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Determination of Pavement Layer 
Structural Properties for Aggregate
Surf aced Roads 
T. RWEBANGIRA, R. G. HICKS, AND MARK TRUEBE 

Pavement engineers and researchers generally agree that surface 
deflection basin measurements provide valuable information 
for pavement structural evaluation. This understanding has led 
to the development of analysis procedures that are used to 
determine pavement material characteristics (resilient moduli) 
from surface deflection data. Several types of NDT equipment 
and analysis procedures are currently available for providing 
this information, and have mainly been used for asphaltic 
concrete pavements. These procedures vary substantially in 
complexity, accuracy, and availability, which makes the selection 
of appropriate equipment and analysis methods difficult for an 
individual agency. The use of back-calculation procedures to 
predict the structural properties of aggregate-surfaced pave
ments from deflection data is evaluated in this paper. 

Two procedures are evaluated, BISDEF and MODCOMP2, 
together with three surface deflection measuring devices, the 
Falling Weight Deflectometer, Road Rater, and Dynaflect. 
Deflection basins measured by these devices are evaluated by 
using the two procedures to obtain the resilient moduli of the 
pavement and subgrade. In addition, a laboratory study was 
conducted in which the moduli of the aggregate surface and 
subgrade soil were determined. A. comparison was made 
between the back-calculated and laboratory-determined moduli. 
It was found that BISDEF and MODCOMP2 predicted the 
moduli of the subgrade using FWD data to within the range of 
laboratory-determined values. Both procedures performed 
poorly with the data measured by the Dynaflect, and less poorly 
with the data measured by the Road Rater. 

Pavement engineers and researchers generally agree that surface 
deflection basin measurements provide valuable information 
for pavement structural evaluation. This understanding has led 
to the development of analysis procedures that are used to 
determine pavement material characteristics (resilient moduli) 
from surface deflection data. Several types of nondestructive 
testing (N DT) equipment and analysis procedures are currently 
available for providing this information, and have mainly been 
used for asphaltic concrete pavements. These procedures vary 
substantially in complexity, accuracy, and availability, which 
makes the selection of appropriate equipment and analysis 
methods difficult for an individual agency. 

Aggregate-surfaced roads still account for a great portion 
(approximately 57 percent) of the total mileage of roads in the 
United States. In developing countries in which traffic volumes 
are generally low, aggregate-surfaced roads account for up to 90 
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percent of national road networks . Up-to-date information on 
the application and limitation of available analysis procedures 
for aggregate-surfaced pavements is not widely available. Such 
information would help improve the management of low
volume, aggregate-surfaced pavements. 

OBJECTIVE 

The objective of this study was to evaluate certain procedures 
that can be used to determine the moduli of the pavement and 
subgrade of aggregate-surfaced roads. Five projects in the 
Willamette National Forest in Oregon were evaluated with this 
objective in mind. Willamette National Forest managers were 
interested in back-calculation as a means of obtaining seasonally 
varying moduli for input in a mechanistic Surfacing Design and 
Management System (SDMS) (J. 2 ). The procedures evaluated 
included BISDEF, which was developed by the U.S. Army 
Corps of Engineers, and MODCOMP2, which was developed 
at Cornell University (3-5) . The back-calculated moduli were 
compared with laboratory-determined moduli using both 
disturbed and undisturbed samples. 

FIELD DATA COLLECTION 

Site Descriptions 

Willamette National Forest roads were exclusively used to meet 
the study objective. Although data were collected on 18 
different sites, only five of these sites were analyzed. The 
selection of the five sites was based on the availability of 
laboratory moduli data from both disturbed and undisturbed 
subgrade samples and the presence of an aggregate-surface 
layer. Specific characteristics of each site used in the analysis are 
given in Table I. Four of the selected sites consisted of a 
crushed-aggregate pavement layer that was placed on top of a 
prepared subgrade. The fifth site had an intermediate layer of 
pit run between the aggregate layer and the subgrade. 

