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Study of effects of tunnel construction on pile group in expansive soil
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Abstract: A three-dimensional centrifuge model test was carried out to investigate tunnelling effects on pile group in expansive clay.
A volume loss of 2% was controlled. During the test, ground settlement trough, additional settlement, additional bending moment and
axial force of pile due to tunnelling were monitored. The results show that ground settlement troughs are affected obviously by the
distance between the centre axis of pile group and tunnel face. The additional settlement of pile shows linear growth with the tunnel
excavation from —0.75D to 1.25D; and it continues to settle even when the tunnel excavation reaches 1.25D away. The settlements of
front piles and behind piles are different; and the pile cap tilts. Positive additional bending moment presents at the top of front pile
while negative bending moment presents at the bottom. However, only positive additional bending moment occurs at the bottom for
behind pile. Moreover, the maximum additional bending moment of the front pile occurs near the axis of tunnel; and it is much bigger
than that of the behind pile. The additional axial force of the front pile increases with the tunnel construction and reaches maximum
near the axis of tunnel. The additional axial force of the behind pile increases too; but it reaches maximum near the top of pile.
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Table 1 Physical similarity ratios of centrifuge tests
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Fig.9 Axial forces of the front pile induced by excavation

Bl 10 2 T2 5 E 1R J b PR BRIl 73 o 55 RTRE )
BEARAIIARDL, (S RERR AR ) — EL25 5 D ITZIE
FESGR, ARXHTBER] i R RIS, X W
J AT AR AN o BN g B KB 120 kN,
2980 20% . SHTHEAN IS, BINA T e K AR
BUAERETIAL I BRI KT8/ o

B 73 /kN

-100 0 100 200

0.0

05

1.0

—— BT

Lsr —e— 552 B
S —— 3 BTG
No20r —— 4T

55 | —— 5 LI

3.0 |

35 F

40 b

B 10 FEETTET R AR
Fig.10 Axial forces of the behind pile
induced by excavation

7 4@

(1) FEIEFFAZ DT B A [ RN B Y .

(2) BFEFFHEM-0.75D % 1.25D I, BEDTEE
LMWK, PRIETHZE 1.25D LUG, MEHOR TR
o BENE HIL IR

(3) WEEFEIEFAZ AT, e EA IRt s
R 3 R BT 25, 25 Rt Lt R A P T 1
LEPHT, A 202.6 KN » mo Ji5 = TR0 BRI B
BHARAN . SHIPEAFIRZ, EHAE T HIIE S
B, BRI, K E R 582 kN - m,
SONFIBERT 25% 7545

(4> FURER gk b B s, B
P B NAHAE R E IR BT, 2938500 13%. S b
i 0y o B s A BE E ) 2 I, AR R KA A
BETR PN T, 203400 20% .

2 % L W

[1] MAIR R J. Developments in geotechnical engineering
research: application to tunnels and deep excavations[C]//
Proceedings of Institution of Civil Engineers, Civil
Engineering. London: Thomas Telford Ltd., 1993: 27—
41.

[2] JACOBSZ S W. The effects of tunneling on piled



3060 b + 0 2 2013 4F

foundations[D]. UK: University of Cambridge, 2002. [8] LOGANATHAN N, POULOS H G, STEWART D P.

3] EWTR, &&EH, ZEE. BEE IS R 2R h 2 Centrifuge model testing of tunneling-induced ground and
JEAMHT SHET). & 1%, 2004, 25(10): 1542— pile deformations[J]. Geotechnique, 2000, 50(3): 283 —
1544. 294.

JIANG Xin-liang, ZHAO Zhi-ming, LI Yuan. Analysis [91 LEE C J, CHIANG K H. Responses of single piles to

and calculation of surface and subsurface settlement tunneling-induced soil movements in sandy ground[J].
trough profiles due to tunneling[J]. Rock and Soil Canadian Geotechnical Journal, 2007, 44(10): 1224—
Mechanics, 2004, 25(10): 1542—1544. 1241.

[4] POULOS H G, CHEN L T. Pile response due to [10] ONG C W. Centrifuge model study of tunnel-soil-pile
unsupported excavation-induced lateral soil movement[J]. interaction in soft clay[D]. Singapore: National
Canadian Geotechnical Journal, 1996, 33(4): 670 — University of Singapore, 2009.

677. [11] NG CW W, VAN LAAK P, TANG W H, et al. The Hong

[5] ZFom, THALE, ZRfoy, &5 k7ol 42 e it T %) Kong Geotechnical Centrifuge[C]//Proc. 3™ Int. Conf.
WEATBERER M [T]. 0 )% 5 TR, 2006, 25(1): Soft Soil Engineering. Hong Kong: A.A.Balkema, 2001:
184—190. 225—230.

LI Qiang, WANG Ming-nian, LI De-cai, et al. Effects of [12] JACOBSZ S W, STANDING J R, MAIR R J, et al.
subsurface construction of metro station tunnel on Centrifuge modeling of tunneling near driven piles[J].
existing pile foundation[J]. Chinese Journal of Rock Soils and Foundations, 2004, 44: 49— 56.

Mechanics and Engineering, 2006,25(1): 184—190. [13] O’NEILL M W, REESE L C. Drilled shaft: Construction

[6] NG C W W, HU L, PENG S Y. Three-dimensional procedures and design methods[M]. Washington D C:
centrifuge modelling of the effects of twin tunnelling on Federal Highway Administration, 1999.

an existing pile[J]. Tunnelling and Underground Space [14] NG C W W, LEE G T K. Three-dimensional ground

Technology, 2013, 35: 189—199. settlements and stress-transfer mechanisms due to
[71 BEZULEN A, VAN DER SCHRIER J. The influence of open-face tunneling[J]. Canadian Geotechnical Journal,
a bored tunnel on pile foundations[C]//Proceedings of the 2005, 42(4): 1015—1029.

International Conference Centrifuge 94. Singapore: [15] RAN X. Tunnel pile interaction in clay[D]. Singapore:
Taylor & Francis, 1994: 681—685. National University of Singapore, 2004.

HE TESIIMHA 500 [

FHVA XDAREE, 16 A, 318 T, P, Efr: 58 Ju, MRS T EEA TR, Bk: 28 1R, HRRE
fH: 201349 H, b#EFS: ISBN 978-7-112-15262-9, fiEil5: 23247,

WA A4S (B LR Z)IIECR 500 W) 2AE (BERE TR SEIIIECAR 200 1) AR B AREIEAS S . 215
IR IE 546 ). AUHR: BERLE T CRENEE 20 1) BEREBCUE St 58 0] BERETESE 58 ) JEBEIIZNIIEA 151 )
F-SIARAETE 5 My FRIRESTE 13 M BEMTTEARIE S0 18 ) SEAIERRIINAS I 233 1 LA EBRMIATESEE R,

BERIBIEA R EN VT 2R X —TTRVE . A HEhl i WA s 2/3, DUEARMEE A T, IRAKH, fi]se
FH 0PI 5358 i A 7K TR i B PR 0 2 SR T Al T A7 AR R 1

Ha: 315 PRERA LTS (20 MD; 28 2 % PRSI S0ET (58 [n)); 28 3 % MEEEUFE (58 WD); 2 4% X
PEIEDMEAR (151 WD; 25 5 5 #-3hhiE (5D 5 6 3 ki@ (13 m); 57 3% PSR S50 (18 I)D;
08 W AL (22338, WOAZIEHED; oW LOHERBMHTESEE R, 2H K. Rl

B G ARSI . BERE VT RS T TR E RN LSS N A2, R B R A T LR
THITAE 222

WA P EEHAE



