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Abstract: Modular steel structure buildings have become an important development trend for green and low-carbon construction
due to their advantages of a high degree of industrialization and high construction efficiency. The Inter-module
connections have significant effects on the mechanical performance of modular buildings. However, the shear
performance of the inter-module connections has not been fully investigated in existing studies. Based on the previous
experimental study on fully prefabricated liftable connection (FPLC) of modular steel structures, this paper
established a refined finite element model and conducted parametric analysis to obtain a shear performance database of

FPLC with 1000 different parameters. Six mainstream machine learning algorithms were utilized to predict the shear
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performance of the FPLC. The results indicated that the neural network optimized by genetic algorithm (GANN)

provides better prediction accuracy for the shear load bearing capacity, and the support vector machine stacking

algorithm (SVR) shows higher prediction accuracy for the ultimate displacement. By stacking the two algorithms

with higher prediction accuracy as a proxy model and linking this model with the non-dominated sorting genetic

algorithm II (NSGA-1I ) , a multi-objective optimization method for the shear performance of the FPLC was

established, and the optimized joint configuration was proposed. The finite element model of a four-story modular

steel structure was established, and the static analysis was carried out under vertical load and wind load. The shear

performance and inter-story drift rations of the four-story modular steel structure before and after optimization were

compared to verify the reliability of the optimization method.
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Table 1 Different mesh densities mm
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Fig. 3 Comparison of failure modes (unit: MPa)
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Fig.4 Comparison of load-displacement curves between FEM and test
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Fig. 5 Influence of inner plate thickness on FPLC shear performance
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Fig. 6 The shear performance of FPLC under different loading directions
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Table 2 Comparison of evaluation indicators for prediction accuracy of FPLC shear performance

by six machine learning algorithms
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Table 3 Verification of stacking algorithm
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Fig. 9 Pareto front of objective functions of FPLC
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Table 4 Comparison of FPLC performance before and after optimization

r#m5 fo/MPa d/mm {/mm t/mm d,/mm f,/MPa a/#% P/kN 6,/mm P/kN ¢6,/mm J4RE/kg

SI2 355 6 6 10 22 1000 1 15.4 48 232 7.4 50.8
SI6 355 6 6 10 22 1000 5 32.1 12.0 487 15.9 51.4
ACE F & 460 8 5 10 6 1 000 5 58.7 109  76.7 15.2 37.9
EFE/% — — — — — — — 453 —10.1 36,5  —4.6 —35.6
4 AL FEEIE JR7R o TR RO R B R 2 29 o0 5 B Bt Fn 8 2R H
41 LEELAL R ER BT G UL, T 0 Tie” 24 o S PR 4 157 5 45E e ) 4 2% 0k

345 BT L A M BB R ) T B P A FPLC b JH BT s e o oy 25 0 1 L 34 s o
ff (RS100A, RS100B ., RS1000A fil RS1000B) , 3 F WAL fif 8T 0 2 CT R 45 4 il AL ) (GB
ABAQUS A g 57 14 JZ B H AL B9 25 4 A FR T ALY, 35 3iE 55001—2021) 21 i € 5 45 #g 7 2% 316 ) (GB 50009—
SO R AT B T DR AR BT R e Al S gt 2012) R A + B AT £ L SR AR AR R T
5T R BUR 4 2 P 1007 FTT 0007 g sl AL 8, A Ar B 4.5 kNem? 1 kNem*.5.5 kN-m ;¥ af 28l XU
B R AR FREAS ;48 BN 10088 %) 1000 AF, Wi 283128 2 kNem ™ * 2 kNem ™ ?, fif 2R 41 & #52X (4) 1157
ZH AR ) B =50 ) TR T 61.7 %0 AN 51.8% o AT A Sy=1.35S¢k + 0.845, + 0.84Sk (4)
BB e K52 6 000 mm X 3 600 mm X 3 000 mm, {1 E 10 2 H S oSy Saw 7091 4 7K A Taf 2 3 faf 2 XU 2

x5 MHUBEHAEIFPLCES
Table 5 Typical optimized FPLC models

AR5 fi/MPa dymm t/mm {/mm d,/mm fi/MPa a/#% P/kN 6,/mm P/kN = &,/mm  HME/kg

RS100A 460 16 12 2 10 800 5 551 11.0  70.9 16.6 98.9
RS1000A 460 8 5 10 6 1080 5 58.7 109 76.7 15.2 37.9
EFE/% 6.5 —0.9 8.2 —8.4 —61.7
RS100B 460 12 9 3 10 400 5 84.8  11.0  100.9 15.7 75.0
RS1000B 420 12 6 6 10 400 4 86.7  11.7  105.2 15.8 36.1
EFE/Y 2.2 6.4 4.3 0.6 —51.8
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Fig. 10 FEM of a four-story FPLC steel under wind load SR RS fi B, BEIT UL AL I FPLCS n REARBLIRE A £
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Fig. 11 Stress distribution of finite element models of
FPLC under the action of wind load (unit: MPa)
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Table 6 The inter-story drift ratio of the modular steel structure with different FPLC
RS100A RS1000A RS100B RS1000B
LS EWARA/  EAES R/ EEES/ EaaBR/ ERAES/ ERESA/ EAES/  ERAES A/
mm rad mm rad mm rad mm rad
4 0.5 1/5 960 0.6 1/4 856 0.5 1/5543 0.6 1/5111
3 1.4 1/2 095 1.7 1/1726 1.5 1/1 957 1.7 1/1 817
2 2.4 1/1 275 2.9 1/1 046 2.5 1/1 189 2.7 1/1 101
1 1.7 1/1767 2.6 1/1 165 2.0 1/1 499 2.4 1/1 226
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