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Life-cycle risk assessment and analysis of underground

comprehensive utility tunnel

ZHANG Yong , ZHANG Ranran
(Management School , Xi'an Univ. of Arch. & Tech. ,Xi'an 710055, China)

Abstract : With reference to relevant literature and regulations, combined with the characteristics of the underground
comprehensive utility tunnel, the life-cycle risk assessment index system is established. By using IFAHP for risk
assessment, a total ranking of risk factors is obtained. DEMATEL method is adopted to analyze the key risks, and
both the the cause and effect factors are found. Results show that the reasons are: the construction units lack the
experience of underground comprehensive utility tunnel. They also lack to ability to resist majure risk, Futher more
without relevant policies and regulations, and with insufficient material inspection and storage, equipment entry
inspection, construction operation and maintenance the access to underground space and land are difficult to obtain.
The result factors include safety construction risk; unreasonable change of method or untisnely adjustment difficult
project financing the charging method is unreasonable or not adjusted in time, the operational responsibility is not
clear. It is conducive to target risk control, reduce the incidence of accidents, and provide an important reference
for the life-cycle risk management of underground comprehensive utility tunnel.

Key words: the underground comprehensive utility tunnel; risk assessment; risk analysis; IFAHP;DEMATEL

UTAE R, e B A v ok I A B G0 HRM, i 5Ha8a Rt TFaas
K, WUF LGB R T 2 28 BUE R N R, AR 4 75 i JE) I LE XUBS: Ml . 2 W%, AR T
SERR, G-EH, AR BUR, A BHW LR
W%, Wi, BB BRI ST, DR HHT, P A 2E 38 % 1T 25 G R XS fY B
FHMTLGEERER. FE, (EERMTRT TP, it BT, s848& Ak B, (Hik
e i T LR A E R XM IERE W) (H % Z % XS R 5T, Canto . Perello ]
(2015)61 “5) v B3R 4 T 4 3 b T 2545 48 R 182 L. ST R RS R ) XU R R, B
WTFZEERBARRAK, WaRNE R, FFT 56N R E TR0 a8 Bk
B PO KRR, HREM TG EmER S Wl 4S8 RO & AR,
WAL TR KRB B, HR S E MRS, HI, ep AR R S RS S AT L 5 RO A5 LR i 71 S
Heha N GFEERBNRRE Z, RS LT F A S 6, /25 8EA %

WfEBEE: 2018-09-12 fEfmE: 2019-03-28

E&TH . BvGHE A i —E S5 H (2018ZDXM-SF-096)

F—1EE: 5k F(965—), B, L, ZEAST, FENETEHEHE, MTESERSE TRV . Email: xadayong@126. com
BINAEE . RAROR(1993—), 2, Wit, EENF TRAH 5EME T HENPIS . E-mail: 1612350054@ qq. com




55 2 39

sk, A w0 ZRG A R4 R A 0 XU PR L 23 A 295

I 5 B ) 0N I 8 T A T, HAT B R SE Bk
B EANERSEN A N G IR A AR B i
Xl £ B R A B WY i o0 i D) e L 3R il ML ) 3
TTTBEE, AR TR g X XS0 R
VEM PEAf PPP BT 0 T 2345 R 4 75 i 14
AR s ZEAEAE AR L IR T R 2R A R A
75 i JEL A5 A B BOXURR: PR 3%, 5 i HE XUBR: SR et 2
W5 F5 R OIS DB S AT T 235 R T
i B ) JRURS: PR 3%

BUA I T 25 5 8 8 XURS: WF 7T 420 455 IXURS: 1A 3%
B A, H 32 A R AR PSR A XURR:
X7,k Z PR3 PN R R 56 AR B X 43 AT ) AH
KT, UGS R4 O i P KU P R A 2,
HN TR 2 i E I H W) BER AN, R5 51k

TR, ERATFIEFA G, M T LS
AR A 7 i A 0T IRURS: R 3R AT T 0 DA 5 4T
BB R 3, A RN ERRHSE R, AT
BERI LI T B P, BRI H Sl A .

1 XK IR 51 K £ 5 4 5=

1.1 RUEiR A

XU TR 0 A XUBS: 8 Ak L 40 BT B I 4 RN B A
ST B WSRO BRI, AR TR PR A,
T RSP, 2% R 445 8 i LR
ABTE) (GB50838—2015) FIAH &Sk, 45 & HL T
SZEEMTERMS, NeFaHAENT, H
RPN N F, WHE 4 A — K AE PR 32 A 8k
febR, A XEERERAE RS, mk 1 PR

Rl BTRAEHEFGRAHNBRERERRAZHESRBBBLE

Tab. 1 Life-cycle risk indicator system of underground comprehensive utility tunnel and original data summary of questionnaires
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0 9 19 18 52 1.15

KRB Bt I H e HE R G 1 5 12 10 70 4. 46
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Bk Z M RBOR . ERSCR G 0 1 15 19 63 4.47

