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Identification of Risk Factors of Excavation Based on the TOPSIS Method

LIU Peilu
(China Railway 16 Bureau Group, Beijing Metro Engineering Construction Co., Ltd., Beijing 101100)

Abstract: The complexity of deep-excavation construction arises from the influence of various potential risk factors on the
construction procedure. To address this issue, this study introduces an intuitionistic fuzzy TOPSIS method aimed at identifying
potential high-risk factors. Initially, potential risk factors were determined through an analysis of the failure modes derived
from prior excavation accidents, insights from practical engineering projects, and the expertise of engineering professionals.
Subsequently, a risk evaluation hierarchy was established, and weights were assigned to experts and criteria using
intuitionistic fuzzy numbers. A practical project involving a deep excavation was conducted to validate the feasibility of the
proposed method. The results indicate that the TOPSIS method effectively identified high-risk factors. The developed
method serves as a valuable decision-making tool for the safety risk analysis and control of excavation construction in similar
engineering projects.

Keywords: urban rail transit; safety construction; excavation engineering; cut-and-cover method; risk factor identification;
intuitionistic fuzzy TOPSIS

N PO A ) B R R IE T TR B0 B, 2019 STV R T AR B RS R R
M. MR UE TREe, fAERZ R4 PHE, SEERIRIREEY . GRS RRE
G, RS, R EAAAS R, & WX, RN TR R RN TR,
BRI TR Tk, SEbre it BT Bl g, R IR R E s K, &

Weks HEA: 2023-06-15  f&[EIHER: 2024-01-03

fEEE N XK, 5, ML, SLIRF, NFHTIRZ2EIEE, 463692239@qqg.com

BEWE: FH%TARERALFREIB T RERARADERP LTI E (ZTSLSG2206)

SIMtE: XIFEE. BT TOPSIS JiAM BB E S N IR BI[J]. #A R E, 2024, 37(2): 84-91.
LIU Peilu. Identification of risk factors of excavation based on the TOPSIS method[J]. Urban rapid rail transit, 2024,
37(2): 84-91.

84 URBAN RAPID RAIL TRANSIT



EF TOPSIS 7% #9578 BT KB 1R 7Y

TR ARl T 2 A o U VA Bk SR T B )
)

T Z AR IR e 0 25 5, T TRER
AR 2 S 5 DI, AN AR R it T
RICTEH BN o DR 3t /D B0 TR it 1% e
HWREGE, L RIPA R RERYT TR RS 5 F
Wi EER Do it ¥ NS5 s FHZ AT
PRI RS HEAT VPG 5K ok eSOk 0 J2 A T
D RBGESE A, B T YU TR RS AT i 28
R S S P2 G IRV i N et VAN R PRI E SN
it T U PEAR AR AL, fEL i J2 R A0 T 7 YA I A P e 2
WA — SO Rk, EA AL, R B R
Pl IEAh, T ERNBEE S LHREEK. Xt L
WA T R REAEAE 2 5, I BV P I e — e
(DRI PE 5 AN e v, B 5PN IR PR PR — 25T .

ST, ARSI E ORI A O B 5 KU TR
BETTE, I BT KU PEAL I A% P n] B H I RSk
B M. AR B BORI B 01T 22 J8 VXU DA
WG AR S i P 7(TOPSIS),  fEdk T4 KPPk
PR e AU IR 36 o I A2 BH T TOPSIS Ji VL REXT 2 ANFE
K5 ZARPRIEAT RIS VPN S AL . BE T TOPSIS J7ik
ML, A9 AR TR AT 22 N . Bisiz H
03 TOPSIS J7 200 15 71 (1) 8k i 42 i J7 R EAT T O
it 45 L ™). AR A IS 4558 PR ASOR J2 R 4 BT v A it
TOPSIS VP At 1 JE AL B Jti T AR £ S i i)
W 4 45 5 1R AL TOPSIS 5 VAR K 6 S IR JE 7 VA5 5%
M) i ) % T A P e B R R LR AT T a0 T 5 0P, )
ST A IR B R RO, S AR A S ] TOPSIS Jivk
ST TBM B o ml Ji vk o3 s T 7 4 R ROR
JEUR 53 M5 TOPSIS J7 7230 5 s b 108 168 117 b o TR T
FHATVRAL e R RS Bk E LT 40, TOPSIS
JiATREE TR AR T — @ M o HARD T2
YT, BTHERMESZREAZEEREW, JFH
TERLE RS DL N5 S8 B ARG, 56T, AR
SCHs TOPSIS J7 20l & B S RORI A Y ] -1 SE 0 TR I
H, RS0 TR RS RS T — Bl i i 5 B .

