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Experimental Study on Three-dimensional Effects of Shield Tunnel

Excavation on Adjacent Pile

LU Dechun, DING Chao, LIN Qingtao, DU Xiuli
(Institute of Geotechnical and Underground Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: Taking the Qinghuayuan tunnel passing the piles of Beijing Metro Line 13 in a short dis-
tance as the engineering background, the three-dimensional disturbance characteristics of shield tunnel
excavation in the pebble stratum to the adjacent piles is conducted by a model test. Five model piles
(piles 15~5#) were arranged in the test model. Taking pile 1# as an example, the influence of the ex-
cavation distance D on the three-dimensional disturbance law of the pile is studied. The test results in-
dicate that the additional bending moment mainly occurs in the range of -0.5D to 0.0D; the maximum
additional transverse bending moment is twice the maximum additional longitudinal bending moment ;
the additional axial force mainly occurs in the stage of —0.5D to 1.5D; the additional settlement on
the pile top mainly occurs in the stage of —1D to 1D; and the additional load at the pile bottom contin-
uously increases in the range of —0.5D to 2.0D. Test results of piles 1#, 2% and 3% show the influ-
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ence of the horizontal distance between the pile and the tunnel on the disturbance of the pile. It can be

found that the additional settlement, additional bending moment and additional axial force of the pile

decrease as the horizontal distance between the pile and the tunnel increases, but the position of maxi-

mum bending moment moves up. Test results of piles 1#, 4% and 5# present the impact of the posi-

tion of the pile bottom on the disturbance rule of the pile. Comparing the bending moments of piles

1#, 4% and 5%, it can be seen that the additional bending moment of the pile whose bottom is located

at the tunnel crown with the same depth is the smallest.

Keywords: shield excavation; pile; model test; pebble stratum; three-dimensional influence

51

[l

FE 0T R B3 238 & R R P S A
TE AN T s kb 2F 0 R AT ST, DN A ok bR G I BE
08 B R AT A R YRR (R A, 1) n PR Mk — ) T
T2 7C bR Bt 5 5L A ME AR BEBE B AL 1.1 m'Y T
Hb Ak TS AR T EOHE SR Ay 2 2 R AR SR A R
FEH Bk 345 L2 A8 R T 5 B AR I ST 3 W B B /N i
#EAC 1.35 m™' 4 . C.H. Pang™ vk # 3¢ i3 #l 3%
J:':’{‘?J']'Jﬁf%%iﬁ“ﬁﬁi“ﬁﬁﬁﬁﬁﬂ”*ﬁﬁﬁfziw
T RE RN S, 15 T BE S e A 3 A S Y
L5%E. Wi, Eﬁﬁilﬁﬁh TF 42 %8 408 30T A% JE i
5 i) HL A TR
X2 2 R R R 56 7 WA A 9 T B T8 RS
XiF 48 T AE L (9 B 2h LA . N. Loganathan %5 76 fif
Z A B AS R R B 1B T 42 34T T AR 180 mm .
B% 18 42 60 mm A9 B0 ML 3G A 5T, 00 45 R 3R
HH 44 3 A4 A i 057 T Bk T8 v 0 28 UK B AL B A T R
1= I RIS 3 5 N i By NS ) | R SR SR
R AT $1- RPN VA o i O i i 2
7R BRI B il ) s KUH. Chiang %5 & S0 AE 16 A
0 4 Hp A 5 B T A 1) 7 B 6 AR B W A B S
Sy A BB FE I B TS Y b )2 4 a5
3% ~3.5% M, A B 45 A 1 4 g U K 5 X, Ran'™
— RGBS AL, 15 1 5 B AN [ K B R
V18 AP K % BRF 5 RV O B 1) 43 A R SR AR ), O
Fifi Bk 5 % 1 RS A S OR A R AR U ; S. WL Jacobsz
S5 L B O ML A T B S D o g T TR AR AR
S 77 A B R UL Y X8, R, R A G Bk B I
32 %5t A7 35 52 i 1) 0 B3 96 BF 5 4 2 B L g G 7
STV AR A PE R I JE AR, BRI I T P AR 4

X405 3T A G 7 A B A RS ), S BB R R AE g T i
I R ik I BT 32 5 ) 9 A8 Ak AR DL KRR TE T 42 X6
i Sy AR N il I OE ) R

T W R *FLL*EEP/\BJEUL%E,J)L%@
FFAE, C.W.W. Ng 88" 78 B0 ML 56 v o 452 Y ik
SIEE 52 ol I (107 o/ S 1170 5 2 A 2 o WA o o2
TP 425 100 7 T B Bk JE BT 0.25 7% 2= HE L5 1.25 4% bR i
AR YT P R A S A B 350 R T A 5 /b
SRR RE SR 43 AR T B B O LG 5
IR SERIRAPOR XiRiis A PR e R AT
RS 1 R HEAE 9 A5 B K R = A TS 5 R A A A
BN, BN ik — e B LS
/TTPLL%F'LXHJ”J%EE’JEMG&@ EIFZ BRI A

