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In this study, non-cohesive soils from a site in the city of Umm Qasr
in Basrah Governorate, southern lrag, are improved by adding
Portland cement at a rate of 5% of the sample's weight and a
polymeric mixture that included thinner as a solvent, polyvinyl
acetate, unsaturated polyester, and isocyanides in proportions of 5,
10, 15, 20, and 25% of the added cement's weight through the use of
geotechnical tests that include the degree of improvement in the soil's
geotechnical properties, such as compaction, direct shear strength,
California Bearing Ratio, and absorption, to ascertain the optimal
percentage of polymer that is beneficial for improvement. The results
show that the optimal moisture content values decrease from 10% to
9%, the maximum dry density values increase from 1.982 g/cm? to
2.162 g/cm?, and the absorption values decrease from 28.7% to 9.6%.
The addition of polymers and cement serves as a binding agent, the
angle of internal friction increases from 27 to 32 degrees, and fosters
the development of cohesion between the soil particles to (43.14
kPa). The California Bearing Ratio value increases from 27% to 54%
by adding polymer at a rate of 20% of the cement weight and cement
at a rate of 5% of the sample weight.
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Introduction

Soil improvement means developing the geotechnical properties of weak soils to
enhance unfavorable geotechnical criteria in soils such as strength, permeability,
compressibility, and durability (Al-Masri et al., 2023) to obtain stable soils with a high
bearing capacity and suitable for carrying the engineering structure by increasing the
strength of these soils and addressing the engineering problems they suffer from without
replacing the site through physical, mechanical, and chemical means. Many researchers
have resorted to improving the engineering properties of soil by using some additives such
as acids, fibers, and polymers to improve weak soils (Horvath, 2000). Arasan et al. (2015)
concluded that a deep mixing method is used to improve sandy soil by creating columns in
the soil and using a polyester polymer to quickly stabilize these soils at different rates (10,
20, and 30%), and for samples treated for 3 hours, 1, 3, 7, and 28 days. The results showed
that soil improved with polyester for 3-hour samples could reach a strength range similar
to that of 28-day samples. Al-Maliki et al. (2018) investigated the impact of various
polymers and Portland cement on cohesive and non-cohesive soils, demonstrating that the
addition of polymers improved the soil's engineering qualities. Khudhair et al. (2022)
showed that by adding basalt fibers to treated soils with Portland cement, the engineering
properties of cohesive and non-cohesive soils were greatly enhanced. Liu et al. (2017) used
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polyurethane as a soil stabilizer to strengthen the sand. A series of tests were conducted,
and the results showed that the permeability of sand reinforced with this material was
reduced as this polymer forms a layer. The surface of the sand was strengthened, and the
water flow rate decreased with increasing treatment time, as the polyurethane filled the
spaces between the sand. Asad et al. (2021) added bentonite to selected samples from the
banks slopes of the southern sector of the general estuary canal in southern Iraq, and then
some geotechnical tests were conducted; the results show the possibility of stabilizing these
slopes. Researchers like Jha and Sivapullaiah (2015) noted that the soil stabilization
technique led to an improvement in the geotechnical properties, such as compression,
strength, and shrinkage by adding binding materials to weak soils. By utilizing a
combination of Portland cement and commercially and environmentally viable materials
made of polymer composites for the first time in this study, seeks to enhance some of the
geotechnical characteristics of samples of non-cohesive soils taken from the Umm Qasr
City site. It also seeks to determine the impact of varying ratios of these materials on the
geotechnical characteristics of these soils.

Aim of study

The study aims to improve the geotechnical properties of selected non-cohesive soils
from Basrah Governorate by using environmentally and economically appropriate
additives (Isocyanides, Unsaturated polyester, and polyvinyl acetate) and mixing them with
cement to reach the best improvement rate as well as to reduce the economic cost.
Location of the study area

One non-cohesive soil sample (30 kg) was taken from the city of Umm Qasr in
Basrah Governorate, southern Iraq. Umm Qasr is a coastal city located on Khor Al-Zubair
Canal and is considered a part of the mouth of Khor Abdullah, which leads to the Arabian
Gulf. Umm Qasr is about 72 km from the Basrah center and includes the largest Iraqi port
(Umm Qasr Port). It is located within the intersection of longitude 46° 55' 47" east and
latitude 30° 2' 30" north, as in Figure 1.

