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AASHO ROAD TEST EQUATIONS APPLIED TO THE
DESIGN OF PORTLAND CEMENT CONCRETE PAVEMENTS IN ILLINOIS

W. Emmitt Chastain, Sr., Engineer of Research and Development
J. A. Beanblossom, Research Engineer
W. E. Chastain, Jr., Research Engineer

Illinois Division of Highways

The Illinois Division of Highways, for the past few‘years, has been
directing a considerable portion of its research efforts toward developing
practical applications of the findings of the AASHO Road Test Project to de-
sign and evaluation of highﬁay pavements in Illinois. The work has been done
in cooperation with the U.S. Department of Commerce, Bureau of Public Roads.

This paper presents and describes the development of a procedure
for applying the results of the Road Test rigid pavement research to the
structural design of portland cement concrete pavements in Illinois;

The developed procedgre provideé a means for determinining the types
and thicknesses of concrete slab such that, on the average, the pavement will
be capable of carrying a specific volume and compoéition of mixed truck and
passenger car traffic for a designated period of time and, at the same time,
retain a level of serviceability at or above a designated minimum.

The AASHO Road Test rigid pavement performance equationl/ serves as
the basis of this design proceduré. The equation explains performance of the
test sections as'reiated.to pavement design, the'magnitude and configuration
of the axle load, and the number of axle load applications. This equation

neceséarily is limited to the physical enviromment of the Project; to the

materials used in the test pavements; to the range in pavement thicknesses

~included in the experiment; to the axle loads, number of axle load applica-

tions, and the specific times and rates of application of the test traffic;
to the construction techniques employed; and to the climatic cycles experienced

during construction and testing of the experimental facility. To apply the
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equation in the design of regular highway pavements, it was necessary to
make certain assumptions and extrapolations based on experience and engineer-
ing judgement, As additional knowledge is gained through further research
and experience, the precision of these aésumptions and extrapolations should
become sharpened. Therefore, the design proﬁedure presented here;n is pro-
visional in nature and subject to modification based on additional experience

and research.

Research Backgréund Information
Pavement Serviceability-Performance Conceptzl - Zssential to the deve
opment of the Road Test Equations was the estabiistment of a definition of pave-
ment performance and the development of a>system for its measurement. The defin
tion was founded on the basic principle that the prime function of a pavement
is to serve the traveling public. The system of measurement that was developed
establishes the degree to which the.pnblic considers itsélf to'be served.
This has come to be known as the Pavemeﬁt Serviceability-Performance Concept.
Under this concept, the term "present serviceabilily" was choseﬁ to
represent ﬁow well a highway is serving high-volume, high-speed mixed truck and
passenger'vehicle.traffic at a specific time. Performance was then said to be
related to the ability of the pavement to servé traffic over a period of time.
The system of measuring present serviceability was derivéd through
the use of the subjective serviceability ratings of a great number of typical
pavements. The pavements were rated on a scale of zero to five by a panel of
men selected to represent many important groups of highway users. A mathemati-
cal 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 lével of ser-

viceability of rigid pavement sections on the AASHO Road Test:

-2 -
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p = 5.41 - 1,80 log (148V) - 0.094/C # P

where: 'p = present serviceability index,

SV = mean slope variance in the two wheelpaths as measured by the
AASHO Longitudinal Profilometer,

C = lineal feet of cracking per 1000 se. ft. of pavement area, and

P = square feet of bituminous patching per 1000 éq. ft. of pavement
area, )

By relating the results of the AASHO profilometer and Illinois
roadometer, the present serviceability index equation becomes:

p = 12.0 - 4.27 log RI - 0.094/C # P

where: RI = Roughness Index in inches per mile, as obtained by the Illinois
Roadometer.

performance of a pavement is then determined by relating its service-
ability records to the number of axle-load applications.

Performance Equations from AASHO Road Test. Present Serviceability

Index values were determined every two weeke for each Road Test Section.
Serviceability trends were developed fer the sections‘by plotting the Present
Serviceability Index values agalnst the corresponding numbers of axle load
applications. These trends represent the performance of the pavement sections.
AnAequation was then derived to express the shape of the serv1ceab111ty trend |
curves in terms of design thickness, axle load and its coefiguration, and axle-
load applications.

1/

The performance equation developed for the rigid pavement sections™
is:

Gy = log So - pt . ﬁ(log We - logp)
1.5

Co-
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where: Gt = a function (the logarithm) of the ratio of loss in servicea-
bility at time t to the total potential loss taken to the
point where p = 1.5, the point at which pavement sections
©  were removed from test in the AASHO Road Test,

c. = initial serviceability of pavement (equal to 4.5 on test road),

P. = serviceability at the end of time t,

- ‘3 = a function of design and load variables that influences the
§ shape of the p versus Wi performance curve, '

W = number of axle-load applications at time t, and

3 . .
3 . @ = a function of design and load variables that denotes the expec-
ted number of axle-load applications to a serviceability index
Of ’1.5.' )

Expressions for 5 and o are as follows:

log (ﬁ; 1.0) = log 3.63 # 5.20 log (L1 # Lp) - 8.46 log (D2f1) - 3.52 log Ly .

and log@= 5.85 # 7.35 log (Dpf1l) - 4.62 log (L1#Lp) # 3.28 log Ly
where,v Ly = load on.one gingle load axle or on one tandem axle set, kips,
L, = axle code = 1 for single axle = 2 for tandem axle, and
D, = thickness of concrete slab, inches.
f% Equivalent Axle Load Concept. As previously stated, the Road Test

equations ekpress the performance of fhe test sections in terms of pavement
o design, axle load aq@ configuration, and number of axle load applications.
The term "W¢" in thé performance équations denotes the number of axle load
applications of a given magnitude and configuration. This waslpossible 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, it was necessary to reduce normal mixed traffic axle loadings to some

common denominator, or basic loading. The system developed reduces mixed traffi

axle load applicdtions to an equivalent number of 18-kip (18,000-1b.) single axl

-4 -
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load applications. The selection of 18-kip single axle load applications as the
common denominator has no particular significance except that 18,000 pounds is the
legal single axle load limit in Illinois.

