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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Systematic, well-designed research provides the most 
effective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities. 
These problems are best studied through a coordinated 
program of cooperative research. 

In recognition of these needs the highway administrators 
of the American Association of State Highway Officials 
initiated in 1962, an objective national highway research 
program employing modern scientific techniques. This 
program is supported on a continuing basis by Highway 
Planning and Research funds from participating member 
states of the Association and it receives the full coopera
tion and support of the Bureau of Public Roads, United 
States Department of Commerce. 

The Highway Research Board of the National Academy 
of Sciences-National Research Council was requested by 
the Association to administer the research program because 
of the Board's recognized objectivity and understanding of 
modern research practices. The Board is uniquely suited 
for this purpose as: it maintains an extensive committee 
structure from which authorities on any highway transpor
tation subject may be drawn; it possesses avenues of com
munications and cooperation with federal, state, and local 
governmental agencies, universities, and industry; its rela
tionship to its parent organization, the National Academy 
of Sciences, a private, non-profit institution, is an insurance 
of objectivity; it maintains a full-time research correlation 
staff of specialists in highway transportation matters to 
bring the findings of research directly to those who are 
in a position to use them. 

The program is developed on the basis of research needs 
identified by chief administrators of the highway depart
ments and by committees of AASHO. Each year, specific 
areas of research needs to be included in the program are 
proposed to the Academy and the Board by the American 
Association of State Highway Officials. Research projects 
to fulfill these needs are defined by the Board, and qualified 
research agencies are selected from those that have sub
mitted proposals. Administration and surveillance of re
search contracts are responsibilities of the Academy and 
its Highway Research Board. 

The needs for highway research are many, and the 
National Cooperative Highway Research Program can make 
significant contributions to the solution of highway trans
portation problems of mutual concern to many responsible 
groups. The program, however, is intended to complement 
rather than to substitute for or duplicate other highway 
research programs. 

This report is one of a series of reports issuing from a continuing 
research program conducted under a three-way agreement entered 
into in June 1962 by and among the National Academy of Sciences-
National Research Council, the American Association of State 
Highway Officials, and the U. S. Bureau of Public Roads. Individual 
fiscal agreements are executed annually by the Academy-Research 
Council, the Bureau of Public Roads, and participating state high
way departments, members of the American Association of State 
Highway Officials. 

This report was prepared by the contracting research agency. It 
has been reviewed by the appropriate Advisory Panel for clarity, 
documentation, and fulfillment of the contract. It has been accepted 
by the Highway Research Board and published in the interest of 
an effectual dissemination of findings and their application in the 
formulation of policies, procedures, and practices in the subject 
problem area. 

The opinions and conclusions expressed or implied in these reports 
are those of the research agencies that performed the research. 
They are not necessarily those of the Highway Research Board, the 
National Academy of Sciences, the Bureau of Public Roads, the 
American Association of State Highway Officials, nor of the in
dividual states participating in the Program. 

NCHRP Project 1-1, FY '63 



FOREWORD 
By Staff 

Highway Research Board 

In recent years considerable effort has been devoted to the development of rational 
procedures of pavement design. One approach has been through research on large-
scale road tests. Although several such tests have been conducted, the most recent 
and comprehensive was the AASHO Road Test at Ottawa, Illinois. All of these 
have been principally devoted to studying pavement design and its relationship 
to performance. They have involved investigations into the influence of designs, 
loads, materials, and climatic conditions. The results of these tests are applicable 
only to conditions comparable to those existing at the road test sites. 

In order to achieve widespread utility for the research findings from the 
AASHO Road Test, it is necessary to translate them into local conditions. This 
may be done by small-scale road tests which can be considered as satellites to the 
one conducted at Ottawa. Studies for the translation may be made either on 
existing pavements or on newly constructed pavements. For the studies to be 
meaningful, guidelines are required to provide for uniform research studies so that 
comparisons may be made. Although individual studies may be conducted within 
states, it is also desirable to have related studies conducted regionally and on a 
nationwide basis. 

This research project was undertaken to provide such guidelines. The final 
report contains principles and rules that can be used to design selected pavement 
sections and relate their behavior to similarly designed sections on the AASHO 
Road Test. In addition, the guidelines provide a basis for merging data of individual 
studies with data collected in the overall program. The paramount purpose of 
these guidelines is to provide means for translation of the Road Test findings to 
local conditions. They should also aid, however, in evolving design theories useful 
to all states. 

The guidelines present a method of studying the interrelationships of per
formance variables and design variables. Three types of design variables are 
discussed: the structural variable which describes the strength characteristics of 
pavement layers, the load variable reported in terms of accumulated axle loads, 
and the climatic or regional variable which describes external influences. Per
formance variables are discussed in terms of surface behavior and include deforma
tion and deterioration. 

Report 2, "An Introduction to Guidelines," gives a brief, informative dis
cussion of Report 2A, "Guidelines for Satellite Studies of Pavement Performance," 
and provides the perspective for this more technical treatise. The introduction 
discusses desired minimum basic measurements for satellite test installations and 
contains a statistical design for one typical test installation. Report 2A contains 
concepts, terminology and specific guides for experiment design, measurement 
programs and data processing. Illustrative studies are given for existing pavements 
and new experimental pavements. The appendices contain details about structural, 
load, climatic, and performance variables to be measured throughout the satellite 
studies, noting types of tests and measurements to be taken. Illustrations for a 
number of procedures for developing performance equations are given along with 
the performance index variables for all A A S H O Road Test sections. The guidelines 
contain guides rather than "recipes" for the conduct of particular projects. They 
provide specific recommendations for coordination of satellite studies with one 
another and with the A A S H O Road Test, yet maintain a flexibility in selection 
of pavement type and design in satellite installations. 

Report 2A is provided in loose leaf Xerox format to allow for up-dating as 
experience gained in the future indicates needed modifications and additions. 

This project is one of several relating to the extension of Road Test findings. 



Other studies include the determination of factors influencing pavement perform- M 
ance regionally and locally, and an investigation into the extension of the A AS HO " 
Road Test performance concepts. A study is also under way to develop a prototype 
measurement team for obtaining standard measurements on the satellite program. 
It is expected that these research studies will ultimately provide a better knowledge 
and understanding of pavement design and a further utilization of the major 
findings of the AASHO Road Test. 

The highway engineer will find these guides particularly useful in setting up 
individual studies whether they are on existing pavements or new experimental 
pavements. He will be able to include his studies in a nationwide program whereby 
an overall coordination and analysis is provided. 

i 
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CHAPTER 1 

Background and Purpose of the Guidelines 

Since 1950 there have been three large-scale road tests I n the United States, 
the most recent and comprehensive of which was the AASHO Road Test at Ottawa, 
I l l i n o i s ^ . A l l these tests were devoted to the study of pavement behavior as 
controlled and repeated loadings were applied to various pavement designs. 
While loads and pavement thicknesses were varied over a wide range I n the AASHO 
Road Test, the findings related s p e c i f i c a l l y only to the s o i l and pavement mater
i a l s , construction procedures, climatic conditions, and loading conditions that 
existed i n the t e s t . 

I n order to learn how generally applicable are these findings, and to deter
mine what modifications are necessary f o r extending the findings to d i f f e r e n t 
materials, procedures, climate, and loading, a series of pavement performance 
s t u d i e s — s a t e l l i t e to the AASBO Road T e s t — i s envisioned f o r the coming years. 
The s a t e l l i t e research program w i l l cover two major types of studies: e x i s t i n g 
pavement studies i n which the pavement units are selected highway sections that 
existed before the research began; and f i e l d tests i n which new sections are con
structed to introduce controls and variations f o r factors that cannot be suitably 
observed i n e x i s t i n g pavements. 

While in d i v i d u a l s a t e l l i t e studies may be sponsored by p a r t i c u l a r states, 
or by two or more neigjhboring states that may decide to combine t h e i r s a t e l l i t e 
research e f f o r t s , the Highway Research Board, w i t h i n the National Cooperative 
Highway Research Program, has established a series of i n t e r r e l a t e d research pro
jects to help coordinate the s a t e l l i t e program. These projects are i n Area 1 of 
the NCHRP, and the f i r s t such project, c a l l e d NCHRP Project 1-1, involves the 
preparation of giiidelines f o r t r a n s l a t i n g AASHO Road Test findings to l o c a l con
di t i o n s through s a t e l l i t e studies of both e x i s t i n g pavements and new experimental 
pavements. Other projects i n Area 1 involve techniques f o r measurement of ser
v i c e a b i l i t y and other pavement features, the i d e n t i f i c a t i o n of factors that i n 
fluence pavement performance^ and a study of pavement design i n terms of funda
mental relationships. 

^ Findings of the AASHO Road Ttest pavement research are given i n Highway 
Research Board Special Report 61E. 



The guidelines required of Project 1-1 have two purposes: 

(1) To set out principles and rules that can be used to define and 
observe pavement units i n s a t e l l i t e studies, and to present pro
cedures f o r r e l a t i n g the observations to the AASHO Road Test 
findings. 

(2) To provide bases for data from i n d i v i d u a l studies to become part 
of an ove r a l l pattern of related observations that are pertinent 
to the t e s t i n g of hypotheses and theories of pavement design. 

Thus the f i r s t purpose i s concerned w i t h ways by which Road Test findings 
may be extended to l o c a l conditions. The second purpose i s concerned w i t h the 
substantiation and evolution of pavement design theories on a nationwide basis. 
I f the guidelines f u l f i l l these purposes and i f the guidelines are Implemented 
by s a t e l l i t e studies which encompass a wide range of conditions, i t can be ex
pected that information from the studies w i l l lead to widely applicable pave
ment design and performance relationships. 

Vihile the guidelines r e f l e c t many of the considerations and procedures that 
existed at the AASHO Road Test, considerable e f f o r t has been made to incorporate 
concepts and information derived from e x i s t i n g outlines and reconmendatlons and 
from many discussions w i t h highway researchers who are d i r e c t l y or i n d i r e c t l y 
concerned w i t h the s a t e l l i t e studies. Reports o f the Highway Research Board 
Coonittees on f l e x i b l e , r i g i d and composite pavement design, AASHO Interim Guides 
fo r the design of r i g i d and f l e x i b l e pavements, and plans of e x i s t i n g and pro
posed s a t e l l i t e projects have a l l been very useful i n the preparation of the 
present guidelines. Additional guidance has been obtained from highway engin
eers i n a l l parts of the United States and from the Highway Research Board 
Advisory Committee f o r NCHRP Project 1-1. 



CHAPTER 2 

Rationale f o r the Guidelines 

I t i s assumed that the primary objective of any s a t e l l i t e study i s to 
investigate the dependency of pavement performance upon pavement design v a r i -
ables f o r wider conditions than prevailed i n the AASHO Road Test. Other ob
jectives are aasuned to be the study of interrelationships among performance 
vaslables or aamg design variables« 

A general basis for the study of one pavement type^ a*g*/ f l e x i b l e or 
r i g i d pavement, i s outlined i n Table 1. Three types of design variables are XAB 1 
shown: 

(1) Structural variables which describe the strength characteristics 
of pavement layers and roadbed material''-, the thicknesses of pave
ment layers, other design features, and the overall or composite 
strength of the pavement. 

(2) Load variables I n terms of accxmulated axle loads, the ntimber of 
years over which the accxanulatlon has taken place, and the general 
rate of axle load accumulation. Load applications w i l l o r d i n a r i l y 
be expressed as equivalent 18,000--lb axle loads. 

(3) Climatic and regional variables which describe external influences 
other than load, which can lead to performance differences among 
test sections that have the same load and i n i t i a l s t r u c t u r a l con
di t i o n s . Measures of r e l a t i v e strength and regional factors are 
included f o r the Indirect evaluation of these Influences. 

Performance variables are shown I n terms of surface behavior. These v a r i 
ables include individual manifestations of surface deformation and deterioration 
as well as a present s e r v i c e a b i l i t y Index \ ^ c h combines certain of the i n d i v i d 
ual elements of surface behavior i n t o a variable that I s related to user Judg
ment of the current level of the F-^vcrjents' a b i l i t y to serve t r a f f i c . An index 
of performance i s assumed to be given by the number of equivalent axle load ap
plications that a test section carries before i t s present s e r v i c e a b i l i t y i s at 
a 8pecl£ted r e l a t i v e l y low value. 

1 S«« ^lASm Rigbway Definitions", 1962. Roadbed material Includes a l l s o i l s 
or l^thev qatevials that are below the pavement structure and a f f e c t the sup
porting power of the pavement atrueture. 



3a 

TADLE 1: GE^ffiRAL TASIS FOR STUDIES OF OITE PAVEIEOT TYPE 

DESIGII VARIAr.LES 

j t r u c t u r a l 

Pavement Structure 
Surface Courses 
3ase Courses ( i f any) 
Subbase Courses ( i f any) 

roadbed I l a t e r l a l 

Strencth Characteristics 

Tlilcknesses of Pavement Courses 

Other Design Features 

Cotaposite Strength 

Load Accumulated Axle Loads 
Years of Service 
llate of Accumulation 

Cllnatlc and Regional Conditions of Precipitation, 
I b i s t u r e , Temperature and 
Frost 

TopoGraphy 

Relative Strength i n d i f f e r e n t 
climates 

Regional Factors 

PEKFORIIAIICE VAllIABLES 

Surface Behavior r Defornation and Deterioration 

Present Serviceability 

Perforrtiance 

Note: See Appendix E f o r glossary of terms 
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To have a more e x p l i c i t basis f o r the guidelines, concepts and terminology 
fo r the variables shown I n Table 1 are developed i n Chapter 3. After discussing 
the r e l a t i v e advantages of ex i s t i n g or new pavement studies, the remainder of 
the guidelines i s concerned with recommendations and I l l u s t r a t i o n s f o r four ac t i v 
i t i e s that follow the establishment of objectives f o r any s a t e l l i t e study: 

(1) Development of e:q[>erlment designs which specify design variable 
levels f o r the t e s t sections to be used I n the study. 

(2) Selection or constmctlon of test sections. 

(3) Measurement programs f o r the evaluation of design and performance 
variables. 

(4) Data processing and analysis procedures f o r the study of r e l a t i o n 
ships among variables. 

These a c t i v i t i e s are discussed f o r both ex i s t i n g and new pavement studies, 
and f o r either type study, discussion i s devoted to both individual (e.g., wlth-
In-state) studies and nationwide cooperative studies. 

For an in d i v i d u a l study of existing pavements of a p a r t i c u l a r type, the ex
periment designs may involve tens or perhaps hundreds of t e s t sections, and a 
certain number of these are expected to be part of a nationwide design that i n 
volves over two hundred sections. 

Individual studies of new e^iqperimental pavements w i l l o r d i n a r i l y involve 
less than twenty sections at any test s i t e , and perhaps four or more of these 
w i l l f i t i n t o a nationwide pattern that involves over one hundred sections. 

The gcddellnes assume that regional or national measurement teams w i l l be 
formed to produce a minimal set of "common denominator" measurements across a l l 
s a t e l l i t e projects. These teams would be equipped, trained and calibrated to 
give standardization and continuity po a coordinated measurement program that 
might span many years of observation. I t i s recognized that measurement pro
grams I n individual projects w i l l often go beyond that undertaken by the meas
urement teams. I t i s assumed that an individual project w i l l have representa
t i o n on the measurement team when project t e s t sections are being measured by 
the tea^i. General guides are given f o r the evaluation of variables implied by 
Table 1. 



Procedures given f o r data processing and analysis pay pa r t i c u l a r attention 
to ways by which AASHO Road Test relationships might be modified or extended. 
I t I s recognized that there are many alternatives to the procedures described 
and that alternative analyses are v i t a l to the further understanding of pave
ment performance. While the guidelines do not actually Include analytical pro
cedures f o r testing e x i s t i n g pavement theories, I t I s Intended that experiment 
designs and measurement programs provide adequate data f o r the testing of v i r t u * 
a l l y any pavement design hypothesis or theory. 

Nianerlcal I l l u s t r a t i o n s are given I n the l a s t chapter of the guidelines. 
Reference and supplemental Information I s given I n several appendixes, the l a s t 
of which I s a glossary of terms and symbols that are used throughout the guide
l i n e s . 



CHAPTER 3 

Concepts and Terminology 

The aim of t h i s chapter I s to provide notation and d e f i n i t i o n s f o r terms 
and concepts that are used throughout l a t e r chapters. I n general, the concepts 
and terms apply to studies of either e x i s t i n g or new experimental pavements. 

3.1 Design Variables 
A l l those variables which describe s t r u c t u r a l , load, and 

environmental factors are considered to be design variables. 
I t i s not the I n t e n t of the guidelines t o discuss the large 
number of variables that could be l i s t e d , but rather to con
centrate on those which are considered t o be most relevant 
and p r a c t i c a l f o r the s a t e l l i t e research program. I n p a r t i c u 
l a r s a t e l l i t e projects i n some areas at t e n t i o n w i l l often be 
given to variables not discussed i n the guidelines. 

3.1.1 Structural Variables 
Study units i n the s a t e l l i t e studies are s u i t a b l y 

long t e s t sections one t r a f f i c lane i n width. Since 
pavement structures contain two or more t r a f f i c lanes, 
more than one study u n i t can be selected from a given 
length of pavement. Test section length w i l l be d l s -
cxissed i n Section 4.2. Terminology f o r t e s t section 
structure i s indicated I n Figure 1 which shows that the F] 
section i s defined to Include i t s roadbed material and 
successive courses of subbase, base and surfacing materi
a l s . Any course may have more than one layer; and I n some 
pavement types, the base and/or subbase course may be ab
sent. A l l layers above the roadbed material have d e f i 
n i t e thicknesses denoted by hx f o r surfacing thickness, h 2 
f o r base thickness, and ha f o r subbase thickness. When
ever i t i s necessary to distinguish among layers i n the 
same course, a second subscript w i l l be used. For example. 



i Other 

etc. 

Figure 1: Terms and notation f o r s t r u c t u r a l variables 



hix and h^^ would be used to represent the respective 
thicknesses of surface mix and binder alx I n a two layer 
asphaltlc concrete surfacing course. 

The term strength w i l l be used as a generic term 
to connote the engineering properties of any layer. Ihe 
symbols BX, a^, a^, and 84 represent the respective 
strengths of surfacing, base, subbase, and roadbed materi-
al8--with the p o s s i b i l i t y that double subscripts may be 
needed i f more than one layer Is Involved. I t i s recog
nized that several basic properties may be Involved i n 
any s and that a p a r t i c u l a r test or measurement may only 
p a r t i a l l y r e f l e c t one or more basic properties. Measure
ment programs for s i , s^, SQ and S4 are discussed I n Sec
t i o n 4.3.1 and i n Appendix A. 

Major considerations for measurements to represent 
B^, etc., are that: 

(a) i n i t i a l strengths and strength changes can be 
estimated. 

(b) strengths are relatable to those of correspond
ing materials used I n AASHO Road Test sections. 

I t i s convenient to introduce the term composite 
strength, denoted by S, f o r the resistance of the over
a l l pavement system to a single load application. I n d i 
cators f o r S might Include surface or subsurface strains 
or deflections, f o r example. 

Factors or variables which r e f l e c t controlled v a r i 
ations i n other design features w i l l be denoted by c i , 
cz, etc., where the subscripts do not necessarily apply 
to a p a r t i c u l a r pavement layer. For example, c i , might 
refer to j o i n t spacing i n the surfacing course of a r i g i d 
pavement, or to the difference between a trench section 
and a f u l l width section of f l e x i b l e pavement. 



Depending upon the objectives of a p a r t i c u l a r study, 
the factors c i , Cz, etc, can be viewed either as control 
factors I n the study or as a basis f o r separating pave
ment types. For example, one project might separate p l a i n 
concrete from continuously reinforced concrete I n separate 
experiment designs f o r the two pavement types. I n another 
study, however, the reinforcing factor might be used as a 
controlled variable w i t h i n a single experiment as at the 
AASHO Road Test. 

A l l s t r u c t u r a l variables are subject to variations 
from point to point w i t h i n a test section, or from one 
time to another at a pa r t i c u l a r point. Moreover, strength 
characteristics can be evaluated under both laboratory and 
f i e l d conditions. Guideline context, rather than symbols, 
w i l l be used to distinguish among these various sitxtations. 

3.1.2 Load Variables 
A cbmplete description of the load experience f o r a 

test section would include many variables such as l a t e r a l 
placement, speed, spaclngs among axles and vehicles, loaded 
areas, etc. Minimal information on the load experience of 
any t e s t section i s assumed to include estimates of the 
number of axle loads that pass over the section each year 
i n each of several (perhaps broad) weight classes. Pro
grams fo r obtaining load data are discussed I n Section 
4.3.2 and i n Appendix B. I t I s recomnended that the load 
data be represented by the variables 

EL = the accumulated number of equivalent 18,000-lb 
single axle loads from the time of construction 
to the date of observation. 

Y a years of service 

ADL s IX/365Y = average da i l y equivalent loads 
to date 



A major resu l t of the AASIIO Road Test was the deter
mination of performance equivalencies among a large variety 
of axle loads, both single and tandem. Equivalency fac
tors thus derived are given i n Appendix B f o r f l e x i b l e and 
r i g i d type pavements and make i t possible to calculate 22. 
by accumulating the products of factors and observed axle 
loads. For esample, the axles shown i n Figure 2 might FIG 2 
convert to 5.2 equivalent 18-klp axle loads. 

The variables Y and ADL \ 4 l l l be used as a basis for 
experiment designs i n Chapter 4, serving to distinguish 
between pavements that accumulate the same number of axle 
loads but over quite d i f f e r e n t periods of time. 

I t i s recognized that ADL i s not indicative of the 
steady increase of dally loads that most pavements experi
ence nor of the seasonal load variations that may be highly 
important when coupled \jitti seasonal variations i n environ
mental factors. Special experiment designs and measurement 
programs may be required to investigate the l a t t e r s i t t i a t l o n . 

3.1.3 Climatic and Regional Variables 
I n addition to the s t r u c t u r a l and load variables 

which have been discussed, there are other variables whose 
general effect on pavement performance i s d i f f e r e n t from 
one geographical region to another. I f , f o r example, two 
duplicate sets of test sections were to be located through
out t\40 v/ell-deflned regions, then any average difference 
i n performance between the two sets of sections would be 
a regional effect--x7here i t i s assumed that the duplica
t i o n covers load variables and i n i t i a l conditions f o r a l l 
s t r u c t u r a l variables. The s i t u a t i o n j u s t described w i l l 
be approximated i n certain s a t e l l i t e studies where a major 
objective i s to obtain a regional factor, RF, as an i n d i 
cator of average regional e f f e c t . I f the sections i n a 
s a t e l l i t e study region are s t r u c t u r a l l y comparable to a 
set of AASIIO Road Test sections and i f the loading can be 
compared, then RF f o r the region w i l l be defined to be 



Figure 2: Teet section loads 
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the difference between the average performance Index (to 
be defined l a t e r ) of s a t e l l i t e sections and corresponding 
AASHO Road Test sections. Thus BF = 0 fo r any set of AASHO 
Road Test sections, and I s positive (or negative) f o r re
gions wherein section performance Is better than (or worse 
than) that of corresponding Road Test sections. 

I t I s assvimed that regional effects on performance 
are largely the r e f l e c t i o n of d i f f e r e n t component and com
posite strength changes from I n i t i a l conditions. Thus i n 
one region the changes from i n i t i a l strengths may be quite 
d i f f e r e n t than i n another region. I f strengths undergo 
seasonal changes, then there may be a regional difference 
i n the degree of seasonal change. I t i s supposed that the 
most relevant variables f o r explaining strength changes 
which are environmentally induced are those which represent 
climatic conditions. 

Direct evaluation of climatic conditions w i l l Include 
measurements of p r e c i p i t a t i o n , temperature, freezing and 
thawing, and variations ( d a i l y , monthly, seasonal, etc.) 
of these variables. Climatic variables w i l l be denoted by 
vx, V2, V3, etc. 

I n the nationwide s a t e l l i t e studies i t i s expected 
that certain t e s t sections w i l l be essentially a l i k e with 
respect to I n i t i a l s t r u c t u r a l conditions and load experi
ence, b u t . w i l l be subjected to quite d i f f e r e n t climatic 
condition. For these sections i t i s proposed that c l i 
matic and other regional effects be quantified by an index 
of r e l a t i v e composite strength, RS. For example, surface 
deflections of f l e x i b l e pavements having similar d u r a b i l i t y 
characteristics can be used as indicators of t h e i r compos
i t e strength. Then the r a t i o of deflections (under a given 
load) taken on the same t e s t sections under two d i f f e r e n t 
climatic conditions w i l l indicate the r e l a t i v e strength of 
the section f o r the two conditions. 



11 

To have a reference point f o r climatic and regional 
variables, i t i s recommended that AASHO Road Test condi
tions i n the f a l l months of 1958-1960 be used, and that 
r e l a t i v e strength indexes be defined as u n i t y f o r these 
conditions. For more favorable conditions, e.g., com
pl e t e l y frozen subsurface materials, the r e l a t i v e strength 
w i l l be greater than one and f o r extremely tmfavorable 
conditions RS may approach zero. For the Boad Test f l e x 
i b l e pavements, surface deflections were generally doubled 
(RS ' ^/s) during spring thaw conditions, and were reduced 
to one tenth or less (RS = 10 or more) of the reference 
values during frozen conditions. 

Both RF and RS are i n d i r e c t indicators of regional 
and climatic variables, the f i r s t i n terms of geographical 
regions only and the second i n terms of strength changes 
tha t may be induced by these variables between or w i t h i n 
geographical regions. I t i s expected that the s a t e l l i t e 
research w i l l provide a means f o r r e l a t i n g both Indicators 
to the observed variations i n v i , Vs, V3, etc. I f v i i s 
the f r a c t i o n of spring thaw already passed^, f o r example, 
i t can be shown that RS f o r AASHO Road Test f l e x i b l e pave
ments i s highly associated w i t h v i . 

^ Painter, L.J. "Analysis of AASHO Road Test Asphalt Pavement Data by the 
Asphalt I n s t i t u t e . " Higjhway Research Board 43rd Annual Meeting, Washington, 
D. C, January 1964. 
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3.2 Performance Variables 
A l l s t r u c t u r a l variables discussed i n section 3.1.1 repre

sented subsurface conditions i n terms of strengths, thicknesses, 
and construction practices. Variables to be discussed i n t h i s 
topic w i l l be called performance variables and represent surface 
conditions that can: 

(a) a f f e c t the degree to which the pavement serves i t s 
users, and 

(b) be a t t r i b u t e d to s t r u c t u r a l , load and environmental 
factors. 

3.2.1 Surface Deformation and Deterioration 
The basic performance variables are deformations and 

deteriorations which represent undesirable changes i n the 
pavement surface. Deformations include longitudinal and 
l a t e r a l variations from desired pavement p r o f i l e s i n terms 
of r u t t i n g , f a u l t i n g , waviness, bunps or sags, or other 
elevation changes. Surface deterioration implies v i s i b l e 
loss of pavement cont i n u i t y i n terms of undesirable open
ings at cracks or j o i n t s , patching, s p a l l i n g scaling, 
r a v e l l i n g , etc. The many measures of surface deformation 
and deterioration w i l l be denoted by x^, Xg, X3, etc. 
Recoomendations f o r the measurement of performance v a r i 
ables are discussed i n Section 4.3.4 and i n Appendix D. 

3.2.2 Present Ser v i c e a b i l i t y 
While any one of the surface conditions discussed i n 

section 3.2.1 might be used as a basic indicator of pave
ment performance, i t i s recognized that a l l these condi
tions may a f f e c t the degree to which the pavement serves 
t r a f f i c . For t h i s reason, a present s e r v i c e a b i l i t y index 
was developed at the AASHO Road Test^ ( f o r each pavement 
type) so that measurements of the surface variables could 
be related to a present s e r v i c e a b i l i t y scale which ranges 

See HRB Special Report 61E, Appendix F 
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from zero (very poor) to f i v e (very good). After a panel 
of raters had provided an average (user) r a t i n g f o r the 
s e r v i c e a b i l i t y of .a .large number of pavement sections, 
surface neasuremfen'ts were combined by a formula that could 
s a t i s f a c t o r i l y reproduce the ratings. As shown i n Appen
dix 4, the s e r v i c e a b i l i t y index formulas require measure
ments of transverse and longitudinal d i s t o r t i o n along w i t h 
measures of cracking and patching-*^. 

As i s the case wi t h any of the surface measurements 
that enter the formula, the present s e r v i c e a b i l i t y index 
applies only to conditions at the time of measurement and 
does not indicate the past or future performance of the 
pavement. I f s e r v i c e a b i l i t y index values of a t e s t sec
t i o n are plot t e d against accumulated loads at successive 
points i n time, however, the r e s u l t i n g graphs represent 
performance records f o r the section. Different structures, 
load rates, and climates or regions may thus produce d i f 
ferent performance records. I f these differences are 
s a t i s f a c t o r i l y explained by the design variables, then 
s e r v i c e a b i l i t y and performance are predictable from speci
f i e d conditions. I n other words, s e r v i c e a b i l i t y can be 
related to structure, load, and climate or region. A 
p r a c t i c a l use of such a relationship Involves the speci
f i c a t i o n that s e r v i c e a b i l i t y should remain above a stated 
l e v e l u n t i l a given number of loads have been accumulated. 
Then f o r a given environment i n which the pavement i s to 
be placed, the relationship should y i e l d a range of struc
t u r a l p o s s i b i l i t i e s that w i l l match the given conditions 
of s e r v i c e a b i l i t y , load, and environment. 

The symbol p «rlll be used f o r the present service
a b i l i t y of a t e s t section. I n i t i a l s e r v i c e a b i l i t y w i l l 
be denoted by PQ. 

^ Certain refinements and extensions of these indexes are expected to r e s u l t 
from research being done i n HCHRP Project 1-2. 
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3.2.3 Perfomance 
The complete performance record of a test section i s 

described by i t s present s e r v i c e a b i l i t y values plot t e d 
against corresponding values of accumulated equivalent 
18 k i p axle loads, £L. Experience with the present ser
v i c e a b i l i t y index has shown that most new pavements have 
s e r v i c e a b i l i t y index values i n the range from 4 to 5 (very 
good) and that an average tenoinal s e r v i c e a b i l i t y l e v e l ^ 
i s about h a l f the I n i t i a l l e v e l , between 2.0 and 2.5 ( f a i r ) . 
While no pa r t i c u l a r performance index was specified at the 
AASHO Road Ttest, the pavement research report discussed 
performance i n terms of the number of axle load applica
tions at.which a test section's s e r v i c e a b i l i t y was either 
2.5 or lp5. I n order to introduce a common performance 
index f o r the s a t e l l i t e studies i t i s proposed that a per
formance index, P, be defined as the logarithm of the num
ber of equivalent 18,000-lb axle loads that correspond to 
se r v i c e a b i l i t y of 2.5. Thus a test section that had an 
i n i t i a l s e r v i c e a b i l i t y Index of 4.4^ and whose service
a b i l i t y index had reached 2.5 a f t e r one m i l l i o n equiva
lent 18,000-lb axle load applications; would have a per
formance index of 6.0, the logarithm of one m i l l i o n . 

I t i s to be noted that the d e f i n i t i o n of the perform
ance index does not imply that p = 2.5 i s a terminal ser
v i c e a b i l i t y value since the l a t t e r can be either above or 
below 2.5, depending upon the type of highway involved as 
well as other circumstances. I t i s considered Important, 
however, to define the performance index i n terms of a 
se r v i c e a b i l i t y value that represents a drop of at least 
1.0 from the i n i t i a l value, PQ. I n the cases where ser
v i c e a b i l i t y loss has occurred but p i s not yet 2.5, then 

^ Rogers, C.F., Cashell, H.D. and I r l c k , P.E., ''Nationwide Survey of Pavement 
Terminal Serviceability", 42nd Annual Meeting of the Highway Research Board, 
January 1963, Washington, D.C. 
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it i s assumed that P can be estimated by extrapolation 
methods to be discussed i n Section 4.4. For reference 
purposes, Appendix D gives performance index values f o r 
every AASHO Road Test section. I t w i l l be seen that the 
observed performance index values of the test sections 
ranged from about 2 to 7, that i s , from about one hun
dred to ten m i l l i o n equivalent 18,000-lb single axle load 
applications. Estimates of "ultimate l i f e " f o r any high
way pavement r a r e l y exceed f i f t y m i l l i o n equivalent 18,000-lb 
applications, and t h i s estimate corresponds to a performance 
index value of about 7.7. 

3.3 Relationships Among Variables 
Relationships among variables may be expressed i n terms of 

single comparisons, tables, graphs or equations that are devel
oped from the observed data. I t i s assumed that v i r t t i a l l y a l l 
relationships to be developed i n the s a t e l l i t e program are iovnd 
among: 

(a) relationships between one performance variable and one 
or more design variables. Including the important case 
of performance vs. indicators of composite strength such 
as strains or deflections. 

(b) relationships between one design variable and one or 
more other design variables. 

(c) relationships between one performance variable and one 
or more other performance variables. 

These three types of relationships w i l l be discussed i n 
terms o f Table 2 %rhlch i s a re-arrangement of Table 1, expanded TAB 
to include notation that has been Introduced. 

3.3.1 Performance Variables vs. Design Variables 
The relationship between any variable on the l e f t 

and one or more variables on the r i g h t slde^ of Table 2 
i s an association between a measure of pavement perform-

^ An exception i s that P i s not to be related to ZL since the d e f i n i t i o n of 
P i s actu a l l y i n terms of accumulated loads. 
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ance and pavement design variables. The development of 
any such relationship must necessarily represent either 
• • p l r l c a l studies or t e s t s of hypotheses since theories 
have not yet been evolved for performance variables as 
given I n Table 2. 

At the AASHO Road Test, emphasis was placed on em
p i r i c a l relationships between s e r v i c e a b i l i t y Index (or 
Xi " cracking, etc.) and various design variables. In 
the main f l e x i b l e pavement experiments, hj., hg, ha, £L, 
and a naaaure of r e l a t i v e strength were used to develop 
relationships i n the form of equations (see Appendix 4 ) . 
Fbr the sp«cial base studies i n f l e x i b l e pavements, s s 
was an important variable i n graphical relationships. 
Xn r i g i d pavamant studies the relationships involved hx, 
hs, c i (rainforcefflent factor) and n.. 

The extension and modification of a l l these r e l a -
Cionahips to cover mora design variables and wider ranges 
i a conaidared to be a major objective for the s a t e l l i t e 
raaaarch program. 

Another ixportant relationship i s the association 
of P with S, that i a , the association between an o v e r a l l 
parfomanca index and an indicator of composite strength, 
where the l a t t e r represents i n i t i a l s t r u c t u r a l conditions 
or partiapa waakast atructural conditions (over seasonal 
v a r i a t i o n a ) . At the AASHO Road Test such relationships 
were i n the farm of number of applications to p » 2.5 or 
p « 1.5 versus f a l l and spring deflections for f l e x i b l e 
pavementa or i n i t i a l s t r a i n s and deflections for r i g i d 
pavements. To the extent that these relationships give 
strong asaociationa between P and indicators of S, the 
l a t t e r become useful predictors of pavement performance. 
Another reason for the study of P vs. S i s that v i r t u a l l y 
a l l pavement theories lead to predictions of S, so the P 
v s . S ralationahipa can form a l i n k between theory and 
ultimate parfomanca. 
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Among the many other relatidnships i n t h i s class 
are associations between individual x's («»<.« cracking) 
and strengths measured at various times during the l i f e 
of the pavement. 

3.3.2 Relationships Among Performance Variables 
Perhaps the most important relationships i n t h i s 

class are those which are used to associate present ser
v i c e a b i l i t y with surface conditions x i , x^, X3, etc. 
These s e r v i c e a b i l i t y index formulas show how indi v i d u a l 
surface manifestations a f f e c t the Index o f "user s a t i s 
f a c t i o n " . 

Interrelationships among x's are also of Inter e s t . 
For example, the association between measures of rough
ness and extent of cracking can be Investigated. 

3.3.3 Relationships Among Design Variables 
^ Interrelationships among variables on the r i g h t side 

of Table 2 are Important because they can describe the 
str u c t u r a l system at a point i n t i m e — o r describe struc
t u r a l changes between two points i n time. For example, 
i f deflection produced by a single load i s used as an 
indicator of composite strength, S, then a number of the
ories exist f o r r e l a t i n g t h i s measure of S to the corres
ponding values f o r component strengths and thicknesses. 
H3reover, i f any of the component strengths are altered 
through environmental changes, the theories w i l l indicate 
the extent to which S w i l l change. 

Other relationships among design variables may i n 
volve pavement response to dynamic loads f o r specified 
s t r u c t u r a l conditions. I t i s assumed throughout the 
guidelines that experiment designs and measurement pro
grams f o r s a t e l l i t e studies should provide data that are 
required f o r checking ex i s t i n g theories f o r i n t e r r e l a -

^ tionshlps among design variables when the pavement i s 
subjected to s t a t i c and dynamic loads. I t can be hoped 
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that these relationahlps w i l l be extended to account f o r 
paveiDent performance when the structure i s subjected to 
a complex ensemble of load and environiaental forces over 
many 3rear8 of service. 
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CHAFIER 4 

Guides for S a t e l l i t e Studies 

I n t h i s chapter the terns and concepts of Chapter 3 w i l l be used i n pra-
aanting guides for experiment designs, measurement programs and data process
ing. The axaot nature of theaa a c t i v i t i e s i n a p a r t i c u l a r s a t e l l i t e project 
•uat dapand tqton s p a c i f l c objactivaa that nay vary considerably fxon projact 
to pxDjact. I n view of t h i s f a c t , most of the guides are directed at the gen
e r a l objactlva of r e l a t i n g pavanent perfotnance to pavenent design variables, 
an objactiva which i s aaaunad to be connon to a l l s a t e l l i t e studies. 

4.1 C l a s s i f i c a t i o n of Studies 
Aa i n p l i a d by the t i t l e of the guidalines, s a t e l l i t e projacta 

ara of two general typas, those i n which t e s t sections are salaetad 
fron e x i s t i n g highways and those i n which sections are new pavanants 
conatructed to be part of the a a t e l l i t e research progran. 

A spe c i a l case of the exiating pavement studies night be c a l l e d 
a record study of exis t i n g pavenents as opposed to the more general 
f i e l d atudy. I n sone st a t e s , for exanpla, i t nay be that data f l l a a 
already contain adaqtiate infomation on behavior, loada, environnent 
and s t r u c t u r e — a t l e a s t for c e r t a i n highway sections. I n such a 
eaaa, the data have already been acquired and the s a t e l l i t e research 
can proceed fron t h i s point. 

F i e l d t e s t s of new experinental sections w i l l o r d i n a r i l y i n 
volve controlled variationa i n pavanent design factors, such as 
thickness variations or variations I n strength of materials that 
are used. 

A s p e c i a l type of f i e l d t e s t , however, may consist of the s a l a c -
tion of teat sections from a newly conatrticted pavenent which does 
not include the aane roadbed or aggregate n a t a r i a l a over i t s entire 
laqgth. I n t h i s case i t nay be possible to s e l e c t t e s t sections 
whose parfomance differences, i f any, can be attributed to measured 
differences i n the c h a r a c t e r i s t i c s of the s t r u c t u r a l materials. 
S t i l l another p o a a i b i l i t y i s to add a r e l a t i v e l y s n a i l number of 
spe c i a l atudy sections at the end of regular construction that i s 
underway. 
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In a sense, every section i n the highway system can be 
regarded as candidate f o r s a t e l l i t e program research, but one 
purpose of the suldellnes i s to suggest how essential i n f o r 
mation can be obtained through the study of r e l a t i v e l y few sec
tions and t e s t s i t e s . There should be a planned sequence of 
investigation i n any state proposing to carry out s a t e l l i t e 
research, .usually beginning with a study of existing pavements. 
I f rather f i r m pavement design procedures exist i n a given 
state, these procedures may already r e f l e c t what i s known about 
the behavior of existing pavements—in terms of t h e i r perform
ance f o r d i f f e r e n t loads, environmental, and s t r u c t u r a l condi
tions. I n other states, however, i t may be advantageous to 
perform studies of exi s t i n g pavements i n order to obtain new 
data that can be more d i r e c t l y useful I n extending AASHO Boad 
Teat findings to lo c a l conditions. A major advantage of an 
ex i s t i n g paveqent study i s that a wide range of load and per
formance con be studied at the outset—as opposed to many years 
that may be required f o r the complete observation of new pave
ments. 

There are several inherent d i f f i c u l t i e s associated with 
using only existing pavements. I n the f i r s t place i t may be 
v i r t u a l l y liqposslble t o f i n d suitable sections of pavement to 
represent l o c a l variations that can be used either'to support 
or to modify the performance relationships that were developed 
at the Road Test. For example, i t might be desirable to see 
whether the e f f e c t of surfacing thickness on performance i s 
Similar to the Boad Test results , but i f there i s l i t t l e or no 
v a r i a t i o n i n surfacing thickness i n the whole system of pave
ments w i t h i n a state, no such e f f e c t can be studied. I t i s 
rather clear that a number of relationships developed at the 
Boad Test cannot be completely checked or translated by e x i s t 
ing pavement studies—mainly because certain Boad Test struc
t u r a l conditions are not existent i n the local highway system. 
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I t may be qtilte d i f f i c u l t to obtain r e l i a b l e t r a f f i c and 
load data f o r existing pavement sections. Since performance 
i s defined I n terns of accumulated loads^ adequate load h i s 
t o r i e s are quite essential to the study of performance. 

Another problem I s the determination of I n i t i a l service
a b i l i t y and strength conditions for an existing pavement. A l 
though laboratory tests of currently existing materials can 
indicate present and potential strengths, there may be no clear 
estimate of the extent to which the I n i t i a l strengths have changed. 

Another d i f f i c u l t y that w i l l be encountered I n the study of 
existing pavements I s that any nominal conditions of loading, 
environment, or structure w i l l l i k e l y be accompanied by a rather 
long l i s t of variables (e.g., construction variations) whose 
separate effects cannot be i d e n t i f i e d . Thus any r e l i a b l e analy
s i s nay require the average performance of rather large numbers 
of aectlons having the same nominal characteristics. 

Several obvious advantages are inherent i n studies of new 
experimental pavements. The objectives f o r such a study can 
set out very specific relationships to be studied w i t h the pre
c i s i o n that i s b u i l t i n t o the experiment design and construction 
control f o r the test sections involved. Thus i t i s l i k e l y that 
experimental sections w i l l be more adeqtiately i d e n t i f i e d than 
e x i s t i n g pavement sections and that less extraneous v a r i a t i o n 
w i l l be connected with the study. As a r e s u l t , i t may be ex
pected that, with fewer test sections, answers to specific 
questions w i l l be more d e f i n i t i v e than can be determined from 
existing pavement studies. 

Another major advantage to s a t e l l i t e research with new 
experimental test sections i s that Interesting factors not ap
pearing i n existing pavements can be introduced. Outstanding 
examples i n s t r u c t u r a l design include the increasing practice 
of base s t a b i l i z a t i o n or the i n t e r e s t i n composite pavement 
design. 
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As wi t h the AASHO Road Test I t s e l f ^ every experimental 
study I s surrounded by l i m i t a t i o n s . One disadvantage o f a 
new pavement performance experiment I s that years may be re 
quired to observe the ultimate performance of test s e c t i o n s — 
especially f o r those sections that are over-designed r e l a t i v e 
to t h e i r expected t r a f f i c and environmental experience. I f 
the structviral variables of the experimental sections are a l l 
at high l e v e l s , and cover a very narrow range, then the d i f 
f e r e n t i a l e f fects of experimental factors on performance may 
not be observable f o r perhaps ten years or more and, i n f a c t , 
may not be of any p r a c t i c a l significance. I n a l l studies, 
however, i t w i l l be possible to ̂ a l y z e section to section 
variations i n composite strength. 

In summary i t i s assumed that there are good reasons, 
as w e l l as disadvantages, f o r conducting studies of both e x i s t 
ing pavements and new pavements; and that the f i r s t type of 
research w i l l usually precede and suggest tlie general nature 
of new pavement studies that should be made. Moreover, the 
results of tests on new pavements w i l l often.uncover questions 
that can be.studied i n e x i s t i n g pavements, e.g., the AASHO Boad 
Test i t s e l f . 

4.2 Experiment Designs 
The concept of an experiment design can best be explained 

i n geometrical terms. I f a l l conceivable s t r u c t u r a l , load, and 
environmental variables were to be shown i n a single coordinate 
system, wi t h one axis f o r each variable, then each te s t section 
i n any study would have a set of coordinate values and would 
therefore f a l l a t some point i n the coordinate system. An ex
periment design f o r a set of t e s t sections i s a plan that speci
f i e s how t h ^ t e s t sections are to be positioned i n t h i s coordi
nate system. 

Test sections should be positioned on design variable axes 
so that i t w i l l be possible to observe the l i n e a r and c u r v i l i n 
ear performance effects of each design variable as well as 
int e r a c t i n g effects of any two design variables. 
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A very simple case I s shown I n Figure 3 where one axis 
i s f o r roadbed strength and the other f o r o v e r a l l pavement 
thickness. Both axes are subdivided i n t o three i n t e r v a l s — 
f o r low, medium and high levels of the two factors. Thus 
there are nine positions f o r test sections i n the coordinate 
system, LL f o r low thickness and low strength, ML f o r medium 
thickness and low strength, etc. I f only positions HL, Ml and 
LH were used i n the experiment design then the effects of the 
two factors would be confounded or unseparable. This i s be« 
cause one factor decreases when the other Increases and there 
i s no way to t e l l i^ether changing (or constant) performance 
i s due to one or the other or both of the variables. I t i s 
notewDrthy that such situations w i l l be d i f f i c u l t to avoid i n 
e x i s t i n g pavement studies since pavement design procedures gen
e r a l l y c a l l f o r more thickness over weaker roadbed material. I f 
positions ML, W and MH are used i t w i l l be possible to observe 
l i n e a r and c u r v i l i n e a r effects of roadbed strength at medium 
thickness but there w i l l be no way to observe whether these ef
fects are the same at a l l thickness levels, i . e . , whether or 
not the two factors have i n t e r a c t i n g e f f e c t s . I f a l l nine posi
tions are used, the study i s a complete f a c t o r i a l experiment i n 
which any l e v e l of one factor occurs at a l l levels of the other 
factor. Such a design w i l l produce the l i n e a r and c u r v i l i n e a r 
effects of each variable and possible Interacting effects of 
the two variables. 

Variations of t h i s type of design w i l l be recommended f o r 
the s a t e l l i t e studies. 
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A number of i n t e r r e l a t e d steps are Involved i n the devel
opment of an experiment design f o r a s a t e l l i t e study of e x i s t 
ing or new experimental pavements. 

(1) D e f i n i t i o n of One^Level Factors and Ground Rules 
Ilany variables ^CTIII o r d i n a r i l y be controlled at 

one l e v e l , or xTlthin a single range of v a r i a t i o n , for 
a l l test sections i n the study. These variables should 
be named and t h e i r levels given i n "ground rules" f o r 
the selection of ex i s t i n g pavement sections or i n con
str u c t i o n control specifications f o r new pavements. I n 
an existiac navenent study, f o r example, i t might be 
specified that a l l sections must be at least f i v e years 
old . I n a new pavement study i t might be specified that 
the roadbed material i n a l l sections be compacted to 
w i t h i n f i v e percent of a well defined density standard. 

The folloTfing "ground rules" are recommended for 
the s a t e l l i t e studies: 

(a) Test section length should be i n the neigh
borhood of 1200 feet f o r existing pavement 
studies and 600 feet f o r new pavement studies. 

(b) Test sections should not contain transitions 
between cuts and f i l l s . Unless cut and f i l l 
i s a factor beins studied, no section should 
be located i n deep cuts or on high f i l l s . 

(c) I n order to provide uniformity and to preclude 
d i f f i c u l t working conditions, test sections 
should not be Influenced by v e r t i c a l or h o r i 
zontal curves nor by drainage structures. 
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(d) There should be no q u a l i t a t i v e changes i n struc
t u r a l variables (including roadbed materials) 
throughout the section and quantitative changes 
should be random wi t h a c o e f f i c i e n t pf v a r i a t i o n ^ 
not greater than twenty-five percent. Tbls r u l e 
Includes variations i n strength, density, moisture 
content, and thicknesses of s t r u c t u r a l components. 

(e) Adjacent t e s t sections should be separated by suf
f i c i e n t distance to provide f o r t h e i r Independent 
behavior. AASHO Road Test experience indicated 
that there should be a minimum of f o r t y feet t r a n 
s i t i o n between successive t e s t sections. 

( f ) T r a f f i c data evaltiatlon p r i o r to the selection of 
e x i s t i n g pavement sections should provide reason 
to believe that accximulated equivalent axles can 
be estimated w i t h no more than twenty-five per
cent tmcertainty. 

(g) Maintenance of t e s t sections should not be such . 
as to change the s t r u c t u r a l characteristics (e.g., 
overlay) as long as the section i s considered to 
be " i n t e s t " . Seal coats, crack seals, and patches 
(vp to ten percent of the t e s t section area) are 
permissible on the assunrptlon that a l l such main
tenance w i l l be of high q u a l i t y . Records should 
be kept of a l l maintenance performed on t e s t sec
tio n s . (See Appendix A) 

^ The c o e f f i c i e n t of v a r i a t i o n of a set of measurements i s t h e i r standard devi
atio n divided by t h e i r arithmetic mean, esqpressed as a percent. I t i s a con-

^ ventlonal measure.of v a r i a t i o n ( r e l a t i v e to the mean) that i s not controlled 
i n the experiment. 
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(2) Selection of Multi-Level Factors 
The second step i s to name a l l variables that w i l l 

be controlled at more than one level among the study 
sections, and to state the nviraber of levels to be associ
ated with each such variable. For example, surfacing 
thickness might be selected f o r v a r i a t i o n at two levels 
and roadbed strength might be selected as a four-level 
factor i n the study. 

Zero i s a permissible level f o r certain variables. For 
example, base thickness might be controlled at two lev
e l s , zero (no base) and s i x inches. 

(3) Selection of Combinations of Levels 
After multi - l e v e l factors and the number of levels 

f o r each have been stated, i t i s necessary to select 
those combinations of levels which are to appear i n the 
study. . For the example given i n step 2 there are 2 x 4 
m 8 possible combinations of surfacing thickness and 
roadbed strength. I t must be decided which of these are 
to be used, and i n what combinations with other m u l t i 
level factors. 

Three general patterns are proposed for experiment 
designs i n s a t e l l i t e studies. A l l three are based on 
principles of f a c t o r i a l experimentation^. 

(a) Complete Factorial Experiments 
I f a l l possible combinations of the 

selected factor levels occur, the study i s 
a complete f a c t o r i a l experiment. I f a study 
were to involve surfacing thickness at two 
levels, base strength at three levels, and 
roadbed strength at four levels, then 2 x 3 
X 4 s 24 test sections would be required 

^ For a conprehensive treatment of these principles see, f o r example. Chapters 
7 - I I of BQSljpx and Analysis of I n d u s t r i a l Efxperiments, Davies, O.L. ( E d i t o r ) , 
Oliver and Boyd, London, 1954 (also Hafner, New York). 
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fo r the complete f a c t o r i a l experiment. 
I n many cases complete f a c t o r i a l experi
ments involve only two or three levels f o r 
any experimental factor. Table 3A shows a TAB 3 
2 x 2 x 2 x 3 x 3 = 2 ^ x 3 ^ f a c t o r i a l ex
periment with f i v e factors. Two-level v a r i 
ables are shown at low and high levels, 
while three-level variables ^re shown at 
low, mediuio, and lilgh levels. 

