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Effect of Specimen Size on the Tensile Strength Behavior of the
Plastic Waste Fiber Reinforced Soil – Lime – Rice Husk Ash
Mixtures
Muntohar, A.S.1
Abstract: Improvement of tensile strength in fiber reinforced soil is an important research topic.
A study has been undertaken to investigate the strength of stabilized clay-soil reinforced with
randomly distributed discrete plastic waste fibers by carrying out split tensile strength test. In
this study, the clay soil was stabilized with lime and rice husk ash mixtures. The main purpose
of this research is to investigate the effect of specimen size to the tensile strength behavior.
Testing procedure was formulated using extended ASTM C496 standard. The laboratory
investigation results showed that split-tensile strength of reinforced specimens increased with
increase in size. The limitations of the dataset indicate that specimen size of 70 mm in diameter
is the threshold to produce reasonable representative strengths.
Keywords: Specimen size, split-tensile strength, lime-rice husk ash, fiber wastes, soil
reinforcement.

Introduction

Plastic-waste materials, such as polyethylene terephthalate (PET) of plastic bottles, polypropylene (PP) of
plastic sack, and polypropylene (PP) of carpet, are
produced plentifully. But such materials have rarely
been used for engineering purposes, and the overwhelming majority of them have been placed in
storage or disposal sites. Utilization of the waste
materials for geotechnical materials could convert
the waste into a value-added product for soil reinforcement. Experimental results reported by various
researchers [8-12] showed that the fiber reinforced
soil is a potential composite material which can be
advantageously employed in improving the structural
behavior of the stabilized and unstabilized soils.
Investigations of fiber reinforcement system in a
cement-stabilized soil have been done successfully by
others [13-16]. Mostly these researches studied the
compressive strength behavior of the fiber reinforced
soil-cement mixtures.

In recent years, environmental issues have driven
interest to utilize industrial by-product as alternative
construction material. The well-established industrial
by-products, such as fly ash, slag, mine tailing, have
been obtained and mixed with lime and cement to
improve the geotechnical properties of problematic
soils [1]. Over the thirty years, research has been
carried out to investigate the utilization of rice husk
ash as stabilizing materials in soil improvement
technique [2]. Some researches showed that rice
husk ash is a promising material to improve lime or
cement-stabilized soils [2-4]. Addition of rice husk
ash in lime or cement stabilized soils could enhance
the compressive strength significantly [5, 6]. However,
the higher strength was obtained at smaller strain
[7]. This characteristic can be improved by means of
inclusion of discrete elements such as fibers in the
stabilized soil. Stabilized and reinforced soils are, in
general, composite materials that result from
combination and optimization of the properties of
individual constituent materials. A known approach
in this area is the use of fiber-shaped waste
materials in the composite [8, 9].

Normally compressive testing is used to evaluate the
strength of stabilized soils with little information
concerning their tensile strength. Knowledge of the
tensile strength is needed in the study of the stability
of earth dams, highway, and airfield pavements.
Tensile stresses emerged due to movement of traffic
on pavement, shrinkage of soils, seasonal variation
in temperature and alternate wetting and drying of
soils. Very little research carried out to study the
tensile strength of reinforced soil with fibers [17-21].
These investigations used different cylindrical
specimen and test standard e.g. ASTM C496 and
AASHTO T245. In general, these studies revealed
that fibers are more efficient when soil is subjected to
tension than to compression. A general theory
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proposed by Bazant et al. [23], about split tensile test
on cylinder specimens concluded that the strength
would decrease as the size increase. For small
diameter, the split-cylinder strength decreased as
the diameter increased, but after a certain diameter
is exceeded, the trend seems to reverse.

fiber length was 20 mm. Cylindrical specimens were
three different sizes as: 50 mm diameter by 100 mm
height, 70 mm diameter by 140 mm height, and 150
mm diameter by 300 mm height.

Very little research performed using the appropriate
specimen size, to reliably measure behavior of
stabilized and reinforced soil with fibers. Preliminary
investigation of size effect on the unconfined
compression of stabilized and reinforced soil has
been done [23-25]. These researches used diameter
from 33 mm to 150 mm, in which the ratio of length,
L and diameter, D is kept constant as two (L/D = 2).
The compressive strength increased as the specimen
diameter increased, and then slightly decreased after
a certain size. While no clear threshold size could be
established, it appears that the use of specimens
with diameter 70 mm or greater would yield
reasonable compressive strength of fiber reinforced
soils. Yamamoto and Miyake [24] studied the effect
of slenderness, that is ratio of length to diameter,
with constant diameter (D = 40 mm). The compressive
strength of cement-treated soil decreased slightly
with increasing slenderness.

