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Abstract: The distribution characteristics and laws of existing structural defects of tunnel lining
are summarized based on the regular inspection data of expressway tunnels in Liaoning Province.
On the basis of in-depth study of the main structural diseases of the tunnel, the extenics theory is
used to extract several indicators that can accurately reveal the health status of the structure, to
quantify and classify the health status, and to establish the corresponding matter-element model,
so as to determine the weight of each indicator and the grade of tunnel structure disease. A health
evaluation system for tunnel lining structure is constructed by combining qualitative evaluation and
quantitative research, which is convenient for managers to make reasonable decisions. At the same
time, based on the actual test data of tunnel engineering, the calculation and analysis of the
extension model are carried out to verify the engineering applicability of the model.

Key words: tunnel stability; construction defect; analytic hierarchy process; quantitative analysis

P8 T TR ) 2 R R B T A A A 4 T i A A
HRAE— BB, b PN DL R el B 48 4 o A
SR TREE 240 B hop v LUK AT R =S
T A2 A R AR A TR A D A R s R
FAEEA R AR, EA TR, — Mol &
8 K 2 TR FC At 5 35 40 R, 32 T 2% A B 1 45
P B 7R B RE 1 5 A A TR A | BB T 2 A 5
HEPED AR SCEE AL T A BRI TR Y

i HEA: 2018 -07 - 06

SE SR GERE, X L Ry B A g T 2 AT A
G Ar B TEC TR B S 2R 2 AR S R AR AR 5
W], 475 H 0 AP B 1 B LA L5 A SRR AL B[] P
BEEAE N Y DX T 9% T 4 3 I 37 A T i 52
PRSI F2 EEA R T B A4 B A R G A
T2 R R S T A AR | 3 T A 7 B AR AR A
VRN IR S AN A 1 A BRSO AR, D9 TRABIESE
B A T A A )~ R P I HI e SO A

BEEWH: ERAKPEESYIBITH (51474050, U1602232) ; H ok s AR 55 9% 4 0 38 4 B 0T H (N17010829 ) ; Hiad

AR R W & 155 ( CSCEC - 2016 - Z 20 -8).

EZEE A X F°(1986 - ), B AL T A RIERFHEOFR A FRL (1969 - ), B TN, ARALI A 308, W+

L



1186 ARRXFFR(BAFFIR)

%40 &

1 BRI S o i

1.1 N EERRERR

1L T4 WA I8 A\ B BRI 30 v, K B
255922 102 m, 7345 T 8 AT, 3 20 SRk
HpKBEA 6 M, BKJEN 9353 m, 5t
42.3% ;HRRIEA 12 J, BK 8862 m, (5 1t 40% ;
JEREIE 12 ), B 3 887.9 m.

ARYE R XS 43 A T AR T AP A 12
REESEAT TR, Ik 6 A2, 11 576 m. Hi K
BEIE 5 FE, B 7 358 m; R IE 4, 5K 3 080
m; fEREIE 3 8, B 1138 m.

1.2 FAWHABRFREBFERLLS

SHRA R IE L % BRI R AE ST 139 &, BK
1169. 7 m; H P BR B AT )35 10 R4 4 93 2%, 2015
BB 66.9% ;AEIR M ZLEAS 46 2%, 205 BB
33. 1% ;AEM M REE A 27 R Rk KRR
) S48 BB 58. 7% , HoAth 244k (S ER 1 At )
7 AE PR 1) 2455 ROBUAY 41. 3% . %I R R TR
TN EE Ak it T4 AL B T K M, HE
ZARAR R ARG ™ i S LSS G A B K
JUEE S AZ K AR s B T 5 PR A ™ B

J\ELUA B GE . Z R g I 211 &L K
2009 m; H b 35 ) 2L 4% 142 5%, Bt KE N
1702 m, 2 /5 BB 67. 3% ; AR FR 1A 244% 69 4%,
R R 306 m, 24 5 S 32. 7% s AER 2L
B 45 N s B K N 267 m, (F 3k
PRI 2445 B0 65. 2% |, Ak 1) 2448 | A 38 1) 24 4%
SEY 34.8% . PR 448 FE 0.5 ~ 5 mm, JEIR [
FLEEFE 0. 3 ~2 mm, RN BB K AL, PR
ZUBE K BE A AT 1 ~ 5 m, 9\ 1) 2488 /3 A K i
0.8 ~20 m.

