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Abstract: Traffic load is one of the main live loads on pipelines buried under road surfaces. Pipelines
are subjected to repeated traffic loads during their service life, which may lead to fatigue failure. How-
ever, existing studies mostly focus on the static or dynamic mechanical responses of pipelines, with
limited research on the fatigue mechanical performance of pipe joints. This study first analyzed statisti-
cal data of highway vehicle loads, considering constant loads such as soil load and pipe self-weight,
and used the finite element software ABAQUS to calculate the mechanical responses of the socket
joints of ductile iron pipes under traffic loads. Subsequently, to simulate cyclic loading under actual
traffic conditions, bending fatigue tests of ductile iron pipe joints were conducted under internal water

pressure based on the principle of equivalent rotation angle. The relationship between the maximum ro-
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tation angle at pipe joints and leakage rate under different fatigue load amplitudes was obtained. Final-

ly, the fatigue life of pipelines under different combinations of traffic loads was analyzed using the cu-

mulative damage theory, and the relationship between fatigue load amplitude and number of cycles for

DN200 ductile iron pipe socket joints was obtained based on the test data. The results showed that: (1)

the maximum rotation angle at pipe joints was an important indicator for evaluating fatigue failure se-

verity. (2) The maximum rotation angle at pipe joints was positively correlated with the leakage rate,

with leakage accelerating as the rotation angle increased continuously. (3) The degradation of the fa-

tigue mechanical properties of the rubber rings at pipe joints led to seal failure, which was a major

cause of leakage.

Keywords: ductile iron pipe; socket joint; traffic load; fatigue test

0 5

il

AR TR R G A R AR T 5 X B
AT RE M SR E TR S R g, R 4 4
K R X Sl R G fER
A A 4 TR I A B A3, W T A KA I R B
BT A ) BE E B I8 5 R AR E AT AR EH .
AT AT R bl 7 SR AR AR 0 R A A IR A B AR A T
Ko #UE 2022 4%, TR OE R K A A K E A
110.3 75 25 HL, 249 24 2000 4F 9 4.3 i , K 3% I 5
1£99.39%",

SR, Wil 5 3 71T ML K A5 T A RS AN I oK, 4
MR K S g kb, PE(20214F 4 H
Hb R4 AR 5 o B A ) BOEE R : 2020 4R 2
2021 4RSI A], T R AL & AR b P A F ik 1 7230, B
2020 4E 15 K 39.06 %0 Horr KA E F I 719 8K,
R 2 ) 53.06 %0 o B A I = R R O
A5 & R TR K B TR 2R AR R R
Hes i mgK, h TEM L, SRS EE
O A R A R DA R sc aE ff 3k N R
FIRBILEME T S R A I B D R IR

A 3 i A M A O i R AR
fi gz " AR, Bl TR 28 U 5 g i ol i
KR, A I i 5 B S T R K, 4 0 Ay
A B T 2 R TE AR T R T IR R AT
H AT E A A D2 5 B 58 38 fof 280/ R 2 b 4 3
1) 77 2 i o7 JE FE A9 o S /NIRRT X 8
38 foy 24 R MM A E W SRR T — R4
WESE, ST T 45 432 1 oy A B RLJF 8 1 T 3 b 4 5
RT3 3 200 e A OO0 22 3 fr 2K 8 Ak R 4
B A R Sy, 3k Winkler 31 My 58 22 4 75 AT To-

wa 23 2R A T I R 1 B T RS T R R S 506
CEREWIE S A NP N A o i Sy B a1 1= A
A IE Y ) A AR T e i HE DL b
W8 AR T X A 02 3% 22 2048 36, I R 38 T K A )
Hws A R AR SR o RIS P A0 2 2 B X R A
O B RIT T ERB SRR RGO ke
K5 B E AL IY . XS 5 3 B OC K A
T B 00 b R AR ) R R RS il T 2
A, A A O R A
WECEE A IR A B S IR 4 . N B S
AT DL Y, 2GR0 78 AR 4 A% 55 g vEBE DT T Y
WEGE IR 1 AL o B, JF A K A5 3 2 119 O
WCHLHAF 5, % F AR E 38 B0 7 A K A W i i A7 %
ERA T EENE L.