8, G T B G S 42 6 A AN [R] w52 ) ) 36 F
ﬁﬂw}ﬁﬁﬁﬂh

AR IS 2 1t o Ak I A Pl R S R B 2
U3 13 5 LA Y AR 2 45, ik — 5 1 Ak 37 i
IG RIS R A R 0 E LSS B E R % E T
R S R W R DA DA W R A BT i s

75 5% A 1) T8 AL R AE DA S ) 5 42 %60 Bk 2N 8] )

B4 B R AR 5 I A ik 0 A AR v A A [ 2 ) A7 Y
BEEE , 23 X LU 5% 1 kB AN (W) 7K1 B 25 DL KA [
A it AF X 158 i) 7 T AT R B 2l R 4 5 0

1 IREE=

B 5 Ak B TR A B T A b TV UE X, B
1 AT 22 B g 2 AL (DK 144-090) , i H 457 T
BUE AL (DK19+420) , 4K 5 330 m. & 4 [ %
W F 10 Bt (DK144-090~DK14+450) #1  1 B¢
(DK14+450~DK18-+200) 2% F BA #2 ¥ i T, o Bt
(DK14-+450~DK18-+200) K & & 3 750 m, 2k

733



E AR 12.6 m (1 U8 K78 5 #4135 4R e bR T 4
2 S At Bk 13452800 B B JEAT L G F e T 7E A
N NEG N = B I ol A Y VA Bl E R o e
TUHLER 135 A IR AR 3

B 1453 T A6 50 Mgk 13 520 b 58 9 bk oty 5 0
A ] I F B A S B A G &R B R T T AR
bel % 18 5 b 5T b 4k 13 5 28 4k 3 (1% 7K S i) 5 3 A 43
A AE 0.5D~2.0D , Z2 $OHE ik 14 B i F ¥ 48 el g 1 v
R Y B 1) B  — 0.5D~0.5D, Hovp D Oy 3 4E il
W% 38 JF 42 H AR, U0 2R R AR 78 R E Pl B IE
(B 2 7R Wk ity 6 B% 38 o0 R O o TRIEE 5 R 4 AR A B
AR, A R R T A s )2 JE
FEAZEM 5 51 12 Y5 R o TR, O O b
J2 R JE R it AN [ 23 ] 7 A AT R A AR Bl L A B
TVF A T 48 e % T R T F2 0 b 5 b gk 13 5 2k
s E MR A SCR TR R 5 (Y 5 X bR
[n) R HEAT T RS .

B HERE
uDK14-752  [JK16-950
~-10F 0 DK15-790 © DK 17-000
=) 5 DE15-826 « DE17-690
= v DK15-845 o DK17-740
= DK16-450 o DK18-050
'ﬁ -0.5 DK H6:700
= i
éﬂ 0.0 fom i | m% .................................................
§
J,]'r 05 i 7 e “‘“ﬁ- """""""""""
L
E 1_0 . -
1_5 1 | 1 i
3.0 -20 -0 00 10 20 3.0
HE 5 RiE AT BE B (/D)

K1 Ve b o H B 5 b st Bk 135 S AR X A G it
Fig. 1 The relative position statistics of Qinghuayuan shield

tunnel and piles of Beijing metro line 13

2 BN

22 V5 AR B Bk 3 TS A B T AR R, o A Ak R
Tt Sy TR B AY R B R & 0 S A L
SE R T 3R 06 A A v A B A TS
2.1 RBFESE

R 5 i ARG R AR G R BIL AT PR AR B R R
G5 3T R, I 2Ca) FE s o BERLES N RS
H2.0mxX2.0mxX1.5 m(£ X% X &), B JE

PO P X, AR 2 R 4 Tt RGN £
AU, A EBE WS SRR . P2 R g )&

734

HBK Sh f L AL, ) o R AR X (B 2(b) ), )
£ AR 028 m, JF H K 450 ; J) # & KA HE N
1 800.0 Nem, JJ # 55 #K5 2 )y 0.1 r/min, HE#E RS
P T 2 22 F1 R0 4] Al FEL AL ZH AR, AT 4 48 60.0 kN A9 I
KAEFT G M HLTR AT RN 2 100.0 mm, H - R G
P BB E H A g LK B A AL B, MR - S A
2, B R HERR B2 10.0 mm B9+ BURE, 3K 3 e HLAY
e KALA A 60.0 Nem. 38 18 ¥ il 2 G5 0T 5% B 458 Al
JE A AL TOU 3 S 85 | ) 5 B R R MR 1 O R 1 A
il JE& R ALt T2 800 SERHE SR o

