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ABSTRACT: The work aims to analyze the influence of welding residual stresses on the crack growth of fillet joints. A finite

element model of fillet joints was established based on the thermal elastic plastic mechanics, the welding temperature field was
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calculated, and the welding residual stresses were obtained through thermal mechanical coupling. The fracture mechanics

method was used to analyze the stress intensity factor and crack growth rate at the weld toe. The influence of residual stresses on

crack growth was compared. The calculated residual stresses of the weld reached the material yield limit and were in a tensile

stress state, with Von Mises stress of 345 MPa. Under the stress range of 200 MPa, taking residual stresses into account, data

obtained from literature tests and data from IIW standards were used as crack growth parameters, the crack growth life was

2.61x10° and 6.84x10° cycles respectively when stress ratio R=—1; when stress ratio R=0, the crack growth life was 1.16x10°

and 2.90x10* cycles respectively. Residual stresses will accelerate crack growth. The control various methods can be used to set

the stress range to a constant value. The range of stress intensity factor is enlarged by the residual stresses in the case of the

stress ratio R<0. The maximum stress intensity factor is increased after combining the residual stresses under the stress ratio

R>0, which is closer to the fracture toughness of the material. Moreover, the average value of stress intensity factor or stress ra-

tio R is changed by the tensile residual stresses. So the crack growth rate is accelerated in this condition. With the increase of

crack length, the influence of residual stresses on crack growth rate will increase. Both load and residual stresses have an influ-

ence on crack growth, the influence mechanism of stress ratio R and residual stresses on crack growth is the same. Two influ-

encing factors need to be comprehensively considered in the life assessment of welded structures.

KEY WORDS: welded joint; residual stresses; stress intensity factor; fatigue crack growth; finite element analysis

N T BRI JR 4 MR Bt fsk g
T ERIE AR R A R v o FERR R R, R
HeSk e HE R, AL EE S R BUBR B MR AR AR IV )
FRHEASTE o FRARIV ) 2 TR AR R R B A AR
2, FEM ARSI LR, JURAE IR GE O E
BRARI JT 5 BRI ST ARAS , X A48 1) & 4] S B
AHIRRENE o MREETROL A RBUERIE , 75 AR A
SREAT BT, 2 S B R e A 0 R A =
ZR o AT LB B A R A B BRI T R T
R, R AR N ) BT SO BESE o T R 4
FRAYNL IR0 B R R 0 280 R PERE R IT 5T, X
I S5 R 0 B 57 BT R 1 BSOS R A T ) S i
A EE Y TR A EASE PR

TIMTBRAR IS 3 X H S S5 PR RE BRI, 1 5
i N B A L T 147 A AR AN AT AT RS HE A
IR i i A5 AT R 14 5 X B A LA,
g R 57 BEAT T T I IR A RIS o FEAR IS
JERNER AR T (R RFFFE 5 1T, o R A5 U e A 0
VRN A AR PR i RS A DT IR T T IR
FHERSG IREADE , JF S BLAR R IEAT T HAR,
Borik 7R o AT A T 2o [ A AR AR T e 1]
ZRMNZEIRFL A | B 1 [ IO A ok A T R 7R 42
SRR T B AT AT s[RI, ERR S B R AR
BT T, RN S5 A e PR BB P T T % 42
Bk MR EARR N, I IR AR AT T I, B
E T HAERR P, S A RASEE BT T 3 RSk
MRS, TR THE SRR BRI,
R AR HE BT AL - X ) WY LB, A AR 5
P55 KA, FEV RS EEREZ b, PR D
PEAT T A B BE VAR , S0 i AR BTN SR B G oy
Br T IREERRALRY I T, SRS 22 ), ] goodman
LR ITAG TR A L 57 R . TL R AEPIFE Abaqus

B LA T AT E R R R T T SRR
SRR JE T (AR IR B S MBI F7 , & BRI oy
FRAYPING 77, B IR N RN 7, I HR AR BT I
AR RATRIN 1 o ARG LR RGBS BR , SRk
J7 15 0T DIOKS WA P42 3k B KR B R T | (] s S B A%
AR TR

R4 25 F0) 1) S B0UR 28 K 25002 i TSR 42 6B 5
S A S TR S EA g R DR D S N IV I N
B8 XSGR R AR S ANE T B T,
R TAE TR W0, o DO FLERAE A Y a0, X
ZULL BER I T 2R RE BEATVEAY , 5B SR AN R A A
REE W 7 2E A S BB R, FE A SRR i
Jr T, XUAR 7 S 1O e B Ak Sy Al 1 S, T
THRN SR ENT, JERH FAD iR A &4k
KRG TEAT T VAN, MR SRS AR 8 T —k
N AT, FEARSE AL AL i R 7 45 AR 3 R Hy, IR
T EANFEBEVE R T il Sk . o0
37 30CrMnSiNi2A A9 K HR Bk R 8 et
e, ISR A7 T 9 55 ey ik s g, A
T R T R B s R A, K PR A AR AL
KEET, NI, 9255 RMard RHEURE/N . ik
5 ARl Rb AR T IE 45 SR 00, S5k O R
V5 SLRRAE, 23k 4007 1Y S I A 40 22 S /N
Br#E 401N 18CrNiMo7-6 15 58 8% 97 4 80y 47
JEAT T HEGE, SR T AR HOR 5 N A5
TR ZMEER  E I @%@ CT A,
5T T 16MnR 8X7E A [F] 1 77 Eb 114 1 8 406 P 288 Ar 1 T
RS Y AT N, JERLA Abaqus TR, HES
T 5T M EREY R BRI A, RN T
X G R LT B A R0 TR, Wang 4502
1l Dong S5 IHEF AL A6 P8 58 1 A 1k A0 4 X
S BAGUEN], ST T 16MnR (4G PR 8 M 7