Only two levels are needed to study the 
li n e a r effects of a factor, but three lev
els are required to study c u r v i l i n e a r e f f e c t s . 
I f the li n e a r (or c u r v i l i n e a r ) effects of one 
factor are not the same at a l l levels of a 
second factor, there i s said to be an i n t e r 
acting e f f e c t of the two factors. I n a com
plete f a c t o r i a l experiment i t i s possible to 
study the interactions of a l l combinations 
of factors. 

(b) Fractional Factorial Experiments 
I t i s often very useful to select only 

a f r a c t i o n of the t o t a l number of combina
tions required f o r a complete f a c t o r i a l ex
periment—especially i f the l a t t e r involves 
a large number of te s t sections and i f the 
only pertinent i n t e r a c t i o n effects are among 
the factors taken two at a time. Table SB 
shows, for example, how a 2^ 64 complete 
f a c t o r i a l experiment containing s i x two-level 
factors can be separated in t o four quarters 
(Sets A,B,C and D) of sixteen sections each. 
Any quarter of the complete experiment, say 
Set A, can be used to determine the main ef
fects of the six factors as well as certain 
two factor i n t e r a c t i o n e f f e c t s . I t w i l l be 
found that the Set A sections are balanced 
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XABLB 3: ULUSTBATIVE E X F E R U C N I DESIGNS 

A. Ccaplete 2° x 3^ Factorial Design 
Variables Vi Lo tfed Hi 

Vs V4 Va Va Lo Med Hi Lo Med HI Lo Med Hi 

Lo Lo X X X X X X X X X 

Lo 
Hi 

HI X X X X X X X X X Lo 
Hi Lo X X X X X X X X X 

Lo 
Hi 

Hi X X X X X X X X X 

Lo Lo X X X X X X X X X 

HI Hi X X X X X X X X X 

Hi Lo X X X X X X X X X Hi 
Hi X X X X X X X X X j 

B. Four Fractions of a 2° Conplete Factorial Design 

VaslAlaa 1^ ] 
Lo 

Lo 
Hi Lo 

HI 
Hi 

Ve V5 V4 Va Lo Hi Lo Hi Lo Hi Lo Hi 

Lo Lo A C C A B D D B Note: 
Lo 

RL D B B D C A A C Bach of sets A,B,0 

HI Lo B D D B A C C A or D i s a balanced 
HI 

Hi C A A C D B ] 3 D quarter of the f u l l 

Lo Lo D B B D C A A C f a c t o r i a l experiment. 

HI m A C C A B D D B 

HI Lo C A A C D B B D HI 
Hi B D D B A C C A 

C« Four Factor Composite Design (z » 1,22) 
Varlablan Vi 
V* Va Vs 

Lo 
Lo Med Hi 

lied 
Lo Med Hi 

Hi 
Lo Med m. 

Lo 
Lo Med 

Hi 

X X 

X X 
y 

X X 

X X 
Lo 

Mid Med 
Hi 

y 
y 

y 0 y 
y 

y 

l b 
Hi Med 

HI 

X X 

X X 
y 

X X 

X X 

Itote: 
Factorial sections x 
form a 2* f a c t o r i a l . 
Centrold section 0 i s 
at the medium lev e l of 
a l l factors. Extension 
sections y are at med
ium levels of a l l but 
one factor, and are ex
tended z times as f a r 
as regular levels from 
the centrold. 
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with respect to every factor, there being 
eight sections at the low level and eight 
sections at the high level of each factor. 
I t i s also possible to separate the 64 sec
tions of Table 3B i n t o balanced halves or 
elghtlis. Tables are available*^ for the frac
t i o n a t i o n of many types of f a c t o r i a l experi
ments when i t i s desired to study a r e l a 
t i v e l y large number of factors with rela** 
t l v e l y few experimental u n i t s . 

(c) Composite E:yerlment Designs 
When a number of factors, say k, are to 

be studied at three levels i t i s possible to 
select a f r a c t i o n of the complete 3^ experi
ment, but i t i s often more economical to use 
a so-called composite experiment design (i»t 
to be confused \d.th a composite pavement de
sign). I n a coniposite experiment design a l l k 
factors are run at two levels to give 2*̂  units or 
some f r a c t i o n of t h i s number, then additional 
units are provided f o r each factor that i s to 
be studied at three levels. Table 3C i s an 
I l l u s t r a t i v e composite design that Involves 
k = 4 factors. The 2* = 16 sections marked x 
form a complete f a c t o r i a l experiment at the 
low and high levels of a l l factors. Each fac
t o r i s also assigned a medium lev e l (between 
lov/ and high) an "extra low" level and an "ex
t r a h i ^ h " l e v e l . The section having medium 
levels f o r a l l factors i s called the centroid 
section of the design, denoted by a c i r c l e i n 
Table 3C. For each factor the "extra low" and 

> "r^.t|Qfi'al'F'actorj|.a^ Exp̂ rJl,gi|gnt D^siffls fo r Factors at Two Levels, Three 
Lgvels, T./Q fnd Three Levels—National Bureau of Standards, Applied Ilathe-
raatics Series. 
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"extra high" levels provide two sections 
(deiioted by y I n Table 3C) that, are at med-
lun levels on a l l other factors. Thus f o r 
each factor there are three sections, two at 
extended levels and one at the centrold, which 
are used f o r observing the factor's c u r v i l i n 
ear e f f e c t . Altogether there are ^ + 2k + 1 
- 25 section, of which 2^ = 16 form a factor
i a l experiment, and 21c = 8 provide sections 
f o r three-level effects through the centrold 
section. To study a l l c u r v i l i n e a r and i n t e r 
acting effects of four variables i n a complete 
f a c t o r i a l experiment^ 5* = 81 sections would 
be required. 

The composite design w i t h f r a c t i o n a l rep
l i c a t i o n w i l l be proposed f o r the nationwide 
s a t e l l i t e studies. 

(4) D e f i n i t i o n of Levels 
Each factor l e v e l that appears i n steps 1 and 3 must 

be defined to the point that there I s no dniblguity i n the 
selection of an existing pavement section or the construc
t i o n of a new section. Some factors may have q u a l i t a t i v e 
levels, others may have specific numerical levels and 
others may have levels which are r e l a t i v e l y broad i n t e r 
vals. For example, surface reinforcement might be present 
or absent, surface thickness might be four or s i x Inches, 
and roadbed strength might be 2-6, 6-15, 15-30 and over 30 
on some strength scale. Levels.for strength characteris
t i c s may be obtained i n d i r e c t l y . For example, the strength 
levels o f a subbase course may be regulated to a certain 
degree by specifying various gradations and q u a l i t i e s f o r , 
the materials to be used at the d i f f e r e n t strength l e v e l s . 

Although the conqpoaite design gives information on c u r v i l i n e a r effects with f a r 
fewer t e s t sections than a complete f a c t o r i a l experiment, i t must be recognized 
that the c u r v i l i n e a r effects are a l l obtained at medium levels of the remaining 
foctore. Thus the composite design cannot show cur v i l i n e a r effects of one v a r i 
able at k i i ^ or low levels of the remaining variables. I t must be supposed, there
fore, that s u f f i c i e n t Information on curvllineanty I s obtained at the medium levels 
I t i s aloo true that estimates of c u r v i l i n e a r effects are obtained with less pre-
clelon than i n a complete f a c t o r i a l experiment. 
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(5) PtDvislon f o r Uncontrolled Design Variables 
A l l design variables that are not e x p l i c i t l y named 

i n the previous steps are uncontrolled. I f the uncon
t r o l l e d variables are not ine x t r i c a b l y correlated w i t h 
the controlled variables, then randomization procedures 
can "spread out" uncontrolled effects over a l l t est sec
tions so that controlled effects w i l l not be biased. The 
specific nature of randomization procedures to be used 
w i l l depend upon the pattern that has been selected i n 
step 3. 

Tb measure the extent of uncontrolled v a r i a t i o n i t 
I s necessary to Include some form of r e p l i c a t i o n . I n 
ind i v i d u a l s a t e l l i t e studies i t i s recommended that s i x 
or more of the te s t sections be duplicated. 

(6) Provision f o r Comparisons and Extensions w i t h AASHO Boad 
Test Findings 

A . s a t e l l i t e study should Include some test sections 
whose s t r u c t u r a l and environmental characteristics are as 
close as possible to those of some AASHO Road Test sections. 
To the extent that t h i s i s possible the s a t e l l i t e study 
w i l l contain sections whose performance can be compared 
d i r e c t l y w i t h AASHO Boad Test sections. 

The study should provide controlled variations f o r . . 
at least one factor that was varied at the Road Test, e.g., 
subbase thickness. Thus i t \fLll be possible to compare 
the effects of variables i n the s a t e l l i t e study with t:he 
corresponding effects observed at the AASHO Boad Test. 

I n order to extend the Boad Test findings the s a t e l 
l i t e study should provide controlled variations f o r one 
or more.factors that were not varied i n the AASHp Boad 
Test, e.g., i n i t i a l strength of roadbed material. 

To provide a reference for t i l l s step. Table 4 shows ^ 
the seneral levels and ranges of design variables f o r 
AASHO Boad Test sections. 



TABLE 4: GENERAL LEVELS OF DESIGN VARIABLES FOR 
AASHO BOAD TEST SECTIONS^ 
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STRUCTURE 
F l e x i b l e Rigid STRUCTURE Road

bed 
Sub-
base Stone 

Base 
Gravel B i t . 

Sur- Road-
bad 

Sub-
ba«e 

Sur-
faclncr 

Laboratory C h a r a c t e r i s t i c s 
AASHO Class 
CBR 
R Value 
Kansas Modulus 
Texas Class 
Maximum Density 
Optimum Moisture 
Marshall S t a b i l i t y 
Compressive S t r . (7 day) 
Flexural Strength 

A-6 
5 
21 

1300 
5.6 
116 

14.7 

58 
78 

8000 
3.7 
133 
7.7 

100+ 
83 

10000 
2.3 
138 
7.6 

140 

1600 
840 

2000 

A-6 
5 
21 

1300 
5.6 
116 

14.7 

58 
78 
8000 
3.7 
133 
7.7 

3600 
620 

F i e l d Tests 
E l a s t i c Modulus 

Plate Bearing - F a l l 120 300 600 100 140 
Spring 80 200 400 60 80 

Shell Vibrator F a l l 1500 7500 30000 100000 
80 

Spring 600 
, CBR F a l l 3.5 30 36 2.5 8.0 

Spring 2.0 10 18 1.5 2.5 Moisture Content F a l l 
1.5 2.5 

Spring 
Density F a l l 

Spring 
Thickness Ranges Low Over 0 0 2 2 2 1 Over 0 2.5 

High 36 16 17 18 18 13 6 36 9 12.5 
LOAD 

ZL: Accumulated 18 kip equivalent axle loads;from l e s s than 10 for e a r l i e s t f a i l u r e 
to about 10 mill i o n for surviving sections i n Loop 6 

Y: Years of servicer from l e s s than one month to about two years 

ADL; Daily rate of accumulation .'from l e s s than one i n Loop 2 to over 10,000 I n Loop 6 

CLIMATE 
Climatic conditions of precipitation, temperature and f r o s t are given i n Appendix 

RS for f l e x i b l e pavements from about 0.5 i n spring to 1.0 I n f a l l to over 10 i n 
frozen periods. 

^ Values given i n t h i s table have been selected from HRB Special Reports 61B and 61E 
and should be interpreted i n the l i g h t of d e t a i l s given i n the reportf, 
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4.2.1 Experiment Designs for Existing Pavement Studies 
For a s a t e l l i t e study of a p a r t i c u l a r type of e x i s t 

ing pavement i t i s recommended that the design variables 
shown i n Table 2 be separateci i n t o two classes, primary 
controls and secondary controls. The primary controls w i l l 
be m u l t i - l e v e l factors whose combinations of levels form 
a complete f a c t o r i a l experiment. I n general, i t i s sug
gested that one primary control should deal with climatic 
or regional c l a s s i f i c a t i o n and that one should pertain to 
a strength characteristic. For example, a minimal study 
of t h i s nature might involve two regions, or climates, 
and two levels of strength of a s t r u c t u r a l component. For 
each of the four coiablnations i n t h i s 2 x 2 experiment 
Table 5 suggests that eight test sections be selected, TAB 5 
to give a study that Involves 32 pavement sections. A l 
though t h i s study i s balanced with respect to the primary 
controls, i t may be quite unbalanced with respect to one 
or more of the remaining design variables. For example, 
surfacing thickness might be eight Inches i n one region 
and nine inches i n the other—so that surfacing thickness 
e f f e c t s are completely confused (confounded) with regional 
or climatic e f f e c t s . To reduce the occurrence of such con-
foundings i t i s recommended that those design variables of 
Table 2 that are not used f o r primary control be used as 
"balancing factors" or secondary controls. High and low 
levels are assigned to every secondary control i n such a 
way that (from p r i o r information) i t should be possible 
to f i n d e xisting pavement sections at both levels of every 
secondary control for every combination of the primary con
t r o l levels. Then the e f f o r t can be made to select sec
tions that w i l l give balance on the secondary controls as 
well as on the primary controls. As an example, l e t re
gion, i n i t i a l roadbed strength and subbase thickness be 
three primary control factors at two, three and two lev
els respectively. The 2 x 3 x 2 = 1 2 combinations of 
these factors are shown at the l e f t side of Table 6. TAB 6 
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TABLE 5: SUGGESTED NOMBERS OF TEST SECTIONS FOR INDIVIDUAL STUDIES 

OF ONE EXISTING PAVEMENT TYPE 

Number of Conblnatlons Number of Test Sections Total Number 
of Levels o f Primary to be Selected per of Test 

Control Factors Combination Sections 

4 - 9 8 32 - 72 
1 0 - 2 6 4 40- 1 0 4 
«7 - 81 2 54 - 162 
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Fxon Table 5 i t I s decided to include four t e s t sectiona 
for each of the twelve primary combinations—as shown at 
the r i g h t side of Table 6. A l l remaining design variables 
that are considered f o r secondary control are l i s t e d 
across the top of Table 6, and a low and high l e v e l i s 
defined f o r each. The tm levels of a secondary v a r i 
able may not d i f f e r appreciably, but the sane d e f i n i t i o n 
applies to a l l primary control combinations. 

The maximum balance that can be attained by means of 
Table 6 w i l l occur when every individual c e l l contains tHO 
te s t sections and when every t o t a l across the bottom of 
the table has 24 sections. I t i s supposed that test sec* 
t i o n selection w i l l never r e s u l t i n t h i s degree of b a l -
ance, but that o r i g i n a l selections be discarded and 
replaced u n t i l the maximum attainable balance has been 
achieved. 

Information sources f o r the selection of sections 
may include construction records, pavement evaluation 
records, t r a f f i c and load study records, and recollec
tions of those who are most f a m i l i a r w i t h certain regions 
and the hi^hv/ays ^ j i t h i n then. As data are acquired from 
tliese sources the experlrient desicn^t can pro3res8 from a 
tenkaCive to a nnre Sim Ikaats. I t may be that factors 
and levels w i l l have to be revised from t l a a to t i m e — 
especially a f t e r the desist^ varlablea are actually neas-
ured. 

The forecoing reconmendations are concerned with 
the f i r s t four steps previously given for the develop
ment of an experiment design. I n connection with step 5" 
i t appears that l i t t l e can be done i n the way of random 
i z a t i o n except i n those cassn where ont or two sections 
are to be selected from several suitable alternative sec
tio n s . I t i s assumed that the numbers of sections given 
by Table 5 already provide r e p l i c a t i o n with respect to 
the primary control factors. 
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For step 6 i t i s supposed t h a t the primary c o n t r o l s 
include f a c t o r s both f o r comparison w i t h and extension 
of Road Test f i n d i n g s , and t h a t one l e v e l of any f a c t o r 
has been selected to be as s i m i l a r as possible to a Road 
Test l e v e l of the same f a c t o r . 
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4.2.2 Experinent Designs f o r Studies of Hew Experimental 
Pavements 

Individual s a t e l l i t e studies (e.g., within-state) 
of neu experimental pavements Mill o r d i n a r i l y involve 
a r e l a t i v e l y s n a i l number of test sections at one or 
nore t e s t s i t e s . Test sites \7ill be determined by road
bed material, climatic or regional variables and by ex
pected rate of load applications. At each s i t e certain 
pavement structure variables vzill be held at one l e v e l 
while others \ 7 i l l be varied according to the e;q>eriraent 
design. Recommendations f o r experiment designs \ d . l l be 
given i n ternis of the s i x steps l i s t e d at the beginning 
of Section 4.2. The entire discussion relates to the 
study of one pavement type, e.g., f l e x i b l e or r i g i d pave
ment. 

For t h i s discussion i t w i l l be supposed that S4, 
ADL and a climatic or regional variable w i l l be used to 
detenaine test s i t e s . The roadbed strength factor, S4, 
night be assigned either one, two or three levels (ranges 
of variation) and i t i s recommended that ADL have either 
one or two levels. The t h i r d factor can be either a c l i -
aatic factor which i s of l o c a l i n t e r e s t and wlilch can be 
quantified i n ranges of v a r i a t i o n (e.g., mean annual r a i n 
f a l l or days of tha\d.ng), or i t can be a regional c l a s s i 
f i c a t i o n as was suggested f o r individual studies of ex
i s t i n g pavements. I t i s recommended that the climatic or 
regional variable have either one, two or three levels 
(or regions). With these recommendationsjthere might be 
only one test s i t e ( a l l three factprs at one level) or as 
many as eighteen sites ( 3 x 2 x 3 ) . tJhile the choice of 
levels, and thus s i t e s , w i l l be determined largely by the 
local objectives, i t i s recommended that at least one se
lected s i t e should f a l l w i t h i n the nationwide experiment 
design to be described i n the next topic. 
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At any s i t e i t i s recoramended that either two, three 
or four paveoent structure variables ( s i , Sg, 83, h i , hg, 

^it ̂ zt etc.) be chosen as n i u l t i - l e v e l variables. I f 
raore than one test s i t e i s chosen to ̂ Ive controlled v a r i 
ations on s i t e factors, then the same pavement structure 
variables should be selected f o r each test s i t e so that 
the effects of s i t e factors can be studied I n conjunction 
xrLth the effects of struct u r a l variables. I f d i f f e r e n t 
sites are used but a l l have the sanie roadbed strcncth, 
climate, and ADL, then i t may be desirable to select d i f 
ferent s t r u c t u r a l variables at d i f f e r e n t s i t e s . For ex
ample, subbase strength mlsht be a factor at one s i t e but 
not at another. I t has been recommended that at least 
one of the structure variables be an AASHO Road Test v a r i 
able (see Table 4) and that at least.one variable be one 
that was not varied at the Goad Test. I n t h i s way the sat
e l l i t e study can produce data f o r both the modification ( I f 
needed) and extension of the Hoad Test findings to local 
conditions and variables of I n t e r e s t . For example, the 
selection of subbase thickness and strength as factors 
\TOuld s a t i s f y these recommendations since ha was varied 
at the Boad Test but S3 was not. 

I f only two structure variables are selected as m u l t i 
l e v e l factors. I t I s reconoended that the minimum number 
of levels be 2 X 3 for the two factors. For three or four 
factors the respective minimum number of levels should be 
2 x 2 x 2 and 2 x 2 x 2 x 2 , but I t I s recommended that 
not more than txro factors appear at three levels. I n t h i s 
topic I t w i l l be assumed that more than three levels are 
not needed f o r the satisfactory study of any factor, but 
I t l 8 recognized that l o c a l objectives w i l l sometimes re
quire more than three levels f o r some factor. For ex
ample, there might be l o c a l i n t e r e s t I n the comparative 
perfomance of four, base materials, a l l with somewhat 
d i f f e r e n t strengths. 
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The foregoing recommendations can resul t i n i n d i v i d 
ual s a t e l l i t e studies of as few as two factors (two pave-
nent and no s i t e factors) or as many as seven factors 
(four pavement and three s i t e f a c t o r s ) . 

Once the m u l t i - l e v e l factors have been selected, then 
a l l other s i t e and pavement variables are at one l e v e l . 
These levels, or ranges of v a r i a t i o n , apply to every test 
• • c t i o n i n the study and are needed for the complete de
sc r i p t i o n of the experiment. 

I t i s supposed that the basic experiment design f o r 
an individual study of new pavements w i l l be found w i t h i n 
the framework of Table 7. I n some cases test sections TAB 7 
may f a l l outside t h i s pattern, either because of special 
studies or because certain sections that are constructed 
to be part of the nationwide design do not f i t the local 
pattern. Roadbed strength and climatic or regional v a r i 
ables are shown at low = L, medium = I I , and high = H lev
e l s , while ADL i s shown only at low and high levels across 
the top of Table 7. The l e f t side of the table includes 
p o s s i b i l i t i e s f o r as many as four pavement structure v a r i 
ables, but f o r only two of these at three levels. 

At any s i t e i t i s recotnonended that a f u l l f a c t o r i a l 
experiment be used for the selected levels of pavement 
structure variables. When a complete f a c t o r i a l experi-
cient contains as many as sixteen factor level combina
tio n s , duplication of combinations i s considered optional. 
For smaller experiments there Is more iteed f o r duplication, 
and i f tliere are fewer than ten combinations i t i s recom
mended that s i x duplications be provided. When more than 
one s i t e i s used, somewhat d i f f e r e n t f a c t o r i a l s may be 
used at d i f f e r e n t s i t e s , but at leaat a 2 x 2 f a c t o r i a l 
on pavement structure variables should appear i n common 
at a l l test s i t e s . Tlius at least four test sections w i l l 
be available f o r evaluating the effects of s i t e factors 
on performance. 
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TABLE 7: GEITORALIZED EXPERIMEIIT DESIGN FOR STUDIES OF NEW EXPERIMENTAL 
PAVEMENTS OF ONE TYPE 

PAVEMENT 
STRUCTURE^ L 

I V i K . 
L . H Ii„[_H_[. 

TEST SITES* 

L : H 

M 
M H 

T, T 11 
H 
M 1£ 

V7 

i 

2 

M 

H 

M 
H 
L 
M 
H 
t 
M 
H 

F ; F I 
X 4 J L . . I 

) 

i — 

A 
A : A 

A 
A 

TT 
M 
H 

F 
C 

" r 
F 
F 

' H H 
L 
M 
R 
L" 
H 
R 

'L 

M 

TT 
M 
R 
L 
M 
H 

.L 

i H M 

L 
M 
R 
T 
M 
_H 
L' 
M 
JL 

:h 
L 
M 
R 

A 
A 

1 A ' A • 

A . 
A • 

T 
i 

• 1 - — 

A 
A 

A 
A 

A 
A 

^atiablea V i , Vg, V3 and V4 selected from Si, Sg, S3, h i , ha, ha, c i , Cs, etc. 

Variable Vs I s either a climatic variable or represents regional c l a s s i f i c a t i o n . 
Ve i s a selected c h a r a c t e r i s t i c of roadbed material strength. 
Vr I s anticipated ADL. 

High levels, ot Vi» V4 and Ve inply better pavement perfomunce than low l e v e l s . 
High levels of Vs «nd V7 Inply lower s e r v i c e a b i l i t y than the low l e v e l , a l l else equal. 

Sections A form an experiment design that i s independent of any nationwide 
design. 
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One of the most c r i t i c a l steps I s the selection of 
levels f o r pavement structure variables. As i n the case 
of existing pavement studies, i t i s supposed that levels 
for strength characteristics sliould Include the corres
ponding Soad Test level ( i f feasible) and that strength 
levels should d i f f e r from one another by at least twenty-
f i v e percent on whatever streni^tli scale i s used. For ex
ample, I f base strength i s varied at three levels accord
ing to laboratory deformation moduli, the levels might be 
centered at 350, 500, and 650 psi where 500 Is an AASIIO 
Road Test l e v e l . 

Once levels have been set f o r strength characteris
t i c s , local design c r i t e r i a w i l l o r d i n a r i l y provide a set 
of standard thicknesses f o r the pavement layers, and 
thickness levels can be specified so that a nunber of sec
tions I n the f a c t o r i a l experiment are at or near the stand
ard design. The remaining sections w i l l include some 
which have less than standard thicknesses and some which 
have more. I n t h i s way i t becomes possible to study 
thickness eff e c t s . I f a l l thickness levels are greater 
than are called f o r by conventional design procedures, 
i t may be d i f f i c u l t to show the performance effects of 
thickness variables. 

l^ien a l l thickness and strength levels have been 
set every pavement structure i s defined, and the experi
ment design should c a l l for the structures to be con
structed i n rsndom order at every test s i t e . This step 
reduces the r i s k that any variations i n construction 
procedurss or roadbed material w i l l be confused with 
the intended variations i n pavement structure. 

Exceptions to some of the recommendations given 
above w i l l occur i n connection with the nationwide ex
periment designs. For example, i f only the sections 
that belong to the nationwide experiment design are con
structed St a test s i t e , then i t may be that only two or 
f i v e softtions are required (section 4.2.3), so that 



38 

neither case gives a f a c t o r i a l experiment at the te s t 
s i t e . On the other hand, i f the nationwide design t e s t 
sections are constructed, I t I s always possible to com
plete a f a c t o r i a l experiment that contains one or more 
of these sections. Although more examples w i l l be de
scribed I n Chapter 5, Table 7 shows two I l l u s t r a t i o n s 
f o r I n d i v i d u a l studies, the second of which Includes 
sections that f a l l w i t h i n the nationwide experiment de
sign. 

I n the f i r s t example of Table 1, eight t e s t sections 
designated by the l e t t e r A appear at each of four test 
s i t e s . Two of the sites are i n one region (or at medium 
clima t i c conditions) while the other two are I n a second 
region (or at high cli m a t i c conditions). At eit h e r l e v e l 
o f Vs both low and high roadbed strengths, Ve, are I n 
cluded, and a l l four sites are shown to be at high levels 
f o r ADL = V7. 

I t can be seen that the experiment design Includes 
M and H levels f o r Vi> L and H levels f o r V^, and L and 
H levels f o r V3. 

The second I l l u s t r a t i o n shown I n Table 7 Involves 
f i v e t e s t sections, labelled C, D and E, that are part 
of a nationwide design that c a l l s f o r these sections to 
occur tinder s i t e conditions L - L - L i n Table ,̂  

I n t h i s I l l u s t r a t i o n I t I s presumed that a l l levels are defined i n the same 
way f o r both the l o c a l study and the nationwide study. While there are 
advantages to using nationwide design levels f o r variables I n an Individual 
experiment, a l l that I s needed I s a correspondence between levels i n the 
two studies. For example, the medium l e v e l f o r V3 i n the nationwide design 
might correspond to a high l e v e l I n an i n d i v i d u a l study. 
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Sections C are at low levels f o r two other structure 
variables, Vs and V9, while sections D are at high 
levels f o r these variables. 

Section E represents a pavement design that i s 
cooBBon to a l l t e s t s i t e s i n the nationwide experlsMnt 
design, and has medium levels f o r Vi - V4, Vs and Vg 
i n the nationwide design.^ 

Sections C and D together represent only one f r a c 
t i o n of a much larger experiment, and do not i n then-
aelvea give a complete f a c t o r i a l arrangement. Any one 
of sections C, D or E, however, could be used as part 
of a l o c a l experiment deaign. For example, when sec
tions F are included w i t h section C, then the effects of 
Vi and V3 can be studied at two sites which have d i f f e r 
ent levels f o r ADL = V7. Thus t h i s design includes ten 
sections at one a i t e and s i x at a second s i t e . 

I t would be desirable to have at least two pairs 
of duplicate sections at each s i t e i n the examples of 
Table 7. 

See footnote page 38 
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4.2.3 Nationwide Experiment Designs 
Composite experiment designs are recommended f o r 

nationwide studies of existing and new experimental pave
ments. The same general design i s applicable to the study 
of any pavement type. For any of these studies, s i x de
sign variables, V i , V2,..., Ve have been reserved fo r de
scribing features of the pavement structure above the 
roadbed material. The next f i v e variables, V7, Ve...^ 
V i i are called t e s t s i t e variables I n that they describe 
the roadbed material, the climatic and regional features 
of the t e s t sj.te, and the rate of load accumulation at 
the t e s t s i t e . I n the case of e x i s t i n g pavement studies 
one more s i t e variable, V12, i s Included to Indicate the 
number of years that the pavement has been i n service. 

As was discussed i n connection w i t h Table 4C, the 
f a c t o r i a l part of a composite experiment design requires 
that low and high l e v e l s , L and H, be defined f o r each 
selected factor. The f a c t o r i a l part of the experiment 
can then be used to determine l i n e a r effects and i n t e r 
acting effects of the design variables. For the study 
of c u r v i l i n e a r effects a medium l e v e l , M, an "extra low" 
l e v e l , L*, flnd an "extra high" l e v e l , H', i s defined f o r 
each factor. Thus the composite design requires that 
three l e v e l s , L, M and H, be provided f o r each factor, 
and that two more levels, L' and H', be provided f o r a l l 
factors whose c u r v i l i n e a r e f f e c t I s to be studied. 

Test Site Variables 
Table 8 shows tentative d e f i n i t i o n s f o r s i t e v a r l - TAB 8 

ables, V7, Vs* Ys; ^Xof ̂ 11 ^12* and levels f o r 
these variables. Tm variables have been allocated to 
roadbed material, V7, to describe the q u a l i t y of the 
material as ref l e c t e d by i t s AASHO designation, and Vs 
to describe an engineering property (to be designated) 
that varies w i t h i n AASHO classes. I t i s assximed that the 
various combinations of levels of V7 and Vs w i l l repre-
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sent a wide range of roadbed conditions as measured by 
tests that evaluate 84^ the i n i t i a l strength of the 
roadbed material. 

Climatic variables Vg and V^o are represented by 
v i = mean annual r a i n f a l l i n inches and by vg = f r o s t 
index (Corps of Engineers) i n degree days. I t i s as
sumed that various combinations of levels f o r v i and 
V2 w i l l intreduce a wide range of climates f o r the 
natiom^lde studies. 

Daily equivalent 18-kip axle loads, V n = ADL, 
represent the l a s t a i t e factor for studies of new ex
perimental pavements, and years of service at the time 
an e x i s t i n g pavement i s I n i t i a l l y observed ( i n the s a t e l 
l i t e program) l a the l a s t s i t e variable, V12 = Y, f o r 
studiea of existing pavements. 

For each s i t e variable, Table 8 indicates the lev
els which prevailed f o r that variable at the AASHO Boad 
Test B i t e . 

Pavement Structure Variables 
Definitions for s i x pavement structure factors and 

t h e i r levels are given i n Table 9 f o r two pavement TAB 9 
typea, f l e x i b l e and r i g i d . The f i r s t selected factor 
i s surfacing thickness, so that Vi = h^ for either type 
of pavement. For the f l e x i b l e pavement designs, Vg = 
h^ - base thickness, and two more variables, V3 and V4, 
auPS allocated to the base material i n order to provide 
« range of }»••« etrength, S4. The variable Vg i s called 
b««e q i M l l t y mi4 vefevs to the type as well as the engin-
atatiog p«»p«ir«:l«a of the untreated material. Levels f o r 
Vs w i l l bm fvmtltmt ei^ecifled i n tcnae of soundness, grad-
etloQ, and other eharecterlstica. These same considera-
tidna apply to Ve ^ aubbaee qu a l i t y f o r both f l e x i b l e 
flnd r i g i d pavement dealgns. I t i< assumed that the f i n a l 
epeeificatlMB fo r base and subbase qu a l i t y w i l l r e s u l t 
i n l«v«la aveh th«t Sa and 's w i l l generally increase 



TABLB 8: SUGGESTED FACTORS AND LKVELS FOR TEST SITE VARIABLES IN EXPERIMENT 
DESIGNS FOR NATIONWIDE STUDIES 

Code 

VARIABLES 

Representing 

goadbed Material 
IV7 Duality ÂARHO Class) 04 

iVe EngineffT-ing Property 84 

Climate 

IV9 Mean Annual R a i n f a l l finches) v i 

jVio Frost Index fCorps of Engineers) 

Load and Time 

i V i i Daily Equivalent 18-klp Axle Loads ADL 

I Via Years Service at time of Y 
I n i t i a l observation (Used only 
i n e x i s t i n g pavement studies 

L' 

LEVELS 

M H 

A-7 A-2 P A-2 NP A-6 A-4 
fRoad Test) 

Low iPerformance < Xo be determined -> Hiah Performance 

0-10 

0 

10-30 

10-25 25-35 35-50 
(Road Test) 

1-300 .•:00-700 700-1000 
(Road Test) 

30-100 100-300 300-1000 
fRoad Test T r a f f i c Lanes) 

Under 15 Over 15 

50-60 

Over 1000 

1000-3000 
> 
20-25 



TABLE 9: SUGGESTED FACTORS AND LEVELS FOR PAVEMENT STRUCTURE VARIABLES IIJ EXPERIMENT DESIGNS FOR 
IIATIONWIDE STUDIES OF FLEXIBLE AND RIGID PAVEMENTS 

Code 
VARIABLES 

Representing 
LEVELS 

H H* 

V3 

V* 

Vs 

Va 

Fleable Pavements 
Surfacing Thickness finches) 

Base IMckness finches) 

Base Quality^ 

Base S t a b i l i z a t i o n 

Subbase Thickness finches) 

Subbase Quality^ 

} 
h i 

hs 

82 

ha 

83 

2 3 
^— i fRoad Test) 
3 6 

-fRoad Test) 'I 

5 

12 

Sand 

None 

0 

Sand 

Sand-Gravel , Gravel 
<"f — 

None 

Limestone 
* ^Road Test-

6 

> 15 

Ha'rd Stone 

-Road Test-
Sand 

Bituminous (low) 'Bituminous (high); Cement (high) 
--fRoad T e s t ) — , ... 

.12 18 ! ' 24 

' Sand-Gravel 
fRga4 Test) 

Gravel 

i > 

Limestone 

Vi 

Vs 

V3 

V4 

Vs, 

Ve 

Rigid Pavements 
Surfacing Thickness finches) h i 

Surfacing Reinforcement 
and dowels 

Surfacing Strength 
f k s l compressive) 

Subbase S t a b i l i z a t i o n 

Subbase Thickness 

Subbase Quality 

ic r 
P l a i n with P l a i n with 

-fRoad Test) 

no dowels 

2.5-3.0 

dowels 
4 — f R o a d Tast)f 

None 

0 

3.0-3.5 

None 
fSoad Test) 

8 

Ordinary Relnf. 
with dowels 

' 3.5-4.U 
fRoad Test) 

Cement (low) 

6 

Sand 
Boad Test. 

Sand Sand-Gravel 
fRoad Test) 

10 

Continuous 
Relnf..5 °/o 

4.0-4.5 

Cement (high) 

8 

12 
-> 

Continuous 
Reinf. I.O % 
4.5-5.0 

Bltimlnous (high)| 

12 

Gravel Limestone 

1 Base and Subbase qual i t y refers to the untreated materials which w i l l be further specified i n terms of soundness, 
gradation, e t c . 

5 
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from l e v e l L* through level H'. Variable V4 i n Table 9 
refers t o the s t a b i l i z a t i o n of base materials f o r f l e x i b l e 
pavements and to subbase s t a b i l i z a t i o n f o r r i g i d pavements. 
For e i t h e r variable, l e v e l L' and l e v e l L have the sane 
meaning—that the material i s unstabllized. For f l e x i b l e 
pavements, l e v e l M and le v e l H of variable V4 r e f e r to bitum
inous s t a b i l i z e d base, w i t h the Implication that l e v e l H leads 
to higher Sg than does l e v e l M. Level H' f o r V4 I s used to 
Introduce cement s t a b i l i z a t i o n , but there i s no presumption 
that sg i s any higher or lower f o r le v e l H' than f o r le v e l H. 
I n the r i g i d pavement case I t w i l l be seen that levels M and 
H f o r V4 r e f e r to cement treated subbase, and th a t the H' l e v e l 
of t h i s variable represents a change to bituminous s t a b i l i z a t i o n . 

The variable V5 refers t o subbase thickness f o r e i t h e r 
type of pavement. I n the r i g i d pavement case the two remaining 
variables are used i n connection w i t h the surfacing course. 
Surfacing strength I s varied according to levels f o r V3, and 
reinforcement, Vs, has been given f i v e levels that range from 
L' - p l a i n undowelled concrete to H' = continuously reinforced 
concrete w i t h one percent s t e e l . 

I t I s recognized that Tables 8 and 9 do not completely 
specify a l l levels of a l l factors, and that many one-level 
factors need to be specified (e.g., compactlve e f f o r t , e t c ) . 
The tables do Indicate, however, the general nature of the 
nationwide experiment designs that are being proposed i n the 
current guidelines. 

Pattern of Design Factor Combinations y-' 
The selected pattern of fa c t o r levels f o r the nation

wide experiment designs i s shown i n Table 10. The fac- TAB 10 
t o r l a l part of the design Involves eleven factors (twelve 
f o r e x i s t i n g pavement studies) each at low and high levels. 
I f a l l 2^^ (or 2^^) combinations of these levels were i n 
cluded there would be 2048 (or 4096) t e s t sections f o r the 
study of a given pavement type. Instead, a one-sixteenth 
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TABLE 10: NATIONVnCDE EXPERIMENT DESIGN FOR STUDIES OF ONE PAVEMENT TYPE 

Site 
Code Vr Va Vio 
111 L L L L L 
112 H H L H L 
113 L H H L L 
114 H L H H L 
115 H H L L H 
116 L L L H H 
117 H L H L H 
118 L H H H H 
121 L L L L H 
122 H H L H H 
123 L H H L H 
124 H L H H H 
125 H H *• L • E 'L' 
126 L L L H L 
127 H L H L L 
128 L H H H L 
131 H L L L H 
132 L H L H H 
133 H H H L H 
134 L L H H H 
135 L H L L L 
136 H L L H L 
137 L L H L L 
138 H H H H L 
141 H L L L L 
142 L H L H L 
143 H H H L L 
144 L L H H L 
145 L H L L H 
146 H L L H H 
147 L L H L H 
148 H H H H H 
211 L' M M M M 
212 H' M M H M 
221 H L' M M M 
222 M H' M M M 
231 M H L' M M 
232 H M H' M M 
241 M M M L' M 
242 M M M H' M 
251 M M M M L' 
252. ̂  M M . JI , M -H' 
300 M M M M M 

PAVEMENT STRUCTURES FOR SITE CONDITIONS 
Parentheses contain Vi-Vg l e v e l s for one t e s t section 
(LLLLLL) 
(HHHLLLj 
(HLHLHH) 
(LHLLHH) 
(LLHLHL) 
(HHLLHL] 
(HLLLLH) 
(LHHLLH) 
(LHHLHL 
(HLLLHL 
(HHLLLH 
(LLKLIfl 
(LHLLLL 
(HLHLLL 
(HHHLHH 
(LLLLHH 
(HHHHHH 
(LLLHHH 
(LHLHLL 
(HLHHLL 
(HHLHLH 
(LLHHLH 
(LHHHHL 
(HLLHHL 
(HLLHLH 
(LHHHLH 
(LLHHHL 
(HHLHHL 
(HLHHHH 
(LHLHHH 
(LLLHa 
(HHHHLL 
(MMMMMM 
(MMMMMM 
(MMMMMM, 
(MMMMMM 
(MMMMMM 

(MMMMMM 
(MMMMMM 

(MMMMMK, 
(L'MMMMR 
(MML' 
(MMMML' M 

(HHHHLL) (HHLLHH) (LLHHHH) (MMMMMM) 
(LLLHLL) (LLHLHH) (HHLHHH) (MMMMMM) 
(LHLHHH) (LHHLLL) (HLLHLL) (MMMMMM) 
(HLHHHH) (HLLLLL) (LHHHLL) (MMMMMM) 
(HHLHHL) (HHHLLH) (LLLHLH) (MMMMMM) 
(LLHHHL) (LLLLLH) (HHHHLH) (MMMMMM) 
(LHHHLH) (LHLLHL) (HLHHHL) (MMMMMM) 
(HLLHLH) (HLHLHL) (LHLHHL) (MMMMMM) 
(HLLHHL) (HLHLLH) (LHLHLH) (MMMMMM) 
(LHHHHL) (LHLLLH) (HLHHLH) (MMMtftQl) 
(LLHHLH) (LLLLHL) (HHHHHL) (MMMMMM) 
(HHLHLH) (HHHLHL) (LLLHHL) (MMMMMM) 
(HLHHLL) (HLLLHH) (LHHHHH) (MMMMMM) 
(LHLHLL) (LHHLHH) (HLLHHH) (MMMMMM) 
(LLLHHH) (LLHLLL) (HHLHLL) (MMMMMM) 
(HHHHHH) (HHLLLL) (LLHHLL) (MMMMMM) 
(LLLLHH) (LLHHLL) (HHLLLL) (MMMMMM) 
(HHHLHH) (HHLHLL) (LLHLLL) (MMMMMM) 
(HLHLLL) (HLLHHH) (LHHLHH) (MMMMMM) 
(LHLLLL) (LHHHHH) (HLLLHH) (MMMMMM) 
(LLHLLH) (LLLHHL) (HHHLHL) (MMMMMM) 
(HHLLLH) (HHHHHL) (LLLLHL) (MMMMMM) 
(HLLLHL) (HLHHLH) (LHLLLH) (MMMMMM) 
(LHHLHL) (LHLHLH) (HLHLLH) (MMMMMM) 
(LHHLLH) (LHLHHL) (HLHLHL) (MMMMMM) 
(HLLLLH) (HLHHHL) (LHLLHL) (MMMMMM) 
(HHLLHL) (HHHHLH) (LLLLLH) (MMMMMM) 
(LLHLHL) (LLLHLH) (HHHLLH) (MMMMMM) 
(LHLLHH) (LHHHLL) (HLLLLL) (MMMMMM) 
(HLHLHH) (HLLHLL) (LHHLLL) (MMMMMM) 
(HHHLLL) (HHLHHH) (LLHLHH) (MMMMMM) 
'LLLLLL) (LLHHHH) (HHLLHH) (MMMMMM) 
MMMMMM) 
MMMMMMJ 
MMMMMM) 
MMMMMM) 
nnnnnn; 
MMMMMM) 
MMMMMM) 

MMMMMM) 
MMMMMM) 
ji'mm • rMr'i®MH)"T*ffi'lHMM7 
MHH*MMM) (MHML'MM) (MMMH'MM) 
MMMMH'M) (MMMMML*) (MM(MMH<) (MMMMMM) 

Structure 
Code 
1-4, 0 
5-8, 0 
9-12, 0 

13-16, 0 
17-20, 0 
21-24, 0 
25-28, 0 
29-32, 0 
33-36, 0 
37-40, 0 
41-44, 0 
45-48, 0 
49-52, 0 
53-56, 0 
57-60, 0 
61-64, 0 
61-64, 0 
57-60, 0 
53-56, 0 
49-52, 0 
45-48, 0 
41-44, 0 
37-40, 0 
33-36, 0 
'29'̂ 32, "o" 
25-28, 0 
21-24, 0 
17-20, 0 
13-16, 0 
9-12, 0 
5-8, 0 
1-4, 0 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

65-76, 0 

32 f a c t o r i a l s i t e s , 111-148. F a c t o r i a l structures 1-64 repeated at s i t e s 111-128 and 131-148. 
Each f a c t o r i a l s i t e has four f a c t o r i a l structures and the centroid structure, 0. 160 sections. 
10 extension s i t e s , 211-232, each with duplicate centroid structures. 20 sections. 
One centroid s i t e , 300, with 12 extension structures, 65-76, and structure 0. 13 sections. 
New pavement studies: 193 t e s t sections 
E x i s t i n g pavement studies: 386 sections, one at L and H le v e l s for Vxs for each design 

combination. 

.1 
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fraction has been selected so that the f a c t o r i a l part of 
the design Involves 2^^/16 = 128 sections to cover two 
l e v e l s of V i - V i i . On the l e f t side of Table 10 are the 
2^ s 32 possible combinations of L and H l e v e l s for te s t 
s i t e factors V7 - V n . Each row of the table thus defines 
a t e s t s l t e ^ and f i v e t e s t sections are shown In parenthe
ses for each t e s t s i t e . Each parenthesis contains the ap
propriate coablnatlon of le v e l s for Vi - Ve^ and the f i r s t 
four sections shown give 4 x 32 = 128 te s t sections for 
the f a c t o r i a l part of the design. The f i f t h section shown 
as (IMHMtfif) at each t e s t s i t e I s the centrold structure de
fined by medium l e v e l s of a l l factors In Table 9. Although 
there I s normally only one centrold for a composite design 
(see Table 4C) I t has been decided to Include the centrold 
paveoMnt structure at each t e s t s i t e . This Inclusion w i l l 
•akc i t poMlblc to study s i t e variable e f f e c t s on a di r e c t 
coaparlson b a s i s . Thus the nationwide design Involves 32 
f a c t o r i a l t e s t s i t e s , each having f i v e t e s t sections. The 
experiment design of Table 10 I s arranged I n such a way 
that c e r t a i n e f f e c t s of the design variables can be e s t i 
mated from only the f i r s t eight s i t e s ( s i t e codes 111 - 118), 
and so that s t i l l more ef f e c t s w i l l be estimable a f t e r ob
servations are available from the next eight s i t e s ( s i t e 
codes 121 - 128). I t can be noted i n Table 10 that the 
second set of sixteen s i t e s involves the same structures 
(structure codes 1 - 64) as does the f i r s t set of sixteen 
s i t e s . I n a sense then, the design contains a duplication 
of sixty-four pavement s t r u c t u r e s — e x c l u s i v e of the cen
tr o l d a true t u n . 

The renalalng t e s t sections i n Table 10 require 
eleven addltioaal s i t e s . The f i r s t ten of these ( s i t e 
cedes 211 - 252) ptovidc "extra" high and "extra" low 
levels, H* and V for the f i v e s i t e variables, Vy - Vix^ 
and the la«t s i t e (teet s i t e code 300) i s the centrold 
s i t e defined by medium l e v e l s of a l l s i t e factors i n 
Table 8. 



The centroid structure, (MMMMMM), appears I n dupli
cate at a l l "extension" s i t e s , 211 - 252, and once at 
the centroid s i t e , 300. At the l a t t e r s i t e there are 
also twelve t e s t sections for L' and H' l e v e l s of a l l 
pavement structure v a r i a b l e s , V i - Ve. 

Tb Implement the experiment design of Table 10 for 
studies of new experimental pavements, I t I s thus neces
sary to s e l e c t 43 t e s t s i t e s , 32 of which w i l l have f i v e 
sections, ten of which w i l l have two sections, and one 
centroid s i t e to have 13 t e s t s e c t i o n s — f o r a t o t a l of 
193 sections. 

For studies of e x i s t i n g pavements I t I s proposed 
that the sections of Table 10 be doubled to give one set 
of sections at the low l e v e l of V^z =• Y and another set 
at the high l e v e l of Vi2* an e x i s t i n g pavement 
study w i l l have a nationwide experiment design which I n 
volves 2 X 193 = 386 t e s t sections. 

I t I s noted that for e x i s t i n g pavement studies, the 
t e s t sections allocated to any p a r t i c u l a r s i t e code I n 
Table 10 w i l l very probably be found at d i f f e r e n t geo
graphical locations. Moreover, I t I s not expected that 
e x i s t i n g pavements can be found to comply with a l l the 
conditions of Tables 8, 9 and 10. I t I s hoped, however, 
that at l e a s t f i f t y percent of the Indicated combinations 
can be found, and that analysis of observations from these 
w i l l become a tentative basis for conclusions to be reached 
from the corresponding studies of new experimental pave
ments-studies whose observations may not be completed for 
as long as twenty years from the time of t e s t section con
s t r u c t i o n . 

With proper Implementation, I t I s f e l t that the ex
periment designs Implied by Tables 8, 9 and 10 w i l l pro
vide adequate data for rather far-reaching extensions of 
the AASHO Road Test studies. 
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4.3 Measurements Program 
As discussed i n Chapter 3, there are four c l a s s e s of v a r i 

ables which are to be measured as a part of any pavement study; 
structure, load, environment and performance. Herein one subr 
section i s devoted to each of the four measurement categories. 

I n each category are many variables that are amenable to 
measurement, and for each variable there may be many alterna
t i v e measurement procedures each of which gives a c e r t a i n amount 
of information about the variable being measured. As i n prac
t i c a l l y any physical s i t u a t i o n , no pavement variable can be meas
ured d i r e c t l y . The r e s u l t s are dependent on,the devices and 
procediires that are used to produce the data. 

I t has been pointed out ea r l y i n these guidelines that an 
important aspect of the s a t e l l i t e studies i s to study available 
theories of pavement design. I n accordance with such objectives 
i t w i l l be necessary to include i n the measurements program tech
niques for obtaining parameters required by the theories. 

Thus tMO questions are presented: "What i s a necessary and 
s u f f i c i e n t set of variables to be measured", and "What devices 
and procedures are necessary and s u f f i c i e n t to obtain adequate 
information on each v a r i a b l e ? " I t seems safe to assume that 
there are neither unique nor u n i v e r s a l l y accepted answers to 
either of these questions. Based on t h i s assumption, and for 
each measurement category, the guidelines attempt only to pro
vide a reasonable answer to the f i r s t question arid a rather nar
row set of reasonable alternatives to the second. I t i s to be 
understood that recommendations for each measurement category 
are made i n the i n t e r e s t of obtaining "common denominator" data 
that have high ac c e p t a b i l i t y both fjrom the standpoint of e x i s t 
ing pavement design theories and f^m the standpoint of past 
experience i n pavement research. No p a r t i c u l a r e f f o r t w i l l be 
made to l i s t a l l the variables and measurement procedures that 
might be useful I n individual projects nor i s i t Implied that 
the recommended measurements are the only measurements that 
should be made. On the c o n t r a i l i t i s suggested that the recom-
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nendatlons be supplemented I n every project by measurements 
which are known to have value for the explanation of pavement 
performance. 

Standard testing procedures should be employed i n s a t e l 
l i t e studies as much as possible to f a c i l i t a t e exchange of i n 
formation. I n particular, the nationwide studies w i l l require 
a high degree of standardization. 

A set of minimal measurement categories w i l l be suggested 
for use with the nationwide studies. This minimal l i s t has been 
derived largely from discussion with those agencies interested 
i n pavement studies. I t should be noted that any l i s t of e x i s t 
ing measurement techniques may need to be updated from time to 
time as new equipment and ideas become available. 

I d e a l l y , theory would t e l l exactly what should be measured 
about a pavement system and technology would t e l l exactly how to 
measure i t . These two problems have not been completely solved. 

In an attempt to s e l e c t the proper variables for measure
ment, an i n t e l l i g e n t compromise appears to be the answer. A 
careful study should be made of available methods and then two 
or three should be selected which appear to provide the data 
required for pavement design procedures and theories. I t i s 
Important to note that theories Involving new measurements must 
be propounded during the planning of a study i n order that ap
propriate techniques for quantifying the necessary variables 
can be developed. 

In many instances there are several methods available for 
making a given determination, e.g., density; nuclear, balloon^ 
or sand cone. In such cases the method used should be reported 
to provide more complete data for study of between method v a r i 
ations. Appendix A gives references for a number of measurement 
procedures. 

4.3.1 Structural Variables 
The major categories of s t r u c t u r a l variables are 

shown i n Chapter 2, Table 1. In addition there are num
erous "other v a r i a b l e s " which are helpful i n c l a s s i f y i n g 
the studies and which may prove useful i n the analyses. 
In most cases t h i s information can be supplied with l i t t l e 
or no additional cost. 
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I n several Instances the variables shown below can 
b^ measured both destructively and non-destructlvely^ 
e.g., densities with volumeter require excavation but 
nuclear measurements do not. Several experimental meth
ods such as the vibrator equipment developed by Shell O i l 
and currently being Investigated by the Waterways Experi
ment Station, Corps of Engineers and others, are available 
for npn-destructive strength analysis of materials i n 
place. I t i s strongly recommenced that such methods be 
employed i n any s a t e l l i t e study. I t i s assumed that at 
l e a s t one such method, preferably more, w i l l be i n v e s t i 
gated i ^ NCHRP Project 1-6 and used i n the nationwide 
program. 

