
CONCLUSIONS 

1. Pressure-relief joints can contribute substantially 
to the reduction of blowups and general distress of 
portland-cement concrete pavements. 

2. Pavement containing pressure-relief joints can 
experience an excessively wide opening of intermediate 
joints such that the effectiveness of preformed seals is 
impaired. 

3. Rapid, pressure-relief joint closure may be an 
indication that additional relief is needed. 

4. Pressure-relief joints installed at midslab are 
somewhat more effective than those installed in conjunc
tion with full-depth pavement repairs. 

5. Pressure-relief joints are not useful when they 
are in close proximity to a bridge that has protection 
expansion joints or when they are near blowups where 
a full-depth or full-width portion of a pavement has been 
replaced with bituminous concrete. 

6. When making the decision to provide pressure
relief joints, careful consideration should be given to 
the pavement design and performance history. 

7. Pressure-relief joints can be used effectively 
under bituminous-concrete overlays on portland-cement 
concrete pavements. 
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Performance Evaluation for 
Bituminous-Concrete Pavements 
at the Pennsylvania State Test Track 
M. C. Wang and T. D. Larson, Pennsylvania State University 

The Pennsylvania State Test Track, which was completed in August 1972, 
will be used to develop engineering data and criteria for the design and 
construction of new pavements and for the improvement and mainte
nance of existing pavements. The test track is composed of sections with 
various base-course materials and different layer thicknesses. This paper 
presents the results of performance analyses for sections containing 
bituminous-concrete base. The analysis was made by using an elastic
layer computer program; only the spring weather condition was con
sidered. Critical responses analyzed were maximum vertical compressive 
strain at the top of the subgrade, maximum radial tensile strain at the 
bottom of the base course, and maximum deflection on the pavement 
surface. Performance data collected included present serviceability index, 
rut depth, and cracking. Correlations between critical response and pave
ment performance were established . These correlations permit prediction 
of pavement performance from pavement response determined in the 
spring season. A maximum compressive strain of 450 µm/m (0.000 450 
in/in) at the top of the subgrade, a maximum tensile strain of 120 µm/m 
(0.000 120 in/in) at the bottom of the base course, and a maximum de
flection of 0.51 mm (0.020 in) on the pavement surface were established 
as the limiting criteria for flexible pavements with bituminous bases to 
withstand 1000000 applications of an 8165-kg (18,kip) axle load with
out significant fatigue cracking. Based on these limiting criteria, struc
tural coefficients of the bituminous-concrete base and the crushed· 
limestone subbase were developed. The structural coefficients vary sig· 
nificantly with layer 1h ickness. 

Recognizing the need for an integrated program for pave
ment research, The Pennsylvania Transportation Insti
tute in cooperation with the Pennsylvania Department of 
Transportation constructed a one-lane 1.6-km (1-mile) 
long highway. This facility was completed in August 
1972 and is located 9. 7 km (6 miles) northeast of State 
College and 1.1 km (0. 7 miles) northeast of University 
Park Airport in an agricultural area owned by the Penn
sylvania State University. 

The goal of pavement research at the facility is to de -
velop engineering data and criteria that can be used in 
the design and construction of new pavements and in the 
improvement and maintenance of existing pavements. 
To achieve this goal, two long-range objectives were 
developed to guide research at the facility. The first 
is to validate, refine, or, if necessary, regenerate the 
flexible-pavement design procedure in Pennsylvania. 
The second is to evaluate the ability of existing pavement
damage models to predict pavement performance. 

This paper presents the results of the performance 
evaluation based on pavement response for the sections 
that have a bituminous-concrete base course. From 
field performance data together with pavement response, 
limiting strain and limiting deflection criteria were de-
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veloped. Based on these criteria, structural coeffi
cients of the bituminous-concrete base and limestone 
subbase were determined. 

PENNSYLVANIA STATE TEST TRACK 

In the first cycle of study, the test track was composed 
of 17 sections of various lengths. Each section con
tained either different base-course materials with the 
same layer thickness or one type of base material with 
different layer thicknesses. After the first cycle of 
study was completed, one section was resurfaced with 
a 6.3-cm (2.5-in) overlay and four sections were re
placed by eight shorter sections. Figure 1 shows the 
plan view and the longitudinal profile of the test track. 

