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Experimental study on the bending mechanical properties of
plug-in pipeline interfaces under reciprocating loads

ZHAO You', ZHU De', REN Xuezhen’
(1. Jiaozuo Vocational College of Industry and Trade,Jiaozuo 454550 ,Henan , China;
2. Zhongde Xinya Building Materials Co.,Ltd. ,Xinmi 452300, Henan , China)

Abstract: To analyze the influence of different loading rates under reciprocating loading methods on the bending mechanical
properties of the socket flexible interface, stepwise reciprocating loading tests were conducted on ductile iron pipes with
DN200mm and DN300mm pipe diameters under bending. The effects of different pipe diameters and loading rates on the
mechanical properties of the interface were compared. The experimental results show that the bending moment interface angle
curve of the flexible pipeline interface has the same trend under different loading rates and step by step reciprocating loads,
and the hysteresis curves of each loading level have good overlap ; The variation of pipeline diameter has a significant impact
on the maximum turning angle of the interface. The larger the pipe diameter,the larger the diameter of the interface rubber
ring,,resulting in an increase in the contact area between the sealing rubber ring at the interface and the outer pipe wall. The
lateral ultimate angular displacement of the two pipe diameters is basically stable at 4° to 5°; Obtain the hysteresis curve
areas for the first reciprocating loading of two different pipe diameters at each loading level. Comparison shows that the larger
the pipe diameter at the same loading rate ,the greater the energy consumption. However,there is no significant difference in
energy consumption within the loading level of 0 ~72 mm(0° ~4°).

Key words: reciprocating loading; ultimate angular displacement; mechanical properties

HRRAE e TAEDUR B SRR AT LA, H HeRom AR B AR DA BB AT 4 37 0 A 45 4 22

YiE HER: 2024 -04 - 28
BEE£WMB: BHEARFFEILEEBITE (51078125,51578217)
EHERT: & B(1995—) 2, B, wi b it oe A, N3 = TR 7 T oY o



2024 455 12

B, AF e FERAECT RIGAATIE B 1A ) A R Y 25

et ELHI AR A A U U A L 3 1 Bl T B
POREIZL R R AOK L R TR
HEVG A e TR ELAUNH 4y, FE IR T 3R
ERRBIMI R, 72 BRI H, Rl e fesm g
BT, A RGN HZE B At = A Tk
AGE YT N R A TS RN AR A U P2 Ay ok
FfEED S B AT T 4% 90 52 AT 9 2 b i
28] 1906 4FE[EIH4 1L HIX 8.3 HbiE, 3 4&F
BURRK G B T B BEIR, 5 R T K A ™
IR, 3 Bl it BEL Dy 7™ R, EE R e AT OE R AR
W AR PR A ORI AT, A R
FRARA G S 55, 85 REAEIRS ", Elsh
SR T T 2 5T S

PR R R R RS AT T T R
e it ) Bz 45 R A ) 25l e AR Y, T 1A
EHNATKE., &l HA%SHAMEEX ks
(W12 RRRZ A, A5 W T A K R i 2 1B R 1 Rk
BAFFIOKE, BRI 0 PR RO 6 2
SR . WHAM 25810 368 4 422 01 0k oy 4 11 3k
1T T A8 Al ) Pz R 36 0 52 RN TG B 4 4l i
MR ST, T - B EAEH LR O
MhobEae, JFH G ARITEE S, T
BB e OO T e B R ) A, S g AR
Tok, ppge s PR T ORI S ER B
F2 O R0 7 S ey Jon 28RS 1) i 2R, T e
) R 1) RPN 2R 7 2, DA R B A K R A 44 v
REIMEFRAET, #0788 24 3300 T ) 712
FRAE, 5 0k O 0 0 2R RE R N,
FeMEE 1 HR PR AR 7 A% T B TR IR B
REEVLEEN LR e, A& 5L m i A
YERIDLEE, R P 4 B o A8 18 e B 1) fr 2802 it 4
O AT AT SRR A L E .

