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Abstract— the shear strength parameters of the treated and untreated gypsum soil under the effect of four
soaking and drying cycles has studied in this paper, moreover examined the effect of wetting and drying
cycles on the collapse potential of the soil and comparing between the behavior of the treated and untreated
gypsum soil under the effect of the two conditions. Gypsum soil sample brought from Sawa lake in Al
Muthana governorate with the content of gypsum 65.5%, the polyurethane polymer (PP) was used with
different percentages 3, 6, and 10% to enhance the mechanical properties of gypsum soil, model was
prepared to achieve four soaking and drying cycle to the samples before testing, this model consists of an
Aluminum plate base with dimensions 70 x45 cm and glassy sides with 10 cm height, this model subdivided
longitudinally into three parts by glassy breakers to compact untreated and treated gypsum soil with 3 and
6% of polyurethane, series of direct shear tests and single oedometer test carried out on the treated and
untreated gypsum soil, the result shows that the polyurethane polymer can be used successfully to stabilize
the mechanical characteristics of gypsum soil with high gypsum content.

Keywords— collapsibility, soaking-drying cycles, wetting-drying cycle, shear strength parameters, polyurethane,
gypsum soil

1. Introduction moisture content of the soil, also when subjected to heavy
loads that lead to the occurrence of large deformation and
Gypseous soils are one of the most difficult kinds of soils, ~ settlement due to removing the bonds between the soil

it signified in dry areas where sources for the calcium  particles this problem is known as collapsibility which
sulphate exist. It does not usually occur under wet climate ~ represented the most common problem that usually
conditions. the behavior of gypsum occurrence in the soil ] o

in the dry state that as a linkage between soil particles so  occurred in the gypseous soil, in the dry state the gypsum
that gypsum has a large effect on the physical and  soil is very stiff and have perfect characteristic for civil
mechanical characteristics of the soil. These effects ~ engineering structures, Under the wetting state, the
depend on the gypsum percentage presented in the soil. ~ cementation between soil partlgles removed due to gypsum
Gypsum is known as Hydrated Calcium Sulphate  Melting that cause loss of soil mass and occurrence of
(CaS04.2H20) [18]Van Alphen and Romero, 1971 named ~ Pores and voids that lead to increase permeability,
the soil with gypsum content more than 2% as gypsiferous compresmbl!lty, 'and volume change of soils so that cause
soil, [16]Saaed and Khorshid (1989) defined gypseous 2 catastrophic failure, moreover, reduce the shear strength
soils as soils that contain more than 6 % gypsum. of soil During the construction and operation of structures,

Gypseous soil covers more than 30 % of the Iraqi area there is usually a severe soaking of soil mass with water
with a range of gypsum content about 30 to 70%, leading to a continuous infiltration of solutions by soil and
Gypseous soil represented one of the problematic soils the leaching of salts and differences in soil's mechanical
when contact with water from any source like rainfall or ~ and physical properties [13](Mikheev and Petrukhin,

rising level of the water table which cause a change in the ~ 1973). Many studies have shown that if the soil
incorporates water-soluble gypsum in its load-bearing
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structure of the soil, it is subjected to gradual settling
before full solution and removal of the gypsum under the
influence of flow leaching [2](Arutyunyan, 1978).
[17]Schanz and Karim 2018 noticed that the shear strength
parameters (@ and c) decreased after soaking for the
gypseous soil with gypsum content 73.88 [4]Aldaood et al.
(2014) was found that during the wetting-drying cycles,
the soil engineering properties, in particular their strength,
were impaired and stability failure occurred. The Collapse
potential of gypsum soils increases linearly with gypsum
content. This result is in agreement with the findings of
[9]Fattah et al. (2008). [7]Al-Mohammadi et .al, (1987)
Investigated the collapsibility and compressibility of
gypsum soil from the Iraq area and found that collapse
potential ranges between 10-20% when the gypseous soil
contact with water. Many researchers have studied the
behavior of gypsum soil although a few researchers
studied the durability of gypsum soil before and after
improvement [5,8,15,14], Several methods were used to
reduce or prevent the solubility of gypsum and to improve
the collapse potential and shear strength of gypseous soils,
[1]Aziz, Jianlin Ma 2011 used fuel oil to reduce the
collapsibility of gypsum soil, [3]Aldaood et al. (2014)
used lime to stabilized the gypsum soil and study the effect
of five freezing and thawing cycles and observed that the
strength has lost with increased the number of cycles. Very
little of researchers used polyurethane to improve the soil
such as [6]Al-Hadidi and Ibrahim, (2018) used
polyurethane polymer as a chemical stabilizer to improve
solubility and decrease erosion of irrigation canals soils
that built on gypseous soil with the percentage of gypsum
41% and proved that can be used this material as a good
stabilizer to stabilized strength, permeability, and
collapsibility, 6,10, and12% from polyurethane polymer
mixed with the soil and from the results found that the
perfect percentage of polyurethane polymer was (10%)
which gave (3%) corrosion during 28 days.[12] Liu et al.,
2017 wused polyurethane polymer to improve the
permeability of the sandy soil. In this paper a new
stabilizer (polyurethane polymer) was used to improve the
mechanical properties of gypsum soil.

