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CHAPTER 11
PAVEMENTS

11.1 GENERAL

This chapter identifies the pavement related policies, standards, guidance, and references
approved for use in developing designs for roads and bridges in the Federal Lands Highway
Programs. Refer to Section 1.1.1 for definitions of policy, standards, criteria and guidance. The
intent of this chapter is to present the above information in a concise and clear manner. The
chapter is not a step-by-step instructional “how-to” guide. However, where appropriate,
procedures, instructional aids, AASHTO guidelines, publications, and manuals are referenced.
Users of this chapter are expected to be knowledgeable in the pavement discipline and familiar
with most references and concepts included. Federal Lands Highway (FLH) projects are
typically developed by an interdisciplinary team (IDT) led by a project manager. This
interdisciplinary team may also be referred to as a cross-functional team (CFT). It is critical that
the pavement discipline representative on the IDT is fully engaged in project planning, scoping,
PS&E reviews, and other project development activities. Additionally, the pavement discipline
representative on the IDT should plan work and develop recommendations in close coordination
with the IDT.

Compliance with all policies and standards in this chapter is essential to ensure consistency in
project development for all Federal Lands Highway projects. Although policy cannot be
compromised, flexibility of standards is sometimes necessary to meet project-specific

As changes in policies, standards, or criteria occur, updates to this chapter will be made as
described in Section 1.1.2

The information presented in this chapter is the standard practice for pavement engineering that
will be applied to all projects developed and delivered for the Federal Lands Highway Programs.

Referto | - - ] Division Supplements for more information.

11.1.1 REFERENCES

The publications listed in this section provided much of the fundamental source information
used in the development of this chapter. While this list is not all-inclusive, the publications listed
will provide the designer with additional information to supplement this manual.

1. FP-XX Standard Specifications for Construction of Roads and Bridges
on Federal Highway Projects, FHWA, current ed.

2. Field Materials FLH Field Materials Manual, Publication No. FHWA-FL-91-002.
Manual
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3. Standard Drawings Federal Lands Highway Standard Drawings, current edition.

4, NRC-HMA Hot Mix Asphalt Paving Handbook, National Asphalt Pavement

Handbook Association, 2000. Available for purchase at the NAPA online
store.

5. NHI 131033 Construction of Portland Cement Concrete Pavements
Participants Manual, National Highway Institute Course No.
131033, FHWA HI-96-027, 1996.

6. AGDPS Guide for Design of Pavement Structures and 1998 Supplement,
AASHTO, 1993. Available for purchase at the AASHTO online
bookstore.

7. AGDPS Supplement Supplement to the AASHTO Guide for Design of Pavement
Structures, Part Il, Rigid Pavement Design and Rigid Pavement
Joint Design, AASHTO, 1998.

8. NCHRP 1-37A Mechanistic-Empirical Design of New & Rehabilitated Pavement
Structures, Design Guide NCHRP 1-37A, TRB, 2004.

9. 23CFR626 Code of Federal Regulations, Title 23, Part 626, Pavement Policy

10. FAPG 23 CFR 626 Federal Aid Policy Guide (FAPG) for section 23 CFR 626, Non-
regulatory supplement, 1999.
11. AASHTO GTDP Guidelines for Traffic Data Programs, AASHTO, 1992.
12. FLH FWD Backcalculation and Data Collection Guide, February 2007.
13.  DARWIn DARWin, Pavement Design and Analysis software,
AASHTOWare
14.  Special Report Revised Procedures for Pavement Design Under Seasonal Frost
83-27 Conditions, US Army Corps of Engineers, September 1983
15. LTPPBind LTPPBind, asphalt binder selection software, FHWA
16. FHWA-NHI-131026 Pavement Subsurface Drainage Design, NHI Training Course,
1999.
17. DRIP 2.0 DRIP 2.0 — Drainage Requirements in Pavements Software and
Users Manual, FHWA, 2002.
18. FHWA-CFL/TD-05- FLH Context Sensitive Roadway Surfacing Selection Guide,
004 2005
19. FHWA-RD-75-48 A Review of Engineering Experiences with Expansive Soils in

Highway Subgrades, Report No. FHWA-RD-75-48, June 1975.
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http://www.fhwa.dot.gov/legsregs/directives/fapg/cfr06261.htm
http://wwwcf.fhwa.dot.gov/exit.cfm?link=http://darwin.aashtoware.org/overview.htm
http://www.fhwa.dot.gov/pavement/ltpp/bind/dwnload.cfm
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20. FHWA-RD-77-94 An Evaluation of Expedient Methodology for Identification of
Potentially Expansive Soils, Report No. FHWA-RD-77-94, 1977.

