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Abstract

In this study, a modern technique Geo-Studio 2012 program
in addition to Artificial Neural Networks (ANN) was implemented to
analyze the seepage and the stability of slopes for an earth
embankment dam as well as safety factors.

The proposed Al- Qaim Dam, which was suggested to be
built across Al- Khosr River (a tributary of Tigris River), was used as
a case study to apply this technique. Firstly, SEEP/W program (in
Geo-Studio-12 platform) was used to analyze the seepage passing
through the body and foundation of the dam. SLOPE/W program
(another module of Geo-Studio-12 program) was also used to study
the slope stabilities of the dam and to calculate the factors of safety for
three operational states viz. end of construction, steady state, and rapid
drawdown condition. The results of the analyses reveal that acceptable
values have been obtained which are in agreement with those obtained
from previous study. Various analysis methods were utilized to
calculate the factors of safety and ultimately, indicate the slope
stability of the dam. However, Ordinary and Janbo methods showed a
low values for the factor of safety due to the fact that these methods
neglect the friction forces between the adjacent slices.

The study concluded that when the height of the water in
the reservoir raises to the maximum level during the flood season ( i.e.
310m a.s.l.), 80% increase in the seepage rate was noted comparing to
that occur when the reservoir was at stage of 306m (i.e. Normal
level).

As the results of analysis, the factor of safety values were
higher than the minimum required for each case, various scenarios
were developed to explore the most economical upstream and
downstream slopes with acceptable factors of safety. It was found that
the slope (1:3) for the upstream and (1:2.5) for the downstream is
preferred over that recommended in the design phase i.e. (1:3.5 and
1:3) for the upstream and downstream of the dam respectively.
Making such slight modification in the slopes would lead to a
substantial reduction in the quantity of materials of around 10%. This
is of course would be reflected positively on the total cost of the



embankment. However, it must be mentioned that such modification
increases the value of the seepage rate by 0.33% and decreases the
safety factors for the aforementioned three cases, between (6.85% to
9.5%).

Secondly, an artificial neural networks has been built and
applied making use of the outcomes emerged from the application of
Geo-Studio software to test the reliability of the parameters and
variables dominant the seepage process and the stability factor of
safety.In order to provide a sufficient database to build a neural
network, 1880 runs were performed. These included the adoption of
four cases of dam's slopes, two different water levels (i.e. normal level
and maximum level), different values of soil cohesion, and internal
friction angle, additionally; different scenarios for emptying the
reservoir have been suggested. The results of these analyses were used
to feed artificial neural networks for both steady state and drawdown
cases. Consequently, these networks were employed to predict
seepage values and factors of safety with acceptable accuracy and in a
relatively short time.The results indicated that the neural network of
the structure (5-7-3) surpass its counterparts in calculating the seepage
and slope stability of the steady state with a mean square error of
(0.000305) and R?=0.988, and the neural network of the structure (6-
10-1) for sudden drawdown with MSE=0.0000677 and R?>=0.976.

Lastly, a sensitivity analysis has also been conducted to
indicate the most influential factors affecting the stability of factors of
safety. It is found that the angle of internal friction of the soil has the
prominent effect, while the seepage rate through the dam has mainly
effected by the downstream slope and the water level in the reservoir.
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