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SPECIAL NOTICE

The Guide for Design of Pavement Structures, when it was published in 1986, was pub-
lished as two volumes. Volume 1 was written as a basic design guide and provided all of the
information required to understand and apply the ““Guide” to pavement design. Volume 2 was
a series of appendices prepared to provide documentation or further explanations for informa-
tion contained in Volume 1. Volume 2 is not required for design.

This 1993 edition of the “Guide” contains only one Volume. This Volume replaces the
1986 “Guide” Volume 1 and serves the same purpose. The major changes included in the
1993 “Guide” are changes to the overlay design procedure and the accompanying appendices
L, M, and N. There are other minor changes and some of an editorial nature throughout the
new Volume 1.

Volume 2 of the 1986 “Guide” is still applicable to most sections of Volume 1 of the 1993
“Guide’ and is available through AASHTO, 444 N. Capitol Street, N.W., Suite 249, Wash-
ington, D.C. 20001; 202-624-5800. Request book code “GDPS3-V2.” A copy of the Table of
Contents from Volume 2 of the 1986 “Guide” follows.

VOLUME 2 APPENDICES
AA. Guidelines for the Design of Highway Internal Drainage Systems
BB. Position Paper on Pavement Management
CC. Remaining Life Considerations in Overlay Design
DD. Development of Coefficients for Treatment of Drainage
EE. Development of Reliability
FE. Relationship Between Resilient Modulus and Soil Support
GG. Relationships Between Resilient Modulus and Layer Coefficients
HH. Development of Effective Roadbed Soil Moduli
II. Survey of Current Levels of Reliability
JI. Development of Design Nomographs
KK. Determination of J-Factor for Undowelled Pavements
LL. Development of Models for Effects of Subbase and Loss of Support
MM. Extension of Equivalency Factor Tables
NN. Recommendations for the Selection of an AASHTO Overlay

Method Using NDT Within the AASHTO Performance
Model Framework

00. Pavement Recycling Fundamentals

PP. Development of NDT Structural Capacity Relationships
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PREFACE

When construction, maintenance, and rehabilita-
tion costs are considered, the single most costly ele-
ment of our nation’s highway system is the pavement
structure. In an effort to reduce this cost, the state
highway and transportation departments and the Fed-
eral Government have sponsored a continuous pro-
gram of research on pavements. One output of that
research effort was the Interim Guide for the Design of
Pavement Structures published in 1972 and revised in
1981. It was based largely upon the findings at the
AASHO Road Test.

Because this is such an important topic, the Joint
Task Force on Pavements—composed of members
from the Subcommittee on Design, one member each
from the Materials, Construction, and Maintenance
Subcommittees, and one from the Planning Commit-
tee of AASHTO—was assigned the task of rewriting
the Interim Guide incorporating new developments
and specifically addressing pavement rehabilitation.

Because many states were found to be using at least
portions of the Interim Guide and because no other
generally accepted procedures could be identified, it
was decided that this Guide would retain the basic
algorithms developed from the AASHO Road Test as
used in the Interim Guide. Because the Road Test was
very limited in scope, i.e. a few materials, one sub-
grade, non-mixed traffic, one environment, etc., the
original Interim Guide contained many additional
models to expand the framework so designers could
consider other conditions. The new Guide has been
further expanded with the following 14 major new
considerations:

(1) Reliability
(2) Resilient Modulus for Soil Support

(3) Resilient Modulus for Flexible Pavement
Layer Coefficients

(4) Drainage
(5) Improved Environment Considerations
(6) Tied Concrete Shoulders or Widened Lanes
(7) Subbase Erosion for Rigid Pavements
(8) Life Cycle Cost Considerations
(%) Rehabilitation
(10) Pavement Management

(11) Extension of Load Equivalency Values
(12) Improved Traffic Data

(13) Design of Pavements for Low
Volume Roads

(14) State of the Knowledge on Mechanistic-
Empirical Design Concepts

The Task Force recognizes that a considerable body
of information exists to design pavements utilizing
so-called mechanistic models. It further believes that
significant improvements in pavement design will
occur as these mechanistic models are calibrated to
in-service performance, and are incorporated in
everyday design usage. Part IV of this document sum-
marizes the mechanistic/empirical status.

In order to provide state-of-the-art approaches
without lengthy research, values and concepts are
shown that have limited support in research or experi-
ence. Each user should consider this to be a reference
document and carefully evaluate his or her need of
each concept and what initial values to use. To most
effectively use the Guide it is suggested that the user
adopt a process similar to the following:

(1) Conduct a sensitivity study to determine which
inputs have a significant effect on pavement
design answers for its range of conditions.

(2) For those inputs that are insignificant or inap-
propriate, no additional effort is required.

(3) For those that are significant and the state has
sufficient data or methods to estimate design
values with adequate accuracy, no additional
effort is required.

(4) Finally, for those sensitive inputs for which the
state has no data of methodology to develop the
inputs, research will be necessary. Because of
the complexity of pavement design and the
large expansion of this Guide, it is anticipated
that some additional research will be cost-
effective for each and every user agency in or-
der to optimally utilize the Guide.

One significant event, the pavement performance
research effort being undertaken in the Strategic High-
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way Research Program (SHRP), should aid greatly in
improving this document.

The Task Force believes that pavement design is
gradually, but steadily transitioning from an art to a
science. However, when one considers the nebulous
nature of such difficult, but important inputs to design
considerations such as traffic forecasting, weather
forecasting, construction control, maintenance prac-
tices, etc.; successful pavement design will always de-
pend largely upon the good judgment of the designer.

© 1993 by the American Association o¥ Bithte Highway and Transportation Officials.

Finally, the national trend toward developing and
implementing pavement management systems, PMS,
appears to the Task Force to be extremely important in
developing the good judgment needed by pavement
designers as well as providing many other elements
needed for good design, i.e. information to support
adequate funding and fund allocation.

The AASHTO Joint Task Force on Pavements

Documents

Document Sharing Hub

All rights reserved. Duplication is a violation of applicable law.

Full document details: AASHTO GDPS-4-1993 scan


http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan
http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan

EXECUTIVE SUMMARY

One of the major objectives of the AASHO Road
Test was to provide information that could be used to
develop pavement design criteria and pavement design
procedures. Accordingly, following completion of the
Road Test, the AASHO Design Committee (currently
the AASHTO Design Committee), through its Sub-
committee on Pavement Design Practices, developed
and circulated in 1961 the “AASHO Interim Guide for
the Design of Rigid and Flexible Pavements.” The
Guide was based on the results of the AASHO Road
Test supplemented by existing design procedures and,
in the case of rigid pavements, available theory.

After the Guide had been used for several years,
the AASHTO Design Committee prepared and
AASHTO published the “AASHTO Interim Guide for
Design of Pavement Structures—1972." Revisions
were made in 1981 to Chapter III of the Guide relative
to design criteria for Portland Cement Concrete pave-
ments. Evaluation of the Guide by the AASHTO De-
sign Committee in 1983 led to the conclusion that
some revisions and additions were required. Repre-
sentations from government, industry, consultants,
and academia led to the conclusion that the Guide
should be strengthened to incorporate information de-
veloped since 1972 and that a new section on rehabili-
tation should be added. It is also pertinent to note that,
based on responses to a questionnaire sent to the
States, there was an indication that the Guide was
serving its main objectives and no serious problems
were indicated. In other words, the States were gener-
ally satisfied with the Guide but acknowledged that
some improvements could be made.

Based on the overall evaluation of input from user
agencies and the status of research, it was determined
by the AASHTO Joint Task Force on Pavements that
the revisions to the Guide would retain the AASHO
Road Test performance prediction equations, as modi-
fied for use in the 1972 Guide, as the basic model to
be used for pavement design. This determination also
established the present serviceability index (PSI) as
the performance variable upon which design would be
based.

The major changes which have been included in the
revised Guide include the following considerations:

Reliability. The procedure for design of both
rigid and flexible pavements provides a com-
mon method for incorporating a reliability fac-
tor into the design based on a shift in the
design traffic.

Soil support value. AASHTO test method
T 274 (resilient modulus of roadbed soils) is
recommended as the definitive test for charac-
terizing soil support. The soil property is rec-
ommended for use with both flexible and rigid
pavement design.

Layer coefficients (flexible pavements). The
resilient modulus test has been recommended
as the procedure to be used in assigning layer
coefficients to both stabilized and unstabilized
material.

[NoTE: Guidelines for relating resilient
modulus to soil support value and layer coeffi-
cients are provided in the Guide; however, user
agencies are encouraged to obtain equipment
and to train personnel in order to measure the
resilient modulus directly.]

Drainage. Provision has been made in the
Guide to provide guidance in the design of sub-
surface drainage systems and for modifying
the design equations to take advantage of im-
provements in performance to good drainage.
Environment. Improvements in the Guide have
been made in order to adjust designs as a func-
tion of environment, e.g., frost heave, swelling
soils, and thaw-weakening. Major emphasis is
given to thaw-weakening and the effect that
seasonal variations have on performance.
Tied shoulders and widened lanes (rigid pave-
ments). A procedure is provided for the design
of rigid pavements with tied shoulders or wid-
ened outside lanes.

Subbase erosion. A method for adjusting the
design equations to represent possible soil ero-
sion under rigid pavements is provided.
Life-cycle costs. Information has been added
relative to economic analysis and economic
comparisons of alternate designs based on life-
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cycle costs. Present worth and/or equivalent 12.  Traffic. Extensive information concerning
uniform annual cost evaluations during a spec- methods for calculating equivalent single axle
ified analysis period are recommended for loads and specific problems related to obtain-
making economic analyses. ing reliable estimates of traffic loading are
9. Rehabilitation. A major addition to the Guide provided.
is the inclusion of a section on rehabilitation. 13. Low-volume roads. A special category for
Information is provided for rehabilitation with design of pavements subjected to a relative
or without overlays. small number of heavy loads is provided in the
10.  Pavement management. Background informa- design section.
tion is provided regarding pavement manage- 14.  Mechanistic-Empirical design procedure. The
ment and the role of the Guide in the overall state of the knowledge concerning mechanis-
scheme of pavement management. t1c-empmcal QCSlgn concepts is provided in
11. Load equivalency values. Load equivalency the Guide. While these procedures have not, as

values have been extended to include heavier
loads, more axles, and terminal serviceability
levels of up to 3.0.

yet, been incorporated into the Guides, exten-
sive information is provided as to how such
methods could be used in the future when
enough documentation can be provided.

Documents

. . ) ) ) Document Sharing Hub
© 1993 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.

Full document details: AASHTO GDPS-4-1993 scan


http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan
http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan

TABLE OF CONTENTS

Page
Preface........ Ciettastrreacsennananan ciesiens Cerieresrirneeses P ¢ 1
Executive SUmMmary ......oe0000ceeees Cesieseas Ceassesnan teearasnes ix

PART 1 PAVEMENT DESIGN AND MANAGEMENT PRINCIPLES

Chapter 1 Introduction and Background......... trerteesenarenenere freees I-3
1.1 Scope of the Guide. . ... ... .ot I-3
1.2  Design Considerations. .. ...t iiiiiiii i I-5
1.3  Pavement Performance..............ooiiiierrinmrriinannennnanennns I-7
1.4 Traffic . ..o i e I-10
1.4.1 Evaluation of Traffic. .......... ..o I-10
1.4.2 Limitations. ... ....c.uueeeniin i iiiia e I-12
1.4.3 Special Cases.... ... e I-13
1.5 Roadbed Soil. . ..ottt i e e I-13
1.6  Materials of Construction .. ...ttt I-15
1.6.1 Flexible Pavements ... ....... .ot iiiiiinrrrnrnsrecaereasannnn I-16
1.6.2 Rigid Pavements ........... ... iireitienr et I-21
1.6.3 Shoulders . .......coouniitinin ittt iiia i 1-22
1.7 EnvirOmment . .. ...ttt i e I-22
1.8 DIaiNAge . ..vvree ittt e 1-27
1.8.1 General Design Considerations .............. oo oiiiiiiiinnns 1-28
1.8.2 Design of Pavement Subsurface Drainage........................ 1-28
1.8.3 Incorporation of Drainage Into Guide . . ................. ... ... I-28
1.9  Shoulder Design.........cooiininiiiiiiiiererrrrererenernneaereues I-29
Chapter 2 Design Related Project Level Pavement Management........ veaeen I-31
2.1 Relationship of Design to Pavement Management. ................... ..., I-31
2.2 The Guide as Structural Subsystem for a State Project-Level PMS ......... 1-34
2.3 Pavement Type Selection.......... .o 1-39
2.4  Network Level Pavement Management. . .......... .. ..coiiiiiiiniiin 1-39

Chapter 3 Economic Evaluation of Alternative Pavement Design Strategies.... 1-41

31 INErOAUCHION. . . o .ottt ittt vt e ee e eie et I-41
3.2 Life-Cycle Costs. .. ie ettt n it I-41
33 Basic COMCEPtS . .o oottt ittt e I-41
3.4  Definitions Related to Economic Analysis...........ooiiienennanennn. 1-42
3.4.1 Transport Improvement COsts.........ovvviieneiiaiiiiiiiienn, 142
3.4,2 User Benefits .. ...oviiiiiiiiiiiiinriiateanii e, 1-42
3.5 Factors Involved in Pavement Cost and Benefits. . ....................... 1-44
3.6 Initial Capital Costs (Investment COStS). . ... ....ooiiiiiiiiiiinnnnn.. 1-44
3.6.1 Maintenance COSt .. ...vvvr e ioinn et inetaraeneeanns 1-44
3.6.2 Rehabilitation and Resurfacing Cost ..........ooooiiiiinnainaens I-44
Documents

© 1993 by the American Association of %tlate Highway and Transportation Officials. Document Sharing Hub

All rights reserved. Duplicatioti is a violation of applicable law.

