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AASHO ROAD TEST EQUATIONS APPLIED TO THE
DESIGH OF BITUMINOUS PAVEMENTS IN ILLINOIS

W Ewmmitt Chastaln, Sr., Engineer of Research and Developuent
Donald R. Schwartz, Ingineer of Structural Research
HMiinois Division of Highways

Since the completion of the AASHO Road Test Project, the Illinols
Division of Highways has been studying the results and doing research directed
towards developing practical applications of the findings. The research work
has been done in cooperation with the U.S. Department of Commerce, Bureau of
Public Roads. This work has culminated in the development of two interim
structural design procedures, one for bituminous pavements and the other for
portland cement concrete pavements.

This paper is concerped with the work done in applying the findings
of the Road Test flexible pavement research 10 the structural design of bitu-
minous pavements in Illinocis. + presents background information and concepts
used in developing the design procedure, describes the development of the
procedure, and demonstrates its applicstion,

The procedure provides for establishing the types and thicknesses of
materials to be used in the various layers of the pavement structure consistent

with the volume and composition of traffic, the length of time the pavement is to

serve this traffic, the strength characteristics of the subgrade soils and pavement

materials, and the minimum level of service to be provided by the pavement during
its lifetime,

The AASHO Road Test flexible pavement performance equation serves
as the basis of this design procedure. The eguation explains performance of
the test sections as related to pavement deslgn, the wmagnitude and configuration
of the axle load , and the number of axle load applications. This equation
necessarily is limited to the physical snvironment of the Project; to the

materials used in the test pavemenis; Lo the range in pavement thicknesses
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inciudad in the experiment; to the axle loads, number of axle lcad appli-
cations, and the specific times and rates of application ¢f the test
traffic; to the construction techniques employed; and to the cliimatic
cycles experienced during constructicn and testing of the experimental

facility. To apply the equation in the design of regular highway pave-

ments, it was necessary to make certain assumptions and extrapclations

based on experience and engineering judgement, As additional knowledge

is gained through further research and experience, the precision of

these assumptions and extrapolations should become sharpened. Therefore,
the design procedure presented herein is provisional in nature and is
subject to modification based on additional experience and research.

Research Background Information

1/

Pavement Serviceability~Performance Concept = Essential to

the development of the Road Test equations was the establishment of a
definition of pavement performance and a system for its measurement. The

definition was founded on the basic principle that the prime function of

a pavement is to serve the travell public, The system of measurement

that was developed establishes the degree to which the public considers
itself to be served, This system has come to be known as the Pavement
Serviceabillity~Performance System,

Under this concept, the term "present serviceability" was chosen
to represent how well a highway pavement is serving high=volume, high=-speed
mixed truck and passenger vehicle traffic at a specific time. Performance
was then sgaid to be related to the ability of the pavement to serve traffic

over a periocd of time.
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the use of the subjective serviceability ratings of a great number of typi-
3 J 5 &

ot

cal pavements, The pavements were rated on a scale of zero to five by a

e

2

panel of men selected to represent many important groups of highway users.
A mathematical index (Present Serviceability Index) was then developed for
estimating the subjective ratings from objective measurements taken on the
pavement,

The following equation was developed to determine the level of
serviceability of flexible pavement sections on the AASHO Road Test
p ® 5,03 « 1,91 log (148V) = 0,01 VCAP - 1.33 RD?
where: p T the present serviceability index,

Sy= the mean of the slone variance in the two wheelpaths as
measured by the AASHO Longitudinal Profilometer,

C#P =a measure of cracking aund patching in the pavement surface, and
RD = a measure of rutting in the wheelpaths,
By relating the results of the AASHO profilometer and Illinois roademeter,
the present serviceability index equation beconmes:
p210.91 « 3,90 log RI = 0,01 yC#P - 1.32 RD?

where: RI ® hn@gg Indew in inches per mile, as obtained by the
) b3 E

2

Performanc then determined by relating its ser=
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viceability records to the ccorresponding numbers of axie load applications.

Performance Equation from AASHO Rosd Test Present Serviceability

5 &

Index values were determined every two weeks for each Road Test section.
7 trends were developed for the sections by plotting iz Pre-

corresponding axle lcad appli~-
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cations. These trends represent the performance of the pavement sections.
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An equaticn was then derived fo express the shape of the serviceability trend

»f design thickness, axle lcad and its configuration, and

r
i
H
i
]

curves in
number of axle=load applications. The performance squation developed for
the flexible

Ge

waere: Gy

S

co * initial serviceability of pavement (equal to 4.2 on test road),

p+ ® serviceability at end of time &,

é? 2 g function of design and icad variables that influences the
shape of the p versus ¥, performance curve,
Wy =
fj ® e expec=
index

For weighted axle load applications, expressions for@andg are as follow:

e}

(é?w 0.4) = log 0,001 # 3.23 log (I # Lp) = 5.19 log (D # 1) = 3.23 log Ly
and logp= 5.93 # 9.36 log (D # 1) = 4,79 log (Ly # L2) # 4.33 log Ly
wiere: Lj = lecad on one single lcad axle or on cne tandem axle set, kips,
Ly = axle code 2 1 for single axle = 2 for tandem axle, and
D = thickness index.
The thickness index is a function of the variocus thicknesses of the
layers that constitute the pavemeni structure expressed as a single number.

This thickness index, D, is as follows:

D = ajDy # aDy # azpy
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where 41, ag., ay are coefficients of relative strength of surface, base,
and subbase as related to performance {for the Road Test
ap = 0.44, a, = 0,14, and a5 = 0.11),
31 2 thickness of bitumincus surface course in inches,

D, = thickness of b

fo]

se course in inches, and

D, = thickness of subbase in inches,
3

Equivalent Axle Load Concepf. As previously stated, the Road Test

equations express the performance of the test sections in terms of pavement

jeN

esign, axle load and configuration, and number of axle load applications,
The term "W." in the performance equations denotes the number of axle load
applications of a given magnitude and configuration. This was possible on the
Road Test because the traffic on any one test section had identical axle loads

and arrangements,

Before any attempt could be made to apply the equations for design
purposes, 1t was necessary to reduce normal mized traffic axle loadings to some
common denominater, or basic locading, The system developed reduces mixed traffic

xle load applications to an equivalent number of 18~kip (18,000-1b,) single axle
load applications. The selection of 18-kip single axle locad applications as the
common denominator has no particular significance except that 134,000 pounds is the
legal single axle load limit in Iilincis.

This system makes use of "equivalency factors' that were derived from
the Reoad Test performance esquations., The equivalency factor for any given axle
load expresses the number of applications of an 1li=kip single axle load that

are equivalent to cne application of the given axle load,
q Z
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Mixed traffic axle loadings can be reduced to the common denominator,
or basic loading, by grouping the individual axles in the traffic stream into
various weight and configuration categories. The sum of the products of the
equivalency factors times the corresponding numbers of axles in the various
categories gives the total number of equivalent 15-kip single axle load appli-

cations in the traffic stream.

o
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DEVELOPHMENT OF DESIGN PRCCEDURE
General
This prodecure for the structural design of bituminous pavements in
Illinois has been prepared on the basis of the findings of the AASHO Road Test
supplemented with the results of research studiesﬁf conducted by the Illinois

s

Division of Highways, The procedure reflects engineering experience and judgement
o . . -7
of the Divsion, and recommendations of the AASHO Committee on Design.—

The design of a pavement structure requires the compilation and
correlation of the following factors: (1) the volume and axle load distribution
of the traffic that the pavement will be expected to carry; (2) the type and
strength of the roadbed soil upon which the pavement will be built; (3) the
length of time and quality of service expected from the pavement; (4) th
environmental and climatic conditions of the region where the pavement is to
be built; and (5) the relative ability of the available pavement materials
to support loads.

