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Gypseous soil, as is well known, includes a specific
quantity of gypsum. Gypsum is a water-soluble salt
with a solubility of (2.2-2.6) gram/liter in distilled -
water. As a result, the presence of gypsum poses a
challenge when building structures on this soil, since
gypsum dissolves when exposed to water, producing
gaps between soil particles and so causing soil
collapse. This study examines the behavior of a
shallow foundation rested on gypseous soil. Three
types of gypseous soil with gypsum contents of (61%,
45.3%, and 27.9%, respectively) are used, and treated
with ceramic wastes, which is a waste product of
construction. The Soil samples were collected from
the site of Tikrit University's campus. The study
consists of six test cases, two for each type of soil, one
dry and the other wet, where the first test for each
case was used as a baseline for comparison, which
was the soil test without the addition of ceramic
wastes, and the rest was added in three proportions
(3%, 6%, and 9%) and three mixing depths for each
ratio (B/2, B, 3B/2).The percentage 9% ceramic
wastes gives best results of improving, the bearing
capacity of the soil improved by 233%, 256 %, and
289% for high gypseous soil, and by 78%, 94%, and
111% for medium gypseous soil, with a percentage of
60%, 87%, and 113% for low gypseous soils. Adding
ceramic wastes to wet gypseous soil improves the
bearing strength of the soil, lowers settlement to
some extent, and reduces the influence of water on it.
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1. INTRODUCTION

Gypsum is a common and soluble mineral
found in soil. soils are widely distributed in
many regions of the world [1]. The gypsum
content varies greatly from low (less than
5%) to very high (more than 50%). Gypsum
soils are widely distributed in Iraq, which
constitute (more than 20%) of the regions
of Iraq [2]. Because of the development in
building construction such as building on
gypsum soils, engineers have had problems
with settling and collapsing soils, as these
soils are usually solid when dry.Improving
the engineering properties of the soil mass,
which occurs by increasing the strength,
decreasing  compressibility, changing
volume and permeability, and increasing
the stability of the structures [3].The
foundation is a portion of a system that
transmits loads exclusively from the
structure to the sub-soil. (Murthy, 2007)
[4]. The foundation should also be capable
of supporting these loads. The Shallow Base
is one of the main foundation groups.
Shallow foundations are square or
rectangular individual footings in the plane
that support columns, as well as strip
footings that support walls and other
similar buildings [5]. See Fig 1.
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Fig.1. Individual footing (after Das, 2009).
Cracking, tilting and failure consider the
most important problem that face the
structures constructed on gypseous soils [6].
The problems are related with water seepage
through the soil then the dissolving of
gypsum causing a dropping of the ground
level. The soluble gypsum may be leached
out of the soil profile, which is resulted in
varying the soil properties and forming
cavities in the surrounding regions. This
behavior presents serious problems (Alphen
and Romero, 1971). Zedan and Abbas, 2020
[7] study a steel box was used to load a
square footing (100100 mm) resting on two
layered soils (sand over gypseous soils) in
the investigation. The results showed that
when the gypseous soil was compacted to
field density and saturated with an 80
percent relative density of sand, the bearing
capacity improved, the findings of loading
the two layers of soil also reveal that soaking
gypseous soil under the sandy layer reduces
sand resistance. Mahmood, 2019 [8]
presents experimental results to determine
the optimum length to diameter ratio of
skirted foundation to get maximum bearing-
capacity on soaked collapsible gypseous soil
with gypsum content 54%. The study proved
the ability of using skirts to protect the
collapsible gypseous soil below foundations
when subjected to wetting. It was concluded
that the skirted footing increases the bearing
capacity with decrease in the settlement and
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improves the load-settlement behavior of
the footing. The bearing capacity of skirted
footing improves and this is dependent on
the surface and geometrical properties of the
skirt, and characteristics of gypseous soil.
Muhauwiss, 2018 [9] studies the effect of
eliminating gypsum on granular soil
categorization is investigated. Four gypsum
soil samples were collected. 0.75, 1.10, 2.00,
and 3.30 m were the depths used. The
proportions of gypsum were 42.23 percent,
32.50 percent, 8.75 percent, and 19.82
percent, respectively. By washing with
distilled water, the EDTA solution was
utilized to breakdown and remove the
gypsum particles. The results showed that
removing gypsum from granular soils with
an EDTA solution and distilled water was an
efficient procedure. All of the specimens
analyzed had a gypsum ratio of less than 2%.
2, EXPERIMENTAL WORK
2.1.Apparatus and procedures

