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Abstract: In order to more accurately and conveniently obtain the underground shield safety eval-
uation results, an improved LEC evaluation model is proposed in this paper. Firstly, the WBS-
RBS method is used to establish a risk list, and an expert group is formed to carry out the evalua-
tion. Subsequently, the entropy value of the expert data is used to determine the importance ratio
of each expert; the G2 assignment method, which introduces the concept of entropy value, is es-
tablished to assign weights to the experts and amend the evaluation results of the expert group.
This evaluation method not only overcomes the limitations of the traditional LEC method which is
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with countermeasures proposed.
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Tab 1 List of risks in metro shield construction
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Tab.4 D-values for risk factor evaluations by expert groups (partial)
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Tab. 6 Risk rating and evaluation results
D e B 2 1 B A5 9 PN S4ZSES

D>320 W AE B AN RE 4k 2R 1 Ay Ay By By Dy
160’\’320 %Eﬁﬁﬁygigﬂgﬂi H Az\AT,\AG\A7\ D.a\ D\\DE\ DG
70~160 0BG TR I As; As By Bs. D, E, . E; | Eg| Ey
20~70 — AR, T v Bi.B;.Bs.By.Biy.C.C E, Es  Es\ Ey
D<C20 A fEk, v L2 Vv B .B;.Bs.C; G ELE;

[ B 6f e AR PR 2R A B T A A A4S XL
0 i P XU 25 2 220 R B, BN 3R 6. K XU,

AN TR A 5 A JBE XoF VA 45
W R R IR 5,

PEAT I 90, 45 5 KU 73 26

Ds
H%& Az A7 D3 D4
Ag D¢
Ag
B5 D E8
i A g Ey
IIE43 As E7
B, E1o
B By Eg
8 @ B
V4 By a v
B 2 E
B, 4 ' @
B3 C4 El
\E Be B, G Es
AREHEE HMK&HER  EIMEEER 7SS S i LA E R

&l 5
Fig. 5
GRS

Wit 6 WA, &0t B RALVEAL BB AT
SR IATBIE . L SR IA 5 30, 4 Bl T A
LA TR BB YR T AAEA AR A 55 T
JE R AL ) EL AL KRS A R 3 A A O Il e
JE L) X JE) H 30 b 235 3 B TR AN 28 S ) b o A AL
X5 TR R 2k I B4 it T TS Bl e TR A 5 AR
il TR T HE A . I XU A 8 T, 43 il & T A
MO TR LRV B2 E R L2 E
WA I S IS B 2 AN M i T2 4 B AR R R
Sk | JE R A RS RN 2 A )2 T e HE R IS R X ] 4TS
IR S R R A AR OR L X 8 UL [ &R
X I VY 3 Bl 75 S RO AT R e, I RUBS
9 T, % B L R ) 1 L Bh T A e, IV AR
A 11 W, R R R EA G REE. VR

JRURSE S 7 01, 3 B 30 2 I PR 38 AT A3 37
ASCHR G2 ke i LEC 35, HA 1T M

3.3

AR 73 23T 45 2R

Risk classification evaluation results

S5 AL TN AE R AR AL 2 SOR AR A R A S
LEC A7 97 WX Ffa B I8 Bs . D, , PP 45253
A5 11 4 v 38 A B i 2 7 B ok A7 4 0k, 4 KR8
TAER 2 TR, MASCRAR LEC L 7E4S
BRI B 51T G2 2 A9 BRI A
BOHE AR SR ) AR BT BR T & AN RAT 4 B Y 3 0 B
B AR IR T 3B S B R L A5 B TR i
S VEAN G5 S BB RS R 2R S fe B AR

T A AR A B R A3 BT L R N DA SR BR
35 TR 2% 1 DU, 1 s o 2 32 O o I 3 L AH L 22 T LA
£ B 1 AU LA B IR 1 fe B R . X R AR b
R DG A it T e it T B A L b R DL B B R A R 5
AR T HAR R R, A R A e
AR R PR 85 DR 2 RN 22 4 il TR A R e L IR e T B
s N G2 A A B B R A A I TR A it
T2 A A R . A, 76 T A JE T A R O
HEAT S W, 5 B %, DA DR T 4