21. FAA-RD-76-66 Design and Construction of Airport Pavements on Expansive
Soils, Federal Aviation Administration Report, January 1976,

22. EM 1110-3-138 Pavement Criteria for Seasonal Frost Conditions - Mobilization
Construction, Army Corps of Engineers Engineering and Design
Manual EM 1110-3-138, April 1984.

23. FHWA-RD-97-083 Design Pamphlet for the Determination of Design Subgrade in
Support of the 1993 AASHTO Guide for the Design of Pavement
Structures, Report No. FHWA-RD-97-083, 1997

24. ACPA American Concrete Pavement Association

25.  ACPA - TB200P Concrete Engineering of Streets and Local Roads Reference
Manual, (ACPA), 2002 or latest update.

26. FHWA-NHI-131060 Concrete Pavement Design Details and Construction Practices,
NHI Training Course, 2001.

27. FHWA-NHI-131008 Techniques for Pavement Rehabilitation, Reference Manual, NHI
Training Course, 1998.

28. BARM Basic Asphalt Recycling Manual (BARM), Copyright 2001,
Asphalt Recycling and Reclaiming Association (ARRA).

29. Gravel Roads Gravel Roads Maintenance and Design Manual, South Dakota

(LTAP) LTAP and FHWA, 2000.
30. Forest Service 9977 Dust Palliative Selection and Application Guide, USDA — Forest
1207 SDTDC Service, San Dimas Technology and Development Center, 1999.

31.  AASHTO TF-28 Guidelines and Guide Specifications for Using Pozzolanic
Stabilized Mixture (Base Course or Subbase) and Fly Ash for In-
Place Subgrade Soil Modifications, Task Force 28 Report,
AASHTO-AGC-ARTBA Joint Committee, 1990.

32. AASHTO TF-38 Report on Cold Recycling of Asphalt Pavements, Task Force 38
Report, AASHTO-AGC-ARTBA Joint Committee, 1998.

33. T 5040.30 FHWA Technical Advisory T 5040 .30, Concrete Pavement
Joints, November 30, 1990.

34. AASHTO GVWD Guide for Vehicle Weights and Dimensions, AASHTO

Subcommittee on Highway Transport, 2001.
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35. AASHTOR 13 Conducting Geotechnical Subsurface Investigations, ASTM
designation is D 420, (a more limited treatment of methodology
as compared to AASHTO MSI-1 as discussed in Section 6.3).

36. ACAA American Coal Ash Association
37. ACAAFly Ash Soil and Pavement Base Stabilization with Self-Cementing Coal
Publication Fly Ash, American Coal Ash Association (ACAA), 1999.
38. FHWA-IF-03-019 Fly Ash Facts for Highway Engineers, Report No. FHWA-IF-03-
019, 2003
39. PCA Portland Cement Association, Soil-Cement and Roller-

Compacted Concrete Pavements.

11.1.2 PAVEMENT PHILOSOPHY — CRADLE TO GRAVE

In order for a pavement to perform for its intended service life, it must be designed properly,
constructed properly, and finally maintained properly. This chapter focuses primarily on the
process necessary to provide a quality pavement design. The requirements to achieve quality

PCCP, and pavement transition details.

The standard design process used by FLH is the 1993 AASHTO Guide for Design of Pavement

pavement design. The AGDPS design process is an empirical design process that uses index-
type values for inputs, and a design equation that is based upon observed performance.
Empirical design processes are often calibrated for only a small set of varying conditions. The
equation for the AGDPS was based upon field observations from the AASHO Road Test
completed in the late 1950’s. The conditions at this road test included one subgrade soil type
(an A-6 silty clay), one climate condition, 80 kN [18-kip] equivalent single axle loads (ESAL) of
about 1,200,000, and a flexible pavement structural section consisting of an asphalt concrete
surface, crushed limestone base, and a gravel subbase. Rigid pavements were also evaluated
in a similar manner at this same site. Environmental effects such as thermal cracking or frost
heave were not addressed. Project conditions for FLH projects often vary from the conditions
described above. It is important for the pavement engineer to understand the basis and
background of the AGDPS.

