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Abstract; To effectively implement safety production investment in bridge construction projects, GRA
was used to analyze the correlation between the influencing factors of construction safety behavior from both
the project supervision organization and construction units, and then the core causal factors were
determined. Subsequently, a SD model was proposed to investigate the interaction mechanisms among the
core causal factors. Finally, the vulnerability and resilience of the core causal factors affecting construction
safety behavior were analyzed. The results indicated that extreme fines imposed by construction units, high

supervision costs for project monitoring organizations, and low initial proportions between parties were the
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key vulnerability factors of the safety behavior in bridge construction. Reasonable economic fines,

appropriate supervision costs, and enhanced training to improve frontline personnel “s safety awareness

significantly improved the construction safety behavior resilience.

Keywords: grey relational analysis (GRA) ;
particip ants; safety behavior;
supervision organization

0 35| B

M G2 T AR IR i W B A O Sl A %
T B R IO AR, A AT 2 TR it e e v e
LSRR, B2 2R Homg" >, N
UTAE R I M B2 TR it T 22 4 <R i A o3 A 45 ROk
B T2 A XK 2 T BOCH UL AR Y 32
U AR SR G IE R WA ST
PR B R R B R B E RN R R 2
PR A PRI A A mE Y i
T R TR T2 A=Vl BR BT Rk 22 0 25 366 50 1Y)
SHEE 4SRRI L 2T AN i
TG I 2 48 PR B 2R AR X Ty 22 42 il
kb O EE T H it T B as 2 dt EAR Y
TRIRAT 32 BRI AN & P2, R DR
PR 3R 2Z [T BRI i) 2 ) £ Bk Sh 2 s 2
SR I PSR W, 85 e e S AT R
TR B TR R T A SCHIE ST, AN sk BORt F  BIF 9T T I
JRF R 1] 5 55 M AR S TR Y N X 5K % GU
Shengyu %V B 58 T Mk 32 | W 30 SR A5 A AR A B 1) AR
B MAILT] ;oA AR AT R il 1T A A HRA T
NS 2 R R R T R R i e ek
FPRARCHIN R, 25 b BUA PR S) 1t TR
B AE A RNB AL 5638 B2 H RO
TR TR B 2 ARt T2 4 B N A
RN TR, W, X224 = A S T e
TG, 2R L T A A PR B R T T
B S B T4 2B A,

YT UL, B H T IR AR (Grey Relation
Analysis, GRA) , PUMSZ AT 22 TREHE T-Br Bt S 1 &
AT RO BN R RN 2 P A
EBIRLA , LAt B I T B A ) £ R OR A
i BN R Gi 8 J1 24 (System Dynamics, SD ) {5 ELAH
LI VAR vy 1) T R VAT 9] T - S s ]
SSPEFNEIM: 5L T o0 B 48 SR A T BB R TR e 4
BT, LU 3R B 92 T AR T B Be i e 8 1
RIS %

system dynamics (SD) ;

vulnerability ;

bridge engineering; main

resilience ;

; construction unit;

project

1 ZRETHBEZZRRIESHHE

1.1 FEXREMLEITA

TRESEFREES S TRETH SIS
I H AR S AR A, S AR TR
Jite TP AR AS [F) A o, AR I 984, TR H
it T Bl W R 2N S E R, FENS R FK
N A s A I R v S R AR e 1 [0P S
ZWAE 1R,

| EY; |
T A i
5 W5
| T P — Jisgc LR |
nE

E1 IEZmMBEIMENEIESEERF
Fig.1 Main participants during engineering project

construction phases

MG T B8 By B T A L (4
VRIS TALM, — % A BB A T
(M 25 %, X422 4 7 2 i <
FE AR (AW LK ECHE 0 25, ik 51 e
TR Y, XTI W B LR T 7, d A
BHE IR HLA I TR A I 0 | IEIRE 21
g B, U AT Sk T BRI G T 1 4
BRI R T e

G T2 25 R4 i TR T i 2%
4, 5 VARG T3t P T X S SR
[ RN 1 © RIS R | ST T
7 A B S SRR M R, RS
SR TR LG T BB S R4, U, 6 T
Yo N I T AL T (IR 2T ) .
1.2 EERSSHBE

GRA BEHS Il A% 95 2 2 Il 1 S 0% 7 | WA T 1L 51
U AR RS R SRS SR SR B
W R GRA AW BRREABOR , #, 3 F
R R I ST B 2 2 T MG T % 2



49 4]