Pavement Surface Deflection 

Surface deflection data were collected four times over a period 
of I year from October 1984 to October 1985. Three different 
deflection measuring devices were used: the Dynaflect, the 
Falling Weight Deflectometer (FWD), and the Road Rater. 
During each of the four site visits, deflection measurements 
were taken either with the Dynaflect, Road Rater, or FWD. On 
two occasions, November 1984 and March 1985, the Road 



216 Transportation Research Record 1106 

TABLE I SUMMARY OF THE CHARACTERISTICS OF THE FIVE TEST SITES 

Elevation 
USFS (ft above Pavement 

Site Road No. Sea Level) Thickness/ Material 

Mark's What 1802-165 2200 8.0" crushed rock 

Powell's 5833-500 1800 8.95" crushed rock 
Potholes 

Frosty 5840-540 3200 6.0" crushed rock 
Rock pile 10.0" pit run 

Steepback 1825-242 2400 6.0" crushed rock 

Shaddy Dell 5847-565 2200 9.86" crushed rock 

Rater and Dynaflect were used concurrently. In June 1985 the 
Road Rater and FWD were also used concurrently. In October 
1985, only the FWD was used. The analysis utilized data from 
the Dynaflect and Road Rater obtained in November 1984, and 
the FWD data obtained in October 1985. The selection of these 
dates was based on the fact that the subgrade soil had about the 
same value of moisture content. 

Deflection Equipment 

Dynaflect 

The Dynaflect, which is owned by the USDA Forest Service 
Region 6, employs two counter-rotating masses to apply a 
peak-to-peak dynamic force of i,000 ibs (4.4 i:N) at a fixed 
frequency of 8 Hz. The force is applied to the pavement through 
the use of two steel wheels that are 20 in (50.8 cm) apart and the 
deflection basin is measured using six sensors. 

Road Rater 

The Road Rater System (model 200B), which is owned by the 
Federal Highway Administration (FHWA), applies a known 
force to the roadway surface at a specified frequency. The 
deflection is measured by four sensors that are positioned at I-ft 
intervals. The force and frequency are adjustable and may be set 
at any target value. The target values for this study were 1.3 kips 
and 25.0 Hz, which are the values that are typically used. 

Falling Weight Deflectometer 

Pavetech, Inc., of Redmond, Washington, was contracted to 
perform deflection measurements using the KU AB FWD (6, 7). 

Subgrade Subgrade 
Material Soil data 

ML - clayey silt LL= 49 
Pl = 16 
Max Dry Density = 79.5 pcf 
Opt M.C. = 36.6% 

ML - clayey silt LL= 45 
Pl = 14 
Max Dry Density 92 pcf 
Opt M.C. = 27.4% 

SM - silty sand LL= 54 
Pl = 6 
Max Dry Density = 74 pcf 
Opt M.C. = 40.8% 

ML - clayey silt LL= 46 
Pl = 13 
Max Dry Density = 87.1 pcf 
Opt M.C. = P.4% 

ML - clayey silt LL = 43 
Pl = 7 
Max Dry Density = 82.1 pcf 
Opt M.C. = 30.8% 

This device is trailer-mounted and is towed by a standard-size 
automobile. The impulse force is created by dropping a set of 
two weights from different heights. The load at the pavement 
surface was varied from 4,900 to 11,300 lbs by varying the drop 
height. The two-mass system was used to create a smooth load 
pulse similar to that created by a moving wheel load (6, 7). 
Surface deflections were measured with four seismic transducers, 
or seismometers, that were lowered automatically with the 
loading plate. Because the FWD could apply a load of 
magnitude equal to that produced by a loaded truck, there was 
no need to correct the determined in situ moduli for stress 
sensitivity. Care was taken for all three devices to ensure the 
proper seating of the sensors on the gravel surface by adjusting 
the final contact manually. 

Deflection Results 

The deflection values that were obtained for four of the five sites 
in November 1984 using the Dynaflect and Road Rater are 
summarized in Table 2. Eleven measurements were taken for 
each site, as shown in Figure I. The average deflection value for 
each sensor is shown together with the standard deviation. The 
average value for each sensor was used as the input in the 
back-calculation process. 