A. Section Variables—The following data should be 
included i n each study. 

1. Pavement Type: HMAC, Reinforced PCC, cont:lnu-

ously reinforced FCC, etc. 

2. Dimensions: Length and width of study section. 

3. Lane i n which the section appears. 
4. Date Constructed: Sequence i f not completed 

i n one year. Dates of addi
tions i f stage construction. 

5. Composite Strength: I t i s desirable to f i n d 
some measurement procedure which w i l l pro
vide an index for,the composite strength of 
each t e s t section. These measurements rep
resent the reaction of the e n t i r e structure 
acting under the applied load. I t i s recom
mended that each study Include measurements 
such as Benkelmai;! beam deflections under an 
18-kip axle load. 

6. Several photographs of each t e s t section to 
show general c h a r a c t e r i s t i c s of the section 
and l o c a l s as well as surface texture and 
condition. 
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7. Any sp e c i a l features,or construction not men
tioned above^ e*g«; culvert crossing the 
section, e t c. 

Of these factors the minimal required Information 
i s (1) pavement type, (2) the length and width of the 
t e s t section, (3) lane, (4) date of construction, and 
(5) composite strength* The remaining factors are f e l t 
to have some bearing on pavement performance and i f re
ported could be correlated with performance. 

I t i s reconnended that a l l seven Items above be r e 
corded for any nationwide study I n an ef f o r t to provide 
as many methods as possible for correlation. 

B. Surfaclng—(Average and va r i a t i o n s should be given 
for a l l factors.) 

1. Thickness; ( h i ) Average and range. 

2. Strength C h a r a c t e r i s t i c s ( s i ) : 
(a) F l e x i b l e pavements—stability, cohesion, 

e l a s t i c parameters by plate load or vlbra* 
tlon techniques. 

(b) Rigid Pavements—flexural strength, com
pressive strength, t e n s i l e strength. 

As a minimum t h i s value must be related 
to the f i e l d , a s - b u l l t conditions of the 
material. Non-destructive testing i s 
applicable ^ d some such method should 
be included. 

3. Composition of paving mix: aggregates, type, 
gradation, uniformity, °/o asphalt 
cement or water.cement r a t i o , penetra
tion of asphalt. 

4. Other C h a r a c t e r i s t i c s (cj., cg, e t c . ) : e.g., 
load transfer, °lo s t e e l reinforcement, 
s e a l coats, subseal. 
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5. Construction Practice Factors: e.g., s l i p 
form, machine l a i d , compaction tech
niques, etc. 

6. Any special d e t a i l s not covered above such 
as l a t e r additions or modifications, 
dates, e t c . 

The minimal information required for an individual 
experiment i s (1) thickness range and average, (2) a 
measure of the as-constrxicted strength of the layer, 
and (3) information as to other construction factors 
such as s t e e l reinforcement and load transfer. 

I t i s recommended that a l l s i x factors l i s t e d 
above be provided for the nationwide studies. I t i s 
quite probable that other factors w i l l be suggested by 
the findings of NCHRP Project 1-3, and that these w i l l 
be l a t e r recommended for inclusion i n the measurements 
program. 

C. Base and/or Subbase—The base and subbase w i l l 
be discussed together since the same iden
t i f i c a t i o n properties apply to both. I t 
i s understood that where both lay e r s are 
present, data s h a l l be gathered for each 
l a y e r . I f two s l i g h t l y different layers 
are combined to comply with the layer con
cept used i n these guidelines, the proper
t i e s of each of these sublayers should be 
recorded separately. Averages and ranges 
should be given for a l l data when possible. 

1. Thickness: (hs and/or ha) Average and range. 

2. Base or Subbase Type, e.g., crushed stone, 
bituminous s t a b i l i z e d , cement s t a b i l i z e d -
percent s t a b i l i z i n g agent, e t c . 
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3. Strength C h a r a c t e r i s t i c s (sg, S 3 ) : Many 
ways of determining Sg and S3 have been 
proposed i n theory and prac t i c e . The 
a p p l i c a b i l i t y of the many methods may 
vary with the composition of the materi
a l s , e.g., s t a b i l i z e d vs. granular. I n 
a l l cases and/or S3 should include i n 
formation which r e l a t e s them to the as-
constructed condition of the materials, 
not merely to the standards of a given 
laboratory t e s t . Methods presently i n 
use include CBR, Stabllometer t e s t s (R 
value), t r i a x l a l measurements (Texas and 
Kansas v a r i a t i o n s ) , Group Index, plate 
loads, and North Dakota cone among others. 
At l e a s t one non-destructive method should 
be employed (e.g., determination of e l a s 
t i c moduli by vibration techniques). 

4. Other C h a r a c t e r i s t i c s : In-place density, 
moisture content, gradations, p l a s t i c i t y 
index, e t c . 

5. Construction techniques including construc
t i o n methods, dates of construction, mix
ing methods, and dates of any subsequent 
modifications. 

6. Any special d e t a i l s not covered above which 
are f e l t to influence the performance of 
the section. 

The minimal information required for any individual 
experiment i s ( l ) layer thicknesses, hz and/or hs, range 
and average, (2) base type, (3) a measure of strength, 
Bz and/or S3, and (4) other c h a r a c t e r i s t i c s which might 
af f e c t the type of analysis used. A considerable amount 
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of work has been done to compare the performance of d i f 
ferent types of base materials used a t the Road Test i n 
terms of strength t e s t s . No t e s t has been found that can 
be used for the d i r e c t comparison of different base types. 
Additional work w i l l undoubtedly be required i n the na
tionwide study since many types of s t a b i l i z e d bases w i l l 
be encountered. I t I s recommended that data i n a l l the 
s i x categories l i s t e d above be Included i n any nationwide 
study. 

D. Roadbed Material: I n the concepts of these guide
l i n e s the roadbed material i s described as 
being of such thickness as Influences the load 
carrying capacity of the pavement structure. 
This thickness i s normally two to four feet 
and i d e n t i f i c a t i o n should be made for t h i s 
f u l l depth. I n many cases any variations w i l l 
merely occur as a range for the recorded v a r i 
able. I n other cases d e f i n i t e layers of mate
r i a l s with d i f f e r e n t c l a s s i f i c a t i o n s w i l l be 
noted. I n the l a t t e r case two sets of data 
should be provided with applicable depths 
shown. I n many cases i t i s the practice to 
modify the top s i x inches of roadbed by r o l l 
ing or admixture prior to adding any construc
t i o n . I n such cases t h i s l a y e r with a d e f i 
n i t e thickness s h a l l be considered a subbase 
l a y e r . 

1. Strength C h a r a c t e r i s t i c s ( s ^ ) : e.g., t r l a x i a l , 
CBR, plate load t e s t s , R value, e t c . , includ
ing f i e l d information. At l e a s t one non
destructive method should be employed. 

2. C l a s s i f i c a t i o n Data: gradations, l i q u i d l i m i t , 
p l a s t i c i t y index, maximum density and o p t i 
mum moisture content. 

3. Measurements of Swell. 
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4, Construction Practice Factors: In-place dens
i t y and moisture content, compaction tech
nique. 

5, ttodifications: This can include modification 
of one or ri»re layers, e.g., addition of 
lime or increase of natural density by r o l l 
ing. Depth of any such changes i n S4. 
Some additional c l a r i f i c a t i o n of t h i s factor 
i s needed since some states s t a b i l i z e , some 
r o l l and watcr^ v/hile some do almost nothing 
to the natural sround, 

6, Any other sp e c i a l d e t a i l s which are f e l t to i n -
fltience the performance of the section. 

The minimal information required for any individual 
ejqperiraent includes (1) the strength c h a r a c t e r i s t i c of 
the material includins raajor layer variations and swell 
c h a r a c t e r i s t i c s , (2) AASHO c l a s s i f i c a t i o n , and (3) any 
modifications made, such as additives or material process
ing, e.g., r o l l i n g . 

I t i s f e l t that infon:iation i n a l l s i x categories 
l i s t e d above should be provided i n any natiom*ide study 
i n order to re l a t e a l l possible factors to pavement per
formance. 

The sampling program must include some method of 
establishing sampling locations. I f the study i s to con
tinue past the i n i t i a l measurements program destructive 
sampling should not be done within the section i t s e l f . 
Every e f f o r t sliould be made to insure that there i s no 
abrupt change lr:ir.iediately adjacent to the section ends. 
I n other words, a section could be taken as say 1,100 
feet lonG VTith the center 1,000 feet for observation and 
the tv«5 outer f i f t y (50) feet portions for destructive 
sampling v/ith twenty-five (25) feet c l e a r space reserved 
adjacent to each section end to minimize the p o s s i b i l i t y 
of destructive effect on the section (See Figure 4 ) . FIG 4 
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This i s a necessary compromise of proper random sampling 
techniques. Three or four spots within the a l l o t t e d area 
should be sampled. Others may want to s p l i t the t e s t 
section with an additional sampling location i n the center 
100 feet. 

I n making the sample excavation, e f f o r t should be 
made to obtain the material i n i t s natural s t a t e . I t i s 
very d i f f i c u l t , for example, to sample a stone-base mate
r i a l without degrading i t . Likewise a cement-stabilized 
or treated material i s d i f f i c u l t to sample and t e s t . Care
f u l hand methods should be employed to renx>ve the material 
where necessary and other techniques should be developed 
as needed. In any event, the possible difference between 
the sampled material and the material as i t was o r i g i n a l l y 
placed (or as i t might be placed i f s p e c i f i e d for new con
struction) must often be considered. 

4.3.2 Load Variables 
TWO major load variables should be evaluated i n any 
study (see Appendix B). 

1. Total number of equivalent axle load applications 
accumulated by the section. For further work 
i n these guidelines 18-klp i s taken as the stand
ard load and the accumulation i s abbreviated EL. 

2. The years of service over which these load a p p l i 
cations were acciunulated ( Y ) . 

From these two variables the average d a l l y equivalent 
loads can be calculated for the period of i n t e r e s t (abbrev
iated ADL). 

2L ADL 365Y 

The ADL, or an early approximation of i t , i s sometimes 
helpful i n selecting study sections because i t i s often 
desirable to study low vs. high load volume roads. I t 

^ should always be remembered that ADL i s only meaningful 
when the time period for which i t i s applicable i s known. 
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There are several ways that t r a f f i c data can be com
bined I n equivalencies. The equivalency factors presented 
i n the AASHO interim design guides appear to have high 
ac c e p t a b i l i t y i n most s t a t e s . They are reproduced i n Ap
pendix B and are recommended for use I n the nationwide 
study. 

I f any studies are developed using a di f f e r e n t method 
of combining t r a f f i c i t i s recommended that the report of 
such studies Include t r a f f i c data, giving number of accum
ulated axles by weight category. This basic data could 
then be converted to "common denominator" measures of £L 
for a l l t e s t sections i n nationwide studies. 

Any procedure for determining load variables involves 
a sampling procedure. I n most cases the sample i s a very 
small one percentage wise. The procedure involves many 
counting stations and r e l a t i v e l y few vehicle c l a s s i f i c a 
tion stations and weighing s t a t i o n s . Preliminary studies 
of the s i t u a t i o n indicate that routine predictions of t r a f 
f i c from such a narrow base are not accurate enough for 
experimental studies. This i s not conclusive because very 
l i t t l e data seems to be ava i l a b l e on the day - day, month • 
month, season • season, road to road i n the same c l a s s , 
v a r i a t i o n of loads. T r a f f i c counts appear to be adequate 
but load studies are only now developing to the point 
needed to apply the AASHO Road Test findings. 

I t i s recommended that every e f f o r t be made to reduce 
the prediction or estimation error involved with £L on the 
study sections. Perhaps preliminary studies of the errors 
described above are warranted. I n any case at l e a s t some 
weight studies should be made on every study section, (e.g., 
projections should not be made s o l e l y from the system). 
Enough samples to make reasonably good s t a t i s t i c a l predic
tions should be gathered. 
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Any measuring or sampling technique for loads may 
produce biased estimates of the true picture. Various 
studies Indicate that overloaded (legal l i m i t s ) vehicles 
are hesitant to pass through any weigh station for fear 
i t might be connected with an enforcement authority. I n 
the national program a set procedure for studying and 
handling t h i s bias should be developed for general use. 

4.3.3 Climatic and Regional Variables 
As discussed i n paragraph 3.1.3 the knowledge of 

variables Involved i n c l i m a t i c and regional factors i s 
incomplete. Experience shows c e r t a i n influences on a 
gross s c a l e . For example, performance of pavements under 
frozen conditions i s c e r t a i n l y different from unfrozen 
c o n d i t i o n s — a l l other factors being equal. Any l i s t of 
measured variables should r e f l e c t l o c a l experience to 
insure i n c l u s i o n of a l l Important ones. 

A. Suggested Climatic Factors 
1. Precipitation, yearly averages and d i s t r i b u 

tion within the year. 

2. Temperature Information, da l l y high, low, and 
average. 

3. Frost information 
a. Depth 
b. Number of annual freeze-thaw cycles and 

duration. 
c . Rate of penetration of freeze. 
d. Corps of Engineers Frost Index 

B. Tbpographic Features 
1. Depth to water table. 
2. General.character of drainage and surrounding 

land, e.g., cut, f i l l , side h i l l cut, large 
mountain, r i v e r v a l l e y , e t c. 

3. L a t e r a l Factors: shoulder or adjacent lane 
type and condition. 
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4. Grades: these should be l e s s than 2 °/o for 
general experiments unless a s p e c i f i c study 
of the e f f e c t of grades I s being made. 

5. Other Factors: depth from top of pavement 
crown to bottom of ditch, cross-slope, 
Bvpex elevation, e t c. 

4.3.4 Performance Variables 
The performance concept I s discussed i n Chapter 3. 

Several performance c r i t e r i a have been used i n recent 
years i n the highway f i e l d . The one with widest applica
b i l i t y and perhaps the broadest acceptance I s the present 
s e r v i c e a b i l i t y index used at the AASHO Road Test. Other 
methods which have been used include cracking indexes, 
s u f f i c i e n c y ratings and so-called economic ratings. 

A. Surface Behavior - The performance of a pavement 
inevitably manifests I t s e l f at the surface of 
the road. The following factors should be 
measured (see Appendix D for d e t a i l s ) . 

1. Surface roughness - The type of equipment used 
to measure roughness should be correlated 
with the AASHO Road Test equipment, i f pos
s i b l e . 

2. Cracking - The major fractures of the pavement 
surface, those which have been maintained 
or are i n need of maintenance, should be 
recorded. 

3. Patching - Repairs to the pavement surface i n 
the form of s e a l , chip-seal or patching 
should be properly recorded. Miscellaneous 
sealing and sp e l l i n g , etc., which i s i n 
need of repair, should also be Included. 

4. Rut Depth - On f l e x i b l e pavements i t i s advis
able to record the average rut depth I n the 
wheelpaths under a s u f f i c i e n t l y long straight 
edge. 
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5. Surface Texture - On f l e x i b l e pavements the 
face texture has been found to exert an 
influence on present s e r v i c e a b i l i t y r a t 
ings and upon various instruments that are 
used to obtain longitudinal p r o f i l e s . One 
device for making such measurements i s d i s 
cussed i n Appendix A^. 

B. S e r v i c e a b i l i t y - While each of the fi v e variables 
above are useful i n describing the pavement be
havior, studies have shown that none alone does 
as good a job as the combination of a l l f i v e (three 
or four for r i g i d pavements) into a s e r v i c e a b i l i t y 
index. Appendix D gives the det a i l s of the ser
v i c e a b i l i t y index formula that was developed at 
the AASHO Road Test. Other versions are also given 
as modified from the NCHRP Project 1-2 i n July, 1963. 

Some such s e r v i c e a b i l i t y index w i l l be useful 
i n any s a t e l l i t e study. I t i s recommended that one 
of the Boad Test based indexes be adopted for the 
national program and that correlation between i n 
dexes used by the individual states and the "stand
ard" index be provided. 

I n i t i a l s e r v i c e a b i l i t y - For new studies the 
as-constructed condition w i l l provide i n i t i a l s e r
v i c e a b i l i t y data. The problem i s not so simple i n 
studies of existing pavements. Some method of e s t i 
mating the i n i t i a l conditions must be adopted. One 
such method i s to measure the s e r v i c e a b i l i t y of sev
e r a l new pavements and p o l l a panel of highway per
sonnel as to t h e i r r e c o l l e c t i o n of how these compare 
with roads constructed 5 - 1 0 years e a r l i e r , e.g., 
the time the pavements being studied were b u i l t . 

^ Scrivner, F.H. and Hudson, W.R. "A Modification of AASHO ROAD TEST Service
a b i l i t y Index to Include Surface Texture". Presented at the 43rd Annaul Meet
ing of the Highway Research Board, Washington, D. C , January 13-17, 1964 
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Serviceability History - I n order to minimize 
error and provide the best possible data^ I t w i l l 
normally be necessary to repeat s e r v i c e a b i l i t y de
terminations on test sections each year f o r several 
years or at least u n t i l a trend begins to develop. 

C« Performance - As used I n the AASHO Road Test and 
as concerned for these guidelines, performance Is 
some function or trend of s e r v i c e a b i l i t y , e«g«; 
the number of applications required f o r the section 
to reach p of 2.5. I n t h i s context no di r e c t meas
urement of performance w i l l be made. I t w i l l merely 
be necessary to select the form of s e r v i c e a b i l i t y 
Index and function to be used. 

I t Is recommended that the national study adopt 
the logarithm of the number of applications, ZL, to 
reach 2.5 as a performance Index, P. Several other 
choices could be made. Table 11 stimmarlzes the TAB 11 
minimum measurements suggested f o r use i n any study. 
The t h i r d column of t h i s table gives methods of 
measuring or quantifying these variables. 
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TABLE 11: SUGGESTED MEASUREMENT PROGRAM (Cont.) 

VARIABLES 
Load Class 
A. T o t g l equivalent 

18 axle loads (L 

B. Years of S e r v i c e d 
C l i m a t i c and Regional 
Class 
A. C l i m a t i c f a c t o r s 

B. Topography 

C. Environment index 

FACTORS 

1. Estimated t r a f f i c and 
loads 

2, Equivalency used 

1. P r e c i p i t a t i o n 
2. Temperatures 
3 . Trost 
1. General Character 

of drainage 
2. L a t e r a l f a c t o r s 

(e.g., type and 
c o n d i t i o n i f adja
cent lane and/or 
shoulders) 

1. Relative s t r e n g t h de
f l e c t i o n , s t r a i n s . 
S h e l l v i b r a t i o n 

SUGGESTED METHODS 

Loadometer, counts, c l a s s i f i c a t i o n 
s t udies - p r o j e c t i o n s 
Recommend AASHO guide 

Weather records 
It «• 

Records, f i e l d measurements 
Observations 

Observations, records 
Measurement 

SCHEDULE 

Annual 

I n i t i a l 
Annual 

(Previous 10 years) 
•I II n 

Annual 
I n i t i a l 

I n i t i a l , 
plus any subse
quent change 

Seasonal 

Performance Class 
A. Surface behavior 

B. S e r v i c e a b i l i t y 
C. Performance 

1. 
2. 

3 . 
1. 

Roughness 
Condition surveys 
(Cracking, patch
i n g , r u t t i n g ) 

Surface t e x t u r e 
P 

l o g a. to p= 2.5 

Chloe p r o f i l o m e t e r 
See Appendix 4 

»• n ff 

See Appendix 4 
See Appendix k 

Annual 
II 

II 
II 

DC cr 
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4.4 Data Processing and Analysis 
This topic vieals \jith a r e l a t i v e l y fev7 standard procedures 

that are reconmended for svmmarlzlnc; and analyzing data that 
arise from the s a t e l l i t e research procram. As results are ob
tained, and as new concepts are developed for data analysis, i t 
i s expected that updating ^rf.11 be needed fo r a number of recon-
mendations that are included i n t l i i s topic. 

4.4.1 Data Siiixiarizatlon 
A (generalized forraat f o r sui.ii.iarizlng the data from 

one test section i s shown i n Table 12. Since there are TAB It 
so taany p o s s i b i l i t i e s for actual measurements the table 
shovs p r a c t i c a l l y none of the details that would be i n 
cluded i n an actual table. Space f o r test section code 
number and other i d e n t i f i c a t i o n data ^see Section 4.3.1) 
i s provided at the top of the form. Successive lines of 
tlie table provide f o r the various types of measurements 
that represent s t r u c t u r a l , load, climatic and regional, 
and performance data. Columns of the table provide f o r 
d i f f e r e n t dates of evaluation and thus f o r a time history 
of measurements that are made more than once. 

I t i s recommended that laboratory and f i e l d data on 
the strengths of pavement components be obtained i n the 
I n i t i a l measurements program at a time which I s most rep
resentative of year-round conditions. I f s i g n i f i c a n t 
seasonal strength variations are known to occur i n the 
te s t section environment, then the strength measurement 
program sliould produce data at the "heights" and "depths" 
of seasonal changes, especially for variables which are 
indicators of composite strength. I t i s supposed that 
i n i t i a l data on thicknesses and other design features 
are generally s u f f i c i e n t f o r the evaluation of these v a r i 
ables. A swnmary form such as Table 12 should show the 
average and range of the data ^ / I t h l n the test section) 
f o r each variable at each time of evaluation. 



[•ABLE 12: 'SENEKAL12ED DATA SUMMARY FOR ONE TEST SECTION 

lEST SECTION. IDENTIFICATION DATA. 

Measured Variables 

Structural Data 
Strengths 

Laboratory 

Fi e l d 

Jrd'.cators o 

Tliicknesses 
and 

Other Design Features 

S4 
S3 

"1 
S4 
S3 
S2 
'"3 

etc. 

ha 
C l 

etc. 
Loarlp 

''l^raatic and Regional 

Performance 
Surface Beha-y'ior 

Present Serviceability Index 
Perforwance Index 

•X 

V3 
etc. 

5tl 

etc. 
P 
P 

Dates of ̂ ^easurement 

I n i t i a l and Seasonal Data 

(Averages and Ranges) 

I n i t i a l Data 

(Averages and Ranges) 

\ — \ — I— I —V 
Once or t\d.ce per year 

- — \ — I — i — i -
'^asoiial Dat: 

t - 1 
Once or t^^ice pet year 

Projected estimates each year, 
f i n a l when p =2.5 

I I U -
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AltlTOugh there xd.ll be many subsidiary records of 
t e s t section data, the remaining discussion w i l l be con
fined to data analysis that might follow the preparation 
of a data summary such as Table 12 for each test section 
i n the study. Moreover, the discussion w i l l be l i m i t e d 
to only a few of the possible relationships that were 
described I n Section 3.3. 

4.4.2 Testing of Structural Theories 
I f composite strength, S, i s evaluated by deflec

tions, s t r a i n s , or perhaps pressures that occur at one 
or more points i n the test section when the l a t t e r i s 
subjected to a given loading condition, then a number 
of s t r u c t u r a l theories exist f o r predicting the obser
vations from thicknesses, strengths, and e l a s t i c proper
t i e s of the pavement components. Thus when appropriate 
values are given f o r S i , s^, S3, S4, hx, hg and ha, ob
served pavement responses ^measures of S) can be com
pared w i t h theoretical values. I t i s recommended that 
one or more existing st r u c t u r a l theories be thus tested 
i n every s a t e l l i t e project, and especially i n the na-
tiomdLde s t u d i e s — f o r the s a t e l l i t e research program 
can provide what i s perhaps the widest range of condi
tions that has ever been available f o r t h i s purpose. 

4.4.3 Performance vs. Structural Design 
I n one sense, no data analysis i s needed f o r de - • 

tenaining which st r u c t u r a l designs can be expected to 
give satisfactory performance i n a Riven r e g i o n — f o r 
i f the performance of a set of test sections i s ob
served f o r a s u f f i c i e n t l y long period of time, and i f 
the sections encompass a l l design variables of l o c a l 
I n t e r e s t , then the study should produce a l l p r a c t i c a l 
results that are needed f o r the region I n which the t e s t 
sections occur. I t i s supposed that v i r t u a l l y a l l i n 
dividual s a t e l l i t e projects w i l l y i e l d t h i s important 
type of finding and with l i t t l e or no data analysis. 
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To the extent that generalizations are to be drawn 
from the observations, however, i t i s supposed that r e l a 
tionships w i l l be developed between performance and struc
t u r a l design, and i t I s the purpose of t h i s topic to sug
gest ways for developing such relationships. The f i r s t 
relationship to be discussed i s between present s e r v i c e 
a b i l i t y , p, and accumulated equivalent axle loads, TL, for 
any t e s t section. 

I f the data implied by Table 11 are used to plot p 
versus Y, the r e s u l t i n g graph w i l l contain one or more 
points of the section's s e r v i c e a b i l i t y history. I f p i s 
plotted against EL, then points on the section's perform
ance record are obtained. 

I n e x i s t i n g pavement studies i t i s l i k e l y that the 
valtie of pQ w i l l have to be assumed for most t e s t sections, 
and that only one or two points w i l l be observed for the 
performance record of any t e s t section. 

I f one of the observed points on a section's perform
ance record i s at p = 2.5, the logarithm of the correspond
ing IX w i l l be c a l l e d an observed performance index. I f , 
as i n Figure 5, the performance record has to be extended 
from observed points ( I n either direction) to reach p = 2.5, 
then the extended curve yiel d s an estimated performance 
index, i . e . , P i s log 2X at p = 2.5 on the extended curve. 

Figure 5 shows a s e r v i c e a b i l i t y history and perform- FIG 5 
ance record for a t e s t section whose i n i t i a l p^ » 4.6 and 
which reached p - 2.5 a f t e r Y = 16 years of service and 
2X » 10° 18-klp equivalent axle load applications. By 
d e f i n i t i o n , the section's estimated performance index I s 
P = log 2X = 10° or P = 6.0. I n ex i s t i n g pavement studies 
i t i s l i k e l y that only one point for either graph w i l l be 
available for any p a r t i c u l a r t e s t s e c t i o n — a s i l l u s t r a t e d 
by the c i r c l e d points at p = 3.6, Y = 10, and £L = 200,000 
i n Figure 5. 

Curves that are used for performance records mlgiht be 
drawn by eye, but i t i s recommended tliat one (or both) of 
two general algebraic expressions be used to determine 
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^Po = 4.6 
Y = 0 
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y = 10 
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S e r v i c e a b i l i t y History 
Performance Record 

6 

Figure 5: I l l u s t r a t i v e performance data for 

one t e s t section 
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estimated performance index values. These models are 

(1) P = Po - (PO - 1.5) (5X/^)^ 
and . 

(2) p ^ p o i o - ^ ^ ^ ' ^ 

Both these models have been found to give s a t i s f a c 
tory f i t s to the AASHO Road Test performance data. The 
quantities ^ and r depend on pavement design variables, 
while the quantities ̂  and b can be given fixed values or 
can also depend on design v a r i a b l e s . 

I n logarithmic form the models become 

(3) log ZL = l o g ^ log [(po - 1.5)/(Po - p)^ 
and ^ 

(4) log SL = log r log log (po/p) 

I n these forms i t can be seen that i f values are assumed 
f o r ^ or b, then a set of values for p^, p and log 2X w i l l 
determine l o g ^ or log r . Substitution of the l o g ^ o r log r 
back into (3) or (4) along with p = 2.5 w i l l then determine 
P s log ZL when p = 2.5. Formulas and i l l u s t r a t i o n s are 
given i n Appendix D for determining estimates of P from one 
or more observed points on a t e s t section performance r e 
cord. When two or more points have been observed i t I s not 
necessary to asstime values f o r ^ or b. As may be Inferred 
from Figure 5, estimated performance index values cannot be 
considered to be very r e l i a b l e unless the section has exper
ienced, say, a f u l l point of s e r v i c e a b i l i t y l o s s . 

As soon as performance index values have been observed 
or estimated for a l l t e s t sections i n a s a t e l l i t e study, i t 
i s recommended that they be compared with observed values 
for comparable AASHO Road Test sections (given I n Table D3). 
Such comparisons w i l l often indicate the extent to which the 
Road Test findings need to be modified or extended to f i t 
the s a t e l l i t e observations. 

The remaining discussion of t h i s section applies to 
those s a t e l l i t e studies i n which i t i s desired to develop 
performance equations from the s a t e l l i t e t e s t data. 
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Setting p s 2.5 i n models (3) and (4) gives 

(5) P = log ̂  log |](Po-1.5)/(Po-2.5)] 
and 

(6) P = log r log log (Po/2.5) 

Appendix D gives formulas for log ̂  and ̂  that were 
presented I n AASHO Road T«st r e p o r t s — i n terns of thick
nesses of st r u c t u r a l components. This appendix also gives 
expressions for log r and b that were developed by Painter^ 
and sonewluit different eiqpresslons that were developed at 
the Highway Research Board a f t e r the Road Test reports were 
published. I n a l l these developments i t i s supposed that 
l o g ^ or log r can be expressed I n terns of a st r u c t u r a l 
index, D, which depends upon st r u c t u r a l paraneters and 
which contains constants to be detemlned by perfomance 
data a n a l y s i s . I n the guideline notation, the s t r u c t u r a l 
index i s 

(7) D = f ( s i , cx, hx; sg, C2, ha; S3, C3, ha; 

•4^ C4} ̂ If ^Zf') 

where ax, as;«*.are c o e f f i c i e n t s to be detemlned by analysis. 
I n AASHO Road Test reports equation (7) was developed 

as 
(8) D s .44hx + .14hs + . l l h a + 1.00 

for f l e x i b l e pavenents having crushed stone 
bases, and 

(9) D = h i + 1 

for r i g i d pavements having 3, 6 or 9 inches of 
sand-gravel subbase. 

Without n i n i n i s l n g other p o s s i b i l i t i e s i t i s suggested 
that a slnple l i n e a r approxination be used for ( 7 ) , 

Painter, l o c . c l t . 
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(10) D = a i f i b i + aafsha + aafaha + a4f4 

where f ^ , f^, f s and are functions of the strength and 
c l a s s i f i c a t i o n c h a r a c t e r i s t i c s of surfacing, base, subbase, 
and roadbed materials. One hypothesis for these functions 
i s that they Involve r a t i o s of e l a s t i c moduli for the 
s t r u c t u r a l components. 

I t I s suggested that (10) be used with (6) I n the 
general form 

(11) P = Ao + A i F i (D) + AaFa (RS or RF) 

+ A3F3 (Y or ADL) + - i - log log (Po/2.5) 

Thus the f i r s t four terms of (11) represent log r i n 
(6) and Involve a s t r u c t u r a l factor, a r e l a t i v e strength 
or regional factor, a rate of applications factor, and 
constants Ao, A^, As and A3 to be determined by a n a l y s i s . 
The l a s t term Involves the section's i n i t i a l s e r v i c e a b i l i t y 
Index, Pg, and an assumed constant, b, that determines the 
general shape of a l l s e r v i c e a b i l i t y curves. One p o s s i b i l i t y 
for the functions F i , Fg and F3 i s that they be logarithms 
of the quantities they modify. 

Appendix D gives s p e c i f i c r e s u l t s that have been ob
tained when (11) was f i t t e d to AASIK) Road Test performance 
data, and Chapter 5 describes numerical procedures that can 
be used to determine the performance equation. I t i s recom
mended that analysis of variance and regression analysis be 
used to the f u l l e s t extent i n developing the relationships. 

After a performance equation has been developed, sub
s t i t u t i o n of a l l required parameters yields a calculated 
performance index. Differences between calculated and ob
served (or estimated) performance index values are r e s i d 
uals that are not explained by the parameters—at l e a s t i n 
terms of the model that i s used for the explanation. I n 
Appendix D and i n Chapter 5, the average absolute residual 
i s used as a measure of agreement between calculated and 
observed (or estimated) values. Tables i n Appendix D give 
observed (or estimated) and calculated values for P for 
every AASHO Road Test section, and show that the average 
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absolute residual was about .20 i n the Road Test analyses. 
Differences i n P between two r e p l i c a t e sections (same struc
ture and load) averaged to be about .15. 

4.4.4 Perfomance vs. Conposite Strength 
The l a s t type of analysis to be discussed concerns 

relationships between P and measures of S. I f surface 
deflections or s t r a i n s are used as indicators of compos
i t e strength, then 

(12) P = Ao - Ax log S 

has been shown to be a s a t i s f a c t o r y model for f i t t i n g per
fomance data to conposite strength data. For the AASHO 
Road Test f l e x i b l e pavenents t h i s relationship turned out 

I to be 

(13) P = 11.1 - 3.25 log d 

^ where d i s a Benkelman beam deflection ( i n thousandths of 
inches) under an 18-kip axle load during the severe spring 
c l i n a t l c conditions. 

For r i g i d pavements corresponding relationships were 

(14) P = 13.4 - 4.66 log& 

where^ i s dynamic edge s t r a i n i n nicroinches per inch, and 

(15) P = 10.2 - 3.15 log d 

where d i s slab edge deflection ( i n thousandths of inches) 
at a p a r t i c u l a r temperature condition. 

As was discussed I n Section 3.3.1, r e s u l t s such as 
equations (13), (14) and (15) can provide a l i n k between 
pavement perfomance and theories which predict measures 
of S from pavement design variables. For example, deflec
tions predicted by a p a r t i c u l a r theory might be substituted 
i n equations such as (13) or (15) i n order to obtain pre
dicted perfomance, P. 

^ One relationship that should be the object of study 
throughout the s a t e l l i t e research e f f o r t i s the association 
between measures of r e l a t i v e strength, RS, and climatic fac
tors, vx, V2, etc., when a l l other factors are fixed. I n 
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the nationwide studies, and to some extent i n l o c a l studies, 
the most pertinent data are those from sections whose st r u c 
ture and load c h a r a c t e r i s t i c s are nominally the same, but 
i ^ c h serve under different climatic conditions. One pos
s i b l e hypothesis for t h i s study i s that 

(16) log RS (or RF) = AQ + A i f i ( v i ) + A2f2(v2) +... 

I f i t can be assumed that accumulated loads do not 
i n themselves a l t e r the r e l a t i v e strength of a section, 
then relationships such as (16) can be developed from data 
obtained from any given section at times of the year when 
climatic factors have different l e v e l s . 
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CHAPTER 5 

I l l u s t r a t i v e Studies 

This chapter contains numerical examples for individual s a t e l l i t e studies 
of exi s t i n g and new pavements. The examples are Intended to i l l u s t r a t e experi
ment designs, measurements programs, and data processing and analysis techniques 
which could be used to f u l f i l l the objectives of a p a r t i c u l a r s a t e l l i t e t e s t . 
I n each i l l u s t r a t i o n only one pavement type I s Included. 

5.1 Individual Studies of E x i s t i n g Pavements 
I n an e f f o r t to Incorporate the AASHO Road Test findings 

into I t s paveoient design method. Agency Q performed a s a t e l l i t e 
study. I n order to obtain the needed information as rapidly as 
possible, the decision was made to study exi s t i n g f l e x i b l e pave-
isents on the highway system as, at l e a s t , a f i r s t step. The 
factors l i s t e d below were of greates concern: 

1. Roadbed Quality (3 l e v e l s ) 
2. Base Quality (3 l e v e l s ) 
3. Service L i f e - rate of accumu- (2 l e v e l s ) 

l a t l o n of applications 
4. Local Environment (2 l e v e l s ) 
5. Surfacing Thickness (2 l e v e l s ) 
6. Base Thickness (2 l e v e l s ) 

Other factors were considered to be l e s s Important and 
were controlled at a single l e v e l (fixed) or l e f t uncontrolled. 
These Included stnrfaclng quality, subbase quality, subbase 
thickness and accumulated applications. The number of control 
l e v e l s used for each factor i s shown i n parentheses above. 

As can be seen i n Table 13, the study of these factors 
i n a complete f a c t o r i a l would require 144 t e s t sections 
( 3 x 3 x 2 x 2 x 2 x 2 ) with no r e p l i c a t e s . With r e p l i c a t e s 
such a study would Involve over 250 t e s t sections. 



67a 

TABLE 13: ILLUSTRATIVE STUDY OF EXISTING FLEXIBLE PAVEMENTS 

Experiment Design — Test Section Numbers 

1 
^ \ Better than Road Test Equal to Road Test 

Light Heavy Light Heavy 

B 101 102 137 138 
Better E R T 103 104 139 140 
R.T. WR T 105 106 141 142 

Equal BRT • 107 108 143 144 
R.T. E R T 109 110 145 146 

W 111 112 147 148 
Worse BRT 113 114 149 150 
R.T. E R T 115 116 151 152 

WRT 117 118 153 154 
BRT 119 120 155 156 

Better E R T 121 122 157 158 
R.T. WRT 123 124 159 160 

BRT 125 126 161 162 
Equal E R T 127 128 163 164 
R.T. WRT 129 130 165 166 

BRT 131 132 167 168 
Worse E R T 133 134 169 170 
R.T. WRT 135 136 171 172 
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After some consideration i t was decided that a study of t h i s 
magnitude was beyond the scope of the budget set up for such work 
by t h i s agency. A composite experiment design such as that i n d i 
cated by the c i r c l e s i n Table 40 was considered feasible as was 
the reduced f a c t o r i a l design described below. 

P r i o r i t y item nuinber s i x was deleted to reduce the number of 
combinations to seventy-two. Some consideration was given to de
l e t i n g p r i o r i t y item number five to reduce the number of c e l l s to 
t h i r t y - s i x . However, general recommended procedure for a study of 
t h i s s i z e i s to have two t e s t sections per c e l l , since i t i s im
possible to obtain exact duplicates. I n accomplishing t h i s i t was 
decided to vary item f i v e , at high and low levels, to give seventy-
two c e l l s . 

I n order to f u l f i l l t h i s study, key decisions were required TAB 14 
concerning the neasurenents involved with each variable. Table 14 
summarizes the measurement methods chosen for t h i s study. The 
major decisions are discussed below. 

1. Roadbed Material Strength 
Referring to Section 4.3, we see that there are 

many choices for quantifying t h i s v ariable. Agency Q 
presently uses the C a l i f o r n i a stabilometer for deter
mining strength of roadbed material and has been using 
i t for the past f i v e years. Because they have t h i s 
experience to r e l y on and because they f e e l that t h i s 
test has good q u a l i t i e s , i t was chosen as the method 
of quantifying roadbed material strength. 
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TABLE 14 

MEASUREMENTS TO BE MADE IN AGENCY Q STUDY 
OF EXISTING FI.EXIBLE PAVEMENTS 

_ CLASS 
Structure 

VARIABLES 
A. Test Section 

B. Surfacing 

C. Base and 
Subbase 

D. Roadbed 
So l i 

FACTORS 
1. Pavement type 
2. Location and dimen

sions. Lane 
3. Date of construction 
4. Composite strength 

1. Thickness 

2. E x i s t i n g f i e l d strength 

3. As-bullt strength 

4. Other c h a r a c t e r i s t i c s 

1. Thickness 

2. E x i s t i n g f i e l d strength 

3. As-bullt strength 

4. Other c h a r a c t e r i s t i c s 

t -

MEASUREMENT OR SOURCE 
Flexlbl7 
12' X 1000' - Location 

shorn on map 
D i s t r i c t records 
a. Benkelman Beam 

deflection 
b^ Shell vibrator 
6 cores to 

each section 
S h e l l vibrator - dynamic 
modulus 

a. Stabllometer and 
Coheslometer on sam
ples cored from the 
pavement 

Density 
Asphalt content 

b. 

a. 
b. 

1. I n i t i a l strength 

2. E x i s t i n g f i e l d strength 

3. Swell c h a r a c t e r i s t i c s 
4. Modification or addi

t i v e s 

Bore 6 cores each t e s t 
section 

Vibration techniques 

R value 
run on recompacted specl-| 
men at density and w/c 
found i n place gradation 

Density, gradation, w/c 
i n place 

R value run of reconstruc
ted specimen at density, 
gradation and w/c i n 
place 

S h e l l vibrator - dynamic 
modulus 

? 
a. Record r o l l i n g speci

mens 
b. Some section l i n e 

s t a b i l i z e r 
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TABLE 14 (Cont.) 

CLASS VARIABLE FACTOR ISASDREHBHT OR SOURCE 

Load { 

i 

A. Ibtal Equivalent 
18 axle load* (£L) 

B. Yeats' Setvice 

1. Estiaated t r a f f i c 
and loads 

Zf Equivalency used 
3, Years 

Routine counts and c l a s s i 
fication fro* plan survey 
plus 1-4 special load 
studies each test section 
to be repeated each subse
quent Year 

( L / i e ) * single:(L/33)* tandem 1 
Construction records 

Clinwtic 
and 

Regional 

A. CliMtic factors 

B. Ibpography 

C. Relative strength 

1. Precipitation 
2. Tenperatures 
3. Frost 

1. General character 

2. U t e r a l factors 

Weather recores 
n n 

Field Masurenents, 
oorrelations 

Observations - good, 
fai r , poor 

Each side, paved, good 
fa i r , poor. 

Seasonal variations in 
deflections 

PerfoxB-
ance 

A. Surface behavior 

B. Serviceability Index 
C. Perfomance Index 

1. Roughness 
2. Condition survey 

3. Surface texture 

1. Use Road Test p 
2. SLj p > 2.5 

Chloe SV 
Saae as Road Ttost. Rut 

depth, crack, patch 
(see Appendix 4) 

Texture oeasureaents 
(Appendix 4) 

See Appendix 4 
Projected (see data 

analysis) 
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2 . - 3 . Base and Subbase Strength 
The stabllometer Is also applicable here and 

was chosen as the primary method of evaluating base 
and subbase strength, p a r t i c u l a r l y f o r selecting 
test sections. This choice was of pa r t i c u l a r Im
portance because the selection of the test factor
i a l depended to a large extent on the value of road
bed and base strength. 

4. Environment was not an easy factor to use as a basis 
for experiment design. Agency Q had no well devel
oped Information about I t s pavement performance. 
Based on general opinion the state was s p l i t I n two 
to provide general geographic regions. Part of the 
study served to Investigate various Regional Factor 
and Relative Strength evaluations of environment. 
No e f f o r t was made to design the experiment around 
r a i n f a l l or f r o s t records except I n a general way. 

5. A l l thickness data were taken from f i e l d Investiga
ti o n s . I n f a c t , early s a t e l l i t e studies have I n d i 
cated the need for t h i s data I n selecting t e s t sec
tions because uniformity of layer thickness I s very 
Important I f other design factors are to be properly 
evaluated. Layer depths of normally constructed 
pavements showed to have coefficients of v a r i a t i o n 
of 10 - 30 percent. 

6. Surface q u a l i t y was evaluated by the coheslometer 
and stabllometer I n an e f f o r t to obtain sections 
with very l i t t l e v a r i a t i o n I n t h i s factor. This 
was not a big problem since recent design proced
ures f o r t h i s agency have been aimed at a fixed sur
facing specification. 

I t was very important to determine the rate of load accum
ulations on the study sections. This was done as i n most states 
by an analysis of t r a f f i c count and weigh st a t i o n data. I t was 
considered necessary to make a loadometer study on every test 
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section possible as soon as feasible a f t e r I t was brought Into 
consideration. These studies served to establish the ADL at a 
given time and provided additional data which was helpful I n 
determining the EL f o r each test section selected f o r f i n a l 
Inclusion I n the study. 

The ground rules l i s t e d on pages 24 and 25 were followed 
as closely as possible I n t h i s study. The next step was the 
selection of te s t sections to be Included. Exhaustive studies 
of the existing highway system revealed a l i s t of those sec
tions which appeared to meet the specification of one or more 
of the test c e l l s i n the study. These sections were l i s t e d I n 
summary form and from these summary forms and the additional 
data which was Included such as core hole depths, sections were 
selected f o r f i n a l Inclusion Into the project. 

This selection was accomplished I n the f i e l d w ith s o i l maps, 
construction plans, and expert advice to help choose locations 
which met the ground rules as well as the f a c t o r i a l design de
sired. No e f f o r t was made to choose a section based on the uni
formity of the surface appearance, since t h i s would have been 
pre-Judglng uniformity. Hand auger samples were taken adjacent 
to the pavement as necessary to check the uniformity of the sub-
grade material. g 

Test sections, 1,000 feet I n length, were l a i d out as I n d i 
cated I n Figure 6. Marker signs were placed on the edge of the 
shoulder to spot the locations f o r measurement crews, mainten
ance forces and Interested v i s i t o r s . A one-inch diameter rod 
with a f l a t bronze top one-quarter Inch thick and three Inches 
i n diameter was embedded at the edge (or on the center l i n e ) of 
the t e s t section beginning and end to serve as a permanent marker 
fo r each section. 

These permanent signs and markers were I n s t a l l e d only on 
those t e s t sections which were found to meet the requirements 
of the f a c t o r i a l a f t e r s o i l testing and depth measurements. 
When o r i g i n a l l y selected i n the f i e l d each section was marked 
on the pavement with paint and an appropriate section i d e n t i 
f i c a t i o n number was assigned to i t and Imnedlately marked on 
the section. 
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Figure 6: Sample test section layout 

D l r w t i o n o f T r a f f i c 

1000 f t . 

Two lane roadway or l / g of a 4 lane roadway 

X Mazker to be embedded i n the edge o f ahoulder at the 
beginning and end of each te s t section. 

4 Sign to be placed on the outer edge of the shoulder 
or on right-of-way l i n e at beginning and end of each 
t e s t section. 

s 

30" 
Begin 

Pavement Test Section 
No. 27 - 2 1 

Highway Department 

or "Bnd» 

4 x 4 post 
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These special marking precautions were made so that the 
s e r v i c e a b i l i t y of the test sections could be re-evaluated and 
observations continued one or more years subsequent to the i n i 
t i a l evaluation. Such subsequent checks do not preclude the 
analysis and use of data from the f i r s t run, but i t i s expected 
that more accurate predictions can be made with two points on 
the performance curve f o r each test section. I n some cases, 
test sections w i l l be evaluated 5 - 1 0 years hence i n order to 
add additional information to the study being conducted. 

Many sections were examined before a proper one could be 
found f o r some of the f a c t o r i a l blocks. This was due to the 
extreme nature of some of the combinations involved (e.g., weak 
base material under heavy t r a f f i c ) . However, i t i s important 
to continue searching f o r a section to f i l l each experimental 
c e l l . Even then unforeseen future variations removed some sec
tions from test i n spite of every e f f o r t made to maintain the 
f a c t o r i a l (e.g., accidental overlay of a section by routine 
maintenance forces). 

After c o l l e c t i o n of the basic l i s t of possible sections, 
t h i s l i s t was narrowed down to 2 or 3 possible choices f o r each 
c e l l i n the experiment design; that i s , three that f i t the c e l l 
as closely as could be determined at that stage. 

Each of the t e s t sections i n each c e l l was rated f i r s t , 
second or t h i r d choice based on whatever type of information 
was available at that stage of the project. For example, i f 
information indicated that the layer thicknesses were more uni
form i n section A than i n section B or C, then t h i s was taken 
as a l o g i c a l reason to make section A f i r s t choice i n the fac
t o r i a l . Section B might have had no subbase which made i t a 
less "normal" section than section C; therefore, section C 
would be second choice and so f o r t h down the l i n e . Another 
factor was "which section has suffered more loss i n service
a b i l i t y and therefore has more information to o f f e r to the 
project?", e.g., has l i v e d a larger percent of i t s l i f e . 
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From t h i s point on i t was necessary to begin measurements 
on the test sections to establish the information needed i n the 
analysis. Table 14 i s a special case of Table 11 and measure
ments which were used i n t h i s study. Table 15 i s included TAB 15 
to give more detailed Information i n the materials testing 
program. 

One of the major problems i n t h i s existing pavement study 
was that of t r y i n g to determine what the design or o r i g i n a l as-
b u i l t conditions were. Some additional study was required i n 
an attempt to evaluate t h i s factor. Some helpful information 
along t h i s l i n e was developed as part of the analysis of labor
atory vs. f i e l d variables shown i n Table 15. The agency conduc
ted an analysis involving both f i e l d and laboratory values of 
sx; etc. 

Many decisions had to be made i n se t t i n g up the f i n a l meas
urements program. I t was decided, f o r example, that laboratory 
testing was to be performed at conditions approximating the mate
r i a l conditions found i n the roadbed. Certain careful proced
ures f o r taking samples i n the f i e l d had to be developed. Choices 
were required concerning measurements of S and of RS as an i n d i 
cation of climatic and regional e f f e c t s . 

Great care was taken with the f i r s t round of data to insure 
uniform procedures and accuracy of data. The data processing 
phase provided f o r rechecking of a l l data to insure accuracy. 
Several stmmary data sheets from t y p i c a l t e s t sections are 
shown as Table 16. TAB 16 

After completion of the f i r s t round of measurements f o r 
each te s t section, i t was necessary to re-evaluate and re-arrange 
the sections w i t h i n the f a c t o r i a l . Evaluation of the factors 
showed some of the test sections to be misplaced i n the f a c t o r i a l . 
As f a r as possible, t h i s re-arranging was done to put each sec
t i o n i n i t s proper box and to keep f a i r balance between a l l boxes. 
In cases where a box became vacant, the second or t h i r d choice 
section was brought I n to take i t s place. This required some 
additional testing f o r evaluation of these second choice sec
tions and a repeat check to see that the section remained i n 
i t s c e l l with the revised t e s t results. 



TABLE 15 

DETAILS OF MATERIAL TESTS 

VARIABLE SYMBOL TEST METHOD OUTPUT DETAILS AND/OR CONDITIONS SCHEDULING 
Surfacing 
F i e l d 
Strength 

S j_ Shell Vibrator Dyrtamic 
uodulufl 

Run t e s t at each spot to be destructively 
sampled plus 3 or 4 spots i n the section 
proper to check uniformity 

Season for f i r s t 
year of te s t 

Laboratory 'a Cal i f o r n i a R value To be run on samples cored froni the test 
section at 4 spots, 2 on each end, 1 i n 
each wheelpath and the other 2 between 
wheelpaths 

Season for f i r s t 
year of te s t 

Cohesiometer C value Same as R value Same 
Base and/or 
Subbase 

Shell Vibrator Dynamic 
modulus 

Same as for s^ above See Si^ above 

Laboratory 
Strength 

Cal i f o r n i a 
Stabilometer 

R value Samples to be recompacted i n the lab 
from material taken i n f i e l d samples. 
H/C density and gradation s h a l l be such 
that checks on the tested sampled equal 
those found i n the roadway 

"Ale, and density 
to be resampled 
seasonally. I f 
vide variations 
are noted the e f 
fe c t of these 
changes on R value 
must be i n v e s t i 
gated 

HMOOed 
m t e r l a l 
F i e l d 
Strength •4 Sh«i:I Vibrator Dynamic 

modulus 
SasM as S i above See 81 above 

Laboratory ••4 C a l i f o r n i a 
Stabilometer 

R value Same as s*2 and s'a above It It II 

Swell 
Property 

ca Swell Pressure 7 II n II II II II 

Composite 
Strength 

S i Benkelaan Bean Deflec
tion 

5 measurements taken I n each wheelpath Seasonal minimum -
More often on some 
selected sections 
to provide data 
for formulation 
of E I 
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TABLE 16A: STUDY OF EXISTING FLEXIBLE PAVEMENTS 
Hypothetical Data Summary Sheet 

Section No. 101 Location SB> S M 3 2. ̂ gv^t^ Co Date Constructed <sX^ 
Lane Qu\s> ̂  Sfi Shoulder (T^yo^ S-^^rv^ Dates ot Heasweaents 

STRUCTURE VARIABLES 
Surfacing - F i e l d Str. 