This system makes use of "equivalency factors" that were derived from
the Road Test performanée equations. The equivalency factor for any given axle ioad
expresses the number of applicétions-of.an 18-kip single axle load thaﬁ are equivalen
to one application of the given'axle load.

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 equivaléncy

factors times the corresponding numbers of axles in the various categories gives the

‘total number of equivalent ‘18-kip single axle load applications in the traffic stream
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DEVELOPMENT OF DESIGN PROCEDURE

General

This procedure for the structural design of portland cement concrete pave-
ments in Illinois has been prepared on the basis of the findings of the AASHO Road
Test supplemented with the results of research studiesgl conducted by the Illinois
Division'of Highways. The .procedure reflects engineering experience and judgement
of the Division and recommendations of the AASﬁO Committee on Designﬁ/.

The design of a pavément structure requires the compilation and correlatic
of the following facto:s: |

(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; 4 :

'(3) the Tength of time and quality of service expected from
the pavement; : :

(4) the envirommental and climatic conditions of the area where
the pavement is to be built; and

(5 the relative ability of the pavement slabs to support loads.

All of these.factors have been taken into consideration in the developmen
of this design procedure. The iﬁfluenceS«of climate on freeze-thaw cycles, frost
penetration, subgrade m;isture content and on other factors that affect pavement
design have an aépreciable effect on'pavement life. These influences undoubtedly v
from one part of the State to another, and particﬁlarly between the extreme northerr
and extreme éouthern‘portions. However, the relative effects of these variations or
pavement performance are not sufficiently distinguishable at the present state of
knowlgdge to be taken int§ account in pavement degign, and climatic effects cah now

be considered only on a Statewide basis. A comparison of the l4-day flexural strengt
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"of the concrete used in the AASHO Road Test pavements to that of the conérete used
in Illinois higﬁway construction has indicated that, for design purboses, the two
concretes are of tﬁe'same strength. The remaining factors are include& inthe design
s charts and equations.

The charts and equations included in this design procedure were developed

from the AASHO Road Test rigid pavement performance equation with necessary modi-

fications to reflect in the structural design the effects on pavement performance of:

(1) mixed traffic axle loading when compared to the controlled traffic
axle loadings -on the Road Test,

(2) pavement subjected to traffic over a long period of time when
compared to the two years -of traffic on the Road Test, and

(3) variations in the support strengths of the roadbed soils.

‘Mixed Traffic Axle Loadings

To evaluate the effects of mixed traffic axle loadings on pavement per-
formance, a system was developed to convert these loadings into a "traffic factor".
The traffic factor is the total number of equivalent 18-kip single axle load appli-

cations 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" for variou
groupings of single and gandem axle loadings determined from the Road Test equation,
- and Statewide loadometer survey data aﬁd classification counts at loadometer statioms

dating back to 1936 and as recent as 1962. The equivalency factor for any given

single or tandem axle load expresses the number of 18-kip single axle load applicatic
that will have the same effect on pavement performance as one application of the

given axle load. The loadometer and traffic count data were used to determine the

H

: :
2 distribution of single and tandem axle weights for the various classifications of
re vehicles in the mixed traffic stream.
bk

-7 -
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Preliminary analyses demonstrated the need to give épecial consideration
to average axle loadings as they exist for the various individual classifications of
commercial vehicles. Variations in the distribution of vehicle classifications
in the commercial traffic stream from one highway to another are too great to permit
the use of a Statewide average commercial vehicle in evaluating the effects of mixed
traffic axle loadings on pavementvperformance. In the final analysis, consideration
was given to the differences in  average: axle loadingé as they exist for passenger
cars, single units (all two-axle and three-axle single unit trucks and all busses),
and multiple units (three-axle, four-axle, and fivé axle-truck tractor semitrailers
.and all full trailer combipations).

The preliminary analyses also indicated the need for considering the dif-
ferences in average axle weights of both single units and multiple units opérating'on
highways rénging from high-volume major highways with heavy commercial hauling to
low-volume secondary réads with farm-to-market type hauling. To accomplish this
the highway system was divided into three general classifications:

”<(1) Class I Koads and Streets - roads and streets designed as four-
or more-lane facilities, or as part of a future four-or more-lane

facility.

(2) Class 1II Roads and Streets - roads and streets designed as a two-
lane or three-lane facility with structural design traffic greater

than 1,000 ADT.

(3) Class III Roads and Streets - roads and streets with structural
design traffic between 400 and 1,000 ADT.

