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Fig. 11  Lateral surface settlement curves at different positions
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Fig. 12 Surface differential settlement curves at different positions
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Fig. 13 Vertical stress curves of strata at different depths
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Table 3 The stress affected areas at different depths
i 2R b RS X T AR5 X BRI X

h/m LlA/m L?/m L/m

5 15.58 18. 30 33.88
10 12.58 13. 64 26.22
15 11.36 12. 88 24.24
20 10.91 12. 02 22.93
25 9.50 8.48 17.98
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Fig. 14  Correlation curves of stress affected zone with depth

P

0

LUV

DU RS

Ht kB —L

BAEABL Y — — — — — — — —

W15 HENKRITEEARTER

Fig. 15 Diagram of the calculation model of surface settlement
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Table 4  Calculation results of the surface settlement deformation

YL/ mm NN SN S5

+)2 3m 6 m 9m 12 m 15 m
Cifant/Nu s 0.31 0 0 0 0
AL O 1.57 2.93 2.93 2.93 2.93
S AT 1% 1.88 4.81 7.74  10.67  13.60
B AT A 25 1.78 4.75 7.93 11.47  15.10
R 0.10  0.06 0.19 0. 80 1.50
RER 5.62% 1.26% 2.40% 6.97% 9.93%
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Fig. 16  Comparison of the results of two computing methods

4 i

(1) HRZEG MG TR KT b 4 3% U0
WL R TR, RSB G HOIR 2 5 DR E
FERHIE, M 3% R R 22 S UK B 5 3 T K A7 T B R
JER MR R

(2) YT KA TR, MRSy T &
N EETAC R A B3I S N A o 2 X 19
HaF, H_E T £ R ) 25 5 U0 S R R )
37 8 AL 2 B U R BROG AR h ARARRALE

(3) M T AKALT FEm, A — AL R Ry
A DYV W A I R TR B N (03 o DA <O
N, A L AR DT AT AR L R XA
RED T3k /N DX, ] 7 F) A M A AR AT R AR Y
T, LR BN 752w X5 )R R R R R R R
KA,

(4) FET 53 )2 BORNE X it TR K AR T s 3R
ULRE S B AT T B TH 5, 5 RO R U 4 R 2
A —F, G R T TR K T 3R e K UTRE

HEHRE A, R LY M R R R TUGE B 5 i
TOKALT R R BRI R R

References

BURBEY T J, 2010. Mechanisms for Earth Fissure Formation in Heavily
Pumped Basins [ C ] //Proceedings of EISOLS 2010 land
subsidence, associated hazards and the role of natural resources
development. Mexico: TAHS Publ. ; 3-8.

CHEN X, HUANG Q B, LIU N N, et al. , 2018. Study on ground settlement
of engineering site of metro tunnel adjacent to ground fissure zone under
the action of earthquake [J]. Journal of Geomechanics, 24 (5). 714-
722. (in Chinese with English abstract)

FAN W D, 2017. Study on Formation Mechanism of Ground Fissure
under the Action of Fault Movement and Groundwater [ D]. Xi’an;
Chang’an University. (in Chinese with English abstract)

FAN W, DENG L S, PENG J B, et al. , 2008. Research on physical
model experiment of metro tunnel crossing ground fissure belt [J].
Chinese Journal of Rock Mechanics and Engineering, 27 (9):
1917-1923. (in Chinese with English abstract)

FETH J H, 1951. Structural reconnaissance of the Red Rock
quadrangle, Arizona [ R]. U. S.: United States Department of the
Interior Geological Survey, 1-32.

FLETCHER J E, HARRIS K, PETERSON H B, et al. , 1954. Piping
[J]. Eos, Transactions American Geophysical Union, 35 (2):
258-263.

HERNANDEZ-MARIN M, BURBEY T J, 2010. Controls on initiation
and propagation of pumping-induced earth fissures: insights from
numerical simulations [ J ]. Hydrogeology Journal, 18 ( 8):
1773-1785.

HOLZER T L, 1981. Preconsolidation stress of aquifer systems in areas
of induced land subsidence [J]. Water Resources Research, 17
(3): 693-703.

HOLZER T L, 1984. Ground failure induced by ground-water withdrawal
from unconsolidated sediment [ M] //HOLZER T L. Man-induced
land subsidence. US: Geological Society of America: 67-105.

