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USER RESPONSIBILITY

The Oregon Department of Transportation (ODOT) Pavement Design Guide will be
updated periodically to remain current with ODOT design, Specification, and
construction policies. When necessary, the guide will also be updated to reflect changes
or developments in industry practices, procedures and materials.

When updates are made, the date indicated on the cover sheet of the design guide will be
changed to reflect when the changes were made. Since the design guide can be
downloaded at any time from the ODOT website, ODOT will not attempt to track the
identity of all users of this guide. Therefore it is the responsibility of the user to
confirm that they are using the current version of the ODOT Pavement Design
Guide.
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CHAPTER 1: INTRODUCTION

The purpose of the ODOT Pavement Design Guide (PDG) is to provide a summation of
design requirements for use by ODOT personnel and private consultants (Contractors)
who are engaged in the preparation of pavement designs for projects administered
through the Oregon Department of Transportation (ODOT). Throughout this guide, there
are references to responsibilities of the “Designer”. Designer means the ODOT technical
staff responsible for pavement designs for “in-house” projects completed by ODOT. For
out-sourced projects, “Designer” means the professional consultant under contract to
provide pavement design services for projects administered through ODOT. The design
guide provides information on many topics including but not limited to:

* Acceptable Pavement Design Procedures

* Data Collection for Pavement Design

* Guidelines for New Work Sections and Reconstruction
* Guidelines for Pavement Rehabilitation

* Life Cycle Costs Analysis

* Materials and Specifications

* Documentation and Deliverables

The intent of this document is to provide general guidance and outline the minimum
acceptable standards for design analysis and supporting documentation for pavement
Designers. The PDG allows for engineering judgement to be applied on a project basis;
however, deviations from the guide must be justified, and in some cases prior approval
obtained from ODOT Pavement Services. The ODOT Pavement Design Engineer, or other
qualified staff member, will review all pavement designs for structural adequacy and
compliance with the guidelines set forth in this document.

The user should keep in mind that this document is under development and will be
updated periodically as required. It is our intention that, as time permits, the document
will be expanded to provide additional information. We welcome any comments or
suggestions you may have for improving this guide.

Specification references are based on the Oregon Standard Specifications for
Construction, 2002, unless otherwise noted. The Standard Drawings and Standard
Details are referenced based on the numbers at the time of guide publication.

This guide has been formatted for double-sided printing.

Questions regarding any of the information presented in this guide may be directed to:

Pavement Services Unit 503-986-3000

Copies of the ODOT Pavement Design Guide can be obtained online at:
http:/ /www.oregon.gov/ODOT/HWY/CONSTRUCTION /PSIndex.shtml
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CHAPTER 2: PAVEMENT DESIGN PROCEDURES

All pavement designs for State Highways must use the most cost-effective design that
meets the objectives of the project and all applicable design standards. All pavement
designs for State Highways must be developed using a recognized design procedure.
Examples of acceptable procedures include, but are not exclusive to:

* 1993 AASHTO Guide for Design of Pavement Structures and Supplements
* The Asphalt Institute

* Portland Cement Association

* Asphalt Pavement Association of Oregon (APAO) (based on AASHTO)

* American Concrete Pavement Association

Appendix A contains contact information if you would like to get more information on
these pavement design procedures. There is no universally accepted pavement design
procedure. The list above is intended only to give the reader an example of those
procedures available. The use of other procedures not listed above must be approved in
advance and in writing (email acceptable) by the ODOT Pavement Design Engineer.
Whichever procedure is used, it is important that the pavement design meet the
requirements outlined in the following chapters.

For non-state highway applications up to 1 million ESALs a procedure such as the one
demonstrated in the APAO Asphalt Paving Design Guide or the AASHTO Low Volume
procedure may be used. The APAO Design Guide is the preferred procedure for
applications where the anticipated ESAL level is 50,000 or less. It is not acceptable for
most state highway projects including large projects or for bridge end reconstruction
work on the state highway system.

If the structural section design recommendation for a non-state highway is based on a
local agency standard, the standard must be checked using a nationally recognized
pavement design procedure. This check is required to make sure the design standard is
applicable to the present situation. If the local agency has a functional Pavement
Management System and can provide actual performance data (for ODOT review) to
justify the design, this may be accepted in place of using the design procedure
verification.

Multi-use paths for bikes and pedestrians separated from the roadway do not require a
pavement design report. However, a requested design of roadway shoulders to a reduced
thickness, such as for bike lanes, may be considered within a pavement design report.
Multi-use paths should be engineered and designed using guidance from the Oregon
Bicycle and Pedestrian Plan, found at:

http://egov.oregon.gov/ODOT/HWY /BIKEPED /planproc.shtml

In addition, use best engineering practices including those documented in the APAO
Asphalt Paving Design Guide.
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CHAPTER 3: PROJECT SCOPE

The project scope is a description of the parameters of the project and can be found in
the project prospectus. The prospectus defines the problem the project is intended to
address along with the proposed solution, project limits, and funding information. The
Prospectus is developed at the time of the project’s initial conception. In many instances,
the scope can be developed as far as 4 to 6 years in advance of construction. The
proposed solution for Pavement Preservation type projects is based on an assessment of
the condition of the pavement and the construction history at the time of project
conception. It is meant as an estimate only, to be used for budgeting purposes, and
should not be construed as a final pavement design recommendation. An example
prospectus can be found in Appendix B. During project development the scope can
change as new information is obtained. It is important for the ODOT Designer to keep in
contact with the Project Leader; or in the case of consultant designers, the Consultant
Project Manager (or Work Order Contract Manager).
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CHAPTER 4: DATA COLLECTION

This chapter provides guidance on data collection and covers both office and field data
collection. The intent of this chapter is to provide resource information such as what is
available and how to obtain information such as construction history, pavement
condition, and traffic data, as well as guidance on the minimum acceptable levels of field
work required for the development of pavement designs.

4.1 Office Information

4.1.1 CONSTRUCTION HISTORY

Construction history information is important in developing pavement designs.
Construction history is useful in developing a field investigation strategy, determining the
existing material types and depths, and evaluating the performance of existing materials.
ODOT maintains a record of As-Constructed drawings commonly referred to as V-Files.
Useful information from the V-Files includes the cover sheet, details, typical pavement
sections and summary. V-File information can be obtained from the ODOT Roadway
Engineering Section by sending a request to ODOTAsConstructedFiles@ODOT .state.or.us. The
V-Files are valuable resources, but the Designer is cautioned that the information
contained in the files is not always complete. Also, maintenance preservation work is
usually not included in the V-Files.

4.1.2 PAVEMENT CONDITION

Another source of data is the ODOT Pavement Management System (PMS). The PMS can
provide construction history and pavement condition information. Summary information
for each section of highway can be obtained in the Pavement Condition Report that is
available on-line at:

www.oregon.gov/ODOT/HWY/CONSTRUCTION /pavement_management_sys.shtml

The report, published every odd year, provides condition information on each section of
highway as well as information on the rating procedures used. Beginning in 2004, the
Pavement Condition Report is published every even year.

4.1.3 TRAFFIC DATA

Traffic data is a critical component of any pavement design analysis. This data typically
consists of average annual daily traffic (AADT), an annual growth rate or expansion
factor, and a percentage of the AADT in each of the 13 federally designated vehicle
classes (axle categories). A more detailed discussion of the traffic data analysis is found
in a later section. Traffic information can be obtained from the Transportation Planning
Analysis Unit (TPAU) at 503-986-4251. It is required that the growth rate and traffic
data for ESAL calculations be obtained from ODOT for each specific project
requiring a pavement design. A phone call to TPAU will assure the appropriate traffic,
axle distribution, and growth factors will be utilized.
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4.2 Field Reconnaissance

Field reconnaissance is a site visit for the purpose of determining the type and extent of
field investigation work required on the project and any specific locations the designer
wants tested. In addition to planning the field investigation work, it gives the designer
an opportunity to determine the requirements for traffic control during testing.

4.3 Field Investigation

The intent of this section is to provide guidance on the type and extent of field
investigation required for the development of pavement design recommendations. The
guidance provided should be considered as a starting point and is intended to represent
the minimum level of field investigation required. As each project will be unique, the
field investigation plan must be adjusted to provide adequate information for evaluating
the needs of the project.

The following sub-sections outline the field investigation requirements for ODOT
projects. Each sub-section discusses the requirements for a particular type of testing,
such as deflections, cores, etc. ODOT defines new work as the construction of new
pavement, including widening of existing facilities and new alignments. Pavement
rehabilitation is defined as any work on an existing facility and includes work such as
inlays, overlays, or reconstruction.

A review of the project scope and a field reconnaissance are the first steps in developing
the field investigation plan. The field reconnaissance provides the Designer with the
opportunity to evaluate the project for what types of investigative work are required along
with the testing and sampling locations and frequencies.

4.3.1 TrRAFFIC CONTROL

Traffic control must be conducted in accordance with the latest version of “Oregon
Temporary Traffic Control Handbook” published by the Oregon Department of
Transportation:

www.oregon.gov/ODOT /Hwy/Traffic-Roadway /publications_traffic.shtml

In the case of Contractor field investigations, traffic control must be conducted in
accordance with the contract documents.

4.3.2 DEFLECTIONS

Deflections must be measured with a Falling Weight Deflectometer (FWD), in accordance
with ASTM-D4694, applying loads to the pavement of approximately 6000, 9000, and
12,000 Ib (26.7, 40.0, and 53.4 kN) and measuring the deflections in at least 7 locations.
Sensors must be located per the Strategic Highway Research Program (SHRP) Guidelines
of 0, 8, 12, 18, 24, 36, and 60 inches (0, 200, 300, 450, 600, 900, and 1500 mm ) from
the center of the load cell for all deflection testing. Deviations from the above applied
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loads and sensor spacing must be approved in writing by the ODOT Pavement Design
Engineer.

The FWD must be calibrated routinely per the manufacturer's recommendations. In
addition, the FWD load cells and sensors must be calibrated at a Regional Calibration
Center within a 12 month period preceding the date of testing on a project. More
information on FWD calibration can be found at:

SHRP/LTPP FWD CALIBRATION PROTOCOL

Prior to beginning work on a project, and as needed or directed, the FWD's Distance
Measurement Instrument must be calibrated to insure proper distance measurement.

Deflection testing is not required for the construction of roadways on new alignments.
However, deflection testing of adjacent roadways may provide data for the back-
calculation of subgrade resilient modulus that may be appropriate for new work design.
The designer must consider the most cost-effective means of obtaining the subgrade
resilient modulus (see Section 5.2).

Submit deflection data and analysis as well as FWD calibration information as per
Chapter 12 of this guide.

4.3.2.1 Asphalt Concrete Pavement

For widening of existing roadways consisting of asphalt concrete (AC) pavement,
deflections must be measured on the shoulder at a maximum spacing of 250 ft (76 m) to
help determine if the shoulders are structurally sufficient to carry travel lane traffic after
widening (Refer to Section 6.1.4 for construction joint location requirements). If widening
is only to increase shoulder width and will not carry travel lane loads, deflection testing
is not required. If the existing pavement is to be structurally overlaid in addition to
widening, deflection testing is required per the requirements outlined under the
pavement rehabilitation portion of this sub-section.

For pavement rehabilitation projects, deflections must be measured in the outer
wheelpath of the most distressed lane. The maximum spacing for deflection testing must
not exceed 250 ft (76 m). Consideration shall be given to reducing this spacing in urban
areas or areas of localized structural failure. In highway sections of multi-lanes in the
same direction, deflections must be taken in both travel directions in accordance with
the above requirements. The Designer shall use professional judgment to consider
additional testing in the other same direction lanes of a multi-lane section if the
pavement condition and/or construction history varies significantly.

4.3.2.2 Portland Cement Concrete Pavement

The deflection testing requirements for Portland cement concrete (PCC) pavement are
different than for asphalt concrete pavement and are dependant on the type of PCC
pavement. Deflection measurements on PCC pavement are used to determine material
properties, load transfer at the joints, and for void detection.
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4.3.2.2.1 Continuously Reinforced Concrete Pavement

For the determination of material properties related to continuously reinforced concrete
pavement (CRCP), testing should be conducted in the outside wheelpath or between the
wheelpaths based on the requirements of the design procedure used. A testing
frequency adequate to provide a statistical representation of the material properties along
the project is required. The normal SHRP sensor spacing previously discussed should be
used.

Testing at transverse cracks to determine load transfer and the presence of a void should
be considered at cracks that are spalling or are faulted. Follow the procedure outlined in
Section 4.3.2.2.2.

4.3.2.2.2 Jointed Plain and Reinforced Concrete Pavement

For jointed plain concrete pavement (JPCP) and jointed reinforced concrete pavement
(JRCP), deflection measurements are required to determine material properties, load
transfer at the joints, and for void detection.

For the determination of material properties, testing should be conducted in the outside
wheelpath or mid slab based on the requirements of the design procedure used. A
testing frequency adequate to provide a statistical representation of the material
properties along the project is required. The normal SHRP sensor spacing previously
discussed should be used.

The sensor spacing for load transfer and void detection testing is slightly different than
the normal SHRP spacing. For this testing, a sensor must be placed at a distance of 12
in (300 mm) behind the load cell. There are two ways to accomplish this. The first is to
move the sensor located furthest from the load cell to the new location. If this method is
chosen, the resulting sensor spacing is not adequate for material property testing as
described in the above paragraph. The preferred method is to add an additional sensor
at the required location.

The load cell is placed near the joint in the extreme corner of the slab so that the sensor
located at 12 inches (300 mm) from the load cell is on the unloaded slab. Test both the
approach and leave slabs at the three load levels discussed above. Due to the effects of
temperature on the behavior of concrete slabs, all joint testing must be done when the
PCC surface temperature is 50 - 80°F (10 to 27°C). A testing frequency adequate to provide
a representative sample of the load transfer on the section and the percentage of slabs
with voids is required.

4.3.2.2.3 Composite Pavement

For composite pavements, AC over PCC, follow the guidelines above based on the type of
underlying PCC pavement.
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4.3.2.2.4 Selection of Test Locations

When selecting locations to test in the field, consideration shall be given to the condition
of the pavement. Cracks in PCC pavements affect deflections considerably. Every effort
shall be made on both CRCP and jointed pavements to take mid-slab/ wheelpath
deflections at least 6 feet (1.8 m) from a crack or transverse joint. Transverse cracks are
a natural occurrence in CRCP pavements and may be spaced as close as 3.5 feet (1.1 m)
from each other. Therefore, for CRCP pavements the above criteria (testing at least 6 feet
(1.8 m) from a crack or transverse joint) is applicable to transverse cracks that are
spalled or faulted, longitudinal cracks and punchouts. For jointed pavements, the above
criteria apply to all cracking.

Additionally for jointed pavements, consideration shall be given when selecting proposed
joint test locations. If joints that are severely spalled, faulted or contain corner cracks or
breaks are to be repaired they should not be tested. Joints which are tested and later
found to need repair should not be included in the load transfer and void analysis. The
load transfer and void detection procedures were developed for intact slabs (NCHRP
Project 1-21, 1985). Therefore, including test results for those slabs being repaired will
affect the load transfer factor used in the AASHTO Design Procedure and the resulting
overlay thickness, as well as artificially inflating the number of slabs that require
undersealing.

4.3.3 PAVEMENT CORES

Pavement depths are usually determined by either cutting an asphalt concrete (AC) core
or from an exploration hole. Cores must be of sufficient size to determine the condition
of the pavement layers and crack depths. In addition, the Designer must consider the
requirements of any laboratory testing that may be conducted on cores. ODOT typically
collects 4 in (100 mm) diameter core samples. If pavement cracking is a concern, the
Designer must arrange for some of the cores to be cut through the cracks to evaluate the
extent and severity of the cracking.

Cores are not required for the construction of facilities on a new alignment.

For the widening of existing facilities, cores must be taken on the shoulders to determine
the depth, type and condition of existing materials. This requirement is for minor
shoulder widening and where the existing shoulder will be incorporated into a travel
lane.

Pavement depths are required for all pavement rehabilitation projects. The maximum
spacing for pavement depth measurements is one core every %2 mile (0.81 km) for each
travel lane or shoulder to be tested. Each core must be recorded on a core log sheet that
includes the following information:

* Project name and highway number

* Location of the core, including the mile point, direction, lane, and wheelpath
* Date the core was sampled

* Core length
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* Depth of individual pavement lifts
* Description of the material characteristics (see Appendix C)
¢ Ifdrilled on a crack, the type of crack (fatigue, transverse, etc.) and depth

* Log must include a drawing showing the location of the core in relation to stripes
and pavement edges

Include core logs and color photographs of each core with the design report as per
Chapter 12. An example ODOT Pavement Design Core Log is provided in Appendix C.

4.3.4 EXPLORATION HOLES

Exploration holes are used to gather information about underlying base materials and
subgrade soils. Exploration holes must be used where needed to supplement as-
constructed drawings for base depth, type, and quality and to obtain the necessary
information about the materials to adequately characterize their properties for use in the
design procedure. Base, soil, and moisture samples can be obtained from exploration
holes.

Remember, under Oregon Law (OAR 952, Division 1), a utility
locate must be obtained at every location where an exploration
hole is to be taken. Utility locates can be scheduled by calling
the Oregon Utility Notification Center at 1-800-332-2344. You
will need to provide the location for each exploration hole. For

more information:
www.callbeforeyoudig.org

Copies of exploration hole logs and test results must be submitted with the pavement
design report as per the requirements outlined in the Deliverables section (Chapter 12) of
this guide. Exploration logs must include the following information:

* Project name and highway number

* Location of the hole, including the mile point, direction, lane, and wheelpath

* Depth of material layers

* Description of the material characteristics, plasticity, moisture, soil classification
by the Unified Soil Classification System, consistency or density

* Log must include a drawing showing the location of the hole in relation to stripes
and pavement edges

A sample ODOT Pavement Design Exploration Log is provided in Appendix D.

4.3.5 PHOTOGRAPHS OF RoADWAY CONDITION

Photographs are used to provide a visual record of conditions at the time the
investigation is conducted. Photos are suggested for new work sections and are left to
the Designer’s discretion, but are required on all rehabilitation projects. When
photographs of the roadway are taken on a given project:
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* A maximum spacing of % mile (0.4 km) is suggested.

* Photographs must be taken using 35 mm film or with a digital camera (if 35 mm
film is used, digital processing is required). Photos must be taken looking in both
directions at each location.

* Copies of all photos must be submitted as per the guidelines provided in the
Deliverables section (Chapter 12) of this guide. Photos must be arranged by
milepoint and labeled with the date, milepoint and direction of the photograph.

* Submit digital photographs on a CD.

4.3.6 RUT DEPTHS

Rut depths must be measured on all rehabilitation projects at a maximum of %4 mile
(0.4-km) increments. Ruts must be measured in all wheelpaths using a 5 or 6 ft (1.5 or
1.8 m) straight edge. Measurements must be estimated to the nearest ¥z in (3 mm). The
average rut depth and standard deviation for each wheel track must be reported. A
summary of the rut measurements must be provided in the design report as per the
Deliverables section of this guide (Chapter 12).

4.3.7 BRIDGE APPROACHES

Structures usually present grade control issues for paving projects. Typically, the profile
grade at the bridge must be maintained or reduced. Reducing grade normally occurs
when asphalt concrete is to be removed from the bridge deck. The following minimum
guidelines apply when testing at or near a structure:

* For structures with AC on the deck, obtain at least one core at approximately the
mid-span (through the AC only, do not core through the concrete deck)

* If existing approach consists of AC pavement, obtain two cores on each bridge
approach at approximately 10 ft (3.0 m) and 50 ft (15 m) from each end of the
structure or impact panel

* Perform deflection testing at 5, 10, 20, 30, 40, 50, 75, 100, 125, 150, and 200 ft
(1.5, 3,6,9, 12, 15, 23, 30, 38, 45, and 60 m) from each end of the structure

* Do not core on a bare Portland Cement Concrete (PCC) deck

* Do not core on an impact panel, if an impact panel is present, measurements
must be made from the end of the panel for the above testing locations

A graphical representation of the above testing is provided in Appendix E. If the bridge
approaches are to be replaced, the above testing is not required. However, if the
pavement designer is to evaluate possible rehabilitation strategies in lieu of
reconstruction, the above testing is required. Refer to Chapter 8 for more information.

4.3.8 BRIDGE UNDERPASSES

Another grade control area is under structures that cross over the highway. Testing of
the pavement in this area has not yet been standardized. If the existing vertical
clearance is substandard (check with the Roadway Designer, Project Team Leader, or
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Consultant Project Manager), additional testing of the pavement similar to that
completed for bridge approaches should be considered by the Designer. Refer to
Sections 6.5.3 and 7.8 for more information.

4.3.9 AT-GRADE RAILROAD CROSSINGS

Railroad crossings also pose a grade control situation, in that the existing grade must be
maintained.  Testing in the area of railroad crossings has several additional
requirements, primarily contacting the railroad company to coordinate any work within
the area of the crossing. Do not perform any testing on railroad right-of-way (the area
between the crossing gates or stop bars when gates are not present) without prior
arrangements with the railroad company. Contact ODOT Pavement Design for
assistance in arranging field work testing at railroad crossings. The following minimum
guidelines apply when testing at or near an at-grade railroad crossing:

* If existing approach consists of AC pavement, obtain two cores on each approach
at approximately 10 feet (3.0 m) and 50 feet (15 m) from the stop bar

* Deflection testing at 5, 10, 20, 30, 40, 50, 75, 100, 125, 150, and 200 feet (1.5, 3,
6,9, 12, 15, 23, 30, 38, 45, and 60 m) from the stop bar

* Do not test between railroad gates or stop bars if gates are not present, a
graphical representation of the above testing is provided in Appendix F

4.3.10 PAVEMENT DISTRESS SURVEYS

Pavement distress surveys are an integral part of a successful pavement rehabilitation
project. Pavement distresses are defects in the pavement surface such as ruts and
cracks. Proper distress identification helps the designer determine the mode of failure
such as, whether the distress is due to load related factors or environmental effects. In
addition the distress surveys help the engineer develop the field investigation plan,
determine if reflective cracking will be a factor in the rehabilitation performance, and are
a primary factor in locating areas that require localized repairs. When combined with
other data collected on a project such as cores and deflections, distress surveys are very
important in assessing the pavement rehabilitation needs.

ODOT has adopted pavement distress definitions based on the Strategic Highway
Research Program Distress Identification Manual for the Long Term Pavement
Performance Project, SHRP-P-338 for both network and project level pavement distress
surveys. However, some of the definitions and measurement protocols have been
modified to better suit conditions encountered in Oregon. Appendix G provides an
excerpt from the ODOT Pavement Management Group Distress Survey Manual.
Included in the Appendix G are distress definitions used by ODOT Pavement Services
Unit. There are no required methods or forms for conducting distress surveys. It is up
to each designer to develop a system that works best for the particular project.

The minimum information required in a distress survey includes:
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* Type of distress

* Severity of distress
* Extent of distress

* Location of distress

For asphalt concrete and CRC pavements, a simple form such as the one shown in
Appendix H may be used. For reinforced and plain concrete pavements with joints, it is
strongly recommended that the designer create a crack map for conducting the distress
survey. The crack map allows the designer to identify and locate distresses in individual
slabs. This information can be used later in determining repair and undersealing
quantities, as well as for marking the repair areas in the field.

4.4 Laboratory Investigation

Laboratory testing should be used to supplement the field investigation and to evaluate
material samples collected in the field. Only where absolutely necessary should
laboratory testing replace field investigation. An example might be a new alignment
where no roadway currently exists and normal roadway investigation practices are not
possible.

Laboratory testing should be kept to a practical minimum to minimize project
costs.

4.4.1 LABORATORY TESTS
Laboratory testing of materials may include (but are not limited to) the following:

e Existing HMAC: Void content, specific gravity, susceptibility to stripping

e Existing aggregate base: Gradation, Atterberg Limits

e Existing subgrade: Classification, Atterberg Limits, moisture / density, resilient
modulus, natural moisture content

ODOT Pavement Services has not found a strong correlation between subgrade CBR
tests and Resilient Modulus. Therefore, CBR testing is not appropriate for use in ODOT
designs.

4.4.2 TESTING FREQUENCY

The frequency of laboratory testing of existing materials for any given project will be
dependent on the specific needs of that project. Factors to be considered when
determining the need for or extent of laboratory testing may include (but are not limited
to) the following:

e Low confidence level in field investigation test analyses as a result of
unexplainable variability or deviation from normally accepted values

e Project locations that are not conducive to on-site field testing

Verification of marginal or borderline field test results

e Analysis of material properties that are non-testable in the field
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CHAPTER 5: DESIGN PROCEDURE INPUT PARAMETERS

The material presented in this chapter relates to the AASHTO Pavement Design
Procedure. Other pavement design procedures may have additional design requirements
not discussed in this chapter. The Designer is responsible for following the guidelines of
the pavement design procedure that is selected.

5.1 Traffic Analysis

For pavement designs on State Highways, a traffic analysis must be performed in order
to obtain an expected value for 18 kip (80 kN) equivalent single axle loads (ESAL’s) over
the structural design life of the section. In order to estimate design ESAL’s the Designer
must know the average daily traffic (ADT), percent trucks, vehicle class distribution, and
an annual growth rate or expansion factor.

ODOT wuses conversion factors to convert daily truck counts into annual ESAL’s. The
conversion factors were developed from the AASHO Road Test Equivalency Factor
Equations (Volume 2, AASHTO Guide for Design of Pavement Structures, Appendix MM).
ODOT Conversion Factors are based on average truck weights found on the Oregon State
Highway System.

ODOT has developed a matrix (Table 1) for selecting the appropriate conversion factor
based on the following: number of axles per truck, pavement type (flexible (AC) or rigid
(PCC)), and whether the ADT is based on a one-way or two-way traffic count, as shown in
Table 1. Truck counts are reduced to five axle groups for the ESAL calculation. All two-
axle trucks are combined into one group; all three-axle trucks are combined into one
group, etc. Trucks with six or more axles are considered as one group. Depending on
where the Designer obtains the traffic data, the ADT may be based on a one-way traffic
count or a two-way traffic count. The Designer needs to use the conversion factor that is
consistent with the traffic data.

Table 1 — ESAL Annual Conversion Factors

ESAL Annual Conversion Factors
Number Flexible Pavement Rigid Pavement
of Axles One Way Two Way One Way Two Way
Traffic Data | Traffic Data | Traffic Data | Traffic Data
2 100 50 100 50
3 220 110 270 135
4 320 160 400 200
S 650 325 950 475
6+ 650 325 950 475

To calculate the design ESAL’s, the daily truck counts from each axle group are
multiplied by the conversion factor in Table 1 to arrive at an annual ESAL value. The
annual ESAL’s from each axle group are summed to arrive at a total annual ESAL value.
Using the annual growth rate, the ESAL’s must first be expanded to the year of
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construction and then forecasted to the end of the design life. The design ESAL’s are
simply the sum of the annual ESAL’s through the design life, starting with the year
following construction. A spreadsheet can easily be developed to expedite calculations.

