-0780. Federal Highway 
Administration. 400 Sevmlb Strut SW. 
Washington DC 20390. 
SuPFLEmNTmY wmuAnoui 

B-d 
socuon 1009 of the ISTEA urbandad 

23 U.S.C 119 by npbg *%Wrsta& 
CvJtem roswfa&&’ with tb “b&mtaU 

ntwlsaw pv” CM Publkkw 
102-240. - looQ, 19s St& 

i44.1933. sauion loa9 a& 
atat4lishad l ddiUond comtdnb 

affecting the Statea’ optiorrr for 
transferring a p&on of these funds to 
the Slates’ apportionmenta for other 
Federal-aid programs. 

Section 119tfHll. as amended. aiiowa 
the transfer of Rvi funds to other 
Federal-aid highway programs provided 
the State wrtifiea to the Seuetq that: 
(11 Any part qf the IM fun& am in 
excess of the needs of the State for 
resurfadng, resloring, or rehabilitating 
Interstate System routaa and (2) that it 
is adequately maintaining the Snterrbte 
System. and the Seuetaq accepts such 
certification. Notwithstanding section 
llQ(fl(lI. section llQ(~fI(21, as amended, 
allows the Staku to “unconditionaliy” 
transfer up to 20 perwnt of unobiigated 
IM apportioned funda based solely oa 
the rvQuest of lhr stata. 

Further. section lM)9(c)(2) of the 
ILTM requires the Secretary to develop l 

and make available to the States criteria 
for determining what constftutee 
adequate maintenance of the Intdntate 
System for the purposes of section 
119(r)(l) of tit10 23, United StaMs Cod.. 
The criteria for determining what 
constitutes adequate mainten-, 
which are included in this policy, am 
usociak+d with only the transfar of IM 
funds and are not related to the State% 
reaponaibility to properly maintain 

rojecta constructed with Federal-aid 
La da outllaed in 23 U.S.C 116, 
Maiataaaaw. 

Ia drvrlopkg the ape&c c&e&, the 
FHWA kliwaa that tmasfers of 
8ppoIuoned IM funda specifkally 
taarmurkod for Intarsth3 meiatananca to 
other deai 

WaY 
d program ahouid only 

k8llO wh the ktw8t8ta system 
rows us ia a phyafcai condition to 
prforal at or Mar th ievd for whkh 
thy warm dodgaui and intended. 

Pavamsnt aad bridge ekdvitiea 
constitut8 tho majority of I?4 eligiNo 
StiViti~TtWPHWAhfCtXldOU 
pavammt and bridge cooditlaa 
indiwtolsa8&tenab 

‘“Ku1 eligibility to tmnak IM ?zkr - 
Tbs PHWA haa seiectd Interstab 

pavameat condition indicators (aurfaa 
2OU au, rutting, and fauitIng) and 
bri P 
m donmdtheneedf6riadpoatin@ x 

coadith indiqton (bridge deci 

Ibr evaluatin Stat&a mqm to truufar 
IMfundaun ertbrprvvitionaof23 d 
U.S.C 119(2)(l). Theso indimton m 
collected and used by the Statea in 
l vdutiag the condition of the IatsWat8 
for their own management purpoWr 
Tlloy ua gunemily incorporated into 
State pavamant aud bridge management 
systaxas and tbr nrtiand bridge 
ixnmatory and highway W’ 
a2oaiIo2i2lgsyst8m 

Pavement Condition bdicatorr 
Roughness 

The FHWA will w the International 
Roughness Index (WI lo evaluate 
roadway roughness. and has set an 
upper W limit of 240 an per km (150 
inches 

The &I 
er mile) for surface roug!mesr. 

wan developed at the 
Intematianai Road Roughness 
Experiment sponsored by the WorM 
Bank and several countries. in&ding 
the United States. in Brazil in 1982. It 
is designed to provide a common 
QUMtiUliVe basis With which lo 
reference the different measurea of 
roughness. It summarizes the 
ion ‘tudinal surface 

l!i t! 
rufile in the wbeal 

tra and simulates e response of one 
wheel of a typicA passenger car 
txavdiq 80 km per hour (SO miler per 
hour) to reed mu 

The Il2l upper ,mi%240 cm per km, P 
seiectod by the FIiWA. is based on 
consideration of research effoor\s that 
relate aauai roadways with a known IRI 
with the public’s percaption of ride 

% 
uaiity. A rscsnt study’ conducted for 
e FHWA iadiated that objectively 

developed IRI numbsn could be : 
malhamatical~y cnrmlated with t 
subjectivmiy developed pavement 
aervicaability ratingas (PSR) generated 
by 

P 
aneia of mad usera. This work 

inc udod matbemetid formulas that 
allow conversions batwcma IRI readings 
and anticipated road WR evaluation of 
pavement prformana U.s.. PSRi. 

G7nvrrsoa fomluiaa’ indiato that an 
IRIof2~cznporkmcorxviatestorPSR 
mnga of between 3.0 and 3.5, which is 
sughtly patar than the 2.s lo 3.0 PSR 
range a&tad with terminal 
wrviwability for Intmto highway 
pavementzk4 
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Rum7g 
The FHWA bar established 15 mm (% 

inch) as the upper allowable limit of 
rutting. 

ThewAmdrican Association of Stat. 
Highway and Transponation Officials 
LLXSHTOI Hi&way Subcommittee on 
ConsiNctron &-ve&d State highway 
agencies in 1988 on rutting. The surve 
revealed that for State maintained ma d s. 
l/r inch ruttmq would imtiate 
rehabilitation tn about 35 percent of the 
States. An additional 35 percent of tie 
States indicated that Va inch of ruttina 
would initiate mhabilitation. The 
“Highway Pavement Distress 
Ide&fic&ion Manual” &fPDlM)s 
classifier lb to 1 inch of mtting as 
moderate severity. 

The FHWA 15 mm (W inch) criterion 
is consistent with the performance 
leveis expected on the Interstate System. 
Faulting 

The FHWA has estabLished two levels 
of faulting criteria that am related to 
pavement type. The FHWA has 
established an upper limit on faulting of 
3 mm (‘1. inch) on jointed plain concmte 
pavements (JPCP). and an upper limit 
on faulting of 6 mm (114 inch) on jointed 
reinforced concrete pavements (JR-). 

Cknemlly. State highway agancin 
consider faulting to be obiectionablr in 
the t/n to % inch range. The HeDIM 
classifies faultinn between %a and +s 
inch as moderat; severity. Tb* 
“Pavement and Shoulder Maintenance 
Performance Guides.” August 1984. 
FHWA publication number TSSt208. 
indicates faulting should be repaired u 
‘4 inch. A copy of T-4-208 ia 
available for inspection in FHWA 
Docket No. 93-10. 

The FHWA 9electd a lower level of 
faulting for JPtP than for JRQ beuuse 
JPB ioinb cucur more heauentlv. The 
leveti selected am consistekt wiih Iho 
higher expectation the traveling pub& 
associatee with Interstate highwaye. 
Pavement Data 

Procedures for developing IRI am 
cummly well defined in the guidance 
provided in the “Highway Pnforuuaa 
Monitoring System (HPMS) Field 
Idand.‘* Appendix ) “Roughnea 
Equipment. Calibration and Data 
Collsctioa” This document ia widely 
available in ptiing sections of Stat. 

highway agencies and the FHWA 
division offices and a CODY of this 
publication is available toi ins 
FHWA Docket No. 93-10. IN B 

ection in 
au am 

collected annually and mported to the 
FHWA under the HPMS program. 

The FHWA pevement policy. (23 CFR 
part 6261 requires each State to have an 
operational pavement management 
system (PYS) for principal arterials 
(which includes the Interstate system) 
in 

f 
lace by January 13.1993. 
be FHWA envisioos that the Statea 

will assamble necessary pavement 
surface roughness. nrtting. and faulting 
information Lam data curmntly 
available in the States’ PMS database(s) 
and from information mported in 
HPMS. 

The FHWA division officae will work 
with the States in identifying accaptable 
procedures for maasuring and compiling 
the data available from the States’ PM. 
Data supporting each State‘s M transfer 
request will be made available for 
inspection by the FHWA. 

Bridge Condilioa Indicaton . 
The FHWA will use the cumnt 

national bridne in-ton (NBII bridao 
deck conditi& rating (itim SS) and ihe 
rating indicating whether the bridge- 
requires load porting (item 70) aa 
indicators of Interstate bridge conditkn 
for purposes of evaluating States’ ‘* 
pquests for IM transfer. The NBI ratings 
are determined in l ccordanw with the 
“Reading and Coding Guide for rhe 
Structum tnventorv and ADD~WI of the 
Nation’s Bridgea” [Coding&de) US 
DOTiFHwA. bwmk 1988. A WDV of 
this publication is available for. : a 
inspection in FHWA Docket No. 93-10. 
Bridge De& 

The FHWA wtll rquh that bridge 
decks have a conditioa ntinn (item ~81 

“ .  

of s or botm. 
Bridue docks are rated in itom 58 on 

a scale-of 0 to 9 with a nting of 9 
mpmsenting a bridge deck in uccdlont 
condition. A Coding Cuido deck rating 
of less than 5 indicate a poor condition 
with ttu deck showing deterioration and 
spalling. In relation to pawmet 
mu&now. I deck with a rating leas than 
s is considered l rough deck that would 
not provide a muonably smooth ride. A 
deckrat.ingofleaatbanSisaSong- 
standing condition mting used to 
determine a structurally deficient 
bridge. 
Posting 

The FHWA will requ~rv that MI item 
70. for load posting, must be a rating of 
5. 

The National Bridge Inspection 
Standards (23 CFR part 850. subpart Cl 

require the posting of load limits only 
if the maximum legal load in a State 
produces stresses in excess of the 
operating stress levels. The operating 
rtnts.9 level will result kom the absolute 
maximum permissible load to which a 
bridge may be subjected. Coding Guide 
item 70 of the NE1 is the item for bridge 
posting, and a State’s rating of S 
indicates that no posting is mquimd at 
the operating level. 

Load posting of a bridge reduces the 
level of service of the system of whrcb 
the bridge is an integral part snd can 
potentially disrupt interstate and 
intrastate commerce. Heavy vehicles 
may k mquimd to take long detour 
mutes themb Indirectly adding to the 
costs the pub ii c must bear for goods and 
servicas. Load posting of a bridge may 
also be an indicator of a bridge’r 
superstnrcture or substructura capacity 
that may have been affected by . 
continual and long term deterioration of 
the bridge’s elementa and which could 
have been pruventad or abated by - 
adequate pmventive maintenance. L ._ 
Policy .__ . 

For the purpoee of 23 U.S.C. llQ(Q(ll. 
which provider for tsansfer of lh4 fun& 
appoflioned to the States. the FHWA 
will accept a State’s cefti5cation if the 
State’* Interstate mutes meet the 
following criteria: i 
Pavement P 

(l)AnlRIof240cmperlun(lSO . 
&he9 per mile) or less; 

(2) Rutting of 15 mm (S/8 inch) or 
less: and 

-0) Faulting of 3 mm . :r 4 :nch) or lesa . 
onfPBand@mm(V/4: :iorleason 
mm. . 
Bridgee 

(1) Bridge decks in ‘.’ 
better Coding Cuido i! ‘- 

lition” or 
9:d 5 or 

better): and ” 
(2) No load porting m: . .Coding 

Guide item 70 rated 8). 
In the l wnt that lha cc ; xion. u 

mfkted by curmnt cond:uon data 
bawr. for any ent of Interstate 
pavement or bri ge doea not meat the T 
rmxaimd uitti the State’s reauwt for 
fukiing tzanafer may later be appmved 
only if the State cartitlrr that the 
d&dent menta haw been 
subsoquootly upgraded to meet thr 
required criteria or thnt the work 
necessaq to comet any such deficient 
segments is included in rho l ppmved 
State Transmrtation Imomvement 
&ram. m&d by 2iU.S.C 13S(f’l. 

Section 1191flftl of title 23 U.S.C. . . 
allows the Strtw to “uzonditionally” 
tranafor up to 20 percent of unobliaated 
IM l ppwtloned funds M sololy on 
thirequatofthosutah 

~ubwityz a 0.S.C 119 and 31% 4O(pR 
1.4alb). - 

hued 00: Pehbuy 14.1993. 
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Subject 

F ram 

TO 

U.S. Deportment 
of Transportanon 

Fedem We-Y 
Administmtlon 

Memorandum 

l?xhnical Paper 89-001 - Tire Pressure Dale FEfj ! 5 1939 

Chief, Paverrmt Division 
Washington, D.C. 20590 

Reply to 
Atln of HH&11 

Regional Federal Highway Administrators 
Direct Federal Program Administrator 

The effects of increased tire pressureon pavemmtperfomancehasbeena 
topic of considerable discussion during the past several years. The attached 
"Technical Paper" is issued to provide FHWA field engineers with the 'latest 
infomtion on trends in tire pressures, 
performance. 

andtirepressureeffectsonpavanent 
The paper's format consists of a seriesof questions andakwers 

to the mst canmnly asked questions on this subject. 

Gocopies of the paper are attached foryouruseandhandling. Pleasemake 
dist&xtion to the division offices following your rmrml distribution 
prccess . 

Mditimal information cm the effects of tire pressure on pavement perfoxmance 
maybeobtainedby contacting the Pavement Division, PavmentMamgement 
Branch at FTS 366-1337. 

/'Y 6 .: ,/ .’ / aa If , >L Louis M. Papet .’ 9 I’ 
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The purpose of this technical paper is to provide pavement specialists with 
the latest information regarding trends in tire pressures and the effects of 
increased tire pressure on pavement performance. The format consists of 
questions and answers to four of the most carmmly asked questions by pavssnent 
engineers. 

1. Has there been an increase in tire inflation pressure since the AASIIO Road 
!lkst? 

Cold inflation pressures for tires used at the AASHO Road Test conducted 
between 1958 and 1960, were 75 psi for the 7.5 to ll-inch tires and 80 psi 
for the 12-inch bias ply tires. The'tire pressures are recamended cold 
inflation pressures for specified wheel loads, ranging frm about 3000 
pounds for the 7.5-inch tires to about 6800 pounds for a 12.00x24-inch 
tire. Hottirepressures were typically 9 to 20 psihigher tharithe cold 
pressures and averaged 11 psi higher. Hot tire pressures for the heavier 
wheelloadswouldtherefore have averaged about85 to 90 psialthmgh 
pressures fran 23 to 130 psi ware reported. It was noted at the Road Test 
thattirepressuresincreasedgraduallywithtruckoperationbut 
stabilized dfter 90 minutes. 

A 1987 nationwide tire pressure survey cooperatively done by the FHWA and 
Statemtor carrier safety organizations, shmedthat81percmtofthe 
5040 hot tire pressures measured fell in the range of 85 to 115 psi. 
While the size and type of tire was not recorded in this survey, it is 
estimatedthat70percmtof the tires were radials. Contactwith tire 
manufacturers indicate that75 percent of all truck tires IXJW sold are 
steel-beltedradialswith~ cold inflation pressures of 95 to 
100 psi. 

Tire pressure surveys done in Canada, Florida, Illinois, Kentucky, 
New Pkxico, and Oregon, in 1985 and 1986, involving mre than 4000 trucks 
showad average hot radial tire pressures.of between 96 and 107 psi. 

Itshouldbe notedthatradial tire pressures are approximately 5psi 
higher than bias ply tire pressures for the same wheel load. While radial 
tires flex more during operation, less heat is generated due to their 
radial ply cohstruction. To cccqensate for the lower operating 
teqerature of radialtires,manufacturers recmmand higher inflation 
pressure which reduces tire deflection, and equalizes the footprint 
between radials and bias ply tires. 

the Wisconsin Department of Transportation did a detailed survey of 6780 
truck tires in 1987 that showed 93 percent of hot tire pressures fell 
between 85 and 115 psi. The average hot tire pressure was about 100 psi. 
Wisconsin found that 12 percent of tractor semitrailer tires were 
ovainflated and14 peroantiere underinflated. In the national survey 
sponso& by FHMA, 11 percent were werinflated and19 percent~e 
underinflated. Over- and underinflatim were defined as plus or minus 
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10 psiwith respect to the tire mnufacturer's r ecomrrended inflation 
pressure. Fran this infontati~n, it does not appear that truck drivers 
are intentionally overinflating their tires. 

Themstcamm tire Size reported in the Wisconsin survey was an U-inch 
tire on a 24.5-inch rim followed by an ll-inch tire on a 22.j-inch rim. 

The Tire and Rim Association publishes recamwded tire sizes and maximum 
cold inflation pressures for various tire lmds. A cmparison of 
recamended tire pressures for the years 1930, 1969, and 1985 show only 
mdest increases in inflation pressure for given loads. For example, the 
recarrmended tire pressure for a lo-inch tire to carry 4000 pounds is 
65 psi for dL1 3 years. The recmnended tire pressure for a ll-inch tire 
to arry 5000 pounds was 70 psi in 1930, and 80 psi in 1969 and 1985. For 
a 6000-pound load on a 12-inch tire, the reamended inflatim pressure 
was 80 psi in 1930 and 90 psi in 1969 and 1985. 

The1974 Highway Act raised the single axlemaximm weight limit fran 
18,000 pounds to 20,000 pounds, the tandem axle weight limit frun 32,000 
pmnds to 34,000 Pounds, and established a maximm 
80,000 pounds. 

qroes weight limit of 
These increases inallmableweightlimits have resulted 

in gradually~incseasing truck weights and 16,OOO-@ equivalent single 
axleloads. Far exarple, on the rural Interstate System, the average 
n~ofequivalents~leaxlelaadshasbeenincreasingabout7percent 
per year, between 1970 and 1985. Arecentstudyby'kmsA&MUniversity 
entitled"ImprcnredpredictionofFAL"suggeststhatthisincreaseisdue 
touseofl;rrg~trucksratherthananincreaseintruckloads. 

Inamclusion, tire pressures for given load rated tires have not changed 
lKUchaverthe1ast50years. Duetotheincreaseinloadbeingczrried 
andtheuse of radial tires, fleettire pressures have increasedabout 
10 to 20 psiwhencanparedtotirepressuresattheAASW)RoadTest. 

2. Doesanincxease intirepressureacceleratepavanen t deterioratim? 

There-&e six recent Studies that Suggest flmciblepavemmt deterioraticm 
isaccele.ratedbybmeasedtirepressun3. This is especially true for 
-pa vemnts, i.e., AC surface caarse1to3inchesinthickness. 
The sixstudiesweredcneattheUniversities of Kentucky,Munich, Texas, 
andWaterloo (Canada), andattheMassachusetts Instituteof Wchnology 
and Texas A&l University. These studies are sumnari zed in NCHRP l-25, 
"Effects of HeavyVehicleCharacteristics on Pavemn tResponseand 
Performance." Brief extracts franthe six studies areas follows: 

Kentucky: Adistressmdelwas developedtopredict laadsto fatigue 
failure. Itwasdetennined~ttllaadequivalencyfactorincreased 
rapidly with increasing tire contact pressure and decreasing pavement 
thiCknf=SS. Danrage at 120 psi was 5.5 times grater than at 75 psi for 
thin AC pavements. 
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Munich: Rutting~rate versus tire pressure for single and dual tires was 
studied. Rut depth doubled when tire pressure was increased fran 100 to 
130 psi. 

Texas: Strain increased significantly in l-2" AC pavements as tire 
pressure was increased fran 75 to 110 psi. The increase in tire pressure 
resulted in a 25 percent decrease in pavement life. 

Waterloo: An increase in tire pressure fran 60 to 120 psi increased 
strain in the X surface course andtopof the subgrade causing fatigue 
cracking. A seven fold increase inrutfomationwas predicted for the 
same increase in tire pressure. 

MIT: Damage at125 @is mrethantxotims greaterthanthe damage at 
75 psi for l-3" AC pavanents. The timto rutting failurewas reducedby 
30 percent, and surface rutting increased 300 percent for a tire pressure 
increase fran 75 to 125 psi. 

Texa!s A&M: TherewasaSOpercentdecrease in fatigue life of a 2-inch AC 
pavanentw~8inchesofaggregatebasewhen~tirepressure~s 
increased fm 75 to 125 psi. W highertirepressure substantially 
increasedthe rate of fatiguecrackinginthethinA13surface. 

Itshouldbeerqhasizedthattheabweresults are forthinACpamts 
(l-3 inCheSOf X) and~biS&~CapAxrrmde.ls andnotanfidd 
surveys. 

At the EWWA's accelerated loading facility (ALP) in Virginia, the effects 
of tire pressurekereeval~tedana flexiblepaveman tconsistkgof 
2 incz.--. af asphalt cmcrete wearing Course, 5 inches of asphalt concrete 
bindermurse& 12 incbasofcruskl aggregatebasecouxseconstmcted 
on an AASH A-4 Lxkgrade. Tire pressures of 76 and 140 psi and both 
radialandbiasplytireswereusedinthestudy. A~secondvariablein 
the study was dual wheel load set at 9400 and 19,000 pounds. Surface 
deflection and strain and tensile strain at the bottom of the AClayer 
were measured. 

Fbsults show that daubling the load fran 9400 pounds to 19,000 pounds on 
this thick pa- tsecticriincreasedpreclictedpa vement hnqe by 1000 
percent, whiledoublingthe tire pressure increased predicteddamage by 
only 20 percent. Itwasguiteobviousthatforthispavemen t section 
increasingwheel loadaffected thepamnentconsiderablymxe than 
increasing tire pressure. Predictedpa- tdamagewasintennsof 
fatigue equivalency factor developed using an exponential relationship 
betkeen thenmberof cycles to failure andthemagnitudeof the tensile 
strain at the bottanof the asphalt layer. 

While it is safe to saythatwheelloads affect the pavmentconsiderably 
more than tire pressures, care sh3uldbe exercised in-g judgments 
about the effect of loadand tire pressures on realtraffickedpavmant 
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sections. The ~dces not duplicate actual truck wheel loads in that= 
does not have a suspension systemequivalent to a truck suspension system. 
loads are also not acpliedto the pawman tinthesammannerasunder 
actual higiway conditions. 

tie other findinq of interest related to tire pressure is fran an 
Australian study as sumnar ized in m l-25. Itwasfoundthatdymamic 
load induced by the drive wheels of a tractor semitrailer truckdecreased 
with an increase in tire pressure. Tire pressure didnot, howaver, affect 
dynamic load inducedby the trailer wheels. Thisfindingiscontraryto a 
study donebytheF&ssachusetts Instituteof Technologywhich found that 
an increase in tire pressure from 75to120 psiincr-ed thedynamicload 
coefficient from 0.12 to 0.14. DyMmic load coefficient is defined as the 
standarddeviationof the dynamiclaaddivid~bythemeandynamicload. 

3. What efforts have beenmade to assess tire pressure trends and wtify 
theimpactsonflexiblepamts? 

Tbemstsignificant effort to assess tire pressure trends and to def&e 
theextentof thetbepressureproblm,was a l-daysymposimheldinthe 
spring of 1987 in Austin, TwCas. The synpsium which was sponsor& by 
AASHI0andtheEBWwasattendedby7Oindividualsrepresentingthe 
highhay, tire; and trucking industr' 
discussion included: Has -beeEL 

Qllestionsusedtoguidethe 
inueaseintirepressuresince 

theAGE33RoadTest3 Hasixrmsedtirepressureaccelerated~v~t 
dZUTk?lgtS? Isl~slationnmdedtO regulate n-tire ardtruckdesigns? 
Isittimato accelerateoureffortstoiqmmmixdesign? Should load 
equivalmcyfactorsbeincreased? 

F5ndings fmnthesympwiurnarereflectedinthe answerstoourfirstwo 
questions. It was gwerally agreed that the intm&Zion of legislation 
msnotanapprqxiatecmrse ofactiaaatthistimtorequlatenewtire 
andtruckdesigns. Suchlegis+i~~~waaldalsobevexydifficliltand 
costly to ltunitor and enforce. Alegislatedsolutiantotheeffecw of 
tirepressure&xldbealastresaartapproacb. 

Those in attendance thoughtthateffmtoimprove mixdesignshouldbe 
accekratedandthat loadequivalerqfactorsshaildbeificreased It was 
feltthatbetter ccnrmnicatianbemwmgmzntsofthetransporta;ion 
industry~moreresearch areneec%dtodefinetherelationshipbetween 
vehicle charztehtia and pavanent deterioration. 

TheSecmdNorthpslericanCmfermce anManagingPavemmtswasheldin 
!brmto, Canada Nmmnbr 2-6, 1987. At this ca&mnce papers - 
presentedcma.Llaspectsofpavemzntmana~includingimpactsof 
trucks. Mr. JackEYie&nrich, Chaixmnof the AASEEDTaskEorceonHigh 
PressureTru&Tires,presened apaper sumarizingtheTaskForce's~k 
to date. Inadditimtodiscussingtrendisintrucktiredesignand 
inflatianpressurq Mr.F'riedenrichoutlin&thepavmantproblarrs 
resultingfrcmhi~tirepressuresanddiscussedanapproachandneeded 
researchtosolvetheseprohlexfbs. 
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Tire pressure and related pavemen t problms are not solely those of 
increased rate of pavement deterioration. The2iASERDpam tdesign 
quatim are based on a set of assumptions including the assumption that 
today's tire pressure are the same as those at the RoadTest. Becausewe 
have shown that today's tire pressures are higher and because other 
assumptionsaboutenvirommn t, road&d soils, vehicle characteristics, 
etc. nvly have not been mat, the design and analysis of pa vemnt structures 
usingAASHI0 procedures are beingquestioned. The basicAAsIfT0 design 
eguatians are alsobeingquestioneddue tochanges inallowable axle 
lcads,suspensionsystem,wheelccnfigurations,anda~Lespa~ingsince 
theRoad%st. 

FLndinga solution totheproblem of increasedrateof pavement 
deteriorati~ishat~becauseofthenumberoffactarsthatcontribute 
to the problem For this reason, the solutionrrustinvolve all aspects of 
the an@exrelationshipbeweenvehicPe andpavsmant. ‘Wdels that 
incorporate all vehicle characteristics needtobe developedandverified 
sotbat accuratedyMmicloadsa~liedtothepavarrentcanbe~t~. 
Pa~tmdelsthatpredictthenumberof loada@icationstoa 

vehicle iharacteristics an3 pa vanentdesign,wecanbeginmakingthose 
decisimswhichwillgiveusthe lcmgestpavwuant life for the least cost. 

Rhesolutiontotheproblandlso~l~aoorrtinuingdialogueamng 
thosebuildingthepa-, tb6eusingourhighways,andtireandtruck 
manufacturers. Towardthatend,Mr.Riedenrichsuggestedfuture 
syqc+simsliketheoneheldinAustin,%axas. 

lhere~twotirepress~relatedpaperspresentedatthe1988 
Transportatic~lResearchBoardaMual~ginWashington,D.C. The 
firstpaperis entitled: "EZEfectofLmd,TirePressure,andTypeon 
Flexible PavemntRespmse" by.Elessrs.RayBomquist, CharlesChurilla, 
andMs.DeborahRe~ofthe&dezalHighmyAchinistration. Thepaper 
preserits the findings of work with the E'RMA's accelerated loading facility 
forthf3fir!sttwopa- tsecticmstested. These fiMings are included 
iIlthl2-tOtkSf3XXi~ti~. 

The second paper is entitled: “Evaluation of Increased Pa-t I,cEtding 
andTirepreSsure"by~~~andStephenseedsofAustinResearch 
Engkleem, Inc. URm. Thea-s smmuizewmkdone for the Arizona 
Department of Transpo~tiartodevelopamputerprogrms tocalculate 
18,000-poundequiwlent single axle loads (ES&l's) franbothloadarwer 
and weigh-in-rrption data. Theprograxrts havethecapabilityof using 
eitherAASHI0loadequivalenqfactm-s or factars developedbyAEE. The 
AFUSloadequivalencyfactors take titocmsiderationtirepressure, 
pavement~tructure~ truckclassification,,wheel ccnfiguration, andaxle 
configuration. Basedontheresultsofasumeyof 35Otrucks inArizona, 
the authors believe thattirepressure shouldbe includedin flexible 
pavmnentdesign. The sumeyshmedthattheaverage hot tire pressure for 
the tires on the truck steering axle to be106 psi, and102 psifor the 
tires on the drive and trailer axles. Thevaluesare&cut2Opercent 
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higher than the435 to 90 psihottirepresmres measured at the AASHO Road 
Test. Using a fatigue damage model developed by Mr. Fred Finn and a 
pavement section canposed of 3 inches of Fc over 6 inches of aggregate 
base and 8 inches of aggregate subbase, the authors concluded that an 
increase in tire pressure fran 90 psito121psiwuld reduce pavmsnt 
life by 38 percent. Ninetypercentof the tire pressures masured in 
the Arizona sumey fell in the range of 90 to 121 psi. The shortened 
pmement life due to increased tire pressure is the reason the authors 
believe thatloadequimkncy factors used to designpavemzntstructures 
shouLdconsider tire pressure. The tire pressure adjusted load' 
equivalencyfactozwouldequaltheloadstoaparticulartypeof pav-t 
failure ormmntof damge for a standardwkelloadand tire pressure 
divided by the number of loads to the same pavmmantfailure or amuntof 
damge for a givenwheel I& and tire pressure. 

4. ~tcanbedonetomakeflexiblepaverrwtsmoreresistanttotire 
pressure-related damage? 

Tirepressureiscrucialindeterminingstressesnearthesurfaceofa 
flexible pavement. Hightirepressures,thus,necessitatehigh-guaLity 
materials in the upper layers of the flexiblepavmmt. Asphalt overlays 
0fcaLcrete~~~mayalsobehighlyinpactedbyincreasedcantact 
pressures. 

The samepreliminarydesign,mi~~design, construction,andmaintenance 
practicesthathavebeenusedtomakeflexiblepavmmtsxmre resistantto 
rutting,stripping,andcradcingcanalsobeappliedtoensuringp1= 
pavenwtsareresistanttohighertirepressures. These practices canbe 
found in F'HkW Teobnical Mvisory T5040.27, "Asphalt Concrete Mix Design 
and Field Cmtrol," March 10, 1988, ard in such study reparts and manuals 
as the follawing: 

"Asphalt Pavexmnt RuttingWestern States," Western Associationof State 
EIighwayandTYansportatianOfficials,origina.l. repoR,hhy1984, and 
follmup report, February 1988. 

"As-t Pa ~tIMtingandStrippingB.eqort," EWAMHocTaskForce, 
August 14, 1987. 

"Hut-Mix Bit- Paving !4anual," FIBA, b&y 1984. 

Sane~factarshroughtautbythispaperandbythereferenced 
materialswhi.chmayhelpprwentfailures under high tire pressure 
conditicmsareasfollCJws: 

(2) Follow the JzecmmhtionsfaundinthernTechnicalPdvisory 
T5040.27 "ZAsphalt Concrete Mix Design and Field cantrol" with 
parti~ar~isanthe~tedeigfitstepstobefollowedin 
pavmzntrebabilitaticndesign. 
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(3) Stripping iS often a primary cause of rutting which is aggravated by 
hightifepressures. Be suretoconsiderananti-strip additive when 
highvolums of trucks are anticipated. 

(4) Use the 0.45 pmzr gradation chart to select the proper aggregate 
gradation for optimum mix dmsity, stability, and voids. 

(5) Follow recamaded QoodengineeringpmcedurespemCningto 
drainage, site control, choice of asp&&t, choice of aggregate, 
desicm. baseand subbasedesian. t&mtormation. cmstruction 

mix 
praciiies, quality control, &~mLnter&ce. ' 
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DRAFT 
A DISCUSSION OF 

DISCOUNT RATES FOR ECONOMIC ANALYSIS OF PAVENENTS 
PETER Z. KLESKOVIC 

GENERAL 

In a life cycle cost analysis, a discount rate is needed to compare costs 
occurring at different points in time. The discount rate reduces the impact 

Y 

of future costs on the analysis, reflecting the fact that money has a time 
value. In the private sector, money that is not- spent today can be investe d 
to earn some rate of return. In the public works sector, where needs usual 1 
exceed the available funds, savings from one project can be used to build 
another project. This results in additional benefits to the public. 

The factors that determine interest rates for .bonds include inflation, risk 
liquidity and tax liabilities. Removing these factors should result in a rial 
interest rate that represents the true time value of money. In the 
engineering economics literature, this rate is known as the discount rate. 

There continues to be discussion about what rate to use when evaluating 
alternative pavement strategies. In a 1987 survey, State Highway Agencies 
used rates ranging from 0 to 9 percent. Of the 27 responses, the median 
g;;;;;nt rate was 4 percent, which was used by 26 percent of the responding 

In total, 59 percent of the responding States used a discount rate in 
the raige of 3 to 5 percent, with 19 and 22 percent either below or above this 
range, respectively. 

The discount rate can affect the outcome of a life cycle cost analysis in that 
certain alternatives may be favored by higher or lower rates. High rates 
favor alternatives that stretch out costs over a period of time, since the 
future costs are discounted in relation to the initial cost. A low rate hurts 
these alternatives since future costs are added in at almost face value. In 
the case of a discount rate equal to 0, all costs are treated equally 
regardless of when they occur. Where alternative strategies have similar 
maintenance, rehabilitation and operating costs, the discount rate will have a 
minor effect on the analysis and initial costs will have a larger effect. 

This paper documents a review and analysis of economic data in order to 
determine an appropriate discount rate to use in economic analyses of 
pavements. Interest and inflation data was assembled for the period of 1950 
to 1987. Discount rates were then computed by subtracting the inflation rates 
for each year from the corresponding interest rates. Most of the interest and 
inflation data was obtained from the Economic Report of the President, 
Februarv 1988. The Producer Price Index data came from the Handbook of 
Cyclical Indicators. The Federal-aid Price Index data came from the 1st 
Quarter 1974 and the 3rd Quarter 1987 'Price Trends for Federal-Aid Highway 
Construction.. 

INTEREST RATES 

Table 1 presents six interest rates between 1950 and 1987. They are: 
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YEAR 3 YEAR BANK Aaa Baa HIGH GRADE FEDERAL 
-;i;P,;URY PRIME CORP CORP MUNICIPAL FUNDS 

RATE BONDS BONDS BONDS RATE. 

2.5 
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3:2 
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1.8 

;:I . 4.2 

3.3 
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64 z di 
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65:: 

11.9 
14.2 :i*; 1::: 
13.0 16:l 
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Table 1. Interest Rates (1950 - 1987) 

2.5.3 



DRAFT 

18 - 

18 - 

14 - 

g '*- 

p 'O- 

;4 a- 

@- 

4- 

* PRIME RATE 

= 3 YEAR TREASURY BONDS 

o FEDERAL FUNDS RATE 

2 

0 

low 5254w68~~04m 02 10'72 74 7a 72 20 82 84 a2 

YEARS 
Figure 1. Three interest Rates 

20 

18 - + BaaCORPORAlEBONDS 

n Aaa CORPORATE BONDS 

o MUNICIPAL BONDS 

Figure 2. Three Interest Rates 

2.5.4 



DRAFT 

Treasury Bonds (3 Years): Securities backed by the taxing power of the US 
Government and exempt from State and local taxes. 

Bank Prime Rate: 
short term loans. 

The rate banks charge their most credit worthy customers for 

Aaa Corporate Bonds (Moody's): Highest graded bonds. i' 

Baa Corporate Bonds (Moody's): Lower medium graded bonds. 

High Grade Hunicipal Bonds (S&P): Bonds of states, cities, or counties. Thev 
are often exempt from federal, state and 

Federal Funds Rate: The interest rate on 

These six rates are plotted on Figures 1 
are shown on each figure. Although, the _ .- 

local taxes. - 
w 

overnight loans between banks. 

and 2. For clarity, only three rates 
individual rates vary, all follow a . . - similar pattern. 

was the highest. 
Of the six interest rates, the Baa corporate bond usually 
The fairly consistent difference between Baa and Aaa bonds 

is a measure of the higher risk that Baa bonds carry. Treasury and municipal 
bond rates are usually lower than the two corporate bonds or the prime rate, 
again because of their lower risk. Municipal bonds usually have lower rates 
than Treasury bonds, because of their generally tax exempt status. 

Figure 3 is a .plot of the high, average, and low value of the six rates for 
each year. In 1950, these rates ranged from 2 to 3.2 percent. They rose at a 
slow rate till about 1965, when the range was from 3.3 to 4.9. Since then, 

i ”  
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-I .Q I 

18 

1 

oHlQi-4 n I 

18 
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, 
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Figure 3.High/Low Range ofsixlnterest Rates 
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rates have peaked three times, 1970, 1974 and 1981. In 1981, rates reached 
their highest peak in recent times, ranging from 11.2 to 18.9 percent, and 
averaging 15.2 percent. These rates.have dropped since this peak, with a 
range of 6.7 to 10.6 percent and an average value of 8.4 percent in 1987. 

INFLATION PATES 

Table 2 presents inflation rates as measured by the year to year rate of 
change in four indexes. They are: 

Implicit 6.N.P. Price Deflator: Index of average price level ,of all final 
goods and service. Used to convert current-dollar GNP to constant-dollar GNP. 

Composite Index (FHWA): Index composed of six indicator items including 
excavation, pavement surfaces and structural elements. 
the "Price Trends for Federal-aid Highway Construction: 

These are reported in 

Consumer Price Index: Measure of the average level of prices over time in a 
fixed market basket of goods and services. 

Producer Price Index (all comodities): Measures average changes in prices 
received by commodity producers. 

Figure 4 plots the yearly rate of change for three of the inflation indexes 
.from 1950 to 1987, the Implicit G.N.P. Price Deflator, the Consumer Price, 
Index, and the Producer Price Index. The three inflation rates show similar 
trends to the interest rate curves. During most of the 1950’s and early 
1960’s, inflation rates were low, generally below 4 percent. Inflation 
started to rise during the mid 1960’s and into the early 1970’s. Major 
increases in inflation occurred in 1973-1974 and during the late 1970’s. 
Inflation rates have generally fallen since 1980. The Producer Price Index is 
the most volatile of the three rates on Figure 4, generally having either the 
lowest or the highest yearly rates of change. 

The rate of change in the Composite Index from the 'Price Trend for Federal- 
aid Highway Construction' is shown on Figure 5. Although, this index tracks 
the other inflation indexes it fluctuates over a much wider range. 

DISCOUNT PATES 

Discount rates were computed from the above data by subtracting the inflation 
rates from the interest rates for each year. Since data was assembled for six 
different interest rates and four inflation rates, there are twenty-four 
possible discount rates that could be considered. To make this effort more 
manageable, only nine discount rates were computed using the following 
combinations of interest and inflation rates: 

Interest Rates Inflation Rates 

Treasury Bonds (3 Years) Implicit G.N.P. Deflator 
Aaa Corporate Bonds Consumer Price Index 
Municipal Bonds Composite Index (FHWA) 
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YEAR IMPLICIT COMPOSITE CONSUMER PRODUCER 
GNP PRICE INDEX PRICE PRICE INDEX 
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It is recognized that the discount rates computed from these sets of data may 
not be the most theoretically appropriate for an analysis of pavements. The 
purpose was to determine if discount rates varied over time or if they held 
fairly constant. 

It was expected that the different discount rates would generally follow 
parallel paths over time, but that individual curves would be higher or lower 
based on other factors, such as, risk. The three interest and three inflation 
rates that were used in the analysis were chosen because they were less 
volatile than the other rates. The exception was 
which is highly volatile, but was used in the ana 1 
relationship to the highway program. 

the Composite Index (FHWA) 
ysis because of its 

The nine discount rates are plotted in figures 6, 7 and 8. The six curves in 
Figures 6 and 7 followed similar tracks with time 

i 
The curves on Figure 8, 

which are based on the Composite Index (FHWA), fo low similar paths but with 
highly exaggerated movements. The inflation component of the discount rates 
on Figure 8 completely overpower the effect of the different interest rates. 

Figures 6 and 7 show that the discount rate is not fixed over time. The 
1960's are the only period in recent times where discount rates remained 
fairly constant and relatively low. During the 1970's, discount rates were 
very unsteady due to the surges in inflation that occurred during the middle 

Figure 6. Discount Rates 
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and end of the decade. During these inflationary surges, the economy was 
subjected to negative discount rates. During the 1980's, discount rates have 
been unusually high due to relatively low inflation rates and high interest 
rates. 

The long term trend of relatively low discount rates with higher rates more 
recently is further shown in Table 3. From 1953 to 1987, the average value 
for each of the 6 computed discount rates fell in a range from 1.0 percent to 
2.8 percent. 
6.6 percent. 

However, from 1980 to 1987, they ranged between 3.5 percent and 
A frequency distribution for each decade from 1950 to 1987 is 

shown on Figure 9. These distributions indicate that during most of this 
period, a low discount rate would be appropriate, on the order of 1 to 2 
percent. During, the 1980's, a higher rate of about 6 percent would appear to 
be appropriate. However, it is important to note that discount rates have 
generally declined from about 1983-1984. In 1987, the six discount rates fell 
in a range of 4.0 to 6.4 percent and they averaged 4.9 percent. 

Conclusions and Recomnendatlons 

The question arises as to what is the appropriate discount rate to use in an 
economic'analysis of pavements. 
adopting a particular value: 

The following points are offered for use in 

1. The difference-.between interest rates and inflation rates does not remain 
-. constant over time. Therefore, it is not possible to identify a unique 

discount rate which will always be correct. As shown on Figures 6 and 7, 
there were very drastic changes in discount rates during the late 1970's 
and the early 1980's. It is clear that the selection of an appropriate 
rate should not be based on unusual economic conditions which may occur for 
a relatively short period of time. 

2. Over the long run, discount rates have been relatively low, on the order of 
1 to 2 percent. During the early and mid 1980's, these rates have been in 
a range of 5 to 6 percent. They have been declining from 1983-1984. 

3. Future interest and inflation rates cannot be reliably predicted over a 
long period of time, such as 30 years. Whether discount rates will return 
to their long term range of 1 to 2 percent or whether they will remain 
relatively high is unknown. Conditions in the US economy may lead to 
continued higher discount rates for the near future. 

4. Since we cannot accurately forecast discount rates for long periods of 
time, a conservative approach would be to adopt a value somewhere between 
the high and the low range. A reasonable value might be in the range of 3 
to 5 percent. It is perhaps on this basis that a discount rate of 4 
percent is commonly used in pavement life cycle cost analyses. Such a 
range recognizes that discount rates of 7 or 8 percent have been relatively 
rare in this country and have lasted for only a short period of time. 
Additionally, we have had high discount rates for almost a decade. It is 
probably unrealistic to assume that they will return in the short run to a 
range of 1 to 2 percent. 

5. Once a discount rate has been selected, Agencies may wish to conduct a 
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sensitivity analysis by calculating Present Worths or Equivalent Uniform 
Annualized Costs using several discount rates. It gives an indication as 
to how sensitive the outcome of the analysis is to the discount rate. If 
one alternative is favored over a range of discount rates, the agency can 
have confidence that the analysis has truly identified the least cost 
alternative. It is important however to emphasize, that the sensitivity 
analysis should not be used-for changing discount rates on a project by 
project basis. However, they can help in the selection of the particular 
alternative that will be built. 
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us Department 
_, . . of Trunspcctafm 

-.. 

Washinqton, D.C. 20590 

Sublect Resilient Modulus Testing Equipment 

From Chief, Pavement Division 
Reply to 
Am of HHO-12 

To Regional Federal Highway Administrators 

Attached is a sumnary of responses to our November 16, 1987, memorandum on the 
above subject. A listing of manufacturers of resilient modulus testing 
equipment used or proposed for use by State highway agencies (SHA'S) is 
included as an attachment to the sumnary. There are currently 24 SHA's that 
are or soon will be performing laboratory resilient modulus testing on unbound 
and/or bound material. Most SHA's are using laboratory resilient modulus for 
research purposes only. The equipment used and the cost of that equipment is 
quite variable as can be seen in the attached sumnary. 

As you are aware, the definitive material property used to characterize roadbed 
soil and to assign layer coefficients (flexible pavements) for pavement design 
in the "AASHTO Guide for Design of Pavement Structures" (1986 Guide) is the 
resilient modulus. 

The 1986 Guide recommends that low stiffness materials, such as natural soils, 
unbound granular layers and even stabilized layers and asphalt concrete be 
tested using resilient modulus test method AASHTO T274. Although the testing 
apparatus for each of these types of materials is basically the same, there are 
some differences, such as the need for triaxial confinement for unbound 
materials. 

The 1986 Guide also states that.the bound or higher stiffness material such as 
stabilized bases and asphalt concrete may be tested using the repeated-load 
indirect tensile test (ASTM 04123). Appendix F to the 1986 Guide notes that 
ASTM D4123 provides an estimate of the modulus of asphalt concrete and other 
relatively low-strength materials under simulated field-loading conditions. 
The estimate may or may not correlate well with the,resilient modulus .value 
obtained using AASHTO T274. 

The resilient modulus values can be used directly for the design of flexible 
pavements, but must be converted to a modulus of subgrade reaction (k value) 
for design of rigid or composite pavements. 

Some of the manufacturers equipment listed in the attachment does not include 
apparatus needed for triaxial confinement of a specimen. Many States modify 
standard test procedures for reasons of practicality and speed. In order to 
learn more about the advantages and disadvantages of the currently used 
resilient modulus testing equipment, we suggest that SHA's call or write the 
various State contact persons listed in the attached summary as well as the 
equipment manufacturers. 
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We are currently working with the State of Washington to produce a videotape 
using WSDOT's resilient modulus testing equipment. The tape will outline the 
AASHTO and ASTM resilient modulus test procedures. It will also include 
WSDOT's test procedures and explain how and why they deviate from the AASHTO 
and ASTM test procedures. We anticipate that the tape will be available for 
distribution later this year. 

As noted earlier, the 1986 Guide uses resilient modulus to characterize soil 
support and to assign asphalt pavement layer coefficients. It further 
stresses, the need for a more rational approach to incorporate material 
engineering properties into the asphalt mixture design process. A number of 
research studies are being conducted by FHWA, NCHRP, and SHRP in this area. We 
will keep you informed as results become available. 

We feel that the information included with this memorandum would be helpful to 
those States contemplating the use of laboratory resilient modulus, as well as 
those States which are currently doing work in this area. Sufficient copies of 
this memorandum and attachments have been provided for distribution to the 
division offices and their appropriate State counterparts. 

If you have any questions, please contact Messrs. Tom Fudaly at 366-1338 or 
Dan Mathis at 366-1340. 

e$w orma J. Van Ness 
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sUmARY OF RESILIENT 5 EQUIPHENT USAGE BY RE610N 

State 

* Maine 

Primary Brand Purchase Purchase State Telephone 
Use & Model Date Amourit Contact Number 

Research Hicks & Vincent 1987 $38,000 Warren Foster (207) 289-5668 
IB 

** New Design Retsina, 1987 $18,000 Phil McIntyre 
Hampshire (Bound mat'l) 

(603) 271-3151 
Mark VI 

New York Design SBEL Co. 1980 $22,000 David Suits (518) 457-4704 

* Maine will soon be performing laboratory resilient modulus testing for research work and eventually hope to 
use laboratory results for design. 

P 
** New Hampshire will soon be performing laboratory resilient modulus testing on bound material for use in design. 

l 0 
REGION 3 

State 
Primary 

Use 
Brand Purchase 
& Model Date 

Purchase 
Amount 

State 
Contact 

Telephone 
Number 

Maryland Research 
(Bound and 
unbound mat'l) 

Pennsylvania Research and 
Design (Bound 
mat'l) 

* Virginia Research 
(Bound mat!l) 

West Research and 
Virginia Design 

Ml-S, 410, 1983 
413, 414, 
422, 464 

Retsina, 
Mark IV 

1981 

Retsina, 
Mark II 

1980 

MTS (see attachment 1) 

* The Virginia Research Council performs the research 
obtainina a Retsina Model Mark VI for approximately 

$100,000 Michael Arastek (301) 321-3560 

$10,600 Prithus Kandhal (717) 787-5229 

$5,000 Bill Maupin (804) 293-1948 

Berke Thompson (304) 348-3664 

work for the Virginia DOT. 
$15,000. 

They are in the process of 



REGION 4 

Primary Brand Material Purchase Purchase State Telephone 
State Use & Model Tested Date _ Amount Contact- Number 

Florida Research MTS, 312.31 Asphaltic 1975 $50,000 Larry Smith (904) 372-5304 
MTS, 312.21 Concrete 
( see Soils 1975 $48,000 Gale FLge 
attachment 2) 

Georgia Research (See Bound 1975 $10,000 William Webb (404) 363-7546 
P attachment 3) & 1986 

% * Kentucky Research Structural Bound 1974 $5,200 David Allen, (606) 257-4513 
Behavior and University 
Engr. Lab.(SBEL) Unbound of Kentucky 
STD-1000 

Miss. Research Retsina, 
Mark IV 

Asphaltic 1980 $10,000 Joe Scheffield (601) 359-1174 
Concrete 

* Kentucky Transportation Cabinet to purchase custom-made model from Materials Testing System (MTS) 
Minneapolis, MN, for $119,000 by June 1988. 
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Primary Brand Purchase Purchase State 
State Use & Model Date 

Telephone 
Amount Contact Number 

Illinois Research (Built their own device) ------^ Jake Dhamrait (217) 782-7206 

Michigan Research MTS --w-m- ------- Jack DeFoe 
(Bound mat'l) 

(517) 322-5711 

Minnesota Research MTS 810 1980 $99,500 George Cochran (612) 296-7134 

Neil'Lagee (612) 296-7848 

Dave'kattner (612) 296-9740 

REGION 6 

Primary 
State '. Use - 

Brand Purchase 
_ & Model Date 

Purchase 
~Amount 

State 
Contact- 

Telephone 
Number 

* Texas Research Retsina Mark IV 1975 s---w-- 
(Bound mat'l) 

Paul Krugler (512) 465-7603 

New Mexico Research Custom made by 1982 $45,000 John Tenison 
(Bound and 

(505) 827-5565 
University of 

unbound mat'l) Oregon 

* The Bituminous concrete section of DHT Materials and Test Division (D-9) occasionally does resilient modulus 
testing. It is not done routinely and done only when additional information about a mix is needed. 



State 
Primary 

Use 
Brand Purchase 
L Model Date- 

Purchase 
Amount 

State 
Contact 

Telephone 
Number ,_ 

* Kansas Research and Cox and Sons, Inc. 1984 :~!j,~(Xl~ plus Glenn Fager (913) 296-7410 
Design C5-4000KA . 

accksories 

P 
P al 

An additional resilient modulus testing machine has been purchased by KDOT and 
will be received in early 1988. This unit was manufactured by Research 
Engineering and is a component type system. The load frame is Model RE-CLF- 
5000 and the Air Electric Loader is Model No. RE-CL-82. This unit is operated 
through an IBM PC-AT processor. The cost of this unit is $36,000.00 with up to 
an additional $5,000.00 in accessories. When this unit is brought on line at 
KDOT, it will be used primarily for the design of pavement structures. The 
contact person at KDOT for this unit is Mr. Jeff ,Frantzen. His telephone number is 
(913) 296-3008. 

REGION 8 

Primary Brand Purchase Purchase State Telephone 
State Use L Model Date Amount Contact Number 

Colorado Research Retsina Mark III 1974 $6,000 Lex O'Connor (303) 757-9449 

Dick'[;ines (303) 757-9724 

Utah Design MTS 1972 s---w-- Wade Betenson (801) 965-4303 
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Primary Brand Purchase Purchase State Telephone 
State Use It Model Date Amount _ Contact Number 

California Research Retsina, Mark II 1974 $5,600 Robert Doty (916) 739-2361 

Nevada - Will soon purchase a device by "Research Engineering" for research purposes. The State 
Contact will be Pat Schoener or Ted Beeston (702) 885-5875. 

REGION 10 

P Primary Brand Purchase Purchase State 
9' 

Telephone 
-4 State Use t Model Date Amount Contact Number 

Alaska' Research Hicks and Vincent 1987 

Washington Research Hicks and Vincent 1983 
& Design IA 

$45,600 

$29,000 

Eric Johnson (907) 338-2121 

Newton Jackson (206) 753-7110 

* Oregon Research Retsina Mark IV 1980 ---de-- Dick Dominick (503) 388-2621 

* Oregon has recently ordered equipment manufactured by "Research Engineering" at a cost of $33,600. 
. 



West Virginia DOH Resilient Modulus Equipment List 

Equipment Manufacturer 
and Type 

MTS Inc. Material Test 
System 

Model Number 

810 Series 

Date 
Purchased 

Dec. 1971 

cost 

$63,923 

MTS Inc. 22 Kip Load 
Frame 

Not Available Late 1983 $3,500 
estimated 

Schaevitz Engineering Co. 
Linear Variable 
Differential Transformer 

1OOMHR 
Range +/- 
0.100 inch 

May 1982 $250 

Research- Engineering Co 
LVDT Clamps (2 each) 

RE-PRC May 1982 $305 
each 

Wavetech Inc. 
Function Generator 

186 Not Known $350 

Air Compressor (Air compressor set up for entire lab is used) 

Blue M. Inc. 
Construction 
Temperature Oven 

ov490-I May 1963 .$330 

Hobart Manufacturing Co. 
Mixer 

C-1' .T Oct. 1970 $495 

Hewlett Packard Co. 
Oscilloscope 

1702A Late 1974 $6,000 

Research Engineering Co. 
Triaxial Chamber 

RE-SA-150 May 1982 $2,920 

Mettler Co. Balance PllN Dec. 1977 $1,940 

Soiltest Inc. 
Membrane Expander 

No number May 1982 $85 

Soiltest Inc. Membranes T-614 Purchased as $60/dot. 
needed 
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Florida DOT Resilient Modulus Equipment List 

System No. 1 - Asphalt Test System 

Consists of the following: 

1. Load frame - 55 Kip (M.T.S.), Model No. 312.31 

2:Activator - 22 Kip (M.T.S.), Model No. 204.63 

3. Hydraulic service manifold - (Series 284) (M.T.S.), Series 284 

4:Load Cell 10 metric ton - (M.T.S.) - Asphalt, Model No. 661.21A-03 

5. Load Cell 1500 D.&F - (M.T.S.) - Model No. 661.13A-05 

6. Temperature control chamber - (Thermotron Corp.), Model No F-3-Ch-Co2 

7. Split Tension Load Frame - (Custom Made) 

8. Electronic Console (M.T.S.) 

A. 409 Temp. Control panel 
B. 430 digital indicator panel 
C. 417 counter panel 
D. 410 digital function generator 
E. 442 controller arranged with following modules: 

(a) Serve Control - Model 440.13 
(b) Valve Driver - Model 440.14A 
(c) Feed Back selector .- Model 440.31 
(d) Limit detector - 440.41 
(e) A.C. conditioner - Model 440.22 
(f) D.C. conditioner - Model 440.21 

F. 410 pulse sequence panel 
G. 413 Master control panel 

9. Gould Brush Recorder - Model -llll-1707-120, consists of the 
following modules: 

A. D.C. Amplifiers - Model 13-4215-32 (2 each) 
B. Transducer - Model 13-4218-00 
C. Carrier Amplifier - Model 13-4212-02 

Date of Purchase - 1975 
cost - $50,000 
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Equipment List 

System No. 2 - Soils Test System 

Consists of the following: 

1. Load frame - 22 Kip (M.T.S.), Model No. 312.21 

2. Actuator - 3.3 Kip (M.T.S.), Model No. 204.51 

3. Hydraulic service manifold (series 284) (M.T.S.), Series 284 

4. Load cell - 500 K.G.F. (M.T.S.) (w/protector), Model No. 3170 

5. Triaxile chamber - (Wykeham-Farrance Eng.), Model No. 11006 

6. Electronic console (M.T.S.) 

A. 417 counter panel 
B. 410 digital function generator 
C. 442 CONTROLLER - (arrangement is same as system No. 1) 
D. 410 pluse sequence panel 
E. 413 Master Control panel 

7. Gould Brush Recorder - arrangement same as system no. 1 
- Model No. -1111-1707-120 

Date of Purchase - 1975 
Cost - $48,000 

Hydraulic Power Supply (MTQ 

3000 psi capacity 
21 gpm 
Model No. 510.218 

Date of Purchase - 1985 
cost - $14,300 
Note: This Hydraulic Power Supply is capable of supplying both the 

Asphalt and Soil Test systems with 3000 psi 
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GEORGIA DOT RESILIENT MODULUS EQUIPMENT LIST 

Part 

2 Triaxial Cells 

1 Load Frame for 2 Samples 

1 Strip Recorder (Brush 2 Channel) 

4 Pressure Regulators (Model #40-100) 

4 Pressure Gauges 

4 LVDT's (Transducers Model XSS-203) 

2 _, Belloframs (Size 4) . . 

2 Mufflers 

2 Recycling Timers (Model UCX400) 

4 Revolution Counters 

2 24 Volt Power Supplies 

Miscellaneous Plumbing and Electrical 
Materials 

Manufacturer 

Soiltest 

GA DOT - Office of Materials 
and Research Machine shop 

Gould Instruments 

Moore Products Company 

G. L. Collins 

Bellofratn Products Company 

Eagle Signal Controls 

GA DOT - Research 
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Resilient Modulus Equipment Manufacturers 

The following is an alphabetical listing of manufacturers of resilient 
modulus testing equipment that is currently used or proposed for use by 
the SHA's: 

Cox and Sons, Inc. 
P.O. Box 674 
Colfax, California 95713 
Phone: (916) 346-8322 

Hicks & Vincent (H&V) 
Material R and D 

3187 NW Seneca Place 
Corvallis, Oregon 97330 
Phone: (503) 757-1293 

Material Testing System (MTS) Research Engineering 
P.O. Box 24012 2640 Dundee Road 
Minneapolis, Minnesota 55424 San Pablo, California 94806 
Phone: (612) 937-4000 Phone: (415) 223-4798 

Retsina Company 
601 Brush Street- 
Oakland, California 94607 
Phone: (415) 268-0821 

Structural Behavior Engineering 
Laboratories, Inc. (SBEL) 
P-0. Box 23167 
Phoenix, Arizona 85063 
Phone: (602) 272-0274 
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INTRODUCTION 

In January of 1987 a questionnaire dealing with longitudinal joint 
construction with asphalt pavements tias sent out to all State highway agencies 
by the Transportation Research Board Committee on Flexible Pavement 
Construction. Forty-five agencies responded to the survey. The questionnaire 
asked if step-offs (drop-offs) were routinely permitted overnight or longer, 
before placement of the adjacent t:lat, on either new construction or on 
resurfacing projects. Questions followed concerning conditions under which 
drop-offs were allowed, joint construction techniques, and alternate 
procedures used. A compilation of the responses to the questionnaire was made 
in May of l988 by C.S. Hughes. It included his conclusions and 
recommendations (see appendix). 

Since this questionnaire was sent out there has been much interest and 
activity in the area of longitudinal joint construction. In addition, many 
State highway agencies have been encouraged to, and are trying to, develop 
pavement edge drop-off policies. This paper is an attempt to update and add 
to the information gathered in the 1987 survey, in order to provide a "state- 
of-the-practice" report. 

As was indicated by tne results of the 1987 survey, longitudinal joint 
construction practices vary from State to State. It is not the intent of this 
paper to evaluate the various construction practices of the States, but rather 
to provide information on what different States and regions are doing to 
mitigate the hazards created by edge drop-offs. To set the stage for this 
information, a literature review is given detailing the results of the most 
recent studies concerning the safety aspects of drop-offs. 
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LITERATURE REVIEW OF SAFETY RELATED ASPECTS OF PAVEMENT EDGE DROP-OFFS 

An edge drop-off occurs when there is a vertical difference in height 
between adjacent road surfaces. Drop-offs may occur as a result of paving or 
resurfacing operations, or milling or other types of excavation work. They 
also may occur as the result of the deterioration of an adjacent surface. The 
hazard results when a driver of a vehicle crosses over the drop-off, dropping 
his wheel(s) down onto the lower surface, and then tries to steer back up onto 
the higher surface. An overcorrection may result in loss of vehicle control, 
while a gradual correction may result in the phenomena known as "scrubbing." 
Scrubbing occurs when the steering angle is insufficient to overcome the 
opposing force of the face of the drop-off, hence, "scrubbing" of the side of 
the tire occurs along the drop-off face. Once sufficient steering angle is 
imparted, the wheels mount the pavement edge and, in the absence of an 
opposing force, the vehicle has a sudden change of direction, often times 
causing lane exceedance or loss of control. As the height of the drop-off 
increases, so does the severity of the situation. For this reason engineers 
have tried to determine the height of drop-offs at which mitigating action 
needs to be initiated. 

Current literature cites four major studies that have been conducted by 
various agencies since 1976 pertaining to vehicle responses to an edge climb 
maneuver. These studies, in chronological order, are: 

The Effect of Longitudinal Edqe of Paved Surface Drop-off on 
Vehicle Stability, E. Nordlin, D. Parks, R. Stoughton, and J. Stoker, 
California Department of Transportation, 1976. 

Vehicle Controllability in a Pavement/Shoulder Edqe Climb Maneuver, 
R. Klein, W. Johnson, and H. Szostak, Society of Automobile Engineers 
Technical Paper Series, 1978. 

Pavement Edqes and Vehicle Stability- A Basis For Maintenance 
Guidelines, Don Ivey and Richard Zimner, Texas Transportation 
Institute, 1982. 

Pavement Edge Drop, Paul Olson, Richard Zimner, and Val 
Pezoldt, University of Michigan Transportation Research Institute, 1986. 

This paper will summarize both the test procedures and the findings of 
these four studies. It is important. to note that testing procedures differed 
in the four studies because each of the studies had different goals. As the 
pool of knowledge grew, the procedures also evolved somewhat. It is 
recognized now that when a vehicle drives over a drop-off, through 
inattention, recovery from a scrubbing condition is the most difficult form of 
recovery and therefore should ultimately be the determining factor in the 
conclusions. 
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In Nordlin's study 50 tests were conducted using professional drivers in 
four different vehicle types: small, medium, and large passenger cars, and a 
full-sized pickup truck. Three different drop-off heights were used- 1.5, 
3.5, and 4.5 inches. Vehicles were driven from an A.C. shoulder onto either 
an A.C. or soil surface, and returned to the A.C. shoulder at speeds of 60 mph 
and at angles of less than 10 degrees. In these tests either two or four 
wheels were dropped off the shoulder and then returned. This study did not 
examine the pavement edge scrubbing condition and used only vertical drop- 
offs. In addition the combined width of the lane and shoulder was 17 feet, 
allowing more room for recovery. 

Nordlin found that although experiencing a "significant jolt and 
accompanying front end noises" at the larger drop-off heights, there was no 
real problem with vehicle stability, no deviation in vehicle trajectory, and 
no encroachment into adjacent lanes. Less than one wheel revolution was 
required for the first wheel to mount the various drop-off heights. 

In Klein's study three different size passenger cars were used in closed 
loop tests. The car's two right wheels Here gradually dropped 4.5 inches onto 
an earth shoulder. Pylons were used to keep the wheels close to the pavement 
edge increasing the chance for scrubbing. Klein tested only vertical edge 
drops in his study. The drivers were told to drive at constant speeds, 
increasing from 25 to 55 mph in 5 mph increments on successive runs. Twenty- 
two naive (non-professional) subjects were used on 73 runs. On 34 runs the 
tires did not scrub, but on the other 39 they did. On the non-scrubbing runs 
there were no lane exceedances, but over half (22 of 39) of the scrubbing runs 
resulted in lane exceedances. Klein found that a correlation existed between 
vehicle speed and lane exceedance. Each vehicle had a critical speed at which 
recovery from shoulder climbs became difficult (83% failure). In the two 
smaller cars the critical speeds were 30 and 32 mph. In the larger car the 
critical speed was 42 mph. 

In the open looped test Klein used four test vehicles and drop-off 
heights ranging from 2 to 4.5 inches. Once again the most hazardous results 
occurred during scrubbing. Whether or not a vehicle was able to climb a drop- 
off was a function of closing velocity. On a graph of closing velocity (the 
component of velocity perpendicular to the pavement edge) verses drop-off 
height, it was shown that, at a height of about 4 inches, closing velocity 
needed to climb the pavement edge increased sharply. For this reason 4 inches 
was suggested as a maximum drop-off height. Five inches was determined to be 
the maximu*n height that could be climbed due to the undercarriage 
characteristics of vehicles and side forces on the wheel. 
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Don Ivey's study built upon the preceding two studies by Nordlin and 
Klein. He used drop-off heights of 1.5, 3, and 4.S inches with various edge 
shapes including a 45 degree taper and a vertical edge. He used, as 
previously, three passenger cars and a pickup for test vehicles. Different 
types of drivers were used ranging from professional to naive, however only 
the professional driver drove the complete matrix of tests. Test speeds of 
35, 45, 55 mph were driven with three different vehicle positions: scrubbing, 
two wheels off the pavement, and four wheels off the pavement. Ivey used a 
subjective rating system which had the driver rate the difficulty of the edge 
climb maneuver, .however only the professional driver was used to rate the 
various climbing maneuvers since he was the only one to drive the complete 
matrix of tests. 

Ivey found that the professional driver handled all the variations 
easily'except for the 4.5 inch edge drop, on the vertical edge, in the 
scrubbing condition. It was therefore concluded that the 4.5 inch edge drop 
was unsafe at speeds as low as 35 mph. The 45 degree angle was safe, even at 
a 6-inch drop , .at speeds up to 55 mph. Velocity, drop-off shape, and 
proximity to the edge were the factors with the greatest influence on safety. 

Paul Olson's study used most of the same variables that the former 
studies used (i.e. vehicle type, velocity, 
drop heights). 

edge shape, shoulder type, and edge 
His investigation, however, was "primarily concerned with 

evaluating the performance of ordinary (naive) drivers on their first 
encounter with the edge drop". He also examined "subject learning" and found 
that its effects were minimal. The criteria he used to determine the safety 
of each maneuver was lane exceedance beyond a 12.5-foot lane with the drop at 
the edge of the lane. 

Olson found that 4.5-inch vertical drops could not be negotiated by the 
naive subjects safely at speeds as 10;~ as 20 mph. The 3 inch vertical drop 
could be negotiated at speeds of between 20 and 25 mph in smaller cars and 30 
mph in the largest passenger car. No safe maximum height was defined for 
speeds greater than 25 mph. Using the 45 degree bevel edge, virtually all 
runs at heights up to 4.5 inches were rlade without intruding beyond the lane 
adjacent to the edge drop at speeds up to 55 mph. The beveled edge was a 
suggested treatment at higher speeds. Finally, he concluded that height, not 
shoulder material, was the controlling factor, and that small cars had more 
difficulty than large cars. The results of Olson's study suggest that the 
recommendations of other studies are not adequate for high speed facilities, 
if the determining factor is recovering from a scrubbing condition. Maximum 
vertical heights of edge drops on these facilities should be less than 3 
inches, although how much less has not been determined. Future studies should 
address this issue. 
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PAVEMENT EDGE DROP-OFF POLICY- STATE DF THE PRACTICE 

In the memorandum issued December 1, 1986, from the FHWA Construction 
and Maintenance Division, it states that drop-offs "greater than 2 inches, 
left overnight, and immediately adjacent to traffic, have high accident 
potential." The C&M Division recommended corrective action or a combination 
of actions for drop-offs greater than 2 inches (see appendix). The memorandum 
"strongly encouraged" the regions to work with the states in developing 
pavement drop-off policies. 

The following figure illustrates the "state-of-the-practice" in the 
United States in regards to the 2-inch drop-off level. The figure divides the 
States into three groups. The first group consists of those States that have 
formal drop-off policies that allow a 2-inch or less maximum drop-off in work 
zones exposed to traffic overnight or require a taper for drop-offs exceeding 
2 inches. The second group consists of those States that have not formulated 
a formal policy, but their general practice meets the requirements of the 
first group. The third group consists of those States that have a policy 
allowing greater than 2 inches, or have no policy at all. 

This information was obtained from surveys conducted by TRB and various 
regions, and supplemented by information obtained from telephone conversations 
with regional and division personnel. It is noteworthy that in some cases 
where there was more than one source available, there was a lack of agreement 
as to policy or practice. In these cases, preference was given to sources 
citing State Specifications or Codes. 

A more detailed summary of each State's position concerning drop-offs 
follows. The States are organized according to FHWA regions so as to show 
patterns on a regional basis. While the information is not detailed, in some 
cases, each State is represented and the summary takes advantage of as many 
sources as possible, given the time constraints imposed. 
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REGION 1 

With a few exceptions, the States in Region 1 do not have formal 
pavement drop-off policies. 

In the State of Connecticut edge drop-offs are not considered to be a 
problem. For the most part traffic is kept off the joint area, using the rest 
of the roadway. With multiple lifts, the pavement in adjacent lanes is inatched 
before beginning the next lift. 

The State of Maine uses channelizing devices spaced every 50 feet when 
the drop-off exceeds 3 inches in vertical height. On a resurfacing project 
creating drop-offs of less than 3 inches, channelizing devices are placed 2 
feet outside of the edge of the pavement at 600 foot intervals with the MUTCD, 
W8-9 "low shoulder" signs every l/2 mile. When the drop-off is greater than 3 
inches, 4 feet of shoulder material is required to be placed with channelizing 
devices placed as stated before. The speed limit on such projects is set at 
45 mph. 

Massachusetts has elected not to adopt a drop-off policy because "in 
some instances such a policy would create more problems than it would solve." 
Instead it was decided that each traffic control plan should place special 
attention to drop-offs in work areas and individual needs should be carefully 
evaluated. 

The State of New Hampshire has no specific height requirements, but 
specifications state that open excavations shall not be exposed overnight, on 
weekends, or on holidays. No guidelines for resurfacing projects were given, 
but the State feels that they have few drop-off situations because of their 
specifications, and attention given by project personnel. 

I#eu Jersey has the strictest policy in the Region, requiring a gravel 
wedge at a slope of 6:l when adjacent excavation is greater than 2 inches. On 
resurfacing, adjacent lanes of pavelnent are matched every 1500 feet. Lift 
thicknesses are 2 inches. They also use a longitudinal wedge joint design. 
Appropriate signing and a double yellow line is required on their resurfacing 
projects to keep traffic off the joint. 

The State of Mew York has not adopted a formal drop-off policy. The 
State relies on a section in its Standard Specifications. It was requested 
that NYSDOT develop a special specification dealing with drop-offs. This 
issue is still unresolved at this time. 

Rhode Island has not developed a formal policy because they did not feel 
that drop-offs were a problem. It is general practice, with drop-offs greater 
than 4 inches, to require either a 4:l transition slope or a median barrier. 

Vermont does not have a specific policy on drop-offs, but does require 
the paveinent to be matched in adjacent lanes by the end of the day. This 
issue was to be discussed prior to the start of the 1988 construction season. 
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In Puerto Rico the standard specifications state that pavement-repairs 
and construction on both bitu:rlinous and KC pavements will be initiated and 
completed during the same working day. 
along and adjacent to travel lanes. 

This eliminates unnecessary drop-offs 
Where isolated or continous excavation is 

expected as part of the construction project, appropriate channellizing 
devices are specified. No height specification for drop-off are given. 

(The information for this summary was obtained from a survey conducted by TRB 
and a survey taken by FHWA Region 1.) 
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REMON 3 

The State of Delaware has no height specifications for drop-offs on 
milling type projects, however, they said that drop-offs of 3 or more inches 
do occur. On resurfacing projects, drop-offs of 1 inch or more require 
signing. Drop-offs of between 2 to 6 inches require cones or vertical panels 
and are tolerated for the length of one days paving operation. Drop-offs of 
greater than 6 inches require concrete barriers when within 10 feet of the 
traveled way and require barricades when outside of 10 feet. 

Maryland requires pavement in adjacent lanes to be matched by the end of 
the working day when vertical drop-offs exceed 2 inches. When drop-offs are 
less than 2 inches pavement must be matched within 24 hours. Reduced speed 
limits are enforced within construction work zones. They said that nothing 
was mentioned in their specifications for excavation work. 

In Pennsylvania longitudinal edge drop-offs are generally limited to 25 
feet in length at the end of each days work, and a maximum of 2 inches in 
height. This does vary from district to district. 

Virginia requires that pavement having drop-offs greater than 2 inches, 
have lanes of adjacent pavement matching by the end of a days operation. 
Appropriate signing is required when drop-offs occur. 

Nest Virginia generally sets 2 inches as the maximum drop-off allowed 
although it has no formal policy. They generally do not prevent traffic from 
crossing the longitudinal joint. 

(The information for this summary was obtained from a questionnaire sent out 
by TRB and from specifications from the States of Virginia and West Virginia.) 
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REGION 4 

Although not all the States in Region 4 have adopted a formal policy 
mitigating pavement drop-offs, 
limits. 

they, at least in general practice, have strict 

Alabama generally does not permit drop-offs of more than 2 inches to 
exist overnight. If they occur a temporary 1:l longitudinal taper joint is 
required and is later removed when paving resumes. 

Florida sets a maximum height of 1.5 inches for drop-offs that traffic 
is expected to cross. This may be increased to 2 inches for low speed 
situations. Where traffic is not expected to cross, less than 2 inch drop- 
offs require warning signs only. Drop-offs between 2 to 4 inches require 
drums, panels, or barricades. With drop-offs greater than 4 inches either 
positive separation or a 3:1 wedge is required. For temporary conditions, 
drop-offs greater'than 4 inches may be protected by drums, panels, or 
barricades for short distances, during daylight, while work is being 
performed. 

The State of 6eorgia requires pavement on the Interstate system to be 
matched in adjacent lanes by the end of the next day. They set 2 inches as 
the maximum height allowable for drop-offs exposed to traffic. They also 
require appropriate signing where drop-offs occur. 

Although Kentucky does not have a formal policy concerning drop-offs, 
they said that projects with drop-offs are generally closed to traffic. 

Mississippi generally allows drop-offs of up to 2 inches without 
protective devices and requires protective devices at drop-offs greater than 2 
inches. 

North Carolina has set 2 inches as the maximum drop-off height allowed. 
All paving projects in the State must have adjacent lanes of pavement matched 
within 24 hours. Use of the W8-9a sign is required when traffic is exposed to 
drop-offs. 

South Carolina sets 1.5 inches as the maximum drop-off height they will 
allow on resurfacing projects. They also require warning signs. 

Tennessee does not allow night traffic on projects where drop-offs 
occur. Pavement must be matched in adjacent lanes within 24 hours. Warning 
lights and barrels are required when the drop-off exceeds 2.5 inches. 

(Information for this sumnary was obtained from a survey conducted by TRB and 
information provided by Region 4.) 

2.7.11 



REGION 5 

A survey of the States in Zegion 5 was conducted in 1987 and was 
confirmed by telephone conversation in February of 1989. 

Standard Specifications in Illinois require that drop-offs of 3 or more 
inches at the edge of the pavement be protected by type I or II barricades at 
100-foot intervals when they were greater than 4 miles in length. This 
applies to both resurfacing and excavation and milling type projects. The 
pavement in adjacent lanes is required to be matched before the next,lift is 
placed, and within 24 hours. Appropriate signing is required and no open 
trenches greater than 3 inches are allowed to exist overnight. 

Indiana requires , on resurfacing projects only, that barricades be 
placed where drop-offs exceed 2 inches adjacent to the pavement. Up to 3-inch 
drop-offs are permitted outside the shoulder. These specifications are 
contained in the Contract Special Provisions. All other situations are 
covered in the Traffic Control Plan. Deep excavations at the edge of the 
pavement require temporary concrete barriers to separate them from the 
traveled way. 

The State of Michigan does not have a formal policy, but has 
specifications that state that low shoulders be delineated and that hazards be 
removed as soon as possible. Pavement in adjacent lanes must be matched by 
the end of the day or else warning signs must be provided and barricades 
placed every 100 feet to delineate the traveled way. They frequently make use 
of a longitudinal taper joint when drop-offs are expected to be under traffic. 

The State of Minnesota, likewise, does not have a formal pavement drop- 
off policy, but as a general practice allows drop-offs under 2 inches to be 
left untreated unless the drop-off occurs between lanes, then warning signs 
are required. Drop-offs between 2,and 4-6 inches (varies between districts) 
are signed as low shoulders and may be delineated with channelizing devices. 
Drop-offs over 4-6 inches are signed and delineated with channelizing devices. 
In most cases adjacent lanes of pavement must be matching by the end of the 
day. Excessive drop-offs require the use of concrete barriers. 

Ohio has no official drop-off policy, however, drop-offs are considered 
and discussed during the development of the traffic control plan. Their 
specifications allow for a maximum 2-inch drop-off and require pavement in 
adjacent lanes to be matched within 24 hours after placement. Open trenches 
are protected by barrels. Ohio has utilized, on many occasions, all the 
techniques discussed in the 1985 memo from the C&M Division. 

The State of Wisconsin does not have a drop-off policy, but as a general 
rule, uses the provisions in the MUTCD. These are included in the contract 
plan. 

(The information in this summary was obtained from surveys conducted by TRS 
and Region 5.) 
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REGION 6 

The States in Region 6 follow no definite pattern when it comes to 
mitigating drop-offs in work zones. 

The State of Arkansas allows a maximum drop-off of 3 inches on the 
centerline pavement edge and 4 inches maximum at the edge of the shoulder. 
When resurfacing lifts are less than 1 inch no treatment is necessary. 
Between 1 and 3 inches, at the centerline, an uneven lane sign (WSP-1) is 
required. At the shoulder edge, a drop-off of between 1 and 4 inches requires 
that a drop-off sign (WSP-2) be used. Adjacent lanes must be matched within 
24 hours unless an emergency arises. 

Although there is no formal policy in Louisiana, as a general rule, 
drop-offs of less than 2 inches are allowed to exist without any treatments 
while drop-offs of greater than 2 inches require matching lanes of pavement by 
the end of the day. They are currently looking at a policy patterned after 
one being developed by the State of Oklahoma. 

The State of New Mexico requires a 6:l taper on the edges of lifts 
greater than 1.5 inches in vertical height. At heights greater than 3 inches 
they require panels or barrels in addition to the taper. Adjacent lanes of 
pavement are usually matched within 24 hours. 

Oklahoma, at present, has no drop-off policy in construction work zones. 
The State is currently developing a policy based on the state-of-the-practice 
in other States. 

Because of the size of the State and the decentralized nature of the 
State DOT, Texas does not have one single pavement drop-off policy. Each 
district sets their own standards which they will follow, so practices vary 
throughout the State. Some districts are making use of the longitudinal taper 
joint. 

(The information in this sumnary was obtained from a survey conducted by TRB 
and telephone conversations with each FHWA Division Office's Pavement 
Specialist.) 
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REGION 7 

In a memorandum dated May 13, 1988, Region 7 strongly encouraged States 
in that Region to develop policies, mitigating pavement edge drop-offs, 
conforming to the following guidelines: 

1) For "vertical drop-offs of 1 to 2 inches in height. . . 
consideration should be given to providing appropriate signing and 
delineation, and limiting drop-off length and time of exposure." 

2) Drop-offs from 2 to 4 inches should have a slope of 1:l or 
flatter with appropriate warning signs and delineation. 

3) Drop-offs over 4 inches should have a 3:l or flatter drop-off slope 
and obstruction free area or positive separation. 

4) A pavement edge that traffic is expected to cross should not have an 
effective height greater than 1 inch. Greater heights (up to 3 
inches) should be treated with a wedge slope of no steeper than 3:l. 
The TV's should provide for a reduced speed limit of 35 mph. 

The Region further. stated that each situation should be thoroughly and 
individually analyzed, taking into account cross section features, traffic 
volume and mix, speed, and practicality and feasibility of the treatment 
options. 

The four States in this Region, Iowa, Kansas, Missouri, and Nebraska 
have essentially complied with the guidelines recommended by the Region. The 
State of Kansas has proposed that all lifts have a 1:l wedge and uses 
channelizing devices at spacings equal to twice the speed limit. The State of 
Missouri allows a Z-inch height differential (their maximum lift thickness is 
1 3/4) before they require any kind of treatment on both traversable and non- 
traversable sections. 

(The information for this sumnary was obtained from a survey conducted by TRB 
and a survey conducted by Region 7.) 
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REGION 8 

Most of the States in Region 8 have developed a formal policy mitigating 
edge drop-offs. 

The State of Colorado allows a 1 inch, untreated, maximum drop-off 
height. Any drop-off exceeding 1 inch, and exposed to traffic, must use a 3:l 
slope joint at the longitudinal edge. They also require appropriate signing 
throughout projects where drop-offs occur. 

In the State of Montana all longitudinal joints greater than 3/4 of an 
inch in height must have a 5:l tapered longitudinal joint. 

In North Dakota, although there is no policy, drop-offs are generally 
limited to 1.5 inches in height and pavement in adjacent lanes must be matched 
within 24 hours. 

The State of South Dakota has a policy limiting the height of drop-offs 
to 2 inches and requiring adjacent lanes of pavement to be matched within 24 
hours. On multi-lane highways traffic is kept off the joint entirely. 
Appropriate signing is required where ever drop-offs occur. 

Although Utah allows up to &inch drop-offs, pavement in adjacent lanes 
must be matched by the end of the day so that no drop-off is left exposed 
overnight. A sloped 3:l wedge at the longitudinal joint is sometimes used. 

In the State of Uyaning any paving operation that creates a drop-off of 
more than 1 inch shall have pavement in adjacent lanes be matching by the end 
of the day. In situations where this is not possible a 3:l longitudinal 
sloped joint is used. 

(The information for this sumnary was obtained from a survey conducted by TRB 
and from Wyoming State specifications.) 
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REGIOW 9 

No State in Region 9 has developed a formal policy mitigating the hazard 
of pavement drop-off. 

The State of Arizona uses a 4:l wedge joint at the longitudinal pavement 
edge between adjacent lifts. A study performed by Arizona DOT has shown that 
superior compaction is obtained at the joint with this technique. They use 
warning signs when the vertical difference between lanes is between 1 to 3 
inches and cones, drums, or barricades when the difference is greater than 3 
inches. 

California is currently working on a drop-off policy for their State. 
As a general practice they allow a maximum drop-off of .15 feet (1.8 inches) 
between lifts. They require appropriate signing where drop-offs exist. 

Although they do not have a formal policy, the State of Hawaii generally 
does not allow drop-offs to exist overnight by requiring the full travel way 
to be paved daily. There is usually no *?ote than a 3 inch height difference 
between lifts. The longitudinal sloped joint is sometimes used at the 
discretion of the engineer. 

The State of Nevada has no formal policy concerning maximum allowable 
drop-off height. The length of an exposed drop-off can not extend beyond the 
length of 1 days paving. Appropriate signing is required on projects where 
drop-offs exist. 

(Information for this sumnary was obtained from a survey conducted by TRB and 
from Region 9 Pavement Specialist.) 
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REGION 10 

The States in Region 10 treat edge drop-offs differently. 

Alaska at present has no formal policy dealing with drop-offs, however 
they are currently working on one. As a general practice they allow drop-offs 
to exist for one day's paving operation and allow for a maximum drop-off 
height of 2 inches. 

The State of Idaho has no formal policy concerning edge drop-off 
heights. Drop-offs are handled on a job-by-job basis at the discretion of the 
engineer. They do require appropriate signing where drop-offs exist. On ' 
resurfacing projects the lifts are generally 3 inches thick. In the past 
Idaho has used the sloped longitudinal joint, but it is not now included in 
the specifications. 

In Oregon if the drop-off height is greater than 2 inches then the 
pavement in adjacent lanes must be matched by the end of the day or a 1O:l 
sloped wedge must be used at the longitudinal joint. The joint is then cut 
back to a vertical face when paving resumes. If the drop-off is between 1 and 
2 inches in height then adjacent lanes of pavement must be matched within 24 
hours. 

In Yashington the general practice is to have drop-offs not exceed .20 
feet (2.4 inches) in height where exposed to traffic. When drop-offs exceed 
this height channelizing devices are required. The State requires pavement 
in adjacent lanes to be matched within 24 hours. They also require 
appropriate signing where exposed. drop-offs exist. 

(The information for this summary &as obtained from a survey conducted Sy TRB 
and information collected by Region 70.) 
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In general, the various State highway agencies have attempted to set 
some limits in height and length for drop-offs on resurfacing projects. 
Recently these limits have come in the way of formal policies issued by the 
State. Forty percent of the States have developed formal policies at this 
point in time, with several more currently working on such policies. In 
nearly all cases, these policies conform with the suggestions in the 
memorandum issued by the Construction and Maintenance Division in Oecember of 
1986. While these policy statements lnostly refer to resurfacing projects, it 
is felt that the Z-inch criteria could be used as a standard for milling and 
excavation type projects and even as a criteria for maintenance. 
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LONGITUDINAL JOINT CONSTRUCTION METHODS 

The original intent of the TRB questionnaire sent out to State agencies 
in 1987, was to determine the state of the practice with longitudinal joint 
construction with flexible pavements. One practice that is growing in 
popularity is the use of a longitudinal wedge joint between adjacent lifts of 
asphalt. Several States already use a tapered edge when a longitudinal edge 
is exposed to traffic (see figure 2). Studies nave demonstrated (see 
literature review) the safety benefits from the use of such a treatment. In 
many cases before the adjacent lane is placed, the wedge is cut back to a 
vertical edge for the joint between lifts. Recently some state highway 
agencies, namely Arizona and New Jersey, have experimented with the use of the 
tapered edge as the joint itself as opposed to the more common vertical butt 
joint. In the research which has been performed, both States claim to get a 
superior joint with the tapered edge, or "wedge edge." Higher and more 
uniform densities have been consistently obtained in the area of the joint 
which is believed will result in a longer pavement life. The tapered joint is 
expected to yield improved rideability because fewer transverse joints would 
be required in the pavement. This is because the pavers would not be required 
to be pulled back at specified lengths for the paving of adjacent lanes, in 
order to maintain matching pavement requirements normally associated with the 
use of vertical butt joints. 

The State of Arizona originally used a 6:l sloped wedge, but this has 
changed to a 4:l wedge. It is formed by a sloping shoe attached to the paver 
in order to form the joint. The face of the wedge joint is compacted with a 
pneumatic tired roller, and then the adjacent lane is paved to finish the 
joint. The state of New Jersey uses a steel plate attached to the paver 
forming a wedge of 3:l slope. The joint face is not compacted, but it is 
heated with an infrared heater immediately preceding the placement of the 
adjacent lift, for better bonding. For more information, the reader is 
encouraged to contact the previously mentioned State highway agencies. 

From the research which has been performed to date in this area, the 
"wedge edge" appears to be a viable solution to the drop-off problem on paving 
and resurfacing type projects. Instead of creating problems with joint 
construction it has been shown to yield many desirable benefits. 

. 
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Usage of Tapers as Longitudinal Edge Treatments 

NORTH DAKOTA 

SCM-H DAKOTA 

States using the Taper 
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t 2 Memoranaum 
us Deo0m-m 
d Tronrponm 
h&al Highway 
Mministration 

Washington, 0. C. 20590 

sub~ecl Guidelines for Mitigating Pavement Dropoffs 
in Construction and Maintenance Work Zones 

oar EC 1 Is& 

From Chief, Construction and Maintenance Division 
Office of Highway Operations 

To' Regional Federal Highway Administrators 
Regions l-10 
Direct Federal Progra Administrator 

One of the problems noted during our 1986 construction reviews and work 
zone safety reviews involves pavement dropoffs adjacent to construction and 
maintenance activities. 
bridge deck removal work, 

These dropoffs include those created by pavement or 
shoulder excavations, and the placement of new 

1 ayers of pavement. When not properly addressed, dropoffs may lead to an 
errant vehicle losing control resulting in property dunage, injury, and 
possibly death. It was found that many States do not have any policy or 
guidelines addressing this hazardous situation. With the growing nunber 
of 3R/4R projects, there is potential for dropoff incidents to increase 
significantly. 

lo address this concern, information has been compiled and used to develop 
steps to mitigate potentially hazardous dropoffs. These suggested procedures 
are based on findings from recent research, current policies and guidelines 
fran a nunber of States, and consideration of construction operations. The 
information presented here is not tntended in any way to represent policy or 
to serve as a directive of the FHWA, nor does it represent or promulgate afry 
new standard. Instead, this infonnation is to provide guidelines to States 
in the development of their own dropoff policy. 

Any dropoff is considered hazardous, but those greater than 2 inches, left 
overnight, and immediately adjacent to traffic have a high accident potential.' 
For such situations, one or a combination of the following mitigating measures 
is recommended: 

I. Specify that the contractor schedule resurfacing or construction 
operations such that no dropoff is left unprotected overnight, or, 
as a minimm, limit the length of the dropoff and the period of 
exposure. 

2. If feasible, place steel plates to cover an excavation or trench, 
A wedge of material around the cover may be required in order to 
assure a smooth transition between the pavement and the plate. 
Warning signs should be used t0 alert motorists of the presence 
of steel plates particularly when the plates are on the travel 
lanes. 
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3. Place a wedge of material along the face of the dropoff. The wedge 
should consist of stable material placed at a 3:l or flatter slope. 
Warning signs may be needed in advance and throughout the treatment. 
Pavement markings or markers are useful in delineatlng the edge of 
the travel lane. 

4. Place channelizing devices along the traffic side of the hazard and 
maintain a 3-foot wide buffer between the edge of the travel lane and 
the dropoff. The minimun spacing of the devices in feet should be, at 
most, twice the speed in miles per hour. Oropoff warning signs should 
be placed in advance and throughout the dropoff treatment. 

5. Install portable concrete barriers or other acceptable positive barriers 
with a Z-foot buffer between the barrier face and the traveled way. 
An acceptable crashworthy terminal or f-lared barriers are required .at 
the upstream end of the section. For nighttime use, the barriers must 
he supplemented by standard delineation devices, i.e., paint, 
retroreflective tape, markers, or warning lights. 

For dropoffs greater than 6 inches, recommendatfon 5 is strongly suggested 
if recommendations 1 or 2 are not feasible. Speed reduction measures need 
to be considered particularly for recommendations 4 and 5. Although these 
mitigating measures are directed to nighttime conditions, dropoffs must also 
be properly addressed during daylight operations. 

We recognize that there may be sane reluctance by the States to develop a 
dropoff policy or guidelines. The primary concern that has been stated in 
the past is that the development of such a policy would increase the 
potential for tort liability actions. It has however also been stated that 
the existancc of properly developed policies and conformance to those 
policies can in fact provide the State with a good defense against tort 
liability. More important however, is that such policies will Qrovide 
greater protection frun accidents and injuries for the motorist. 

we strongly encourage you to work with the States on the development of such 
policies. If any further information or technical assistance is.npeded, 
please contact US at your convenience. 
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TRANSPO?TATION PESEs4RCH BOARD 
CPIMITTEE ON FLEXIBLE PAVEPENT DESIGN 

COHPILATION OF OUESTIONNAIRIZ ON 
L,mGITUDINAL JOINT CONSTRUCTION 

The questionnaire on longitudinal joint construction vas developed *to 
determine practices and concerns of leaving an open joint vhen paving. The 
questionnaire focused primarily on safety to the traveling public and joint 
durability. A copy of the questionnaire Is attached. 

Responses vtrt received from 4S states, 2 turnpike agencies, and 4 
Canadian Provinces. The compilation of these responses follovs. 

Thirty-five agencies allov step-offs (open facts) for nev construction 
8nd thirty-three l llov them on resurfacing. Of the 26 agencies alloving 
this practice tnd having a maximum step-off, 62% have a maximum of 2": 19% 
have a mtxlmum of 1 l/2”; 8nd only 15% l llov 3” or tort. Plvt agencies 
require a taper tnd this varies bttvttn 3:l urd 10~1. Tvonty-nine agencies 
have 8 autieum time lieit of 1 d8y or 24 hours over vhicb to p8ve the 
tdjactnt lure. The others have no specified time limit. 

The question addressing signing required ansvers vhich vere somrvhat 
hard to compile because the hnu81 of Unifor8 Tr8ffic Control Devices 
(HUTCD) h8s no smndard sign for a lane step-off or uneven p8vlng. There- 
fore, l isinform8tlve signs or, tort often, signs th8t 8re designed by the 
agency are used to 8ltrt the public of the step-off. Six agencies use the 
st8ndard signs of Lov Shoulder (V8-9A) or No Passing (V14-3). Pourteen 
agencies use special signs vlth 10 either stating or illustr8ting Uneven 
Pavement, 3 st8te Abrupt Edge urd one says Center Line Drop Off. Thirteen 
8gencies use no signs mentioning the step-off. 

Of 32 agencies requiring specirl longitudin81 joint techniques, one or 
more of the folloving techniques are used. 

Hrtching shoe s3x 
T8cked joint s3x 
.Cutb8ck to v8rtiC8l f8CO 30% 
T8per 19X 
30’ ski 6% 
Joint hutu 3% 

Sever81 8gencies St8ted that t8Cking or cutting b8ck to 8 vettic 
f8ce vu required, if necess8ry. 

The 8gencies th8t do not 8110~ 8n open joint require the contractor to 
move the pwer b8ck end squert up d8ily vhtn p8ving under traffic. Pot ntv 
construction, full vidth paving and paving in echelon 8rt gtntr8lly allovtd 
as alternatives to moving the paver b8ck d8ily. 

No 8gencits reported tny sped81 density requirement on 8 joint. One 
is 8tttepting to develop 8 joint density specification. 

Thirty-tight of the agencies responded that they have no sptc:fitd 
methods to prevent rounding of the joint edge by tr8ffic. Nine (18%) do 
not rrllov any traffic on the joint at any time. 
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The question requesting the responders opinion 8s to hov hazardous a 
step-off is to various vehicles drrv some interesting responses. One 
responder Invoked the fifth amendment. The ratings are listed belov. Hany 
responders assumed the “no” column, left in through a design flav, to mean 
“not hazardous” and thus resulted in an additional rating to that intended. 

Rating 

Hazardous to : Ex treaely Somevha t Slightly Not 

Tractor Tr8ilers 6 :i 18 10 
Passenger C8rs 7 15 6 
Conp8ct C8rs 16 19 10 3 
Ho torcycler 32 10 6 0 

This response is in line vith urticip8ted results. Motorcycles md 
comp8ct cars 8re thought to be the most affected urd tr8ctor tr8ilrrs the 
le8st 8ffected. 

The question concerning speci81 procedures or devi8tions did not drav. 
8ny comments not 8lre8dy Included in the compll8tion. Likevise, the 
question requesting speci81 joint edge sh8pes only provided information on 
tapers, vhich has alre8dy been c8tegorlzed. 

CONCLUSXONS 

1. Almost Z/3 of the agencies responding 8110~ step-offs. 

2. Tventy-five of the tventy-six agencies 8lloving step-offs, permit 
1 l/Z” or gre8ter. 

3. 8) There is no standwd sign for a l8ne step-off in the Ilanu81 of 
Uniform Trrffic Control Devices (HUTa). 

b) In the absence of 8 HUKD 8pproved sign, many different signs, some 
nislnfornrtiv~, 8re used. 

6. The use of 8 matching shoe md a t8cked joint 8re the tvo most often 
used speci81 longitudin81 joint requirements. 

5. Most respondents feel th8t the harlrd of 8 step-off affects motorcycles 
more than cars or truclu. Of cars or truck3, comp8ct cars are felt to 
be most severely 8ffected. 

RECOHHENDATION 

The only recommendrtion th8t is apparent from this compil8tion is that 
8 need exists for the N8tion81 Committee on hifOr Tr8ffic Control Devices 
to approve 8 standard sign vhich cm be used for p8venents vith step-qffs. 
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Suolec* Life-Cycle Cost Analysis ACTION: Gale SEP I 5 1959 

F'~m Chairman, PMCG 
pew :c 
Al'- C' _ HNG-42 

To PMCG Members (See Attached List) 

A Life-Cycle Costing (LCC) Task,Force has been formed in response to LCC 2 
interest expressed by the FHWA Research and Development Executive Board at its 
1991-92 winter meeting. The Task Fqrce consists of representatives from the 
Associate Administrators for Policy (HPP-12). Research (HNR-PO), Program 
Development (HNG-42), Motor Carrier (HIA-EO), and Administration (HCP-22). 
The Task Force mission is to develop recommendations for the Research and 
Development Executive Board on appro,priate ways to incorporqte LCC analysis 
into the Federal-aid highway program, as well as the necessary LCC'research, 
development, and training needs. 

Attached for your review and cofmnents is a draft of the Task Force's 
preliminary study paper, "Life-Cycle Costing and Life-Cycle Cost Analysis: 
Applications Within FHWA and The Federal-aid Highway Program." We are 
scheduling a presentation and discussion period of the Task Force's initial 
effort at the next PMCG meeting. We are seeking PMCG reaction, input and 
suggestion for improvement necessary to obtain PMCG endorsement of a course of 
action prior to presenting 'the task force findings to the Executive Research 
Review Board on October 22. 

We would appreciate receiving your comments by September 28. MrW Jim Walls 
has been designated to coordinate'this effort and is available to address any 
questions you may have or clarify any proposals contained in the preliminary 
study. Mr. Walls can be reached at 366-1339. 

/ 
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PMCC Members: 

Lou Papet 

Richard Torbik 

Tom Pasko 

Doug Bernard 

Madeline Bloom 

Dave McElhaney 

John Grimm 

W. Mendenhall, Jr. 

0 ynrt Lord 

Paul Teng 

Don Fohs 

Ted Ferragut 

Dick McComb 

lWG-40 

HEP-10 

HNR-1 

HTA-1 

HPP-1 

HPM-1 

HIA- 

HRA-06 

KNR-2d 

HNR-40 

MR.30 

HTA-20 

XTA-2 
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Life Cycle Costing and life Cycle 

costAna.tysis: . 

Applications Within 

FHWA and The Fedembid 

Highway Program 

Preliminary Study 
August 1992 

Task Force Members: 

Jim Walls HNG-42 (Pavements) 

Byron b; HNR-20 (Research) 

Walt Manning HPP-12 (Policy) 

Dennis Miller HIA- (Motor Carrier) 

Frank Yaltos HCP-32 (Contracts and Procurement) 
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&ecutlvt Sumnary 

In response to 
Board in Life- 

interest expressed by the FHWA Research and Development Executive 
Xyclt Costing (LCC), the Pavement Management Coordinating Group 

(PMCG) establi shed an internal LCC Task Force consisting of representatives from 
the major afftcted*Associate Administrators. The Task Force was specifically 
charged with developing recomendations on appropriate LCC research needs. 

Fundamental to accomplishing its primary tasking, the Task Force had to first 
identify current and potential FHWA LCC applications along.with some fundamental 
policy implications. The Task Force also looked at the LCC implication of the 
ISTEA. This paper includes the Task Force's preliminary efforts in this area. 

In terms of its specific tasking on LCC research needs, this paper identifies 
relevant LCC issues and limitations. 
a plan of action. 

It lays out research approach options and 

Based on its initial efforts, the Task F.orce proposes two separate but concurrent 
LCC efforts; an internal LCC policy development effort and a two-phase LCC 
contract research effort. The policy development effort, although internally 
directed, would most likely require some outside contractor support. 

Under Phase I of the contract research effort, FHWA would contract with several 
companies to provide inter-disciplinary teams to define and clarify LCC issues 
and necessary research. Phase I work would include development of detailed work 
plans that address the identified LCC research needs. Under Phase I I, FHWA would 
continue to fund a more limited number of multi-disciplinary research teams to 
actually conduct the more promising research activities identified in Phase 1. 

The results of this proposed multi-phase research effort &id the internal policy 
development effort would eventually be digested into FHWA guidance on LCC. This 
final step would most likely be done with in-house staff using consultant 
support. 

The Task Force stresses from the onset that the outputs of life-cycle cost 
analysis (LCCA) .are not decisions in themselves; but rather inputs into the 
decision making process. 

A draft copy of this paper was circulated to the PMCG and discussed at the !a.~+, 
July 14 PMCG meeting. The draft paper has been revised to incorporate their 
views and comments. 

The Task Force at this point has not made contact with any of FHWA's partners 
and/or customers. Consistent with FHWA's outreach program, the Task Force 
suggests&bat appropriate outside groups be contacted before research funding 
decisions art made. Groups such as the American Trucking Association and the 
Association of American Railroads have conducted research in this area and are 
likely to have a keen interest in FHWA's efforts. Industry groups such as NAPA, 
AI, PCA, plus ARTBA would also be interested. 
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A Life-Cycle Costing (LCC) Task Force was formed by Ur. Louis Papet, Chairman of 
the pnCG, in response to LCC interest expressed by the Research and Development 
Execgtive Board at its 1991 - 92 winter meeting. The Task Force is composed of 
representatives. from the Associate Administrators for Policy (HPP-12), Research 
(HNR-PO), Program Bevel opment (HNG-42), Motor .Carrier (HIA-20), and 
Administration (HCP-22). Specific Task Force members include: 

Jim Walls HNG-42 (Office of Engineering, Pavements Division) 

Byron Lord HNR-20 (Office of Engineering, Highway Operations 
Research and Development, Pavements Division) 

Yalt Manning HPP-12 (Office of Policy Development, Transportation 
Studies Division) 

Dennis Miller HIA- (Motor Carrier) _ 

Frank Yaltos HCP-32 (Office of Contracts and Procurement 
Research and Special Programs Division) 

The Task Force mission is to develop reconsnendations for the FHUA Research and 
Development Executive Board on appropriate ways to Incorporate KC analysts into 
the Federal-aid highway program, as well at the necessary LCC research, 
development, and training needs. 

This study paper first defines LCC, LCC analysis, and cost effectiveness. It 
then discusses potential LCC applications with their iaplfcattonr. fhlt 
discussion is followed by a sumnary of current policlcs and a look at new LCC 
mandates. General LCC technical and policy related Issuer and limitations are 
then discussed. In the closing sections, the paper discusses potential 
approaches to determining and conducting needed research and training necessary 
to implement LCCA, and finally, the last section presents recommendations on the 
preferred course of action. 

Definitions 

current literiture loosely defines life-cycle costing/life-cycle cost analysis 
as a form of economic analysis which focuses attention on detenaining the longer 
term economic implications of alternative strategies rather than merely the 
initial or front end costs of the immediate decision at hand. It is a tool that 
can be used to assist in making economically prudent long-term ,expenditure 
decisions, i.e., cost-effective investment decisions. 

The TGTForce believes the terms "life-cycle costing' and 'life-cycle cost 
analysis' are synonymous. However, life-cycle cost analysis is more descriptive 
of the inherent analytical process and, as a result, the remainder of this paper 
uses the tenn life-cycle cost analysis (LCCA). 
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A related tati, cost effectiveness, also has bearing in tems'of FwA .policy 
Cost l ffeCtiVWteS$ is an tCOnOllliC related IMaSurt (generally a ratio) tha; 
descrl bcs how ~811 an alterMive meets a performance type objective inrelatiol 
to the cost of achieving that ,performante. The cost component of cost: 
effectiveness ,beasures .should generally reflect life-cycle cost. The 
attractiveness of using cost-effectiveness measures Is based on its ability to 
tie cost to performme. For example, a cost-effective measure in the safety 
area might be cost/accident reduced. In terms of pavements, It could be cost per 
ESAL carried until tenninal serviceability is reached. 

As well as defining what LCCA and cost effectiveness art, It is equally important 
to define what they art not. The Task Force stresses from the onset that the 
outputs of lift-cycle cost analysis art not decisions in themselves; but rather 
inputs into the decisionmaking process. 

LCC ADDS ications 

The Task Force sees two distinct areas where LCCA could be applied within FHUA, 
internal and external applications. 

ioe;;pport decIslonmaklng at the national 'level. 
.Tht FHUA can use internal applications 

related to the Federal-aid highway program. 
External appl Ications art those 

application possibilities. 
Within each area there are multiple 

In tenus of the Federal-aid highway program, there art several potential decision 
levels where highway agencies could.apply LCCA. These decision levels include 
but art not necessarily limited to: _ 

State Network Analysis - To evaluate total funding needs and to 
determine resource allocation levels for the various systems, project 
categories, or improvement types in rtlatlon to tstabllshed system 
wide ptrfonnancc goals. The .LCCA can also be incorporated into the 
various management systems required by the ISTEA. 

Project Prioritization 
in lieu of another. 

- To Compare the merits of funding.one project 

Pavement Design - To asfist in pavement type selection and to 
evaluate the marginal rate of return for. providing premium in lieu of 
standard pavements. 

Rattrials Specifications - To compare the use of imported premium 
aggregate versus lower quality, but locally available aggregate. 

Total Qua1 Ity Management - To evaluate the long-term impact of 
increased attention to quality control. For example, increased 
e'RpZhditure for research and testing equipment may quickly pay for 
itself. 

Operational Analysis - To evaluate catch basin clean out policy, the 
type and application rates of de-icing chemicals, use of cathodic 
protection, etc. 
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Internally, the FHUA already incorporates cost-effective considerations'in terms 
of national level pol Icy development and analysis of al tematc invcsmnt 
strategies. The Associate Administrator for Policy incorporates many aspects 
of life-cycle .costing analysis during development of the biennial report to 
Congress, 'Status.of the Nations Highway and Bridges.' Some LCC principles have 
been and more will be included in cost allocation -studies and in developing and 
evaluating legislative proposals. 

Externally, the FHVA does not specifically require State highway agencies (%A) 
to conduct life-cycle costing or economic analysis in support of either program 
or project level decisions as a precondition for federal-aid funding. This is 
not true for other US DOT Modal Administrations. 

The Federal Transit Administration (ffA) requires development of cost- 
effectiveness measures based on life-cycle cost analysis in support of grant 
applications for Section 3 discretionary money. This requirement, called an 
Alternatives Analysis, must be conducted by applicants at the Draft EIS stage, 
and the results must be included in the Draft EIS. This Alternatives Analysis 
requirement has been in place for many years, and the FTA has developed and 
published specific procedural guidelines on how to conduct it. 

In contrast, the FHUA has administered a formula based rather than a’ 
discretionary program and has encouraged rather than mandated LCCA in the State 
and local decisionmaking process affecting Federal-aid highway funds. While FHUA 
will continue to administer a predominately formula based program, FHUA now 
administtis some discretionary programs. The LCC would appear to have a ntort 
substantive roll in discretionary programs. 

The FHYA, in its pavement policy, requires M's to have a pavement management 
systems (WS). In that policy, FHUA dtfints.PM as a set of tools for finding 
cost-effective strategies. 

At its March S-10 meeting, the Research.and Technology Coordinating Comnittet 
developed co?tnts on the FHUA R&T program. Among other comtnts, the comnitttt 
noted that, . . . the lack of attention to lift-cycle COSQ and benefits is a 
major impediment to the utilization of highway related technologies. Particular 
effort should be made in the research program to develop novel, user-friendly, 
and robust methods and tools for life-cycle costing' 

JSTEA LCC Provisior& 

The Inttnnodal Surface Transportation Efficiency Act (ISTEA) of 1991 specifically 
addresses LCC under sections 134(f)(12) and 135(c)(20). These sections require 
that the metropolitan and statewide planning'proctsstt incorporate consideration 
of se%%1 factors including "the use of lift-cycle costs in the design and, 
engineering of bridges, tunnels, or pavement." 

Cost effectiveness is referenced in section 119, ‘Interstate Hainttnanct 
Program.' Under subsection 4, it establishes eligibility when a 'State can 
demonstrate . . . that such activities are J cost- effective means . . .', 
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'The ISTEA alSO addresses LCCA in RAfS Section 3(i') program. -m r&isf&s both 
weaken and strengthen the 8pPlicatlon of LCC in FTA't Alternative ~nalysj~ 
While the legislation speCificallY exempts certain metropolitan. aicar fro, 
Alterngtivcs Analysis requirement& 
pequirementt in non exempted areas. 

it strengthened the Alternative Analysts 

One aspect of 'the. Inv that presents somewhat of a dilemma for LCCA IS the 
requirement to develop and implement several management systems. While curpent 
experience reveals that FW't can be used to foster systematic declsiins based 
on life-cycle costs, few if any, explicitly incorporate user costs OP the time 
value of money. Host focus on maximizing perfomance .based on fixed budgets. 
Even in those highway agencies that have PMS’s in which budget level and 
performance impact are directly related, the systems have little to do with 
ultima+,e budget decisions. 

LCC Anslvsis fsuclf 

Each LCCA application will, to varying degrees, have its own specific LCC issues. 
However, SON of the more obvious fundamental issues include Wemining: 

(a) the appropriate life cycle .and analysis periods y 
(b) the alternatives that should be included 
(c) the-performance histories of the alternatives 
(d) the cost factors to be included 8 
(e) the actual costs of the virious cost factors 
(f) the appropriate discount rate -_ __ j .k._ ._ . . 

._. 

Procedural issues are also a concern. It include concerns over how: .._.. -. _ . w . . ,I = 
(a) inflation is addressed?“. . . 
(b) sensitive the results ate to the discount rate?.. 
(c) performance history variations are addressed? 
(d) Agency Costs and User Costs are incorporated? 
(e) SHAs can capture and re-invest user cost savings? 

Teehnlcal. Pollcv and Procedural Issues and Llnitatlon~ 

Leaitimate Sub.lectivc Inouta 

Being a form of economic analysis, LCCA has all the strengths, weaknesses, and 
limitations of traditional economic analysis. Foremost among the weaknesses is 
the fact that LCCA includes many technical assumptions and policy related 
positions which directly influence the outcome of such analysis. The assumptions 
and policy inputs necessary to conduct an analysii can be very subjective and 
highly susceptible to criticism from all parties impacted by the analysis. 

-- 

Technical assumptions and policy inputs must be clearly identified along with 
supporting rational. Rational limits OP acceptable ranges should be established 
for technical inputs and policy related assumptions. Sensitivity analysis should 
be conducted within the acceptable ranges to evaluate the influence of the 
parameter being considered. 
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Alternative Devtlabtint . 

Another important LCC issue is assuring considerrtton of a broad range of 
alternatives. The .LCCA cannot be used to evaluate the economic wisdom of a 
particular alternative in and of itself. 
merits betwefim .altematives. 

It caronly evaluate the relative 

essential. 
As such, Incorporating all viable alternatives is 

ThW should include prbmising new approaches and technology. 
Unfortunately, estimating the petfonnance lives of iltematives, is at best, both 
an art and a science even when historical data is available. Untried but 
promising alternatives inherently incorporate greater risk than the tried and 
true. This additional risk has to be addressed. _ 

Private industry incorporates risk through the selection.of appropriate-discount 
rates. Riskier projects (investments) requite prospects of greater (generally 
3-S% more) return. The SHA efforts in developing PM Systems and SHRP LTPP 
research' will develop a better understanding of pavement performance 
relationships and should help in reducing risk. 

Performance Eauivalency 

Implicit in economic analysis is the assumption that performance differences 
between alternatlves can be clearly defined, captured, and reflected in the 
analytical results. Yhile this is true for some aspects, it is not always the 
case. All alternatives which have .the Saab 'useful life," in terms of either 
years or loadings, do not necessarily provide equivalent performance over that 
"useful life.' m 

For example, two competing pavement rehabilitation alternatives with the same 
pavement life, may very well deteriorate differently. If this is the cite, then 
they will provide different levels of service over their useful lives, even if 
they reach the same terminal serviceability at the'same time (see figure 1). 

Alternative A 

0 ; 4 
12 

I I r 

2 i ii !ime/EEL* . I4 I6 18 
--> 

Figure 1 Pavement Performance Histories 
. 
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table and .Noti-auantifiabla 

In any economic analysts, there are, generally speaking, non- costable 
quantifiable elemen_tt,that,.nqnq:the:less, need Jo be considered in the 

and non- 
decision 

making process. Tne now and tne degree to which the non-costable and non- 
quantifiibl e eteents are addressed is a major issue. Mile broader scope 
analysis are more complete, they are not necessarily more accurate. 

The degree to which current and future costs and benefits can be aicurately 
estimated severely limit the ability of LCCA to distinguish between of 
alternatives when LCCA reveals little economic difference. When LCCA results are 
relatively close (within 10-20x of one another) relative risk and other 
considerations take on greater significance; 

yser Costf 

Highway user costs, 
controversial. 

particularly travel time or delay cost, have been 
Uhile they may be difficult to quantify and price, construction 

imposed traffic delays have become, and are likely to continue to be, an ever 
increasing burden imposed on the public. 

Currently, highway agencies have little economic Incentive to select alternatives 
that minimize total (agency plus user) LCC. The alternative with the lowest 
total life-cycle cost may well be the one that has the lowest user cost but, at 
the same time, the highest agency cost. Because there are no readily available 
mechanisms. for highway agencies to transfona reductions in user costs to 
additional highway investment capital, the current system encourages highwav 
agencies to minimize agency rather than total costs. This tends to result 
significant sub-optimiratton of total possible benefits. . .. . . _. ,i:;; . ._ 

This issue ii addressed to some extent by requiring' fill maintenance of traffic 
on heavily traveled routes. Highway agencies are already paying a premium on 
certain projects for limiting the contractors hours of operationand/or elaborate 
traffic detours. Highway agencies need to anticipate this trend and incorporate 
higher future rehabilitation cost in current life-cycle cost analysis. 

Marqinal Costs 

The LCCA is generally used as a means of determining the most economically 
efficient (some times the cheapest) project from among a set of alternative that 
adequately meet the minimum performance requirements. This may well be short 
sighted. - Highway agencies need to look at marginal costs, 
relatively modest total cost increases make significant 
performance and or service lives. Premium pavements may 
justif-+&in areas with no alternative routes for maintenance, 
and/or reconstruction activities. 

ispecially when 
differences in 

be economically 
rehabilitation, 

Qiscount Rate 

As a minimum, model LCCA procedures should incorporate the time v&e of money 
and discount future cost and benefits to a comnon time. As just noted, such 
procedures must include internal (highway agency), as well as external (user) 

2.10.10 



costs associated rfth a.highwly facdlfty over Its intended useful' life 
procedures, hoyevtt, would have to provlde guidance on how to deal ~itt,'tt: 
highway agency f inability t0 capture USCf Cost saving for future reinvestment. 

Procedures 

lo be practical,' 
policy issues 

LCCA must be conducted using procedures that recogn{re the 
that influence the.analysis and expllcltly document the policy 

positions taken in the analysis. 
procedural guidelines. 

The FHWA does not currently have LCCA 
If the FHUA intends to use LCCA internally, it needs to 

establish procedures governing such applications. If, on the other hand, FWA 
expects to encourage consideration of LCCA in State and local highway agency 
decisions affecting Federal-aid highway funds, FWA will need to establjsh LCCA 
procedural guide1 lnes. 
and evaluate all 

From a technical aspect, model procedures should identify 
viable alternatives and relevant cost factors. They -should 

incorporate technfques for developing accurate cost, performance, and service 
lives of identified alternatives. 

Alternate ADD?OaChtS 

While the Task Force has been able to Identify areas where LCCA research would 
be productive, it believes a more comprehensive look at the entIre process as 
applies to highway investment decisionmaking is warranted. The Task Force 
further believes that integration of the many debatable positions into a cohesive 
position on the application of LCC and appropriate guidelines on the conduct of 
LCCA within the FHWA program would be much more positive contribution. 

The Task Fdrct also looked at developing an in-house rorking group to rtvitw the 
literature and identify and conduct the needed research. The Task force believes 
FHUA does not have sufficient manpower in the appropriate multi-disctpltnary 
fields available to make a significant contribution to advancing LCC within FHYA. 
LCC embraces many complex .issues; some are readlly apparent, others are more 
subtle. Prior to more active FHWA involvement, endorsement, or technical support 
of LCC, FHWA sponsored research is necessary-to: 

(1) more clearly define, explore, and resolve 
(2) identify and explore other-important LCC 

identified; and 

identified LCC issues: 
issues not currently 

(3) develop a comprehensive aoproach to incorporate the research 
findings into integrated procedures for the various LCC applications. 

Policy Rtconsnendationt 

The Task Force.recomnends that FHWA policy explicitly promote the long-term cost- 
effective use of, Federal funds, both in its internal operations and in the 
Federal-cd highway program. 

The FHWA should continue to use LCCA and cost-effectiveness considerations in its- 
internal operations to evaluate the condition and ptrfonnance trend of the 
Nation's highways, and to determine whether or not we art using resources to the 
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maximum advantage in achjeting the national transportation goals. other internal 
applications Could include developing and analyzing highway .invesmnt polic 
developing and evaluating -@St allocation studies, and evaluation of competi,,. 
1~~s technologies and other R&D.activities. 

The PHWshouTd increase iiS efforts to encourage,.support, and implement State 
and local use of life-cycle cost analysis principles at all decision levels. It 
should develop model 'LCC guidelines, bullding on extensive existing LCCA 
knowledge base including that of State and local highway agencies. The FHYA 
should make these LCCA guidelines available to highway agencies and require 
consideration of LCC in the Urban and Statewide Planning processes. The FHUA 
should also require the development of LCC and cost-effectiveness information as 
part of each ISTEA mandated management system. 

In response to specific ISTEA LCC requirements, FHUA should focus on program 
rather than project specific requirements. The FHUA should provide guidance on 
conducting LCCA, require that it be conducted, and ensure that the results are 
explicitly considered in the decisionmaking process. It should m become 
involved in conducting or reviewing/approving actual LCCA's conducted by State 
and local highway agencies, even on Federal-aid highway program funded projects. 

Research Recomncndationt : 

In order to move forward with LCCA, FHUA should initiate research and training, 
necessary to foster improved LCC analysis at all decision levels. - 

Because of the financial/economic focus, the research should be conducted by a 
multi-disclpljnary team that draws on the strengths of economists, financia' 
analysts, and other appropriate disciplines, as well as the highway engineerfr 
community. -' ..-r;. -*-&'-I : ,L. k, .:. ;.a. - ;; . . 

- .- ". 
Because of the enbrmity and.complexity of'LCCA and the pervasiveness of potential 
application opportunities, it will be difficult to formulate a comprehensive 
research work plan with existing in-house resources. 

The Task force recommends that FHUA pursue a two-phase LCCA contract research 
effort as follows: 

Phase I - an innovative exploratory rasearch affort. 

Phase II - a traditional, in depth,, detailed research effort 
into specific LCCA issue areas identified in phase 1. 

. 

Phase I - Exoloratorv Research 

The exploratory research phase would require that selected contractor(s) develop 
an inter-disciplinary team acceptable to FHWA that would; \ 

1. Explore policy issues and the implications of various FHYA 
courses of action. 
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2. Identify SPeClflt LCC research needs rssoc~rttd with tht Coursts 
of rctlon identified. 

3. Ocvclop a detailed work Plan and COSt P~OPOsrl that addresses tht 
specific research needs identified. 

Because- of the .compltxity of LCCA, and the relatively inexpenrivt cost 
anticipated for the exploratory research, the Task Force believes It would be 
extremely beneficial (i .e., cost effective from a LCC perspective) to fund 
multiple research teams for this early stage research. The Task Force envisions 
awarding multiple contracts under one primary exploratory research contract. The 
exact number of exploratory research contracts to bt funded would bt based on the 
responses received to the request for proposrls (RFP). 

The Phase II’ research component Is basjcally designed to carry out the specific 
research that will be proposed in the detail td work plans dtvtloptd by the inttr- 
disciplinary teams under Phase I. Upon completion of the Phase 1 exploratory 
research, FHYA would evaluate the research tram(r) flndings and proposed work 
plans. At that point, FHYA would decide whether to fund of all or part of the 
research l ctlvitits idtntlfltd by one or all the exploratory rtstarch 
contractors. The Task Force envisions the Phase II component would.bt an option 
included tn the Phase I rcstarch contract. 

On completion of this proposed two-phase rtstarch effort, FHUA will still need 
to consolidate the various research teams efforts, product LCCA guldeltnes, and 
where necessary, develop LCCA policy, technlcrl l dvttorier, and posttbly 
regulations. the Task Force rtcomwnds that the final component would be to 
establish appropriate ttrlnlng program(t). 

Ylth the concurrence of the Research and Development Executive Board, the lark 
Force will establish a LCCA'working group to develop an RFP consistent with the 
preceding rtcomntndations. Preliminary estimates are that an RFP could be ready 
for early FY 93 Funding. Funding for the second phase would not be necessary 
until FY 94. 
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2. Idtntlfy sptciflt LCC research needs tts~c~rttd with tht ctursts 
of action identified. 

3. Develop a dctalltd work plan and Cost proposal that addresses tht 
specific research needs tdentifled. 

Because- of the .complextty of LCCA, and the rclrt~vcly Inexpensive cost 
antfcipated for the exploratory research, the Task Force believes It wuld be 
extremely beneftcfal (1.e., cost effective from a LCC perspective) to fund 
multiple research team for this early stage research. The Task Force tnvlsions 
awarding mu1 tfplt contracts under one primary exploratory research contract. The 
exact number of exploratory research contracts to bt funded would bt based on the 
responses received to the request for proposals (RFP). 

Phase 11 - trfled Resm 

The Phase II research component is basically designed to carry out the sptclflc 
research that will be proposed in the dttailtd work plans developed by the intcr- 
ditcipl inary teams under Phase I. Upon completion of the Phase I exploratory 
research, FHUA would evaluate the rtstarch team(s) findings and propostU work 
plans. At that point, FHUA would decide whether to fund of all or part of the 
research activities identified by one or all the exploratory rtstarch 
contractors. The Task Force envisions the Phase II component would be an option 
included in the Phase I research contract. 

On complttion of this proposed two-phase research effort, FHUA will st311 netd 
to consolidate the various research teams efforts, produce LCCA guidelines, and 
where ntcttsary, develop LCCA policy, technical advisorlet, and pottlbly 
regulations. The Task Force itcoauttnds that the final component uould be to 
establish l pproptlate ttaintng. progtm(S). 

Uith the concurrmce of the Research and Development Executlvc Board, the Task 
Force will establish a LCCA'working group to develop an RFP consistent with the 
preceding recomntndations. Preliminary estiraates are that an RFP could be ready 
for early FY 93 Funding. Funding for the second phase would not be necessary 
until FY 94. 

.- - 
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IOO or mom years. The consideration of 
longer design lives wiil require longer 
analysxs periods in LLICA. Analysis 
penods for prow involving other 
modes generally should be long enough 
to rxvef the full lifsaxpeaancv of the 
investment-the time-until fa&lities 
would have to be reconstructed if 
mitlaliy constructed to an optimum - 
desqn. These lives would vary 
according to the modal alternative being 
exammed. hnalysls periods for all 
prqect altematlves should be the same 
len 

7$h einciuaion of user costs in LCCA 
is particukly controversial among 
some Stntea. Part of the contmveny over 
user costs is the fact that they ofbn are 
many tunes higher than agency costs 
and mn critically influenas decisions. 
while all motorists do not value ~ISU of 
delays as hghly as do commercial 
tmvelers. the costs and loat pmductivity 
to businesaee of delaya around work 
zones are simply too high to ignore. In 
fact. such dekys argu&ly have a gmater 
impact on busbarr than dekys 
assoaated wth inadequate capacity 
because businn hnor no& 
congestion coats into their pians; but 
delays around work zones generally 
cannot be foreseen and thus M more 
disruptive. Te&niai advisories to be 
dove&o 

r 
on eetimating uur operating 

andde yamtswiUubwsthisiaw~ 
in gmater detail. 

In addition to inueaaed delay and 
vehicle operating costs. ruhabiliublon 
and maintenancs activiries may mault in 
increased addent axsta around wok 
zones. Techniad advisories will be 
developed to assist in estimating 
increases in accident rates associated 
with different types of rahabilitation 
and mamtetnana l ctivitia. The most 
comprehensive infonzution on the cortr 
of motor vehicle aazidenta is contained 
in the Nationri Highway Tmfk w 
Administration’s publication. “The 
Economic cost of Motor Vehicb 
Crashes, 1990.” A copy of this 
document is l vaiiabie in the public 
docket for this notice. 

The proper uaa of the diswunt rate 
has been an issue for LXXX. tort-benefit 
analysis and other-~ of economic 
anaiysls as well. hong the issub M’ 
the relation&p between the diroount 
rate and mflat~on. factors that afht the 
choice of mLtes. and how to &tab&ah 
rates over a iong analysis period. OKCr, 
of Management and Budget 05) 
Circular A-%. “Guidetines and 
Dxcount Rata for Benefit-Cost Analysis 
of Ftderai Programs,” provides 
guidance on selectmg appropriate 
discount ratas for economic analyses. 
Since the choiix of disC0Uxlt rate Can . 
affect relative life-cycle costs. sensiuvity 

analyiis may be appropriate if hvo or 
more altematlves are ciose in cost. if 
streams of cwt.5 and benefits among 
altematlves vary significantlv over time. 
or if the discount mte is o&de the 
range of discount rates recommended by 
OMB. 

The FHWA will deveiop training and 
technial assistance materials to addms 
issues in LCC.4. These materials should 
supplement guidancu on economic 
analysis techniques con-cd in 
MS?RO’s 1977 publication. “A 
Manual on User Benefit hnalysls of 
Highway and Bus-liansit 
improvements.” 1 the “Red Book,” in 
the forthcoming update to that 
publication which was developed under 
National Coopewtiw Highway &ssuch 
Progmm Projkt 7-12. tid in &her 
uuidance on LCCA issues. While 
idditionai mattuU are being 
developed. thu interim policy statement 
provides guidance on UXA pnncipiea 
ttppIic&L to brghway and structure 
design. 

The FHWA is reviewing its policy 00 
alternative bridge deaiguc (53 FR 21637. 
June 9.19661 for consistency with this 
interim LifMyde abst andyaia policy as 
well u with Executive Order 12893. 
POiiV 

The following is FHWA’s LCCA 
policy for i&umaun inwstm0nt 
utalyms. It rsprwenta good pm&m that 
should be followed by Statea ad loal 
tlaMportationagend0¶ in nuking 
‘dEM=d pmiKt investment 

1. Life-cycle costs are sn important 
conaldention in all highway investment 
decisions 

2.ThelewlofdeailinLCCAshould 
b0 comme~unt0 with the hwl of 
inwstment involwd and the types of 
ahrMtiva king aMlyz4scL fnv-nts 
on the NHS gtmmlly warrant mom 
detailed a&ysia thm investments on 
non-NHS routes. Similarly. evaluation 
of decisions whether to mc.on&uct or 
rehabilitate a fadiity warrants mom 
detikd u;atysis than cxmsideration of 
alt;yti~&~y~ae& 

pmfiles may be deveioped and used as 
the basis for evaluating dtexnativ08 for 
general types of improvemex+ such as. 
consideration of Jtmnatiw pevement 
designs or different types of bridges on 
various functional class highways. 
Major programs and projects. homvur. 

often will mquire consideration of a 
broad mge of alternative rehabilitation 
ami reconstruction opoons and more 
detailed analysis of potential 
alternatives. The potentill applicabili+ 
and use of ILfX profiles tiu be 
dxussed in greater detail in future 
technical advisories. 

4. Other factors. including budgttq. 
environmentai. and safety 
considerations. Iegituna~ely influence 
highway mvestment decisions and 
should be considered along with the 
results of LCU in evabung 
investment dtemativsr. Liftcyck cost 
analysis principles should be used in 
con~unNon with other appropriate 
economic an&air technrquea in 
pavement and bridge management 
systems. Systemwide or network 
objectives as wall as project level 
coaarns ahould be considered in 
deciaionmaking. and both bwt of 
analysis should conaider life-cycle 
costs. 

5. Analysis periods should be for the 
Iif0 of the Wty or system of hcilitia 
being uwluatd and ahouid l cwunt for 
was of fonuambk fucu.N w3ions. 
kmlysia priods should not be lwa than 
75 yeas br major blidg0, tluld. or 
hydratic m investm=ts, and not 
ku tbm 35 yem for 
illwstments. Lrnlgm JZgZS~Ybc 
l pproptite for the NHS or otbff major 
mutea or corridors. 

6. All l pproptite 
aatkipted dwiag tbe Y3 gLod 
rhould be conaidued In the anaiyds. 
including tmfk control costs during 
nuinttmana and mhabilitation. costs of 

s 
WMtrucuoll pruadum 

to mainuin naKr and agency 
o~fingCfnUhrNChthh@UtUUM~ 
lighting and wntilation. In thae cawa 
wbem tb0 l gsncp nqked to opame a 
fudityisnottheonemakingtha 
inwsamnt d&on. it is impmant for 
the funding agsncy to indud0 op0mting 
costs borne by orhen oganiutiona 
msponsibie for operating the facilities. 

7. User coats inchuiing increued 
vehicle operating coats. accident costs. 
and dely-mktbd costs incunsd 
throughout the analysis Period should 
be considered in UXX lncreawd CON 
due to deterioratd riding surfaces. 
circuitous routings. and rddanta and 
dekys around and through mriatananm 
and consauction work zones M all 
importAnt 

6.Futumagancymduarcoata 
should be diuotmmd’to net resent 

Jant value or conveftod to apu 
unifnnn uunul auta wing appropriate 
cbscount mm%. DiJcount r8tsukud 
should be consimmnt with guidance 
provided in OMB Cinxlar A-41. 
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From 

To 

INFORHATION: 1991 Intermodal Surface Transportatiot 
Efficiency Act (ISTEA) Implementation are MAY 21 = 
Interstate Maintenance Program 

Associate Administrator for 
Program Oevelopment 

ACDly f0 
Atln of HNG- 13 

Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

The purpose of this memorandum is to provide written guidance regarding the 
provisions in the 1991 ISTEA which created the Interstate maintenance (IM) 
program. 

Authorirationq - Section 1003 

Section ‘1003(a)(l) establishes the first annual authorizations for the 
IM program for FY 1992 through FY 1997, in amounts ranging from $2.431 billion 
to $2.914 billion. 

ADDOrtiOmWntS - Section 1009 

Section 1009 modified Section 104(b)(S)(B) of Title 23, which previously 
established the apportionment formula for the I-4R program. The formula 
remains based on the same factors, lane-mile (55 percent) and vehicular miles 
of travel (45 percent), for apportioning IM funds, but the formula now 
includes those Interstate routes designated under Sections 103 and 139(c) 
of Title 23 plus Interstate routes designated under 23 U.S.C., Section 139(a) 
before March 9, 1984 (except toll roads not subSect to a secretarial 
agreement as provided in Section 105 of the Federal-Aid Highway Act of 1978). 
Section 104(b)(S)(B) of Title 23 provides that no State shall receive less 
than one-half percent of the total IM funds opportloned annually. 

The certificate of apportionment of FY 1992 funds was transmitted by the 
FHWA Notice N 4510.264 dated December 18, 1991. 

Availability - Section 1020 

Section 1020(a) rewrites 23 U.S.C. 118 and provides that IU funds shall remain 
available for obligation in a State for a period of 3 years after the last day 
of the fiscal year for which they are authorized. For example, FY 1992 funds 
were apportioned on December 18, 1991, and will lapse on September 30, 1995, 
and FY 1993 funds will be apportioned on October 1, 1992, and will lapse on 
September 30, 1996. 
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Federal Share - Section IO21 

Section 1021(a) provides that the Federal share on all IH projects shall be 
90 percent, except as modified in States with sliding scales. 

Eliaibility - Section 1009 

Section 1009(e)(5) amends 23 U.S.C. 119(a) to permit the Secretary to approve 
In funded projects for resurfacing, restoring, and rehabilitating routes on 
the Interstate System designated under Sections 103 and 139(c) of Title 23, 
and routes designated prior to March 9, 1984, under Section 139(a) and (b) of 
Title 23. 

Section 1009(e)(3) amends Section 119(c) of Title 23 to establish types of 
work eligible for IM funding. The section has been interpreted to include as 
eligible, those work items which provide for 3R work on existing features on 
the Interstate route and its interchanges and grade separations within normal 
'touchdown limits." For example, the rehabilitation of existing roadside 
hardware may include IH funding for work such as bringing old guardrail up to 
current standards, maintenance of impact attenuators, refurbishing existing 
traffic control signs, pavement markings, and other devices, etc. However, 
excluded from eligibility for Xl4 funding are all new work elements, such as 
new interchanges, new ramps, new rest areas, new noise walls, or other work 
which does not resurface, restore, or rehabilitate an existing element. 

Existing bridges (including over crossing structures) may be replaced with 
IM funds, provided they meet the structurally deficient criteria of the 
bridge program. Bridges classified as functionally obsolete may also be 
replaced with IH funding, except that capacity expansion elkents should be 
subject to the limitations discussed in the following paragraphs. 

Section 1009(a) prohibits IM funding for the portion of the cost of any 
project attributable to the expansion of the capacity of any Interstate 
highway or bridge, except for the addition of high-occupancy vehicle lanes or 
auxiliary lanes (such as truck climbing lanes). 

In determining what portl.on of a project Is eligible for II4 funding and what 
portion is capacity expansion (and, therefore, not eligible for In funds), the 
basic purpose of the project should be considered. If the.project,is a 
combination of preservation and capacity expansion, the cost should be split 
with 3R items eligible for IM funding and capacity expansion items eligible 
for other funds. In determining the split, it may be helpful to visualize the 
project without the capacity expansion work (added lanes, bridge widening or 
extension for example) and allow Ii4 funding for all necessary 3R items. . 

Section 1009(e)(4) amends 23 U.S.C. 119(e) to allow IU funding for preventative 
maintenance activities, which a State can demonstrate through its pavement 
management system, are a cost-effective means of extending Interstate pavement 
life. Preventative maintenance includes activities such as sealing joints and 
cracks, patching concrete pavement, shoulder repalr, and.restoration of 
drainage systems which are found to be cost-effective projects resultlng in 
extending the service life of pavements. 
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This provision has been extended administratively to allow IM funding for other 
preventative maintenance activities. Examples may include structure work such 
as crack sealing, joint repair, Seismic retrofit, scour countermeasures, and 
painting of steel members which are cost-effective in extending the service 
life of the structure. 

Toll Roads, Bridaes and Tunnels - Section 1012 

Section 1012(d) provides that existing toll agreements entered into under 
Section 119(e) or 129 of Title 23 prior to and in effect on the date of 
enactment of the 1991 ISTEA, shall continue in effect. All new agreements must 
be executed in accordance with the provisions of the 1991 ISTEA. Guidance on 
the use of Federal-aid funds on toll roads has been provided by Mr. Kane’s 
memorandum of March 12, 1992. 

Discretionary Funds 

There is no provision for set aside of funds from the IM program for 
discretionary purposes. Also there is no provision for reallocation of 
apportioned IM funds which lapse at the end of the availability period. 

Section 1020 does provide for a continuation of the I-4R discretionary fund 
program that is separate and distinct from the IM program. The source of the 
I-4R discretionary funds is an annual set aside from National Highway System 
(NHS) funds. These I-4R discretionary funds may be used for In-type projects 
or for other improvements on the Interstate including projects to provide 
additional Interstate capacity. A memorandum was issued on December 20, 1991, 
which outlined procedures for applying for FY 1992 I-4R discretionary funds. A 
similar memorandum will be issued annually. 

Transferability - Section 1009 

Section 1009(e)(S)(D) and (E) modifies 23 U.S.C. 119(f) to allow a State to 
unconditionally transfer an amount not to exceed 20 percent of its 
IM apportionment to its apportionments under 23 U.S.C. 104(b)(l) for the NHS, 
or 23 U.S.C. 104(b)(3) for the Surface Transportation Program (STP). 

Section 1009(b) further ;Imends 23 U.S.C. 119(f) to allow a State to transfer an 
amount in excess of the 20 percent unconditional IM fund transfer, if the State 
certifies to the Secretary that (1) the sums to be transferred are in excess of 
its needs for resurfacing, restoration or rehabilitating its Interstate System 
routes and (2) the State is adequately maintaining the Interstate System, and 
if the Secretary accepts the certification. 

State requests to transfer IM funds should be submitted to the Division 
Administrator and may be approved by the Regional Federal Highway Administrator. 
Funds transferred into the STP will be transferred into the State Flexible 
Appropriation Code 330. 
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Adequate Maintenance of the Interstate Svstem 

Requirements for The State to certify that it is adequately maintaining the 
Interstate System and that the Secretary develop criteria for detenaintng what 
constitutes "adequate maintenance' were added by Section 1009(c)(2). 

Ye anticipate that formal rulemaking may be necessary to allow input from the 
States in the development of deftnitive guidance on what constitutes adequate 
maintenance. Therefore, for the purpose of evaluating State requests to 
transfer II4 funds, In excess of the 20 percent unconditional amount, and until 
such time as these criteria are established, the guidance contained in the 
Federal-Aid Policy Guide, CFR 63% and fts supplement (old FHPM 6-4-3-l) should 
be used for determining whether the State is adequately maintaining the 
Interstate System. 

eadv H 

This guidance will be updated in the future.if further clarifications are found 
necessary. Questions about what constitutes adequate maintenance of the 
Interstate System should be directed to the Construction and Maintenance 
Otvision (HNG-21). Pavement manageamt systms are coordinated by the Pavement 
Division (HNG-41). Other questions about the IU program should be directed to 
the Interstate and Program Support Branch (HNG-13). 

o--- - -1 -. 
Anthony R. Kane 
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-xlsJiwi: Proventiw Maintenance 
.- ~. D0r JuL27s92 . - 

Associate Administrator for wow I HNC-10 . :Iom Program Devclopm&nt Alrn ol 

Regional Federal Highway Administrators 
To: Federal Lands Highway Program Administrator 

Section 119 of Title 23, United States Code, vat amended by the. - 
Intermodal Surface Transportation Efffcicnq Act of 1991 to 
provide specific Federal-aid fund rligfbility ior preventive 
maintenance on Interstate highways. 

We consider preventive maintenance to include.roadway activities 
such as joint repair, pavement patching, shoulder repair, and 
restoration of drainage systems, . 

and bridge activities such as . 
crack sealing, joint repair, seismic retrofit, scour 
countermeasures, and painting. Such work is eligible for 
Federal-aid participation where thm work is daterained to be 
cost-effective for preserving th@ pavement and bridge structure 
and extending the pavement and bridge life to at leas% achieve 
the design lifa qf the fac+ty. 

-. _ 
Due to the nature of preventive maintrnarke type work, the 
Division Administrator may approve a request to advance this type 
of project on Interstate highways without including safety or . 
gconetric enhancements, but with the understanding that 
appropriate safety and geometric enhancements will be an integral 
part of future 3R/4R projoc;ts. This approach may also F-e applied 
to minor work the Division Administrator considers clig..ble Yor 
Federal-aid funding on other Federal-aid highways. ?rcventiva 
maintenance or minor work items shall not degrade any existing 
safety or geometric aspects of the facility. - 

Anthony R. Kane 
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suotecl- INFORMATION: Interstate Maintenance Program Dm June 14, 1993 

Reov 10 
From Executive Director A:!? 01 HNG-21 

. TO Regional Federal Highway Administrators 
Division Administrators 
Federal Lands Highway Program Administrator 

Over the last decade, the State highway agencies have carried out necessary 
resurfacing, restoration, rehabilitation and reconstruction (4R) of Interstate 
highways in l ccordanct.with the provisions of 23 U.S.C. 119 using funds 
apportioned under 23 U.S.C. 104(b)(S)(B). Since there was no differentiation 
in eligibility or pro rata funding for the various classes of work, there was 
not ,a need to develop strict definitions for determining whether the proposed 
work was resurfacing, restoration, ithabilitatian or reconstruction. General 
definitions for pavement reconstruction and pavement rehabilitation (3R) art 
included in the 'Pavtmtnt Policy' (23 CFR 626) which w?s established in 1988. 

Currently, somt questions pertaining to the dtfinltions for rehabilitation and 
reconstruction havt bttn raised since Section 1009(t) of tht ISTEA of 1991 
generally eliminated reconstruction on the Interstate Systtla' from eligibility 
under 23 U.S.C. 119, Interstate Maintenance (It!) Program. As rtvlstd, this 
sectiar. promotes maintenance of the Interstate System through approval of 
projects for resurfacing, restoration and rehabilitation, and through 
preventive maintenance activities. 

Preventive maintenance includes restoration or rehabilitatict of specific 
elements of a highway facility when it can be dtmonstrattd that such 
activities art a cost-effective means of extending the pavement lift. The 
list of specific work elements which art generally accepted as extending the 
service life of pavements and bridges is extensive. In general, any work 
which provides additional pavement structural capacity (general overlays or 
replacement of.portions of the pavement structure), or’ prevents the intrusion 
of water into the pavement or pavement base (seal- coats, joint seals, crack 
seals, overlays), or provides for removal of water that is in the pavement or 
pavement base (underdrains , restoration of drainage systems), restores 
pavement rideability (profiling, milling), or prevents the deterioration of. 
bridges (cleaning and painting, seismic retrofit, scour countermeasures, deck' 
rehabilitation or repair, deck drain cleaning) art considered to be work which 
extends the service lift of the highway. These typical preventive maintenance 
work items are not intended to be all inclusive but art rather a limited list 
of examples. The changes made by Section 1009(t) of the ISTEA of 1991 allow 
considerable flexibility in determining, based on -3od engineering analysis, 
the most cost-effective method of extending the stAct lift of the existing 
Interstate pavements and bridges. 
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Each of the States either have, or are in the process of developing pavement, 
bridge and other management systems in response to the ISTEA of 1991 and 
previous FHUA po!kies. One of the purposes of a pavement management system 
is to identify cost-effective strategies for proposed pavement work. In some 
cases, the inost cost-effective‘ pavement strategy may be removal and 
replacement of all or part of a badly deteriorated pavement structure. 
However, if a removal and replacement strategy it considered ineligible for In 
funding, a less cost-effective strategy may be selected by the State based 
only on the class of available funding. Forcing any particular strategy based 
primarily on availability of funds would not provide the public with the best 
use of Federal-aid funds. Therefore, in order'to provide the States with 
necessary flexibility and still meet the intent of the revised 23 U.S.C. 119, 
pavement work which is identified by the State's pavement management system as 
being cost-effective, including removal and replacement strategies, where no 
additional capacity is provided is eligible as an IF! Program funded project. 

Reconstruction on the Interstate System.may still be approved; however, unless 
the proposed work meets ,the eligibility requirements' of 23 U.S.C. 119(c),‘such 
work must use funds other than those apportioned under 23 V.S.C. 104(b)(S)(B). 

Mr. Anthony R. Kane's Hay 21, 1992, memorandum on ‘1991 Intermodal Surface 
Transportation Efficiency Act (ISTEA) implementation Interstate Haintenance 
Program" listed, as examples, 
eligible for IH funding. 

severil types of ifaprovements which were not 

confusion. 
The example concemlng %ew ramps' has created some 

As a result, further clarification is necessary. 

After reviewing the legislation,. we have deteraPined that the rddltion ohnew 
ramps at existing:interchanges is properly a part of mInterchange *. " q- 
reconstruction' and does not constitute added capacity under 23 U.S.C. ‘119(g).. 
Eligible new ramps may include those associated with reconstruction of 
existing interchanges necessitated by traffic growth or operational problems. 
Examples might include the addition of one or more loops to an existing 
diamond interchange, the addition of a directional ramp to relieve Interstate 
traffic congestion, or the addition of a ramp or'ramps to provide a missing 
traffic movement. These examples are -also not intended to be all inclusive. 
In general, new ramps associated with the reconstruction of an existing 
interchange arc eligible for IM funding and conversely, new ramps on an 
Interstate route where there is presently no existing interchange are not 
eligible for III funding. 

In addition to these comments and guidance concerning*pavement and interchange 
eligibility; any proposals for Itl funded projects should include 
considerations for safety or geometric enhancements in accordance with 
Mr. Kane's July 27, 1992, memorandum on "Preventive Maintenance.' A 

E. Dean Carlson 
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Construction Management 4 
Highway Design 5 

0 
MCTfiittS [Center for Micro. 

computers in Transportation), 
is a softwore distribution and 

user support center, originally 

established by the Federal 

Highway Administration 
(FHWA), ond now supported 

by the Federal Transit Admin- 

irtrotion (FTA). The MCT~CW?S 

Center provides support to 
microcomputer users through 

technical assistance of the 

software it distributes. 

Our go01 is to serve as thi 

nation’s primary center for 
technical support and dirtribu- 

tion of highway tronrportotion 

and transit software. With a 

staff of exports in o wide 

range of spocioitios, 

MC Trans fields inquiries on 

o variety of subiects, such 0s: 

what programs are available 
f or your needs, which corn 

puhr should be purchased to 

run your softwore, ond he/p _ 

with specific progroms. 

A, a support conhr, we learn 

obout what sobore athors 

ore using and hoar obout 

programs that you are looking 

for. Fool free to call MC Tram 
with your questions: l-800. 

226-l 013 (24-haur mersoge 

hotline); (904) 392.0378; 

Fox: (904) 392-3224; or 

logon to McLink, our 24hour 

electronic bulletin boord, 

(904) 392.3225. 

McFindor, the MC Trans 
catalog-on-disk, is updated 

quarterly. This catalog is up 

doted annuolly, with quarterly 
updotes in the McTrans 
Newsletter. 80th can be 

obtained free on request. 

Surveying 20 
TRAFFIC LNOINtlRlNO 

Capacity Analysis 22 

Data Processing 26 
Goneral Traffic 2 9 
Safety and Accident Records 32 

Signal Timing and Warrants 33 

Simulation and Analysis 4 1 

tr*c Maintenance 4 2 
_ TRANSIT 

Operations 44 

Planning 46 
TRANSPORTATION PLANNINCZ 

Data Processing 47 

Demand Modeling 48 

Network Assignment 5 1 
Project Management 53 

Site Analysis 54 

OINIRAL INTlRlST 

Administration 5 6 
Miscellaneous 5 7 

PRoDUCT LIST 59 

d NRW PRODUCTS since June 94 

3 UPDATIS since June 94 
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HIGHWAY ENGINEERING 
PAVEMENTS 

Carson City PMS 
The Carson City Pavement Management Sys- 
tem was developed under an FHWA Rural 
Technical Assistance Program (RTAPP) proiect. 
Road inventory data include street name, seg- 
ment limits and location, subgrade strengths, 
lengths, widths and surrounding land uses. 
Structural information includes presence of 
curb and gutter, shoulder width, surface and 
base type, thickness and deflection. The condi- 
tion survey includes information on ride qual- 
ity, alligator cracking, ravelting and longitudi- 
nal plus traverse cracking as the recorded forms 
of distress; and acceptable, tolerable and unac- 
ceptable listed as the three degrees of severity. 
The total quantity of each distress and severity 
combination is recorded for each street segment 
and deduct values assigned. Traffic survey in- 
formation includes volumes and classification. 

ELSYM S is a computerized procedure which 
models a three-dimensional idealized elastic 
Iayered pavement system. It computes the vul- 
ous component stresses, smins, md displace- 
ments along with principal V&IO at IOC&OIU 
specified by the user, within the Iayered pave 
nent. This program was developed for the Fed- 
tral Highway Administration. 
-OS: 3 (from FHWAI 1 I 

‘( 
I 
3perating System: IBM PUMSDDS Zl+ 

‘roduct* Description Price 

ZLSYM ELSYMS, 12/86 s40 
ELSYM.D Documentdion ss 
1 

I ’ 

The type and extent of distress determine the re- 
habilitation strategy alternative. The ride qual- 
ity, alligator cracking and status of sudace ravel- 
ling are checked. Then, depending on the traffic 
index (a measure of truck volume and weights), 
a maintenance and rehabilitation treatment is 
recommended. Priorities are assigned based on a 
cost-benefit ratio determined as a function of 
cost-per-vehicle-mile. Cost estimates are then 
applied and listed with the expected life cycle 
before new treatments are required. 

LOS: 3 (from FHWA) 

I’ , 

Operating System: IBM PC/MS-DOS Ll+ 
f381K and Hard Disk1 

Supporting Software: dBASE III+ 
Product* Description 
CCPMS Carson City PMS. 7189 

CCPMS.D Documentation 

Price 
so 

510 

ELSYM S 

EXPEAR 
EXPEAR fEl(pert system for ~avemenb EvaIu- 
ttion And Rehabilitation) is a comprehensive 
:omputerized system to assist engineers in 
cvatuating concrete highway pavements, dc 
veloping feasible rehabilitation alternatives. 
and predicting the petformance and cost effec- 
tiveness of the alternatives. In its current state 
of development it is considered an l xceilent 

training tool. Some modifications would be 
required to make this program suitable for 
routine use. 
A computer program has been developed for 
each of the three pavement types: jointed 
Plain Concrete Pavement (JPCP,, Jointed Rein- 
forced Concrete Pavements (JRCP), and Con- 
tinuously Reinforced Concrete Pavement 
(CRCP). The current version is EXPEAR 1.4 
which possesses the capability to do life-cycle 
cost analysis and to delay rehabilitation up to 
five years. 

