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SUMMARY 

Advances in pavement design technology in recent years have 
led to more dependence on mechanistic approaches and less reliance 
on subjective design criteria. In Virginia, the tendency is toward 
a pavement design and evaluation methodology based on elastic de- 
sign theories. Underlying this design approach is a need to deter- 
mine the elastic properties of paving materials. These properties 
had been evaluated for materials other than subgrade soils in 
earlier research. Thus the purpose of the present research was to 
determine the elastic moduli Of Virginia subgrade soils and to pro- 
vide designers with a range of moduli values that might be used in 
design evaluations. 

The project was only partially successful because of unidenti- 
fied factors that appear to have significant effects on the elastic 
moduli of subgrade soils. Nevertheless, the study showed that with- 
in the statistical limitations set forth in the report, the elastic 
moduli of subgrade soils can be estimated from information routinely 
collected at the time the preliminary engineering soil survey is. 
conducted on a proposed highway construction project. 

The factors having statistically significant impacts on sub- 
grade elastic moduli were determined to be the dry density and the 
gradation, particularly the percentage passing the No. 200 sieve, 
of the soil. Contrary to expectations, there was no significant 
relationship between the California bearing ratio and subgrade 
modulus. 

Because of the possibility of large errors in estimating the 
elastic modulus from the prediction equations developed, the reader 
is cautioned to use those predicted values as guidelines only in 
the absence of further data. 
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INTRODUCTION 

Virginia's overall flexible pavement design approach, which 
is based on AASHT0 Road Test Results,(l,2, •) does not include pro- 
vision for the full evaluation of in situ flexible pavements. The 
basic drawback in this approach is that the strengths of the sub- 
grade, the paving materials, and the pavement as a whole are given 
in non-dimensional numbers. In addition, the strength of the pave- 
ment is determined by an empirical equation that is the summation 
of the strengths of the layers in the pavement system. Consequently• 
no interaction between the layers of the pavement is accounted for 
and this exclusion can result in significant errors. 

The interaction between layers in a flexible pavement system 
depends not only upon the strength modulus and the thickness of each 
layer but also upon the relationship of one layer to another. For 
example, a sandwiched layered system consisting of a weaker layer 
(e.g. untreated aggregate) placed between two strong layers (e.g..a 
cement treated aggregate underneath and an asphaltic concrete above 
it) would have higher maximum deflections as compared to a system 
consisting of a weaker layer (e.g. untreated aggregate) overlaid by 
a stronger layer (e.g. cement treated aggregate), which in turn is 
overlaid by a still stronger layer (e.g. asphaltic concrete). The 
sandwich layer effect is shown by an example in Figure 1 and is 
discussed by one of the authors in another publication. (4) The 
difference between the maximum deflections of the two systems would 
change depending on the moduli and thicknesses of the layers. In 
the above example, the difference between the maximum deflections of 
the two systems would further increase if the modulus of the cement 
treated aggregate layer increases beyond i00,000 psi (68.94 MN/m2); 
by doubling the value of the cement treated aggregate to 200,000 
psi (137.9 MN/m2), the difference would increase by 30% to 50%. 
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The elastic and viscoelastic theories account for the inter- 
action between layers and are accepted by many designers throughout 
the country. In Virginia for the last few years, elastic theory 
has been successfully used for pavement evaluation. Designs based 

on elastic theory have a common basis of discussion and under- 
standing. For that reason, analysis by the elastic theory was 

adopted as the approach in the present investigation. 

Although an evaluation of the modulus values for all materials 
in the pavement system was beyond the scope of the present study, a 

beginning point was perceived Zo be an evaluation of typical sub- 
grade moduli for various areas of the state. Furthermore, previous 
investigations had enabled estimates of the moduli values for other 
typical materials so that only subgrade moduli values were needed 
in order to provide a "first generation" pavement evaluation approach 
utilizing elastic theory. 

PURPOSE 

The purpose of the present study was to develop a methodology 
permitting the estimation of subgrade rebound moduli from the data 
collec•ed during a s•anda•d preliminary engineering soil survey. 
Among the data available at that time are gradations, Atterburg 
limits, and California bearing ratio values. 

APPROACH 

To achieve the purpose of the study the approach outlined below 

was employed. A more detailed discussion of these steps will be 
given in the appropriate section of the report. 

i. General soil areas based on subgrade soil 
characteristics were defined for the state. 
The engineering properties considered were 
(a) the soil classification, including Atter- 
burg limits; (b) dry density; (c) soil resil- 
iency factor based on experience; and (d) Cali- 
fornia bearing ratio (CBR) values. The areas 

were determined solely from historical soil 
survey data. 