Full document details: AASHTO GDPS-4-1993 scan


http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan
http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan

Contents—Continued

3.6.3 Salvageor Residual Value...................cciiiiiinnnnnnnn.. 145
J6.8 User oSt .ttt it e e 145
3.6.5 Traffic Delay Cost to USer........coiuiiiireniinurennaeneennns 1-46
3.6.6 Identification of Pavement Benefit.............................. I-46
3.6.7 Analysis Period ... ......... ittt I-46
3.7 Methods of Economic Evaluation....................... . iiannn... I-47
3.8 Discussion of Interest Rates, Inflation Factors and Discount Rates ......... 1-47
3.8.1 Discounting and the Opportunity Cost of Capital ................. I-47
3.82 Inflation ... e 1-48
3.9  Equations for Economic Analysis..............c.coiiiiiiiiiiiiian... 1-49
3.9.1 Equivalent Uniform Annual Cost Method........................ 149
3.9.2 Present Worth Method ....... ... ... ... cciiiiiiiiiiiiiinnan.. 1-49
393 SUMMATY ..ttt et e e e I-51
Chapter 4 Reliability ......ovvvvvinivnnnnnnnnnas tereserseatannerrenearans I-53
4.1 Definitions .. ...... i e I-53
4.1.1 General Definition of Reliability ................... ... ... ... I-53
4.1.2 Definition of Design Pavement Section. ......................... 1-53
4.1.3 Definition of Pavement Condition, Accumulated Axle Loads, and
Pavement Performance Variables . ....................covvin... I-54
4.2  Variance Components and Reliability Design Factor ..................... I-56
4.2.1 Components of Pavement Design-Performance Variability .......... I-56
4.2.2 Probability Distribution of Basic Deviations ,.................... 1-57
4.2.3 Formal Definition of Reliability Level and Reliability
Design Factor. ... vui ittt i e 1-60
4.3 Criteria for Selection of Overall Standard Deviation ..................... I-62
4.4  Criteria for Selection of Reliability Level .............. ... .oiiiierit. I-62
4.5  Reliability and Stage Construction Alternatives .................covun... I-63
Chapter 5 Summary.......... C et sesenttraattantsreseenttrenensrananns 1-65
References for Part I........coniininiiiiiiiiiiiiiiiiiiii it iaaaananannnns 1-67

PART II PAVEMENT DESIGN PROCEDURES FOR
NEW CONSTRUCTION OR RECONSTRUCTION

Chapter 1 Introduction .........cocvvvivnnnnnnes Chiesssaannasssaciinaes II-3
1.1 Background. ..........c.coiiiiiiiiiiii e e II-3
1 1 I1-3
1.3 LAmIations . .. ..ottt i i e 11-4
L4 OrganmizZations .. ......ovveeersvnnninrreeeieeeaireseeeeeaaneaaanns 14
Chapter 2 Design Requirements........... A | £
2.1 Design Variables. .. ... .. it i e II-5
2.1.1 Time Comstraints . .. ......uittii ittt ie e iieennenns 11-5
2.1.2 Traffic. . ... e -6
2.1.3 Reliability. . ..ot e I1-9
2.1.4 Environmental Effects. .......... ..o it II-10
2.2 Performance Criteria . ........ ..o ottt i it et II-10
2.2.1 Serviceability......... .. ... i i II-10
2.2,2 Allowable RUIINg . .. ..o vttt it iiia i I1-12
2.2.3 Aggregate LosSs ...ttt a e II-12
Documents

. . ) ) ) Document Sharing Hub
© 1993 by the American Association of jtate Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.

Full document details: AASHTO GDPS-4-1993 scan


http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan
http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan

Contents—Continued

2.3  Material Properties for Structaral Design ............ ..ol II-12
2.3.1 Effective Roadbed Soil Resilient Modulus ............ ...ttt II-12
2.3.2 Effective Modulus of Subgrade Reaction ........................ II-16
2.3.3 Pavement Layer Materials Characterization ...................... II-16
2.3.4 PCC Modulus of RUPtUre. . . ... .. .viiiivn i iinar i II-16
2.3.5 Layer Coefficients . .........couveienen i, 1I-17
2.4  Pavements Structural Characteristics ............ ... .., 11-22
241 Drainage.........ooeenni it e I1-22
2,42 Load Transfer ...... ..ot iitiniiiiiiiiiniaraeeeeeananns I1-25
2.4.3 Loss Of SUPPOIt. ..ottt 11-27
2.5 Reinforcement Variables .............ooviiii it 1I-27
2.5.1 Jointed Reinforced Concrete Pavements ..................oivutn I1-27
2.5.2 Continuously Reinforced Concrete Pavements .. .................. II-28
Chapter 3 Highway Pavement Structural Design ........... Ceirteeens ceenane II-31
3.1 Flexible Pavement Design ... ... I1-31
3.1.1 Determine Required Structural Number ................ovviinnnn I1-31
3.1.2 Stage CONStrUCHON ......oivivrinniie e I1-33
3.1.3 Roadbed Swelling and Frost Heave . ...............covviinit, II-33
3.1.4 Selection of Layer Thickness . ..........cooiiiiiionniianann. 1I-35
3.1.5 Layered Design Analysis ...........ooiiiiiiiiiii i I1-35
3.2 Rigid Pavement Design ........ ..ottt I1-37
3.2.1 Develop Effective Modulus of Subgrade Reaction................. I1-37
3.2.2 Determine Required Slab Thickness ............. ..ot 11-44
3.2.3 Stage CONSLIUCHON ... ..\ \viiireninn i niie e niries 11-44
3.2.4 Roadbed Swelling and Frost Heave .. ......cooviveneeeinnns, 11-47
3.3  Rigid Pavement Joint Design. ... ... ... i 11-48
33,1 JOINt TYPeS . o oo e v eiiie e I1-48
3.3.2 Joint GEOMELTY ... ...\ttt iiiiiiinananra et nennnns 11-49
3.3.3 Joint Sealant Dimensions . .......... ... . . it iiie e II-50
3.4  Rigid Pavement Reinforcement Design ...t II-51
3.4.1 Jointed Reinforced Concrete Pavements ......................... I1-51
3.4.2 Continuously Reinforced Concrete Pavements .............. ... ... n-51
3.4.3 Transverse Reinforcement. ......... .. oiiiviiuennrnnneennan, -62
3.5  Prestressed Concrete Pavement............ocoiii it I1-65
35,1 SUDDASE ... I1-65
352 SlabLength ..... ..ot II-65
3.5.3 Magnitude of Prestress ...... ..o i I1-66
3.54 Tendon Spacing .. .......ovvuueiit i 1I-66
355 FatigUe . ....ooetun ittt s I1-66
3.5.6 PCP Structural Design .. .......cooiiiiiiiiiiiinnninan, I1-66
Chapter 4 Low-Volume Road Design ....... Ceerenans sy PR srseea 11-69
4.1 Design Chart Procedures. . ......oovnveiniiiiiiii s I1-69
4.1.1 Flexible and Rigid Pavements .............cooiuiiiiianennn. 11-69
4.1.2 Aggregate-Surfaced Roads ......... ..o I1-69
4.2 DesignCatalog. ...ttt e 11-77
4.2.1 Flexible Pavement Design Catalog. . ........... ... 11-77
4.2.2 Rigid Pavement Design Catalog................cociiniinoannn. I1-81
4.2.3 Aggregate-Surfaced Road Design Catalog ....................... I1-81
References for Part I1....... Cesesesanineaanes Creretseeeenarannn cessaes ... 11-87
Documents

© 1993 by the American Association of &tite Highway and Transportation Officials. Document Shari ng Hub

All rights reserved. Duplication is a violation of applicable law.

Full document details: AASHTO GDPS-4-1993 scan


http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan
http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan

Contents—Continued

PART III PAVEMENT DESIGN PROCEDURES FOR
REHABILITATION OF EXISTING PAVEMENTS

Chapter 1 Introduction .................. Ceeraareriseee et aer s I11-3
1.1 Background. . ... .. .. -3
1.2 O . vttt ImI-3
1.3 Assumptions/Limitations . .. .......ouueireiiieeitn i, 111-4
1.4 Organization............ ..o oo 111-4
Chapter 2 Rehabilitation Concepts ........ S ereerareseteribaiirnees s 111-7
21 Background. ... .. 11-7
2.2 Rehabilitation Factors .............coiiiiiiiiii i, I1-7
2.2.1 Major Categories. . . ...ttt e I11-7
2.2.2 Recycling Concepts . . ..ot II1-7
2.2.3 Construction Considerations. ................covivireeevnnnns. I1-7
2.2.4 Summary of Major Rehabilitation Factors ....................... I11-7
2.3 Selection of Alternative Rehabilitation Methods . ........................ 111-8
230 OVeIVIEW L.ttt I11-8
2.3.2 Problem Definition ............ccooiriviiiiiiiiiii .. I11-9
2.3.3 Potential Problem Solutions .. ............ ... oo, Im1-12
2.3.4 Selection of Preferred Solution ............ .00, I11-15
235 SUMIDATY ..ot e I1-16
Chapter 3 Guides for Field Data Collection ................ Crrrersseasanas I11-19
3l OVeIVI W . . .o I1-19
3.2  The Fundamental Analysis Unit.......................coiiuuinnn.... I1-19
3.2.1 General Background ........ ... ...t II1-19
3.2.2 Methods of Unit Delineation ................covvviienvennn.... I11-19
3.3  Drainage Survey for Rehabilitation. .................... ..o ... I-21
3.3.1 Role of Drainage in Rehabilitation. ............................. I1I-21
3.3.2 Assessing Need for Drainage Evaluation ........................ II-25
3.3.3 Pavement History, Topography, and Geometry.................... I1-25
3.3.4 Properties of Materials ... .......c.vtiiiiiiiiiiiiir .. I1-25
3.3.5 CHmatic ZOMES ..o ovttt ettt it e II-26
3.3.6 SUMMATIY .o\ttt ettt e et e e II-28
34 Condition (Distress) SUIVEY ... ...ttt it ririiree s II1-28
341 General Background ......... ... ... ... ... ..., I11-28
3.4.2 Minimum Information Needs.................cooviiiiiinnn.... III-28
3.4.3 Utilization of Information. ...................ccciiiinininnn... 11-28
3.5 NDT Deflection Measurement . ...........ooiiiiiinnnnneneennnnnnn.. I11-30
51 OVeIVIEW ..ottt e IM-30
3.5.2 Uses of NDT Deflection Results . .................cooevvnnn.... I11-32
3.5.3 Evaluating the Effective Structural Capacity ..................... II1-35
3.5.4 Joint Load Transfer Analysis . ..........cooviiiiniiiiinnnnenn... I11-38
3.5.5 Use in Slab-Void Detection ............c.viviiniiiiieneeennnn. I11-44
3.6  Field Sampling and Testing Programs ....................ccovviniennnn. 111-45
3061 Test TYPeS ..o vttt et e e e I11-45
3.6.2 Major Parameters . ..........oiiuuiiiiii e I11-45
3.6.3 Necessity for Destructive Testing ...........c..ovveieiinnnnn.... I11-49
3.6.4 Selecting the Required Number of Tests......................... 1I1-49
Documents

. _ , _ Document Sharing Hub
© 1993 by the American Association &lState Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.

Full document details: AASHTO GDPS-4-1993 scan


http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan
http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan

Contents—Continued

Chapter 4 Rehabilitation Methods Other Than Overlay........ ceresarnnaas 11-59
4.1 Evaluation of Pavement Condition . .......... oo v I1I-59
4.1.1 Surface Distress. ..o v et et 1I1-59
4.1.2 Structural Condition . ... 111-59
4.1.3 Functional Condition .......... ..o, 1-60
4.2  Development of Feasible Alternatives and Strategies.................... I11-60
4.3 Major Nonoverlay Methods. . .. ... 1I-62
4.3.1 Full-DepthRepair.........cooovimiiiiiiiniiiiiii 11-62
4.3.2 Partial-Depth Pavement Repair ............. ..o, I1-64
4.3.3 Jointand Crack Sealing ........... ... ... ..o II-65
4.3.4 Subsealing of Concrete Pavements. .. ........ ..., I11-66
4.3.5 Diamond Grinding of Concrete Surfaces and Cold Milling of
Asphalt Surfaces .......... ..o i a1-67
4.3.6 Subdrainage Design. ... ... ... TI-68
4.3.7 Pressure ReliefJoints ... HI-69
4.3.8 Restoration of Joint Load Transfer in Jointed Concrete Pavements .. TII-70
4.3.9 Surface Treatments ... ...... ... it mI-71
4.3.10 Prediction of Life of Rehabilitation Techniques Without Overlay ... TI-73
Chapter 5 Rehabilitation Methods With Overlays .........cc.c0evennns, ... HI-79
5.1 Overlay Type Feasibility ............c.o i 1I1-79
5.2 Important Considerations in Overlay Design. ...t I11-80
§.2.1 Pre-overlay Repair......... ... oo, I1I-80
§,.2.2 Reflection Crack Control . ........ ...ty 111-80
§.2.3 Traffic Loadings ... ....ccoiuiiiiiiiiiiiiann i IT1-80
5.2.4 Subdrainage . ......c.iiiiii e IT1-81
5.2.5 Rutting in ACPavements . .........cooitiereveinnniiriennn. III-81
5.2.6 Milling AC Surface............coiiiiiiiieieiiiaan. I1I-81
5.2.7 Recycling the Existing Pavement . . ............. ..ot III-81
5.2.8 Structural versus Functional Overlays. ...........ccovveeea ooy I1I-81
5.2.9 Overlay Materials . ........ ... oot II1-81
5.2.10 Shoulders .. .....coiiiit i i i e e II1-81
5.2.11 Existing PCC Slab Durability .............. .ot 1I1-82
5212 PCCOverlay JOINS. .. .. ..oovviin e 111-82
5.2.13 PCC Overlay Reinforcement .. ........coiiirenneeeniinnnnans I1I-82
5.2.14 PCC Overlay Bonding/Separation Layers....................... 111-82
5.2.15 Overlay Design Reliability Level and Overall Standard Deviation. .. III-82
§.2,16 Pavemnent Widening. .. ........coiiiiiiiirrianrana i I11-82
5.2.17 Potential Errors and Possible Adjustments to Thickness
Design Procedure .. ........ovviviiiiieiiiii i, IT1-83
5.2.18 Example Designs and Documentation. .. ........c.ooviiiiiiiins I11-83
5.3  Pavement Evaluation for Overlay Design............ ... oin., I11-83
5.3.1 Design of Overlay Along Project. ..., I11-84
5.3.2 Punctional Evaluation of Existing Pavement..................... IT1-84
5.3.3 Structural Evaluation of Existing Pavement ..................... M-85
§.3.4 Determination of Design Mg .. ...t II1-91
54 ACOverlay of ACPavement. .........oovieiiinnnnnnnnienieneeesnns II1-94
5.4.1 PFeasibility. .....vvre e I11-94
5.4.2 Pre-overlay Repair........... ..ottt 111-54
5.4.3 Reflection Crack Control ........... ... ..ot MI-95
5.4.4 Subdrainage ..... ..ottt I11-95
5.4.5 Thickness Design ....... ..ot 111-95
Documents

© 1993 by the American Association of e Highway and Transportation Officials. Document Sharing Hub

All rights reserved. Duplication is a violation of applicable law.