Lab Str. 
Thickness 

Vlbr. Mod. (psl) 
Cohesloneter 
Inches 

Base Course F i e l d Str.: Vlbr. M»d. (psl) 
Lab Str. : R value 
Thickness ; Inches 
S t a b i l i z a t i o n : Agent, ̂ 'o 

Subbase - F i e l d Str.; Vlbr. Itod. 
Lab Str. : R value 
Thickness : Inches O 

Composite Str.-BB Defl: Inches 
Roadbed Material 

.02.O 

F i e l d Str.: Vlbr. Mod. (psl) 
Lab Str. : R value 
Swell : Expansion Pressure 

LOAD VARIABLES 
AccioBulated 18^ appls.: EL/f <nro 
Years of Service : Y 
Avg. d a l l y 18*̂  appls. : ADL 5.0 

11 CLIMATIC AND REGIONAL VARIABLES 
Mean annual r a i n f a l l : Inches 
Avg. annaul temp. : Degrees 
Frost Index : C of E 

General Character - Drainage: 
PERFORMANCE DATA 

Texture 
Surface Roug^hxiess 
Cracking - Patching 
Rut Depth 
Serviceability Index 

Po -
Perfomance Index 

(Estimated) 

TX 
CSV 
C + PA 
RD 

PEqn.£llL2l 
8 * ; 

10 
0 

5.13 

10 
0 
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TABLE 16U: STUDY OF EXISTING FLEXIBLE PAVEMENTS 
Hypothetical Data Sunmiary Sheet 

Section No. /^p Location U5/^a J^^^c r... Date Con«tructed J,V>/ y?^^ 

r<5 ̂ »ne D 'rf') Dates of Measurements 
tiunr. '62. 

SurfacinR - Fie l d Str.: V i b r . »tod. 
Lab Str. : Coheslometer 
Thickness : Inches 2. 2. 

Base Course-Field Str.: V i b r . VaA. 
Lab Str. : R value 
Thickness : Inches 
S t a b i l i z a t i o n : Agent, **/o 

^oo^ ooo 
9o 

6 00, ooo 

Subbase - Fie l d Str.: Vibr. Mod, 
Lab Str. : R value 
Thickness : Inches 

60 
10 

Composite Str.-BB Defl: Inche« 

Roadbed lijaterial 
F i e l d Str.: Vibr. Mod. (psl) 
Lab Str. : R value 
Swell ; Expansion Pressure 
Geol. and Pedologlc Class 

ZT 
2.3 l^i 

S7t, OOO 

LOAD VARIABLES 
Accumulated 18*̂  appls.: SL (4k«oiCKo<J$) 
Years of Service : Y 
Avg, daily 18*' appls. : ADL 

CLIMATIC and BEGICHfAL VARIABLES 
Mean annual r a i n f a l l : Inches 
Avg. annual temp. : Degrees 
Frost Index : C of E 
Relative Strength : RS 
General Character - Drainage; 

xz 

PERFORMANCE DATA 
Texture 
Surface Roughness 
Cracking - Patching 
Rut Deoth 

. TX 
: CSV 
! C + P 
RD 

t6 
S9 

¥^ 
2.0-6 

Serviceability Index 
_ P« = \ \ 

p Eqn. JO' -'ô »' 

reriornance inoex i v Eqn.CP to^. i^-s i 
(Estimated) 
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At some point the search f o r additional sections to f i l l 
vacant c e l l s provides diminishing returns and i t was necessary 
to s e t t l e f o r a study with some vacant boxes. Table 17 shows TAB 17 
the f i n a l set of sections f o r which data were gathered to enter 
the analysis phase. Preliminary t r i a l analyses were begun imich 
e a r l i e r with the incomplete data i n an e f f o r t to develop analy
sis techniques and data trends. I t was necessary that a l l these 
measurements be repeated the second year of the study. Consid
erably better information was then available for developing the 
performance relationships. 

I n order to perform any analyses i t was necessary to develop 
some method of predicting an i n i t i a l s e r v i c e a b i l i t y f o r the test 
sections. Readings were made on many new pavements during the 
course of t h i s study. I t was noted from these data that the i n i 
t i a l s e r v i c e a b i l i t y of newly constructed f l e x i b l e pavements 
ranged from 3.8 to 4.5 with the average being 4.1. A large 
majority of the sections f e l l between 4.0 and 4.3. I t was de
cided that using the average of 4.1 was a satisfactory estimate 
of i n i t i a l s e r v i c e a b i l i t y conditions f o r the test sections i n 
cluded i n t h i s study. 

A l l data i n Tables 16 and 17 are f i r t i c i o u s and have been 
supplied simply to have a numerical basis f o r i l l u s t r a t i n g sev
eral analyses that can be used to reach conclusions from an i n 
dividual study of existing pavements. Since the hypothetical data 
may be f a r from r e a l i s t i c , the methods to be described do not nec
essarily lead to t y p i c a l conclusions from such a study. 

I t can be seen that Table 17 contains values f o r nearly a l l 
the variables that have been mentioned i n previous chapters of 
the guidelines, but that not a l l drn:a given i n Table 16 are shown 
i n Table 17. Structural indexes, . and performance indexes, P, 
have been computed from the ind:Fcacsd formulas i n Appendix D. 



TABLET: ILLUSTRATIVE STUDY OF EXISTING F L E X H L E PAVEISOTS - Data Summary (Hypothetical) fo r a l l sections. 

Experiment Design Variables Other Design Variables Performance Data 
Regions Sur Road Base Loads Test Subb Base Subb Yrs. Acc. Serv. Performance Index Values 

Th. bed Str. Sec. Str. Th. Th. Ser. Lds. BB Index Obs. or Calculated by 
h i S4 82 ADL No. •3 ha ha LL/ Po=*-l (Est) by Eqn (D6) 

(R values) w Y 1000 Defl. Eqn (DIO) D P 
3.6 24 96 243 101 X 10 0 3.5 310 36 2.8 5.60 4.5 5.13 
X X X X 102 No suitable t e s t sec. X X 1 X x X X 

Region 4.1 30 76 283 103 67 9 6 6.0 620 20 2.4 5.76 5.5 5.87 
A 4.0 21 71 251 104 X 12 0 3.0 275 22 1 3.2 5.74 5.1 5.59 
A 5.2 32 61 149 105 X 10 0 9.0 490 24 2.3 5.62 5.4 5.78 
(BRT) 3.6 26 65 272 106 60 14 4 5.0 497 30 2.5 5.70 5.8 6.03 (BRT) 

4.1 15 90 198 107 48 9 5 14.0 1010 30 2.7 6.08 5.3 5.73 
3.2 21 91 364 108 X 11 0 4.0 532 27 2.3 5.66 4.5 5.15 
4.0 17 81 249 109 50 8 6 6.5 590 29 2.5 5.77 5.4 5.76 
4.0 14 82 535 110 70 10 6 5.5 1075 26 ' 2.5 6.03 5.7 5.96 

Nean 5.1 23 60 119 111 45 9 6 9.0 392 34 3.1 5.84 6.0 6.16 
Rain- 5.1 18 60 559 112 53 6 6 2.5 510 31 2.7 5.78 5.6 5.91 

3.2 10 91 345 113 62 11 7 12.5 1575 45 2.3 6.13 5.4 5.81 
zaxi 3.2 13 100 480 114 57 12 8 6.0 1052 32 3.0 6.22 5.8 6.02 
22 i n . 3.5 12 73 122 115 65 8 6 4.5 200 54 2.7 5.38 4.9 5.49 

X X X X 116 No suitable t e s t sec. X X X X X X 
4.1 13 68 276 117 60 10 6 6.0 605 52 2.5 5.78 5.7 5.95 
4.1 11 63 617 118 54 13 8 7.1 1600 43 1.9 6.01 6.3 6.33 

Frost 2.6 23 97 44 119 X 9 0 7.0 112 40 2.1 4.92 3.8 4.60 
Index 2.2 21 90 1012 120 60 14 10 6.5 2400 26 2.6 6.42 5.8 6.07 

2.1 21 80 16 121 X 10 0 10.5 60 50 1.8 4.56 3.8 4.54 
2.1 27 76 137 122 X 12 0 2.0 100 44 2.3 4.93 4.0 4.76 
2.4 30 62 60 123 52 11 4 3.5 77 36 2.6 4.92 4.7 5.28 
2.4 32 67 106 124 61 11 7 2.5 97 32 3.2 5.29 5.0 5.50 
(.8) 25 98 46 125 62 12 , 4 7.0 117 45 3.0 5.27 4.0 4.74 

Avg. 1.7 18 87 528 126 81 9 10 3.5 675 31 1.9 5.64 4.8 5.38 
(.5) 15 69 30 127 56 10 6 2.5 27 49 2.4 4.40 3.7 4.50 

t o r 2.0 21 74 346 128 62 13 6 4.0 505 41 2.2 5.60 5.0 5.53 
Sects. 1.6 17 67 39 129 51 9 6 3.5 50 39 2.8 4.81 4.1 4.86 

2.4 14 61 125 130 57 10 7 3.0 137 38 3.5 5.36 4.9 5.43 
2.6 12 93 187 131 51 9 8 4.5 307 53 2.9 5.64 5.0 5.51 

to (.5) 7 95 134 132 81 11 10 4.0 196 46 2.6 5.33 4.4 5.10 
1 flETF 1.4 10 83 55 133 62 10 8 5.5 110 49 1.9 4.85 4.4 5.08 
157 (.7) 14 79 274 134 49 13 6 1.5 150 5T 1.9 4.98 4.3 4.96 

(.7) 6 63 34 135 57 12 8 6.0 74 71 2.6 4.91 4.5 5.13 
2.0 10 73 64 136 57 11 5 3.5 82 61 2.5 4.91 4.6 5.23 

(.8) denotes 0.8 inches surface treatment 
-J 



TABLE 1 7 : r.u'STRAir.v?; G'lwv Of txTsr i^G ri.:-;-:i?,j.F, FAvt^^^•^ rs 

Expex I n i e n t 1 » e s i g n \ ' a r l a b i c >s O t h e r D e s i g n V a r i a b l e s P e r f o r m a n c e 
Regions Sur Road Base Loads T e s t Subb Pase Subb Y r s . A c c . 

BB 
Serv,-. P e r f o r m a n c e I n d e x V a l u e s 

Tn« bed s t r . Sec. S t r . T h . T h . S e r . Lds BB I n d e x Obs o r C a l c u l a t e d b y 
8a ADL No. S3 ha E L / Po= * - l ( E s t ) by Ecn (D6) 

(R va; ues) (R) Y 1000 Defl. Eqn (DIO) D P 
X X X X 137 No G u l t a b l 1 test s e c . X X X 

3 . 1 27 9 1 340 138 X 12 0 6 . 0 745 29 1.8 5 . 6 5 4 . 5 5 . 1 8 

Region 
5 . 2 35 78 200 139 X 7 0 4 . 0 290 49 2 . 0 5 . 3 0 4 . 9 5 . 4 8 Region 3 . 4 3 1 77 202 140 62 12 4 4 . 0 295 37 3 . 1 5 . 7 2 5 . 3 5 . 7 5 

B 4 . 9 26 55 125 141 5 2 6 4 6 . 5 295 47 2 . 6 5 . 5 1 5 . 2 5 . 6 7 B 
3 . 6 33 65 388 142 49 13 5 3 . 5 497 34 2 . 3 5 . 6 3 5 . 7 6 . 0 1 

(ERT) 3 . 1 23 96 182 143 X 9 0 3 . 0 198 40 2 . 5 5 . 3 0 4 . 1 4 . 8 8 (ERT) 
3 . 6 17 87 400 144 8 2 12 7 6 . 5 950 30 2 . 9 6 . 1 3 5 . 8 6 . 0 7 
3 . 6 25 87 4 1 145 X 6 0 4 . 0 60 60 2 . 4 4 . 7 4 3 . 9 4 . 6 8 
4 . 1 19 75 420 146 5 0 10 3 9 . 0 1390 25 2 . 6 6 . 1 8 6 . 0 6 . 1 5 Mean 4 . 0 16 60 65 147 53 9 5 4 . 5 106 37 2 . 8 5 . 1 4 5 . 2 5 . 6 8 

Rain 4 . 5 25 6 1 222 148 43 12 6 1 2 . 0 975 4 0 2 . 5 5 . 9 9 6 . 2 6 . 2 9 Rain
3 . 1 1 1 100 279 149 76 9 6 8 . 5 865 3 6 1.9 5 . 7 5 5 . 0 5 . 5 5 f a l l 4 . 2 7 93 335 150 X 12 0 1 3 . 5 1650 21 2 . 4 6 . 1 8 5 . 2 5 . 6 8 

35 i n . 4 . 2 13 90 5 2 151 X 8 0 4 . 5 85 5 1 3 . 0 5 . 1 3 4 . 5 5 . 2 0 35 i n . 
3 . 6 8 8 1 316 152 71 13 7 6 . 5 750 29 2 . 7 5 . 9 5 6 . 0 6 . 1 4 
4 . 6 8 62 113 153 60 10 6 1 0 . 0 410 43 2 . 6 5 . 6 5 5 . 8 6 . 0 5 
3 . 4 12 7 1 206 154 62 14 4 7 . 0 525 6 1 1.9 5 . 5 3 5 . 7 5 . 9 6 
X X X X 155 No i u l t a b l ! test sec. X X X X X X Fzoat ( . 7 ) 30 102 110 156 X 12 0 2 . 5 100 4 1 1 .6 4 . 7 2 3 . 3 4 . 1 0 

Index ( . 5 ) 24 73 17 157 X 1 1 0 4 . 0 25 6 1 1 .9 4 . 2 1 3 . 0 3 . 7 7 Index 
( . 5 ) 25 8 2 185 158 6 1 16 7 5 . 5 370 57 1 .8 5 . 3 5 4 . 8 5 . 4 0 

700 1 .6 3 1 53 16 159 4 2 13 8 3 . 5 2 1 64 2 . 2 4 . 2 2 4 . 9 5 . 4 9 
2 . 1 3 2 69 160 160 53 14 7 3 . 0 175 49 2 . 5 5 . 2 4 5 . 4 5 . 7 8 
( . 7 ) 2 1 86 44 161 83 9 8 6 . 0 97 59 1 .6 4 . 7 1 3 . 9 4 . 6 5 
3 . 0 26 9 2 810 162 53 14 6 1 0 . 5 3110 21 2 . 4 6 . 4 6 5 . 7 6 . 0 0 

Avg. ( . 6 ) 20 8 0 60 163 72 1 1 7 3 . 0 65 4 2 2 . 7 4 . 8 9 4 . 1 4 . 8 3 
( . 5 ) 2 1 78 192 164 6 1 15 7 3 . 0 210 57 2 . 0 5 . 1 6 4 . 7 5 . 2 8 for 1 .4 16 65 39 165 6 1 1 1 9 4 . 0 5 7 49 2 . 9 4 . 9 1 4 . 8 5 . 4 0 

Sects. 1.5 14 67 178 166 49 12 10 3 . 5 227 47 1 .9 5 . 1 6 5 . 2 5 . 6 4 Sects. 
( 1 . 0 ) 6 97 23 167 X 9 0 3 . 5 29 6 1 1 .9 4 . 2 7 3 . 0 3 . 7 6 

137 2 . 4 10 102 250 168 6 1 13 6 6 . 5 595 37 3 . 0 5 . 9 7 5 . 3 5 . 7 0 
to 1.5 1 1 9 0 28 169 45 8 9 1 0 . 3 105 6 1 2 . 2 4 . 9 2 4 . 4 5 . 0 8 to 

1 .4 9 8 6 67 170 59 10 8 4 . 5 110 5 9 2 . 5 5 . 0 4 4 . 4 5 . 1 0 
172 2 . 2 9 7 1 25 1 7 1 6 1 1 1 S 7 . 5 7 1 47 2 . 4 4 . 8 2 4 . 7 5 . 3 1 

X X X X 172 No s ultabl i testj sec. X * i X X X X 
AASHO R. T. 21 6S X X 76 X 

' 1 ' 
X 

" 1 
X X X X 
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Conclusions from Selected Sections 
I t i s supposed that a primary concern i n any s a t e l l i t e 

study i s to decide which designs are best suited to the re
gions that have been sonpled. I f , f o r example, a performance 
index of P s 6.0, i s considered to be a minimal requirement 
f o r satisfactory performance, then Table 18 shows which sec- TAB 18 
tions have performed at t h i s l e v e l i n either region. I n prac
t i c e , performance Index requirements w i l l undoubtedly vary with 
the purposes being served by the various highway sections. 

Table 18 shows one section i n each region whose perform
ance i s c l e a r l y superior to that of a l l other sections i n the 
region. Through study of the characteristics of the better 
performing sections i t i s presumably possible to determine 
the nature of designs which are adequate f o r the region. On 
the other hand, there should be considerable i n t e r e s t i n the 
shortcomings of those designs whose performance was not s a t i s 
factory, e.g., a l l t e s t sections not included i n Table 18. 

I f the s a t e l l i t e project iticludes t e s t sections whose c l i 
mate and materials are similar to those of certain AASHO Road 
Test sections, i t i s recommended that di r e c t comparisons be 
made between s a t e l l i t e and AASHO Road Test performance. TAB 19 
Table 19 shows such a comparison f o r the example. Sections 
are a l l w i t h i n 25 percent of the corresponding values at the 
Road Test. This c r i t e r i o n prpduces ten sections i n Region A 
and nine sections i n Region B. Sections are grouped according 
to the AASHO Road Test s t r u c t u r a l index f o r f l e x i b l e pavements 
shown I n Table 17. The l a s t colvum of Table 19 shows that a 
rather large number of te s t sections existed at the Road Test 
I n each of the s t r u c t u r a l Index classes. The sections used 
f o r comparison have been selected from Table D3 i n Appendix D. 

For each s t r u c t u r a l index class of Table 19, estimated 
values f o r P are given f o r the s a t e l l i t e t e s t sections. For 
the corresponding Road Test sections only observed P values 
are considered, so 



TABLE 18: TEST SECTIONS WITH P GREATER THAN 6.0 

Estimated P Region A Region B 

6.00 - 6.09 118, 100, 107 

6.10 - 6.19 113 144, 146, 150 

6.20 - 6.29 114 

6.30 - 6.39 

6.40 - 6.49 120 162 

IT 



TABLE 19: DIRECT COMPARISON OF SATELLITE AND AASHO ROAD TEST SECTIONS 

Structural Index 
Class 

Eqn. (D6) 

3.0 - 3.1 

Sections with 84 = 16-26, Sg = 62-104, 83 = 58-98 
Region A 

Test Est. 
Section P 

Region B 
Test Est. 
Section P 

157 4.21 

AASHO Road Test Sections 
Table Observed P 
D3 

L i s t i n g No. Mean Max. Mln. 
720 
through 6 4.00 4.30 3.69 
136 

3.8 - 4.1 
119 
121 
125 

4.92 
4.57 
5.28 

145 
161 
163 
143 

4.74 
4.73 
4.89 
5.30 

111 
through 22 4.67 5.23 3.93 
450 

4.5 - 4.6 

4.7 - 4.8 

101 
108 

126 

5.61 
5.66 

5.65 
164 
165 

5.17 
4.92 
5-* 36 

559 
through 
106 
155 
through 
588 

6 5.08 5.25 4.94 

35 5.22 5.76 4.92 

5.0 - 5.1 
128 
104 

5.60 
5.77 

279 
through 
560 

10 5.47 ' 5.78 5.03 

5.8 - 5.9 
106 
120 

5.70 
6.42 144 6.14 

625 
through 
298 

20 5.91 6.41 5.58 

Average Difference from Road Ttest P .30 .13 



75 

that no question of extrapolation enters In^ and average n l n l -
mun and maximum values are shown for the performance Indexes 
observed at the AASHO Road Test. Thus the comparisons I n 
Table 19 do not Involve predictions from AASBO Boad Test per-
foxoance equations. 

I f enough sections, say around ten or more, are Involved 
I n d i r e c t comparisons such as shown I n Table 19, I t should be 
possible to reach a tentative conclusion as to how the s a t e l 
l i t e t e s t sections I n a given region performed r e l a t i v e to 
AASBO Road Test sections. I n Table 19, performance Indexes 
I n Region B are generally higher than I n either Region A or 
at the Road Ttost. The l a s t l i n e of Table 19 shows that the 
average difference between s a t e l l i t e and Boad Test performance 
I s .30 for Region A and .19 for Region B, I t can be shown 
that only the f i r s t of these differences i s s t a t i s t i c a l l y s i g 
n i f i c a n t a t the f i v e percent l e v e l . This conclusion i s i n 
agreement with the o r i g i n a l experiment design which implied 
that Region A had a climate better than that of the AASBO Road 
Test, while Region B was presumed to have conditions nearly 
equal to that of the Road Test. 

Adjustment of AASBO Road Test Relationehips to Local Conditions 
The main outcome of the comparisons i n Table 19 was that 

performance i n Region A was appreciably higher than that which 
was observed a t the AASBO Road TMt, and that performance i n 
Region B was s l i g h t l y higher than corresponding Boad Test 
performance. I n order to study the regional and other design 
variable e f f e c t s for a l l t e s t sections I n the study, i t I s 
recommended that data for design and performance variables be 
averaged for each l e v e l of each experiment design variable as 
I l l u s t r a t e d i n Table 20. TAB 20 

The l a s t column of the table contains average residuals, 
i . e . , differences between P as calculated by the AASBO Boad 
Test equation and as observed or estimated. 



TABLE 20: AVERAGES FOR DESIGN AND PERFORMANCE VARIABLES IN TABLE 17 

Experiment Design 
Variable and 

j ^ . peet$n Variables Other Design Variables Calculated F 
E s t . , minus 

Level Region h i •4 •2 ADL B3 ha Y 1000 d e f l . I F Estimated P 
A A 2.9 18 77 255 59 10.6 5.2 5.4 513 40 5.50 -.03 
B B 2.6 20 79 177 59 10.9 4.7 5.7 441 45 1 5.28 .05 

A 4.0 18 76 330 57 10.3 4.6 6.3 734 33 5.83 -.02 
BL B 4.0 20 78 827 60 10.1 3.4 6.5 576 39 5.60 .06 

A+B 4.0 19 77 278 58 10.2 4.0 6.4 655 36 5.71 .02 
Thickness A 1.7 18 79 180 60 10.9 5.9 4 . 5 293 

— 
39 5.17 -.04 

Lo B 1.3 19 81 127 59 11.7 5.9 5.0 306 51 1 4.96 .04 
A+B 1.5 18 80 154 60 11.3 5.9 4.8 300 48 5.06 .00 
A 3.2 26 76 235 60 11.1 2.6 5.1 443 33 5.43 -.04 

HI B 2.6 29 75 163 S3 11.1 2.9 4.2 261 47 5.09 .07 
AfB 2.9 28 75 56 U . l 2.8 4.7 352 39 5.26 .01 

Roadbed A 2.9 18 77 262 58 9.7 5.8 5.4 468 35 5.54 -.12 
Aed. B 2.6 20 78 2 a 61 10.8 6.2 5.8 620 42 5.40 .06 

A+B 2.7 19 77 241 58 10.3 6.0 5.6 544 39 5.47 -.02 
A ' "2.'B 11 79 26t $9 10.9 7;3 5.7 629 51 5.51 .06 

Lo B 2.8 9 86 147 62 10.7 4.9 7.2 442 46 5.35 .03 
A+B 2.6 10 82 207 60 10.8 6.1 6.5 536 49 5-43 ,05 
A 2.6 18 92 319 63 10.7 5.3 6.3 713 37 ! 5.72 -.32 

HI B 2.6 20 91 249 71 10.7 2.8 6.2 721 38 5.38 -.32 
A+B 2.6 19 92 284 66 10.7 4.0 6.3 717 37 5.55 -.32 

Base A 2.7 18 76 243 59 10.6 4.9 4.9 443 40 5.33 .03 
fit* Med. B 2 .4 20 81 148 60 10.6 4.8 5.2 313 49 5.22 .02 

AfB 2.6 19 79 196 60 10.6 4.8 5 .0 378 45 5.27 .02 
A 3.2 19 64 202 55 10.5 5.5 5.1 384 41 5.43 .20 

Lo B 2.9 19 65 124 54 11.2 6.4 5.8 269 47 5.23 .46 
AfB 3.1 19 65 168 54 10.9 6.0 5.4 337 44 .33 
A 2.9 18 78 139 56 9.7 4.9 e.7 574 ' TZ • -.02 

Lo B 2.7 20 77 84 60 9.1 3.8 5.3 171 50 4 .94 .10 
A+B 2.8 19 78 112 58 9.4 4.3 6.0 273 46 j5.14 .04 

DaUy A 2.9 18 76 371 61 11.5 5.6 4.1 653 37 5.65 -.04 
HI B 2.6 20 81 270 58 12.6 5.6 6.2 710 40 5.62 .01 

A+B 2.7 19 78 320 60 12.0 5.6 5.1 682 38 j5.63 -.02 
A l l T t et Sections 2.8 19 78 216 59 10.7 4.9 5.6 478 38 I5 .39 .01 

Mean Ab'solYxte Residual .27 
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I t I s recommended that each category of Table 20 be exam
ined I n some d e t a i l before any further analysis I s attempted. 
From t h i s table can be seen not only how miich e f f e c t the ex
periment design variables have on P and on the r e s i d u a l s , but 
also the extent to which there are Intercorrelatlons among the 
design v a r i a b l e s . 

Table 20 shows that Region A averages to have 5.50-5.28 ^,22 
higher performance Index than Region B, about the same as for 
the selected sections of Table 19. Regional averages for the 
remaining variables are f a i r l y equal except for ADL which I s 
higher I n Region A than I n Region B. Thus the question I s 
whether regional performance ef f e c t s would have been any d i f 
ferent had the ADL values been more nearly equal. Average r e s i d 
uals I n the l a s t column show how the performance equation would 
have to be modified to give a mean residual of zero for the two 
regions. The equation, for example, would have to be made .03 
greater for Region A and .05 l e s s for Region B I n order to pro
duce average vesldxials of zero for the two regions. 

The equation appears to account properly for the e f f e c t of 
h i since mean residuals are about the same for both l e v e l s of 
surface thickness. 

Roadbed strength I s i n t e r c o r r e l a t e d with several of the 
design va r i a b l e s , and the average e f f e c t of I s not regular 
for e i t h e r P or the r e s i d u a l s . I n the I l l u s t r a t i v e data, sec
tions with low S4 average to have greater s t r u c t u r a l thickness 
than sections with high S4. For t h i s reason any r e a l e f f e c t of 
S4 i s perhaps masked by thickness e f f e c t s . Base strength, s^, 
i s noticeably in t e r c o r r e l a t e d with ADI*, sa and ha. However, 
the average residuals for different l e v e l s of Sg are quite pro
nounced. Thus equation (D6) can presumably be adjusted to ac
count for base strength. 

Table 20 shows that changing from low to high ADL corres
ponds to a t o t a l change i n hg and ha of about four Inches. 
Taken at face value, average F i s about 5.63-5.14 » .51 higher 
for ADL a 320 than for ADL « 112, but t h i s i s also about the 
amount that four extra Inches of base or subbase can be expected 
to contribute to P. I n short, the experimental data are such 
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that I t I s not possible to I n f e r any separate e f f e c t of ADL 
upon the performance Index—nor to adjust the equations for 
the ADL e f f e c t . This example c l e a r l y shows that selected 
experiment design factors I n an existing pavement study are 
l i k e l y to be I n t e r r e l a t e d with one another and with other 
factors—'Simply because the basic principles of pavement de
sign Imply that r e l a t i v e weakness I n one s t r u c t u r a l component 
must be compensated for by r e l a t i v e strength I n another com
ponent. While the f a c t o r i a l experiment design helps to reduce 
these Inherent correlations. I t I s v i r t u a l l y c e r t a i n that many 
Intercorrelated design variables w i l l appear I n e x i s t i n g pave
ment studies. I n the present example, any conclusion about 
the e f f e c t of ADL w i l l have to be determined from other studies, 
preferably from a study of new experimental pavements. 

I t I s perhaps worth pointing out that when design variables 
are Intercorrelated I t w i l l generally be I n v a l i d to plot values 
of a performance variable against values of any single design 
variable and suppose that the r e s u l t i n g graph shows the under
lying relationship between the two v a r i a b l e s . 

The l a s t two l i n e s of Table 20 show average residuals, 
algebraic and absolute, for the equation whose adjustment I s 
being considered. I t I s seen that the mean absolute residual 
I s .27 as contrasted with about .20 for the AASHO Road Test sec
tions. 

I n summary. Table 20 Indicates that the performance equation 
for c a l c u l a t i n g P may be adjusted for the regional e f f e c t and 
for the e f f e c t of base strength. Had the roadbed strength e f f e c t 
been more regular there would be value I n adjusting the equations 
for 84. Very l i t t l e adjustment seems to be needed for surface 
thickness, h i . The I n t e r c o r r ^ l a t l o n s between ADL and other de
sign variables are so high that I t does not seem warranted to 
t r y to I n f e r the r e a l e f f e c t of t h i s variable upon performance. 
F i n a l l y I t I s c l e a r that even minor adjustments to the equations 
w i l l bring them to a closer f i t of the I l l u s t r a t i v e data than to 
the o r i g i n a l AASBO Road Test data. 
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While graphical and t r i a l and error procedures might be 
used to adjust one or more of the equations to l o c a l conditions 
i t i s suggested that analysis of variance and regression analy
s i s w i l l lead to the desired r e s u l t with more generality and 
o b j e c t i v i t y . No analysis of variance w i l l be shown here, but 
i f the variances of estimated P's and xesld-
uals are analyzed, much the same conclusions w i l l be reached 
as have been observed by inspection of Table 20. This type of 
analysis w i l l be I l l u s t r a t e d i n Section 5.2 of the guidelines. 

The following s p e c i a l cases of equations (10) and (11), 
given i n Section 4.4.3, w i l l be used as models for f i t t i n g the 
i l l u s t r a t i v e performance data: 

P = Aj, + Ai log D + AgRF + log log (PQ/2.5)'* 

where RS i s simply a regional code whose value i s .5 i n Region A 
and -.5 for Region B, and where the s t r u c t u r a l index i s 

D = a i h i + a 2 \ f | f - ha + a a ^ f ^ hg + 1.0 

The factors for base and subbase strength are r e l a t i v e to 
the corresponding AASHO Road Test values. I t i s assumed that 
surfacing strength i s not a factor and that the roadbed strength 
i s so highly correlated with other factors that i t s e f f e c t cannot 
be determined. 

I t i s not possible to determine values for a i , a^, as, Ao, 
Ai and A^ by a d i r e c t regression analysis because of the non
l i n e a r model, so a two-stage procedure w i l l be used. 

I n the f i r s t stage AQ and RF are ignored, and Ai i s assumed 
to be 8.0 as i n the Road Test equation (D6). Then, since 
log log (po/2.5) = log log (4.1/2.5) = -.50, i t i s supposed that 

exp |1P + .50)/ai = a i h i + a ^ f ^ ha + a a X f ^ h g + a* 

where exp i s the exponential function such that exp x = 10^. 
A l i n e a r regression analysis for t h i s model produces 

exp [ ( P + .50)/S^ = .51hi + .SO^fff- + . l O ^ ^ h g + .93 

so the s t r u c t u r a l index i s now assumed to be 

D = .51hi + .20^f||^h2 + . 1 0 \ F ^ ha + 1.0 
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A second regression analysis gives the f i n a l performance 
equation. 

P = 7.95 log D + .08 i n Region A I 
J-.08 i n Region B J + log log (po/2.5)* - .16 

The new equation accounts for regional performance differences 
as well as variations i n base strength, and may be considered to be 
generally applicable to the (hypothetical) conditions of the s a t e l 
l i t e study. Residuals i n P average to be zero and have a mean abso
lute value of .16. 

I f desired, regional differences can be expressed i n terms of 
a r e l a t i v e strength measurement, RS. For example, i f deflections of 
AASHO Road Test sections (Table C2) are divided by deflections of 
comparable s a t e l l i t e sections (Tables 17 and 19) i t w i l l be found 
that the average r a t i o i s RS = 1.46 i n Region A and RS = 1.04 i n 
Region B. An approximate replacement of the regional factors +.08 
would then be log (RS/1.2). 

One f i n a l relationship w i l l be developed from the hypothetical 
data of Table 17, between performance index values and corresponding 
deflections. A l i n e a r regression of P on log d gives 

P = 9.90 - 2.81 log d + .27 

from which deflection values may be used to predict the performance 
indexes of the s a t e l l i t e t e s t sections. 

I t can be seen that the average absolute residual for predict
ing P from d i s about twice that for predicting P from D and RF or 
RS (.27 vs. .16). At the AASHO Road Test, both these average r e s i d -
\ials were s l i g h t l y over .20. 

There are many other analyses of the data i n Tables 16 and 17 
that could prove useful i n the l o c a l study of existing f l e x i b l e 
pavements, but the main intent of the example has been to show rather 
e x p l i c i t l y how pavement performance relationships developed at the 
AASHO Road Test can be adjusted to climates and materials that may 
be found among the s a t e l l i t e study s e c t i o n s — a t l e a s t for those de
sign variables ^Aiose intercorrelations are reasonably low. E f f e c t s 
of design variables which cannot be suitably studied i n the exis t i n g 
pavement sections w i l l presumably be investigated i n studies of new 
experimental pavements. 
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5.2 Individual Study of New Experimental Pavements 
A hypothetical r i g i d pavement study w i l l be used to i l l u s 

t r a te the guides that are given I n Chapter 4 for the study of 
new experimental pavements. There I s no Implication that the 
factors and l e v e l s selected for the i l l u s t r a t i o n are those that 
would be selected I n any p a r t i c u l a r s a t e l l i t e study. 

The general experiment design for the study I s shown i n 
Table 21, TAB 21 
Three pavement structure factors have been selected: 

1, Surfacing thickness at two l e v e l s , 6 i n , and 8 i n . , 
2, Surfacing reinforcement at two l e v e l s , non-rein

forced and continuously reinforced, 
3, Subbase quality at three l e v e l s , lime s t a b i l i z e d 

s o i l , gravel, and bituminous treated gravel. 
A l l 2 X 2 X 3 a 12 combinations of these factor l e v e l s 

are constructed at two t e s t s i t e s . S i t e 1 and S i t e 2, and two 
r e p l i c a t e sections appear at each s i t e . The major difference 
between t e s t s i t e s i s i n the roadbed s o i l c h a r a c t e r i s t i c s , i t 
being sssumed that both s i t e s have about the same climate as 
prevailed at the AASHO Road Test, 

Test section numbers i n Table 21 r e f e r to two-lane sections. 
Thus there are 28 (two-lane) s t r u c t u r a l sections i n the experi
ment design, 14 at each t e s t s i t e , and twice as many one-lane 
t e s t sections. I n t h i s I l l u s t r a t i o n a l l (hypothetical) data 
and analysis w i l l be for the outer lane t e s t sections. I n an 
actual experiment i t would be better to observe the loads and 
performance of t e s t sections I n both t r a f f i c lanes. I f loads 
are e s s e n t i a l l y equal i n the two lanes, average performance i n 
the two lanes should be used i n the a n a l y s i s . I f one lane car
r i e s considerably more loads than the other, then differences 
i n performance between the two lanes can be attributed to the 
ADL factor. Thus I t I s possible to study the e f f e c t of ADL 
within t e s t s i t e s as well as between t e s t s i t e s — p r o v i d e d that 
adequate load measurements are made. 
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TABLE 21: INDIVIDUAL STUDY OF NEW EXPERIMENTAL RIGID PAVEMENTS 
Experiment Design - Test Section Numbers 

Surface ' Surface 
Thick- Reinforce-
ness ment 

Sub-
' base . 
! Quai;» 

Test S i t e I ( Test S i t e 2 Surface ' Surface 
Thick- Reinforce-
ness ment 

Sub-
' base . 
! Quai;» A-6 Boadbed S o i l A-4 Roadbed S o i l 

L 211 232 (Replicate) 
NR ' G 

-
212 233 

6" B 213 234 
L 214 235 

CR G 215 236 

B ' 237 217 (Replicate) j 
„ L 218 238 

NR G 219 
220 (Kepllcate)) 239 

8" 
B 
L 

221 
222 

240 ; 
241 

CR G 223 242 
243 (Replicate) 

B 224 244 1 
Sections per lane 14 14 i i 28 

Notes: 1. Subbase Quality: L » Top 6 inches of roadbed s o i l i s 
lime s t a b i l i z e d . 

G - S inches of gravel s i m i l a r to AASHO 
Boad Test subbase. 

B B 6 inches of 3 percent bituodnous 
treated p i t run gravel. 

Surface Reinforcement: NR Non-reinforced, 15 foot Joint 
spacing, doweled. 

CR B 0.5 percent contlniioiisly rein« 
forced concrete. 
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As shown i n Figure 7, t e s t sections are assumed to be FIG 7 
800 feet long and are placed i n random order a t each t e s t s i t e * 
After the randomization, t r a n s i t i o n pavement between t e s t sec
tions was provided: 

1. Two hundred foot transitions between adjacent sections 
of the same type, either NR or CR. 

2. Four hundred foot transitions between NR and CR 
sections, three hundred of which i s CR extended into 
the t r a n s i t i o n to provide adequate continuous action. 

Hypothetical data for Section 201 are given i n Table 22, TAB 22 
at time of construction and a f t e r four and eight years of obseir-
vation. This section had an I n i t i a l s e r v i c e a b i l i t y index of 4*5, 
an index of 3.0 a f t e r four years, and i s shown to have p = 2«5 
a f t e r eight years. 

I l l u s t r a t i v e performance records for Sections 201 and 228 
are shown i n Figure 8a. I t can be seen that both records are SIG 8 
concave upwards. Figure 8b shows graphs of p versus log EL, and 
indicates performance indexes of P => 6.2 for Section 201 and 
P = 6,9 for Section 248. 

Hie performance index for Section 201 was observed a f t e r 
eight years, but as shown i n the l a s t l i n e of Table 22, i t s 
estimated index a f t e r four years was P - 5.98. TAB 23 

A sunmary of data for a l l t e s t sections i s given i n Table 23, 
Over ha l f the t e s t sections are shown to be above p » 2.5 a f t e r 
eight years. Performance index values for these sections were 
estimated by the procedures given i n Appendix D. The l a s t c o l 
umn of the table gives calculated performance index values for 
each section, using one of the AASHO Road Test performance equi-
tions given i n Appendix D. 

General Conclusions 
Casual comparison of the l a s t two columns indicates that 

the s a t e l l i t e study sections have higher performance index values 
than were predicted from the Road Test equation. 

Table 23 brings out that the two s i t e s d i f f e r not only i n 
roadbed c h a r a c t e r i s t i c s but also i n ADL and to a l e s s e r extent 
i n S i , the strength of surfacing material. Thus, with only two 
s i t e s , i t w i l l not be possible to separate the e f f e c t s of s i t e 
factors. 
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TABLE 22 : STUDY OF NEW EXPERIMENTAL RIGID PAVEMENTS 
Test Section - Data Summary Sheet (Hypothetical Data) 

Section No. 211 Location U.S. 89 Tacosa County 
Dimensions 800 f t . x 200 Other S i t e 1 WR 

Date Constructed July '61 

STBDCTURE VARIABLES 
Composite Strength: 18^ BB d e f l . , .001" 
Surfacing 

Subbase 

Mod. of E l a s 
As-built S t r . 
F i e l d S t r . 
Reinforcement 
Load Transfer 
Thickness 
Lab Strength 
F i e l d S t r . 
Thickness 

28 day Flex. 
(Dyn. Mod.) 
Type + o/o 
Type, space 
Inches 
Goheslometer 
K value(30") 
Inches 

S t a b i l i z a t i o n ^ Agent ®/o 

Roadbed Material 
Lab Strength : CBR 
F i e l d Strength: 
Swell : o/o 

LOAD VARIABLES 
Accumulated 18^ appls. : SL/IOOO 
Years of Service : Y 
Avg. dail y 18^ appls. : ADL 

CLIMATIC and REGIONAL VARIABLES 
Mean annual r a i n f a l l : Inches 
Avg. annual temp. : Degrees 
Frost index : C of R 
General Character - Drainage 

PERFORMANCE DATA 
Surface Roughness 
Cracking - Patching 
S e r v i c e a b i l i t y Index, 
Performance Index, P 

Slope Variance 
SF/IOOOSF 
(Rqe 201) 
(Eqn DIO) 
Estimates 

Dates of Measurement 
Const. Records 

3 

o 

3 
g o 

2-1 

H.r 

Jan. '65 

2.0 

July '69I 

2.^ 

3 ^ 

M,.0 

u> 

Cobs) 
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Figure 8: I l l u s t r a t i v e performance records and estimated performance indexes 

4.00 

a. yt vs. LL 

Sect. 228 

800 1200 l&OO 
EL/1000 

2000 24X)0 

b. p vs. log £L 

(Observed) 

log a . 

F » 6.91 
V, Estimated) 

8.0 



TABLE 23: DATA SUMMARY - ILLUSTRATIVE STUDY OF EXPERIMENTAL RIGID PAVEMENTS (Hypothetical Data) 

Experiment Design Variables 
Roadbed 
Material 

84 

Surf. 
Thick 

Surf. 
: Relnf. 

Subbase Type 
and K Value 

Si»e i 
Class 
A7-6 

CBR 
3.0 

Swell 
• 3 ~ v r 

Si t e 2 
Class 
"-A4~ 

CBR 

Swell 
0.5 '/o 

h i C l and 83 
6.0 NR L i 200 
6;2 NR G 100 
6.0 NR B 340 
6.1 CR L 180 
5;9 CR G 90 
6;1 CR B 340 
6i0 CR B 320 
8.1 NR L 210 
7.9 NR G 100 
8;0 NR G 90 
8.3 NR B 310 
7i9 CR L 200 
8.1 CR G 90 
8,0 CR B 340 
6.0 NR L 240 
6.0 NR L 260 
6 i l NR G 120 
6;2 NR B 350 
6.0 CR L 240 
5;9 CR G 100 
6.1 CR B 320 
871 NR L 250 
8i0 NR G 100 
8;0 NR B 330 
7.9 CR L 230 
8.2 CR G 120 

i 8.1 CR G 110 
! 8.0 CR B 330 

rrest 
iSect. 
No. 

Other Design Variables! Load Variables 

2 o r 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 

Mod. E l a s . 
4.0 X 10® 

Flex. S t r . 
700 

Surface 
Strength 

S i 

Subb 
Thick 

rlableal 
. 'B.B. I 

Defl. 

Mod. E l a s . 
4.2 X 10® 

Flex. S t r . 
720 

h^ d 
S;8 29 
6.3 33 
6;0 31 
6.1 34 
5.6 38 
6 i l 27 
5.9 23 
5.9 19 
6iO 20 
6.2 21 
6.2 15 
6i0 15 
6;2 19 
5,8 12 
6.3 31 
6;0 33 
6i3 26 
6 i l 21 
6.1 32 
5i9 27 
6;0 23 
6.0 18 
6.1 19 
6.3 16 
6;2 17 
6iO 18 
5;8 23 
6.1 19 

ADL and 
ZL/1000 
Y=4 Y«e 

ADL 

450 .570 

ZL/1000 

656 1660 

Performance 
Service Index 
p or (EL/1000) 

Y « 4 Y - e 

Variables 
[performance Index 
lobs, or Calculated 

ADL 

810 900 

SL/1000 

1180 2630 

4.5 3.0 (1650) i 6i22 ! 5.96 
4; 3 3.2 2.5 6; 22 6; 04 
4i 3 3.2 2.7 6i35 5.96 
4.4 3.3 2.8 6.42 6i00 
4;4 3.4 2; 9 6.47 5i92 
4;5 3.8 3.1 6.45 6.00 
4.6 3i9 3;3 6i57 5.96 
4;4 3.6 3.1 6.56 6i69 
4^3 3.7 3.2 6.58 6.63 
4;4 3.8 3.3 6;62 6.66 
4;4 3.9 3.4 6i63 6.75 
4.3 3.9 3.5 6.74 6.63 
4;5 4.2 3.8 6i78 6.69 
4^3 4,1 5.8 6.84 6.66 
4.4 2.8 (1500) 6;18 5.96 
4.5 3iO (1810) 6i26 5.96 
4;1 2.6 (1500) 6.18 6.00 
4;4 3i0 (2000) 6.30 6;04 
4.4 3.4 (2400) 6.38 5;96 
4w3 3.0 (2000) 6.30 5.92 
4.4 3.8 3.3 6.89 6.00 
4.4 3.8 3.4 6 i 9 l 6.69 
4i3 3.7 3.2 6i73 6.66 
4;5 3.8 3i3 6,79 6.66 
4^2 4.0 3.6 6.79 6.63 
4^3 4.0 3w4 6i67 6.72 
4i5 4i0 3.5 6.81 6.69 
4.4 4.0 3.6 6.91 6.66 

Note: Values i n parentheses i n s e r v i c e a b i l i t y index column are thousands 
of equivalent axle load applications when p = 2.5 

CD 
»-• 
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Other conclusions that can be drawn by Inspecting the 
next to l a s t column of Table 23 are that better performance 
has been obtained at either t e s t s i t e from sections with 
thicker surfaces^ and that the CR sections generally per
formed better than the NR sections. At each t e s t s i t e there 
are a number of pavement designs with high performance index 
values, say, over P = 6,7 ( f i v e m i l l i o n equivalent 18-klp ap
p l i c a t i o n s ) . I t may be supposed that any of these are quite 
adequate for the t e s t s i t e conditions. 

Direct Comparisons With AASHO Road Test Performance 
As i n Section 5.1 of the guidelines i t i s recommended 

that d i r e c t comparisons be made between the performance of 
s a t e l l i t e t e s t sections and comparable AASHO Road Test sec
tions. I n t h i s example i t I s supposed that a l l NR sections 
on gravel subbase are d i r e c t l y comparable with the AASHO Road 
Test NR sections having s i x Inches of subbase. Table 24 shows 
performance index comparisons, where the s a t e l l i t e section TAB 24 
Indexes are taken from Table 23 and the Road Test Indexes from 
from Table D3 I n Appendix D. 

I t may be concluded from Table 24 that the s a t e l l i t e sec
tion performance i s not e s s e n t i a l l y different from the AASHO 
Road TiBt performance—especially i n view of the Road Test 
v a r i a b i l i t y — f o r the p a r t i c u l a r pavement design that has been 
used for the compatlson. 

AdJusfcBent of AASHO Road Test Relationships to Local Conditions 
As i n the example of Section 5.1, Table 20, i t i s recom

mended that mean values be obtained for P at each l e v e l of the 
experiment design variables. For the four experiment design 
factors of the i l l u s t r a t i o n , Table 25 shows a l l one-factor and 
two-factor averages for P. For example, i t i s seen that the 
mean difference between 6 inch and 8 inch surfacing I s ^ 
6.75 - 6.37 » .48, or that the mean difference between S i t e 2 
and S i t e 1 i s 6.60 - 6.53 « .07. To the extent that the .48 
difference does not occur a t both s i t e s , or that the .07 
difference does not occur a t both thicknesses, there i s I n t e r 
action between the s i t e and surfacing thickness factors, i . e . , 
a two-factor i n t e r a c t i o n . The table shows that the mean d i f f e r -
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TABLE 24: PERFORMANCE INDEX COMPARISONS CF SATELLITE AND 
AASHO ROAD TEST SECTIONS 

Surfacing 
Thickness 

6.0 i n . 

Wnn^retnforcad S u r f a c i n g and R it^r firaVgl gubfragfi r-
SatellltrSectlonr(TabU 23) AASHO Road Test Sections (Table D3) 
Sect. No. Obs. P E s t , P Sect. No. Obs. P E s t . P 

6.5 I n . 

202 6.22 
217 6.18 

Avg. 6,22 

None 

None 

8.0 i n . 

209 
210 

223 

Avg. 

6.58 
6.62 

6.60 

6.73 

249 
.If 5.67 

187 5.70 
250 6.02 
188 5,98 
697 6,53 
655 6;43 
698 6,36 
656 6.14 
517 6.31 
489 6.33 
518 6.08 
490 6.26 

Avg. 6.23 6,10 
235 5.73 
236 6,07 
683 6.44 
657 6,36 
684 6,57 
658 6,72 
539 6.80 
533 6.75 
540 6.81 
534 6.98 
393 7.18 
401 7.16 
394 7.25 
402 6.74 

Avg. 6.74 6,68 



TABLE 25: MEAN VALUES OF PERFORMANCE INDEX ESTIMATES (Hypothetical Data) 

Factors and 
Levels 

S i t e Site 
1 2 

Both 
Sit e s 

6" Surface 
8" Surface 

6t36 6.38 
6f69 6.81 

6,37 
6,75 

NR 
CR 

6.43 6^52 
6.63 6.67 

6,48 
6.65 

Sub- L 
base G 

B 

6.48 6.58 
6.52 6f49 
6.58 6.72 

6,53 
6.50 
6.65 

Si t e Means 6.53 6.60 6.56 

Factors and Subbase 
Levels L G B 

6" Surface 6,31 6,29 6.51 
8" Surface 6,75 6,71 6.79 
NR 6.48 6,43 6,52 
CR 6.58 6.57 6.79 

Factors and 
Levels NR CR 

6*' Surface 
8" Surface 

6,25 6.49 
6.70 6.80 

OD 
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ence between CR and NR sections I s 6.79 - 6.54 » .27. The L 
and G levels of subbase have about the same mean values, and 
that for B i s sonewhat higher. 

After the means table I s constructed f o r P (or any other 
observations of pavement behavior) I t I s recommended that an 
analysis of variance be made to determine the r e l a t i v e amount 
of v a r i a t i o n that can be explained by the experiment design, 
factors and t h e i r Interactions. TAB 2( 

Table 26 gives the analysis of variance f o r the I l l u s 
t r a t i v e performance Indexes. The f i r s t l i n e of the table shows 
a t o t a l sian of squared deviations (SS) from the o v e r a l l mean 
(P « 6.56) of 1.42. Of t h i s , 1.17/1.42 » 83 percent I s a t t r i b 
utable to the main effects of the four factors. Two factor ef
fects account f o r .14/1.42 - 10 percent additional v a r i a t i o n , 
and seven percent o f the t o t a l I s a t t r i b u t a b l e to three and four 
factor Interactions. 

Mean squares (MS) are stans of squares per degree of freedom 
(df) and are tised to I n f e r the significance of the factor effects 
r e l a t i v e to unexplained v a r i a t i o n . I n the present example I t I s 
assumed that three and four factor Interactions (MS = .011) pro
vide a reference f o r appraising any of the mean squares above 
t h i s l i n e . 

This assumption amounts to the supposition that with more 
replicates, the mean square f o r replicates (.005 i n the l a s t 
l i n e ) would be similar to the high order i n t e r a c t i o n mean square. 

I n order f o r the main effects and two factor i n t e r a c t i o n 
effects to be s i g n i f i c a n t by common s t a t i s t i c a l standards ap
pli e d to the present example, they should have mean squares at 
least three times the reference mean square^. 

^ Procedures f o r regression analysis, analysis of variance, and s t a t i s t i c a l 
tests of significance w i l l not be given I n the guidelines since they are 
available I n many texts on the analysis of experimental data. 



TABLE 26: ANALYSIS OF VARIANCE FOR PERFORMANCE INDEX VALUES (HYPOTHETICAL DATA) 

Source of Variation 

1.420 Total Variation around Grand Mean 
Main E^fecta 

SI tea 
Surfacing Thlckneaa 
Reinforcement 
Subbase Type 

TWO Factor Interactions 
Sites X Surf. Thickness 
Sites X Relnforcaaent 
Sites X Subbaae 
Surf f Thlckneaa x Reinforcement 
Surf. Thickness x Subbaae Type 
Reinforcement x Subbase Type 

Three and Four Factor Interactions 
Replicate Differences 

09 
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By t h i s c r i t e r i o n only one two-factor Interaction, surface 
thickness x reinforcement, approaches s t a t i s t i c a l significance. 
Of the four main effects, a l l but that of the s i t e factor w i l l 
be considered to be s i g n i f i c a n t , and therefore w i l l be used I n 
the regression analysis of P, I t w i l l be found, I n Table 26, 
that the m«in effects of thickness, reinforcement, and subbase 
type account f o r about 80 percent of the t o t a l v a r i a t i o n . 