ARG A5 30 0 % = N T B K R AR
DN200 mm #1 DN300 mm ER B854k e M4 18 42 O ok
TTERE M T AN TR0 2k i i s, 79 R 48
T R AT BT 25 MR B S5 S5 5% (M -
0) M4k, AT e i 2 28 1 28 1k DA A8 A2 K/
A HE 4 32 RS g, DU AT Sy 2R B B
R B e BRI LS O iR AR S
AR

1 REHE

L1 i HIE

U6 SR B % 95 4 4 A BR 24 W] 4 416 10
DN200 mm F1 DN300 mm P RfAS [R5 4 O BR 25 55 8k
BTG, PIRE X8R RE . S KE
L B 3 A ER 2 o Bl BR B SK Y
5 i 2 A B e o AR TE N 19 7 2,
1715 552 BH R A Tk s e kA T P SR 4 11 2 A
B, SETER I EAE B Tr 5 (AR Sl A% 1% 1%
i F SR Dy ), R RLSCEE A Sh s
SR R ER AR ESS LT, X
TR TGRS A R A 2R, R E P
Uit 73 99 A — 2H A 1 7 s B T s S Y A R AR
SHER, RN E R BRI KRN S
PHZLEAE 0 L [RRHE, nlal 1 pirs ., AP iE
bR MR RN E, WA 2 PR,

sssssssssss

DD D

1 T 1
B2 THEREMAEL

ESECET . BURRE . SR MoK
B 3 A EROAR AR I B T —
SR AP S B, RGHOR AR BT
A7 T T OB P O 6 T 1 ) SCHE e L R AR
Gukilid A FE BT 4R 2 A e i 1 Sl (AR
50 kN, J#GHARVERE 0.5 ~5 mm/s, Il LB
AR L R A A Ay B A28 T 20 | I AR R
L T e et (3 DR T AR Sk A PR 23 ) 2
7 NS VR AIRS ) B R AR R St



26 T 2

$56 & 5512 )

IR RARAN S S NGRS, 2l R

EERRHU,  SEBRIRE P A i 2 R AP R A
AR A T DR (M) il (1) BT

B, O A R (0) mad (2 ~4) it

AT AR s A DA TR
M:F x (2D, +2D,)

(1)
S,
0, :arctan(ﬁ) (2)
S,
0, =arctan(5) (3)
0=0 +0, (4)

Krb: FOfEshdsmomiy I8, kN D, hicE i
RO S KSR D KCEEE, mm; D, H%
JE SRR MR Z M KA, mm; S, | S, 43
SRS EERN D, F D, X FR A B AL T £ A7 A% 1
WAE, mm, 6, 16, 735 g W i S 8 LA B 11 B
f, (°); o ATPEKEEREON M, (°),
1.2 RIEmEAR

PRSI ARAUE 27 2850 . I #GE 350 5
0.5, 1.0, 2.5 mm/s, LI 0.5 mm/s kil 2
fiFgR Rk, 1.0, 2.5 mm/s fVFRSHTREMIZ H 2
JngEst el FrAR], A AU 533 0.5 mm/s
—, WA 3 R, i 36, 72, 108 mm
BN 144 mm, BRAGE(EA RS E LA Z IR
AR AR TA & 1 s,

2 HEER

2.1 &R200 mm RRHEEMBFIXBER
0.5 mm/s 3R DN200 mm £2 R 0] B
2RI M - ofh 2L in &4 (a) frs o B4 (a)

160

140 [
g 120f
< 100
80
60
40}
20

ImERALAS / m

500 1000 150002000 2500 3 000
Inaki i) /s

3 0.5 mm/s X T DN200 mm # [
HEERREEMEILLE M -0 %k

x1 mMHFIR
ToHS maEest R/ mm gk (mmes )
1 0.5
2 e 200/300 1.0
3 2.5

AL, AR OV R 3] 2° LA 125
Bl DR G N, A YR I, IR EL
TEAES I B, 6 1 A AR R R A S e L e Ay 52
LA . BEE INESER RGO, DA S
PG Z [ AR A 2R DX Bt , HAE #5900k
6 AR, TR ATE 5. 20 B HIPRIE IR