Currently, new pavement design procedures that are more mechanistic-based are being
developed and validated (such as NCHRP 1-37A). As these procedures mature and are

standardized, it is anticipated that they will be adopted by FLH as a new standard. Pavement
engineers are encouraged to become familiar with the new procedures, test methods, and
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inputs of mechanistic-empirical pavement design. Refer to Section 11.9 for additional
information

An excellent source for state-of-the-art guidance, information, and publications is the FHWA
Pavements website. Research information, workshop availability, and information about
upcoming events and meetings are included on this website.

11.1.3 DESIGN EXCEPTIONS AND VARIANCES

will require justification, approval and documentation as a formal technical standard exception
(See Section 9.1.3, for a description of the design and technical standard exception process).
Significant deviations from other standards, criteria, and guidance cited within this chapter will
be justified and documented in the project file.

Referto | - - ] Division Supplements for more information.

11.1.4 QUALITY CONTROL AND QUALITY ASSURANCE

Quality control and quality assurance procedures (QC/QA) will be incorporated and executed in
all pavement investigations, analysis, and designs. Those responsible for pavement activities
will follow their Division policy and provide signed documentation as evidence of conforming to
the procedures throughout the duration of the pavement activities.

11.1.5 DOCUMENTATION AND DELIVERABLES

The type and nature of documentation and deliverables required will vary depending upon the
project. It is the policy of FLH that the pavement activities for a project be properly
documented in a project file and eventually archived. It is important that this project
documentation is accurate, comprehensive, and presented in a user-friendly format. Typical
project documentation will include formal reports and memos, but informal correspondence such
as emails and meeting notes may also be included.

Typical projects will include the pavement discipline deliverables described in the following
sections. In addition to the timely delivery of these reports, memos, and documents, it is critical
that the pavement engineer is engaged in PS&E reviews and field reviews.

General 11-5
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11.1.5.1 Pavements Project Start-Up Information

Include as much of the following information as possible:

As-built plans including date of original construction

Existing or archived pavement and/or geotechnical reports and other historical
documentation

Maintenance and rehabilitation history of the road

Preliminary field investigation needs

Unique, pavement-related project issues, if applicable

RIP / PMS information

Project constraints that may affect pavement recommendations

Basic climate and geology information

Local material availability (consult with Materials Engineer)

Also refer to Section 4.5.2 for information included in the Project Scoping Report.

11.1.5.2 Preliminary Pavements Recommendation

The recommended pavement structure is generally required by the 30% design stage. In most
completed. Coordinate the pavement recommendations with the project’s crossfunctlonal
team. Briefly summarize the following data and information:

Field investigation, including pavement, base, and subgrade conditions and quality.
Material testing results.

Design criteria used.

Design alternatives considered and evaluated.

Design alternative recommended.

Recommended follow-up testing or additional information gathering.

Also refer to Section 4.10.1 for information included in the Preliminary Engineering Study
Report.

11.1.5.3 Final Pavements Recommendation

This deliverable is needed by at least the 70% design stage, but may be required at an earlier
design stage, refer to Division Supplements. This document is made available to construction
contractors during the bidding phase. Comprehensively document and support design
recommendations, to a level commensurate with the project scope and risk, with the following:

° General project information

° Approval sheet (i.e. QC/QA documentation)

11-6 General
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° Procedures and results

0

0

Summary of the performance history of the pavement as documented in the
Pavements Project Start-Up Information deliverable above.

Pavement distress data

Traffic load and growth projection evaluation with estimated percentages of
vehicle classifications

Relevant geometric site conditions (e.g. pavement and bench width, steep
grades, etc.)

Relevant climatic and environmental information (e.g. frost depth, annual rainfall,
etc.)

Pavement drainage characteristics

Tabular summary of sampling and testing (e.g. boring / coring logs, test pit
information, material source quality, FWD results, DCP results, lab test results,
visual descriptions, etc.)

Values or inputs determined by engineering judgment.

° Analysis

0

0

Pavement design methodology and inputs

Economic evaluation (e.g. comparative cost analysis of alternatives, LCCA, etc.)

) Pavement Desigh and Materials Recommendations

0

0

Structural section including material type
Pavement rehabilitation method, if applicable

Needed subexcavation, patching, crack sealing, underdrains, or other application
that will resolve problems with wet and/or weak subgrade soils.

Auxiliary pavement items including, as applicable, prime/tack coat, asphalt binder
grade, emulsified asphalt grade, stabilizing/recycling agents, antistrip additive
type, cement type, gradations for base and surfacing material, and any other
information that is needed to assure that the appropriate material type and
quantity is used.