Fig. 1. Location of the study area.
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Geology and Geomorphology

The study area is located within the alluvial plain in the Mesopotamian region, which
is a part of the unstable shelf range in the Arabian plate, according to the tectonic division
of Buday and Jassim (1987), who divided Iraq into three regions from northern Iraq to the
south, which are High Folded Zone, Foot Hill Zone, and Mesopotamian Zone. The city of
Basrah is located within the third region, which is also known as the Mesopotamian region,
and is characterized by being less affected by the Alpine orogeny. The Mesopotamian Zone
represents a complex of Quaternary sediments, as they are not subjected to the mountain-
building movements. On the contrary, it was strongly affected by folding northeast toward
the southwest (Buday and Jassim, 1987).

The Mesopotamian Zone is divided longitudinally into the following areas (Buday
and Jassim, 1987): Tigris subzone, Euphrates subzone, and Zubair subzone.

Umm Qasr City is located in the Zubair subzone, which represents the southern part
of the Mesopotamian Zone, which is characterized by a homogeneous compositional
pattern in which there are subsurface geological structures. Lees and Falcon (1952)
believed that the Mesopotamian Zone suffered from continuous settling processes. Karim
(1991) mentioned that the alluvial plain region is witnessed by tectonic activity that led to
the separation of Warba Island, the emergence of Bubiyan Creek, and the connection of
Khor Al-Zubair to Khor Abdullah, due to the occurrence of tectonic subsidence to the east
of Al-Zubair Ridge, as well as another tectonic subsidence in the northwest of Bubiyan
Island.

Al-Rubaie (1988) divided the city of Basrah into two regions: the eastern one, called
the alluvial plain region, and the western one, called Al-Batin Fan region. The city of Umm
Qasr is located within the western region of Basrah Governorate, which is characterized by
the spread of coarse-grained sediments (sand and gravel) deposited by the flowing rivers.
The Arabian Peninsula is represented by the rocks of the Arabian Shield, which runs
through Wadi Al-Batin towards the northeast. This region contains the Al-Batin alluvial
fan, which is the largest fan in southern Irag. It also contains the most important
geomorphological feature represented by Jebel Sanam salt dome, which reaches a height
of about 154 meters above sea level (Abdul Ameer et al., 2023). The geomorphology of
the region and its subsurface structures are affected by the tectonic movements that it
witnessed about 1,500 years ago.

Materials and Methods
Materials

e Portland cement taken from the Basrah Cement Factory is used at a rate of 5% of
the sample weight because this percentage gave good results from previous research by Al-
Maliki et al., (2018).

e A new compound polymer is used, which is manufactured for the first time in this
study, to produce a polymeric emulsion that is insoluble in water after solidification. This
product is made by mixing isocyanides with unsaturated polyester and polyvinyl acetate.
The emulsion is added in proportions of 5, 10, 15, 20, and 25% of the weight of the cement
added to the sample to increase the strength of the soil and to reduce the economic cost.

Preparing samples

e Several geotechnical tests are conducted on natural soil samples free of additives,
namely the modified compaction test, direct shear strength, absorption, and California
Bearing Ratio (CBR).

e Samples are prepared with cement added at a rate of 5% by weight of the non-
cohesive soil sample selected from the Umm Qasr City site, and the same previous
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geotechnical tests are re-conducted on them to determine the change in their engineering
behavior.

e To ascertain the impact of this composite polymer in enhancing the engineering
properties of the extracted sandy soil from the study area, samples are prepared with
varying percentages of added composite polymer (5, 10, 15, 20, and 25%) by weight of
cement added to the non-cohesive soil samples. The same geotechnical tests are then
repeated.

Laboratory tests

The following tests are conducted in the laboratories of Al-Meqyas Engineering
Services Company in Basrah on non-cohesive soil samples taken from the Umm Qasr site:

1. Grain size analysis: This analysis of non-cohesive soils is carried out by the dry
sieving method according to the American standard (ASTM D-421, D-422).

2. Moisture content: Following the American standard (ASTM D2216-05), a specific
weight of soil is dried for 24 hours at a temperature of 105-110°C.

3. Chemical tests: Include determining the percentage of sulfates (SO4), the content
of chlorides (Cl), pH, carbonates (COz), and organic content according to the Iragi Standard
for National Center for Laboratories and Construction Research (NCLCR, 2001).

