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Simulation Study on Vulnerability of Construction Safety System
Based on System Dynamics

LUO Cong,QI Chunming,BU Bo
(School o f Civil Engineering ,University of South China , Hengyang 421000,China)

Abstract:In order to systematically analyze the impact mechanism of the vulnerability of the construction
safety system,this paper first discusses the characteristics of high contact and tight coupling between the
various subsystem factors under the socio-technical system theory. Secondly, taking the vulnerability as the
starting point,the paper establishes the system dynamics simulation model of building construction safety
vulnerability. The paper adopts triangular fuzzy number and analytic hierarchy process to determine the
weight coefficients of the influencing factors in the model,and establishes correlation equation. Finally, the
paper applies simulation analysis to analyzing the impact of safety vulnerability including exposure, sensi-
tivity,and fitness by considering input schemes for different subsystems. The results show that the con-
struction safety system is vulnerable; the individual subsystem, the technical subsystem and the organiza-
tional management subsystem have significant effects on reducing the safety system exposure, sensitivity
and improving the safety system fitness respectively, and the variation range of each unit of input is
17.07%,11.13% and 15. 60% ,respectively. In order to reduce the vulnerability risk of construction safety
system and improve the level of project safety management, the paper also puts forward some pertinent
suggestions concerning the key subsystems.
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Fig.1 Conceptual model diagram of the vulnerability
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Fig. 2 System flow diagram of the vulnerability of the building construction safety system
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Table 1 Weights of each subsystem of building
construction safety system on fitness
’
I:] 1:2 I“:ﬁ P‘l
F, 1. 00 0. 82 0. 56 2.22 0.218 1
° :@ F 1.44 1.00 0.79 2.61 0.284 3
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Table 2 System dynamic equation of the vulnerability of building construction safety system
0.364 3X +0.137 1X +0.317 6X -+0.181 0X
0.297 3X +0.124 9X +0.329 7X +
0.088 3X +0.159 7X
0.231 9X +0. 344 7X +0.423 5X
0.236 0X +0.248 0X +0.1328X +0.383 1X
0.449 2X +0.094 1X +0.157 9X +0.298 8X 7.5
0.128 2X +0.397 3X +0.151 2X +0.323 3X 6.2
0.218 1 X +0.284 3X +0. 380 9X =+0.116 7X 5.0
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Table 3 Simulation results of exposure degree of building construction safety system
/ 1 1 1 1
/% /% /% /% /%
0 7.50 7.50 7.50 7.50 7.50
3 7.63 1.73 7.18 —4.27 7.48 —0.27 7.36 —1.87 7.28 —2.93
6 7.76 3.47 6. 86 —8.53 7.45 —0.67 7.22 —3.73 7.06 —5.87
9 7.89 5. 20 6. 54 —12. 80 7.42 —1.07 7.09 —5.47 6. 84 —8.80
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Table 4 Simulation results of the sensitivity of building construction safety system
/
! 1 1 1 1
/% /% /% /% /%
0 6. 20 6. 20 6. 20 6. 20 6. 20
3 6.53 5.32 6. 40 3.23 6.03 —2.74 6.29 1. 45 6.16 —0.65
6 6. 86 10. 65 6.61 6.61 5.85 —5.65 6.38 2.90 6.11 —1.45
9 7.19 15.97 6. 81 9.84 5.68 —8.39 6.48 4.52 6.06 —2.26
12 7.52 21.29 7.01 13. 06 5.51 —11.13 6.57 5.97 6.02 —2.90
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Table 5 Simulation results of the fitness of building construction safety system
/
! 1 1 1 1
/% /% /% /% /%
0 5. 00 5.00 5.00 5. 00 5.00
3 4.75 —5.00 4.97 —0. 60 5.11 2.20 5.20 4. 00 4.92 —1.60
6 4.49 —10. 20 4.93 —1.40 5.21 4.20 5.39 7. 80 4.84 —3.20
9 4.24 —15. 20 4.90 —2.00 5.32 6.40 5.59 11. 80 4.76 —4. 80
12 3.99 —20. 20 4. 86 —2.80 5.42 8. 40 5.78 15. 60 4. 69 —6. 20
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