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Safety risk scenario identification of subway tunnel
construction based on HHM-RFRM

CHEN Yun,CHEN Yu-bin

(School of Traffic and Transportation Engincering, Changsha University of Science &
Technology, Changsha 410114, China)

Abstract: The existing safety risk identification methods of subway tunnel construction lack
certain systematicness, and lack multi-dimensional risk scenario identification in the risk
identification process, so they have certain limitation. Based on the hierarchical holographic
modeling(HHM) method, risk filtering. ranking and management(RFRM) framework and
scenario analysis theory, a HHM method for identifying risk scenarios in subway tunnel
construction was constructed. The risk scenarios were identified from multiple perspec-
tives,and were filtered and sorted by the RFRM framework four times to screen the key risk
scenarios. The case study of a subway tunnel project in C City shows that the method can
systematically and perfectly identify the safety risk scenarios and key risk factors of subway
tunnel construction, and [urther lays certain foundation for risk management.

Key words: subway tunnel; construction safety; risk scenario identification; HHM; RFRM

Y5 B HB :2020-09-08

E®WHE 2018 4F I A N SV BT & A P B S8 S HE T 0 H A 38 B T TR T A R T R A R
5575 91 R 3¢ 38 ﬂﬁlﬁiﬁ 5813w H (201330)

BIEE R WA963—), B . # R, FENF T HENEEE AP . E-mail.cheny@csust. edu. cn



8 K m Lok FERCA KA F B

2021 ¥ 3 A

Wit 3 T A R R A R, b R AR R I H
B Free K, #WE 2019 UC, B E T B s
W TEHE LR I K 6 902, 5 ke, Hi A i 2k 7E 2 2k i
KEEIRF] 5 942. 7 km" . 1 BE 2 Uk % i 18 2R
BEH B3R, AR G, 2R R A i T
WO . B SCHR (2 A0 R 248 B AR A5 A DR ]
ONAT I IR R T i TS O A RS AT g, A
AR IR 2002—2019 4F 8] 3 [ & A2 1Y 251 S M Bk
% 3 it TS CIE B 289 N BB TR R & A AR K,
feFE K. PRI o i 0 o Hb 4k R it 12 4 XU
B KU TR KU A8 B ) B Al R, 78 A U]
24 R ISR BBORH 1o A8 455 1 i, P DA 2 e I
R AT BEE . BUA Hb K R G it T4 A XURS R )
J7 ik FEALHE R G bk S Bl KU 2 R R TRk
PORARE AR A L AR R ey ] DA R0R
S LAY T2 XU S (AT A7 A A [R) i — 2 33 ]
B —E R GE M., TR bk R i T
PR b i AU 45 P X 2 2 B T 23 A FE AR K
AN E T AT 3 BOXURS TR 3 FT B A Bk T . — R
= D\ 2 4t Ay BE TR DG B KU . XURS: SR 1) K A=
I B PR 3R B A 3 G 3 26 7 125 7 XL
Iz Y] ek A v ol IR PRI 2R 1] 14 52 i i3 =2 TR 93 AT

KRG A HE RN . 5IARRE &
# (hierarchical holographic modeling, HHM) J7
A RS 33 Uk | HE P & 48 B (risk filtering, rank-
ing and management, RFRM) J5 ¥ X} M 2k % 18 Jifi
T2 MR RIFEIE . 15 = 2 FYIRE
MR BES AT LU Z 4 f R M F Y E
B S A BOE = 2 A R R X S R
THA IR Ao A, T KURS: S50 ) 2= SR R A i)
o EASEN BRI SN N R LR e e A LIPS
RIWA R LA B XU 3R 21 & o U 5
HHM J5 2 —F R G 0 70 M 7 i, ol LU 2 4
YA ISR TANERM . 2
)@ Z BRI — DB AR RGN & KR MR E
FANTERR R, T R AL S 20 TR0 35 i KRS
WONFHENT 2 —Fh A 20 T . HHM J7iE 2
Ty R R K F I B ] R A L KRR
RGN G 2 AN TR A S S E A AR DR B
% AE R T Ml R 0 it T 4 XU R 1 B Y
B, RERM J5 ik — e HHM J5 3 X 0 Y

