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Disease characteristics and causes analysis of segments of shield tunnels in
composite stratum during construction

SU Ang, WANG Shi-min, HE Chuan, LU Dai-yue, FANG Ruo-quan
(Key Laboratory of Transportation Tunnel Engineering, Ministry of Education, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The construction of shield tunnels in upper-soft and lower-hard composite strata is easy to cause cracking diseases of
segments, and has a serious impact on their long-term safety. Based on a metro shield tunnel, a large number of field
investigations are carried out for the segment cracks during the construction stage. The distribution laws and characteristics of
cracking damage of linings are summarized. On this basis, causes for cracking of segments are analyzed by means of the
extended finite element method. The results show that the scale of proportion of cracking forms in the shield tunnels from large
to small is the spallings in the circumferential region, longitudinal cracks, and cracks at corners and edges. The first two can be
described as the structural failure while the last one can be indicated as the material failure. The generation and expansion of
longitudinal cracks, which are related to the jack thrust and the unevenness of contact surface, mostly distribute along the thrust
interface of jacks. The propagation of cracks is a reciprocating process of energy accumulation and release with a step shape
growth. The mechanism of fracture is tensile failure. The spallings in the circumferential region are related to slab staggering
between the rings. The critical value of slab staggering for the spallings in the circumferential region is 8 mm, which is the same
as the allowable radial displacement of mortise and tenon. During the construction period of shield tunnels with staggered joint
assembly in upper-soft and lower-hard composite strata, the segments with tenon should be avoided and the depth of the
grooves should be reduced.
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Fig. 1 Geological profile
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Fig. 2 Sketch of segment structures
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Table 1 Results of crack statistics
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Fig. 4 Cracks at corners and edges
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Fig. 5 Distribution of cracks at corners and edges along segment

ring
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Table 2 Statistical results of crack length at corners and edges
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Fig. 7 Distribution of length of cracks at corners and edges
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Fig. 9 Distribution of longitudinal cracks along segment rings
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Fig. 10 Ratios of segments with longitudinal cracks
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Table 3 Statistical results of longitudinal crack length
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Fig. 13 Distribution of spallings in circumferential region along

segment rings
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Table 5 Loads on target segments
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Table 6 Compressive and tensile properties of concrete
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Fig. 23 Cracking principles of longitudinal cracks

2) BHEE

R BEE P e Z 9 N R, MR M 3
BRZE, BEUHESAZES, BRILEES5H
MR E A, & R 5 2 2G5 5t R AR A2
FEH ALK 2RSS B B S IR A 4
WM EIEA, ARG T AE R Les E 5 0L T
AEMEIFIIR . PIAES G XE IS0 2 509 -
YAV B S BUE I Ak AT R A, SRR S
FEUE I DX R

AV AL I ) DR VE R R R S A &
FERF, WK 24 Fror. B 24 HRTULE Y, AR
LG 203 LLIAa] XIRPERIVE B 3 ) XAk )



5 4 3] BB, SF B ARG HIREIEE R T R LR 2 691

VIR IR AR G BRI E, DI B R
8 mm S, MIAAE G R 8 mm LU, B
DSk v A B SURIE R, Bk R 82.3%. Ut
WY 8 mm 5 18 220 7 R AP DX 1 I
fE.

IR L R T OB B, B R MR (42
FRVFRIFSAEE U RN 8 mm. %5 & = 275 8 mm i H
WIS, FERT G EIZWHE RE 8 mm KRR, AHLLH
B R AT DA AR AT — e AR B RS, k™
AN SR TR IR OR O A TR IR B
FIEHERUD . MG R 8 mm N, MLME H
[RIFEAR I (1 B AL RS 52 BIMERE IO L3R, S1EE A NI
WIR S RERE T v, HAZ B IR L, P9l
FFAREC BN FARPUT R, AR ot 1 35U R
PR R IR RS AR e %, B DI o A o M 5 TR 11
LFAE . FRREE R G RO, B X — Py
JEIE I T BB BETUR A [ Al A i v o

210

8 mm

<:180—

2 O
S 3
T

w
(=T =]
T T T

T X IR 9% R R
8

o

1 ]
0 5 10 15 20 25 30 35 40
A HZ/mm

24 FEXEMFEHERESSETNK

Fig. 24 Variation of number of spallings in circumferential region

with height difference of staggered platform

B BCEMERE . RSP U R AR BENS
FE— e AR B3GR P S A R WU, (HAR R 2
ORI PR i S AL PR R L B, — EL IR
SRR PIRR T, S8 R R X ) SR h R L B
#, RS, R MPUREAERE. 7E BT R
JER RS SR PEAE AT TR BB TE Tt T, S8 G (5 FH e
HEE B B R S
3.3 HWEAHHMNERRRAIF I

