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Evaluation of Indirect Tensile Test for 
Determining Structural Properties of 
Asphalt Mix 

LOUAY N. MOHAMMAD AND HAROLD R. PAUL 

The indirect tensile test can be used to establish the structural 
properties of asphalt mixtures .. Existing indirect tension test de­
vices have several problems that can affect the accuracy and re­
peatability of test results. Because of these problems, a new in­
direct tension test device, developed by Michigan State University 
and further modified by Louisiana Transportation Research Cen­
ter (L TRC), was fabricated locally and used to reduce the test 
variability. The variation between several structural properties 
was investigated for specimens tested in two different indirect 
tension test devices-the current LTRC test device and the Lou­
isiana modified device-within the parameters of mixture type, 
asphalt cement source, and compaction effort. Mechanical tests 
conducted were the indirect tensile strength test, the diametral 
resilient modulus test, and the indirect tensile creep test. The 
results of the test program indicated that the mechanical prop­
erties measured with the modified test device were significantly 
different from those measured with the existing test device; the 
modified test device can capture the temperature effect on the 
resilient modulus better than the existing test device; and resilient 
modulus and Poisson's ratio were significantly different between 
mixture types. 

The indirect tensile test can be used to establish several struc­
tural properties of asphalt mixtures. Existing indirect tension 
test devices have several problems that can affect the accuracy 
and repeatability of test results. Measured horizontal and ver­
tical deformations often are inconsistent because of the ar­
bitrary placement of specimen in the test device and a slight 
rocking motion of the loading head. Because of these prob­
lems, a new indirect tension test device, developed by Mich­
igan State University (1-3) and further modified by Louisiana 
Transportation Research Center (LTRC) (4,5), was fabri­
cated locally and used to reduce the test variability. 

Mohammad and Paul ( 4) recently have conducted a re­
search study on the effects of the indirect tension test device, 
the deformation measurement system, and operator error on 
the mechanical properties of a specific asphaltic concrete mix­
ture. This study is extended in this paper to investigate the 
variation between several structural properties for specimens 
tested in two different indirect tension test devices-the cur­
rent L TRC test device and the Louisiana modified (LM) de­
vice-within the parameters of mixture type, asphalt cement 
source, and compaction effort. 

Louisiana Transportation Research Center, 4101 Gourrier Lane, Ba­
ton Rouge, La. 70808. 

TEST SETUP 

A detailed description of the test setup can be found in pre­
viously published works (4,5). Only the main components of 
the test setup are discussed in this paper. 

Test Devices 

Two test devices were used in the testing program, the current 
LTRC and the LM test devices (Figures 1and2, respectively). 

Measurement System 

• Horizontal Deformation Measurement. Two linear var­
iable differential transformers (LVDTs) were used to measure 
the horizontal deformation with the outputs from each L VDT 
monitored independently and then summed for analysis. 

•Vertical Deformation Measurement. The vertical defor­
mations were measured with two L VDTs mounted 180 de­
grees apart on the piston-guided plate. The output from each 
L VDT was monitored independently and simultaneously 
compared with the output of the other L VDT to monitor 
whether rocking motion of the loading head was occurring. 
If the difference between the peak values was not within 10 
percent, further adjustment in seating the loading device was 
made. 

Loading System and Data Acquisition 

The loading system used was a 22,000-lb MTS model 810 
servohydraulic test system equipped with an environmental 
chamber. Fully automated test software, developed at L TRC, 
was used for data acquisition and analysis. 

Specimen Preparation 

Materials for this research were secured from existing Loui­
siana Department of Transportation and Development (LA­
DOTD) construction projects. The actual production JMFs 
obtained from the plant were used during sample preparation 
(i.e., optimum asphalt cement content and aggregate pro­
portioning process). Three sources of AC-30 asphalt cement 
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FIGURE 1 LTRC test device. 