HU Z P, ZHANG D, ZHANG Y G, et al., 2019. Test study on
deformation and failure mechanisms of utility tunnels obliquely
crossing ground fissures [ J]. Chinese Journal of Rock Mechanics
and Engineering, 38 (12): 2550-2560. (in Chinese with English
abstract)

HUANG Q B, PENG J B, MEN Y M, et al. , 2008. Model test study on
effect of ground fissure on open-cut metro tunnel with integral lining
[J]. Chinese Journal of Rock Mechanics and Engineering, 27
(11) : 2324-2331. (in Chinese with English abstract)

HUANG Q B, PENG J B, SHI Y L, et al. , 2009a. Experimental study
on effect of active ground fissures on stress and displacement change
laws of strata near metro tunnels [ J ]. Chinese Journal of
Geotechnical Engineering, 31 (10): 1525-1532. (in Chinese with

English abstract)



% 3% http: //journal. geomech. ac. cn 2020

HUANG Q B, PENG J B, YAN J K, et al. , 2009b. Model test study of
influence of ground fissure movement on stress and deformation of
soil mass [J]. Rock and Soil Mechanics, 30 (4): 903-908. (in
Chinese with English abstract)

HUANG Q B, YANG T, WANG Z, et al. , 2016. Calculation of vertical
strata load of metro tunnel crossing ground fissure zone [ ] ].
Chinese Journal of Rock Mechanics and Engineering, 35 (8):
1705-1711. (in Chinese with English abstract)

HUANG Q B, GAO H, LIU N N, et al. , 2018. Shaking table model
test on seismic response of metro tunnel crossing ground fissure site
[J]. Journal of Geomechanics, 24 (6): 785-794. (in Chinese
with English abstract)

JIANG Z W, 2011. Earth fissure formation mechanism under the role of
water and its numerical simulation [ D ]. Xi’ an: Chang’ an
University. (in Chinese with English abstract)

JIANG Z W, PENG J B, WANG Q Y, 2012. Numerical simulation of
the effect of preexisting fault on land subsidence and ground fissures
during pumping [ J]. Journal of Jilin University ( Earth Science
Edition) , 42 (4). 1099-1103, 1124. (in Chinese with English
abstract)

LIXS, YANW Z, LITL, et al. , 2001. Analysis on the movement
tendency of Xi’an ground fissures [ J]. Journal of Engineering
Geology, 9 (1): 39-43. (in Chinese with English abstract)

LIU G C, 1986. The ground fissures in Xi'an [J]. Journal of Chang’an
University Earth Science Edition, 8 (4): 9-22. (in Chinese)
PENG J B, HUANG Q B, HU Z P, et al. , 2017. A proposed solution to

the ground fissure encountered in urban metro construction in Xi’an,
China [J]. Tunnelling and Underground Space Technology, 61:
12-25.
PENG J B, ZHANG Q, HUANG Q B, et al. , 2012. Hazard of ground
fissure in Xi'an [ M].

Chinese)

Beijing: Science Press: 502-510. (in

PENG J B, LU Q Z, HUANG O B, et al.
fissure in Fen-Wei basin [ M ].
Chinese)

ROTHENBURG L, OBAH A, EL BARUNI S, 1995. Horizontal ground

2017. Hazard of ground

Beijing: Science Press. ( in

movements due to water abstraction and formation of earth fissures
[C] //Proceedings of the fifth international symposium on land
subsidence. The Hague: TAHS Publ. ; 239-249.

WANG J M, 2000. Theory of ground fissures hazards and its application
[M]. Xi’'an: Shaanxi Science and Technology Press. (in Chinese)

WANG L, LI X S, LI T L, 2019. Large-scale in-situ submerging
experiment on buried ground-fissures expansion [ J]. Journal of
Geomechanics, 25 (3): 412-420. (in Chinese with English
abstract)

WANG Q L, LIU Y H, CHEN Z X, et al. , 2002. Horizontal strain of
aquifer induced by groundwater pumping-a new mechanism for
ground fissure movement [ J]. Journal of Engineering Geology, 10

(1): 46-50. (in Chinese with English abstract)
WANG X B, PAN Y S, DING X L, et al., 2001. Study on effect of

pore pressure on strain localization of rock and digital simulation
[J]. Journal of Geomechanics, 7 (2): 139-143. (in Chinese with
English abstract)

WANG Z F, SHEN S L, CHENG W C, et al. , 2016. Ground fissures in

Xi'an and measures to prevent damage to the Metro tunnel system

due to geohazards [ J]. Environmental FEarth Sciences, 75
(6): 511.

WU M, PENG J B, HE K, et al., 2015. Numerical analysis of
dislocation of ground fissure on the metro tunnel paralleling to the
ground fissure’s strike [ J]. Journal of Engineering Geology, 23
(5): 1020-1029. (in Chinese with English abstract)

XU G L, TONG Y H, ZHANG | M, 1992. Effect of pumping
groundwater on land subsidence and ground fractures in Xi'an [J].
The Chinese Journal of Geological Hazard and Control, 3 (4) .