BT R A AN SR, R R
WHENKER MR E. BERTRFTHEAY., #
flti AR B R RS SA R TR S E AR
PR, VAR ES SR T B B 2 AN S 1

BT R AN SV By it i A A AN
f, PER BT Rl It ) B E T B
foe, TETHONHERE AR, EE BT %
XYy, RSB EE KRR RE T
Fr T2 BRI STTOERT 3, U8 7 Jey B 52 0t
e R BTVE HI M R AT, T BN BRI B4

FERIEE R B AR RS E A 22 42 [N B3R RSB R
JERIE T, A R JE A 23510 203G A I RE BE A Ay
Ha, JUEE GRS SDRE R X, 8 A
FNAS R L AT NI MERE SR IS S BV ] B A R P
e MO LA -

4 &% g

AR DAL bR B AT 2 2 R B I
SETRE, T B F A R AT T A
BUZREE, IR B AL BT T G . fEk
SERE L, SRATEE ST R TR A BRICIEEE I T4
SRR, LT 4 5558

(1) JEMIBEE S P e BT T 2485 4% 3 T 4y
SFIFR I [X 9 0 O\ [ BLS0RIH F AL 3 R R,
3 PRI T i Ho 1 o KB/ VCAFR ] X S 2
VK ONFIBLEORTN FR R

(2) PIAZLECS T T T g Rl AT 8 A
Koo NGO T IS 40 P OMiE, FR A i
S 2 R ERIRBILL, R I ) ER P I 2B A1
. BO0 RE— MR R R,
B “GMrR” WidB s . ST AR AR
LI 1L R A PR 95 10 32 B

(3) BRI KBRERITE 20 T4 45° JaF
By, L S A N, T B B A
% PR P RITE S R R G O, SR
[ SO VPRI RS B 8 mm AR & B 2R F R AR FR
K S0 A1 9 0 SR, 2 PRI 45 0 2 MR )
FEVPRLRS LAY, TN R 16 (X gk 7 K 2 11
W%,

(4) 7514 F L 2 R SRR AT IS R b i
BT, R B R R A, RS A
MEEE Bl 2 B R MR

SE -

(1] I, = 8, 07 B SR B R BRI
RS REE[]. VORI K224 4], 2015, 50(1): 97 - 109.
(HE Chuan, FENG Kun, FANG Yong. Review and prospects
on constructing technologies of metro tunnels using shield
tunnelling method[J]. Journal of Southewest Jiaotong
University, 2015, 50(1): 97 - 109. (in Chinese))

(2] DR, BUTOR, JIZMR, S BRI 2 i R A A )
A& DR D). o B TRERREE, 2006(12): 92 - 96.
(TAN Zhong-sheng, HONG Kai-rong, WAN Jiang-lin, et al.
Shield driven tunneling in the complex layer: direction

control of shield and preventing segment crack[J].



692 Hs

T

2z 2019 4

Engineering Sciences, 2006(12): 92 - 96. (in Chinese))

3] RAPE. JEMRAEBVE  REUHT[T]. BB, 2006(5):
56 - 59, 73. (SONG Shu-xian. Analysis on cracks of large
scale for shield-driven tunnels[J]. Tunnel

Construction, 2006(5): 56 - 59, 73. (in Chinese))

[4] LI X J, LIN X D, ZHU H H, et al. Condition assessment of

segments

shield tunnel using a new indicator: the tunnel serviceability
index[J]. Tunnelling and Underground Space Technology,
2017, 67(8): 98 - 106.

(5] FEhnig. iRtk BEE AL TR0 R 2R % AT RAE 7 B
[7]. H#F LA SFEIE, 2009(1): 1 - 6. (WANG Ru-lu. Factors
influencing deforming of Shanghai soft soil metro tunnel and
deformation analysis[J].
Tunnels, 2009(1): 1 - 6. (in Chinese))

6] & &, X ¥, W Wk EE RV E RO R A S
REUPPA4 (D). 2R RS2 AR (E SRR 2AR), 2006, 36(2): 83
- 89. (YUAN Yong, LIU Tao, LIU Xian. Investigation and

Underground Engineering and

evaluation of present state and serviceability of existing
river-crossing tunnel[J].
(Natural Science Edition), 2006, 36(2): 83 - 89. (in Chinese))