(Source A , Source B , and Source C) , two LADOTD mixture 
types (Type 1 and Type 8, low and high stability , respectively) , 
and three void levels were used for each test device. The 
initial intent of the two levels of mix type was to incorporate 
low and high stability ; however , once the materials were se­
cured from two different construction sites, the gradations 
were very similar. Thus , the two levels of mix type can be 
considered as different aggregate sources. To produce three 
consistent void levels , samples were compacted using the U .S. 
Army Corps of Engineers Gyratory Test Machine at 1.0-degree 

FIGURE 2 LM test device. 
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gyration angle and 100 psi vertical pressure rather than varying 
the Marshall compaction effort. The three void levels for Type 
1 were 5.0, 6.3 , and 8.3 ( ± 0.50) and for Type 8 were 4.0 , 
5.0, and 7.0 ( ± 0.50). These levels were achieved by com­
pacting mixtures using 80, 40 , and 15 gyrations , respectively. 
The total number of samples fabricated for this research was 
432. Each specimen was 4 in. in diameter by 2.5 (±0.125) 
in. high. For each target air-void level 24 samples were com­
pacted and statistically grouped in triplicate sets such that 
each cell in the test factorial would have air voids with similar 
means and standard deviations . 

EXPERIMENTAL DESIGN 

Indirect tensile strength test at two temperatures [40°F (5°C) 
and 77°F (25°C)], diametral resilient modulus at three tem­
peratures [40°F (5°C) , 77°F (25°C) , and 104°F (60°C)], and 
indirect tensile creep tests at 77°F (25°C) were evaluated for 
each test device. 

The factorial for each device incorporated two levels of mix 
type (low and high stability) , three levels of asphalt cement 
source , and three levels of compaction effort (Figure 3). To 
examine the effect of these factors for a particular type of 
test required 108 specimens including replication. The test 
results from both the L TRC and the LM test devices were 
statistically analyzed using an analysis of variance (ANOV A) 
procedure. A multiple-comparison procedure with a risk level 
of 5 percent was performed on the means. The independent 
variables (i.e. , test device, mixture type, asphalt cement source , 
compaction effort) had populations with normal distributions. 

DISCUSSION OF RESULTS 

This research effort has generated many data for the test 
factorial described above. The actual data used in the analyses 
can be found elsewhere (5). Only the statistical analyses are 
presented herein . 

Indirect Tensile Strength 

Table 1 shows the influence of the test device , asphalt cement 
source , mix type , compaction effort , and temperature on the 
test results. It is summarized as follows: 

•Effect on indirect tensile strength (ITS): The mean ITS 
was not significantly different between the two devices. How­
ever, samples containing Source B asphalt cement had a sig­
nificantly higher mean ITS than those containing Source A 
asphalt cement, which in turn .were higher than those made 
with Source C asphalt cement. Furthermore, the ITS was not 
sensitive to the mix type . As expected , the denser mixes com­
pacted by 80 gyrations had a higher strength than the 15 
gyration mixes. Also , as anticipated , samples tested at 40°F 
(5°C) were stiffer than those tested at 77°F (25°C). 

•Effect on vertical and horizontal deformations: Speci­
mens tested with the LM device had a significantly higher 
vertical deformation than those tested with the LTRC device , 
whereas there were no significant differences in the horizontal 
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FIGURE 3 Test factorial. 

deformation for samples tested in the two devices. The influ­
ence of the asphalt cement source shows that samples made 
with Source A and Source B asphalt cement presented sig­
nificantly lower vertical deformation than those made with 
Source C asphalt cement, whereas no significant difference 
in the horizontal deformations was observed among the three 
asphalt cement sources. The horizontal deformations were 
more sensitive to the mix type than the vertical deformations. 
As for compaction effort, no significant differences were ob­
served for the vertical deformations. However, denser mixes 
had lower horizontal deformations than mixes made with 
15 gyrations. Both deformations captured the temperature 
influence. 
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Table 2 displays the effect of the test device on each of the 
independent treatments, that is, asphalt cement source, mix 
type, compaction effort, and temperature, on the basis of the 
combined data for all variables except the indicated one. Sig­
nificant differences between the two devices were observed 
only for the following: vertical and horizontal deformations 
with Source A asphalt cement and vertical deformations with 
Source C asphalt cement, vertical deformations for Type 8 
mixes, vertical deformation for samples compacted by 40 and 
80 gyrations, and vertical deformations for specimens tested 
at 40°F (5°C) and 77°F (25°C). Thus, the magnitude of the 
vertical deformations was large enough to capture the vari­
ation between the two devices. 

