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Influence of thickness defects on the stability of the primary support structure

and risk assessment

LIU Qiming', WANG Wenhui', PAN Yingnan', GAO Yaohui’, ZHENG Chengcheng’, HE Peng’*

(1. Zhejiang Pan’ an Pumped Storage Co., Ltd., Jinhua 322300, Zhejiang, China; 2. Power China Huadong Engineering
Corporation Limited, Hangzhou 310014, Zhejiang, China; 3. Institute of Civil Engineering and Architecture, Shandong University
of Science and Technology, Qingdao 266590, Shandong, China)

Abstract: To investigate the damage that thickness defects caused to the initial support structure, this study adopted an actual
engineering background, considered the specific locations and extents of thickness defects, and conducted a statistical analysis of
their distribution characteristics within the tunnel. Finite element numerical simulation was employed to deeply analyze the
mechanical characteristics of the initial support structure under different types of thickness defects. Additionally, the CRITIC
(‘criteria importance through intercriteria correlation) method was used to comprehensively evaluate various risk indicators ( such as
the span and location of defects) affecting the safety of the initial support structure, determining the degree of influence of each
indicator on structural safety. Research indicated that either located at the vault position or spanning more than 25 degrees exerted the
most significant impact on the safety of the primary support structure. The research results could provide references and insights for
the prevention and control of similar tunnel diseases.

Keywords: primary support structure; thickness defects; field inspection; numerical simulation; weight analysis
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Table 2 Field-measured distribution of insufficient initial support thickness in the tunnel’s left and right lines
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under different defect forms

FH R 4 AT FE T | JE R e 1 R A R SR e
e A B AR S B A AR B A, X2
FAEMSHREE - e b IREE+Z LA S FE W
o IR NS, R, BREETE 6<10°F
6>30°1} FIF (5 EL B4/ N, S 26% ;0 7E 10 ~30°HF [ Eb

2 A FJBE B [ X0 ST B R

21 BRTHEER

SR FHACHASE f v5 AE Sr BU(E A AR, RIS 400 46 80 i
TRIFEREARTT A2 B oA i FRAR UG AT IV 1 B
e, TEHL N 7P 2 BT B BORE A ) SR TR B
YR, FEVSASE 5 40T B B oK T 47 B 0 1) A e A i
%, ABR T2 T E S B SR 5, 7 B0 Ao 1 43
M B B FH TG 7 A 3816 7 2 B K Ao A S e I
X s 7 e TR & B BR T R R BR A
TCT5 % R BT A B B AR AR e, RIS AT
BB ol R R 2R
211 EEAREE

SERRBETE AR v BT e B B Rt R 5 A A s
R A, R G T X A A R AT A BB DA TR A
BT,



168 TR N NI

Mo % M) 555 %

() BB PR 5 B S AP 4 4 2 38 o | 3% 8 HL 4% 1)
EEEiIR

(2) HTREHE X MK B R KAk, it
BRI AS 32 7K 1 AR i

(3) I TAE L PRIRE o A S 5 ke ) 2
Sy FEHERT I, HAE Z A it AR 22 i 32 202 Hh w3
SCAPORHH A far 2K, PR I 7 AR — B 3 R A T AR 4
Ao AN 2% e Xo R Y R

(4) £S5 bR % 8 ) S 25 0 6 3 TR 1 At
AP KT A5 2 R Ay, DR AR TR TR | AN HE e
SIS A AR A S A5 R v IR A8 380 i ik
AT

(5) M4k 2% A g S B A0 TRD A A 45 B 24 4
f R T8 AR, F LABE G LGN,
2.1.2 ZHBEH

WRFER% I R 135 F] ABAQUS #EAT =4kt %
R A P O T 38 3 T A ST B AR A AL AN 1B 5 TR
BRI Sk =00 52 i 355 K 36, 56 8004+ = 00 8.85 m, 1 i
912.33 m, V, AP SR EE - BT R R
27 cm, ARHFFE U BRI R SF 2 100 mx 10 m %
80 m , A B S b ASLADL R T TR v R A T 25 A Y
JI%AT R BEONT AP 7S R S5 F9 5T C3DSR
K153 WA RIS, 7 2 B Ik T8 T 425 X8, A R ST

