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Influence of the metro undercut excavation tunnel construction on existing
railway bridge pile foundation
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(1. Shaanxi Railway Institute, Shaanxi Weinan 714000, China; 2. School of Civil Engineering, Xi'an Univ.of Arch.&Tech. Xi'an
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Abstract: Based on the Harbin Metro Line 1 between Harbin South station and Nongkeyuan station section undercut excavation
tunnel design and construction scheme was used, by the finite element method, Numerical simulation of metro undercut excavation
tunnel up-down bench cut method construction, was also applied and upgoing line advancing downgoing line 20m was analysed. The
variation law of mechanics and displacement of its influence on the upper railway bridge pile foundation was studied. The research
results show that the pile flank surface frictional resistance of upper railway bridge pile foundation is negative state in metro
excavation, and with the excavation tunnel face near, axial force, flank surface frictional resistance and displacement of pile
foundation are increased and the rate of change has gradually accelerated. In the direction of the vertical axis of tunnel, force and
displacement is more complex, obviously with decreasing pile foundation and tunnel distance; The pile foundation made a big
difference by excavation of up-bench cut and later, construction of downgoing line. The research results can be used for the project
and put forward the corresponding key control areas and key construction procedures, and provided certain theoretical basis for the
later similar engineering.

Keywords: metro engineering; undercut excavation tunnel; existing pile foundation; numerical analysis
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Fig.1 No. 9 bridge and tunnel location relational diagram
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T LR 518 28 9 5 W S A i I B0 - SRV R |
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¥ SR EREA R TARRIR N ) A F BT
KAER, PO LA HEN Y W4

TR 2R P AR, THEEIX I AR O 1 S B AE
VAT, i PR - P B MR R EA T 1 58
L T R ) Ay -
fi=0,-0;N,+2,/N, =0 (1)
Rif: Ny =(+sing)/(1-sing) ; HERI, ¢
A
BAE B AR LR BT B3N B
TC~ BFF AN MR BB TT HEAME TR,
I P 2 fioh BT AR DI 5 A4 [R) Y BRI
Te 3 1 9 B 43330 HCg 100 MPa it 98 000 GPa,
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W, HEH R @R, HCH R T 3 B
N 97.65 kKN/m’, BETHAT 4R - ot I WIAREL R MOBESE,
AN RE ] 940 KN, M WAL WpESE, AR
WG ] 340 KN B 2% .
2.2 FE LT FERRHL

WEIE BT 12 EATLMBAT M 1T 20 m, SR L

FETA

, HA60m, WFER S m, EfRETHR 20 mKEIL.

TAMEBL, JEHHER 5 m. SeHtEs 180° JEH
WAL, 72772 LA Tk, BHREREFm,
BEFZ T LR BHE, F2itiTxke,
R B 2371, B R AR —IRAT R, BEIE ST S E0R -
BFF R P25, L=3.0m, IR[AIHEIEE 0.3 m, Zh[A ]
B 1m; FIZORA C20 MIBEIREE+, 2w
BRI R ©6.5@ 150X 150 JEHZ4NAH W 5 #% AN 57
PR 0.5 m. FEEAUE T TOLanE 2 FioR.
=1 HRIELFSN.

Tab.1 Physico-mechanical parameters of materials
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ik 18 |18 128 ow 28z 2a [tg [28 |z2 (18 |zg |28 2 HEEL 9 18.2 40 20 180.8 0.28.
1112 1514 5116 318 13720 {20122 0724 s 26 (0128 25130 52 psf 3| 38 3 HEMt 4 192 43 20 2176 028
£ 1 IR AIHEMENNEY: TR ARG -SRROMN: TS ARATING 4 smEEsL 30 194 43 20 230 0.2%
RE-SRRATARANN, 5 0% 0.25 25 21 000 0.2
Ré1d 4R, b AFRTAR, 6 %ﬁ‘ 785 210 000 03
o l 2 ﬁ?BlEII& » 7 i 25 27000 021
Fig.2 Simulation of construction conditions-
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BERE e KA ) AL Z BN 3 () f. X
B 1. 2 A 4 REDUARBERE, BN,
AERUAEELARAGL, P DA FERE AR T B — MR A S i
1TRACEE RS, i) AR AN 3 (o) Fis .
TR 3 T IUMIESRE, T EAT 48T F174 20 m
WM, ELPFATREE 4 A0 TR 3 W, Pt AR
3 FRINURRBEREAR AL TR, AR E
3 (o) Fim. HHEFRIL: SIMEE Al A AERETR,
WEITERE I I R A, O EERH g 2 5B R R
m,ﬁﬁW%%%ﬁﬁ%mTﬂ X EZR TR