(71 # &, 55 fi, KL, 5 JCatHiBRE ERRIER FHIRE
SR EARIFEZEM, 2017(6): 104 - 113. (DONG Fei,
FANG Qian, ZHANG Ding-li, et al. Analysis on defects of
operational China Civil
Engineering Journal, 2017(6): 104 - 113. (in Chinese))

(8] M, BRHE, oM, 5. GBS IEE F R E LR
G T[T, BARREIE R, 2015, 52(2): 186 - 191.
(LAI Jin-xing, QIU Jun-ling, PAN Yun-peng,

Journal of Southeast University

metro tunnels in Beijing[J].

et al
Comprehensive monitoring and analysis of segment cracking
in shield tunnels[J]. Modern Tunnelling Technology, 2015,
52(2): 186 - 191. (in Chinese))

[91 CHEN J S, MO H H. Numerical study on crack problems in
segments of shied tunnel using finite element method[J].
Tunnelling and Underground Space Technology, 2009, 24(1):
91 - 102.

[10] MO H H, CHEN J S. Study on inner force and dislocation of
segments caused by shield machine attitude[J]. Tunnelling
and Underground Space Technology, 2008, 23(3): 281 - 291.

(11] MoK, BHEER. 3T Wiy 22 K G M BSE i Fr a5 /TR
WARHLEIRIT )], A4 %5 TR, 2015, 34(10):
2115 - 2124. (YANG Yu-bing, XIE Xiong-yao. Breaking
mechanism of segmented lining in shield tunnel based on
fracture mechanics[J]. Chinese Journal of Rock Mechanics

and Engineering, 2015, 34(10): 2115 - 2124. (in Chinese))

[12] BRRAE, SCHENS, Jehoc. JEMREE i T B R T
RRRVHR[T]. & A 25 TR, 2006, 25(5): 906 -
910. (CHEN Jun-sheng, MO Hai-hong, LIANG Zhong-yuan.
Study on local cracjing of segments in shield tunnel during
construction[J]. Chinese Journal of Rock Mechanics and
Engineering, 2006, 25(5): 906 - 910. (in Chinese))

[13] A b, K&, BENaE, S5 3P0 A0 0 R S5 5
ERBAAIHTCY/ 188 %4 5 REM PRI BEIE ST =2 1)
AT B LA B i A DY e 4 A RS 2. U, 2013:
40 - 44. (ZHOU Shuai, ZHU He-hua, YAN Zhi-guo, et al.
The numerical analysis of disease in urban rail transit
tunnel[C]// The Fourth National Symposium on Operation
Safety, Energy Saving and Environmental Protection of
Tunnel and Underground Space

Enshi, 2013: 40 - 44. (in

and Transportation
Infrastructure Construction.
Chinese))

(14] SREEN, T I, HEIE. KREVE 140 52 T fr T
T34 R 28 4% 5y (0], BRIE & 5, 2008(4): 28 - 31.
(ZHANG Jian-gang, HE Chuan, XIAO Ming-qing. Analysis
of the cracking induced by jack thrust on the large segment
lining[J]. Railway Engineering, 2008(4): 28 - 31. (in
Chinese))

(15] HA AZ S, BERMERTE UEHED K#EUM]. &
i, B dbmt: @ Tk AR AR, 2001, (JSCE.
Standard specification for tunnels (shield article) and
interpretation[M]. ZHU Wei, China
Architecture Building Press, 2001. (in Chinese))

[16] DUARTE C A, ODEN J T. An H-P adaptive method using

trans.  Beijing:

clouds[J]. Computer Methods in Applied Mechanics and
Engineering, 1996, 139(1): 237 - 262.

[17] BELYTSCHKO T, BLACK T. Elastic crack growth in finite
elements with minimal remeshing[J]. International Journal for
Numerical Method in Engineering, 1999, 45(5): 601 - 620.

[18] MOES N, DOLBOW J, BELYTSCHKO T. A finite element
method for crack growth without remeshing[J]. International
Journal for Numerical Method in Engineering, 1999, 46(1):
131 - 150.

(191 SASE, T ), EER, 55 T HFTUWER TS 71
RO R[] PR SOE K244, 2017, 52(1): 75 - 82.
(LU Dai-yue, HE Chuan, WANG Shi-ming, et al. Crack
propagation law of segment tendon under jacking forces[J].
Journal of Southwest Jiaotong University, 2017, 52(1): 75 -
82. (in Chinese))



