
108 TRANSPORTATION RESEARCH RECORD 1473 

Effect of Selecting Subgrade Resilient 
Modulus Values on Asphalt Overlay 
Design Thicknesses 

KHALED KSAIBATI, JAMES M. BURCZYK, AND MICHAEL L. WHELAN 

Design pavement overlay thicknesses were calculated for pnmary roads 
located in the state of Wyoming. Subgrade resilient modulus values 
were determined on the basis of laboratory testing at a deviator stress of 
41.4 kPa (6lb/in.2) laboratory testing at the actual field devfator stress, 
and backcalculation from deflection measurements. Several pieces of 
relevant field and laboratory information were also collected on all sec­
tions. Asphalt overlay thicknesses were then calculated on the basis of 
the AASHTO Guide for Design of Pavement Structures. The data analy­
sis indicated that the three calculated resilient modulus values at each 
test section did not result in significantly different overlay thicknesses. 

The 1993 AASHTO Guide for Design of Pavement Structures (1) re­
quires selection a of subgrade resilient modulus (MR). The determi­
nation of the subgrade MR is essential for designing overlay thick­
nesses for existing pavement sections. If the selected design MR 
value is too high, the thickness of the pavement layer will be insuf­
ficient. If the design MR value is too low, the thickness will be too 
conservative and not cost-effective. The two most commonly used 
methods for determining subgrade MR values are actual laboratory 
testing and backcalculation procedures described in the AASHTO 
Guide for Design of Pavement Structures (J). 

Laboratory testing is normally performed with different combi­
nations of confining and deviator pressures. A design MR value is 
then selected from a plot of MR versus deviator stress. An important 
aspect of choosing a design MR value is making sure that the se­
lected value is consistent with the assumptions made in the design 
performance equation for the AASHO Road Test subgrade. The 
AASHTO guide uses a value of 20 684 kPa (3,000 lb/in.2

) to repre­
sent the subgrade for the AASHO Road Test, but it does not justify 
its selection. This value is one of the underlying assumptions of the 
flexible pavement performance model. Based on a study by Thomp­
son and Robnett (2), this value is appropriate when the AASHO soil 
is about 1 percent wet of optimum and subjected to a deviator stress 
of about 41.4 kPa (6 lb/in.2

) or more. Thompson and Robnett (2) 
also showed that MR values from deviator stresses of less than 41.4 · 
kPa (6 lb/in.2

) vary significantly, whereas MR values from deviator 
stresses of more than 41.4 kPa (6 lb/in.2) tend to remain constant. 
Therefore, when selecting an MR value from laboratory testing, use 
of a zero confining pressure and a 41.4-kPa (6-lb/in.2

) deviator 
stress is suggested (3). 

When adequate field data are available, actual field deviator 
stresses can be calculated. These calculations normally incorporate 
some assumptions about applied loadings, tire pressures, and pave-
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ment material properties and layer thicknesses. Typically, computer 
programs such as BISAR ( 4) can be used to determine the stresses 
in a pavement's subgrade soil. Design MR values can then be deter­
mined from laboratory testing on the basis of the actual deviator 
stresses rather than the assumed value of 41.4 kPa (6 lb/in.2). 

MR values can also be backcalculated. The AASHTO guide rec­
ommends use of the following formula to determine the resilient 
modulus value for subgrade soils based on deflection measure­
ments: 

where 

MR= backcalculated subgrade resilient modulus, 
P = applied load, 
d, = deflection at a distance r from the center of the load, and 
r = distance from center of load (sensor location). 

The resulting MR value is normally adjusted with a correction fac­
tor to make it consistent with the 20 684-kPa (3,000-lb/in. 2) 

assumption (J). 
The University of Wyoming and the Wyoming Department of 

Transportation (DOT) conducted a joint research project to (a) com­
pare actual subgrade field deviator stresses with the 41.4-kPa (6-
lb/in.2) deviator stress assumed in determining a design MR value 
from laboratory testing and (b) determine the effect of selecting an 
MR value on the design overlay thicknesses for typical pavement 
sections in Wyoming. This paper presents the main findings of that 
study. 