DRI FE A7 2o 08 O 6 B ) o0 RV . 3TN S 4y
Hris HHM-RFRM J7 36 7] LI 2 4 /1 B2 4 22 XL
R 18 S HE SR, R 40 Ml R 1) RURS: 17 S5t 9 40 by HL o 2
FE L AT 4 100 Ml 0 JXU B A5 4 R0 XU IS (] 1) 5
M 2 2 AT B4 L Ay Bl Ak 6% T it T 28 4 AL TG
PRAtH K . B A BESE S HHM J7 ik
M T 72 0 1 o R 18 4 95w ) B0 A ) b K ik
TH it T2 4 XU 5 28 45 b 43 A b K B O it T 4
DRI 45 BT G 2 XU 4 B A00 PR 3 53] X6 17 55
456 RERM J7 32 % R A KU 1% 5t iE 47 2 1R
b U O 3 H OGS XU 17 ¢ B DGk iy U IR 3%, DA
1 Ry i — 20 B AU 5 3 T A 25 A

1 EF HHM R & =183

1.1 KEREZESH

A 5 B A3 b B B G it T 4 KUK L 95 B 1)
JRUIRS: 457 3R X0 G A 956 2k % A4 35 4 PR N B A
HLA By it T LA IR 4 it TR RE L AR IR 8 A B
HYVRGE T T 4%, 5% AMIE #i¢ M= i sH
AM BES DL R SCHERCTL T, # URS: PR 25 400 43 N 02 I
ESNGIR 2= A SN I = 7S T 7 A S
ZVE N 2R R B2 0T T M Bk R G e T
GRS — ARG, 1R A 8 R B
TR T2 4 XU DAk 48 B GalAT ) ) B 44 XU
TEA L 100 RS AR RURS TR 26, 25 31 A ik ik
TE il T30 S R A R A B e O T T e AT
SCRkC12], X KBS B2 Jim DL E I L #b 7S A0 2, A
SE TR 1 RN 28 DN RIR R R £

R1 WBA%AZE

Table 1 Initial risk factors
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Fig. 1 HHM framework for safety risk scenario identification in subway tunnel construction
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Fig. 2 HHM three-layer hierarchical structure of safety risk in subway tunnel construction

RERA MR T NK AR AR, B FR TR, A 5 — U8 I 1 g5 ] DUE
THRE R EE A, R 5 mh ol Lih i “ N CRERILAD — 418V BECEZ M) 7 XU 1§
KA Z BT8R N HR — GV I — AP R ZSUE I CGERILAD — AR CEJEIMA) 7K
M =4 TaE NGB AU YRR, &% BefEsR. o BE MR XU IR ER O A A R
TgEak n] LUE P A 52

SR AE I AH s R HHM KU W D R AF A WOZ 2 R e A 36 28



10 K m Lok FERCA KA F B

2021 ¥ 3 A

Y: R S 72 28 S 4R RS . T TR R A
WEFEAL % i — 4 R . 4G SCik[13-14 ], 41
o DKL 2 [R] G Sk 255 e DG R 14 XU 7 s R B 52 XU
TE5t . H BRI & 50l T A B 8 F 9 r B
RHAMBHER D BOE B A HE., B
16 S FE R 48 HHM XU 1% 5 15 A0,
2R,

F2 % HHM R&th = FaR
Table 2 2D HHM risk scenario submodel

¥ LT AL A LR A
1 N BN

2 N SRR 45
3 NS HAEM
4 I E HAR

5 HAEM N

6 YU 3 SRR R
7 HUBR B /e 16 AR

8 BRI & /it T 44 % N

9 HUAR S 9% /e 1A% AT
10 SR 5 HA
11 S ER R B N
12 SR B HHE
13 AR SRR IR
14 SN N
15 FAR BB & /i T4 4
16 AR HAE M

i M 858 KBS A 37, 0] RLACAS [a) A1
0 LBk R 1B i T 22 4 RS S AT RO . B
“N B — HL GV B KR S O ) RN B —
U8 7 XU 1E S5 Kl 3 R,

| | | | [ |
T L || | ke

I
o4t = s 1 g
A | |2 | | | e | | B
VR U | | e | ] |
":' [ I I I I ]

|
[__I__
P M| e | [ %24
| AR pm—m == NI R Rp
L v || i

L T 1

B3 “AR—4ARFRZRNEHFLEHN
Fig. 3 Risk scenario structure of "personnel-

organization management"