Part 2, Section 2.1.2 of the 1993 AASHTO Guide for Design of Pavement Structures
provides guidance on the percentage of total directional ESAL’s to assign to the design
lane on multi-lane highways.

A detailed discussion on ESAL calculations is provided in Appendix D of the 1993
AASHTO Guide for Design of Pavement Structures. The ODOT method of traffic
conversion discussed above was developed specifically for Oregon truck traffic. An
example ESAL calculation using the ODOT Conversion Factors is provided in Appendix I.

5.2 Subgrade Resilient Modulus (Mgr)

An important factor in many pavement design methods is the resilient modulus (Mg) of
the subgrade soil. A discussion on roadbed soil can be found in Part 1, Section 1.5 of
the 1993 AASHTO Guide for Design of Pavement Structures. Selection of a value for
subgrade Mk is a critical step in the AASHTO Pavement Design Procedure. The Designer
must be familiar enough with the project roadway design to understand if the subgrade
will be in “cut or fill” (native soil versus embankment--on-site or imported) and the types
of soil material (granular or fine-grained).

Back-calculation is the standard method of determining the subgrade Mg for pavement
rehabilitation projects. Back-calculation can also be used for widening or minor
realignment of highways. This procedure requires knowledge of the existing pavement
structure and the use of a Falling Weight Deflectometer (Refer to Chapter 4: Data
Collection for FWD testing requirements). For new work sections where back-calculated
subgrade Mg values are not attainable, lab determined values of resilient modulus
testing of field soil samples can be used. Another available method is to perform on-site
Dynamic Cone Penetrometer (DCP) testing and apply an appropriate correlation (contact
ODOT Pavement Services for acceptable correlation equations).

For the pavement design of minor roads off the State Highway System, classification of
the soil (AASHTO or USCS) or experience/engineering judgment can be used as the basis
for selecting a reasonable subgrade Mg value.

Due to the sensitivity of most pavement design procedures to subgrade modulus, it is
very important that the modulus be calculated or tested with procedures that are
consistent with the design procedure that is being used. Historical records, experience,
and sound engineering judgment are valuable tools to assist in arriving at a final design
Mgr. Caution must be used for any Mr values found to be greater than 8,000 psi (55
MPa) for use in the AASHTO design procedure as this value represents a strong
subgrade, which is not commonly encountered in Oregon.

The soil at the AASHO Road Test Site was A-6 silty clay with a Mr of 3,000 psi (20.7
MPa). The AASHTO flexible pavement design equation was developed using the Mg value
from the AASHO Road Test Site. Mg values back-calculated from non-destructive testing
data were found to be three or more times the value determined from lab tests and
therefore must be multiplied by an adjustment factor (typically 0.33 for AASHTO
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Pavement Designs for standard flexible pavements of AC over aggregate base) to make
them consistent with the AASHTO design equation. This procedure is explained in detail
in Part 3, Section 5.3.4 of the 1993 AASHTO Guide for Design of Pavement Structures.
The use of adjustment factors must be in accordance with the pavement design
procedure used. For existing pavements with PCC pavement or cement treated bases
(CTB), the adjustment factor is 0.25.

Documentation must be provided showing the procedure used in determining the design
subgrade Mr. Included in the documentation must be any lab test reports, FWD data,
and any other relevant information, and a summary providing support for the subgrade
Mr used in the pavement design. When a design subgrade Mg value of 8,000 psi or
greater is used, then specific site data is required. Specific site data shall be either
laboratory Mg testing, back-calculated Mg from FWD data, or Dynamic Cone
Penetrometer correlation (contact ODOT Pavement Services for acceptable correlation
equations). Refer to Chapter 12: Deliverables for specific requirements.

5.3 Typical AASHTO Design Inputs

5.3.1 RELIABILITY

The level of reliability for the pavement design must be selected in accordance with the
pavement design procedure used. Table 2 shows the reliability levels to be used in
pavement designs for ODOT projects designed using the 1993 AASHTO Guide.
Deviations from the table must be approved in writing by the ODOT Pavement Design
Engineer.

Table 2 — Reliability Levels by Functional Class

Reliability Levels
Functional Class Urban Rural

Interstate 90 90
Principal Arterial 90 85
Major Collector 85 85
Minor Collector 85 80
Local 75 75
Interstate Detour (<1 year) 75 70
Interstate Detour (>1 year) 75 75
Other detour (<1 year) 60 60
Other detour (>1 year) 65 65

5.3.2 INITIAL AND TERMINAL SERVICEABILITY

Part 2, Section 2.2.1 of the 1993 AASHTO Guide for Design of Pavement Structures
provides a discussion on serviceability. Typical values for initial serviceability are 4.5 for
rigid pavement and 4.2 for flexible pavement. For terminal serviceability, AASHTO
recommends 2.0 — 2.5 for low volume roads (<3,000 ADT), 2.5 — 3.0 for medium volumes
(3,000 - 10,000 ADT) and 3.0 — 3.5 for high volumes (>10,000 ADT). ODOT pavement
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designs usually use a terminal serviceability value of 2.5; detour or diversion pavement
designs for non-Interstate roads can be designed to a value of 2.0. Different values can
be used if the Designer provides adequate justification.

5.3.3 OVERALL STANDARD DEVIATION

Overall standard deviation is a design input for the AASHTO procedure that takes into
account uncertainty in traffic estimation and varying construction materials and
conditions. AASHTO recommended values are included in Part 1, Section 4.3 of the
1993 AASHTO Guide for Design of Pavement Structures. ODOT pavement designs
shall use an overall standard deviation value of 0.49 for flexible pavements and 0.39 for
rigid pavements.

5.4 Layer Coefficients for AASHTO Design Procedure

Table 3 is a summary of layer coefficients for use in the AASHTO Design Procedure that
Designers should use for analyzing and/or designing pavement structures. Other layer
coefficients may be used at the Designer’s discretion if they are justified based on an
engineering assessment of the material. A discussion on AASHTO layer coefficients can
be found in the 1993 AASHTO Guide for Design of Pavement Structures, Part 2, Section
2.3.5.

Table 3 — Layer Coefficient by Material Type

Layer Coefficient
Material (per 1 inch (25 mm) of thickness)
New Asphalt Concrete 0.42
New Aggregate Base 0.10
New Asphalt Treated Permeable Base (ATPB) 0.24
New Aggregate Subbase 0.08

5.5 Drainage Coefficient

Adequate drainage is essential for any pavement design to succeed long-term. Drainage
issues can impact both the subgrade and aggregate base materials. The AASHTO
pavement design method allows for a modification of the aggregate base or subbase
layers due to drainage characteristics. The drainage coefficient (mj) varies based on the
quality of drainage (Excellent to Poor) and the percent time the structure is exposed to
moisture levels approaching saturation.

ODOT has adopted the position that the layer coefficients for new aggregate base or
subbase produced under ODOT specifications already include modification for field
performance due to moisture conditions. Therefore, a drainage coefficient of 1.0 will
normally be used for design purposes. The use of any other drainage coefficient will
require written approval (e-mail acceptable) by the ODOT Pavement Design Engineer.
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CHAPTER 6: NEW WORK AND RECONSTRUCTION DESIGN

New work is defined as the construction of new pavement. New work includes widening
of existing roads and construction of new alignments. The reconstruction of roadways
on existing alignments is considered pavement rehabilitation. Although they have
different definitions, the design and analysis for new work and reconstruction sections
are the same and are outlined in the following sections.

6.1 Asphalt Concrete Pavement Design Requirements

6.1.1 MINIMUM DESIGN LIFE

The minimum structural design life for new AC pavements is 20 years. There are no
design life exceptions for new work pavement designs. Minimum structural design life
criteria for new work designs at bridge approaches is 30 years, and is further discussed
in Chapter 8.

6.1.2 MINIMUM AC THICKNESS

6.1.2.1 Structural Requirements

AC thickness must be based on a layered analysis approach to determine the minimum
thickness of AC required above the base layer for the design ESAL’s. The purpose of this
analysis is to determine the minimum thickness of AC required to resist structural
deterioration (fatigue cracking) of the asphalt layer. This procedure is explained in Part
2, Section 3.1.5 of the 1993 AASHTO Guide for Design of Pavement Structures. Also
note the thickness of the AC layers should be rounded up to the nearest %2 inch (15 mm).

For example: ODOT assumes an aggregate base modulus of 20,000 psi (138 MPa).
Using the assumed base modulus as the input for subgrade Mg (all other AASHTO
design inputs remaining the same), the calculated SN is the SN required above the base
layer. If the required SN is 2.1, a minimum AC thickness of 5.0 inches (125 mm) is
required above the base layer (2.1/0.42).

If a design procedure other than AASHTO is used, the minimum AC thickness must be
determined in accordance with the design procedure.

For high volume applications (>50 million ESALs), ODOT research and experience
indicates that a practical maximum thickness of quality new HMAC (4 to 7% in-place air
voids) is 10-13 inches based on fatigue resistance at the base of the AC layers. HMAC
thickness greater than 12 inches should be checked for fatigue resistance based on
limiting strain criteria at the bottom of the HMAC. A mechanistic pavement design may
be required to determine a cost-effective pavement design. Contact ODOT Pavement
Services for additional information.
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For projects with greater than 80 million design-lane ESALs or 30 inches total AC and
aggregate base depth (excluding subgrade stabilization), contact the ODOT Pavement
Design Engineer for appropriate design procedures.

6.1.2.2 Shoulders

For new work or reconstruction where shoulders are built at the same time as travel
lanes, shoulders will be designed to the same asphalt thickness and materials as the
travel lane. Where shoulders are reconstructed separate from the travel lane, refer to the
following section Roadway Widening.

6.1.3 ROADWAY WIDENING

It is common practice to use existing shoulder sections to widen the travel lanes on
roadways. This is acceptable if the Designer can show that the shoulder section has the
structural capacity to carry the expected traffic loads (Refer to Chapter 4: Data Collection
for testing requirements). In addition, a check must be made to determine whether the
existing AC thickness is sufficient to resist fatigue cracking (described in Section 6.1.2).
If the shoulder is structurally inadequate, it must be reconstructed or rehabilitated
sufficiently to carry the anticipated design traffic.

When widening a roadway, the Designer must provide continuity with the adjacent
pavement section. Although it is preferable to match the adjacent pavement structure,
there will be projects where that is not economically feasible. At a minimum, the design
must use compatible materials and provide for adequate drainage from underneath the
existing pavement. This may require constructing the top of subgrade for the widening
at the same elevation as the existing subgrade, or providing an underdrain at the edge of
the existing pavement that outlets beyond the new pavement structure.

In addition to the afore mentioned drainage concerns, interstate highway shoulders
present a unique design situation. Widening of just the shoulder may be required to
provide a paved surface to meet updated safety standards. Many sections of interstate
highway shoulders were originally designed to a minimum depth of 4 inches, and now
need reconstruction to meet staging needs for travel lane repairs or bridge replacements.
The Designer should consider the staging needs of the current or upcoming projects to
provide adequate asphalt pavement depth and aggregate base structure. As a practical
minimum, interstate shoulders should provide depths of at least 6 inches HMAC and 12
inches aggregate base, placed according to specifications 00745 and 00641 respectively.

6.1.4 JOINT LOCATION

Construction joints in a pavement-wearing surface must not be placed in a wheelpath.
In addition, for widening projects, the saw-cut edge of the existing pavement should be at
a stripe or mid-lane (between the wheelpaths). Construction joints in wheelpaths have
been observed to have a harmful effect on long-term pavement performance. Differential
movement across the joint, material segregation and compaction problems contribute to
the increased rate of pavement deterioration under traffic loading when construction
joints are placed in a wheelpath. In urban areas where the wearing surface must be
tapered to maintain curb exposure, the construction joint is sometimes forced into, or
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near, the wheelpath. This is considered acceptable when unavoidable due to geometric
constraints.

6.2 Portland Cement Concrete Pavement Design Requirements

This section covers information related to the construction of new PCC pavements and
the widening of existing PCC pavements. For a description of the PCC pavement types
typically used in Oregon, refer to Chapter 10. The rehabilitation of existing concrete
pavements is discussed in Chapter 7. For pavement design using the AASHTO Guide
1993, the Designer should also refer to the Supplement to the AASHTO Guide for Design
of Pavement Structures, Part I, Rigid Pavement Design & Rigid Pavement Joint Design,
1998. The use of new (jointed or continuously reinforced) concrete pavement must be
approved in writing (e-mail acceptable) by the ODOT Pavement Design Engineer.

6.2.1 MiINIMUM DESIGN LIFE

The minimum design life for Portland Cement Concrete Pavement is 30 years. This
minimum life is for all types of PCC - jointed and continuously reinforced pavements.

6.2.2 MINIMUM PCC THICKNESS

The minimum thickness for PCC on state highways is 8 inches (200 mm). If PCC is
being used for bus stop pads or other heavy truck stop and start areas, a thicker panel
may be needed even if the traffic calculations indicate that 8 inches (200 mm) is
sufficient. Typically, the thickness for PCC is rounded to the nearest 1 inch (25 mm),
but consideration may be given to rounding to the nearest 2 inch (15 mm) if the project
is large enough to use controlled grade slip form pavers.

6.2.3 ROADWAY WIDENING

When widening next to existing PCC pavement, PCC shall be considered for the new
widening. The new PCC should match the existing PCC in thickness and contraction
joint location (if jointed). The new PCC must be tied to the existing PCC.

6.2.4 JOINT LOCATION AND SPACING

When constructing an all new section of PCC, the joints shall be placed per the standard
specifications and standard drawings. When widening an existing PCC pavement,
longitudinal joints shall be placed at an edge line (skip stripe, fog stripe, etc) or mid-
travel lane. This may require cutting the existing PCC to get the correct placement. New
transverse contraction/expansion joints shall match with the existing joints.

Proper joint design is a key factor in the performance of jointed plain concrete pavement
(JPCP) and jointed reinforced concrete pavement (JRCP). For JPCP, ODOT has recently
adopted a spacing of 15 feet rather than the repeating pattern as shown in Standard
Drawing RD600 (1 May 07-31 Oct 07). A joint spacing that is too long will result in
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intermediate transverse cracks in the slab. These intermediate cracks can cause
pumping, faulting and additional cracking that eventually lead to costly repair.

The joint spacing in JRCP is typically longer than those used in JPCP. This is due to the
presence of longitudinal steel reinforcement. Although intermediate transverse cracks
may develop, the longitudinal steel provides for additional load transfer beyond the basic
aggregate interlock and keeps the cracks tight. The joint spacing provided in ODOT
Standard Drawing RD600 should be verified by the designer for each specific reinforced
concrete pavement design.

Special consideration shall be given to non-standard situations. These situations may
include: intersections, taper sections, bus stops, and urban areas with obstacles such
as manholes, inlets, etc. These special areas require a joint layout detail in the plans
and may require additional drawings and modifications to the specifications.

There are no regularly spaced transverse contraction joints to design for in continuously
reinforced concrete pavement (CRCP). However, the designer does need to design for the
transverse crack spacing. Transverse cracks shall be designed for a spacing of 3.5 to 8
feet (1.1 to 2.4 m). The crack spacing and width are controlled by the percentage of
longitudinal reinforcing steel in the pavement.

Controlling terminal expansion in CRCP is very important. The design principle is to
allow for expansion and contraction to occur and minimize damage to the pavement.
There are two basic types of terminal expansion joints used in CRCP. The lug system is
used to restrain free end movement, while the wide flange beam system is designed to
accommodate the free end movement and minimize damage. Currently ODOT uses a
wide flange beam system for terminal expansion joints as the standard design. Several
issues have arisen concerning the long-term performance of the wide flange beam in
Oregon, including snow plow damage, fracture and displacement of the top flange, and
difficulties in maintenance and repair. The choice of using a wide flange beam or a lug
system should be addressed in the pavement memo/report. A terminal end joint system
is required in CRCP at all bridge approaches and at the ends of the CRC pavement. The
wide flange beam terminal expansion joint at a bridge approach shall be constructed per
Standard Drawing RD600 and Standard Detail DET1605.

6.2.5 DESIGN DETAILS

This section covers specific design related details. Chapter 11 of this guide discusses the
specifications and Standard Drawings/Details required for new PCC pavements.

6.2.5.1 Load Transfer

Load transfer refers to the ability of a concrete pavement to transfer or distribute a load
across discontinuities such as joints or cracks. This is typically accomplished through
aggregate interlock, dowel bars, or steel reinforcement. Without good load transfer, PCC
pavements will exhibit distresses such as faulting, pumping, and corner breaks. For
jointed concrete pavement on state highways, dowel bars are required. The dowel bar
diameter should be equal to 1-1/4 inches (31 mm) or the slab thickness (inch or mm)
multiplied by %, whichever is greater. The dowel bar length shall be a minimum of 18
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inches (450 mm) or 2 times the slab thickness (ACPA, Concrete Pavement for Trucking
Facilities).

Dowel bars are only used with CRCP in the expansion joints at bridges. There are no
contraction joints in CRCP that require dowel bars as in JPCP or JRCP. However it is
important to maintain load transfer at construction joints and transverse cracks. This is
accomplished with the longitudinal reinforcing steel.

6.2.5.2 Base/Subbase Materials

Good base materials under a PCC pavement are an important component of long term
performance. Although the rigid nature of PCC allows it to bridge minor imperfections in
the underlying material, good uniform support is essential. The base layer may:

* Assist in controlling shrinking and swelling of soils

* Aid in controlling frost heave

* Help prevent pumping of fine grained soils

* Act as a working platform for pavement construction

(Construction and Rehabilitation of Concrete Pavements, A Training Manual, FHWA,
Contract No. DTFH-61-81-C-00051, pg VI-20)

Base materials may take several forms including: granular materials, asphalt or cement
treated materials, or lean concrete base. ODOT has at one time or another used all of
these types of base materials under PCC pavements. Based on information presented at
the Concrete Pavement Design- 2000 and Beyond Workshop, August 2000 in
Breckenridge Colorado, and ODOT experience, stabilized bases provide better
performance than un-treated base materials. Stabilized bases provide better uniform
support and are less susceptible to pumping and erosion beneath the PCC pavement.
The type of base to be used depends on the project. Small projects replacing or widening
existing PCC Pavement should consider matching existing base types. Large projects
shall use a stabilized base. Currently ODOT uses an HMAC stabilized base.

6.2.5.3 Subdrainage

Subdrainage is an important factor in the performance of all types of PCC pavement.
Water infiltration from the surface or the subgrade contributes to joint faulting and
pumping of the subgrade fines. As this process progresses, a loss of support occurs
which leads to more serious distresses such as faulting, corner cracks/breaks, and
punchouts. Subdrainage, in conjunction with other design features can be used to help
prevent the problems noted above.

Providing for subdrainage is good practice and should be considered for all PCC
pavement types. Subdrainage could include the use of longitudinal edge drains or an
open graded HMAC base course with drains. The longitudinal edge drains provide for
drainage of the subgrade, while the open graded HMAC is used to drain moisture from
the base course beneath the PCC pavement. Standard Drawing RD312 is used for both
the longitudinal edge drains and the open graded HMAC base course drains. However,
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the drawing is very general and should be supplemented with a project specific detail for
use with either of the subdrainage methods mentioned above. When developing the
detail for an open graded HMAC base course, consideration should be given to not pave
directly on the plastic pipe material. The high temperature of the HMAC during
placement has a tendency to melt the drain pipe.

There may be other options for providing subdrainage that are not addressed above for
the specific circumstances of the project. It is the Designer’s responsibility to provide an
appropriate detail for the subdrainage to be included in the project plans. For more
information related to subdrainage drawings and details, please contact the ODOT
Pavement Services Unit.

6.2.5.4 Shoulder

The AASHTO design method considers the lane edge support condition as a design
element. An edge support adjustment factor is as follows:

E = edge support adjustment factor (1.00 for original AASHO Road Test)
= 1.00 for conventional 12 ft (3.66 m) wide traffic lane
= 0.94 for conventional 12 ft (3.66 m) wide traffic lane plus tied concrete
shoulder
= 0.92 for 2 ft (0.6 m) widened slab with conventional 12 ft wide striped lane

ODOT has adopted the use of a 14 foot wide slab adjacent to the shoulder, striped as a
12 foot lane. For jointed plain concrete pavement, the adjacent shoulder may be JPCP or
HMAC. For continuously reinforced concrete pavement, the adjacent shoulder shall be
HMAC, designed according to Section 6.1. Variance from the 14 foot width will require
written approval (e-mail acceptable) from the ODOT Pavement Design Engineer.

6.3 Subgrade Improvement

Subgrade soil can be improved in excavation areas to increase the workability and
structural value of undesirable native materials. Subgrade improvement can be achieved
by replacing the soil with a more desirable material (subgrade stabilization) or by treating
the soil with an admixture such as lime or cement.

Subgrade improvement shall be considered and undertaken when soft or unstable soils
are anticipated, the soil is saturated, or the construction time-line does not allow for
drying a wet subgrade. If an admixture is to be used for the subgrade improvement, lab
testing is required to determine the proper amount of admixture to achieve the desired
soil properties. The ODOT Pavement Design Engineer must approve in writing (email
acceptable) alternative methods (not listed above) of subgrade improvement prior to final
design recommendation. There are separate specifications (Refer to Chapter 11:
Specifications) for each of the subgrade improvement methods described above.
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6.4 Design Alternatives

Several design alternates must be considered for new construction. Alternates may
include, but are not limited to, variations in AC/agg base thickness, full depth AC, and
PCC over base. Cement Treated Base is not an acceptable structural component for
pavements on State Highways in Oregon. However, cement stabilization for subgrade
improvement or for preparing a construction platform (cement modified soil) is an
acceptable practice. Other design section alternatives (not discussed in this guide) must
be approved in writing (email acceptable) by the ODOT Pavement Design Engineer prior
to submission of the design. A discussion of each alternate considered and a Life Cycle
Cost Analysis (LCCA) must be included in the design report (if applicable). For more
information on LCCA, refer to Chapter 9: Life Cycle Cost Analysis.

For minor widening of existing roads, development of design alternatives is not required.

6.5 Special Considerations

6.5.1 BRIDGE APPROACHES

Bridge approaches require special consideration for new work pavement designs. Refer
to Chapter 8 for a discussion and design guidelines for bridge approaches.

6.5.2 FROST DESIGN

Frost heave and thaw weakening must be considered for projects where the following
three elements exist: frost susceptible soil, freezing temperatures / high freezing index,
and water. If any one of the three elements is not present, then frost heave and thaw
weakening will not exist. In Oregon, frost heave and thaw weakening are primarily
concerns east of the Cascade Mountain Range. Where there is a potential for frost
problems, the design must eliminate at least one of the three elements. Typically making
the total depth of the pavement structure greater than the frost depth is how the frost
problems are eliminated. A positive drainage that eliminates the water in the soil may be
considered, but usually is too expensive compared to removing one of the other two
elements. The frost susceptible soil may be removed or treated to below the depth of
frost penetration to change its properties to be non-frost susceptible. Treatment can
include mixing cement or lime at low percentages. Frost depth can be determined with
test pits in the area of a project, or through calculations utilizing the freezing index for
the area (see CRREL procedure). More information on frost design considerations can be
gathered from Cold Regions Research and Engineering Laboratory (CRREL), , and the
1993 AASHTO Guide for Design of Pavement Structures, Part 1, Section 1.7.

6.5.3 VERTICAL CLEARANCE AT BRIDGE UNDERPASSES

The minimum vertical clearance standard under bridges on the interstate is currently
17-6” for new work areas (includes 0’-6” for future AC overlays). A standard may apply
on other highways depending on local trucking requirements. This issue relates to new
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mobility standards ODOT is working to achieve. In some instances, to increase the
existing vertical clearance at a bridge, the alternative may be to lower the roadway
gaining some or all of the necessary vertical clearance, or the bridge may be a candidate
for raising or replacement. When rebuilding a pavement under any structure to gain
minimum vertical clearance requirements and there is insufficient clearance for future
overlays, the pavement design life shall be 30 years. The design life applies regardless of
the type of project (preservation, modernization, bridge) the work is being completed
under. Structures with vertical clearance issues are to be identified by the Project Team.
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CHAPTER 7: REHABILITATION OF EXISTING PAVEMENT STRUCTURES

The primary function of a pavement rehabilitation is to restore or extend the
serviceability of the pavement for a given design life. This includes structural
improvements where required to provide the necessary structural capacity for the
anticipated traffic loading. This may also include non-structural improvements in
situations where additional structural capacity is not required.

Typically, structural improvements can be achieved in two ways: Additional depth of
materials, which increase the structural capacity of the section, or the replacement of
deficient existing materials with new materials. Under specific circumstances, the
rehabilitation of deficient existing materials may require complete reconstruction of the
roadway.

A key element in the rehabilitation of an existing pavement is the mitigation of
deficiencies in the existing pavement that will impact the survivability of the pavement
rehabilitation for the required design life. This includes, but is not limited to, conditions
such as cracking, raveling, stripping, flushing, or potholes.

Vital to the performance of pavement in certain parts of the state is the adequate design
for frost heave and thaw weakening. For more on this, please reference Section 6.5.2,
Frost Design.

It is the Designer’s responsibility to establish the most effective form of rehabilitation
while minimizing project costs.

7.1 Design Life

The minimum structural pavement design life required by ODOT is 15 years for the
preservation of an existing pavement structure (this is the basis for ODOT’s present
preservation strategy), in contrast to a reconstruction section where the design life of a
new pavement is 20 years for AC and 30 years for PCC. However, under specific
circumstances, a reduced design life for preservation may be justifiable. If a reduced
design life is considered, certain requirements must be met.

A reduced design life for rehabilitation may be considered if a Life Cycle Cost Analysis
(LCCA) indicates that a significant cost savings could be realized by providing something
less than the minimum design life. An example might be an urban section where a
relatively thick overlay is required to restore structural capacity. If grade constraints
such as curb exposure, right of way, or cross slope make a thick overlay impractical,
complete reconstruction often becomes the most viable full design life alternative.
However, repeated thin surface treatments such as a thin inlay at shorter time intervals
may be more cost effective than the complete reconstruction of the pavement.

A reduced design life may also be considered acceptable if for a given section of highway,
there is in place in the State Transportation Improvement Plan (STIP) another project
that will provide for future rehabilitation, reconstruction, or replacement of the pavement
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section. An example would be a section of highway that was scheduled for replacement
under a future project, but needs some form of immediate rehabilitation to mitigate
significant safety concerns for the motoring public.