/ﬂiﬂ%

(b) T4
K2 SRS R E TTHZ I &

Fig. 2 Model test platform for shield tunnel excavation

2.2 HIGHEER

B RY S R A AR B R S R AR A E R
1:45, R FE LA ABLEE 1:45 B3 T B m Rl . i
BRI SF o 2.0 mX 2.0 mX 1.4 m(K X 58 X5,
B % GE R T R O 0.62 m (AR SE bR TR
DKI15-790 Wi o ) . g A & SARBERE (] 3) ,
o 125 35 0E /Y B g VR BE A [A) (B% GE o0 4R
b)), R % B 1 2% 0 KOF BE B 4398 0.14 m . 0.28 m
F10.56 m, T BF 524 — B% 8] 5N W) B ) ) I 2 X6
MR 11 HIE sl B 5 15 AS R SR 3 R A o O A )
AR ] (0. 14 m) , Ak ity 437 B 43 3 07 T B 3 rpr o 28 (it
JUE LTI A, F T 0 5 A% i 057 1 A (7] s I 44 JF 25 %68
EJE BP0 Bl B . 3 0 R Y Y A 7 o A A AH L
B A b 23 B T S SR AR RS AR Y R oA A T
o 50 I =38 4y TAE R SCR BRI ST T

VI



2 280
Y
4 2
(b) S ®—
JIEL 280
:
(o]
i
&
i % 14k IaE
O
T 2000 L
(a) MR E
—NEL 1
AN LANIH FANIE
S
1 st I#E—l 3t
3 N T
5 X )
b iE L 560 I
=
Ty 2000 |
(b) alff i iE 44
NEL i
AN FANIH AN
5
| appi— 244 —~
= o e
2 = =1
[— 280 |,
g|  mamH
wy
L 2000 }
(c) bl IEE L mm

3 W ERE

Fig. 3 Schematic diagram of test model

221 AR B M E

T2 g0 5 A Ol D B A 52 b 2 AT AR R B A b
JZ o S5 R TR M A R B IR R A 2 0 ) A
SR AL TR [RDRL AR B A ORGP
55 i JUAAT AR ARL EE 12 45 X 09 A bn A R AT 46 R, 45 31
T AL M )Z o ST B TR R A M2 B Uk 4H
N HAR N 60~150 mm , 20~60 mm 1 0~20 mm
B4 B 7 R 5 43 ) S 24 55 %6 ,15% AT 30 %, L3k 1.
Fi JLAT AR ARL L 1= 45 FR A5 (9 458 84 X046 O A7 b )23 9
oM kiR 1.3~3.3 mm 5 55%,0.44~1.3 mm &
15%,0~0.44 mm (5 30% . HFFEKL + A8 B ir
W, R FHRLED , 4060 1R 4D 2 = Fh i i A 2L B0
A2 =D B 9B AN & 4 B

:1 PABNEE
Table 1 Pebble particle content

SR T AR 1o 56 B
B A KA /mm HR/Y UNARAS / mm R/ %
60.0~150.0 55 1.0~3.0 60
20.0~60.0 15 0.5~1.0 10
0.0~20.0 30 0.0~0.5 30
100
o —o—#Hiik
2 —o—4irk
2 80| —a— k2
&
I
|60 |
HE
_H
Noo40 L
s
.0
% 20 b
0k
10 1 0.1 0.01 1E-3

¥i4e / mm
B4 e A g e i 26

Fig. 4 Grading curve of test sand

SCPH bR LA LT R DAY T E Ok LD
ANRY 1:40R 2=1.129:1.097: 1, HILLI0 A7 £ Fic B 5¢
B 38 g 43 6 I T G Ok 2, G I i £k
WE SR AL RZEC,=3.91<5, R A2 C.=
1.02>1, Gl i 25 . e 20 52 AL 2 19 B b Jk:
BN R AE 1~3 mm 5 60%,0.5~1 mm /& 10%,
0~0.5 mm (5§ 30% (£ 1) . L2 J1 %S5
W32,

100

d?
% Cmga-10
2 80F L B
= ", 3.91
b
i 60f
HES
_H
N 40F
]
ﬁ. |
Bo20f
H
Ok . . N
10 1 0.1 0.01 1E-3
Kif2 / mm
K15 AR L4k
Fig. 5 Grading curve of mixed sand
Fx2 HEMMESH
Table 2 Parameters of similar stratum
R N UEEAEL I g
Vome | TeBREe Ty A x
2.04 0.464 1.2 0.042 0.011

735



2.2.2 HEAHE

Jbnt b4k 13 55 G 3 O TR E 4 i T L R AR
Z R MBI o HOEHE R # I R~ 8 1.0X 2.5 m,
B 25 W H 6.25 < 10° kN-m?, [BIFEHER 42 1.0
m, H025 W B R 1.47 < 10° kKN-m?, izt 56 v % Fi B JE
CTE E L A AR 0L B e R R BE A B AR B A NI
N H

