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Evaluation of Pavement Subgrade Support 

Characteristics by Dilatometer Test 
ROY H. BORDEN, CECEP N. AZIZ, WESLEY M. LOWDER, and N. PAUL KHOSLA 

ABSTRACT 

The problem of evaluating the as-compacted or existing properties of subgrade 
soils is an important aspect of the design and rehabilitation of flexible pave
ments. The dilatometer has been shown to have significant potential for obtain
ing this information both reliably and economically. The relationship between 
the dilatometer modulus and the as-compacted California bearing ratio (CBR) for 
three different natural soils has been investigated . In general, the test pro
gram may be characterized as having evaluated: (a) a range of sample sizes in
cluding cylindrical molds of 6.0 in. (152 mm) and 11 in. (200 mm) diameter, a 3 
ft x 4 ft (approximately l m x 1. 25 m) chamber, and several field tests; (b) 
compactive efforts equivalent to AASHTO T-180, T-99, 50 percent of T-99, and a 
lower effort that produced a density equivalent to 90 percent of T-99 maximum 
dry density; and (c) a moisture content range for each soil sufficient to es
tablish maximum dry densities at each compactive effort. The results of the 
laboratory and field test program lead to the following conclusions: (a) Unique 
relationships between dilatometer modulus and CBR were found to exist for the 
as-compacted A-5 and A-6 soils regardless of density and moisture content con
ditions. (b) A laboratory technique was developed whereby dilatometer penetra
tion could be performed in CBR molds 6 in. (152 mm) in diameter such that both 
pieces of data could be obtained on the same specimen. Although the boundary 
conditions appear unfavorable in the small mold, the results were consistent 
with those obtained in an 11-in. (200-mm) mold and a chamber 3 ft x 4 ft (ap
proximately 1mx1.25 m). This small mold test did not work well for the A-2-4 
soil and would probably not work for any soil that was dominated by granular 
material with little fine-grained component. (c) Limited field tests on a com
pacted embankment from which one of the soils (A-6) used in the study was ob
tained revealed excellent correlation with the laboratory test program, 

The problem of evaluating the as-compacted or exist
ing properties of subgrade soils is an important 
aspect of the design and rehabilitation of flexible 
pavements. At present, this estimate is generally 
obtained by conducting in-place California bearing 
rati:o (CBR) tests or less frequently plate loading 
tests. These tests involve the removal of a section 
of pavement large enough that a technician can work 
in the excavated area at the subgrade level. The 
flat dilatometer, a device introduced in 1975 by 
Marchetti (1) ·for the in situ investigation of soil 
properties, -offers significant promise for providing 
a reliable and economical method for obtaining 
strength and stiffness characteristics associated 
with pavement design. 

FIGURE 1 Dilatometer and control unit. 

The flat dilatometer, shown in Figure 1, consists 
of a stainless steel blade with a thin, flat, circu
lar, expandable steel membrane on one side. The body 
of the dilatometer has a width of approximately 3. 7 
in. (95 mm) and a thickness of approximately 0.6 in . 
(14 mm) • When at rest, t he external s urface of the 
membrane, approximately 2.4 in. (60 mm) in diameter, 
is flush with the surrounding flat s urface of the 
blade. The blade is jacked i nto the ground and when 
located at the desired depth the membrane is in
flated by means of pressurized gas through a small 
control unit at the ground surface (also shown in 
Figure 1) . A longitudinal cross section of t 'he dila
tometer is shown in Figure 2. Readings are taken of 
the "A" pressure required to just begin to move the 
membrane (related to the lateral stresses existing 
in the ground) and of that "B" pressure required to 

move its center an additional approximate 0.04 in. 
(1 mm) into the soil (related to soil stiffness), 

Movements of the membrane are measured by extensom
e tei;s behind the diaphragm within the body of the 
device. On the basis of the assumption of linear 
elasticity, Marchetti (2) proposed that the lateral 
soil modulus be represented by the expression 

S0 = [2~pD(l - µ2) J/(11E) (1) 
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F1GURE 2 Section and details of dilatometer blade. 