B ILEEIE AT 5 AbBK Iz R E 2
AT AR 2 M HE R, 3 A 57 ' 7E A M HE R, 2R3t
6.4 m’; BRI 11 S F0m 28, KIEEH 1 ~
20 m, F KB4 T BE 0. 75 mm; 247 30 &40 2L
% R RZBETEIE 2 mm, KJEVEH 5 ~ 15 m;3b4
2 hbgsbim 24 5% ) I KAV 1 mm, KEYN
10 m. 7 s T- 48 Ab 3t A5 5 Ab ke )2 4 9% , A 1T AR
0.22 m’. A JEE R AG 56 UL T 1, BR T s i 15 48 i
T WA ZERE B TS R Hh B A AN 9 S [ A

U B 38 . 2 bk 8 248 3 39 4%, K
1065. 5 m; P RRGE W] 1) 20 ] RGE A 1 5%, 24005
RSB 2. 6% ; AEFR [ AR AT 38 4%, A0 B
97. 4% ,ZIHETEE J 0. 25 ~2 mm. AEH ) FE LS

ik BN R AR R E A 5
AR AT W 2R SRR R o SRR AT AE B KR
i, 22 Ak RS v R B AR 3R T R
T, e e P A JRy B B

1 HELBERRREER
Fig. 1 Typical disease map of Tiebeishan tunnel
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Table 1 Weight table of various subitems of civil
construction
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Table 4 Evaluation criteria of lining section
deterioration and peeling
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Table 5 Evaluation criteria for corrosion of steel bars
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Table 2 Evaluation criteria for the developing of
cracks
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Table 6 Evaluation criteria for leakage of tunnel lining
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Table 3 Evaluation criteria for failure to determine
whether cracks develop
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Table 7 Standard for evaluation of lining
thickness and behind cavitation
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Fig. 2 Typical defect image of Tiebeishan tunnel
lining thickness

(a) — BT IURBR IR R s (b)——HF 3.

3.3 BESHRETMRE Y TEENHE

PR T 235 R 5 A 2 2 i Bl SR ) O <
GERS T FER ST T 4 2K 00N, e iR N,
B Ny O P AR N, O E A AR A
ERESTI MRS (¢, ~ ¢5) ME AT RARUE
(ky ~ k) K BRE ol B 45 ) 25 S5 B0 IO ) £ SR
Yool

Tk,c, (0,177 Mkye, (1,277
c,(0,1] c,(1,2]

R =| ¢(0,1]| R, =| c(1,2]],
c,(0,1] c,(1,2]

L es(0,1]] es(1,2]

Tkye, (2,377 Mk,c, (3,417
c,(2,3] c,(3,4]
R,=| ¢(2,3]|,R,=| c;(3,4]
c,(2,3] c,(3,4]

cs(2,3]] cs(3,4]

B T R T VTN R rh Y T 2
Bz JE AT LA E Yo i B, AR B
[Pc, (0,477

c,(0,4]

R =| ¢(0,4]
c,(0,4]
L ¢5(0,4] ]

o I 25 R AR R PR W0 T A L AR i
W& 1 R 25 R T 45 & A T M 8 AR B AR
DU X AR AR PARBUAE A 74T 43 AP0 22 4t
AR IEA 5 Ab i e K 5, B E X 4 1T A=
—E RIS, Fir AT 02 T 7K H8 AR VP (L
H 2.

Al i T AE AL G T L. R TR LA 1




%8 M by

SRR R R AETEIE 0.75 mm, K G
1 ~20 m; 34 30 Z5 9\ 1n) 2 4k, e K 5% 58
2 mm, KEEVEH S ~ 15 m; 34 2 kbphin 244 |
KAEGETERE 1 mm, KN 10 m, T LU )1 24
FEVR T AEEUCA 4. 25 B3 BRI 1 90 K8 BRI A |
TR A NGRS, BT LUK A A RRURE AR A
TR (EECH 3.

I 5 AbEE R T, 407 A 55 it T
ZENb TN 0. 22 m?, T AAeh ik J2 1 7% 1 5
IR 3. A 235 S 38 7 o 3 el A VR 45 = S i 3
A 21. 1 MPa, iiREE 5% 7158 5 & 18 MPa, R 5t
5 B AL TR, T LA R i 45 A T R (E
EH L.

LA VL B MR BRI ot an T
[P ¢, 47

L ¢ 3]
3.4 EMIERNENHER —HEKRE
B S FPEMFEER ¢, ~ s TERCHIWT 7 BE , L3
8, P ITRE RN R = (ay).
*8 MiBEEHmEITMARE HIHT e

Table 8 Judgment matrix of tunnel structure disease
evaluation mode
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Table 9 Correlation degree of evaluation index on
evaluation grade
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