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Abstract: Bearing capacity of buried flexible pipes depends closely on the support provided by surrounding soils, and the
interaction forces between the pipe and the soil are crucial for ensuring a stable operation of pipeline. When differential ground
deformations occur, flexible pipes are susceptible to angular damage at the joints due to uneven support. This paper investigates
the mechanical behavior of flexible pipe joints under differential ground deformations through laboratory model test. Using the
Winkler elastic foundation beam theory, theoretical formulas are proposed for calculating the rotational angle of flexible pipe
joint under conditions of fully released moment, partially transmitted moment and fully transmitted moment. These proposed
formulas are analyzed and verified using model test data. The research reveals that the deformation of flexible pipe joint is
closely linked to the amount of differential ground deformations. Compared to the formula for fully released moment joints,
using the formula for partially transmitted moment joints gives a more accurate calculation of the rotational angle of the pipe
joint under differential ground deformations. As the pipe diameter, burial depth and internal friction angle of the backfill material

increase, the maximum allowable differential ground deformations that the pipe joint decreases accordingly. Additionally,
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the joint rotational angle shows trends of linear, logarithmic, and exponential growth, respectively. Furthermore, with the

increase in differential ground motion, these growth trends become increasingly significant.

Key words: flexible pipe joints; differential ground deformation; model test; Winkler elastic foundation beam theory; rotational

angle of pipe joint
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Fig. 5 Schematic diagram for calculation of pipe joint angle
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12 Jy 2 AR A AR BN A TR, A A SERE A
FESEFN T ERCR B AR . B 12 (a) HH]
DAE L, RN B M0 30° 5 35° , 40°
45° I, EIEESKITREAVE I O T AR SR T
B354 33, 233, 167, 133 mm. MK 12 (b)
A ULVE Y, BB RERIE F i SR A R A 0 1 I &



1832 HoE L OB ¥ M

2025 4F

PU RO KRGS . mH, BEE L RS
EHIEIN, X @R REEREE . X BN
FEGESBOR,  BURHOPUBT SR My, HX T EIE L)
WG, TS EAR F 3t LIRS T,
KA, B ERSLRE RS2 +
A BN B o

50
—0— 0=30°
—— p=30°
4l Ve
. —o— =30°
& 3
#
o
2
$m)
o
1
x/
o =y 1 1 1 1 1 1 1
13.3 16.7
0 100 20 30 40 50 60 70 80 90 100 110
HEE PR BT B S/mm
(a) BBk M B b2 VR4S 3 B s Ik
6 —
O §=20 mm
A S=40
5F o 5260 mm y=7.12x1074 x232
— v $=80 mm R?=0.99
L 4 FSS100mm ¥=5.70x1074 1232
& R?=0.99
ﬁ sk y=4.27x1074 232
" R?=0.99
oo, y=2.85x1074 1232
o R2=0.99
1+ y=1.42x104 232
O_,,,o/o/o R?=0.99
0 1 1 1 1 1 1 1
25 30 35 40 45 50 55 60
BORHNEEBE M o/ (°)

(b) BT A B A SORL N B AR I R4l
12 BRI EE A EE L AR
Fig. 12 Effect of internal friction angle of backfill on pipe joint

angle

5 &

ARSCT A %5 A BT R B 152 4007 10 773,
St T S B AR BT R I 1122 4T 3t
TWFSC, SR T A BB A 0TS, RIS
ELf . R SR P R £ 2 R TR T S
BRAEHT, EEEFILLF 4 M58

(1) 233+ PR 52T A 100 mm BAPY
[N, R Pk O A RPN RN T B B T
BT 100 mm 5, R BEL A A A 1
HE BT . FER I - RS B A T B R A
T8 5 B 7 1)L R A DB R 2 B R 40 7 - e
AT IR A, R )00 RN o

(2% 4 3 T 6 25V O B K M AR B8 T
BB I BRI TR . A5 BBk fA b %
T ELE IR AT B R MR K a3, FLix— 2%

pacap

B

PG K T AR 2t A M B A T B R R T AR R 4

N

Julli|

YETER L ITRER VR I o R 5 AR 5 28 T
R TR A O TR o I A TE R R
BB R I A D0 N B a3

(4 ETERITRER VR I o R 5 AR 5 20 T
G RO A EESE A (RI G TR o ISR L A
W SEORE PN BE B A A I S DL TR O i % . T
H, B AR S B, X —EsAan
(LY ETE

FI 25 22 ARA/Conflict of Interests: FiA3 1E¥ A W ALELEFIZS
H5<, All authors disclose no relevant conflict of interest.

{£%& STt/ Authors' Contributions : & fUf 223 7% HHIF 7T N 25
A58 AR, B U e B e T SR A, AL 22
EHEA 2 50 SERE . FrafEE I Bt A =
I &2, This study was designed and the model tests
were conducted by ZHOU Min and LAN Haitao. The theoretical
calculations and analysis were performed by ZHOU Min and NI
Pengpeng. The manuscript was drafted and revised by ZHOU Min,
LAN Haitao and NI Pengpeng. All the authors have read the last

version of manuscript and consented for submission.