Full document details: AASHTO GDPS-4-1993 scan


http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan
http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan

Contents—Continued

5.4.6 Surface Milling ..... ... ... ... ... . . i, III-105
$.47 Shoulders. ... ... III-105
S48 Widening ...t e e I11-106
5.5 AC Overlay of Fractured PCC Slab Pavement ......................... ITI-106
5.5.1 PFeasibility. .. ... o HI-107
5.5.2 Pre-overlay Repair.............. ... it I11-108
5.5.3 Reflection Crack Control .................cviviiiiinininn... I11-108
§.5.4 Subdrainage ............ . II1-108
5.5.5 Thickness Design .. .......couuiinieiiiii it I11-108
5.5.6 Shoulders...... ... ...t I-111
557 Widening .. ..o II-111
5.6 AC Overlay of JPCP, JRCP, and CRCP. . ............ ... ....cccuunn.. I11-113
5.6.1 PFeasibility. ........ ... I1I-113
5.6.2 Pre-overlay Repair...............cooiiiiiiiiniiiininan.. I11-113
5.6.3 Reflection Crack Control ............cooivieiniiiniiiiinnann. 1I-114
5.6.4 Subdrainage . ......... ... e II-115
5.6.5 Thickness Design .............ciiiiiiiiiiiiiiii I-115
5,66 Shoulders. .. ...t II1-125
5.6.7 Widening . ...t e I1I-125
5.7  AC Overlay of AC/JPCP, AC/IRCP, and AC/CRCP..................... II-125
5.7.1 Feasibility. .. ... II-125
5.7.2 Pre-overlay Repair..........c.oovviitiiniiiiiiiiennnnn.. I-127
5.7.3 Reflection Crack Control . ...............cviiiinriinnnninns II-127
5.7.4 Subdrainage ......... ... i e III-128
5.7.5 Thickness DeSign . ...ttt II-128
5.7.6 Surface Milling . ........ ... ... . ... i, MI-135
5.7.7 Shoulders . ... I1-135
578 Widening ..ot e II-136
58 Bonded Concrete Overlay of JPCP, JRCP, and CRCP................... III-136
5.8.1 Feasibility. ... ... II-136
5.8.2 Pre-overlay Repair............... ... ... .o il II1-137
5.8.3 Reflection Crack Control ..............ciiiiiiiiiiivninnnn.., II-137
5.8.4 Subdrainage ............c I11-137
5.8.5 Thickness Design ...... ... .. i i IT1-137
5.8.6 Shoulders............iiiiiiiiiiiiiiiiii I11-143
587 JOINtS ..ot e 111-143
5.8.8 Bonding Procedures and Material ............................. 111-145
589 Widening ... e I11-145
5.9 Unbonded JPCP, JRCP, or CRCP Overlay of JPCP, JRCP, CRCP,
O AC P CC . e e III-145
§.9.1 Feasibility. ... i i 1I-145
5.9.2 Pre-overlay Repair...........oiiiiiiii it I11-145
5.9.3 Reflection Crack Control .............ccoiiiiiineinen... IT1-145
5.9.4 Subdrainage......... ..o 111-146
5.9.5 Thickness Design ....... ... it s 111-146
59.6 Shoulders....... ...t s II1-151
5.9.7 JoInts ... II1-151
5.9.8 Reinforcement .......... ... ... . . . i IT-153
5.9.9 SeparationInterlayers ... ....... ... .. i nI-153
5910 Widening .. .....coviii i e Im-153
5.10 JPCP, JRCP, and CRCP Overlay of AC Pavement ...................... II1-153
5.10.1 Feasibility. . ..o i e MI-153
Documents

- , _ Document Sharing Hub
© 1993 by the American Association oX¥#ate Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.

Full document details: AASHTO GDPS-4-1993 scan


http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan
http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan

Contents—Continued

5.10.2 Preoverlay Repair............... .. o i I11-153
5.10.3 Reflection Crack Control ......... ..o iiiiiiiiiannnn. III-153
5.10.4 Subdrainage .......... ... 111-154
5.10.5 Thickness Design . ......... .t irireeinrii i I11-154
5.00.6 Shoulders . .........ooiviiireieinniniiiaiaaaeneeeenes III-155
5007 JOINES & vt itti et tie et e i III-155
5.10.8 Reinforcement ............ooriiiiimineiiiein i II1-155
500,10 Widening . .. ...oooiiii ittt III-155
References for Chapter 5............ eteieeesenriaaaaaen Cessesanesaanans 11-157

PART IV MECHANISTIC-EMPIRICAL DESIGN PROCEDURES

1.1 IntrodUcCtion .. ...\ vttte ettt e e i Iv-3
1.2 571 1= 1 - N I Iv-4
1.3 Framework for Development and Application.......................... V-4
1.4  Implementation. .........ovunmmii i s v-7
1.4.1 Design Considerations .............oieiiiieenn i onn.. IvV-8
1.42 InputData ... ... iiiir e iiie it Iv-8
1.4.3 Equipment AcqUiSitiOn . .......coviiiviiiiiinnnererecereanns Iv-9
1.4.4 Computer Hardware and Software. . .............. .o, v
1.4.5 Training Personnel .............ccoioiiiiiiiiiiiiiiii, V-9
1.4.6 Field Testing and Calibration............ ... Iv-10
1.4.7 Testing ...t it et et Iv-10
1.5 SUIMMATY . . .ottt t ettt ettt ei et e e et aia s 1v-10
References for Part IV .......... ceseiens Cetesetrensaareees Creeeesaas s IV-1D
APPENDICES
A Glossary of Terms .. .... .ot iia s Al
B Pavement Type Selection Guidelines .......... ..., B1
C Alternate Methods of Design for Pavement Structures. .................. C1
b Conversion of Mixed Traffic to Equivalent Single Axle Loads for
Pavement Design . ... D1
E. Position Paper on Shoulder Design ......... ... it El
F. List of Test Procedures .. ... .ooouiiii i vrnanennnniaenaaenn, F1
G. Treatment of Roadbed Swelling and/or Frost Heave in Design............ Gl
H Flexible Pavement Design Example . .. ..........cov it H1
I Rigid Pavement Design Example ......... ... it It
J Analysis Unit Delineation by Cumulative Differences................... 1
K Typical Pavement Distress Type-Severity Descriptions .................. K1
L Documentation of Design Procedures .............. ..o L1
M An Examination of the AASHTO Remaining Life Factor ................ M1
Overlay Design Examples . ... ... iii i it N1
Index ...... Cesaesanens Crrreraereas e eeeereesssssssaantarrerrraaaaaaan 1
Documents

© 1993 by the American Association of Sk¥dHighway and Transportation Officials. Document Sharing Hub

All rights reserved. Duplication is a violation of applicable law.

Full document details: AASHTO GDPS-4-1993 scan


http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan
http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan

Documents

. . _ ) _ Document Sharing Hub
© 1993 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.

Full document details: AASHTO GDPS-4-1993 scan


http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan
http://www.avadocuments.com/doc/aashto-gdps-4-1993-scan

PART 1
PAVEMENT DESIGN AND
MANAGEMENT PRINCIPLES
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CHAPTER 1
INTRODUCTION AND BACKGROUND

1.1 SCOPE OF THE GUIDE

This Guide for the Design of Pavement Structures
provides a comprehensive set of procedures which can
be used for the design and rehabilitation of pavements;
both rigid (portland cement concrete surface) and
flexible (asphalt concrete surface) and aggregate sur-
faced for low-volume roads. The Guide has been de-
veloped to provide recommendations regarding the
determination of the pavement structure as shown in
Figure 1.1. These recommendations will include the
determination of total thickness of the pavement struc-
ture as well as the thickness of the individual struc-
tural components. The procedures for design provide
for the determination of alternate structures using a
variety of materials and construction procedures.

A glossary of terms, as used in this Guide, is pro-
vided in Appendix A. It is recognized that some of the
terms used herein may differ from those used in your
local practice; however, it is necessary to establish
standard terminology in order to facilitate preparation
of the Guide for nationwide use. Insofar as is possible,
AASHTO definitions have been used herein.

It should be remembered that the total set of con-
siderations required to assure reliable performance of
a pavement structure will include many factors other
than the determination of layer thicknesses of the
structural components. For example, material require-
ments, construction requirements, and quality control
will significantly influence the ability of the pavement
structure to perform according to design expectations.
In other words, “pavement design” involves more
than choosing thicknesses. Information concerning
material and construction requirements will be briefly
described in this Guide; however, a good pavement
designer must be familiar with relevant publications of
AASHTO and ASTM, as well as the local agencies,
i.e., state agencies or counties, for whom the design is
being prepared. It is extremely important that the
designer prepare special provisions to the standard
specifications when circumstances indicate that non-
standard conditions exist for a specific project. Exam-
ples of such a condition could involve a roadbed soil
which is known to be expansive or nonstandard mate-

rials which are to be stabilized for use in the pavement
structure or prepared roadbed.

Part I of this Guide has been prepared as general
background material to assist the user in the proper
interpretation of the design procedures and to provide
an understanding of the concepts used in the develop-
ment of the Guide. Detailed information related di-
rectly to a number of design considerations, e.g.,
reliability, drainage, life-cycle costs, traffic, and pave-
ment type selection, will be found in the Appendices.
References used in the preparation of the Guide can be
found following each of the four major Parts.

Part I, Chapter 3 of the Guide provides information
concerning economic evaluation of alternate pavement
design strategies. It should not be concluded that the
selection of a pavement design should be based on
economics alone. There are a number of consider-
ations involved in the final design selection. Appendix
B of the Guide on pavement type selection provides an
extensive list of guidelines which should be used in
comparing alternate design strategies.

Part II of this Guide provides a detailed method for
the design of new pavements or for reconstruction of
existing pavements on the existing alignment with new
or recycled materials.

Part ITI of this Guide provides alternative methods
for pavement rehabilitation with or without the addi-
tion of an overlay. The methodology used in this part
of the Guide represents the state of the knowledge
regarding the deterioration of a pavement structure
before and after an overlay has been applied. It is
recognized that there are alternate methods for the
determination of overlay requirements; a number of
these methods are cited in Appendix C. The method
included in Part III is somewhat more basic in concept
than other existing methods and has the capability for
broader application to different types of overlays,
e.g., flexible on rigid, flexible on flexible, rigid on
rigid, and rigid on flexible type pavements. The
method is also compatible with the performance and
design concepts used in Part IT. In this way, consider-
ation of such factors as drainage, reliability, and
traffic is the same for both new and rehabilitated
(overlayed) pavement structures.
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Introduction and Background

State of the art procedures for rehabilitation of
pavement structures without overlay, including drain-
age and the use of recycled material, are emphasized
in Part III. These techniques represent an alternative
to overlays which can reduce long-term costs and sat-
isfy design constraints associated with specific design
situations.

As an adjunct to pavement rehabilitation it is im-
portant to first determine what is wrong with the exist-
ing pavement structure. Details of the method for
interpretation of the information are contained in Part
III. A procedure for measuring or evaluating the con-
dition of a pavement is given in Appendix K and
Reference 1. It is beyond the scope of this Guide to
discuss further the merits of different methods and
equipment which can be used to evaluate the condition
of a pavement. However, it is considered essential that
a detailed condition survey be made before a set of
plans and specifications are developed for a specific
project. If at all possible, the designer should partici-
pate in the condition survey. In this way, it will be
possible to determine if special treatments or methods
may be appropriate for site conditions, specifically, if
conditions warrant consideration of detailed investiga-
tions pertinent to the need for added drainage features.

Part IV of this Guide provides a framework for
future developments for the design of pavement struc-
tures using mechanistic design procedures. The bene-
fits associated with the development of these methods
are discussed; a summary of existing procedures and a
framework for development are the major concerns of
that portion of the Guide.

1.2 DESIGN CONSIDERATIONS

The method of design provided in this Guide in-
cludes consideration of the following items:

(1) pavement performance,
(2) traffic,

(3) roadbed soil,

(4) materials of construction,
(5) environment,

(6) drainage,

(7) reliability,

(8 life-cycle costs, and

(9) shoulder design.

Each of these factors is discussed in Part I. Parts IT,
111, and IV carry these concepts and procedures for-
ward and incorporate each into a pavement structure
design methodology.

I-5

It is worth noting again that while the Guide de-
scribes and provides a specific method which can be
used for the determination of alternate design or reha-
bilitation recommendations for the pavement struc-
ture, there are a number of considerations which are
left to the user for final determination, e.g., drainage
coefficients, environmental factors, and terminal
serviceability.

The Guide by its very nature cannot possibly in-
clude all of the site specific conditions that occur
in each region of the United States. It is therefore
necessary for the user to adapt local experience to the
use of the Guide. For example, local materials and
environment can vary over an extremely wide range
within a state and between states.

The Guide attempts to provide procedures for eval-
vating materials and environment; however, in the
case where the Guide is at variance with proven and
documented local experience, the proven experience
should prevail. The designer will need to concentrate
on some aspects of design which are not always cov-
ered in detail in the Guide. For example, material
requirements and construction specifications are not
detailed in this Guide and yet they are an important
consideration in the overall design of a pavement
structure. The specifics of joint design and joint spac-
ing will need careful consideration. The effect of sea-
sonal variations on material properties and careful
evaluation of traffic for the designed project are de-
tails which the designer should investigate thoroughly.

The basic design equations used for flexible and
rigid pavements in this Guide are as follows:

Flexible Pavements

log,o(Wig) = Zg X S, + 9.36 x log,o(SN + 1)

APSI
logio | 75— =

42 — 1.5
- 0.20 + ™
040 + ——
TN T D
+ 2.32 x log;o(My) — 8.07 (1.2.1)
where
W3 = predicted number of 18-kip equivalent
single axle load applications,
Zr = standard normal deviate,
Se = combined standard error of the traffic

prediction and performance prediction,
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APSI = difference between the initial design
serviceability index, p,, and the design
terminal serviceability index, p,, and

Mg = resilient modulus (psi).

SN is equal to the structural number indicative of the
total pavement thickness required:

SN = alDl + 32D2m2 + a3D3m3

a, = i layer coefficient,
D, = i" layer thickness (inches), and
= i layer drainage coefficient.

E
|

Rigid Pavements

1ogio(Wis) = Zg X S, + 7.35 X logo(D + 1)

o APSI
Bolys — 15

1.624 x 107
(D + 1)8.46

+ (422 — 0.32 x p)

8! x Cy x (D% — 1.132)
18.42
(1.2.2)

— 0.06 +

X logy,
21563 x J |:D°-75 -

where

W,;s = predicted number of 18-kip equivalent
single axle load applications,

Zr = standard normal deviate,

S, = combined standard error of the traffic
prediction and performance prediction,

D = thickness (inches) of pavement slab,

APSI = difference between the initial design
serviceability index, p,, and the design
terminal serviceability index, p,,

S. = modulus of rupture (psi) for portland
cement concrete used on a specific
project,

1 = load transfer coefficient used to adjust

for load transfer characteristics of a
specific design,
Cy = drainage coefficient,

Design of Pavement Structures

E, = modulus of elasticity (psi) for portland
cement concrete, and
k = modulus of subgrade reaction (pci).

