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Abstract: By carrying out the in-situ pumping tests on confined aquifer in Tianjin, it is found that the settlement of soils of
overlying confined aquifer gradually increases up to down during local relieving, meanwhile, heave appeares in underlying soils.
Further analysis, by using three-dimensional fluid-solid coupling numerical model, indicates that the soil-arch effect will form
in soils, which has no drawdown and overlies confined aquifer during its local relieving, in the meantime, the additional tensile
stress and tensile deformation appeare there, and moreover, the seepage force is the reason why the soils underlying the
confined aquifer heave. Furthermore, the law of ground movement induced by long-term local pressure-relief of confined
aquifer under different water supplies and site conditions is studied, and the location of the maximum soil settlement under each
condition is obtained. The maximum soil settlement appears at the top of stratum which has drawdown under arbitrary water
supply conditions, relieving time and permeability ranges of the overlying aquitard. Because the spatial effect of the overlying
soils of confined aquifer induced by local pressure-relief of the confined aquifer cannot be taken into account using the layering
summation method (LSM), it will underestimate the settlement of soils below the ground surface during its relieving if LSM is
adopted based on the settlement correction factor derived from the pumping tests.
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Fig. 1 Ground settlement induced by leakage of tunnel
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Table 3 General mechanical parameters of soil layers and soil distribution in model

y TR SR 2R YRR EH

WLEAR GKERE RREDm y/(i’i Lk ”‘j/(i ‘ffﬁ‘ ﬁkﬁ/(i kf)%(

1 BmRs¥em+ K E 16.5 19.2 0.30 0.002 0.0003

2 W Bk IE )2 20.5 20.0 0.25 3 1

3 M EImERLE BKERE 23.5 20.4 0.30 0.005 0.0023

4 W Bk IE )2 29.0 20.2 0.25 221 1.52

5 ApliE e 9B K)Z 355 20.0 0.30 0.0005 0.0001

6 LR B IKIE)E 50.5 20.2 0.25 2.18 1.31

7 ARUiE 9B K)Z 62.5 20.0 0.30 0.0004 0.0001

8 i w12 =K E)E 68.5 20.1 0.25 2 1

9 ARUiE 9B K)E 80.0 20.0 0.30 0.0003 0.0001
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Table 4 Parameters of Mohr—Coulomb model in 1% and 2™ confined aquifer

TR N K2k e 7K L4t E, TR E(R(7) AN GNE%R
5 Fr AR Sy/(m™) (X (6) (WhED) ) /kPa /kPa e /(°)  Jic'/kPa

2 Fyip . 114870 (18100) 37 10

4 ;gﬁ; HURIRE - 8705X10° 114870 (19920) 94338 38 8

6 Kb ¥oRIE)E 7.401X10°7° 135113 (29800) 110986 37 11

#z5 TREEGHBRESHITER
Table 5 Tabular statement of parameters of modified Cam-clay models
. e WkE R4 E (RGO ISFiTR L C. R45 &% MIBA A BRI IGFURAS FLEREL
i LR S/(m’") g ) kPa X 4 i=C.2303 Ph=ie () Rt M
S N /2. K= (Y A2 e

1 HEJemt 2.495X10% 40084 (5000) 0.007984 0.003467 0.000578 24 0.941  0.830
3 MIdemE 1.695X10* 59005 (6785) 0.013145 0.005708 0.000951 25 0.984  0.623
5 WRE . 1.922X10*% 52042 (7363) 0.023370 0.010148 0.001691 27 1.070  0.694
7 ByEE L 1.081X10* 92518 (12649)  0.021831 0.009479 0.001580 26 1.027  0.687
8 B, BEb  6.455X10° 154919 (25381)  0.015791 0.006857 0.000807 34 1375  0.640
9 BEFEL 8.455X10° 118273 (18513)  0.024091 0.010461 0.001743 26 1.027  0.682
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Fig.13 Calculated values vs. monitoring data of observation well in 1% confined aquifer during its dewatering
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Fig. 14 Calculated values vs. monitoring data of observation well in 2™ confined aquifer during its dewatering
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Table 6 Calculation cases
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Fig. 15 Calculated values vs. monitoring data of ground settlement

after 1% drawdown of W2

(3) 7 IRYIES 73 J2Z KA R

Bl 16 D50t 25— s J2 R BRER R K (W2 IR 7K
S0 4 AW A CERt KO i Az, A B LK
3) W7 R DRSS 5 THEAE N B s BT 17 iz )
AR LR A KA CFLHS D il s szl A7 Bk
PUII AL AL (B W2 SK Il S A D 7y
JE KA RIS B, FTLAE Y, A7 BRIC T3S
H T RS — U A

a) R i SRR e 5 1 A AR I BN R
AT, Hoas RUCRE H BLAE A W] KA PR i L



810 a5 oE L OB ¥

2014 4F

JETRAR AL, T HL TR AR 227N o #£ FCCI1. FCCJ2
WS AL, SEE S THEAEVI S IREE, e R K
FERYI (R0 25 FCCI3. FCCI4 kb, AN 592l fy
—EZA, BT RI EUE A, XS
AT N AR I B H S I IR A O

- —4 = FCCI1(Z23)
- -+ - FCCI2(52)
— - - FCCJ3 (&)
- - - FCCJ4(ZEH)
—w—— FCCJ1(Abaqus)
—s— FCCJ2(Abaqus)
—=a—FCCJ3(Abaqus)
—sa— FCCJ4(Abaqus)

16 W2 HRERMEKGERE LK BRMEITESTNE
PolAd
Fig. 16 Calculated values vs. monitoring data of ground settlement

after 1% drawdown of W2
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Fig. 17 Calculated values vs. monitoring data of water level
change in soils after 1% drawdown of W2
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Fig. 18 Additional stress of soils after 1% drawdown of W2
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Fig. 19 Differential settlements of soils at different depths
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Fig. 20 Principal stress vector of overlying soils of 1% confined
aquifer after its 1* drawdown
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Fig. 21 Ground settlement at P2-1 position at different time after

dewatering of 1* confined aquifer
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Fig. 22 Pore pressure of soils at P2-1 position at different time

after dewatering of 1% confined aquifer
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Fig. 23 Additional stress of soils at P2-1 position at different time

after dewatering of 1* confined aquifer
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Fig. 24 Ground settlement at P3-1 position at different time after

dewatering of 2" confined aquifer
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Fig. 25 Pore pressure of soils at P3-1 position at different time
since dewatering of 2™ confined aquifer
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Fig. 26 Additional stress of soils at P3-1 position at different time

after dewatering of 2™ confined aquifer
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Fig. 27 Ground settlement due to variation of permeability of

aquitard overlying confined aquifer
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Fig. 28 Pore pressure change of soils due to variation of
permeability of aquitard overlying confined aquifer
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Fig. 29 Ground settlement due to variation of permeability of
aquitard underlying confined aquifer
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Fig. 30 Pore pressure change of soils due to variation of

permeability of aquitard underlying confined aquifer
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