where s0 is the approximate 0.04-in. (1-mm) deflec
tion of the center of the membrane, 6p is the differ
ence in the A and B readings corrected for membrane 
stiffness, D is the 2. 4-in. (60-mm) membrane diam
eter, E is Young's modulus, and ~ is Poisson's ratio 
of the soil. The expression, E/(l - ~ 2 ), is then 
termed the dilatometer modulus (Ea) • 

The usefulness of lateral soil modulus data for 
predicting vertical stiffness has been demonstrated 
in a study by Bciaud a nd Shields (3). In their 
study, lateral stiffness data were obtained using a 
small diameter pressure meter and were shown to be 
linearly re lated to pavement bearing strength as de
termined by McLeod plate tests. 

The laboratory and field tests reported in this 
paper were conducted in the first phase of a re
search prog ram to evaluate the use of the dilatom
eter for obtaining subgrade support characteristics 
both for pavement under construction and for those 
requiring rehabilitation. In the initial phase of 
the program, the objectives were the development of 
laboratory testing techniques and the establishment 
of correlations between dilatometer moduli and CBR 
values for a range of soil types and moisture-den
sity conditions. Field verification tests were also 
conducted in a newly compacted subgrade as were pre
liminary tests in an existing pavement system. In 
one instance, the dilatometer was hydraulically 
pushed through an asphalt pavement with the 7 ,500-
lb. (33.4-kN) capacity of a Mobile drill rig. Re
search is continuing on developing field testing 
techniques for use beneath existing pavements and on 
correlating the lateral soil modulus obtained from 
the dilatometer with resilient modulus and con
strained modulus response. 

EXPERIMENTAL PROGRAM 

To evaluate the potential usefulness of the dilatom
eter for determining pavement subgrade support char
acteristics, an experimental program was designed 
using the three natural soils the characteristics of 
which are given in Table 1. These soils were chosen 
for their range of properties and significance as 
locally encountered materials. Most notably, the 
first soil has a significant mica content, the sec
ond has a higher silt-clay content, and the third 
has an extremely high sand content. Because the pri
mary goal of this first phase of the research pro
gram was to identify the potential for predicting 
in-place subgrade characteristics (as indicated by 
CBR value) from the dilatometer modulus, it was 
deemed important to evaluate the significance of 
soil type on the functional relationship. It was 
also anticipated that the insertion of the dilatom-
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TABLE 1 Soil Characteristics 

Soil 1 Soil 2 Soil 3 

Percentage passing no. 4 sieve 88 97 100 
Percentage passing no. 40 sieve 77 84 40 
Percentage passing no. 200 sieve 43 65 18 
Liquid limit (%) 46 37 26 
Plasticity index(%) 3 15 4 

'Yd max (pcf) 102.4 111.0 118.0 
wop!(%) 20 16.8 12.5 
'Yd max (pcf) 110.4 123.0 
wopt (%) 16.8 12.2 

Specific gravity 2.77 2.78 2.70 
AASHTO classification A-5 A-6 A-2-4 

Note: Dashes indicate not conducted. 

eter blade into a laboratory scale sample could pro
duce results different from those that would be ob
tained in the field due to boundary effects. The 
experimental program evolved because the findings on 
the first soil tested influenced the subsequent pro
cedures. In general, the test program may be charac
terized as having evaluated (a) a range of sample 
sizes including cylindrical molds 6 in. (152 mm) and 
11 in. (280 mm) in dlameter, a chamber 3 ft x 4 ft 
{approximate~y l m x 1 . 25 m), a nd several field 
tests; (b) compact i ve efforts equiva len t t o MSBTO 
T-180, T-99, 50 percent of T-99 , and a lower effort 
that produced a density equivalen t t o 90 percent o f 
the T-99 maximum dry den s ity; and (c) a mois ture 
content range for each soil sufficient to establish 
maximum dry densities at each compactive effort. 

The standard preparation technique for all sam
ples involved the air drying of soil, followed by an 
increase in moisture content by means of a combina
tion of hand and rotary mixing. All samples were 
then sealed in plastic bags and placed in a 100 per
cent humidity room for at least 72 hr to enhance 
moisture equilibration. All specimens 6 in. (152 mm) 
in diameter were compacted using an automatic drop 
weight device fitted with a sector-shaped hammer 
head. Standard AASHTO compaction procedures were 
used. A fresh batch of soil was used for each com
paction test. This eliminated the question of any 
residual fabric effects that can arise in some soils 
from the reuse of previously compacted material. 