All of these factors have been taken into consideration in the development

of

this design procedure, Variations in climatic conditions as they exist from
one part of the State to another, and particularily between the extreme northern
and extreme southern peritions, undoubtedly affect pavement performance. However,
the relative effects of these variations on pavement performance are not suf-

ficiently distinguishable at the present state of knowledge te be taken into

account in pavement structural design. Therefore, climatic effects have been

e

considered only on a Statewide basis, This involved the assumption that,
based on present knowledge, climatic conditions throughout the State do not

differ sufficiently from those of the Ottawa area (site of the AASHO Road Test)

m?m
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maining factors are included in the design charts and equations.
The charts and equations included in the design procedure were developed
from the AASHO Road Test flexible pavement performance equation. IHodifications

to the performance equations were made to reflect in the structural design the

y

o

effects on pavement performance oi:

(1) Mimed truck and passenger car traffic aule loadings when compared
to the controlled traffic arle loadings on the Road Test,

(2) vavements subjected to traffic over long periods of time vwhen com=
pared to the two years of traffic con the Road Test,
(3} wvariations in the support strenghts of the roadbed soils, and

s
o
o
W

(4) wvariations in
materials,

strength characteristics of the pavement structure

Mixzed Traffic Axle Loadines

To evaluate the effects of mixzed traffic axnle lecadings on pavement
performance, a system was developed to convert these loadings into a ''traffic
factor'", The traffic factor is the total number of equivalent 13=kip single
axle load applications in millions estimated to be generated by the traffic a
pavement may be expected to carry throughout its entire service life.

In developing the system, use was made of "equivalency factors" fox
various groupings of single and tandem axle loadings determined from the Road

Eog

Test equation, and State-wide loadometer survey data and classification counts
at loadometer stations dating back to 1930 and as recent as 1962, The equivalency
factor for any given single or tandem axle load expresses the number of 13-kip

single axle load applications that will have the same effect of pavement per-

formance as one application of the given axle lcad. The loadometer and traffic

-8.
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count data were ussd to determine the distribution o

1

for the various classifications of vehicles in the mixed traf

"

Preliminary analvses demonstrated the need to give special consideration

3

to average axle loadings as they exist for the various individual classi

3

fications

of commercial vehicles, Variations in the distribution of vehicle classifications
in the commercial traffic stream Irom one highway to another are fLoo great to
permit the use of a Statewide average commercial wehicle in evaluating the effects
of mixed trafiic axule loadings on pavement pevformance. 1In the final analysis,
consideration was given to the differences in average axle loadings as they

uist for passenger cars, single units {(all fwo~axle and threse-aule single unit
trucks and all buses), and multiple units (three~axle, four-axle, and fivewaxle
truck tractor semitrailers and all £ull trailer combinations).

The preliminary analyses alsc indicated the need for considering the

differences in average axle weights of both single units and multiple units
operating on highways ranging from high volume major highways with heavy commercial

hauling to low=volume local roads with farme-teo-markst type hauling, To accomplish

this the entire highway system was divided into four general classifications:

(1) Class I Roads and Streeis - roads and streets being desizned as
four-lane ov move facilities  or zg part of future fourelans or
more facilities:
(2) Class IT Reads and Streebs = roads and streets with structural desig
traffic greater than 1000 ADT and being desiconed as two-lane or
Lo
three-lane facilities;

(4) Class IV Reads and Streets = roads and streets with structural
design traffic less than 400 ADT,
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and Class IV the leocal roads.

The results of the AASHO Road Test provided a means of devel=-
oping equivalency factors for converting any given single or tandem axle
load intc an equivalent number of 18-kip single axle load applications

relative to its effect on pavement performance. The equivalency factor

may be expressed as follows:

18=kip single-axle Ne, 18=kip single=axle application to a given
equivaipﬂsy = present serviceability index
facto No, w=kip application to the same given present
serviceability index

This factor was developed by the following mathematical analysis:

- Gi
Log Weg % Lageé ?“ or
Ct

Log Wy = 5.93 # 9.36 log (DEL) = 4.79 log (Liflp) # 4.33 log Lot g
When Ly ® 10=kip and Ly # 1 (single a» ips}g then

Log Wi g ® 5.93 ¢ 9.36 log (DFLY = 4.79 log (LG#1) # @z:
When Ly ® x kips and Ly = 1 (single axles), then

Log W, = 5.93 4 9.36 log (DALY = 4.79 log (xél) 4 é‘%{

Subtracting equation (4) frem equation (3) the equivalency factor for
single loads becomes:

Wiig . | s
Log 10 = 4,79 log (x#Ll) = 4.79 log (LG#L &

N}« QT ? =

ot
S
4.
)
w
g
W

Similarly, when Lj % x and Ly ® 2 (tandem axles)
Gy
= 5,93 ¢ 9.36 log (DAL) - 4.79 log (x42) # 4,33 log (2) # @y

Then, subtracting equation (6) from equaticn (3), the equivalency factor
for tandem axle lcads be s

(1
(2)

(3)

(%)

(5)
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G G,
Wy n . , .
Log "¢l3 = 4.79 £.79 log (10r1) = £.33 1og (2) 75 =~ & 7
8 4

The ratios betfween Wels and We, in Equations (5) and (7) express

the relationship between an 13~kip singlee=axle load and any other axle-load

1

(x). As shown by the equations, the equivalency factors vary with pavement

1

viceability level as well as with axle load and axle configura-

g
{3a
&
[0
Ly

design
tion, Therefore, averages cof the values obtained for designs varying from

D s 1,0 to D = 6,0 and for present serviceability levels of 2,0 and 2.5 have
been used. The 18=kip equivalency factor was determined for each 2000-pound
increment of load for single axles and for each 4000=pcound increment of load
for tandem axles (Tsable 1),

These factors were used in combination with loadometer survey data
and traffic classification count data to reduce mixed traffic to a fixed num-
ber of 10~kip equivalent single axle load applications., Loadometer data,
dating from 1945 to 1962, were available from 19 loadometer stations located
on the primary system of highways in Illincis (Class I and Class II roads and
streets)., Traffic classification count data ware available for highways carry=~
ing traffic volumes corresponding to Class I, Class II, and Class IIT roads
and strests, HNeither loadometer dafta nor adequale traffic classification count
data were available for highways carrying traffic volumes corresponding to
Class IV rcoads and streeis,

