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A sketch for the test box showing some of the studied parameters is shown in
Figure (2).The detailed description of the model is explained in the following
paragraphs. The reinforcement used is polymer geomesh (Geogrid and Geotextile).

Table (5) shows the properties of geogrid, and Table (6) shows the properties of
geotextile, as supplied by Building Research Center (Irag).

Bearing Capacity Test Procedure

The test was conducted by using non repetitive static plate load test method
according to the procedures of ASTM D1194-94. The bearing capacity was determined
for various thicknesses of gypseous soil beds. In each test, the gypseous soil was
placed in layers (5) cm thick. The placement density was controlled using raining
technique. The gypseous soil was carefully spreaded in two perpendicular directions to
ensure uniform density. When the fina layer was layed, the surface was carefully
leveled with the aid of straight edge. Then, the foundation was fixed in the center of
test box in x and y direction in concentric loading and at determined eccentricity in
case of eccentric loading and then the two magnetic holders with dial gauges in the
edge of the box was connected. The load was continuously applied through the
hydraulic jack. The applied load was taken from the proving ring reading while the
settlement was measured by the dia gauges. When soaking is conducted, the steel box
is left for (24) hours to ensure that all soil was completely soaked. On the second day,
the test was begun. The application of load was continued up to failure. The failure was
indicated by the increase of settlement at a constant magnitude of load intensity. When
the test was done by replacing gypseous soil with dune sand, dune sand was placed in
certain depth in the steed box by using raining technique and using geotextile at
interface between gypseous soil and dune sand. Dune sand was carefully spreaded in
two perpendicular directions to ensure uniform density. In reinforced condition, the
gypseous soil was placed in the steel box by using raining technique. Before the
construction of the next layer, the geotextile was placed above collapse soil and
geogrid was placed in two layers through dune sand layer. The for mentioned
procedure was followed for concentric and eccentric loading conditions. Test
procedure the test was conducted by using non repetitive static plate load test method
according to the procedures of ASTM D1194-94. The bearing capacity was determined
for various thicknesses of gypseous soil beds.

RESULTS AND DISCUSSION

A series of model loading tests were carried out on gypseous soil improved by
replacement with dune sand and reinforced with geosynthetics materials under
concentric load. Figure (3) exhibits the relationship between the applied pressure and
settlement of the gypseous soil in dry and soaked state. Figure (3) shows that the mode
of failure can be described as a general shear failure. When gypseous soil is soaked for
(24) hours and then loaded to failure, large draw down in bearing capacity was
observed and atrend of behavior similar to that of local shear failure. This behavior
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may be attributed to the breaking of bonds due to soaking. The test of soil at soaked
state may be considered as a reference to measure the magnitude of improvement.

Figure (3) illustrates the tests results at soaking state. From this Figure, it can be
observed that the ultimate bearing capacity was (205) kPa; this denotes a high
decreasing in bearing capacity after soaking if compared with the dry state. This is
probably referred to the high dissolution rate of gypsum and generating voids which
lead to reduce the friction areas between soil particles and then reduces the shear
strength, in addition to increasing the ability of soil structure to roll slide, and deform
to anew structure.

Dune sand was used at dense state to get the benefit of additiona frictional
resistance and it was placed in steel box by raining technique. This technique is simple
and easily prepared to achieve desired density of dune sand.

Dune sand was placed at a depth of (B) and geotextile layer was used at the interface
between dune sand and gypseous soil. The test results are shown in Figure (4). It can
be noticed that bearing capacity increases when replacing the gypseous soil with dune
sand.

The reinforcement with geotextile was used at the interface between collapsible soil
and dune sand, while, the geogrid was used on two layers (at depth of 0.3B and 0.7B)
within the dune sand layer, in addition to the insertion of geotextile layer at the
interface. Figure (5) shows the relationship between the bearing pressure and
settlement for gypseous soil before and after reinforcement. From Figure (5), it can be
noticed that after reinforcement, there is a high growing in bearing capacity and
reduction in settlement when compared with the unreinforced gypseous soil during
soaking. Specific ratio was employed in the tests to investigate the limit of
improvement in bearing capacity. This limit represents the ratio between ultimate
bearing capacities of gypseous soil replaced by dune sand to the bearing capacity of
collapsible soil without replacement. The term was calculated for both reinforced and
unreinforced soil.

BCR Layeredzqult (Layered)/qult
BCR) (Layereq) =b€BrING capacity ratio after replacing gypseous soil with dune sand at
soaked state

BCR reinforced=0uit (Reinfoced)! Quit

BCR) (reinforcedy =b€ArING capacity ratio after replacing gypseous soil and reinforcing
sand at soaked state

The value of (BCR) when replacing the gypseous soil with dune sand was (1.7),
while it was (2.0) when using reinforcement materials. From the results, it can be
shown that the bearing capacity increases and that the settlement was reduced as
compared with unreinforced tests during soaking.