DESIGN OF EXPERIMENT 

Figure 1 shows the data collection process and overall evaluation 
strategies followed in the project. During the summer of 1992 and 
spring of 1993 several types of field data were collected on nine 
pavement test sections. These sections were chosen to represent 
typical cohesive subgrade soil conditions on primary roads through­
out the state of Wyoming. The field evaluation included pavement 
coring, subgrade coring, and deflection measurements. Table 1 
shows the locations and thicknesses of the sections included in the 
experiment. Pavement cores were used mainly to confirm the thick­
nesses of the different layers in the pavement structures. These 
thicknesses were then used to calculate the actual field stress con­
ditions on the subgrade soil at each test site. Laboratory resilient 
modulus testing was then performed on the subgrade samples. Sub­
grade MR values were then determined on the basis of the assumed 
de via tor stress of 41.4 kPa ( 6 lb/in. 2), the actual field de vi a tor stress, 
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FIGURE 1 Data collection and analysis strategies. 

and deflection measurements. Statistical° analyses were then per­
formed to determine if differences existed between MR values cal­
culated by using an assumed deviator stress of 41.4 kPa (6 lbiin.2

) 

and the actual deviator stresses. Next, these MR values were used to 
calculate overlay thicknesses for all nine pavement test sections. 
Further analyses were then completed to examine the differences in 
the resulting design overlay thicknesses on the basis of laboratory 
MR values and the AASHTO MR backcalculated values. 

DATA COLLECTION AND 
LABO RA TORY TESTING 

Field Data Collection 

Extensive field data were collected on all test sections included in 
the present research study. First, pavement deflection measurements 
were obtained by using standard loads on the Wyoming DOT' s 
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KUAB 2-m falling weight deflectometer. Pavement and air tem­
peratures were also recorded for later use in correcting the temper­
ature to the standard value of 21 °C (70°F). Second, three pavement 
cores were taken from each section to examine the characteristics 
of the asphalt layers and to verify the thicknesses. These data were 
later used in the AASHTO overlay design procedures. Finally, three 
Shelby tube samples were taken from the subgrade at each test sec­
tion. The soil samples were used to determine MR values by labora­
tory testing procedures. Sieve analysis, liquid limit, plastic limit, 
and water content tests were also performed on the soil samples. 

Resilient Modulus Testing 

Laboratory soil resilient modulus tests were performed on the 
Wyoming DOT machine manufactured by the Interlaken Technol­
ogy Corporation.-This system has a Series 3300 98-kN (22-kip)­
capacity test frame, a Series 3230, 16-channel data acquisition sys­
tem, and a Series 3200 controller. The interim method of test for re­
silient modulus of unbound granular base/subbase materials and 
sub grade soils (Strategic Highway Research Program Protocol P46; 
AASHTO standard T 294-92 I) outlines the latest testing procedure. 
Soil samples were extracted from the Shelby tubes and were tested 
under Type II (cohesive) subgrade soil conditions. The amount of 
deformation in the soil samples was recorded by using two linear 
variable differential transducers (~ VDTs) mounted outside of the 
testing chamber on the loading piston. All samples tested were 71 
mm (2.8 in.) in diameter and 152 mm (6 in.) in height. These mea­
surements, a height not less than 2 times the diameter and a mini­
mum diameter of 71 mm (2.8 in.) or 5 times the nominal particle 
size, were selected in accordance with current specifications (5). 
Deformation and applied load readings were digitally recorded for 
the last five loading cycles. Several spreadsheets were developed to 
accept these data as well as the length and diameter of each sample. 
Figure 2 shows an example of the MR summary spreadsheet devel­
oped for the study. The upper half of the spreadsheet shows the 
measured values under different testing conditions. These values in­
clude mean deviator load, mean applied deviator stress, mean re­
coverable deformation from each L VDT, mean resilient strain, and 
mean MR value. By entering these data the MR values were calcu­
lated automatically for each testing condition and test section. A 
logarithmic plot of MR versus deviator stress was also created by 
using these values, as shown in the lower left-hand comer of Figure 
2. In addition, a simple linear regression analysis was performed to 
develop a general equation for determining the MR values as a func-

TABLE 1 Locations and Thicknesses of Test Sections 

Pavement Thicknesses 
Roadway Mile Post Surface Base 

mm mm 
US-30 48 305 305 
US-30 70 140 152 

US-287 416 152 152 
US-26 108 127 152 

US-20/26 15 127 203 
US-20 163 76 64 
US-16 229 152 203 
US-16 244 58 191 
US-85 197.4 152 203 .. 