The leoadometer data were adjusted in aceordance with the traffic
classification count dats to provide more representabive samples since only a

small percentage of vehicles were weighed, The adjusted deta provided the

o

=ight group for each classifi-

gm.s
0
0
i
o

distribution of single and tandem ax. W

7

2
&
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trpe on Class I and Class II roads and streets., The axle=

-

factors given in Table 1 were then applied to these distrie

butions to determine the number of lS-kip equivalent single axle-load appli=-
cations per passenger car, per average single unit, and per average multiple
unit for each of the two classifications of roads and streets, The factors
corresgponding to a terminal serviceability level of 2.5 were used in connec=
tion with the determinations for Class I roads and streets, Those factors
corresponding to a terminal serviceability level of 2.0 were used for Class
II roads and streets,
A study of the traffic classification count data for Class III

roads and streets disclosed that the total per cent of single and multiple

cantly different from that on Class I and Class IT

f
e

units was not signif
roads and street, but a larger portion consisted of single umits classified
as smaller types of vehicles, Since loadometer data were not available for
Class III roads and streets, it was assumed that the distribution of arle
loadings for each individual classification of vehicle within the single~
unit and the multiple-unit groupings was the same as that for Class I and
Class II roads and streets, The loadometer data for Class I and Class II
roads and streets were then adjusted in accordance with the traffic classi-
fication count data for Class III roads and streets, The axle-load equiva=
lency factors in Table 1 for a terminal serviceability of 2.0 were applied
to the adjusted data to determine 18-kip equivalent single axle load appli=

cations per passenger car, per average single unit, and per average multiple

unit for Class IIT roads and streetis.

«10-
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classification count data were available for
umes corresponding to Class IV roads and streets. This made it impossible to
determine the performance of these highways and to correlate this performance
to the Road Test equation. Thus, to extend the design procedure to include

ssume a basic structural de=~

m

Class IV rcads and streetfs, it was necessary Lo
sign and traffic loading consistant with previous experience,

3

The 10-kip equivalent single axle-load application factors per ve-
nicle classification for Class I, Class II, Class III, and Class IV roads and
streets are given in Table Z.

As can be seen from Table 2, the results of the analysis yielded
two important facts regarding reducing mixed traffic te a number of equiva=-
lent 15-kip single axle=load applications: (1) the effect of passenger cars
is small in proportion to the effect of single and multiple units; and (2)
the effect of multiple units is eight to nine times greater than the eifect
of single units, Thus, the total number of equivalent 10~kip single axle
load applicaticns to be generated by mixed traffic can depend more on the
distribution of the various classifications of vehicles in the traffic
stream than on the total volume of traffic,

The values listed in Table 2 were used in developing equations to
convert mixzed traffic into a trafiic factor for use in structural design,

In developing the equations, special attention was given to the

structural design traffic and to the number of single units and multiple
units per day in the design lane. While the structural design traific re-

presents an estimate of the average daily traffic in both directions that

will be carriec¢ by the highway facility, the pavement structural é651”n will

~13=



CIASTAIN AND SCHWARIZ

be based on the lane {(design lane} carrying the greatest number of single
and multiple units. Based on traffic placement studies, the number of
vehicles per day in the design lane may be estimated by multiplying the
structural design traffic by the percentage distributions given in Table 3.
Traffic factor equations were developed for all four classifica-
tions of roads and streets. The squations are given in Table &, They were

developed from the following model?

TF = DP 1 (C1 xpcxp) 4 (CoxsuxS) 4 (e3xim x 1)
L, 1,000 000
A4 *
vhere:

TF = traffic factor,
DP = design period, vears,

¢y # constant for passenger cavs ue in Table 2x365,
c2 % constant for sinsle units = in Table 2305,
c3 = constant for multinle wnifsg ve in Table 2%365,
PC = total passenger cer ADT (two ctions},

SU = total single unit ADT (twe 44 ions),
MU # total multiple wmit ADT {two ctions),

P = per cent of passencer car AD design lane,

S ® per cent of single unit ADT sipn lane, and

M = per cent of multinle unit AD degign lane,

Performance of Existing Pavements vs, Predicted Performance

After developing a system for handling mixed traffic axle loadings,
the performance equation was tested for applicability te Illinois pavements
in regular service, This was done by comparing the actual performance of
selected pavements with performance as predicted by the equation. The pave=
ments included in the studies w;re selected on the basis of the subgrade soil,
pavement materials, and climatic conditions being similar to those that exis=-
ted on the Road Test,

The actual performance of each selected pavement was established by

determining the present serviceability index at the time of the study and the

=1l-
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total number of equiyaienﬁ 1o=kip single axle~lcad applications representing
the traffic carried by the pavement tc this point in time, The present ser=
viceability index was determined from rcadometer measurements and a patching
and cracking survey. The total number of equivalent 15-kip single axle load
applications was determined from the recorded numbers of passenger cars, single
units, and multiple units, and the develeped 10=kip equivalency factors for
these three vehicle classifications (See Table 2),

The analyses cf the data from the selected pavements showed that
the Road Test performance equation cannot be applied directly, as it pre=
dicts, on the average, higher levels of performance than were actually ob=-
tained. However, there was evidence of definite trends which indicated that
performance of the selected pavements agrees closely with the performance of
pavements on the Road Test of lesser thickness, This suggested the hypothesis
that the general form of the performance equation is applicable, and that the
equation could be suitably modified for practical application in structural
design by developing a factor for adjusting the design thickness term in the
equation foré?andé?, This factor has been termed a Time=Traffic Exposure Factor,
T.

The relaticnship between Road Test pavement thickness design and
Illinois pavement thickness design that can be expected to give the same
performance is:

Dﬁ?_,
where D = Road Test thickness Index,
D¢ = Tllinois structural number,

T = Time~traffic exposure factor.

~15-
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It should be noted that the time~traffic exposure factor is consider=
ed to modify the Road Test equation only to be more representative of the be=-
havior of pavements serving under similar conditions but over periods of time
more typical of regular service life.

A total of 63 pavement sections were included in this study., They
included both bituminous concrete on granular base (flexible base pavement)
and bitumincus concrete resurfaced portland cement concrete pavement (composite
pavement). The flexible base pavement designs included 4,5 inches of bituminous
concrete surface course on 14 inches of crushed stone base and 5 inches of
gravel subbase; and 4.5 inches of bituminous concrete on 9 inches of crushed
stone base and 11 inches of gravel subbase. The composite pavement designs
represented 2, 2,5, 3, and 4% inches of bituminous concrete resurfacing over
uniform thicknesses of existing portland cement concrete pavement of 7, &, 9,
and 10 inches, and over existing concrete pavement having thickened edge de=
signs of 7-8=7, 9=6-9, 9=7=9, 9«9=7=9=9, and 10=10=0=10~10 inches.