4. Compaction test: Five weight percentages of water, 2, 4, 6, 8, and 10% are added
to samples of natural occurrence, non-cohesive additives-free soils taken from the Umm
Qasr site. They are then put through a modified Proctor test to find the ideal moisture
content and maximum dry density. Then six remolded samples are prepared with 5%
cement added to them and mixed with five of the weight percentages of the composite
polymer, which are 5, 10, 15, 20, and 25% of the weight of the cement added to the sample,
and the same previous tests are conducted again, according to the American standard.
(ASTM D1557-12) to know the development of its engineering behavior.

5. Direct shear strength test: Preparing an additive-free sample of the non-cohesive
soil after passing it through a No. 4 sieve with 4.75 mm openings, and a direct shear
strength test is conducted on 6x6 cm cubes. Then, a remolded sample of the non-cohesive
soil sample treated with 5% cement is prepared. It was left to dry for 7 days. Five samples
of the soil treated with 5% cement and composite polymer were prepared at different
percentages (5, 10, 15, 20, and 25%) of the weight of cement added to the sample. They
are also allowed to dry for seven days before being tested. The samples are dried for 24
hours at 105°C in the oven to determine the sample's weight. The test is carried out in
compliance with ASTM D-3080 of the American standard.

6. The California Bearing Ratio test: It is conducted by preparing a sample of natural,
non-cohesive soil devoid of additives, adding the ideal moisture content ascertained via the
modified Proctor test, and analyzing the resultant material to ascertain the California
Bearing Ratio. Then, a remolded sample of non-cohesive soil is prepared, and cement is
added at a rate of 5% in the same way as the natural sample above was prepared and left to
dry for 7 days. Then a test was conducted on it, and five samples were prepared to which
cement was added at a rate of 5% and the composite polymer was added at different rates,
5, 10, 15, 20, and 25% of the weight of cement, using the same sample preparation method
mentioned previously. The samples were left for 7 days to dry, and then they were
examined to determine the percentage of additives that achieved the best soil stability. The
test is conducted according to the American standard (ASTM D-1883).

7. Rapid absorption test: A sample of natural non-cohesive soil free of additives is
prepared, its dry weight is calculated, and the test is conducted, where it is immersed in
water for 24 hours, and the wet weight of the sample is taken after immersion to determine
the absorption rate. A remolded soil sample is prepared after cement is added to it at a rate
of 5%. It was left for 7 days to dry and then examined. After the preparation of five samples
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of non-cohesive soil, 5% cement was added, and a composite polymer was added in various
weight proportions (5, 10, 15, 20, and 25%) by cement. The samples were then allowed to
dry for seven days before being examined by the British Standard (BS. 1377:1975) and the
previously described procedures.

Results

e Particle size analysis test: The analysis results show that the percentage of clay
and silt is 8.8%, sand is 80.2%, and gravel is 11%, as illustrated in Figure 2.
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Fig. 2. Particle size analysis test.

According to the unified classification (USCS), the values of the regularity
coefficient (Cy) and concavity coefficient (Cc) are 11.88 and 0.76, respectively, so the soil
is classified as poorly graded sand (SP). It is known that the physical and chemical
properties of soils in the world vary greatly from one site to another. Rather, the
geotechnical properties are different, both horizontally and vertically, in the same location.
This is due to the truth about the origins of soil and its geological history (Al-Jumaily
and Al-Azzo, 2011). These deposits are mainly affected by the natural consolidation
resulting from mechanical compaction caused by an increase in overburden pressure during
depositional processes (Mahmood and Albadran, 2002).

e The moisture content test: The low groundwater level in the area contributes to
the non-cohesive soil's 0.9% moisture content, as indicated by the study site's non-cohesive
soil sample parameters.

e The chemical tests: The results show that the percentage of sulfates is 2.5%,
chlorides is 0.056%, acidity is 7.84, organic content is 1.20%, and carbonates are 17.60%.
According to the lragi specifications of the National Center for Laboratories and
Construction Research (2001), they are regarded as not affecting the soil's engineering
behavior.
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e Compaction test: It can be seen from Figure 3 that the optimum moisture content
(OMC) for natural soil is 10% and the maximum dry density (MDD) is 1.989 g/cm?3. The
value of the maximum dry density is 2.113 g/cm3, according to the results of the limit test
for non-cohesive soil treated with cement. 11% is the optimum moisture content. When
cement and polymer composites were added to soil samples as shown in Figures (4 and 5),
the highest maximum dry density and lowest optimum moisture content are achieved when
cement was added at a rate of 5% of the sample weight and the composite polymer at a rate
of 20% of the cement weight, totaling 2.162 g. cm?. The optimum moisture content is found
to be 9%.

