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1. Introduction

Nowadays, the development of transportation
infrastructure in the arid and semi-arid regions of the world
has made aeolian sand a borrows source in these regions.
Aeolian sand has uniform granulation and does not have
plastic properties, making it difficult, and in some cases
impossible, to be compacted. This group of soil has a low
bearing capacity due to looseness and granular structure.
In a loose and saturated state, it has liquefaction potential
under cyclic loading, and in the vicinity of water, it is wet
and potential to collapse. Quartz is the main mineral of
aeolian sands, which is accompanied by small amounts of
feldspars and calcite. In unconfined conditions, it has poor
geotechnical performance and needs improvement.
Densification, reinforcement, drainage, and adding
additive materials are the most important ways to improve
the engineering characteristics of aeolian sands. Lime,
cement, bitumen, and chemical additives are examples of
additive materials for improving the engineering
characteristics of aeolian sands. Much research on the use
of polymer emulsions for stabilizing aeolian sands and
granular soils has been performed since the late 1960s.
Polymer emulsions are very small polymer particles (0.05-
5 pm) dispersed in water and usually produced by
emulsion polymerization. Being non-toxic, non-polluting,
and cheap, they are considered a successful enhancer.
Large areas of Iran, including parts of the Khuzestan plain,
are covered with aeolian sands, and it is necessary to
improve their engineering parameters by various methods
in order to use them as borrowed sources. The present
research investigated the effect of different percentages of
vinyl acrylic polymer (VAP) emulsion on the shear
strength parameters of aeolian sands in the mentioned
areas.

2. Laboratory Program

2.1. Materials

The materials used in this research are aeolian sand from
the Hor al-Azim region (Khuzestan Plain) and VAP. VAP
is a viscous polymer material hardened by dissolving in
water and losing moisture. It binds soil particles together
and creates and increases soil strength. In this research,

aeolian sand was mixed with 10%, 20%, and 30% VAP,
respectively. Consequently, to determine the shear
strength, four distinct samples with different percentages
of sand and VAP were prepared and used for the next
stages of the research.

2.2. Methods

The methods used in this research include a standard
compaction test and a direct shear test. These two tests
were performed according to the standards of ASTM D
698-78 and ASTM D 3080-90. The compaction test was
performed in order to determine the maximum dry density
and optimum water content and the direct shear test was
performed to determine the shear strength parameters of
the samples. The VAP was dissolved in water, and the
weight ratios of VAP to water (P/W) 10, 20, and 30 were
chosen (P/Wx100=10%-20%-30%). According to the
maximum dry density determined from the compaction
test, the weight of the soil to be placed inside the shear
molds was determined. Next, the prepared VAP solutions
of 10%, 20%, and 30% were added to the soil in a way that
the sample reached the optimum water content. The
specified amount of soil was poured in three layers into
cubic steel molds with a length and width of 5.7 cm and a
depth of 3.7 cm to provide the possibility of compacting
them to reach the maximum density. To speed up the
sample preparation process, 15 cubic steel molds were
used. The prepared samples were placed in the molds for
1,7,14, 21, and 28 days and then subjected to direct shear
test. To perform the direct shear test, the steel molds were
embedded in the mold of the direct shear machine and
were sheared by four vertical stresses of 0.25, 0.5, 0.75,
and 1 kg/cm?. The reason for choosing four vertical
stresses in the direct shear test was to check the results
more closely and to eliminate the outlier data. By applying
horizontal load and measuring horizontal displacements,
the tests continued until reaching the maximum shear force
necessary to break the sample.