EXPEAR was developed by the University of 
Illinois at Urbana-Champaign under FHWA 
administrative funded or Highway Planning 
and Research funded contracts. Further work 
to enhance the capabilities of EXPEAR is pro- 
posed. A hard disk is recommended both for 
speed of execution and storage of data files. 
EXPEAR comes from Kathleen T. Hall of the 
University of Illinois. A supplemental docu- 
ment describing the Concrete Pavement Evalu- 
ation and Rehabilitation System is also avail- 
able. 
LOS: 3 
Operating System: IBM PC/MS-DOS 3.0+ 
Productl Description Price 
EXPEAR EXPEAR, Ver.l.4 $45 
EXPEAR.D Documentation 520 
EXPEAR.DS Supplemental Document 525 

HDM-III and HDM-PC 
HDM-III and HDM-PC (Highway Desigai and 
Maintenance Standards Model) is designed to 
make comparative cost estimates and economic 
evaluations of different construction and main- 
tenance options, including different time stag 
ing strategies, either for a given road section or 
an entire network. The concept can simpiy be 
outlined as: determining costs, adding the set 
of costs over time and comparing the total cost 
srnams for various maintetunce and construe- 
tion akmativa 
HD-FC incIudes the core HDM-III modeL a fr 
ciIity to input data, a mechanism to use the out- 
puts with Lotus l-2-3, and a constrained version 
of the Expenditure Budgeting Model (EBML If 
HDM is used with the EBM, it is capable of 
comparing options under year-to-year budget 
constrainta. 
The basic data requirements are the network de 
SCT+OIS, ~~mtn~ction optioru, maintenance 
standards and unit costs. vehide tieristica 
and unit costs, traffic volumes and pmjeaion* 
exogenous benefits and costs, and uuly~is period 
and discount rates. The program is distributed Q- 
&siveIy by Me POW unda License from the 
World Bank in Washin@% DC 
The H’DM-PC comae in hvo veniolu: 1) fully Sup 
poeed, which in&do free technicai assistance 
and updates and 2I unsuppotted, which has no 
support eavica. Both include the HDM-PC 
U&S Manual and the EBM The EBM my ab 

be purchased separately (PC only). The main- 
frame version is only available as fuily sup 
ported. The main HDM-III documentahon 
IHDM.DVl and .DV2 below), which describe the 
model in detail, must be purchased separately. 
A French version of HDM Ill is available from 
PENDC of Paris or through McTntns. Call for 
details. 
LOS: 1 (Copyright 1988, the World Bank) 
Operating System: IBM PC’MS-DOS 2.2+ 64OK 
and Hard Disk) and Mainframe 
Product* Description Price 
HDM Fully supported HDM-PC, $400 

Ver.2.0 (incl. EBM. Usef s 
Manual, Volumes 1.2 and 
HDM Manager) 

EBM Fully supported version 560 
of EBM lincl. Users Manual) 

HDMUPG Upgrade to supported 5300 
HDM.UN Unsupported HDM-PC 5100 

fincl. EBM and Users Manual) 
EBM.UN Unsupported version of 530 

EBM lincl. User’s .Manual) 
HDM.D Extra copies of HDM-PC Slj 

Usefs Sh-tual 
HDM.DVl HDM model documentation SZO 

. Vol. 1: Description of HDM-III 
HDM.DV2 HDM model documentation S2S 

Vol. 2~ Users ,Manual for 
HDM-III 

HDM Manager 
HDM Manager is a user-friendly shell environ- 
ment for specific customued applications of 
HDM-III. It stores the input data in an efficient 
manner, creates all the required HDM-III input 
files, runs the HDM-III program, collects the 
results and presents the results in a practical 
way. It provides a simple but powerful package 
for learning and using the major concepts of 
HDM-III. 
HDM Manager is designed to be used with the 
full HDM-III package and documentation. 
which must be obtained separately. HDM 
Manager comes from the World Bank and is tn- 
cludcd with the fully-supported HDIU-III. 
LOS: 3 (Copyright 1993, The World Bank) 
Operating System: IBM PC/MS-DOS 3.1+ 
Product# Description Price 
HDM.MCR HDM Manager, Ver.2.0 515 

ILLI-RACK 
ILLI-BACK is a closed-form backcalculation 
procedure for rigid pavements. It is a comput- 
erized adaptation of a rigorous, theoretically 
sound and efficient backcalculation procc 
durc, applicable to two-layer, rigid pavement 
systems. This method simplifies considerably 
the effort required in interpreting nondestruc- 
tive testing (NDT) data. A unique feature of 
this approach is that in addition to yielding 
the required backcalculated parameters. it also 
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FAX (904) 392.3224 CATd 

2.14.2 



HIGHWAY ENGINEERING 
PAVEMENTS 

allows an evaluation of, the degree to which 
the in situ system behaves as idealized by 
theory, and provides an indication of possible 
equipment shortcomings when these arise in 
the field. 
The ILLI-BACK backcalculation procedure 
considers a two-layer system, consisting of a 
rigid pavement slab resting on an elastic solid 
IES) or a dense liquid IDL) foundation. The 
backcalculation process requires four sensor 
deflections and utilizes the concept for deter- 
mining the Area of the deflecting basin. 
When ILLI-BACK is executed on a personal 
computer, execution time per deflection basin 
permits the interpretation of a vast amount of 
YDT data in a very reasonable time. The 
method makes It feasible for the first time 10 
have a practical backcalculation procedure at- 
tached to the testing device in the field, pro- 
viding instant checks on the accuracy of the 
deflection results generated, while there is 
still time and opportunity for remedial action. 
The program supports English and Metric 
units and runs interactively or in batch mode 
and is distributed in Copy-Protected format. 
LOS: 7 (Copyright 1988, A.M. Ioannides) 
Operating System: IB.M PCMS-DOS 2.1+ and 
math coprocessor 
Product* Description Price 

ILBACK ILLI-BACK, Ver.2.0 2225 

ILLI-PAVE Algorithms 
ILLI-PAVE Algorithms is a program based on a 
set of algorithms that were assembled from 
ILLI-PAVE, a very large complex finite element 
program. The algorithms are contained in the 
program called 1LLIALCR in the form of a SC 
ries of spreadsheets selected from the menus. 
ILLI-P.%VE Algorithms can be used for prelimi- 
nary design and analysis of flexible pavements. 
This program was developed for the Federal 
Highway Administration. 

LOS: 3 (from FHWA) 
Operating System: IBM PC/MS-DOS 2l+ 
Productd Description Price 

ILLI ILLI-PAVE, W86 140 
ILLLD Documentation 55 

JCP-1 
JCP-1 (Jointed Concrete Pavement) determines 
the serviceability and fatigue data for use in 
rigid pavement design. The design process is 
an iterative process in which a designer speci- 
fies trial structural designs, determines the re- 
quired inputs, executes the program, analyzes 
the resulting fatigue and serviceability data, 
modifies the design, and repeats the procedure. 
The program will analyze any number of slab 
thicknesses and provide outputs for each thick- 
ness, while holding a11 other inputs constant. 
LOS: 3 (from FIiWA) 

Operating System: IBM PUMS-DOS 2.0+ 

Productr Description Price 
JCP Jointed Concrete $45 

Pavement-l, 1286 
JCP.0 Documentation 

Long Beach PM 

$3 

The Long Beach Pavement Management Sys- 
tem was also developed under the FHWA Rural 
Technical Assistance Program (RTAP) project. 
The system uses data files for physical informa- 
tion on the sections to be-included in the analy- 
sis; pavement survey data detailing the condi- 
tion of the surface; and information on the scor- 
ing, treatment and cost estimates for each road 
segment. Traffic data are incbrporated into the 
analysis in the form of a Traffic Index based on 
ESAL’s. A: evaluation system is utilized which 
rates the sections from the pavement surveys 
and applies a decision tree to determine initial 
proposed treatments and their estimated costs. 
LBPMS analyzes both flexible (asphalt con- 
crete) and rigid (Portland cement concrete) 
pavement types and produces several interme- 
diate and final reports. 
LOS: 3 (From FHWA) 

Operating System: IBM PC/MS-DOS 2.1+ 
(3MK and Hard Disk) 
Supporting Software: dBASE III+ 
Product* Qescription 
LBPMS Long Beach PMS, 6189 
LBPMS.D Documentation 

Price 

90 
SlO 

MAPCON 
MAPCON (Methods for Analyzing Pavement 
CONdition data) is a comprehensive, but user 
friendly package for pavement safety, rough- 
ness, structural capacity and surface condition 
analysis. MAPCON includes ELSYMS and the 
Calfomia FPMS and RPMS (which also are dir 
tributed separately) and others. MAPCON p’ct 
vides “paths” to all the individual programs, 
enabling the user to better analyze the pave- 
ment conditions, which can then be made part 
of a pavement management system. 
MAPCON was developed by Pennsylvania 
State University and ARE, Inc., under contract 
to FHWA. A hard disk is highly desirable, but 
not required. 
LOS: 3 (from FHWA) 
Operating System: IBM PG’MS-DOS 2.0+ 
(512K) 
Product# Description * Price 

MAPCON MAPCON, 4l87 SlW 
MAPC0N.D Documentation s665 

MIX 
MIX is a menu driven, BASIC program which 
calculates the specific gravities of amates 
for the design of the asphalt mix and the pm- 
portions of each aggregate in the mix. The pro- 
gram is based on the methodology described in 

the MS-2 Report published by the Asphalt I 
stitute. No formal documentation is availabl 
LOS: 5 (from University of Puerto Rico) 
Operating System: IBM PC’MS-DOS 2.0~ 
Supporting Software: BASIC 
ProductX Description P 
511X MIX, I!80 

MODULUS and PASELS 
MODULUS and PASELS are two programs 
assess the current condition of the moduli a 
various structural layers of existing asphalt 
pavement. The moduli values are often ob- 
tained through nondestructive testing with 
use of falling weight deflectometers. The k 
volume data collection capabilities of modt 
nondestructive testing equipment require a 
analysis method which is capable of rapid 
backcalculation of pavement layer moduli 
production mode of data reduction. A layer 
elastic method, MODULUS, was developer 
microcomputer use which is very fast in OF 
tion and provides consistently reliable rest 
Random errors in the measurements and s! 
tematic enors in the backcalculation proct 
may be reduced-the former by repeating tt 
measurements and the latter by using a mi 
computer expert system, PASELS, to pmvi 
consistently acceptable layer moduli value 
These programs were developed under a 
tional Cooperative Highway Research Prc 
gram projec,t, the results of which are pub 
Iished as NCHRP Report 327, “Determini 
Asphaltic Concrete Pavement Structural I 
erties by Nondestructive Testing.” This n 
which contains usetis manuals for both p 
grams, may be obtained through the Tran 
tation Research Board, Washington, D.C. 
LOS: 3 
Operating System: IBM PC/MS-DOS LO- 
Product) Description 
MODUL MODULUS, Ver.J.0 
PASEL PASELS, Ver.l.0 

NULOAD 
NULOAD is a computerized procedure th 
evaluates the effect of legal load limit cha 
on the (set of 12) life cycle costs of fIexiblt 
rigid, and/or composite pavements. Data I 
are interactively input through NULDIN, 
user-friendly processor for NULOAD. Co 
erable input data is required. 
LOS: 3 (from FHWA) 
Operating System: IBM PUMS-DOS 2.0+ 
Product* Description 
NULOAD NULOAD, 1286 
NUL0AD.D Documentation 
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PAVECHEK 

Pavechek is a software package for designing 
interlocking concrete pavements. The struc- 
tural design of flexible interlocking concrete 
pavements can be accomplished quickly on 
this menu-driven, PC computer based pro- 
gram. Pavement cross section deskgns can be 
generated for both new or overlay interlock- 
ing concrete pavements with unbound or 
bound base materials. Various levels of so- 
phistication can be used in the program de- 
pending on the level of detail of input data 
available. The design rationale IS based on the 
widely used 1986 AASHTO “Guide for the 
Design of Pavement Structures”. 
LOS: 7 
Operating System: IBM PC!MS-DOS Z.l+ 
(Graphics1 
Product* Description Price 
PAVECHEK Pavechek, Ver.I.0 555 

Pavement Management 
Forecasting Model . 

Pavement .Management Forecasting .Model 
IP!%lF) is a Lotus I-2-3 template for use in plan- 
ning roadway maintenance and strategies. It 
runs in a Lotus, Release 2 environment and is 
completely menu driven. Data on road mainte- 
nance and construction unit costs, pavement 
deterioration rates, future funding estimates 
and current road conditions are required. 
Based upon three repair strategies, output is 
generated in tabular summaries and graphic 
plots. It allows changes at any level to iterate 
to desired results. 
Agencies responsible for roadway maintenance 
related funding decisions will find it useful to 
compare various alternatives. The Lotus design 
is included in the appendix for users who 
might modify the algorithms to customized l p- 
plications. PMF was donatedby Mr. William 
.Masricott of the Metropolitan Area Planning 
Council, Boston. 

LOS: 3 
Operating System: IBM PC/MS-DOS 20+ 
Supporting Software: Lotus 1-Z-3 
Product I) Description Price 
PMF PMT. Ver. 1.0 so 
PMF.D Documentation 115 

Pavement Management System 

Pavement Management System (PMS) is a de- 
cision support tool used to assist management 
responsible for allocating pavement main& 
nance resources. In a simple view, PMS is a 
process where information about the pave- 
ment system is collected, stored, analyzed and 
reported. 
This third generation, Version 3.0, combines a 
life cycle approach to pavement maintenance 
with a user-friendly, mouse or keyboard 
driven graphical user interface. This standard 

system includes five modules for analyzing 
inventory. history. pavement condition, cost 
and budget, and a knowledge-based ranking 
system. It uses a maintenance pnority ranking 
system based upon the data collected and 
stored in the other four modules. In addition, 
the system’s modular design allows the inte- 
gration with other software to provide en- 
hanced graphical reports and system perfor- 
mance feedback. 

LOS: 7 (Copyright 1992, Resource Intema- 
tional, Inc.) 
Operation System:lBM PC/MS-DOS X0+ 
Product* Description Price 
PMS PMS 5695 
PMSCIS PMS GIS version St.300 

d PMSPro 

PMSPro is a pavement management program 
written in the Microsoft Windows environ- 
ment using FoxPro for Windows. The program 
allows the user to completely customize the 
program by defining decision trees, rehabilita- 
tion strategies, deterioration curves. deduct 
curves. and costs for different pavement types, 
functional classes, and traffic classes. PMSPro 
also contains other methods of calculating 
condition scores such as: WADOT PSC, FAA 
PCI, PAVER PCI. 
PMSPro evaluates a street network both at the 
project level and the nehvcirk level. At the 
Project Level, condition scorn are used to pri- 
oritize streets. Decision trees evaluate the type 
and amount of distress to select an appropri- 
ate rehabilitation strategy. PMSPro can evalu- 
ate all street segments or only those that have 
changed since the last analysis. 

A complete cost accounting package allows 
costs to be adjusted according to the type and 
amount of distress as well as other costs such 
as flagging and engineering. 
At the Nehvork Level, a simplified decision 
pmccrr uses fuhare calculated condition scorn 
to s&et an l pproptite rehabilitation strategy 
and cost The analysis period can range from 5 
to 80 yea”. Evaluate by functional class or 
traffic class. Carry unspent funds forward. PI+- 
oritize by Worst Fint or Last. 
PMSPro also can handle condition surveys or 
ditches, sidewalks, street signs and other 
street accessories. A maintenance module al- 
lows the tracking of past maintenance and 
costs. 
Compatible with most CIS programs. includ- 
ing MapInfo from MapInfo, Inc. A GIS pro- 
gram can display pavement condition. recom- 
mended rehabilitation strategies, pavement 
types, sign inventory, etc. by connecting the 
databases to a map. 
LOS: 7 (Copyright 199201994, Pavement Engi- 
neen, Inc.) 

Operating Software: IBM PC’MS-DOS 3.0+ 
Product X Description Price 
PMSPRO PMSPRO Pavement 51.000 

Ltanagement 
Program Ver. 52 

Road ManagetrY 

The Road WandgerrY is a modular roadway 
management system. its unique features are the 
ability to include ALL roadway features in the 
evaluation of a road section, a modular design, 
user defined parameters allowing extensive 
customization to fit local conditions and poli- 
cies, and a modem software design using light 
bar menus, a complete help system and pick 
lists for easy data entry. 
The General Roadway module serves as the 
“control center” for all other modules, record- 
ing road lengths, widths, classifications, etc., as 
well as overall condition indices for eight dif- 
ferent types of roadway features. The General 
Roadway module can also be used as a stand 
alone system, suitable for “windshield survey” 
evaluation of a road nehvork. The Grnrrol 
Roadway module II reqrclrcd for ,111 other mod- 
&S. 

The Asphalt Pavement, Roadway Drainage and 
Roadway Utility modules allow the detailed in- 
ventory and evaluation of roadway distresses, 
drainage needs and utility related features. 
These modules include a user definable deci- 
sion table that determines recommended re- 
pairs or maintenance. All calculations related to 
determining a condition index, recommended 
repairs and estimated costs can be modified by 
the user. 
The Improvement Plan module uses informa- 
tion generated in the Asphalt Pavement, Road- 
way Drainage and Roadway Utility modules to 
develop lists of recommended improvements 
as well as required budgets to attain a given 
network condition level. The computer-gener- 
ated plan for impmvemenb can be overridden 
by the user. The estimated deterioration curves 
used by the system in projecting future pave- 
ment and utility patch condition can also be 
modified. 
The Repair History module semes as an eiec- 
tronic file cabinet, recording all work per- 
formed on a road section as it is completed. The 
Street Diagram module graphically displays 
and prints all Drainage and Utility features that 
have been inventoried through their respective 
modules. 
LOS: 7 (Copyright 1989, The Info Center, Inc.) 
Operating System: IBM PC/MS-DOS 3.0+ 
(64OK and Hard Disk) 

Product# Description Price 

RMRD General Roadway, Ver. 1.51 W95 
RMAS Asphalt Pavement, 5995 

Vu. 1.51 
RMCR Gravel Road, Ver. 1.51 S495 
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ii: 

f : 
8. 

Purpose 
Cancellation 
Background 
Transverse Contraction Joints 
Longitudinal Joints 
Construction Joints 
Expansion Joints 
Joint Construction 

1. To provide guidance and recommendations relating to the design PURPOSE. 
and construction of joints in jointed portland cement concrete 
pavements. 

2. CANCELLATION. Technical Advisory T 5140.18, Rigid Pavement Joints, 
dated December 15, 1980, is canceled. 

3. BACKGROUND 

a. The performance of concrete pavements depends to a large extent 
upon the satisfactory performance of the joints.- Most jointed 
concrete pavement failures can be attributed to failures at the 
joint, as opposed to inadequate structural capacity. .Distresses 
that may result from joint failure include faulting, pumping, 
spalling, corner breaks, blow-ups, and mid-panel cracking. 
Characteristics that.contribute to satisfactory joint performance, 
such as adequate load transfer and proper concrete consolidation, 
have been identified through research an& field experience. The 
incorporation of these characteristics into the design, 
construction, and maintenance of concrete pavements should result 
in joints capable of performing satisfactorily over the life of 
the pavement. Regardless of the joint sealant material used, 
periodic resealing will be required to ensure satisfactory joint 
performance throughout the life of the pavement. Satisfactory 
joint performance also depends on appropriate pavement design 
standards, quality construction materials, and good construction 
and maintenance procedures. 
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h. The most common types of pavement joints, which are 
defined by their function, are as follows: 

(1) 

(2) 

(3) 

(4) 

. . 
Transverse Contraction Joint - a sawed, formed, or 
tooled groove in a Concrete slab that creates a 
weakened vertical plane. It regulates the 
location of the cracking caused by dimensional 
changes in the slab, and is by far the most common 
type of joint in concrete pavements. 

Longitudinal Joint - a joint between two slabs 
which allows slab warping without appreciable 
separation or cracking of the slabs. 

Construction Joint - a joint between slabs that 
results when concrete is placed at different 
times. This type of joint can be further broken 
down into transverse and longitudinal joints. 

Expansion Joint - a joint placed at a specific 
location to allow the pavement to expand without 
damaging adjacent structures or the pavement 
itself. 

4. W. The primary purpose of 
transverse Contraction joints is to control the cracking 
that results from the tensile and bending stresses in 
concrete slabs caused by the cement hydration process, 
traffic loadings, and the environment. Because these joints 
are so numerous, their performance significantly impacts 
pavement performance. A distressed joint typically exhibits 
faulting and/or spalling. Poor joint performance frequently 
leads to further distresses such as corner breaks, blow-ups, 
and mid-panel cracks. Such cracks may themselves begin to 
function as joints and develop similar distresses. The 
performance of transverse contraction joints is related to 
three major factors: 

a. Joint S=ciw Joint spacing varies throughout the 
country becauie of considerations of initial costs, 
type of slab (reinforced or plain), type of load 
transfer, and local conditions. Design considerations 
should include: the effect of longitudinal slab 
movement on sealant and load transfer performance; the 
maximum slab length which will not develop transverse 
cracks in a plain concrete pavement; the amount of. 
cracking which can be tolerated in a jointed reinforced 
concrete pavement; and the use of random joint 
spacings. 
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(1) The amount of longitudinal slab movement that a joint 
experiences is primarily a function of joint spacing and 
temperature changes. Expansion characteristics of the 
aggregates used in the concrete and the friction between the 

- bottom of the slab and the base also have an effect on slab 
movement. 

(a) Joint movement can be estimated by the following 
equation: 

where: 

AL - 

C- 

L- 
a- 

AT - 

c- 

AL - CL(~AT+E) 

the expected change in slab length, in 
inches. 
the base/slab frictional restraint factor 
(0.65 for stabilized bases, 0.8 for 
granular bases). 
the slab length, in inches. 
the PCC coefficient of thermal expansion 
(see Table 1 for typical values). 
the maximum temperature range (generally 
the temperature of the concrete at the 
time of placement minus the average daily 
minimum temperature in January, in 'F). 
the shrinkage coefficient of concrete (see 
Table 2 for typical values). This factor 
should be omitted on rehabilitation 
projects, as shrinkage is no longer a 
factor. 

TABLE 1. TYPICAL VALUES FOR PCC COEFFICIENT OF THERHAL 
EXPAMSIOW (a) El],. . 

Type of Coarse PCC Coeff. of Thermal 
Aggregate Expansion (lOb/'F) 

Quartz 
W&one 

Granite 
Basalt 
Limestone 
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While the above equation can be 
anticipated joint movements, it _- 

used to estimate 
may be worthwhile to 

physically measure joint movements in existing 
pavements. These measurements could provide the 
designer with more realistic design inputs. 

TABLE 2. TYPICAL VALUES FOR PCC COEFFICIENf OF 
SHRINKAGE (a) (11 

Indirect Tensile PCC Coeff. of 
Strength (psi) Shrinkage (in./in.) 

ix; (or less) 

500 
600 
700 (or greater) 

0.0008 
'0.0006 
0.00045 
0.0003 
0.0002 

-- .-. - 

(2) Par plain concrete slabs, a maximum joint spacing of 15 feet 
is reconunended. Longer slabs frequently develop transverse 
cracks. It is recognized that in certain areas, joint 
spacings greater than 15 feet have performed satisfactorily. 
The importance of taking local experience into account when 
selecting joint spacing (and designing pavements in general) 
cannot be overstated. Studies have shown that pavement 
thickness, base stiffness, and climate also affect the 
maximum anticipated joint spacing beyond which transverse 
cracking can be expected. 'Research indicates that there is 
a general relationship between the ratio of slab length (L) 
to the radius of relative stiffness (C) and the amount of 
transverse cracking [2]. This research shows that there is 
an increase in transverse cracking when the ratio L/C 
exceeds 5.0. Further discussion is provided in Attachment 
1. 

(3) For reinforced concrete slabs, a maximum joint spacing of 30 
feet is recommended. Longer slab lengths have a greater 
tendency to develop working mid-panel cracks caused by the 
rupture of the steel reinforcement. Studies have also shown 
that, as the joint spacing increases above 30 feet, the rate 
of faulting increases and joint sealant performance 
decreases [4]. 
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(4) Random joint spacings have been successfully used in plain 
undoweled pavements to minimize resonant vehicle responses. 
When using random joint spacings, the longest slab should be 
no greater than 15 feet, to reduce the potential for 
transverse cracking. Some States are successfully using a 
spacing of 12'-15'-13'-14'. Large differences in slab 
lengths should be avoided. 

(5) While they do not affect joint spacing, skewed joints have 
been used in plain pavements to provide a smoother ride. A 
skew of 2 feet in 12 feet is recommended, with the skew 
placed so that the inside wheel crosses the joint ahead of 
the outside wheel. Only one wheel crosses the joint at a 
time', which minimizes vehicle response and decreases 
stresses within the slab. Skewed joints are most commonly 
used when load transfer devices are not present. While 
skewed joints may be used in conjunction with load transfer 
devices, studies have not substantiated that skewing doweled 
joints improves pavement performance and are not 
recommended. Dowels in skewed joints must be placed 
parallel to the roadway and not perpendicular to the joints. 

b. Load Transfer across the .ioint. Loads applied by traffic must be 
effectively transferred from one slab to the next in order to 
minimize vertical deflections at the joint. Reduced deflections 
decrease the..potential for pumping of the base/subbase material 
and faulting. The two principal methods used to develop laad 
transfer across a joint are: aggregate interlock; and load 
transfer devices, such as dowel bars. It is recommended that 
dowel bars be used. 

(1) Aaareaate Interlock Aggregate interlock is achieved 
through shearing friction at the irregular faces of the 
crack that forms beneath the saw cut. Climate, and 
aggregate hardness have an impact on load transfer 
efficiency. It can be improved by using aggregate that is 
large, angular, and durable. Stabilized bases have also 
been shown to improve load transfer efficiency [14]. 
However, the efficiency of aggregate interlock decreases 
rapidly with increased crack width and the frequent 
application of heavy loads to the point that pavement 
performance may be effected. Therefore, it is recommended 
that aggregate interlock for load transfer be considered 
only on local roads and streets which carry a low volume of 
heavy trucks. 

(2) Oowel Bars. Dowel bars should be used on al 1 routes 
carrying more than a low volume of heavy trucks. The 
purpose of dowels is to transfer loads across a joint 
without restricting joint movement due to thermal 
contraction and expansion of the concrete. Studies have 
shown that larger dowels are more‘effective in transferring 
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loads and in reducing faulting. It is recommended that the 
minimum dowel diameter be O/8, where 0 is the thickness of 
the pavement. However, the dowel diameter should not be 
less than 1) inches.‘ It is also recommended that la-inch 
long'dowels be used at 12-inch spacings. Oowels should be 
placed mid-depth in the slab. Oowels should be corrosion- 
resistant to prevent dowel seizure, which causes the joint 
to lock up. Epoxy-coated and stainless steel dowels have 
been shown to adequately prevent corrosion. 

C. Joint Shaoe and Sealant Prooerties 

(I) The purpose of a joint sealant is to deter the entry of 
water and incompressible material into the joint and the 
pavement structure. It is recognized that it is not 
possible to construct and maintain a watertight joint. 
However, the sealant should be capable of minimizing the 
amount of water that enters the pavement structure, thus 
reducing moisture-related distresses such as pumping and 
faulting. Incompressibles should be kept out of the joint. 
These incompressibles prevent the joint from closing 
normally during slab expansion and lead to spalling and 
blow-ups. 

(2) Sealant behavior has a significant influence on joint 
performance. High-type sealant materials, such as silicone 
and preformed compression seals, are recommended for sealing 
all contraction, longitudinal, and construction joints. 
While these materials are more expensive, they provide a 
better seal and a longer service life. Careful attention 
should be given to the manufacturer's recommended 
installation procedures. Joint preparation -and sealant 
installation are very important to the successful 
performance of the joint. It is therefore strongly 
recommended that particular attention be given to both the 
construction of the joint and installation of the sealant 
material. 

(3) When using silicone sealants, a minimum shape factor (ratio 
of sealant depth to width) of 1:2 is recommended. The 
maximum shape factor should not exceed 1:l. For best 
results, the minimum width of the sealant should be 3/8- 
inch. The surface of the sealant should be recessed l/4- to 
3/8-inch below the pavement surface to prevent abrasion 
caused by traffic. The use of a backer rod is necessary to 
provide the proper shape factor and to prevent the sealant 
from bonding to the bottom of the joint reServOir. This 
backer rod should be a closed-cell polyurethane foam rod 
having a diameter approximately 25 percent greater than the 
width of the joint to ensure a tight fit. 
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(4) When using preformed compression seals, the joint should be 
designed so that the seal will be in 20 to 50 percent 
compression at all times. The surface of the seal should be 
recessed l/8- to 3/G-inch to protect it from traffic. 
Additional information can be obtained from FHWA Technical 
Paper 89-04, "Preformed Compression Seals" [S] for PCC 
pavement joints." 

5. LONGITUDINAL JOINTS 

b. 

C. 

d. 

e. 

. Longitudinal joints are used to relieve warping stresses and are 
generally needed when slab widths exceed 15 feet. Widths up to 

and including 15 feet have performed satisfactorily without a 
longitudinal joint, although there is the possibility of some 
longitudinal cracking. Longitudinal joints should coincide with 
pavement lane lines whenever possible, to improve traffic 
operations. The paint stripe on widened lanes should be at 12 
feet and the use of a rumble strip on the widened section is 
recommended. 

Load transfer at longitudinal joints is achieved through aggregate 
interlock. Longitudinal joints should be tied with tiebars to 
prevent lane separation and/or faulting. The tiebars should be 
mechanically inserted and placed at mid-depth. When using Grade 
40 steel, S/8-inch by SO-inch or l/2-inch by 24-inch tiebars 
should be used. When using Grade 60 steel, S/8-inch by 40-inch or 
l/2-inch by 32-inch tiebars should be used. These lengths are 
necessary to develop the allowable working strength of the tiebar. 
Tiebar spacing will vary with the thickness of the pavement and 
the distance from the joint to the nearest free edge. Recommended 
tiebar spacings are provided in..Table 3. 

Tiebars should not be placed within 15 inches of transverse 
joints. When using tiebars longer than 32 inches with skewed 
joints, tiebars should not be placed within 18 inches of the 
transverse joints. 

The use of corrosion-resistant tiebars is recommended, as 
corrosion can reduce the structural adequacy of tiebars. 

It is recommended that longitudinal joints be sawed and sealed'to 
deter the infiltration of surface water into the pavement 
structure. A 3/&inch wide by l-inch deep sealant reservoir 
should be sufficient. 
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TABLE 3. MAXIMUM RECOMMENDED TIEBAR SPAClN& (In.) 
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Warp joint: a sawed or construction joint with a keyway 

Butt joint: a construction joint with no keyway 



6. CONSTRUCTION JOINTS 

a. Transverse Construction Joints 

(1) Transverse construction joints should normally replace a 
planned contraction joint. However, they should not be 
skewed, as satisfactory concrete placement and consolidation 
are difficult to obtain. Transverse construction joints 
should be doweled as described in paragraph 4b(2) and 
butted, as opposed to keyed. Keyed transverse joints tend 
to spa11 and are not recommended. 

(2) It is recommended that transverse construction joints be 
sawed and sealed. The reservoir dimensions should be the 
same as those used for the transverse contraction joints. 

b. Lonaitudinal Construction Joints 

(1) The decision to use keyed longitudinal construction joints 
should be given careful consideration. The top of the slab 
above the keyway frequently fails in shear. For this 
reason, it is recommended that keyways not be used when the 
pavement thickness is less than 10 inches. In these cases, 
the tiebars should be designed to carry the load transfer. 

(2) When the pavement thickness is 10 inches or more, a k;y;y 
. may be used to provide the necessary load transfer. 

keyway is to be used, the recommended dimensions are shown 
in Figure 1. Keyways larger than the one shown may reduce 
the concrete shear strength at the joint and result in joint 
failures. The keyway should be located at mid-depth of the 
slab to ensure maximum strength. Tiebars are necessary when 
using keyways. Consideration should be given to deleting 
the keyway and increasing the size and/or number of tiebars. * 
The additional steel cost may be more than offset by the 
patential savings in initial labor and future maintenance 
costs. 

(3) Tiebars should not be placed within 15 inches of transverse 
joints. When using tiebars longer than 32 inches with 
skewed joints, tiebars should not be placed within 18 inches 
of the transverse joints. 

(4) It is essential that the tiebars be firmly anchored in the 
concrete. Tiebars should be either mechanically inserted 
into the plastic concrete or installed as a two-part 
threaded tiebar and splice coupler system. It is 
recommended that periodic pull-out tests be conducted to 
ensure the tiebars are securely anchored in the concrete. 
Attachment 2 describes a recommended testing procedure for 
tiebars. 
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Figure 1. Recoarnended Keyway Dimensions 

Bending of tiebars is not encouraged. Where bending of the 
tiebars would be necessary, it is reconmnended that a two- 
part threaded tiebar and splice coupler system be used in 
lieu of tiebars. If tiebars must be bent and later 
straightened during construction, Grade 40 steel should be 
used, as it better tolerates the bending. It may be 
necessary to reapply a corrosion-resistant coating to the 
tiebars after they have been straightened. When pull-out 
tests are performed, they should be conducted after the 
tiebars have been straightened. 

(6) It is recommended that longitudinal construction joints be 
sawed and sealed. The reservoir dimensions should be the 
same as those used for the longitudinal joints. 

7. DPANSION JOINTS 

a. Good design and maintenance of contraction joints have virtually 
eliminated the need for expansion joints, except at. fixed objects 
such as structures. When expansion joints are used, the pavement 
moves to close the unrestrained expansion joint over a period of a 
few years. As this happens, several of the adjoining contraction 
joints may open, effectively destroying their seals and aggregate 
interlock. 

b. The width of an expansion joint is typically 3/4-inch or more. 
filler material is commonly placed 3/4- to l-inch below the slab 
surface to allow space for sealing material. Smooth dowels are 
the most widely used method of transferring load across expansion 
joints. Expansion joint dowels are specially fabricated with a 
cap on one end of each dowel that creates a void in the slab to 
accommodate the dowel as the adjacent slab closes the expansion 
joint, as shown in Figure 2. 
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Dowel bar 

I 

figure 2. Expansion Joint Detail 

C. Pressure relief joints are intended to serve the same purpose as 
expansion joints, except that they are installed after initial 
construction to relieve pressure against structures and to 
al leviate potential pavement blowups. Pressure relief joints are 
not recommended for routine installations. However, they may be 
appropriate to relieve inwninent structure damage or under 
conditions where excessive compressive stresses exist. Additional 
information can be obtained from the FHWA Pavement Rehabilitation 
Manual, Chapter 9. 

8. JOINT CONSTRUCTIOy 

a. .. Concrete Placement 

(1) A prepaving conference should be considered on all major 
paving projects. This conference should include the project 
engineer and the paving contractor and should discuss 
methods for accomplishing all phases of the paving 
operation. The need for attention to detail cannot be 
overstated. . . 

(2) llhen using dowel baskets, the baskets should be checked 
prior to placing the concrete to ensure that the dowels are 
properly aligned and that the dowel basket is securely 
anchored in the base. It is recommended that dowel baskets 
be secured to the base with steel stakes having a minimum 
diameter of 0.3-inch. These stakes should be embedded into 
the base a minimum depth of 4 inches for stabilized dense 
bases, 6 inches for treated permeable bases, and 10 inches 
for untreated permeable bases, aggregate bases, or natural 
subgrade. A minimum of 8 stakes per basket is recommended. 
All temporary spacer wires extending across the joint should 
be removed from the basket. Securing the steel stakes to 
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the top of the dowel basket, as opposed to the bottom, 
should stabilize the dowel basket once these spacer wires 
are removed. 

(3) Dowels should be lightly coated with grease or other 
substance over their entire length to prevent bonding of the 
dowel to the concrete. This coating may be eliminated in 
the vicinity of the welded end if the dowel is to be coated 
prior to being welded to the basket. The traditional 
practice of coating only one-half of the dowel has 
frequently resulted in problems, primarily caused by 
insufficient greasing and/or dowel misalignment. The dowel 
must be free to slide in the concrete so that the two 
pavement slabs move independently, thus preventing excessive 
pavement stresses. Only a thin coating should be used, as a 
thick coating may result in large voids in the concrete 
around the dowels. 

, 

(4) The placement of concrete at construction joints is 
.particularly critical. Therefore, care must be taken to 
ensure that only quality concrete is used in their 
construction; i.e., do not use the first concrete down the 
chute, nor the "roll" from the screed to construct this type 
if joint. The concrete used to construct these joints 
should be the'same as for the remainder 

i practice of modifying the mix at the jo 
recommended. 

of the slab. The 
nts is not 

(5) Careful and sufficient consolidation of the concrete $&the 
area of the joints is essential to good joint performance. 
Load transfer across a doweled joint is greatly affected'by 
the quality of concrete consolidation around the dowels. 
Consolidation also has a direct relationship to concrete 
strength and durability. Concrete strength, in turn, has a 
significant effect on the amount of spalling that occurs at 
the joint. 

(6) The placement of.dowels should be-carefully verified soon 
after paving begins. If specified tolerances are not being 

t . achieved, then an evaluation of the dowel'installation, 
concrete mix design, and placement techniques must be made. 
Appropriate corrections should be made to the paving process 
to ensure proper alignment of the load transfer devices. 

. '(7) When paving fulldepth full-width, a mechanical prespreader 
and finishing machine in the paving train can be used to 
reduce drag and shear forces on the dowels. 

(81 In cases where separate concrete placement is made adjacent 
to previously placed concrete, i.e., truck climbing lanes or 
concrete shoulders being placed after mainline pavement, it 
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. is important that incompressibles ho not enter the 
previously sawed transverse joint reservoir or crack that 
typically forms below the transverse joint reservoir. It is 
recommended that backer rod, tape, or other material be 
pl.aced on the vertical face of the transverse joint at the 
edge of the pavement to prevent mortar from intruding into 
the existing joint. Failure to keep incompressibles out 
could prevent the joint from closing normally during slab 
expansion and may lead to delaminations near the edge of the 
previously placed concrete. 

b : nq Sawi 

(1) It is recommended that all joints be sawed. The sawing of 
transverse contraction and longitudinal joints should be a 
two-phase operation. The initial sawing is intended to 
cause the pavement to crack at the intended joint. It 
should be made to the required depth, as described later, 
with a I/8-inch wide blade. The second sawing provides the 
necessary shape factor for the sealant material. This 
second sawcut can be made any time prior to the sealant 
installation. However, the later the sealant reservoir is 
made, the better the condition of the joint face. Both 
sawcuts should be periodically checked to ensure proper 
depth, as saw blades tend to wear, as well as ride up when 
hard aggregate is encountered. Periodic measurement of 

.blade diameter is an excellent method to monitor random 
blade wear, particularly when using gang saws. 

(2) 

(3) 

Time of initial sawing, both in the transverse and 
longitudinal directions, is critical in preventing 
uncontrolled shrinkage cracking. It is very important that 
sawing begin as soon as the concrete is strong enough to 
both support the sawing equipment and to prevent raveling 
during the sawing operation. All joints should be sawed 
within 12 hours of concrete placement. The sawing of 
concrete constructed on stabilized base must be sawed 
earlier. This is particularly critical during hot weather. 
Once sawing begins, it.should be a continuous operation and 
should only be stopped if raveling begins to occur. 

For transverse contraction joints, an initial sawcut of D/3 
is recommended, particularly for pavements with a thickness 
greater than 10 inches. In no case should the sawcut depth 
be less than D/4. Transverse contraction joints should be 
initially sawed in succession. Skip sawing is not 
recommended, as this practice results in a wide range of 
crack widths that form beneath the sawed joints. These 
varied crack widths affect the shape factors and may cause 
excessive sealant stresses in those joints initially sawed. 
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(4) 

(5) 

(6) 

The dimensions of the final sawing should be dependent upon 
the sealant type and the anticipated longitudinal slab 
movement. 

For longitudinal joints, a minimum initial sawcut depth of 
O/3 is reconmtended to ensure cracking at the joint. The 
maximum sawcut depth should be such that the tiebars are not 
damaged. A final sawing that provides a 3/8-inch wide by 
l-inch deep sealant reservoir should be sufficient. 

When a lengthy period is anticipated between the initial 
sawing of the joint and the final sawing and sealing, 
consideration should be given to filling the joint with a 
temporary filler. This filler material should keep 
incompressibles out of the joint and reduce the potential 
for spalling. 

The use of plastic inserts is not reconmtended. Although a 
few States have had success with these inserts, most States 
no longer allow their use. Improper placement of plastic 
inserts has been Identified as a cause of random 
longitudinal cracking [2]. It is also very difficult to 
seal the joint formed by these inserts. 

/, - + .-.;. 
7'. : 44.a.a c/j:.- 

,,/~An~h~n~ 6. Kane 
. . Associate Administrator for Program 

, /.* Development 

Attachments 
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DESIGN OF LENGTH 

Studies have shown that pavement thickness, base stiffness, and climate affect 
the maximum anticipated joint spacing beyond which transverse cracking can be 
expected [2]. Research indicates that there is a general relationship between 
the ratio of slab length (L) to the radius of relative stiffness (e) and 
transverse cracking. The radius of relative stiffness is a term defined by 
Westergaard to quantify the relationship between the stiffness of the 
foundation and the flexural stiffness of the slab. The radius of relative 
stiffness has a lineal dimension and is determined by the following equation: 

e - [Eh3/12k(I-r2)]0~'s 

where 
e - radius of relative stiffness (in.) 
E = concrete modulus of elasticity 

(psi.) 
h - pavement thickness (in.) 
l - Poisson's ratio of the pavement 
k - modulus of subgrade reaction (pci.) 

Research data indicates that there is an increase in transverse cracking when 
the ratio L/e exceeds 5.0. Using the criteria of a maximum L/C ratio of 5.0, 
the allowable.joint spacing would increase with increased slab thickness, but 
decrease with increased (stiffer) foundation support conditions. The 
relationship between slab length, slab thickness, and foundation support for a 
L/C ratio of 5.0 is shown below. 

16 

200 ,300 

K - value (pci) 
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TIEBAR PULL-OUT TESTS 

Proper consolidation of the concrete around the tiebars is essential to the 
performance of longitudinal construction joints. Adjacent lanes should not be 
constructed until the project engineer has had.opportunity to test the pull- 
out resistance of the tiebars. Acceptance of the tiebats should be based on 
the results of the tests for resistance to pull-out. The project engineer 
will select 15 tiebars from the first day's placement, after the concrete has 
attained a flexural strength of 550 psi. The tiebars will be tested to 12,000 
lbs. or to a slippage of l/32-inch, whichever occurs first. The average of the 
results of these pull-out tests, divided by the spacing of the tiebars, will 
be used to determine the pull-out resistance in lbs. per linear foot. 

If the test results on the first day's placement are well within the test 
requirements shown below, additional testing will be at the discretion of the 
project engineer and will be based on comparison of the installation methods 
and spacings of the first day's placement with subsequent placements. 

If the results of the pull-out tests are less than the minimum requirements 
specified for the width of concrete being tied, the contractor shall instalk 
additional tiebars to provide the minimum average pull-out resistance 
required, as directed by the project engineer. Testing of the supplemental 
tiebars will be at the discretion of the Engineer. 

Tiebars shall be installed by methods and procedures such that the tiebars 
will develop the minimum average pull-out resistance specified without any 
slippage exceeding l/32-inch in accordance with the following table: 

Tied Width of Pavement 
(Distance from Joint 
Being Constructed to 
Nearest Free Edge). 

Average Pull-out 
Resistance of 
Tiebars, lbs./L.F. . 
of joint, minimum. 

12 feet or less 2200 
Over 12 feet to 17 feet 3200 
Over 17 feet to 24 feet 4500 
Over 24 feet to 20 feet 5200 
Over 28 feet to 36 feet 6800 
Over 36 feet 9000 
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, -._ c 3 Memorandum 

Subject Technical Paper - The Benefits of 
Using Dowel Bars Da’e #PLY 1 7 Igeo 

From, Director, Office of Highway Operations 
Washington, D.C. .20590 

Reply to 
Attn of. HHO-12 

TO: Regional Federal Highway Administrators 
Direct Federal Program Administrator 

Attached for your use are two copies of a technical paper on the benefits of 
using dowel bars in PCC pavements. 
be used on all pavements, 

This paper suggests that dowel bars she;:: 
except possibly those with low truck volumes. 

paper also points out the need for proper installation if the benefits of the 
dowels are to be realized. Many States are experiencing premature deterioration 
of their undoweled PCC pavements. In these cases, we encourage the field offices 
to work with the States in evaluating the merits of dowel bars. 

We suggest that a copy of this paper be forwarded to each division office. 
We appreciate the efforts of the regional offices in reviewing the draft of 
this paper. If you have any questions concerning this paper, or wish to offer 
information relating to recent field experience with the installation of dowel 
bars, please contact Mr. David Law at FTS 366-1341. 
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TECHNICAL PAPER 89-03 -- Benefits of Using Dowel Bars 

Over the past few years, Pavement Division personnel have 
reviewed several sections of undoweled PCC pavements. In 
general, these pavements have experienced a level of 
deterioration due to faulting that is significantly greater than 
that found in comparable sections of doweled PCC pavements. This 
finding has led to a concern over the design and construction of 
undoweled pavement sections. The purpose of this brief paper is 
to illustrate the benefits of using dowels on jointed PCC 
pavements, 
of trucks. 

particularly on those routes carrying a large number 

For jointed PCC pavements to perform satisfactorily, traffic 
loads must be effectively transferred from one slab to the next. 
Without adequate load transfer, the pavement is subjected to a 
variety of distresses, such as pumping, faulting, and corner 
breaks. There is considerable disagreement on how load transfer 
should be obtained. One school of thought is to rely on 
aggregate interlock in combination with short joint spacings, 
skewed joints, and stabilized subbases. The other school of 
thought is to rely on load transfer devices, such as dowel bars. 

Aggregate interlock is ineffective at crack widths greater than 
0.035 inch. A smaller crack width, generally 0.025 inch, is 
considered necessary for satisfactory long-term performance of 
undoweled pavements. An Iowa DOT study"' of undoweled pavements 
concluded that "from measurements of joint openings it appears 
doubtful that aggregate interlock is maintained even by joints 
spaced at 20 ft." 
joint, 

When measured beneath the sawed portion of the 

inch. 
over 90% of the joints had crack widths in excess of 0.06 
In order to limit crack widths to 0.035 inch over a 

temperature range of 60-80 Fahrenheit degrees, joint spacings in 
the range of 6 to 11 feet are'needed. 
considered practical. 

Such a spacing is not 
Properly sized dowels, on the other hand, 

provide effective load transfer at reasonable joint spacings. 
Maximum joint spacings of 15-20 ft. and 30-40 ft. are recommended 
for plain and reinforced pavements respectively. 

The use of dowels has been shown to reduce faulting. 
DOT study'2' 

A Florida 
concluded that "doweled contraction joints fault less 

than non-doweled contraction joints." 
project on I-85 found that 

A Georgia DOT studyc3' of a 
"dowel bars were effective in reducing 

the faulting at the contraction joints." The Wisconsin DOT 
conducted a condition surve T the findings of this studyc4 

of their Interstate system. One of 
was that "building nonreinforced 

concrete pavements with additional thickness (2-3 inches) in lieu 
of using positive load transfer devices (dowel bars) at 
transverse contraction joints is not successful in preventing or 
reducing joint faulting to an acceptable level during a 
pavement's life." Faulting at the joints was notably absent 
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during the AASHO Road Test. One transverse joint faulted 
seriously, but investigation showed that the joint had been 
accidently sawed at some distance beyond the end of the dowel. 
Over the two-year test period, there were no other cases of 
measurable faulting at the joints, all of which were doweled. 
Based on road tests performed at the NARDO track in Italy, the 
XVIII World Road Congress reported that dowels significantly 
increased the pavement service life"' 

Dowels reduce deflections at the joint, which in turn reduce the 
magnitude of concrete flexural stresses. These deflections and 
stresses are reduced due to the load being more effectively 
shared with the adjoining slab through shear and bending stresses 
in the-dowel itself. Reduced concrete flexural stresses increase 
the fatigue life of the pavement and thus extend its service 
life. A theoretical analysis indicates that a 10" doweled slab 
with 80% load transfer will have the same deflection as a 12" 
undoweled slab with only 40% load transfer. Dowels can also 
reduce the potential for premature failure due to comer breaking 
caused by loss of,subgrade support through pumping. 

When dowels are properly designed and installed, they can reduce 
faulting and increase the pavement's se-ice life. When they are 
not, dowels can cause premature failure of the pavement in the 
vicinity of the joint. Dowels too small in diameter to handle 
the necessary stresses have resulted in premature joint failures. 
Excessive concrete bearing stresses have crushed the concrete 
around the dowels and allowed faulting to occur. Considerable 
research has been performed recently which supports the use of 
larger bars (l-1/4 to l-1/2 inch). The AASHTO Guide for Design 
of Pavement Structures recommends a dowel diameter of l/Sth the 
pavement thickness, with the dowels placed near the center of the 
slab to minimize bending stresses. Most States are currently 
using, as a minimum, l-1/4 inch diameter bars, with good results. 
Most States are using dowels 18 inches long spaced at 12 inches 
and are reporting no problems. 

Dowels should also be corrosion-resistant. The use of epoxy- 
coated or stainless-steel dowels has been shown to provide the 
necessary resistance to corrosion. It is important that a bond- 
breaker be applied to the dowels to allow the slabs to freely and 
independently expand and contract without developing restraint 
forces. This bond-breaker should be applied to provide a thin 
but uniform coating. 

Many of the past performance problems associated with doweled 
joints were the result of excessive joint spacings, ranging from 
60 to 100 ft. The trend to plain doweled slabs with joint 
spacings of 15 to 20 ft. eliminates many of these problems. 
Shorter joint spacings result in smaller crack widths, which 
reduce the stresses acting on the dowels. The shorter spacing 
also reduces slab movement, which makes dowel alignment less 
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critical, as the restraint forces due to misalignment are 
directly proportional to the'amount of slab movement. In 
addition, the effect of two slabs acting as one as the result of 
a locked or "frozen" joint is not as severe for the shorter slab 
lengths. 

In order to perform satisfactorily, dowels must also be 
reasonably aligned. The prevailing practice is to specify dowel 
alignment tolerances on the order of 1 percent, or roughly 1/8- 
inch,per foot. 
the dowels being 

This frequently results in a high percentage of 
"out of specs@' and gives the impression that 

obtaining proper dowel alignment is very difficult. Studies(6'(7' 
suggest that the alignment tolerances can be relaxed. FHWA now 
recommends an alignment tolerance of l/4 inch per foot and will 
be evaluating the possibility that these tolerances can be 
further relaxed. It is recognized that the problems with 
misaligned dowels are generally the result of gross misalignment 
occurring during concrete placement. Equipment to precisely 
measure compliance with alignment tolerances after concrete 
placement are not readily available. However, it is recommended. 
that the completed pavement joints be inspected using a metal 
detector to verify that no significant dowel misalignment has 
occurred. 

The use of mechanical dowel bar inserters holds promise for the 
improved installation of dowel bars. 
Zimmerman and Gomaco, 

Two manufacturers, Guntert- 

automatic inserters. 
have developed and are marketing new 
It is their claim that these inserters are 

capable of placing dowels more efficiently and at less cost than 
basket assemblies without sacrificing placement accuracy. 

Construction Technology Laboratories was recently retained to 
monitor the results of the placement of dowels using these new 
machines. The Guntert-Zimmerman inserter was evaluated on 
projects in Texas and Wisconsin and the Gomaco inserter was 
evaluated on an Idaho project. The placement of dowels using 
basket assemblies was also monitored in Texas and Wisconsin, 
Preliminary findings indicate that the inserters placed the 
dowels with approximately the same accuracy as dowels placed 
using basket assemblies. Cost figures from the Wisconsin study 
indicate that a savings of approximately $ 0.35 per sq. yd. of 
concrete pavement was obtained by using the dowel implanter in 
lieu of dowel baskets. 

The use of dowels is strongly encouraged on all pavements except 
possibly those with very low truck volumes. Dowels can provide a 
higher serviceability level over a longer period of time than 
pavements relying only on aggregate interlock for load transfer. 
Dowels can minimize pavement distress caused by overloads or 
heavier loads travelling by permit. 
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TECRWICAL PAPER 89-04 -- PREFORMED COMPRBBSIO# SEALS FOR PCC 
PAVEMENT JOIRTS 

Joint sealants for jointed concrete pavements are intended to 
prevent, or at least deter, the intrusion of water and 
incompressibles into the joint and pavement structure. Water 
entering a joint can lead to pumping and faulting, while 
incompressibles in a joint can cause spalling and blow-ups. A 
joint sealant must be capable of remaining in firm contact with 
the concrete at the faces of the joint while withstanding 
repeated expansion and contraction of the pavement slabs due to 
thermal variations. There are two types of joint sealants which 
are currently recognized as having the potential for satisfactory 
long-term performance. These are the preformed compression seals 
and the low-modulus silicones. The purpose of this technical 
paper is to discuss key factors in the design and installation of 
the preformed compression seals. 

DESIGN: Preformed compression seals should be designed so that 
the sealant will be in compression at all times. These seals are 
typically manufactured from a neoprene compound and factory 
molded into a web design. The seal is compressed and inserted 
into the pavement joint. These compressed webs exert an outward 
force which keeps the seal tightly pressed against the joint 
faces, thus effectively sealing the joint. 
seals are in compression, 

As long as these 
they will generally be effective. If 

compression is lost, they will fail. It is essential to maintain 
a good uniform seal between the joint faces and the compression 
seal. 

Generally, compression seals function best when compressed 
between 20 percent and 50 percent of their nominal width. This 
range will vary slightly with manufacturer and the seal 
dimensions. Compressive forces less than 20 percent may not be 
sufficient to hold the sealant in place. If the seal is exposed 
to compressive forces greater than 50 percent for an extended 
period of time, it may undergo a compression set. Compression 
set occurs when the seal doesn't recover to its initial position. 
Once it undergoes compression set, the seal will not expand as 
the joint opens, resulting in a total loss of compression and 
joint sealant failure. 

When designing joints using compression seals, the anticipated 
joint movement, the uncompressed width of the compression seal, 
and the joint width must all be determined. The first step is to 
determine the anticipated joint movement, using the following 
equation: 

where: 
. A= = CL * (aAT+r) 

AL is the anticipated amount of joint movement. 
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C is the slab/subbase frictional restraint factor 
(0.65 for stabilized subbases, 0.8 for granular 
subbases). 
L is the joint spacing, in inches. 
a is the PCC coefficient of thermal expansion 
( 4.5-6.5 x10*). This coefficient is primarily 
affected by aggregate type. It generally ranges 
from 5x10d/'F for the carbonaceous aggregate mixes 
to 6x10d/*F for the siliceous aggregate mixes. 
For further information, see Reference #l, pages 
151-152. 
AT is the maximum anticipated temperature range, 
generally the mean maximum daily temperature for 
the hottest month minus the mean minimum daily 
temperature for the coldest month. 
E is the shrinkage coefficient of concrete 
(0.5-2.5 ~10~). This factor is ignored on 
rehabilitation projects, as drying shrinkage has 
already taken place. 

-., 

The second step is to select the uncompressed width of the 
compression seal. The sealant manufacturers have information 
available which should be used in this selection process. If AL 
is the amount of joint movement and W is the width of the 
uncompressed seal, then AL-i-W should be less than or equal to the 
allowable movement of the compression seal. This range of 
allowable movement should be obtained from the sealant 
manufacturer and typically varies from 50 percent maximum 
compression to 20 percent minimum compression. If AL+W is too 
large, then either the amount of joint movement should be reduced 
by decreasing the joint spacing or the width of the compression 
seal should be increased. The width of the uncompressed seal can 
be determined from the following equation: 

W 2AL + (C, - C,,J 

where: 

W is the width of the uncompressed seal. 
AL is the anticipated amount of joint movement. 
p is the maximum recommended compression of the 
seal, as a decimal (typically 0.5). 
& is the minimum recommended compression of the 
seal, as a decimal (typically 0.2). 

The final step is to select the joint width, based on the width 
of the compression seal and the anticipated temperature of the 
pavement at the time of sealant installation. (This need only be 
a rough estimate.) An approximate installation temperature is 
necessary so that the compression seal can be installed at the 
proper compression. Warmer installation temperatures necessitate 
greater initial compression, as the pavement is closer to its 
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maximum expansion. This will allow the seal to remain 
sufficiently compressed during cold weather. Conversely, cooler 
temperatures require a lower initial compression, as the pavement 
is nearer its maximum contraction. This will prevent the seal 
from undergoing excessive compressive forces during hot weather. 
The width of the joint sawcut can be determined from the 
following equation: 

SC = (1 - PC) * w 

where: 

SC is the width of the joint sawcut. 
PC is the percent compression of seal at 
installation, expressed as a decimal. 
W is the width of the uncompressed seal. 

PC = CM + 
Pa 

11 
Maximum temp - Min temp 

temr, - Min temp] * (Gn - Cmh) 

It should be pointed out that this procedure is approximate: saw blades and compression seals are only available in a limited 
number of widths. 
precise 

This design procedure is not dependent upon, 

widths. 
temperature predictions and minute variations in joint 

Since the pavement temperature at the time of seal installation 
is not known at the design phase, it is recommended that the 
design be flexible enough to allow for installation of 
compression seals over a wide range of temperatures. This can 
best be achieved by reducing the joint spacing, preferably to 30 
feet or less, as shorter joint spacings significantly reduce the 
amount of joint movement. Selecting a compression seal one or 
two sizes larger than the minimum required by AL+W will reduce 
the sensitivity of the design to the installation temperature. 
Regardless, it may still be necessary to either vary the joint 
width to account for the pavement temperature at the time of seal 
installation or to prohibit the installation of compression seals 
during certain temperatures (i.e., less than 45’F). 

Differential vertical movements at the joint also affect seal 
performance. The greater the vertical movement, the greater the 
potential that the seal will 81walk'1 up and out of the joint. 
Doweled joints will reduce vertical movements and are recommended 
when using compression seals. 

Compression seals should not be used within 100 feet of expansion 
joints. Joints near expansion joints can be expected to expand 
sufficiently to allow these seals to loosen and pop out. 
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. ST-ON. Proper construction techniques must be followed to 
ensure that the compression seals will perform as intended. 
Improper installation procedures are a primary cause of premature 
failures of these seals. Close attention must also be paid to 
the manufacturer's recommendations. 

The joint faces must be vertical, 
itself up and out of the joint. 

so that the seal does not work 
Any spalls at the joint should 

be patched prior to installation of the compression seal. 
(Spalls less than l/4-inch may remain; however, the seal should 
be recessed sufficiently to avoid the spalled area.) 
Irregularities in the joint width could reduce the pressure on 
the seal to the point that it would no longer remain in 
compression. 

It is recommended that the concrete surfaces at the joint be dry 
prior to installation of the compression seal. 
be air-blasted to remove any debris. 

The joint should 
Both the air temperature 

and the temperature of the pavement should be above freezing. 
Prior to installing the compression seal, a lubricant-adhesive 
should be applied to either the joint faces or the seal. 
material primarily serves as a lubricant to facilitate the 

This 

installation process. 
adhesive, 

This material also cures to form a weak 

However, 
which helps keep the seal at the proper height. 

it does not provide any tensile strength. 

The compression seal should be adequately recessed, so that it 
won't be damaged by traffic. 
reduce spalling. 

The joint edge may be beveled to 
A l/4-inch radius bevel or a l/b-inch straight 

bevel is sufficient. The compression seal should be recessed 
approximately l/a-inch below the bottom of the bevel. 
joint edge is not beveled, 

When the 
the seal should be recessed from 

l/a-inch to 3/8-inch beneath the top of the slab. The seal may 
be recessed up to l/a-inch if grinding of the concrete pavement 
is anticipated in the future. While this additional depth should 
prevent the seal from being damaged by the grinding operation, it 
may allow incompressibles to accumulate and cause spalling. 
joint resenroir should be deep enough to allow the seal to be 

The 

compressed without extruding to an elevation where it will be 
exposed to traffic. 

Care should be taken to not stretch the seal during the 
installation process. A stretched seal will not perform as well 
or as long as a properly installed seal. The seal should also 
not be twisted, as intimate contact must be maintained between 
the seal and joint faces over the full length of the seal. Most 
compression seal manufacturers have developed installation 
equipment which do not stretch, twist or damage the seals. This 
type of equipment should be used. 
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When sealing a width of two lanes or less, splices should not be 
permitted. When sealing more than two lanes, one splice may be 
permitted; however, the contractor should closely follow the 
manufacturer's recommendations for splicing. 

Close inspection of the installation procedure is necessary to 
ensure that the seals will perform as intended. The inspector 
should verify that the pavement joint is sawed to the proper 
width and depth, and that the compression seal is the correct 
width prior to commencing sealing. The tolerance for the joint 
width should be + l/16-inch. During the installation process, 
the inspector should verify that the seal is not being stretched. 
This can be done by comparing the distance between two marks on 
the surface of the seal measured before and after installation. 
The inspector should also visually inspect the compression seal 
to ensure that it has 
adequately recessed. 

not been twisted-or damaged,-and is 

. s-y. If properly designed and installed, preformed 
compression seals have the potential to provide excellent 
performance over an extended period. It is not uncommon to find 
compression seals more than 10 years old still performing as well 
as newly installed seals. To ensure this type of performance, 
both the width of the pavement joint and the pavement temperature 
at the time of installation need to be coordinated with the width 
of the compression seal. The joint should be designed and 
constructed so that the compression seal will function entirely 
within the manufacturerls recommended operating range, generally 
20 percent to 50 percent compression of the uncompressed seal 
width. This may necessitate that seal installation be prohibited 
during certain extremes in pavement temperature. Satisfactory 
joint sealant performance is dependent upon good construction 
procedures and proper inspection. 
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SAMPLE DESIGN CALCULATIONS: The design of compression seals is a 
simple procedure. The following examples show how a design 
process could be used. 

EXAMPLE A: 

A State wants to use preformed compression seals on all new PCC 
pavement projects. Their standard design calls for a 60-foot 
joint spacing on a granular base. The expected temperature range 
is from 14'F to 90'F. 

Step 1 - Determine the anticipated joint movement. 
AL = CL (aAT + E:) 

= ( 0.8 )( 60 * 12 )[ ( 5.5*10* ) ( 76 ) + ( l.O*lO* ) ] 
= 576 ( 4.18*10d + l.O*lO‘* ) 
= 0.3 inch 

Step 2 - Select width of uncompressed seal. 

(This particular sealant manufacturer recommends an 
operating range of 55 percent to 20 percent) 

W 2AL + (C, - C,) 
2 0.3 + ( 0.55 - 0.20 ) 
1: 0.3 + 0.35 
2 0.86 inch 

use W = 1 inch 

Step 3 - Select width of sawcut. 

PC = c* + rusta11 . temr;, - *ln tem 1;1 Maximum temp - Min temp * (Cma - Glh) 

Sc=(l -Pc)*W 

Case 1: Installation temperature = 80'F 

PC = 0.2 + [ ( 66 i 76 ) * ( 0.55 - 0.2 ) ] 
- 0.2 + ( 0.87 ) * ( 0.35 ) 
- 0.50 

SC =(l- 0.5 ) * 1 
= 0.5 inch 

Case 2: Installation temperature = 40'F 

PC = 0.2 + [ ( 26 + 76 ) * ( 0.55 - 0.2 ) J 
= 0.2 + ( 0.34 ) * ( 0.35 ) 
= 0.32 

SC =(l- 0.32 ) * 1 
= 0.68 inch 
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BXAHPLB B: 

The State elects to change their design by reducing.the joint 
spacing to 30 feet. 

Step 1 - Determine the anticipated joint movement. 

AL is directly proportional to L; 
decreases AL by 50 percent. 

decreasing L by 50 percent 

AL= 0.15 inch 

Step 2 - Select width of uncompressed seal. 

w 2 AL + (C, - C,) 
> 0.15 f ( 0.55 - 0.20 ) 
2 0.15 i 0.35 
2 0.43 inch 

use W = 0.688 inch ( a larger size than necessary ) 

Step 3 - Select width of sawcut. 

PC = c* + Install 
C 

temr, - Min temx, 1 Maximum temp - Min temp * (%a - Gin) 
Sc=(1-Pc)*W 

Case 1: Installation temperature = 80'F 

PC = 0.2 + [ ( 66 i- 76 ) * ( 0.55 - 0.2 ) ] 
= 0.2 + ( 0.87 ) * ( 0.35 ) 
= 0.50 

SC =(l- 0.5 ) * 0.688 
= 0.344 inch 

Case 2: Installation temperature = 40-F 

PC = 0.2 + [ ( 26 + 76 ) * ( 0.55 - 0.2 ) ] 
- 0.'2 + ( 0.34 ) * ( 0.35 ) 
= 0.32 

SC =(l- 0.32 ) * 0.688 
= 0.47 inch 
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Because a larger Seal was used, would a sawcut width of 
0.375 inch work regardless of the temperature at 
installation? 

Case 1: Insufficient compression 

(Seal width - Max. joint opening (JO,) ) + Seal width = C,,, 
( 0.688 - JO, ) + 0.688 = 0.2 

JO, = 0.688 - ( 0.2 ) ( 0.688 ) 
J%R = 0,55 inch 

JQUI - SC = allowable movement 
0.55 - 0.375 = allowable movement 
0.175 inch = allowable movement 

0.175 inch 1 0.15 inch (anticipated joint movement) 
The seal will not be undercompressed. 

Case 2: Compression set 

(Seal width - Min. joint opening (JO,)) i Seal width = C, 
( 0.688 - JO- ) + 0.688 = 0.55 
JOrr,n = 0.688 - ( 0.55 ) ( 0.688 ) 
JOti - 0.31 inch 

SC - JO* - allowable movement 
0.375 - 0.31 = allowable movement 
0.065 inch = allowable movement 

0.065 inch ( 0.15 inch (anticipated joint movement) 
The seal may undergo compression set. 

The acceptable installation temperature range 
= [ allowable movement + total movement ] * temp range 
= ( 0.065 + 0.15 ) l 76’ 
- 33’ 
90’ - 33’ = 57’ 

The seal will not undergo compression set so long as 
the joint is sawed and sealed when the pavement 
temperature is greater than 57.F. It iS recommended 
that the specifications be revised to limit the 
installation operation to temperatures above 57.F or 
the design revised to provide a shorter joint spacing. 
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sublect Examination of Cores from Kansas I-70 Da’e AL 2 5 1969 

Ffm Chief, Pavement Division 
Uashington, D.C. 20590 

lo Mr. Thomas 3. Ptak, 
Deputy Regional Federal Highway Administrator HEO-07 
Kansas City, Missouri 

Attached is Dr. Stephen Forster's report on the examination of the concrete 
cores from Kansas I-70 east of Abilene (Kansas Project No. 70-21 K-2588-01). 
Dr. Forster did not find any evidence of "D" cracking of the aggregate or 
alkali-aggregate reactivity. The crack faces appear rough enough to provide 
load transfer if the cracks remain tight. However, the cracks in these cores 
have opened to the point where load transfer has been 1 ost and the cracks are 
working. 

We are observing a significant number of jointed reinforced concrete pavements 
(JRCP) with working cracks. The two factors believed to be the primary cause 
of working cracks in JRCP are corroded and locked up dowel bars and inadequate 
reinforcement. The introduction of epoxy coated dowels has reduced the risk 
of dowel bar corrosion. However, the procedures used to determine the amount 
of reinforcement in JRCP are not adequate. 

Reinforcement for JRCP is designed using the subgrade drag theory. The 
procedure does not consider the crack aggregate interlock capability or the 
repeated shear loads from traffic. Also, the subgrade drag theory does not 
directly consider climatic effects. In the absence of a good design procedure 
for the reinforcement in JRCP, we believe the following conclusion from an 
ongoing research study "Performance/Rehabilitation of Rigid Pavements" 
provides good guidance: 

nT;:, amount of reinforcement appeared to have an effect in controlling 
the amount of deteriorated transverse cracking. Although often 
confounded by the presence of corrosion-resistance dowel bars, pavement 
sections that contained more than 0.1 percent reinforcing steel 
exhibited less deteriorated transverse cracking; sections with less than 
that amount often displayed a significant amount of transverse cracking, 
particularly in cold climates. A minimum of 0.1 percent reinforcing 
steel is therefore reconmtended, wither amounts required for harsher 
climates and longer slabs." 

3.4.1 



Based on Kansas Standard Plan 707.2, it appears there was approximately 
0.07 percent reinforcing steel in the Kansas I-70 pavement. Ye recotmnend 
that the State consider increasing the amount of reinforcing steel cm future 
projects. 

Correction of working cracks is a very costly process. The available 
alternatives include installation of retrofit dowels and full-depth patching. 
If the retrofit dowel technique is used, the work should be performed before 
the cracks start to deteriorate. 
each wheelpath. 

A minimum of three dowels is required in 
The cost per dowel should be in the range of $30 to $70, 

depending on the quantities, labor costs, and hardness of the aggregate. When 
the full-depth repair option is selected, work should be performed after the 
distress begins to have a serious impact on pavement serviceability. The use 
of full-depth patching after the distress has occurred is generally the 
preferred alternative for several reasons: (1) It is difficult to predict 
whether the working cracks will result in a significant reduction in pavement 
serviceability. (2) If the rate of serviceability loss is low, the full-depth 
patching can be performed at the same time future rehabilitation needs are 
addressed. 

Attached is a copy of the latest draft of the report for the research project 
"Performance/Rehabilitation of Rigid Pavements.n Also attached is information 
on retrofit dowel bar installation. 

Please contact Mr. John Hallin at 366-1323, if you have any questions 
concerning these comments. 
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U.S. Depume- 
d Tfunswrranon 
Faderd wghway - 
Admlnlstfutlon 

Memorandum 

EJC t?lcI Dowel Bar Inserters >ore February 23, 1996 

+,, Chref. Pavement Division ?evv :o Ann. zl- HNG-40 

Tj: Regional Administrators 
Federal Lands Highway Program Administrator 
Attention: Regional Pavement Engineers 

By a March 6, 1990, memorandum, Mr. Louis Papet provided a copy of a Wisconsin 
Department of Transportation report on “Dowel Bar Placement: Mechanical Insertion 
Versus Basket Assemblies.” Since that time, there appears to have been poor acceptance 
of the use of dowel bar inserters. A recent draft NCHRP report noted that 8 States allow 
the use of inserters, 13 States allow it as an acceptable option, and 20 States do not allow 
their use. 

This technique has been used exclusively In some European countries for ove,r 20 years - 
with sattsfactory dowel placement results. We believe all States should be encouraged to 
make thrs an allowable option in their specifications. We continue to encourage checking 
of dowel tolerances by probing through the fresh concrete early during the project and 
periodically as the work progresses. We also continue to recommend that when either 
baskets or inserters are used, the location of the dowels in the completed pavement be 
verified using metal detectors, pachometers, and cores. 

If you have any comments or quest ens please contact Mr. John Hallin at (202) 366-1323 
or Mr. Roger Larson at (202) 366-l 326 

T. Paul Teng, P.E. / ’ 
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Memorandum 

SlJbJect- Dowel Bar Inserters Date 

MAR 619?30 

Chief, Pavement Division 
Reply to 

From Attn 01. HHO-12 
Uashington, D.C. 20590-0001 

To: Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Attention: Pavement Engineers 

Attached for your information is a copy 
Department of Transportation (WDOT) ent 

of a report prepared by the Wisconsin 
itled *'Dowel Bar Placement: Mechanica 1 

Insertion Versus Basket Assemblies." This study found that dowel placement 
accuracy achieved with the mechanical inserters equaled or surpassed the 
accuracy achieved with basket assemblies. As a result, the WDOT now permits 
the use of mechanical dowel bar inserters on construction projects. 

Wisconsin's evaluation of dowel placement accuracy was based on their 
specification, which permits an alignment tolerance of l/2-inch per dowel. 
This is slightly greater than the l/4-inch per foot (3/8-inch per dowel) 
recommended in our May 17, 1989, Technical Paper 89-03, Benefits of Using 
Dowel Bars. Wisconsin is using a joint spacing of 12-13-19-18 feet and has 
not reported any distress which would indicate dowel alignment problems. As 
pointed out in Technical Paper 89-03, we are continuing to evaluate the 
specification tolerances for dowel al igrunent. 

We concur with the WDOT's conclusion that: "The initial set-up of the dowel 
bar inserter with respect to depth of dowel placement is critical at the start 
of each project, and dowel depths should be verified by probing through the 
fresh concrete." We also recommend that when either baskets or inserters are 
used, the location of the dowels in the completed pavement be verified using 
metal detectors, pachometers, and cores. 

If you have any questions or comments, please contact Mr. John Hallin at 
366-1323. 
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BOWEL BAR PLACEMENT: 
MECHANICAL INSERTION 

VERSUS BASKET ASSEMBLIES 

FINAL REPORT 

MARCH 1989 
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Dowel Bar Placement: 
pechanical Insertion Versus Basket Assemblies 

Final ReDOrt 

Project I.D. 0624-32-08 
Study No. 88-10 

WorkDlan and Project Coordination bv: 
Ashwani I<. Sharma 

Research Project Engineer 

A *Is S’ 

James M. Parry, P.E. 
Pavement Monitoring Engineer 

February 1989 

Wisconsin Department of Transportation 
Division of Highways and Transportation Services 

Central Office Materials 
Applied Research and Pavement Management Sections 
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ABSTIUCT 

A mechanical dowel bar inserter was used on three highway 
construction projects in Wisconsin in 1987 and 1988. Coring was 
performed on these projects, and on three projects where dowel 
basket assemblies were used, to determine the dowel placement 
accuracy of both techniques. Study results indicate that the 
dowel placement accuracy achieved with the mechanical inserter 
equaled or suroassed the accuracy achieved with basket -- 
assemblies. Based on the results of this study, the mechanical 
dowel bar inserter will be allowed as an equal alternate to 
basket assemblies on 1989 construction projects in Wisconsin. 

There were some problems on the initial projects where'the 
mechanical inserter was used, including 
dowels, 
location 

isqper ocation of sawed 
of the dw 

'oints with res-t to the ---- 
onhe dowel bars. 

and voids ln the concrete above the ends 
However, with continued refinement of 

construction techniques by the contractors and careful inspection 
by WisDOT construction personnel, it is believed that these 
problems associated with the new technology can be reduced or 
eliminated on future projects. 
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INTRODUCTION 

Traditionally, the dowel bars at Portland Cement Concrete (PCC, 
transverse pavement joints have been placed using wire basket 
assemblies, which are staked to the base prior to paving. Dowel 
basket assemblies are expensive, and their placement is labor 
intensive. For at least three decades, contractors and equipment 
manufacturers have been trying to develop a piece of paving 
equipment which can accurately place dowels in the plastic 
concrete at transverse joints, to eliminate the need for dowel 
baskets. 

In the days of side form paving, a machine was developed and used 
in several states that was doing an acceptable job of vibrating 
dowels in ahead of the final finishing machine, but with the 
advent of slipform paving this machine proved unsatisfactory. If 
the dowels were placed between the spreader and the slipform, the 
dowels tended to settle or move horizontally when the slipform 
passed over them. If the dowels were vibrated in behind the 
slipform paver, there was a depression at the joint location 
which could not be removed by hand finishing with a 
straightedge.(l) 

In recent years many states, including Wisconsin, are specifying 
dowels in all transverse joints on heavily trafficked PCC 
pavements, due to excessive faulting which has occurred on 
existing pavements without dowels. 
now also commonly used, 

Shorter joint spacings are 

mile of pavement. 
which require many more dowel baskets & 

These changes in design policy have stimulated 
even greater interest in developing a mechanical dowel bar 
inserter that will work with a slipform paver. 

For several years a mechanical dowel bar inserter made by Guntert 
C Zimmerman has been used in Europe with reported success. A 
Wisconsin paving contractor purchased one of these machines, and 
was granted an opportunity to use it on an experimental basis on 
a project on I-90 at Janesville in 1987. 
Laboratories, Inc., of Skokie, 

Construction Technology 
IL (CTL) was retained to conduct a 

study of the dowel placement accuracy of the inserter versus 
baskets on the Janesville project, using a ground penetrating 
radar system. 

The report from this study was reviewed by WisDOT staff, and the 
study results were found to be inconclusive. This was 
principally due to sh&tcomings of the ground penetrating radar 
technology used in the study. The problems included lack of 
precision of the measurements for some of the dowel placement 
parameters, and marginal correlation between the radar data and 
coring results. Consensus opinion of the WisDOT staff was that 
additional investigation was needed before the dowel inserter 
could be approved for general use. 

Numbers in parentheses denote references given at end of repor 
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In July of 1988 this need for additional information was 
addressed when the workplan for the current study was developed. 
Cdring was chosen as the method to be used for evaluation of 
dowel location despite the destructive nature of the testing, 
because of the precise and accurate results which could be 
obtained. Two additional pavements were constructed using the 
dowel inserter in 1988, so a more broad-scaled investigation was 
now possible. The purpose of the current study is to determine 
whether the dowel bar inserter is acceptable as an equal 
alternate to dowel baskets for future WisDOT paving projects. 

The report by Construction Technology Laboratories, entitled 
"Field Evaluation of Dowel Placement along a Section of I-90 Near 
Janesville, Wisconsin", which was the final report for the radar 
study, will be hereafter refered to as the CTL report.(a) 
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SAMPLING AND CORING PROCEDURES 

Number of Projects: Since three dowel inserter projects were 
available for evaluation, three additional independent projects 
using dowel baskets were also selected for this study. The 
comparison section with dowel baskets on the I-90 Janesville 
dowel inserter project was not included in this study due to 
reports from field personnel that unusual care k'as taken in 
placing the baskets on that project. The six projects that were 
selected for this study are described in Table 1. 

Wmber of Dowels ner Proiect: To achieve good statistical 
reliability while keeping costs and coring damage down to a 
reasonable level, 
was selected. 

a nominal sample size of 90 dowels per project 

Jocation of Test Joints: The test joint locations on each 
project were selected in such a manner so that a representative 
sample would be collected. The optimum procedure would have been 
to select joints at random intervals throughout the project, but. 
traffic control cost constraints dictated the need to concentrate 
the testing in limited test sections. Three test sections were 
designated for each project. The test sections were located a 
mile apart, 
project. 

and were located in the central portion of the 
Spreading the test sections out in this manner assured 

that all test joints would not fall in a single isolated problem 
area of the project. Central location of the test sections on 
the project assured that samples would not be taken near the ends 
of the project, where "start-up" paving problems typically occur. 
The location of the starting points for each of the test sections 
on each of the projects are given in Table 2. 

A total of 15 test joints were designated in each test section. 
To assure equal rotation through the C-joint repeating random 
skewed joint spacing pattern, every third joint in the test 
section was designated as a test joint. 

Location of Test Dowels in Test Joints: At each test joint, one 
dowel was tested in the passing lane, and one dowel was tested in 
the driving lane. This was done to assess the relative placement 
error as it varied across the test joint. On the South Madison 
Beltline project, which had three lanes per direction, testing 
was confined to the two adjacent lanes (closest to the median) 
which were paved simultaneously with the dowel bar inserter. 

The lateral position of each of the dowels across the pavement 
was identified by numbering the dowels for each lane in ascending 
order from the shoulder to the longitudinal joint between the two 
lanes, as shown in Figure 1. The lateral position of the test 
dowels for all successive test joints on a project was determined 
by rotating through the random number sequence shown in Table 3. 
This assured even representation in the sample for all dowel 
positions across the lanes. 
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Corinu Procedure: A metal detector was used to locate the 
designated test dowel at the test joint. 
holes, 

Partial depth core 
centered over the ends of the dowel, were then drilled 

down to the depth of the dowel. The concrete core was then 
snapped off at the depth of the dowel, exposing the upper portion 
of the ends of the dowel bar for location measurements. 

Measurements Collected for Test Dowels: The following 
measurements were collected for each end of each test dowel. 

Vertical oosition: The distance from the top of the dowel 
end to the pavement surface was measured directly with a 
tape measure, either from the core or the core hole. These 
measurements were used to determine the average depth and 
vert?cal rotation of the dowels. 

Lateral mosition: The distance from the center of the dowel 
end to the shoulder edge of the lane was measured using the 
following procedure. A two-foot carpenter's level was 
fitted with a custom-built tripod with leveling screws. A 
small black mark was made at the center of the dowel end. 
To project a vertical line above the dowel center, the level 
was plumbed vertically and the edge of the level was sited 
in to line up with the mark on the dowel. An eight-foot 
straightedge was laid longiza5inally at the shoulder edge of 
the pavement. A tape measure 7;as stretched transversely 
along the pavement surface from the siting edge of the level 
to the straightedge at the shoulder, and the resulting 
measurement was defined as the lateral position. These 
measurements were used to determine the horizontal rotation 
of the dowels. 

Lonaitudinal oosition: The distance from the end of the 
dowel to the sawn joint was measured using the following 
procedure. To project a vertical line above the end of the 
dowel, the same mounted carpenter's level was plumbed and 
sited in to line up with the end of the dowel. A tape 
measure was laid on the pavement surface directly over and 
parallel to the dowel from the siting edge of the level to 
the center of the sawn joint. The resulting measurement was 
defined as the longitudinal position. These measurements 
were used to determine the longitudinal offset from the 
center of the dowel to the sawn joint. 

Dowel Placement Parameters Evaluated: The four dowel placement 
parameters evaluated in this study are defined below. 

Note that lateral spacing of the dowels was not evaluated in this 
study, because consecutive dowels across a single joint were not 
cored. Lateral spacing is not an especially sensitive parameter, 
and previous WisDOT coring on basket projects and the CTL report 
on the Janesville inserter project both showed no problem with 
meeting the contract specification -(12" plus or minus 1") for 
lateral spacing. 
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The dowel placement parameters are illustrated in Figure 2. 

Vertical translation: This is defined as the average depth 
of the dowel, measured from the top of the dowel to the 
pavement surface. 

Vertical rotation: This is defined as the difference i,n 
depth (vertical position) between the opposite ends of the 
dowel. 

Horizontal rotation: This is defined as the difference in 
lateral position between opposite ends of the dowel. 

Lonoitudinal translat'on: This is defined as the 
longitudinaleen the midpoint of the dowel and 
the sawn joint. 
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PLACEMENT TOLERANCE SPECIFICATIONS 

The exact placement tolerance specifications used for this 
analysis are not critical, because the principal objective of 
this study is to compare the relative performance of the two 
dowel placement techniques. However, tolerance specifications do 
provide a useful frame of reference for this performance 
comparison, so the following specifications were used. 

Vertical Translation: Specifications for this parameter were 
included in the construction contracts for all six projects in 
this study. 
the dowels, 

The specifications consisted of a target depth for 
and an allowable range of deviation. 

1987 construction projects, 
For the two 

the I-90 Janesville project and the 
West Madison Beltline project, the target depth specified called 
for the dowels to be centered l/2 inch above the mid-depth of the 
slab. For the four 1988 construction projects, the target depth 
specified called for the dowels to be centered at the mid-depth 
of the slab. For the I-90 project, the allowable range of 
tolerance for dowel depth was plus or minus 1 inch from the 
target depth. The same tolerance ranges were used in this 
analysis for the other five projects in the study. 

Vertical Rotation: The tolerance specified in the CTL report for 
the I-90 project allowed l/2 inch of vertical deviation from the 
true longitudinal axis of the pavement. 
used for analysis of all of the projects. 

This same tolerance was 

Horizontal Rotation: The tolerance specified in the CTL report 
for the I-90 project allowed l/2 inch of horizontal deviation 
from the true longitudinal axis of the pavement. This same 
tolerance was used for analysis for all of the projects. 

Lonqitudinal translation: No specification was established for 
this placement parameter in the CTL report for the I-90 project. 
However,, it was cited in a recent FHWA publication that it was 
necessary to have 6 inches of dowel on each side of the joint for 
effective load transfer and joint life.(l) Dowels longer than 
12 inches are used in practice to allow leeway for joint sawing 
errors. Thus, for 180inch dowels, a longitudinal offset of 
3 inches in either direction is tolerable, and adequate load 
transfer is still provided. This tolerance was used for all 
projects in this analysis. 
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ANALYSIS OF PERFORMANCE 

The coring results and statistics are summarized in Table 4 fc 
all six projects. A detailed listing of all dowel locations 1 a 
measurements is provided in Appendix A. 

The types of analysis that were performed for each of the dowel 
placement parameters included the following areas. A basic 
analysis of averages and distribution densities was conducted 
using means and standard deviations, and these statistics are 
included in Table 4. 

Additionally, analysis was performed on the direction of 
deviation from the optimum dowel position (e.g. rotated left or 
right, rotated up or down, longitudinally offset forward or 
backward: with respect to the direction of paving). For all 
dowel placement parameters on all.projects, the data had 
approximately balanced normal distributions which were centered 
at or near the optimum dowel position. The lack of skewed 
distributions and lack of distributions centered well away from 
the optimum position indicate that the variation is due to normal 
random fluctuation of the two dowel placement methods. It 
indicates that no pervasive systematic problems exist in either 
of the dowel placement processes which would caused skewed data. 

Analysis of directional deviation of the dowel placement 
parameters versus the lateral position of the dowels across the 
roadway was also conducted. Again, for all placement paramete 
on all projects, the lateral position of the dowels across the 
roadway had no significant effect on the placement parameters of 
the dowels, indicating no pervasive systematic problems in either 
of the dowel placement processes. 

Vertical Translation: First, the distribution of dowel depths 
was examined. The standard deviations for the inserter projects 
(0.20" to 0.46") were comparable or smaller than those for the 
basket projects (0.35" to 0.57"), indicating that the inserter is 
capable of consistent depth placement of the dowels. This does 
not necessarily mean that the inserter is better in this respect 
than baskets, because the frame of reference is different for the 
two placement methods. The depth of the dowels was measured from 
the pavement surface down to the top of the dowels. Dowel 
baskets are staked to the base course, thus referenced to the 
bottom of the slab. As the thickness of the pavement varies 
along the length of the project (typically 1" or more 
fluctuation), the depth of the dowels, as measured from the 
surface, would vary directly with the fluctuation of the slab 
thickness. The placement of dowels by the inserter is referenced 
to the paver frame, and is thus more closely correlated with the 
pavement surface. Thus, fluctuation in pavement thickness should 
have little or no effect on dowel depths for the inserter 
projects. In conclusion, the dowel bar inserter is capable of 
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placing dowels in a satisfactory close distribution around a 
target depth. 

Second, the average placement depth of the dowels vas examined. 
The mean depth of placement for all of the inserter and basket 
projects was below the target depth specification. However, all 
of the projects except two had had at least 90% of the dowels 
placed within the allowable range of the depth specification. On 
one inserter project an-d one basket project, a significant 
percentage of the dowels were placed too deep to meet the maximum 
depth specification. 

On the South Madison Beltline project, where the dowel bar 
inserter was used, 39% of the sampled dowels were placed too deep 
to meet the maximum depth specification. Since the dowel bar 
inserter is attached to the frame of the paver, dowel placement 
is therefore referenced to the top of the slab, as discussed 
previously. Thus, placement depth, as measured from the top of 
the slab, should not be influenced by fluctuation in overall 
pavement thickness. It is then very probable that the inserter 
was set up incorrectly at the start of the project, and that the 
dowels were consistently placed too deep throughout the project. ' 
The target depth for the dowels was 0.8 inches higher than the 
mean depth measured. In conclusion, great care must be taken to 
set up the inserter for proper depth placement at the start of 
each project,-- and the setup should be verified by checking dowel 
depths in the fresh concrete during the early stages of paving. 

On the West Madison Beltline project, where dowel baskets were 
used, 39% of the sampled dowels were placed too deep to meet the 
maximum depth specification. Since the dowel baskets are staked 
to the base course, dowel placement is therefore referenced to 
the bottom of the slab, as discussed previously. Thus, placement 
depth, as measured from the top of the slab, would directly 
reflect fluctuations in overall slab thickness. The nominal slab 
thickness for this project, 
10 inches. 

which was used for the analysis, was 
Based upon the results of the pavement thickness 

quality control coring which was performed on the project, the 
average actual slab thickness was 10.6 inches in the southbound 
lanes, where the dowel test sections were located. The target 
depth for the dowels was 0.9 inches higher than the mean depth 
measured. This difference is only slightly greater than the 
additional slab thickness measured. Also, if this project had 
been constructed under the 1988 specifications, the target dowel 
depth would have been l/2 inch deeper, and only 6% of the dowels 
would have been too deep, based on nominal slab thickness. If 
the analysis were based on actual slab thickness, the out of spec 
figure would have been reduced even further. In conclusion, 
while the depth of concrete cover over the dowels fluctuates with 
pavement thickness on basket projects, the depth of concrete 
cover below the dowels remains predominantly consistent and 
adequate. 
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Vertical Rotation: At least 90% of the dowels were placed within 
the specification for vertical rotation on all inserter and 
basket projects. The mean rotation varied from 0.14 to 0.25 
inches on the individual p,rojects. In conclusion, the dowel bar 
inserter performed satisfactorily with respect to the vertical 
rotation parameter. 

Horizontal Rotation: At least 90% of the dowels were placed 
within the specification for horizontal rotation on all of the 
inserter projects. Somewhat surprisingly, 17% to 22% of the 
dowels on the three basket projects did not meet the specified 
limit of I/2 inch of horizontal rotation. The mean horizontal 
rotation for the inserter projects ranged from 0.21 to 0.26 
inches, while the mean for the basket projects ranged ranged from 
0.32 to 0.40 inches. In conclusion, the dowel bar inserter 
performed satisfactorily with respect to the horizontal rotation 
parameter, and was superior to basket performance. 

Lonaitudinal Translation- This parameter is mpre closely 
associated with the marking and sawing of joints than with the 
actual performance of the dowel bar inserter itself. However, 
whether placement is by inserter or baskets, it is imperative 
that the sawed joint is aligned properly with the midpoint of the 
dowels. The number of joints which were improperly aligned with 
the dowels ranged from 1% to 15% on the inserter projects, and 
from 1% to 22% on the basket projects. Hence, there is 
definitely room for improvement of the joint locating techniques 
used both on inserter and basket projects. An economical means 
by which to improve performance in this area would be to have 
available a magnetic rebar locator on all doweled FCC 
construction projects. This could be used to verify the location 
of the dowels relative to the pre-established locating marks, 
especially in the early stage of paving on a project, until the 
joint marking and sawing procedure is refined to an acceptable 
level. It was the experience of t? re 
for this study, 

field crew doing the coring 
that the position L ? the dowel ends could be 

accurately established (plus,or minus 1 inch) using a magnetic 
rebar locator. In conclusion, performance with respect to 
longitudinal translation needs improvement on both inserter and 
basket projects. 

Ride Quality: Concern has been expressed over adverse effects on 
the ride quality of pavements where dowel bar inserters are used. 
Pavement serviceability index (PSI) is measured on all newly 
constructed pavements in Wisconsin to assess the ride quality of 
these projects. These ride quality measurements are collected 
after diamond grinding has been completed to meet the California 
Profilograph based WisDOT smoothness specifications which are 
part of the construction‘contract. The total amount of original 
roughness on a project can then be qualitatively assessed as a 
combination of the final PSI, and the amount of grinding which 
was done to achieve that level of ride quality. It is important 
to remember that some or most of the roughness on a project may 
originate from paving problems which are independent of the dowel 
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bar inserter. 

On the first inserter project, I-90 at Janesville, an extensive 
amount of grinding was performed, and the final project PSI was 
only 3.6. Field inspection of this project revealed that, 
especially in the southern portion of the project, some of the 
existing roughness and grinding was related to the dowel bar 
inserter. In some unground stretches, cyclical distortion of the 
longitudinal profile was visually evident in synchronization with 
the pavement joints. In some ground stretches, cyclical 
variation of the depth of grinding was visually evident in 
synchronization with the pavement joints. However, the overall 
majority of roughness and grinding on the project appeared to be 
related to longer wavelength profile distortion, which is 
typically associated with other independent paving problems. 

On the second inserter project, USH 18/151 from Dodgeville to 
Mt. Horeb, a moderate amount of grinding was performed, and the 
final project PSI was 4.2. Field inspection of this project 
revealed that no significant amount of roughness or grinding was 
synchronized with the pavement joints. The roughness and 
grinding on this project appeared to be all related to longer 
wavelength profile distortion, 
paving problems. 

associated with other independent 
Some roughness on this project may have been 

caused by construction problems with the experimental open-graded 
base course which was used on portions of the project. 

On the third inserter project, the South Madison Beltline, a 
relatively light amount of grinding was performed, and the final 
project PSI was 4.6. 
of grinding, 

With a PSI that high and the small amount 

project. 
there was not much initial roughness built into this 

distortion 
Field inspection revealed no significant profile 

associated with the joints. The limited grinding 
which was done appeared to be related to longer wavelength 
profile distortion, independent of the joints. 

All three of these projects were paved by the same contractor. 
It is evident that the contractor's ability to produce a smooth 
riding pavement with this paver/dowel inserter combination has 
improved dramatically. In conclusion, by the third project, 
satisfactory performance was achieved with the dowel inserter 
with respect to ride quality. 

Voids: Another concern about the dowel inserter has been the 
quality of consolidation of the concrete around the dowels when 
they are inserted. Significant voids (dime-size or larger - 
small bugholes were not counted) were found immediately above the 
ends of 22% to 34% of the dowels on the inserter projects. The 
voids were always very close to the ends of the dowel, within 
about the last inch of the bar. On two of the basket projects, 
no voids were found above the dowels, but on the STH 29 Vinton 
project voids were found above 40% of the dowels. 

With the inserter, the concrete flows upward past the dowel as 
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the dowel is vibrated downward, and the logical location for 
voids is above the dowel, so it is likely that all voids were 
detected on the inserter projects. However, on the basket 
projects the concrete flows downward past the dowel, and the 
logical location for voids is underneath the dowel. Since on,, 
the top of the dowel was inspected for this study, it is possible 
that the void problem may be understated for the basket projects 
due to undetected voids beneath the dowels. Further coring needs 
to be performed on basket projects to assess the extent of this 
problem. 

Voids of this magnitude could affect the load transfer capacity 
of the dowels, so improvement in this area is needed. The amount 
of vibration used on the inserter needs to be increased slightly, 
but caution must be exercised to avoid using excessive vibration 
which may damage the concrete. In conclusion, quality control 
coring should be performed on inserter and basket projects 
constructed in the near future to assess the progress in solving 
this problem. 

plissina Dowels: Another problem unique to the dowel bar inserter 
is that sometimes dowel bars are missing completely. This is 
difficult to inspect for, when the dowels are immediately buried 
in the concrete, instead of being laid out on the grade ahead of 
the paver. At one test joint on the USH 18/151 project, all of 
the dowels for the joint were missing. Using the xnagnetic rebar 
locator, it was determined that all of the dowels were present in 
the two adjacent joints, but the 24 missing dowels were not found 
anywhere between the adjacent joints. On the South Madison 
Beltline project, three dowels were missing from one test joi 
and one dowel was missing from another test joint. The three 
missing dowels were located at the edge of the pavement on the 
opposite side of the road from where the inserter distribution 
carriage is loaded. In that instance, it is likely that an 
insufficient number of dowel bars were loaded into the 
distribution carriage for that joint. The single missing dowel 
was located in the first position on the same side of the road 
where the distribution carriage is loaded. In that instance, it 
is possible that the missing dowel resulted from a misfeed or jam 
of the distribution system. 

If every joint on the three inserter projects in this study was 
to be checked with a rebar locator, it is doubtless that 
additional occurrences of missing dowels would be identified, but 
the extent of the problem is currently not known. However, if 
the frequency of missing dowels noted at the test joints is an 
accurate indicator, then the incidence of missing dowels is 
probably relatively rare and isolated. This issue presents 
another good justification for having a magnetic rebar locator 
available on future inserter projects. The paving inspector 
cannot possibly observe the performance of the inserter on every 
joint. It would be good practice to make random checks with the 
rebar locator to verify dowel presence, and to make more 
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extensive searches if a problem is suspected. If a significant 
number of bars was determined to be missing, payment penalties 
could be assessed by this type of survey. In conclusion, missing 
dowels do not appear to represent a widespread problem on the 
inserter projects in this study, but should still be monitored on 
future projects. 

Other Brands of Dowel Bar Inserters: All of the data and 
conclusions in this study are valid only for the Guntert & 
Zimmerman dowel bar inserter used on the projects in this study. 
If a different brand of dowel bar inserter is used which differs 
greatly in design and operation from the Guntert & Zimmerman 
model, a thorough performance evaluation of the new machine will 
be essential. Performance with respect to any or all of the 
placement parameters discussed in this analysis could be widely 
different for a different machine. 
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SUMMARY AND CONCLUSIONS 

With any new form of technology, there will always be some 
problems that need to be resolved during the initial learning 
period. The dowel bar inserter is no exception to this rule, and 
several problems have been identified with its performance on the 
projects in this study. However, none of these problems appear 
to be insurmountable. Through the continued cooperative efforts 
of WisDOT construction personnel and the contractors, it should 
be possible to improve construction procedures to obtain 
consistent satisfactory results with the dowel bar inserter. 

The primary general recommendation of this study is to accept the 
dowel bar inserter as an equal alternate to dowel baskets for 
future WisDOT doweled PCC construction projects. The following 
list of specific conclusions and recommendations are based on the 
results of this study. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

The dowel bar inserter is capable of consistent satisfactory 
placement of dowel bars with respect to vertical translation 
-(average depth), vertical rotation (difference in depth 
between two ends of dowel), and horizontal rotation 
(difference in transverse position between two ends of 
dowel). 

The initial set-up of the dowel bar inserter with respect 
depth of dowel placement is critical at the start of each 
project, and dowel depths should be verified by probing 
through the fresh concrete. 

to 

The construction procedures currently used for marking and 
sawing joints need improvement both for inserter and basket 
projects, to consistently and accurately align the sawn 
joints with the midpoints of the dowel bars. 

Having a magnetic rebar locator available on all doweled PCC 
construction projects would be useful in aligning sawn 
joints with the dowel bars and in identifying missing 
dowels. 

Ride quality has improved on each successive inserter 
project, and on the latest project, the South Madison 
Beltline, a project PSI of 4.6 was achieved with minimal 
diamond grinding. 

Improved concrete consolidation around the dowels is needed 
both on inserter and basket projects, and quality control 
coring is needed to assess future progress in solving the 
problem of voids around the dowel bars. 

Problems with missing dowel bars on existing inserter 
projects appear to be infrequent and isolated, but this 
problem should be monitored on future projects. 
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SUMMARY AND CONCLUSIONS (continued) 

8. All of the data and conclusions in this study are valid only 
for the Guntert C Zimmerman dowel bar inserter used on the 
projects in this study. If a different brand of dowel bar 
inserter is used which differs widely in design and 
operation from the Guntert & Zimmerman model, a thorough 
performance evaluation will be essential. 
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TABLE 1. DESCRIPIIOR OF PROJECYS IWCLUDED IN OWE1 BAR PLACEMEMI SluOY 

PROJECT 

i-90 in Rock County 
(Ucstbovd LOneS mllyl 
nadison - ittlnois State line Road 
Wanogue Road - USH 14 at JmesvittcI 

--.._-.-_-__---____------..-.-*.-..-. 

USH lB/lSl in Dw Comty 
(hestboud Loner otdnly) 
Dod~cvittc - Mt. Horcb Rood 
(Itest county Line - CliI "PD") 

USH 12/M In Dane County 
south itedlson Beltline 

; (I-W - South lowe Drlvc) 

USH 12flC in Dene Camty 
west nodiaon Bdlllne 
told S& Interchawe) 

stn 2902 In 
Brown, Shaum, L Outsgale Cotmtler 
shaumo - Green Bay Road 
(stii 126 - ctii "U") 

___--__.-I--.----_-.-.--.-------.--- 

I SIW 2902 In Brown Coupty 

I 
Shswsno - Green Bay Rood 
(CTH "U" - USH 41) 

SYAYE 
PROJECl 

MMBER 
,=z11'51r== 

1001-01-75 

.I---.-.-.. 

1206-02-79 

II . ..I. s-s. 

530s~00-71 

..--....-. 

9202-02-76 

. . . ..I-... 

9202-02-77 

DBSIRUCliOW 
YEAR 

rr===q=s=== 

1987 

..a--..*.-. 

1987 

James Cape L Sons, 
inc. 

Jemes Cope 6 Sons, 
inc. 

Strcu Construction 
co. 

Vinton 
Constructlon Co. 

DOW1 
PlACEBEltT 
IECHHIWE 
sf37z=r.L*xL 

inserter 

-....e-.-. 

inserter 

Baskets 

~VEWEMI 
IICKNES 
:1=f3%= 

10" 

_-----. 

9" 

.-----. 

10” 

---.-a. 

10” 

----.- 

10” 

-----. 

10” 

BASE 
COURSE 
======== 

tP lhick 
Dense 
Cradcd 

Varied 

6” lhick 
Dense 
Graded 

6" Thick 
Dense 
Graded 

.--.-.... 

4” Ihlcl 

Wn 
Grnded 
over C” 
Dense 

-mm--v.. 

G” lhicl 
Open 
Graded 
Over 2” 
Dense 



TABLE 2. LOCATION OF TEST SECTIONS OR PROJECTS INCLUDED IN DWEL BAR PLACEMENT STUDY 

I PROJECT 

I 
LOfATION DESCRIPTION 

""""t"t"t"""tLt"""t"""""""~"*""""~ 

11.90 in Rock County 
~Westbound Lanes ontyj 
lblrdison - Illinois State Line Rood 

I 
(Hanogw Road - USW 11 at Janesville 

I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

IUSH ll/lSl in Dme County 
f~festbound Lanes Only) 
IDodgeviLLe - Mt. norrb Road 
jWcst Comty Line - Ctn *PDD1) 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

IUSH 12/M in Dane County 
ISouth Hedison Rtltline 
lfI-90 - South Tom Drive) 

I 

I 

I.................................... 

@SW 12/X in Dane County 
luest Madison Beltline 
ICOld Sauk Interchange) 

I 

I 

. . . . . . . . . . . ..-....................... 

ltlll 29/32 in 
)Brom, Shwmo, L Outrgmit Counties 
~Shawano - Green Boy Road 

I 
(StH 156 - CTH "u") 

I 

. . . . . ..-............................. 

ISTH 29/32 in Broun County 
IShrumo - Green Bay R& 

I"'" """ 
- USH 11) 

I 
"""""**~""I1*~""~"""""..."."""""~ 

I STATE 
PROJECT I DIRECTION 

)ISTRICT 
I 

NWEER 1 OF TESTING 
m""- ""L"*"""t"*" ""***"""tt" 

I I 1 1001-01-75 1 Yestbumd 

I I 
I I .-w..... I . . . . . . . . . . . . I . . . . . . . . . ..I 

1 
I 

12OL-u-72 fastbomd 
I 

I I 

. . . . . . . I . . . . . . . . . . . . I . . . . . . . . . . . . 

1 ) 1206-02-79 Uestbomd I 
I 
I 

I 
I 

. . . . . . . i . . . . . . . . . . . . I............ 

1 j 5303-00-71 
I 

East- 

3 f 9202-02-76 1 Westbad 

I I 

I 
I . . . . ..I . . . . . . . . . . . . . . ..w....... 

3, 9202~02-n Eartbovd 

i I l*-“” -*“*“““” -““““““” 

TEST 
SECTION I I 
NWSER 1 STATIONS 

~*""t"**" "t*""L"""tttPttL"**" 

I 
I 

1 1 ss9+88 to 553*38 I 

52 
SOP*27 to 503+36 
~6&87 to C58+28 I 

I B........ .a..-............... I I 
: I %1+37 to 968+01 

lOlbl3 to 1020+70 I 
3 ~1066+lf to1072+n 1 
4 1 1232+17 to 1238+73 1 

,........ I . . . ..I.............. I 

1 I 19147 to 185*20 I 

3 
1 1%*79 to lM+2? 1 
1 64+93 to 58+21 1 
1 

I I . . . . . . . . . . . . . . . . ..I......... 
: 

I lOO+lf to lD6+8q 

-1 
1 125+07 to 131*X 

3 .I 138+00 to l&4*72 I . . ..w... I . . . ..wo........-.ew. I 
1 f b&*91 to 17845 I 

f 
1 L19+80 to L13+17 1 
l3694ato363+3D I 

.  .  .  .  .  .  .  .  i .  . . w . - . . . . . . . . . . . . . .  i 
1 

I 
6115+19 to 68244 
725+20 to 131+76 I 

I 

7*20to766+R 

I 

3.522 



TABLE 3. RANDOM SAMPLING SEQUENCE FOR LATERAL POSITION 
OF DOWELS FOR DOWEL BAR PLACEMENT STUDY 

SEQUENCE FOR 120FOOT IANE 
--------------------------- 

DOWEL BAR NUMBER 
-sEaiYE===~~-nr 

2 
1 
a 
7 
9 

12 
6 

10 
3 
5 
4 

11 

SEQUENCE FOR 14-FOOT LANE 
--------------------------- 

DOWEL BAR NUMBER 
IPPI=Mr------- 

2 
1 
a 
7 
9 

12 
6 

10 
3. 
5 
4 

13 
14 
11 
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TABLE 4. SUMMARY OF CORING DATA FOR DOUEL BAR PLACEMENT STUDY 

**~**li***********************************~*~*************************=*****************:** *****************+= 

TEST PARAMETERS PROJECT DESCRIPTIOh’S AND DATA 
I.......... DOVS;.B;R.;;;;R;;R . . . . . . *..* . . . . . . . . . . . . . . . . . ..I...... * . . . . . . . . *. 

I - DOWEL BASKETS 
~--...~--...........------------------- . . . . ..-...........I--.~............. I 
i 1001-01-7s 

I 
i(Nott: 

1 I-90 
Dimensions for ail 1 ROCK CD. 

measurements arc in inches.) 1 PAVED 1987 
t************************************* ***********t 

NUMBER OF OWELS TESTED I w 
*..***********************************~****.....*** 
VERTICAL IMEAN 4.31 
TRANSLATION 

I 
STANDARD DEVlATIW I 0.46 

(Average .-....._.-...-.I....... . . . ..-e..... 
depth of IMfKIM VALUE OBSERVED [ 3.34 

I osn 1206-02-79 12/18 
1 DANE CO. 
1 PAVED 1988 i 

I 

*********** 
90 ‘I 

~******* i;g 4 1 
I 

. 
.-.......-. -I 

I 3.97 

12OL-w-72 i 5303-00-71 
I 

9202-02-76 1 9202-02-7 
USH 18/151 1 usw 12/lL STH 29/32 1 STH 29/32 

DANE CD. 1 DANE CO. 1 BROWN CO. BROw CO. 
PAVED 1988 1 PAVED 1987 1 

1 
PAVED 1988 1 PAVED 198 

************~************~************~*********~ 
120 \ 90 I 90 I 9 

************~************~************~*********~ 
1.L9 1 4.79 1 4.59 1 4.1 
0.20 1 OA2 0.57 0.3 

. . . . . . . . . . . . 

3.97 

I . . . . . . . . . . . . I 
1 

. . . ..1...... ..w.s..... 
3.50 f 2.81 

1 5.81 

1 

4.M 1 s-84 1 ::: 
0.91 [ 2.31 1 3.03 1 2.1. 

.--...-..I.. I . . . . ..-....- I . . . . . . . . ..I. I --........ 
3.930*-lin. 3.87%lin. C.375+-1in.I 1.37%li: 

I I --..w-...... ..e...-..-.. --....-I-..- II........ 

I I 

1 douel) ~HAXIHUH VALUE OBSERVED 1 
i 

I 

5.56 1 6.06 1 

I 
RANGE 
--*..-~....1......-.~-. I 

2.22 2.09 1 
. . ..e....-.. I . . . . ..--.... 

I 

I 
I 

DEPTH SPECIFICATIONS 
I 

3.8?5*-lin.l 4.373+-lin. 
..-............-..I.... . ..-..m...-. ...-B..se..s 

I 
IPERCENT OF OBSERVATIONSI I 

I 

IEXCEEDING SPEClFlCATION~ 

I I 
TOO SHALLW 02 

I 22 
TW DEEP I ID% I 34 0% I 3z 

p....*********************************~***..***..** ************1. 
~JERTICAL IMEAN I I 

m***********\**..******** 
0.19 I 0.15 1 0.16 

I 
ROTAT I ON ISTANDARD DEVIATION 
(Difference I----------------------- I 

x:: 1 0.14 1 0.13 1 0.33 
.--.-S.-..1. .m...-.-.... I I-w.-..-.--- -.-..---.... 

I 
in depth ~HINl?IUM VALUE OBSERVED 
between IMAXIMUM VALUE OBSERVED I 

0.00 1 0.00 0.00 ( 0.00 

I 

1.13 1 I 0.63 1 3.00 
opposite .----.__.-.._.---._.-.- s---*..s-e-. 
ehds of IPERCENT OF OBSERVATIONS I I 

. . . ..-. ":?.I. . ..I.. . ..-.. /*-..1--..... 

I d0ue” 
IEXCEEDING SPECIFICATIW 

I 
10x 

I 
3x' 

I 
5% 

I 

6% 
I(diff. depth > 0.5 in.) 

I 

II~**********************************~******III***(***~*******~I ~***..**-~*.B.*..***** 
RORIZOUTAL IMEAN I 0.26 0.25 1 

I ROTATI W I STANDARD DEVIATION I 0.23 0.31 
(DfffereMc in .~l--~~..--.._-.l---__I -.--s-.--.-s ..--a-...--- . 

I 
transverse MINIM VALUE OBSERVED 0.W 0.00 
position UAXIMM VALUE OBSERVED 1.31 2.na 

I 

betwen _-----_...-..-_1---.-.- --.ww..-w... ..--w-.w.--- . 
-it* PERCENT OF OBSERVATIWS I 
ends of 

I 

EXCEEDING SPECIFICATIW 
I 

ID% 
I 

a% 
I 

84 22a 
dwell (diff. trans.> 0.5 in.) I 

I *****************************u*******)***** -* *******..*** I r***i******* *...*******. 
LONGITUDINAL IMEAN I 1.62 I 0.07 I ::: I 2.12 

I 

TRANSLATIW I STANDARD DEVlATIW 1.31 
(Longitudinal --_-__..._--___--.----- I I 

0.6s I ~-~~~~~~-~-- --.~-~~-~-~- . 
I 1.91 

.~~-~-~~.~~- .-o-B-..--*. 

offset lMINIHU4 VALUE OBSERVED 1 
betueen ~MAXIIQM VALUE OBSERVED 1 

;.t 0.00 0.00 
. 3.31 

17.31 I s*ud joint -._---___-__-___-_----- -~-~--~-~-~~ ~~-~~~~~--~~ m 
I and midpoint PERCENT OF OBSERVATIWS I I 

0.00 
9.00 

..s.-SW..-.- w..wI-m..-Bw 

15%’ I 22%. I 20x‘ 
I 

1 

=i I ************ **********: 
0.17 1 O.ld 
0.18 I 0.1: 

. . . ..m...... I . ..I....... 
0.00 1 0.01 
1.00 I 0.6’ 

*e.....--... . . . I 
i 

&XI 
I ************l**********x 

I of douel) 
I 

EXCEEDING SPECIFlCATIW 
(offset * 3.0 in.) I 

8% 
I 

tx 

I 

************************************** **t**.....* ************ a 
PERCENT OF DMLS WHICH WAD A I I 

I SIGNIFICANT VOID OVER AT LEAST 
I 

26% 
I 

34% 
ONE END OF THE DWEL 

1*********** ************ ************ *********** I 1 I 
22% 

I 
ox’ I 4 LO 

I 
********************************************* ~**********************************************************=****** 
Note: Depth was measured from pavement surface to top of douel end. 

Transverse position YIS measured from edge of lane to center of doveI end. 
Longitudinal position was measured fraa center of saued joint to dowel end. 
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.FICURE 1. COWEURAT?ON AND NuMBml; Of 

DOW&S fOR A fyplCAL ROADWAY SECTION 
I/ \ . . 

m, \I 

3.5.25 



FIG-JR2 2: Lllcs tration of Dowel Placement Pcremeters 
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APPENDIX A. DETAILED DATA FOR DOWEL PLACEMENT STUDY 

Kev for Amendix A 

Variable Name Description 

BAFUUMBR 
DIRECTON 

LANE 
STATION 

VOID 

DEPTH1 

DEPTH2 
TRAM1 
TRANSZ 

LONG1 
LONG2 

AVGDEPTH 
DIFDEPTH 
DIFTRANS 

LOFFSET 

= 

= 

= 

= 

= 

= 

a= 

= 

5 

X 

= 

5= 

P 

= 

= 

Lateral position of dowel in lane 
Direction of traffic 
Driving 'lane (1) or passing lane(2) 
Station of test joint 
Severity rating for voids at ends of dowel 

N= none 
S= small (less than l/4") 
M= medium (l/4" to l/2") 
L= large (greater than l/2") 

Vertical position of upstream end of dowel 
(upstream with respect to traffic direction) 

Vertical position of downstream end of dowel 
Transverse position of upstream end of dowel 
Transverse position of downstream end of dowel 
Longitudinal position of upstream end of dowel 
Longitudinal position of downstream end of dowel 
Average depth of dowel 
Difference in depth between two ends of dowel 
Difference in transverse position between two 
ends of dowel 
Longitudinal offset from midpoint of dowel to 
sawn joint 

(Counter variables: yes = 1 and no = 0) 
AVGDEPSM = Average depth of dowel too shallow for spec 
AVGDEPLG = Average depth of dowel too.deep for spec 
DIFDEPLG = Difference in depth too large for spec 
DIFTRNLG = Difference in transverse position too large 

for spec 
OFFSETLG = Longitudinal offset too large for spec 
VOIDNONE = Void severity rating is W9noneo@ 
VOIDSMAL = Void severity rating is @@smallW 
VOIDMEDM = Void severity rating is @lmedium11 
VOIDLAPG = Void severity rating is Btlarge@l 
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U.S. DEPARTMENT OF TRANSPORTATION 

-.. FEDERAL HIGHWAY ADMINISTRATION 

/‘“““‘Ill 
CONTINUOUSLY REINFORCED CONCRETE PAVEMENT 

Par. 1. Purpose 

:: 
Cancellation 

'4. 
Background 
Design Recommendations 

5. Construction Considerations 

1. PURPOSE. To outline recommended practices for the design, 
construction, and repair of continuously reinforced concrete 
pavement (CRCP). 

2. CANCELLATION. Technical Advisory T 5080.5, Continuously Reinforced 
Pavement, dated October 14, 1981, is cancelled. 

3. BACKGROUND 

a. Continuously Reinforced Concrete Pavement is a portland cement 
concrete (PCC) pavement that has continuous longitudinal steel 
reinforcement and no intermediate transverse expansion .or 
contraction joints. The pavement is allowed to crack in a 
random transverse cracking pattern and the cracks are held 
tightly together by the continuous steel reinforcement. 

b. During the 1970’s and early 1980's, CRCP design thickness was 
approximately 80 percent of the thickness of conventional 
jointed concrete pavement. A substantial number of the thinner 
pavements developed distress sooner than anticipated. 

C. Attention to design and construction quality control of CRCP is 
critical. A lack of attention to design and construction 
details has caused premature failures in some CRCPs. The 
causes of early distress have usually been traced to; (1) 
construction practices which resulted in pavements which did 
not meet design requirements; (2) designs which resulted in 
excessive deflections under heavy loads; (3) bases of inferior 
quality, or; (4) combinations of these or other undesirable 
factors. 

DISTRIBUTION: Level 1 : Headquarters(OA,PL;RD,HI,RE,SA, OPI: HHO-12 
. . 

Level 2: 
ED,AD) 

Headquarters(PM SR,HS,TO,HO,NG) 
Regions(E0 PP S'f 
Divisions(hR,kC, R,D) J 

Level 3: Divisions(SH) 
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FHWA TECHNICAL ADVISORY T 5080.14 
June 5, 1990 

4. DESIGN RECOMMENDATIONS 

a. Concrete Thickness. Generally the slab thickness is the same 
as the thickness of a jointed concrete pavement unless local 
performance has shown thinner pavements designed with an 
accepted design process to be satisfactory. 

b. Reinforcina Steel 

(1) Lonaitudinal Steel 

(a) 

@I 

w 

A minimum of 0.6 percent (based on the pavement cross 
sectional area) is reconnnended to aid transverse crack 
development in the range of 8 feet, maximum, and 3.5 
feet, minimum, between cracks. Exceptions should be 
made only where experience has shown that a lower 
percentage of steel has performed satisfactorily. In 
areas where periods of extreme low temperature 
(average minimum mpnthly temperatures of 10’ F or 
less) occur, the use of a minimum of 0.7 percent steel 
is recommended. 

Deformed steel bars that meet the requirements set out 
in AASHTO Specifications, Part I, AASHTO M31, M42, or 
M53 are recommended. The tensile requirements should 
conform to the American Society for-Testing and 
Materials (ASTM) Grade 60. Recommended spacing of the 
longitudinal steel is not less than 4 inches or 2 l/2 
times the maximum sized aggregate, whichever is 
greater, and not greater than 9 inches. A minimum 
ratio of 0.03 square inches of steel bond area per 
cubic inch of concrete is recommended. See Attachment 
1 for an example problem for determining the minimum 
longitudinal steel spacing and the minimum bond ratio. 
Table 1 shows the minimum and maximum bar sizes for 
given pavement thicknesses and reinforcement 
percentages. These bar sizes meet the minimum bond 
ratio and the minimum bar spacing criteria stated 
above. . 

The recommended position of the longitudinal steel is 
between l/3 and l/2 of the depth of the pavement as 
measured from the surface. The minimum concrete cover 
should be 2-l/2 inches with 3 inches preferable. For 
pavements thicker than 11 inches, several States have 
begun to experiment with the use of two layers of 
longitudinal steel. Pavements constructed with two 
layers of steel have not been in service long enough 
to evaluate performance; therefore, this technique 
should be considered experimental. 
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Table 1 - Recommended Longitudinal 
Sizes 

Reinforcement 

Minimum and Maximum Bar Size 1 
Pavement Thickness 

1 % Steel / 8" ( 9" 1 10" 1 11" I 12" I 13" I 

0.60 4,5 5,6 5,6 5,6 5,6 6 

0.62 5,6 5,6 5,6 5,6 0.64 
0.66 55': 

5 6 

516 
5'7 

5 7 

5:7 
5'7 

5,7 ;:; 667 

5:7 
ii:: 6'7 

0.68 6;7 

Note: Bars are uncoated deformed bars. 

(d) The use of epoxy coated reinforcing steel is generally not 
necessary for CRCP. However, in areas where corrosion is a 
problem because of heavy applications of deicing salts or 
severe salt exposure, epoxy coating of the steel may be 
warranted. The bond area should be increased 15 percent to 
increase the bond strength between the concrete and 
reinforcement if epoxy-coated steel reinforcement is used. 

(e) When splicing longitudinal steel, the recommended minimum 
lap is 25 bar diameters with the splice pattern being either 
staggered or skewed. If a staggered splice pattern is used, 
not more than one-third of the bars should terminate in the 
same transverse plane and the minimum distance between 
staggers should be 4 feet. If a skewed splice pattern is 
used, the skew should be at least 30 degrees from 
perpendicular to the centerline. When using epoxy-coated 
steel, the lap should be increased a minimum of 15 percent 
to ensure sufficient bond strength. 

VI Plan details or specifications are needed to insure 
sufficient reinforcing at points of discontinuity as 
described in paragraphs 4e(3) and 4f(l). 
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(2) Transverse Reinforcina and Tiebars 

(a) If transverse reinforcement is included, it should be 
#4, #5, or #6 grade 60 deformed bars meeting the same 
specifications as mentioned for the longitudinal 
reinforcement. 

(b) Although it can be omitted, transverse reinforcing 
reduces the risk of random longitudinal cracks opening 
up and thus reduces the potential of punch-outs. If 
transverse reinforcement is -included, the following 
equation can be used to determine the amount of 
reinforcement required (see number 5 of Attachment 2): 

4 F 
Pl - - x 100 

2fs 

Where: transverse steel, X 
= total pavement width, (ft) 

subbase friction factor 
allowable working stress in steel, 
psi, (0.75 yield strength) 

(c) The spacing between transverse reinforcing bars can be 
calculated using the following equation (see numbers 1 
and 5 of Attachment 2): 

9 
Y= x 100 

4 D 

Where: = transverse steel spacing (in) 
= cross-sectional area of steel, (in') 

per bar (#4, #5, or #6 bar) 
Pl = percent transverse steel 
D = slab thickness (in) 

Note: The transverse bar spacing should be 
no closer than 36 inches and no further 
than 60 inches. 

(d) In cases where transverse steel is omitted, tiebars 
should be placed in longitudinal joints in accordance 
with the FHWA Technical Advisory, Concrete Pavement 
Joints. 

C. Bases 

(1) The base design should provide a stable foundation, which 
is critical for CRCP construction operations and should not 
trap free moisture beneath the pavement. Positive drainage 
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is recommended. Free moisture in a base or subgrade can 
1,ead to slab edge-pumping, which has been identified as 
one of the major contributors to causing or accelerating 
pavement distress. Bases that will resist erosion from 
high water pressures induced from pavement deflections 
under traffic loads, or that are free draining to 
prevent free moisture beneath the pavement will act to 
prevent pumping. Stabilized permeable bases should be 
considered for heavily traveled routes. Pavements 
constructed over stabilized or crushed stone bases have 
generally resulted in better performing pavements than 
those constructed on unstabilized gravel. 

The friction between the pavement and base plays a role 
in the development of crack spacing in CRCP. Most 
design methods for CRCP assume a moderate level of 
pavement/base friction. Polyethylene sheeting should not 
be used as a bond breaker unless the low pavement/base 
friction is considered in design. Also, States have 
reported rideability and construction problems when PCC 
was constructed on polyethylene sheeting. 

d. Subqrades. Continuously Reinforced Concrete Pavement is not 
recommended in areas where subgrade distortion is expected 
because of known expansive soils, frost heave, or settlement 
areas. Emphasis should be placed on obtaining uniform and 
adequately compacted subgrades. Subgrade treatment may be 
warranted for poor soil conditions. 

e. Joints 

(1) Lonqitudinal Joints. Longitudinal joints are necessary 
to relieve stresses caused by concrete shrinkage and 
temperature differentials in a controlled manner and 
should be included when pavement widths are greater than 
14 feet. Pavements greater than 14 feet wide are 
susceptible to longitudinal cracking. The joint should 
be constructed by sawing to a depth of one-third the 
pavement thickness. Adjacent slabs should be tied 
together by tiebars or transverse steel to prevent lane 
separation. Tiebar design is discussed in the FHWA 
Technical Advisory entitled "Concrete Pavement Joints". 

(2) Terminal Joints. The most commonly used terminal 
treatments are the wide-flange (WF) steel beam which 
accommodates movement, and the lug anchor which restricts 
movement. 

(a) The WF beam joint consists of a WF beam partially 
set into a reinforced concrete sleeper slab 
approximately 10 feet long and 10 inches thick. The 
top flange of the beam is flush with the pavement 
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surface.. Expansion material, sized to accotmnodate 
end movements, is placed on one side of the beam 
along with a bond-breaker between the pavement and 
the sleeper slab. In highly corrosive areas the beam 
should be treated with a corrosion inhibitor. 
Several States have reported premature failures of WF 
beams where the top flange separated from the beam 
web. Stud connectors should be welded to the top 
flange, as shown in Figure 1, to prevent this type of 
failure. Table 2 and Figure 1 contain recommended 
design features. 

TABLE 2 - Recommended WF Beam Dimensions 

WF Beam (weight and dimensions) 

CRCP Embedment WF Beam Flange Web 
Thickness in "Sleeper" Size Thickness 

(in.) slab - in. Width (in.) Thickness (in.) 

i 6 5 14 x 61 10 5/8 318 

10 6 16 x 58 8-l/2 518 7/16 
11 5 

(b) The lug anchor terminal treatment generally 
consists of three to five heavily reinforced 
rectangularly shaped transverse concrete lugs placed 
in the subgrade to a depth below frost penetration 
prior to the placement of the pavement. They are 
tied to the pavement with reinforcing steel. Since 
lug anchors restrict approximately 50 percent of the 
end movement of the pavement an expansion joint is 
usually needed at a bridge approach. A slight 
undulation of the pavement surface is sometimes 
induced by the torsional forces at the lug. Since 
this treatment relies on the passive resistance of 
the soil, it is not effective where cohesionless 
soils are encountered. Figure 2 shows a typical lug 
anchor terminal treatment. 
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FIGURE 1 - Recommended WF Steel Beam Terminal Joint Design 
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(3) Transverse Construction Joints 

(a) A construction joint is formed by placing a slotted 
headerboard across the pavement to allow the 
longitudinal steel to pass through the joint. The 
longitudinal steel through the construction joint is 
increased a minimum of one-third by placing 3-foot 
long shear bars of the same nominal size between every 
other pair of longitudinal bars. No longitudinal 
steel splice should fall within 3 feet of the stopping 
side nor closer than 8 feet from the starting side of 
a construction joint. Refer to paragraph 4b(l)(e) for 
recommended splicing patterns. If it becomes 
necessary to splice within the above limits, each 
splice should be reinforced with a 6-foot bar of equal 
size. Extra care is needed to ensure both concrete 
quality and consolidation at these joints. If more 
than 5 days elapse between concrete pours, the 
adjacent pavement temperature should be stabilized by 
placing insulation material on it for a distance of 
200 feet from the free end at least 72 hours prior to 
placing new concrete. This procedure should reduce 
potentially high tensile stresses in the longitudinal 
steel. 

(b) Special provisions for the protection of the 
headerboard and adjacent rebar during construction may 
be necessary. 

f. Leave-Outs Temporary gaps in CRCPs should be avoided. The 
necessity for leave-outs is minimized by giving proper 
consideration to the paving schedule during project design. The 
following precautions can be specified to reduce distress in 
the leave-out portion of the slab in the event a leave-out does 
become necessary. '. 

(1) Leave-outs require 50 percent more longitudinal deformed 
bars of the same nominal size as the regular reinforcement. 
The additional reinforcement should be spaced evenly 
between every other normal pavement reinforcing bar and 
should be bonded at least 3 feet into the pavement ends 
adjacent to the leave-outs. All regular longitudinal 
reinforcement should extend into the leave-out a minimum of 
8 feet. Required slices should be made the same as those 
in normal construction. 

(2) Leave-outs should be paved during stable weather conditions 
when the daily temperature cycle is small. Because of the 
closeness of the steel extreme care should be exercised in 
placing and consolidating the concrete to prevent 
honeycombing or voids under the reinforcement 
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(3) If it becomes necessary to pave a leave-out in hot weather, 
the temperature of the concrete in the free ends should be 
stabilized by placing an adequate layer of insulating 
material on the surface of the pavement as described in 
paragraph 4e(3)(a). The curing compound should be applied 
to the new concrete in a timely manner. The insulation 
material should remain on the adjacent pavement until the 
design modulus of rupture of the leave out concrete is 
attained. 

9. Ramps. Auxiliary Lanes and Shoulders. PCC pavement for ramps, 
auxiliary lanes, and shoulders adjacent to CRCP is recommended 
because of the possible reduction in pavement edge deflections 
and the tighter longitudinal joints adjacent to the mainline 
pavement. Ramps should be constructed using jointed concrete 
pavement. The use of jointed pavement in the ramps will 
accommodate movement and reduce the potential for distress in 
the CRCP at the ramp terminal. When PCC pavement is used for 
ramps, auxiliary lanes, or shoulders, the joint should be 
designed as any other longitudinal joint. Refer to the FHWA 
Technical Advisory T 5040.29, Paved Shoulders, for further 
information on proper joint design. 

h. Widened Lanes. Widened right lane slabs should be considered 
to reduce or eliminate pavement edge loadings. This is 
discussed in the FHWA Technical Advisory T5040.29, "Paved 
Shoulders". 

5. CONSTRUCTION CONSIDERATIONS 

a. Many CRCP performance problems have been traced to construction 
practices which resulted in a pavement that did not meet the 
previously described design recommendations. Because CRCP is 
less forgiving and more difficult to rehabilitate than jointed 
pavements, greater care during construction is extremely 
important. Both the contractor and the inspectors should be 
made aware of this need and the supervision of CRCP 
construction should be more stringent. 

b. Steel placement has a direct effect on the performance of CRCP. 
A number of States have found longitudinal steel placement 
deviations of 23 inches in the vertical plane when tube feeders 
were used to position the steel. The use of chairs is 
recommended to hold the steel in its proper location. The 
chairs should be spaced such that the steel will not 
permanently deflect or displace to a depth of more than l/2 the 
slab thickness. An example chair device is shown in Figure 3. 
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SIDE VIEW 

Tranavoraa Stool - 

TOP VIEW 

Longltudlnal Stool Spacing 
l-c 21 r bngltudinal Stool 

Tranamrm Steel 

FRONT VIEW 

Note: Chalrs should be securely fastened the base. 

FIGURE 3 - Combination Chair and Transverse Steel Detail 

C. Procedures should be implemented to ensure a uniform base and 
subgrade. Soft spots or gradeline variations should be 
repaired and corrected prior to concrete placement. Emphasis 
should be placed on batching, mixing, and placing concrete to 
obtain uniformity and quality. Strict inspection of batching 
and mixing procedures is extremely important and may require 
rejection of batches because of deviations that may have been 
considered minor under previously existing practices. When 
placing concrete, adequate vibration and consolidation must be 
achieved. This is especially critical in areas of pavement 
discontinuity such as construction or terminal joints. 
Automatic vibrators should be checked regularly to ensure 
operation at the specified frequency and amplitude and at the 
proper location in the plastic concrete. Hand-held vibrators 
should be used adjacent to transverse joints. Any concrete 
which exhibits signs of aggregate segregation should be 
replaced immediately. 

d. Inspection procedures are needed to ensure that final 
reinforcing splice lengths and patterns, as well as bar 
placement, are consistent with the design requirements. 
Special precautions should be taken to prevent rebar bending 
and displacement at construction joints. When leave-outs are 
necessary, they should be constructed in absolute conformity to 
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the design requirements. Longitudinal joints should be sawed 
as early as possible to prevent random cracking. This is 
especially .true in multi-lane construction. Sawing should not 
begin until the concrete is strong enough to prevent raveling. 

e. Asphalt concrete patches are not recommended as a temporary or 
a permanent repair technique because they break the continuity 
of the CRCP and provide no load transfer across the joint. 

Anthony R. Kane 
Associate Administrator for Engineering 

and Program Development 

Attachments 
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EXAMPLE PROBLEM 

The design engineer should perform the following calculations to ensure that 
the bond between the reinforcing steel and the concrete and the longitudinal 
steel spacing meet the criteria in paragraph 4c. The equation to determine 
the ratio of bond area to cubic inches of concrete is as follows and the 
equation to determine the minimum longitudinal steel spacing follows it: 

(n> x R x U) 
%= Where: P, = 

w)xww) 
Perimeter of Bar (in.) 

L = Length of slab = 1" 
W = Width of slab (in.) 
t = Slab thickness (in.) 
n = Number of Longitudinal Bars 

Given : #6 reinforcing bars, therefore P, J 2.356" and Bar Area = 0.44 in.' 
w = 12' 
t = 10” 

Assume: 0.6% steel 

Determine: The required minimum area of steel and the required minimum 
number of bars 

Area of Cont. = 10 x 144 = 1440 in.' 

Required steel = 0.006 x 1440 = 8.64 in.? 

E;;irnurn number if bars required (n) = 8.64 / 0.44 = 19.6 bars, say 20 

Determine: The minimum ratio of bond area to cubic inches of concrete. 

(20) x (2.356) x (1”) 
Rb= = 0.0327, the minimum ratio of bond area to 

(1440) x (1”) cubic inches of concrete is met 
so the minimum spacing should be 
checked. 

Determine: Longitudinal steel spacing should be checked as follows: 

(WI 144 
SbDP L = 7.2 in., say 7 in., therefore the minimum 

m 20 bar spacing is also 
met. 
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Memorandum 

Washinaton. D.C. 20590 

Sublect Headquarter's Pavement Rehabilitation 
and Design Team - Case Study - Continuously 
Reinforced Concrete Pavement 

From Chief, Pavement Division 

Dale JUN 2 2 1961 

RetMy to 
Am of HHO-13 

r. Regional Federal Highway Administrators 
Regions l-10 

We have had several requests from the field for information regarding the 
performance of various pavements. We have elected to use a case study approach 
as one method of meeting this desire. The case studies will be based on the 
Headquarter's Pavement Rehabilitation and Design Team field trip reports. 
Attached is a copy of our initial effort. It describes a distress problem on a 
continuously reinforced concrete pavement located in the eastern part of the 
country. The report provides an insight to the types of details that are 
commonly examined. The process that was followed can be applied to any 
pavement rehabilitation project. 

As you know, the Team at the request of State highway agencies and our field 
offices has conducted numerous reviews of pavement distress problems. 
Typically, the Team has been asked to provide assistance when a pavement has 
experienced premature distress. The Team's role is to determine the cause of 
the early distress , recommend alternative strategies for 
rehabilitation/reconstruction and provide suggestions on how to prevent the 
distress cn this or s,imilar pavement. 

The Team has been headed by the Pavement Division and has included members from 
other Headquarter's offices.depending on the technical expertise needed to 
examine a particular problem. From our viewpoint, there have been tremendous 
benefits gained by the States and FHWA using this review team concept. The 
Team has always been willing to provide technical assistance when requested and 
we reaffirm our commitment to continuing these efforts. 

We expect to furnish additional case studies that will he based on upcoming 
Team field trip reports. If you have any comments on this case study approach 
or the specifics of the attached report, please do not hesitate to contact us. 

Sufficient copies of the report are being provided to your office to permit 
direct distribution to yaqr division offices. 
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CASE STUDY - CONTINUOUSLY REINFORCED CONCRETE PAVEMENT 

BASEDONA 

FIELD TRIP REPORT 

OF THE 

PAVEHENT REHABILITATION MID DEfI6N TEA?4 

BY 

PAUL TENG 

JOHN HALLIN 

DON VOELKER 
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I. Purpose of Trip 

To meet with Region, Division, and State engineers to review a 
Continuously Reinforced Concrete Pavement (CRCP) d istress prob lem on 
Route XX and discuss its rehabilitation alternatives. 

II. Scope of Review 

A field review was conducted on (date). During the review, the State 
provided the Team with available data of the original design. A closeout 
meeting with the State engineers was held in the afternoon of (date). 
Subsequently, the State provided additional information concerning traffic 
data, paving schedules, corrosion surveys, core logs, chlorides studies, 
delamination surveys, a Pachometer survey and detailed crack surveys. On 
(date), the Team met with the State engineers to inspect the cores and 
discuss our recommendations and cunclusions. This report summarizes the 
Team's comments and recornnendations. 

III. Contacts 

State 

xxx 

FHWA Division Office 

xxx 

FHWA Region Office 

xxx 
FHWA Washinqton Offi= 

xxx 

IV. Backqrourd Information 

Route XX is a six-lane, divided 'Interstate facility. The project is 
13 miles long and involves the overlay of two Jointed Reinforced Concrete 
Pavement (JRCP) 24-foot roadways with an uhjonded &inch Continuously 
Reinforced Concrete Pavement (CRCP) and the construction of an additional 
12-foot right lane of a g-inch CRCP in each direction. The original dual 
lane was cons:ructed in 1952 as U.S. Route XX. The cierlay and outer lane 
construction projects were completed in 1974-76. 

The original pavement consisted of a g-inch jointed reinforcec concrete 
pavement on a 6-inch Type II (crushed aggregate) subbase constructed on 
an A-5 silt soil. Transverse joints were sawed at 40.foot spacings. A 
l-inch bituminous concrete layer was placed on the orfginal pavement to 
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serve as a leveling course, to correct superelevation, and to serve as a 
bondbreaker to the 6-inch CRCP overlay. The 6-inch CRCP overlay uses 
15 deformed bars spaced at 8.5 inches (0.6 percent steel of the cross 
sectional area). Transverse steel (#4 bars) was spaced at 34 inches and 
tied underneath the longitudinal steel. The steel reinforcement was 
supported on metal chairs and the plans specified a cover tolerance of 
2 l/2 - 2 11/16 inches. 

The added 12-foot wide CRCP lane was placed on the outside of the overlay 
portion. 
It uses #5 

The new lane is a g-inch CRCP on a &inch crushed granular base. 
deformed bars spaced at 5.5 inches (0.6 percent of the cross 

sectional area). Transverse steel (#4 bars) was spaced at 30 inches and 
tied underneath the longitudinal steel. The steel reinforcement was 
supported by metal chairs and the plans specified a cover tolerance of 
3 3/8 - 3 7/8 inches. 

The plans provided the option of constructing the added right lane with the 
overlay or separately with a keyway. State highway personnel, however, 
report the keyway construction joint was likely used. The plans indicate 
there are tie bars in the keyway but we are unable to determine their 
length or spacing. 

Traffic survey data gathered during the overlay design stage (1970) 
indicate ADT of 10,600-14,050; 12-13 percent trucks; projected 1991 ADT 
of 40,650-42,450; 12-13 percent trucks. 

An extensive soils investigation was conducted during the overlay design 
stage. A brief review of the soil boring tabulation indicated the presence 
of silt, and rock fragments occurring within the top 5 feet of roadbed in 
the location of the widened outer lane. Little information is available 
for the roadbed beneath the original pavement. Also, there is little 
information available concerning the condition of the original pavement 
during design Cf the overlay. 

Three cores of the existing CRCP pavement were recently taken and a 
petrographic examination was conducted. An analysis of the cores is found 
in Section VI. 

A French drain was installed where the original roadway was in sag 
alignment and then daylighted to the reconstructed 6:l side slopes. State 
personnel have stated these are not presently functioning. 

The inside shoulder width is 4.0 feet. The outside shoulder is 10.0 feet. 
Each is a 3-inch thick bituminous ccncrete shd'ulder on a 7-inch dense- 
graded stabilized aggregate subbase. The shoulder joint was designed to be 
sealed with hot-poured, rubber-asphalt joint sealing compound. 

Personnel kho were present during the overlay construction projects 
reported that the -reject was shut dowh several times because of fines and 
clay balls in the 'ggregate. Also, th:-:-e were difficu;;ies in finishing 
the slab. The w .bound overlay (middie and high speed) lanes were placed 
in May-July perioa. The eastbound overlay lanes were placed in October and 
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November when there were reported temperature variations as high as 
40 degrees. 

The pavement opened to traffic in late 1975. Pavement failures in the 
widened (right) lane of the eastbound roadway were noted in February 1976. 
The number of failures increased substantially during March and April. The 
State acted quickly in formulating a plan for investigating the causes of 
the failures. 

In June 1976, a report was issued that included data from an extensive 
field study. However, the study only examined project data related to the 
widened lane and does not discuss cracks, subbase, soils, concrete quality, 
etc. of the overlay section of the project since, at that time, there was 
little distress in the overlay section.' Briefly, the report concluded the 
failures were design associated and included the following: a) inadequate 
pavement support and the inability of the granular base to drain water away 
from under the pavement could have resulted in lower stability, b) adverse 
climatic conditions had reduced the concrete maturity at an early age and 
resulted in formation of closely spaced transverse cracks, c) the nature of 
the chairs and poor workability of the concrete could have contributed to 
the voids and weaknesses in the concrete cross section. . 

A second report was prepared in June 1982 and attempted to expand on what 
was learned from the 1976 study. At the time, the westbound lanes of 
Route XX had performed satisfactorily whereas the eastbound lanes had 
exhibited distress. The study concluded: a) pavement failures were 
primarily in these outside (widened) lanes, b) percent of steel 
reinforcement met the specifications, c) the pavement thicknesses were 
within the specification tolerance, d) numerous voids were reported in the 
lower half of the slabs but have not contributed significantly to the 
failures, e) the CRC overlays were performing satisfactorily and no visibie 
signs of distress were noted, f) a significant portion of the CR-6 subbase 
material had a high content of fines that led to poor drainage 
characteristics, g) percent of air entrainment for eastbound and westbound 
lanes was within specification limits, h) unfavorable curing temperatures 
were present for the eastbound lanes, i) the crack spacing for the 
eastbound lanes was in the range of 2 feet apart while the range in the 
westbound lanes was generally 4-16 feet, and j) the eastbound shoulder lane 
exhibited high deflection characteristics. 

By 1986, it was noted that a large number of areas of pavement distresses 
were beginning to occur in the middle lane and a lesser number were showing 
up in the high speed lane. The FHWA Division Office on (date), sent to.the 
State a special report on the Route XX pavement distress and requested a 
detailed investigation of the pavement to determine the most cost-effective 
type of repair to !‘* undertaken and determine what lessons could be learned 
and applied toward IIther proposed CRCP projects. 
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v. Details of Field Review 

It was noted there were a significant number of punchouts in the middle. 
lanes in both the eastbound and westbound roadways. Of particular interest 
was the radial cracking around the punchouts. Also, these areas were 
primarily concentrated in the wheel paths and appeared to be clustered. 
There were often long sections of pavement that appeared sound followed by 
sections of distressed pavement. The transverse distress consisted of 
fatigue cracks resulting in delaminated sections of pavement. These 
appeared to be located in the vicinity of the transverse bars. 

The Team noted several areas of fine longitudinal cracks that appeared to 
be spaced at approximately the spacing of the longitudinal reinforcing 
steel; however, there was no evidence of staining of the pavement from 
possible corrosion of the reinforcing steel. 

The full depth patching previously performed by State contractors appeared 
to be satisfactory. Discussions with State personnel indicate the patching 
details are in accordance with the state-of-the-practice procedures. 
Another patching project was initiated in late 1986 but shut down before 
repairs were completed. Operations are not expected to resume because of 
limited available funds to complete the necessary work; therefore, the 
Team was.unable to observe the patching operations or the conditi,on of the 
reinforcing steel. 

There are several locations in all lanes where asphalt has been placed over 
distressed areas as a temporary measure. It is apparent that water is 
infiltrating the repaired areas. 

The outside shoulders in both eastbound and westbound roadways were 
extremely distressed. In the westbound lanes, alligator cracking was noted 
to be particularly severe on the section between ,US XX to.west of Route XX. 
There is a truck weighing station located on WB Route 99 near Route XX. 
Several trucks were parked on the shoulder, and the weigh station was open. 
State personnel informed us this was common practice. Also, the top of the 
shoulder had settled below the top of the mainline pavement. 

It appeared the joint had been properly sealed; however, since the shoulder 
pavement was severely distressed, water is likely infiltrating the pavement 
structure from below the shoulder surface. 

In the eastbound lane, there were large areas of full-depth patching that 
had been performed under previous mainten;-:e contracts. The quality of 
the patches appeared to be good. The twc .. side lanes, but particularly 
the middle lane, appeared to be showing s ,,ns of severe distress at some 
locations. The previously mentioned punchouts, with their radical cracking 
patterns, wer: numerous. The punchouts were centereL, In the wheel paths. 
Where the high speed lane exhibited punchouts, it was noted that di-tressed 
areas of the center lane were nearly adjacent but staggered from these 
punchouts. 
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In the westbound roadway, the most distressed areas were found in the outer 
and middle lanes. The crack spacing pattern appeared to be acceptable.. 
There were a few hundred feet of a longitudinal crack in the middle lane 
that was observed to be located about 2 feet inside the joint with the 
outer lane. There was some concern by project personnel that these cracks 
were related to the overall pavement distress; however, the team believes 
while these are undesirable, they are not affecting overall pavement 
performance. 

VI. Discussion Items 

We reviewed information on traffic data, and a paving schedule for the 
roadway overlay and outer lane widening work. 

Comparing the traffic data for 1970 and 1991 on the cover plan sheet for 
Project No. XX traffic counts, it appears the forecasted ADT's are within 
generally accepted margins of error. However, it appears the percent of 
truck traffic and number of equivalent 18-kip single axle loads being 
placed on the pavement has increased significantly over the projected. 
loadings. Based on the 1970 traffic survey data, the percent of trucks was 
12 percent and projected to remain at 12 percent in 1991. Recent 
loadometer data from a weigh-in-motion station on the eastern end of the 
project?ndicate the percent of trucks may be as high as 21 percent and 
have average 18-kip equivalent truck load factors as high as 3.76. The 
current lane truck distribution information indicates there is slightly 
higher than usual percentage of trucks in the middle lanes. This 
combination causes heavier than expected loadings on the 6-inch CRCP 
overlay. 

There had been a concern that the weather conditions during placement of 
the overlay prgjects affected pavement performance. Two of the.three 
overlay projects had substantial sections of concrete placed in the Fall 
when there were reported large temperature variations. The State supplied 
the Team with a paving schedule and reported daily temperatures from the 
projects' records. We compared this information with identified distress 
condition survey data. However, we were unable to correlate the two 
because of the inability to conclusively identify project station numbers 
with the mileposts shown in the condition survey data. Due to time 
constraints, we did not pursue thi.: analysis. 

The State performed an in-depth evaluation of three 200-foot sections of 
Route XX. The selected sections were believed-to have been low, medium, 
and high distress areas. The evaluation consisted of a corrosion survey, 
core logs, longitudinal delamination survey, transverse delamination 
survey, chloride test results, and steel and chemical tests. 

The distress information we received indicates there is extensive corrosion 
occurring in the ee 200-foot test stations. The average chloride 
content amounts a he depth of the re: *forcing steel were 3.1 lbs./cu. yd. 
for the low distr s area, 3.3 \bs./cu. yd. for the medium distress area 
and 4.5 lbs./cu. yd. for the high distress area. According to accepted 
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practice, chloride contents above 1.5-2.0 lbs./cu. yd. indicate a high 
potential for corrosion. 

The corrosion surveys conducted on these sections show there is a high 
probability that steel corrosion is widespread throughout the three 
sections, and a high potential exists for cracking of the pavement due to 
corrosion. The current ASTM CB76-80 specification indicates the following 
regarding the significance of the numerical value of the potentials 
measured: 

1) Less than 0.2 volts, there is a greater than 90 percent probability 
that no reinforcing steel corrosion is occurring. 

2) Between 0.2 and 0.35 volts, corrosion activity is uncertain. 
3) Over 0.35 volts, there is a greater than 90 percent probability that 

corrosion is occurring. 

Also, in laboratory tests where potentials were greater than 0.5 volts, 
approximately half of the specimens cracked due to corrosion activity. 

The delamination survey data for the three sections indicates substantial 
areas of delaminated concrete in the medium and high distress areas. 

The Pachometer survey data for these three sections indicates a range of 
concrete cover from 1.5 inches to 3.75 inches in the overlay areas. The 
plans specified a tolerance of 2 l/2 - i: 11/16 inches in the overlay area. 

Based on our field observations of the cracks and distresses in the 
pavement and the above distress survey information, we believe there is a 
significant amount of corrosion of the reinforcing steel in each of the 
three test sections. There may be a somewhat lower level of corrosion 
activity in the low distress area as compared to the medium and high areas, 
nevertheless, extensive corrosion is likely occurring. 

In reviewing the cores from the three test sections, it is apparent that 
the corrosion activity is predominately in the transverse bars. Nearly 
without exception, vertical and horizontal cracks were present where 
transverse bars were experiencing even minor corrosion. See Attachments 1 
and 2 for illustrations. The vertical crack above the bars likely 
contributed to creating an environment that allowed corrosion to begin. 

The Team also observed there had been a significant amount of full-depth 
patching within the project. We understand patching operations have been 
ongoing the last several years. As stated above, the outer lanes, 
particularly the EB outer lanes, experienced early distress, and extensive 
patching was already done in these lanes. Generally, the patches appeared 
to be performing s: . sfactorily. Data showing the rate of deterioration on 
this project was noi available. 
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State personnel informed us they believe there has been a significant 
increase in the number of distress areas in the overlay areas (middle and 
fast lanes) in the last couple of years. 

The results of the petrographic eximination are given in Attachment 3. 
Briefly, none of the cores contained reinforcing steel. They all appeared 
to contain sound concrete. One core, however, appeared to have a 
shale-type, limestone aggregate while the others had a marble-limestone 
aggregate. The Team did not have any data that showed whether one or more 
sources of aggregate were used on the project. State personnel who were 
present during construction indicated there was only one aggregate source. 
They did believe the project was shut down several times due to mudballr 
in the aggregate; however, there was no evidence of this problem in the 
cores we received. 

VII. Recommendations and Conclusion 

Information on this project was provided by the State. The information 
consisted of condition data only for the 6-inch CRCP overlay section 
(middle and high speed lanes). It must be recognized that we based our 
proposed alternatives on this limited information. 

