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Tab.1 Statistics table of reasons for accidents
1%
1 Al 6 12
2 Al 17 32
3 Al 4 8
4 Al 12 23
5 Al 14 25
6 A2 7 40
7 A2 4 24
8 A2 4 21
9 A2 2 10
10 A2 3 15
11 A3 6 14
12 A3 9 23
13 A3 7 18
14 A3 10 25
15 A3 4 10
16 A3 4 10
2
WBS-RBS &-6) \ , ,
2.1 WBS
’ | W)
WBS (work breakdown structure) I |
, v v [
3 — Wil — w2 w3l
2,
2.2 RBS — w12 ] w22 W32
RBS(risk breakdown sructure ) — W13 | w33
> o W14
’ 2
3, Fig.2 WBS of expressway maintenance work

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net




60 2016

R
| |
R1 R2 R3 R4
N R11 I R21 i R31 ] Ral
N RI12 I R22 B R32 — R4
) R23 | R33 | R43
N R34
3
Fig.3 RBS of expressway maintenance work
2.3 WBS-RBS
WBS* 7 ,RBS* ” , o ( P
Y , Wij (i=1,2,3+; j=1,2,3--) Rmn (m=
1,2,3---;n=1,2,3--+) o 1, 07, 2,
2
Tab.2 WBS-RBS coupled matrix of expressway maintenance work
w1 w2 w3
Wil W12 W13 W14 W21 W22 W23 W31 W32
R11 0 1 1 0 1 1 0 0 0
R1
RI12 0 0 0 0 1 1 0 1 1
R21 1 0 0 0 0 0 0 0 0
R2 R22 0 0 0 0 1 1 0 0 0
R23 0 0 0 0 0 0 1 0 0
R31 0 0 1 0 1 0 0 0 0
R32 0 1 1 0 1 0 0 0 0
R3
R33 1 0 1 1 1 1 0 0 0
R34 0 0 0 0 0 0 0 0 1
R41 0 0 0 0 1 0 0 1 0
R3 R42 0 0 0 0 1 0 0 1 0
R43 0 0 0 0 1 0 0 1 0
WBS-RBS , :WI11R21. ,
s WI11R33/W21R33/W22R33/W14R33 . ,
sWI2R11/W12R32 . , sWI13R11/W21R11/
W22R11. , s WI13R31/W13R32/W13R33; ,
;s W14R33, , s W21R22/ W22R22 .
, ;W21R32. , ;s W21R31 .
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, s W21R41/W22R41/W31R41 . s s W21R42/W22R42/

W31R42. , s W21R43/W22R43/W31R43 . ,

s W22R12/W31R12: , s W32R12.

, s W32R34 . , o
3
(fault tree analysis, FTA, )8l .
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Fig.4 Fault tree of collision among vehicle and Fig.5 Fault tree of vehicle collision
maintenance machinery
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Fig.6 Fault tree of accidents in maintenance work
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FreeFta . D SX1Y (X2} (X3} .(X4).
(X5} .{X6,X7};2 (X8,X9) (X10} (X11}.{X12}.{X13} ;®
(X 14) (X15) (X16} (X17} (X18) {X19} {X20} (X21}.[X22}.
322
1) . , (2)
P(T)=P{E+E+E, )= p(Ei)__Zp(E,.E,-H---(-1)”*'p(E1E2---Ei) (2)
: P(T) .
2~4 ,
, 001,

PXl:().lz,szZO.32,Px3:Px4:O.01 ,Px5:0.08,PX6:0.23,P3(7:O.25 ,ng:O.4,ng:0.24,}))(10:0.1 ,PX]]:0.0I ,PXlzz
021 5PX13:PX14:0~15 ’PX1520-23 7PX16=0~01 ,R“7:0.18 ,PX18:O'25 ,PX]9=0.1 ’PXQD:PXZIZO'OI ,sz2=0.09

(2) . P(41)=0.69; P(42)=0.93; P(43)=0.68,
2) o tiey ’
_OP(T) P
L="ap""P(T) 3)
H Igc ’ o

(3), FreeFta :
1;(X1)=0.14;1;(X2)=0.49;1,(X3)=0.01;1,(X4)=0.01;1,(X5)=0.09;
15(X6)=0.063;1;(X7)=0.063;1;(X8)=0.13;1,(X9)=0.125;1;(X10)=0.13;
I (X11)=0.01;1;(X12)=0.31;1,(X13)=0.21;1,(X14)=0.08; /(X 15)=0.14;
15(X16)=0.05;1;(X17)=0.1;1;(X18)=0.16;1,(X19)=0.052;/;(X20)=0.05;
1;(X21)=0.05;1;(X22)=0.047;
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3
Tab.3 Comprehensive analysis on risk sources
1 X2 0.49
2 X13 0.21
3 X18 0.16
4 X5/X12/X22 0.149
5 X1 0.14
6 X15 0.14
7 X8/X6 0.13
8 X10 0.13
9 X9 0.125
10 X17 0.1
11 X14 0.08
12 X7 0.063
13 X19 0.052
14 X16 0.05
15 X3/X20 0.03
16 X4/X11/X21 0.023
33
) ° , /
4

1) WBS-RBS 17 ,
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Risk Identification and Assessment of Hainan Expressway Mainte-
nance Based on Coupling of WBS—RBS and Fault Tree Analysis

Liu Benmin',Zhao Wei',Zhu Caiquan?, Xiao Dianliang’

(1.College of Transportation Engineering, Tongji University, Shanghai 201804; 2. Department of Transportation
of Hainan Province ,Haikou 570100; 3. China Academy of Transportation Sciences, Beijing 100029, China)

Abstract: Aiming at the present situation of frequent accidents in Hainan expressway maintenance, a risk identi-
fication method combining WBS—RBS with fault tree analysis is put forward. Based on the accident investigation
and statistical analysis in Hainan expressway maintenance, work breakdown structure (WBS) and risk breakdown
structure (RBS) are integrated and risk matrix is carried out for the analysis and identification of risk factors.
Combining the method of fault tree analysis with the risk sources,three main kinds of accidents of Hainan ex-
pressway maintenance are explored by FreeFta fault tree analytical software. Finally, according to the sensitive
coefficient values, the risk sources are divided into three levels, according to which precaution measures of risk
events are taken. Research results may provide reference for risk identification and assessment of expressway
maintenance.

Key words: expressway maintenance ;work breakdown structure(WBS);risk breakdown structure(RBS);fault tree

analysis ;risk identification ;risk assessment
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