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Theory and Practice on Isolation Technique of Multi-anchor Isolation Pile

ZHANG Huai-jing' , GAO Yong-tao’
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2. University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The overall process of the first application of “multi-anchor isolation pile” technique in Beijing
subway construction at World Trade Center bridge station is systematic reviewed and summarized.
Simultaneously, this technique is deeply discussed from the aspects of theory and practice. The research
result shows that (1) multi-anchor pile does not bear force in vertical direction, while their assemblies can
play a role as isolation wall; (2) the soil around pile is integrated into a whole system by reinforcement of
anchor pile and grouting, subsequently it preserved the frictional resistance of original bridge pile and
increased the stability of excavation tunnel; (3) the combination of high-pressure grouting and installation
technology of anchor increased the resistances of side and pile end, soil bearing capacity and soil deformation
modulus. The formative isolation pile and wall possess relatively high side bearing capacity.
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Fig. 1 Relation between excavation space and original

bridge pile
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Tab.1 Engineering geological characteristics and physical parameters of soil

e HEAK R FERE/m o I/ (kg -m ™) BEIJI/kPa BEEEM/(C)  IARALL ARTBAEE/MPa

1 Zefit Jufn, — M — W, 5.50 1850 10.0 10.0 0.35 15.0

2 MRt W, % - PR R 3.00 1950 20.0 20. 0 0.33 20.0

30 M -mE  WE - A6, KRS 6.50 2 000 0.0 20. 0 0.25 45.0

4 Fipih L e, AL - R 3.00 2 050 21.5 25.5 0.31 40.0

5 g Ry MR - et IRESTE 8.50 2015 0.0 28.0 0.24 55.0
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Fig.2 Layout elevation view of anchor isolation piles
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Fig.3 Section detail drawing of multi-anchor pile
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Fig. 4 Schematic diagram of grouting pipe of

multi-anchor pile
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3.1.2 HHEMEXIS
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Fig. 5 Numerical calculation model
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Tab.3 Division of typical working conditions
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Fig. 6 Bridge base subsidence varying with typical
working condition
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Tab.4 Discrepant subsidence of pile top and bottom

under different working conditions (unit: mm)

T WATH 2 WRTH3 AT 4 JAITHS
Tab.2 Calculation parameters of structure element
1 25 -1.128 -0.3789  -0.8526 0.214 7
it raoe  SPERTEL/ MPa NEL/NA FE/ (KN - m™?) 1 BHE -1.104 -0.3236  -0.79 6 0. 269
38| 23 000 0.20 25 % Uk -0.024 -0.0553  -0.056 -0.054 3
 Ehgsms o I )/ 2 AT -4.994  -7.122 -7.863  -6.468
gty ot (kN - m) (kN - m-?) (kN - m~2) 2 BRI -4.919 -7.079 -7.815 -6.421
S -0.075 -0.043 -0.048 -0.047
HTE 4e8 2¢9 2¢7 EFULE
3ER -12.16 -9.019 -14.56 -11.59
3.2 HAITRIY 3ERE —12.12 -8.98 “14.47  -11.5
HYE TR, W05 1 5 PR T, W33, ZFULKE  -0.04 -0.039 -0.09 -0.09
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Tab.5 Extremums of frictional force and contact

pressure around pile

o BEJHEEAE Ty P, B e fib g P
e KAE/kPa Vi #/m KA/ kPa Vi #/m
1 78. 50 12. 69 50. 40 2.82
2 71.50 12. 69 74. 80 4.23
3 77.10 12. 69 55.30 5.64
4 77.70 12. 69 50.70 5.64
5 70. 80 12. 69 78. 30 4.23
6 77.00 12. 69 53.50 2.82

T SO R T
4 TiERET

2006 ), JFERFEBRE R HEATHE L (K 7)),
i TR, SOk T AL R HE . 3 3 M L
G—RONFAMEB, IR —A2EH, BT E A
B A ) 430 0t AT 55 o

B7 KIS
Fig.7 Construction site

BoE, N VIR AR R IHZE L, A& AT
A 208 0 7R, WIS SRR, B
BE SRR L KAEAR T 3 mm, A5 H BUBH & 149 07
WAL 5 T S5 Bl AT B B A e e o St T
JEH, ORI E LR BV AR, PIAA
B BRI R b, A UR], 2 LR B