The above classifications-of roads and streets were selected so that in
general Class I roads and streets represent the Interstate and expressway systems,

Class II the remainder of the primary system, and Class III the secondary system

of highways.
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The results of the AASHO Road Test provided a means of developing equivalenc
factors for converting any given single or tandem axle loading into an equivalénc
number of 18-kip (18,000-pound) single axle load applications relative to its effect

on pavemént performance. The -equivalency factor may be expressed as follows:

i 18-kip single-axle No. of 18-kip single axle load applications to a
equivalency = given present serviceability index
.factor - . No. of x-kip applications’to.the same given

present serviceability index

This factor was developed by the'fqllé&ing mathematical analysis:

l:ﬁ“vie»'ixﬂ

Log Wt' = Log P+ E;_E, or ' ¢

Log Wt = 5.85/7.35 Log (D2f1)-4.62 Log (L1#L2)#3.28 Log Lof G (2)

Whén'Ll“é 18-kip ahd‘Lz = 1 (single axles):

Log Weg = 5.85/7.35 Log (Dpfl)-4.62 Log (18/1) EETS S | (3)
e Whén Li = x kips and Lo = 1 (single axles):
Log We = 5.85/7.35 Log (D,#1) =462 Log (xF1) Gy : )
X

Subtracting equation'(é) from equation (3), the equivalency factor for
single axle loadings becomes: ‘ -

"“é Log TE18 = 4.62 Log (xf1)<4.62 Log (18/1) f G -8 (5)
E : . _ 18 Ag:c
X -

R

Similarly, when-L1 = x and L2 = 2 (tandem axles):

; Log W, = 5.8547.35 Log (Dp#1)-4.62 Log (x£2)#3.28 Log (2) # Gt ' (0)
i" x X

4 | V5

. Then, subtracting equation (6) from equation (3), the equivalency factor

P for tandem axle loads becomes: : .

6o

W G
1 Log fls = 4.62 Log (xA2)-4.62 Log (18£1)-3.28 Log (2) ot G N

= W -
.&,_ . “x 1618 5)(

The term Wt,p » Gg, andAgare as previously defined.

-9 -
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The ratio between Wt and Wy in Equations (5) and (7) express the relation

X

18
ship between 18-kip single axle load and any other axle load (k). As shown by the equ

tions, the equivalency factors vary with pavement design and serviceability level as
well as with axle load and axle configuration. Therefore, averages of the values
obtained for designs vary from 6 to 1l inches and for present serviceability levels
of 2.0 and 2.5 hgve been used. The 18-kip equivalency factor was determined for each
2000-pound increment of load for single axles, and for each 4000-pound increment of
load for tandem axles (Table 1).

These factors were used in combination with loadometer survey data and
traffic classification count. data to reduce mixed traffic to a fixed number of 18-kip
equivalent single axle-load applications. Loadometer data, dating from 1945 to 1962

were available from 19 loadometer stations located on Class I and Class II roads

t

and streets. No loadometer data ﬁere available for Class III roads and streets.
Traffic classification count data were available for Class I, Class II and Class
III roads and streets.

The loadometer data were adjusted in accordance with the traffic classi-
fication count data to provide more representative samples since only a small per-
centage of vehicles were weighed. The adjﬁsted data provided the distribution of
single and tandem axles in each weight group for each classification of vehicle
type on Class I and Class II roads and streets. The axle load equivalency factors
given in Table 1 were then applied to these distributions to determine the 18-kip
equivalent single axle-load applications per passenger car, per average.single unit,
and per average multiple unit for each of the two classifications of roads and streets
The factors corresponding to a terminal serviceability level of 2.5 were used in
connection 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.

- 10 -
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A study of the traffic classification count data for Class III
roads and streets disclosed that the total percent of single and multiple
units waé nét significantly different from that on Class I and Class II
roads and streets, but a larger portion consisted of single units 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 axle loadings for each
individual classification of vehicle within the single unit and multiple
unit groupings was the same as that for Class I and Class II roads and streets;
The loadgmeter data for Class I and Class II réads and streets were then ad-
justed in accordance with the traffic classification count data for Class III
roads and streets. The axle load equivaleﬁcy factors in Table_l for a
terminal serviceability of 2.0 were applied to the adjﬁsted data to determine
18-kip equivalent single axle load applications per passengér car, per single
unit, and per multiple unit for Class III roads and streets. The resultant
‘values did not vary appreciablf from those determined for Class II roads and
streets, and they did not affect a material difference in pavement design.
Therefore, to further simpiify the design procedure, the values used for Class
III roads and‘streegs are the samé as those determined for Class II roads and
streets.

The 18-kip equivalent single axle-load applications per vehicle
classification factors @etermined for Class I, Class II, and Class III roads
and streets are given in Table 2.

The results-of this analysis yielded two important facts regarding

the reduction of mixed traffic axle loadings to 18-kip equivalent single axle

- 11 -
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load apblications:

¢)) 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 nine to ten times great-
er than the effect of single units.

Thus, the total nuﬁber of equivalent 18-kip single axle load applicatioms
to be generated by mixed traffic can depend more on the distribution of the
various classifiqations-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 mixed traffic axle loadings into a traffic factor for use in structural
design.

In developing the equations, special attention was given to the struc-
tural design traffic and to the number~§f single units and multiple units per
day in the design lane. While the structural design traffic represents an esti-
mate of the average dgily traffic in both directions that will be carried by the
highway facility, the pavement structural design will be based on the lane (de-
sign 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 presented in Table 3.

Traffic factor equatioﬁs weré developed for all three classifications
of roads and streets. The equations are given in Table 4. They were developed
from the following model:

TF = DP (k1 x PC x P)+(kp x SU x S) # (k3 x MU x M)
1,000,000

where,

TF = Traffic Factor,

- 12 -
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DP = Design Period, years,

ki = constant for passenger cars, = valué in Table 2 x 365,

)

constant for single units, = value in Table 2 x 365,

constant for multiple units, = value in Table 2 x 365,

o
W
]

d
(9}
L]

Passenger car ADT (two directioms),

SU

Single Unit ADT, (two directioné),

MU = Multiple Unit ADT (two directions),

P = Per cent of passenger car ADT in design lane,

S = Per cént of Singlé Unit ADT in design lane, and

M = Per cent of Multiple Unit ADT in design lane.