B NGRS A N B 3 KU ALK
HAE AT 6 DRER R . HIg B G R

i) —HEVE I CEEMAD A 18 A K 5 .
P B ) AN S8 35 S BN B AR S A b BE
it EABE WA R 580 TN 52 4 T
WA IRJF HE— 25 58 % UL 155 57 45 44 R
A U1 S 28 U

2 EF RFRM IR E =S EAHEFE

RFRM J7 {52 — Ffox) KU 35 47 35 08 L HE 7 i
BRI I SR B 1 A U OBUCE A i
U8 S HET 2R ETEAL L AR XU L A X
BRI 118 SRR T AT OR P RN 3B A O A 8 B Bl
BT ASBIE g A B O T KURS 1 S AR A L g A
HEF  RFRM J7 k05 3 A B Jm 1 U 42 1l 3 %
A FE 0 HON T 29 3k . KU T 8 R X ) 2B 1R
S XU 15 55 08 1 — 25 0 3 4o 8 9 AR 5Tk 2 S
B A 7 B B A5 S0 T 1) RIS 5 S R 8 OC R
s, 8 7 KBS PR 2K T A 4 B 5 1) 0% &R L O 3l ok HE P
T RRUPSE A5 A 0 R A, A XU S B O R U 3 T
AL S 25 A MR TE G T2 4 KU B B 1Y) 2L
KA RFRM 5 36 5L B — M i f2 . 26 7 RFRM Jr
T2 1 MR R T T4 4 XU 1 St TR L oo i R
e PO

R — o A A AN I E BT R}, 3 BT BV
i) F2 2L KR R 2 A @ 10 H O HHM XURS 7 5% 33
HE 2R, 38 o HHM FE 4235050 HHM JRUBS 15 5 7 4%
T 0 2 i) 1l R R ) i K R T T T 2 4 ) BT A R
W 5. T S 008 %) s A5k 22 B 0 2% A 1Y
WMUAE T RE 2 5 SO AR TR 22 4 U B 0 O XU 1 5t

AR RYE LR LW SCHk R R T
FR R 7 A5 X T U B BT A RO I R R AT AR — IR
B, A L BRIH O RF G S8 bR 000 SO P X it T %2
AU AR T ) R TR S, O ) Ut 8 S Y
RS 1% 5.

YR = B VR R BRI XU R R
A MR p FHXURS 1 S 00 2 B B g A N7 U A 7 XL
I 2 B2 o ) K 3 8 S A AU 1 R AT kg
T E— 20 T PR R . AT 45 & N BE A
RN R% I TR it T2 42 KB PEA 48 m R AT) )5 R
FH 5 o 3 1 AUBS: B B R X, M B an gk 3 fnEk 4
JT 7 8 52 P P A 4



F 18 K% 14

Mo W.%E A F HHM-RFRM 89 ¥4k % 56 56 T % 4 K o H & 48 3 11

AR 7 PRV Bp o ol LAAR 23 5 B 59 X AWV X b2 B AE Y KU 1 S AT 2 b
W1 R E AR R R . S35 %8 p Fg W WEIPAN, BB G e R P TR

P 2% K XU 1

ST B X R Ay SRR RS RS R 11 PR AR E L B E AR 6 BT

KT 90 BRI CI 20— SR (N0 B /s BYHUER S I8 il T2 4 KU 24 A 3. 450
AN (VRO 4 A, RARCA AR R M T BrdsdER nl Xl Jy w83 A g0, o0 il 4
TR T2 4 AR VP A 48 HE GRAT) )8 SCRI B — 1.0, 1 SEAT IO I 1153025 XU 155 55 22 A v Y- A 1Y

fiti 42 52 A W) ok 30 i A R /N XU CIV 80 BVEIr R 3T I 0 T KBRS 5
K3 REeHRAEME p o) 2 WiFHAFE K4 ReHERFRERLE ¢ 8492 HFH IR

Table 3 Qualitative evaluation criteria for occurrence

probability p of risk scenarios

Table 4 Qualitative evaluation criteria for loss

degree g in risk scenarios
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Table 9 Initial risk factors of Rail Transit Line 3 in C City
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Table 10 Risk scenario rating table for qualitative evaluation
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Table 12 Risk scenario rating table of quantitative evaluation
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