HRAESF 2T GRA-SD it T RS T IR 412 AT A M55 1k S WIS B 43 -

NRERER R 1, AR5, Bk A AR TR
FIAY 10 A2t T 57 A 10 H B, TR Ul A T AR LA
e 10 A3 H s BEALA AY S AL ) BEX AT U
R B IA R R AT P A AT O, AR W
2, fwa, R FAT AR O NAL AL B SRR
P T AR K AR R AL o, A ZR Z AR G

.
S
Ui | Uy = Uy l+pi,, | U; = Uy I (1)
o. =
i _ : _
Puy —uy | +pi,, 0 1wy —uy
m
z;"'f
L= .
rj: 7.]:1529“‘7"' (2>
m

ENG AP R AT e SV R he AL e
MBI R 0, AR — N E R R T
XL KPP AT B e /IME ;4,4 A — SR ZER O
WrAEAR TR R L G E R TR (E s wy W LK
i WP RN LR RO E s p 55 B K e/ Ml 22
FEOCHR RBUR EM IR 3 HERE M p = 0. 5;
m NI LGSR n 5 R T2 AT O EUA
TEREEL
®1 BEZERREKE

Table 1 Causal factors in literature

i HINER SCHRAR IR

WEBPMUAS J, A

1 BAWA S, EI QN AN F % S

2 Kl J; SIS, Tk ke g

LA N AR L] Y

[4]
3| (T X (T H CHEN Fangyu *

GU Shengyu*! 4

WML )
A SR P Fmm \MJQXKUSKINA st
~F
il A JE A AR A YRR PENG
5 (MR S (it T8 ) | = e
J.C F SR ) Wang 45
x2 LTXRitH
Table 2 Expert rating

HAR | S/, S/, S./J. Y/X P
LR 1 8/9 7/9 9/8 9/9 | 6/6
L5 2 8/9 8/8 8/9 98 | 1/7
LR3 8/8 7/8 9/7 8/8 | 5/6
154 7/9 8/8 8/9 9/9 | 8/8
L5%5 7/8 8/7 8/9 88 | 6/6
L% 6 9/8 8/8 9/8 99 | 1/7
LR 8/9 7/8 9/9 98 | 6/7
L5 8 8/8 8/9 8/8 88 | 5/6
L% 9 8/7 7/9 7/9 9/9 | 1/7
LEK10 9/9 9/8 8/8 9/8 | 9/9

HTC) MA(2) IR RI R TR T4
AT NEN BRI OB, a2 frR, REK
FEBOR , WEFP SRS 2% e8| A2 L S AT ] , 5
PR TS T B % 2 - B R U, BIFST4s
AR T H WAL 5 T AT AR 5
BOERM r, =(0.83,0.77,0.8,0.82,0.72) ,#% i
SRIRPE R/ INHE P MU N - WA A > 2 N B W o
FOA9 > UK AR J5 W AS B 451 2 > 22l > F i K 2R
R T S0 T2 AT AR 5 ML EER
(¥ r, =(0.87,0.76,0.8,0.91,0. 68) , 4& SCHL & K
INHEFPRUN - 2 2 N B0 U B > 2 B A AR >
SRR RS B R > SR SREUR AR R

ZENR
apEl=4]

HPORAER
2 HEEHERRGXEKE

Fig.2 Grey correlation degree of causal factors

FHOR A JG XA AL R

2 SD #EEIE K E

R SR 2K (8 S I B A B 25 3L 4t T
PLE SRR 13K 22 N BRI Hu L
T E W BRAILRS W AR | 224 N BL )46 L A9 43 ) B
FE R e i TR AT H WAL T 2470 Y
DB R, [R5 A% 0 BN 22 38 Z ) 1Y
JRAE SR FE RN A g AL T SD {7 AR A, A
RUALHG K- AS i | o AR 1 4 B AR AR i,
%3,

2.1 EXRREE

1) FEZEFM, i T AL S At H W EEALAE J,
X7 2R I TGE AW ST R

2) T H W BEHLR AT SR RS A R
WA XL IHER BN (0 < x < 1) Al 1-x,
AR R AR T H M ERAILA A i R G )R
Xt T B RO i AR AT AT B SR S B v Y
BB T XA W R AR I

3) T EAALAAT SR, HLIE 2 A AR
IS BTN KRR 58 y (0 <y < 1) Al



hoE e B o

<44 - China  Safety

Science

343
20244F

Journal

R3 BIRLITHAELEFESD FERENETE

Table 3 SD simulation model variables for construction safety behavior evolutionary game
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