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Abstract Gypseous soil is one of the problematic soils and greatly affects the
stability of the engineering structures, especially in Iraq. The main geotechnical
problem of this soil is the significant reduction of its bearing capacity upon loading
and/or wetting processes due to the dissolution of gypseous cementing bonds. This
study aims to improve the soil’s bearing capacity by using geosynthetics material
in single, double, and triple distribution patterns. The gypseous soil samples were
brought from a site near Sawa Lake by coordinates (31°18′42.83′′ N, 45°00′49.36′′ E)
inAl-MuthannaGovernoratewith gypsum content of 37.35% forms about 3.0m high
under the ground surface. The Soil-Model apparatus of dimensions (60 × 60 × 50)
cm is used, while the proposed square footing dimensions are (10× 10) cm. Themain
test program investigates the bearing capacity before and after the soil reinforcement
with the geotextile layers. The results showed a considerable increase in bearing
capacity and the increase of volume change when using the triple phase pattern with
the allowable bearing capacity increase for reinforced gypseous soil, especially with
the increasing reinforcement layers at the triple reinforcement pattern. The depth of
the geotextile layer with the soil mass has a significant effect on the magnitude of
the bearing capacity and decreases the settlement. The improvement proportion of
soil bearing capacity using Geotextile Reinforcement at dry state is ranged 20–90%
for relative densities 30 and 60% and different reinforcement patterns.
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1 Introduction

Collapsible soil is known as any unsaturated soil that passes into a radical changing of
particles positions related to loss of volume upon wetting with or without extra load
[1, 2]. Gypseous soils cover numerous districts in the world, particularly in parched
and semi-arid locales, where the yearly amount of water is inadequate for filtering
the gypsum from these soils [3]. Gypseous soil presents a wide collapse potential as
a result of its metastable structure. It has weakly dry and damp content in its normal
state due to the existence of cementation bonds and an open gypsum structure, espe-
cially at unsaturated states or in bone-dry or semi-arid districts. Additionally, change
in volume, quick settlement, and a high lowering within the void proportion of a
metastable soil structure can happen. Huge volume changes and sudden collapses
occur when the soil is immersed in the water beneath steady vertical pressure. Soil
distortion happens as a result of the disintegration of the cemented gypsum bonds
causes an articulated increment within the compressibility of the soil [4]. The chem-
ical composition of the gypseous soil is (CaSO4.2H2O). According to Barzanji [5],
the soil is considered as slightly gypseous soil if the gypsum amount (3–10%) and
highly gypseous soil if the gypsum amount is (25–50%). The collapse potential
(CP) of gypseous soil can be estimated in the lab from single or double Oedometer
tests where the soil considers as trouble or severe trouble when the collapse poten-
tial (CP) exceeds the value of 5% [4, 6, 7]. Geotextiles are considered to have the
bearing capacity or have high tensile strength, while soils, in general, are considered
low-stress materials and have high compressive strength. Therefore, geotextiles are
the ideal material for improving and increasing the efficiency of the soil and thus
increasing structural stability. To protect the soil from collapse [8, 9].

2 Material, Equipment, and Test Setup

Soil. Theundisturbed soil sample is brought froma site near SawaLake,Al-Muthanna
Governorate, from a depth of (3.0) m. This region is considered an arid area, and the
soil can be defined as the medium to dense light brown silty SANDwith white traces
of gypsum particles. The soil classification is (SP-SM) according to the Unified Soil
Classification System (USCS). The physical and chemical properties of the soil are
shown in Table 1.

Geotextile Material. Geotextile soil fabrics or knitting warp is considered one of
the successful practical solutions to some problems arising from the nature of the soil.
Geotextile is used in road, and railway soil steady on waterways and beach corro-
sion control, asphalt pavement overlap crack relief, subsurface drainage systems,
waterproofing membrane defend on, landfill, landscaping, etc. Its multiple-use func-
tions include Separation, Filtration, Reinforcement and stabilization function, and
drainage [8, 9]. The geotextile reinforcement used in this study is displayed in Fig. 1
and Table 2.
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Table 1 Physical and
Chemical properties of the
soil sample

Property Value Standard

Physical properties

Initial water content (%) 6.1 ASTM D 2216

Liquid, plastic and plasticity index
(%)

38, 33, 5 ASTM D 4318

Passing sieve No.200 (%) 9.2 ASTM D 422

D10 (mm) 0.08 ASTM D 422
ASTM D 422
ASTM D 422
ASTM D 422
ASTM D 422

D30 (mm) 0.115

D60 (mm) 0.31

Cu 3.87

Cc 0.53

Specific gravity (Gs) 2.37 ASTM D 854

Max. dry density (g/cm3) 1.62 ASTM D 4253

Opt. moisture content (%) 13.5 ASTM D 4254

Cohesion (kPa)

For RD = 30% 4 ASTM D3080

For RD = 60% 5.3

Angle of friction (°)

