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ABSTRACT

Artificial Intelligence, is a method of making a computer-controlled
robot or a software think intelligently like the human mind by replicating or
enhancing its potentials. It is accomplished by studying the patterns of the
human brain and by analyzing the cognitive process.

In this study, two Artificial Intelligence methods were used Particle
Swarm Optimization PSO and Pattern Search PS with different objective
functions to distribute reinforced concrete structural members effectively
and designing them economically as well.

Particle Swarm Optimization is a population based on random
technique motivated by intelligent collective behaviour of some animals
such as flocks of birds or schools of fish where Pattern Search searches a
set of points around a current point looking for one where the value of the
objective function is lower than the value at the current point though a
pattern vector changes its location in the space of solutions according to the
algorithm.

These methods were used to distribute shear walls effectively
through the floor plan by minimizing the distance between the center of
mass and the center of rigidity of the floor as a first objective function and
minimizing the designed cost of the proposed shear walls as the second
objective function. As for the floating columns members, the multi
objective optimization functions were minimizing the effect of the applied
moment and the cost of the reinforced concrete column, a trading procedure
will take plane between the cross-sectional dimension, the reinforcing steel
and the column location to achieve the main goal of the problems, the
design procedure was limited by the ACI Code limitation to ensure strength

and economy of the designed section.



Pattern Search method was used in non-linear constraint multi
objective optimization. Pattern is minimizing the cost of reinforced
concrete beams and its long-term deflection taking into consideration the
cross-sectional dimension of the beam, the reinforcing steel, and the span
length of the beam (for cracked and uncracked section). Finally, PS was
used in this study with heighly constraint problems which was distributing
slabs and supporting beams effectively and economically through a floor to
ensure a loading condition of one way slabs as a first objective function and
minimum cost of the resulting slabs and beams as a second objective
function, the design variables were the slab thickness and span, the beam
cross sectional dimension, the reinforcement ratio of the slab and beam,
and the location of the supporting beams.

The results showed that using Artificial Intelligence method (PSO
and PS) was very helpful in gaining the design results through three or four
iterations with nearly zero constraint violation which indicate that using
Artificial Intelligence is a very effective tool in designing heighly
constraint non-linear multi objective optimization problems. It was found
that using artificial intelligence reduced the distance between the center of
mass and the center of rigidity by approximately 100 % for shear walls and
floating columns in the x-direction and by approximately 80 % for the y-
direction, while an increase in the proportion of positive and negative
internal reinforcing steel of the slab was found by 90 % when increasing
the width of the slab and in close proportions for a change in the value of
the dead load, but when changing the value of the live load, it was found
that the variation in the ratio of the positive and negative internal
reinforcement of the slab was approximately 75% when the value of the
live load was less than 3 kN/m? and by 94% in the case of the live load

exceeding the previously mentioned value.
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