The design nomographs presented in Part II solve
these equations for the structural number (SN) for
flexible pavements and thickness of the pavement slab
for rigid pavements.

The structural number is an abstract number ex-
pressing the structural strength of a pavement required
for given combinations of soil support (My), total
traffic expressed in equivalent 18-kip single axle
loads, terminal serviceability, and environment. The
required SN must be converted to actual thickness of
surfacing, base and subbase, by means of appropriate
layer coefficients representing the relative strength of
the construction materials. Average values of layer co-
efficients for materials used in the AASHO Road Test
are as follows:

Asphaltic concrete surface course—.44
Crushed stone base course —.14
Sandy gravel subbase —.11

The layer coefficients given in Part II are based on
extensive analyses summarized in NCHRP Report
128, “Evaluation of AASHTO Guide for Design of
Pavement Structures,” (1972). In effect, the layer co-
efficients are based on the elastic moduli My and have
been determined based on stress and strain calcula-
tions in a multilayered pavement system. Using these
concepts, the layer coefficient may be adjusted, in-
creased, or decreased in order to maintain a constant
value of stress or strain required to provide compara-
ble performance.

Part II details how each of the design consider-
ations are to be treated in selecting the SN value and
how to decompose SN into layers according to mate-
rial properties and function, i.c., surface, base,
subbase, and so forth, The pavement slab thickness, in
inches, is provided directly from the design nomo-
graphs.

It is important to recognize that equations (1.2.1)
and (1.2.2) were derived from empirical information
obtained at the AASHO Road Test. As such, these
equations represent a best fit to observations at the
Road Test. The solution represents the mean value of
traffic which can be carried given specific inputs. In
other words, there would be a 50-percent chance that
the actual traffic to terminal serviceability could be
more or less than predicted. In order to decrease the
risk of premature deterioration below acceptable
levels of serviceability, a reliability factor is included
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Introduction and Background

in the design process. An explanation of the reliability
factor is given in Chapter 4 of Part I. In order to
properly apply the reliability factor, the inputs to the
design equation should be the mean value without
adjustment. This will be discussed further in Chapter
4 of Part I and in sections of Part I1. The designer must
remember to use mean values for such factors as soil
support, traffic, layer coefficients, drainage coeffi-
cients, etc. Increased reliability will be obtained by
adjustments which are based on uncertainty in each of
the design variables as well as traffic.

Each of the terms used in the design equations is
discussed as necessary in Parts I and II of this Guide.
It is pertinent to note that a few changes have been
made in the design equations when compared with the
1972 Interim Guide (2). The soil support value has
been replaced with My, (flexible) and a drainage coef-
ficient has been added to the rigid equation. For the
flexible equation, the structural number (SN) has been
modified by the addition of drainage coefficients and
the regional factor (R) has been deleted. Lastly, both
the rigid and flexible equations have been modified to
consider both total serviceability loss (p, — p,), and
terminal serviceability.

There are two important factors to consider con-
cerning these equations: (1) the equations are predic-
tors of the amount of traffic that can be sustained
before deteriorating to some selected terminal level of
serviceability and (2) the basic prediction equations
were developed empirically from field observations at
the AASHO Road Test with modifications considered
necessary to improve the Guide based on research
completed during the past 20 years.

There are a number of alternate procedures which
can be used for the design of pavement structures. In
fact, all 50 states have adopted their own design proce-
dures, many of which are based on past AASHTO
Guide methods. A list of other suitable pavement de-
sign procedures is presented in Appendix C.

1.3 PAVEMENT PERFORMANCE

Current concepts of pavement performance include
some consideration of functional performance, struc-
tural performance, and safety. This Guide is primarily
concerned with functional and structural perform-
ance. Information pertinent to safety can be found in
appropriate publications of NCHRP, FHWA, and
AASHTO. One important aspect of safety is the fric-
tional resistance provided at the pavement/tire inter-
face. AASHTO has issued a publication, Guidelines

-7

Jor Skid Resistant Pavement Design, which can be
referred to for information on this subject.

The structural performance of a pavement relates to
its physical condition; i.e., occurrence of cracking,
faulting, raveling, or other conditions which would
adversely affect the load-carrying capability of the
pavement structure or would require maintenance.

The functional performance of a pavement con-
cerns how well the pavement serves the user. In this
context, riding comfort or ride quality is the dominant
characteristic. In order to quantify riding comfort, the
“serviceability-performance” concept was developed
by the AASHO Road Test staff in 1957 (3, 4). Since
the serviceability-performance concept is used as the
measure of performance for the design equations in
this Guide, an explanation of the concept herein seems
worthwhile.

The serviceability-performance concept is based
on five fundamental assumptions, summarized as
follows (5):

(1) Highways are for the comfort and convenience
of the traveling public (User).

(2) Comfort, or riding quality, is a matter of sub-
jective response or the opinion of the User.

(3) Serviceability can be expressed by the mean of
the ratings given by all highway Users and is
termed the serviceability rating.

(4) There are physical characteristics of a pave-
ment which can be measured objectively and
which can be related to subjective evaluations.
This procedure produces an objective service-
ability index.

(5) Performance can be represented by the serv-
iceability history of a pavement.

The serviceability of a pavement is expressed in
terms of the present serviceability index (PSI). The
PSI is obtained from measurements of roughness and
distress, e.g., cracking, patching and rut depth (flex-
ible), at a particular time during the service life of the
pavement. Roughness is the dominant factor in esti-
mating the PSI of a pavement. Thus, a reliable method
for measuring roughness is important in monitoring
the performance history of pavements.

The specific equations developed at the Road Test
to calculate the present serviceability index have been
modified by most users of the AASHTO Guide. These
changes reflect local experience and are assumed to
represent results from the Road Test; i.e., the PSI
values continue to represent ride quality as evaluated
at the Road Test. Because of the relatively small con-
tribution to PSI made by physical distress, and the
difficulty in obtaining the information, many agencies
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rely only on roughness to estimate ride quality. It is
acknowledged that physical distress is likely to influ-
ence a decision to initiate maintenance or rehabilita-
tion. For purposes of this Guide, it is assumed that the
amount of distress associated with the terminal PSI is
acceptable.

Because roughness is such an important consider-
ation for the design of pavements, the change in
roughness will control the life cycle of pavements. In
this regard, the quality of construction will influence
performance and the life cycle of the designed pave-
ment. The initial pavement smoothness is an impor-
tant design consideration. For example, the life cycle
of a pavement initially constructed with a smoothness
or PSI of 4.5 will have a significantly longer life cycle
than one constructed to a PSI of 4.0. Thus, quality
control in the construction of a pavement can have a
beneficial impact on performance (life cycle).

The scale for PSI ranges from O through 5, with a
value of 5 representing the highest index of service-
ability, For design it is necessary to select both an
initial and terminal serviceability index.

The initial serviceability index (p;) is an estimate
by the user of what the PSI will be immediately after
construction. Values of p; established for AASHO
Road Test conditions were 4.2 for flexible pavements
and 4.5 for rigid pavements. Because of the variation
of construction methods and standards, it is recom-
mended that more reliable levels be established by
each agency based on its own conditions.

The terminal serviceability index (p,) is the lowest
acceptable level before resurfacing or reconstruction
becomes necessary for the particular class of highway.
An index of 2.5 or 3.0 is often suggested for use in the
design of major highways, and 2.0 for highways with a
lower classification. For relatively minor highways,
where economic considerations dictate that initial
expenditures be kept low, at p, of 1.5 may be used.
Expenditures may also be minimized by reducing the
performance period. Such a low value of p, should
only be used in special cases on selected classes of
highways.

The major factors influencing the loss of service-
ability of a pavement are traffic, age, and environ-
ment. Each of these factors has been considered in
formulating the design requirements included in this
Guide. However, it should be recognized that the sep-
arate or the interacting effects of these components are
not clearly defined at the present time, especially with
regard to age. It is known that the properties of materi-
als used for pavement construction change with time.
These changes may be advantageous to performance;

Design of Pavement Structures

however, in most cases, age (time) is a net negative
factor and works to reduce serviceability.

An effort has been made in the Guide to account for
the effects of environment on pavement performance
in situations where swelling clay or frost heave are
encountered. Thus, the total change in PSI at any time
can be obtained by summing the damaging effects of
traffic, swelling clay, and/or frost heave, as shown in
Equation 1.3.1 and illustrated in Figure 1.2.

APSI = APSITrafﬁc + APSISweII/Fmst Heave (1 3. 1)

where

APSI = total loss of serviceability,

APSI .. = serviceability loss due to traffic
(ESAL's), and

APSIgye/Frost Heave = Serviceability loss due to
swelling and/or frost heave of roadbed
soil.

It can be noted in Figure 1.2 that the effect of
swelling soils or frost heave is to reduce the predicted
service life of the pavement. The Guide does not rec-
ommend increasing pavement structural thickness to
offset the serviceability loss due to swelling soils;
but it is feasible, however, to control frost heave by
increasing the thickness of non-frost-susceptible
material.

In many swelling situations, it may be possible to
reduce to acceptable limits the effect of swelling soil
by stabilization of the expansive soil or by replace-
ment of these soils with nonexpansive material. When
experience indicates this is a viable procedure, it is
not necessary to estimate the effect of swelling soil on
the life cycle.

The predicted effect of frost heave is based on a
limited amount of information available in the litera-
ture. If agency design procedures include provisions
to mitigate the detrimental effects of frost, the service-
ability loss due to frost heave should be ignored, i.e.,
assumed to be zero. The most accepted procedure to
minimize the effect of frost heave is to replace the
frost-susceptible material with non-frost-susceptible
material to a depth of one-half or more of the frost
depth.

A further discussion of the influence of environ-
ment will be found in Section 1.7 of this chapter.
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1.4 TRAFFIC

Traffic information required by the design equa-
tions used in this Guide includes axle loads, axle con-
figuration, and number of applications.

The results of the AASHO Road Test have shown
that the damaging effect of the passage of an axle of
any mass (commonly called load) can be represented
by a number of 18-kip equivalent single axle loads or
ESAL’s. For example, one application of a 12-kip
single axle was found to cause damage equal to ap-
proximately 0.23 applications of an 18-kip single axle
load, and four applications of a 12-kip single axle
were required to cause the same damage (or reduction
in serviceability) as one application of an 18-kip sin-
gle axle. This concept has been applied to the design
equations and nomographs in Part II. The determina-
tion of design ESAL’s is a very important consider-
ation for the design of pavement structures using this
Guide, as it is in previous versions of the Guide.

1.4.1 Evalaation of Traffic

The procedure used in this Guide to convert a
mixed traffic stream of different axle loads and axle
configurations into a design traffic number is to con-
vert each expected axle load into an equivalent num-
ber of 18-kip single axle loads and to sum these over
the design period. The procedure for converting
mixed traffic to ESAL’s is discussed in Appendix D.

There are four key considerations which influence
the accuracy of traffic estimates and which can signifi-
cantly influence the life cycle of a pavement: (1) the
correctness of the load equivalency values used to esti-
mate the relative damage induced by axle loads of
different mass and configurations, (2) the accuracy of
traffic volume and weight information used to repre-
sent the actual loading projections, (3) the prediction
of ESAL’s over the design period, and (4) the interac-
tion of age and traffic as it affects changes in PSI.

The available load equivalency factors are consid-
ered the best available at the present time, represent-
ing information derived from the AASHO Road Test.
The empirical observations on the Road Test covered a
range of axle loads from 2 to 30 kips on single axles
and 24 to 48 kips on tandem axles. No tridem axles
were included in the Road Test experiment; load
equivalency values for tridem axles are included in
Appendix D, but they are the result of research carried
out since completion of the Road Test. Load equiva-
lency values for single and tandem axles which exceed
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the loads given above are also extrapolations of the
basic data from the Road Test.

It should be noted that load equivalency factors are,
to a minor degree, functions of pavement type (rigid
or flexible), thickness, and terminal serviceability (p,)
used for design. For designing composite pavements
(rigid base with flexible wearing surface), the use of
load equivalency values for rigid pavements is recom-
mended.

State DOT’s accumulate traffic information in the
format of the Federal Highway Administration W-4
truck weight tables, which are tabulations of the num-
ber of axles observed within a series of load groups
with each load group covering a 2-kip interval. Traffic
information relative to truck type, i.e., axle configu-
ration, is provided in W-2 tabulations (distribution of
vehicles counted and weighed). As illustrated in Ap-
pendix D, these tabulations can be used to estimate the
number of equivalent single axle loads associated with
mixed traffic at the particular reporting loadometer
station. From this information it is possible to obtain
average load equivalency factors for all trucks or for
trucks by configuration, i.e., the averages for singles,
tandems, or tridems.

Most states have taken the information from the
W-4 tables and converted it into relatively simple mul-
tipliers (truck equivalency factors) which represent
each truck type in the traffic stream. These multipliers
can be used to convert mixed streams of traffic to
ESAL’s. It must be realized that such conversions rep-
resent estimates when applied to highways other than
those from which the data were obtained. Weigh sta-
tion information represents only a sample of the total
traffic stream with weighings at a limited number of
locations and for limited periods of time. Such infor-
mation must be carefully interpreted when applied to
specific projects. Results from different weigh sta-
tions in one state have been reported to produce truck
factors which vary by a factor of 6. Thus, one source
of error in ESAL predictions is the use of estimated
truck equivalency factors for various classes of high-
ways based on a relatively small sample. Increased
sampling of this type of information is necessary in
order to reduce the error of the estimate due to insuffi-
cient information on a specific project. Users of this
Guide are urged to gather the best possible traffic data
for each design project.

Since pavements, new or rehabilitated, are usually
designed for periods ranging from 10 years to 20 years
or more, it is necessary to predict the ESAL’s for this
period of time, i.e., the performance period. The
performance period, often referred to as the design
period, is defined as the period of time that an initial
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(or rehabilitated structure) will last before reaching its
terminal serviceability. Any performance period may
be used with the Guide since design is based on the
total number of equivalent single axle loads; however,
experience may indicate a practical upper limit based
on considerations other than traffic. The ESAL’s for
the performance period represent the cumulative num-
ber from the time the roadway is opened to traffic to
the time when the serviceability is reduced to a termi-
nal value (e.g., p, equal 2.5 or 2.0). If the traffic is
underestimated, the actual time to p, will probably be
less than the predicted performance period, thereby
resulting in increased maintenance and rehabilitation
costs.

The maximum performance period to be used in
designing for a particular pavement type, i.e., flex-
ible, rigid, or composite, should reflect agency ex-
perience.

The performance period and corresponding design
traffic should reflect real-life experience. The per-
formance period should not be confused with pave-
ment life. The pavement life may be extended by
periodic rehabilitation of the surface or pavement
structure.

