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ABSTRACT

In 1962 the American Association of State
Highway Officials presented a method‘for the design
‘of flexible highway pavements which was based on a
large scale field sfudj. The s@eps in the develépment
of the basic design method and the assumptions neces-
sary for ité application are enumerated and critically

.discussed in this report.

The concept of highway performance was the
basis upon which the Road Test was evalﬁated. The
significancé and validity of using performance expres-
sions to estimate pavement life and strength are dis-

cussed.

The individual desigﬁ variables, which include
structural coefficients, soil support, traffic inténsity
and régional factors are presented. Cufrently available
methods: for détefmining each of these variab;es'are
examined and evaluated. The importance of seléctiné‘u'
appropriate values for the desig£ variables when calcu-

lating the pavement life is. discussed.

It i§ concluded that, although it has received
widespread acceptance, the AASHO design method has serious
limitations. None of the éttempts to adopt the procedure
to an individual State's requirements have been entirély

sucessful. 'The'need for a clearer definition of material



‘properties, and their relationship to the statistically

based AASHO design variables, is indicated.



I. INTRODUCTION

In 1962 tne American Assooiation of State
Highway Officials, in cooperation mith a wide variety
of interested states, institutions, industries and
agencies, completed a comprehensive, full-scale high-
way study. The analysis and subsequent evaluation
of the observed performance of the test.sections at
the Road Test led to the development of the AASHO
design method. The resulting design eqUations and
charts were intended to provide the entire country

with an efficient and practical design method.

The Road Test experiment design was construc-
ted so that relationships between pavement design, num-
ber of applications of load and performance could be
- established. Special studies were focused on finding
the in-place behavior of individual types of materials
commonly used in highway'construction. Attention was
also directed towards including the influences of envi-
ronmental factors and embankment strength on pavement

life.

General use of the AASHO design method requires
that specific structural coefficients and soil support
terms be assigned to the pavement and subgrade materials.

These terms reflect a material's strength and suitability



"in the highway. In addition, the effecﬁs of environ-
mental conditions must be assessed and represented by
a regional factor. Finally, the traffic anticipated
~over the iifé of the roadway must be estimated and
reduced to a number of applications of a standard

reference axle load.

The history and development of the Road Test
equations, and their extension to performénce studies,
will be discussed. The backgrounglénd significancé of
the required design values, as weil as current methods

of obtaining them, will be discussed and evaluated.



. I.:.[. DEVELOPMENT OF THE AASHO DESIGN METHOD

2.1 The AASHO Road Test

The AASHO Road Test was a highway research
project sponsored by the American Association of State
Highway Officials, in conjunction with many private
and public sponsors, for the purpose of examining the
behavior of typical highway pavements and structures

under full scale conditions.

A carefully planned experiment design was de-
veloped in which both fiexible and ;igid pavements of
known layerAthicknesses were constructed in six traffic
loops in order to examine the interrelatiohs between
thicknesses, and magnitude énd frequency of loading.

A complete description of the road test facilities are
" given in the Highway Research Board Special Reporf Nos.

61B and 61C, (1962).

The scope, ﬁagnitude_and-duration of the Road
Test greatly exceeded any such previously completed
project. The efforts to carefully control the material
propertiés and construction procedures at the site, as
well as to fully'develop the experiment design and éro-.
vidé thorough and consistent testing procedures have
been well documented by many'researchers (Shook and Fang,

1961; HRB Special Report 61lE, 1962).



First among the list of carefully chosen Road _
‘Test objectives stated by the National Advisory Committee
was to determine the significant'relationships betwéen
‘Joad and performanée for various thicknesses of uniform _
‘pavement components: constructed on é uniform basement
soil. The results were then to be examined in light of
variations in“climéfe, soil type, materiais, construction

practice and traffic type.

._To accompl%fh this objective, the Advisory
Committee chose to dévelop the concept of perfofmance in
-terms of a highway's cadpacity to serve the traveling

public. The leﬁel of quality, or serviceability, was

based 6n a subjective, zero to five rating scale estab-
lished from rider reaction to a particulér roadway. The
performance of a rdad may’then”be represented by the

- serviceability history as a function of the loading history.
For example, good performance is typified by continued

high serviceability under mahy load applications.

In‘ordér to apply the serviceabiiity.concept to
fhe actual Road Test pavements,rapid, simple and reproduce-
able test methods were developed to objectively rank a
-pavement's current riding quality or present serviceability
index (PSI or pt), in a manneriﬁhich correlated with the

subjective rating system.

The physical aspects selected as being indicative

of the road surface quality were slope variance, rutting,



patching and cracking. Actual test procedures used at the

Road Test are detailed in HRB Special Report 61lE (1962).

Tesf vehicles with known‘axlé configurations and
loads were cycled over each pavement structure a£ known
frequencies. Periodically, at biweekly intervals called
index days, the PSI of each section»wés determined. Traf-
fic was continued until the PSI dropped to a value of
1.5; indicative of a very low level of serviceability, or
until the Road Test was terminated. Thus, a complete
performance hisﬁory of a wide range of combinations ofl‘

types and thicknesses of road pavements were obtained.

2.2 Road Test Results

The method whereby performance of flexible
pavements 1is related to roadway design and number of load
applications is -examined. The main aspects of this are

- found in Appendix G of HRB Special Report 61lE (1962).

Performance curves were obtained for each sectibn
by plotting the observed PSI values against the index day
or the accumulated number of load applicationé obtained
at each,éérticular index day, as shown in Fig. (1). The
shape or trend of the curve representé the performance Qf
the section. In order to elimiﬁate'the seasonal effects,
£he accumulated number of loads was adjusted or.weighted
prior to developing the curves. The assumed.weightigé

functions tended to overcome the fact that the effect of



the loads was related to the moisture and temperature

of the sections.

- The objective of the Road Test Committee was
to develop a mathematical model which described the
performance record curves obtained from all sections.
It was assumed that the loss of performance was some

power function of axle load application, expressed as
p, - P, = K w.F | (1)
o t t - -

where Po is the initial serviceability index, Py is the
present serviceability index and W, is the accumulated
axle loads (both at time = t), and K and B are terms

related to both the load and the section design.

At the conclusion of testing at each section,
whether by Py reaching the terminal value of 1.5 or by
termination of the Road Test, the following relationship

existed:
Z = B

where p is the terminal number of axle load applications

at a terminal value of PSI equal to P

Solving Eq. (2) for K and substituting the



resulting value into Eq. (1) yields:

w, 8
Py = Py ~ (Py7Pp) () (3)

which expresses Py at any intermediate time in terms of
initial and final values of PSI and intermediate and

final loads.

Rearranging Eq. (3).and converting to logarith-

mic form results in,

G»= 8 (log W, - log p) _ (4)

where G is defined as the known quantity:

| - P, - P
G = log (-2—2% (5)
Py = Pp

Values for B and p for each section were then obtained
from slope and intercept, respectively, of the linear

plots resulting from Eq. (4).

B was then assumed to be related to the magnitude

of appliéd loads and the pavement deéign as:

S B, (Li + L2)B2 ) :
. B.= B+ e | (6)
(alDl + a2D2 + a3D3 + a4) 1 L2 3 .

and p expressed as
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e VA A
. ='Ao (a1D1 + _azD2 + a3D3 f a4) 1l pz 3 | (7f

. A
(L1 + LZ) 2

where ai, ay, @3 = structural coefficients related to
- -material strength; a, = a coefficient related to the sub-
*grade'strength; Dy D2’ D3 = layer thickneéses, in inches,
qf the surfage, base and subbase, fespectively; Ll.= _
nominal axle load in kips; L2 = an axle code, (1 for single

axles, 2 for tandem axles). The remaining terms are

mathematical constants used in the analysis.

The exact method of solving Egs. (6) and (7) is
beyond the scope of this discussion. However, statistical
analysis of the Road Test data, using linear regressionél
analysis techniques to obtain "best fits" of the observed
information, allowed the effectiveness.of various pavement

components to be ranked in terms of ays a5, A3

The reduction techniques reduced Eq.'(6) to

0.081 (L, + L) 323 |
.B:= 0.40 + (v + 1)5-19 L23.23 ‘ | (8)
and Eq. (7) to i | o
| 105-93 (gn + 1)2-36 L24.33
P = @, + 1,07 < -

where SN is the structural number as defined by

SN = a + a.b, + a,D

1°1 272 373

(10)



_]_'1.

A significant result from the AASHO Road Test
is the statistical evaluation of the structufal coef-
ficients (ai, ayr a3) which reflect the in-place

behavior of each pavement layer (Dl D2’ D3).
- ’

.2.3 Design Equations

A main objective of the AASHO Committée was to
trénsform the results of the performance study into a
useful design method (Langsner, Huff & Liddle, 1962);
The method considers.not only pavement design.énd number
of load applications, but also parameters reflecting

both subgrade soil support and regional effects.

A relationship between number of axle loads,
structural number and performance.wés obfained by adopting
an 18k single axle load és a standard and solving Eés. (8)
and (9), respectively, for B and p. ‘These two quantities
were then substituted into Eq. (4) which could then be

reduced and rearranged as

G

1,094
0.40 + —519

(SN + 1)

= 9.36 log (SN + 1) - 0.20 + (11)

log W;g

where Wt is now noted as W18'

Equation (11l) represents the mathematical develop-

ment of the Road Test results which predicts the number of

k

18" axle load applications, W18’ required to reduce the
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serviceability from an initial high of p, to any inter-
“mediate value, Py for a pavement having a structural

number of SN.

The next step in formulating the design procedure
was to expand Eq. (11) to include soil support and regional
influences beyond the limited conditions which prevailed:

at the Road Test site.

The AASHO Committee realized that the behavior
of a rdad.isvsignificéntly effécted by environmentain B
factoré such as temperature,‘rainfall and drainage condi-
tions. 1In order to relate the test results obtained from
the single test site to a wide variety of possible condi-
tiqns elsewhere in the country;.thé Desién Committee
developed the concept of a regional or environmental factor.
This term would modify the fundamental design eéuations

for national use.

‘Although the exact relationship was not established,
the AASHO Committee assumed that the destructive effect of
accumulated 18 kip axle loads, Wis, on any highway could be
relatea to a comparabie level of effectiveness due to the

accumulated 18 kip axle loads, at the tést site, by a

Wigr

proportionality or regional factor, R, as
(12).

or in logarithmic form as
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log Wlg = log (3) + log W (13)

18 18

It was tentatively estimated that the value of
R ranged from 0.2 to 5.0 as the road bed strength de-

creased due to environmental factors.

" In order to expand the design method to encompass
soil support conditions beyond the single roadbed con-
structed at the AASHO Road Test, the Design Committee
established a lb point soil support scale with the intent
that soils of different_supéorting éharacﬁeristics could

be evaluated and correlated with the scale.