Pavement designs with a design life of less than eight years require a design life
exception. In these instances, written documentation providing a description of and
justification for the exception must be included in the deliverables (see Chapter 12). The
primary form of justification shall be a life cycle cost analysis, which -clearly
demonstrates the cost effectiveness of the exception. The ODOT Pavement Design
Engineer must review all requests for pavement design lives of less than the minimum
15 years. The Area Manager and the State Roadway Engineer must approve the design
life exception in writing for design lives less than 8 years. The design exception process is
discussed in more detail in Chapter 13 of the ODOT Highway Design Manual. In
addition, the Highway Design Manual provides the required format for the design
exception request form.

For additional information on the development of Life Cycle Cost Analyses, please see
Chapter 9 of this guide.

7.2 Field Work

One critical element in the development of a pavement design is the collection of on-site
test data, material samples, and a documented evaluation of the condition of the existing
pavement. To obtain this information, the Designer shall follow the requirements in
Chapter 4 of this guide.

7.3 Bridge Approaches

Pavement designs for rehabilitation at bridge approaches require special consideration.
Please refer to Chapter 8 for a discussion on bridge approaches.

7.4 Vertical Clearance at Bridge Underpasses

On both the interstate and state highways, the vertical clearance under structures
requires special treatment. Depending on the existing vertical clearance, an overlay may
not be acceptable due to a decrease in vertical clearance. If the existing vertical
clearance is between 16-0” and 17°-6”, the final clearance requirements should be
determined through the Project Team. If the existing clearance is to be maintained, this
situation may require additional fieldwork to determine if an inlay is acceptable. If the
existing vertical clearance is below Freight Mobility standards, consideration will be given
to rebuilding the roadway or raising the structure. Reconstruction of a pavement under
a bridge is discussed in Section 6.5.3. Again, actual bridge clearance requirements
should be determined through the Project Team.
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7.5 Functional and Structural Pavement Conditions

Several of the field investigative methods discussed in this guide provide a method to
quantify structural-related pavement distress, and ultimately lead to a rehabilitation
technique such as AC inlay and/or overlay. In some cases, the structural analysis may
indicate no inlay/overlay is necessary. Although no structural repair may be required,
an inlay/overlay may still be appropriate to mitigate other functional pavement distress
such as raveling, rutting, low skid resistance, etc. In summary, structural pavement
condition refers to the load (traffic) carrying capacity; functional pavement condition
refers to the ride character or quality of the roadway surface. Pavement distress
impacting one or both of these functions may necessitate the use of an inlay and/or
overlay repair.

7.5.1 EVALUATION OF FUNCTIONAL CONDITION

The process of determining the functional condition of a pavement begins with a data
evaluation, as demonstrated in the AASHTO Guide (1993), Section III, subsection 2.3.2.
This evaluation can often be performed as a subjective visual observation of the
pavement surface for conditions such as roughness, potential skid resistance issues, and
rutting severity. If questions still exist as to the comparative rating, test data may exist
or be obtained for indicators such as IRI, skid test, and laser-measured rut depth. Some
functional condition information is collected by ODOT Pavement Management staff for
the production of various condition reports. Data such as IRI, rut depth measure, and
possibly skid test value may exist from previous pavement condition assessments.
Contact ODOT Pavement Services staff for assistance in obtaining available functional
condition data.

7.5.2 EVALUATION OF STRUCTURAL CONDITION

7.5.2.1 Non-Destructive Testing

ODOT has adopted the use of non-destructive testing as the method to quantify existing
pavement structural capacity. The primary method is through FWD testing (see Chapter
4). The deflection data provides differing analysis results depending on pavement type,
as shown in Table 4.

The deflection data is often times useful to quantify the variability of pavement
conditions through the project limits, such as changes in subgrade Mr and average
deflection value. This allows the Designer to determine various uniform sections for
analysis. These uniform sections may later be combined into similar design units.
Deflection analysis may also be used to back-calculate the individual layer moduli for
use in mechanistic-empirical design methods.
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Table 4 Deflection Data Analysis Results by Pavement Type

PCC (rigid) AC (flexible)

e Examine load transfer efficiency e Estimate subgrade soil resilient
at joints and cracks modulus

o Estimate the effective modulus e Provide a direct estimate of the
of subgrade reaction (effective k- effective Structural Number (SN)
value) for the pavement

e Estimate the modulus of e Back-calculation of modulus
elasticity for the concrete values for asphalt and aggregate
(strength) layers

7.5.2.2 PCC Joint Load Transfer

Joint load transfer is the efficiency of the slabs to dampen the deflections due to wheel
loads across the joint by transferring the load. Load transfer can be the result of
aggregate interlock, foundation support, dowel bar shear transfer, or a combination of
mechanisms (NCHRP Project 1-21, 1985). Load transfer is calculated as:

LT% =[(Cc11—111) 100 e

du = deflection of unloaded slab
dl = deflection of loaded slab
B = Slab bending correction factor

_do
d12

dO = deflection under load cell
d12 = deflection at 12 in (300 mm) from load cell

For further information on load transfer, refer to Part III, Section 5.6.5 of the 1993
AASHTO Guide for Design of Pavement Structures. The results of the load transfer
calculations should be used to determine the average load transfer for the section tested.

7.5.2.3 Remaining Life

The remaining life concept of structural condition involves determining the percentage of
remaining life based on the amount of traffic the pavement has carried to date along with
the total amount of traffic that the pavement could carry to “failure.” Determining the
actual amount of traffic the pavement has carried to date may be difficult due to
uncertainties in traffic growth over the years, changes in number of lanes, previous
rehabilitation, etc. Often the best one can do is make an estimate backwards from
current data to date of construction. The remaining life approach is further discussed in
AASHTO Guide (1993) Section III, subsection 5.3.3.
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7.6 Rehabilitation Design Alternatives

On many projects there may be more than one feasible alternative for the rehabilitation
of the existing pavement. Alternatives may include, differing material types, or variations
in the proportional depths of the different materials involved. An alternative may be
based on a functional condition issue such as severe rutting or high roughness. All
viable alternatives should be considered. Some may be eliminated quite easily based on
issues such as cost, ease of construction, risk of premature failure, staging, right of way,
etc. Others may require detailed study and life cycle cost analyses to determine the
preferred alternative. The preferred alternative should be considered the one that meets
the desired requirements for pavement survivability and design life at both the lowest
monetary cost and least acceptable impact to the traveling public.

7.7 AC Pavement Rehabilitation

7.7.1 STRUCTURAL REQUIREMENTS FOR AC OVERLAY

Essentially, there are two structural requirements with which a pavement section must
meet or exceed: total structural capacity, and fatigue life of the pavement components
themselves.

All components of the design section (including the underlying native subgrade) must
provide a combined structural capacity capable of supporting the anticipated traffic
loading in accordance with an acceptable design procedure (see Chapter 2 of this guide).

In addition, each pavement layer must have a total depth that is sufficient to support the
anticipated traffic loading without suffering premature fatigue failure. To accomplish
this it is necessary to determine the minimum asphalt concrete pavement depth required
over the underlying layer(s). ODOT pavement designers will typically accomplish this by
determining the Structural Number (SN) required for the asphalt concrete based on the
anticipated resilient modulus of the structural layer immediately beneath the asphalt
concrete (Refer to Section 6.1.2). The process is outlined in the 1993 AASHTO Guide for
Design of Pavement Structures under Part II, Section 3.1.5.

The primary method for determining the thickness of AC overlays is by the AASHTO
Guide (1993).

7.7.2 PRE-OVERLAY REPAIRS

Prior to the placement of an overlay or inlay, an evaluation of the condition of the
existing pavement should be conducted that includes the type, quantity, and severity of
pavement distress that is present. The pavement design must then provide for any pre-
overlay repairs that may be deemed necessary. The pre-overlay repairs may include (but
are not limited to):
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* Localized areas of thin grind and inlay to repair non-structural conditions such as
surface cracking, delamination, shoving, etc.

* Localized areas of structural failure that require surfacing stabilization, this is
covered in more detail later in this chapter

* Leveling with HMAC of wheeltrack ruts with depths greater than % inch (13 mm)
* HMAC leveling to restore correct cross section or profile
* Removal of existing open graded wearing course (see Section 10.1.1)

7.7.2.1 Reflective Crack Control

In the development of a pavement design recommendation, control of reflective cracking
from the underlying existing pavement is a critical element on many projects. The
Designer must evaluate the type of cracking that is present as well as the extent and the
severity of the cracks. If reflective cracking is found to be a potential threat to the
survivability of an overlay or inlay, efforts to mitigate this cracking shall be incorporated
into the design.

A partial list of mitigation techniques is provided below. When considering a technique
for controlling reflective cracking, the Designer needs to consider the reliability of the
proposed technique. Other factors that need to be considered are the cost to the project,
impact on staging and/or right of way, and the potential for grade constraints.

Perhaps the most common technique for control of reflective cracking is the removal by
cold planing of all or part of the cracked surface prior to placement of an inlay or overlay.
This approach may be effective if the cracking does not extend too deep into the existing
pavement and if minimal increase in total structure is required.

Another approach to controlling reflective cracking is increasing the depth of the Hot Mix
Asphalt Concrete (HMAC) overlay. The more new pavement that is placed over a crack,
the longer it will take that crack to reflect through to the surface. This approach is
especially effective if a substantial increase in structural capacity is required anyway.

It has been demonstrated that the more flexible binders found in Emulsified Asphalt
Concrete (EAC) will tolerate a greater degree of flexure than HMAC, thereby helping to
retard reflective cracking. This technique is acceptable in Eastern Oregon where climatic
conditions allow for the proper curing of EAC. This technique is not used in Western
Oregon where temperature and humidity hamper the proper curing of EAC. For more
information on mix type selection please reference Chapter 10 of this guide.

Often, it may not be economically feasible to implement a rehabilitation strategy that
provides for long term reflective crack mitigation. Certain types of cracking such as full
depth thermal cracks, shrinkage cracks in underlying cement treated base, and joint
cracks in underlying jointed concrete pavement can be exceedingly difficult to mitigate
on a long-term basis. Under specific conditions it may be necessary to make the
decision to not attempt crack mitigation for the full design life of the new pavement. In
such a case, the Designer must provide adequate explanation in the deliverables
(Chapter 12) as to why such a decision was made.
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7.7.2.2 Cold Planing Guidelines

Cold planing can be done full width across the pavement, or to a width of 2 feet (0.6 m)
outside of the existing fog stripe.

Typically, full width cold planing is used in limited situations, such as:

* On an existing open graded wearing course where the cross section slopes toward
the travel lane

* Narrow shoulders
* Itis required for traffic control
* Potential grade constraints

Cold plane pavement removal 2 feet (0.6 m) outside the existing fog stripe may be used
for situations of:

* High truck traffic combined with wide shoulders

* Winding roads with the likelihood of vehicles to stray outside the fog stripe

* Wide shoulders, where vehicles are more likely to “hug” the fogline

* Existing pavement has been inlaid and therefore consideration shall be given to
the performance of the existing joint

* Opverlay of the inlay is less than 4 in (100 mm) and one of the other conditions
apply

* Substandard (<12 ft (3.6 m)) travel lane width causing vehicles to “shy” away from
the centerline

* On the Interstate

* As deemed necessary on a project by project basis

It is the Designer’s responsibility to determine if traffic can be allowed on the cold
planed surface prior to placing an inlay or overlay. In making the determination,
the following should be considered: thickness of existing pavement after the
section has been cold planed; depth of existing delaminations or stripped
pavement; depth to existing cement treated base (CTB), if present; and traffic
volumes. This list is not all inclusive. This must be specifically addressed in the
Pavement Design Report.

7.7.2.3 AC Pavement Repair (Surfacing Stabilization)

Note: The term “Surfacing Stabilization” is currently used for specification 00332 of the
2002 edition of the Oregon Standard Specifications for Construction. This terminology is
proposed to change in the 2008 version of the Specifications. The proposed change is
specification 00748 Asphalt Concrete Pavement Repair.

When localized areas of apparent structural failure are identified, either through testing
or by visual evaluation, provision must be made in the pavement design for their repair
using surfacing stabilization. The concept of surfacing stabilization provides for the
repair of severely deteriorated pavement through the removal and replacement of the
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existing pavement, the underlying base material, and soft or unstable subgrade located
beneath the base. It is the Designer’s responsibility to determine the locations of such
repairs, identifying them by length, width, milepoint or station, and the lane in which
they occur. The preferred time to locate surfacing stabilization sites is prior to (but as
close as possible to) Advance Plans preparation. If possible, mark the sites along the
shoulder with white paint (or other semi-permanent marker such as a tack and/or lath).
Typically, a width of no less than 6 ft (1.8 m) is considered for surfacing stabilization.
This is half the width of a typical travel lane and is generally considered a practical
minimum for constructability reasons. The Designer must also provide an estimated
depth for the subbase material that will be used to replace soft or unstable subgrade.
Since the exact depths of soft or unstable subgrade in each location are not always
known, the specification covering surfacing stabilization allows for variation in depth of
the subbase once the pavement and base have been removed and the subgrade
evaluated.

In some instances, removal of subgrade may not be needed at all. Provision shall be
made in the pavement design stating that if upon exposure, the existing subgrade is
found to be stable; the subbase portion of the surfacing stabilization recommendation
may be omitted. (Note: it is ODOT standard specifications guidance to not include
00331 Subgrade Stabilization at the same locations as Surfacing Stabilization (Asphalt
Concrete Pavement Repair). See Section 11.3.1 for additional discussion on specification
00331).

Surfacing stabilization applies to existing flexible pavements (AC over aggregate base or
CTB). The Surfacing Stabilization HMAC Detail should not include any overlay lifts
included in the pavement design for the corresponding section; the design is to match
existing grade. Rigid pavements (jointed or continuous PCC) require special
considerations and specifications, as discussed in Section 7.8.

The Pavement Design Memo/Report shall provide a specific structural section to be used
for areas requiring surfacing stabilization. Refer to Chapter 11 of this guide for
information related to the application of this specification. The design life for Surfacing
Stabilization is usually 20 years; however, the Designer may use a design life of 15 years
with adequate justification and written approval (e-mail acceptable) by the ODOT
Pavement Design Engineer. One such example would be a known time period to
complete reconstruction.

7.7.3 AC PAVEMENT OVER CEMENT TREATED BASE

In years past, ODOT used Cement Treated Base (CTB) fairly extensively around the state.
Many of these locations have now reached the point where some form of rehabilitation is
required. In the evaluation of an existing pavement section with underlying CTB, great
care must be taken to evaluate the integrity and condition of the CTB using a visual
evaluation of the overlying pavement and cores taken through the pavement and CTB.

As a freshly placed CTB cures, it will naturally develop shrinkage cracks. With time and
exposure to heavy traffic loads, stress will cause the CTB to continue cracking into
smaller pieces. If this process is not mitigated by reducing the stress, the CTB will
eventually deteriorate to the point where it functions more as an aggregate base than as
a bonded base layer.
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The most common method used by ODOT for rehabilitating a pavement with underlying
CTB is to reduce the stresses by placing additional depth of new pavement over the CTB.
This is a viable option if the underlying CTB is not severely distressed or broken. In
many cases, this involves placing additional AC depth even though deflection testing
indicates that little or no additional AC depth is required for structural improvement.
Depending on the condition of the existing pavement, this may or may not include a
grind and inlay prior to the overlay. When analyzing the rehabilitation needs of the AC
layer over CTB, ODOT has adopted the practice of calculating the traffic as rigid ESALS,
as discussed in AASHTO Part I, Section 1.4.1. Typically, ODOT considers 6.0 inch (150
mm) of HMAC to be the practical minimum depth over any CTB. In an urban location,
or other setting where the option of increasing grade through an overlay is limited, or the
CTB is severely distressed or broken, reconstruction may be the only viable option.

An evaluation of an existing pavement and underlying CTB (such as back-calculation of
layer moduli) may determine that a severely deteriorated CTB is no longer functioning as
a bonded layer. In the subsequent analysis the pavement designer should consider the
CTB to be an un-bonded layer with a layer coefficient closer to that of an aggregate base
than that of a cement-treated base and develop their overlay design accordingly (use
flexible ESALs conversion factors).

Currently, ODOT uses very little new CTB. Where it is used is usually limited to areas
where a section of new construction is being placed adjacent to an existing section which
has AC over an underlying CTB. However, this may not be cost effective in a small
quantity, since CTB could be very expensive to produce and place. In this scenario,
ODOT designers will often use an AC over aggregate base section that minimizes the
depth of the aggregate base (no less than 6.0 inches (150 mm)). This will usually result
in a depth of AC that is significantly greater than the minimum required to resist fatigue.
This has the advantage of reducing flexure in the new section which minimizes the
difference in flexural characteristics between the two pavement sections.

7.8 PCC Rehabilitation

Structural and surface deficiencies in existing PCC pavement must be corrected as
described below.

If the PCC has been overlaid with AC, it may not always be possible to identify locations
of broken PCC pavement that need repair. If a visual evaluation of an AC over PCC
pavement section suggests that the underlying PCC is cracked or broken, the Designer
shall use professional engineering judgment to determine which areas warrant repairs
and which do not. If the locations of the joints in the underlying PCC are identifiable,
then deflection testing across the joints to determine voids and load transfer is required.
It is also important to note that many older PCC pavements were constructed to widths
significantly less than modern pavement sections. This often times results in a
longitudinal joint between the old PCC and more recent widening that lies within or near
a wheel track. In this situation, the design must address the pavement immediately on
either side of the longitudinal joint as this pavement is subjected to edge loading.

If the PCC pavement surface is exposed, then evaluation of the pavement condition and
subsequent rehabilitation takes a slightly different technique. If the pavement surface is
to remain exposed, that is, no AC overlay is to be applied; virtually all structural
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deficiencies in the existing PCC will need to be repaired. If an AC overlay is to be placed
over the PCC, then only those distresses that will affect the structural performance of the
new AC surfacing will need to be repaired prior to the overlay. However, consideration
must be given to future rehabilitation of distresses left un-repaired prior to an overlay.
Further deterioration of low severity cracks and breaks may be masked by the overlay
and go un-noticed until a major structural problem develops. In addition, the overlay
makes future repairs more difficult in terms of traffic staging and construction because
the HMAC must be removed prior to making the repairs.

Deflection testing across the joints to evaluate voids and load transfer is required. For
more information on load transfer and void detection testing refer to chapter 7.

7.8.1 STRUCTURAL REQUIREMENTS FOR PCC PAVEMENT

The structural requirements for a PCC pavement involve establishing the structural
adequacy of the pavement, and comparing to future anticipated traffic loadings over the
rehabilitation design life. If the pavement rehabilitation design life for both functional
and structural needs can be met with just pavement repairs, then an overlay is not
required. Alternately, if the pavement repairs are not sufficient to provide the required
design life, or are not cost-effective in restoring functional requirements, then an HMAC
overlay, or possibly reconstruction, is required. Currently ODOT does not have a design
standard for PCC overlays.

7.8.2 PCC PAVEMENT REPAIRS

Repairs to existing concrete pavements generally take the form of partial depth patching
or full depth patching. On projects where any or all of the above concrete pavement
repairs are necessary, consult the ODOT Pavement Design Unit (503-986-3000) for
assistance in determining appropriate repair techniques, details, and special provisions.

7.8.2.1 Partial Depth Repairs

Partial depth patching is used for spall repairs at joints or to repair voids or
imperfections in a concrete surface. It is not intended to repair structural deficiencies in
PCC pavements. This work consists of a partial depth saw cut around the perimeter of
the affected area, removal of the existing concrete and the placement of an approved low
slump PC patch material, selected from the Qualified Products List (QPL). The Designer
is responsible for providing an appropriate detail for partial depth repairs to be included
in the contract plans. Partial depth repairs should be limited in depth to the top third of
the slab and should not come in contact with dowel bars or reinforcing steel. If dowel
bars or reinforcing steel are encountered, a full depth repair is required.

7.8.2.2 Full Depth Repairs

Full depth patching of PCC pavements is used to repair structural deficiencies such as
corner cracks or breaks, longitudinal cracks, and punchouts. The specific details of full
depth patching vary depending on the type of PCC pavement to be repaired.
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For jointed concrete pavements, full depth patching involves saw cutting and removing
the existing distressed concrete. The patch area shall be tied to the existing PCC with tie
bars, as appropriate. If the patch edge is 3 feet or less from a transverse joint, extend the
patch to the existing transverse joint. If the patch edge is adjacent to or crosses a
transverse joint, then a new joint shall be constructed in the same location. The new
transverse joint shall be dowelled regardless of the presence of dowel bars in the existing
concrete pavement. The dowel bars insure adequate load transfer across the joint. For
JRCP, reinforcing steel shall be included per standard drawing RD600. Full depth
repairs in jointed reinforced concrete pavement shall include a bar lap splice in the
longitudinal direction to tie new reinforcing steel to the existing reinforcement.

Full depth patching in CRCP is more involved. Repair areas shall be a minimum of 3 feet
(900 mm) beyond the end of a longitudinal crack extending from a broken area. When
repair areas have been stopped shorter than this, the risk of failure has been shown to
be quite high in Oregon and in other states. Transverse edges of the repair areas shall
be a minimum of 18 inches (450 mm) from a tight transverse crack. This requirement is
to avoid failure at the patch edges in the form of punchouts.

In addition to the full depth saw cut around the distressed area, CRCP requires an
additional area to be removed on each end of the patch for splicing of the longitudinal
steel reinforcement. This area is commonly referred to as the bar lap area. A partial
depth saw cut, approximately 2 inches (50mm) in depth is used to avoid damaging the
existing pavement reinforcement. Jackhammers and hand chipping tools are used to
chip away the existing PCC to expose the steel reinforcement to which the new steel is
tied. It is critical that the existing steel is not chipped or bent during the removal
process. It is also important that the new reinforcing steel be included in the repair and
tied properly. The longitudinal steel shall match the existing reinforcement in size and
spacing. The transverse reinforcement matching the existing size shall be included in
the repair at a spacing of 1 foot (0.30m) center to center. The purpose of the extra
reinforcement is to keep any longitudinal cracks tight that do develop within the repair
area.

When making full depth repairs care shall be taken to avoid damage to the existing PCC
that is to remain in place. If the remaining concrete is spalled or damaged, the patch
area shall be extended to include the damaged area. Damage to the existing pavement
surrounding the patch will ultimately lead to patch failure.

Care should also be taken during construction to avoid damage to the existing base
materials. However, provision shall also be made for replacement of base materials that
are found to be damaged, deteriorated or in poor condition. Base materials should be
replaced with plain concrete pavement (see Specification Section 00758.41(c)). A bond
breaker must be placed between the new base and the concrete pavement.

The minimum patch length (including distance from a transverse joint) in PCC
pavements shall be no less than 6 feet (1.8 m). The minimum repair width is full-lane
for jointed plain concrete pavement, and 6 feet (3.0 m) for reinforced pavements. The
designer shall provide the appropriate details to be included in the contract plans.
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7.8.2.3 Other Repair or Maintenance Activities

Other rehabilitation work may include items such as joint sealing, undersealing,
diamond grinding and dowel bar retrofits.

Joint sealing is typically used to seal the joints to prevent water from entering into the
base materials and to keep incompressibles out of the joints.

Undersealing is used to fill voids or stabilize the support underneath an existing
pavement subject to excessive movement. This work is normally performed on concrete
pavements at joints or working cracks. Undersealing consists of drilling holes in the
existing pavement and pumping grout underneath. The specifications should address
the potential problem of using too much grout and lifting the pavement. This creates
voids under other portions of the slab and leads to additional distress. The Designer is
responsible for providing a detail showing the number and spacing of the holes and for
estimating grout quantities. A detailed description on how to determine the existence of
a void and determining grout quantities is provided later in this chapter.

Diamond grinding can be used to remove shallow ruts or to improve the ride qualities of
the PCC pavement. Ride qualities can be improved in JPCP and JRCP where minor
faulting is a problem. Diamond grinding is also done in conjunction with other
techniques such as patching and dowel bar retrofits.

Dowel bar retrofit is a method used to restore, or provide better, load transfer across
transverse joints or cracks using dowel bars. The typical indicator for dowel bar retrofit
is excessive faulting (loss of load transfer) in an otherwise structurally sound pavement.
To date, Oregon has not conducted any dowel bar retrofit projects. However it has been
used successfully in many other states, including in the Pacific Northwest.

7.8.2.4 PCC SLAB VoID DETECTION

Part 3, Section 3.5.5 of the 1993 AASHTO Guide for Design of Pavement Structures
presents three methods for detecting voids under PCC pavements. The three methods
are:

1. Corner Deflection Profile method - This method is based on exceeding a
predefined maximum 9,000 1b (40KN) deflection under the load cell to determine
the existence of a void.

2. Variable Load Corner Deflection — This method is based on using three load levels
to determine the existence of a void. This procedure was developed under NCHRP
Project 1-21, 1985.

3. Void Size Estimation — This procedure identifies the existence of a void and the
approximate area. The procedure was developed under NCHRP Project 1-21,
1985.

The AASHTO Guide (1993) and NCHRP report referenced above state that a void exists if
the zero load deflection is greater than or equal to 0.002 in. (0.05 mm). Based on
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experiences in Oregon and Washington, ODOT has found that when undersealing slabs
that meet the AASHTO criteria, with a 0.002 to 0.006 in (0.05 — 0.15 mm) zero load
deflection, additional problems can be created which off-set the benefits gained from
undersealing. Since these voids tend to be relatively small, there is a tendency to raise
the slab, creating a larger void elsewhere under the pavement.

The ODOT method, as described below, uses a maximum deflection and the variable load
procedure for void detection. Specific information related to the testing involved can be
found in Chapter 4 of this guide, the above referenced section of the AASHTO Guide, or
the NCHRP Report noted above.

The steps involved in the ODOT void detection process are:

1. Plot load versus Deflection

2. Plot a best-fit line through the data and determine where the line crosses the
deflection axis.

3. Normalize deflection to a 9,000 1b (40 KN) load.

A void exists if either of the following criterion is met:

* A zero load deflection of greater than 0.008 in (0.2 mm)
or

* The normalized 9,000 1b (40 KN) deflection is greater than 0.024 in. (0.6 mm)

This procedure is intended only to identify the existence of voids. It is not suitable for
estimating the area of the void. The analysis shall be conducted for both the approach
and leave sides of all joints tested. In the pavement design phase, the information shall
be used to estimate the percentage of joints that require undersealing. More extensive
testing is required during the construction phase to identify specific joints for
undersealing work.

The ODOT criteria shall be used for all ODOT projects. Deviations from the above
criteria must be approved in writing from the ODOT Pavement Design Engineer.