The equivalent loads derived from many traffic
prediction procedures represent the totals for all lanes
for both directions of travel. This traffic must be dis-
tributed by direction and by lanes for design purposes.
Directional distribution is usually made by assigning
50 percent of the traffic to each direction, unless avail-
able measured traffic data warrant some other distri-
bution. In regard to lane distribution, 100 percent of
the traffic in one direction is often assigned to each of
the lanes in that direction for purposes of structural
design if measured distributions are not available.
Some states have developed lane distribution factors
for facilities with more than one lane in a given direc-
tion. These factors vary from 60 to 100 percent of the
one-directional traffic, depending on the total number
of lanes in the facility. Part I and Appendix D provide
more details pertinent to this lane distribution factor.

Traffic information is often provided to the de-
signer by a Planning or Traffic group. The designers
should work closely with traffic personnel to be sure
the proper information is provided and that the conse-
quences of poor estimates of present and future traffic
are understood by all personnel involved.

Predictions of future traffic are often based on past
traffic history. Several factors can influence such pre-
dictions.

For purposes of pavement structure design, it is
necessary to estimate the camulative number of 18-kip
equivalent single axle loads (ESAL’s) for the design

I-i1

(performance) period. The number of ESAL's may or
may not be proportional to the average daily traffic,
Truck traffic is the essential information required to
calculate ESAL’s; it is therefore very important to
correctly estimate future truck traffic for the facility
during the design period.

Traffic may remain constant or increase according
to a straight line or at an accelerating (exponential)
rate. In most cases, highways classified as principal
arterial or interstate will have exponential growth
(comparable to compound interest on investments).
Traffic on some minor arterial or collector-type high-
ways may increase along a straight line, while traffic
on some residential streets may not change because
the use remains constant. Thus, the designer must
make provision for growth in traffic from the time of
the last traffic count or weighing through the perform-
ance period selected for the project under consider-
ation. Appendix D provides appropriate information
for estimating future traffic growth based on an as-
sumed exponential compounded growth rate. If zero
or negative growth in traffic is anticipated, a zero or
negative growth factor can be used. In most cases,
appropriate growth factors can be selected from the
table in Appendix D. For major arterials and interstate
highways, the growth rate should be applied by truck
class rather than to the total traffic since growth in
truck traffic may differ from the total traffic stream.

The percent trucks for the design period is often
assumed to be constant; yet on some sections of the
interstate system, the truck traffic in rural areas has
been reported to increase from an estimated 6 percent
to 25 to 30 percent over a 10- to 20-year period.

The load equivalency factor increases approxi-
mately as a function of the ratio of any given axle load
to the standard 18-kip single axle load raised to the
fourth power. For example, the load equivalency of a
12-kip single axle is given as 0.19 (Appendix D),
while the load equivalency for 20-kip single axle is
1.51. Thus, the 20-kip load is 8 times as damaging as
the 12-kip load, i.e., (20/12)*. This relationship will
vary depending on the structural number and terminal
serviceability; however, it is generally indicative of
load effects. Thus, it is especially important to obtain
reliable truck weight information for each truck class
and especially for the multi-axle trucks since these
vehicles will constitute a high percentage of the total
ESAL’s on most projects.

Calculation of future ESAL’s is often based on
truck factors by truck class. For example, based on
truck weight information for five-axle tractor and
trailer units, it is possible to develop an average multi-
plier for each five-axle truck. Thus, if the designer
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can estimate the number of five-axle trucks over the
design period, it is possible to calculate the cumula-
tive ESAL’s due to this particular truck class. A simi-
lar procedure is described in Appendix D for most of
the truck classes on the highways at the present time.

In regard to the use of truck factors, it will be
important to use truck weight information representa-
tive of the truck traffic on the designed facility. Some
truck weight data indicate that truck weights can vary
by a factor of six or more between weigh stations.
Thus, it is very important to obtain information as
nearly site specific as possible when estimating
ESAL’s per truck for each truck classification.

Procedures described in Appendix D may be
applied to stage-construction design, i.e., where the
initial design (performance) period is varied in order
to consider alternative designs for economic com-
parisons.

It should be clear from this discussion that the esti-
mate or prediction of future traffic (ESAL’s) is not a
trivial problem. Poor estimates of traffic can produce
pavement performance significantly different than
that expected and cause a major increase in the cost of
the specific project. This increased cost, when applied
to all sections being designed by an agency, will ad-
versely affect the overall programming of highway
projects and reduce the work which can be done.

Future deregulation or relaxation of truck loads
could also result in changes in the load distributions
by truck class, possibly resulting in an increased per-
centage of five-axle (or more) vehicles being used.
Also, inflation pressures used in truck tires are in-
creasing as tire manufacturers improve their technol-
ogy and the truck industry evaluates the potential
advantage of using higher inflation tires. It is not
known exactly what the net effect of higher tire infla-
tion is; however, pavement engineers and designers
need to keep apprised of possible changes which can
influence pavement performance.

In summary, reliable information concerning cu-
mulative ESAL’s is important for the determination of
pavement structure requirements for both new con-
struction and for rehabilitation. Continuous monitor-
ing of traffic on selected routes to compare predicted
and actual traffic loadings is an important and vital set
of information needed to produce reliable designs.

The reliability factor included in the Guide (Part I,
Chapter 4 and Volume 2, Appendix EE) has been
developed to provide consideration of uncertainties in
both traffic predictions and performance predictions.
Investigations by several states and industry have pro-
vided some information concerning the uncertainties
in traffic predictions, i.e., comparison of predicted
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ESAL’s and actual ESAL’s. The standard deviation of
the relationship between predicted and actual traffic
has been reported (27) to be on the order of 0.2, In
effect, the actual traffic may be 1.6 (one standard
deviation) to 4.0 times (three standard deviations) as
much as predicted. It should be clear that improve-
ments in traffic loading information and predictions
will contribute significantly to the precision which
can be achieved in thickness design.

Detailed information and procedures for calculat-
ing ESAL’s are given in Appendix D. Designs in Part
II take into consideration the uncertainty in traffic
estimates. The designer must use the best estimate for
traffic without any adjustment based on his or her
interpretation of the accuracy of such information.
Provision has been made in the treatment of reliability
in Part 1l to accommodate the overall effect of vari-
ances in the cumulative axle load predictions and
other design- and performance-related factors.

1.4.2 Limitations

It is pertinent to note that the load equivalency fac-
tors used in this Guide are based on observations at
the AASHO Road Test in Ottawa, Tllinois. In this re-
gard some limitations should be recognized, such as
(1) limited pavement types, (2) loads and load applica-
tions, (3) age, and (4) environment.

The pavement types at the AASHO Road Test,
from which load equivalency values were derived,
included conventional flexible construction, i.e., sur-
face, base and subbase, and rigid pavements with and
without reinforcement but always with load transfer
devices (dowels). The same load equivalency factors
are being applied in this Guide to (1) flexible pave-
ments with stabilized base and subbase, (2) rigid pave-
ments without dowels in the transverse joints, and
(3) continuously reinforced concrete pavements. Mod-
ifications to the load equivalency values can only
come through controlled experiments. The values
used in this Guide are considered the best available at
the present time.

The experimental design at the AASHO Road Test
included a wide range of loads as previously discussed
(Section 1.4.1); however, the applied loads were lim-
ited to a maximum of 1,114,000 axle applications for
those sections which survived the full trafficking per-
iod. Thus, the maximum number of 18-kip equivalent
single axle loads (ESAL’s) applied to any test section
was approximately one million. However, by applying
the concept of equivalent loads to test sections sub-
jected to only 30-kip single axle loads, for example, it
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is possible to extend the findings to 8 x 10°® ESALs.
Use of any design ESAL’s above 8 x 10° requires
extrapolation beyond the equations developed from
the Road Test results. Such extrapolations have, how-
ever, provided reasonable results, based on applica-
tion of the Guide since 1972.

The AASHO Road Test, from which the basic de-
sign equations were derived, was completed after 2
vears of traffic testing. The prediction models repre-
sented by equations (1,2,1) and (1.2.2) do not include
a term for age, i.e., an interactive term for age and
traffic. For the present state of knowledge there is very
little information available to quantify the effect of
aging on performance as expressed in terms of PSI or
axle load applications. There is a need for more infor-
mation regarding the combined effect of traffic and
aging on performance. If a user agency has such infor-
mation it may be possible to modify the performance
model accordingly. However, this Guide makes no
direct evaluation of aging effects. Evaluation of aging
factors along with traffic (ESAL’s) should be a high
priority for long-term monitoring of pavement per-
formance.

Only one set of materials and one roadbed soil were
included in the AASHO Road Test for each pavement
type. A small experiment also included performance
observations of stabilized base materials under asphal-
tic surfaces. Use of alternate construction materials
represents an extrapolation of the basic data. How-
ever, as previously indicated, such extrapolations are
based on investigations using analytical techniques
and are considered reasonable pending results from
field investigations.

The weather at the Road Test in Ottawa, Ilinois, is
representative of a large portion of the United States,
subject to freezing temperatures during the winter and
medium to high rainfall throughout the year. An effort
has been made in Part II of this Guide to provide a
procedure for estimating the effects of seasonal condi-
tions and modifying these for site specific locations.
More information on environment is provided in a
later section of Part I as well as in Part II of the Guide.

A number of new concepts have been included in
these Guides, e.g., reliability, drainage coefficients,
use of resilient modulus to estimate layer coefficients,
remaining life estimates for overlays, and NDT meth-
ods to estimate in situ resilient modulus. These con-
cepts have limited documentation based on actual field
observations; however, they are based on an extensive
evaluation of the present state of the knowledge. To the
extent possible, explanations are provided in the
Guide in either this volume or Volume 2. It is hoped
that these concepts will find sufficient usage in order
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to evaluate and eventually modify and improve the
design procedures and effectiveness of using the
Guide.

1.4.3 Special Cases

This Guide is based on performance equations
from the AASHO Road Test which may not apply
directly to some urban streets, county roads, park-
ways, or parking lots. For city streets, the major traf-
fic loads will be generated by service vehicles, buses,
and delivery trucks. Load equivalency values for such
vehicles are not generally well-estimated by truck load
equivalency factors from truck weighing stations. If
the Guide is used for design of urban streets, an effort
should be made to obtain information on actual axle
loads and frequencies typical of vehicles operating on
those streets. If this is done, the Guide can be used ata
selected level of reliability.

For parkways, i.e., highways which limit the use of
heavy trucks, it may be necessary to adjust the design
based on a combination of traffic factors, environmen-
tal factors, and experience. Use of load equivalency
factors as given in Appendix DD may result in an under-
designed pavement and premature deterioration.

1.5 ROADBED SOIL

The definitive material property used to character-
ize roadbed soil for pavement design in this Guide is
the resilient modulus (My). The procedure for deter-
mination of Mg is given in AASHTO Test Method
T 274.

The resilient modulus is a measure of the elastic
property of soil recognizing certain nonlinear charac-
teristics. The resilient modulus can be used directly
for the design of flexible pavements but must be con-
verted to a modulus of subgrade reaction (k-value) for
the design of rigid or composite pavements. Direct
measurement of subgrade reaction can be made if
such procedures are considered preferable to the de-
sign agency.

The resilient modulus was selected to replace the
soil support value used in previous editions of the
Design Guide for the following reasons:

(1) Tt indicates a basic material property which
can be used in mechanistic analysis of multi-
layered systems for predicting roughness,
cracking, rutting, faulting, etc.
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(2) Methods for the determination of Mg are de-
scribed in AASHTO Test Method T 274.

(3) It has been recognized internationally as a
method for characterizing materials for use in
pavement design and evaluation.

(4) Techniques are available for estimating the Mg
properties of various materials in-place from
nondestructive tests.

It is recognized that many agencies do not have
equipment for performing the resilient modulus test.
Therefore, suitable factors are reported which can be
used to estimate My, from standard CBR, R-value, and
soil index test results or values. The development of
these factors is based on state of the knowledge corre-
lations. It is strongly recommended that user agencies
acquire the necessary equipment to measure Mg. In
any case, a well-planned experiment design is essen-
tial in order to obtain reliable correlations. A range of
soil types, saturation, and densities should be in-
cluded in the testing program to identify the main
effects. Guidelines for converting CBR and R-value to
Mg are discussed in this chapter. These correlations
are used in Part II of this Guide pending the establish-
ment of agency values.

Heukelom and Klomp (6) have reported correla-
tions between the Corps of Engineers CBR value,
using dynamic compaction, and the in situ modulus of
soil. The correlation is given by the following rela-
tionship:

Mg(psi) = 1,500 x CBR (1.5.1)

The data from which this correlation was developed
ranged from 750 to 3,000 times CBR. This relation-
ship has been used extensively by design agencies and
researchers and is considered reasonable for fine-
grained soil with a soaked CBR of 10 or less. Methods
for testing are given in Appendix F. The CBR should
correspond to the expected field density.

Similar relationships have also been developed by
the Asphalt Institute (7) which relate R-value to My as
follows:

Mg(psi) = A + B x (R-value) (1.5.2)

where

>
!

= 772 to 1,155 and
369 to 555.

[=v}
Il
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For the purposes of this Guide, the following corre-
lation may be used for fine-grained soils (R-value less
than or equal to 20) until designers develop their own
capabilities:

Mg = 1,000 + 555 x (R-value) (1.5.3)

This discussion summarizes estimates for convert-
ing CBR and R-values to a resilient modulus for road-
bed soil. Similar information is provided for granular
materials in Section 1.6, Materials of Construction.

Placement of roadbed soil is an important consider-
ation in regard to the performance of pavements. In
order to improve the general reliability of the design,
it is necessary to consider compaction requirements.
For average conditions it is not necessary to specify
special provisions for compaction. However, there are
some situations for which the designer should request
modifications in the specifications.

(1) The basic criteria for compaction of roadbed
soils should include an appropriate density
requirement. Inspection procedures must be
adequate to assure that the specified density
is attained during construction. If, for any rea-
son, the basic compaction requirements cannot
be met, the designer should adjust the design
Mg value accordingly.

(2) Soils that are excessively expansive or resilient
should receive special consideration. One
solution is to cover these soils with a sufficient
depth of selected material to modify the detri-
mental effects of expansion or resilience.
Expansive soils may often be improved by
compaction at water contents of 1 or 2 percent
above the optimum. In some cases it may be
mote economical to treat expansive or resilient
soils by stabilizing with a suitable admixture,
such as lime or cement, or to encase a substan-
tial thickness in a waterproof membrane
to stabilize the water content. Information con-
cerning expansive soil is covered in Reference
8. Methods for evaluating the potential conse-
quences of expansive roadbed soils are pro-
vided in Appendix G.