The subgrade soil had classifications ranging from 
A-4 to A-7, and the predominant classification was A-7. 
The ave1·age in situ ch·y density I moisture content and 
soaked California bearing 1·atio wer e about 1690 kg/ m~ 
(105. 5 lb/ ft3

), 18.9 percent, and 11 respectively. The 
subbase material was a crushed limestone, natural to 
central Pennsylvania. The four different base-course 
materials used were bituminous concrete, aggregate
lime-pozzolan, aggregate-cement, and aggregate
bituminous. Only the bituminous-concrete sections are 
analyzed in this paper. 

The wearing surface was constructed with one type 
of material for the entire test track. Seven sections 
were surfaced with a 3.8-cm (1.5-in) wearing course. 
Other sections had a 2.5-cm (1.0-in) wearing course 
underlaid by a 3.8-cm (1.5-in) ID-2A binder course. 
The characteristics of the wearing, binder, base, sub
base, and subgrade materials are given elsewhere (1). 

Since the testing facility was designed for an accel
erated life, the test track was subjected to traffic for 
18 h/ d, 7 d/ week for the first 11 months and then for 
10.5 h/d, 5 d/week for an additional 9 months. The first 
cycle of study was completed in December 1974, and, 
by that time, all sections had been subjected to about 
1 100 000 applications of an 8165-kg (18-kip) equivalent 
axle load (EAL). For the second cycle of study, traffic 
operation began in December 1_975. Because of bridge 
construction, traffic operation was discontinued in May 
1976. By that time , a total of about 1 500 000 EAL ap
plications had been applied to the old pavements. The 
traffic was a conventional truck tractor that pulled a 
semitrailer and a full trailer. Complete information 
on design, construction, material properties, and traf
fic operation is documented elsewhere (.!_, ~. 

FIELD MEASUREMENTS 

Field testing of pavement response and measurement of 
test track performance were conducted periodically. 
Surface deflections were determined biweekly by using 
the Benkelman beam and the road rater. Rut depth was 
measured weekly every 6.1 m (20 ft) on both wheel paths 
by using an A-frame that was attached to a 2.1-m (7-ft) 
long base channel. Surface cracking was surveyed and 
mapped weekly; the total length of class 1 crack and the 
total area of class 2 and class 3 cracks were determined. 
Surface roughness was measured biweekly by using a 
MacBeth profilograph on both wheel paths. The rough
ness factors obtained from the profilograph data were 
converted into present serviceability index (PSI) of the 
pavement by using the following equations: 

PSI = 11.16 - 4. 06 (log RF) 

RF= 63.27 + 1.083 (R) 

where 

(1) 

(2) 

R = profilograph readings and 
RF = roughness factor. 

Equation 1 was developed by the Bureau of Materials 
Testing and Research of the Pennsylvania Department 
of Transportation, and it is based on the correlation of 
profilograph data with the PSI value that was obtained 
by using a surface dynamic profilometer. 

In addition to the above testing and measurements, 
pavement temperature profile and subgrade moisture 
distribution were measured by using thermocouples and 
moisture cells. These cells were embedded at various 
depths in various sections. Also, two frost-depth indi
cators were installed in the pavement to measure the 
depth of frost penetration. Various meterological 
gauges were installed at the track to collect weather 
data that included wind velocity, precipitation, and tem
perature. 

PERFORMANCE DATA 

Figure 2 shows the variation of PSI with an 8165-kg (18-
kip) EAL application. Each value represents the average 
of both wheel paths. Section 8, which was overlaid at the 
end of the first cycle of study, reached a PSI value of 2 .1. 
Also, the initial PSI values are generally low and vary 
considerably. For this reason, the analysis presented 
later considers only the difference in PSI that occurred 
after the initial measurements in August 1972. 

The number of 8165-kg (18-kip) EAL applications 
when significant fatigue cracking was observed, the total 
length of class 1 cracks, and the total area of class 2 
and class 3 cracks are given in Table 1. These crack 
data form major bases for determination of limiting cri
teria used in the analyses . 