2. Materials
2.1  Gypsum soil sample

The gypsum soil sample used in this study was obtained
from Sawa Lake in the west of AL- Muthanna governorate
with 65.5 percent of gypsum. Taken from depth (1.5 to 2)
m then soil transported to the laboratory of the civil
engineering department for tested and sieved by sieve #4,
Figure 1 show the location of gypsum soil which used in
this research placed between latitudes (30°, 17’, 42.83"N)
and longitudes (44° 00’ 50.36"E).

2.2 Polyurethane polymer

Polyurethane polymer used as a chemical stabilizer to
stabilize the properties of gypsum soil, it is a light yellow
oil liquid as shown in Figure 2 its viscosity is 6-7, 650-700
mPa.s, 1.18 g / cm3 specific gravity and 30-1800 s
coagulation time The main benefit of this material being
environmentally friendly. Products without pollution, also
used for preventing the solubility of gypsum [6] Al-Hadidi
and Ibrahim, (2018), and reduce the permeability of the
soil [12] Liu (2017).
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Figure 1: map of Iraq illustrates the region of a soil
sample used in the study

Figure 2: polyurethane polymer material
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3. Experimental work
3.1  (Classification and mechanical tests

physical test (grain size distribution (Figure 3), specific
gravity, and water content) and chemical test such as
gypsum content, these tests were achieved to discover the
characteristics of gypsum soil sample as shown in Table 1,
mechanical tests include Standard Proctor compaction test
which is Conducted to decide the relation between
moisture-density for the virgin soil Its performed
accordance with (ASTM D698-91, Method A, 2003),
collapsible test, [10]Knight (1963) proposed the
collapsible test also named single oedometer collapse test.
Similar to the normal consolidation procedure, the test was
performed except that the sample loaded to 200 kPa then
inundated and the read of strain was taken after 24 hours.
Direct shear test carried out for the natural gypsum soil
sample and after treated by using polyurethane polymer
also before and after soaking to for different periods to find
the parameter of shear strength (cohesion (C), angle of
internal friction @) also to predict about the effect of four
soaking and drying cycles on these parameters after and
before treated by polyurethane polymer a set of direct
shear test performed agreeing with ASTMD (3080), the
specimens prepared in rings of 60x60%x20 mm. Table 2
summarized the mechanical properties of the gypsum soil
model.
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Figure 3: grain size distribution for the natural soil

Table 1: Mechanical properties of gypsum soil

properties values
Gypsum content 65.5%
Maximum dry unit weight 16.5
(O.M.O) 11.7%
Specific gravity(Gs) 2.36
Void ratio (e) 0.46
Soil classification Poorly graded sand
according to (USCS)
P10 0.05 mm

D60 0.5 mm

D30 0.16mm

Table 2. Mechanical properties of gypsum soil

Properties values

Collapse potential (CP) % 10%

Shear strength parameter (Cu | C=1.2 @ =36.6°

(kN/m?) & @ (°)

Cc 0.11

Permeability( cm/sec) 4.3x103

3.2 Wetting and drying cycles and collapsible test

After prepare 12 specimens with 3, 6, and 10% of the
polymer as shown in Figure 4, Every one of the specimens
was subjected to different wetting—drying cycles then the
collapsible test conducted to evaluate the collapse potential
(CP), this value computed by using equation suggested by
[11]“Knight and Jennings (1975)”, after four specimens of
3% (PP) percentage have prepared then the first specimen
subjected to 1 cycle (2 days wetting and 4 days drying)and
collapsibility test carried out to found (CP).The second
specimen which treated by 3% from polyurethane polymer
subjected to 2 cycles and the third specimen subjected to 3
cycles and the fourth specimen subjected to 4 cycles and
the same procedure of collapsible test repeated for each
specimen to determined (CP). the Specimens treated by
6% and 10% from polyurethane polymer prepared by
following the same procedure of specimens treated with
3% from polyurethane polymer.