2. Sixteen satellite projects under construction 
in different phoysiographic provinces were selected 
from the historical soil survey data. Deflection 
data were collected for each of these projects on 



the raw subgrade and on each subsequent pavement 
layer. From the deflection data, elastic moduli 
of subgrades were determined through the use of 
single- and two-layered elastic theory. 

3. The subgrade moduli value obtained in step 2 were 
correlated with the subgrade soil properties deter- 
mined in step i. 

4. The engineering properties of each soil area of 
Virginia were correlated with the subgrade moduli 
values of the soils as explained in Nos. i, 2, and 
3 above. Then, a physiographic map of Virginia 
that gives the subgrade moduli values was prepared. 

VARIABLES 

The dependent variables were the subgrade deflections deter- 
mined for the satellite projects and the subgrade moduli calculated 
from the deflection data. The independent variables were" 

(a) the soil classification, including Atterburg 
limits 

(b) the dry density; 

(c) the .soil resiliency factor; and 

(d) the CBR by the Virginia test method. 

The effects of each of the above variables on the subgrade 
modulus vary; hence, the most important variables were considered 
in more detail than the others. Some variables were ignored when 
their effects were not found to be of significant magnitude. 

RESULTS AND DISCUSSION 

General Soil Support Areas 

General soil support areas for the state were examined through 
computer sorting and analysis of the results of over 8,900 test re- 
sults from soil surveys over approximately the past i0 years. These 
test results are summarized in Appendix A, where all results are 
expressed as county averages. In some instances, former counties 
which have become cities are listed for identification purposes. 



For analysis purposes, soils were grouped first by classifica- 
tion then by physiographic province. In order to pursue the analyses 
without unwieldy amounts of data, county average soil properties were 
considered as individual data points. The results of these studies 
are discussed below. 

Soil Classification 

Average soil properties for similar soil classifications are 
listed in Table I. These values, while indicative of the general 
properties of soils in the classification, are subject to large 
errors due to the averaging processes used in data analysis. For 
this reason, the values should be used as general guidelines only 
where actual test results are not available. The column headed 
"No. of Counties" indicates the number of counties having the soil 
classification listed in the left column as its predominaD.e soil 
type. 

Table 1 

Average 
by 

Soil Properties 
Classification 

Soil Class. No. CBR Dmy Density Passing PL LL PI 
Cou. nt.ies .(pcf.) 200 (%.) 

A-2-4, A-4 Ii 27.3 i15.7 39.0 16 25 9 

A-5, A-6 61 15.6 iii. I 53.8 17 32 16 

A-7-5, A-7-6 22 9.4 102.4 73.3 24 45 21 

Metric Conversion" 3 i pcf- 0.0625 Kg/m 

Stepwise regression anal 
for each county average. In 
dependent variable and the gi 
ables. The results of these 
where the statistically signi 
cated by asterisks. In the c 
density (DD), percentage pass 
limit (PL), and liquid limit 

yses were performed on each soil type 
each case the CBR was considered as the 
yen soil properties as independent vari- 
analyses are summarized in Table 2, 
ficant correlation coefficients are indi- 
ase of the A-2-4 and A-4 soils, the dry 
ing the number 200 sieve (P200), plastic 
(LL) all had statistically significant 

influences on the CBR value, with the dry density being the dominate 
factor. For the A-5 and A-6 soils, the dry density was again the 
dominant factor, with all the above properties, along with the plastic 
index (PI), having statistically significant influences. For the 



A-7-5 and A-7-6 soils, however, only the liquid limit had a statistically significant bearing on the CBR. Even in that case, 
the low correlation coefficient of-0.45 shows that while the 
relationship is significant, it is not a strong relationship, 
which implies that unidentified factors have strong influences on 
the CBR values for these soils. 

Regression analyses for equations of best fit yielded the C BR 
prediction equations given in Table 3 for each grouping of soils. 
Again, the reader is cautioned that the equations should be used 
as guidelines only when no CBR test results are available. As 
mentioned earlier, the averaging process used in the regression 
analysis means the equations are capable of predicting population 
averages with a modest degree of confidence, while the prediction 
of individual CBR values may be subject to large errors. 