MATERIAL CHARACTERIZATION 

The material properties needed to analyze the pavement 
response were determined by using various testing 
methods. Both a static-plate load test and laboratory
repeated load tests on laboratory-compacted specimens 
were used to determine the elastic modulus of each con
stituent layer. The laboratory-repeated load tests were 
conducted under various deviating and confining pres
sures. Results obtained from these two test methods 
agreed reasonably well , although the plate load test gen
erally gave relatively higher moduli values. Final se
lection of appropriate elastic moduli from these two sets 
of results was made by using an elastic-layer computer 
program in conjunction with the surface deflection data 
determined from the Benkelman beam tests. Figure 3 
shows the elastic moduli of surface and base materials 
for various temperatures. The subgrade modulus de
creases significantly with increasing moisture content 
and is approximately 55.2 MPa {8000 lbf/ in2

) at a mois
tur e content of 23 percent. T he subbase modulus equals 
about 330.9 MPa {48 000 lb.f/i1l) . 

Fatigue tests on beam specimens of surface and 
bituminous-concrete base materials were conducted by 
the As1,halt Institute (3) . These tests were performed 
a tl:u,ee temperatures-=- 13, 21, and 29°C (55, 70, and 
85°F) on high-densi ty specimens and only a limited 
number of tests on low-density specimens. The values 
of the constants in the following fatigue equation were 
evaluated and are given in Table 2. 

(3) 

where 

N = number of load repetition to failur e , 



Figure 1. Plan view and longitudinal profile of test track. 

Figure 2. Variation of present serviceability index versus 
test sections with 8165-kg equivalent axle loads. 
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f = tensile strain, and 
K1 and K2 = constants. 

These results were developed from laboratory
compacted beam specimens tested under a frequency 
of 20 cycle/min and a duration of 0.1 s. 
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The response of the test pavements to traffic loading 
was analyzed by using an elastic-layer computer pro
gram together with the material properties obtained 
above. The computer program adopted was the Bitumen 
structures Analysis in Roads (BISAR) program that was 
developed at Koninklijke Shell Laboratorium in Amster
dam. Only the spring weather condition was considered 
in the analysis because of the spring thaw effect. The 
pavement temperature and moisture data indicate an 
average surface temperature of about 21°C (70°F) and 
subgrade moisture of 23 percent in the spring season. 
Also, the temperature in the base layer was about 
-15.6° C ( 4° F) below the surface temperature. These 
temperature and moisture data were used to select ap
propriate moduli values for surface, base, and sub
grade materials. 

The trend of decreasing temperature with increasing 
depth was accommodated by dividing all base courses 
that were thicker than 15.2 cm (6 in) into two equal 
layers. The temperature of the lower sublayer was 
then taken at -15.6°C (4°F) below that of the upper sub-
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layer. Therefore, these sections were treated as a sys
tem of four elastic layers overlying an elastic half space. 
Poisson's ratios were assumed to be 0.40, 0.35 , 0.40 , 
and 0.45 for the surface material, base material, sub
base material, and subgrade soil respectively. 

The traffic loading used was an 8165-kg (18-kip) EAL 
on dua l wheels that had a tire pressu1·e of 552 kPa (80 
lbf/ut2 ). Critical r esponses analyzed were maximum 
radial tensile strain in the surface and the base layers , 

Table 1. Results of crack survey. 

Amount of Cracking" 
Number of EALs at 
First Appearance of Class 1 Class 2 & 3 

Section Significant Cracking (m/ km') (m 2/km 2) 

lA None None 
lB None None 
lC 1 367 000 None 10 000 
lD I 367 000 None 14 000 
2 None None 
6 None None 
7 None None 
8 386 000 85 500' 
9 1 137 000 322 000 122 000 
13 Noneb Noneti 
14 906 000 49 000 95 500 
H 359 000 330 000 

Notes: 1 m = 3.28 ft, 1 m2 = 10 8 ft 2 , and 1 km2 = 0,386 mile2 . 

·Asof 7/19176 EAL= 1 441 000. 
h At the end of first cycle of study 
cBefore overlay. 

Figure 3. Elastic moduli of surface and base materials. 
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Table 2. Values of constants for fatigue equation. 

Material Temperature ('C) K, K, 

ID-2A 12.8 6.2840 X 10-• 3.9192 
Surface 21. l 4.6624 X 10- 7 3.6128 

29.4 2.93[2 X 10-o 3.5145 
Bituminous 12.8 5.1922 X 10-!0 3.9530 
Concrete 21.1 J.0577 X 10-6 3.1368 
Base 29.4 2.6097 X 10- 3 2.1675 

R' 

0.94 
0,95 
0.99 
0.95 
0.97 
0.97 

maximum vertical compressive strain in the subgrade, 
and maximum deflection on the pavement surface. These 
critical responses were considered because the maximum 
tensile strain and the maximum surface deflection are 
associated with fatigue cracking, whereas the maximum 
vertical compressive strain is related with rutting. It 
was found, for the conditions analyzed, that in most 
cases the maximum tensile strain occurred at the bottom 
of the base course below the center of a loading wheel 
and the maximum compressive strain occurred at the 
top of the subgrade mostly under the middle of the dual 
tires. 