E, 1, — 2ol (1)
C,45°

K, ELL S RRE (5045 W EE 5 ELL A T R ATE (4 Bt
BRI 5 C, k%5 BE R BL R 4

K50 bk B LDPE (fIK % & 5 & 0 ) il /B A 7
BE, 2 B R 0.91 g/ em’, A5 YA (1 B AR B 25 M 7
7 2.89 Nem®, Xf I (4 B Y AF () B 42 R 18.3~21.7
mm (PR R Ol 266.0~525.0 MPa) . % B 48 &1
L TEAE BRI AR R R R PRI 50 rh oR B
2 30 mm B LDPE 4 #4 Jin T B4R (1 6) , H41 25 Hi
4 10.57~20.87 N-m®,

6 AL
Fig. 6 Model pile

2.2.3 MR
TR BORE R 16 BT b 5t M Bk 13 45 £ B L T K
Z A A o MR CHE S B R ) T 2R (2) |
(3)TH T 425 B AL JIT o 0 ) B AT 22 ] 7 3 BE
FEOEAA, AR SC LA AR Sy A58 70 A7 356 194 TO0 56 138 1) iy 48K o
1

Ranguk (2)

Quk:st+kaZUZQSikli+kaAp (3)

A, R R 1) 7R BT R AR A s KO % 4 R AL
Q. 9 AR U5 ) 7R A8 T BRAEL , e 9 BE B A IS 5 g A
A BIR 0 EL 73 5 AL 5 g, 9 1 FIR 3 BEL 3 A T AL 5 A, R
AR AR T TR AR

R DRI Ji A8 T 42 i B T 2 PR R AR AE L R
P i Tk B 4 7 3 e A TOU AT AR I AR L B S
TEME (A | SHEBE FT ik 5 5 4 50 ) O 2 2.76 (2% 3%

736

b5 1#BEAH ) (3.13.2.34 kg.
23 BMAFR

5L Y 50 3 SE0F T A I 47 0ok AR b A R Y B
A BRIl g BRI Ie B DA K o K 2K ) #E AT BF
98 o A A B g ek AR b R AU B Y B 2R 5 R
Wb 77, A B S FF 46 7E AR B 0 B A BR 100 mm A7
Ay AT B S R A R
M =E(ey —e)1/b (4)
K, M N E VR ey e N HEEE TN
A ;A% 5 1A B TR OB 5 o R BT AR D Il i K
B Jin e 7 BB KR
Fy=EAe, (5)
Ao, F Ol 7 s E SR Bk SR B v B 5 A g A R A AR
T 1T FH 5 e, 2 07 A8 SF- 240
15~ S 4 TOUE 152 & T0UAT 067 7% 31, T M ) Bk
T FF 97 38 B AR B B0 TR 5 78 Bk i i #1045
SRR, DT A5 30 JF 425 3k B v e i B Jn 2 2 19 2 £k
. AR TE AR T R & A B R
e 7 fis .
~ kit

760

mEit 0]

100

100

—tENE

(b) 1#. 2#. 38
7 AL B A T A
Fig. 7 Layout of strain gauges

(c) S#iE

24 RKIEIFE

241 RBEAE S

T 6 R R FH 43 2 5 L O ik R AT UK, R
L A 0 4 2 B R 100 mm, 3 B A A0 v - A%
i 1 800 kg/m”, 57 12k 56 455 78 i) 4 Y 720 kg
Bl 4 Y A Bl AR AR R L R S S S H R



100 mm JE , 4 J2% B 58 B A 7K 7 2200 3 H o
HRE AN 8(a) TR s I 2 0.5 m i o7 B A I 5%
TE AU R BE B 10 B A7 Bl T 90 ) R R AT B R A
IR A TR & S 45, WK 8 (b) o s 4k 2 i+
% 0.64 m 2 0.78 m, #i A [7] J7 12 7 Sl B2 % 119 4
AR, 4181 8 (c) Bir /i 5 2 Je B B 2 F A e B2
1.4 m, B 3% T 48 5 Rk 55 R TRORF 7 % 3,
S(d) B o BUHU5E e I 1A% S A W I R 4, v o
TR T2

(a) B KRR

(b) 4k 5E fr A1
N - »

i =,

(d) FETIRERS AN GL RS it 22

(c) Hifk1#, 2%, 3, S#f
B8 i g A Sy
Fig. 8 Establishment of test model

242 FFEZE

T B A7 b2 vt TR A i 2 B 2 20~
60 mm/min, HR2 5 AH AL 5 PR AR AR 56 rp A AL I ) B
i 13 3 N 0.44~1.33 mm/min (B 8] A5 B 5 %50 B
F1) o ST R TE A T S 0 (] 3 5 A
E B HCR 3 mm/min. SEFR T8 & Y ) 8 0
LN 1.0 r/min, i 55 )5 14 7] 87 3 R 1.0 r/min,
U2 E HLFE 3 4.0 v/min. 30K 2 B P OE A T 32 5
0 1L Z 2 2.6 %0 o A AIL 4 2E Ao R v fd o
JITanE 9 Fran o A LA R O AR TR AE T D
K, FAEE 0.9 m 2 J 38 4 o 32w /) -