(3) Inareas subject to frost, frost-susceptible soils
may be removed and replaced with selected,
nonsusceptible material. Where such soils are
too extensive for economical removal, they
may be covered with a sufficient depth of suit-
able material to modify the detrimental effects
of freezing and thawing. Methods for evaluat-
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ing the consequences of frost heave are pro-
vided in Appendix G and have been reviewed
previously in this chapter. Methods for com-
pensating for seasonal thaw-weakening are
provided in Part II.

Problems with highly organic soils are related
to their extremely compressible nature and are
accentuated when deposits are nonuniform in
properties or depth. Local deposits, or those of
relatively shallow depth, are often most eco-
nomically excavated and replaced with suitable
select material. Problems associated with
deeper and more extensive deposits have been
alleviated by placing surcharge embankments
for preconsolidation, sometimes with special
provisions for rapid removal of water to hasten
consolidation.

Special provisions for unusually variable soil
types and conditions may include: scarifying
and recompacting; treatment of an upper layer
of roadbed soils with a suitable admixture;
using appreciable depths of more suitable
roadbed soils (select or borrow); over-excava-
tion of cut sections and placing a uniform layer
of selected material in both cut-and-fill areas;
or adjustment in the thickness of subbase at
transitions from one soil type to another.
Although the design procedure is based on the
assumption that provisions will be made for
surface and subsurface drainage, some situa-
tions may require that special attention be
given to design and construction of drainage
systems. Drainage is particularly important
where heavy flows of water are encountered
(i.e., springs or seeps), where detrimental
frost conditions are present, or where soils are
particularly susceptible to expansion or loss of
strength with increase in water content. Spe-
cial subsurface drainage may include provision
of additional layers of permeable material be-
neath the pavement for interception and collec-
tion of water, and pipe drains for collection and
transmission of water. Special surface drainage
may require such facilities as dikes, paved
ditches, and catch-basins.

Certain roadbed soils pose difficult problems
in construction. These are primarily the cohe-
sionless soils, which are readily displaced un-
der equipment used to construct the pavement,
and wet clay soils, which cannot be compacted
at high water contents because of displacement
under rolling equipment and which require
long periods of time to dry to a suitable water
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content. Measures used to alleviate such con-
struction problems include: (1) blending with
granular materials, (2) adding suitable admix-
tures to sands to provide cohesion, (3) adding
suitable admixtures to clays to hasten drying or
increase shear strength, and (4) covering with
a layer of more suitable selected material to act
as a working platform for construction of the
pavement.

Resilient Modulus (My) values for pavement struc-
ture design should normally be based on the proper-
ties of the compact layer of the roadbed soil. It may, in
some cases, be necessary to include consideration of
the uncompacted foundation if these in situ materials
are especially weak. It is important to note that the
design of the pavement structure by this Guide is
based on the average My value. Although reliability
considers the variation of many factors associated
with design, it is treated by adjusting the design traf-
fic. (See Chapter 4.) The design traffic is the expected
value of 18-kip ESAL’s during the design period. The
designer must not select a design My value based on
some minimum or conservative criteria as this will
introduce increased conservatism in design beyond
that provided by the reliability factor.

1.6 MATERIALS OF CONSTRUCTION

Materials used for construction of the pavement
structure can be divided into two general classes; (1)
those for flexible pavements and (2) those for rigid
pavements. Materials used for composite pavements
include those for roadbed preparation, for a subbase,
and for a portland cement concrete slab with an as-
phalt concrete wearing surface. An asphalt concrete
overlay on a rigid pavement is considered a composite
pavement.

In order to complete the design requirements for
flexible pavements, it may be necessary to convert
CBR or R-value information to resilient modulus, Mg.
In the absence of agency correlations, the following
correlations are provided for unbound granular mate-
rials (base and subbase):

0(psd) Mg (psi)

100 740 x CBR or 1,000 + 780 x R
30 440 x CBR or 1,000 + 450 x R
20 340 x CBR or 1,000 + 350 x R
10 250 x CBR or 1,000 + 250 x R
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where 8 = sum of the principal stresses, 6, + 6, +
G3; referring to AASHTO T 274, this corresponds to
64 + 30; when 64 = 6, — 0;.

The strength of the granular base or subbase is
related to the stress state which will occur under oper-
ating conditions. The sum of the principal stresses, 0,
is a measure of the stress state, which is a function of
pavement thickness, load, and the resilient modulus of
each layer. As an agency becomes increasingly famil-
iar with these parameters, it will be possible to deter-
mine the stress state from a layered system analysis
following procedures given in Part IV of the Guide.
However, if such information is not available, esti-
mates of resilient modulus values provided in Part II of
this Guide may be used.

1.6.1 Flexible Pavements

As shown in Figure 1.1, flexible pavements gener-
ally consist of a prepared roadbed underlying layers of
subbase, base, and surface courses. In some cases the
subbase and/or base will be stabilized to maximize the
use of local materials. The engineering literature con-
tains a good deal of information relative to soil and
aggregate stabilization (9, 10).

References 9 and 10 provide a state of the knowl-
edge description of procedures for selecting the stabi-
lizing agents appropriate to various soil types and
construction methods. Pavement design examples in
Reference 9 refer to the 1972 Interim Guide; however,
the examples can still be used to illustrate design con-
cepts appropriate for use with stabilized materials.

Prepared Roadbed. The prepared roadbed is a
layer of compacted roadbed soil or select borrow
material which has been compacted to a specified
density.

Subbase Course. The subbase course is the por-
tion of the flexible pavement structure between the
roadbed soil and the base course. It usually consists of
a compacted layer of granular material, either treated
or untreated, or of a layer of soil treated with a suit-
able admixture. In addition to its position in the pave-
ment, it is usually distinguished from the base course
material by less stringent specification requirements
for strength, plasticity, and gradation. The subbase
material should be of significantly better quality than
the roadbed soil. For reasons of economy, the subbase
is often omitted if roadbed soils are of high quality.

Design of Pavement Structures

When roadbed soils are of relatively poor quality
and the design procedure indicates that a substantial
thickness of pavement is required, several alternate
designs should be prepared for structural sections
with and without subbase. The selection of an alter-
nate may then be made on the basis of availability and
relative costs of materials suitable for basc and sub-
base. Because lower quality materials may be used in
the lower layers of a flexible pavement structure, the
use of a subbase course is often the most economical
solution for construction of pavements over poor road-
bed soils.

Although no specific quality requirements for sub-
base material are presented in this Guide, the
AASHTO Construction Manual for Highway Con-
struction can be used as a guide. Many different mate-
rials have been used successfully for subbase. Local
experience can be used as the basis for selection. For
use in this design procedure, subbase material, if
present, requires the use of a layer coefficient (a;), in
order to convert its actual thickness to a structural
number (SN). Special consideration must be given to
determining the minimum thickness of base and sur-
facing required over a given subbase material. Proce-
dures that may be used for this purpose are given in
Part II, Procedures for assigning appropriate layer co-
efficients based on expected My, are given in Part IL

Untreated aggregate subbase should be compacted
to 95 percent of maximum laboratory density, or
higher, based on AASHTO Test T 180, Method D, or
the equivalent. In addition to the major function as a
structural portion of the pavement, subbase courses
may have additional secondary functions, such as:

(1) Preventing the intrusion of fine-grained road-
bed soils into base courses—relatively dense-
graded materials must be specified if the
subbase is intended to serve this purpose.

(2) Minimize the damaging effects of frost
action—materials not susceptible to detrimen-
tal frost action must be specified if the subbase
is intended for this purpose.

(3) Preventing the accumulation of free water
within or below the pavement structure—a
relatively free-draining material may be speci-
fied for the subbase if this is the intention,
Provisions must also be made for collecting
and removing the accumulated water from the
subbase if this layer is to be included as part of
the drainage system. If the subbase is to be
designed as a drainage layer, it will be neces-
sary to limit the fraction passing the No. 8
sieve to a very small percent.
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(4) Providing a working platform for construction
equipment—important when roadbed so0il
cannot provide the necessary support.

Base Course. The base course is the portion of
the pavement structure immediately beneath the sur-
face course. It is constructed on the subbase course,
or, if no subbase is used, directly on the roadbed soil.
Its major function in the pavement is structural sup-
port. It usually consists of aggregates such as crushed
stone, crushed slag, crushed gravel and sand, or com-
binations of these materials. It may be used untreated
or treated with suitable stabilizing admixtures, such as
portland cement, asphalt, lime, cement-flyash and
lime-flyash, i.¢., pozzolonic stabilized bases. Specifi-
cations for base course materials are generally consid-
erably more stringent than for subbase materials in
requirements for strength, plasticity, and gradation.
Guidelines for stabilization can be found in Refer-
ences 9 and 10.

When utilizing pozzolonic stabilized bases under a
relatively thin asphaltic wearing surface, it can usually
be expected that uncontrolled transverse reflection
cracks will occur in the surface in a relatively short
period of time, e.g., 1 to 3 years. Sawed and sealed
joints (through the asphalt concrete into the base) may
be utilized to minimize the adverse effects on appear-
ance and to provide for better future sealing opera-
tions. Joint spacing may vary from 20 to 40 feet
depending on local experience with past uncontrolled
crack-spacing problems.

Although no specific quality requirements for base
courses are presented in this Guide, the specifications
included in AASHTO’s Manual for Highway Con-
struction or in ASTM Specification D 2940, ““Graded
Aggregate Material for Bases or Subbase for High-
ways and Airports,” are often used. Materials varying
in gradation and quality from these specifications have
been used in certain areas and have provided satisfac-
tory performance. Additional requirements for quality
of base materials, based on test procedures used by the
constructing agency, may also be included in materials
or construction specifications.

Untreated aggregate base should be compacted to
at least 95 percent of maximum laboratory density
based on AASHTO Test T 180, Method D, or the
equivalent. A wide variety of materials unsuitable for
use as untreated base course have given satisfactory
performance when improved by addition of a stabiliz-
ing admixture, such as portland cement, asphalt, or
lime. Consideration should be given to the use of such
treated materials for base courses whenever they are
economically feasible, particularly when suitable un-
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treated materials are in short supply. Economic advan-
tages may result not only from the use of low-cost
aggregates but also from possible reduction in the
total thickness of the pavement structure that may
result from the use of treated materials. Careful study
is required in the selection of the type and amount of
admixture to be used for optimum performance and
economy.

For use in this design procedure, base material
must be represented by a layer coefficient (a,) in order
that its actual thickness may be converted to a struc-
tural number. Procedures for the determination of
layer coefficients based on My are given in Part II.

Drainage Layer. A number of agencies are now
considering or constructing pavements with a drainage
course, or layer, as shown in Figure 1.3 (/7). Figure
1.3 illustrates one configuration; alternate designs are
shown in Appendix AA of Volume 2 and in References
12 and 13.

The cross section shown in Figure 1.3 is illustrative
only. The location of the longitudinal drain with
respect to the traveled way can vary depending on
designer preference and local experience. Also, this
figure does not show the collector systems and outlet
requirecments for a total drainage design. Reference
should be made to Appendix AA of Volume 2 and
References 11, 12, 13, 22, and 23 for additional infor-
mation regarding the design of drainage systems.

The designer should give some consideration to the
preferred construction sequence when specifying a
drainage system, e.g., excavation and installation after
the travel lane paving has been completed. Local prac-
tice should be followed; however, the designer should
be aware that special provisions to the specifications
may be necessary. Additional information concerning
the design of the drainage layer is provided in Section
1.8 of Part I and in Appendix AA of Volume 2.

Tables 1.1, 1.2, and 1.3 provide some background
information for estimating the permeability of various
types of material.

Table 1.1 provides general relationships between
coarse-graded unstabilized materials and their coeffi-
cients of permeability (17).

Table 1.2 provides guidelines for the gradation of
asphalt-treated permeable material (/7). At least one
state agency has reported the same gradation for
porous concrete used as a drainage layer.

Table 1.3 summarizes information relative to the
permeability of graded aggregates as a function of the
percent passing the No. 200 mesh sieve. Additional
information concerning materials to be used for the
drainage course is provided in Reference 12.
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A. Base is used as the drainage layer.

Base and subbase material
/X must meet filter criteria

——

AC or PCC /

Material must meet
filter criteria

Drainage layer
as a base

B. Drainage layer is part of or below the subbase.

Base and subbase material
must meet vertical drainage
permeability criteria

/

TR

AC or PCC

1||!!!|H

Material must meet filter criteria if base or
subbase adjacent to drainage layer does not
meet filter criteria

ZDrainage layer
as part of or

below the subbase Material must meet

filter criteria

Note: Filter fabrics may be used in lieu of filter material, soil,
or aggregate, depending oneconomic considerations.

Figure 1.3. Example of Drainage Layer in Pavement Structure (11)
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Table 1.1. Permeability of Graded Aggregates (11)
Sample Number
Percent Passing 1 2 3 4 5 6

3/a-inch sieve 100 100 100 100 100 100
1/2-inch sieve 85 84 83 81.5 79.5 75
3/g-inch sieve 77.5 76 74 72.5 69.5 63
No. 4 sieve 58.5 56 52.5 49 435 32
No. 8 sieve 42.5 39 34 29.5 22 5.8
No. 10 sieve 39 35 30 25 17 0
No. 20 sieve 26.5 22 15.5 9.8 0 0
No. 40 sieve 18.5 13.3 6.3 0 0 0
No. 60 sieve 13.0 7.5 0 0 0 0
No. 140 sieve 6.0 0 0 0 0 0
No. 200 sieve 0 0 0 0 0 0
Dry density (pcf) 121 117 115 111 104 101
Coefficient of permeability

(ft. per day) 10 110 320 1,000 2,600 3,000

NOTE: Subsurface drainage systems should be capable of removing.

The approximate coefficient of permeability of the
asphalt-treated permeable material is 3,000 feet or
more per day when treated with 2-percent asphalt and
8,000 feet per day with no asphalt.

Table 1.2. Gradation for Asphalt Treated

Permeable Layer (17)

Sieve Size

Percent Passing

1” 100
3" 90-100
3" 30-50
No. 4 0-5
No. 8 0-2

Table 1.3. Effect of Percentage Passing 200
Mesh Sieve on Coefficient of
Permeability of Dense Graded
Aggregate, Feet Per Day (11)

Percent Passing No. 200 Sieve

Types of
Fines 0 5 10 15
Silica or
limestone 10 0.07 0.08 0.03
Silt 10 0.08 0.001 0.0002
Clay 10 0.01 0.0005 0.00009

© 1993 by the American Association of State Highway and Transportation Officials.

Specifications, for both design and construction, of
drainage courses are under development; hence, mate-
rial requirements should be referenced to the latest
guide specifications of AASHTO, ASTM, or the ap-
propriate state agency responsible for developing
statewide criteria and requirements. Information in
Tables 1.1, 1.2, and 1.3 provides some guidelines for

estimating permeability.