A soil support value, (SS = 3), was arbitrarily
assigned to the roadbed which underlaid a typical pavement
with a struétural number-of 1.98. The total number of
load applicationé, for typical pavements, was distributed
over an assumed 20 year design period, resulting in a
figure of 2.5 équivalent 18 kip daily single axle applica-

tions.

Special studies of particularly heavy crushed
stone bases indicated that an asphaltic layer with a struc-
tural number of 1.98 on a roadbed with supporting character-

‘istics of crushed stone would carry 600 and 1000 18k

applica-
tions per day to terminal serviceabilities of 2.5 and 2.0,
respectively. A soil support value of 10 was assigned to

the hypothetical high support roadbed.
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Thus, the two conditions of soil support, load
applications and structural number allowed a scale to be
set up by assuming a linear distribution between the

values of 3 and 10.
If the effect of axle loads is assumed to vary
with some function of the soil support, £(SS), then

Wig" = £(SS) W' o (14)

or in logarithmic form

n o '
log W;g log £(SS) + log Wyg (15)
where W18" and W18' are two values of accumulated axle

loads which have the same abiiity to deteriorate a

Aéiven pavement constructed on roadbeds of soil support

SSi and SSo+ respectively.

" Phe soil support function is assumed to be

related to the soil support value as,’

£(ss) = 10X  (88; - S5.) (16)

where. K' is a proportionality constant. In logarithmic

form, Eq. (16) is

log f(sS) = K' (ss; - ss) (17)



Again considering the two valués of Wi8 = 2.5
and W18" = 1000 for accumulated axle loads corresponding
to s, = 3 and ss; = 10, the value of £(SS) from Eq. (14)
was found to be 400. Applying this Value, as well as the

sbale values of soil support, to Eq. (17) results in a

proportionality constant of 0.372.

The'generai relationship for any soil support

value of SS, réferehced tolthe AASHO roadbed, becomes

log £(SS) = 0.372 (SS - 3.0)
; _
andtthe variation in allowable loads may be expressed by

Eq. (15) as

" =0.372 (S5 - 3.0) + log W,,'

log W 18

18
where W18" correspohds to a roadbed soil support of SS
and WlS! corresponds to any roadbed with a soil support

of 3.0.

-15

(18)

(19)

Thefefore, to weighﬁ or‘adjust.a value of allowable

-load applications at any location, the term log W18 in

Eqg. 11 has to first be modified for soil support conditions

by Eq. (19) and the resulting value modified for regional -

conditions according to Eg. (13).

Combining Eqs. (19) and (13) with Eq; (11) results

in the final AASHO design formula
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= G _ "
. ) : i 1,094
9.36.,.0.372 (SS - 3.0) .., 13-40 PR YA L (20)
Y (SN + 1)7°"""10 o710 | (sn + 1)°°19
18’ R 100-20 '
or in logarithmic form,
log W, g" = 9.36 log (SN + 1) + 0.372 (SS - 3.0) (21)
1, ' G
+ log (ﬁ) - 0.20 + 1,992
. 0.40 + - 5719
' (SN + 1) °

The‘fesulting design charts, as shown in Fig.
(2) , were constructed for specific limiting service-
abilities (Langsner, Huff and Liddle, 1962). It was
reasoned that terminal values of PSI (or pl) for highl

type and secondary roads of 2.5 and 2.0, respectively,

would result in satisfactory service over the design life.

A recent independent study sponsored by HRB
verified the AASHO deéign procedure and charts wiEhin
the scope of the original assumptions (McCullough and

Van Til, 1968).

2.4 Enumeration of Variables

The design chart, Fig..(2), can be readily used

to obtain required structural numbers for proposed pave-

ment provided that the basic assumptions and limitations

of both the method and input information are understood..

For convenience, a 20-year design life was assumed in

order to reduce the total allowable axle loads to aaily
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-load appiicatiohs. However, since the basic design

equations are in terms of total accumulated axle loads,

:nany other design life period may be used provided that

the total number bf'load applications is known.

A list of required design variables is as

follows:

1.

Structural coefficients based on material
prqperties;

Layer thicknesses.

Daily_18k equivalent axle load applications.
Soil support based on subgrade strength.
Regional factor based on environmentél

conditions.

The success of the resulting pavement in carrying

the required traffic through reasonable values of service-

ability over the design period will depend upon the accuracy

of the variables listed above. Current thinking regarding

the variables and existing methods for evaluating them will

be examined in subsequent chapters}'
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III. PERFORMANCE

3.1 Uses for the Performance Concept

The importance attached to the concept of
performance by highway researchefs was sugéested in
Chaptér.II. The fundamental'ideés underlying service;
.ability and the actual development of a practical rating
system have been established (Carey and Irick, 1960). A
great deal of emphasis has been placed on the relation-
ship between initial pavement design and the detéribration

resulting from load applications.l

; One major area of highway research follqwing

Afhé Road Test was the development of mathemati§a1 formu-
lations which describe the performance cﬁrves obtained

from the various test sections. In general, these equations
relate values of performance énd wheel load applications

to various parameters. In turn, attempts have been made

' to-evaluate these parameters in terms of initial values of
layer thickness and composition, éoil support and climate.
The AASHO equations developed in Chapter II are but one of

the existing models developed to describe the performance

curves.

Three general areas of use have been established
 for the performance relationships. The first is to estimate
pavement life based on a relatively few number of observed

serviceability ratings. The second is to relate performance
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-to structural design. Finally, measures of composite
strength have been correlated to serviceability with the
hope that these studies will aid in the basic under-

~standing of roadway behavior.

3.2 Estimating Pavement Life

There are numerous advantages to both researchérs
and maintenance forces if the life expectancy of a roéd can
be approximately determined by a relafively few éimple |
‘measurements taken years in-advance~of predetérmined termiﬁalA
conditions. Several méthematical'models will be presented

and their applicability to the problem will be examined.
The general AASHO equation, as expressed previously,

W

R L (3)

A somewhat simpler model was developed by the
Asphalt Institute after an indepehdent analysis of the Road

Test data (Painter, 1962). It was originally presented as

Pg = Pg € | | (22)

‘where b is a deterioration rate parameter similar to B of

Eg. (3).



A model of similar form was advanced by Irick
in the preliminary satellite study guidelines (Irick and

Hudson, 1964) as

where b' and r' are terms dependent upon the highway

design.

Converting Eq. (3) into logarithmic form and
rearranging in terms of log Wt’ the performance index,v
- the AASHO equation becomes:

% . p - p
P. - P
o t

similarly, from Eq. 22 for Painter's equatioh,

) - iog b + 6

Py
.log Wt = log loge ( /pt

and from Eq. 23 for Irick's equation,
log W_ = 1 log 1o E-9—i+ log r'
g Wy " b’ g9 g P, g

The similariﬁy between the formulas can readily

-20

(23)

(24)

(25)

(26)

be seen and common practice is to develop linear equations

of the form,

log W, = B £ (p ) + A

t or Pt

(27)



whereby appropriate plotting yields both the slope, B,

and the intercept, A, of the straight line.

The object of prediction studies is to obtain
-qbserved valﬁes of serviceability corresponding to known
values of accumulated axle loads. The manner in which
~the equatioﬁs are used, aﬁd the resulting accuracy of
the»answers; depeﬁds.upon'the number_of'observations and
~ the proper conversion of mixed f:affic to equivalent

axle loads.

If one observeq data'point on the performance
plot is known, values of Po and B need to be esteblished.
It may be that the initial serviceability is known, but
it is more likely that this value will have-to be
estimated either by assuming.the average valuevof'4.2.
found for flexible pavements at the Road Test or assumed
from prior experience. The weaknesses of assuming Py

have been pointed out by the Virginia Satellite Study

-21

Program'(Vaswani, 1967). The slope B, for each pafticular

model, may be assumed from the Road Test‘data.. Irick

indicates that a‘suitable approximation for the B term

in Eq. (24) based on the AASHO results is 1.0 for flexible

pavements. However, actual determinations of B for various

pavements in Minnesota indicate a wide range of scatter

(Rersten and Skok, 1968).

With these inherent drawbacks in mind, values

of Po and slope are assumed and the intercept term, A,



calculated. Then, with both A and B defined, a desired
terminél serviceability, generally about 2.5, 1is used

to solve the basic equations for W.

The need to estimate B is eliminated if two or
more data points are obtained. Irick presented an ex-

pression for the performance index for multiple data

_poiﬁts based on'Eq. (26), as

"log W_ = Y + B}

t - P1

[log 1 Po__ 3
g og 2.5 - ]

~

where Y is the:average,of'observed values Y = log Wt

and X is the averége of thé observed values X = log log

p P . .
o/pt. B1 is defined as:

I (Y -9 (x -X)

B o ‘
z:.(x_.-?;)z

1=
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- (28)

(28a)

- Equation (28) presupposes known values of initial service-

ability and a terminal serViééability of 2.5.

Vaswani demonstrated a method of establishing P

based on a linear form of Painter's equation when several

data points are available.

- In general, the’serviceability of a road must

deteriorate at least one full point below the initial value

‘before successful evaluation of the "road life" may be
obtained. The Minnesota satellite has‘begun analyzing

observed and estimated serviceabilities. Kersten points



out that within a relatively short period of three years
the results have not proved encouraging. However, the
final verification of these techniques will require many

years of study.

3.3 Performance as Related to Structural Design

The final expressions of the AASHO Road Test
analysis, Egs. (8) to (9), iﬁdicate that the variables
p and B may be sucessfully predicted by mathematical
models which contain basic material type and layer |

thickness parameters.

Additional analysis‘of the AASHO Road Test data
by HRB resulted in the following performance equation

"(Irick and Hudson, 1964)

W.n. b"
. s = [l
P, = P, 10 R4 D8 4

in which the influence of the regional factor, R, and a
design term, D, have been added to Eg. (23). The design

term is expressed as

D, + a,r.D, + a,r.,D

D = a)rd, 2% 205 3¥3D3 * Iy

- where ry to r4'are ratios of the relative strength of a

particular material from layer 1 to layer 4 as referenced

to the test site.
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Painter's work.also was directed towards
breaking down the deterioration rate parameter into
design and climate factors (Painter, 1965). The

original form of the perfo;mance equation

/[, =DbW | | (31")
was revised to

"/ = b W |  '(.32)

in which the design related factors were isolated in the

éuantity b, as

- ! '
In b = a + ajD; + ajD, + azDy + a4L (33)
where a; to aj in the above equation are Painter's derived

structural coefficients, D, to D, are the respective layer

3
thicknesses, az is the subgrade strength coefficient, L'

is dependent upon the axle load and configuration and aé is
a mathematical term. Climate or regional factors were

isolated in the weighed traffic count, Wt*.

- Thus, a great deal of effort has gone into-
reiating structural design to performance. Within the
bounds of the AASHO Test data it is possible to develop
- coefficients and quantities which reflect haterial stréngth,

layer thickness, soil support and regional effects. These
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‘factors may be tied together into various equations
which give reasonable estimates of the number of wheel
1oads required to reduce a foadway to a given level of

~gerviceability.