) E A E / m

0.0 02 04 06 08 1.0 1.2 14 16 1.8 2.0
1.6x10 T T T T T T T T T

—o— it

1L4x10°F
1.2x10°
z 1.0x10'F
o)
= 8.0x10°
#
£ 600}
4.0%10°

2.0x10°

0.0

K9 JEMHLIEDE T

Fig. 9 Driving force of shield machine

3 BEHFEXNHENZEMHNE

JE HE TT 426 405 300 BE 56 1) — 2 A S A B PN
T — 2 G F4 70 45 48 1 30 58— 07 B i, 4 T 1Y
Z ST = e AR TR B G D 4 B A
FEBE A B 5L A2 T3 A8 T8 W i AL B o DA L8 E S 1), AR
5K R T 42 2o R R A0 3 A R Y = 4k 3 B AR
574501 X NG 7] 8 —2.0D % 2.0D b
0.5D & Ui & #4504 L D R & #  F 42 HAR
TE e JJ 8 TR Z 00, B % n ) 80 %
B

3.1 HEEMMELE

JE A6 T 425 25 ik BOR A A SR B ol A 5 7 A o o
K, R AT A B o 25 R T 43 fige Ay T I A Bk T R A
TET (1 RS0 25 VA, I i ) 42 1) gl g A o
M, B 10(a) fE 10(b) 40 5 45 th T M, F M, B
JEAFEE A AL B . FTLLE T, JJ 85035 —1.0D
PUa M P K, IF B ) #9792 % —0.5D~0.0D
B M1 15 5 e R [RS4TR8 ML E B
(4 53 A 28 W A8 Ry ST (35t B 67 4 6 L 38 o B
W) X 5 AR ER G ks TR A E Y
A S A R A L . A R M AR ) T
% —0.5D B IR A K, JFAE 0.0D~1.0D B Be g K i
B MR B B S A B S R e A R A A R AL
HOE IR S, G.T.K. Lee 25 i1 % {455 401 2% 5 b
N M, B KAE & M S KA =40 2 — 1 4 Rl 10
(a) (D) AJ & H M, 5 KAE 2 R M, S5 RAB 9 0.5 6%,
5 C.H. Pang "' 1) 8L 47 52 I B0 B0 A 42230 5 () BsF L M,
Toe AR H A R T T T T M e R AR B
o FHET, A7 F A JE .

FE T2 18 ) 15 1.0D 7 B B, Ak 58 59 95 A~ T 1) 25
T35 B A R B B KA 38 i A R A ) S A E
J1#:315K 1.0D B AE B 0 S8 5, & 11 pros . 1]
B R AR U Y B R R 4 A, B e R
B NE & T R IZ L R b 150 A e R
55V 43 7 1] 25 R S RAE B R LG B 12 BT R o %
Pl & S A e RAE A 2 b B b L S
1) AR MR L, BE K B S B A O 4
F—0.5D 2 0.0D Wi B, ZJ5 #a F A ; Bl s i K
{75 888 1] 25 R e A (L B A AH W]

737



M./ (10°N'm)
0 20 40 60

80 100 120
"o —2.0D

HEHRE /m

-

(a) BRI IS B
M,/ (10°N'm)
40 =20 0 20 40 60 80 100 120

-2.0D

HUZERAE / m

(b) £ 1 B o 25 4
10 HEEF B n & 46
Fig. 10 Additional bending moment of pile

P11 AEE A 4H (I AL T 1.0D W)
Total bending moment of pile (cutter head at section
1.0D)

Fig. 11

3.2 tEHMnEA

TRATE B in b g Bt e A 425 A A8 R A 0 ] 13
foR . BB AT LA TR T 83158 — 1.0D Z i, e
P BRI Bl 77 6 PR AR AL s TR 2 T 28 — 1.0D s B m
B AT K, e Hi7E —0.5D~1.5D By B K
BN =N ¥ o NI R VA R0 A i oA B o v
Tl T v BE B B A A A [, 35 3% Bk i B R 11
B ARG

738

120

A/ (10°Nm)
s 5 & 8 32

=
T

D L L 1 L 1 L L L 1
-20 -15-10 -05 00 05 1.0 15 20
TrEf (/D)

K12 = s fe (X L
Fig.12 Comparison of three maximum bending moment values

HESF B MSACD /N
-5 0 5 0 15 20 25 30

bpobbaibes
=
L
lw]

P13 A S B
Fig. 13 Additional axial forces of pile

3.3 M T B 0T B

Pl 14 25 T THAE 25 A T B T 5% i i ) 42
M AR AL R . AT LUE A R 4200 235 — 1.0D W
[T (1 5 RV o N i A A (T 2 R o A |
ik —1.0D % 1.0D W 1 ik — By B B in 70 Fée G 3 3
K, JI R 1.0D Wit J5 Bl R i T 52 0E .