Figure 4. Correlation between rut depth and maximum 
compressive strain at top of subgrade. 
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Figure 5. Maximum compressive strain at top of subgrade with 
8165-kg equivalent axle load to produce 0.64-cm rutting. 
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PAVEMENT RESPONSE AND 
PERFORMANCE 

Pavement response was related to performance by using 
a base of 1 000 000 repetitions of an 8165-kg (18-kip) 
EAL. This EAL application was adopted because it is 
widely associated with 20-year pavement life. A rela
tion between rut depth and maximum compressive strain 
at the top of the subgrade is established in Figure 4. As 
expected, rut depth increases with increasing maximum 
compressive strain; the rate of increase becomes 
greater at higher compressive strains. 

Since a rut depth of 6.3 mm (0.25 in) has been widely 
used for developing the limiting strain criteria ( 4, 5, 6), 
the 8165-kg (18-kip) EAL required to produce 6.3-mm 
(0.25-in) rutting for each section concerned is related 
with the maximum compressive strain at the top of the 
subgrade shown in Figure 5. Also shown are the re
sults of the San Diego test road ( 4) and the criteria de
veloped by Monismith and McLean (5) and Dorman and 
Metcalf (6). The test results are bracketed between 
the results of the San Diego test road ( 4) and Dorman 
and Metcalf (6) and fit with the criterion developed by 
Monismith ana McLean (5). The figure shows that the 
relation between maximum compressive strain and EAL 
is curved rather than linear, which is often used by 
most researchers. Both Figures 4 and 5 indicate that 
the limiting compressive strain at 1 000 000 EAL equals 
450 µm/ m (0.000 450 in/ in). This strain criterion is 
used to determine the structural coefficient. 

The change in PSI value up to 1 000 000 EALs is 
highly correlated with the maximum tensile strain at 
the bottom of the base course, as shown in Figure 6, 
The greater the maximum tensile strain is, the larger 
the PSI change will be. This relation implies that an 
increase in tensile strain will increase fatigue cracking; 
increasing fatigue cracking increases pavement rough
ness and consequently decreases the pavement service
ability . Also shown is a comparison with the results of 
the San Diego test road. One of three data points avail
able from the San Diego test road falls on the curve. 
This relation permits prediction of PSI change from the 
calculated tensile strain. 

The number of EALs at first appearance of signifi
cant cracking increases with decreasing maximum ten
sile strain at the bottom of the base course following 
the trend of the laboratory fatigue curve, as shown in 
Figure 7. However, the laboratory test results over
predict the number of EALs required for fatigue failure 
in the field. Similar overprediction was also encoun
tered at the San Diego test road (4). The laboratory 
tests were performed on laboratory-compacted speci
mens for both cases. Possible causes for this overpre
diction could be attributed to test specimen, field load
ing conditions, and others. 

The laboratory-compacted specimens generally pos
sess the same density and composition as those of the 
field material. Because of the difference in aging and 
curing environment, however, the laboratory specimens 
can hardly duplicate the weathering effect associated 
with field specimens. Weathering might cause chemi
cal degradation and physical disintegration and conse
quently results in a change in fatigue property. For 
this reason, field cores were also tested to determine 
fatigue property at the San Diego test road. The field 
specimens yielded better results but still overpredicted, 
implying other possible causes that have yet to be clari
fied. Unfortunately, no field specimens from the test 
track are available for verifying the findings of the San 
Diego test road. 

Another possible cause in connection with the test 
specimen could be the effect of the nonhomogeneous na-
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ture of pavement materials from the subgrade soil to the 
surface material. This nonhomogeneous nature does 
not guarantee the absence of relatively weak spots in the 
pavement. These weak spots will no doubt undergo fail
ure earlier than the predicted time. 