Table 

Correlation of Soil Properties 
with CBR by Classification 

Correlation Coefficient 

Soil Class. No. Dry Pa•s sing PL LL PI 
.C•unties Density 200 

A-2-4, A-4 ii 0.92" -0.68" -0.83* -0.81" 0.26 

A-5, A-6 61 0.73* -0.69* -0.51" -0.68* -0.47* 

A-7-5, A-7-6 22 0.28 -0.34 -0.19 -0.45" 0.20 

*Significant correlations. 

Table 3 

Regress ion Equations for CBR 
by Classification 

Soil Type No. Equation Correlation 
Samp!..e s Coeffic•en.t 

A-2-4, A-4 Ii CBR 1.45DD-141 0.92 

Standard 
Error 

3.6 

A-5, A-6 61 CBR 0.51DD-0.25(P200) 0.77 
-0.45PI-20 

A-7-5, A-7-6 22 CBR 24-0.32LL 0.46 



,P ,hy s iosraphic•,, •_ovin ,c, e 

A second sorting process was used to classify soils accomding 
to physiogmaphic pmovince. The pmovinces used weme in accomdance 
with those d•efined by Stevens et al. and shown in Figure 2.(8) The 
results of this second somting ame summamized in Table •, wheme 
county avemage soil pmopemties ame listed as a function of pmovince. 

As was expected, there is some similarity in the sortings 
according to classification and according to province, because the 
soils tend to be distributed generally by province in a way that 
most of the A-2-4 soils are in the coastal province, etc. 

The results of regression analyses made in an attempt to relate 
the CBR values to other soil properties, sorted by province, are 
summarized in Table 5. 

Again, statistically significant, although poom, commelations 
were found between the CBR values and othem soils propemties (Table 6). 
However, regression pmediction equations did not commelate •ith actual 
CBR values as well as those given in Table 8 for somting by soil 
classification. It is, themefome, concluded that if prediction equa- 
tions are to be used, those in Table • are appropriate. 

NORTH A 0 N A 

Figure 2. Map of Virginia showing general soil areas for sub- 
gmade support based on geological fommations. 
(Fmom meference 6. ) 



Table 4 

Average Soil Properties 
by Physiographic Province 

'Province No'. •BR' Dmy Den•i•y Ja•'sing 
C0un.tie.s (pcf) 200 (%) 

PL 

Coastal Plain 27 26.9 i17.1 41.5 

Piedmont 41 ii. 9 I06.9 58.2 
Ridge & Valley 27 9.9 106.5 68.1 

12 24 12 

19 38 19 

23 39 

Metric conversion: 3 i pcf 0.0625 Kg/m 

Table 5 

Correlation of Soil Properties 
with CBR by Province 

Province 

Correlati6'n Coifficient 

No. Dry Passing PL 
Count_i•s D,,,.epsit.Y 200 

LL 

Coastal Plain 

Piedmont 

27 0.57* -0.55* 0.i0 

41 0.65* -0.34* -0.14 

-0.42" -0. 57" 

-0.40" -0 27 

Ridge & Valley 27 0.47* -0.62* -0.48* -0.53* -0.57* 

*Statistically significant 

Table 6 

P6ovince h•'o 
Sam 1 s 

CBR Prediction Equations by Province 

Equat'i0• C0rre-latio• S-t•da• 
Coefficient Error 

Coastal Plain 27 

Piedmont 41 

Ridge & Valley 27 

CBR 0.60DD-0.27(P200) 
-0.64PI-24 

CBR 0.39DD-0.11(P200) 
-0.16PI-21 

CBR 0.07DD-0.04(P200) 
-0.17PI+7.6 

0.70 3.1 

0.61 2.2 

0.53 1.3 



St.u..die_s_. of Satellite Proj_ects 
Data Collection 

Studies of the sixteen satellite projects commenced at the 
time portions of the subgrade had been prepared for the succeeding 
operation. In some cases, the succeeding operation was cement 
treatment of the subgrade, in others it was the application of an 
aggregate base course. The sixteen projects chosen were under con- 
struction during the planned life of the study and were distributed 
in such a way as to incorporate some projects from each physio- 
graphic province. 

Deflection data were collected on each layer utilizing the 
dynaflect apparatus. With this method, five deflection readings 
are obtained at each location, and are designated dmax, dl, d2, d 3, 
and d 4, as shown in Figure 3. The maximum deflection is dma x. 