1.0 mm/s F1 2.5 mm/s 3 #F DN200 mm 3%
FR T A S g g i M — 0 i anf&l 4 (b)
Fd(e) fim. HE4(b) H4(c) Rl F-5 N 5
h0.5 mm/s [RJFEHBLEE VS AR D e Mk 5. 2°
Zey i BRYR Y, I ELAH W] o0 23 55 2 i o 288 32 2 0)
B DV RS A — B, RN 3308 AR 70 e 1 A Ao
Rl 5. 2° 2 i, X A H RN
2.2 EE300 mm BRAEMBIXBER

0.5, 1.0, 2.5 mm/s 3 FE F DN300 mm %11
B 1) 2 A S N a5 B M — ol Ze n [B1S s

10
9k

M/(KN - m)

11 ©

O
T

p:

M/(KN - m)
W

'
Ao =~ N WA Lo ®
— T T T T T T T

0/(°) 0/(%)

&/ (mm-s™'): (a) 0.5; (b) 1.0; (¢) 2.5
WRREEf/(°): 1—8; 2—6; 3—4; 4—2,
B4 FREMEFEZET DN200 mm FRFHEES MBRIE M -0 B2



2024 425 12 ] B, AF e FERAECT RIGAATIE B 1A ) A R Y 27

9_(a) ol ®
1
~TF 7
B 2 £
gs_ " _AZ\-‘/S
s 3 N
N N 3
1 1
1 2 4 6 8 -1 2
0/(°)

/(%)

i/ (mm-s'): (a) 0.5; (b) 1.0; (c¢) 2.5
WBRE A/ (°): 1—8; 2—6; 3—4; 4—2,
E5 AREMEFEZET DN300 mm RFEES MR M -0 H4

it S UL A0 T4 B A Rl 2 A T
SRARBIAIRE K/ EAT ), B LU B T 5 B N 4
SERATME AR . IELS AT AR BILE AT P 0 2k
SRR e #1 D 201 4° i 1] il 2o A R R B
Vs , I HAE B3NN 2855 Gtk AT 1) 9 U 28 i e
BRIMARIEAY S, X — G U TR P =R
PEELYT o AEFN B, 2° R 4° SN 38055 2 i 3% 1
BRGHE E ) 2 0], AR LD . B AR
SRR IHE R TE MR EF A 60 8, i [l Hh 2k A
JEA PN, 38l LA Y, 6°F1 8° A 255 ¢ 5
TP N85 AT T AN [ 4 2, 7 80 28 By B 4 11
SRR 1L VA )N B R AR R —E
BUA)G , P TR, 1 X — RN E R 8°
WD SR WA ELAE AR 6° R 8° I, 32 11 i B
B R R R R i LR 45 A e
Je AT IR TR B IF R BRI LR, AT AR I
Rl LA B OB AR T RE T A R 8CR

3 am5itit

3.1 hnEiE RO &R i &R0
6 (a) AN S T DN200 mm 34~

12

(a)

(=}
T

M/(kN -m)
[=3 35} S (=)} [o%e]
~

4
0/(°)

REERILFOL RS IrA N E VAS H i 2. nTLUE
3 AR 4 O B 2R A R S A AR ]
T VER FAAE 5. 2° Z AT I 3300 238 0] 42 111 450 5 i 65
AN, 5.2°L0E EERE T ORIGE RERE, JE T NI
PEVRZ [A] A AH LRSS, i th B SRS AR S SR BRI

E6(b) 2 3 AR N s# % T DN300 mm %
WA MM e i 2k, 0T LU R A 2%
BARRTTEAE VG f R 0° ~ 40 22 i) X 432 1 1 45 R 5
ARTCREM, 2° ~ 4 Fr 2200, {5 3 i 48 i 2 45
RIEARW G, 165 8°LUJG B & BG4 I, 4
S 220, (Hih ik g—8, It
LR TN 28 45 i 2 OV AR R 2 38 m, IRk
NI BRI 4
3.2 FRERENOMT