For RD = 30% 28.5 For RD = 60%

For RD = 60% 30

Chemical properties

Gypsum content (%) 37.3

Total sulphate content (SO3) (%) 17.8

Total soluble salts (TSS) (%) 12.4

Fig. 1 Geotextile reinforcement was used in this study
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Table 2 Geotextile properties

Property Value Standard Property Value Standard

Type of
geotextile

Nonwoven Grab tensile
strength

750 N ASTM D4632

Type of
fiber

Polypropylene Wide width
tensile strength

13 kN/m ASTM D4595

Trade
name

Prime geo 200 Puncture
strength (CBR)

2200 N ASTM D6241

Weight 200 gm/m2 ASTM D 5261 Trapezoidal tear
strength

280 N ASTM D4533

Pore size 80 microns ASTM D 4751 Permittivity 1.6 S−1 ASTM D4491

Soil-Model Apparatus. The Soil-Model Apparatus is made from rigid steel with
inner dimensions of the model box are (60 × 60 × 50) cm length, width, and height,
the plate thickness of 0.5 cm with square footing (10 × 10 × 1 cm) of rigid steel.
The Soil-Model Apparatus consists of several mechanical and electronic parts: Steel
load frame, Axial loading system, hydraulic jack, Load cell, a data logger (Adriano),
dial gauges, computer software plate, as explained in Figs. 2 and 3.

Sample Preparation. The soil samples are prepared in a test box with a relative
density of (30% and 60%). In order to achieve the required dry density, the box
is distributed into layers with 50 mm height for every layer and an area of (60 ×
60) cm till the full height of 50 cm is reached. The whole number of layers is 10

Fig. 2 Soil-model apparatus
during test
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Fig. 3 Diagram of loading system

layers, and the weight of the sandy soil for every layer was (23.11 and 25.36) kg for
relative densities 30 and 60%, respectively. Every layer is a store with a level plane
and leveled from at that point utilizing the manual compactor instrument until the
required density is gotten for all layers as appeared in Fig. 2.

Test Procedure. The compression (i.e., bearing capacity) test is showed by
following method nonrepetitive static plate load technique according to the test
processmentioned inASTMD1194-94. The bearing capacity ismeasured for several
layers of geotextile reinforcement with dry conditions of the gypseous soil model. In
every case of test, the gypseous soil was put in layers with 5 cm depth. The raining
technique measured the position of density. The gypseous soil was placed guardedly
on two opposite sides to guarantee a matching density. After setting the final layer,
leveled the surface carefully within the straight edge. At that point, the foundation
was settled within the center of the test box in x and y trends in unpredictable loading,
and after that, the two attractive holders utilizing dial gages within the edge of the box
were associated. By the hydraulic jack starts applied the load constantly. The applied
load was got from the load cell while the dial gauges determined the settlement. The
application of load continuously until to reach the failure. The failure was exposed
by the rise of settlement at a constant value of load amount. The diagram of the test
setup is shown in Fig. 3.
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3 Results and Discussion

To analyze and discuss the effect of using geotextile reinforcement in the gypseous
soil under the footing, 20 model tests were carried out consisting of different patterns
at the dry state of the soil. For the model tests, the soil bed was prepared with a dry
unit weight of 12.84 and 14.1 kN/m3 identical to a relative density of 30 and 60%,
respectively. The bearing capacity tests are divided into two main groups: untreated
and treated soil tests. The treated and treated soil tests involve three different cate-
gories of soil sample conditions as follows: (10) model tests using a single geotextile
layer, (6) model tests using double geotextile layers, and (4) model tests using triple
geotextile layers.

Load-Settlement Results. These results display that the performance of load–
settlement relations sound to be like the general shear failure relation and refer to
the soil failure. The reinforcement geotextile layers were placed at a different depth
such as (0.5 B, 1B, 1.5B, and 2B) when B represented the width of footing for all
model tests. The results are shown in Figs. 4 and 5 with a relative density of 30 and
60%.

Ultimate Bearing Capacity of Dry Gypseous Soil at Relative Density (30%).
Figures 6 explains the experimental work to determine the value of ultimate bearing
capacity [untreated] at relative density (30%) by two tangent intersection methods
under the square footing.

Ultimate Bearing Capacity of Dry Gypseous Soil at Relative Density (60%).
Figures 7 explains the experimental results for determining the values of ultimate
bearing capacity [untreated] at relative density (30%) by two Tangent Intersection
Method under the square footing.

Fig. 4 The relation between the stress and the settlement for gypseous soil in a dry state (reinforced)
experimental model (single layer) at RD = 30%
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Fig. 5 The relation between the stress and the settlement for gypseous soil in a dry state (reinforced)
experimental model (single layer) at RD = 60%

Fig. 6 The relation between the stress and the settlement for gypseous soil in dry State experimental
model Result at RD = 30% (untreated)

Comparison ofAllowableBearingCapacity andRelativeDensity 30 and60%
for Dry Gypseous Soil. Figure 8 explains the relation between allowable bearing
capacity and relative density for dry gypseous soil using single-layer geotextile rein-
forcement. Figure 9 explains the relationship between allowable bearing capacity
and relative density for dry gypseous soil when using double-layer geotextile rein-
forcement. Figure 10 explains the relation between allowable bearing capacity and
relative density for dry gypseous soil using triple-layer geotextile reinforcement.