[

TS “‘-;
Regrastraty

- 13 -
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Performance of Existing Pavements vs. Predicted Performance

After developing a system for handling mixed traffic axle loadings, the
Road Test performance equation was tested for applicability to Illinois pavements in
regular service. ' This was done by comparing the actual performance of selected pave-
ments with performance as predicted by the equation.

The pavements included in the study were selected on the basis of subgrade
soil, pavement materials, and climatic conditions being similar to those that existed
on the Road Test.

The actual performance.of each selected pavement was established by defer-
mining the present serviceaﬁility iqdex at the time of the study and the total number
of equivalent 18-kip single axle load applications representing the traffic carried
by the pavement to this point in time. The present serviceability index was deter-
mined from roadometer measurements and a patching and cracking survey. The total
number of equivalent 18-kip single axle load applications was determined from the
recorded numbers of passenger cars; single units, and multiple units, and the develop:
18-kip equivalency factors for these three vehicle classifications. (see Table 2)

The analyses of the data from the selected pavements showed that the Road
Test performance equation cannot be applied directly, as it predicted, on the average
higher levels of performance than were actually.obtained. However, there was evidence
of definite trends which indicated that performance of the selected pavements agreed
closely with the performance of pavements on the Road Test of lesser thickness, as
shown in Figure 1. Thié suggested the hypothesis that the general form of the per-
formance equatioﬁ is applicable, and that the equation could be suitably modified for
practical application in structural design by developing a factor for adjusting the

design slab thickness in the equations for @ and g@ . This factor has been termed a

Time-Traffic Exposure Factor, T.

- 14 -



i
1
i
k3

CHASTAIN, SR.
CHASTAIN, JR.
BEANBLOSSOM

The time-traffic exposure factor is considered to modify the Road Test
equation only to be more representative of the behavior of pavements serving under
similar conditions but over periods.-of time more typical of regular service life.

Performance dafa were obtained on 48 pavement sections representing PCC
slab thicknesses of 10-inch uniform, and 9-6-9 and 9-7-9 inch thickened edge designs.

Some of the pavements included in this study were constructed on a granulax
subbase, while others were built directly on the earth subgrade. The AASBO Road Test
demonstrated that thickness of granular subbase does not affect performance of PCC
pavement; however, the performance .of Road Test pavements with subbase was increased
by one third over those of the same slab thickness but without subbase. Therefore,
the performance of each pavement section included in this study that did not have a
granular subbase was adjusted to compensate for the 1ack of subbase by increasing th:
total number of equivalent 18-kip single axle load applications by one third.

The time-traffic exposure factor was determined for each of the 48 pavemen
sections by dividing the thickness, D, of the Illinois slaB by fhe thickness, Dy, of
the Road Test slab that is capable .of carrying the same number of equivalent 18-kip
single axle-léad applications to the same level of serviceability. This relationshi

is expressed as follows:

T=2D
D2
where:
T = Time-traffic exposure factor,

D I1linois slab thickness in inches, and

Dy = Road Test slab thickness in inches..

- 15 -
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The value of D for the thickened edge designs was taken as the
effective uniform thickness by a procedure which makes use of Westergaard's

5
equation for corner loading~ as follows:

Slab Thickness, inches . Effective Thickness, inches
9-6-9 ' | 7.06
9-7-9 7.71

The results of the analyses for the 48 pavement sectioné are depicted

in Figure 2, where the time-traffic exposure factor, T, has been plotted égainst

pavement age in years. The mean value "of T was determined to be 1. 34; a value
of 1.30 has been used in developing the design nomographs in Charts 1 and 2.

Roadbed Soils

Soil of one type and strength was in the AASHO Road Test. The upper
three-feet portion of embankment under all the pavement test sections was an
A-6 (9-13) soil. This fact made it necessary to develop a means of modifying
. the results obtained from the AASHO Road Test performance equation to permit
the development of slab thicknéss designs for other soil types.' |
The soil support scales on Charts 1 and 2 represent the modificatién
tﬁat has been made to include the. support strength of roadbed soils as a variable.
This modification was made on a theoretical basis, following the procedures sug-
fested by the AASHO Committee on Design.” It involved a comparison of stresses
compuﬁed.from actual strains measured on the Road Test slabs to the stresses
calculated by Spangler}s equation for corner loading. The resultant modification
of the Road Test equation provides a theoretical ﬁeasure of the effects on per-
formance of changes in the modulus of subgrade reaction, the flexural strength
of the concrete slab and the modulus of elasticity of the concrete. The re-

vised performance equation for p = 2.0 is:

- 16 -
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- Ge | (£_)0.25
log W, = 7.35 log (D2#1)-0.06 # 4 3.58 log TS 53
8¢ (D2 - 18.416(k')