'Asphalt Treated Base (ATB) ··cement Treated Base (CTB) 
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0.0 41.4 150.5618 0.9517 36.24 3.09439E-04 3.06338E·04 3.07888E-04 3.39596E-06 2.02195E-03 17922 84.1 
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FIGURE 2 Summary spreadsheet for calculating subgrade MR. 
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ti on of the deviator stress [MR =/(ad)]. After obtaining the equation 
a deviator stress of 41.4kPa (6 lb/in.2)~ suggested in the literature, 
was substituted into the equation to determine a design MR value. 
Table 2 summarizes the MR values on the basis of the 41.4-kPa 
(6-lb/in.2

) deviator stress. Variations among samples at each test site 
are documented elsewhere (6). 

Laboratory MR Values Based on Actual Field Stresses 

Actual field deviator stresses were calculated on the basis of the 
thicknesses and material characteristics of the different layers in 
each pavement test section. Table 3 summarizes the characteristics 
of different material types commonly used by the Wyoming DOT. 
The BISAR (4) computer program was used to calculate field devi­
ator stresses. As shown in Figure 3, stresses were calculated on the 
basis of a 40-kN (9,000-lb) wheel load, a 689-kPa (100-lb/in.2) tire 
pressure, and a three-layer pavement structure. This program com­
putes the stresses for an n-layer pavement structure by considering 
the vertical and horizontal loads. Table 4 summarizes the calculated 
average field deviator stresses for all test sections. These actual field 
stresses were entered into the MR equations developed in the labo­
ratory testing, and MR values based on actual stress conditions were 
calculated. Table 5 summarizes these MR values. 

Backcalculated MR Values Based on 
AASHTO Procedure 

MR values were also determined on the basis of the AASHTO back­
calculation equation described earlier. In that equation the mini­
mum distance between the deflection sensors and the loading plate 
is determined with the following formula: 

where r is the distance from the center of the load and ae is the radius 
of the stress bulb at the subgrade-paveinent interface. After back-
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calculating MR values with the AASHTO equation, a correction 
factor of 0.33 was applied to all calculated MR values. This correc­
tion factor is specified in the AASHTO design guide (J). Table 6 
summarizes the backcalculated MR values for all test sections. 

Calculating Overlay Thickn~sses 

Several spreadsheets were developed to determine the overlay 
thicknesses for all test sections. The following subgrade MR values 
were available for calculating overlay thicknesses: laboratory MR 
based on 41.4-kPa (6-lb/in.2) deviator stress, laboratory MR based on 
actual field deviator stress, and backcalculated MR based on 
AASHTO equation (referred to as LAB, FIELD, and AASHTO, re­
spectively). Tables 2, 5, and 6 list these MR values. All three sets of 
MR values were used in the calculations of overlay thicknesses. The · 
following values were used to calculate the overlays: 85 percent re­
liability factor, 0.45 standard deviation, and 2.5 as the change in 
present serviceability index. Overlay thicknesses were calculated at 
the following three different traffic levels: 800,000, 3,000,000, and 
5,000,000 equivalent single axle loads corresponding to low, 
medium, and high traffic levels, respectively. All design overlay 
thicknesses were obtained by using a layer coefficient (a01) of 0.44. 
Table 7 summarizes the overlay thicknesses (D01) resulting from this 
analysis·. 

DATA ANALYSIS 

Comparison Between MR Values Calculated on the 
Basis of Actual and Assumed Deviator Stresses 

Because laboratory MR values were calculated by using two differ­
ent stress conditions, one would want to know if there is any statis­
tical difference between using the actual deviator stress and the as­
sumed value of 41.4kPa ( 6lb/in. 2). Therefore, the test for differences 
for paired data was performed. The data were placed in two groups, 
granular and treated,_ because four of the nine sites had some type 

TABLE 2 Laboratory MR Values (in kPa)Based on 41.4-kPa (6-lb/in.2) Deviator Stress 