For practical reasons it was not deemed feasible 
to compact the specimens 11 in. (280 mm) in diameter 
with the same drop weight procedure. Static compac
tion using an MTS loading frame was employed to com
press layers of soil to the desired density. In this 
way densities could be obtained that corresponded to 
the densities (T-180, T-99, and so forth) from the 
impact tests. Three layers were used to make speci
mens approximately 13 in. (330 mm) to 13.8 in. (350 
mm) in height. After the last layer was compacted, 
three CBR tests were conducted in the top layer. The 
dilatometer test was performed once in each layer 
with the dilatometer positioned in such a way that 
the center of the membrane was approximately at the 
middepth of each layer. 

The CBR tests for each of the lower layers were 
performed after carefully removing the soils on top 
of them. The final wet unit weight of the compacted 
soil was determined as the ratio of the weight of 
soil in each layer divided by its final volume (tak
ing into consideration the densif ication of the 
lower layers due to placing of the upper layers). 

To more clearly identify the influence of sample 
size that resulted from the presence of constraining 
boundaries, an even larger laboratory sample was 
used in the first test series. A test chamber with 
plan dimensions of 3 ft x 4 ft (approximately l m x 
1.25 m) and a height of 3 ft (approximately 1 m) was 
constructed. Soil for this sample was brought to the 
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desired moisture condition by mi.x1ng in a concrete 
mixer. A layer of sand was placed and compacted in 
the bottom of the chamber, followed by compacted 
layers of soil approximately 5 in. ( 125 mm) thick. 
Each soil layer was compacted using a hand-held me
chanical field compacter. The dilatometer was pushed 
into the sample by means of a hydraulic piston 
mounted on an overhead frame. The use of pressure
compensating flow control valves allowed the dila
tometer to be inserted at a controlled rate. When 
the center of the dilatometer membrane was approxi
mately at middepth of the first layer, the penetra
tion was stopped and the membrane inflated. On com
pletion of the test, the dilatometer was advanced to 
middepth of the next layer. This procedure continued 
until all three layers had been tested, with the 
sand layer providing a "cushion" to ensure that the 
tip of the dilatometer did not strike the bottom of 
the chamber when penetrating to the bottom layer. 
After the completion of numerous dilatometer inser
tions, the box was excavated allowing for (a) con
ducting "field" CBR tests at the middepth of the 
compacted layers and (b) an actual measurement of 
the as-compacted layer thickness and moisture con
tent distribution. 

Finally, for the second soil tested, a local 
field site was identified where a compacted embank
ment for a bridge abutment had recently been con
structed. A ser'es of field density tests, field CBR 
tests, and di1atometer tests was conducted. The CBR 
tests were conducted using the loaded reaction truck 
shown in Figure 3, which was jacked off of its 
springs and supported on concrete cylinders. The 
dilatometer was hydraulically inserted by using the 
Mobile drill rig shown in Figure 4. Only minor mod
ifications in the coupling of the union were re
quired to attach the dilatometer to the existing 
equipment. 

FIGURE 3 Field CBR test. 

RESULTS 

The results of the laboratory and field tests con
ducted in this study are presented in the sequence 
in which the three soils were tested because inter
mediate conclusions were reached and these findings 
influenced subsequent testing procedures. During the 
initial stages of the testing program special atten
tion was focused on answering the following ques
tions: 

1. If specimens are made in a larger diameter 
mold, will differences in specimen preparation tech-
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FIGURE 4 Imertion of dilatometer with drill rig. 

nique substantially influence the density-CBR and 
the CBR-dilatometer relationships? 

2. How large does the mold into which the dila
tometer is pushed need to be in order to reduce 
boundary effects to a minimal level for compacted 
soils? 

3. Can a unique relationship between dilatometer 
modulus (Ea) and CBR be found, regardless of soil 
density or moisture content conditions, for each 
soil tested? 