The FWD measurements that were obtained in October 1985 
are shown in Table 3. Two load values were applied at each of 
the 11 deflection points on each site. Two deflection values for 
each load level were recorded for every sensor and the average 
was taken. The average deflection value for each sensor for the 
two load levels of 4,800 and 11,200 lbs was then computed. 
From these averages, a deflection value was obtained by linear 
interpolation that corresponded to a 9,000-lb load level. The 
deflection at the 9,000-\b load level was used as the input in the 
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TABLE2 DEFLECTION MEASUREMENTS TAKEN IN NOVEMBER 1984 

Rock Dynaflect Deflections, mils 
No. of Depth 

Site Name Measurements (in) Sensor No. (spacing = 12") 

I 2 
Mark's What II 8.00 Avg. 2.61 1.10 

s.d. 0.44 0.35 

Powell's II 8.95 Avg. 3.17 1.27 
Potholes s.d. 0.37 0.37 

Frosty 
Rock pile No data taken in November 1984 - Site snowed out 

I 2 
Steep back II 6.00 Avg. 2.74 1.36 

s.d. 0.33 0.19 

Shaddy Dell II 9.86 Avg. 3.23 1.50 
s.d. 0.52 0.20 

Deflection Rock Depth Deflection 
Test No. (inches) Test Location 

11 6 It 

10 6 
10 ft spacing 

9 7 It 

8 7 It 
Resistivity 

7 8 It Cel I Location 

6 12.5 --o 
Location of 

5 11 It Recorder 

4 11 It 

3 11 It 

2 10 It 

8 It 

..... 1a ft 

FIGURE l Typical site plan for deflection 
measurement in road 1802-64. 

back-calculation procedures. The value of 9,000 lbs was based 
on the wheel load of the standard 18,000-lb axle that is 
commonly used in the United States. 

LABORATORY STUDY 

Pavement aggregate surfacing materials and subgrade soils 
were taken from each site and used in a series of laboratory 
tests . The tests on soils included such classification tests as 
gradation and Atterberg Limits tests (Table 1). The maximum 
dry density and optimum moisture content were also determined 
for each soil type in accordance with AASHTO-T-99 (8). The 
maximum dry density and optimum moisture of aggregate 
surfacing material were determined in accordance with 
AASHTO-T-99 method C. The gradation and Atterberg limits 
of aggregate samples were also determined. 

Road Rater Deflection, mils 

Sensor No. (spacing = 12") 

3 4 5 6 I 2 3 4 
0.63 0.30 0.16 0.09 4.19 2.20 1.04 0.52 
0. 19 1.07 . 0.04 0,02 2.05 0.54 0.40 0.06 

0.80 0.47 0.29 0.18 4.69 2.40 0.96 0.55 
1.32 0.20 0.14 0.08 0.74 0.99 0.2·1 0. 11 

3 4 5 6 I 2 3 4 
0.85 0.55 0.36 0.23 4.25 1.72 1.05 0.85 
0. 11 0.86 0.05 0.05 I.II 0.58 0.49 0.82 

0.76 0.42 0.22 0.09 4.58 2.09 1.39 0.72 
0.10 0.07 0.05 0.07 I.II 0.64 0.48 0.28 

Resilient Modulus Tests 

The resilient moduli for each soil were determined at various 
densities, water contents, and stress states to represent a range 
of in-service conditions. The test procedure was developed by 
the Willamette National Forest and is similar to AASHTO T 
274-82 (8, 9). The two tests primarily differed in the conditioning 
phase and in the stress sequence applied. 

Samples were prepared at the combinations of density and 
moisture contents shown in Figure 2 to obtain the moduli at 
different densities and moisture contents. The densities selected 
were 90 percent, 95 percent, and 100 percent of maximum dry 
density. Three of the five tests were conducted at the optimum 
water content. The remaining two tests were conducted above 
and below the optimum water content, as shown in Figure 2. 

