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Optimization design of steel frame structure based on multi-
population genetic algorithm
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(School of Civil Engineering; Key Laboratory of New Technology for Construction of Cities in Mountain Area of

Ministry of Education, Chongqing University, Chongqing 400045, P. R. China)

Abstract: The traditional structural design method based on mechanical analysis software has some limitations,
such as low efficiency and expert experience reliance. The efficient automatic structural optimization design can
be achieved by using intelligent algorithms. However, due to the random search feature, the optimization result
and convergence are highly dependent on the parameter settings of the algorithm whose reasonable values need
to be determined by the trial-and-error procedure. It results in inefficient optimization and substantial
computational cost. Therefore, this paper introduces the multi-population collaboration and information sharing

mechanism to improve such problems and its applicability in the structural optimization design is studied. The
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finite element model of a steel frame is built by MSC.Marc and the equivalent horizontal load from earthquake
obtained by base shear method is exerted on the structure. The automatic optimization process is established
based on finite element software and the intelligent algorithm with the aim of mininizing the total material cost of
the structure. Multiple structural constraints are considered including the inter-story drift ratio, the stress ratio,
and the stability and width-thickness ratio of the component. Several strategies are used to improve the
performance of the genetic algorithm, such as the fitness scaling, the direction-based crossover operator, the
non-uniform mutation operator, the adaptive probability, the elite strategy, the duplicate substitution
mechanism, and the constraint-based strategy. Then the multi-population mechanism is introduced to such an
algorithm. The results of different algorithms are compared with each other, which shows that the multi-
population genetic algorithm can improve the dependence of optimization results on algorithm parameters and
the efficiency of structural optimization design.

Keywords: steel frame structure; structural optimization design; multi-population genetic algorithm; intelligent

algorithms
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Fig.1 Finite element model of steel frame structure
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Table 2 Parameter setting of algorithms
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Table 3 Optimization results of different algorithms

Bk AR S HUEH /mm

wIL P WY WRifE R
fig/t AH/t MR/t E/t HTIREL
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1.79 4195

12,17, 364, 164, 11, 8, 126, 192, 6, 14, 256, 284, 12, 16, 380, 188, 6, 10

DBAGA 266, 274, 8, 11, 200, 310, 12, 14, 366, 164, 8, 12, 136, 182, 7, 13, 310, 342, 10, 19.53 89.35 321.29 89.11 3305
15, 390, 174, 10, 13, 138, 184, 8, 10, 248, 300, 7, 13, 410, 146, 8, 11

MPGA 158, 260, 4, 15, 260, 232, 9, 17, 326, 174, 5, 11, 146, 254, 4, 15, 318, 220, 6, 14, 18.25 22.01 24.50 1.56 3205
282,152, 8, 11, 176, 180, 7, 14, 192, 184, 4, 14, 230, 302, 8, 16

DMPGA 196, 200, 4, 15, 290, 254, 5, 16, 454, 132, 6, 8, 206, 238, 9, 9, 228, 194, 14, 11, 13.27 15.58 17.52

1.17 6403

418,134, 6, 9, 100, 244, 4, 10, 230, 222, 5, 9, 284, 128, 4, 6
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Fig.7 Optimization curves of different algorithms
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