S, the spreadability, is the average deflection in percent of 
the maximum deflection and is obtained by the equation 

d + d + d + d + d 
S = 

max I 2 3 4 
,•.• x i00. (I) 

max 

A is the area enclosed by half the deflected basin bounded by 
the pavement surface on top, the deflected basin curve in the bottom, 
and dmax and d 4 as shown in Figure •. The deflected areas are de- 
termined as discussed below. 

Surface 

Load 

dmax 

Figure 3. Deflection recording of the deflected basin 
by the dynaflect machine. Basic conversion 
unit" i" 25.4 ram. 



A correlation study by Hughes has s•hown that the deflection 
under a 9,000 lb. (4.080 kg) wheel load and 70 psi (0.48 MN/m 2) 
tire pressure is equal to 28.6 times the dynaflect deflection. (9) 
Hence, if dmax, dl, d2, d3, and d4 are the deflections under the 
dynaflect load, the estimated deflected area under the 9,000 lb. 
(4,080 kg) wheel load is 

A = 28.6 x 6 (dma 
x 

+ 2d I + 2d 2 + 2d 3 + d 4) in. 

+ 2d + 2d 171,6 _(dma 
x 1 2 

2 
+ 2d 3 + d 4) in. (2) 

Summaries of the project designs and the results of deflection 
tests on each layer of each project are given in Appendix B. Details 
of the studies are discussed below. 

Determination of Subgrade Moduli 

Subgrade moduli were determined through the use of a subgrade 
evaluation chart developed by Vaswani.(5) An example of such a 
determination is given in Figure 4, where it is seen that the sub- 
grade modulus for a given project may be estimated from maximum 
deflection and deflected area data. The moduli values determined 
for each project are given in the project descriptions in Appendix B. 

Verification of the subgrade moduli determined as above was 
attempted through the use of 2- and 3-1ayer elastic theory applied 
to succeeding pavement layers, also as described by Vaswani.15) In 
this approach, the equation for the pavement modulus Ep is 

E h + E h + i I 22 
= "---t '+ + 

(3) 

In this equation E 1 E2 are the moduli of the materials in different 
layers of the pavement, and h I, h2 are the corresponding layer thick- 
nesses. Based on data in Appendix B, Ep versus hp values were de- 
termined for each layer of each pavement and plotted in a manner 
similar to that shown in Figure 5 for project No. i. Then, the 
solution of equation 2 for each layer on which tests were conducted 
permitted estimations of the moduli for those layers. These layer 
moduli also are given in the project description in Appendix B. The 
subgrade moduli values, then, were verified through a comparison of 
actual versus theoretical deflection values for the uppermost layer 
tested. (In some cases it was not possible to test the completed 
pavement surface before the research study was terminated.) 

i0 
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The measured and theoretical deflections are compared in Table 7. 
In the development of this table, theoretical deflections were de- 
termined from 2-1ayer influence charts given by Burmister. (8) Note 
that the correlation coefficient of 0.98 shows a highly significant 
correlation between measured and theoretical deflections. Yet the 
relationship is such (standard error of estimate = 0.004) that actu•l 
deflections could not be predicted from the theoretical values wit 
a very high degree of confidence. Nevertheless, the good correla- 
tion was taken as evidence that the estimated pavement and subgrade 
moduli values were interacting approximately as expected from the 
theory. 

It is of interest to note that in some instances very low and 
even negative layer moduli resulted from the above analysis. This 
apparent anomaly occurred most frequently where the sandwich layer 
type of construction was employed. Examples may be seen in projects 
I, 6, and 7, where low moduli for the sandwiched aggregate base 
material caused a relatively low net pavement modulus and effected 
little or no reduction in deflections as compared to the underlyin• 
layer. Of further interest is project 8, where field notes showed 
that the aggregate base material failed to set up, causing a net in- 
crease in the deflection. The estimated modulus for the aggregate 
base in that instance is a negative number. Weak and sandwiched 
aggregate bases are the subjects of studies recently undertaken by 
one of the authors. (9) 

3O 

25 

2O 

15 

i0 

8 
7 
6 

5 

4 

3 
2.5 

2 

CTS + AB + 19% in. AC 

CTS 
"• 

F $-5 

 CTS- 

Pavement Nodu]ua x 

Figure 5. Determination of moduli of different materials in the 
layered system- Project I. Basic conversion units" 
I" = 25.4 mm; 1,000 psi 6,890 kN/m 2. 
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Table 7 

Project 

Measured and Theoretical Deflections 
for Topmost Layer Tested 

Measured Ep 
Deflection (psi) 

Theoretical 
Deflection 

(in.) 