For each of the pavements included in this study, the time-traffic
exposure factor was determined by dividing the Illinois structural number, D,
by the thickness index, D, of the Road Test pavement capable of carrying the
same number of equivalent 1&~kip single axle~lcad applications to the same level
of serviceability. In determining the structural number, the following
equations were used:

For flexible base pavement,

Dt = ap, faDy # asd

T ev2 3P3
For composite pavement,

Dt = alDl i{' 32D2

~16-
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i

where: D, ® Illinois structural number,
aj,ag,a3 = coefficients of relative strength of the surface, base

and subbace, reepectively, and

D1,Dy,D5 = thicknesses in inches of the surface, base, and subbase,
respectively. For composize pavement Do = thiclness of

the euisting slab,

1

Values of the coefficients aj, ap, and aj for the pavements
included in this study are as follow:

Surface Course

Bituminous Concrete Subclass I~11 a; ® 0,40
Base Course

-

Crushed Stone, Grade 3 ap = 0,13

u
fan)

Existing PCC slab ag A

Subbase Course

Gravel, Grade 7 ay = 0,12
The thickened edge slabs were converted to effective uniform thicknesses

for use with the structural number equation by a procedure which makes use of

Westergaard's equation for corner loading as follow:

Slab Thickness, inches Effective Thickness, inches
7=8=7 7.00
9=6=9 7.06
9=7=9 7.71
§=Q=7=0=9 8.75
10-10=5~10~10 9,75
The results of the analyses for the 63 pavement sections are depicted
Figure
1 in Figure 1, where the time-traffic exposure factor, T, has been plotted against
*Mean value determined from snaolysis of data from Illinois compesite pavements,
Also, it is the value suggested for use in the "Manual of Instructions for Pavement
Evaluation Survey', dated August 1962, by the AASHC Committee on Highway Transport,
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pavement age in years. The data represented by circles include composite pave-
ments that had previously been retired by resurfacing a second time, and the
terminal serviceability index of these pavements was assumed to be 2.0. The
present serviceability index values of all other pavements were computed from
roadometer measurecents and patching and cracking surveys.

A linear regression line was fitted to the data which indicated an
increase in the T-factor with pavement age., The results of the regression
analysis indicated that only about ten percent of the variation in the data is
explained by pavement age, Therefore, the mean value of the data was used, The
mean value is 1.1l; a value of T#1.10 was used in developing the design nomo-
graphs in Charts 1 and 2.

Roadbed Soils

Only one soil type was used on the AASHO Road Test. The upper three
feet of embankment under all pavement test sections was constructed with a clay
A-6 soil having a Group Index between 9 and 13, This made it necessary to develop
a means of modifying the results obtained from the AASHO Road Test flexible pave-
ment performance equation to permit the establishment of pavement designs for
other types of soil,

The soil support CBR scales on Charts 1 and 2 represent the modification
that has been made to take into consideration changes in support strength of
roadbed soils, The scales were developed on the basis of the recommendations of

Ht
the AASHO Committee on Designﬂgand on the results of laboratory CBR tests con~
dqued by the Illinois Division of Highways on the AASHO Road Test Materials,

The results of the laboratory tests by the Division indicated CBR values
of 3.0 for the A=6 soil and 110 for the Road Test crushed stone base course mater-

ial.

-18-
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In plotting the soil support CER scale on the charts, only one
point (CER = 3.0) was obtained directly from the performance equation. A
second point on Chart 2 was obtained by the procedures recommended by the
AASHO Committee on Design. The Committee studied the performance of several
sections having the greatest thickness of crushed stone base that were on
the loop carrying the 18-kip single axle-loads. The study indicated that
approximately 4.5 inches of bituminous concrete on a sufficient thickness
of crushed stone to minimize the effects of the roadbed soils should carry
approximately 1,000 18-kip single axlg»load applications per day for a 20
year period and, at the same time, retain a present serviceability level at
or above 2.0 for the entire period. The Road Test Thickness Index, D, for
this section is 1.98 (4.5 x 0.4h4) which is equivalent to a value of 2,18
on the structural number scale included in Chart 2 (1.98 x 1.1). The 1,000-
18-kip single axle load applications per day for 20 years is equivalent
to a value of 7.3 on the traffic factor scale of Chart 2.

Thus, a second or maximum point on the soll support CBER scale of
Chart 2 was established by projecting a line through 2.18 on the structural
number scale and 7.3 on the traffic factor scale. The intersection of this
line with the soil support CBR scale was assigned a value of 110, corres-
ponding to the results of Illinois CBR tests on the Road Test crushed stone
material. This point represents the supporting value of soils having the
support characteristics of the crushed stone base material used on the AASHO
Road Test, A logarithmic scale between CBR values of 3.0 and 110 was
assumed and extended to 1.

Similar procedures were used to establish a second or maximum point
on the soll support CBR scale of Chart 1. A Road Test Thickness Index of
1.98 on a crushed stone embankment is equivalent in performance to a Road
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oot Uiolce s tadenof by on the A=6 scil embankment. The total 18-kip single
axle lecad applications that can be carried by these designs to PST = 2.5 is 4,500,00C

vhich is equivalent to a traffic factor of 4.5. A line passing through 2.18 on

the structural number scale and 4.5 on the traffic factor scale of Chart 1 also
intersects the soil support CBR scale at CBR = 110,

The soil support CBR value selected for use by the designer should

represent a minimum value for the soil to be used. Preferable, laboratory tests
should be made on  4e-day soaked samples of the soils to be used in construction.
In the event that actual test data cannot be obtained the minimum values given
in Table 5 are recoumended for use,

Design Cuarts
2

The design charts, Chart 1 and Chart 2, include a traffic factor scale,
a soil support scale, and a structural number scale. They represent graphic
presentations of the AASHO Road Test flexible pavement performance equation as
modified for Illinois use, Chart 1 is for use in determining the pavement
structural design for Class I roads and streets {(interstate highways and express=
ways) Chart 2 is for use in determining the pavement structural design for Class
11, Class I1I, and Class IV roads and streets.

The basic difference between the two charts is the terminal serviceability
level assumed in the development, Chart 1 is based on a terminal serviceability
level of 2,5 and Chart 2 on 2,0. The selection of these levels was based on the
average level of retirement throughout the Wation, the level at which pavements
are being retired in Illinois, and recommendations of the AASHC Committee on
Designe

The terminal serviceability level of 2.0 is representative of the average

level at which pavements arve being retived throughout the Nation, This level was
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etermined by a survey conducted in 1961 by the Bureau of Tublic Roads in coopera=-

D

tion with the State highway departments at the request of the AASHO Committee on
5/ ) ) s
Highway Transport.— A study of the terminal serviceability level of highway
pavements in Illinois has fairly well substantiated this value as an average value
for Illinois. However, pavements of four=lane divided expressways in Illinois
are being retired at serviceability levels above 2.0, and generally averaging 2.4.
. . R . ,
Further, the AASHO Committee on Design— has recommended that the design period
for major highways be considered ended at a present serviceability index of 2.5.
For these reasons the design requirements have been based on a terminal service-
ability level of 2.5 for Class I roads and streets (expressways and Interstate

highways), and 2.0 for all others.