AR SCEER ST TR T JOK 2 BB AE AR
B A E TGO, AT L RN TREA R A H 1
FE T H B 5 iR 2575 (TOPSIS) X L b it 1Tk F
RS AR RS BEA T YU, I T AR 0 (R L
WEBE R BRIFH LI B HIZQ-2 bR — T X W25 0T TR
BOAUE T VA AT, A TR T 22 4 A B Yo F

RIS R
1 EREBIE S b 21k

LU 25 i 25 (TOPSIS) & % J& 1t v Sy
P A RORIAR e R,

0={(».u(y).n(»).7(y)yer) (1

Ay pw(): y—[0, A R(): y—[0, 114ICF y &
T Y WSRRESAERIEE: n0)=1-u@)n0) N TTHE y &
T YWMBEE, 0<z(y)<l1.

B 0=y, w®)> me»)> T 0={y, w®);
12(¥)s (V) AP B BRI . AR B ia Sk

RN
W)+ (V)= 14(3) o (),

®0, = 2

Qe {mb&wﬂy) } @

HA SN
To oo, =1= (V)= (V) + 1 (¥)- (V) = (¥) - 17, (¥)

b (¥) (),
®Q, = 3
a8 bwwmwrmwmw& ¢
HAP R E N
700, =1=m ()=, (V)= (¥)- i, (¥)+ 1 (¥) -1, ()

1-[1- ® 0~

KQ:{ [ ugn,3<w} @
=uO =1~ ()
K ’1_ 1- K’

QK:{}t(y) 070 } )
(=] =" (¥)

7t TOPSIS 1, & p MHFR, WA 0={0,,
Oy, *++, 0,}, BIINASCI H b 23T TR 2401,
W p=1, 4 m A KBS YRR R 35, il C={Cy, Ca, -+,
Culs B={B\, By, ==, B} VI UEN, A5 H4) 4 11 FL A
AR
1.1 HEERINE

LG E B B W] DL AR AR T RO £
Ko MEBBMIE Di=(ui, ni m) KVPNER kA1t
RIVELERRE . 5 kB RKOBE LR
Hy + 7y [#k/(ﬂk 7k )]

Zl:{ﬂk + 7Ty [ﬂk/(ﬂk + 7 )]}

1
[, W NER KR T FR .
1.2 TEIFMENRNE
BRI I B R, B0 % SRR P SRR
K Ep HF A, Ao, Asy oo, MV ERKIIBE ., ESEE R

A =

(6)

URBAN RAPID RAIL TRANSIT =~ 85



ERTRENAIE - B 37 % £ 28 2024 4 B

Hit R, TS T U TR M s . FET
U, ERRMIAEIEH TGS T RN IR
PRUENE A . B E N B3 k ISR RE, 2R
/T

E, =
[ o) 0, - 0, i
B, (#{(1»77{{1’7711(1) (ﬂlkz"hkz»”lkz) (#fp’ﬂlkp’ﬂlkp)

B, (/é{laﬁé{l’”gl) (/‘éczeﬂgza”é{z) (/ué{p’nécp’”gp)

(ttgyortlysen, )|
(7)
o, (bl ) FoRH kL% SAVEN B, 22 1 b
O, FESEMESF R0 AR, 0 BRI T
JIZ FEAFAFWA) T SEE A I (AR
o, = IFWA(E,,E,,--,E),
= WE ®LE, ® LE ®..04E, (8)

! !
I_H(l_”v) ’H(%) .
! PR A
1) - TT0 )
Ky Ao Noi> To) AHEN B FALE, 7E—MAE L
N HARRA 1A, 1R p=1,
1.3 MERMEE REIEN
TELEE BRI R, A LRI H W

A ab IR PSR S EL R o VA = R
B A SRR R AR B Rl

B, (ﬂ:’{“nﬁl’ﬂrﬁ) (/”:]1{2»77::2’7752)

R} =
i B, B, B,
G (%/1;7711(1:”1](1) (,Ukz,ﬂ]z, ) (/'llnﬁﬂln’ﬂj;)
(/é(l:nécl’ﬂgl) (/“22>7722’”§2) : (/“é(n:'UZH’ﬂ-ZH)
_Cm (ﬂfnlaﬁil’ﬂil) (ﬂ;Z’nr]le’ﬂ{:tZ) (#Zneﬂrﬁnﬂfnn)_
©)

ﬁW,Rﬁ%kﬁ%%W@%R@W?%%ﬁ@-q
Cy, =+, Cy WG FIZE; By, By, *+, B, S VFM N,

ﬁ%ﬁﬁ%%%@%ﬂ@ﬂ?ﬁﬁ&ﬁﬁ@ it
KM AKX ATRLE,  FrfF RO 254t SR
WADFTR,

86  URBAN RAPID RAIL TRANSIT

03::LFW%(RF,R5,‘3Rf)A
=ARE®LRE®L,RE®---®LRE  (10)
i i 2

1) T

[

(10-4)" 1105

R’ =

B B, B

n

G (utmtat)  (upomims) o (uinonismin)