.Hoﬁever,;the methods_of analysis used require
~a large number of sections with carefully selected
-variations in layer thicknesses and material in order
that significant trends devélop énd can bé analyzed. .
Unfoftunately,'éonditions such as these have only been
available at the Road Test.. The coﬁplete reduction of
performance data to yield structural coefficients and
allowable axle loads is not practical for satel;ite
étudy programs. Current research trends are towa;d .
finding this type of information from othér sources.such
as in-situ or laboratory stréngth tests (Seed, Mitry,
Monismith and Chan, 1967; Coffman, Ilves and Edwards,

1968).

3.4 Relationship between Performance and Composite
Strength '

The AASHO Road Tests presented relationships
between number of wheel loads and measurements of
.composite strength throughout the life of the pavements

{Irick and Hudson, 1964).

In general form

Py = Aé - A! log S - (34)
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where A;'and Ai are numerical constants and S is a
quantity, suchAas the Benkelman Beam deflection, which
refleets total composite strength. This relationship
will be examined more closely in Chapter IVA but is
presented to~introduee the fact that Benkelman Beam

deflections can be related te wheel load applications.

Pavement behavior anaiysis at'the Texas
Traﬁsportation Institute has releted Benkelman Beam
deflections to initial pavement design through the use
of Painter's basic performance eqﬁation (Schrivner and

Moore, 1966).

Equation 31 is commonly expressed as

1 p°/
og -

Py b W18 (35)
where Painter defined the deterioration parameter, b,
as a function of design, type and magnitude of load, soil
support and climate. Schrivner assumed b varied only with
pavement deflection, d, as

All A"

b=1 "od 1 (36)

where Ag and Ai are constants which can be determined from

the Road Test deflection data.

- A performance expression Q was defined as
L
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. . ) po - -
QL = log Wt - log log ( /pt) | (37)

or more commonly expressed as

W

t
= lo 38
0, = 109 1555~ Tog 5, (38)
Q, was then found to be related to the Road Test data
as
Q = 9 - 3.2 log 4 (39)
The basic mathematical statement for relating
performance to design and region was assumed as
Q = B'* TDI + Cr o (40)
where Q is the performance reduced to 18 kip equivalent
axle loads, B' is a constant,'cr is a regionai coefficient
and TDI is the Texas Design Index defined as

TDI = S;D; + S,D, + S0 + 1 | (41)

Sl to.S3 are strength coefficients determined by test data.

Thus, a method has been established which uses
the basic concepts of performance trends and behavior
in relating composite strength data to the allowable

design.
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3.5 Methods of Obtaining the Present Serviceabiiity
Index

The serviceability of a roadway section at the

Road Test was found to be related to the slope variance,

_rut depth and amount of cracking and patching.‘ Descriptions

of the AASHO longitudinal profilometer for measuring slope
variance, the transverse profilometer and gauges used to

obtain the rut depth and methods for obtaining cracking

. and patching have been well documented (Carey, Huckins

and Leathers, 1962; HRB Special Report 61E, 1962).

Many recent advanced and alternate methods for

detefmining the above mentioned quantities have been sug-

gested (Yoder and Milhous, 1944; Holbrook, 1969; Phillips

and Swift, 1969)... The object of such work is to determine

the PSI rating of a road as rapidly as possible with accurate,

- relatively inexpensive equipment. ‘A list of the commonly

- used devices is given.is Table 1.
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“IV. EVALUATION OF STRENGTH OF PAVEMENT COMPONENTS

4.1 Basis for Structural Coefficients
| ‘The evaluation of the structural coefficient
terms was one of the‘most significant resuits of the
Road Test. The analysis‘of the test data produced
definite numerical evaluations_ef the contributing
effects of various types of materials'within the road-

way. The concept of structural coefficients and their

‘use to determine the structural number of a pavement,

as expressed by Eq. (10), has become an integral part

of the AASHO design method. The essential idea is that

different.road building materials possess varying
characteristics which, when assigned a numerical coef-
ficient, may be properly related to the overall design.
For everyday use of the AASHO design.method, the correct

coefficient values are of immediate importance.

The origin of the structural coefficients lies
within the statistical analysis of the performance data
gathered at the Road Test ’ The individual values, as

reproduced in Table 2 are the result of mathematlcal

evaluation rather than- dlrect determlnatlon of individual

physical propertles. There is a strong tendency to
consider the structural coefficients as being specific
and fundamental material properties which may either be

found or assumed for design purposes. However, close

*



examination of the background of the coefficients
indicates that they are inherently tied directly to
the Road Test pavements. Ignoring this fact will
result in improper use beyond the original intent and.

meaning of the values.

The structural coefficients are valid only

for layered systems arranged as those at the Road TeSt;
or, in other words, the relative positione_of-the sur;
face, bese) subbase and subgrade must be maintained.
Further, the values are dependent not only upon material
composition but also upon the layer thickness. in ad-
dition, the relative proportions of surface, base and
subbase must be held to within the limits of the sections

examined at the Road Test.

The loading conditions at the Road Tes£ were
very well defineo in terms of speed, magnitude; direction
of travel, axle configuration and wheel contact area.
Control of these factofs was considered essential to the
success of the'Road Test.. Subsequent reseerch, both on a
theoretical andmexperinenEEf!Lesis, has shown that the
'material-propertieeﬂelso vary with the above.conditions

iEinn;“Coffman, 1967; Ilves and Edwards, 1968).
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The values given in Table 2 are based on weighted

axle load applications. If the actual number of axle loads,
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uncorrected for environmental effects are used, another
‘set of structural coefficients are obtaiﬁed (HRB Special
"Report 61E, i962). Therefore, the coefficients are
dependent not only upon environmental factors at a
.proposed highway location, but also upon how well tﬁe
-factors were initially_evaiuated and used in_the basic

analysis.

The.sfructural coefficieﬁts assuméa_fdr materials
used at the test site, and those célcuLated of aséumed for
materials used in other locations, must be regarded with
care since their correct use—ulﬁimately involves many

factors beyond individual physical properties.

4.2 Evaluation of the Structural Coefficients

The intent of the.Design Committee was. to provide
structural coefficients for many basic road building mate-
rials which would serve the majority of desigh’situations.
Furthermore, the individual satellite study programs were
to verify or modify the original AASHO values and develop
new coefficients for other matérials uéed througﬁout the
countfy (Irick, 1964;‘Irick and Hudson,Al964). However,
due to their background, the direct evaluatién of the
strqctural ¢oefficients for uge in the AASHO aesign method

is not practically possible.

4.2.1 Correlation Studies

Perhaps the simplest and most straight-forward

method of evaluating the structural coefficients is by



correlation studies. In geﬁeral, standard laboratory
tests measuring readily obtainable properties, such as
cohesion, shear strength, stability or bearing strength,
are performed on materials similar to the Road Test. |
The tests are repeated on materiels of varying qualities
used by the particular state. Ratios, relatiVe scales

or graphs are then established.

'Many states, sucﬁ as Iilinois, performed tests
on the actual components used at the Road Teets. 'Relative
retings for stabilized base courses were developed by"
knowing,ll) coefficients and laboratory values for AASHO
stabilized materials, and 2) coefficients and laboratory
values for similar, but unstabilizea, AASHO maﬁeriais;
- Graphs for finding the coefficients of other sﬁabilized
bases were then constructed based on theAtwo known

reference points (Chastain and Smith, 1965).

An extensive survey of current methods for
establishing or modifying the coefficients indicates a
variety of approaches for analyzing the layef components

(McCullough and Van Til, 1968).

fhe quality of asphaltic surface materials is
_commonly related to the Marshall Stability test. Coef-
ficients fer base'materials stebilized with asphaltic or
bituminous materials are determined on the basis of
Marshall Stability,'Texas triaxial, triaxial and cohesio-

‘meter tests. 1In addition, variables such as composition
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and abrasive properties are sometimes included. Cement

-stabilized baseé are coﬁmonly evaiuated on the basis of

-7-day unconfined compressive strength. Untreated granu-
1ar bases and subbase are related to.R-value, CBR and

triaxial tests.

-4.2.2 Estimation and Judgement

The AASHO Guideliﬁes emphasize the faét that
rationalization, judgement and experienée must be used |
in order to successfully apply the Road Test coéffiéients{
Many’states, such as Illinois, Pennsylvania and New Jersey,
use the assigned values without modification, whefeas others
prefer to reduce the coefficieﬁts in order to compensate
for adverse condifions such as lack of high quality material

and substandard construction techniques.

New materials are ofﬁen ranked strictly by
judgement. For example, Massachusetts uses a crushed stpne
baée penetrated with asphalt. The resulting bonded mix is
strbnger than unstabilized crushed stone.bu£ not as effective
as a well-graded black base. A structural coefficient for’
the penetrated stone base was selected as being the nﬁmerical
‘average of the coefficients éreviously evalﬁated by the AASHO
Committee for crushed stone aﬁd black base (Tons, Chambers

and Kamin, 1965).

In view of the fact that the structural coefficients .

depend on a great deal more than basic material properties,



individual use and modification of the values is and will
continue to be based strongly on individual judgement

and long term experience with the AASHO design method.

4.3 Direct Evaluation of Material Equivalencies

Due to the lack of readlly avallable,'stralght-
forward methods of evaluatlng pavement structural coef—
ficients, a great deal of research is directed towards
determining equivalencies or‘relative'rankings. The
purpose of these laboratory and field tests is to isoiate
4some specific property or set of properties which reflect
“the materials 1nherent strength These test values are
-then used as a basis for evaluatlng the suitability of
the material within a pavement structﬁre. Equivalency
tests are used both to rank_dissimilar materials with one
another, or, more commonly, to rank or rate similar
materials. Standard quality control tests would fall

into the latter classification.

4.3.1 Laboratory Methods

»There are a variety'of physical properties which
relate to material strength. In addition,.there are many
' factors which directly affect these properties. The
chief advantage of laboratory testing is that the test
conditions may:be closely controlled, allowing individual

contributing factors to be isolated and analyzed. Many
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of the properties sought, and techniques used, are similar
for various types of materials. For this reason, methods

rather thaﬁ-specific layer materials will be discussed.

4.3.1 a. Moduli Tests
Moduli of materials are of prime importance for

they are directly related to the load, stresé, and
deformation properties of a material. The objectiVé 6f
these studies is to define a relationship or moduli which
‘ realigtically relates some loading condition to the
resulting strain. These values are then used to directly
rank maﬁeriai effectiyeness or used to calculate kﬁown
field 1oad-deflectioﬁ conditions based on some assumed

layer system.

An extensive series of laboratory tests héve
been carried out by the Asphalt Institute in which a
nuﬁber of ‘moduli wére examined (Kailas and Riley, .
1967). They recoénized £he importance of using dynamic

or repeated load tests in order to obtain conditions dynamic

closely related to actual highway behavior..