2.1.1. Test box

The soil beds are prepared in a steel box with
inside dimensions (900 mm* 900 mm* 700
mm) in height as shown in the Fig 2. The
sides and the bottom are made of 6 mm
thickness plate. A valve is fixed in the lower
part of the box. This valve is connected with
500 mm vertical plastic cylinder tube. This
tube is used to notice the level of water, the
bed of soil as a piezometer, and as an
indication when the soil becomes at the
saturating stage. The filter material is placed
at the lower part of the steel model to allow
the soaking water to infiltrate through the
filter material without the loss of soil
particles. A perforated steel plate of 4 mm
thickness is placed under the filter material.
The plate is supported by four steel
channels, with 150 mm high from the base
of the steel box. Mark lines are drawn to give
the required thickness of the layers. Several
researchers, including [10], [11], [12], [13],
use the same testing box in their
investigations on bearing capacity on model
of footing [14].
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Fig.2. the test box (not to scale).

2.1.2. The model footing

A model of square footing of (100*100)
mm, thickness 3o0mm is made of two layers
of plastic sheet each one 15mm is used as
footing experimental work. A 1mm depth
hemispherical cavity is made to hold the
metal loading ball on one face of the footing
at center as shown in the Plate 1.

Plate 1. The model of footing.

2.1.3. The soil's samples

Gypseous soil was collected from Tikrit
University from depth ranging (1.0-3.5) m
below the natural ground level after
removing the upper soil strata. The
gypseous soil sieved through sieve No.4
(4.75 mm). The properties of both soils
were found in the Table1 Gypsum content
is found by using Al-Mufty and Nashat
method [15]. All classification tests were
done according to (ASTM) [16].
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Table 1. Physical properties and Gypsum content of soil.

Properties Soil A Soil B Soil C
Gypsum content % 61 45.3 27.9
Moisture content, (0)% 3.24 1.74 1.56
Specific gravity, (Gs) 2.52 2.54 2.61
Atterberg Liquid limit (L.L)% 24 27 29
Limits Plastic limit (P.L)% N.P N.P N.P
Gravel 11 8 10
M.I.T
Sand 80 85 85
Classification
Fines 9 7 5
Coefficient of uniformity (Cy) 4.8 3.04 3.32
Coefficient of curvature (Cc) 1 .72 1.14
Unified Soil Classification SP SP SP
Minimum dry unit weight, (Ymin) KN/m3 11.21 11.21 11.20
Field unit weight, (yf) kN/m3 13.48 13.65 13.74
Relative density, (D;) % 58.7 55.5 55.3
Optimum  dry
Compaction
unit 17.08 17.5 17.62
Characteristic
weight (kN/m3)
(Modified

Optimum moisture
Method) 14.6 12.6 11.75
content %

2.1.4. Ceramic wastes Plate 2. ceramic crushing and grinding stages.

Ceramic waste was brought from the
ceramic’s sales offices in the city of Tikrit
and transferred to Tikrit University. Then
it is broken manually to make it smaller in
size and easy to put inside the Los Angeles
machine for the purpose of grinding it plate
(3-2b) to pass through sieve No. (4.75) to
mix it with the soil in different proportions.

ceramic crushing and grinding stages
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2.2, Experimental procedure

The soil is placed in the test box and
compacted in layers with a thickness of 50
mm until the desired height is reached. This
purpose-built hand hammer has a round
iron disc of 200 mm in diameter and 12.5
mm in thickness attached to a metal tube of
25 mm in diameter, and the hammer has a
total weight of 5 kg. For each layer the
height of the drop of the hammer is
determined to achieve the required density.
The soil in the box is placed in different
states. In the first time, only gypsum soil is
placed and checked, and the second time is
gypsum soil layers, and at the required
thickness, the ceramic powder is mixed
with the specified layer of soil with depth
(50,100,150) mm and is compacted and
checked. The relative density achieved by
collecting samples is monitored in small
boxes of known size placed in various
locations near the side of the test box. The
difference in densities measured at
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different sites was found to be less than 1%.
The base is located in the center of the box.
Test the soil in tow conditions soaking and
without soaking. Plate2.

Plate 3. Testing soaked gypseous soil.
3. RESULTS AND DISCUSSION
According to [17] show Fig3. This study to
calculate the ultimate bearing capacity will
be use Tangent intersection method for dry
condition and the (0.1B) method for wet
condition.

Settlement (mm)

Settlement/Stress (mmAPa)

Stress (kPa) Stress (kPa)
10 100 1000
£ g
= .
E 0E
5
" " " " " 100 [
A Tangent Intersection Method B. Log - Log Method
Settlement (mm) Stress (kPa)

\

C. Hyperbolic Method

D. 0.1B Method

Fig.3. Different methods to define
ultimate bearing capacity of foundations
from load test results (Lutenegger and
Adams, 1998).

