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Analysis of deformation of high-speed railway bridge piers subjected to

lateral shield tunneling in soft soil layers
YANG Ping', QU Mengyang', GE Yufei’, DING Yuhao'

(1. School of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China;2. China Railway
Third Bureau Group East China Construction limited company, Nanjing 211189, China)
Abstract: To analyze the control effect of the portal isolation structure on ground settlement and the displacement
of high-speed railway bridge piers in soft soil layers, as well as the stress state of the isolation structure itself, a
three-dimensional model was established based on the Nanjing Metro Line 6 shield side-crossing the Shanghai-
Nanjing intercity high-speed railway bridge pier project. The simulated results were compared with the field
measured values to verify the reliability of the three-dimensional model. On this basis, the sensitivity of the key
parameters of the isolation pile was analyzed and the optimal parameter combination was proposed. The results
show that the ground displacement caused by shield tunneling is distributed in a “V” shape, which conforms to
the Peck curve. The displacement of the pier exhibits dynamic response characteristics, with its deformation
mainly occurring during the stage when the shield enters and exits the affected area. The portal isolation structure
has a significant effect on the deformation control of the affected section, which can effectively control the
displacement of high-speed railway bridge piers. The thickness of the isolation pile, the depth into the tunnel
bottom and the distance from the shield have a significant effect on the control effect of surface settlement and
pier displacement. An isolation pile with a thickness of 1.2 m, a depth of 3.0 m into the bottom of the tunnel, and
a distance of 1.0 m from the shield is adopted, and a connecting beam with a spacing of 6.0 m is set up, which can
ensure the safe operation of the high-speed railway while taking into account the engineering economy. The
research conclusions can provide design reference for similar projects of shield side-crossing sensitive structures

in soft soil layer.

Wi HHA: 2025-10-23  {EE HE:2026-01-04  EZHEA2026-01-08  HEGHERTE
E&WB: ERARPIEEIIH (52178337)
fEEEN: B F (1964-), T, VL0 AN, WL, #Z, FENFH T TRIHEATIE. E-mail: yangping@njfu.edu.cn




206 ATFIRZRRS

Fik (B RFF )

% 45 %

Keywords: high-speed railway bridge piers; lateral shield tunneling; portal isolation structure; soft soil layers;

deformation control

0 5&F

%%*Iﬁm%%EﬁiL PR HE R Y
PR, AR e = v T R R T B e R RO A e T
OLH s34 220 B A SRR TR i
ARVE AR, TESE AR BE LS R B AR
AR, G BB R BRSO A e KA TR 5 KR
(i, FEEE RS E e, Ik, BN
B 3 o AR 2 R AT IO — Rk T, R
it BIF T & B AL PR B 25 AR 50, IR IR AT
Py Tk FE b e . BRI L R A5 R A B
ATERHE, DA T2 s ks B e

LRI, AT 08 A4 000 28 A7 B A A7F 5 3 28 4R T A1
BRSBTS EAS LR S AT 5 A
Jr i . SOOMRO “FF1R F B Lo A, A7F 52
B W TE A 2E Tl R 6 IR AT B R S Y 5
SUN S5 i B 5 RUE AR X L, Bk /M g Kk
ZINJE AR AR N 5 T AR TE B AT 5P o BRAE A A5
ZEERUERIL S g M, RGBT T R B [
FE It = AR B PR AR T . SU OB SRR W,
(R KHZ A, A SRR AR A S 2 I 3 )
o JZ TR S AR L R R I, A SO H 5 R TR
KT 25058 HARR SR, EENGEVEM, E2
b B AR AT B 20, 1] 3R B AR 45 4 X TR Y
PEMIBOCR B 0 3, 4878 DR 52 0 LUBE 18 Bl
2ot IR B R AR AR VT e
Oy AL o AR T A T B S Ty 1 0 e T T
25 R N R ) S P O AT A A
S A TR S S AL B ], TOUAE 2 R
Pt T2 % R AT JE M Bl 7= A= AR e e, AR IR
K/NE RS i T B R X B VIR OG . YE
SR T MIS T3k X T # T 25 DX s A = 2 47
[T N S R - [ o5 N o
WFFE AR AR TS F O 2 R S G A T B il
FoRIR R, HE XTI S SR b
B A 552 14T AR A i LS 2 e R
s, k= RGHIE