The dynamic complex modulus, |E*|, for asphaltic

surfaces and stabilized bases is expressed as:

ag

lex| = °/_ | | (42)
- To o

Where % is the applied vertical stress on a simple,



unconfined sample and €5 is the resulting vertical strain

~as recorded by SR;4 strain gages mounté@ on the spécimen.

. _The dynamic stiffness modulus, E , was found by
loading small beam samples of stabilized materials under
dynamic conditions. Theamodulus,

_pa (312 - 4a?
s 8 1d
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(43)

is a function of the applied load, P the beam dimensions,

1 and a moment of inertia, I_and the observed deflection,

a'.

. A third repeated load parémeter, the modulus of
resilient deformation, is a dynamic triaxial test. The
modulus is expressed as

o..
“r

>

d

recoverable axial strain. Kailas and Riley found the

where 0. is the repeated deviator stress and €, is the

following relationship existed for the resilient modulus;

where K" is a proportionality constant, 04 is the lateral
confining pressure and N is a material constant. Similar

‘studies of a limited series of resilient moduli tests on

(44)

(45)
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surface,bése and subgrade material produced the same
relationship (Seed, Mitry, Monismith and Chan, 1967).
A second expression, -

M =x'"" oV . © (46)

was also found by the latter experimenters, where K'''
and N' are constants, 8 = o, + 0, + 93, 0 is the

and © aie the lateral stresses.

vertical stresé and 02 3

The laboratory determined moduli are intended
fo show the’sﬁress-strain relationship which-exists for
.a particular material after many reéétitions of load.
~it has been found that the behavior may be considered
essentially elastic éfter many loading cycles, and as

4 to 105

" many as 10 applications are frequently applied
~to reach conditions which are assumed to exist in

highway pavements.

More signifiéantly,»the moduli values obtained
by any testing procedure are not constant. Factors such
aé tempefature, water content, magnitude, frequency and'
duration of applied load,_lateral:pressure (if used),
'thikotropy or sample age;.material type, and degree
of“compactionbare all relatéd to the moduli values. The
importance of this is that, if the values are to be used for
ranking purposes, or in subsequent analysis, the init%al

conditions which exist in an actual pavement system must
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be carefully and realistically defined. Although
parallel trends are observed, the moduli values from
the various tests do not agree due to the differences

in testing techniques.

An interesting addition:to the dynemic complex
moduius test is that Poisson's ratio, u; may be readily
. obtained by mounting an additional strein gage horizontal-
ly on the sample. The ratio was'found to be frequency and

. temperature dependent.

~4.3.1 b. Seismic Tests

A relatiVely new technique of measuring seismic
waves provides an alternate method for the laboratory
determination of fundamental physical properties. The
;velocity of a compression wave paesing through an elastic
material is directly proportional to its elastic properties;
The exact nature of seismie measurements is not eompletelye
understood, but the resulting measured velocities do serve -
as a method for ranking the elastic behavior of a variety
of materials_ (Schrivner and Moore, 1966). tu,_ T

4.3.1 c¢c. Additional Laboratory Tests

The standard laboratory tests, such as Marshall
Stability, R-value, triaxial and CBR,'(See Sec. 4.2);'nayA
be used to obtain relative rankings of material strength.
However, the fact must be kept in mind that these tests

may not reflect the same in-situ strength properties which

P - T - N R
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exist in a highway. A second serious drawback to the
conventional tests is that they are not generally

applicable to all road building materials.

Additional tests not mentioned in Sec. 4.2 which
may be used to obtain relative strengths of stabilized
. materials are‘the Hveem Stability, ﬁltimate tensile and
splitting tensile tests. Numerous specialized test
methods for asphaltic matefials, such as creep, relaxation

and viscosity tests, have been reported (Finn, 1967).

4.3.2 Fiéld Test Methods

o There are severai significant advantéges in
field testing as contrastea to laborgtory.testing. The
final objective of this form of researchAWork is to
evaluate the behavior of highways. In this sense, field
tests tend to be more realisﬁic in fhat they obtain some
form 6f response froﬁ an actual pavement system which
reflecfs,-in many cases; the total enVironment of the
structuré. Tt is difficult to obtain the same degree of
~similarity to actual field qonditions_by'laboratory testing.
Factors such as layer interacﬁion, temperature changes and
_confining.pressure gradiénts across the 5ystém are very
complex.' If not cémpletely understood of isolated by a
field testing method, their-effect is at least included
in the results. Field testing, in many instances, . also
avoids sample size probiems or scale factors needed tq‘

relate laboratory tests to field conditions. Since some
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field testing procedures are applicablé»to all layers,

the discussion of those methods will also include

evaluation of the subgrade layer.

4.3.2 a. Vibratory Methods
The principle behind vibratory or seismic
testing, as noted in Sec. 4.2.2 b, has been adapted for

field use in order to obtain in-situ properties of

material layers. The first property which may be examined

is the velocity of compression wave transmission. As
previously stated, the Vélocity is related to the elastic
properties of the material. The dynamic modulus of
elasticity may be computed as,
E =X vy Vv o | (47)
o A _
where V is the wave velocity, y is the deﬁsity'and K, is

a proportionality constant (Jones, 1958).

An approximate method for correlation between
the dynamic modulus of elasticity and field CBR tests on

subgrade material has been established (Heukelom and

_»Foster, 1960) , where

E = 100 CBR - (48)

Similar correlation studies haveuindicated



good agreement between vibratory techniques and the use

of large sized plate—ioad equipment,

A second pavement”p;operty, the dynamic stif-
fness, has been obtained by vibrational methods and

expressed as

where S' is thé dynamic stiffness, F is the applied
dynamic force and Z is the.resulting pavement displace¥
ment. The total stiffness of a layered system may be
related to 1) the elastic stiffness and 2) the moving
mass and déﬁping effects. The elastic stiffness, R',
is independent of ﬁrequéncy and is more élosely
related to acﬁual highway loéd-response‘conditions

(Heukelom, 1961).

R' is related to the elastic properties of a

_ rQadbed'as
R' = g a'E

where q and a' are factors which depend upon Poisson's

ratio and the stress distribution beneath the loaded

area, and E is the modulus of elasticity of a soil. The

influence of a layered pavehent on the dynamic stiffness

_ is expressed as

-41
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Ré = ¢.Ré = ¢.q a’ Eé ,(51)

where Eé is the dynamic modulus of the soil, Ré and

rRé are the elastic terms for the'pavemeht and soil, and

¢ is a function developed by the theoretical analysis

. of iayered systems (Henkelom and Klomp, 1962).

The vibrational responses of pavement structures
to complex seismic waves has been applied tb predicting
actual pavement deflectioné under moving traffic. Theor-
etical mechanical models have beén formulated containing

Such parameters as mass, stiffness and damping factors,

‘which represent the pavement behavior (Szendre and Freeme,

1967) .

The operation of two currentiy available vibratory
systems, the Lane-Wells Dynaflect and the Shell Vibrator,
were reviewed by the Texas Transportation Institute

(Schrivner and Moore, 1968).

Use of the Dynaflect in obtaining relative
measurements of pavement component strength has been re—v

ported (Schrivner and Moore, 1966). Relative rahkings

were obtained by observing the Dynaflect deflections for

a wide variety of carefully constructed mats of varying
layer thickness. The surface deflections were then
related to the material properties by mathematicél models

which were based on the theory of elastic deformations



for.layered systemé. Good agreement was obtained with
lother ranking methods but Schrivner and Moore concluded
that, at that time, information provided by one set of
‘Pynaflect readings was not sufficient to determine the

relative stiffness of each layer.

Currently, devices»SuCh as the Dynaflect are
-most commonly uséd for quality control measurements
‘during highWay construction. Relative measurements may
be readily obtained which yield ratings or evaluationswof

uniformity based on layer stiffness (Swift, 1966).

4.3.2 b. Plate-Load Tests

The use of plate-load tests would appear to
be the most reliable and direct method of obtaining
realistic strength values based on layer properties, since
the magnifude of the applied load and extent-of influence
on the paveﬁent system is similar to the actual-vehicle
4loéding coﬁditions. Hdwever, numerous théoretical and
field studies indiqate that‘plate;load behavior is quite
complex and the values 6btainéd areAQf limited applica- .
bility unless considefation is given to understanding the
nature of platg béaring behavior. Two layer.systems will
be consideréd in the discussion of-the piate-load test.
Multi-layer development and application will be'discussed

in Sec. 4.4,

-43.
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The surface deflection, w, of a rigid plate
on a two-layer system has been theoretically established
as

_ 1.18 sr o , |

W= e F , o (52)
2. , :

where s is the applied pressure in psi, r is the plate

- radius in inches, E, is the modulus of elasticity of the

2
lower layer and F, is a dimensionless éonstant_which
depends upon the ratio of the moduli ofvlayer 1 and
layer 2 as well as the ratio between the.depth of layer
1 to the radius'Of the plate (Burmister, 1943). The
above expréssion is valid for homogeneous, isotropic
elastic solids which are continuous across the.inter—
face between the two layers. Burmister has published
graphical relationships between El/EZ,.h/er and F, Where

h is the depth of the upper layer.

Various approaches have been used to apply.
the basic elastic expressions to blate load testing.
Perhaps the simplest and most straightforward method
is to perform a plate;léad test on the subgrade, in
thch case the lbad—deflection felatidnship is

1.18 s r -

w = f——E;——- jA (53)

from either the Boussinesq or Burmister theory. E2 may
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then be evaluated ﬁor fhe subgrade. In normal testing
procedures the load, and hence S, is increased until a
given deflection of normaliy 0.2 inches is obtained.
Rgpeating the plate—load tesf on the surface results in
thg determinatioh_of a.value for F. from which the
mddulus of the upper layer may be deterﬁined (McLeod,

1963).

An alternate approach is to péfform several
platé-loéd tests on the pavement surface with varying
sized plates; The loéd'reqﬁired to obtain a 0.2 inch
deflecfion is graphically reiated to the radius of each
~ plate used. A similar theoretical curve is then found
.Sy trial ;nd erfor.‘ A fatio El/Ez and a.value for E,
are assumed, and with. a knowﬁ h/xr ratio,.a value of
Fw’is obtained which will produce a calculated load
équal to the observed load. When correct values of E,

and El/Ez'are selected, the theoretical and field

curves will coincide (Brown, 1962).

The simple two layer theory has been extended
to actual pavement structures by Brown. He assumed
that the.surface, base and subbase act ‘as a single

‘upper layer overlying the subgrade.

Another approach has been suggested in .

which two or more lower layers are considered to act
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compositely, resulting in a combined br'effective modulus
(McLeod, 1965). McLeod found that stepwise apprbximate
épplications of two layer theory to multi-layer conditions
lead to relatively poor results even if all layer moauli

are considered equal.