Figure 4: 12 specimens treated with 3,6,10% from (pp)
33 Soaking and drying cycle model

This model was prepared to achieve four soaking and
drying cycles to the samples before testing, this model
consists of an Aluminum plate base with dimensions 70
x45 cm and glassy sides with 10 cm height this model
subdivided longitudinally into three parts by glassy



4 Noor M. Tomal and Maysam T. Al-Hadidi /Association of Arab Universities Journal of Engineering Sciences (2022)29(2):01-08

breakers to follow up and watch the flow of water through
the soil as much as possible, also holes making in the plate
to permit existing of the water while seeps through the soil
during the soaking process as shown in Figure 5, untreated
gypsum soil compacted in the first part of the model with
dimension (70x17cm) second part with dimensions
(70X14 cm) fill with treated gypsum soil with 3% of
polyurethane polymer and compacted to the maximum dry
unit weight, the last part fill with treated gypsum soil with
6% of polyurethane polymer, the treated and untreated soil
in the three-part compacted to 3 cm high depending on the
maximum dry unit weight and optimum moisture content
as shown in figure 6.

Figure 6 photo illustrates the compacted treated and
untreated gypsum soil

Each part in the model was subdivided into four small part
by using small and thin Aluminum plates to achieve for
soaking and drying cycles as shown in Figure 7.

3%PP r 6%PP [

Figure 7: photo illustrates the subdivisions of the model

34 Method of Soaking and drying cycles

After prepares the model the water adding for the three
parts in the same time and assign the level of water by the
marker to observation the infiltration of the water through
the soil, after all the amount of the water absorbed then the
model left until completely drying, this represents one
cycle of soaking and drying. After that, the water added to
the all small parts in the model except the first part and
leave until completely dry to achieve the second soaking
and drying cycle, the third cycle achieved by adding the
water for the third and fourth parts of the model, after the
water absorbed by the soil and completely dry the water
adding to the fourth part to achieve four soaking and
drying cycle. as shown in figure 8 the same procedure
applied to the second and third sections with 3% and 6%
of polyurethane respectively.

Figure 8: soaking and drying process
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During the soaking stage, the water does not infiltration
easily through the treated soil with 3 and 6% of polymer
and stopped for more than 2 days at the surface of the soil
that because the stabilizer closes the channels of flow and
decreased the voids between the particles of soil and wraps
the particles so that prevent soaked up the water through
the soil.

Finally, Direct shear test was carried out for the treated and
untreated gypsum soil after subjected to four soaking and
drying cycle.

4. Results and discussion

4.1 Effect of wetting and drying cycles on Collapse
potential

Figure 9 illustrates the variation of collapse potential
with wetting and drying cycle for the treated and untreated
gypsum soil from this Figure observes that the untreated
gypsum soil experienced continuously increasing in
collapse potential with an increased the number of wetting
and drying cycles that because removes the cementation
between the particles due to dissolution of the gypsum
between the particles of the soil and with the continuous
wetting process the gypsum also dissolution continuously
that causes an increase in the collapse potential, for the
treated gypsum soil noticed that the collapse potential
decreased with increased the percentages of the polymer
and noticed that the optimum percentages of the
polyurethane polymer was 10%, which gave the maximum
reduction in collapse potential from 10% to 0.54% and
gave the soil enough hardiness and increased the
cementation between the particles, with four wetting and
drying cycle the collapse potential decreased slightly.
Adding 6% from the polymer also reduces the collapse
potential to 1.78 as well as this value reduces continually
with four wetting and drying cycles. Additionally adding
3% of the polyurethane polymer gave A significant
reduction in collapse potential and continuously reduce
until reached 1.43 after the fourth cycle this value
represents close to the values gave by mixing 10 and 6%
of the polyurethane polymer.
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Figure 9: Variation of collapse potential with four
wetting and drying cycles