It was obvious that moisture-density relationships 
and CBR data would need to be developed in standard 
molds with conventional compaction procedures. How
ever, it was initially believed that the dilatometer 
would probably need to be inserted into specimens 
that had a minimal diameter of the 11 in. (280 mm). 

Figures 5 and 6 show the compaction characteris
tics and unsoaked CBR response, respectively, for 
the A-5 soil. For the lower moisture contents, the 
effect of increased compactive effort is to increase 
the CBR value. At higher moisture contents, the as
compacted CBR values are lower for the specimens 
compacted with the highest energy level. This is due 
to the increased initial degree of saturation and 
resultant influence on the effective stress state 
during penetration. 

On the basis of the results of the impact-com
pacted specimens reported in Figures 5 and 6, and 

SOIL TYPE: A-5 LL 46 % Pl 3 % 
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FIGURE 5 Moisture content versus unit weight for A·S soil. 



Borden et al. 

= = u 

8 20 :::,.::: 
<I: 
C> 
(/) 

:z:: 
=> 

§ 10 
u 
LU 

= = C> 
u 

SOIL TYPE: A-5 LL - 46 % Pl - 3 % 

COMPACTIV[ EFFORT 

0 T-180 

+ T-99 

o 50 IT- 99 

O -i--~~~~~~~~~~~~~~-.--1 

10 18 

MOISTURE CONTENT, W (%) 
FIGURE 6 Moisture content versus corrected unsoaked CBR 
for A-5 soil. 

26 

using the smooth curves fit through the data, Figure 
7 was constructed (4). From this figure , the as-com
pacted CBR value c;n be predicted for any combina
tion of moisture content and dry density. This al
lowed a comparison to be made between the CBR values 
obtained from tests on statically compacted samples 
and standard impact-compacted samples. The dry den-
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FIGURE 7 Unit weight versus corrected unsoaked CBR for A-5 
soil. 

sity and moisture content of the statically com
pacted sample weze determined by excavating the sam
ple after testing. When these two values had been 
determined , the predic·ted CBR value was found from 
Figure 7 a.nd compared with the vaiue obtained from 
the CBR test on the statically compacted sample . The 
degree to which these data agree is some measuze of 
the similarity of the specimens . The results of this 
comparison are shown in Figure B with several typi
cal values noted. The 45-degree line indicates com
plete agreement and the comparison is seen to be 
quite good. Although this is no guarantee that fab
ric or structural differences between impact-com
pacted and statically compacted specimens do not 
exist to any degree, it is an indication that they 
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FIGURE 8 Predicted CBR versus measured CBR for A-5 soil. 

are not significant near the optimum moisture con
tent where the statically compacted specimens were 
prepared. 

Figure 9 shows a summary plot of the CBR versus 
d ilatometer modulus data for the tests conducted in 
the statically compacted specimens, the large test 
chamber previously described, and several tests con
ducted in a mold having the same diameter as the 
s t andard CBR mold but that was considerably taller 
and allowed the impact compaction of a specimen 12 
in. (approximately 300 mm) thick. CBR tests were 
conducted on the surface and the dilatometer was in
serted down to midheight of the mold. A linear re
gression was performed using all data points except 
those circled ; this resulted in the regression coef
ficients a= 0.07, b = .041, and an R2 value of 
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0.86. With an insignificant loss in predictive capa
bility, the expression could be more simply s tated as 

CBR = 0.041 Ed (2) 

with the CBR value expressed as a percentage and the 
Ea value in tsf. 
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The three values that are circled in Figure 9 
represent dilatometer data obtained in the top layer 
of the statically compacted three-layer specimens. 
In each case the top J.ayer was approximately 4 in . 
( 100 mm) thick and the dilatometer membrane 2 . 4 in. 
(60 mm) in diameter was only 0.8 in. (20 mm) to 1.2 
in. (30 mm) below the soil surface. It appears that 
the insertion of the blade created enough distur
bance of the adjacent soil to cause a loss of lat
eral support. This was noted by visual observation. 
In subsequent tests on the third soil (predominated 
by its sand component) actual bearing capacity fail
ures with significant uplifted zones were noted in 
some specimens. The data from the large box actually 
represent the average of two or three dilatometer 
modulus values within a 10-in. (254-mm) radius of 
the three CBR tests conducted in the center of each 
of the three layers. The CBR tests were conducted 
along the centerline of the box at the one-quarter, 
one-half, and three-quarter points on the plan area. 