There are strong indications this pavement is rapidly deteriorating. The 
relatively thin (6-inch) CRCP over‘njy specification called for 
2 l/2 - 2 It/lb-inch cover over the reinforcing steel. The pachometer 
survey showed there were some areas with as little cover as 1.5 inches and 
many areas where the cover was in the range of 2 to 2.5 inches. The 
chloride studies, delamination surveys, and corrosion surveys show there 
is widespread corrosion in the test sections. The cores confirmed that 
there was active corrosion in the transverse bars. 

If the corrosion occurring in the test sections is representative of the 
entire project, there is probably very little wr.ich can be done to prevent 
the disintegration of the pavement. Assuming this is the case, the 
ultimate solution to this problem is a reconstruction alternative. 

A detailed distress and corrosion survey of the entire project needs to be 
made to quantify the amount of pavement that needs repair. An economic 
analysis should then be made to determine if it is more cost effective to 
continue heavy maintenance by patching the currently distressed sections 
or immediately reconstructing this section. Alte:natives :-rat need to be 
considered: 

1. Continue heavy maintenance by patrhing identified distressed 
sections. 

2. Remove the existing PCC and construct a new pavement section. The 
existing pavement may be suitable for recyciing into a new PCC or 
AC pavement. If it is recycled, we believe the State will need to 
remove the existing pavement structure (including the or.lginal 
roadway), and construct an adequate drainage system. If a new PCC 
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pavement is constructed, we also recommend using full-depth, tied 
concrete shoulders. 

3. Construct a minimum 4-inch asphalt overlay. The AC overlay must 
be thick enough to bridge the distressed areas. Also, we 
recommend the State perform repairs of currently distressed areas 
before placing an overlay. Depending on the thickness of the 
overlay, this may be only a short range improvement given the 
amount of corrosion activity occurring in the test sections. 
Experience in another State with overlays of 2 Inches on 
corrosion-distressed CRCP has shown good performance for only 
3-4 years. They are presently placing 4-to 6-inch overlays on 
CRCP and expect to get 10 years of service life. 

There is also a need to improve the shoulders on the project, particularly. 
the WB outside shoulder east of the truck weigh station. It is evident 
the trucks are stopping on the shoulder, presumably to avoid passing 
through open scales. 

From our discussions with the State engineers, there was a recognition 
that the thin CRCP overlay, corrosion of the transverse bars and heavier. 
than expected traffic loadings are major contributors to the distress. 
The State may wish to consider using epoxy-coated reinforcing steel on an 
experimental basis in future CRCP pavements. Another State has placed 
some CRCP having epoxy-coated reinforcing steel. We are not aware they 
are experiencing any problems, however, the pavements have not been in 
place long enough to judge long-term performance. 

VII. Closing Remarks 

It is highly gesirable to determine the cause of the distress prior to 
developing feasible rehabilitation alternatives to ensure that the 
selected strategy corrects the cause of distress. For any pavement 
rehabilitation project, the States are encouraged to follow the approach 
for an engineering and economic analysis as outlined in Mr. Barnhart's 
November 15, 1983, memorandum. Briefly, this includes the following 
steps: 

Establish existing condition of pavement. 
Identify distress. 
Determine cause of distress. 
Develop feasible alternatives. 
Conduct economic (life cycle cost) and engineering 

analysis of each alternative. 
Select most appropriate alternative. 
Design alternative. 
Provide feedback on performance. 

We believe thir a logical, practic31 approach to addressing pavement 
rehabilitation 1 djects. Our observations recommendations and con lusion 
are based upon a limited review. We do not feel that we can briefly 
examine a pavement in a short time period and conclusively give the State 

3.7.10 



the ultimate so'lution for a problem their engineers have been 
investigating for many months. We appreciate the opportunity to provide 
an outside opinion and to provide items for consideration. We hope our 
visit was as beneficial to the State as it was to us. 

During the field trip, we observed a close working relationship among our 
Regional Office, Division Office and the State. We think this spirit of 
cooperation is excellent, and we look forward to continuing to work with 
the State and our field offices whenever we can provide assistance. 
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(3 . Memorandum 

Suolec! Lateral Load Distribution and Use of PCC 
Extended Pavement Slabs for Reduced Fatigue 

Dare 

From Chief, Pavement Division 
Washington, D.C. 20590-0001 

%Yy !O 
Am of HHO-12 

TO 
Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Attached are two copies of a report entitled "Lateral Load Distribution and 
Use of PCC Extended Pavement Slabs for Reduced Fatigue." The report was 
written by Mr. Mark Sehr, Highway Engineer Trainee, and the final editing was 

. done by ERES Consultants. 

The paper sumnarites data and findings from several studies on Lateral Load 
Distribution and Load Stress at Pavement Edge. It includes discussion of the 
advantages of extended (or widened) lanes for PCC pavements and their effect 
on stress, strain, deflection, and PCC pavement deterioration. 

We believe Mr. Sehr has prepared an excellent report and that it should be 
distributed to the division offices and shared with the States. We don't, 
however, have a sufficient number of copies to accomplish the desired 
distribution. Feel free to,make copies or contact Mr. Donald Petersen at 
FE 366-2226 to arrange for the printing of additional copies, or if you have 
any questions concerning the report. 
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NOTICE 

This document is disseminated under the sponsorship of the 
Department of Transportation in the interest of information 
exchange. The United States Government assumes no liability for 
its contents or use thereof. 

The contents do not necessarily reflect the official views or policy 
of the Department of Transportation, but is a compilation of 
recent research and design concepts. 

This report does not constitute a standard, spedfication, or 
regulation. 

The United States Government does not endorse products or 
manufacturers. Trade or manufacturers’ names appear herein 
only because they are considered es&M to the object of this 
document. 
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PURPOSE 

This paper summarizes data concerning la:erai whee! Cis:;;j~,om azb 
Tresents condusions based on that data. It aiso examines the advantages of ex:er.d?~ 
!or w:dened) portland cement concrete (KC) pavernent slabs in :erms of +,e!r e+c: 
on stress, strain, detlection, and KC pavement deterioration. 

B.ACKGROZ;‘ND 

Early road widths were only 15 fi (3.6 mf, wide enough to handle +,e i.exlan& 
of horse-drawn vehicles. Following the discovery of the internai combustion eng:ne 
and the development of motorized vehicles, traffic steadilv increased. Tze wtd:,? or 
roadways increased to 16 ft (4.9 m), and then to 18 ft (5.3 ‘m). Bv the late 1925’s. 
primary paved roadways were needed and the construction of lb ti (3.0 m) lar,es :X 
it [6.1 m] roadway) were standard practice. Today, conventional designs use I2 t’: 
(3.7 m) lanes as standard practice. 

PAST STUDIES AND COMMENTS ON THE DATA 

The lateral location of traffic in the travel lane is the criteria to determine that 
a 12-h (3.7 III) channeiized lane is wide enough to withstand the re+tive loads of 
heavy truck traffic, and there have been several studies to determine the lateral truck 
wheel distribution in the pavement lane. These studies were generally initiated for 
design and safety concerns. There recently has been consideration of PCC Tavement 
stresses and deflections and their connection with lateral wheel loads and shouider 
encroachments. The studies’attempt to detexmine the lateral wheei distribution and 
evaluate the damage done by differing transverse loads to help designers in building 
an adequate pavement structure. To summarize the information on lateral whee! 
distribution and the probability of pavement edge and shoulder encroachment, the 
results from a number of studies on lateral wheel path trtific distribution are 
highlighted in the following text 

The first study on lateral wheel distribution was completed by Taragin oi the 
Federal Highway Administration in 1958.“’ This data, which is sti!l used in both 
current PCC and asphalt concrete (AC) pavement design, showed that the highest 
frequency of travel and mean travel path distance occurred at little more than 2 !t 
(0.61 m> from the right pavement edge. The findings stated that an average oi 2.3 
percent of the mainline truck traffic encroached up to 12 in (305 mm) on the outside 
shoulder of the test section. The findings aiso stated that about 4 percent of the 
overall traffic drove cioser to the edge than 12 in (305 mm). Taragin’s study was 
completed on 124 (3.7 m) pavement lanes with unpaved shoulders. 

The applicability of these results for current conditions can be questioned. 
There is some thought that the unpaved shoulders in the study may have been an 
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artificial ‘deterrent to the trucks encroaching on the shoulder and thus biased ::?es* 
results. Another consideration is that the size, speed, and number of trucks on th? 
road in the 1950’~ is much less than today (1989). The 2.5 percent truck traffic 
encroaching on the shoulder is considered 10~ based on current traffic Characteristics 
shown in studies discussed later in the text. 

The second studv was done by Emery of the Georgia Department of 
Transportation in 1974.i2’ This study found that 53 percent of the overall traffic 
traveled within 12 in (305 mm) of the pavement edge. it was also observed that at 
least 2.4 percent of the truck traffic encroached on the pavement edge. Nine percent 
of the traffic was driving in a &in (381 mm) wide wheel path that started 3 in (76 
mm) inward from the right pavement edge and extended outward to include 12 in 
(305 mm) of the shoulder. This data -~-as obtained from PCC pavements with an 
asphalt concrete shoulder: therefore it was concluded that a visible delineation existed 
between the pavement and the shoulder. 

. The data from this study showed that the motorist will drive near the edge of 
the pavement whenever possible in order to reduce or eliminate the uneasiness of 
dose parallel travel to other vehicles in adjacent lanes. 

Photo 1 - Ill UStI mation of where 
vehicles tent d to travel. Many 
vehides are tray Jelling H rithin 
18 inches of the edge of payem lent. 
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.A thxd study was ?e?ormed 5~ :he Satior.ai Cwaeyarlve s-:is:,wtv xsssLr,y, 
Prqram (NCHRP 14-31.“’ Tl:is ?ro!ec, conduc:eC. in G+o:g!a ;u::ng 1575, sed 2 :3- 
rni (16.1 km) test section to iolIow and observe razdomiy ;eiected trucks. Sboc;!der 
encroachment and the !on@rL;dinal :engrh oi :he ?ncroachmenr were recortied ior 
each selected try& tithin &he test .~ec50n. .A totai oi X5 ;rt;c.ks were ioiiowed in :he 
10 mi (16.1 km) section in Georgia. T?te :esuiS aCDear in rabies i, 2 and ;:j’ Tze . . 
Iezg:h and iocat; -on or’ the encroachments is shown in figure 1. ji 

Table 1. Summary of outside shoulder encroachments 
by type of shoulder pavement (reference 3). 

Item 
Asphalt 
Conce te 

Bituminous 
Suriace 
Treazen t iOt3i 

Xumber of Samples 
Number of Trucks Encroaching 
Percent of Trucks Encroaching 
Number of Encroachments 
Avg. Encroachments Per Truck 

Encroaching. 
Avg. Encroachments Per Truck 
Avg. Vehicle Speed, km/h 

129.0 76.0 
83.0 50.0 
65.3 65.5 

398.0 279.0 
4.8 5.6 

3.1 3.7 
-- 

Note: I km/h = 0.621 mph 

205.0 
133.0 
64.9 

67.0 
5.1 

Table 1 is a summary of outside shoulder encroachments by type of shouider 
material. Of the 205 h-u& observed, 63 percent encroached on the shoulder at ieast 
once within the test section. Approximately the same percentage encroached on the 
different types of shoulders stud&d MC and Bituminous Suriace Treatment). This 
seems to indicate that the delineation between a KC mainline pavement and an 
asphalt concrete shoulder or the rough surface of a bituminous surface treated 
shoulder does not necessarily deter trucks from encroachment. A total of 67 
shoulder encroachments were recorded, which is an average of 3.3 enaoachments per 
truck, per 10 miles of travel on rural interstate. 

Table 2 provides a summary of the number of encroachments on the outside 
shoulder,, by type of terrain. The percentage of trucks encroaching on the shoulder is 
approximately the same for both a rlat and a rolling terrain. There is not enough 
data on a hilly terrain to make a conclusion, but it wouid be reasonable to assume 
that it would be approximately the same as the others. 
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Table 2. Encroachments on outside 
shoulder, by type of terrain (reference 3). 

__. 

Xl1 
Terrain 205 133 64.9 677 5.09 3.30 

Table 3 shows that the outside shouider encroachments occurred ior an 
average of 4.5 seconds. The average encroachment was for a longitudinal distance cr’ 
approximately 400 ft (I 22 m) and 0.60 ft (0.18 m) laterally onto the shoulder strvx:‘z:e. 

Table 3. Average time and distances of outside 
shoulder enaoachments (reference 3). 

Item 
Outer .Median 
Shoulder Shoulder 

Average encroachments per truck in 10 Miles 3.30 0.25 
Average time on shoulder per encroachment, sets. 4.30 3.40 
Average longitudinal distance on shoulder per 383.86 344.16 

encoachmen t, ft. 

Average transverse distance on shoulder per 
enaoachmen t, ft. . . 

0.59 0.05 

Figure 1 is a summary of the transverse encroachments onto the shoulder. As 
can be seen, the highest frequency of encroaching trucks was approximately 6 in (!32 
mm) onto the shoulder. A high percentage of times when trucks encroach, their dual 
tires are iiterally split between the pavement edge and shoulder. 

The fact that shoulder encroachments occur regular& is well illustrated by the 
Georgia study. In the IO-mi (16.1 km) test section, the average number of 
encroachments per truck was 3.3. Of the 65 percent trucks encroaching, the average 
number of encroachments per 10 miles was 5.1 (see table I?. Why do certain trucks 
go onto the shoulder more than others. 7 The study was done with no cross-winds 
present, which eiiminates an obvious external factor irom biasing the resuits. Truck 
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Photo 2 - Dual wheel split between shoulder and edge of PCC pavement. Xote the 
pavement edge stripe location W-foot PCC pavement slabs). 

weight and the mental/physical condition of the driver may be factors, but their 
effect.could not be determined from this study. The terrain seemed to have no effect 
on the percentage of trucks on the shoulder. 

The main point to be made from this research is that, for whatever reason, 
trucks do encroach on the shoulder or beyond a 124 (3.7 m) channeiized lane. The 
3.3 encroachments per truck per IO miles is not an alarming figure; however, when 
multiplied by the total truck miles accumulated, the total number of encroachments 
quickly ad& up. As is discussed in the next section, the greatest damage to PCC 
pavements is done when loads are placed on the outside edge at the comer or at the 
midpoint of the slab. Obviously, encroaching truck traffic places loads at the 
pavement edge. Also, when an edge drop-off is present, the dual wheel splits the 
lane-shoulder joint and all of the load is transferred to only one wheel. This causes 
even higher load concentrations at critical points in the pavement structure. Because 
this edge loading can contribute to failure of the pavement, this is a subject that 
deserves more attention from the highway community. With the use of 
microcomputers and mechanistic design procedures, the pavement design engineer 
can now readily analyze critical load concentrations and calculate the necessary 
lateral support required to minimize damage and economize dn thickness design. 
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The results presented by Ezery :\*ere -‘VT” au,, C-3” 
the lateral piacement of trucks on a highwav du-- 

. .,, 5~ 3 s;~:T,~ koy,e 5, ‘;exz2 LT, 

that approximately 3.3 percer?t of the neck’- 
* i...g 1963. ” T;-,is’resea&: cart:*. isA . r-b u 

3 >am?ied com?ietelv encroached an:o :.“.e 
shoulder. Complete encoac:?ment is deiined as occ-drring wb,en the duai [ire is oii 
the pavement an&entirely on the shouider. Up ta 12 Fercent of the :rucks were 
partiaily on the shouider, defined as occurring when the dual wheei is on the 
pavement and shouider simultaneously. X main point oi this stzdv is :hat a higher 
percentage of trucks (12.0 compared to the 7 - - -.z round b-v Tagarin and Emery;) are 
running on the shoulder and are not being accounted ior in current highwav design 
practices. 

Werence 34 

qeference l 4 

TRUCK 

3OOY 
I 

in (508 mm), as shown 
Due to site limitations, 

X fifth study was recentiv 
completed by the 
Transportation Researc:? 
Laboratory at the Lrtiversitc 
of Illinois in March 1988.‘4’ 
This study compared the 
lateral distribution or truck 
wheel travel paths on a 12-t-t 
(3.7 m> KC fr eeway lane with 
XC shoulders with two 
extended KC pavement slab 
widths (13.5 ft I4.1 m] and 
13.7 ft (4.2 ml> that were also 
delineated into 12 ft (3.7 n) 
driving lanes. This is shown 
in figures 2 and 3.“) 

The extended KC Davement 
sIab test section was ‘iocated 
on 3.1 mi (6.6 km) of rural 
freeway on 1-57 in lllinois. 
The southbound outside lane 
was striped as a 12-ft (3.7 m> 
lane and the extended KC 
pavement slab widened 28 in 
(457 mm) into the shoulder. 
The KC pavement extended 
18 in (457 mm) beyond the 
right lane stripe into the outer 
shouider. The northbound 
outside slab extension was 20 

in figure 3.“) Both directions have asphalt concrete shoulders. 
the data collection for the section was limited to one location.. 

. 
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The type of trdck monitored in this study was semi-nac;or :rai;ers. p~s~e~.~o: 
vehicles and smaller single unit treks have considerably less impacr on edge S;ressej 
and were not induded in the sample. AS with the Georgia study, no data was taken 
on days with a strong cross-wind. Also, the study section was on rural interstate anti 
the terrain was fiat;with no hotiontal curvature within 2000 ft (610 m) of the test 
sections, in order to further reduce the effect of external factors. Film from 8mm 
movie cameras was reviewed by the University of Iilinois staff to obtain the data. 

A summary of the lateral encroachments on the edge of the pavement is given 
in table 4.“’ A comparison of the average lateral placement of the truck tires in the 
control section with the extended PCC pavement slab section leads to the concicsion 
that trucks will not significantly move outward in the designated traffic lane. Ct’heel 
path locations show that trucks tend to drive approximately 2 in (51 mm) closer to 
the edge line stripe on an extended PCC pavement slab. This would tend to ir.dica:e 
that with adeauate slab widt.,. b the oavement striue location controls the lareral wkeei 
path in which the trucks travel rather than the overall width of the gavemerrt itself. 

The trucks stayed an average of 20 to 22 in (508 to 359 mm) away from the 
edge Iane stripe, whether on a 12-ft (3.7 m) PCC slab or an extended PCC slab 
marked with a 12-ft (3.7 m) driving lane. At first, the 20 to 22 in (508 to 339 mm) 
distance may seem adequate, but after evaluating the data it can be seen that 
approximately 30 percent of the semi-tractor trailers travel 18 in (457 mm) or less 

Table 4. Values of sample size, lateral distance D (fig&es 2 and 3”‘), 
standard deviation, and percent shoulder encroachments for 

the lateral distribution of truck wheel paths (reference 4). 

Distance Percent Shoulder 
Sunpk From Edge Erraoachmencs 
size ‘D, in lane Standard (Beyond Lane 

Wehide) (Fig. t&3)” smpe, ul Dev.. VI Smpe) 

Control Section 536 22.0 22.0 9.0 0.7 
18-in Extended Section 691 38.1 20.1 9.1 1.7 
to-in Extended Section 613 40.5 20.3 9.1 0.7 
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from the siab edge. The number of trucks within I:! in (305 rr.m) oi the siab edge :5 
approximately 10 percent (Figure 4).‘” This is a significant number 0i trucks 

traveiling at the edge of the KC pavements and, if these results can be considered 
representative of t,he rest of the country, indicates that a large number of edge 
loadings are not being considered in most ot’ the State highway agencies desip. 
processes. 

It shouid also be noted that none of the trucks sampied in the wldened lane 
pavement test sections traveled on to the KC pavement edge or AC shoulder. X 
small percentage did encroach on the edge lane stripe, but none went to the 
pavement edge itself. 

Figures 4, 5, and 6 show the data collected for each test section and the controi 
section.“’ These once again show that the average distance from the edge stripe is 
between 20 and 22 in (508 and 559 mm). A significant percent of the truck traffic 
does travel within 18 in ,(457 mm) of the KC slab edge on the control section. The 
extended PCC pavement slab sections had very little traffic within 18 in (437 mm) of 
the edge of the KC slab. This can be seen clearly in the graphs of the distribution of 
trucks, as indicated by the mean lateral distribution (x). 

Photo 3 - A truck travelling near the edge of pavement. Note the pavement edge 
stripe location (12-ft PCC pavement slabs). 
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Since the extended KC pavement siabs had little effect on the lateral wheel 
path of the trucks, it suggests that the pavement edge stripe has a major effect on the 
traffic distribution. However, opinions on this point differ among maintenance, 
traffic, design, and construction engineers. If the pavement edge stripe is located 
more than 12 ft (3.7 ml from the centerfine and on an AC shoulder, where will the 
SW&S wheel paths be located ? Will they be 20 in (SOS mm) away from ;he edge of 
the KC slab or 20 in (508 mm) away from the edge stripe itseif? It is a question :ha: 
deserves much more thought by highway agencies. 

ANALYSTS OF DATA ON PCC PAVEMEM- DETERIORATION 

Extended PCC pavement skbs refers to KC slabs which are built wider than 
the conventional 12-ft (3.7 m> striped traffic lane. The normal siab extension that has 
typically been constructed varies from 1 to 3 ft (0.3 to 0.9 m). The basic concept 
behind the construction of extended slabs is to kee? the heavy wheel loads away 
from the outside edge of the pavement so that traffic loads used in design can be 
considered interior loads. ‘?ruck wheel loads placed at the outside pavement edge 
create more severe conditions than any other load position. Xs the truck piacement 
moves inward a few inches from the edge, the effects decrease substantially.““’ 
Extended KC pavement siabs are not, however, a replacement for an adequate 
shoulder pavement stmcture. in extended KC pavement slab should be used with 
an adequate shoulder structure to meet an agency’s own design standards. 
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tn considering the poterttial benefits from the us< oi zx:er.ced ?aveme2: jiakj, 
their effec: on pavement deterioration should be recognized. In rhis secnon, jiab 
stress, strain, deflection, and moist=lre infiltration are considered as they are :e!ated :o 
extended KC slabs. 

Stress and accumulated pavement fatigue are two parameters used to calc;ia:e 
the damage done to a KC pavement by appiied loads. It is widely accepted that 
“the most critical pavement stresses occur when the truck wheels are placed at or 
near the pavement edge and midway between the joints.“‘” Since the critical stress 
OCCWI at the mid-point of the panel, load transfer devices at transverse joints do not 
have a great influence on the load stresses at the mid-panel. The effect of trucks 
running at the pavement edge can be shown by the stress-fatigue analysis in figure 
7.‘” The fatigue was calculated at various locations on the KC slab, inward from the 
slab edge, for different truck wheel load placements. “This factor, when multiplied 
by edge load stress, gives the same degree of fatigue consumption that would result 
from a given truck piacement distribution.“n As the lateral truck wheel distribution 
moves away from the PCC slab edge and inward on the slab, the total number of 

’ load repetitions increases, but the damage due to stress decreases. As illustrated by 
figure 7, the fatigue stress decreases as the percent trucks at the edge decreases:” 

Equivalent Edge Stress Fac!or Versus 
Percent of Trucks at Edge 

Reference #S 
,i 
j / _ 1 

Tafaqn 4 :x0 0.03 I 
?V,. “” 

t 
I Taragm 2 !ar3 0.6 

Efery rpavec snfxicer) 5 CO 8 

70 0 1 2 3’ 4 5 5 7 7.9 
PEXEM TRUCKS AT EXE 

S&l6 
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midpoint on +he outer edge. The induced stress was then caicxiared at that zolr,: ;a 
&in [lo1 mm] ocset, and at fur:her offsets from the edge oi 9 in, 26 in, and i: ir: 
(203, 406, and 6iO l .~) by moving the load inward on the slab. AS is jhobT in 
figure S, there is a !arge reductron in stress that results from movir,g loads ait’av ;ro;r: 
the siab edge. ’32s reduction is greater ior thinner siabs. 5~2 stress is ;eiarei :o 
fatigue ar.d, i;ltkmately, deterioration of the siab, this redution in jtiess 15 a desli2’2ie 
goal. 
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Figure 8 

The effect of wheel load placement on pavement slab strains has also been 
documented. As measured in test sections by the Minnesota Department of 
Transportation (MnDOTI, pavement strains are shown to be greatest at the free edge 
of the KC slab (see figure 9).‘6) The edge strain reduces quickly as the wheel load 
moves inward from the edge of pavement, as shown in figure 10 (from a MMNDOT 
laboratory test slab) and tends to level off when the applied load is 18 to 21 in (4Si :o 
610 mm) from the edge of pavement.i6’ “In general, free-edge srrains were 36 percent 
to 50 percent greater than interior strains.“‘6’ 
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Maximum Strains at MNDOT Test Stations 

Edge Strain in Laboratory Test Slab 
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.M~&$iU~eTle~t!S and eStZbliSkfXl tc3ta Ol‘i ?ilCr- h:L’T~‘iY!& ;iiid CJrling Of PCC 
pavementr and the effect of extended PC:C ~t~wrct~:ni sia wth IZ ft (3.7 m) 
channeIized traffic lanes is limited. “Warping iea- 6’~~ slabs unsupported for dis:ar.ces 
of as mu& as 4 to 5 ft (1.2 to 1.5 37) iit Slab CQxi@:‘F; tld 2 to 3 ft (0.6 to 0.9 m) at siaj 
edges.““” The loss of support along the slab edges and the compressive forces of the 
concrete itself are two adverse effects of warping. Curling refers to the concrete slab 
behavior due to the differing temperatures in the slab depth. Slabs curl upward 
(corner support lost) during the night because the temperatures are cooler on the top 
surface than on the bottom of the slab. Conversely, slabs cur1 downward (corners 
downward) during the day due to the warmer temperatures on the top surface or’ the 
slab compared to the bottom. There is not enough information available to see any 
differences in warping and curling with the use of extended KC pavement slabs. 

Water infiltration underneath existing pavements is being emphasized as a 
major factor in the deterioration of some pavement structures. The use of extended 
pavement slabs would mean less traffic directly on the longitudinal shoulder joint 
(either ITC or AC shoulder). The required maintenanee of the joint seal should be 
lower and the seal achieved during construction would function as an effective joint 
for a longer period of time because of the fewer applied loads. With a better 
performing joint, there should be less water infiltrating through the longitudinal edge 
joint to the underlying base material and less potential deflections due to the lateral 
wheel load location. 

Photo 4 - Ulustration of PCC pavement/shoulder joint deterioration. Note the 
pavement edge line location (12-foot lanes). 



T?&e se Oi ?XieF.LeC TaL’e- . ..ent Gabs wiil !ead to imarot.ei ~a...e~,2~.I 
oer&mance. The extended Iiie wiil ‘be due to lower edge jtra:rs, :e~~;c~~ ‘. c’.‘iy’.; 
itress, lower edge and corner derlecsons, and less water inii!caton :h.:o:~k -A< 
longitudinal pavement shouider joint. It should be possible to design a :;&r~& 
pavement section with extended pavement slabs and obtain the 5am.e oerform.-arGce ~5 
that of a thicker pavement without extended slabs. “Results or’ a stud; conduczed 5.. 
the Construction Technology Laboratories for the Federal Highway &hinist;acon ’ 
indicate that lane widening is an effident method of improving Ravement ;es?or,s(r 
under traffic load.“‘“’ Improved performance can realistically be expected irorn the 
use, of extended pavement slabs without drastic changes of design. K’ith :he correct 
information available, highway designers will support the construction oi 2x:enCed 
pavement slabs to extend the life of the pavement, with no decrease in jar’s:); cr 
inaease in initial (unit price) costs. 

It should be noted that the benefits of extended slabs can oniv be realized ii 
the siabs are properly.striped. Since the stripe appears to control tie lateral wheel 
distribution, placement of the lane-shouider stripe must be done at the 12 ft (3.7 T-J 
mark and not at the edge of the extended slab or even on the adjacent shoulder. 

SAFETY CONCERNS 

The .issua of safety is also a subject that should be addressed when discussing 
the use of extended slabs with the traffic lane striped at 12 ft (3.7 m). Discussion 
with the Office of Highway Safety and Regional Safety Engineers indicates that there 
are no increased safety problems with the use of extended lanes when compared to 
standard 12 ft (3.7 m) lanes: In fact, widened lanes are equal or superior to rhe 
conventional ianes, from the standpoint of user safety. However, it should be noted 
that extended KC slabs should not be considered a replacement for a shoulder 
structure. 

In the area of user safety, lane edge stripe maintenance and location on 
extended pavement slabs has been a debated subject. Practices on standard I2 it 
(3.7 m) pavements differ from Stqe to State and even between different areas of a 
State. There are two basic theories about where to put the pavement lane edge snipe 
when shoulder structures differ from mainline pavement’ type. One practice places 
the edge line stripe on the PCC pavement (mainline) to keep the load off of the 
pavement/shoulder joint. The advantages of keeping the wheel loads 18 to 36 in (457 
to 914 mm) away from the pavement have already been discussed and documented: 

The second practice is to place the pavement edge line stripe beyond the 
pavement/shoulder joint and onto the shoulder (usually AC). One of the reasons tor 
this practice is that the edge line will last a longer period of time, therefore reducing 
the associated maintenance costs (paint, trucks, crew). The other support for this 
practice lies in the color contrast between the white paint of the edge line and the 
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Photos 5 k 6 - Two examples of widened lane pavements performing as designed 
(inside lane 12 feet, outside lane 14 feet and striped at 12.5 feet). 
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black coior of the asuhait shoulder. However, economic ram:i:c~::on,j oi zc;2,2r-- - s.?- 
pavement deteriorahon far exceed potential maintenarce bene5;its or :r,creas;r.g :+.e 
effective stripe life. 

-Most design engineers acknowledge the advantages or’ extended zav?xez: 
slabs in keeping the traffic off of the shoulders. However, :h.e controi o; :he a!crAal 
paincng oi the edge line stripes is in the hands of traffic and - ..,aiz-iter,ar.ce engineers. 
Until design concepts and concerns are thoroughiy understood bv this grou?, many 
extended slab designs will be wasted because of improper edge lme piacemen:. 
When comparing the costs of annual or bi-annual painting of edge lines and a 20-X 
percent extended pavement life, the benefit-cost ratio supports correctly piaced and 
maintained edge stripes. There is also little conclusive data that supports the cor.ceFt 
of better edge Iine delineation on AC pavements than on KC pavements. 

CLOSING STATEMEVI-S 

When gathering data for this paper, many research reports on differing 
subjects were reviewed that briefly mention extended pavement slabs and their 
benefits. information regarding extended slabs and stresses, strains, deflections, and 
overall pavement deterioration is limited to portions of studies done on other 
subjects; there have been only a few studies performed recently that concentrate 
solely on lateral wheel load distribution and KC pavement fatigue. 

‘_ 
The greatest use of extended slabs is concentrated in the midwest (Iowa, 

-Minnesota, South Dakota, and Wisconsin), with each State’s design a little different. 
They are all building extended slabs for the same reason; to move the heavy truck 
wheel loads away from the edge of pavement. Extended pavement slabs have also 
been used in Georgia, Idaho, Louisiana, and Oregon. Deiaware wiil be constructing 
its first extended pavement slab project during their 1989 construction season. & 
more pavements are built with extended slabs, much more information will be 
avaiiable on their performance. . 

There are points in the previous text that deserve repeating. . 
l Resent wheel load distribution will be an average of 20 to 22 in (508 to 

559 mm) away from the lane edge stripe on 12 ft (3.7 m) PCC slabs. 

l The edge stripe, and not the overall width of the lane, controls lateral 
truck wheel distribution. 

l Studies have shown that detrimental edge loads are reduced 
significantly at 26 to 20 in (406 to 508 mm> away from the KC 
pavement edge. 
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0 ,A KC pavement that is widened 18 to 24 in (457 to 610 r,,Tj and 
shiped with a 12-h (3.7 ml lane can expect a 20 to 30 percent incease in 
pavement fatigue !ife and reduced maintenance costs. 
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0 . Memorandum 

Washinqton, D.C. 20590 

Suolect: Longitudinal Cracki'ng at Transverse Da'e 
Joints of New Jointed Portland Cement 

NOV 3 0 1988 

Concrete (PCC) Pavement with PCC Shoulders 

Chief, Pavement Design and 
holy 10' 

from Alln of HHD-12 
Rehabilitation Branch 

To: Regional Federal Highway Administrators 
Attn: Pavement Specialists 

Attached is a report outlining a longitudinal cracking problem that occurred at 
the transverse joints near the edges of a mainline PCC pavement. This cracking 
is believed to be the result of the intrusion of,mortar into the mainline 
transverse joints during. shoulder construction. 

The report indicates that the mainline PCC pavement was placed in warmer 
summer weather while the PCC shoulders were subsequently placed during cooler 
weather after the contraction joints had opened. When the shoulders were 
placed; mortar intruded into the mainline contraction joints and hardened. 
During the placement of the shoulders the contractor provided additional 
vibration along the lane/shoulder joint. This may have increased the flow.of 
mortar into the open joints. With warmer weather, the slabs, unable to expand, 
developed longitudinal cracks near both edges of the mainline pavement. 

It is recommended that, in similar situations, States consider sealing the 
sides of the contraction joints prior to placing adjacent pavement. This would 
prevent the intrusion of mortar into the joint. 

. . 

Attachment 

. 
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I-60 Lmqitudinal CrackFnq - l988 

in Jme 3, 1988 project PZrSmnd m 35-tnileS Of a yet-to-be owed to traffic 
sectian of I-61 noted Some lmgitudinal Cracking m both sides of tfie 
transverse mtractim joints in the portland cement ancrete (pee) pavement. 
At first, the lmgitudinal aaching appeared to be limited to a carple of 
interchange ranps, however, it was swn fovld to be scattered throu#xut the 
approximately eleven miles of pet pavement having w shoulders. The omer 24 
miles of yet-to-k opened section of I-61 consisting of pee pavenent having 
asphalt stroulders was not experiencing any cradling. The cracks were 
typically 12-18 inches in length and were located approximately 9-12 in&es 
from the mainline/shoulder joint. wlen cracking octlPled, me cracks wcTe 
ahays present m both sides of the transverse cmtractim joint and near the 
inside and cutside of the nU.rUne/shoulder 1mgitudina.l joints. 

BACKGROUND 

The eleven miles of WC pavenent were placed in 1987 ulder 3 paving projects 
involving two cmtractors. me mainline pee consists of l2-indr jointed, 
mesh-reinforced concrete pavement having 40.foot joint spacing. The typical 
sectim consists of two travel lanes with an additlmal truck cllnbing lane 
for several sectims. The tied sharlders ansist of 10.in* ncn-reinforced 
ccncrete pavement having 200taot joint spacing. The shoulders art tied to the 
mainline pavement with had< bolts. Free draining base material consisting of 
qgregate (No. 57 stme) treated with two percent of paving asphalt by wei@ 
’ the aaregate is in place breath the mainline and shoulder pee pavement. 

bgitudinal and transverse joints were sawed and sealed using a low module 
Aliccnc seaLant. This section of I-64 was scheduled to be opened to traffic 
on July 15 so it was tiperatfve.mat me cause of me prcblem be cktermined 
and an acceptable solution fomd before the road was opened. 

On Jcne 6, Messrs. W.T. KeUey, D.M. Hart and D.J. VoeU<cF &served WVCOH 
perSmn& wmiding a coring operaticn m the eastbamd off-ramp at the 
Beaver Interchange. The core bit had caused a spall at tne pavement/shoulder 
interface adjacent to the trmSvax fmtractim joint. It apOcared mat 
hardened mortar was in the transverse contraction joint below the backer rod. 
See attached drawing. 

Althou@ there were two differ-t paving antractors, we believe they used 
similar methods ad sequarce of paving operations as artlined below. From 
discussims with project petscmncl, we believe the cmtractor slip-formed 
21.foot wide mainline pee pavemslt ad 16.foot wick paz interchange ramps. As 
smn as possible thereafter but no later than 24 hcurs after plating the ncy 
pee, an initial saw a&5/16-inch wide and 3-l/4 indr deep was made at me 
cm traction joints. The contractor then placed a 3/84nd7 backer rod in me 
saw cut to keep out incompressible% mis was later remwed &en me final 
saw cut was macb . Final sawing of the transverse cmtractim joints in the 
mainline pavement was danebefore the pee shoulders were placed. Find 
reservoir shape was S/B-inch width by 1 L/2z-inCn depth. The contractor placed 
bad<er rod and ~ilfccne in the joint, however, the SPedfiCatim did not 
quire him to seal the edges of the tranSv=Se pee joints at tie 
.ainline/shouldcr joint. As shown in Section B-8 of me attached drawing, me 
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sin= ttre State ear&r had sme amams Oyer props amsolfclat.icn of the pet 
at me mainline/shoulder lmgitudinal joint, the antmCtOrs placed vibratars 
near this edge and may have increased the number Of rpns m the vibrators. 
This could have permitted intrusim of mortar into tne opening below the 
badcer rod and in the vertical ctad< as the shddcr paving o-&m 
progressed past t3e nrainlinc transverse cartractlm jolnt. If~pections of 
sane j~ifks indkatc thl~ martrr had typically entered the opening bda the 
bad<er rod z&art 4-5 inches but in sonr, cases (hi@ sick of super-clcveted 
sections) this intrusfm was as mrdr as 7-8 inches. The mainline pavansnt was 
placed during Jurc-July 1987. Most of the inter&ye rmps uere slip-formed 
in Augwt-September 1987. The pee sha&krr were placed m the mainline 
pavement during ScptMber-Octaer ad m the ramp sectims during 
OEtober-November , 1987. The 1mgitudina.l jointt between the matiline and 
shoulders were saw cut to a ckpth of 1 1/Z incha md 5/84ncf1 width. 

Project persmnel stated that in sane places, tne mtracds saw blades 
during the final saw aA u-8 hardly twching the W~US of the tcansvcrse 
contraction joints. In other wordr, it is possible the sl&s had 
s&stantlally cmtracted during cooler warns causing me joints to opar. 

ll joint sealing operatims uere completed before the Winter of lP8743. 
where was no indicatim of ay crabing in the pee pavamt during the Spring 
of 1988. 

When the weather in May and JLne became very warm (highs in wr 80% and lar 
90’s), cracks began to appear. It is belicved the slaQ were urable to 
properly expand tie to the hardened mortar in the trmsverse contractian 
joints, causfng the lmgitudinal craddng as shorn in the attiMed drawing. 

Solutim: 

It was agreed that all the transverse joints would be re-sawed at the 
fmi.nlinc/trxk lane nd mainlfnc/sharlder joints. It WY felt *ether a 
lmgitudinal crack was already pracnt, it was imperative that each joint be 
sawed. A 5/b-inch ride by 68 inch ckep saw cut was mdc. Cue was taken to 
ensure the saw cut mly extmdcd aart 6-7 in&es into the &line slab to 
prevmt possible cuttfng of the Qwel bars in the cmtractim joint. The new 
saw cuts were then cleaned using a wire brush manted m a potable saw 
&assis and air blasted cl-. If ny incompressible appeared to refdn in 
the joint, a sacred saw art was made in an attcmgt to f\pm= hrtd<down me 
incMlpressible. me joints were men resealed with backer rod ud low-Mdulus 
silicone. 

Areas that already cra&ed were visually examined and scunded to determine if 
delaminatims had occured. Partial ckpm patties were IWE in delaminated 
areas.. Cracks that had not caused delaminatims were sealed with hi@ 
.lolecular wei*t mmacrylate. 
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ill operatfms were cm@etM by July 1, a~0d-q ribbm cutting caemnia to 
mxeed without Way m Julyl5. To prevent future prdrlas, the State 
fntme to mdify their plans ad spccificatians to require the cmtractor to 
prevent the intrqicn of any inaomppssfble materials into the transverse 
contractian joints *en placing adjacent PavereM. Also, cmsideratim fs 
being given to requiring.final3aw cutting within a reasonable time after 
initial saw cutting to prevmt *c fmteWial Of Slabs si@ficantly 
cmtracting or expanding due to w2athe.r. 
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US. Deparmenr 
ol Transpoftarxx 
Federal Hlghwuy 
Adminisfmtion 

Technical Advisory 
Subject 

PORTLAND CEMENT CONCRETE MIX DESIGN 
AND FIELD CONTROL 

Classlflcatlon Code Date 
T 5080.17 July 14, 1994 

Par. 1. Purpose 
2. Background 
3. Materials 
4. Proportioning 
5. Properties of Concrete 
6. Mixing, Agitation, 
7. 

and Transportation 
Placement and Consolidation 

8. curing and Protection 
9. Concrete Distress Conditions 
10. Manufactured Concrete Products 
11. Quality Control and Testing 

1. PURPOSE. To set forth guidance and recommendations 
relating to portland cement concrete materials, 
covering the areas of material selection, 
design, mixing, placement, 

mixture 
and quality control. 

2. BACKGROUND 

a. Each -year approximately 46 million cubic meters of 
concrete are used in all highway construction. 
The vast majority of States use a prescription 
type specification for portland cement concrete, 
often specifying minimum cement content, maximum water cement ratio, slump range, air content, and 
many times aggreqate proportions. Admixtures such 
as fly ash are incorporated into mixes as a part 
of the prescription. 

b. This system has worked fairly well in the past but 
may change as emphasis is placed on performance . 
based specifications. States have begun to reduce 
or eliminate the amount of inspection at concrete 
plants as automation has increased productivity. 

a. Portland Cement. The proper type of portland 
cement should be specified for the conditions 
which exist. . 

m. . . . . 
OPI: HNG-23 
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(1) 

. > ‘I 

(3) 

Types 1, II, III, IP, and IS are typically 
used in highway construction. Type I is used 
when no special circumstances exist. Type II 
is used when sulfate exposure conditions are 
present. Type III is used when high early 
strengths are required. The use of Types IP 
and IS result in lower early strength gains 
and can be substituted for Type I cement when 
early strength is not a concern. In addition 
to the above mentioned types, Types IV and V 
are sometimes used in highway applications to 
meet special conditions. Further information 
about these cements can be found in the book 
Desian and Control of Concrete Mixtures 
published by the Portland Cement Association 
(PCA). 

It is recommended that the acceptance of 
portland cement be based on certification by 
the supplier. The certification should 
contain the lot number of the cement. The 
supplier's test results should accompany the 
certification or.be available to the State. 
Verification samples should be taken and used 
as part of the acceptance system, 

If alkali aggregate reactivity (AAR) is a 
concern, a maximum alkali content of 0.6 
percent should be specified. Some State 
highway agencies consider this amount too 
high and recommend smaller amounts. If 
AAR is a problem in the State, a review 
of a States' Materials Manual is suggested. 
See Concrete Distress Conditions Section 
for other remedies. 

b. Aggregates. Aggregates make up 60 to 70 percent 
of the volume of concrete mixes. A significant 
portion of poorly performing highway concrete can 
be traced to aggregate quality problems. 

(1) The fine aggregate should meet the 
requirements of the American Association 
of State Highway and Transportation Officials 
(AASHTO) M 6. 
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(2) The range for the gradation of fine 
aggregate is quite broad. The fineness 
modulus (FM), calculated using AASHTO T 27, 
can be used as a tool for assessing the 
variability of the fine aggregate gradation. 
The specifications should limit the range of 
the FM between 2.3 and 3.1 according to 
AASHTO M6 and the variation of the FM should 
not be more than 0.20 from the value of the 
aggregate source. 

(3) The FM is a means to control the influence 
that fine aggregate has on workability and 
the air content of the mix and is sometimes 
specified in the mix design. Further 
information regarding FM can be found in the 
Federal Highway Administration's manual FHWA- 
ED-89-006 (Portland Cement Concrete Materials 
Manual). 

(4) It should also be noted that to provide good 
skid resistance, the PCA recommends that the 
siliceous particle content of the fine 
aggregate should be at least 25 percent. 
Consideration should be given, however, to 
the possibility of alkali-silica reactions 
when this is done. 

(5) The coarse aggregate should meet the 
requirements stated in AASHTO M 80. For most 
parts of the country the severe exposure 
requirements should be used which means the 
use of class A aggregate for structural 
concrete and class B aggregate for pavements. 
The following table contains some of the more 
common information provided by Table 1 in 
AASHTO M 80. 
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chert 

C. Water 

(1) The water serves as a key material in the 
hydration of the cement. In general, potable 
water is recommended although some non- 
potable water may also be acceptable for 
making concrete. Water of questionable 
quality should be examined since this can 
effect the strength and setting time. The 
following criteria is contained in Table 1 in 
AASHTO M 157 and is based on control tests 
made with distilled water: 

Test 
Compressive strength 

Limits 

percent of control tests at 7 days 90 

Time of set 
deviation from control 1 hour earlier 

to 
1.5 hour later 
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(2) Wash water can be used to make concrete 
providing the resulting concrete mix water 
meets the followincr criteria in Table 2 in 

- AASHTO M 157: 

Chemical Limits 
Chloride as percent of weight of 
cement for the following uses: 

prestressed concrete 
reinforced concrete in 

moist environment 
exposed to chlorides 

reinforced concrete in 
moist environment 
not exposed to chlorides 

0.06 

0.10 

0.15 

sulfates 
alkalis 
total solids 

3000 ppm 
600 ppm 
50,000 ppm 

(3) If there is any question about the water, it 
should be tested using AASHTO T 26. 

(4) It should be noted that the American Concrete 
Institute (ACI) provides more stringent 
tolerances for total chlorides in the mix. 
The chloride content for wash water in 
AASHTO M 157 is recommended for total 
chloride content in AC1 201.2R 22. 

d. Admixtures. Admixtures are typically placed in 
mixes to improve the quality or performance. 
can affect several properties and can have a 

They 

adverse impact on the mix if not used properly. 
To avoid possible problems, it is suggested that 
trial batches be made to evaluate the mix. 

L (1) Air entraining admixtures should be specified 
when concrete will be exposed to freeze/thaw 
conditions, deicing salt applications, or 
sulfate attack. Recommendations for air 
content are contained in paragraph 4d. 
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(a) A vinsol resin type admixture should be 
added when fly ash having a variable 
loss on ignition (LOI) content (between 
3 percent and 6 percent) is present. 
This is because of the effect that fly 
ash's fineness and carbon content has on 
the air entrainment system. Fly ashes 
not having a variable LO1 do not have an 
adverse impact on entraining agents and 
therefore vinsol resin type admixtures 
may not be necessary. 

(b) The specifications for air entraining 
admixtures are contained in 
AASHTO M 154. 

(2) Chemical admixtures include water reducers, 
retarders, accelerators, high range water 
reducers (superplasticizers), corrosion 
inhibitors and combinations of the above. 
The specifications for chemical admixtures 
are contained in AASHTO M 194. 

(a) 

(b) 

(c) 

Mixes containing admixtures are 
permitted an'increase in shrinkage and a 
decrease in freeze thaw durability (as 
indicated in Table 1 AASHTO M 194) in 
comparison with mixes having no 
admixtures. 

Admixtures are usually accepted based on 
preapproval of the material and supplier 
certification. Verification tests 
should be performed on liquid admixtures 
to confirm that the material is the same 
as that which was approved. The 
identifying tests include chloride and 
solids content, pH, and infrared 
spectrometry. 

Water reducers and retarders may be used 
in bridge deck concrete to extend.the 
time of set. This is especially 
important when the length of placement 
may result in flexural cracks created by 
dead load deflections during placement. 
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Often water 
increase 

reducers and retarders may 
the potential for shrinkage 

cracks and bleeding. Because of these 
concerns, increased attention needs to 
be placed on curir,g and protection. 

(d) High range water reducers can be used 
to make high slump concretes at normal 
water cement (w/c) ratios or normal 
range slumps at low w/c ratios. The 
primary concern with the use of these 
admixtures is the loss of slump which 
occurs in 30 to 60 minutes. Redosing 
twice with additional admixture is 
allowed by AC1 212.4R; however, redosing 
typically reduces air entrainment. Type 
F and G high range water reducers may 
also be used. Type G has the added 
advantage of containing a retarding 
agent. 

A If transit mix trucks are used to 
mix.high slump concrete, it is 
recommended that a 75mm slump 
concrete be used at a full mixing 
capacity to ensure uniform concrete 
properties. If transit mix trucks 
are used to mix low w/c ratio 
concrete, it is recommended that I 
the load size be reduced to 
l/2 to 2/3 the mixing capacity to 

. ensure uniform concrete properties. 
Admixture companies are 
recommending additional mixing time 
with low w/c mixtures instead of 
decreasing the size of the load. 
This may have detrimental effects 
on some properties of the concrete 
such as the degradation of the 
aggregate resulting from over 
mixing. 

2 High range water reducers may also 
affect the size and spacing of 
entrained air. If Freeze-Thaw 
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W 

(f) 

(9) 

(3) 

testing as described by ASTM C 666 
indicates this to be a problem, it 
is recommended that the air content 
be increased by 1% percent. 

Calcium chloride, the most commonly used 
accelerator, has been associated with 
corrosion of reinforcing steel and 
should not be used where reinforcing 
steel is present. In addition to the 
corrosion problem calcium chloride also 
reduces sulfate resistance, increases 
alkali-aggregate reaction, and increases 
shrinkage. Calcium chloride should not 
be used in hot weather conditions, 
prestressed concrete, or steam cured 
concrete. 
chloride, 

In applications using calcium 
the dosage rate should be 

limited to 2 percent by weight of 
cement. 

Non-Calcium Chloride accelerators are 
available and can be used where 
reinforcing steel is present. However, 
care must be taken in selecting these 
since some may be soluble salts which 
can also aggravate corrosion. 

Calcium Nitrate, which can be used as a 
corrosion inhibitor, also can function 
as an accelerator. There are no 
consensus standards available for the 
use of this material. Manufacturer 
specification sheets should be consulted 
for proper use. 

Mineral admixtures include fly ash, ground 
granulated blast furnace slag, natural 
pozzolans, lime, and microsilica (microsilica 
is also known as silica fume). Currently 
all of these materials are being used as 
additives or to reduce cement contents. 
Mineral admixtures are accepted based on 
approved sources with certifications and 
verification samples. 
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(a) According to the American Society of 
Testing and Materials (ASTM) C 618 and 
AASHTO M 295 there are two classes of 
fly ash, class C and class F. Since 
variability in fineness and carbon 
content can affect air content, the 
optional uniformity specifications in 
AASHTO M 295 should be specified when 
air entrained concrete is used. 
ashes with LOI values less than 3 

Fly 

percent will typically not affect air 
content. Vinsol resin air entrainment 
admixtures should be specified when fly 
ash with LO1 higher than 3 percent is 
used. 

. 
.A Fly ash may be used as a supplement 

or a replacement and is typically 
limited to 15 to 25 percent. 
is used as a replacement, it 

If it 

replaces cement on a 1.0 to 1.2:l 
\ basis by weight. 

2 Fly ash can be used to increase 
workability, reduce permeability, 
and mitigate alkali silica reaction 
(ASR); some Class C can make it 
worse. Class F fly ash with a 
calcium oxide content less than 
10 percent can be used to mitigate 
ASR and sulfate attack. Fly ash 

..with a calcium oxide content 
greater than 10 percent should be 
used in concrete which will be 
subjected to sulfate attack only 
with verification testing. This 
percentage and fly ash 

. classification should only be used 
as a guide; further qualification 
should be based on ASTM C 452. 

;I The cementing action with fly ash 
is pozzolanic in nature. The 
pozzolanic reaction with fly ash 
stops at approximately 4O Celsius. 
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Precautions need to be taken when 
using fly ash in concrete at lower 
temperatures. It should also be 
noted that fly ash can reduce early 
strength development and, 
therefore, should be monitored 
closely. 

(b) 

(cl 

Ground granulated blast furnace slag 
specifications are contained in 
AASHTO M 302. 

A Ground granulated blast furnace 
slag (GGBFS) is a cementitious 
material and can be substituted for 
cement on a 1:l basis by weight for 
up to 50 percent of the cement in 
the mix. 

a For fresh concrete using GGBFS, the 
air entrainment agent dosage may 
need to be increased. The 
workability and finishability 
typically are improved but in mixes 
having high cementitious material 
content, mixes can be sticky and 
difficult to finish. Bleeding may 
be reduced and setting time may be 
longer. 

1 Ground granulated blast furnace 
slag can reduce sulfate attack, 
alkali-aggregate reactions, and 
permeability. The rate of strength 
gain is usually decreased and 
sensitive to low temperature. 

Microsilica specifications are contained 
in AASHTO M 307. Microsilica can be 
used as an admixture or as a replacement 
for an equivalent amount of cement to 
produce high strength concrete. 
Microsilica will reduce permeability and 
help reduce alkali-aggregate reactions. 
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Microsilica has been used as an 
addition to concrete up to 
15 percent by weight of cement, 
although the normal proportion is 
10 percent. With an addition of 
15 percent, the potential exists 
for very strong, brittle concrete. 
It increases the water demand in a 
concrete mix; however, dosage rates 
of less than 5 percent will not 
typically require a water reducer. 
High rep.lacement rates will require 
the use of a high range water 
reducer. 

Microsilica greatly increases the 
cohesion of a mix, virtually 
eliminating the potential for 
segregation. However, the cohesion 
may cause mixes to be sticky and 
difficult to finish. It may be 
necessary to specify a higher slump 
than normal to offset the increased 
cohesion and maintain workability. 
In addition, microsilica in the mix 
greatly reduces bleeding; 
therefore, mixes which contain 
microsilica tend to have a greater 
potential for plastic shrinkage 
cracking. It is imperative to use 
the proper curing methods to 
prevent the surface water from 
evaporating too quickly. 

4. PROPORTIONING. Most of the concrete placed in highway 
facilities in the United States are under severe 
exposure conditions. State highway agencies specify a 
recipe for concrete mixes which includes minimum cement 
content, maximum water-cement ratio, air content range, 
and minimum strength. These requirements are necessary 
to achieve durability, as well as strength. -- - 

a. The maximum aggregate size should be as large as 
possible. This reduces total aggregate surface 
area and results in lower cement demand. The 
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maximum aggregate size should be limited to 
'20 percent of the narrowest dimension of a 
concrete member, 75 percent of the clear spacing 
between reinforcing steel, or 33 percent of the 
depth of a slab for unreinforced concrete. 

b. The minimum cement content refers to all 
cementitious and pozzolanic material in the 
concrete, 
admixtures 

including cement and any mineral 

for cement. 
that are being added to or substituted 

Replacement rates should be based on 
those contained in paragraph 3d(3). 

(I) The PCA,recommends a minimum cement content 
of 335 kg/m' for concrete placed in severe 
exposure conditions and AC1 316R recommends a 
minimum cement content of 335 kg/m3 for 
concrete pavements in all locations unless 
local experience indicates satisfactory 
performance with lower cement contents. Even 
if strength requirements can be met with a 
lower cement content, a minimum cement 
content of 335 kg/m3 should be used unless it 
can be demonstrated,that the concrete will be 
durable, 

(2) In cases where local experience allows a 
reduction in cement content below 335 kg/m3 
the cement content should not be reduced 
below the following minimum cement contents 
recommended by AC1 302.1R Table 5.2.4 for 
concrete slab and floor construction. The 
minimum cement contents listed below are 
based on the nominal maximum size of the 
aggregate.' The cement content decreases as 
the nominal maximum aggregate size increases 
due to the decrease in aggregate surface 
area. 

Nominal maximum size Cement content 
aggregate, mm kg/m' 

37.5mm 280kg/m' 
25mm 310kg/m3 
19mm 320kg/m3 / 
12.5mm 350kg/m3 
9.5mm 365kg/m' 
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('3) Low strength concrete in the field should not 
be addressed by arbitrarily increasing the 
cement content since an increase in cement 
content will increase the water demand 
leading to higher shrinkage and permeability. 
All changes in mix proportions should be 
evaluated with a trial batch. 

C. The water-cement ratio in all cases should be as 
low as possible while maintaining workability. 
For freeze thaw resistance the following maximum 
water cement ratios are recommended in AC1 201.2R. 

Thin sections (bridge decks, pavements and 
curbs) and sections with less than 25 mm 
cover and concrete exposed to deicing 
salts 0.45 

all other structures 0.50 

The water-cement ratio should include the 
weight of all cement, pozzolan, and other 
cementitious material. 

d. The air content in the mortar fraction of-the mix 
should contain approximately 9 percent air for 
concrete mixes.exposed to-severe conditions. 

(1) The following recommendations are from 
AC1 201.2R Table 1.4.3. 

Nominal maximum size Air content 
aggregate, mm Percent 

. 
37.5mm 5-l/2 
25mm 6 
19m.m 6 
12.5mm 7 
9.5mm 7-l/2 

(2) The specified tolerance for air content 
I- should be 2 lf percent. 

5. PROPERTIES OF CONCRETE Trial batches should be 
performed on all mixes'at the expected placement 
temperatures. This is especially true for mixes 
containing multiple admixtures. 
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a. Workability. A concrete mix must be workable to 
ensure proper consolidation and finishing. The 
workability of a mix is a function of the 
gradation of the aggregate, amount and type of 
admixtures, water content, 
and time. 

concrete temperature, 
Once a workable mix is established 

during the trial batch process, slump can be used 
to monitor the consistency and uniformity of the 
mix. Slump, by itself, is not a measure of 
workability. 

b. Durability 

(1) Freeze-thaw durability depends on durable 
aggregates, proper air entrainment, low 
permeability, and a low water-cement ratio. 

(2) D-cracking is strictly a pavement durability 
problem and is associated with aggregates. 
It should be addressed with the source 
approval of the aggregates. 

(3) Alkali aggregate reactions are mostly the 
result of the alkali content of the cement in 
the concrete. The most common adkali 
aggregate reaction is associated with 
silicious aggregates although reactions have 
occurred with carbonate materials. If a 
reactive aggregate is encountered, several 
options are available: not using the source 
of aggregate, using a low alkali cement, 
using fly ash, or using microsilica. If 
alkali reactive aggregates are used, testing 
should be performed with the mix prior to its 
use to ensure a durable concrete. 

(4) Resistance to or susceptibility to sulfate 
attack depends on the chemical composition of 
the cementitious portion of the concrete. 
Sulfate attack can occur from ground water, 
deicing salts, or sea water. Type II or 
Type V cement or some fly ashes, may be used 
to mitigate the problem. . 

C. Strength. The strength requirement is the ' 
compressive strength, f',, at 28 days. This must 
be equal to or exceed the average of any set of 
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three consecutive strengtin tests. NO individual 
test !average of two cylinders) can be more than 
3.5 F!Pa below the strength requirements in the 
specification. 

6. iYIXING, At;:ITA"'" -AWN, AND TRAYSPORTATICN 

a. In crder to ensure proper operation, a concrete 
piant must be calibrated and inspected. Plant 
approval should include all the items covered in 
the Checklist for Portland Cement Concrete Plant 
Inspection (Attachment 1). This same checklist 
also discusses the inspection of truck mixers. 
The plant certification program operated by the 
National Ready Mix Concrete Association covers the 
same information contained in the attachment. 

b. The mixing time for central mixers and approval of 
truck mixers should be determined by the 
uniformity test discussed in AASHTO M 157, Ready 
Mixed Concrete. The test is based on the 
comparison of tests on samples taken at the first 
and last 15 percent of the load. The following 

.. are maximum permissible differences to consider 
the mix properly mixed. 

Test 
Maximum 
Difference 

Unit weight (air free basis) 
Air content 
Slump 

less than 1OOmm 
100 to 15omm 

Coarse aggregate cdntent 
Unit weight of air free mortar 
Compressive strength (7 day) 

15 kg/m3, 
1 percent 

25mm 
37.5mm 
6.0 percent 
1.6 percent 
7.5 percent 

C. Water added at the job site must be measured 
accurately. A water meter is the most accurate. 
method for determining the amount of water added 

- to the mix. -- 
d. The recommendations for testing appear in 

paragraph 11, Quality Control and Testing, of this 
document. 
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e. The haul time should be limited to 90 minutes for 
truck mixers that agitate the mix and 30 minutes 
for trucks that do not agitate the mix. The 
maximum number of revolutions for truck mixers 
should be limited to 300. 

f. No admixtures or water should be permitted to be 
added to the mix after the mixer has started 
unloading. 

7. PLACEMENT AND CONSOLIDATION 

a. Prior to placement of the concrete an inspection 
should occur covering the items in either the 
checklist for the placement of structural concrete 
(Attachment 2) or the checklist for the placement 
of concrete paving (Attachment 3). 

.: 
b. Acceptance testing for pumped concrete should 

occur at the discharge end of the pump. 

C. Aluminum pipe and chutes should not be used in 
concrete pumping operations. 

d. Concrete can be conveyed to the location of 
placement by several commonly used methods 
including pumps, belt conveyors, buckets, chutes, 
and dropchutes. Care should be taken to ensure 
that there is no debris or blockages that will 
hinder or influence the properties or flow of the 
material. Concrete should not be allowed to free 
fall from distances greater than 1.2 meters to 
avoid segregation. 

e. All concrete should be accompanied to the project 
with a delivery ticket. A sample delivery ticket 
appears as Attachment 4. 

,--The proper consolidation of concrete is a f 
significant factor in the ultimate performance of 
the concrete and it is achieved through vibration. 

. 
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(1) The following are recommended frequencies for 
vibrators from AC1 309. 

Diameter of Frequency 
head, mm vibrations per minute 

20 to 40 mm 10,000 - 15,000 
30 to 65 mm 9,000 - 13,500 
50 to 90 mm 8,000 - 12,000 

8. CURING AND PROTECTION 

a. Curing 

(1) Curing is performed to maintain the presence 
of water in concrete and to provide a 
favorable temperature for cement hydration. 
Methods of curing include ponding, spraying, 
and fogging with water, wet covers such as 
burlap, plastic sheets, membranes, and the 
use of steam, electric forms, or insulation. 

(2) The application rate of a particular curing 
compound should be based on the rate 
established during the approval process of 
the curing compound. The AASHTO M 148 
ineicates that a rate of application of 
5m /liter should be used for testing the 
material if no other rate is specified. 

b. Protection 

(1) Cold weather protection should be required 
when it is expected that the daily mean 
temperature for three consecutive days will 
fall below 4O Celsius. The following 
recommendations are for the minimum 
temperatures for delivered concrete as they 
appear in AASHTO M 157. 

I--Air Minimum Concrete Temperature 

Temperature Thin Thick 

-1 to 7oc 
-18O to -1OC 
Below -18OC 

16OC 10°C 
18OC 13oc 

. 21oc 16OC 
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Thin sections are defined as those less than 
300 mm. 

(2) Concrete should never be placed on a frozen 
subgrade. Care should be taken to assure 
that the subqrade is free from frost. 

(3) Hot weather conditions can be defined as a 
condition of high temperature, low humidity, 
and high winds. The existence of these 
conditions can be determined by finding the 
evaporation rate described in AC1 305 and 
included in Attachment 5. An evaporation 
rate exceeding 1 kg/m'/hr has the potential 
of causing plastic shrinkage cracks. The 
evaporation rate is a function of concrete 
temperature, ambient temperature, relative 
humidity, and wind velocity. This chart 
has been incorporated into several State 
specifications. 
in all cases, 

It may not completely apply 
especially in mixes containing 

admixtures which reduce the amount of 
bleeding. 

(4) In addition to the plastic shrinkage cracking 
problem, ultimate strength will decrease with 
higher temperatures. The AC1 has not 
recommended a maximum concrete temperature 
since strength loss can be compensated for by 
other means. 

However, significant strength loss occurs 
above 32'OC. Due to the strength loss and 
increase in potential for plastic shrinkage 
cracking, many States have set a maximum 
ambient placement temperature of 32OC. In 
all cases, trial batches should be performed 
at the highest expected temperature to ensure 
that the concrete will have the desired 
properties. -- 1 

9. CONCRRTE DISTRESS CONDITIONS 

a. Alkali aggregate reactivity can be one of two 
types, alkali-silica and alkali-carbonate. The 
most prominent problem is cracking of the concrete 
due to the alkali-silica reaction (ASR). 
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(1) A widely used test to determine ASR is 
ASTM C 227. The current test criteria allow 
a maximum expansion of 0.05 percent at 
3 months and 0.1 percent at 6 months. 
Research by ?CA indicates that the critical 
criteria is 0.1 percent ultimate expansion. 
Since some reactions take longer than others, 
testing should continue as long as expansion 
is occurring. Some aggregates may take 
several years to show expansion. 

(a) Recently the Strategic Highway Research 
Program developed a test which can be 
used for rapid determination of ASR. It 
is called the Gel Fluorescence Test and 
can be performed easily and 
inexpensively by field personnel. With 
this test, a 5 percent solution of 
uranyl acetate is applied on the 
concrete surface. Ultraviolet light is 
then used to illuminate the surface and 
if ASR exists, a yellow-green 

. . fluorescent glow will appear. Some 
safety concerns may be associated with 
this test-so proper precautions are 
recommended. It should also be noted _ that the test-is limited to preexisting 
concrete and not to fresh concrete. 

(b) Alkali-silica- reaction can be mitigated 
by limiting the alkali content of 
portland cement to 0.6 percent, by using 
class F fly ash or microsilica 
admixtures, or by reducing the water to 
cement ratio. The success of this 
-approach may be limited; therefore, 
laboratory testing should be conducted. 
Protecting the final structure from 
moisture also reduces ASR. 

(c) Although PCA recommends 25 percent of 
the fine aggregate be siliceous material 
to improve skid resistance, the use of 
some siliceous material can promote the 
ASR reaction and requires care to ensure 
this will not occur. 
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(2) Alkali-carbonate reaction (ACR) may occur 
with dolomitic limestones which contain large 
amounts of calcite, clay, or silts. 
ASTM C 586 is used to screen dolomitic 
materials for alkali-carbonate reactions. 

b. D-cracking occurs when freeze-thaw conditions 
combine with saturated concrete made from 
susceptible coarse aggregates. The problem is 
only associated with pavements. Some dolomites 
and limestones are susceptible due to their pore 
structure. 

'(1) The most common test for predicting 
D-cracking susceptible aggregates is 
AASHTO T 161. There are two methods 
contained in the procedure. In method A 
the.specimens are immersed in water for 
freezing and thawing. In method B the 
specimens are frozen in air and thawed in 
water. The number of freeze thaw cycles 
varies between 300 to 350. The minimum 
durability factor specified by the States 
range between 80 and 95. Some States have 
also specified a maximum expansion criteria 
range between 0.025 percent and 0.06 percent. 
It should be noted that the test method 
allows a significant range of time for 
freezing and thawing cycles. This can' 
account for the variation in the criteria 
used by the States. Care needs to be taken 
when establishing criteria so that it will 
correspond to the test equipment and the 
history of performance of the aggregates. 

(2) The hydraulic fracture test developed under 
SHRP may be able to provide a determination 
of the D-cracking susceptibility of 
aggregates in only about 1 week compared with 
the 8 weeks for T 161. In this test, dry 
aggregates are submerged in a pressure. 
chamber and the pressure is increased to 
force water into the pores. After releasing 
the pressure, D-cracking susceptible 
aggregate will fracture as the water is 
forced out of the pores. 
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10. MANCFACTC'RED CONCRETE PRODUCTS Concrete oroducts 
consist of structural elements constructed at a plant 
and trucked to the jobsite. These precast products 
typically consist of beans, pipes, barriers, poles and 
other special elements. The criteria outlined within 
this document apply to these products as well. 
Additional information about prestressed products are 
contained in the Checklist for Prestressed Concrete 
Products in Attachment 6. 

11. DUALITY CONTROL AND TESTING 

a. All testing should be performed by certified 
technicians. The AC1 and the National Institute 
for Certification in Engineering Technologies 
(NICET) administer a concrete technician 
certification program. Guidance for establishing 
a certification program for testing personnel 
appears in a FHWA paper titled "Laboratory 
Accreditation and Certification of Testing 
Personnel." 

b. .Process control testing should be performed on 
aggregate moisture content, aggregate gradation, 
air content, unit weight, and slump at the plant. 

(1) The specifications should require that the 
contractor provide a process control plan. 
The State should also provide guidance on 
minimum requirements for a process control 

the 

plan. As a minimum, the process control plan 
should include the information contained in 
Attachment 7. 

(2) All process control tests should be plotted 
on control charts. Control charts are a good 
visual tool for discovering trends quickly 
before major problems occur. 

C. The acceptance procedures should include 
monitoring of the process control activities 

--.- including aggregate gradation testing. In 
addition, acceptance testing at placement would 
include slump, strength, and air content. Close 
monitoring of the water-cement ratio is also 
required since this will ultimately affect the 
durability and strength of the concrete. 
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Additional information on acceptance procedures is 
provided in the Technical Advisory on Acceptance 
of Materials T 5080.11. 

d. It is recommended that compressive strength be 
accepted using statistical criteria (based on 
average strength and standard deviation) to ensure 
that the strength, f',, at 28 days, is equal or 
exceeded by the average of any set of three 
consecutive strength tests. No individual test 
(average of two cylinders) can be more than 3.5 
MPa below the specified strength. There are two 
strengths to be considered. One is the minimum 
specified strength (f',) which is a function of 
the structural requirements. The second is the 
average strength for mix design (f':,). The flo 
must be higher than f', to ensure that the 
concrete will exceed the minimum specified 
strength. The following recommendations for f',, 
are from AC1 318. 

(1) Unknown Standard Deviation 

Specified compressive 
strength, MPa 

Less than 20MPa 

f'c 

20MPa to 35MPa 

Over 35MPa 

f'c + 6.9 

f'; + 8.3 

f'; + 9.6 

(2) Known-Standard Deviation 

For greater than 30 test results (one test 
result is the average of two cylinder breaks) 

Required average 
compressive. 
strength, MPa 

f ' :r 

f’c, is the greater of the two values from 
the following equations. 

MPa 

f',, = f', + 1.4s 
f',, = f', + 2.4s - 3.5 

S = Standard deviation 
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(3) For 15 to 30 test results the standard 
deviation in the above formulas can be 
modified by the following factors. 

No. of Tests 
Modification factor for 
standard deviation 

Less than 15 use table for unknown s 
15 1.16 
20 1.08 
25 1.03 
30 1.00 

e. Air content and slump should be accepted based on 
an attribute system, i.e., pass/fail. The following is a recommended criteria. 

Acceptance 
criteria 

Air content 
deviation, % 

Slump 
deviation, 
mm 

Acceptable _. .< 1.5 c 25mm 

Acceptable 'for 
trucks on 
the road 1.5 to 2 25 to 31.5mm _-- 

Reject >2 > 31.5lnIn 

f. Testing procedures for resistance to freeze-thaw 
damage, deicing salt attack, and abrasion 
resistance are long and involved and do not lend 
themselves to testing on a routine basis. These 
tests are usually conducted to determine the 
durability of the concrete. It should also be 
noted that high strength concrete does not always 
insure durable concrete. 

.- - 
m- Anthony R. Kane 
Associate Administrator 

for Program Development 

Attachments 
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PORTLAND 

1. Platerials 

A. Cements 
etc.) 

(1) Is 

ATTACHMENT 

CHECKLIST FOR 
CEMENT CONCRETE PLANT 

and Mineral Admixtures 

1 

INSPECTION 

(cement, fly ash, 

evidence of cement or fly ash 
acceptability present (certification, test 
results)? 

(2) Are bins or silos tight and provide for free 
movement to discharge opening? 

(3) Are bins or silos periodically emptied to 
check for caking? 

(4) Plants should provide separate storage for 
each type of cement or mineral admixture 
being used. Are the materials being isolated 
to prevent intermingling or contamination? 

B. Aggregates 

(1) 

(2) 

(3) 

(4) 

.- - 
(5) 

Does the plant display evidence of source 
approval? 

Are aggregates stockpiled to prevent 
segregation and degradation? The preferred 
method of stockpiling is in layers. Cone 
shaped stockpiles will segregate. 

Are stockpiles adequately separated to 
prevent intermingling? 

Does the plant maintain separate storage bins 
or compartments for each size or type of 
aggregate? Are the aggregates tested for 
gradation and moisture content? 

What is the surface underneath stockpiles? 
Soil or paved? Are the stockpiles covered? 
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C. Water 

(1) Does the plant have an adequate water supply 
with pressure sufficient to prevent 
interference with accuracy of measurement? 

(2) Is there any evidence or history of 
contaminants in supply? 

D. Liquid Admixtures 

(1) Is there evidence of source approval? 

(2) Is the admixture and dispensing equipment 
protected from freezing, contamination, or 
dilution? 

(3) How often are the admixture metering and 
dispensing equipment periodically cleaned? 

2. . Batchina Rcnynmenf 

A. Scales 

(1) 

(2) 

(3) 

(4) 

JS) 

(6) 

Scales should indicate weight by means of a 
beam with balance indicator, full range dial, 
or digital display. 

For all types of batching systems the 
weighing devices must be readable by the 
batchman and the inspector from their normal 
stations. 

Scales should be certified or should be 
calibrated with a certified scale. 

Ten 25 kilogram test weights should be 
available at the plant at all times. 

Scale accuracy should generally be within 
plus or minus .4 percent of the scale 
capacity. 

Water meters will need to be calibrated to 1 
percent of total added amount. 
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B. Batchers 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

3. Mixins 

Cementitious material should be weighed on 
scale that is separate and distinct from a 
other materials. 

Bins with adequate separation should be 
provided for fine aggregate and each size 
coarse aggregate. 

Weigh hoppers should not allow the 
accumulation of tare materials and should 
fully discharge into the mixer. 

Batchers should be capable of completely 
stopping the flow of material and water 
hatchers should be capable of leak free 
cut off. 

Separate dispensers will be provided for each 
admixture. 

Each volumetric admixture dispenser should be 
an accurately calibrated container that is 
visible to the batchman from his normal 
position. 

Aggregate should be measured to plus or minus 
2 percent of the desired weight, cement to 
1 percent, water to 1 percent and admixtures 
to 3 percent. 

Semi-automatic and automatic control 
mechanisms should be appropriately 
interlocked. 

A. Stationary Mixers 

.- AlI Mixers should be equipped with a metal plate 
that indicates mixing speed and capacity. 

(2) Mfxers should be equipped with an acceptable 
timing device that will not permit discharge 
until the specified mixing time has elapsed. 

. 
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(3) Mixers are to be examined periodically to 
detect changes in condition due to 
accumulation of hardened concrete or blade 
wear. A copy of the manufacturer's design, 
showing dimensions and arrangements of 
blades, should be available at the plant at 
all times. 

B. Truck Mixers 

(1) 

(2) 

(3) 

(4) 

4. Weather 

A. 

(I) 

(2) 

- B. 

(1) 

Mixers should be equipped with a metal plate 
that indicates mixing speed, capacity, mixing 
revolutions, agitating speed and agitating 
capacity. 

Mixers should be equipped with a revolution 
counter. 

Mixers are to be examined to determine 
satisfactory interior condition, that is, no 
appreciable accumulation of hardened concrete 
and no excessive blade wear. A copy of the 
manufacturer's design, showing dimensions and 
arrangements of blades, should be available 
at the plant at all times. 

Charging and discharge openings and chutes 
should be in good condition. 

Hot Weather 

When concreting during hot weather, is plant 
equipped to cool ingredients? Is equipment 
available to produce acceptable ice? 

How are aggregates cooled? If by sprinkling, 
is provision made to account for excessive 
water? 

Cold Weather 

When concreting during cold weather, is plant 
equipped to heat ingredients to produce 
concrete of applicable minimum temperature. 
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1. 

2. 

3. 

4. 

5. 

CHECKLIST FOR 
STRUCTURAL CONCRETE 

TREATMENT OF FOUNDATION HATERIAS, 

Has special care been taken not to 
of any foundation excavation? 

CURING 

disturb the bottom 

Is the concrete being cured for 7 days, by one of the 
following methods? 

(a) waterproof paper method 

(b) Polyethylene sheeting method 

(cl Wetted burlap method 

(d) Membrane curing method 

REINFORCEMENT BAR STORAGE 

Are all delivered 'debars being stored above the ground 
upon skids, platform, or other supports? A light 
coating of rust will not be considered objectionable. 

Are epoxy coated bars being stored on padded supports 
and handled to prevent damage to the bar coating? 

FORMS 

Are the forms clean, braced, tight, and sufficiently 
rigid to prevent distiortion? 

When wooden forms are used, are they dressed lumber or 
plywood and oiled grioc to rebar placement? 

Are all sharp corners in forms being filleted with 
20 millimeters molding, unless otherwise specified? 

.- - REINFmBARPr.ArlEm 

Are all reinforcement bars tied securely in place? Are 
epoxy coated bars being tied with plastic or epoxy 
coated tie wire? 

. 
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When epoxy coated bars are cut in the field, are they 
being sawed, sheared, or cut with a torch? 
with a torch is not acceptable. 

Cutting 
If cut in the field, 

the bars should be repainted at the cut ends with a 
similar type of epoxy paint. 

Are at least 50 percent of the bar intersections being 
tied? 

Are all rebar laps of the specified length? 

Are all portions of metal bar supports in contact with 
any concrete surface galvanized or plastic coated? Are 
epoxy coated bars being supported with plastic, plastic 
coated, or epoxy wire chairs? 

Are the reinforcement bar support in sufficient 
quantity and adequately spaced to rigidly support the 
reinforcement bars? 

After epoxy coated bars are in place, are the bars 
inspected for damage to the'coating and is the 
contractor repairing all scars and minor defects using 
the specified repair materials? 

Is the finishing machine being used to detect high bars 
by making a "dry run" 
to concrete placement? 

over the length of the deck prior 
Is the proper coverage'being 

maintained between the bars and any form work or 
surface, top, side, and bottom? 

6. PRE-POUR INSPECTION 

Prior to the placement of the concrete have the 
reinforcement bars, construction joints, and forms been 
cleaned of mortar, dirt, and debris? 

Are the strike-off screeds set to crown, and other 
equipment on the job-site (such as vibrators) in good 
UUrking condition? 

7. USE OF RETARDING ADMIXTURE (BRIDGE DECXl. 

If the specified temperature is reached, is a retarding 
admixture being used in the bridge deck concrete? 
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8. TEMPERATURE CONTROL 

Are proper precautions being taken for hot and cold 
weather concrete? 

If outside temperatures warrant it, are temperature 
checks of the plastic concrete being taken? 

9. TIME OF HAT& 

Is all concrete that is being hauled in truck mixers 
being deposited within 90 minutes from the time stamped 
on the tickets? 

If central-mixed concrete is hauled in nonagitor 
trucks, is the concrete being deposited within 
30 minutes? 

10. REVOLUTIONS 

Have 70 to 100 mixing revolutions at mixing speed been 
put .on the truck at the required speed (6-18 RPM)? 

Have 30 mixing .revolutions been placed on the truck at 
the required speed (e-18 RPM) after water has been 
added at the site? 

Is the agitating speed between 2-6 RPM? 

Are total number of revolutions being limited to 3001 

11. CONCRETE DEWVERY TICKa 

Are all truck tickets being properly completed, 
collected, and retained? 

12. WATER CONTROL 

Is all water that is being added to the mix accounted 
for and checked to ensure the w/c ratio is not 
exceeded? .- - 

Are air content tests being performed according to the 
required frequency? 
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14. 

15. 

16. 

17. 

18. 

19. 

20. 

SLUMP TEST 

Are slump tests bring performed according'to the 
required frequency? 

STRENGTH TEST 

Are concrete test specimens being cast at the-site of 
work as per the required frequency? 

PLACING CONCRETE 

Is the concrete being deposited as near its final 
position as possible? CMoving concrete horizontally 
with vibrators is not permitted.) 

Is the concrete being bucketed, belt conveyed, pumped, 
or otherwise placed in such a manner as to avoid 
segregation and is not being allowed to drop more than 
1.2 meters? 

CONSOLIDATION 

Is all the concrete being consolidated with hand 
operated spud vibrators while it is being placed? 

FINISHING (DECKSL 

Is a finishing machine (having at least one 
reciprocating, nonvibratory screed operating on rails 
or other supports) being used to strike off and screed 
the bridge deck? 

STRAIGHTEDGE TESTING AND SURFACE CORRECTION (DECKL 

Is the plastic concrete being tested for trueness with 
a 3 meter straightedge held in contact with the slab in 
successive positions parallel to the centerline? 

Are all depressions being immediately filled and all 
b&gh areas being cut down and refinished? 

SURFACE TEXTURING 

1s the deck surface being textured with either a burlap 
drag or an artificial turf drag followed by tining with 
a flexible metal comb? 
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CHECKLIST 
FOR 

PORTLAND CEMENT CONCRETE PAVING 

1. SUBBASE TRIYMING 

Has the subbase been trimmed prior to paving? 

2. PAVING FORMS (IF USED) 

Are the forms: metal, not less than 3 meters in 
length, equipped with both pin locks and joint locks, 
within 2 millimeters along the length of its upper 
edge, within 7.5 millimeters along the length of its 
front face, and in sufficient supply. 

Is the height of form face at least the edge thickness. 
of proposed pavement, the base width equal to or 
greater than the height, and are three steel pins being 
used to secure each section? 

Are the forms being set on a hard and true grade, built 
up in 12.5 millimeters maximum lifts of granular 
material in low areas (without using wooden shims) and 
oiled prior to the placing of concrete? 

When wooden forms are allowed, are they full depth, 
smooth, free of warp, not less than 50 millimeters 
thick when used on tangent, 
line and grade? 

and securely fastened to 

Are curved form of metal or wood being used on curves 
of 30 meters radius or less? 

3. FORM ALIGNMENT 

Is the contractor checking the forms for line and grade 
and making necessary adjustments prior to concrete 
placement? 

Is the surface of the subbase being tested for crown 
and elevation by means of a template? 
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5. 

6. 

7. 

8. 

9. 

10. 

11. 

SUBBASE THICKNESS TEST 

After trimming, is the thickness of the subbase being 
checked? 

CRAINAGF, 

Is the subgrade being kept drained during all 
operations? Are all berms of earth deposited adjacent 
to the grade being kept drained by cutting lateral 
ditches through the berms? 

LUG SYSTEMS (CONTINUOUSLY REINFORCED) 

If concrete lug end anchorages are specified, are they 
staked and checked for dimensions and re-bar placement 
as shown in the plans? 

Are they constructed of Structural Concrete at least 
24 hours prior to pavement construction? 

LONGITUDINAJ, JOINT KEYWAY AND BARS 

Are the beginning and ending stations marked where 
adjacent curb, median, or pavement will.necessitate the 
placement of keyway and/or bars in the edge of the 
proposed pavement? 

SUPERELEVATION STAKING 

Are the plan curb data examined for all curves to 
determine where to stake the beginning and ending 
stations for a&l superelevation transitions? 

TEMPERATZTRE TJMITATIONS 

Does the outside air temperature in the shade meet 
State specifications? 

Does the temperature of the concrete meet State 
smcifications at the time of placement? 

REINFORCEMENT TAPPING 

Are the locations and lengths of lap for bar or fabric 
reinforcement in conformance with the specifications. 

Are all bar and fabric laps being tied? 
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Is all concrete in 
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a stationary mixer being deposited 
within 30 minutes when hauled in non-agitating trucks 
and within 90 minutes when hauled in agitator trucks? 

Is transit mixed concrete being delivered and deposited 
within 90 minutes from the time stamped on the ticket? 

If the contractor plans to use previously placed 
-pavement as.a haul road, are the truck weights checked 
to assure compliance with maximum weights permitted by 
State Law? 

REINFORCEMENT PLACEMENT 

IS the reinforcement being placed in accordance with 
one of the following methods? 

Method A - After the full depth concrete is struck off 
'the reinforcement should be placed into the concrete to 
the .required depth by mechanical means. 

Method B - The.reinforcement should be supported on the 
prepared subbase by approved chairs having sand plates. 

Method C - When the concrete is being placed in two 
layers the reinforcement should be laid full length on 
the struck-off bottom layer of concrete in its final 
position without further manipulation. (Cover within 
30 minutes.) The depth of the first lift is 2/3 the 
depth of the pavement. 

Method Q - The reinforcement may be placed in the 
pavement using a method which does not require 
transverse steel or support chairs for support of the 
longitudinal steel. Tie bars at longitudinal joints 
are still required. 

S OF FORM TYPE PAVING 
.- - 

Is all of the required concrete finishing equipment on 
the job and in acceptable working condition? Are the 
following sequences for form type paving being properly 
followed: 
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(a) 

(b) 

(cl 

(d) 

(e) 

(f) 

Placing concrete. 
possible. 

As little rehandling as 
If equipment used can cause 

segregation, is the concrete being unloaded 
into an approved spreading device? 

Strike-off. Is the concrete being struck 
full width to the approximate cross section 
of the pavement? 

Consolidation. 
surface 

Is one pass of an approved 

made?. 
vibrator or internal vibrator being 

Screeding. Are‘ at least two passes with a 
machine having two oscillating screeds, and a 
finisher float being made? 

Straightedging - Are at least two 3 meter 
long shoulder operated or surface operated 
surface trueness testers (straightedges) 
being used? 

Surfacing Texturing - Are State 
specifications for texturing and tining being 
followed? 

15, SEOUENCES OF SLIPFORM PAVING 

When the contractor uses this optional method for the 
construction of the pavement are the following 
sequences being properly followed: 

(a) 

(b) 

-(cl 

(d) 

Is the formless paver capable of spreading, 
consolidating internally, screeding and float 
finrshing the newly placed concrete in one 
pass-to the required line and grade? 

Is the pavement being straightedged, edged, 
and textured as required in the previous 
question 14? 

Does the contractor have available at all 
times metal or wooden sideforms and burlap or 
curing paper for the protection of the 
pavement in case of rain? 

Is the contractor immediately'repairing all 
slumping edges in excess of 12.5 millimeters? 
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16. THICKNESS TEST 

IS the thickness of the pavement being checked? 

17. AIR CONTENT 

Is the air content being tested as required by the 
frequency chart? 

18. SLUMP 

Is the slump being checked as required by the frequency 
chart? 

19. REINFORCEMENT, DOWEL. AND TIE BAR DEPTH CHECKS 

Is the concrete being probed to check the vertical and 
horizontal positioning of the pavement reinforcement, 
dowels, and tie bars?' 

- 
20. STRENGTH _ -: _., '^ -+.- __- -. 

. . . 
Are $est specimens being cast at the site of work at 
the required frequency: 

. 
-- ..ta.l. .at: Il$ast pne-set--per da; 

(b) one set for-every 150 meters of two lane 
pavement (300 meters of one lane--pavement) 

21. LONGITUDINAL JOINT 
, 
(a) .. &e tie-bar? placed properly? 

(b) Are'the~jbints sawed at the same time as the 
transverse joints with pavement widths 
greater than 7.3 meters? Are they cleaned 
and immediately filled with sealer? 

22. TRANSVERSE . '- 

.-. a (a) Are the smooth dowel bars positioned parallel 
to the grade at a depth of t t: 

Are the dowel bars coated with a thin bond 
breaker? 

Are the capped ends of the bar coated with a 
debonding agent? '-(Expansion joints) 
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(b) Is a 1/3T deep groove being sawed over each 
assembly as soon as possible after concrete 
placement? Cleaned immediately? 

(cl Are all joints being sealed after the curing 
period and before opening to traffic? 

23. TRANSVERSE CONSTRUCTION JOINTS ICONTINUOUSLY REINFORCED 
CONCRETE) 

(4 

(b) 

(cl 

(d) 

W 

Are construction joints being placed at the 
end of each day's operation or after an 
interruption in the concreting operation of 
30 minutes or more? 

Are construction joints being placed at least 
1 meter from nearest bar lap? 

Are construction joints strengthened by 
supplementary 1.8 meter long bars of the same 
nominal diameter as the longitudinal steel so 
that the area of steel through the joint is 
increased by at least l/3? 

Are construction joints formed.by means of a 
clean (not oiled) split header board 
conforming to the cross section of the 
pavement? 

Is the concrete at construction joints being 
given supplemental internal vibration along 
the length of the joint both at the end of 
the day's operation and once again at the 
resumption on the next day? This is 
critical. 

24. TRANSVERSE CONSTRUCTION JOINTS (JOINTED PAVEMENT1 

(a) Are construction joints being placed at the 
end of each day's operation or after an 

- interruption in the concreting operation of 
30 minutes or more? 

(b) Are construction joints being placed at least 
3 meters from any transverse joint? 
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Are construction joints being strengthened by 
epoxy coated dowel bars of the same size and 
positioning as specified for contraction 
joints? 

Is a thin coating of bonding breaking agent 
applied to the dowels? 

Are construction joints.being formed by means 
of a suitable header board conforming to the 
cross-section of the pavement? 

SURPLUS - DEFICIENCY DETERMINATION 

Is a daily check being made on the yield of produced 
concrete? 

ING 

Are the pavement surface and edges being cured by one 
of the following methods: 

(a) 

(b) 

(cl 

.C - 

Waterproof Paper Method. Are the surfaces 
being covered as soon as possible with 
blankets or tear-free reinforced kraft paper, 
with 300 millimeter laps, properly weighted? 
Has the pavement been wetted with a fine 
spray first? 

Polyethylene Sheeting Method. Are surfaces 
covered as soon as possible with 30 meter 
long sheets of white polyethylene, with 
300 millimeter laps, properly weighted? 
Has the pavement been wetted with a fine 
spray first? 

Wetted Burlap Method. Are surfaces covered 
as soon as possible with two layers of wet 
burlap, with 150 millimeter laps? Kept 
saturated by means of a mechanically operated 
sprinkling system or an impermeable covering? 
(Alternate: one burlap and one burlene 
blanket) 
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HAUL TICKET FOR 
TRUCK MIX CONCRETE 

PROJECT NO. DATE: 
BATCHED FRObl(PLANT) ;RU;; 0";. 
NO. CUBIC METERS 
CONCRETE 

BATCH WEIGHTS 

CEMENT BRAND AIR ENTRAINMENT BRAND 

FINE A%RTsi5U 7 RETARDE:=:%'b 
ks warns 

COARSE ~GGR. SOURCE 
ka 

WATER ReDUCER- 

FL?A- 
ka 

WATER 
MAXIMUM WATER ALLOWED, Liter 
FREE MOISTURE 

CA Liters 
FA Liters 

WATER ADDED AT PLANT Liters 
MAXIMUM WATER THAT CAN BE 

ADDED AT THE SITE Liters 

TIME WATER ADDED TO MIX 
AM 
PM 

NUMBER OF MIXING 

.- - 

Signature 

. 

SITE 

TIME DISCHARED COMPLETED 
AM 
PM 

WATER ADDED AT JOBSITE 
Liters 

TOTAL WATER IN BATCH 
Liters 

MIXING REVOLUTIONSAT 
SITE 

TOTAL NO. OF REVO- 
SLUMP AIR 

UNIT WEIGHT 
CONC. TEMP 
AIR TEMP 

Signature 
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NOMOGRAPH USED TO 
DETERMINE EVAPORATION RATE 

IO IS 20 25 x> 
Air temp., OC 

To use this chart: 
Enter with air 
temperature, 
move up to rel- 
ative humidity. 
Move fight to 
concrete 
tempzcature. 
Move down to 
wind velocity. 
Move ief;: read 
approx. rate of 
evaporation. 

35 

-3 
E .- 
5 
8 
22 

Z 
u 
B I 
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CHECKLIST FOR QUALIFICATION OF FACILITIES 
FOR PRESTRESSED CONCRETE PRODUCTION 

1. Items which require written approval: 
applicable blanks) 

(check 

(a) Plans and computations of facilities 

(b) Concrete mix design (should include curves 
for 28-day strength) vs W/C Ratio: 

(cl 
(d) 

(e) 
IfI 

(g) 

Curing method 

Epoxy-sand mortar, if used 

Coal tar epoxy, if used 

Water reducer-retarder 

Design Engineer should be approved by State 
DOT 

(h) Gauge calibration should be certified 

ci, Computations regarding beam tests (2 weeks 
prior to testing) 

2. What is length and capacity of stressing bed(s) 

Bed No. 
Bed No. 
Bed No. 

Length 
Length 

Capacity 

Y Length 
Capacity 
Capacity 

3. Procedure of prestreasing (pretensioning) and stress 
release: 

(a) Jacks, carriages, and struts are adequate to 
attain and maintain design stress. 
Yes No 
Comments: 

.*. - 
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(b) Stressing of straight strands: (check 
applicable blanks) 
Single strand method 
Multiple strand method 

Comments: 

4. 

(cl Stressing of draped strands (check applicable 
blanks) 
Single strand method 
Multiple strand method 
Final-draped position 
Partial draped position 

Comments: 

both ends 
one end 

(d) 

(e) 

(f) 

(57) 

Single strand jack available. 
Yes No 

Is an accurate dynamometer,available for use 
in applying initial tension to the strands? 
Yes No 

What is pro osed initial load to be applied 
P bs. 

Is there a permanent, accurate'linear gauge 
with which to measure elongation? 
Yes No 

Forms: (Make comments in spaces provided) 

(a) Metal 

(b) True to shape and dimensions 

(cl Adequate in number 

_- 
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id, condition and composition of bulkheads 

(e) Type of hold-down device to be used 

(f) Is provision being made to maintain 
25 millimeter concrete cover over hold-down 
device? 

(g) Are bulkheads and hold-down devices adequate 
to maintain dimensions of strand centers as shown 
on the plans? 

Are facilities adequate for proper storage and 
handling of bridge members? 
Yes -. No - 

. (a) Approximate available storage 
area 

(b) Condition of storage 
area _ 

6. Are facilities available for 
member of the design type to E 

roperly.testing a 

Yes 
e fabrxated? 

No (if No explain) 

7. Are adequate-lightin- 
event that placing 0 9 

facilities available in the 

necessary? 
concrete at night is 

Yes No 

0. Vibrating equipment: 

(a) Condition 

--- (b) Number to be-used in placing 
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9. 

(cl Two spaces available 

Source of Materials: 

(a) Steel Wire and Strand (manufacturer) 

lb) Cement (type and brand name) 

10. 

11. 

(cl Coarse Aggregate (producer and location) 

Cd) Sand (producer and location) 

(e) Retarder (brand name) 

(f) Form Oil (type and name) 

(9) Reinforcing Steel (producer) 

Type of concrete mixing facilities: mixed at 
plant 
Ready Mix concrete 

(a) Are concrete batching facilities adequate to 
ensure good quality and sufficient quantity to 
avoid delays under all working conditions? 
Yes No 

Testing equipment available: (check applicable 
blanks) 

(a) Plastic cylinder molds 
No. Available 

(b) Slump Cone 

(cl Air content device 
_ (pressure volumetric ‘\ 

(d) Facilities for testing cylinders available 
at (proposed location) 
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Requirements for steam cure method: 

(a) Three (3) recording thermometers available 

(b) Temperature record charts 

(cl Adequate temperature control valves 

(1) What are the increments of spacing of control 
valves? 

13. Are facilities available for proper protection and 
handling of component materials in storage? 
0S*8 if satisfactory, (Rate 

"U'* if unsatisfactory, and 
I*NA** if not applicable) 

(a) Wire and/or strand 
lb) Reinforcina steel 
id Structural-steel 

.(d) Cement 
W Coarse Aggregate 
(f) Sand . ; ._.% 

14. 

15. 

Is there a suitable shelter (at least 14 square 
meters floor space,- 
desk(s), 

facilities for lights, heat, 
etc.) available for the inspector's use? 

Personnel present during inspection of plants: 

Producers/Contractors Highway Department 
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GUIDE FOR QUALITY CONTROL PLAN FOR 
PORTLAND CEMENT CONCRETE 

RSQUIREMENTS 

1’. General Retirements: 

The contractor should provide and maintain a quality 
control system that will provide reasonable 
assurance that all materials and products submitted 
to the State for acceptance will conform to the 
contract requirements whether manufactured or 
processed by the contractor or procured from 
suppliers or subcontractors or vendors. The 
contractor should perform or have performed the 
inspections and tests required to substantiate 
product conformance to contract document 
requirements and should also perform or have 
performed all inspections and tests otherwise 
required by the contract. The quality control 
in.spections and tests should be documented and 
should be available for review by the engineer 
throughout the life of the contract. 

The contractor should prepare a Quality Control Plan 
detailing the type and frequency of inspection, 
sampling and testing deemed necessary to measure, 
and control.the various properties of materials and 
construction governed by the Specifications. As a 
minimum, the sampling and testing plan should detail 
sampling location and techniques, and test frequency 
to be utilized. The Quality Control Plan should be 
submitted in writing to the engineer at the 
preconstruction conference. 

The Plan should identify the personnel responsible 
for the contractor's quality control. This should 
-de the company official who will act as liaison 

--wTth State personnel, as well as the Certified 
Portland Cement Concrete Technician who will direct 
the inspection program. 

The class or classes of concrete involved will be 
listed separately. If existing mix designs are to 
be utilized, the Mix Design Numbers should be 
listed. 
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Quality control sampling, testing, and inspection 
should be an integral part of the contractor's 
quality control system. In addition to the above 
requirements, the contractor's quality control 
system should document the quality control 
requirements shown in Table 1. The quality control 
activities shown in Table 1 are considered to be 
normal activities necessary to control the 
production and placing of a given product or 
material at an acceptable quality level. To 
facilitate the States' activities, all completed 
gradation samples should be retained by the 
contractor until further disposition is designated 
by the State. 

It is intended that sampling and testing be in 
accordance with standard methods and procedures, and 
that measuring and testing equipment be properly 
calibrated. If -alternative sampling methods, 
procedures and inspection equipment are to be used, 
they should be detailed in the Quality‘Control Plan. 

3. . . - 
DW. : 

The contractor should maintain adequate records of 
all inspections and tests. The records should 
indicate the.nature and number of observations made, 
the number and type of deficienci.es found, the 
quantities approved and rejected, and the nature of 
corrective action taken as appropriate. The 
contractor's documentation procedures will be 
subject to the review and approval of the State 
prior to the start of the work and to compliance 
checks during the progress of the work. 

4. Charts: 

All conforming and non-conforming inspections and 
tests results should be kept complete and should be 
available at all times to the State during the 
aerformance of the work. Batch tickets and 
madation data will be submitted to the State as the 
work progresses. All test data will be plotted on 
control charts. It is normally expected that 
testing and charting will be completed within 
48 hours after sampling. 
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All .charts and records documenting the contractor's 
quality control inspections and tests should become 
property of the State upon completion of the work. 

5. Corrective Action: 

The contractor should take prompt action'to correct 
conditions which have resulted, or could result, in 
the submission to the State of materials and 
products which do not conform to the requirements of 
the Contract documents. 

6. Non-Conforming Material%: 

The contractor should establish and maintain an 
effective and positive system for controlling 
non-conforming material, including procedures for 
its identification, isolation, and disposition. 
Reclaiming or reworking of non-conforming materials 
should be in accordance with procedures acceptable 
to the State. 

All- non-conforming materials and products should be 
positively identified to prevent use, shipment, and 
intermingling with conforming materials and 
products. Holding areas, 
State and the contractor, 

mutually agreeable to the 

contractor. 
should be provided by the 

7. -: 

The State will monitor the performance of the 
contractor's quality control plan and will perform 
verification testing to ensure that proper sampling 
and testing procedures are used by the contractor. 
The State may shut down the contractors operations 
for failing to follow the approved process control 
plan. All acceptance testing will be performed by 
State personnel. 
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TABLE 1 

CONTRACTOR'S OUALITY CONTZOL REOUIREMENTS 

MinimUm OUa itV Control Reairement, Frecruency 

A. PLANT AND TRUCKS 

1. 

2. 

3. 

4. 

Mixer Blades -..' 

Scales 

;:: 
Tared 
Calibrate 

C. Check Calibration 
Gauges and Meters,.,- - 
Plant and Truck : 
a. -Calibrate *- - 
b. Check Calibration , 
Admixture‘Dispenser - 
a. ,Calibrate 
b. Check Operation and 

Calibration . . ,- : 
. . 

B. AGGREGATES - .' -- '- .._/. -. 

‘. 1. Fini Aggregate 
Gradation' 

- ’ ‘I’ 1F ,‘; .: -. 

it: Deleterious Substances 
C. Moisture 

2. Coarse Aggregates 

ba: 
Gradation 
Percent Pasaing 
No. 200 Sieve . 

C. Moisture 

C. PLASTIC CONCRETE 

Prior to Start of yTob 
and weekly 
Prior to Start of Job 
and weekly 
Daily 
Prior to Start of Job 
Weekly 

Yearly 
Weekly 

Prior to Start of Job 
Daily 
. . ..- 

21 Days 
Daily 
Daily 

21 Days 
Daily 

Daily 

1. Entrained Air Content 

2 . Consistency 

3; -Temperature 

4. Yield 

One Per l/2 Day 
Operation 
One Per l/2 Day of 
Operation 
One Per l/2 Day of 
Operation 
One Per l/2 Day of 
Operation 
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Washington, D.C. 20590 

48Cl Sum&y of State Highway Practices on 
Rigid Pavement ‘Joints and Their Performance D8N MAY I g 1987 

From Chief, Pavement Division Rwy 10 
4ttn of HHD-13 

TO Regiorial Federal Highway Administrators 
Regions l-10 

The American Association of' State Highway and Transportation Officials (AASHTO) 
Subcommittee on Construction is presently preparing a new edition of the AASHTO 
'Guide Specifications for Highway Construction.m The AASHTO decided to survey 
the States' current practices on rigid pavement joints to help rewrite 
Section 514 titled "3oints..' We agreed to assist them by preparing and then 
summarizing that survey (spacing, skew, dowel cages, epoxy coated bars, filler 
material, etc.). Attached for your information is a sumary of the survey 
results. Please note-there were five State highway agencies that did not 
respond to the survey. 

The survey is intended to cover the States' current practices and recent 
performances with rigjd pa~ccacnt Joints. It may not ntcessarfly reflect 
each States's current standard tpeciflcations. However, we believe the 
sumnary contqins worthuhfle information that can be used as a reference 
tool for highway engineers. 

We will appreciate your forwarding copies to the division offices. Copies of 
the survey have already been sent to the State highway agencies by the AASHTO 
Subcomnittee on Constructton. Any questions or comnents may be dtrected to 
Mr. Don Voelker of my staff at FTS 366-1333; 

Norman 3. Van Ness 

Attachment 
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(7). 
(8). 

(14). 

[ii,‘- . 
-_, (17). 

(W. 

(19). 

(20). 

(21.)'. 

(22). 

tsg- . 
m l 

(2% 

inserts are no longer allowed as of 10/86. 
For CR pavements, there are four expansion Joints 930 ft.; sealant is 

AASHTO M-33. 
Depends on a Bridge Movanent Rating. 
Every second transverse joint is sawed within 4-12 hours. 
Sheet steel is used to form the keyway. 
Plastic coatings (17 nils) and powdered epoxy resins (7 mils) are also 

allowed. 
Only plain pavement joints are skewed at Z/12. 
Ravclling during sawing is not allowed but sawing must be done to 

preclude random cracking. 
Preformed bituminous, cork, or rubber plus compression seal. 
Only plain pavement is skewed at Z/12. 
Plastic coatings (11 mils) and red lead paint (no thickness specified) 

are also allowed. 
Yield strength of 40 ksi and ultimate strength of 70 ksi. 
Type A is low bond strength Doubl Coat by Republic Steel. 
Type B is high bond strength, it. Scotchkotr 202, Flintflex 531-6080, 

etc. but must have bond breaker HC-70, MS2a or RC-258. 
At PC and PT of curves 2 deg. 30 mfn. and Orcater and at every eighth 

joint constructed between 9/15 and 4/W. 
Faulting occurs on plastic soils where dowels are not present. 
One coat of paint conforming to Federal Spec. lT4-866 1 

F 
II or n-P- 

645 or TT-P-310 or steel str. pahthg councfl tpec. S C Paint II. 
Inside 4 ft.-13.3 ft.8 centerline 3.3 ft.8 outsfde 10 ft.4.3 ft.. 
Inltlal sawing Ii contractors option. Sawing for joint reservoir Is 

a minimum of 72 hours. 
Sawing for preliminary crack control Is done on approx. 50 ft. intervals 

with a l/8-in. blade and a depth of D/4. Final sawing is done within 
24-36 hours after concrete Pour. 

New York's minimal problems related to slab cracking and joint spalllng 
result from sawing too late. Faulting problems are present only in 
older pavements where a two-piece malleable iron load transfer device 
was used.. 

Control joints (92rft;intervals) are sawed as soon as porrlble with only 
minor ravelling alloued;~runaining joints are sawed between 2448 
hours. 

Reinforced dowelled pavement is not sawed on skew. All other; are at 
2/12. 

Required but type not specified. 
Any grade of steel conforming ASlU A615 ts permitted. 
(Concrete to Concrete) Lou modulus silicone (cold) is preferred. 
(Concrete to Asphalt) Hot rubberized asphalt ASm D-3406 and ASTM D-3405. 
Rubberized asphalt over filler and/or polychloroprent compression Seals. 
Ei::;;w;;oxy (7 mil thickness) or plastic (25 ail thickness) ,coatingS am 

]nitial &ng is 2 jnches for plain pavement rnd 1 3/B inches for plain 
dowelled pavement. 

Plain pavement initial saw depth is d/4. Plain Dowelled Initial SW depth 
is d/3. 
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Quotatims (con’t~ 

(30); &lignment tolerances arc plus or ahut one-half Inch of speclficd depth. 
(31). Longitudinal sawed joihts shall be cut before any equipment or vehicles 

are allowed oti the pavwnt. 

other 8re1s to be conaered. 
(1). California believes positive drainage mitigates transverse joint. 

fault!ng. 
.., 

(2). 6eorgia and Indiana believe a minor amunt of ravelling during sawfng 1s 
acceptable. 
long. 

If no ravelling is occurring, sawing has been delayed too 

(3). Indiana reports formed groove-type contraction joints shall be used if 

(4). 
early sawing causes erratic cracking. b 

!owa has a.speclflcrtio~. on.+J+um loading from the weight of saws. See 
attached. 

(5). Kansas Halts the use of inserts to ~'pe&d'My&pt. to prevent 
(6)m l;:fitudinal cracks. I, . 

ana believes transverse joint problems are attributable to mofstb. 
and incompressibles not the mtnod of construction. 

(7). Mississippi is experiencing transverse cracking on continuous reinforced 
pavements. 

(8). New Jersey believes TRB Synthesis of Highway Practice 19 contains useful 
information. 

(9). ,Ohio's keyed longitudinal joints have a'proven poor performance. 
(10). Delaware recomncnds that edges of construction joints shall be tooled to 

a l/8 inch radius: sawed joints are chamfered similarly. Also, joints 
shall bc thoroughly cleaned by brushing, air blasting, sand blasting, 
or other means to completely remove all foreign materials. 

(11). Puerto Rico reports pumping'problems due to no joint sealing caused by 
lack of proper maintenance. 

(12). Colorado requires longitudinal sawed joints to be cut before any 
iquipment or vehicles are allowed on the pavement. Also, every second 
transverse joint shall be sawed within 4 to 12 hours after pavement 
placement. The intermediate joints shall be sawed within 48 hours 
after pavement placement. 
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Uashinqton, D-C. '20590 

Bondbreaker% fir Portland Cement 
Concrete Pavement with.Lean Concrete Bases 

Chief, Pavement Division 
Reclly 10 
Attn of HHO-12 

Regional Federal Highway Administrators 

During the past 2 years, we have reviewed several projects with Portland Cement 
Concrete (PCC) pavements constructed over lean concrete bases, which have 
experienced premature cracking. We have suspected that the principal cause of 
the d$stress was the partial bonding of the PCC slab to the lean concrete 
bases, during the period of joint and crack formation in jointed and continuous 
PCC pavements. Generally, this bond was believed to be weak, and would be lost 
within 6 to 12 months, because of stresses caused by loading and/or temperature 
variations. This weak bond would also be broken during coring or following the 
development of pavement distress. However, recently on two projects, cores 
were retrieved with the slab bonded to the lean concrete base. These projects 
which lend support to our theory are described below: 

.  _. .  I  .’ -L.. _ 

1. A Continuously Reinforced &Crete Pavement (CRCP) began experiencing 
premature punchouts. The pavanent scctfon consisted of 9 inches of - 
CRCP over 6 inches of lean concrete base'on a cement treated subgrade. 
During coring operations 6-plus years after construction, approximately 
30 percent of the cores indicated the slab was bonded to the base. 
Failure of this pavement is believed to have resulted because the 
amount and location of steel was designed based on the unbonded 
condition. When bonding occurred, the slab was significantly under 
reinforced, and the reinforcement was located well above the neutral 
axis of the composite section. As a result, the steel was overstressed 
causing.excessive.crack widths, steel ruptures, and ultimately 
punchouts. 

2. An &inch Jointed Plain Concrete Pavement (JPCP) over an &inch lean 
concrete base experienced random cracking within 6 months after 
construction. Coring revealed that the cracks were forming from the top 
of the slab downward, and were not reflective cracks. Also, cores of 
numerous sawed joints revealed that cracking had not occurred at the 
joints. Project records and discussions with project personnel 
indicated that sawing was done in a timely manner. There was no 
correlation between cracking, and temperature extremes at the time of 
construction. A number of the cores taken during the investigation of 
the cracking were retrieved with the slab bonded to the lean concrete 
base. We now believe that partial bonding during the joint formation 
period rejulted in the saw cuts being an inadequate depth to force 
cracking at the joints. The depth of the saw cuts was based on the 
thickness of the slab in the unbonded condition. 
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We recognize that some States have been working in strengthening their asphalt 
concrete mix design and field control practices. These efforts are appropriate 
and continued involvement of all the field offices in encouraging conformance 
with the attached TA will be expected. 

Other factors such as truck weights, high tire pressures, etc., also contribute 
to the rutting and stripping problems and we are working on these issues. We 
are convinced though that significant gains in solving rutting and stripping 
problems can be achieved by using quality materials and strengthening 
specifications and construction practices. We expect those States where 
rutting and stripping is a problem to include a priority effort to improve the 
design and construction of asphalt concrete pavements. The Pavement Division 
and the Construction and Maintenance Division are available upon request to 
provide technical support and guidance, which may.be necessary in achieving 
these actions. 

Executive Director 

Attachment 
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The use of polyethylene sheeting is,= recommended for use as a bondbreaker, 
because of construction problems which have occurred on projects where it was 
specified. 

We are also currently evaluating the magnitude of slab curling on pavements, 
constructed over lean concrete bases. Actual field measurements of curling and 
deflection are being made on pavements in four States in Region 4. Ue believe 
the stiffness of the lean concrete base tends to cause higher curling 
stresses. In longer slabs, the combined curling and load stresses can exceed 
the slab strength resulting in transverse slab cracking. We suggest that to be 
on the safe side, when JPCP pavements are constructed over lean concrete bases, 
the joint spacing be limited to.a maximum of 15 feet. 

We intend to closely monitor the performance of PCC pavements over lean 
concrete bases, and would appreciate receiving feedback on the performance of 
this type of pavement in your region. Please contact Mr. John Hallin at 
FTS 366-1323, if you. have any questions or comments on the use or performance 
of lean concrete bases. 
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CHAPTER 4 

FLEXIBLE PAVEMENT 

4.1 TA 5040.27, Asphalt Concrete Mix Design and Field Control, 
February 16,1988. 

4.2 Prevention of Premature Distress in Asphalt Concrete Pavements, 
Technical Paper 88-02, April 18, 1988. 

4.3 Guidelines on the Use of Bag-House Fines, April 7, 1988. 

4.4 Reserved. 

4.5 State of the Practice on the Design and Construction of Asphalt Paving 
Materials with Crumb Rubber Modifier, Report Number FHWA-SA-92- 
022, June 9,1992. 

4.6 Reserved. 

4.7 Processed Used-Oil and Heavy Fuel Oils for Use in Hot Mix Asphalt 
Production, June 21,199O. 

4.8 Aggregate Gradation for Highways - 0.45 Particle Size Distribution Curve, 
1962. 
l Aggregate Gradation: Simplification, Standardization, and Uniform 

Application . 
l A New Graphical Chart for Evaluating Aggregate Gradation 





U.S. Defx7rtment 
of Transportcmcm 

Federal Hiihway 
Administration 

W-n. D.C. 30590 

Subject ACTION: Date February 16, 1988 
Asphalt Mix Design and Field Control 

From Executive Director 

To Regional Federal Highway Administrators 
Direct Federal Program Administrator 

Reply to 
Attn of 

HHO-12 
IED- 

There are presently about 1,420,OOO miles of intermediate or high type flexible 
pavements on State highways and local roads. This represents about 70 percent 
of the paved mileage on all public roads and streets. In 1986, about 
$2 billion of asphalt concrete was placed on Federal-aid projects and this 
amount will likely increase in the future. Information that has been gathered 
over a number of years by the States, FHWA, and the asphalt industry has 
revealed that a number of asphalt concrete pavements are experiencing premature 
distress and significantly reduced pavement performance periods. Types of 
distress identified have included bleeding, cracking, shoving, rutting, 
stripping, and raveling. 

Two distress types, rutting and stripping, have had a high frequency of 
occurrence over wide areas of the United States. The reduction in pavement 
performance due to rutting or stripping is potentially severe from a national 
perspective. Due to the continuing major investment which is being made in 
asphalt concrete pavements and as a result of reports indicating premature 
rutting and stripping problems, we appointed an Ad Hoc Task force to examine 
the problems of asphalt concrete pavement rutting and stripping, and to develop 
FHWA policy recommendations. The Task Force has completed its assignment and a 
copy of its report was provided to each region and division office. 
In accordance with one of the Task Force's major recommendations, our 
Technical Advisory (TA) on this subject has been updated to reflect current 
knowledge. Attached for your immediate use is a copy of the TA "Asphalt 
Concrete Mix Design and Field Control." This TA sets forth guidance and 
recommendations relating to asphalt concrete paving. It covers the areas of 
materials selection, mixture design, mixture production, and mixture placement. 
The TA is intended primarily for application on high type facilities. 

Each division office is to initiate an effort to compare the updated TA to 
present State specifications and construction practices. Differences and/or 
deviations are to be discussed with the State and, if appropriate, industry 
representatives. Some States have found it beneficial to have a formal 
committee composed of State, FHWA, and industry personnel to scrutinize the 
State's mix design, and field control procedures, and iron out differences with 
the TA. The TA is a consensus of current best practice, and serious 
consideration should be given to adopting its recommendations. Sound 
engineering judgment must be used in determining what is best for each 
particular State but deviations from the TA recommendations should be 
supportable. 
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We recognize that some States have been working in strengthening their asphalt 
concrete mix design and field control practices. These efforts are appropriate 
and continued involvement of all the field offices in encouraging conformance 
with the attached TA will be expected. 

Other factors such as truck weights, high tire pressures, etc., also contribute 
to the rutting and stripping problems and we are working on these issues. We 
are convinced though that significant gains in solving rutting and stripping 
problems can be achieved by using quality materials and strengthening 
specifications and construction practices. We expect those States where 
rutting and stripping is a problem to include a priority effort to improve the 
design and construction of asphalt concrete pavements. The Pavement Division 
and the Construction and Maintenance Division are available upon request to 
provide technical support and guidance, which may.be necessary in achieving 
these actions. 

Executive Director 

Attachment 
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U.S. DEPARTMENT OF TRANSPORTATION 

.  .  FEDERAL HIGHWAY ADMINISTRATION 

SUBJECT 

ASPBALTCXXKWZ'EMIX DESIGNAlJDFIELD~m!ROL 

FHWA TECHNICAL ADVISORY 
T 5040.27 

March 10, 1988 

Par. 1. Purpose 
2. Cancellation 
3. Background 
4. Materials 
5. Mix Design 
5. Plant Operations 
7. Laydmn and Cmpaction 
8. Miscellaneous 

1. PURPOSE. ?ib setforthguidanrx and recanwnda tions relating to asphalt 
concrete paving, covering the areas of materials selection, mixture design, 
and mixture production and placmant. 'Ihe procedures and practices 
outlined in the Technical Advisory (TA) are directed primarily tmards 
developing quality asphalt concrete pavemants for high-type facilities. 
The TA can also be used as a general guide for low-volm facilities. 

2. Cancellation. Federal Highway Administration 0'HW Technical Advisory 
T 5040.24, Bituminous Mix Design and Field Control, dated 
August 22, 1985, is cancelled. 

3. BACKGROUND 

a. bar one-half of the Interstate Systemand 70 percent of all highways 
are paved with hot-mix asphalt concrete. Asphalt concrete is probably 
thelargestsingle highway program investmanttoday and there is no 
evidence that this will change inthe near future. However, there is 
evidence that the nmnber of premature distresses in the nation's 
recently constructed asphaltpavemntsis increasing. Heavier truck 
axleweights, increased tire pressures, and inadequate drainage are 
saw of the factorsleadingtothe increase inpremature distress. The 
FIWA has been concerned with the deterioration in quality of asphalt 
concrete pavements for many years and in 1987 a special FHWA M Hoc 
Task Force studied two of the mast ca-mm distresses existing today and 
subsequently issued a report titled "Asphalt Pavement Rutting and 
Stripping." The report ccntained both short-term and long-term 
reccmwndations for impraving the quality of asphalt pavements. 

h. With the variables of environment, canponent materials, and traffic 
loadings fowd throughout the United States, it is not surprising that 
there are mny State-to-State or regional variations of design and 
construction requirements. No one set of specifications can achieve 
the same results in all States because of the factors mantioned above. 
However, there are many things that States can do to improve their 
current mix design and field control procedures to ensure that quality 
as_n!xlt pavements will be constructed. This TA incorporates my of 
the FHWA Task Force recczmandations and presents the current 

DISTRIBUTION: Level 2: Headquarters(DF,ED,UO,NG,NR,RD) 
Regions(E0) oP':HHO-12 

Divisions(EC,D) HHO-33 
All Direct Federal Divisions 

Level 3: SHA's(Through Divisions) 
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state-of-the-art in materials, mix design, plant operation, laydmn and 
ccxnpaction, and other areas relating to quality hot-mix asphalt 
pavernwts . 

4. MA- 

a. Aggregate is the granular material used in asphalt concrete mixtures 
which make up 90-95 percent of the mixture weight and provides most of 
the load bearing characteristics of the mix. Therefore, the quality 
and physical properties of the aggregates are critical to the pavement 
performance. The following is recmed: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Aggregates should be non-plastic. lhe presence of clay fines 
in an asphalt mix can result in problms with volume swell and 
adhesionof asphalttothe rockcontributingto stripping 
problems. 'Ihe minus #4 sieve material should have a minimm sand 
equivalent value of 45 using the test mthod described in the 
Ikrrerican Association of State Highway and Transportation 
Officials MSH'ID) specification NSH!W T176). 

Alimitshould beplacedonthe amunts of deleterious 
mkerials prmittedintheaggregates. Specifications should 
limit clay lumps and friable particles to a mximum of 
one percent. 

Durabilityorwzatheringresistance shouldbedeteminedby 
sulfate soundness testing. specifications should require a 
sodiumormagnesim sulfate test using the limits described 
in the A?SHJD specification M29. 

IQgregate resistance to abrasion should be deternun 
Specifications should require a lhs Angeles abrasio?ioss of 
45 percent or less (AASERD T96). 

Friction be- aggregate particles is dependent on aggregate 
surface roughness and area of contact. As surface friction 
increases, so does resistance of the mix to deformation. 
Specifications should require at least 60 percent of the plus 
#4 sieve material to have at least two mechanically induced 
fractured faces. 

The quality of natural sand varies considerably from one location 
to another. Since most natural sands are rounded and often 
contain a high percentage of undesirable mterials, the awunt 
of natural sand as a general rule should be limited to 15 to 
20 percent for high volum pavements and 20 to 25 percent for 
rmadiumand lowvolume pavements. These percentages my j.ncreas 
or decrease depmding on quality of the natural sand and the 
typas of traffictowhich the pavementwill be subjected. 
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(7) 

(8) 

(9) 

(10) 

For adequate control, aqqreqate gradations should be specified 
from the maximm particle size to the #200 sieve so each 
successive sieve opening is about l/2 the previous sieve 
opening (for example, 1 inch, l/2 inch, 44, #8, #16, #30, #SO, 
#lOO, #200). The only accurate method to determine the amount of 
minus #200 sieve material is to perform a wash gradation in 
accordance with AASIfTo T27 and AASH'IQ Tll. 

?& ratio of dust (minus #200 sieve material) to asphalt cemnt, 
by mass, is critical. Asphalt concrete mixes should require a 
maximum dust asphalt ratio of 1.2 and a min@um of 0.6. 

Atoolwhichis very useful inevaluating aggregate gradations 
is the 0.45 m qradation chart. AU mixes should be plotted 
cm these charts as part of the mix design process (Attachment 1). 

An aggregate's specific gravity and absorption characteristics 
areextremely importantinpraportioninqanil.c~~ollingthe 
mixture. It is r ecanended thatAASKPOT209 beusedto dete.rmine 
the mximum specific gravity of asphalt concrete mixes. States 
not using AASWIO T209 should be aware of the difficulty of 
determininqthe theoreticalmximumdensity using individual 
inqredient specific gravities and their percentaqes 
in the mixture. These difficulties will result in inaccuracies 
in determining the specific gravity of the mixture. These 
inaccuracies will carry through to the calculation of the 
densities in the canpacted mat and my result in inproperly 
calpacted pavmts. It is alsonecessarytodetermine the 
bulk dxy specific qravity of the aggregate in order to 
determinethevoidsinthentieral aggregate (WA). 

The tarqetvalue for VMAshouldbe obtained throuqh the mmper 
distribution of aggregate gradation to provide adequate asphalt 
film thickness on each particle and accmm&a te the design air 
void system. In addition, tolerance used in construction 
quality control should be such that the mix designed is actually 
produced in the field. 

b. As@-&t grade and characteristics are critical to the performance of 
the asphalt pa-t. The followinq is recarmended: 

(1) Grade(s) of asphalt cement used in hot-mix paving should be 
selected based on climatic conditions and past perfomance. 
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(2) Itisreccmwndedthatasphalt cement be acceptedon 
certification by the supplier (along with the testing results) 
and State project verification samples. Acceptance procedures 
should provide information on the physical properties of the 
asphalt in atimalymanner. 

(3) Thephysicalproperties of asphalt -tthataremstk-qortant 
tohot+nixpaving are shown belaw. Each State shouldobtainthis 
information (by central laboratory or supplier tests) and should 
have specification requirement(s) for each property except 
specific gravity. 

(a) 

(b) 

(cl 

(d) 

(e) 

(f) 

(9) 

(hl 

(i) 

Cj) 

penetration 77O F 

Viscosity 140° F 

Viscosity 275O F 

Dxtility/%qerature 

Specific Gravity 

Solubility 

Residue Ductility 

Residue Viscosity 

Lr0w temperature cracking is related to the physical 
properties of the asphalt andmay be increasedby the 
presence of mx in the asphalt. The low temperature 
ductility test at 39.2O F (4O C) can indicate where this 
may be a problem. The testis performd at a pull speed 
of 1 an/min. Typical specification requiremnts are: 

AAsHI'OM226 Table 2 

AC2.5 50 + an 
AC 5 25 + cm 
AC 10 15 + cm 
AC 20 5+an 
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(4) The temperature viscosity curves or absolute and kinetic 
viscosity information should be available at the mixing plant for 
each s&i-t of asphalt cement. This can identify a change in 
asphalt viscosity which necessitates a new mix design. Each 
State should provide terqerature/viscosity information on the 
asphalt used in the laboratory mix design to the projects. 
I$ffe.rences in the viscosity (as klell as the penetration) of the 
asphalt frm the asphalt used in the mix design may indicate the 
necessity to redesign the mix (Attachmnt 2). 

5. MIX DESIGN 

a. Asphalt concrete mixes should be designed to meet the necessary 
criteria based an type of roadway, traffic volums, intended use, i.e., 
werlay on rigid or flexible pavemnts, and the season of the year 
theconstructionwouldbe performed. Each State's mix design criteria 
should be as follws. 

prope*Y 

Marshall 

Heavy Traffic Medium !Praffic Iiigbt Traffic 
Design Design Design 

(~l,ooo,ooo =*) (10,000-1,000,000 ESAL) (<lo,000 ES&) 

Cunpaction Blows 75 
Stability (min.) 1,500 
FlOW 8-16 

Stability bnin.) 37 
SW11 0.030 in. 

35 
500 

S-20 

35 30 
0.030 in. 0.03C in. 

Void Analysis 

Air Voids 3-5 3-5 3-5 

* Equivalent Single Axle Lead 
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MINIMUMPEBCENTVOIDS INMINERAL -TE (WA) 

Nanind Maximum Particle Size Minimum Voids 
U.S.A. Standard Sieve inMineral Aggregate 

Designation Percent 

No. 16 23.5 
No. 8 21 
No. 4 18 
3/8 in. 16 
l/2 in. 15 
3/4 in. 14 
1 in. 13 
l-1/2 in. 12 
2 in. 11.5 
2-l/2 in. 11 

b. Standard mix design procedures Warshall, Hveem) have been developed 
andadoptedbyAASHT0, however, samz States havemdifiedthese 
procedures for their own use. Anymdification franthe standard 
procedwe should be supported by correlation testing for reasonable 
confomity to the design values obtained using the star&.& mix 
design procedures. 

C. Stripping in the asphaltpavmentsis notanewphenanenon,although 
the attention to it has intensified in recent years. M3isture 
susceptibility testing should be a part of every State's mix design 
procedure. The "Effect of Water on CQnpacted Bituminous Mixtures" 
(imnersion ccmpression test) (AASm T165) and "Resistance of ccrmpacted 
Bituminous Mixture to bbisture Induced Damage" (AASBIO T283) are 
currently the only stri-cping test procedures which have been adopted by 
-. The AASB!lV T283, cammly known as the I&tman Test, requires 
that the test specimns be ccmpacted so astohave an airvoidcontent 
of 7 ~lpercent, while AASBIQ T165 does not. This air void content is 
what one would expect in the mat after construction canpaction. mere 
is considerable research underway on developing better tests for 
determining moisture dzmge susceptibility of the aggregate asphalt 
mixtures. One of the mst prmising test procedures is that developed 
by Tunnicliff and Root as repotied in the National Cooperative Highway 
Research Program (EHRP) Report 274. This test is similar to A&SH!I'O 
T283, but it takes less tkne to perform. In the majority of cases 
hydrated lime and portland cement have proven to be the mst effective 
anti-stripping additives. 
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The detemnination of air voids in the laboratory k is a critical 
step in designing and controlling asphalt hot-mix. In order to 
determine air voids, the theoretical mximmn density or the rmcimum 
specific gravity of the mix must be determined. This can be 
accmplished by using the "Maximum Specific Gravity of Bituminous 
Paving Mixtures" (Rice Vacuum Saturation) (AAWIO T209). 

Proper mix design procedures require that each mix be designed using 
all of the actual ingredient materials including all additives which 
will be used on the project. 

The ca-qlete information on the mix design should be sent to the 
plant. The following information should be included in the mix 
designreport and senttotheplant. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Ingredient materials souroes 

Ingredient materials properties including: 

(a) Specific gravities 

(b) L. A. Abrasion 

(cl sand equivalent 

(d) PlasticIndex 

(e) Absorption 

(f) Asphalt teqerature/viscosity curves or values 

Mix temperature andtolerances 

Mix designtestproperty cumes 

Target asphalt coIltentandt01erances 

Target gradations for each sieve and tolerances 

Plot of gradation on the 0.45 power gradation chart, and 

Target density 
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9. Focal procedures should be established to require that changes to 
mix designs be approved by the same personnel or office that 
developed the original mix design. 

h. After start-up, the r,-esulting mixture should be tested to verify that 
it meets all of the design criteria. 

6. PmrmoPEEmTIoNs 

a. 

b. 

C. 

d. 

e. 

f. 

g* 

In ordertoassureproperoperation, anasphalt plantmstbe 
calibrated and inspected. Plant approval shouldbe requiredand 
should cover each item on the asphalt plant checklist (Attachment 3). 

!Io avoid or mitigate unburned fuel oil contamination of the asphalt 
mixture, the use of propane, butane, natural gas, coal or No. lor 
No. 2 fuel oils is recarmended. 

Iftheasphalt cement is overheated or otherwise aged excessively, the 
viscosity of the recovered asphalt will exceed that of the original 
asphaltbymrethanfourtims. However, if the viscosity of the 
r-red asphalt is less or even equal to the original viscosity, it 
has probably been contaminatedwithunburned fuel oil. 

Fordrummixer and screenless batchplantsthere shouldbethree 
separate graded stockpiles for surface courses and four for binder and 
base courses. Each stockpile should contain between 
by weight of the aggregate size in the mix design. 

15 to 50 percent 
!Ihe plus #4 sieve 

aggregate stockpile should be constructedin lifts not exceeding 3 feet 
to a maximum height of 12 feet. There shouldbeenoughmaterial in the 
stockpiles foratleast5 daysof productian. The plant should be 
equippedwithaminimum of four cold feed bins with positive 
separation. 

Controltestingof gradationandasphaltcontentshouldbe conducted 
to assure a quality and consistent mixture. Inmany States, the 
contractor or supplier is requiredtodothistesting. 

Acceptance testing should be conducted for gradation and asphalt 
content of the final mixture. 

me plotting of control and acceptance test results for gradation, 
asphalt content, and density on control charts at the plant provides 
for easy and effective analysis of test results and plant control. 

4.1.10 



FHWA TECHNICAL ADVISORY T 5040.27 
March 10, 1988 

h. The moisture content of the aggregate must be determined for proper 
control of drum mixer plants. The asphalt content is determined by the 
total weight of the material that passes over the weigh bridge with the 
correction made for moisture. Sufficient aggregate moisture contents 
need to be performed throughout the day to avoid deviations in the 
desired asphalt content. 

i. Moisture contents of asphalt mixtures is also important. The 
extraction and nuclear asphalt content gauge procedures will count 
moisture as asphalt. For this reason, a moisture correction should be 
made. In addition, high moisture contents in asphalt mixtures can lead 
to compaction difficulty due to the cooling of the mix caused by 
evaporation of the moisture. This is particularly important with drum 
mixer mixes which require moisture for the mixing process. Some States 
specify a maximum moisture content behind the paver. A recommended 
maximum moisture content behind the paver is 0.5 percent. 

7. LAYDOWN AND COMPACTION 

a. Prior to paving start-up, equipment should be checked to assure its 
suitability and proper function. Project equipment approval should 
include the items shown on the project inspection checklist 
(Attachment 4). 

b. Paving start-up should begin with a test strip section. This will 
allow for minor problems to be solved, establishment of roller 
patterns and number of passes, and will assure that proper placement 
and compaction can be attained. 

C. In order to assure proper placement and compaction, it is essential 
that the mat be placed hot. Establishment of and compliance with the 
following items shou'ld be included; minimum mix, underl:Gny! pavement, 
and ambient temperatures. 
paving should be avoided. 

Cold weather and early or late season 
The practice of raising the temperature of 

the mixture to combat the cold condi'ions should not be permitted, as 
this will contribute to excessive aging of the asphalt cement. 

d. The use of a pneumatic roller in the compaction process is strongly 
encouraged. When used in the intermediate rolling it will knead and 
seal the mat surface and aid in preventing the intrusion of surface 
water into the pavement layers. It will also contribute to the 
compaction of the mat. 
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8. 

e. 

f. 

g* 

Density requirements should be established to result in an air void 
system in the mat of 6-8 percent immediately after mnstruction. 
This allows for the inherent additional densification under traffic 
to an ultimate air void content of about 3-5 percent. Density 
acceptance specifications should require a percentage of mximm 
density as determined by AASK T209. A percentage of test strip 
density or Marshall laboratory density can be us& provided each is 
related to the maximum density. The specified density should be 
attained before the mt temperature drops below l75O F. 

Density masurement should be accurate, taken frequently, and the 
results ,-de available guickly for each day of production. 
should be determined by test cores 

Density 

test gauges. Spec'f 
, or 3 I+operly calibrated nuclear 

1ications shouldrequxe severalteststobe 
averaged to determin e density results for acceptance. 

Successive hot-ti curses should not be placed while previous layers 
are wet. To avoid, or minimize thepenetrationofwater intobase and 
binder courses, paving operations should be scheduled so that the 
surface layer(s) is placedwithin a reasonable period after these 
courses are constructed. 'Ib the greatest extent possible, cmstruction 
should be planned to avoid the necessity of leaving layers uncovered 
during wet seasons of the year. 

a. Sane States have established procedures to accept out-of- 
specification material and pavement with a reduction in price. 
These procedures include definition of lot size/production time, 
tolerances, and pay factor reductions for ingredient materials, 
canbined mixture properties, pveman 
and lift thickness. 

t density, pavmt smoothness, 

b. Prior to the start of production and pla 
preplaceman 

cement operations, a 
tconference, 

should be held. 
includingallthe paving participants, 

This conference muld define duties and 
responsibilities for each phase of the operation as well as problem 
solving procedures. 

C. During start-up it is very effective to have a construction and/or 
materials specialist at the project site to assist in identifying 
and solving any problen that develops. 
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d. F5ecauseasphalthot-mixpavemntconstructionis canplex, it 
requires that each person involved understand his/her function 
thoroughly. It is also helpful if each person has a basic 
understanding of each of the xmny phases involved. It is 
recmmsnded that States develop or use existing training to 
address these phases of asphalt paving. 

&<Lb . 
Associate Adminis for 

EngineeringardProgramDevel~t 

4Attatits 
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AGGREGATE GRADATION 

It has long been established that gradation of the aggregate is one of the 
factors that must be carefully considered in the design cf asphalt paving 
mixtures, especially for heavy duty highways. The purpose in establishing and 
controlling aggregate gradation is to provide sufficient voids in the asphalt 
aggregate mixture to accommodate the proper asphalt film thickness on each 
particle and provide the design air void system to allow for thermal expansion 
of the asphalt within the mix. Minimum voids in the mineral aggregate (VMA) 
requirements have been established and vary with the top aggregate size. 

Traditionally, gradation requirements are so broad that they permit the use of 
paving mixtures ranging from coarse to fine and to either low or high 
stability. To further complicate matters, different combinations of sieve 
sizes are specified to control specific grading ranges. Standardization of 
sieve sizes and aggregate gradations, which has often been suggested, is not 
likely to occur because of the practice of using locally available materials to 
the extent possible. 

In the early 1960's, the Bureau of Public Roads introduced a gradation chart . 
(Figure #l) which is especially useful in evaluating aggregate gradations. The 
chart uses a horizontal scale which represents sieve size openings in microns 
raised to the 0.45 power and a vertical scale in percent passing. The 
advantage in using this chart is that, for all practical purposes, all straight 
lines plotted from the lower left corner of the chart, upward and toward the 
right to any specific nominal maximum particle size, represent maximum density 
gradations. The nominal maximum particle sieve size is the largest sieve size 
listed in the applicable specification upon which any material is permitted to 
be retained. An example is shown in Figure #2. 

The gradations depicted in Figure #3 and #4 are exaggerated to illustrate the 
points being made. By using the chart, aggregate gradations can be related to 
maximum density gradation and used to predict if the mixture will be fine or 
coarse textured as shown in Figure #3. 

Soon after the chart was developed, it was used to study gradations of 
aggregate from several mixtures that had been re or-ted as having unsatisfactory 
compaction characteristics. These mixtures coul.: not be compacted in the 
normal manner because they were slow in developing sufficient stability to 
withstand the weight of the rolling equipment. Such mixtures can be called 
"tender mixes." This study identified a consistent gradation pattern in these 
mixes as is illustrated in Figure #4. 

Most notable is the hump in the curve near the #40 sieve and the flat slope 
between the #40 sieve and the #8 sieve. This indicates a deficiency of 
material in the #40 to 8# sieve range and an excess of material passing the #40 
sieve. Mixtures with an aggregate exhibiting this gradation characteristic are 
susceptible to being tender, particularly,if the fines are composed of natural 
sand. 

As part of the bituminous mix design process, tie aqgregate gradation should be 
plotted on the 0.45 power gradation chart. 
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0.45 Power Gradation Chart 

Maximum Density Line 

P No.200 100 60 JO 16 6 4 38 In. II4 In. 1 tn. 

Sieve Sizes 
Figure +2 

0.45 Power Gradation Chart 

t Coarse Texture 
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0.45 Power Gradation Chart 

Sieie Sizes 
3lo In. 34 In. 1 In. 

Figure +4 
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ASPHALT VISCOSITY 

Each particular asphalt has a unique temperature-viscosity relationship. This 
relationship is sometimes described as temperature susceptibility. This 
temperature-viscosity relationship can be plotted on a modified semi-log chart 
as shown on the attached chart. These charts are very useful in determining 
the optimum mixing and compacting temperature of a particular asphalt. Past 
research has identified the optimum mixing temperature as that corresponding to 
a viscosity of 170 + 20 centistokes, and the optimum compaction temperature as 
that corresponding to a viscosity of 280 + 30 centistokes for laboratory mix 
design. The optimum mixing temperature should be identified for the asphalt 
used in the mix design and included in the mix design report which is sent to 
the production plant. 

Prior to the oil embargo, there was a relatively fixed distribution system for 
crude oil. This allowed for a relatively uniform asphalt cement from each 
refinery. Highway agencies became familiar with the handling and performance 
characteristics of those asphalt cements. As a result of the embargo, a new 
variable distribution system is in place which allows shifting and blending of 
crude oils resulting in production of asphalt cements with very different 
temperature viscosity characteristics. 

The attached chart will allow plotting the temperature-viscosity curve for the 
asphalts used in a State or a particular asphalt from a project. If the 
kinematic viscosity (275O F) of the asphalt being used changes from the 
kinematic viscosity of the asphalt used in the mix design by a factor of more 
than about two, a new mix design should be required. 
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7. Is conveyer system covered and insulated (if necessary) so as to 
prevent excessive loss of heat during transfer of material from 
mixing plant to storage bin? 

8. Does storage bin have acceptable heating system? 
9. Has surge or storage bin received prior evaluation and approval 

before using? 

IX. Safety and Inspection Provisions 

1. Are gears, pulleys, chains, sprockets, and other dangerous moving 
parts thoroughly protected? 

2. Is an unobstructed and adequately guarded passage provided and 
maintained in and around the truck loading space for visual 
inspection purposes? 

, 

3. Does plant have adequate and safe stairways or guarded ladders to 
plant units such as mixer platforms, control platforms, hot storage 
bins, asphalt storage tanks, etc. where inspections are required? 

4. Is an inspection platform provided with a safe stairway for sampling 
the asphalt mixture from loaded trucks? 

X. Truck Scales 

1. Are scales capable of weighing the entire vehicle at one time? 
2. Do scales have digital printing recorder or automatic weight 

printer? 
3. Have scales been checked and certified by a reputable scale company 

in the presence of an authorized representative of the highway 
department? 

4. Date checked Agency Name 
5. Is copy of certification available? 
6. Remarks 

XI. Transportation Equipment 

1. Are truck bodies clean, tight, and in good condition? 
2. Do trucks have covers to protect material from unfavorable weather 

conditions? 
3. Is soapy water or other approved products available for coating 

truck bodies to prevent material from sticking? Diesel fuel should 
not be used. 

4. Type of material used. 
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XII. Provisions for Testing 

1. Does size and location of laboratory comply with specifications? 
2. Is laboratory properly equipped? 
3. Is laboratory acceptable? 

SPECIAL REQUIREMENTS FOR BATCH PLANTS 

XIII. Weiqh $0~ or.Hopper 

1. Is weigh box large enough to hold full batch? 
2. Does gate close tightly so that material cannot leak into the mixer 

while a batch is being weighed? 

XIV. Agqreqate Scal,es 

1. Are scales equipped with adjustable pointers or markers for marking 
the weight of each material to be weighed into the batch? 

2. Are ten SO-lb. (22.7 kg) weights available for checking scales? 
3. Has accuracy of weights been checked? 
4. Have scales been checked and certified by a reputable scales company 

in the presence of an authorized representative of the highway 
department? 
Date checked , Agency Name 
Is copy of certification available? 
Remarks 

5. If the plant is equipped with beam type scales, are the scales 
equipped with a device.to indicate at least the last 200 lb. (97 kg) 
of the required load? 

xv. Asphalt Cement Bucket 

1. Is bucket large enough 
that the asphalt mater 

2. Is the bucket steamed, 
insulated electric hea 

3. Is the bucket equipped 
length of the mixer? 

to handle a batch in a single weighing so 
ial will not overflow, splash or spill? 

or oil-jacketed or equipped with properly 
ting units? 

to deliver the asphalt material over the full 
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XVI. Asphalt Cement Scales 

1. Have scales been checked and certified by a reputable scale company 
in the presence of an authorized representative of the highway 
department? 
Date checked Agency Name 
Is copy of certification available? 

2. Are scales equipped with a device to indicate at least the last 
20 lb. (9.1 kg) of the approaching total load? 

XVII. Screens 

1. Condition of screens. Satisfactory Unsatisfactory 
2. Do the plant screens have adequate capacity and size range to 

properly separate all the aggregate into sizes required for 
proportioning so that they may be recombined consistently? 

XVIII. Hot Bins 

., -\ 1. Number of bins? 
2. Are bins -properly partitioned? 
3. Are bins equipped with overflow pipes? 
4. Will gates cut off quickly and completely? 
5. Can samples be obtained from bins? 
6. Are bins equipped with device to indicate the position of aggregate 

at the lower quarter point? 

XIX. Asphalt Control 

1. Are means provided for checking the quantity or rate of flow of 
asphalt material? 

2. Time required to add asphalt material into pugmill. 

xx. Mixer Unit for Batch Method 

1. Is the plant equipped with an approved twin pugmill batch mixer that 
will produce a uniform mixture? 

2. Can the mixer blades be adjusted to ensure proper and efficient 
mixing? 

3. Are the mixer blades in satisfactory condition? 
4. What is the clearance of the mixer blades? in. 
5. Does the mixer gate close tight enough to prevent leakage? 
6. Does the mixer discharge the mixture without appreciable 

segregation? 
7. Is the mixer equipped with time“lock? 
8. Does timer lock the weigh box gate until the mixing cycle is 

completed? 
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9. Will timer control dry and wet mixing time? 
10. Can timer be set in 5 second intervals throughout the designated 

mixing cycles? 
11. Can timer be locked to prevent tampering? 
12. Is a mechanical batch counter installed as part of the timing 

device? 

XXI. Automation of Batchi.ng 

1. If the plant is fully automated, is an automatic weighing, cycling 
and monitoring system installed as part of the batching equipment? 

2. Is the automatic proportioning system capable of weighing the 
materials within +2 percent of the total sum of the batch sizes? 

SPECIAL REQUIREMENT FOR DRUM MIXERS 

XXII. Aggreqate Delivery System 

1. Number of cold feed bins? 
2. Are cold feed bins equipped with devices to indicate when the level 

of the aggregate in each-bin is below the quarter point? 
3. Does the cold feed have an automatic shut-off system that act ivates 

when any individual feeder is interrupted? 
4. Are provisions available for conveniently sampling.the full f low of 

material from each cold feed and the total cold feed? 
5. Is the total feed weighed continuously? 
6. Are there provisions for automatically correcting the wet aggregate 

weight to dry aggregate weight? 
7. Is the flow of aggregate dry weight displayed digitally in 

appropriate units of weight and time and totaled? 
8. Are means provided for diverting aggregate delivery into trucks, 

front-end loaders, or other containers for checking accuracy of 
aggregate delivery system? 

9. Is plant equipped with a scalping screen for aggregate prior to 
entering the conveyor weigh belt? 

XXIII. Asphalt Cement Delivery System 

1. Are satisfactory means provided to introduce the proper amount of 
asphalt material into the mix? 

2. Does the delivery system for metering the asphalt material prove 
accurate within +l percent? 

3. Does the asphalt material delivery interlock with aggregate weight 
control? 

4. Is the asphalt material flow displayed in appropriate units of volume 
or weight and time and totaled? 

5. Can the asphalt material be diverted into distributor trucks or other 
containers for checking accuracy of delivery systems? 
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XXIV. Drum Mixer 

1. Is the drum mixer capable of drying and heating the aggregate to 
the moisture and temperature requirements set forth in the 
specifications, and capable of producing a uniform mix? 

2. Does plant have provisions for diverting mixes at start-up and 
shutdowns or where mixing is not complete or uniform? 

xxv. Is plant approved for use? 
If not, explain what needs to be corrected. (Show Item Number) 
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PROJECT INSPECTION CHECKLIST 

Compaction of Foundation 

1. Have all courses of the foundation been compacted to required density? 

Old Asphalt Pavement 

1. Have all potholes been patched? 
2. Have all necessary patches been made? 
3. Have all loose material and "fat" patches been removed? 
4. Have all depressions been filled and compacted? 
5. Has fog seal been used on surface that has deteriorated from oxidation? 
6. Has an emulsified asphalt-slurry seal been applied on old surfaces with 

extensive cracking? 

1. Has pavement been under sealed where necessary? 
2. Has premolded joint material and crack filler been cleaned out? 

Rigid Type Pavement 

3. Have all "fat" patches been removed? 
4. Has badly broken pavement been removed and patched? 
5. Have all depressions been filled and compacted? 

Incidental Tools 

1. Do incidental tools comply with specifications? 
2. Are all necessary tools on job before work begins? 

The Engineer and the Contractor 

1. Have the engineer and inspectors held a preliminary conference with 
the appropriate contractor personnel? 

2. Has continuity of operations been planned? 
3. Has the number of pavers to be used been determined? 
4. Have the number and type of rollers to be used been determined? 
5. Has the number of trucks to be used been determined? 
6. Has the width af spread in successive layers been planned? 
7. Is it understood who is to issue and who is to receive instructions? 
8. Have weighing procedures and the number of load tickets to be prepared 

been determined? 
9. Have procedures for investigation of mix been agreed upon? 

10. Has method of handling traffic been established? 
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Preparation of Surface 

1. Have all surfaces that will come into contact with the asphalt mix been 
cleaned and coated with asphalt? 

2. Has a uniform tack coat of correct quantity been applied? 

Asphalt Distributor 

ions? 1. Does the asphalt distributor comply with specificat 
2. Are the heaters and pump in good working condition? 
3. Have all gauges and measuring devices, such as the b 

and measuring stick been calibrated? 
itumeter, tachometer, 

4. Are spray bars and nozzles unclogged and set for proper application of 
asphalt? 

Hauling Equipment 

1. Are truck beds, smooth and free from holds and depressions? 
2. Do trucks comply with specifications? 
3. Are trucks equipped with properly attached tarpaulins? 
4. For cold weather or long hauls, are truck beds insulated? 
5. When unloading, do trucks and paver operate together without 

interference? 
6. Is the method of coating of contact surfaces of truck beds agreed upon? 

Paver 

1. 
2. 
3. 

4. 

2 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

14. 

Does the paver comply with specifications? 
Is the governor on the engineer operating properly? 
Are the slat feeders, the hopper gates , and spreader screws in good 
condition and adjustment? 
Are the crawlers adjusted properly? 
Do the pneumatic tires contain correct and uniform air pressure? 
Is the screed heater working properly? 
Are the tamper bars free of excessive wear? 
Are the tamper bars correctly adjusted for stroke? 
Are the tamper bars correctly adjusted for clearance between the back of 
the bar and the nose of the screed plate? 
Are the surfaces of the screed plates true and in good condition? 
Are mat thickness and crown controls in good condition and adjustment? 
Are screed vibrators in good condition and adjustment? 
Is the oscillating screed in proper position with respect to the vibrating 
compactor? 
Is the automatic screed control in adjustment and is the correct sensor 
attached. 
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Spreading 

1. Are the required number of pavers on job? 
2. Is the mix of uniform texture? 
3. Is the general appearance of the mix satisfactory? 
4. Is the temperature of the mix uniform and satisfactory? 
5. Does the mix satisfy the spreading requirements? 
6. Has proper paver speed been determined? 
7. Is the surface smoothness tolerance being checked and adhered to? 
8. Is the depth of spread checked frequently? 
9. Has the daily spread been checked? 

Rolling 

1. Are the required number of rollers on the job? 
2. Is proper rolling procedure being followed? 
3. Is the proper rolling pattern being followed? 
4. Are joints and edges being rolled properly? 

Miscellaneous 

1. Are all surface irregularities being properly corrected? 
2. Is efficient control of traffic being maintained? 
3. Are sufficient samples being taken? 
4. Are samples representative? 
5. Have assistant inspectors been properly instructed? 
6. Are inspection duties properly apportioned among assistants? 
7. Are records complete and up-to-date? 
8. Are safety measures being observed? 
9. Has final clean-up and inspect,jon been made? 
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Memorandum 
Fe&ml Hlghway 
AdmlnMmt&n 

Washinqton, D.C. 20590 

Sublect: Prevention of Premature Distress 
In Asphalt Concrete Pavements 

fate APR I 8 1988 

From: Chief, Pavement Division 

TO: Regional Federal Highway Administrators 
Director Federal Program Administrator 

Attached for your use are two copies of a technical paper on the prevention of 
premature distress in asphalt concrete pavements. The paper is an implementing 
action to one of the reconxnendations of the Ad Hoc Task Force report on 
"Asphalt Pavement Rutting and Stripping." The paper is intended as a companion 
document to Technical Advisory 5040.27. Please furnish copies to the engineers 
in the divisions who are responsible for implementing the recommendations of 
the TA. The paper may also be of use to area engineers as it provides 
additional background information on some points in the TA and responds to some 
of the questions that have been asked. 