Pavement Structure Materials

The developed design procedure reflects the pavement structure thickness
in terms of a structural number. The structural number is related to the thick-
ness of the various layers of the pavement structure as follows:

For pavements with granular and stabilized granular base courses,

F
D, = a1Dg1 # asD, # a-D3
For pavements with portland cement concrete base course,
Bt_‘_ = a1Dq # agboy
where: Dy is the structural number,

ay, ap, and a7 are cecefficients of relative strength of the surface

course, base course, and subbase, respectively,
Dy = thickness of surface course in inches,
Dy =z thickness of base course in inches, and

D3 = thickness of subbase in inches.
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The modifications that were developed to account for differences in

1

strength characteristics of the pavement structure materials were based on the
. vheoods that the value of a coefficient for a particular layer of the pave=
~ent structure is not constant, but will vary in accordance with the strength of
the material selected for use in that layer, Relationships between coefficient

values and material strengths determined by test procedures used by the Tllinois

Division of Highways were established for surface course, base course, and sub=

by

base materials. Experience with the materials, coefficients developed on the
Road Test, and the results of test conducted by the Division were used in establishe
ing these relationships.

Minimum coefficient values selected for the materials normally used in
Illinois are presented in Table 6. Values for materials other than those listed
in the table can be estimated from the relationships that follow, Additional
research is being planned to validate these relationships,

Surface Course = Coefficient aj - The coefficient for the surface course

was correlated with Marshall Stabilitv values, This relationship is shown in
¥ P

v

igure 2, The upper value represents the bituminous concrete on the Road Test.

The value of ay for this material is 0.44, and the results of tests by the Division
indicated a Marshall Stability of 2100 pounds, The lower peint represents a low
stability road mix where values of a; and Marshall Stability were assumed to be

OG2O and 300, respectively. The intermediate point represents the Illinois Division

' bituminous concrete Subclass I-11., A value of 0.40 was assumed for

of Highways
81 and a minimum Marshall Stability value was taken as 1700,

Base Course = Coefficient ap. The relationship between the coefficient

8y and material strengths has been developed for four general categories of base:
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granular materials, granular materials stabilized with bituminous materials, gran=
ular materials stabilized with portland cement, and granular materials stabilized
with lime~fly ash,

Figure 3 depicts the relationship developed between coefficients for
granular bLase materials and laboratory CBR values. The upper limit represents the

Reoad Test crushed stone base material, The value of a, for this material is 0,14

and the CBR value, as determined by Illinois, is 110, The lower point represents

the Road Test sand=-gravel subbase material when used as a base course. The coeffi-

s

cient for this materiasl when uged as a base course was esfimated from the Road Test

data to be 0,07, and the CBR value of the material was determined to be 30.

|

g

-

The coefficient for bituminous stabilized granﬁlar base course materials
was considered to vary with Marshall Stability, The developed relationship is
shown in Figure 4, The upper point on the curve represents the bituminous treated
base on the Road Test, The sand-gravel subbase material was mixed with 5,2 percent
of 85=100 penetration grade paving asphalt, A value of 0.34 was estimated from
the Road Test data for this material, and the Marshall stability tests conducted
by Illinecis indicated a value of 1900, The intermediate point represents Grade 11
gravel stabilized with either emulsified or liquid asphalts, The coefficient was
taken as equal toc 0.16 and the equivalent‘ﬁarshall Stability as 300, The lower
point represents the Road Test sand-gravel material without treatment {32 = 0.07).

It was assumed that the coefficient for portland cement stabilized
granular base course material varies with the 7-day compressive strength of the
ma%arialg determined from field and related laboratory tests, as shown in Figure 5,
The curve was developed from three points, The upper represents the Road Test

cement Lreated base material (sandegravel subbase material) with 4 per cent cement,
P
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The value of a, was estimated from the Road Test data to be 0.23., The lower
point represents the same sand-gravel material without cement stabilization

(ap = 0.07). The intermediate point represents the minimum compressive strength
for adequate durability of soll cement base; it was assigned a value of as = 0.15.

It was assumed that the ccefficlent for lime-fly ash stabilized granular
base course material (pozzolanic base) varies with the 21l-day compressive strength
of the material, as determined from field and related laboratory tests, as de-
picted in Figure 6. Since performance data on pozzolanic base course were not
available for determining the relationship between the coefficient 32 and com-
pressive strength, it was necessary to compare the ratios between compressive
strengths at various ages and 7-day strengths for pozzolanic bases to those for
cement stabilized bases, C(ompressive strength tests on field cured specimens
representing fall construction indicate that 4O to 50 per cent of the ultimate
strength can be expected to be cobtained in seven days for cement stabilized
granular material and in 21 days for pozzolanic base material. The 7-day
strength of a pozzolanic base can be expected to represent only 15 1o 20 per
cent of the ultimate strength. Thus, the relationship between ap and 7-day
compressive strength of cement stabilized granular base course has been assumed
to be the same as the relationship between a, and 2l-day compressive strength
of lime-fly ash stabilized granular base course.

The coefficient for new portland cement concrete base course was es-
timated to be 0.5 at a 7-day compressive strength of 2500 psi. An indicated
relationship between the coefficient for portland cement concrete base course
and the coefficients for cement stebilized base course 1s shown in Figure 5.

Subbase - Coefficient as - The coefficilent for subbase material was

correlated with laboratory CBR values obtained by the procedures used by the
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Division. This relationship is shown in Figure 7. The point at a; =z 0.11 and
CBR = 20 represents the sand-gravel ssubbase material used on the Road Test,
The lower point was established at ag = 0,05 and CBR = 5. This is considered
to represent a sandy-clay material, The upper point was established at ap =
0.14 and CBR = 110 for 100 percent crushed material with rough textured surfaces,
SPECIAL CONSIDERATIONS

General

The structural design procedure presented in this paper establishes
a means of determining the structural number (D) and, subsequently, the thick-
nesses of subbase, base, and surface courses required for a bituminous pavement
to give satisfactory performance while carrying a given volume of mixed traf-
fic for a definite period of time, The factors affecting pavement design that
are considered in this procedure include the volume and composition of mixed
traffic, the support strength of the roadbed soils, the strength characteristics
of the materials used in the pavement structure, and the length of time the
pavement is being designed to serve traffic (design period).

This procedure has been developed 5peci£ically‘f9r application in
the structural design of bituminous pavements in Illinois. Applying the
procedure in the design of pavements in regions where climatic and environmen-
tal conditions vary widely from those in Illinois must be done with extreme
caution. It is expected that modifications to reflect variations in climatic
and/envirsnmental conditions will be necessary to permit direct application
of this procedure in pavement design for other regions. Further, the differ~
ences in axle loadings as they exist on Illinois highways and on highways in

other regions should be considered.
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The design procedure has been developed primarily from a study of
the performance of existing pavements in Illinois, Thus, the effects of
the various factors on design are considered to represent Statewide average
conditions, Situations can be expected to arise in which special considera-
tion of one or more of the factors will be necessary so that the determined
design will be both practical and adequate for the traffic the pavement is
intended to carry.

Traffic and Loads

The equivalency factors and equations used for converting structur-
al design traffic into a traffic factor representing the total number of equi-
valent 15=kip single axle load applications are based on Statewide average
distributions of vehicle types and axle loadings, and are directly applicable
to most roads and streets, However, cases will arise in which these factors
and equations cannot be used, and a special analysis will be necessary. One
such cace would be a highway adjacent to an industrial site where heavy coruer-
clel  vehicles entering and leaving the site generally travel empty in one
direction and fully loaded in the other, The information needed for a special
analysis in such a case includes loadometer and traffic classification count
data in sufficient detail to permit a determination of the distribution of
commercial vehicle types and of single and tandem axle loadings within each
type.