I 0. 016 181,000 0.019 

2 0.032 300,000 0.037 

3 0.017 340,000 0.018 

4 0.014 250,000 0.016 

5 0.021 82,000 0.022 

6 0.024 48,000 0.029 

7 0.027 90,300 0.024 

8 •0. 060 2 5,000 O. 049 

9 0o011 420,000 0o014 

I0 0.016 140,000 0.019 

ii 0. 082 25,000 0 080 

12 0.019 89,000 0.023 

13 0.013 139,000 0.014 

14 0.015 370,000 0.012 

•.s o. o•.7 9s• ooo o, o•.7 

16 0.020 97,000 0.018 

Measured vs Theoretical 

Correlation Coefficient 0.98 
Standard Error of Estimate 0.004 in. 

Metric Conversion i in. 
i000 psi 

= 2.54 cm 2 
= 6. 894 MN/m 
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Correlation of •Sub•rade Moduli With 
Soils Proper.ti.e..s'' 

In an effort to correlate measured subgrade moduli with sub- 
grade soil. characteristics, the project soil survey data summa- 
rized in Table 8 were used. It will be noted that no information 
is given for projects I and 13; data were not available from the 
project files. 

Table 8 

Project Soils Information 
(average for each project) 

Project E (psi) CBR Dry Passing PL LL PI 
s Density (pcf) 200 (%) 

2 5,600 i0.0 114,0 58.5 29 18 ii 

3 7,500 23.0 117.6 40.8 34 19 15 

4 9,000 15.7 115.2 59.4 36 26 I0 

5 13,000 8.2 i12.0 62.5 37 24 i•3 

6 7,800 12.9 112.9 61.7 37 14 23 

7 7,500 25.2 102.9 51.0 31 7 24 

8 9,500 7.8 i08.6 69.4 42 29 13 

9 7,500 6.8 99.8 62.2 36 6 30 

i0 8,200 6.8 101.9 42.0 33 i 32 

ii 2 500 3.5 98.7 46.9 40 40 0 

12 8,000 11.3 104.9 54.4 39 3 36 

14 13,000 12.8 i01.0 76.7 38 26 12 

15 13,000. 9.2 i12.3 65.4 40 22 18 

16 1,000 6.9 103.8 59.1 49 24 25 

Metric Conversion- 1,000 psi 6.894 MN/m 
3 

i pcf- 0.0625 Kg/m 

For the 14 projects analyzed, the results of regression analysis, 
where subgrade modulus is the dependent variable and other soil 
characteristics are independent, are summarized in Table 9. 

14 



Table 9 

Correlation of Soil Properties with 
Subgrade Modulus (14 Projects) 

Soil Property Correlation Statistical 
Coefficient Significance 

C BR 0.02 None 

Dry Density 0.31 Poor 

P200 0.66 Fair 

PL 0.18 None 

LL 0.02 None 

PI 0.12 None 

A study of these regression results shows that only dry 
d•D•itY and percentage passing the No. 200 sieve are of any 
statistical significance. Even these correlations are poor and 
suggest that other variables significantly influence the sub- 
grade modulus. Somewhat surprising was the total absence of any statistically significant relationship between the CBR value and 
subgrade modulus. Thus, the often used approximation 

E 1,500. x CBR 
s 

appears to have no Validit•y -in the case of the Virginia soils 
studied. 

Of additional interest is the finding that the best correla- 
tion is between the subgrade modulus and percentage passing the 
No. 200 sieve (P200). This suggests that the "best" subgrade moduli 
will be found where soils have a high clay content. While the 
authors concede that this may be reasonable for dry subgrade, it 
is likely that subgrade saturation would result in a reduction in 
the modulus. Some efforts to verify this suspicion showed no sig- 
nificant variation in subgrade moduli within the duration of the 
study. 

Conversely, some indication of a relationship between the sub- 
grade modulus and dry density was not surprising, since high soil 
support values are expected in the relatively high-density sand 
and gravel soils. 

15 



Stepwise regression analyses made in an effort to predict the 
subgrade modulus from the dry density (DD) and P200 resulted in 
the equation 

E 
s 

142DD + 184(P200) 17,000. (4) 

This equation has a correlation coefficient of 0.74 and a 
standard error of estimate of 2,000 psi (14 MN/m2). While this 
correlation coefficient suggests that the relationship given in 
equation (4) is significant at a 99% confidence level, it also 
shows that the combination of dry density and P200 only partially 
accounts for the subgrade modulus. Other contributing factors 
were not identified. 