We plan to issue a paper this Sumner on investigating and rehabilitating 
rutted and stripped pavements. If you are aware of a good practice in your 
region on this subject, we would appreciate receiving a short writeup on it. 

We appreciate the efforts of the regions and division that have offered 
cormnents on this paper. If you have any question concerning this paper or 
suggestions for the second one, please contact Mr. Peter Kleskovic at 
FTS 366-2216. 

, 
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TECHNICAl. PAPER 88-02 -Prevention of Premature Distress in Asphalt Concrete 
Pavements 

Asphalt concrete rutting , a channelized depression in the wheel paths, Is 

the result of deformations either in the pavement or the subgrade. It 

occurs because of consolidation in the subgrade or in the pavement 

structure, or because of shear failure in the mix. Rutting can cause 

vehicle handling problems and it increases the potential for hydroplaning. 

Stripping is a form of moisture damage that can severely weaken an asphalt 

pavement. It can take a number of forms. Water can get between the asphalt 

and the aggregate and break the bond between them. Water can also get 

between and separate the coated particles in the mix. Still another form 

occurs when the asphalt cement emulsifies in water. High voids or 

segregation can accelerate stripping by letting water into the mat. 

Stripping can rob a pavement of a significant portion of its life. It also 

contributes to early rutting because of strength loss in the stripped layer. 

Rutting and stripping are being tzperienced throughout much of the 

United States. In 1987, an FHUA Ad Hoc Task Force issued a report entitled, 

"Asphalt Pavement Rutting and Stripping.* It discussed the national and 

regional nature of the problems, identified causes, and made short- and 

long-term recommendations to correct them. One of these called for updating 

Technical Advisory 5040.24 to reflect current knowledge. In response to 

this recommendation, a new Technical Advisory 5040.27, Asphalt Mix Design 

. and Field Control was issued on March 10, 1988. 

4.2.3 



Increased traffic loads and tire pressures have been identified as 

accelerating factors in the occurrence of these distresses. However, 

upgrading mix design proceaures and construction practices to the state- 

of&the-art can help to mitigate the problem. Even though some States and 

regions may not have rutting or stripping problems now, there is probably 

room for improvement in every State's procedures which could add extra years 

of life to their pavements. 

Uaterials Considerations 

The use of locally available aggregates is an important economic factor in 

highway construction. Asphalt concrete is typically made using local 

aggregates. However, in the case of marginal materials, the economic 

benefit may be at the expense of durability. The use of good quality 

aggregates plays a major role in preventing rutting and stripping. The 

recommendations in Technical Advisory (TA) 5040.27 should all be considered 

when evaluating an aggregate. 

One way to make a mix more resistant to rutting is to increase the 

interparticle friction between the aggregates by increasing their angularity 

and roughness. This is accomplished by using crushed aggregates and by 

limiting the amount of natural sands. The TA recommends that specifications 

require at least 60 percent of the plus R4 sieve aggregates to have at least 

two mechanically induced fractured faces. Mechanically induced fractured 

faces are usually rougher than flat faces made by natural processes. This 

rougher texture helps to keep aggregate particles from slipping by each 

other and also provides more bonding area for the asphalt. 
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The TA tecomnends limiting natural sands to 15 to 20 percent of the total 

weiqht of the aqqregates for high volume roads and 20 to 25 percent for 

medium and low volume roads. Since natural sands tend to be round and 

smooth, they generally do not have good frictional properties. In addition, 

natural sand deposits may contain clay or organic particles. Asphalt does 

not adhere well to clay coated particles. Clay can also have an emulsifying 

effect on the asphalt in the presence of water. Both of these effects can 

accelerate the occurrence of stripping. 

Some natural sands also consist of largely one sized particles. This can 

produce a gap graded mix, which is more likely to segregate. The gap 

grading may result in a flat slope on the 0.45 power gradation curve between 

the #4 and #30 sieves. If this flat slope results in more than a 3 percent 

hump above the maximum density line, the mix might be tender, i.e., too 

unstable to compact at proper temperatures. 

The gradation of the aggregates is an important factor in the construction 

and the performance of the mat. C,aregate gradation can affect the strength 

and the durability of the mat, as well as its resistance to stripping or 

deformation. Certain gradations are more prone to segregation. ,For 

example, the larger the aggregate top size, the more care is required to 

prevent segregation. Gap graded aggregates are also likely to segregate due 

to the absence of intermediate sizes which help to stop the larger aggregate 

from rolling. 
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Asphalts can be graded by penetration, by the viscosity of the original 

asphalt (AC Grading) and by the viscosity of the aged residue (AR Grading). 

The AR-graded asphalts may have problems when used in drum mixer plants, 

since the asphalt may not harden as much as in a batch type plant. This 

could lead to rutting, since the asphalt in the mat would be softer than was 

assumed in the design, making the mix less stable. 

AASHTO Specification M-226 sets requirements for AC and AR-graded asphalts. 

Tables 1 and 2 of this specification set absolute viscosity ranges at 

140° F and a minimum kinematic viscosity at 27S" F for AC-graded asphalts. 

It does not however set a maximum value for kinematic viscosity. Therefore, 

it is possible.for two asphalts to meet the requirements *of M-226 and yet 

have substantially different kinematic viscosities at mixing temperatures. 

To control this variable, attachment 2 of the TA recommends that a new mix 

design be performed if the kinematic viscosity of the asphalt being used at 

the plant changes by more than a factor of 2 from the asphalt used in the 

mix design. 

The amount of asphalt aging occurring in the mixing process must be 

controlled, since highly aged asphalts will be more brittle and likely to 

crack. The aging process is simulated by the.Thin Film Oven Test (TFOT). 

The viscosity of an AC-graded asphalt subjected to the TFOT should not 

exceed four times the nominal viscosity of the grade. For example, an AC 

20 has a viscosity range of 1600 to 2400 poises. After the TFOT, its 

viscosity should not exceed 8000 poises. 
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A new feature of the TA is the low temperature ductility test. The test 

gives an indication of the mix's potential for low temperature cracking. 

The test is based on AASHTO T51, but is performed at a lower temperature of 

39.2' F and a slower pull speed of 1 cm per minute. 

Mix Design Considerations 

The purpose of a mix design procedure is to determine for a given gradation 

and quality of aggregates the optimum asphalt content and grade which will 

meet specification requirements for stability, voids, WA, flow (Marshall), 

swell (Hveem), and will be close to a maximum unit weight. The selection 

of the optimum asphalt content is a balancing operation among these factors. 

It is essential that mixes be designed using the actual project materials 

since certain interactions occur between aggregates, asphalts, and 

additives. Changing one of the ingredients may set up a completely 

different interaction. 

Relating the density of a labora i.,r.y compacted specimen to the pavement's 

ultimate density under traffic is a major element in designing mixes. 

Asphalt mixes should be designed for 3 to 5 percent air voids, which is the 

desired voids level of the mat after several years of traffic. The goal is 

to build a pavement that is dense enough to minimize air and water intrusion 

but has enough voids for the asphalt to expand. 

To try to simulate the effects of traffic, various levels of compactive 

effort are used to make laboratory design specimens. In the Marshall 
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Method, specimens are subjected to different numbers of hammer blows 

depending on the design ESALs. Specimens should be compacted with 35 blows 

per side for pavements that will have less than 10,000 ESALs, 50 blows for 

ESALs between 10,000 and l,OOO,OOO, and 75 blows for ESALs above 1,000,000. 

It is important to note that specimens compacted with mechanical hamers 

generally have lower densities than those compacted with manual hammers. 

However, AASHTO allows the use of the mechanical hammer provided it has been 

calibrated to give results comparable to the manual hammer. 

Problems may result if lab specimens have been over-compacted or under- 

compacted in relation to expected traffic. For a light traffic highway, a 

75 blow design could cause problems because the mat will probably not reach 

design density under traffic and will have excessive voids, making the mix 

susceptible to rapid asphalt oxidation and water damage. Similarly, a heavy 

traffic pavement designed with only 50 blows, might be densified by traffic 

to the point that the mat would be deficient in voids. The mat may not have 

enough void spaces to permit for thermal expansion of the asphalt and the 

pavement would be prone to bleed'. ;, stability loss, and rutting. 

The TA provides stability values for the three ESAL ranges. Although 

stability is desirable, excessively high stability values may be achieved 

at the expense of durability. For example, to an extent stability can be 

increased by reducing the aspha It content. However, reducing the asphalt 

content too much results in thin asphalt fi lms on the aggregate which makes 

the mix more prone to stripping and to age hardening. 
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In designing mixes, the air voids content should be based on the maximum 

theoretical density of the mix as determined by AASHTO TZOg, the Rice Test. 

The Rice Test is the best available procedure for determining the maximum 

theoretical density because of the short-test time and because it accounts 

for the asphalt absorbed by the aggregate. It also eliminates the error 

that can occur by trying to calculate a maximum specific gravity based on 

the percentages and specific gravities of the component aggregates. 

In the past, base and binder mixes have been constructed with higher air 

void levels and somewhat lower asphalt contents. Typical values have been 

as high as 8 to 11 percent. These high void mixes are more likely to strip, 

because the mat is open to moisture penetration. Additionally, the 

aggregates typically have thinner asphalt films, which lowers mix strength 

and makes the mix more likely to strip. 'To prevent problems, bases and 

binder mixes should also be designed for 3 to 5 percent air voids. 

The Voids in Mineral Aggregate (WA) is a measure of the space between the * 

aggregate particles which can accommodate the asphalt cement and the air 

voids. If the VMA is low, the mix will have either a low voids or asphalt 

content, because there is not enough empty space in the mix to acccnmnodate 

both. If the VMA is too large, then too much asphalt cement will be 

required to achieve density and stability will be lowered. Minimum VMA 

values are included in the TA. These values are based on the nominal 

maximum aggregate size, i-e., the largest sieve on which some material can 

be retained. 

4.2.9 



It is recommended that the ratio of dust or minus 8200 material to asphalt 

be kept between 0.6 and 1.2 based upon weight. For a mix containing 5 

percent asphalt, the dust content should be held between 3 and 6 percent, 

using washed gradations. The effect of dust on the mix is complex and 

depends on the size, shape, gradation, and quantity of the dust. A certain 

amount of dust is needed to produce a dense cohesive mix. 'However, in some 

cases too much dust can result in low air voids and can stiffen the binder, 

resulting in a harsh mix. Fine dust can act as an asphalt extender and cause 

the mix to be tender. Single sized particles may increase the asphalt 

demand of the mix. 

Evaluation of Stripping Potential 

A mix design is not complete until an evaluation has been made of the mix's 

resistance to moisture damage. Moisture damage susceptibility can be 

estimated by strength loss after moisture conditioning by a number of test 

procedures. Probably, the most promising procedure is the Root-Tunnicliff 

test. It is faster than the Lottman test (AASHTO T283) and is adaptable to 

field control. Also, the samples are more severely conditioned than in the 

Immersion Compression test (AASHTO Tl65). 

Asphalt concrete mix design is complex, therefore, it is also important to 

identify the reason for the loss of strength in the stripping test. The 

worst scenario is to use an anti-stripping additive when the problem may be 

due to a low asphalt content caused by a low VMA. In this case, it would 

be better to change the gradation to increase the VMA so that more asphalt 

could be put into the mix. 
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Once a set of materials is found to be susceptible to water damage, an 

additive should be selected. The type, dosage rate and method of 

application should be determined through laboratory testing, preferably 

using the Lottman or the Root-Tunnicliff Tests. Hydrated lime and portland 

cement have been found to be very effective in protecting mixtures from 

water damage. Some liquid anti-stripping additives have also been 

effective. 

Agencies should guard against the use of any additive without adequate 

testing and evaluation. Some States have developed approved lists of anti- 

stripping additives. This is an acceptable practice provided the proposed 

additives are then tested with.the actual project asphalt and aggregates. 

Reliance solely on the approved list may result in the use of additives 

which have no effect or which may even be detrimental to the mix. 

Plant Operations 

The TA covers a number of specific points necessary to ensure proper plant 

operati.ons. Attachment 3 of th. *iA is a model checklist for inspecting 

asphalt plants. A few points should be stressed. Agencies using AR-graded 

asphalt should verify that the asphalt hardens sufficiently during mixing. 

This is accomplished by recovering the extracted asphalt and testing it for 

viscosity. This testing can also give a hint if unburned fuel oil is 

contaminating the asphalt. 
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The dust/asphalt ratio should be monitored during production. The 

dust/asphalt ratio has become increasingly important since the advent of 

baghouse dust collectors. Typically, the contractor wants to recirculate 
. 

all of the captured dust into the mix. However, it is difficult to properly 

compensate for the extra dust during mix design, since it is difficult to 

meter a constant flow of dust into the actual production mix. High dust 

contents make the mix more sensitive to asphalt content. Depending on the 

size of the dust particles, the mix may have either a lower or higher 

asphalt demand. If the flow of dust varies during production, the mix will 

alternate between having too much or too little asphalt. 

The asphalt plant testing program should include verification testing of the 

mix design. This should occur after plant start-up and periodically during 

production. The purpose is to verify that the production mix has the same 

properties as the mix that was designed. As well as being tested for 

asphalt content and gradation, the plant produced mix should also be run 

through the standard design tests such as stability, voids, density, etc. 

Plant produced mix may not have the same properties as specimens compacted 

in the lab even though they were made from the same ingredients since some 

aggregates produce additional mineral dust when processed through the plant. 

Failure to do verification testing can result in a mix being produced which 

has different gradations, voids, stabilities, and densities from the 

laboratory mix. If this happens, the benefits of doing a mix design are 

lost. 
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Laydown Operations and -action 

Paving operations should start with the construction of a test strip. A 

nuclear gauge should be used to determine the number of passes needed to 

obtain optimum density. Cores should then be taken from the test strip to 

determine the bulk density, which is the true density of the mat. A 

correction for the nuclear gauge due to aggregate type is obtained by 

comparing the nuclear density values to the bulk density values. To 

determine if the rolling is providing the proper level of compaction and 

voids, the bulk density of the cores is compared to the maximum theoretical 

density of the mix, which should be obtained from the Rice Test. 

Density specifications can be based on meeting percentages of maximum 

theoretical density, of lab density or of test strip density. Whichever 

specification is used, acceptance levels should be set so that after 

rolling, the mat will have air voids of 6 to 8 percent, or a density of 92 

to 94 percent of maximum theoretical density. 

Not enough can be said with regard to the detrimental effects of paving in 

cold or wet weather. Adverse ambient conditions can result in inadequate 

compaction, poor bonding between layers , or moisture being trapped in the 

pavement. Raising the temperature of the mix to compensate for cold weather 

conditions may age the asphalt cement excessively. Also, hot asphalt cement 

flows more readily and is more easily absorbed by the aggregates. The hot 
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asphalt cement will tend to drain to the bottom of the storage bins or the 

truck beds resulting in fat spots in the mat corresponding to each truck 

load. Also, if absorption becomes significant, the mix will have a low 

effective asphalt content. 

Paving on a cold surface can cause the temperature of the mix to drop below 

minimum before rolling is completed. AASHTO has recently adopted into its 

Guide Specifications the following suggested-minimum surface temperature 

values for different lift thicknesses. 

Compaction Thickness Surface Course Sub-surface Course 

< 1 l/2 in. 
7 l/2 to 2 l/2 in. 

60° F suggested 
50' F suggested 

55' F-suggested 

2 l/2 in. + 40' F suggested 
45' F suggested 
35' F suggested 

All rolling, including the finish rolling, should be completed before the 

mat temperature drops below 175' F. The 175' F should be considered an 

absolute minimum value, since continued rolling with a steel wheel roller 

can cause the mat to decompact. '-apaction of the mat should begin as soon 

as possible after laydown. 

The TA strongly encourages the use of pneumatic rollers because of their 

ability to knead and seal the surface of the mat. There is also some 

indication that they provide a more uniform level of compaction across the 

mat and provide better compaction at joints'. 
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Again attention is needed during paving to make sure that a uniformmat has 

been produced and that no segregation is occurring in the paving operation. 

A number of paving practices can result in segregation such as uneven paver 

demand, emptying the hopper between loads, or in the loading of the paver 

hopper. 

Conclusion 

There will always be a need for additional research and new products. One 

area needing study, is how to relate mixture properties to pavement design 

procedures. Work is ongoing through SHRP to evaluate tests methods for 

asphalt cement and asphalt/aggregate mixtures and to monitor the long term 

performance of pavements, In NCHRP project 9-6(l), the Development of 

Asphalt-Aggregate Mixtures Andlysis. System, work is ongoing to develop 

better mix design procedures. 

However, much of the current rutting and stripping problem could be 

corrected by using state-of-the-art knowledge in mix design and 

construction. This effort requires the commitment of the highway community 

to designing and producing high quality pavements. 
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Memorandum 
US. Department 
of Transportation 

Fedewal Highway 
Administration 

Washington, D.C. 20590 

Subtect. Guidelines on the Use of Bag-House Fines 

From: Chief, Pavement Division 

Date AR? - 7 i98!3 

TO: Regional Federal Highway Administrators 
Direct Federal Program Administrator 

Attached is one copy of a recent National Asphalt Pavement Association (NAPA) 
publication on the above subject. It is the most comprehensive and informative 
study on this subject to date. The NAPA has made a distribution of this report 
to its member companies. 

You will note on page 21, Summary and Conclusions, that the author recommends a 
maximum dust asphalt ratio of 1.2 to 1.5 by weight in Item 1. This is not 
completely in concert with Item 4.a (8) of the March 10, 1988, Technical 
Advisory T 5040.27, which recommends a maximum dust asphalt ratio of 1.2. We 
have no quarrel with the authors recommendations provided that his other 
recommendations and particularly number 3 can be, and is, strictly adhered to 
at the mixing plants. 

We suggest that this report be given to your pavement or materials specialist. 
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?3 . Memorandum 

Sublect Transmittal of Report FHWA-SA-92-022 Sate 
JN QcoaQ 

From Director, Office of Engineering 
neoly 10 
AIfn 01 

Director, Office of Technology Applications 

lo Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

HNG-42 

Attached are copies of the State of the Practice on the Design and 
Construction of Asphalt Paving Elaterials with Crumb Rubber Hodifier 
(Publfcation No. FHWA-SA-92-022). Sufficient copies are provided for 
distribution of two copdes for the region office, one copy to each division 
office, and four copies to each State department of transportation, or as you 
see as appropriate. 

The passage of the Intermodal Surface Transportation Efficiency Act of 1991 
(ISTEA) has generated interest in the highway comnunity on the subject of 
using scrap tire rubber in asphalt paving. The State DOT's are all aware of 
the provisions, of Section 1038(d) which will require them to satisfy the 
minimum utilization of crumb rubber modifier (CPM) beglnning in 1994. 

The Pavement Division, with the cooperation of the Office of Technology 
Applications, has completed this report on the design and construction of 
asphalt paving materials with CM. We believe thls document will assist the 
State DDT's to develop an understanding of the technologies associated with 
CPM. This understanding Is essential to form educated decisions on the 
implementation of ISTEA Section 1038(d). 

The FHWA distribution of this document will be limited to public agencies and 
highway industry associations. 
Technology Transfer Centers. 

Direct distribution is being made to the 
Further distribution to individuals and private 

companies will be provided through the National Technical Information Service 
at (703) 487~4650. , 

Attachments 
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Memorandum 
. . . U.S. Depoment 

of Trcmportanon 

-[Highway 
AdministraWon 

Subject Asphalt Concrete Mix Design and Field 
Control TA 5040.27 

Date JI_'\l 2 ) ;CJ$J 

Chief, Pavement Division HHO-10 
From Washington, D.C. 20590-0001 :,t';; HHO-30 

TO Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Attention: Regional Pavement and Materials Engineers 

The subject Technical Advisory (TA) was issued in February 1988. The 
Section 6, Plant Operation, on page 8 offers suggestions and recommendations 
on items of Importance at the mixture production plants. Item 6.b. states, 
"To avoid or mitigate unburned fuel oil contamination of the asphalt mixture, 
the use of propane, butane, natural gas, coal, or No. 1 or No. 2 fuel oils is 
recommended." The processed used-oil and heavy fuels oils were not included. 
The reason we did not include processed used-oil was that in the early to mid 
1980's, there were some very shoddy practices by some used-oil processors 
which resulted in both combustion and environmental problems. In 1989, the 
Environmental Protection Agency (EPA) codified regulations on the maximum 
levels of metallic contents of processed used-oil. To comply, the used-oil 
must be treated and those processors who can do so successfully are licensed 
by EPA. These processed used-oils should be satisfactory for use in hot mix 
asphalt production. 

With regard to heavy fuels, they were omitted from those recormnended in the TA 
since they require preheating to. lower their viscosities to the point where 
atomization and full combustion can be attained. Equipment is available to 
achieve full combustion and if properly used in the asphalt mixture production 
process, the heavy fuel oils can give satisfactory results. 

In sunary, it is not our intent to preclude the use of fuels that do not 
contaminate the mix. Regardless of the type of fuel used, our concern is that 
the hot mixed asphalt concrete is not damaged in the production process. The 
only way, that we are aware of, to assure ourselves of this is to follow the 
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suggestion contained in 6.~. of the TA which states, "If the asphalt cement 
is overheated or otherwise aged excessively, the viscosity of the recovered 
asphalt will exceed that of the original asphalt by more than four times. 
However, if the viscosity of the recovered asphalt is less or even equal to 
the original viscosity, it has probably been contaminated with unburned fuel 
oil." 
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and 
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AGGREGATE GRADATION: 
SIMPLIFICATION, STANDARDIZATION, 

AX-D UNIFORM APPLICATION 

BY THE BUREAU OF PUBLIC ROADS 

This report (~a8 prepared by a rpeeiol commiMee appointed by .4seirtant Federal Hiphuay .Idministra- 
tor and Chief Engineer Francir C. Turner and rrprewnting the Bureau of Pubiic Roadr OIIiccr of Engineering, 
Operations. and Rceearch. The commitlee included Arderl R. Rankin, chairman. Olfice of the .Iertetant 
Administrator: Carl A. Carpenter and Ruuell E. Brink. l hyeieal Rcaeareh Dioieion: Morley 8. Chrie~cnren, 
Conrtruclion and .Uarntenancc Dicieion: and William 8. EuHne and .Vorman J. Cohen. Equipment and 
Methoda Diotiion 

The Need for SimpliRcation 

Because of the magnitude of the nationwide highway 
construction proqram and the enormous amount of public 
funds required to finance It. every etTort must be made to 
develop and apply ways and means of mducinq construc- 
tion costs whik at rhe *me llrne ~auring the production 
of only high quality work. In 1t.s continuing mwioo of 
contnbutinq toward the sccomplishment of tbt objective, 
the Bureau of Public Roads has made a study of the 
poaslbtlity of enectinq ecooomka thmurJh simpAi6atba, 
3tbnda.rdiution, and umform npplintion of aggregte 
grbdbrions. 

In performing this study, analyses were CM& of the 
current tindard specific&ions of the hilhrry dep~rtmeats 
of the 50 States. the Commonwealth of Puerto Rico, and 
the District of Columbk. The uralyses diikxed & wide 
divenity io the requirements pertaintig to mw 
gndrtions. +-F 215 dissimikr grsdstions we specr&d 
for cobne bggmgtes for podbnd cement wocrcte. Of 
ther gmdbtioos w br.TT?XTto st~ct~res 8od pavtmt0t, 
9 1 are for structures only, 8nd 36 &m sokiy for pavemanta. 
in contrbst. Part I of the &n&rd w- f- 
HipA- .U&nal~ of the Amrrian -cba of tia 
Highrsy Otlkisk includes only 19 gru&joar of co- 
bqg~~~tes for AU highway QOO#tNCtbO fsao AASH 
Desi*~tion .U 43-49), with only 7 dm@md for uy in 
concrete p*vemenu or W. b* md incideoul 
StNCtUXW (SW AmHO M Y BkSl). Similuly, 
the 52 high-y +p6lQw~#pNify~tot&ofs.9!lne 
y(~@te M fW w pwemmt rod StNCWl’d 
concrete whenua AASHO.~ only 1 (WE AASHO 
Desirpution M 6-U). 

In dditioo, tbe~&maiderabk kak of mnaiuency 
unoog the Stuaa io tbe oumb~r utd lia of siem M 
to determine the St&m: fu&nn~~, them is no 
umform method in actrul UI by the Stati far deriatillg 
bggregbtc gmhtbn sim3. ooly two statea met to the 

size designations used in .LIYHO Dee&nation M W-.51. 
Some States have their own systems of aze deslqnstions 
and other Stares use no deslqnations at all. 

Obviously. b qrebter degree of jlmpiiclty, stsndardiu- 
tion, and unlformitp of uw for sqmqare qmdsttlons 
would be highly desirable. For exampIe. a commercul 
supplier who presently furnishes aqgrrqates under nu- 
merous varying speci5cation nqulrements for seveml 
Fedeml, SW. county. and mumcipal hiqhway or@oi+- 
tions for identical construction purposes. would certainly 
Bnd it much snnpkr urd km costly if the time few gM- 
ciona with Identical speei6cstion requirements were used 
by all thcsc yocks. 3imiLrly. constructton contractors 
biddin in more th one jurisdiction could prepare their 
bids much mom inteUi~nrly snd probably at lower 
prices if the specification requirements and the marenals 
desigurions wem the -me for U jurisdictions. 

For remns of ecooomy and because of the qrowing 
scbrcitp of hi@quaIity aggregates in 5ome brebs, it 1s 
emential to make Y much use as vibk of sggreqates 
that 8m lo4ly l vailabk. ‘This frequently necessUt.es 
tiring the speci5c~tion requirements to fit the charac- 
teristia of such Lx& w-tea to whatever estcnt nuy 
bs mmpribk with prw3ucmg hi&quality construction 
st wonominl prime. Scvcnheless. b mu& grentrr 
de(psc of stmdudivtbn snd undorm uss of sggreqate 
gmchtioo# can undoubtedly k bChleVCd. The probhm 
has bn# been recoflti md has here been bpprotiaed 
with three spdke objectives: 

1. To devebp a minimum numher of standard %P- 
lptc gmdstbw that CSII be uniformly adopted nationrrde 
for ecmml w, whik at the smne time mixing the 
need for wxmz vuiationb by spci8I protions tD 6% 
bcdy *vdbbk marnak. 

2. TO b&km unifomity in the number md rises of 
sieves to be used io apadyiq the l ggrrgte gradations. 

3. To devcbp and ubpt s simpk snd uniform sYs@m 
for identidebtion of the mtandard 8ggreytc *Lions. 

1 
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The Simplitlcd Practice Recommendation 
.4 major rrtep toward accomplishing these objcctivcs 

1~‘a~ taken on June 30. 194% when the Department of 
Commerce approved and issued BimpMed Pmctice 
Recommendations R 16348 ’ for coane aggregates, 
mcluding crushed Stone. gravel. and 9laq. h predecessor 
rwornmendatton hsd originally been approved for pro- 
muigatlon m June 1936 and issued as R 163-38. It 
~35 proposed by the Joint TechnIcal Committee of the 
Sfineral .4ggregatcs .4ssociarion. rompoaed of repreaenta- 
:Ives #If the Satwnal Sand and Gravel .4aaoclation. the 
S\‘jtwnll Crushed Stone .4saocJa~ion. and the National 
Slag .kwc~r~on. Pmducem. dlstnbuton. and users of 
mineral s&greqare all cooperated m developing the simpli- 
fied prscrwe recommendarlon. .4n intermediate revision 
US approved and published In 1939 and some additional 
revwon subsequent CO 1939 resulted in the publication 
$Jf the current Jssue of 1948. Table 1 show the SPR 
gradin@ that are currently in effect. 

hs w&l shortly be described, rbe SPR system has been 
ementiaily adopted by both the American Association 
of State Highway Mkml~ and the American Society 
for Testmg and Matends. 

Valor ol the SPU wltcm 

The &nplided practice recommendation R 163-48 em- 
bodies a number of highly logical and weful featurea: 

1. Shandmd mew.-The SPR grading l rep&y a simple 
and convenient. square-opening, sicvcair seriw W 
primuily on the loguM2mic principie. 

ne bute Jogantbmic ateve xrw -~-~pto+ srmru w,th 
a sieve havlng ciar opentogs of 3 inches and each dmaner 
sieve baa clear openinga the diameter of whrch u one-half 
that of the next hrqer one. Tbun the basic serves III 3-tneh. 
1%inch. S-inch. 41ncb. So. 1. So. 8. No. 16. So. 30. Xo. jo. 
No. 100. and So. ‘100. Because ,ome consumer Jnternm 
consider that the logarithmic serws does not provide 
enough control in the larger sizes wblle othen desue 
neater freedom in selecting maumum sJz.es. the gaps have 
been reduced in the SPR serws by wpertmpoJ*ng ~upon 
the iogaritbmic serm. the arbitrary ~Jtm Cinch. 3’:-Jnch. 
Z!+incb, ?-inch. I-mch. and $-inch. .Uso. two of the 
logarnbmic sizes were left out of the 5PR jerreJ--the 
So. 30 because it wM felt that it serve5 no useful purpose 

in grading control of coame commerctal sggreqates. and 
the So. 200 because material of this SUP #aoJl tines and 
commercial mineral filler for bituminous pavmq mixtures, 
is not and should not be considered an ingredient of 
commerclJ cow ~(peg8tea. Both the So. 30 and the 
So. 200 sieven are requved in jpecrfymrg sands and fillers. 
u in the ASTM and AISHO standards. and both tit in 
the logarithmic rria. 

2. Smpfc #y&m.-The SPR gradin- embody a simple 
and readily undersundable system of mdividual we and 
grading designationa con&ring brsically of stnglc-digit 
numbers. 

The singkdigit numbering series atut wtb SO. 1 for 
the standard commercml aggregate bavmg the largest 
topriae particlea and pm from So. 1 through So. 9 
u the individual sr.wAud coame aggregates deerew in 
sir. Y rhorn in table 2. 

Bocauoe of eon&tent demandm for certain longer md- 
iw th tbo rektively short onea nptweoted by the brie 
aeriea. rhom in the &st column of table 2. a secondary 
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gradinq sene~ was developed by combining the basic 
4radinm. These combinations of the basic grading are 
identi6ed by corresponding combinations of the single 
chqit numbers. Thus. sundard aqgreqaw So. 357. shorn 
in the second column of table 2. wtucb ~mmediacely fol.lors 
Xo. 3 in the dPR table of gradings (table I). b a combina- 
tion of standard sizes SOS. 3. 5. and i in Juch proportions 
aa to conform to rbe grad@-band limiu that were amigned 
to it. Similrrriy. standard agmate No. 56. following 
So. 5. is a combination of atandud sisa YCU. 5 and 8 io 
such proportions aa to conform to the grading-band limita 
aeaiqned to it. 

Grdinps Soa. IF. SF. Cl. C2. and C3. linted in table 1. 
do not apply co highway work and are not included in the 
abrid@ version of table 1 t&t haa been published in the 
AWHO and ASTM Standarda. Item 10 (table 1) repro 
senta Jcreening and may be considered more or La a 
residual material from aggregate crumbi= and proaring. 
It ia not generally subject to clae axwol, Y indicated by 
the wide limIta on the amount p-kg the so. 100 ricve, 
and ia not corrsidered pertinent to this diacumioa. 

3. Fkbifi(y.-The SPR gradi- permit a hi& degree 
of fleubilitv. 

The standard. stock aggregatea can be comb&d to 
produce any reasonable total grad&q for roadbuiLding 
purpoeea when further combined with auit&ia aan& or 
mmeral 6Uer. 

AdoptloB by MS80 ud ASTM 

The ori@nal SPR imuurm, B l&%-3& um doptd. 
essentidy M promulgstd, by tbo Amutar &&ty for 
Teatiq and Watcrulr in lm7 m Tat&w won 
D u&37T. It WY mm l Taorrivm W, 
wth renaion in 1941 and w UBUI lfM7, rhea it WY 
8dvafladtastuldud ~.fbMddwMmvimdin 
1949 and in 1951 and now w in A8TM publi~tio~ 

M standard Bpecin~ 
The dmpli6ed prwtia r&g- incIudin#~ ita 

numkring syatuq wm &opted W m 8mdaa-d 8iaa 
of coarse qgrqptc for hi&way 00-o by the 
American Aiwociation of StaW Highway Of&Mn in 1!342 
aud WY deqnated AASBO SpaiaauioD M 4342. 

With some exceptions the SPR qr4inm were at% dopted 
that pear for crushed stone and crusned &aq, for VWVJUJ 
wuiEc purples ti 111 AASHO Desqnatlon SI X-C 
bw course: -M 76-Q. bituminous concrete bw course 
and .xhen: and ah M 8@-42. coarse qgreqate for port. 
land cement concrete. but In these lndivlduai applications 
the SPR numbering system wzu nol used by AASHU 
until 1919. Since rhar year. ail features of the SPR 
vheme haw. wth minor devlatlons.’ been generally in- 
duded In .\.%SHO 3peciticnrlond for -pecitic LWIIJ w we11 
u tn the qeneral group qectricsclon for coarse 3qqr+=qares 
for hwhway construction. Some -liyht rrvlston$ of 
!vf 43-42 were rnvrle 111 1949 and the drsqnation was chsnued 
to Jl &i-49 whwh id still cxrled. 

The prewnr SPR ivsrem doe3 nor provide complete 
qradings for Portland cement concrete or blt,Jminous 
paving mlxrurei, because it doe3 not cover dands or mmersl 
tillen. For both of these. however. rheie are .\\aSHtJ and 
.AdT M standards. 

Agqregata for Portland Cement Concrete 

The adoption by AISHO md .\STM of the SPR Jyatem 
for coarse aqgreaata for portland cement concrete haa 
jmt been described. With regard to sand for portland 
cement concrete, the need for sandar+zatlon IS now met 
by AASHO Specikarlon M 651 and ASTM Specification 
C U-59. whi c h are very similar to each other. aa shown in 
table 3. and both of which have pmved satisfactory in 
USC. Roth gradinp utihae the loqarlrhmic save TICS end 
are therefore comparable with the SPR +xem. 

Aggreiotes for Bituminolu Paving Wxturcr 

Cowre ypegur 

A.4SHO hm two specifications for coarse sqgreqata 
.for bitummoua pmmg mixtures: one for bttummous con- 
crete brie coume. W X&31. and ‘one for bitumrnous con- 
crete surface course. M B-31. However. each of thew IJ 
somewhat lacking in deswabie flel&Ary In thst only two 
SPR ete siaea are prowded in each CM. 

