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Determination the optimal dimensions of concrete gravity dam by using
metaheuristic algorithms (Comparison of algorithms)

Bahareh Pirzadeh " *, Jafar Jafariasl 2, Ali Mohtashami 3, Sima Ohadi*

Abstract

Concrete gravity dams secure their stability by the weight of the concrete used in their structure.
Therefore, minimizing their weight (the volume of concrete consumed in their body) can reduce the
costs significantly. This study aims to evaluate the performance of three metaheuristic optimization
algorithms: harmony search, particle swarm optimization, and artificial bee colony, to find the optimal
cross-section size of the gravity dam. In this way, the Koyna dam located in India is considered a case
study. The programming is applied in Matlab software. Each algorithm under the constraints of this
problem (the sliding, overturning, and vertical tension on the body of the dam) is run 6 times. Finally,
the lowest value was chosen as the optimal result. The results revealed that however all the algorithms
have the optimal outputs than their real one but the optimum one is for the harmony search algorithm.
To investigate the role of available uncertainties of dam cross-section, Monte Carlo simulation is
engaged. The achieved results based on reliability show more safety of dam design.

Keywords: Koyna gravity dam, Optimization, Metaheuristic Algorithms, Reliability, Monte
Carlo.
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1. Introduction
Dams are the most important hydraulic structures used for various purposes such as flood control,

power supply, and water storage in domestic, industrial, and agricultural. Weighted concrete dams are
among the dams used by humans on streams and rivers. Concrete gravity dams secure their stability
by the weight of the concrete used in their structure, therefore minimizing their weight or the volume
of concrete, consumed in their body can reduce the costs significantly.
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2. Materials and Methods
The aim of this study is to evaluate the performance of three metaheuristic optimization algorithms
harmony search, particle swarm optimization and artificial bee colony, in order to find the optimal cross
section size of gravity dam. In this way, the Koyna dam is considered a case study. The Koyna Dam is
one of the largest dams in Maharashtra, India. It is a rubble-concrete dam constructed on the Koyna
River that rises in Mahabaleshwar.
Harmony search (HS) is a music-inspired algorithm. In the standard HS, solutions are represented by
the population of harmonies, using three choices or rules. The first rule corresponds to selection or
elitism, and the second and third rules are mutation.
Particle swarm optimization (PSO) is a population-based stochastic optimization technique. The system
is initialized with a population of random solutions and searches for optima by updating generations.
However, PSO has no evolution operators such as crossover and mutation.
Artificial bee colony (ABC) is a stochastic search technique based on swarm intelligence, which mimics
the process of honey bee swarms foraging for food. In this algorithm, each candidate solution represents
the position of the food source in the search space, and the quality of the nectar amount of the food
source is used as a fitness evaluator.
Design variables are geometric parameters related to dam shape. The objective function is to reduce the
volume of the weighted concrete dam in unit length. Also, the constraints of the problem are the values
of reliability against slips, reversals, and stresses on the surface of the dam body that must be within
their permissible limits.
The programming was applied in Matlab software. Each algorithm under the constraints of the problem
was run 6 times. Finally, the lowest value was chosen as the optimal result.
According to the desired results of the Harmony search optimization algorithm, to show the importance
of optimization based on reliability, the optimal design of concrete dam shape was investigated again
in the presence of some of the uncertainties affecting the dam stability. Adhesion parameters, friction
angle, and the water level behind the dam were considered as uncertainty variables. The forces on the
dam include the ones resulting from dam weight, hydrostatic, water pressure, uplift, and earthquake
forces. Considering the reliability of the dam against stability Harmony search optimization algorithm
was implemented five times. The best answer for optimal sections of the dam based on reliability was
presented.

3. Results

Comparing the results of the applied algorithms showed that the harmony search optimization algorithm
with the volume of concrete consumed 3012.86 m3 has the best answer, and the optimization algorithm
of artificial honeybee community with the amount of 3016.07 m3 has the weakest result. Comparing
the results of the applied algorithms showed that the harmony search optimization algorithm with the
volume of concrete consumed 3012.86 m3 has the best answer. Also, the optimization algorithm of the
artificial honeybee community with the amount of 3016.07 m3 has the weakest result.

The effect of uncertainties in estimating dam section dimensions using the Monte Carlo simulation
method showed that considering reliability in the optimal design increases the dam safety. While, in
optimization without the application of uncertainties, the dam safety is investigated in a special case.

4. Discussion and Conclusion

The results revealed that however all the algorithms have the optimal outputs than its real one but the
optimum one is for harmony search algorithm. Also, considering reliability in optimal design increases
the optimum volume of the dam.
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