Samples were first prepared by adjusting the water content of 
the soil to the test value. The samples were then compacted into 
a triaxial test mold that was 8 in high and 4 in in diameter. The 
compaction was achieved in six lifts of equal height and weight 
using the standard 5.5-lb hammer and a 12-in drop (AASHTO 
T-99) . After the sample was placed in the modulus test 
apparatus, it was subjected to load conditioning to reduce the 
effect of imperfect contact between the end platens, and to 
orient the soil particles in such a way that the strains measured 
were primarily due to elastic deformation. This consisted of 
maintaining a constant confining stress of 6 psi and applying 
increasing deviator stresses of 2, 4, 6, IO, 14, and 18 psi for 200 
load repetitions (with a frequency of 1 Hz) at each stress level. If 
at any time the permanent deformation during conditioning 
exceeded O. IO in, the test was discontinued at that stress level 
because the strain value was out of the linear range of the 
LVDTs. 

After the conditioning phase was completed, the modulus 
testing began with a confining pressure of 6 psi. A range of 
deviator stresses (2, 4, 6, 10, 14, and 18 psi) was applied and the 
elastic strain was measured after 100 repetitions at each stress 
level. Successively lower confining pressures of 3 and 0 psi were 
then used. This range of test stress levels was determined by 
using the linear elastic computer program ELSYM5 and was 
considered representative of the stress state at the top of the 
subgrade for typical forest service roads. Undisturbed samples 
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TABLE 3 FWD DEFLECTION MEASUREMENTS TAKEN IN OCTOBER 
1985 (NORMALIZED TO 9,000 LB) 

No. of 
Site Name Measurements 

Mark's What II 

Powell's II 
Potholes 

Frosty II 
Rockpile 

Steep back II 

Shaddy Dell II 

>-
·;;; 100% 
c: 
Q) 

Cl 

Q) 95% 
> 

0 

~ 90% a:: 

wd wo ww 
Water Content 

FIGURE 2 Moisture-density oftest points. 

were obtained using Shelby tubes that were 4 in in diameter. 
These samples were trimmed to an 8-in height, conditioned, and 
tested in the same manner as disturbed samples. The results are 
shown in Table 4. 

Samples of the granular materials were prepared by com
pacting at two different values of moisture content and dry 
density. The samples were comp.acted into a triaxial test mold 
that was 12 in high and 6 in in diameter. The compaction was 
achieved in seven lifts of equal height and weight by use of a 
vibratory air hammer. The weight of the lifts was determined in 
such a way that the total density and known water content 
would yield a dry density that would be 95 percent or higher of 
AAS HTO-T-99 maximum dry density as previously determined 
for the material. The prepared sample was then conditioned by 
applying a series of confining stresses of 5, I 0, 15, and 20 psi. At 
each confining stress level, an equal amount of deviator stress 
was applied for 200 repetitions. After conditioning, the sample 
was tested at the same four confining stress levels. At each 

Deflection , mils 
Sensor No. (spacing - 11.8") 

Avg. 
s.d . 

Avg. 
s.d. 

Avg. 
s.d. 

Avg. 
s.d. 

Avg. 
s.d. 

I 2 3 4 
23.3 8.9 3,9 2.0 

2.3 1.4 0.9 0.3 

36.7 12.7 4.3 2.4 
5.3 1.8 1.6 0.9 

22.3 11.5 6.3 3.2 
4.1 2.1 0.8 0.4 

27.7 7.6 4.0 2.5 
3.3 1.5 0.5 0.2 

21.1 10.6 4.9 2.5 
3.3 1.8 0.4 0.3 

confining stress level, a number of deviator stresses were 
applied in such a way that the ratio of deviator stress to 
confining stress was greater than or equal to one. 

EVALUATION OF NONDESTRUCTIVE TESTING 
METHODS 

BISDEF 

The BISDEF computer program was developed by the U.S. 
Army Corps of Engineers, Waterways Experiment Station (3, 
4) . It uses the deflection basin from NOT results to predict the 
elastic moduli of up to four pavement layers . This is ac
complished by matching the calculated deflection basin to the 
measured deflection basin. 

The basic assumption of this method is that dynamic 
deflections correspond to those predicted from the layered 
elastic theory. The procedure was initially calibrated using data 
from the Model 2008 Road Rater. It was observed that there 
was good agreement between computed and measured deflec
tions when a rigid layer 240 in below the surface of the pavement 
was assumed. The effect of the static load applied to the 
pavement as a preload was also investigated and it was found 
that in terms of its use in computer modeling this effect was 
practically negligible for most comparisons. 