A8 2% 55 B T E-G2 BBk LEC B: i b gk it 122 45 1F fhr

119

AR AN )RR PR 28 A XL 45 4 il 2 A ) 9 4
PERRNE 0T S B A ) AU PR 3R R ST ) )
LA PR R 2 ) O 2 TS S 08 AR OGOl N 5 7 S
PEAT A B BT R T e R

4 #& g

D Mgk EE R TR RZMS5 A
BT oR TAE B A DR X L J] R 05 Y 52 4k R L R
TVFZARMMAKE . AMIE e A7F 37 BA 5
JRUI AT aHe 5 2 Aim s N 5% 787 B8R0 X b o B 5 &8 2
S A I

2) f58 LEC 12 RE ] 2 M0 b %) KUK Y &R 147
WAL T E 2B I . R (B IR G2 ik
14 2 UL AS Ik L 1 B — TRk 1 7 T L 15 1
Hofige Pk T 4 A WA b 41 A 28 BOME LR} 27 2 TS A9 1)
A, RSO REEIE G2 %Ry A SIS LEC ¥
T REA RO T BR & Z AT 20 1 T LR B L S PP 45
FEEAE .

3) UERA AN 45 SR X TR g i H L
S PEO 25 R A R BRI MO Tk . X T
) A B A4 BT A (6 19 MR A I S E 5 5 X
T3 DA ) R RN 45 A R Y SR T A S AR
BRI SR A

S 30k

(1] JEZEF, i W, Mk T2 4 8 3 00 W B {5 B Ak Rz

WS 5 BRT ] BB IE £ AR, 2022, 59 (3% ) 2) .
31-37.
QU Junping, XIAO Bo. Research and application of
the informationized dual prevention system for subway
construction safety control [J]. Modern Tunnelling
Technology, 2022,59(S2) :31-37.

(2] BRMERe ZRIIIY, Frvids. b k5 A4 38 3F 22 452 o D R

P SRR (T]. BRIl TR 22 4R, 2020, 37 (5)
87-92.
CHEN Huihua, LI Hujun, HU Xiaodong. Safety in-
fluential factors and accident causation model of sub-
way shield construction[ J]. Journal of Railway Engi-
neering Society, 2020,37(5):87-92.

(3] Tacde,skmlBH. 5T MR- a0 46 38 A9 b 4k i L%
PR T]. BACERIE $R . 2021, 58 O 1] 2) : 30-37.
YU Wenlong, ZHANG Xiangyang. Subway construc-
tion safety evaluation based on game theory-extenics
theory[J]. Modern Tunnelling Technology, 2021, 58
(S2):30-37.

(4] FESCREL TS b B, 5 T A B AR I P 09 b 2% it T
WEEAEM L], BBUR 22 22 i (T A2 D 2 2019, 52 (9)

(5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

796-801.

YAN Wenzhou, MEN Xue, YANG Fanyan. Risk as-
sessment of metro construction based on interaction
matrix[ J]. Engineering Journal of Wuhan University,
2019,52(9):796-801.

LI Meng. YU Hongliang. JIN Hongyu. et al. Meth-
odologies of safety risk control for China’s metro con-
struction based on BIM[]J]. Safety Science, 2018, 110
(Part A): 418-426.

LIU Ping, WANG Yu. HAN Tongze, et al. Safety e-
valuation of subway tunnel construction under extreme
rainfall weather conditions based on combination
weighting-set pair analysis model[]J]. Sustainability,
2022, 14(16):9886.

WANG Z Z, CHEN C. Fuzzy comprehensive Bayesian
network-based safety risk assessment for metro con-
struction projects [ J]. Tunnelling and Underground
Space Technology, 2017, 70 330-342.

HOU Wenhui, WANG Xiaokang, ZHANG Hongyu,
et al. Safety risk assessment of metro construction un-
der epistemic uncertainty: an integrated framework u-
sing credal networks and the EDAS method[J]. Ap-
plied Soft Computing, 2021, 108: 107436.
RO, H O L A DR S S PR B A K IR R it 2
FLHU T AR BT ] BACRE i £ R L 2022, 59 G T
1):1079-1086.