3472



Eng. & Tech. Journal , Vol. 31 ,Part 3 Bearing Capacity of Shallow Footing on
Compacted Dune Sand Underlain Iragqi
Collapsible Sail

A series of model loading tests was conducted on gypseous soil improved by
replacement with dune sand and using geogrid and geotextile under different values of
Eccentricities under condition of soaking. Figure (6) illustrates the load - settlement at
edge and center curves for dry gypseous soil under different eccentricity values
(e=0.05 B, 0.1 B, 0.15 B, 0.2 B), respectively. These results show that the behavior of
load — settlement curves seem to be like the general shear failure curve. This behavior
was expected because soil was in dense state. The main problem of gypseous soil
appeared during soaking because of the dissolution of gypsum. Therefore, many tests
are conducted on gypseous soil during soaking under different values of eccentricity.
From Figure (7), it can be observed that there is a high decrease in bearing capacity
after soaking if compared with dry state. The maximum load carrying increased with
the decrease of eccentricity (e=0.05 B), and decreased when (e=0.2 B).For small value
of eccentricity, the difference in settlement between edge and center dial gauge is a
small value. But this difference increased with the increase in eccentricity. Therefore,
the settlement decreases in dia gauge reading at center increase in dial gauge reading
at edge with increasing the eccentricity value. The observed values may be considered
high with respect to predicated values abtained from theoretical (Terzaghi equation).
Same observation was found by Al-Jebouri, (1986). Several suggestions were made to
use (@ @zp @1L.12t) Das, (2008). The value of (D) determined by triaxial test and
multiplied by (1.1) was used in the calculation of theoretical equation. Table (7) and
(8) show the values of experimental and theoretical bearing capacity under dry and
soaked states at different values of eccentricities. An attempt was introduced to
improve the bearing capacity of collapsible soil upon wetting by partially replacing the
soil by dune sand. The geogrid and geotextile have proved its effectiveness in
improving the bearing capacity, and reducing the settlement value. Figure (8)
represents load — settlement at edge and center curves after replacing gypseous soil
with dune sand under depth equal to (ds=B) in a soaked state under different values of
eccentricities. From examining the figures, it can be observed that the bearing
capacity increases after replacement. Also, it is noticed that the gypseous soil shows
less settlement. Figure (9) illustrates bearing pressure-settlement at edge and center
curves for gypseous soil after replacing and reinforcing with geogrid and geotextile at
different values of eccentricity during soaking. It can be seen that the maximum
bearing capacity under soaking is at (e=0.05 B). This behavior may be attributed to the
stiffening effect created by reinforcement. This dtiffening refers to the frictional
interaction which take place within the mass of reinforced soil with increasing the
number of geogrid layers. In addition, geotextile also causes more bond between soil
and reinforcement and result in more stable mass structure.

CONCLUSIONS
1. Dune sand appeared successful in improvement of collapsible soil together
with geogrid and geotextile.
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2. Collapse settlement increases due to an increase of the inundation stress and
depth of the gypseous soil layer and decreases due to the insertion of the
reinforcement material.

3. For concentric loads, the value of (BCR) when replacing the gypseous soil
with dune sand was (1.7) time increase in ultimate bearing capacity, while (2.0)
time when using reinforcement materials.

4. For eccentric loads, the load carrying capacity decreases with the increase of
eccentricity value.

5. At high values of eccentricity (e=0.2B) high value obtained of (BCR), that
equal to (2.8) time when using gysnothetics materials on replaced soil.
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Table (1) physical properties of gypseous sail.

w, (%) 3.2

0 fiad » (KN/M°) 129

O: 241

Il, (%) 36

p.l, (%) 22

k, (cm/sec), (variable head) 2.358*10°

coefficient of uniformity, ¢, 2.12
coefficient of curvity, ¢, 1.46

Table (2) chemical properties of gypsies soil.

chemical composition Percentage, (%)
SO, 20.86
dl 0.053
gypsum content 45
T.SS 474
CaCO; 13.30
or ganic content 0.44
pH 8.8-9.2

Table (3) physical properties of dune sand.

0 used, (kn/ma) 16.2
s 2.71

k, (cm/sec) 3.45210"
coefficient of uniformity, ¢, 1.67
coefficient of curvity, c. 0.979
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Table (4) chemical properties of dune sand.
chemical composition Percentage, (%)
SO; 0.055
cl 0.053
gypsum content 0.24
T.SS 0.33
or ganic content 0.13
pH 8.75

Table (5) properties of geogrid used, as supplied by
Building research center (Iraq).

grid dimension, (mm) 8*6
thickness, (mm) 33
grid weight, (kg/m?) 0.73
tensile strength (kn/m) 7.68

Table (6) properties of geotextile used, as supplied by
Building resear ch center (Iraq).

width of meshes, (mm) 0.10
thickness, (m) 2.26*10°
weight, (gr/m?) 729
tensile strength war p, (n/5cm) 10870
tensile strength weft, (n/5cm) 2020

Table (7) experimental and theoretical ultimate bearing capacity of (dry
state)under different values of eccentricities.

ultimate bearing capacity, (kpa) theoretical experimental results
bearing capacity at (e=0.05 b) 551.23 648
bearing capacity at (e=0.1 b) 540.63 635
bearing capacity at (e=0.15 b) 530 565
bearing capacity at (e=0.2 b) 519.40 540
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Table (8) experimental and theoretical ultimate bearing capacity of
(soaked state) under different values of eccentricities.

ultimate bearing capacity, (kPa) theoretical experimental results
bearing capacity at (e=0.05) 134.85 187.5
bearing capacity at (e=0.1 b) 134.60 182
bearing capacity at (e=0.15 b) 134.36 140
bearing capacity at (e=0.2 b) 134.14 125

Figure (1) General View of Testing Equipment.
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Figure (2) Sketch for the Test Box illustrates
some of the Studied Parameters.
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Figure (3) pressure - settlement relation for
gypseous soil at dry and soaked state.
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Figure (4) pressure - settlement relation of gypseous soil before
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and after replacement (soaked soil).
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Figure (5) pressure - settlement relation of gypseous soil before

and after reinforcement on replaced soaked soil.
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Figure (6) pressure - settlement curves at edge and center for

gypseous soil at dry state.
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Figure (7) pressure - settlement at edge and center curves at
center for gypseous soil at soaked state.
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Figure (8) pressure - settlement at edge and center curvesfor
gypseous soil after replacement.
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Figure (9) pressure - settlement at edge and center curvesfor
gypseous soil after reinforcement on replaced soaked soil.
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