Roadway Mile Post MR LAB 

US-30 48 25793 
US-30 70 52704 

US-287 416 42941 
US-26 108 31199 

US-20/26 15 14672 
US-20 163 10728 
US-16 229 59495 
US-16 244 46664 
US-85 197.4 60019 

TABLE 3 .Material Properties Commonly Used by Wyoming DOT 

Layer in Pavement Young's Modulus Unit Weight Poisson's Ratio 
Structure <MPa) (kN/m3

) 

Asphalt Cement Mix 2758 23.1 0.35 
Granular Base 124 22.8 0.40 

Cement Treated Base 5516 22.0 0.25 
Asphalt Treated Base 2413 23.1 0.37 
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FIGURE 3 Assumptions made in 
calculating actual field stresses. 
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of treated base, either asphalt-treated base or cement-treated base. 
After completing.this separation comparisons were performed on 
all the sites within each group and then by each site individually. 
Tables 8 and 9 summarize the results for the granular and treated 
sites, respectively. Both tables indicate that there is not a statistical 
difference between the two data sets. However, by examining the 
variances one would favor using the computed field deviator 
stresses over the assumed 41.4-kPa (6-lb/in.2) values because of the 
reduction in the amount of variance. By determining actual devia­
tor stresses, the resulting MR values were more consistent with each 
test site. 

Effect of MR SelectioJJ. on Overlay Thicknesses 

With three different methods for determinJ.ng MR (AASHTO, LAB, 
and FIELD) it might also be of interest to know if there are any sta-

TABLE 4 Calculated Average Field Deviator Stresses (in kPa) 

Averaged Field 
Roadway Mile Post Deviator Stress (ad) 

US-30 48 13.3 
US-30 70 47.7 

US-287 416 41.3 
US-26 108 43.S 

US-20/26 15 30.4 
US-20 163 41.8. 
US-16 229 24.6 
US-16 244 49.9 
US-85 197.4 14.3 

TABLE 5 Laboratory MR Values (in kPa) Based on Actual Deviator Stresses 

Roadway Mile Post MR Fiao 
US-30 48 59584 
US-30 70 46202. 

US-287 416 43003 
US-26 108 30723 

US-20/26 15 19733 
US-20 163. 16030 
US-16 229 96478 
US-16 244 39328 
US-85 197.4 56516 

TABLE6 Backcalculated MR Values (in kPa) Based on AASHTO Equation 

Roadway Mile Post MR AASHTO 

US-30 48 22180 
US-30 70 26193 

US-287 416 41562 
US-26 108 17099 

US-20/26 15 20119 
US-20 163 28758 
US-16 229 51014 
US-16 244 33577 
US-85 197.4 59805 



Ksaibati et al. 113 

TABLE 7 Overlay Thicknesses (in mm) for All Test Sections 

Traffic Level 
Low Medium Hi2h 

Mile AASHTO LAB FIELD AASHTO LAB FIELD AASHTO LAB FIELD 
Roadwav Post Dor Dor Doi Dor Do1 D.;1 Doi Doi Doi 

US-30 48 -133 -144 -198 -88 -IOO · -162 -69 -82 -147 
US-30 70 87 42 50 131 78 88 149 94 104 

US-287 416 48 . 46 46 87 84 84 103 IOI 100 
US-26 108 163 120 121 211 161 162 232 179 180 

US-20/26 15 121 146 122 167 195 169 186 216 188 
US-20 163 90 167 134 132 221 182 150 243 203 
US-16 229 -103 -112 -138 -67 -77 -107 -51 -62 -94 
US-16 244 118 97 107 158 134 146 176 150 163 
US-85 197.4 .-203 -203 -200 -168 -168 -165 -153 -154 -149 

TABLE 8 Testing Significance of Differences Between MR Values for Granular Base 
Sites 

Mile MR (41.4-kPa) MR (field) 
Roadway Post Variance Variance t df o-value 

US-30 48 4.25E+06 3.24E+o8 3.11 1 0.198 
US-30 70 4.33E+o8 l.38E+o8 1.71 3 0.184 

US-287 416 8.53E+07 5.68E+o7 0.403 5 0.744 
US-26 108 3.08E+08 1.44E+o8 0.064 7 0.951 

US-20/26 15 2.20E+07 l.60E+o7 6.06 5 0.002 
Pooled 3.50E+08 2.49E+o8 1.07 25 0.293 

TABLE 9 Testing Significance of Differences Between MR Values for Treated Base Sites 