SE -

[1] F e IR 50T i HDPE 5738 77 25700 B4
fIE BT 7E D). P 5t AR B OK %%, 2018. (ZHOU Min.
Mechanical Responses of Buried HDPE Pipes Subjected to
the Ground Subsidence[D]. Nanjing: Southeast University,
2018. (in Chinese))

2] ¥ Kk, B2, Rikrh, & R TRNAARIBRERT XETE
SRR TR R3], A R 2 2 AR (B R RR),
2012, 36(4): 134-138, 148. (HAN Bing, WANG Zhiyin, WU
Zhangzhong, et al. Application of strain-based theory in
failure analysis of pipeline subjected to mining collapse
areas[J]. Journal of China University of Petroleum (Edition of
Natural Science), 2012, 36(4): 134-138, 148. (in Chinese))

[3] &2, JIENI, ROCHE, . — MR IhGT R R T AR
Hb T e B VR D). KRS AT AR AR, 2016,
14(3): 25-31. (LI Xingyu, LU Zhenggang, WU Wenjing, et al.
A method of integrity assessment for bell and spigot buried
pipeline under erosion void[J]. Journal of Water Resources
and Architectural Engineering, 2016, 14(3): 25-31. (in
Chinese))

[4] CHEN Q S, NI P P, QIN X G Numerical investigation on

failure modes of bell-spigot jointed ductile iron pipelines



9 1

Ji G AR IR RS A R R E RS AT OGS ELB 0T 1833

subjected to dip-slip faults with different dip angles[J].
Tunnelling and Underground Space Technology, 2023, 133:
104982.

[5] QIN X G, ZHENG S Z, NI P P. On the response of jointed rigid
pipes under abrupt ground subsidence: a closed-form
analytical solution[J]. Tunnelling and Underground Space
Technology, 2024, 145: 105613.

[6] NI P P, MOORE I D, TAKE W A. Distributed fibre optic
sensing of strains on buried full-scale PVC pipelines crossing
a normal fault[J]. Géotechnique, 2018, 68(1): 1-17.

[71 ZHOU M, WANG F, DU Y J, et al. Laboratory evaluation of
buried high-density polyethylene pipes subjected to localized
ground subsidence[J]. Acta Geotechnica, 2019, 14(4):
1081-1099.

[8] ALA. Guidelines for the Design of Buried Steel Pipe[S].
Washington D C: American Lifeline Alliance, A Public-
Private Partnership between the Federal Emergency
Management Agency (FEMA) and the American Society of
Civil Engineers (ASCE), 2001.

91 £ &, % Wr, A & EEWZEER S SN 5 TE
SN SRR AT T3] TR 027, 2011, 28(12): 51-58.
(WANG Bin, LI Xin, ZHOU Jing. An improved analytical
method of buried steel pipeline response under strike-slip
fault movement[J]. Engineering Mechanics, 2011, 28(12):
51-58. (in Chinese))

[10] NI P P, MANGALATHU S, YI Y L. Fragility analysis of
continuous pipelines subjected to transverse permanent
ground deformation[J]. Soils and Foundations, 2018, 58(6):
1400-1413.

[111 O’ ROURKE T D, JUNG J K, ARGYROU C. Underground

pipeline response to earthquake-induced ground deformation[J].

Soil Dynamics and Earthquake Engineering, 2016, 91:
272-283.

[12] HH TR 205 dE: GB/T 50145—2007[S]. Jbxut: i E
X H Bt 2008. (Standard for Engineering Classification of
Soil: GB/T 50145—2007[S]. Beijing: China Planning Press,
2008. (in Chinese))

[13] KLAR A, VORSTER T E B, SOGA K, et al. Soil: pipe
interaction due to tunnelling: comparison between winkler
and elastic continuum solutions[J]. Géotechnique, 2005,
55(6): 461-466.

[14] NI P P. Nonlinear Soil-Structure Interaction for Buried
Pressure Pipes under Differential Ground Motion[D].
Kingston: Queen's University, 2016.

[15] TOGNON A R, KERRY ROWE R, BRACHMAN R W L
Evaluation of side wall friction for a buried pipe testing
facility[J]. Geotextiles and Geomembranes, 1999, 17(4):
193-212.

[16] HETENYI M. Beams on Elastic Foundation: Theory with
Applications in the Fields of Civil and Mechanical
Engineering[M]. Ann Arbor: University of Michigan Press,
ML, 1948.

[17] DE OLIVEIRA A. Mechanical Performance of PVC Pressure
Pipes with a Bell-and-Spigot Joint[D]. Kingston: Queen’s
University, 2019.

[18] O’ROURKE M J, LIU X. Seismic Design of Buried and
Offshore Pipelines[M]. Buffalo: Multidisciplinary Center for
Earthquake Engineering Research, 2012.

[19] ZHOU M, MOORE 1 D, LAN H. Experimental study on
gasketed bell-and-spigot joint behaviour of lined-corrugated
HDPE pipe subjected to normal fault[J]. Géotechnique, 2021,
73(9): 798-810.