WRIFE, TALAERPIRER TR RAE, S
BRI AR AERE P A S BERH ) . B R T B T
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BRI BENETR 15 m &b, BPRXEWE &M
RFIKPA, 2 W7 TR R B AT B B O . A
B R PbERE BERR B FHZ L BGE, AT DA G R
1%, 5N S5PaH I RN T 35.94 kN,
Wl bbb 3%. MR 2 N BRESR IR KR ) b g TE
MFFZ S g%, 28 )) 591 in % A LB m
T 74.83 kN, [N 5.1 %, I HMFFEE 11 35,
B BT 2 bk B 1 1 BEAESE 20 m AbRE, FAR{KM
Jl, B TSR B RS R, AR Ak Sl —
Bk, % EATRE BN IR 20 m 4
B, HAA T %, B4 T rbEE mAERE Rk
EWIFIZ, HE&HN S50 6EH )Mk mnT
126.74 kN, [A]kbidHg 10.2 %, FItEY EAT4kEiE %
T BEAESE 20 m B, iR A ) FFAG A BT
i, SEEIBEIE 1.3 %: M4IFEEE 1825, B 74k
FHZT 40 m, FTLRIFZT 20 m, FITREFHE
FEAESE 20 m AbEF, AALHE—P R, EXIHEE
B 7.5%, ZJEAUTVFE.
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(a) The variation cloud picture of the maximum axial force of pile foundation
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(b) 1. 2 14 THEE
(b) The pile foundation under bridge pier 1.2 and 4
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(c) The pile foundation under bridge pier 3
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Fig.3 Variation law of the maximum axial force of pile foundation
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M, HEEE 3 FubkdE 4 A FIT&pEE—M, JHH
F T4 NT4 20 m T, FiARARfLRIA
AR . AH SRS S B PR 3 W42,
g Ko ¥4k, BEEFZRE 11 2, |
BATER RS B T T BRI 20 m AbRY, AR
SR, [ EEEm 34.68 kN, F¥ifdE 2.4 %. g
B RTERRREFIZEE 32 B, BT I
BIMESE 15 m BF, AR 3 R G DOARAE S KA ) A
AR RFFREAE . HrY BATERREIEE T2
FIPEAEEE 1 G0 S m Ak B, HAEKE ) HFIRE/N,
HE BATRREE ¥ AL TR 1 A A Ik,
S KA ) 9] 48.37 kKN P33k 3.2 %; ZJa
RN Y, HB T8RS A
15 m Zb A CRFERRE, WELEGH 78.36 KN, ~F-H45 1
5.4%. Y HATEREEETRIFZEE 17 2, E
FHEAALTFAHESEAL B, BEEE 2 SoRB ) Finwd, &
2B o I BRI 2 GhiE 5 m A IR,
S ) B g/ 34.53 kN, SFERIEB K 2.3%, Z ek
M XOFRmMAK, WMT 68.03 kN, Py
4.6 %. Y TTREEETRIFIZBIENE 3 HH
10 m 4b B, BEEE 3 S KE ) IR, HEETH
PLFPETEAE A5 (ks , BATR] IR B/ 66.28 kN,
EHERE 4.2 %, ZEREEE T RIEEERE, Hi
KEN A M, FHE#EM 1 %. B TFTREESE
T BRI 4 QA 5 m 4, BESE 4 BKER) T IR
Wb, EEBEFEE SIS 4 YA 5 m A
RN, BN ELU /S 70.44 kKN, SEH3E I 4.5 %,
ZJa XV 2 %l Sk 1Y .
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8.446 kN, F-HHiiE 8 %. MR 2 FHypESE | Fokk
B 2, BB REE M AL, N 2 T A R P
JI AR 1 W A 0 2 1 A A B BEL ) S 4K — A,
BN 11.54 kN, SERB0E 18.7 %; HEkt 3
BEAI 10.8 kKN, SEXRENE 17.7 %; HESL 4 BT 8.6
KN, SFHBE0E 14.7 %. {HMERE 3 FE% 1 1w AR L
15 m AL B, AR R BERE ) FFIa i , 4 31 T8
IR 5 m B, WA R R R BE R A Sk
SRS, EHBIRRA 1.95 kKN, FH58 55
3 %. BEFE 4 AEBTE HNESE 5 m bR, B
B RBERL) TR RN, M3 AL AR AL I,
N 2 T A5 A PR PEL) A SRS B 3, B TR 2.9
kN, SERI56 5 4.5 %.
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1) A0 % T g K JBE L Oy R O B, P 33 O
10 %, ZJEFE5FHE AR B 10 m 5[
WX 2, BEXHERS] 121 %, ZJEk
HEPHEE, SEBHEORE. Bk 2 S5hE5 1
AR —AE, R N B K BERE ) A5 Ak b
1 A5 . AL R AT L bETE MIAESE 3 2 1H 5
KIEEBH ) AE B 174 W6 18 22 - B3 5 m b A T iR
I, HEEFEAMTHERLARE MG, 1
() FH48 0% 11.6 %, Z )5 PRI 3 %. Pk
4 BEM 2 T8 B KBRS AL LR S HEEE 3 —AE, R
e PO 3 MR R R B A S5 . A4 T
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(a) HEEMFTREZERANZNEE/KN

(a) The variation cloud picture of the frictional resistance of pile foundation flank surface
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(b) The pile foundation under Bridge pierl

236 TP a1 a0 08 A7 1931 3336 3T 29 N 30

%6

¢

—— E:

—a— Ei_z

=E3
=84

(d) 3 THEE

(d) The pile foundation under Bridge pier 3
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(¢) The pile foundation under Bridge pier 2
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(e) The pile foundation under Bridge pier 4
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Fig.4 Variation law of the frictional resistance of pile foundation flank surface
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(a) HEEMELIHIELEEKN

(a) The variation cloud picture of lateral displacement of pile foundation
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(b) The longitudinal displacement of pile foundation
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(c¢) The lateral displacement of pile foundation
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Fig.5 Variation law of the displacement of pile foundation
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