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Numerical Analysis of Response of
Buried Pipelines in Soil Differential-
Settlement

LIU Wei, HUANG Chunjie
(College of Civil Engineering, Tongji University, Shanghai
200092, China,)

Abstract: Soil differential-settlement, which will change
the stress state of buried pipelines, is one of the important
causes for the damage of the buried pipelines. In this
paper, pipeline-soil integrated models are established for
four kinds of pipelines by utilizing the ABAQUS software.
For continuous pipelines, such as steel pipelines and PE
pipelines, the stress response of the pipelines are mainly
analyzed. But for socket pipelines, represented by ductile
iron pipelines and grey cast iron pipelines, the joint
deformation is the mainly research object. Thus, the soil
settlement displacement that causes the limit state of
pipelines are obtained, which reflects the anti-settlement
ability of different types of pipelines. Moreover, the
effects of pipe diameter and length of the soil settlement
area are discussed.
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Fig.1 Schematic diagram of finite element model
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Tab. 2 Parameters of steel pipelines with different

diameters
HA%/mm 219 426 630
P/ m 1.5 2.0 2.5
BEJEL /mm 4 6 8
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Tab. 3 Parameters of PE pipelines with different

diameters
HA%/mm 90 200 400
PR/ m 1.5 1.5 2.0
BEJE /mm 5.4 11.9 23.7
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Fig. 2 Layout of ductile iron pipelines (unit: mm)
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Tab. 4 Parameters of ductile iron pipelines with
different diameters and joint spring parame-
ters £ 200 F
=
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Tab. 5 Parameters of gray cast iron pipelines with

different diameters and joint spring parame-

ters
FA2/mm 118.8 220.0 425.6
BEJEL /mm 10 12 16
mmﬁ?ﬁfﬁf'{g%ﬁ/ 2.14X10°  3.99X10° 7.72X10°
15@4%5??%%]!%%;&/ 1.13X10°  2.11X10°  4.08x10°
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2 RS
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Fig. 3 Mises stress distribution diagram of steel

pipeline
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Fig. 4 Axial distribution curve of Mises stress of

steel pipeline
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Fig. 5 Maximum Mises stress of the steel pipeline

versus soil settlement displacement
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Tab. 6 Ultimate soil settlement displacements of

steel pipelines with different diameters

HAE/mm 219 426 630

R L TR (B /mm 135 185 151
6T A, B M 219 mm B4 N & 426 mm )7,
e BR - SO AL RS B W A2 O, T 24 48 1 B AR Ak Y
JNZE 630 mm J& , 1 BR - HETRE LIRS SR HE 219 mm
AR A L (0 FE 426 mm TAR (14 A9 4 504 D
AN XERBIN TR S L 7 AN 8] BLAR A 4538 T 1
52 A UTRE XK BEARTR] , A AR ORI AN R
HILITRERE S o
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ity D 1wy B89 R g 3T T HG e BT I MR A T
TR A1 5 Mises I {FL, B AR B iy i B - (AT BL
RO s AR ] R
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/
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Fig. 6 Mises stress distribution diagram of steel

—

pipelines at different settlement zone

lengths
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Fig. 7 Axial distribution curves of Mises stress of
steel pipelines at different settlement zone
lengths
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Tab. 7 Ultimate soil settlement displacements of
pipelines at different settlement
lengths
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Fig. 8 Finite element model after changing the

displacement load application method
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Fig. 9 Axial distribution curves of Mises stress of
steel pipelines with different displacement

load application methods
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Tab. 8 Ultimate soil settlement displacements of

PE pipelines with different diameters

H A% /mm 90 200 400
e R+ HETTRE A E /mm 65 136 234
2.3 REHHE
PLAME 118 mm (3K 2 55 2548 Ry 6] 43 AR 4 =X
EIEAESZ BRI SRR A ma 1 o AR 2 T Y v
N T EER A (4 LR R SO Al R v Z A
EYHN; )N . B 10 A TELEDIREA %A 100 mm
A48 T R 11 AT [ 11 AT 743 LG ARTE
oz AN 7 R B TR X SR Y 1 B 4
HPROTRE AR Ab 3 1T

/_-
—— T

B 10 HKESHHETHE(D=118 mm)

Fig. 10 Deformation diagram of ductile iron pipelines (D=118 mm)
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Fig. 11 Joint deformation distribution curve of

ductile iron pipelines (D=118 mm)
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Fig. 12 Maximum joint deformation of ductile iron

pipeline versus soil settlement displacement
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Tab.9 Ultimate soil settlement displacements of

ductile iron pipelines with different diame-

ters

HEA%/mm 118 220 429

HEJEL/mm 6.1 6.4 8.1
e B+ HEITREA RS /mm 453 290 235

AR, 5ESRE e e B, AR I VB E 1Y
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Tab. 10 Ultimate soil settlement displacements

of gray cast iron pipelines with different

diameters
HAE/mm 118 220 425.6
BEJEL/mm 10 12 16
PR U £ /mm 51.5 18 15
A\
3 FHig

AR A R ST A8 L S AR B R T, R
4 T 7 3 TN P ST DR T ABAQUS A FR
JUEBRLL, A58 T LU T 4518

(1) M TAT A4 AN 45 5] LG 2 20 LM A 3 T R
D) R =BTk A RE S| AN BTEPSS G
SIUCRERERL/IN, WAE T A Ma LA 552/ , (IR X 4 1
IR AR B R, (B HAR T A T 2R RE ) 2
WA, AT Y AT AR BE 2 PR

(2) R TEAE 1 32 M AT ORI — e 2 (AN ST
S BRI F R AN AR e MY | HLE i S i
AR T W 17 AR /N o BT LA 2 M T I DX
RIS, AEDTRE X PN R A T AN 22 A AR A ThTIC
88 IX S50 B 2 BB ) T AR 5 2 Ml T T
28 DX S/ IN T R B R 7 P B2 A AR AR TR IX.
Sl AR , SHEST 32 DXl PN 5 T A P e i AR

(3)— R, Xt T I FI PE & X K Lk
18, BORAE R B A T8 RE AR S B A H T AN 24 5 TR 5
{ELJE X 3K A 0 A IR 1 B kA ok 2R R A U
I8 BB A T BT A RE AR S/ N MU AT LR

(D FEXASCHE R 4 RAEH T S, K H B BAE
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