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Analysis of the influence of local water storage space on the inferior damage
characteristics of tunnel lining in cold region
MA Yunfeng'?, XU Linsheng'
(1. School of Civil Engineering, Chongqing Jiaotong University, Chongqing 400074, China; 2. Chongqing
Water Resources and Electric Engineering College, Chongqing 402160, China)

Abstract: In order to find out the influence of local void water storage space between tunnel lining
and surrounding rock on tunnel lining deterioration, based on the water thermal three field cou-
pling theory for water storage space, the water thermal coupling theoretical model is established
by using the ABAQUS software, with the settlement displacement and crack distribution state of
tunnel vault simulated numerically. The applicability of the theoretical model is verified by com-
paring the numerical simulation with the actual monitoring data. By the verified theoretical model, the
progressive cracking process of lining cracks is simulated and analyzed, with the related scientific problems,
such as the location of water storage space, frost heave and the change of lining concrete thickness, on the
stress of tunnel lining structure, the expansion and distribution law of bad cracks, discussed in detail.
The results show that the cracks in the central area corresponding to the water storage space of
the tunnel lining structure are relatively concentrated, that most of the cracks are tensile cracks,
and that the deterioration state of the lining from strong to weak are vault water storage, arch
waist water storage, arch foot water storage, inverted arch water storage.
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Fig. 3 Local water storage space calculation diagram

4.1 7TE/k = 4L E X B I8 4 3 95 15 M 9 %2 0

7 18 3 bR 1B TR SE PR AE K 23 6] BT AE AL E L AR
SCASCAER AL 00 H4E B | H4E k0 R A0 48 0 Ak 915 BT D9 1) F7 K 23
Vi) XoF Ao 1) 45 5 AR S B9 52 e R AT 43 BT . R IR BE R
FR N 28 5 2 DU Fp T 00 R A% T R AR A AT X L
SRS WA 4 FR

S, Mises

)
AO=INWAUNCIONO——ID

L S e &
e e e s
O N NS

(b) HLJEE

+H++t bttt

(c) Htp

S, Mises
V14 :75%
+1.096e+07

T —)
+
=
\O!
(o
[¢]
+
{awl
O\

4+ttt
IAO=IILANGON 00O

(d) frgtt
Bl 4 R A ok = ) A T 2R o3 A RS

Fig.4 Distribution state diagram for cracks under

the action of local water storage space

&4 m] LU M DR A0 AR RAE Y Y



T 7 W, 85 < JRy A 7K 2 ) Xk 5 X R T e A8 4 45 48 P 4 2 10 43 A7 133

AR R AE A7 K AL B AT L 9 LA Xk R A A P 3 T AL
BRI W A 5k B AR 5 55 Ah L A HE T A
SERER A7 1 BT A ) R A TR A RS AR AL, it
TS B A R 2o R o P 3 i i B T A AR L (R T
ZLR I A b, R4 HOIR S B TR B P S B K
TR B X R WA W) AE 3% S0 fe b S B T 39 47
SR PR X AR A BR 1 BB 60 BT U il R T
B o [ i i P i 2 22 Ak 437 08 DR 2 30 8 A A s sk
A B AR R . SR AR AL A R KA —
Aol G s 19V T A 80 oA 3 T ) 2844 2 R LLKOT O 2
P i A T RE A7 28 Y AN BT L S B B9 A1 WU 2 B
R EXIR A A A i g R R R A A AR b il
P8 8 T RO T R Y G e AL B B DU ) O =
T RAEMY R AR R I AR KR AL TR VR i
T H LA ) P 2 THT HE 30— Adb S 18 T T 1) R AR
RUE ER IR SN R I B T IR PR,

B 5 S db ) 24 58 TF 28R Jm B 7 9 23 A AR DL H
Hh B TUA7 KO 46 8 25 400 B e B K . i A L )
R« DAL ) B B R R R R R I R B R R
BN HE T HERE R ATt

mO00  OOOm——N
oo otinco—
T B e e e

20 -18 -16 -14 -12 -10 8 6 4 2 0 2 4
illﬁ'l})‘fz/ec

5 RLBETF RIS 09 N ) o0 A FL A
Fig.5 Stress distribution law before and

after crack cracking

4.2 FEREXREB L RIENT I

g YA R € X R G R R 45 400 1 L gk IBCHE T R

JiK HE AT R AR A

h=f7, (15)
Foh K £ O HETIOF 108 K 5R B 5 Z0 O TR
5 T 22 Ao R A/ 3 10 1) 3 [ RS

JN\ A L A T I B R s B R R Ik
237 6.7 mm, B AR IREE Y —12 C, A3 45
ERKE N 2 mm.4 mm.6 mm.8 mm PUF TH T,
I3 BT AE 7K 223 ) X % 18 4of 1) 54 4% 1) 73 A S T R4 1Y
S AN 6 TR .

