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ABSTRACT

In this study, the flexural behavior of stabilized and reinforced clay was
investigated. For this purpose, kaolinite, lime at weight dosages of 1%,
3%, and 5%, as well as polypropylene fibers of 6 mm and 12 mm in
length, and weight contents of 0.15%, 0.25%, and 0.35% were utilized.
Samples were cured in a laboratory environment at 20-25°C for periods
of 7 and 28 days. For quantitative and qualitative evaluations, three-
point bending tests and scanning electron microscopy were employed.
Results indicated that stabilization increased the flexural strength and
brittleness of kaolinite, while simultaneous reinforcement and
stabilization improved both strength and ductility. Furthermore, findings
demonstrated that flexural strength and strain at maximum stress are
directly related to fiber content, fiber length, lime dosage, and curing
time. Specifically, increasing fiber content from 0.15% to 0.35%, fiber
length from 6 mm to 12 mm, raising lime dosage from 1% to 5%, and
extending curing period from 7 days to 28 days improved the flexural
strength of the stabilized and reinforced samples by 6%-18%, 20%-43%,
141%-178%, and 5%-17%, respectively. Similarly, strain corresponding
to maximum stress was enhanced by 10%-25%, 28%-74%, 88%-161%,
and 10%-34%. Qualitative analyses revealed that stabilization improves
interactions at soil-fibers interfaces.
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Introduction

Soils are acknowledged as materials that
exhibit adequate compressive and shear
strengths; however, they inherently possess
insufficient tensile and flexural strengths.
Given that all structures must be founded on
soil substrates, the stability of these materials
is essential for the safe operation of the
structures built upon them. In this regard,
geotechnical engineers have utilized chemical
stabilization techniques to improve soil
stability and strength. Although chemical
stabilization markedly enhances soil strength,
it concurrently induces brittleness and reduces
ductility. Consequently, researchers have
proposed and explored the approach of
simultaneous stabilization and reinforcement
of soils. A review of the existing technical
literature reveals that investigations have
predominantly focused on the compressive,
shear, tensile, and California Bearing Ratio
(CBR) characteristics of stabilized and
reinforced soils, while the assessment of
flexural behavior has been relatively
neglected. This is particularly important, as
earth materials are often subjected to flexural
stresses in various construction applications,
including landfill lining and capping,
backfilling behind retaining walls, and road
and railway embankments. To address the
limited research conducted in this area, the
present study investigates the flexural behavior
of stabilized and reinforced clay.

Materials and Methods

In this investigation, kaolinite clay,
characterized by its mechanical properties
outlined in Table 1, is used for sample
preparation. Lime is incorporated at weight
percentages of 1, 3, and 5% for stabilization
purposes, while polypropylene fibers, with
physical properties detailed in Table 2, are
utilized at weight contents of 0.15, 0.25, and
0.35%, with lengths of 6 mm and 12 mm for
reinforcement. For brevity, kaolinite, lime, and
polypropylene fibers are denoted by the
symbols K, L, and PP, respectively.

To prepare the samples, kaolinite, water,
lime, and polypropylene fibers were first

weighed according to the dimensions of the
mold (a rectangular cube measuring
160x40x40mm), maximum dry density,
optimal moisture content, and required weight
contents. The materials were then poured into
a tray and mixed manually. Following this, the
mixture was transferred to a mixer for an
additional 10 minutes. The materials were
returned to the tray, where water was gently
sprayed onto them while mixing by hand.
Subsequently, the resulting mixture was
placed into a pre-lubricated mold to facilitate
sample removal and was statically compacted
using a hydraulic jack. To prevent moisture
evaporation, the samples were immediately
enclosed in plastic bags and cured in a
controlled chamber at temperatures ranging
from 20 to 25 °C for 7 and 28 days. Upon
completion of the curing process, the samples
were removed from the plastic bags and
subjected to a three-point bending test in
accordance with ASTM C1609/C1609M-12
standard. Following these tests, fragments
from the failure planes of the samples were
collected, and micrographs of their surfaces
were obtained using a scanning electron
microscope.

Table 1. Mechanical properties of K

Property Value

Particle Size < 0.075 mm (%) 100

Specific Gravity 2.6

Plastic Limit (%) 26

Liquid Limit (%) 45
Maximum Dry Density (g/cm®) 1.46
Optimum Moisture Content (%) | 24.3

Table 2. Physical properties of PP fibers

Property Value
Diameter (um) 18-25
Density (g/cm®) 0.91

Tensile Strength (MPa) 350-400

Results and Discussion

Figs. 1 and 2 present the stress-strain
diagrams of reinforced and stabilized
specimens subjected to different curing
periods. The results indicate that reinforcing
and stabilizing the samples increased both
flexural strength and ductility due to the
bridging phenomenon. It is observed that at
both curing times, increasing the fiber content
and length improved the flexural strength and



ductility of the samples. This improvement is in increases in flexural strength of 3-7% and 6-

attributed to the strengthening of the bridging 18%, respectively, while ductility increased by
phenomenon, which results from an increase 5-15% and 10-25%, respectively. Similarly,
in the number of bridges and the fiber pull-out increasing the fiber length from 6 mm to 12
force. For example, increasing the PP content mm led to increases in flexural strength and
from 0.15 to 0.25 and then to 0.35%, resulted ductility of 20-43% and 28-74%, respectively.
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Fig. 1. Stress-strain diagrams of reinforced specimens stabilized with varying L content: a) 1, b) 3, and 5%, all

cured for 7 days
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Additionally, Figs. 1 and 2 demonstrate 161%, respectively. Comparing Figs. 1 and 2
that flexural strength and ductility at both reveals that both flexural strength and ductility
curing periods are influenced by L content. are also affected by the curing period;
Specifically, increasing the L content from 1 to specifically, increasing the curing period from
3 and then to 5% enhances flexural strength by 7 to 28 days improves flexural strength and
47-76% and 141-178%, respectively, while the ductility by 5-17% and 10-34%, respectively.
ductility is enhanced by 61-150% and 88-
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Fig. 2. Stress-strain diagrams of reinforced specimens stabilized with varying L content: a) 1%, b) 3%, and 5%,

all cured for 28 days.

Contributions untreated K, the flexural strength and ductility
A summary of the most important results of the stabilized reinforced samples are

obtained in this study is as follows: significantly higher than those of the untreated
1) Reinforcing L-stabilized K with PP reinforced samples.

fibers increases both flexural strength and Conflict of Interest

ductility due to the bridging and stitching of
the two sides of the failure zone together.
2) Increasing the content and length of
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PP fibers enhances the number of bridges relationships that could have appeared to
formed and the required pullout force of the influence the work reported in this paper.
fibers, subsequently increasing the flexural Authors' Contributions

strength and ductility of samples.
3) Due to the improved interaction of PP
fibers with L-stabilized K compared to
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