Before leaving the analysis of variance I t I s noteworthy 
that the reference mean square o f .011 i s very close to the r e f 
erence flMMn square i n corresponding analyses of AASHO Road Test 
perfomance date (about .012). 

The following foriis of models (10) and (11), given i n Sec
t i o n 4.4.3, w i l l be used to f i t the I l l u s t r a t i v e data: 

F « Ao + Ai log D -I- log log (Po/2.5) 

D = aihx + agCj. + ask + a4 

The three factors whose effects were Inferred to be s i g n i 
f i c a n t i n Table 26 appear i n the s t r u c t u r a l Index, D. Surfacing 
thickness I s used d i r e c t l y , as h^, while reinforcement I s coded 
so that c i « 0 f o r NR and c i » 1 f o r CR pavement sections. Sub-
base q u a l i t y i s Introduced i n terms of the modulus k, although 
i t i s recognized that the subbase effects shown i n Table 25 are 
more c u r v i l i n e a r than l i n e a r with respect to k. 

The same two-stage procedure that was used i n Section 5.1 
w i l l be tised to f i t the observed data to the models. F i r s t the 
exponential function of j p - log log (Pq/2.5) /8 i s regressed 
on h i , c i and k to obtain an expression f o r D, 

D s .36hi + .34ci + . I l k + 3.66 

Then P - log log (Po/2.5) i s regressed on log D to obtain 

P » .47 + 8.19 log D + log log (p^/2.5) - .08 

where the error term i s a mean absolute residual between calcu
lated and observed (or estimated) values of P. The AASHO Road 
Test performance equation (D5) i n Appendix D has thus been modi
f i e d to f i t the s a t e l l i t e t e s t data, p a r t l y i n terms of c o e f f i 
cients but mainly through the extension to s t r u c t u r a l factors 
that did not appear i n the AASHO Road Test. 
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Performance eqiiations such as the one Just developed 
can be used to determine the s t r u c t u r a l Index, D, that would 
be required f o r a specified l e v e l of performance, P. 

I t i s supposed that the average absolute residual, .08, 
w i l l be considered at the time P I s specified. The formula 
f o r D w i l l then determine a l t e r n a t i v e combinations of h i and 
ci which y i e l d the required D f o r a given value of k. When 
used i n t h i s way the performance equation may be regarded as 
a design equation. 

Ihe l a s t relationship that w i l l be considered f o r the 
i l l u s t r a t i v e data i s the association between P and d, the 
Benkelman beam deflections given i n Table 23. When P i s 
regressed on log d the r e s u l t i n g equation i s 

P = 8.44 - 1.39 log d t ,12 

Although the error term i s larger f o r t h i s r e s u l t than 
f o r the performance - structure relationship, both are con
siderably smaller than were the corresponding error terms a t 
the AASHO Road Test. However, i t should not be Inferred that 
the results of t h i s example would be borne out I n an actual 
s a t e l l i t e study. 

Figure 9 shows performance index and deflection data as 
well as the derived relationship between these variables. 
The dotted curves, at distances -.12 from the central curve, 
bring out that somewhat over half the observed points w i l l 
generally be contained w i t h i n one absolute mean residual of 
the values given by the equation. 
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Figure 9; Parfomance Index versus Deflections (Rypothatlcal Data) 

Perfomane* 

Index 

6.704 

P - 8,44*1.59 log d 

d « 18-klp Benkelman beam deflectlona (.001 i n . ) 
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Appendix A — Structural Variables 

OUTLINE 

I Test Section Variables 
A. Coring and Sampling 
B. nilcknesses 
C. Composite or Relative Strength 

1. Flexible 
2. Rigid 

I I Surfacing Variables 
A. Portland Cement Concrete 

1. Cement 
2. Aggregate 
3. Strength 

B. Asphaltic Concrete 
1. Asphalt 
2. Aggregate 
3. Strength 

f 4. D u r a b i l i t y and Composition 
5. Other Characteristics 

I I I Base and/or Subbases 
A. Strength 

1. Existing - F i e l d 
2. As-built 

B. In-place Density and W/C 
C. S t a b i l i z a t i o n or Treatment 
D. Gradation and C l a s s i f i c a t i o n 

IV Itoadbed 
A. Strength 

1. Existing f i e l d 
2. As-built 

B. In-place Density and W/C 
C. C l a s s i f i c a t i o n Tests 
D. Swell 
E. Itodifications or Treatment 

V Maintenance 
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Appendix A 

Structural Variables 

The purpose of t h i s appendix i s to provide a reference l i s t f o r the many 
tests and procedures that may be used to evaluate s t r u c t u r a l variables that have 
been mentioned i n the main te x t of the guidelines. These variables are called 
"strength characteristics" of the pavement components (surfacing courses, base 
courses, subbase courses, and roadbed materials) and Include indicators of over
a l l s t r u c t u r a l strength or "composite strength" as well as measures of i n d i v i d 
ual strength. I t i s suggested that whenever possible, standard AASHO or ASTM 
methods be u t i l i z e d to minimize the.variations i n results which occur due to 
modifications i n testing techniques. I t i s not to be implied that a l l of these 
tests are recommended f o r use. Nprmally one or perhaps two methods w i l l be 
chosen from each category f o r use. 

No details are provided f o r any of the tests involved. Wherever possible, 
references are provided to nationwide standard tests. I n some cases a reference 
i s made to a standard test procedure of one of the state highway departments. 
The least specific Information given w i l l be to tests and procedures which have 
not yet been adopted as a standard method by anyone, but.which have been used 
extensively, e.g., te s t procedure at the AASHD Road Test. 

I t i s expected that an important adjunct to the guidelines w i l l take the 
form of a manual that includes specific directions f o r evaluating s t r u c t u r a l , 
load, and performance variables. 

I . Test Section Variables 
This category contains variables which apply to the entire test section 

as a u n i t or to several parts of the test section separately, 

A, Coring and Sampling i n Existing Pavements 
I t i s extremely d i f f i c u l t to sample materials i n existing pave

ments without undue degradation of the aggregates or the disturbance 
of in-place samples, etc. Certain precautions are, therefore, neces
sary. The measurement team project should provide specific informa
t i o n on the problems involved with sampling of existing pavements. 
The size of samples w i l l , of course, depend on the p a r t i c u l a r t e s t 
ing program involved i n a given study. 
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B. Thickness 
Coring or other destructive Investigations are presently re

quired to obtain reasonable estimates of layer thickness. Sê  r a l 
such tests are r e q u l ^ d to provide information concerning possible 
thickness var i a t i o n s . This I s true f o r both new and ex i s t i n g pave
ments. 

C, Composite Strength (Relative Strength) 
This category contains those variables whose values are obtained 

from nondestructive tests and which r e f l e c t the structure's o v e r a l l 
resistance tp loads applied at the pavement surface, e.g., load carry
ing capacity. I t I s hoped that these values w i l l be helpful as pre
dictors of pavement l i f e or as Indicators of r e l a t i v e environment. 

1. Flexible Pavement 
a. Benkelman beam deflections. This r e l a t i v e l y simple 

t o o l has proved to be very useful at both the WASHO 
and AASHO Road Tests. Senile procedures can be found 
i n the following references: 

Special Report 61E, AASH) Road Test Repprt 5 
Pavement Research, page 283, Appendix D. High
way Research Board. 
Special Report 22, The WASHO Road Test» page 97, 
Highway Research Board. 
I ^ e c l a l Report 75, Stj. Louis Conference on the 
AASHD Road Test. 1962, pages 103, 104, Highway 
Research Board. 

b. LVDT Deflections. I n some instances i t w i l l be prac
t i c a l and desirable to I n s t a l l permanent stations f o r 
making dynamic deflections. S\ich measurements were 
also used at the AASHO RDad Test: 

Special Report 61E, AASHD Road Test. Report 5, 
Pavement Research, page 283, Highway Research 
Board. 

c. Dynamic Moduli Testing. An in|>ortant new nondestruc
t i v e t e s t i n g method i s npw available which should 
prove to be very h e l p f u l , ^ l e equipment and methods 
presently i n use vary from agency to agency. 
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Referencea: U. S. Corps of Engineers, "A Procedure f o r 
Determining Elastic Moduli of Soils by F i e l d Vibratory 
Techniques". 

Heukelom, W. and Foster, C.R., "Dynamic Testing of Pave-
menta" Proceedings ASCÊ  Journal of the Soil Mechanics 
and Foundations Division, No. SMI, Part I , Volume 86, 
Febrtiary 1960. 

The AASHD Road Test Report 6. Special Studies. SR61F, 
page 109, Highway Research Board, 1962. 

d. Plate Load Tests - ASTM D1195-57 and D1196-57 

2. Rigid Pavements 
a. Static Rebound Deflections. At the AASHD Road Teat the 

Benkelman beam was f i r s t adopted f o r use on r i g i d pave
ments. The technique proved to be very successful and 
ainqple. References are l i s t e d below but the publication 
of atandard procedures i s s t i l l needed. 

References: The AASHO Road Test. Report 5. Pavement 
Research, pp. 180-200, SR 61E, Highway Reaearch Board, 
1962. 

Hudson, W. R., "The Value of Benkelman Beam Deflections 
i n Rigid Pavement Deaign", Texas Highway Research, Re
port No. 62-5, 1963. 

b. Dynamic Deflections. On new pavement studies i t may be 
feasible to I n s t a l l the equipment necessary f o r dynamic 
deflections. One such meaaurement method waa uaed at 
the AASBO Road Teat. 

Reference: The AASHD Road Test. Report 5. Pavement 
Research, pp. 180-200, SR 61E, Highway Research Board, 
1962. 

c. Volumetric Determination of Westergaard K. 
The U.S. Corps of Engineers has developed a wmdestruc-

^ t l v e method of determining Westergaard'a Foitndatlon 
Modulus. 
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Reference: The AASHO Road T^st. Report 6, Special 
^ Studies, page 107, SR 61F, Highway Research Board, 

1962. 

d. Pavement Load - Strains. Hherever feasible the 
r i g i d pavement sections should be Instrumented w i t h 
s t r a i n gages to determine load Stresses. 

Reference: The AASBD Road Tfcst. Report 5. Pavement 
Research. pp. 179-200, SR 61B> Highway Research Board, 
1962. 

Hudson, W. R. "Comparison of Concrete Pavement Load-
Stresses a t AASHO Road Test w i t h Previous Woric." 
Highway Research Board, 1963. 

IZ* Surfacing Variables 
A. Portland Cement Concrete 

1. Strength - considerable v a r i a t i o n exists concerning age f o r 
new concrete t e s t i n g . Fourteen-day t e s t i n g i s recommended 
as a compromise. For e x i s t i n g pavements, age should be 
specified. 

a. AASHO T97 - 60 (ASIN 78 - 59) Flexnral Strength of 
Concrete (using 8iq>le beam wi t h t h i r d - p o i n t loading). 
From time to time AASHO and ASTH tes t methods are re
vised. Whenever applicable, use l a t e s t version of 
methods i n l i e u of those l i s t e d . 

b. S p l i t t i n g Tensile Strength of Molded Concrete Cylind
ers - ASOf C 496 - 62 T. 

c. Compressive Strength of Molded Concrete Cylinders -
AASHO T22 - 60 (ASTM C 39 - 59). 

2. D u r a b i l i t y - Concrete pavements are subjected to extreme 
temperatures and deidng chetQicals during t h e i r l i f e . Some 
evaluation o f t h i s property I s needed. 

a. Freese-thaw t e s t ASIK (C 290, C 291, C 292, and C 310) 
61T. 

b. See soundness of aggregates. 

c. A i r content - p l a s t i c concrete - AASHO T 152 - 57 
(ASIM C 231 - 60) and (ASTM C 173 - 58). 
Hardened concrete - ASTM C 457 - 60T 
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3. Supporting Methods 
a. Making and Curing Concrete Compreaalve and Flexnral 

Specimens i n the Laboratory — AASHO T126 - 60 (ASIM 
C 192 - 59). 

b. Making and Curing Concrete Compressive and Flexural 
Specimens i n the F i e l d — AASHO T23 - 60 (ASIM C 31-59). 

e» Securing, Preparing, and Testing Specimens from Hard
ened Ceaerete f o r Compressive and Flexnral Strengths— 
AASHO T24 - 60 (ASIM C 42 - 60). 

4. Cements 

5. Aggregates - "Abrasion o f Coarse Aggregates by Los Angeles 
Machine", AASBD 196 - 60. 
"Soundness o f Aggregates by Use o f Sodium Sulfate", AASHO 
T104 - 57. 
*%iev« Analysis o f Fine and Coarse Aggregatea", AASHO T27-60. 
"Bhit Helgiht o f Aggregatea", AASBO T19 - 56. 
"Plastic Fines I n Aggregate, Index o f Sand Equivalent", 
AASBO T176 - 56. 

B. Ittwtmeua Concrete 
1. Benslty - In-place determination. "Specific Gravity of Com

pressed Bitnmlnous Mixtures" ASIM D1188 - 53 (samplea cut from 
roadway). "Balk Specific Gravity of tmat Specimens" AASBO 
T165 - 55 or ASIM B1075 - 54 (samples cut from roadway). 

2. Told Content - Hsxlmum Specific Gravity of Bituminoua Mix
tures" ASIM SIP 191 or Asphalt I n a t i t u t e Mix Design Manual, 
Second Ed i t i o n . 

3* Bitomea Content - *^ a a n t i t a t i v e Extraction of Bitumen from 
Bltodaous Paving MUtnres" ASIM D2172 - 63T. 

4* Strength - "Beslstanee to Plastic Flow of Bituminous Mixtures 
Vslng Msrshall Apparatus" ASIM D1559 - 60T. 
"Beslstanee to Deformation and Cohesion of Bituminous Mixtures 
by Hsans of Bveem Apparatus" ASIM D1560 - 62T. 

5. Asphalt Quality and D u r a b i l i t y - "Penetration of Bituminous 
Huterlals" ASIM D5 - 61, "Recovery of Asfhalt from Soluticv. 
h f Abson Hsthod" ASIM D1856 - 63. 



**Ihin Film Oven Test** AASBO T179 - 60 or ASm D2170 - 63T. 
"Saybolt Viacosity" ASTM D68 - 56 or AASBD T72 - 57. 
nUnematic Viscosity of Asphalts'* ASIM D2170 - 63T. 
"Abaolute Viscosity of Asphalts'* ASDI D2171 - 63T. 
'*Vi8co8lty by Halllfcalnen Microfilm Viscometer", Texas 
Transportation I n s t i t u t e Procedure, 1963. 
"Viscosity of Asphalt Cement from a Constroction Standpoint", 
NBCA (Hational Bituminous Concrete Association). 
"Proposed Method of Testing f o r Aging Index of Bltumlaous 
Materials", pages 47 - 55, Texas Trans. I n s t . - Taxes H i ^ -
way Department Cooperative Research Project 15, Report Ho. 4, 
October 1962. (Under ASTM study now). 
Hveem, Znbe, and Skog, "Determination of D n c t i b l l i t y " , 
Proceedings Association Asphalt Paving Technologists, 32, 
page 324 (1963). 

6. Aggregates - See Portland Cement Concrete 

7. Supporting Tfests - "Sampling Bituminous Paving Mixtures", 
I AASBD T168 - 55 (ASTM D 979 - 51). 

I I I . Base and Sabbase 
A. Granular ( I d e n t i f i c a t i o n tests also apply to aggregate portions 

o f s t a b i l i z e d bases) 
1. I d e n t i f i c a t i o n Tests 

"Wet Preparation of Disturbed Soil Sanples f o r Test", AASBO 
T146 - 49. 
"Dry Preparation of Disturbed Soil Samplea f o r Test", AASHO 
T87 - 57. 
"Mechanical Analysis of Soils", AASHO T88 - 57. 
"Determining the Liquid L i m i t of Soils", AASBO T89 - 60 
"Determining the Plastic Limit and p i a s t i d t y Index of Soils", 
AASBO T90 - 61. 
"Plastic Fines i n Graded Aggregates and Soils by Use of Sand 
Equivalent Teat", AASHO T176 - 56. 

2. Moisture and Density Tests 
"MBisture - Density Relations of Soils Using a 10-pound Ram
mer and an 18-inch Drop", AASBO T180 - 61T. 
In-place moisture and density may be determined by a properly 
calibrated nuclear device. 
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"Field Method f o r Determination of In-place Density of Soils 
and Base Materials", Tex 115 - E. 
"Field Moisture Content" - sample s h a l l be appropriately 
dried i n the f i e l d or sealed and transport^*:! l!r.r«d.lately 
to the lab f o r oven drying. 

3. Strength Tests 
' * I r i a x l a l Compression Tests f o r Disturbed Soils and Base 
Materials", often termed "Texas T r i a x i a l " , Tttx - 117 - E 
July 1963. 
"Kansas T r i a x i a l Compression Tests" (as described i n Bulle
t i n n>. 8, HBB, 1947). 
"Suggested Method of Test f o r Moisture Density Relationship 
and Cali f o r n i a Bearing Ratio of Soils (CBR)", submitted by 
Corps of Engineers, U. S. Army, Procedures f o r Ttestlng Soils, 
A p r i l 1958, ASIM "Suggested Methods". 
"Method of Teat f o r Determination of the Resistance "R!* value 
of Treated and Qhtreated Bases, Subbases, and Basement Soils 
by the Stabiloaeter", Ca l i f o r n i a 301-D (July 1963). 

B. Stablllged Layers - Many of the tests described above are applicable 
to s t a b i l i s e d layers. I n addition, some t e s t should be Included t o 
evaluate the bending or t e n s i l e strength o f the s t a b i l i z e d layer, 
such as the following: 

1. Content of s t a b i l i z i n g agent should be determined and reported. 

2* Aggregate - A l l appropriate i d e n t i f i c a t i o n tests should be 
run (see graonlar base and subbase l i s t ) . 

3. Strength - "Method of Test f o r Coheslometer Value", C a l i 
fornia 306-C, Jtily 1963. 
"Dhconflned Compression Test", ASTM C496 - 62T. This t e s t 
should be adopted f o r t e s t i n g of cores and molded cylinders 
of s t a b i l i z e d materials. 
" S p l i t t i n g Tensile Strength" - This ten t a t i v e t e s t has a 
good th e o r e t i c a l background and has been used successfully 
i n the t e s t i n g of concrete. I t should be Investigated as 
a possible means of evaluating the t e n s i l e properties of 
s t a b i l i z e d bases. 
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"Making and Curing Soil - CoMnt Compression end Flexible 
Test Specimen i n the Laboratory" and "Flexaral Strength of 
Soil Cement Itoing Simple Beam wit h Third-Point Loading", 
ASTM D 1632 - 59T and 1635 - 59T. 

"Standard Method of Testing Soil Bitumen Mixtures" ASTM 
D 915 - 61. 

IV. Roadbed Material 
A. I d e n t i f i c a t i o n Testa 

Preparation of samples - see Granular Base and Subbase 
Gradation « H I t N 

N n 

H n 
Liquid Limits n » u 
Plastic Umits w « n 
P l a s t i c i t y Index « H .. « 

B. Maisture Density Ttests 
Moisture Content - see Granular Base and Subbase 
Density •» « « m w 
( I t may also be desirable to determine moisture - density r e l a 
tions f o r weak s o i l s by the AASHO Method T99 - 61T (ASTM 
D 698 - 58T). 

C. Strength Tests - see Base and Subbase 

Maintenance 
The amount and type of s t r u c t u r a l maintenance a section receives i s 

important to i t s ultimate performance. A section can receive so much main
tenance, f o r example, as to r e s u l t i n a modified structure, e.g., an asphal-
t i c concrete overlay results i n an Increased surface thickness. On the 
other hand, cer t a i n types of maintenance operations r e s u l t i n a decrease 
i n p and i n a cursory analysis could appear to give decreased performance 
because of the rapid loss i n p, e.g., excessive sealing of cracks or seel 
coating a section. Excessive patching sometimes results I n extra roughness 
due to the poor q u a l i t y of the patch Job. 

I n e i t h e r event the s e r v i c e a b i l i t y of the section w i l l have been modi
f i e d by maintenance. On the other hand, c e r t a i n basic malnteiuince i s inher
ent i n a highway system and i t may be desirable to evaluate the in-service 
pavements under these "normal maintenance conditions", e*g., many pavements 
i n Texfs are sealed every four or f i v e years to o f f s e t oxidation of the as
phalts* I n any case, a set of maintenance ground rules should be set up f o r 
uniformity among the sections i n any study. 
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i Ihc following general ground-rules are recommended f o r any study, p a r t i c 
u l a r l y the nationwide study: 

1. Crack sealing and patching repair o f potholea are considered t o 
be i n the realm of "normally required maintenance". Mb r e s t r i c 
t i o n w i l l be placed on the woric, but "normal" schedules should 
be followed. 

2. Seals - Some decision i s required here since the e f f e c t of seals i s 
known to be important to the l i f e o f a pavement. 

3. Mijor Patching - When a section has received a large amount of 
patching i t i s considered t o be s t r u c t u r a l l y altered. Allowable 
maintenance at the AASBO Road l a a t was held to approximately ten 
percent of the surface area. From obaervations of ex i s t i n g pave
ment such a value appears to be reasonable f o r study of in-service 
pavements. 

4. Overlays - This i s considered to be beyond the class o f 'teinten-
ance" as described f o r t h i s project, because i t results i n d i r e c t 
modification o f two s t r u c t u r a l variables, s i and h i . Furthermore, 
p ahould be returned to 4.0+ by good overlay and t h i s would destroy 

any p o s s i b i l i t y o f analysis. Any possible study of such a section 
would involve the performance of the section p r i o r to the overlay 
and/or the service received from the modified section a f t e r the 
overlay. 

I t i s recommended that r e a l i s t i c cost records be kept f o r maintenance of 
the pavement i n each t e s t section along w i t h adequate records o f dates and 
actual work performed. 
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Appendix B 

Load Variables 

This appendix contains equivalency factors and computational procedures that 
may be used to convert actual axle load applications i n t o equivalent nuodiera of 
18-kip single axle load applications. 

The concept of a load equivalency factor rests on the assumption that i f N 
applications of an 18-klp single axle load are required to reduce a pavement's 
s e r v i c e a b i l i t y from Pg to p = 2.5, there i s a m u l t i p l i e r , K, f o r some other axle 
load, L, such that KN applications of load L would also res u l t i n s e r v i c e a b i l i t y 
loss from Po to p = 2.5. The m u l t i p l i e r K i s called a load equivalency factor. 
The AASBO Road Test performance equations (see Appendix D) were such that values 
f o r K were obtainable from the equations. These values were not only somewhat 
d i f f e r e n t f o r f l e x i b l e and r i g i d pavements, especially f o r tandem axle loads, but 
also varied w i t h the pavement design i t s e l f . Variations i n K for d i f f e r e n t de
signs are given i n the AASHO Interim Guides f o r f l e x i b l e and r i g i d pavement de
sign. Table Bla shows average load equivalency factors, and t h e i r logarithms, TAB B 
for f l e x i b l e pavement designs whose thickness indexes (see Appendix ti) were 4, 
5 and 6, and f o r r i g i d pavement designs whose surface thicknesses were 8, 9 and 
10 inches. 

Logarithms of the equivalency factors are given to show how much the perform
ance index, log £L to p = 2.5, i s affected by the equivalency factor. For example, 
i f 10° applications of an 18-kip axle load reduced the s e r v i c e a b i l i t y of a section 
to p - 2.5, then the section's performance index i s P « log 10° = 6.0. I f these 
10° applications were a l l 6-kip axle loads, however, the equivalent applications 
would be TX. => .01 x 10°, and P = 6.0 - 2.00 = 4.0. 

I n work that was done at the HRB subsequent to the AASBO Road Test i t was 
noted that i f the logarithms of the equivalency factors i n Table Bla are p l o t 
ted against the logarithms of the axle loads, the variations may be represented 
by the relationships 

log K = 4(log L - log 18) or K = (^hs)* f o r single axles 

(BI) log K « 4(log L - log 33) or K = (^33)^^ f o r tandem axles op 
f l e x i b l e pavement 

log K = 4(log L - log 29) or K =(^29)"* f o r tandem axles on 
r i g i d pavement 



TABLE Bl: FACTORS FOR DETERMINING EQUIVALENT 18 KIP SINGLE AXLE LOADS 
! Observed a. AASHO Interim 
1 AkU Guides (p s 2.5) 

Load (kip) Flexible Rigid 
Single Axle Factor Log Factor Log 

i 2 .0002 -3.70 .0002 -3.70 
i 4 .0023 -2.64 .0020 -2.70 

6 .010 -2.00 .010 -2.00 
8 .033 -1.48 .030 -1.52 
10 .090 -1.05 .080 -1.10 
12 ; .19 -.72 .18 -.74 
U 1 .36 -.44 .34 -.47 
16 .63 -.20 .60 -.22 
18 1.0 .00 1.0 .00 
20 1.5 .18 1.6 .20 

j 22 2.2 .34 2.3 .36 
1 24 3.1 .49 3.3 .52 
: 26 4.2 .62 4.6 .66 

28 5.5 .74 6.3 .80 
30 7.2 .86 8.4 .92 
32 9.2 .96 10.7 1.03 

Tandem Axle Factor Log Factor Log Factor 
10 .01 -2.00 .01 -2.00 .008 
12 .013 -1.89 .03 -1.52 .017 

.027 -1.57 .05 -1.30 .032 
16 .050 -1.30 .08 -1.10 .055 
18 .080 -1.10 .13 -.89 .089 
20 .12 -.92 .21 -.68 .13 
22 .19 -.72 .31 -.51 .20 
24 .26 -.58 .44 -.36 .28 
26 ! .37 -.43 .62 -.21 .39 
28 .50 -.30 .85 -.07 .52 
30 .66 -.18 1.1 .04 .68 
32 .86 -.07 1.5 .18 .88 
34 1.1 .04 1.9 .28 1.1 
36 1.4 .15 2.4 .38 1.4 
38 1.7 .23 3.0 .48 1.8 
40 2.1 .32 3.7 .57 2.2 
42 2.5 .40 4.5 .65 2.6 
44 3.0 .48 5.5 .74 3.2 
46 3.6 .56 6.5 .81 3.8 
48 4.2 .62 7.7 .89 4.5 
50 ~ ~ ~ —• — — 5.3 

b. Fourth Power 
Approximations 

Flexible Rigid 
Factor 
.00015 
.0024 
.012 
.039 
.095 
.20 
.37 
.62 

1.0 
1.5 
2.2 
3.2 
4.4 
5.9 
7.7 
10.0 

Log 
-2.10 
-1.77 
-1.49 
-1.26 
-1.06 
-.89 
-.70 
-.55 
-.41 
-.28 
-.17 
-.06 
.04 
.15 
.26 
.34 
.42 
.51 
.58 
.65 
.72 

Log 
-3.82 
-2.62 
-1.92 
-1.41 
-1.03 
-.70 
-.43 
-.21 
.00 
.18 
.34 
.51 
.64 
.77 
.89 

1.00 
Factor 

.014 

.029 

.054 

.093 

.15 

.25 

.33 

.47 

.65 

.87 
1.2 
1.5 
1.9 
2.4 
3.0 
3.6 
4.4 
5.3 
6.3 
7.5 
8.8 

Log 
-1.85 
-1.54 
-1.27 
-1.03 
-.82 
-.64 
-.48 
-.33 
-.19 
-.06 
.08 
.18 
.28 
.38 
.48 
.56 
.64 
.72 
.80 
.88 
.94 

c. Asphalt Institute 
Factors 

Flexible 
Factor 

.054 

.078 
.11 
.16 
.23 
.34 
.48 
.70 

1.0 
1.4 
2.1 
3.0 
4.3 
6.2 
8.9 
11.4 

Factor 
.14 
.17 
.21 
.25 
.30 
• 36 
.43 
.52 
.62 
.74 
.89 

1.1 
1.3 
1.5 
1.8 
2.2 
2.7 
3.2 
3.8 
4.6 
5.5 

Log 
-1.27 
-1.11 
-.96 
-.80 
-.64 
-.47 
-.32 
-.15 
.00 
.15 
.32 
.48 
.63 
.79 
.95 

1.06 
Log 
-.84 
-.76 
-.68 
-.60 
-.52 
-.44 
-.37 
-.28 
-.21 
-.13 
-.06 
.04 
.11 
.18 
.26 
.34 
.43 
.51 
.58 
.66 
.74 
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These relationships are I l l u s t r a t e d I n Figure Bl and values obtained FIG Bl 
from equations ( B l ) are given I n Table Bib. I t I s suggested that the 
"fourth power" approximations are s u f f i c i e n t l y precise to uae I n evaluating 
axle load applications f o r s a t e l l i t e test sections. 

Analysis of f l e x i b l e pavement performance data by the Asphalt I n s t i t u t e 
produced load equivalency factors as shown I n Table Blc and Figure Bl. 
These factors are Included since they must be used to ar r i v e at performance 
Index values given by the AI performance equations (see Appendix D), I t can 
be seen that the AI factors are considerably larger than the AASBO factors f o r 
small axle loads, and are somewhat larger f o r r e l a t i v e l y heavy axle loads. 

Table A22 represents a suggested procedure f o r determining the two axle TAB B2 
load variables, ADL and 2X f o r a single test section. I n t h i s I l l u s t r a t i o n I t 
Is supposed that the section was f i r s t observed as a s a t e l l i t e t e s t section 
a f t e r Y = 18 years of service. For each year the table provides f o r three 
classes of vehicles (autos, single u n i t trucks and t r a c t o r t r a i l e r s ) f o r single 
axle loads ranging from 2 to 30-kip and f o r tandem axle loads from 16 to 48-kip. 
I n an actual case I t may be desirable to Include d i f f e r e n t vehicle classes and/or 
axle loads than are iised f o r the I l l u s t r a t i o n . 

Four, rows are shown I n the table f o r each vehicle class I n each year. The 
f i r s t such row provides f o r tabulation of the actual d i s t r i b u t i o n of axle loads 
obtained I n loadometer studies carried out during the year. Thus f o r year 1 the 
table shows that no loads were actxially weighed, but I n year 18 weights were ob
tained f o r 5000 autos, 500 single u n i t trucks and 1000 t r a c t o r t r a i l e r combina
tions. The observed d i s t r i b u t i o n of the l a t t e r I s shown to be 100, 300, 100 and 
50 f o r 12-klp, 18-klp, 24-klp and 30-klp single axles, and 100, 200, 100, 40 and 
10 f o r the respective tandem axles shown. 

The second row f o r each vehicle class and year gives the percent d i s t r i b u 
t i o n by axle loads. I f actual frequency d i s t r i b u t i o n s are obtained by weighing 
(as f o r year 18} the percent d i s t r i b u t i o n Is calculated by appropriate arithmetic. 
For years where no load data are taken, the percent d i s t r i b u t i o n I s estimated by 
projections that have been found to be suitable. 

For each vehicle class and year, the t h i r d row gives the t o t a l number of 
axles I n the l a s t column. These values are presumed to have been obtained by 
actual counts, or by projections from sample counts I n various years. The t h i r d 
row f o r each vehicle class and year I s completed by d i s t r i b u t i n g the t o t a l count 
according to the percent d i s t r i b u t i o n I n the second row. 
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TABLE B2: ILLUSTRATIVE DATA FOR EVALUATING AXLE LOAD VARIABLES FOR ONE TEST SECTION 

ear Evaluated 
Vehicle Class 

S t a t i s t i c s 
ear 1 

Autos 

.0002 

Single Axles 
12 18 24 30 
.19 1.0 3.1 7.2 

Load 
Study 
Counts and 
Estimates 

No. Axles 
o/o Dl s t . 

Single 
Unit 
Trucks 

Load 
Study 
Counts and 
EstlBMtes 

No.iSxles 
Equlv. Axles 
Freq. Dlst. 
*»/o Dlst. ~ 

Tractor Load 
Trailers Study 

Counts and 
Estimates 

Iqulv. Axles f o r Year 
iccumulated Equlv. Axles 

Equlv. 

. Tears 2 - 1 7 

. Accumulated Eaulv. Axles 

Zoo oO''> 

Axles Z.7O0 

lo. o 
oc o LCQ<S 

6SCO 3JOO 

II aaa 

No. Axles 
Wo Dlst. 
No. ^le« 
Equlv. 

Sub 
Tbta 

'Ac J 

Tandem Axles 
16 24 32 40 48 
.05 .26 .86 2.1 4.2 

Sub 
I b t a l 

Totals 
f o r 

Year 
None 

2 o o o 
ear I T 

Autos 
L5aJ" 
Study 

NoT Axles 
o/o Dlst. 

Counts and 
Estimates 

Single 
Unit 
Trucks 

Load 
Jjudx. 

No. Axles 
Equlv. Axles 

$"00 a 
/ oo 

/. Too, ooa 
300 

IOC 

No. Axles 
o/o Dlst. 

•30a 
300 
6 0.0 

Counts and 
Estimates 

No. Axles 
Equlv. Axles 

HOC 

Tractor 
Trailers 

Load 
Study 

No. 
0/0 

~£EIes~ 
Dlst. 

6 0^000 'ie>,ooo 

so a 

Counts and 
Estimates 

Iqulv. Axles f o r Year 
kccufflulated Equlv. Axles 

No. Axles 
Equlv. Axles 

10 e 3c:> ICO sa 
J±JL ^ Ui.^9 ^c^. 

300 

100 

lO^OOO iCcc'O Z0,0CO iH^iii 
<i,loc/ ho.oeo 61,000 7a>coj 

\lCccc 
2L0OCCC 

/, 0 '!''.0 loo 

I 'J CCC \ J.-,-'t?| 
9-, ' ^4 2.00, 00c 

kSO cc-c 
30 o iS,o<>(/100^00tiroes 7i,!Jt'-.' 

looooc 
/cs<r lO^ooc iJCCC S3.CC 300, Oc-O 

A O L . - 3 7 0 
Note: Load factors from Table Bla f l e x i b l e pavements 
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After the f i r s t three rows of data are completed f o r each vehicle class 
and year, load factors (from Table Bt ) shown at the top of the table are ap
p l i e d to the axle counts i n order to obtain equivalent axles as given i n the 
fourth row. The table shows, f o r example, 11,000 equivalent axle load a p p l i 
cations f o r 12-fcip single u n i t trucks i n year 18. 

The remaining two rows f o r each year are f o r summing equivalent axle loads 
from a l l vehicle classes f o r the year, and f o r a l l years to date. For example, 
the next to l a s t row i n the table shows that year 18 produced 17,000 equivalent 
axle loads from 32 kip tandem axles, and that through a l l 18 years there was an 
accumulation of 160,000 equivalent axle loads from 32 kip tandem axles. For any 
year the entry i n the l a s t column and l a s t row i s £L, the t o t a l number of accu
mulated equivalent IB'kip axle loads 2,500,000 f o r the example. 

When £L i s divided by 365 Y, a figure i s obtained f o r ADL, the average da i l y 
number of equivalent axle load applications. For the example, ADL » 30 i n year 1 
and rose to ADL » 370 by the end of year 18. 

Other formats and computational schemes than Just i l l u s t r a t e d can be used 
to evaluate £L and ADL f o r s a t e l l i t e t est sections, but the various alternatives 
w i l l involve essentially the same s t a t i s t i c s as are shown i n Table B2. For ex
i s t i n g pavement studies i t i s l i k e l y that the percent d i s t r i b u t i o n s w i l l have to 
be obtained from h i s t o r i c a l data and trends that are not closely t i e d to the i n 
dividual t e s t section. For t h i s reason a l l computations i n the example have been 
carried with only two d i g i t accuracy. I t i s thus supposed that two s i g n i f i c a n t 
figures are s u f f i c i e n t (and perhaps a l l that can be obtained) f o r load data, ZL 
and ADL, to be used i n the analysis of s a t e l l i t e t e s t section performance. 
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Appendix C 
Climatic and Regional Variables 

I t has been recoonended throughout the guidelines that climatic conditions 
at the AASHO Soad Test be used as a reference point f o r performance differences 
(between comparable AASHO Road Test and s a t e l l i t e t e s t sections) that may be 
att r i b u t e d to climatic variables. One aim of t h i s appendix i s to provide sum
maries of AASHO Road Test data on these variables. More complete information 
can be obtained from the various Highway Research Board Special Reports 61A-F. 

A second aim f o r t h i s appendix i s to show how one indicator of composite 
strength, Benkelman beam deflections, changed with d i f f e r e n t pavement designs 
at the AASBO Road Ttest as well as with d i f f e r e n t climatic conditions f o r the 
same pavement design. 

Table CI gives simmary values f o r a i r temperature, p r e c i p i t a t i o n and freeze- TAB c i 
thaw conditions a t the AASHO Road Test from November 3, 1958 through November 2, 
1960. I t i s presumed that t h i s table provides s u f f i c i e n t information f o r quanti
fying general differences i n climate between the AASHO Road Test and any s a t e l l i t e 
test section s i t e . 

Tables C2 and C3 show the general trend of beam deflections under 18~kip TAB C2 
axle loads with pavement design that were used at the AASHO Road Test. Table C3 
shows outer wheelpath deflections i n the f a l l of 1958 and I n the spring of 1959 TAB C3 
for f l e x i b l e pavement designs—In terms of the two s t r u c t u r a l indexes that are 
described i n Appendix 

(D2) D = .44hi + .14ha + . l l h g + 1.00 

(D6) D = .52hi + .IShg + .Uhg + 1.00 

Each value given i n Table C2 i s an average obtained from two rounds of 
measurements on the indicated number of test sections. The scatter of i n d i v 
idual test section values about these means gives a co e f f i c i e n t of v a r i a t i o n of 
about f i f t e e n percent. 

Table C3 gives average slab edge deflections f o r two rounds of measurements 
on r i g i d pavement sections, f o r midday deflection and f o r early morning deflections. 
I t can be seen that dally variations i n r i g i d pavement deflections are of the same 
order of magnitude as seasonal variations i n f l e x i b l e pavement deflections. 

I t i s presumed that Tables C2 and C3 can be useful I n comparing the r e l a 
t i v e strength of s a t e l l i t e t est sections w i t h AASHO Road Test sections, at least 
when the sections being compared have as-constructed characteristics that are 
s u f f i c i e n t l y s imilar. 
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TABLE CI: SmiKARY OF CLIMATIC VARIABLES AT THE AASHO ROAD TEST 

Climatic Nov. 3, 1958 Nov. 3, 1958 Two Tear 
Variables to Nov. 4, 1959 to Nov. 2, 1960 Average 

•Vean max. dai l y temp. 61 60 60 
Mean min. da i l y temp. 39 39 39 

Annual mean temp. 50 50 50 

Weeks mean min. temp.>32° 34 32 33 
Weeks mean max. temp.< 32° 8 10 9 

Precipitation (inches) 28.3 30.5 29.4 
Weeks p r e c i p i t a t i o n > .5" 30 28 29 
Weeks pr e c i p i t a t i o n > 1 . 0 " 8 12 10 

Max. f r o s t depth (inches) 34 29 32 
Weeks of thawing conditions 12 8 10 

Frost Index (C of E) 
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TABLE C2: JCAN BEHKEIHAN BEAM OUTER WREELPATR DEFLECTIONS FOR AASHO 
ROAD TEST FLEXIBLE PAVEMENT SECTIONS (18-kip axle load) 

Structural Nb. Mean deflections (.001") 
Index, D Ikst. for two rounds 
(D2) (D6) Sect. F a l l , 1958 Spring, 1959 
2.3 2.6 11 78 141 
2.8 3.2 18 69 127 
3.2 3.7 25 69 104 
3,6 4.3 30 56 99 
4.0 4.7 38 47 71 
4.5 5.3 38 40 59 
4.9 5.8 34 35 54 
5.4 6.5 24 29 42 
5.8 6.9 16 27 35 
6.3 7.6 8 22 27 

(J>2) D " .44hi + .14h2 + .llhs -1- 1.00 

(D6) D - ,52hi + .16h2 + .14ha + 1.00 
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TABLE C3: MEAN BENKEIKAN BEAM SLAB EDGE DEFLECTIONS FOR 
AASHO ROAD TEST RIGID PAVEICNT SECTIONS 
(18-kip axle loads, 3, 6, 9 in gravel subbase) 

Stmetural No. Mean deflection (.001") 
Index, D Ttost for two rounds 
hi •62hx Sect. Early 

+1.00 +1.84 Midday Msming 

3.5 3.4 8 40 58 
4.5 4.0 20 30 41 
6.0 4.9 32 23 28 
7.5 5.9 36 19. 24 
9.0 6.8 48 17 21 
10.5 7.7 36 15 19 
12.0 8.7 24 12 16 
13.5 8.6 12 12 14 
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Table C4 has bc«n prepared partly as a reference for some of the ptoced- TAB C4 
ures given in Appendix but mainly to indicate the nature of seaaonal varia
tions in flexible pavement strength at the AASID Road Test. For each of 55 bi
weekly periods the table f i r s t iham the accumulated number of actual axle load 
applications, and then logarithms. Next ie shown the seasonal weighting func
tion, V|;, used in HRB Special Report 6lE as a multiplier to obtain weighted appli
cations, W. Ihe values of log W/N indicate how much greater (or smaller) log W 
i s than log N at any time during the two year period. The weighting function 
used was essentially the square of the deflection ratio of Loop 1 deflections 
in the index period to i n i t i a l Loop 1 deflections. I t can be seen that v^ i s 
sero during fresen conditions and rises to nearly five during apring thaw con
ditions. 

The remainder of the table gives W, v^, and log W/N for two other weighting 
functions that are used i n connection id.th procedures discussed i n Appendix D. 
The f i r s t uses v^ as the fourth power of the deflection ratios—giving values 
that range from sero to more than twelve. 

The final weigliting function i s based on spring thaw duration instead of 
relative deflection, and has values of 1.00 except during the spring thaw period 
when vt rises to more than 26. This weighting function was used i n the Painter^ 
analyses of AASHO Road Test flexible pavement data. 

I f s a t e l l i t e test sections are observed for as long as four years, say, i t 
does not appear that seasonal weighting functions need be studied in any detail. 
After this many years of service, year-round performance differences betwmen 
geographical locations are presumably explainable (in part) by general climatic 
variables that reflect the type of variations shown in Table C4. 

Painter, l o c , c i t . 
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TABLE C4: WEIGHTING FACTORS FOR APPLICATIONS ON AASHO ROAD TES 
Index Actual 

a. 
W 

b. 
ighted Applications 

Day Applications HRB Special Report 61E v^ = (Rel. defl.)* Sprins thaw duration 
t M/IO-̂  Log N w/io-̂  vt Log W/N W/10-' vt Log W/N W/IO** Vt Log W/N 
1 1 2.85 1 1.29 .11 1 1.00 .00 1 1.00 ,00 
2 5 3.72 5 1.00 .02 8 1.56 .17 5 1.00 .00 
3 11 4.06 11 .87 -.01 9 .18 -.10 11 1.00 .00 
4 22 4.34 12 .11 -.25 14 .46 -.19 22 1.00 .00 
5 29 4.46 12 .07 -.35 14 .00 -.31 29 1.00 .00 
6 36 4.55 12 .00 -.45 14 .00 -.41 36 1.00 .00 
7 46 ' 4.66 12 .00 -.56 14 .00 -.52 46 1.00 .00 
8 58 4.77 14 .11 -.62 14 .00 -.62 58 1.00 .00 
9 70 4.84 28 1.29 -.38 15 .12 -.66 172 10.16 .39 
10 76 4.88 58 4.54 -.11 30 2.33 -.39 319 22.25 .62 
11 80 4.90 75 4.83 -.02 74 12.56 -.02 412 26.49 .71 
12 86 4.93 102 4.27 .07 121 7.36 .15 566 24.55 .82 
13 98 4.99 130 2.35 .12 185 5.47 .28 805 20.22 .92 
14 107 5.03 146 1.78 .14 217 3.35 .31 923 12.55 .94 
15 120 5.08 165 1.29 .13 242 1.92 .30 1003 6.02 .92 
16 134 5.13 183 1.44 .14 259 1.26 .29 1028 1.83 .88 
17 151 5.18 200 1.00 .12 281 1.26 .27 1045 1.00 .84 
18 169 5.23 222 1.28 .12 294 .78 .24 1063 1.00 .flO 
19 182 5.26 236 1.00 .11 308 1.00 .23 1076 1.00 .77 
20 199 5.30 256 1.14 .11 321 .78 .21 1093 1.00 .74 
21 217 5.34 276 1.14 .10 335 .78 .19 1111 1.00 .71 
22 233 5.37 290 .87 .09 348 .78 .17 1127 1.00 .68 
23 250 5.40 306 1.00 .09 356 .46 .15 1114 1.00 .66 
24 271 5.43 318 e 54 .07 365 .46 .13 1165 1.00 .63 
25 289 5.46 332 .75 .06 370 .25 .11 1183 1.00 .Gl 
26 305 5.48 340 .54 .05 375 .34 .09 1199 1.00 .59 
27 324 5.51 349 .45 .03 378 .12 .07 1218 1.00 .58 
28 338 5.53 356 .53 .02 380 .18 .05 1232 1.00 .56 
29 353 5.55 367 .75 .02 384 .25 .04 1247 1.00 .55 
30 373 5.57 385 .87 .01 389 .25 .02 1267 1.00 .53 
31 385 5.59 387 .22 .00 394 .46 .01 1279 1.00 .52 
32 408 5.61 391 .16 -.01 395 .01 -.00 1302 1.00 .50 
33 445 5.65 401 .29 -.03 395 .00 -.04 1339 1.00 .48 
34 480 5.68 417 .44 -.05 422 .78 -.05 1374 1.00 .46 
35 505 5.70 423 .22 -.07 423 .03 -.07 1400 1.00 .44 
36 540 5.73 428 .16 -.09 423 .00 -.10 1434 1.00 .42 
37 570 5.76 477 1.60 -.07 433 .34 -.11 1777 11.37 .49 
38 601 5.78 611 4.27 .01 581 4.68 -.01 2335 17.71 .59 
39 634 5.80 725 3.49 .06 857 8.47 .13 2710 11.51 .63 1 
40 669 5.83 770 1.28 .06 939 2.33 .15 2816 3.00 .62 
41 705 5.85 797 .75 .05 955 .46 .13 2851 1.00 .61 
42 734 5.87 826 1.00 .05 984 1.00 .13 2880 1.00 .59 
43 771 5.89 892 1.78 .06 1022 1.00 .12 2918 1.00 .58 
44 807 5.91 944 1.44 .07 1077 1.56 .13 2953 1.00 . .55 
45 833 5.92 990 1.78 .08 1118 1.56 .13 2979 1.00 .55 
46 868 5.94 1035 1.28 .08 1162 1.26 .13 3014 1.00 .54 
47 901 5.95 1073 1.14 .08 1195 1.00 .12 3048 1.00 .53 
48 929 5.97 1101 1.00 .07 1212 .61 .12 3076 1.00 .52 
49 951 5.98 1120 .87 .07 1229 .78 .11 3098 1.00 .51 
50 984 5.99 1153 1.00 .07 1249 .61 .10 3130 1.00 .50 : 
51 1016 6.01 1177 .75 .06 1264 .46 .09 3162 1.00 .49 ; 
52 1050 6.02 1198 .64 .06 1275 .34 .08 3196 1.00 .48 ' 
53 1080 6.03 1215 .54 .05 1281 .18 .07 3227 1.00 .47 ; 
54 1100 6.04 1220 .28 .05 1284 .17 .07 3246 1.00 .47 ; 
55 1114 6.05 1227 .44 .04 1285 .08 .06 3260 1.00 .46 ! 



Appendix D 

Performance Variables 

This appendix has three parts. Section DI deals with measurements and 
foznulas f o r obtaining present s e r v i c e a b i l i t y index values. Section D I I gives 
performance eqiiations that were developed from the AASHO ftoad Test data by the 
Road Test s t a f f and by other analytical e f f o r t s . The t h i r d section gives pro
cedures that can be used to estimate performance index values, P, from one or 
more pairs of values f o r p and EL when no observed value f o r p i s equal to 2.5. 

I Measurements and Formulas f o r Present Serviceability Index 
By d e f i n i t i o n , a s e r v i c e a b i l i t y index formula i s a weighted 

combination of functions of surface measurements siich that the form
ula produces values f o r p that are highly correlated with correspond
ing average s e r v i c e a b i l i t y ratings rendered by a panel of highway 
engineers. Measurements that have been proved to have significance 
I n index formulas Include (1) some measure of longitudinal roughness 
or r i d i n g q u a l i t y , (2) some measure of transverse roughness, and (3) 
some measure of cracking, patching or other deteriorations which are 
not necessarily I n the normal wheelpaths of the pavement section. 
The following l i s t Includes a l l those measures which appear I n one 
or another of the index formulas to be given i n t h i s section. 

Measures of Longitudinal Roughness 
SV = wheelpath slope variance as obtained with the AASHO Road 

Test profllometer. Each wheelpath slope variance i s the 
average squared deviation from the mean of slope values 
taken at one foot Intervals from a continuous slope vecr 
ord. Values f o r SV are expressed as 10^ times actual 
slope variances. 

CSV - wheelpath slope variance as obtained by the CHLOE pro
fllometer. Slopes are obtained at one foot i n t e r v a l s 
and from these CSV i s calculated as f o r SV. I t has been 
found that CSV i s generally higher than SV, especially 
f o r rough textured surfaces. 

RI = Inches per mile of wheelpath roughness as obtained by 
the BPR loughometer. 

MI = xougihness index as obtained by the Michigan profllograph. 
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KI B ride index as obtained by the Kentucky system of accelerometers 
strapped to a passenger. (40 mph) 

TX B an Index of surface texture as measured by the Texas device. 
F B f a u l t i n g i n inches per 1000 feet of wheelpath. 

Measures of Transverse Di s t o r t i o n 
RD B average wheelpath r u t depth, expressed i n Inches and generally 

obtained from a four foot straight edge at ten foot sampling 
Intervals. 

Measures of Surface Deterioration 
PA " area of patched surface, expressed I n square feet of patching 

per 1000 square feet of pavement area. 
C B major cracking. Including sealed cracks and unsealed cracks at 

least .25 inch wide. For areal cracking C i s expressed i n square 
feet of cracked area per 1000 square feet of pavement area. For 
l i n e a l cracks C i s feet of projected crack length per 1000 square 
feet of pavement area. Projected lengths are the longer of the 
projections to pavement edge or to pavement transverse. 

Table 01 shows tentative s e r v i c e a b i l i t y Index formulas that are subject to 
the f i n a l report-for NCHRP Project 1-2. Formulas 101 and 201 are essentially those 
used at the AASHO Road Test f o r f l e x i b l e and r i g i d pavement respectively, and i n 
volve measurements f o r SV. Formulas 102 and 202 are equivalent to 101 and 201 but 
u t i l i z e an exponential form rather than an additive form f o r the index model. A l l 
four of these formulas are based on sections (74, f l e x i b l e , 49 r i g i d ) that were 
rated and measured i n the course of the AASHO Road Test iaken together with sec
tions (32 f l e x i b l e and overlay, 16 r i g i d ) that were rated and measured i n NCHRP 
Project 1-2 at Purdue University i n July, 1963. 

The remaining formulas i n Table Dl are based only on the Purdue measurements TAB 
and make i t possible to substitute other than SV roughness measurements i n which-
ever of formulas 101, 102, 201, or 203 Is being used. 

For example, I f formula 201 Is being used to index r i g i d pavements, and i f 
roughness measurements are made with a BPR roughometer, then formula 203 may be 
substituted i n t o formula 201 to determine values f o r p from values fee R, C and PA. 
I t i s f e l t that t h i s i n d i r e c t process takes f u l l advantage of a l l ratings and 
measurements that were made at the AASHO Road Test and I n NCHRP Project 1-2. 



