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Abstract

The main objective of the study is to investigate the effect
of expansive soil on the resulting horizontal stresses and deformations
inflicted on a retaining wall, as a result of transforming the soil from
unsaturated to saturated state. Laboratory physical model was
designed with box of 950 mm in height, 900 mm in length and 600
mm in width. The test was conducted in five stages; equilibrium time
of the probes, saturation, loading, wall movement and unloading
stage. The main variables studied included the magnitude of
horizontal swelling pressure and vertical swelling during saturation,
the active and passive earth pressures with vertical movement of the
backfill soil during loading, the wall movement and unloading stage,
and suction along with the depth of the wall. The time was measured
throughout the test.

The results showed that at the saturation stage, the lateral
swelling pressure increased with time to a maximum value and then
decreased gradually until reaching a constant value. The maximum
values of lateral swelling pressure increased with the depth of the wall
then decreased near the wall base. The total suction varied along the
depth of the wall during saturation. At the upper half, the total suction
decreased and then dropped to zero with time increasing. However,
near the wall base, the total suction decreased to a small value during
saturation period. The backfill soil uniformly swelled and the percent
of swelling was 8.45 %. At loading stage, the maximum increase in
lateral earth pressures under the applied vertical stresses were
observed at the top of the wall and reached maximum values at the
depth 100 mm from the surface, then decreased to reach the minimum
values at the depth 285 mm. The total suction varied between (0 to
12), (0 to10) and (10 to 0) kPa at depths of 100, 350 and 590 mm,
respectively. The maximum settlement of the soil under applied
stresses was about 31.33 mm.

After the specified conditions of saturation and normal
stresses were applied, the wall is allowed to move horizontally in
several distances (0.1, 0.2, 0.3, 0.6, 0.8, 1.0 , 2.0, 3.0 and 4.0) mm,
and the stresses were being measured, then the vertical loading was
released. Results showed that the lateral earth pressure along with the
depth of the wall largely decreased when the wall moved away from
the soil. Total suction was slightly affected during wall movement. At
the unloading stage, the lateral earth pressure decreased at the upper
half of wall height, but increased at the other wall part. The total
suction was increased at all depths during this stage.

Finite element method was used to simulate the retaining
wall supporting highly expansive soil in saturated and unsaturated
conditions using GeoStudio program- 2007. The results show that the
lateral swelling pressure increases linearly with the depth of the wall
up to the maximum value of about 165 kPa at depth 0.6 m. Predictions



capture important qualitative features of each of the four stages and in
all instances the quantitative predictions are within measurement
accuracy. The lateral swelling pressure and vertical swelling obtained
from the numerical analysis are compatible with that obtained from
the experimental work.

At wall movement stage, the settlement of the soil increased
linearly with wall movements. The settlement of the soil behind the
wall was more than that away from the wall. At unloading stage, the
volume of the soil increased when the applied stresses were released,
the maximum value of 6.25 mm when the applied stress was equal to
Zero.

An extensive parametric study was carried out in this
research to show the variation of the lateral stress and deflection of the
wall. The main study variables are: the height of the wall, the depth of
water table, the rainfall infiltration and the replacement the expansive
soil by bentonite-sand mixture. Results showed that, the lateral
deflection of the wall decreased with increasing height of the wall.
However, the deflection of the wall increased with rising the water
table upward. The initial and the lateral swelling pressures increased
with the increasing height of the wall and rising water table. The soil
surface uniformly swelled along the horizontal distance behind the
wall, when the water table was located at depth H below the base of
the wall footing.

The lateral deflection of the wall, lateral stress and vertical
swelling increased with increasing the rate of infiltration. However,
infiltration of water from the soil surface is more effective on the
deflection, lateral stresses and vertical swelling of soil behind the wall
than rising of water table. The maximum lateral stresses and vertical
swelling obtained from infiltration of water is about 1.04 and 3.38
times that obtained from rising of water table, respectively.

The replacement of expansive soil by bentonite-sand
mixture is a successful method, to reduce the lateral stresses and
lateral deflection of the wall as well as the vertical swelling of the soil,
when the water table is located at low depth below the soil surface,
whereas it is not useful when the water table is located at high depth.

Finally a case study of retaining wall supporting swelling
soil was applied in Mosul city. The wall is not deflected when the
water table is located at depth H below the base of the wall footing.
The lateral deflection of the wall increased with the increasing height
of the wall and rising the level of water table. The lateral stresses
increased with the depth of the wall and reached the maximum value
at 0.625 m then decreased. The soil surface uniformly swelled along
the horizontal distance, when the water table is located at depth H
below the base of wall footing. The study shows a good agreement
between the results obtained from the numerical analysis and the
recorded observation on the constructed concrete retaining wall in
Mosul city.
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