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ABSTRACT

In this research, a new type of fiber known as composite fibers has been
utilized to enhance the flexural properties of stabilized clay. The core of
the composite fiber consists of elastane, while its shell is composed of
numerous polyester fibers. In this regard, kaolinite clay, lime at weight
contents of 1, 3, and 5%, and composite fibers at weight contents of 1.5,
2.5, and 3.5%, with lengths of 6 and 12 mm, have been employed for
sample preparation, along with curing periods of 7 and 28 days. For
guantitative and qualitative investigations, three-point bending tests, as
well as optical and scanning electron microscopy, have been employed.
The results indicated that the reinforcement of stabilized kaolinite with
composite fibers led to improvements of 10 to 78% in flexural strength
and a factor 3.1 to 41.5 in the corresponding strain. The findings also
demonstrated that the performance of composite fibers in enhancing the
strength and ductility of stabilized kaolinite is directly related to the
content and length of the fibers, the lime content, and the curing time.
Furthermore, quantitative evaluations revealed that the dual structure of
the composite fibers, particularly the polyester shell wrapped around the
elastane core, created suitable mechanical interaction with the soil due
to their high number and perpendicular orientation to the tensile
direction, effectively strengthening resistance against pull-out forces.
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Introduction

Chemical stabilization is a widely used
ground improvement technique that enhances
soil strength but often increases brittleness. To
improve ductility, fiber reinforcement has
been explored. However, conventional fibers
are costly and difficult to mix uniformly due to
their small dimensions. The present study
proposes a new type of reinforcement, termed
composite fibers, to enhance the flexural
characteristics of stabilized clay. These fibers,
derived from garment industry waste, are cost-
free, environmentally friendly, and suitable for
reuse in soil reinforcement. Their relatively
larger dimensions compared to conventional
fibers facilitate mixing with soils. Composite
fibers have a two-part structure: an elastane
core providing high elasticity, and a polyester
fiber sheath helically wound around the core.
The polymeric composition of these
constituents imparts high resistance to adverse
environmental conditions such as moisture,
temperature fluctuations, and chemical agents
in soil, thereby ensuring stable, long-term
performance in geotechnical applications.

Methods and Materials

Kaolinite (K) clay (properties in Table 1)
was stabilized with 1%, 3%, or 5% lime (L)
and reinforced with composite fibers (C;
properties in Table1) of 6 mm or 12mm
length at 1.5%, 2.5%, or 3.5% content.
Specimens were cured for 7 or 28 days under
laboratory conditions (20-25°C). Material
guantities were determined based on
maximum dry density, optimum moisture
content, and mold dimensions (4x4x16 cm).
Mixing involved 2min of manual blending
followed by 10min in a mixer; water was
added gradually during hand-mixing with a
spatula. The mixture was placed into pre-
lubricated molds and statically compacted with
a hydraulic jack. After demolding, specimens
were wrapped in plastic film to prevent
moisture loss, and cured in polystyrene boxes.
Flexural performance was evaluated by three-
point bending tests in accordance with
ASTM C1609/C1609M-12. Failure surface
segments were collected and examined via

optical and scanning electron microscopy to
characterize fiber—soil interaction patterns

Table 1. Properties of Kand C

K
Property Value
< 0.075 mm (%) 100
G, 2.6
PL (%) 26
LL (%) 45
Vg, (9/CM3) 1.46
Wope (%) 24.3
C
Diameter (um) 800-950
Density (g/cmd) 0.85
Tensile Strength (N) 12-14

Results and Discussion

Figs. 1 and 2 present the flexural
strength-strain  curves of stabilized and
reinforced specimens cured for 7 and 28 days,
respectively. The results indicate that flexural
strength and ductility increase with the weight
content of C fibers. Raising the C content from
15% to 2.5% and then to 3.5% produced
flexural strength gains of approximately 3—
17% and 6-35%, and corresponding peak
strain increases of about 3-23% and 5-46%,
respectively. These trends are attributed to a
greater number of fiber bridges across the
failure surface, which inhibit crack growth and
propagation. Moreover, the findings reveal
that the flexural behavior of the specimens is
also influenced by fiber length. Enlarging the
fiber length from 6 mm to 12 mm increased
flexural strength by approximately 22-52%,
owing to the longer embedment length of the
C fibers, which consequently requires greater
pull-out force.

The outputs further show that the flexural
characteristics are directly related to L content.
Increasing L from 1% to 3% and then to 5%
improved flexural strength by approximately
49-61% and 146-165%, with corresponding
strain increases of about 64-154% and 423—
484%, respectively. Comparison of Figs. 1
and 2 demonstrates that these properties are
directly related to curing time. Extending the
curing period from 7 days to 28 days resulted
in improvements in flexural strength and the



corresponding strain of approximately 9-16%

and 10-35%, respectively.
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Fig. 1. Flexural strength—strain responses of reinforced kaolinite with lime contents of (a) 1%, (b) 3%, and (c)
5% after a 7-day curing period
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Fig. 2. Flexural strength—strain responses of reinforced kaolinite with lime contents of (a) 1%, (b) 3%, and (c)
5% after a 28-day curing period

Conclusion

The key findings of this study are
summarized as follows:

I) Composite fibers are highly effective in
enhancing the flexural strength and
ductility of lime-stabilized kaolinite.
This improvement correlates directly
with the fiber content, fiber length, lime
content, and curing duration.
Reinforcing the stabilized specimen
(5% lime) with 3.5% composite fibers
of 12mm length, cured for 28 days,
resulted in a 27% increase in flexural
strength and a 41.5-fold increase in the
corresponding strain.

I1) Encapsulation of the soil within a
sheath of composite fibers, the presence
of sheath imprints at fiber pull-out
locations, and the detachment of soil
fragments from the opposite side of the
failure surface collectively demonstrate

the strong interfacial interaction
between the fibers and the surrounding
soil matrix.
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