T IR, DA AN T A A B TE R AT R
FERRRRIET | SR FH A8 /I B T A IR e A6 5 3 408 T o
HAEDLIX SE SCRE O, A T SR N, A AR T B X
J7 3R, B 3 SN Z J7 i A 2R, R 5
AN Y 7 6 B2 FE S AR v LA S TR e
RSAR BT PRI [ )22 S 8 LA S
DX S R A B o, 337 B IR BE 1= €30
FRIREE L, B 2 280038 3 s, (et e
DR TR UL 45 S 00 B R A S A I
SERLSN T B BT BE b b e i 4R g R B A S
AR S B AF RN 3

K5 BiE Wi SRR A R R
Fig.5 Schematic diagram of tunnel section and
numerical model

®3 EESREELAYET 2 SE

Table 3 Physical and mechanical parameters of surrounding rock and concrete
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Fig.7 Internal forces at various monitoring points

K7 b B0 1~ 12 AR S EE A b o i
A, FAE B IR I P BT A Ao B AR A R 3 e I8 o T Ak
(g, ATRIE AR BETI 15 0 B AL 25 H Y
il g/ AEARRHEIANTY 5.9 507 B AL S5 F ¥ 4 )
R s AT 38 43 0 1 20 B RS ol g ey /N AR O R
N BHENPEAEACRILER Y 4 .10 SO 8RN, 5.

9 S E AL IR, 32 A B R, ) A R e
A W25 A5 B Bl A S A AN R AR ], 7R 245
SN Z 5 R AR 2 4 R 8000 SRR A] R 4%
IR

25 I A Y 2 A AR TN AL 8 B

ﬁ

1 2 3 4 5 6 7 8 9 1011 12
DA

SN

K8 25 il il 4 R

Fig.8 Safety factors at various monitoring points

AP 8 m I, AU TR 1 S B 2R
s ok AR HEIINY 5.9 5070 & 1% 4 R/
BT MCHHE T 3] BAE I 30 AL R, 2 4 2R M ey R /NP AR
Ko XGHINEER S S P BR AT, BLsh, 4 %)
SCESHRAR Y 2 RBUN T 2 M) S A5 IR Y
B4 ZR, AT RE S 32 B i 1 A 8 ) R WL A A
) SZEE R AR 2 A R, B B 4] 2 45 1 R
A2 5 R AR AR
23 AEEERFEEE 60

MRAE 1.2 WA GETHAR il LU BE , 1% R 38 W
WIS R RN LB T 2 10°~30°, I,
e AT B0MH R 400 T B30 I JRE B2 a5 B ) B B A
10°FF 46, B3 0% 50150 B — AL, WL 45 2R T
WIS A2 Ty AR R A BB, Ol i 2 T R
KA

RIS V, LS BREE R 20 cm H
RATERETAL I ANTR] 6 Xof 17 1) He oz ) 2= [T e 9
FioR

6

{ N
il

HRFH

(a) 6=10°



170 TR N NI

Mo % M) 555 %

(b) 6=15°

(c) 6=20°

(d) §=25°

9 ANIFIBR RS R ) S A R Y T ) 2
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Fig.13 Compressive stress nephogram of initially supported structure at different circumferential thinning positions
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Fig.14 Displacement nephogram of initially supported structure at different circumferential thinning positions
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Fig.15 Comparison of internal forces at various monitoring
points of the initial support for different defect locations

PR i) AN [ ke 5 07 B A 4] S 4% B DO 9 2 4 R
oo e an sl 16 frs

331 —
—— T
50t o
—— i
-G
a5t i
5 40
N
<
O35
30t
25
2‘0 1 1 1 1 1 1 1 1 1 1 J
1 2 3 4 5 6 7 8 9 10 1l 12
W
B 16 N[E BRFA AL B 0] 45 Wil i i &2 R BT T

