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Abstract: To effectively prevent and control safety risks during prefabricated building construction, an intelligent
safety assessment model based on GA—PSO—BP neural network was proposed. Grounded in the 4M1E theoretical
framework (man, machine, Material, method, environment) and employing correlation coefficient analysis,
25 critical indicators were selected from an initial pool of 36 candidate indicators to establish a safety evaluation
index system for prefabricated building construction. In terms of model development, the global search capability of
genetic algorithm (GA) was integrated with the rapid convergence characteristics of particle swarm optimization
(PSO) to form a hybrid GA-PSO optimization algorithm. This hybrid algorithm was utilized to determine the
optimal initial weight and threshold parameter ranges for the BP neural network. The applicability of the

GA-PSO-BP model was validated through comparative simulation experiments and engineering case studies. The
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results demonstrate that the GA—PSO—BP model exhibits significant advantages in improving accuracy and
convergence efficiency. The average error rate is only 0.94%, representing a substantial reduction compared to
traditional BP neural network (3.28%), GA—BP model (2.14%), and PSO—BP model (2.80%). Furthermore, the
proposed model achieved optimal solutions in just 42 iterations. In practical engineering applications, the safety level
assessment results (Level 4) generated by this model show high consistency with expert evaluations and actual
construction conditions, confirming its effectiveness in addressing the dynamic and nonlinear characteristics of
complex construction scenarios.This research provides a high-precision and efficient intelligent assessment tool for
prefabricated building construction safety. The established indicator system and methodological framework can also
serve as a reference for safety management in other types of construction projects.

Keywords: prefabricated buildings; construction safety; risk assessment; dynamic characteristics; intelligent

evaluation; BP neural network; particle swarm optimization; genetic algorithm
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Tab.1 Influencing factors of prefabricated buildings construction safety
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Tab. 2 Statistics of correlation results
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Fig.1 Construction safety evaluation index system
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Fig.2 Flowchart of GA-PSO-BP neural network
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Tab.3 Evaluation standard of project safety level
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Tab.4 Model parameter configuration
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Fig.3 Fitness curves of the three network models
(termination algebra = 100)

3.1.5 RETEMRRXI LS

oA 30 U P S A TR ) T AR P, e T2 4
RO SRR XS 4 MR PERER B, K 4 4 BP,
GA-BP, PSO-BP #l GA-PSO-BP #4 A X} jifi T % 4
PEMIPE 45 R . [l 4 R BP P28 0 25 500 45

W B3, IRERK; GA-BP B Aefi AR, [/
APBAFAE— % I 225 PSO-BP 7E% 105 Wl THa e, 15
T30 99000 352 2% B 5 s 11 GA—PSO-BP [ 15 fth £k 5
AR o, SRR R R N Bl .

P

095 —*— BPRIR
—+— GA-BPfi#

0.907 —&— PSO-BPRLRY
& 1 5 —#— GA—PSO-BPHi%!
\‘ A
2 0.85
&

1 0-80
=075

E4 4 FEREHITSER
Fig. 4 Evaluation results of the four models

TS5 mA T A BATE 10 NI AS
MIPI iR 25 . it 4 R £ W] GA-PSO-BP Al {1}
SEHIRZE N ALK 0.94%, ST BP(3.28%). GA-
BP(2.14%) 1 PSO-BP(2.80%) #41 , HAKIM &, M4
T BP 57, GA-PSO-BP K IFAKE BEHE &1 1 71.3%;
5 — R A VLB AR Ll HORS BE 3 T 0 2 430l i
F| 56.1% F 66.4%, X LI 58 73 Uk B, GA-PSO
TR A DL R B A RCER TP 28 I 28 A it 148 2 VE
W RS MR RN ER P, A TORE A 4 PRI T AT
SEMPOR LT A

x5 FHRESW

Tab.5 Analysis of scoring error
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74.00 76.91 3.94 76.91 3.94 76.24 3.02 75.52 2.05
86.00 83.25 -3.20 83.69 —2.69 87.11 1.29 86.70 0.82
74.00 76.22 3.00 75.05 1.42 72.73 -1.72 73.68 -0.43
75.00 80.00 6.67 73.03 —2.63 76.54 2.06 73.50 —2.00
86.00 85.10 —-1.05 84.74 —1.46 82.70 —3.84 85.44 —0.65
71.00 69.79 -1.70 71.49 0.69 69.97 —-1.45 70.69 —0.44
74.00 78.00 5.40 76.09 2.82 71.78 -3.01 74.50 0.68
77.00 75.33 -2.17 77.80 1.04 78.98 2.57 77.28 0.37
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Tab. 6 Construction safety score of a prefabricated

construction project

R
A, 95.4 C, 85.6
A, 83.2 D, 87.2
A, 71.6 D, 87.0
B, 85.6 D, 90.0
B, 89.4 D, 90.6
B, 90.6 E, 88.2
C, 86.8 E, 91.2
C, 75.0 E; 89.4
C; 89.0 E, 87.8

4 Z5ig
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