Statewide Estimate of Subgrade Moduli 

Utilizing equation (4) and the information on soils properties 
given in Appendix A, estimated subgrade moduli were developed for 
all counties in the state and are listed in Appendix A as the "pre- 
dicted" subgrade moduli. 

Consideration of the resulting predicted subgrade moduli, in 
view of engineering judgment and observations of pavement per- 
formance, suggests that the predicted moduli are too high in some 
resilient soil areas. For this reason, the predicted moduli were 
adjusted by the resiliency factors given in Appendix A to yield 
"design" moduli, which are also given .in Appendix A for most counties. 
The resiliency factors used are the inverse of those given by Vas- 
wani. (i) The authors recommend use of the "design" moduli in pave- 
ment evaluation analyses until such time as further studies produce 
moduli values having greater reliability. 

Finally, all subgrade moduli were grouped according to magnitude 
as given in Table i0 to develop a design subgrade modu!i map for tb• 
state. This map is given in Figure 6. 

It should be noted that an area of the state designated as sub- 
grade classification A has a design subgrade modulus of 2,000 
3,000 psi (14 21 MN/m 2) and that the moduli increase in 1,000 psi 
(6.894 MN/m 2) increments to classification G, where the design modugi 
is 8,100 9,000 psi (56 62 MN/m •). The reader is cautioned that 
the moduli indicated are statistically derived values and that actual 
moduli may deviate significantly from the map values. The map values 
do, however, represent the average values one could expect in a given 
area and can serve as useful guidelines. 

16 



Table i0 

Design Subgrade Moduli 

.S.,ubgrad e Classif, ication De,sign_ Subgrade. Moduli (psi) 
A 2,000 3,000 

3,100 %,000 

W,100 5,000 

D 5,100 8,000 

6,100 7,000 

7,i00 8,000 

Metric Conversion- i, 000 psi : 

8,100 9,000 

2 
6. 894 MN/m 

17 





CONCLUSIONS 

The following conclusions appear warranted from the results 
of research discussed above. 

i. The CBR values of Virginia subgrade soils sorted 
by either soils classification or physiographic 
province are statistically related to soil 
properties determined during a routine soil survey. 

2. The CBR prediction equation developed earlier may 
be used to predict project average CBR values. Such 
predicted values should be used only as engineering 
guidelines in the absence of test results. Because 
of the possibility of large errors, predicted values 
should not be considered as substitutes for test 
results. 

3. For Virginia soils, no statistically significant 
relationship was found between the CBR value and 
the elastic modulus (E s) of subgrade soils. For 
this reason, the often used expression 

E : i 500 CBR 
s 

appears to have no validity in Virginia. 

4. Statistically significant relationships between the 
subgrade modulus and other soil properties were 
detected only in the cases of dry density and per- 
centage passing the No. 200 sieve. When the limita- 
tions of statistically derived relationships are 
recognized, it is possible to predict average sub- 
grade moduli values from the soil survey data. 

5. A map, developed earlier, may be used as a guideline 
in determining the average design subgrade modulus for 
a project. The value so determined may be used in 
pavement evaluation studies in the absence of field test 
results giving more reliable values. 
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APPENDIX A 

Soils Classification and Predicted Subgrade Modulus 

Code County 

O0 A•lington 
01 Accomac 
02 Albemarle 
03 Alleghany 
04 Amelia 
05 Amherst 
06 Appomattox 
07 Augusta 
08 Bach 
09 Bedford 
I0 Bla•d 
II Botetourt 
12 Brunswick 
13 Buchanan 
[4 Buckingham 
L5 Campbell 
16 Caroline 
17 Carroll 
L8 Charles City 
19 Charlotte 
20 Chesterfield 
21 Clarke 
22 Craig 
23 Culpeper 
24 Cumberland 
25 Dickenson 
26 Dirvaiddie 
27 (Elizabeth City) 
28 Essex 
29 Falrfax 
30 Fauquier 
31 Floyd 
32 Fluvanna 
33 Franklin 
34 Frederick 
35 Giles 
36 Gloucester 
37 Goochland 
38 Grayson 
39 Greene 
40 Greensville 
41 Halifax 
42 Kanover 
43 •enrico 
44 Henry 
45 Highland 
46 Isle of Wighc 
47 James City 
48 King George 
49 King & Queen 
50 Kink William 
51 Lancaster 