Soils

Materials

The soil used in the present experiment was
obtained from the quarry of double-track railway
project in Sentolo, Yogyakarta, Indonesia. Based on
the preliminary tests of the samples, the specific
gravity of the solid was 2.53 in average. The soil
samples comprised of 35% clay size fraction, 43% silt
size fraction, and 23% sand fraction as shown in the
particle size distribution in Figure 1. The liquid limit
and plasticity index of the soil were 59% and 29%
respectively. The soil was classified as high plasticity
clay (CH) according to Unified Soil Classification
System [29].
Lime and Rice Husk Ash
Lime and rice husk ash was used in powder form.
Hydrated lime was used as stabilizing agent in this
research. To reduce the carbonation effect due to
humidity, the lime was kept in an airtight plastic
container. The RHA was collected from the
traditional brick industries in Yogyakarta, Indonesia,
where rice husks are used as fuel. The grey colored
rice husk ashes were collected from the rice husk
residue. Before being used, the rice husk ash was
sieved to separate it from other material. To obtain
finer ashes, the rice husk ashes were grounded using
Los Angeles machine for about 5000 revolutions. The
grinding process produced RHA grains with suitable
fineness and proper surface area respectively about
12.4% and 25 mm2/g.

Technical standard is required for cylindrical
specimens subjected to compressive strength as well
as tensile strength of stabilized and reinforced soil.
The intent of this paper is to present the preliminary
results of tests on split tensile to evaluate the
appropriate specimen size of fiber reinforced
stabilized soil. It is known that several factors such
as stabilizing materials, water content, density,
length and content of fibers, soil type, grain size,
specimen size, and slenderness, affect the strength,
however, in this preliminary study, only fiber
content and diameter are considered.

Experimental Program
A series of laboratory testing program was
undertaken to evaluate the influence of specimen
size and amount of fiber content in the stabilized soil
with lime and rice husk ash (RHA) mixtures. The
main test done was split tensile tests which was
extended from the ASTM C496 [27] procedures. The
specimens were mixed with lime and RHA to yield a
stabilized soil specimens. Proportion of the lime
added into the mixture was based on ASTM D4609
[28], considering plasticity index and lime content
relationship. The required lime for stabilization was
estimated to be 12% of the dry soil mass. The ratio of
the lime to RHA is one to one of the weight of dry
soil. Various amounts of plastic waste fibers were
added into the stabilized soil. The fiber content was
varied as 0.2% and 0.4% by dry weight of soil, and

Figure 1. Particle size distribution of the soil used
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To investigate the quality of the RHA, X-Ray
difraction (XRD) and X-Ray Fluorescence (XRF) tests
were performed. Mineralogy of the rice husk ash and
lime used in the research are illustrated in Figure 2.
Major mineral constituent of the lime is calcium
hydroxides (Ca(OH)2) while the RHA contains
Trydimite mineral. The presence of trydimite
indicates that the rice husk ash used in the study
contains amorphous silica [30, 31].

plastic bag wastes. The plastic-bag consists of woven
polypropylene fibers. The width of single fiber was
approximately 2 mm to 2.5 mm. Tensile strength of
the plastic fiber specimens was 63 kN/m2 and the
strain at rupture was 15% in average. For this
research, the plastic bag was cut to the length of 20
mm to yield a discrete fiber.

Chemical composition of the RHA and lime were
examined using X-Ray Fluorescence method (Table
1). The RHA comprised of 89.08% SiO2, 1.75% Al2O3,
0.78% Fe2O3, and 1.29% CaO. These oxides element
are important for evaluating the self-cementing
characteristics. The self-cementing characteristics
are expressed in terms of hydration, which is defined
as the ratio of CaO to the summation of SiO2, Al2O3,
and Fe2O3 [1].

The maximum dry density (MDD) and optimum
water content (OMC) of the soil were obtained from
Standard Proctor compaction. To control the density
of all specimens, the specimens were prepared to a
desired MDD (d = 10.32 kN/m3) and OMC (wc =
35%) by static compaction method. Predetermined
amount of lime and rice husk ash were prepared first
in dry mixture, while a certain amount of soil was
dry mixed in a mixer. Fibers were then gradually
dispersed and added into the mix, followed by the
addition of water and further mixing. All fibers were
mixed thoroughly to achieve a fairly uniform
mixture, then the soil mixture was placed into
cylindrical-splitting mould. The assembled mould
was then placed on hydraulic jack and a force was
applied until the upper plug was in contact with the
barrel of the mould. The specimen was dismantled
from the mould. The mass of specimen was
determined immediately after preparation and then
kept in a plastic bag for seven days of curing.