7.8.2.5 Estimating Grout Quantities

In addition to determining the percentage of joints that require undersealing, the
Designer must also estimate the quantity of grout required for bidding purposes. NCHRP
Project 1-21, 1985 provides some guidance for estimating quantities. For the projects
evaluated, the authors state that slabs found to have no voids took an average of 1.8 ft3
(0.05 m3) of grout per joint. In addition they found that joints with voids ranging from 4
to 36 ft2 (0.37 to 3.3 m?) took an average of 2 — 3 ft3 (0.06 — 0.08 m 3) of grout per joint.
Although the report speculates that much of the grout is going somewhere besides the
void cavity, they recommend using 2 — 3 ft3 (0.06 — 0.08 m3) of grout per joint for
estimating purposes.
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7.8.3 HMAC OVERLAYS

Asphalt concrete overlays are a good alternative for PCC pavements that are still in
relatively good condition and should be designed in accordance with an approved design
procedure. HMAC overlays are suitable for PCC pavements that have only minor
structural deficiencies or where rutting is the primary distress. Structural distresses
must be repaired prior to placing the HMAC overlay. This includes, but is not limited to,
distresses such as moderate to high severity corner cracks, punchouts and all corner
breaks. This option may not be cost effective if the extent of repairs exceeds 20 to 30% of
the surface area. If this is the case, more extensive rehabilitation such as rubblization or
complete reconstruction may be more cost effective. A life cycle cost analysis shall be
completed to determine the most cost effective strategy.

A critical concern when designing an HMAC overlay is reflective cracks originating in the
underlying PCC. On jointed pavements it is inevitable that the contraction joints will
reflect through the new HMAC overlay in time. Options to prolong this include placing a
thicker HMAC overlay, the use of geotextiles, or sawing and sealing the joints in the
overlay. However, sawing and sealing the joints or the use of geotextiles may be cost
prohibitive. Typical overlay depths on jointed concrete pavements are 4 to 6 in (100 to
150 mm).

CRC pavements don’t have joints to reflect through the overlay; however reflective
cracking is a concern for working transverse cracks and punchouts. For CRC pavement
where rutting is the primary distress, a leveling course and a 2 in (50 mm) overlay is
typically adequate. @When distresses of a more structural nature exist, such as
longitudinal cracks or punchouts, the CRCP shall be cored and deflected and an
approved design procedure used to determine the appropriate overlay thickness. Based
on practices in other states, structural overlays of CRC pavements are typically in the 4
to 6 inch (100 to 150 mm) range.

The primary method for determining the thickness of AC overlays is by the AASHTO
Guide (1993).

7.8.4 RUBBLIZATION

Rubblization is the process of breaking an existing PCC pavement into pieces ranging in
size up to 18 inches (450 mm). This option is applicable to all types of PCC pavement in
poor to very poor condition. The intent of rubblization is to break up the concrete into
pieces small enough that it is no longer acting as a concrete slab, but more like a very
high quality aggregate base material. The process should also de-bond any reinforcing
steel. Typical modulus values for rubblized PCC vary from 50,000 to 1 million psi,
depending on the efficiency of the breaking process. Due to this variation, the procedure
for designing an AC overlay over rubblized PCC is more complex than designing a normal
overlay. Literature on the subject is available from several sources. For projects where
rubblization is being considered, contact the ODOT Pavement Services Unit for more
information.
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7.9 Reconstruction

When complete reconstruction is determined to be the best alternative, a Life Cycle Cost
Analysis is required to determine if the new pavement will be AC or PCC. Refer to
Chapter 9 for more information on LCCA. If the new section will be AC pavement and
the adjacent section is CRCP, provision shall be made in the design to construct a
terminal end joint system at the joint between the existing CRC and the new AC
pavements. In this situation, the Designer is responsible for providing an appropriate
detail for the construction of the terminal end joint system. Contact the ODOT Pavement
Services Unit for assistance in developing the detail.

7.10 Life Cycle Cost Analysis

On many projects, repairs and overlay, rubblization and reconstruction are all viable
options. In this situation a life cycle cost analysis (LCCA) is required to determine which
of the alternatives is most cost effective. For more information regarding LCCA refer to
Chapter 9 of this guide.
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CHAPTER 8: BRIDGE APPROACH ANALYSIS AND DESIGN

Areas of specific interest in a pavement rehabilitation, new construction, or bridge
replacement/rehabilitation project are the sections of pavement located immediately off
the ends of the bridge or viaduct. These areas are typically referred to as bridge
approaches, regardless of whether they are located on the approach side or leave side of
a structure. Due to load restrictions and grade constraints on bridge structures, the
design and analysis of new and existing bridge approaches requires special
consideration. This chapter provides a discussion of the pavement analysis and design
for rehabilitation or new work at bridge approaches on state highways.

Any time a bridge structure is replaced on a State Highway it is mandatory that the
pavement bridge approaches be analyzed for a distance of 200 ft (60 meters) from the
ends of the bridge (or bridge end panels). The Designer must perform a pavement
rehabilitation analysis of the existing pavement and proposed roadway/bridge profile
using a structural design life of 30 years. Options for rehabilitation of the existing
pavement structure may include: raising the grade of the new bridge structure to allow
for HMAC overlay, deep inlay or inlay/overlay of the existing pavement. If profile grade
constraints, poor pavement condition, staging issue or other limitations do not allow for
a cost effective rehabilitation option, then reconstruction of the approaches is required.
This is to ensure quality placement of paving materials and a pavement that is
structurally sufficient to meet the demands of current and future traffic. Also,
rebuilding the bridge approaches at the same time the bridge is being rebuilt maximizes
the use of the traffic staging and reduces future impacts to traffic.

8.1 Preservation of AC Pavement Bridge Approaches

Bridge approaches are an important element in the pavement design of many
preservation projects. Often times, the pavement in these areas can suffer accelerated
levels of deterioration for a variety of reasons. Consequently, special attention shall be
given to evaluating the pavement on all bridge approaches. If necessary, a separate
rehabilitation strategy shall be developed for the bridge approaches, either for each
individual bridge or for all bridges collectively. It is common practice to test bridge
approaches in just one direction, and then assume that the approaches in the other
direction are the same. If visual observation suggests that the approaches in one
direction are in substantially worse condition, the focus of the field investigation should
center on those approaches.

In recent years, the ODOT Bridge Engineering Unit has required that the existing AC be
removed from structures to reduce the dead load on the bridge. Removing AC from the
bridge deck also requires AC to be removed from the bridge approaches. Depending on
the grade reduction, there may not be sufficient structural capacity left to support the
expected traffic loads. It may be possible to rehabilitate the bridge approach with a deep
HMAC inlay that meets a 30 year design life. This option is favored by construction
crews because it is faster than reconstructing the approach. If a deep inlay is the
recommended solution, the designer must provide adequate data and justification for
each individual bridge approach.
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For information on field testing for bridge approaches, please see Section 4.3.7 of this
guide.

8.2 New Work Design of AC Pavement Bridge Approaches

A new work design may be required for pavement bridge approaches due to a significant
grade reduction across an existing structure, the inability to overlay the approaches due
to grade constraints, or new bridge construction or reconstruction.

Due to weight constraints on bridge structures, it is generally not acceptable to place an
AC overlay across the structure and adjacent approaches. Therefore, bridge approaches
are required to last longer than typical AC pavements. The minimum design life for new
or reconstructed bridge approach pavement (200 feet off each end) is 30 years.

The Design Catalog table included in previous versions of the PDG has been removed in
order to allow the Designer more latitude to provide cost-effective site-specific pavement
designs. It is now the expectation that all bridge approach pavement designs will meet
the requirements and documentation under the PDG Chapter 6 New Work and
Reconstruction Design.

8.3 Bridge Approaches Adjoining PCC Pavement

Constructing bridge approaches adjoining PCC pavement requires special consideration.
Some of these include, but are not limited to, the type of PCC pavement, condition of the
existing pavement, elevation of the new structure in relation to the existing elevation, and
whether the existing pavement has previously been or is to be overlaid with asphalt
concrete under this contract or in the near future. It is typically appropriate to replace
PCC pavement in kind when reconstructing a bridge approach. For more information
on the types of PCC pavement refer to Chapter 10 of this guide.

For bridge replacement projects on jointed plain or reinforced concrete pavement, ODOT
Standard Drawing RD600 should be used for constructing the new concrete pavement.
The standard taper length of 1-inch:50-feet (25-mm:15-m) should be adjusted so that
only whole panels are replaced. In some situations it may be acceptable to remove the
required PCC panels and replace with an asphalt concrete section meeting the
requirements presented earlier in this chapter. Examples include, but are not limited to:
the existing PCC is in poor condition, the existing PCC is to be overlaid, or the existing
PCC is to be rubblized and overlaid. It is not acceptable to reconstruct bridge
approaches with HMAC if the existing approaches are PCC and the adjacent PCC
pavement is to remain exposed.

For Continuously Reinforced Concrete Pavement there are two issues that are of critical
importance: maintaining steel integrity and controlling terminal expansion. Steel
integrity plays an important role in the long-term performance of CRC pavements. If
steel integrity is not maintained the pavement can begin to show signs of structural
failure very quickly and will require costly repairs. Steel integrity must be maintained by
assuring the steel is properly tied or spliced in the appropriate locations. Contact the
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ODOT Pavement Services Unit for more information on the requirements regarding
maintaining steel integrity. For information regarding terminal joint systems in CRCP,
refer to Chapter 10 and Standard Detail 1605.

For bridge replacement and other projects that require reconstruction of the bridge
approaches in CRC pavement, it is very important to know which terminal system was
used in the original construction. ODOT has used the following two terminal joint
systems: terminal anchors (lugs) or (wide flange beam) expansion joints. This
information can be obtained from ODOT as-constructed drawings and should be field
verified. For projects where the grade of the new structure is virtually unchanged,
consideration should be given to reconstructing only the 40 ft reinforced concrete panel
without disturbing the adjacent CRCP and terminal joint system. However, if a change
in grade requires reconstruction beyond the terminal joint, a new terminal joint must be
constructed. The specific type of terminal joint will depend on the length of the
reconstruction required and the existing terminal joint system. If the existing system is
adversely disturbed, provision must be included in the design for its reconstruction.

There are too many variables and situations that may cause exceptions to the above
guidelines to mention here. The Designer should contact ODOT Pavement Services Unit
for assistance in developing the appropriate strategy and the necessary drawings and
details required for construction.
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CHAPTER 9: LIFE CYCLE COST ANALYSIS

This chapter provides information on Life Cycle Cost Analysis (LCCA) for pavement
designs. Guidelines for when an LCCA is required are included. A discussion of
deterministic and probabilistic life cycle cost analysis is included as well as typical
analysis procedures, inputs, and evaluation of alternatives.

Life cycle cost analysis techniques are typically considered when making decisions
regarding pavement type selection and determination of appropriate pavement design or
pavement rehabilitation strategies. The pavement design alternative with the lowest life
cycle cost will typically be the preferred alternative. However, when alternatives have
comparable life cycle costs, other factors may be used to base a decision.

According to the September 1998 FHWA Interim Technical Bulletin entitled "Life Cycle
Cost Analysis in Pavement Design - In Search of Better Investment Decisions", the FHWA
position on LCCA is that it is a decision support tool, and the results of LCCA are not
decisions in and of themselves. The FHWA encourages the use of LCCA in analyzing all
major investment decisions where such analyses are likely to increase the efficiency and
effectiveness of investment decisions.

9.1 Projects Requiring LCCA

9.1.1 NEw PAVEMENT CONSTRUCTION

As a guideline, for new pavement construction, LCCA shall be conducted on projects
where more than one mile of new roadbed will be constructed. Results of the LCCA shall
be used as a tool to aid in pavement type selection and to select appropriate pavement
design strategies. Projects not requiring an LCCA under this section require a cost
analysis to compare the construction costs for each alternative. The pavement design
memo/report should include a discussion of the cost analysis and justification for the
chosen alternative.

9.1.2 PAVEMENT REHABILITATION OR RECONSTRUCTION

For rehabilitation of existing pavements, LCCA must be conducted where major
rehabilitation (such as total reconstruction, rubblization, etc) is necessary or where
options of different life expectancies are being considered. LCCA is also required when
considering pavement design strategies with structural life less than the minimum
standard of 15 years. Note that a pavement design exception is also required for options
with less than 8 years of structural pavement life. Projects not requiring a LCCA under
this section require a cost analysis to compare the construction costs for each
alternative. The report should include a discussion of the cost analysis and justification
for the chosen alternative.
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9.2 LCCA Methods

Two approaches to LCCA may be employed - deterministic and probabilistic. Traditional
LCCA procedures utilize deterministic analysis procedures, i.e. input factors are
expressed as single "fixed" values without regard to the variability of the input factors.
These procedures are appropriate when the input factor variables (such as unit costs or
timing of rehabilitation) are reasonably well known. However, sensitivity of the results to
the input variables should be checked by adjusting the input variables to the high and
low end of their expected values, i.e. best-case and worst-case scenarios, re-calculating
the life cycle cost and re-evaluating the results. Deterministic procedures are
appropriate when one alternative appears to have a clear economic advantage over other
alternatives under both best-case and worst-case scenarios. An example of this is when
Alternative A has a lower life cycle cost than Alternative B even when the input variables
are chosen to handicap Alternative A and favor Alternative B.

This concept of sensitivity can be taken one step further by performing a probabilistic
LCCA. Probabilistic LCCA is a relatively new approach involving risk analysis and is
considered good practice by FHWA. This process involves Monte Carlo simulation to
incorporate variability of the LCCA inputs. This technique is encouraged when there is a
considerable amount of uncertainty in the input variables or when it is desirable to
obtain a probability distribution of the results. This technique is also appropriate when
the favored alternative in a deterministic analysis switches depending on the values used
for the input variables. The probabilistic approach to LCCA is documented in a FHWA
September 1998 Interim Technical Bulletin entitled "Life Cycle Cost Analysis in
Pavement Design - In Search of Better Investment Decisions". This document will be
referred to hereinafter as the September 1998 FHWA Bulletin. Please refer to the
Bulletin for a detailed explanation of the procedure.

9.3 General Approach to LCCA

When an LCCA analysis is applicable, it should be conducted as early in the project
development cycle as possible. The level of detail should be consistent with the level of
investment. The general approach to a life cycle cost analysis is illustrated in the
following steps:

Develop the new work or pavement rehabilitation alternatives to be considered.
Determine the length of the analysis period and the discount rate.

Determine the performance period and sequence of rehabilitation for each
alternative over the duration of the analysis period.
Determine the agency cost for each alternative and rehabilitation strategy.
Evaluate user costs for each strategy (if appropriate)
Compute Net Present Value (NPV) for each alternative.
Review and analyze the results.

Adjust input variables and re-run the analysis to determine the sensitivity of
the results to the input variables (best-case / worst-case scenarios).
9. Use the data to assist in selecting the appropriate alternative.

wWN =

PNk

The September 1998 FHWA Bulletin includes a discussion of constant or nominal dollars
to estimate future costs. The bulletin recommends that costs be estimated in constant
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dollars and discounted to the present using a real discount rate. This combination
eliminates the need to estimate and include an inflation premium for both cost and
discount rates.

According to the September 1998 FHWA Bulletin, Net Present Value (NPV) is the
economic efficiency indicator of choice. The Equivalent Uniform Annual Cost (EUAC)
indicator is also acceptable, but should be derived from the NPV. Both indicators should
be calculated for ODOT projects. This will enable the decision-makers to compare the
annual cost and see if maintenance costs could affect the results.

9.4 Analysis Period

According to the September 1998 FHWA Bulletin, the LCCA analysis period should be
sufficiently long to reflect the long-term cost differences associated with the design
strategies. As a rule of thumb, the analysis period shall be long enough to incorporate at
least one rehabilitation activity for each alternative. Regardless of the analysis period
chosen, the analysis period shall be the same for all alternatives. For new construction
or projects with extensive pavement rehabilitation, a 40 year analysis period is
appropriate. For projects where pavement design alternatives are developed to provide
pavement life (say 10 years) until total reconstruction, a shorter analysis period is
appropriate.

9.5 Discount Rates

Discount rates are used to convert future expenditures into equivalent costs today. Real
discount rates reflect the true value of money with no inflation premium and should be
used in conjunction with non-inflated cost estimates of future investments.

Because discount rates can significantly influence the analysis results, LCCA should use
a reasonable discount rate that reflects historical trends over a long period of time.
Higher discount rates typically favor lower initial costs and higher future costs. Lower
discount rates do the opposite. The long term trend for real discount rates ranges from
about 3 to 5 percent with an average of about 4 percent according to the September
1998 FHWA Bulletin.

9.6 Establishing Strategies, Performance Periods and Activity
Timing

Feasible and reasonable strategies must be established for initial construction and
subsequent maintenance and rehabilitation. These strategies must be developed using
the pavement design guidelines described in other sections of this guide. Where
applicable, designs must consider future modernization. Unrealistic or inappropriate
strategies to make one particular alternative look good shall not be used.

Information on performance for various pavement strategies may be obtained from
Pavement Management System (PMS) data if available and from historical records or
experience. Where formal performance modeling has been conducted for a situation
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representative of the life cycle strategy, that data should be used as the basis for the
timing of the rehabilitation strategies. The Designer may need to look at similar projects
in the area to determine the expected life range for the analysis. If no other data is
available, expert opinions should be gathered and documented as to the reasoning for
the expected performance period for the rehabilitation type.

9.7 Agency Costs

The LCCA need only consider differential costs between alternatives, which are typically
the costs for the pavement components. Costs common to all alternatives will cancel
out. These cost factors are generally noted and excluded from LCCA calculations.
Additional cost items that may vary between alternatives such as temporary pavement
for staging, differing staging designs, and adjustment of structures, barriers, or
guardrails, shall be evaluated for each alternative.

9.7.1 INITIAL AND REHABILITATION PROJECT COSTS

Agency costs include all costs incurred directly by the agency over the life of the project.
They typically are dominated by construction costs but also include initial preliminary
engineering, contract administration, and construction supervision costs. Unit costs will
typically be determined by the ODOT Cost Estimation unit and from bid price data on
projects with quantities of comparable scale and geographic location. This information
can be found on the ODOT Cost Estimating Internet site:

http:/ /www.oregon.gov/ODOT/HWY /ESTIMATING/

Region construction offices can be consulted for cost information as well. For products
or techniques that have not been used previously in Oregon, data may be gathered from
other states for use in the analyses.

9.7.2 MAINTENANCE COSTS

Routine, reactive type maintenance costs have only a marginal effect on NPV. These are
hard to obtain, and are generally very small in comparison to initial and rehabilitation
costs. Cost differences between maintenance strategies for two competing alternatives
are usually small, especially when discounted over the analysis period. Therefore,
maintenance costs will not normally be considered in the analysis.

9.7.3 SALVAGE VALUE

Salvage value represents the value of an investment alternative at the end of the analysis
period. It is primarily used to account for differences in remaining pavement life between
alternative pavement design strategies at the end of the analysis period. It will be based
on the remaining life of the alternate at the end of the analysis period as a prorated share
of the last rehabilitation cost. The salvage value is included as a negative cost. For
example: if a 40 year analysis is conducted and a $100,000 rehabilitation strategy with a
10-year design life is applied in year 35, the salvage value at year 40 is calculated by
multiplying the percent of design life remaining at the end of the analysis period (5 of 10
years or 50 percent) by the cost of the rehabilitation ($100,000 in this example).
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9.8 User Costs

This topic is referred to in detail in the September 1998 FHWA Technical Bulletin. User
costs are the delay, vehicle operating, and crash costs incurred by users of the facility
over the life of the analysis period. According to the September 1998 FHWA Bulletin,
vehicle delay and crash costs are unlikely to vary among alternative pavement designs
between periods of construction or maintenance. Although vehicle-operating costs may
vary between pavement design strategies, there is little research on quantifying such cost
differentials under the pavement condition levels prevailing in the USA.

When work zone capacity exceeds vehicle demand of the facility, differences in user costs
between pavement design strategies are minimal and represent more of an inconvenience
rather than a serious cost to the traveling public. This is the typical case for most ODOT
projects. User costs may become a significant factor when a large queue occurs on one
alternative but not the others. For those projects in locations where one of the
alternatives being considered will create a significant queue for an extended period of
time either during initial construction or rehabilitation, a user cost analysis should be
considered in addition to an agency cost LCCA. A good example of this would be an
alternative that requires a daytime lane closure of I-5 in Portland.

Agency costs and user costs shall be evaluated separately. The results shall not be
added together at the end to provide one cost for a given alternative.

9.9 Interpreting and Presenting Results

Once completed, the LCCA should be subjected to a sensitivity analysis to evaluate best-
case and worst-case scenarios. The sensitivity analysis can be used to develop a feel for
the impact of variability of the individual inputs on the overall LCCA results. A common
situation is to evaluate the LCCA for various discount rates. Variations in unit costs or
activity timing can also have a significant effect on the NPV. Summary tables or plots of
NPV versus individual input variables are useful in interpreting these results. This
information must also be included in the pavement design memo/report.

Where life cycle costs between alternatives exceed 5%, the pavement design alternative
with the lowest life cycle cost will typically be the preferred alternative. However, when
alternatives have comparable life cycle costs, other factors may be used to base a
decision. For final selection of an alternative, when life cycle costs are within 5%, a
consensus decision should be reached among the Pavement Design Engineer of Record,
ODOT Pavement Design Engineer, Region Area Manager, and District Manager.

In addition to LCCA, other issues shall be factored into the selection of a given
alternative, including but not limited to:
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* Wearing surface factors - surface drainage, skid resistance, resistance to studded
tires or chain wear, tire noise, etc.

* Future grade limitations
* Future pavement maintenance needs
* Number and complexity of future rehabilitation

* Safety of public, contractor, and maintenance during construction and
maintenance activities

* Public perception
* Overall risk
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CHAPTER 10: MATERIALS

10.1 Asphalt Concrete Mix Type and Size Selection

In moving to Superpave, ODOT has changed its terminology to identify the types of hot
mix asphalt concrete (HMAC) and asphalt cement. Lettered mixes (“A”, “B”, “C”, “D?,
“E”, “F”, etc.) are no longer used in Oregon. HMAC is now identified by the gradation
type (open or dense), nominal maximum aggregate size, and level category based on
traffic. PG graded asphalt cement is now used instead of the PBA grades. The
terminology change and change in asphalt cement systems make for easier
communication between states. Mix type selection is not always black and white;
outlined below are the general guidelines used for ODOT Pavement Designs. The ODOT
Pavement Design Engineer must approve, in writing, deviations from the following
guidelines. The ODOT Pavement Design Engineer also may direct a specific mix type
based on past performance history for a specific project.

10.1.1 OPEN GRADED HOT MiXeED ASPHALT CONCRETE

ODOT uses two sizes of open graded wearing surfaces and one open graded permeable
base layer. The two sizes for the wearing courses are %2 in (12.5 mm) and % in (19 mm)
(previously known as “E” and “F” mixes). The primary benefit of an open graded wearing
course is the spray reduction and reduced risk of hydroplaning during heavy rain. This
benefit is particularly evident when new, although it tends to diminish over time as the
surface fills with dirt and road debris. Spray reduction is most important on multilane
high volume highways (interstate highways).

Experience in a variety of locations and traffic levels has shown that open graded
wearing surfaces tend to be less durable and have a shorter life span than conventional
dense graded wearing surfaces. Resurfacing at the end of their life also tends to be more
costly since they must be cold planed and inlaid with dense graded asphalt concrete
before any additional structural overlay is placed. In light of rising project costs which
outpaced available budgets, the wet weather benefits of open graded wearing courses
must be weighed against cost and longevity considerations. Therefore, ODOT is re-
evaluating the use of open graded wearing courses and is implementing a new interim
policy which restricts their use to interstate highways with average daily traffic (ADT) in
excess of 30,000 as specified below:

[-5 — North Ashland to North Grants Pass

[-5 — Myrtle Creek to Winchester Bridge

[-5 — Cottage Grove to Oregon/Washington State Line
[-84 — I-5 to Troutdale

I-105

[-205

I-405
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Use of open graded wearing courses for locations not identified above must be approved
on a case-by-case basis by the ODOT Pavement Design Engineer.

Open graded wearing surfaces should not be used where the following conditions apply:

e Areas with frequent snowplow activity. Typically identified by “Snow Zone” signs
or snowplow damage on the existing pavement (angled “chatter” marks). Note:
Check with the District Maintenance Office to locate these sections.

e Landslide prone areas that may require frequent patching.

e Existing asphalt concrete layers which are susceptible to stripping or strength
loss when wet (as evidenced by cores) underneath the new open graded wearing
course.

e Highway sections with tight horizontal curves. Dense graded wearing courses
allow more options than open graded wearing courses for mitigation of raveling,
surface distortion, or aggregate polishing.

In structural design, ODOT currently gives open graded mixes the same structural credit
in the AASHTO design method as the dense graded mixes (layer coefficient=0.42).

* The minimum lift thickness for a % inch (19 mm) Open HMAC is 2 inches (S0
mm) and the maximum is 3 inches (75 mm).

* The minimum lift thickness for a %2 inch (12.5 mm) Open HMAC is 1% inches (40
mm) and the maximum is 3 inches (75 mm).

The structural design shall be such that the open graded mix is not in the tensile zone of
the pavement structure. The open graded mix is more susceptible to fatigue cracking
due to reduced tensile strength of the mix. The standard practice is to use open graded
HMAC in the wearing course only.

The open graded permeable base layer is a % in (19 mm) Asphalt Treated Permeable
Base (ATPB) and is used under an asphalt or PCC section in lieu of aggregate base. This
mix type consists of only 3% asphalt binder and is a drainage base layer. In using this
base, drainage must be considered and the roadway design needs to include provisions
for the removal of water from within the pavement structure, typically through the use of
drainage pipes. ATPB shall not be placed within 4 inches (100 mm) of the surface.
ODOT uses a structural layer coefficient of 0.24 for ATPB based on a research study
done by ODOT in 1991.

10.1.2 DENSE GRADED HOT Mix ASPHALT CONCRETE

ODOT has four sizes of dense graded mix types in its HMAC specifications: 1 inch (25
mm), % inch (19 mm), % inch (12.5 mm), and ¥s inch (9.5 mm). The 1 inch (25 mm) size
is no longer used by ODOT because of performance and construction problems, and cost
associated with the mix. The % inch (9.5 mm) size is used specifically for leveling and
can be placed in lifts from O inches up to 4 inches (100 mm).

ODOT’s “workhorses” are the % inch (19 mm) and the %2 inch (12.5 mm) dense mixes.
The current ODOT Pavement Services policy is to use 2 inch (12.5 mm) Dense HMAC in
the wearing course. The basis for this policy is problems with segregation during
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construction of % inch (19 mm) dense HMAC wearing courses, resulting in increased
permeability and shorter pavement life. The %2 inch (12.5 mm) or the % inch (19 mm)
Dense HMAC may be used for the base course. The % inch (12.5 mm) dense mix may be
used for leveling in small areas for super elevation or crown correction when all other
HMAC on the project is also %2 inch (12.5mm) dense.

Consideration should be given to using the same size mix in the base course as is used
in the wearing course on projects with small quantities (2500 tons or less of total HMAC
on the project). The benefit is a reduction in the number of aggregate stockpiles and
typically a single mix required on the project; thus increasing the quantity for the “lot”
which allows for better unit bid prices.