1.980 ~ | — ]

1.870 - / \
1.850 - / i

£
=
g 1930 /
E 1910 - /
e
a 1.890 - /
1.870 - -~
1.850

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 80 2.0 100 1.0 120 130 140

Moisture Content, %%

Fig. 3. Maximum dry density and optimum moisture content for naturally non-cohesive soils.
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Fig. 4. Maximum dry density values for non-cohesive soil both with and without the addition of
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improving materials.
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Fig. 5. Values of the optimum moisture content for non-cohesive soil both before and after adding

e Direct shear strength test: According to test results and when using the following
normal stresses (83, 166, and 333 kPa), natural soil has an internal friction angle of 37° and
a cohesion value of 0 kPa. When 5% cement was added to the soil, it was found that the
values of the cohesion and angle of internal friction increased for the samples treated with
additives. The cohesion is 27 kPa, and the angle of internal friction reached 40°. The highest
value of the angle of friction in the sample to which 5% of cement and 20% of the
composite polymer were added is 48. 6° and the cohesion value is 43.14 kPa, as shown in
Figures 6, 7, and 8. The presence of the polymer compound with cement led to their
interaction together and the creation of great bond strength between the soil particles, as
the interfacial strength within the soil increased with the increase in the proportions of
additives, which led to a reduction in the spaces between the soil particles and thus

increased cohesion.
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e California Bearing Ratio (CBR) test: The results of this test, which is performed
on non-cohesive soil taken from the Umm Qasr location, indicate that the natural soil's
California Bearing Ratio is 27%. Its highest value is observed when adding a 5% cement
mixture and a 20% composite polymer by weight of cement, reaching 54%, as in Table 1
and Figure 9.

Table 1: C. B. R values of non-cohesive soil after additives.

Additives % Nb%/\?sf Dry density CBR at 0.2 Modified dry density 0.95 M.D.D C.B.R
10 1.792 30
C 5% + P 5% 25 1.802 40 1.94 1.843 44 %
56 1.987 58
10 1.853 28
C5% + P 10% 25 1.912 38 2.08 1.976 42 %
56 211 58
10 1.862 28
C 5% + P 15% 25 1.988 38 2.100 1.995 40 %
56 2.150 58
10 1.965 32
C 5% + P 20% 25 2.00 50 2.162 2.054 54 %
56 2.210 60
10 1.844 24
C 5% + P 25% 25 1.933 35 2.09 1.985 39 %
56 2.120 46
&0
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Fig.9. California bearing ratio (CBR) values for non-cohesive soil both with and without
addition of improvement materials.
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e Rapid absorption test: The natural soil's water absorption rate, according to
absorption test results, is 28.7%. It is noted that this value decreased with increasing
percentages of additives, reaching 17% when adding 5% of cement, and the lowest value
of absorption is reached when adding a mixture of 5% cement and a composite polymer
20% of the weight of cement, which is 9.6%, as in Figure (10).

w, — W
Absorption % = WW—d X 100%
d

Where, Wy: Wet weight; Wq: Dry weight.
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Fig.10. Values of the non-cohesive soil's water absorption rate both before and after adding
improving materials.

Discussion

Adding cement at a rate of 5% of the weight of the sample and a polymeric mixture
consisting of polyvinyl acetate, unsaturated polyester, isocyanides, and thinner as a solvent
at a rate of 20% of the weight of cement led to an improvement in the engineering
properties of the non-cohesive soil. Because this mixture functions as a binder to connect
the soil's pores to create cohesion between the grains, reducing voids, and preventing water
from penetrating inside the soil particles, it is observed that there is an increase in the
maximum dry density, direct shear strength, and California Bearing Ratio, and a decrease
in the optimum moisture content and absorption rate. This resulted in the formation of a
layer of cement and polymeric mixture that coated the soil particles and prevented them
from absorbing water. In addition, the compaction of the soil led to the expulsion of air,
which caused an increase in the density of the soil and gave it a higher strength to withstand
the stress placed on it.

Conclusion

The polymer used is effective in strengthening and activating the effectiveness of
cement to bind sand grains. The use of composite polymer led to increased strength and
improved geotechnical properties of the soil. The results of engineering tests show that the
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best percentage of polymer is 20% of the weight of cement added to the sample, as it gave
the best improvement to the engineering properties of the soil.
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