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1 INTRODUCTION 

Chemical stabilisation using cementitious binders is 
a low cost treatment method that is practically useful 
for expansive and/or weak subgrade and base mate-
rials. However a binder should be selected such that 
it doesn’t create shrinkage cracking in the stabilized 
material which could otherwise affect its strength 
and stiffness.  Small amount of slow setting general 
blend (GB) cement-flyash could be an option for the 
granular stabilization as they reduce the heat gener-
ated and have low tendency to shrink and crack upon
cooling (Foley & Australian Stabilisation Group 
2001a). A pavement is characterized and designed in 
such a way that it should withstand against rutting 
and fatigue failure during its span of design life. 
Cementitiously stabilised granular materials are gen-
erally characterised by their tensile strength, stiffness 
modulus and Poisson’s ratio. 

A number of testing methods [e.g., direct tension, 
flexural and Indirect Diametric Tensile (IDT) testing 
are generally used to characterise cementitiously sta-
bilised materials. Flexural beam point load testing 
method is often preferred for characterisation due to 
the similarities in the stress conditions it produces 
with that in the stabilised base layer of a pavement 
structure under wheel loading. However the prepara-
tion and handling of a flexural beam of cementi-
tiously stabilized pavement material at such low lev-
els of binder content is quite difficult. As a 
consequence, IDT test method has recently been 

suggested as a possible alternative for economically 
obtaining repeatable and reliable stiffness character-
istics for these materials (Foley & Australian Stabili-
sation Group 2001b, Gnanendran & Piratheepan 
2008).  

In a traditional IDT testing setup (e.g., Khattak & 
Alrashidi 2006, Gnanendran & Piratheepan 2009,
Paul et al. 2010, Solanki & Zaman 2011), only the 
deformation along the horizontal diameter is meas-
ured and stiffness modulus is determined using the 
elastic theory equation based on an assumed value of 
Poisson’s ratio for the tested material. However, an 
inaccurate Poisson’s ratio with a difference of 0.1 
from the actual value may increase/decrease the 
stiffness modulus by up to 25% resulting in an une-
conomical and conservative pavement design. With 
the objective of addressing this limitation, a new in-
ternal test setup for measuring the deformations 
along both the horizontal and vertical diameters of 
IDT specimens is proposed in this study so that both 
the stiffness modulus and Poisson’s ratio can be de-
termined analytically.  

2 THEORETICAL BACKGROUND

The stress-strain distributions in a specimen under 
IDT testing are non-uniform and complicated. The 
biaxial stress-strain distribution can be illustrated 
more clearly by Hooke‘s Law, the governing equa-
tion for elastic materials

.
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Where x = horizontal strain, y = vertical strain, 
x = horizontal stress, y = vertical stress, E = 
Young’s (or elastic or stiffness) modulus and 
Poisson's ratio. 

Hondros (1959) formulated a complete stress so-
lution for a disk/cylinder under loading distributed 

over a finite width, as shown in Figure 1, assuming 
the material to be homogeneous, isotropic and linear 
elastic. The normal strains along the vertical and 
horizontal diameters of a specimen derived from 
Hondros’ stress solutions are given by the Equations 
2 and 3. [It should be noted that the sign convention 
used in the analysis is positive (+) for tension and 
negative (-) for compression.] 
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Where h = horizontal tensile strain along the di-

ameter normal to the loading diameter, v = vertical 
compressive strain along the loading diameter, a = 
width of loading strip, t = thickness of specimen, R = 
D/2 = radius, D = diameter, angle at centre of 
specimen subtended by loading strip and P = applied 
vertical load. 

For the strain distributions along the diameters, 
the total horizontal and vertical deformations may be 
obtained by integrating Equations 2 and 3, respec-
tively, over the gauge length (g) of the symmetrically 
mounted LVDTs about the centre and shown in 
Equations 4 and 5. 
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Equations 4 and 5 can be simplified to a general-
ised form as 
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Here ag, bg, cg and dg are the constants and their 
magnitudes depend on g. Their values can be ob-
tained by performing the integrations in Equations 4 
and 5. For a specimen of diameter 150 mm, strip 
width 12 mm and thickness 85 mm, typical values of 
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Figure 1. Schematic representation of IDT specimens subjected 
to strip loading 

 
the constants determined for different gauge lengths 
using the mathematical software ’MAPLE’ are out-
lined in Table 1. 

