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Analyses of deformation behaviors of subway excavations and frequent
through-wall leaking hazards in water-rich sandy strata

LIU Juncheng, TAN Yong, FAN Dongdong
(Department of Geotechnical Engiiigeridg, College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: To explore the deformation behaviors of subway excavations in thick water-rich sandy strata and the
characteristics of frequent through-wall Teaking hazards, the databases of excavation deformation and through-
wall leaking events were firstbuiltto carry out comprehensive statistical analyses; hence, the deformation laws
of retaining walls and/ground ‘susface behind the walls were obtained, and the key influencing factors were
identified. Then, a neyelDfethod for classifying through-wall leakages during deep excavation in water-rich
sand was proposed;saafterwards, their primary triggering factors were revealed, and the effective measures were
also summarizeéd:“Fhe“statistical analyses show that: (1) The maximum lateral wall deflection, 6y, varied
from 0.03% H™ (Hj, eXcavation depth) to 0.48% H; the magnitudes of &, were affected by the spatial-corner
effect, dewatering mode, burial condition of wall toes, and wall exposure length. (2) The profile of ground
settlements was a typical concave shape, and the maximum settlement, &y,, was 0.26%H, (H,, final
excavation depth), which occurred at about 0.5H, behind the walls. (3) Through-wall leaking caused sudden
increments of &y, mainly attributed to the rapid increment of total lateral earth pressure induced by seepage
force and/or the inappropriate grouting pressure. (4) Most of the leakage-induced settlement increments, Ady,,
were less than 0.5%H], and the primary influence zone could be extended to about 2H, outside the pit, in which
H, denoted the burial depth of leaky spots on the wall; besides, the

shape of strata disturbed behind the walls showed a distribution of EEWA: ER ARSI H 42177179)
Wi HEA: 2024-12-19

“inverted cone”. (5) Leaking hazards can be classified into three "
*W{E51E# (E-mail: tanyong21th@tongji.edu.cn)

levels: minor seepage without soil loss, massive leakage with slight



soil loss, and massive inrush of water and soils. (6) Through-wall leakages can be effectively controlled by

following the perspective of "disaster prevention before accidents and emergency response after accidents".
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Fig. 1 Particle grading curves of typical sandy layers at the site
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Table 1 Information summary of subway excavations

FEDLRIR T (KX % X o)/m L SREEN Bk Wi L L1k
PZ 398 x 18.9~32 x 16.9~19.9 PR 1T 1% IIERES
NTXR — P TT 1'% IR 32
jce 206 x 18~19.7 x 16.9~23.8 P 1T N MRV
HK 274 x 18.3 x 16.7~18.5 il I % Iy
TZP 186 x 18.3~23.8 x 16.8~18.6 P 1T -1 %% MRV
AS1 24.5 % 26.3 x 25.8~26.2 AT 1% A
PXL1 465 x 18.3~19.3 x 16.4~18.6 TN o -1 %% MRV
AS2 28.2% 22.2 x 23~23.5 fEA I -1 %% A
SLF 202 x 21.3 x 17.4~26 AT 11 1% JAE v
CGL 270 x 18.3 x 16.8~18.5 1R %% A BFRAEE
SG 204 x 18.3 x 16.8~18.6 Wi TI 112 ARV
CAD 180 x 19.3~26.4 x 17~18.5 T 1T -2 %% I v
HEX 282 x 19.7~27.2 x 16.9~18.5 WL 1T I1-2 2% JAE v
HPQ 205/364 x 21.3~29.4 x 17.6~26.5 i 1 -2 %% e SR ARIRAE VR
YYQ 162 x 23.1 x 25.9~28.6 i3k 11 I-2 2% e 26 b A ok
UP 162 x 15.6~25.6 x 10.9~13.5 I -1 2% - B PRI EVE
WS 112 x 16.8~33.8 x 22.5~25.3 iR 101 -2 2% 2L BRI
XT 239x 18.3~22.2 x 16.8~19.5 R 1T 112 2% - B PRI EVE
WF 185/348 % 22.7~23.6 x18~26.7 1T -2 %% 2L BRI
CM 192 x 18.3 x 16.8~18.4 I -1 2% - B PRI EVE
GAC 284 x 18.3~23.6 x 16.8~18.6 P 1T -1 2% 2L E IR
SIDD 260 x 18.3~21.5 x_18(6~20.2 R 1T -1 %% A
NTL 470 x 19.3 x17.6~19.3 P 1T -1 %% MRV
NTU 224 % 20.7 x 16.718.6 AT -1 %% A
PXL2 203 x 20,7 16.6~18.4 T 11%% MRV
MC 370 x 207 X' Vh1~26.2 R 1T 1543 A
JHDD 235 x 20.7=25/4/220.8~22.5 G 1T ToB R MRV
GT 206 % 20:7 %.16.9~18.9 R 1T 13 A
ZLL 292/x.8.3~29:8 % 16.6~20.8 P 1T 112 ARV
NBD 202 xM19.7 x 16.7~18.5 e 1T 1% I v
AS3 28% 202 x 23.4 P 1T 112 JAE v
SC 288 X21.3 x 16.6~18.9 il I -1 %% e BRIk
ZXL 470 x 18.3 x 16.7~18.4 Ll 1I-1 %% i fa P
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Table 2 Major physical and mechanical properties of soil layers
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4T R /m R ]| EIKER % N3 FLERE /Pa JEE ¥ A1/ emes] omes!
@) 1.2~6.0 Z%:iﬁi — — _ _ — — —
@) 1.6~8.3 K+ 27.2~313 182~19.0 0.78~0.91  7.4~115 20.3~313 022~1.8 0.12~1.1
@1 1.4~10.0 #i;w} 25.0~302 18.4~192 0.72~0.87  4.5~85  26.0~32.9  3.3~45 4.8~43
®,  3.0~222 b AL 253~29.7 18.2~192 0.72~0.84  3.9~7.0  29.2~33.0 1.4~55 4.5~44
@ 0.0~13.1 R 33.3~343 183~18.7 0.94~096 16.2~223 11.9~19.0 0.17~0.18 0.15~0.36
@,  0.0~95 R s+ 33.1~33.7 18.0~18.1 0.96~0.98  9.0~12.0  18.0~19.5 0.03~1.2  0.04~0.32
@x  1.0~11.7 WHEHTImFEF LT 309~32.1 18.2~184 0.89~0.92  6.0~8.0  21.0~25.0 027~12  0.07~17
®1  1.5~16.9 Wb Ik 1 27.4~30.0 18.4~19.0 0.75~0.95  3.0~62  28.5~325  0.98~33 1.4~23
G  0.0~14.1 R s+ 30.6~31.4 183~185 0.91~0.92  7.0~12.0 22.0~23.5 0.07~0.27 0.03~0.1
G2 0.0~145 WM EIHEE L 284~325 182~189 0.78~0.94  64~11.2  22.6~30.1  0.28~18  0.3~4.6
®;  3.3~132 Wb JE ks 1 29.1~22.9 18.4~18.6 0.84~0.86  2.0~49  32.0~36.0 13~52 0.04~30
®  8.5~17.8 b 24.1~292 18.6~19.0 0.72~0.84  1.9~3.0  30.0~36.5 30~66 10~57
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Fig.7 Developments of lateral wall displacement during leaking accidents: (a) case 1 (WS); (b) case 2 (YYQ)
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Fig.11 In situ photos of diaphragm wall panels in poor qualities:
(a-c) exposure of steel bars; (d-f) local bulging of diaphragm wall
face; (g-1) flawed joints of diaphragm wall panels
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