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Abstract

In the construction of expressway tunnel, adopting scientific and reasonable evaluation method is
an effective method to prevent and control the collapse of tunnel construction. Based on the back-
ground of an expressway tunnel’s construction in Yunnan province, and with the Safety risk as-
sessment guide for highway bridge and tunnel engineering construction, added monitoring factor
to the tunnel construction evaluation hierarchy, then building the evaluation index system which
the target layer is the tunnel collapse, and finally constructing the comprehensive evaluation
model with the Analytic hierarchy process (AHP) and Fuzzy mathematics comprehensive evalua-
tion method (FUZZY). Combined with the monitoring data of tunnel area and the actual situation,
the results shows: This model is scientific and effective in establishing the risk level of tunnel collapse,
and it accords with the actual situation , this model is helpful to improve the safety level of tunnel con-
struction, and can provide theoretical support and scientific guidance for construction managers.

Keywords

Expressway, Tunnel Collapse, Risk Assessment, Fuzzy Analytic Hierarchy Process, the Weight

ETFUZZY-AHPHRIBEPRIEX R E S 1THIE
5N

FHX, B, EEK, BIRR

R R SR 5 2 e TR R, I TR
Email: 657126425@qq.com, ‘Xinychen@ 163.com, wangzhibin1975@ 21cn.com

ks H B 2019411 A5 H; FHBEM: 20194F12H2H; KA HM: 2019412 A9H
SRIEE .

YESH: B, MR, FEM, BIRM. BT FUZZY-AHP BRI KUK 254 SRR 5 R ). K TR,
2019, 8(10): 1396-1405. DOI: 10.12677/hjce.2019.810163


http://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2019.810163
https://doi.org/10.12677/hjce.2019.810163
http://www.hanspub.org

P %

=
REABBERLERY, RAMZEENIMAE TSR 576 RIER TR AR ER T HFE.
DEBERREABRBENE LHAANER, HREABFRNEE LR T ZEREPAETERE, EX
ZRRIEME TRWERNER EMARERR, WEURESHEHCON BB ERER, AEXS
Hri& (AHP) 5B $ 2 42 A PRAATR (FUZZY) A A R M B RS VPR EL . 5540 X I EIR ML ir
oL, SRR BRANHLREENESEEME BTN, SERBAFEEERR, ABTRA
BB T REER, FARTEERERGERSITFNMEES.

XK ia
RIEAH, RIESER, KRR, SRR L NE

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5]

I R, TAR IS AT 2R RS A, BREE T B kiE . RRREK. B
ERE W LE SR BARRRMAOR R RN, SEHLERE RN F 2 RS S AR
B TR, P RIS R A E R, R IEHRF R ISR E A G &
TARKR UL AL 2 m[2]. W 2018 €2 7 H, #hIl iy BB ACE 2 5248 — W TR L i — Fr Bl ot 2 2% B
T i R X TR AT 28 TSR RIE K, 51K BETE S BT, 3R 11 ASETS. 1 AKER. 8 N2fli, HES
DRIRY) 5323.8 JiT6[3] 2014 4 4 J1 2 H, S ME R T SRR BN 1 SR EREIE ) 1 B %
T 50 RAKER, 12 AT AEWN[4]. ZiE LRSI, mod o B E s Tl fE b i T HARIR
NN Z BT A AR, ADONHIE T 7ok T ERIEF iR, EARLE, ok
b Al T EORRE . BRI, SRR R A VA 75 258 TS 5 42 ) B it 39 5 2R S ) A R
FB, NREENE THEAE 7 ISR S LR AL 5]

X e T 2 B PR T SR R HEAT VP A, 7 BT R TE YA K KU PR AT IR X XU R 1 4 S M R P
A8y, PRIHEAS [ ) 7 ORI 238 SR AN (R R P Al 3 S 000 B T8 it T 01 XU BE4T 14l Alan N. Beard [6]%] 8k
A2 % B 22 A VYAl A1 22 4 TR SR ) /UBEAT 7T 7 Olga [7155 NAEIE LI 18] . it 2% L it 44355 K]
I T HBEE N TR 7 R A TR, AW TR IE 2457 J LA R[S TSR AN B B 1 K& L
WeFEIE AT I BERE, DLEE 0N JHZBE R, SR, B0l N ACRBUAE A T, 728 7 B
Ji R EE RN N[O )R L s B b B AT 1 AR PP, B AR RS IR, T
A5 B U D (SRR L, JEXTREIEREAT 1 Bl AORRE PR 23T 42 SCAR[ 10706 Rl ) i 105 SR AT
PP IR 4 LI R BOR 5 A% G 0l T BREORAR S 5, TP 1 T8 B 21 6 0 BB A it T AT 4% 5 5kt
Sy PGB B 5 TR T 2R R P Al PRt R T B T R ) 2 A S R, N M2 sz R 7 i
AT RS IEA , EIFRWS K BIEE =I5 72 TRE P HRAE s BRI, B BMS[1 205580 A AR SE I E I Biridoxt g
IR S HEAT YA, I8 MATLAB BCPF 08 1 BETE 35 (B s it THEARR [ 13170 R ol B8 T X R

ik

DOI: 10.12677/hjce.2019.810163 1397 +ARTHE


https://doi.org/10.12677/hjce.2019.810163
http://creativecommons.org/licenses/by/4.0/