An analysis of the data shown in Figure 9 re
sulted in two important conclusions: 

1. The modulus data obtained in the 6-in. 
(152-nun) mold (standard CBR mold diameter) provided 
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data consistent with the larger mold and large box 
although the boundary conditions are obviously less 
favorable and 

2. The 0.8- to 1.2-in. (20- to 30-mm) penetra
tion of the dilatometer diaphragm below the 11-in. 
(280-mm) mold surface was not sufficient. 

The similarity of the resu;Lts obtained in the 
three different size test specimens was not antici
pated. It was postulated that the compression of the 
soil adjacent to the dilatometer membrane during in
s ertion of the blade must have been essentially tbe 
same in each environment. This could explain the 
consistent lateral stiffness observed. The densifi
cation that occurred at dista.nces away from the 
dilatometer may well have been a function of speci
men size, but this behavior was not investigated, 

Therefore, two modifications were incorporated in 
subsequent testing. First, a technique was developed 
whereby the CBR mold could be used as a specimen f or 
di latometer testing after the CBR test was con
ducted . Simply stated, the surcharge weights were 
removed, the t .op volume of the mold was filled with 
sand, the base plate was then disassembled and at
tached to the top of the mold, the mold was in
verted, and penetration .,,,as 111ade from the opposite 
end. This allowed for the generation of a large num
ber of CBR and dilatometer data on identical speci
mens over a wide range of moisture and density con 
ditions. Second, the layer thickness in the large 
mold was altered to provide a thicker top layer. All 
subsequent 11-tn. (280-mm) mold tests were conducted 
on specimens with lower layers approximately 3,9 in • 
( 100 mm) thick and a top layer of approximately 5 
in. (125 to 130 mm). With the penetration of the 
dilatometer to near the bottom of the top layer, the 
top of the membrane was now approximately 2. 4 in. 
(60 mm) (or one diaphragm diameter) below the free 
surface. Because the d ilatometer modulus did not ap
pear to be influenced by sample size, it was deter
mined that the large test chamber would only be used 
if future results indicated the presence of a size 
influence when da,ta generated in the 6-in. (152-nun) 
and 11-in. (280-mm) molds were compared. 

The compaction characteristics and unsoaked CBR 
response for the second soil, classification A-6, 
are shown in Figures 10 and 11, respectively. The 
correlation between the results obtained in the 
impact-compacted CBR molds and the larger statically 
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compacted molds was excellent. Although plots simi
lar to Figures 7 and 8 for soil 1 were developed, 
the degree of agreement is clearly shown in Figure 
11. The lower compactive effort data were generated 
in the 11-in. 1280-mm) mold by statically compacting 
the soil at the optimum moisture content (for the 
T-99 compactive effort) to a density representative 
of approximately 90 percent of the T-99 dry density. 
Figure 12 shows the dilatometer data generated for 
this soil. The linear regression coefftcients uti
lizing all the laboratory data are a = 0.16, b = 
0.052, and an R2 value of 0.89. As with the first 
soil tested, the intercept value is negligible and 
the relationship may be expressed as 

CBR = 0.052 Ea (3) 

with the CBR value expressed as a percentage and the 
Ea value in tsf. 
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FIGURE 12 Dilatometer modulus versus corrected unsoaked 
CBR for A-6 soil. 

In all but one instance two CBR tests were con
ducted on each of the three layers of the three 
11-in. ( 280-mrn) specimens. In order that the consis
tency of the CSR data might be shown , each of th.e 
values obtained was plotted versus the single dila
tometer reading from that layei:- . It is also notable 
that the data furthest to the left of the regression 
line were aqain those obtained from the top of the 
ll-in. ( 280-mm) mold, although the magnitude of the 
difference was not as observable as it was with the 
first soil. It appea rs that the increased depth of 
membrane insertion (to one m mbrane diameter ) in 
these tests helped solve the problem identified pre
viously. However, because a loss of lateral suppoi::t 
due to dilatometer insettion has clearly heen iden
tified as the reason for low read.ings in pre\!iOus 
tests, it may be suspected that this factor is still 
operating to some degree in these tests. 