The effect of field-loading conditions on overpredic
tion of fatigue life is concerned primarily with the effect 
of vehicle inertia force due to downward and upward ac
celerations. This effect would be particularly mani
fested for traffic on an uneven road. The occurrence 
of this additional downward loading could accelerate fa
tigue failure of the pavement. Other possible traffic 
loadings that have often been overlooked in studies of 
pavement failure are the force created by braking and 
eccentric force at curves. These forces may result in 
raveling and cracking on the pavement surface and lead 
to inaccurate prediction of pavement fatigue life. 

In summary, the primary cause for overprediction 
of fatigue life of the test track has yet to be clarified. 
Figure 7 indicates that the limiting tensile strain at 
1 000 000 EALs equals 120 µm/ m (0.000 120 in/ in). This 
limiting strain is compatible with the work of Monismith 
and others (7) and is bracketed between the results of 
San Diego test road (4) and Kingham (8). 

Based on the number of axle loadings at first appear
ance of significant surface cracking, the pavement 
maximum-surface deflection is related with EAL in 
Figure 8. The test results fall between the findings of 
Kingham (8) and the San Diego test road (4) and coincide 
closely with the results of Zube and Forsyth (9) for 
pavements with a 7.6-cm (3-in) asphalt-concrete sur
face. The figure indicates a limiting maximum surface 
deflection of 0.51 mm (0.020 in) for flexible pavements 
with a life of 1 000 000 EALs for the range of thicknesses 
studied. 

STRUCTURAL COEFFICIENTS 

As previously mentioned, one objective of the test track 
research was to validate and refine, if necessary, the 
current flexible-pavement design procedure in Pennsyl
vania that is an adaptation from VanTil and others (11). 
This objective is fulfilled by evaluating the structural 
coefficients for materials currently being used in Penn
sylvania. Accordingly, the structural coefficients of the 
bituminous-concrete base and crushed-limestone sub
base are evaluated in the following by using the limiting 
criteria developed previously. 

By using the BISAR computer program, pavement 
sections having various combinations of layer thickness 
and satisfying the limiting maximum tensile strain at 
bottom of base course, maximum vertical compressive 
strain at top of subgrade, and maximum surface de -
flection were determined. Results of the calculation for 
three thicknesses of surface course are summarized in 
Table 3. The required base thicknesses among the 
three limiting criteria are compared to give in the last 
column of the table a base thickness required to satisfy 
all three criteria simultaneously. The layer thicknesses 
in columns 1, 2, and 6 form the pavement sections for 
determining the structural coefficients below. 

Because the structural-coefficient concept was origi
nated from the AASHO Road Test, the following basic 
equation relating EAL with structural number is used 
as the basis for computation. 

p = 0.64 (SN + I )9·36 

where 

p = EAL at failure and 
SN = structural number. 

(4) 
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Figure 7. Correlation between maximum tensile strain at bottom of 
base course and number of 8165-kg equivalent axle-load applications. 
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Figure 8. Correlation between surface deflection and number of 
8165-kg equivalent axle-load applications. 

IOO 

10 

so 

'o 
:::: 30 

t 
G 20 ~ 
w m 
.J "' 
~ d 
0 " w E u 0 

~ IO :: 
a: 
ii! 

---r--
---H,cks; ~ ~)- - --___ _ 

2 !> 7 to" 2 3 5 7 
NUMBER OF EALS APPLICATIONS 

SN is defined as follows: 

where 

a1 = structural coefficient of surface material, 
H1 = layer thickness of surface course, 
a2 = structural coefficient of base material, 
H2 = layer thickness of base course, 
a3 = structural coefficient of subbase material, and 
H3 = layer thickness of subbase course. 

For this analysis, the structural coefficient of the 
asphalt-concrete surface material is 0.44, which is the 
value originally developed from the AASHO Road Test, 
Since the surface layer thickness used in Pennsylvania 
generally ranges from 3.8 to 8.9 cm (1.5 to 3.5 in), it 
is assumed that the structural coefficient of the surface 
material does not vary significantly with the layer thick
ness. It is also assumed that the structural coefficient 
of the subbase material does not change appreciably 
within a thickness of 5.1 cm (2 in). 

Three curves result from plotting the base thickness 
against the subbase thickness for each section listed in 
columns 1, 2, and 6 of Table 3. For each curve, i.e., 

Table 3. Layer thicknesses of pavements satisfying limiting criteria. 