Sample Preparation and Test Procedure

The split tensile tests were carried out in accordance
with ASTM C496 Standard [27]. The specimens
were subjected to test after moist cured for seven
days. Before testing, the mass and dimension of
specimen were measured. The load bearing strips
were made out of plywood 3 mm thick, 10 mm wide
and about equal in length to the specimen length.
The bearing strips were placed on top and bottom of
the specimen in the correct position and were not
reused. The tests were performed on a 50 kN
universal-testing machine. The force was applied so
that the loading rate was approximately one
mm/minute. To measure the tensile deformation of
the horizontal diameter due to compressive loading
in an orthogonal direction, two dial gauges were
installed. Schematic of the test setup is illustrated in
Figure 3. The split tensile strength was calculated
according to ASTM C496, as follows:

Figure 2. X-Ray difraction of the rice husk ash and lime
Table 1. Chemical elements of the additives
Constituents
SiO2
Al2O3
Fe2O3
CaO
MgO
Na2O
K2O
MnO
TiO2
P2O5
H2O
Loss on ignition

RHA (%)
89.08
1.75
0.78
1.29
0.64
0.85
1.38
0.14
0.00
0.61
1.33
2.05

Lime (%)
0.00
0.13
0.08
59.03
0.25
0.05
0.03
0.04
0.00
0.00
0.04
40.33

T

Fiber

2P
 LD

(1)

where T is split tensile strength; P is applied load; L
and D are length and diameter of the specimen
respectively.

Plastic fibers used in the present investigation were
cut to the designed length from locally available
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Results and Discussions
Stress–Strain Response and Toughness Index

Frame
50 kN Proving
ring
Loading dialgauge

Stress–strain curves under split tensile loading for
soil–lime–RHA mixtures with and without plastic
fibers are shown in Figures 5 to 7. These Figures
present a typical split tensile stress–strain curve. It
was found that the stress–strain behavior of all
specimens is approximately linear up to the peak
stress of the specimens. The unreinforced specimens
demonstrate typical brittle behavior of failure
(Figure 5). The stress decreases immediately after
the peak as the specimen fails at smaller diametrical
strain. The strain at the peak stress was 0.075%,
0.054%, and 0.021% for specimen diameter of 50
mm, 70 mm, and 150 mm respectively. It was found
that the diametrical strain at peak stress decreased
slightly as the specimen size increased. This result
indicates that smaller specimen size has the ability
to prevent crack longer than a larger specimen size.
For the reinforced specimen with fiber (Figures 6
and 7), the soil mixtures behaves like elasto-plastic
material. After reaching the peak stress, as the load
increases, the stress decreased to a certain point, and
then keeps constantly associated with the increase in
strain. Immediately following the peak, there is a
drop ranging between 18% to about 38% and 3% to
15% of the peak in the load carrying capacity for the
reinforced specimen with 0.2% and 0.4% fiber
content respectively, after which the curves flatten.
It can be seen from Figures 5 to 7 that the maximum
stress to failure, Ts, for the fiber modified lime–RHA
mixtures are significantly higher than the unmodified soil mixtures.

Loading bar
Specimen

Bearing strip
(wood)
0.1 inch
Displacement
dial-gauge

Specimen

Base plate
Piston

Electric
Actuator

(a) Front view

(b) Side view

Figure 3. Schematic of test setup

Consoli et al. [10] defined area under the stress–
strain curve as energy absorption capacity of soil, ED.
The typical stress–strain curve was shown in Figure
4. The post peak behavior of the material can be
explained by the toughness index (TI) value [17,19]
which indicates the strain energy to complete failure
of the material. The TI was calculated from split
stress–strain curve using Equation 2.
TI 

A  A 
   
e

(2)

p

p

In which TI is the toughness index; Ae the area
under the stress–strain curve up to strain , Ap the
area under the stress–strain curve up to strain p, p
the diametrical strain corresponding to the peak stress,
and  the diametrical strain at a particular point.

The area under the stress–diametrical strain curve
till peak stress represents the toughness of the
material related to the elastic energy for failure
(Figure 4). Similarly, the post-peak stress–strain
behavior indicates that the inclusion of the fibers in
soil–lime–RHA mixtures increase the toughness
index, TI, of the mixtures (Figure 8). In this study,
most of the reinforced specimens showed a
maximum strain level greater than 0.6%, therefore a
0.6% strain level was selected as a strain at point of
interest to calculate the TI. Hence the TI value was
calculated by taking into consideration the area
under the stress–strain curves up to a diametrical
strain of 0.6%. The figure shows that the TI
increases with increasing specimen size and amount
of fiber in soil mixtures. The TI increases
significantly for soil specimen size ranging from 50
mm to 70 mm. Increasing the specimen size to be
greater than 70 mm does not show significant
difference in the TI value. One of the possible
reasons was attributable to the ratio between the
fiber length and specimen diameter (r). In this

In the case of no post peak load, TI is zero,
representing a brittle material. The total strain of the
mixture increases until a maximum stress is reached
where the specimen starts to fail. This maximum
stress is referred as split tensile strength, Ts.