* The minimum and maximum lift thickness for % inch (19 mm) Dense HMAC is 3
inches (65 mm).

* The minimum lift thickness for %2 inch (12.5 mm) Dense HMAC is 2 inches (50
mm) and the maximum lift thickness is 3 inches (75 mm).

* The minimum lift thickness for % inch (9.5 mm) Dense HMAC is 1 inch (50 mm),
except when feathering or rut fill leveling to O inch (0 mm); and the maximum lift
thickness is 4 inches (75 mm).

* For the first lift of HMAC on aggregate base, the lift thickness should be 3 inches
unless precluded by other design elements. The 3-inch lift provides more time to
the contractor for compaction efforts than a 2-inch lift, and the best opportunity
to meet and exceed contract compaction requirements. Studies have shown that
high compaction in this first lift (ideal in-place air voids of 4-6%) provides better
fatigue resistance. The Designer must also consider the state of the underlying
aggregate base and subgrade to determine if the minimum target compaction,
typically 92%, can be achieved. Additional information and assistance is available
from the ODOT Pavement Quality Engineer.

Dense mix is recommended for projects through urban areas with curbed sections, and
for projects where an open graded wearing course or Emulsified Asphalt Concrete is not
recommended.

When a 3-inch overlay is recommended, the designer can consider using a 2-inch overlay
and 1 inch (minimum) base course. A % inch (9.5 mm) Dense HMAC must be used for
the 1 inch HMAC base course. ODOT has found in certain situations this improves the
pavement smoothness and helps to alleviate bumps due to cracks and irregularities in
the pavement. Also, by placing the 3 inches in this way, the traffic staging and
construction is simplified by not having to pave the single 3 inch lift full width in one
shift. Other issues for consideration are whether the 1 inch base course lift can be paved
according to specification (such as meeting minimum temperatures at night), the
placement of an HMAC lift less than 2 inches is by method specification rather than
density testing, and the 1 inch lift will occur within the critical 4 inch “rut depth” zone.
To obtain the full benefit of this technique, the pavement under consideration should
meet the qualifications for use of the pavement smoothness specification, and include
the smoothess special provision in the contract.
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10.1.3 EMULSIFIED ASPHALT CONCRETE

Emulsified Asphalt Concrete (EAC, a.k.a. Cold Mix) is a combination of graded aggregate
and emulsified asphalt. EAC cures over time as the water (and/or other solvent)
evaporates out of the mixture, leaving the asphalt behind to bind the aggregates.

There are benefits and drawbacks to using EAC. It is important that the Designer be
aware of these items when making the decision to use EAC.

Benefits of Emulsified Asphalt Concrete include the following:

* EAC may tolerate up to 25% more tensile strain than HMAC. This property
makes EAC an excellent choice for controlling reflective cracking.

* EAC seems to retain its flexibility, which may allow cracks to heal in hot weather.

Drawbacks of Emulsified Asphalt Concrete include the following:

* EAC has a shorter construction season than HMAC.

* EAC must cure for at least 72 hours between lifts. This might increase staging
complexity and cost on multi-lift projects.

* Contractor is required to return to the site after two weeks to place fog coat and
chip seal.

* EAC is not recommended for use in urban areas due to the chip seal
requirements.

* EAC needs to be chip sealed every five +/- years to reseal the surface.

* EAC can only be placed on low volume roadways (<2,500 ADT). This is due to the
cure time of the EAC. High truck volume traffic within the first year after the EAC
is placed may tend to rut the new wearing surface.

* EAC must be placed in a climate that facilitates curing of the mixture. EAC is not
recommended for use in Western Oregon.

Although the above lists are not necessarily complete, they do outline some of the main
considerations that affect the use of EAC.

Good candidates for EAC are rural projects in Eastern and Central Oregon with low ADT,
and a minimal amount of accesses, sharp curves, and snow plowing.

ODOT has not developed a structural layer coefficient for EAC for use in the AASHTO
Design Procedure. Typically, calculations are completed for HMAC then converted to an
EAC thickness.

When preparing a pavement design with EAC it is helpful to talk to the maintenance
personnel in the project area. Maintenance personnel are very familiar with their area
and can provide insight on the appropriateness of EAC. Different maintenance districts
also have specific chip seals that they prefer. Designers considering EAC should also
contact the ODOT Pavement Services Unit as the ODOT Pavement Design Engineer must
approve the use of EAC before the design recommendation is finalized.
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* EAC shall be placed in lifts of 2 inch or 2% inches (50 mm or 65 mm).

The use of an EAC requires a fog coat and chip seal over the entire surface, as defined
within the special provisions.

10.1.5 CHIP SEALS

Chip seals are used as a finishing lift over EAC wearing courses and as a preventative
maintenance treatment. By definition and specification, a chip seal is not considered an
EAC or wearing/base course. Performance has shown chip seals to last 5 — 8 years
when placed in appropriate settings (rural projects in with low ADT, and a minimal
amount of accesses, sharp curves, and snow plowing ). Chip seals are typically used on
highways with 5,000 ADT or less (two-way). When constructed as a preventative
maintenance surfacing, the chip seal design must show that the existing pavement is in
good condition and that a chip seal is appropriate (i.e. photos and pavement
management data).

A life cycle cost analysis has been completed by ODOT Pavement Services showing that
chip seals are a beneficial preventative maintenance technique that extend the life of a
pavement. The FHWA has approved the use of chip seals as a preventative maintenance
technique on pavements that are still structurally adequate and only showing minor or
localized distress. A pavement design life exception is not required for projects that have
been determined to be suitable for placement of a chip seal as a preventative
maintenance treatment.

Chip seals do not provide structural enhancement of a roadway, but do provide a new
wearing surface, improve friction, and protect against surface water infiltration. Prior to
placing a chip seal, localized repairs of cracks and structural failures, crack sealing, and
rut leveling must be completed. Chip seals are not recommended for highways requiring
a structural overlay. Chip seals are not appropriate directly on new or existing open
graded HMAC wearing course.

10.2 Mix Design Levels

Selecting the mix type to use on a project includes selecting the correct level category.
The level selected affects the mix design process and can affect the specified aggregate
quality, the asphalt grade selected, and the minimum required compaction during
placement. The mix design level is based on the compactive effort used in the mix design
process and accounts for the anticipated secondary compaction under traffic or the
depth within the pavement structure.

ODOT is establishing new gyration levels for hot mix asphalt concrete (HMAC) mixtures
and making some other changes to the HMAC specifications. The gyration levels were
developed to model the compaction of the mix achieved during construction and the
additional compaction that occurs from heavy loads (truck traffic). Recent research
indicates that the anticipated compaction from truck traffic is less than expected,
therefore, fewer gyrations are needed to model field performance. The National Center
for Asphalt Technology (NCAT) recently completed the National Cooperative Highway
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Research Program (NCHRP) Project 9-9(1) Verification of Gyration Levels in the N-design
Table. This comprehensive field project was conducted to reexamine the N-design Table,
a component of the Superpave mix design system originally released in 1994, to
establish reliable N-design gyration levels based on actual field information. ODOT
Special Provisions are currently being updated to reflect most of the recommendations of
the research. The gyration level changes will be introduced in projects let in 2008. In
addition, all compaction under Special Provision will be specified as 92% minimum.
These changes will also be included in the new 2008 Standard Specifications Book.
During this transition period, ODOT will monitor the performance of pavements under
the new guidelines, as well as continued analysis of the design criteria.

During the transition period to full implementation of the 2008 specifications, it is
imperative that the Designer specify the appropriate mix design level based on the
specifications book edition (2002 or 2008) to be referenced by the construction
contract. In some situations, a modification of the standard boilerplate language
may be justified. Additional guidance can be obtained through the ODOT
Pavement Services Unit (503-986-3000).

Four levels of HMAC are available and the selection is based on truck traffic. The level
designation does not imply a “quality rating.” For example, given a truck traffic estimate
of 3,000,000 ESAL’s, Level 4 is not “better” than Level 3, rather Level 3 is appropriate
based on the anticipated truck traffic and Level 4 would be over-designed.

10.2.1 LeveL 1

Level 1 is not used on state highways and not recommended for most roads. Potential
uses include residential driveways and cul-de-sacs, bike paths, hiking trails, and other
recreational uses.

10.2.2 LEVEL 2

Level 2 is used on low volume highways and roads, where the 20-year design lane
ESAL’s are less than 1 million.

10.2.3 LEVEL 3

Most state highways fall under the Level 3 category. Applications also include major
arterials and heavy truck parking lots. Level 3 is used when the 20-year design lane
ESAL’s range from 1 million to 10 million.

10.2.4 LeveEL 4

The 125 gyration (Level 4) mixture, as per the 2002 specifications, is being discontinued.
If no special provision is provided to modify Level 4 mixture under the 2002 specification
from 125 gyrations to 100 gyrations, an alternative is to specify Level 3 mix per 2002
requirements. This recommendation is only for contracts issued under the 2002 Oregon
Standard Specifications for Construction.
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Under the 2008 specifications, Level 4 100 gyration mix is for use in applications with
very high traffic or heavy truck traffic where the 20-year design lane ESAL’s are greater
than 10 million.

Secondary compaction typically only occurs in the top few inches of the pavement
structure. Therefore, to provide a more durable pavement on projects that are placing
more than 4 inches (100 mm) of new HMAC pavement, a level 4 mix is only required in
the top 4 inches (100 mm). For lifts below the top 4 inches (100 mm), a level 3 mix may
be used. The Designer shall however balance this requirement with the number of mixes
required on the project, material quantities, and the staging needs of the project.

10.3 PG Asphalt Binder Grades

In the PG system, asphalt grades are defined by two numbers such as 64-22. The first
number is the high temperature grade in °C. The high temperature grade signifies that
the asphalt meets or exceeds the minimum specified physical properties up to that
temperature. The second number is the low temperature grade in °C. The low
temperature grade is the lowest temperature at which the asphalt must meet or exceed
the minimum specified physical properties. For example, PG 64-22 asphalt meets the
minimum specified requirements in all temperatures from -22°C to 64°C (-7.6°F to
147.2°F). Per specification, the high and low temperature grades are in increments of 6
degrees Celsius. High temperature grades are 52, 58, 64, 70 and 76°C. Low
temperature grades are -10, -16, -22, -28, -34 and in some areas -40°C.

10.3.1 GRADE SELECTION

The asphalt grade selection depends on the calculated maximum and minimum
pavement temperatures at the project location. FHWA provided software has a database
of weather station data from around the country including 196 weather stations in
Oregon. The software recommends a PG grade for a particular location based on
historical temperature data and an algorithm that computes estimated maximum and
minimum pavement temperature at that location. If, for example the estimated
maximum pavement temperature at a certain location was 61 °C the next highest PG
grade, PG 64-##, would be selected. If the minimum was —19 °C a PG ##-22 grade would
be selected. See Appendix J, Performance-Graded Asphalt Grades Recommendation, for
ODOT’s recommended asphalt grades for specific project locations. The use of other
asphalt binder grades than specified in Appendix J will require written approval (e-mail
acceptable) from the ODOT Pavement Materials Engineer.

10.3.2 TRAFFIC SPEED ADJUSTMENTS

In some locations AASHTO recommends adjustments to the asphalt grade when traffic
speed is lower than 40 mph (70 kph). For example, in urban areas with slower moving
traffic the grade in some locations may have to be increased from a PG 64-22 to a PG 70-
22 to add additional rut resistance to the mix. Various studies have shown that stiffer
asphalts (higher high temperature grade) improve the rut resistance of the asphalt
mixture. These adjustments are built in to the recommendations in Appendix J.
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10.3.3 TRAFFIC VOLUME ADJUSTMENTS

AASHTO also recommends adjustments to the asphalt grade when traffic volumes
exceed certain levels. For example, in some locations when traffic volume exceeds 3
million 20-yr design lane ESAL’s the high temperature grade of the asphalt may be
increased. Another step up in grade may be required when the traffic volume exceeds 10
million 20-yr design lane ESAL’s. These adjustments are also built in to the
recommendations for PG grade in Appendix J.

10.5 Anti-Stripping Additives

ODOT has developed a matrix for deciding when lime or latex polymers are required in
HMAC to help prevent stripping (Table 5). This decision matrix was developed in April
2000, with revision in 2007, and is intended to reduce the exposure to lime for
employees working on HMAC projects by reducing the number of projects requiring lime.
EAC currently does not require any lime treatment.

When Lime treated and/or Latex Polymer treated aggregates are required per the above
guidelines, The Pavement Design Report shall clearly indicate the requirement in the
Materials and Specification section of the report. In addition, the specification writer
shall include the appropriate portions from the boilerplate SPO0745 in the project special
provisions. When an anti-stripping additive is mandatory, the typical sections in the
plans must show “Lime Treated” when calling out the mix type (when appropriate, the
Latex Polymer Treated Aggregates is provided as an option by the special provisions).

Table 5 — Decision Matrix for Lime or Latex Treatment

A. Mandatory Lime Treated | -Projects on US 97 from Madras to California
Aggregate -Projects on Interstates east of Troutdale

-Cascade Range mountain passes above 2,500 ft
elevation with traffic levels above 3 million 20-year
design lane ESALs

B. Mandatory Lime OR Latex | -Interstate S projects with substantial paving between
Polymer Treated Aggregates MP 0 and MP 175 (NCL Cottage Grove)

-Central and Eastern Oregon projects not covered in
Part A with traffic levels above 1 million 20-year
design lane ESALs

C. No aggregate treatment | All projects not covered in A or B. The HMAC must
mandated meet the minimum specified Tensile Strength Ratio
requirement during mix design development.
Otherwise, measures to improve stripping resistance
must be taken by the contractor.

D. Other Other projects in areas where stripping has been a
problem or in areas of severe climate, lime or latex
polymers shall be considered.
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10.6 Aggregate Base

There are two types of aggregate base: open graded and dense graded. ODOT uses
dense graded aggregate base for pavement designs on the vast majority of projects. Open
graded aggregate base is only recommended for areas where water is a problem (i.e. high
water table or frost heave) and the pavement section needs to be drained. Using an open
graded aggregate base requires the development of a drainage plan. If not drained
properly, an open graded aggregate base will perform worse than if a dense graded
aggregate base had been used. ODOT designers usually recommend 1 in. — O or % in. —
O (25 mm - 0 or 19 mm - 0) dense graded aggregate base for paving projects. The
specifications offer larger sizes, however, at least the top 4 inches (100 mm) of aggregate
base must be 1 in. — 0 or % in. — 0 (25 mm - 0 or 19 mm - 0) for grading and paving
purposes.

10.7 Portland Cement Concrete

ODOT uses three types of Portland Cement Concrete (PCC) Pavement: Jointed Plain
Concrete Pavement (JPCP), Jointed Reinforced Concrete Pavement (JRCP), and
Continuously Reinforced Concrete Pavement (CRCP). Concrete pavements should be
considered when a roadway is being rebuilt, or constructed on a new alignment. When
an existing concrete pavement is being widened, the new Portland Cement Concrete
pavement should match the existing pavement in type and depth. Where widening next
to an existing PCC pavement, the new pavement must be tied to the existing pavement.
The minimum thickness for PCC pavement on the state highway system is 8 inches (200
mm). See standard drawings RD600 and DET1605 for construction and steel
placement, available online from the ODOT Specifications home page at:

http:/ /egov.oregon.gcov/ODOT/HWY/ENGSERVICES/standard drawings home.shtml

It is the Designer’s responsibility to verify that the steel design shown in the standard
drawings is adequate for the type and thickness of PCC pavement being specified.

10.7.1 CONTINUOUSLY REINFORCED CONCRETE PAVEMENT

Continuously Reinforced Concrete Pavement consists of long stretches of PCC pavement
that does not contain contraction joints. CRCP contains longitudinal and transverse
steel to control cracking and keep the cracks tight. Terminal expansion joints, as
discussed in Section 6.2.4, are required at the ends of CRCP and where CRCP meets
bridges.

CRCP is used on large projects with a high volume of heavy trucks. CRCP is primarily
used only on the Interstate; as most of Oregon’s other highways do not have enough
traffic to economically justify the use of CRCP over of JPCP.
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10.7.2 JOINTED REINFORCED CONCRETE PAVEMENT

Jointed Reinforced Concrete Pavement is a type of jointed concrete pavement and should
not be confused with Continuously Reinforced Concrete Pavement. In contrast to
Jointed Plain Concrete Pavement, JRCP utilizes both longitudinal and transverse
reinforcing steel in the pavement section. The reinforcing steel is not intended to prevent
cracks in the pavement, but to hold those cracks that do develop tightly together. JRCP
requires tie bars at construction and longitudinal joints as well as dowel bars at
transverse contraction joints. Another major difference between JPCP and JRCP is the
joint spacing. The contraction joint spacing in JRCP is considerably longer than those in
JPCP.

Jointed Reinforced Concrete Pavement has been slowly phased out of Oregon because of
the switch to CRCP for most projects where steel reinforcement is required. JRCP may
be needed in special situations where joint spacing greater than 15 ft (4.6 m) is required,;
but CRCP is not applicable, such as approaches to weigh-in-motion scales.

10.7.3 JOINTED PLAIN CONCRETE PAVEMENT

Jointed Plain Concrete Pavement is also commonly referred to as plain jointed concrete
pavement. The term plain refers to the lack of longitudinal and transverse reinforcing
steel in the pavement. The contraction joints may be dowelled or undowelled. These
pavements contain tie bars at longitudinal joints and may or may not contain dowel bars
at the contraction joints. In addition to the thickness determination, design issues such
as dowels for load transfer across the joint, joint spacing, and joint location need to be
considered and specified.

10.8 Geosynthetics

The standard geotextile material used in ODOT pavement applications is the subgrade
separation geotextile. The function of the geotextile is to separate the soil in the
subgrade from the base or subbase materials. Geotextiles can also provide a filtration
and drainage effect when wet subgrade soils may tend to “pump” due to high pore water
pressures created by dynamic wheel loading. The impact of soil intrusion into the base
rock is summarized by the following statement: It only takes a small amount of fines to
significantly reduce the friction angle of select granular aggregate (Geosynthetic Design &
Construction Guidelines, FHWA HI-95-038, 1998).

Geogrid reinforcement has also been utilized for select projects (extremely weak soils),
although there is no standard design method or specification. The use of geogrid
reinforcement must be approved in writing (e-mail acceptable) by the ODOT Pavement
Design Engineer.

The benefits of the use of geotextiles for subgrade applications is summarized by FHWA
HI-95-038:
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Reducing the intensity of stress on the subgrade and preventing the base
aggregate from penetrating into the subgrade

Preventing subgrade fines from pumping or otherwise migrating up into the base
Preventing contamination of the base materials which may allow more open-
graded, free-draining aggregates to be considered in the design

Reducing the depth of excavation required for the removal of unsuitable subgrade
materials

Reducing the thickness of aggregate required to stabilize the subgrade

Reducing disturbance of the subgrade during construction

Allowing an increase in subgrade strength over time

Reducing the differential settlement of the roadway, which helps maintain
pavement integrity and uniformity, geosynthetics will also aid in reducing
differential settlement in transition areas from cut to fill (NOTE: Total and
consolidation settlements are not reduced by the wuse of geosynthetic
reinforcement)

Reducing maintenance and extending the life of the pavement

The use of a subgrade geotextile is best suited for poor fine-grained soils (USCS: SC, CL,
CH, ML, MH, OL, OH, PT, SM with fines greater than 30% and saturated fine sands SM
and SC). The use of a subgrade geotextile on granular soil materials should be closely
examined to determine if separation or filtration is actually needed.

Once the suitability for using subgrade separation geotextile has been determined, ODOT
has adopted the following design guidelines (FHWA HI-95-038):

Design the pavement structure according to standard methods (AASHTO, using
anticipated subgrade Resilient Modulus under design conditions)

The geotextile is assumed to provide no structural support, so there is no
reduction in the design aggregate thickness

Aggregate material savings occurs as a result of the separation; thus no “waste”
for material pushed into the subgrade during construction

When subgrade geotextile is to be placed under Subgrade Stabilization
(specification item 00331), the Designer must determine the appropriate depth of
subgrade stabilization backfill material that will provide a construction platform to
build the pavement design structure upon

Additional information can be found in Geosynthetic Design & Construction Guidelines,
FHWA HI-95-038, 1998.
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CHAPTER 11: CONSTRUCTION AND SPECIFICATIONS

Another essential step of a pavement design is the development of construction (bid)
documents. The construction documents consist of plans and specifications. These
documents are used to convey the design intent to the contractor who provides the
construction services. The Designer provides an important role in the review of the
documents before bid to ensure the pavement design intent is properly represented.
Therefore, the Designer should have a working knowledge of project-specific construction
practices, types of restrictions placed on the contractor, cost-effective work practices,
and application of specifications.

11.1 Construction Considerations

11.1.1 CONSTRUCTABILITY

Constructability refers to an informal (or formal) review process that seeks to answer
potential issues:

e Can the design be built? Consider issues such as night work or traffic control
restrictions, deep excavations adjacent to active traffic lanes, lane width
restrictions, adequate drying time for wet soils, etc.

o Is the design cost-effective? Consider issues such as material costs, specialized
equipment, labor-intensive, 2” overlay vs. 3” overlay with traffic restrictions
(specification 745.61(b)), etc.

e s the design biddable? Is enough information provided to allow a contractor to
estimate material and labor costs, and project risk? Do the bid items provide for
potential variation in quanties?

e Is the design maintainable?

These are questions that the Designer must seek answers for him/herself and others in
order to finalize a design. If the Designer cannot provide the answers, the next step
would be at the Project Team level. If the Project Team cannot adequately address these
issues, the Team may recommend an External Constructability Review. An external
review invites contractors to participate in a meeting early in the design process to help
address constructability issues. In most situations it will be the Designer or the Project
Team ensuring constructability.

11.1.2 CONTRACT DOCUMENTS

11.1.2.1 Project Specific Information

Often for rehabilitation projects, a contractor requires no additional information than
plans, specifications, and a site visit in order to provide a bid. On the other hand, new
work or reconstruction projects often cannot be assessed with just a site visit. The
contractor may seek additional information from agency reports, as-built drawings and
subsurface investigations. The contractor is held responsible for subsurface conditions
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that are considered “normal” for the type of site and work to be performed. According to
specification 00140.40 Differing Site Conditions, a contractor can claim for Unknown
physical conditions of unusual nature that differ materially from those ordinarily
encountered and generally recognized as inherent in the Work provided for in the Contract.
Therefore, to help avoid contract claims, if unusual conditions are encountered during
the pavement design investigation, these conditions should be noted in the report or
possibly in the contract plans.

11.1.2.2 Contract Plans

Pavement design elements are provided in contract plans under one or more of the
following items.

Typical sections are the most common method to display the pavement design elements.
The typical section represents the final roadway cross section, and will include the
display of the appropriate pavement elements such as AC wearing and base course types
and thicknesses, PCC type and thickness, aggregate base course, subgrade treatment (if
appropriate). The limits for the typical section are usually identified by station. The
typical sections are found in the plans behind the table of contents.

Project-specific details provide further explanation of common design elements such as
profile views of: pavement taper, subgrade or surfacing stabilization; drainage,
reinforcement, and repairs. Standard Detail sheets can be used to provide project-
specific information to the standard design elements (such as rebar sizes for CRCP).
Project details are found in the plans after the typical sections.

Standard Drawings provide accepted design standards and elements that are similar
from project to project. It should be noted that these standards can and do get revised,
so the ODOT Roadway website should be checked for the most recent version. The
Standard Drawings used in a project are found at the end of the contract plans.

11.1.2.3 Specifications

Specifications come in three types: Standard, Supplemental, and Special Provisions.
The Standard Specifications may be considered the “base” specifications because both
the Supplemental Specifications and the Special Provisions (SP) either append or revise
the Standards. The Standard Specifications are divided into two Parts, and each Part is
divided into Sections and Subsections. Reference to a Section includes all applicable
requirements of the Section. Supplemental Specifications append, revise or replace the
Standard Specifications by adding to or modifying specifications in the Standard
Specifications. Special Provisions can either append or revise a Standard or
Supplemental Specification or add a specification that is not in either the Standard or
Supplemental Specifications. “Standard” language special provisions are referred to as
“boiler plate”, and are available from the ODOT Web Site. The Special Provisions are
included with the Plans to create the bidding documents. Questions regarding
specifications should be directed to:

ODOT Specifications

Phone # (503) 986-3714

Internet http://www.oregon.gov/ODOT/HWY/SPECS/

E-mail: ODOTSpecifications@odot.state.or.us
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11.2 Asphalt Concrete Pavement

11.2.1 SECTION 00745 — HOT Mix ASPHALT CONCRETE (HMAC)

Specification 00745 is used for projects with any quantity of Level 4 or open graded
HMAC paving, and for projects with more than 2500 tons (2500 Mg) of Level 2 or Level 3
dense graded HMAC. This specification may be used on projects with less than 2500
tons of Level 2 and Level 3 paving if the specific use warrants the stricter specification.
These situations might include paving in an urban area with high traffic volume, paving
on a roadway with a high volume of heavy trucks or when paving in a location where
lime treated aggregate is specified. The 00745 specification requires more extensive
materials testing and quality control/quality assurance measures than specification
00744.

With the 00745 specification the asphalt binder grades are separate bid items, and are
measured and paid for separately. If for some reason they are not bid separately (such
as small quantities), then the grades of asphalt must be stated in the Special Provisions
subsection 00745.11(a).

When specifying 00745 the following instructions must be included:

* Mix Design Level

* Nominal maximum aggregate size (i.e., %7, 2", %”)

* Dense or Open Graded HMAC

* Whether or not lime and/or latex polymer treatment is required
* Whether or not the material transfer device is required

* Whether or not the pavement smoothness sections are required
* Asphalt Grade (PG ##-##)

11.2.1.1 Asphalt Cement Designation

For projects with multiple mix types and multiple asphalt cement grades, subsection
00745.11(a) should clarify which asphalt cement to use in the various mix types. The
following language is recommended:

00745.11(a) Asphalt Cement — Delete the first sentence of this subsection. Add the following after the first
paragraph.

Use PG XX — XX asphalt in Level

Example:
Use PG 76-22 asphalt in Level 3, 2" Dense HMAC Wearing Course
Use PG 70-22 asphalt in Level 3, %" Dense HMAC Base Course

ODOT Pavement Design Guide Page 71
December 2007



11.2.1.2 Pavement Smoothness

The pavement smoothness bonus subsections (00745.70, .72, .73, .75, .96) are part of
the boiler plate special provisions, and must be included for:

* All Interstate preservation and modernization projects over 2 mile (0.8 km) long

*  Multi-lift projects at least 1 mile (1.6 km) long (continuous) and a posted speed
limit of 45 mph (72 kph) or more

* Single lift projects over 1 mile (1.6 km), with a posted speed limit of 45 mph (72
kph) or greater, and an existing International Roughness Index (IRI, see Glossary,
Appendix L) less than 90 inch/mile (1450 mm/km). This includes inlay only
projects. IRI data for state highways may be obtained from ODOT Pavement
Services Unit

Special Provision 00745.73(d-1) provides additional exclusion items from smoothness
profile calculation, including bridges, ramps and auxiliary lanes.