Fig4 shows (settlement-pressure) for high
gypseous soil with 3% ceramic at soaking
state (for example).
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Pressure kPa
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Fig.4. (Settlement-pressure) for high
gypseous soil with 3% ceramic at soaking
state.

3.1. Effect of mixing depth on dry
high gypsum soil
Fig5 shows the behavior of high gypseous
soil for different mixing depths (B, B/2 and
3/2B) and for the three mixing ratios,
where there was a varying decrease in the
resistance. It is strong in the dry state and
does not need treatment.

kPa

~

ressure

o

600
550
500
450
400
350
300
250

T T T

——0%
3%
——6%

0,
0 50 100 150 %

depth, mm

Fig.5. Effect of treated depth on the
Bearing capacity high gypseous soil (dry
case).

3.2. Effect of mixing depth on wet
high gypseoum soil

Wet gypsum soil has weak resistance when

testing the loading. Fig6 shows the effect of

mixing depth on soil improvement. All

mixing ratios showed an improvement in

resistance with increasing depth.

40
©
a 30
= / ——0%
S 20 A
a ~——3%
£ 10 G
Q 6%

O T 1 9%
0 100 200
depth, mm

Fig.6. Effect of treated depth on the
Bearing capacity high gypseous soil (wet

case).
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3.3. Effect of mixing depth on dry
medium gypseous soil

The dry medium gypseous soil did not
show any improvement despite the
difference in the depth of mixing for the
mixing ratios of 3%, 6% and 9% as in Fig7
compared to the original soil and the
decrease in bearing capacity was gradual
with increasing the mixing ratio.

600
© 550 - . .
2 500 .
J 450 < —=0%
2 400 % 3%
@ 350
< 300 6%
250 ‘ ‘ 9%
0 100 200
depth, mm

Fig.7. Bearing capacity - depth curve for
dry medium gypsum soil (dry case)

3.4. Effect of mixing depth on wet
medium gypsum soil

The rise in the improvement of the wet

gypseous medium soil appeared by

increasing the mixing depth and the mixing

ratios (3%, 6% and 9%) as shown in Fig8.

40
g 30
= ——0%
S 20
2 SEES= 3%
o 10
o 0,
0 T 1 GA)
0 100 200 9%
depth, mm

Fig.8. Bearing capacity - depth curve for
wet medium gypsum soil (wet case).

3.5. Effect of mixing depth on dry
low gypseous soil

The effect of the mixing depth of the mixing

ratios with the dry gypseous low soil

differed in the improvement of this soil as

in the Figg.

500 171
©
£
o 400 p———e ——0%
230 o 3%
o
Q. 0,
200 6%
0 100 200 9%
depth, mm

Fig.9. Bearing capacity - depth curve for
dry low gypsum soil (dry case).

3.6. Effect of mixing depth on wet
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low gypsum soil
The effect of the depth of mixing on the
improvement of the wet low gypseous soil is
noticeable as in the Fig10 as all the mixing
ratios with this soil gradually improved
with increasing the depth and ratios of
mixing.

40
< 35
2 30 =
525 T ——0%
S 20
215 — ¢—e—e 3%
L 10
Q g 6%
0 T 1 90/
0 100 200 ?

depth, mm

Fig.10. Bearing capacity - depth curve for
wet low gypsum soil (wet case).

4. CONCLUSION

o When the soil was in its dry state, there is
not notice an improvement in the
engineering properties soil, as this soil is
very strong and has high resistance while
it is in the dry state.

e When adding 3% of ceramic powder to
wet gypseous soil with depths of (B/2, B
and 3B/2), the bearing capacity of the soil
increased by 56%, 67% and 122%
respectively for high gypseous soil and by
44%, 61 % and 94% respectively for
medium gypseous soil and by 20%, 53%
and 73% respectively for low gypseous
soils.

e Soil in its wet state and after adding 6% of
ceramic powder to it and at the same three
depths, the bearing strength of wet
gypseous soil improved by 122%, 122%
and 200% respectively for high gypseous
soil and by 61%, 72% and 106%
respectively for medium gypseous soil and
by 33%, 41% and 93% respectively for low
gypseous soil.

e When adding 9% of ceramic powder to
the wet gypsum soil at the same depths,
the bearing strength of the soil improved
by 233%, 255% and 289% respectively for
high gypseous soil and by 78%, 94% and
111% respectively for medium gypseous
soil with a percentage of 60%, 87% and
113% respectively for low gypseous soils.

o Adding ceramic powder to the gypsum
soil in the wet state improves the bearing
strength of the soil and reduces to some
extent the subsidence and reduces the
effect of water on it.
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