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Abstract In recent years, as large-span spatial reticulated shell structures have been increasingly applied in
large-scale venues, exhibition centers, and airport terminals, their installation and construction techniques
have become more mature. Among them, the integral lifting technology is one of the most widely used modern
construction methods. However, during the integral lifting process, factors such as delays in the equipment
control system and voltage instability often prevent all lifting points from remaining fully synchronized. This
paper takes the spatial reticulated shell structure of a high-speed railway station as an example and investigates
the impact of asynchronous lifting on structural safety and the variation in lifting point reactions during the
integral lifting process, based on the Monte Carlo method and genetic algorithm. First, extensive calculations
were carried out using the Monte Carlo method to obtain the influence of the asynchronous amplitude and its
random distribution at each lifting point on the maximum stress and the variation range of reactions in the

reticulated shell structure. The analysis shows that under the same maximum asynchronous amplitude of the
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lifting points, the maximum structural stress and the variation range of the lifting reactions follow a lognormal

distribution. As the maximum amplitude increases, the maximum structural stress and the variation range of

the lifting reactions also increase, but with a certain nonlinear correlation. Second, once the maximum

asynchronous amplitude of the lifting points is determined, the genetic algorithm can be used to identify the

most unfavorable distribution of lifting point asynchrony. Under this most unfavorable distribution, the

maximum structural stress is slightly higher than the results obtained from extensive Monte Carlo analysis.

Finally, recommendations are provided for the maximum allowable asynchronous amplitude during integral

lifting, and corresponding construction measures are proposed to mitigate the effects of asynchronous lifting.

Keywords spatial structure, integral lifting, asynchronous lifting, Monte Carlo method, genetic algorithm
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Table 1 Reticulated shell members specification table
75 F A% /mm
1 $60x4
2 $75.5%4
3 $88.5%4
4 d114x4
5 $133x5
6 $140x8
7 $159x10
9 $159x12
10 $180x12
11 $219x14
S
i ; - 8 : 9
12t 3 a7
4 5
2 3
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Fig.1 Three-dimensional model of the integral lifting part of

the reticulated shell
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Fig2 Integral lifting points numbering diagram
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Fig.3 Numerical analysis model
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Fig.4 Deformation diagram and stress diagram of the

structure during synchronous lifting
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Table 2 Lifting points reaction table
T AL U JIKN

1 201.73
2 183.34
3 240.69
4 291.30
5 207.71
6 261.98
7 218.98
8 258.87
9 204.52
10 186.05
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Table 3 Table of asynchronous amplitude values of

lifting points
s ASTA) A I A /mm
1 6.8
2 24.8
3 21.6
4 3.2
5 24.5
6 24.6
7 2.3
8 1.5
9 3.3
10 7.1
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Fig.5 The maximum deformation diagram and stress
diagram of the structure obtained from the

synchronous amplitude in table 3
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Table 4 Statistical characteristics of maximum stress amplification coefficients of structures under asynchronous

amplitude values

A EEa)mm | KRN SI/MPa |k RAE | kS k brifE2E kPECPYE |k RTERIEZ: | k, 95% TRAIESE
0 99.005 1.000 1.000 0.000 — — —

5 116.738 1.179 1.039 0.041 0.038 0.040 1.108

10 141.748 1.432 1.126 0.081 0.116 0.071 1.263

15 166.750 1.684 1.221 0.123 0.195 0.099 1.430

20 191.745 1.937 1.320 0.167 0.270 0.124 1.605

25 218.602 2.208 1.420 0.211 0.340 0.146 1.784

50 286.693 2.895 1.807 0.322 0.575 0.178 2.381

75 318.088 3.213 2.064 0.365 0.701 0.183 2.723

100 383.774 3.876 2.243 0.439 0.770 0.194 2.970
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Fig.8 Probability density distribution function graph of the

maximum stress ratio coefficient when [ @ |=5~100 mm
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Fig.9 Variation law of the maximum stress ratio coefficient
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coefficient at lifting point 6 when [a]=25 mm

09
0.8 e $50 {11 275 SR
0.7 — IE&EA A

0.6
0.5
0.4
0.3

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ ol

B 11 [a] 25 mmm“kmﬂ’ﬂﬁizm“%ﬁ? 6]
Fig.11

coefficient at lifting point 6 when [a]=25 mm

Probability density function diagram of reaction



Structural Engineers Vol. 42, No. 1

- 154 -

Engineering Construction

x5 AEGIRIEER T ke BIGEITHHHIE
Table 5 Statistical characteristics of k., under asynchronous amplitude values
AN i B a)/mm 65 MUK JI/KN ke TR AH. ke THIME ke bRHERE kze95% R UE R A KB
0 261.980 1.000 1.000 0.000 —
5 330.594 1.262 0.996 0.0954 1.153
10 399.251 1.524 0.999 0.191 1.313
15 467.952 1.786 0.998 0.286 1.468
20 536.770 2.049 0.998 0.382 1.626
25 602.787 2.301 0.999 0.474 1.779
50 673.913 2.572 1.024 0.753 2.263
75 703.175 2.684 1.036 0.865 2.459
100 767.865 2.931 1.037 0.920 2.550
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Fig.12  Genetic algorithm optimization process

of k, when [a]=10 mm
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of k, when [a]=10 mm
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