Address special construction issues related to pavements including but not
limited to material haul distance, the need for special contract revisions, lift
thickness, curing time, traffic control, and steep grades

General
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° Support Information. Include the following when applicable and appropriate (generally
as attachments or appendices):

O Site map(s) with sampling and testing locations
0 Material testing reports

0 Field notes, logs, FWD data, etc.

0 Calculations and/or design software reports

0 Photos (photographically document and represent typical and atypical project
conditions, features, and materials)

11.1.6 APPLICABLE LAWS AND REGULATIONS

will conform to FHWA policy. The following is the CFR definition and policy statement:

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

“‘Pavement shall be designed to accommodate current and predicted traffic
needs in a safe, durable, and cost effective manner.”

The FHWA Federal-Aid Policy Guide (FAPG) provides standards and guidance for the
interpretation of policy. FAPG 23 CFR 626 provides the basis for many of the standards

recommended in this chapter.
Other FAPG sections that contain relevant guidance include:

° FAPG 23 CFR 660A — Section 7 on Forest Highway project development

° FAPG 23 CFR 660E — Attachment 3 for Guidance for design of military Transport-
Erector Routes

In addition to the FAPG’s above, the Park Roads and Parkways Program Implementation
Manual also contains relevant guidance.
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11.2 PAVEMENT DESIGN VARIABLES

There are numerous pavement design inputs and processes that may vary from project to
project. A project’s context, risk, and scope will help determine the specific design inputs and
processes to use. This section provides an explanation of the design variables involved and
guidance on how they are applied.

11.2.1 REQUIRED DESIGN INPUTS

inputs necessary for the completion of a pavement design.

11.2.1.1 Pavement Performance

The initial and terminal serviceability of the pavement are required inputs. Serviceability is a
measure of the functional level of service at a given point in time of the life of a pavement. In
index (PSI). The scale for PSI ranges from 0 to 5. A rating of O represents a pavement that is
impassable and a rating of 5 represents a pavement that is perfectly smooth. The initial
serviceability value of a pavement is an estimate of what the PSI will be immediately after
construction. The terminal serviceability is the lowest acceptable PSI prior to a structural
rehabilitation. An increase in the delta or difference between the initial and terminal
serviceability, will result in a decrease in the required thickness or structural number value. The
following serviceability standards apply for typical FLH projects:

Use an initial serviceability of 4.2 for flexible pavements and 4.5 for rigid pavements;
Use a terminal serviceability of 3.0 for roadways with an ADT of 5000 or greater;

Use a 2.5 terminal serviceability for roadways with an ADT between 500 and 5000; and
Use a 2.0 terminal serviceability for roadways with less than 500 ADT.

In addition to serviceability, the pavement service life, or period of performance, (e.g. 25 years)
for a pavement must be established. An increase in the period of performance will generally
result in an increase of the required pavement thickness or structural number value. The
following pavement service life (period of performance) standards apply:

° For reconstruction projects (4R) use a minimum 25-year period of performance for
flexible pavements (HACP) and a 35-year period of performance for rigid pavements
(PCCP);

° For rehabilitation projects that increase structural capacity (3R), use a minimum 20-year
period of performance regardless of pavement type;

Pavement Design Variables 11-9
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° For preventive maintenance projects (i.e. surface treatments) there is no period of
performance design requirement; and

° On aggregate surfaced roads use a period of performance for both reconstruction and
rehabilitation projects that corresponds with the expected frequency of future
rehabilitation/resurfacing treatments, which is typically 5 to 10 years.

Deviation from the above pavement service life standards will require justification, approval and
documentation as a formal design exception (see Section 9.1.3, for a description of the Design
Exception process).

11.2.1.2 Traffic

Accurate cumulative load estimates expressed as 80 kN [18-kip] equivalent single axle loads
(ESAL) are very important to pavement structural design. Load estimates should be based on
vehicle counts and classification, truck weight data, and anticipated growth in truck volumes and
weights. The concepts described in the FHWA Traffic Monitoring Guide and the AASHTO

and weights) into design traffic equivalent single axle loads (ESALs). Part of these procedures
involves converting expected axle loads and configurations into an equivalent number of
ESALs. Standard load equivalency factors are used to complete this conversion, generally by
developing a truck factor for each particular truck classification. AASHTO’s Guide for Vehicle

as weight limits, and it can be used as a resource for developing truck factors.

Attaining good estimates of the daily truck traffic and truck class distribution is essential for
completing a cost effective pavement design. Poor estimates of truck traffic can lead to
premature failures and unplanned repair expense. However, achieving good estimates of traffic
loading is not simple and generally requires a significant investment. Traffic data may exist at
some project locations. Consult with local State DOTs or use the NPS Traffic Data website.
The pavement and traffic engineer must balance cost and risk when determining the level of
investigation needed for gathering traffic data.