AR SCWFFE T A BT 0 A A AE 5238 o7 4K
VERIT W 1247 SR 9 55 B AL, o 3% 3 Fn 4t 4
HHRESER . TR TEBEER RS
P75 B 0 2205 gy OB R 5 R A AR R A
TH 2, 38 5 ABAQUS 3R H 53 45 1 42 40 A 2 4F
JHT DN200 BK 55 565 25 48 AR 4 4 11 4b 19 g 2 0 7, 9K
J FE R T DN200 19 5k 25 7 48 25 i 9% o5 180, 15 3
T B U K R SR PR BON R B BT
95 BRI HEIS A T T A SR R A A
9% 55 F it A

1 X HR

1.1 AFEITRIREEENA

AR 56 32 LA 5T R 2R 5 A AR 4 11 FE N
JK R A 1 ) o 2V R R S il 9% 07 ) 2 T g
A 95 B3R O 2K o 58 R TSR A T Ol B % 4
A R A LR DN200 BR 88 45 8545, i1 h

839



AR I BT B B R A DU 3 2 A, S AR
by B K BT K B Bl i
AR 4 103 P T, BR S e A A RSE e A
BN 1R o 8RS bRy 5 R e A R
i, DRI PR R AT T A N T R R
14 B T m, 5 SR 200 mme AR 3C

P HURGE D — 2 B LAY BT, I8 e 3R e B
Vi 2y R . O T BRIZ A M R SR, AR S
SR B2 A4 11 22 5 2 IS WS R AT T A A0 |
PR O R R BE R ERR P . X — kB 2% T
£85I DN200 1 45 T8 7R 4 3 1 ) 2 1 g ik
B vh, 4 1R A R BE 10 em BT o PRI AS S0

He R A DR 10 em, 2 PR o A 86 21 0 48
BUPF R AE T 0 % 2 iz i B 0 = kA7 1
B4, T 7 2 2 s p B v, T SRR AT R I R

A 75 TR ) B A S L IS T T dR R R TR
JENE OUN B9 55 S35 47 o o R 1R 2
JIT 7R o

BobtrEl  nEe ! mEs2  Boeliite o
E/2 i !! F/2
[
Lol
g BER2)] | )
= P
=] [
& R R4 | REEE -8
! BOGLRIEETS HOAIEE 4 !
)20 4 200 100 4 150 450450y 150 4 100 y 200 4 200
! 1400 } Hf: mm

T ol o A P RS B A

Fig.1 Dimensions of ductile iron pipe specimens and sensor arrangement
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Fig.2 Dimensions of pipe socket joints
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Table 1 Test sensors

K g Bk iz

R, B AE 3 0~10 000 {28 24 45 RiAE
HWOL R 1t —150~150 mm 4 MEE SR
i Bt 0~360° 2 DR B
KRR 0~1 MPa 2 W N K
BERR AR BT 0~5 000 mL 5 MK &K/
Z I RETT AT # 0~99 43 59 #» 2 ARins

840

B AP 55 I ALY G O SR L, 22 R R B R

AR E b 9% 57 1 ML A A 3 &% 1 5 i 2 Jiﬂ'*
AL SN 2 75 A A L KR =
HE/RBAUNE 3PN o A58 WL J A B I 4R 1R SZ
JAE Ji) FEL X o A 00 A e ANOL AL 3 I 8 4
AR L BN BN 4 Fros o feda, g ok 1 AR A

A AP T KO B R E N TR AT 1 2
i nag

iﬁ?}(l‘i ok

i =E
P AR
T
B3 Bk B AR 2 AR
Fig.3 Three-dimensional schematic diagram of installation of