The basic inputs used to determine the layer moduli included 
initial estimates of the elastic layer pavement characteristics and 
deflection basin values. The inputs for each layer included the 
thickness of each layer, the range of the allowable modulus, the 
initial estimate of the modulus, and Poisson's ratio. The 
required inputs for the deflection basin were the deflections at a 
number of sensor locations, and a maximum acceptable error in 
deflection matching. The modulus of any layer can be assigned 
or computed. If it is assigned, the value is based on the type of 
material or the properties of the material at the time of testing. 
The number of layers with unknown modulus values cannot 
exceed the number of measured deflections. The best results are 
obtained when the moduli of not more than three layers are to 
be calculated ( 4). 
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TABLE 4 LABORATORY SUBGRADE MODULI 

Soil Moisture Dry 
Site Type Laboratory Moduli 

2• 
Content Densityb 

Name (USCS) (psi) R (%) lb / ft 3 

Mark's What Undisturbed MR - 19,601ud-0.467 0.99 42.0 78.5 
ML 

Remolded MR = 9,054ud-0. 291 0.99 41.0 79.5 

Powell's Undisturbed MR = 14,4050" d -0.338 0.96 32.6 87.7 
Potholes ML 

Remolded MR = 4,250ud-O.Jl2 l.00 31.3 87.4 

Frosty Undisturbed MR = 7, l 85u d -0. !3 I 0.74 52.0 66.6 
SMu Rock pile 

Remolded MR= 3,542ud-O.Ol 2 0.98 45.4 71.0 

Steep back Undisturbed MR = 35,362u /l.344 0.93 30.4 88.0 
ML 

Rcmolded MR = 19,26lud-O.S06 0.98 3 l.7 87.l 

Shaddy Undisturbed MR = 30,525u d-0.604 0.98 32.5 85. l 
Dell ML 

Remolded MR = 25, 762u d-0.436 0.98 30.8 82. I 

• R 2 = correlation coefficient 
b I lb/ft 3 = 16.0l kg / m 3 

The program is solved by using an iterative process that 
provides the best fit between measured deflection and computed 
deflection basins. This is accomplished by determining the set of 
moduli that minimizes the error sum between the computed 
deflection and measured deflections. The BISDEF program 
uses the BISAR subroutine for stress and deflection computa
tions, and is capable of handling multiple wheel loads and 
variable interface friction (10). CHEVDEF, also developed at 
the Waterways Experiment Station, uses the Chevron elastic 
layer program and can only handle single wheel loads (I 1). The 
two procedures produce identical results for single loading 
cases (e.g., the Falling Weight Deflectometer). 

MODCOMP2 

The MODCOMP2 program was developed by Irwin of Cornell 
University (5). The program specifications include the following: 

• Up to eight layers can be included in the pavement system. 
• The layer combinations may be linear elastic or nonlinear 

stress-dependent. 
• It is capable of accepting data from several typical NDT 

devices (e.g. , FWD, Road Rater, and Dynaflect). 
• It is capable of accepting up to six load levels. 

The MODCOMP2 program utilizes the Chevron elastic layer 
computer program for determining the stresses, strains, and 
deflections in the pavement system. As in BISDEF and 
CHEVDEF programs, there is no closed-form solution for 
determining layer moduli from surface deflection data. An 
iterative approach is therefore used that requires an input of 
initial or estimated moduli for each layer. The basic iterative 
process is repeated for each layer until the agreement between 
the calculated and measured deflection is within the specified 
tolerance or until the maximum number of iterations has been 
reached. 

Because untreated base course and subgrade materials behave 
as nonlinear materials, the resilient modulus of such materials 
can be expressed by the following equation, M, = K

1
6K2 where 

(}is bulk stress and K 1 and K 2 are constants. The program has 
the added capability to derive the K 1 and K2 parameters when 
they are unknown for a given layer. In such cases, the user must 
provide deflection basin data for at least three different load 
levels. The program can accept data for up to six different load 
levels. 