Roadbed Soils

The performance of a bituminous pavement is directly related to the
physical properties and supporting power of the materials used in the pavement

structure and of the roadbed soils., The effect of less satisfactory soils can
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be reduced by increasing the thickness of the pavement structure, but it
may be necessary to take other steps to assure adequate pavement perfor-
mance. The problems that can be encountered because of the roadbed soils
being subject to permanent deformation, excessive volume changes, eucessive
deflection and rebound, frost susceptibility, and non-uniform support from
wide variations in soll type or state should be recognized at the design

stage, and corrective measures should be included in the design. These

corrective measures are in addition to the design thicknesses determined

by the procedure.

§§ Pavement Structure
A bituminous pavement consists of © two-layer or a three-=layer
structure, including a surface course and base course or a surface course,
base course, and subbase course, Each layer must have sufficient strength
and thickness to sustain the load imposed upon it and to distribute it over
a sufficient area that the structural strength of the next succeeding layer
will not be excesded. Thus, the composition of the pavement structure must
be such that the strength characteristics of the surface course material
are higher than those of the base course or subbase, and that the strength
characteristics of the base course material are higher than those of the
subbase, This must be borne in mind in selecting the materials to be used
in the pavement structure, In other words, if two granular materials having
different strength characteristics are selected for use, the higher strength
material must be used as the base course and the lower strength material as
the subbase. If only one material is to be used for both the subbase and the

base course, then the pavement structure must be considered as a two=layer sys=

tem consisting only of a surface course and a base course.

=27 -




CHASTAIN AND SCHWARTZ

It is necessary to consider construction asnd maintenance
problems in the early stages of design to avoid an impractical design.
Such considerations usually result in the establishment of minimum
thickness and material requirements for each layer of the pavement
structure., Suggested minimum requirements are presented in Table 7.

The minimum thickness and material requirements lisﬁed in
Table 7 are considered to serve only as guldes in determining the
structural design. The thicknesses and strength characteristics of
the materials to be used as the surface course, base course, and
subbase for any regquired structural number should not be less than
those given in the table; however, the actual thicknesses are 1o be
determined from the pavement thickness equation and from minimum
strengths consistently developed by materials normally used in the
locality involved.

Design Period

The analysis period for the design (design period) has been
left to the option of the designer. It is recommended, however, that
the design period generally should be not less than 20 years for Class
I and Class II roads and streets, and should not exceed 20 years for
Class III and Class IV roads and streets.

The recommendation that the design period for
Class III and Class IV roads and streets not exceed twenty

years 1s based on the fact that the required
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structural design generally will permit the use of a granular base under a
bituminous mat, and the Nationwide average life of this type of pavement is
about seventeen years. Data from the AASHO Road Test has demonstrated that
the level of performance of a bituminous pavement is increased considerably
when the granular base material is stabilized with bitumincus materials cor
portland cement. Thus, it is recommended that the longer design period be
used for Class I and Class II roads and streets since the structural de-
sign generally will require a stabilized granular base course,

The design period may or may not be the actual service life of the
pavement., The actual service life may be longer or shorter than the desinn
period, depending upon the differences between conditions under which the
pavement actually serves and the conditions assumed in design. Highly signifi-
cant are the differences between the structural design traffic and the actual
traffic carriéd by the pavement, and between the structural design terminal
serviceability level and the actual serviceability level at which the pavement
is retired from service.

Stase Construction

Planned stage construction is the construction of roads and streets
in two stages according to design and a predetermined time schedule. The
first stage includes the complete construction of the required thickness of
subbase and/or base course along with the application of a bituminous surface
treatment to serve as a temporary surface course. The second stage includes the
construction of the required type and thickness ¢f bituminous mat,

It is recommended that planned stage construction be used only on
roads and streets requiring structural numbers not in excess of 2,49, The
required structural design should be determined for the full selected design

period. The pavement structure may then be scheduled for construction in two
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stages. 1t is important, however, that th
scheduled and performed before any major distress develops in the base course,
Otherwise, satisfactory performance of the completed pavement cannot be ex-
pected, 1In the event that major distress should occur in a base course beiore
the second stage construction is accomplished, a complete re-evaluation of the
pavement design will be necessary,
APPLICATION OF DESIGHN PROCEDURE
This design procedure establishes a means of determining the thickness
of a bituminous pavement required to carry a specific volume and composition of
mixed traffic for a designated pericd of time and retain a serviceability level
at or above a designated minimum value at the end of this period of tinme.
The application of this method involves three principal determinations:
(1) the conditions under which the pavement is to serve, namely, the
length of time it is to be designed to serve, the traffic it is
to carry, and the support that willbe provided by the roadbed soils;
(2) the structural number, D,_, that will be required; and

B

(3) the types and thicknesses of the individual layers of material that
are to constitute the pavement structure,

The design period is left to the discretion of the designer. It is re~
commended, however, that the design period should be not less than 20 years for
Class I and Class IT roads and streets, and should not exceed 20 years for Class
IIT and IV roads and streets,

The structural design traffic is an estimate of the averaze daily traf-
fic (number of passenger cars, single units, and multiple units) for the vear re=-
presenting one-half of the design period; e.g. when the design period is 20 years
and the anticipated construction date is 19065, the strucktural design traffic will be

an estimate of the average daily traffic projected to 1975,
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The traffic equations in Table 4 and the per cent of vehicles in the
design lane, Table 3, are used to convert structural design traffic into a
traffic factor representing the total number of equivalent 18-kip singlé

axle-load applications to be carried by the pavement during the entire design

period. Any speclal case, such as that described under Traffic and Loads

in SPECIAL CONSIDERATIONS will require & special analysis,

The scoil support CBR value should be determined from the soil

survey and from laboratory CBR tests on the soll samples. In the absence

of laberatory CEBER tests, or other approved test procedures, the CBR value

L

may be estimated as shown in Table 5. Tt is necessary that the soil support

CBR value be taken as g wminimum value., In addition, corrective measures must

sy

be provided for any and all isolated areas where the support of the roadbed
solls falls below the minimum sc that the minimum requirement will be met
throughout.

The structural number, Dy, required for the conditions under which
the pavement is belng designed Lo serve is determined from Chart 1 for Class
I roads and streets, and from Chart 2 for all other classifications of roads
and streets. A line passing through the determined point on the traffic
factor scale and on the soll support CBR scale will intersect the structural
nﬁmber scale at the required Dy value.

The thicknesses of the various layers of the pavement are then deter-
mined from the structural number equations and from the data in Table 6. By
setting the thicknesses of two of the layers, the thickness of the third layer
can be détermined. Trial designs with variations in thicknesses and with
various types of pavement materials will enable the designer to arrive at the
most practical and economical design. To assist in this, the minimum thick-
ness and material requirement given in Table 7 should be followed.
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Minimum material requirements are suggested to insure a better level of
performance throughout the pavement life, It should be remembered that increasing
the quality of material will reduce the thickness that is required and will tend
to increase the level of performance of the pavement provided the established
minimum thicknesses are not viclated.