LIU Zeshuai, GAN Shuqing, SHI Yuanbo, et al. Risk
identification of foundation pit construction in saturat-
ed silt stratum under fragile environment[J]. Modern
Tunnelling Technology, 2022,59(S1) :1079-1086.
SIAMI-IRDEMOOSA E, DINDARLOO S R,SHAR-
IFZADEH M. Work breakdown structure (WBS) de-
velopment for underground construction[]J]. Automa-
tion in Construction, 2015, 58: 85-94.

YAN Hongyan, GAO Ce, ELZARKA H, et al. Risk
assessment for construction of urban rail transit pro-
jects[J]. Safety Science, 2019, 118: 583-594.

R ERE L. 25T WBS-RBS fl AHP iy
BRI AT 5 B UK 73 7 [T ], RSO R 2 2 4l (T
21D . 2020,41(3) :62-66.

LI Zongkun, WANG Te, GE Wei, et al. Risk analy-
sis of artificial island construction of Hong Kong-Zhu-
hai-Macao bridge based on WBS-RBS and AHP meth-
ods[J]. Journal of Zhengzhou University (Engineer-
ing Science), 2020,41(3) :62-66.

FROMERZ. T ROMI 25 & T 0 19 3t 2k 5 A 1% 4 X
B PPH IR SE[D]. A KL A R LR E K%, 2019,
GUO Longbiao. Safety risk assessment study of sub-

way shield construction based on fuzzy comprehensive



120

P22 TR 4R (2024) %8 40 455 1

[14]

[15]

[16]

evaluation[ D]. Shijiazhuang: Shijiazhuang Tiedao U-
niversity, 2019.

XS, BT AR B M, SF . Hb B E A it 22 4 KU B
ot ST % 2R 2244, 2017, 27(10)
130-136.

LIU Wen, ZHAO Tingsheng, ZHANG Yajing, et al.
Analysis of risk factors and countermeasures for met-
ro shield construction[ J]. China Safety Science Jour-
nal, 2017, 27(10): 130-136.

FE 4% BRI, S5 15 5. LEC f& B 4 37 4 15 2 Ho R 19
HWWLJ] %45 3% 5% % e, 2018, 18 (5):
1902-1905.

KUANG Lun, CHEN Li, GUO Qiangian. Further
discussion on the LEC evaluation method and its ap-
plications in the quantitative analysis of the risks[]J].
Journal of Safety and Environment, 2018, 18 (5):
1902-1905.

KL K T B, F AR A BT e AHP-H (R 5
BT 25 5 A JER it T B XL SR 5 5 3T M BF R
[J0. d#HHEAR,2017,48(9):922-926

ZHANG Ailin, ZHANG Xiuying, XU Youjun, et al.
Study on modified AHP-ENTROPY method-based
fuzzy comprehensive evaluation of urban utility tunnel
construction schedule risk[ J]. Architecture Technolo-

gy, 2017,48(9):922-926.

[17]

[18]

[19]

X B o B2 e, T A IE 1 G2 vk ak A T
KRS 25 28 B F A LT ]. KRR 5ok TR 24,
2020,31(3):169-174,179.

LIU Rui, BAO Xueying. Comprehensive evaluation of
green construction water saving measures based on
entropy corrected G2 method[J]. Journal of Water
Resources and Water Engineering, 2020,31(3):169-
174,179.

IV i B SR R D7 . BT LEC 1 1 18 0 48 3E 4R L
B i 2 A BT P L), 0™ %2 42,2019,50(12)
248-252.

SUN Linhui, SHANG Kang, YUAN Xiaofang. Re-
search on safety risk assessment of coal mine excava-
ting operation based on LEC method[J]. Safety in
Coal Mines, 2019,50(12) :248-252.

VERLR, S Xk i, 4. BT et LEC 35 0932 By i
TSGR R IR R PE A (1], /K il R R B 2%, 2022, 40
(5):131-134.

XU Xingwu. WU Hao, LIU Yongqiang., et al. Iden-
tification and evaluation of dangerous sources in em-
bankment construction based on improved LEC meth-
od[J]. Water Resources and Power, 2022,40(5):
131-134.

(FAiE@miE T4