ductile iron pipe specimens

I 1 E= A TR G e 3 N7 Py

Fig.4 Schematic diagram of installation of ductile iron pipe

specimens before loading



1.2 mnEHE

TE I 95 N R AT, B o X — AR A 2 AT A
B, RATF R AR R R O ) D1k S
B, oy Je T A2 3 far VR R 2R 42 108 D 2 e g T
RS AR e, SR gk, i 2%
MR 0.1 kKN/s, g 7 v, 8 oK R O] RR 7R
0.2 MPa, % 18 7K 52 '8 ] faf 25 A1 7K He (09 2 5] 78 1T,
REFHEE O LA ERKEE LN, K5
FT9% 95 I3, k1 UL S o 2 6 ey 28O0 A8 42 11 1
6 AT AR, AR 32056 2R FH 428 101 5% oy 55 35000 J 0 1k
A7 I 9 57 5y, BIG50 2% 1F F 42 1 e K/ 5 5
B 2 40 4o 280 T 422 10 5% F R /N AR 458 i n 28 401 %
Ll 52 B 22 5 g 2 VR R AR . A it T P Al
P 57 N T 00 (3% 2) , 3 v 9k 95 o7 4R RE 1158 O 1k
mr.

F=4M/(L —L,) (1)
A, F R fr 408 , kN s M 3 FVS AR {8 KN>m; L 2Ky
RAFEE R AR SCH I ms Lo Ak TRk S 22
B B 85 5 (1), A SC R 0.6 m.

x2 HEHFHRERGESMETR

Table 2 Fatigue loading conditions of ductile iron pipe
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Table 3 Calculated values of rotation angle and bending

moment at pipe joints
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Fig.5 Schematic diagram of fatigue test loading conditions
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Table 4 Leakage rates under different leakage states
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2 XBEHBETEEABAZROANE
M e i+ &

7 3 2 R TR B i 28 i g AR AT
(R T 12 P RE S B, R T I S o S A BROT R Y
BEAT B G v 2 A e 2R R R ] 52 PR A T i AT
R o 52, fie Ja A9 B A Ay B T R A 4 10
FE—He /G2, e T o i B 4R I S %

2.1 BEiFmMETABEEONFERE

FE SR I 0 R A A S B fi, 2
F e 25 W02 58 4 P A 45 5 R D I AR S Bl =2 TR Y
JEE 48 07 SR AL 5 — B BT A NI B Ol K T 2 A
FARTE B A LR m HESREZ
V) AH 0 | A5 RE 22 R] ) B 48 2% R R i v B 1 I L
AN B BB W E N K., H K2 KT K.
a4k 2 fin 4, BRI E K AR T E IR OK, e B O A
Rl WTHETEHEBEONSE—HMELR,
10 75 6 — T #f fl 2 TT LT Ak A AT 4R A ) 3
ATLLSE KR K (B . 48 38 7R 9 B2 1R i ) 0 2
HERESEIL &5,

FETRAE 2 I SR O e b, s B B EAE
R ORI Efoh 2.1°, KR, 35 DR iR

842

o ALGHIE
WA
0L ey
E
g6l
~ ,=1.8352,—5.072
®
ooyt
2 -
,=0.25z, R =0.9387
0 ; . , , ,
0 2 4 6 8 10
A/ (°)

K7 BRI E N B T R i
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joints under monotonic loading
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Table 5 Mechanical properties of pipe socket joints under

monotonic loading

M BEFA mREE/ K/ K,/
0./C°)  0,/(%) (kNem)  (N*m/(")) (Nem/("))

DN200 3.2 8.9 11.2 250.0 1834.8

SRR K F] 3.2, L P 7 B B A A — B B
PR B2 2. 1780 3.2 A o5, MR 19 2158 — B B
B BT WIEE A 250.0 Nem/°, B g3 1o il 48 L5
5 3] DN200 Bk 25 % 2485 R D8 — I B &
NIl BE A 247.9 Nem/°, 5 A SCE5 40 82300, B LA
AR B — o AR .

22 RBEFHEE

R A O A Il T 3 b B B R Dl
TR FEER A /NF A AL EAHAL R,
Hop /N 4 B2 R B2k 70%~
80%0 3 N A& 4 Fr i LBl 29 8 1090 ~20% , o ZE Al
Hi AN S 550, B T DL 200

A SC o3 B 0 3 B A SRy /NI 4 R0 A G T A
RN KR A AH G 2R 5 1 R T S RO R,
F B R T i S B E WK 6

*6 EWEAFARESH
Table 6 Technical parameters of vehicle models
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Table 7 Distribution parameters of vehicle loads
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Table 8 Leakage states at pipe joints and number of cycles
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