When the magnitudes of the constants for a gauge 
length are obtained, the values of the Poisson’s ratio 
and stiffness modulus are calculated from Equations 
8 and 9. 
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Table 1: Values of constants for determination of elastic 

modulus and Poisson’s ratio 

Gauge length, g ag bg cg dg 

37.5 mm (= D/4) 0.146 0.451 0.490 0.157 

75 mm (= D/2) 0.236 0.780 1.075 0.314 

100 mm (= 2D/3) 0.262 0.911 1.609 0.413 

112.5 mm (= 3D/4) 0.268 0.952 1.970 0.457 

150 mm (= D) 0.272 0.999 34.1  0.04-  

 

 

Thus by capturing deformations along the vertical 
and horizontal diameters (i.e., h and v over specif-
ic gauge lengths, an approach for obtaining the elas-
tic modulus and Poisson’s ratio of a disk/cylinder 
sample of lightly stabilised granular material from 
IDT testing using additional strain gauges is devel-
oped in this paper.    

3 IDT TEST SETUP AND EXPERIMENTAL 
INVESTIGATION 

In this investigation, a monotonic load IDT testing 
program has been carried out to determine the me-
chanical properties of the lightly stabilized material 
by means of improved experimental setup. In con-
ventional IDT testing, only deformations along the 
horizontal diameter are measured externally which 
may include some extraneous deformation. As a re-
sult, the load-deformation curve obtained may not be 
representative. In this study, a new and improved 
IDT testing setup was developed to accurately meas-
ure deformations along both the horizontal and ver-
tical diameters with the objective of determining the 
values of Poisson’s ratio and stiffness modulus of a 
lightly stabilised granular material using equations 
derived from the elastic analysis. Details of the de-
velopment of a new IDT test setup and the experi-
mental program is discussed in the following sec-
tions.  

3.1 Development of IDT Test Setup 

The proposed on-sample instrumentation for internal 
deformation measurements is shown in Figure 2. To 

obtain the horizontal deformation, two LVDTs were 
attached to two Perspex strips glued onto the diamet-
rically opposite sides of the specimen in a symmet-
rical fashion. The LVDTs’ tips rested against the 
Delran rods connected to the other sides of the strips 
and measured the diametrically horizontal defor-
mation when the specimen was subjected to vertical 
loading. 

On the other hand, vertical deformation meas-
urement was rather complex and difficult. Initially, 
two small aluminium blocks were glued onto the 
circular faces of the specimen at distances of 55 mm 
from its centre. A special L-shaped frame was made, 
one end of which was screwed to the top aluminium 
block and the other held the vertical LVDT in its 
hole by means of another screw, as shown in Figure 
2. As the tip of the LVDT rested on the bottom alu-
minium block, it was possible to monitor the vertical 
deformation along the loading diameter for a gauge 
length of 110 mm. 

 

 

Figure 2. Photographic view of IDT test setup 

 

3.2 Materials and Binders  

The parent material used in this study was the fresh-
ly quarried granular base material obtained from a 
local query in Canberra, Australia. This was classi-
fied as well graded sandy gravel with some fines ac-
cording to the Unified Soil Classification System. It 
is worth noting that the grading of the parent materi-
al and the grading ranges of the parent materials 
chosen for this investigation satisfy the guidelines 
for type 1 gradation C road base material according 
to ASTM (2005). However, to obtain representative 
and consistent samples, the reconstituted material 
with the grading shown in Figure 3 was chosen for 

691



this investigation (Paul & Gnanendran 2012; Paul & 
Gnanendran 2015). The adopted grading for the re-
constituted sample, hereafter referred as the parent 
material, was essentially the same for all the samples 
that were tested in this experimental investigation. 

 

 

Figure 3. Original and reconstituted particle size distribution of 
parent material 

 
As indicated earlier, the binder chosen for this 

experimental study was GB cement with flyash. GB 
cement-flyash blend with a ratio of 75:25 is com-
monly used to stabilise road pavements in Australia 
and therefore this blend is selected for this study. 
Both the cement and flyash were supplied by Blue 
Circle Southern Cement Company Pty. Ltd., Austral-
ia. The parent materials were stabilised by cement-
flyash in the proportions of 1.0%, 1.5%, 2.0% and 
3.0% by dry weight. 

3.3 Sample Preparation and Curing 

Standard Proctor Compaction test was carried out to 
establish the dry density-moisture content relation-
ship according to Australian Standard (2003). The 
maximum dry density (MDD) of the parent material 
without any binder was found to be 2088 kg/m3 
whereas the addition of 3% cement-flyash increased 
this value to 2157 kg/m3 with its optimum moisture 
content (OMC) remaining almost constant at 9%. 
Therefore, all the samples stabilized within this 
small binder range (1% - 3%) were prepared with a 
fixed moisture content of 9% throughout this study. 

