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2D finite element analysis of bearing capacity of tunnel lining with cracks

.1 . 2
ZHANG Yu-jun’, LI Zhi-guo
(1.Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China;
2.Scientific Institute of China Railway Tunneling Group, Luoyang 471009, China)

Abstract: The authors analyze the stress intensity factors at the tips of cracks in a tunnel lining and the safety factors for bearing
capacity of the tunnel lining by using a 2D FEM code, in which the influences of lengths, widths and number of cracks are mainly

considered. The computation results show that the stress intensity factors raise and the safety factors of bearing capacity decrease

with the increase of lengths and number of cracks, but the effect of crack widths is not so obvious.
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Fig.1 Crack of compound type I -1I
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Fig.2 FEM mesh of crack tip part
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Fig.3 FEM mesh for mechanical model of crack of type I
(half structure, half crack length a =1 cm)
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Fig.4 FEM mesh for mechanical model of crack of
compound type (crack length 24=2 c¢m)
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Table 1 Influence of crack width b on stress intensity
factor Ki(a=1 cm, 0=10.0 MPa)

1 b/cm
FEDTAE 2.0 1.0 0.5 0.1
Ki/N-m>? 1750443 1743542 1740969 1814115
AR AR %o 0.0 0.39 0.54 3.64
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Fig.5 Number of loading points of lining
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Table 2 Loading on lining of Tieshan Tunnel

BE AR/ KN - m!

o BEE AT )/ kN - m!

i

Xl Y I Xl Y I
1 5.9 2.9 13 82.5 1738
2 8.0 60.7 14 111.1 1573
3 12.2 -115.2 15 135.2 -134.6
4 -16.8 -101.1 16 155.0 1043
5 33.1 -103.8 17 156.8 523
6 364 -114.5 18 130.5 456
7 318 1264 9 95.2 36.3
8 212 1358 20 164.6 -110.1
9 -4.4 -140.2 21 3554 -304.3
10 5.4 -164.6 22 771.0 685.9
1 20.6 -186.0 23 2320 1773.3
12 52.1 -180.9
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Fig.6 Locations of cracks in lining
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Fig.7 FEM mesh for lining of Tieshan Tunnel with one
crack of which the length and width are 5 cm and 1 cm
respectively
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Table 3  Stress intensity factors Kj; and safety factors f of
bearing capacity at crack tip of lining of Tieshan Tunnel
(one crack, S, =45°, unit: N. m™>?)

8IS YU E b/ cm
al cm 1.0 0.5 0.1 0.05 0.03 0.02 0.01
50 Ki 25402 21145 15116 15836 15476 15094 14836
f 59.04 8520 166.72 15191 159.06 167.21 173.08
Ki 28442 28030 23710 23125 22765 22134 21913
f 4709 4849 67.77 7124 7351 7776 79.34
Knp 28303 28493 24370 23457 24641 25321 25955
f 4755 4692 6414 6924 62.74 5942  56.55
Kn 49841 46491 54943 63485 59931 60891 55189
f 1262 945 1061 1027 11.05 11.95 1251
Kn 77968 76497 78925 80666 79643 79024 78985
f 627 6.51 6.15 5.85 6.01 6.10 6.11
Ky 181242 178 640 173 828 170 603 168 792 166 441 165 382
0 f 116 1.19 1.26 1.31 1.34 1.38 1.39
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Fig.8 Curves of relationship between stress intensity
factors and crack lengths as well as crack widths (for
lining of Tieshan Tunnel with one crack)
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Fig.9 Curves of relationship between safety factors of
bearing capacity and crack lengths as well as crack
widths(for lining of Tieshan Tunnel with one crack)

WSS R, 16 B, =45" H—FREUHAE
(PRE 25 N B LR FE R, 8 1Y,
JIR LR TR, ATk e 4 REOsDN, (R
ZRT 1o FINBER, YREERERH(@<10 cm)
I, HBERERT Ky PSSR, 1 RBUR R
(a=15cm), HBE X Ky 32 miEi A KT .

(2) fAE4L: AMRITMkELE 10, 2
LU N I EE R - Ky AT AR A R f W
K4, M Ky fBERGURE a KFEFE b 172210 4k
DLEE 11 A 12,

B S R 5n, FERGRHNI 2, S51AE
—SRREUN I FIFE IS DA L, B AR Lo IR Y
JIREEER Y Ky 3900, sk e 4 2500 . 4
HEREE a = 30.0 cm I, H <1 G—42a0m)
XINAEGHL f>1) 0 HJERAET i TRam 2,
fEFF AR BERRAG, S BER A A T2 Sy 7 A
BIUIAR TG, RO EX Ky, f RS 517
1E— 2B A A o

B 10 BFENKREN Sem, WEN 1 em RGH)
BRIFETE = DRI R TT R
Fig.10 FEM mesh for lining of Tieshan Tunnel with two
cracks of which the lengths and widths are
5 ¢m and 1 cm respectively
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Table 4 Stress intensity factors Kj; and safety factors f of
bearing capacity at crack tip of lining of Tieshan Tunnel
(two cracks, S, =45°,,=70°, unit: N.m™?)

YK E L b/ em

al cm 1.0 0.5 0.1 0.05 0.03 0.02 0.01

50 Ky 30023 21660 19632 17855 17435 17012 16315
’ f 4226 8120 98.84 119.50 12532 131.12 143.12

Ky 31456 34460 31077 33237 32569 32174 31712

100 f 3850 3208 3945 3448 3591 3680 37.88
150 Ky 49558 47943 44750 46221 45358 44776 43304
f 1551 1657  19.02 1783 1852 1934 2031
200 Ky 54919 54855 53451 53540 53432 53178 52449
f 1263 1266 1333 1329 1334 1347 13.85
250 Ky 81468 81077 76440 77774 77663 77541 77446
f 574 5.80 6.52 630 632 634 6.35
300 Ky 270917 286604 304379 300272 298 796 297 435 297 306

f 052 046 041 042 043 043 043
e KA RE0 P IR KA .
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Fig.11 Curves of relationship between stress intensity
factors and crack lengths as well as crack widths

(for lining of Tieshan Tunnel with two cracks)
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Fig.12 Curves of relationship between bearing safety

factors and crack lengths as well as crack widths
(for lining of Tieshan Tunnel with two cracks)
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