T JJEE S fEE AR A B /D)
-2.0-15-10 05 00 05 1.0 15 20
] 2 15 T T T T

0.0 :
—O— HETH T
-0.5
g
g
~ -1of
&
=
g -15F \
20}
pindd o) I s i R E
-25

Pl 14 A THEBA i o7
Fig. 14 Additional settlement of pile top

3.4 WEimBE AN A& E S
1 JE A iy A B o 7 2% B i 4 F 42 0 A2 £k



FUARE A 15 s, Ul 4. v LLE S T 8T
22 — 1D i, Bl 2 4% ) IR ih 3 K, 7E —0.5D~
LOD BB K i B %, ZJ5 H 2 2.0D Kt fim A& 2% 75
URESE= = RIS (ER: B0 Y 3 WA g I PI R rab i B ikl
Fish A AP A AR A S, T A — - 2z ) EE 48 T e/ A
IS SO ity 7R 2R Ty 3G K . X il g R 5 e
1 A a0 5 R, A5 R R i R R Z T AR R B
T 55 037 Wa I ) 25 SR AR AL, R AE 2 A TR A2 AR
DLV R B TR 50 25 0 & M

T ) JJBE S B AR 2 i E /D)
2015710 05 00 05 10 15 20

0f o—0—0—_ —o— A

i EM S / kPa

FREm =S Ik DN

P15 ks B n 7R 26 )
Fig. 15 Additional bearing capacity of pile end

4 ZTEMCEXNHEMIINERNZ D

ik 15, 2% 35 B 1 5 KO B xF L, e B T
PR A [ 7K - B X A 2 e s LA B S . X EE
1 4% Ko SHBERCHE , 70t 1 A7k S 149 A 6T 68 1) 37 B 6)
A DL Sl ML B R W o E L R B T 42 Y
AR LA 55 1) 5 SR AS A (R AR e i S
R i) 25 R

4.1 HE-BRIE 7K T (8] BE 52 i

411 MHEGWIeT 4

b SR AE R 2 JE A ) B U ZE 0.0D i B I
T 25 AR A IR B e K, I XS T 15 28 35k
BT JJ 303K 0.0D 7 8 b i 25 5, F 5% Bk % 7K SF-
(i) S 198 A 7] % A7 B B o 25 66 7 5 ), 40 ) 16 7 o
AT LA L A S B o 25 6 e O {1 B A5 AV Bk 7K 1 B g
A8 DR TRl /I, SEATE 1 S 2 e KA A 13 Y
2510% . [FIAF, AT LA & B0 1EAE B 25 4 0 B R A
PR AE B 100457 BB 30T, 25 A A SE AR A5 A R (B B AY
o7 2 T 25 1 % 3 P S A 5 KT WS A B B

FEINEEE / (107°N'm)

0040 20 0 20 40 60 80 100 120
—o— 1#tiE
02 —o— 2%tk
’ —a— 3t
2 -0af
iy
%ﬂ:
{06
B | e
'I
0.8 "%‘ﬁ:‘:,b i
‘\ i:%'

-1.0
K16 14 2% 3£HE B 25 46
Fig. 16 Comparison of bending moments of piles 1#, 2%
and 3%

412 MG Wb

b SCA5 T # 4 E E 15D A7 B T 4 B
) FEA KGR A KA, X H 15 28 38 HEAE
1.5D # 1 (4 Bl s an & 17 ros o nTRLR B, 15
2EAE LU AR B 1) B0 b 03 43 A B Bt B A B 3R Y
S NITTE: i N R S ST =N iU NN
B Jon %k 77 B S U0 | 3SR BRIl g B R (B R 1E R
R hin i 7 B KAB A 29 30 %6 6

ftimshA /N
-5 0 5 10 15 20 25 30

—o— 13t
—o— 2#t
—o— 3

b ZHRIR S m

-1.0
BI17  1#.2% 34ER g Xt e
Fig. 17 Comparison of axial forces of piles 1#, 2% and 3%

4.2 EiR-FEIE L2 e 48 X 4L B R 00

421 AMEGWE 4

B8 45 T J& #4 ) 3% JF #2 2 0.0D % 1 i 1%
A% Je SEAE BRI AR, T LA R B A B K A A
B 7R St AV I R S, LA AT B A A A K
(B HH A B 0 1 4G T A, 4 R 25 4 o A {1+ PR
TE % T 0 2R AL SEAE BRI 25 A 5 R A A 3
Xt b AR L AR e R (E L A5 1A AR S
e KAE AR A, 1 554 A9 /N AN 184 B Kl
[ 20% ,3% 5 N. Loganathan %5 (1 i 56 RLHEAH B