I, VR AKFT R Atk 6 52 A6 bl i oty 2= 41
LB X (0] TR, M = 4EBamiRl, Ran
AT it T el e v 1] B 5 X 2= B AT e
R IR EALEE, TR S5 S BRI T 5, 241

BT )2 B Al b B 5 %, LU
R TR 0 2 4t T S5 T A SR Rl 2 A i
1 TEBR

B MR 6 5 28 A8 Tl [l & AT 1 E Sk X
Bl A2k ((FAT4k) BFiE 2K 985.71 m, HEE
H838~18.10 m, A4k (FAT4k) B ALK
B 1017.17 m, ¥ K 820~14.82 m., JEH
0 25 18 0 B 5 X B A - T A LR 1

\

- N ‘
JE R 25 X 35K Y
EralEE I A% it
P R0 2 s AT - T
Fig.1 shield side through the high-speed railway pier plane

DB T 5 R4 M AT, s SR 1 |
Z IR L AR AR B I KA, TE B
TR R LR . HIFROK R 2 R AR,
SR AP TE S A A2 S, 3 K RGE 0T 73 v
KRG I RBUKMZE, K RS . %
BRI EHE TRy 13.0 m, A7 4R % i HE TR IR
122 m, MEF R AERAFEIX B L 2,

O Fifp DR T 5 e R AT T P 2 i e R Y
AR A il X, R PH ) e g 45 A
TETEME 5 3% R B AR T A 1] S UAE 2R
RTFHZ 5 R A ARG R KBS, P Fe g 18
BRATFIE AR 22 AR

KT RE SRS L m, [N
1.2 m (0BG FLIE T AR D JE A, Bk B S (o 22 R
MWL 3m. T E 1 mx0.8 miaE%:, gl
M4 6 m i E 0.6 mx0.8 mik &R, B ZEZ
IR FR o it TR B AL T2, 43T A A X Sl Al
FH 2 [B] 5% 5 WL & 09 45 R 30 BE B9 010 8 A 4
A7 MER o R e b B T AR R ) DO R N T
100 mm, FEA RHH 1.0~1.3, B E B %
2 AL 0.5%, MEALf 25 A KT 20 mm, AT
B PR AE L AR B RE

245 ¥4 3
Al R %
B T &

TTITRERAREZZR (BAREM)

P31k . https://fxky.publish.founderss.cn



% 2

B F, FREREFANGT SRR EL 5

207

M )2 1 25 2/
e P ———— P+ puasfiee 1600 .
4% s
/ 500 @-1b2KEEL
s f o
Hﬁﬁ%?%*"g % @‘2b3'4*53)ﬁ\§|5j:

:
1
") 3
RN
AT

3N s 1R ALK
_5.80 0-2-25 KUK IN KA

JEHAREIE 2k F AT

& 2

o-3 WAL K A
-14.00

JE BRI ATER

025 v ERATR A X ] ) T
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Tab.1 parameters of constitutive model for small strain hardening of soil layers
)R JEE/m  p(kN'm?®)  ES/MPa  EX/MPa  E’/MPa C'/kPa 0'(°) G,/MPa

FSUER 1.6 19.4 6.0 6.0 30.0 19.4 19.4 60.0
it 1.7 18.8 5.0 5.0 25.0 18.8 18.8 50.0
@-102 ¥y i Zh + 3.9 19.6 5.2 5.2 26.0 19.6 19.6 52.0
@-2b3-4 H %+ 1.8 18.9 4.9 4.9 24.5 18.9 18.9 49.0
S-1 2 WALIN KA 12.3 18.9 5.6 5.6 28.0 18.9 18.9 56.0
8-2-2 R XA 27 12.9 15.3 5.9 5.9 29.2 153 153 57.0
83 PRI 13.8 25.8 6.1 5.3 29.1 25.8 25.8 59.0
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Tab.2 parameters of structural linear elastic
constitutive model

wh RS
/(KN'm™) /(10" MPa)
JEFHLIE 7 0.14 190.00 2.30 0
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TR 26.50 3.45 0.2
BRI 0.20 25.00 3.65 0.2
R 24.50 3.15 0.2
ARG 24.50 3.15 0.2
R Ris 1.20 24.20 3.60 0.2
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Fig.5 vertical displacement cloud map of shield tunnel axis section under various working conditions
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Fig.6 vertical displacement of soil at the arch crown and arch bottom of tunnels under different working conditions
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