3. Analysis of results
The results showed that with increasing the curing time,
soil cohesion (C) increased and internal friction angle (¢)
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decreased. The rise in C with longer curing time results
from filling the pore spaces between the grains with VAP
solution and sticking the soil grains to each other. The
reduction of ¢ is due to a layer of VAP on the grains'
surface. This layer is the reduction of the friction between
the grains. To investigate the simultaneous effect of C and
¢, shear strength (S) was determined for each sample. For
this purpose, the vertical stress was considered 1 kg/cm2.
The results of the direct shear test showed that changing
the percentage of VAP for one-day curing time had no
effect on the shear strength. Therefore, it can be said that
if the solution is not allowed to dry, it will not affect the
shear strength of the sample. For the curing time of 28
days, the effect of VAP concentration on the shear strength
is evident as the sample stabilized with 10% solution
shows lower shear strength than the samples stabilized
with 20% and 30%. The C and ¢ of the sample stabilized
with 10% VAP in one-day curing time was 0.0006 kg/cm?
and 32.33 degrees, respectively. Therefore, this sample has
practically no C and its shear strength is caused by the ¢ of
the sample. The C and ¢ of the same sample reached 0.76
kg/cm? and 9.87 degrees after 28 days, respectively. A
significant increase in C and a decrease in the ¢ of the
sample were seen. For this sample, the shear strength was
0.63 kg/cm? after one day, while it reached 1.02 kg/cm?
after 7 days and showed a 104% increase. The C and ¢
when 20% VAP was used after one day of curing time was
0.004 kg/cm? and 32.39 degrees, respectively. In this case,
despite the rise in the concentration of the VAP solution
compared to the previous case, there was no change in the
C and ¢ of the sample compared to the sample without
additives due to the short curing time, but after 28 days, C
was 1.13 kg/cm? and ¢ reached 7.41 degrees. Accordingly,
the shear strength after 28 days showed a 101.6% increase
compared to the curing time of 1 day. The C and ¢ for the
30% VAP after 1 day were 0.0138 kg/cm? and 32.44,
respectively, which is similar to the previous two cases due
to the short curing time. However, there was practically no
change compared to the sample without additives. After 21
days, the C of the sample was 1.18 kg/cm? and ¢ was 6.40
degrees. Therefore, the shear strength after one day of
curing was 0.63 kg/cm?, which reached 1.3 kg/cm?after 21
days of curing, indicating an increase of 106.3%. This
issue clearly shows the effect of curing time on increasing
the shear strength of the sample, while also specifying that
the effect of curing time on increasing the shear strength
of sand is much higher than the concentration of the VAP
solution.

4. Conclusions
The present study aimed to investigate the effect of VAP

on the shear strength of aeolian sands in the Hor al-Azim

region. First, solutions with concentrations of 10%, 20%,

and 30% of VAP were made and added to the soil sample.

Next, samples with maximum dry density and optimum

water content were made and were subjected to direct

shear tests in the curing times of 7, 14, 21, and 28 days to
determine the shear strength parameters, and the following
results were obtained.

- By increasing the curing time and the concentration of
the VAP solution, the shear strength of the samples
increased. The shear strength of the sample stabilized
with 10%, 20%, and 30% VAP solution showed an

increase of 104%, 111.7%, and 113.3%, respectively,
compared to the sample without additive.

By raising the concentration of the VAP solution and the
curing time, the cohesion of the samples increased. The
adhesion of the sample stabilized with 10%, 20%, and
30% solution at the curing times of 28, 28, and 21 days
reached its maximum values of 0.76, 1.13, and 1.18
kg/cm?.

Electron microscope images revealed that the formation
of bridges and connections between grains with
increasing VAP solution concentration and curing time
is the reason for cohesion improvement. Placing the
polymer between the grains reduced the friction between
them and decreased the internal friction angle of the
stabilized samples.

Increasing the curing time and the concentration of the
VAP solution raised the shear strength of the sample, but
the effect of the curing time was greater than the
concentration of the VAP solution.
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Investigation Impact of Polymer Emulsion on Shear Strength of Aeolian Sand
Mahsa Heravi Akbar Cheshomi

Abstract The present study has investigated the effect of vinyl acrylic polymer emulsion (VA) on the shear strength of
aeolian sands in the Khuzestan plain. For this purpose, after sampling the aeolian sands of the mentioned area, a standard
compaction test was performed and the optimum water content and maximum dry density of the aeolian sand were
determined. Then, solutions with percentages of 10, 20 and 30% of polymer material were made and added to the aeolian
sand in such a way that it reached the optimum water content. The prepared soil with maximum dry density was placed
in square metal molds kept in the laboratory for 1, 7, 14 and 21 days and then subjected to direct shear test. The results
of the direct shear test on the stabilized samples showed that by increasing the curing time and the concentration of the
polymer solution, cohesion and the shear strength increase and the angle of internal friction decreases. So the polymer
solution with a concentration of 30% has caused a 146% increase in shear strength aeolian sand. Electron microscope
images (SEM) show the creation of bridges between sand grains in the stabilized samples, which is the reason for the
increased cohesion and shear strength of the samples.

Key words Aeolian sand, Shear strength, Cohesion, Internal friction angle, Polymer emulsion.
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