A recognized limitation of the plate-load test
is that the plate's supporting power is related to the

periméter/area ratio of the plate itself. As .this ratio

decreased with increasing plate size the allowable pressure

required to reach a specified deflection decreases (Campen

énd Smith, 1947). In_addition,'the.réte of loading, the

magnitude of the deflections obtained, the layer thicknesses

and the material type all contribute to variations in

moduli calculated by plate-ioad tests.

A large scale, céoperétive field study of the
application of plate load testing to pavement behavior
was carried out in 1958 at Hybal Valley, Virginia (Benkel-
man and Williams, 1959). 1Initial analysis of the data
confirmed the gxistinglconcept that the unit pressure, s,

developed was expressed as

;where m is the perimeter shear in lbs/in, n is the
developed pressure in psi, P is the applied load and A'

is the cross sectional area of the plate. (Ingimarsson,

(54)



1961).

' _An extensive study of the Hybal Valley tests
found a total of thirteen indeéendent factors affecting
-the.test results (Kondner and Krizek, 1961; 1966). The

" results of a dimensional analyeis of the test resﬁlts
~wehowed'that hyperbolic eéuations could be used to
vexplain the effects of temperatﬁre, repeated loadings

plate size, pavement thickness and material strength.

A 51mple, straightforward approach was used
by Oklahoma to evaluate the load supportlng capacity of
varloue layers within a pavement. The loads required
to obtain various deflections of 0.03, Ot04 and 0.05
inches, were divided by the layerlthickness} Each type
of material was then ranked relative to.a standard

stabilized aggregate base course (Helmer, -1965) .

A liﬁited number of full size layer systems
have been tested under repeated load eontitiohs by plate-
load methods (Seed, Mitry, Monismith and Chan, 1967). |
The cyclic plate load tests were 1ntended to obtaln a
more reallstlc appraisal of pavement behavior. One-,
two- and three-layer systems were tested with various
sized plates over several thousand‘applicatlons of load.
The.;esilient~deformation'df the surface and inter-
faces was continuously recorded. The method of analysis
used to evaluate the data will be discussed in Section

4.4.2.



4.3.2 c. The Benkelman Beam

The Benkelman Beam is a simple; mechanical
device used to measure pavement deflections under actual
wheel load conditions. It was developed in 1953, and
since that time haé‘demohstrated its versatiiity as a

research tool (Carey, 1953; Carneiro, 1966).

Thé Canadian Good ﬁoads'Asépciation has made
extensive use of the Benkelﬁan Beam as a measurement of
relative pavement strengthAénd as a_means'of determining
fluctuations of annual load carrying capacity (Sebastyan,
1960; Curtis and Shields, 1960). An extensive‘investiga—
tion into procedures, influéncing factors and practical
appiications for the Benkelman Beam have been reported

(Wilkins, 1962).

Deflection studies at the AASHO Road Test

resulted in the mathematical model

d=10 aO + alD1 + a2D2 + a3D3 + a4L

1
which relate the Benkelman Beam deflections, 4, to the

pavement layer thicknesses, where a_ to a, are strength

o
coefficients for the respective layers and Ly is the

axlé.load..

. The general form of the model was adopted by

Virginia as .
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logd = a_+ a,D

° 1P * a0, + ajDy + a_G_ . (586)

1 272 3

-where'as is a function of the soil strenéth:and_Gs is

the equi?alency grading of the subgrade soil support.
With the excéption of the subbase layer, the tests
producedlrelative strength coefficients in good agree-

ment with those recommended by the AASHO.Committée

(Vaswani, 1967).

Bénkeiman Beam tests have been used by the
state of Minnesota in the development of é method for
predicting allowable axle loads on existing highways
during periods of spring thaw. A linear load-deflection

relationship was assumed as

(57)

A
axle load used for the tests, dS is the predicted

where L, is the allowable spring axle load, Ly is the

deflection based on the Benkelman Beam test and da is
the allowable spring deflection based on theoretical
pavemént behavior (Kersten and Skok, 1968; Kruse and

Skok, 1968).

An alternate use of the Benkelman Beam was
mentioned in Sec. 3.4, where'deflection measurements
wefe directly related t¢ performance expressions. - The
resulting terms Qefe then related to initial pavement

design and reéional behavior.



Benkelman Beam measurements have been used to
determine the modulus of elasticity of individual pave-
ment layers (Walker, Yoder, Spencer and Lowry, 1962).
This was accomplished by measuring the deflections at
the interface of each pavement layer as well as on the

pavement surface.

Correlations havé beén established between
Benkelman Beam and plate—loéd teét results (McLeod, 1965,
Sebastyan, 1966). The load on a large rigid plate
required to produce a specified deflecfion was converted
" to the load required to produce a deflection equal to
that obtained from the Benkelman Beam test. Relation-
ships between the composite Benkelman Beam and plate-

load moduli were then established.

Recent studieé have indicated a reasonable
correlation exists between static Benkelman Beam
- deflections and dynamic deflections produced by the
Lane-Wells Dynaflect. This has led to the conclusion
that the vibratory system respgnds to the same physical

properties of a flexible pavement structure which govern
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the behavior observed by the Benkelman Beam tests (Scrivner,

Swift and Moore, 1966).

The desirability of measuring in-situ pavemént
deformations under full-scale loading conditions has led

to the development of additional methods for evaluating
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deflections (Zube and Forsyth, 1966). Automatic recording
optical and mechanicalldeVices provide deflection measure-
ments more rapidly and with greater precision than the

‘conventional Benkelman Beam (Prandi, 1967).

- 4.4 Uses for Layered ElasticiTheory

4.4.1 Background

Highway pavement systems are composed of layers
of material constructed on a subgrade to form a structufe
capable of carrying traffic loads. The theory of élastic—
'ity, as applied to multi-layered systems has been extensiv-
ely examined in an éttempt to understand'the'complek load,
stress, deformation relatioﬁships which occur in a pave-

ment structure.

The theoretical behavior of one- and two-layer
systems has been investigated by Westergaard, Boussinesq
and Bﬁrmister (Westergaard, 1925; Boussinesqg, 1855 and
Burmister, 1943). The latter two theories have received
the most consideration in the area of flexible pavements
for it is felt they more accurately describe the actual
behévior:.'Extensions'of Burmister'é work resulted in the
eValuétioﬁTof mathematical expressions and .coefficients from
which stress, strains and deflections could be obtained
th;oughout a two layered system (Fox, 1948; Hank and
Séhrivner, 1948; Odemérk] 1949). Use of the Westefgaard

theory has been suggested for predicting the stress

diStribution,in asphalt pavements whose bases are rigid
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relative to the strength of the subgrade (Hagstrom,

Chambers and Tons, 1965).

With the advent of the electronic computer,

general expansion of layered theory was feasible (Acum

and Fox, 1951; Peattie and Jones, 1962). Theoretical

‘stresses and deflections were'predictable within the

upper 1ayérs and at layer interfaces for several material

and continuity conditions.

Recently, multi-layer programs have been
developed for general use which will describe the com-
pPlete state of stress and strain within any part of a
hulti—layered system (Peutz, Jones and Van Kempen, 1968;
Warren and Eieckmann, 1963). A great deal of emphasis
is currently being placed on éuch solutions and how they
relate to observed behavior. The determination of
structural equivalencies and equivaient wheel loads, based‘

on the elastic layer theory, stem from this research.

4.4.2 Verification of Elastic Behavior

Various investigations have tried to verify the

elastic theory on laboratory and field bases. The

‘behavior of circular, loaded plates resting on a uniform

sand layer demonstrated that the vertical and radial
stresseé coﬁld not be predicted by the Boussinesqg theory.
The deflections measured under repeated-load conditions
were better predicted by assuming a homogeneous, anisé;

tropic, elastic material (Morgan and Holden, 1967).



Model tests on two-layered systems have been
.examined (McMahon and Yoder, 1960). In.general,»the
observed stresses were only in fair agrééﬁent with those
predicted by elastic theory. Field studies of three-
layefed-gystems indicate that the diétribution of
5§tresses in‘upper léyers of haterial, such as soil
cemen£ or concrete stabilized pasés, can best be approxi-
mated by the Burmister theory. The material's ability
to carry tensile stresses accounts, in part, for this
agreement. The Boussinesq4stress distribution appears
more'applicable for untreated granular and asphaltic °

materials (Vesic, 1962).

The surféce deflections obser§ed by repeat-
load plate-load tests on‘several multi-layer systems
héve been prediéted'with good agreement by using multi-
iayer analysié (Seed,-Mitry, Monismith and Chan, 1967).
An extensive series of laboratory repeaﬁgd—load triaxial
tests were performed toAdetermine how Vafious factors
'affeéted the resilient modulus. The large-scale system
was then examined, using the Bouséinésq theory, to
determine the confining pressure at vafious points
_thfoughout each layer. Appropriate laboratory moduli
were selected on the basis of the'nﬁmber of load cycles
and conditions of confining pressure. The predicted
deflections were based on the summation of individual
‘deflections calculated from each incremenfai division

for the entire structure.
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4.4.3 Predicting Material Equivalencies

The behavior of three-layer pavement systems,
based on assumed models, has been used as a means of
developing theoretical design methods (Dorman and
Metcalf, 1965) . AThe elastic properties of the three
‘laYers, the loading conditions and the number ofv |
repetitions were defined. Design criteria were selected
as 1imiting values of Qerfical compreésive strain in the
subgrade and tensile strain wiﬁhin the asphalt layer.
The individual denth of surface and base required tb
maintain acceptable limits of strain were plottéd
graphically against one another. This aliowed all
alternate designs to be shown graphically. The equiv-
alency ratio betwéen the éurface and base for any suitable

combinations of either material was also obtained.

A similar threeflayef investigation was per- |
formed using an assumed pavement model With a specified
loading condition. Léboratory determined values of the
complex moduli for each layer weré used. Allowances
were made for.the frequency of the load and the tempera-
ture distribution and fluctuation within the pavement.
‘Theoretical equivalency ratios were established for the
base méterial-by calculating the required amount of base
needed fo compensate forvdecreasing the surface thicknesé
one inch while maintaining constant surface deflections

(Coffman, Ilves and Edwards, 1968).
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4.5 Factors Reiating to. the Structural Coefficients

The use of structural qoefficients greatly
.enhances the AASHO Design procedure for they allow
various combinations of acceptable designs to be
readily examined. However, the concept of'structurel

coefficient has several serious shortcomings.

As indicated in Sec. 4.2; the practical evelu—
ation of the coefficieht values by staﬁdard tests‘is not
possible eitﬁer for materialsvused at the AASHO Road Test
or for other types of materials used elsewhere. For
this reason, equivalent strength ratings are frequently
used to measure the effeCtiveness of road building

materials.

The difficulty in establishing these values
is twofold. There are serioﬁs doubts as to whether the
standard material tests accurately describe in-situ
behavior. Secondly, complex and extensive testing
programs, both on a theoretical and experimental basis,
demonstrate thet the behavior of pavement material can-
not, at present, be adequately described. Young's
modulus,.E, and Poisson's ratio, u, gdvern the behavior
of elastic solids. Under actual test eonditions, both
values have been found to vary with the faetorsAgiven

in Sec. 4.3.1 a.