N & . <.25 _|

i : and for p = 2.5: - 0 0.25
4 ' , Se (Dy 13 18.416(k) ) T
) log wp = 7.35 log (D2£1)-0.06 $ G # 3.42 log (E.) 2.25
: . 5 0.75 ‘ 0.25
S (D2 - 18.416(k") )
i ¢ O
Where: w = number of .axle load applications at a given present
P serviceability index, p,
Se & S¢ = modulus of rupture for Road Test slabs and slabs to be
. designed, respectively,
E. & E! = Young's modulus of elasticity of concrete for Road Test
¢ slabs and slabs to be designed, respectively,
k & k' = Modulus of subgrade reaction for Road Test soils and

other soils, respectively.
The remaining terﬁs are as preQiously defined.
A comparison of the average flexural strength of the concrete used
in Illinois pavements to that of the Road Test concrete demonstrated that the

two were of the same strength, hence Sé = S,. E  was determined on the Road Test

to be 4.2 x 108 (Static at 28 -days) psi. E, was assuﬁed to be equal to E.. The
value of k for the Road Testlsoils was taken at 100 psi/inch. Then, by substitutior

the modified equatibn for p = 2.0 becomes:

§ 0.75 1
3 log wp = 7,35 log (szl) - 0,06 ¢ Gy ¢ 3.58 log Dyt - 1,286
Ty B 0:75 0.25
Ol 0, - 0.4068 (k')

: and for p = 2.5 becomes C -

| _ - 0.75 .
- log Wp = 7.35 log (D2#1) - 0.06 # EE_ 4 3.42 log | Dy - 1.286

; ‘3 0.75 : 0.25
e . L_Dz - 0.4068 (k') i

Points to construct a soil support scale on Charts 1 and 2 were

g
[CERre

developed by solving the revised equations for wp, using various values of

- 17 -
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modulus of subgrade reaction with various slab thicknesses. Since the
Illinois Division of Highways does not use k values to determine soil strengths,
it was necessary to convert k values to CBR values. This was done by using
a correlation previously developed by T. A. Middlebrooks and G. E. Bertram.é/
Both the k-scale and the CBR-scale are shown as a part of the soil support scale
| on Charts 1 and 2.

The soil support CBR value‘selected for use by the designer should.
represent a minimum value for the soil to be used. Preferably, laborétor;

tests should be made on 4-day soaked samples of the soils to be used in con-

struction. In the event that actual test data cannot be obtained, the minimum

“=;Tab1e values presented in Table 5 are recommended for use.
5 bl :
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Design Charts

The design charts, Chart 1 and Cha:t 2, include a traffic factor scale,

a soil support scale, and a slab thickness scale. They represent graphic presen-
tations of fhe AASHO Road Test rigid pavement performance equation as modified
for Illinois use. Chart 1 is for use in determining the pavement structural de-
sign for Ciass I roads and streets (interstate highways and expressways). Chart
2 is for use in determining the pavement structural design for Class II and

Class III roads and streets.

The baéic difference between the two charts is the terminal serviceability
level assumed in the development. Chart 1 isAbased on a terminal serviceability
level of 2.5 éﬂd éhart 2 on 2.0. The selection of these levels wa§ based on the
average level of‘fetifement throughout the Nation, the level at which pavements
are being retired inllllinois, and recomﬁehdations of the AASHO Committee on De-
sign.

Thelterminal serviceability level of 2.0 is representative of the average
level at which pavements are being retired throughout the Nation. This level was
determined. by a survey conducted in 1961 by the Bureau of Public Roads in coopera;
tion with the State highway departments at the requést of the AASHO Committee on
Highway Transport.l/ A study of the terminal serviceability level of highway pave-

ments 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. Further,
the AASHO Committee on Designg/ 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 serviceability level

of 2.5 for Class I roads and streets (expfessways and Interstate highways), and 2.0

for all others.
- 19 -
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The slab thickness scales on Charts 1 and 2 include both standard
reinforced and continuously reinforced pavement. The continucusly reinforced
pavemenf is taken to have longitudinal reinforcement amounting to not less
than 0.6 per cent of the cross-sectional area of the slab. A correlation of
the thicknesses of'the two types of pavement was developed from a study of the
- performance of Illinois pavements.

In 1948, the Illinois Division of Highways constructed a 6-mile sec-
tion of continuously reinforced concrete pavement on Route US 40 near Vandalia,
To date, this pavement is giving outstandingly gocd service. Thé maintenance

cost has been low and its surface smoothness, when compared to that of regular
pavements of equal age and traffic load, is superior to any that has been IrA1ea==
- sured elsewhere in the State.

The experimental pavement in Vandalia has been under close observation

since it was constructed. Pavements of seven-and eight-inch thicknesses were in-

cluded in this project. Longitudinal steel in amounts of 0.3, 0.5, 0.7, and

1.0 per cent of the cross-sectional area of the pavement are included for both

3
LB
s thicknesses.
I All sections of the eight-inch thickness and the section of seven-inch
|
-4
thickness with 1.0 per cent longitudinal reinforcement have not dropped in ser-
2 .
é\ viceability sufficiently to distinguish any differences in pavement performance.
Ty However, the results of an analysis of the data for the seven-inch sections, shown
i3

in Figure 3, has indicated that a 7-inch slab with 0.6 per cent of longitudinal

i

steel and no subbase could be expected to perform in a manner equivalent to the
10-inch standard reinforced control section which has a 6-inch granular subbase.
Based on this, the ratio of the thickness of continuously reinforced pavement to

the thickness of standard reinforced pavement that can be expected to give the same

performance has been taken to be 0.7
- 20 -
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SPECIAL CONSIDERATIONS

General

The structural design procedured presented in this paper establisﬁes a means
of determining the type and thickness of slab required for a portland cement concrete
pavement to‘give satisfactory performance while carrying a given volume and compositit
of mixed traffic for definite period of time. The factors affecting pavement design
that are considered in this procedure include the volume and coﬁpoéition of mixed
traffic, the.subport strength of the roadbed soils, and the length of time the pave-
ment is being designed to serve traffic (design period).