RESULTS 

The results of the moduli determination in the laboratory using 
the resilient triaxial test apparatus are shown in Table 4. The 
modulus of the subgrade soil is shown for each site using both 
undisturbed and remolded samples. The relationship for the 
resilient moduli and deviator stress was obtained by regression 
analysis of moduli values obtained at different values of 
deviator stress. Good correlations were apparent between the 
resilient moduli and deviator stress (0. 74 < R 2 < 1.00) for all 
five test sites. The value of moisture content and dry density for 
the sam pie tested and the uses classification are also shown in 
Table 4. It can be seen that there is a great deal of variation in 
the values of resilient moduli obtained for the same soil type. 
There are also significantly large differences between the 
undisturbed and remolded sample moduli for all five sites. The 
remolded subgrade samples showed lower values of moduli 
when compared with the undisturbed samples. This is probably 
due to the effect of compaction on the structure of the soil, 
because the remolded soil had a dispersed structure that was less 
able to withstand stress without permanent deformation. 

The results of laboratory moduli for the granular pavement 
material are shown in Table 5. The relationships were obtained 
through regression analysis and are between the resilient 
moduli and the bulk stress. The values of initial dry density and 
moisture content of the samples used in the test are also shown 
in Table 5. 
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TABLES GRANULAR SURFACING MODULI 

Site Name Laboratory Moduli 

Mark 's What MR 26468 ·594 

Powell's Potholes MR 12588·799 

Fosty crushed 

Rockpile rock MR 71988·55 I 
surfacing 

pit run 
48768 ·535 base MR = 

Steep back MR 29118 ·68 

Shaddy Dell MR 16438 ·75 

The results of the back-calculated moduli are shown in 
Table 6 for all three deflection devices used. The values of 
laboratory-determined moduli for the subgrade and granular 
materials are also shown in Table 6. The values of stress at 
which the moduli values were evaluated are also shown. The 
value of the bulk stress (8) at the midpoint of the granular layer 
was determined using the EL YS M5 program. A linear triangular 
vertical stress distribution was assumed for the subgrade soil, 
and the vertical stress at the centroid of this area was used as the 
deviator stress value. The corresponding values for moisture 
and density at these values are shown in Tables 4 and 5. 

DISCUSSION OF RESULTS 

The moisture content and dry density values shown in Table 4 
were close to the in situ moisture content and density of the soil 
at the time of deflection measurements . However, the in situ 
moisture and density data were not obtained for the granular 
materials and, as a result, no comparison is made between the 

(psi) R2 Density (pct) Moisture (%) 

.99 120 9.0 

.98 132 6.9 

.92 131 8.7 

.89 109 14.9 

.99 127.2 4.8 

.98 130.8 5.3 

laboratory values in Table 5 and the in situ values. The 
following discussion compares the back-calculated moduli 
from each deflection device with laboratory-determined values. 

FWD Deflection 

It is shown in Table 6 that the back-calculated moduli of the 
subgrade using the MODCOM P2 program are almost identical 
to the laboratory-determined moduli from the undisturbed 
samples. The maximum percentage difference between the 
back-calculated and laboratory-determined values is 20 percent; 
between the three sites it is less than I 0 percent. The back
calculated moduli for the subgrade using the BISDEF program 
are slightly lower than the laboratory-determined moduli. 
These values, however, are not very diff~rent from those 
determined with the MODCOMP2 program. 

The laboratory subgrade moduli from remolded samples for 
all five sites are much lower than values predicted by either 
program. These values are also considerably lower than values 

TABLE 6 COMPARISON OF BACK-CALCULATED AND LABORATORY MODULI 

Back-calculated Moduli (psi) Laboratory Moduli 

FWD Road Rater Dynafieol 
Denections Deflections DeOections Remold ed Samples Undisturbed Samples 

Layer Type 
and Thickness BIS DEF MODCOMP2 BISDEF MODCOMP2 BISDEF MODCOMP2 MR (psi) 0 or ud (psj) MR (psi) 0 or u d (p>i) -
Ma rk's Whal 