Finally, the compaction character is tics and the 
unsoaked CBR response foe the third soil, an A- 2-4, 
are shown in Figures 13 and 14. f'ue to the e x t.remely 
'high density and corresponding high CSR values for 
the T-99 compacted specimens, it was deemed more 
interesting from a pi::actical ooint of view to evalu
ate a lower compactive effort in place of the previ
ously used T-180. Several hiqh compactive effort 
specimens were prepared with moisture contents of 10 
and 12 percent with resulting CSR values in excess 
of 50 . However , none of these Sl?ecimens could he 
penetrated with the 5 ,000-lb. f 22. 2-kN) capacity of 
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the laboratory hydraulic piston used for dilatometer 
insertion. 

The CBR-versus-dilatometer relationship shown in 
Figure 15 exhibits significant scatte.r. The symbols 
used in Figure 15 diffet somewhat from those used 
previous1.y in ocdei:- to illustrate several signifi
cant points . First , in numerou·s instances the inser
t ion o f the dilatometer into this soil resulted in 
obvious heaving of the surface 1 in some instances 
wedges o f soil 1.ifted fa:om the molds res ulting in a 
loss of lateral support. This response was seen for 
both the 6-in. (152-mm) and the 11-in. (280-mm) 
molds. All of these points are circled in Figure 15 
and were not used in the subsequent regression 
analysis. In one instance, in the 11-in. (280-nun) 
mold test on the T-99 compacted specimens, no dila
tometer data were obtained for the top layer due to 
the amount of soil displaced during penetration. 
Second, tbe data obtained in the lower layers of the 
11-in . (280-mm) mold appear to be consistent . The 
limited capacity of the laboratory hydraulic piston 
prevented penetration of the dilatometer in several 
instances . E'or example, only the top layer of the 
T-99 compacted specimen could be penetrated, but no 
dilatometer data were obtained as previously men
t ioned1 for the 50 percent of T-99 specimen, the 
first and second layers were penetrated, but the 
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FIGURE 15 Dilatometer modulus versus corrected unsoaked CBR for 
A-2-4 soil. 

lowest layer could not be penetrated. The top layer 
data are shown in Figure 15 with CBR values between 
16 and 19 and with a low dilatometer modulus of 100 
due to soil heaving. The middle layer data are 
plotted at approximately a dilatometer modulus of 
400 tsf and a CBR value of 16.5. Penetration was 
achieved in all layers of the lower density speci
men, and apart from the top layer data (Ed approx
imately 125 tsf and CBR between 10. 5 and 12) , the 
bottom two layers appear consistent with the middle 
layer of the 50 percent T-99 specimen. 

A linear regression on the data from the lower 
layers in the 11-in. (280-rnrn) molds and that from 
tests conducted on lower density specimens and those 
compacted wet of optimum yielded the following coef
ficients: a = 0.19, b = 0.031, and R2 = 0.89. Sim
plifying, as before, yields the expression 

CBR = 0 .031 Ed (4) 

with the CBR value expressed a s a percentage and the 
Ea value in tsf. The inclusion of the 6-in. (152-mm) 
mold data on the lower compactive effort specimens 
and those compacted wet of optimum was done because 
no visual observations were made that indicated that 
they should be discarded. The observance of surface 
heaving in numerous tests indicated that the results 
of small mold tests and unconfined near-surface 
tests in compacted soils that are predominately sand 
with little cohesive component must be viewed with 
caution. 