Application of the design procedure is best demonstrated in the following
example problem:

A. The Problem = to determine the structural thickness needed for the following

conditions:

Class II roads or street,
Two=lane pavement,
Design period = 20 vears,
Structural design traffic:
(a) 4000 total average daily traffic
(1y 3000 passenger cars
(2) 250 single units
(3) 750 multiple units
Soil support CBR value = 3.0,
Both gravel and crushed stone are readily available for use
in the pavement structure

B. The Solution

The first step is to determine the traffic factor. Referring

to Table &4, the T.F. equation for Class II roads and streets is:

T,F, = D.P, (0.146 P.C, = P) # (3‘? 705 S.U, = 8) # (237,260 MU = M)

009,000

Values of P, 5, and M, ebtained from Table 3, for a two-lane

facility are 0,50,

Substituting in the equatigns t

TF = 20 (0,146 = 2000 x= 0,50 #
750 » 0,50)

»

tion given in the problem;

he rm
{3 5 3 25 x 0.50) 4 (337,260 =

o
75

in
39,

TF © 2,03 1,000,000

It is now possible to determine the structural number, Dy, from Chart 2

(a)} Enter the chart at 2.63 on the traffic factor scale and project
a line through 3.0 on the scil support CDR scale to intersect the
styuctural number scale. The structural number, Bt’ at this inter
section 1s 4,75,

The final step is to determine the types and thicknesses of materials.

for the surface course, base course, and subbase that are required
for structural number of 4,75,
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To do this it is first necessary to refer to the minimum thickness

and material requirements which serve as guides in selecting the types

of materials and determining the actual thicknesses to be used. Referring
to Table 7, the minimum requirements for Dt = 4.0 to 4.99 are:

Surface Course = not less than 4 inches thick and not
less than I=11 bituminous concrete,

inches of stabilized
al haVLng a minimum

“eng h ef 650 psi or a
Stability of 500,

Base Course = not less than §
granular materi
Compress ivé sEY
minimum Marshall

Subbase = not less than 4 inches thick and not
less than Grade 11 gravel, if used.

Using these minimum requirements as guides, it is now possible to select
the materials to be used in the surface, base, and subbase courses, and to cal=-
culate the corresponding thicknesses using the equation:

Dy = ajDy 4 azDz ¥ 8.31)3

The values of the coefficients for the materials selected for trail designs
in this sample problem are obtained from Table 6 as follow:

Surface Course aj

I=11 bituminous concrete
(minimum Marshall stab. = 1700) 0,40

Base Course a,

Bituminous Stabilized Granular Material

{900 minimum Marshall Stability) 0.24
Portland Cement Stabilized Granular
Material

(7=day minimum compressive strength

= 550 psi) 0,23
Lime=«Fly Ash Stabilized Granular Material

(21-day minimum compressive strength =

650 PSi} 0323

i Subbase an

Grade 11 gravel
(30 minimum CBR) 0,11
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The thicknesses of the various layers are determined by assuming thick-
nesses for two of the layers within the minimum requirements and calculating the

required thickness of the third layer.

(a) Assume for the example problem that an S-inch bituminous
stabilized granular base (ap = 0.24) is to be used, that
the surface will be 4 inches thick, and that the subbase

will be Grade 11 gravel. The required thickness of subbase
is determined as follows:

Dg = ayDq £ ajD,y # agby
4,75 = (0.40 x &) #(0.24 x 8) # (0.11D3)

Dy = 1.23 = 11.2 inches < Use 11 inches,
0,11
{(b) A second soclution to this problem is obtained by assuming
that an &=-inch portland cement stabilized granular base
(89 2 -0,23) will -be used; that the surface course will.be
4 inches thick, and that the subbase will be Grade 11 gravel.

@«7’5 &= (0@&'0 x '{—3') #(Oa23 # g ?‘l@glﬁ)g)

D3 = 1,31 = 11,91 -« Use 12 inches.
0,11
(¢) A third solution is obtained by assuming a 10~inch bituminous
stabilized base (ap = 0.24) and the subbase will be 4 inches

of Grade 11 gravel. The thickness of surface course is deter-
mined as follows:

4s75 = (Qﬁégﬁl) £ (0.24 = 10) 4 (0,11 x 4)
%% D1 = éaZé = 4,73 inches - Use 4,75 inches.

Thus, for this sample problem three combinations of thicknesses of
specific types of materials (three trail designs) have been determined, and all
equally satisfy the requirement that the structural number, D, equals 4.75.

Other trail designs could be fetermined by assuming different types of
materials and different thicknesses of twe of the layers and computing a new
thickness for the third, providing the types and thicknesses weet the minimum

requirements given in Table 7. The selection of the combination of thicknesses
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and materials to be used for the pavement structure from those dete?mined by the
trail designs is basically a problem of economics, The one selected generally
should be the one that can be built and maintained for the least amount of money.
This can be determined by applying current unit prices to the various combinations

of materials and thicknesses and to maintenance operations,
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APPENDIX A

DEFTHITION OF TERIS

G/

Pavement Structure = the combination of subbase, base course, and

surface course placed on a subgrade to support the traffic load and distribute

it to the roadbed.

Bituminous Pavement = a pavement structure which maintains intimate

contact with and distributes loads to the subgrade and depends upon aggregate

interlock, particle friction, and cohesion for stability, and a pavenment

structure which includes a bituminous concrete surface course over a portland

cement concrete base course.

=
%Wwﬁc
L 5/

Roadbed = the graded portion of a highway within top and side slopes

as a foundation for the pavement structure and shoulder.
c/
et

Subgradé“a the top surface of a roadbed upon which the pavement

structure and shoulders are constructed,
G/

Subbase = the layer or layers of specified or selected material of

designed thickness placed on a subgrade to support a base course,
6/

Base Course = the layer or layers of specified or selected material
of designed thickness placed on a subbase or a subgrade to support a surface
course,

6/

Surface Course = one or more layers of a pavement structure designed

to accommodate the traffic load, the top layer of which resists skidding,
traffic abrasion, and the disintegrating effects of climate, The top layer is
sometimes called "Wearing Course",

Single Units « single unit commercial vehicles having two or three

xles,

Multiple Units = truck tractor semitrailers, full frailer combination

vehicles, and other combinations.
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6/

Single Axle = an assembly of two or more wheels, whose centers are in
one transverse vertical plane or may be included between two parallel transverse
vertical planes 40 inches apart extending across the full width of the vehicle.
s/

Tandem Axle - any ftwo or more consecutive axles whose centers are
more than 40 inches but not more than 96 inches apart, and are individually
attached to and/or articulated from a common attachment to the vehicle including
a connecting mechanism designed to equalize the load between axles,

6/
Axle Load « the total load transmitted to the pavement by either a

single or tandem axle, usually expressed in kips (1000 pounds).

Single Aule Load = the total load transmitted to the road by a single

axle when spaced more than & feet aparb.
o
Tandem Axle Load = the total lecad transmitted to the road by two or

more consecutive aules whose centers may be included between parallel transverse
vertical planes spaced more than 40 inches and not more than 96 inches apart,
xtending across the full width of ‘the vehicle,

Weighted Axle~load Application - that axle lecad application resulting

after the use of the AASHO Recad Test seasonal weighting to describe the relative
serviceability loss petential c¢f a pavement during an index period.

