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12 groups of soil samples were prepared with various percentage
of PP-fiber content (i.e. 0.0%, 0.4%, 1%, 1.7% and 2.5% by weight
of soil), cement (i.e. 0% and 4% by weight of soil) as well as lime
(0% and 3% by weight of soil) to study the effect of PP-fiber on
mechanical behaviour and strength of non-stabilized and stabilized
clayey soil with cement and lime. The unconfined compression
tests were carried out on samples that were cured at 30°C and kept
for 14 and 28 days in oven. The test results showed that inclusion
of fiber reinforcement in stabilized and non-stabilized clayey soil
mixtures caused an increase in the unconfined compressive
strength (UCS) and failure strain. However, such effects were much
more evident in stabilized samples when compared with those of
non-stabilized samples. Furthermore, maximum unconfined
compressive strength of samples was obtained at an optimum
percentage of fiber content of 0.4%. The results indicated that the
existence of fiber in specimens decreased the stiffness of samples,
caused more ductile behaviour and loss of post-peak strength. The
interactions at the interface between fiber and soil matrix were
studied by using Scanning Electron Microscopy (SEM). The results
demonstrated that the friction and bound strength between fiber
surface and soil were significantly effective in changing the
mechanical behaviour of soil.
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EXTENDED ABSTRACT

Introduction

12 groups of soil samples were prepared with various percentages of PP-fiber content
(0.0%, 0.4%, 1%, 1.7% and 2.5% by weight of soil), cement (0% and 4% by weight of soil)
as well as lime (0% and 3% by weight of soil) in order to study the effect of PP-fiber on
mechanical behaviour and strength of non-stabilized and stabilized clayey soil. The
unconfined compression tests were carried out on samples cured at 30°C and kept for 14 or
28 days in an oven.

Methodology

In this study, cylindrical soil (Natural soil), Lime Concrete (LC) and Reinforced Lime-
Cement Concrete (RLCC) specimens were prepared with different fiber contents and cured
in an oven (30°c) for different periods. Table 1 shows the name, mixing plan summary, and
the number of developed samples for all different categories.

Table 1. Name and specification of samples.

Specimens S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Si1 S12
Cement (%) 0 0 0 0 0 4 0 4 4 4 = 4
Lime (%) 0 0 0 0 0 0 3 3 3 3 3 3

Fiber (%) 0 04 10 17 25 0 0 0 04 1.0 1.7 2.5
Number of samples 3 3 3 3 3 3 3 3 3 3 3 3

Sample preparation

In order to prepare the specimens, clay soil and fibers were appropriately mixed
together. The lime-cement slurry was made by mixing lime and cement with water. Then,
the lime-cement slurry was added to the mixture of soil and fibers. The process of mixing
was continued by an industrial mixer for 3 minutes until a homogeneous material was
attained. The fresh mixture was poured into cylindrical molds with a diameter of 60 mm
and a height of 120 mm. It should be noted that because of adopting relatively high
workability to represent the typical condition of RLCC and LCC in real projects, the
mixture could be correctly placed in the molds without any subsequent vibration or
compaction process.

Testing

To ensure the accuracy of the test results, three replicate specimens were prepared for
each mixing plan and curing period. After 72 hours of RLCC casting, the specimens were
demolded and then placed in plastic bags to avoid changes in the moisture. Half of the
samples were cured for 14 days at a temperature of 30 °C in an oven, while the rest were
cured for 28 days in the oven at the same temperature. After curing, the uniaxial
compression tests with the loading rate of 1 mm/min were carried out on the samples.
Three tests were conducted for each specified condition, and the average values were
calculated and reported.
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Results and discussion

The test results showed that the inclusion of fiber reinforcement in stabilized and non-
stabilized clayey soil mixtures caused an increase in the unconfined compressive strength
(UCS) and failure strain. However, such increasing effects were much more evident in
stabilized samples compared with those of non-stabilized samples. In addition, the
maximum unconfined compressive strength of samples was obtained at an optimum
percentage of the fiber content of 0.4%. The results indicated that the existence of fiber in
specimens decreased the stiffness of samples, and caused more ductile behaviour and loss
of post-peak strength. The interactions at the interface between fiber and soil matrix were
studied by using Scanning Electron Microscopy (SEM). The results showed that the friction
and bound strength between fiber surface and soil significantly affected the mechanical
behaviour of soil.

Conclusion

The performance of RLCC was studied by focusing on the effects of various fiber contents
and curing periods on a number of geotechnical properties including the compressive
strength, stress-strain behavior, secant modulus, deformability index, bulk modulus, failure
strain, and failure pattern. According to the Scanning Electron Microscopy (SEM) images,
the addition of lime and cement reduced the voids of soil, and the specimen was
characterized by a rather well-structured matrix consequently improving the geotechnical
properties of the soil. Furthermore, fibres could increase the deformity of samples. The
following main conclusions were drawn:

- The use of fibers in addition to stabilizers such as cement and lime significantly
increased the strength of samples compared to the use of fibers alone.

- The optimum fiber content in samples stabilized with 3% lime and 4% cement was
0.4%. Also, by increasing the number of fibers (more than the optimal value of 0.4%),
the UCS of the samples decreased. The reason for this can be explained by the fact
that increasing the fibers to more than the optimal amount reduced the contact of
soil grains with each other and reduced the interlocking mechanism.

- Therole of fibers in controlling the width of cracks and preventing their expansion
was considered an effective factor in changing soil behavior from brittle to ductile
which changed soil behavior from softening strain to hardening strain.

- By using SEM images, it was observed that in unstabilized soil, the interaction
between the surfaces of fibers and soil grains plays a key role in increasing the
strength and changing the behaviour of the soil, while in stabilized soil the
interaction between the surface of fibers and products resulting from pozzolanic
reactions play a key role in changing soil behavior.

- The use of fibers in addition to soil stabilization is a beneficial method for both
reinforcement and stabilization. This method can be used in construction projects
which need soil improvement.

- By increasing the number of fibers in the mixing design, the ductility index and the
uniaxial compressive strength increased by up to 0.4% of the fibers; beyond this
figure, a reverse trend was observed.
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