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Discrete Optimization of Plane Frame Structures
Using Genetic Algorithms
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ABSTRACT: This paper is to find optimum design of plane framed structures with discrete variables. Global search algorithms for this
problem are Genetic Algorithms(GAs), Simulated Annealing(SA) and Shuffled Complex Evolution(SCE), and hybrid methods (GAs-SA,
GAs-SCE). GAs and SA are heuristic search algorithms and effective tools which is finding global solution for discrete optimization. In
particular, GAs is known as the search method to find global optimum or near global optimum. In this paper, reinforced concrete plane
frames with rectangular section and steel plane frames with Wrsections are used for the design of discrete optimization. These structures
are designed for stress constraints. The robust and effectiveness of Genetic Algorithms are demonstrated through several examples.
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Table 1 Data of 4-bay 5-story, 4-bay 7-story reinforced concrete plane frame

Depth of Depth of Concrete
Breadth exIt)erior inﬁerior Degg:n? f strength
Index (Cm) column column
No (Cm) (Cm) (Cm) (Kg/cm2)
Sst. 7st. S5st. 7st. 5st. 7st. 5st. 7st.
1 38.0 30.0 40.0 50.0 30.0 50.0 50.0 55.0 210.0
2 40.0 35.0 45.0 55.0 35.0 55.0 55.0 60.0 280.0
3 420 40.0 50.0 60.0 40.0 60.0 60.0 65.0 350.0
4 44.0 450 55.0 65.0 45.0 65.0 65.0 70.0
5 46.0 60.0 50.0 70.0 70.0 75.0
6 480 65.0 55.0 75.0
7 80.0
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Fig. 1 Geometry of 4-bay 5-story reinforced concrete plane
frame

Table 2 Results of 4-bay 5-story, 4-bay 7-story concrete plane

o] AFolA A= e Stk o] oIAEE AMEEE HA
A= Table 39 Fo]ZIth Table 30 22E GAsol 23 4
AZE o2 W g dARthE 7Y Stk olek 2
o] GAsol 2J3t A7} ok Aol vls)] vlw 2 -5 27
& F AN, GAse] AARZ Bt o
A3l GAsoll o3t Z3E SA¢} SCES] 7]
AL shs 44 & Hybridd44de Al
k. o] WS GAsSA, GAs-SCEZ A8t om,
AsSAHFH O 2 HE GAse| FZd B} v& HA7 US&
& S AUtk Fig. 25 GAsollA] AR A7) 100, 150,
200, 250, 3009 737 2] FHAHE HoFrh Fig 225H
AARGS] 471 2009] 7S 7P W AT {0, AAR
o] $7 & A7 P FL U HA G5 BoErh

b rlo hu
Y
il
_(?L
£
i)
R

0

13200

13000 H Pop. size = 100

12800 H

Pop. size = 300
12600 H

)

12400

Cost(H

12200

12000 -

11800

11600 L L n \ . ) .
0 50 100 150 200 250 300
No. of Genaration

Fig. 2 Generation of 3-bay 15-story concrete plane frame

Table 3 Results of 3-bay 15-story concrete frame
(T3 9)

frames (9):39) Method Cost
Method 4-hay 4 bay Coordinate Descent 12239.04
5-story 7 story Pattern Search 11783.18
Exhaustive Search 4124.63 5621.33 Simulated Annealing 13178.09
Coordinate Descent 4291.26 5703.42 Genetic Algorithms 174541
Pattern Search 415778 264497 Shuffled Complex Evolution 11771.30
Simulated Annealing 4124.63 5621.33
Genetic Algorithms 412463 5621.33 GAS SA 722,13
Shuffled Complex Evolution 412463 5643.07 GAs' SCE 11745.41
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Fig. 3 Geometry of 2-bay 2-story steel plane frame
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Table 4 Results of 2-bay 2-story, 4-bay 5-story steel frame

(&2l kg)
Method 2-bay 4-bay
2-story 5-story
Exhaustive Search 15359.43 *
Genetic Algorithms 15359.43 2730371
Simulated Annealing 20615.77 27533.58
Shuffled Complex Evolution 16287.86 36072.71
GAs-SA * 27303.71
GAs-SCE * 27303.71
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