Equivalency Factor - a numerical factor that expresses the relationship

of a given axle load to another axle load in terms of their effect on the
serviceability of a pavement structure, 1In this guide all axle loads are equated
in terms of the equivalent number of repetitions of an 1ld-kip single axle-~load.

£

Time-Traffic Exposure Factor - a numerical factor applied to the thick-

ness index indicated by the Road Test flexible pavement performance equation to

modify the equation to be more representative of the behavior of pavements serv-
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ing under similar conditions but over periods of time more typical of regular

service life.

Design Period - the number of 'years that a pavement is to carry a
specific traffic volume and retain a serviceability level at or above a desig=
nated minimum value,

Structural Design Traffic ~ the average daily traffic projected to

the year representing one half of the design period.

Class I Roads and Streets = roads and streets being designed as four-

lane or more facilities, or as part of future four-lane or more facilities,

Class II Roads and Streets = roads and streets with structural design

traffic greater than 1000 ADT and being designed as two-lane or three-lane facili~
ties,

Class JIT Roads and Streets « roads and streets with structural design

traffic between 400 1000 ADT.

Class IV Roads and Streets = roads and streets with structural design

traffic lesscthan 400 ADT,
Design Lane - the lane carrying the greatest number of single and
multiple units,

Traffic Pactor ~ the total number of 10~kip equivalent single axle

load applications anticipated during the design period, expressed in millions,

Structural Humber - an index number derived from an analysis of traffic

and roadbed soil conditions, which may be converted to pavement thickness through
the use of suitable factors related to the types and strengths of materials being

used in the pavemeni structure.
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CHASTAIN & SCHWARTZ

TARLE - 1
18-Kip Single-Axle Equivalency Factors

Single Axle 18-Kip Single-aAzle Tandem Axle 18-Kip Single-Axle

Load, Kips Equivalency Factor Load, Hips Eqguivalency Factor
P51s2.0 P8122.5 PS1=:2.0 PS1=2.5

2 0.00602 0.0003 4 0.,0003 . 0005

A 0.0022 0.0032 8 0.0030 G.0054

5 6 0.0100 0.0133 12 0,0133 0.0167

|

= 8 0.0323 0.0383 i6 0.0450 0.0550
10 §.0817 ¢.0950 20 0.1117 0.1300

12 0.1750 0.1967 24 0,2617 ;'0g266?

14 0.3383 0.3633 28 0.4683 0.4983

16 G.6017 0.6217 3z 0.8267 (.8533

18 - 1,0000 1.0000 36 ... 1.3800 1.3800

20 ©1,5800 1.5333 40 2.1717 2.1133

22 2.3917 2.2667 Gl 3.2900 3.1183

24 3.5000 3.2433 48 4.8150 4.4617




CHASTAIN AND SCHWARTZ

TABLE 2
Equivalent 10-Kip S.A.L. Applications Per Vehicle
Claseification
Road or Street 13-%ip Equivalent S.A.L. per Vehicle
Classification Passenger Sinzle Multiple
g Cars Units Units
-
; Class I 0.0004 0,117 0.947
Class II 6.0004 0,109 0.924
Class 111 0.0004 0.095 0.7%

Class IV 0,0004 0,027 0.216




CHASTAIN AND SCHWARTZ

TABLE 3

Average Lane Distribution of Structural
Desizn Traffic

STRUCTURAL DESIGN TRAFFIC

No. lanes Percent of Single Percent of
in and Multiple Units Passenger Cars
Pavement in Design Lane in Design Lane
Facility
2 0or 3 50 50
4 45 32

5 or more

40 20
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CHASTAIN AND SCHWARTZ

Table 4 « Traffic Factor (T.F.,) Equations

Class of

Road or Street Equation

Class I T.F. 2 D.P., | (0.146 P,C.xP) # (42,705 SUxS) # 345.655MUxM)
a 1,000,000 ]

Class II T.F, = D.P, (0.146P,.C,xP) # (39.7855Ux8) ¢ (337.260MUxM)
B 1,000,000 a

Class III T.,F. = D.P. | (0,146P,C.xP) # (35,770SUxS) # (239,310MUsM)
- 1,000,000 |

Class IV T.F. z D,P. | (0.146P,C.xP) # (9.855SUxS) # (78.040mux) |

1,000,000

D.P., = Design Period
P.C., S5.U., MU, = Total daily passenger cars,
single units, and multiple
units {structural design traffig)
P, S, M = Percentages of P,C,, S.U,, and ¥.U, in
design lane (see Table 3)




CHASTAIN AND SCHWARTZ

TABIE S
Suggested Minimum Soil Support CBR Values
Soil Classification CBR Value*

A=1 20
An2wl, AmZ=5 15
A=2=0, Aw2~=7 12
A=3 10
A=l A=5, A=0 3
A=T7=5, A=7=0 2

% Values obtained by the CBR test procedure used by the
Illinois Division of Highways; test specimens prepared
by the static method of compaction using 2,000 psi pressure,
and scaked for four days before testing, HRB Proceedings,
Volume 22, 1942, pages 124129,




CHASTAIN AND SCHWARTZ
TABLE 6 = MINIMUM COEFFICIENTS FOR PAVEMENT STRUCTURE MATERIALS

Minimum Strength

Materials Requirements Coefficients?/
M.8,1/ CBR  PSL a1 2, a3

Bituminous Surface, Subclass:

B~l, B=2, B~3, and B~4 300 0.20
B~5 and J-1 500 0.30
I-11 1700 0.40

Base Course

Granular
Gravel, Grade 7 50 0.10

: Gravel, Grade 9 70 0,12
§ Crushed Stone, Grade o 30 0.13
2 Waterbound Macadam 110 0,14
, /
% Selected Soil Stabilized With Portland Cement 3002’ 0.15
L

Granular Material Stabilized With Portland &5‘2é g'ig

Cement, Plant Mix 650 = N

Granular Material Stabilized With Lime~Fly Ash 4502/ 0.20

650-3/ 0.23

Granular Material Stabilized With Bituminous

Materials
Emulsified Asphalts 300 0.16
Liquid Asphalts 400 0,13
Paving Asphalts 630 0,20
200 0,24
1700 2/ 0.33
Portland Cement Concrete (new) 25004 0,50

Subbase
ravel
Grade 11 30 0.11
Grade 7 50 0,12
Grade 9 70 .13
Crushed Stone

Grade 3§ 20 0,14

Marshall Stablility or equivalent, :

7=day compressive strength (valve that can be reasonably expected under field conditions).
21l=day compressive strength (value that can be reasonably ewpected under £ield conditions),
These coefficients rnay he considered as minimums for the materials listed in the table,
For use of materials with minimm strengths in excess of those given above, the coeffi-
cients may be determined from Figures 2 thyough 7 ., Other approved materials of similar
strengths may be substituted for those listed in the table,
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BITUMINOUS PAVEMENT DESIGN

(PS1=2.5)

CLASS T
ROADS AND STREETS
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