G (wmhrh) (o) -W&ﬁﬂﬁ

(4T )
(11)

G (#21:77;31’”;:1) (/um29’7m2’ m2) ’

Rl Ry SRR R I

14 WRGENEESIEHREER
Fy R £ BT BSOS 0 25 T
0, ®R” ={(4! -t} 410 =1} n)| - (12)
S, R

_ A A A
7 @rt =17 Hij " Hoi =M = Toi t 10 T

o, F1R® 53 5 R HEN B, AIASEE FIAL) (1 AU R 25
TR e R B
o R £ B AN P AR R SRR R
B B,
waz C;l (ﬂﬁwaﬂf‘%w’”ll) (ﬂfiwaﬂl?qw’”fiw) (13)
Co (s omit ) e (o

A, RE, MR OB B B P S
1.5 MHEIEEERES GIRER

TOPSIS JiE v EHEN] B={B,, B,, -, B}
SOy I AENE S5 W AR MR I, ST AR 1 A DU RO R
T FEMEME B /N B GE o SR oy RS PEVEI,
FORMHRETEREIN o ATFD A 53 327K I B AR R 55 7 BEAR
figt, R TR

{A+ = (:uA+a)>77A+w7ﬂ-A+w)
A_ = (/uAfw’nA—wn”Af
LA HEN AR

(14)



EF TOPSIS 7% #9578 BT KB 1R 7Y

_ Aw
Hiro = | MAX L

J€Jy

. . Aw
J €Jy,min

Misw = [miinn,f“’ je Jl,m?xn;‘“’ je Jz]
- (15)

_ . Aw | - Aw| -
Hpmo =| Min ;71 € Jy,max ;5 j € J

qA,w=l:mlaX77§“" “ jEJ2:|

1.6 HERKEZSERBEMEIES

TERfE T SR RACE BB SRR ) IE . 3
MURIE, THE SR 2R C, 7E BT A2 Hh 2] 1 6 B
RRIEEE, TR

. . A
i eJl,milnf]ij

- Zli (/uz] ,uA+w)j+(77y 77A+w) +_ (16)
n'5 ( ,[Am) |

-_ | L (/’ly My a))2+(771] —14- a)) +_ an
2 _(”t‘j“w _”Afw) |

A, 8,8 7 E A KU R ZR (C) A H A 4
T BE SR ARMR I BE RS n VA P K

Ba, HERES AR G RAR I RS, S RL A
B/

5/

S'_+S+,o\c\1 (18)

W A A8 T 545 21 1) 25 Jns XU PR 31 2k 47 HE
J¥, AT S e KU R 35

2 EBbybr

2.1 IiIE#R

ERMUIE P18 55 22 BRI ML BE TR w4 — ki K
e, JEHEERIENL, T =R AR AL AR s A
PR AAH B, DA B WA R i Blish
BEHTAT, 1B TERENLIA Y . HIZQ-2 ki — LIX by L%
YA AT H ()85, MRSk T8, A T
BilbgE e, WNELAZ, HEERYRE, S
PRV R T i 1 VF 2 BRBIFIARI I 45 1F o FETTIR
J¥22.1~23.8 m, % 14.0~21.9 m. G LRPX T
REG FEOhHOL R G, X FEDARE Ry
F, JREAERKE Y, A REAA L, AR
it U FE e 5y ke AP . SEBU Ty VR IR

Z TR ¢ 800 mm. [A]EE 1000 mm [R5 FLIE
TR+ SCEEREAT SCH, JRICE 3~4 TSP, AN [

=

PRI AU BEE T ¢ 800 mm. [A]FH 600 mm FEME
PEIRAKIES: . 55 1 T8 SCHER AN R e T34, S
AT 1 000x1 000 mm, ZKFAIFEA 6 000 mm; M jif iR &
TR R 300%600 mm; HAYIE 3R ¢ 600 mm
B PE, (AEE N 3 000 mm; i fé!zﬁjjloom
1000 mm, 47 & TR 156a XUHE T 54K

e AN TR B TSP L IR R SCHEIAR ] €30 /mzio
Forpool TR, SR KVEIK M I KT 20 MPa, JiE
WA n ] J5 AR TE PR BT SR EEA /N T 2 MPa. AT
PGP E 1R, B L) R T 5T TR
Jith A% B

(b) FEGT TR AL

[

Figure 1 Excavation engineering
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Figure 2 Flowchart of the risk analysis of
excavation construction
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Table 2 Linguistic terms for the evaluation of risk factors
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Table 7 Positive ideal solutions and negative ideal solutions
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Table 8 Ranking results of risk factors of
excavation engineering
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Figure 4 Risk evaluation of excavation construction site
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