The behavior of a layered system, and hence

the resulting equivalency ratios vary with the basie



-56

' boundary and continuity conditions, the criteria
established for equivalency and the ielative‘position,
strength end thickness of eacn layer.. Thus it appears

"~ that, at best, equivaIency ratios and structural coef-
ficients are variable. A more accurate picture of thex
possible range of these coefficients should be established
for'ail’adverse conditions which afe normally obtained
under conventional loading and environmencal.conditions.

In addition, further research is needed to thecretically

account for the non-ideality of pavement systems.

A recently completed study has considered the
consequences of using incorrect strdctural numbers when
predicting pavement life by the AASHO design method
(McCullough and Van Til, 1968). The general AASHO
flexible pavement formula was differentiated with respect
tclthe structural number, and percent errors introduced
in that term to determine the variation in the calculated
number of wheel loads. Overestimating the structural
number was found to be far more serious that underestimating
it.. The amount of error increased with decreasiné structural
' numbere. The effect cf:relatiyely small errors, sucn as
5 percent, may lead to Overeétiﬁatinglthe design life of a
typical section by 100 percent; The significance of such
findings justifies current research into the behavior of

materials and pavements.



V. SUBGRADE SOIL SUPPORT

‘5.1 Soil Support in the AASHO Design Method

The cbncept of a subgrade soil support term
was advanced by the AASHO Committee so that the design
method developed ffomxthe Road Test results could be
‘éxtended to geographic areas which have soil characteris-
tics different to those at the test site. The assumed
‘relatidnship between soil supportvand number of axle
- loads, and its.incorporation'into the design nethod, are
given in Chapter II. Hence, alsoil support value must |
Be either assumed or determined fér a proposed roadbed

prior to uéing'the design charts, (see Fig. 2).

Thé fundamental problems are involved in thé
soil support concept. - Firsﬁ, there is no basic physical
relationship between the soil support term and currently
used testing methods. Secondly, £here are no rational
or definite experimental methods for establishing valid
correlations between any standard testing procedures and

the soil support term.

‘5.2 Correlation Studiés

Despite the fact that no standard, universélly

4 accepted correlation methéds are available, several such
scales have been prbposéd by thé AASHO Design Committee

(HRB Special Report 73, 1962). An extensive research
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program was carried out at the Road Test in order to
vdetermine'the subgrade soil properties by the best
'available methods. In addition, saméles of the soil
were tested_by a large number of agencies throughout
the country (Skok and Fang, 1961). The results of the
site tests, and that done by other groups, served as
a-basis for the correlation studies. The AASHO cor-
relation charté were based on »

1. R-value (Califorﬁia)

2.- R—value‘(Washington)

3. CBR (Kentucky)

4, CBR (Kentucky, for bituminous bases)

‘5. Gréup Index

As shown in Fig. 3, the R-value and Group Index scales

-are linear and the CBR scales are logarithmic.

Several éimilar correlation'studies have been
performed sincé the Road Test. Laboratory tests
éerformea by the state of Illinois on the AASHO A-6
subgrade soil and crushed aggregafe baseicoursé resulted
iq CBR values of 3 and 110 respectively. The soil
supporf values of 3 and 10 were replaced by the Illinois
CBR values, and a logarithmic distribution assumed for

intermediate values (Chéstéin and Schwartz, 1965).

Utah conducted a number of laboratory tests
in order to determine the repeatability of four test
methods: the AASHO 3 Point CBR, Static CBR, Dynamic

CBR and R-Value. A logarithmic correlation scale
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between soil suppoft and Dynamic CﬁR was assumed. The
other three tests were tied into the soil support scale
by equating their results to those from the Dynamic CBR
tests (Sorbe, 1967). Graphical telationships between
the éoil support term and results from each test were

' established for design purposes.

The state of Massachusetts formulated a similar
correlation scale between CBR and éoil support (Tons,
Chambers and Kamin, 1965). A literature survey of
.available information covering support values for the
éompaction:methods desired by Massachusetts resulted in
gelecting béaring values of 5.5 and 100 as representing
ééil support terms of 3 and 10, respectively. A logafitﬁmic

distribution was assumed between the two points.

A correlation scale for Georgia soil was
developed after an evaluation of the entire_pavément
structure. Undisturbed corés'bbtained from pavement sités;
as well as several from the AASHO-Road Tesﬁ, were subjected
to undrained triaxial tests with varying conditions of
iateral pressure. Simplified expressiohs'for the elastic
deformation and ultimate bearing behavior of the roadbed
‘were assumed. Relat;onships between loadings, pavement
design and factor of safety against subgrade bearing

failure were established for both AASHO and Georgia condi-

tions. A logarithmic scale was then proposed which related
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computed ultimate bearing capacity, based on triaxial

tests, and subgrade soil support values (Sowers, 1965).

_The use of ﬁndrained triaxial tests was aiso
proposed byASouth carolina as a means of finding the
subgrade support of the roadbed at sixteen sites (Chu,
Humphries and Fletcher, 1966). The tests-were conducted
on disturbed specimen$ whose density and Qater-content
. equaled those which were aséumed to exist during
constructioﬁ. Samples 4 in. in diameter énd 8 in. high
were subjeqted to lateral pressures comparable to those
existing under 18k loading conditions in the field and
the modulus of deformation of the soil determined. The
resuits of additional‘tests on AASHO embankment.énd.
granular base material, both by South Carolina and others,
'served as a basis for a cor;elation between the soil
éupport term and the logarithm of thé modulus of deforma-

tion.

A recent théoretical‘study has developed a
correlation scaie relating soil support values to resilient
mdduli'(McCullough and Van Til, 1968). An elastic,
"multi-layer model was chosen to:represeht the behavioral
characteristiés of a highway pavement. A literature survey
indicated that subgrade moduli on the order of 3000 psi
for a clay roadbed and 15,000 to 35,000 psi for ‘a crushed

stone base would describe the two predetermined soil
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support conditions at the AASHO test site. Various

values of thicknesses and elastic moduli of the surface
were selected £o cover the ranges normally encountered.

in practice. Standard dual wheel, 18\kip axle loads

Served as a basis for the assumed model load. Vertical
compressive strains in the sﬁbgrade and tensile strains

in the bottom fibers of the asbhalt surfaée Were calculated.
Theée values were related to thé weighted numbef of load
applications 6btained from the standard AASHd désign |
equation. .The evaluation of‘the trends between_numbér

of applications and derived strain resultédvin a logarithmic

scale between soil support and resilient moduli values.

'
i

]

5.3 Significance of the Soil Support Term

The structural behavior of a subgrade is reflected
by the material's in-situ properties. These vary according
td the items>menti6ned in Sec. 4;3.1 and 4.3.2., Elastic
layer analysis has indicated that subgrade compféssive
strains are a critical design criteria for typical pave-
ments (Dorman‘and Metcaif, 1965). It has been tentatively
concluded that as thé stress on a layered system iﬁcreaées,
the modulus of the base increases while that of the sub-
-grade decreases. The resulting.resilient'deformations in
the suhgrade therefore become more critical (Seed, Mitry,
Monismith and Chan, 1967). Thus knowledge of the behavior
of the subgrade is important and the magnitudé and variation

of the subgrade's properties contribute to the overall



behavior of the structure.

A significance study indicated that, similar
to the structural number, small errors in the assumed
values of soil support lead to 1arge.errors between
the actual and calculated number of load applications
as determined by the AASHO design method (McCullough
and Van Til, 1968). As with the structural number,
ﬁnderdesign resulting from overestimating the soil
suppor£ value results in more significant errors than

if conservative values were selected.

At present, correlation charts are the only
bractical means of relating soil properties to the soil
support values required by the AASHO design. However,

further research is required to adequately demonstrate

that these methods actually evaluate in-situ behavior.
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VI. ' TRAFFIC

6.1 Baékground

The behavior of the AASHO Road Test pavements
‘were evaluéted under a definite, controlled loading
program. Each series of related sections, or loops,
were subjected to axle loads of known magnitude, con-
figuration and frequency in:such a manner that the
: éffects of very light to very heaﬁy loads could be ob-
served. The analysis of the perfofmancé.data, as sum-
marized in Chapter II, was based on the relationships
between strubtﬁral design, change in serviceability
and accumulated 18 kip axle ioads; The equivalent axie
concept allowed various types of loads to be reduced to
a common or equivalent number of repetitions in order
to-simplify_the analysis and resulting use of the test
data. Thus, based on the resulting Road Test equations,
it was possible to predict the total number bf applica-
tions of load which would reduce a given‘highway, of
known design, rbadbed and envirbnment; to a specified

“level of serviceability.

for cdnvenience, an arbitrary desiéﬁ life of
20 years waé selected, and the total applications were
reduced to the more conventionally accepted form of daily
equivalent applications. Hence, the AASHO desién methoa,
as sﬁmmarized by Fig. 2, requires a value for thé equiva-

lent daily 18 kip single axle load applications.
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The AASHO Road Test loadings were very
limited when contrasted to the wide réngg of_vehicle
size, type énd speed nbrmally encountered ﬁnder actual
Sitﬁations. The cdnversion of mixed traffic into forms
related to the AASHO conditions can be expressed by
either mixed traffic ér equivalenﬁ applications theory

(Scrivner and Duzan, 1962).

The mixed traffic method provides an approach
for»sﬁmming the resulﬁs of individual weight.classes
based on representative samples. The relationships
between deterioration, serviceability index, application,
load and design from the AASHO Road Test_data were applied
to each weight class in a manner which allowed the summation
of all repetitions in each class to be évalﬁated.‘ However,
thé resulting mixed traffic theory formulas were in forms

impractical.for general application.

Thé equivalent applicaéiéns theory is based on
the concept tha£ if one load is selected as a standérd,
the effects of both lesser and heavier loads may be refer-
enced to‘it by ratios which reflect equivalent, long term
behavior. The basic AASHO equations provided a means for

accomplishing this. Equation 4 may be rewritten as

W =p.6 /8 (58)
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where one axle load type was dénotéd by the subscript
"a". An equivalency ratio, or factor, between this
weight class and another, denoted as "i", was then

. established as

o

1
/
a® Bal

=T (59)
i i

The factor, Ri, was a function of £he struc-
tural number,'axle configuration and terminal service—
ability. Equivalen&y factors have been based on the
18 kip single axle load and tabulated for design purposes
(HRB Special Report 73, Appendix B, 1962).

-

6.3 Uses of the Equivalent Applications Concept

Many factors enter into the practical conversion
6f mixed traffic to equivalent axle 1oads. Forémost
among these are establishing methods to count and weigh
samples of existing vehicles in order to determine curren£
traﬁficICharacteristics. Secondly, méthods of projecting
traffic information over the expected desién life of the
;éadway.are necessary. In many instances simplified
projection factors are used, but a'complete growth rate
analysis is Very complex and involves many factors, a

discussion of which is beyond the scope of this report.