RAEAL 115 mm, SR T B ME 19 30. 0 mm )
Mo DTS AR

5 #Fig

SR T B FE AE BAA D — T B B, A
VA2 H RIS 1R, HOS AR A T RS
R, BB IR R M A A . BB AT SUARBAT,
JEMESCAEAE, SR BE -5 - () BIAHLESIE,
HAAR] T — M A A A ) AR R A P AL«

(1) BEAFATAESE B 1B AT A A T g 7 9% 07 1%
MDA, R S T AR RE BE Al 2R E B — BB Y
Bl b g O ik, Ao e A B ) B XA
J1, HoEm— R W% T R s m e

(2) BEFFPAEAR S 150 [E 5 f i 455 i —
R, BEORIE T I RERE B AN 2 40k, A 1 hE
ETHZR R ETE, B ORIIE T IF 206 i 2 Y
A, TR B AR R Al Y R B AR

(3) mEER ST 2R T ANE S, S
FetesmB )y LR ARE ) KA R A2 T S,
TR B 0 Ak 5l B A A s A O e R BRBE T, AN UAR,
TE T RBFIEA &, T H S A A d T i T E I
M5 | R

(4) {UtHh T4 b5 18 5 BB A 45 14 ) 1) B 25 0k
Y, SZ A BT B B AR B AT UE I 4% AT 20 ) it T
PR, HTHASEAS, it AR SRR
SEH:

References :

(U] sKabsm, il gk oA g O O A 56 A9 it T ) 247
SJRFSE [J]. BB, 2003, 25 (1): 92 -95.
ZHANG Zhi-giang, HE Chuan. Research on Mechanics
Behaviors of a Shield Tunnel Construction in Metro
Adjacent to Existing Pile Foundation [J]. Journal of the
China Railway Society, 2003, 25 (1): 92 -95.

(2] ARWU, fap)i]. JE AL BETEE Al FAS A = 3% HE b Bk 2 il 45
WZHWR [J]. BRIES4R, 2003, 25 (6): 93 -98.
LIN Gang, HE Chuan. Study on Structural Parameters of
the Three-arch Metro Station Built on the Basis of Shield
Tunnels [ J].
2003, 25 (6): 93 —98.

(3] ok, EWAE, A, 5. MUER4° b 42 g IE it T
PR (1], A e 5 TR R, 2006,
25 (1). 184 -190.

LI Qiang, WANG Ming-nian, LI De-cai, et al. Effects

Journal of the China Railway Society,

of Sub Surface Construction of Metro Station Tunnel on

Existing Pile Foundation [ J]. Chinese Journal of Rock



%9

SRIRER, S5 SA AT IR BTAERR B EOR 1 EE S SRR

97

(4]

(5]

184 - 190.
N R

Mechanics and Engineering, 2006, 25 (1) .
KRR BRI ARG TN (ML d:
AL, 2003.

GUAN Bao-shu. Experience of Tunneling Construction
[M]. 2003.
Ak, EWIAE. TRIERRIE T it 1t R UTRE AT BR T4y
Br [J]. pujilgs, 2004, 24 (1) 98 -101.

LI Qiang, WANG Ming-nian. FE Analysis on Grout
Surface Settlement of Shallow Buried Tunnel [J]. Sichuan
Architecture, 2004, 24 (1) 98 -101.

AHL, I JE R R E R S = R AT R T Bk
Tl AT s [1]. BURERESOAR, 2004,
41 (1). 5-

LI WEI, HE Chuan. Study on the Mechanical Behavior of
a Metro Station With Three Parallel Tubes Based on Shield

Beijing: China Communications Press,

Tunnel [ J]. Modern Tunnelling Technology, 2004, 41
(1): 5-

ZIV, Bd= )N X SRR S S
WE [J]. A0 5 TR, 2004, 23 (6):
1032 -1036.

PENG Wei-ping, LIAO Jian-san. Analysis and Selection
of Building Pile Design Parameter in Guangzhou [ ] ].
Chinese Journal of Rock Mechanics and Engineering,

2004, 23 (6). 1032 -1036.

