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ABSTRACT

Civil engineers, especially geotechnical engineers have devoted a lot
of effort and study to understand the mechanisms that lead to the failure of
the slope. Studying the safety factor is very important for the prevention of
economic loss of property and lives, and for this reason, a model has been
made with the dimensions of (2000x1400x1580) mm to analysis the effect
of external loads as well as the duration and intensity of the rain on the
stability of slope.

The model has been made of steel and its sidewalls are made of thick
glass or acrylic sheets. The glass or acrylic side allowed the soil slope model
to be seen during the compaction process also, the slope failure can be
observed during the test. Two types of unsaturated soil were considered for
the current study, the first type was the sandy fat clay designated as soil (A);
the second type was sandy silt designated as soil (B); the two types were
chosen from Mosul Governorate (Al Arabi quarter and Al Ghabat quarter
respectively). The main variables which have been studied include the
magnitude of the external pressure, suction along the depth of the slope, type
of soil, the rainfall intensity and duration.

The most obvious outcome of this research is that soils are negatively
affected as a result of rain and loads imposed on a slope. Heavy rainfall with
the intensity of approximately (10 and 5) mm /hr with duration (16 and 8)
hours for soil (A and B) respectively have been imposed. In fact, soil (B) is
very sensitive to the changes in the total suction as comparing with soil (A).
The suction suddenly decreased from (10, 9 and 8) kPa to zero kPa in the
(top, middle, and bottom) layers respectively after (3) hours of rain. On the
other hand, at the end of the four stages of rainfall (i.e. 4 hours rainfall and
72 hours equilibrium time for each stage) the suction of the soil (A)
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decreased from (65, 50 and 40) kPa to (10, 12 and 14) kPa for the (top,
middle and bottom) layers respectively. The effect of rainfall reduces the
load capacity from (510 and 359.8) kPa to (183 and 11) kPa of soil slopes (A
and B) respectively. Therefore, a reduction in load capacity of (64 and 97%)
is obtained.

The comparisons are made between the predicted results through the
numerical analysis by GEOSLOPE 2D and the measures stress-settlement
characteristics. There is an outstanding agreement, the range of variance
between computed and measured load capacity before it is subjected to
rainfall is almost (8 and13) % for soil (A and B) respectively whereas the
variance in load capacity becomes (19 and 4.4) % for soil (A and B)

respectively after subjected to rainfall.

A parametric study points out the effect of various influential
parameters on the stability of the unsaturated clay and alluvial soil slopes.
Four parameters have been studied in this work namely: the rainfall intensity
and duration, footing width, phreatic line level and angle of slope. For soil
(A and B) with suction (50 and10) kPa respectively; The results indicate that
when the slope angle decreases from (45° to 31°) the load capacity increases
for soil (A) by 37 % and that for soil (B) by 46 % for deep phreatic line level
and footing width (1) m. The load capacity decreases (58) % when the slope
angle increases from (45°to 81°) for soil slope (A). On the other hand,

design charts illustrating the load capacity for the soil slope have been made.

Finally, the applications (case study) of a numerical solution for
saturated/unsaturated coupled analysis and stability of two regions of slopes

situated in northern Iraq have been made. The first case study takes place in
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Zozon, a quarter of Duhok Governorate. The geological and geotechnical
studies which are carried out have been an attempt to understand the flow
mechanism that triggered the landslide. The failure caused serious structural
and material damages; where almost five lives have been lost. The second
case study is in Zawita which is again another quarter of Duhok
Governorate. The main results indicate that the factor of safety decreases
from (2.76) to (2.5) after (10) days of rainfall with intensity of
approximately (24) mm /day, and the factor of safety reach to value (1) after
(60) days of rainfall. This gives a reduction in the factor of safety of (9.4 and
64) % for rain period (10 and 60) days respectively.
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