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Experimental study and numerical simulations of mechanical properties
of anti-seismic joints for ductile iron pipes
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Abstract ; Effective seismic measures for pipeline joints are the key to optimizing the seismic performance and post-
earthquake functional recovery capability of urban water supply pipeline networks. In this paper, a new type of self-
anchored anti-seismic joint for ductile iron pipes is proposed based on the thoughts of mechanical self-anchoring
design and self-deformation compensation. This article conducted axial tensile quasi-static tests and refined three-
dimensional finite element numerical simulations of anti-seismic joint, and studied the mechanical characteristics of
the anti-seismic joint, including tensile bearing capacity, initial tensile stiffness, deformation resistance, and
ultimate damage state. The research results show that the water pressure variation within 0.2 MPa has little effect
on the axial mechanical properties and damage mode of the common push-on joint, and the transition deformation
from the initial leakage to the functional failure state of the joint is about 2. 5 mm; the new self-anchored anti-
seismic joint has good tensile bearing capacity and resistance to large deformation, and its tension resistance curve
is divided into three stages: the gasket bearing stage, the snap ring bearing stage and failure damage. When the
deformation of the snap ring is about 9 mm, it reaches a peak bearing capacity of about 330 kN.
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Fig.1 Pipe-soil friction resistance caused by temperature effect
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Fig.2  Deformation of pipeline joint caused by temperature effect

1.2 &R

H RT3 T /K 2 G0 0T F BR 35 45 A 48 263053l >R
FHZ M AR 204 11 i3 10 AT 7R 7 — 5 Tl ) {46 5
e Ay, e MR A 2L AR B W A
T i 5 RS A BIR BG4 | A5 M %85 a4 Bl 1) 2 Ak S o B
GAEAE ™ H 3 A BR R 2 RE 7 5 % B, 7R
gl RN MRS E R B T R w0
T ML A XU

A A A IR AR A E TR
P R e, Bt T — Mo A A a iR
— 7T A8 22 1) R R R e 22 P 2 0 R IO
FURT A | AW IAC It B2 2000 5 S i RS 284k, 5
— 7T, 2 R NI A s b B R a5,
HAEH R AT 5 | A Wi 28500 T, T st & 32 1 it
PR ER T KT HAAR 1 T A7 1) JE PRl AR 29 3R 0



%6 1

PR, AF . BRERFEERAT IR R BURR I 1 ) 2 MR RE I B AL 75 -

T AT A 250K 2 11 A ) 4 vh AR T A% 338 2 AR AR A4S 1
DR UE AR B T A2 i B L A
TR A8 AR % B L B A 4 o A,
WK 3 ftRs & NN 200 mm, Horb | 2551 A 41
J5i R = IC L VIRRIE, 43 530 P 8 A 8 AN [ ) e fs A
¢ N i s T AN = S = 2 W LR v R A
FEAE I AR EA 00 28 v PR 40 8 B 5 i
YRR RIEIAKVER . B4 51 T ARG PTE
FOHE AR IR, BT 1) A E R H IR
7 FA 1] TR 55 B Sk 25 mm 32 ) 76 11 8 28 A 0 37 o)

[ bmiRER

TP FHLAHR AR B 7 LRI 265 3) AR 4K 1
TEHE ST B 3 BEBF 4 1k i < B0 SR Nz fr) 2
)UK R | 1R B R AR MR, BE AT R 4
A 1AL A 7Rl A 1 248 4l A K 1 i 72
TR S A AR DU A i Y R R
BERT AR A 7 52 0 s 4, B2 LR R R o8 Al A
T MU, 2 TARSE A S ) #8430 42 1 & AR Al 1]
ARTE I 4 11 MU 55 10 58 R4 ok, 1A 3 7 %388
WRIRTT T 11 LT HORE T

BAf7: mm

B3 B#AnEEOSEEZEOMISETT

Fig.3 Comparison of self anchored seismic joint and ordinary joint construction

B4 BEAmEZEORART

Fig.4 Design of self-anchored seismic joint technology
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Fig.5 Schematic diagram of axial tensile test for pipeline joint
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Fig.6 Axial tensile test of pipeline joints
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Tab.2 Mechanical performance parameters of pipeline socket joint
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Tab.3  Axial mechanical performance parameters of seismic joint
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Fig. 11  Seismic joint finite element model
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Fig. 12 Comparison between simulation results and experimental results
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