(L% 91 W)

(7]

(9]

[10]

[11]

wIE, £ CFRP - B&E+ S IR 45 09 97 1t fe
o [J]. S5 )12, 2014, 29 (2): 189 —199.
PENG Hui, WANG Bo. Experimental Study of CFRP-

1

concrete Interfacial Bonding Fatigue Behavior [ J]. Journal

of experimental mechanics, 2014, 29 (2). 189 -199.
BAZANT Z P, CANER F C, CAROL I, et al. Microplane
Model M4 for Concrete. I. Formulation with Work-
conjugate Deviatoric Stress [ J]. Journal of Engineering
Mechanics, 2000, 126 (9) . 944 —953.

BN, RAE. IRBELFIBYER AT BRI ST 1. S
AR [T]. BRI R, 2006, 38 (9): 14 -20.
LI Jie, WU Jian-ying. Elastoplastic Damage Constitutive
Model for Concrete Based on Damage Energy Release
Part 1. Basic Formulations [ J]. China Civil
2006, 38 (9): 14 -20.

FARJA R, OLIVER J, CERVERA M. A Strain-Based
Model

Rates,
Engineering Journal ,
Massive  Concrete

Biscous-plastic-damage for

Structures [ J ]. International Journal of Solids and

Structures, 1998, 35 (14). 1533 -1558.
NEUBAUER U, ROSTASY F S. Bond Failure of Concrete
Fiber Reinforced Polymer Plates at Inclined Cracks-

experiments and Fracture Mechanics Model [ C ] //

(8]

[12]

SREE, FrfE. BEOGURERR I B A s [T, EAR

FARIF L, 2004, 31 (4). 23 -25.

ZHANG Su-qing, SHI Qian. Study on the Negative Skin
Friction of Pile Shaft [ J ]. Building Technique
Development, 2004, 31 (4). 23 -25.

PR, TSRO, R, SE RARBERIAR & Ak

B [J]. AERRHORAAA, 2006, 28 (2): 104 -107.
GAO Yong-tao, ZHANG Huai-jing, WU Shun-chuan,
et al. Reinforcement of an Unstable Abutment-slope [J].
Journal of University of Science and Technology Beijing,
2006, 28 (2): 104 -107.

KV, TKRVREE, PhETE, #-%ﬁﬁ%%ﬁﬁmﬁ

REGA B BIS B L TN (], A% 3SR
£, 2004, 21 (9): 9-12.
GAO Yong-tao, ZHANG Huai-jing, SUN Jin-hai, et al.

Theoretical Study on Treatment of Side Slope in High Filled
Road Subgrade and Tts Application in Engineering [ J].
Journal of Highway and Transportation Research and
Development, 2004, 21 (9). 9 -12.

TBJ108—92, ksl WEsiA4 Sk HA MM [S].
TBJ108—92, Technical Shotcrete-bolt
Construction Method of Railway Tunnel [S].
TB10003—2004, BREEEEEBIIHE [S].
TB10003—2004, Code for Design on Tunnel of Railway [ S].

Regulation for

[12]

Proceedings of 4th International Symposium on Fiber

Reinforced Polymer Reinforcement for Reinforced Concrete

Structures.  Farmington Hills, Michigan: American
Concrete Institute, 1999, 369 —382.
NAKABA K, KANAKUBO T, FURUTA T, et al. Bond

Behavior Between Fiber-reinforced Polymer Laminates and
Concrete [J]. 2001, 98 (3):
359 -367.

MONTI G, RENZELLI M, LUCIANI P. FRP Adhesion in
Uncracked [C] //
Proceedings of 6th International Symposium on FRP
World

ACI Structural Journal,

and Cracked Concrete Zones
Reinforcement for Concrete Structures. Singapore :
Scientific Publications, 2003 183 —192.

SAVIOA M, FARRACUTI B, MAZZOTTI C. Non-linear
Bond-slip Law for FRP-concrete Interface [ C ] //
Proceedings of 6th International Symposium on FRP
Reinforcement for Concrete Structures. World
Scientific Publications, 2003 163 —172.

UEDA T, DAI J G, SATO Y. A Nonlinear Bond Stress-slip
Relationship for FRP Sheet-concrete interface [ C ] //

Proceedings of International Symposium on Latest Achievement

Singapore ;

of Technology and Research on Retrofitting Concrete Structures.

Kyoto, Japan: [s. n. ] 2003; 113 -120.