11.2.1.3 Material Transfer Device

Where the primary intent of a project is paving, a transfer device will be required. There
are two basic types of transfer devices including a windrow pick-up machine which picks
up the hot mix from a windrow and places it into the paver hopper and an end-dump
transfer machine which can provide an additional material surge volume that allows for
continuous paving and/or a remix capability.

The use of a transfer device will increase the per ton cost of hot mix paving but can
increase the mat quality. In addition to reducing the potential for segregation by
remixing, smoother pavements are possible as the device allows for continuous delivery
of hot mix to the paver reducing stops and starts.

The material transfer device is part of the special provisions subsection 00745.48(b). The
criteria for requiring a transfer device includes:

Intent of the project is primarily paving

Intended for dense graded wearing surfaces

Not to be used on bridge replacement projects without significant travel lane paving
Not to be used on urban projects

11.2.1.4 Latex Polymer Treatment Option
When latex polymers are included as an anti-stripping additive option (per Section 10.5
of the PDG), special provision subsection 00745.11(d) Option 1 needs to be included in
the project special provisions.

11.2.1.5 Fiber Stabilizing Additive Option

For open graded HMAC wearing course, a fiber stabilizing additive is added to the mix
production to help prevent excessive drain down during paving. This option is for Level 3
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and 4 open graded HMAC wearing courses paved across the state. When this option is
to be used, special provision subsection 00745.11(d) Option 2 needs to be included in
the project special provisions. The use of a fiber stabilizing additive must be approved by
the ODOT Pavement Materials Engineer.

11.2.2 SECTION 00744 — MINOR HOT MIXED ASPHALT CONCRETE PAVEMENT

Specification 00744 is used for projects with small HMAC quantities (<2,500 tons (2,500
Mg)) and reduced testing. This specification may also be used for projects where
installing guardrail or barrier requires minor paving, or for paving along the curb line
when installing new curbs and sidewalks, but no other paving will be completed on the
project. The 2002 boiler plate special provision includes some testing as directed by the
engineer. This specification is meant for highway paving on small quantity projects
requiring a Level 3 or lower mix design level. It is not appropriate on the interstate or
other Level 4 high traffic applications. The contract project specifications should not
include both specifications 00744 and 00745; if both types of paving are present, then
00745 should be specified.

For paving of sidewalks, planter strips, or other miscellaneous items, Section 00749 —
Miscellaneous Asphalt Concrete Structures is more appropriate.

11.2.3 SECTION 00735 — EMULSIFIED ASPHALT CONCRETE PAVEMENT
Specification 00735 is for Emulsified Asphalt Concrete.

Projects using Specification 00735 must also include Specification 00730 (Asphalt Tack
Coat) and Specification 00705 (Asphalt Prime Coat and Emulsified Asphalt Fog Coat). In
addition, one of the surface treatment (chip seal) specifications must be included.
Options are:

* Specification 00710 (Single Application Emulsified Asphalt Surface Treatment)
* Special Provision 00712 (Dry Key Emulsified Asphalt Surface Treatment)
* Specification 00715 (Multiple Application Emulsified Asphalt Surface Treatment)

The pavement design report must specify the aggregate gradation of the chip seal and
whether or not polymer-modified emulsified asphalt is required. Note that Special
Provision 00712 is not a standard specification; 00712 is a Unique Specification that is
available from the specifications web site or by contacting the ODOT Pavement Services
Unit. Currently, Unique 00712 is only used in District 14 (Southeast Oregon).

District maintenance personnel and/or the ODOT Pavement Services Unit should be
contacted for assistance in selecting the appropriate chip seal specification to use.
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11.3 Aggregate Base

11.3.1 SECTION 00641- AGGREGATE SUBBASE, BASE, AND SHOULDERS

Specification 00641 includes quality control/quality assurance specifications. This
specification is recommended for any base to be placed under a State Highway lane that
will carry vehicle trafficc. These lanes can include turn lanes, parking lanes, and
shoulders if future widening is a strong possibility. For other projects, if the aggregate
quantity is moderate to large, this specification must be used. An option for requiring
the aggregate to be plant mixed is allowed under this specification. If plant mixed only
aggregates are desired, this must be stated, otherwise the specification allows for either
road mixed or plant mixed aggregates. Plant mixed aggregates are recommended for
projects where over-watering during road mixing may be a problem (i.e. tight schedules
in urban areas) and a very large quantity (20,000 tons (20,000 Mg) or more).
Subsections 00350.41(a-4) and 00641.42 of the Standard Specifications provide
requirements for placing aggregate base on a geotextile. The two main requirements are
that the aggregate must be placed directly on the geotextile, without road mixing, and
the minimum compacted thickness of the first lift directly on the geotextile is 6 inches
(150 mm). This is also the maximum compacted thickness for aggregate bases allowed
under subsection 00641.43 (a).

The aggregate base or shoulder material may not be placed on top of newly constructed
open graded HMAC or EAC (subsection 00641.41(b)). This restriction applies for
placement of the shoulder material and for road mixing of aggregate base.

When the opportunity has arisen, ODOT has allowed asphalt grindings in place of
aggregate base or shoulder rock (when acceptable to ODOT Maintenance and
Environmental Sections).

11.3.2 SECTION 00640 — AGGREGATE BASE AND SHOULDERS (SMALL QUANTITIES)

Specification 00640 is the specification for aggregate base and shoulders without quality
control / quality assurance testing. The contract acceptance of the aggregate is visual by
the Engineer (Project Manager). This specification may be used for projects where the
only aggregate will be shoulder rock, under guardrail flares, maintenance pull outs,
mailbox turnouts, sidewalks, or other non-travel lane applications. This specification
may be considered for travel lane use on small quantity projects on low volume
highways. The designer should use caution when using this specification for any travel
lane applications, as any future base failures are expensive to repair. This specification
is not recommended when subbase material is specified (such as with 00331 or 00332)
since subbase is only defined within 00641, and possible special provision revisions
would not be included in the contract.
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11.4 Subgrade Improvement

11.4.1 SECTION 00331 — SUBGRADE STABILIZATION

Specification 00331 is for subgrade stabilization work. This specification is for projects
where the roadway is either being rebuilt, widened, or constructed on a new alignment.
Subgrade stabilization removes soft, poor soil to the specified depth shown in the plans
and replaces it with a subgrade geotextile and subbase or stone embankment material.
Subgrade stabilization only includes work below the top of subgrade and does not
include placing the aggregate base and pavement. A detail for subgrade stabilization
needs to be included in the plans and shall only show the work completed as part of this
specification, including the placement of the subgrade geotextile if specified. Subgrade
stabilization should be considered for weak fine-grained soils (subgrade Mr of 4,000 psi
and less) and soil materials subject to saturation if the construction schedule will
include work during the “rainy season.” The Designer should determine if it is
appropriate to allow the deletion of this item during construction if actual conditions are
dry and stable.

11.4.2 SECTION 00344 —TREATED SUBGRADE

Specification 00344 is applicable where the subgrade is to be improved using lime,
chloride or portland cement. Laboratory testing must show that the chosen admixture is
the appropriate treatment for the given soil. The use of Treated Subgrade shall be
approved in writing (e-mail acceptable) by the ODOT Pavement Design Engineer before
final completion of the design memo/report.

11.5 Asphalt Concrete Pavement Repair (Surfacing Stabilization)

Specification 00332 is for surfacing stabilization wunder the 2002 Standard
Specifications. This work item will be re-named under the 2008 Standard Specifications
as Section 00748 Asphalt Concrete Pavement Repair.

This specification is used for projects where there are localized areas needing full depth
repair in the existing pavement prior to the inlay and/or overlay. This specification
removes the failed AC, base rock, subbase, and/or subgrade soil (as required); then
places a subgrade geotextile, backfill (if needed), aggregate base, and asphalt concrete.
The bid item is “___ inch (mm) Surfacing Stabilization(Asphalt Concrete Repair)”, and
pays for all work except the asphalt concrete. The asphalt concrete quantity is paid as
part of the 00735, 00744, or 00745 specification and needs to be measured separately.
A detail must be included in the plans for this work, and only show the replaced
pavement depth up to the original existing grade. The overlay must not be shown as
part of the detail. Specification 00332 (00748) applies only to asphalt concrete
pavements. PCC Pavement repair has a separate specification.

Due to staging and curing issues associated with EAC, it is much less desireable for
surfacing stabilization. If the project includes EAC paving, surfacing stabilization should
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be specified using HMAC under section 00744 or 00745 of the specifications if available
for the anticipated quantities.

11.6 Portland Cement Concrete Pavement

The special provisions for sections 00755 and 00756 are currently being revised by
ODOT Pavement Services. New boiler plate special provisions are anticipated in 2008.
During the transition period, the designer is advised to contact ODOT Pavement Services
for guidance on the appropriate special provision.

11.6.1 SECTION 00755 - CONTINUOUSLY REINFORCED CONCRETE PAVEMENT

Specification 00755 is used for both CRCP and Jointed Reinforced Concrete Pavement.
This specification is for new construction of reinforced concrete (for repairs, specification
00758 should be used). Measurement and payment for CRCP and JRCP is in square
yards (square meters). The terminal expansion joints are measured and paid for by the
linear foot (meter). For CRCP, Standard Detail DET1605 is needed. The table near the
middle of the drawing needs to be filled out with the appropriate concrete thickness, bar
size, and spacing of the longitudinal steel. The Standard Detail for CRCP (DET1605)
refers to Standard Drawing RD600, so where CRCP is to be used, both concrete
Standard drawing/detail are needed in the plans (RD600 & DET1605).

11.6.2 SECTION 00756 - PLAIN CONCRETE PAVEMENT

Specification 00756 is used for new construction of (jointed) plain concrete pavement.
For concrete repairs of JPCP, contact ODOT Pavement Services for the JPCP repair
special provision. The standard drawing for JPCP is RD600. In addition to the standard
drawing, a project-specific detail is needed, showing the joint layout for areas that are
not standard (i.e. intersections, taper sections).

For miscellaneous concrete paving, such as sidewalks, driveways, or traffic islands,
Specification 00759 should be used.

11.6.3 SPO0O758 - CONCRETE REPAIRS

There are two types of concrete repairs: repairs for reinforced concrete and repairs for
plain concrete. There currently is only a boiler plate for CRCP (Special Provision Section
00758), but this section may also be used for JRCP. A non-boiler plate special provision
has been developed for repairs in JPCP and can be acquired from ODOT Pavement
Services.

For the CRCP and JRCP repairs, the pay items include square yard (square meter) of
repair area and extra for reinforced bar lap areas. The square yard (square meter) item
includes the area of the full depth cut plus the area of the partial depth cut for the bar
lap area. This bid item pays for the PCC material poured back and longitudinal steel,
which is why the additional area of the bar lap is included. The extra for the bar lap area
includes the costs of chipping out the existing concrete and tying new reinforcing steel to
the existing. The bar lap bid item is paid for by “each” where one bar lap area is

Page 76 ODOT Pavement Design Guide
December 2007



equivalent to a single lane width (typically 12 feet (3.6 m) wide) on one side of the repair.
So, a repair one lane wide would have 2 bar lap areas. Additional pay items for joint
repairs are required for work at terminal expansion joints and expansion joints at bridge
approaches.

For plain concrete (JPCP) repairs, the pay item is the area of concrete repair in square
yards (square meters). This pay item is for all work associated with completing the full
depth repair. Additional pay items for repairs at joints (contraction and expansion) may
also be required if joint repairs are to be completed.

Spall repairs are measured and paid for by the square yard (square meter). This may be
included (when present) on CRCP, JRCP, or JPCP repair projects.

Repair Details have been developed by ODOT and are available upon request. The
details need modification on a project to project basis since the repairs depend on the
original construction standard drawing and current construction practices.

11.7 Subgrade Geotextile

Specification 00350 is for all geosynthetics used in construction for ODOT projects. For
pavement design, the primary geosynthetic used is the subgrade geotextile as a part of
new work sections, subgrade stabilization, or asphalt concrete repair (surfacing
stabilization). The geotextile and level of certification must be included in the pavement
design recommendation. The level of certification for subgrade geotextile is either “A” or
“B”. Level “A” is used for projects where a large quantity (>10,000 yd? or m?) of geotextile
material is being used or where quality assurance of the material is critical. A minimum
of 6 inches (150mm) aggregate material is required over the geotextile per subsection
00350.41(a-4).
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CHAPTER 12: DELIVERABLES

This chapter provides guidance on the minimum acceptable requirements for the content
of pavement design reports and supporting pavement design documentation. For Falling
Weight Deflectometer (FWD) data and digitally produced photographs, electronic copies
of data files shall be submitted in addition to paper copies.

Calibration requirements for Falling Weight Deflectometer (FWD) equipment and required
documentation are included in this section as well.

Where to Send Deliverables: All pavement design related deliverables as described
herein shall be submitted to the Consultant Project Manager (CPM), Project Leader, or
Contract Administrator, whichever is applicable.

Timeline: The deliverables required by this section must be submitted as soon as
practical after the pavement design has been completed (and within agreed upon task
due dates) to establish work activities and timelines of other project development tasks.
Be aware that changes to the pavement design could cause delays to the project
schedule.

12.1 FWD Calibration Requirements

Written documentation by the calibration center must be submitted to show that the
calibration has been conducted successfully prior to its use on a project. If the load cell
has been replaced since the last calibration, the load cell and the equipment must be re-
calibrated at the calibration center prior to use on a project. Copies of supporting
documentation for routine calibrations of deflection sensors or distance measuring
equipment shall be made available to the ODOT Pavement Design Engineer if requested.

12.2 Design Report and Supporting Documentation

Pavement design recommendations and all supporting documentation including design
assumptions, background information, and field data, must be compiled and submitted
for review in a bound design report. The pavement design must be developed by, or
under the direct supervision of, a Professional Civil Engineer registered in the State of
Oregon. The engineer will place their engineer's stamp on the pavement design report
and will be the engineer of record for that design.

The design recommendations and supporting documentation shall be in either English
or Metric units as specified in the contract documents. If no units are specified, the
design recommendations and supporting documentation shall be in dual units. English
units shall be the primary unit of measurement.

The bound design report must include an executive summary (See Appendix K for an
example) and supporting documentation with contents as described in the following
subsections.
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12.2.1 EXECUTIVE SUMMARY

* A description of the project scope.

* Identify design procedure used and design structural life for all new work and
rehabilitation sections included in the report.

* Identify recommended pavement design(s) for all existing and new pavement
features

* Recommend materials to be used (reference applicable specification and bid item
nomenclature)

* Identify any required modifications to special provisions or specifications

An example executive summary is included in Appendix K.

12.2.2 SUPPORTING DOCUMENTATION

Supporting documentation to be included in the report shall include as a minimum:

* A summary of historical "as-built" construction information (if available)
* A summary of field investigation activities and results

* Inputs used in the design and the basis for them - design traffic, soil modulus,
reliability, etc.

* Design calculations, including traffic, layer thickness, total structure, etc.

* For pavement design life exceptions, provide a description of, and justification for,
the design exception (A Life Cycle Cost Analysis is required as part of the
justification)

* Identify options considered and basis for the recommended design

* Life cycle cost calculation data (where applicable) - Where LCCA calculations are
performed, supporting documentation for the input variables used (discount rate,
analysis period, costs, activity timing) shall be provided [Where probabilistic
LCCA is conducted, summary statistics of the results (min, max, mean, standard
deviation) shall be presented along with histogram plots and cumulative
distribution plots of Net Present Value (NPV) for each alternative]

For projects which involve pavement rehabilitation, or construction of new pavement on
portions of existing alignment, the report shall also include the following items:

* Hard copy of deflection data - Deflections shall be shown for each sensor
normalized to a 9,000 pound (4,082 Kg) load

* Plot of deflections by milepoint or station

* Copies of all core logs

* Copies of all exploration logs

* A summary of all test results conducted on material samples

* Color copies or duplicates of all roadway photos - Photos must be arranged in
milepoint order and labeled with the date, milepoint and direction of the picture
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* Color copies or duplicates of all core photos, properly labeled with Project Name,
core number and against a scaled background with %" intervals (see section
4.3.3)

* Summary of rut depth measurements - The summary must indicate the
measured rut depths for each wheel track at each location. The average rut depth
and standard deviation for each wheel track should also be indicated.

12.2.3 ELECTRONIC FILES

In addition to the above requirements, an electronic copy of all raw deflection data files
for the project (if applicable) shall also be provided on a CD.

An electronic file copy of all digital photographs shall be provided on a CD.

12.2.4 DELIVERABLE CHECKLIST

A checklist is provided in Appendix M to aid the designer in providing all of the required
documentation and deliverables.
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APPENDIX
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APPENDIX A

Pavement Design Procedure Contact Information

AASHTO:
(http://www.transportation.orq)

Asphalt Pavement Association of Oregon:
(http://www.apao.orq)

American Concrete Pavement Association
(http://www.pavement.com):

The Asphalt Institute:
(http://www.asphaltinstitute.org)

Portland Cement Association
(http://www.cement.org/pavements)
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202-624-5800

503-363-3858

360-956-7080

859-288-4960

847-966-6200
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APPENDIX B

Project Prospectus Example

This appendix provides an example ODOT Project Prospectus. The example is provided
to show what type of information can be found in this document.
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#

Y DRAFT PROJECT PROSPECTUS
a% ‘?«\g Part 1 Project Request (Page 1 of 3) I Key Number: Jurisdiction:
e 15173 State
Section:  OR 18: Oregon Coast Hwy - Oldsville Rd Region: | Area District:
2 Mid-Willamette Valley 03
State Highway No.: Highway Name: Mile Point
0039 SALMON RIVER From 022 To 4034 [ength(mi: 40,12
U Urban [ City: MPO: N | Within U vyeg County: Road/Street Name:
B Rural_|Lincoln City UGB No  |Lincoln Hwy 18
Route No.: NHS Yes HPMS: Applicant (If Other Than State):
OR-18 O No FC: 02
US Congressional District: State Senate District: State Rep. District:
~ Cost Estimates (x $1,000) Project Components Right Of Way
Preliminary Engineering $635 |Grading X Files ) 4
Right of Way $16 |paving X Hectares # 0.000
Utility Reimbursement $1 [Structures Relocations (#) 0
Signing X Acquisitions (#) 0
Roadway 59,720 Signals Fasements (#) 0
Structures $252 Illumination Wark By: State / Consultant / Applicant
Signals Bridge Rails X Preliminary Engineering ~ (s.ca)| S
Ilumination Guardrail X Construction Engincering  (S.C.A)| 8
Temporary Protection $867 Right Of Way Descriptions  (8,C,A)| S
Constr. Contingencies $2,895 Right Of Way Acquisitions (S.CA)] §
Constr. Engineering $792 Project Categories Constructed By
“nvi ‘lass 1,2,3,PCE .
Environmental Class ( E) |2 B Contract 0 County Force
Design Category (I-7) | 06
[n] State Force
Total CE and Construction: 14,526 | Work Type Code (1-13) | 04 O Other
Total Estimate: $15,178| Primary STIP Work Type: PRESRYV |0  City Force
Recommended Let Date By Federal Fiscal Year (Quarter-Year): 3rd Qtr 2007
PE Fund: RIW Fund; UR Fund: GE-CN Fund:
FEDERAL FEDERAL FEDERAL
PE EA: RAW EA: UR EA: CE-CN EA:
Item Existing | Proposed Item Existing Proposed
Travel Lanes # 2 2 Average Daily Traffic YR 2003 2023
Structures # Throughway YN Y Y
Signals #
Bike Way Y/N N N
Average Daily Traffic " 12000 19600

L ————————————
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DRAFT PROJECT PROSPECTUS

Part 1 Project Request (Page 2 of 3) Key Number: Jurisdiction:
15173 State
Section: . Region: |Area: District:
OR 18: Oregon Coast Hwy - Oldsville Rd Mid-Willamette Valley 03

Define The Problem:

Pavement ratings range from fair to poor throughout project. There are both dense grade and open graded
asphalt mixes and there is jointed concrete under existing pavement from MP 35.48 to 40.34. Guardrail terminal
ends are substandard as are bridge rails. Bridges have non-standard deck/lane widths and excessive AC on the

decks. MAccesses do not meet spacing standards for an Expressway.

Describe Proposed Solution - Attach Sketch Map:

Pavement rehabilitation consists of varying treatments including inlay, overlay, localized surface
stabilization and localized rebuild. Excess AC should be removed from bridge decks. Evaluate and adjust
guardrail, terminal ends and bridge rail as appropriate. Consult with Distriet on condition of signs and
replace as needed. Consult with District on replacement of delineators. An Access Management Strategy will be

required. NO WORK AREA MP 23.08 - MP 27.32.

Prepared By: Date: 0.T.C. Approval Date: Program Year: Approved Funding Amount:
X
(07-2001) Project Status: Prelim Planning Tuesday, October 23, 2007
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£ DRAFT PROJECT PROSPECTUS

"‘»‘;ﬁsm&y Part 1 Project Request (Page 3 of 3) ﬁ?’]r;u? oer J;:::’:“"“;
Section: Region: |Area: id-Wi District:
Oeﬁl%: Oregon Coast Hwy - Oldsville Rd ZEgmn % Mid-Willamette Valley :JSJIIC

Project Justification

OR18 is a national freight route, designated as an Expressway and is part of the National Highway System (NHS).

Half of the project was designated as a Safety Corridor in 1995.

There are 3 SPIS sites listed within the

project limits; M.P. 1.41 - 1.59, MP 5.92 - 6.02 and MP 21.12 - 21.27 (2003). SIP rating for the project ranges

from Category 4 on the west end to Category 3 Middle and East end. Truck volumes average 5% of overall ADT. ADT

is so heavy that it is difficult for maintenance crews to safely maintain the pavement surface.
between MP 23.08 -27.32 is due to Mod work "Ft. Hill - Wallace Bridge" Key #10523.
AC wearing surface, a full depth removal

to overlaying. Currently the striping is

budg

cons

project go through historicaly and/or culturally sensitive areas. Project should be designed to avoid any

impa.
the

from the Planing section (John Detar)to clarify the ocutcome of the Cooridor Strategy performed in 2003.

a mixture of paint, thermalplastic and methelmethacrylate.

et will support replacement in paint. If durable striping is desired alternate funding should be

idered. Sections of the project are adjacent to Salmon River which bears T&E Species.

Sections of the

A NO WORK AREA
In areas with open graded

of the wearing surface shall be required within the travel lanes prior

Project

cts to sensitive areas. Budget was developed assuming there will be no new ground disturbance outside of

existing road prism. The Access Management Sub Team should be started earlier and include a representative

Additional Information For Projects Requested By Local Jurisdictions

Responsible Local Office To Be Contacted For The Following Activities:

1. Pul

{ContactOffice)
blic Hearing / Citizen Involvernent

2. Environmental / Planning

3. Pre-Engineering

This Official Request is From:

Jurisdication Name:

Represented By

Represented By:

Applicable Intergovernmental Agreements:

IGA Number: Jurisdiction Name:

(Phone)

and/or

By:

By:

By:

Agreement Date:

Administrative Recommendation

(07-2001)

Prelim Planning

Tuesday, October 23, 2007
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DRAFT PROJECT PROSPECTUS

December 2007

] . . Key Number: Jurisdiction:
nsoor® Part 2 Project Details (Pa of 2
" ) (Page 1 of 2) 15173 State
Section:  OR 18: Oregon Coast Hwy - Oldsville Rd Region: | Area: District;
2 Mid-Willamette Valley | 03
Enter: S - State C - Consultant A - Applicant E - Existing N -No
| ACTIVITY RESPONSIBILITIES PERMITS and CLEARANCES
Surplus N Signs SE ) N Airport N s
Property (Pérmanent) Storm Sewer (Clearance Wetlands
Citizen's N Striping 5 . N Land Use N Endangered b
Advisory (Permanent) Landscaping Actions/Permits Species
N . ) S L N 5 S
Photogrammetry Project Signing Irrigation Flood Plain Hazmat
Reconnaissance N N N o N Historic s
Survey Detour Borrow Source Building Resource
) . N N ) N Corps Engrs/DSL 5 DEQ Indirect N
Public Hearing Ilumination Material Source |Removal/Fill Source Air
o 5 ) N . N N DEQ Non-Point N
Field Survey RR Crossing Disposal Source Coast Guard Source Water
s N . N N (iL_'u]og?/ and N Archaeology 5
Vicinity Map RR Protection Local Agreement Minerals Survey
Soils/Gieotech N ] N . S ] N N
Investigation RR Separation Sensitive Land Signal Warrants Noise Study
e N ) N Value N Utilities S . s
Hydraulic Study RR Encroachment Engineering (see below) Section f(4)
Utility 8 Utility Verif s
Coordination Vert Horiz
Right-Of-Way List of Utilities:
Right-Of-Way Liaison v Access Control (Y/N) ‘ Ck'(" F;;E’s" Charter Comm,NWNatural,Pacific Power &
X _ight, PGE,Sprint United Tele,SW Li
Acquisitions Relocations Light, T,SPIn €le,SW Lincoln County
- = Water Dist.,Verizon,Comcast
Simple No. Complex No. Business No. Residential No.
Design Standards Design Speeds Exception (YN)
Y
i Suggested Base Design :
ltem New Work chr Existing Ttem New Work Over Existing
Surface (mm}) Surface (mm) Surface (mm) Surface (mm)
Structures
Structure Length Width Height Cost Structure Length Width Height Cost
Approved Area Manager Date
X
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o
Q_ﬁ T DRAFT PROJECT PROSPECTUS Key Number: Jurisdiction:
- Part 2 Project Details (Page 2 of 2) 15173 State
Section: OR 18: Oregon Coast Hwy - Oldsville Rd Region: |Area: District:
2 Mid-Willamette Vall 3
Segment or Alternative 1:
Comment on Segment or Alternative: Majority of RDWY
Existing (below) Units in: F Comment on Existing: stretches 3 & 4 lane
Bike  Side- Curb ; Shoulder/  La Lane Lane : Lane Lat i Shoulder! : Curb  Side-  Bike
Path  Wak  Type P2XM  ‘Bielane e 2 1 Median 1 b 5. Bielane Parking r;@ Wak  Path
4.00 12.00 12.00 4.00
4.00 12,00 12.00 4.00
Proposed (above) Unitsin; M Comment on Proposed: No Changes
. Segment or Alternative 2:
Comment on Sagment or Alternative: MP 9.68 - 11.34
Exis[ing (below) Units in: F Commant on Existing:
ke Side-  Curb 7 Shoulder/ Lane Lane Lane Lal Lane Lane  Shoulder/ 2 Curb Side- Bike
Palh  Wak T:pe Parking  Belane 3 2 1 Median i 2 3 Bikelans PaKing o0 WOl ph
6.00 12.00 12.00 | 12.00 6.00
6.00 12.00 12.00 | 12.00 6.00
PI‘OpOSEﬂ (ab()vc) Units in; F Comment on Proposed:
Segment or Alternative 3:
Comment on Segment or Alternative: MP16.56-17.71&32.25-32.78
Existing (below) Unitsin:  F Comment on Existing: Shoulder 4' - 10"
Bike  Side- Cub _  Shouder  Lane [ Lane o Lene Lane  Lane  Shoulder g Cub g Bike
Path  wak Type Paking  Bieianc 3 2 17 Medan e S Bikelane M 10 e pan
4.00 12.00] 12.00 12.00 | 12.00 4.00
4.00 12.0012.00 12.00 | 12.00 4.00
Proposed (above) Unitsin: Comment on Praposed:
Segment or Alternative 4:
Comment on Segment or Alternative: MP 27.35-29
Existing (below) Unitsin:  F Comment on Existing: Divided Hwy
Bke  Side- Cub parking  Shoulder  Lane L Lane : L Lane | Lane  Shoulder Cub  sige.  Bike
Path  Wak e bl 1 Modian e o Biketane P21king Type f;',‘i‘; Path
10.00 12.00]12.00 44.00 | 12.00 | 12.00 10.00
10.00 12.00{12.00 44.00 | 12.00| 12.00 10.00
Prnposcd (above) Units in: | Comment on Proposed:
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APPENDIX C

Pavement Depth Core Log

These ODOT core logs are provided as an example only. The intent is to show the type of
information that should be included on the logs. Consultants may copy the ODOT logs
or develop their own form.