Tabbe a.-AMHO md ASTM wd sradi~ge rer pertland 
ameU corncrete 

~~~::::::::::::::::::::::::::::::::~::~, ob:zl , d" 
~~.a........-..........---------~~~..~.-....-. _._.._........: O-loo 
NO. IL __._-.-- ____..._...._..-__..__.-........; -1. ,xl-M 

F4o.m _____._..__._.____ _._.__ ___.._ _ . ..---.... ._..... ;iw.! 3-m 
N0.S .____._______..-_____________________ -._.c ~1o-m 
No. IoD.........-.-...-----------..-.-.~, 1 l-10 8 t-10 
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Appendix B 

B.2.4 Instrumentation Calibration Verification - 

Provision should be made to allow for verification of 
the signal conditioning instrumentation calibration (to 
account for the effects of zero and gain drifts). 

General Requirements -__ for CalibrEtion Signal -___ __ 

The minimum acceptable facility for verification of 
conditioning instrumentation is a calibration signal 
subsystem. The calibration signal should be provided 
from such a source and in such a manner that there is 
little likelihood of variation in the calibration 
signal itself. This assurance then permits the 
operator to make adjustments in the measurement 
subsystem gain to offset the frequent small deviations 
which occur due to changes in ambient temperature and 
other operating parameters. 

Force Measurement Calibration Signal -- -- -- 

The most straightforward technique for providing a 
force measurement calibration signal is to make 
provisions for switching a high quality shunting 
resistor of known value in parallel with one arm of the 
force transducer strain gauge bridge. This induces an 
imbalance in the bridge equivalent to the application 
of a known force to the transducer. The resultant 
signal is sufficient to verify, or provide means of 
adjustment for, all elements of the force measurement 
system forward of the transducer itself. 

Frequency of Use 

Instrumentation calibration verification through use of 
calibration signals should be accomplished at the 
beginning of each day's operation *after equipment warm 
up, at intervals of no more than 2 hours when the system 
is in continuous use, and upon the renewal of operation 
throughout the day after any period during which the 
signal conditioning equipment has been turned off or 
the unit has been allowed to stand without use for 33 
minutes or more. 

~.2.5 Check List_ 

A check list should be available to the crew and should 
be used prior to the beginning of daily operations and 
on any occasion during the day when testing is 
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ls not, by any means. Che only desrgn factor for the ,gadmg 
ban& for bitutmOous PWiIlg ln~x:LUmJ, it hy had a 

prtdominatin(l inflUeWX 
The wcond design ¶tep for bitumtnoua paving mlxrurn 

conststs of either dercrminmq or escrmatmg the approprtate 
amount of bituminous bmder to use. Here aasm prrrctrce 
has been established on thP basrs of crpertence and juda- 
merit m some cnsrs whrle well establIshed lnbo~ror~ 
procrdurrs. based on laboratory and field r+rarch. are 
.+d ,,I drhrri III t 5r inttrr case. aproclom~nar inp -- 

:O the cold ipaces svatlable for 
hrli~lrr I!! ‘?V 8’ _ym~~c‘r+d &gKreaate and the eflrcr uf g)\cr- 
lil1;r.g ,)r ~~~~dtv!iillinz :h*- ro~dr on vhr -r;rb~i~rv and 
weather teststance of the ol~r~c ~avtnrr mtxrure. 

Porckad cement concrete 

The. ittuation wth regard to portland cement concrete 
drsntn is qurtr different. The desiun controls for roncrete 
rn present-day practtce are fineness modulus. - cement 
factor. and wnter-vment ratio wth rbe cement factor 
and water-crment ratto bwnq the prtmary vartablw used 
In dwl~II1u~ for 8 doecldc atrrnnrh ranpe. The cement 

The pracrwe of wtme 11p the uuxturr for each jut) on 
the baser of laboratory te*ts 1s foilowed for rvx.-o1.s of 
practicality even rhourth. for many yraw. r+r;rrcn w;ts 
conducted to de\-elop the rrllttions brtwr~~~ th.. ‘irli3lfv 
of the auf?rePate. aa influenced by rhe gradmu. ~4 rhr 
quality of concrete.’ 

Table 7 .- Compoitioa of uphalt paring mixtoter (ham ubk III. ASTM rpeciladon for hoc.mixed. hot-kid ppphplt 
puing. Dui~astioa D 16U-SST) 

3brr ¶lE 
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SIEVE SIZES 

Figure I.- A dmm, #table grading plotted on the loeatithmie gradation chart. 

SIEVE SIZES RAISED TO 0.45 POWER 

SIEVE SIZES 

lflun A-Grodfng down fr ##are 1 ra#ottad on tha US-gowe? graddon chart. 
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hat h! CU~W of 64u1-e 1 aad rfi corrgponcttnq zKrllKhL- 
line equivaIent, fiqure 2, represents very nearly an I~CS~ 
grdo4 from the sandpoint of denstty. Both reserrch 
md experience indicate that the maximum particle +lze 
of the qtdxi aggregate does not affect the shape of the 
maxunumdenrlcv curve so that the Jtraight-line principle 
ustn4 the exponent 0.45. or other baJlc curves and car- 

reqondrog rxponents. applies reqrrdlea of maximum <axe. 
The con\-enwnce *If thls&Ic& 13 r.??dily-applLEenl. ii~~cp 
it rclirv*:,:, thuw cotlct*rned wrh __- a&& Mnoiow 
newi to remember cne exact .haw ,,f ‘ i .& rtrrved 
lini 

Problem mixtares 

In recent ~IYWS severti Stare hrqhaay department> have 
reponed one or more instancea of difficulty rlth hltummous 
concretes produced under their own current ;peclticrtlom: 
the mixtures were hard to compact snd remzuned “render” 
for mme time after mllinq-thar i3. they wi’pre slow m 
developtng $rabliiry. Othen have rrported Inrtancey of 
rplotchy pavement ~rfrce~ where moisrure w~‘3j present 
in the aqgrcgare. Some of these States have iupphed 
information to rhe Bureau of Public Roads ti CO the 
aggreqste grading that produced these unsatisfactory 
mixiuma. 

It hlu been noted that, in nearly all Casey. these qradings 
wen characterized by a rise or hump in the 4rsdioq 
curve. when plotted by the new method. because of 
diapmportionstely large quantitia of finer und fractions. 
It wan further noted chat the unsarlsfactory mIxcures did 
not contam what would be coosldered excessive amounta 
of tiller, the fraction pIuin4 the No. 200 sieve. 

In 1961. the Bureau of Public Rods conducted a 

GRADATION CHART 

SIEVE SIZES RAISED TO 0.45 POWER 

SIEVE SIZES 

Fisun a.- ASTM limits. l-inch nominal maximum rixo. compared with Nrdflht-llru. 
muimum denait~ #roddn#. 

4.8.10 



;,,bor~turv -r,x!y -,f :hld ipecltic probiem aod utdr~ed. for 
:ne ~RL time. rhe new method crf plotrlnq gradings to 
facilttate mterpretarron of rhe results. Some of the results 
,,f that study are shown graphically here because they bear 
directly on the problem of qradinq control M treated m 
rhls repon. They are fully reported and discussed tn the 
c~mpanlon article in this builerm. 

.lmonq other thlnqs.‘rhe study showed that the labora- 
*,,ry t+t rwlits were cow+Lstenc with the uwatisfacrorv 
+xpertrncr rrpurted by rhe States on the problem mlxturw 
nlr-crlhrd 

ASTM gradings need further study 

T5,. .\JT>I rrwl~nu band for I-lnrh maximum wze 
k.-pnAt;c cuncrete ~3 -hub-n in ripure .3 ti liluscrar~ve of 

(ht. -luht .i~r\ cowrrd by .GT\f Specification D 166349T 
.rtl~i prmvntrd in rable 7 .\lso *how” in fiqure 3 is the 
-trwrrnr ,dottcd, 11nr chat would represent the maxzmum- 
iw-lry qrsdinp If It can be assumed for this purpose that 

rnr maxunum we for each gradinp may be arbitrarily 
+a-t.rhlizhed by p~a~ng the straight line midway between 
rhr ‘Ipper and lower band limits for the largest sieve 
hr~mq !wth value+ Jhown. 

Fwured 44 ihow thr aqgreeate yradinqs for the problem 
mlxcurcr prrvwusly mpntloncd and thr relallon of thew 
vradlllqs to corrrapondm& .kJT!4 aradmq bands. These 
mixtures. vtuch proved tender m the fieId or were splotchy 
when lard. were found to be low m stability when dupli- 
cated and tested tn the laboratory. The two virtures 
dhown in tigures 4 and 3 are representative of several cases 

In atuch the states *ported the rrux:urc+ to tw :en&.r 
during conswuctlon snd for con~tderablc perlo& After 
rolling. The mixture shown m figure 6 represents .+~ral 
caws where qplotchy pavements have been note& 

Since two of thee typIcally humped nradings fall wth*n 
the upper band Imwa of the correspondma .\ST\I grad- 
mus. ~\CII III thr wtical. fine sand tone. there IJ J r’tronp 
Indicatlnn that the upper band lrmita of the .15T\l qradinq 
‘p”c~fi~at~ona for Adphaltic concrete nrrd wmp doa-nward 
uilustmwt. JL Ir.n>t At thr So. :10 and So. SO *ie\‘l’~. to 
further wwtct the fine sand. Hwwvw. a %.fin~t~ 
rrwmmrndntion in chw dpwlfic matter must aws~r ftlrthrr 
-rIMi! 

Basic Purpow of SPR System 

Thr hne of rrqumont mwt frequently ~wd hy rhwr 
oppowiq changes in grading control IS rhat thl-y arc 
famlhar and satisfied wth what they are IWI~P and fhat 
they do not need or want new grachngs. This pomt~ up 
the need for a clearer understanding of the basic purpose 
of the SPR scheme and of the ew wth which any dewed 
qradinq curve or band can be converted from one rieve- 
*ire system to another. The well established and fully 
validated graphIcal convcnlon method IS illustrated tn 
figure t, which hav a loqarithrmc hontontal scale. The 
equivalent stralqht line chart. exponent 1).45. is shown m 
figure 8. 

In thee two illustmtions. an a~grcnate Pradation band 
rrqulsrly ~pecdied by one of the Bute hlqhway depart- 

GRADATION CHART 

SIEVE SIZES RAISED TO 0.45 POWER 

SIEVE SIZES 

8 
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GRADATION CHART 

SIEVE SIZES RAISED TO 0.45 POWER 

SIEVE SIZES 

Figure S.- .422rcgate Orodin for a t/d-inch nominal maximum sire mixture idcntilrd 
a8 a “fender” mix . 

GRADATlON CHART 

SIEVE SIZES RAISED TO 0.45 POWER 

Firwe #.-wpimd l rmdfrg for 8 tlt-inch maximum rise mixture when II rmall 
amou ntTGC&tur8 in thw 8upe#8te ha r88ult8d in l l plotchw~o~~~nt 8urface. 
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LOGARITHMIC GRADATION CHART 
SIEVE OPENINGS IN INCHES 

3029 XeY 0117 a65 0232 a331 

. ..-- _--.-. ‘y-1 x uufrs CwfERTED TO S.PR SIEVES ‘” 

0 
200 10080 SO 40 30 20 16 IO 6 4 '/4 48 '4 J/r I 1142 3 

SIEVE SIZES 

Figure 7.-Conerrrion of a current State epeciffcation to SPR 8iccc riser. using the 
logarithmic gradation chart. 

GRAOATION CHART 
SIEVE SIZES RAISED TO 045 POWER 

‘00 

90 

SIEVE SIZES 

_ igura I.-Cbnnroion of l current State apeeileatlon to SIR rime #isea. uaina the 
Public Radw #rddion chart. 

10 
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The third approach is a 
filter fabric and the tr 
coarse sand as shown in 
approach, the aggregate 
the filter fabric. The 

compromise in which the pipe is wrapped in a 
l ench is backfilled with a filter aggregate or 
the bottom sketch of Figure 6. In this 
acts as a filter keeping the fines from clogging 
coefficient of permeability of the filter 

aggregate material varies, but it is generally much lower than an 
open-graded aggregate backfill. 

COMPLETELY 
WRAPPm 

- 

PARTIALLY 
WRAPPED 
I 

AC 

-i :. AC 
:. .:. .:. I :. .:. 

FILTER 
AQQREQATE 

Flgura 6. COMPARISON Of EDQEDRAN DESIGN 

It is pointed out that in all of the approaches any erodible fines in 
the base course will be washed out. The difference in the approaches is 
the manner in which the fines are handled. 

It should be noted that there is no way to prevent a filter adjacent to 
a material with a high percentage of fines from eventually clogging. If 

, 
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.,f ‘WVP I’,*e+ -e? fib? f in rhe preceding article. p. 101. 
Thi3 CMK. whtcn WILI be mfermd LO hewafter aa the 
!opanthmx padarlon than. haj had rtde use for wme 30 
yean and has proven valuable tn dlustratmq mdivldual 
qrxiarions snd derermmmq rhelr poswon relative to +p+c~- 
ficstlon lirmrs. Thts type of chart. howevrr, has ~,ne 
~inndicsnt disadvantage in that If <how A maximum 
~V,SIIV zradstlon 3s J deeply saapmu curve. the dhape of 
iVb.lCh :; harti :i) define. 

T.r provui? .L hr’?*r means of relating acr11~1 aazP=atP 

Bmkground of dcmlopmcnt 

The wiection of the 0.45 exponent was based on research 
performed by L. W. Sijhoer of the Serherlands and tint 
published in lW3.2 Sijboer used a double loqarrrhmic 
gradation cnart in a study of the mfluence of aggregate 
qtldstlon on mmeral uolds. .I11 gradations used in his 
study were reprwenred by stralqht lines. wth various 
slopes. when plotted on his chart: the vartatlon in slope 
resulting from hts use of several different gnularions of the 
same maximum ia,-inchl s~se. Sijboer made twa sertes 
of tests on compacted bicumtnous mkxtures. usmq munded 
qm3vel for the coane aggregate in one series of tests and 
an angular crushed stone in the other. Mineral voids 
were detemuned for Al of the mixtures and were piott& 

SE VE SIZL 

LOGARlt~ Of SLVZ WERl# I YfclloIs 

Ffgure I .--Moxfmum denett~ mdattom plotted on l 
double lo* chart. 

14 

P-loo(~)“‘............ ._............ 

The exponent in equatlon 1.41 LJ the one Iused in desiqn- 
inq the new grsdation chart. By rhe use of loganrhtna. 
the sizes ‘of Steve openings In microns -err! raised to The 
0.45 power. These values were then employed wth a 
suitable arithmewal scale far rstabbhinq the honzontrl 
position of each sieve. The procedure is dhtmted for a 
few of the sieve ~tes on figure 2. 

Figure 2 also ilhtsrrares how mastmum density qrada- 
tion is indicated for a gradation having a maztmum site of 
.W &XOM: simply by plottmq a +traiqht line from the 

origin, at the lower left corner of the chart. (0 the w-elected 
maximum size at the top of the chart. .I3 can be *n 
from the mformallon on the iefr ride of the chart. :he 
equatioo for such a line is that shown above cu equation 
(3). Thus, any gradatton L&t wll pior as a straight line 
through the oriqin of the new chart w-111 also plor ~j a 
strai@t line on the double 104 chart of Sijboer snd ~111 
luve a slop of 0.45. 

The new gradation chart described m thrs ~rucle. snd 
hernltcr referred to u the Public Roads qradatton char%. 
is not, strictly speaking, an entireiy new type. The 
Sational Crushed drone Asaociatton. tn IU Crwhed AWW 
Jounol, hers been using a square-root qradarion than for 
several years to dhstmte gmdatlons. The only &Rerence 
between the .Usociarion’s than and the new one presented 
here ia that the former IS based on an exponent of 0.50 for 
the power function instead of 0.45. The research of 
Sijboer and data to be presented later m this article show 
rht 0.45 is a mare realistic vdue for mdicatmg -mum 
dennty. 
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CURVE FOR MAX. 

FOff MAX. DENSITY CURVE LET. 0 
Y * MAX. SIZE. YICRONS / 1 
P : PERCEMT PASSIMG SifVf HAVING OPENING 

OF ‘5’ MICRONS I I ,I’- I I I 
m-SLOPE OF CURVE I I / I I I I 
EQUAltON OF CURVE IS V : ml 1 I I 

, 

COYPuTAflONS 1 
:PfNlNG.~LOG SiO4SA~ANTlLOGlB~ 
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Figure 2.-Illurtrotion of computatioru and method of podtionine riccc l irrr cn setting up 
the Pubtic Road4 #radarion chart. 
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7. SIEVL SIZtS 

Fi@ww tiG&ttoru olprobkm mistwe (projut A) conapond ctth nuwnwn 
dend# #radat&n. 

Chartfrr?nudlof Tender Miser srveml bituminour rniaurcr, that had been ~puned as *- - 
having unaatrdactory corn-ion chwactcnstics. Durmq 

r the Public Flowin @tioo chut vu de- the wt 4 or 5 yean. engineen have sported several 
‘aa used to study gradatlona of aggregate from inata~xe~~ of hot uphsltic concrete mixtures that con- 

15 
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TO til’t:tr3te thP type of agnreqate gradatton tkt weTTw 
-.J he rrtrher <onstatently a=zociated wth tender mixtures. 
wmr q+vrfic rxamples from three different pans of the 
wlintry ITP discussed m the paragraphs that follow. 

1 ‘n ;1 1~5” constructton project. idenrlfied a~ project A. 
:tr rnpuwc~ were careful to select cold feed rnatenals and 
proponwnj for- the westing course mixture that would 
provide ;) median yrzdarlon wthrn rhe qoecilcatlon linuts. 
Drspne !hew precsu~on3. the resulting rnl.nuw had the 

charactenwcs of 3 tender rnlx. It was deacnbed as a 

cnttcal mixture which did not compact uriljfacrar:ly 9~. 
any rulphdt contenr wxhm tht: dprctficstlon Limit*. .ir 
LSphdt COOWtit.3 Onlp slightly below ttw one that oia~ 
most nearly Satisfactory, the mirrure WIU fnable and 
drveloped cracks behind the tinishmg machme. .\t oni\- 
dlwhtlp haher wpbalt contenta the mlxturr W(W too 
unerable to compact. 

.\lrhough the -ngineen suspected the asphalt ww at 
fault rhev drclcied CO try a mod&d nrrdstlon. which 
rwultcd m a lcis cnr~czal mtrtuw wth qwstlv tmprovpd 
compactwn characten~twd. The !nltlal .rnd &I xrad&- 
cwns snd the corresponding maximum dencIty qradarlon 
Are shown plotted on the Public Road+ grsdnrmn than :n 
finurr 3. .\ttenrlon is cslled to the hiimp In the rurxe 
above rhe maximum denjlry line ;Lt rhr SOS 50. 40. ami 
30 wvc wee for the mltiai qrsdatwn lwd 111 thr Iin- 
%aarisfactoty ml.nure and to the rbjzncc uf 3 hump at thw* 
WV@ w.es for the final gradsttoa whwn produced rhr mow 
5at&wtory rmxture. 

Figure I shows gradarlons wed on thrw wrwr pmjyctj. 
each havmg a hump above the maxImum dpnylcy he JL 
about the So. 30 sieve when plotted on the P,rohc Roads 
chart. Two of these. for pmJrct3 B and D. built In l’j.53 
in a differrnt State than protect .\. are ErAdarwne of 
niixtures containmg grsvel and jand that wre described 

Cf#ur* 1.- Gradationa of probfem mixturea @rojuta B. C, and 0) 
comprrd with maximum den&u l rddlocu. 

16 
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3 
NO. 200 ra 100 NO. 50 M30 W. I6 No.8 MO.4 .525 IN. 

SIEVE SIZE 

figure A-Gradatioru .Voe. l-6 plotted on double log chart 

. 

GRADATION CHART 
SIEVE SIZES RAISED to 0.4s POWER 
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I.i Y~!:JP~ mxe~. The third gmdatmn, for project C, is 
:vptca~ of rho* used in a Stare which baa had ooosidemble 
d~ficulty wlrh rnowure problems in kptng bitumurous 
pavements coot~in~og Certain coarse -gates. .4 very 
dm311 3m0unt of molSLure in such mixtures often results 
m J iplotchr pavement surface. 

There h3v.e been excepttons. but nearly ti gTadation 
P~J~\.PS of problem mlRurea srudied by the research iabora- 
rI ,r:?. ,,f [he Burpsu of Public Roti have been characterized 
:>I x n:,nln ;~bove the mnxrmum denslty line at or near the 
s.. .lf, -,,.\i. .-uch mmtures have an excess of fine sand in 
:‘:.1:1*,1, 7’) ~i,lJl -.m d. Ths excess not only rpsults m 
;,>u..r ,.<,nlpact,.d Izn~~r~rs hiIt tends to Boar the larger 
+r- I,.:~~G :~nd #iv-r rvy rrAbliity that rmqht otherwtse result 
frc,nl c-ursr aggpgxw mwriock. In addition. Eoe jand is 
:Ith..ro[lrl\- LW+ .t;rble chsn coame sand. 

T>v mxdatioo is ident@ -U 40 
;mpa)rrar.t rontr~burmq facLor to the unsariafactory ___ --.- 
h,-hdviur #If -ume bltummous mlStURs. (Jther facrqm. 
.Iich .L.- J+ohalt char8CterlStlCS. hiqfi--Ler&emtures and 
nlm)l-t-lre \xm)r Cmnor he ruled out: ‘btit ~UIl~L~tO~ 
&uII:~. nartlcukrly s)versandmq :n the. f&e ?iZe$. must 
nor ht. S,vPrlooued u A possible source of Lroubl. 

200( 

Laboratory Bwluatbn of Gradation Chart 

To evaluate fmher the urfulnncss of the new P,iblic 
Roads grsd8Lion ch~L, a laboratory study wzu undertaken 
with two main oblenives: To substanturre SlJboerJ 
findings, and Lo determine morp pnc~ly the rff~ct of 
“hump” qradarions on mineral voids and stabdity of 
compacted Jsphaltic concrete. The study employed the 
gyrators method of molding and the SlrrshaU jtabllity 
test. 

The investutation WU limated to L’I difYewnr qradatmns 
of qrsv~l. sand. and limestone dust sgqrenste harmn a 
maximum ~ze of 0.55 inch. Thpse qradatlons are Phown 
in tabie 1 of the appendix ‘p. 20. toqerhrr with values for 
etTectivc q~~dc gr3vity values which were used m 
computing voids. 

Vcridcstion of 0.15 crpooea1 

In order to verify Sijboer’s findings. the fim SIX qmda- 
Lions were made up so rhar they would ptoL as stralqht 
lines with va?mq alopes K on the double log chart. aa 
*horn m &we 5. When plorted on the Sew Pslblic Roads 

1 .40 30 .60 
SLOPE ‘K: SEE f 19. S 
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gr,&J;.co :.:.L.-. rlr::== ? . five .If these pradln~ plotti M 
.‘“r\P; &.r:3lde ,,f ‘2.2 ‘.3r,J~:oni in the expcm?nr K. hlY 
ur3~,l;on SO. 3. whrcn nad a slope for evnent Kl of 0.45 
in fia,-p j, plotted as a +tralnht line m fiqure 6. Figure 
6 aho ~~ntatn~. for ready reference. data on mmeral votds 
and >Iamhah srabdlty extracted from table -I of the 
appendix. It a-111 be noted that the aqgregated were com- 
bined w:rh asphalt in two +erler of mixtures. One wth 
r~ns:anr asphalt content of 5 5 percent :<nd The ocher wth 
~ar:~bfe *jphalt contznr co produce constant atr votds of 
4.0 percent. 

Firr.;re 7 <how rhe Sl.~snall :rshdit:- 3rd miners1 void 
l.ni\lrl m zrspnwsi farm. In :hr upper pan of rhea Bqure. 
.\[.~r~h~ll -.dh::;rv -PO :x)~;iatlun. 64. 6. 15 plotted sgamst 
K .,r irupe fro& :he slo:lo~e lo4 chart see Fq. 5’1. The 
i~~hi-hn~ c’IIr\.e rt=presents test r9Ar3 for a constant 
p~rrrntx~e oi hiphait. the first serw of tests: the dashed 
Iinr repre+hrz rr;ldt~ for J constant percentaqe of air voids. 
: nc -econd -erteJ of tel;ts. Correspondinq curves for 
mlwral voids are shown U-I the low-r p8K of the fi4u~. 

Ir wil I-P noted in Bqure 7 that mmimum aqgregate 
volti+. &jr maxtmum a4grrnste derwttes. occur at the point 
U-here K rquale O.r35. Thrs is elighrlg lower than Sij- 
borr’i value ,,f 6.45 on whtch the new Public F&ads grada- 
tion chart ia ha--d. but the Aipht dtfference is not con- 
sidered +umtficant. Fiqure 7 &o <how3 chat the value of 
K had ti pronounced rflecr on Marshall Jtabtlity for both 
SeneJ of tww. For the coamest qramed ap4reqate cqrading 
So. 6. for wlwh 6 =0.66.. ,tabdirv D;BS less than .Wl 
pounds. For the finest gramed aqgreqate of the study 
,gradinq So. I. for which Ii=O.311. etabthty W&I between 
1.600 and 1,730 pounds for the two *ties. The maumum 
values for the two sertes were between I,&00 and 1.950 
?Wln&. 

Study of “bump” gradationa 

Figures 510 ‘Rae the P.~ohc P.sadd qw,~:,~,n cnarr -o 
ihusrrate gradatlOn9 that plotted with a hump at :!I,= Si., 
30 wve stze and to compare them wtn a mJxlmum ier.slt~ 
curve !qradatlons SOS. T- 11 and 13-11. onr)wn rn :Aoie 1 
of the appendtxl. Each of these 64uw sbo lnciu,lea 1 
tahulatton ,enrzcted from table A of the ~ppendr~ .-no%- 
UIP mm.-ral vords and ~cabrllrp for mrxtlrres wrh cor.st~r,t 
asphalt content And wth a constant voiu.me of Air Lords. 

.\a wll lx= Get* m 64ure 9. the c*lrve ftir urriti3r;on So 11 
plotted as a Straurht line from the So 7 -rev- rl) !hr So. 
~90 sieve and this portton of rhe curve ij brluw -pi* mau- 
mum denslry lme. The curve for qr;lr:drwn SO. 10 LS in 
the maxtmum denstty line from maxLmum <Ire *I) ,hP TV. 
30 Steve but then drops below me matrmum drn~rty :me 
to the So. :XCl Ateve: It :herefore hae a :lurhc hump at the 
So. 30 stew but the fact that thts hump 1s not above the 
mgxfmum denxtv line 13 consldered sqnlficant smce grada- 
tion So. 10 had the lowest mmeral voids of this 4~x1~ of 
qrsdatlons for both serves of teats. And ai3o had the honest 
atability for the Jertes m whrch cuphalt cuntent 0’89 mam- 
tamed constant. Its stabdity wyas only 30 pounds lower 
than the hqhest value m the second test series. where air 
voids were mamtamed constant. 

The humpa at the So. 30 reeve 31x.e for gylations Soa. 9, 
9, and 7 are pmgreaswcly larqer than that for gradation 
So. 10 and we all above the maximum density line. Ad 
the ‘humpa become more pronounced the qrsdatlona ahur 
increasing void contenta and dccreaamg atabilttica. 

GRADATION CHART 
SIEVE SIZES RAISED TO 0.45 POWER 

-- - StEVE 5lZES 

?l#W a.- avmp #r8ddlO#u of #?mol m&tun& mdlum in torod rnd. 
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GRADATION CHART 
SILVE SIZES RAISED TO 0.4s POWCR 

Figure P.LRump padatioru of #toeel mixturea. hi#h in tot01 rsnd. 

Figure 9 shows the grsdation curves and test results for cion had qrccrter mineral voids snd less etabilitp thsn those 
gmdstlons SOS. U-17. aU of which ha 33.3 percent psss- 
ing the So. 9 sieve and are considered h&h in tots1 sand 

Of gmdstion So. 30. Gmdsrioa So. 18 hsd the hrgesc 

when compared to the gradations shorn in dgure 9. 
hump of .the group snd it sko hd the highest percentage 
of mineml voids snd the lowest stsbilitier. 

The curve for qmdntion So. Ii does not have a hump, I 
nt the So. 30 sieve we: it w s straight line from the So. Y 
to the So. 200 rieve and intemects the maximum density. 
curve at the So. 30 sieve. This @ation rhowed the 
lowest value of mincml voids for the poup. The cum 
for gmdatton So. 16 hu A sli&t hump sbovc the msximum 
density curve at the So. 30 sieve size, and gradation 
curvea SOS. 15. 14. snd 13 have incrcrsin& lsrqer humps.’ 
lllorinq for experiments1 error, it will be noted that, in 
genersl. increasing myFitude of the hump corresponded 
with increasuq mlneml voida and decreuin~ stability for 
t,he wriet of tesfl) where the uphalt ru maintained con- 
aunt. Where the kr voti RR mk~taiaed -antus, 
in the two instances shown, there wns s sU#t inertma in 
mineml voidr but no sigdcant change in stability. 

Co~dn~~oas oo bump qrdatloma 

Tbc &M diacushonr. bsaed on fiqum J-10. of humps 
in gmdsrion curves st the So. 30 steve sir, msy be dum- 
muised Y folbws: 

1. A hump shove the maximum density line in sll cues 
WM umcisted with s lower qgtegste density ~tuqher 
tnineml voids) thm s hump chst just touches the maximum 
denritp line. 

2 In newly sll csses the hump sko wss asaocistcd wxh 
8 lower Marsh& stability value. The reduction in au- 
bibty wu more pronounced for the xriea of rats III which 
the asp&It content ru aminuined conaunc than for the 
nna in which the ssphslt mutent wss vsried to provide 
A eonsuat volunle of air voids. 

Figure 10 shows the curves for qvbtbzu Nom M-21. 
which hsd 38.9 percent & tb ASO. Sake and M COO- 
gidertd low in tots1 rind rbaa corn- to tba #ra&tbno 
shown in fiqure 8. 

3. Ths g&et the mrplttude of the hump above the 
&mum cbmity line, the lower vu the sggrepte density 
(in all caus) and the sabiiity (in newly all CWSI 

The entire curve far- NO. 21 pbttd brbW tb 
maximum den&y linoti bu l VI!Q oU&t bump St th# 
So. 30 anve aim. lbmtn for gmdstba SO. P has A 
alight hump snd tour’ th m&mum density line at tba 
So. 30 sieve aire: qrLrrtr it is compktely bsbr tha 
maximum den+tQne. Thir L coamidered signiksnt siam 
gmdstion So. 20 m bmt minerui voids snd the 
highest stability of rhb groupof gmdotbne in both wrin 
of tests. 

Grsdstion So. 19 bsd s considembk hump at the So. 30 
sieve size, 8bove the muimum density nun. Thb gmd8- 

10 

Thus. bad on n8ulU of bbomtory teats of qrsvel mix- 
turns, the presetme of A hump in the ygregate qradstion 
curve at &out the So. 30 skvs sod above the maximum 
&n&y lins is indicahw of M undaimbk gradsrion. 
The exwnt to which di!?ennoa in laborstory denaty and 
stability aa bo m&eel to 6&l compactmn and perform- 
ADIW ch~mcuriscbs is not now known. However. the 
reaultr of them labomtwy testy urd Uudies of knom deld 
exampka discuwd esrber do sbor that “hump” gmds- 
tbns MJ be l contriburing frrar tarwd the uoutl- 
facwry bebsvior of mixturn. Further veticstion of their 
eUect should be detennioad by eontrolkl Beld studies. 
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GRADATIOM CHART 

Figure IO.-Hump pradatiom of #raw1 mixture& tow in total 8and. 

Lr of chart in improving padulona 

one of thr sdvant-us uw of the Public Roads 
qradation chsn is m revismn pradar~ons to obtam grecater 
or Iew=r mm-r4 vwis. often it ta dewable to dectveac 
rhr mineral voids to provide B more stabie mixture. At 
.)rhrr times ir is &wnble to mcwnse the mmrral vordr 
ro ~rllow mom for more wphalt m the mixture and themby 
lmprovr It+ durabdity: for rxampk. McLeod J prefen 
10 m3mt3m a minlmum of 15pemnt mintrrl voidr in 
rhe compacted mixture. 

Barrd on rhts I5-pemnt volds cnteriou the maximum 
dwwrty nradntton uwd in these teaa. So. 3. would not 
be -artrf;rctory ~mce it had mtneral volds of 14.4 and 14.8 
percent. rpapectiwly, for the first 2nd second ae+a of 
?P+I~. Gradation So. IO. which is s~miIar to gradation 
So 3 +xcept for a lower dwt content. would be sstk- 
facrory because ita respective mineral voida RR 16.8 
IIIA 16.3 percent. appreciably gmater than the 15pcrccnt 
cnrenon. Thus. one ellective way of modifyi~~g * grada- 
tioo to pmwde greater or kmer tniwti voida ir to than@ 
It3 dust content. However, thk may I& b prnctial or 
lt may be mon5 economic81 to rmdify tbs qrdrtion at 
other Steve sins. 

If the modification ir ta he uwb by vuyiq tb grad& 
rion of the md portion, m +I0 nysla thU it 
mtght be done by incq M- the parcnugs 
pwaing the So. 30 a&m v -antim v whik 
mamcaining couatant t& w podng tbs No. 8 
and So. LXQ sieve& In f@n 10. lo? wantpL. if @&Won 
So. 19 should prove too ti ft CMlld be amdi6ed to l 

less dense qradarlon by mcre3su-q :he pwcentaqe of 
wqa@ pwung the So. 3U aeve sod thereby moving 
the gradatton curve awn? from the maxImum density 
line: or it could be made denrr bp reducmq the pemntaqe 
pwhug the So. 30 sew to bring the curve closer ta the 
maxxnum drnsity tine. 

If, however, the rnodtiution is to be made by adjusting 
the percentage of sand or by vwyng the qradatlon of the 
mame rg*rrPW. another factor muat lx taken mto 
scwunt. ti aIiowmwe must be made for the fact that 
skip gnbtmua M promote higher density. 

skip gr8dukJu 

Figure 11 showa cuwea and data for three skip qrada- 
tioos, -SW. ‘22-24. The slope of the* curves between 
the So. 4 and No. 8 sieve sirs is appreciably less than 
the sbpes of the m-in@ portions. They mlqht be 
rrferred to Y gradationa that plot with a hump ac the 
No. 8 sieve sir. Figurr II abo shown curve3 and data 
for the muimum density -rioa. No. 3, and for @a- 
tbn No. 12 which pbta Y l otrsi&t line fmm the maxi- 
mum doe ta the wuw preontage vurg the So. 30 
h%c Y that of the other curvea. 

C!ompuiog the curvoa in @we II nth reapret KO their 
puitione t&tin to the maximum density Line IS compii- 
cued by tbe fact t&t oxm of them cmea it. For exam- 
pk, @tion No. 12 plotted ckeer to the tna=mum den- 
sity line thro en No. .2!2 at the So. 4 and larger 
8icvc riw. but further from the Lioe at tbc So. 16 bnd 
rmdktr tivc aks. On tbc wempg, however. gradation 
No. 12 plotted cbcr to the maximum denrity line than 
gruiatbn No. 22, rad it a&wed the higher demntp tlorer 
minerrl whdm). 

Similuiy, &ip gmdation No. ‘22 pbttai closer to ttbe 
nmximum dandy line t&n skip gmdatlon So. ‘23 l the 
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GRADATION CHART 

SO. 

NO. 

the 
but 

SIEVE SIZES - 

- li#U?8 II .-Skip #roddioru compared with #n&tioru .Vm. 2 and 12. 

.I sad @er sieve so. further from the Line at the 
8 swve sue, 8ad 8g8in ckwer to the line 8L the No. 30 

There is no doubt that gmdstion So. 24 plotted the 
furthest from the maxImum density line mad it rhowed 

samlkr 8wves. Which grsdarioa pbtted closer to the hi&wt density ol the three rklp gradations. It,d dea- 
manmum deasity line oa the we- u questionrbk, sty, however, N not M gre8r M th8r of gmd8tion X0.3. 
gradation No. 23 had the h&her density. the one that is used w represent mumum density on 

6AADAflDN CHART 

. II I I I I I I I 
. . - -0ml2amDso30 * 

1 
0 4 $pl. ‘4”. 3#l. Iwo 

SIEVE SIZES 

?t@wra Il.- Crdattona oclt&sg in pemntew paadn# No. I dew. with medium 
poreanta~ paadnm No. 10 sima. 
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rhe sr+h,tuon c&n. But this doen not preclude the pee- 
+xhty that the= may be ocher shp .qruhtbnu of the 
same cnaximum SLY that mll exceed the deruuty of grw 

.auon So. 3. 
Figures 12 md 13 compare da- for grad~tioas that 

v*ry m the percentage puuing the SO. 8 Sieve. These 
were sekcted from prwiow figures used to Sustmte 
“hump” grsdations. They pmnde the same mdwsrions 
m Bqure Il. For example, in figure 12. grrdacron So. ‘a 
plotted further from the maximum density line than gra- 
darlon So. 10 but had the tugher deowy. The same reL- 
iionstup held for gradations SOS. 18 and 8 in figure 13. 
Incidentally. gradation So. 20 in figure 12 and gradations 
SOS. v and IS m figure 13 can be classified as skip grada- 
Lions M well (LB “hump” pradatlons because they plot 
wth slopes titter between the SO. d and the No. 30 sieve 
SW than eLsewhere. 

In reference to the higher density skip gradatiom in 
figures 11-13. It is Considered impownt to note that m 
all c-s the nght-hand portion of the gmdhon curve 
wsg below the maximum density line. This fact must be 
taken into account when uamq the maximum density line 
as a reference for adjusting skip gradations to pmvidc a 
lower or a higher density. 

c0ru1luionr 

The laboratory study covered by this wick was limited 
to data repmnting ‘24 diilerent gradationa of aggmgre 
of l singk maximum sir. Only ooevphatt aud one type 
of aggregate were used in the mixturn. BuudontbMe 

limited cenditmau, * fdkm-ing concluulons AR war- 
MtUi: 

1. Th new Public Rods gradation ctun prondes s 
much more convenient means of studying aggregate grda- 
tmnu than the logarithmic chart now wmmonlp uued. 
The greater wnwnkna rtsuh fmm tbc frt t&t nuti- 
mum denslty gradatlona can be represented on the chart 
by a straqht line fmm l theoretiul eem perant passmg 
wm sleve 9u.e to 100 percent pIlaing the l f?ective nud- 
mum sw. 

2. This maximum density line constitutes a new deeign 
Uml. in that tt serves M an esaiiy remembered Line in com- 
paring diEerrw grwhtioar or in sdjusing gradations to 
pmwde deeued volde and stability chractenstrca. 

. 

3. For Warions of th= mh 
pbt LB smooth curvea entirely above or below the md- 
mum denarty Ime, those cloka t,o thr line ml1 UuLpLly 
represent Wtions VwUag rhp lnr.d m t& 
mmwtecl auxtu~. 

4. For gmdationo of the jsme type of aggregate which 
pkt u identral curves except for the portion between the 
No. 8 and the No. 230 eievee, thoee t&t &or appmciabk 
hump Awe tbc maximum den&y liue at about the No. 
34 ukve will have higher perrl voi& and bwer .HmduU 
strbilitka thna tbae pbtting with brcr hump. kmlyuk 
of rveml pmbkm mixturea fmm 6ekJ pmjecta haa dearly 
eonA8rmsd thin &dins and pointa up the detrimental e&et 
of gmdhoo hump io the 9necr v riur. 

5. For rkip gmiatbnu. br mined voi& am -isted 
with curvu that isay qmcubly bcbr th maximum 
dmaitylineiatbarigbt4andor 
tbc chul. 

- agglv~te ID= or 

000 
SIEVE SIZES RAISED TO 0.4s COWER 

IO0 
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APPENDIX: PBOCEDURE AND DETMS OF PROJECT 

.Table 1 shovs the qgre@&e grdationa used in the 
study and iocludea valuea of effective spec5c gravity 
which arerr uaed in’ computing voids. The effective 
specfic grawtles are rational values determined directly 
on several of the mixtures by the Rice vacuum saturation 
procedure.’ 

The sggrr?qate larqer than the So. 4 sieve and a portion 
of char p;wmp thr So. 4 ~eve and retamed on the So. 8 
wve WAS an uncrushed river qmvel. The remainder of 
rhc .wgwqate con~red of sand from the same source 
and a commercral Limestone mineral 6lkr. The amount 
,)f mmeral filler used vsned with the gradation. In all 
cases 60 percent of the total aqgrcgate ~MNI~ the SO. 2CQ 
sieve consisted of limestone dust. 

Tirble 9 qlves the apparent and bulk ~pci6e gravities 
of the f hree stock aqgreqates. RationAl VAlUea of appucor 
and bulk ~pecilic rjruvlty of the combined sggregsce 
repreeentinq diaereot gradations were not determined. 

In pwpanoq the aggregate to be combined to meet the 
severs1 qmdations. the gmvel and the ynd larger than 
the So. 3 Steve were accumtciy ~pamted into 05’2S-inch 
to ‘i-inch. +nch to No. 4, and NO. 4 to .yo. I) sieve sir 
fmcrloos. Since it ir very difficult to obtsia ckan rpu~ 
ttoo3 for fine stae -gate in large quurtltks, no attempt 
was omde to 4cpamw the sand ~II~O exact sieve sme fmc- 
tions. Instead. it ~8s aepamted into apprpritnntc ai= 
by s relatwely mpid suvmg pm, and tbe grxbtioao 

of the wveml fractiona were then accurately deterrmner 
and wed in computing the comet proportions to provide 
the desired combined gmdstiooo. 

Prc~ulss mimuem and Itst spcdmelu 

An Y5-100 peoetmtion grade asphalt wu useed m 311 
IIIAUM. Table 3 @ves its test pmperties. 

The mh~3 were prepared in a laboratory mixer from 
aqgregate heated to 325’ F. and asphalt heated M 3W0 F. 
Each batch WYM just sufficient for one tegt specimen. 
which. immediately after bemq mixed. was compacted m a 
gymtory mold heated to XW F. Fiwre 14 .p. 26) shows 
the gyaxy compactor used in molding the qxcrmena. 

The test jpeclmens. 4 inches in diameter and 2’2 inches 
in heiqht, RR molded by applymq 30 qymr:ons at A I- 
de(Fee an& and under a foot pressure of 100 p.3.i. Pre- 
viour work by Meti and McDaolel’ indicated thw rhix 
procedure produced densities comspondinq to those of 
the S&blow, hand-compacted .M~nhmll specimen. 

frto porformod 

The specimena rem test& for bulk qecific -‘it!, 
.MamhaU stability. and .%a&all Bow value. Bulk spwfic 

gravity WM determined by the procedure described in 
Sectmoo a(a) of hWH0 Method T-165. Air and mmeml 
voids. bad on effective specific gmwty of the aggregate. 
we= amsputed fmm the bu&k spc16c grsvirws. 
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Memorandum 
Fcdcral Highway 
Administration 

suopx1 Pavement Design Acceptance 
Consideration of Drainage 

From Administrator 

'I'* February 6, 1992 

ReorV to 
Awl Of HNG-42 

TO Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

'. 

Consideration of drainage is recognized as one of the important factors in 
pavement design. However, inadequate subsurface drainage continues to be 
identified as a major cause of pavement distress. During the last 10 years, 
significant strides have been made in the development of positive drainage 
systems for new and reconstructed pavements. In addition, there has been 
major product development of materials which can be used for retrofit 
longitudinal edgedrains. The attached Technical Guide Paper 90-01 provides 
state-of-the-practice guidance on the design, construction, and maintenance of 
subsurface drainage systems. 

The developments in technqlogy for permeable bases and longitudinal edgedrains 
make the provision of positive drainage of the pavement section possible and 
affordable. Accordingly, to be acceptable to the Federal Highway 
Administration, each State's pavement desfgn procedure must include a drainage 
analysis for each new or reconstructed pavement section. Where the drainage 
analysis or past performance indicates the potential for reduced service life 
due to saturated structural layers or pumping, the design must include 
positive measures to minimize that potentlal. 

Each division office is to evaluate the State's current design procedures to 
determine if pavement drainage is being adequately addressed. Where 
deficiencies are noted, the division will work with the State to accompllth 
needed changes by August 1, 1992. 

The Pavement Division is available to provide technlcal support and guidance 
to achieve these actions. I have directed the Pavement Division to report to 
me monthly on progress. This will require a report from each Region to the 
Pavement Division (HNG-40) on the first of each month, untfl acceptable design 
procedures that consider pavement drainage are in operatlon in each .State. I 
ask that each of you lend your personal support to this important initiative 
to improve pavements. 

Attachment 
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TECHNICAL PAPER 90-01 

TECHNICAL GUIDE PAPER 

ON 
SUBSURFACE PAVEHENT DRAINAGE 

FEDERAL HI6HUAY ADMINISTRATION 

OFFICE OF ENQINEERING 

PAVMENT DIVISION 

OCTOBER 1990 
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INTRODUCTION 

Water in the pavement structure' is a recognized cause of pavement distress, 
particularly in portland cement concrete (KC) pavements. Many highway 
agencies are retrofitting draMage on existing pavements and fncluding free 
draining bases on new or reconstructed pavements. 

This paper is based on the observation of many pavement structure drainage 
installations and a review of current research. It represents the current 
state-of-the-practice in design practices for draining the pavement structure. 
Design and constructlon of permeable bases and retrofit longitudinal 
edgedrains are discussed. 

This paper was originally developed as a Technical Advisory (TA) on subsurface 
pavement drainage. However, because of the large amount of experimentation 
and research underway in pavement structure drainage, it was decided to delay 
issuance of the TA. The purpose of this .paper is to provide interim guidance 
until the TA is tssued. If there are any questions concerning this paper, or 
if you wish to offer any information relating to permeable bases or retrofit 
longitudinal edgedrains, please send them to the Pavement Division (HNG-40) or 
contact John Hallin at (202) 366-1323. 
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,. -. Technical Guide Paper October 25, 1990 

Subsurface Pavement Drainage 

Par. 1. Purpose 
2. Definitions 
3. Background 

ii: 
Design Overview 
Permeable Bases 

6. Longitudinal Edgedrains 
References 
Appendix A 
Appendix B 

1. PURPOSE. To provide guidance for the design, construction, and 
maintenance of subsurface drainage systems for the removal of surface 
water that infiltrates the pavement structure. The procedures and 
practices outlined below are directed primarily towards high-type 
portland cement concrete (PCC) pavements; however, the principles' and 
procedures may be applicable to high-type asphalt concrete (AC) 
pavements as we7 1. 

2. DEFINITIONS 

a. Permeability - the capacity of a material to conduct or dfscharge 
water under a given hydraulic gradient. 

b. Coefficient of permeability (K) - a measure of the rate at which 
water passes through a unit area of material in a given amount of 
time under a unit hydraulic gradient. 

C. Permeable Base - a base that is designed and constructed with the 
intent to rapidly drain moisture that infiltrates the overlying 
pavement structure. 

3. BACKGROUND 

a. The pavement structural section is a costly element of the highway 
system, and its premature failure is of major concern. Among the 
reasons cited for pavement failures, inadequate base drainage has 
been identified as a nationwide problem, particularly for PCC 
pavements. The AASHTO Guide for Design of Pavement Structures 
(1986) includes drainage as an essential element of pavement 
design. 

b. One of the primary distress mechanisms observed on PCC pavements 
is pumping. The conditions which cause pumping are free water, 
voids in the pavement section, repeated heavy wheel loads, and an 
erodible base. Unfortunately, these four conditions are present 
on the vast majority of PCC pavements designed and constructed to 
date. 
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-c. 

d. 

e. 

The primary source of free water is infiltratfon through cracks 
and joints in the pavement. A major source of infiltrated 
moisture is the lungitudinal pavement/shoulder joint, particularly 
when AC shoulders are used. Water also enters the pavement 
section from shallow ditches and medians. 

To reduce moisture infiltration into the pavement structure, two 
approaches are recommended. First, a11 pavement joints and cracks 
should be sealed to reduce infiltration. Uhlle a pavement cannot 
be completely sealed, properly sealed joints can significantly 
reduce the amount of water entering the pavement structure. 
Second, pavement structure drainage systems should be used to 
remove free water as quickly as possible. 

Adequate pavement and shoulder cross-slope are important drainage 
features. In additlon, proper joint design (Including tiebars and 
joint sealing) and adequate roadside ditch depth are important. 
Tiebars help prevent joints from separating and allowing water to 
infiltrate. The use of tled PCC shoulders provldes a tighter and 
easier to seal joint which can reduce the amount of infiltration. 

4. DESIGN OVERVIa 

a. Drainaae Pollcv The FHPU on Pwement Hmrgement mnd Design 
Policy (602-I-lj states FWA's position on pavement structure 
drainage. State highway agencies.(SHA's) are encouraged to 
perform a drainage analysis for each new, rehabilitated, or 
reconstructed pavement design. Designs should fnclude methods to 
minimize the potential for reduced service life due to saturated 
structural 1 ayers. 

b. Positive Drainaae for New and Reconstructed Pavements. For new 
construction and reconstruction of PCC pavements, positive 
drainage is strongly recommended. Positive drainage consists of 
three elements: 1) a permeable base to provide rapid drainage of 
free water that may enter the pavement structure; 2) a 
longitudinal edgedrain collector system to convey accumulated 
water from the permeable base; and 3) a filter-separator layer to 
prevent migration of fines (minus 200 material} into the permeable 
base from the subgrade, subbase, or shoulder base materfal. 
Filter material should not be placed between the pavement and the 
permeable base, nor between the permeable base and the edgedrain. 
Unrestricted flow to the permeable base and the edgedrain must be 
ensured. The filter-separator layer, whether aggregate or 
geotextile, must be properly designed to prevent mjgration of 
fines and possible base contamination. These elements are shown 
in Figure 1. 
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Figure 1. Permeable Base Sections 
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c. Positive Orainaae for Rehabilitated Pavement%. Since most 
existing PCC pavements have been designed and constructed with 
impermeable bases,.rapid lateral drainage of infiltrated water 
from the base is not practical. Howe\ier, retrofit longitudinal 
edgedrains can rapidly dratn water that has infiltrated the 
pavement structure and migrated to the slab/base Interface 
partfcularly when AC shoulders are used. Edgedrains placed 
adjacent to the pavement/shoulder joint can intercept this 
motsture and significantly shorten the time that free water is 
present in the Interface, thereby minimizlng the potentlal for 
pumpfng. 

d. AASHTO Drainaae Coefficient 

(1) The AASKTO Guide for Design of Pwement Structures (1986) 
attempts to recognize the effects of drainage on pavement 
design. 
effect 

The guide uses a drainage coefficient to model the 
of drainage in determining the thickness of PCC 

pavement. Of all the parameters in pavement thickness 
design, pavement thickness is most sensitive to changes in 
the drainage coefficient. Howova?, It must be emphasized 
that a thicker pavement will not coolpensate for poor 
draf nag& 

(2) A posftfve drainage system, fncludfng a permeable base, a 
filter layer, and longftudiqal edgedrains, should be 
provided to ensure good drainage. Once adequate drainage 
has been provided, pavement thickness can be determined 
usfng a drainage coefffcfent of 1.0 or greater. 

e. Prainaae Analvsfs 

There are generally two types of pavement subsurface design 
criteria used fn design. They are: 1) criterion for the time of 
drainage of the base beginning with the saturated condition and. 
continuing to an established acceptable level, and 2) an 
inflow-outflow criterion, by which dralnage occurs at a rate 
greater than or equal to the inflow rate, thus avoiding 
saturatton. It should be noted that the drainage layer design is 
based only on the Infiltration of water from the surface. 
Normally, other sources of water to the drainage layer would be 
minor and normally are not a consideration in the design of the 
permeable base. Should ground water be present in any substantial 
quantfties, specfal provisions should be made to Intercept and 
drain the water before ft reaches the permeable base. The 
permeable base is expected to aid in the drainage of water in the 
subbase and subgrade caused by frost action, but this volume of 
water is generally not considered in computing the design water 
inflow. 
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(1) (a> 

W 

One method of drainage analysis is to examine the 
gradation of the base material. Estimates of 
permeability and filter-separator criteria can be made 
by analyzing the gradations of the base and subgrade 
material. By comparing the gradation of the 
material to the gradation of a material whose 

sample 

permeability has been determined, the permeability of 
the sample material can be estimated. 

Material permeability can also be determined in the 
laboratory by the constant head permeability test or 
the falling head permeability test. The tests should 
be performed in accordance with AASKTO 1215, 
Permeability of Granular Soils (Constant Head) and the 
U.S. Army Corps of Engineers, Engineer Elanoal 
(E!f lllO-2-1906), Laboratory Soils Testing, Appendix 
VII, Permeability Tests (Falling Head). 

(c) A method of determining the in-situ permeability of a 
base material is to use the field permeability testing 
device (FPTD) as described in the report, 
Determinatfon of the In Situ Permeability of Base and 
Subbase Courses. This device determines the in-situ 
permeability of a material by measuring the velocity 
of flow between two points. The FPTO's upper and 
lower limits are 28,000 feet per day (10 centimeters 
per second) and 0.28 feet per day (lo" centimeters 
per second), respectively. Average coefficients of 
permeability determined in field testing of the FPTD 
have shown good correlation with average laboratory 
permeabilities; 

W Field percolation tests are another method for 
evaluating the ability of the existing base material 
to drain. In a percolation test, a hole is cored down 
to the base and filled with water. Observation of the 
water level in the hole over time will give an 
indication of the base material's ability to drain. 
Caution must be exercised with this method to ensure 
that percolating moisture Is confined to the 
particular layer being tested. If moisture is allowed 
to escape along an interface, through voids, or 
through an adjacent material, the percolation test can 
give a false indication. In addition, It is important 
to ensure that the top of base is not clogged during 
coring. 
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(2) Eduedrain Hvdraulfc Caoacfty In any drainage analysis the 
hydraulic capacity of the edgedrain should be determinei to 
establish the outlet pipe sprci?g. 

(a) Permeable Base Eduedraln. The hydraulic capacity of a 
longitudinal edgedrain to drain a permeable base 
should be based on draining free water within the 
pavement structure within 2 hours of rain cessation. 
In most cases, a conventional partially geotextfle 
wrapped trench with a I-inch diameter pipe and 
backfilled with permeable material will provide excess 
hydraulic capacity. 

W Non-Orainable Base and Retrofit Edoedrain. 
Oetermining the hydraulic capacity of the edgedrain is 
not as critical with longitudinal edgedrains on 
gt;;ents with non-draining or very slow draining 

Drains should be sized to remove the volume of 
water'occupying the voids tn the pavement section once 
rain has stopped. The purpose of a longitudinal 
edgedrain in these cases should be to drain free water 
in the slab/base interface within 2 hours of rain 
cessation. 
satisfy this 

The capacity should be calculated to 
criteria and flow rates across 

geotextiles should penait this. Because of the 
potential for blinding (soil particles blocking the 
geotextile openings) or clogging (soil particles are 
trapped within the pore openings, .thus reducing the 
permeability of the geotextlle) it is extremely 
important to properly size the.geotextile for the 
particular soil type and percentage of fines. 

f. Outflow Oesian To ensure rapid drainage of accumulations of 
water within a'permeable base structural section and'to protect 
the component parts of a drainage system, the outflow capacities 
of the system should.increase in the direction of flow, starting 
at points of entry and progressing through the base drainage 
layer, collector pipes, and outflow pipes. In essence, when 
progressing along possible paths of flow in drainage systems, the 
water removing capabilities should increase, never decrease, in 
the direction of flow. This is particularly important with 
respect to pipe drains and the backfill surrounding them. 

90 filter Design. 

(1) The function of any fi 1 ter is to provide both drainage and 
filtration. The filter must allow water to pass (drainage) 
with minimal head loss while retaining soil particles 
(filtration). It must also enable the creation of a natural 
filter in the neighboring soil to prevent piping (loss of 
finer soil particles through the filter leaving larger soil 
voids behind). For a gcotcxtile to effectively perfom as a 
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. . 
filter in a geotextile drainage system, it must remain 

" free-draining by having opening.characteristics compatible 
with the surrounding soil. In some cases, the geotextile is 
required to prevent migration of fine grained soils without 
clogging. In complete clogging, the fabric's permeability 
is reduced to less than that of the soil. In other cases, 
some fine-grained soils may be required to pass through the 
geotextile to prevent blinding. In blinding, particles coat 
the surface of the geotextile such that the permeability is 
substantially reduced. In any case, some loss of soil 
particles through the filter during its early life takes 
place. As fine soil moves through the geotextile, larger 
particles may combine to bridge the appertures of the 
geotextile. Imediately behind this bridging zone is 
another zone (so11 filter zone) consisting of soil 
whose permeability decreases with distance from the 

particles 

geotextjle. Thus, the choice of a correct geotextile is 
critical to formation of a stable and effective soil filter. 
Geotextiles, like graded filters, require engineering 
deslgn. Unless proper fabric piping resistance, clogging 
resistance, and constructability strength requirements are 
specified, it is doubtful that the desired results- will be 
obtained. Construction installation and monitoring must 
also be provided to ensure that the materials have been 
installed correctly. 

(2) The major criteria considered for a geotextile 
drainage/filtration application include: 1) soil retention 
(piping reststance), 2) permeability, 3) clogging potential, 
4) chemical composition requirements/considerations, and 
5) constructability and survivability requirements. 

(3) As with other elements of highway design, geotextiles must 
be engineered. The geotextlle should have a permeability at 
least several- times greater than the aggregate base/subbase 
so that water can drain freely from It. Geotextiles must 
also retain the upstream soil. The apparent opening size 
(AOS) (or equivalent opening size (EOS)) -- AOS and EOS are 
equivalent terms -- is defined as the U.S. standard sieve 
number that has openings closest in size to the openings in 
the geotextile. If given as the equivalent sieve size 
opening in millimeters, it is referred to as the 95 percent 
opening size or 0”. The AOS of the geotextile should be 
selected to prevent fines from pipfng through the filter and 
clogging the permeable material and leaving voids behind. 
The appropriate geotextile AOS can be determined by the 
following criteria adopted by Task Force 25 (refer to 
Appendix 6, Table I). 
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(4) 

1. For a soil with 50 percent or less particles by weight 
passing the No. 200 sieve, the AOS of the geotextile 
should.be equal to or greater than the No. 30 sieve 
(i.e., 0, s 0.60 nun). l 

2. For a sol1 with more than 50 percent particles by 
weight passing the No. 200 sieve, the AOS of the 
geotextile should be equal to or greater than the 
No. SO sieve (i.e., 0, SO.30 m). 

It should be noted that there Is no way to prevent a fi'lter 
adjacent to a material with a high percentage of fines from 
eventually clogging. If there are no voids or if the voids 
are small, the filter won't clog up as rapidly and the 
filter will function for a longer period of tlme. If, 
however, voids are present between the material to be 
drained and the filter, soil particles are provided an 
opportunity to go into suspension and will eventually clog 
the filter. Likewise, geotextiles need intimate contact 
with the material to be drained. A filter placed along a 
pavement with voids between the slab and the base or between 
the geotextlle and the pavement base would be comparable to 
this situation. 

, (5) Generally, nonwoven needle-punched geotextiles are better - - 
for pavetint drainage applicatlobs ihan heat-bonded 
geotextiles, Uoven or slit-film geotextiles should 
used. ' 

5. PERMEABLE 6ASES 

a. Permeable Base Desiun. Host existing design methods have relied 
on the practice of bullding pavements strong enough to resist the 
combined effects of load and water. However, they do not always 
account for the potential destructtve effects of water within the 
pavement structure. As a result, Increased emphasis is needed to 
exclude water from the pavement and provide rapid drainage of any 
moisture that InfIltrates the pavement surface. Permeable bases 
provide rapid drainage of this moisture. In theory, a properly 
designed and constructed permeable base will raptdly drain water 
that infiltrates the pavement surface and not allow destructive 
hlgh pressures to build up beneath the pavement. 

not be 

(1) To overcome moisture related distresses in PCC pavements, 
many WA's are now using permeable bases. There are two 
types of permeable bases : unstabilized and stabilized. 

(2) The combination of base thickness and permeablllty should 
be capable of rapidly draining the design flows and 
preventing saturation of the base. The time period that 
free water 4s present within the pavement structure should 
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(3) 

be as short as possible, desirably less than 2 hours 
following the cessation of precipitation, 

A longitudinal edgedrain collector system with outlet pipes 
should be provided to ensure positive drainage. The out1 ets 
must be discharged into gutters or drainage ditches or 
connected to culverts or drainage structures. Daylighting 
the permeable base layer is not effective in draining the 
base since it is subject to clogging from roadway debris and 
vegetation. In addition, daylighted layers may allow silty 
material or storm water from ditches to enter the pavement 
structure. 

b. Base Material. Both unstabilized and stabilized permeable base 
material should consist of a hard, durable, crushed, angular 
aggregate with essentially no fines (minus No. 200 sieve 
material). A permeable base consisting of crushed aggregate 
meeting the gradation requirements noted in this Technical Guide 
Paper will provide sufficient stability on which construction 
equipment such as dump trucks, transit trucks, and tracked pavers 
can operate, as well as provide good slab support. The permeable 
base material gradation should have good aggregate interlock. To 
prevent the aggregate from degradjng and generating fines during 
construction, the material for the permeable base should also be 
hard and durable. Also, consideration should be given to 
construction of a test section to ensure the material will be 
stable under construction traffic. Reconmnended gradations of the 
base material vary depending on whether the material is stabilized 
or unstabilized. A coefficient of permeability greater than 
1000 feet per day is recommended. 

(11 Unstabilized Permeable Base 

(a) Unstabillred permeable bases utilize an open-graded 
aggregate material. Most SHA's that use unstabilized 
permeable bases have developed a gradation that 
represents a careful trade-off of constructability, 
stability, and permeability. Unstabilized permeable 
base materials contatn more smaller size aggregate to 
provide stability through aggregate Interlock. The 
use of more smaller sized aggregate results In lower 
pemability. To provide good stabillty for paving 
equipment, unstabilized permeable base aggregate 
should be composed of 100 percent crushed stone. 
Yhere 100 percent crushed stone with an IA abrasion 
index of 30 or less is not available, consideration 
should be given to stabilizing the aggregate with 
asphalt cement or portland cement. If a material 
other than a crushed stone is used, other gradations 
and/or stabilization will need to be investigated. 
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(b) Below is a gradation for unstabilized permeable 
material which provides satisfactory permeability 
(greater than 1000 feet per day) and excellent 
stability to carry constructlon equipment. The 
following Is an example of a gradatlon that has 
worked: 

Sieve Sizq 
1 l/2’ 

Percentase Passlnq 
100 i 

1:2rn 
9s: ioo 
60-80 

No. 4 40-55 
No. 8 5-25 
No. 16 O-8 
No. 50 o-5 

(Note: Yet&washed, dry-sieved) 

(2) Stabilized Permeable Base 

(a) Stabilized permeable bases utilize open-graded 
aggregate that has been stabilized with asphalt cememt 
or Portland cement. Many W's require 90 to 
100 percent two-crushed faces with a maximum LA 
Abrasion wear of 40 to 45 percent. Material passing 
the No. 8 sieve has been virtually eliminated, and the 
resulting coefficient of permeability is usually much 
greater than 3,000 feet per day. Stabilizing the 
permeable base provides a stable working platform 
without appreciably affecting the permeability of the 
material. Stabilization is accomplished by using only 
enough asphalt or cement paste to coat the aggregate. 
Therefore, Its the gradation of the permeable base 
material that will determine how much stabilizer to 
use. Its very important that the voids are not filled 
by excess stabilizer. 

1. The stabilization material predominantly used is 
asphalt cement (AC-20) at 2 to 2 l/2 percent (by 
weight) for the very open-graded materials such 
as the AASHTO No. 57 stone. Higher asphalt 
cement percentagis are required when a less 
open-graded material is used. For example, New 
Jersey's asphalt cement ttabtlized permeable 
base gradation shown below requires 3 percent 
asphalt cement to coat the aggregates. For 
additlonrl asphalt stabilized pemable base 
stability, a stiffer asphalt cement, such as an 
AC-40, should be used. It should be noted that 
if AC-40 is used the aggregate should be heated 
to 275 to 325 degrees Fahrenheit to stiffen the 
asphalt cement. 
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2. Portland cement at 1 l/2 to 3 bags per cubic 
yard has also been used. As with asphalt cement 
stabilized permeable base, the amount of 
portland cement per cubic yard will depend on 
the voids and surface area of the aggregate in 
the permeable material. For example, California 
uses not less than 282 pounds of portland cement 
per cubic yard with a water-cement ratio of 
0.37. The permeability of this material is 
approximately 4,000 feet per day. Whereas 
Wisconsin with a more open material 
(permeability approximately 10,000 feet per day) 
has found that 200 pounds of portland cement per 
cubic yard and a water-cement ratio of 0.37 
provides adequate strength, durability, and 
stability. 

(b) Several WA's use the AASHTO No. 57 gradation for 
their stabilized permeable base. This gradation and 
;;;;o;;her stabilized permeable gradations are as 

: 
Percentage Passing 

No. 57 California wis. New Jersey 
Sieve Size AC/PC Stab. AC Stab. PC Stab. PC Stab. AC Stab. 

1 l/2’ 100 m 100 - 

4;; i 95-100 25160 35-65 90-100 100 86-100 Xk22 90:100 

J/8” 20-45 xi22 20155 
No. 4 0110 ii-:” O-18 O-10 
No. 8 o-5 m o-7 
No. 10 - w x:: 
No. 16 
No. 200 012 * 012 : : 

Est. 'Ka 20,000. 15,000 4,000 10,000 
(feet per day) 

100 
95- 100 
85- 100 
60-90 
15-25 

2-10 

215 
* 

("X" is the gradation which the contractor 
furntsh for the specific sieve size). 

1,000 

proposes to 

(* Add 2 percent (by weight of total mix) mineral 
filler). 

Its important to note that California uses different 
gradations for their stabilized permeable bases. The 
AC stabilized gradatlon is more open (30 percent 
voids) and has a high crushed content requirement, 
whereas the PC stabilized gradation is less open 
(14 percent voids] and has no crushed content 
requirement. 
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C. Base Thickness and Width. A minimum peneable base thickness of 
4 inches is suggested when the above gradations are used. This 
thickness should be adequate to overcqme any construction 
variances and provide an adequate hydraulic conduit to transmit 
the water to the edgedratn collector system. The permeable base 
should be placed 1 to 3 feet outside the edge of the pavement to 
provide a stabie trackline for the paver (see Figure 1). 

d. Filter-Seoarator Laver 

(1) A filter-separator layer must be provjded between the 
permeable base and the subbase/s&grade to prevent subgrade 
fines from inffltrotfng and contaminating the permeable 
base, to provide a working platform for construction 
equipment, and to provide support for the permeable base and 
pavement. Generally, a alnimum of 4 inches of dense-graded 
aggregate base is used. Because very little upward flow of 
water is expected from the subgrade, the ptneabildty 
criteria for filter layer design does not apply. Either 
aggregate or a gtotextllt can be used. However, a 
filter-separator layer over stabilized subbases/s&grades 
may not be needed provided the stabilized material is not 
subject to saturation or htgh pressures for an extended 
period of time. An asphalt prime coat placed on the 
stabilized subbase/s&grade would provide additional 
protection. Although, a gtotextflt 4s generally more costly 
than 4 inches of dense-graded aggregate base, there may be 
instances where sufffcltnt aggregate is.not avallable and a 
geotextilt may be cost-effectlvt. 

(2) The following art rtcomnended crittrla for the design 
gradation of the filter-separator layer. Both the 
filter-separator layerlsubgradt and the permeable 
base/filter-separator layer interfaces must be considered. 
The gradation of the filter-separator must meet the 
rtqulremtnts for the filter-separator layer/subgrade 
interface as listed below: 

EO. 1 D,, (Filter-Separator) h 5 0, (Subgrade) 
[Separation requirement) 

EQ, 0, (Filter-Separator) s 25 I&, (S&grade) 
[Unjfomtity criteria for piping resistance] 

where the I& is the site at which 'X‘ percent of the 
particles, by weight, art smaller than that size. 

Similarly, the filter-separator layer must meet the 
requirements for the penneablt base/filter-separator layer 
tnterfact as listed below: 
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ED. 3 II,, (Base) I 5 D, (Filter-Separator) 
[Separation requirement] 

ED. 4 0, (Base) 5 25 0, (Filter-Separator) 
[Uniformity criteria for piping resistance] 

Plotting the results of these equations on a gradation chart 
eases the determination of the gradation of the 
filter-separator layer. An example problem illustrating the 
design is provided in Appendix A. 

Also, it is recommended that the filter-separator layer have 
a maximum of 12 percent passing the No. 200 sieve to ensure 
a dense-graded matertal without excess fines increastng the 
potential for loss of support or contamination of the 
permeable base. 

In addition, to ensure that the filter-separator layer is 
stable the following requirement is also recommended:' 

20 s Coefficient of Uniformity 5 40 

where 'Coefficient of Uniformity - P, f lterl 
D,, (Filter) 

The term coefficient of uniformity (CU) is an indication of 
the grading of a material. For example, a uniform 
(one-size) material will have a small CU because the the 
sire of the 0, material is very similar in size to that of 
the Dlo. Because it consists primarily of one-size 
material, it contains insufficient fines to fill the voids 
between-the larger particles and consequently it will have 
an open, more porous structure despite compaction. As a 
result it will be more easily displaced under load and have 
less supporting power. The most uniform granular material 
conunonly encountered in engineering is standard Ottawa sand, 
which has a CU of approximately 1.1. Conversely, a 
well-graded material will have a large CU because the 0, 
will be much larger than the D,,. A well-graded dense 
aggregate base material plotted on the maximum density line 
will have CU of between 50 and 60. A well-graded material 
is relatively stable, can readily be compacted to a very 
dense condition, and will develop high shear resistance and 
bearing capacity. 

In most cases, a I-inch dense-graded aggregate subbase will 
meet the filter-separator layer requirements for both the 
filter-separator layer/subgrade and the permeable 
base/filter-separator layer interfaces. In addition, 
4 inches of dense-graded aggregate subbase meets the CU 
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criteria for stability providing an excellent working 
plotfonn for construction of the permeable base. 

Although not generally recommended, some W's use a 
geotextile instead of an aggregate filter-separator layer. 
The principal advantage of the geotextile is uniform 
installation. The geotextjle should have enough strength to 
survive the construction phase. Care should be used in 
placing the geotextile so that it is not damaged during 
construction. Base course materials must be placed so that 
the geotextile is not damaged. Slit-film or most woven 
geotextiles should not be used as they do not prevent ffnes 
from pumping through the geotextllr. Geotextiles should 
meet the material requirements of the AASHTO-AGC-ARTBA Task 
Force 25 Specification shown in Appendix 8. 

e. Construction Consideration% . 

(1) 

(2) 

Construction of unstabilized permeable bases requires care 
since these bases are subject to dfsplacement by 
construction traffic. Unstabilized permeable bases are also 
subject to segregation of the material during placement. 
The addition of 2 to 3 percent water by weight of aggregate 
reduces the potential for segregation during hauling and 
placement. Care must also be exercised during construction 
operations to prevent contamination of the permeable base. 

Stabilized permeable bases have sufficient stability for 
paving equipment and constructlon trafffc. However, because 
the material is open and must remain so to function 
properly, it is extremely important to prevent contamination 
of the permeable base from fine-grained materials. Also, 
the grade of the stabilized permeable base is more difficult 
to modify once it,has been placed and 
compacted/consolidated. 

(3) SHA's. should be encotiraged to restrict construction traffic 
from the permeable base. If the working area is restricted 
and construction equipment must travel on the permeable 
base, a stabilized permeable base should be considered. 

f. gompaction of Permeable Base 

(1) General. Compaction or consolidation of the permeable base 
material is important. The conventional approach of 
requiring a fixed percent of a standard or target density 
may not be applicable. The purpose of compacting a 
permeable base is to seat the aggregate. A level of 
consolidation should be specified which results tn no 
appreciable displaceunt .of the base followlng compactlon. 
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(2) Unstabilized and Asphalt Stabilized. Most SHA's specify one 
to three passes of a 4 to 10 ton steel-wheeled roller. Over 
rolling can cause degradation of the material and a 
subsequent loss of permeability. Caution should be 
exercised when using vibratory rollers to compact permeable 
bases, as they can cause degradation, over densification, 
and a subsequent loss of permeability. 

(3) Portland Cement Stabilized. Two methods of compacting or 
consolidating portland cement stabilized permeable base have 
been conwnonly used; 1) rolling consisting of 1 to 3 passes 
of a 4 to 10 ton steel-wheeled roller (non-vibratory) and 
2) vibration using vibrating screeds or vibrating plates. 

g* Curina of Partland Cement Stabilized Permeable Basg. Curing is 
another aspect that is of concern with portland cement stabilized 
permeable bases. Covering the permeable base with polyethylene 
sheeting for 3 to 5 days is one method used by a few StiA's. A 
fine water mist cure applied to the portland cement stabilized 
permeable base several times the day after placement has been used 
by a few SHA'r as well. The method that provides the desired 
strength and durability to allow for paving on the portland cement 
stabilized permeable base should be used. A SFiA may want to 
construct a test strip of portland cement stabilized permeable 
base to determine which curing method to employ as well as which 
method of compaction/consolidation to use. 

6. LONGITUDINAL EDGEDRAINS 

a. rdoedrain Desian 

(1) Genera. Design considerations will vary for longitudinal 
edgedrains depending on whether they are used in a new or 
reconstructed case (for draining permeable base pavements) 
or in a retrofit case (for draining non-permeable base 
pavements). .The amount of moisture to be drained and the 
presence or lack of fines and the condition of the 
base/subbase are important considerations in edgedraln 
design. 

(2) ldaedrain for Permeable Baseg. When a penneable base is 
used, all runoff that enters the pavement section should 
quickly draln to the edgedrain. The trench backfill 
material and edgedrain pipe must have adequate capacity to 
handle the flows. Erosion of fines should not be a problem 
since the base should contain very little erodlble fine 
material. A longitudinal edgedrain collector system that is 
open to the permeable base should be used. A geocomposite 
fin drain is not recorunended to drain a permeable base. 

(3) fduedraln for New Non-Permeable Base Pavement. Edgedrains 
installed on a new non-Pcmable base should function longer 
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than retrofit longitudinal edgedrains and are more likely to 
improve pavement performance. This 1s because the pavement 
and base are in excellent condition and erosion of fines 
should be minimal as a result of small/few voids. 

Retrof ft Lonai tudinal Edaedraint 

(4 For retrofit longitudinal edgedralns, a field survey 
should be performed on the existing pavement to 
determine its condition and drainage features. It is 
imperative that the exlstjng pavement structure be no 
more than moderately distressed (i.e., less than 
5 percent of the right lane requiring full depth 
replacement). Studies have shown that If the pavement 
is severely cracked or has broken slabs, retrofit 
edgedrains may not be an appropriate rehabilitation 
technique unless. combined with a technique which also 
increases the structural capacity of the pavement such 
as an overlay. 

(b) In any design analysis of retrofit longitudinal 
edgedrains, there are two steps that must be folloied 
to determine if the proposed design will accomplish 
its goal of pavement drainage; 1) identlfy the source 
of moisture, and 2) evaluate the l rodibility of base 
material. 

1. The first step is to identify the source of 
moisture that the edgedrains will drain. 
Retrofit longitudinal edgedrains ~111 drain 
water that enters the pavement/shoulder joint 
and any water that infiltrates the PCC pavement 
slab and collects In voids along the slab/base 
interface or the base/s&grade Interface. This 
is free water that follows the path of least 
resistance and is strongly influenced by the 
effects of gravfty. Any water that enters and 
ultimately saturates the dense graded base may 
take days or weeks to be drained by the retrofit 
longitudinal edgedrain. 

2. The second step is to evaluate the erodibility 
of the base material. If the base tends to have 
15 to 20 percent or more fines (minus 200 sieve 
material), it will probably be highly erodible. 
A geotextile around the drain will not prevent 
fines from being eroded from the base material. 
The geotextile controls what happens to the 
fines after they migrate to the edgedrain. The 
AOS of the gcotextile determines the site of the 
soil prrtkles that wjll be retained and those 
that will pass through the geotextfle. The 
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selection of the AOS for soils with a high 
percentage of fines becomes a trade-off between 
allowing the fines to pass through the 
geotextile and clogging the drain and preventing 
the fines from passing and clogging and/or 
blinding the geotextile. If an excessive amount 
of fines are eroding from the base, retrofit 
longitudinal edgedrains will not be effective in 
extending the pavement life and may actually be 
detrimental by carrying eroded fines away. 

Adeauate Relief. For both the permeable base and retrofit 
cases, the cross section of the highway surface must have 
sufficient relief to provide positive drainage to the 
roadside ditches. 
coordinated. 

Subsurface and surface drainage must be 
If sufficient relief does not exist, lateral 

outlet pipes carried out to the ditch may not be feasible 
and an enclosed drain pipe system may have to be 
constructed. In addition, shallow ditches result in the 
water being closer to the pavement structure than with deep 
ditches. 

(6) Transition from Edaedrain to Outlet. The transition from 
the edgedrain pipe to the lateral outlet pipe should be 
gradual to facilitate cleaning. Radii of 2 to 3 feet for 
pipe bends should be used. The radii should permit the use 
of jet rodding or cleaning equipment. Tee's should not be 
used on conventional trench/pipe edgedrains. Some SHA's 
incorporate cleanouts and/or vents into their edgedrain 
system to improve flow and to facilitate cleaning. 

b. Lonaitudinal Edaedrain TvDeg 

(1) Pine EdoedraiR Conventional pipe edgedrains have a 
relatively high hydraulic capacity and can be maintained. 
Retrofit pipe.'edgedrains should be used with caution.when 
the existing base has more than 20 percent minus 200 sieve 
material. The edgedrain should be large enough to allow 
placement of and compaction around a 3 to 6 inch pipe laid 
in the bottom of the trench which has been partially wrapped 
with a geotextile and backfilled with a permeable coarse 
aggregate material. Figure 2 shows the suggested edgedrain 
configuration. An aggregate trench without a pipe conduit 
is not recommended because of the much smaller hydraulic 
capacity and inability to be cleaned. Because the 
geotextile serves as a filter layer, the permeability of a 
geotextile must meet the requirements for filter layers 
noted in section 6.f.(4). 
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PCCPavement AC Shoulder 

Trench Edgedrain 

PCCPavement AC Shoulder 

rc 

Shallow Edgedrain. 

Figure 2. Retrofit Pipe Edgedrains 

(2) Geocomootite Fin Drains 

(a) A geocomposite fin drain consists of a plastic core, 
usually rectangular shaped, surrounded by a 
geotextile. The geotextlle retains the soil particles 
while allowing the water to drafn Into the core. The 
plastic core provides the structural capacity and acts 
as a conduit for the water. Many different types of 
proprietary geocomposite fin drains are comnerctally 
avaflable. 

(b) The primary advantage of geocomposites is the ease of 
installation. Since the trench width Is usually only 
4 to 5 inches and excavated material is used to 
backfill the trench, installation costs can be 
reduced. However, the long-term performance of 
geocomposites is under evaluation. A typical 
geocomposite fin drain installation is shown in 
Figure 3. Geocomposite fin dralns should be used with 
caution when the existing base has more than 
15 percent minus ZOO sieve material. There is a 
greater potential far plugging .of the core under this 
condition. 
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PCC Pavement - AC Shoulder 

Figure 3. Retrofit Geocomposite Fin Drain 

c. Eduedrain Location. For the retrofit case, the edgedrain should 
be located adjacent to the pavement under the shoulder so that 
water entering the pavement/shoulder joint can drain rapidly. In 
the retrofit case, the edgedrain should be placed primarily to 
intercept flow from the slab/base interface. Dense-graded 
impermeable bases, subbases, and subgrades cannot effectively be 
drained. Yith the retrofit case where tied PCC shoulders exist, 
the edgedrain should generally be located along the outside edge 
of the shoulder. For the edgedrain location on a new or 
reconstructed pavement with a permeable base refer to Figure 1. 

d. Geotextile Desian 

(1) 

(2) 

As voids develop at the slab/base interface, free water 
under pressure from moving heavy wheel loads will erode 
fines in the base material. These fines will migrate to the 
edgedrain. If the edgedrain is completely wrapped in a 
geotextile, eroded fines may collect on the surface and 
blind the geotextile or get trapped within the matrix and 
clog the geotextile. Once the geotextile has been blinded 
or clogged, there is no path for the water to escape and the 
entire pavement section will become saturated. This 
condition will reduce subgrade strength, accelerating 
pavement deterioration. 

Most geotextiles used for pavement drainage and filtration 
applications have AOS's in the 40 to 70 range. It is 
important that the permeability of the geotextile be greater 
than that of the adjacent base material. This ensures rapid, 
removal of water that migrates to the slab/base interface, 
and to a much lesser extent, allows water to drain from the 
base while retaining'the base material. The recommended 
permeability of a geotextile should be within a range of 
4 to 10 times the pe-ability of the adjacent base. Most 
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(3) 

(4) 

(51 

of the geotexWes used by SHA's In pavement 
drainage/filtration applications have a permeabiljty fn the 
range of 100 'to 500 feet per day, Uhlle these rates are 
much greater than that Of most exlstIng dense-graded base 
materials, they may be much less than the permeability of 
most permeable bases. 

The greater the percentage of fines in the base material, 
and the more free water present in the base; the more 
aggravated the potentlal clogging problem will be. 
Regardless of the geotextfle placement, fines will be eroded 
from the base. The geotextlle only controls what happens to 
the fines after erosion (i.e., retain or allow to pass 
through). 

It is recommended that the trench only be partially wrapped 
with a geotextile as shown in Figure 2. By eliminating the 
geotextile at the slab/base interface, free water entering 
at the pavement/shoulder joint and water flowing at the 
slab/base interface will be drained. This will drastically 
reduce the time water is available to saturate the base. 
Partially wrapping the trench creates the best hydraulic 
conditions for draining the free water present. 

The trench for the longitudinal edgedrain collector system 
for a permeable base is generally lined with a geotextile. 
However, the top of the trench is left open to the permeable. 
base to allow water a direct path into the collector system. 
See Figure 1. 

e. Collector Pine Most WA's use flexible, corrugated polyethylene 
iCPE) or smooth rigid polyvinyl chloride (PVC) pipe. Pipe should 
znform to the appropriate State or AASHTO Specification. For CPE 
pipe, AASHTO specification M 252 Corrugated Polyethylene Drainage 
Tubing is suggested, while for PVC pipe, AASHTO Specification 
M 278, Class PC 50 Polyvinyl Chloride (PVC) Pipe, is recommended. 
If the pipe will be installed in trenches that are to be 
backfilled with asphalt stabilized permeable material (ASPM), the 
pipe must be capable of withstanding the temperature of the ASPM. 
PVC 90 degree centigrade electric plastic conduct, EPC-40 or 
EPC-80 conforming to the requirements of National Electrical 
Manufacturers Association (NEMA) Specification TC-2 Is suggested 
when ASPM is used as a trench backfill. 

f. Trench Backfill 

(1) The edgedrain trench should be backfilled with a permeable 
material to rapidly convey water to the drainage pipe. Many 
WA's use the AASHTO No. 57 stone for trench backfill. This 
material can be unstabilized or stabilized. Unless the 
unstabilized permeable backfill material is properly 
compacted, settlement over the edgedrain may occur. A 
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solution to the settlement problem is to use a stabilized 
permeable backfill material. Gradations similar to 
stabilized permeable base as discussed in paragraph 6.b. can 
be used for backfill. If asphalt cement stabilized backfill 
is used, geotextiles and pipes which will withstand the 
temperatures of the material must be specified. 

(2) For geocomposites, the trench is usually backfilled with the 
previously excavated material. Care must be taken in the 
backfilling so that the geocomposite is not damaged. Proper 
compaction of the backfill is necessary to keep the 
geocomposite aligned, held tight against the pavement, and 
to prevent settlement. 

9* Trench Cap. The edgedrain trench should be capped with a layer of 
like shoulder material. The longitudinal pavement/shoulder joint 
should be sealed to reduce the infiltration of surface water into 
the pavement structure. 

h. Lateral Outlet Woe. The installation of the outlet pipe is 
critical to the edgedrain system. It 4s reconmnended that a metal 
or rigid solid-walled pipe be used for the lateral outlet pipe to 
ensure the proper grade. Al so they are less susceptible to 
crushing by mowing operations or emergency stops by heavy vehicles 
than.flexible pipe. A 3 percent slope to the ditch as shown in 
Figure 4 is recommended. This will ensure that the pipe will 
drain if there is a slight variance of the pipe grade. A 
collector pipe system may have to be installed if ditches or 
medians are too flat to outlet the pipe. The invert of the outlet 
pipe should be at least 6 inches above the lo-year design flow in 
the ditch. Outlet pipes should be connected to existing storm 
drains or inlets, If possible, to provide better gradient and to 
reduce outlet maintenance. The trench for the outlet pipe must be 
backfilled with a material of low permeability, or provided with a 
cut-off wall or diaphragm, to prevent piping. Also, subsurface 
drainage design should-be coordinated with surface drainage. 

Rigid Solid-wall Pipe 

6-inch min. 
----------s..m.. 

I &year Design Flow 

Figure 4. Outlet Pipe Design 
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f l @&let Soacinq The purpose of subsurface drainage Is to remove 
water from the'pavement structure as quickly as possible; 
therefore, outlet spacing should be limited to 250 to 300 feet. 
The edgedrain should be segmented SO that each section drains 
independently. c 

J. Headwall 2. Headwrlls are recoarnended because they provide the 
following functions: 1) protect outlet pipe from damage, 
2) prevent slope erosion, and 3) frcilltate the location of outlet 
pipes. Headwalls should be placed flush with the slope so that 
mowing operations are not impaired. Positive grades should be 
provided so that the headwrll apron will drrln. Roth 
cast-in-place and precast concrete headwalls can be used. The 
important consideration Is maintaining the outlet pipe grade. 
Some SHA's have used a metal pipe sleeve around plrstdc outlet 
pipes that extend 4 to 5 feet Into the fill to protect the outlet 
pfpe. A recommended design is shown in Figure 5. 

k. Rodent SC ee t Rodent screens are recomwnded as rodents have 
been repoftai io damage geocomposite ftn drains and build nests in 
plpe edgedrrins. The opening size of the rodent screen should be 
between 114 and 3/Wnch square. Erosion of base fines can build 
up on rodent screens and restrict the outflow. Rodent screens 
should be easily removable so that the screens and the outlet 
pipes can be cleaned (see Figure 5). 

1. Reference Markers Reference markers are recommended because they 
facilitate locatlig edgedrain outlets for maintenance or 
observrtlon. Some WI's use a simple flexfble delineator post to 
mark the outlet, whfle others use a prfnted arrow or other marking 
on the shoulder. 

m. Horizontal Cross Drain. In some cases, a horizontal cross drain 
may be required as part of a permeable base. A cross droln must 
be provfded at the low-end terminal of permeable base projects 
(i.e., abutting impermeable base pavement, a bridge approach slab, 
a sleeper slab, a pavement end anchor or a pressure relief joint). 
In such cases, a rectangular trench lined with geotextile 
containing a collector pipe and backfilled with permeable material 
should be used. The trench should be a minimum of l-foot deep, 
2 feet long, and running the full width of the pavement (see 
Figure 6). The use of horizontal cross drains on steep grades Is 
generally not necessary. Theoretically, these drains will only 
collect a small quantlty of water. However, in areas such as sag 
vertical curves or in horizontal curve transltion areas horizontal 
cross drains should be considered. Coordlnation of the cross 
drains with the longitudinal structural section drainage systems 
is important. 
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Figure 6. Precast Concrete Headwall with Removable Rodent Screen 
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Figure 6. Horizontal Cross Drain \r 

n. Construction Consideration$ 

(U 

(2) 

Attention to details when constructrng the longitudinal 
edgedrain collector system is critical to proper performance 
of the edgedrain, whether in a retrofit case or as part of a 
permeable base. As with any other drainage facility, 
correct line and grade are critical to the hydraulic 
function of the edgedrains. The placement of the lateral 
outlet pipe in the trench is very important. High or low 
spots in the trench must be avoided. The slope of the 
lateral outlet pipe should be equal to or greater than that 
of the longitudinal edgedrain. 

To prevent water entrapment, it is critical that the exposed 
end of the pipe is not turned upward or otherwise elevated 
due to poor construction procedures. There have been some 
problems noted where the slope of the embankment has 
prevented a good fit of the lateral pipe Into the slope. In 
a few States, headwall aprons were observed with a reverse 
grade. Because of improper construction, placement, or 
settlement, the headwall apron sloped back towards the pipe. 
Another problem observed was the curling up of the last few 
f:::,;f flexible outlet pipe resulting in a non-draining 

This increases the potential for pavement problems 
by not'allowing accumulated free water adjacent to the 
pavement structure to drain as rapidly. The pipe curling 
problem was not observed in those States where rtgid lateral 
outlet pipes were used. 
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(3) Proper joint seal construction can significantly reduce the 
amount of moisture entering the pavement. 

(4) If undersealing is needed, it should precede the 
installation of an edgedrain system because of the potential 
for this operation to contaminate the geotextile and/or 
aggregate backfill materials. 

0. Maintenance 

(1) 

(2) 

(3) 

(4) 

(5) 

Maintenance is critical to the continued success of any 
longitudinal edgedrain system. Inadequate maintenance is a 
universal problem. The combination of vegetative growth, 
roadside slope debris, and fines discharging from the 
edgedrains will eventually plug the outlet pipe. Often, 
outlets can not be found because they are completely covered 
with vegetative growth and/or roadside slope debris. When 
outlets that could be found were unplugged, water surged 
from the pipes. 

It is obvious that if maintenance personnel cannot find the 
outlets no maintenance can be performed. SHA's that used 
concrete headwalls and/or reference markers had better 
success at finding outlets. The outlets could be found and 
maintenance provided. 

SHA's should be encouraged to mow around the outlets and 
clean the outlet pipes a minimum of twice'each year. 

Periodic flushing or jet rodding of the edgedrain system is 
important to the continued performance. Therefore, it is 
important to have the pipe aligned with the proper radii to 
facilitate this maintenance operation. It is suggested that 
plan sheets showing alignment of drains and outlets and 
details.on curved connectors. ,' 

Maintenance policies should recognize the benefits and 
necessity of maintaining the joint sealant and thus 
preventing water from infiltrating into the base layer. 
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APPENDIX A 

'Filter-Separator Layer Design" Example Problem 

A typical subgrade gradation and the unstabilized permeable base gradation 
from page 10 were selected for this problem. The'first step is to plot the 
gradation of both the permeable base and the subgrade on a gradation chart 
(shown by the solid lines on Figure A-l). 

Then using Figure A-I, determine the D-, Op. and 0,. particle sizes from the 
permeable base and subgrade gradation curves: 

Permeable 
Base bml 

0. 17.0 0.65 

DID 6.0 0.13 

D l@ 1.85 0.038 

where the & equals the grain sire that-.X' percent of the 
particles, by weight, are smaller. 

The next step is to apply the design equations (from page 12) to the 
filter-separator/s&grade interface and plot the points on a gradation chart 
(Figure A-l): 

u. 1 D,, (Filter-Separator) 5 5 0" (Subgrade) 

D,, (Filter-Separator) 5 5 x 0.65 

D,, (Filter-Separator) 5 3.25 ~llp 

50. 2 0, (Filter-Separator) L 250, (Subgrade) 

D,,, (Filter-Separator) s 25 x 0.13 

0, (Filter-Separator) < 3.25 II 

The equation 1 and 2 criteria are superimposed on the gradation curves as 
shown by the triangular points on Figure A-l. 
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Once the mid-points of the gradation band are plotted the CU (OJD,,) can be 
determined. It is recommended that the gradation meet the requirement that 
the CU be 2 20 and s 40 (requirement from page 12) to ensure that the 
gradation is well-graded and stable. For example, when plotted on Figure A-2, 
Gradation No. 1 indicates that the gradation meets the filter-separator 
criteria and the maximum 12 percent fines criteria. 

The final step is to pick out the 0, and D,, on the dashed line (circular 
points) and calculate the CU. The CU for this gradation is 38.5 (DJD,, = 
3.85 mm/O.1 mm) which falls within the recommended criteria indicating a 
well-graded and stable gradation. .. 

Sieve Size 
1 l/2 inch 
3/4 inch 

No. 4 
No. 16 
No. 40 

No. 100 
No. 200 

Percentage Passing 
Gradation No. 1 Gradation No. 2 

100 - 
85-100 
50-80 100 

60-75 
20135 35-50 

15-30 
5112 5-12 

Gradation No. 2 (on Figure A-2) is a coarse sand gradation which also meets 
the filter-separator criteria and the maximum 12 percent fines criteria. 
However, it has a CU of 9.75 (DJD,, - 0.78 m/O.8 mm) indicating a more 
uniform, less stable gradation which docrn't meet the recommended criteria. 

"\.. 
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rwteable Base 

#a4 

Figure, A-l - 

The next step is to apply the design equations (froQI page 12) to the permeable 
base/filter-separator interface and plot the points on the gradation chart: 

Eo. 0,. (Base) 5 5 0, (Fi 1 ter-Separator) 

1.85 I 5 0, (Filter-Separator) 

0, (Filter-Separator) 2 .37 = 

EO. 4 0, (Base) 5 25 0, (Filter-Separator) 

6.0 3 25 Cl, (Filter-Separator) 

0, (Filter-Separator) 2 .24 m 

The equation 3 and 4 criteria are superimposed on the gradation curve as shown 
by the hexagonal points on Figure A-l. 

The mid-point of the filter-separator layer gradation band must fall within 
the lines joining the two triangular and two hexagonal points determined by 
the previous equations to meet the criteria. In addition, It Is recommended 
that the gradation have 12 percent or less of the material passing the 
No. 206 sieve (square point on Figure A-l). 
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APPENDIX B 

TABLE 1 
PHYSICAL REQUIREMENTS IJ 

FOR DRAINAGE GEOTEXTI LES 

From AASHTO-AGC-ARTBA Task Force 25 

Drainage ' 
Prooertv Class A' Class B' 

Grab Strength (lbs.) 180 80 

Elongation (X) N/A WA 

Seam Strength' (lbs.) 160 70 

Puncture Strength (lbs.) 80 25 

Burst Strength (psi) 290 130 

Tear Strength (lbs.) 50 25 
(Trapezoidal Tear) 

Apparent ' 1. Soil with 50 percent or less 
Opening Size particles by weight passing US 
US Std. Sieve No. 200 Sieve, AOS less than 

0.6 nxn (greater than No. 30 
US Std. Sieve) 

2. Soil with more than 50 percent 
particles by weight passing US 
No. 200 Sieve, AOS less than 
0.3 mm (greater than 
No. 50 US Std. Sieve) 

Permeability' k geotextile > k‘soil for all classes 
(cm/set) 

Ultraviolet 
Degradation 
at 150 hours 

70 percent Strength retained for all 
classes 

Test Method 

ASTM D-4632 

ASTM D-4632 

ASTM D-4632 

ASTM D-4833 (Mod.) 

ASTM D-3786 

ASTH D-4533 

ASTM D-4751 

ASTM D-4751 

ASTM 04491 

ASTM 04355 

1 Acceptance of geotextile material shall be based on Task Force 25 
acceptance/rejection guidelines. 

2 Contracting agency may require a.letter from the supplier 
certifying that its geotextile meets specification requirements. 
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a Minimum - Use value in weaker principal direction. Numerical 
values represent m3fntmum average roll value (i.e., [average] test 
results from any sampled roll in a lot-shall meet or exceed the 
minimum values in the Table). Stated values are for non-critical, 
non-severe applications. Lots sampled according to ASTN 04354. 

4 Class A Drainage applicattons for geotextIJes are where 
installation stresses are more severe than Class B applications, 
i.e., very coarse sharp angular aggregate is used, a heavy degree 
of compaction (95 percent or greater AASHTO 199) is specified or 
depth of trench is greater than 10 feet. 

8 Class B Drainage applications are those where geotextile is used 
with smooth graded surfaces having no sharp angular projections, 
no sharp angular aggregate is used; no compaction requirements are 
light, (less than 95 percent AASHTO T99), and trenches are less 
than 10 feet in width. 

8 Values apply to both field and manufactured seams. 

7 A nominal coefficient of permeability may be determined by 
multiplying pennittivity value by nominal thickness. The k value 
of the geotextile should be greater then the k value of the soil. 
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APPENDIX B 

TABLE 2 
PHYSICAL REQUIREMENTS 

FOR SEPARATXON APPLICATIONS' 
(From AASHTO-AGC-ARTBA Task Force 25) 

< 50 PERCENT ELONGATION / > 50 PERCENT ELONGATION= 

SURVIVABILITY 
LEVEL 

HIGH 

MEDIUM 

GRAB PUNCTURE TRAPEZOIDAL TEAR 
STRENGTH RESISTANCE STRENGTH 

ASTM-D 4632 ASTM D 4833 ASTM D 4533 
(LBS) (LB9 (LBS) 

270/180 100/75 100/75 

180/115 70/40 70/40 

ADDITIONAL REOUIREMENTS TEST METHODS 

APPARENT OPENING SIZE (AOS) 

1. Less than 50% soil passing a Std. US 
No. 200 sieve, AOS < 0.6 mm. 

ASTM D 4751 

. 2. More than 50% soil passing a Std. US 
No. 200 sieve, AOS < 0.3 m. 

PERMEABILITY ASTM D 4491 

1. k of the geotextile > k of the soil 
(permittivity times the nominal 
geotextile thickness). 

ULTRAVIOLET DEGRADATION 

1. At 150 hours- exposure, 70% strength 
retained for all cases. 

ASTM D 4355 

GEOTEXTILE ACCEPTANCE ASTM D 4759 ~ 

' Values shown are minimal roll average values. 
Strength values are in the weaker principle direction. 

' Elongation as determined by ASTM D 4632. 

' The values of geotextile elongation do not ,imply the allowable 
consolidation properties of the subgrade soil. These must be determined by a 
separate investigation. 
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to develop a -state-of-the-practice report on edgedrain design by the 
States reviewed. 

In the third phase, In-depth Analysis, the pavement at the test sites 
will be instrumented and data will be collected over a l-year period. 
Rainfall and edgedrain outlet discharge rates and patterns will be 
recorded. Soil moisture and pressure transducer gauges will be 
installed in an attempt to identify moisture conditions under the 
pavement. Dye will be injected into the pavement structure in an effort 
to identify subsurface flow patterns. 

Nondestructive testing will be accomplished by viewing the edgedrain 
pipe with a borescope. Faulting and deflection measurements may be 
taken to determine the condition of pavements. 

Test pits will be dug, and the edgedrain trench excavated. Visual 
observations will be made of the pipe, filter fabric, backfill material, 
base material and slab/base interface. Permeability tests will be run 
on the filter fabric and backfill material. 

The fourth phase, Analysis and Evaluation, will analyze the data that 
has been gathered and attempt to evaluate the performance of 
longitudinal edgedrains. 
study will be prepared. 

A final report outlining the findings of the 

The Water Resources Division of the U.S. Geological Survey (USGS) has 
been retained to instrument the pavements, analyze the data, and prepare 
the final report. Since the USGS has a District office in each State, 
they will have easy access to the test site. USGS's experience in water 
data collection and testing should enhance the quality of the project. 

Individual SHA's will provide the necessary traffic control, core 
drilling, saw cuts, and trench excavation. 

1.3 Project Selection Criteria and State Selection 

It was necessary to develop project selection criteria for selecting the 
State and projects to be included in the review. The first criteria was 
that the States selected should have a geographic spread so that the 
study would represent nationwide conditions. 

The most important criteria was that the retrofit longitudinal 
edgedrains were installed 3 to 10 years prior on PCC pavements showing 
only a moderate amount of distress. It is believed that this condition 
will best represent the merits of providing retrofit longitudinal 
edgedrains. Another criteria that works in concert with this one is the 
need for a control section. By identifying a similar pavement that was 
not retrofitted with edgedrains, the rates of deterioration can be 
compared. If a control section was not available, consideration will be 
given to plugging of the drain on the selected section to simulate an 
undrained condition. 
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A PCC pavement not having received an asphalt concrete (AC) overlay was 
also a project criteria. The need to have the pavement directly subject 
to rainfall was recognized. A lesser criteria was that the project be 
located relatively near the State Capital so that it would receive the 
necessary attention during the instrumentation phase. 

Submissions describing the projects available in the individual States 
were forwarded to FHWA for review. After an in-depth review the 
following States were selected; Alabama, Arkansas, California, Illinois, 
Minnesota, New York, North Carolina, Oregon, West Virginia, and Wyoming. 

2.0 SUMHARY OF STATES' PHILOSOPHY ON RETROFIT EDGEDRAIN DESIGN 

The basic approach to edgedrain design varied among the States reviewed. 
Each State believes that its particular design best meets the needs of 
the State. The following is a discussion of each State's basic approach 
to edgedrain design. 

2.1 Alabama 

Rehabilitation of high-type (Interstate) PCC pavements in Alabama 
includes installation of longitudinal edgedrains (an aggregate trench 
drain). New PCC pavements also are constructed with the same 
longitudinal edgedrain design. Since water is being drained the State 
feels that edgedrains are beneficial. The State is pleased with its 
edgedrain design and believes edgedrains extend the service life of its 
PCC pavements. Alabama's standard PCC pavement section is a dowelled 
jointed plain concrete pavement (JPCP) consisting of 9 inches of PCC 
over 6 inches of soil subbase which has been stabilized with 7 percent 
cement. Beneath this is a 6-inch layer of soil subbase on top of 12 
inches of improved roadbed. The soil subbase contains up to 40 percent 
minus No. 200 sieve material. 

2.2 Arkansas 

Arkansas has been installing longitudinal edgedrains on PCC pavements 
since 1975/76. Approximately 150-200 lane miles of edgedrains have been 
installed in that time with the basic edgedrain design remaining the 
same. Arkansas' edgedrains are designed to rapidly drain the water that 
migrates to the slab/base interface and to permit the draining of 
infiltrated moisture trapped in the poor draining base (the majority of 
PCC pavements in Arkansas were constructed on a crushed stone or gravel 
base with very low permeability). 

Arkansas' PCC pavements are generally IO-inch jointed reinforced 
concrete pavements (JRCP) with dowelled contraction joints at 45-foot 
spacing. Warping joints are also constructed at 15-foot intervals in 
the slab. Rehabilitation of PCC pavements in Arkansas generally 
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consists of installing edgedrains in conjunction with concrete pavement 
restoration (CPR). It is hoped that rehabilitation will give an 
additional 10 years of service life to the pavement. Arkansas does not 
have any quantitative criteria for when to install retrofit longitudinal 
edgedrains. Installation is based on visual observations of moisture 
related distress. 

2.3 California 

Retrofit longitudinal edgedrains were California's first attempt at 
pavement drainage. They have been installing retrofit longitudinal 
edgedrains (on PCC pavements only) on a routine basis since 1978. Over 
500 lane miles of edgedrains have been installed since then. Most of 
California's PCC pavements are plain jointed undowelled with short joint 
spacing (15 feet) constructed over a cement treated base (CTB) or lean 
concrete base (LCB) placed over a minimum 24 inches of aggregate subbase 
with an R-value of 50. Their edgedrains are designed to rapidly drain 
the water that migrates to the slab/base interface. Generally, no other 
work is performed on the pavement at the time retrofit longitudinal 
edgedrains are installed. It is hoped that edgedrains will give an 
additional lo-15 years of service life to the pavement. Edgedrains are 
installed along the outside lane only, except in superelevated sections 
where they are installed along the inside lane as well. 

California was the only State that evaluated the effect retrofit 
longitudinal drains have on PCC pavement performance. Based on this 
evaluation, the following criteria were developed for installing 
retrofit longitudinal edgedrains on PCC pavement: 

PCC pavement: 

1) with no more than 10 percent first stage cracking (one crack per 
panel) and/or 1 percent third stage cracking (fragmentation of the 
slab as evidenced by three or more interconnecting cracks); 

2) that is no more than 10 years old; and 
3) with less than 13 million accumulated ESAL's (equivalent single 

axle loads). 

2.4 Illinois 

Illinois has been installing longitudinal edgedrains (on PCC pavements 
primarily) on a routine basis since 1971. From 1976 to 1985 an average 
of 1.9 million feet of edgedrain was installed. Illinois' edgedrains 
are designed to rapidly drain the water that migrates to the slab/base 
interface, to permit the draining of infiltrated moisture trapped in the 
poor draining base (the majority of PCC pavements in Illinois were 
constructed on a dense graded aggregate base (DGAB) or bituminous 
aggregate material (BAM)), and to drain the subgrade. Rehabilitation of 
PCC pavements (both JRCP and continuously reinforced concrete pavement 
(CRCP)) in Illinois generally consists of installing edgedrains prior to 

. 
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shoulder reconstruction or overlaying with AC. Approximately one-half 
of new high-type pavements are constructed of CRCP and one-half are 
constructed of JRCP. 

Illinois believes that any drainage is better than no drainage. There 
is no expectation of additional service life with retrofit longitudinal 
edgedrains although it is believed that drainage does increase the life 
of'the pavement. 

The cost of edgedrains has remained in the S2-$3 per linear foot range 
since 1977. Edgedrains are installed along the outside lane and where 
feasible, are installed along the inside lane (in the median) as well. 

2.5 Minnesota 

Minnesota has been installing longitudinal edgedrains (on PCC pavements 
only) on a routine basis since 1979/80. Over 1100 lane miles of 
edgedrains have been installed since then. Minnesota's edgedrains are 
designed to rapidly drain the water that migrates to the slab/base 
interface, to permit the draining of infiltrated moisture trapped in the 
poor draining base (the majority of PCC pavement in Minnesota were 
constructed on a DGAB), and to prevent the stripping in the AC overlay, 
when used. Rehabilitation of PCC pavement in Minnesota generally 
consists of installing edgedrains prior to overlaying.with AC. It is 
hoped that rehabilitation will give an additional 10 years of service 
life to the pavement. 

Minnesota has not been able to conclusively prove edgedrains are cost- 
effective. The State feels that the drains are so inexpensive ($1.00 
$1.25 per linear foot) that they can't afford not to put them in. 
Retrofit longitudinal edgedrains are looked upon as cheap insurance. 
The State feels that if retrofit longitudinal edgedrains give only an 
additional 2-3 years of service life to the pavement the edgedrains will 
have paid for themselves. Edgedrains are installed along the outside 
lane and where feasible, are installed along the inside lane (in the 
median) as well. 

2.6 New York 

New York has been installing longitudinal edgedrains on PCC and AC 
pavements since 1977. Approximately 600 miles of new and retrofit 
edgedrains have been installed since then. New York's edgedrains on PCC 
pavements are designed primarily to rapidly drain infiltrated water that 
migrates to the slab/base interface and secondarily to permit the 
draining of infiltrated moisture trapped in the poor draining base (the 
majority of PCC pavements in New York were constructed on a granular 
base daylighted to the ditch). Rehabilitation of PCC pavements in New 
York generally consists of installing edgedrains prior to overlaying 
with AC. 
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Installation of longitud'inal edgedrains varies from state region to 
state region. Edgedrain installation is based on field inspection of 
perceived need. Edgedrains are relatively expensive to install in New 
York; therefore, good engineering requires discriminate application. 
Cost is estimated from 410-612 per linear foot. Cost of edgedrains in 
New York is believe to be much higher because of increased labor costs. 
Edgedrains are installed along the outside lane and where feasible, 
along the inside lane (in the median) as well. 

2.7 North Carolina 

North Carolina has been installing longitudinal edgedrains on PCC 
pavements on a routine basis since 1979/80. North Carolina's edgedrains 
are designed to rapidly drain the water that migrates to the slab/base 
interface and to permit the draining of infiltrated moisture .trapped in 
the poor draining base (the majority of PCC pavements in North Carolina 
were constructed on a DGAB). Rehabilitation of PCC pavements in North 
Carolina generally consi'sts of installing edgedrains as part of CPR. It 
is hoped that rehabilitation will give an additional 10 years of service 
life to the pavement. All new construction receive edgedrains on the 
low side of the pavement. They are looked upon as cheap insurance. 

2.8 Oreaon 

Oregon has been installing longitudinal edgedrains on PCC pavements on a 
routine basis since 1978/79. Oregon's edgedrains are designed to 
rapidly drain the water that migrates to the slab/base interface and to 
permit the draining of infiltrated moisture trapped in the poor draining 
base (the majority of PCC pavements in Oregon were constructed on a 
DGAB). Edgedrains are also used to control groundwater. New or 
reconstructed PCC pavements are generally continuously reinforced placed 
over LC8. Edgedrains are installed on new and reconstructed PCC 
pavements if moisture related distress is anticipated or has been a 
problem in the past. Rehabilitation of PCC pavements in Oregon 
generally consists of installing edgedrains prior to overlaying with AC. 
It is hoped that rehabilitation will give an additional 10 years of 
service life to the pavement. There are no quantitative criteria for 
the installation of retrofit longitudinal edgedrains. Installation is 
based on perceived need (i.e., pumping or some other moisture related 
distress). Edgedrains are considered on all Interstate rehabilitation 
projects on a case by case basis. Most of the edgedrain projects have 
been in the I-5 corridor because of the higher precipitation experienced 
on the western side of the Cascade Mountain Range. Edgedrains have not 
been used extensively on other road systems. 

Oregon has not developed data proving edgedrains are cost-effective. 
However, they are inexpensive (approximately $2.50 per linear foot). 
Edgedrains are installed along the outside lane primarily and along the 
inside lane (in the median) on superelevated sections. 
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2.9 West Viroinia 

West Virginia has been installing longitudinal edgedrains on cracked and 
seated (C&S) PCC pavements only since 1981/82. West Virginia's 
edgedrains are designed to drain surface water that infiltrates through 
the pavement and water that migrates up through the underlying layers. 
The edgedrain also drains water that is trapped in the poor draining 
base (the majority of PCC pavements in West Virginia are constructed on 
6 inches of NAB). Most PCC pavements are g-inch jointed reinforced and 
dowelled with 61.5foot joint spacing. Rehabilitation of PCC pavements 
in West Virginia generally consists of installing edgedrains prior to 
cracking the PCC into 12- to 18-inch pieces and overlaying with 3 to 
4 inches of AC. The age of the PCC pavements at rehabilitation is 
generally 18 years. It is hoped that this rehabilitation will give an 
additional lo-15 years of service life to the pavement. At present, the 
State does not install edgedrains on rehabilitated AC pavements. The 
State does not have any quantitative criteria for installing retrofit 
longitudinal edgedrains. Evidence of pumping and/or other moisture 
related distress is the determining factor on whether edgedrains are to 
be installed. Edgedrains are installed along the outside lane primarily 
and along the inside lane (in the median) on superelevated sections. 

2.10 Wvominq 

Late in 1987, Wyoming began installing longitudinal edgedrains on PCC 
pavements only. Wyoming's edgedrains are designed to rapidly drain 
water that migrates to the slab/base interface and to permit the 
draining of infiltrated moisture trapped in the poor draining base (the 
majority of PCC pavements in Wyoming were constructed on a 6-inch NAB). 
Most PCC pavements constructed.in Wyoming are 8-inch JPCP with skewed 
joints (2 feet in 12 feet) spaced at 18, 19, 13, and 12 feet. 
Rehabilitation of PCC pavements in Wyoming is also just beginning and, 
to date, consists of some CPR techniques (i.e., patching and slab 
replacement) and the installation of retrofit longitudinal edgedrains. 
The State hopes that edgedrains will help reduce the faulting (l/4- to 
l/2-inch) that is occurring on their JPCP’s. There is not much evidence 
of pumping on their pavements. Wyoming's edgedrains are installed along 
the outside lane primarily and along the inside lane in superelevated 
sections. It is hoped that rehabilitation will give an additional 10 
years of service life to the pavement. 

A comparison of pavement types and criteria for edgedrain installation 
is provided in Table 1. 
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3.0 

3.1 

laole 1. Listing UT ravemenr; lypes ana lnstal lation Criteria 

Alabama 
Arkansas 
California 

Illinois 
Minnesota 
New York 
North Carolina 
Oregon 
West Virginia 
Wyoming 

Pavement 
Edgedrain 

Subbase Installation 
Type Criteria 

JPCP CTS Observed Need 
JRCP DGAB Observed Need 
JPCP CTB/LCB A71 PCC Meeting State 

CRCP 
Criteria (1) 

DGAB All PCC Rehabilitation 
JRCP DGAB All PCC Rehabilitation 
JRCP DGAB Observed Need 
JPCP DGAB All PCC Rehabilitation 
JPCP DGAB Observed-Need 
JRCP DGAB Observed Need 
JPCP DGAB All Current PCC 

Rehabilitation 

(1) Project must meet State criteria as discussed in Section 2.3. 

REVIEW OF CURRENT EDGEDRAIN PRACTICE 

One of the objectives of the Field Review Phase was to determine the 
current edgedrain practices in the States selected for study. Drainage 
elements such as edgedrain backfill material, edgedrain location, filter 
fabric, headwalls, etc., were investigated. This information is 
presented in the following discussions of each design element. 

TYDe of Edaedrain 

Alabama, North Carolina, and West Virginia are the only States that use 
a stone filled trench without a continuous drain pipe. The trench is 
wrapped with a filter fabric and backfilled with a open-graded 
aggregate. A drainage pipe is installed in the last 200 feet of trench 
in North Carolina and the last 10 feet of trench in the other States 
before being outletted. This design is a "french drain" approach. 
Figure 1 shows the aggregate trench type of edgedrain used by these 
States. 
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Illinois, Minnesota, and New York do not wrap the trench with filter 
fabric but rather use a filter aggregate or coarse sand backfill around 
a perforated pipe. 
slower draining, 

In this design approach, although generally much 
the drainage aggregate is believed to act as the 

filtering media to prevent eroded fines from plugging the edgedrain 
system. Illinois and Minnesota wrap the pipe with filter fabric to 
prevent the backfill material from entering the pipe; This approach is 
shown in Figure 2. 

California's edgedrain design consists of a 3-inch slotted rigid PVC 
pipe which is placed at the bottom of a relatively shallow, partially 
filter fabric lined trench (12 inches‘wide and 10 inches deep) 
excavated slightly into the cement treated base and backfilled with a 
treated permeable material (TPM) (either asphalt treated at 
approximately 2 l/2 percent or cement treated at 2 to 4 bags per cubic 
yard). The purpose of the filter fabric is to prevent aggregate base 
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and subgrade fi'nes from contaminating the edgedrain system. The filter 
fabric is omi‘tted in the slab/base interface to allow infiltrated water 
and eroded fines that have migrated to the interface to jet directly 
into the drain. California's design is unique in that the trench is 
very shallow. The purpose of the edgedrain system is to drain water 
which collects at the slab/subbase interface and water entering the 
pavement/shoulder joint. The invert of the drainage pipe is 
approximately l-inch below the slab/subbase interface. California's 
design approach is shown in Figure 3. 

Flgura3.CALlFORNAEDQEMANMSlQN 

All of the remaining States (Arkansas, Oregon and Wyoming) use basically 
the same design; that is, the trench is completely wrapped with a filter 
fabric. A 3-4 inch drainage pipe is placed in the bottom of the trench. 
The trench is then backfilled with an open graded aggregate. A 
conventional perforated pipe edgedrain is shown in Figure 4. 

FIgWm4.PB8FoRATDPPEEDwXAlN 

Geocomposite fin drains have been used by many States reviewed (Alabama, 
Arkansas, Illinois, Minnesota, North Carolina, West Virginia, and 
Wyoming) primarily on an experimental basis. Figure 5 shows a typical 
geocomposite fin drain. Table 2 provides a comparison of edgedrain 
types used. 
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Table 2. Comparison of Edgedrain Types. 

Alabama 
Arkansas 
California 
Illinois 
Minnesota 
New York 
North Carolina 
Oregon 
West Virginia 
Wyoming 

L 

Edaedrain location 

Type of 
Edgedrain 

Geocomposite 
Fin Drain 

Aggregate Trench Experimental 
Conventional Pipe Experimental 
Shallow Trench Not Allowed 
Sand Backfill Allowed as Alternate 
Sand Backfill 
Filter Aggregate 

Experimental 
Experimental 

Aggregate Trench Experimental 
Conventional Pipe Allowed as Alternate 
Aggregate Trench Experimental 
Conventional Pipe Experimental 

All of the States reviewed place the edgedrain under the shoulder 
immediately adjacent to the pavement/shoulder joint. 

Trench Backfill 

Both Illinois and Minnesota use a coarse sand backfill. The aggregate 
gradations are given in Tables 3 and 4, respectively. Illinois and 
Minnesota anticipate coefficient of permeabilities of 50 to 100 feet per 
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day with these backfill materials. Use of the Illinois gradations is 
based on local availability of materials. 

Table 3. Illinois' Sand Gradations. 

I Percent Passing 7 
I Sieve Size I FA 1 I FA 2 I 

3/8-inch 
No. 4 
No. 16 
No. 50 
No. 100 
No. 200 

100 100 
94- 100 94-100 
45-85 45-85 

3-29 10-30 
O-10 O-10 
o-3 o-3 

Table 4. Minnesota's Sand Gradation. 

I Sieve Size 1 Percent Passing 1 

3/8-inch 100 
No. 4 90- 100 
No. 10 45-90 
No. 40 15-45 

No. 200 o-3 

California uses either asphalt treated permeable material (ATPM) at 
approximately 2 l/2 percent or cement treated permeable material (CTPM) 
at 2 to 4 bags per cubic yard. Coefficient of permeabilities are 
approximately 4,000 feet per day for the CTPM and 15,000 feet per day 
for the ATPM. The gradations for ATPM and CTPM are given in Tables 5 . 
and 6, respectively. 

Table 5. California's ATPM Aggregate Gradation. 

Sieve Size Percent Passing 

l-inch 100 
3/4-inch 90- 100 
l/2-inch 35-65 
3/8-inch 20-45.. 

No. 4 O-10 
No. 8 o-5 

No. 200 o-2 
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Table 6. California's CTPM Aggregate Gradation. 

i 
Sieve Size Percent Passing 

1 l/2-inch 100 
I-inch 86-100 

3/4-inch x f 22 
3/8-inch x + 22 

No. 4 O-18 
No. 8 o-7 

Where "X" is the gradation which the contractor proposes to 
furnish for the specific sieve size. 

New York uses a filter aggregate consisting of a crushed stone, sand 
gravel, or screened gravel with varying degrees of permeability. The 
filter material gradations are given in Table 7. Gradation type is 
selected by the State regional soils engineer based on the amount of 

- fines in the native soil. 
percent of the time. 

The Type I gradation is used approximately 75 
Type III is used if silt is encountered. 

Table 7. New York's Aggregate Gradations. 

Sieve Size 

l-inch 
l/2-inch 
3/8-inch 
l/l-inch 
No. 8 
No. 10 
No. 16 
No. 20 
No. 30 
No. 50 
No. 100 

No. 200 (wet) 

Percent Passing 

Type 1 
100 

30- 100 

O-30 

O-10 

015 

Type II 

100 

20: 100 

o-15 

015 
- 
- 

1 
Type III 

GO 
go- 100 
75-100 

50185 

25-60 
10-30 

I-10 
o-3 

Oregon uses a gap graded (permeable) aggregate with coefficients 
of permeability greater than 3000 feet per day. The three 
gradations used by Oregon are given in Table 8. The type of 
gradation used is determined by the engineer. 
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Table 8. Oregon's Aggregate Gradations. 

Percent Passing 

Sieve Size 

2-inch 
1 l/2-inch 
1 l/4-inch 

l-inch 
3/4-inch 
l/2-inch 
l/4-inch 

1 1 l/2-3/4” size 1 l/4-3/4” size 1 3/4-l/2" size / 

100 
95-100 

0115 
o-2 

100 
go- 100 

0115 
o-2 

Alabama and North Carolina both use the AASHTO No. 57 gradation as 
backfill material while West Virginia allows any AASHTO gradation 
between the No. 2 and No. 57 to be used. Wyoming's gradation is the 
same as the gradations used by California. Table 9 provides a 
comparisons of the backfill material used by the States that were 
reviewed. 

Table 9. Comparison of Backfill Material 

Alabama 
Arkansas 
California 

Illinois 

Minnesota 

New York 

North Caroli 
Oregon 

West Virgini 

Wyoming 

na 

Filter 
Aggregate 

Aggregate 
Pea Gravel 

a Aggregate 

Backfill 
Material 

Aggregate' 
Pea Gravel 
ATPM/CTPM 

Coarse Sand 

Coarse Sand 

ATPM/CTPM 

Gradation 

AASHTO No. 57 
3/B-inch 
California 

Standard 
Illinois 
Standard 

Minnesota 
Standard 

New York 
Standard 

AASHTO No. 57 
Oregon 

Standard 
AASHTO No. 2 

to No. 57 
California 

Standard 

Estimated 
Coefficient of 

Permeability 

3,000 t 
200 

4,000 CTPM 
15,000 ATPM 

50 

so- 100 

1,000 Type I 
100 Type III 

3,000 t 
3,000 t 

3,000 t 

4,000 CTPM 
15,000 ATPM 
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3.4 Pipe Material and Size 

Seven of the 10 States reviewed (Arkansas, California, Illinois, 
Minnesota, New York, Oregon , and Wyoming) used perforated or slotted 
drainage pipe in the entire length of edgedrain trench to convey the 
accumulated water from the pavement structure. Two of the States 
(California and Wyoming) used smooth, rigid polyvinyl chloride (PVC) 
pipe. The other five States (Arkansas, Illinois, Minnesota, New York, 
and Oregon) specified corrugated polyethylene (CPE) pipe. The three 
remaining States (Alabama, North Carolina, and West Virginia) did not 
use pipe in the entire length of edgedrain trench. Pipe sizes were 3 or 
4 inches as shown in Table 10. 

Table IO. Pipe Material and Size. 

Pipe Pipe Size 
Material (inches) 

Arkansas 
California 
Illinois 
Minnesota 
New York 
Oregon 
Wyoming 

CPE 
PVC 
CPE 
CPE 
CPE 
CPE 
PVC 

3” 
: 
4 

3Q4 

In California and Wyoming, if the pipe is to be installed in trenches 
that are to be backfilled with asphalt treated permeable material, the 
pipe shall be PVC 90 degrees C electric plastic conduit, EPC-40 or EPC- 
80 conforming to the requirements of NEMA Specification TC-2. 

3.5 Trench Widths and DeDtha 

Table 11 provides a tabulation of the trench widths and depths 
encountered in the field reviews. 
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Alabama 
Arkansas 
California 
Illinois 
Minnesota 
New York 
North Carolina 
Oregon 
West Virginia 
Wyoming 

Trench Mid' th Trench Depth(l) 
(inches) (inches) 

i: 
27 

8 Min :: 1:; 

6YO 
12 

il:%in (4) 

12 

6-L 

;; 1;; (5) 

6 Min 121iin w 

Table 11. Trench Widths and Depths. 

(1) Measured from the pavement surface. 
(2) Invert of pipe is located 12 inches below 

interface. 
(3) Invert of pipe is just below slab/subbase 

slab\subbase 

interface. 
(4) Invert of pipe is located 3 inches below lowest layer to 

be drained. 
(5) Bottom of edgedrain trench is located 4 inches below the 

subbase/subgrade interface. 
(6) T;;eoA;tgedrain is located 3 inches below the top of 

. 

3.6 Fi 1 ter Fabric Placement 

Filter fabric placement is perhaps the most difficult and controversial 
item in edgedrain design. There are three distinct design approaches to 
filter fabric placement. 

In the first approach, the trench is wrapped in filter fabric to prevent 
fines from entering the trench backfill as shown in the top sketch of 
Figure 6. Fines that are eroded from the base course may migrate to and 
clog the filter fabric. 

The second approach leaves the slab/base interface open so that any 
eroded fines are not retained. Therefore, they will not clog the filter 
fabric. This approach would have the shortest time to drain and thus 
less time of saturation. This design is shown in the middle drawing of 
Figure 6. 
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The third approach is a 
filter fabric and the tr 
coarse sand as shown in 
approach, the aggregate 
the filter fabric. The 

compromise in which the pipe is wrapped in a 
l ench is backfilled with a filter aggregate or 
the bottom sketch of Figure 6. In this 
acts as a filter keeping the fines from clogging 
coefficient of permeability of the filter 

aggregate material varies, but it is generally much lower than an 
open-graded aggregate backfill. 

COMPLETELY 
WRAPPm 

- 

PARTIALLY 
WRAPPED 
I 

AC 

-i :. AC 
:. .:. .:. I :. .:. 

FILTER 
AQQREQATE 

Flgura 6. COMPARISON Of EDQEDRAN DESIGN 

It is pointed out that in all of the approaches any erodible fines in 
the base course will be washed out. The difference in the approaches is 
the manner in which the fines are handled. 

It should be noted that there is no way to prevent a filter adjacent to 
a material with a high percentage of fines from eventually clogging. If 

, 
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there are no voids or if the voids are small, the filter won't clog up 
as rapidly, and'the filter will function for a longer period of time. 
If, however, voids are present between the material to be drained and 
the filter, soil particles are provided an opportunity to go into 
suspension and will eventually clog the filter. Likewise, filter 
fabrics need intimate contact with the material to be drained. A filter 
placed along a pavement with voids between the slab and base would be 
comparable to the above noted situation. 

A study of the three approaches reveals that each approach has 
advantages and disadvantages. This study indicates that fabric 
placement is one of the most important elements of edgedrain design, and 
perhaps, the most unresolved. Each State must be careful to wrap the 
trench in a fashion that best meets the pavement conditions encountered. 

Illinois and Minnesota wrap the drainage pipe with filter fabric using 
the trench backfill to help filter out fines; however, New York does not 
use any filter fabric. 

California partially wraps the trench leaving the interface with the 
base course open to prevent the fabric from clogging. A TPM (either 
ATPM or CTPM) is used as the trench backfill. 

All of the remaining States (Alabama, Arkansas, North Carolina, Oregon, 
West Virginia, and Wyoming) completely wrap the trench. 

Table 12 provides a comparison of filter fabric placement. 

Table 12. Filter Fabric Placement 

Alabama 
Arkansas 
California 

Illinois 
Minnesota 
New York 
North Carolina 
Oregon 
West Virginia 
Wyoming 

3.7 Outlet Soacinq 

Filter Fabric 
Placement 

Wrapped Trench 
Wrapped Trench 
Partially Wrapped 

Trench 
Wrapped Pipe 
Wrapped Pipe 

None 
Wrapped Trench 
Wrapped Trench 
Wrapped Trench 
Wrapped Trench 

Outlet spacing varied considerably among the States reviewed. Table 13 
lists the outlet spacing. Since the purpose of the edgedrain is to 
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remove water from the pavement structure, outlet spacing should not be. 
excessive. 

Table 13. Outlet Spacing. 

I Outlet Spacing (feet) 

Alabama 
Arkansas 
California 
Illinois 
Minnesota 
New York 
North Carolina 
Oregon 
West Virginia 
Wyoming 

zoo- 1000 
300 

200-300 
500 
500 
250 
500 
400 
500 
300 

3.8 Headwalls 

Headwalls are used to protect the outlet pipe from damage, to prevent 
slope erosion, and to ease the locating of the outlet pipes. Table 14 
provides a tabulation of the headwall types encountered in the field 
reviews. 

There was a large variety in the types of headwall used. Alabama 
provides a large cast-in-place concrete headwall that is flush with the 
slope so that there is no damage from mowing operations. California's 
design is a simple precast concrete splash pad that allows the discharge 
to spread out thus preventing slope erosion. Minnesota and Illinois use 
a flush, precast concrete headwall with a removable rodent screen. 
Minnesota's precast concrete headwall design is shown in Figure 7. 

3.9 &&tit Screens 

Many States believe that rodent screens are necessary to protect the 
edgedrain system. Table 14 lists the States that used rodent screens in 
the review. 

Some States not included in the review have experienced considerable 
damage to geocomposite fin drains from field mice. 
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Figure 7. Minnesota’s Precast Concrete Headwall 
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3.10 Reference Markers 

Reference markers are used to locate the outlets for maintenance or 
observation purposes. Reference markers are extremely important in 
directing maintenance personnel to the pipe outlet. Table 14 indicates 
which States use reference markers. 

California places a raised ceramic pavement marker on the shoulder edge 
adjacent to the outlet pipe while Minnesota paints a small arrow or 
stripe on the edge of the shoulder adjacent to the outlet pipe. 
California and Oregon use a small sign on a metal post to mark the pipe 
outlet. 

Table 14. Headwalls, Rodent Screens, and Reference Markers. 

Alabama 
Arkansas 
California 
Illinois 
Minnesota 

New York 
North Carolina 
Oregon 
West Virginia 
Wyoming 

(1) A 6-foot section of 6-inch :orrugated metal pipe is 
protect the plastic outlet pipe. 

Rodent 
Screen 

No 
Yes 
Yes 
Yes 
Yes 

No 
No 
Yes 
Yes 
Yes 

Reference 
Marker 

No 
No 
Yes 
No 
Yes 

ix 
Yes 
No 
No 

Headwall 

Concrete 
Concrete 
Splash Pad 
Concrete 
Precast 

Concrete 
None (1) 
Concrete 
Concrete 
Concrete 
Splash Pad 

used to 

3.11 Maintenance 

Maintenance is critical to the continued success of any longitudinal 
edgedrain system. Inadequate maintenance was an universal problem in 
the States reviewed. The combination of vegetative growth, roadside 
slope debris, and fines discharging from the edgedrain plugged a number 
of outlet pipes. At one outlet, a 3-foot long mass of bermuda grass 
runners and eroded fines was pulled from the outlet pipe. It was 
impossible for the edgedrain system to discharge any water from this 
outlet until the mass of material was removed. 

On one project, where pumping stains were noted on the right shoulder, 
it was found that this pumping was occurring on pavement sections where 
the outlets were plugged. On adjacent sections, where edgedrains 
outlets were open, there were no signs of pumping. At another outlet, 
the pipe was completely covered and plugged with vegetative growth. 
When the pipe was unplugged water drained from the pipe. Many outlets 
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could not be found because of dense vegetative growth. It is obvious 
that if maintenance crews cannot find the outlet, no maintenance of the 
edgedrain system can occur. 

Based on the observations made during this review , increased emphasis 
should be placed on maintenance of longitudinal edgedrains, especially 
the outlets. 

3.12 Construct1 on Related Problems Observed 

Since all of the edgedrain projects reviewed were previously 
constructed, it was not possible to identify any construction problems 
of the longitudjnal edgedrain collector system. However, some problems 
were observed with the lateral outlets. In a few States, headwalls were 
observed with a reverse grade. Because of improper construction, 
placement, or settlement, the headwall apron sloped back towards the 
pipe. Although the outlet would drain when sufficient water had 
accumulated, sedimentation at the outlet will occur restricting the flow 
and eventually plugging the pipe. Another problem observed in several 
States was the curling up of the last few feet of flexible outlet pipe 
resulting in a nondraining outlet. This may not be a bjg concern where 
the edgedrain trench was continuous and where subsequent outlets down 
grade would allow the water to drain. However, restricted flow from the 
edgedrain system would increase the time the pavement structure is 
subject to moisture. This has the potential for increased pavement 
problems by not allowing accumulated free water adjacent to the pavement 
structure to drain as rapidly. The pipe curling problem was not 
observed in those States that used a rigid lateral outlet pipe. 

Based on the observations made during this review, increased emphasis 
should be placed on construction inspection of longitudinal edgedrain 
systems, especially the outlets. It was apparent that more attention 
needs to be focused on maintaining the grade of the outlet trench, 
ensuring the proper placement of the pipe in the trench, and the 
construction or placement of the outlet headwall. Proper construction 
is essential for the edgedrain system to perform as intended. 

4.0 

4.1 

SUNMARY AND CONCLUSIONS 

Desian PhilosoDhy 

Retrofit longitudinal edgedrains are an important technique in CPR. 
Most likely other CPR techniques such as full-depth slab repair, slab 
stabilization, grinding or joint and crack resealing would be used in 
concert with retrofit longitudinal edgedrains to provide complete 
upgrading of the pavement. The engineer must coordinate the 
construction schedule so that the retrofit longitudinal edgedrains will 
dovetail with other CPR techniques. 
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Regardless of which type of -retrofit edgedrain is selected, it is a good 
practice to seal all joints and cracks so that the amount of water ' 
infiltrating into the pavement structure is kept to a minimum. 

4.2 Desiqn Analysis 

In any design analysis of existing concrete pavement rehabilitation, 
there are three steps that must be analyzed to determine if the proposed 
design will accomplish its goal of pavement drainage.. 

The first step in the design analysis of retrofit longitudinal 
edgedrains is to identify the water that is to be drained. Retrofit 
longiludinal edgedrains will drain water that enters the 
pavement/shoulder joint and any water that infiltrates the concrete 
pa;:.aent slabs and collects along the slab/base interface. This is free 
water that follows the path of least resistance and is strongly 
influenced by the affects of gravity. Any water that enters and 
ultimately saturates an impermeable dense graded aggregate base course 
will not be drained by a retrofit longitudinal edgedrain in a reasonable 
a!K!;:I : .+f time. 

ti? 
I  *A  7d step is to evaluate the erodibility of the subbase material. 
1-b - B guide for evaluating is past experience with the particular 
sui",::r: material. If the subbase contains a high percentage of material 
passing the No. 200 sieve, the subbase will probably be-highly erodible. 
As noted previously, a filter fabric does not prevent fines from being 
eroded from the subbase material, it only controls what happens to the 
fines after they migrate to the trench area. If an excessive amount of 
fines are eroded from the base course, any retrofit edgedrain will 
probably not be effective in extending the pavement life. 

The third step is to determine if there is enough relief provided by the 
cross-section of the highway surface to provide positive drainage to the 
roadside ditches. Subsurface and surface drainage must be coordinated. 

4.3 Unresolved Issues of Drainaoe Desiq 

Currently, there are two unresolved issues of drainage design; filter 
fabric placement and trench backfill permeability. Filter fabric 
placement was previously discussed in Section 3.6, The three design 
approaches for filter fabric placement are; completely wrapped trench, 
partially wrapped trench, and wrapped pipe with sand backfill. There 
are advantages and disadvantages to each approach as discussed in 
section 3.6. Any trench backfill must be permeable enough to transmit 
the accumulated water to the drainage pipe. The backfill must also be 
stable enough to resist the loads applied to it. In the wrapped pipe 
with sand backfill approach, the sand backfill will filter the eroded 
fines preventing the filter fabric around the pipe from clogging. 
Unfortunately, it is believed that most of the sand ba::kfill currently 
used does not have enough permeability to rapidly drain the section and 
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significantly reduce the time of saturation. A coarse aggregate 
backfill will have the necessary permeability to drain the pavement 
section keeping saturation time to a minimum. Use of asphalt or cement 
treated backfill will increase stability with little decrease in 
permeability. 

It is hoped that the findings of Experimental Project No. 12 will 
provide positive guidance to help resolve these issues. 

4.4 Desian Details 

Listed below is a consensus that was developed on the design elements 
for retrofit longitudinal edgedrains based on this review: 

- The edgedrain should be located under the shoulder immediately 
adjacent to the pavement/shoulder joint. 

- Remembering that the filter fabric does not prevent erosion of 
fines from under the pavement slab, based on our observations, it 
is believed that the second approach, the partially wrapped 
trench, is the most promising compromise of design factors. By 
eliminating the filter fabric at the subbase/edgedrain interface, 
eroded fines can not clog the filter fabric. This approach will 
maximize the drainage of the pavement section keeping saturation 
time to a minimum. 

- Trench backfill should be permeable enough to transmit water to 
the longitudinal edgedrain pipe and it must be stable enough to 
withstand traffic loads. Asphalt or cement treated backfill 
increases stability with little or no loss of permeability. 

- The most cotmnonly used trench width was 12 inches. The trench 
depth is determined by the vertical location of the pipe. 
Locating the top of the pipe at the bottom of the layer to be 
drained is recontnended. This ensures that the flow zone of the 
pipe is below the layer to be drained. 

Since the purpose of the edgedrain system is to rapidly remove 
free water from the pavement structure, the outlet spacing should 
not exceed 500 feet, in most cases. The length of cleaning 
equipment available may dictate the outlet spacing. Shorter 
spacing eases maintenance of the edgedrain system, however, more 
outlets are the result. Conversely, greater spacing lengthens the 
time to drain. Additional outlets should be provided at the 
bottom of sag vertical curves. 

- Because of the tendency of flexible corrugated plastic pipe to 
curl, use of rigid PVC pipe is recommended for outlet laterals. 
Rigid PVC pipe helps to maintain the proper outlet pipe grade and 
provides more protection from crushing. A few States included in 
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this review have since modified their outlet design specifying the 
use of rigid PVC. 

- Headwalls protect the outlet pipe from damage, prevent slope 
erosion, and ease in the locating of the outlet pipe. Because, 
these factors are so important in edgedrain design, the use of 
headwalls is recommended. 

--Use of removable rodent screens is recommended. Removable screens 
ease cleaning of the screen itself as well as the edgedrain 
system. 

- Since vegetative growth can quickly obscure the outlet pipe, 
reference markers are also recommended. 

5.0 FUTURE ACTIVITIES 

The study of pavement drainage is an on-going activity. The first step 
is the completion of Experimental Project No. 12. After the 
effectiveness of retrofit longitudinal edgedrains has been determined, 
FHWA will be in a good position to provide guidance to the field. When 
pavement design and rehabilitation reviews'are conducted in a State, the 
pavement drainage designs can also be reviewed so that.a nationwide 
assessment can be developed. Most likely a combination drainage 
demonstration project and training package will be developed. This will 
allow FHWA to provide needed technology transfer for this important 
pavement engineering item. 

5.2.28 



6.0 REFERENCES 

Bradley Il., Larsen, T.J., Temple, W., Gaines, R., Thomas, A., 
"Longitudinal Edgedrains in Rigid Pavement Systems," FHWA-TS-86-208; 
July 1986, Available from: NTIS, Springfield, Virginia 22161. 

Cedergren, H. R., O'Brien, K. H., Arman, J. A., "Guidelines for the 
Design of Subsurface Drainage Systems for Highway Structural Sections," 
FHWA-RD-72-30, June 1972, Federal Highway Administration, Washington, 
D.C. 20590. Available from: NTIS, Springfield, Virginia 22161. 

Cedergren, H. R., "Drainage of Highway and Airfield Pavements," 1987, 
Robert E. Krieger Publishing Co. Inc., Krieger Drive, Malabar, Florida 
32950. 

Federal Highway Administration "Surface Pavement Drainage," Technical 
Advisory T5040.14, dated March 21, 1980, Washington, D.C. 20590. 

Federal Highway Administration, 
Rehabilitation Manual," 

"Federal Highway Administration Pavement 
Chapter 10, Longitudinal Edgedrains, FHWA-ED-88- 

025. Lastsupplemented March 1988, available from: NTIS, Springfield, 
Virginia 22161. 

Hoover, T. P., "Nonwoven Geotextile Fabric: Evaluation and Specification 
for Subdrainage Filtration," FHWA/CA/TL-8111, May 1981, Office of 
Transportation Laboratory, California Department of Transportation, 
Sacramento, California 95807. Available from: NTIS Springfield, 
Virginia 22161. 

Moulton, L. K., "Highway Subdrainage Design," Report No. FHWA-TS-80-224, 
1980, Offices of Research and Development, Federal Highway 
Administration, Washington, D.C. 20590. 

Ridgeway, H. H., "Pavement Subsurface Drainage Systems," NCHRP Report 
No. 96, November 1982, Transportation Research Board, National Research 
Council, Washington, D.C. 

Wells, G. K., "Evaluation of Edge Drain Performance," FHWA/CA/TL-85/15 
November 1985, Office of Transportation Laboratory, California 
Department of Transportation, Sacramento, California 95807. Available 
from: NTIS, Springfield, Virginia 22161. 

5.2.29 



THIS PAGE LEFT BLANK 
INTENTIONALLY 

s-2.30 



PEIMABLEBASE 

DESIGN AND CONSTfUJCTION 

BY 

DANIEL U. HATHIS 

Federal Highway Administration 
Office of Highray Operations 

Pavent Division and Demonstration Projects Division 
/ 400 Seventh Street. S.Y. 

Yash!pgton. D.C. 20590 

A paper prepared for presentation at the 'Fourth International 
Conference on Concrete Pavement Desjgn and Rehabilitation,. 
April 18-20, 1989 at Purdue University. 

5.3.1 



INTRODUCTION 

TI-,is paper will present the state-of-the-practice in pavement drainage (i.e.. 
permeable bases) for new or reconstructed asphalt concrete (AC) and Portland 
cement concrete (PCC) pavements. 

Rather than using irrgermeable dense-graded materials many States have gone to 
using cpen-graded or "permeable" bases to allow infiltrated moisture to 
rapidly drain through the base and out from beneath the pavement structure. 

Because of the relative.unfamiliarity with permeable base pavement structures 
and with the varying designs in use. this paper synthesizes permeable base 
pavement systems being used in this country. 

BACKGROUND 

The pavement structure is the most costly element of the highway system and 
its premature failure is of major concern. Among the reasons cited for 
pavement failures, inadequate drainage of the pavement structure has been 
identified as a primary cause of pavement distress. The newly published 
AASHTO Guide for the Design of Pavement Structures (19861 addresses this as a 
problem by including drainage as an essential element of pavement design. 
Also, the Federal Highway Administration's (FHWAI pavement management and 
design policy encourages performing a drainage analysis for each new, 
rehabilitation, and reconstruction pavement design. 

In designing pavement sections in the past, the primary function of the base 
was to provide uniform support. However. with increasing traffic loads, 
erosion and pumping of the underlying material resulted. This led to 
construction of what were thought to be strong nonerodible bases (i.e.. 
dense-graded aggregate bases, cement treated bases, asphalt concrete bases). 
These materials were not only impermeable. they were also found to be 
erodible in many cases. Infiltrated moisture was trapped in the pavement 
structure and, under the effects of heavy loads. led to a weakening or 
erosion of the base, subbase. and/or subgrade often resulting in premature 
distress of the pavement structure. 

A significantly different pavement design philosophy is now receiving a great 
deal of consideration. Rather than using impermeable dense-graded materials. 
several States have opted to use open-graded or permeable bases to allow 
infiltrated moisture-to rapidly drain through the base and out from beneath 
the pavement structure. A permeable base is normally characterized by an 
open-graded crushed angular aggregate with essentially no fines. Recognizing 

' the problems moisture distress has played on pavements. primarily on PCC 
pavements. many States are routinely using or experimenting with permeable 
bases beneath new or reconstructed high-type pavements. .A longitudinal 
edgedrain collector system is commonly used to rapidly drain the moisture 
that collects in the permeable base. Typical permeable base pavement 
sections are shown in Figure 1. 
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Figure 1 . Typical Permeable Base Pavement Sections 
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OBJECTIVE 

The primary objective of this paper is to synthesize the design and 
construction of permeable base pavement systems being used in this country. 
It is the intent to summarize the findings, to communicate the experiences of 
various States, and to demonstrate that permeable base pavements can be 
designed and constructed without significant changes to conventional 
practices. 

SCOPE 

Reviews were conducted in those States that were known to have recently 
constructed permeable base pavements. States included in the review were 
California, Iowa, Kentucky, Michigan,' Minnesota, New Jersey. North Carolina. 
Pennsylvania. West Virginia, and Wisconsin. 
information from each State in design, use, 

The review included gathering 
construction, cost. and 

perfcrmance of permeable bases. 

FIELD SURVEY RESULTS 

In general. the States that are using permeable base pavements can be grouped 
into two categories -- those that use an untreated permeable base and those 
that use a treated permeable base. The untreated permeable base materials 
generally have a lower coefficient of permeability. whereas treated permeable 
bases have a much higher coefficient of permeability. The untreated 
permeable base material contains more smaller sized aggregate to give it 
stability and. thus, it tends to be less permeable. On the other hand. a 
treated permeable base had a cementing agent, generally 2-3 percent asphalt 
cement. for stability. 
permeability. 

The result was a more open material with high 

Sumnary of State's Philosopb on PC ;&tile Base Pavement Desicm 

The approach to permeable base design varied among the States reviewed with 
California. Kichigan. New Jersey. and Pennsylvania having the most 
experience. Most of the other States constructing permeable bases 
investigated the designs used by these States and modified them for their own 
use. The majority of States are primarily usingspermeable bases beneath PCC 
pavements. however, several States are using permeable bases beneath AC 
pavements as well. 

Although the philosophies differ with respect to degree of permeability, the 
end result is that all States believe that rapid base drainage is extremely 
imortant. Some States believed that the highest permeability that could be 
obtained with readily available materials was' best. Whereas, other States 
believed that a less permeable material which was similar to their existing 
base material in availability. cost. and stability, but which had some of the 
fines removed to provide drainability. was sufficient. 
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Review of Current Pemeable Base Pavement Desiqn 

Type of Permeable Base 

Those States that are predominantly using untreated permeable bases include; 
Iowa. Kentucky, Michigan, Minnesota. New Jersey. Pennsylvania. and Wisconsin. 
Iowa’s, Minnesota's, and Pennsylvania's permeable base gradation is 
essentially derived from their conventional dense-graded aggregate base 
gradation with some of the fines removed. Kentucky's and New Jersey’s 
gradations are based on readily-available AASHTO aggregate gradations (i.e.. 
Kentucky uses the AASHTO No. 57 stone and New Jersey uses a 50150 blend of 
AASHTO No.'s 57 and 9 stone). Michigan's and Wisconsin's gradations were 
developed through testing of various permeable gradations. Both Iowa and 
Michigan allow recycled PCC pavement with some of the fines removed to be 
used for their permeable base. 

Those States that are using treated permeable bases include California, North 
Carolina, and West Virginia. The predominant material used for stabilization 
is asphalt cement at approximately 2 percent. although California allows 
Portland cement at 2-4 bags per cubic yard as an option. Both North Carolina 
and West Virginia utilize AASHTO's No. 57 stone gradation. California's 
gradation is similar. 

Degree of Pemeability 

There was a wide range in permeabilities desired. The untreated permeable 
bases generally had a lower coefficient of permeability -- in the range of 
200 to 3.000 feet per day. The treated permeable bases all had a very high 
coefficient of permeability -- from 3,000 to 20.000 feet per day or higher. 
The permeabilities were determined using either a falling head or constant 
head permeameter using standard test procedures. The gradations used by the 
10 States reviewed for the treated and untreated permeable bases. 
respectively. follow. 
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Sieve Size 
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UNTREATED PERHEABLE GRADATIONS 
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Extent of Use 

Nine of the 10 States use their permeable base under new or reconstructed 
high-type PCC pavements. Also. most States have constructed at least one 
permeable base AC pavement experimentally. Kentucky has only constructed~ 
permeable bases under AC pavements to date. It has been within the past 
5 years that permeable bases beneath high-type PCC pavements has become 
standard in these States, with California specifying them beneath AC 
pavements. as well. 

Thickness and Width of Permeable Base 

The thickness of permeable bases varied from 3 to 6 inches. with 4 inches 
being the most common. Al though the thickness required for drainage can be 
calculated, 4 inches seems to provide sufficient capacity, is easily 
constructed. and provides for construction tolerances. California specifies 
0.X-feet (3 inches) for its asphalt cement treated permeable base and 
0.35-feet (approximately 4 inches) for its Portland cement treated permeable 
base; The difference in thickness specified is attributed to the asphalt 
cement treated permeable material having a higher coefficient of permeability 
-- approximately.15.000 feet per day -- than the Portland cement treated 
material -- approximately 4,000 feet per day. 

The width of permeable base. whether treated or'untreated. was generally 
placed 1 to 3 feet outside either pavement edge. In most cases. the tracks 
of the paver ran on this widened section. Kentucky, New Jersey. and West 
Virginia carried the permeable base layer out to the edge of either shoulder. 

Uethod Used to Drain Permeable Base 

All States reviewed use a longitudinal edgedrain collector system to drain 
accumulated water from their permeable bases. Seven of the 10 States used an 
excavated trench design exclusively. Kentucky. West Virginia, and Wisconsin 
have also used a V-ditch design for the longitudinal edgedrain collector. 
Both Kentucky and West Virginia noted problems with this design. Not only is 
constructing and maintaining the V-ditch a problem. but protecting the pipe 
from crushing under construction traffic was also noted as a problem. 
Several States that use the excavated trench design also expressed a concern 
with possible crushing of the pipe, however. there is generally more cover 
over the pipe than with the V-ditch design. Both Minnesota and Wisconsin 
allow the contractor to construct the longitudinal edgedrain collector system 
either before or after pavement construction. They were concerned with the 
possible damage to the pipes in the longitudinal trenches and the outlet 
lateral trenches by construction equipment. 

Generally. the inside edge of the edgedrain trench is located immediately 
below the longitudinal pavement/shoulder joint (see Figure 1). To avoid 
settlement or crushing of the collector pipe beneath construction equipment, 
several States locate the trench 2-3 feet out from the joint beneath the 
shoulder. Michigan. however. installs the trench beneath the PCC pavement. 
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Most States that construct crowned pavement sections install a longitudinal 
edgedrain collector 'system along both the inner and outer pavement edge. 
This effectively shortens the drainage path and significantly lessens the 
time for the permeable base to drain. 

Most States backfill the edgedrain trench with the same permeable material 
that is used for the permeable base. A few used a more permeable material as 
backfill. All 10 States used an outlet pipe to convey the accumulated water 
from the edgedrain collector to the ditch or other inlet structure. West 
Virginia tried a fabric wrapped-pea gravel outlet system. After several 
years. these outlets became increasingly difficult to locate because they had 
become overgrown with vegetation and/or plugged with roadside slope debris. 
Daylighting of the permeable base to the ditch slope is not recommended 
because of these reasons. 

A number. of States had experienced problems with maintaining the proper 
outlet grade with flexible corrugated plastic pipe and now specify the use of 
rigid PVC pipe for outlet laterals. Iowa is the only State that does not use 
a filter fabric lined edgedrain collector trench. The subbase and subgrade 
material acts as a filter and is compatible with the permeable trench 
backfill material. Also in Iowa, edgedrains are installed 4 feet below the 
pavement surface and are generally installed 2-3 years prior to 
reconstruction, primarily to drain the subbase and subgrade before 
reconstruction. 

Type of Filter Layer Used 

Those States that use an untreated permeable base use a filter aggregate 
layer. which in most cases, is the States's conventional dense-graded 
aggregate base material. The gradation of this material is compatible with 
the permeable material to prevent intrusion of fines from the subgrade. 
Those States that use a treated permeable base predominantly. use a filter 
fabric (primarily non-woven) to protect the permeable base layer from 
intrusion of fines. One State, West Virginia. allows the use of a woven 
fabric. It is interesting to note that research by Penn State University in 
the use of filter fabrics. found that filter fabrics act a as a wick or 
blotter actually holding moisture in the material immediately below the 
filter fabric and may act as an internal source of moisture.(l) California 
was the only State that used an impermeable aggregate subbase as a separator 
or filter layer with a treated permeable base. 

Structural Value 

Five of the seven States that predominantly'use an untreated permeable 
material believe it was structurally equivalent to a dense-graded aggregate 
base. New Jersey had gyratory shear and repeated load triaxial tests 
performed on their untreated and asphalt cement treated permeable materials r ~ at the Corps of Engineers Waterways Experiment Station CUES). Results 
indicated that both had bearing capacities similar to dense-graded aggregate 
base. Also. l/2 million wheel loads were applied to the same test section 
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which was subject to periodic flooaing and it exhibited good performance.(2) 
Pennsylvania had tests performed on their untreated permeable material at the 
Penn State University Test Track and found that it provided support similar 
to a dense-graded aggregate base. (3) Kentucky and Minnesota do not give the 
untreated permeable material credit in their structural sections. 

The three States that used a treated permeable base believed that the 
permeable material provided support similar to a dense-graded AC base. West 
Virginia performed a plate load bearing test on their first asphalt treated 
permeable base. A resultant K-yalue of 200 pounds per cubic inch (psi).(4) 
California performed laboratory compressive tests on their asphalt cement 
treated permeable material and found that it provided more support than 
dense-graded aggregate material. 

Review of Current Permeable Base Construction Practices 

Construction Considerations 

Overall. construction of permeable base pavements requires more care than 
unstabilized or stabilized dense-graded aggregate bases. The treated 
permeable bases have sufficient stability for construction traffic. however, 
extra care is needed to prevent contamination of the layer. Untreated 
permeable bases. although sufficiently stable to pave on. are more easily 
displaced than dense-graded base. Additional care is required by equipment 
operators and truck drivers when placing and finishing the pavement. Quite 
often, a roller was used to "dress up" the permeable material immediately in 
front of the paver. 

Most States restrict construction equipment other than the paving and 
finishing equipment from traversing the permeable base. Also. most States 
found that when placing an AC pavement on a permeable base. rubber-tired 
pavers rutted and displaced the permp:ble material. They now specify tracked 
pavers which better distribute the 

Another concern with the untreated -lable aggregate material was the 
possible segregation of the material auring placement and degradation of the 
aggregate under construction traffic. Several States specify that untreated 
permeable aggregate be placed at a certain percent moisture to reduce 
segregation. 

The grade of the treated permeable materials was more difficult to modify 
once it had been placed and compacted. High and/or low spots at the 
longitudinal joint between asphalt cement treated paving passes was common ' 
and some method of modifying the grade (i.e.. trimming with a blade or 
autograder) was required. Also, keeping the highly permeable base material 
clean and free from contamination was a concern. Both North Carolina and 
West Virginia require that the filter fabric between the subgrade and 
permeable base layer be wrapped or lapped up around both edges of the 
permeable base. California required sufficient filter fabric to line the 
edgedrain collector trench and to wrap up and over the low side of the 
permeable base layer. 
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Equipment Modifications 

Only very minor equipment modifications are required to more easily construct 
permeable base pavements. One modification noted in a couple States was the 
use of wider rubber tires on the reinforcing mesh cart (for jointed 
reinforced concrete pavements LIRCP)) to distribute the load over a larger 
area of the permeable base. thereby, reducing the potential displacement of 
the untreated materi al. Also. as mentioned previously, when placing an AC 
pavement use of tracked pavers on untreated permeable bases in lieu of 
rubber-tired pavers was specified. In addition. use of longer pins to hold 
dowel baskets in place was necessary on permeable bases. 

Stability 

No stability problems were observed or indicated by any of the States that 
were reviewed. Many State and contractors' personnel expressed reservations 
regarding the paving on the more open-graded permeable treated or untreated 
base materials on their initial contact with it. However, in all cases. 
after working with the material the doubts vanished. All States required at 
least 85 percent crushed material which provided additional stability through 
aggregate interlock. 

_- -_ There were no problems noted with stability of the asphalt cement treated 
permeable materials under construction equipment even under high ambient air 
temperatures. All three States used a conventional paving grade asphalt 
cement as the stabilizing material. California noted a problem on one 
project where the asphalt treated permeable base did not set up properly and 
took up to a week to provide sufficient stability to pave on. The State 
attributed this to the permeable aggregate temperature not being in the 
275-375 degree F range specified at the time the asphalt cement was 
introduced. 

As expected. stability was more of'a concern with untreated permeable 
materials. Although stability varied from state to state and gradation to 
gradation, all untreated permeable materials were stable under paving 
equipment. However, many States did not allow any equipment other than that 
needed to place and finish the paving to traverse the material. Those States 
that did al low construction traffic on the untreated base, required a roller 
in front of the paving operation to compact and smooth out any disturbance to 
the material from trucks hauling on the base. Both Minnesota and 
Pennsylvania require a minimum coefficient of uniformity (D80/D10) of 4 to 
ensure a stable gradation. 

Perfomance of Existinq Permeable Base Pavehents 

Performance information available to date indicates that properly designed 
and constructed permeable bases virtually eliminate pumping, faulting, and 
cracking. There is no long-term performance data available (in excess of 
15 years). However, based on a comparison of the performance of existing 
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permeable base sections to undrained sections, States anticipate a 50 percent 
increase in PCC pavement service life. 

California continues to evaluate their permeable base pavements versus those 
that are not drained. On PCC, they found that in terms of percent cracked 
slabs. the permeable base (drained) sections had significantly lower rates of 
slab cracking. Of the four permeable base sections evaluated, three of which 
were constructed in 1980, two of the permeable base sections had no cracking. 
whereas the undrained control sections had 18 and 47 percent cracking. A 
drained section constructed in 1965 had 5 percent cracking compared to 
10 percent for the undrained section. One project with both a permeable base 
and an undrained section had exhibited no cracking yet. A 500-foot section 
of AC pavement on a logging road was reconstructed in 1967 using a highly 
permeable open-graded base drainage layer after it had failed twice in just a 
few years. The State conducted‘s review in 1986 and found that the original 
pavement. was still in excellent conditionwith no patching. whereas. the 
adjoining pavement had been extensively patched. The 19-year service life of 
this section (to date) is well beyond the normal 12-year life of AC pavements 
in California. Studies performed by California suggest a mininum service 
life increase of 33 and 50 percent, respectively, for AC and PCC pavements 
constructed on a permeable base. (5) 

Iowa has performed a substantial amount of nondestructive testing (NDT) with 
a Road Rater on their PCC pavements. They indicated that permeable base 
pavements provide greater structural support than undrained pavements. The 
support on undrained pavement sections deteriorates for approximately 
5 years. whereas support on permeable base sections does not deteriorate. 
They felt the constant support of the permeable base sections was equivalent 
to 3 to 5 inches of effective'pavement. In addition. crack surveys which are 
performed every 2 years revealed that permeable base pavements have virtually 
no cracks. unlike conventional undrained pavements of the same age, 

Michigan's oldest permeable base sections are on the Clare test road (US 10) 
constructed in 1975. An inspection of the three l/2-mile permeable base test 
sections in comparison to the other sections was conducted during the review. 
There was no faulting or cracking and less apparent D-cracking on the 
permeable base sections than on the other two base types (i.e.. bituminous 
base and dense-graded aggregate base>. The dense-graded bituminous base 
sections were the worst performing in terms of pavement distress (i.e.. 
faulting. cracking, D-cracking, and spalling). Pumping was noted on these 
sections as well. Some spalling of the longitudinal joints was noted on all 
test sections. but was noticeably worse on the bituminous base sections. 

Minnesota's oldest permeable base pavement section, a 1600-foot section of 
JRCP with 27-foot skewed dowelled joints on Trunk Highway 15 near Fairmont 
constructed in 1983. was evaluated. After 5 years, only one of the 
59 permeable base slabs had a mid-panel crack, whereas the undrained JRCP 
with conventional dense-graded aggregate base adjacent to either end of the 
pavement was found to have approximately 50 percent mid-panel cracking. The 
section adjacent to the south had 15 of 33 slabs that exhibited mid-panel 
cracks and the section north had 5 of 10 slabs with mid-panel cracks. 

5.3.12 



New Jersey reported the performance of their experimental permeable base 
pavement sections constructed in 1979-1980 at the 1988 Transportation 
Research Board Meeting. Their initial observations/findings on the AC 
sections were that the thinner sections were performing as well as the 
thicker sections with rutting being about the same. On PCC pavement 
sections, there was less deflection, no faulting or pumping, and 
substantially reduced frost penetration. 

Pennsylvania rated the performance of their experimental permeable base 
sections constructed in 1980 much better than dense-graded aggregate base 
sections. Based on the positive interim results of these sections, a, 
permeable base layer between the PCC pavement and dense-graded aggregate 
subbase became the State standard in 1983.(3) 

Rideability 

i 

All of the States indicated that the rideability of permeable base pavements 
was no different than that on dense-graded bases. This was substantiated in 
California and North Carolina (asphalt cement treated) and Michigan 
(untreated). The rideability of some recently constructed PCC pavements in 
these States had been measured using the California and Rainhart 
profilographs at O-5 inches per mile. In general, those States using a 
stringline for both horizontal and vertical control had a substantially 
better ride quality than those that did not. Also, those States that had 
incentives/disincentives for rideability had projects with very good ride 
quality. 

aids for permeable base materials were generally found to have slightly 
higher costs per unit weight than the impermeable dense-graded materials they 
replaced. Five of the seven States that used an untreated permeable base 
found that they were slightly more costly per unit measure than conventional 
dense-graded aggregate bases while two States. Iowa and Michigan. indicated 
that the unit costs for their permeable base material were the same or 
sometimes less. 

As expected. the treated permeable base materials were two to three times 
more costly per unit measure than conventional dense-graded aggregate bases. 
However. all three States that predominantly used treated permeable base 
material found that the unit costs for it were about the same as those for 
dense-graded AC base. In addition. all three noted that because of the 
higher void content of the permeable material, the yield was 15-30 percent 
higher than dense-graded AC. California found that asphalt cement treated 
permeable base was generally less costly per unit measure than cement treated 
base (CT91 and lean concrete base (LCB). The material unit costs were the 
same. or slightly more than asphalt concrete base but because of the large 
void content'the yield was 20 percent higher. Kentucky. which had used some 
asphalt treated permeable base within the past year. also found that its 
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material unit costs were about the same as the dense-graded bituminous base. 
but the permeable base material had 25-30 percent higher yield. 

SUMMARY 

A review of current design and construction practices has proven that 
permeable base pavements can be designed and constructed to rapidly drain 
moisture that infiltrates the pavement surface without significant changes to 
conventional practices. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

"Fourth Cycle of Pavement Research at the Pennsylvania Transportation 
Research Facility." Research Project 82-11. Final Report, Volume 5. 
"Open-Graded Permeable Subbases at the Pavement Durability Research 
Facility." by D. A. Anderson and M. E. Shamon December 1984. 

'Design and Implementation of Internal Roadway Drainage.* by V. Mottola. 
New Jersey Department of Transportation. discussion of paper entitled 
"Subsurface Drainage Systems." .by G. W. Ring. Federal. Highway 
Administration, in the proceedings from the National Crushed Stone 
Association Conference on Crushed Stone for Road and Street Construction 
and Reconstruction. June 14-15, 1984. 

"Subbase Permeability and Pavement Performance.* by K. L. Highlands, and 
G. L. Hoffman. Pennsylvania Department of Transportation, paper No.870717 
prepared for the 67th Annual TW Meeting. January 1988. 

"Evaluation of a Free Draining Base Course." by J. S. Baldwin and J. G. 
Jarvis. West Virginia Department of Highways. February 1986. 

"Economic Impact of Pavement Subsurface Drainage." by R. A. Forsyth. G. K. 
Wells, and J. H. Woodstrom. California Department of Transportation. paper 
prepared for presentation at the annual meeting of the Transportation 
Research Board (TRBB), January 1987. 

5.3.14 



U.S. DEPARTHENT OF TRANSPORTATION 
FEDERAL HIGHWAY ADMINISTRATION 

FIELD TRIP REPORT 
DATE: June 8, 1989 

_______-----_----------------------------------------------------------------- 
TO: Mr. Lou Papet, Chief FROM: Mr. Daniel M. Mathis 

Pavement Division Highway Engineer 

THRU: Mr. Paul Teng, Chief Mr. John P. Hallin 
Pavement Design & Rehabilitation Branch Team Leader 

_-__--_-----------------------------------------------------*----------------- 
INCLUSIVE DATES: April 11-14, 1989 
-------------------------------------------------~---------------------------- 
PURPOSE: To participate in a pavement edgedrain review. 
-___--_---____-----------------------------------~-----~---------------------- 
ACCOMPLISHMENTS OR RESULTS: 

The State noted staining from fine soil particles on the shoulder of 
several recently cracked, seated, and overlaid Portland cement concrete 
(PCC) pavement sections. These appeared to be the result of moisture 
being pumped through the asphalt concrete (AC) overlay in the vicinity 
of the lane/shoulder joint. Since edgedrains were installed on these 
sections as part of the crack and seat project, the State felt that an 
investigation was warranted to determine if the drains had failed. 

On Tuesday-afternoon (4/11), we were briefed on the pavement staining 
problem and the State's work plan for investigation. They met with 
individuals from the 3tate to discuss the procedure and operations for 
the investigation of the pavement edgedrain and pavement structure which 
were to take place on Wednesday and Thursday. The majority of shoulder 
staining was occurring on cracked and seated and overlaid PCC projects 
which were constructed in 1988 using a geocomposite edgedrain 
manufactured by Advanced Drainage Systems known as AdvanEdge. The State 
was considering a ban on this particular geocomposite edgedrain, but was 
encouraged to undertake an investigation of the problem in the field. 

On Wednesday morning, numerous edgedrain outlets were observed on a 
section which exhibited some of the heaviest shoulder staining. All of 
the outlets were clear and functioning as evidenced by the red stains 
from eroded subgrade fines on the concrete headwall. At several 
outlets, a crystalline growth was observed on the rodent screens and 
outside the outlet pipe. It was speculated that this was the result of 
latent calcium carbonate precipitate being released from the cracked and 
seated PCC. Although all the outlets observed had drained, several of 
the flexible outlet pipe laterals had a slight reverse grade which 
inhibited the flow from the edgedrain system. 

After traffic control had been set up, four cutouts approximately 
9 inches square were jack hammered through the shoulder pavement to 
expose the top of the geocomposite edgedrain for observation and for 
insertion of the borescope. The edgedrain was located approximately 
l-foot from the longitudinal pavement/shoulder joint interface area as 
shown in figure 1. In the afternoon, the operation moved to another 
location further south in the vicinity of post mile 109 to borescope 

5.4.1 



another section of geocomposite edgedrain where the staining was 
apparent. Again, four g-inch square cutouts were made to expose the top 
of the geocomposite edgedrain. The top of the edgedrain was cut open to 
expose the inside and to allow insertion of the borescope. Again the 
edgedrain was found to be approximately l-foot away from the edge of the 
PCC pavement. In both areas borescoped, fines were observed in the 
bottom of the edgedrain core and a small amount of water was observed as 
well. Once the borescope was inserted into the edgedrain, fines could 
be observed coming from the slots with the bottom row of slots in many 
cases being completely silted up. Fines were observed adhering to the 
inside of the geotextile encapsulating the plastic core and being 
carried away in the outflow in the core. The geocomposite edgedrain did 
not show any signs of crushing. Also, fine material at 3/4 to 1 inch 
depth was noted in the bottom of the edgedrain. 

On Thursday morning, a section of the right shoulder in the vicinity of 
post mile 108 (southbound) which exhibited the heaviest shoulder 
staining was excavated. A trench approximately 20 feet long, 3 feet 
wide, and 3 l/2 feet deep, l-foot out from the pavement structure was 
excavated. Midway in the excavated trench, a Z-foot section of the 
geocomposite edgedrain (ADS' AdvanEdge) was carefully excavated and cut 
out from the edgedrain system for testing and evaluation. The bottom of 
the edgedrain contained 1 to 1 l/2 inches of silt/clay (minus No. 200 
sieve) material. Excavation of the material between the edgedrain and 
the pavement structure ensued. Very little free moisture was apparent 
in the material surrounding the edgedrain or in the base material 
beneath the pavement and shoulder. This material was moist but not 
saturated until the excavation came within a half-inch of the pavement 
structure. Once the material had been removed adjacent to the PCC 
pavement, water was observed flowing through the cracks of the cracked 
and seated PCC pavement, along voids between the PCC and shoulder base 
material, and at the PCC/AC overlay interface. No moisture was observed 
traversing the slab/subbase interface as the PCC was well cracked and 
seated on the subbase. Observations of the AC overlay in the staining 
areas, revealed a high percentage of voids in the mix. Also, fines were 
observed adhering to the AC overlay aggregate throughout the base course 
and the surface course layers. 

Two crude percolation tests were conducted on the AC overlay. A paper 
cup with the bottom cut out was placed on the surface and sealed with 
grease. Water was then poured into the cup and the movement of water in 
relation to a reference point was observed. The first test was 
performed in the right wheelpath and the second was performed near the 
lane lines between the two southbound lanes. Very little water 
percolated through the traffic compacted AC in the wheel path. However, 
the second area tested, which was not in the wheelpath, accepted water , 
at a surprising rapid rate -- an inch of water in the 2 l/2-inch 
diameter cup percolated through the AC surface in approximately 30 
seconds. Again this was a crude test but it gave a good indication of 
the permeability of the AC overlay. This suggests that poor compaction 
of the AC overlay is allowing water to permeate down through the overlay 
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and the cracked and seated PCC before being pumped back up through the 
overlay and staining the shoulder. 

A c!oseout discussion was held at the site. The recommendations 
suggested are those that appear below. 

We then went on to review other previously cracked and seated and 
overlaid PCC pavements from this section on up to the stateline. 
Staining of the right shoulder was observed at isolated locations. The 
longitudinal edgedrain used on the sections varied from two different 
types of geocomposite edgedrain types to the State's conventional 
geotextile wrapped pipe edgedrain. The extent and degree of staining on 
these sections was less than that noted on sections on projects that 
were observed previously. 

CONCLUSIONS: 

The staining of the shoulder is the result of moisture infiltrating down 
through the insufficiently compacted AC overlay and into the cracked and 
seated PCC pavement. There it travels laterally through the cracks to 
the pavement/shoulder interface. The base material surrounding the 
cracked and seated PCC is dense-graded and impermeable. In addition, 
location of the edgedrain prevents the free flow of moisture from the 
cracked and seated PCC to the edgedrain. As a result, moisture is 
trapped in the cracked and seated pavement. Under traffic loadings, 
sufficient pressures are developed to pump water and fines through the , 
AC overlay and out onto the surface. 

RECOMMENDATIONS: 

There were several recommendations suggested: 

1) Retrofit longitudinal edgedrains, whether conventional trench or 
geocomposite, should be placed such that a large area of the 
edgedrain is in contact with the cracked and seated PCC pavement. 
Moisture cannot be effectively drained from a very dense 
impermeable material (i.e., the aggregate base or clay subgrade) 
and as a result more surface area of the edgedrain should be 
provided adjacent to the PCC pavement to drain the moisture that 
moves through the cracked pavement (see figure 2). 

2) Additional attention to AC paving and compaction is recommended. 
Tighter more compacted AC pavement layers will reduce the amount 
of moisture infiltrating the pavement structure. This, in turn, 
will reduce other potential problems such as stripping of the 
asphalt cement from the aggregate from occurring. 

3) It is recommended that rigid PVC pipe be used for outlet laterals 
to ensure a proper grade for the outlet. 
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4) It is recommended that various types of geocomposite edgedrains, 
conventional aggregate pipe edgedrains (with different geotextile 
placements), and a control section be evaluated to determine which 
if any edgedrain performs better and if retrofit longitudinal 
edgedrains themselves increase the service life of the pavement. 

REMARKS: 

The State and the FHWA Division should be commended for undertaking this 
type of investigation to determine the probable cause for the problem 
noted. Good engineering is extremely important in understanding the 
problem and in making sound decisions on modifications to design and 
construction practices and procedures to alleviate the problem. 

ADDITIONAL INFORHATION: 

On June 5, 1989 another section of cracked and seated and overlaid PCC 
pavement further north was excavated. This g-inch PCC pavement had been 
rehabilitated with a geocomposite edgedrain and a 4-inch AC overlay 
approximately 1 year ago. A section of the pavement exhibited staining 
on the shoulder similar to that discussed previously. The geocomposite 
edgedrain used on this section was Monsanto's Hydraway. Again, it had 
been placed approximately l-foot from the edge of the pavement, however, 
because of the different nature of the subbase material, water was able 
to flow through the material and into the drain. Outlets were located 
200 feet south and 300 feet north of the excavation. When material 
surrounding the geocomposite edgedrain was excavated, water seeped 
through the geotextile and into the trench. A section of the 
geocomposite edgedrain was cut out for laboratory testing. When the 
section was removed, water drained into the trench from either end 
indicating that this section of edgedrain was located in a sag vertical 
curve with no outlet. The accumulated water ponded and filled the 
edgedrain. When sufficient pressure was exerted water and fine material 
was forced up through the AC overlay and out onto the shoulder. An 
edgedrain outlet was installed by State personnel at this location to 
rectify the problem. 
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approximately l-foot from cracked and seated 

PCC pavement {upper right). Impermeable material 
lies between edgedrain and pavement. 

Subbase\subgrade fines adhering to 
AC overlay aggregate. 
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SUBSURFACE DRAINAQE 

PORTLAND CEMENT &CRETE PAVEHMS 

WHERE ARE YE? 

December 1991 

BACKGROURD 

The drainage of concrete pavements has been a significant activity in the 
Pavement Di-vision, since the formation of the Division in 1986. The AASHTO 
Guide for the Design of Pavement Structures (1986) had been recently published 
and addressed drainage as an essential element of pavement design. The 
Federal Highway Administration's (FHWA) January 13, 1989 Pavement Policy 
encouraged a drainage analysis for each new, rehabilitation, and 
reconstruction pavement design. 

During the summers of 1987 and 1988 reviews were conducted in those States 
that were constructing permeable bases under portland cement concrete (PCC) 
pavements. The States identified were California, Iowa, Michigan, Minnesota, 
New Jersey, North Carolina, Pennsylvania, West Virginia, and Wisconsin. 
During the previous 5 years permeable bases beneath high-type PCC pavements 
had become standard in these States, with California specifying them beneath 
AC pavements, as well. The review included gathering information from each 
State on design, use, construction, cost, and performance of permeable bases. 

In general, the States that were using permeable base pavements could be 
grouped into two categories -- those that used an untreated permeable base and 
those that used a treated permeable base. The untreated permeable base 
materials generally had a lower coefficient of permeability, whereas treated 
permeable bases had a much higher coefficient of permeability. The untreated 
permeable base material contained more smaller sized aggregate to give it 
stability and, tended to be less permeable. On the other hand, a treated 
permeable base had a cementing agent, 2 to 3 percent asphalt cement or 2 to 4 
bags of cement per cubic yard, for stability. 
with high permeability. 

The result was an open material 

The approach to permeable base design varied among the States with California, 
Michigan, New Jersey, and Pennsylvania havi.ng the most experience. Host of the 
other States constructing permeable bases investigated the designs used by 
these States and modified them for their own use. 

Although the philosophies differed with respect to degree of permeability, the 
end result was that the States believed that rapid base drainage was extremely 
important. Some States believed that the highest permeability that could be 
obtained with readily available materials was best. Whereas, other States 
believed that a less permeable material which was similar to their existing 
base material in availability, cost, and stability, but which had some of the 
fines removed to provide permeability, was sufficient. 

States using untreated permeable bases were; Iowa, Michigan, Hinnesota, New 
Jersey, Pennsylvania, and Wisconsin. Iowa's, Minnesota's, and Pennsylvania's 
permeable base gradation was derived from their conventional dense-graded 

5.5.1 



aggregate base gradation with some of the fines removed. New Jersey's 
gradations were based on a SO/SO blend of AASHTO No.'s 57 and 9 stone. 
tiichigan's and Wisconsin's gradations were developed through testing of 
various permeable gradations. Both Iowa and Michigan allowed recycled PCC 
pavement, with some of the fines removed, to be used for their permeable base. 

States using treated permeable bases were California, North Carolina, and West 
Virginia. The predominant material used for stabilization was asphalt cement 
at approximately 2 percent, although California allowed portland cement at 2-4 
bags per cubic yard as an option. Both North Carolina and Yest Virginia 
utilized AASHTO's No. 57 stone gradation. 
to the AASHTO No. 57. 

California's gradation was similar 

There was a wide range of permeability. The untreated permeable bases 
generally had a lower coefficient of permeability -- in the range of 200 to 
3,000 feet per day. The treated permeable bases all had a very high 
coefficient of permeability -- 
The permeability was determined 

from 3,000 to 20,000 feet per day or higher. 
using either a falling head or constant head 

permeameter following standard test procedures. 

The States that used an untreated permeable material believed it was 
structurally equivalent to a dense-graded aggregate base. New Jersey had 
gyratory shear and repeated load triaxial tests performed on their untreated 
and asphalt cement treated permeable materials at the Corps of Engineers 
Waterways Experiment Station (WES). Results indicated that both had bearing 
capacities similar to dense-graded aggregate base.' Also, l/2 million wheel 
loads were applied to the same test section, which was subject to periodic 
flooding, and it exhibited good performance. Pennsylvania had tests performed 
on their untreated permeable material at the Penn State University Test Track 
and found that it provided support similar to a dense-graded aggregate base. 
Kentucky and Minnesota did not give the untreated permeable material credit in 
their structural sections. 

The States that used a treated permeable base believed that the permeable 
material provided support similar to a dense-graded AC base. West Virginia 
performed a plate load bearing test on their first asphalt treated permeable 
base. A resultant K-value of 200 pounds per cubic inch (pci). California 
performed laboratory compressive tests on their asphalt cement treated 
permeable material and found that it provided more support than dense-graded 
aggregate material. 

Overall, construction of permeable base pavements was found to require more 
care than dense-graded aggregate bases. The treated permeable bases had 
sufficient stability for construction traffic, however, extra care was needed 
to prevent contamination of the layer. Untreated permeable bases, although 
sufficiently stable to pave on, were more easily displaced than dense-graded 
base. Additional care was required by equipment operators and truck drivers 
when placing and finishing the pavement. Quite often, a roller was used to 
'dress up' the permeable material iemtediately in front of the paver. 

Another concern with the untreated permeable aggregate material was the 
possible segregation of the material during placement and degradation of the 
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aggregate under construction traffic. Several States specified that untreated 
permeable aggregate be placed at a certain percent moisture to reduce 
segregation. 

The grade of the treated permeable materials was more difficult to modify once 
it had been placed and compacted. High and/or low spots at the longitudinal 
joint between asphalt cement treated paving passes was comnon and some method 
of modifying the grade (i.e., trimming with a blade or autograder) was 
required. Also, keeping the highly permeable base material clean and free 
from contamination was a concern. Both North Carolina and West Virginia 
required that the filter fabric between the subgrade and permeable base layer 
be wrapped or lapped up around both edges of the permeable base. California 
required sufficient filter fabric to line the edgedrain collector trench and 
to wrap up and over the low side of the permeable base layer. 

PROMOTION 

The permeable base reviews conducted during 1987 and 1988 revealed that 
permeable bases could be constructed without significant changes to 
conventional practices. However, there were questions raised that needed to 
be addressed. In Michigan early distress on several projects were partially 
attributed to the lack of stability of the permeable base. The paving 
contractors raised a number of issues including: the cost effectiveness of 
using permeable bases on lower volume routes, adequate stability for normal 
construction operations, and the availability of aggregate In all locations 
(since a crushed gap graded a gregate is required there is more waste in a 
gravel source). The States a 9 so have raised questions on needed permeability 
and stability and the lack of long term performance data. 

Reviews of existing pavement subsurface drainage systems indicated a general 
lack of maintenance. In every State visited, outlets were found that were 
completely plugged. There was a concern that, unless the maintenance of the 
outlets was given high priority, the use of permeable bases could cause more 
harm than good. An undrained permeable base would become a large reservoir of 
water under the pavement which could saturate and weaken the subgrade. 

Since the findings of the review were generally positive it was concluded that 
an effort should be undertaken to promote the use of permeable bases, while 
continuing to evaluate existing and ongoing projects. The promotional 
activities can be grouped into three are-as: Conferences and Presentations, 
Issuance of Technical Guidance, and Development of Demonstration Project 87. 

Co e e ces and Presentatfou nf r n 

Since 1988 members of the Pavement Division staff have made presentations on 
the design and construction of permeable bases to numerous seminars and 
meetings across the United States such as: Region 3 Quality Assurance 
Workshop, University of Wisconsin Short Courses, Fourth International 
Conference on Concrete Pavement Design and Rehabilitation, Illinois 
Transportation Conference, Western Concrete Pavements Conference, Nevada 
Transportation Conference, Annual Convention of the National Stone 
Association. In .addition multi state drainage conferences were held in 
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Williamsburg, Virginia; Memphis, Tennessee; Denver, Colorado; and Madison, 
Yfsconsin. The Pavemen! Division has also provided technical assistance to 
many individual States. 

Techntcal Guide Paper 90-01 on Subsurface Pavement Dralnage was Issued 
November 15, 1990 to provide Interim guidance. Originally the information 
contained in the guide paper was gofng to be Issued as a technical 
advisory (TA). However, State and industry reviewers voiced concerns that the 
technology had not developed to the point where it should be included in a TA, 
given the "policy' status that a TA sometimes Implles. We concurred with thfs 
vlewpolnt. Ye plan to Issue a TA when procedures have been fully developed 
and evaluated. The purpose of the guide paper It to provtde guidance on the 
current state-of-the-art for the design construction and lufntenance of 
subsurface drainage systems. 

The concrete Pavement Dralnaae Rehabflitation State of the Practice Report was 
published in hpril 1989. This report tua#narited the current edgedrain 
practices in ten States. 

$:tr 10, FHWA Pavement RehabilltatIon Manual Lo&tudlnal ,Edgedrains was 