The procedure has been developed specifically for application in the

structural design of pavements in Illinois. Applying the procedure in the design

of pavements in regions where climatic and environmental conditions vary widely from

those in Illinois must be done with extreme caution. It is expected that modificatio
to reflect variations climatic and environmental conditions will be necessary to
permit direct application of this procedure in the design of pavements in other
regions. Further, the differences in axle loadings as they exist on Illinois highway
and on highways in other regions should be considered.

The design procedure has been developed primarily from a study of the per-
formance of existing pavements in Illinois. Thus, the effects of the various factors
on design are considered to represent Statewide average‘conditions. Situations can
be éxpected to arise in which special consideration of one or more of the factors wi:
be necessary so that the determined design will be both practical and adequate for t.
traffic the pavement is intended to carry.

Traffic and Loads

The equivalency factors and equations used for converting structural desig

traffic into equivalent 18-kip single axle-load applications are based on a statewid:

- 21 -
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average distribution of vehicle types and axle loadings, and are directly applicable to

most roads and streets. However, cases will arise in which the factors and equations

cannot be used, and a special analysis will be necessary. One such case would be

_that involving a highway adjacent to an industrial site where the commercial vehicles

entering and leaving the site generally travel empty in one direction and fully

"loaded in the other. The information needed for special analysis in such a case

includes loadometer and classification count data in sufficient detail to permit a
determination of the distribution of commercial vehicle types and the single-and
tandem axle loadings within each type.

Roadbed Soils

The performénce of a portland cement concrete pavement is directly.related
to the physical properties and supporting power of the roadbed soils. Some soils
have a detrimental effect on performance that cannot always be overcome by increasing
slab thickness. The problems that can arise as a result of the various prqperties
of roadbed soils, such as permgnent deformatibns, excessive deflection and rebound,
excessive voleme changes, and'frogt suscéptiﬁility need to be recognized in the
design stage.t Provisions for-the'soiution of these probiems should be included in the
plans and specifications:

Slab Type and Thickness

The type and thickness of slab is determined directly from Chart 1 or Chart
2. To insure against impractical designs the following basic rules are suggested

to serve as guides in using the charts:

(1) Minimum requirements should be established (Suggested Minimum
requirements are shown in Table 6).

(2) when the analysis indicates a slab thickness less thaﬁ the

minimum requirements, the pavement design should be based
on the minimum requirements.

- 22 -
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(3) When the analysis indicates a slab thickness 0.3 inches
or less over an even inch, the design thickness may be
; taken as the even inch; when the analysis indicates a
! slab thickness 0.4 inch or more over an even inch, the
- next higher full inch should be used (e.g., for 8.3 inches
_Table A use 8.0 inches, and for 8.4 inches use 9.0 inches).

Subbase Type and Thickness .

Subbase thickness was excluded as a variable in'the AASHO Road Test per-
formance equation. An analysis of the results of the test demonstrated that variationms
of between 3 and 9 inches in subbase thickness had no significant effect on the per-

formance of the test pavements. The performance of sections of 'pavement having a

subbase, however, was superior to that of sections having the same slab thickness

~ without a subbase.

Subbase thickness has not been included as a design variable in this work.

*

The design procedure was developed on the basis that .a subbase is to be used beneath

all portland cement concrete slabs. It is considered, howevef, that a subbase could

be omitted on (1) streets with curbs and gutters and storm sewer systems that are

¥

to serve only residential traffic, (2) streets with curbs and gutters and storm

sewer systems and are to be constructed on existing roadbeds that are not to be

— appreciably disturbed during the new construction, and (3) Class II or Class III roads

and streets at locations having roadbed soils that are of a quality eQual to the

{gwxm,:,

standard granular subbase requirements.
TE ) .
L Suggested minimum requirements for type and thickness of subbase are given

in Table 6., To provide a subbase that will be less susceptible to scouring, it is

recommended that only stabilized granular materials be used when the number of 18-kip

equivélent single axle load applications exceeds 130,000 per year. This number of

bseanameny

applications resulted from an analysis of performance data from the AASHO Road Test

PR
i s
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and condition survey data pﬁgzzged on Route US 66. These data suggest that when

the magnitude and frequency of heavy axle-load applicétions increase to the point that
the number of 18-kip equivalent single axle-;oad applications reached approximately
130,000 per year, pumping could become a serious problem with a granular subbase

that is not stabilized.

Design Period

The design period is left to the option of the designer. However, it is
fecommended that the.design period should be not less than 20 years except.for unusual
conditions.

The design period may or may not be the actual service life of the pave-
ment. The actual service iife may be longer or shorter than the design period de;
pending upon the conditions under which the pavement actuélly serves, and conditions
given for the design. Highly significant are the differences between the structural
design traffic and the actual traffic carried by the pavement, apd the difference
between the.design terminal serviceability level and the actual serviceability level
at ﬁhich the pavementiis retired from-sefvice.

APPLICATION OF DESIGN. PROCEDURE

The design proéedure described herein enables the designer to determine the
type of thickness of pavement fequired to carry a specific volume and composition of-
mixed traffic for a designated period of time and retain a serwiceability level at
or above a designated minimum value.

The application of the method involves three principal determinations.