Mile MR (41.4-kPa) 
Roadwav Post Variance 

US-20 163 3.41E+o6 
US-16 229 l.42E+o8 
US-16 244 4.37E+o8 
US-85 197.4 3.49E+07 
Pooled 5.31E+08 

tistical differences in the calculated overlay thicknesses due to the 
method used. The negative thicknesses were left in the analysis to 
provide a better indication of the differences among methods. A re­
peated measures analysis showed no evidence of differences (null 
hypothesis) among the methods <:tt low, medium, or high traffic lev­
els (F2.24 = 2.16,p-value = 0.1367~ F2,24 = 2.18,p-value = 0.1351; 
and F2,24 = 2.18,p-value = 0.1349, respectively). Huynh-Feldt ep­
silon values were calculated to account for any model violations and 
to make adjustments to the denominator degrees of freedom (df). 
The values, 0.8690, 0.8725, and 0.8733 for the low, medium, and 
high traffic levels, respectively, were near 1, indicating that viola­
tions were minor. 

Even though there were no differences among the methods, one 
might also want an idea for a given difference in thickness, if one 
could detect that the methods were not the same. Therefore, the 
power of the F test was performed to determine the probability of 
accepting the alternative hypothesis (H0 ) that the methods are dif­
ferent. Suppose one is interested in determining if a maximum dif­
ference of 25.4 mm (1.0 in.) could be detected. At the low traffic 
level there was a 0.92 probability that differences would be detected 
among the three different methods. Overall, 19.1-mm (0.75-in.) 
maximal differences could be detected with 80 percent probability. 

MR (field) 
Variance t df o-value 
2.23E+o6 0.916 1 0.528 
l.65E+o9 1.197 1 0.443 
4.00E+o8 6.084 10 0.0001 
4.32E+08 0.094 1 0.941 
8.53E+o8 0.630 16 0.537 

Besides the above test the Tukey procedure for pairwise com­
parisons was also completed. The following 95 percent confidence 
intervals were obtained (µ_ 3 is the treatment mean for AASHTO, µ_2 

is the treatment mean for LAB, and µ_ 1 is the treatment mean for 
FIELD) for the low traffic level: 

-0.49 :::; µ_3 - µ_2 :::; 1.01 
-0.13 :::; µ_3 - µ_J :::; 1.37 
-0.40 :::; µ_2 - µ_J :::; 1.11 

These intervals suggest that AASHTO MR values give the lowest 
overlay thicknesses. Similar results were obtained at the medium 
and high levels of traffic, as shown below by the 95 percent confi­
dence intervals, respectively. 

-0.56 :::; µ_3 - µ_2 :::; 1.17 
-0.15 :::; µ_3 - µ_J :::; 1.58 
-0.45 :::; µ_2 - µ_J :::; 1.27 

-0.59:::; µ_3 - µ_2:::; 1.23 
--:-0.16:::; µ_3 - µ_, :::; 1.66 
-0.48 :::; µ_2 - µ_J :::; 1.34 
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SUMMARY AND CONCLUSIONS 

Comprehensive field and laboratory evaluations were performed on 
nine different sites representing typical primary roads in the state of 
Wyoming. MR values were obtained from laboratory testing based 
on 41.4-kPa (6-lb/in.2

) deviator stress, laboratory testing based on 
actual field deviator stresses, and the AASHTO backcalculation 
equation based on deflection measurements. These values were then 
used to determine the required overlay thickness at each pavement 
test site. Based on the extensive data analysis performed in this 
research project, the following conclusions are drawn: 

1. MR values based on actual deviator stresses did not statistically 
differ from values based on the assumed deviator stress of 41.4 kPa 
(6 lb/in.2). However, by computing actual deviator stresses the re­
sulting MR values within each testing site were more consistent. 

2. The three calculated MR values at each test section did not 
result in significantly different overlay thicknesses. Among the 
three, however, the AASHTO MR value gave the lowest overlay 
thicknesses. 

These conclusions are applicable to all traffic levels considered in 
the study. Overall, similar overlay thicknesses can be obtained by 
using backcalculated MR, laboratory MR based on a 41.4-kPa 
(6-lb/in.2) deviator stress, or laboratory MR based on the actual field 
deviator stresses. 
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