Tensile stress (kPa)

Ts

Residual
stress
(Ae – Ap)

p


Diametrical strain (%)

Figure 4. Typical tensile stress–strain curve for toughness
index calculation
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research, the fiber was prepared in 20 mm long, the
length to diameter ratio (r) were 0.4, 0.286, and
0.133 for specimen diameter of 50 mm, 70 mm, and
150 mm respectively. It was found that the 150 mm
diameter specimen has larger shear area but the r
value was lower than the other specimen size.
Consoli et al. [10] mentioned that the longer fiber
was found to be more pronounced in increasing the
energy absorption or toughness of the cemented soil.

Figure 7. Tensile stress and diametrical strain relationship of the reinforced specimen with 0.4% fiber content

Figure 5. Tensile stress and diametrical strain relationship of the unreinforced specimens

Figure 8. Toughness index of the reinforced soil mixtures

Tensile Strength Characteristics
The tensile strength of the reinforced specimen for
different sizes is shown in Figure 9. For the
unreinforced specimen (f = 0%), as the size of the
specimen increases, the splitting strength tends to
decrease asymptotically to a minimum limit value.
The correlation shows that there is little change of
tensile strength when the specimen diameter is
beyond 70 mm.

Figure 6. Tensile stress and diametrical strain relationship of the reinforced specimen with 0.2% fiber content
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explained that the total contact area between fibers
and soil particles increases by increasing fiber
content, and consequently the friction between them
increases, which contributes to the increase in
resistance to the forces applied.
Figure 9 also clearly shows that the tensile strength
of the reinforced specimen increases by increasing
the specimen size. This characteristic is alluding to
explain that the fiber inclusion was easier to
distribute uniformly on shear plane in larger
specimen diameter. That leads to the increase in the
density of the soil, affecting the peak strength of the
reinforced soils. Based on the results, it is quite clear
that threshold specimen diameter should be used for
preparation of split tensile test of fiber inclusion in
stabilized soils. Data presented in this paper and by
other investigators [24, 35] indicate that specimens
of approximately 70 mm in diameter show
reasonable representative strengths for fiber lengths
of less than 50 mm.

Figure 9. Specimen size effect on the split tensile strength

Similar result was also observed by Yamamoto and
Miyake [24] and Omine et. al [32] for unconfined
compressive strength of cement-treated clay. The
unconfined compressive strength of cement-treated
clay soil decreased as the specimen L/D length to
diameter ratio increased. In addition, Omine et al.
[32] investigated the slenderness effect with different
diameter size. Larger diameter produced low compressive strength as compared to smaller diameter
for specimens of the same length. These researches
suggested to use standard diameter, 40 mm to 50
mm, for compressive and splitting-tensile strength
test. The results may be attributable by the load
distribution effect. In this paper, the width of load
distribution strip was designed to be constant (b = 10
mm) for all specimen sizes. As the specimen
diameter (D) increases, the ratio of load distribution
(b/D) decreases, stress was concentrated nearby the
load bearing strip (see test arrangement in Figure 3)
for a specimen with larger diameter size. As a result,
those specimens would undergo crack earlier than
those which are of smaller diameter size. This
characteristic was also verified theoretically and
experimentally by other investigators [33, 34].

Conclusions
The study reported herein evaluated the tensile
strength characteristics of the soil–lime–rice husk
ash and plastic waste fiber mixtures. One of the
important objectives of this study was to study the
specimen size effect on the inclusion of plastic waste
fibers in the lime-rice husk ash stabilized soil. The
results of this experimental investigation in general
indicated that the tensile strength of the reinforced
soils increases with increasing specimen size. It is
important to note the limitations of the dataset as
the boundary for conclusions presented in this paper.
The specimen size of 70 mm in diameter is the
threshold in producing reasonable representative
strengths for fiber lengths of less than 20 mm.
Increasing the specimen size to be greater than 70
mm does not show significant difference in the
tensile strength. Inclusion of 0.2% and 0.4% plastic
waste fibers is able to improve the tensile strength
behavior of the stabilized soil. A higher fiber content
resulted a higher tensile strength and toughness
index of the stabilized soil.

Fiber inclusion can change the brittle behavior to a
more ductile one, and make it exhibits ductile
behavior. It was observed that inclusion of fiber into
stabilized soil enhanced the split tensile strength. It
indicates high resistance to tensile cracking.
Inclusion of fiber in the stabilized soil would impede
further development of tension cracks. Figures 5 to 7
show that tensile strength of the reinforced
specimens increased depending on the increases in
specimen size and dosage of fiber.
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The tensile strength of the treated specimen with
0.4% fiber is higher than those specimens with 0.2%
fiber and unreinforced specimens. The results can be
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