TABLE Dl: PKESB3ST SERVICEABILm INDEX FOBMDLAS 
(Subject to revision after NCHRP Project 1-2 Report) 

Flexible and Overlay Pavements 
Foxnula Comnents 

101 

102 

p = 4.93 - 1.87 log (1+SV;- .01 Vc+S- 1.23 RD^ 

p - antilog [7699 - .068 Vsv"- .OOU'Vc+PA - .22 RD ÎI 

Additive formula derived from 74 sections during 
AASHO Road Test and 32 Purdue sections. 

tbiltlpllcatlve formula derived from same data as 
formula 101. 

103 

104 

log (1+SV) = - 3.4 + 2.2 log RI 

YSV"= + .032 RI-.47 
Boughometer substitutions for SV, derived from 64 

sections at Road Test, 32 sections at Purdue. 

105 

106 
log (1+SV) = .09 + .97 log (CSV-1.5) - .17 log (1+XX) 

'Viv'= .46 + .86>(CSV - .034 TX 
CRLOE substitutions for SV, derived from 32 Purdue 

sections. 

107 

108 
log (1+SV) = 5.09 + 2.36 log K l 

NSV"= + .01 KI -.74 
Kentucky Index stibstltutlons for SV, derived from 
32 Purdue sections. 

109 Michigan Profilograph substitutions for SV, derived 
from 32 Purdue sections. 

Rigid Pavements , 
201 p - 5.34 - 1.70 log (1+SV) - .09 Vc+PA 
202 p = antilog [^742 - .061>(sv" - . O I 2 Y C + S ' ] 

Additive foxnula derived from 49 sections at AASHO 
Road Test and 16 Purdue sections. 

Multiplicative formula derived from same data as 
farimil» 5»m ^ 203 

204 

log (1+SV;= 2.16 log Rl-3.39 

\fsv"- + .033 RI -.49 
Roughometer substitutions for SV, derived fxom 40 

sections at Road Test, 16 sections at Purdue. 

205 

206 
log (1+SV) - .32 + .68 log (1+CSV) 

\ISV"= .70 + .76\fcSV 
CHLOE substitutions for SV, derived fxom 14 Purdue 

sections. 

207 

208 
log (1+SV) = + 3.1 log KI - 7.5 

YSV"- .01 KI -2.19 
Kentucky Index substitutions for SV, derived fxom 
16 Purdue Sections. 

209 Mcblgan Profilograph substitutions for SV, derived 
fxom 16 Purdue sections. 
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I I Performance Equations Developed from AASHO Hoad Test Data 
Pavement performance equations given I n HRB Special Report 5 

pertained to applications, W, of individual axle loads that ranged 
from 2-klp single to 48-klp tandem axle loads. Since these guide
lines are w r i t t e n I n terms of equivalent 18-klp single axle load 
applications, SL, a l l formulas w i l l be w r i t t e n I n terms of £L rather 
than W. 

The reported Road Test equations reduce to 

(Dl) p = Po - (Po - 1.5) (EL/^xaf^ 

where EL Is obtained from Table Bla of Appendix B, and 
where 

for f l e x i b l e pavements 
Po = 4.2 

.9.36 

v4.73 
^ 1 8 = .638D*' 

^ l e = 0.4 + (3.89/D)' 

.44hi + .Uhs -I- l l h s + 1.00 

for r i g i d pavements 
Po = 4.5 

^18 = .875D^'^ 

^ 1 8 = 1.0 + (7.12/D) 

D = h i + 1.00 

8.46 

h i 
ha 
ha 

Inches of asphaltlc concrete 
Inches of stone base 
Inches of gravel subbase 

I n terms of SL, 

h i = Inches of portland 
cement concrete 

Flexible Pavements (HRB) 
(D2) log EL = 9.36 log D-.20>8 0Po-1.5)/(Po-p)J 

0.4 + (3.89/D) 

D = .44hi + .14h2 + . l l h a + 1.00 

4.73 

(see footnote) 

Rigid Tavements (HRB) 
(D3) log 2L = 7.35 log D-.06-̂ *>8 [(Po"1.5)/(Po-p)] 

1.0 + (7.12/D)®-*^ 

D = h i + 1.00 

The quantity .44hi + .I4h2 . l l h s I s called a f l e x i b l e pavement thickness Index 
I n AASHO Road Test reports. 
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The Painter-'- analysis of the AASHO Road Test f l e x i b l e pavement 
data gave the following r e s u l t 

Flexible Pavements (Painter) 
(D4) log 21 = D + log log (Pg/p) - log F 

where D = .34hi + .lOhg + .07h3 + 4.71 
and where F I s a climatic factor which depends upon dura
t i o n of spring thaw and whose AASHO Road Test value was 
approximately 4. Log £L f o r t h i s equation i s determined 
from Table Blc of Appendix B. 

After the Road Test reports were published, continuing analysis 
at the Highway Research Board was concerned with f i t t i n g the Road 
Test data with a model I n which the only undetermined coefficients 
were associated w i t h the st r u c t u r a l index, D. This model may be 
wr i t t e n ^. 

(DS) p = p. xo-Ga)/(ES)« I f l ^ 4 

where 2X I s determined by factors given i n Table Bib of 
Appendix B, 

where b = 1 f o r f l e x i b l e pavements and b = 2 for r i g i d 
pavements, 

where RS » 1 f o r i n i t i a l conditions at the AASHO Road Test 
and i s determined from deflections as discussed i n Appendix C, 
and where 

D = a i r i h i + azTzhz + aaraha + V4, 

I n t h i s model f o r D, r i , r ^, TQ and r4 are presumed to be one 
f o r the respective materials used i n the AASHO Road Test f a c t o r i a l 
experiments, and to be less than or greater than one f o r materials 
which are r e l a t i v e l y weaker or stronger than those used i n the fac
t o r i a l experiments. 

Painter, l o c , c i t . 
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When (D5) was fitted to the Road Test data the following 
results were obtained: 

Flexible Pavements (Modified HRB) 
(D6) log EL = 8 log D + 4 log RS + log log (po/p)* 

D = ,54hi + .lergha + .Uha + 1.00 

Tz = 1.0 for crushed stone base, 0.8 for gravel base, 
2.6 for bituminous stabilized base, and 2.1 for 
cement stabilized base. 

Rigid Pavements (Madlfled HRB) 
(D7) log 2X = 8 log D + .5 log log (po/p)* 

D = .62hi + ,24h'3 + 1.60 where h'3 = 0 for no sub-
base and h's = 1 for 3, 6 or 9 Inches of subbase 

I t can be seen that the last term In these two equations I s 
essentially F s 8 log D. 

Table DZ can be used to calculate performance Index values 
from equations (D2), (D3), (D4), (D6) and (D7) when values are 
given for Po and D. Values of D, of course, must be precalculated 
from the appropriate formula. 

I l l Estimation of Performance Index from Observed Fairs of p and £L 
I t I s necessary to distinguish among observed, estimated aad 

calculated values for the performance Index, P. An observed P I s 
the logarithm of EL when p = 2.5 has been observed for a test sec
tion. An estimated P I s obtained from one or more pairs of observed 
values of p and EL when none of the p values are at 2.5. Thus the 
estimation procedure Involves either Interpolation or extrapolation 
(forwards or backwards) on the performance record of a test section. 
A calculated value of P I s obtained by substitution of p = 2.5 and 
other required quantities Into performance equations such as were 
given In Section D2. This section I s concerned with the estimation 
of P from one or more pairs of values for p and EL. 

OaB way to estimate P I s to plot as many points (p and EL) as 
are available for the performauce record, draw an arbitrary curve 
through these points, then read off the value of P = log EL at p « 2.5. 



TABLE D2: CALCULATED FEBFOKMAHCE INDEX VALUES 

D5a 

Po and D Flexible Fa\'ement Equations Rigid Pavement Equations 
Po = 4.80 D2 D4 D6 D3 D7 
D = 1.00 -i20 -.14 i07 -i06 .03 

2; 00 2i61 ;85 2,48 2; 15 2i44 
3;00 4.23 1.65 3.89 3;44 3i85 
4.00 5.31 2.85 4.89 4;36 4.85 
5i00 6;12 3i85 5.66 5.07 5;62 
6;00 6.79 4.85 6.30 5,63 6; 26 
7;00 7; 37 5;85 6.85 6.09 6.79 
'SiOO 7i89 6i85 7; 30 6.48 7; 26 
9i00 8; 36 7;85 7.70 6;82 7; 67 

10; 00 8.78 8i85 8i07 7.14 8i03 
11;00 9a6 9.85 e;40 7.44 8; 36 
12i00 9;51 10;85 8.70 7.72 8; 67 
13.00 9.84 11.85 8.98 7.97 8.94 

p = 4.50 • 

D = 1;00 -;20 - i l 9 .03 -.06 ;01 
2;00 2; 61 ;80 2.43 2; 15 2; 42 
3i00 4.22 1;80 3.84 3;44 3; 83 
4.00 5;30 2; 80 4.84 4;36 4; 83 
5;00 6.09 3; 80 5.62 5; 07 5i60 
6;00 6; 75 4.80 6.25 5; 63 6; 24 
7;00 7.33 5,80 6i79 6.07 6.77 
8i00 7i86 6.80 7.25 6.45 7;23 
9;00 8.31 7.80 7;66 6.80 7;64 

lo;oo 8; 75 8i80 8.03 7.12 8;01 
11;00 9 i l 2 9i80 8;36 7.42 8;34 
12;oo 9; 47 10.80 8; 66 7i76 8;64 
13,00 9.79 11.80 8.94 7.95 8.92 

PQ = 4i20 f 
D a= 1:00 -.20 -i24 -.02 -.06 -.01 

2i00 2.61 175 2.38 2.15 2; 39 
3,00 4.21 li75 3.79 3;44 3.80 
4i00 5.28 2; 75 4.79 4.36 4.80 
5i00 6.06 3,75 5.56 5;07 5.57 
6iOO 6.70 4i75 6.20 5.62 6.21 ; 
7;00 7.28 5.75 6.73 6.06 6.74 ! 
8;00 7.79 6; 75 7; 20 e.43 7.21 ! 
9.00 8.25 7.75 7i61 6.78 7.62 
10;00 8.67 8.75 7.97 7.10 7;98 1 
il ;oo 9.05 9;75 8.30 7;40 8i31 
12i00 9.40 10; 75 8; 60 7.67 8; 62 
13,00 9.73 11.75 8.88 7.93 8.89 i 

Po = 3;90 . 
D s liOO - i l 9 - i 3 l -.09 -;06 -.04 ' 

2i00 i 2.61 ;68 2; 31 2.15 2.36 
3;00 ! 4.20 1;68 3,72 3.44 3;77 
4;00 I 5.25 2; 68 4i72 4.36 4.77 
5.00 \ 6.01 3;68 5.50 5.07 5;54 
6.00 t 6.64 4.68 6il3 5.61 6;17 
7i00 7i20 5i68 6; 66 6.04 6;71 
8;00 7.71 6; 63 7.13 6.41 7il7 
9iOO i 8.17 7*68 7i54 6.75 7.58 
10;00 8.59 8;68 7*90 7; 07 7.95 

' lliOO 8.97 9;6e 8i24 7; 37, 8; 28 ; 
i 12;00 9i32 10; 68 8;54 7.64 8;58 ! 
1 13.00 9.65 11.68 8.82 7. 89 8.86 i 
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With enough points In the neighborhood of p » 2.5 this graphical 
method would appear to give a satisfactory estlnate for P. I t I s 
reoonmended, however, that the following algebraic procedures be 
used. 

Asstone that satisfactory estimates of performance Index values 
can be obtained from the equations 

(D8) log EL » A + B log log ( P Q / P ) 

and 
(D9) P = A + B log log (PQ/2.5) 

I f only Pg and one pair of values for TL and p are available 
A = log SL - B log log (P Q / P ) S O that 

(DIO) estimated P = log H i + B flog log (pQ/2.5)-log log (Po/Pi)_, 

To use formula (DlO) I t I s necessary to assume a numerical value 
for B. Experience with the AASHO Road Test performance data has In
dicated that suitable approximations for B are 

B =s 1 for performance records that are concave upward 
B s -'-/s for performance records that are concave downward 

I f only one point appears on a performance record I t may not be pos
sible to deduce the direction of concavity. At the AASHO Boad Test 
the majority of flexible pavement performance records were considered 
to be concave upwards, while many rigid pavement records were ob
served to be concave downward. I t can be hoped that the s a t e l l i t e 
research program w i l l help to determine the long-term shape of test 
section performance curves. 

When two or more (well separated) points have been observed for 
a test section performance record, the following formula may be used 
to estimate the section's performance Index 

(Dll) estimated P = Y + B ^log log (?^/Z,5) - x j 

where Y la the arithmetic mean of the observed values 
Y a log £L 

where X I s the arithmetic mean of the observed values 
X - log log (Po/p)> and where B I s given by the quotient 
of two summations, 

B ^ £(Y - Y)(X - X) 

E (X - X)8 
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The foregoing estimation procedures are Illustrated numerically 
as follows: 

Example 1: Given: Po = 4 .5 , p = 5,2, log 2X » 4.60. 
Since only one point I s given, formula (DlO) w i l l 
be used. 
est. P = 4.60 + B [log log(4 .5/2 .5)- log log(4.5/3.2)j 

est. P = 4.60 + B [-.59 + . S s J = 4.60 + .24B 
Thus the estimated P I s either 4.84 or 4.72, depending 
upon whether B I s assumed to be 1.0 or 0 .5 . 

ExampljB 2: Given: p^ = 4.5 and two pairs of observations, 
p = 4.0 when log EL = 4.90, and 
p = 3.2 when log SL - 5.86 

With tvo points, formula (Dll) may be used. 

Y = (4.90 + 5.86)/2 = 5.38 

X = [log log (4.5/4.0) + log log(4 .5/3 .2j]/2 

X = f.1.29 - .83J/2 = - 1.06 

2(Y-Y)(X-X) = (4.90 - 5.38)(-1.29 + 1.06) 

+ (5.86 - 5.38)(-.83 + 1.06) = .221 
S(X-X)2 = (-.23)2 + (^23)2 ^ ̂ 106 

B = .221/.106 = 2.10 

est. P = 5.38 + 2,10 [log log (4.5/2.5) + 1.06] 

est. P = 5.38 + 2.10 (.4?) = 6.3?" 

The second example Involves # performance record that I s con
cave upward and shows that B can be considerably greater than one. 
I f only the f i r s t observation were used In formula (DlO), the e s t i 
mated P for the second example would have been 

P = 4.90 + 1.0 L-.59 + I . 2 9 J = 5.60 
much less than the value P = 6.37. This Instance serves to empha
size the unreliability of estimates made from only one point, es
pecially I f serviceability loss has been small. 
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Table D 5 has been prepared to show observed, estimated and 
calculated perfomance Index values for every test section In AASHO 
Road Test t r a f f i c lanes. Except for the 18-klp axle load lanes, 
none of these Index values have heretofore been published. The 
Min reaeon for Including this table I s to make I t possible to com
pare directly the performance Index obtained from a sa t e l l i t e test 
section wfth those of one or more AASHO Road Test sections. 

The various columns of the table f a l l In three major groups: 
1. Identification 

Flexible Pavements: The f i r s t column I s hx - surfacing 
thickness In Inches. The second column I s h2 = base 
thickness to tenths of Inches. The hundredths place 
In this column designates base type according to the 
code 

.01 = crushed stone 

.02 = gravel 

.03 - bituminous stabilized gravel 

.04 = cement stabilized gravel 
The third column I s hs » subbase thickness In Inches. 
The fourth column gives the Road Test section number 
and the loop - lane of the section i s given in the 
f i f t h column. Section numbers with non zero in the 
tenths position are actually 40 foot subsections i n 
the "wedge" base study. Ail bases other than crushed 
stone are found among these subsections. 

Rigid Pavements: The f i r s t column i s h^ - surfacing thickness 
to tenths of inches. The himdredths position of this 
column i s used for c i = surfacing reinforcement ac
cording to the code 

.00 = nonreinforced surfacing, eight 15 foot 
slabs per 120 foot section 

.01 = reinforced surfacing, six 40 foot slabs 
per 240 foot section 



D9 

The second column gives subbase thickness In Inches 
and the third column gives section number and loop-
lane as for flexible pavements. 

2. Performance Data 
For both flexible and rigid pavements In Table D3 there 

are three columns for performance data, only two of which have 
entries. The f i r s t column gives pi, the section's serviceabil
i t y Index about two weeks after the test t r a f f i c began, when 
about 1000 actual axle load applications had occurred In the 
tra f f i c lanes. This value i s used as an approximation for p^, 
the section's i n i t i a l serviceability index. 

The second column of performance data i s blank i f the test 
section did not have serviceability as low as p s 2.5 by the end 
of the test. In this case the third column gives the section's 
final serviceability index—after two years of tr a f f i c and 
1,114,000 actual axle load applications. 

I f the test section reached p = 2.5 before the end of the 
Boad Test, the third performance data column i s blank and the 
second column gives the logarithm of the actual number of axle 
load applications experienced by the section when p = 2.5. For 
loop 4, lane 1, this value i s an observed performance index, 
P - log £L, but for a l l other lanes this value must be adjusted 
by the load equivalence factors to have an observed performance 
index. 

3. Structural and Performance Indexes 
The remaining three columns of Table D3 give respective 

values for the section's structural index, either an observed 
or an estimated performance index, and a calculated performance 
index. 

For flexible pavements the structural index and calculated 
P i s obtained from equation (D6). Entries from Table C4b were 
used to account for 4 log RS in equation (D6). 

Rigid pavement structural index values and calculated P 
values i n Table D3 were obtained by direct substitution i n equa
tion (D7). 
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For either type of pavement, observed performance Index 
values are obtained by adjusting the log applications at TAB D3 
p = 2.5 by load equivalency factors from Table Bib. I t w i l l 
be noted that there I s no adjustment Involved for test sections 
in lane 41, the 18-klp single axle lane. All estimated F val
ues are for sections whose final serviceability Index was above 
p = 2.5, and have been calculated by the one-point procedure 
explained In Section D i l i , using the final value of p In con
nection with the (iorrespondlng EL. TAB D4 

Table D4 gives a summary of residuals between calculated 
and observed (or estimated) performance Index values. The 
table shows that the performance equation residuals average 
to be about zero and have a mean absolute value of about 0.2 
when compared with observed Index values. However, the equa
tions do not agree as well with estimated as with observed 
values for F, especially for sections In lane 21, the 2-klp 
single axle lane. 

This table has significance In the analysis of performance 
data from s a t e l l i t e projects since I t shows the residuals that 
were obtained In the analysis of the Road Test data I t s e l f . I f 
the scatter of s a t e l l i t e test section Indexes about those c a l 
culated from the Road Test equations I s not more than about .20 
on the average. I t may be supposed that the Road Test equations 
hold for the sa t e l l i t e test conditions as closely as for the 
Road Test conditions. 
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locNTincATioN D A T A P E R F O R M A N C E D A T A INOeXES 

SURP BASE SUBB SECT LOOP SERV LOG SERV STRUCT 
THCK THCK, THCK NO, LANE INDEX APPL INDEX BY 

TYPE BEG. P ^ . 5 END EQN D 6 
1 . 0 . 0 1 . 0 7 2 1 . 0 21 3 . 7 4 . 4 1 1 . 5 
1 . 0 . 0 1 . 0 7 2 2 . 0 2 2 3 . 7 3 . 0 2 1 . 5 
1 . 0 3 . 0 1 . 0 7 4 3 . 0 21 3 . 9 5 . 7 3 2 . 0 
1 . 0 3 . 0 1 . 0 7 4 4 . 0 2 2 3 . 7 4 . 6 5 2 . 0 
1 . 0 . 0 1 4 . 0 7 2 7 . 0 21 3 . 8 4 . 8 7 2 . 1 
1 . 0 . 0 1 4 . 0 7 2 8 . 0 2 2 3 . 8 3 . 0 2 2 . 1 
2 . 0 . 0 1 . 0 7 7 1 . 0 21 4 . 0 5 . 8 0 2 . 1 
2 . 0 . 0 1 . 0 7 7 2 . 0 2 2 3 . 8 4 . 8 6 2 . 1 
2 . 0 . 0 1 . 0 1 6 5 , 0 31 3 . 5 4 . 7 8 2 . 1 
2 . 0 . 0 1 . 0 1 6 6 . 0 3 2 3 . 7 4 , 7 8 2 . 1 
1 . 0 6 , 0 1 . 0 7 5 5 . 0 21 3 . 9 2 . 8 2 . 5 
1 . 0 6 . 0 1 . 0 7 5 6 . 0 2 2 3 . 7 4 . 9 1 2 . 5 
1 . 0 3 . 0 1 4 . 0 7 1 7 . 0 21 3 . 7 2 . 5 2 . 6 
1 . 0 3 . 0 1 4 . 0 7 1 8 . 0 2 2 4 . 0 4 . 8 5 2 . 6 
2 . 0 3 . 0 1 . 0 7 3 1 . 0 21 4 . 0 2 , 4 2 . 6 
2 . 0 3 . 0 1 . 0 7 5 9 . 0 21 4 . 4 3 , 8 2 . 6 
2 . 0 3 . 0 1 . 0 7 3 2 . 0 2 2 4 . 1 5 . 0 4 2 . 6 
2 . 0 3 . 0 1 . 0 7 6 0 . 0 2 2 4 . 2 5 . 2 2 2 . 6 
2 . 0 3 . 0 1 . 0 1 1 3 . 0 31 4 . 1 4 . 8 0 2 . 6 
2 . 0 3 . 0 1 . 0 1 1 4 . 0 3 2 4 . 1 4 . 7 7 2 . 6 
2 . 0 . 0 1 4 . 0 7 2 9 . 0 21 3 . 6 5 . 7 7 2 . 6 
2 . 0 . 0 1 4 . 0 7 3 0 . 0 2 2 3 . 9 4 . 9 0 2 . 6 
2 . 0 . 0 1 4 . 0 1 2 5 . 0 31 3 . 4 3 . 1 9 2 . 6 
2 . 0 . 0 1 4 . 0 1 2 6 . 0 3 2 3 . 8 3 , 1 1 2 . 6 
3 . 0 . 0 1 . 0 7 6 9 . 0 21 3 , 9 3 . 0 2 . 6 
3 . 0 . 0 1 . 0 7 7 0 , 0 2 2 3 . 9 5 , 0 0 2 . 6 
3 . 0 . 0 1 . 0 1 3 7 . 0 31 3 , 8 . 0 0 2 . 6 
3 . 0 . 0 1 . 0 1 3 8 . 0 3 2 3 , 7 4 , 8 5 2 . 6 
1 . 0 6 . 0 1 4 . 0 7 1 9 . 0 21 4 . 0 3 . 2 3 .1 
1 . 0 6 . 0 1 4 . 0 7 2 0 . 0 2 2 3 . 7 5 . 6 1 3 .1 
2 . 0 6 . 0 1 . 0 7 7 5 . 0 21 3 . 7 3 . 4 3 . 0 
2 . 0 6 . 0 1 . 0 7 5 7 . 0 21 4 . 0 3 . 7 3 . 0 
2 . 0 6 . 0 1 . 0 7 7 6 . 0 2 2 4 . 0 3 . 5 3 . 0 
2 . 0 6 . 0 1 . 0 7 5 8 . 0 2 2 4 . 3 2 . 5 3 . 0 
2 . 0 6 . 0 1 . 0 1 2 7 . 0 31 4 . 1 4 . 8 6 3 . 0 
2 . 0 6 . 0 1 . 0 1 2 8 . 0 3 2 3 . 9 4 . 8 5 3 . 0 
2 . 0 3 . 0 1 4 . 0 7 4 1 . 0 21 3 . 9 

4 . 8 5 
3 . 5 5.1 

2 . 0 3 . 0 1 4 . 0 7 0 9 . 0 21 3 . 9 3 . 3 3 . 1 
2 . 0 3 . 0 1 4 . 0 7 4 2 . 0 2 2 4 . 1 5 . 7 6 3 . 1 
2 . 0 3 . 0 1 4 . 0 7 1 0 . 0 2 2 3 . 6 5 . 8 0 3 . 1 
2 . 0 3 . 0 1 4 . 0 1 3 5 . 0 31 3 . 8 4 . 8 5 3 . 1 
2 . 0 3 . 0 1 4 . 0 1 3 6 . 0 3 2 3 . 8 4 . 8 5 3 . 1 
2 . 0 . 0 1 8 . 0 1 4 3 . 0 31 4 . 0 4 . 8 5 3 . 2 
2 . 0 . 0 1 8 . 0 1 3 3 . 0 31 3 . 8 4 . 8 7 3 , 2 
2 . 0 . 0 1 8 . 0 1 4 4 . 0 3 2 3 . 6 4 . 8 6 3 . 2 
2 . 0 . 0 1 8 . 0 1 3 4 . 0 3 2 3 . 8 4 . 8 5 3 . 2 
3 . 0 3 . 0 1 . 0 7 7 3 . 0 21 4 . 3 3 . 8 3 . 1 
3 . 0 3 . 0 1 . 0 7 7 4 . 0 2 2 4 . 0 5 . 8 5 3 . 1 
3 . 0 3 . 0 1 . 0 1 4 7 . 0 31 3 . 8 4 . 8 5 3 . 1 
3 . 0 3 . 0 1 . 0 1 4 8 . 0 3 2 4 . 1 4 . 8 6 3 .1 

PERFORMANCE 
0 B 8 . 

EST. 
. 5 9 

1 . 1 0 
1 .91 
2 . 7 3 
1 . 0 5 
1 . 1 0 
1 . 9 8 
2 . 9 4 
4 . 0 8 
4 . 2 3 

2 . 3 5 
2 . 9 9 

2 . 2 3 
2 . 9 3 

2 , 1 9 
2 . 8 1 

3 . 1 2 
3 . 3 0 
4 . 1 0 
4 . 2 2 
1 . 9 5 
2 . 9 8 
2 . 4 9 
2 . 5 6 

2 . 4 6 
3 . 0 8 
4 . 1 8 
4 . 3 0 

2 . 5 5 
3 . 6 9 

2 . 8 9 
3 . 0 1 
4 . 6 7 
4 . 1 3 

4 . 1 6 

'i% 
2 . 6 5 

3 . 8 4 
3 . 8 8 
4 . 1 5 
4 . 3 0 
4 . 1 5 
4 . 1 7 
4 . 3 1 
4 . 3 0 

2 . 8 7 
3 . 9 3 
4 . 1 5 
4 . 3 1 

CALC. BY 
EON D 6 

1 . 1 3 
1 . 3 3 
2 . 3 3 
2 . 8 9 
2 . 4 4 
2 . 9 5 
2 . 4 6 
2 . 9 5 
2 . 3 1 
2 . 3 8 

3 . 0 7 
2 . 9 2 

3 . 1 3 
3 . 0 0 

3 . 1 8 
3 . 2 6 

3 . 0 0 
3 . 0 1 
3 . 2 0 
3 . 2 0 
3 . 1 7 
3 . 0 5 
3 . 1 0 
3 . 2 3 

3 , 2 3 
3 . 0 3 
3 . 2 1 
3 . 1 8 

3 . 8 0 
3 . 7 9 

3 . 7 0 
3 . 7 7 
3 . 7 9 
3 . 8 0 

4 . 1 2 

's% 
3 . 8 4 

3 . 8 4 
3 . 8 2 
4 . 1 6 
4 . 2 9 
4 . 1 8 
4 . 1 9 
4 . 3 1 
4 . 3 2 

3 . 9 1 
3 . 8 3 
4 . 1 6 
4 . 3 0 
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TABLE D3 : DATA AND IfOEXES FOR AASHO RO/0 TEST FLEXIBLE PAVEMENT SECTIONS 

i D e N T i n c A T i o N D A T A P E R F O R M A N C E D A T A I N D E X E S 

S U R F B A S E S U B B S E C T L O O P S E R V L O G S E R V S T R U C T P E R F O R M A N C E 
T H C K T H C K , THCK N O . L A N E I N D E X A P P L I N D E X B Y O B S . C A L C . B Y 

T Y P E B E G . P - 2 . 5 E N D EQN D6 E S T . E Q N D6 
3.0 .01 4 .0 739.0 21 3.9 3 .3 3.2 2.65 3.91 
3 .0 .01 4 .0 740.0 22 3.8 5.01 3 .2 3.09 3.87 
3 .0 .01 4 .0 163.0 31 4 .2 4.93 3 .2 4 .23 4.19 
3 .0 .01 4 .0 164.0 32 3 .9 4.90 3 .2 4.35 4.33 
3 .0 .01 4 .0 633.0 41 3.0 2.93 3 .2 2.93 3.52 
3 .0 .01 4 .0 634.0 42 3 .9 4.06 3 .2 4.00 3.91 
4 .0 .01 . 0 119.0 31 3 .9 4.88 3 .2 4.18 4.19 
4 .0 .01 . 0 120.0 32 3 .9 4.85 3 .2 4.30 4.32 
3 .0 3.52 . 0 171.4 31 3.9 4.89 3.1 4.19 4.15 
3.0 3.52 . 0 103.4 31 4.1 4.86 3.1 4.16 4.16 
3.0 3.52 . 0 172.4 32 3.4 4.85 3.1 4.30 4.27 
3 .0 3.52 . 0 104.4 32 3.8 4.84 3.1 4.29 4.28 
3.0 3.51 . 0 169.4 31 4.1 4.91 3 .2 4.21 4.15 
3 .0 3.51 . 0 105.4 31 4 .2 4.85 3 .2 4.15 4.15 
3 .0 3.51 . 0 170.4 32 3 .9 4.88 3 .2 4 .33 4.29 
3.0 3.51 . 0 106.4 32 4.1 4.85 3 .2 4.30 4.30 
2 .0 6.01 4 .0 737.0 21 3.9 3.6 3.6 2.97 4.34 
2 .0 6.01 4 .0 711.0 21 4 .0 3 .3 3.6 2.61 4.36 
2 .0 6.01 4 .0 738.0 22 4.1 3 .2 3.6 4.43 4.38 
2 .0 6.01 4 .0 712.0 22 3.6 2.6 3.6 4.18 4.25 
2.0 6.01 4 .0 157.0 31 3.8 4.94 3.6 4.24 4.18 
2.0 6.01 4 .0 158.0 32 3.7 4.89 3.6 4.34 4.29 
2.0 3.01 8.0 159.0 31 3.4 4.89 3.7 4.19 4.19 
2.0 3.01 8.0 160.0 32 3.6 4.89 3.7 4.34 4.33 
3.0 6.01 . 0 749.0 21 4 .2 3.6 3.6 2.75 4.39 
3.0 6.01 . 0 750.0 22 4 .0 3.1 3.6 4.39 4.34 
3.0 6.01 .0 117.0 31 4.1 4.93 3.6 4.23 4.19 
3.0 6.01 . 0 118.0 32 3.8 4.90 3.6 4.35 4.30 
3.0 3.01 4 .0 745.0 21 4 .0 3.8 3.7 3.19 4.42 
3 .0 3.01 4 .0 746.0 22 3.8 2.7 3.7 4.22 4.37 
3.0 3.01 4 .0 107.0 31 4.1 4.93 3.7 4.23 4.23 
3.0 3.01 4 .0 115.0 31 3.4 4.90 3 .7 4.20 4.19 
3.0 3.01 4 .0 108.0 32 3.7 4.92 3.7 4.37 4.33 
3.0 3.01 4 .0 116.0 32 3.9 4.90 3.7 4 .35 4.33 
3.0 3.01 4 .0 599.0 41 4 .2 4.86 3.7 4.86 4.85 
3.0 3.01 4 .0 600.0 42 4 .4 4.86 3.7 4.80 4.81 
3.0 3.01 4 .0 485.0 51 4 .2 4.80 3.7 5.18 4.66 
3.0 3.01 4 .0 486.0 52 4 . 3 3.19 3.7 3.53 5.15 
3.0 .01 8.0 109.0 31 4 . r .00 3.7 4.29 4.27 
3.0 .01 8.0 110.0 32 3.8 4.93 3.7 4.38 4.37 
3 .0 .01 8.0 607.0 41 4.1 4.85 3.7 4.85 4.88 
3.0 .01 8.0 608.0 42 4 .0 4.86 3.7 4.80 4.82 
4 .0 3.01 . 0 145.0 31 4.4 4.90 3.6 4.20 4 .25 
4 .0 3.01 . 0 146.0 32 3 .9 4 .93 3.6 4.38 4.33 
4 .0 .01 4 .0 141.0 31 3.9 4.89 3.7 4.19 4.25 
4 .0 .01 4 .0 142.0 32 3.8 4.90 3.7 4 .35 4.36 
4 .0 .01 4 .0 583.0 41 3.8 4.89 3.7 4.89 4.88 
4 .0 .01 4 .0 584.0 42 4 .0 4.91 3.7 4.85 4.82 
3.0 3.82 4 .0 565.4 41 3.6 3.72 3 .7 3.72 4.84 
3.0 3.82 4 .0 559.4 41 4.1 4.78 3.7 4.78 4.85 



TABLE r>3 : DATA AND IhDEXES FOR AASHO ROAD TEST F L E X I B L E PAVEMENT SECTIONS 

I D E N T I F I C A T I O N D A T A P E R F O R M A N C E D A T A I N D E X E S 

S U R F B A S E S U B B S E C T L O O P S E R V L O G S E R V S T R U C T P E R F O R M A N C E 
T H C K T H C K , T H C K NO. L A N E I N D E X A P P L I N D E X B Y 0 8 S . C A L C . B Y 

T Y P E B E G . P - 2 . 5 END EQN D6 E S T . EQN D6 
3 . 0 3 . 8 2 4 . 0 5 6 6 . 4 4 2 3 . 8 3 . 8 5 3 . 7 3 . 7 9 4 . 8 0 
3 . 0 3 . 8 2 4 . 0 5 6 0 . 4 4 2 3 . 6 4 . 7 7 3 . 7 4 . 7 1 4 . 7 9 
3 . 0 4 . 9 2 4 . 0 4 6 7 . 4 51 3 . 8 4 . 2 8 3 . 8 4 . 6 6 5 . 1 6 
3 . 0 4 . 9 2 4 . 0 4 5 7 . 4 51 4 . 1 4 . 8 0 3 . 8 5 . 1 8 5 . 1 9 
3 . 0 4 . 9 2 4 . 0 4 6 8 . 4 5 2 4 . 1 3 . 7 5 3 . 8 4 . 0 9 5 . 16 
3 . 0 4 . 9 2 4 . 0 4 5 8 . 4 5 2 4 . 1 4 . 8 6 3 . 8 5 . 2 0 5 . 1 6 
3 . 0 6 . 5 2 . 0 1 7 1 , 3 31 4 . 0 5 . 0 3 3 . 5 4 . 3 3 4 . 1 7 
3 . 0 6 . 5 2 . 0 1 0 3 . 3 31 4 . 0 4 . 8 8 3 . 5 4 . 1 8 4 . 1 7 
3 . 0 6 . 5 2 . 0 1 7 2 . 3 3 2 3 . 8 4 . 8 8 3 . 5 4 . 3 3 4 . 3 0 
3 . 0 6 . 5 2 . 0 1 0 4 . 3 3 2 3 . 7 4 . 8 8 3 . 5 4 . 3 3 4 . 2 9 
3 . 0 3 . 8 1 4 . 0 5 6 7 . 4 41 4 . 0 4 . 8 8 3 . 8 4 . 8 8 4 . 8 5 
3 . 0 3 . 8 1 4 . 0 5 6 1 . 4 41 2 . 9 4 . 6 1 3 . 8 4 . 6 1 4 . 2 2 
3 . 0 3 . 8 1 4 . 0 5 6 8 . 4 4 2 3 . 8 4 . 8 8 3 . 8 4 . 8 2 4 . 8 0 
3 . 0 3 . 8 1 4 . 0 5 6 2 . 4 4 2 3 . 8 3 . 9 9 3 . 8 3 . 9 3 4 . 8 0 
3 . 0 6 . 5 1 . 0 1 6 9 . 3 31 4 . 3 4 . 9 1 3 . 7 4 . 2 1 4 . 2 2 
3 . 0 6 . 5 1 . 0 1 0 5 . 3 31 4 . 4 4 . 8 9 3 . 7 4 . 1 9 4 . 2 3 
3 . 0 6 . 5 1 . 0 1 7 0 . 3 3 2 3 . 2 4 . 9 0 3 . 7 4 . 3 5 4 . 2 8 
3 . 0 6 . 5 1 . 0 1 0 6 . 3 3 2 4 . 0 4 . 8 8 3 . 7 4 . 3 3 4 . 3 1 
3 . 0 3 . 1 3 . 0 1 0 1 . 4 31 3 . 8 5 . 2 5 3 . 9 4 . 5 5 4 . 3 0 
3 . 0 3 . 1 3 . 0 1 6 7 . 4 31 3 . 8 5 . 2 3 3 . 9 4 . 5 3 4 . 3 0 
3 . 0 3 . 1 3 . 0 1 0 2 . 4 3 2 3 . 6 5 . 0 0 3 . 9 4 . 4 5 4 . 3 7 
3 . 0 3 . 1 3 . 0 1 6 8 . 4 3 2 3 . 6 5 . 0 6 3 . 9 4 . 5 1 4 . 3 7 
3 . 0 4 . 1 4 4 . 0 4 6 5 . 4 51 4 . 3 4 . 7 7 4 . 6 5 . 1 5 5 . 0 6 
3 . 0 4 . 1 4 4 . 0 4 6 1 . 4 51 4 . 1 4 . 9 0 4 . 6 5 . 2 8 5 . 0 4 
3 . 0 4 . 1 4 4 . 0 4 6 6 . 4 5 2 3 . 4 4 . 8 0 4 . 6 5 . 1 4 4 . 9 9 
3 . 0 4 . 1 4 4 . 0 4 6 2 . 4 5 2 3 . 9 4 . 8 9 4 . 6 5 . 2 3 5 . 0 1 
2 . 0 6 . 0 1 8 . 0 1 1 1 . 0 31 4 . 2 5 . 7 9 4 . 2 5 . 0 9 5 . 0 1 
2 . 0 6 . 0 1 8 . 0 1 1 2 . 0 3 2 3 . 9 5 . 7 0 4 . 2 5 . 1 5 4 . 5 7 
3 . 0 6 . 0 1 4 . 0 7 6 3 . 0 21 4 . 1 3 . 9 4 . 1 3 . 2 2 4 . 8 7 
3 . 0 6 . 0 1 4 . 0 7 6 4 . 0 2 2 4 . 1 3 . 6 4 . 1 4 . 7 1 4 . 8 7 
3 . 0 6 . 0 1 4 . 0 1 3 1 . 0 31 4 . 2 5 . 7 6 4 . 1 5 . 0 6 5 . 0 1 
3 . 0 6 . 0 1 4 . 0 1 3 2 . 0 3 2 3 . 7 4 . 9 7 4 . 1 4 . 4 2 4 . 4 6 
3 . 0 6 . 0 1 4 . 0 5 8 5 . 0 41 4 . 0 4 . 9 0 4 . 1 4 . 9 0 4 . 8 5 
3 . 0 6 . 0 1 4 . 0 5 8 6 . 0 4 2 4 . 2 4 . 9 0 4 . 1 4 . 8 4 4 . 8 1 
3 . 0 6 . 0 1 4 . 0 4 4 9 . 0 51 4 . 3 4 . 8 5 4 . 1 5 . 2 3 5 . 2 2 
3 . 0 6 . 0 1 4 . 0 4 5 0 . 0 5 2 4 . 2 4 . 8 6 4 . 1 5 . 2 0 5 . 1 8 
3 . 0 3 . 0 1 8 . 0 1 2 9 . 0 31 4 . 2 5 . 7 0 4 . 2 5 . 0 0 5 . 0 4 
3 . 0 3 . 0 1 8 . 0 1 3 0 . 0 3 2 4 . 4 . 0 0 4 . 2 4 . 4 3 4 . 8 6 
3 . 0 3 . 0 1 8 . 0 5 7 3 . 0 41 4 . 5 4 . 9 1 4 . 2 4 . 9 1 4 . 9 0 
3 . 0 3 . 0 1 8 . 0 5 7 4 . 0 4 2 4 . 1 4 . 9 3 4 , 2 4 . 8 7 4 . 8 4 
3 . 0 3 . 0 1 8 . 0 4 5 1 . 0 51 4 . 0 4 . 8 5 4 . 2 5 . 2 3 5 . 2 4 
3 . 0 3 . 0 1 8 . 0 4 5 2 . 0 5 2 4 . 0 4 . 8 5 4 . 2 5 . 1 9 5 . 2 0 
3 . 0 . 0 1 1 2 . 0 5 7 1 . 0 41 3 . 8 4 . 9 1 4 . 3 4 . 9 1 4 . 9 2 
3 . 0 . 0 1 1 2 . 0 5 7 2 . 0 4 2 4 . 1 4 . 9 9 4 . 3 4 . 9 3 4 . 8 7 
3 . 0 . 0 1 1 2 . 0 5 7 0 . 0 4 2 4 . 1 5 . 0 1 4 . 3 4 . 9 5 4 . 8 7 
4 . 0 6 . 0 1 . 0 1 6 1 . 0 31 3 . 8 5 . 0 8 4 . 1 4 . 3 8 4 . 6 1 
4 . 0 6 . 0 1 . 0 1 4 9 . 0 31 3 . 8 5 . 0 3 4 . 1 4 . 3 3 4 . 6 1 
4 . 0 6 . 0 1 . 0 1 6 2 . 0 3 2 3 . 8 5 . 1 4 4 . 1 4 . 5 9 4 . 4 8 
4 . 0 6 . 0 1 . 0 1 5 0 . 0 3 2 3 . 9 4 . 9 5 4 . 1 4 . 4 0 4 . 5 1 
4 . 0 3 . 0 1 4 . 0 1 5 1 . 0 31 3 . 8 5 . 0 0 4 . 2 4 . 3 0 4 . 8 0 
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TABLE D 3 : DATA AM) INDEXES FOR AASHO ROAD TEST a E X I B L E PAVE^€ ÎT SECTIONS 

lOCNTIFICATION D A T A PERFORMANce DATA I N D E X E S 

S U R F BASE SUBB S E C T LOOP SERV LOG S E R V STRUCT PERFORMANCE 

THCK THCK, THCK NO. LANE INDEX APPL INDEX BY O B S . C A L C . BY 
T Y P E B E G . P i ^ . 5 END EQN D6 E S T . EQN D 6 

4 . 0 3 . 0 1 4 . 0 1 5 2 . 0 3 2 4 . 1 4 . 9 7 4 . 2 4 . 4 2 4 . 7 0 
4 . 0 3 . 0 1 4 . 0 6 2 7 . 0 41 4 . 2 4 . 9 3 4 . 2 4 . 9 3 4 . 9 0 
4 . 0 3 . 0 1 4 . 0 6 2 8 . 0 4 2 4 . 0 4 . 9 5 4 . 2 4 . 8 9 4 . 8 4 
4 . 0 3 . 0 1 4 . 0 4 1 1 . 0 51 4 . 3 4 . 8 3 4 . 2 5 . 2 1 5 . 2 5 

4 . 0 3 . 0 1 4 . 0 4 1 2 . 0 5 2 4 . 2 4 . 7 9 4 . 2 5 . 1 3 5 . 2 1 
4 . 0 , 0 1 8 . 0 1 5 3 . 0 31 3 , 8 5 . 0 0 4 . 3 4 . 3 0 4 . 9 7 
4 . 0 , 0 1 8 . 0 1 5 4 . 0 3 2 4 , 0 4 . 9 3 4 . 3 4 . 3 8 4 . 7 7 
4 . 0 , 0 1 8 . 0 6 1 9 . 0 41 4 , 3 5 . 0 1 4 . 3 5 . 0 1 4 . 9 3 
4 . 0 . 0 1 8 . 0 6 2 0 , 0 4 2 4 , 0 5 . 0 0 4 , 3 4 . 9 4 4 . 8 7 
5 , 0 . 0 1 4 , 0 6 0 5 , 0 41 3 , 6 4 , 9 4 4 . 3 4 . 9 4 4 . 9 0 

5 , 0 , 0 1 4 , 0 6 0 6 , 0 4 2 4 , 3 5 . 0 0 4 . 3 4 . 9 4 4 . 8 8 
3 . 0 8 . 6 2 4 , 0 4 6 7 , 3 51 3 , 6 4 . 7 7 4 . 3 5 . 1 5 5 . 2 2 
3 , 0 8 . 6 2 4 , 0 4 5 7 , 3 51 4 , 4 4 . 8 5 4 . 3 5 . 2 3 5 . 2 2 
3 . 0 8 . 6 2 4 . 0 4 6 8 , 3 5 2 4 . 2 4 . 8 4 4 . 3 5 . 1 8 5 . 1 8 
3 , 0 8 . 6 2 4 . 0 4 5 8 , 3 5 2 4 . 5 4 . 8 8 4 . 3 5 . 2 2 5 , 1 8 
3 . 0 9 . 5 2 . 0 1 7 1 , 2 31 4 . 0 5 . 7 2 3 . 8 5 . 0 2 4 . 2 8 
3 . 0 9 . 5 2 . 0 1 0 3 , 2 31 4 , 0 5 . 0 1 3 . 8 4 . 3 1 4 . 2 8 
3 . 0 9 . 5 2 . 0 1 7 2 . 2 3 2 4 . 2 5 . 0 4 3 . 8 4 . 4 9 4 . 3 7 
3 . 0 7 . 3 2 4 . 0 5 6 5 . 3 41 3 . 9 4 . 9 1 4 . 1 4 . 9 1 4 . 8 4 
3 . 0 7 . 3 2 4 . 0 5 5 9 . 3 41 4 . 0 4 . 9 0 4 . 1 4 . 9 0 4 . 8 5 
3 . 0 7 . 3 2 4 . 0 5 6 6 . 3 4 2 4 . 1 4 . 9 0 4 . 1 4 . 8 4 4 . 8 0 
3 . 0 7 . 3 2 4 . 0 5 6 0 . 3 4 2 4 . 1 4 . 8 9 4 . 1 4 . 8 3 4 . 8 0 
3 . 0 7 . 3 1 4 . 0 5 6 7 . 3 41 4 . 0 4 . 9 0 4 . 3 4 . 9 0 4 . 8 7 
3 . 0 7 . 3 1 4 . 0 5 6 1 . 3 41 4 . 4 4 . 8 9 4 . 3 4 . 8 9 4 . 9 0 

3 . 0 7 . 3 1 4 . 0 5 6 8 . 3 4 2 3 . 9 4 . 9 0 4 . 3 4 . 8 4 4 . 8 2 
3 . 0 7 . 3 1 4 . 0 5 6 2 . 3 4 2 3 . 4 4 . 8 7 4 . 3 4 . 8 1 4 . 7 9 
3 . 0 9 . 5 1 . 0 1 6 9 . 2 31 4 . 2 5 . 6 5 4 . 1 4 . 9 5 4 . 9 9 

3 . 0 9 . 5 1 . 0 1 0 5 . 2 31 3 . 9 5 . 6 8 4 . 1 4 . 9 8 4 . 8 8 

3 . 0 9 . 5 1 . 0 1 7 0 . 2 3 2 3 . 3 5 . 0 4 4 . 1 4 . 4 9 4 . 3 6 
3 . 0 9 . 5 1 . 0 1 0 6 . 2 3 2 3 . 7 4 . 9 9 4 . 1 4 . 4 4 4 . 4 8 
3 . 0 5 . 4 3 . 0 1 6 7 . 3 31 4 . 3 4 . 1 4 . 9 6 . 4 0 5 . 4 7 

3 . 0 5 . 4 3 . 0 1 0 1 . 3 31 4 . 5 3 . 9 4 . 9 5 . 9 6 5 . 5 1 
3 . 0 5 . 4 3 . 0 1 6 8 . 3 3 2 4 . 4 3 . 8 4 . 9 6 . 0 8 5 . 4 9 

3 . 0 5 . 4 3 . 0 1 0 2 . 3 3 2 3 . 7 2 . 7 4 . 9 5 . 5 9 5 . 2 1 
3 . 0 3 . 0 4 4 . 0 5 6 3 . 4 41 3 . 6 4 . 8 1 4 . 2 4 . 8 1 4 . 7 0 
3 . 0 3 . 0 4 4 . 0 5 5 7 . 4 41 3 , 4 4 . 8 5 4 . 2 4 . 8 5 4 . 6 9 

3 , 0 3 . 0 4 4 . 0 5 6 4 . 4 4 2 3 .1 3 . 5 4 4 . 2 3 . 4 8 4 . 6 3 
3 . 0 3 . 0 4 4 . 0 5 5 8 . 4 4 2 3 . 9 4 . 8 9 4 . 2 4 . 8 3 4 . 6 8 
3 , 0 9 . 0 1 4 . 0 4 1 3 . 0 51 4 . 6 4 . 9 0 4 . 6 5 . 2 8 5 . 2 5 
3 . 0 9 . 0 1 4 . 0 4 1 4 . 0 5 2 4 . 4 4 . 9 0 4 , 6 5 . 2 4 5 . 2 0 

3 , 0 6 , 0 1 8 . 0 1 5 5 . 0 31 4 . 1 5 . 8 0 4 . 7 5 . 1 0 5 . 3 1 
3 , 0 6 , 0 1 8 . 0 1 5 6 . 0 3 2 3 . 9 5 . 6 9 4 . 7 5 . 1 4 5 . 2 0 
3 , 0 6 , 0 1 8 , 0 6 2 3 , 0 41 4 . 3 4 . 9 2 4 . 7 4 . 9 2 5 . 0 6 
3 . 0 6 , 0 1 8 , 0 6 2 4 . 0 4 2 4 . 0 5 . 1 4 4 . 7 5 . 0 8 4 . 9 9 
3 . 0 6 , 0 1 8 , 0 4 1 9 . 0 51 4 . 4 4 . 8 6 4 . 7 5 . 2 4 5 . 2 6 
3 . 0 6 . 0 1 8 . 0 4 2 0 . 0 5 2 4 . 4 4 . 8 8 4 . 7 5 . 2 2 5 . 2 2 
3 . 0 3 , 0 1 1 2 , 0 6 1 7 . 0 41 4 . 3 5 . 7 6 4 . 8 5 . 7 6 5 . 1 4 
3 , 0 3 . 0 1 1 2 . 0 6 1 8 . 0 4 2 4 . 3 5 . 7 7 4 . 8 5 . 7 1 5 . 1 9 

3 , 0 3 . 0 1 1 2 , 0 4 1 5 . 0 51 4 . 4 4 . 9 3 4 . 8 5 . 3 1 5 . 3 0 

3 , 0 3 . 0 1 1 2 , 0 4 2 9 . 0 51 4 . 2 4 . 8 7 4 . 8 5 . 2 5 5 . 2 8 



T A B L E D 3 : DATA AND I N D E X E S FOR AASHO ROM) T E S T F L E X I B L E PAVEMENT S E C T I O N S 
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I D E N T I F I C A T I O N D A T A P E R F O R M A N C E D A T A I N D E X E S 

S U R F B A S E S U B B S E C T L O O P S E R V L O G S E R V S T R U C T P E R F O R M A N C E 
T H C K T H C K , T H C K N O . L A N E I N D E X A P P L I N D E X B Y O B S . C A L C . B Y 

