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Abstract

In this study, the genetic algorithm based optimal structural design method is proposed. The objective functions are to minimize

the cost and CO: emissions, simultaneously. The cost and CO; emissions are calculated based on the cross—sectional dimensions,
length, material strength, and reinforcement ratio of beam and column members. Thus, the cost and CO. emissions are evaluated by

using the amounts of concrete and reinforcement used to construct a building. In this study, the cost and CO; emissions calculated
at the phases of material transportation, construction, and building operation are excluded. The constraint conditions on the strength

of beam and column members and the inter-story drift ratio are considered. The linear static analysis by using OpenSees is
automatically conducted in the proposed method. The genetic algorithm is employed to solve the formulated problem. The proposed

method is validated by applying it to the 4-story reinforced concrete moment frame example.

Keywords ' cost, CO> emissions, reinforced concrete moment frame, genetic algorithm
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Table 1 Structural design equations for RC beams and
columns(ACI 318-08)

Moment strength constraint
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Fig. 2 Elevation of an example structure

Design variable
1. Width
2. Diameter of rebar
3. Number of rebar

Width

Width
(a) Columns

Width

Design variable
1. Width
2. Depth
3. Diameter of tension rebar
4. Number of tension rebar

Depth

(b) Beams
Fig. 3 Design variables for columns and beams
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Table 2 Total number of design variables for beams
and columns

Number of | Number per | Number per
Type
groups group member
Columns 8 3 24
Beams 4 4

Table 3 Scopes of each design variable

Design variable

Scope

Width of columns

Min. 300, Max. 800, Increment 50

Diameter of rebar in
columns

19, 22, 25, 29, 32

Number of rebar in
columns

4, 8, 12, 16, 20

Width of beams

Min. 300, Max. 500, Increment 50

Depth of beams

Min. 1.5 times width of beams,
Max. 2.5 times width of beams,
Increment 50

Diameter of tension
rebar in beams

19, 22

Number of tension

rebar in beams

Min. 2, Max. 20(Allow double layers)

Table 4 Cost and CO; emissions per weight of
concrete and rebar

Type Cost COgz emissions
(Won/kg) (kg-CO2/kg)
Concrete 24MPa 24.34 0.1030
Rebar 400MPa 753.33 0.3963
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Fig. 4 Distributions of optimal solutions for each
generation
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(a) Solution 1

Cost CO, emissions

(b) Solution 2
Fig. 5 Percentage for concrete and rebar for each
solution

Table 5 Values of objective functions of the optimal

solutions
Cost COgz emissions
(Won/kg) (kg-COs/kg)
Solution 1 2,197,967 3,843.96
Solution 2 2,183,475 3,875.93
Solution 1 / Solution 2 100.66% 99.18%
Solution 2 / Solution 1 99.34% 100.83%
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I Solution 1
] Solution 2

Weight (kg)

|

Concrete Rebar Sum

|
Fig. 6 Material weights for each solution
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