The N.J. Department of Transportation has devel-
oped specifications for bituminous stabilized and non-
stabilized open-graded mixes for drainage layers. The
gradation requirements used by the NJDOT are:

Sieve Size

Percent Passing

1.5 in.
1.0 in.
0.5 in.
No. 4

No. 8

No. 16
No. 50

100
95-100
60-80
40-55

5-25

0-
0-

8
5

This material can be made with a 50/50 blend of
No. 57 and No. 9 stone of a crushed stone. The target
permeability suggested by NJDOT is 1,000-3,000 fi.
per day. Laboratory testing for permeability is recom-
mended prior to approval of the porous layer material.
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A “cookbook” approach to the internal drainage
problem is given by G.S. Kozloo in Transportation
Record 993.

The measurement of subsurface drainage is gener-
ally based on the time required for 50-percent of the
unbound water to be removed from the layer to be
drained. The Casagrande flow equation for estimating
the 50-percent drainage time is expressed as:

tsg = M, X L/[2 x K x (H+ L X tan o]

(1.6.1)
where
tso = time for 50 percent of unbound water
to drain (days),
ne = effective porosity (80 percent of
absolute porosity),
L = length of flow path (feet),
K = permeability constant (ft./day), and
tan o = slope of the base layer.

Filter Material. A detailed description of filter
layers is contained in Appendix AA, Volume 2.
Ridgeway (11) provides the following general com-
ments:

The drainage layer and the collector system
must be prevented from clogging if the system
is to remain functioning for a long period of
time. This is accomplished by means of a filter
between the drain and the adjacent material.
The filter material, which is made from select
aggregates or fabrics, must meet three general
requirements: (1) it must prevent finer mate-
rial, usually the subgrade, from piping or mi-
grating into the drainage layer and clogging it;
(2) it must be permeable enough to carry water
without any resistance; and (3) it must be
strong enough to carry the loads applied and,
for aggregate, to distribute live loads to the
subgrade.

Surface Course. The surface course of a flexible
structure consists of a mixture of mineral aggregates
and bituminous materials placed as the upper course
and usually constructed on a base course. In addition
to its major function as a structural portion of the
pavement, it must also be designed to resist the abra-
sive forces of traffic, to reduce the amount of surface

Design of Pavement Structures

water penetrating the pavement, to provide a skid-
resistance surface, and to provide a smooth and uni-
form riding surface.

The success of a surface course depends to a degree
on obtaining a mixture with the optimum gradation of
aggregate and percent of bituminous binder to be
durable and to resist fracture and raveling without be-
coming unstable under expected traffic and climatic
conditions. The use of a laboratory design procedure
is essential to ensure that a mixture will be satis-
factory.

Although dense-graded aggregates with a maxi-
mum size of about 1 inch are most commonly speci-
fied for surface courses for highways, a wide variety
of other gradations, from sands to coarse, open-
graded mixtures, have been used and have provided
satisfactory performance for specific conditions. Sur-
face courses are usually prepared by hot plant mixing
with an asphalt cement, but satisfactory performance
has also been obtained by cold plant mixing, or even
mixing, in-place, with liquid asphalts or asphalt emul-
sions. Hot plant mixes, e.g., asphalt concrete, are
recommended for use on all moderate to heavily traf-
ficked highways.

Construction specifications usually require that a
bituminous material be applied on untreated aggregate
base courses as a prime coat, and on treated base
courses and between layers of the surface course to
serve as a tack coat.

No specific quality requirements for surface
courses are presented in this Guide. It is recognized
that each agency will prepare specifications that are
based on performance, local construction practices,
and the most economical use of local materials.
ASTM Specification D 3515 provides some guidelines
for designing asphalt concrete paving mixes.

It is particularly important that surface courses be
properly compacted during construction. Improperly
compacted surface courses are more likely to exhibit a
variety of types of distress that tend to reduce the life
and overall level of performance of the pavement.
Types of distress that are often related to insufficient
compaction during construction include rutting result-
ing from further densification under traffic, structural
failure resulting from excess infiltration of surface
water through the surface course, and cracking or rav-
eling of the surface course resulting from embrittle-
ment of the bituminous binder by exposure to air and
water in the mixture. Specific criteria for compaction
must be established by each highway agency based on
local experience. Theoretical maximum densities of
92 percent or more are sometimes specified for dense-
graded mixes.
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Introduction and Background
1.6.2 Rigid Pavements

As shown in Figure 1.1, rigid pavements generally
consist of a prepared roadbed underlying a layer of
subbase and a pavement slab. The subbase may be
stabilized or unstabilized. In cases of low volume road
design where truck traffic is low, a subbase layer may
not be necessary between the prepared roadbed and
the pavement slab.

A drainage layer can be included in rigid pavements
in much the same manner described for flexible pave-
ments as shown in Figure 1.3. Alternate drainage de-
signs are shown in Appendix AA, Volume 2.

Subbase. The subbase of a rigid pavement struc-
ture consists of one or more compacted layers of
granular or stabilized material placed between the
subgrade and the rigid slab for the following pur-
poses:

(1) to provide uniform, stable, and permanent

support,

(2) 1o increase the modulus of subgrade reaction
k),

(3) to minimize the damaging effects of frost
action,

(4) to prevent pumping of fine-grained soils at
joints, cracks, and edges of the rigid slab, and

(5) to provide a working platform for construction
equipment.

If the roadbed soils are of a quality equal to that of
a subbase, or in cases where design traffic is less than
1,000,000 18-kip ESAL’s, an additional subbase layer
may not be needed.

A number of different types of subbases have been
used successfully. These include graded granular
materials and materials stabilized with suitable admix-
tures. Local experience may also provide useful crite-
ria for the selection of subbase type. The prevention of
water accumulations on or in roadbed soils or sub-
bases is essential if satisfactory performance of the
pavement structure is to be attained. It is recom-
mended that the subbase layer be carried 1 to 3 feet
beyond the paved roadway width or to the inslope if
required for drainage.

Problems with the erosion of subbase material
under the pavement slab at joints and at the pavement
edge have led some designers to use a lean concrete or
porous layers for subbase. While the use of a porous
layer is encouraged it should be noted that design
criteria for such materials are still in the development
stage and the designer should review the literature or
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contact agency personnel familiar with current re-
quirements.

Pavement Slab. The basic materials in the pave-
ment slab are portland cement concrete, reinforcing
steel, load transfer devices, and joint sealing materi-
als. Quality control on the project to ensure that the
materials conform to AASHTO or the agency specifi-
cations will minimize distress resulting from distor-
tion or disintegration.

Portland Cement Concrete. The mix design and
material specifications for the concrete should be in
accordance with, or equivalent to, the requirements of
the AASHTO Guide Specifications for Highway
Construction and the Standard Specifications for
Transportation Materials. Under the given conditions
of a specific project, the minimum cement factor
should be determined on the basis of laboratory tests
and prior experience of strength and durability.

Air-entrained concrete should be used whenever it
is necessary to provide resistance to surface deteriora-
tion from freezing and- thawing or from salt or to
improve the workability of the mix.

Reinforcing Steel. The reinforcing steel used in
the slab should have surface deformations adequate to
bond and develop the working stresses in the steel. For
smooth wire mesh, this bond is developed through the
welded cross wires. For deformed wire fabric, the
bond is developed by deformations on the wire and at
the welded intersections.

Joint Sealing Materials. Three basic types of
sealants are presently used for sealing joints:

(1) Liquid sealants. These include a wide variety
of materials including: asphalt, hot-poured
rubber, elastomeric compounds, silicone, and
polymers. The materials are placed in the joint
in a liquid form and allowed to set. When using
liquid sealants, care should be taken to provide
the proper shape factor for the movement
expected.

(2) Preformed elastomeric seals. These are ex-
truded neoprene seals having internal webs
that exert an outward force against the joint
face. The size and installation width depend on
the amount of movement expected at the joint.

(3) Cork expansion joint filler. There are two
types of cork fillers: (a) standard expansion
joint filler, and (b) self-expanding (SE) type.
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Longitudinal Joints. Longitudinal joints are
needed to form cracks at the desired location so that
they may be adequately sealed. They may be keyed,
butted, or tied joints, or combinations thereof. Longi-
tudinal joints should be sawed or formed to a mini-
mum depth of one-fourth of the slab thickness. Timing
of the sawcutting is critical to the crack formation at
the desired location. The maximum recommended
longitudinal joint spacing is 16 feet.

Load-Transfer Devices. Mechanical load-trans-
fer devices for transverse joints should possess the
following attributes:

(1) They should be simple in design, be practical
to install, and permit complete encasement by
the concrete.

(2) They should properly distribute the load
stresses without overstressing the concrete at
its contact with the device.

(3) They should offer little restraint to longitudinal
movement of the joint at any time.

(4) They should be mechanically stable under the
wheel load weights and frequencies that will
prevail in practice.

(5) They should be resistant to corrosion when
used in those geographic locations where cor-
rosive elements are a problem. (Various types
of coatings are often used to minimize corro-
sion.)

A commonly used load-transfer device is the plain,
round steel dowel conforming to AASHTO Designa-
tion M 31-Grade 60 or higher. Specific design re-
quirements for these relative to diameter, length, and
spacing are provided in Part II. Although round
dowels are the most commonly used, other mechani-
cal devices that have proven satisfactory in field instal-
lations may also be used.

Consideration may also be given to omitting load
transfer devices from transverse weakened plane
joints in plain jointed concrete pavement when sup-
ported on a treated permeable base.

Tie Bars. Tie bars, either deformed steel bars or
connectors, are designed to hold the faces of abutting
slabs in firm contact. Tie bars are designed to with-
stand the maximum tensile forces required to over-
come subgrade drag. They are not designed to act as
load-transfer devices.

Deformed bars should be fabricated from billet or
axle steel of Grade 40 conforming to AASHTO M 31
or M 53. Specific recommendations on bar sizes,
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lengths, and spacings for different pavement condi-
tions are presented in Part II.

Other approved connectors may also be used. The
tensile strength of such connectors should be equal to
that of the deformed bar that would be required. The
spacing of these connectors should conform to the
same requirements given for deformed tie bars in
Part 11,

Consideration should be given to the use of corro-
sion-resistant materials or coatings for both tie bars
and dowels where salts are to be applied to the surface
of the pavement.

1.6.3 Shoulders

Shoulders have often in the past been constructed of
a flexible base with an asphalt surfacing or of a stabi-
lized base with an asphalt surfacing. The combination
of a dissimilarity between the outside lane and shoul-
der and the encroachment of heavy wheel loads onto
the shoulder have sometimes resulted in joint prob-
lems between the travel lanes and the shoulder.
Research has shown that strengthening of the shoulder
and adding special sealants have helped to alleviate
this problem. The use of tied concrete shoulders or
3-foot monolithic widening of the outside PCC lane
has also proven beneficial (1.5-foot monolithic widen-
ing is acceptable if a rumble strip is provided as a
deterrent to edge encroachment). Thickening the out-
side edge of the travel lane or using a monolithic curb
(where appropriate) also strengthens the pavement
edge and reduces the shoulder-joint problem. Provi-
sion for slab design which incorporates tied shoulders
and widened outside lanes is provided in Part II of this
Guide.

Additional information pertinent to shoulder design
is given in Section 1.9.

1.7 ENVIRONMENT

Two main environmental factors are considered
with regard to pavement performance and pavement
structure design in this Guide; specifically, these are
temperature and rainfall.

Temperature will affect (1) the creep properties of
asphalt concrete, (2) thermal-induced stresses in as-
phalt concrete, (3) contraction and expansion of port-
land cement concrete, and (4) freezing and thawing of
the roadbed soil. Temperature and moisture differen-
tial between the top and bottom of concrete slabs in
jointed concrete pavements creates an upward curling
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and warping of the slab ends which can result in
pumping and structural deterioration of undrained
sections.

Rainfall, if allowed to penetrate the pavement struc-
ture or roadbed soil, will influence the properties of
those materials. This section of the Guide covers
problems associated with temperature. Section 1.8
covers drainage requirements as related to rainfall.

Freezing and thawing of roadbed soil has tradition-
ally been a major concern of pavement designers. The
major effect is with regard to the thaw-weakening
which can occur during the spring thaw period. Figure
1.4 illustrates the seasonal effects which can occur in
many regions of the United States. A second effect of
freezing is the occurrence of frost heaving, causing a
reduction in the serviceability of the pavement.

Procedures for calculating the damage during vari-
ous seasons of the year as a function of thaw-weaken-
ing and frost heaving are given in Part II. It is beyond
the scope of the Guide to describe in detail the mecha-
nism related to frost susceptibility, thaw-weakening,
and frost heaving. The user is referred to Reference 14
for more information on this subject. A few of the
more pertinent considerations from Reference 14
which relate to pavement structure design in frost
areas are reproduced in this section of the Guide.

Frost heaving of soil within or beneath a pavement
is caused by the accumulation of ice within the larger
soil voids and, usually, a subsequent expansion to
form continuous ice lenses, layers, veins, or other ice
masses. The growth of such distinct bodies of ice is
termed ice segregation., A lens grows in thickness in
the direction of heat transfer until the water supply is
depleted, as by formation of a new lens at a lower
level, or until freezing conditions at the freezing inter-
face will no longer support further crystallization.
Investigations (/2, 13, 16) have shown that ice segre-
gation occurs only in soils containing fine particles.
Such soils are said to be frost susceptible; clean sands
and gravels are nonfrost-susceptible soils. The degree
of frost susceptibility is principally a function of the
percentage of fine particles and, to a lesser degree, of
particle shape, distribution of grain sizes, and mineral
composition.

The following three conditions of soil, tempera-
ture, and water must be present simultaneously in
order for ice segregation to occur in the subsurface
materials:

(1) Soil. The soil must be frost susceptible.

(2) Temperature. Freezing temperatures must pen-
etrate the soil. In general, the thickness of a
particular layer or lens of ice is inversely pro-
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portional to the rate of penetration of freezing
temperature into the soil.

(3) Water. A source of water must be available
from the underlying groundwater table, infil-
tration or gravitational flow, an aquifier, or the
water held within the voids of fine-grained
soil.

Periods of thawing are among the most critical
phases in the annual cycle of environmental changes
affecting pavements in seasonal frost areas. Such
thawing cycles are in many cases very disruptive, de-
pending on the rapidity of the thaw and the drainage
capabilities of the pavement system. During thaw per-
iods considerable melting of snow may occur, with
melt water filling the ditches and infiltrating into the
pavement from the shoulders and through surface
cracks in the pavement itself. During thawing periods,
the bearing capacity of the roadbed soil may be se-
verely reduced, and frost heaving frequently is more
severe after midwinter thaw periods. In areas of deep
frost penetration, the period of complete thawing of
thicker pavement structures in the spring is usually the
most damaging type of thaw period because it affects
the roadbed as well as subbase and base layers. The
severity of the adverse effect on the supporting capac-
ity of a given roadbed is largely dependent on the
temperature distribution in the ground during the
thawing period.