M & 6 AT 0L, MR R 2 mm B I R
WIT 2L G 5 2 Aol ) N 2 A AR 32 TR AR LA
MK RIS E] 4 mm B Ao 15 19 P9 2R T L 3T 250
S AN 32 A X Bk R B . 2 ik R

JNE] 6 mm B, 7E RN N R T — b E R B Y
JRALY AT IS F T A RO B S . R K gk
L3 K F 8 mm B, 4 1) 4 4% 1 43 A & A AR Ak 7E HE
L BF ST 1) P A0 S T A 3 22 AR 1 R, HE T M B
JR AR . T HETI N R R R R S B0
R LRy

S, Mises
F3:75%
+1.083e+08 —
+5.658e+07
+5.187e+07
+4.715e+07
+4.244e+07
+3.772e+07
+3.301e+07
+2.829¢+07
+2.358e+07
+1.886e+07
+1.415e+07
+9.430e+06 i

115216r03
(a) MK 552 mm

S, Mises
F15:75%

+3.109e+10
i+5 658e+07

+++ ettt
1~ 5 5 00 L 00 I~ I~
— I — QO NI O ~J = — 00!
N O NG O0ND — 1 5 L~
(PR NN NN e Re N RN e)
e S
i=lwlwlelelelelelelwle]
{o{o 0N BN DA DN S B BN DS BN

+1.761e+02

(b) K 754 mm

S, Mises
91 75%
+2.470e+10

(¢) %MK 6 mm

S, Mises
F9:75%

+8.480e+10
+5.658e+07
+5.187e+07
+4.715e+07
+4.244e+07
+3.301e+07
+2.829e+07
+2.358e+07
+1.886e+07
+1.415e+07
+9.430e+06
+4.715e+06
+1.844e+02

(d) K 78 mm
NG ST E SRV EE i PIE 3 N

Fig. 6 Cracking state of lining cracks with

ey
0
w.
i
3.
)
@
at
O
3

different frost heaves

VR 1K T Ao B8 7 3 ) 52 W 28R B T — R il
JEL SIS o Ao T R0 T3 Bt A R B A R T . B U8
BRI 8 mm (Y R MK AR A7 AR I R T 24 KN
A TR R R A A IR O

L7 20 7 e w43 T A 36 1 24 5 T 2R i 1) 1
J1 o3 AR AL REE B ALY R I AR P A ) N R T
T BRI T BT, 24 T B R B SRR
JO7 7 9 B8 A T AR R R (14 S R A R I
JULNTTR: SN



134 VG223 TR 222447 (2021 45 37 B4 1 1)

21¢

ISP — S mm

15F — ¥ H:6 mm
e 13F — K4 mm
S LA — a2 mm
=)

0.7¢
S osf
= 0.3}

0.1f

-0.1

-0.3

-0.5 L L L 1

10 12 14 16 18 20 22 24
1l /d
7 SR AE TT 20 IS B9 B ) o AR LR

Fig. 7 Stress distribution law before and after

o
[\
EEN
(o)}
=]

cracks in arch crown

4.3 #WIE BT X BRI #4545 1 B R N

ASSC LA\ B 1 B T A )R 55 em Jy HEAS A
B SR E 30 em S A )RR B AS B A i) J5
70 cm Ay e ) J5 L S A Y L B GE A SME AN AL L o B
SETHAE 6 mm R K 8 R 25 F A0 8 i 25 24 . dn 1A
8 PR

S, Mises
FH:75%
+4.384e+11

11.9366-01
(a) # I EEE30 cm

S, Mises
1491 75%
1 +3.109e+10

(b) FIIFEEESS cm

S, Mises
3 75%

+
IN]
~
N
N
@
T
=
3

(c) FIIERE70 cm
P8 AN [rl o ) JE B 2R 4% I RO A
Fig. 8 Crack state of different lining thicknesses
NP8 v R A A M A0 AR ) i AR e, =R A
T TF 200 057 8 249 73 A 04k ) 9 32T O 52 B OK Sy
PE. Ho A B R 30em A5 R P A A 24 4% R A
2 UL PBEROR, BB R 9T R VI RN H1E TOUSE i == Bt R

(A

T B M S A A VR JRE A AR DL e 4 £
HEG7A5UIRAS B SRR Y D AR Al it 2k I TRT 9
IR o AEREAS VRAK B 380d A2 . 55 em A1 70 em
JEEJEE A B 1078 B A Al 5 2 BT AR b T
R A B B s i1 30 em &R JEE A ) A VR K R o 28 e
G £t BT = 3 RO LR R AR SRS IR
VAW TE ML B B A © 2 i AP RRAS L OF H R AR 1
o 85 J] B O TG AR YR Aok ) ) R M R R R

50001
= 4500
4 000 5 RE S 7
. 55 em/SEERS )
33000 —— 30 cm/Epzii
#5500k — 70 cm/FE A )
2000f
= 1500F
= 1000f
& 500}
0 & 1 1 1 1 1
0 0510 152025 3.0 35404550
RIS /mm
[&19 AN ol b ;A2 B R T Y B A il 2
Fig. 9 History curve of strain energy
release of whole lining
5 & it

