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ABSTRACT

producing a structural design that fulfills strength, serviceability and design code requirements
with the least cost is the goal of every engineer. The present research aims to apply the Genetic
Algorithms (GA) to get the optimum design of reinforced concrete floors consisting of slabs and
peams. The considered floor system consists of main continuous beams supported on columns and
carrying a secondary system that is either one-way slabs or slabs with secondary beams. The main
beams have variable locations of internal supports. The design variables include the main beam
spacing, the outer-to-inner span ratio, the effective main beam depth, and the type of the secondary
system. The objective of the optimization problem is to minimize the total cost of the beams
including their slab systems satisfying all the code requirements. The present study considers the
provisions of the American Concrete Institute Building Code Requirements (ACI 318 — 19) and
the Egyptian Code for Design and Construction of Concrete Structures (ECP 203 — 2018). This
work employs the implanted GA in MATLAB global optimization toolbox. The GA parameters
have been tuned before starting the optimization process to obtain the global minimum solution.
Two cases have been investigated, the first case study explored a floor system with three-span
main continuous beams, and the second one looked into a floor system with four-span main
continuous beams. The impact of the ratio between the cost of steel per ton and that of concrete
per cubic meter, and the applied live load on the optimal solution has been studied. A comparison

between the optimal results according to the ACI 318- 19 and the ECP 203 — 2018 is presented.

The results of the present study showed that the cost of the slab represents (45 — 64) % and (51-
67) % of the total cost of the system according to ACI 318 — 19 and ECP 203 — 2018, respectively.
Therefore, it is of great importance to consider the slab system in the optimization process.
Ignoring slab systems in the beam optimization process may drive misleading results. For the
studied cases, increasing the live load from (2 to 10 kN/m?) leads to decreasing the main beam
spacing gradually from 2.89 m to 1.84 m and from 3.25 m to 2.125 according to ACI 318 — 19 and
ECP 203 -18, respectively. The optimal solution for the present case study is always achieved
using the one-way slab with the maximum main beam spacing that ensures a minimum slab
thickness and reinforcement required by the employed code. When dealing with high live load of
8 and 10 KN/m? and low steel to concrete cost ratios of (20 to 30), it is preferred to use beams with
equal spans. The ratio between the obtained optimum and minimum main beam effective depth
according to codes flexural design requirements lies between (1.3-1.56) and (1.17-1.48) using to
ACI 318 - 19 and ECP 203 -18, respectively.
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