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Multi-objective optimization design method of modular steel
frame structure in cold regions

MIAO Ruyun, HUANG Yimiao, DONG Wei, ZHANG Yufen, MA Guowei
(School of Civil and Transportation Engineering; Hebei University of Technology, Tianjin 300401, P. R. China)

Abstract: This paper aims at solving the contradictive design problem of the modular steel frame structure in
cold regions considering both energy- and cost- saving. A synchronous optimization study with energy
consumption and cost objectives is hence carried out for target modular steel frame structures. Parametric
modeling of modular steel frame structures is studied according to their characteristics. An automatic BIM
modeling method is developed for modular steel frame structures. The building energy consumption is modeled
using various machine learning algorithms based on the database constructed from the Energyplus software. The
proposed XGBoost model provides efficient and accurate predictions for the building energy consumption. The
energy consumption model as well as the cost formula serve as the objective functions in NSGA- I algorithm to
build the design optimization program. During optimization, structural bearing capacity must be satisfied. Pareto
solution set is then achieved by the developed program and analyzed. By solving the multi-objective design
problem of modular steel frame structures with advanced computing techniques, this study contributes to the

intelligent upgrade of the modular steel frame structure industry, and realizes its rapid and efficient design.
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Fig.1 The coupled modular steel frame structure
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Table 1 Specifications of integrated room module unit

5 L B8 5 44 B AR mm
Kot i i T
SM-3333 3 300 3 300 3000
SM-3336 3 600 3 300 3000
SM-3344 4 400 3 300 3000
SM-3636 3 600 3 600 3000
SM-3644 4 400 3 600 3000
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Fig. 2 The assembling process of the coupled modular steel frame structure
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Fig.3 The parametric modeling program for the coupled modular steel frame structure
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Fig. 4 Schematic of the parametric modeling process of

the coupled modular steel frame structure
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Table 2 Value range of each material parameter
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Fig. 6 Machine learning modeling process
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Fig.7 Comparison of six machine learning estimators
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Table 5 Multi-objective optimization design variables and

corresponding value ranges
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Fig. 12 The frequency distribution of each design parameter of the modular steel frame structure in Pareto optimal

solutions set
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Fig. 13 BIM model with the best dual-objective design

solution (including steel structures and insulation layers)
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