Figure 10 shows the percentage of the improvement in
collapse potential and as it's clear the maximum
improvement in collapsibility gave by adding 10% from

polyurethane polymer, gave about 93.2 after the first cycle
and 94.6% after the fourth cycle moreover, the
enhancement increased with increased the number of
wetting and drying cycle for all percentages (3, 6,10%) of
polyurethane polymer.
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Figure 10: the effect of polyurethane on the collapse
potential with four soaking and drying cycles

4.2 Effect of soaking and drying cycles on the shear
strength parameters

Figure 11 to 14 illustrates the effect of four cycles of
soaking and drying on the untreated and treated gypsum
soil with 3 and 6% of the polyurethane polymer. From
Figure 11 observed that the angle of internal friction
slightly decreased after the first and second cycle of
soaking and drying for the untreated gypsum soil, due to
the dissolution of gypsum and that lead to remove the
cementations between the soil particles, this result agrees
with the findings of [17] Schanz and Karim 2018 and
[4]Aldaood et al. (2014), after that the reduction became
very small That may be because the maximum dissolution
occurred at the first two cycles And very little reduction
occurred on the cohesion of the soil.
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Figure 11: effect of four soaking and drying on the shear
strength of untreated gypsum soil

For the soil with 3% polyurethane polymer, the angle of
internal friction increased slightly with soaking and drying
cycles from 36° to 39° after the first cycle and fourth cycle
respectively and no significant effect on the cohesion (C)
of the treated soil during the four soaking and drying
cycles that because the polyurethane wrap the particles of
soil and prevent the dissolution and leaching of gypsum,
as shown in Figure 12.
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As well as Adding 6% from polyurethane polymer also
increases the angle of internal friction to 40° after the
fourth cycle and no significant effect on the cohesion (C)
of the treated soil that because the polyurethane wraps the
particles of soil and prevent the dissolution and leaching of
gypsum, as shown in Figure 13.

200
—@— after 1cycle
§150 —@— after 2cycles
=
3
2100
@
§ /
50
& @
0
0 50 100 150 200 250

normal stress (Kpa)

Figure 12: effect of four soaking and drying on the shear
strength of gypsum soil treated by 3% of the polyurethane

polymer
300
—@— after 1cycle —@—after 2cycles
3 after 3cycles after 4cycles
200
a
o
7
500
]
=
1%}
0
0 50 100 150 200 250

normal stress (Kpa)

Figure 13: effect of four soaking and drying on the shear
strength of gypsum soil treated by 6% of the polyurethane
polymer

Figure 14 illustrates the percentages of improvement in the
angle of internal friction in this figure observes that the
maximum improvement in the angle of internal friction
gave by adding 6% from the polymer moreover the
maximum improvement occurred after the four soaking
and drying cycles. Also, the durability increased with the
increased number of soaking and drying cycles for the
treated soil with 3 and 6% of polyurethane.

% improvement in (Q) .
N & [e)] 0] o N

o

H3%PP m6%PP

number of cyc?es 4

1

Figure 14: The percentage improvement in the angle of
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Conclusion

1- In this research, the polyurethane polymer was used

as a new stabilizer to improve the mechanical
properties of the gypsum soil with a high content
of gypsum this material wrap the particles of the
soil and reduce the solubility of gypsum, increase
the cementation between the particles, and gave
enough hardiness and durability to the soil.

2- Adding 3, 6, and 10% of polyurethane polymer

improved the collapse potential and increased the
durability of the soil moreover 10% of the
polymer gave the maximum reduction in collapse
potential. Additionally, after the fourth cycle, the
3% of polymer gave improvement close to that
gave by 6 and 10%.

3- The collapse potential decreased continuously with

4-The

an increased number of wetting and drying cycles
for all the percentages of polymer 3, 6, and 10%.
while the collapse potential increased
continuously with the cycle of wetting and drying
cycle for the untreated gypsum soil due to the
continuous dissolution of the gypsum

angle of internal friction increased
continuously with increased cycles number of
soaking and drying for the treated soil with 3 and
6% of polyurethane, whereas for the untreated
gypsum soil the angle of internal friction reduce
after the first two cycle due to remove the
cementation between the particles after that very
little reduction has occurred in the angle of
internal friction value after the third and fourth
cycle.
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