Pavemenl 17,633 16, 123 70,875 68,589 1,000 1 329,942 38,318 90 n/ a n /a 
Subgrade 12,712 15 ,745 10,929 12,499 4,016 16,540 6,181 2.66 12,412 2.66 

Powell's Pothole 
Pavemenl 15,974 15,988 24,006 20,764 1,093 1 245,680 49,851 JOO n/a n/a 
Subgrade 8,100 9.530 10,184 12,605 4.902 13,701 3,217 2.44 10,190 2.44 

Frosty Rockpile 
Pavement 69,392 89,304 80,500 80 n/a n/a 
Base 49,811 24,34 7 no data no data no data no data 43,588 60 n/ a n / a 
Subgrade 7,022 16,122 3,575 2.20 17,048 2.20 

Steepback 
78,385 1 13 ,220 1 Pavement 37. 116 34.409 55,853 481,569 64,861 96 n/ a n , a 

Subgrade 23,355 25 ,003 15.217 17,563 9,310 14,259 11 ,419 2.81 24,784 2.81 

Shaddy Dell 
31,873 1 28 , 130 I Pavement 72,945 65,936 44,954 274,771 56,262 Ill n / a n 1 a 

Subgrade 14,845 15,564 14,138 13,880 9,834 9,998 18,489 2. 14 19,179 2. 14 

I Denection matching tolerance greater than 10% 
n/ a Not applicable 
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obtained from undisturbed samples. This implies that remolding 
might have affected the soil structure and made it Jess able to 
withstand stress without permanent deformation. 

The back-calculated moduli for granular materials are lower 
than the laboratory-determined moduli for four of the five sites. 
This is possibly due to the fact that the density values are higher 
in the laboratory samples than for the in situ pavement 
materials. 

Road Rater Deflection 

The subgrade moduli that were predicted by the BIS DEF and 
MODCOM P2 programs are close to the laboratory-determined 
values only on the first two sites, Mark's What and Powell 's 
Potholes . The remaining subgrade moduli that were predicted 
by the two programs are significantly different from the 
laboratory results. It should be noted that not much variability 
exists between the subgrade moduli values predicted by the two 
programs. This probably means that the predicted values are 
within the range of the in situ moduli value. 

The predicted granular material moduli are significantly 
different from the laboratory-determined values for both 
programs. This is probably due to the difference between the 
density and moisture values of the in situ materials and the 
laboratory samples. 

Dynaflect Deflections 

The subgrade moduli that were predicted by the BISDEF 
program are significantly lower than the laboratory-determined 
values. The granular layer moduli that were predicted by the 
BISDEF program are much lower than the laboratory
determined values. It can be easily concluded that the BISDEF 
program is not able to predict the subgrade moduli from 
Dynaflect deflections. On the other hand, the subgrade moduli 
that were predicted by the MODCOMP2 program are within 
the same order of magnitude. • 

The granular layer moduli that were predicted by the 
BISDEF program were low, whereas those predicted by the 
M ODCO M P2 program were high when compared to laboratory 
values. The values are also significantly different between the 
two programs. This shows that the capability of these programs 
is severely limited when it comes to the prediction of moduli 
from Dynaflect deflection . 

CONCLUSIONS 

It has been shown that a possibility exists for determining 
structural properties of low-volume, aggregate-surfaced roads 
using nondestructive testing methods. Two computer programs 
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and three deflection measuring devices were evaluated to assess 
their ability to perform this function. The evaluations revealed 
the following: 

• The BIS DEF computer program gave reasonable predic
tions for subgrade moduli using FWD and Road Rater 
deflections. 

• The subgrade moduli values predicted by the 
MODCOMP2 program from FWD deflection data are almost 
identical to laboratory-determined moduli using undisturbed 
samples. 

• Both the BISDEF and MODCOMP2 programs tended 
to underpredict the moduli of the granular pavement layer from 
FWD deflections. 

• Both programs were unable to give reasonable values of 
the granular layer moduli using either the Road Rater or 
Dynaflect deflections. 

• There was a substantial difference between the laboratory
determined moduli of undisturbed and remolded samples. 
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