P %

VBN UL GPR 35 B T R R A A0 2 R R R BOK ) B S i, 70 X BUAR R it T AT & XU
PR, IR TS 7 i 0 M it T R AN S R AT

bk s A VAL ST T2 A g b T R R SR R, HSORAN T e 3 T A B BRI
YIRS A ZR o SR, o T 2 B P P IS DA 4 s ) 28 R A RN 5 PR A S PP P A A 2R O B
SXE R BRI SRR A R IR FEARBEAT R 1 A — TR ZEAN W R Z N 58 3 1

R HTIL(AHP), S F2AE 20 D 70 SEAAHSEEHARZ T. L. Saaty 52, FILE % 2R ER B
LR AR RS A AT LOs IRV JE o SRR IS A B 5 AL &, TR T B2 R IR
I3 W% (Fuzzy-AHP). 85 R E IR HTE[14] (AHP)RHCEE I E 07508 5 AOANI 52 PR 3SR n b AT B 8 52
RE BRI LA PINALS] (FUZZY) A HLEA G 16], LATRANZ RO AR BN A 2,
BT FUZZY-AHP [y B E P XS S8 5 PP AR Y[ 17] 8 I B3 28 = a0 ) it 738 P
G5 R B BEE VR 7PN G5 R A S BVE RIAERA I o ST AR ABE TR g o575 A4 o) vk 2 s B3 T 4P 455 S
R ASRAE T BB RIS EARYE, it LA B AR ALRL L RTEE R R P SR YA

2. BRABBEHENKR R 2 FRESTMRER
2.1. ERABBESHENEREFRITNIERER

T B B 4 XS, SO A AR R 2 R AR, R 2 PP R R T AR s A R
B it PR ER UL Rt TR 3R M0 L (18], ARSI B ek A B BB il T % 05 2 51600, I\ T 1%
IR, M 7R ST KIS BRSBTS AR A 3R 5 N7 A DR 3R I AL Al ) e 24 15
BEEPH XS 2 i A fabn P iR R, W0k 1 o

Table 1. Comprehensive evaluation index system of expressway tunnel collapse risk grade

= 1. BRABRBEMEREFRESITNIBRER

Hirz SHELS eSS RERZE

& (U
Hh R KU HRTERFRE (Ur)
W E B (U s)
KK B FEEU)
K IR (Us) S FEK(Un)
HhFIK HIFE IR (Uas)
B& T8 37 5 UL PRAA (S) Wi T (Us)
B&IE B it (Us) BEIE A (Us)
Al F 59 (Us3)
He ) ¥ BRI B B (U
it L PH 2 (Us) it 77 25 I (Usn)
Jiti T A FE K S (Us)
5 =05 M L SEME(Us, )
W2 R #(Us) 5 =07 THRHERTE(Us)
5 =07 T R (Uss)

DOI: 10.12677/hjce.2019.810163 1398 T ARTHE


https://doi.org/10.12677/hjce.2019.810163

P %

IRV FERR R RV, fEE T RT AR BT B B R, B RE T SEBRiE T A ] 4
PSR, FEARE 58 =7 Wa I R BRAE A AN [R50 PEAR R 43 2%, DLEAR WS 4% DR 3 70 B Sl v b s FE
2.2. ¥EFIETIERE

X FIR VRN FEARAA R, A SO — 2 R AN R R R TR] AR X B R P AT P b, L B R
M2 EH Saulty 1~9 FIFRER R, HAKTTVELT:

S:(sly.)nxn (i,j=1,2,+,m)) (1)

Ee sy =1, s, =1/s;

EF(1), FIAF PR AR R A b R R 3R 2 R W AR R T

1 3 5 4 4

13 1 3 2 2
S=|1/5 13 1 12 1/2|.
/4 12 2 1 1
/4 12 2 1 1

23. IHMYEARENE

R RO R E 7 B A BRI A 5 2 S st A P bR K o 2 B IR, T
FURCIE 0 1 S RS AEA S, JEA R AT F
SW = 2 W @

A, S FIWIERE; W RRERREGWUER): 4, O BEKFH L.
3 (2) 15 B FRRAE ) B 7 = (0.4851,0.2046,0.0684,0.1244,0.1175)" , 4, =5.12.
2.4. —BIEEIE

JE AW I EUE A T IR EL, TR T B, HARW T
cp=lm =" g L
n—1 RI

AXrb, CL: —8EfRbR: CR: —FMELLE, RI: FENL—FEdebr. H RIBUEINZE 2 Fios:

)

Table 2. Random conforming index of R/

%z 2. RIBEHL—BUEIEFR

AR FER $ RI UM FER 44 RI
2 0 9 1.46
3 0.52 10 1.49
4 0.89 11 1.52
5 112 12 1.54
6 1.26 13 1.56
7 1.36 14 1.58
8 1.41 15 1.59

HIN3) 43 CR=0.0268 < 0.1, K FRFIBHFEEGHER —St. FHE, "HREFRERERE
AR, Wk 3 fos:

DOI: 10.12677/hjce.2019.810163 1399 T ARTHE


https://doi.org/10.12677/hjce.2019.810163

P %

Table 3. Calculation results of various coefficients in the index factor layer
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Table 4. Weight of factors affecting the expressway tunnel collapse
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Figure 1. Radar image of YK32 + 556~YK32 + 581 section of the tunnel
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Figure 2. Settlement rate of the middle measuring point of the tunnel’s YK32 + 558, 568 and 578 sections
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Figure 3. Accumulated settlement at the middle measuring point of the tunnel’s YK32 + 558, 568 and 578 sections
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