Thawing can proceed from the top downward, from
the bottom upward, or both. The manner of thawing
depends on the pavement surface temperature. During
a sudden spring thaw, melting will proceed almost
entirely from the surface downward. This type of
thawing leads to extremely adverse drainage condi-
tions. The still-frozen soil beneath the thawed layer
traps the water released by the melting ice lenses so
that lateral and surface drainage are the only means of
egress. In granular soils, lateral drainage may be re-
stricted by still-frozen shoulders resulting from the
insulating effect of snow and/or different thermal con-
ductivity and surface reflectivity characteristics. If air
temperatures in the spring remain cool and frosty at
night, upward conduction of heat stored in the ground
from the previous summer and of heat from the inte-
rior of the earth will produce thawing, principally
from the bottom upward. Such thawing permits soil
moisture from melted ice lenses to drain downward
while the material above it remains frozen.

The climatic factors of air temperature, solar radia-
tion received at the surface, wind, and precipitation
are major parameters that effect the severity of frost
effects in a given geographical area. The first three
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Introduction and Background

mainly affect the temperature regime in the pavement
structure, including the important parameters of depth
of frost penetration, number of freeze-thaw cycles,
and duration of the freezing and thawing periods. Pre-
cipitation affects mainly the moisture regime but
causes changes in the thermal properties of the soil
and interacts with the other climatic variables deter-
mining ground temperatures as well.

Investigators who have endeavored to calculate the
depth of frost penetration have found it convenient to
make use of a freezing index (15), which expresses
the cumulative effect of intensity and duration of sub-
freezing air temperatures, The freezing index is ex-
pressed in degree days and represents the difference
between the highest and lowest points on a curve of
cumulative degree days versus time for one freezing
season. The degree days for any one day equals the
difference between the average daily air temperature
and 32°F. Degree days are plus when the average daily
temperature is below 32°F (freezing degree days) and
minus when above 32°F (thawing degree days). Thus,
an average daily temperature of 31°F is equal to one
degree day, 33°F is equal to minus one degree day,
and 22°F is equal to 10 degree days.

The freezing index for a given year and site loca-
tion can be calculated from average daily air tempera-
ture records, which should be obtained from a station
situated close to the construction site. This is neces-
sary because differences in elevation and topography,
and nearness to centers of population or bodies of
water (rivers, lakes, seacoast) and other sources of
heat, are likely to cause considerable variations in the
value of the freezing index over short distances. Such
variations may be of sufficient magnitude to affect a
pavement design based on depth of frost penetration,
particularly in areas where the freezing index used in
the calculation is more than about 100 degree days.
Table 1.4 provides an indication of the depth of frost
based on the penetration of the 32°F (0°C) isotherm
below the surface of 12 inches of portland cement

Table 1.4. Frost Penetration under Portland
Cement Concrete Pavement (11)

Frost Penetration

Air-Freezing Index

(degree days) (feet)
200 1.8

400 3.0

600 4.0

800 5.0
1,000 6.0
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concrete. Variations due to pavement type, soil type,
duration of low temperature, and water content may
affect the actual frost penetration; however, it is clear
that frost penetration can extend well into the roadbed
soils during sustained periods of freezing tempera-
tures.

Most studies have shown that a soil is frost suscep-
tible only if it contains fine particles. Soils free of
material passing the 200 mesh sieve generally do not
develop significant ice segregation or frost heave.

A reliable method for recognizing a frost suscept-
ible material for site specific conditions has not, as
yet, been identified. Some guidelines are available in
the literature and are described by Johnson, et al.
(14). The U.S. Corps of Engineers have reported that
most inorganic soils containing 3 percent (by weight)
or more of grains finer than 0.02 mm in diameter are
considered frost susceptible for pavement design pur-
poses (16).

In summary, frost action due to freezing tempera-
tures in soil, can cause both heaving and thaw-weak-
ening. However, thaw-weakening is not mecessarily
directly proportional to heaving since field experience
shows that thaw-weakened but well-drained sandy or
gravelly materials recover bearing strength quite rap-
idly, whereas clayey soils may show little heave but
recover their stability very slowly (/4). The design
procedure in Part II of this Guide provides for both
frost heave and thaw-weakening.

The period of thaw-weakening can be estimated
from deflection measurements, as shown in Figure
1.5. These data were obtained at the AASHO Road
Test and indicate that the thaw-weakening period can
range from a few weeks to a few months, with varying
degrees of reduction in structural capacity. Further
guidelines relative to thaw-weakening periods are
given in Part II of this Guide; however, user agencies
are encouraged to develop these relationships based
on site specific measurements within their areas and
to compare such experience with other agencies na-
tionally.

Laboratory tests and field evaluations indicate that
the retained modulus during the thaw-weakening per-
iod may be 20 to 50 percent of the normal modulus
obtained during the summer and fall periods.

It should be noted that the resilient modulus for
roadbed soils may also vary by season even when no
thaw-weakening period is experienced. For example,
during the heavy rainy periods it might be expected
that some seasonal variation in bearing capacity will
occur. There may be other situations in which no sea-
sonal variations occur and a constant modulus can be
used for the roadbed soil. Note that the modulus is
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related to CBR, R-value, or plate bearing value and,
hence, experience with these types of strength tests
can be used to infer the seasomal effects on the
modulus.

While information is generally lacking with regard
to the effects of thaw-weakening or water saturation on
untreated aggregate base and subbase, some research
does suggest that a reduced modulus can occur during
certain critical seasons. Reference 18, based on
results of spring deflection measurements at the
AASHO Road Test, indicates that the retained modu-
lus ranged from 80 to 85 percent of the normal
modulus obtained during the summer and fall. If these
layers had been well drained no reduction in modulus
would be anticipated.

In order to compensate for thaw-weakening effects
on pavement performance, provision has been made in
Part II to calculate an effective annual roadbed soil
resilient modulus. The effective modulus used for a
full 12 months will produce the same change in PSI as
would be obtained by calculating the change with the
respective seasonal moduli.

The design for frost areas included in this Guide
depend to a large extent on the performance of rigid
and flexible pavements at the AASHO Road Test. It is
recognized that experience in some northern tier states
and Alaska may indicate that alternate procedures can
be used. For example, some statc agencies require a
12- to 24-inch granular layer over frost susceptible
roadbed soils. Other agencies require full or partial
replacement of frost susceptible materials (16). Such
requirements could increase the total thickness of the
pavement structure when compared with requirements
of this Guide. Careful review of the cost and benefit
(performance) of such design policies should be con-
sidered; however, if field data indicate that life-cycle
costs can be reduced by following such a procedure
there should be no problem in justifying this type of
design and construction.

In addition to the seasonal effect on the subgrade
and granular materials, temperature will also influ-
ence the characteristics of the asphalt concrete.
Performance will be affected in three ways: (1) low
temperature cracking, (2) fatigue cracking, and (3)
rutting. It is not clear from research studies just how
much these factors will influence PSI (/9). However,
low temperature cracking and fatigue cracking will
increase maintenance costs, and rutting is a safety
consideration related to potential hydroplaning as well
as a maintenance problem.

Reference 20 summarizes information concerning
premature cracking in asphalt concrete due to low
temperature induced stresses and fatigue due to traf-
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fic. The recommendations from this study indicate
that the softer grades of asphalt, i.e., AC-5 or equiva-
lent, should be used in cold climates (when the mean
annual air temperature is less than 45°F); and harder
grades, i.e., AC-20 or equivalent, in hot climates
(when the mean annual air temperature is greater than
75°F). The specific selection of asphalt grade will be
a function of local experience; however, it is recom-
mended that consideration be given to the above
guidelines.

For thick, full-depth asphalt concrete, there are in-
dications from research that fatigue cracking can be
significantly affected by temperature (27). In general,
these findings suggest that the harder grades of asphalt
will provide improved performance in terms of fatigue
cracking. Thus, an AC-40 would be appropriate in
warm climates for thick (7 inches or more) pavements.

It should be noted that the selection of the grade of
asphalt, per se, will not solve all of the problems of
premature cracking. The designer must also give care-
ful attention to all of the factors which can influence
performance, e.g., structural design, drainage, con-
struction, thaw-weakening, etc.

1.8 DRAINAGE

Drainage of water from pavements has always been
an important consideration in road design; however,
current methods of design have often resulted in base
courses that do not drain well. This excess water com-
bined with increased traffic volumes and loads often
leads to carly pavement distress in the pavement
structure.

Water enters the pavement structure in many ways,
such as through cracks, joints, or pavement infiltra-
tion, or as groundwater from an interrupted aquifier,
high water table, or localized spring. Effects of this
water (when trapped within the pavement structure)
on pavements include:

(1) reduced strength of unbounded granular
materials,

(2) reduced strength of roadbed soils,

(3) pumping of concrete pavements with subse-
quent faulting, cracking, and general shoulder
deterioration, and

(4) pumping of fines in aggregate base under flexi-
ble pavements with resulting loss of support.

Less frequently noticed problems due to entrapped
water include (but are not limited to):

(1) stripping of asphaltic concrete,
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(2) differential heaving over swelling soils, and
(3) frost heave.

Prior editions of the AASHTO Guide for Design of
Pavement Structures have not treated the effects of
drainage on pavement performance. In this Guide,
drainage effects are directly considered in terms of the
effect of moisture on roadbed soil and base strength
(for flexible pavements) and the effect of moisture on
subgrade strength and on base erodability (for con-
crete pavements). Though consideration for stripping
of asphalt concrete is not directly considered, the ef-
fects of swelling soils and frost heave are.

1.8.1 General Design Considerations

Methods for treating water in pavements have gen-
erally consisted of:

(1) preventing water from entering the pavement,

(2) providing drainage to remove excess water
quickly, and

(3) building the pavement strong enough to resist
the combined effect of load and water.

When all possible sources of water are considered,
protection of the pavement structural section from
water entry requires interception of groundwater as
well as sealing of the pavement surface. Considerable
attention has generally been given to intercepting
groundwater, whereas less attention has been given to
sealing the surface to exclude infiltration from rain
and snow melt. As a result, a considerable amount of
water often enters the pavement substructure, result-
ing in a need for some type of drainage.

To obtain adequate pavement drainage, the de-
signer should consider providing three types of drain-
age systems: (1) surface drainage, (2) groundwater
drainage, and (3) structural drainage. Such systems,
however, are only effective for *“‘free water”” Water
held by capillary forces in soils and in fine aggregates
cannot be drained. The effects of this “bound” mois-
ture must be considered in the design of pavement
structures through its effect on the pavement material
properties. Most existing pavements do not include
drainage systems capable of quickly removing free
water.

Most existing design methods have relied on the
practice of building pavements strong enough to resist
the combined effects of load and water. However, they
do not always account for the potential destructive
effects of water within the pavement structure. As a
result, increased emphasis is needed to exclude water
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from the pavement and provide for rapid drainage.
While both approaches are extremely difficult, this
Guide will emphasize only the latter treatment. How-
ever, maintenance policies should recognize the bene-
fits and necessity of maintaining the joint sealant and
thus preventing water from leaking into the subbase
layer.

1.8.2 Design of Pavement Subsurface Drainage

Two general types of pavement subsurface design
criteria have been proposed for use in pavements (11).
These include:

(1) criterion for the time of drainage of the base or
subbase beginning with the flooded condition
and continuing to an established acceptable
level, and

(2) aninflow-outflow criterion, by which drainage
occurs at a rate greater than or equal to the
inflow rate, thus avoiding saturation.

Removal of the free water can be accomplished by
draining the free water vertically into the subgrade, or
laterally through a drainage layer into a system of pipe
collectors. Generally, the actual process will be a
combination of the two.

1.8.3 Incorporation of Drainage Into Guide

Drainage effects on pavement performance have
been considered in this Guide. Drainage is treated by
considering the effect of water on the properties of the
pavement layers and the consequences to the structural
capacity of the pavement, Additional work is needed
to document the actual effect of drainage on pavement
life.

For new design (Part II), the effect of drainage is
considered by modifying the structural layer coeffi-
cient (for flexible pavements) and the load transfer
coefficient (for rigid pavements) as a function of

(1) the quality of drainage (e.g., the time required
for the pavement to drain), and
(2) the percent of time the pavement structure is
exposed to moisture levels approaching satur-
* ation.

For rehabilitation of existing pavements, additional
questions need to be asked. These include (22):

(1) Isthe original drainage design adequate for the
existing road?
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(2) What changes are necessary to ensure that
drainage inadequacies, which may contribute
to structural distress, are corrected?

(3) If the original drainage system design was
adequate, have environmental or structural
changes taken place since it was built that re-
quire reconstruction of the system?

(4) Does the present or projected land use in areas
adjacent to the road indicate that surface drain-
age flow patterns have changed or are likely to
change, thus rendering existing drainage facili-
ties inadequate?

Details of the design of subsurface drainage sys-
tems are important and, therefore, Appendix AA of
Volume 2 has been provided to assist the engineer in
this effort.

1.9 SHOULDER DESIGN

As defined by AASHTO, a highway shoulder is the
“portion of roadways contiguous with the traveled
way for accommodation of stopped vehicles for emer-
gency use, and for lateral support of base and subbase
courses.”” The shoulder is also considered by some
agencies as a temporary detour to be used during reha-
bilitation of the usual traveled way.

No specific design criteria are provided in this
Guide for the determination of the pavement structure
for shoulders. An AASHTO position paper on shoul-
der design is included herein as Appendix E.
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A number of agencies have developed specific de-
sign criteria for shoulders. Where such criteria are
available within specific governmental jurisdictions it
is recommended that such criteria be followed pend-
ing the development of more specific recommenda-
tions by AASHTO.

If design criteria for shoulders are based on pave-
ment structure requirements similar to those used for
the traveled way, the design and rehabilitation proce-
dures included in Parts I and III of this Guide are
considered applicable.

The use of tied shoulders or a widened width of
paving in the lane adjacent to the shoulder has proven
to be beneficial to overall performance of rigid pave-
ments. Provision has been made in both Parts II and
III to recognize the benefits to be derived from this
type of design.

It is recognized that paved shoulders adjacent to
flexible pavements will provide lateral support for the
base and surface courses. No provision is made in this
Guide to modify the design of flexible pavements as a
function of shoulder design. Local practice, experi-
ence, and cost analysis should, in all cases, be consid-
ered as prime factors in shoulder design. The benefits
of a paved shoulder will be enhanced if the traffic is
concentrated in the traffic lanes. The use of a contrast-
ing shoulder color or texture (seal coats) will help
achieve this objective. Truck encroachment onto the
shoulder is a major cause of shoulder distress; hence,
any treatment which will minimize operations on the
shoulder will benefit the performance of pavements in
the traveled way and on the shoulder.
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