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Centrifugal model tests on behavior of soil and tunnel under underground
water leakage

TIAN Guyu, LIU Syjia, ZHANG Ga
(State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China)
Abstract: Underground water leakage may lead to pavement settlement, threatening the safety of surrounding soil and adjacent
structures. The centrifugal model tests are conducted to explore the response of soil and tunnel under the underground water
leakage. The seepage field information is obtained by measuring change of water content of soil, and the stress-strain response
of the tunnel is measured by strain gauges. With the accumulation of leakage, the water content of soil first increases and then
stabilizes, while the strain and settlement continue to increase. The effects of leakage on settlement are limited to a certain range,
and the growth rate of the settlement-affected area gradually slows down with the accumulation of leakage. The shape of the
initial settlement-affected area is inverted cone-shaped. With the increase of leakage, the settlement-affected area basically fills
the upper part of the tunnel and spreads to the lower part, and the area of the settlement-affected area grows slowly in the lower
part of the tunnel, and the boundary surface is close to be horizontal. The uneven soil settlement generates the bending moment

in the tunnel. The development of the bending moment is first fast and then slow, which is similar to the development of

settlement of soil.
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Fig. 1 Structural view and photo of model tests
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Fig. 7 Influence areas under different water leakages
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Fig. 8 Distribution and time histories of bending moment

5 &% %

HFBOBARIG R, A, B
MU, 25K AT AT, BRI 4 S5,

(1) BB IR R K, Lih— fa k%% LTt
JRIAEIRE, TOURRESK . SKRIA BRI
Wt R B AR SR, 2 03 B AR AT
ARG R AR A S5

(2) VB A2 2 B A R AT . R
RIS I K /NE K O BREIA BV, 10 4 FRE I 0.
W b, B K  E B K T, AT
BT, FL B A X SRR .

(3) UM I A BRI e — S X I o MBI X
R K B B A BB R . ) K LR
BT, AT R R T R B s e IR
X4 BRI T3, X IR A Kk R AR 2

(@) BT AR IR SIURE, BRIRSE H e A 2
A, BN SRR, 5 R T A
I

SE -

(1] FKACF, KIS, EAFM, S SRiTREaE i g A i M i b5
R o AR HLAI R Fe s I (7). & 1 0%, 2010, 31(3EF] 1):
303-309. (ZHANG Chengping, ZHANG Dingli, WANG
Mengshu, et al. Catastrophe mechanism and control technology
of ground collapse induced by urban tunneling[J]. Rock and
Soil Mechanics, 2010, 31(S1): 303-309. (in Chinese))

[2] WAk P EBRTEERSELE. 2020M]. L R ES
PH R AR A, 2021: 22-23. (HU Zijian. China Urban
Construction Statistical Yearbook. 2020[M]. Beijing: China
Statistics Press, 2021: 22-23. (in Chinese))

(3] EMER. ST R A VB U 1 Y B T S B LB A 5

FL[D]. HHM: N K2E, 2017. (WANG Shuaichao. Analysis
and Study on Subsidence Mechanisms of Road Caused by
Leakage of Urban Underground Pipeline[D]. Zhengzhou:
Zhengzhou University, 2017. (in Chinese))

[4] SKECY, EERH, EAR. BREM TN E LB IR
Hh TSR AR IR A I [0). EAR TR SER, 2015, 48(S1):
351-356. (ZHANG Chengping, YUE Yuejing, WANG
Mengshu. Influence of pipeline leakage on ground collapse
and its control during adjacent tunnelling[J]. China Civil
Engineering Journal, 2015, 48(S1): 351-356. (in Chinese))

[5] A NI, #, 5, 5KBeX H N TR KIRTD & %R i
FEAIREE W MBUEREI). A )25 TR, 2014,
33(12): 2458-2471. (ZHENG Gang, DAI Xuan, ZHANG
Xiaoshuang. Experimental study and numerical simulation of
leaking process of sand and water in underground
engineering[J]. Chinese Journal of Rock Mechanics and
Engineering, 2014, 33(12): 2458-2471. (in Chinese))

(6] fF#5, ZEI%E, 7k . Ll X g 20505 A b b
MR EARI 7). &L TREER, 2018, 32(4): 189-193,
198. (FU Dong, CAI Jiantao, ZHANG Hai. Numerical
simulation of ground collapse caused by pipeline leakage in
Shanghai[J]. Geotechnical Engineering Technique, 2018,
32(4): 189-193, 198. (in Chinese))

(71 i, b M, L%, —Ff CFD-DEM it [l # & 77 1548
V5 U B T M U A ) R b AR 0], LR A AR
(B REBIEERR), 2020, 26(5): 842-852. (LI Xiaojiao, LU Ye,
WU Yajun. Application of CFD-DEM coupling method in
seepage-induced ground subsidence[J]. Journal of Shanghai
University (Natural Science Edition), 2020, 26(5): 842-852.
(in Chinese))

(8] £ . L TEGOBRBRIGHOARST T8 7] 7 [D]. WS
JRVE: R R AR ) S WESUET, 2019. (WANG Hai.
Research on Several Crucial Problems of Geotechnical
Centrifuge Modeling Techniques[D]. Harbin: Institute of
Engineering Mechanics, China Earthquake Administration,
2019. (in Chinese))

[91 ZHANG G HU Y, ZHANG J M. New image analysis-based
displacement-measurement system for geotechnical centrifuge
modeling tests[J]. Measurement, 2009, 42(1): 87-96.

[10] SPZLém, ZEMGTRF, 1 ZE. Rt e B2 SRR R 5C SRt
L] RE I K Rk, 2014, 20(2): 87-90. (JIA
Hongjing, LI Shunqun, SHANG Jun. Study of relationship
between electrical resistivity and saturation degree of soils[J].
Journal of Tianjin Chengjian University, 2014, 20(2): 87-90.
(in Chinese))

(AL: PMIRE)





