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1. Introduction
Soil stabilization is an important soil improvement method

in geotechnical engineering. Many researchers have
investigated the properties of traditional stabilizers such as
cement, lime, fly ash, etc. and have shown that adding
these materials to the soil increases the strength and
durability of clay soils and reduces their swelling potential.
However, their use has been restricted in recent years due
to the environmental problems. For example, these
substances increase the PH of soil and underground water.
Stabilizing the soil with these materials mechanically
causes the soil to exhibit a brittle behavior that can be
dangerous under dynamic conditions. In the production
process of these stabilizers, in addition to high energy
consumption, large amounts of greenhouse gases are
released into the atmosphere, which causes significant
environmental damage. To solve these problems, it is
necessary to use alternative stabilizers. Recently, the
chemical substance calcium lignosulfonate (LS) has
played a good role in stabilizing problematic soils.
Calcium lignosulfonate is a polymer compound that is a
waste material of the wood and paper industry. LS is
compatible with the environment and does not cause
environmental problems of soil and water. Moreover,
using this material reduces costs and prevents this material
from being dumped in a large volume.

The main purpose of this research is to investigate the
impact of wetting and drying cycles on the strength and
durability of samples stabilized with LS. The experimental
results show that due to the hydrophilicity of LS, the
stabilization does not have the necessary durability against
the repetition of wet and dry cycles. The solution proposed
in this research is the use of reinforcements such as
polyethylene (PE) fiber. LS increases the resistance and
improves soil behavior and reduces the need for fibers to a
large amount. On the other hand, reinforcements such as

PE fibers increase the durability against repeated wetting
and drying.

2. Method

2.1. Materials. The soil used in this laboratory
investigation was sampled from the north of Qom province
at a depth of 50 cm. The results of soil identification tests
including grains gradation test (ASTM C136), standard
compaction test (ASTM D698), and Atterberg limits test
(ASTM D4318) are summarized in Table 1.

Table 1. Physical properties of the soil used in this study

Properties of soil Content
Classification (ASTM D2487) CL

LL 25.1%
PL 15.3%
Pl 9.8%

LS is used as a by-product of the wood and paper
industry, which is obtained during the industrial process
after the removal of wood chips. The size and shape of LS
powder is very similar to cement and its grain size is about
10 to 25 microns.

PE is a polymer material that can reinforce soil samples
as a fiber and increase their strength and durability. The
amount of PE used was 4% of the dry weight of the soil.
Used PE has density=0.95 g/cm®, module=30 g/denier,
strength=4.5-8 g/denier, and failure strain=10-20%.

2.2. Laboratory tests. In this experiment, LS was added to
the samples at the rate of 1 % of the dry weight of the soil
and mixed well. Moreover, for mixing method, LS and soil
are mixed first, and then water is added to the mixture.
Optimum moisture percentage and maximum dry weight
obtained from Proctor's compaction test were considered
for preparing the samples. The impact of wetting and
drying cycles on the samples was investigated using
ASTM D559. According to ASTM D559, each cycle has
5 hours of exposure in water at 23+2°C and then 42 hours
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of exposure in an oven at 71+2°C. Moreover, unconfined
compressive strength tests were conducted on samples
without and with LS and PE based on ASTM D2166.
3. Results and discussion

The results obtained from the unconfined compressive
tests for the samples stabilized with 1% LS for different
curing duration of 7, 14, 21, 28, and 35 days show that the
optimum time for curing samples is 21 days. It seems that
the reason for the decrease in strength of samples of 28 and
35 days is the hydrophilicity of LS. Results show that in
all of the samples, strength decreases after each wetting
and drying cycle. Stabilized samples without LS as well as
with 1% LS survived only 2 wetting and drying cycles and
completely lost their strength in the third cycle. Because
the samples stabilized with LS lasted only 2 cycles of
wetting and drying, the samples were reinforced with 4%
polyethylene fibers to increase the durability of stabilized
samples. The results unconfined compressive tests show
that PE fibers, due to their tensile strength, make the soil
more resistant. It also makes the soil durable against 12
wetting and drying cycles. Unconfined compressive
strengths were measured to be 623, 523, 490, 449, 429, and
408 kPa after 27, 4% 6™ 8N 10" and 12" cycles,
respectively.

The results of laboratory tests for investigating the
impacts of wetting and drying cycles, according to ASTM
D559, show that the samples without and with 1% LS
survived only 2 cycles. The samples lost about 14% of
their mass after the first cycle and about 20% after the
second cycle. The reason for this, as mentioned before, is
the hydrophilic nature of the mixture. The fact is that many
additives, such as calcium lignosulfonate, which are used
in stabilization, are hydrophilic, and therefore wetting and
drying cycles create a serious problem. Fibers such as PE
may be the solution to use these industrial waste materials.
The samples that were only stabilized with calcium
lignosulfonate lost 20% of their mass after 2 cycles of
wetting and drying, while as shown in Figure 1, the
samples stabilized with lignosulfonate and
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Figure 1. Weight of samples stabilized with LS and PE
after different wetting and drying cycles

Reinforced with polyethylene fibers After 2 cycles of
wetting and drying, only 5% of their mass has been lost,
and after 4 cycles, 6 cycles, 8 cycles, 10 cycles, and 12
cycles, 7%, 13%, 20%, 25%, and 30% of their mass has
been reduced, respectively. It is concluded that
polyethylene fibers keep soil particles together and reduce
soil mass reduction due to wetting and drying cycles.
Adding PE fibers to the soil as a reinforcement that has
tensile strength probably increases tensile strength, and
also increases the compressive strength of the samples by
a small amount. Polyethylene fibers prevent the sample
from crumbling when it breaks and keep the soil particles
together.
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Laboratory Investigation on Stabilization of Clay with Calcium Lignosulfonate and
Polyethylene Fibers under wetting and drying cycles

Niloofar Pishvaei Morteza Jiryaei Sharahi Masoud Amelsakhi

Abstract Stabilizing materials can be used as a soil improvement technique when dealing with inappropriate soils.
This study investigates the effects of wetting and drying cycles on the clayey soil stabilized with Calcium
Lignosulfonate and also polyethylene fibers. For this purpose, unconfined compression strength and durability of the
prepared samples under wetting and drying cycles are investigated. Atterberg limit tests, standard compaction tests
and unconfined compression tests have been performed on the prepared samples. Also, the optimum curing duration
for soil stabilized with lignosulfonate is investigated. The results show that lignosulfonate-stabilized clay was not
sufficiently durable against wet and dry cycles. Based on this result, the stabilization of clay with lignosulfonate
stabilizer has a great weakness that is the main drawback to the use of this stabilizer. Addition of 4% polyethylene
fibers increases the durability of stabilized samples up to 600% against wet and dry cycles. Also, adding polyethylene
fibers to stabilized clay soil with lignosulfonate reduces the weight loss of the materials (70%).

Keywords Soil stabilization, Calcium lignosulfonate, Polyethylene Fibers, Wetting and drying cycle.
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