This chapter examines subsurface drainige and the need for and-the ._..I 

use of'longitudinal edgedrains in relatlon to the design, construction, 
rehabilitatjon and maintenance of pavements. . . 

. 
Pevplooment of Demonztratfon 87, . 

This Demonstration Project is being 'developed to focus on the proper design, 
constructIon, and maintenance of permeable bases under PCC pavements. In 
April 1990, a meeting was held with participants from FHWA, States, and the 
concrete paving industry to discuss the best approach to follow in the 
development of a Demonstration Project for permeable bases. It was consensus 
of the participants that we should develop a demonstration project which 
presented the benefits of permeable bases, discussed proper design and 
construction procedures, and highlighted the importance of proper maintenance. 

It was the conclusion ;f the group that the infonaation contained in the 
)liahwav Subsu face Des an Hanua needed to be updated. Therefore, as part of 
the developmeLt of the demonstration project a new text IS being wrftten. The 
group also recommended that models be developed to demonstrate visually the 
velocity of flow through aggregate gradations with different coefficients of 
permeability. These models have been'constructed and used at several . 
persentations. 

There was also the recommendation that we participate with Wisconsin in a 
study of cement stabilized open graded base (CSO66). This study was 
undertaken in cooperation with the State and contractor. The study resulted 
in a better understanding of the relationship between cement conttnt, 
strength, and the ability of CSOGB to carry construction traffic. 

5.5.4 



A pilot of the demonstration project presentation was given in November 1991. 
Based on comments received at the pilot, revisions are now being made. The 
demonstration project is expected to be ready for presentation In March 1992. 

OTHER ACTIVITIES 

The Pavement Division has worked closely with the Strategic Highway Research 
Program (SHRP) in the development of permeable base sections for SPS-1 and 
SPS-2. These sections reflect the state-of-the-art and should provide the 
Information needed to verify the structural capacfty and performance benefits 
of permeable bases. 

A research contract is underway to evaluate the effects of various design 
features on the performance of jointed concrete pavements. Subsurface 
drainage is one of the features which is being evaluated. 

RESULTS TO DATE 

Nineteen of the 43 States and Terrttories, that build PCC pavements, routinely 
use permeable bases under their PCC pavements. An additional 12 States have 
constructed an experimental permeable base project or plan to construct one. 
Table 1 is a list shoviing which States construct PCC pavements and the type of 
bases used. In addition, 19 States and Puerto Rico have State funded or HPR 
studies involving.improved pavement drainage. 

CONCLUSION$ AND RECDRKNDATIQNS 

We believe that permeable bases provide a viable alternative for PCC pavements 
on higher volume routes where pumping and moisture related distress are the 
principle cause of pavement failure. 

The technology is gaining wide acceptance as evidenced by the large increase 
In the number of States which are now using or plan to use permeable bases. 

It is recommended that FHWA focus its activtties on providing the States with 
information on the best available technology and the results of performance 
and design studies currently underway. We also need to continue to emphasize 
the importance of proper maintenance. This can best be accomplished through 
the demonstration projects program, emphasfrlng the need to consider drainage 
in our public presentations, and working with the States on a one-on-one 
basis. We need to continue to work closely with the States and contractors to 
be aware of their successes and failures, so the latest infonnatlon is 
included in our presentations. 
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PCCP TYPE 
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TYPE OF BASE 
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TRV COMMENTS 
PCC PERM. I 

BASE? 

Open Graded 

CTPB . 

N Alabama N . . 

Arizona Y X X X N 

Arkansas Y X X N 

Californir Y X X X 

Colorado Y X X X Y 

Connecticut Y X X N 

Delaware Y x . X X 

Dirt. of Columbia N N 

florIdI N N 

Georgia Y X X x x N 

H8waM Y X x N 

Idaho Y X X N 

lllblois Y x X x x. v 

Indiana Y X X x . Y 

Iowa Y X X 

Mains N N 

Maryland Y X X X ~~~ -~ 
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Massachusetts N N 

Michigan Y X X 

Minnesota Y X X 

MbSiSSippl Y X X 

Missouri Y X X Y Use drainabls shoulder base 
1 

Montana Y X x ‘, N 

Nebraska Y X N Have drainable subgrades 

Nevada Y X X Y 

New Hampshire N / N 

New Jersey. Y X X 

New Mexico N N 

New York Y X X N Prefer dense graded bases 

North Carolina Y X X 

North Dakota Y X X X ATPB In future 

Ohio Y x x N 

Oklahoma Y x X 

Oregon Y x X X 

Pennsylvania Y X X 

Rhoda Island N N 

South Carolina Y X X 

South Dakota Y X X X Y OGAB in 1992 
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TO 

Memorandum 

INFORMATION: Distribution of Proceedings 
Western States Drainable PCC Pavement 
Workshop 

Dale 

AL.& 1 C IX 

Director, Office of Engineering 
For: Director, Office of Technology 

Applications 

Regional Administrators 
Federal Lands Highway.Program Administrator 
ATTENTION: Technology Transfer Coordinators 

The Federal Highway Administration, in cooperation with the California 
Department of Transportation along with the Southwest Concrete Pavement 
Association, sponsored the subject conference in Sacramento, California, 
during July 21-22, 1993. This memorandum transmits copies of the proceedings 
(Publication No. FHUA-SA-94-045) and provides you with an update on our 
pavement drainage efforts. 

Presentations describing the design and construction procedures used in the 
construction of permeable bases were made by the various western State hig ay 
agencies (Arizona, California, Nevada, Oregon, Uashington,.and Wyoming). 4" he 
proceedings were compiled by Mr. James H. Woodstrom of the Southwest Concrete 
Pavement Association. 

Currently, we have completed presentations of Demonstration .Project No. 87 
(DP 87), "Drainable Pavement Systems" in 42 States, Puerto Rico, and the 
District of Columbia. This demonstration project primarily covered drainage 
of Portland Cement Concrete (PCC) pavements. Unfortunately, one of the 
reoccurring comments during the presentation was that it did not cover drainage 
of flexible pavements or retrofit longitudinal edgedrains. 

On June 6-8, a Technical Working Group'(TUG) on Flexible Pavement Drainage 
Design was convened to develop input for the design and construction of 
permeable bases for flexible pavements. Discussions and input from the TUG 
are being reviewed by the Pavement Division and a design consensus will be 
formulated. This guidance will be provided to the field. 

The Nationalqighway Institute will also incorporate this new guidance on 
flexible pavement drainage design in its new NH1 Course No. 13126, "Pavement 
Subsurface Drainage Design." This'training course will be a complete drainage 
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package'covering PCC and flexible pavements and retrofit longitudinal 
edgedrains. A Request for Proposal for the course has.been developed and has 
been forwarded to the Office of Contracts and Procurement. The development 
time will be approximtitely 2 years. 

Sufficient copies of the publication have been distributed to provide one 
copy to each regional office, and two copies to each division office. Direct 
distribution has been made to the division offices, which are asked to 
forward one copy to the State. If additional copies of the proceedings are 
desired, or if you have any questions regarding DP 87, the western States 
report, or pavement drainage, please contact Project Manager Sob Saumgardner 
at 202-366-4612. 

Attachment 
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Subject 

0’ Memorandum 

Demonstration Project No. 87 ACTION: 
"Drainable Pavement Systems' 

- Date hm 6= 

Director, Office of Engineering 
Aem to 
Attn 01 . HNG-42 

Director, Office of Techno'logy Applications 

Regional Federal Highway Administrators 
Federal Lands Highway Program Admfnistrator 
ATTN: Technology Transfer Coordinators 
Regional Pavement Engineers 

We are pleased to announce that the subject demonstration project is available 
to State highway agencies (SHA's). 

The pavement structural section is the single most costly element of a highway 
system. Water in the pavement section has been determined to be a factor in 
premature pavement deterioration. Inadequate base drainage has been 
identified as a nationwide problem, particularly in concrete pavements. A 
number of SHA's have developed innovatfve pavement designs and construction 
practices that have been successful in draining the pavement section. 
Application of these innovative techniques can reduce premature pavement 
failures and extend the useful life and investment in the Nation's roadways. 

To demonstrate these newer pavement -drainage techniques and other concepts, 
the Federal Highway Administration's (FHWA) Office of Technology Applications 
and Office of Engineering have developed Demonstration Project No. 87, 
"Drainable Pavement Systems.' The project centers around classroom 
discussions that provide current state-of-the-art guidance for designing, 
constructing, and maintaining permeable base drainage systems. Detailed 
guidance will'be provided for the design and construction of both unstabilized 
and stabilized permeable baseL. The staff will also demonstrate the 
permeability of different base course materials. 

Forwarded under separate cover are additional copies of the attached project 
flyer. These flyers are for distribution to the State aoencies in your 

Interested 
,'F$i% through the 

Please cali-Project 
have any questions. 

agencies should submit requests for ihe demonstration 
local FHWA office. 

Manager Robert Baumgardner at (202) 366-4612, should you 

-_ 
Attachments 
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Memorcindum 

Subject J 
NFORMATION: "Effectiveness of Highway Edgedrains,.:ale 

Experimental Project No. 12, Concrete Pavement 
Drainage Rehabilitation APR 14isa 

From 
Chief, Pavement Division RCDh/ IO .HNG-40 
Chief, Engineering Applications Division Alln 01 HTA-20 

TO 
Federal Regional Highway Administrators 
Division Administrators 
Federal Lands Highway Program Administrator 

Transmitted under separate cover are sufficient copies of the subject report 
for use by you and your States. This study measured concurrent rainfall and 
edgedrain discharges, piezometric water levels and soil moisture under the 
pavement and shoulders in 10 States (Alabama, Arkansas, California, Illinois, 
Minnesota, New York, North Carolina, Oregon, Yest Virginia, and Wyoming). 
This report should be of interest to State pavement design and research 
engineers in your region. Ye would like to take this opportunity to thank you 
and the participating State and division staffs for making this project a 
success.. 

We believe that a principal contribution that this report makes is that it 
provides an excellent guide to any State interested in developing a pavement 
drainage study. The pavement instrumentation necessary for drainage is well 
documented. 

Your attention is particularly directed to the CONCLUSION, Effectiveness of 
fdaedrains, section on page 78 of the subject report. Ue feel that the 
following three statements have considerable impact on the national pavement 
subsurface drainage effort to reduce damage to the pavement structure caused 
by surface infiltration through joints and cracks: 

0 "Retrofitting longitudinal edgedrains to an existing highway provides a 
sink to collect water draining laterally off pavement surfaces, as well 
as water reaching the edgedrain through subgrade voids and channels.' 

0 "Tight, low gemability subgrade material precludes ready, lateral 
drainage with or without edgedrains." 

0 "If Mghway restoration, as well as construction, includes provisions 
for a permeable subgrade (base), as well as edgedrains, the two together 
should prove the most efficient in restoring the highway.' 

We would like to direct your attention.to Column (8) of Table 3 on page 64. 
. The wide range of the percent of rainfall that shows up in the edgedrain 

discharges indicates how difficult it is to design .edgedrain systems. 
Therefore, this study fully supports the "Time-to-Drain" concepts presented in 
Demonstration Project NO. 87, "Drainable Pavement Systems' (Demo 87). 
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Ye would like to take this opportunity to update you-on our pavement drainage 
efforts. Currently,. we are making presentations of Demo 87. Attached is a 
map showing the progress of the project. It should-be noted that this project 
only covers drainage of new or reconstructed portland cement concrete (PCC) 
pavements with permeable bases, a separator layer and edgedrains. Drainage of 
asphalt concrete (AC) pavements or retrofit longitudinal edgedrains is not 
covered in the demonstration project. 

The next generation of our pavement drainage activities will include the 
development of the National Highway Institute Course No. 13126, "Pavement 
Subsurface Drainage Design." Drainage of pavement infiltration for both PCC 
and AC pavements, along with retrofit longitudinal edgedrains, will be 
covered. This project is in the conceptual stage with a National Highway 
Institute proposal under development. 

A limited number of additional copies of-the attached report are available 
from our Report Center, or by purchase from the Geological Survey (Report No. 
WRRI 92-4147, cost - $13.00, and telephone number (303) 236-7476): 

U.S. Geological Survey 
Books and Open-File'Reports Section 
Box 25286, Federal Center 
Denver, Colorado 80225 

If you have any additional questions, please contact Hr. Robert Baumgardner 
(202) 366-4612 in the Pavement Division. 

Attachments 
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Memorandum 

S"blecr ACTION: Maintenance of Pavement Edgedrain _ Date MAR 21 I995 
Systems 

From Associate Administrator for 
Program Development 

ReDly 10 
Aftn at HNG-42 

To Regional Administrators 
Federal Lands Highway Program Administrator 
ATTENTION; Regional Pavement Engineers 

The purpose of this memorandum is to strongly reiterate the need for 
maintenance of edgedrain systems. We have become increasingly concerned about 
the lack of maintenance of the edgedrain systems that we have observed around 
the country. Recently, one of our division offices made an extensive review 
of the maintenance of pavement edgedrain systems and prepared an excellent 
report documenting their findings. Attached is a copy of their report 
"Maintenance of Pavement Underdrain System." The reference to the identity of 
the division office and the State highway-agency has been removed at their 
request. We recommend that.the division offices in your region conduct 
similar field evaluations of existing edgedrain systems. 

Sufficient copies of the publication are attached to provide one copy to each 
regional office, and two copies to each division office. We ask that this 
report be forwarded to the State. If additional copies of the report are 
needed, please contact Mr. Robert Baumgardner at (202) 366-4612. 

We cannot over emphasize the importance of proper construction and maintenance 
of pavement edgedrain systems. If water is not rapidly removed from these 
systems, they will serve as reservoirs saturating pavement bases and causing 
rather than preventing accelerated pavement deterioration. 

Currently, we are finalizing a service contract for the video inspection of 
highway edgedrains. This service will assist you and the State in evaluating 
pavement drainage systems. The video inspection will provide a qualitative 
picture of edgedrain conditions in the State. 

Thomas J: Ptak 
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Memorandum 

subject INFORRATION: Pavement Subsurface Draina 
\ 

Date DE 1 6 BB 

Activities 

From Chief, Pavement Divison 
Rttc)ly 10 
Attn 01 HNG-42 

10 Regional Administrators 
Federal Lands Highway Program Administrator 

The purpose of this memorandum is to update you on our pavement drainage 
activities and transmit a copy of the Demonstration Project No. 87, (Demo 87) 
'Drainable Pavement Systems Instructor’s Guide.. This publication provides a 
capsulized picture of pavement subsurface drainage design. Demo 87 was 
presented in over 40 States, Puerto Rico and the District of Columbia. 
Attached is a map showing participation. 

With the successful completion of the first phase of Demo 87, we are moving 
into Phase II of Demo 87, which consists of three activities: 

First, a Technical Yorking Group (TWG) on Flexible Pavmnt Drafnage 
Design consisting of participants from FHWA, State highway agencies 
(SHA's), tinivprsities,.and industries was convened in June of this year. 
The participants provided input as a TUG by drawing on their experience 
and expertise. Wide ranging discussions on the design and construction 
of flexible pavements revealed that there was no clear definition of the 
role of drainage in flexible pavements. One point of consensus was 
that, if a permeable base was provided in a flexible pavement, it would 
primarily combat pavement infiltration water; it would not solve ground 
water problems. A sumnary of the TUG workshop's notes was transmitted . 
to each regional office by memorandum dated November 21, 1994. 

Second, we have developed a 'Proposal (RFP) entitled 'Video Inspection of 
Highwayr EdgedraIns,' which is now being considered for contract award. 
This will provide MA's with a qualitative video picture of edgedrain 
conditions. Upon request of the SHA, the video contractor will be 
available to the SHA for up to a week to investigate the edgedrain 
in-situ conditions. Both existing edgedrains and new construction could 
be viewed on both AC and PCC pavements. After the inspection, the 
Contract-11 provide the SHA with a copy of video tapes and 35 nun 
slides taken during the inspection. Also available will be Graphic 
Information System (GIS) output documenting both the vertical and 
horizontal alinement of the edgedrain system. Ye expect this activity 
to be available about March 1, 1995. 
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Third, we are interested in continuing to develop expertlse and provide 
technical support in the construction-of permeable base and drainage 
systems for both flexible and concrete pavements. Ye would appreciate 
feedback from your office to identify upcoming construction projects, so 
that we can assess developing construction techniques and practices and 
provide technical support as appropriate. We encourage studies to 
evaluate the effect of drainable systems on pavement performance 
(particularly AC pavements) which includes a non-drained control 
section. Please keep us informed of any studies underway or planned. 

Attached is a brief one-page descriptfon of our current draInage activities 
that you may want to dissemtnate to your divisfon offices and WA't. 

2 Attachments 
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SUHHARY OF FHWA'S CURRENT PAVEMENT SUBSURFACE DRAINAGE ACTIVITIES 

December 1994 

Demonstration Project Ho. 87, 'Dralnable Pavement Systems' (Demo 87) provided 
detailed design and construction guidance for drainage systems under Portland 

.. Cement Concrete (PCC) pavements. 
combined with the state-of-the-art 

Established drainage design procedures were 
in practical permeable base construction to 

provide a well balanced approach for the drainage of PCC pavements. Detail 
design and construction guidance was provided for permeable bases, separator 
layers‘and edgedrains. Demo 87 was presented in over 40 States, Puerto Rico 
and the District of Columbia. With the successful completion of the first 
phase of Demo 87, we are moving into Phase II of Demo 87 which consists of 
athree activities. 

First, a Technical Working Group on Flexible Pavement Drafnage Design (TWG) 
consisting of participants from FHWA, State highway agencies (SHA's), 
Universities, and Industry was convened in June of this year. The 
participants provided input as a TWG by drawing on their experience and 
expertise. Wide ranging discussions on the design and construction of 
flexible pavements revealed that there was no clear definition of the role of 
drainage in flexible pavements. The only point of consensus was that, if a 
permeable base was provided in a flexible pavement, it would primarily combat 
pavement infiltration water; it would not solve ground water problems. 
A sunmary of the TW6 workshop is available. 

Second, we are preparing to award a contract in response to a Request for . 
Proposal (RFP) entitled 'Video Inspection of Highway Edgedrains' contract. 
This will provide State higtiway agencfes (MA's) with a qualitative video 
picture of edgedrain conditions. Upon request of the SHA, the Contractor will 
be available to the SHA's for up the a week to investigate the edgedrain in 
situ conditions. Both existing edgedrains and new construction for AC and 
PCC pavements could be viewed. The equipment cannot inspect "fin" drains or 
round pipe less than 100 IINIJ diameter. After the inspection, the Contractor 
will provide the SHA with a copy of video tapes and 35 rmn slides taken during . 
the inspection. Also, Graphic Information Systems (GIS) information on 
edgedrain vertical and horizontal alinement will be provided. We expect this 
activtty to be available by March' 1, 1995. . 

Third, we are interested in continuing to develop expertise and provide 
technical support in the construction of permeable base and drainage systems 
for both flexible and concrete pavements. To accomplish this activity, field 
trips will be made to view construction and provide technical support for 
placing pemable bases in both rigid and flexible pavements. We are also 
interested inftadies evaluating the effect of these systems on pavement 
performance. 
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We are now finalizing a RFP entitled ,Pavement Subsurface Drainage 
Microcomputer Program.. This microcomputer program will replicate 
procedures contained in the Demo 87 Participant Notebook. This wi 
engineers with a useful tool for drainage design. 

the design 
11 provide 

The National Highway Institute (NHI) has advertised a RFP for developing a 
training course entitled NH1 Course No. 13126 .Pavement Subsurface Drainage 
Design.. Drainage guidance for PCC and flexible pavements, along with 
retrofit edgedrains, will be compiled into a comprehensive pavement drainage 
training course. The length of the course will be about.3 days and will 
follow a slide-lecture format. This training course will be available to all 
SHA's and Industry though NHI. 
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CHAPTER 6 

SHOULDER 

6.1 TA 5040.29, Paved Shoulders, February 2,199O. 





U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 
SUBJECT 

PAVED SHOULDERS 

FHWA TECHNICAL ADVISORY 
T 5fl40.29 

February 2, 1990 

Par. 1. Purpose 
2. Cancellation 
3. Definition 
4. Background 
5. Shoulder Type Selection 
6. Design 
7. Common Distresses 
a. Summary 
9. References 

10. Figures 

1. 

2. 

3. 
-_ 

4. 

PURPOSE To outline recommended practices for the design of 
paved shoulders. 

CANCEUATION. Technical Advisory T 5040.18, Paved 
Shoulders, dated July 29, 1982. 

ION Shoulder - the portion of the roadway 
contiguous'with the traveled way for accommodation of 
stopped vehicles for emergency use, and for lateral' support 
of the base and surface courses. 

CKGROUND 

a. Over the years, the function of shoulders adjacent to 
mainline pavements has broadened considerably. Some of 
the added functions of modern roadway shoulders are: 
to accommodate an increasing encroachment of traffic: 
to expedite water.runoff from travel lane pavement: to 
provide added space for construction and maintenance 
activities: to providk other usage such as bicycle 
paths or slow moving vehicles and equipment lanes; to 
reduce edge stresses and edge and corner deflections: 
and to reduce the development of pavement edge drop- 
offs. 

b. Paved shoulders are required on all Interstate routes. 
The decision to pave a shoulder on other routes is an 
engineering determination based on traffic volume, past 
experience and availability of funds. *Paved shoulders 
are justified by improved and smoother traffic 
operations, expectation of better pavement performance, 
increased pavement life, enhanced highway safety and 
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reduced maintenance. Studies included in TRB Special 
Report 214, "Designing Safer Roads - Practices for 
Resurfacing, Restoration, and Rehabilitation" and 
Publication No. F'HWA/RD-87/094, "Safety Cost- 
Effectiveness of Incremental Changes in Cross-Section 
Design -- Informational Guide" have cited reduced 
accident rates with the use of paved shoulders, 

5. SHOUJ,DER TYPE SELJXTION 

a. It is recommended that the shoulder be constructed of 
the same materials as the mainline pavement in order to 
facilitate construction, improve pavement performance 
and reduce maintenance costs. 

b. The use of full-width paved shoulders is desirable. 
However, the additional cost of this design may not be 
warranted *on all projects. In those cases, the use of 
widened lanes should be given strong consideration. 
Widened lanes reduce edge stresses and the potential 
for edge drop-offs, increase safety, and reduce 
maintenance costs. A monolithic widening of 2 to 3 
feet outside of the traveled way is recommended. 
Widened lanes are only effective when striped as 12- 
foot travel lanes. Consideration should be given to 
the placement of rumble strips on the shoulder portion 
of the widened lane. 

6. DESIGN 

a. Generak 

(1) Backuround. The structural design of shoulders 
has received less attention than the mainline 
pavement. Shoulder design has developed gradually 
through experience rather than from a rational 
pavement design approach. There are currently no 
nationally recognized procedures for designing 
shoulders, When designing a shoulder, the 
following should be considered: 

(a) Consider whether the shoulder will be used as 
a temporary or permanent traffic lane in the 
future. 

(b) Integrate shoulder drainage with the overall 
pavement subdrainage design., 

(c) Avoid the use of aggregate base courses 
having more than 6 percent minus 200 mesh 
sieve materials to prevent frost heaving, 
pumping, clogging of the shoulder drainage 
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(e) 
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system, and base instability. 

Have a definite program of shoulder 
maintenance. 

Take advantage of the desirable performance 
of concrete shoulders adjacent to concrete 
mainline pavements. 

(2) Width and Cross Slone. Documents containing 
applicable geometric criteria are listed in 
Federal-Aid Highway Program Manual 6-2-1-1, 
"Design Standards for Highways." The shoulder 
cross slope should be at least 1 percent more than 
the mainline pavement cross slope on tangent 
sections to facilitate drainage but should not be 
so steep as to preclude the use of the shoulder as 
a temporary travel lane during future 
construction. Asphalt and concrete shoulders 
should be sloped from 2 to 6 percent, gravel or 
crushed rock from 4 to 6 percent and turf about 8 
percent. However, care must be exercised so that 
the algebraic difference in cross slope at the 
pavement edge does not exceed 0.08 in order to 
avoid a hazardous roll-over effect. 

(3) Pavement Markinas and Shoulder Texture Treatments 

(a) Distinguishing paved shoulders from the 
mainline pavement is recommended to 
discourage the use of the shoulder as a 
travel lane and provide guidance and warning 
to drivers. This can be accomplished by 
pavement markings and differences in shoulder 
surface texture. 

(b) Shoulder texture treatments that provide an 
audible/vibrational warning to errant drivers 
have proven effective in keeping traffic off 
the shoulder and reducing accidents on long 
tangent or monotonous highway sections with a 
history of run-off-the-road accidents. 
Attachment 1 (Figures 1 through 3) describes 
treatments used by States on bituminous and 
concrete shoulders. 

(4) Drainaae. The presence of free water beneath the 
pavement and/or shoulder is detrimental tc 
performance. Grooved shoulder texture treatments, 
such as discussed in paragraph 6a(3)(b), can 
affect surface drainage. It is recommended that 
these treatments be offset from the longitudinal 
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lane/shoulder joint to facilitate joint sealing 
and minimize surface water infiltration. An 
analysis to provide adequate surface and 
subsurface drainage should be conducted on each 
project. 

b. Concrete Shoulders 

(1) General 

(a) Concrete shoulders should be tied to the 
mainline with properly spaced and sized 
tiebars. Tied concrete shoulders will reduce 
pavement stresses and edge deflections. Tied 
concrete shoulders will also result in a 
tighter, easier to seal longitudinal joint 
that, when properly maintained, will 
effectively reduce water infiltration into 
the pavement structure. 

(b) Retrofitting tied concrete shoulders or lane 
widening will reduce edge stresses and 
deflections. The age, condition and 
remaining service life of the existing 
pavement play a significant role in 
determining whether a retrofit is practical. 
It is recommended that a retrofit be added 
only when an engineering and economic 
analysis indicates it to be a cost-effective 
solution. 

(2) Thickness 

(a) Shoulders should be structurally capable of 
withstanding wheel loadings from encroaching 
truck traffic. On urban freeways or 
expressways, the shoulders should be 
constructed to the same structural section as 
the mainline pavement to ensure adequate load 
capacity at the interface between the 
mainline and shoulder: to provide for ease 
and economy of construction; and to prevent a 
"bathtub" condition under the pavement. This 
will also allow the shoulder to be used as a. 
temporary detour lane during rehabilitation 
or reconstruction. 

(b) As an option for other than urban freeways 
and expressways, a tapered shoulder may be 
considered. Adjacent to the mainline, the 
shoulder should be the same thickness as the 
mainline to permit mid-depth tiebar,placement 
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(3) 

(4) 

and to provide structural support for truck 
wheel encroachments. The shoulder may then 
be tapered to no less than 6 inches at the 
outside edge. Care must be exercised with a 
tapered section since a @*bathtub" type 
condition can result, ponding water in the 
area of the lane/shoulder interface. 

Subbase. It is recommended that the same type of 
subbase be used under the shoulder as under the 
mainline, especially on high volume facilities. 
Care must be taken in designing the subbase cross 
slope under concrete shoulders to avoid pocketing 
of water under the lane/shoulder joint and at the 
shoulder edge. Problems are often encountered at 
this location due to changes in subbase type, 
resulting in non-uniform support or difference in 
drainage characteristics. 

Transverse Joint 

(a) 

(b) 

(cl 

(d) 

Mainline pavement joints should be extended 
across the shoulder. All transverse shoulder 
joints should be sawed to a depth of l/3 the 
slab thickness. 

Where plain jointed concrete shoulders are 
used adjacent to continuously reinforced 
mainline pavement, the shoulder joints should 
be sawed at 150foot intervals. Plain 
concrete shoulders should not be constructed 
integrally with continuously reinforced 
concrete pavement. Transverse saw cuts in 
the integrally constructed shoulders will 
propagate cracks across the mainline. 

Where plain jointed concrete shoulders 
are used adjacent to jointed reinforced 
mainline pavement with skewed joints, 
intermediate joints should not be sawed 
in the shoulder. Skewed intermediate 
shoulder joints tend to propagate 2 
parallel transverse cracks across the 
mainline pavement. 

Where plain jointed concrete shoulders 
are used adjacent to jointed reinforced 
mainline pavement with perpendicular 
joints, intermediate shoulder joints are 
optional. However, intermediate joints 
should not be sawed if the shoulder is 
constructed integrally with the mainline 
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(5) 

(6) 

(7) 

(8) 

pavement. Intermediate transverse saw 
cuts in.integrally constructed shoulders 
will propagate cracks across the 
mainline. 

Lonaitudinal Joint. Combined lane and shoulder or 
lane widening widths of 15 feet for the right 
(outside) lane and 16 feet for the left (inside) 
lane have generally performed satisfactorily. For 
widths greater than these, a longitudinal joint 
should be sawed and sealed. 

Kevwav. Keyways are not recommended for use, and 
should never be used for pavements less than 10 
inches thick. If used for pavements 10 inches or 
greater in thickness,. keyways should be placed at 
mid-slab depth to ensure maximum strength. Proper 
concrete consolidation, both above and below the 
keyway I is essential. 

Tiebars 

(a) 

(b) 

(cl 

Tiebars are needed between the mainline 
pavement and concrete shoulders to keep the 
longitudinal joint tight so as to provide the 
necessary load transfer. Tiebars are 
typically placed on 30-inch centers at mid- 
slab depth. If tiebars are to be bent and 
later straightened during construction, Grade 
40 steel is recommended, as it better 
tolerates the bending. When using Grade 40 
steel, 5/8-inch by 30-inch tiebars should be 
used. When using Grade 60 steel, 5/8-inch by 
40-inch or l/l-inch by 320inch tiebars should 
be used. These lengths are necessary to 
develop the allowable working strength of the 
tiebar. 

Tiebars should not be placed within 15 
inches of transverse joints. When using 
tiebars longer than 32 inches with skewed 
joints, tiebars should not be placed 
within 18 inches of the transverse 
joints. 

The structural adequacy of tiebars can be 
reduced through corrosion. Corrosion 
resistant tiebars are recommended. 

Reinforcement. The majority of concrete shoulders 
are plain with short joint spacing. They have 
performed well when placed adjacent to either 
plain jointed, reinforced jointed, or continuously 
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reinforced concrete mainline pavements. The plain 
jointed design is therefore recommended. In cases 
where jointed reinforced or continuously 
reinforced shoulders are placed integrally with 
the same type of mainline pavement, the steel in 
the shoulder is normally placed at the same 
percentage as required for the mainline pavement. 

(9) Lane Wideninq. A 2- to 3-foot integral widening 
of the mainline slab will reduce edge strains and 
deflections. To be effective, the travel lane 
should be striped at 12 feet with the edge of the 
slab being moved into the shoulder and away from 
traffic load applications. The remaining portion 
of the shoulder may also be paved. 

C. Flexible Shoulders 

(1) ZZYESS 

(a) 

0) 

(cl 

Id) 

Bituminous surface treated shoulders consist 
of an aggregate shoulder on which coats of 
liquid bituminous material and aggregate 
chips have been applied and rolled. Regional 
terminology such as armor coat, double or 
triple surface treatment, or seal coat all 
apply. 

Bituminous aggregate shoulders consist of a 
bituminous mat on top of an aggregate base 
course of variable depth that may or may not 
contain a stabilizing agent. 

Full-depth asphalt shoulders consist of 
asphalt mixtures for all courses laid 
directly on the prepared subgrade. 

Widened lanes consist of a 2- to 3-foot 
widening of the mainline structural section 
with the remaining width of shoulder composed 
of a bituminous surface treatment, bituminous 
aggregate section, aggregate or turf. For 
the widening to be effective, the widened 
lane should be striped as a 12-foot travel 
lane. 
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(2 1 Thick== 
(a) Shoulders should be structurally capable of 

withstanding wheel loadings from encroaching 
truck traffic. On urban freeways or 
expressways, the shoulders should be 
constructed to the same structural section as 
the mainline pavement to ensure adequate load 
capacity at the interface between the 
mainline and shoulder; to provide for ease 
and economy of construction: and to prevent a 
lvbathtubll condition under the pavement. This 
will also allow the shoulder to be used as a 
temporary detour lane during rehabilitation 
or reconstruction. 

(b) For other than urban freeways and 
expressways, a structural section less than 
that of the mainline may be warranted. It is 
recommended that the thickness be based on an 
evaluation of life cycle costs and past 
performance under similar conditions. The 
use of widened lanes should be considered in 
the life-cycle cost analysis. 

7. COMMON DISTRESSES 

a. Most shoulder deterioration is attributable to one or 
more of the following causes: truck encroachments, 
water intrusion at the longitudinal joint, use of lower 
quality materials, and inadequate thickness. 

b. Field observations have shown that shoulder distress is 
primarily concentrated within 24 inches of the 
longitudinal mainline/shoulder joint. 

C. The longitudinal joint between a concrete mainline 
pavement and a flexible shoulder is a primary source 
for infiltration of surface water into the subbase. 
The longitudinal joint has proven to be one of the 
weakest parts of the mainline/shoulder system,+ 
Distress in the form of excessive cracking, breakage, 
and settlement is concentrated at this location. 
Separations generally range from l/8 to as much as 2 
inches. The infiltration of water can be minimized by 
a properly sealed and maintained joint. 
agencies add a "wedge" 

Some highway 
(6 to 19 inches wide) of hot- 

mixed bituminous material in the low areas where the 
flexible shoulder has settled. Tied concrete shoulders 
in lieu of flexible shoulders will minimize the problem 
associated with a longitudinal joint. 
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8. SUMMARY. Shoulders are an important element in the 
performance and overall service provided by highway 
pavements. Proper attention to the selection, design, 
construction an*i maintenance of shoulders is an important 
part of pavemerk management and can result in improved 
performance and service cost-effectiveness. 

9. REFERENCES. Attachment 2 lists reference documents that 
should prove useful in the area of design, construction and 
rehabilitation of paved shoulders. 

10. FIGURES.= Attachment 1 contains 3 figures which describe 
shoulder surface treatments used by States on bituminous and 
concrete shoulders. 

Thomas 0. Willett 
Acting Associate Administrator for 

Engineering and Program Development 

Attachments 
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Typical Shoulder Treatments 

Bituminous Shoulders 

Figure 1. Indented Strip - A continuous stretch of indentations 
is impressed in the shoulder through the use of a steel 
roller. In a method developed by California, steel 
bars are welded to a vibratory roller to impress 
indentations. Georgia specifies that a nominal 1 and 
l/2 inch diameter pipe be welded to the roller drum to 

.form the indentations. Typically the indentations are 
spaced 8 inches apart (A) and 3/4 inch to 1 inch deep 

( B )  l Most States offset this treatment 6 to 12 inches 
from the edge of the mainline pavement and the typical 
treatment width is 3 feet. 

State 

NC 

SC 

Stone Aggregate Gradations (Percent Passing by Weight) 

ADDS 1 3/4” l/2” 3/8” #4 #8 #16 #lOO #200 #/SY 

1st 90-100 20-55 O-10 O-5 --- --- --- --- O-l.5 45-50 
2nd 100 90-100 20-55 O-15 O-5 --- --- --- O-l.5 35-40 
3rd --- ' 100 98-100 75-100 20-95 O-15 --- --- 0.1.5 17-22 
1st 100 go-100 --- 0-20 O-5 --- --- --- --- 28-32 

2nd --- l I 100 I 95-100 I 80-100 I 20-50 I --- I O-6 I O-2 I --- 118-22 

Figure 2. Bituminous 8urface Treatment - The effectiveness of a 
textured shoulder is largely dependent upon the 
gradation of aggregate used. Treatments containing 3/4 
inch to 1 inch stone have been observed to be very 
effective as an alerting texture. 
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FHWA TECHNICAL ADVISORY T 5040.29 
February 2, 1990 
ATTACHMENT 1 

Concrete Shoulders 

C 

f 
B 

T 

E 

Figure 3. Corrugations or rumble strips - The top configuration is the one 
most commonly used. Most States build this type of section 3 to 6 
feet wide (C); 3 to 4 and l/2 inches between corrugations (A); and 
1 inch deep (B). Corrugations generally extend the full width of 
the shoulder and are placed at 40 to 100 foot intervals. One 
variation of this treatment is to offset the section l/2 to 4 feet 
from the edge of mainline pavement. The corrugations may also be 
placed in the middle l/3 of the shoulder, if desired, to 
accommodate traffic during future rehabilitation or maintenance 
work or to accommodate bicyclists. 

The bottom configuration is generally built 4 feet wide (D); 6 to 
12 inches between corrugations (E); and 3/4 to 1 inch deep (G). 
Corrugations are generally offset l/2 to 2 feet from the edge of 
the mainline pavement and are placed at 40 to 90 foot intervals. 
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FHWA TECHNICAL ADVISORY T SO40.2! 
February 2, 1990 
ATTACHMENT 2 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
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9. 

10. 

11. 

12. 
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0 Memorandum 

Subtect Concrete PZV@ment Restoration and Crack Date MAY 2 2 I93 
and Seat Rehabilitation Performance 
Evaluation Reports 

From- Associate Administrator for 
Engineering and Program Development 

Reply to 
Attn 01 HHO-13 

To Regional Federal Highway Administrators 
Regions l-10 

In a previous memorandum dated March 25, 1986, we noted the growing concerns 
that certain concrete pavement rehabilitation strategies and individual 
techniques were performing below expected levels or were not appropriate for 
actual project conditions. A plan was developed by Demonstration Projects 
Division and the Pavement Branch to conduct detailed reviews of completed 
Concrete Pavement Restoration (CPR) and Crack and Seat (C&S) rehabilitation 
projects during the remainder of the year. These reviews have been completed 
and the subject reports are being disseminated to provide interim technical 
guidance. 

The University of Illinois under a FHWA research contract entitled 
"Determination of Rehabilitation Methods for Rigid Pavements" is undertaking a 
more extensive data collection and analysis effort which will provide further 
information on these strategies. Dur CPR and C&S reviews have been coordinated 
with this research contract to minimize duplication of effort. Much of the 
initial project description data they had collected was utilized to select 
projects for our reviews. Conversely, detailed plan data that was gathered 
during our reviews is being shared with the university. The research report is 
expected to be available by'the end of the year. 

The report on CPR included an in-depth review of 26 projects in eight States. 
The review found that proper preliminary engineering and timing of the 
individual techniques are critical to project performance. When properly 
designed and constructed it was found that CPR will generally reduce pavement 
deterioration thereby, prolonging pavement life. However, continued 
maintenance throughout the project design life will be required. In addition, 
it was noted' that pavements having an accelerated rate of slab cracking will 
continue to have a high rate of slab deterioration immediately after completion 
of the CPR project. The techniques which were reviewed included full depth 
patching, partial depth patching, diamond grinding, joint resealing, and slab 
stabilization (subsealing). In brief, it was found that: dowelled jointed 
full depth concrete patches provided satisfactory long-term performance (up to 
8 years observed); partial depth patches limited to the top third of the slab 
and containing a compressible material in all working joints and cracks are 
exhibiting good performance after 6 years; diamond grinding can provide long- 
term improvement in ride quality, however, further evaluation on whether there 
is a long-term improvement in pavement friction is required; transverse joint 



resealing using silicone provided good performance, whereas, hot-poured 
sealants experienced significant adhesion failures generally within 2 years; 
hot-poured-sealants, on the other hand, appear to be the most effective 
material to use in the longitudinal asphalt shoulder joint; the benefits of 
subsealing were not readily observed, although it did not appear to adversely 
affect pavement performance. 

As in any other rehabilitation strategy, adequacy of design, quality and 
timeliness of construction, and continued maintenance determine the 
effectiveness of the CPR strategy. Close adherence to the technical guidance 
contained in the *'Pavement Rehabilitation Manual", the "Techniques for Pavement 
Rehabilitation" course notebook, and the "1985 AASHTO-AGC-ARTBA Joint 
Comnittee's Guide Procedures for Concrete Pavement 4R Operations", generally 
resulted in good performance of the individual techniques within a CPR project. 
In cases where the pavement is suitable for rehabilitation and proper 
procedures are used, up to 10 years of service life can be achieved using CPR 
techniques. 

The report on C&S included an in-depth review of 22 projects in eight States. 
The projects reviewed were the classic C&S type (ie., small hairline cracks, no 
rupturing of the reinforcement, etc.) and did not include "rubbliting" or 
pulverizing the pavement. Both positive and negative aspects of C&S were 
discovered during the review. The most positive aspect is the delay of 
reflective cracking. A majority of the projects reviewed showed a reduction in 
reflective cracking during the first few years after construction. However, 
most of the C&S sections exhibited the same amount of reflective cracking as 
the control sections after approximately 4 to 5 years. Two projects that have 
shown significant reduction in reflective cracking had the following 
similiarities: non-reinforced pavement; small changes in seasonal temperatures; 
and a strong base (cement treated). The primary negative aspect of C&S is the 
reduction in structural capacity of the pavement. To compensate for this, more 
overlay thickness is required, thu :ncreasing the cost. When thick overlays 
(5 to 8 inches) are proposed by St‘!4 highway agencies, very little structural 
value is given to the cracked pavement. These findings suggest that this 
rehabilitation.strategy should be approached with caution. The costs for 
additional overlay thickness, the cracking and seating, and other required work 
such as shoulder and guardrail raising, must be evaluated when determining the 
most cost effective rehabilitation strategy to employ. 

In developing a rehabilitation project, the process for preliminary engineering 
and economic analysis outlined in Administrator Barnhart's November 15, 1983 
memorandum should be followed. In addition, States need to continually monitor 
and evaluate their previous experience with various rehabilitation strategies 
to determine the expected service life of these strategies in their State. 
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A sufficient number of copies of each report are enclosed for distribution to 
the Division Offices and State highway agencies in your Regions. Additional 
copies or Wchnical assistance can be obtained by contacting Mr. John P. Hallin 
at FTS 366-1323. 

. 
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I. INTRODUCTION 

Federal Highway Administrator R.A. Barnhart's November 15, 1983, memorandum on 

pavement rehabilitation design identified the lack of good performance data as 

the weakest point in the rehabilitation process. Reliable performance data is 

a key element in evaluating alternate rehabilitation strategies and making 

network and project level engineering analyses. 

Concerns had been expressed that the performance of certain rehabilitation 

strategies and individual techniques were below expected levels, or in some 

cases, strategies selected for specific project conditions may not have been 

the appropriate solution. One of the pavement rehabilitation strategies for 

portland cement concrete (PCC) pavements that has caused such concerns is 

concrete pavement restoration (CPR). Individual techniques within a CPR 

project include slab stabilization (subsealing), full depth patching, partial 

depth patching, load transfer restoration, subdrainage, shoulder restoration, 

diamond grinding, and joint resealing. 

In order to assess the effettiveness of the CPR strategies being undertaken by 

State highway agencies, the Federal Highway Administration ,(FHWA) conducted a 

review of selected CPR projects. The review focused on three aspects of CPR 

completed on jointed plain and jointed reinforced concrete pavements: 

1. Expected service life based on observed performance. 

2. Variables that significantly affect the performance of individual CPR 

techniques. 

3. Conditions under which each strategy has been used in a cost-effective 

manner. 
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Field reviews were conducted jointly by the FHWA's Pavement Division and 

Demonstration Projects Division between May and October 1986. Teams composed 

of an engineer from each division conducted in-depth reviews of 26 CPR projects 

in eight States. These teams were assisted by engineers from the ,appropriate 

FHWA regional and division offices and State engineers familiar with the 

design, construction, and maintenance of each project. The States also 

provided historical and inventory data for each project. 

This review was closely coordinated with an ongoing research contract entitled 

"Determinat:sn of Rehabilitation Methods for Rigid Pavements." The research 

project will gather data on a large number of the variables that affect the 

performance of individual techniques as well as data on the success or failure 

of the overall strategy from approximately 150 projects in more than 20 States. 

Standard statistical analysis procedures will then be app.lied to develop 

conclusions. The Strategic Highway Research Program (SHRP) is expected to 

provide additional information regarding pavement rehabilitation strategies. 

This CPR review provides interim technical guidance until the research project 

is completed. The findings represent the consensus of the FHWA engineers 

conducting the reviews based on their experience, data gathered, field 

observations, and discussions with field practitioners. 
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II. SLWARY 

Twenty-six completed CPR projects in eight States 'were reviewed. The review 

found that proper preliminary engineering and timing of the individual 

techniques are critical to project performance. When properly designed and 

constructed it was found that CPR will generally reduce pavement deterioration 

thereby, prolonging pavement life. 

The age of the completed CPR projects ranged between 1 and 14 years. The 

findings presented in this report are based on project data, discussions with 

State personnel, field inspections of each project, and engineering judgement 

and experience of the FHWA team conducting the review. It is hoped that these 

results can be used to assist highway engineers in determining whether CPR 

techniques would be an effective rehabilitation strategy for particular highway 

projects. The report also provides information on the practices used by State 

highway agencies where good performance of CPR techniques was observed. 

The number of individual CPR techniques undertaken on any specific project 

varied for project to project and State to State. Like any other pavement 

rehabilitation strategy the overall effectiveness of CPR techniques is highly 

dependent on adequacy of design, quality of construction, and maintenance 

practices. 

The individual CPR techniques covered by this report include subsealing, full 

depth patching, partial depth patching, grinding, and joint resealing. Very 

few of the projects reviewed included pressure relief joints, subdrains 

retrofit load transfer devices, and shoulder restoration techniques. 
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Therefore, detailed comments on these techniques are not provided. It was also 

concluded that proper evaluation of subdrainage is not possible without 

performing in-depth testing. A separate project has been initiated to evaluate 

subsurface drainage on a variety of in-service installations. 

Based on our field observations and discussions with State engineers, an 

effective CPR strategy will generally reduce the rate of pavement deterioration 

and properly designed and constructed CPR.techniques can be expected to provide 

6 to 10 years of service life. However, continued maintenance throughout the 

project design life will be required. On most projects, a'followup maintenance 

effort was needed within 1 year of project completion. 

The available preliminary engineering data developed for each CPR project was 

reviewed. On many projects, very little detailed information concerning the 

cause and extent of distress had been assembled. Some projects experienced 

large overruns in quantities and at least one project was terminated due to 

cost overruns before all CPR work could be completed. The lack of timely 

detailed condition data likely contributed to the major overruns. 

Based on review of these 26 projects, we believe that pavements having an 

accelerated rate of slab cracking prior to rehabilitation will continue to 

have a high rate of slab deterioration immediately after completion of a CPR 

project. Furthermore, the percent of pavement in the right lane requiring full 

depth replacement of cracked slabs appears to be a good indicator of a 

project's suitability for CPR. The following criteria is based on our field 

observations of the 26 projects: 
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a. 

b. 

c. 

When 5 percent or more of the right lane required full depth 

replacement, the project was probably not a suitable CPR candidate. 

When 2 percent or less of the right lane required full depth 

replacement, and other forms of pavement distress were within 

reasonable limits, the project was a suitable CPR candidate. 

Projects requiring between 2 and 5 percent full depth replacement of 

the right lane were marginal CPR candidates. In these cases, we 

recotnnend that pavement deterioration be more closely monitored and 

evaluated. This will assist in determining whether to undertake CPR. 

Of the 19 CPR projects incorporating full depth patching, 14 had a minimum 

patching dimension of one lane width in the transverse direction. Based on our 

field observations of the patches, we believe a minimum length of patch in the 

longitudinal direction should be 6 feet to prevent longitudinal cracking. Full 

depth concrete patches with dowelled joints provided satisfactory long-term 

performance. However, patches using the inverted tee method or those with 

aggregate interlock did not provide satisfactory performance. High cement 

factors (7 bags or more), Type. III cement, and up to 2 percent calcium chloride 

(by weight of cement) were used to accelerate the concrete mix strength in the 

full depth patching projects. These projects were opened to traffic in as 

little as 4 hours and were performing satisfactorily after 8 years. 

Partial depth patching was performed on 13 CPR projects. On eight of these 

projects, less than 5 percent of the total number of patches had failed. Field 

reviews of the patches and discussions with State engineers showed that a 

compressible material must be placed in all.working joints and cracks within 

and adjacent to the patch to obtain satisfactory performance. Our field 
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observations also confirmed that partial depth patches should be limited to the 

top one-third of the slab and should not extend to a depth that allows the 

dowel bars to bear directly on the patching material. Satisfactory long-term 

performance (up to 6 years observed) was achieved with standard and high-early 

strength PCC mixes. 

Grinding was performed on 13 CPR projects to improve poor ride quality due to 

faulting. A ride or profile equal to or better than that for a new concrete 

pavement was achieved. It appears that specifications for a grinding project 

could reasonably inc.lude profile requirements at least as stringent as those 

for new PCC pavements. Grinding does not appear to have a significant positive 

long-term affect on pavement friction. On the four projects where friction 

data was available, the friction numbers returned to pregrinding levels within 

2 years. Several other States reported similar trends. 

Seventeen CPR projects included joint resealing. Hot-poured transverse joint 

sealants were used on seven projects. Those sealants experienced adhesion 

failure, generally occurring within 2 years after construction. Silicone 

sealants provided considerably better performance. However, minor adhesion 

failures were noted in approximately 25 percent of the joints inspected. 

Discussions with field personnel indicated these failures may be due to 

improper cleaning of the joints prior to resealing. 
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The benefits of subsealing could not be readily determined. Field reviews on 

eight projects in four States showed there was no apparent visual difference in 

pavement performance between States that had subsealed as part of CPR versus 

those that did not. Where recommended procedures were followed subsealing'did 

not appear to have any adverse effects on pavement performance. 
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III. DISCUSSION 

PROJECTS SELECTED 

Twenty six CPR projects were reviewed in eight States. The projects reviewed 

and techniques evaluated are listed in Table 1. Pertinent information on each 

of the pavements rehabilitated is sunvnarized in Table 2- 

All of the projects evaluated were jointed concrete pavements. Thirteen of the 

projects were plain concrete pavements with undowelled joints. The remtining 

13 projects were reinforced concrete pavements with dowelled joints. The 

average age of the pavements at the time of rehabilitation was 18 years, with a 

range of 10 to 38 years. 

Very little traffic loading data was available for most of the projects. 

However, an attempt was made to classify the cur-ent truck loadings on the 

projects into four groups. The groups are based on daily volume of "S-axle or 

greater" trucks. This grouping was selected because these trucks generally 

provide 85 percent or more of the 18-kip equivalent single axle loadings on 

rural highways. The following groups were selected. 

Loading Class Daily 5 Axle or Greater 
Truck Volume 

1 ,150o 

2 1001-1500 

3 501-1000 

4 (501 
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Table 1. Projects and rehabilitation techniques 
reviewed. 
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A plot of pavement age at rehabilitation versus traffic load class is shown in 

Figure 1. + can be seen, there was no relationship for the projects covered 

by this review. 

0 

0 

a 
0 

Figure 1. Age of the pavement at the time rehabilitation was 
requfred as a function of traffic. 
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111.6. PERFORMANCE 

For each major rehabilitation project reviewed, a suojective evaluation of the 

performance was made. All projects were expected to provide 6 to 10 years 

service life. Therefore, if the project required early rehabilitation or major 

maintenance it was considered to have been a poor overall candidate for 

rehabilitation. 

In addition, the performance of the individual techniques was evaluated. These 

techniques included full depth patching, partial depth patching, grinding, 

joint resealing, and subsealing. Very few projects reviewed included pressure 

relief joints, subdrains, retrofit load transfer devices, and shoulder 

restoration techniques. Therefore, detailed comments on these techniques are 

not provided. It was also concluded that it is not possible to evaluate 

subsurface drainage without performing in-depth testing. A separate project 

has been initiated to evaluate subsurface drainage on a variety of in-service 

installations. A detailed discussion of the CPR techniques follows. 

OVERALL CPR STRATEGY 

On many of the projects reviewed there was very little information available 

detailing the condition of the pavement prior to the rehabilitation project. 

This lack of data made it difficult to make before and after evaluations of the 

effectiveness of the CPR techniques. The absence of information on the rate of 

pavement deterioration prior to CPR made it difficult to determine how much CPR 

slowed the rate of deterioration. 
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In addition to the lack of detailed information on the extent and causes of 

distress, on most projects the pavement condition was not formally checked 

during the latter stages of project development. As a result several projects 

experienced overruns, for full and partial depth patching quantities, exceeding 

500 percent. On one project, the quantity of partial depth patching increased 

from 11,511 square feet to 89,893 square feet for an overrun of $470,292. At 

least one project was terminated before all CPR work was completed because 

overruns in quantities exceeded available funds. These findings emphasize the 

need for detailed condition monitoring throughout the preliminary engineering 

phase of candidate CPR projects. 

. . 
Four of the 26 projects reviewed were probably, in retrospect, poor candidates 

for CPR. This judgement was based on the condition of the pavements 5 years or 

less after rehabilitation. Three of these projects were in need of major 

maintenance or complete reconstruction. The other project is showing 

significant distress less than 2 years after rehabilitation. The principal 

distress on these projects was the structural failure of the slabs. At the 

time these projects were rehabilitated, approximately 4.7 to 16.3 percent of 

the pavement in the right lane was replaced by full depth patching. Generally, 

additional patching was required, but contract overruns were limited by fiscal 

constraints. In most cases, full depth patches were constructed to replace 

slabs that were breaking up. 

".. 

Of the remaining 22 projects reviewed, 3 had a significant amount of full depth 

patching to correct joint distress. In general the slabs were in good 

structural condition other than at the joints. The remaining 19 projects were 

considered proper candidates for CPR and exhibited satisfactory performance for 
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up to 8 years. The maximum quantity of full depth patching on these 

19 projects amounted to 2.6 percent of the right lane surface area. 

The following were findings on the use and-performance of CPR: 

1. An effective CPR strategy will generally reduce the rate of pavement 

deterioration. Properly designed and constructed CPR techniques can be 

expected to provide 6-10 years of service life, however, continued 

maintenance throughout the project's design life will be required. 

2. The level of performance of each individual CPR technique was highly 

dependent on the adequacy of design, quality of construction, and the 

appropriateness of the technique selected to address the cause of distress. 

Even with high quality controls a few early failures of the repairs 

occurred, and maintenance within 1 year following completion of CPR is 

generally required. 

3. Lack of detailed condition data during project development resulted in major 

overruns. 

4. Pavements which have an accelerated rate of slab cracking prior to 

rehabilitation had a high rate of slab deterioration immediately after 

completion of a CPR project. It was found that the percent of the right 

lane requiring full'depth replacement of cracked slabs appeared to be a good 

indicator of a project's suitability for CPR. The criteria listed below is 

based on field observations of the 26 projects: 

a. When 5 percent or more of the right lane required full depth 

reelacement, the project was probably not a suitable CPR candidate. 

b. When 2 percent or less of the right lane required full depth 

replacement, and other forms of distress were within reasonable limits, 

the project was a suitable CPR candidate. 
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C. Projects requiring between 2 and 5 percent full depth replacement of 

the right lane are marginal CPR candidates and require careful 

monitoring to establish the current rate of pavement deterioration. 

FULL DEPTH PATCHING 

Full depth concrete pavement repairs were reviewed on 19 CPR projects in eight 

States. The age of the oldest patches observed were 8 years with an average 

age of 4 years. The projects reviewed are summarized in Table 3. 

Three methods of providing load transfer at the transverse boundary between the 

patch and the existing concrete were observed. Dowels were used on eight 

projects. Undercutting (inverted teejwas used on four projects. Aggregate 

interlock only was provided for patches on six projects. In addition, on one 

project in Wisconsin all three methods were tried. 

Full depth patches using dowels for load transfer are providing the best 

overall performance. A majority of the patches observed where undercutting was 

used exhibited settlement of the patch and/or faulting at the joint. In many 

cases both sides of the patch would be lower than the adjacent slabs. Patches 

with aggregate interlock have severe faulting, which generally appeared to be 

greater than the faulting on the original pavement. 

Patch cracking was not a major distress, although a number of States permitted 

early opening (4-8 hours) after concrete placement. Typical concrete mix 

designs required 3000 psi compressive strength in 24 hours. Georgia indicated 

patches were opened to truck traffic after 6 hours at concrete compressive 

strengths of 1200-1500 psi with no resulting problems. 
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Of the 19 CPR projects incorporating full depth patching, 14 had a minimum 

patching dimension of one lane width in the transverse direction. The length 

varied from 2 feet to a full slab length. It was noted that many of the 

patches less than 4 feet in length developed longitudinal cracking in the 

middle third of the patch. Most States reviewed specify a minimum patch of a 

full lane width by 6 foot length. Additional research conducted by others 

confirms that patches less than 6 feet in length are prone to crack and those 

less than a full lane width create a weakened plane in the slab. 

The review confirms that full depth concrete repairs can be constructed to 

provide satisfactory long-term performance. The additional expense of the 

dowel bars appears very cost effective in reducing the recurrence of faulting. 

Patching is a major cost item on most CPR projects. Therefore, the rate of 

continued deterioration of the pavement joints and slabs not repaired must be 

given careful consideration in the economic (life-cycle cost) analysis of 

rehabilitation alternatives. 

The following were findings on full depth patching: 

1. Dowelled jointed full depth concrete patches provide satisfactory long-term 

performance (up to 8 years observed). 

2. Patches should have a minimum dimension of one lane width in the transverse 

direction and 6 feet in the longitudinal direction. 

3. Satisfactory performance was achieved from patches opened to traffic in as 

little as 4 hours: higher cement factors, Type III cement, and up to 
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2 percent calcium chloride (by weight of cement) were used to accelerate the 

strength gain. 

PARTIAL DEPTH PATCHING 

Partial depth patching was performed on 13 CPR projects. Nine of the projects 

were jointed reinforced pavements with dowelled joints. The remaining four 

projects were plain pavements with undowelled joints. On all projects 

reviewed, the partial depth patches were generally used to correct spalling at 

transverse contraction joints. 

No problems were indicated with partial depth saw cuts and concrete removal. 

Georgia noted excellent results with their procedure. They specify a series 

of parallel partial depth saw cuts within‘patch boundaries to facilitate 

concrete removal with lightweight chipping hammers (30 lb. maximum size). 

The patching materials included "Set 45" on one project in Michigan and high 

aluminum cement on one project in California. The remaining projects were 

patched with PCC using either Type I or Type III cement. Some of the projects 

used up to 2 percent calcium chloride (by weight of cement) as an accelerator. 

The cement content for the PCC patches ranged from 6.5 to 8.5 bags. Air 

contents were between 5.5 and 7 percent. A bonding agent was used on all of 

the PCC patches. The most commonly used material was a sand-cement slurry 

applied to either a dry or damp surface. On several projects, epoxy resin was 

applied to a dry surface. 
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The projects reviewed, specifications, and comments on performance are outlined 

in Table 4. The performance of the partial depth patching projects is 

summarized as follows: 

Failure Rate 
(Percent of Patches) 

4 percent 

15 percent 

75 percent 

>90 percent 

Number of Projects 

The only consistent difference between the projects having a low failure rate 

versus those with greater than 5 percent was the use of compressible material 

in the joints. One of the projects with a 75 percent failure rate required a 

compressiole material in the joints, however, the depth of many of the patches 

was reported to be below the depth of the dowel bars. The specifications on 

the project required the compressible material to be placed to the top of the 

dowels. A bond breaker was to be used below the dowels. 

Problems were observed on several projects where partial depth patches extended 

into the dowel bars. It is very difficult.to place the compressible material 

in the joint adjacent to the dowels. Also, the dowel to patch contact may 

result in excessive stresses in the patch and at the interface of the patch and 

existing concrete. These stresses develop during joint movement or during 

curling and warping of the slab. 



Tabli 4. Sumary of partial depth patching proJects. 

Project 

Call fornla 

MO-W- 
4-ll-.4 
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PARTIAL EPTH PATCHING 

Patch Mat. 
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cenent Dry 
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Joints 
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dowels 
only. 
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see Bottom ofpatchus were at 
the cbwels or below. 
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See above <5% failure. 
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The following wer.e findings on partial depth patching: 

1. A compressible material must be placed in all working joints and cracks 

within or adjacent to the patch. The compressible material should extend 

1 inch below and 3 inches laterally beyond patch boundaries. 

2. Partial depth patches should be limited to the top one-third of the slab and 

should not extend to a depth that allows the dowel bars to bear directly on 

the patching material. 

3. Standard and high-early strength PCC mixes provided satisfactory long-term 

performance (up to 6 years observed). 

6RINDIN6 

Thirteen projects reviewed included diamond grinding. Eleven of these 

projects were on plain undowelled pavements. The purpose of grinding was to 

improve poor ride quality due to faulting. 

Before and after ride or joint faulting data were limited. Based on the data 

available and cotmnents by personnel familiar with the projects, grinding 

appears to provide a significant long-term improvement in ride quality. 

Continuous grinding of the entire lane achieved uniform ride, friction, and 

appearance. It was noted that grinding in the direction of or against traffic 

flow met ride specifications. Several States prefer to grind in the direction 

of traffic as a safety precaution. 

Pavement texture was another area that was discussed. Three of the six States 

that performed grinding require the contractor to adjust the blade spacing to 

achieve a specified texture. Wisconsin specifies that 95 percent of any 3 foot 
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by 100 foot section being ground must meet the texture (depth and spacing) 

requirements. 

A ride or profile equal to or better than new concrete pavement can be obtained 

through grinding. It appears that specifications for a grinding project could 

reasonably include profile requirements at least as stringent as those for new 

PCC pavements. Data on the projects with grinding are sumnarited in Table 5. 

Performance to date indicates 5 to 10 years of service life can be expected 

before faulting returns to the condition existing prior to grinding. However, 

grinding is only appropriate if the project meets criteria for CPR as 

previously outlined. Figures 2 and 3 are plots of the faulting index recorded 

on two Georgia grinding projects. Georgia's' faulting index is the sum of 

l/32 inches of faulting over five consecutive joints. Both these projects were 

on pavements in the high loading category. The data indicates that faulting is 

still well below the prerestoration condition 5 years after the grinding was 

completed. 

On the four projects where friction data was available, gr inding d id not 

provide a long-term increase in pavement friction. On one project in 

California, the pavement had an average SN 40 of 38, 3 years prior to grinding 

as compared to an average of 35, 1 year after grinding. Friction data for a 

project in Georgia is shown in Figure 4. The figure indicates that there is a 

significant increase in friction number imnediately after grinding, however, 

the friction numbers generally returned to their pregrinding levels within 

about 2 years. Several other States reported similar trends. 
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Table 5. Summary of grinding projects. 

Project Extend 
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All lmes 
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Project Extend Friction Ride Specificetions 
BefOr8 After fktfOfi3 After Profile Equipment 

South Carolina 
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The following were findings on grinding: 

1. 

2. 

3. 

A significant long-term improvement in ride quality can be obtained through 

grinding on CPR projects. Performance to date indicates a service life oi 

5 to 10 years can be expected before faulting returns to the pregrind 

condition. 

Grinding does not appear to provide a significant long-term increase in 

pavement friction. Available data indicated that skid number values 

returned to their pregrind levels within 2 years. 

Ride specifications were met when grinding was performed in either direction 

with respect to the flow of traffic. 

JOINT RESEALING 

Fourteen of the CPR projects included joint resealing. It should be noted that 

the review concentrated primarily on resealing of the transverse joints. As 

such, the following observations and subsequent findings are applicable to 

transverse joints unless indicated otherwise. The projects reviewed are 

summarized in Table 6. Eleven projects used one type of sealant material 

exclusively - six used silicone, four used hot-poured sealant, and one used 

neoprene. The remaining three projects used two sealant materials. 

On the projects inspected, the hot-poured joint seals experienced adhesion 

failures, generally within 2 years after construction. Preformed neoprene 

seals appear better suited.to new construction. Because minor joint spalling 

is generally present in rehabilitation projects, the full bearing required for 

preformed seals to remained compressed and in place may not be achieved. 
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Table 6. Sumnary of Joint Resealing Projects. 
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A majority of projects with joints resealed using silicone material are 

providing good performance. However, periodic maintenance is required to 

cut out and repair isolated failures. Where field personnel indicated that 

manufacturer's guidance for installation was not followed explicitly, 

significant failures (up to 75 percent) were observed. Items such as 

refacing the joint to allow for the proper shape of the joint sealant 

material, providing a clean and dry bonding surface, and cTose inspection 

of the application and tooling of this sealant are critical to performance. 

Several projects in.cluded sealing of the longitudinal asphalt shoulder 

joint with hot-poured sealants. This material appears to be effective for 

about 2 years before maintenance is required. 

The following were findings on joint resealing: 

1. Preformed neoprene joint seals are generally not suitable for rehabilitation 

projects because even a small amount of spalling in the existing joint can 

result in failure of the seal. 

2. Hot-poured sealants observed experienced significant adhesion failure, 

generally within 2 years. 

3. Silicone, when properly installed, provided good performance. However, 

in all cases, maintenance was required after 1 to 2 years to correct 

construction deficiencies. 

4. Hot-poured sealants used in the longitudinal asphalt shoulder joint requires 

maintenance on about a 2 year cycle. 
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SLAB STABILIZATION (SUBSEAlINGL 

Eight projects were reviewed in four States where subsealing had been used as 

a rehabilitation technique. Criteria for subsealing ranged from blanket 

subsealing of all faulted slabs to subsealing only those slabs which exceeded 

a minimum specified deflection under loading. The projects reviewed are 

summarized in Table 7. 

It was difficult to evaluate the effectiveness visually. However, an attempt 

was made to determine if the subsealing had any apparent detrimental affects. 

Slabs were closely observed for cracks which passed through or radiated from 

the subsealing holes. No distress of this type was observed. One project had 

a high level of slab breakup following a CPR project which included subsealing. 

However, a review of the project records and discussion with project personnel 

indicated that there was a high rate of deterioration occurring prior to the 

CPR project. 

A research project is currently underway to document and evaluate undersealing 

techniques. A product of that project will be a users manual for undersealing. 
> 

The following was the finding on subsealing: 

1. Although the benefits of subsealing could not be readily observed, there 

appeared to be no adverse affect to pavement performance when procedures 

outlined in FHWAls *Pavement Rehabilitation Manual", "Techniques for 

Pavement Rehabilitation" course notebook, or the "1985 AASTHO-AGC-ARTBA 

Joint Comnittee's Guide Procedures for Concrete Pavement 4R Operations" 

were followed. 
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Project DelPectlm Grout 

Cell fornla 

IS, Yolo None 2.5 
W23-27.1 available parts 

Pozro- 
latl 
1 part 
cement 
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10-16 

l&l see * l 
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‘ki 

15, Shasta load 3 parts 

Table 7. Summary of Subsealing projects. 
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SmsEALIffi mnt . ) 
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VI. COST DATA 

Available cost data for the rehabilitation techniques used on each project are 

listed in Table 8. Also shown are the planned and final quantities. The data 

is presented by project to give the reader a feel for the total scope of each 

project. 

7.1.45 



H 
E 
a! 
c 
A 

I 

f 
c 7 

7.1.46 



? 
f 

i 
t‘ 

??? 
I=I 
.SJ 

z-- 
t id == 

g g g 1 
I 

7.1.47 



.Table 8 can't. 

l l l l l Wlf Llllll 4fZYlfnmI*lt - 1111 
u. 

ut8lu 1-n I,#-n I)(1 lrll to#lb hlrh IN. 
hmur Bath4 klrlr m. 

I-4I WIAM CI. @Ia 11'w. IWJ WrI 4rll lu)rir 118. 14. 
Ptltblq ahILt ca. 41. 
c111q lrwrwu cruh I&r. Il. 
I*lr,In)rwrIrrlc 1lr.11. 
tap. II. lwrtl m4 hmrl lh. II. 

1. wm 1-n lP aI- u IVJ rwlld hplb hlcb lIl)# 0) I, 41. 
?wIltl Sib Ipall hplr IQ. II, 
Jrlrl Irrllr( lla. Il. 

1-n I) 4 - II I)(1 Full h#lb Bepair I(. VA. 
hIhI 4tb htcb lIl)r II I(. 14, 
?uIirl hplb hlcbm a(. 41. 
Jthl hliy llr. II. 
hwum IdId klr41 m. 

1-n w Ms.1 - 4IJ IW full kplb trlcba I(. IA. 
hlirl hplb httb 11~ Ll I(. 4I. 
kirl lrrliy ililirnal Hr. II. 
hruur Llirl #atalc #I. 

I-w II ZbS - ml ‘WI Pulirl h@b Prltb II*, II 14. 11. 
hIltI bib hlcb lI@d II I#. 41. 
JHII lrtliy llr. II. 
Iromw, Ml11 Jowl, 01. 

4Ib.44 
~11.6b 

41.n 
11.lb 
44.33 

U?.S4 
41.1) 
4l.U 

4AA.M 
44A.n 

IL.40 
42.0 

olM.tA 

1lY l.41. 
tJt 1111 

IHL) IA314 fmlIl#I w-brl w pludl. 
WA nto 
WA , I111 Lllli4M Irl-brl Ilu pnrdl. 

J44 w 
14111 low4 

III411 II121 wrc)rur 

811 I#Llul bm1lw. 
M n3 

lObS3 144141 
43414 UlbS Ullrmr lIw lwl 

In I.4 

Wlllltl u*llll 
rlul flry 

JJUI u*lBmlll(lul4rmIlr, 
0 Y4 

?Mf 1 

Jbwb m41 IV)1 & )~lCL II wu 0.4~lml ridI. 
11 I11 Ilp4 I )IlCb II 0.4~In1 u 1111 dD. 

4444 4.44 tilirw urlwl. 
4s 4s 



CRACK AND SEAT PERFORMANCE 

Review Report 

Federal Eighway Administration 

Demonstration Projects Division 

and 

Pavement Division 

April 1987 

7.2.1 



TABLE OF CONTENTS 

A. 

B. 

C. 

D. 

E. 

Executive Summary .......................... 

Background/Introduction .................... 

Objectives ................................. 

Selection Criteria ......................... 

Field Survey Results ....................... 

1. California ............................. 

2. Michigan ............................... 

3. Minnesota .............................. 

4. Wisconsin .............................. 

5. South Dakota ........................... 

6. Florida ................................ 

7. Indiana ................................ 

8. Tennessee .............................. 

F. Discussion . ..*....e.ee...*.e..............e 

G. References . . . ..*....e.*.**.....e........... 

1 

2 

3 

4 

5 

5 

10 

12 

16 

19 

21 

22 

25 

26 

37 

7.2.2 



A. ~Executive Summary 

Based on the findings of this review, the use of cracking, 

seating, and overlaying as a pavement rehabilitation alternate 

should be approached with caution. Since both positive and 

negative aspects of cracking and seating (C&S) were identified 

during the review, State agencies contemplating the use of C&S 

should do a thorough project by project analysis to determine if 

it is the most cost effective rehabilitation technique to employ. 

Of the 22 projects reviewed, only four showed appreciably less 

reflective cracking in the C&S sections than in the control 

sections. Observations by the review team, coupled with previous 

State reports, indicate that there generally is a reduction in the 

amount of reflective cracks through the overlay during the first 

few years following construction of a C&S project. However, after 

4 to 5 years the C&S sections exhibited approximately the same 

amount of reflective cracks as the control sections. A 

significant reduction in reflective cracks occurred on two of the 

projects reviewed. These projects are located on I-4 in Florida 

and on SR-99 in California. Both had the following similarities: 

1. Constructed on a strong base (cement treated), 

2. Small changes in seasonal temperatures, and 

3. Non-reinforced pavement. 

The main concern with C&S is the reduction of the structural 

capacity of the pavement. To compensate for the reduction in 

7.2.3 



structural capacity caused by cracking the pavement, more overlay 

thickness is required, thus increasing the cost. In addition, 

study is needed to determine if the delay in reflective cracking 

actually extends the life of the pavement as opposed to 

conventional overlays and if so, is it cost effective. 

B. Backsround/Introduction 

When portland cement concrete pavement (PCCP) approaches the end 

of its design life, a decision must be made on what action to 

take. The most common rehabilitation technique currently used for 

PCCP is to construct an overlay of asphalt contirete (AC). In 

time, cracks in the underlying PCCP reflect into the overlay. 

These cracks are primarily caused by stresses that develop at the 

bottom of the new overlay directly over the in-place cracks and 

joints of underlying pavement. These- stresses are a result of 

vertical and horizontal movements of the underlying pavement. 

Vertical movements are differential movements at the joint/crack 

in the underlaying pavement and are caused by moving loads. 

Horizontal movements are due to expansion and contraction caused 

by temperature and/or moisture changes. 

In addition to these changes in the underlying slab, total 

movement at a crack or joint is affected by slab length and the 

stiffness of the underlying material. The horizontal movement of 

cracked slabs under a bonded bituminous surface causes high 

tensile stresses in the immediate area over the crack. Likewise, 
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vertical movement causes high stresses in the overlay. Because an 

AC surface is stiffer at lower temperatures, it loses some of its- 

flexible characteristics and can withstand only small temperature- 

induced stresses. 

One method that several States have tried for control of 

reflective cracking in an overlay is to crack the concrete 

pavement slab into small segments before overlaying with AC. The 

intent of pavement cracking and seating is to create pavement 

sections that are small enough to reduce movement to a point where 

thermal stresses will be greatly reduced, yet still be large 

enough to maintain some aggregate interlock between pieces and 

retain a significant percentage of the original structural 

strength of the PCC pavement. Seating of the broken slabs after 

cracking is intended to reestablish support between the subbase 

and the slab where voids may have existed. 

C. Obiectiveq 

The objectives of this review were to obtain a better 

understanding of the expected performance of C&S and overlaying, 

and to identify the conditions under which this technique has been 

used in a cost-effective manner. It is hoped that the information 

obtained from the review will aid States in determining when and 

how to use C&S as an effective rehabilitation strategy. 
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D. Selection Criteria 

A total of 22 projects in 8 States were reviewed. All of the 

projects reviewed were of the classic crack and seat method 

(small hairline cracks, no rupturing of the reinforcing, and no 

rubblizing of the pavement). The following factors were 

considered in selecting the projects to be reviewed: 

- preferably 3 or more years of service; 

- located on a high volume.facility; 

- historical data accessible; 

- overlay thickness of 6 inches or less: and 

- a control section. 

Using these factors, C&S projects were selected for review in: 

- California 

- Michigan 

- Minnesota 

- South Dakota 

- Wisconsin 

After analyzing the data obtained on projects built in the 

originally selected States, it was decided to extend the review to 

include projects in Florida, Tennessee, and Indiana, as well as 

additional projects in California. 
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E. Field Survey Results 

The general condition of each C&S project reviewed is described in 

this section. 

1. CaLifornia 

a. I-80 Alameda and Contra Costa Counties 

I-80 is an 8-inch undoweled jointed plain concrete 

pavement (JPCP) on a I-inch cement treated base (CTB) on 8 

inches of select material. The original 6-lane patiement 

was opened to traffic in the mid-1950's. 

In 1982, a rehabilitation project which included C&S with 

an AC overlay and with edgedrains retrofitted on both the 

C&S and the control sections was constructed. The 

pavement was broken into 3- by 4-foot segments with an air 

operated pile driver and then rolled with a vibratory 

sheepsfoot roller weighing not less than 12 tons to seat 

the slabs.. The contr.01 sections were overlaid with 3 l/4 

and 5 inches of AC, but not cracked and seated. The C&S 

section was overlaid with 5 inches of AC. This was the 

first C&S project in California, therefore, the bid price 

of $12.50 per square yard was very high. The current 

average daily traffic (ADT) is 177,000 with 7.3 percent 

trucks. 

The original pavement was badly cracked and faulted 

(greater than l/4 inch). Rocking slabs were reported. 



With the exception of two reflective cracks from known 

rocking slabs, which.were intentionally left unseated 

for evaluation purposes, no other reflective cracks were 

observed on the project. After nearly 4 years, both the 

3 l/4-inch and S-inch control sections and the C&S 

sections are performing about the same. 

b, I-80 Yolo County 

I-80 is a g-inch undoweled JPCP with a 15-foot joint 

spacing over a 6-inch dense graded aggregate base (DGAB) 

over an additional g-inch aggregate subbase. The original 

dual-lane facility was constructed,in 1942 and two 

additional lanes were added in 1964. 

In 1982, the pavement was C&S and overlaid with 4.8 inches 

of AC. A CM1 hydraulic stamper was used to cracR the 

pavement. The specified crack pattern was a minimum 

2- by 2-foot and a maximum of 4- by cl-foot. A vibratory 

pneumatic tired roller weighing not less than 12 tons was 

used to seat the pavement. The project also included an 

untracked control section with a 4.8 inch AC overlay. The 

C&S cost was $0.75 per square yard. The current ADT is 

20,400 with 22.8 percent trucks. 

After 4 years, no reflective cracks were observed. The 

C&S section and the control section are performing the 

same. 
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‘C. SR-99 Kern County south of Bakersfield 

SR-99 is a g-inch plain jointed, undoweled, PCCP. 

The pavement is 36 feet wide (three lanes) with AC 

shoulders. The "inside" two lanes were constructed in 

1956 on an asphalt treated base (ATB). The "outside" lane 

(lane used for comparison purposes) was constructed in 

1968 on a CTB. The C&S project, completed in June 1983, 

was an experimental project with seven 600-foot test 

sections: 

Section Description 

A. Control - 3.6 inch overlay 

no fabric 

B. 

C. 

D. 

E. 

Crack and seat, seated with 

vibratory sheepsfoot roller, 

3.6 inch overlay 

Control - 3.6 inch overlay 

with fabric 

Crack and seat, seated with 

rubber tired roller, 

3.6 inch overlay 

Crack and seat, seated with a 

vibratory sheepsfoot roller, 

3.6 inch overlay 
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F. Crack, not seated, 

3.6' inch overlay 

G. Crack and seat, seated with a 

vibratory sheepsfoot roller, 

3.6 inch overlay 

The C&S cost was $1.60 per square yard. 

(1) In the control section (Section A; no C&S, no fabric), 

100 percent of the transverse joints had reflected through 

the overlay with low severity cracks. 

(2) In the other control section (Section C; no C&S, with 

fabric), approximately 50 percent of the transverse joints 

had reflected through with low severity cracks. 

(3) Sections B, D, E, F, and G all involved C&S and exhibited 

no reflective cracking. 

(4) All of the cracking exhibited (Sections A C C) was in the 

right lane only. All cracks extended no further than the 

lane joint with an intersecting short longitudinal 

reflective crack at the joint, forming a "T." This was 

probably due to the different pavement age and base type. 
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(5) Deflection testing indicated generally higher 

deflections after the seating operation than just 

after cracking. A 13-ton roller was used with 10 

passes. 

In summary, after 3 years the C&S sections were exhibiting no 

reflective cracks and were outperforming both of the control 

sections. 

d. Others 

A number of other C&S projects were reviewed. Because 

there was not a true control section for comparison 

purposes and there was no distress evidenced on either the 

C&S or the normal overlay portions, these projects are 

summarized in one discussion. 

poute County 

I-5 Shasta 

ADT 
(% Trucks) Built 

25,600 (231 6/83 

I-580 Alemeda 56,000 (16) 3/84 

I-680 Contra Costa 152,000 (4.9) 11/83 

I-680 Contra Costa 157,000 (4.6) lo/83 

I-680 Contra Costa 69,000 (6.7) 11/83 

Total 
Overlay 

Thickness 

5.4 inches 

4.2 inches 

4.8 inches 

3.4 inches 

4.2 inches 

C&S 
Cost Per 
Su. Yard 

0.75 

0.80 

0.55 

0.85 

0.60 
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.The projects consisted of 8-inch JPCP on 4-inches of CTB. 

~11 of these projects used a fabric interlayer between AC 

overlay courses and used the same specifications for C&S 

calling for 4- by 6-foot cracking pattern. These projects - 

only called for C&S in the outer lane(s). 

2. Michican 

a. US-10 in Clare County 

The original pavement opened to traffic in the mid-1930's 

was a widened edge (9"- 7"-9") jointed reinforced concrete 

pavement (JRCP). Joints were undoweled with a 60-foot 

spacing. The original PCCP was overlaid with approximately 

4 inches of AC in 1960. 

The 8-mile rehabilitation project, completed in October 1983, 

consisted of milling off the existing bituminous overlay, c&s 

the pavement, and overlaying with approximately 2 l/4 inches 

of AC. The pavement was cracked into 18- by 18-inch pieces 

and seated with a SO-ton vibratory steel wheel roller. The 

type of breaker was not specified. The C&S cost was $0.20 

per square yard. Longitudinal edgedrains were added in 

select locations, A control section was not built. The 
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current AUT is 1410 with an average of about 120 ESAL’s/day 

since the rehabilitation. 

(1) 

(2) 

(3) 

(4) 

Nearly all transverse joints had reflected through 

the 2 l/l-inch overlay. The reflective cracks are 

primarily medium in severity. In addition, intermediate 

transverse cracks have also reflected. 

Less than 5 percent of the longitudinal lane joint has 

reflected through. 

Some minor rutting (114 inch) of the asphalt surface is 

evident. 

The ride quality.on this project was very good. 

b. US-23 in Monroe County 

This was an experimental C&S project of approximately 

1 l/4 miles within an,overall 8-m.ile long overlay project. US-23 

is a I-lane freeway section with an original g-inch JRCP with 99- 

foot doweled joint spacing. 

The C&S experimental project, completed in 1983, consisted of 

24-, 36-, and 48-inch cracking patterns plus control sections (no 

cracking), and two overlay thicknesses of 440 and 660 pounds per 



sqriare yard (approximately 4 and 6 inches). A whip hammer was 

used to crack the pavemen‘t and a SO-ton rubber- tired roller was 

used to seat the pavement. The C&S cost was $0.19 per square 

yard. The current ALIT is 11,350 with a daily loading of about 

3,800 ESAL's per day. 

(1) In all four of the comparisons (three different crack 

patterns and control section1 the 660 pounds per square yard 

overlay (6 inches) had less re.flective cracking than the 440 

pounds per square yard (4 inches) overlay. 

(2) Generally, the least amount of reflective cracking within the 

C&S sections occurred in the section with the 48-inch crack 

pattern. 

(3) The test section with the least cracking (best condition) was 

the 660 pounds per square yard control section (no C&S) 

followed closely by the section with 660 pounds per square 

yard and the 48-inch crack pattern. 

(4) The project showed no signs of distress, other than low 

severity reflective cracks. 
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3. Minnesota 

a. T.H. 169, Scott County 

This project is on T.H. 169 from 0.55 miles south of Belle 

Plaine's city limits to County Road 66. The original project 

was constructed in 1956 and consisted of a widened 

edge (9" -7"-9") non-reinforced PCCP. The joints were 

undowled with 20-foot spacing. 

The rehabilitation project, completed in 1982, consisted of 

three l,OOO-foot sections. One section had a 3-foot crack 

spacing with no crack closer than 5 feet from a joint or 

existing transverse crack, one section was cracked at 

1 l/2-foot intervals, and the other section was not cracked. 

A spade type breaker was used to crack the pavement. A 

30-ton rubber-tired roller was used to seat the pavement. 

The three sections were overlaid with 5 3/4 inches of AC. 

The C&S cost was $50 per road station ($0.18 per square 

yard). The current ADT is 10,627. 

The section with 3-foot crack spacing was exhibiting random 

reflective cracks at the joint and minor raveling. The 

section with the 1 l/2-foot crack pattern and the control 

section had low severity reflective cracks. 

b. T.H. 60 and T.H. 169, Blue Earth County 
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This project is on T.H. 60 and T.H. 169 near'the city of 

Mankato. The original ,project was constructed in 1961 and 

consisted of an a-inch reinforced PCC pavement over 5 to 9 

inches of aggregate base. The pavement was 25 feet wide and 

the joints were doweled with a 40-foot spacing. 

The rehabilitation project, completed in 1982, consisted of 

eight l,OOO-foot test sections. Test sections 1, 2, 5, and 

6 were cracked with a spade type breaker. Test section 8 was 

cracked with a roller breaker. All the sections were seated 

with a 30-ton pneuniatic-type roller. Each section was 

overlaid with a 6-l/4 inches of AC. The C&S cost was $55 per 

road station ($0.21 per sq. yd.1 The current ADT is 8,454. 

A summary of the test sections follow: 

Test Section 

Section 1 

Section 2 

Section 3 

Section 4 

Section 5 

Section 6 

Section 7 

Section 8 

Rehabilitation 

3-foot crack spacing and edgedrains 

3-foot crack spacing, no edgedrains 

No cracking, no edgedrains 

No cracking, edgedrains 

1.5-foot crack spacing, edgedrains 

3-foot crack spacing, no edgedrains, 

Edgedrains, saw cut construction 

Edgedrains, cracked with pavement 

roller breaker 
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To date there has been very little difference in the 

performance,of the test sections. Each section exhibited 

reflective cracks approximately every 40 feet (at each 

joint). 

C. T.H. 71, Kandiyohi County 

This project was the first C&S project in Minnesota and was 

completed in 1976. The original roadway structure was a 

widened edge (9"- 7"-9") non-reinforced concrete pavement 22 

feet wide with a continuous longitudinal centerline joint and 

undoweled transverse joints constructed every 15 feet. The 

surface had spalled at some of the joint locations and 

maintenance crews had patched these areas with bituminous 

mixture. 

The rehabilitation called for a 6-inch thick AC overlay with 

the thickness being increased to 7 l/2 inches at some 

locations. The in-place PCC panels were cracked with a 

vehicle-mounted spade type breaker at the mid and quarter 

points thereby reducing the size of the PCCP to pieces about 

3 314 by 11 feet. A control section of untracked in-place 

PCCP with a 7 l/2-inch overlay was constructed to use as a 

comparison to the broken section. The overlay consisted of 

3/4-inch plant-mixed AC wearing courseI 1 l/2-inch plant- 

mixed AC binder course, and either 3 314 or 5 l/4 inches of 
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plant-mixed AC base course depending on the location of the 

overlay. The C&S cost was $70 per road station ($0.26 per 

square yard). The current ADT is 3,974. 

The 1981 final report by the Minnesota Department of 

Transportation(l) states, "the cracking of the in-place PCCP 

did reduce the amount of reflective cracking in comparison to 

similar sections where the PCCP was not cracked." 

However, during our review, there were reflective cracks 

throughout the project. Thus, it appears that C&S did delay 

reflective cracks for the first 5 years, but after 10 years 

there was little or no difference in the performance of the 

C&S section and the control section. 

4. Wisconsin 

a. I-94, Eau Claire County 

The original pavement, constructed in 1967, consisted of 

9 inches of reinforced concrete with a 6-inch aggregate base 

and a la-inch granular subbase. The joints were doweled with 

80-foot spacing. 

The rehabilitation project was completed in 1983. A pile 

drive hammer was used to crack the pavement with a maximun 

pattern of 18 inches. A SO-ton vibratory roller was used to 

7.2.18 



seat the cracked pavement. The C&S cost was 50.30 per square 

yard. The current ADT is 16,000. The project consisted of 

the following: 

Overlay 
Section Thickness Performance 

Control 4 inches Reflective cracks every 
80 feet, some edgeline cracks 

C&S #l 5+ inches Random centerline reflective 
cracks 

C&S Y2 

C&S #3 

7 inches Very few small reflective 
cracks 

4 inches Random edgeline and 
centerline reflective cracks 

The C&S sections with the 5 l/2-inch and the 7-inch overlays were 

performing slightly better than the C&S section with the I-inch 

overlay and the control section. 

b. USH 14, Dane and Rock Counties 

This was the first C&S project in Wisconsin and was completed 

in 1980. The original g-inch non-reinforced PCCP pavement on 

a g-inch aggregate base was constructed in 1952. The joints 

were undowled with 20-foot spacing. 

The rehabilitation project, completed in 1980, was 6 miles in 

length. The pavement was cracked with hydro-hammer type 

breaker into pieces not exceeding 1 square yard in area. The 
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cracked pavement was then rolled with a 50-ton pneumatic 

roller and overlaid with 4 l/2 inches of AC. The control 

section was not cracked and had a 4 l/2 inch AC overlay. The 

C&S cost was SO.45 per square yard. The current ADT is 

4,000. 

There were reflective cracks throughout the project and there 

was no difference in the performance of the C&S section and 

the control section. 

C. STH 140, Rock County 

The original project, a g-inch non-reinforced PCCP with a 

g-inch aggregate base, was constructed in 1931. The joints 

were undoweled with 20-foot spacing. 

The C&S project, completed in 1982, required the pavement to 

be broken into-pieces having a maximum dimension of 12 inches 

with a pile drive hammer and seated with a SO-ton vibratory 

roller. The control section and the C&S section were each 

overlaid with 4 inches of AC. The C&S cost was SO.35 per 

square yard. The current ADT is 2,000. 

There were reflective cracks throughout each section with no 

difference noted in the performance. 
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5. south Dakota 

a. US Route 18, Lincoln County 

The original project consisted of mesh reinforced PCCP that 

was a widened edge (9"-6"-9") section, 20 feet wide, with a 

6-inch aggregate base. The joints were undoweled with 20- 

foot spacing. The original construction was completed in 

1930. 

This rehabilititation project was completed in 1982. A total 

of 3.89 miles east and west of Canton was C&S and the 2-mile 

section-through the town of Canton was just overlaid. A 

spade type breaker was used to crack the pavement at 5 foot 

intervals and a vibratory steel wheeled roller was used to 

seat the cracked pavement. The C&S section was overlaid with 

3 l/2 inches while the non-C&S section had a 2-inch AC 

overlay. The C&S cost for this project was $4,000 per mile 

($0.20 per square yard)‘. The current ADT is 3,466 with 

8.8 percent trucks. 

There were reflective cracks about every 40 feet throughout 

the project. However, there were a few more cracks in the 

non-C&S section which is expected since it received 1 l/2 

inches less AC. 
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b: US Route 50, Clay and Union Counties 

The original project consisted of a mesh reinforced PCCP with 

a widened edge (9"- 6"-9") section on a 6-inch aggregate base 

that was 20 feet in width. The original construction was 

completed in 1938. The joints were not doweled. 

The C&S project was completed in 1980. It consisted of 

breaking the 40-foot panels at the quarter points with a 

spade type breaker, seating the pavement with a vibratory 

steel wheeled roller, and overlaying with a total of 4 l/2 

inches of AC. There was no control section on this project. 

The C&S cost was $4,000 per mile ($0.20 per square yard). 

The current ADT is 1,492 with 8.8 percent trucks. 

Approximately 90 percent of the project had centerline 

cracks. There were also random transverse and longitudinal 

cracks throughout the project. 

C. US Route 14, Beadle County 

The original construction consisted of a 22-foot wide, 8-inch 

thick mesh reinforced PCCP on a 6-inch aggregate base that 

was constructed in 1947. The panels were 15 feet long and 

the joints were not doweled. 

The C&S project was completed in 1979. The 15 foot panels 

were cracked at 5-foot intervals with a hydro-hammer. A 
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loaded scraper was used to seat the cracked pavement. A 

500-foot section of the pavement was left untracked to serve 

as the control section. The C&S and the control sections 

were overlaid with 4 l/2 inches of AC. The cost of C&S on 

this project was $3,258.90 per mile ($0.23 per square yard). 

The current ADT is 2,122 with 13.4 percent trucks. 

There were random cracks observed at the joints throughout 

the project with little or no difference noted between the 

control and the C&S sections. 

6. 'Florida 

a. I-4, Hillsbourough County 

The original pavement was a g-inch plain jointed undoweled 

(except near expansion joints1 PCCP with a 20-foot joint 

spacing on 12-inch cement stabilized base. 

The rehabilitation project was.completed in 1979. Four test 

sections were set up to evaluate C&S and two types of fabric 

to reduce reflective cracking. A drop hammer was used to 

crack the pavement into 36-inch maximum size pieces. 

Vibratory compacting equipment or traffic rollers weighing at 

least 15 tons were specified as equipment to seat the cracked 

pavement. All sections were overlaid with a 100 pound per 

square yard (approximately 1 inch) AC leveling course, 

2 inches of AC binder, and a S/&-inch open graded friction 

course. All sections also received underdrains. 
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Section 

A 

B 

C 

D 

The following is a breakdown of the performance of each 

section made by the Florida Department of Transportation in 

March 1986. 

Percent Reflected Joints 

Description 
Rt. Lt. Center 

Edse Edse Loncitudinal 

Control with undersea1 
No Fabric 

Crack and Seat 
No Fabric 

Control with undersea1 
and fabric 

Control with undersea1 
and fabric 

100 50 0 

87 10 0 

100 80 35 

80 36 35 

Transverse 

94 

22 

72 

35 

7. Indiana 

I-74 Montgomery/Boone County, a length of 12.4 miles. 

The original pavement was a lo-foot reinforced (welded wire) and 

doweled PCCP on about 6 inches of open graded aggregate subbase. 

Contraction joints were spaced at 40-foot intervals. 

Longitudinal edgedrains were provided in the original 

construction. The pavement was very deteriorated prior to the 

rehabilitation with 100 percent of the slabs having intermittent 

cracking at a rate of about 45 feet of cracking per 100 square 

feet of pavement and about 22 breakups per 100 square feet. 

Every joint was "D" cracked. 
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This- rehabilitation project was completed in 1984 and consisted 

of the following sections: 

Sections 

A. 

A.1 

A.2 

B. 

B.l 

B.2 

C. 

D. 

Description 

Asphalt undersea1 with 4 l/4 

inch asphalt overlay 

Same as A with fiber 

reinforced asphalt base layer 

Same as A with fiber 

reinforced asphalt base and 

binder layers 

Cracked and seated with 5 l/2 

inch AC overlay 

Same as B with fiber 

reinforced asphalt base layer 

Same as B with fiber 

reinforced base and binder 

layers 

Cracked and seated with 6 l/2 

inch AC overlay 

Cracked and seated with 8 l/2 

inch AC overlay 
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The C&S sections used two types of pavement breakers, a whip 

hammer and a drop hammer. The cracks were required to be mainly 

transverse, spaced 18 to 24 inches apart. A 50-ton rubber-tired 

roller was used to seat the pavement. The C&S cost was $0.64 per 

square yard. 

Since the overlay thickness of the "control" does not match the 

C&S, a direct comparison is not possible. The performance 

results of the S-inch overlay in the C&S section are compared 

below with the 4 l/4 inch "control" overlay. 

a. There were no reflective cracks in the 6 l/2- and 8 l/2-inch 

overlaid C&S pavements. (sections C&D) 

b. Only a couple of reflective cracks were observed.in the 

5-inch overlaid pavements (sections B, Bl, B21 which amounted 

to about 1 percent of the joints. 

C. About 40 percent of the transverse joints in the 4 l/cl-inch 

"control" pavements (sections A, Al, A21 had reflected 

through. 

d. All cracks observed were medium in severity and followed a 

"jagged line pattern" across the pavement at the joint. 

e. There were isolated "blow-up" areas in both the control and 

C&S sections. 
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f. There was one area about l/2-mile long of the 4 l/l-inch 

overlay control sections that showed no reflective cracking. u 

The lack of reflective cracking in this one area could not be 

readily explained and is not indicative of the "control" 

sections in the project. 

The 1986 Initial Construction and Interim Performance Report 

f-rom the Indiana Department of Highways(2) concludes in 

part... "the drop hammer was the most effective machine for 

producing regular transverse cracks in the pavement. 

Cracking reduced the strength of the concrete slab without 

decreasing the subbase support. Rolling with the SO-ton 

roller decreased both the slab strength and subbase support. 

Therefore, a heavy roller should not be used as it does not 

seat the pavement, but rather unseats it." 

8. Tennessee 

SR-5 Bypass, Madison County 

The existing pavement was a g-inch PCCP on a 6-inch CTB, with no 

dowels and a 25-foot joint spacing. 

The C&S with overlay was completed in November 1983. It 

consisted of cracking the slab from 18- to 24-inch pieces, 

seating with a SO-ton pneumatic-tired roller, and overlaying with 

5 3/4 inches of AC. The control section had undersealing with 

fly ash/cement grout, full-depth joint repair, joint resealing, 
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and a 5 3/4-inch overlay. The existing pavement was in fair 

condition with less than 5 petcent of the slabs with cracks. The 

C&S cost was $0.40 per square yard. 

a. 

b. 

C. 

About 20 percent of the transverse joints had reflected 

through the control section overlay with primarily low 

severity cracking. 

About 3 percent had reflected through in the C&S section. 

There were a few isolated locations where longitudinal 

cracking appeared in the wheel paths of the C&S section. 

F. DISCUSSION 

1. Of the 22 projects reviewed, only four projects showed 

appreciably less reflective cracking in the C&S sections than 

in the control sections. To quantify the benefits of C&S, a 

measure of the difference in the percent of transverse joints 

which had reflected through the overlay was employed. . 
Observations made during this.review coupled with previous 

State condition surveys, where available, indicated a 

reduction in the percent transverse joints reflecting through 

the overlay during the first few years when C&S is applied. 

However, after 4 to 5 years the C&S sections generally have 

approximately the same cracking as the control sections. 

Therefore, it can be concluded that overall, C&S appears to 
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provide benefits under some conditions by delavinq, not 

eliminating, reflective cracking. 

2. The two projects where the C&S sections performed best were: 

a. SR-99 near Bakersfield, California 

b. I-4 near Tampa, Florida 

Because of the notable difference in the percent of 

transverse joints reflecting through between the C&S and the 

control sections on these projects, similarities were 

investigated. It is believed that the following combination 

of conditions had the greatest impact on the success of these 

two projects. 

a. Strong base (cement-treated) 

b. Small changes in seasonal temperatures 

c. Non-reinforced pavement 

These similarities tend.to indicate that C&S works best under 

the same limited conditions as other methods used to reduce 

reflective cracking (pavements that tend to have little 

vertical and horizontal movement). Small changes in seasonal 

temperatures understandably result in less thermal movement 
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3. 

in the slab, thereby reducing tensile stress in the AC 

overlay and the possibility of reflective cracking. A strong 

base should help in reducing the vertical shear stresses in 

the overlay. With non-reinforced pavements, the aggregate 

interlock of the crack interface is the controlling factor in 

resisting differential deflection or vertical movement. A 

strong base helps maintain uniform support and should 

minimize differential deflections of the individual pavement 

pieces. 

In addition, non-reinforced pavements should provide better 

performance since the presence of reinforcing steel in a 

slab will tend to inhibit the development of cracks which 

penetrate all of the way through the slab. Even when the 

pavement is cracked full depth the steel will tie the 

sections together concentrating the thermal movement at the 

original joints which should result in reflective cracking. 

Non-reinforced pavements generally have shorter slab lengths 

than reinforced pavements. This reduces the thermal movement 

at the joints and, therefore, should reduce reflective 

cracking. 

The reduction of the structural capacity of the existing 

pavement appears to be an undesirable feature of C&S. The 

size of the cracked sections have a direct relationship to 

structural capacity. 
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The 1986 AASHTO Guide for Design of Pavement Structures 

includes a-methodology for overlay of C&S pavements. Using 

this methodology, the suggested structural layer coefficients 

(indication of carrying capacity per inch of pavement) of the 

C&S pavement are as follows: 

Crack Soacinq 
Structure 

Laver Coefficient 

1 Foot 0.25 

2 Feet 0.35 

3 Feet 0.45 

A research report(S), completed for the National Asphalt 

Pavement Association, concluded through back calculation of 

deflection testing performed on Minnesota's C&S projects that 

the structural layer coefficients for the C&S project test 

sections ranged from 0.21 to 0.53. The crack spacing and 

degree of cracking appeared to be related to the structural 

layer coefficients. This tends to support and verify the 

values used in the AASHTO Guide. 

Since the structural capacity of the existing pavement is 

reduced by cracking, more overlay thickness is required to 

maintain the same structural number as the non-cracked 

pavement. Using an overlay analysis such as AASHTO would 

typically result in the need for up to 3 inches to maintain 

equivalent structural capacity. 
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The additional cost of: 11 the additional overlay thickness; 

2) the cracking and seating; and 3) other required work such. 

as shoulder and guardrail raising, must be evaluated to 

determine if these costs are justified. 

Based on this review and the limited field performance data 

available to date, it appears these extra costs may not be 

justified since the condition of the C&S and control sections 

seemed to be the same after some period of time on most of 

projects reviewed. 

One project where this type of comparison is possible is on 

US 23 in Michigan. This project had two overlay thicknesses, 

440 pounds per square yard and 660 pounds per square yard 

(approximately 4 and 6 inches) on both the C&S and the 

control. The extra 2 inches alone has given added 

performance life because the amount of reflective cracking is 

much less for the thicker overlay. The C&S with the thicker 

overlay is performing no better than its control section 

which indicates no benefit can,be seen at this point. 
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Other C&S projects where various overlay thicknesses were 
constructed are: 

Wisconsin I-94: 

Section Overlav Thickness 

a. Control 4 inches 

b. C&S #l 5 l/2 inches 

C. C&S 82 7 inches 

d. C&S x3 4 inches 

During the review, 3 years after construction, it was 

observed that the sections b. (C&S-5+") and c. (C&S-7") were 

performing slightly better than sections d. (C&S-4") and 

a.(Control-4"). 

Indiana I-74: 

a. 

b. 

c. 

d. 

Sections 

Control 

C&S 

C&S 

C&S 

Overlav Thickness 

4 indhes 

5 inches 

6 l/2 inches 

8 inches 

At the time of the review, 2 years after construction, there 

were no reflective cracks in Sections c and d indicating more 

time is bought by the additional AC thickness. 
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4. -Very little deflection testing has been performed on C&S 

projects. Only two 'of the projects reviewed had completed 

research in this area. The following is a general 

description of the results of that research. 

Indiana, I-74: A Dynaflect was used to measure deflections. 

Deflection measurements were made before cracking, 

immediately after cracking, and after the seating operation. 

The effectiveness of the seating operation was tested after 

three passes of a SO-ton rubber tired roller as required in 

the specifications. Test data was also obtained on seven 

subsections after a variable number of passes of the roller. 

The average increase in deflection per pass of the seating 

roller was: 

2.3 x lo-5 inch/pass for No. 1 sensor 

0.8 X 10" inch/pass for No. 5 sensor 

Since the deflection increased with each pass of the roller 

for both sensors, the concrete slab and the subbase lost 

strength with each pass. The research report states "... the 

heavy roller caused the slab pieces to unseat rather than to 

seat as was originally intended. This means that the heavy 

roller should not be used to attempt to seat the cracked slab 

pieces." 
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California, SR-99: Deflection testing was done with the 

Benkleman Beam and an 18 kip axle load. Deflection 

measurements were taken before C&S, after cracking, and after 

seating. The results of the testing are summarized below.(4) 

Rolling was performed with a 13-ton roller. 

After Breakinu/Before Seatinq 

Change in Number of 
Deflection Joints 

Reduced 36 of 39 (92%) 

Increased 1 of 39 ( 3%) 

Unchanged 2 of 39 ( 5%) 

ter Seatinq 

Change in Number of 
Deflection Joints 

Reduced 9 of 35 (26%) 

Increased 14 of 35 (40%) 

Unchanged 12 of 35 (34%) 

The results of these two projects cast 

seating after cracking. More research 

area. 

Amounts 

Average = 0.006 inches 

Average = 0.001 inches 

we--- 

Amounts 

Average = 0.001 inches 

Average = 0.001 inches 

----- 

doubt on the need for 

is needed in this 

5. A review of the two projects where a direct comparison of the 

cracking pattern is possible, Michigan U.S. 23 and Minnesota 

60/169, reveals that the larger crack spacing generally 

performed better than the smaller crack spacing. This would 
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be expected since for the same overlay thickness, the larger 

crack spacing is structurally superior to the smaller crack 

spacing. 

Figure 1 shows the results of specific research by Michigan 

and Minnesota which compared performance of different 

cracking patterns. In both cases, the larger crack patterns 

performed better than the smaller crack patterns. Line "0" 

on Figure 1 is the performance of the control section. Any 
value above "0" indicates better performance and values below 

"0" means worse performance. 
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Warhinqton, D.C. 20590 

Subpxt Technical Paper - Saw and Seal Pavement Date 

Rehabilitation Technique FEB - 2 1988 

From Chief, Pavement Division 
Reply fo 
Atln of HHO-12 

To Regional Federal Highway Administrators 
Division Administrators 
(Pavement Specialists) 

The purpose of the attached technical paper is to provide practicing pavement 
technologists with a brief summary of experience on the technique of saw and 
seal. 

The sawing and sealing technique involves the marking of the existing 
transverse joints of a PCC pavement on the surface of the AC overlay. Next, a 
saw is used to cut a joint into the asphalt surface, directly over the existing 
transverse joint. This produces a straight, neat joint in the overlay, which 
establishes a stress relief plane. The joint is then sealed and maintained as 
a normal pavement joint. 

Currently underway is a FHWA Research and Development Administrative contract, 
"Performance/Rehabilitation of Rigid Pavements." The contractor has recently 
completed the field survey to evaluate performance of saw and seal projects. 
These projects range in age from 3 to 10 years old and are located in 6 States. 
The preliminary review of the data gathered during the field survey indicates 
that projects incorporating the saw and seal technique out perform those not 
using the technique. The research,contractor is now entering the field survey 
data into a data base for further analysis. A more comprehensive report, 
including a chapter for the Pavement Rehabilitation Manual is expected at the 
end of the year. 

Because of the good performance observed from the saw and seal technique, we 
are providing the attached technical paper as interim state of the practice 
information. We can anticipate minor modifications to the current procedures 
upon completion of detailed analysis of the research data and further 
experimental usage. 

7.3.1 



We recommend that you and your staff promote the further usage of this 
technique during the forthcoming construction season. The Pavement and 
Demonstration Projects Divisions would welcome any data as it becomes 
available. If needed, some limited funding is available, on a first come first 
serve basis, for the evaluation and reporting on the performance of recently 
completed or planned saw and seal projects under Experimental Project No. 9, 
Pavement Rehabilitation Techniques. 

Norman J. Van Ness 
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TECHNICAL PAPER 88-01 - Saw and Seal Pavement Rehabilitation Technique 

I. BACKGROUND 

For the purposes of this technical paper, reflection cracking can be defined 
as fractures in an asphalt concrete overlay that are the result of, and 
reflect, the joint pattern in the underlying Portland Cement Concrete 
pavement, and may be either environmental or traffic induced. 

The basic mechanisms generally assumed to lead to reflection cracking are 
the vertical and horizontal movements of the pavement being resurfaced. 
Vertical movements are differential movements at the joint in the underlying 
pavement and are caused by moving loads; horizontal movements are due to 
expansion and contraction caused by temperature change and/or moisture 
change. The horizontal movement of slabs under an asphalt overlay causes 
high tensile stresses in the immediate area over the joint. Particularly 
during lower temperature, the AC surface stiffens and can withstand only 
small temperature-induced stresses. 
the underlying slab, 

In addition to temperature changes in 
total movement at the joint is affected by slab length, 

moisture changes, friction or bonding to the base, and the stiffness 
properties of the overlying material. 

The problem of reflective cracking is one of the most perplexing facing the 
pavement engineer. There do not appear to be any treatments which can 
prevent the eventual reflection of existing cracks. One treatment, the 
sawing and sealing of joints in the overlay above existing joints and 
cracks, has been demonstrated to effectively control severity and extend the 
service life of the overlay. 

The sawing and sealing technique involves the marking of existing transverse 
joints on the surface of the overlay. Next, a saw is used to cut a joint 
into the asphalt surface, directly over the existing transverse joint. The 
joint should be continued through the shoulders, from outside edge to 
outside edge. This produces a' straight, neat joint in the overlay, which 
establishes a stress relief plane. The joint is then sealed and maintained 
as a normal pavement joint. 

II. DETAILS OF THE TECHNIQUE 

Accurately locating joint - 

The most critical step in sawing and sealing the overlay is the process of 
locating the transverse joints in the existing pavement. Experience has 
shown that as little as one inch deviation from the existing joint location 
can cause the joint to reflect through the overlay at its location rather 
than at the sawed joint. Therefore, extreme care must be'taken in locating 
the existing transverse joints. 
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sealing operation should follow the sawing. They found that at moderate 
temperatures the joints did not close in four days, but at higher 
temperatures, the shoving by traffic did close up the joints.'. 

A practical recommendation would be that the overlay should be sawed before 
any occurrences of sub-freezing temperatures and that the sealing take place 
as soon as possible or at least before traffic is allowed on the overlay. 

Pre overlay treatments - 

The effectiveness of sawing and sealing depends greatly on the condition of 
the underlying pavement. To obtain the full benefit, only concrete 
pavements with relatively good joints and no surface deterioration should be 
selected. Joints wider than 3 inches make it difficult to control 
reflective cracks. Concrete pavements with numerous full-depth and surface 
patches, misaligned slabs, and midslab cracking are not candidates for this 
technique. Consequently, there should be a minimum of pre-overlay 
treatments. 

New York specifications include a requirement that if a full depth patch is 
wider than 0.5 feet, then an additional saw cut shall be made at the patch 
interface. 

There have been recent applications of saw and seal technology on projects 
requiring significant joint repair. In one instance, the joints were D- 
cracked. Consequently, the D-cracked material was milled out 2 inches deep 
over the joints and backfilled with AC prior to the overlay. 

In another instance, the joints were spalled. Again the joints were milled 
3 inches deep and backfilled with AC. Both of these installations are 
relatively new and no significant performance data is yet available. 

III. APPLICATIONS AND LIMITATIONS 

Jointed reinforced PCC pavements - 

All of the saw and seal projects have been on jointed reinforced PCC 
pavements, with relatively long joint spacing. This raises the question as 
to the cost effectiveness of the saw and seal technique on plain jointed PCC 
pavement with a lesser joint spacing. 

Northeastern States - 

Most of the States using saw and seal are located in the northern tier of 
the country where there is a potential for sizable temperature related slab 
movement. Connecticut, Massachusetts, New Jersey, New York, and 
Pennsylvania have the most experience with the saw and seal technique. 
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New Jersey - This test section was constructed on US 22 in 1977. The 
original pavement was a 9 inch jointed PCC. It was overlaid with 2 inches 
of AC. The joints were sawed 3/8 inch wide and l/2 inch deep and sealed 
with rubberized joint sealer. 

New Jersey - This test section was constructed on I-80 in 1977. The 
original pavement was a 9 inch jointed PCC with 78 foot joint spacing. It 
was overlaid with a 2 inch AC overlay. The joints were sawed 3/8 inch wide 
by 5/8 inch deep and sealed with hot poured elastic (ASTM D 1190). 

New York - This test section was constructed on State Route 5 in 1980. The 
original pavement was a 9 inch jointed PCC with 90 foot joint spacing. It 
was overlaid with 2 l/2 inches AC. The joints were sawed l/2 inch wide by 
5/8 inch deep and sealed with hot poured sealant (ASTM D 3405). 

New York - This test section was constructed on I-81 in 1984. The original 
pavement was a 9 inch jointed PCC with 63 foot joint spacing. It was 
overlaid with 3 l/2 inches of AC and sawed at the joints l/2 inch wide and 
5/8 inch deep and sealed with hot poured sealant (ASTM D 3405). 

New York - This test section was constructed on I-87 in 1984. The original 
pavement was a 9 inch jointed PCC with 60 foot joint spacing. It was 
overlaid with 4 l/2 inches of AC and sawed at the joints 5/8 inches wide and 
5/8 inches deep and sealed with hot poured sealant (ASTM D 3405). 

Connecticut - This test section was constructed on I-91 in 1978. It was 
overlaid with 2 3/4 inches of AC and sawed at the joints 3/8 inch wide and 
l/2 inch deep and sealed with hot poured elastic sealant (AASHTO T 187). 

Connecticut - This test section was constructed on I-84 in 1982. It was 
overlaid with 3 inches of AC and the joints were sawed 3/8 inch wide and 
l/2 inch deep and sealed with hot poured elastic sealant (AASHTO T 187). 

Indiana - This test section was constructed on I-80 in 1986. It was 
overlaid with 5 l/2 inches of AC. The joints were sawed l/8 inch wide and 
2 inches deep. This was followed by routing l/2 inch wide by 1 inch deep 
and sealed with a single component hot poured elastomeric polymer. 

V. SAMPLE SPECIFICATIONS 

Sample specifications from New York and Indiana are provided as examples of 
comprehensive specifications on saw and seal projects. 

VI. COST DATA 

There is limited cost data available, however, reported costs range between 
$1 and $4 a linear foot for the sawing and sealing technique. 
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TO: 

NEW YORK STATE DEPARTMENT OF fRANSPORTAt!ON 

SUEJECT: SAWING AND SEALING JOINTS IN 
BITLJXINOUS CONCRETE OVEUYS 

Subi ect Code: 

Distribution: 
31 Main Office 33 Regions 34 Special Code: 85-G3 

Date: Q,,,/R4 

Supr¶dms: 
APPROVED: 

On April 15, 1985 EI 85-25 was issued implementing item 18403.2501 for all asphalt 
overlays effective with the ltttings of August 8, 1985. Since then the Materials Bur’cau 
has discovered that sometimes the concrete joints art milled to a depth of 3" or more. 
This results in a total overlay thickness greater than w' ove'r the joint. 

The current note 1 on page 4 would require a l/8" wide sawcut over these milled joints 
but the wording may allow a Contractor to avoid constructing the l/8" wide sawcut because 
of the reference to the T&L course. . 

The new note 1 requires the l/8” wide sawcut be included whenever the total thick 
of asphalt concrete over the existing joint exceeds & inches. This change shG 
eliminate problems interpreting when to sawcut. Also, 
increased to 2%" minimum. 

the minimum depth has been 

The new item number will be 18403.2502. This will be effective with the letting of 
January 30, 1986. 
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If the top course is to.bc placed the following Spring, due to seasonal pavit-q 
limitations, all underlying courses shall receive a 1" deep by l/g” tide sawcxt 
to facilitate and control rtfltctivc cracking as well as to provide a means of 
properly referencing the sawcut to eventually be aada in the top course. n-lest 
sawcuts shall, be made in all underlying courses wftlhn seven (7) days after the 
underlying courses art placed and before any evidence of reflective cracking 
has developed. Staling of these sawcuts will not be required. Paymert for 
sawcutting all underlyfag courses shall be included in the unit bid price for 
sating and sealfng. 

Sawcuttinq of Transverse Joints. The contractor shall sawcut transverse joints 
to the appropriate dlmensions shown in.FQure I, based ou the exlstfng pavement 
slab length and new overlay depth. Full depth patches adjacent to faints in 
the underlying concrete shall have separate sswcuts in the overlay over the 
patch/slab interface. See Figure 11. Sawcuts over patch interface shall 
conform to llgure I. The sawcut joints shall be directly over the existing 
portland cement concrete pavement joints and shall be accurattip located by a 
method employing ~lns and stringline. The pins shall be accurately located 
prior to paving. Details of the method for locating the savcuts shail be 
subject to the approval of the Engineer. 

The blade or blades shall be of such size and configuration that the desired 
dimensions of the sawcut can be made w',th oue pass. Slther dry or wet cutting 
till be allwed. Yo spacers between blades vi11 be allwed. 

The traneveree eevcut joints shall, nonnallp l xtand the full ridtS of the 
pavaaent and shall extend into thm asphalt shoulder to l distance three !3> 
feet beyond the edge of the underlying portland cement concrete pavement edge, 
uaiess othervise detallsd on-tha plans or la the proposal. Existing trausverse 
joints that are offset at the longitudinal joint by more than 1 I=Lch, xeasurcd 
betveeo the centers of ths joint cavities, shall require separate sawcuts 
termiruting at the longitudinal joints. 

Cleaning. Dry sawed joints shall be thoroughly cleaned with a stttsa of air 
sufflclent to removs any dirt, dust or deleterfous matter adhering to the joint 
walls or rssminiag in the joint cavity. Wet saved jofnts shall be thoroughlo 
cleaned with a vater'blast (SO psi minixuus) imedirtelp after sawlnq to remove 
any sawing slutrp; dirt, or deleterious matter adhering to the jofnt valls or 
remaining in the joint cavfty. Wet sawed joints shall be blown -with air to 
provide dry joint surfaces prior to sealing. 

All sawing slurrp from the wet saving process shall be 1Jrmediatelp flushed from 
the pavement surface. Dzy dust and material from the dry sawing process shall 
be blows or brushed off the pavement surface. 

The contractor shall be required to provide protective screening, subject to 
the approval of the Engineer, if his cleaning operations are capable of causing 
damage to or interference with traffic in adjacent lanes. 
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SAWCUT DIMENSIONS 

SLAE! LIZCTH K II 

53 Ft or less l/2 in S/8 in 
51 to 62 Ft S/8 in S/8 in 

63 to 75 Ft 314 in 518 in 

76 to 87 Ft 718 in 3/4 in 

88 to 100 Ft 1 in 718 in 

NOTE 0 

‘A . 0 
. b- ‘O. o 

0 . 

) 4 ‘0 . 

When the total thickness of asphalt concrete 
over the existing joint exceeds L$ inches, 
an l/8 inch wide sawcut shall be included 
in the joint geomctrics to a minimum depth 
of 25 inches. 
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3. CONSTRUCTION - 

(a) General. Locate and reference the location of each existing 
transverse joint prior to placement of any bituminous courses. 
Hake all saw cuts directly above the existing Pransvtrse joints. 

Do not perform saw cutting until the bituminous course has 
thoroughly cooled. Perform saw cutting vithin 7 days after place- 
ment of the vcaring course. Perform this vork on all finished 
overlay areas prior to discontinuing of vork due to seasonal paving 
limitations. 

Extend the sav cuts the full vidth of the pavement including 
any videning . Provide separate sav cuts in each lane vhen existing 
transverse joints are offset more than 1 inch. 

If the vearing course is to be placed the folloving construc- 
tion season due to seasonal paving limitations, provide a 1 inch 
deep, 1/8.inch vide sav cut in the last placed bituminous concrete 
course. 

(b) Saving. When the total depth of overlay exceeds 44 inches, not 
including scratch or leveling courses, make a l/8 inch wide sav 
cut to 4 minimum depth of 2 inches or l/3 of the total werlay 
thickness. 

Sav a reservoir, in the vearing course having a vidth of 
4 inch and a depth of 1 inch. If vet saving is used, .isxsediately 
flush the reservoir with water. 

(c) Sealing. Do not place sealing material unless.the reservoir faces 
art thoroughly clean and dry. Do not place on the same day as vet 
saving. Clean the reservoir by using compressed air immediately 
before placing sealing material. Use compressed air free of oil, 
moisture, or any other substance that vould prevent bonding of 
sealiog material to the reservoir faces. 

,Do not place sealing material vhen the air-temperature is 
less than 40 P. Use heating equipment of an indirect heating type, 
constructed as a double boiler. Provide positive temperature con- 
trol snd mechanical agitation. 

Obtain the safe heating temperature and recommended pouring 
temperature from the manufacturer’s shipping container. Place 
the material vithin this temperature range, but as’close as possible 
to the recousnended pouring temperature. Maintain a safe heating 
temperature. Maintain a single material batch at the pouring tempera- 
ture for no more than 4 hours. Heat material only once. 

Fill the reservoir vith,sealing material to a level lf8inch plus 
or minus l/l6 inch belov the pavement surface. Do not l llov -sealing 
material to spread over the pavement surface. 

4. WuSUREkENi - Linear Foot. 
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U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 
SUBJECT FHWA NOTICE 

HOT AND COLD RECYCLYING OF N 5080.93 
ASPHALT PAVEMENTS October 6, 1981 

1. 

2. 

3. 

. . 

PURPOSE 

To present the Federal Highway Administration's (FHUA) 
position on recycling of asphalt pavements. 

CANCELLATION 

The FHWA Technical Advisory T5040.9 dated February 16, 
1979, Hot Recycling of Asphalt Pavement Materials, 
Is cancelled. 

BACKGROUND 

The pressing need to conserve energy and minimize 
costs in highway construction requlres that special 
effort be made to Identify and make the maxlmum use of 
procedures that will result in reduced energy usage and 
mlnimum cost. Because recycling of asphalt pavements ha8 
the potential to be an effective method of conserving 
energy and materials and reducing costs, It Is FHWA's 
policy that recycled asphalt concrete, defined as 
asphalt concrete contalnlng salvaged paving materials 
including the use of suitable reclaimed material from 
other projects, be allowed for use on all projects. 
States with Insufficient experience to properly evaluate 
the reuse of these materials should take immediate steps 
to initiate experimental proJecta. 

4. DEFINITIONS 

a. Recycled hot asphalt concrete Is an asphalt 
concrete mix, 
which consists 

processed hot in a central plant 

new asphalt, 
of sized salvaged asphalt material, 

and/or recycling agents and new 
and/or salvaged aggregates, and meets all standard 
material and mix specifications for the type of mix 
being produced. 
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b. Recycled cold mix ie an asphalt concrete mix, 
processed in a central plant or on the grade 
which consists of sized salvaged asphalt material, 
8ome type of atabillzing agent and new and/or 
ealvaged aggregates. This material meet8 8peCifiC8- 
tione of an asphalt aggregate baee and generally 
require8 that an asphalt surface cour8e or surface 
8eal be Used. 

5. PAVEMENT DESIQN 

a. Recycling should be one of the option8 considered 
at the design stage of all rehabilitation projects. 
Material teetlng of the old pavement may be necessary 
to determine that recycling Is a practical option. 
The decieion to recycle or to overlay ehould be baaed 
on cost and performance on a life cycle basis rather 
than initial cost and should be apeclfled by the 
contracting agency. It is emphasized that alternate 
bids between recycling and overlayarenot recommended. 

b. Crack8 and material deficiencies in the overlaid 
pavement will came reflective cracks and point8 of 
weaknees to occur in an overlay. Cracks can be 
eliminated and material deficJencie8 can be corrected 
by recycling.- 

C. Recycled mixes placed experimentally a8 base 
layer8, top etructural layers, and wearing 
surfaces are atill being evaluated and It would 
be premature to offer definite conclusions on 
life cycle performance. However, the earliest of 
those pavement8 are 5 year8 old or older and are 
performing as well a8 pavement8~constructed with 
new materials. While there 18 limited experience 
with recycled mixes, It appear8 that reasonhble 
performance can be obtained. 

d. It is reasonable to 888ume that a recycled layer 
is structurally equivalent to an equal thickness of 
new hot mix pavement provided the mix meets all of 
the laboratory design criteria for a new mix intended 
to perform the Same Functions. 
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6. 

e. Only proven methods and materials with which there 
has been adequate experience to assure success 
should be used on large projects with high traffic 
or heavy loading. 

MIX DESIGN 

a. 

b. 

c. 

d. 

Recommendations for detailed mix design procedures 
are contained in NCHRP Report 224. Gradation and 
other material requirements should be the same for a 
recycled mix as those developed for mixes using all 
new materials for the same type of pavement. 

Distress observed on a few projects Is directly 
attributable to Improper or poor mix designs 
represented by low stabllltles, uncorrected aggregate 
stripping problems, and low job achieved densities. 
These problems emphasize the need for proper mix 
design and construction control. Research results 
indicate that testing for water susceptibility 
is especially Important for recycled mixes. 

Variation in material properties of the pavements to 
be salvaged should be identified by sampling and a 
sufficient proportion of new material provided to 
reduce the variation to an acceptable level. 
Major changes In mix characteristics for various 
sections along the same route usually demand separate 
mix designs. 

Removal and sizing of salvaged pavement materials 
have at times created additional minus 200 sieve 
material. The amount depends on the type and 
operation of the sizing process and aggregate 
properties. Final mix design should always be 
corrected to final properties of the material 
processed by the actual equipment used on the 
project. Large amounts of minus 200 sieve material 
or other gradation deficiencies can be compensated 
for by limiting the amount of salvaged material 
used in the recycled mix and varying the gradation 
of the added new material. Experience has indicated 
that in most cases crushing.the recycled material to 
a maximum particle size of 2 inches Is adequate for 
hot mix. Additional crushing may result In excess fines. 
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e. A soft asphalt alone has been used successfully 
to restore the penetration and viscosity of the 
reclaimed asphalt binder. A number of commercial 
recycling agents have also been used when 
salvaged asphalt binder in the salvaged material 
was severely hardened. Any proposed softening 
agent should be tested with the salvaged asphalt 
for the specific project, In the ratio to be used, 
to assure the desired properties of the combination 
are realized. 

7. REMOVAL AND SIZING 

The type and degree of deterloratPon in a pavement to be 
constructed and/or the type of material underlying the 
pavement will usually determine whether a full or partial 
depth removal technique is utilized. Full-depth pavement 
removal and sizing can be accomplished using standard 
construction equipment such as dozers and loaders and 
portable or stationary crushers or by milling machines. 
The latter process, aithough generally more expensive, 
allows removal of one lane without disturbing traffic 
movement on adjacent lanes. Excessive dropoffs can be 
minimized by milling successive levels to a specific 
depth. While milling machines usually are specified 
for partial depth removal, the choice of the method 
used for full-depth removal will be influenced by 
economics and maintenance of traffic through 
construction. 

8. EQUIPMENT 

Virtually all equipment manufactured today for the 
production of asphalt concrete can be built to produce 
acceptable recycled mixes and meet all air quality 
standards. Existing equipment can be modified at 
reasonable cost. In hot mix recycling, batch plants 
are generally limited to the reuse of a maximum amount 
of 50 percent salvaged asphalt material in a recycled 
mix, while an upper limit of approximately 70 percent 
is attainable in some drum plants. 

9. SAVINGS 

Materials savings are realized from the reduction 
in new asphalt and aggregate. Energy savings 
result primarily from reduced aggregate haul 
and drying, and asphalt transportation. cost 
savings are greatly Influenced by length of 
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, 

aggregate haul and distance from the plant 
to the job site. Other factors which have a 
major Influence on bid prices are the degree to 
which contractors In the area are familiar with 
and equipped for recycling, the size of the 
State’s present and projected recycling 
program, and State contract procedures. 

10. RECOMMENDATIONS 

a. 

b. 

c. 

d. 

et 

f. 

Allow the contractor the use of salvaged asphalt 
materials and aggregates in the production of 
asphalt concrete. 

Allow the contractor to determine the source and 
amount of salvaged material to be used as long as 
the mix produced meets all standard material and mix 
specifications called for in the contract. 

Require that a revised mix design be submitted and 
approved prior to changing either the source or 
amount of salvaged material originally approved. 

Serious consLderation should be given to 
transferring ownership of all material to be 
removed to the contractor. This allows the owner 
agency to receive instant credit, in the form of 
lower bids, for the value of the salvaged material 
removed. 

Do not specify how to remove and size a pavement 
scheduled for full-depth reconstruction; what type 
of hot mix plant (batch, continuous or drum) to 
use; the use of recycling agent--but allow it to 
be used; and what percentage of salvaged material 
to be used. All of these will be determined by 
economics resulting from the competitive bidding 
process. 

Recycled hot asphalt concrete should be paid for 
on the basis of a bid price per ton regardless of 
the percentage of salvaged material used. This 

price per ton is also to Include the costs of all 
new additional asphalt, recycling agent, and aggregate. 

11. DISCUSSION OF RECOMMENDATIONS 

These recommended practices will allow the production 
of recycled asphalt concrete, If economically feasible, 
at any time In any location. Because no restrictions 
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are placed on percentages of used salvaged material, a 
batch plant owner can economically compete wlth owners 
of drum plante. If across the board use of saivaged 
materials la allowed in the production of asphalt 
concrete, the contracting indulstry can better juetlfy 
gearing up for such production and write off the 
additional plant modification cost over a much larger 
tonnage basis over a longer period of time than on 
only one or two projects. 

Transferring ownership of all removed salvaged material 
to the contractor encourage8 recycling because surplus 
material can be uaed in private work at additional 
savings to the contractor. 

12. EVALUATION 

Most highway agencies have successfully constructed one 
or more hot recycling projects and are continuing to 
develop new projects. These projects have been constructed 
under NEEP Project 22, Pavement Recycling, distributed by 
Notice N 5080.54 dated June 3, 1977. Many projecta have 
also been constructed with technlcal and financial 
assistance from the Demonstration Projects program. It 
is recommended that the evaluation of these projects be 
continued to validate long-term performance projections. 
Broad participation Is needed to provide the data base 
necessary to require additional projects to be programmed 
experimental. The projects under evaluation should be 
representative of recycling procedures adopted by a State 
which have become routine. When a significantly new or 

.lnnovatlve feature 1s contemplated, or when a proJect Is in 
a significantly different environment, the highway agency 
should be urged to designate the project as experimental. 

A recycling data bank 1s being developed under a 
contract through the FHWA Office of Research t+at will 
provide a means of long term evaluation of pavement 
recycling. The contract 1s scheduled to be completed 
in 1982. 

R. D. Morgan 
Associate-Administrator for 

Engineering and Traffic Opcratians 

Attachents 
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REPORT FROM WISCONSIN DIVISION, April 13, 1981 

WISCONSIN 

1981 RECYCLING PROGRAM 

During the first 6 months of 1981, Wisconsin Department 
of Transportation (WISDOT) let 42 contracts Involving 
recycling of the existing bituminous pavement. The dollar 
amount of these contracts totaled $40.4 million and 
Included 52 Federal-aid projects. Contractor competition 
for these contracts has been good with only 1 out of the 
26 successful contractors having more than three contracts. 

The contracts let to .date have provlded 696,700 tons of 
recycled bituminous pavement for paving 418 lane miles. 
The average bid price for this recycled bituminous pavement 
has been $8.84 per ton. Thls Is signlflcantly less than 
the $14.24 per ton average for virgin bituminous concrete 
pavement. When the savings In asphalt and shoulder aggregate 
are considered, the savings are almost $8.00 per ton. 

In addition to the above tonnage, eight contracts totaling 
34,800 tons of single aggregate bituminous surface have 
been let with the contractor having the option to use 
recycled or virgin aggregate. Most (6) of these projects 
were relatively small and provided less than 3,500 tons of 
bituminous pavement per project. The two larger projects 
provided 8,800 and 13,350 tons of single aggregate bituminous 
surface. Five of these contracts with optional recycling 
were In Milwaukee County. 

The contracts let in FY 1981 have also provided for 
salvaging 496,000 tons of existing bituminous pavement. 
The average cost of salvaging bituminous pavement has been 
$4.41 per ton. 

, . 

In addition to the "normal*' recycling type of project, 
Wisconsin~s 1981 recycling program has Included three 
contracts that provide for recycling as part of a sulfur 
extended asphalt pavement. The cost of the sulfur for 
these projects has averaged $149 per ton. 

Cne of the major accomplishments In WISDOT's recycling 
program Is the savings In energy, natural resources, and 
cost. It Is estimated that the energy savings this fiscal 
year is equivalent to 915,000 gallons of gasoline; the 
aggregate savings Is 574,700 tons of aggregate, and the 
cost savings is $4.8 million. 
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Reports DealInK with Recycling 

NCHRP Synthesis of Highway Practice 54, "Recycling 
Materials For Highways," 1978. 

NCHRP Report 224, "Guidelines for Recycling Pavement 
Materials," 1980. 

American Society of Testing Materials, STP 662, 1976. 

Association of Asphalt Paving Technologists, Volume 46, 
1977; Volume 48, 1977; Volume 49, 1980. 

Proceedings of the National Seminar on Asphalt 
Pavement Recycling, Dallas-Ft. Worth, Texas, 1980 - 
Transportation Research Record 780. 

The above reports are available at a charge from: 

The NatLonal Technical Information 
Service (NTIS) 

Springfield, Virginia 22161 

Evaluation of Selected Softening Agents used in Flexible 
Pavement Recycling, FHWA-TS-79-204, 1978. 

Hot Recycling - Minnesota t Modified Dryer Drum, 
FHWA-TS-80-233, 1980 

Hot Recycling - Wyoming Dryer Drum, FHWA TS-80-234, 
1980. 

The above reports are available free of charge from: 

Federal Highway Administration 
Region 15 
Demonstration Projects Division (MDP-15) 
1000 North Glebe Road 
Arlington, Virginia 22201 
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REPORTS PREPARED 
FOR 

DEMONSTRATION PROJECT NO. 39 
RECYCLING ASPHALT PAVEMENTS 

FHWA-DP-39-l - IN-PLACE RECYCLING OF ASPHALT PAVEMENT - REPUBLIC 
COUNTY, KANSAS - CONSTRUCTION REPORT - Clarence W. Smith - 
August 1978 - 30 pages 

FHWA-DP-39-2 - SURFACE RECYCLING ASPHALTIC CONCRETE PAVEMENT - 
MC ALLEN, TEXAS - CONSTRUCTION REPORT - Wade D. Barnes and 
Jack T. Trammel1 - September 1877 - 58 pages 

FHWA-DP-39-3 - WASHINGTON STATE DEPARTMENT OF TRANSPORTATION'S 
FIRST ASPHALT CONCRETE RECYCLING PROJECT - ELLENSBURG, 
WASHINGTON - CONSTRUCTION REPORT - R. V. LeClerc, R. L. Schermerhorn, 
and J. P. Walter - July 1978 - 52 ptiges 

FHWA-DP-39-4 - RECYCLING OF ASPHALT CONCRETE-OREGaN'S FIRST HOT 
MIX PROJECT - WOODBURN, OREGON - INTERIM REPORT - James Dumler 
and Gordon Beecroft - November 1978 - 56 pages 

FHWA-DP-39-5 - PAVEMENT SURFACE RECYCLING ON PARKS HIGhWAY BETWEEN 
LITTLE SUSITNA RIVER.AND WILLOW CREEK - ANCkORAGE, ALASKA - 
INTERIM REPORT - John W. Henry - February 1978 - 31 pages 

FHWA-DP-39-6 - BLEWETT PASS RECYCLING PROJECT - BLEWETT PASS, 
WASHINGTON - PRELIMINARY REPORT - September 1979 - 57 pages 

FHWA-DP-39-7 - 
CONSTRUCTION 

FHWA-DP-39-8 - 

MILLING BITUMINOUS SURFACE - ELLENDALE, NORTH DAKOTA - 
REPORT - September 1978 - 32 pages 

EVALUATION OF RECYCLED BITUMINOUS PAVEMENTS - 
ELKHART COUNTY, INDIANA - FINAL REPORT - Barry L. Elkin - 
August 1978 - 60 pages 

FHWA-DP-39-g - RECYCLING OF ASPHALTIC CONCRETE PAVEMENTS - 
LARAMIE, WYOMING - INITIAL REPORT - Wyoming State Highway Department,, 
Materials Division - February 1979 - 89 pages 

FHWA-DP-39-10 - EVALUATION OF RECYCLED ASPHALT CONCRETE PAVEMENTS - 
KOSSUTH COUNTY, IOWA - CONSTRUCTION REPORT - Richard P. Henely - 
February 1979 - 52 pages 

FHWA-DP-39-11 - RECYCLING ASPHALTIC CONCRETE PAVEMENT - ROSCOE, TEXAS 
CONSTRUCTION REPORT - Bobby R. Llndiey - March 1979 - 142 pages 

FHWA-DP-39-12 - EXPERIMENTAL PROJECT SURFACE RECYCLING OF ASPHALT 
CONCRETE PAVEMENT - NATCHEZ, MISSISSIPPI - PROGRESS REPORT - 
James D. Webb, Gayle E. Albritton, and Thomas L. Chance 
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FHWA-DP-39-13 - COLD RECYCLING - MENOMINEE INDIAN RESERVATION 
WISCONSiN - CONSTRUCTION REPORT 
February 1979 - 45 pages 

- Steve Beckett and Roy J. Calbo - 

FHWA-DP-39-14 - EVALUATION OF RECYCLED ASPHALTIC CONCRETE - 
CHESTER, VIRGINIA - CONSTRUCTION REPORT - C. S. Hughes - 
August 1977 - 26 pages 

FHWA-DP-39-15 - INTERIM REPORT ON HOT RECYCLINQ - Douglas J. Brown - 
Awl1 1979 - 99 pages (English or Spanish) 

PHWA-DP-39-16 - PAVEMENT RECYCLINQ PROJECT - GILA BEND, ARIZONA - 
CONSTRUCTION REPORT - Arizona Department of Transportation Research 
Division - October 1978 - 59 pages 

FHWA-DP-39-17 - RECYCLINQ ASPHALT CONCRETE ON INTERSTATE 80 - 
GOLD RUN, CALIFORNIA - INTERIM REPORT'- R. N. Doty and T. Scrimsher - 
April 1979 - 134 page8 

FHWA-DP-39-18 - RECYCLING OF BITUMINOUS SHOULDERS - FERQUS 
FALLS, MINNESOTA - INTERIM REPORT - Ronald H. Casselllu8 
and Roger C. Olson - March 1979 - 31 pages 

FHWA-DP-39-19 - RECYCLING OF ASPHALT CONCAETE PAVEMENTS - 
PALM BEACH COUNTY, FLORIDA - INITIAL REPORT - Charles F. Potts 
and Kenneth H. Murphy g January 1980 - 35 pages 

PHWA-DP-39-20 - COLD RECYCLXNQ ASPHALT PAVEMENT - SHERWRNE, VERMONT - 
INITIAL REPORT 
42 pagea 

- R. I. Frascoia and D. >N. Onusseit - January 1979 - 

FHWA-DP-39-21 - SURFACE RECYCLINQ OF ASPHALT CONCRETE PAVEMENT - OHIO - 
PROGRESS REPORT - Will18 B. Gibboney - November 1979 - 23 page6 

FHWA-CP-39-22 - SURFACE RECYCLINQ OF ASPHALT CONCRETE PAVEMENTS - 
FORT MYERS, FLORIDA - INITIAL REPORT - Charles F. Potts and 
Kenneth H. Murphy - September 1979 - 62 pages 

FHWA-DP-39-23 - RECYCLINQ OF ASPHALT CONCRETE PAVEMENTS - PANAMA CITY, 
FLORIDA - INITIAL REPORT - Charles F. Potts and Kenneth H. Murphy - 
December 1979 - 53 pagea 

FHWA-DP-39-24 '- COLD RECYCLINQ OF PAVEMENT USING THE HAMMERMILL 
PROCESS - MAINE - FINAL REPORT - David W. Rand - December 1978 - 
41 pages 

FHWA-DP-39-25 - COWHERD ROAD COLD ASPHALT RECYCLINQ PROJECT - 
JACKSON COUNTY, MISSOURI - CONSTRUCTION REPORT - Kirk Phillips - 
November 1979 - 99 pages 

FHWA-DP-39-26 - COLD BITUMINOUS PAVEMENTS RECYCLINQ - WIBAUX, MONTANA 
CONSTRUCTION REPORT - John J. Wright - May 1979 - 75 pages 
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FHWA-DP-39-27 - COLD RECYCLING OF A SOIL-ASPHALT ROADWAY - BEAVER 
COUNTY, OKLAHOMA - INTERIM REPORT - Jack C. Stewart - April 1980 - 
52 pages 

FHWA-DP-39-28 - HOT MIX RECYCLING - DURANGO, COLORADO - INTERIM 
REPORT - Robert F. LaForce - May 1980 - 61 pages 

FHWA-DP-39-29 - BITUMINOUS CONCRETE PAVEMENT RECYCLING - INTERIM 
REPORT - Edgar J. Hellrlegel 

July 1980 - 61 pages 
- NORTH BRUNSWICK, NEW JERSEY - 

FHWA-DP-39-30 - HOULTON - LITTLETON HOT RECYCLING PAVING PROJECT - 
HOULTON, MAINE - PRELIMINARY & CONSTRUCTION REPORT - D. W. Rand - 
March 1980 - 61 pages 

FHWA-DP-39-31 - HOT RECYCLING OF ASPHALTIC CONCRETE PAVEMENT - 
BEAVER, UTAH - INTERIM REPORT 
170 pages 

- Wade B. Beteson - October 1980 - 

FHWA-DP-39-32 
MISSOURI 

- 1980 PAVEMENT RECYCLING PROGRAM - SPRINGFIELD, 
- INTERIM REPORT 

Inc. 
- prepared by Anderson Englneerlng, 

- January 1981 - 75 pages 
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OTHER RELATED RECYCLING REPORTS 

DEMONSTRATION PROJECT NO. 39 - RECYCLING ASPHALT PAVEMENTS - 
PROJECT STATUS REPORT - February 1979 - 66 pages 

RECYCLING OF ASPHALTIC CONCRETE - ARIZONA'S FIRST PROJECT - 
James A. McGee and A. James Judd - 28 pages 

MINNESOTA HEAT TRANSFER METHOD FOR RECYCLING BITUMINOUS 
PAVEMENT - REPORT ON MAPLEWOOD, MINNESOTA, RECYCLING PROJECT - 
Richard C. Ingberg, Richard M. Morchinek, and Ronald H. 
Cassellius - 1977 - 43 pages 

EVALUATION OF AIR POLLUTION CONTROL DEVICES FOR ASPHALT PAVEMENT 
RECYCLING OPERATIONS - PROGRESS REPORT - Richard P. Henely - 
December 1977 - 47 pages 

RECYCLING ASPHALT CONCRETE PAVEMENT - DEPARTMENTAL RESEARCH 
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Memorandum 

subrect Use of Recycled Concrete in 
Portland Cement Concrete Pavements 

Date a 2 5 m 

From: Chief, Pavement Division 
Washington, D.C. 20590 

bob IO 
Altn of. ttio-12 

fo: Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

A Pavement Design and Rehabilitation Team Review was recently made of 
pavements, located in one State, reconstructed with recycled portland cement 
concrete (PCC) pavement. The purpose of the review was to analyze causes for . 
the transverse working cracks which were developing in many of the slabs. 

The pavements were reconstructed in 1984 and 1985 using the recycled existing 
PCC pavement. The design called for a lo-inch reinforced PCC pavement with 
plain PCC shoulders and an open-graded granular (unstabilized) subbase. The 
mainline pavement joints were spaced at 41 feet. 

Numerous intermediate cracks with spalling and faulting were observed. 
Typically there were two cracks per slab, occurring at the third points. 
These cracks were significantly more severe in the driving lane. A few slabs 
had also developed one or two additional cracks, some of which showed signs of 
staining. 

Observation of the concrete which was removed from the pavement indicated that 
some of the recycled material, used as large aggregate in the reconstructed 
pavement, was mainly mortar with very little if any aggregate. 

The team made the following recommendations to this specific State: 

1. Based on recent findings, it is our recommendation that recycled 
PCC pavement not be used as aggregate in reinforced PCC pavements. 
The wire mesh reinforcement in reinforced pavements is intended to 
hold cracks close together so that load transfer can be obtained 
through aggregate interlock. However, the recycled concrete 
aggregate does not appear to provide adequate aggregate interlock 
for two reasons. The first is due to its fairly small size; on 
these projects the top size was 1 inch. 
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The second is due to portions of this larger aggregate being 
merely lumps of mortar, which easily grind smooth with pavement 
deflections caused by traffic loading. Since the recycled 
pavement does not provide sufficient aggregate interlock, the wire 
mesh reinforcement is subjected to excessive shearing forces. As 
a result, the wire mesh ruptures and the crack begins to function 
as a working joint. Plain PCC pavements are designed not to 
crack, so aggregate interlock is not a factor, providing dowel 
bars are properly installed at the joints. 

2. If the decision is made to use recycled PCC pavements as aggregate 
in reinforced pavements, it is recommended that a 3-sized 
aggregate mix be used, with the recycled PCC pavement serving as 
the middle-sized aggregate. A larger-sized coarse material should 
be added to provide the necessary aggregate interlock. 

3. The high absorptive level of the recycled aggregate (approximately 
6 percent) may have resulted in high drying shrinkage of the 
concrete. This in turn could cause the cracks to open wider than 
normal, further reducing load transfer through aggregate 
interlock. When recycled concrete pavement is used as aggregate, 
consideration should be given to moistening the aggregate prior to 
adding it to the mix. 

Based on the performance of the recycled concrete in reinforced pavement which 
was observed in this State, we believe a review of reinforced concrete 
pavements constructed with recycled concrete is warranted. We would 
appreciate your assistance in identifying reinforced pavements, both jointed 
and continuously reinforced, containing recycled concrete as aggregate. These 
pavements should have carried traffic at least 2 years and be located on the 
Interstate or a route carrying moderate to high volume truck traffic. 

We would also like to receive information on any investigations the State may 
have undertaken to evaluate the load transfer at cracks in reinforced 
pavements with recycled aggregates. 

We are planning to complete this review during September and October so the 
results will be available to the States for use in developing their 1990 
projects. Mr. John Hallin will be performing the review. Please contact him 
at 366-1323, if you have any questions. To expedite the review, please advise 
him, by phone, of the projects which are available for review. 
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The Use of Recycled PCC as Concrete Aggregate 

1. Introduction 

1.1 The Incentive to Recycle. Economic considerations are the primary 

reasons for recycling, although often there are al so environmental 

benefits to be derived. In some areas of the country there are no 

avail able supplies of virgin aggregates and recycling is the only 

viable economical solution. In other areas available sources of new 

rock are inaccessible, either because the value of the land,is too 

high, or because toning-type constraints prevent the opening of pits 

or quarries to obtain the material. In some instances, such as 

highly developed urban areas, economic incentive comes from the 

inability to properly dispose of the wasted material, and hence, it 

is less expensive and more environmentally acceptable to re-use it. 

Therefore, when a PCC pavement will be removed prior to replacement 

with a new pavement, the project is a prime candidate for recycling, 

thereby serving as a source of aggregate in the new concrete and 

eliminating the need and expense of disposing of the material 

removed. Further, if the project is large enough to set up an 

aggregate plant on site, additional savings can be realized by the 

elimination of much of the materials' transportation costs. 

. 1.2 Recycling History. Results of a 1971 survey conducted by the Texas 

State Highway Department and the Texas Transportation Institute 

(ref.11 indicate that at that time little consideration was being 

given by most States to recycling existing pavement material other 

than as unstabilized base courses. KC removed from a roadway was 

normally disposed of in landfills, or at best as erosion control in 

drainage ditches. This attitude has changed, as the use of natural 

resources and energy has had increasing economic impact. 

Proposals to use recycled PCC as concrete aggregate material 

generated a number of questions. First, what would the quality of 

the new concrete containing the recycled material be, compared to the 
old concrete and also to new concrete made with natural aggregate? 
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Would the crushed concrete make good aggregate? How could the 

reinforcing be easily removed? Would recyc,?ing for this purpose 

(aggregate) be an economically viable alternative? These questions, 

and many others, concerning the recycling of PCC have now been 

substantially answered by subsequent work. This report will deal 

particularly with the use and properties of the recycled material as 

aggregates in PCC. 

1.3 FHWA Involvement. The Federal Highway Administration (FHWA) 

initiated Demonstration Project No. 47 (DP471, Recycling Portland 

Cement Concrete Pavements, in May,. 1978, and it is still active. The 

initial report under this project was the reprinting of an Iowa 

Department of Transportation report on an early recycling project, 

which is sumnarized later in this report. A number of other States 

have since conducted recycling projects under DP47 and States 

continue to show interest in participating in DP47. 

FHWA also established project 22 on pavement recycling under its 

National Experimental and Evaluation Program (NEEP) in June, 1977. 

Both asphalt and portland cement concrete recycling were included in 

NEEP 22. Throughout its duration 42 States participated in the 

project which has now been integrated into either DP 47, mentioned 

above, or DP39, Asphalt Pavement Recycling. 

FHWA sponsored a national seminar on PCC recycling and rehabilitation 

in September, 1981, which was conducted by the Transportation 

Research Board (TRB). Many of the details given is this report are 

from the proceedings volume (ref. 2) and the sumnary volume (ref. 3) 

for this meeting. 

1.4 Definitions. Recycling as applied to PCC pavements many be grouped 

into 3 categories.' First is surface recycling, which includes 

milling or grinding the surface (approximately the top inch (25 mm)) 

of the pavement to remove surface deterioration, restore rideability, 

and improve surface friction. The materi,al removed is usually quite 

fine and in relatively small quantities, so it is normally not used 
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as concrete aggregate. A second type of recycling is in-place 

recycling in which the old pavement is crushed and combined with the 

existing base or subbase material to form a base for support of a new 

pavement. The third type of recycling may be called plant recycling, 

in which the existing PCC pavement is broken up, removed from the 

roadway to a crushing operation, crushed and sized. The aggregate 

material thus produced is incorporated in a new PCC mixture for 

placement on the job. It is this use of the old concrete as 

aggregate in new PCC which will be the major topic of this report. 

2. Properties of Recycled PCC Aggregate 

2.1 Aggregate Tests. A number of laboratory studies have compared the 

properties of aggregate material made from crushed PCC with the 

properties of natural aggregates. Early work in this area was done 

by Alan Buck of the U.S. Army Engineers Waterways Experiment Station 

(WES), (ref. 4). Buck examined the properties of aggregate made from 

crushed concrete containing chert gravel (coarse) and natural sand 

(fine) and a second aggregate made from crushed concrete containing 

limestone (coarse) and natural sand (fine). These manufactured 

aggregates were tested and compared with natural aggregate and then 

incorporated into new concrete mixes for further comparisons. 

Results of absorption and specific gravity tests are shown in Table 1. 

Visual inspection of the crushed concrete indicated a good particle 

shape. The fine aggregate as produced did not meet the normal 

gradation requirements, but was used as produced in the concrete 

mixes. 

Results of studies conducted by WES, the Iowa Department of 

Transportation, Massechusetts Institute of Technology, The i4i nnesota 

Department of Transportation, the Michigan Department of 

Transportation and FHWA are summarized by Yrjanson (ref. 1). He 

found the following points of agreement: 
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The aggregate particles produced by crushing concrete have good 

shape, high absorptions and low specific gravity compared to 

natural mineral aggregates. 

The Michigan Department of Transportation (ref. 5) conducted a 

laboratory investigation of a series of crushed concrete materials 

for comparison with natural aggregate. Table 2 shows their test 

results. Michigan also tested a concrete material which had been 

recycled twice. Its specific gravity was still lower (2.11) and the 

absorption event higher (8.36 percent). These results are 

predictable si rice with each successive recycling the amount of 

natural aggregate decreases when expressed as a percent of the 

aggregate materi al and the amount of lighter, more absorptive cement 

paste increases. Interestingly, the soundness loss of the recycled 

material was less (0.9-2.0) then that of the natural aggregate (3.9). 

2.2 Concrete Tests. Buck (ref. 41 made all his recycled concrete mixes 

with a water cement ratio of 0.49, a target af r content of 6 + l/2 

percent, and a slump of 2 l/2 2 l/2 inches (63 + 13 mm). He found 

that concrete made with recycled concrete as both coarse and fine 

aggregate had lower slumps and higher cement content than comparable 

mixes made with either all natural aggregate or recycled coarse 

aggregate and natural sand ffne~ aggregate. He also noted that the 

concrete with recycled aggregate had compressive strengths 300-1300 

psi (2068-8962 kpa) less than the control concrete throughout the 

period of testing (up to 180 days of age). Freeze-thaw test results 

differed depending on the original aggregate type. Recycled concrete 

containing freeze-thaw susceptible coarse aggregate performed better 

as aggregate in a new concrete than concrete containing that stone as 

coarse aggregate (although whether the improvement is sufficient to 

bring performance to an acceptable level would have to be judged on a 

case by case basis). Conversely, new concrete made with recycled 

concrete containing an originally freeze-thaw resistant aggregate 
performed somewhat *tiorse than the control mix with the natural coarse 

aggregate, although both mixes performed acceptably well. Finally, 
;3uck found that volume change in response to temperature changes or 

increased moisture was similar for the recycled concrete mixes and 

the controls. 7.8.6 



'Yrjanson (ref. 1) presented the following conclusions about the 

recycled concrete in his report: 

1. 

2. 

3. 

4. 

5. 

6. 

The use of crushed concrete as coarse aggregate had no 

significant effect on mixture proportions or workability of 

the mixtures compared to the control mixes. 

When crushed concrete was used as fine aggregate the 

mixture was less workable and needed more water and 

therefore more cement. Substitution of natural sand for up 

to 30% of the recycled fine aggregate improves workability 

to the approximate levels of a conventional mix. 

The frost resistance of the concrete made from recycled 

aggregates was usually much higher than that made with 

natural aggregates. 

The use of recycled aggregate did not have any significant 

effect on the volume response of concrete specimens to 

temperature and moisture changes. 

The use of low strength recycled concrete as aggregate need 

not be detremental to the concrete's compressive strength. 

The use of water reducing admixtures to lower the water 

content is effective in increasing strengths of concrete 

mixtures that contain recycled concrete as aggregate. 

Fergus (ref. 5) reported that the Michigan Department of 

Transportation used various percentages of recycled PCC in the fine 

aggregate to determine its effect on the mixture. They also used 

various percentages of recycled bituminous concrete in the mixture to 

simulate contamination which would occur in.practice. They made 

their mixtures with a water cement ratio of 0.43, a cement factor of 

6 sacks/cuyd (7.8 sacks/m31 and an entrained air percentage of 5.5 

+ 1.5. The results of this research agrees with the findings of, 

?A.7 



Buck and Yrjanson. The slump of the recycled concrete mixtures was 

less than that of the control mixture due to differences in 

workability. Compressive and flexural strengths of the recycled 

concrete were slightly less than those of the control mixture made 

with a gravel aggregate, but still exceeded the Michigan Department 

of Transportation minimum specifications for pavement concrete. 

Those recycled materials with crushed bituminous concrete (patches, 

unremoved overlay spots, etc.) included as a small percentage of the 

aggregate were not detrimentally affected unless there was an 

inclusion of crushed bituminous fines. These fines are almost 

totally bitumen coated and therefore act essentially as voids in any 

strength test of the new concrete. The recycled concretes exhibited 

durability factors superior to that of the control mix. 

3. Special Concerns for Recycled PCC 

3.1 Recycled "D" Cracked Pavement. The possible use of crushed "0" 

cracked pavement as an aggregate material presents an additional 

concern. The question posed is whether the recycled material will 

continue to promote "D" cracking, or will the problem be alleviated 

(at least to the level of economically available natural aggregate 

material 1 by the crushing which takes place during the recycling 

process. 

Prior to carrying out a recycling project using a "D" cracked PCC 

pavement, the Minnesota Department of Transportation conducted a 

laboratory study (ref. 6) to determine the behavior of recycled "D" 

cracked material when used as aggregate in new concrete. For the 

laboratory work a three foot (0.98 m) section, full width of the 

candidate pavement, was removed and crushed for testing in the 

laboratory. Four initial mixture designs contained: 1) 100 percent 

recycled aggregate; 2) recycled coarse aggregate and natural sand 

fine aggregate; 3) the same as 2, except fly ash was substituted for 

10 percent of the cement; 4) the same as 2, except 20 percent fly ash 

was substituted for 15 percent of the cement. They also made a 

control with all natural aggregate and 20 percent fly ash substituted 
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for 15 percent of the cement. Like other investigators, they found 

that the recycled material passing the NO. 414.75mm) Sieve was very 

angular and that this increased the water demand substantially (to 

provide acceptable workability). Mix 1 (recycled fine aggregate) 

required 333 lbs/yd3 (197.5 kg/m31 of water versus 250-260 

lbs/yd3 (48.3 to 15.42 kg/m31 for the control. This higher water 

demand al so increased the cement requirement. Compressive strengths 

were at or above conventional mixtures and they had no problem 

entraining the necessary air. Based on these results, three more 

trial mixes were made. The recycled aggregate all passed the 3/4 

inch (19 nun) sieve and O-5 percent passed the No. 4(4.75 fmn) sieve. 

One of the mixes had no fly ash, one had 10 percent of the cement 

replaced by fly ash, and the third had 15 percent of the cement 

replaced by 20 percent fly ash. To evaluate the "D"-cracking 

susceptability, these mixes were subjected to freeze-thaw testing.' 

In comparison with concrete containing the "D" cracking natural 

aggregate, the concrete with the recycled concrete aggregate was 

somewhat more resistant to freeze- thaw action, and the mixtures with 

lo-20 percent substituted fly ash had a greatly reduced "0" cracking 

potential. The fly ash also acted as a plasticizer, thereby lowering 

the amount of water necessary to make the mix workable. 

Based on these laboratory results, the State went ahead and 

reconstructed U.S. 59 using the recycled concrete as coarse 

aggregate. The specific gravity of the recycled coarse aggregate was 

2.41 and its absorption was 4.4 percent. Natural sand was used as 

the fine aggregate and 20 percent fly ash was substituted for 15 

percent of the cement. Average core strength on the concrete was 

4590 psi (31.6 MPa) after 60 days. The minus number 4 (4.75 mm) 

recycled material was used in the base course as a stabilizing 

material. 

3.2 Salt Content of Recycled Pavement. As part of the Michigan study 

summarized above (ref. 5), they examined the NaCl content of the 

recycled PCC aggregate material, since large amounts of rock salt are 

used as a deicer on their highways. They found that the recycled 
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material contained less than 2 lbs/yd3 (1.2 Kg/m3) compared to 

their critical NaCl level of 4 lbs/yd3 (2.4 Kg/m3) used for 

bridge decks. They concluded that no restrictions were necessary on 

the use of the material based on its salt content. Further, since 

the recycled material is used as only the aggregate portion, the 

overall level of chloride in the new concrete would be even less (the 

amount in the recycled PCC times the fraction of the new concrete 

which is recycled material). 

In preparation for a recycling project, Connecticut (ref. 7) examined 

the total chloride content of recycled PCC material. They found 12 

lbs/yd3 (7.1 kg/m3) at the 1.5 in (38 mn) level, 0.96 lbs/yd' 

(0.57 kg/m3) at the 4in ( 102 mm) level, and 0.27 lb/yd3 (0.16 

kg/m3) at the 6.5in (166 mn) level. The new mixture with the 

recycled concrete aggregate contained 1.93 lb/yd3 (1.14ks/m3) 

total chloride. 

To summarize, it would be advisable to check the NaCl content of any 

recycled material which may have excessive salt, and based on the 

findings calculate what the salt content would be for the new mix. 

aased on the results, a decision could be made as to whether any 

additional steps (reinforcement coating, etc.) would be necessary to 

avoid problems. 

3.3 Alkali - Aggregate Reactivity. Three things are necessary to cause 

damaging alkalf - aggregate reactivity: 1) an aggregate with 

sufficient amounts of reactive constituents that are soluble in 

highly alkaline aqueous solutions; 2) enough water soluble alkali 

from some source (usually the cement) to drive the pH of the liquid 

in the concrete up to 14-15 and hold it there so that swelling alkali 

- silica gel is produced; 3) sufficient water to maintain the 

solutions and provide moisture for the swelling of the gel. 

The consequences of using recycled PCC material which has suffered 

from alkali - aggregate reaction as an aggregate in a new concrete 

have not been throughly studied. In this special case of PCC 

7.8.10 



recycling, several questions must be answered. How severe is the 

extent of the reaction and the resultant distress at the time Of 

recycling? Has the reaction gone to completion - that is, has the 

reactive mineral matter been used up? If petrographic or other 

examination seems to indicate this, it may be safe to go ahead and 

use the material. On the other hand, merely the use of a low 

alkali-cement in the new concrete may not prevent further 

alkali -aggregate reaction with the recycled material because the 

reaction may continue within the recycled material between the old 

mortar and aggregates. Probably the only safe way to screen 

materials with this potential problem is to do long term mortar bar 
expansion tests (ASTM C-227) with the recycled material in cements 

with various alkali contents to determine what level of alkali is 

acceptable. If reaction is taking 

place between the recycled materials, it may be that no level of 

alkali - in the cement will be low enough to prevent the reaction. 

It has been speculated that the addition of limestone aggregate in 

the mix may reduce the probability of alkali-aggregate reactivity 

(ref. 8) but this is not yet proven. Reduction in recycled aggregate 

size may also be helpful in controlling the reaction problem. The 

question of recycling alkali-aggregate reactive materials needs 

additional investigation, and work is currently underway in a 

cooperative study in Colorado. 

4. Field Projects with Recycled PCC 

As a result of field projects incorporating recycled PCC as aggregate in 

the mixture, several facts were learned which should aid in the planning 

and conduct of future recycling projects. Iowa (ref. 9) had one of the 

early recycling projects on U.S. Rte 75 in 1976. They stockpiled the 

entire crushed recycled PCC from the secondary crusher (1 l/2 inch (38 mm) 

minus) in a single stockpile and found that segregation problems resulted 

as we1 1 as inconsistent feed through the automatic bin gates of the 

batching plant. They therefore went to splitting the material on the 3/8 

in. (9.5 mm) sieve on subsequent projects, which alleviated the problem. 
Using recycled materi al for both coarse and fine aggregate produced a 
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harsh.mix which was nearly unworkable, so 15 percent concrete sand was 

added which made the mixture,much easier to work. It was found that less 

air entraining agent was needed to reach the desired air content than 

would have been true with a conventional mix. The amount of contaminants 

in the recycled material must be controlled because they often have an 

effect on the air content of the new concrete. They found that 

approximately 75-80 percent of the old pavement is recovered as crusher 

product. Using the experience gained in the initial project, Iowa 

conducted two additional projects in 1977. As was found in the first 

project, the crusher product was low in fine material (22-24 percent 

passing the number 4 (4.751m1) sieve). A three aggregate blend (coarse and 

fine recycled, plus concrete sand) controlled segregation of the recycled 

material and made for a workable mixture. Washing the recycled material 

was found to be unnecessary if proper removal and processing practices 

were followed. 

Minnesota (ref. 61 conducted a recycling project on U.S. 59 in the 

southeastern part of the State in 1980. This was a "0" cracked pavement 

and the results pertaining to that particular problem are discussed in 

section 3.1. However, several conclusions reached as a result of this 

project are applicable to recycling projects in general. As in Iowa, 

Minnesota found that the crushed material passing the number 4 (4.751nm) 

sieve is very angular and results in increased water demand and cement 

content when used in the mix. To avoid this situation, Minnesota removed 

the minus number 4 (4.751~1) material from the crushed concrete and used it 

as a stabilizer 

needed constant 

that they would 

mix if they had 

percent natural 

estimate. 

5. Specifications 

in the base material. They found that even in this use it 

watering to achieve target densities. They calculated 

have enough recycled material for coarse aggregate in the 

an aggregate blend of 60 percent coarse aggregate and 40 

sand. The actual yield proved to be very close to this 

Several States (Iowa, for example, ref. 10) have developed specifications 

for removal, crushing, storing, and incorporating recycled materials in 
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new PCC. These specifications cover all phases of the construction, and 

the reader is referred to them for this information. The discussion of 

specifications here will be limited to items directly effecting the 

recycled aggregate material. 

S.1 Removal and Contamination. Some 1 imit should be set on the amount of 

allowable contamination in the material recycled, either from any 

asphalt overlay, patch, joint sealant or subbase material. It has 

been found that some amount of adhering asphaltic concrete is 

allowable and not detrimental to the mixture. 

5.2 Crushing and Stockpilinq. Maximum size of material should be 

specified and may vary depending on the use of the concrete, however, 

typically top size is specified as 100% less than 1 l/2 inches (38 

ml. The maximum size specified may have to be reduced (100% less 

than 3/4in (19 mm)) if the material being recycled is a "0" cracked 

pavement. Standard good stockpiling techniques should be followed, 

and the plus 3/8 in. (9.5 rmn) and minus 3/8 in. (9.5 mm) should be 

stored separately to avoid segregation. Washing is not normally 

necessary, however this would be dictated by individual job 

conditions. Provision should be made to limit the amount of minus 

200 (.075 n) material to some maximum percentage. 

5.3 Mix Proportions. Crushed rticycled material may be used for both the 

coarse and fine aggregate, however use of 15-30'% natural sand in the 

fines may be specified to improve workability and finishability of 

the mix. Mix proportions should be determined based on trial mixes 

made in the laboratory. An effort should be made to proportion use 

of the coarse and fine recycled material in the same ratio as it is 

produced by the crusher. 

Cement factor will be determined according to the strength desired, 

as with a conventional mix. Water shall be used in a ratio which 

will provide acceptable workability and finishability without being 

so high that excessive cement is required to maintain strength. To 

this end, addition of natural fine aggregate (as noted above) may be 
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specified to improve these characteristics while holding the water 

content at a reasonable level. Water reducing admixtures may also be 

considered for the specification to maintain the water cement ratio 

at an acceptable level. Air entrainment will also increase 

workability. 

5.4 Durability. The durability of the concrete pr0duce.i should be 

required to be checked in the laboratory according to ASTM C-666 or 

some equivalent method. If alkali-aggregate reactive material is 

being recycled, the expansive characteristics of the new concrete may 

also be checked by ASTM C-227 orequivalent to'determine if it will 

perform adequately. 

5.5 Air Entrainment. Air content may be specified and obtained using the 

addition of an approved air entraining agent as with a conventional 

mix. If the recycled material is air entrained, the specified air 

for the new concrete may have to be set higher than normal since the 

measured air will include the newly entrained air -plus the air 

content of the recycled material. When the air content of the 

recycled material is subtracted from the measurement obtained on the 

new plastic concrete, the residual will then provide a measure of the 

amount of air in the new mortar. The presence of organic 

contaminants may cause high air contents and therefore de-air 

entraining agents may be needed. 

6. Sumnary & Conclusions 

This report is an assemblage of the current knowledge on the use of 

recycled PCC as aggregate in new concrete construction. The following 

points highlight its contents. 

1. Recycling PCC is a viable alternative to using natural aggregate in 

concrete construction in many instances, particularly those in which 

the natural aggregate would have to be transported some distance and 

there is a problem disposing of the old concrete removed. 
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2. FHWA continues to encourage States to try recycling projects through 

its Demonstration Project 47, Recycling Portland Cement Concrete 

Pavements. 

3. The recycled material may be tested using many of the same tests used 

for natural aggregate material. Recycled PCC tends to have a higher 

absorption and lower specific gravity than natural aggregates. The 

crushed material has a good particle shape. 

4. The use of recycled concrete as the aggregate in a new mixture has 

several effects. If the recycled material is used for the fine 

aggregate, its harshness decreases the workabflity of the mixture. 

This may be compensated for by substftuting some natural aggregate 

fines for the recycled material, increasing the water ( and therefore 

the cement) content, addfng a water reducing admixture, or some 

combination of the three. 

5. The freeze-thaw resistance of the new concrete is generally better 

than that of a comparable concrete made with natural aggregates. 

6. The durability of recycled "D" cracked concrete is greatly improved 

over that of the original concrete, and may be improved still more if 

necessary by specifying a reduced maximum size for the recycled 

material. Fly ash appears to decrease the tendency for "D" cracking 

in the recycled concrete mix. 

7. Compressive and flexural strengths of recycled concretes tend to be 

slightly less than those of comparable mixes with natural aggregates, 

however strengths above the minimum normally required are still 

easily obtained with proper mix desfgn. 

8. In the few studies examfning the possible problems of recycling salt 

contaminated concrete, the NaCl levels were not high enough to 
promote distress. More work needs to be done to determine the level 

at which salt content in the recycled material becomes determinantal 
to the new mix, particularly since the recycled material is usually 
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used in pavements rather than bridges which present different 

corrosion conditions. 

9. The use of recycled KC suffering from alkali-aggregate reactivity in 
a new concrete has not been adequately addressed. The surest 
approach at this time is to subject any suspected material to the . 
mortar bar expansion test (ASTM C-227) to evaluate of its behavior. 
Further research is needed in this area. 

10. Specifications for recycled PCC aggregate material should have the 
performance requirements which are generally applied to natural 

aggregates. Attention must be paid to the recycled material's effect 

on the workability of the new mix and the varfous ways to improve 
it. Depending on the condition and distress of the recycled 

pavement, statements may have to be included in the specification to 
require testing for durability, expansion, permeability and strength. 

11. Recommendations and Extensions 

The recycling of PCC as aggregate in a new concrete mix is a viable 
al ternatfve to the use of natural aggregates in many instances. 
Experience has shown that with proper planning, testing, and 

construction techniques, quality concrete can be made using recycled 
PCC as aggregate. 

There are a number of recycling situations where additional study 
still needs to be done to determine long term effects. The recycling 

of concrete which has suffered from alkali-aggregate reaction still 
involves some unknownsas to the long term behavior of the recycled 
aggregate material. A cooperative study is currently being done in 
Colorado to determine the effects of fly ash on new mixtures using 
this type of recycled aggregate. 

The presense of chlorides in the recycled concrete is another area of 

concern. We know pretty well what levels of chloride content are 
critical in causing corrosion of bridge deck reinforcement. However, 
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in pavement concrete there is usually much less steel which has a 

greater cover of concrete. The effect of having the chloride 

concentrated in the aggregate initially is also unknown. 

A synthesi sstudy on recycling of PCC pavement is included in the 

National Cooperative Highway Research Program for ffscal 1985. This 

will sumnarite current knowledge a?d practices in this subject area. 

Recycling of PCC will also be one of the subjects addressed by the 

Strategic Highway Research Program, now in the planning stage. 
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Coarse Friction 
Absorption 
SSD Sp. Gravel 

Fine Fractfon 
Absorption 
SSD Sp. Gravel 

Recycled Material 
Chert Concrete Limestone Concrete 

1 

4.0 - 4.3 
2.43-2.44 :::2 

Natural Material 
Chert Gravel 

I 
Crushed Limestone 

22::2 
0.8 
2.67 

7.6 - 9.0 0.4 
2.36 2.63 

Table 1. Properttes of Crushed Concrete and Natural Aggregates (After Buck, 1973). 

, 
Sand 

Recycled Waterjal Natural Material 
Once Recycled Twice Recycled Gravel 

Coarse Fraction 
Absorption 3.43 - 5.0 8.36 1.02 
Bulk Sp. Gravel 2.31 - 2.40 2.11 2.67 

Fine Fraction 
Absorption 7.17 - 8.31 1.38 
Bulk Sp. Gravel 2.15 - 2.23 - 2.60 

Table 2. Properties of Crushed Concrete and Natural Aggregates (After Fergus 1981). 
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-: Technical Paper - An Overview of Surface . Dale APR-61992 
Rehabilitation Techniques for Asphalt Pavements 

koiy to 
From Chief, Pavement Division Altn of . HNG-42 

lo: Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

, 

During the past year, the Pavement Division, in conjunction with the Office of 
Technology Applications, has been involved in a comprehensive effort to 
develop an information base on existing and emerging surface rehabilitation 
techniques for asphalt pavements. 
include: 

Examples of techniques we are evaluating 
(1) cold mixtures such as slurry seals and micro-surfacing; (2) 

