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Model tests and new progress of pile response due to underground excavations
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Abstract: The disaster from the unloading effects induced by underground excavations has always been one of the
high-concern issues. In recent years, a series of ground deformation, pile foundation tilt, or building collapse cases have taken
place in China, and sometimes they even threaten people's lives and property. The imperfection of the conventional model tests
for simulating underground excavations is introduced, and the typical experimental test methods and test devices including
small-scale and centrifuge models corresponding to excavation of foundation pit and tunneling in the past two decades are
briefly compared. In this study, a new testing apparatus for pile load response undergoing underground excavations is proposed,
and its design principles and technical characteristics are analyzed. Using the test boxes, the studies on the lateral pile response
to adjacent excavation and the blocking effect of a barrier on the flow of groundwater are conducted. Finally, some suggestions
and prospects about the future study on unloading piles are put forward.
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Fig. 1 Impact of underground excavations (foundation pit and
tunneling) on loading characteristics of piles
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Fig. 2 Schematic diagram of soil movement simulation devices
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Fig. 3 Excavation simulation of bottom soil using heavy block

preloading and unloading method



7

HIRATS, A T TRR T2 S B A AP 7 B ) 57 ) A ADL B it 1331

1g S A AL 3 B AT FE AR /b, H AT I E A
e IO R SR A . BN, B2, 3 f3E
TS RIFEZ . ZTFZ . B THZN S Ty T AL ™
HBORGREE, W BEAEOREE, AREEOT R
MIFFZIRZS o TR BB U 2 P e ) R, 1

3 3E BRTCIEBRIEGT . BRIEGT YU E A
Femi B o

TEB LRI A 7 T, B O HLAE S s IR ALK
1R RSF IR AR, AR I8 BB % . Lyndon 257 L
FF R 7 REGTI A2 EIT ( B ONUL,  WIa I 1g,
SR G I AN BT N L E BRI, (HAEAE R )
BRI 12 I FE MR, R0 45 T SR .
Bolton 255213 K F SR AR B0 A5 P42 AR 10 7
W, BAKER ZnCLARE 148 CEE—DABRND,
ZnCl, EE 5 T REEMP . 1EEO0NisiTidfEd,
AW ZnCly AR, T AR T2 #0507, (H
REIAKCF I 1 R B &L LK 7 REFEEZE 5
Kimura PR Loh 2Pk e 7 37108 LHLRER + 14k
FZBRUEIA, $EH R AL NIZIRYLY ml s i 4
1 ARBEAT A2, A T3 & O LG 2 8] IR BR ),
REERAF) 2N . B AT E Fr b A R U2
U VEATIER B ERARHERE 77k . KA ZnCl, B ARHE
%, Leung &Pl 25 TR b G 28t
PRI BT AT B . BERE R0 . ONG 25PN Leung
S 7T 7 &6 b P oRa E BB AN AR RS S P BE RS S o
MESEREAE AR T 42 3L R v 1) AR TR 100 8T 1% $24 455 - B AR
TAER M. Ong 25PNERTAT T 8 EE A [F R~
ANFEMESLA R FA . AFBEACE (2, 4, 6 #1)
FA) SE0 i A AP I 87 ) 750 . ONIG 252 4] (28 OO LA 75 2 o
5 RSN 4. & 5 4 Leung 255 PIV
AW 2 (1) B oML N AR AR T J% BT 2 A A ) B
%o Zheng ZEPTR B LW LRES H5 R B A - 18] 95 B
BRAIBREESE, BT T YUR 2 #I (ZnCly, HERZ V)
o] AT 22 1% i) g BRI K JBE 7 ) s e AR

200 340 ]
| | 1
Fo [T Eoutemes
ZncL A - XAz
N A L -
;% pe 112 ppi1 Pf'éi 8%
- PPT4° PP °
| PPT: FLEE} BN ]
RSP mm

4 BOHIRIE %R B RAFRESEAIRS

Fig. 4 Centrifuge test devices and layout of sensors
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Table 1 Typical model tests of excavation of foundation pits
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Fig. 6 Digital images of 2D test model and pile deformation
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