I oringe 43 A 844, TR INE T 45 0
EREFHII I R AR, A5 BRSSO [ R AR
M R/ (K 7). B 7(a) 2y DN200 mm 4%
T S5 G ) s [ g 4 T AR AT DL B AR 2 10 i A
FEAE 20, 4°INEREH T, FERBRE ) SmEGE R
AHOCHE AN A S, U B i 28558 30 0 Jise P 7 0° ~ 4°
AT VA 1 R RE R M 3 /0N , 42 11 25 il B A AR R T A

10

L (b)

Nl

M/(kN -m)
O = N W s N 0

4 6
0/(°)

(a) DN200 mm; (b) DN300 mm
1—2.5 mm/s; 2—1.0 mm/s; 3—0.5 mm/s,
6 AEEEBRIEEME TR



28 T Vi H " ¥s56k 12
45
) (b)
1 40
20 1 p 351 /4
n 1 y
Bt IR 7 Eég_ PR 4
; 2 . /
g | o~ £ 2t ’ 7
<10 Z < st o
5+ 3 P 10 | 4
~\’/' 5k
0= 4 6 8 0 2 4 6 8

/(%)

(a) DN200 mm; (b) DN300 mm
WeBR# £/ (mm-s™'): 1—2.5; 2—1.0; 3—0.5,
E7 AAEEREREMFBLFEMEZERSER (A-0)

Fz D RERIE 1 B B S Re SR I AR WG K, HREE
BRI K, B 7(b) 2y DN300 mm £ i1 4555
G 1) v 1] gy 2 TR RR AN ) Jn 28 80 T B2 I AERED
o MEIT(b)RTLUE 1, FEMESERE /N BRI
2°F 4B, HEOFERR S H 1 A AL R i 4 AR
HA, Ui om0 kERE
REJIEEA IO, (HRE & ¥ O 3% M r R 3, wf
DAE BIFE 3 138 B2 il 5% fo 7 RS I, 42 FURERE 1Y
K/NBERE I8 3R G A Fr s A, JIF B 7E 4 ik %%
FAALFS Z 5 NG 00 2 IR R B /N i B i
B, W LLE B3 1 FERE R ) M 2 1 7 A
PEREIG I B HE R, X — Ut TRk 0 A
AT (AT B LA B e Pl AT K 52 e ) At
X 7 (a) . (b) A] A& EL, DN300 mm %
A0 2 B Xof 1 1) i (]l 2 1 AR b DN200 mm
AU R —2b iR L/ VSR I RERERE 22, th it
AL ERIONGEERPUR IR R A Bk
L OHUPUR AR TE R ) B A I AR KNG K
AT, 45 Gl g 45 R % DV M A AN 8 1ot
4RI R i AT R, R T
EE EARYG IN, 2 111Ab 5 i BBl 55 A/ A RE M 1T
TR 22 e ) 25 il 2 op 32 B G K A X i 3
(RIVEEAEE 7 LA S S I e P 5% A2 TR /8 00 A Bl B 75
E . INZEEH R 36 .72 mm I, W RNAE AR 1] 4k
TAPFRSEAR TR A, 190 I 0 28K 0 23R R A5 48 1) w0028 %o e Pl
£ 0 ~72 mm 752 M SIS N B REAESE A TR
M, MM ESF R 72 mm BB FEZ G
4 & it

(1) BN OTEA RN R B R R

R B4 - s D Al 2B, A4
E= SR AN S Ry T Y (e TR /3
STRFIERE S Bty R 1) 25 R WA o 28 T 3% 1) 494
RMTHER, 0Ar JEL R o T 00 2802 3 38 in - B8
P MV BE 2 [ BE 52 1 T i