The basic requirements for a fundamentél traffic
analysis have been set forth in the Satellite Study

Guidelines (Irich and Hudson, 1964). A complete dés—
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.eription of the traffic over a’péVement section requires

parameters which must be approximated by sampling techniques

to obtain a representative traffic history.. Several funda-

‘mental steps will be given to develop the basic approach

used in traffic studies.

All possible typeé of vehicies are broken down
into axlelloéd-categories which are normally divided into

2 kip increments. Loadometer or vehicle load studies then

‘weigh vehicles passing a specified section over a pre-

‘determined period, such as 24 hours. In general, only

trucks and other heavy commercial vehicles are weighed

dﬁe to the basic similarity of automobile weights. The
total number of equivalent axle loads is then thé summation
of the_nﬁmber of equivalenf loads in each weight élass; as

converted by using the appropriate factor.

Since loadometer studies are dostly and time
consuming, traffic counts are éommqnly used to supplement.
Ehis informatibn. Traffic is divided into broad, readily
identifiable classes and the number iﬁ each class passing
a particular point is counted. The pg;cent within each

class is then used to exfrapolate the loadometer information.

‘The daily load and count studies are then either developed

to establish a traffic history or extended to estimate

future volume. Counting and load studies are required
often enough to obtain an accurate picture of the trends

and fluxuations in a particular area.



A recent study has indicated that niﬁé
~indpendent variables commdnly éffect traffic flow at
a specific site (Deacon and Dean, 1969). Theée
include road'type and direction, availability of alter—
nate routes, type of service provided, traffic volume,
allowable gross weights., geographic area, year and
season. Determining methods to enéompass and correlate
the variables has proven difficult. - The significance
of these items is twqfold. First, the study indicated
that traffic data observed at one location may not
readily be extended to another without Vefy careful
consideration of thé factors inQolved. Secoﬁdly, changes
or trends-in,any one'of.the variables may invalidate

traffic predictions established for a given roadway.

6.4 Traffic Data

The reduction and use of traffic data is handled
differently by many states due to mény differences in the
nature bf traffic, basié needs, past data collected and
availability of funds. The approaches used by several
states for satellite sﬁudies‘or aesigq_éractices will be

discussedbbriefly.

Loadometer data which reflected conditions
surroundings a portion of the Road Test sections were

available for use in Alabama. This information allowed
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graphical relationships between average daily traffic, ADT,
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and anticipated equivalent axle loads to be developed
and used £o estimate the traffic history at each site
(Karrh and Stephenson, 1967). Visual classification

of t;affic into several broad categories was carried

out at each site not covefed by existing data. Approxi-
mate equivalent-1'8k applications were then obtained from
the count and estimated Qeight survey by thé procedures

recomménded in the AASHO design method.

Cdunt surveyé for the type énd_amount of éach
vehicle were available during the Virginia study. The
conversion of this inforﬁation to 18 kipnequivalent wheel
loads was based on values establishea at loadometer
stations with similar traffic conditions. The equivalency
factors presenfed in 1966 by the Bureau of Public Road's
Truck Weight.Study were used in preferehce to those
: originally recommended by the AASHO Design Cdmmittee'

(Vaswani, 1967).

An extensive traffic analysis was associated
with the Minﬁesota satellite study program in order to
evaluate the total 18 kip EAL's applied to the test
sections. Methods for_projectiqg the traffic data based
on satellite trends were formulated. The study concluded
that the state‘éhoﬁld convert from.basing design on average
déily commercial traffic to the equivalenf appliéations
approach. The study also pointed out the significance

of seasonal variation in the number of heavy commercial
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vehicles and concluded that traffic load studies should
be.dénducted over several periods spaced throughbut the year

(Kersten and Skok, 1968).

Loadometer data from 19 stati&ns throughout
Illinois was used to formulate axle load distributions
which weré considered applicable to the entire rural
primary system in the stéte (Chastain, 1962). Based on
many years of collected traffic data, general projected

graphical relationships were formed between 18k

EAL's per
100 commercial vehicles and any specific year. This allowed
the total equivalent applications to be determined from

truck counts. The effects of passenger cars was determined

independently on the basis of a normal 4000 lb. vehicle.

The state of Massachusetts ﬁas broken its traffic
data into.weight classifications other than thoée established
by the AASHO method. This required that revised equivalency j
factors be calculafed in terms of the previously defined

weight classes (Tons, Chambers and Kamin, 1965).

A recent study of the AASHO design method sum-
marized several basic traffic analysis methods currently

in use (McCullough and Van Til, 1968). Variétions between

methods are basically due to how many vehicle weight divi-
- sions are selected and how the information obtained by

traffic counts and loadometer_studies is related and

projected. Differences in number of traffic classifica-



tions and methods used to project the data, reflect the
many different systems for handling traffic. The survey
-‘concluded that the loadometer data reduced by the BPRR's

w4 tables was the best available method.

6.5 Further Research Requirements

The equivalent applications concept, obtéined
from the Road Test findings, serve as basis for incor-
porating traffic data into ﬁhe AASHO design method.
AReVisions by the BPR in the actual values_Of the
equivalency faétors are felt by_séme to ‘-be more accurate

than the originally recommended values. Theoretical

studies, using elastic layer theory, are currently being

.considered for finding load equivalencies (Huang, 1969).
These are, at present, limited, for only the effects of
design, single wheel load and critical strains and

" deformations are considered.

The limitations of the equivalent wheel load
concept should be recognized. It is the result of a

statistical study of a relatively restricted highway

test. The complete déscription of actual mixed traffic -

is very complex due to the effects of variations in
speed, axle configuration and load; and the long term

- rélatiohship betwéen loads ?ﬁd pavement sYstemzbehavior.

The need for more accurate traffic information

has been recognized by many researchers since the
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development of ﬁhe Road Test. Irick.pointed out that
existing techniques in traffic counting were adequate
-buf loadometer.information, in general, was inadequate
for the AASHO design method. The same general conclusion
has been advanced by McCullough. In éddition, it is

- possible to obtain a wide range of results from the

same fundamental data by using various exisﬁing traffic
projection methods currently available. It is pointed

out that this may not be significant within a state

which, through its own experience, has probably learned to

inherently compehsateﬁih other steps in the design method.
‘However, the general use of incomplete or simplified

methods is not advised for it can lead to serious errors.



‘VII. REGIONAL FACTOR

7.1 Philosophy

A regional factor was ihéor?orated into the
AASHO design method to account for environmental
influencés on the behavior of a highway. The assumed
relationship between regional effects and pavement
life, and its inclusiqn into the general AASHO design

formula, is given in Chapter II, (see Fig. 2).

It was recognized that no rational procedufe
ﬁas available to evaluate the regional factor for the
variety of conditions present throughout the country. .
However, guidelines and suggestedlvalues were proposed
by the Design Committee (Langsner, Huff and Liddle,

1962).

Following the Road-Test, evaluation of regional
factors was to be accomplighed fhrough satellite study
programs. The tentétive procedure was to observe the |
behavior of many similar pavements with similar loading
conditions which were located in different environments.
The regidnal factor would then explain differences in test
‘data not covered by the structural and soil support terms.
Furthermore, determining the properties of one section
with characteristics similar to those at the Road Test
would allow corfelations to be made with the briginal

regional factor scale. A list of climatic and topdgraphic
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variables, such as precipitation, frost, drainage
and grade, have been recommended by the Guidelines
as being areas of potential interest for individual

states (Irick and Hudson, 1964).

7.2 Environment-Evaluation by States

Various states have attempted to experimentally
evaluate regional conditions for their own specific

locale. These have generally been carried as part of .

a total assessment and study of the AASHO design method.

A performance étudy in Alabama suggested that
the behavior of a wide variety of sites could be better
egplained by dividing the state inté se?erai geographic
regions. ﬁowever, it was concluded that regional factors
required to explain the variations in pévement behavior
were excessively large and that the effects of climate
and construction techniques, aé related to the structural
design, could not be explained in terhs of the basic

AASHO equaﬁions (Karrh and Stephenson, 1967).

Minﬁesota completed an extensive study of
year—rouﬁd pavement behavior tb,determine'a means of
evaluating the effects of seasonal variations. It was
found that an average variation of 152 percent existed
between maximum (or springtime) and fall Benkelman Beam
deflections (Kersten and Skok, 1968). This information

was used to develop a design procedure for specifying
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allowable spring tonnages on Minnesota's highways. ‘No
work was directed towards deveioping an AASHO regional
‘factor but further research into the general area of

-environmental effects was recommended.

Illinois found that the direct application of

the AASHO formulas did not correctly express the deteri-

-oration of serviceability for its highways. However,
the formulas did follow observed trends if somewhat

weaker structural designs were assumed. The use of a

time exposure factor was proposed which would alter the

Road Test results to fit the observed performance

- (Chastain, 1962). The factor, T, was defined as

where D£ = the Illindis_structurai number in the form
of Eq. (10). This factor was to account for the long-
term deterioration of pavements dué to- environmental
effects. Subsequént studies indiéated a value of T =

1.10 could be used for design purposes (Chastain and

Schwartz, 1965).

A study of the regional influences on pave-

ment behavior has been carried out in Texas to evaluate

the factor,-cr, as given by Eg. (40). (Schrivnér and Moore,

1966). A seriés of Dynaflect tests were taken on 188

flexible sections throughout the state and the results
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correlated with those observed at the TTI Paﬁement
Test Facilitf. Three regions of équivalent pavement
behavior and corresponding design values of C, were
proposed. A continuation of ﬁhis study divided the
state into five-regions and revised the_regional
factors (Schrivner and Moore, 1968). Although these
values are applicable fo_the Texas design method,

their relationship to the regional factor, R, was not.

given.

A planket 15 percent increase in calculated
sﬁructural requirements for use in Massachusetts high-
ways was proposed due to_frost problems, construction
techniques, material differences and long terﬁ effects
(Tons, Chambers and Kamin, 1965). The iﬁcrease, which
is comparable to a regional factor of 3, was based
primarily on judgement and experience, Further research

into regional problems was proposed.

Studies into general'environmental conditions
and/or regional factor determinations were proposed by
the satellite projects in Georgia, Virginia, South

Carolina-and Oklahoma.

7.3 The Significance of Regional Factors
A great deal of field and laboratory research
has been carried out relating the effects of frost

action, moisture content and temperature effects (Haley,
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1963; Jumikis, 1967). The significance of environmentél
conditions on basic material strength was discussed in
Chapter IV and V. However, judging by the results of
recently completed projects, there has been Very little

progress in the development of specific regional factors.

