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Investigation of bending deformation of underground pipelines induced by
differential ground movements
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(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing, Jiangsu 210098, China;
2. Laboratory of Quality Control of Engineering Projects in Zhenjiang New District, Zhenjiang, Jiangsu 212132, China)

Abstract: Stress changes induced by tunnel excavation and static pipe bursting inevitably lead to soil movements, and cause adverse
effects on existing pipelines. Although the pipe-soil interaction has attracted increasing research attention worldwide, a simplified
design code has not been developed to directly estimate bending strains of existing pipelines due to tunnel excavation and static pipe
bursting. In this study, we use the commercial software of ABAQUS to systemically simulate the tunnel-soil-pipeline and pipe
bursting-soil-pipeline interactions, and develop a single dimensionless plot for calculating bending strains of existing pipelines due to
static pipe bursting and tunneling by using equivalent soil-pipe stiffness. Results of field monitoring and centrifuge tests are adopted
to verify the proposed dimensionless plot. The ratio of the maximum pipeline curvature to the maximum ground curvature correlates
well with the proposed equivalent subgrade soil stiffness. By given the ground displacement profile, pipe dimension, pipe material
properties, and soil properties, engineers can apply the proposed dimensionless plot to directly estimate maximum pipeline curvature
and/or strains due to tunneling and pipe bursting.

Keywords: differential ground movements; underground pipelines; bending deformation; calculation chart

TR PORRG Syt b ks, TR
o PRI TS R AT L5 AT B . E TR

JE e % S Tt T 73 R ) L AR ) AR AR AN TR e e B AR Bk, K IR R ST AL,
GISECL AR DI LA EHAEE BORRGTHIOR R IR L i me,
Ji Bl AR BT D)3 ARSI AR TR . R 2B ol AN T et S B AR Sy, TS

Wk H: 2016-07-07

FETH  FEK A RFAREGENo. 51608170); TLI3E HARRL 4 (No. BK20160863); HIE It - J5 Rl 24 54 (No. 2016M601709); 145 It - J5 BHTF
WirtRI(No. 1601074C);  Hh s A FEA IR L 5 9% 15 H (No. 2015B29414).

This work was supported by the National Natural Science Foundation of China (51608170), the Natural Science Foundation of Jiangsu Province (BK20160863),
the China Postdoctoral Science Foundation (2016M601709), the Jiangsu Provincial Postdoctoral Science Foundation (1601074C) and the Fundamental
Research Funds for the Central Universities (2015B29414).

HfEEEA s LV, B, 1984 4EAE, t-EAFTAE, SN G- R AR B A G T AOWFST T . E-mail: ceshijiangwei@163.com



543

SYTAREE: A RIS 5 R T B 225 AT AT 1165

MR B . BRIEFFS S SR B  FEaE
LR AR RARTEI, MUK, Hiigh, A
TLF B 21 Ja e B 4. Bilan: 2007 42 H' S
H, B at VBB E il T P B0 h B b b, I8k
AR WS, BRI e, B K
W 20,

AR V52 2% 3 425 59| A 1100 1 Ak T AR A SR v 30
Pl o, Attewell™. Klarl®™, sk 3h 5 Bl g |
Winkler 3f{EMIFERZ IR, R T FbIt op g iE
HAZGIE DR ESE LA RS . L%
HORI R B s i ot A BRICRY & A Hrik Al
e B k@ AR O R, PR T RRIE O
SIS . R, LIRFS T K EMEE
BB U E- LA AR 582 —20 Wit IF
JEBEE FZ 5 S B LR AR T 1) = USRI BCapE
TR AR, R B2 A I 2 S R S i
EE AN T AR T B HEX (Bl R R iz X
CRUD e A —S82235 IF & T4 PR T 05 SO, i
TR TFZ 5 A 5 AR e, ML T hRiE
AN AR R, A LR s | A A 5T
FHAF D> o 38 I T RS () A B AR R R 56 R A R
JOAT BRI 2 B 4 RS b 3R e Al TR
F R I L A0, AR £k B e 1 e K
R 6 mm, (HE1EHE L R fhv AR
1% 880x10 OO0 b nr WL, BEIE TSR E
o BB AT Hb A R i AR R AR g . AR,
T B A2 0 £ e | S R A LR AR
THER M A . A SCKHEL TR RGN R0
BT, G5O SCHRIROE IS, 45t B3 2
IVE 2 B 4 RS B AT 25 2825 AR P IR BE T I 2

2 AEIS A ARALRE

1 SR TR TSR S e | AR
Bo BRETHZGE LAY, i 2E # PE0hR
Bk . BRI ITREES A g e i L
WALRE AR A e i 2 il 15 o U A5 AR RS
(1 vt i HHT £

2
X

S(x)=8, e " €D

e S)A EARBIRE ; Simax A BEE TFHZ M 2
S i KUTRE B RS s x DA i I BT A 2k
BT 0 T e B R
RN e bR N VA2 ORE INAHEE AR S PN HE

ONIET

(a) FEIEFFZ
PN E Y

Hudk

(D\ AR N

(b) EEEH
B 1 BEFERERERS RS LEME
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