T Y P E B E G . P ^ . 5 E N D E Q N D 6 E S T . 
5 . 2 7 

EQN 0 6 
3 . 0 3 . 0 1 1 2 . 0 4 1 6 . 0 5 2 4 . 3 4 . 9 3 4 . 8 

E S T . 
5 . 2 7 5 , 2 5 

3 . 0 3 . 0 1 1 2 . 0 4 3 0 . 0 5 2 4 . 2 4 . 9 0 4 , 8 5 . 2 4 5 , 2 4 
4 . 0 6 . 0 1 4 . 0 1 2 3 . 0 31 4 . 2 2 . 3 4 , 7 5 . 2 8 5 , 3 2 
4 . 0 &.01 4 . 0 1 2 4 . 0 3 2 4 . 5 5 . 7 9 4 . 7 5 , 2 4 5 , 2 3 
4 . 0 6 . 0 1 4 . 0 5 9 5 . 0 41 3 . 9 4 . 9 3 4 . 7 4 , 9 3 4 , 9 6 
4 . 0 6 . 0 1 4 . 0 5 9 6 . 0 4 2 4 . 1 5 . 0 1 4 . 7 4 . 9 5 5 , 0 0 
4 . 0 6 . 0 1 4 . 0 4 7 3 . 0 51 4 . 2 4 . 9 0 4 . 7 5 . 2 8 5 , 2 6 
4 . 0 6 . 0 1 4 . 0 4 7 4 . 0 5 2 4 . 3 4 . 9 1 4 . 7 5 . 2 5 5 , 2 2 
4 . 0 3 . 0 1 8 . 0 1 2 1 . 0 31 4 , 0 5 . 7 7 4 , 8 5 , 0 7 5 . 3 3 
4 . 0 3 . 0 1 8 . 0 1 2 2 . 0 3 2 4 . 2 5 . 7 0 4 . 8 5 , 1 5 5 . 2 4 
4 . 0 3 . 0 1 8 . 0 5 8 9 . 0 41 4 . 4 4 . 9 9 4 . 8 4 , 9 9 5 , 1 4 
4 . 0 3 . 0 1 8 . 0 5 9 7 , 0 41 3 . 9 5 . 0 2 4 . 8 5 , 0 2 5 . 0 0 
4 . 0 3 . 0 1 8 . 0 5 9 0 . 0 4 2 4 . 2 5 . 0 4 4 . 8 4 , 9 8 5 , 1 2 
4 . 0 3 . 0 1 8 . 0 5 9 8 . 0 4 2 4 . 4 5 . 0 6 4 . 8 5 , 0 0 5 . 2 0 
4 . 0 3 . 0 1 8 . 0 4 8 1 . 0 51 4 . 4 4 . 9 0 4 . 8 5 , 2 8 5 , 2 8 
4 . 0 3 . 0 1 8 . 0 4 8 2 . 0 5 2 4 . 3 4 . 9 0 4 . 8 5 , 2 4 5 . 2 5 
4 . 0 3 . 0 1 8 . 0 2 6 9 . 0 61 3 . 8 4 . 8 5 4 . 8 5 , 7 4 5 . 7 4 
4 . 0 3 . 0 1 8 . 0 2 7 0 . 0 6 2 4 . 1 4 . 8 9 4 , 8 5 . 5 4 5 , 5 3 
4 . 0 . 0 1 1 2 . 0 6 0 3 . 0 41 3 . 8 5 . 1 6 4 , 8 5 . 1 6 5 , 0 4 
4 . 0 . 0 1 1 2 . 0 6 0 4 . 0 4 2 4 . 3 5 . 7 6 4 , 8 5 . 7 0 5 , 2 6 
5 . 0 3 . 0 1 4 . 0 5 7 9 . 0 41 4 . 2 5 . 0 8 4 , 7 5 . 0 8 5 , 0 6 
5 . 0 3 . 0 1 4 . 0 5 8 0 . 0 4 2 4 . 3 5 . 1 2 4 . 7 5 . 0 6 5 . 1 3 
5 . 0 3 . 0 1 4 . 0 4 3 9 . 0 51 4 . 2 4 . 8 9 4 , 7 5 . 2 7 5 . 2 8 
5 . 0 3 . 0 1 4 . 0 4 4 0 . 0 5 2 4 . 3 4 . 9 4 4 . 7 5 . 2 8 5 . 2 5 
5 . 0 . 01 8 . 0 5 8 7 . 0 41 4 . 4 5 . 0 5 4 , 8 5 . 0 5 5 . 2 0 
5 . 0 . 0 1 8 . 0 5 8 8 . 0 4 2 4 . 2 5 . 0 9 4 , 8 5 . 0 3 5 . 1 9 
3 . 0 1 2 . 5 2 . 0 1 7 1 . 1 31 4 . 4 5 . 7 6 4 . 2 5 . 0 6 5 , 0 0 
3 . 0 1 2 . 5 2 . 0 1 0 3 . 1 31 3 . 7 5 . 7 2 4 . 2 5 , 0 2 4 . 8 9 
3 . 0 1 2 . 5 2 . 0 1 7 2 . 1 3 2 4 . 1 5 . 7 6 4 . 2 5 , 2 1 4 . 8 0 
3 . 0 1 2 . 5 2 . 0 1 0 4 . 1 3 2 4 . 2 5 . 7 3 4 . 2 5 . 1 8 4 . 9 1 
3 . 0 1 0 . 8 2 4 . 0 5 6 5 . 2 41 4 . 1 5 . 0 5 4 . 6 5 . 0 5 4 . 9 3 
3 . 0 1 0 . 8 2 4 . 0 5 5 9 . 2 41 3 . 8 4 . 9 7 4 . 6 4 , 9 7 4 . 9 1 
3 . 0 1 0 . 8 2 4 . 0 5 6 6 . 2 4 2 4 . 4 5 . 0 4 4 . 6 4 , 9 8 4 . 9 7 
3 . 0 1 0 . 8 2 4 . 0 5 6 0 . 2 4 2 4 . 2 5 . 0 0 4 . 6 4 , 9 4 4 . 9 2 
3 . 0 1 0 . 8 1 4 . 0 5 6 7 . 2 41 3 . 6 5 . 0 3 4 . 9 5 , 0 3 5 . 0 3 
3 . 0 1 0 . 8 1 4 . 0 5 6 1 . 2 41 4 . 4 5 . 6 8 4 , 9 5 , 6 8 5 , 5 7 
3 . 0 1 0 . 8 1 4 . 0 5 6 8 . 2 4 2 4 . 2 5 . 0 7 4 . 9 5 , 0 1 5 . 5 4 
3 . 0 1 0 . 8 1 4 . 0 5 6 2 . 2 4 2 4 . 2 5 . 1 3 4 . 9 5 , 0 7 5 . 5 4 
3 . 0 1 2 . 5 1 . 0 1 6 9 . 1 31 4 . 1 2 . 4 4 . 6 5 . 3 1 5 . 2 5 
3 . 0 1 2 . 5 1 . 0 1 0 5 . 1 31 4 . 3 5 . 8 3 4 . 6 5 . 1 3 5 . 2 9 
3 . 0 1 2 . 5 1 . 0 1 7 0 . 1 3 2 4 . 1 5 . 7 7 4 . 6 5 . 2 2 5 . 1 5 
3 . 0 1 2 . 5 1 . 0 1 0 6 . 1 3 2 4 . 0 5 . 8 0 4 . 6 5 . 2 5 5 . 1 4 
4 . 0 5 . 0 1 8 . 0 2 7 9 . 4 61 4 . 3 4 . 8 9 5 . 1 5 . 7 8 5 , 7 6 
4 . 0 5 . 0 1 8 . 0 2 8 7 . 4 61 4 . 1 4 . 8 9 5 . 1 5 . 7 8 5 . 7 6 
4 . 0 5 . 0 1 8 . 0 2 8 0 . 4 6 2 4 . 1 4 . 9 0 5 . 1 5 . 5 5 5 . 5 4 
4 . 0 5 . 0 1 8 . 0 2 8 8 . 4 6 2 3 . 4 4 . 8 9 5 . 1 5 . 5 4 5 . 5 1 
3 . 0 5 . 0 4 4 . 0 5 6 3 . 3 41 3 . 5 5 . 2 1 4 . 9 5 . 2 1 5 . 1 2 
3 . 0 5 . 0 4 4 . 0 5 5 7 . 3 41 3 . 9 4 . 9 8 4 . 9 4 . 9 8 5 , 4 6 
3 . 0 5 . 0 4 4 . 0 5 6 4 . 3 4 2 4 . 3 5 . 0 5 4 . 9 4 , 9 9 5 . 4 2 
3 . 0 5 . 0 4 - 4 . 0 5 5 8 . 3 4 2 4 . 5 5 . 0 2 4 . 9 4 , 9 6 5 . 4 3 
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TABLE D 3 : DATA AND irOEXES FOR AASHO ROAD TEST a E X I B L E PAVEMENT SECTIONS 

I D E N T I F I C A T I O N DATA P E R F O R M A N C E D A T A I N D E X E S 

S U R F B A S E S U B B S E C T L O O P S E R V L O G S E R V S T R U C T P E R F O R M A N C E 
T H C K T H C K , T H C K NO. L A N E I N D E X A P P L I N D E X B Y O B S . C A L C . B Y 

T Y P E B E G . P - 2 . 5 END EQN D 6 E S T . EQN D 6 
3 . 0 4 . 6 3 4 . 0 4 6 3 . 4 51 4 . 0 4 . 9 3 5 .1 5 . 3 1 5 . 3 2 
3 . 0 4 . 6 3 4 . 0 4 5 9 . 4 51 4 . 4 5 . 0 6 5 .1 5 . 4 4 5 . 3 6 
3 . 0 4 . 6 3 4 . 0 4 6 4 . 4 5 2 4 . 1 4 . 9 6 5 .1 5 . 3 0 5 . 3 1 
3 . 0 4 . 6 3 4 . 0 4 6 0 . 4 5 2 4 . 0 5 . 0 5 5 .1 5 . 3 9 5 . 3 0 
3 . 0 9 . 0 1 8 . 0 4 7 1 . 0 51 4 . 5 4 . 9 0 5 . 2 5 . 2 8 5 . 4 3 
3 . 0 9 . 0 1 8 . 0 4 7 2 . 0 5 2 4 . 3 4 . 9 3 5 . 2 5 . 2 7 5 . 3 9 
3 . 0 6 . 0 1 1 2 . 0 6 0 1 . 0 41 3 . 8 5 . 7 9 5 . 3 5 . 7 9 5 . 7 3 
3 . 0 6 . 0 1 1 2 . 0 6 0 2 . 0 4 2 4 . 4 5 . 7 6 5 . 3 5 . 7 0 5 . 6 9 
3 . 0 6 . 0 1 1 2 . 0 4 8 7 . 0 51 3 . 7 4 . 8 9 5 . 3 5 . 2 7 5 . 3 3 
3 , 0 6 . 0 1 1 2 . 0 4 8 8 . 0 5 2 4 . 0 5 . 6 6 5 . 3 6 . 0 0 5 . 3 8 
4 . 0 9 . 0 1 4 . 0 4 3 7 . 0 51 4 . 5 4 . 9 2 5 . 2 5 . 3 0 5 . 4 2 
4 . 0 9 . 0 1 4 . 0 4 3 8 . 0 5 2 4 . 1 4 . 9 9 5 . 2 5 . 3 3 5 , 3 3 
4 . 0 6 . 0 1 8 . 0 1 3 9 . 0 31 4 . 4 3 . 6 5 . 2 5 . 8 0 5 , 7 5 
4 . 0 6 . 0 1 8 . 0 1 4 0 . 0 3 2 4 . 2 3 . 3 5 . 2 5 . 8 3 5 . 7 1 
4 . 0 6 . 0 1 8 . 0 5 7 7 . 0 41 4 . 1 . 0 0 5 . 2 5 . 8 8 5 . 7 4 
4 . 0 6 . 0 1 8 . 0 5 7 8 . 0 4 2 4 . 3 5 . 8 6 5 . 2 5 . 8 0 5 . 7 0 
4 . 0 6 . 0 1 8 . 0 4 5 5 . 0 51 4 . 4 4 . 9 8 5 . 2 5 . 3 6 5 . 4 5 
4 . 0 6 . 0 1 8 . 0 4 5 3 . 0 51 4 . 3 4 . 9 6 5 . 2 5 . 3 4 5 . 4 3 
4 . 0 6 . 0 1 8 . 0 4 5 6 . 0 5 2 4 . 2 4 . 9 7 5 . 2 5 . 3 1 5 . 4 2 
4 . 0 6 . 0 1 8 . 0 4 5 4 . 0 5 2 4 . 4 5 . 1 8 5 . 2 5 . 5 2 5 . 4 7 
4 . 0 6 . 0 1 8 . 0 3 0 3 . 0 61 4 . 1 4 . 9 0 5 . 2 5 . 7 9 5 . 7 5 
4 . 0 6 . 0 1 8 . 0 3 0 4 . 0 6 2 4 . 4 5 . 0 6 5 . 2 5 . 7 1 5 . 5 6 
4 . 0 3 . 0 1 1 2 . 0 5 7 5 . 0 41 4 . 1 . 0 0 5 . 3 5 . 8 2 5 . 7 6 
4 . 0 3 . 0 1 1 2 . 0 5 7 6 . 0 4 2 4 . 1 5 . 8 0 5 . 3 5 . 7 4 5 . 7 1 
4 . 0 3 . 0 1 1 2 . 0 4 4 3 . 0 51 4 . 1 4 . 9 5 5 . 3 5 . 3 3 5 . 4 4 
4 . 0 3 . 0 1 1 2 . 0 4 4 4 . 0 5 2 4 . 3 4 . 9 9 5 . 3 5 . 3 3 5 . 5 3 
4 . 0 3 . 0 1 1 2 . 0 2 9 9 . 0 61 4 . 2 5 . 1 2 5 . 3 6 . 0 1 5 . 7 7 
4 . 0 3 . 0 1 1 2 . 0 3 0 0 . 0 6 2 4 . 4 5 . 6 7 5 . 3 6 . 3 2 5 . 6 0 
5 . 0 6 . 0 1 4 . 0 6 2 9 . 0 41 4 . 5 5 . 7 8 5 . 2 5 . 7 8 5 . 7 3 
5 . 0 6 . 0 1 4 . 0 6 1 5 . 0 41 4 . 1 5 . 7 7 5 . 2 5 . 7 7 5 . 7 3 
5 . 0 6 . 0 1 4 . 0 6 3 0 . 0 4 2 4 . 0 5 . 8 3 5 . 2 5 . 7 7 5 . 6 7 
5 . 0 6 . 0 1 4 . 0 6 1 6 . 0 4 2 4 . 2 5 . 7 7 5 . 2 5 . 7 1 5 . 6 8 
5 . 0 6 . 0 1 4 . 0 4 2 3 . 0 51 4 . 5 4 . 9 9 5 . 2 5 . 3 7 5 . 4 7 
5 . 0 6 . 0 1 4 . 0 4 2 4 . 0 5 2 4 . 4 5 . 0 1 5 . 2 5 . 3 5 5 . 4 6 
5 . 0 3 . 0 1 8 . 0 6 3 1 . 0 41 3 . 8 5 . 4 6 5 . 3 5 . 4 6 5 . 7 4 
5 . 0 3 . 0 1 8 . 0 6 3 2 . 0 4 2 4 . 2 5 . 8 0 5 . 3 5 . 7 4 5 . 7 2 
5 . 0 3 . 0 1 8 . 0 4 2 1 . 0 51 4 . 5 5 . 0 0 5 . 3 5 . 3 8 5 . 5 3 
5 . 0 3 . 0 1 8 . 0 4 2 2 . 0 5 2 4 . 4 5 . 0 3 5 . 3 5 . 3 7 5 . 5 3 
5 . 0 3 . 0 1 8 . 0 3 1 9 . 0 61 4 . 3 4 . 8 9 5 . 3 5 . 7 8 5 . 7 7 
5 . 0 3 . 0 1 8 . 0 3 2 0 . 0 6 2 4 . 1 5 . 0 0 5 . 3 5 . 6 5 5 . 5 7 
5 . 0 . 0 1 1 2 . 0 6 2 1 . 0 41 4 . 3 5 . 7 7 5 . 4 5 . 7 7 5 , 7 9 
5 . 0 . 0 1 1 2 . 0 6 2 2 . 0 4 2 4 . 2 5 . 8 0 5 . 4 5 . 7 4 5 , 7 3 
3 . 0 1 2 . 4 2 4 . 0 4 6 7 . 2 51 4 . 4 4 . 8 2 4 . 8 5 , 2 0 5 , 2 6 
3 . 0 1 2 . 4 2 4 . 0 4 6 7 , 2 51 4 . 4 4 , 8 2 4 . 8 5 , 2 0 5 . 2 6 
3 . 0 1 2 . 4 2 4 . 0 4 5 7 . 2 51 4 . 4 4 . 9 0 4 . 8 5 . 2 8 5 . 2 6 
3 . 0 1 2 . 4 2 4 . 0 4 6 8 . 2 5 2 4 . 5 4 . 8 4 4 . 8 5 . 1 8 5 . 2 3 
3 . 0 1 2 . 4 2 4 . 0 4 5 8 . 2 5 2 4 . 4 4 , 8 5 4 . 8 5 . 1 9 5 , 2 3 
3 . 0 1 4 . 3 2 4 . 0 5 5 9 . 1 41 3 . 9 5 . 5 8 5 . 0 5 . 5 8 5 . 3 5 
3 . 0 1 4 . 3 2 4 . 0 5 6 0 . 1 4 2 4 . 1 5 . 0 9 5 . 0 5 . 0 3 5 . 6 2 
3 . 0 1 4 . 3 1 4 . 0 5 6 7 . 1 41 3 . 6 2 . 5 5 . 5 6 . 0 5 5 . 6 9 



T A B L E D 3 : DATA AM) I M ) E X E S FOR AASHO R O / C T E S T F L E X I B L E PAVEMENT S E C T I O N S 
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I D E N T I F I C A T I O N D A T A P E R F O R M A N C E D A T A I N D E X E S 

S U R F 
T H C K 

3 . 0 
3 . 0 
3 . 0 
3 . 0 
3 . 0 
3 . 0 
3 . 0 
3 . 0 
3 . 0 
3 . 0 
3 . 0 
3 . 0 
3 . 0 
3 . 0 
3 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
3 . 0 
3 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
5 . 0 
5 . 0 
5 . 0 
5 . 0 
5 . 0 
5 . 0 
5 . 0 
5 . 0 
5 . 0 
5 . 0 
5 . 0 

B A S E 
T H C K , 
T Y P E 
1 4 . 3 1 
1 4 . 3 1 
1 4 . 3 1 

7 . 0 4 
7 . 0 4 
7 . 0 4 
7 . 0 4 
7 . 0 4 
7 . 0 4 
6 . 4 4 
6 . 4 4 
7 . 6 3 
7 . 6 3 
7 . 6 3 
7 . 6 3 
4 . 9 3 
4 . 9 3 
4 . 9 3 
4 . 9 3 
4 . 3 4 
4 . 3 4 
4 . 3 4 
4 . 3 4 
9 . 0 1 
9 . 0 1 
9 . 0 1 
9 . 0 1 
9 . 0 1 
9 . 0 1 
6 . 0 1 
6 . 0 1 
6 . 0 1 
6 . 0 1 
6 . 0 1 
6 . 0 1 
3 . 0 1 
3 . 0 1 
3 . 0 1 
3 . 0 1 
9 . 0 1 
9 . 0 1 
9 . 0 1 
9 . 0 1 
6 . 0 1 
6 . 0 1 
6 . 0 1 
6 . 0 1 
6 . 0 1 
6 . 0 1 
3 . 0 1 

S U B B 
T H C K 

4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 

. 0 

. 0 

. 0 

. 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 
4 . 0 

1 2 . 0 
1 2 . 0 

8 . 0 
8 . 0 
8 . 0 
8 . 0 

1 2 . 0 
1 2 . 0 
1 2 . 0 
1 2 . 0 
1 2 . 0 
1 2 . 0 
1 6 . 0 
1 6 . 0 
1 6 . 0 
1 6 . 0 

4 . 0 
4 . 0 
4 . 0 
4 . 0 
8 . 0 
8 . 0 
8 . 0 
8 . 0 
8 . 0 
8 . 0 

1 2 . 0 

S E C T 
NO. 

5 6 1 . 1 
5 6 8 . 1 
5 6 2 . 1 
5 6 3 . 2 
5 5 7 . 2 
5 6 4 . 2 
5 5 8 . 2 
4 6 5 . 3 
4 6 6 . 3 
4 6 1 . 3 
4 6 2 . 3 
1 6 7 . 2 
1 0 1 . 2 
1 6 8 . 2 
1 0 2 . 2 
2 8 5 . 4 
2 8 3 . 4 
2 8 6 . 4 
2 8 4 . 4 
2 8 9 . 4 
2 8 1 . 4 
2 9 0 . 4 
2 8 2 . 4 
4 4 1 . 0 
4 4 2 . 0 
4 1 7 . 0 
4 1 8 . 0 
3 2 1 . 0 
3 2 2 . 0 
6 2 5 . 0 
6 2 6 . 0 
4 2 5 . 0 
4 2 6 . 0 
3 2 3 . 0 
3 2 4 . 0 
3 1 7 . 0 
3 2 9 . 0 
3 1 8 . 0 
3 3 0 . 0 
4 7 5 . 0 
4 8 3 . 0 
4 7 6 . 0 
4 8 4 . 0 
5 9 1 . 0 
5 9 2 . 0 
4 6 9 . 0 
4 7 0 . 0 
2 5 9 . 0 
2 6 0 . 0 
5 9 3 . 0 

L O O P 
L A N E 

41 
4 2 
4 2 
41 
41 
4 2 
4 2 
51 
5 2 
51 
5 2 
31 
31 
3 2 
3 2 
61 
61 
6 2 
6 2 
61 
61 
6 2 
6 2 
51 
5 2 
51 
5 2 
61 
6 2 
41 
4 2 
51 
5 2 
61 
6 2 
61 
61 
6 2 
6 2 
51 
51 
5 2 
5 2 
41 
4 2 
51 
5 2 
61 
6 2 
41 

S E R V 
I N D E X 

B E G . 
4 . 1 
4 . 0 
4 . 3 
4 . 2 
4 . 5 
4 . 5 
4 . 0 
4 , 6 
4 . 2 
4 . 4 
4 . 1 
4 . 0 
4 . 3 
3 . 8 
4 . 1 
4 . 2 
4 . 3 
3 . 2 
3 . 7 
4 . 4 
4 . 1 
4 . 2 
4 . 1 
4 . 4 
4 . 2 
4 . 5 
4 . 4 
4 . 1 
4 . 1 
4 . 2 
3 . 9 
4 . 3 
4 . 1 
4 . 4 
4 . 3 
4 . 3 
4 . 3 
4 . 3 
4 . 4 
4 . 5 
4 . 5 
4 . 4 
4 . 2 
4 . 7 
4 . 3 
4 . 3 
4 . 0 
4 . 3 
4 . 0 
4 . 1 

L O G 
A P P L 

P - £ . 5 

5 . 7 9 
5 . 6 9 
5 . 7 2 
5 . 2 1 
4 . 9 4 
5 . 0 1 
5 . 3 2 
4 . 9 5 

S E R V 
I N D E X 

3 . 9 
2 . 9 
2 . 9 

5 . 0 1 
5 . 0 7 
4 . 9 5 
5 . 2 0 
4 . 8 5 
4 . 8 9 
4 . 8 8 
4 . 9 4 

5 . 1 8 
5 . 2 3 
5 . 0 9 
4 . 9 0 
5 . 0 8 
5 . 8 3 

5 . 7 0 
5 . 2 6 
4 . 9 0 
4 . 9 3 
4 . 9 9 
4 . 9 3 
5 . 7 6 
5 . 0 0 
5 . 7 8 
5 . 6 9 
5 . 3 8 
5 . 6 6 

5 . 7 5 
5 . 5 7 
4 . 9 6 
5 . 0 0 
5 . 7 6 

3 . 9 
4 . 1 
3 . 9 
3 . 9 

2 . 9 

3 .1 

3 . 6 
2 . 7 

S T R U C T 
B Y 

EQN D 6 
5 . 5 
5 . 5 
5 . 5 

5 . 5 
5 . 5 
5 . 5 
5 . 5 
5 . 5 
5 . 5 
5 . 3 
5 . 3 

5 . 8 
5 . 8 
5 . 8 
5 . 8 

5 . 8 
5 . 8 
5 . 8 
5 . 8 
5 . 2 
5 . 2 
5 . 2 
5 . 2 

5 . 7 
5 . 7 
5 . 7 
5 . 7 
5 . 7 
5 . 7 
5 . 8 

5 . 8 
5 . 8 
5 . 8 
5 . 8 
5 . 8 
5 . 9 
5 . 9 
5 . 9 
5 . 9 
5 . 7 
5 . 7 
5 . 7 
5 . 7 

5 . 8 
5 . 8 

5 . 8 
5 . 8 
5 . 8 
5 . 8 
5 . 9 

P E R F O R M A N C E 
O B S . 

E S T . 
7 . 0 4 
6 . 1 5 
6 . 1 3 

5 . 7 9 
5 . 6 9 
5 . 6 6 
5 . 1 5 
5 . 3 2 
5 . 3 5 
5 . 7 0 
5 . 2 9 

6 . 6 2 
6 . 4 0 
8 . 0 0 
6 . 4 9 

5 . 9 0 
5 . 9 6 
5 . 6 0 
5 . 8 5 
5 . 7 4 
5 . 7 8 
5 . 5 3 
5 . 5 9 

6 . 5 6 
5 . 5 2 
5 . 6 1 
5 . 4 3 
5 . 7 9 
5 . 7 3 
5 . 8 3 

6 . 2 7 
6 . 0 8 
5 . 6 0 
5 . 7 9 
5 . 5 8 
5 . 8 8 
5 . 8 2 
6 . 4 1 
5 . 6 5 
6 . 1 6 
6 . 0 7 
5 . 7 2 
6 . 0 0 

6 . 4 2 
6 . 0 5 

6 . 1 3 
5 . 9 1 
5 . 8 5 
5 . 6 5 
5 . 7 6 

C A L C . B Y 
EQN D 6 

5 . 7 2 
5 . 6 7 
5 . 8 8 

5 . 9 0 
5 . 9 5 
5 . 9 5 
5 . 8 6 
5 . 8 3 
5 . 7 8 
5 . 8 1 
5 . 7 7 

6 . 0 1 
6 . 0 7 
5 . 9 6 
6 . 0 3 

5 . 8 2 
5 . 8 3 
5 . 5 5 
5 . 6 3 
5 . 5 7 
5 . 5 6 
5 . 3 9 
5 . 3 8 

6 . 1 0 
6 . 0 6 
6 . 1 0 
6 . 0 7 
5 . 7 9 
5 . 7 0 
6 . 0 6 

6 . 0 0 
6 . 1 2 
6 . 0 8 
5 . 8 4 
5 . 8 3 
5 . 8 6 
5 . 8 6 
5 . 9 1 
5 . 9 5 
6 . 0 9 
6 . 0 9 
6 . 0 6 
6 . 0 5 

6 . 1 4 
6 . 0 7 

6 . 1 2 
6 . 0 8 
5 . 8 3 
5 . 7 1 
6 . 0 8 
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TABLE D 3 : DATA AND INDEXES FOR AASHO R O / C TEST a E X I B L E PAVEMENT SECTIONS 

I D E N T I F I C A T I O N D A T A P E R F O R M A N C E D A T A I N D E X E S 

S U R F BASE SUBB S E C T LOOP S E R V LOG S E R V STRUCT PERFORMANCE 
THCK THCK, THCK NO. LANE INDEX APPL INDEX BY O B S . C A L C . BY 

T Y P E B E G . P i £ . 5 END EON D 6 E S T . EQN D 6 
5 . 0 3 . 0 1 1 2 . 0 5 9 4 . 0 4 2 4 . 4 2 , 2 5 . 9 5 . 9 0 6 . 1 4 
5 , 0 3 . 0 1 1 2 . 0 4 7 9 . 0 51 4 . 7 5 . 7 9 5 . 9 6 . 1 7 6 . 1 5 
5 , 0 3 . 0 1 1 2 . 0 4 8 0 . 0 5 2 4 . 4 5 . 7 9 5 . 9 6 . 1 3 6 . 1 0 
5 . 0 3 . 0 1 1 2 . 0 2 6 1 . 0 61 4 . 4 4 . 9 6 5 . 9 5 . 8 5 5 . 8 6 
5 . 0 3 . 0 1 1 2 . 0 2 6 2 . 0 6 2 4 . 2 5 . 0 6 5 . 9 5 . 7 1 5 . 8 4 
6 . 0 3 . 0 1 8 . 0 2 9 7 . 0 <cl H.O 5 . 0 5 5 . 8 5 . 9 4 5 . 8 4 
6 . 0 3 . 0 1 8 . 0 2 9 8 . 0 6 2 4 . 2 5 . 7 6 5 . 8 6 . 4 1 5 . 8 3 
4 . 0 9 . 0 1 8 . 0 2 7 9 . 3 61 4 . 2 4 . 9 5 5 . 7 5 . 8 4 5 . 8 0 
4 . 0 9 . 0 1 8 . 0 2 8 7 . 3 61 4 . 2 4 . 9 0 5 . 7 5 . 7 9 5 . 8 0 
4 . 0 9 . 0 1 8 . 0 2 8 0 . 3 6 2 4 . 3 4 . 9 7 5 . 7 5 . 6 2 5 . 7 6 
4 . 0 9 . 0 1 8 . 0 2 8 8 . 3 6 2 4 . 4 5 . 0 6 5 . 7 5 . 7 1 5 . 8 0 
4 . 0 6 . 8 4 4 . 0 2 8 9 . 3 61 4 . 2 4 . 9 1 6 . 0 5 . 8 0 6 . 2 4 
4 . 0 6 . 8 4 4 . 0 2 8 1 . 3 61 4 . 2 5 . 0 5 6 . 0 5 . 9 4 6 . 2 4 
4 . 0 6 . 8 4 4 . 0 2 9 0 . 3 6 2 4 . 6 5 . 0 2 6 . 0 5 . 6 7 6 . 1 2 
4 . 0 6 . 8 4 4 . 0 2 8 2 . 3 6 2 4 . 4 5 . 1 0 6 . 0 5 . 7 5 6 . 1 2 
3 . 0 7 . 9 3 4 . 0 4 6 3 . 3 51 4 . 3 3 , 4 6 . 5 6 . 7 9 6 . 4 6 
3 . 0 7 . 9 3 4 . 0 4 5 9 . 3 51 4 . 7 2 . 4 6 . 5 6 . 4 0 6 . 5 3 
3 . 0 7 . 9 3 4 . 0 4 6 4 . 3 5 2 4 . 4 3 . 9 6 . 5 7 . 0 6 6 . 4 8 
3 . 0 7 . 9 3 4 . 0 4 6 0 . 3 5 2 4 . 3 3 . 4 6 . 5 6 . 7 5 6 . 4 6 
3 , 0 9 . 9 3 . 0 1 6 7 . 1 31 3 . 3 3 . 7 6 . 7 8 . 0 0 6 . 3 1 
3 , 0 9 . 9 3 . 0 1 0 1 . 1 31 4 . 2 3 . 6 6 . 7 5 . 8 7 6 . 5 8 
3 , 0 9 . 9 3 . 0 1 6 8 , 1 3 2 4 . 0 3 . 9 6 . 7 6 . 7 7 6 . 5 4 
3 , 0 9 . 9 3 . 0 1 0 2 , 1 3 2 4 . 1 3 . 8 6 . 7 6 . 3 1 6 . 5 6 
3 , 0 1 6 . 1 2 4 . 0 4 6 7 . 1 51 4 , 3 4 , 3 7 5 . 2 4 . 7 5 5 . 4 6 
3 . 0 1 6 , 1 2 4 . 0 4 5 7 . 1 51 4 , 4 4 . 9 0 5 , 2 5 , 2 8 5 . 4 9 
3 . 0 1 6 . 1 2 4 . 0 4 6 8 , 1 5 2 4 , 1 4 . 3 8 5 . 2 4 . 7 2 5 . 4 2 
4 , 0 9 , 0 1 1 2 , 0 4 7 7 , 0 51 4 . 5 2 . 4 6 . 3 6 . 4 0 6 . 3 9 
4 . 0 9 . 0 1 1 2 . 0 4 7 8 , 0 5 2 4 , 4 3 . 0 6 . 3 6 . 5 6 6 . 3 8 
4 . 0 9 , 0 1 1 2 . 0 2 6 7 , 0 61 4 , 2 5 . 0 4 6 . 3 5 . 9 3 6 . 1 2 
4 , 0 9 , 0 1 1 2 . 0 2 6 8 . 0 6 2 4 , 2 5 . 3 7 6 . 3 6 , 0 2 6 . 3 7 
4 , 0 6 . 0 1 1 6 , 0 2 5 3 , 0 61 4 , 3 5 , 6 5 6 . 4 6 , 5 4 6 . 2 3 
4 , 0 6 , 0 1 1 6 , 0 2 5 4 , 0 6 2 4 . 3 5 , 3 4 6 , 4 5 , 9 9 6 . 4 0 
5 . 0 9 . 0 1 8 , 0 4 4 7 , 0 51 4 . 3 2 , 7 6 . 3 6 , 4 9 6 . 3 5 
5 . 0 9 . 0 1 8 , 0 4 4 8 , 0 5 2 4 . 2 2 . 6 6 . 3 6 , 4 2 6 . 3 3 
5 . 0 9 . 0 1 8 , 0 3 1 3 , 0 61 4 . 3 5 , 6 4 6 . 3 6 , 5 3 6 . 1 3 
5 . 0 9 . 0 1 8 , 0 3 1 4 . 0 6 2 4 . 1 5 . 7 7 6 . 3 6 , 4 2 6 . 3 7 
5 . 0 6 . 0 1 1 2 . 0 5 8 1 . 0 41 4 . 1 3 . 3 6 . 3 6 . 4 0 6 . 3 5 
5 . 0 6 . 0 1 1 2 . 0 5 8 2 . 0 4 2 4 . 2 2 . 7 6 . 3 6 . 0 6 6 . 3 7 
5 . 0 6 . 0 1 1 2 . 0 4 4 5 . 0 51 4 . 4 5 . 8 5 6 . 3 6 . 2 3 6 . 4 1 
5 . 0 6 . 0 1 1 2 . 0 4 4 6 . 0 5 2 4 . 4 2 . 4 6 . 3 6 . 3 6 6 . 4 1 
5 . 0 6 . 0 1 1 2 . 0 X 7 . 0 61 4 . 4 5 . 7 7 6 . 3 6 . 6 6 6 . 2 7 
5 . 0 6 . 0 1 1 2 . 0 3 0 5 . 0 61 4 . 2 5 . 1 0 6 . 3 5 . 9 9 6 . 1 8 
5 . 0 6 . 0 1 1 2 . 0 3 0 8 . 0 6 2 4 . 1 5 . 7 0 6 . 3 6 . 3 5 6 . 3 9 
5 . 0 6 . 0 1 1 2 . 0 3 0 6 . 0 6 2 4 . 3 5 . 7 8 6 . 3 6 . 4 3 6 . 3 9 
5 . 0 3 . 0 1 1 6 . 0 3 1 5 . 0 61 4 . 2 5 . 7 0 6 . 4 6 . 5 9 6 . 2 4 
5 . 0 3 . 0 1 1 6 . 0 3 1 6 . 0 6 2 4 . 0 5 . 7 7 6 . 4 6 . 4 2 6 . 4 1 
6 . 0 6 . 0 1 8 . 0 3 2 5 . 0 61 4 . 3 5 . 0 1 6 . 3 5 . 9 0 6 . 1 9 
6 . 0 6 . 0 1 8 . 0 3 2 6 . 0 6 2 4 . 2 5 . 0 8 6 . 3 5 , 7 3 6 . 4 0 
6 . 0 3 . 0 1 1 2 . 0 3 3 5 . 0 61 3 . 9 4 , 9 8 6 . 4 5 , 8 7 6 . 0 8 
6 . 0 3 . 0 1 1 2 . 0 3 3 6 . 0 6 2 3 . 7 5 , 0 5 6 . 4 5 , 7 0 6 . 4 0 
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TABLE D3 : DATA AND INDEXES FOR AASHO RO/© TEST a E X I B L E PAVEMENT SECTIONS 

I D E N T I F I C A T I O N D A T A P E R F O R M A N C E D A T A I N D E X E S 

S U R F 
T H C K 

4 .0 
4 .0 
4 .0 
4 .0 
3.0 
3.0 
3 .0 
3 .0 
3 .0 
3 .0 
3.0 
3 .0 
4 .0 
4 .0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
6 .0 
6 .0 
6 .0 
6 .0 
6 .0 
6 .0 
6.0 
6 .0 
4 .0 
4 . 0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 . 0 
4 .0 
4 .0 
4 .0 
3 .0 
3 .0 
3.0 
3.0 
3 .0 
3 .0 
3.0 
3 .0 
5.0 
5.0 

B A S E 
T H C K , 
T Y P E 
13.01 
13.01 
13.01 
13.01 

8.64 
8.64 
8.64 
8.64 
9.04 
9.04 
9.04 
9.04 
9.01 
9.01 
9.01 
9.01 
9.01 
9.01 
6.01 
6.01 
9.01 
9.01 
9.01 
9.01 
6.01 
6.01 
3.01 
3.01 

17.01 
17.01 
17.01 
17.01 
9.34 
9.34 
9.34 
9.34 
8.63 
8.63 
8.63 
8.63 

10.94 
10.94 
10.94 
10.94 
11.13 
11.13 
11.13 
11.13 
9.01 
9.01 

S U B B 
T H C K 

8.0 
8.0 
8.0 
8.0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 

16.0 
16.0 
12.0 
12.0 
12.0 
12.0 
16.0 
16.0 

8.0 
8.0 
8.0 
8.0 

12.0 
12.0 
16.0 
16.0 

8.0 
8.0 
8.0 
8.0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4.0 
4 .0 
4 .0 
4 .0 
4 .0 

16.0 
16.0 

S E C T 
N O . 

287.2 
279.2 
288.2 
280.2 
465.2 
461.2 
466.2 
462.2 
563.1 
557.1 
564.1 
558.1 
309.0 
310.0 
427.0 
428.0 
331.0 
332.0 
327.0 
328.0 
263.0 
271.0 
264.0 
272.0 
257.0 
258.0 
255.0 
256.0 
287.1 
279.1 
288.1 
280.1 
289.2 
281.2 
290.2 
282.2 
285.3 
283.3 
286.3 
284.3 
465.1 
461.1 
466.1 
462.1 
463.2 
459.2 
464.2 
460.2 
265.0 
266.0 

L O O P 
L A N E 

61 
61 
62 
62 
51 
51 
52 
52 
41 
41 
42 
42 
61 
62 
51 
52 
61 
62 
61 
62 
61 
61 
62 
62 
61 
62 
61 
62 
61 
61 
62 
62 
61 
61 
62 
62 
61 
61 
62 
62 
51 
51 
52 
52 
51 
51 
52 
52 
61 
62 

S E R V L O G 
I N D E X 

B E G . 
4 . 3 
4 . 5 
4 . 5 
4 . 5 
4 . 5 
4 . 5 
4 . 3 
4 .2 
4 .0 
4 .4 
4.1 
4.1 
4 .3 
4.4 
4 . 5 
4 .3 
4 .2 
4 .2 
4 . 5 
4 .3 
4 .3 
4 .4 
4 .2 
4 ,2 
4 . 5 
4 . 3 
4 . 3 
4 .2 
4 .4 
4 . 5 
4 .4 
4 .4 
4 .4 
4.1 
4 . 3 
4 . 3 
4 .2 
4 . 3 
3 .9 
4 . 5 
4 . 3 
4 .7 
4 .4 
4 . 5 
4 .6 
4 . 3 
4 .3 
4 . 5 
4 .4 
4 . 3 

A P P L 

p ^ . 5 

5.80 

5.72 
5.74 
5.79 
5.76 

6.01 

5.75 
.00 

5.83 
5.76 
5.71 
5.85 

5.79 
5.85 

5.74 

5.42 
5.70 
5.87 

5.38 
5.77 
5.98 

S E R V 
I N D E X 

E N D 
2.7 

3.6 
3.6 

S T R U C T P E R F O R M A N C E 

3.8 
2 .8 
4 . 2 
2.4 

3 .2 
3 .5 
3 .2 

2 .6 

3 .0 

2 .4 
3 .4 
4 .0 
4 .0 
3.7 

2 .4 

2 .9 
3 .8 
3.6 
4 .0 
3.6 
4 .4 
3 .3 
4 .4 
4 . 2 
3 .3 
3 .5 

B Y 
CQN 06 

6.4 
6.4 

6.4 
6.4 

6.1 
6.1 
6.1 
6.1 

6 .2 
6 .2 
6 .2 
6.2 

6.8 
6 .8 
6.8 
6.8 

6.8 
6 .8 
6 .9 
6 .9 
6 .8 
6 .8 

6.8 
6 .8 
6 .9 

6 .9 
7.0 

7.0 
7.0 
7.0 
7.0 
7.0 

6 .8 
6.8 
6 .8 

6.8 
7 .3 
7 .3 
7 .3 

7 .3 
6 .8 
6 .8 
6.8 
6.8 
7.8 
7.8 
7.8 
7.8 
7.4 
7.4 

0 B 8 . 
E S T . 
7.00 

6.69 
7.12 
7.12 

6.10 
6.12 
6.13 
6.10 

7.01 
6.14 
8.00 
5.95 

6.90 
6.95 
6.80 
6.65 

6.64 
6.08 
6.72 
6.41 
6.60 
6.74 
6.73 

6.44 
6.74 

6.87 
6.63 

6.66 
7.28 
7.63 
7.47 
7.21 

6.31 
6.59 
6.52 
6.67 

6.27 
6.66 
6.63 

6.82 
7.07 
6.80 
7.16 
6.81 
7.56 
6.74 
8.00 
7.32 
7.23 
7.12 

C A L C . B Y 
E Q N 06 

6.35 
6.49 

6.37 
6.37 

6.27 
6.27 
6.24 
6.22 

6.25 
6.33 
6.28 
6.28 

6.64 
6.67 
6.68 
6.64 

6.63 
6.63 
6.65 
6.68 
6.64 
6.64 

6.61 
6.61 
6.66 

6.67 
6.66 

6.70 
6.62 
6.63 
6.75 
6.75 

6.68 
6.62 
6.66 

6.66 
6.86 
6.88 
6.79 

6.91 
6.66 
6.72 
6.67 
6.69 
7.16 
7.11 
7.11 
7.14 
6.94 
6.92 



DlOj 

T A B L E D 3 : DATA A M ) I^DEXES FOR AASHO ROAD T E S T F I E X I B L E PAVEMENT SECTIONS 

I D E N T I F I C A T I O N DATA PERFORMANCE DATA INDEXES 

SURF BASE SUBB SECT LOOP SERV LOG SERV STRUCT PERFORMANCE 
THCK THCK, THCK NO. LANE INDEX APPL INDEX BY OBS. CALC. BY 

6 . 0 
TYPE BEG. P - 2 . 5 END EQN D 6 EST. EQN D 6 

6 . 0 6 . 0 1 1 6 . 0 3 0 1 . 0 6 1 4 . 3 3 . 2 7 , 4 7 , 2 0 6 . 9 5 
6 . 0 6 . 0 1 1 6 . 0 3 0 2 . 0 6 2 4 . 2 3 , 9 7 . 4 7 , 5 4 6 . 9 3 
6 . 0 9 . 0 1 1 2 . 0 3 1 1 , 0 6 1 4 . 3 2 , 8 7 . 4 7 . 0 4 6 . 9 1 
6 . 0 9 ^ 0 1 1 2 . 0 3 1 2 . 0 6 2 4 . 1 2 , 6 7 , 4 6 , 7 3 6 . 8 7 
6 . 0 9 . 0 1 1 6 . 0 3 3 3 . 0 6 1 4 . 2 2 . 7 7 . 9 7 , 0 1 7 . 1 4 
6 . 0 9 . 0 1 1 6 . 0 3 3 4 . 0 6 2 4 . 2 3 , 6 7 , 9 7 . 2 2 7 , 1 4 
4 . 0 1 1 . 8 4 4 . 0 2 8 1 . 1 6 1 4 . 3 3 , 2 7 , 7 7 . 2 0 7 , 0 6 
4 . 0 1 1 . 8 4 4 . 0 2 8 9 . 1 6 1 4 . 1 3 , 4 7 , 7 7 , 3 6 7 , 0 2 
4 . 0 1 1 . 8 4 4 . 0 2 8 2 . 1 6 2 4 , 6 3 , 1 7 . 7 6 . 8 9 7 , 1 1 
4 . 0 1 1 . 8 4 4 . 0 2 9 0 . 1 6 2 4 . 3 3 . 1 7 , 7 6 . 9 2 7 . 0 6 
4 . 0 1 2 . 4 3 4 . 0 2 8 3 . 2 6 1 4 , 4 3 , 9 8 , 9 7 . 6 1 7 . 5 8 
4 . 0 1 2 . 4 3 4 . 0 2 8 5 . 2 6 1 4 . 4 4 . 0 8 . 9 7 . 7 1 7 , 5 8 
4 . 0 1 2 . 4 3 4 . 0 2 8 4 . 2 6 2 4 , 2 4 . 1 8 . 9 8 . 0 0 7 . 5 4 
4 . 0 1 2 . 4 3 4 . 0 2 8 6 . 2 6 2 4 . 1 3 , 7 8 , 9 7 . 3 8 7 , 5 2 
3 . 0 1 4 . 4 3 4 . 0 4 6 3 . 1 5 1 4 . 3 3 , 8 9 . 2 7 . 0 7 7 , 6 7 
3 . 0 1 4 . 4 3 4 . 0 4 5 9 . 1 5 1 4 , 5 4 , 2 9 , 2 7 , 3 6 7 , 7 1 
3 . 0 1 4 . 4 3 4 . 0 4 6 4 . 1 5 2 4 , 4 4 , 2 9 , 2 7 , 4 7 7 . 6 9 
3 . 0 1 4 . 4 3 4 . 0 4 6 0 . 1 5 2 4 , 4 3 , 8 9 . 2 6 , 9 7 7 . 6 9 
4 . 0 1 6 . 1 3 4 . 0 2 8 5 . 1 6 1 4 . 3 3 , 8 1 0 . 4 7 , 5 8 8 . 1 2 
4 . 0 1 6 . 1 3 4 . 0 2 8 3 . 1 6 1 4 . 2 3 . 3 1 0 . 4 7 , 2 7 8 , 1 0 
4 . 0 1 6 . 1 3 4 . 0 2 8 6 . 1 6 2 4 . 2 3 , 7 1 0 . 4 7 . 3 1 8 . 1 0 
4 . 0 1 6 . 1 3 4 . 0 2 8 4 . 1 6 2 4 . 3 3 . 4 1 0 . 4 7 , 0 6 8 , 1 2 



DlOk 

T A B L E D 3 : DATA AND INDEXES FOR AASHO RO/H) TEST R I G I D PAVEMENT SECTIONS 

I D E N T I F I C A T I O N DATA PERFORMANCE DATA INDEXES 

SERv STRUCT PERFORMANCE SURF SUBB SECT LOOP SERV LOG 
THCK, THCK NO. LANE INDEX APPL 
RE I N F BEG. P - £ , 5 
2 , 5 0 . 0 8 0 5 . 0 2 1 4 . 6 
2 . 5 0 . 0 8 0 6 . 0 2 2 4 . 6 5 , 4 9 
2 . 5 1 . 0 7 8 1 . 0 2 1 4 . 4 
2 . 5 1 , . 0 7 8 2 . 0 2 2 4 . 7 5 , 5 8 
2 . 5 0 3 . 0 7 9 1 . 0 2 1 4 . 7 
2 . 5 0 3 . 0 7 9 2 . 0 2 2 4 . 5 6 . 0 4 
2 . 5 1 3 . 0 7 9 9 . 0 2 1 4 . 5 
2 . 5 1 3 . 0 8 0 0 . 0 2 2 4 . 6 5 . 9 2 
2 . 5 0 6 . 0 7 8 5 . 0 2 1 4 , 7 
2 . 5 0 6 . 0 7 8 6 . 0 2 2 4 . 8 
2 . 5 1 6 . 0 7 8 9 . 0 2 1 4 . 7 
2 . 5 1 6 . 0 7 9 0 . 0 2 2 4 . 7 
3 . 5 0 . 0 8 1 3 . 0 2 1 4 . 7 
3 . 5 0 . 0 8 1 4 . 0 2 2 4 . 8 
3 . 5 0 . 0 1 8 9 . 0 3 1 4 . 6 5 . 3 4 
3 . 5 0 . 0 2 2 3 . 0 3 1 4 . 6 5 . 1 3 
3 . 5 0 . 0 1 9 0 . 0 3 2 4 . 7 5 . 3 0 
3 . 5 0 . 0 2 2 4 . 0 3 2 4 . 6 5 . 1 3 
3 . 5 1 . 0 7 9 3 . 0 2 1 4 . 7 
3 . 5 1 . 0 7 9 4 . 0 2 2 4 . 8 
3 . 5 0 3 . 0 8 1 1 . 0 2 1 4 . 7 
3 . 5 0 3 . 0 8 1 2 . 0 2 2 4 . 8 
3 . 5 0 3 . 0 1 9 5 . 0 3 1 4 . 3 5 . 4 9 
3 . 5 0 3 . 0 1 9 6 . 0 3 2 4 . 5 5 . 5 0 
3 . 5 1 3 . 0 8 1 5 . 0 2 1 4 . 3 
3 . 5 1 3 . 0 7 7 9 . 0 2 1 4 . 8 
3 . 5 1 3 . 0 8 1 6 . 0 2 2 4 . 6 
3 . 5 1 3 . 0 7 8 0 . 0 2 2 4 . 9 
3 . 5 1 3 . 0 2 0 9 . 0 3 1 4 . 8 5 . 4 3 
3 . 5 1 3 . 0 2 1 0 . 0 3 2 4 . 9 5 . 4 4 
3 . 5 0 6 . 0 7 8 7 . 0 2 1 4 . 7 
3 . 5 0 6 . 0 7 8 8 . 0 2 2 4 . 7 
3 . 5 0 6 . 0 2 3 9 . 0 3 1 4 . 6 5 . 4 5 
3 . 5 0 6 . 0 2 4 3 . 0 3 1 4 . 7 5 , 4 6 
3 . 5 0 6 . 0 2 4 0 . 0 3 2 4 . 6 5 , 3 1 
3 . 5 0 6 . 0 2 4 4 . 0 3 2 4 . 7 5 . 4 3 
3 . 5 1 6 . 0 7 8 3 . 0 2 1 4 . 8 
3 . 5 1 6 . 0 7 8 4 . 0 2 2 4 . 9 
3 . 5 1 6 . 0 2 0 5 . 0 3 1 4 , 5 5 . 4 8 
3 . 5 1 6 . 0 2 0 6 . 0 3 2 4 , 9 5 . 4 2 
3 . 5 0 9 . 0 2 1 3 . 0 3 1 4 , 7 5 , 5 1 
3 . 5 0 9 . 0 2 1 4 . 0 3 2 4 . 9 5 , 3 7 
3 . 5 1 9 . 0 2 3 1 . 0 3 1 4 , 5 5 , 4 8 
3 . 5 1 9 . 0 2 3 2 . 0 3 2 4 . 8 5 . 4 4 
5 . 0 0 . 0 8 0 1 . 0 2 1 4 , 6 
5 . 0 0 . 0 8 0 2 . 0 2 2 4 . 6 
5 . 0 0 . 0 6 5 9 . 0 4 1 4 , 7 5 . 4 6 
5 . 0 0 . 0 6 9 3 . 0 4 1 4 , 8 5 . 5 1 
5 . 0 0 . 0 6 6 0 . 0 4 2 4 , 7 5 . 4 3 
5 . 0 0 . 0 6 9 4 . 0 4 2 4 , 8 5 . 5 1 

INDEX BY OBS. C A L C . B Y 
END EQN D 7 EST. EQN D 7 
4 . 3 3 . 2 2 . 7 0 4 . 0 0 

3 . 2 3 . 5 7 4 . 0 0 
4 . 2 3 . 2 2 . 7 7 3 . 9 8 

3 . 2 3 . 6 6 4 . 0 1 
4 . 4 3 . 4 2 . 7 2 4 , 2 6 

3 , 4 4 . 1 2 4 . 2 5 
4 . 2 3 . 4 2 . 6 9 4 . 2 5 

3 . 4 4 . 0 0 4 . 2 5 
4 . 4 3 . 4 2 . 7 2 4 . 2 6 
3 . 1 3 . 4 4 . 2 1 4 . 2 7 
4 . 4 3 . 4 2 . 7 2 4 . 2 6 
3 . 8 3 . 4 4 . 3 6 4 . 2 6 
4 . 2 3 . 8 2 . 6 0 4 . 6 3 
3 . 7 3 . 8 4 . 3 3 4 . 6 4 

3 . 8 4 . 6 4 4 . 6 2 
3 . 8 4 . 4 3 4 . 6 2 
3 . 8 4 . 9 7 4 . 6 3 
3 . 8 4 . 8 0 4 . 6 2 

4 . 4 3 . 8 2 . 7 2 4 . 6 3 
4 . 1 3 . 8 4 . 4 4 4 . 6 4 
4 . 0 4 . 0 2 . 5 2 4 . 8 5 
4 . 0 4 . 0 4 . 4 0 4 . 8 5 

4 . 0 4 . 7 9 4 . 8 1 
4 . 0 5 . 1 7 4 . 8 3 

4 . 1 4 . 0 2 . 7 6 4 . 8 1 
4 . 5 4 . 0 2 . 7 3 4 . 8 5 
4 . 1 4 . 0 4 . 4 9 4 . 8 4 
4 . 2 4 . 0 4 . 4 5 4 . 8 6 

4 . 0 4 . 7 3 4 . 8 5 
4 . 0 5 . 1 1 4 . 8 6 

4 . 2 4 . 0 2 , 6 0 4 . 8 5 
4 . 0 4 . 0 4 . 4 2 4 . 8 5 

4 . 0 4 . 7 5 4 . 8 4 
4 . 0 4 . 7 6 4 . 8 5 
4 . 0 4 . 9 8 4 . 8 4 
4 . 0 5 . 1 0 4 . 8 5 

4 . 5 4 . 0 2 . 7 3 4 . 8 5 
4 . 6 4 , 0 4 . 6 4 4 . 8 6 

4 . 0 4 . 7 8 4 , 8 3 
4 . 0 5 . 0 9 4 . 8 6 
4 . 0 4 . 8 1 4 . 8 5 
4 . 0 5 . 0 4 4 . 8 6 
4 . 0 4 . 7 8 4 , 8 3 
4 . 0 5 . 1 1 4 , 8 5 

4 . 1 - 4 . 7 2 . 5 9 5 , 3 9 
4 . 1 4 , 7 4 . 4 9 5 , 3 9 

4 . 7 5 . 4 6 5 , 4 0 
4 , 7 5 . 5 1 5 , 4 0 
4 . 7 5 . 6 1 5 . 4 0 
4 . 7 5 . 6 9 5 . 4 0 
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T A B L E D3 : DATA M> INDEXES FOR AASHO R O / 0 T E S T R I G I D PAVEMENT SECTIONS 

I D C N T I F I C A T I O N D A T A PERFORMANCE D A T A I N D E X E S 

S U R F S U B B S E C T LOOP S E R V L O G 
T H C K , THCK N O , L A N E I N D E X A P P L 
RE I N F B E G . P - £ , 5 
5.01 . 0 807.0 21 4 .6 
5 .00 . 0 808.0 22 4 . 8 
5.00 3 .0 797.0 21 4 . 5 
5.00 ,3 .0 777,0 21 4 . 6 
5.00 3 .0 798.0 22 4 . 7 
5.00 3 .0 778.0 22 4 . 7 
5 .00 3 .0 225,0 31 4 . 3 
5 .00 3 .0 226,0 32 4 . 8 5,83 
5.00 3 .0 643,0 41 4 .8 5,81 
5.00 3 .0 644.0 42 4 . 8 5.52 
5.01 3 .0 809.0 21 4 , 7 
5.01 3 .0 810.0 22 4 . 8 
5.01 3 .0 251.0 31 4 , 0 
5.01 3 .0 203.0 31 4 .5 
5.01 3 .0 252.0 32 4 .5 6.02 
5.01 3 .0 204.0 32 4 . 7 6.01 
5.01 3 .0 681.0 41 4 .6 5.58 
5.01 3 .0 682.0 42 4 . 7 5.45 
5.00 6.0 803.0 21 4 . 7 
5 .00 6 .0 804.0 22 4 .8 
5.00 6 .0 245.0 31 4 . 7 
5.00 6 .0 221.0 31 4 .6 
5.00 6 .0 246.0 32 4 . 8 
5.00 6 .0 222.0 32 4 . 9 5.91 
5.00 6 .0 647.0 41 4 . 8 5.50 
5.00 6 .0 679.0 41 4 .8 5.76 
5.00 6 .0 648.0 42 4 . 7 5.46 
5.00 6 .0 680.0 42 4 . 8 5.55 
5.01 6 .0 795.0 21 4 . 7 
5.01 6 .0 796.0 22 4 . 7 
5.01 6 .0 191.0 31 4 . 4 5.86 
5.01 6 .0 192.0 32 4 , 7 5.75 
5.01 6 .0 661.0 41 4 . 7 5,51 
5.01 6 .0 662.0 42 4 . 6 5,22 
5.00 9 .0 219.0 31 4 . 5 
5.00 9 .0 220.0 32 4 , 8 5,85 
5.00 9 .0 677.0 41 4 , 6 5,44 
5.00 9 .0 678.0 42 4 , 8 5.45 
5.01 9.0 233,0 31 4 . 6 
5.01 9 .0 234,0 32 4 . 9 5.89 
5.01 9.0 673,0 41 4 , 7 5.76 
5.01 9 .0 674,0 42 4 , 7 5.59 
6 .50 . 0 229,0 31 4 , 7 
6.50 , 0 227,0 31 4 , 7 
6 .50 . 0 230,0 32 4 , 6 
6 .50 . 0 228,0 32 4 . 6 5.95 
6 .50 , 0 537,0 51 4 . 7 5.91 
6.50 . 0 555.0 51 4 . 1 5.55 
6 .50 . 0 538.0 52 4 . 6 5.83 
6.50 . 0 556.0 52 4 .4 5.48 

SERV 
I N D E X 

E N D 
4 . 3 
4 .5 
3 .9 
3 .5 
4 . 1 
3 .6 
3 .7 

4 . 6 
4 .6 
2 .8 
4 . 0 

4 .1 
4 . 0 
3 .5 
3.1 
2 .8 

4 .3 
4 .3 

3 .7 

3 .3 

4 .2 
3 ,5 
4 , 0 

S T R U C T 
B Y 

EQN D7 
4 ,7 
4 ,7 
4 . 9 
4 . 9 
4 , 9 
4 , 9 
4 . 9 

4 . 9 
4 . 9 
4 . 9 

4 . 9 
4 . 9 
4 . 9 
4 . 9 

4 . 9 
4 . 9 
4 . 9 
4 . 9 

4 . 9 
4 . 9 
4 . 9 
4 . 9 
4 . 9 

4 . 9 
4 . 9 
4 . 9 
4 . 9 
4 . 9 

4 . 9 
4 . 9 

4 . 9 
4 . 9 
4 . 9 
4 , 9 

4 , 9 
4 , 9 
4 , 9 
4 , 9 

4 . 9 
4 . 9 
4c9 
4 . 9 

5.6 
5,6 
5 .6 

5.6 
5.6 
5 .6 
5.6 
5 .6 

PERFORMANCE 
O B S . 