Number 
Samples CBR 

20 
20 

132 
125 

9 
61 
17 

273 

74 
68 

123 
64 
15 
28 

146 
298 
54 

21 
306 
76 

54 
18 
51 

171 
56 

81 
149 
13 

58 
23 
98 
97 
98 

92 
8 

133 
408 
142 

44 
55 
55 

8 
61 

Percent 
Dry Passing 

Density #200 

23 114 46 
28 120 30 
I0 109 67 
I0 113 57 

I00 63 
II 104 51 
I0 106 61 
II I04 75 

7 103 53 
II I05 67 
I0 I04 81 
I0 107 55 
I0 118 44 
14 114 51 

9 I02 59 
33 118 38 

6 I00 48 

10 100 66 
15 114 45 

lOt 86 
12 113 56 
I0 105 80 
8 105 69 

12 113 51 
14 I09 48 
23 118 38 
30 I18 40 
12 III 66 
I0 112 69 
l0 107 46 

8 97 58 
104 77 

I0 107 69 
31 118 41 
II 107 46 

8 104 52 
14 104 69 
26 I14 51 

8 I08 63 
19 115 44 
14 113 50 

8 105 55 

28 116 38 
21 115 49 
34 118 40 
32 119 38 
38 118 37 
35 119 37 

Atterburg Limits 
•esillency 

FL LL PI Factor 

2l 36 15 0.67 
12 18 6 1.0 
17 37 20 0,33 
20 34 14 O, 67 
20 48 20 0,50 

28 17 0.50 
18 34 16 0.50 
24 43 19 0.67 

0.67 
16 36 2O 0.5O 
25 41 16 0.67 
25 42 17 0.67 
24 41 17 0.50 

8 26 18 0.67 
14 30 16 0.50 
12 37 25 0.50 
13 26 13 1.0 
28 37 9 0.33 

1.0 
14 43 29 0.5 
12 18 6 0.83 
24 47 23 O. 67 
19 30 II 0.67 
20 44 24 O. 33 
24 45 21 0.50 
13 29 16 0.67 
17 35 18 0.50 
I0 23 13 1.0 
13 24 ll l.O 
24 ]8 14 0.33 
19 39 20 0.50 
23 32 9 O. 33 

0.50 
18 41 23 0.33 
24 52 28 O.67 
21 39 18 0.67 
14 24 10 1.0 
22 38 16 O. 5 
16 38 22 0.33 
21 42 21 0.33 
20 36 16 O. 67 
22 37 15 0.50 
16 29 13 0.83 
21 36 15 0.33 
16 37 21 0.33 

0.67 
8 22 14 1.0 

15 29 14 1.0 
16 25 19 l.O 
12 24 12 1.0 
L7 26 9 1.0 
12 22 I0 lo0 

Subgrade Modulus 

Predicted Design 

7,700 5,200 
5,600 5,600 

10,800 3,600 
9,500 6,400 
8,900 4,400 
7,000 3,500 
9,200 4,600 

11,700 7,800 

7,400 3,700 
10,200 6,800 
12,600 6,300 
8,300 4,200 
7,900 5,300 
8,600 4,300 
8,300 4,200 
6,700 6,700 
6,600 2,200 

9,400 4,700 
7,400 6,100 

13,100 8,800 
9,400 6,300 

12,700 4,200 
10,600 5,300 
8,500 5,700 
7,400 3,700 
6,700 6,700 
7,200 7,200 

II,000 3,600 
11,400 5,700 
6,700 2,200 

7,500 2,500 
II,900 8,000 
10,900 7,300 
7,300 7,300 
6,500 3,200 
7,300 2,400 

10,500 3,•00 
8,600 5,800 

10,000 5,000 
7,500 6,200 
8,200 6,800 
8,000 2,600 

6,400 6,400 
8,3:00 8,300 
7,100 7,100 
6,800 6,800 
6,500 6,500 
6,700 6,700 



(Conc£nued) 

Code 

52 
53 
54 

57 
58 
59 
6O 
6l 
62 
63 
64 
65 
66 
67 
68 
69 
7O 

72 

74 
75 
76 
77 
78 
79 

81 

84 

36 
87 
38 
89 
9O 
91 
92 
93 
94 
95 
96 
97 
98 
99 

Counr.y 

Loudou• 
Louisa 
Lunenburg 
Madison 
Ma•hews 
Mecklenburg 
Middlesex 
Montgomery 
(Nansemond) 
Nelson 
,New Kenc 
(Norfolk) 
Northampton 
Norchumber land 
Noc coway 
Orange 
Page 
Patrick 
Pi•csylvania 
PowhaCan 
Prince Edward 
Prince George 
(Princess Anne) 
Prince Nilllam 
Pulaskl 
Rappahannock 
Richmond 
Roanoke 
Rockbridge 
Rock£ngham 
Russel 1. 
Sco•:c 
Shenandoah 
Smych 
Southampton 
pocsy ivanla 