<152 - kO W B TR

2023 7 H

1%, WH5E T E R 5T Wy R R R, AR T
AL A 25 o X e i AR UG &5 T 2 0 B Ak PR
16MnR R 55 IR kE , i it % 57 I 3R A
TR 9 57 U SR S, IR TR 1 A — 4
A, &R AR SUE Z A XN LR . AT
SRSl T R 5T LK X Ay R IR Bl 1 AR A5
LT BRAYL J1 500N B DR 3 R AR Y i 43 A, s
o7 77 =l B T T Ay Rk B o B A KA O T
Q500D sk ary BT TG, FFLA T Paris
NSRS S B FH ZE AN T 5T T /N 9% 5 4
S RAT N, BT /NREA R R 5 M A 2 6]
DX, Sl IR I R T % RE S A R A S R
T8 3 PR TSR A R P o BRI A B B A o
35 FE A AR K —FB 4, TR LA A SROUL 6 475 B B [ o o
2 Ak AR R B TR A ek
TR AR RN, S T I BRI RS B R A
ek /N SRy A RN 22 80 4 L AR 2 AT TR AT PR
JLIE SRS, AT T AY R B e SR AT AT
o B0 A POV 5 T EE A Sk g B i AR e
AT Hy, 38 3 XS A WG B R AL A T O L, 155
T AR RSO A A RS SR I . SRR,
FLR Bl X422 3 R A R WG KT e A, WIER I 4
TR S A T T P AR IR R A 1 R B AT
F14 MBS, 7B RLRl B4R T — R A 5
AL, IFAE Abaqus IR T HHERME . X FERS
A2 Sl AR 1) S BRI 2 AT T BF 98 204
ST RS, ARSI E L&Y
RS BN ETFERN ., A% N5 6005
A ST T RAERES , 2 B X IHOUL S A H BB
Mg R AT, 98 57 DU K Hp W T S R LR A B
S, VL b2 B X A AR YT R AT AT T R i F
5, (BSEFRAYI 1 Ao a8 ey L [RIVE FH T iS4 ach R
NI AR NTEZ FEFRAT 1 B LR X R sk
PoRtERE TR BT, U AR PR RS
e, BT EIRAY S RN, AR S
ST T S R A SR R B, K PR
APLIEIL 10T LA &5 AR 55 5 i o A5 GE R AR
L 55 WF 5T R % Je A e Sk M e SR A m M fE 22
5t 5 RERAR IV 7 IR B o0 A X L 80 R R i T 17
WFgE i, [al st 4 G A 8 ng i 2 Ay o ek oA 4 80
JRVERERI B ST RIRE R L o e SEhRaf v, MRk 2
X2 FR R R P EEA R, PR R P 3 X323k 1)
ZERR I A R L

ASCE e IR A ik, X 2B R T
BEATREALL, 2B R 2 5 A B LB A Ak RV 32 ) Y R A
N H135 53 A o BRJE BRI 1 SR B 95 T R, X
ST RS AL, AT BR O 4 A TR 2
F SR A MR A T Ay B AT N, IS W L
TR RSk S-N AT IR A A i H A4 R AT EL
AR SC I 5 SR T LA A AR 5 R B T RN B A R T

R R SR A L
1 RiEYEER

1.1 WX

ARSI — D RGERER T B Hk, 7F Abaqus H
AL T A RITE R, T EA R R SE S 200 mmx
200 mm, JERARJEE N 16 mm, MAREEH 12 mm,
MRS 16MnR #9, T Hfi4e 20 KR 43 11 b vl 58 =4
AN FI TR BLG 3 FH S TR SR T R A7 A% &)
I% o KRR SR BT A BROTE AL B 129 500 4~ H0T
F1 145238 N5, BIORSEA 2 mm, @1 1 R,

a REEARTY

b BRI RO A

K1 e
Fig.1 Schematic diagram of weldment: a) weld details;
b) finite element model of weldment

BT AR 3R, 2B AR P i — e R 208
JRARHE o R RIBEALITT T, SR FH AR FE B TR R BN
F o JRBEIT IR BE I A B 4 AR S R
N B

q="ht, —1t) (1)

X b XA RE; ¢ WREE; o8
SRUFRIREE s o AMERIRIE, ASCHL 20 °C, AHE
F R E PR LR 1,

1.2 IRERIFEERE

TAE b, W AR PR R S T g 0T AR
MURFER GRS | Horpr ) S i v 30 P05 A A7 %
ANE 2 Fios .



$F208% H£71H

FESIR, F e BN A R B AR RE R S Ay <153 -

F1 MHAYMEREM

Tab.1 Thermophysical properties of materials

MR/ I/ kR

POpITE S XA

LI R B

R/ C W T (kem?) (kg (Wem2-C1) HLPERL i /Pa (105-C THIA L
20 51.74 7867 459.6 10 2.05x10" 1.10 0.270
250 47.55 7786 534.5 35 1.95x10" 1.22 0.280
500 39.40 7711 684.0 52 1.54x10" 1.39 0.290
750 28.90 7 602 1191.0 100 1.03x10" 1.48 0.275
1 000 30.00 7552 550.0 150 7.50x10° 1.34 0.270
1 500 35.00 7268 750.0 300 4.50x10° 1.33 0.270
1 700 110.00 6 924 780.0 310 2.50%108 1.32 0.270
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Fig.2 Schematic diagram of plane Gaussian heat source
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Fig.3 Schematic diagram of double ellipsoidal heat source
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Fig.13 a-N curve calculated by IIW standard parameters
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