They are: (1) the conditions under which the pavement is to serve, namely, the
length of time it is to serve, the traffic it is to carry, and the support that will

be provided by the roadbed soils, (2) the type and thickness, D, of pavement slab th:

- 24 -
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will be required, and (3) the type and thickness of the subbase.

The design period is left to the descretion of the designer. It is recem-
mended, however, that the design period should be not less than 20 years except for
unusual conditions.

The structural design traffic is an estimate of the average daily traffic
(numbers of passenger cars, single units, and multiple units) for the year repre-
senting one helf”of‘ﬁhe design period, e.g., when the design period is 20 years and
the anticipated:ceﬁstfﬁction date is 1965, the structural design traffic will be an
estimate of ehe:everege daily traffic projected to 1975.

The equationsein Table 4 and the data in Table 3 are used to conmvert struc-
tural design tfefficlinto'a traffic factor representing total 18-kip equivalent single
axle load appllcatlons to be generated by the traffic during the design period. Any
s;ec1a1 case, such as that descrlbed under Traffic and Loads in "Special Considerations”
will require a speciél'enalysis.

The -soil euppprtNCBR valuexshould.bevdetermined from a soil survey and
laboratory CBR teété;oﬁ@saﬁples=6fAthe<epil to be used in the roadbed. In the absence
of laboratbry CBR teéts;itﬁe“minimnm'CBR values shown iﬁ Table 5 may be used.

The type and thlckness of a pavement are determined from Chart 1, for Class
I roads and streets and from Chart 2 for Class II and Class 11T roads and streets., When
a straight line comnecting the point on the traffic-factor scale (scale a), correspond-
ing to the value of the.traffic factor obcained by solving the pertinent equation
shown in Table 4, with the point on the soil-support scale (scale b), representing the
CBR or k value -obtained f;om soil strength tests or Table 5, is extended to the right

in Chart 1 or Chart 2 to an intersection with.the-pavement-type and thickness scale
(ecale c), the point of intersection will reveal the type -and thickness -of the port-

land cement concrete pavement which will satisfy the prescribed design requirements.

- 25 =~
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The necessary steps in utilizing the charts and equation in structural

design are illustrated in the following example problem.

|
[ SSa—

oF Ty
il

B.

A. The problém - to determine the type and thickness of pavement that will

satisfy the following prescribed conditions:
"1, Class II roads and stfeets (two-lane facility)
2. Deéign.period =»30 years
3.‘ Structu;al design traffic

L

(a) 4000 total average daily traffic representing traffic
predicted for the year 1980 (construction scheduled

for completion inv1965)
(1) 3000 passenger cars
(2) 250 single units
3) 1750 multiple units
4. Soil Support CBR value = 3.0

The Solution

1. The first step is to convert the structural design traffic into a
traffic factor. Referring to Table 4, the equation for use with
Class II roads and streets is:

TF = DP (0.146PCxP) # (44.895SUxS) # (413.910MUXM)
' 1,000,000

From Table 3, values of P, S, and M are 0.50 for two-lane facilities.
Substituting in the equation the information given in the problem,

then:

TF = 30 (0.146x3000x0.50) ¢ (44.895%x250x0.50) ¢ (413.910x750x0.50)
1,000,000

TF = 4.83

2. It is now possible to determine the slab type and thickness from Chart
2. Enter the Chart at 4.83 on the traffic factor scale and project a
straight line through CBR = 3.0 on the soil support scale to intersect
the thickness scale. The point of intersection shows that a 9.7 inch
standard reinforced pavement is required. For design purposes, use a
10-inch slab thickness, or a 7-inch continuously reinforced pavement

may be used.
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3. Minimum requirements for type and thickness of subbase are given

© in Table 6. Since the number of 18-kip equivalent single axle-
load applications per year exceeds 130,000, the subbase shall be
4 inches of stabilized granular material - (4.83x1,000,000) =
30 = 161,000 equivalent 18-kip single axle load applications
per year. '

3

i
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. DEFINITION OF. TERMS

8/
Pavement Structure— --- the combination of subbase, base course, and

3 surface course placed on a subgrade to support the traffic load and distribute
it to the roadbed.

Portland Cement Concrete Pavement - a pavement structure which dis-

tributes loads to the subgrade having é; one course a portland cement concrete
.slab of relatively high bending resistance.
-Roadbedé/ - the graded portion of a highway within top and side
slopes, prepared as a foundation for the pavement structure and shoulder.
'Subgfadeg/ - the top surface of a roadbed upon which_the pavement .
structure and shoulders are constructed.

8/

Roadbed Materials=/ - the material below the subgrade in cuts and

embankments and in embankment foundations extending to such depth as affects
the support of the pavement structure.
8/
Subbase™ =~ the layer or layers of specified or selected material

of design thickness placed on a subgrade to support the rigid slab.

Rigid Slabg/‘- a section of-portland cement concrete -pavement bounded
by joints and edges, designed for continuity of tensile stress.

gggggg/ - a fissure or open seam not necessarily extending through
the body of a material.

8/
Pumping™ -~ the ejection of foundation material, either wet or dry,

through joints or cracks or along edges of rigid slabs, due to vertical move-
r$1 ments of the slab under traffic,

Single Units - single unit commerical vehicles having either two or

P three axles.
=

Multiple Units - truck tractor semitrailers, truck full trailer

combination vehicles, and other combinations.

- 28 -
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Single Axleg/ - an assembly of two or more wheels, whose centers are
in one transverse vertical plane or may be included between two parallel trans-
verse vertical planes 40 inches apart extending across the full width of the
vehicle.