1) e X A ) A 3k 9 68 HE 2 A A A R 3
FH TS DLE X% T8 A 1 47 50T 28 55 248 1 e i AR 1Y
AT

2) EoK A3 A FITR % G o 1 45 48 75 A7 K 25 [i)
X T s DX A Y R O AR HEZ R B
SRA R REEE . M TT 2R JA H I 1 A8Ak B REE Y 1
ARG AT B9 25 BUIR 2 i 55 21 55 70 51 O 44 T A
K BEBEA K UK A HERE K

3) UK ) DR /N X B T A ) A 0 ) A SRS B
S ARTE N SRR NN U X iR R R VRV G
HUR NITTE: N

A) 5 TR Ak B B0 RN TS A B B AH L L 7 BE
T A T J5E BN TR T o SRR 3R R 1 g
P 1 R I LA A 877 A Y S RE S R
TIET R IR R,

SE WK

L1 BUARA 4630 B . JE DX % T8 Rl e VR il 7R 45 20 352 9001 2k
B 43 05T L) ], BARKR I HE A . 2016,53(3) :19-25,41.
YUAN Yulin, LAI Yuanming. The identification and
classification of freezing-thawing and frozen environ-
ments for the surrounding rocks of tunnels in cold re-
gions [ J]. Modern Tunnelling Technology, 2016, 53
(3): 19-25, 41.

(2] EXEA A EEH. 2B B% T8 4 8975 5 25 I BROK R ik 19 )



T 7 W, 85 < JRy A 7K 2 ) Xk 5 X R T e A8 4 45 48 P 4 2 10 43 A7

135

(3]

(4]

(5]

2R R Y R iR 22 0 AT [T ). B E A% (h 330,
2018,38(S1) :104-109.

WANG Yawei, ZHENG Jiayan. Study of simplified
mechanical models of frost-heaving of water behind
highway tunnel lining and its error analysis [J]. Tunnel
Construction, 2018, 38 (S1). 104-109.

AN BRFAR. FEIX AR TR BE 38 VR M O 0 e b e D]
F127 25 4R . 2020,52(1) :196-207.
LI Yansong, CHEN Shougen.
frost heaving force in non-circular cold region tunnels
[J]. Chinese Journal of Theoretical and Applied Me-
chanics, 2020, 52 (1) 196-207.

1R A% AR K A A AR L AL FE X A B R TR B A
B ARG MR LM ] &A% 5 TRERER,
2017,36(8):1989-1998.

GAO Yan, ZHU Yongquan, HE Benguo, et al. Devel-

opment and application of test system modeling temper-

Analytical solution of

ature field for high speed railway tunnel in cold region
[J]. Chinese Journal of Rock Mechanics and Engineer-
ing, 2017, 36 (8): 1989-1998.

AR RK A T A, JE X R VR ik ) AR 50 K
AR BOCR W5 [T, 838 xR 3, 2017, 61 (2)
95-99.

GAO Yan, ZHU Yongquan, DONG Yucang. Frost-
heaving force model tests of tunnel in cold region and
study on grouting effect on surrounding rock [J]. Rail-

way Standard Design, 2017, 61 (2): 95-99.

[6]

[7]

(8]

(9]

WANG Tao, ZHOU Guoqging, WANG Jianzhou, et al.
Stochastic analysis for the uncertain temperature field of
tunnel in cold regions[J]. Tunnelling and Underground
Space Technology, 2016,59: 7-15.
FEMEME A e 4, =R, 27 M 58 IX K I R 3 A(E
S0 vk +,2017,39(2) :366-374.

DU Yaohui, YANG Xiaohua, YAN Changgen. Numer-
ical analysis of tunnel temperature field in seasonal fro-
zen regions [ J]. Journal of Glaciology and Geocryology,
2017, 39 (2). 366-374.

ZENG Yanhua, LIU Kelin, ZHOU Xiaohan. et al.
Tunnel temperature fields analysis under the couple
effect of convection-conduction in cold regions[J]. Ap-
plied Thermal Engineering, 2017,120. 378-392.
ZHANG H M, CAO H B, ZHANG M ]. Analysis of
temperature field of the tunnel surrounding rock in cold
regions[ J ]. Advanced Materials Research, 2013, 753:
745-749.

[10] 2=, Fhog I, PLSCo . 5. 98 IX Bl I B2 3 19 L A 34

F 2RO R MU AT LT ] AR LR 4. 2017, 50
(S1):117-122.
LI Si, SUN Keguo, QIU Wen’ge., et al. Influence and
sensitivity analysis of surrounding rock thermal param-
eters on temperature field of cold region tunnel [J].
China Civil Engineering Journal, 2017, 50 (S1).
117-122.

(GiLgm%E M

)