739



IR / (107Nm)

-40 -20 0 20 40 60 80 100 120
0.0 T T T T T T T
—o— 1#f
0.2 —o— 4t
B sub)
E 0.4
iﬁi‘:
= 0.6
2 [ .
P ...~
—0.8 PGEIH LRy
-1.0

P18 13 A SEME BRI 25 HE X 1L
Fig. 18 Comparison of bending moments of piles 1#, 4#
and 5%

422 HEH W Imdh N

J& F D1 35T 45 2 1.5D Wi i i 15 4% K SERE %L
B Tt AN 19 B R o R H 1ERE S SERE Ry
TNl 3 A 3 ) 386 KT 3 K 5 AR B R 0 2K
DA 38 43 19 B Jon ik oy i S50 0 184 o T B K O 7 Bk
TE T SRR AL IR B de R AE L B 02k DATT B
JIFF RN

Bt ingdch /N
-5 0 5 0 15 20 25 30

0.0 T
—o— 1#bE
—O— 4t
0.2 —A— syt
g
~ —04F
=R R
T B, e
—0.8 PRS-
-1.0

19 1% 4% SHEHEREHIN ) %) L
Fig. 19 Comparison of axial forces of piles 1%, 4% and 5%

4.3 Bt AnEwm & E S

Hh A S MR R b ) &N A 15 3% K 4 bk S
A i Ak 7R 3 0 AR TE 42 B R R AR A (18 20) o R LB
T B SHMEAE S 7K O G B /N T 13 ASRE R
Sh SHEE IR R G B, AR - A2 B G T 42 5 0
7N DR IR S ofr 7 52 19 15 T Ao 2800 I /D 5 A5 A S
THAEAE v 7R ) AL P ML A A [A] , #RRAE — 1D~
2D B Bl e ok

740

[ 7 S HE AR 6 E (VD)
25 °15°10 05 00 05 10 15 20

B3 £ AT / kPa

—o— 1#1E
5| —o—3wik
—b— 4k

F20 1% 35K A=HEAE 5 K 2877
Fig. 20 Bearing capacity at the end of piles 1#, 3% and 4#

(1) Ji H4 TF 42 060 ok 66 7 £ 1 5% el B T 42 20 47
T3 K, A ) B 25 0 3 2 A #E — 0.5D~0.0D By
B, 8 1) 25 R i R {2 G 1) 4 R R R 2 45% , T
T e I Y 25 R e K MH 5 B ) 25 R e K (B R A A
] 5 B in 4 0y 32 227 A #E — 0.5D~1.5D By Bt 5 HETH
B A0 990 B 32 8 7 A2 E — 1.0D~1.0D Bir B 5 4k 33 [ i
KRS 1E—0.5D~2.0D By Be 4 s i K

(2) ok S 1y B o 25 5 70 R o ity o 4 B 5 %
KT B 88 T U /S B RS B T T 2% 2D 1 B 3
B hin % 03 e KAB A BE B8 2 0.5D Ak & B I il ) A
FABL A 30 % 5 bt 25 15 Ik T I8 %0 340, A S B o
M KAE O B A S F R

(3) A R ATE Sty 57 T8 A 356 174 B o 25 6 g KL H 30
4 A7 AN T) 5 A i (57— o 3 TOT 19 A 356 E o o 5
HH 5 /0N A 3t 67 T v o0 2 B HIE RS A A 3R 1 B o
JE 5 A it 57 T R R0 288 K HE T A A 35 B Jin il 7 Bl
A TR 38 K T3 A i g 67 T B RIS 04 A
FEAE O Z LU B ER 43 B I 03 T L e

SE R

(1] sk, 1] DRI M Bk 8 G 40 4 ME STt 1) 2247
WFFE[T]. A L TR, 2003, 25(2) : 204-207.
Zhang Z Q, He C. Study on the mechanical behaviour
of a metro tunnel construction adjacent to existing pile
foundations in Shenzhen [J]. Chinese Journal of Geo-
technical Engineering, 2003, 25(2): 204-207. (in Chi-
nese)

(2] #WRAs, AR, 252, 45 Mo BkBE 18 T #2580 1 X
PER R AW ORI, &0 %5 LR%M,



(6]

[7]

[9]

[10]

[12]

2006, 25(6): 1290-1295.

Yang X J, Deng F H, Nie W, et al. Study on effect of
metro tunneling on carrying capacity of pile foundation
[J]. Chinese Journal of Rock Mechanics and Engineer-
ing, 2006, 25(6): 1290-1295. (in Chinese)

I, BES, WER, FEMEE T E R RLE
LS AL A BB A3 AT [T ). 3R % i) 5 LA A= 4R, 2012,
8(3): 485-489.