E S T . 
2.70 
4 .63 
2.53 
2 .40 
4 .46 
4 .31 
5.63 

5,50 
5,81 
5.70 

2 .96 
4 .72 
5.41 
5.70 

5.69 
5.68 
5.58 
5,63 

2.56 
4 .40 
5.51 
5.44 
5.76 

5.58 
5.50 
5.76 
5.64 
5.73 

2.65 
4 .55 

5.16 
5.42 
5.51 
5.40 

5.59 
5.52 
5.44 
5.63 

5.48 
5.56 
5,76 
5,77 

5,72 
5.51 
6.04 

5.62 
6.29 
5.93 
6.39 
6.04 

C A L C . B Y 

E Q N D7 
5.39 
5.40 
5,55 
5,56 
5,57 
5,57 
5,54 

5,58 
5.58 
5.58 

5.57 
5,58 
5,51 
5.55 

5.55 
5.57 
5.56 
5.57 

5.57 
5.58 
5.57 
5.56 
5.58 

5.58 
5.58 
5.58 
5.57 
5.58 

5.57 
5.57 

5.55 
5,57 
5.57 
5,56 

5,55 
5,58 
5.56 
5.58 

5.56 
5,58 
5,57 
5.57 

6.02 
6.02 
6.02 

6.02 
6.02 
5.97 
6.02 
6.00 
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T A B L E D 3 : DATA A I D INDEXES FOR AASHO ROAO T E S T R I G I D PAVEMENT SECTIONS 

I D E N T I F I C A T I O N DATA PCRFORMANCC DATA INDEXES 

SURF SUBB SECT LOOP SERV LOG 
THCK. THCK NO. LANE INDEX APPL 
RE I N F BEG. P ^ . 5 
6 . 5 0 3 . 0 2 1 7 . 0 3 1 4 . 9 
6 . 5 0 3 . 0 1 9 3 . 0 3 1 4 . 6 
6 . 5 0 3 . 0 2 1 8 . 0 3 2 4 . 8 
6 . 5 0 3 . 0 1 9 4 . 0 3 2 4 . 6 
6 . 5 0 ' 3 . 0 6 4 9 . 0 4 1 4 . 8 
6 . 5 0 3 . 0 6 5 0 . 0 4 2 4 . 6 5 . 6 7 
6 . 5 0 3 . 0 5 1 3 . 0 5 1 4 . 7 5 . 8 7 
6 . 5 0 3 . 0 5 1 4 . 0 5 2 4 . 7 5 . 5 0 
6 . 5 1 3 . 0 1 9 9 . 0 3 1 4 . 7 
6 . 5 1 3 . 0 2 0 0 . 0 3 2 4 . 9 
6 . 5 1 3 . 0 6 4 1 . 0 4 1 4 . 9 
6 . 5 1 3 . 0 7 0 5 . 0 4 1 4 . 8 
6 . 5 1 3 . 0 6 4 2 . 0 4 2 4 . 7 5 . 9 5 
6 . 5 1 3 . 0 7 0 6 . 0 4 2 4 . 8 5 . 8 9 
6 . 5 1 3 . 0 5 2 3 . 0 5 1 4 . 6 5 . 9 2 
6 . 5 1 3 . 0 5 2 4 . 0 5 2 4 . 7 5 . 8 4 
6 . 5 0 6 . 0 2 4 9 . 0 3 1 4 . 7 
6 . 5 0 6 . 0 1 8 7 . 0 3 1 4 . 6 
6 . 5 0 6 . 0 2 5 0 . 0 3 2 4 . 8 
6 . 5 0 6 . 0 1 8 8 . 0 3 2 4 . 7 
6 . 5 0 6 . 0 6 9 7 . 0 4 1 4 . 7 
6 . 5 0 6 . 0 6 5 5 . 0 4 1 4 . 8 
6 . 5 0 6 . 0 6 9 8 . 0 4 2 4 . 8 
6 . 5 0 6 . 0 6 5 6 . 0 4 2 4 . 7 5 . 9 7 
6 . 5 0 6 . 0 5 1 7 . 0 5 1 4 . 7 5 . 9 3 
6 . 5 0 6 . 0 4 8 9 . 0 5 1 4 . 6 5 . 9 5 
6 . 5 0 6 . 0 5 1 8 . 0 5 2 4 . 7 5 . 5 3 
6 . 5 0 6 . 0 4 9 0 . 0 5 2 4 . 7 5 . 7 0 
6 . 5 1 6 . 0 2 4 7 . 0 3 1 4 . 8 
6 . 5 1 6 . 0 2 3 7 . 0 3 1 5 . 0 
6 . 5 1 6 . 0 2 4 8 . 0 3 2 4 . 8 
6 . 5 1 6 . 0 2 3 8 . 0 3 2 5 . 0 
6 . 5 1 6 . 0 6 8 5 . 0 4 1 4 . 8 
6 . 5 1 6 . 0 6 8 6 . 0 4 2 4 . 8 5 . 9 0 
6 . 5 1 6 . 0 4 9 1 . 0 5 1 4 . 6 5 . 5 2 
6 . 5 1 6 . 0 4 9 2 . 0 5 2 4 . 7 5 . 4 8 
6 . 5 0 9 . 0 2 0 7 . 0 3 1 4 . 9 
6 . 5 0 9 . 0 2 0 8 . 0 3 2 4 . 8 
6 . 5 0 9 . 0 7 0 3 . 0 4 1 4 . 8 
6 . 5 0 9 . 0 7 0 4 . 0 4 2 4 . 7 5 . 8 5 
6 . 5 0 9 . 0 5 0 5 . 0 5 1 4 . 5 5 . 8 3 
6 . 5 0 9 . 0 5 0 6 . 0 5 2 4 . 6 5 . 6 0 
6 . 5 1 9 . 0 2 4 1 . 0 3 1 4 . 9 
6 . 5 1 9 . 0 2 4 2 . 0 3 2 4 . 9 
6 . 5 1 9 . 0 6 5 3 . 0 4 1 4 . 9 6 . 0 2 
6 . 5 1 9 . 0 6 5 4 . 0 4 2 4 . 8 5 . 9 9 
6 . 5 1 9 . 0 5 4 9 . 0 5 1 4 . 6 5 . 8 3 
6 . 5 1 9 . 0 5 5 0 . 0 5 2 4 . 7 5 . 5 4 
8 . 0 0 . 0 6 6 3 . 0 4 1 4 . 7 
8 . 0 0 . 0 6 9 9 . 0 4 1 4 . 8 

SERV 
INDEX 

END 
4 . 4 
3 . 9 
4 . 2 
4 . 0 
3 . 8 

4 . 2 
4 . 1 
3 . 8 
3 . 6 

4 . 1 
4 . 1 
4 . 1 
3 . 9 
4 . 4 
4 . 3 
3 . 4 

4 . 3 
4 . 5 
4 . 3 
4 . 1 
3 . 4 

4 . 2 
4 . 0 
3 . 0 

4 . 4 
4 . 4 

4 . 1 
3 . 5 

STRUCT 
BY 

EQN D 7 

5 . 9 
5 . 9 
5 . 9 
5 . 9 
5 . 9 

5 . 9 
5 . 9 
5 . 9 

5 . 9 
5 . 9 
5 . 9 
5 . 9 

5 . 9 
5 . 9 
5 . 9 
5 . 9 

5 . 9 
5 . 9 
5 . 9 
5 . 9 
5 . 9 
5 . 9 
5 . 9 

5 . 9 
5 . 9 
5 . 9 
5 . 9 
5 . 9 

5 . 9 
5 . 9 
5 . 9 
5 . 9 
5 . 9 

5 . 9 
5 . 9 
5 . 9 

5 . 9 
5 . 9 
5 . 9 

5 . 9 
5 . 9 
5 . 9 

5 . 9 
5 . 9 

5 . 9 
5 . 9 
5 . 9 
5 . 9 

6 . 6 
6 . 6 

PERFORMANCE 
OBS. 

E S T . 

5 . 7 4 
5 . 6 3 
6 . 0 6 
6 . 0 4 
6 , 2 7 

5 . 8 5 
6 . 2 5 
6 . 0 6 

5 . 7 2 
6 . 0 1 
6 . 2 6 
6 . 2 2 

6 . 1 3 
6 . 0 7 
6 . 3 0 
6 . 4 0 

5 . 6 8 
5 . 7 1 
6 . 0 3 
5 . 9 8 
6 . 5 4 
6 . 4 3 
6 . 3 7 

6 . 1 5 
6 . 3 1 
6 . 3 3 
6 . 0 9 
6 . 2 6 

5 . 7 3 
5 . 7 6 
6 . 1 0 
5 . 9 9 
6 . 1 9 

6 . 0 8 
5 . 9 0 
6 . 0 4 

5 . 6 7 
5 . 9 9 
6 . 1 2 

6 . 0 3 
6 . 2 1 
6 . 1 6 

5 . 7 4 
6 . 1 1 

6 . 0 2 
6 . 1 7 
6 . 2 1 
6 . 1 0 

6 . 3 8 
6 . 2 0 

C A L C . B Y 
EQN D 7 

6 . 1 8 
6 . 1 6 
6 . 1 8 
6 . 1 6 
6 . 1 8 

6 . 1 6 
6 . 1 7 
6 . 1 7 

6 . 1 7 
6 . 1 8 
6 . 1 8 
6 . 1 8 

6 . 1 7 
6 . 1 8 
6 . 1 6 
6 . 1 7 

6 . 1 7 
6 . 1 6 
6 . 1 8 
6 . 1 7 
6 . 1 7 
6 . 1 8 
6 . 1 8 

6 . 1 7 
6 . 1 7 
6 . 1 6 
6 . 1 7 
6 . 1 7 

6 . 1 8 
6 . 1 9 
6 . 1 8 
6 . 1 9 
6 . 1 8 

6 . 1 8 
6 . 1 6 
6 . 1 7 

6 . 1 8 
6 . 1 8 
6 . 1 8 

6 . 1 7 
6 . 1 5 
6 . 1 6 

6 . 1 8 
6 . 1 8 

6 . 1 8 
6 . 1 8 
6 . 1 6 
6 . 1 7 

6 . 5 6 
6 . 5 6 
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TABLE D 3 : DATA AND INDEXES FOR AASHO ROAD T E S T R I G I D PAVEMENT SECTIONS 

I D E N T I F I C A T I O N DATA PERFORMANCE DATA INDEXES 

SURF SUBB SECT LOOP SERV LOG 
THCK, THCK NO, LANE INDEX APPL 
RE I N F BEG, P ^ . 5 
8 . 0 0 . 0 6 6 4 , 0 4 2 4 . 7 6 . 0 5 
8 . 0 0 . 0 7 0 0 . 0 4 2 4 . 7 6 . 0 1 
8 . 0 0 . 0 3 7 3 . 0 6 1 4 , 7 5 . 8 5 
8 . 0 0 . 0 3 6 1 . 0 6 1 4 , 8 5 . 7 0 
8 . 0 0 . 0 3 7 4 . 0 6 2 4 , 8 5 . 7 6 
8 . 0 0 . 0 3 6 2 . 0 6 2 4 , 7 5 . 8 9 
8 . 0 0 3 . 0 2 0 1 , 0 3 1 4 . 8 
8 . 0 0 3 . 0 2 0 2 . 0 3 2 4 . 8 
8 . 0 0 3 . 0 6 8 7 . 0 4 1 4 . 8 
8 . 0 0 3 . 0 6 8 8 . 0 4 2 4 . 7 
8 . 0 0 3 . 0 6 7 2 . 0 4 2 4 . 6 
8 . 0 0 3 . 0 5 4 7 . 0 5 1 4 , 4 
8 . 0 0 3 . 0 5 4 8 . 0 5 2 4 , 7 
8 . 0 0 3 . 0 3 5 3 . 0 6 1 4 , 3 5 . 9 4 
8 . 0 0 3 . 0 3 5 4 . 0 6 2 4 , 3 6 , 0 4 
8 . 0 1 3 . 0 2 1 1 . 0 3 1 4 , 9 
8 . 0 1 3 . 0 2 1 2 . 0 3 2 4 . 9 
8 . 0 1 3 . 0 6 9 1 . 0 4 1 4 . 8 
8 . 0 1 3 . 0 6 9 2 . 0 4 2 4 . 9 
8 . 0 1 3 . 0 5 1 9 . 0 5 1 4 . 6 5 , 9 5 
8 . 0 1 3 . 0 5 2 1 . 0 5 1 4 . 5 
8 . 0 1 3 . 0 5 2 0 . 0 5 2 4 . 7 5 . 9 5 
8 . 0 1 3 . 0 5 2 2 . 0 5 2 4 . 6 
8 . 0 1 3 . 0 3 4 1 . 0 6 1 4 . 7 5 . 8 9 
8 . 0 1 3 . 0 3 4 2 . 0 6 2 4 . 7 5 . 6 9 
8 . 0 0 6 . 0 2 3 5 . 0 3 1 4 . 8 
8 . 0 0 6 . 0 2 3 6 . 0 3 2 4 . 9 
8 . 0 0 6 . 0 6 8 3 . 0 4 1 4 . 9 
8 . 0 0 6 . 0 6 5 7 . 0 4 1 4 . 9 
8 . 0 0 6 . 0 6 8 4 . 0 4 2 4 . 8 
8 . 0 0 6 . 0 6 5 8 . 0 4 2 4 . 8 
8 . 0 0 6 . 0 5 3 9 , 0 5 1 4 . 7 
8 . 0 0 6 , 0 5 3 3 . 0 5 1 4 . 7 
8 , 0 0 6 , 0 5 4 0 . 0 5 2 4 . 7 
8 , 0 0 6 , 0 5 3 4 . 0 5 2 4 , 7 
8 , 0 0 6 , 0 3 9 3 , 0 6 1 4 , 8 
8 , 0 0 6 , 0 4 0 1 . 0 6 1 4 . 4 
8 , 0 0 6 , 0 3 9 4 . 0 6 2 4 . 7 
8 , 0 0 6 , 0 4 0 2 , 0 6 2 4 . 3 5 . 8 7 
8 . 0 1 6 , 0 2 1 5 , 0 3 1 4 , 9 
8 . 0 1 6 , 0 2 1 6 , 0 3 2 4 , 8 
8 , 0 1 6 , 0 6 6 9 , 0 4 1 4 , 9 
8 , 0 1 6 , 0 7 0 7 , 0 4 1 4 , 7 
8 . 0 1 6 , 0 6 7 0 . 0 4 2 4 , 8 
8 , 0 1 6 , 0 7 0 8 , 0 4 2 4 , 7 
8 . 0 1 6 , 0 5 0 1 . 0 5 1 4 , 6 
8 . 0 1 • 6 , 0 5 0 2 . 0 5 2 4 , 8 5 . 9 5 
8 . 0 1 6 , 0 3 8 5 . 0 6 1 4 , 6 5 , 9 3 
8 . 0 1 6 . 0 3 8 6 . 0 6 2 4 , 6 5 . 6 1 
8 . 0 0 9 , 0 1 8 5 . 0 3 1 4 . 6 

SERV 
INDEX 

END 

4 , 4 
4 . 3 
4 , 5 
4 . 2 
4 . 1 
4 . 2 
4 , 2 

4 . 3 
4 . 1 
3 , 9 
4 , 0 

4 . 3 

4 . 3 

4 . 3 
4 . 3 
4 . 4 
4 . 2 
4 , 2 
4 . 5 
4 . 2 
4 . 1 
3 . 7 
4 , 2 
3 , 9 
3 . 6 
4 , 1 

4 , 2 
4 , 0 
4 . 4 
3 , 9 
4 , 4 
3 , 8 
4 , 0 

4 , 0 

STRUCT 
BY 

EQN D 7 
6 . 6 
6 . 6 
6 . 6 
6 . 6 
6 . 6 
6 . 6 

6 . 8 
6 . 8 
6 , 8 
6 , 8 
6 , 8 
6 . 8 
6 . 8 

6 . 8 
6 . 8 

6 . 8 
6 . 8 
6 . 8 
6 . 8 

6 . 8 
6 . 8 

6 , 8 
6 , 8 

6 . 8 
6 . 8 

6 . 8 
6 . 8 
6 . 8 
6 . 8 
6 . 8 
6 . 8 
6 . 8 
6 . 8 
6 . 8 
6 . 8 
6 , 8 
6 , 8 
6 , 8 

6 , 8 
6 , 8 
6 . 8 
6 , 8 
6 . 8 
6 . 8 
6 . 8 
6 , 8 

6 , 8 
6 . 8 
6 . 8 

6 . 8 

PERFORMANCE 
OBS. 

E S T . 
6 . 2 3 
6 . 1 9 
6 . 7 4 
6 . 5 9 
6 , 6 4 
6 , 7 7 

5 . 7 8 
6 . 1 0 
6 . 5 5 
6 , 6 0 
6 , 5 9 
6 , 9 7 
6 . 9 8 

6 . 8 3 
6 . 9 2 

5 . 7 0 
6 . 0 1 
6 . 3 0 
6 . 4 9 

6 . 3 3 

6 . 9 8 
6 . 5 1 

7 . 0 8 
6 . 7 8 
6 . 5 7 

5 . 7 3 
6 . 0 7 
6 . 4 4 
6 , 3 7 
6 . 5 7 
6 . 7 3 
6 . 8 0 
6 . 7 6 
6 . 8 2 
6 , 9 8 
7 . 1 9 
7 , 1 6 
7 . 2 6 

6 . 7 5 
5 . 6 7 
5 . 9 9 
6 . 4 4 
6 . 3 1 
6 . 6 6 
6 , 4 6 
6 , 7 5 

6 , 5 1 
6 , 8 2 
6 . 4 9 

5 . 6 7 

C A L C . B Y 
EQN D 7 
6 . 5 6 
6 . 5 6 
6 . 5 6 
6 . 5 6 
6 , 5 6 
6 , 5 6 

6 , 6 9 
6 , 6 9 
6 . 6 9 
6 . 6 8 
6 , 6 7 
6 , 6 6 
6 , 6 8 

6 , 6 5 
6 , 6 5 

6 , 6 9 
6 . 6 9 
6 . 6 9 
6 . 6 9 

6 , 6 7 
6 , 6 6 

6 . 6 8 
6 . 6 7 

6 . 6 8 
6 . 6 8 

6 . 6 9 
6 , 6 9 
6 . 6 9 
6 , 6 9 
6 , 6 9 
6 . 6 9 
6 , 6 8 
6 , 6 8 
6 , 6 8 
6 . 6 8 
6 . 6 9 
6 , 6 6 
6 , 6 8 

6 , 6 5 
6 , 6 9 
6 , 6 9 
6 , 6 9 
6 , 6 8 
6 , 6 9 
6 , 6 8 
6 , 6 7 

6 . 6 9 
6 , 6 7 
6 , 6 7 

6 , 6 7 



TABLE D3 : DATA AND INDEXES FOR AASHO ROM) TEST RIGID PAVEMENT SECTIONS 

I D E N T I F I C A T I O N DATA PERFORMANCE DATA I N D E X E S 
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S U R F S U B B S E C T L O O P SERV L O G S E R V S T R U C T PERFORMANCE 
T H C K , THCK N O . L A N E I N D E X A P P L I N D E X B Y O B S . C A L C . B Y 

R E I N F B E G . P ^ . 5 E N D E Q N D7 E S T . E Q N D7 
8.00 9.0 186.0 32 4 .7 4 .2 6.8 6.09 6.68 
8.00 9.0 651.0 41 4 .8 4 .3 6.8 6.43 6,69 
8.00 9 .0 652.0 42 4 .7 4.1 6.8 6.56 6.68 
8.00 J9.0 507.0 51 4 .7 6.01 6.8 6.39 6.68 
8.00 9.0 508.0 52 4 .8 5.95 6.8 6.51 6.69 
8.00 9.0 369.0 61 4 . 5 3.4 6.8 7 . 1 0 6,66 
8.00 9.0 370.0 62 4 .3 6,02 6.8 6.90 6.65 
8.01 9.0 197.0 31 4 .8 4 .1 6.8 5.66 6.69 
8.01 9.0 198.0 32 4 ,8 4 .3 6.8 6 . 1 0 6.69 
8.01 9.0 695.0 41 4 ,8 4 .3 6.8 6.43 6.69 
8.01 9.0 696.0 42 4 ,8 4 .2 6.8 6.57 6.69 
8.01 9.0 531.0 51 4 , 9 4 .6 6.8 6.94 6.69 
8.01 9.0 532.0 52 4 ,8 3.2 6.8 6.71 6.69 
8.01 9.0 347.0 61 4 .7 5.85 6.8 6.74 6.68 
8.01 9.0 348.0 62 4 .8 5.79 6.8 6.67 6.69 
9.50 . 0 493.0 51 4 .3 3.7 7.5 6.71 6.98 
9.50 . 0 551.0 51 4 .6 4 .3 7.5 6.90 7.01 
9.50 . 0 494.0 52 4 .7 5.80 7.5 6.36 7.02 
9.50 . 0 552.0 52 4 .7 4 .3 7.5 7.03 7.02 
9.50 3 .0 675.0 41 4 .7 4 .2 7.7 6.42 7 . 1 3 
9.50 3.0 676.0 42 4 .5 4 .0 7.7 6.58 7 . 1 1 
9.50 3 .0 511.0 51 4 .7 4 .4 7.7 6.92 7 . 1 3 
9.50 3 .0 541.0 51 4 .4 4 .3 7.7 7 . 1 2 7 . 1 0 
9.50 3.0 512.0 52 4 .8 4 .3 7.7 6.99 7 . 1 3 
9.50 3.0 542.0 52 4 .6 4 .2 7.7 7.02 7 . 1 2 
9.50 3 .0 351.0 61 4 .4 3.6 7.7 7 . 1 6 7 . 1 0 
9.50 3 .0 352.0 62 4 .3 3.1 7.7 7.04 7.09 
9.51 3.0 645.0 41 4 . 9 4 .0 7.7 6.31 7 . 1 4 
9.51 3 .0 646.0 42 4 .7 4 .0 7.7 6.52 7 . 1 3 
9.51 3 .0 553.0 51 4 .7 4 .3 7.7 6.85 7 . 1 3 
9.51 3 .0 554.0 52 4 . 9 4 .1 7.7 6.90 7 . 1 4 
9.51 3 .0 381.0 61 4 .5 4 .5 7.7 8.00 7 . 1 1 
9.51 3.0 371.0 61 4 .6 5.96 7.7 6.85 7 . 1 2 
9.51 3 .0 382.0 62 4 .7 4 .4 7.7 7.42 7 . 1 3 
9,51 3 .0 372.0 62 4 .7 4.1 7.7 7.26 7 . 1 3 
9,50 6.0 701.0 41 4 .9 4 .5 7.7 6.50 7 . 1 4 
9,50 6,0 702.0 42 4 .7 4 .2 7.7 6.60 7 . 1 3 
9.50 6 .0 525.0 51 4 .7 3.7 7.7 6.64 7 . 1 3 
9,50 6.0 527.0 51 4 .7 4 .6 7.7 7 . 1 6 7 . 1 3 
9.50 6.0 526.0 52 4 .8 4 . 0 7.7 6.88 7 . 1 3 
9.50 6.0 528.0 52 4 .7 4 .5 7.7 7 . 1 9 7 . 1 3 
9.50 6.0 367.0 61 4 .7 4 .3 7.7 7.36 7 . 1 3 
9.50 6.0 389.0 61 4 .6 4 .3 7.7 7.41 7 . 1 2 
9,50 6 ,0 368.0 62 4 .7 4 .3 7.7 7.35 7 . 1 3 
9.50 6.0 390.0 62 4 .7 4 .3 7.7 7.35 7 . 1 3 
9.51 6.0 665.0 41 4 .7 4 .5 7.7 6.63 7 . 1 3 
9.51 6.0 666.0 42 4 .7 4 .3 7.7 6.65 7 . 1 3 
9.51 6.0 543.0 51 4 .7 4 .5 7.7 7.01 7 . 1 3 
9.51 6.0 503.0 51 4 .7 4 .3 7.7 6.85 7 . 1 3 
9.51 6.0 544.0 52 4 .7 4 .3 7.7 7.03 7 . 1 3 
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T A a E D3 t DATA A N ) INDEXES FOR AASHO ROAD T E S T R I G I D PAVEMENT SECTIONS 

I D E N T I F I C A T I O N DATA PCRrORMANCE DATA INDEXES 
SURF 
THCK, 
RE I N F 
9.51 
9.51 
9.51 
9.50 
9 .50 
9 .50 
9.50 
9 .50 
9 .50 
9.51 
9.51 
9.51 
9.51 
9.51 
9.51 

I t . 0 0 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.01 
11.01 
11,01 
11.01 
11.00 
11.00 
11.00 
11.00 
11,00 
11,00 
11,01 
11.01 
11.01 
11.01 
11.01 
11.01 
51.00 
11,00 
11.00 
11.00 
11.01 
11.01 
11.01 
11.01 
12.50 

SUBB 
THCK 

6 .0 
6 .0 
6 .0 
9 .0 
9 .0 
9 .0 
9 .0 
9 .0 
9 .0 
9 .0 
9 .0 
9 .0 
9 .0 
9 .0 
9 .0 

, 0 
. 0 
. 0 
„0 

3 .0 
3 ,0 
3 .0 
3 . 0 
3 .0 
3 .0 
3 .0 
3 .0 
3 .0 
3 .0 
6 .0 
6 .0 
6 .0 
6 .0 
6 .0 
6 .0 
6 .0 
6 ,0 
6 .0 
6 .0 
6 .0 
6 ,0 
9 ,0 
9 ,0 
9 .0 
9 .0 
9 .0 
9 .0 
9 .0 
9 .0 
3 .0 

SECT 
NO. 

504.0 
403.0 
404.0 
689,0 
690.0 
535.0 
536.0 
375.0 
376.0 
667.0 
668.0 
499.0 
500.0 
339.0 
340.0 
383.0 
399.0 
384.0 
400.0 
529,0 
530.0 
377.0 
363.0 
378,0 
364.0 
515.0 
516.0 
391.0 
392,0 
497.0 
498.0 
397.0 
387.0 
398.0 
388.0 
545.0 
546.0 
337.0 
v'»45.0 
338.0 
346.0 
509.0 
510.0 
365.0 
366.0 
495.0 
496 .0 
343.0 
344.0 
395.0 

LOOP SERV LOG SERV STRUCT PEIirORHANCE 
LANE INDEX APPL INDEX BY OBS. CALC.BY 

BEG. P « £ . 5 END SON D ? EST. EQN D7 
52 4 . 6 4 . 5 7 .7 7.11 7.13 
61 4 . 4 4 . 0 7.7 7,32 7.10 
62 4 , 7 4 . 0 7 .7 7 ,22 7.13 
41 4 . 7 4 , 1 7 .7 6,38 7,13 
42 4 . 7 4 . 2 7 ,7 6.60 7.13 
51 4 . 7 4 . 5 7 .7 7,01 7,13 
52 4 . 6 3 .8 7 .7 6.86 7,12 
51 4 , 6 4 . 2 7 .7 7.35 7,12 
62 4 . 6 4 , 3 7 ,7 7.40 7,12 
41 4 . 8 4 . 8 7.7 8vOO 7.13 
42 4 . 8 4 , 6 7o7 6.82 7.13 
51 4 . 6 4 . 4 7 .7 7,00 7,12 
52 4 . 8 4 . 6 7 .7 7.20 7,13 
61 4 . 7 5.95 7.7 6.84 7,13 
62 4 . 8 5.96 7 .7 6,84 7.13 
61 4 . 5 4 . 2 8,4 7,40 7,41 
61 4 . 6 4 . 1 8.4 7,30 7,42 
62 4 . 7 5.95 8.4 6.83 7,42 
62 4 . 7 6.05 8.4 6.93 7.42 
51 4 . 7 4 .1 8.7 6.76 7.52 
52 4 .6 4 .3 8.7 7.08 7.51 
61 4 . 6 4 . 2 8.7 7.35 7.51 
61 4 . 7 4 .4 8.7 7.43 7.52 
62 4 . 6 4 , 3 8.7 7,40 7.51 
62 4 , 8 4 . 3 8.7 7.31 7.53 
51 4 . 7 4 .1 8.7 6.76 7.52 
52 4 . 8 4 . 3 8.7 6 .99 7.53 
61 4 . 6 4 . 4 8.7 7.51 7,51 
62 4 . 6 4 . 4 8.7 7.50 7,51 
51 4 , 8 4 , 5 8.7 6.93 7.53 
52 4 . 6 4 , 5 8.7 7.33 7.51 
61 4 . 7 4 . 2 8.7 7.31 7,52 
61 4 . 5 4 . 0 8.7 7.29 7.50 
62 4 . 6 4 . 3 8,7 7.40 7.51 
62 4 . 4 4 . 2 8.7 7.47 7.50 
51 4 . 6 4 . 4 8.7 7,00 7.51 
52 4 . 6 4 .3 8.7 7.08 7.51 
61 4 . 6 4 , 0 8.7 7.26 7.51 
61 4 . 7 4 . 3 8.7 7,36 7,52 
62 4 , 5 4 ,1 8.7 7.33 7,50 
62 4 . 7 4 . 2 8.7 7,30 7,52 
51 4 . 6 4 . 5 8.7 7.15 7,51 
52 4 . 7 4 . 4 8.7 7,10 7,52 
61 4 , 8 4 . 3 8.7 7.41 7,51 
62 4*6 4 .3 8.7 7.40 7.51 
51 4 , 6 4 . 4 8.7 7.00 7.51 
52 4 , 6 4 . 4 8.7 7.18 7,51 
61 4 , 6 4 . 2 8.7 7.35 7.51 
62 4 . 7 4 . 1 8.7 7.26 7.52 
61 4 . 7 4 . 2 9.6 7.31 7.87 
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TABLE D3 ; DATA AND IN>EXES FOR AASHO ROAD TEST RIGID PAVEMENT SECTIONS 

I D E N T I F I C A T I O N DATA PERFORMANCE DATA I N D E X E S 

S U R F S U B B S E C T LOOP S E R V L O G S E R V S T R U C T PERFORMANCE 
T H C K , THCK N O . L A N E I N D E X A P P L I N D E X B Y O B S . C A L C . B Y 
RE I N F B E G . P - £ . 5 E N D E Q N D7 E S T . E Q N D7 

12.50 3.0 396.0 62 4 .7 4 .3 9.6 7.35 7.87 
12.51 3 .0 359.0 61 4 .7 4 .4 9.6 7.43 7.87 
12.51 3 .0 360.0 62 4 . 5 4 .3 9.6 7.48 7.86 
12.50 6.0 349.0 61 4 .3 4 .0 9.6 7.37 7.84 
12.50 '6 .0 350.0 62 4 .5 4 .2 9.6 7.39 7.86 
12.51 6 .0 355.0 61 4 .7 4 .2 9.6 7.31 7.87 
12.51 6 .0 356.0 62 4 .7 4 .4 9.6 7.42 7.87 
12.50 9.0 * 379.0 61 4 .6 4 .2 9.6 7.35 7.87 
12.50 9.0 380.0 62 4 .6 4 .4 9.6 7.50 7.87 
12.51 9 .0 357.0 61 4 .7 4 .5 9.6 7.52 7.87 
12.51 9.0 358.0 62 4 .6 4 .2 9.6 7.34 7.87 



TABLE D4: SUlCfARY OF RESIDUALS BETWEEN CALCULATED AND OBSERVED OR ESTIHATED 
FERFORMMICE INDEX VALUES FOR AASHO ROAD TEST SECTIONS 

Test Sections and Definitions Residuals 
of Residuals 

' -2.0 
and 
down 

-1.0 
to 

-2.0 

-.50 
to 

-1.0 

-.20 
to 

-.50 

.00 
' to 
-.20 

00 
to 
.20 

.20 
to 
.50 

.50 
to 

1.0 

i 1.0 
1 
; 2.0 

Over 

2.0 

No. 
of 
Sec 

Mean 

Alg. 

Hean 

Abs. 
Flexible Pavements - Factorial sections 1 ' 

P calc. by (D6) vs. P observed 4 10 8 92 76 25 11 4 230 .03 .20 
vs. P estimated by (DIO) 

with B = 1.0 
2 9 14 9 3 7 9 53 .28 .48 

Flexible Pavements - Special Base sections 
1 

P calc. by (D6) vs. P observed 1 3 ! 57 30 15 9 
] 

4 ' 131 .08 .19 
vs. P estimated by (DIO) 5 11 • 16 8 1 4 

J 
6 7 1 58 -.25 .52 

i with B = 1.0 
Rigid Pavements t • — — - * 

P calc. by (D7) vs. P observed i 16 31 1 37 15 3 102 .02 .17 
vs. F estimated by (010) 5 1 16 25 i 46 56 34 15 13 210 .42 .51 

with B = .5 
i 

! 

A l l in 
Lane 21 

i 
i 
1 
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Appendix E 

Glossary of Symbols and Terms 

The f i r s t part of t h i s appendix gives an alphabetical l i s t of a l l symbols 
that are used i n the guidelines. Opposite each symbol i s a verbal equivalent 
for the symbol. 

The second part of the appendix defines terms that either have special 
connotations i n the guidelines or which are not generally found i n pavement 
design l i t e r a t u r e , 

1. Symbols 
AQ, A X, Ag, etc: Undetermined coefficients i n a Mthematical model f o r 

performance index. 

a i , az, as, etc: Undetermined coefficients i n a mathematical model f o r 
st r u c t u r a l index. 

ADL: Average da i l y number of equivalent 18'kip single axle load a p p l i 
cations . 

b o r ^ : A perfemance equation constant which determines the direction 
of concavity of a calculated performance record. 

ci4 Cg, C3, etc: Classification variables used to distinguish among 
various types of st r u c t u r a l components. 

C: Amount of surface cracking, 

CSV: Wheelpath slope variance as measured by a CHLOE profilometer 
D: Structural index 

h i , hg, ha, etc: Thicknesses of pavement components 

H, H': High and extra high levels of an experiment design factor 
VXi Kentucky ride index ( 4 0 mph) 

L, L': Low and extra low levels of an experiment design factor 

M: Medium l e v e l of an experiment design factor 
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MI. Michigan profllograph index of surface roughness 

p: Present s e r v i c e a b i l i t y index 

PQ: I n i t i a l value of present s e r v i c e a b i l i t y index 
P : Performance Index 

PA: Amount of patched surface area 

r o r ^ : A performance equation constant that embodies a l l pavement 
design variables 

RI: Boughness index as measured by a BPR roughometer 

ID: Rut depth I n wheelpath of pavement surface 

RF: Regional factor 

RS: Relative strength 

»if Bz, S3, 84: Strength characteristics of s t r u c t u r a l components 
S: Composite strength of a t e s t section. 

£L: Accumulated number of equivalent 18-klp single axle load applica
tions 

SV: Wheelpath slope variance as measured by the AASHO Road Test profllometer 
TX: Surface texture as measured by the Texas texture meter 
vi« vg, V3, etc: Climatic variables 

Vi> Vg, V 3 , etc: General symbols fo r experiment design factors 

xi> X 2 > XQ, etc: Surface condition variables 

Y: Years of service to date 
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I I Terms 

Analysis of Variance; A mathematical procedure f o r separating the t o t a l 
v a r i a t i o n I n a set of observations Into I d e n t i f i a b l e effects 
of experiment design variables and average effects of random 
uncontrolled variables. 

Balance; A property of an experiment design which i s introduced to prevent 
intercorrelatlons of experiment design factors. 

Centrold Section: I n a composite experiment design the centroid section 
has the medium l e v e l f o r a l l experiment design factors. 

Climatic Variables; Measures of temperature, p r e c i p i t a t i o n , and freese-
thaw conditions; and measures of variations I n these 
conditions. 

Complete Factorial B x p e r l — n t ; A pattern of test sections that Includes 
a l l possible combinations of levels selected f o r the 
experiment design factors. 

Composite Experiment Design; A complete (or f r a c t i o n a l ) f a c t o r i a l pattern 
of two*level factors, augiMnted by t e s t sections which 
w i l l show three-level effects of any factor when the 
remaining factors are at medium levels. 

Composite Strength; A generic term to denote the effec t of a single load on 
the en t i r e structure as contrasted with the strength of 

a p a r t i c u l a r component of the stmetuxe. 

Confounded Effects; The effects of two e i ^ r l m e n t a l variables are con
founded I f there i s a relationship (over a l l t e st 
sections) between the valusBof one variable and the corres* 

ponding average valuasof the other variable. 

Curvlllneer Effect; A design variable has a cu r v i l i n e a r e f f e c t on a per
formance variable i f the graph of the two variables 
I s not l i n e a r . 

Deetpi Vatlablee: A l l experimental variables which are not perfoxmanee 
variables, and whlclv therefore, can be used to determine 
pavement designs as w e l l as experiment designs. 
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Effect; The ef f e c t of an experimental factor on perforaanee i s the change 
i n the l a t t e r that i s a t t r i b u t a b l e to a change i n the fomer* 

Equivalent IS'kip Axle Load Applications; The product of an equivalency 
factor and the actual nuaiber of applications of a given 
axle load. I t i s assuned that the saa» s e r v i c e a b i l i t y 
h i s t o r y would r e s u l t from a specified nxaaber of equiva
l e n t axle loads as fron t h i s number of 18-kip single axle 
loads. 

Experiment Design; A specification of factor levels f o r every teat sec
t i o n i n an experiment. 

Extension Sections: Those sections i n a composite experiment design which 
are included f o r the study of cu r v i l i n e a r e f f e c t s . 

Factorial Sections; Those te s t sections i n an experiment design which are 
part of a con^lete (or f r a c t i o n a l ) f a c t o r i a l eiqperi-
ment. 

Factors ( i n an experiment design): Those variables which have been selected 
f o r controlled v a r i a t i o n a t two or more levels i n the 
experiment design. Variables which are controlled at 
a single l e v e l are sometimes called one-level f a c t o r s — 
as contrasted w i t h uncontrolled variables. 

Fractional Factorial Experiment; An experiment whose design Includes only 
a p a r t i c u l a r f r a c t i o n o f a l l sections that would be 
required f o r a complete f a c t o r i a l e ^ r i m e n t . 

Inter a c t i o n Effect; Two variables have an in t e r a c t i o n e f f e c t on a perform
ance variable i f the e f f e c t o f the f i r s t variable i s 
not the same at a l l levels of the second variable. 

Level; Levels of an experimental factor are classes, values, or Intervals 
of v a r i a t i o n Which describe the factor f o r any t e s t section. 

Linear Effect: The l i n e a r e f f e c t of an experimental factor on performance 
i s the slope of a l i n e f i t t e d to the graph of performance 
versus the experimental factor. 
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Linear Model; A mathematical model which can be expressed i n the form 

Ao + AiFi + AgFa + ... = 0 

where a l l variables are contained w i t h i n Fx, F g , a n d 
where a l l undetermined constants are among AQS A ^ , A^, etc. 

Non-linear Model; Any model that has one or more undetermined coefficients 
not esqpressible i n the form of a linear model. 

Pavement Structure: That part of a t e s t section which i s above the road
bed material. 

Performance Index; The logarithm of the number of accumulated equivalent 
18-kip axle load applications at the time when the 
te s t section's s e r v i c e a b i l i t y index i s at 2.5. 

A performance index may be observed. »etimated by pro
j e c t i o n of the performance record, or calculated from 
a performance equation. 

Performance Record; The graph of present s e r v i c e a b i l i t y index verstis acctmu-
lated equivalent 18-fcip axle load applications. 

Performance Variables; Variables and indexes that describe or are related 
to the surface condition of a t e s t section. 

Present Serviceability Index (Value): A number between sero (very poor) 
and f i v e (very good) which i s calculated from a 
formula that involves specific measurements of sur
face condition. 

Re^loMl Factor; A pos i t i v e , zero, or negative value which applies to the 
performance index of a l l t e s t sections i n a given r e g i o n -
depending upon whether the sections' performances are con
cluded to be better than, equal t o , or worse i n the given 
region that would have been the case at the AASHO Road Test. 
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R e g r e s s i o n A n a l y s i s ! A p r o c e d u r e f o r e v a l u ' i t l n g u n d e t e r m i n e d c o n s t a n t s i n 
a m a t h e m a t i c a l model. L e a s t s q u a r e s l i n e a r r e g r e s 
s i o n a n a l y s i s may be u sed w i t h l i n e a r models when i t 
i s d e s i r e d to d e r i v e t h o s e c o e f f i c i e n t s w h i c h m i n i 
mize the sum o f s q u a r e d r e s i d u a l s . 

R e l a t i v e S t r e n g t h ! The r a t i o o f the c o m p o s i t e s t r e n g t h o f one t e s t s e c t i o n 
t o the c o m p o s i t e s t r e n g t h o f a n o t h e r s e c t i o n , where t h e 
s e c t i o n s a r e e q u i v a l e n t w i t h r e s p e c t to i n i t i a l s t r u c 
t u r e and l o a d h i t i t o r y . R e l a t i v e s t r e n g t h i s t h u s a s 
sumed to be an i n d i c a t o r o f c l i m a t i c and r e g i o n a l e f 
f e c t s . 

R e s i d u a l s ( i n P e r f o r m a n c e I n d e x ) ; D i f f e r e n c e s between p e r f o r m a n c e i n d e x 
v a l u e s c a l c u l a t e d from a d e r i v e d e q u a t i o n and c o r r e s 
p o n d ing v a l u e s w h i c h have been o b s e r v e d or e s t i m a t e d 
from p e r f o r m a n c e r e c o r d s . 

Roadbed M a t e r i a l ! A l l s o i l s o r o t h e r m a t e r i a l s t h a t a r e below t h e pavement 
s t r u c t u r e and w h i c h can a f f e c t the s u p p o r t i n g power o f 
t h e pavement s t r u c t u r e . 

S e r v i c e a b i l i t y H i s t o r y ! The g r a p h o f p r e s e n t s e r v i c e a b i l i t y i n d e x v e r s u s 
t i m e - - a s opposed to l o a d a p p l i c a t i o n s . 

S t r e n g t h C h a r a c t e r i s t i c s ( o r S t r e n g t h ) : A g e n e r i c term to i n c l u d e e l a s t i c 
and n o n - e l a s t i c p r o p e r t i e s o f the s t r u c t u r a l com
po n e n t s o r c o m p o s i t e s t r u c t u r e . 

S t r u c t u r a l I n d e x ! A f o r m u l a f o r c o m b i n i n g s t r u c t u r a l v a r i a b l e s i n t o a 
s i n g l e i n d e x . 

S t r u c t u r a l V a r i a b l e s ! S t r e n g t h c h a r a c t e r i s t i c s , t h i c k n e s s e s and c l a s s i 
f i c a t i o n s o f m a t e r i a l s u s e d i n the s t r u c t u r e . 

S t r u c t u r e : The c o m p l e t e t e s t s e c t i o n — i n c l u d i n g r o adbed m a t e r i a l and a l l 
components o f t h e pavement s t r u c t u r e . 



T H E NATIONAL ACADEMY OF S C I E N C E S - N A T I O N A L R E S E A R C H C O U N C I L 

is a private, nonprofit organization of scientists, dedicated to the furtherance of 

science and to its use for the general welfare. The Academy itself was established 

in 1863 under a congressional charter signed by President Lincoln. Empowered 

to provide for all activities appropriate to academies of science, it was also required 

by its charter to act as an adviser to the federal government in scientific matters. 

This provision accounts for the close ties that have always existed between the 

Academy and the government, although the Academy is not a governmental agency. 

The National Research Council was established by the Academy in 1916, at 

the request of President Wilson, to enable scientists generally to associate their 

efforts with those of the limited membership of the Academy in service to the 

nation, to society, and to science at home and abroad. Members of the National 

Research Council receive their appointments from the president of the Academy. 

They include representatives nominated by the major scientific and technical socie

ties, representatives of the federal government, and a number of members at large. 

In addition, several thousand scientists and engineers take part in the activities of 

the research council through membership on its various boards and committees. 

Receiving funds from both public and private sources, by contribution, grant, 

or contract, the Academy and its Research Council thus work to stimulate 

research and its applications, to survey the broad possibilities of science, to 

promote effective utilization of the scientific and technical resources of the country, 

to serve the government, and to further the general interests of science. 

The Highway Research Board was organized November 11, 1920, as an 

agency of the Division of Engineering and Industrial Research, one of the eight 

functional divisions of the National Research Council. The Board is a cooperative 

organization of the highway technologists of America operating under the auspices 

of the Academy-Council and with the support of the several highway departments, 

the Bureau of Public Roads, and many other organizations interested in the 

development of highway transportation. The purposes of the Board are to en

courage research and to provide a national clearinghouse and correlation service 

for research activities and information on highway administration and technology. 
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