single and multiple chip seals; and (3) open and dense graded thin hot-mix 
overlays. The use of modified binders and fibers in these applications will 
-'so be examined. u . This project will provide information on the usage, design, 
construction, cost, and anticipated performance of these techniques when 
applied as a functional improvement to a structurally sound higher volume 
roadway pavement. Further, this project will complement and expand on the 
informationgained from the Strategic Highway Research Program's specific 
pavement studies (SPS-3) experiment. 

Attached are copies of the technical paper entitled, "An Overview of Surface 
Rehabilitation Techniques for Asphalt Pavements," (FHWA-PO-92-008). You may 
wish to provide copies of this paper to your division offices. This paper 
summarizes known preventative maintenance and surface rehabilitation 
techniques based on our literature search and some limited field work. During 
the coming months, we will be visiting several existing and new projects to 
gather additional related information on various applications. Your staff 
assistance in this regard will be appreciated. 

If you have any questions on our effort or like to arrange for a presentation 
on this subject, please call Messrs. Hassan Raza at FTS 366-1338 or 
James Sorenson at FTS 366-1333. 

Louis H. Papet 

Attachments 
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Memorandum 

SuDleCl ACTION: Distribution of 
Publication Oa" July 12, 199L 

Director, Office of Engineering RCDW IO. From HNG-42 
Director, Office of Technology 

Alln 01 

Applications 
TO 

Regional Administrators 
Federal Lands Highway Program Administrator 

The at<ached publication, State of the Practice Desion, 
Construction. and Performance of Micro-surfacrnq (FHWA-SA-94-051) 
provides a comprehensive discussion on an emerging surface 
rehabilitation technology. Sufficient copies of this publication 
are attached for your use and further distribution to the 
division offices and States within your region. Copies have a&o 
been distributed to each of the LTAP Technology Transfer Centers. 
Additional copies are available in limited supply from the 
Research and Technology Report Center, HRD-11, 6300 Georgetown 
Pike, McLean, Virginia 22101-2296 (telephone 703-285-2144). 

Micro-surfacing consists of polymer-modified asphalt emulsio;, 
crushed-.aggregate;.mrineral f iller,-water;- and field-controlled 
additives as needed. Micro-surfacing is primarily used to seal 
existing surfaces, improve surface friction, and fill wheel ruts 
on both moderate and high volume roads. When properly designed 
and constructed, micro-surfacing has shown promising results with 
several years of service life. This surface rehabilitation 
technique has also been used effectively on portland cement 
concrete pavements to improve surface friction or address 
mechanical wear in the wheel paths. 

l 

This state-of-the-practice paper is a result of a joint effort by 
the offices of Engineering and Technology Applications, and the 
industry to develop information on existing and emerging surface 
rehabilitation techniques for asphalt pavements. The first 
product of this effort, An Overview of Surface Rehabilitation 
TechnioEfor Asohalt Pavements (FHWA-PD-92-008) was developed 
and distributed in April 1992. Presentation slides for both of 
the above papers will be available later this fall. 
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In a related effort;an Office of Engineering memorandum dated 
June 24 announced the availability of warranty guide 
specifications for micro-surfacing projects on the National 
Highway System under Experimental Project 14. If you havq 
questions or would like to request technical support in the 

any 
surface rehabilitation area, please call Hassan Raza at 

'202-366-1338. . . 

William A. Weseman 
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’ Memorandum 

INFORMATION: SP204 - Retrofit Load Transfer Date 
FEB 10 1994 

Chief, Pavement Division 
Chief, Engineering Applications Division 

Revy 10 
AfIn of HNG-42 

- HTA-21 

Regional Federal Highway Administrators 
Division Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Attached are the following documents for your use and information: 

1. Current status report - SPECIAL PROJECT 204 - Retrofit Load Transfer 
and December 27, 1993 report Retrofit Load Transfer in Jointed 
Concrete Pavements 

2. TRB Preprint 940247, Linda ?I. Pierce, PCCP Rehabilitation in 
Washington State (A Case Study) 

3. Inspection report by Lynn Porter and Cathy Nicolas on Washington 
.State Load Transfer Retrofit Project 

4. Report by Roger Larson of load transfer restrofit field visits 
in Puerto and Indiana 

Until recently, load transfer retrofit had been used only experimentally in 
the continental United States. In the last ten years, an estimated 300 lane 
Km of faulted or cracked undoweled jointed plain concrete pavement (JPCP) has 
been successfully rehabilitated in Puerto Rico. Based on the generally good 
performance of previously constructed load transfer retrofit experimental 
sections in the U.S. and the outstanding performance in Puerto Rico,. SP-204 
was initiated to encourage the development of equipment to construct multiple 
slots .in each wheelpath to increase the production rate for this technique and 
to reduce the construction cost and road user delays. 

Attachment 1 describes the current status and background of this effort. 
Attachment 2 describes the preliminary engineering and experimental test 
section construction that led to the 53 km project now underway inwashington 
State. Attachment 3 describes the major Washington State project currently 
underwayinvnlving 53 km (about 24 km now complete) of retrofit load transfer 

Attachment 4 describes field visits to Puerto R'ico to ' on eastbb[lnd I-90. 
observe the long term performance of retrofit load transfer projects and to 
Indiana to observe a demonstration of the feasibility of using carbide milling 
technology to construct multiple slots in jointed reinforced concrete pavement 
(JRCP). 



2 

Based upon the recent construction of 24 lane km of retrofit dowels (JPCP) in 
the project currently underway in Washington State and the successful 
demonstration of milling three slots per wheelpath in one pass on working 
cracks in a JRCP ramp in Indiana, equipment is now available to economically 
construct retrofit load transfer at joints or cracks in existing jointed 
concrete pavements. The bid price to construct retrofit-load transfer devices 
in Washington State was $34.50 per dowel installed (62,000 38 nun dowels in 
64 mm wide slots). The average bid price in Puerto Rico is $20 per dowel 
installed (25 mm dowel in 40 mm wide slots) where this has been done routinely 
for ten years (slots sawed individually). 

This technique should be used with other concrete pavement restoration 
techniques to rehabilitate existing jointed concrete pavement before serious 
deterioration is present. Perhaps the most cost-effective inimpplication 
of this technique would be to restore load transfer at working cracks 
developing in under-reinforced JRCP in other wise good condition. If 
performed early, it would also provide a cost-effective extension of the 
service life at the joints on undoweled JPCP and at transverse cracks without 
serious deterioration in either doweled or undoweled JPCP. If serious 
deterioration is present, full depth patching and/or selective slab 
replacements should be performed instead.- - 

When properly applied, this technique will result in a cost-effective 
extension of the service life of existing jointed concrete pavements in good 
to fair condition. This technique would also be a very.effective routine and 
preventive maintenance technique to reduce the cost and user delays during 
repairs of working cracks shortly after they develop and before full depth 
patches or slab replacements become necessary. 

If you have comments or questions, please contact Mr. Roger Larson, the 
project manager of SP 204, at (202) 366-1326. A Technical Working Group will 
be formed shortly to update ouidance reflectins the new eauipment develonments 
and other critical technical-issues to help endure succes; oi 
technique. 

this promiiing 

&K&y 
Louis M. Papet 

4 Attachments 
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Memorandum 

SuDlec:. 
ACTION: ISTEA Section 6005 
Thin Bonded Gtierlay and Surface Lamination 
Pavements and Bridges 
Reply due: October 31, 1994 

From. 
Director, Office of Engineering 

To. Regional Federal Highway Administrators 

We are requesting applications for additional 
Overlay and Surface Lamination (TBO) Program, 

Dare July 1, 1994 

Remy 10 
Attn bt 

HNG-32 
HNG-42 

projects for the Thin Bonded 
which is part of the Applied 

Research and Technology (ART) Program established by Section 6005 of the 
Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991. A 
summary of the TBO program and the application procedures are described in 
Attachment A. The application form is included as Attachment 8. A summary of 
information on technologies is included in Attachment C. A listing of bridge 
deck and pavement overlay projects and T80 technologies previously approved is 
included in Attachment D and the evaluation plans developed for these projects 
are included in Attachment E. 

Additional projects are being sought for available fiscal year (FY) 1994 and 
1995 funding. Projects proposed for construction in FY 1996 and 1997 are also 
encouraged. There may be no future solicitations for ISTEA TBO projects if 
enough candidate projects are available for selection from responses to this 
request. Please contact the States in your region for candidate projects for 
the TBO program. Candidate projects proposed by the State highway agencies 
must be submitted on the application form (Attachment B) and sent with any 
supporting information to the appropriate Federal Highway Administration 
Division Office by October 14, 1994, for fomarding to this office by 
October 31. The Section 6005 funding provided (100 percent for reporting and 
evaluation and 80 percent for construction and an equal amount of obligation 
authority for projects approved as a part of this solicitation) is in addition 
to the individual State's regular Federal-aid. Please also note that priority 
for funding will be given to the technologies listed in the New Projects 
Sought section of Attachment A. 

Your coopera&o and attention are greatly appreciated. If you have any 
questions or comments, please contact Mr. Vasant Mistry, HNG-32, 
(202) 366-4599 or Mr. Roger Larson, HNG-42, (202) 366-1326. General questions' 
on the ART Program should be addressed to Mr. Richard A. McComb, HTA-2, 
(202) 366-2792. 

5 Attachments 

fi William A. Weseman 
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CHAPTER 8 

SURFACE AND OTHER CONSIDERATIONS 

8.1 Rideability Specifications, December 17, 1987. 

8.2 A Selection of Measuring Equipment Used to Monitor and Enforce 
Rideability Specifications, Technical Paper 88-03, May 24, 1988. 

8.3 TA 5040.17, Skid Accident Reduction Programs, December 23,198O. 

8.4 TA 5140.10, Texturing and Skid Resistance of Concrete Pavement and 
Bridge Decks, September 18,1979. 

8.5 TA 5040.31, Open-Graded Asphalt Friction Course, December 26,199O. 

8.6 Automatic Profile Index Computation, February 21,199l. 
l Analysis and Recommendations Concerning Profilograph Measurements in 

South Dakota, November 1990. 

8.7 Measurements, Specifications, and Achievement of Smoothness for 
Pavement Construction, NCHRP No. 167, 1990. 

8.8 A Half Century with the California Profilograph, Report Number 
FHWA-AZSP9102, February 1992. 





Memora 

Washington, D.C. 20590 

Sublecl Rideability Specifications Dale DEC 1 7 1987 

Director, Office of Highway Operations 
Reoly to 

From Altn o! HHO-12 

lo Regional Federal Highway Administrators 
Direct Federal Program Administrator 

Smoothness has become the primary measure by which the traveling public 
determines and evaluates the quality of both newly constructed and 
rehabilitated pavements. In the spring of 1987, the Pavement Division assisted 
the Rideability Task Force of the American Association of State Highway and 
Transportation Officials (AASHTO) Subcommittee on Construction by developing 
and compiling a survey on rideability specifications being used by the States. 
We have attached a copy of the draft survey summary report for your use. 

Based on the survey results, the task force proposed a revised PCC rideability 
specification and a new AC rideability specification at the Subcommittees 
mid-year meeting. These specifications were balloted on in the fall of this 
year and received a two-thirds majority approval. They were subsequently 
approved by both the Standing Committee on Highways and the Executive Committee 
of AASHTO at their December meeting and will be incorporated into the new 
AASHTO Guide Specifications for Highway Construction when published. Copi 
the specifications as balloted are attached for your information. 

Key elements of both proposed guide specifications include: 

1988 
es of 

1. The measurement device is limited to only the California-type profilograph. 

2. Methods for the evaluation of both profiles and bumps are specified as 
California Test 526. 

3. The acceptance level for the profile index was revised from 12 to 10 inches 
per mile using the California type profilograph with a 0.2 inch blanking 
band. 

4. The minimum day's paving length for which a profile is taken is established 
as 0.1 mile, consistent with the evaluation length. 

5. The size of the "must grind" bump was increased to 0.4 inch in 25 feet. 

6. Two pay adjustment schedules are provided: 1) establishes disincentives 
only on a sliding scale to a maximum reduction of 10 percent at 15 ipm. 
2) an optional schedule, establishes both incentives and the disincentives 
on a sliding scale of a maximum reduction of 10 percent at 15 ipm and a 
maximum increase of 5 percent at 3 ipm. 
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We believe that adopting rideability specifications pays significant dividends 
to all elements of the highway industry in not only providing smoother 
pavement surfaces, but providing a higher quality product. In addition, it has 
been demonstrated through the AASHTO design equations that there is a 
significant direct relation between initial pavement smoothness and design 
life. Therefore, we strongly recommend that you and your staff work with your 
respective divisions and States in developing and implementing rideability 
specifications for both Portland Cement Concrete and Asphalt Concrete. The 
specifications should generally follow the new AASHTO Guide Specifications. 
The Pavement Division is availa ante at your request. 

David S. Gendell 
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401.03 Asphalt Concrete 

Surface Test. Method #l. The surface will be tested with a lo-foot s- 
traightedge at locations selected by the Engineer. The variation of the 
surface from the testing edge of the straightedge between any two contacts, 
longitudinal or transverse with the surface shall not exceed inch (3/16 to l/,8 
suggested). Irregularities exceeding the specified tolerance shall be 
corrected by and at the expense of the Contractor by removing the defective 
work and replacing it with new material or by an overlay (not patching), or by 
grinding/cold milling as directed by the Engineer. Following correction, the 
area shall be retested to verify compliance with the specified tolerances. 

Profilograph Surface Test. Method #2. The smoothness of the pavement will be 
determined by using a profilograph over each designated lane. The surface of 
mainline pavement where the design speed will be 40 miles per hour (MPH) or 
higher will be tested and shall be corrected by the Contractor to a smoothness 
as follows. 

If the final surface course is a friction course or other special purpose 
pavement layer, this specification, including corrective actions and pay 
adjustments, shall be applied to the pavement layer placed prior to the final 
surface course. The Contractor shall place the final surface course so the 
profile index of the final surface course is less than or equal to the profile 
index of the preceding pavement layer. 

Equipment - The profile index will be determined using a California type 
profilograph furnished and operated by the Department. The profilogram is 
recorded on a scale of 1 inch, or full scale, vertically. Motive power may be 
manual or by a propulsion unit attached to the assembly. The profilograph will 
be moved longitudinally along the pavement at a speed no greater than 3 MPH to 
minimize bounce. The results of the profilograph tests will be evaluated as 
outlined in California Test 526. 

Surface Test - The Contractor shall furnish paving equipment and employ 
methods that produce a riding surface having a profile index of 10 inches per 
mile or less, except as provided f: . in subsequent paragraphs. Initial 
profiles up to 15 inches per mile may be accepted with applicable Price 
Adjustments. The profile will terminate 15 feet from each bridge approach 
pavement or existing pavement that is joined by the new pavement. 

Pavement profiles will be taken 3 feet from and parallel to each edge of 
pavement for pavement placed at a 12-foot width or less. When pavement is 
placed at a greater width than 12 feet, the profile will be taken 3 feet from 
and parallel to each edge and from the approximate location of each planned 
1 ane marking. Additional profiles may be taken only to define the limits of an 
out-of-tolerance surface variation. 

During the initial paving operations, either when starting up or after a long 
shut-down period, the pavement surface will be tested with the profilograph as 
soon as the final rolling has been completed. Initial testing will be used by 
the Contractor and the Engineer to evaluate the paving methods and equipment. 
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If the initial pavement smoothness, paving methods, and paving equipment are 
acceptable to the Engineer, the Contractor may proceed with the paving 
operation. After initial testing, profiles of each day's paving will be run 
prior to continuing paving operations on prior to opening the pavement to 
public traffic. 

A daily average profile index will be determined for each day's paving. A 
day's paving is defined as a minimum of O.l-mile of full-width pavement placed 
in a day. If less than O.l-mile is paved, the day's production will be grouped 
with the next day's production. If an average profile index of 15 inches per 
mile is exceeded in any daily paving operation, the paving operation will be 
suspended and will not be allowed to resume until the Contractor takes 
corrective action. In the event that paving operations are suspended as a 
result of the average profile index exceeding 15 inches per mile, subsequent 
paving operations will be tested in accordance with the initial testing 
procedures. 

For determining pavement section where corrective work or pay adjustments will 
be necessary, the pavement will be evaluate in 0.1 mile sections using the 
profilogram. Within each O.l-mile section, all areas represented by high 
points having deviations in excess of 0.4 inches in 25 feet or less shall be 
corrected by the Contractor. After correcting individual deviations in excess 
of 0.4 inches in 25 feet, corrective action shall be made to reduce the profile 
index to 10 inches per mile or less. 

In addition, any 0.1 mile section having an initial profile index in excess of 
15 inches. per mile shall be corrected to reduce the profile index to 10 inches 
per mile or less. 

On those sections where corrections are made the pavement will be tested to 
verify that corrections have produced a profile index of 10 inches per mile or 
less. 

Corrective actions shall be made at the Contractors expense. All corrective 
work shall be completed prior to determining the pavement thickness. 
Corrections made by cold milling, by diamond grinding, by overlaying, or by 
removing and replacing, shall be as directed by the Engineer in accordance 
with the following: 

(1) Cold Milling/Grinding 

Cold Milling/grinding shall be performed by the Contractor until the 
required surface tolerances are achieved. Cold milling/grinding shall 
be performed so a uniform cross-section is produced. All milled areas 
shall be neat and of uniform surface appearance. 

(2) Overlaying 

Asphaltic concrete pavement overlays shall meet all the requirements 
specified in the Contract. The overlay lift shall extend the full 
width of the underlying pavement surface and have a finished compacte, 
thickness sufficient to correct the roughness and produce a final 
surface meeting specified surface tolerances. 
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If the overlay does not meet the longitudinal smoothness requirement, a 
second overlay will not be allowed. The repairs to an overlay not 
meeting smoothness requirements shall be made by the Contractor as 
directed by the Engineer 

(3) Removing and Replacing 

Corrections made by removal shall be replaced by asphalt concrete 
pavement materials meeting the requirements specified in the contract. 

Price Adjustments - When the profile index does not exceed 70 inches per mile 
per 0.1 mile section, payment will be made at the contract unit price for the 
completed surface course. When the profile index exceeds 10 inches per mile 
per 0.1 mile section but does not exceed 15 inches per mile per 0.1 mile 
section, the Contractor may elect to accept a contract unit Price Adjustment in 
lieu of reducing the profile index. Contract unit Price Adjustments will be 
made in accordance with the following schedule. 

Profile Index 

Inches per mile per 
O.l-mile section 

Less than (10) 

Over 10 to 11 Over 11 to 12 

Over 12 to 13 Over 13 to 14 
Over 14 to 15 
Over 15 

Contract Unit 
Price Adjustment 

Percent of pavement 
unit bid price 

100 

ii 

2! 
90 

Corrective work required 

This unit bid Price Adjustment will apply to the total theoretical tonnage 
representing the total thickness of the asphaltic pavement structure of the 
O.l-mile-long section for the lane width represented by the profilogram. 

The above Price Adjustment schedule will apply to pavement sections where 
corrective work has been completed. 

Pay adjustments with incentives. Method #3. When the profile index is greater 
than 7 inches per mile but does not exceed 10 inches per mile per 0.1 mile 
section, pavement will be made at the contract unit price for the completed 
surface course. When the profile index exceeds 10 inches per mile per 1.0 mile 
section but does not exceed 15 inches per mile per O.l-mile section, the 
Contractor may elect to accept a contract unit Price Adjustment in lieu of 
reducing the profile index. When the profile index is less than or equal to 7 
inches per mile, the contractor will receive an incentive payment. 

Contract unit price adjustments will be made in accordance with the following 
schedule. 
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Profile Index 

Inches per mile per 
O.l-mile section 

3 or less 
Over 3 to 4 
Over 4 to 5 
Over 5 to 6 
Over 6 to 7 
Over 7 to 10 
Over 10 to 11 
Over 11 to 12 
Over 12 to 13 
Over 13 to 14 
Over 14 to 15 
Over 15 

Contract Unit 
Price Adjustment 

Percent of pavement 
unit bid price 

105 
104 
103 
102 
101 
100 

iii 
94 

9": 
Corrective work required 

Pay adjustments for incentives will only be based on the initial measured 
profile index, prior to any corrective work. The Price Adjustment 
schedule for 100 percent pay or pay reductions apply to pavement sections 
where corrective work has been completed. 

This unit bid Price Adjustment will apply to the total theoretical 
tonnage representing the total thickness of the asphaltic pavement 
structure of the O.l-mile-long section for the lane width represented by 
the profilogram. 
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501.03 Portland Cement Concrete 

Surface Test. Method #l. The surface will be tested using a lo-foot 
straightedge at locations selected by the Engineer. The variation of the 
surface from the testing edge of the straightedge between any two contacts, 
longitudinal or transverse with the surface, shall not exceed 3/16 inch. 
Irregularities exceeding the specified tolerances shall be corrected by and at 
the expense or the Contractor with an approved profiling device or by other 
means as directed by the Engineer. Following correction the area will be 
retested to verify compliance with the specified tolerances. 

Profilograph Surface Test. Method #2. The smoothness of the pavement will be 
determined by using a profilograph over each designated lane. The surface 
finish of mainline pavement where the design speed will be 40 miles per hour 
(MPH) or higher shall be tested and corrected to a smoothness as follows: 

Equipment - The profile index will be determined using a California type 
profilograph finished and operated by the Department. The profilogram is 
recorded on a scale of 1 inch, or full scale, vertically. Motive power may be 
manual or by a propulsion unit attached to the assembly. The profilograph will 
be moved longitudinally along the pavement at a speed no greater than 3 MPH to 
minimize bounce. The results of the profilograph tests will be evaluated as 
outlined in California Test 526. 

Surface Test - The Contractor shall furnish paving equipment and employ 
methods that produce a riding surface having a profile index of 10 inches per 
mile or less, except as provided for in subsequent paragraphs. Initial 
profiles up to 15 inches per mile may be accepted with applicable Price 
Adjustments. The profile will terminate 15 feet from each bridge approach 
pavement or existing pavement that is joined by the new pavement. 

Pavement profiles will be taken 3 f?.at from and parallel to each edge of 
pavement for pavement placed at a -.-foot width or less. When pavement is 
placed at a greater width than 12 reet, the profile will be taken 3 feet from 
and parallel to each edge and.from the approximate location of each planned 
longitudinal joint. Additional profiles may be taken only to define the limits 
of an out-of-tolerance surface variation. 

During the initial paving operations , either when starting up or after a long 
shut-down period, the pavement surface will be tested with the profilograph as 
soon as the concrete has cured sufficiently to allow testing. Membrane curing 
damaged during the testing operation shall be repaired by the Contractor as 
directed by the Engineer. Initial testing will be used to aid the Contractor 
and the Engineer to evaluate the paving methods and equipment. 

If the initial pavement smoothness, paving methods, and paving equipment are 
acceptable to the Engineer, 
operation. 

the Contractor may proceed with the paving 
After initial testing, profiles of each day's paving will be run 

prior to continuing paving operations. 

A daily average profile index will be determined for each day's paving. A 
day's paving is defined as a minimum of O.l-mile of full-width pavement placed 
in a day. If less than O.l-mile is paved, the day's production will be grouped 
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The unit bid adjusted price will be computed usinq the planned thickness of 
portland cement concrete pavement. This un.it bid-adjusted price will apply to 
the total area of the O.l-mile section for the lane width represented by the 
profilogram. 

The above Price Adjustment Schedule will apply to pavement sections where 
corrective work has been completed. 

Pay adjustments with incentives. Method #3. When the profile index is greater 
than 7 inches per mile but does not exceed 10 inches per mile per O.l-mile 
section, payment will be made at the Contract unit price for the completed 
pavement. When the profile index exceeds 10 inches per mile per O.l-mile 
section but does not exceed 15 inches per mile per O.l-mile section, the 
Contractor may elect to accept a contract unit adjusted price in lieu of 
reducing the profile index. When the profile index in less than or equal to 
7 inches per mile, the Contractor is entitled to an incentive payment. 
Contract unit Price Adjustments will be made in accordance with the following 
schedule in those cases when the Contractor is entitled to incentive payments 
or elects to accept contract unit Price Adjustments in lieu of reducing the 
profile index. 

Index Profile 

Inches per mile per 
O.l-mile section 

Price Adjustment 
Percent of pavement 

unit bid price 

3 or less 
Over 3 to 4 
Over 4 to 5 
Over 5 to 6 
Over 6 to 7 
Over 7 to 10 
Over 10 to 11 
Over 11 to 12 
Over 12 to 13 
Over 13 to 14 
Over 14 to 15 
Over 15 

105 
104 
103 
102 
101 
100 

98 
96 

3: 
90 

Corrective work required 

Pay Adjustments fop incentives will only be based on the initial measured 
profile index, prior to any corrective work. The Price Adjustment schedule for 
100 percent pay or pay reductions apply to pavement sections where corrective 
work has been completed. 

The unit bid adjusted price will be computed using the planned thickness of 
portland cement concrete pavement. This unit bid will apply adjusted price to 
the total area of the O.l-mile section for the lane width represented by the 
profilogram, ' 
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!EmmmrJPAE%R 88-03 

Tkrehasbeenalarge axmmt of information pruvided concemiq the use and 
benefits of rideability specifications recatly. 'II-is paper is to help FWA 
engineers inthe field-mm familiarwiththemrioustypes ofequimt 
aMilable to enforce these specifications. consequently, the following 
information is pruvided to give the engineers anovemiewoftheequi~t 
characteristics, operational ardcalibrationmethods, -co&s. Wehavetried 
to provide this information for the mst ammnlyuseddevicesandthe 
inclusionorcmissionofanypartiarlardevioeshaildnotbe~~asan 
endorsementordisappruval,. 

Cqparability of measurements 
a question. 

frunthedifferentpiecesofequi~tisalways 
Tkrehavebeenanumkerofresearch st&iesdme,ardseveral 

underway to address this question. So far, it is sufficienttosaythat 
correlations have been develop& between several of the following equipmk 
z:&anynyofthese Wes~inrestrictims a@/orlimitationswhi& 

erstocdbeforeusuqthewcorrelations. 

II. -- 

Traditi~califonriaTypeprofilograph-~characterizedbyan~~truss 
fzzartE 25 feet long. Ateacfierrlismcxlnteda~~~lyconsistingofsix 
caster wheels. Inthemiddleofthe framapmfilewheel ismount&directly 
urhrant;co- toagraphicrecorder. Seefigurel. Thetmssbreaks 
down intothreemajor canpanentsplusthegq4licrecotier. misallmEMasy 
transportation ina standard sized pickup truck or van. Assembly mquires two 
personsakut15minuties Thewstofthetraditioml CaliforniaType 
Profilogragh ranges fm'abak $12,000 to over $25,000 for a model which 
includesamicropmcessor fordam reduction. Thistypeprofilograph is 
mamfactur&byJamesCox&Sons,Inc., WQa&encOncretePipeCo.,McBeth 
w-irrg carp*, arrdTYmnpson-QuillAssoc. 

Alms california !QpePmfilogm@l- thisdevice is &aracteriz&byan 
aluminumboxbeam25 feetlongasthe referenceplane. lbxnted at each end of 
thebeamisawheel assarrblythesamasthetraditional Oiliforniatype 
device, with sixcasterwheels. TheAmspmfilogra@hasbothabicyclewheel 
andthegraFhrecorderassanbly~~attherearofthedevice. Thiswheel 
drivesthegraphrecorderandisnatinvolvedin~~theverticdL 
deviations. TheAmsdeviceusesasix-inchcasterwheelmuntedmidbeamas 
the profile measuring wheel. See figure 2. Aswiththetraditional 
Californiatypethisdevicealsobrakesdum irrtothreemajorcmponentsplus 
the graph recorder assenbly for easy transpotition. The type of pmfilqJraph 
costs abcut $7,000 and is manufactured by Ames Profilograph. 
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Br TRAVEL GUIDE 

-.-, 
iI 30’ 

TOP VIEW 

300’ (25’-0’) 

GRAPH ASSEMBLY 

SIDE ELEVATION 

Figure 1. Schematic of California type profilograph. 



View of recording box 

Ames California Profilograph 

Figure 2 
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- I2 averaging wheel paths 

T- 4” kypicol) 

minor truss (2 eo.) 

J2 overoging wheels 
sensing 5’ circumference wheel 

- .__-__ _--_ __- -.__ 

Any overoging wheel lifred I”= tripod apex up $: minor truss c up i”= mojor truss c (recorder) up only ;; (O.OI3 3”) 

Figure 3 Schematic of Rninhnrt Profilogrnph 



subframshasthreewheelsmunted suchthatnotwowheels follmthe sam 
path* TheRainhartdevicehas aprofilewheelmxntAdirectlym%rard 
co~toagraphicrecorderin~middleofthefranre. Seefigure3. he 
Rainhart Profilographdoes notbrmkdom i.ntosubaszWlies for 
transportation as do the other profilographs. Instead, theRainhartpruvi.des 
anauxiliary~~l~lywfii~locksdownmakingthe~iceintoatrailer 
for ready transportation. Tkisdeviceis manufactur&bytheRainhart~y 
and w6ts about $11,000. 

The calibration, operation, andmethodol~for~cingthedataisgenerally 
the same for all the pmfilw, we will address the details g=merically. 

WLibrationoftheprofilograph is relativelysinplebecausetheyaresinple 
mxhineswherelittlecangowrory. Thexeare Wobasiccalibrations. Cme is 
the horizontal distmce ti the other is the vertical deviations. The 
horizontal distance is measured bythebicycletixe rollingalongthepavemmt. 
ThismvemmtistransfemedtothegraphrecoxkrbyastaWard bicycle chain. 
The only adj ustmntiareintirepressure,tiretrueness, and a sme models 
allaw adjustrrrentstothegearirqatthegra@recorder. Tocalibrate 
horizontally, a lmcxm distame should be B with the profila3rqh. If 
then=sureddistmcedoesnotwxmqmtitothelmowndistameadjustmen~ 
should be mde. Vertical deviations inthepavexmmt are mGlsu&bythewfieel 
mountedinthe~~oftheprofil~rais~andl~incJ. tismvement 
istransferredtothepeninthegraFhrecorclerbycables.nEereisusually 
little adjustmenta~ilabletothecableme&anim. Tocalibratevertically, 
blocks ofknmnheightareplac&ux&rtherecordiqwheel ardthepen inthe 
gmphlxKxmkrch~to msurealikeheightis recorded. 

Atwopersonc~~isrequhdtomrxsure a profile of the roadway. One person 

devices are only able to operate atlmspe&s, i.e., 2-3 miles per hour, 
extrem care mst be exercised while cpexatixq in traffic. Sme form of 
trafficcontrolmustbeanelementofthenomal qxrationifthemadwayis 
open to traffic. Most specifications rquixethattheprofilog3x@m2asurethe 
roughesinthewfieelpatbs, withthe mtsofthetwwheelpaths 
beiqaverage3 forthelane. Events,suchasmileposts,struchxresetc.an3 
thedirectionoftravel shouldberecordedonthegra~. 

Thedatareductionprcmess ortraozevaluation is anactivitywhichrquires 
traininginOrdertOensUre repeaWi1i.w. A special blanking barki is placed 
werthetracesothatamxinam anKnmt of trace is cavered by the 0.2 (0.1 
mmmer&dfortheRainhartpmfilogxaph) in&cpaquebar& Anearlyequal 
amunt of deviations will shm abme ard below the opaque bard when the 
blankirq band is positioned cmre&ly. See figure 4. The height of each 
deviation is detemined to the nearest 0.05 inch. The value is record& above 
each deviation. filhilti-peakeddeviationsarewnsideredcniLyoncewiththe 
highest peak measured. Deviationstithnowidth (spikes) rep- tchmksof 
m=-=, -, textureorwheelbcnurceardarenutcomrted. Thesumofthe 
deviation heights is axmtedarx3dividedbythedistame. Theprofile index is r expressed in inches per mile. Pmfile Indfzx = total count (iMEs)/leqth of 
profile (miles). 
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EXAMPLE SHOWING METHOD OF DERIVING PROFILE INDEX FROM PROFILOGRAMS ic 
“3 

3 -. 
0 

? 
3 .o, Lines Scribed 0.1 Aporf on Plastic Stole 

.I_~ - ---- --- 
~---. -____ 

Start Count Al This End 

A 

# 
21.12’; 0. I Mile @I Horiz. Stole of I”=25 

rJI MARK FOR ALIGNING SCALE 
IN NEXT SECTION 

-BLANKING BAND Match Line,_! 
1 0.2’ WIDE 

Total count for this 0.1 mile section is 13: frnthr of on inch, or 13.5 inches per mile. 

TYPICAL CONDITIONS SPECIAL CONDITIONS 

Doublr peokrd rcollop. 
lOaIr bi*hrel pwl c*r*tr&) 
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Studies have shcmthatthetxaditional California type arxl the Ames device 
pmdu~~atraciqwkichisvirtuallyidentical. E%causeofthedifferentwheel 
configuration on the Rainhart, it produces 
axnpar&totheothxtmdevices. 

adifferentlookiqtraciqwhen 
The results of the California type 

profilogra@s cannatbedirectlycorrelatsdtotbatoftheRainhartdevice. 

IheAmericanSocietyofTest~andMaterials(ASIM)isintheprocessof 
develcpirga standard testmethcdof 
profilm. 

xmzasuringpavementroughnessusinga 
We will provide cqies of the standard when available. 

III. I7EspoEGETypEmB- (R!mm)mm- 

Responsetype- Imqhmssmeasuringdevicesoperateathighwayspeeds. 
~~d~icesarenvxrntedinavehicle(trailer)anl 
(bounce)ofthevehicletotheroadraqhess. 

measuretheresponse 
Itisthereforenut atrue 

meammmntofmqhness. Includedinthiscategoryofequipzntaredevices 
that measure the relative axle-body motion ti devices thatmeasure the 
acceleration of the axle or the vehicle body. 

MaysRide~--sdevicedeterminesthe~oftheroacfwayby 
measuringthedisplacemerrtbe~~axlehrxlsingandthe~ofthetest 
vehicle. Themethodactuallymmsures 
system in response totraveled surface 

the relative motion of a sprung mass 

autcmtivetypesuqensionandtires. 
mughesswherethemssissupportedby 
meirammtherQpesofresponse 

devices,buttheMaysRideMe~isbyfarthemst axnmnly used today. 

merrajorcanponentsoftheMaysRide~~istherotarytransducer, the 
pavementcxmditionmco&zr,andthedistan=emeasuringinshmmt Therotary . 
transducer converts the axle/body mvement to an electrical signal. The 
- -i.rg instrumerrt is an electronic odaneter. 
corkditionrecorderisamicrq 

me pave 
mcessorwhichacceptsiqmtfruntherutaq 

tran&ucer,thedistancemeasuringinstrumenttiakeytxlardp-the 
mrioussignalshtoanmtput.~'Ihisautprt~ mnmonlyinthe fol3nof 
aaxmlated in&es of relative motion over a distmce . 

TheMaysRideMekrcanbemunted ineithera stamkrd~carora 
trailer. Experiencehasshmnthatmanydmxacteristicsin a patssrqerca.rcan 
affect the - reading. carr;equently, it is now ammn to llKxmt the Flays 
RiaeMeterccnnponents inatrailer. See figure 5. Hmever, thereare still 
i~withinthetrailerwhichcancausepatentialinaccuracy. Theseitems 
include:shockak6orbers,tixerm&ness, tirebalanoe,th!pressure, 
condition of springs, loose wheel bearings, play in tow/sway bar assenhly, and 
Wid. IthasalsobeEmfouMthatth!e -readings-tanperature 
sensitive, therefore readkgs sh&d not be made at texperature extremes. me 
trailer must receive preventativeminteMnce on a rqularbasis. me tires 
mustbetrued~balanoed. Wheelbmri~~shaOdbechzckedandperiodically 
repacked- Tirepresfllreshaild 
ataconstmthotpressure. It 

, abso~bemaintainedingood 
type. Alsor-bekshockabsorbers 
shad be warned up daily for a 

be&eckGseveraltimsaday&mintair& 
iSalSOV~iIprWltt0 assurethattheshcck 
condition and replaoed only with a stamkrd 
shaAdbesubjecW3toabreakinperiodax-d 
prescribeddistaxe. Anotherfactoraffecting 
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Detajl of Mays Ride Meter 

-.- -- 

Ffgure 5 Trailer Mounted Mays Ride Meter 
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repeatabilityisthespeedatwhichthetestismn. Itisveryixportantto 
maintainthevehicleatawnstantspeed. Asps&of 5Omilesperhouris 
WfIltlO~yusedinrurdl area.s,ku-tthedevicecanbeoperate3atslmersp3eds. 
Calibrationtesbmstbedone atdllspeeds atwhich mxghmssrrreasurements 
will be record&. 

Most users OftheMaysRide~~useextensivecdlibrationp~to 
increasethepotential forrepeat&ilityofeachRide~teranJthe 
cmp3rabilitybetweentbmdiffex3mtRideMe~. Onemethod ofcdlibration 
(Highway pesfoxTranoe MonitoringSystemFieldManual) wnsistsofbutha 
periodiccmtmlchecktoassumthe axgmeMsofthedevioeareoperating 
prcperlyardanannual cdlibxationbased onamnberofabntr0lsections. 
Thesecontrolsectionsshouldbe~~ tely 0.2mile inlergthardbe 
relatively straight arki level with a law ADZ. melcwA.misinlportantbecause 
tOuseinservicecontrolsectianstheasscmpltionhastobemadethatthe 
roucgvlessmeaflwmentsdonatsignificantlychan3e~~ayearstime. Itis 
extremelyimportantto~ibratethedeviceanytinreacgnponentisreplaced 
orrepaired. 
Manti. 

Rvtherinfom&ionisavailableinApprdix JoftheHBlS 

ThemstoftheMayRideMetxrTrailerW associatedstripchartremrder 
mnufactured by the Rainhart Company is about $8,000. The price of the 
Pavement Condition Recorder is about $10,000. 'Ihe cperation requiresatwom 
crew and costs about $40.00 per hour including the cost of the tow vehicle. 

AS-II4 standard Test Method E1082-85, 
lkaveled Surface 

MmsummtofV&icularF?esponseto 
Ro@mess isamilabletomre fullydiscuss the hetails of 

the equim and its operation. 

FTofilingdevicesmeasure ~recordthelonyitudinalprofile inone orboth 
wheeltracks. IntheUnikdStatestheinertial Qpepmfiliqdevicesare~ 
used. Devices inthiscategoryofequigxnmt inc1uktheK.J. Lawpmfilcm&e.r, 
the FHWAPRDRYrsystemandtheSouthI)akotaprofilingdevice. 

. lkxtxilhrofila- thesedevices are capableof Ifkxsuringtirecording 
road surface profiles at-be-10 arx3 55milesperhour. Thedevices 
utilize the inertial reference 
at the General bbtors cOrporationResear& 

Theprofilaneter measuresandcanpltesthelongituSnal profileofthepavement 
through the creation of an inertial refemmx byusingaccel erumters placed on 
thebdyofthe nvxsurirrg vehicle. Relative displacemen tbetweenthe 
amelexmbetexsandthepavem3t surfaceisxwsured with a non-umtactlightor 
acaustic rrmsuringsystemmcxnrted withthe azelerune ter on the vehicle body. 

Opemtion requires a~~crew,rmeasavehicledriveranl~atheras 
a systemoperator. Theentimsystemis murk& in a full size van. See 
figures 6 and 7. The profile Ocmprter, datarecordiqanhthersystem 
tmnponents are all contained inthev&icle. Theprofilm&eramtainsnon- 
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Figure 6 K.J. Law 690 DNC Profilometer 

_ - .  

.  :  . . ;  .  ;  - :  -  _ 
- A . -  .  . -  

Figure 7 FHWA PRORUT System 
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contact sensors for masurimr road surface profile. The amelerm&em 
establish the reference pla4 for the pmfiicnneter system's mea5umment by 
meaflur~theverticalaccelerationsofthevehiclebody. Thedisbnce 
traveledby the system ismeasuredwith a distance encoder. Thisisusuallya 

masuringdevicewhich is-ted to the frontwheelof the 

The profile sign& process i.rqisperfomedbyadigitalmmputer which is 
ntxrbd in the vehicle. Profile ccnputations are performed in realtirrre asthe 
vehicle is driven dawn the road. Interfacebetweentheuseraxxlthe 
profiloknetersystemisprwided~asystemterminalarvlpr~. 

Vehicle response simulation prqram for mughmss inaex calaiiations are 
availablewiththepmfilat&ersystem. Theselectedrmghmss ixkx is 
normlizedtoread inchesperxnile and isprintedaztonthe system printer. 
~e~indicesares~atiansof~zedresponsetypedevices 
perforn&bytheprofilm&ercqxtersystemandcmqxtedfrcmthemeasured 
and recmdedpavemntprofile data. Thesimlationscanbeusedtocalibrate 

valuescanbeusedasthe~mqhness 

The Cost ofaNon-Cbntact Inertial Profilanetervarieswiththelevel of 
precision. lheX.J. Lawprofilarneteristhemstprecisedevice and is 
mmercially available from K.J. Law Eryineers for $250,000 to $300,000. !Che 
FHwAmmsystem- the profile in both wheel tracks and the average 
rutdepth. Todate,oneprototypeofthe~hasbeen‘ccnrstrucrtiedfora 
cost of $100,000 to $150,000. The sauth Dakota device us irmpensive 
UltrasoniC senso~ticharelessprecise. It measures the profile in one 
wheelpathandtheaveragerutdepth. TheSouthhkctadeviceisestbnatedtc 
cod $50,000. 

ASIMEXardrdTestMeth~E950-83,mmthe LoxqitMinal Profileof 
V&icularTraveledSurfacewithanInertial h-ofilometer isavailabletomre 
fullydiscuss the details of the equipnmttiits cperation. 

Additional infomticm is amilable frm Bruce E. Matzke, HW-12, at 366-1342. 

HI-Dl2/5-24-88 
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Jamscox&sons 
PO Box 674 
Qlfax, California 95713 

WCraka CcmcmtePipe m 
EO Box 1708 
SiarX City, Icxlm 51102-1708 

Rainhart- 
Fo Box 4533 
Austin, 'Ikxas 78765 

AmesPrPfilogEqh 
200 -1 Avenue 
Ames, Icwa 50010 

-T==m== -qlhmssw ‘JDeviaes: 
Mays Ride wter 
RiiinbartcQnparry 
Fo Box 4533 
Austin, !WQS 78765 

K.&Y. Law EirKJineers,Inc. 
23660 Research Drive 
F-n Hills, Michigan 48024 

Mr. David Huff 
southmkota DepartmentofTmEporlzkion 
700 Eima-y Avenue East 
Pierre, South Dakota 57501-2586 
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U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 

I SUBJECT 
SKID ACCIDENT REDiiCTION PROGRAM 

FHWA TECHNICAL ADVISORY 

T 5040.17 
December 23, 1980 

Phr I 1. Purpose 
2, Background 

? 
Skid Accident Reduction Program 
Pavement Design, Construction, and 
Maintenance 

5. Wet Weather Accident Location Studies 
6. Pavement Skid Resistance Testing Program 

1. PURPOSE. To provide guidance for State and local highway 
agencies in conducting skid accident reduction programs. 

-2. BACKGROUND 

a. This Technical Advisory provides a general overview of 
factors that should be considered as elements of any 
Skid Accident Reduction Program. This Technical Advisory 
supports current Federal Highway Administration (FHWA) 
policy and will be revised as appropriate to reflect 
changes in policy as they occur. 

L). The existing requirements for skid resistance pavements are 
contained in several documents including Highway Safety Pro- 
gram Standard No. 12, Highway Design Construction and Main- 
tenance (23 CFR 1204.4), Federal Highway Program Manx%1 
(FHPM) 6-Z-4-7, Skid Measurement Guidelines for the S‘.id 
Accident Reduction Program. Other sources of technical 
advice are cited in the appropriate sections of this 
Technical Advisory. 

c. Highway Safety Program Standard 12 (HSPS No. 12) 
states that every State shall have a program of 
highway design, construction, and maintenance to 
improve highway safety. This program shall provide 
that "there are standards for pavement design and 
construction with specific provisions for high skid 
resistance qualities." The HSPS No. 12 also requires 
that each State have a "program *for resurfacing or 
other surface treatment with emphasis on correction 
of locations or sections of streets and highways with 
low skid resistance and high or potentially high 
accident rates susceptible to reduction by providing 
Improved surfaces." In discharging the 
responsibilities of FHWA, the Division Administrator 

olsrRIBuTIoN:H-W(ADICC/EO/04/P4/PL/RE/SA/TO)-l; 
H-D-l; H-D(WED/FH/RP/RC)-4; 

0~': HHS- 12 

H-M-l; H-M(EC/FO/RP/~/~B/C/D/~/SH)-4 
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should determine the acceptability of specification 
fequirements and construction practices for placing, 
consolidating, and finishing both asphalt concrete 
and portland cement concrete pavements. Such 
determinations will rely on the highway agency to 
research, evaluate, and document the performance of 
the various aggregates, mix designs, and construction 
practices used. 

a. Eiven though the use of studded tires is beyond the 
control of most highway agencies, their use can cause 
significant wear on the pavement surface texture. 
For example, grooves sawed in concrete pavements have 
worn completely down in as short a time as 2 years. 
States are encouraged to ban or restrict the use of 
studded tires. 

e. Legislative actions in recent years support a general 
duty of any highway agency to *'... maintain the 
roadway in a reasonably safe condition. This would 
involve, in essence inspection, anticipation of 
defects, and conformity with generally accepted 
standards and practices.'** The practical result is 
that highway agencies should have an organieed system 
to identify and correct hazardous locations in a 
cost-effective manner, as well as a comprehensive 
pavement management program to design, construct, and 
maintain highways in conformance with reasonable 
standards. Such a systematic process Is the best way 
to execute the highway agency's duty to maintain a 
reasonably safe roadway. 

SKID ACCIDENT REDUCTION PROGRAM. Bach highway agency is 
encouraged to develop and manaRe a skid accident 
reduction program to-reflect tKe individual needs ma 
conditions within the State. The purpose of a skid 
accident reduction program is to minimize wet weather 
skidding accidents through: Identifying and correcting 
sections of roadway with high or potentially high skid 
accident incidence; ensuring that new surfaces have 
adequate, durable skid resistance properties; and 
utilizing resources available for accident reduction in a 
cost-effective manner. A program comprised of at least 
the following three basic activities. if faithfully 
implemented, -should enable the highway agency to c;mply 
with HSPS No. 12. 

* Engineering and Government Liability, David C Oliver, l&WA, 
an unpublished paper presented to the Americi Road and 
Transportation Builders Association Local Officials Meeting, 
St. Louis,Missouri, August 23, 1978. 
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a. The evaluation of pavement design, construction, and 
maintenance practices through its pavement management 
program to ensure that only pavements with good skid 
resistance characteristics are used. 

b. The detection and correction of locations with a high 
incidence of wet weather accidents utilizing (1) the 
State and local accident record systems, and (2) 
countermeasures for locations with high wet weather 
incidences, to ensure that existing highways are 
maintained in a safe condition. 

c. The analysis of ekid resistance characteristics of 
selected roadway sections to: 

(1) ensure that the pavement8 being constructed are 
providing adequate skid resistance, 

(2) develop an overview of the ekid resistance 
properties of highway systems, 

(3) provide up-to-date information for the pavement 
management process,. and 

(4) provide data for use in developing safety 
improvement projects and the implementation of 
cost-effective treatments at appropriate 
locations. 

4. PAVEMENT DESIGN, CONSTRUCTION, AND MAINTENANCE 

a. Pavement Design 

(1) Current pavement design practices should be 
evaluated to ensure that skid resistance 
properties are durable and suitable for the 
need6 of traffic. Consideration of skid 
resistance levels, texture, aggregate 
availability, traffic volume, traffic speed, 
type of facility, rainfall, construction aa 
maintenance practices, and accident experience 
are basic elements in such evaluations. 
Evaluations should document the compliance with 
the requirement for skid resistant surfaces and 
provide basic data for use in choosing 
corrective actions for locations with high wet 
weather accident rates. 

(2) One principal result of the evaluations is the 
development of a performance history for each 
particular pavement used by each highway agency. 
The performance of the existing pavement designs 
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should be monitored and new designs should be 
evaluated to ensure that only skid resistant 
pavement surfaces are used. Information should 
be gathered as to the durability of a mix and 
the loss of skid resistance under traffic. 

(3) 

(4) 

(5) 

The level of skid resistance needed for a 
particular roadway depends primarily on the 
traffic volume, traffic speed, type of facility, 
and climate with additional consideration 
warranted at special locations such as steep 
hills, curves, intersections, and other sites 
which experience high demands for pavement-tire 
friction. It is desirable to have one or more 
"skid resistant mixes" which have durable and 
higher than usual frictional properties for use 
in these special areas. 

A pavement surface may provide adequate skid 
resistance at low speeds, yet be inadequate for 
high speed conditions. Pavement Burfaces, 
therefore, should be designed on the basis of 
properties at expected operating speeds. 

The American Association of State Bighway and 
Transportation Officials (AASHTO) Guidelines for 
Skid Resistant Pavement Design, 1976, provide 
detailed information on the design of surfaces 
for both flexible and rigid pavements. The 
major considerations follow: 

(a> Plexible Pavements 

1 The skid resistance evaluation of 
bituminous pavements should include a 
determination that the aggregate used in 
the top layer of future pavements is 
capable of providing adequate skid 
resistance properties when incorporated 
in the particular mix and that the mix 
should be capable of providing sufficient 
stability to ensure the durability of the 
skid resistance. 

2 A bituminoue pavement surface should 
contain nonpolishing aggregates. It is 
essential for good skid resistance that a 
mix design be used which allows good 
exposure of the aggregates. This 
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requires that the pavement surface 
mixture be designed to provide as much 
coarse aggregate at the tire-pavement 
interface as possible. 

2 T;;A;;Tn graded asphalt friction course 
with a large proportion of one 

size a&regate, provides excellent coarse 
texture and exposes a large area of 
coarse aggregate. Guidance for this mix 
can be obtained from FRWA Technical 
Advisory T 5040.13, Open-Graded Asphalt 
Friction Courses, January 11, 1980. 

(b) Rigid Pavements 

l The evaluation of portland cement 
concrete (PCC) pavements should include 
a determination that the finishing pro- 
cedures, mix design, and aggregates 
provide the initial texture and 
necessary surface durability to sustain 
adequate skid resistance. 

In PCC pavements, the initial and early 
life skid resistance properties depend 
primarily on the fine aggregates for 
microtexture and on the finishing 
operation for macrotexture. 
Specifications for texturing concrete 
pavements should be carefully selected 
and enforced to ensure a macrotexture 
pattern appropriate to the type of 
facility. 

2 Regardless of the finishing or texturing 
method used, adequate durable skid 
resistance characteristics cannot be 
attained unless the fine aggregate has 
suitable wear and polish resistance 
characteristics. Research by the 
Portland Cement Association indicates 
that the siliceous particle content of 
the fine aggregate should be greater 
than 25 percent. 
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3 If pavement evaluation studies indicate 
that the coarse aggregates will be 
exposed by the surface wear end have a 
significant effect on skid resistance of 
pavement, it too should have a suitable 
polish resistance characteristic. 

2 Metal tines, preceded by burlap or 
another type of drag finish,are 
recommended as being the moat practical 
and dependable method of providing 
texture in PCC surfaces. Additional 
guidance can be obtained from FHWA 
Technical Advisory T 5140.10, Texturing 
and Skid Resistance of Concrete 
Pavement8 and Bridge Decks, September 18, 
1979. 

b. Pavement Construction 

(1) Highway agencies are encouraged to adopt a policy of 
Wprequalifyingn aggregates t0 be Ut38d in surface 
tourBBS. Prequalifying is a method by which 
aggregates can be classified according to their 
friction, texture, wear, and polish characteristics. 
Classifications should reflect performance related to 
traffic volume, operating speed, percent trucks, 
climate, geometric design, and other appropriate 
factors. Design procedures should be established 
to ensure that aggregates can be selected for each 
project which are suitable to the needs of traffic. 

(2) Prequalification may be accomplished by one of the 
following, or a combination of both: 

(a> A syetematic rating of all fixed sources of 
aggregates (e.g., a commercial quarry which 
obtains ag 
many years f 

regate from the 881318 location for 
. Ratings should be based on 

standardized laboratory tests such as the 
American Society for Testing and Materials 
(ASTM) D 3319, Recommended Practices for 
Accelerated Polishing of Aggregates Using the 
British Wheel, or ASTM D 3042 Test for Insoluble 
Residue in Carbonate Aggregates, combined with 
data obtained from skid resistance tests of 
pavements in service. Other tests may be added 
or substituted if shown to predict pavement 
performance. 
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(b) An evaluation and in-service history of the 
geologic or petrographic types of aggregates 
commonly used. Thus, 
eource ia propoeed, 

when a new aggregate 
it can be accepted with 

minimum testing if an in-service history has 
been established for that type of aggregate. 

(3) Based on prequalification of aggregates, 
construction plan8 and specification8 should 
define the friction quality of aggregate which 
will be acceptable. The following steps should 
be followed to assure acceptability of the 
as-con8tructed pavement eurface course: 

(4) 

(4 

b) 

After the contractor ha8 identified the 
particular aggregate8 and asphalt to be 
used on a project, it ie recommended that a 
mix design be performed with the actual 
ingredients being used. Aggregate8 should 
be checked to determine if they are from 
prequalified eource8 or are an acceptable 
petrographic type. 

Macrotexture and void content are important 
coneiderationa in asphalt mixea. Since 
asphalts are often blended from eeveral 
8ourcea of crude oil that vary in 
temperature-viscosity characteristics, the 
mixing temperature ehould be determined for 
each project after eetablishing the 
characteristics of the eelected asphalt. 
Allowable tolerances for asphalt content, 
mixing temperatures, and gradation ehould 
be eetabliehed for each asphalt mix. 

(c) Job control of asphalt mixes should be 
designed to ensure that desired ekid 
resistance propertiee are obtained. It 
should be recognized that emall change8 in 
aggregate gradation or aephalt content may 
eignificantly affect the macrotexture of 
finished surfacea. 

The frictional properties of pavement surface 
type8 ehould be randomly tested within 6 months 
after opening to traffic to verify that the 
anticipated characteristica are present. 
Evaluation test8 ehould involve direct mea8ure8 
such ae the skid tester (ASTM E 274), or an 
acceptable alternative, but may use surrogate 
measures pUch a8 those which evaluate texture 
(for example, ASTM E 303, Standard Method for 
Meaeuring Surface Frictional Propertie Using the 
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British Pendulum Tester; and sand patch test8 as 
described in the American Concrete Paving 
Association Technical Bulletin No. 19, Guidelines 
for Texturing Portland Cement Concrete Highway 
Pavements, Measurement of Texture Depth by the 
Sand Patch Method). 

(5) In cases where the skid resistance properties of 
a pavement are found to be questionable or 
inadequate, appropriate warning signs should be 
placed immediately as an interim measure. A 
Complete evaluation and any remedial action 
needed should be effected as soon as possible. 

C. Pavement Maintenance. The same procedures and 
quality standards used In construction should be used 
in the maintenance operations. 

WET WEATHER ACCIDENT LOCATION 3TUDIES. The purpose of this 
type of study is to identify locations with high incidence 
of vet weather accidents, determine corr8ctiv8~m8asur8s, and 
take appropriate actions in a timely and systematic manner. 
This activity should be conducted 8s part of the highway 
agency's safety improvement program and should make 
effective use of the agency's accident data file. Items to 
be considered for retrieval from th8 accident and traffic 
records are total accidents (rate), vet weather accidents 
(rate) , and the vet/dry ratio; 

a. Identification of Wet Weather Accident Sites 

(1) Accident records, which are developed in 
compliance with Highway 3afety Program Standard 
No. 9, Identification and Surveillance of 
Accident Locations, should be searched at least 
annually to identify sites which have a high 
incidence Of Vet weather accidents. It ia 
essential to have a standardieed highway 
location reference system for Correlating data 
from different sources. Accident rates at a 
site will be of greatest value if: 

(a) the traffic volume is relatively high (i.e., 
approximately 1,500 vehicles per day or greater), 

(b) the period of accident data is at least two 
years, and 

(4 rainfall data are available for the same 
period as the accident data. 
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(2) Rainfall patterns for the years in which skid 
resistance and accident data were compiled should 
be acquired for each area in the highway agency's 
jurisdiction. A suggested method is presented in 
Appendix A. 

(3) There are several methods in use by highway 
agencies to evaluate wet weather accident 
locations. One such method is the Wet Safety 
Factor (WSF), which is presented in Appendix A. 

b. Field Review. A list of all sites ranked in order of 
WF or another appropriate measure should be prepared 
as the basic list of candidate sites for remedial 
treatments. The selected locations should then be 
skid tested and reviewed by a team representing 
various disciplines such as highway materials, 
design, construction, maintenance, traffic and 
safety. See Appendix B for skid testing procedures. 
The review team should determine probable reasons for 
the high incidence of accidents and recommend 
corrective actions. Once the review team has 
recommended appropriate corrective treatments, a 
priority list of projects can be prepared based on 
benefits and expected costs. 

c. Priority Program. An assessment should be made of 
the benefits relative to the cost of providing 
remedial treatments for high priority projects. A 
number of highway agencies have their own methods for 
conducting benefit cost analyses of alternative 
remedial treatments. Some of these remedial methods 
are tied into traffic engineering or pavement 
management programs. A specific program for 
evaluating the benefits and cost of alternative 
treatments is presented in reference 1, Appendix C. 

d. Evaluation 

(1) Evaluation of completed projects as required in 
Highway Safety Program Standard No. 9 and FHPM 
8-2-3, Highway Safety Improvement Program, 
should be well documented and should include a 
representative sample of completed projects. A 
sampling plan should be established, using 
accepted statistical methods, to evaluate 
projects with a range of euch.variables as 
classes of roadways, traffic volumes, types of 
countermeasures, pavements used, and other 
pertinent factors. On hazard elimination 
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(2) 

projects, these data should be correlated with 
accidents and traffic exposure and other 
pertinent factors in before/after analysis. See 
reference 2 in Appendix C. 

The evaluation of completed safety projects 
should be a continuing process to ascertain the 
long-term performance of corrective actions such 
as skid resistant overlays. The evaluations 
should address at least: 

(a) 

b) 

(4 

the overall effecti.veness of the program in 
reducing accident rates at the corrected 
sites, 

the adequacy of the various materials, 
designs, or methods used, and 

recommendations for changes in the programs 
practices, or needed research and 
development. 

L (3) As a secondary benefit, the evaluation process 
should provide input to an overall pavement 
management process. 

6. PAVEMENT SKID RESISTANCE TESTING PROGRAM 

a. General Description of Program. The actual testing 
of pavement friction provides basic data for use in 
the three activities introduced in paragraph 3. 
Figure 1 graphically presents the interrelation 
between these activities. The upper portion of 
Figure 1 provides an overview of data to be collected 
to serve the safety, construction, and maintenance 
functions of highway organizations concerned with the 
skidding properties of pavement surfaces. The lower 
portion of Figure 1 indicates the various uses of the 
skid testing data, along with weather and accident 
data. Some of these data are evidence of the 
durability of particular surfaces, while other data 
provide a general overview of the skid resistance 
characteristics of the highway system. 

(1) Skid resistance testing should be organized to 
support the following activities: 

(a) Pavement evaluation studies in which 
measurements of the skid resistance of test 
sections are made to determine the skid 
characteristics of typical mix designs. 
Sufficient numbers of measurements should be 
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. Figure 1 
UDDEL SKID ACCIDENT REDUCTION PLAN 
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(2) 

made to determine the level of pavement 
friction, wear rates, and epeed gradient of 
the pavement under various traffic 
exposures. These test eections ehould 
include the new project8 to be tested a8 
described in paragraph 4b(4). 

(b) Evaluation of friction Characteristic8 at 
locations which have a high incidence of wet 
weather accidents. 

(c) System status for vhich measurement8 of the 
skid resistance of a representative sample 
of road8 are made to develop the general 
level8 of pavement friction on all road8 in 
the highway agency'8 jurisdiction. 

Accurate location of sites or road eectiona 
require8 the u8e of a etandardiaed reference 
8y8tem. Often each element of the State which 
collect8 highway data u8e8 it8 own reference 
system. Por example, pO1iC8 accident report8 
may locate accidents by di8tanC8 to a landmark, 
pavement record8 may be kept by project number 
and geometric feature8 may b8 identified by 
etation. A unified reference system ha8 many 
benefite, especially in pulling together 
technical data for identifying and analyzing 
location8 with a high incidence of wet weather 
accidents. 

(3) Pavement evaluation 8tUdy eitea and wet weather 
accident cites should be identified by the 
element within the highway agency reeponsible 
for thoee programs. The skid testing can then 
become a routine matter for the element charged 
with operation of the skid test equipment., 

(4) A total akid inventory of all road8 and atreeta 
in a highway eyetem ha8 proven to be impractical 
and i8 not neceseary to carry Out an effective 
skid accident reduction program. Road8 ma 
streets which are used primarily by vehicle8 
traveling at low speed8 are not highly 
8U8Ceptible to skid accid.ents and accordingly 
can be eliminated from routine eampling of 
highway cites. For urban areas, this mean8 that 
most city arterial8 would be sampled but 
residential street8 and roadway8 with low 8pe8d 
limit8 would not. Nearly all rural highway 
aectione could be eampled, 8ince euch road8 are 
liable to high-speed u6e. 
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.(5) 

(6) 

Another practical consideration in determining 
which roads should be sampled is traffic volume. 
In urban areas, most roads with high speeds have 
moderate to high traffic volumes whereas this Is 
not the case for rural highways. Relatively few 
rural roads are used by more than 1,000 vehicles 
per day. On a cost-effectiveness basis, such 
roads can seldom justify resurfacing on the basis 
of safety considerations alone; therefore there 
is little benefit in routine sampling of 
low-volume rural roads. 

Highway sections within the constraints of higher 
speeds and volumes need not be tested every year, 
since few roads vary SUbSt8nti8lly in skid 
resistance in sny two or three-year period. 
Beyond this period, however, roads may lose 
significant skid resistance and may pose 8 
serious danger to users. Using these Criteria 8s 
part of 8 sampling plan will permit most if not 
all highway agencies to make maximum use of skid 
resistance d8t8 without increasing the smount of 
skid testing undertaken. 

(7) Skid resistance measurements should be m8de with 
8 Calibrated locked-wheel skid tester using the 
ASTM E 274 method and supplemental procedures 
described in Appendix B or an acceptable 
alternative method. Locations such 88 
intersections 8nd sharp curves which 8~8 not 
easily measured with the locked-wheel skid tester 
at the standard speed of 40 miles per hour should 
be tested at 8 lower speed. Such tests should be 
supplemented with texture measurements to permit 
extrapolation of 8V8ilable skid resistance to 
operating speeds. Alternative methods of 
measuring pavement friction properties may be 
used provided they correlate well with the 
locked-wheel skid tester. 

(8) In analyzing the skid numbers obtained, the time 
of year the measurements were taken has to be 
considered. Several States have published the 
results of their analyses and have developed 
methods for correcting skid number measurements 
taken during various periods and for different 
pavement surface types. See references 5 and 6 
in Appendix C. 
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b. Specific Data Prom Sample Sites. In conjunction vith 
akid resistance measuremente, pavement vet time ma 
accident records are desirable for each roadway 
section in the eample. The highway location system 
ehould be used for correlating data from different 
8ource8. An example of epecific data which ie 
desirable at each eample eite is given in Appendix D. 

c. Sites With Low Skid Resistance. When sites with low 
&id resistance are id tifi d during the teating of 
egstem statue, theae eytea e:ould be analgrted for 
corrective action. Thie can be done through a 
pavement management program, a high hazard elimination 
p=wfm or other efforte. 
elimination program ie ueed, 

If the high hazard 

accordance with PHPM 8-Z-3. 
the analyeie should be in 

Associate Adminietrator for 
Engineering and Traffic Operation8 

Associate Administrator for 
Safety 

Appendixee 
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TIME AND ACCIDENT DATA 

A.1 The quantity of rainfall (inches) recorded by weather 
stations may be used to calculate the 
pavement wet time. Wet pavement time P 

ercentage of 
WPT) may be 

estimated from total annual.rainfall in inches (AR) as 
follows:" 

WPT = 3.45 In (AR) - 5.07 

Dry pavement time may be estimated by subtracting the 
amount of wet time and ice and snow periods from the 
total time in the period analyzed. Data from rainfall 
stations maintained by the National Oceanic and 
Atmospheric Administration's Weather Service may be used 
for wet and dry pavement time estimates for various areas 
within a State. 

Isohyetal maps may be used to develop site wet pavement 
times. If ice and snow cover pavements for a significant 
portion of the time, a map for dry time should be 
prepared as well. Figure A-l provides an example of a 
wet time map drawn from isohyetal charts. 

A.2 Wet Safety Factor (WSF) 

There are a number of ways.to evaluate the relative safety 
of the subject location, 
factor (WSF) approach.** 

one of which is the wet safety 
For each wet weather accident 

location, a WSF may be developed. This factor is 
expressed as follows: 

WSF = (DA)(PWT)/(WA)(PDT) , 

where: DA = number of dry weather accidents 
WA = number of wet weather accidents 

PDT = percent of dry pavement time 
PWT = percent of wet pavement time 

* This equation is based on a relationshipdeveloped b 
K.D. Hankins in "The Use of Rainfall Characteristics'in 
Developing Methods for Reducing Wet Weather Accidents in 
Texas," Texas State Department of Highways and Public 
Transportation Study No. 135-4, July 1975. . 

l * The WSF is a generalized form of an index referred $3 as 
the "skid trap ratio" and recommended for use in :;CHk.p 
Report 37, Tentative Skid-Resistance Req~~ircments for !4ain 
Rural Highways," by H. W. Kummer and W. B. Meyer, Highway 
Research Board, Washington, L.C., 1967. 
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This factor is the reciprocal of the risk of having a wet 
pavement accident relative to having a dry pavement 
accident. On a specific roadway section, each of these 
variables must be developed for the same time period; 
otherwise, traffic exposure must be taken into account. 
Criteria may be developed for further consideration of 
pavement sections. A WSF less than 0.67 suggests a wet 
weather problem. This criteria is based upon the 
conservative estimate of the overall likelihood of a wet 
weather accident being 1 l/2 as great as a dry pavement 
accident. This estimate assumes that wet weather 
accidents at the site or road section under consideration 
are attributable entirely to a skidding problem. A low 
WSF in most cases is due to poor skid resistance. 
However, traffic engineering evaluations may reveal 
deficiencies in sight distance, road markings, inadequate 
drainage, etc. Auxiliary information obtained during the 
test program should provide indications o-f- the safety 
problems. 
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SKID YEASUHSXENT :;YSTW I,!3~CIiIPTION AND OPERA'I‘INS ?rl3C31iJR:S 

B.1 DESCRIPTIOffS OF S;r:IL, MEAS:JRl%ENT SYSTIY ______ -------.. -- - -- ----.-e--y ---_ 

The requirements ?f American Society for 'Zenting md 
Materials (AS:"l) .Z 3'14 ststos “The method utilize3 a 
measurement re?:eL:t!.lting the steady state friction force 
on a locked tc;: t, d!:.-:,+ : as it is dragged over a vettei! 
pavement surface ul~d+?r constant Load and ~3: constant 
speed while its ~I~.I~QI- plan5 is parallel to its direction 
of motion an? p e-I.*fin,! icular to the ptiveaent .” 

Although this :;p-cification may be met by a syste!n 
involving only on’* wheel attached to a tow!.nt; vehicle *i:?d 
althoup,h u few ~ut*il systems are in use, thp vast rcjorit;< 
of skid meanuremcnt ::y:;t;ems in uke and expected tc? tULa in 
use in the near futlire consist of a towing ve!l~~-:le ;Ar..i 
two-wheel trailer. On mi-tny systems either b::)~ef:. ~:-~jr 5.2 
locked during testing, hut most common!.y, tijPa :tr+, 1.: 
used. 

The ASTM c0nsider.j: tes ting. the lef’t wheel trscl;: ;s 50 
“normal. ” However, a differential in friction ?e-~r=13 
between the left and r’ Aght wheel track may eri:::. When 
testing a site where a differential may exist, r~~+sially 
a high wet weather accidF:nt site, all lanes and w'-IL.:; 
tracks should he tested. If a two-wheel trailer syzter, 
is used, jt io desirable ‘:o‘ have the cs?abili t .:’ 0;' 
testing with either wheel. 

A skid measurement system must have a trans?uc.:r 
associated with each test wheel which senses a ?‘:.Pc:~ 
equal or directly related to the force devcl;j?ed t-b~?de;n 
thr: sliding w!leel and the pavement during t+st, 
electronic sj.Rnal conditioning equipment to r?a+t:ivcr: the 
transducer output signal and modify it as re+iireC, x*iSi 
suitable analog and/or d iryital readout equ i ICII~.-IL f,,J 

recor,i either the magnitude of the developed f~,r~r .‘,I* the 
(:;r:!.culated value of the rl?aulting skid nu*nLyr I:::;:I. 

The system must include ii facilitjr for the tr;I:!s.:.)rL, of a 
r;*.~:lp;y of watsr-- ur;u:.-.ll y 200 to 530 g:~',lona--a:1r! tne 
;ltA;:e;jsary apparatu:; to ~ilaliver a speci.r”isd amolIn% ~,f 
wil ter --4.0 gallons per n.in12t.e per wett*< ii-,,-:I1 of !i.i:rement 
,-,t 40 miles per hour wit!tin specified liai :s in :‘rgltt of 
tt!~ test wheel . 
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Appen%x B 

3.2 FIELD OPERATING PROCEDURES ---w--o----- -- 
B.2.1 Field Force Verification --- -- 

Xt is generally impractical to perform force plate 
calibrations at frequent intervals while the 
measurement system is in the field. Facilities should, 
however, be available to permit the operator to 
ascertain that significant changes have not occurred in 
the force measurement subsystem since the most recent 
force plate calibration. 

If the measurement system uses a torque transducer and 
is adaptable to mounting a torque arm, the verification 
can be accomplished within a reasonable time and 
effort. This device, consisting of an arm capable of 
being bolted to the test wheel in a horizontal position 
and of supporting known weights located at specified 
distances from the center of the test wheel, may be 
used to test the torque transducer to predetermined 
values of torque. Typically, the test wheel of the 
inventory system is raised off the ground, the torque 
arm is attached to the test wheel and held in a 
horizontal position, the brake of test wheel locked, 
and a series of known weights are suspended on the 
torque arm. This procedure will induce a series of 
known strains on the transducer, resulting in a series 
of output signals through the signal conditioning 
equipment. The magnitude of these signals should then 
be compared to the magnitude of signals produced 
through use of the same technique immediately after the 
most recent force plate calibration. Adjustment of 
signal conditioning equipment gain setting may be bade 
to offset small force measurement subsystem variaticns 
which could occur. 

Verification should be repeated per5odically. 

B.2.2 Test Tire and Wheel Preparation, control of 
TiX%Ziii--- - 

Tire Specification ----a-- 
Unless otiherwise specified, al!. tests shall be 
performed with tires meeting the requirements of' AYT'M 
E 501 I Standard Tire for Pavement Skid Resistance Tests, 
and all pertinent sections of that specification as 
well as ASTM E 274 should be observed in their use. 
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Tire Mounting and Break-in Procedufe 

The tire should be mounted on a Tire and Rim 
Association 655 rim. The rim should have been examined to 
determine that it has suffered no damage or 
misalignment in prior use. After mounting, and before 
break-in, the tire and wheel should be balanced. The 
tire should be subjected to a break-in of 200 miles use 
before being used for testing. This break-in may be 
accomplished by using the tire on the skid trailer 
wheel which is not used for testing. If the tire must 
be remounted before test use, it should be rebalanced 
after remounting. 

Tire Warm-Up Procedure 

The test tire should be inflated to 24 + 0.5 pounds per 
square inch measured at ambient temperature. After 
tire pressure measurement and adjustment, the tire 
should be subjected to a 5-mile warm up, travelling at 
conventional highway speeds, before tests are 
performed. The 5-mile warm-up should be repeated on 
any occasion when the measurement system is parked for 
a period of 15 minutes or more. 

Tire Wear and Replacement Procedure 

The standard pavement test tire has a series of visual 
wear guide sipes (small circular holes) cast into each 
of the outer ribs of the tire. The test tire should be 
withdrawn from testing use when wear has progressed to 
a point at which the wear guide sipes are no longer 
visible. During routine testing, teat tires should be 
examined at least twice daily (and more frequently as 
tire nears unacceptable wear level) to determine that 
wear has not progressed beyond acceptable limits. 

Additionally, after any series of tests on pavements 
having very high skid numbers (in excess of SN=70) or 
in the event of a deliberate,or inadvertent dry skid, 
the test tire should be examined for the development of 
a flat spot. If a significant flat spot or spots 
develop on a test tire, it should be withdrawn from 
test use due to the tendency of the test wheel to seek 
out and return to such a flat spot in subsequent 
lockups. 
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B.2.3 WateringSubsystem Procedures -v--e- -- 

Daily Procedures ------- 

Prior to the beginning of each day's activity, the crew 
should perform at least the following functions with 
respect to the water subsystem: 

1. Determine that the water nozzle (nozzles) when in the 
testing position assumes the proper angle with 
respect to the pavement (ASTM E 274 requires an angle 
of 25 + 5 degrees). 

2. If the measurement system has provision for raising 
and lowering the nozzle between tests, deterlnine 
that the mechanism is working properly and that the 
nozzle assumes a fully lowered position during the 
test sequence. 

3. Determine that the nozzle, when in the test 
position, will discharge water directly in front of 
and centered on the test wheel. 

4. &amine the nozzle outlet orifice to determine that 
it is free from damage or distortion. 

The above inspections should be repeated during a day's 
testing in the event of operation on very rough 
highways (or in the event of any off-highway travel) 
which may have caused damage to the nozzle or adversely 
affected its orientation. 

Water Trace Width Check ---- -em- ----- 

Periodically the crew should make a measurement of the 
water trace width as a gross measure of overall water 
subsystem performance. This may be accomplished by 
driving the measurement system over a pavement at a 
selected convenient s eed (the same speed should be 
used on all occasions 7 initiating water flow without 
locking the test wheel'brakes, and measuring the width 
of the resulting water trace on the pavement. The 
trace width measurement should be made as quickly as 

P 
ossible after passage of the inventory system 
preferably within 30 seconds). This would require 

that one member of the crew drive and operate the 
measurement system while the other member is positioned 
off the side of t11e pavement at the location at which 
the measurement is to be made. Best results are 
achieved if this procedure is performed on a relatively 
smooth pavement surface (low macrotexture). 
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B.2.4 Instrumentation Calibration Verification - 

Provision should be made to allow for verification of 
the signal conditioning instrumentation calibration (to 
account for the effects of zero and gain drifts). 

General Requirements -__ for CalibrEtion Signal -___ __ 

The minimum acceptable facility for verification of 
conditioning instrumentation is a calibration signal 
subsystem. The calibration signal should be provided 
from such a source and in such a manner that there is 
little likelihood of variation in the calibration 
signal itself. This assurance then permits the 
operator to make adjustments in the measurement 
subsystem gain to offset the frequent small deviations 
which occur due to changes in ambient temperature and 
other operating parameters. 

Force Measurement Calibration Signal -- -- -- 

The most straightforward technique for providing a 
force measurement calibration signal is to make 
provisions for switching a high quality shunting 
resistor of known value in parallel with one arm of the 
force transducer strain gauge bridge. This induces an 
imbalance in the bridge equivalent to the application 
of a known force to the transducer. The resultant 
signal is sufficient to verify, or provide means of 
adjustment for, all elements of the force measurement 
system forward of the transducer itself. 

Frequency of Use 

Instrumentation calibration verification through use of 
calibration signals should be accomplished at the 
beginning of each day's operation *after equipment warm 
up, at intervals of no more than 2 hours when the system 
is in continuous use, and upon the renewal of operation 
throughout the day after any period during which the 
signal conditioning equipment has been turned off or 
the unit has been allowed to stand without use for 33 
minutes or more. 

~.2.5 Check List_ 

A check list should be available to the crew and should 
be used prior to the beginning of daily operations and 
on any occasion during the day when testing is 
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suspended for 30 minutes or more or when 
instrumentation has been turned off. The check list 
varies from system to system due to differences between 
the systems, but should provide for at least the 
following checks: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

all power subsystems on and providing proper 
levels of power 

all signal conditioning subsystems on for adequate 
time to reach stable operation (typically 10 to 30 
minutes) 

all recording systems on and functioning properly 

instrument calibration (described above) performed 

tire pressure checked and adjusted if necessary 

test tire checked for wear 

water nozzles checked for position and condition 

water tank adequately filled 

fuel supply adequate 

safety chains and all other connections between 
trailer and towing vehicle properly connected, 
positioned, and protected if necessary 

trailer jacks (if available) in retracted position 

all auxiliary equipment (air-compressors, lights, 
etc.) functioning properly 

B.3 USE OF STATIC AND DYNAMIC CALIBRATION PROCEDURES 

B. 3.1 Purpose of Field Test Center 

At the present time the highest order of calibration 
and evaluation available for a State skid measurement 
system is that provided through the Field Test Center 
established under contract by the Federal Highway 
Administration (FHWA). Arrangements to receive the 
services of the Field Test Center may be initiated by a 
State through submittal of a request for such services 
to the local FHWA division office. 
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B.3.2 Criteria for When to Use the Field Test Center - 

Each measurement system should be submitted for 
calibration and evaluation at the Center as soon as 
possible after its introduction into service. It 
should be resubmitted for calibration and evaluation 
whenever: 

1. significant repair or modification has been 
accomplished by the owning agency which might 
reasonably be expected to affect test results, or 

2. whenever it has experienced sufficient use such 
that normal wear in the various subsystems might be 
expected to have affected their operation. 

The second consideration suggests that each measurement 
system should be resubmitted at least every 2 years. 

B.3.3 Calibration Services Provided by Field Test Center PP----- 

The static and dynamic calibration services provided by 
the Field Test Center include the following: 

1. 

2. 

39 

Horizontal and Vertical Force Calibrati,on. This w- 
provlxs for evaletion of the accuracy, linearity 
and hysteresis of the measurement system force 
transducers and signal conditioning equipment 
through use of an air bearing force plate 
maintained by the Center, and periodically 
calibrated by the National Bureau of Standards. 

Flow Rate Evaluation and Adjustment if Required. 
rrhis%iudes d --7--v etermlnation that the water deriverv 

- subsystem of the measurement system provides a 
quantity of water (dependent upon trace width! in 
front of the test tire which meets ASTM 5 274 
requirements at speeds between 20 and 60 miles per 
hour. 

Static Evaluation of Water Distribution. This e-m 
provides an eX<i?-fiz<of the~unifomy with which 
the total water flow is distributed across the 
trace width and adjustment, if necessary, to assure 
that the water is in fact delivered uniformly and 
in line with the test tire. 
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4. 

5. 

6. 

7. 

Force Plate or Load Cells. The visitors force ---we 
plate us.edTorro<tinic&ecks of the force 
measurement subsystem can be calibrated while at 
the Center. 

%eed Calibration. The speed measurement (and 
re~~~nR-~~-~v~~lable) subsystem is evaluated, 
calibrated and, where necessary and possible, - 
ad justed to produce accurate speed measurement 
values over the range of 20 to 60 miles per hour. 

Tire Pressure Gauge Calibration. This provides .- -- 
assurance thatt-~~e~r~~e~~n the test wheels 
and in the speedmeasuring fifth wheel (if used) can 
be accurately measured and set. 

Dynamic Correlation. Fwo such correlations are 
coriiuited?The-ms t with the measurement system 
in the “as arrived” condition and the second-after 
all of the foregoing evaluations have been 
conducted and indicated adjustments accomplished. 
The first correlation results in the development of 
mathematical relationships between the measurement 
system and the Area Reference Skid Measurement 
System that permit data collected by the 
measurement system, prior to its visit to the 
Center, to be adjusted to a common base provided by 
the use of the Area Reference System. The second 
correlation permits the development of similar 
relationships which may be used to relate the 
results of subsequent testing to the Area Reference 
System base. The data from the second correlation 
also provide an estimate of the system measurement 
variance. 

5.4 MAINTAINING SYSTUI IWT43';HITY BETWEEN PI3LD T3ST CEHTER mmNs- --.------ - - .--. - --.--. --- ---.--- 
-m- 

Two basic types of procedures are available for 
determining that siznj1'il:ant changes have not occurred in 
the measurement system s;Lnce its most recent evaluation 
and calibration at the ~Zenter. These involve techniques 
for evaluating important subsysteln performance and 
techniques for evjiluating performance of the total 
system. 
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B.4.1 Techniques to Evaluate Subsystem Performance 

As a minimum, the owner of each measurement system 
should maintain and periodically make use of facilities 
for evaluating the force, water, and speed measurement 
subsystem of the inventory system. 

Evaluation of Force Subsystem 

The force subsystem should be evaluated through use of 
a fo.-ce plate. An air-bearing force plate is 
recommended since its action is such as to essentially 
eliminate the effect of friction in the plate itself. 
If an air-bearing force plate is not available, any of 
several commercial mechanical force plates may be used. 
If a mechanical device is used, precautions should be 
taken to assure that all moving parts (particularly 
load application screws and spherical or roller 
bearings) are well lubricated and that the lubricant is 
periodically removed and replaced. 

To conduct an evaluation, the test wheel of the 
measurement system should be centered on the force 
plate, the test wheel brake locked, and known 
frictional forces introduced to the tire-force plate 
interface through appropriate motion of the force 

. plate. Frictional forces -should be both increased and 
decreased in a stepwise manner to allow for detection 
of possible hysteresis effects. The indicated force 
readout values for the system should then be plotted 
against known force input values. The resulting 
plotted calibration line should be evaluated for 
nonlinearity and hysteresis characteristics. Al so 
actual readout values for known force inputs should be 
compared with those readout values determined from 
tests conducted with the same equipment after the most 
recent Center evaluation. 

Evaluation of Water Subsystem 

The most effective evaluation of the water subsystem to 
discern variations in performance is that of flow. 
Flow rate may be evaluated by raising the rear wheels 
of the towing vehicle, running the vehicle at an 
indicated speed of 40 miles per hour (or any other 
desired speed), collecting the water pumped through the 
system and out the nozzle during. a measured time 
period, and calculating the flow rate in gallons. This 
procedure should be repeated at two or more speeds to 
evaluate linearity of the water delivery subsystem with 
test speed. 
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The Pennsylvania State University has developed a water 
rate flow tank which is circular in cros8 section and 
of such size that it fits easily into a standard 
manhole. The tank has a threaded opening in the bottom 
for drainage and a stop-plug with a long handle which 
permi-;s the plug to be removed and replaced from the 
top of the tank after It is hanging in the manhole. It 
also has a scale calibrated in gallon8 on the inside of 
the tank. This tank may be suspended in a standard 
manhole, the measurement system positioned 80 that the 
nozzle will discharge directly into the tank, the rear 
wheel of the towing vehicle raised, and total flow 
measured at any desired speed. The only additional 
equipment required is a stopwatch. 

Evaluation of Speed Measurement Subsystem - 
The speed measurement subsystem should be evaluated by 
operating the measurement system at various test speeds 
over a measured mile cour'se. If the basic speed 
measure is done through the use of the tow vehicle 
speedometer or through a tachometer-generator driven by 
the tow vehicle or by a fifth wheel, then the vehicle 
should be driven over the measured mile course at a 
selected speed and the time of transit measured with a 
stopwatch. The actual speed, cslculated.from the 
distance and the elapsed time, is then compared to the 
indicated speed. 

If speed measurement is based TIpon a pulse generator 
driven by a fifth wheel, the alxuracy of the speed 
measurement is directly dependiznt upon the accuracy of 
the fifth wheel for distance ml?asurement. To evaluate 
this subsystem, the fifth wheel tire pressure is 
adjusted until the distance indicated agree8 with the 
known distance traversed (the assumption being made 
here is that the electronic package which convert8 the 
pulse8 to velocity is functioning properly). 

If tapeswitch event detectors, placed 200 feet apart, 
and an interval timer (+O.Ol second resolution) are 
available to measure the time required by the inventory 
system to travel 200 feet, a very accurate speed 
measurement is obtained to check against the indicated 
value. 

Time Between Subsystem Evaluations ---- V-P 

The force, water and speed measurement subsystems of 
the measurement system should be checked by the method8 
described above at interval8 no greater than 3 montha. 
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3.4.2 Techniques to Evaluate Total System Performance 

Use of Measurement System Sample Variance as --- 
Performance measure - 

A portion of the information furnished, as a result of 
an evaluation at the Center, is the pooled sample 
standard deviation of the measurement system for 
repeated test at three test speeds on five special test 
surfaces. If the sample standard deviation at thy 
desired speed is squared, the-resulting value, SD 
an estimate of the skid measurement system varian 2 

is 
e. 

Subsequent to the Center evaluation, the crew should 
periodically select a pavement location having a skid 
number of approximately 30 to 40 and run 20 repeat 
tests at the desired speed over the same location. 
Fr2m the results of these latter tests 
SD. can be calculated. If the ratio iD*/-g? ~~~~mate' 
no f'exceed 2.0, the chances'are 19 in 20Etha% the 
system standard deviation has not doubled over that 
established during its visit to the Center. (If the 
syste? has not been to a Center to obtain an estimate 
of SD 
havin b 

, its crew should select a pavement location 
a skid number of approximately 30 to 40, run 

repeat tests at each desired speed over the same 
location, and calculate the sample standard deviation 
at each such speed.) 

As an alternative, the above procedure could be 
performed making only 10 repeat tests on2the2selected 
pavement. In this case, the ratio of SD /SDt should 
not exceed 2.2 The chances are then fou F in five that 
the system standard deviation has not doubled over that 
previously established. 

The above procedure should be performed at time 
intervals no greater than 3 months. 

Short Term Checks of System Performance 

The agency operating the measurement system should 
select several pavements located close to the site at 
which the system is normally garaged and perform 
repeated tests on the surfaces at quite frequent 
intervals, preferably weekly. Measured values of skid 
resistance on these surfaces will obviously change as 
the surfaces change from traffic wear, environmental, 
and/or seasonal variations. However, these changes 
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should occur in an orderly and predictable fashion and 
any abrupt change would be an indication of possible 
erratic performance of the measurement system. A 
continually updated record of the results of such tests 
should be maintained and examined after each updating 
for evidence of such erratic performance. 
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The following is a selected list of references which may be 
helpful in implementing the program described in this 
Technical Advisory. This list is not intended to be a 
bibliography of all documents available in this field: 

“1. Effectiveness of Alternative Skid Reduction Measures, 
Benefit Cost Model, Report No. PHWA-RD-'79-12, Voluhe II, 
November 1978, Federal Highway Administration. 

*2. Accident Research Manual, FHWA-RD-80-016, February 1980, 
Federal Highway Administration. 

"39 Evaluation of Minor Improvements (Part 8), Grooved 
Pavement (Supplemental Report) CA-DOT-TR-2152-11-75-01, 
September 1975, R. N. Smith and L. E. Elliott, Office of 
Traffic, California Department of Transportation. 

4. Evaluation of Minor Improvements (Part g), Open Graded 
Asphalt Concrete Overlays, January 1972, James I. Karr, 
Office of Traffic, California Department of 
Transportation. 

5. Variations in Skid Resistance Over Time, FHWA-VA-80-33, 
February 1980, S. N. Runkle, David C. Mahone, Virginia 
Highways and Transportation Research Council. 

6. Seasonal Variations in the Skid Resistance Pavements in 
Kentucky, Research Report 532, November 1979, James L. 
Burchett, Roland L. Risenbergs, Kentucky Department of 
Transportation. 

* These studies are available through th N tiond Technical 
Information Service, 5285 Port Royal R:adr Springfield, 
Virginia 22161 
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SPECIFIC DATA TO BE REPORTED FOR SAMPLE SITES 

The following data should be collected in testing sample 
locatione: 

D.l Skid numbers (SN) should be taken for major claaees of 
roads etratified by traffic volume and geographical 
location. 

D.2 Auxiliary data which ehould be included in order to 
establish distribution of 8kid numbers may include the 
following: 

(4 
b) 

(4 

(a) 

(e) 

w 
(8) 
(h) 
(0 
(3) 
(k) 
(1) 
(4 

Location of site or roadway section 

Responsible juriedictional unit and route number or 
other deeignator 

Functional classification of road (e.g., two-lane, 
four-lane divided without full control of acce88, 
etc.) 

Surface type,(e.g., bituminous, open-graded, 
concrete, tine finish, etc.) 

Average annual daily traffic (use traffic count 
data if available) 

Length of roadway section 

Lane where skid measurements are made 

Date of akid measurements 

Number of teats made in section 

Average SN 

Range of SN measurements 

Presence of atypical geometric or feature 

Evidence of ekidding (e.g., ekid marks, scarred 
posts, etc.) 
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U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATIION 
SUBJECT FHWA TECHNICAL ADVISORY 

Texturing and Skid Resistance of T 5140.10 
Concrete Pavements and Bridge Decks September 18, 1979 

Par. 1. Purpose 
2. Cancellation 
3. Background 
4. Recommendations 

1. PURPOSE. To issue guidance for providing an adequate 
level of wet 

P 
avement skid resistance on portland cement 

concrete (PCC pavement surfaces and plain or latex 
modified concrete bridge deck surfaces. 

2. CANCELLATION. This issuance supersedes FHWA 
Notice NSQ8d 59 dated September 10, 1976, “Texturing 
of Concrete pavements and Bridge Decks.” 

3. BACKGROUND 

a. If a pavement or bridge deck surface is to provide 
adequate skid resistance for high speed traffic, 
two important, and to some extent independent, 
requirements must be satisfied. First, the pavement 
surface must provide for adequate adhesion between 
the tire and the pavement under wet weather conditions. 
Second, the pavement surface must provide sufficient 
surface texture and drainage potential to prevent 
the buildup of water pressure at the tire-pavement 
interface. On PCC riding surfaces, this drainage 
potential can be provided initially by the texturing 
of the concrete surface. The adhesion component 
of skid resistance is dependent on the wear and 
polish resistance characteristics of the aggregates. 

b. A concrete finishing procedure that will provide 
an adequate and durable skid resistant surface 
texture is needed on all pavement and bridge deck 
surfaces. 

C. While a skid resistant surface texture is needed 
on all pavement surfaces, the need may be especially 
critical on bridge decks because of the limited 
recovery area available to out-of-control vehicles. 
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4. RECOMMENDATIONS 

a. A burlap drag finish should not be used as the 
sole means of providing surface texture on projects 
with design speeds of 40 miles per hour (65 km 
per hour) or greater. 

b. A broom or artificial grass drag finish, while 
often producing good initial surface texture, may 
not be durable unless a deep texture is produced 
by heavy bristles and high pressures. When a 
broom, artificial grass drag, or similar finish 
is specified for use on projects with design 
speeds of 40 miles per hour (65 km per hour) 
or greater, specifications that will insure a deep, 
durable texture must be used. Also, it should be 
conclusively demonstrated that safe, durable surfaces 
can be consistently produced by finishes before 
they are utilized extensively on high speed highways. 

c. Metal tines, when preceded by a burlap or other 
type of drag finish, are recommended as being the 
most practical and dependable method of providing 
positive texture in PCC surfaces. The use of other 
procedures and equipment that will provide a similar 
grooved pavement surface is also encouraged. An 
Attachment to this advisory provides a summary of 
some of the more important research findings and 
recommendations relative to the texturing of PCC 
pavement surfaces. 

d. The use of a deep surface texture on bridge decks 
may warrant increased concrete cover over the top 
layer of reinforcement steel beyond the 2.5 inches 
(63mm) required for minimum design cover and 
construction tolerance.’ The use of heavy trans- 
verse textures may also increase the concentration 
of deicing salts along the curb line unless proper 
provisions are made to drain these areas. The 
last 12 inches (3OOmm) of deck next to the curb 
should be left untextured to facilitate drainage. 

e. Special techniques may be required in order to 
produce a durable grooved finish on latex modified 
and other low water-cement ratio bridge deck 
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surfaces. The use of flexible tines on such 
surfaces frequently fails to produce a groove 
depth sufficient for reasonable durability. In 
at least one State, satisfactory grooves have been 
produced in these dense surfaces through the use 
of a roller consisting of sharpened flat washers 
welded at intervals onto the outside of a weighted 
section of pipe. Other techniques may also prove 
to be successful. As is the case with pavement 
surfaces, it is normally desirable that the plastic 
grooving application be preceded by a burlap or 
other drag finish or a light broom finish. 

f. Regardless of the finishing or texturing method 
used, adequate durable skid resistance charac- 
teristics cannot be attained unless the fine 
aggregate has suitable wear and polish resistance 
characteristics. Research conducted by the Portland 
Cement Association indicates that the siliceous 
particle content of the fine aggregate should not 
be less than 25 percent. If past experience 
indicates that the coarse aggregates will be exposed 
by surface wear and have a significant effect on 
the skid resistance of the pavement, they, too, 
should have suitable polish resistance characteris- 
tics. Crushed material will normally provide higher 
skid resistance than uncrushed gravels. 

Associate Administrator for 
Engineering and Traffic Operations 

Attachment 
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TEXTURING OF PCC PAVEMENT SURFACES 

1. Transverse grooving will assist in providing a pavement 
surface with good durable pavement skid resistance 
characteristics at high speeds, will reduce splash 
and spray and headlight glare from wet roadway 
surfaces, and will continue to facilitate surface 
drainage until the depth of the wheelpath ruts exceeds 
the depth of the grooves. Longitudinal grooving 
assists vehicle control at curves and sites involving 
lateral movements. Both types of grooving effectively 
reduce the hydroplaning potential. The longitudinal 
grooving of existing pavements, while not necessarily 
producing an improvement in skid number, has been found 
to be an effective means of reducing accidents at 
sites having high, wet weather accident rates. 

Although longitudinal grooving may be preferable . 
under some circumstances, and particularly when dealing 
with existing pavements, transverse grooving is 
ccnsidered to be superior to longitudinal grooving 
for general use on new construction because of the 
improved pavement drainage provided. Also, with the 
increased use of smaller, lighter cars and radial 
tires, complaints of vehicle handling problems on 
longitudinal grooved pavements seem to be on the 
increase. 

From the standpoint of compatibility between tire 
tread designs and pavement texture, it is desirable 
that, to the extent practical, longitudinal grooving 

P 
atterns be standardized. The use of 0.095-inch 
2.4mm) wide grooves spaced on 3/4-inch (19mm) centers 

is recommended. There is insufficient information 
available on which to base recommendations regarding 
the optimum texture for a milled PCC pavement riding 
surface. Some extremely harsh milled surfaces may 
be unacceptable for use as a riding surface. 

2. The use of tines 0.03 inches (0.8mm) thick, 0.08 inches 
(2.0mm) wide and 4 to 6 inches (100 to 150mm) in length 
has resulted in good, durable surfaces when the grooves 
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were constructed to the maximum depth practical. This 
maximum practical depth, which will vary depending on 
the concrete mix design and other factors, is normally 
in the l/8-inch (3mm) to 3/16-inch (Smm) range. Average 
transverse groove spacings of approximately l/2 to 
3/4 inch (13-2Omm) are recommended. Groove spacings 
of less than l/2 inch (13mm) may not have adequate 
durability. An increase in average groove spacing beyond 
3/4 inch (2Omm) cannot be expected to increase durability 
by a significant amount and.may lead to noise problems. 
Relatively uniform 
inches (25 and 38mm f 

roove spacings of 1 inch and 1 l/2 
have in some instances been considered 

unacceptable because of the concentration of tire-pavement 
noise into an objectionable frequency band. Experience 
with average groove spacings exceeding 1 l/2 inches 
(38mm) is too limited to facilitate the drawing of any 
conclusions. The use of wider, deeper grooves can be 
expected to increase the absolute noise level by a 
significant amount. Randomization of-the groove spacing, 
which may result to some extent from the flexibility 
of the tines, is considered desirable from the noise 
standpoint. 

3. The optimum length and angle of the tines will be 
dependent on the mix design, the weather, the finishing 
operations, and the stiffness of the tines and may be 
expected to vary somewhat from project to project. 

The timing of the plastic texturing operation is critical. 
If performed too early, 
If performed too late, 

the grooves may close back up. 
the groove depth will be reduced. 

The optimum time for performing the plastic grooving 
operation will be dependent on many variables which 
are subject to rapid fluctuations. 

When a tine finish is utilized, care should be exercised 
to avoid overlaps in the texturing operations. The 
overlaps will result in weak areas which will wear faster 
than the normal texture. For the best initial surface 
texture, a tine finish should be preceded by a burlap 
or artificial grass drag finish. 
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Because of the increased surface area, deeply 
textured surfaces will require a heavier than normal 
application of curing compound. 

A tire tread depth gauge may be used to measure groove 
depths both in hardenF4 and plastic concrete. When 
measuring the depth 01” fresh grooves formed by the 
tining of plastic concrete, it must be recognized that 
an artificially high reading may be obtained that will 
not be representative of the actual groove depths that 
will exist after a few months’ exposure to traffic. 
To insure that the tined grooves will be durable and 
effective, it is essential that they be made as deep 
as practical during construction. 
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1. PURPOSE. To provide.technical guidance on the use of open graded friction 
courses (OGFC), also known as plant mix seal courses, to develop good 
friction characteristics for pavement surfaces. 

2. CANCELLATION. Technical Advisory 1 5040.13, Open-Graded Asphalt Friction 
Courses, dated January 11, 1980, is canceled. 

3. BACKGROUND - . 

a. 

b. 

C. 

Open graded friction courses constructed with high quality, polish 
resistant aggregates have an outstanding capacity for providing and 
maintaining good frictional characteristics over the operating range 
of speeds on high speed highways. Their macrotexture facilitates 
drainage of water from the tire/pavement interface, improving tire 
contact with the pavement and reducing the potential for 
hydroplaning. 

Open graded friction courses have generally provided good performance 
for 7 to 10 years under a range of traffic conditions. When failures 
have occurred, many were resolved by making minor refinements to the 
mix design and construction procedures to adjust for local 
conditions. 

When compared to other high type surfaces, open graded friction 
courses have demonstrated the following advantages: 

(1) provide and maintain good high speed, frictional qualities (the 
frictional characteristics are relatively constant over the 
normal range of operating speeds); 

(2) reduce the potential for hydroplaning; 

(3) reduce the amount of splasti and spray; 

DISTRIBJTiO~ OPI r.SG-42 

8.5.1 



FHWA TECHNICAL ADVISORY T 5040.31 
December 26, 1990 

(4) are generally quieter, often providing a 3 to 5 decibel 
reduction in tire noise; 

(5) improve the wet weather, night visibility of painted pavement 
markings; and 

(6) conserve high quality, polish resistant aggregates, which may 
be scarce in some areas, because they are placed only as a 
surface layer, up to 3/4 inch thick. 

d. Open graded friction courses exhibit the following limitations: 

(1) increase the potential for stripping of the surface and 
underlying pavement (they do not seal the underlying pavement 
against moisture intrusion); 

(2) require special snow and ice control methods and generally 
remain icy longer; 

(3) require special patching and rehabilitation techniques; 

(4) do not add structural value to the pavement (their performance 
is governed by the condition of underlying pavement); and 

(5) may ravel and shove when used at intersections, locations with 
heavy turning movements, ramp terminals, curbed sections and 
other adverse geometric locations. 

4. RECOMMENDATIONS. In selecting an OGFC, a number of factors should be 
considered, such as the environmental conditions, alignment, accident rates 
and the frictional properties of the State's standard surface mixes. Some 
locations or pavements may not be appropriate for an OGFC and therefore 
proper project selection must be considered. For an OGFC to perform as 
intended, it must be properly designed, constructed, and maintained. 

a. An OGFC should only be placed on structurally sound pavements that 
have minimal cracks, ruts, bleeding 'and depressions. Pavement cracks 
are as likely to reflect through an OGFC as with any other thin 
asphalt course. The high air voids content in an OGFC will allow 
water to drain into it and attempt to flow laterally. Ruts in the 
underlying pavement may inhibit lateral flow and cause water to pond 
in the ruts, promoting separation of the OGFC from the underlying 
pavement. An OGFC placed on a bleeding pavement may lose its 
drainage characteristics (close up) due to the migration of the free 
asphalt from the underlying pavement. 
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b. The underlying pavement should be sealed with a 50 percent diluted 
asphalt emulsion, applied at a rate of 0.05 to 0.10 gallons per 
square yard. An OGFC will increase the amount of time that the 
underlying pavement will be wet. If the underlying pavement has a 
high air voids content, stripping potential is increased. 

C. Specifications should require the coarse aggregate to be polish 
resistant and 100 percent crushed material. Carbonate aggregates 
should not be used. Certain slags and light weight aggregates have 
demonstrated satisfactory performance. The frictional qualities of 
an OGFC are affected by the microtexture of the coarse aggregate. It 
is poor practice to construct a premium friction course and then have 
its effectiveness lost due to polishing. 

d. -An OGFC should be designed in accordance with the mix design 
procedures included as the Attachment to this Technical Advisory. 
The basic steps in this procedure determine asphalt content, mixing 
temperature, air voids, and moisture damage susceptibility. 

(1) 

(2) 

An OGFC generally has a higher asphalt content than a dense 
graded mix and uses an equal or harder grade of asphalt. A 
very heavy asphalt film on the aggregate is essential for 
longevity. The film helps to resist stripping and oxidation of 
the asphalt cement. Typical dense graded mixes achieve a 4-6 
micron average film thickness, where as an OGFC requires a 8-11 
micron average film thickness. The OGFC has a black shiny 
appearance and appears to have excessive asphalt when compared 
to a dense graded mix. It is critical that no reduction in 
asphalt content be made based on the appearance of the OGFC. 
Excessive drain down of asphalt in the haul trucks can usually 
be corrected by lowering the mixing temperature or correcting 
deficiencies in the mixing and handling procedures. The 
combined handling and hauling of the mix should be limited to 
40 miles or 1 hour. 

To ensure that a heavy asphalt cement film is actually 
obtained, the mixing temperature should correspond to the 
asphalt viscosity in the range of 700 to 900 centistokes from 
the temperature-viscosity curve for the asphalt cement. Higher 
mixing temperatures can cause the asphalt cement to flow off 
the aggregate. This may result in some areas of the mat having 
excessive asphalt, others not enough. A range of 2 to 5 
percent minus 200 material in the mix will help achieve a thick 
asohalt cement film. A number of State and local agencies have 

ified asphalt and other add itives to successfully used latex mod 
improve OGFC performance. 
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e. 

f. 

9. 

h. 

i. 

(3) The air voids analysis is not necessarily required for each 
project. However, it should be conducted when developing 
master gradation bands for open graded mixes or when 
considering new aggregate sources. 

(4) An OGFC should be tested for moisture susceptibility because 
its high air voids content increases the potential for 
stripping. The mix should be tested for retained coating 
(AASHTO T 182) and retained strength (modified AASHTO T 165 and 
T 167). If stripping is observed, the mix design must be 
revised. The aggregates may be changed or an asphalt cement 
additive selected. Additional tests should be performed using 
the revised mix design. 

One ounce of silicone should be added to every 5000 gallons of 
asphalt cement. This additive will improve mix workability and 
reduce the potential of tearing the mat under the paver screed. It 
also improves mix discharge from the truck beds. 

An OGFC is placed as a thin lift and loses heat quickly. An OGFC 
should only be placed when the underlying pavement surface and 
ambient temperature have reached 60' F, otherwise raveling may 
result. Late season placement of an OGFC may prevent adequate curing 
of the asphalt cement and should be discouraged. 

An OGFC should be placed full width, from outside edge to outside 
edge of the shoulders, to provide a cross-section with uniform 
frictional properties. As a minimum, it should extend 3 feet onto 
the shoulder. Do not place dense graded mix or curb and gutter 
adjacent to an OGFC. This will obstruct the lateral flow of water. 

Handwork during placement should be minimized to avoid roughening of 
the surface. Rolling of an OGFC should be limited to one or two 
passes of an 8 to 10 ton static steel wheel roller to seat the mix. 
Longitudinal and transverse joints should be kept to a minimum. 
Joints should be butted rather than lapped. 

Maintenance on roadways surfaced with an OGFC should avoid any 
activities which may obstruct the lateral flow of water through the 
OGFC. 

(1) Traffic striping may inhibit lateral water flow if the stripe 
material is applied at a heavy rate or an excessive amount of 
reflective beads are used. 
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(3) 
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(5) 

(6) 
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Snow and ice control should be limited to plowing and chemical 
deicers. The use of sand or other abrasive to improve traction 
must be avoided. 

All crack and joint sealing should be performed prior to 
placing OGFC. When sealing is required on reflective cracks 
through an OGFC, only transverse joints should be sealed. 

Only small dense graded patches which allow for lateral flow of 
water through the OGFC should be considered. When larger areas 
of patching are involved, OGFC should be replaced with OGFC. 

A fog coat can be applied to an OGFC to extend the life of the 
asphalt binder. The fog coat is a 50 percent dilution of 
asphalt emulsion applied in two passes at a rate of 0.05 
gallons per square yard for each pass. The use of rejuvenating 
agents should be avoided. 

When any additional overlay is required on the pavement, the 
existing OGFC surface must be removed. 

Anthony II. Kane 
Associate Administrator for Program Development 

Attachment 
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1.0 Material Requirements 

Definitions. The grading terminology used in this design procedure is 
defined as follows: 
Coarse Aggregate Fraction - the aggregate from each source or combined 
job mix formula (JMF), which ever is specified, that is retained on a 
No.8 sieve. 
Fine Aggregate Fraction - the aggregate from each source or combined 
JMF, which ever is specified, that passes a No.8 sieve. 
Predominant Aggregate Fraction - the aggregate from the combined JMF 
that passes a 3/8" sieve and is retained on a No. 4 sieve. 

1.1 

1.2 

1.3 

Aggregate. Use high quality, polish resistant aggregate with a capacity 
to provide and maintain good frictional characteristics. It is 
recommended that relatively pure carbonate aggregates or any aggregates 
known to polish be excluded from the coarse aggregate fraction. The 
coarse aggregate fraction should have at least 75 percent by weight of 
particles with at least two fractured faces and 90 percent with one or 
more fractured faces. The abrasion loss (AASHTO T 96) should not exceed 
40 percent. 

Mineral Filler. Mineral filler as specified in AASHTO M 17 or as 
specified in the State's Standard Material Specifications is-suitable 
for OGFC design. 

Gradation. The recommended gradation for OGFC is as follows: 

FW'A TECHSTC4L ADVISORY T 
December 26;1990 
ATT.ACHYEST 

OPEN GRADED FRICTION COURSE (OGFC) 
FHWA MIX DESIGN PROCEDURE 

This document combines and updates the design 
procedure found In Federal Highway Administration 
Report No. FWA-RD-74-2, Appendix A and B and 
Supplements 1 I 2 to the report which were distrfbuted 
by FHUA Bulletin, dated July 11, 1975. The procedure 
has been expanded to consider alternative equipment. 
A suggested laboratory report form is included at the 
end of the design procedure. 

jOJO. 

U.S. Sieve Size Percent Passinq (by weight) 

l/2" 100 
3/8" 95- 100 

%4 30-50 
Y8 5-15 

#200 2-5 

8.5.7 



FHWA 'TECHNICAL ADVISORY T 5040.31 
December 26, 1990 
ATTACHMENT 

1.4 

1.5 

2.0 

2.1 

2.2 

2.3 

Asphalt Cement. The recommended grade of asphalt cement is AC-20, 
AASHTO kl 226 Table 2. Other grades of asphalt should be considered when 
local conditions indicate a necessity or when an improved performance 
can be achieved. 

Asphalt Additfves. Additives may be required to improve the properties 
of the asphalt binder to resist stripping, retard oxidation (aging) or 
improve temperature susceptibility. Additives routinely used by the 
highway agency should be acceptable for OGFC mixes. Additives which 
have not been previously used should be considered experimental features 
and examined accordingly. In either situation, all additives required 
for the mix must be incorporated in the mix design. 

Preliminary Data 

Gradation. Test the aggregate from each source, as received for the 
project, for gradation. If mineral filler is submitted as a separate 
item, it should also be tested for specification compliance. Analyze 
the gradation results to determine the JMF that will meet the 
specification limits of Section 1.3. 

Specific Gravity. Separate the coarse and fine aggregate for each 
aggregate source and determine the bulk and apparent specific gravity of 
the coarse and fine aggregate fractions for each source of material 
submitted. Utilizing the information verified in Section 2.1, 
mathematically compute the bulk specific gravity (SG,) for'the coarse 
and fine aggregate fractions for the proposed JMF gradation. If the 
bulk specific gravities of the aggregate sources are significantly 
different, a gradation analysis based on aggregate weight will not 
reflect the actual particle size distribution. Re-examine the gradation 
of the aggregate blend on a volume basis for compliance with Section 
1.3. 

Compute the apparent specific gravity (SG,) of the predominant aggregate 
fraction based on the proportion of predominant aggregate from each 
source and utilizing the specific gravity information obtained above. 

Viscosity. Test the asphalt cement to be used for specification 
compliance with AASHTO M 226. The asphalt cement binder used for the 
temperature-viscosity data should include all additives proposed for the 
mix. 
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3.0 Asphalt Content 

3.1 Surface Capacity; Determine the surface capacity of the predominant 
aggregate fraction in accordance with the following procedure (AASHTO T 
270): 

3.1.1 Quarter out a 105 gram sample of the predominant aggregate. Dry 
the sample on a hot plate or in an oven (230 2 9'F) to a constant 
weight and allow the sample to cool to room temperature. 

3.1.2 Reduce the sample to approximately 100.0 grams (measured to 0.1 
gram) and place the sample in a metal funnel with a piece of 
screen (No. 10 sieve) fastened above the orifice. The suggested 
funnel size is top diameter 3-l/2 inches, height 4-l/2 inches, 
orifice l/2 inch. 

3.1.3 Completely immerse the specimen in S. A. E. No. 10 lubricating oil 
for 5 minutes at room temperature. [IF HIGHLY ARSORPTIVE AGGREGATE IS BEING 
USED, IWERSE THE SPECIMEN Fm 30 MINUTES.1 

3.1.4 Drain the sample in the funnel for 2 minutes. Place the funnel 
containing the sample in an oven (140 ?: 5'f) for 15 minutes of 
additional drainage. 

3.1.5 Pour the sample from the funnel into a tared pan, cool to room 
temperature, and reweigh the sample to the nearest 0.1 gram. 

3.1.6 Compute the percent oil retained (POR) using the following 
equation: 

POR= SG’r (B-A) 
2.65 A 

x 100 

inant where SG, - apparent specific gravity of the predom 
aggregate 

A - oven dry weight of the sample‘(Step 3.1 
B - coated weight of the sample (Step 3.1.5 

-2) 
1 

3.1.7 WHEY USING THE PROCEDURE FOI HIGHLY ARS#PYIVE AGGREGATE, AFTER DETERWINING THE PDR, POUR 
THE SAMPLE ONTO A CtEAN DRY ABSORPTIVE CLOTH AND ORTAlN A SATURATED SURFACE DRY COYDl1lON. 

3.1.8 PCUR THE SAWLE FROl THE CLOTH INTO A TARED PAN AND REUEIGH THE SAMPLE TO THE NEAREST 0.1 
GRM. 

3.1.9 CCUPUTE THE PERCENT OIL ARSORRED (POA) USING THE FOLLWING EUJATIOY: 

pcu . (C-A) x 100 
A 

WHERE A = DRY WEIGHT OF THE SAUPLE (STEP 3.1.2) 
C = SATURATED SURFACE DRY UEICWT OF THE SMPLE (STEP 3.1.8) 

DETERMINE THE PERCENT (FREE) OIL RETAINED (WR.) USING THE FOLLWING EWATION: 

POR, - PQR - POA 
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3.1.10 Compute the surface constant value (K,) for the predominant 
aggregate using the following equation or use Figure 1 below: 

Kc- 0.1 + 0.4(poR) 

UtiEY USIYC THE PROCEDURE FOll HltHLY MSOlPllVE ACWEWTE, YHE EWATIW FQI THE IL. VALUE IS: 

Km l 0.1 l 0.4U’ORa) 

0.0 ’ 
! , .I, .I 

Percent Oil Retained (POR) 

Figure 1 SURFACE CAPACITY (Kc) GRAPH 
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3.2 Asphalt Content. Compute the required JMF asphalt content (ACJMF) which 
is based on the weight of aggregate from the following equation. The 
asphalt content computed from this formula is the same regardless of the 
asphalt grade or viscosity. 

AC, = 2.65 (2WJ +4.0) x - 
S% 

MEN USING THE PROCEDURE FOR HIGHLY ABSMPTIVE AGGREGATE, DETERMINE THE REOUfRED ASPHALT CONTENT 
UC,) AS FOLLWS: 

CC)(PUlE THE EFFECTIVE ASPHALT COYTENT (AC,,) FRO( THE FOLLOUING EWATIDN: 

AC&w 
2.65 * (2(&J l 4.0) x -  

SC, 

CCUPLETE SECTION 6.0 AND 5.0, THEN CONTINUE UITH THE DETERMINATION OF THE ASPHALT CONTENT AS 
FOLLOUS: . 

PREPARE A TRIAL WIXRJRE USING AN ASPHALT CWTEUT EQUAL M fO(EYWAT GREATER (ESTIMATE MWNT THAT 
YILL tE ABSORBED) THAN THE EFFECTIVE ASPHALT CONTENT (AC,,,) DETERMINED ABOVE AND USING THE AGGREGATE 
GRADATIW AS DETERMINED IN SECtIOlr 5.2. 

USING A SUITAOLE TECHNIOUE, SUCH AS TME TEST FOR MAXIlcw SPECIFIC GRAVITY OF ASPHALT MIXTURES 
CMSHTO 1 tD91, DETERMINE THE ACTUAL DUANTITY OF ASPHALT A&SORBED (IN PERCENT, BASED OR TOTAL WEIGHT 
OF AGGREGATE). 

DETERMINE THE JWF ASPHALT tOLlTENT (AC,) OF TME ABSWPTIVE WIXTURE USING THE FOLLWING EQUATION: 

AC, - AC, * actual asphalt absorbed . 

4.0 Void Capacity of Coarse Aosreaate 

4.1 Unit Weight. Determine the unit weight of the coarse aggregate fraction 
of the proposed JMF by either of the following procedures (FHWA-RD-72-43 
or ASTM D 4253 modified). 

4.1.1 Apparatus 

Compaction Mold. - A 6 inch nominal diameter solid-wall metal 
cylinder with a detachable metal base plate. A detachable metal 
guide-reference bar as shown in Figure 2 is required for Method 1. 

Vibratory Compactor 

Method 1 Rammer. - A portable electromagnetic vibrating rammer 
as shown in Figure 3, having a frequency of 3,600 cycles a minute, 
suitable for use with 115-volt alternating current. The rammer 
shall have a tamper foot and extension as shown in Figure 4. 

Wooden Base. - A plywood disc 15 inches in diameter, 2 inches 
thick, with a cushion (rubber hose) attached to the bottom. The 
disc shall be constructed so it can be firmly attached to the base 
plate of the compaction mold. 
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Figure 2 COMPACTION MOLD Figuie 4 TAMPER FOOT 

: 
: 

: 
3’ 

1 

Figure 3 VIBRATORY COMPACTION ASSEMBLY 
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Method 2 (experimental) Vibrating Table. - A vibrating table 
capable of inducing a vibratory force to the sample at 3,600 
cycles a minute and at an amplitude of (0.013 to.002 inch). 
(Soiltest CN-166 or equivalent) 

Confining Load. - A circular steel disc weighing 60 pounds with a 
diameter of 5 7/8 inches. (Soiltest CN-167 or equivalent) 

Timer. - A stopwatch or other timing device graduated in divisions 
of l.O-second and accurate to l.O-second, and capable of timing 
the unit for up to 2 minutes. An electric timing device or 
electrical circuits to start and stop the vibratory compactor may 
be used. 

Dial Indicator - A dial indicator graduated in O.OOl-inch with a 
travel range of 3.0 inches. 

4.1.2 Sdmple. Select a sample of the coarse aggregate fraction (approx. 
5 lb.) from the proposed JMF as verified in Section 2.1. If the 
bulk specific gravity of the coarse aggregate is less than 2.0, 
reduce the size of the sample to approximately 3.5-lb. Weigh the 
sample to the nearest 0.1 pound. 

4.1.3 Procedure 

Method 1. Pour the selected sample into the compaction mold and 
place the tamper foot on the sample. Place the guide-reference 
bar over the shaft of the tamper foot and secure the bar to the 
mold with the thumb screws. 

Place the vibratory rammer on the shaft of the tamper foot and 
vibrate for 15 seconds. During the vibration period, the operator 
must exert just enough pressure on the hammer to maintain contact 
between the sample and the tamper foot. 

Remove the vibratory ratier from the shaft of the tamper foot and 
brush any fines from the top of the tamper foot. Measure the 
thickness (t) of the compacted material to the nearest 0.01 inch. 

Method 2. (experimental) Pour the selected sample into the 
compaction mold and place the surcharge base plate on the sample. 

Lower the surcharge weight onto the surcharge base plate and 
vibrate the assembly for 2 minutes. 

Remove the surcharge weight and brush any fines from the top of 
the surcharge base plate. Measure the thickness (t) of the 
compacted material to the nearest 0.01 inch. 
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4.1.4 Calculation. Calculate the vibrated unit weight (X) (in pounds 
per cubic feet) as follows: 

x= 6912~ 
x da t 

Where ; - weight of coarse aggregate fraction (pounds) 
- diameter of compaction mold (inches) 

t - thickness of compacted specimen (inches) 

4.2 Void Capacity. Determine the void capacity of the coarse aggregate 
(VCA) as percent of total volume using the following equation: 

VCA- (l- -g) x 100 
C 

Where X = vibrated unit weight from step 4.1.4 
"e - bulk dry solid unit weight of the coarse aggregate 

fraction (pcf). 

5.0 ODtImum Content of Fine Aaareaate 

5.1 Compute the optimum fine aggregate content with the following 
relationship: 

(AC,) (X) VCA-v- -t 
Y= U. 

(VCA-V) x 
100 + v, 

Where Y - percent of fine aggregate by weight of total aggregate 
:CA - voids in the coarse aggregate (percent) 

AC 
- design percent air voids - 15.0 percent 

JMF - asphalt content for the JMF (percent by weight of 
aggregate) WHEY USING TNE PROCEDURE rm HIGYLY AUORtWE AGGREGATE, 
USE A&,. FRo( SECT101 3.2. NOT AC-1 

- vibrated unit weight of coarse aggregate (pcf) 
- unit weight of,asphalt cement (pcf) 
- bulk dry solid unit weight of fine aggregate (pcf) 

5.2 Compare the optimum fine aggregate content (Y) determined in Section 5.1 
to the amount passing the No. 8 sieve of the proposed JMF. .If these 
values differ by more than 1 percentage point, revise the JMF using the 
value determined for optimum fine aggregate content. Recompute the 
proportions of coarse and fine aggregates (as received) to meet the 
revised JMF. If the proposed and revised JMF gradations are 
significantly different, it may be necessary to rerun portions of this 
procedure. 
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7.0 Resistance to Effects of Water 

Conduct the Immersion-Compression Test (AASHTO T 165 and T 167) on the 
designed mixture. Prepare samples at the optimum mixing temperature 
determined in Section 6.0. Use a molding pressure of 2000 psi rather 
than the specified value of 3000 psi. Determination of the Bulk 
Specific Gravity is not required for this design procedure. 

After 4-day immersion at 120’F, the Index of Retained Strength shall not 
be less than 50 percent unless otherwise permitted. Additives to 
promote adhesion that will provide adequate retained strength may be 
used when necessary. 
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6.0 Optimum Hixino Temperature 

Prepare a sample of aggregate (approximately 1000 grams) in the 
proportions determined under Section 5. Mix this sample with the 
proposed asphalt cement at the asphalt content (AC,,,) determined under 
Section 3.2 at a mix temperature corresponding to an asphalt viscosity 
of 800 centistokes determined under Section 2.3. When the aggregate is 
completely coated, transfer the mixture to a Pyrex glass plate (8-9 in. 
diameter) and spread the mixture with a minimum of manipulation. Place 
the plate with the sample in the oven at the mixing temperature. 
Observe the bottom of the plate after 60 minutes. A slight puddle of 
asphalt cement at the points of contact between the aggregate and the 
glass plate, as shown in Figure 5, is suitable and desirable after the 
60 minute period. Otherwise, repeat the test at a higher or lower 
mixing temperature to achieve the desired contact area. If asphalt 
drainage occurs at a mixing temperature which is too low to provide for 
adequate drying of the aggregate (typically not lower than 225'F), an 
asphalt of a higher viscosity should be used. 

An intermediate observation of the plate can be made at 15 minutes. If. 
there is excessive drain down at the contact points, the sample can be 
discarded and the test repeated at a lower temperature. 

DRAI~"OOWN 

INCREASE 
MIXING TEMPERATURE 

DESIRED 
DRAIN DOWN 

OPTInUn 
MIXING TEMPERATURE 

EXCESSIVE 
DRAIN DOWN 

DECREASE 
MIXING TEMPERATURE 

Figure 5 DRAIN DOWN CtiARACTERlSTlCS 
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OGFC MIX DESIGN REPORT 

1 3 MA9TEQIAL PQOQfRTIES 

A. ROPOSC~ Aaweoete ROPO~O~~ (by wt~gta) 

6. *OPOUO JobMh Gradation (percent wswg) 

Aawcame Sovces 
Sieve +dkaon Joa-Mh 
SkS - Umn Formu~ P-P 

W” 100 ---- 

3m- 95-100 ---- 

** 3o.w ---- 

+6 s- 15 ---- 

+I6 ---- 

*zoo 2-s ---- 

c. specmc GmJlcY f unn weiam 

COARSE AGGREGATE Aaweaete Sources JMF 
(htm8O NO. 8 SHHJ 
wk so. or. (SW ---- 

euw snlla unlc wslgm (UJ wmre u.42.4(s~ pet 

RNE AGGREGATE 
Pasong No. 1 LCH) 
Bulk so. Gr. (S&J P-P- 

BIlw soyd urn we* W,J -* u,4zr(sOJ pd 

PREOOMINAM AGGRE~TE 
PUrmg 3/U- - RWAINQ No.41 
AOOU~~ SO. Or. CiGJ 

ASWALT BINDER 
Sosemc Orsvfty 0 n.0’ F. 

urn ww WJ 

2.0 ASPWALT C3NTENT 

Pncenl Gil RetaYNd RHI 

suhce c4mclty 1c 

AsoNIC Cnntsnt AL 

3.0 MD CAPACITY 

A. Vo18 CWSCICV ti CPUU Amcost. 

MmlSQ umc wrcgll 

Vorck Couu Awqste 

8. Ommum Flnc AOWCMC Comem 

wnwc: x --d 

4 --e 

U. --e 
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Memorandum 

Select Automatic Profile Index Computation Dare FEB 2 I 1991 

From Chief, Pavement Division 
Washington, D.C. 20590-0001 

Revy 10 
Am 01 HNG-42 

To Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Recently, it has been brought to our attention that a significant difference 
exist between the results of an automated profilograph and a manual 
profilograph. 

The attached South Dakota Department of Transportation report explains and 
analyzes the problems with automated profilographs. Some of the filtering 
algorithms used in the computerized profile index computations result in 
significantly underestimating of the profile heights for wavelengths shorter 
than 10 feet. Therefore, the overall profile index is also underestimated. 

In view of the increased use of automated profilographs by the contractors and 
the States, it is important that the' findings and recommendations of the 
attached report be shared with the divisions and States. 

At the present time, we are developing a short training module,to explain some 
of the problems in evaluating pavement profile. If you have any questions 
concerning this issue, please contact Mr. Aramis Lopez, Jr., at FTS 366-2084. 

Attachment 
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Analysis and Recommendations 
Concerning 

Profilograph Measurements 

F009&)107 
Kingsbury County 

DavidLHuft 
South Dakota Department of Transportation 

offke of Research 
Pierre, South Dakota 57501~2& 

/605)773-3292 

November 26,199O 
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IBackground 

During the summer of 1990, Portland 
Cement Concrete pavement was placed 
on an 8.9 mile segment of US81 south of 
Arlington, South Dakota by Castle Rock 
Construction Company (Figure 1). The 
project number was FOO81(50)107, 

In accordance with contract provisions, 
the contractor conducted profilograph tests 
to determine the ride quality of the 
finished pavement. The contractors 
measurements indicated that generally 
high ride quality had been achieved, and 
that the contractor was entitled to an 
incentive bonus ofnearly $89,000. 

Profilograph tests performed by the South 
Dakota Department of Transportation’s 
Office of Materials and Surfacing also 
showed good ride quality, but not as good 

I 

Figure 1 FOO81(50)107 Location 

as the contractors tests had indicated. Profile indexes measured during SDDOl’s quality 
control tests were typically one to two inches per mile higher than those measured by the 
contractor. Traces generated by the SDDOT unit consistentently showed higher profile 
amplitude than did traces from the contractot’s (figure 2). 

SDDOT attempted a simple check to determine whether the contractors profilograph 
measured the pavement profile accurately. When the profilograph was run over a short 
piece of one-by-two lumber, the unit indicated approximately one-half inch rather than 
three-quarters of an inch, the nominal wood thickness. This unexpected resutt seemed 
to suggest a problem in the contractor’s profilograph. 

The contracbr and SDDOT also tested sections of pavement simultaneously to determine 
whether their profilogmphs would produce the same profile indexes on the same day. On 
August 28, both northbound and southbound lanes were tested at stations 21+7l to 
48+11 and 438+83 to 470+51. Again, SDDOTs profile indexes and trace amplitudes were 
higher than Castle Rock%. 

The contractor attempted to verify the operation of his profilograph by comparing its 
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pedormance with another unit owned by 
the Iowa Departmmt of Transport&on. 
Castle RocKs pmfllograph measured 
profile Indexes which agreed dosely with 
lowa’s. When asked why the profiiograph 
underestimated the thidcness of the one- 
by-two, Iowa personnel spearlated that 
the unit’s filtering algortthm might be 
responsible. They advised that SDDOT 
might evaluate traces more carefully, to 
avold misinterpreting spikes as roughness 

After the discrepancies wers discovered, 
SDDOT retested the entire pto)ect. Profile 
indexes were consistently higher than 
those originally meawed by the 
contractor. On the basis of SDDOl3s 
measurements, the contractorwas entRIed 
to a bonus of less than M&000. lt 
seemed dear that the oontractots 
profiiograph performed differently from 
SDDOT’s proMgraph, perhaps because 

Flgun 2 Traces from SDDOT and Castle 
R&k Profilographs 

of a filtering process performed by its on-board computer. But because SDDOTs tests 
were performed week after the contmctot%, dhc2 comparisons were not possible. 

Because of the unresolved questions surrounding the profilograph measurement& the 
Aberdeen Region requested that the Office of Reseatlch provide technical assktance. 
Specifically, the objectives of this study were to: 

1. Determine whether profilograph measurements obtained by the 
cmtmctor’s automated profilograph differ slgniflcantly from m obtained 
by SDDO7-s manual proillograph: 

2. If differences exist, determine their cause(s); 

3. If dlffermnps are attrfbutable to the fllterlng employed by the contractor’s 
profllograph, develop a method to determine a fair ride quality bonus. 

. 
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II. Significance of Prpfilograph Measurement Differences 

lt is essential to any analysis to first establish that the profile indexes measured by the 
contractor’s and SDDOT’s profilographs are statMcaJly different. If observed differences 
only represent random variations, it would be pointless to conclude that either instrument 
was’in emor. If systematic differences exist, however, their causes might be determined. 
Two statistical tests were performed. 

First, the project-wide profile indexes obtained by SDDOT on September 5-6 and 10-l 1, 
1990 were compared to the profile Indexes measured by the contractor within forty-eight 
hours of construction (Figure 3 and Figure 4). The hypothesis “Project-wide profile 
indexes measured by SDDOT are higher than the contractor’s’ was tested using the one- 
sided t-statistic with unknown standard deviations. That test demonstrated the hypothesis 
to be true with greater than 99% confidence. 

FOO8 1 Prof iie Indexes 

0 100 

---- 

mgun 3 rroject-wise PlotlIe maexes M8asureo Dy 3DDoT ana castle ROCK 
Constmn (Northbound Lane) 

Second, the profile indexes obtained during head-to-head tests on August 28,199O were 
compared (Figure 5 and Figure 6). The hypothesis ‘SDDOTs profilograph generates 
higher profile indexes than does the contractor’s’ was tested, using the same statktical 
test. Wfth more than 99% confidence, the hypothesis was determined to be true. 

8.6.7 



Profilograph Analysis FOO81(50)107 November 26,199O 

FOO8 1 Profile Indexes 
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Rgun 5 Profile Indexes Measured Simuttaneously by SOD07 and Castie Rot 
Construction on August 28, 1990 

On the basis of these st&tbl tests, it can be confidently stated that SODOT’s project 
wide measurements are higher than the contradot’s and SDDO’Ra prPfilogfaph generates 
higher profile indexes than does the antractofs. 
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s. vs Castle Rock Prof ilograms 
(simultaneous meesu -tb emaf90) 

Pigun 6 Profile indexes Simultaneously Measured by SDDOT and Castle Rock 
Construction on August 28, 1990 

IV. Profile Index, Difference Causes 

Two dauses were considered likely to explain the differences between the profile indexes 
measured by SDDOT and those measured by the contractor. They were time between 
measurements (in the ease of project-wide indexes) and differences between manual and 
automated profile interpretation. 

A. Time Between Measurements 

Although it seemed probable that dlfferencss between the profllographs were responsible 
for much of the discrepancy between SODOTs and the contractor’s profile index 
measurements, it also appeared that pavement roughness had changed since the time 
of paving. indexes obtained by the contractors profilograph on August 28 were higher 
than those taken immediately after construction, suggesting that the pavements had 
become slightly rougher following construction. This is reasonable, because the curing 
proam 8nd temperature changes oan easily effect slab shape. 

This observed change is important, because it means SDDOT measurements taken long 
after oonsUuotion should not be used to determine Me quaiky bonuses. There dan be no 
assurance that SODOT’s measured profile indexes accurately represent the ride quaMy 
immediately following construction. 
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B. Profliograph Differences 

From the compadaon of profile index measurements taken on the same pavement 
sections on August 28.1990, tt was dear that the contractor’s profiiograph measured 
lower profile indexes than did SDDOTs. Because the two machines are geometricMy 
ldwdcai, the profile fiitering process incorporated in the contractors unit was considered 
the most likely wuse of the differenoe. 

(ft should be noted that SDDOTs manual procedures were also evaUted, prtmariiy 
beam of Iowa’s concern that spikes may have been incorrectty interpreted. However, 
no incorrect procedures were discovered. SDDOT’s engineer had correctly smoothed the 
profile so spikes were ignored, just as Iowa had advised.) 

Castie Rock’s unit is a James Cox and Sons, Inc. Model -200 profiiograph. It indudes 
an on-board computer which digitizes the profile slgnai at 13 intervals and computes 
profile index automatically. To make profile int&pretation less Ma& the computer uses 
a simple recursive digital fitter to remove spikes (caused by extraneous mechanical 
vibrations) from the profile signal. 

Mathematkaiiy, the fiiter is of the form 

where & is the raw (unfiltered) digitized elevation at point n, Y” is the filtered elevation 
at point n, and Y*, b the filtered elevation at point 1+1. A and B are constants which 
determine the fitter’s effect, and are defined: 

A-l -a . 
Cox recommends using a fiiter factor of N-8000 for most purposes. 

The pwfofmanW of this fitter can be analysed with standard signal pmcessing 
techniques. One useful analysis determines the response of the fiber as a function of 
profile wavelength. SpeMcaiiy, the anetysis defines the fittets amplituds response H(X), 
which is the ratio of the fiitefs output to its input. It can be shown anaiytkAly that the 
amplitude response of this fitter is given by the formula 
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where 

and 

& is the sampling interval of 1.3. used by the Cox profilograph. 

November 26, 1990 

As shown in Figure 7, the filter attenuates shortest wavelengths most. Wavelengths 
shorter than one foot are attenuated by more than SO%, so the effect of spikes will be 
reduced greatly. However, the filter also attenuates significantly longer wavelengths as 
well. Wavelengths of two feet are attenuated by over 60’%; five foot wavelengths are 
attenuated by 30%. Even ten foot wavelengths are attenuated by 10%. 

The filter can also be described in terms of its response to a step function. As Figure 6 
shows, the filter is quite slow to recognize a step in the pavement profile. After the 
profilograph traveis one foot past the step, it measures only 70% of the step’s height ft 
is not until the profilograph has traveled three feet past the step that ft measures 95% of 
the true height. This explains why the profilograph failed to measure the corredt thidkness 
of the one-by-two, which was less than one foot long. 

The significance of Figure 7 and Figure 6 is that while the filter successf~~Ily rsmoves 
spikes from the raw profile, tt also removes longer featurss which are known to affect the 
pavemetis ride quality. In other words, the filtering underestimates the amplii of the 
pavement profile, causing estimates of profile index to be low. 

Cox acknowledges that the profile index is affected by the filter. Their manual states, ‘tt 
is important to understand that the test resutts ars heavily affected by the selected filter 
factor.” However, the filtets performance is fundamentally a consequence of its simple, 
first order formulation. Regardless of the filter factor used In the computation, the filtets 
selectivity will not be good. Invariably, long wavelengths will be removed along with the 
short. The performance of the filter could be improved by using a higher order filtering 

8.6.11 



Pmfilograph AnaIysis FOO81(50)107 November 26,199O 

loo 

80 

60 

40 

20 

0 

Cox Prof i lograph 
Data Filter Wavelength Response N=8000) 

Flgun 7 Response of Cox Data flitet au a Fundion of Wavelength 

algotithm, if the profilogmph’s computer had sufficient power. 
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The filtets ultimate effect on computed profile index cannot be dmpiy determined. 
Because the amount of attenuation dependrr upon the wavelengths present in the 
pavement profile, the effect on profile index will aJso vary. If a pavement arftains 
predominantly short wavelengths, the profile index will be reduced gready. If only longer 
wavelengths are present, the reduction will be slight. 

This behavior explains why Castle Rock’s automated profilograph conelated well with 
Iowa’s manual pmfilograph. Iowa’s test section consists of large amplitude bumps at 
predomlnantfy long wavelength (longer than twenty feet). At these wavefengths, the 
effect of fiMng is too slight to be detected by visual iwon of profilograph traces- 
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III. Bonus Computation 

In view of the discrepancies between profilograph measurements taken by SDDOT and 
those taken by Castle Rock, the question of fair bonus payments arises. Because the 
contractot’s profilograph underestimated the height of profile features on the pavement, 
profile indexes were artifiMly low, and inconsistent with the measurement method 
assumed in the specifications. Consequently, the bonuses computed from the profile 
indexes were excessive. SDDOT’s profilograph did not underestimate the profile, but 
because measurements were not taken within forty-eight hours of paving, they cannot be 
used directly as a basis for bonus payment. 

In the interest of fairness to the contractor and the state, it would be best to correct 
the contractor’s measurements somehow to remove the adverse effects of filtering. This 
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awkl be done dmctly, but would require complete digitkIng of aIl profile traces taken 
from the contract&8 profilograph. The procedure would use complex mathematics 
(Fourier transforms and inverse Fourier transforms) to reconstruct a profile of proper 
ampbde. 

An aftemdve to this difficult and lengthy pmcess is to conelute the two prpfilographs, 
using the measunments which were taken by both instruments on August 2a The 
rwulttng regn3ssion equgtion can then be used to sdjust the contracW8 profile indexes 
so they better ropreeent unfiltered valuea 

SD vs Castle Rock Prof ilographs 
based won 8128190 correlation) 

10 1 / 1 

I . 

. 

. 

0' I I , 1 J 
0 2 4 6 8 10 

casti. Rock Profile l&ox 

lgun 0 CorrelatM of SD007 Profile Index vs Castle Rock Profile Index 

Figure 9 shows the proffle indexes measured by the two profilographs. From the c&a 
obtained in the simuttaneous testing, the best equation relating fittered (Castle Rock) and 
unfittered (SDDOT) profile indexes is: 
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Application of this equation to the contractor’s profile indexes produces adjusted values 
which more realistically represent the ride quality of the pavements. The bonus computed 
from these adjusted values total $68.97536, which coincidentally falls approximately 
halfway between the contractor’s original estimate and SDDOTs estimate derived from 
late measurements. A complete listing of SDDOT, contractor, and adjusted profiie 
indexes, along with bonuses computed from them, is presented in Appendix A. 

IVCondusions and bCOmm8ndatiOnS 

Comparisons between profile indexes measured by the South Dakota Department of 
Transportation and Castle Rock Construction Company show that the profilographs used 
for the measurements are inconsistent with each other. Analysis of the filtering algmrtthm 
used on the contractor’s profllograph demonstrates that the Cox unit significantly 
underestimates profile heights at wavelengths shorter than ten feet. Therefore, profile 
indexes are also underestimated. 

tt was possiMe.to derive a regression equation from profile indexes measured by the 
SDDOT unit and the contractor’s unit on the same pavement sections on the same day. 
The contractors profile indexes were adjusted using this equation, yielding new indexes 
which more realistically describe the ride quality achieved in the paving operation. The 
bonus computed from the adjusted profile indexes is approximately midway between the 
bonus computed from the contractors unadjusted indexes and the bonus computed by 
SDDOT from its late measurements. 

tt is clear that the filtering algorithm incorporated in the Cox unit should not be used in 
conjunction with SDDOTs special provision for paving incentives. Because the filtering 
falsely indicates a smoother pavement, its use (with the present special provision) is 
unfair to the state and to other paving contractors. To be fair, one or more of the following 
is recommended: 

Prohibit filtering. This might make automatic profile index computation 
impossible, If the computer requires smoothed profiles. The benefits of 
objectkity and quick test resutts would be lost. 

Lower the acceptable inches per mile if filtering is used. Additkmal 
conelation between fittered and unfiitered profile indexes, 8specMly a! 
higher roughness levels, may be desirable if this method is adopted. 
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Improve tha blterfng algorithm by using e Mghet order filter. This option 
would plaoe additional computaUonai,demands upon the profilagraph’s on- 
board oorrputm, but wouid provide much better selectivity between short 
and intermdiate wavelengths. 

A Mal recommendation concerns the tierion by which SD001 and other transportation 
agencies determine whether a contract~s pmfilograph operates acceptably. tt b common 
pmtioe to accept a cmtmtots profile indexes if they fall within two inches per mile of 
the stato’8 index- This ulterfon falls if a profilograph generates indexes which are within 
tm, inches per mile, but consistently low (or high). A sWsdcaJ test to determine whether 
meen proille indexes are dffferent would provide a much better indication of measurement 
vaMty, and would ensure fairness to both the contractor and the state. 

In view of the increased use of automated profilographs, and ongoing development of 
new unit& by other vendors, it is important that the’ issues raised in this report be 
addmssed prtor to the 1991 constnrction season. 
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MEASUREMENTS, SPECIFICATIONS, 
AND ACHIEVEMENT OF 

SMOOTHNESS ‘FOR PAVEMENT 
CONSTRUCTION 

JMMARY The concern abut the smoothnas of highway surfaces precede5 the development 
of motorized vehicles. In the arly day& the simple straightedge was used 8s the sole 
indicator of smoothnc~~. But even before the turn of the century, clforts WQC directed 
at developing improved devica for smoothnar cvaIuation. From 1900 to aear mid-- 
my, numerous devica of inrrerrsin g uxnpiuity were invaltai. These were primarily 
me&axiial devices with elaborate multi-wheeled support systems. Adnnog in sevd 
technologial fields have now been applied to smoothness-masuring equipment m 
suiting in the inwrpor8tion of clcmial cimaiuy, cldcs, ult.ta$wia, h$cf& & 
cOmputcrization. 

AlthOU& the WlY devim WSC primuily Of UXlDQI1 t0 the pr8cticing cn;:necr, the 
advent of tat road amstnl& onhlughtthcnsarchalginecronLothcsccncM8ny 
devices were developed in connection with specifk resarch cfkts. The l tomotivc 
iudusuy baame interested because of the c!kt that d types of pavanmt had on 
motor vchiclcs. In recent yevs highway rnaaagas have recognized that the public rates . . I highway pkuily on its ding chuwmmz Thusitisaccusuytoprogramm 
incrasing amount of highway hrnds to address the issue of pavement smoothness on 
l system-wide bask 

As 8 conscqumcc, several smoothness-measuring devices have been developed and 
are in cutxnt use. The fundamentals of operation, cast, and appropriateness to address 
a specific need vaxy considerably. Ccrxain devices UT far better suited than others to 
the purpose of controlling the smoothnus of newly constructed prvemcnts. Thercforr, 
it is ixnpomnt for those concerned with obtaining smoothness in constmction to be 
aware of the equipment best suited for that purpose and the relation of that equipment 
to the entire specuum of smoothness-masuring devicu 

Smoothn&nwuxing equipment currently used in new pavement construction 
includes straightedges (static and rolling), protilogmphs. response-type road- 
roughness-measuring systems. and inertial profrlometers. All agencies use a straight- 
edge-a few as the sole approach to smoothness control, but most as an adjunct 
to other equipment. The type of instrument receiving increased application is the 
profilograph. either the cllifomia or Rainhart type. These devices arc similar in that 
they portray graphically certain characteristics of pavement smoothness. arc relatively 
simple mc&an.ical devices. can be used on new concrete pvanent surfaces soon after 
construction, are low-co&low-maintctmnce devica, and provide information that is 
readily accepublc by spa5fying agencies and the construction industry. Profilog.mphs 
provide an analog trace to which specification tolerances are rpplicd. The traces can 
be used to locate specific pavement features in the field. The pknary dkdvantaga 
with this type of instrument are the slow speed of opemti~n (3 mph) and the time 
required for evaluating the profiles. although the latter item has been addressed by 
computerized models that UC now available. Other disadvantages include the ~raggcra- 
rion and suppression of parts of the surface wrvclcngth spectrum, the ocasional 
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other&viccsbeiagusedineval~smoothnsrofnewcaamucti~induding 
rorpanr-tgpcrord--w- systans8ndin~profilometen.~ussd 
amsidaably la8 often than profiloglaplB for 8 v8ricty of rasons. They are not able 
tokumion umcrcu pavanalts for 8 amsidmblc time after pBving (i.c. until the 
ancrete pins sufficient strength), they don’t allow rady id~tifiution or loution of 
pavanent surface abantions, and. in some asp, they are vay costly itans. However, 
they can operate at high speeds; thus a considerable amount of data can k obuined 
at a lower cost. Also, the unoothllus smistic is achiev&i with little or no nlanrul 
procusiag. High-speed equipma8t has its greatest 8pplicatkm in mtirc highway system 
‘UseymCnt. rcsarch rppliutions, and for alibmi~ purposcb 

NUBlerOUS march dfons as well n syqmsia and workshops have been directed 
toward providing information on the use of snloothnen-muAsuring equipman. Al- 
though tbcrc are vast difkrcn~ in equipmalt types and tbcir ultimau application, 
the rctlationships of scvaal SmootblKn indexes have been compared and UC ramably 
well definai. 

Aswcyof~~intwintheUnitedS~tamd~rrvalcd~ttherrL 
a wide divmity in the use of smtmtlmas spidimions and equipment. However, 
unpbnis on smoothness by sphfying agencies, together with strong suppon from the 
amsmution illdustry. hn led to the 8ttainmeDt ofixuxmingly smoother p8vemalts. 

-_ 
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National Perspective on 
Pavement Management .‘). 

T 
he nation’s hlghway network 
represents a multtbtlhon dollar 
tnvcstment chat allows for the 
essential movement of people 

and goods. 
Sound decisions on preventive mamre- 

nance, rehabtittaoon. and reconsuuctlon 
of highway pavements are cructal to pro- 
tectmg that tnvestment. For this reason. 

, . Pavement Management Systems (PM) 
have become increastngly important and 
are now federally mandated on ail Fed- 
eral-ald highways. PM5 pronde valuable 
asststance to dectston makers in deter- 
mmmg cost-effective strategtes for pro- 
vtdtng and mamtatnmg pavements in ser- 
viceable condttton. 

History of PMS 

Unlike other management systems that 
have begun In, recent years. PMS were 
started two decades ago. Although they 
have made steady progress since tht 
time. they are still new compared wtth 
other msntuttonal functions such as plan- 
nmg. destgn. constructton. mamtenance. 
and research. 

By the mtd-1980s -were proving 
themselves and the benefits were being 
documented. By the end of the 1980s 

-/ 

Frank 8ouIka ts Chief. Pavement Manage- 
mrnt Branch, Federal Highway Admmu- 
muon. 

FRANK BOTELHO 

more than half the states were deveiopmg 
or lmplementmg PW. In 1989 the Fed- 
eral Highway Admlmstranon (FHWh) 
Issued a pohcy requtnng all states 10 have 
a PVS that would cover pnnctpal artenals 
under the states’ Junsdictton It was there- 
fore apparent to FHWA that a PMS was 
needed by all LO ensure the cost-effecttve 
expenditure of FederaLaId funds. 

The scope of federal and state involve- 
ment in PMS expanded when Congress 
passed the Intermodal Surface Trans- 
portation Efficiency Act of 199L ([STEM 
and required all states to have a PMS that 
covers all Federal-ald highwlys. The most 
sigmficant aspect of this law was the 
expanded network coverage. FHWA‘s 
1989 policy covered 313.700 centerhne 
miles and 1STEA approximately tripled 
that coverage. increasing IL to 916,200 
centerline m&s. This expanded coverage 
translaks mto a need for agnificant coor- 
dinatton among state and local govem- 
merits. For example, of the total of 
916.200 miles covered, 365.200 are under 
local jurisdiction. 

In December 1993. FIWA issued a reg- 
ulation covering all managemtnL systems. 
Section 500. Subpart 9. of the regulation 
describes the EYEA tequirements for PMS. 
The following items are noteworthy 

. 1. The regulation is nonprescriptive: 
2. Federal-aid funds are eligible for the 

development. Implementation, and an- 
nual operatton of a PMS; 

3. SULCS must develop their work plan 
by October 1994, deslgncd to meet the 

Implementation requtrements; 
+ Standards are Included for rhe 

Sattonal HIghway System (NHS); 
5. The P.MS for rhe NHS must be fully 

operatlonal by October 1995; 
6. The states have full flextbtlity to 

develop the standards for the PMS rhat 
cover the non-NHS routes; 

7. The PMS for non-NHS routes must 
be fully operational by October 1997. and 

8. PMS mformatton must be used as 
Input into the development of the merro- 
polltan and statewlde transporrarlon 
plans and Improvement programs. 

Sectton 500.207. PVS Components. 
coniams the components of a PUS for 
hlghways on NHS, There are three prt- 
mary components: data collecnon, analy- 
ses. and update. The components under 
data collectton m&de 

1. Invcnrory. physlcat pavement fea- 
tures mcludtnq the number of lanes. 
length. width. surface type. functlonal 
classlficauon. and shoulder mformanon; 

. 2. History: prolect dates and types of 
construction. reconstNcnon. rehabdlta- 
tion. and preventive maintenance; 

3. Condition survey: roughness or nde. 
pavement distress. rutting, and surface 
friction; 

4. Traffic: voiume. vehicle type. and 
load data; and 

S. Data btasc: compllatlon of all data 
files used m the PMS. 

The components under anal~ mclude 
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Advantages of PM . 

.i PM mvolves a systemanc approach that 
suppltes quannfiable engmeenng mforma- 
rton to help hIghway engmeers and admm- 
tstrators ‘manage htghway pavements. The 
total dectston-making process 1s based on 
tnformatron from PMS coupled wth en@- 
neenng experience. budget constramts. 
isheduling parameters. management pre- 
rogattves. public input. polincal constder- 
jtlons. and planntng and programmmg 
factors. 

The purpo>e oi J PW IS [I) enhance 
the UJV in J<enc\ manages Jnd znymeers 
thr prrsenJtwn dl )I> ?JIemrnt net\\ork. 
i P\lS brines to rhe ruble .condltlon 
JJtd. rhe past. present. Jnd predIcted 
lurure iondlrlon of the pavement net- 
~~,,rk. C<?uplrd II Irh Invenrorv. project 
nistom. .ind ~321 JJt3. .i PU5 cm perform 
J myriad of en<tneenng. management. 
and Investment Jnslxses. 

.A PM helps pro\--lde the engmeenng 
]ustt!icauon for a multtyear network-level 
pavemen: presenauon program. It can be 
used to rcasure the cost-effecuveness of the 
preservation program and m domg 50 It can 
determme the value Added to the assets. 
N hen 111 the mforrnatton m J PMS IS ana- 
Iy:ed ~mcludmg key Items such as the 
remamtng sentce life). an agency can derer- 
mme if it 15 meenng tLs own goals.. Some 
basic quesuons a P.MS should ansu-er are 

l Is the network III acceptable condi- 
tlon according to the agency’s policy? 

l Is the trend in condition sraytng the 
same. tmprovmg. or dtchnmg? 

l Is rhcre a backlog. and if so. how 
large ts tt? 

A PMS should explore and SCILC 
opportunities to extend the service life of 
pavements-a major tnvestment in the 

* 

ISTE.4 requlres that states have pavement management systems covering 111 Fedenl-aid 
hIghways, many of which are under local jurisdiction. 

6 TR News 13. July-Allgus 1964 

future of the natton 5 tnlrastruc:ure Tills 
JOJ! Can be xcompllshed bv using :he 
:nformatton In J PM5 d.tta base I e per- 
formance dote) to evliuare how ~xell 
pavements xe destqned. constructed. Jnd 
mJlntJ)ned The quallw &)f eng[neerTnu, 
2nd the materl.lls used Jre of the utmost 
Importaxe hecJu>e these factors deter- 
mine the rate II u hlch pat cments detert- 
orace. In general terms. J PW should 
help Jccompitsh \rork more effwentl\ 
xtd provtde a wa\ to measure how well tt 
IS carrted uut 

PUS Perspective 

The followmg IS an Item-by-item perspec- 
tive on current practtces. future trends. 
and common hurdles in PMS. 

Inventory 
Mosr. tf nor all. states have an inventory of 
the phystcal features thar are on the sur- 
face of the pavement (i.e.. number of lanes. 
length, wdth. surface type. Funcuonal cl: 
stficanon. and shoulder tnformattor. 
number of states are lacktng tnformatt: 
ori features that lie below the surface 
because of the time and expense Involved 
m coring the pavement. The newest 
proven technolog)- %nr used by the states 
to measure pavem:!:; Iyer thtcknesies IS 

ground-peneuatmg r&r. Uhen caltbtated 
and usmg computer *ndysa. ground-pen- 
etrating radar can mesure pavement layer 
thickness wtthm plus or mmus 5 percent 
for materials th3t have different dtelecrnc 
constants. Swte-of-the-an equtpment oper- 
ates at htghwav speeds that makes It fast. 
safe. and cost-effecnve. 

Project History 
Most states do not have a complete proj- 
ect htstory (I.e.. preventwe mamrenance. 
rchabllnatlon. dnd reconstruc1ton data) 
for the NHS. ,Matmenance tnformanon IS 
the weakest Itnk. Most states have 
recentiy developed. or are m the process 
of developtng, a PM file for preventive 
maintenance acrintles. In USC: loi whtch 
it IS impractical to resurrect t? - 
htstoty because of time. labor 
agencies are now begtnntng t3 
prolect htstory. 

pavement 
and cost. 
track the 1 
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Roughness 
The technology for measuring pavement 
roughness at the network level generaIl> 
bqdn \~~rh response-tape devices. foi- 
liJ\Led bb uirrasonic Jnd visible optlcal 
devices The future [rend 15 reward 
inlrared apr~cal Jnd Ia$rr ptc’hie cir~~crs 

Ruttmg 
LL’hen n!S teas Krsr introduced 15 10 10 
years ago. rutrmg was measured using 
jrralght edges and stnng lines. Dunng the 
past 10 years. most state htghway agencies 
(5H.4) have acquired automated devices 
that measure rutting at htghwai speeds. 
These are typtcally uitrasotuc de$xxs mth 
either three or five sensors. There are two 
other devlccs: one has 19 ultrasomc sen- 
sors and another has 11 lasers. 

Cracking 

, 

In general. cracktng is the distress that 
-drives- most PMS. For many years, 
cracks were measured using tramed &t- 
vey crews who walked or drove on the 
pavement. There arc tw? types of driven 
surveys: slow and highway speeds (typi- 
tally 30 to 50 mph). Currently, various 
SHAs use 35mm film and super VHS 
video to photograph the surface of the 
pavement. The film and videos are then 
viewed on a monitor at an office work- 
statton by a trained observer who per- 
forms the distress survey. 

Vtewmg a film or video at an office 
workstation ts safer and more convenient 
than conducting a walking field survey. 
However. pavement management cngi- 
necrs using walking surveys are able to 
detect more low-seventy distresses than 
they can by watchtng a film or video sur- 
vey because of its limited resolution. 

A number of PMS engtncers bciicvc the 
opttmum system is a fully automated 
approach that uses the science of pattern 
recogmuon. This type o&yaust~ videoupa 
the pavement surfia. * the irmga 
using gny scales and pattern recognition. 
and counts the cnckr using computer soft- 
ware and algorithms. The obvious adnn- 
tagcs of thistype of system are htgh-speai 
data processing. safety. labor savings, and 
consistent data. Fully automatai sy~vrr~ 
havenowbeendewl0pd.~udingO~by 
the Texas Department of Tnnsportaaoa. 

Pavement management systems provide valuable help in determining costtffccrivc 
strategies for providing and maintaining pavements in serviceable conditioa. 

~Structunl Carrying Capacity 
Only a handful of states are currently 
measuring the structural carrying capac- 
ity of their pavements at the network 
level using deflection measurements. Net- 
work-level measurements are not 
intended to have the same degree of accu- 
racy as project design measurements. 
States that collect network-level data have 
shown than 1~ b good general indiaton 
of the overall carrying capacity of the nct- 
work. These types of data and analysis 
an flag attention to special situations; for 
example when certatn roads appear to 
have less carrying capacity than needed. 
Stationary deflection-measuring devices 
do not lend themselves to network-level 
PMS because the process is slow and 
costly. In the future. PMS wiil need a 
deflection-measuring devtcc that operates 
at or near highway spcids. The deflccnon 
measurements obtained from a ‘rolling 
deflectometer,’ as it is known, and the 
pavement layer thicknasa obtained from 
the ground-pcnctraang radar. are used to 
compute the structural canying capacity 
of the pavement. 

Perfonnanu 
Most states have the raw data needed to 
monttor and predict pavement perfor- 
mance, which IS typically measured as 
condition or serviceability over a penod 
of time. Currently half the states have 
performance cuTyes. one-quarter are In 
the process of developtng performance. 
and the rcmamdcr are not yet actwe. 
Excellent off-the-shelf software packages 
that PMS engineers can use for regresslon 
analysis are available. In the future. these 
software packages. coupled with today’s 
high-speed and ever-more-powerful PCs. 
will enable PMS engtneers to track and 
predict performance on a ‘route-spectfic” 
buts. This capabtlity has already been 
proven and put into opcmuon in at least 
some SHk 

Traffic and Load Data 
PMS need average da11y traffic flow maps 
and equtvalent stngle-axle load (ESAL) 
flow maps on a route-specific basis. Cur- 
rently all SHAs have traffic flow maps. 
However, few SHAS have or an produce 
ESAL flow maps. Most traffic-coliecuon 
procedures are geared toward collecting 
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rrjfflc volumes. \\ hlch are prlmarllv used 
b\ hlghwav rnglneers Jnd planners for 
i3p3c1[\ 2nai\ils. Lnril PLIS came Along. 
rhrre NJS no need IO collecr lrafflc data 

iar lo.~ci ~JI\SIS on a route-specific basis. 
L nfarrunareit. Lx PllS engmeers. collect- 
tnq load LIJLJ on J route-specific basis IS 

m,rre expenzlve rhJn rhe exL>tmg trafhc- 
Lallectlon process and IC IS not known if 

the Jddlrlonal expense (which has not 
been calculated for each state) is Just& 
able. \lore study IS needed on this topic. 
Jlany PMS engtneers and planners believe 
that better trafhc- and load-prediction 
models are needed. 

Ranking Projects 
The backbone Jnd hezrl of a PMS is 115 
ability to rank in pnonry order pavement 
preservation ptoJects that are jusrlfiable 
and cost-effective. The most Important 
phrase In the new (December 1993) 
FHWA regulation on management sys- 
tems 1s the requirement that PMS for 
NHS produce *a prioritized lls~ of recom- 
mended candidate proJects with rccom- 
mended prcsematlon treatments thaat span 
smgie-vear and multi-year periods using 
life-cycle cost analysts.” Currently most 
state PMS do not produce a multiyear 
ranked hst of pro~ecrs with recommended 
treatments using life-cycle cost analysis. 
but are expected to have this capability in 
the future. 

Remaining Service Life 
Determmmg *rematnmg senrice life” is a 
requirement in the new regulation for 
NHS. Currently only 10 SHAs perform 
this anaiysls. but m the future it is antic- 
spared that most will find this an unen- 
cumbered task. It IS lmporrant to monitor 
the long-range health of a network and 
rhis anaiysls enables managers and pro- 
grammers to mainram a -steady state” in 
their m&year workload and budget - 

Relational Data Bw 
A PMS cannot automatically. system& 
caiiy, consistently. and cffic~ently function 
wlthout a ‘reiatlonal data base” because 
the amount and Lompicxiry of data cannot 
be computed w~uzlly for a ryplcal state 
PMS. Currentlv calf the SHAs have rela- 
tional dara bases, onequarter arc develop 
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mg [hem. xxi Ihe wmatnder xe ncll .\cuve 

at rhe pre>cnr [ime Gl\rn rhe ytlte-of-the- 
& cJpabllLtles In relarlonal Data-base 
mangement jvstems. I( IS Jnrlclpated that 
most SH.45 ~~rlll have relauonal data bases 
m the near furure. 

Uniformity 
Currently there IS little-to-no unlformlty 
among the states m the way the)- mea- 
sure. collect. and report PblS condtrlon 
data. The reason IS that all states devel- 
oped thetr PMS independently This mde- 
pendence. ol course, has many advan- 
tages for deslynzq a PSI’S to meet the 
needs 2nd oblcr::** zs of Jn b. .lgency. But 
SGNCS we at .I Aadvancagt when com- 
municating wit6 crch other about basic 
condwon mformauon such as roughness, 
rutting. and crackmg. They WIII fmd a 
lack of umformity. which means that they 
cannot communicate or help each other 
to enhance this area of PMS. Efforts are 
under way and accomplishments have 
been made by ASTM and the Road Pro- 
filer Users Group (RPUG) that deserve 
commendation. The other management 
systems such as bridge and safety already 
have national standards for data collec- 
tion and reporting. 

PMS will benefit if the 50 states. 
Puerto Rico, and the District of Columbia 
agree to adopt more un*! rm methods to 
collect and repoti con&t*. n sta. Future 
efforts by ASTM; RPUG; -rrateg~ High- 
way Research Program. Long- rcrm Pave- 
ment Performance; FHWA; and the 
American Association of State Highway 
and Transportation Officuls’ Task Force 
on Pavements are aimed in that direction. 

In-House and Outside Resources 
Pavement management is a procedure 
that includes a wide variety of technical 
components. Some of these require a high 
degree of technical skill to develop and 
~mpiemenc. whereas others require a high 
concentration of effort to estabhsh. Each 
agency should carefully and obJecliveiy 
weigh its m-house capabIlities, and if it 
does not have tbe resources, It should 
senousiy consider seeking assisrancc from 
a consultant or a universtty. In the long 
run. it will save a lot of umc and money 
and result in a better final product.. 

Staffing 
The btggest problem the .IJ[C, IJ~C ‘0 

developing. implementing. updlrlng. lnd 
operarmg a PUS IS jtafhng. There IS 1 ,IC- 

nlftcant shortage of people ivho under- 
,la.nd PVS C7nce emplovees xe rralnrd 
Jnd yin \u,ne cxperrence. rhev dre d,Tren 

promoted or transferred to other Jobs Fx 
the pasr hve fears. the Inn& Lurnoter 
rate of state PUS engtneers has bet.. 
approxlmarely 14 percent. TIC . 
incentives for es+ reriremeni; .:.I\ -2 
fueled lhal rate m the past IUO vedr5 ,&en- 
eraiiy, most SH.\s have ~1%. oqe persl’n 
who ovcnees the man+emc:l! and dallv 
operation of rhe compietr P’lS program. 
and when that person ic:Jves. most often 
the PMS shuts down. Thts sttuatlon 
occurs quite frequently and because of rhe 
current budget constramts and staffing 
celirngs m most highway agencies. It LS not 
llkelv 10 Improve. Unfortunately there IS 
no quick fix to this problem. 

Future Implementation of PMS 

In gauging the future success of.11 
mentmg PMS as called for tn ISi’. 
organirallons must first dcclde whether 
they are scnous about PYS. If so. and the 
commmnent IS made to do rhe work. sup- 
ply the resources. and use the svstem. 
then PM5 use IS likely to be successful. 

Students In the.nation’s colleges and 
unlverstnes wtil provide the life blood Cor 
PMS In the future. Currently 24 such 
mstltuuons offer courses on PMS. but 
more are needed. FHWA and SH.-Is 
should support academia m provrdmg 
more education about PMS and other 
management systems. 

The largest mstitutlonai obsracle fac- 
mg PMS today IS acceptance by dll man- 
agers and engineers In all agencies 
(Including federal. state. and local). The 
reasons for this are many. The future 
holds more hard work for those who are 
serious about pavement management. 
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NOTICE 

This paper was prepared in the interest of technology sharing. It 
is not intended to be an all-inclusive discussion of the pavement 
data collection equipme@ available today. 

The paper is distributed under the sponsorship of the Department 
of Transportation. The contents do not necessarily reflect the 
official views or policies of the Federal Highway Administration, 
and the United States. Government assumes no liability for its 
contents or use thereof. This paper does not constitute a 
standard, specification, or regulation. Trade or manufacturers' 
names which appear herein are cited only because they are 
considered essential to the objectives of the paper. The Federal 
Highway Administration does not endorse products or manufacturers. 

Additional copies of this paper are available by contacting: 

Federal Highway Administration 
Pavement Division (HHO-11) 
400 Seventh St. S.W. 
Washington, D.C. 20590 
Attn: Bob McQuiston 
Phone: (202) 366-1337 
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AUTOMATED PAVEMENT DATA COLLECTION EQUIPMENT 

PAVEMENT MANAGEMENT 

Our nation's pavement network, 
is growing older. 

much like the national population, 
Resources to meet the needs of pavement 

preservation continue to fall short of existing needs, and the gap 
can be expected to widen as we approach the twenty-first century. 

In order to address pavement needs, many agencies have turned 
toward a systematic process for Pavement Management. The AASHTO 
Guidelines on Pavement Management define Pavement Management as 
"the effective and efficient directing of the various activities 
involved in providing and sustaining pavements in a condition 
acceptable to the travelling public at the least life cycle cost." 
Simply stated, the purpose of Pavement Management is to get the 
most bang for the buck. 

An effective Pavement Management System encompasses many of the 
disciplines within an agency's organization. These may include 
planning, programming, budgeting, data collection, design, type 
selection, construction, materials, research, maintenance, 
monitoring, and performance evaluation. The Pavement Management 
System draws from these disciplines, providing feedback to assess 
the adequacy of important decisions such as selected 
rehabilitation alternatives. Through the systematic Pavement 
Management System process, the individual disciplines may be 
constantly evaluated, refined, and improved. 

In order to preserve pavements in a cost effective manner, the 
pavement condition for the agency's entire system, or network, 
must be known and periodically monitored. The condition of all 
pavements deteriorates with time and traffic loading (Figure 1). 
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Figure 1 - Pavement Condition vs. Time and Loading 
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Following initial construction, pavement condition deteriorates 
slowly at first, then more rapidly as load applications are added. 
At some time after initial construction, the condition 
deteriorates to a minimum acceptable level at which time the 
pavement is rehabilitated. The condition is improved to a point 
above its minimum acceptable level, depending on the type and 
extent of the rehabilitation performed. This process continues 
indefinitely for every pavement section on the network at varying 
rates depending on variables such as design, construction, soils, 
materials, drainage, environment, loading, etc. 

The minimum acceptable level varies depending on the 
classification of the pavement. For example, the minimum 
acceptable level for a heavily travelled Interstate facility can 
be expected to be considerably above the minimum acceptable level 
of a local se-ice road. 

If an agency is to make the most effective use of its scarce 
resources, then maintenance, rehabilitation, and reconstruction 
should be performed at the proper time (Figure 2). As the slope 

Figure 2 - Pavement Rehabilitation Cost vs. Time Performed 

of the pavement deterioration curve changes from a horizontal line 
(zero) to a line approaching vertical (infinity), the incremental 
cost to repair an equal number of additional loads increases 
considerably. In a very short period of time the cost to 
rehabilitate the pavement to an equivalent level of serviceability 
may double, triple, or more. 

Effective Pavement Management begins with the collection of the 
most reliable, consistent, and objective pavement condition data 
obtainable. The technological explosion of the past 10 years has 
permitted a tremendous improvement in the types; accuracy, repeat- 
ability, reliability, and degree of automation of available equip- 
ment to collect this data. Significant improvements are now being 
made annually, and can be expected to continue in the years ahead, 
especially in the area of automated crack detection technology. 
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CONDITION SURVEYS 

Pavement condition data is collected by means of a condition 
survey. In past years, condition survey teams, made up of tra 
raters, walked or drove along the pavement and recorded 
observations of the pawment condition (Figure 3). On some 
networks, this technique is still in use. 

ined 

Figure 3 - Condition Survey Team 

Depending on the size of the network, one or more teams obtain the 
condition data. This data may be collected either for an entire 

.^ .<, network or statistically representative samples of the network. 
The productivity, accuracy, repeatability, reliability, and 
sampling intervals are related to the team's speed and the amount 
of data required. The limitation of this type of survey is its 
slow speed, the data collected is subjective and often varies from 
one observer to another, and the team members are exposed to 
traffic. Variations in the data collected inevitably result. 

The use of high speed automated equipment is becoming more 
prevalent. While human observers are more versatile and creative 
than automated equipment, machines are fast, objective, tireless, 
consistent, and generally less disruptive to traffic because they 
travel at high speeds. Some State highway agencies (SHAs) have 
been moving toward automated pavement data acquisition. This 
trend is expected to increase in the years ahead. 

AUTOMATED DATA COLLECTION 

Most SHAs rely on four important pavement condition measurements 
to determine priorities for maintenance, rehabilitation, or 
reconstruction. These measurements generally include skid 
resistance, deflection, roughness, and distress. This paper 
provides an overview the state-of-the-art practice in automated 
data collection equipment. 

_-. 
The concept of automated collection of these and other desired 
data is not a new one. A roughness device was developed as early 
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as 1923. The Bureau of Public Roads (now the Federal Highway 
Administration) standardized the BPR Roughometer, a devise to 
measure ride, in 1940. Automated procedures have been used to 
measure skid resistance since the 1940's, structural capacity 
since the 1950's, and distress since the early 1970's. New 
technology has been developed for various uses and is now being 
adapted to pavement evaluation. Examples are the use of non- 
contact transducers (sonic and ultrasonic probes, incandescent 
light, and lasers), 
photography, thermal 

ground penetrating radar, stress waves, still 
infrared photography, and video technology. 

Each of these areas is undergoing continuous change and constant 
improvement as more public and private funding is provided to 
develop the technology. 

A SHA may realize cost and time savings through the proper 
selection and application of automated equipment for Pavement 
Management. Larger networks may realize greater savings by using 
automated devices. The most commonly used devices to collect 
skid, deflection, roughness, and distress data, and the equipment 
which may be seen in the future is described in the following 
sections. Appendix A contains a partial list of the commercially 
available equipment to collect pavement condition data. 

Equipment for skid Data Collection 

Pavement skid resistance or surface friction is measured to 
evaluate pavement safety. Skid resistance varies with many 
factors such as pavement material, texture, aggregate type and 
amount of polish, temperature, 
such as rubber, oil, grease, 

type and amount of foreign material 
and dust on the pavement surface, 

water film thickness, and tire type, condition, inflation, tread 
pattern, and material composition. 

Pavement skid resistance is usually measured directly through the 
use of locked wheel skid trailers. The trailer is towed over the 
pavement surface at a speed of 40 mph or higher and water is 
applied in front of the test wheel (Figure 4). The test wheel is 

Figure 4 - Locked Wheel Skid Tester 
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locked by a brake, and after it has been sliding along the 
pavement for a certain distance the force that the friction in the 
tire contact patch produces or the resulting torque on the test 
wheel is measured and recorded for a specified length of time. 
Either a ribbed tire or a smooth tire can be used to perform the 
test. The ribbed tire 'is insensitive to the pavement 
macrotexture, allowing water dissipation through the tire grooves. 
The smooth tire is sensitive to the macrotexture. 

Standard procedures (ASTM E 274-85) have been developed for the 
performance of skid testing with the locked wheel skid trailer. 
The result of the test is reported as a skid number. On-board 
computers are now being used to record and calculate the skid 
number,. as well as to plot skid number versus speed, and peak 
incipient friction, if desired. 

Another device available to measure skid resist 
meter (Fisure 5). 

ante is the mu- 

Figure 5 - Mu-Meter 

The mu-meter, like the locked wheel tester is trailer mounted. It 
uses smooth tires, yawed at equal but opposite angles to measure 
side friction force. Operation procedures are similar to the 
locked wheel trailer. On highway pavements the mu-meter may not 
provide an accurate indication of the pavement skid resistance due 
to the location of the narrowly spaced trailer wheels. The wheel 
paths of the mu-meter wheels generally fall between the normal 
wheelpaths of highway traffic. The use of the mu-meter has 
declined on highway pavements during the 1970's and 1980's. 

New methods to improve testing efficiency and reduce skid testing 
costs are being studied. Recently completed research indicates 
that the spin-up tester may produce accurate results at lower 
costs. Like the locked wheel tester and mu-meter, this device is 
also trailer mounted. Testing begins following the locking of the 
wheels, and continues after the release of the brake until the 
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wheels reach full angular velocity. The time interval between the 
moment the brake is released and the achievement of full angular 
velocity is indicative of the skid resistance of the pavement. 

Automated equipment is now available and being refined to measure 
or correlate skid data yindirectly with lasers and video 
technology. Two indirect methods to collect data for skid 
correlation are under development. Devises using laser sensors 
are capable of measuring the macrotexture of the pavement surface, 
which has some influence on skid resistance., 

Video technology may also hold promise for the future, but has not 
yet been fully investigated in the United States for the purpose 
of correlation to skid resistance. A device known as the Yandell 
Mee Texture Friction Device is now in operation in Australia. The 
device uses a video camera, tracking device, and image enhancement 
to capture an enlarged video picture of the pavement surface. An 
on board computer collects the data. Software performs a 
statistical analysis of the texture, and produces output data on 
the locked wheel braking force friction and the sideways 
coefficient of friction. 

Equipment for Deflection Data Collection 

Measurement of pavement structural carrying capacity provides 
valuable data for the selection and design of a pavement 
rehabilitation strategy. Until recently, deflection was only 
collected and used at the project design level, but now several 
SHAs collect it at the network level, and the trend in this 
direction will probably continue. 

Stronger pavements deflect less than weaker ones, and support far 
more traffic loadings. Deflection measurements are taken through 
the measurement of a deflection basin which is created by 
application of a load to the pavement. 
in several forms, 

This load may be applied 
such as by parking a loaded heavy vehicle of 

known axle loading, or by dropping masses onto the pavement 
surface. The load applied to the pavement surface creates a 
pavement deflection basin (Figure 6). The size, shape and depth 
of the deflection basin represents an overall system response of 
the paving layers and the subgrade to the known load. When the 
load is applied, all layers deflect creating strains and stresses 
in the supporting layers. 

Differences in the size, shape, and depth of the deflection basin 
can be measured both at the surface and the underlying layers. 
Deflection will most often be measured at the pavement surface for 
network or project level analysis. On some research studies 
measurements may be taken at various depths in the pavement 
section, such as at the asphalt-aggregate interface, and the 
bottom of the subgrade. 
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Figure 6 - Typical pavement deflection basin 

Many factors influence the measured pavement deflection and 
interpretation of the results requires a thorough analysis. As 
the load is increased the pavement deflection will also increase, 
but not linearly, since most pavement material properties are 
stress dependent. Factors influencing the measured deflection 
include the pavement type, stiffness of the pavement/subgrade 
system, location of the test, proximity to joints or cracks, 
location of drainage structures, 
and moisture, 

variations in soil composition 
and voids beneath the pavement structure. Climatic 

factors such as temperature, thermal gradients, moisture, and 
depth of frost greatly affect the results, as does the season of 
the year in which the tests are taken. All deflection data should 
be adjusted to a constant temperature and season prior to plotting 
or use. Proper procedures must be followed for temperature and 
seasonal corrections to obtain reliable results. 

Four classes of equipment exist to measure deflection: static 
deflection equipment, automated beam deflection equipment, steady- 
state dynamic deflection equipment, and impulse deflection 
equipment. 

Static deflection eouipment 

Static deflection equipment is used to measure the deflection of 
the pavement to slowly applied loads. The most commonly used 
static deflection device is the Benkelman Beam, a 12-foot beam 
pivoted at the third point. The pivot provides an 8-foot probe 
with the extreme tip resting on the pavement and supported by the 

-. pivot point. The rear end is a 4-foot cantilever beam which moves 
upward when the pavement deflects downward. The basic components 
are depicted in Figure 7. 
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Figure 7 - Basic Components of the Benkelman Beam 

The device uses a loaded truck to create the deflection. A dial 
indicator rests on the rear end and measures this movement. 
The only measurement recorded with the Benkelman Beam is the 
maximum rebound deflection. The limitations of the device are 
insuring that the front supports are not located within the 
deflection basin, 
the basin, 

the inability to determine the shape and size of 
and poor repeatability of the results. Due to these 

limitations the SBAs are moving away from the static devices and 
toward other types such as the impulse deflection equipment. 

Other devices in this category are the Curvature Meter and the 
Plate Bearing Test equipment. 

Automated Beam Deflection Eouioment 

Equipment which automates the Benkelman Beam process is placed in 
this class. Included is the La Croix Deflectograph which has been 
used widely in Europe and other parts of the world, and the 
Travelling Deflectometer which is used by the California 
Department of Transportation. 

Steadv-State Dynamic Deflection EUIlioment 

Steady-state dynamic deflection devices place a static preload on 
the pavement surface. A steady-state sinusoidal vibration is then 
induced in the pavement with a dynamic force generator. The 
advantage of this type of equipment over static equipment is that 
a reference point is not needed.. An inertial reference is used 
and the change in deflection can be compared directly to the 
magnitude of the dynamic force. One of the limitations of this 
type of equipment is the use of the static preload. This load is 
relatively large in comparison with the maximum peak to peak 
loading. The most commonly used steady-state dynamic deflection 
devices are the Dynaflect and the Road Rater. 
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Dynaflect - The Dynaflect (Figure 8) was one of the first 
commercially available steady-state dynamic deflection devices. 
It is trailer mounted, and can be towed by a standard automobile. 

- -  
. .- .: 

__ - - -  -2. 

Figure 8 - Dynaflect 
. . A 

The Dynaflect applies a static weight of 2000 to 2100 pounds to 
the pavement while the dynamic force generator produces a lOOO- 
pound peak-to-peak force. Deflection is measured using five 
velocity transducers (geophones). The transducers are suspended 
from a placing bar which is normally placed in the center of the 
loaded area and at one-foot intervals away from the load 
(Figure 9). 

Figure 9 - Schematic of the Dynaflect in testing position 

The device is moved to the test point and the loading wheels and 
geophones are hydraulically lowered to the pavement surface. The device is then moved to the next site on the loading wheels. The 
limitations of the Dynaflect are the maximum peak-to-peak loading, 
which is limited to 1000 pounds, the inability to vary the load, 
and the fixed frequency of the loading, which cannot be changed. 
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Due to this limitation this device may be inadequate to evaluate 
thick pavement sections and other devices with heavier loading 
systems should be considered. 

Road Rater - The Road Rater (Figure 10) is the second type of 

Figure 10 - Road Rater 

commercially available steady-state dynamic deflection device. 
Three models, 
available. 

which vary in the magnitude of the applied load are 
The static load is applied to the pavement surface 

through a steel plate. 
peak-to-peak force which 

The dynamic force generator produces a 

preload. 
is one-half the magnitude of the static 

The amplitude and the frequency can be altered. This 
allows different dynamic peak-to-peak loadings ranging from 1000 
to 8000 pounds. The loading frequency can.be varied between 5 and 
70 cycles per second. Three sensors are attached to an arm 
trailing the loading plate, with an additional sensor in the 
center of the loaded area. 

Testing starts by moving the device to the test point, and 
lowering the test plate and the sensors to the pavement surface. 
A test run is performed at selected loads and frequencies, the 
loading plate and sensors are lifted from the surface, and the 
device is moved to the next site. The limitations of this device 