2 7 418 25 16 3.47
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Tab. 2 Statistics of questionnaires
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Tab. 3 Total ranking of underground utility tunnel life-cycle risk factors accoding to importance
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2 C, 0.128 3 0. 034 9

0.267 C, 0. 595 1 0.159 1

C, 0. 302 1 0.025 14

Cs 0. 086 5 0.007 28

G, 0. 150 3 0.013 22

MR BE B BXUES: B C 0. 204 2 0.017 19
0. 084 ! C 0.113 1 0. 009 26

C, 0. 065 6 0. 005 30

Cio 0. 048 7 0. 004 31

Cy 0. 033 8 0.003 32

Cos 0. 084 4 0.013 22
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0. 154 3 Cy 0.154 3 0. 024 15
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Tab. 4 Comprehensive influence matrix of key risk factors for the life cycle of underground comprehensive utility tunnel

C G, G Ci, Ci; Cyr Cig Cy Cy Cyy Cyg Cso Cs,
C, 0 0 0 0 0 0 0 0 0 0 0 1/9 0
(@) 0 0 0 1/9 0 0 0 0 0 0 0 1/9 1/9
Cs 1/9 1/9 0 0 0 0 0 0 0 0 0 0 0
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Cy; 0 0 0 0 0 0 0 0 0 1/9 0 0 0
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Cy 0 0 0 0 0 0 0 0 0 1/9 0 0 0
Cy 0 0 0 0 0 0 0 0 0 1/9 0 0 0
Cys 0 0 0 0 0 0 0 0 0 0 0 0 0
Cos 4/27 4/27 1/9 0 0 0 0 0 0 0 0 0 0
Cso 0 0 0 0 0 0 0 0 0 0 0 0 0
Cs, 0 0 0 0 0 0 0 0 0 0 0 0 0
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Tab. 5 Comprehensive impact of life-cycle key risk

factors of underground comprehenive utility tunnel

R o ENE o

D R U=D—R M=D+R
C 1/9 7/27 —4/27 10/27
C, 1/3 7/27 2/27 16/27
Cs 2/9 1/9 1/9 1/3
C 1/9 1/9 0 2/9
Cis 11/27 0 11/27 11/27
C, 1/9 1/9 0 2/9
Cis 1/9 1/9 0 2/9
Cao 1/9 0 1/9 1/9
Co 1/9 0 1/9 1/9
Cos 0 20/27 —20/27 20/27
Cas 11/27 0 11/27 11/27
Cyo 0 2/9 —2/9 2/9
Cs, 0 1/9 —1/9 1/9
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Fig. 1 The causality diagram of life-cycle key risk factors of

underground comprehensive utility tunnel
LN
4 Hig

AW R A H IFAHP-DEMATE J7 % %) #L T 25
A8 AR 4 7 i JE A XURS: R 3 3R AT T PR A% R G B XL
B R0, 45T

(il it IFAHP X b T 25 & 5 B 4 75 i J& 1
DR PR3 HEAT PR A, A5 B SHEE, JFIE I
LEATRPRALE KT 3. 0 %0 89 KUK PR 25 1 S 5% i XU RS
BE: Co (T H B R) . Co (MR 28 () A+

B AR BB E )« Gy (BRZ A SRBLHRE ., kML
) Co (ETAMEZR) . Cos Ol 17 Bk Z 8 e
T%) . Co Gii TJ7 A G H 8R4 214 2k
1) Cus Ui T U3+ A & B EOR 453 204 20t
1) Coo MPBIBE R B R AR E A BIAL) . Co (X
BEGRER THRAE SR IR A BINL) . Co (A
TIREE) o Cos ORETHLA M) Coo (M 977 I %
AE SR AT L) Cp B TR
W)

(2) #J DEMATEL Jiik, 7 #ii F&a %
JAR S B XUBR P 3R Tl B 2 S R, A I R 3R
Cis G L5 ik Z B T250) . Cos (ARTHL TN
Ke) . Co(BRZAHSRBUR . B3 . Co (BHRHEE
ks e REAR BN . Co (R EHERL . T
BAE B AR FFAZINL) « C, (H T 25 ) R 4 3 i e
BORBOREE R ) s @5 RFZE A Gy (R AT T
). Co(TH BhBEERZER) o Co (W 9807 A
S ECR AT ) L o (GBE SHEARYITH).
BOMITIEFE IR TR RN R KR, A
AT 0d i OB 2 o, B e 0 E R R K i H
R

S#ECH  References

[1] Canto Perello J, Curiel-Esparza. Human factors engi-
neering in utility tunnel design[J]. Tunneling and Un-
derground Space Technology,2001,16(3):211-215.

(2] BRkfk AT, SR 2. IR 456 8 IR & e e fb [ ],
FR TR ,2017(5):123-128
YANG Qiuxia, WU Ning, CHAI Pan. Linear location
op-timization of underground comprehensive utility
tunnel[J]. China Civil Engineering Journal, 2017(5):
123-128.