Fig.16 Comparison of safety factors at various monitoring
points of the initial support for different defect locations
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Table 4 Original risk factor
RUBS 845/ %
*E% Il] 112 113 114 121 122 123 124 125
(0<15°) (15°<0<20°) (20°<9<25°) (6>25°) (HtW) (LEHYE) (A#YE) (ZElsh) (hins
ZK58+125~
ZK584+275 21.53 29.34 30.05 19.08 24.89 21.64 20.83 15.71 16.93
ZK58+275~
ZK584+425 22.33 29.91 28.12 19.64 28.61 19.79 21.64 14.25 15.71
ZK58+425~
ZK58+575 20.48 30.87 29.94 18.71 27.59 20.03 22.84 15.05 14.49
ZK58+575~
ZK584725 21.98 29.85 31.35 16.82 28.07 21.56 20.46 14.85 15.06
ZK58+725~
7K58+875 21.74 31.42 30.49 16.35 31.48 17.92 21.63 15.01 13.96
ZK58+875~
ZK59+025 21.73 30.25 28.28 19.74 27.95 19.29 21.65 17.38 13.73
#5 ARiELE B XS TR
Table 5 Standardized risk factor
B HE 5/ %
i
I]l 112 113 114 121 122 123 124 125
ZK58+125~7ZK58+275 83.90 92.21 60.00 100.00 66.22 78.66 100.00 94.35 100.00
ZK58+275~7K58+425 60.00 98.82 82.58 80.11 79.83 60.00 84.75 100.00 93.07
ZK58+425~7K58+575 82.54 87.85 76.39 82.69 100.00 70.22 69.50 60.00 60.00
ZK58+575~7ZK58+725 100.00 65.55 79.30 99.14 60.00 67.67 76.63 74.96 65.59
ZK58+725~7K58+875 89.35 60.00 100.00 60.00 79.66 69.71 62.88 70.53 74.30
ZK58+875~7ZK59+025 61.98 100.00 78.57 74.73 80.00 100.00 60.00 67.63 72.96

CRITIC 73 H7 ik e E 2 2 A A 0 X
R | RS

X HE SR E AR IEZE 6, i, 7EXF KU 48 b A T

WA EALAL B2 5, ol i — 2R B 8 AR O A5
2 AR AN

6= | Z (x, —x)*/n,
i=1

(2)

Kb n HETITHEARAR I EEL

ZARRA G AT A A8 PR AR 25, IR 6
JIT7 o A e 25 SO T 48 1) 8 IR B2, A o 22 B
FONIZTE AR 0 22 S MR, BT 3RS B B R
% MR ARSC R r, RN 0 R Ak 21
A4 SPSS AT 5N 7 iR,

K6 S MIR bR A bREZ

Table 6 Standard deviations between risk factors

6, 8, 6,5 6, 8, 6, 8y 6, 8,5
21.026 5 22.525 8 24.346 6 26.624 8 19.862 1 23.564 8 21.438 9 21.546 0 23.2313
BT AR IRZ IR R
Table 7 Correlation coefficient between risk factors
unzﬁ*!é‘*/‘f“ Il] 112 113 114 121 122 123 124 125
I, 1.00 -0.37 0.23 -0.04 0.24 -0.02 -0.66 -0.14 0.18
I, -0.37 1.00 0.13 -0.48 0.80 -0.84 0.63 -0.08 -0.78
1, 0.23 0.13 1.00 -0.84 0.06 0.32 -0.38 -0.32 0.07
I, -0.04 -0.48 -0.84 1.00 -0.57 0.17 0.29 0.38 0.27
I, 0.24 0.80 0.06 -0.57 1.00 -0.83 0.23 -0.26 -0.70
I, -0.02 -0.84 0.32 0.17 -0.83 1.00 -0.53 -0.09 0.73
L, -0.66 0.63 -0.38 0.29 0.23 -0.53 1.00 -0.01 -0.46
L, -0.14 -0.08 -0.32 0.38 -0.26 -0.09 -0.01 1.00 -0.34
s 0.18 -0.78 0.07 0.27 -0.70 0.73 -0.46 -0.34 1.00
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Table 8 Objective weight of risk factors in tunnel initial
support evaluation system

PR £ 7 R, c, W,
I, 12.25 257.57 0.066 5
I, 13.63 307.03 0.079 3
I, 13.05 317.72 0.082 0
I 12.35 328.82 0.084 9
L, 13.54 268.93 0.069 4
I, 12.74 300.22 0.077 5
L, 13.24 283.85 0.073 3
I 12.85 276.87 0.071'5
I, 12.28 285.28 0.073 7
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Fig.17 Final evaluation results of each risk index
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