Information to include on the core log should include:

Lift line locations

Delamination locations (breaks caused by coring operation should be so noted)
General crack locations

Changes in core shape or areas of non-recovered material

The core condition should be visually rated by lifts:

e Good - Lift is recovered intact, tight vertical cracks may be present, no vertical or
horizontal deformation

o Fair - Lift is recovered essentially intact, some single cracks may be present,
small hairline cracks may be present, small void pockets may be visible, minor
spots of AC stripping or PCC deterioration, some minor deformation but stable

o Poor - Lift is not recovered intact, lift has lost core shape, recovered material is
loose (AC stripping or PCC deterioration)

ODOT Pavement Design Guide Page 93
December 2007



This page intentionally left blank.

Page 94 ODOT Pavement Design Guide
December 2007



PAVEMENT CORE LOG

PROJECT: Saved: Yes No
HIGHWAY: PD #
LOCATION: Date:
CORE LENGTH: Logged By:
0 1 2 3 4 6 Key No.: Designer:
1 DRILLED THROUGH PATCH: NO YES
9 DRILLED ON CRACK: NO YES (Trans. Long. Fat. Other):
3 TYPE: Dense AC OpenAC PCC CTB OilMat Other
4 CONDITION:  Good  Fair Poor
- TYPE: Dense AC OpenAC PCC CTB OilMat Other
- CONDITION:  Good  Fair  Poor
6 TYPE: Dense AC OpenAC PCC CTB OilMat Other
7 CONDITION:  Good  Fair Poor
8 TYPE: Dense AC OpenAC PCC CTB OilMat Other
CONDITION:  Good  Fair Poor
Q
” TYPE: DenseAC OpenAC PCC CTB OilMat Other
10 CONDITION:  Good  Fair Poor
11 TYPE: Dense AC OpenAC PCC CTB OQilMat Other
CONDITION:  Good  Fair Poor
12 TYPE: Dense AC OpenAC PCC CTB OQilMat Other
13 CONDITION:  Good  Fair Poor
14
15
16
17
18 ﬂ
19
NOTE DISTANCE FROM EDGE OF PAVEMENT AND DIRECTION
20 JE—
21
22
| |
23 | I
EP EP
24
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PAVEMENT SERVICES UNIT

CORE LOG INSTRUCTIONS

1. Fillin all appropriate blanks in the header. Some of these will be the same for all cores
taken on a particular project and may be filled out ahead of time. Use of a printer or
copy machine to make multiple copies is recommended.

2. The PD # in the top right corner of the sheet is the number of the core represented by
the log sheet. Number the sheets 1, 2, 3, etc. Start over at 1 for each project.

3. ldentify if the core was cut through a patch and if it was cut through a crack such
as transverse, longitudinal, or fatigue by circling the appropriate entry.

4. Draw a graphical representation of the core that includes all cracks, delamainations,
lift lines, and stripping.

A. Cracks: If the crack is tight (closed) and the two sides still attached, draw as a single irregular line.
If the two sides are detached (open), show as as two narrowly spaced and parallel irregular lines.

B. Delaminations: Show as two narrowly spaced and parallel horizonatal lines.

C. Lift lines: Single horizonatal line.

D. Stripping: Stripping should be shown as a series of small irregular circles depicting the
presence of stripped aggregate. Do not try to replicate each individual piece of aggregate.

5. At the bottom of the page fill in the physical data for the core location.

A. Under the arrow indicate the direction of the lane in which the core is taken.
B. Indicate the approximate locations of existing striping.
C. Indicate by a small box the approximate location where the core was cut.
D. Measure distances from the edge of the pavement to the different stripes, to the core
location, and to the far edge of the pavement. Indicate these distances in feet and inches .
'
\\$ Open crack
\ ——— Liftline
[‘ Closed crack
‘ ' — Delamination
Q0000
Q %O 8 <+—— Stripping
SSHTR
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PAVEMENT CORE LOG

PROJECT: N.PLAINS - CORNELL ROAD Saved: No

HIGHWAY: SUNSET HWY. NO. 47 PD # 48
MILEPOINT; ~ MP 62.46 Date: 1/24/2007
LOCATION: 631'6" W. of X-walk on CorneliusPassRd.on ramp EB.  Logged By: craigh  ( Michael )
CORE LENGTH: 7.0 inches EB on ramp (loop) at Travis
(’11.5"to bottom CorneliusPass Road. Designer: Roger
of CTB? EA# PE001249/000/J13
0 1 2 3 4 5 6 Key #: 13707
<
1 ,/ \ DRILLED THROUGH PATCH: YES
\
, \ DRILLED ON CRACK:  NO @ (Trans. Long. Other):
o\
3 N
TYPE: Open AC PCC CTB OilMat Other
4 e COND Fair Poor
/
5 < TYPE: Dense AC OpenAC PCC CTB OQilMat Other
CONDITION:  Good  Fair Poor
6 TYPE: DenseAC OpenAC PCC CTB OilMat Other
7 CONDITION:  Good  Fair Poor
8 Stripped out TYPE: Dense AC OpenAC PCC CTB OilMat Other
CTB | CONDITION:  Good  Fair Poor
9 below.
TYPE: Dense AC OpenAC PCC CTB OilMat Other
10 CONDITION:  Good  Fair Poor
11 TYPE: Dense AC OpenAC PCC CTB OQOilMat Other
CONDITION:  Good  Fair Poor
12 TYPE: Dense AC OpenAC PCC CTB OilMat Other
13 CONDITION:  Good  Fair Poor
Note: Stripped out CTB
14 in bag w/core.
15 CorneliusPassRd.
16 E
17 N —|—S
W
18
19
20 _EB
NOTE DISTANCE FROM EDGE OF PAVEMENT AND DIRECTION
21
41/2"
curb  FIL §s F/L
22 |:|| I : Core I I
23 Ep  34.0' 21I.2‘ 1|1_lv 7.3 EP
38.0' :
24
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CORE #48

RD.
CORNELIUS PASS INT.

EB ON RAMP (LOOP)
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APPENDIX D

Exploration Hole Log

These ODOT exploration logs are provided as an example only. The intent is to show the
type of information that should be included on the logs. Consultants may copy the
ODOT logs or develop their own form.
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PAVEMENT DESIGN EXPLORATION LOG
SAVED: Y N

PROJECT: PAGE of
HIGHWAY: HOLE NO.:
M.P./STA.: DATE:
OPERATOR: NOTETAKER:
Hole advanced by 10" auger: 'Y N
ELEVATION: DESCRIPTION:
Surface material: Sampled: Y N Bag No.
Sampled: 'Y N Bag No. Shelby No. Jar No.
Soil Type:
Gravelly Sandy Silty Clayey
GRAVEL SAND SILT CLAY
w/some, trace (gravel, sand) w/some, trace (silt, clay)
USCS: GW GP GM GC SW SP SM SC ML CL OL MH CH OH PT
Color: Largest Rock:
Plasticity: Non-plastic Low-plastic Medium-plastic High-plastic
Moisture: Dry Damp Moist Wet
Consistency:  Very-soft Soft Medium-stiff Stiff Very-Stiff Hard Very-Hard
Density: Very-loose Loose Medium-dense Dense Very-dense
Texture:
Others:
Sampled: 'Y N Bag No. Shelby No. Jar No.
Soil Type:
Gravelly Sandy Silty Clayey
GRAVEL SAND SILT CLAY
w/some, trace (gravel, sand) w/some, trace (silt, clay)
USCS: GW GP GM GC SW SP SM SC ML CL OL MH CH OH PT
Color: Largest Rock:
Plasticity: Non-plastic Low-plastic Medium-plastic High-plastic
Moisture: Dry Damp Moist Wet
Consistency:  Very-soft Soft Medium-stiff Stiff Very-Stiff Hard Very-Hard
Density: Very-loose Loose Medium-dense Dense Very-dense
Texture:
Others:
Sampled: Y N Bag No. Shelby No. Jar No.
Soil Type:
Gravelly Sandy Silty Clayey
GRAVEL SAND SILT CLAY
w/some, trace (gravel, sand) w/some, trace (silt, clay)
USCS: GW GP GM GC SW SP SM SC ML CL OL MH CH OH PT
Color: Largest Rock:
Plasticity: Non-plastic Low-plastic Medium-plastic High-plastic
Moisture: Dry Damp Moist Wet
Consistency:  Very-soft Soft Medium-stiff Stiff Very-Stiff Hard Very-Hard
Density: Very-loose Loose Medium-dense Dense Very-dense
Texture:
Others:
Cut  Fill
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PAVEMCNT DESIGHN - EXPLORATION | 00

smr.n@ M

FROJECT l’_-}-:a-H-fp_.:,l"-t".e.-L - jr-\)l :I'-E_{Fgrj{-_;lr! HAGE OF
ligHway: Py ific Hw? # HOI K N 20 07
MILE POINT/STATION: 1 & & a Ry 58 Rf fare- DATF & s’:f;;f,? 5
SBAMFLER'S MAME Mo rs
=, HOLE ADVANCED BY 10" AMGER ¥ W
ELEVATION DESCRIPTION
.l'l.l'
[ 7 | sudace Material: A Samgled ¥ fﬂ} Bag Na.
[Material: Sampled YN Bagnelz 2 27 Shalby Mo Jar Mo,
S5od Type: £3< Zoaxe .
i Bandy Shty Hayoy
19y | GRAV SAMD SIT _CLAY
-wEome frast - (gravels = wisome, 'da:,f}
USGS: FoGM S0 EBF SM GG ML Ol MH GH OH PT
Colow:  [Hroien iread Largest Rogh: =
Fiasticity:. %_ . Mo plasm‘) Low-plestic Medium-plastc  High-plastic
Moiste: < T — —  Demp Moist Wl
Consistancy: Vaysolt  Sof . MediomooE St Very Sl Hard  Yery-Hard T
Densiy: Vorydgoss Loaze Modium-denas Donse - =Very-denss
Texture: .
Others:
Matariak Sanﬁad ¥ M Bag Nn 1oEy-is Shcll:q-' M. Jar Mo
Soll T‘H’PG I::.q-d 1',—,-# i'hpr Ib‘;_i? Fafs
. 1 Sy
o R WET smu SILT i
- =1 wifeome, trace {gravel, sand) drfaar tracc ill; l..|:|'!||'} =
USCS: G".-_"?:)GF' GM 0T SW SF SM 8 L MH O o P
Color: -5 Largest -:nck @
| Plasticity: .— 'N'Eutr plu,., u::“‘*:I Loww-piastic h1adiug,—|ilﬂ,511c High-plastic
| Moisture: DRy —— g hiodsi: Wl
Consistency: Vorpsol  Soit Medluwestif Stiff - Mary8UF Ham _Very-Hard
Density: Yaroose Loasa R el mn-tors Denaz Horydiirss
Texture:
Othoers:
Matorial; Sampled ¥ N Bag Mo, 3 5 - T Shally ho. dar Mo [ g g-gi7
Sail Type:
Gravelly Sarty Sity Clayoy
- GRAVEL, aMn SILT? ! CLaY
g}’l E'Gr W feome, Wace (gravel, sand; I50Mmg) traces (EibiEayk
uscs: GW GF GM GC =W 8P 8M SC Al oL o 1 ¢H OH T
Colo- oy ast Hock: —
Plasticily: Mon-plaztie Lowre-plastic edium-pl High plasti:
Moisture: Cry Dlamgs { Bolst Wt
Conslstency!  Wary-roft Sc}i"‘—hﬂfedrum.s:m‘- SHE  Wory SF llard  Were-Hard
Danglty: Verydoran Laye teclun -denze Tlenge Veredense
Texturs;
i Hhers:
_ Py
ut L
_:-,l R :
_,f |
L e P N ™
EP =c. 55— — gy FL - .' |
/;:é yifey B o Y, !
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APPENDIX E

Bridge Approach Testing

Deflection Testing and Coring at Bridge Approaches

:200’ 200!
150" 130"
J25' 125,
100" 100/,
IS 75'
S0 50",
A0 40,
30' : 30,
0 Bridge o0
10’ 10
5! !
| |
* * * * ® = x x @x v O D % x x @ * % % % %
o A
/ —
No Impact Panel Impact Panel

* = Deflection tests at the following intervals: 5’, 10°, 20’, 30’°, 40’, 50°, 75’, 100’, 125’
150’, 200’

O = Pavement Cores. Pavement Cores at the same locations as the 10’ and 50’ deflection
tests.

Do not deflect or core on impact panels. For our testing purposes impact panels are
considered part of the structure.
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APPENDIX F

At-Grade Railroad Crossing Testing

Deflection Testing and Coring at Railroad Crossing Approaches

FIELD WORK @ RR CROSSINGS

200

150" 150°
125' 125'
N 100 100
N 75 75
50' 50
T 40 40
30' 30
20 20'
o 10
I :
* * * * * ® * *x x @Dx @ x o x x B x * * * *
> |
__—____'__'_'T';T ________________________
> Pk &
7
Stop Bar Stop Bar

(=) Deflection tests at the following intervals: 5', 10", 20', 30", 40", 50', 75', 100", 125", 150", 200'.

(O) Pavement cores.

Note: The specific quantities and locations of tests may vary from the drawing above based
on specific site conditions.
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APPENDIX G

Objective Rating Distress Type Descriptions

The Pavement Management Group has developed a pavement condition survey manual
that provides a detailed description of the Objective Rating process as well as the
pavement distress type descriptions. Excerpts of the manual are provided in this
appendix. For the full manual, visit the Pavement Management website:

http:/ /www.oregon.gov/ODOT/HWY/CONSTRUCTION /pavement management _sys.shtml
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OREGON DEPARTMENT OF TRANSPORTATION

Pavement Management Group
Distress Survey Manual

INTRODUCTION

This manual in conjunction with the SHRP Distress Identification Manual for the Long-Term
Pavement Performance Project (SHRP-P-338) outlines the procedure for conducting distress surveys.
The purpose of the distress surveys is to identify and quantify the amount and severity of surface
distress in a given segment of pavement. The results of the distress survey are used along with other
measured pavement characteristics to establish a condition rating for the roadway segment.

The Oregon State Highway System is currently composed of three primary surface types; Asphalt
Concrete (AC), Jointed Portland Cement Concrete Pavement (JCP), and Continuously Reinforced
Portland Cement Concrete Pavement (CRCP). The distress types and procedures for rating each of
these pavement types are presented in this manual.

SECTION 1
ASPHALT CONCRETE (AC) PAVEMENTS

The evaluation of asphalt pavements will be completed by rating the distress in the pavement according to the
SHRP descriptions and severity levels as summarized below.

DISTRESS TYPES

Rutting

Fatigue Cracking
Longitudinal Cracking
Transverse Cracking
Block Cracking
Potholes and Patches
Raveling

Bleeding

RUTTING (AC - JCP - CRCP)
Rutting is a longitudinal surface depression in the wheel path caused by permanent deformation (AC only) or
the wearing away of the pavement surface.

The rut depth will be categorized as zero, low, moderate, or high according to the following criteria:

Identification - Longitudinal surface depression in wheel path
Severity Level

Zero= 07 <1/4”
Low=1/4"<1/2”
Mod = 1/2” < 3/4”
High > 3/4”
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FATIGUE CRACKING
Fatigue cracking, also known as alligator cracking, is a single crack or series of interconnected cracks caused
by fatigue failure of the asphalt concrete. Longitudinal cracks in the wheel path are rated as fatigue cracks.

Identification - Occurs in areas subjected to repeated traffic loading (wheel paths). Can be a series of
interconnected cracks in early stages of development. Develops into many-sided, sharp-angled
pieces, usually less than 0.3 meters longest side. Characteristically has chicken wire/alligator pattern
in later stages.

Severity Levels

Low - An area of cracks with no or only a few connecting cracks; Cracks must not be spalled; No
pumping is evident.

Moderate - An area of interconnected cracks forming a complete pattern; Cracks may be slightly
spalled; No pumping is evident.

High - An area of moderately or severely spalled interconnected cracks forming a complete pattern;
Cracks may be sealed; Pieces may move when subjected to traffic; Pumping may be evident

LONGITUDINAL CRACKING

Longitudinal cracks are cracks that are parallel to the pavement’s centerline. Only longitudinal cracks that
are not in a wheel path should be recorded as this form of distress. Longitudinal cracks which occur in the
wheel path should be rated as fatigue cracking.

Identification - Cracks predominantly parallel to pavement centerline. Location within the lane (non-
wheel path) is significant.

Severity Levels

Low - A crack with a mean width of < 0.25”; or a sealed crack with sealant material in good
condition and a width that cannot be determined.

Moderate - Any crack with a mean width > 0.25” and < 0.75”; or any crack with a mean width <
0.75 in and adjacent low severity random cracking.

High - Any crack with a mean width > 0.75”; or any crack with a mean width < 0.75” and adjacent
moderate to high severity random cracking.

TRANSVERSE CRACKING

Transverse cracks are predominantly perpendicular to the pavement centerline, and may extend all or part
way across the travel lane. The amount of transverse cracking will be measured by counting the actual
number of cracks that occur in the travel lane being rated. Cracks must extend at least half way across the
travel lane before being counted.

Identification - Cracks predominantly perpendicular to pavement centerline.
Severity Levels

Low - An unsealed crack with a mean width of < 0.25”; or a sealed crack with sealant material in
good condition and the width cannot be determined.

Moderate - Any crack with a mean width > 0.25” and < 0.75”; or any crack with a mean width <
0.75” and adjacent low severity random cracking.

High - Any crack with a mean width > 0.75”; or any crack with a mean width < 0.75” and adjacent
moderate to high severity random cracking.
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BLOCK CRACKING

Block cracking is a distress where cracks divide the pavement surface into approximately rectangular pieces.
These pieces are typically one to 100 square feet. Block cracking, unlike fatigue cracking, will typically
occur throughout the pavement width, not just in the wheel tracks. The amount of block cracking will be
visually estimated as to the square feet of the travel lane that suffers this distress.

Identification - A pattern of cracks that divide the pavement into approximately rectangular pieces or
blocks. Blocks range in size from approximately 1 ft*. to 100 ft*.

Severity Levels

Low - Cracks with a mean width of < 0.25”; or sealed cracks with sealant material in good condition
and the width cannot be determined.

Moderate - Cracks with a mean width > 0.25” and < 0.75”; or any crack with a mean width < 0.75”
and adjacent low severity random cracking.

High - Cracks with a mean width > 0.75”; or any crack with a mean width < 0.75” and adjacent
moderate to high severity random cracking.

POTHOLES AND PATCHES
Potholes and patches will be rated together. The amount of potholes and patching in any one segment will be
visually estimated as to the square feet of the travel lane experiencing this distress.

Identification (Pothole) - Bowl-shaped holes of various sizes in the pavement surface. Minimum
plan dimension is 6”.

Severity Levels

Low <1”
Mod >1<2”
High> 2~

Identification (Patch) - Portion of pavement surface, greater than 1-ft* that has been removed and
replaced or additional material applied to the pavement after original construction.

Severity Levels

Low - Patch has at most low severity distress of any type.

Moderate - Patch has moderate severity distress of any type.
High - Patch has high severity distress of any type.

RAVELING

Raveling is the wearing away of the pavement surface caused by the dislodging of coarse aggregate particles.
It is a progressive disintegration from the surface downward, usually as the result of traffic action. The
severity of raveling is based on the estimated percentage of aggregate loss in a 1’ wide longitudinal strip of
pavement surface as described below. The quantity of raveling will be estimated based on the linear feet of
raveling occurring in the inside wheel path, outside wheel path, and between the wheelpaths.

Identification - Raveling can be identified by a roughened or pitted texture on the pavement surface.
Mechanical abrasion from tire chains, studs, snowplows, or dragging equipment which significantly roughens
up the texture should be rated as raveling. Studded tire rutting which does not roughen up the texture
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significantly should not be rated as raveling. Raveling tends to be most often found in the wheel paths, but
can be elsewhere on the pavement surface.

Severity Level - For all surface types, raveling is not rated if less than 25% of the surface in a given 1” wide
strip is affected. NOTE - Chip Seals are normally rough textured - only rate as low severity raveling if there is
>25% aggregate loss present in a 1” wide strip.

Low - The coarse aggregate has worn away resulting in >25% to <50% aggregate loss in a 1’ wide
longitudinal strip of pavement surface. Loss of chip seal rock should be rated as raveling, but this is the
maximum severity for chip sealed surfaces.

Moderate - Surface texture is noticeably rough and/or pitted with >50% to <75 % aggregate loss ina 1’ wide
longitudinal strip of pavement surface. A nearly continuous strip of aggregate loss 3” — 6” wide may be
present. Loose particles may be present outside the traffic area.

High - Surface texture is very rough and/or pitted with >75% aggregate loss in a 1’ wide longitudinal strip of
pavement surface. Flat bottom potholes may be present where complete loss of aggregate has occurred.

BLEEDING

Bleeding is indicated by the excess bituminous material on the pavement surface, which creates a shiny,
glass-like reflective surface which usually becomes sticky in hot temperatures. Bleeding is not rated by
severity level, but should be recorded when it is severe enough to cause a reduction in skid resistance. A
segment is considered to have measurable bleeding if it has multiple areas > 25 square feet of bleeding.
Bleeding will simply be recorded as either existing or not existing for each 0.1-mile segment.

Identification - Excess bituminous binder on pavement surface. May create a shiny, glass-like,
reflective surface that may be tacky to the touch. Usually found in the wheelpaths.

Severity Levels - Bleeding is present if multiple areas of 25 ft* or larger patches.

How to Measure - Recorded as either existing or not existing (Yes/No)
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SECTION 2
JOINTED CONCRETE PAVEMENTS (JCP)

The evaluation of jointed concrete pavements will be completed by rating the distress in the pavement
according to the SHRP descriptions and severity levels as summarized below.

DISTRESS TYPES

Rutting (See AC Pavement Section)
Corner Crack

Corner Break

Longitudinal Cracking

Transverse Cracking

Shattered Slab

Patch Condition

Joint Condition

CORNER CRACKING

Corner cracks are cracks of any length that begin at transverse joints and are predominantly parallel to the
pavement centerline. These cracks are located anywhere from the edge of the PCC up to and including the
wheel path. Corner crack severity is based on crack width, spalling or faulting. The amount of corner
cracking will be measured by counting the number of cracks that occur in each tenth-mile segment. Corner
cracks that intersect transverse cracks will be rated as corner breaks and not as corner cracks.

Identification - A crack which begins at a transverse joint and radiates outward predominantly
parallel to the pavement centerline. Located anywhere from the PCC edge to and including the wheel
path.

Severity Levels

Low — Crack widths < 0.125”, no spalling, and no measurable faulting; or well sealed and with a
width that cannot be determined.

Moderate — Crack widths > 0.125” and < 0.5”; or with spalling < 3”; or faulting up to 0.5”.
High — Crack widths > 0.5”; or with spalling > 3”; or faulting > 0.5”.

How to Measure - Record the number of corner cracks at each severity level
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CORNER BREAK

A corner break is the separation of a corner portion of concrete from the rest of the PCC slab. Corner breaks
occur when a corner crack is intersected by a transverse crack or when a diagonal crack extends across the
corner of a slab. Corner break severity is based on spalling, faulting, or number of broken pieces, not crack
width. The amount of corner breaks will be measured by counting the number of breaks that occur in each
segment.

Identification - A crack which separates the slab and intersects the adjacent transverse and
longitudinal joints, describing an approximate 45 degree angle with the direction of traffic. Not
included are cracks that are within one foot of the edge and less than 1 foot long.

Severity Levels

Low — Crack is not spalled or is spalled for <10 % of the length of the crack; no measurable faulting;
and corner piece is not broken into two or more pieces.

Moderate — Crack is spalled at low severity (< 3”) for >10% of its total length; or faulting of crack
or joint is < 0.5”; and the corner piece is not broken.

High — Crack is spalled at moderate (> 3” and < 6”) to high severity > 6” for >10 % of its total
length; or faulting is > 0.5”; or the corner piece is broken into two or more pieces.

How to Measure - Record the number of corner breaks at each severity level.

LONGITUDINAL CRACKS

Longitudinal cracks are cracks that are predominantly parallel to the pavement centerline. Only longitudinal
cracks that are not classified as corner cracks should be recorded as this form of distress (see description of
corner cracks). Longitudinal cracks do not start at the joint, or if they start at the joint they are in the center of
the lane between wheel paths. The crack severity is based on width, spalling, and faulting.

Identification - Cracks that are predominately parallel to the pavement centerline. Only cracks that
are not corner cracks (intersecting transverse joints) should be recorded

Severity Levels

Low — Crack widths < 0.125”, no spalling, and no measurable faulting; or well sealed and with a
width that cannot be determined.

Moderate — Crack widths > 0.125” and < 0.5”; or with spalling < 3”; or faulting up to 0.5”.
High — Crack widths > 0.5”; or with spalling > 3”; or faulting > 0.5”.

How to Measure - Record the linear feet in each severity level
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TRANSVERSE CRACK

Transverse cracks are cracks that are predominantly perpendicular to the pavement centerline. These cracks
extend all or part way across the travel lane. Transverse crack severity is based on crack width, spalling and
faulting. The amount of transverse cracking will be measured by counting the actual number of cracks that
occur in the travel lane being rated.