FIELD TESTING 

In an effort to validate the results of the labora
tory study reported in this paper, field tests were 
conducted at the location of a new bridge structure 
that was under construction in the Research Triangle 
Park area of North Carolina. This location served as 
the borrow site for the A-6 soil used in the labora
tory study. In cooperation with the Geotechnical 
Unit and Materials and Test Unit of the North Caro-

lina Department of Transportation (NCDOT), field CBR 
and field density tests were conducted on the sur
face layer of a compacted embankment that will serve 
as. the approach ·for the overpass. Because the sur
f ace had not been cut to final grade, the three in
place density and CBR tests were conducted at a 
depth of approximately 8 in. (200 mm) below the ex
isting surface. No attempt was made in this study to 
evaluate the near-surface dilatometer response by 
varying the depth of penetration. The dilatometer 
was hydraulically pressed into the compacted fill 
using the Mobile drill rig shown in Figure 2 at lo
cations approximately 12 in. (300 mm) away from the 
CBR and density tests. The dilatometer was pushed 
until the center of the diaphragm was at the desired 
8 in. (200 mm) depth. Sub,seguent advances were made 
in B-in. (200-mm) i ncrements through the fill to a 
maximum depth of approximately 20 ft' (6 ml. However, 
because CBR and density dat~ were only obtained at 
the surface, the rest of the dilatometer data are 
not presented in this context. 

The results of the field CBR and dilatometer 
tests a_re presented with the laboratory data previ
ously discussed in Figure 12. Although the data axe 
limited, the correlation with the many laboratory 
tests is encouraging. The time required to conduct 
the field dilatometer tests was on the order of l 
min pet test when near-surface data were being gath
ered. For the approxi.mately 20-ft (6-m) penetra
tions, readings wei:-e taken at every 8 in. (200 mm) 
for a total of 29 readings. The assembly and disas
sembly of rods increased the average time to approx
imately 1. 5 min, or a total of 45 min. This indi
cates the great economy that can be achieved in 
obtaining subgrade support characteristics compared 
with in-place CSR tests. 

SUMMARY AND CONCLUSIONS 

The problem of evaluating the as-compacted or exist
ing properties of subgrade soils is an important 
aspect of the design and rehabilitation of flexible 
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pavements. The dilatometer has been shown to have 
significant potential for obtaining this information 
both reliably and economically. In this paper, the 
relationship between the dilatometer modulus and as
compacted CBR for three different natural soils has 
been investigated. Current research is extending 
this work to include resilient modulus and one
dimension compression modulus (constrained modulus) 
correlations. 

On the basis of the results of the laboratory and 
field test program reported herein, the following 
conclusions are advanced: 

1. Unique relationships between dilatometer 
modulus and CBR were found to exist for the as
compacted A-5 and A-6 soils regardless of density 
and moisture content conditions. The relationships 
were found by linear regression to be CBR = O. 041 
Ea for the A-5 soil and CBR = 0.052 Ea for the A-6 
soil. The data for the A-2-4 soil yielded the rela
tionship CBR = 0.031 Ea, although many more tests 
were found unacceptable due to heaving of the soil 
surface and loss of lateral support. Reasonable data 
were obtained when the dilatometer diaphragm was at 
a depth of approximately 7 in. (175 mm) or more be
low the mold surface. 

2. A laboratory technique was developed whereby 
dilatometer penetration could be performed in CBR 
molds 6 in. (152 mm) in diameter such that both the 
dilatometer modulus and CBR value could be obtained 
on the same specimen. Although the boundary condi
tions appeared unfavorable in the small mold, the 
results were consistent with those obtained in an 
11-in. (280-mm) mold and a chamber 3 ft x 4 ft (ap
proximately 1 m x 1.25 m). It was postulated that 
the compression of the soil adjacent to the dilatom
eter blade during penetration was essentially the 
same in each of the specimens. Thus the stiffness of 
the soil within the zone of influence for the 0.04-
in. (1-mm) diaphragm expansion was observed to be 
similar. This small mold test did not work well for 
the A-2-4 soil and probably would not work well for 
any soil that was dominated by granular material 
with little fine-grained component. 

3. Limited field tests on a compacted embankment 
from which one of the soils (A-6) used in the study 
was obtained revealed excellent correlation with the 
laboratory test program. The economical use of the 
dilatometer was shown in the ability to obtain data 
at a given location in approximately 1 min per test 
point desired. A 3.3-ft (1-m) penetration with five 
tests conducted at depth increments of approximately 
8 in. (200 mm) took a total of about 5 min. This was 
in sharp contrast to the time that it took to obtain 
the limited CBR data. In addition, the problems of 
surface preparation, equipment alignment, and main
taining constant CBR penetration rates are elimi
nated. 
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