Tables 3 shows the results of experimental work and explains the improvement
of using geotextile reinforcement on the bearing capacity of gypseous soil. The
geotextile has proved it’s effective in improving the bearing capacity and lowering
the settlement values, see Figs. 4 and 5. Figures 8, 9 and 10 show a comparison of
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Fig. 7 The relation between the stress and the settlement for gypseous soil in dry State experimental
model Result at RD 60% [untreated]

Fig. 8 Allowable bearing capacity and relative density at 30 and 60% relationship (when the dry
gypseous soil model samples is treated by single layer of geotextile reinforcement)

allowable bearing capacity and relative density 30 and 60% for dry gypseous soil, the
triple-layer phase pattern of geotextile reinforcement at depth (0.5B + 1B + 1.5B)
gives a higher value of allowable bearing capacity equal to 155 kPa at RD (30) while
equal to 245 kPa at RD (60).



Improving the Gypseous Soil Bearing Capacity Using … 11

Fig. 9 Allowable bearing capacity and relative density at 30 and 60% relationship (when a double
layer treats the dry gypseous soil model samples of geotextile reinforcement)

Fig. 10 Allowable bearing capacity and relative density at 30 and 60% relationship (when a triple
layer treats the dry gypseous soil model samples of geotextile reinforcement)

4 Conclusions

The following points can be concluded from the results of this study:

• The allowable bearing capacity of gypseous soil increase with the increase of
relative density and reinforcement layers, where the allowable bearing capacity
was 80 and 125 kPa at relative density 30 and 60%, respectively.



12 M. K. Mohsen et al.

Ta
bl
e
3

T
he

va
lu
es

of
ul
tim

at
e
be
ar
in
g
ca
pa
ci
ty

fo
r
dr
y
gy

ps
eo
us

so
il
m
od

el
s
by

tw
o
ta
ng

en
ti
nt
er
se
ct
io
n
m
et
ho

d
un

de
r
sq
ua
re

fo
ot
in
g
in

th
e
dr
y
st
at
e
at
R
D

=
30
%

an
d
60
%

Te
st
no

Pa
tte

rn
D
ep
th

of
pl
ac
em

en
t

R
D

=
30
%

R
D

=
60
%

q u
lt
(k
N
/m

2
)

q a
ll
(k
N
/m

2
)

q u
lt
(k
N
/m

2
)

q a
ll
(k
N
/m

2
)

1
U
nt
re
at
ed

–
16
0

80
25
0

12
5

2
Si
ng

le
la
ye
r
ge
ot
ex
til
e
re
in
fo
rc
em

en
t

D
=

0.
5B

24
0

12
0

33
0

16
5

3
D

=
1B

19
0

95
29
0

14
5

4
D

=
1.
5B

20
3

10
1.
5

28
0

14
0

5
D

=
2B

19
5

97
.5

27
0

13
5

6
D
ou

bl
e
la
ye
r
ge
ot
ex
til
e
re
in
fo
rc
em

en
t

D
=

0.
5B

+
1B

28
0

14
0

39
0

19
5

7
D

=
0.
5B

+
1.
5B

24
0

12
0

32
0

16
0

8
D

=
1B

+
2B

23
0

11
5

29
0

14
5

9
T
ri
pl
e
la
ye
r
ge
ot
ex
til
e
re
in
fo
rc
em

en
t

D
=

0.
5B

+
1B

+
1.
5B

31
0

15
5

49
0

24
5

10
D

=
1B

+
1.
5B

+
2B

30
0

15
0

40
5

20
2.
5



Improving the Gypseous Soil Bearing Capacity Using … 13

• The reinforcement pattern, depth (i.e., position), and a number of the reinforce-
ment geotextile layer have a large effect on the allowable bearing capacity of
gypseous soil.

• For a single geotextile layer model, the maximum value of allowable bearing
capacity when the reinforcement is at depth (0.5B) with qall was 165 kPa at
relative density 60%, while the minimum value of allowable bearing capacity
when the reinforcement is at depth (1 B) with qall was 95 kPa at relative density
30%.

• For the double geotextile layer model, the maximum value of allowable bearing
capacity when the reinforcement is at depth (0.5 B + 1 B) with qall was 195 kPa
at relative density 60%, while the minimum value of allowable bearing capacity
when the reinforcement is at depth (1B + 2B) with qall was 115 kPa at relative
density 30%.

• For the triple geotextile layer model, the maximum value of allowable bearing
capacity when the reinforcement is at depth (0.5 B + 1 B + 1.5 B) with qall was
245 kPa at relative density 60% while the minimum value of allowable bearing
capacity when the reinforcement is at depth (1 B + 2 B) with qall was 150 kPa at
relative density 30%.
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