Identification - Cracks that are perpendicular to the pavement centerline.
Severity Levels

Low — Crack width < 0.125 inches, and no spalling, and no measurable faulting; or well-sealed and
width cannot be determined.

Moderate — Crack widths > 0.125 inches and < 0.25 inches; or with spalling < 3 inches; or faulting
up to 0.25 inches.
High — Crack widths > 0.25 inches; or with spalling > 3 inches; or faulting > 0.25 inches.

How to Measure - Record the number of cracks at each severity. Rate the entire transverse crack at
the highest severity level present for at least 10% of the total length of the crack. Cracks should
extend at least half way across the travel lane before being counted.

SHATTERED SLAB

A shattered slab is a concrete slab that is broken into three or more pieces. Slabs that are divided solely by
transverse cracks are not included. Corner breaks are also not included. The severity of a shattered slab is
determined by the number of pieces the slab is broken into combined with the severity of spalling and
faulting exhibited. The quantity of shattered slabs will be measured by counting the number that occurs in
each 0.1-mile segment.

Identification - A concrete slab that is broken into three or more pieces. Do not include corner breaks
when counting broken slab sections. Also do not include slab sections that are divided by one or
more transverse cracks.

Severity Levels

Low — Slab is broken into 3 pieces. The cracks describing the broken sections are not spalled or are

spalled for <10 % of the length of the crack; no measurable faulting.

Moderate — Slab is broken into 4 pieces; or the cracks describing the broken sections are spalled at

low severity (< 3”) for >10% of its total length; or faulting is < 0.5”.

High — Slab is broken into 5 or more pieces; or the cracks describing the broken sections are spalled
>3” for >10 % of its total length; or faulting is > 0.5”.

How to Measure - Record the number of shattered slabs at each severity level.
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PATCH CONDITION

A patch is an area where the original pavement has been removed and replaced, or additional material applied
to the pavement after original construction. If patch material is non-concrete, the patch will be rated as high
severity. The patch severity is based on distresses present in the patch or faulting. The amount of patching
will be measured by estimating the square feet of the outside lane that is patched.

Identification - A portion or all of the original concrete slab that has been removed and replaced, or
additional material applied to the pavement after original construction.

Severity Levels

Low — Patch has at most low severity distress of any type; and no measurable faulting or settlement;
pumping is not evident.

Moderate — Patch has moderate severity distress of any type; or faulting or settlement to 0.25 inches;
pumping is not evident.

High — Patch has a high severity distress of any type; or faulting or settlement > 0.25 inches;
pumping may be evident. Also includes patches that are not made with concrete materials.

How to Measure - Record the square feet at each severity level.

JOINT CONDITION
Rating is based on a combination of the joint and joint seal condition. The condition of the transverse, lane,
and shoulder joints will be rated separately based on the average condition of the joints in each segment, as

follows:
Severity Level

Low - Joint is in good condition and seal is in good condition.

Mod - Joint is slightly spalled with seal in good condition or joint is in good condition with seal in
poor condition.

High - Joint is badly spalled or joint is slightly spalled with seal in poor condition.
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SECTION 3
CONTINUOUSLY REINFORCED CONCRETE PAVEMENTS (CRCP)

The evaluation of continuously reinforced concrete pavements will be completed by rating the distress in the
pavement according to the SHRP descriptions and severity levels as summarized below.

DISTRESS TYPES

Rutting (See AC Pavement Section)
Longitudinal Cracking

Transverse Cracking

Punchouts

Potholes and Patches

Joint Condition

LONGITUDINAL CRACK
Longitudinal cracks are cracks that are predominantly parallel to the pavement centerline. The crack severity
is based on width, spalling, and faulting, and is adjusted for load related cracking.

Identification - Cracks that are predominately parallel to the pavement centerline. For CRCP, the
severity level is "bumped" up to the next level if the crack is load related, in accordance with the
definition below.

Non-Load Related - Majority of crack out of wheeltrack; Within 1' of the lane or shoulder
joint, or Within 1' of the middle of the lane; Note - Crack may meander into wheeltrack but
generally stays out of the wheeltrack

Load Related - Majority of crack in the wheeltrack (area excluded in above definition);
Shape is typically linear and parallel to lane, although may be diagonal or crescent shaped.
All load related cracks are rated as either moderate or high severity

Severity Levels

Low — Non-load related cracks with a width < 0.125”, no spalling, and no measurable faulting; or
well sealed and with a width that cannot be determined. Low load-related cracks are bumped to
moderate.

Moderate — Crack widths > 0.125” and < 0.5”; or with spalling < 3”; or faulting up to 0.5”. Also
includes low severity load related cracks. Moderate load-related cracks are bumped to high.
High — Crack widths > 0.5”; or with spalling > 3”; or faulting > 0.5”. Also includes moderate
severity load related cracks.

How to Measure - Record the linear feet in each severity level.
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TRANSVERSE CRACK

Transverse cracking of continuously reinforced concrete pavement is normal and is not considered a form of
distress. However, if the cracks open up, major deterioration may result. Transverse crack severity is rated
based on the average crack condition in the 0.1-mile segment Also, at each milepoint marker, the average
crack spacing is determined in a 100-foot section by dividing 100 by the number of cracks counted in the
section.

Identification - Cracks that are perpendicular to the pavement centerline.
Severity Levels

Low — Cracks that are not spalled or are spalled < 10% of the crack length.
Moderate — Cracks that are spalled along > 10% and < 50% of the crack length.
High — Cracks that are spalled along > 50% of the crack length.

PUNCHOUT

A punchout is the separation of a block of concrete from the rest of the CRCP formed by two closely spaced
transverse cracks, a short longitudinal crack, and the edge of the pavement or longitudinal joint. As the
cracks deteriorate, the steel ruptures and the block of concrete punches downward into the base and subbase.
Punchouts will be rated as low, moderate, or high based on spalling or faulting. The quantity of punchouts
will be measured by counting the number that occurs in each segment. If a punchout has been patched with
asphalt, it should be rated as a high-severity punchout and not a patch, as the patch is only a temporary repair.

Identification - A localized separation of a block of concrete from the rest of the PCC slab. Also
includes "Y" cracks that exhibit spalling, breakup, and faulting. Longitudinal crack defining the
block may be any length. Adjacent transverse cracks may be more than 2' apart. Branch portion of
"Y" crack must be less than 1/2 lane.

Severity Levels

Low — Longitudinal or transverse crack are spalling < 3 or faulting < 0.25”. At least two cracks
defining the block must be spalled. Does not include "Y" cracks.

Moderate — Spalling > 3” and < 6” or faulting > 0.25 inches. Includes "Y" cracks that exhibit
spalling, breakup and faulting in the branch portion of the "Y" along >10% (1' minimum) and <50%
of crack length.

High — Spalling > 6” or concrete within the punchout is punched down by > 0.5” or is loose and
moves under traffic. Includes "Y" cracks that exhibit high severity spalling, breakup and faulting in
the branches of the "Y" along >50% of the crack length.
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PATCH CONDITION

A patch is an area where the original pavement has been removed and replaced with non-asphalt type of
material. An asphalt patch should be rated as a high-severity punchout instead of a patch. The patch severity
is based on distress in the patch, faulting or pumping. The amount of patching will be measured by
estimating the square feet of the outside lane that is patched.

Identification - A portion or all of the original concrete slab that has been removed and replaced with
a permanent (concrete) type of material. An asphalt patch should be rated as a high-severity
punchout instead of a patch.

Severity Levels

Low — Patch has at most low severity distress of any type; and no measurable faulting or settlement
at the perimeter of the patch.

Moderate — Patch has moderate severity distress of any type; or faulting or settlement < 0.25 inches
at the perimeter of the patch.

High — Patch has a high severity distress of any type; or faulting or settlement > 0.25 inches at the
perimeter of the patch.

JOINT CONDITION

Rating is based on a combination of the joint and joint seal condition. The condition of the transverse, lane,
and shoulder joints will be rated separately based on the average condition of the joints in each segment, as
follows:

Severity Level

Low - Joint is in good condition and seal is in good condition.

Mod - Joint is slightly spalled with seal in good condition or joint is in good condition with seal in
poor condition.

High - Joint is badly spalled or joint is slightly spalled with seal in poor condition.
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APPENDIX H

Sample Distress Rating Form

This ODOT Pavement Design distress rating form is provided as an example only. The
intent is to show the type of information that should be included on the form.
Consultants may copy the ODOT logs or develop their own form.
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Given:State Highway with Asphalt Concrete Pavement

APPENDIX 1

Example ESAL Calculation

Construction Year = 2004
20-year Structural Design Life

Traffic Data as provided by the ODOT Traffic Planning and Analysis Unit
(contact phone number 503-986-4251):

2000 Two-way ADT = 13,400

20-year Expansion Factor = 1.44

2020 Two-way ADT = 19,300

Note — 20-year Expansion Factor = (2020 ADT)/(2000 ADT)

Truck Count From ODOT Traffic Planning and Analysis Unit

2 axle

3 axle | 4 axle +

4axle- | 5axle S

6 axle S | 5 axle D

6 axle D

7 axle

+ Total

%Trucks

350

200 4

80 140

55

5

5

20

859

6.4

Required: Determine 20-year Design ESAL’s for input into AASHTO Pavement Design

Procedure.

Solution: 1) Determine Annual Growth Rate from the 20-year Expansion Factor:

N A P

Where: R = Annual Growth (%)
E = Expansion Factor
n = Number of Years

()
R = [1.44 - 1]* 100 =1.84

Annual Growth = 1.84%

2) Perform Initial ESAL Calculation for the year 2000:

*Note — ODOT performs ESAL calculations based on number of axles. All two-axle trucks are
combined; all three-axle trucks are combined etc. Trucks with six or more axles are combined into
the six-axle group.

Number of | Truck Conversion Factor _ Year 2000

Axles Count (Table 2) - ESAL’s

2 350 X 50 = 17,500

3 200 x 110 22,000

4 84 X 160 13,440

S 145 X 325 47,125

6+ 80 X 325 = 26,000
Total = 859 Total = 126,065
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3) Expand Initial ESAL Calculation to Year of Construction:
(2004 in this example)

Year 2000 ESAL’s = 126,065
Annual Growth Rate = 1.84%

L GT)]

Where: R = Annual Growth (%)
E., = Expansion Factor to year n
n = Number of Years

.84
4 [ ((1100) j }
2004 ESAL’s = (2000 ESAL’s) * (4-yr Expansion Factor)

2004 ESAL’s = (126,065) * (1.076) = 135,646

4) Forecast ESAL’s to end of Design Life:
(20 years in this example)
Example Calculation

Year ESAL's Summation
2004 135,646 135,646 R
2005 138,142 273,788 o — ) [ o~ ]
200 taoaa P 2005ESAL's = 2004ESALs | 1+ (100)
2007 143,272 557,744
2008 145,908 703,652
2009 148,593 852,246 e .8 _
2010 151,327 1,003.573 2005ESAL's =135,646 Illﬁ-((lwg)m—l?a&MZ

2011 154,112 1,157,685
2012 156,947 1,314,632
2013 159,835 1,474,467

2014 162,776 1,637,243 20-year design ESAL’s are calculated by summing the
2015 165.771 1.803.015 annual ESAL’s as shown in the table to the left and
2016 16 8’ 821 1 '971 ’ 836 subtracting the initial annual ESAL value (value for

2017 171,928 2,143,764 construction year).

2018 175,091 2,318,855 For this example the 20-year design ESAL’s are

2019 178,313 2,497,168 3.439.171 — 135,646 = 3.303,525
2020 181,594 2,678,762

2021 184,935 2,863,697
2022 188,338 3,052,035
2023 191,803 3,243,839
2024 195,333 3,439,171
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APPENDIX J

Mix Type and PG Binder Recommendation

The following tables provide the recommended combinations of mix design Level, type of
mix (aggregate size designation), and performance graded (PG) binder selection.

In addition, information is provided for consideration. When considering the option(s)
provided, the Designer should determine the most cost-effective selection considering
such elements as:

Quantities (tons) of resulting mixes

Number of mix types (levels and aggregate sizes) for the project

Types and quantities (tons) of PG binder for the project

Availability of mix and constituents

The table provides for possible situations for consideration of PG 76-xx binder. Project
experience with PG 76 grades in Oregon is limited. Contact the ODOT Pavement
Materials Engineer before selecting a PG 76-xx grade.

As an example, a project in the coastal area requires 2,000 tons of HMAC dense graded
mixture. The 20-year ESALs is 4 million. The location is designated as Urban. The
design thickness is 8 inches.

Option 1: Use full depth Level 3, %2” dense, PG 70-22.

Option 2: Use Level 3, 2” dense, PG 70-22 for the top 4 inches, and Level 3,

v5” or 3%4” dense, PG 64-22 for the lower 4 inches.

Recommendation: Option 1, since Option 2 will require two lots, and each lot

will be only 1,000 tons. The effect of 2 small quantity lots would offset any

cost savings from changing the aggregate size or reducing the binder grading

based on factors such as: 2 mix designs, if using %” dense then need a course

size stockpile, QC testing would provide 1 test per lot rather than 2 tests for a

single lot of Option 1, etc.

Definitions:

Urban Highway: A highway with slow moving traffic (less than 40 mph) or with traffic
lights or other stops.

Rural Highway: A highway outside of towns where traffic speeds normally exceed 40
mph and there are no traffic lights or other stops.
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Table J-1 — Western & Coastal Oregon below 2500 feet Elevation

(Willamette Valley and south to Cottage Grove, Columbia River Gorge east to Hood River, & Coast Range

(Preferred if cost-effective)

to Ocean)
Traffic Dense Graded HMAC 20 year ESALs
Designation < 1 million 1 - 3 million >3-10 million > 10 million
Level 4, ¥%2” Dense
PG 70-22
Rural Level 2, %2” Dense Level 3, %2” Dense Level 3, %2” Dense
PG 64-22 PG 64-22 PG 64-22 Consider:
below 4” depth
Level 3
¥” or %” Dense
PG 64-22
(Preferred if cost-effective)
Level 3, ¥%2” Dense Level 4, ¥%2” Dense
PG 70-22 PG 70-22
Urban Level 2, %” Dense Level 3, ¥%2” Dense
PG 70-22 PG 70-22 Consider: Consider:
below 4” depth below 4” depth
Level 3 Level 3
v” or %” Dense ¥” or %” Dense
PG 64-22 PG 64-22

(Preferred if cost-effective)
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Table J-2 — Southern Oregon below 2500 feet Elevation
(Cottage Grove south including Douglas, Josephine & Jackson Counties between Coast Range and
Cascades Foothills)
Traffic Dense Graded HMAC 20 year ESALs
Designation < 1 million 1 - 3 million >3-10 million > 10 million
Level 2, ¥2” Dense Level 3, %2” Dense Level 3, %2” Dense Level 4, ¥2” Dense
PG 70-22
Wearing Course: Wearing Course: Wearing Course:
Rural PG 70-22 PG 70-22 PG 70-22 Consider:
Base Course: Base Course: Base Course: below 4” depth
PG 70-22 PG 70-22 PG 70-22 Level 3
or PG 64-22 or PG 64-22 or PG 64-22 " or %” dense
(if cost-effective) (if cost-effective) (if cost-effective) PG 64-22
(Preferred if cost-effective)
Urban Level 2, ¥%2” Dense Level 3, ¥%2” Dense Level 3, %2” Dense Level 4, ¥2” Dense
PG 70-22 PG 70-22 PG 70-22 PG 70-22
CONSIDER for CONSIDER for I-5
Stop & Go Traffic: Urban Designation:
Urban
ces Level 3, %2” Dense Top 47:
(Critical) Level 4, ¥%2” Dense
Wearing Course: PG 76-22
PG 76-22
Base Course shall be: Depth > 4” shall be:
PG 70-22 Level 3
2" or %” Dense
PG 70-22
Page 128 ODOT Pavement Design Guide

December 2007




Table J-3 — Central & Eastern Oregon and Western/Southern Oregon above 2500 feet Elevation (Cascade
& Siskiyou Mountains)
Traffic Dense Graded HMAC 20 year ESALs
Designation < 1 million 1 - 3 million >3-10 million > 10 million
Level 4, ¥2” Dense
Level 3, %2” Dense PG 70-28
Level 2, ¥2” Dense Level 3, ¥2” Dense
Rural PG 64-28 PG 64-28 Wearing Course: Consider:
PG 70-28 below 4” depth
Base Course: Level 3
PG 70-28 or PG 64-28 %" or %” Dense
(if cost-effective) PG 64-28
(Preferred if cost-effective)
Level 3, %2” Dense Level 3, %2” Dense Level 4, ¥2” Dense
PG 70-28
Level 2, %2” Dense Wearing Course: Wearing Course:
Urban PG 64-28 PG 70-28 PG 70-28 Consider:
Base Course: Base Course: below 4” depth
PG 70-28 PG 70-28 Level 3
or PG 64-28 or PG 64-28 2" or %” Dense
(if cost-effective) (if cost-effective) PG 64-28
(Preferred if cost-effective)
CONSIDER for CONSIDER for 1-84
Ontario/Vale/Nyssa Urban Designation:
Stop & Go Traffic:
Urban , Top f”’
(Critical) Level 3, %” Dense Level 4, ¥%2” Dense
PG 76-28
Wearing Course: Depth > 4” shall be:
PG 76-28 Level 3
Base Course shall be: 2" or %” Dense
PG 70-28 PG 70-28
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Table J-4 — Open Graded HMAC
Wearing Course Only
¥2” or ¥.” Mix Type
(all Classifications/Designations)

Western Oregon to 2500 feet
Mix Level Elevation & Columbia River Central & Eastern Oregon
Gorge to Hood River
Level 2 PG 70-22 PG 70-28
Level 3 PG 70-22ER PG 70-28ER
Level 4 PG 70-22ER PG 70-28ER

Small Quantities of Open-Graded Mix

If Level 2 or 3 project has less than 2000 tons of open-graded mix and the only other asphalt grade needed on the
project is a PG 64-22 (or PG 64-28 in Central & Eastern Oregon) you may select PG 64-22 (PG 64-28 in Central &
Eastern Oregon) for the open-graded mix instead of PG 70-22 (PG 70-28). This reduces the need for small quantities of
two different grades of asphalt.
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APPENDIX K

Executive Summary

This Executive Summary is provided as an example only. The intent is to show the type
of information and general format that should be included in the executive summary.
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EXECUTIVE SUMMARY

ORS55: North Street — South Jct.
No Name Hwy #000

M.P. 29.74 - 31.81

ABC County

Key No. 99999

EA No. PExxxxxx/000

PROJECT SCOPE

The scope of the project includes rehabilitating the existing pavement and replacing
outdated guard rail ends. The project is located near the town of Rural. The project
limits begin at milepoint 29.74 and run south to the South Junction at milepoint 31.81.
The project also includes the southbound ramp that merges with the Open Highway.

DESIGN PROCEDURE AND DESIGN LIFE

Rehabilitation work was analyzed using average deflections obtained by FWD, along with
the AASHTO 1993 design guide for AC overlay. Average AC thickness was estimated
based on core samples, and aggregate base depths were estimated based on as-built
drawings. In-place subgrade resilient moduli were estimated from back-calculation of
FWD data, and supplemented with DCP data correlated to Mr. A 15 year design life was
used for rehabilitation work.

New work was analyzed using back-calculated subgrade resilient moduli obtained by
FWD, along with the AASHTO 1993 design guide. The back-calculated Mr were
supplemented with DCP data correlated to Mr. A 20 year design life was used for new
work.

EXISTING PAVEMENT REHABILITATION

MP 29.74-31.81, Including Ramp to Hwy. 7
2.0” Level 3, 72” Dense HMAC Wearing Course (Travel Lanes + 2’ Onto Shoulders)
2.0” Cold Plane Pavement Removal (Travel Lanes + 2’ Onto Shoulders)

Railroad Approaches (for 200’ on Each Side of Tracks)
e 2.0” Level 3, ¥»” Dense HMAC Wearing Course (Travel Lanes + 2’ Onto Shoulders)
o 2.0” Level 3, ¥»” Dense HMAC Base Course (Travel Lanes + 2’ Onto Shoulders)
e 4.0” Cold Plane Pavement Removal (Travel Lanes + 2’ Onto Shoulders)

14” Surfacing Stabilization

o 2.0” Level 3, ¥»” Dense HMAC Wearing Course
e 6.0” Level 3, 2" Dense HMAC Base Course (2 Equal Lifts)
e 6.0” Dense Graded Aggregate Base
e Subgrade Geotextile
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Railroad Approaches Only: Do not allow traffic on the cold-planed surfaces at the
railroad approaches. Traffic may, however, be allowed on the base course for up to (3)
weeks.

MP 29.74-31.81, Including Ramp to Hwy. 7: Traffic may be allowed on the cold-
planed surfaces for up to (3) weeks.

Although no serious structural deficiencies in the existing pavement have been noted at
the present time, provisions should still be made for a small quantity of surfacing
stabilization (~150 yd? in case conditions change before construction begins.

NEW CONSTRUCTION

New Work Section
2.0” Level 3, 2” Dense HMAC Wearing Course
6.0” Level 3, 2” Dense HMAC Base Course (2 Equal Lifts)
6.0” Dense Graded Aggregate Base
Subgrade Geotextile

Subgrade Stabilization
Provisions should be made under this contract for a quantity of Subgrade Stabilization
equivalent to 50% of the total area of new construction at a depth of 18”.

Subgrade Stabilization may be omitted if, upon excavation, subgrade is found to be dry
and stable.

Traffic should not be allowed on the new pavement before all lifts of HMAC Base Course
have been paved. Traffic should not be allowed on the HMAC Base Course for more than
14 days.

MATERIALS AND SPECIFICATIONS

MATERIALS/Activity SPECIFICATION (based on 2002 edition)

Accomodations for Public Include SP 00220.02 with the following:

Traffic Do not allow traffic to drive on cold planed surfaces.

18”Subgrade Stabilization Special Provision 00331, aggregate subbase for backfill

14” Surfacing Stabilization Special Provision 00332

Subgrade Geotextile Special Provision 00350, Level B Certification

Cold Plane Pavement Removal Special Provision 00620, Do not allow traffic to drive on
cold planed surfaces

Aggregate Base Special Provision 00641 (17— 0 or %” - Q)

Level 3, ¥»” Dense HMAC Special Provision 00745. Lime or Latex Polymer
Treatment is Required.

Asphalt Binder Use PG 70-28 Asphalt in Level 3, 2” Dense HMAC

Material Transfer Vehicle Include SP 00745.48(b)

Pavement Smoothness Do not require SP 00745.70 and related subsections

[Vicinity Map not shown]|
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APPENDIX L

Glossary of Terms

For terms not included in this glossary, refer to Section 00110.20 Definitions, of
the 2002 Oregon Supplemental Specifications.

Average Daily Traffic (ADT)
Number of vehicles traveling on a roadway during an average day. ADT is
determined by either an automatic or manual count. ADT may include traffic in
one direction (one-way ADT) or traffic in both directions (two-way ADT).

Back-Calculation
A method of determining the pavement layer moduli from measured surface
deflections and known layer thicknesses. This procedure is typically used with
deflection data to estimate the subgrade resilient modulus.

Designer
The ODOT technical staff responsible for pavement design, or the professional
consultant under contract with ODOT to provide pavement design services.

Emulsified Asphalt Concrete (EAC)
A mixture of emulsified asphalt and graded aggregate. Sometimes referred to as
“Cold mix”.

Equivalent Single-Axle Load (ESAL)
A unit of measure for evaluating traffic for the development of a pavement design.
More information can be found in the AASHTO Guide for Design of Pavement
Structures.

Falling Weight Deflectometer (FWD)
A device used to measure deflections due to impact loading on a pavement
surface. Deflections can be used to estimate the resilient modulus of the
subgrade soil and overlying layers of the pavement structure.

International Roughness Index (IRI)
A statistic used to determine the amount of roughness in a measured longitudinal
profile. The IRI is computed from a single longitudinal profile using a quarter-car
simulator.

Life Cycle Cost Analysis (LCCA)
An economic analysis technique to evaluate the overall long-term economic worth
of a project segment by analyzing initial costs and discounted future costs, such
as maintenance, user, reconstruction, rehabilitation, restoring and resurfacing
costs, over the life of the project segment. Life cycle cost analyses are used to
compare pavement design strategies and to assist in determining the appropriate
design alternative.
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Monte Carlo Simulation
Computer simulation technique to incorporate uncertainty into the analysis.
Monte Carlo Simulations randomly draw samples from probability distributions of
the input variables to calculate thousands of “what-if” outcomes. With enough
samples, a probability distribution of the outcome can be determined.

New Work
New work includes widening of existing roads and construction of new
alignments. The reconstruction of existing roads on current alignments is
considered to be pavement rehabilitation.

Rehabilitation
Work performed on an existing pavement structure for the purpose of extending
the service life of the pavement, up to and including total reconstruction of the
pavement structure.

Resilient Modulus
A measure of the modulus of elasticity of a pavement layer. Generally refers to
the subgrade soil but is also used for other pavement layers.

Spalling
Loss of material on PCC pavements due to chipping or scaling of the concrete.
Spalling occurs often at construction joints or cracks.

Stripping
The loss of bond between the asphalt and aggregate in the presence of water. A
typical mechanism for stripping is due to pore pressure created under heavy
loads.

Wearing Course
The top lift of HMAC, regardless of thickness (specification 00745.02)
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APPENDIX M

Deliverables Checklist
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Deliverables Checklist
(If item is “Not Applicable” notate with “N/A” next to box)

Executive Summary

Description of project scope.

Design Procedure and Design Life.
Recommended pavement design(s).
Recommended Materials and Specifications.

Any required modifications to specifications.

DooooooP
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Vicinity map.

Supporting Documentation

1. Summary of historical “as-built” construction information.

Design Inputs and justification (design traffic, soil modulus, reliability, etc).
Design calculations, including: traffic, layer thickness, total structure, etc.

Design options and basis for recommendation.
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Pavement Design Life Exception — description and justification. Must include a
Life Cycle Cost Analysis.

|
o

. Life Cycle Cost Analysis, including inputs, supporting documentation, and
results.
For projects which include pavement rehabilitation or
Construction of new pavement on an existing alignment:

7. Proof of FWD Calibration.

8. Hard copy of normalized deflection data.
9. Plot of deflections by milepoint or station.
10. Copies of all core logs.

11. Copies of all exploration logs.

O oOoo0ooaoaon

12. Summary of rut depth measurements per location, each wheel track,
maximum spacing of % mile, average rut depth and standard deviation.

13. Summary of all test results conducted on material samples.
14. Color copies of photos for each core, with identifying label.

15. Documentation of visual evaluation of existing pavement.

O 0Oo0ond

16. Color copies of photos of existing pavement, taken in both directions,
maximum spacing of % mile, with labeling.

O C. Electronic Data (Provided on CD)

O 1. Raw deflection data
O 2. Digital photos
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