TABLE 1 Effect of Test Device, Asphalt Cement Source, Mix Type, Compaction Effort, and Temperature on Indirect Tension Test 
Properties 

?$tiiii&FJ3:< 
A c A A 

B A A A 

A A A B 

* Rows with -similar letters indicate no significant difference in the mean for each treatment 

Rev : Revolutions 

ITS : Indirect Tensile Strength 
Ver. Def.: Vertical Deformation 

Hor. Def.: Horizontal Deformation 

A 

A A A B 

A B B B 

TABLE 2 Effect of Test Device on Indirect Tension Test Properties Caused by Variation of Asphalt Cement Source, Mix Type, 
Compaction Effort, and Temperature 

• Rows with similar leaen indicate no significant difference in the mean for each treatment 
Rev: Revolutions 
ITS : Indirect Tensile Strength 
Ver. Def.: Vertical Deformation 
Hor. Def. : Horizontal Deformation 

B 

A 

A 
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Diametral Resilient Modulus Test 

Table 3 shows the effect of the test device on the resilient 
modulus and Poisson's ratio as a result of the variation of mix 
type, asphalt cement source, and compaction effort. Results 
of the specimen tested with the L TRC test device were sig­
nificantly different from those tested with the LM test device 
for each level of mix type, asphalt cement source, and com­
paction effort. Thus, in the diametral resilient modulus test, 
the results were significantly different for samples tested using 
the LTRC and the LM test devices. 

Table 4 examines the influence of the test device, asphalt 
cement source, mix type, and compaction effort on the re­
silient modulus and Poisson's ratio on the basis of combined 
data for all variables except the indicated treatment. As pre­
sented earlier, results were significantly different for the two 
test devices. In addition, the comparison of means for asphalt 
cement source shows that the instantaneous and total resilient 
modulus of samples made with Source C were significantly 
different from those made with Source A and Source B, the 
instantaneous Poisson's ratio was significantly different for 
each source, and the total Poisson's ratio of Source A and 
Source C were significantly different from samples made with 
Source B. Resilient modulus and Poisson's ratio were signif­
icantly different for samples of Type 1 mix from those con­
taining a Type 8 mix except for the total moduli, where results 
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were not significantly different. The compaction effort effect 
indicated that the total moduli are not sensitive to the void 
level; furthermore, the instantaneous resilient moduli and in­
stantaneous and total Poisson ratios were not significantly 
different between samples compacted by 40 and 80 gyrations, 
whereas those properties were significantly different from 
samples compacted by 15 gyrations. This insensitivity to the 
compaction effort can possibly be attributed to the overlap 
of the void contents at the three compaction levels. 

The influence of temperature on the mechanical properties 
shows, as expected, that the test results were significantly 
different for the three temperature levels. 

Figure 4 presents a typical relationship between the instan­
taneous and total resilient modulus and temperature for each 
level of mixture type and asphalt cement source (graph shown 
for Type 8, Source A mixtures). Two distinct groupings of 
lines were shown in these graphs: one was for the LTRC 
device, and the other was for the LM device. These lines show 
a steeper slope for the LM test device; therefore, more sen­
sitivity to temperature. 

Indirect Tension Creep Test 

The creep modulus for calculated and assumed Poisson's ra­
tion at intervals of 5, 10, 100, 200, and 500 sec was used in 

TABLE 3 Effect of Test Device on Diametral Resilient Modulus Properties Caused by Mix Type, Asphalt Cement Source, and 
Compaction Effort 

MRT A B A B A B A B A B A B A B A B 
MUI A B A B A B A B A B A B A B A B 
MUT A B A B A B A B A B A B A B A B 

• Rows with similar letters indicate no significant difference in the mean for each treatment 
MRI: Instantaneous Resilient Modulus 
MRT: Total Resilient Modulus 
MUI : Instantaneous Poisson's Ratio 
MUT: Total Poisson's Ratio 

TABLE 4 Effect of Test Device, Asphalt Cement Source, Mix Type, Compaction Effort, and Temperature on Diametral Resilient 
Modulus Properties 

==~~---,====~ 
MRI A * B A A B A B A B B A B C 

MRT A B A A B A A A A A A B C 

MUI A B A B c A B 

MUT A B A B A A B 

*Rows with similar letters indicate no significant difference in the mean for each treatment 

MRI : Instantaneous Resilient Modulus 

MRT: Total Resilient Modulus 

MUI : Instantaneous Poisson's Ratio 

MUT : Total Poisson's Ratio 

Rev : Revolutions 

A B A A B c 
A B B A B c 



62 TRANSPORTATION RESEARCH RECORD 1417 

Type 8 - Source A 

8 

"" .:.: 