(2) AEE AR AL PR AR BREE A R/ N2
BOR. BEARHOR, fRDRE BRI, SEEOAL
(R BT 5 AV BESE A AT BRI 22, 3k HLAE R 1) 25
e e P 52 B AR H A A 1 2l A R4 T A B i
JERPE 5 IS T RE 1A BB i 5 DRI o AR il e
A HASE R DR BREE AL MTE S X3, M
PR IR T AR BRAE f RS AR RE A 4° ~5°,

(3) FIH origin ST T R IR EEAS
B —RAE R MR I R AR, XF b A&
BUAR IR I A A2 MOR RE M ABOR, (Hn#4%
HAE 0 ~72 mm(0° ~4°) ARERIHAECH R 2250

S Lk :

(1] B2 s . S E S b FRLE S TR M A
FX LEFFE [ T]. TR ,2023,55(12) ;21 -26.
FRENT, XITR . TR R BUR N LA R 3
[J/OL]. THE#4,1 -8[2024 -05 -16].

PN . ESMEAT LR TR T]. b=
THEBh7,1984(1) ;8 - 13.
MATSUHASHI M, TSUSHIMA I, FUKATANI W, et al.

[2]

[3]

(4]
Damage to sewage systems caused by the Great East
Japan Earthquake ,and governmental policy[ J . Soils and
Foundations 2014 ,54(4) :902 —909.
B FH. 0T B M R GRS RR P REAERTSE (D] K
KPR TR ,2003.

(T4:% 34 )



34

B 56 A2

(6]

(7]

(8]

TR NN, B R, 45 . AR FH KR R it =
BETREE T 45 o FER I i DR oE (0], TR BE R A,
2021(6) :61 —63.

P8 e . RS/ NG (TR 6 i R X Ty vk M
Wi R Z RIS T[ T ). TR R ,2020(2) ;79 - 83.

il T U VR B 5 B R R B . JGI/T 384—2016
[S]. dent: rh E s Tolk s ikt ,2016.

(E#% 28 )

(6]

(7]

(8]

(9]

[10]

G ARG, S0, 5 . RIS RBENL TR
M F A = Ny Hr [J/0L]. TR Sy,
1 -13[2024 -05-16].

SRR 2 AR A A T R S P 1 i 1)
JreetkreisRmtsE (], MR TS TR, 2020,
40(5) :8.

i IR RS IR . TR A T A AR R
By R RE IR MR [ ] i) B S o B o i
2020,29(1) 5.

HAN Y,DUAN JF ,CHEN JH(2016). An experimental
study on the mechanical capability of a rubber gasket
joint in a ductile cast iron pipeline under stretch-bending
[J]. Pipelines 2016 ; ASCE 23 -30.
WHAN,BRAD PARKER,O’ ROURKE, et al. Jointed
pipeline response to large ground deformation[ J ]. Journal

of Pipeline Systems Engineering and Practice, 2016,

[10]

[11]

[14]

WG R G, B AR . BRI AR KR TR
To T RE A TR B Lo BRI [ T]. YV K AR,
2019,45(6) 425 — 427 ;434.

JRA S . /N AR TS T TR A N T A 4 5 R A ) g
FLT]. ARJbAKFIZK R ,2019,37 (1) :58 - 60.

EEA L, NE . RN BRI A AR T B A {2 58 3 A
MR RLALT]. Bl AR AR ,2024(7) 1128 - 131.

7(1):1-11.
PR KD, 2 . BRSO TE B D1 A

PEREIRSGR [T, WA 7K Dolk R 27274k, 2023,55(9)
143 - 150.

PR, B, TR, A AR T RS KT R A I R
PEE D PURR NS AT ST [0 ], 5 = T 7%, 2024,
40(1) .25 -33.

SR, PSR, AR, 45 . BRERBE BRI KA T R I
A A ERR IS S R AR A R [ ], TR
J1%,2024 ,41 ;1.

ZHONG Z,FILIATRAULT A, AREF A. Numerical simulation
and seismic performance evaluation of buried pipelines
rehabilitated with cured-in-place-pipe liner under seismic
wave propagation . Earthgpse Engineering&Structural

Dynamics[ J],2017,46(5) ;811 —829.