Peng K, Tao L J, Gao Y C, et al. Numerical analysis
of bridge pile deformation caused by shield tunnel con-
Chinese Journal of Under-
485-489.

struction underneath [J].
ground Space and Engineering, 2012, 8(3) :
(in Chinese)

Pang C H. The effects of tunnel construction on nearby
pile foundation[ D ]. Singapore: National University of
Singapore, 2006.

T SC . b bk TR it T BE AT TIT BB S el 11 5
M) S PEAR A SR (D). b at . bt sc i@ K2, 2015.

Shen J W. Reasearch on the influence and evaluation of
metro construction on municipal bridge pile foundation
in beijing [D]. Beijing: Beijing Jiaotong University,
2015. (in Chinese)

Loganathan N, Poulos H G, Stewart D P. Centrifuge
model testing of tunnelling-induced ground and pile de-
formations[J]. Géotechnique, 2000, 50(3): 283-294.
Chiang K H, Lee C J. Responses of single piles to tun-
neling-induced soil movements in sandy ground[J]. Ca-
nadian Geotechnical Journal, 2007, 44 (10) . 1224~
1241.

Ran X. Tunnel pile interaction in clay [D]. Singapore:
National University of Singapore, 2004.

Jacobsz S W, Standing J R, Mair R J, et al. Centrifuge
modelling of tunnelling near driven piles [J]. Soils and
Foundations, 2004, 44(1): 49-56.

T, PP BRI T 9 X AR O i R 5 e 1 BF 9T 25

[T). | HR 25 TR, 2011, 28(1): 118-126.
Yang M, Sun Q. Research summary of tunnel excava-
tion effects on adjacent pile foundation [J]. Journal of
Architecture and Civil Engineering, 2011, 28(1): 118-
126. (in Chinese)

Ng CW W, LuH, Peng S Y. Three-dimensional cen-
trifuge modelling of the effects of twin tunnelling on an
existing pile [J]. Tunnelling and Underground Space
Technology, 2013, 35: 189-199.

Ng C W W, Soomro M A, Hong Y. Three-dimension-

al centrifuge modelling of pile group responses to side-

[13] H

[14] H

[15]

[16]

[17]

[18]

[19]

by-side twin tunnelling [J].

ground Space Technology, 2014, 43: 350-361.
b, B R, Wong K'S, & . UK 38 X A 5% il i

SYEE OB BT TT[T]. A TR AR, 2013, 35

(7):1337-1342.

Ma S K, Lyu H, Wong K S, et al. Three-dimensional

Tunnelling and Under-

centrifuge modelling of the effects of twin tunnelling on
existing pile group in expansive clay [J]. Chinese Jour-
nal of Geotechnical Engineering, 2013, 35(7) : 1337~
1342. (in Chinese)

/b, Wong K S, BJE, & . K 1 b 5 % B
X B MR e F 5T (T, A+ 2, 2013, 34(11)
3055-3060.

Ma S K, Wong K S, Lyu H, et al. Study of effects of
tunnel construction on pile group in expansive soil [J].
Rock and Soil Mechanics, 2013, 34 (11) : 3055-3060.
(in Chinese)

H S0 R B : JGT 94—2008[ST. 4k st
STl Y RAE S 2008.

K&k, #°F, Ong C W. J& #4) b 385 TF 32 5 45 30T ik

Wi B fE 4y B [T, A L TR A R, 2008, 30(2) -
298-302.

Hh e

Zhu F B, Yang P, Ong C W. Numerical analysis on in-
fluence of shield tunnel excavation to neighboring piles
[J]. Chinese Journal of Geotechnical Engineering,
2008, 30(2): 298-302. (in Chinese)
b, BEEAE, PN, A5 L AR AR A B2 IR G TT 42 52
W2 B R = gART o [T]. & L TR, 2011,
33(342): 339-344.
Han J B, Xiong J H, Sun Q, et al. Multi-factor three-
dimensional finite element analysis of effects of tunnel
construction on adjacent pile foundation [J]. Chinese
Journal of Geotechnical Engineering, 2011, 33(Sup2) :
339-344. (in Chinese)
Lee G T K, Ng CW W. Effects of advancing open face
tunneling on an existing loaded pile[J]. Journal of Geo-
technical and Geoenvironmental Engineering, 2005,
131(2): 193-201.

st bR 2 A A i T R R Bl ke Y T
(R gE [ D], Bl bigsgE R, 2007.
Rong J. In-situ experimental research on soil distur-
bance characteristics during the subway shield construc-
tion process in the grit &. pebble stratum[ D ]. Shanghai:
Shanghai Jiaotong University, 2007. (in Chinese)

(AL tm: @

44—)
1=3

741