is the limited load level for the lighter models, and the 
requirement for a heavy static preload for the heavier models. 

Other Steady State Deflection Equipment - Other devices in this 
category include the FHWA Thumper, a custom-built device that can 
perform static, dynamic, or intermittent pulse loading, and other 
custom-designed dynamic deflection devices. 

Imoulse Deflection Ecuinment 

These devices deliver a transient force impulse to the pavement 
surface. They use a weight which is lifted to a specified height 
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,.^, 
on a guide system, and dropped. 
plate, 

The falling weight strikes a 
which transmits the force to the pavement: 

amount of weight and the drop height, 
By varying the 

varied. 
the impulse force can be 

The advantage of the impulse type equipment is the ability to 
model a moving wheel load in both magnitude and duration. The 
resulting deflection closely simulates deflections caused by a 
moving wheel load. The impulse equipment has a relatively small 
preload compared to the actual loadings. The preload prior to 
releasing the weights varies with the equipment. It is usually in 
the range of 8 to 18 percent of the maximum impulse load which is 
9,000 to 24,000 pounds. The preload during the period the weights 
are dropping is normally in the range of 5 to 14 percent of those 
same maximum impulse loads. 

Dynatest Falling Weight Deflectometer - The most widely used 
falling weight deflectometer (FWD) in the U.S. is the Dynatest 
model 8000 FWD (Figure 11). The system is trailer mounted and can 

Figure 11 - Dynatest Falling Weight Deflectometer 

be towed by a van or pickup truck. Its impulse force is created 
by dropping weights from different heights. 
height and weights, 

By varying the drop 

developed. 
a force range of 1,500 to 24,000 pounds can be 

The load is transmitted through a rubber buffer system 
and an 11.8 inch diameter loading plate to the pavement. The 
deflection basin is measured using up to seven velocity 
transducers which are mounted on a bar and lowered with the 
loading plate to the pavement surface. The device is moved to the 
test site, and the loading plate and transducers are lowered to 
the pavement. A test sequence is completed using a number of 
drops at each selected drop height. The loading plate and sensors 
are then hydraulically lifted, and the FWD is moved to the next 
site. 
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Other Impulse Deflection Equipment - Other devices in this 
category include the KUAB and the Phoenix FWDs. Both are trailer 
mounted and are operated in a similar manner to the Dynatest FWD, 
using various combinations of number and size of weights and drop 
heights. 

A summary of the most commonly used deflection devices and their 
various measurement properties and features is contained in 
Table 1. The most important limitation of current deflection 
equipment is the inability to collect the data at high 
Stops must be made at each test location, requiring the 

speeds. 

maintenance of traffic. Developmental efforts are underway to 
automate deflection equipment to reduce traffic conflicts. Again, 
it should be emphasized that pavement deflection data should be 
used carefully. Appropriate correction factors for temperature, 
moisture, time of season, test location, etc. must be applied in 
order to produce meaningful data. Proper use of this very 
important data can yield effective information for the design of 
pavement rehabilitation strategies. 

TAELEl- DEFLECTION EQUIPMENT 

---_--__------------________I___________--------------------------------------------------------------------.------------- 

1 DEFLECTION 1 PRINCIPAL 1 LOAD ACTUATOR (STATIC ME“411 TYPE OF LOAD 1 RELATIVE 1 DEFLECTION INUMBER oF( 
1 OF OPERATIm { TRANSMISSION 1 MEASURING SYSTEM 1 SENSORS 

Transducers 

~DtfLectograph(DtfLection Bta( Truck I WA I nhtels I Ext. High I mmt Transducers I 2 I 
________________-___---.--------------------~--------------------- ____________--_--_--____________________---------------~ 
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Equipment for Roughness Data Collection 

Over a period of time all pavement surfaces become increasingly 
rough. Ride quality, a subjective evaluation of pavement 
roughness, may be evaluated through the use of rating panels 
(which may be part of the condition survey team), or through the 
use of manually operated or automated equipment. Other equipment 
may be used to objectively measure roughness. In terms of 
pavement profile, roughness can be defined as the summation of 
variations in the surface profile of the pavement. This pavement 
roughness consists of surface irregularities with wavelengths and 
amplitudes ranging from fractions of an inch to several feet. The 
measurement of pavement roughness corresponds to the measurement 
of the actual pavement profile or the measurement of the response 
of a mechanical system to the profile. 

Knowledge of the extent of pavement roughness is essential since 
roughness often provides some indication of a pavement's need for 
maintenance, rehabilitation, or reconstruction. Roughness is also 
one of the primary criteria by which the public measures the 
credibility of an agency that manages pavements. FHWA considers 
roughness data collection to be of vital Lzportance in the 
assessment of pavement condition. The States will be required to 
have automated calibrated equipment operational for the collection 
of Highway Performance Monitoring System data by the end of 1989. 

Equipment for roughness surrey data collection may be broadly 
categorized into 4 categories, the relative degree of automation 
and complexity of which increases in the order listed: 

l Rod and level survey-including the Dipstick Profiler, 
e Profilographs, 
l Response type road roughness meters (RTRRMs), 
l Profiling Devices 

Each category has its advantages and limitations, and selection of 
appropriate roughness equipment should be made following a careful 
assessment of the primary purpose for which the equipment is to be 
used, and an analysis of the advantages and limitations of each 
device. One of the most important considerations in selection of 
a roughness measuring device is the tradeoff between the 
relatively low initial and data collection costs of devices such 
as an RTRRM, versus the frequent need to calibrate the device. 
Other tradeoffs must also be carefully considered. 

Laser devices may also be used to measure pavement roughness. 
Since the laser can also be used to measure other pavement 
parameters, its use will be discussed in the section "Equipment 
for Distress Data Collection~~. 
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Rod and Level Survey and the Dipstick Profiler 

Rod and level surveys provide an accurate measurement of the 
pavement profile. The use of the rod and level survey for network 
or even large project survey data however, 
prohibitive. 

is impractical and cost 
A first-sftep automation of the rod and level 

which may be used to collect a relatively small quantity of 
survey 

pavement profile measurements is through the use of the Dipstick 
Profiler (Figure 12). 

Figure 12 - The Dipstick Profiler 

The Dipstick Profiler consists of an inclinometer enclosed in a 
case supported by two legs separated by 12 inches. 
displays are provided, 

Two digital 
one at each end of the instrument. Each 

display reads the elevation of the leg at its end relative to the 
elevation of the other leg. The operator then l'walkslV the 
dipstick down a premarked pavement section by alternately pivoting 
the instrument about each leg. Readings are recorded sequentially 
as the operator traverses the section. The device records 10 to 
15 readings per minute. Software analysis provides a profile 
accurate to pJus or minus 0.005 inch. 

A common application for the dipstick is to measure the profile 
for the calibration of RTRRMs. A strip can be surveyed by a 
single operator in about one half the time of a traditional survey 
crew. 

ProfilooraDhs 

Profilographs have been available for many years and exist in a 
variety of different forms, configurations, and brands. Due to 
the design they are not suitable for condition surveys. Their 
most common use today is for portland cement concrete pavement 
construction inspection, control, and acceptance. The major 
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differences among the various profilographs involve the 
configuration of the wheels and the operation and measurement 
procedures of the various devices. 

Profilographs have a sensing wheel, mounted to provide for free 
vertical movement at th'e center of the frame (Figure 13). The 

SW ELEVATION 

Figure 13 - Profilograph Layout (California type Profilograph) 

-. deviations against a reference plane, established from the 
profilograph frame, is recorded (automatically on some models) on 
graph paper from the motion of the sensing wheel. Profilographs 
can detect very slight surface deviations or undulations up to 
about 20 feet in length. 

Response TvDe Road Roughness Meters 

The third category of roughness data collection equipment is the 
response type road roughness meters. This category includes such 
devices as the BPR Roughometer (Figure 14), the Mays Ride Meter 
(Figure 15), and the PCA Road Meter. RTRRMs have been used for a 

Figure 14 - BPR Roughometer 
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Figure 15 - Mays Ride Meter 

number of years and are currently the most widely used roughness 
data collection device in the United States. Their primary use is 
for network level roughness data collection. 

Road meters or RTRRMs measure the vertical movements of the rear 
axle of an automobile or the axle of a trailer relative to the 
vehicle frame. The meters are installed in vehicles with a 
displacement transducer on the body located between the middle of 
the axle and the body of a passenger car or trailer. The 
transducer detects small increments of axle movement relative to 
the vehicle body. The output data consists of a strip chart plot 
of the actual axle body movement versus the time of travel. 

The advantaues associated with the use of RTRRMs are: 

The initial and operating costs are low. 
Reasonably accurate roughness data is provided if the 
device is DroDerlv calibrated. 
Reproducible results may be obtained when the device is 
properly maintained. 
Data can be collected at high speeds, i.e. 50 mph. 
Efficiency-- numerous pavement sections can be evaluated in 
a relatively short period of time. 

In spite of the advantages of RTRRMs, there also several 
limitations: 

l Response type equipment records the dynamic response of a 
mechanical system travelling over a pavement at a 
constant speed. Therefore, the characteristics of the 
mechanical system and speed of travel affect the 
measurement. 
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RTRRMS measure a dynamic effect of the roughness but do 
not define the profile of the pavement. 
In order to provide accurate, 
data, 

consistent and repeatable 
the device must be frequently calibrated, through a 

range of operating speeds, against sections of known 
profile, rangihg from very smooth to very rough. The 
annual costs of the calibration checks can be quite high. 
The vehicles in which the RTRRMs are installed contribute 
many potential sources of variation including rear 
suspension damping, tire nonuniformities and inflation 
pressure differences, and vehicle weight changes. 
Due to the variations of the various mechanical systems 
of RTRRMs, comparability of data among users with the 
same user, or with the same device is difficult, unless a 
common standard roughness index is used. 

Several standard calibration procedures have been developed for 
the RTRRMs which are in use today. Careful operating and 
maintenance procedures should be followed, including frequent and 
precise calibrations, 
consistency. 

in order to improve device accuracy and 
The degree of accuracy desired in the calibration of 

RTRRMs ultimately depends upon the proposed use of the data being 
collected. 

RTRRM systems are adequate for routine monitoring of a pavement 
network and providing an overall picture of the condition of the 
network. 
indication 

The output can provide managers with a general 
of the overall network condition and maintenance needs. 

Profilins Devices 

Profiling Devices are used to provide accurate, scaled, and 
complete reproductions of the pavement profile within a certain 
range. They are available in several forms, and can be used for 
calibration of the RTRRMs. The equipment is expensive, with 
complexity increasing depending on the types and number of 
transducer sepsors contained on board. 
profiling systems are in use today: 

Three generic types of 

l Straight edge 
l Low speed systems 
l Inertial Reference Systems 

The simplest profiling system is the straight edge. Modifications 
to the straight edge, such as mounting it on a wheel are very 
popular (profilographs). Low speed systems such as the CHLCE 
profilometer (Figure 16) are moving reference planes that have 
little or no dynamic effect due to their low speed. The CHLOE is 

_ a long trailer that is towed at low speeds of 2 to 5 mph. The 
slow speed is necessary to prevent any dynamic response 
measurement during the readings. The device measures the 
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WHEELS 

Figure 16 - CHLOE Profilometer 

difference in slope between a small arm with two wheels and a 
trailer frame with 2 larger wheels. A few agencies still use the 
CHLOE to calibrate their RTRRMs. 

Most ssphisticated road profiling equipment uses the inertial 
reference system. The profiling device measures and computes 
longitudinal profile through the creation of an inertial reference 
by using accelerometers placed on the body of the measuring 
vehicle to measure the vehicle body motion. The relative 
displacement between the accelerometer and the pavement profile is 
measured with either a gfcontactlg or a VVnon-contact" sensor system. 

The earliest profiling devices used the contact system to measure 
the profile. The contact system uses a mechanism in direct 
contact with the pavement. Several contact systems have been 
used, and are still in use today. The French Road Research 
Laboratory developed the Longitudinal Profile Analyzer (APL) in 
1968 (Figure 17). 

Figure 17 - Longitudinal Profile Analyzer 
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This system is presently the most fully operational, proven system 
to measure a wide range of types and severity of pavement 
distress. The frame by frame analysis, however, is tremendously 
time consuming, adding significantly to the cost of the system. 
Efforts to automate the data reduction process are underway. 

Video Technolosv 

Nowhere has the effect of the technological expl.osion of the past 
10 years been more apparent than in the area of video technology. 
Some agencies have turned to videos to provide permanent records 
of the pavement surface and for other purposes. Features such as 
identification of signs, utilities, and safety hardware, have been 
recorded, as have ongoing construction projects, to provide a 
record of the work and traffic controls during periodic intervals 
or at key phases of construction. 

Videos are replacing the photologging systems in many agencies. 
In photo-logging, a 35-mm camera is aimed through the windshield 
of a van, photographing the features in the field of vision 100 
times per mile. Video cameras may be installed either to 
inventory through the windshield, aimed directly down at the 
pavement surface, or used in both positions. 

Video technology offers several advantages over 35-mm photography. 
Relatively inexpensive, reusable, 
readily available. 

off-the-shelf technology is 
The tape can be replayed in the field where 

the quality of the record can be immediately verified. 
Replacement parts and equipment can be easily obtained. The 
limitation of video is the inferior resolution of the recorded 
images compared to photographic records. The resolution gap 
between the two technologies, however, is rapidly narrowing. 

The addition of condition rating keyboards and on board computer 
systems and other instrumentation, allows the condition surrey 
team to supplement the recorded information with distress 
observations.. Review and supplemental input to the permanent 
record may be performed in the office, and added to the field- 
obtained data. Recent systems have added one or more cameras 
aimed vertically at the pavement surface. 

Automated Video Imaue Processinq 

Video technology has been in use for about 10 years, and 
procedures to fully automate the processing and reproduction of 
the captured images both in real time (immediately after capture 
on board the vehicle) and in the office environment are now being 
developed. The automated processing of the recorded analogue 
images may take several forms. 
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Conversion to a digital format suitable for image processing is 
presently the most common. The more limited resolution of video 
cameras requires use of a very expensive high resolution camera 
for the detection of small cracks. The high resolution camera, 
however, is often incompatible with available recorders and 
digitizing hardware. In order to overcome this shortcoming, 
either 2 or 3 cameras mounted closer to the pavement surface, each 
covering an area of about 4'x 4' to 6'x 6' are now in use. This 
permits detection of small cracks and other surface defects of 
about l/8"' in sizti, or smaller. Constant, controlled lighting 
eliminates the background shadows of passing vehicles and adjacent 
structures, and minimizes problems related to the changing of the 
angle of the sun throughout the day. 

Digitized processing involves one frame at a time analysis of the 
recorded analog images. The first step is known as filtering, a 
process that removes extraneous information that could be 
misinterpretated as distress. Next, the signal is segmented. 
Segmentation is based on an intensity threshold and allows the 
system to identify distinct objects in the scene. Intensities 
based on the gray scale range from 0 (the whitest white) to 255 
(the blackest black). Each analogue image is divided into a 
matrix of pixels-ranging in size from 256 x 256, 512 x 512, or 

_, ._ 1024 x 1024, depending on the resolution of the camera. Each 
pixel in the matrix is assigned a numerical value based on its 
intensity. A small portion (10 x 10) of a typical matrix is 
depicted in Figure 28. 

In this elementary example, most of the pixels are representative 
of the normal pavement surface. Processors apply a statisticai 
analysis algorithm to the pixel distribution and establish the 
range of pixels representing the normal pavement. In this case, 
values below 107 represented the normal pavement. Values of 107 
and above (bold) represent distress, in this case a crack. 

. 99 111 103 98 97 100 103 100 101 102 
104 102 110 100 100 104 104 100 102 101 

I 112 107 114 112 109 119 114 108 111 99 110 101 109 100 111 96 100 100 104 99 
I 101 101 98 98 103 104 104 112 115 114 
) 101 g7 104 96 100 99 100 97 101 99 102 101 100 102 100 98 100 97 100 95 

I 99 95 103 97 103 99 104 98 103 97 100 101 103 102 100 100 101 99 102 98 
' i 104 103 100 97 98 101 102 98 100 i 100, 

Figure 28 - A portion of a Pixel Matrix 
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The resultant reproduced data output may be represented 
covered area in a graphic resembling Figure 29. 

I I -_----------------------------------------- 

for the 

Figure 29 - Reproduction of Pavement Crack through 
Digitized Processing 

The-extent and severity can be determined from the matrix and the 
power of the software. For a 512 x 512 matrix representative of a 
4' x 4' pavement section, each pixel would represent an area of 
pavement measuring 0.09375 square inch, or a little less than 
square inch. Three dark pixels side by side would represent a 

l/10 

crack slightly over l/4 inch wide. 

Processors apply software algorithms to identify the edge of the 
distress, the perimeter and area, and the distress classification. 
Summary information on distress characteristics is stored and used 
to create pavement condition summary statistics at intervals 
specified by the operator. Ultimately, scaled reproductions of 
the data may be produced on maps; the type, extent, and severity 
of the distress summarized, 
rehabilitation. 

and the output used during pavement 

In a 512 x 512 matrix each image contains 262,144 pixels. In 
standard video formats 30 frames per second are recorded, 
resulting in the formation of almost 8 million pixels per second. 
Assuming 3 cameras are used to record a 12 foot wide pavement 
section, with each camera covering a 4 foot width, about 85 
billion pixels would require analysis and processing for each mile 
of pavement (at 60 mph). Processing obviously requires an 
extremely high speed microprocessor. 
computers, 

Even with today's high speed 
most data is post processed in the office environment 

due to the amount of data collected. It is expected that the 
technology which will be available in a few years to process even 
this vast amount of information in real time. A summary of these 
and other distress data collection technologies is contained in 
Table 3. 
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TABLE 3 - PAVEMENT DISTRESS DATA COLLECTION TECHNOLOGIES 

OTHER TECHNOLOGIES 

Other technologies are also now available and are being used and 
developed for the purpose of evaluating pavements. 
seismic and dynamic test methods, 

These include 
ground penetrating radar, 

infrared thermography, slit integration, and flying spot laser 
scanners. A few of these technologies are now in use, others are 
being evaluated, developed, or refined. A summary of their 
respective features is contained in Table 3. 

CONCLUSION 

Automated processes to collect skid, roughness, and rutting are 
now available. Automated equipment to measure cracks, and moving 
deflectometers are still in the research and evaluation stages. 
Improvements in the ability to collect important pavement data 
through equipment automation can be expected to continue. 
The technological explosion of the 1980's has been a great benefit 
to Pavement Management Systems. Technologies which were only a 
theory in the 1960's are now being used on an every day basis. 
The rate of development of many of the new and innovative 
technologies is expected to continue into the 1990's and the 21st 
century. Automated data collection and processing of collected 
pavement condition data can provide considerable cost savings to 
user agencies, and improve the mechanisms through which agencies 
effectively manage their pavements. 
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APPENDIX A 

LIGT OF AUTOMATED PAVEMENT DATA COLLECTION 
EQUIPMENT MANUFACTURERS & SUPPLIERS* 

Cox & Sons, Inc. 
P.O. Box 674 

Dynatest Consulting, Inc. 
209 Bald Street 

Colfax, CA 95713 P.O. Box 71 
(916) 346-8322 Ojai, California 93203 
Cox RTRRM 
Friction Tester 

(805) 646-2230 
Dynatest 8000 FWD 
Dynatest 5000 RDM 

Foundation Mechanics Inc. 
421 East El Segundo Boulevard 
El Segundo, CA 91245 
(213) 322-1920 
Road Rater 

Highway Products International 
R.R. #l Paris, Ontario 
Canada N3L 3El 
Mr. Don Kobi 
(519) 442-2261 

ARAN (i PURD 

Infrastructure Management Services 
3350 Salt Creek Lane 

K. J. Law Engineers 
42300 W. Nine Mile Rd. 

Arlington Heights, IL 60005 Novi, 
Mr. Robert L. Novak 

Michigan 48050-3627 
Mr. Ken Law 

(312) 506-1500 
Swedish Laser RST 

(313) 347-3300 

690DNC Profilometer 
8300A Roughness Surveyor 
Friction Testers 

Kokusai Kogyo., Ltd. 
Abenatak Corporation 
1179 Fernwood Drive 
Millbrae, CA 94030 
Mr. Taizo Abe 
Roadman 

MHM Associates, Inc. 
1920 Ridgedale Road 
South Bend IN 46614 
Mr. Jerry Mohajeri 
(219) 291-4793 
ARIA 

MAP Inc. PAX0 USA Inc. 
1825 I Street, NW. Suite 400 
Washington, D.C. 

1-J Franssetto Way 
20006 Lincoln Park, N.J. 07035 

Mr. Michael Grippon 
(202) 429-2089 

Mr. Wade Gramling 
(201) 628-8433 

Gerpho Pasco Road Survey System 

Pavement Condition Evaluation Services Pavedex, Inc. 
1145 Icehouse Avenue N. 800 Hamilton Ave. 
Sparks, Nevada 89431 Spokane, Washington 99202 
Mr. Bert Butler Mr. Don Bender 
(702) 355-0225 (509) 483-4126 
Pavement Distress Imager 1 Pavedex PAS I 

South Dakota DOT 
700 Broadway Avenue East 
Pierre, SD 57501 
Mr. David L. Huft 
(605) 773-3871 
South Dakota Road Profiler 

VideoComp 
500 Sawtooth Ave. 
Boise, Idaho 83709 
Mr. Basil Dahlstrom 
(208) 385-1575 
Distress Survey Trailer 

* This list has been prepared on the basis of currently available informatic 
in this office. We would appreciate the readers' input if others are known 
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Administration, Pavement Division, 1988. 
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0. Memorandum 

suolccr "Addressing Institutional Batrieis to Implementing 0a,e 
a PMS" ASTM Paper by Dr. Roger E. Smith ml91991 

F,Om Chief, Pavement Division HNG-41 ’ 

TO Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

At the recent American Society for Testing Materials Symposium (ASTM) on 
Pavement l4anagement, the attached stand-out paper, was given by Professor 
Roger E. Smith, of the Texas Transportation Institute. Dr. Smith has given 
his permission for us to share his paper with others interested in Pavement 

. Hanagement' Systems (PM). 

The paper addresses institutional barriers to implementing PUS (using the 
San Francisco Bay Area Metropolitan Tranrportatlon Comaistfon (HTC) as an 
example) and is not only an excellent description of these issues, but is also 
a perfect lead into the September symposium that we are co-sponsoring with the 
Illinois Department of transportation (IDOT). 
our divisions and the State highway agencies. 

You ray wish to share it with 

As the States move from development of their PM's into implementation, 
success could well hinge on recognition that these barriers exist, and taking 
steps to overcome them. 

Key issues identified 4n the paper are: 

1. If the PM is not affecting the ultimate decisions on the highway 
agency's program, then the agency cannot claim to have a PMS 
implemented. 

2. Many W's are not being utilized to their fullest potential--often 
because of surmountable barriers. 

3. JLfaF;t troublesome barriers to implementation of a PMS are people 
. 

4. Some of the barriers in capsule are: 

@ Fear of exposure - Prevjour decisions may have been incorrect. 

e Turf Protection - There are formal and informal lines of 
communication within an organization that need to be recognized. 

. 
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. 
I Black Box Syndrome - The YS is not fully understood, therefore its 

products can not be verified. 

I One person show - The champion of the PMS leaves and the system . 
dies. 

5. Some of the concepts to be considered in surmounting barriers art: ' 

Innovation - 'It is not the actual newness of the innovation but. 
rather the perception of newness to the potential adopter that 
influences adoption and use.' 

Consider the "Opinion Leader" - Know who they art because 
without their support the system will not be implelllrnted. 

Compatibility - The new systm must be comatiblt with the 
existing because a cmltte ovtrhrul or reorganization is 
usually ilmpossiblt. 

frirlrbility - Innovation needs to be adopted in stages. 'New 
ideas that can be tried on a liaited basis art RK)re likely to be 
adopted." 

Observability - This is the degree to which results of 
innovations ate visible to others. If you can show positive 
results it goes a long way toward selling PHS. 

These art of course, only key paraphrasing of the paper and a full 
understanding of the issues requires a complete reading. We rtcomnand 
it to all with responsibility for imglrl#nta 

Attachment 
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,- .., t ‘) c/ U.S. DeQomt 
of Transpcmnon 

FedemlHighway 
Administmtion 

,Order 
SuDJect 

PAVEMENT MANAGEMENT COORDINATION 

C:asslfication Coae Date 

5080.3 April 13, 1992 

. 

Par. 1. Purpose 
2. Cancellation 
3. Washington Headquarters Coordination 
4. Field Coordination 

1. PURPOSE. To provide a forum for coordinating the Federal Highway 
Administration’s (FHWA) Pavement Management Program in the Washington 
Headquarters, and to provide guidance for coordination in FHWA field 
offices. 

2. CANCELLATION. FHWA Order 5080.2, Pavement Management Coordination, 
dated March 23, 1987, is canceled. 

3. WASHINGTON HEADOUARTERS COORDINATION 

a. Pavement issues often Involve the activities of several Washington 
Headquarters offices. To ensure coordination among related 
offices and activities, a Pavement Management Coordination Group 
(PMCG) was established in 1980. The membership has been revised 
from time to time to reflect-organizational changes in the 
Washington Headquarters since establishment of the group, 

b. The PMCG consists of the following members: 

(1) Chief, Pavement Division, Office of Engineering, will Chair 
the Group. 

(2) Chief, Planning Programs Division, Office of Environment and 
Planning. 

(3) Director, Office of Engineering and Highway Operations 
Research and Development. 

(4) Director, Office of Technology Applications. 

(5) Director, Office of Policy Development. 

(6) Director, Office of Highway Information Management. 

CISTqle;TION 9PI 
Headquarters HNG-40 

Spxirl: Regions 
Divisions 9.4.1 
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(7) Director, Office of Motor Carrier Information Management and 
Analysis. 

(8) A Regional Administrator appointed by the Executive Director will 
serve for 2 years. This assignment will be rotated among the 
Regional Administrators. 

(9) Chief, Pavements Division, Office of Engineering and Highway 
Operations Research and Development. . 

(IO) Chief, Long Term Pavement Performance Division, Office of 
Engineering and Highway Operations Research and Development. 

(11) Chief, Materials Division, Office of Engineering and Highway 
Operations Research and Development. 

(12) Chief, Engineering Applications Division, Office of Technology 
Applications. 

L 
(13) Chief, Strategic Highway Research Program Implementation Staff, 

Office of Technology Applications. 

C. The PMCG has the following responsibilities: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

ensure that pavement related activities [including the need for, 
the gathering of, and the use of pavement data] by the several 
Washington Headquarters offices are cooperatively developed .and 
properly coordinated; 

identify pavement problems or issues which merit attention by the 
FHUA; 

participate in field reviews as requested or needed; 

serve as the Research, Development, and Technology Coordinating 
Group for the pavement area as required by FHUA Order 6000.2, 
Research, Development, and Technology Advisory Councils; 

support the FHWA involvement in the Strategic Highway Research 
Program (SHRP) and the implementation of the products resulting 
from SHRP, and coordinate the activities of the various programs, 
studies, and groups involved in the Long Term Pavement Performance 
evaluation; and 

recommend FHWA policies, programs, or actions to improve 
effectiveness of pavement-related activities of FHWA, State 
highway agencies (SHA), and local governments. 
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d. A Technical Working Group (TUG) will assist the PMCG in developing and 
monitoring pavement-related activities. Each Office Director in the 
PKG will appoint at least one representative to serve on the TUG. 

(1) The Chief, Pavements Division, Office of Engineering and Highway 
Operations Research and Development will chair the TWG. 

(2) The chairperson may create working groups for specific technical 
areas as they deem necessary. Each working group will elect its 
own chairperson, who shall be a member of the TUG. 

4. FJLD COORDINATION 

a. To provide necessary emphasis to pavement management activities, and 
to provide the support required to implement FHUA policies and 
program in the pavement area, FHUA field offices should develop 
coordinating mechanisms and assign specffic responsibilities for 
pavement actfvfties. 

b. Each 

(1) 

(2) 

(3) 

(4) 

(5) 

regional office should: 

assure coordination of pavement-related activities within the 
region, including but not limited to research, technology 
transfer, Highway Performance Monitoring System (HP!&), SHRP, 
annual conferences, and vehicle weight enforcement program; 

develop regional operatlons plans to assist division offices in 
aiding States and local governments in the conduct of 
coordinated pavement management programs; 

monitor and evaluate pavement-related activities within the 
region and provide recomnendations to improve their 
effectiveness; 

designate a pavement management coordinator to serve as the 
focal point for all pavement-related activities in the region; 
and 

promote the full range of resources available to strengthen the 
technical capabilitfes of local government, WA, and FHWA 
personnel in pavement-related areas. Resources available 
include annual conferences, trainfng courses, and other 
technology transfer activities and materials, as well as 
technical expertise within the FHYA staff. 
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C. Each diviston office is expected to: 

(1) designate a pavement management coordinator to ensure that 
pavement-related activities, including new and rehabilitated 
pavement design and construction, pavement management, research, 
technology transfer, HPMS, vehfcle weight enforcement program, 
etc., are well coordinated among functional/administrative areas 
of the division office; 

(2) monitor and evaluate pavement activities and programs, determine 
short and long-term needs, and formulate operations plans for 
meeting these needs; and 

(3) take full advantage of available resources to strengthen the 
technical capabilities of local government, SHA, and FHWA 
personnel in pavement-related areas. Resources available include 
annual conferences, training courses, other technology transfer 
activities and materials, as well as technical expertise within 
the FHWA staff. : - 

Federal Highway .4dministrator * 
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The purpose of this pert is to 
implement the fequ~rements of 23 
U.S.C. 303. Management Systems. 
which requires State development. 
establishment. and ippiementatlon of 
systems for managing highway 
pavement of Federai-aid hlghways 
(PM.5). bridges on and off Federal-aid 
highways (BMSI. highway safety (SMS]. 
traffic congestion KMSI. pubhc 
transportation facilities and equipment 
P’lWSl. and intermodal transportatton 
facilities and systems UMSL Section 303 
also requires State development. 
establishment. and implementation of a 
traffic monitoring system for highways 
and public transportation facilitms and 
equipment. This subpart inciudw 
definitions and generai requirements 
that are applicable to all of these 
systems. Additional naquirements 
applicable to a specific system are 
included in subparta B thr~ugb H of this 
Pa 

Unless othsnwi~ specified in this 
put. the definitions in 23 U.S.C 101(r) 
are rpplicmblo to this put Aa used in 
this put: 

Gxtijjhg oficialld memu the 
porition(r] dsrignated by the Governor 
of l Stata or the Commonwwltb of 
Puerto Riw or the Mayor of the District 
of Columbia to certify that tbe 
murqetnent system(s) is/am being 
implemexlted in tha state. 

Gwpemtion meana working together 
to acbievo L common goal or objective. 

Faieml agencyfisr) means for the 
Ph4S Ufd BMS. the Fedoral Highway 
Adminlrmtion (F?lwAl: for the S?Gi. 
tiam FHWA and tha National Highway 
Tnfflc Waty Adroinirtrrtion; for the 
C34S. PMS. and MS. the FHWA md 
tit. Fe&ml Truuit Mministratioa 
(=A). 

Fedm&zid highwup means thorn 
highwmyr eligibh for usistanca under 
titIa 23, U.S.C. l mpt thor 
b&~rsifiad u Iowl or mml 

Highway patfortnanw Moniton’ng 
systun (HFMS) mana the stAtJFa&lrl 
qstemumdbyth.FHWAtopmvid~ 
informatiaa on the extent and physial 
condition of tbr nrtion’r bighwa 
SyuenLita UI. perfonnulw. UlJ nad8. 
llm syaem incitldm an inwmtory of the 
n&ion’s highwrya including trafRc 
*oluma. 

lif~hvctmttln~srwuua 
pmadum far ev8luatfng 0x1 economic 
worzhofmwermerrprojeCtaor 

(p11 1.W md 1.51. inveumanu by dIrountlng futuNaxu 
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over the life of the propt or 
investment. 

.Lianc?gement system means il 
systematic pmasS. dwigned to assist 
decrsionmaktra in srkting cost- 
effeaive strategMI8ction.a to improve 
the efficiency and safety of. and protect 
the tnvestment tn. the nation’s 
transportation infastructura. A 
management system includes: 
Identrficatton of performance areasums; 
data collection and analysts; 
determination of need: evaluation and 
68ktion of appmpriate strategiss/ 
actions to ad& the kda: and 
evaluation of the rffectiveaev of the 
implem8nted stmt8giee/actions. 

hfetropolitan pionnmg area meus the 
g8ographic ama in which the 
metmnolitan transoortation ~lanninn 
pro& mquimd by 23 USC 134 lnvd 
seaion 8 of the Fe&ml Transit Act (49 
USC. app. 1607) must be carriad out 

Metropolitcn pbnning oganisotion 
OiPO~ means the forum for wopemtive 
tmnsponatin~ deciaionmaking for a 
metropolitan planning ame. 

National highway sydem (.VHSj 
means the system of h.k.hwvs 
designated &rd l ppm*;l iu~accordanu 
with the tmvisions of 23 U.S.C 103M. 

Pafortkntxmsusumsmeans .- - 
operational chamcteristic. physical 
conditia. or other appmpriato 
parametemuudurlmnchmukto 
fwaluate the ad+cy of t~~~~prtation 
fociliti~datimaceawdui 
im rovemeutr 

B tats means my one of the 5fty 
States. the DistricZ of ColumhiL ur 
h8rtO Rico. 

TZPnspo~on Management Arcu 
(~~menmtmtububedatnwitha 
population over 200.099 (aa determined 
by the latest deamnkl wnsusl or other 
eiea when TMA desfgnation k 
requestd by the covexnaMdtlt0~ 
(a afktd Id o@cids!. anfwi5d&y 
designated b the Mmfmdxa 
FHWAand eFTA.‘l’heTMA J 
designation ap lies to the eutin 
m-pow P L . armw. 

Work plan means l wdtta~ 
description of nmjar etvftha neuasay 
todevescfp,esmhllrkwf~a 
management or mouiw ystam 
including identiflaUat af 
re!3ponsibisiuau twaaw% =dtypr( 
dates for armpl~the major 
ectsvitiea. 

fa)&chSteteshaU&v&op.ateMi& 
and implement the systems iden- in 
5500.10l.hcbstataahautdathe 
sydalnatoImmt~~alwl 
go&. pokiee, and mm but tin 
8yduMmustmntthenquirrnwnUir 

specifiad in subplrc, B tbrougb H of this 
part. Documentation that dsscribss each 
management system ahall b8 maintained 
by the States for the Fedeml agencies to 
determine. on a periodic basis. whether 
the systems meet the nqtummenta in 
this subpart and subparts B thmugh H 
of this part. as ap licable. 

(II) Each State s 1 all have procedures. 
within the State’s orgauiration. for 
coordination of the development. 
establishment. implementation and 
operation of the managsment systems 

Yi /ZiZG!GY~~Sf!i- that 
adequate resources are available for 
implementation and that target dates in 
the work planfs) am met; 

(Z~Theusoofdatabasoswitha 
common or coordinated nferemw 
systems and methoda for data sharing 
and 

(3) A mechanism to addrsss issuer 
releted to the purpar of mom than one 

m?$!?!z; implamsnting 
each management system. the State 
s&II ctxYpMam with Mpol in 
metmp0lSta.n wu Id of&ids in 
non-metmpdStan umk a&cud 
agencies mceiving essist~a under the 
Federel Trenslt Act and other ageucia 
Iincluding rivate ownem and 
opemtas) Lth44iitt 
opmtion of the 
systems a fecUitiu 

(d) In ecmrdaua with the pmvirioru 
of 23 U.S.C 134iSH31 aud 49 USC ano. 
laCn(SX3) and the m&nrments of 2s. - 
CFRwut4SO.theCbSahaUbnutd 
the nietmpolitan plan&g pm&in 

(0) Within mdmpolitan Iarming 
ama&thaads.pTMs. IMsdmK MJ 
to the axtent l ppmqhte. be part of the 

proai8nquhdtid8tth8~rorisio~of 
23 U.S.C 134 and 49 USC l pp. 19OT. 

(0hlzmtmpoAitanpknnin -that 
IwommthanoorMKlan at&t (& 
SncSuda mom thus mo Stete. the 

PwvJ=pmi@-~)of~ 
hdividual mauagemenk ryateme &il he 
cunsidemd in the development of 
me~~poSSt~ and statewide 
tmMponAtion phr and smp-t 

U.S.C. and unbl th Pm&ml Transit 
Act. 

(h)Tbrrwle.amdxaqmsui~of 
the St4te. MPO(rl. mcipeuta of 

aeeistencn under th8 Fed-1 Transit 
Act. and other ag8nci8e involved in the 
&w8lopmant. 8stablisbtmmt. and 
implementation of tscfi system shall be 
mutually datenninbd by the parties 
invoiv8d. A State may enter into 
agreements with local governments. 
regional agencies (such aa h4POs). 
recipients of funds under the Federal 
Transit Act. or other entities to develop. 
establish. and implement appropriate 
pans of any or ail of tb8 systems. but the 
State shall be responsible for overseeinn 
and coordinating.aucb activities. ” 

Lil Section Z(W(a) of title 23. U.S.C. 
requires the Secmtary in cooperation 
with the Secret~~es of the Intenor and 
Agricultun, to develop the safetv. bridge 
arid pavement managknent &ems loi 
Federal lands highwavs. as &fined in 
33 U.S.C lOl(a),To avoid duplication 
of effort. the management systems 
tvquimd under tbia part should be used 
to the extent appropriate to fulfill the 
requirement in 23 U.S.C 204(r) 
mgarding establishment and 
impiementatlon of pavement. bridge. 
and safety manege&nt syst8mr f0; 
Fedetnl lands hittbwave. Tb8 State. the 
Faded qpmci& and-the agencies that 
own the mada ahdl coopemtively 
d8teratfne msponeibtfity for coverage of 
Federal lands higbweys under thar 
remactive iurtsdictid amtml and 
ah&am&thatthersarhroftheFMS. 
BMS.audSMSfaF8demllands 1 
highway8 am available. u rppmpriate. !r 
for,considemtion in dsveloplng 
metropolitan and statewide 
transportation plans and improvement 

fz!Et-2~YE:~$~ems 
lendshi waypv 

(jl Es 2 manapment rystmm must 
include appropriate means to evaluate 
the et%ctivsnesl of implemented 
actions developed through uu of that 
6ptW.ThOdfC4UiVMWOft&U 
managamantsydenninrtnhcing 
transportation invsrtment decisions and 
improving the 0veralS efkiency of the 
State’s truuponation systenu and 
kihiea shall be evaluated priodiaklly, 
preferably as part of the tuetmpoli~ 
and statewide planning procaea. 

Ism.lol - 
(a) States must ba imphmmtiug the 

management syatema apecKed In 
subputlBthmu&Cofthisput 
~iIlF&XRlE.¶Ul 

f31Dr11sss (octDberLl994tDsapt 30.1995) 
mdmusttxrt@umuallytothe 
Seaetuy of Trans~rtatiou that they am 
implementing eech of th management 
ay8tlmrASUteddlbeanuideredto 
be ittlpfementing a memgemalt system 
sftha#ydem~underdwlopmenta 
Snwinaamdanwwiththe 
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compliance schedule for that system as 
specilied in subparts 6 throu& G of this 
iart. 

(b) The Gowmor of the State or the 
tommonwealth of Puerto Rko or the 
Mavor of the Dislria ofCoh~m&a shall 
noc;fv the FHWA Diesian 
Adminunator In writing by Scpkmber 
30. 1994. Of the tltidd Of Ihe fxrtlfying 
offic~.alrsJ for each management system. 
If them IS a &anee In dcrignated 
posItton( the Srate shall provide 
documcrtm~loo of the revissd 
deslgnatlon wath. or prior to. the ne*l 
annual certifkatlon. In thoa S4ate.s 
where respcasrb&ty for all of the 
manafjement systems IS within a singk 
agency (e g.. State DOT). deagnatim d 
one wrtdym8 off&l (or aIi d Ibe 
mana em&; stems rs recommended 

(cl #ha wrtiLon sutement(s) skiI 

,, -. 

,. ., 

be submitted by thhr wmfyisg o&i&(r) 
to rhe FHWA Division AdmrPrrrntor by 
january 1 of euh year. be@aoirq 
januazy I. 19%. To the l xteat pouib&. 
one wrtifdon statunenl shoukl cover 
ail rix management syrteuu. LI more 
than one unifioclon IW~~WR 4.l ho 
submitted by a State. the Raremoms 
should k amrdiati u ti Slate )sud 
and su&utted iaukmdy. Tlu furt 
certifiutioa auumwru sh8u inchId 0 
copy uf tin workpbdrA rapid ia 
rccord8na with tbu?lnpCuro 
sclwduloforucfYm8n8~8olsyuuIl. 
and a v of * statu1 ot ,. 
implemeotrtioa d ti rnv 
syuem(sl. Subsequent certifiation 
statement(s) shall inciu~a summq d 
the status of irnpiemetiti d UCL 
mmagemrnc system and l discuab 04 
pbnned -iv0 actions for any 
management systamW or subsystn&) 
that M not under development 01 
operational in l aofdmce with the 

furry 

compliance 8cbeduIr l d work pIan h 

autifiution state&t(r) and &ty 
felsv- WpporWlg dactlmaMMoa uu4 
co~tuatbw~ 
rgenci88 idwdlkd kr the spaffk 
syrtemls) in 5 SOO.loJ. Wit&o W dqs 
of rsosipt. lbe FM qn6n uftl 
review tlw cutifkatiaa d the PHWA 
Division Adminim rRI tie W 
State whether the axtificmtian b 
l cceptabfe or 11 ~OIW nuy be 
imDosed in accofdana with th0 
prdvisiona of 5 SW.% 

Is1 A suto shall ISaaILsidered to ku 

tha FHWA Diviti M&&n- b 
lanuay I. 1995. 

5 500.109 SanctIona. 
la1 Beqinnlng lanuary 1. 1995. Ifa 

State faris to ccrtlfy annually as required 
by this rtuufatlon. or If the Federal 
agencies drtennine thar any 
management system or subsy*em. 
speckfred IP subparts B through t 01 thts 
part, is not being adequately 
lmplemenred. notwlthstanding the 
Slate’s certikat4on(sl. the Secretary 
may withhold up to 10 penent of Lhe 
funds apponioned to the ate under 
title 23. U.S.C.. and to any recipient of 
assistance under the Federal Tnnsit ACI 
for any fiscal year beginning after 
September 30. 1995. Sanctions may he 
imposed on a statewide basis. 00 a 
subarea of a State. for specific ~t~oriu 
of funds or tyws of ~roisctt. or for 
specific mcr~ients 0; s&racipianu of 
funds under title 23. USC.. or under 
the Federal Transit Act depelrdiag on 
the l dqucy of impbmanutia of the 

agrwmeats with local bvemznents 01 
other l genctr to develop. establish. d 
implunmt rll or pun of tbo 
management systems. in l uordubw 
with )500.105(s). thobtate &AU ho 
responsible br ensuring t&t the 
systtrms an being implenunud 
statewide and for t&ing any v 
comctiw l Uion. indudiq 
implementing the systems rl lhe 

. 
T 

ml and local LVO& ifneassary. 
d Rfor to imposing8 sanctioc~ a 

Stata will b sotiISd tn writing by tf~ 
FHWA of tbr nndonlrl to he fmpavd 
lh.ruoMllprtb8wRuioIu.8nd~ 
actions n- to comd lb. 
ddficionciu. Aftk 60 days km rb &a 
of notifiatbo to tbo Sat.. thr Feda8i 

Transit AU upan a detenn~nar~~~~ bv the 
Federal qam5c.s that th naanagemenr 
syswua M bug drqwdy 
implemcntod. 

(al The foflowmq categorlu of Lnds 
may be wed for development. 
estabilshment. and lmplemeoratlon of 
any of the manwement and monrtorrng 
systems. Nationai Highway Skrlem. 
Surface Transportatron Proyam. FH\iA 
State planning and research and 
metropolitan plannrng funds (m&ding 
the optional use of mlmmum ollocat,on 
funds authorized under i3 L.S.C. kS’1\c; 
for carrying out rhe provlrrons ol23 
USC. 307kJ(11 and 23 U.S.C. 1>4(al). 
Federal Transit AQ Section a (49 U.S.& 
app. 1607J. Federal Transit Act Section 
9 149 L&CL app. 1607aL Federal T~~SII 
Act SectIon 261al(21 (49 U.S.C. app. 
1622(a)(2JJ. and Federal Transit Act 
Section 26(bl(l t 149 U.S.C. app. 
162#bYlU Congemroo Mtqtion and 
AU Quehty impfwexnent w hmdr 
(23 USC IM(bH2H my he und ta 
those Nnqlvnsnt sy- that M be 
-shown to matribute to the ettunnmn~ d 
a national l mbicc air quality s?en&rd. 
Apportieaed bridge hmds I23 U.S.C 
144(e)) ray he used hr developmeat 
and establishment of the bridge 
management system. 

cb) F&l funda identified in 
pwqmph 681 d this section used for 
developeol. ~ishmertt . or 
impbmentation of the menagarnefrt snd 
monitv q*srm shall be 
administered in accordance with tka 
procedures and mqui nmewtr 8ppkabb 
tothargrlofrurr& 

~~--a* 

(blIf8sateh8a~i~i~nIke. 
of procedww tbrt il wants to um Lo - 
meet the requilsments of this part. n 
shall submit a written request to the 
FHWA LBefdcm Administxetor that the 
FsdOrJr(pur#CQpttbeeMi&g 
m8n8pnuaqsmintieuof 
dswlopmeat of a DIW rgltrr - 
request shall include a discussion. end 
MY n- PPpatintl 
daunrrrdarbushamhowLb 
8xitirlg sv M Ibe mpimmarrc, 
ofthbpvcrn cbomrrutiwl SW1 
relbctrlrrimofrL~LIPQI.badl 
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operators. and other affected agenciu. 
as appropnrte. and the acttons to b 
taken to assum that the coopetarton 
required under 5 5OO.lOS(c) is 
established. 

[cl Capon receipt of a request. the 
FHWA Divtston Administrator ~111 
cgordlnate review of the request with 
the other Federal aqenctes specified in 
?j iG0 103 and with appropriate FHWA 
oifices. Wlthm 90 da>s of receipt of the 
State’s request. the FHWA will notify 
the Stare that the exlstlng system is 
elther fully acceptable. acceptable 
subiect to specific modificattons. or 
unacceptable and that a new system 
must be developed. 

(d) To meet the compliance schedule 
for a system. the State must submit any 
requests under paragraph la) of this 
seaon no later than June 1.1994. 

subpart ~*vafrwrtt hlatlagan?ant 
sy9wll 

~500.201 Pulpcaa. 
The purpose of this subpart is to set 

forth requtrements for development. 
estabiishment. implementatton. and 
continued operatton of a pavement 
management system (PMSI for Federai- 
atd highways tn each Stat. in 
accordana wtth the provisions of 23 
U.S.C. 303 and subpen A of this part. 

~soo.203 wwbwans 
tinless othetwisa specified in this 

patt. the definittons in 23 USC 101(a) 
and 5 500.103 are l pplioblo to this 
subpart. As used in this part: 

Pavement destgn means a prow 
level l ntvity whers detailed 
enginscrtng and economic 
constderations are given to l hernativa 
combinattonr of subbase. b. and 
surface mauriair which will pmvida 
adequate load carrying apecity. Futors 
which am considerad in&b: 
materials. trsffk. dimato. main- 
drainage. and likcycle coata. . 

Puwmcnt managemeti v VMSI 
means a systematic proceu th8i 
provides. analyoss. and auntme 
pavement informatioo for uI in 
selecting and implamantiq co4- 
effective paveatanl mm 
mhabilitation, and irtMara0 
P’ograma. - .* 

s== -e-w--- 
(a) Each State alwawmWaFMstor 

Federal-aid highways that m tha 
rquirements of 5 500.207 of this 
subpart. 

[b) The State is nmponsibla by 
assting that all FecIaraI-aid hi&vaya 
in the St&. aapt lh0r that M 
federeUyowned.umco*mabyepMs 
Coverag of fadantly ovnd publk 

roads shall ba determined cooperatively . 
by the State. the FHWA. and the 
agenctes that own the reeds. 

(cl PM% should be based on the 
concepts dennbed in the “AASHT0 
Cuideiines for Pavement Management 
&stems.” 1 

Id) Pavements shall be designed to 
accommodate current and predicted 
traffic needs in a safe. durable. and cost- 
effective manner. 

5 soo.207 pus ccrfvoMntr. 
(a) The PMS for the National Highway 

System (NHS) shall. as a mmimum. 
constst of the following components: 

(I) Data collection and management. 
[iI An inventory of physical pavement 

features including the number of lanes. 
length. width. surface type, functional 
classification. and shoulder information. 

(ii) A history of pm$ct dates and 
types of constntction. monstnrcticn. 
rehabilitation. and preventive 
maintenance. 

(iii) Condition surveys that include 
ride. distmss. rutting. and surfaca 
friction. 

(iv) TtafIk information including 
volumes. ctassification. and load data. 

(v) A data bass that links all data filaa 
nsiated to the PMS. The data basa shall 
be the source of pavement nlatad 
infomtation repotted to fha FHWA for 
the HPMS in accordanna with the HPMS 
Field Manual.~ 

(2) Analy9a9. at a frequancy 
establishad by the State consistent with 
its PMS objaztiw 

(9 A pawman t condition analysis that 
indudaa rida. distrasa. rutting, and 
sutfaa friction. 

(ii] A pavament pa-a analysis 
that includes an aatimata of prasant and 
pndictad parfotmana of spaczific 
pavement typaa and an estimata of the 
twmaining mrvia lifa of all pavements 
ontbnatwd. 

(iii] An inwatmant analysis that 
includaa: 

(A) A r3etwoA-level analysis that 
awthatw total cortr for pmaant and 
projacted coaditkms m the network 

(El A pmjact kaval andyais that 
determinea investment smegia 
induding a priariti?A list of 
mammtandad andidate prow with 

recommended ptwsenratlon tmatments 
that span single-year and multi-year 
penods ustng Itfe-cycte cost analysts. 

(Cl Appropriate horizons. as 
determmed by the State. for these 
investment analyses. 

(iv) For appmpnate sections. an 
engineering analvsls that tncludes the 
evaluation of de&n. construction, 
rehabilitation. matenals. mix designs. 
and pmventlve maintenance as they 
relate to the performance of pavements. 

(31 Update. The PMS shall be 
evaluated annually. based on the 
agency’s current policies. engineering 
criteria. practices, and expertence. and 
uodated as nmxtssarv. 

‘0~) The PM.5 for F&eral-aid highways 
that are not on the NHS shall be 
modeled on the components described 
in paragraph (a) of this section. but may 
be tarlomd to meat State and local 
needs. These components shall 
incorporate the use of the international 
mughness index or the pavement 
serviceability rating data as specified in 
Chapter IV of the HPMS Field Manual. 

~soo.20# waon@mao- 
(a) By Octobar I. 19% the Stata shell 

dmalop a work plan that identifias 
major activities and responsibilities and 
includes a schadula lhdt demonstrates 
full owration and use of the PMS on the 
NHS by October 1.1995. and on non- 
NHS Federal-aid highways by October 
1, 1997. 

(bl8yoctober 1.1995: 
(l]ThePhiSforthaNHSshallba 

fully opntional and shall provide 
pmjacts and pmgramr for consideration 
in devaioping metropolitan and 
statewide transportation plans and 
improvement pmgrams; and 

(2) PMS deaign for non-NHS Fedanl- 
aid highways shall ha complated or 
underway in rcc~rdanca wtth tha State’s 
work plan. 

(c) By oclobar 1.1997. tha PMS for 
non-NHS Federal-aid highways shall be 
fully operational and shall pmvido 
projects and pmgmnw for consideration 
in developing matropoli~and 
statewide transportatioa plans aad 
improvemant pm 
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FOREWORD 
The Strategic Highway Research Program (SHRP) was conceived and 
funded by State highway departments as a means of developing new 
technologies for designing and maintaining longer-lasting, safer road- 
ways. During the S-year program, experts in materials, construction, 
maintenance, traffic operations, and other areas focused on develop- 
ing better ways of building and maintaining roads and bridges. 

The research program ended in 1993. Since then, the Federal High- 
way Administration (FI-IWA), the American Association of State High- 
way and Transportation Officials (AASHTO), and the Transportation 
Research Board (TRB) have been working with highway agencies and 
industry on the implementation of SHRP products.This Status Report, 
which is published periodically, summarizes the activities and projects 
currently under way for implementing the products of the Strategic 
Highway Research Program. 

If you are familiar with the SHRP technologies and have followed 
the development of the implementation activities, the information in 
the Status Report gets right to the heart of the subject. However, if you 
are not quite so familiar with the subject, the Status Report may actu- 
ally generate more questions. In those cases where the “bridge” is not 
complete, we encourage you to pick up the telephone and contact the 
chairman or secretary of the appropriate technical working group for 
additional information. 

The strategic plan for SHRP implementation is described in the 
Implementation Plan-SHRP Products (June 1993, FHWA-SA-93-054). 
The plan describes the internal and external organizational structure, 
partners and partnerships, purposes, roles, and the implementation 
mechanisms and support functions that are used to accomplish the 
program. The plan provides the framework under which the panner- 
ships function in developing the detailed product implementation 
plans. 

FHWA provides several sources of information and assistance with 
SHRP products, including the following: 
l Pooled-fund purchases of new test equipment. 
l Test and evaluation projects. 
l Training, equipment demonstrations, workshops, and exhibits. 
0 SHRP Information Clearinghouse, a computerized, on-line source 

of information on FHWA’s SHRP implementation activities. 
l Focus, a monthly newsletter reporting on State, Federal, and in- 

dustry initiatives for implementing SHRP products. 

Technical Working 
Group contacts 

WM 
Cttakman: Gerry Ekr, Office 
of Engireering, 202-366-4853 
[fan: 202-36b9981; ma: 
geiler@ intergate.dot.govl. 
secretary: .bhn rlYng&, 
Office of ‘iectwdogy Applica- 
tions, 202-3660121 (fax 
202-3667909; emi& 
idawelo@inteff3ate.dot.govL 

wmvoperations 
Cocllairmen: 
Joe Lasek (wwk Zone Safety), 
Office of Highway Safety, 202- 
3662 174 (fax: 202-366 
2249; em&l: 
jlasek@intergate.&t.govl. 
Jesse story (Pavement and 
Wmter MaintenanceI, Office of 
Engineering, 202-366-1552 
ualc 202-3669981; entail: 
jsto@intetgate.dotgov~. 

Ct3WtdrieS: 

Mike But-k Work Zone safety], 
Office of lidm&gy Appika 
tions, 202-3668033 (fax: 
202-3667909; email: 
~mburi@intergate.dot.govI, 
Gary Hetlderson (eavement 
and Wmter Maintenance), 
office of Tecbnofogy Apprlcb 
tions. 202-366-l 283 [fax: 
202-366-7909; ema% 
ghende~ete.dotgov). 

cmcrstr, 8lKtw 
-:slu?utyrJsar, : 
-0f’Ftchnoksy~ 
Sons. 202-36M120 @ax #)2- 
366-7909;emaik .. 
~akdot~. 
secram hsld Jatkson,-m- 
ficeofTechndogyl. 
202-366-6770 Ifax: 202.366- 
7909; emait: @a&son 
Qintergate.dot~I. 

Continued, page 4 
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Assisting in the development of the overall strategy for SHRP imple- 
mentation is the Transportation Research Board’s SHRP Committee. 
The committee, composed of top-level managers from industry, State 
highway agencies, academia, and FHWA, provides oversight to thelong- 
term pavement performance studies and serves as a sounding board 
for ideas for overcoming institutional barriers to SHRP implementa- 
tion. 

Each State and FHWA regional and division office has designated 
a SHRP implementation coordinator. So that these coordinators can 
benefit from each others’ experiences, FHWA holds a coordinators 
meeting each January in Washington, D.C. 

The technical working groups and their subgroups, known as ex- 
pert task groups, are key players in shaping the scope, structure, and 
content of the SHRP implementation program. 

The AASHTO Task Force on SHRP Implementation, chaired by 
BobbieTempleton of theTexas Department offransportation, provides 
coordination and guidance to States in implementing SHRP products. 

With local governments responsible for more than 70 percent of 
our Nations roads and streets, local highway organizations are prime 
candidates for implementing SHRP products. FHWA has contracted 
with Hibbs Highway Engineering Services to assist the LocalTechnical 
Assistance Program (LTAP) centers with the delivery of SHRP products 
to local governments. Toward that end, Hibbs provides the ITAP cen- 
ters with news articles, technical materials, product exhibits, loaner 
equipment, and training packages geared to the needs of local high- 
way agencies. 

Continffed from page 3 

Long-Term Pavment Perfomance 
Chaiian: John Haltin, Office of Engkweriig, 202-366-1323 (fx 202. 
366 9981; email: jhailm @intergate.dot.gcRI). 

Overall Coordhation 

Tommy Beatty, CMce of Technology FW4whns, 202-366-8028 [fax: 202- 
3667909; emaik tbeamtwgate. dut.govl. 

Toobtainacopyofthe~areprogrMneededtoaccessthe~ 
hfotmation Clearinghouse. contact Mark Bradley at Tanya fteie&ow 202* 
2898108; fax: 202-28981073. 

k>beaddedtotheFocusmailinglist,contattlissPopcaifarinetac 
Hughes & Associates &&phone: 202~347~144& fax 202~3474938). 

---- .-.-. - --_-._ ---- _-.---.- 
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Asphalt UPDATE 

FHWA continues its outreach program to inform the high- 
way community about the Superpave system, which was the 
primary product of the SHRP asphalt research program. 

A new brochure, “The Superpave System: New Tools for De- 
signing and Building More Durable Asphalt Pavements,” pro- 
vides an overview of the Super-pave system and a list of resourc- 
es for additional information. The brochure (Publication 
Number FHWA-SA-96-010) is available from FHWA’s Reports 
Distribution Center (telephone: 703-285-2144, fax: 703-285- 
2919). 

The Super-pave system was also the theme of the October 
1995 issue of the Asphalt Contractor. FHWA provided several 
articles for the issue: 
l User-Producer Groups Set the Stage for Superpave 
l Team Rehning Superpave Software 
l States Move Forward on Superpave 
l Super-pave Straight TaJk 
l Superpave Travels a Rocky Road to Implementation 

A new videotape on the Super-pave volumetric mix design pro- 
cedures, produced jointly by FKWA and the National Asphalt 
Pavement Association, wiJJ be available in January 1996. 

Superpave was very much on the agenda of the recent an- 
nual meeting of the American Association of State Highway and 
Transportation Officials. Augmenting the many presentations 
and committee meetings on Super-pave was FHWA’s mobile Su- 
perpave laboratory, which was parked outside the meeting site 
to allow participants a hands-on look at the new test devices. 

Binder Test Equipment 
Testing asphalt binders for conformance with the Superpave 
binder specification requires five principal pieces of equipment: 
l Pressure aging vessel, to simulate in-service aging of the 

binder; 
l Rotational viscometer, to determine the flow characteristics 

of the binder; 
l Bending beam rheometer, to measure the binder’s low-tem- 

perature stiffness; 

Superpave 
The Superpave Wperkw 
Performing Asphalt Paw- 
met&i) mix design and anaC 
ysis system is a sign&ant 
advancement in hot-mix as- 
phalt pavement design. By 
taking into aamJnt climatic 
condiiionsandpf~tedtraf- 
fit loads, the system aliows 
highway departments and 
contractors to create pave- 
ments that will better resist 
futting and cracking and w 
will iast longer. 

State .@hway agencies, 
roadbuilders, suppliis, and 
0th~~ in the highway indus 
tfy are in the process of ac- 
quiring and learning how to 
usethebatteryofnewtest 
equipment requked far Su- 
pefpave mixes. This ?stxtbn 
EghlightStlWprogresSmade 
bybOthStateSUlCltistry 
in reaching the two target 
dates for Superpave impk 
mentation: adoption of the 
-~specifica 
tion by 1997, and fuikcak 
useofsuperpave~ 
mlxdeslgnbym~ I( 

Since 1992, FWA.bas 
beenl3twiagtecttnlcaias- 
sistance, suppo&and ttain 
ingintheuseof.the§uper- 
pave system; -I‘ those 
actiuities are cape&t&.0 
continue until 2ooo. 
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ContactsatFHWA 
~~rxr&~iaiflingand~eM . 
John B&o&i 
Telephone: 202-366-1287 
Fax: 202-366-7909 
emad: 
jbukowsk@intergate.dot.gov 
Mubih? Asphart 
Laboratories: 
Tom Harman 
Telephone: 202-366-0859 
Fax: 202-3667909 
email: 
thatman@intergate.dot.gov 
Z$=Ssfv22 Regional . 
John B&owski 
Telephone: 202-3661287 
Fax: 202-36fL7909 
email: . . jbWwsKWergate.dgov 
Superpave Models and 
software Managenn3nt: 
Joe Mae&as 
Telephone: 202-366-2084 
Fax: 202-36637 I 3 
emak 
jmaesta~~ate.dot.gov . 

z’““““- . 
Gerry her 
Telephone: 2023664853 
Fax: 202-366-9981 
email: 
geiler@intergate.dotgov 

l Dynamic shear rheometer, to measure the binder’s stiffness 
a.nd phase angle at intermediate and high temperatures; 

l Direct tension tester, to measure the low-temperature ten- 
sile and fracture properties. 

All States now have the pressure aging vessel. rotational 
viscometer, bending beam rheometer, and dynamic shear rhe- 
ometer. These devices were obtained through a pooled-fund 
purchase coordinated by FHWA. 

In addition, FWA has loaned a full set of the binder test 
equipment to each of the five regional asphalt user-producer 
groups. This equipment will be used both for training engineers 
and technicians and for testing asphalt binder samples provid- 
ed by State departments of transportation and others. 

The prototype for the third generation of the direct tension 
tester, the final piece of necessary binder equipment, is currently 
undergoing testing and evaluation at FHWKs mrner-Fairbank 
Highway Research Center (TFHRC). Once this evaluation is com- 
plete and necessary changes have been made, FHWA will pur- 
chase up to five additional units and loan them to the regional 
user-producer groups (UPGs) for ruggedness testing. The 
pooled-fund procurement for the States is expected to begin iri 
late 1996. 

Super-pave Volumetric Mix Design 
The Superpave mix design system is based on volumetric pro- 
portioning of the asphalt and aggregate materials and labora- 
tory compactiorl of trial mixes using the Superpave gyratory 
compactor. All 50 States, as welJ as Puerto Rico and the District 
of Columbia, have received the Superpave gyratory compactor 
as part of the pooled-fund purchase. 

The Superpave system also includes mix analysis procedures 
for predicting how well a mix will perform in the field. These 
procedures are intended for mixes that will be placed in pave- 
ments with very high traffic volumes and loads. ~XVO new, so- 
phisticated pieces of laboratory equipment-the Superpave 
shear tester and the indirect tensile tester-provide the data 
needed for the performance models. 

A prototype of the Superpave shear tester is currently being 
evaluated at theTFHRC and by the five Superpave regional cen- 
ters (Alabama, Indiana, Pennsylvania, Nevada, and Texas). Be- 
cause of the high cost and complexity of the device, highway 
agencies and contractors have expressed interest in a simpli- 
fied version that would perform only the shear test (no ancil- 
lary tests) and would not require a pressure chamber. Once the 
evaluation of the full-scale Superpave shear tester is complete, 

- - - - - - - - - I  I  . - . . - -  -_.._ . - .  -  ._ ._._ .._.___ -~-- 
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FHWA will look into developing a simplified, less costly version. 
The first-article indirect tensile tester was delivered to the 

TFHRC in July 1995. It is now undergoing testing and evalua- 
tion. 

Training Programs 
Since 1993, theAsphalt Institute has, under contract with FHWA, 
offered Superpave training courses and technical assistance to 
State departments of transportation, paving contractors, asphalt 
suppliers, and others. The Institute’s National Asphalt Training 
Center, located in Lexington, Kentucky, has held sixteen 1 -week 
courses in binder testing, drawing 290 participants. The center 
has also taught fourteen l-week courses in mix design to 275 
engineers and technicians. 

FWA recently awarded the Asphalt Institute a contract for 
the second phase of Superpave training. Over the next 3 years, 
the National Asphalt ?kain.ing Center will provide additional lab- 
oratory training in the areas of mix design and pavement per- 
formance prediction. The center will also work with the Super- 
pave regional centers to provide local on-site training, technical 
assistance, and workshops. 

nYo training manuals developed for the courses, Superpave 
Performance-Graded Asphalt Binder Specification and Esting 
(Publication No. SP-1) and Superpave Level 1 Mix Design (Pub- 
lication No. SP-21, are available frqm the Asphalt Institute. 

Mobile Asphalt Laboratories 
FHWA now has two mobile asphalt laboratories. The laborato- 
ries are staffed with skilled technicians who provide assistance 
and training in Superpave volumetric mix design and quality 
control/quality assurance at construction sites across the coun- 
try. The mobile laboratories are each equipped with a Super- 
pave gyratory compactor and are used to demonstrate the prin- 
ciples of Superpave volumetric mix design. 

This year, the labs have provided assistance at a dozen job 
sites, including an extended evaluation at FHW& new test track, 
WesTrack. 

Superpave Software 
The Superpave software and performance models are currently 
being refined in response to evaluations by FHWA and its con- 
tractors, as well as a select group of field testers. 

The first version of the software will be demonstrated at 
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Asphalt User- 
Producer Groups 
Northeast Asphalt User- 
Producer Group 
Frank Fee 
Telephone: 6094284808 
Fax: 6099630111 

Southeast AsphaR User- 
Producer Group 
Paul Krugler 
Telephone: 5124657632 
Fax: 512-302-2215 

North Central Asphalt User- 
Producer Group 
Dick fngberg 
Telephone: 612-942-3066 
Fax: 612-942-3059 

Rocky Mountain User- 
Producer Group 
BobRask 
Telephone: 3037982972 
Fax: 3037945205 . 

Pacific coast user- 
Producer Group 
Rick Holmgreen 
Telephone: 7135444257 
Fax: 7135444150 

FHWAs technology fair of SHRP products, which will be held in 
conjunction with the Transportation Research Board annual 
meeting in Washington, D.C., in January 1996. 

FHWA has contracted with the University of Maryland to 
refine and manage the software, particularly the performance 
models. 

Test Tracks 
The Super-pave system is currently being tested and validated 
through a variety of experimental projects. These include the 
new WesTrack facility, located at the Nevada Automotive Test 
Center. The track features 26 hot&x asphalt pavement test aec- 
tions. The performance of the various test sections will be eval- 
uated against the Super-pave performance prediction models. 

FHWA is also collecting performance data, using two accel- 
erated loading facility machines at the TFHRC, to validate the 
Super-pave asphalt binder and mixture specifications. 

Regional Coordination and Training 
The asphalt user-producer groups continue to play a key role in 
developing and facilitating the implementation of the Super- 
pave system. They have outlined a sensible, well-planned strat- 
egy for adopting the Superpave system on a regional basis. 

Super-pave centers have been established in each of the five 
I asphalt user-producer group regions. The centers, operated 

jointly by universities and State departments of transportation, 
will conduct a thorough and coordinated shakedown of the pro- 
cedures used with the Super-pave shear test and indirect tensile 
test. They wiJJ also provide training on a regional basis. 

New Logo Emphasizes Partnerships 
To emphasize the partnerships involved in implementing the 
Super-pave system, FHWA recently introduced a new Superpave 
logo. The logo shows the 
principal partners in the Su- 
perpave implementation 
program-namely, the 
American Association of 
State Highway andTra.nspor- 
tation Officials, the highway 
industry, and FHWA. “Super- 
pave 2000” signifies the target date for nationwide implemen- . 
tation of the Superpave mix design procedures. 

_-- - - - - - -P--s  
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Concrete and Structures UPDATE 

Showcase workshops, conducted on a regional basis, are one of 
the principal means of conveying information about the SHRP 
products for improving construction and maintenance practices 
for concrete pavements and structures. Each workshop features 
hands-on training and classroom learning on a group of related 
SHRP products. In some cases, technical assistance and loaner 
equipment are avaiJabie to State highway agencies. After each 
workshop, participants from State highway agencies, industry, 
and FHWA meet to discuss how the technologies can be imple- 
mented on a regional basis. 

Showcase workshops are available or planned in the follow- 
ing six topic areas: 
l Alkali-Silica Reactivity (ASR) 
l Concrete Durability 
l Assessment of the Physical Condition of Reinforced Con- 

crete Structures 
” _ 

l Methodologies for Reinforced Concrete Removal, Repair, 
Protection, and Rehabilitation 

l Electrochemical CNoride Extraction 
l High-Performance Concrete for Bridges and High-Perfor- 

mance Rigid Pavements . 

The pilot concrete durability showcase workshop was held June 
27-28, 1995, in Arlington, Virginia. Presented by Construction 
Technologies Laboratories (CTL), the course introduced partic- 
ipants to a number of devices and procedures for evaluating the 
durability of concrete. The workshop covered five main topics: 
l Permeability 
l Freeze-thaw resistance 
l Quality control 
l Nondestructive testing 
l Expert systems 

Techniques discussed included the impact-echo method for 
measuring concrete thickness and locating defects, the micro- 
wave oven drying method for determining water content, and 
the hydraulic fracture test. FHWA wilJ begin holding concrete 
durability workshops on a regional basis in April 1996. 

Eight ASR showcase workshops were held in 1995. These 

More #an 40 products wene 
dlzve&dunderwscon 
Crete and structures pro- 
gram. These products can 
bedassifiedunderthebroad 
-categories of bridge c& 
tion assessment, bridge pro- 
tection and rehabkbtion, 
concretedur~,~- 
fommce tzmwete4.-and ai- 
kali-sitica.~;$~df 

$it%bF&a% 
~bl-idg~.ThefOWS~iSOtl 
mfim$ the PrQciuck-w, 
through such .mcans ,as 
showcase wfxbhops, inw 
ducing them to’ihe ,&atg 
highway depwtm&ts :jmd 
highway contractm. 
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Showcase 
Workshops 
AlkalCSilica Reactivity 
The 3day workshop features 
several SHRP products for 
detecting alkaMica react& 
ity @SRI in concrete in the 
field and in the laboratory. In 
eludes hands-on training in 
identifying A?$. Target audii 
ence: materials engineers in 
highway departments and 
industry. 

Next workshop: Montreat, 
Quebec, &ril1618,1996. 

Contact Roger Surdahl, 
202-366-1563 (fax: 202- 
366-9981; email: rsurdahl 
Qintergatedotgov). 

Concrete Durability 
Covers freeze-thaw durabili 
ty, concrete permeability, 
and nondestructive testing of 
concrete. Target audience: 
materials and research engi- 
neers and technicians. 

Schedule: Workshops will 
commence in April 1996. 

Contact: Gary Crawford, 
202-366-1286 (fax: 202- 
3667909; email: gcrawford 
Qntergate.ddgovf. 

Assessment of the Physical 
Condition of Reinforced 
Concrete structures 
Features corrosion detection 
devices, radar units, and rap 
id chloride test kits and em 
phasizes using these devic- 
es to evaluate bare and 
covered bridges. Target au- 
dience: bridge and construc- 
tion engineers and techni- 
CMS. 

Schedule: The pilot show 
case is tentatively scheduled 
for March 1996. 

Contact DonaidJackson, 
202-366-6770 (fax: 202. 
3667909; ernail: djackson 
@intergate.dot.gov). 

workshops are designed to give participants hands-on training 
in identifying and mitigating the effects of ASR-induced deteri- 
oration in portland cement concrete. The next workshop is 
scheduled for April 1996 in Montreal, Quebec. 

Pilot workshops for the showcases on assessing the physi- 
cal condition of concrete structures and repairing, protecting, 
and rehabilitating concrete structures will be held in spring 
1996. The two showcases will run back-to-back during the same 
week, to make it possible for more engineers and technicians to 
attend. 

‘IIyo ground-penetrating radar units for bridge deck evalua- 
tions have been ordered for use in both the workshops and field 
corrosion activities. The equipment is due to be delivered in the 
spring of 1996. 

Three pilot electrochemical chloride extraction (ECE) 
projects have been installed: a bridge deck in Arlington,Vii- 
ia, and bridge columns and piers in Charlottesville,Virginia, and 
Sioux City, South Dakota. ECE is a promising technique for re- 
moving chloride ions from reinforced concrete structures, thus 
slowing deterioration. The pilot projects are designed to pro- 
vide more information on the results of the ECE process, includ- 
ing how long a treatment can be expected to last and under what 
conditions ECE treatment is advised. 

Open houses held at the pilot projects attracted a diverse 
group of attendees from State and Federal governments, pri- 
vate industry, and academia. 

The pilot workshop on ECE was held in Arlington, Virginia, 
in July 1995. A field trip to the Arlington bridge project was in- 
cluded as part of the workshop. 

Equipment Evaluations 
Field evaluations of the impact-echo device are under way. The 
devices have been loaned to the highway departments in Wis- 
consin, NewYork, Iowa, California, South Dakota, Missouri,Vir- 
ginia, Texas, Mississippi, West Virginia, New Jersey, Nevada, 
NOI@ Carolina, Massachusetts, and Pennsylvania, as well as the 
University of Washington and the University of Texas. In addi- 
tion, Kansas, South Dakota, Indiana, and the University of Lou- 
isville have each purchased the equipment. 

Initial evaluation reports of the device have been turned in 
by Missouri, Wisconsin, West Via, and Virginia. Users have 
reported difficulties in taking measurements and interpreting 
data with the device and have recommended additional research 
and development. The biggest problem they encountered was 
measuring the pavement thickness within the desired accuracy 
of -15 mm; results to date have been in the range of &13 mm. To 

-- _-_-_... .- .__.-. _- 
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address this problem, FHWA has begun testing a new produc- 
tion unit that allows users to measure pavement thickness more 
accurately (+4 mm). 

Five small hydraulic fracture test chambers have been pur- 
chased for round-robin testing.The units have been sent to Ken- 
tucky, Iowa, Missouri, North Dakota, and Maryland. 

Additional air permeability test devices have also been pur- 
chased, bringing the total available for loans to five. To date, the 
equipment has been loaned to Florida, New Jersey, Nevada, Ar- 
kansas, Missouri, the University of Nebraska, theVirginiaTrans- 
portation Research Council, and South Dakota. 

High-Performance Concrete 
Officials from FHWA and the American Association of State 
Highway and Transportation Officials, together with represen- 
tatives from private contractors and consulting agencies, recent- 
ly toured the Northumberland Strait Crossing Project in Prince 
Edward Island, Canada. They met with Canadian officials and 
had an opportunity for a first-hand look at the bridge that is 
being built with high-performance concrete (HPC). 

The first HPC for bridges showcase workshop will be held 
March 25-27, 1996, in Houston, Texas. It will cover the advan- 
tages and disadvantages of high-performance concrete, mix 
proportioning, structural design considerations, and evaluation 
of bridge component performance. 

There are currently five HPC bridge projects being con- 
structed in four States:Texas (2 bridges),Virginia, Nebraska, and 
New Hampshire. The projects are funded jointly by the Office of 
Technology Applications, the Office of Engineering R&D, the 
Office ofAdvanced Research, and the participating States. In ad- 
dition, 10 States (California, Georgia, Iowa, Massachusetts, Min- 
nesota, New York, Ohio, Pennsylvania, Texas, and Washington) 
have pooled a portion of their research funds to help finance 
two of the projects. projects. Seven more HPC for bridges 
projects have been proposed by Georgia, Colorado, Ohio, Wash- 
ington, North Carolina, Nevada, and Indiana. 

FHWA is making arrangements to host an international HPC 
conference in 1997. 

Members of the expert task group (ETG) on high-perfor- 
mance rigid pavements (HPRP) held their first meeting in April 
1995. As a result of their discussions, FHWA, through its region- 
al offices, has invited State highway agencies to submit propos- 
als for modifying or developing concrete paving projects to in- 
corporate high-performance features. 

Methodologies for 
Reinforced Concrete 
Removal, Repair, 
Protection, end 
Rehabilitation 
The workshop features a va- 
riety of SHRP and notStfRP 
products~isoftware, 
specifications, test prwx- 
dures, and reference docw 
mentd. Target audience: 
bridge and consbvctian en 
ginfsrs and Mhnicks 

Schedule: The pilot&- 
shoPi!stentabhrc)y§cheduled 
for March 19%. .: ,:” 

co~Ihwwfd~sorl, 
202-366-6770 WC zw- 
36W909; wnak djakson 
@intergate.dot.gov). 

Efectroctical Cfilofi& 
fxtractiofl 
Demonstration pmjects in 
Delaware and Maryland will 
prwide the basis for discus- 
sion in the workshops. Tar- 
get audience: bridge and 
construction engineers and 
technicians. 

SChE?duledfwW~, 
Delaware. summer 1996, 
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The SHRP highway opera- 
tions program developed a 
wide range of test methods, 
designgilides,andproducts 
addressing such areas as 
pavementrepair,- 
pavement maintenance, 
snow and ice control, and 
work zone safety. Some of 
these products are undergo- 
ing further evaiuation and re 
finement. Ofhers, such as 
most of the work zone safe- 
ty devices, have been readii 
ly adopted by State highway 
agencies. 

Showcaseworkshopswiil 
be used to +ntroduce many 
of these procM.s on a re- 
gional basis. 

workshop contacts 

Snow and Ice Control 
contact: Salim Nassif, 
202-366-1557 Uax: 202. 
3669981; emaik snassif 
Qntergakdotgov). 

Pavement Preventive 

3669981.email: . ! 
smW&Wgate. 

iE&v~. . 

SlnoMtive Pavement 
Maintenance 
cwrtact: Patrick Bauer, 
202-36G1554 (fax: 202- 
366998); ernaik pbauer 
@intergate.dot.gov). 

___----- 

Highway OperationsuPDAE 
Pavement Preventive Maintenance 
More than 100 persons attended the May 1995 pilot showcase 
workshop on pavement preventive maintenance, held in Den- 
ver, Colorado. Designed for pavement, construction, and main- 
tenance engineers, the workshop covered preventive treatments 
for both hot-mix asphalt and portland cement concrete pave- 
ments. 

Regional workshops are tentatively scheduled to begin in 
early 1996. Workshop leaders will explain and demonstrate 
promising treatments that have been found to extend pavement 
service life. Test and evaluation plans for preventive mainte- 
nance treatments will be developed, and technical assistance 
will be provided to those State highway agencies participating 
in the evaluations. 

Innovative Pavement Maintenance 
The pilot showcase workshop on innovative pavement effective- 
ness was held in August 1995 inWashington, D.C.The workshop 
covered the four-maintenance areas studied under SHRP: 
l pothole repair in asphalt concrete pavements, 
. crack sealing and filling in asphalt concrete pavements, 
l spall repair in portland cement concrete pavements, and 
l joint resealing in portland cement concrete pavements. 
The workshop was divided into six sessions. The first two ses- 
sions were aimed at upper management and emphasized the 
importance of pavement maintenance to a sound pavement 
management strategy. The other sessions were geared for main- 
tenance engineers and provided more detailed information. 

Regional workshops are scheduled to begin early in 1996. 

Snow and Ice Technology 
PHWA recently wrapped up its 2-year anti-icing test and evalu- 
ation project (T&E Project 28). The study, which consisted of 
extensive field testing of various anti-icing technologies, cul- 
minated in a symposium in Estes Park, Colorado, in October 
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1995. The symposium drew more than 200 maintenance engi- 
neers and managers from State and local highway agencies, ac- 
ademia, consultants, suppliers, and manufacturers. The 15 State 
highway agencies that participated in the study reported the 
strategies they used and the benefits they gained. The contrac- 
tor for the project, the U.S. Army Corps of Engineers Cold Re- 
gions Research and Engineering Laboratory (CRREL), summa- 
rized the overall findings and described the methodologies used 
in the study. 

Based on data collected in the study, CRREL has developed 
a guidance manual for anti-icing operations under a variety of 
storm conditions. Highway agencies will be able to use the man- 
ual to develop their own localized anti-icing strategies. A draft 
of the manual was distributed at the Colorado symposium, and 
a final version is expected in early 1996. 

Beginning in 1996, FWA will conduct a series of 2-day re- 
gional workshops to showcase the snow and ice technologies. 
In addition to anti-icing strategies and technologies, the work- 
shops will cover 
l methods for evaluating chemical deicers, 
l ice disbontiing, 
l road weather information systems, 
l customized weather prediction, 
l snow drift control, 
l snowplow cutting edge, 
l snowplow design, and 
l snowplow scoop. 

FHWA is currently seeking participants for five test anti evalua- 
tion projects: 
l Anti-icing-to evaluate how well spreader equipment distrib- 

utes a finely graded salt prewetted with a liquid chemical. 
l Road weather information systems-to determine the inte- 

gration and interoperability between systems from different 
vendors and to establish a standard protocol. 

l Road weather information systems-to test and evaluate 
snow and ice control management systems that are based on 
road weather information systems. 

l Cutting edge-to evaluate a plow blade coated with a high 
cobalt grade of tungsten carbide to resist wear from shock 

l Plow design-to evaluate a plow that combines the SHRP- 
developed cutting edge, snowplow scoop, and moldboard 
design. 
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Work Zone Safety 
Bmchure 
Highway work zones are dan 
gerws places. The need to 
perform critical road repairs 
often conflicts with the need 
to maintain traffic flow, lea& 
ing to increased potential for 
work zone accidents. The 
SHRP work zone safety de 
vices were designed to ad- 
dress these opposing needs. 

The SHRP work zone safe 
ty devices are descriid and 
portrayed in an FHWA bm 
chure, hnovafive Devices for 
Safer Work Zones. The br* 
chure covers the flashing 
stop/slow paddle, portable 
rumMe strip, portabk ati-ter- 
rain sign and stand, direction 
indicator barricade, oppos- 
ing traffic lane divider, intm 
sion alarm, remoteiy driven 
vehicle, portable crash cusb 
ion, truck-mounted attenue 
tar for salt-spreaders, and 
queuedetector. 

The brochure also in- 
dudes a listing of the SHRP 
workzonesafetydeviceco~ 
tads in each of the FHWA 
regions. 

To request a copy of the 
brochure, contact Jacques 
Jenkins at 202-366-8025 
(fax 202-36~7909; email: 
jjenkins@intergate.dot.gov), 

--.-*. --.-. - - 

Work Zone Safety Devices 
Since 1992, the SHRP work zone safety devices have been dis- 
played at 41 major events, including such recent ones as the 
Texas Municipal League 1995 Convention and the 1995 annual 
meeting of the American Association of State Highway and 
Transportation Officials. Each FHWA region and most Local 
Technical Assistance Program (LTAP) centers have received a full 
set of the safety devices, allowing the devices to be shown at 
many regional and local events. To make it easier for the regions 
and LXAP centers to demonstrate the SHRP products to local 
and State highway agencies, FHWA has provided utility trailers 
that can easily store and transport the entire complement of 
work zone safety devices. 

FHWA is encouraging highway agencies to try out the prod- 
ucts in actual field applications. Technical assistance and fund- 
ing support have been provided to participating States. 

Availability of Devices 
Seven work zone safety devices are now commercially available.* 

Five companies currently manufacture intrusion alarms. 
The Safety Line Infrared Alarm (ASTI Transportation Systems, 
Newark, Delaware) consists of an infrared transmission unit 
housed in a traffic cone; the alarm unit is housed in a second 
cone. It provides both longitudinal and transverse detection. 

The Safety Sentinel Microwave Alarm (Traffic Management 
’ Systems Corporation, St. Louis, Missouri) is a two-unit system 

housed in plastic drums. Solar cells are mounted on top of the 
drums to recharge the batteries as needed. The system uses a 
microwave beam to provide longitudinal detection. It also in- 
cludes a drone radar transmitter that sets off radar detectors in 
vehicles within 600 meters of the unit, helping to slow approach- 
ing traffic. 

The Model 10 two-unit intrusion alarm (Safe Lite System, 
Newtown, Pennsylvania) runs on rechargeable batteries and 
uses a radio communications linkage between the units. A pneu- 
matic tube laid on the pavement is used to detect intruding ve- 
hicles and provides transverse detection at the lane closure. 

The intrusion alarm manufactured by the Columbia Safety 
Sign Company (Woodland, Washington) also uses a pneumatic 
tube to detect intruding vehicles. 

TheWatchdog (Kenco Internhtional, Ligonier, Pennsylvania) 
consists of a series of pneumatic hoses hard-wired to the alarm 
unit. 
-- _--- 
The U.S. tiovemment does not endorse products or manufacturers. Trade or man”- 
facturers’ names appear herein solely because they are considered essential to the ob- 
ject of this report. 

--- -.- _--.-- -.-. - --.^ _-..._ _.-- ..-___--_ -_- _. 
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Impact Recovery Systems (San Antonio, Texas), Flexstake, 
Inc. (Ft. Meyers, Florida), and Flasher Handling Corporation 
(Depew, NewYork) currently manufacture the opposing traffic 
lane divider. All three products feature a similar two-arrow face 
design, with the main difference between the three being the 
support systems for returning the divider to an upright posi- 
tion when hit. 

Three companies currently manufacture devices that meet 
the basic criteria for SHRP’s direction indicator barricade. The 
product fromWU Industries, Inc., (Villa Park, Illinois) has a hor- 
izontal arrow on a type II barricade, while Flasher Handling 
Corporation (Depew, NewYork) and Carson&e, Inc. (Carson City, 
Nevada) place the sign panels on a support with a weighted base. 
The device’s primary objective is to provide guidance during lane 
closures. Currently, the barricade is still considered experimen- 
tal and thus requires permission from FHWA for use. 

Poly Enterprise (Monrovia, California) has produced a mold- 
ed version of the portable rumble strip using virgin and recy- 
cled plastic in place of the neoprene laminated version devel- 
oped by SHFU? The rumble strip works best under low speed 
traffic conditions; under high traffic speeds or heavy truck vol- 
ume, the strip is subject to rotation and movement. 

The original SHRP-designed flashing stop/slow paddle is 
currently being produced by a Canadian firm, Detronics, and 
distributed by Graham-Migletz, Inc. (Independence, Missouri). 
In addition, Columbia Safety Sign Corporation (Woodland, 
Washington), Action West (Kelso, Washington), A/C Enterprise 
(Vancouver, Washington), Medifax, Inc. (La Center, Washington), 
and Brittney Safety Sign (Copper Country Safety Sales, Phoe- 
nix, Arizona) are each manufacturing a paddle that is based on 
the SHRP concept but that uses strobe lights or bulbs rather than 
high-intensity halogen bulbs. 

Napoleon Fabricators, Inc. (Napoleon, Ohio) and AdraCorp. 
(Huntsville, Alabama) both manufacture the portable all-ter- 
rain sign and stand. AdraCorp’s product is a tripod version that 
weighs just over 3 kilograms (7 pounds). 

The queue detector, which consists of a transmitter, receiv- 
er, and electronics module, is available from ASTI nansyjorta- 
tion Systems (New Castle, Delaware). The detector alerts driv- 
ers to stopped or slow traffic ahead, giving them more time to 
react and prevent accidents. 

Still Under Development 
The portable crash cushion is currently being modified so that 
it uses a small trailer for more maneuverability in loading and 
un.loading.Three trailer units are currently being manufactured 
for testing and evaluation by State highway agencies. 

15 
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Designed to give States the 
information and products 
theyneedtobuildartdmain 
tain longer lasting pave- 
ments, the mar long-term 
pavement performance 
UPP) ppgram is almost at 
itsmidpoint.Thepmgramis, 
however, already delivering 
products, such as the modi- 
fied Geotgia faultmeter and 
thefallingweigM- 
tercalibrationprocedures. 

Some of the products 
now available relate to ma- 
-t=wLpavementw- 
fwmance monitoring, and 
equipment standards and 
calibrittion pmcedms. Stilt 

ZSs=& . 
andeffe&enessofmaint~ 
nance strategies, perfor- 
mance of various rehabib 
tion techniques and mat- 
erials, and the zzk?don of 
~~at$EEfoMewC~ 

relxmac- 
tion. 

.-...----.- 

LO ng-Term Pavement 
Performance UPDATE 

Strategic Plan Published 
In September 1995, the I.TPP program published TheLong-Term 
Pavement Performance Roadma~ A Strategic Plan. The plan 
was developed with input from State and provincial highway 
agencies, the American Association of State Highway andTkans- 
portation Officials (AASHTO), the Transportation Research 
Board (TRB), industry, academia, and FI-IWA. 

The Roadmap contains a data analysis plan for developing 
ITPP products, and it identifies critical issues facing the ITPP 
program. The Roadmap also provides a brief history of the LTPP 
program, its partners, and their roles. It charts a course to the 
program’s near-term and longer term destinations. 

The Roudmap is being widely distributed to help inform the 
highway community about the projects and products of the 
IXPP program. AASHTO has sent copies of the Roadmap to each 
State. 

Just as the LI’PP program is a dynamic process, so too is the 
Roadmap; the report will be updated periodically to reflect 
changing needs and priorities. 

A new pocket-sized brochure describing the ITPP program 
was published by FI-IWA in October 1995. The brochure, titled 
Improving Pavement Technology: A ,?O-YearJourney, consists of 
a series of commonly asked questions and answers about the 
ITPP program. 

National Conference To Be Held in March 
To provide an update on the ITPP program’s accomplishments 
and the products being developed by the program, FI-IWA will 
convene a conference in Irvine, California, in March 1996. The 
conference, “Improving Pavements with I: Products for To- 
day and Tomorrow,” will be held March 26-28 at the Arnold & 
Mabel Beckman Center of the National Academies of Science 
and Engineering. 

The conference will focus upon ITPP products that contrib- 
ute to increased pavement life; early products available from 

--.-_-s--m - . -  -  - - -  - . -  -.__ - - . .  - . -  
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the LTPP program, and the path to developing additional antic- 
ipated products. 

The conference is intended primarily for State, Federal, and 
industry engineers and managers with responsibilities for de- 
livering pavement programs. The conference will also be of in- 
terest to engineers involved in the conduct of the LTPP studies 
or other pavement research programs. 

The conference is cosponsored by: 
l American Association of State Highway and Transportation 

Officials 
l American Concrete Pavement Association 
l American Trucking Associations 
l Canadian Strategic Highway Research Program 
l National Asphalt Pavement Association 
l National Stone Association 
l Transportation Research Board 

LTPP Product Preview 
In January 1996, FHWA wilI distribute a new brochure contain- 
ing a list of the available and planned LTPP products. The LTPP 
Product Preview will include a description of each product, its 
status, and a name of the person to contact for more informa- 
tion. 

Products wiIl be grouped in four categories: materials test- 
ing, design guidelines, pavement monitoring procedures, and 
equipment standards and calibration. The Product Preview will 
be used to develop implementation plans for the products. En- 
gineers and managers who desire to be among the earlier users 
of the products will also find the brochure helpful. 

SPS-3/4 1995 Field Evaluations Completed 
Expert teams of engineers from State highway agencies, indus- 
try, and FHWA have completed their evaluations of the perfor- 
mance of various preventive maintenance treatments construct- 
ed in 1990 as part of SHRP Regional teams conducted on-site 
field evaluations of the specifk pavement studies (SPS) experi- 
ments (flexible pavements, SPS-3, and rigid pavements, SPS-4) 
during August, September, and October 1995. Each field review 
was 6 to 10 days in length. More than 81 experimental sites and 
405 test sections were visited. 

The review teams’ subjective evaluations will be used to 
complement the LTPP data analysis now under way on the 5 
years of performance data collected at the sites. The objective 
of this analysis effort is the formulation of sound conclusions 

17 

Publication 
Requests 
To request a copy of 
l .me Long-Ti Paw?- 

merit Performme had- 

map: A stra?gic BarI 

W~5200~ 

l UPPf?roduct~W 
l UPPCmference&t.b 

.cfrule 
contect the Pavement 
PeffmeWsion, 
0fkeofEngi . 
R&D, at 7032a5 
&IXI 70328527671. 
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Data Sampler 
Software 
Toobtainacopyoffhe Data 
8ampiet and Uata Request 
software program, contact 
Barbara Ostmm at 703-285 
2514 (fax: 7032852767; 
email: bkostrom@intergate. 
dotgovl. 

The program is furnished 
on a single 9Omm (35inch) 
d&k. R requires a computer 
running under Wlndaws ver- 
sion 3.0 or higher, 2 megs 
bytes of bard disk space, 
and 4 megabytes of RAM. 

and recommendations on the performance and use of these 
preventive maintenance treatments-that is, what works, and 
what doesn’t. A national summary report detailing the observa- 
tions, conclusions, and recommendations of the review teams 
is being developed by an FHWA contractor, Nichols Consulting 
Engineers, and should be available in early 1996. A final report 
on the entire SPS 3&4 project is also being prepared. Technolo- 
gy transfer materials and manuals of practice wiJl be developed 
to assist highway agencies in implementing the study findings. 

Monitored Traffic Data Now Included in 
National Information Management System 
The II’PP National Information Management System now in- 
cludes actual traffic data collected at monitored general pave- 
ment studies (GPS) sites. State and provincial highway agencies 
have been collecting the data since 1990, but access to the data 
was delayed until standardized processing procedures could be 
developed. 

The newly available traffic data covers the 1990- 1993 period 
and contains information on 
l traffic and truck volumes, 
l weight distributions of axle groups by vehicle type, and 
l equivalent single-axle load estimates. 
The information is based on vehicle counts collected at more 
than 470 GPS sites and vehicle weights measured at nearly 400 
GPS sites in 48 States and provinces. 

UPP Activitik at the 1996 TRB Annual 
Meeting 
The LTPP program will be very visible at the 1996 Transporta- 
tion Research Board Annual Meeting in Washington, D.C. The 
activities start on January 6 with the Data Analysis Working 
Group meeting. At the SHRP Coordinators meeting on January 
7, highlights of the UPP program will be presented in the ple- 
nary session. An ITPP exhibit will be set up at the technology 
fair that follows the coordinators meeting. 

The international LTPP coordinators will meet on January 
7. Participants will share the status of their IIPP activities and 
explore opportunities for further cooperative efforts. 

On January 8, Session 42 wilJ feature a series of presenta- 
tions on the Roadmap, related AASHTO activities, and UPP 
products. 

--... --_-- ____-_ -.-- ,-.. - _--.---- 
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Asphalt Technical Working Group 

Andrewski, Dave Eller, Gerald 
Materials Engineer Director, Office of Engineering 
Indiana DOT Federal Highway Administration 
100 North Senate Avenue 400 7th Street, S.W., HNG-20 
Indianapolis IN 45204-2249 Washington DC 20590 
Phone: 317-232-5280 Phone: 202-366-4853 
Fax: 317-3569351 Fax: 202-366-998 1 

Collins, Ronald 
State Materials & Research 

Engineer 
Georgia DOT 
m;;; of Materials & Research 

15 Kennedy Drive 
Forest Park GA 30050 
Phone: 404-3637510 
Fax: 404-363-7684 

Epps, Jon A. 
Professor of Civil Engineering 
University of NevadaReno 
College of Engineering 
Mail Stop 256 
Reno NV 89557-0901 
Phone: 702-784-6873 
Fax: 702-7841429 

D’Angelo, John 
Highway Engineer 
Federal Highway Administration 
400 7th Street, S.W., HTA-21 
Washington DC 20590 
Phone: 202-366-0121 
Fax: 202-3667909 

Fee, Francis 
Manager, Technical Servrces 
Elf Asphalt, Incorporated 
36th and River Road 
P.O. Box 638 . 
Pennsaukan NJ 08110 
Phone: 6094288808 
Fax: 609963-0011 

Decker, Dale 
Director of Engineering 
National Asphalt Pavement 

Association 
5100 Forbes Boulevard 
Lanham MD 207064413 
Phone: 301-731-4748 
Fax: 301-7314621 

Fehsenfeld, Fred 
Executive Committee Chairman 
Asphalt Refining Company 
5400 W. 86th Street 
Indianapolis IN 46268-0123 
Phone: 3178726010 
Fax: 3178798145 

Fevre, M. Claude 
Directeur 
Groupement Professionnel des 

Bitumes 
4, avenue Hoche 
Paris 75008 
FRANCE 
Phone: 33-140537000 
Fax: 33140537049 

Finkle, Rodney 
Materials Engineer 
Washtngton DOT 
Transportation Building, KF-Ol 
Jefferson Street at Maple Park 
Olympia WA 985047300 
Phone: 206-753-7 103 
Fax: 2067056808 

Hallin, John P. 
Pavement Design and 

Rehabilitation 
Federal Highway Administration 
400 7th Street, S.W., HNG-42 
Washington DC 20590 
Phone: 202-366-l 323 
Fax: 202-366-3713 

Holt, Dave 
Executive Vice President 
Minnesota Asphalt Pavement 

Association 
900 Long Lake Road, Suite 202 
New Brighton MN 55112 
Phone: 6126364666 
Fax: 6126364790 
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Asphalt Technical Working Group (continued) 

Kidner, Everett 
Materials Supervisor 
Idaho DOT 
3311 West State Street 
PO. Box 7129 
Boise ID 83707 
Phone: 2083348439 
Fax: 2083343858 

Kline, Charles 
Chief of Materials & Testing 
Pennsylvania DOT 
Transportation & Safety Building 
Commonwealth & Forster Streets 
Harrisburg PA 17120 
Phone: 717-787-4720 
Fax: 7 17-787-5491 

Lord, Byron N. 
Chief, Engineering Applications 
Federal Highway Administration 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-366-0131 
Fax: 202-366-7909 

McCarthy, Bernard 
Director of Technical Services 
The Asphalt Institute 
6917 Arlington Road 
Bethesda MD 20814 
Phone: 3016565824 , 
Fax: 3016565825 

Page, Gale 
Bit. Materials & Research Eng. 
Florida DOT 
State Materials Office 
605 Suwannee Street 
Tallahassee FL 323990450 
Phone: 904-372-5304 
Fax: 904-277-3403 

Potts, Charles F, 
President 
APAC, Incorporated 
900 Ashwood Parkway, 

Suite 700 
Atlanta GA 30338-4780 
Phone: 404-392-5462 
Fax: 404-392-5593 

Rafalowski, Mike 
Highway Engineer 
Federal Highway Administration 
HNG23 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-366157 1 
Fax: 202-360-9981 

Telford, Jack 
Division Engineer-Materials 
Oklahoma DOT 
200 N.E. 21st Street 
Oklahoma City OK 73 1053204 
Phone: 405521-2677 
Fax: 405521-2524 

Trent, Roy 
Chief, Engrg. & Special 
Projects 
Office of Engineering R&D 
Turner-Fairbank Highway 

Research Center 
6300 Georgetown Pike 
McLean, VA 22101 
Telephone: 7032852062 
Fax: 7032853105 
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COIlCrete and ~~IUChJreS Technical Working Group 

Brown, Bernard C. 
State Materials Engineer 
Iowa DOT 
Office of Materials 
800 Lincoln Way 
Ames IA 50010 
Phone: 5152391452 
Fax: 515239-l 309 

Bushman, James 
President 
Bushman Associates 
P.O. Box 425 
Medina OH 44258 
Phone: 216-7693694 
Fax: 2167692197 

Clemena, Gerald0 
Senior Research Scientist 
Virginia Highway & Transportation 

Research Council 
530 Edgemont Road 
Charlottesville VA 22903-2454 
Phone: 804-293-l 949 
Fax: 804-2931990 

Cole, Lawrence W. 
Vice President, Engineering & 

Research 
American Concrete Pavement 

Association 
5420 Old Orchard Road 
Skokie IL 60077-1083 
Phone: 708-966-6200 
Fax: 7089669781 

Fiorato, Tony 
Vice President 
Portland Cement Association 
5420 Old Orchard Road 
Skokie IL 60077-l 083 
Phone 7089666200 
Fax: 708-988-9781 

Gaynor, Richard D. 
Executive Vice President 
NAA-NRMCA 
900 Spring Street 
Silver Spring MD 20910 
Phone: 301-587-1400 
Fax: 301-585-4219 

Gehler, James C. 
Chief Materials & Phy. Research 
Illinois DOT 
2300 South Dirksen Parkway 
Springfield IL 62764 
Phone: 217-782-7200, 
Fax: 2 17-7826828 

Girard, Robert J. 
Materials Research Director 
Missouri Highway and 

Transportation Department 
Highway and Transportation 

Building 
15;~c~~~~ouri Boulevard, 

P.O. Box 270 
Jefferson City MO 65 102 
Phone: 314-751-1040 
Fax: 314-751-8682 

Hoblitzell, James 
Structural Engineer 
Federal Highway Administration 
HNG32 
400 7th Street, S.W., 

Room 3203 
‘Washington DC 20590 
Phone: 202-366-4598 
Fax: 202-366-998 1 

Holland, Terrence 
Director of Engineering 
Master Build&s 
23700 Chagrin Boulevard 
Cleveland OH 44122-5554 
Phone: 216-831-5500 
Fax: 216-831-3470 

Hover, Kenneth C. 
Director, Department of 

Structural Engineering 
Cornell University 
Hollister Hall 
Ithaca NY 146533501 
Phone: 607-2553406 
Fax: 607-2559004 

Jackson, Donald 
Highway Engineer 
Federal Highway Administration 
400 7th Street, S.W., HTA-22 
Washington DC 20570 
Phone: 202-366-6770 
Fax: 202-366-7909 
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Concrete and Structures Technical Working Group (continued) 

Larson, Roger M. 
Highway Research Engineer 
Federal Highway Administration 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-3661326 
Fax: 202-3669981 

Naret, Frank 
Structures Engineer 
New York DOT 
Building 5, State Office Campus 
Albany NY 12232 
Phone: 5184851386 
Fax: 5154854021 

Pasko, Jr., Thomas J. 
Office of Advanced Research Ctr. 
Federal Highway Administration 
6300 Georgetown Pike, HAR-1 
McLean VA 22101-2296 
Phone: 7032852034 
Fax: 7032852379 

Roberts, James E. 
Chief, Division of Structures 
California DOT 
1120 N Street 
p.0. 60x 942673 
Sacramento CA 942730001 
Phone: 9164453810 
Fax: 9 16-654-6608 

Smith, Lawrence L. 
State Materials & Research 

Engineer 
Florida DOT 
Bureau of Materials & Research 
605 Suwannee Street 
Tallahassee FL 323990450 
Phone: 904-372-5304 
Fax: 904-277-3403 

Younger, Carey 
Research Engineer 
New Jersey State DOT 
1035 Parkway Avenue, CN 600 
Trenton NJ 08625 
Phone: 609530-2001 
Fax: 6095308294 

Vanikar, Suneel 
Highway Engineer 
Federal Highway Administration 
HTA-2 1 
400 7th Street, S.W. . 
Washington DC 20590 
Phone: 202-368-0120 
Fax: 202-366-7909 

Virmani, PauC 
Highway Research Engineer 
Federal Highway Administration 
6300 Georgetown Pike, HNR-10 
McLean VA 22101 
Phone: 703-2852439 
Fax: 7032852439 

Weii, Thomas 
Group Product Manager 
W.R. Grace & Company 
62 Whiiore Avenue 
Cambridge MA 02140-1692 
Phone: 6178761400 
Fax: 6178761400 
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Highway Operations Technical Working Group 

Amsler, Sr., Duane E. 
Civil Engineer III 
New York DOT 
Building 5, State Dffice Campus 
Albany NY 12232-0001 
Phone: 515-457-9501 
Fax: 5184574021 

Burk, Mike 
Safety & Design Applications 

Branch 
Federal Highway Administration 
400 7th Street, S.W., HTA-31 
Washington DC 20590 
Phone: 202-3668033 
Fax: 202-366-8518 

Cumberledge, Gaylord 
Chief, Roadway Management 

Systems 
Pennsylvania DOT 
Transportation & Safety Building 
Commonwealth & Forster Streets 
Harrisburg PA 17120 
Phone: 717-7836145 
Fax: 717-787-7839 

Dudeck, Conrad L. 
Professor of Civil Engineering 
Texas A&M University 
TFI-CE Tower, Suite 310 
Texas Transportation Institute 
College Station TX 778433 135 
Phone: 4098451727 
Fax: 4098456254 

Garrett, Robert M. 
Executive Director 
American Traffic Service 

Association 
ATSSA Building 
5440 Jefferson Davis Highway 
Fredericksburg VA 22407 
Phone: 7038985400 
Fax: 703-598-55 10 

Hanneman, Richard L. 
President 
Salt Institute 
700 North Fairfax Street, 

Suite 600 
Alexandria VA 22314-3040 
Phone: 7035494648 
Fax: 703-548-2 194 

Henderson, Gary 
Chief, Roadway Applications 

Branch 
Federal Highway Administration 
Nassif Building, HTA-21 
400 7th Street, S.W., 

Room 6319 
Washington DC 20590 
Phone: 202-366-1283 
Fax: 202-366-7909 

Humphrey, Norman 
Maintenance Engineer 
South Dakota DOT 
Transportation Building 
700 East Broadway Avenue 
Pierre SD 57501-2586 
Phone: 6057733571 
Fax: 6057733921 

Joseph, Charles 
President 
Charles Joseph Traffic Services 
514 S. Church Street 
Rockford IL 61101 
Phone: 8159649640 

‘Fax: 815-964-5318 

Kuemmel, David A. 
Assistant Professor of Civil 

Engineering 
Marquette University 
1515 West Wisconsin Avenue 
P.O. Box 65 
Milwaukee WI 53233 
Phone: 41428&3528 
Fax: 4142887082 

Lasek, Joseph 
Chief, Technical Development 
Federal Highway Administration 
HHS-11 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-3662 174 
Fax: 202-36685 18 

Law, Charles 
District Engineer 
Georgia DOT 
15 Kennedy Drive 
Cartersville GA 30120 
Phone: 404-387-3602 
Fax: 4043637684 

SHRP Product Implementation Status Report l December 1995 

IO. I.25 



24 

Highway Operations Technical Working Group (continued) 

Lord, Byron N. 
Chief, Engineering Applications 
Federal Highway Administration 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-355-0131 
Fax: 202-366-7909 

MacMullen, John 
Membership Services 

Representative 
American Public Works 

Association 
105 West 1 lth Street, 

Suite 1600 
Kansas City MO 641051805 
Phone: 816-472-5100 
Fax: 816-472-1510 

McCarthy, Bernard 
Director of Technical Services 
The Asphalt Institute 
69 17 Arlington Road 
Bethesda MD 20814 
Phone: 3016565824 
Fax: 3016565825 

Pletan, Rodney A. 
State Maintenance Engineer 
Minnesota DOT 
Transportation Building 
395 John Ireland Boulevard 
Saint Paul MN 55155 
Phone: 512-297-3590 
Fax: 612-297-3150 

Smithson, Leland 
Director, Office of Maintenance 
Iowa DOT 
800 Lincoln Way 
Ames IA 50010 
Phone 5152391519 
Fax: 5152391539 

Story, Jesse 
Chief, Program Management 
Federal Highway Administration 
C&M Division, HNG21 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-3661552 
Fax: 202-366-9981 

Swenson, Arlen T. 
Manager, Rental Marketing 
John Deere National Sales 

Division 
400 19th Street - 
Moline IL 61265 
Phone: 3097653170 
Fax: 3097653123 

Tignor, Samuel 
Information & Behavorial 

Systems Division 
Federal Highway Administration 
TFHRC, Room T-210 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 703-2852031 
Fax: 7032852113 

Toth, Stephen A. 
Chief, Bureau of Equipment 
New Jersey State DOT 
1035 Parkway Avenue, CN 600 
Trenton NJ 08625 
Phone: 609530-2200 
Fax: 5095308294 
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Long-Term Pavement 
Performance Technical Working Group 

Christory, Jean-Pierre 
Laboratorie reg. de I’Ouest 

Parisien 
12, rue Teissereno de Bort 
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Memorandum 

SuDrtCl SHRP Information. Clearinghouse 

F rem 

TO 

Associate Administrator for 
Safety and System Applications 

Washington, D.C. 20590 

Regional Administrators 

One of the challenges in conducting the SRRP implementation 
program is communication, within FHWA, and with all of our 
partners regarding the structure and status of the program; and 
about the numerous opportunities to participate. One 
communicationtool is the FHWA’o SHRP Product Implementation 
Status Report. Prepared quarterly, the Status Report captures 
the highlights of the SHRP implementation program; Attached is 
the June issue. To date, the FHWA has utiliqed its traditional 
communication mechanisms supplemented by extensive use of 
E-mail directly to the FHWA SHR$ coordinators in the region8 
and divisions. The Status Repott is one example of the 

, 

information that is distributed via E-mail to our field' 
office8. National and regional meetings have also been used to 
tell the story. The F’HWA also publishes the SHRP FOCUS monthly 

OIIC July 22, 1994 

Rcocv IO AtIn Of HTA-3 

newsletter which is.sent to 8,500 individuals nationally and - 
: internationally. ,:. ~ .: _ - .._ 

One of the recommendations which the FHWA received regarding 
SHRP implementation communication was to establish a computer 
based information system. One that would allow any interested 
party to learn what is planned, who is doing it, and when it 
will happen. The SHRP Information Clearinghouse contains: 
(1) Status Report, (2) Product Information, (3) Calendar, 
(4) Directories,, and (5) SHRP Report Abstracts. 

The Clearinghouse, which is'operated by the Office of 
Technology Applications is currently accessible to all users 
via a modem and an 800 telephone line. The only requirement 
for operation of the'system is that a user execute's series of 
computer commands on his or her initial entry. These 
instructi= have been E-mailed directly to the region and 
division SHRP Coordinators. We are currently exploring options . 
to access the Clearinghouse on the FHWA WAN and AASHTO VAN. 

As the principal potential users of the SHRP products, the 
State highway agencies need to be introduced to the 
Clearinghouse and provided the computer in8truction8. To 
strengthen the SHRP implementation partner8hip, we are. 
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requesting that the division office8 info= the State highGay 
agencids about the Clearinghouse. 
attached are: . - 

To assist’ the divisions, 

A suggested letter from the division office to the State 
introducing the Clearinuhouse - ploaee rodffy the letter 
to suit local condition;, 

sufficient quantity to provide 
each State, and 

two computer diskettes to 

An information page describing 

The letter to the State should also 

the Clearinghouse. 

go to the Local Technical 
Assistance Program (LTAP) Technology Transfer Centers in each 
State and in Puerto Rico. A limited number of SHRP products 
are of interest to small and local governments. The FHWA is 
funding a contract to promote SHRP products to local 
governments through the LTAP technology transfer centers. 
Information on the implementation efforts for local governments 
is also contained in the Clearinghouse data bases and 8ach 
center is being sent directly a. copy of the diskette. A 
separate distribution will be made to the four technology 

-transfer centers for American Indian tribal governments. . 

Industry, 
academia, 

national associations and trade publications, 
and international users.will be informed about the 

Clearinghouse through. magazine drticles in FOCUS, mJBLIC w, 
othrr magazines,. and general advertisements. Please feel free 
to inform regional and local industry and publications 
regarding the availability and access to the Clearinghouse. 

The regions, divisions, and States have all cooperated 
enthusiastically and significant progress has been made toward 
the adoption of the SHRP products. However, a lot remains to 
be accomplished and your continued suppoe and participation is 
critical to the overall success of the implementation effort. 
The Headquarters SHRP implementation team is available to 
assist you. Please do not hesitate to contact any of the 
individuals identified in the Status Report for assistance. 

n+&Jk$&* 
Dennis C. Judyck . 

Attachments 
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As part of its SHRP implementation program, FHWA ‘has initiated numerous activities, 
including workshops, exhibits, technical assistance, and test and evaluation projects. 
Keeping track of ail that information is a formidable task. 

FHWA created the SHRP Information Clearinghouse to make it easier for State 
departments of transportation, industry, academia, the international community, and 
others to check the status of the SHRP products and to get information about FHWA’s 
implementation activities. 

The Clearinghouse is actually a set of five databases, housed in an 
computer. A customized software program links the databases and 
user interface. FHWA regularly reviews and updates the data. 

The Clearinghouse includes: 

IBM-compatible 
provides a graphical 

The firIl text of the most recent version of FHWA’s SHRP’ Implementation Status 
Reporr 

Product Information 
-Historical and current information 
-Information on the showcase workshops and contracts 
-Information on the States participating in test and evaIuation projects for SHRP 
.products 

Calendar of SHRP-related exhibits, workshops, training programs, and meetings 

A directory of FHWA contractors, technical working group and expert task group 
members, technical assistance sources, SHRP coordinators, and others involved in 
SHRP implementation activities 

Abstracts of all SHIV reports - as well as information on ordering the reports 

The Clearinghouse runs in a user-friendly Windows environment. It is easy to navigate; 
the user ti from a series of menus. There are no special computer hardware or 
software requirements, but a mouse is recommended. 

The SHRP Information Clearinghouse became operational in July 1994. You can reach 
the Clearinghouse through FHWA l s local-area network or by using a high-speed (9600 
baud or faster) modem to dial directly into the host computer. To request a copy of the 
self-installing software (which you will need to dii in to the Clearinghouse), contact 
Tonya Inc. at 202-289-8108. For more information about the SHRP Information 
Clearinghouse, contact FHWA’s Office of Technology Applications (fax 202-3667909). 
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Memorandum . 

SUDlCCl Implementation Plan *for the Strategic 
Highway Research Program (SW) Products 

OIM ,June 3, 1993 

From Executive Director 
. 

kilv 10 
AT?n pf HTA-3 

TO Associate Administrators 
Regional Administrators . 
Federal Lands Highway Program Administrator 

The Federal Highway Administration (FHWA) continues to put a 
priority on the implementation program for the SKRP products.- 
Most recently, the attached plan on SHRP products implementation 
was developed under the direction of the F’HWA SHRP Implementation 
Coordination Group (SICG). The plan describes the overall 
approach, the partnerships.that are considered essential to the 
successful implementation of the SHRP products and the roles of 
the involved organizations, including our field offices. Also, 
attached is a companion document that lists the organizational 
memberships of the various conmittees and task forces associated 
with this program. 

The plan was developed with the understanding that it is a living 
document that would grow'and change in response to the needs of 
the users of the SHRP products. It provides the framework by 
which the specific individual product(s) implementation plans, 
both national, regional and State, will be developed. To be 
successful, the specific product implementation plans must be 
tailored to meet regional and S_tate conditions. It is strongly 
recommended that the regions and divisions be active participants 
with the States and industry in the development of these 
implementation plans. . 

During the ,coming months, FH’WA will continue to prit in place the 
SHRP products implementation mechanisms and activities such as 
the four technical working groups, the devel'opment of specific 
national plans and the showcase contracts referred to in the 
plan. However, within the framework described in the plan you 
are encnzged to begin planning the development of regional 
strategies and possible organizational structures that include 
our partners. I strongly encourage you to become actively 
involved in this process and in the subsequent implementatiOn 
activities. ' 
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The Office of,Technology Applications (OTA) is available td 
provide addlt;ronal information regarding the SHRP implementation 
plan and to ass+ your staff in the development of regional and 
State plans. 
your Region, 

Durmg this summer and fall visits by OTA staff 
meetings will be held to discuss the program with to 

.-a..- -L-c= 

Attachments 

. 
* : 

&&al Highway Administration 
iTA-3:CChurilla:ljp:366-6626:5/26/93 
:c: HOA- 

HOA- 
HOA- 
HOAES 
HST-1 3401 

E. Dean Carbon 

HTA-1‘ 
HTA-3 Official File 
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Memorandum 

uDflcr SIWP Prodiacts Implementation fat November 22,’ 1933 

From Executive Director ho+ 10 Alln 01 HTA-3 

Associate Administrators 
lo Regional Administrators 

federal Lands Highway Program Administrator 

The Federal Highway Administration (FHWA) has made significant 
progress in the SHRP implementation activities at the national 
level. The four Technical Working Croups (TWCs) have been formed 
and are addressing the development of product-specific 
implemantation plans, contract8 forevariou8 SHRP implementation 
rupport function8 are in place, and the first of the 8howcaoo 
contracts has been awarded. Attached for your information is the 
SHRP Implementation Status Reportthat describer the FKWA 
activities. This report is routinely distributed on E-mail to 
the region and division office SHRP coordinators. 

One of the SHRP support l ctivitier ir a Spaelcer8 Bure8u that 
provides FHWA a mechanism to respond to the many requests for 
presentations on SXIW producta. when FHWA l taff ie unable to 
respond to a request for 8 SHRP presentation, the Speakera Burew 
can provide a knowledgeable individual from the private l ector. 
The FHWA also has other mean8 available vhen ve vish to utilize 
an individual from a State highway agency as a SHRP products 
speaker. Please contact Charlie Churille (202-366-6626) in the 
Office of Technology Application8 if ve can help in thie regard. 

One of the field office SHRP implementation activities that is 
extremely important is vorking vith the State highvay agencies to 
establish or foster the operation of SHRP implementation 
activities. A number of States have established S?IRP 
implementation committee8 as a means to coordinate the evaluation 
and adoption of SHW producta. In those Stateq that have such a 
committee, the regioq and division office8 can play valuable 
roles as an information source on the products end a champion for 
the many implementation l ctivitie8 being offered by FRWA. I am 
requesting.that you encourage the Divi8ion Admini8trators to 
discuss SHRP implementation vith their State counterparts. 

' In those instance8 vhere an implementation proces8 does not 
exist, the importance of taking action nov should be stressed. 
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In the many instanccr vhere such a committee or process already 
exists, the dlscursign should focus on the strengthening of the 
State-FHWA implementation partnership. To aSSiSt YOU in,this 
effort, 
prepared 

attached are copies of a SHRP Implementation videotape 
by FHWA. 

During the life if-the SIiRP, an annual State Coordinators' 
meeti:; was held in conjunction with the Transportation Research 
Board (TRB) Annual Meeting. The SHRP meeting is being continued 
by FHKA, with the support of TRB, and will focus on the 
implementation activities and the continuation of the Long Term 
Pavement Performance program. In the past, this meeting has been 
extremely well attended vith representatives from 70+ percent of 
the States. Attendance by a rrgipnal office representative, and 
at your discretion from one of your division offices, is 
recommended. Washington Office Directed Travel has been approved 
for the SIGXP Coordinators' meeting. 

Also, during the fall, representatives from the Headquarters 
offices involved in the SKRP implementation efforts have visited 
most of the regional offices.to provide firsthand information on 
the SHRP implementation activities and to discuss the region and 
division offices’ roles in there activities. One of the item 
specifically addressed during several of these meetings vas the 
funding for the SEE@ implemontation~activitie8 at the regional 
and State levels. As the national~implementation plans are 
developed by the TWGs, each regfon vi11 have the opportunity to 
develop regional plans for specific products or ahovcase group of 
products. Activities in the regional plaw.may include test and 
l valuation8, regional l guipment purchases,.and-associated 
administrative costs for the regional technical committees. The 
Office of Technology Applications is available to assist your 
office in the development of these regional plans and to provide 
the funding for these field-led implementation activities. 
Detailed information regarding the funding of the regional plans 
will be forthcoming. 

For the S?IRP implementation to be a success, it requires the 
active participation by..all the partners. At the national level, 
TRB, AASHTO, and FHWA have taken a number of significant steps 
towards this goal. However, to ultimately reach the goal, the 
States in cooperation with the FHWA field offices and local 
industry must act. I, again, vant to strongly encourage you and 
your staff to continue to be active participants in the 
inplement~on process. 

&& 
E. Dean Carbon 

2 Attachments 
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Memorandum 

SuDtCC! 
: 

JNFORKATION: Distribution of Dale March 23, 199h 
Publication 

6.37 Associate Administrator for Safety QeD:r ': 
and System Applications HTA-13 A,,- 1' 

Regional Administrators 
Tz Federal Lands Highway Program Administrator 

Distributed with this memorandum is Federal Hiahway 
Administration Technoloav Aoollcatlon Pr ar , AD 11 1994 
Publication No. FHWA-SA-94-028, an upiate"ofaEhe Jily 1993' 
publication (FHWA-SA-93-075). This provides a current listing of 
all technology transfer projects and an up-to-date status on the 
activities within the project. The Office of Technology 
Applications (OTA) will continue to update and distribute this 
publication periodically in order to keep the field officer, 
States, and Technology Transfer Centers up to date on the -.L--**r---- 
technology transfer activities underway. 

Suffiiient copies of this publication are being distributed to 
provide 6 copies to each regional office and 10 to each division 
office. 
offices: 

Direct distribution is being made to the division 
copies for State highway agencies are included with the 

copies for the division offices. 
to each Local Technical 

Two copies are also being sent 

Center. 
Assistance Program Technology Transfer 

A limited number of additional copies are available from the FHWA 
Research and Technology Report Center, HRD-11, Room A-200, 
6300 Georgetown Pike, kklean, Virginia 22101-2296. 

OYNn;eA$oa. 
Dennis C. Judycki 

Attachment 

10.5.1 





DP-75 Mobile Concrete Laboratory (SHRP) 

DESCRIPTION : The project’s goals include demonstration of state-of-the-art concrete technology in 
matenals selectron. mix designs, laboratory testing, ant’ -Id testmg. Project actrvmes include guidance for 
updating specificatrons and use of computer technology for k&n, testing, and data storage. A partnership with 
manufacturers, contractors, industry associations, and academia is maintained in all of the project’s activities. 

This project demonstrates the use of innovative laboratory and in situ testing equipment. and promotes high- 
performance concrete and the use of chemical admixtures. This project also supports the activities of SP-20 1, 
“Accelerated Rigrd Paving Techniques.” 

BACKGROUND : With today4 construction heavily involved in rehabilitation and reconstruction, highway 
engineers place ever greater demands on Portland cement concrete. These demands include lower permeability, 
higher and earlier strength, and improved workability. Many concrete admixtures are available today that 
specificall?; address these demands. However, to undemtand and effectively use these admixtures, innovative mix 
designs, testing equipment, and techniques are a prerequisite. 

With the use of a mobile concrete laboratory, 26 field demonstrations have been performed in the last 5 years. 
Two-day workshops on state-of-the-art concrete technology have been conducted in 44 States. Twenty l-day 
seminars on “Concrete Admixtures” have been conducted. Many presentations, including the mobile concrete 
laboratory, have been given at national, regional, and local FHWA and industry meetings. More than 2,500 State 
DOT and FHWA engineers have attended workshops, seminars, and field demonstrations. Under the equipment 
loan program, in situ testing equipment has been loaned to 20 States. 

PROJECT MANAGERS : Suneel Vanikar, HTA-21, (202) 366-0120 and Gary Crawford, HTA-2 1, (202) 
366-1286 

STATUS : ln 1995, mobile laboratory field demonstrations wen conducted in Texas. Ohio, and Virginia 
One-day eve testing (NIX) workshops were held in Missouri and Iowa. This NDT workshop w111 be 
presented in several States over the next few years. This workshop includes some SHRPdeveloped products. 
A Concrete admixtures seminar was presented in Hawaii. 

The rem&ring States will be visited over the next several years, with many States asking for repeat visits as the 
SHRkleveloped products arc included in the laboratory. The 1 day admixture seminars will continue for a few 
more years. Additionally, this mobile laboratory will support efforts related to implementing SHRPdeveloped 
concrete technology. The major emphasis for the next several years will be on field demonstrations of the SHRP- 
developed products and implementation of Performance Related Specification for Concrete Pavements. 

TECHNOLOG!??i%ANSF’ER AIDS : Mobile laboratory, telephone and on-site assistance, speakers, 
specialized workshops and seminars, and nondestructive equipment loan program. A new mobile concrete 
laboratory was acquired in 1995. 

PUBLICATIONS : FHWA reports on several field studies available through the Office of Technology 
Applications. 
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DP-84 Corrosion Survey Techniques 

DESCRlFTfON : The objective of this project is to demonstrate and document the latest concepts and test 
procedures for corrosion sways on reinforced concrete s!ructures. A secondary objective is to work in 
conjunction nith States to collect data on structures that already have protectrre systems and to determme their 
effectiveness. The project is divided into three distinct modules: 

a Executive Presentation Slide presentation and some equipment demonstration 

s Equipment Demonstration Slide presentation on bridge evaluation techniques and l- to 2-day 
equtpment demonstrations. 

I  Hands-on Training and Testing. Three to four days of hands-on experience with equipment. 

e A loan program for States that are interested in a particular piece of equipment. 

Several products developed under the Strategic Highway Research Program (SHRP) are being demonstrated as 
part of this project. 

BACKGROUND : Deterioration of reinforced concrete by corrosion of the reinforcing steel is the most 
Gequentcauseforneedmgmaintenance,rehabiii~ion,orrepl acement of concrete structural elements. The ability 
to identi@ an active corrosion process in the early stages is the most important factor in minimizing the cost of 
corrosion-related repairs. 

Today’s equipment is lighta, stronger, more durable, and is capable of interfacing with microcomputers through 
CADD-like sofhvare. Additionally, with the growing attention paid to concrete substructure corrosion, this 
equipment solves some of the difIicultics of surveying vertical surfaces over rivers, coastal waters, and freeways. 
Some tests that will be performed are half-cell potential survey, delamination mapping, rapid field measuring, 
chloride content, concrete cover survey, rebar corrosion rates, and crack measurement. 

PROJECT MANAGER : Donald Jackson, HTA-22 (202) 366-6770 

STATUS : This project was anwnn& late in 1991. DP-84 has been prcsen&d 36 times since then. Interested 
States may request demonstrations Corn the project manager. 
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DP-87 Drainable Pavements 

DESCRIPTION : This project was developed to help State highway agencies and industrl; partners become 
more familiar with new techniques in permeable base and edgedrain system design and construction This project 
concentrates on the use of permeable bases with concrete pavements and consists of a workshop that features a 
slide presentation, design manual, and field construction technical assistance. It also incorporates a hydraulic 
demonstration model that presents the drainage rate of various aggregate materials used in road building, 
inchtding permeable bases. 

BACKGROUND : Water in the pavement section is recognized as a major factor in pavement deterioration 
and early loss of pavement service life. In recent years, highway engineers have recognized the cost benefits of 
providing permeable bases to dram the pavement section. New aggregate gradations and stabilizing materials 
forbase courses have been used to provide a balance between drainability and stability. Construction engmeers 
also have developed new techniques for placing and compacting permeable base material. 

PROJECT MANAGER : Robert Bautngardner, HNG-42, (202) 3664612 

STATUS : More than 40 workshops have been completed to date. Scheduled presentations concluded in 
March 1994. The scope of the workshop potion of this project will be expanded in a future NH1 course to 
include retrofit edgedrains and drainage of flexible pavement. (See DP-87 Phase II, page under Asphalt 
Pavement Design and Construction.) . 

TECHNOLOGY TRANSFER AIDS : Workshop available on request (subject to long-range planning). 
specifications tkxnwii technica assistaxe, construction evaluation monies (limited), computer soflware 
available from PCTrans, University of Kansas, and McTrans, University of Florida. 
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Drainable Pavement Systems (Phase II) 

DESCRIPTION : Tbis project was developed to help State highway agencies and industry partners become 
more familiar with new techniques in permeable base and edgedrain system design and construction for concrete 
pavements. This phase of the project w-ill concentrate on the use of permeable bases wuh asphalt pavements and, 
as with concrete pavements under Phase I, consists of a workshop that features a slide presentation, design 
manual, and field construction technical assistance. 

BACKGROUND : Water in the pavement section is recognized as a major factor in pavement deterioration 
and earl?; loss of pavement service life. In recent years, highway engineers have recognized the cost benefits of 
providing permeable bases to dram the pavement section. New aggregate gradations and stabilizing materials 
for base courses have been used to provide a balance between drainability and stability. Construction engineers 
also have developed new techniques for placing and compactmg permeable base material. 

PROJECT MANAGER : Robert Baumgardner. HNG-42, (202) 3664612 

STATUS : This project is being expanded in an NH1 course to include retrofit edgedrains and drainage of 
flexible pavement. In addition, a contract has been awarded to Applied Research Associates to develop a 
microcomputer program to calculate pavement subsurface drainage. 

TECHNOLOGY TRANSFER AIDS : Workshop available on request (subject to long-range planning), 
equipment demonstration. 
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DP-89 Quality Management 

DESCRIPTION : The goal of this project is to build top-level support and awareness of quality management 
and to provide training to State highway agencies in statistical quality control techniques. It is part of the 
National Qualib Irutlative. This project involves four quality management activities. 

Participate on a joint FHWA/AASHTO/indusuy steering committee to guide and help focus 
efforts on the quality of constructlon, performance, and quality management with emphasis on 
a partnership effort. 

Develop (jointly) and issue broadly based national policy/goals. 

Hold high level seminars for upper management of Federal, State, industry, and others to 
educate and gain support. 

Provide technical training, guidance, and tools to others responsible for implementation. 

BACKGROUND : There has been a conscious effort kthin the United States during the past decade to promote 
a correlation between American products and quality. ln general, this effort has been focused in the 
manufacturing industry. The United States has begun to promote the concept of American quality because quality 
is an important factor in maintaining global competitiveness. 

With the emphasis on quality again moving toward national significance, this project will provide direction and 
address a broader role of quality in the highway environment 

PROJECT MANAGER : Don Tuggle, HNG-21, (202) 366-1553 

PROJECT COORDINATOR : Gary Henderson, HTA-22, (202) 366-1283 

STATUS : in an effort to widely dissemimue the principles and ideals begun at the National Quality lmtiative 
Seminar in Dall&Ft Worth, Texas on November 10, 1992, four AASHTO Regional NQI Seminars involving 
well over 10,000 people nationwide have been conducted Additional support of state-level NQI activities has 
been provided. 

An ‘NQI National Conference” will he held in Alexandria, VA on November 14 and 15, 1995. The first-ever 
NQI Achievement Award will be presented for the best highway project at this conference. 

A 5-&y training course (Materials Gmtmi andAcceptance: QuafiQAssurance) and a 2-day workshop (Quality 
A4anagement/orMkmgers) is being co-sponsored with the National Highway Institute. Approximately 38 of 
the 50 available &e-day courses and 4 1 of the 56 available two-day workshops have been presented. Several 
statistical quality- axnputef pmgrams have been developed by the New Jersey DOT. A technical review 
of the user manual has been completed, and distribution of the manuals and programs is expected by the end of 
1995. In addition a number of workshops and scminm have been supported such as a technician training and 
certification workshop in PlattevilIe, Wisconsin and a quality assurance specifications development workshop 
in Little Rock, Arkansas. 

TECHNOLOGY TRANSFER AIM : One-week course, two-day workshops, technical assistance, speakers, 
and computer programs. 
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DP-90 Mobile Asphalt Laboratories 

DESCRIPTION : This project is a major Office of Technology Applications imtiative to promote Strategic 
Highway Research Program (SHRP) findings in the asphalt area. This project uses two mobile laboratones to 
provide State highway agencies with a hands-on demonstration of the SHRP SUPERPAVE design system and 
field management techniques. 

The major objective of the projec! is to promote the Super Pave Mix design system and mix verification / 
volumetric quality control in thefield 

The npical project centers on transplanting a mobile lab to an active paving project at the invitation of the State. 
Once it is on site, State, contractor, and Federal engineers can witness, compare, and critique the test procedures 
and sequences. 

PROJECT MANAGERS : Thomas Harman, HTA-2 1, (202) 366-0859; John D’Angelo, HTA-2 1, (202) 
366-0121; and John Bukowslii, HTA-21, (202) 366-1287. 

STATUS : The use of mobile laboratories for asphalt mix is ongoing. The concepts of Mix Verification and 
Voids Acceptance have been demonstrated and field simulated in more than 38 States in the last 8 years. As an 
additional smicc, mote than 50 Fed& and State contractors, engineers, and technicians have spent 2 to 5 days 
in a mobile laboratory learning and strengthening their skills in the asphalt mix area. In 199 1, a formal 2day 
workshop was added to the &momm#ion. In 1993, key &men& of the SHRP SUPERPAVE mix design system 
were also added to the workshop. During 1994 and 1995 the laboratory provided field control on several projects 
using SUPERPAVE designed mixes. 

A report detailing the results of the field simulation was voted the “Best Paper of the Year 199 I ” by the 
Association of Asphalt Paving Te&noIogists. This report, Summary of Simulation Studies. is available from 
the project managers. 

The mmaining States will be visited over the next several years. With the addition of the SUPERPAVE vstem. 
many States are expeckd to request repeat visits. as thq explore the adoption of the new techniques. The mobile 
laboratory has supported other OTA activities, such as stone matrix asphalt (SMA), and is expected to perform 
this support activity more fi-equentiy in the next few years. 

TECHNOLOGY TRANSFER AIRS : Mobile laboratory (subject to scheduling), telephone and on-site 
assistance, speakers, and specialized workshops and seminam. 

PUBLICATION4T Summary of Simulation Studies, by 1. D’Angelo and T. Ferragut, 199 1. 
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DP-108 Pavement Management Analysis 

PURPOSE : To demonstrate how various PMS prioritization methods are used to ident@ justifiable and cost- 
effective pavement preservation strategies for various funding levels and develop multi-Fear prioritized list of 
pavement presenation projects. 

To demonstrate how PMS pavement performance data is used to perform engineering analyses that could evaluate 
pavement design., construction mater& and maintenance procedures as they relate to performance of pavements. 

BACKGROUND : The ISTEA Interim Final Rule for management s)lstems requires each State Highwa! 
Agency to develop a PMS for the National Highway System capable of performing various pavement analyses. 

These analyses included pavement performance analysis to analyze the current and predicted performance of 
specific pavement types, investment analyses to estimate total cost for present and projected conditions across 
the nehvork, and investment strategies to prioritized pavement preservation projects with recommended 
preservation treatments that span single and multi-year periods using life-cycle cost analysis. 

The regulation also requires the PMS to be capable of performing engineering analyses for appropriate nehvodi 
sections that cuuld evaluate pavement design, construction, rehabilitation, materials, mix designs, and preventive. 
maintenance as they relate to @ormance of pavements. 

, -. 

State examples of pavement performance, multi-year prioritization methods, cost analyses and engineering 
analyses will be used to develop two to three-day demonstration sessions. The project consists of hvo 
demonstration activities. 

e The fust activity consists of a series of PMS outreach sessions to provide one-on-one 
discussions and technical assistance to States that are developing the analyses required to 
perform multi-year prioritiz8tion of prvement preservation projects. 

.v The second project consists a demonstration of the use of PMS performance data in 
engineering rpplications. , 

The main topics to be demonstrated in the multi-year prioritization demonstration activity are: 

- Pavement Performance Analysis 

w  Seleetion of Pavement Preservation Strategies and Treatments 

0 Effects of Budget Constraints 

I  Project Selection Process 

The main topics to be demonstrated in the use of PMS performance data in engineering appiications 
dexlonstr8tion activity are: 

. Historical Pcrfcwnance Data 
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Evaluation of Pavement Design Procedure 

Evaluation of Pavement Construction Practices 

Materials Perf’ormance Analysis 

Pavement Preservation Analysis 

PROJECT LMANAGER : Luis Rodriguez, HNG-4 1, (202) 366- 1335. 

STATUS : A contract has been awarded for the multi-year prioritization demonstrations. Demonstration 
sessions are expected to begin in the first quarter of 1996. 

Bids are currently being evaluated for a contract to perform PMS engineekg analysis demonstrations. The 
contract should be awarded by the end of 1995 and sessions are expected to begin in early 1997. 

Bridge Design and Construction 

Bridge design, as many other segments of civil engineering, has evolved fkom early art forms to a sophisticated 
science. A hundnd years of experience have been assimilated into the engineering practice, and modern research 
and development findings have been re-examined, tested, proven in service, and codified into bridge 
specifications and practice. The traditional design philosophies and methods, such as Working Stress Design 
(WSD) and Ultimate Strength Design (USD), are still used in bridge design. However, recent developments in 
bridge design specikations have departed kom the traditional approaches to incorporate more rational methods. 

Load Factor Design (LID) was a first step toward implementing a bridge design code based on statistical factors 
accounting for variability of loads, lack of accuracy in the analysis, and the probability of simultaneous 
occurrence of different loads. Load and Resistance Factor Design (LRFD) extended the philosophy to include 
resistance factors that account for the variability of material properties, structuraI dimensions and workmanship, 
and the unw in the prediction of resistaxe The LRFD code, properly applied, is expected to lead to more 
rational bridge designs that will produce more economical and durable highway bridges. A concened effort to 
train bridge designers in the concept of load and resistance factors, as well as the application to bridge design. 
is crucial to the successful impkmentation of the new codes. 

The LRFD specifications are ideal for assimilating new developments in bridge materials and construction 
methods, such as elecuoslag welding and high performance concretes. since resistance factors can be moditied 
as necessary to represent uncertainties in material properties. Part of this project will involve promoting new 
bridge materials and construction methods and also implementing the LRFD code in bridge design software. 

Recent innovative developments in bridge design codes, bridge materials, and construction methods have led to 
the establishment of 10 milestones. 

1. Develop and initiate formal training sessions for the design of bridge superstructures 
and bridge foundations using the LRFD code. 

2. Develop and initiate fknal training sessions for the use of ncmdestructive load testing 
to dewmine load ratings of btidges. 

3. lkvelop and initiate a demonstration project on elecuosiag welding for steel bridges. 
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4. 

5. 

6.. 

7. 

8. 

9. 

10. Establish design and construction guideline for High-Performance Concrete. 

Approve the LRFD specifications as the sole AASHTO code for design of highway 
bridges. 

Upgrade major bridge design, analysis, and rating software with LRFD code: BRASS. 
AASHTO BDS. 

Use High-Performance Concrete in a prestressed concrete bridge in Virginia. 

Prepare Technology Transfer material and conduct a regional seminar on the use of 
High-Performance Concrete in a prestressed concrete bridge in Texas. 

Use High-Performance Concrete in parallel structures conventional concrete in one, 
HPC in the other. 

Establish an equ@xnt loan program for SHRPdeve~opai High-Performance Concrete 
test equipment. 
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AP-2 1 Geotechnical Microcomputer Programs 

DESCRIPTION : This project has involved the development of several geotechnical programs 
under contract with geotechnkai microcomputer programming firms. These programs have been 
made available to the States by the OTA. 

BACKGROUND : The microcomputer industry has undergone rapid changes in recent years. New 
developments in hardware and sofbvam make the use of the microcomputer in civil engineering applications more 
feasible, practical, and almost indispensable. 

The microcomputer can be used to solve many geotecbnicai problems that need repetitive and yet complicated 
calculations, such as analyzing embankment and foundation deformations, estimating pile behavior under static 
and dynamic forces, and calculating foundation settlements. Five of the microcomputer programs developed or 
under development are: 

COM624P: Analyze the behavia of piles or drilled shafts, subjected to lateral loads using the p-y 
method. 

EMBANKz Determines one-dimensional compression settlement because of embankment loads. 

SPILE: Calculates the ultimate static pile capacity in cohesive and cohesionless sok 

Bss: ,dnaips stability of slopes that contain soil reinforcement. The analysis is performed 
using a two-dimensional limiting equilibrium method, 

MSEW: &signs and/or analyzes required reinforcemen t for mechanically stabilized retauung 
walls, which does not consider specific facing configurations. 

DRIVEN: This program is the updated version of the SPILE Program. 

PILE 
FOUNDATION : This program will be developed based on the University of Florida program - 

LPGSTAN which is capable of analyzing bridge foundations subject to extreme 
evarts oupricana, ship and ice impats). The program will extend its capabilities 
to include the analysis and design of sound walls, retaining walls, signs and high 
rnastligbtings-. 

*. PROJECT MANAGER : Cl&n-Tan Chang, HTA-22, (202) 366-6749 

STATUS: TheSPILEprOgramhasbeenupgradcd,thenmp~iscalledDrivar Thisprogramis 
&mataitobecompletedbytbeendof199S. RSSProgramhasbancomplerad ItwiUbeteatedforabout2 
ma&s and will be distributed eariy December 1995. Contracts are being negotiakd to develop a new version 
of MSEW program and a multiple faceted program called Pile Foundations. 
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AP-102 SHRP Distress Identification LManual 

DESCRIPTION : ‘The Dtstress ldenrificatron Manual is a pictorial rating manual for distress identifkatlon 
on highway pavements. The manual’s photographs, descnpttons, and illustrations provide a reference for the 
conststent tdentiftcatron and quantification of the severity and extent of pavement distress. It also provides a 
common language for describing cracks, potholes, rutting, spalhng, and other pavement distresses. As a “distress 
dictionary,” the manual has the potential to improve inter- and intra-agency communication while leading to more 
uniform evaluations of pavement performance. 

The manual is divided into three sections that focus on particular @pes of pavement: (1) asphalt concrete 
surfaced (2) jomted Portland cement concrete, and (3) continuously reinforced Portland cement concrete. Each 
distress is clearly labeled, described, and illustrated. 

BACKGROUND : ln 1987, the Strategic Highway Research Program (SHRP) began its largest and most 
comprehensive pavement performance the Long-Term Pavement Performance (LTPP) program. The Dtstress 
I~ennficanon A4unuaf was developed as a tool for the LTPP program. It allows States and others to provide 
accurate, uniform, and comparable information on the condition of LTPP test sections. Moreover, it enables 
individuals and agencies to interpret LTPP data or to correlate LTPP findings with their own research efforts. 

PROJECT MANAGER : James Walls, HNG-42, (202) 366-1339 

STATUS : The SHRP distributed multiple copies of the latest color version of the Distress ldennjkmion 
Uunrcul in July 1993. NHI will offer several training courses on the Manual to State and local highway agencies 
starting in the Fall of 1995. 

Copies of the training materials will be made available to academia and the ?echnology Transfer Centers 

TECHNOLOGY TRANSFER AIDS : The project mana* will continue to provide technical advice and 
participate in conferences, seminars, workshops, and user training sessions. Test and evaluation by a limited 
number of States is also anticipated . 

PUBLICATIONS : The Disnoss Idenn&xion Monuul for the Long-Term Pavement Performance Project 
canbepurcha&fknntheTriqawi- Reseamh Board. Telephone: (202) 334-3214; Fax (202) 334-25 19 
cost: s20. 

10.5.21 





AP-118 Falling Weight Deflectometer Quality Assurance Software (Sl-UW) 

DESCRIPTION : This project develops, markets, and distributes generic versions of the Strategic Highway 
Research Program’s (SHR.P’s) Falling Weight Deflectometer (FWD) Quality Assurance software for use by State 
highway agencies. The generic versions accommodate various FWDs, sensor numbers, sensor spacings, and test 
protocols. 

BACKGROUND : The SHRP FWD Quality Assurance Software is a spinoff product of SHRP’s Long-Term 
Pavement Performance (LTPP) studies. It is one of four spinoff products SHRP recommended for FHWA 
implementation acttvities in 1992. 

Falling Weight Deflectometers are used widely by highway agencies to collect pavement response data used in 
pavement rehabilitation design, pavement management svsterns, and forensic examinations of failed pavements. 
The overall goal of the SHRP FWD Quality Assurance SoGware is to ensure the consistent collection of high- 
quality pavement deflection data. 

To provide quality assurance for FWD data collection, SHRP developed four software programs and established 
reference calibration centers at several State highway agencies to provide for quality measurement and data 
collection. 

Since many of the State highway agencies either own or contract for deflection testing services by an FWD, the 
use of this quality assurance software should provide improved testing data. Unfortunately, all of this software 
was wtitten specifically for SHRP and its methods. As an example, the programs are written to read data files 
from Dynatest FWD with seven sensors at the prescribed SHRP sensor spacing. 

PROJECT MANAGER : Max Gregg, (5 18)43 14224. 

STATUS : A Technical Working Group was established in 1993. During 1994 the LTPP Division continued 
to revise these soft\vare packages based upon their need, experience, and input from the Technical Working 
Group. These modifications should be completed by October 1995. In 1996 a consultant contract will be 
exeaed to perform the so&arc mdification. Additional Gmding will provide for training on the software and 
the calibration centers. Limited Geld testing by the SHAS will be conducted, and modified generic software ~111 
be marketed. 
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TE-13 Innovative Contracting Practices 

DESCRIPTION : The objective of this project is to identify innovative contracting practices for evaluation 
and documentation that have the potential to reduce life-cycle costs to State highway agencies, while maintaining 
product quality and an acceptable level of contractor profitability. Practices tested under this contract include 
design/build, warranties. guarantees, lane rental, cost plus tune bidding, and incentives/disincentives. 

BACKGROUND : This project resulted f?om the work of a 1988 Transportation Research Board (TRB) task 
force that spent 3 years exploring innovative practices in the U.S. and abroad. Its findings were released as 
Transportation Research Circular Number 386, titled “Innovative Contracting Practices” ( 199 1). 

Another initiative relative to innovative contracting practices resulted from an asphalt pavement study group’s 
1990 European tour. The group was impressed with what it saw and recommended three innovative practices 
that could be pursued through a test and evaluation effort: 

s Functional contracts (design/build), 

s Warranties of riding surfaces, and 

a Lane rental. 

In addition. a fourth practice, cost-plus-time bidding, has gained widespread acceptance from State highway 
agencies. 

PROJECT MANAGER : Wady Williams, HNG-22, (202) 366-0606 

STATUS : This project has been operational for ovQ 5 years and approximately 65 percent of the WA’s have 
participated at least once. 

By far, the most popular technique used has been cost-plus-time bidding. Twenty-six States and the District of 
Columbia have used this method thus far. Six SHA’s have either completed design/btuld contracts or have 
initiated such contracts. Contacts have been completed in &izona and Colorado with favorable results. Total 
project time was substantially less than would have been expected for conventional design-bid-build projects. 
there was no significant change in design costs, and claims were essentially eliminated. Six MA’s have 
un&rtaken projects using the lane rental concept to reduce road-user impacts and, eight SHA’s have chosen to 
use and evaluate warranty provisions. 

In 1995 F?iWA published Rebuilding America: Parmership For Invesnnenr, F?iWA publication No. FHWA- 
PD-95-028, which contains descriptions of innovative practices and a list of projects using these practices. 

TECHNOLOGY TRANSFER AIDS : Lane rental specifications, background inf’ormation on warranties 
. and guarantees (from the Transportation Reseamh Board), and telephone and speaker assistance. 
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TE-18 Stone Matrix Asphalt 

DESCRIPTION : The goal of this project is to test and evaluate the use of Stone Matrix Asphalt (SMA) on 
several test sections of U.S. highways to determine its construction feasibility and cost-effective performance. 
DP-90’s mobile asphalt laboratories, its staff, and the Turner-Fairbank Highway Research Center staff are 
available to asstst other States with SMA mix design information. The mobile asphalt laboratories provtde 
materials analysis on-site while supporting quality control and compliance. 

BACKGROUND : In 1990, a team of State, industry, and Federal engineers from the U.S. participated in 
a European Asphalt Study Tour. Their mission was to identify promising asphalt technologies, Of the asphalt 
nuxture technologies studied, SMA had great promise for use in this country. 

SMA is an asphalt mixture developed in the 1980’s in Germany to provide a rut-resistant pavement surface layer. 
SMA’s proven performance is attributed to a “gap graded” aggregate gradation that provides a stone-to-stone 
stnrcture held together by a durable asphalt cement, mineral filler, and fiber matrix. SMA is routinely used in 
many parts of Europe. 

PROJECT MANAGER : John Bukowski, HTA-2 I, (202) 366- 1287 

STATUS : Interest in SMA remains strong. To date, project presentations have been made at nearly 100 
locations to thousands of government and industry individuals interested in the various aspects of material 
seltion desigrk constructior4 and performance. Cauinuing interest in SMA is evident by the increasing number 
of States that participate and the tonnage of SMA used in projects. 

Y&U Number of States Tons of SMA 

1991 4 less than 50.000 

1992 ‘12 100.000 

,1993 15 200.000 

1994 23 300,000 

1995 27 400 000 

Extensive monitoring is under way on more than 50 separate test sites construeted in Maryland, Georgia, 
Virginia, Texas, C-alifania, Alaska, Akrsas, New Jascy, Kansas, Illinois, Ohio, Michigan, Wisconsin, Indiana, 
and Missouri. Data from these projects are being analyzed and model specifications have been disseminated. 

. Further evahrarion is target@ mixture design, cost reduction, quality control, and predictive performance of the 
‘.!%A pavements. SMA sites are being visited and evaluated by a wntraetor, which should lead to a greater 
understanding and more systematic evaluation approach A mix design reseamh effort funded by the NCHRP 
9-8 is underway at the National Center for Asphalt Technology and Auburn University. Efforts are also 
undaway to use some of the Superpave mix technologies in designing SMA. 

TECENOLOCY TRANSFER AIDS : Telepti and a&e a&~, speakers, mix design assistance 
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(based on laboratory availability), and mobile laboratory (subject to long-range planning). 

PUBLICATIONS : SMA Model Materials Selection and Construction Guidelines are available through the 
Office of Technology Applications and are also being distributed by the industry. Copies of material on 
European SMA S>nt?zsis also are availabie upon request. 
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TE-21 Pavement Condition Measurement (SHRP) 

DESCRIPTION : This project evaluates and promotes state-of-the-art pavement condition evaluation 
equipment and consolidates previous ongoing activities with SHRP implementation efforts related to pavement 
condition measurement. The project will be expanded to include new technology as it becomes available. 

Three kinds of equipment have been evaluated through field test and evaluation: 

SHRP Ground Penetrating Radar 

SHRP Seismic Pavement Analyzer 

- Fully Automated Pavement Distress Measuring Equipment 

PROJECT MtLYAGERS : Luis Rodriquez, HNG-4 1, (202) 366-1335 and George Jones, HNG-4 I, (202) 
366- 1338. 

STATUS : The final report on the fully amomata! pavement &ress measuring equipment has been completkd 
and distributed to all State highway agencies. Reports on additional equipment analysis will be issued upon 
completion of field tit and evaluation. A follow-up test was conducted in North Carolina during December 
1994. North Carolina DOT is current& completing the data analysis fkom that test. 

. 

The Technical Working Group met and d&da3 not to furd any additional testing of either the ground penetrating 
radar or the seismic pavement analyzer. The developers of both pieces of equipment are continuing wuh the 
equipments’ development. Commercial development through the private sector is encouraged 

TECHNOLOGY TRANSFER AIDS : Test and evaluation in selected States through work orders and 
equipment loan. A follow-up program of workshops, seminam, and literature is envistoned. 
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T-E-25 Strategic Highway Research Program Work-Zone Safety Devices 

DESCRIPTION : To improve safety and efficiency of day-to-day maintenance and operations of work zones, 
the Strategic Highway Research Program (SHRP) produced I2 devices that are applicable in work zones, 
especially for maintenance activities. 

1. Salt Spreader Truck Mounted Attenuator (TMA) 

2. Portable Crash Cushion l * 

3. Ultrasonic D&&on Alarm 

4. Infhred Intrusion Alarm l * 

5. Queue-Length Detector .* 

6. Portable Rumble Strip ** . 

7. Direction indicator Barricade l * 

8. Opposing Traffic Lane Divider l . . 

9. Dive&g Lights 

10. Flashing STOPNOW Paddk l * 

11. All-Terrain Sign & Stand 

12. Remoteiy Driven Vehicle . 

l * Interest indicated by commercial fabricators. 

The Salt Spreader Truck Mounted Atteuuor is commercially produced and marketed exclusively by private 
ixhstry. Sk of the other &vices, rep-g the basic SHRP developed concepts, arc commercially available 
and are ready for trial field use. These include the, Opposing Ttic Lane Dividers, Portable Rumble Strip, 
Flashing STOP/SLOW Pa&k, Dirsctian In&a&x &uric&s, Work Zane In~ion Alarms, and the All-Terrain 
Sign Stand with Signs. The Portable Crash Cushion and the Remotely Driven Vehicle are being modified to 
improve their perkmum. The Queue-Length Detector and Diverging Lights have had technical problems that 
ranainunsolvedandaisoappeartohmcalimitedmarketciemand Furtherworkonthesetwodeviccsisonhold. 

: PROJECT MANAGER : Joe Las& HHS-I 1, (202) $56 2174 

PROJECT COORDINATOR : Peter Ha&i, HTA3 1, (202) 366 8036 
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STATUS : Most of the devices have been e.xhibited by the FHWA and SHRP staff at many national and 
regional conferences and technical show;. The purpose of showcasing the devices during fiscal years 1992 
through 1994 is to acquaint potential users with these new devices and to develop interest in their use. 

FHWA supports activities to provide the vario~ devices to State highway agencies for trial use and evaluation. 
A solicitation of interest was made to the State DOTS through FHWA division offrices. Based upon responses. 
funds were provided to the States to acquire limited numbers of the devices for trial use under actual work 
conditions. In rerurn information on the overall performance of the devices will be provided to FHWA. 

Some additional funding will be made available in FY 1994 for acquiring IntrusionAlarms and other devices that 
may become avatlable for trial use and evaluation. The timding will be provided under normal Federal atd 
procedures. Through this evaluation method, FHWA will accumulate an information base on the m-service 
performance of the various devices, while allowmg the States to gain experience with them. 
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TE-27 Innovative Pavement Materials & Treatments 

DESCRIPTION : This project provides States an opportunity to evaluate SHRP pavement maintenance 
products and techniques by introducing preventive maintenance technology and principles. Techmcal assistance 
will be provtded on surface treatments and gwdance will be avaIlable in the use of innovative materials. SHRP 
technology m two areas is included: 

Effectiveness of pavement preventive maintenance: management concepts, optimum timing of 
various surface treatment applications, guide specifications for preventive maintenance, and a 
1 -day workshop. 

Innovative materials: pothole patching, crack sealing, joint sealing, spa11 repair and other 
materials and surf&e repair guidelines, introduction of objective data collection techniques for 
joint seal effectiveness, and a I day workshop. 

PROJECT MANAGER : Patrick Bawr, HNG-2 1. (202) 366-1554 and Michael Srmth, HXG-42. (202) 
3664057. 

PROJECT COORDINATORS : Jim %rerwm, HNG-42, (202) 366-1333 and Gary Henderson HTA-2 1. 
(202) 366- 1283. 

STATUS : Showas caaias have been awarded for- Preventive Maintenan~ and Innovative Materials. and 
pilot workshops have been conducted. Test and Evaluation programs are under development. The fmt ptlot 
wrkshop was h;eld in May, 1995, in Colorado. The second pilot is being held in September. 1995, III Xnzona. 
It is anticipated that workshops for both technologies will be available in the late Fall of 1995. 

TECHINOLOGY TRANSFER AIDS : Seminars, technical assistance, and field test and et ahanon work 
orders. 
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TE-28 SHRP Snow and Ice Technology 

DESCRIPTION : This project tests arid evaluates SHRP snow and ice technology products in five major 
areas: snowplow cutting edges, snow fences, roadway weather information systems, anti-icing technologies, and 
de-icing chemicals. The project will provide an opportunity for States to test and evaluate better deslgned 
snoylows and snow fences. improved storm forecasting and communication methods, and more efficient and 
effective snow removal and Ice control methods. 

The primary products emerging from this SHRP technology area are design guides, manual of practxe for anti- 
icing operations, research reports, handbooks, evaluahon methodologies, and unproved snow removal equipment. 
Guidelines have been developed for evaluating equipment, materials, and methods for utilizing anti-icmg 
technology. FWA’s implementation effort of the SHRP technology has three parts: 

- Anti-icing Technology through a technical services support agreement with U.S. Army Corp 
of Engineers (Cold Regions Research and Engineming Laboratory CRREL). 

Showcasing contract incorporating workshops, field test and evaluation, and equipment loans. 

Field Teat and Evaluations through work orders with State highway agencies. 

PROJECT MANAGERS : SalimNass~ HNG-21, (202) 366-1557;Chmg Eng, Hh’G-21, (202) 366-1555. 

PROJ-ECT COORDINATOR : Gary Henderson, HTA-21, (202) 366-1283 

STATUS : Prod&technologies cum&y being evaluated include weather information systems for high\va> 
operations, anti-icing operations, innovative snow fence design and construction, and snow scoops. Additional 
products/technologies and participants will be added through the showcasing contract. Work orders were 
established with 15 State highway agencies to evaluate the cffketiveness of SHRP anti-icing techniques over the 
1993/94 and 1994/95 winta period. Work orders were also established with an additional seven State hightvay 
agencies; four to evaluate the Wels portable interactive weather prediction system, and several other weather 
services in terms of usefulness and aamacy for highway operations; two to evaluate snow fences designed in 
accordance with SHRP guidelines; and one to CLaluatc the effectiveness of the snow scoop retrofitted to their 
existing plows. 

A Strawwe contract has been exaxtcd to package the various technologies and develop a series of workshops 
and saninam focusing on snow and ice technologies. Additional field trials will be initiated with selected States 
to furtha evaiuate various products by winter 1995196. Woikshops will begin during the fust quarter of 1996. 

TECEZNOLOCY TRANSFER AIDS : Workshops on snow and ice technology will be available in the 
near future. Folldtig standard work order procedures, States may participate in field tests and evaluations of 
selected products. Technical assistance will be available to guide participants on proper application and 
evaluation of pmducts/tcchnology. Limited mg is available. 

‘Pavement Management Technology : This technology group focuses m those tcchnologics related to 
identification, evaluation, and testing for pavamnt d&tress aid collcctim of pavement performance data. It 
imluds a Distms I- Mamml and scvml piaxs of equipment developed under the Strategic Highway 
Research Program’s Lung Term Pavement Pafomam (LTPP) program Programs under this group will 
establish a continuing effort to test and evaluate anerging quip- and technology and will provide 
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compre&nsive reports of testing results to the industry. This effort will result eventually in more accurate and 
consistent distress identification and petfcx-mance data. 
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TE-30 High Performance Rigid Pavements (HPRP) 

DESCRIPTION : The immediate goal of the HPRP Program is to construct some selected highway projects 
to explore the appiicabdity of other innovative concrete pavement design and construction concepts in the United 
States. The long range goal is further improvement of cement concrete pavement design, materials, and 
construction technology and equipment through innovation, research, training, and followmg pavement 
technology developments in other nations. 

BACKGROUND : In 1992-a team of State, indusay, and Federal engineers participated in the U.S. Tour of 
European Concrete Highways. Their mission was to review European concrete pavement experiences and obtam 
information relatmg to finance, research, design, construction, maintenance, and performance to assist with 
developmentof appropriate actrons for enhancing the US. highway system. The follow-up visits to Germany 
and Austria obtained su&ient infotmation to construct experimental sections using German design and Austrian 
exposed aggregate surface treatment technique to reduce tire/pavement noise.. 

PROJECT MANAGER : John M. Becker, HNGJO, (202) 366- 1340 

PROJECT COORDINATOR : Sunal Vmikar, HTA-2 1, (202) 366-O 120 

STATUS : In 1993 a l-mile test section was constructed on I-75 (Chrysier Freeway) in downtown Detroit, 
lMichigan The design and construction procedures of the experimental pavement section were sirntlar to those 
used in Getmany and Austria The project will be monitored for 3 years and evaluation reports have and will be 
prepared Anopenhousewasorgani&duringconsmznontodanonsa;itc the European design and constructton 
technology. FHWA plans to participate in additional projects incorporating some of the European and other 
innovative design features. 

State Highway Agencies have been asked to submit proposals for HPRP projects by October 10, 1995. Espen 
Working Groups will be formed to select projects for FY 1996 funding, to evaiuate HPRP performance and to 
oversee open house activities and to develop T workshops. 

TECHNOLOGY TRUYSFER AIDS : Telephotx and on-site assistance, speakers, and mobile laboratoc 

PUBLICATIONS : Report on the 1992 U.S. Tout of European Concrete Highways. 1992, and Summary 
Report of Follow-up Tour of Germany and Austria. 1993. Both reports are available through the Offkt of 
Technology Applications. A video-tape on the Michigan project is available from the Office of Technolo~ 
Applications.. 
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TE-34 SHRP Concrete Showcase Contracts 

CONCRETE .MIX DESIGN AND CONSTRUCTION AIDS (SHRP) 

DESCRIPTION : This project provides State DOTS and industry with SHRP-developed information on 
concrete mix design and curing tables along with providing technical assistance for implementation. Curing 
tables ~111 aid resident engineers and contractors in their decision process. 

BACKGROUND : Packing diagrams have been developed by SHRP to get dense concrete. The diagrams 
are used as mix design techniques. Properly used, the mix design may improve tensile strength and durability. 
Curing tables have been developed and include tcmperaturc, cement content, and critical dimensions to aid proper 
curing. The goal of these efforts IS to obtain dense, impermeable, and durable concrete with minimum cracks. 

.. PROJECT MANAGER : Suneel Vanikar, HTA-21, (202) 366-0120 

STATUS : A Work Order was provided to the Indiana DOT in 1992 to perform field verification of packing 
diagrams, and field testing and evaluation are complete. A work order was’ provided to the University of 
LwisviUe for additional testing and evaluation in 1994 and is underway. Minnesota DOT conducted their own 
packing handbook evaluation in 1994. In 1994, the Missouri HID examined the packing handbook for possible 
use in mix design. 

In 1994, these products were promoted through presentations, and they will be incorporated mto other SHRP- 
related implementation efforts for concrete durability and high performance concrete. 

In 1995, the draft Packing Handbook evaluation report and the Curing Tables evaluation report weti sent to 
AASHTO and distributed to members of the Technical Working Group. 

TECHNOLOGY TRANSFER AIDS : Presentations are available upon request from the Office of 
Technology Applications. 

CONCRETE DURABILIl’Y tSHRP) 

DESCRWTIO~ : This project will &owcase SHRP4eveloped products and provide education and technical 
assistance to State DOTS and the industry by developing and presenting workshops and providing testing 

*equipment to State DOTS through an equipment loan program 

This implementation effort in&&s new test proc&res for D-Cracking potential of aggregates, a revised test 
pmcedufe fa fncot-thaw durability, and specifications for a-gates. It will also in&de an cxpext system for 
rehabilitation strategy. The durabiity of cazrctc structurrs andpavcmmtsisakeyissueinrebuilding 
irlfiastnrcnnc. 

PROJECT MANAGER : Gary C&+&i, H’TA-21, (202) 366-1286 
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PROJECT COORDINATOR : Suneei Vanikar, HTA-21, (202) 366-0120 

STATUS : Five impact echo devices, five in situ surface air flow permeameters and five hydraulic fracture 
devices have been purchased and are available through an equipment loan program. The impact-echo device has 
been loaned to ten agencies. the surface air flow permeameter has been loaned to eight agencies, and the hydraulic 
fracture device has been loaned to five interested highway agencies. The products are being promoted through 
a manual. workshops. equipment loans, and techmcal assistance. Consultant senices were obtained in 1994 to 
develop and present workshops. showcase products, manage the equipment loan program, and provide techrucal 
assistance. A pilot workshop was held in Virginia in lune 1995. Regional workshops will start in late 1995 and 
continue through 1996. Some products will also be demonstrated in the FHWA mobile concrete laboratop. 

TECHNOLOGY TRANSFER AIDS : Workshops, quipment Ioans, and technical assistance through 
consultant services. A manual will be developed for the workshops. 

ALULI-SILICA REACTMTY (ASR) AND FLORESCENT WCROSCOPY (SHRP) 

DESCRKPTION : This project will provi& education and tezhnicai assistance to State DOTS and the industry 
while showcasing SHRPdeveloped products relating to alkali-silica reactivity (ASR) and florescent microscopy. 

. 
ASR is a problem for many States, particularly those with concrete paver&s. This implementation effort 
inchdes identifkaticm of ASR, field and Unxamry tests, mitigaticxr of ASR in existing structures, and mix design 
procedures to reduce potential for ASR 

The project will develop and present wo&hops, provi& testing quipment to State DOTS through an equipment 
loan program, and provide technical assistance. 

PROJECT AWNAGE : Roger Surdahl, HNG-23, (202) 366-1563 

PROJECT COORDINATOR : Suneel Vanikar, HTA-21, (202) 366-0120 

STATUS : Sk ASR field dete&a~ test kits have been purchased The consultant contract to develop a 3day 
workshop and other showcast activities was awa&d in 1993. A pilot workshop was held in Pennsylvania in late 
1994. workshop pmsentau ‘ON started in 1995, and workshops were presented in Nebraska, New Jersey, North 
Carolina, Wyoming., Nevada, Oregon, Minnesota, and New Mexico. An equipment loan program has been 
established. and tcdmical assistance is provi&d u&r the amtract E@pment loan and technical assistance were 
provided to Pennsylvania, Nevada, Idaho, Delaware, Oregon, and Indiana DOT’s. Field testing of lithium 
compounds to minim&e ASR is underway in New Mexico, Nevada, New Hampshire, and Pennsylvania. 

In 1996, the products will be promoted through a manual, additional workshops, product showcasing, and 
.tech&al assistance. Some products will continue to be demonstrated in the FHWA mobile concrete laboratory. 

TECHNOLOGY TRANSFER AIDS : Workshops, equipment loans. and technical assistancethrough 
consultant services. 
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Concrete Pavement Design and Construction 

The concrete pavement design and construction technology group focuses on innovative designs and 
construction techniques that provide immediate solutions to specific Portland cement concrete 
pavement problems. The range of.technologies addresses water in pavements, faulting joints and 
cracks, paving under limited time restrictions, pavement durability and economy, and methods of 
achieving improved overall performance through performance-related specifications. 

Several projects incorporating emerging technologies for design and construction are in development_ 
stages. These include high-performance rigid pavement design and construction methods, various 
concrete pavement texturing techniques to minimize noise and enhance safety, and evaluation and 
implementation of performance-related specifications for concrete pavements. 





TE-36 High-Performance Concrete 

DESCRIPTION : This national effort will include seminars, workshops, equipment loan programs, 
demonsh-ation bridges, and technical assistance to evaluate. showcase, and promote Hugh performance concrete 
and SHRP research products in high performance concrete. The tnitial goals are to obtain all equipment, 
specifkatiok, test procedures, and reference documents related to the subject; organize the materials; develop 
seminar and workshop technology transfer materials; and plan an equipment loan program. The secondary goals 
are to present seminars and workshops, implement the equipment loan program, provide techmcai assrstance, and 
construct Demonstration Bridges. 

BACKGROUND -: The Strategic Highway Research Program (SHRP) supported considerable research into 
high performance concrete. As a result of this research, new testing methods have been developed and some 
esisting testing methods have been maUied to I) determine the validity of e.wstmg test methods; 2) gwe greater 
unif&mity to test results; and 3) give engineers greater confidence in the material properties of high performance 
concrete. 

A major goaI of SHRP was to develop improved criteria and testing methods for the mechanical properties and 
behavior of high-performance concrete. The training and dissemination of information to personnel 
(goemmental and industry) tquired to pufbrm tests and mixture design is an essential step for the effective use 
of new field identification procedures, test procedures, and mixture design methods. 

PROJECT MANAGER : Terry D. Ha&--ard, HTA-22, (202) 366-6765 

PROJECT COORDINATOR : John M. Hooks, HTA-22, (202) 366-6643 

STATUS : A national m&-year effort is planned that would target a mavimum number of interested 
government and private in&try cngixers and ticians. This effort will promote the use of high performance 
concrete and the thorough evaluation of SHRPdeveloped products to transfer technology to a wide audience 
throughout the United States. High performance concrete is being used in bridges under construction m 
Nebraska, Texas and Virginia, and plans are being made for its use in bridges in New Hampshire, Ohio. 
Colorado, Georgia and Washington A workshop on the use of high performance concrete in the Texas bndge 
is planned for early 1996. 

TECHNOLOGY TMMZE32 AXIS : Workshops on High Performance Concrete, technical assistance, 
speakers, and presentation materials. 

Bridge tnspeciion and Bhdge Management 

. More than 40 percent of the Nation’s 575,000 higbway bridges are functionally obsolete or structurally deficient. 
‘F defkient structures represent signikant impediments to the safe, economical use of the highway system 
and msult in safety hazards, high user costs, and huge outlays for preservation and replacement. Balanced against 
this backlog of bridge needs is a gaxmlly ma&qua& level of funding by public agencies for infrastructure needs. 

Tk adlapse of the Silver Bridge in 1967 was the &media& catalyst for what became a comprehensive bridge 
safety inspection program mandated by tbe National Bridge Inspection Standards (IBIS). Every bridge on a 
public road must be inspected at leaat every 2 years and bigbway ageneiea across the Natiy have inspection 
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staffs and programs that collect and update critical bridge inventory and inspection data. AAer almost 20 >.ears, 
there is still a manifest need to more effectively analyze this data, to better defme bridge needs, and to find 
effective solutions. 

The complesities and costs associated with preserving the Nation’s bridge infrastructure demand innovative 
approaches to collection and analysis of data and prediction of current and future bridge preservation actions. 
These needs. coupled with the availability of modem analytical methods arid high-speed computers, are leading 
to the development of comprehensive bridge management systems. Prior to the late 198Os, there were no e.xisting 
management systems adaptable to the management of bridge programs nor was there any clear definition of key 
bridge management principles or objectives. Therefore, in cooperation with AASHTO, California DOT, and a 
specially formulated technical woriung group (TWG) representing several State DOT’s, OTA was able to 
establish the foIlowmg prim;uv requirements of a comprehensive Bridge Management System (BMS): 

Generai Procedures 

1. Identify and establish responsibility for data collection and management and for bridge decision 
making based on a comprehensive BMS. 

2. 

3. 

Coordinate program and project-level decisions and coordinate bridge maintenance and 
improvement actions and a process of priority programming i 

- 
Ensure a clear method of communicating needs and programsto outside audiences. 

Funcrional Need 

1. Automated database of bridge inventory, condition data. and a historical data file. 

2. Deterioration models for projecting future condit. .- of bridge ekments with or without 
intervening actions. 

3. IdcntifL costs related to feasible act&q user costs associated with a deficient bridge condition. 
and budget and other key constraints. 

4. Develop multi-period proc&res and reporting capabilities. 

Efforts to define modem bridge management led to a cooperative effort with California DOT and the TWG to 
be develop the PONTIS BMS. With Pontis under development, and with the added incentive of the Intermodal 
Surface Transportation Efficiency Act (ISTEA) of 199 1, six milestones were established: 

1. Publish Version 2.0 of PONTIS, the BMS jointly developed k FHWA, California DOT and 
the TWG (complete); accomplish transfa of PONTIS support to the AASHTOWare software 
system (complete). 

2. Develop and begin formal BMS training sessions fat bridge inspectors and bridge managers 
(sessions to be undmay beginning in October 1993). 

3. Establish an FHWA tstwcdc of BMS specialists and regional TWGs to provide BMS training 
and support to SHA and local agaq bridge managers (undeway). 

4. lmpkmnt a &nnx& &ogni=i (CoRe) Element system to d&e stanch@ bridge ekments 
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(complete); establish uniform method of converting core element condition data to NBI format 
(ready for adoption). 

5. Each State implement a comprehensive BMS (underway). 

6. Organ& a new demonstration project to promote innovative computer hardware and software 
to unprove efficiency and quality of bridge data collection and management (scheduled to begin 
in FY 1997). 
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TE-39 SHRP Asphalt Support Projects . . 

This project supports a multitude of activities to promote the SHRP asphalt program. 

PROJECT MANAGERS : The managers for all TE-39 projects are: John D’Angelo, HTA-2 1, (202) 366- 
0 12 1; Thomas Harman, HTA-2 1, (202) 366-0859; and John Bukowski, HTA2 1, (202) 366- 1287. 

POOLED FUND EOUIPMENT STUDY SUPPORT (SHRP) 

DESCRIP%‘ION : FHWA, in wopemtion with AASHTO and SHRP, initiated a pooled fund study that gives 
the participating States the opportunity to acquire SUPERPAVE asphalt binder and mix test equipment. Since 
the pooled fund announcement on Janq 10, 1992, States have committed at least a portion of the estimated 
$335,000 to purchase the equipment. The pooled fund study allows each State to use its Federal SP&R monies 
without matching funds. 

STATUS : Procurement of the equipment is scheduled for a 4-year period. All participating States have 
received the SUPERPAVE bi equipment. The mix design equipment must go through further development 
with a series of fust article testing. This process should allow for a more rigid analysis of the equipment prior 
to tk purchase. Tht Suites have reaivad the gyratory compaction equipment to begin work on the SUPERPAVE 
mix design system. . . 

l%tx&mt of the mkture analysis quipment and the SUPERPAVE Shear Tester and Indirect Tensile Tester 
will initially be limited to six units. These will be evaluatal at SUPERPAVE Centers established in PA, AL, TX. 
NV, and TN as well as at the FHWA TFHRC. Equipment procurement for all State DOTS of these devices is 
scheduled for 1996. 

: -r i 3 , . . . . _ , ~ 
TECHNOLOGY TRANSFER AIDS : Equ@xnt on loan (subject to availability), State reports available 
through the Office of Technology Applications (subject to availability), and telephone assistance. .- . 

SERP ASPHALT EOUIPMENT LOAN PROGRAM 

DESCRIPTION : This project evaluates asphalt binder equipment developed to support the binder 
specification under the Strategic Highway Reseat& Program (SHRP). Tbe Office of Technology Applications 
(OTA) has five scls of asphait anxnt testing equip- plus one set for OTA and one set for FHWA’s Research 
and Developmant. This equipment includes: 

- -Bcnding beam rheomewitllwmputcr 

- Dynamic shear rheomwwithwmputa 
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Ruggedness and precision/bias data are being collected for the final specifications (a secondary but ven 
important purpose of this project). OTA is working closely with the AASHTO Subcommittee on Mater& to 
accomplish this expeditiously. 

STATUS : All equipment has been delivered and uill continue to be loaned to States within each user-producer 
group. Funding also involves workshops (that include the user-producer group concept) and evaluation monies, 
as required. 

TECHNOLOGY TRANSFER AIDS : Equipment specifications, vendor list, and provisional test 
procedutes. Binder technicians an available for on-site training, three-day workshops, and telephone assistance. 

SHRP Fi __ 2 IMPLEMENTATION ASPHALT 

DESCRIPTION : This project u. : .::-ovide technical assistance to the States in the local use of Superpave 
equipment provided under the pooled fund buy. A competitive contract was awarded to the Asphalt Institute for 
field engineers and technicians to assist the States. Assistance will include equipment setup, testing, test 
interpretation, local workshops, training in the design and construction of mixes, and guidance for the 
izonmmion of Special Pavement Section (SPS) 9 design and ccnstnxtion. This project will be closciy integrated 
with LTPP. 

. 

STATUS : The contract was be let in FY 1995 and will last for 3 to 5 years. 

TECHNOLOGY TRANSFER AIDS : On site training, field and telephone technical assistance. 

SEIRP SUPERPAVE MODELS 

DESCRIPTION : This project will assist in completing the SHRP work on the model - that underpin 
SUPERPAVE. The effort will be completed through a competitive bid contract. The work will include sotlware 
suppers model documentation, and further tefmement and documentatron The contract for technical asststance b 
win be let in 1993 and operate for 3 to 4 years. 

STATUS : Procurement is on hold until the SHRP reports on the models are made available to include in 
procurement documents. 

GEORGIA LOADED WHEEL TESTER (LWT’l 

.DESCRXPTION : This project supports SHRP asphalt implementation efforts by evaluating innovative 
asphalt testing equipment. Products unier consideration include the nuclear asphalt content gauge, indirect 
tensile tesk moisture sensitivity tests. and xost significantly, the &orgia Loaded Wheel Tester (LWT). While 
not diredy associated with SHRP, this project will finance additional evaluations of SHRP-developed products 
not specifically identified in the pooled fimd buy. 

BACKGROUND : The Gaxgia LWT was developed by Dr. Jim Lai at Georgia Tec4 in cooperation with 
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the Georgia DOT. It is a quick, efficient, and inexpensive method for determining rut susceptibility of surface 
mixes. Georgia DOT has developed a specification that is used on all high-traffic roadway projects and other 
projects vvhere rutting susceptibility is a concern. 

FHWA sponsored a round-robin test program with sis State DOTS to evaluate the Georgia device, which was 
found to be repeatable and reproducible. A Work Order with Georgia DOT was issued by FHWA to modify the 
device to make it senuautomatic and controlled electronicaliy. The modified device is capable of testing multiple 
samples at one time and handling 75 by 125 by 375 mm samples. The temperature and the hose pressure also 
are adjustable. 

A second round-robin test program is planned to evaluate the modified device. 

STATUS : Five States have evaluated the Georgia LWT and will report their findings during the next several 
years. Georgia Tech has upgraded several features of the LWT to make it semiautomatic and eiectronicallv 
controlled. This modified device is being tested currently. An E.xpert Task Group was assembled in late 1993 
as States completed their evaluations. Funding for this project considers additional State evaluations of this and 
as yet undefmed equipment and techniques that show promise. 

TECHNOLOGY TRANSFER AIDS : Equipment loans, field and telephone technical assistance. .’ 

Asphalt Pavement Design and Copstpctioa .,. _ _ , _ “, _ . . . . _ _ 1 . ,). :‘---‘-. ..‘,.,I;” .‘< - . 
The asphalt pavement design and amstn&m technoloti group focuses on innovative techniques for design and 
construction of high performance asphalt pavements used in new construction, reconstruction. rehabilitation. 
restoration, or resurfacing. 

Since 1987, the Federal Highway Administration (FHWA) has supported the “Development of Performance- 
RekispcciGcationsfaHighw8yC-” as one of its high priority research areas. Performance-related 
specifxations (PRS) require mat&is and construction testa, tk results of which correlate to a known degree 
with the performance of the completed product. A ties of FHWA, National Cooperative Highway Research 
Program (NCHRP), and State Planning and Rexarch (SP&R) studies have produd the initial framework and 
at least a partial system of PRS for hot mix asphalt pavement construction 

The focus in the PRS is on quality control of construction selecting the best available materials and establishing 
the mix and pavement designs. PRS addrtsscs three questions: 

e -_ whatquaii~wntrolmtsncaitobcIundu~ngconstructionto minim& premature fatigue 
- crackingornltdng? 

m What is the impact on the subsequent performance of deviations fkxn the target values of 
prxyxrtieaau&asdensityorasphaltcontenCorbotb? 
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TE-44 Electrochemical Chloride Extraction from Reinforced Concrete 
Structures 

DESCRIPTION : The objective of this project is to demonstrate and document the results established under 
the SHRP Stu&. A secondary objective is to work in conjunction with States, private sector, and academia to 
collect data on new structures protected using the chloride extraction method. Pilot projects will include 
installations on both the decks and substructures. 

BACKGROUND : Corrosion of reinforcing steel is recognized as one of the major contributors to the 
deterioration of reinforced concrete structures, and the chloride ions that penetrate to the level of the reinforcing 
bars are a critical element in the corrosion process. One technique for dealing with this problem is chloride 
exuaction The electrochemical extraction of chloride from concrete structures is accomplished by applying an 
anode and an electrolyte to the concrete surface and passing direct current (DC) between the anode and the 
reinforcing steel, which acts as a cathode. Since anions (negatively charged ions) migrate toward the anode, it 
is possible to cause the negatively charged chloride ions to migrate toward the anode and away from the steel. 
Chloride extraction is similar in principle to cathodic protection (CP). The major difference is in the magnitude 
of the current. which is about 100 to 500 tunes that used for cathodic protection. The total amount of charge 
(current time) applied for chloride extraction is about the same as a CP system would deliver over a period of 
about 10 years. The other imporu~ difknce is that chloride extraction is a short-term treatment, whereas 
cathodic protection is notmaily intent ,Jo remain in operation for the life of the structure. 

.:_ : - - - .., .. _ 
PROJECT MANAGER : Donald’i ia&& HTA-22, (202) 366-6770 

STATUS : A WI& orda with Vii and Scuth Dakota Dcpartmaus of Transportation to install and evaluate 
the elecnukmical chlori& extrx&t procedure was approved for a bridge carrying 34th Street over I-395 into 
Arlington. Virginia, and a bridge in Sioux City, South Dakota The procedure was installed on three sections of 
tk Virginia deck and three piers of the South Dakota bridge in the early spring of 1995. The procedure was also 
installed on three substructure piers on a stnxhxe in Chariottesville, Virginia, in the Spring of 1995. 

Open houses vvue held for tk Vii and South Dakota installations in August 1995. The Open Houses vvcre 
well attended. Ten States were reprcsuM at the Virginia Open House, and five at the South Dakota Open 
House. The South Dakota Open House took place on August 9,199s in Sioux City. F&y guests, representing 
Federal, State, academic and private sector organkations, attended each Open House. 
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CHAPTER 11 
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