15. (in Chinese with English abstract)

YAN Y F, HUANG Q B, YANG X J, et al. , 2018. Research on the
deformation and force characteristics of underground utility tunnel
crossing ground fissure [ J]. Journal of Engineering Geology, 26
(5): 1203-1210. (in Chinese with English abstract)

YANG L W, YANG M, MEN Y M, et al., 2019. Model test on
dynamic interaction among ground fissure, tunnel, and surrounding
rock [J]. China Earthquake Engineering Journal, 41 (3): 710-
716. (in Chinese with English abstract)

YI X F, 1981. The ground fissure in the area of Tielumiao, Xi’an and
the changes of groundwater level [ J]. Northwestern Seismological
Journal, 3 (4): 83-85. (in Chinese with English abstract)

Bt oh 32 % % Sk

W, #omEs, XIUeWr, %, 2018. HUAE (R 40T Hb 2 4% i Hh gk
BEIE TAR S M s R LR DR T [J]. MBThr =24k, 24 (5):
714-722.

W3, Mk, S, 45, 2008. H Pk bE I o B R EE A (1) ) PR
ORI [J]. BA %5 TS, 27 (9): 1917-1923.

JUICA, 2017, BT 2435 3 5 1 T /K £E 1T H 2E 5% n I3 AL o B
[D]. V% K&K
SRS, SO, SKRAEE, A, 2019, H R 546 R 45 1 R 28 06 S i Y

MR TE WAL = AR RIS [J]. A S TR%
2, 38 (12): 2550-2560.

WARIE  WHLR, TTEW, % 2008, i ZGE Bk B 20 ik A )
BEIE R LA iR BB BE ST (V] A A S TR R, 27
(11): 2324-2331.

WIS, WHIE ) AR, &, 2009a. Hb Y A TG B X gk X (] % GE
WRNL 5B R EEE [J]. &L TR, 31 (10):
1525-1532.

BRI, AR E AL, 4, 2009b. M RLAETE B k0 5 A

Z AL R E‘iJJ’"?i’, 30 (4): 903-908.

OIS, MV, £, 5, 2016, 5 MRSk BREE 18 K 1 1 )2 R 13t
FOTEBAT (1), AA S TR, 35 (8): 1705-1711.
BOHRAT, A, XUWRME, 4, 2018. i Z4%E I Hh R K E 30 B h
WA R ()4 3 IR BT [T]. MBI IR, 24 (6): 785-794.



2 TR, 4.

5451 5 M0 s T WK X o4 L MR 1 7 19 B W F 5 231

FRERIE, 2011, ZKFE AT Hb 28 4% R HL R S B [ D). PE %,
KR

BHW, R, TR, 2012, Jor7 i 24 5% K U M K 24 4% 9
P BRI [J]. SRR (HBRFLARR) , 42 (4):
1099-1103, 1124.

g, B SCh, 2RISR, %, 2001, PG 72 4 24 4% 0 Bl O Hr
[J]. TREHLF24, 9 (1) 39-43.

X, 1986, PHREM R EE [J]. P LR AEBEFEIR, 8 (4):
9-22

WAE ), IR, 4 2012, PR RE [(M]. st B
2 AL 502-510.

wE, fieh ) WIRE, 4 2017 BIEHAMBRLERE [(M].
Jet: s At

T, 2000, 24 R R FHAILSMA [M]. W%, BRER
SRR AL

N, R, RS, 2019, AR RGE Y R Y R B R AL R K

FrfE (RERS) tRI2E (0SID) .
AR B R ROSC S TR, WA T AR SR Y
NN IE RS TIES 20

BWrse [J]. HBUIE%#MR, 25 (3): 412-420.

FHRR, XIEW, BB, %, 2002, fhk5HE 895 K2 KFE RS .
WA S AL [J]. TRHRIR, 10 (1) 46-50.

Fepw, W, THE, 4, 2001, FLER AN A AR T R 4 Ak 1y
RO B BUE RS (1], MBI, 7 (2) 2 139-143.

KW, IR WYL, 4, 2015, Ak R IE 32 747 ) Hh 24 A A B R
BUE T (1], TRHBA4R, 23 (5): 1020-1029.

ROCEL, ARIRAT, KK, 1992, Hi T K Al U 7 42 M T T R R Ml
PR IE RA B AT [1]. b R E 5 PR, 3
(4):3-7, 15.

ElEEF, MRE, B, & 2018, HUT 4548 I M b R 4 A5
55 FEs T [1]. TREMF¥W, 26 (5): 1203-1210.

WA, B, TEW, 4, 2019, M4 -REE - A S M E
BRI BT [J]. R TRk, 41 (3): 710-716.

GieE R, 1981, PERB i A4 S Rk sh A [T]. P
HEFEH, 3 (4): 83-85