(3] #BUb, BT, ARG R, 5. L 8 iR o I A ok B Bt ik
B 5 2 (C1/ /58 U 2 50 i 599 5 AL B4 R
W& SCEE. TR i L4 AR, 2011:230-232.
SHAO Shuai, HU Xiaohuan, DAI Jingyu et al. Rein-
forcement of underground comprehensive utility tunnel
through existing railway sections [ C]//Proceedings of
the 9th symposium on building recon-struction and dis-
ease treatment. Jinan: Construction Technology,
2011, 230-232.

(4] HE/ANZE, EHE BIhe. T 256 B R0 B mh ¥F 00 L
FHALE B it [T ], T == E 5 TR A R, 2011 (4):
633-636.

GUI Xiaoqin, WANG Wangzhen, ZHANG Shuailong.
Incentive mechanism design for underground compre-

hen-sive utility tunnel construction financing[J]. Chi-



300

[T 7S« )

BB R

»2,
=

¥ MCASRREERR) 551 %

nese Journal of Underground Space and Engineering, 2
011(4):633-636.

X EE PAE, 22 IR T SR A R PPP A
K VEM M [T]. K T 58 B E¥MR, 2016 (4):
122-126.

LIU Huihui, SUN Jian, LI Feifei. VFM evaluation of
un-derground comprehensive utility tunnel application
PPP model[ J]. Journal of Civil Engineering and Man-
agement, 2016(4):122-126.

2 S GG A AT dn B XU S AT LT ). AN E
T#£,2017(10) :240-242.

LI Qian, ZHAO Xueting. Life cycle risk analysis
ofunderground comprehensive utility tunnel[J]. Value

Engineering, 2017(10): 240-242.

(7]

(8]

T, X RCG IR L5 B RRHE 0 A2 v iy XU IR )
UEREFELT ] B AR ,2017(9) :927-930.

WEI Haimin, LIU Wuyan. Study on risk identification
and filtering in construction of underground compre-
hensive utility tunnel [ J ]. Architecture Technology,
2017(9):927-930.

Fu BT . R T 143 BT 00 36 11 45 B AR AL 3% R 5
IR ], MR 28 ) 5 TR =4, 2013, 9 (1) : 197-203.
WANG Xi,ZHU Fuling. Research on countermeasures
of underground comprehensive utility tunnel charge
based on game analysis[J]. Chinese Journal of Under-

ground Space and Engineering,2013,9(1):197-203.

(HE WL PO

(k3% 293 70)

[11]

[12]

[13]

[14]

BHLd, ki, HH,%. R UCT BRI E
AR AE TR ISR PR REARAL BT [T ], BRBEREAE, 2011, 32
(7):2006-2012.

GE Shijian, PENG Yongzhen, CAO Xu, et al. Optimiza-
tion of a modified UCT step feed process treating mu-
nicipal wastewater[]]. Environmental Science , 2011,
32(7):2006-2012.

XUWEZE, W, ABAhI, 5. 2R A AT AT T
PREH LZW5E[]]. BB LR, 2013(s1):66-69.
LIU Shengjun, HUANG Yu, ZOU Zhongxun, et al.
Study on the multilevel anaerobic/anoxic/oxic activated

sludge process[]]. Environmental Engineering, 2013

(sl) : 66-69.
DA, R, Bk, S RETS R LR WK

PR P R AE A3 AT [T ], BRBERLEE, 2017, 38(9):3801-
3806.

MA Zhibo, LI Zhihua, YANG Chengjian, et al. Analysis
of respirogram characteristics of filamentous bulking
caused by low dissolved oxygen[ ] ]. Environmental Sci-
ence, 2017, 38(9) :3801-3806.

American Public Health Association. Standard meth-

ods for the examination of water and wastewater[ M]//

[15]

[16]

[17]

Standard methods for the examination of water and
wastewater. Washington; American Public Health As-
sociation, 1985,

VAIOPOULOU E, AIVASIDIS A. A modified UCT
method for biological nutrient removal: configuration
and per-formance. [ J ]. Chemosphere, 2008, 72
(7):1062.

JOO H S, HIRAI M, SHODA M. Piggery wastewater
treat-ment using Alcaligenes faecalis strain No. 4 with
het-erotrophic nitrification and aerobic denitrification
[J]. Water Research, 2006, 40(16):3029-3036.
LA, BT, W, A RA-IF TR RIS R i
BRESPLER R 3 S %483 [T ] M R 3T K5 40,
1997(2) :64-70.

JIANG Anxi, ZHENG Shuofang, SHI Shuangxi et al.
Mechanism and Kinetics of Phosphorus Removal by
Anaerobic-Aerobic Activated Sludge Process[J]. Jour-
nal of Harbin University of C. E. &. Architecture,
1997(2) :64-70.

(R#E L PO