Tandem Axle™ - any two or more consecutive axles whose centers are more

-

than 40 inches but not more than 96 inches apart, and are individually attached

j to and/or articulated from a common attachment to the vehicle including a connéc7

ting mechanism designed to equalize the load between axles.,

vy ‘ g . .

} é Axle Load—/~ the total load transmitted to the pavement by either a
single or tandem axle, usually expressed in kips (1000 pounds).

:ag Single Axle Load - the total load transmitted to the road by a single

axle when spaced more than. 8 feet from the center of the next nearest axle.

Tandem Axle Load3/- the total load transmitted to the road by two or

rr“g

more consecutive axles whose centers may be included between parallel transverse

L

vertical planes spaced more than 40 inches and not more than 96 inches apart,
extending across the full width of the vehicle.

Subgrade Reactidn fk)- Westergaard's modulus of subgrade reaction - the

) iz.euﬁ“’éj W‘Q

load in pounds per square inch on a loaded area of the subgrade divided by the

deflection in inches of the subgrade - pounds per 'square inch per inch (psi/in).

»Time-Traffié Exposure Factor - a numerical factor applied to the rigid

FIo—

o slab thicknesses indicated by the Road Test performance equation to modify the
Tt equation to be more nearly representative.of the behavior of pavements serving
. under similar conditions but over periods of time more typical of regular service
3-1 life.

:«‘ Equivalency Factor - a numerical factor'that'expresses the relationshij
{_é of a giveﬁ axle-load to -another axle-load in terms.of their effect on the servic
rg bility of a pavement structure. In this policy, all axle-loads are equated in

terms of equivalent 18-kip single axle-load applications.
) - 29 -
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Traffic Factor - the total number of 18-kip equivalent single axle-load

applications anticipated during the design period, expressed in millions.

Class I Roads and Streets - roads and streets designed as a four-or-more

lane facility, or as part of a future four-or-more lane facility.

Class II Roads and Streets - roads and streets designed as a two-lane

or three-lane facility with structural design traffic greater than 1000 ADT.

Class III‘Rbads and Streets - roads and streets with structural design
traffic between 400 and 1000 ADT.

Design Period - the number of years that:a pavement is to carry a speci-

fic traffic volume and retain a serviceability level at or above a designated
minimum . value.

! Structural Design Traffic - the average daily traffic estimated for

the year representing one-half of the design period.
Design Lane - the lane carrying the greatest number of single and mul-

tiple units.
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TARLE 1
18-KIP SINGLE-AXLE EQUIVALENCY FACTORS
SINGLE AXLE 18-KIP SINGLE- AXLE . IAN'DEM AXLE 18-KIP SINGLE_-‘AXLE
LOAD, KIPS EQUIVALENCY FACTOR LOAD, KIPS EQUIVALENCY FACTOR
p = 2.0 p = 2.5 p=2.0 p=2.5
" 2 0.0002 0.0002 4 0.0005 -
~ 4 0.002 0.002 8 | 0.005 -
6 0.010 0.010 12 0.030 0.030
8 0.030 0.030 16 0.082 0.085
10 0.082 0.085 20 0.207 0.212
12 0.178 0.183 , 24 0.443 0.452
14 0.343 0.352 28 0.850 0.850
16 0.603 0.610 32 1.49 1.473
18 1.000 1.000 36 2.467 2.388
. 20 1.572 1.552 40 3.858 3.673
) 22 2.363 2.302 44 5.797 5,430
‘ 24 3.437  ° 3.300 48 8.412 7.760
;
L3
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TABLE 2
Equivalent 18-Kip Single Axle Load Applications
Per Vehicle Classification

ROAD AND STREET 18-KIP EQUIVALENT S.A.L. APPLICATIONS PER VEHICLE
CLASSIFICAIION pagsenger Cars ' single Units Mulitple Units
Class I 0.0004 0,123 1.155
Class II 0.0004 0.123 1.134
Class III - 0.,0004 0.123 1.134
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Table 3
Average Lane Distribution of Structural
Design Traffic
No. Lanes in STRUCTURAL DESIGN TRAFFIC v
Pavement : Percent of Single and Multiple Per Cent of Passenger
Facility Units in Design Lane Cars in Design Lane
.20r3 50 50
4 ' 45 ‘ 32
6 or more : ' 40 20
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Table &4

Traffic Factor (TF) Equations

Classification of

Road or Street Traffic Factor Equation
Class I TF = DP (0.146PCxP) ¢ (44.8955UxS) # (421.575MUXM)
1,000,000
. Class 1I
3 & TF = DP (0.146PCxP) ¢ ( 44.8955UxS) # (413.910MUxM)
1,000,000
Class III .
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Table 5
N Suggested Minimum Soil Support CBR Values
Soil Classification’ | 'A' 'CBR Value¥
| A-1 . ' : " 20
v A-2-4, A-2-5 15
: A-2-6, A-2-7 . 12
A-3 10
A-a, A-S, A-6 3
A-7-5, A-7-6 ' 2

#yalues obtained by the CBR test procedure used by the Illinois
Division of Highways; test specimens prepared by the static
method of compaction using 2000 psi pressure, and soaked for

., four days before testing. HRB Proceedings, Volume 22, 1942,
pages 124 - 129. ‘
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- CHART 1 -

PORTLAND CEMENT CONCRETE PAVEMENTS
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CLASS I ROADS & STREETS
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- CHART 2 - |

PORTLAND CEMENT CONCRETE PAVEMENTS
CLASS IT & III ROADS AND STREETS
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