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Extended Abstract

Introduction

Researchers are always looking for ways to accurately estimate the response of dams and their
safe design without causing a significant increase in their computational and operational costs.
Among concrete dams, arch dams are more sensitive and important. An arched dam is generally
a concrete structure that is curved in plan and towards the upstream direction, and with its
arched function, it transfers most of the forces on the dam to the supports on its two sides, and
also the remaining part of the forces to the device transfers a design to its bedrock. Sharpe
(1992) was the first researcher who has done a complete study on the optimization of cross-
section shapes in arch dams. They defined the geometry of the dam by using special
polynomials for the middle surface and thickness of the structure. It should be noted that they
used the sequential linear programming process for optimization. The main purpose of, this
study is to design the optimal form of concrete double-arched dams considering the dam-water-
foundation interaction against earthquakes. Loaded modes include gravity loadsghydrestatic
pressure, hydrodynamic pressure, and earthquake force.

Materials and Methods

Morrow Pont Double Arch Dam is located 263 km southeast of Denver, Colorado on the Gunnison
River. The height of the dam structure is 143 meters and the length of Tts crest is 221 meters. The
thickness of the dam varies from 3.7 meters at the top to 16" metersaat its base. The volume of
concrete used for the structure is 273,600 m2. To create the,geomeny ofthe dam, three functions
of the 5th order have been used for tc (z), ru (z), and rd (z), respéctively. So, taking into account
the two parameters needed to define the upstream curve ofhe central section, the dam can be
created with the following 20 geometric variables. Thegitst step in the optimal design of an arched
dam is to choose a suitable geometric model for the dam®Tihe desired model should be compatible
with the stress situation in the dam so that the maximum uge of the material's resistance is included
in it. Also, the geometric model should be simgie and-easy to install. It is better to choose the
geometric variables of the dam so that they have'a physical meaning. Choosing thicknesses and
radii of curvature of different dam level$yas design variables are often appropriate. Based on this,
various mathematical modelsshave beempresented to create the geometry of arched dams, the most
important of which can be mentionegdn the studies of Bofeng Zhu (Zhu, 1987, 1990). There are
different methods to solve thewgptimization problem. In general, optimization methods can be
divided into two categories: traditignal or deterministic and new or random methods. Among the
most important methods of'\the figst category, we can mention the steepest reduction method, the
conjugate gradient method, th@ linear or simplex programming method, the sequential linear
programming gmethodg'the second-order sequential programming method, etc. (Vanderplaats,
1984). These metheds are usually based on the calculations of derivatives of goal functions and
adverbs, which'Will increase the amount of mathematical calculations. Among the most important
methods of the second category, we can mention the genetic algorithm, the bird's clothing
algorithm (particle swarm), and... The methods of the second category only need the evaluation of
the goalgiinction and constraints, and due to their random nature, they increase the probability of
reaching the overall optimal point. The main weakness of these methods is that they need more
function evaluations to reach the optimal point. Recently, more effective methods that are obtained
from the combination of several optimization algorithms and are known as hybrid methods have
been introduced.

Results

In this study, the optimal form of concrete double-arched dams was investigated considering
various interactions against earthquakes. The volume of concrete used was considered as the
goal function of the optimization problem and the design variables were the geometric
parameters of the dam. A number of 20 geometrical parameters were investigated. First, the
dam-water-foundation system was simulated using the finite element method. Then the
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optimization was done using the particle swarm optimization (PSO). The target function in this
study is the volume of concrete required for the dam body (Relation 2), which can be defined
by integrating the upstream yd and downstream yd levels of the arched dam as follows: where
vol is the concreting volume The dam is an arc expressed in terms of a vector of design variables
X. Also, Area is the surface that is obtained from the image of the dam on the xy plane. The
north-south component of the Centro earthquake (Peer, 2009) was applied to the model as the
acceleration mapping of ground motion along the water flow. The optimization was done by a
personal computer using the PSO algorithm. The specifications and required parameters of the
optimization algorithm are presented in Table 4. In order to consider the random nature of the
optimization algorithms, four independent implementations were performed for the PSO
method and the results are presented in Table 5.

Conclusion

This research was carried out to optimally design the shape of the double-arched dam.fThe
volume of concrete consumed was considered as the goal function of the optimization preblem,
and the design variables were the geometric parameters of the dam. For this\purposg, the PSO
algorithm was used. In this case, the amount of concrete uséd was 346,000 m® in 10,000
repetitions. It is suggested that this research be done with other‘gptimization algorithms and
that the results be compared with the results of this research.
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