For most FLH projects, it is recommended to calculate design ESALs using estimated truck
factors. It is important to use representative truck factors for each truck classification that is

with common truck factor ranges.

Exhibit 11.2-A FHWA VEHICLE CLASSIFICATIONS AND TRUCK FACTORS FOR
FLEXIBLE PAVEMENTS

FHWA Class | Description Truck Factor’

1 Motorcycles. This class includes all two or three wheeled n/a
motorized vehicles.
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FHWA Class | Description Truck Factor’

2 Passenger cars. This class includes all sedans, coupes, | 0.0004 to 0.0008
and station wagons manufactured primarily for the purpose
of carrying passengers.

3 Pickups, Vans. This class includes all 2-axle, 4-tire single | 0.0004 to 0.004
unit vehicles other than passenger cars.

4 Buses. This class includes all vehicles manufactured as 0.75t0 1.75
passenger-carrying buses. These vehicles will typically
have a 2-axle, 6-tire configuration or 3 or more axles.

5 2-Axle, 6-Tire Single Unit Trucks. Vehicles with a single 0.3t0 0.7
frame that have 2-axles and dual rear tires characterize
this class. Typical vehicle types include recreation
vehicles, motor homes, and delivery vehicles.

6 3-Axle, Single Unit Trucks. All vehicles with a single frame 0.5t0 1.5
and 3-axles make up this class. Typical vehicle types
include large recreation vehicles and motor homes,
garbage trucks, and dump trucks.

7 4-Axle or More, Single Unit Trucks. This class includes all 1.0t0 2.0
vehicles on a single frame with 4 or more axles. This is a
relatively uncommon vehicle class.

8 4-Axle or Less, Single Trailer Trucks. This class includes 1.5t02.0
all vehicles with 4 or less axles consisting of two units
(tractor and trailer). Typical vehicle types include freight
hauling trucks.

9 5-Axle Single Trailer Trucks. This class includes all 5-axle 20t02.3
vehicles consisting of two units (tractor and trailer). This
class represents a very common truck on highways. It
includes freight hauling trucks and logging trucks.

10 6 or More Axle Single Trailer Trucks. This class includes 2.0t02.3
all vehicles with 6 or more axles consisting of two units
(tractor and trailer).

11 5 or Less Axle Multi-Trailer Trucks. This class includes all 3.0+
vehicles with 5 or less axles consisting of three or more
units.

12 6-Axle Multi-Trailer Trucks. This class includes all 6-axle 3.0+

vehicles consisting of three or more units.

13 7 or More Axle Multi-Trailer Trucks. This class includes all 3.0+
vehicles with seven or more axles consisting of three or
more units.

'Common values or ranges of truck factors for flexible pavements. Calculate project specific
factors or refer to Division Supplements for more specific guidance.
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The following standards apply:

° If design traffic ESALs is calculated to be less than 50,000, use 50,000 ESALs for design
purposes when designing paved roads.

° Use a directional distribution of 60 percent, unless a traffic study warrants the use of
some other value.

° For aggregate surfaced roads, use a minimum of 10,000 ESALs (per AGDPS).

If traffic growth projections are not available, use 2 percent for volume and 0 percent for loads,
or engineering judgment. For high volume roadways, conducting a traffic study is

guidance if measured distributions for multi-lane highways are not available.

Exhibit 11.2-B  LANE DISTRIBUTION FACTORS

Number of Lanes in Each | % of 80 kN [18-kip] ESAL
Direction in Design Lane
1 100
2 80 -100
3 60 — 80
4 50-75

11.2.1.3 Subgrade Soil Characterization

The stiffness or strength of the subgrade soil has a significant impact on the structural
requirements of a pavement and is one of the most sensitive inputs within the flexible pavement
design equation. The definitive material property used to characterize soil stiffness in the
directly input into the design equation. For rigid pavement design, the elastic k-value on the top
of the subgrade is the soil property used to characterize soil stiffness. The following
standards apply for determining the soil stiffness or strength:

1.  Flexible Pavement. Determine the soil resilient modulus using one of the following
methods:

a. Direct measurement by AASHTO T 307

b. Backcalculation using FWD data collected in accordance with the FLH FWD
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d. Completing dynamic cone penetrometer (DCP) testing according to ASTM D

2. Rigid Pavement. Determine the effective modulus of subgrade reaction 