N' 
0 
+ 6 

e 
= 'O 
0 

:::E 4 

~ 
0 
E-i 

2 

0 '--~~~~--''--~~~~~~~~~~-'-~~~~~_,_~~~~~-'-~~~~-----' 
0 20 40 60 

Temperature, °F 
80 100 120 

-a- LM DEVICE - 80 REV 

----*-- L TRC DEVICE - 80 REV 

~ LM DEVICE - 40 REV 

-+- L TRC DEVICE - 40 REV 

---17-- LM DEVICE - 15 REV 

~ LTRC DEVICE.- 15 REV 

FIGURE 4 Total resilient modulus: temperature dependency. 

the analyses of the test data. Several samples having a com­
paction of 80 and 40 revolutions failed between 200 and 500 
sec, whereas most samples compacted at 15 revolutions failed 
between 200 and 500 sec. Therefore, discussion of the statis­
tical analyses will be focused on test durations of up to 100 
sec and is based on combined data for all variables except for 
the indicated one. 

. Table 5 shows the influence of the test device on the mean 
creep modulus for computed and assumed Poisson's ratio. 
Creep modulus values were more sensitive to the horizontal 
deformation during the first 100 sec than the vertical defor­
mation for the two test devices. As expected, there were no 

TABLE 5 Effect of Test Device on Mean Creep Modulus by Time 

Test 

Device 

LTRC 

LM B A A A 

• : Columns with similar letters indicate no significant difference in the mean. 

TABLE 6 Effect of Mix Type on Mean Creep Modulus by Time 

• : Columns with similar letters indicate no significant difference in the mean. 

A 

significant differences between the two test devices for the 
moduli with calculated Poisson's ratio except for the initial 5 
sec of loading. This can be. attributed to factors related to 
seating of the samples. Meanwhile, results were significantly 
different between the two test devices for the first 100 sec of 
the creep modulus with assumed Poisson's ratio. 

Table 6 presents the influence of the mix type on the creep 
modulus. No significant differences were observed between 
the mix types except for the first 10 sec of the modulus with 
computed Poisson's ratio. This could be the result of the 
inherent variations of the test at small deformation coupled 
with the effect of the other treatments. 

B B B A A 
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TABLE 7 Effect of Asphalt Cement Source on Mean Creep Modulus by Time 

Asphalt 

Cement 

Source 

Source A A* A A A A A A A A A 

Source B B B B B A/B B B B B A/B 

Source C B B B B B c c B B B 

• : Columns with similar letters indicate no significant difference in the mean. 

TABLE 8 Effect of Compaction Effort on Mean Creep Modulus by Time 

Compaction 

Effort 

80 Revolutions A* A A A 
40 Revolutions A B B B B B B B 
15 Revolutions B c c c c c c B 

• : Columns with similar letters indicate no significant difference in the mean. 

The effect of the various asphalt sources on the creep mod­
ulus is shown in Table 7. Samples made with Source B had 
significantly higher moduli for the test duration than those 
made with Sources A and C. Once again, it is shown that the 
creep modulus was more sensitive to the horizontal defor­
mation than the vertical deformation during the first 10 sec 
of the test. Physical properties of the binders indicated no 
apparent reason for any significant differences. 

Table 8 shows the influence of the various levels of com­
paction effort on the creep modulus. It shows that denser 
mixtures yielded a higher creep modulus for test durations of 
up to 100 sec. 

CONCLUSIONS 

The following conclusions can be drawn from analysis of the 
data: 

• The LM test device can better capture the temperature 
effect on resilient moduli than can the LTRC test device. 

• Static test results (ITS and creep modulus) were not sig­
nificantly different for the two test devices when the effects 
of other variables are significant (such as void levels mixture 
type, etc.), whereas dynamic test results (resilient modulus) 
were significantly different for each asphalt cement source, 
mixture type, and compaction effort. 

• The ITS was sensitive to asphalt cement source and com­
paction effort. Also, the ITS was not sensitive to the mixture 
type. 

• The resilient modulus was significantly different for the 
asphalt cement sources and the void levels. 

• The creep stiffness provided significantly different results 
as demonstrated in asphalt cement sources and compaction 
effort. 
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