A recent study, examining various aspects of

- the AASHO design method, revealed that misuse of the

regional factor can lead to serious oveerr underxr design
(McCullough and Van Til, 1968). The error betweeﬁ actual
and anticipated road life increases rapidly with decreas-
ing values of the regional factor. The study also pointed
ouf tﬁap many»methods currently used for estimating the ..

required factors are based:on the conditions as rainfall,

- frost depth, elevation, drainage and temperatures. In
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general, the development of these values relies chiefly on

experience and judgement.

The concept of the regional factor is the least

Advanced and perhaps the most difficult to ultimately

‘establish. Much further study will be necessary before

environmental factors can be explained or reduced to the

simple terms of the AASHO desigp scale.



VIII. SUMMARY

Thé development of the fundamental AASHO
désign equations express the underlying concepts of
structural design, soil support, accumulated axle
loads and regional effects. Basic understanding of
the frémework and inherent limitations Qf the analy-
sis is required before the method cén be applied with

any degree of success.

TheAAASHO performance equations, and those
resulting from additional research, emphasize the
importance of the performance criteria as a means of
évaluatihg the suitability of a highway. The use
of mathematical models describing deterioration have
lead to techniques for predicting pavement life;
assessing material.strength ahd undefstandingAchpOSite
behavior. The need for better serviceability measuring

devices is currently receiving much attention.

The evaluation of matefial strength is of
primary importance to researchers and highway engineers.
Valués of the structural coefficients for.various surface,
bése and subbase materials resulted from the statistical
analysis of the data observed at the Road Test. .If was
the intent of the Design Committee that subsequent wérk,
mainly by state ;atellite study programs, would develop

testing methods to verify the existing values:and find
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new ones for material used elsewhere. Correlation
:studies using relatively standard testing techniques

have only partially satisfied this demand.

-Since currently employed conventional.
testing methods generally examine only one limited
;strength parameter and are applicable to one type of
material, much emphasis has.been placed on developing
laboratory and field tests which more closely approximate
the in-situ conditions. The purpose of such ﬁests-is
to determiné the equivalent strength of a variety of
ﬁaterial typeé under realistic loading conditions.
£quivalencigs based on different types of dynamic moduli
_Aobtaineq_f;oﬁ repeated-load or seismic tests are under

current examination.

The need for a better rational approaCh to
paﬁement behavior has lead to extensive examination and
use of multi-laYer, elastic solutions. Although not
altogether successful, combinea field, laboratory and
'theoretical'studies have_greatly increaséd.the under-
standing of significant interrelationships between the

many factors involved in pavement behavior.

The support properties of the roadbed have
to be expressed in terms of the AASHO soil support factor.
Various standard'testing techniques, such és R-value or
triaxial tests, have been used to formulate correlation

charts. Interestingly enough, no éignificant developments
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have been made in using field testing techniques to

evaluate the soil support factor.

The AASHO design method is based on prior
knowiedge of the loading conditions over the life 6f
the highway. Furthermore, the estimated mixed traf-
fic must be reduced to standard 18 kip equivalent
axle loads by traffic equivalency'factors; The
number'and distribution of varioﬁs types.of traffic
ié found by count and loadometer studies. This
information may be reduced and projected over the

design life by a number of currently available methods.

? ' Guidelines were suggested by the Design

Committee for specifying the regional factor baséd

on general enviroﬁmentél conditions. It was originéllyL
intended that this factor could best be defined by
individual studies in each state. As a whole, although
.most states understand their particular'environmental
problems ana compensate for them in design methods,

little success has been met in de?elﬁping a rational method

for finding the AASHO regional factor.



IX. CONCLUSION

The AASHO design method, either in part or
in total, hés receivéd widespread acceptance through-
»sut the country. The rapid acceptance and adoption of
the design method pointed out the need for a compre-
hensive national road test research program whose
magnitude exceeded anything which could be accomplished
by individual states. sThe AASHO Road Test has per-
haps been the most significant single event in the
history of roadbuilding for it offerea, in addition
to the design method, opportunities to expiore new
methods of snalysis and to develop new equipment and
testing techniques. Further, the Road Tes£ has served
as the chief stimulus for highway research over the

past deséde.

However, the AASHO design.method does have
serious drawbacks and iimitations, many of which lie
within the fundamental approach, scope and anaiysis of
the results. Pa&ement behavior was established primarily
on a statistical basis. As a consequence, terms such as
the structural soefficients have no direct physical or
rational basis and cannot be reproduced, or even
corfelated completely successfully, with existing mefhods.
In addition, the Road Test was conducted in one environ-

ment and on one roadbed. The necessary elements of soil
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support and regional factor were only indirectiy
evaluated in terms of arbitrary mathematical models.
As with the structural coefficients, the soil support
and regional factors do not readily lend themselves

to rational analysis and experimental evaluation.

Although important advancements have been
ﬁade, aspecially in the area of material strength, no
one satellite study program-has auccessfully covered
each aspect of the design method. More significantly,
several states which are most active in highway |
fesearch, such as Texas and California, have not

- adopted the design method.

A recent study of current practice pointed out
that many states use the AASHO method without modifica-
tion, and develop the necessary terms mainly on the
basis_dflexperience and judgement (McCullough and Van Til,
1968) . The serious ramifications of errors in any one
of the reqﬁiredfvariables have been demonstrated by the

study.

Current literatuie indicates a'trend towards
.more fundaméntal'research in basic material behavior. At
present, factors which govern the strength of individual
tyﬁes of materials are not fully understood. Furthermére,
theoretical, field and laboratory tests have all ciearly
established the highly cbmplex nature of tne soil-pavement

system. Additional problems, such as environmental in-



fluences, long term loading conditions and the effects

'fdf mixed traffic, require much further study.

The use of theoretical multiple layer; elastic

;solutions has shown promise as a means of finding signif-

icant trends in behavior. Ultimately, material properties
"ﬁay‘be defined well enough and the existing theories
modified to the extent that actual pavement behavior may

be rationally defined.

The satellite study programs and parallel
'fesearch have contributed greatly to the understanding
of highways, but have as yet failed to establish the
hecessary testing techniques and methods of analysis
required for a satisfactory evaluation of the variables

required by the AASHO desién method.
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DEVICE

REFERENCE

~AASHO Slope Profilometer

CHLOE Profilometer

" BPR Roughometer

Minnesota Roughometer
PCA Roadmeter
Kentucky Accelerometer

General Motors Profilo-
meter

Univ. of Michigan
Profilbmeter

Purdue Tire Pressure
Measurement Device

Mays Road Meter

Texas Texture Méter

HRB Special Report 61E, 1962

Carey, Huckins and Leathers, 1962

‘Yoder and Milhous, 19

Kersten and Skok, 196
Brokaw, 1967
Rizenbergs, 1961

Spangler and Kelly, 1
Housel, 1962
Wilson, 1964

Phillips and Swift, 1

Scrivner and Hudson,

64

g

965

969
1964

Table 1. Devices Related to Performance
Determinations
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COEFFICIENTS1 OF PAVEMENT COMPONENTS

Pavement Component al a, . a3

Surface course:
Roadmix (low
stability) . 0.20
Plantmix (high
stability) - 0.44*
Sand asphalt 0.40

Base course: _ s 9
Sandy gravel L. 0.077
Crushed stone ) o 0.14%
Cement treated ’

(no-soil-cement) :
650 psi or 2
more 5. -0.23
400 psi to '
650 psi 0.20
400 psi or '
less ' » - 0.15
Bituminous treated: . :
Coarse ' 5
graded ; 0.34
Sand :
asphalt 0.30
Lime treated _ _ 0.15—0.30

Subbase: : _ .
Sandy gravel : } . 0.11%*
Sand or ' '
sandy-clay . ~ ~ 0.05—0.10

llt is expected that each State will study these coefficients

2

and make such changes as their experience indicates necessary.

This value has been estimated from AASHO Road Test data, but
not to the accuracy of those factors marked with an asterisk.

3Compressive strength at 7 days.

TABLE 2. Proposed AASHO Structural Coefficients
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XII. NOMENCLATURE

A,Ao' - Intercepts of linear plot
A" -Cross sectional area of plate
-Ao,Al,Az,A3 Mathematical constants
-Al , Slope of linear plot
AO“,Al" . ' Mathematical constants
B | Slope of linear plot
B' Mathematical constanf
Bl' Slope of a performance ‘index equafion
B,/By/B, /By Mathematical constants
Cr Regional coefficient
D : Structuralvdésign term
Dl'Dz’D3 Layer thickness pf surface,»baseAand subbase
Dt Illinois structural number
E Dynamic modulus of elasticity
Es Dynamic stiffness modulus
Eé Dynamic moduius of soil
Ey Modulus of elasticity of layer 1
E, | Modulus of elasticity of layer 2
|E* | Compiex modulus
Applied dynamic forceA.
w Dimensionless constanf'
G » | Logarithmic expression of serviceabiiity
. | terms |
G Equivalency grading



I

K

K"K",K" 1 ’K

$S,SS, ,SS,
SN
S1+58/53
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TDI
v
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Performance expression in terms of 18
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Moment of inertia

AASHO design formula term
Proportionality constants
Nominal axle load

Axle code

Axle load and configuration term
Allowable sprinévaxle load

Axle load used for test

Modulus of resilient deformation
Material constants

Applied load on plate

Present serviceability index

k EAL
Performance expression

Regional factor

Elastic stiffness

Axle load equivalency ratio
Measure of composite strength
Soil support

Structural number

Strength coefficients

. Dynamic stiffness expression

Time exposure factor

Texas Design Inaex

Wave velcoity

Accumulated axle loads at time = t

k

Accumulated 18" axle loads at time = t



]|

|-

] "
b,b ,b ’bo

d

Accunmulated axle load term
Observed value of log Wt
Average of observed values of %

Observed value of log log Po/P

Average of observéd values of Y
Pavement‘di9placement
Specimen dimenéion

Elastic property of roadbed
Structural coefficients ‘
Subgrade strength coefficient
Structural coefficients
Subgrade strength coefficient
Mathematiéal term

Function.oﬁ subgrade strength
Deterioration rate parameters

Benkelman Beam deflection

Observed deflection

t
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Allowable spring Benkelman Beam deflection

Predicted Benkelman Beam deflection

Depth of‘upper layer

Specimen length

Plate-load perimeter shear

Developed plate—lbad pressure

Initial serviceability index

Present serviceability index

‘Terminal serviceability index

Elastic property of a roadbed
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r ‘ Radius of plate
rl,rz,r3,r4 Ratios of relative material stfength
r' Mathematical term
| s Applied plate-load pressure
W Surface deflection from plate-load test
VB,BO AASHQ desién formula terms
Y | Density
€6 | Vertical strain
€. A Recoverable axial strain
0 ?um 6f vertical and lateral stresses
- Poisson's ratio
p | - Terminal number of axle load apﬁlications
60,01 . Applied vertical stresses
02;03 _ Lateral confining stresses
oa Repeated deviator stress

0 Function relating seismic expressions

.
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