Base (cm) by Limiting Criteria 

Subbase Surface Tensile Compressive 
(cm) (cm) Deflection Strain Stra in 

0 3.8 19 .3 20.3 18.~ 
6.4 17 .8 18.3 16.8 
8.9 15.5 16.8 15.5 

15.2 3.8 14.5 13.7 16.5 
6.4 13 .2 12.2 15.2 
8.9 10.9 10.2 13 .2 

20.3 3.8 12. 7 12.4 15.0 
6.4 11.2 10 .9 13. 7 
8.9 8 .9 8.9 11. 7 

35.6 3.8 6.9 10.2 7.1 
6.4 4.6 8.4 5.1 
8.9 6.4 2.8 

52.1 3.8 1.0 9.7 
6.4 7.9 
8.9 5.6 

Note: 1 cm = 0_394 in 

Figure 9 . Effect of layer thickness on structural 
coefficient. 
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for each surface thickness, the base thickness required 
for each 5 .1-cm (2 -in) difference in sub base thickness 
was obtained. The layer thicknesses determined were 
substituted into Equation 5, resulting in a family of lin
ear equations that relate the structural coefficient of the 
base material with that of the subbase material. The 
structural coefficients were then solved from equations 
for two consecutive subdivisions of 5.1-cm (2-in) sub
base layer. 

The structural coefficients computed above are 
shown in Figure 9. The effect of layer thickness on 
structural coefficient is immediately seen. As the struc -
tural coefficient of the base layer decreases with increas
ing base thickness, the structural coefficient of the sub
base layer increases with increasing subbase thickness 
and vice versa. This is as expected because the sum of 
the products of the structural coefficient and the layer 
thi ckness for the two layers remains constant , as pre
vious ly mentioned. The trend of variation of structural 
coefficient with layer thickness seems to depend on 
which limiting criterion controls the pavement behavior. 
Table 3 and Figure 9 seem to suggest that, when the cri
terion of maximum compressive strain dominates, the 
structural coefficient of the base layer will increase 
with an increase in the base-layer thickness and that, 



when the maximum tensile strain criterion prevails, 
the structural coefficient of the base layer will decrease 
with an increase in the layer thickness. 

Figure 9 also shows that the structural coefficient of 
any layer (base or subbase) depends not only on its own 
layer thickness but also on the thickness of the surface 
layer. In general, when the subbase layer is thinner 
than 35.6 cm (14 in), the thicker the surface layer is, 
the smaller the structural coefficient will be. These 
structural coefficients are based on the spring weather 
condition only. As weather conditions vary, the struc
tw-al coefficient will also vary because of the change in 
limiting criteria. This effect has also been pointed out 
by Coffman and others (!Q) and Va11Til and othe1·s (11). 

The structural coefficient of the bituminous-concrete 
base fluctuates around 0.40 and that of the subbase layer 
around 0.10. These two values are close to those that 
were originally px·oposed by AASHO (11). Practical ap
plications of these two sets of curves require a simple 
trial-and-error procedure, similar to that requil·ed in 
the AASHO guide (11), to select a proper combination of 
layer thicknesses. It is possible that different layer 
combinations may equally satisfy the structural number 
requirements. When this condition develops, the most 
economical combination should be adopted. 

SUMMARY AND CONCLUSIONS 

The flexible-pavement design procedure used in Penn
sylvania was validated or refined by using the Pennsyl
vania State test track, which was completed in August 
1972. The test track is composed of sections that have 
various base-course materials and different layer thick
nesses. This paper presents the results of performance 
analyses for sections containing a bituminous-concrete 
base. 

The BISAR computer program together with spring 
temperature and moisture condition was used to analyze 
the maximum-vertical compressive strain at the top of 
the subgrade, maximum-radial tensile strain at the bot
tom of the base course, and maximum deflection on the 
pavement surface. Correlations between critical re
sponse and pavement performance were established. 
These correlations pe1·mit prediction of pavement per
formance from the pavement response determined in the 
spring season. 

A maximum comp1·essive strain of 450 µm/m 
(0.000 450 in/in), a maximum tensile strain of 120 µm/m 
(0.000 120 in/ in), and a ma:ximum surface deflection of 
0.51 mm (0.020 in) were established as the limiting cri
teria for flexible pavements with bituminous bases to 
withstand 1 000 000 applications of an 8165-kg (18-kip) 
EAL witl10ut significant fatigue cracking. Based on the 
criteria developed, the structural coefficients of the 
bituminous-concrete base and the crushed-limestone 
subbase were determined. 
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