$•afford 
Surry 
Sussex 
Tazewe11 
Warren 
(Warwick) 
Nashlng•on 
Westmoreland 

Wy•he 
Yor• 

Number 
Samples 

107 
36 
87 

60 
38 
96 

104 

65 
33 

136 
103 
10 

139 
171 
77 
40 
36 

145 
25 

110 
26 
25 

36 
45 

•02 
410 
222 
59 

337 
22 
29 
44 
28 

272 
210 

8 

205 
59 

139 
50 

176 
301 
33 

C•R 

12 
11 

34 
9 

32 
7 

24 

27 
22 
19 
34 

6 
5 

II 
9 

13 
21 

9 
3 

19 
33 

I0 
9 
9 
9 

II 
24 
23 
23 
21 
25 

8 
23 

24 
14 

Dry 
Dens icy 

104 
It3 
107 

104 
121 
105 

100 
115 
t03 
116 

123 
120 
107 
103 
109 

106 
104 
•06 
109 
116 

9/, 

120 
106 

•02 
112 
107 
106 
113 

118 
116 
106 

112 
102 
116 

Percen• AC•erburg Limits 
Passing 
#200 PL LL 

74 26 45 19 
71 21 39 18 
69 t8 40 22 

64 22 44 22 
35 19 12 
64 20 37 17 
42 12 24 12 
80 28 46 18 
46 12 25 
55 13 36 23 
34 17 27 I0 
41 I0 23 13 
35 II 20 9 
35 10 20 I0 
54 19 38 19 
82 27 5O 23 
62 24 38 14 
64 19 39 20 
54 17 37 20 
55 12 40 28 
48 20 37 17 
46 12 28 16 
49 i0 23 13 
65 25 40 15 
91 30 51 21 
62 15 37 22 
39 t2 23 II 
70 22 35 I3 
84 24 50 26 
83 25 48 23 
69 29 45 16 
6-2 19 31 12 
72 23 43 20 
76 23 37 14 
54 20 34 14 
50 21 35 14 
48 20 34 14 
47 12 27 15 
42 13 27 14 
68 25 39 14 
62 23 36 13 
55 13 25 12 
71 25 40 15 
47 18 27 9 
55 17 28 
69 28 44 16 
48 12 28 16 

Subgrade Modulus 
Res£11ency 

Fac cot Predict ed Des ign 

O. 67 l1,400 7,600 
0.5 12,000 6,000 
0.5 0,900 5,400 
0.5 
0.33 9,400 3,300 
1.0 6,700 6,700 
0.5 9,700 4,800 
l. 0 7,600 7,600 
0.67 800 900 
1.0 7,700 7,700 
O. 5 7,700 3,800 

0 5 600 5,600 
1.0 6,300 6,800 
i. 0 7,000 7,000 

0 6,500 6,500 
O. 5 8, 100 4,000 
O. 33 12,700 4,200 
O. 5 9,800 4,900 
O. 33 9,100 3,000 
0.5 8,000 4,000 
O. 67 800 5,200 
O. 50 6,900 3,400 

0 6,900 6,900 
0 8,400 8,400 

0.67 0,800 7,200 
O. 67 13,100 8,800 
O. 50 I0,000 5,000 
1.0 7,200 7,200 
0.67 i0,900 7,300 
0.67 12,700 8,500 
O. 67 1.2,600 8,400 
O. 67 lO, 200 6,800 
O. 67 O, 3-00 6,900 
O. 67 1,300 7,600 
0.67 900 8,000 
I. 0 8,900 8,9.00 
O. 67 8,300 5,600 
O. 67 8,000 5 400 
I. 0 8,400 8,400 
1.0 7,300. 7 300 
0.67 0,500 7 000 
0.67 I0,200 6,300 

0 9,200 9,200 
0.67 10,700 7,200 
l. 0 8,000 8,000 
0.67 9,100 6,100 
O. 67 0, O0 6,000 
I. 0 8,300 3,300 



APPENDIX B 

Project Descriptions 

and 

Deflection Test Results 
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