A total of 12 samples (i.e. 4 batches of three sam-
ples each) were prepared using the gyratory compac-
tion method (i.e. binder contents of 1.0 %, 1.5%, 
2.0%, and 3%). White & Gnanendran (2005) sug-
gested the combination of 500 kPa pressure and 250 

gyrations as the most practical gyratory compaction 
arrangement to achieve 95% or more density to that 
achieved by standard Proctor compaction. Therefore, 
the samples were prepared in a 150 mm diameter 
split mould at 500 kPa pressure and 250 gyrations. 
The prepared cylindrical samples of compacted 
thickness of around 80-85 mm were then allowed to 
cure in the mould for 24 hours until they gained suf-
ficient strength. The samples, wrapped with poly-
thene, were then put in the fog room at 23 ± 2°C and 
95 ± 5% humidity for curing. After 28 days of cur-
ing, the samples were taken away from the fog room 
and left outside for 4 hours at room temperature be-
fore testing. 

3.4 Testing of Samples  

The monotonic load IDT testing was carried out in 
the displacement-control mode at a constant vertical 
deformation rate of 1 mm/min. Consequently, the 
deformations (both horizontal and vertical) and load 
magnitudes were saved using a data acquisition sys-
tem in order to construct the load-deformation re-
sponses. Figure 4 shows a typical load-deformation 
diagram from the monotonic load IDT testing. As 
can be seen in the figure, the newly proposed IDT 
setup gave consistent initial linear part for the load-
deformation response that enables the estimation of 
the stiffness modulus and Poisson’s ratio of the ma-
terial confidently. 
 

 

Figure 4. Typical load-deformation curve from monotonic IDT 
testing 

4 RESULTS AND DISCUSSION 

4.1 IDT Strength  

The maximum tensile strength, known as the IDT 
strength, t,max of the stabilized material from mono-
tonic loading is calculated from the following elastic 
theory solution as below: 
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Figure 5 illustrates the variation of ultimate IDT 
strength with binder content. It is clear that the IDT 
strength increased almost linearly with the increase 
in binder content. For example, for the binder range 
of 1% to 3%, the average IDT strength increased 
from 0.048 MPa to 0.171 MPa. 

 

 

Figure 5. Variation of IDT strength with binder content 

4.2 Poisson’s Ratio 

Typical load versus horizontal and vertical defor-
mation responses obtained from the monotonic load 
IDT testing are shown in Figure 4. The Poisson’s ra-
tio was calculated from the initial linear part of the 
curves using Equation 8. The magnitudes of con-
stants ag and bg were taken from Table 1 as 0.27 and 
1.0, respectively, for a gauge length of D (= 150 
mm) along the horizontal diameter. On the contrary, 
the vertical deformation was measured at a gauge 
length of 110 mm which gave the values of cg and dg 
as 1.90 and 0.45 respectively. Figure 6 shows the 
Poisson’s ratios of the lightly stabilised materials de-
termined from monotonic IDT testing. For binder 
content variations of 1% - 3%, the Poisson’s ratios 
ranged from 0.18 to 0.26. The value of Poisson’s ra-
tio obtained in this study are within the range (i.e., 
0.1 – 0.3) suggested by Austroads (2010) for ce-
mentitiously stabilised materials.    

4.3 Stiffness Modulus 

The static stiffness modulus was calculated from the 
linear portion of the load-deformation curves using 
Equation 9. Figure 7 shows the average static stiff-
ness modulus obtained from a batch of three identi-
cal specimens for different binder contents. They 
ranged widely, from 1190 MPa to 4975 MPa, for the 

binder contents of 1% to 3.0% investigated in this 
study. In general, static stiffness modulus of both the 
mixes increased with increases in the binder con-
tents. 

 

 
 

 
 
 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 

Figure 6. Variation of Poisson’s ratio with binder content 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 7. Variation of stiffness modulus with binder content 

5 CONCLUSIONS 

A new IDT testing setup was developed in this study 
to determine deformations along the horizontal and 
vertical diameters of a cylindrical IDT specimen. 
IDT specimens were prepared by stabilising a typical 
granular base material with 1% to 3% cement-flyash. 
Then monotonic load IDT testing was conducted on 
gyratory compacted specimens cured for 28 days to 
determine the tensile properties. Based on the test 
results discussed, it was concluded that the IDT 
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strength, Poisson’s ratio and the stiffness modulus of 
a lightly stabilized granular base material can be de-
termined consistently and reliably from the newly 
developed IDT testing setup developed in this study. 
Almost linear increase in IDT strength and stiffness 
modulus was found with increasing binder contents.  
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