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Residual Stress Analysis of Multi-pass Welding Joint for Pipe Structure

by Takashi Okada

Abstract

Heavy thick steel plate is getting to be used for ship structure recently, and multi-pass welding is usually adopted for the welding.
Because of the thickness, residual stresses play an important role in the heavy thick steel plate. As the residual stress has much
influence on the crack propagation, it is important to examine the residual stress of the welded heavy thick steel plate. In this context,
a numerical analysis is available to analyze the residual stress. As for the existing implicit FEM welding analysis method, it is not
easy to be applied to the problem of the multi degree of freedom, because of the computational time and memory consumption. On
the other hand, it may be possible to simulate the residual stress in short time and with low memory consumption by means of
Idealized Explicit FEM The computational time of this method can be accelerated by using a Graphic Processing Unit (GPU), and
the problem of a multi-pass welding can be solved. In this research, the Idealized Explicit FEM with a GPU is applied to the
analysis of residual stress of multi-pass welding joint of pipe structure and heavy thick steel plate.
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Fig.2 Welding sequence.
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Fig.4 History of stress in y direction.

HRT DT OIS S, £7- GPU I3EEE R A
FWZETHLNTEY, 4B ZDGPU ZHWVWT1ER
DOHFEIZGPUD 1 7t v 2%E|0 YT, WHFHFEZIT

-7,

3. UN—EVIhNRBEAIRIZTEE

LU BT FEE AWT, ZBIEEOREM R T 21T
ST, fENTICET Lz T M S BRI A R SN D
FRBBISE IO % BD T2 DI ERDET V& Wiz, fif
W NE TIThbnTEREIL— 7% LTRKS
=T DINADIHRT N—¥ T EfThbiRnET /)L LB
(LB RIEC GPUBA T2 Z LIz L > TalfE L 7o 7o 2/
AHBTHET VTl ZIT- 7.

3.1 BITETIL

FENTICAEH L7 e T VO EFE Y EIX % Fig.l (IR d . B
SEAYENTUSHER T A (x TN 60 23], HlE 7 (y J5 1)
12 56 43E], BIEFHE (@ FEIC 18 EITH 5.

Fig.2 M®(a)iZ Casel & LTI N—E L 7 Z2{T0VDI L —
TNE@ I N—TETIRIZ T N—T T LT EIT VY,
BB DB AN L T=FF /L, (b)IT Case2 & L T4

(b)

Residual stress distribution of O -

B07-3

Case2 (c) Case3

WRATN—E U TETMALIZET L, OIABD/RA
DOFEBIT M E R HICEE LS A ME L= BT LD
JNEFF 2 7=

3.2 BB HBHTHER

Fig3 IZENEND r—AD y J5 101 DF% L It TR ik
Z3. Fig3 &0 EDr — A THEM/ SAFTEEIZBIED
BEISINEELTWD., ZHIEIBRBEO LY IC&RER
EREGIZINEAT 2 LR T 203, OB T2 WESIc X -
THRENWEMEND. FODBRHE, Z Oy
MLTHEEANSBIESND. Lo THIEY DEEE M
5 END. —IICEEEIT > 82 ITIX5R Y o)
NPERBT D720, ZOMATITEMRIIThT L& %
HND.

(@)D Casel & (b)? Case2 T H L 7 N—¥E T %
1To 72 Casel £V 2/ XAMNENEIT > 7= Case2 DI M3 Ec#k
PRAEFHAORENZ K E725[5E Y OFBIS I HAE L
TW5h., ZHEIIN—E U T ETOAET L L0 a0
ANBT B FRFNFNRORATHOERE )L OBNE
LU COSAPERET 0TI EEZXLNRS.

F72(b)D Case2 &(c)D Case3 DALY, JERDOH L
EICIXESE OIS I3 F A L, REEBICIXSEY 0%
BIGTIMIEEL TS, ZIUTERERE AN D72,
FHEH ORI BEN & ZITALBERETCRLT V. Ko T
RSO NIX S8R 0 o\ OF BT h S, E
MEOFRRISHNRAET D, L LIREAZEA 2, 1A
B DOEINEL 70D EAEENECITS K 25, A%
R CIC K 2D LRI 7 NV —TF ORI S & h
7251R Y DIGHBZE DO FE IR LR ORI 4
L2720 ThoEEZLND.

Fig.7 |24/ — A D AR BEER O FK 1 OIS F1 O JBIE % 7~
T. 50 AT v T EBELEZATRELISADKETLT
WHLDEF F—FBN@B LD THD. Fr—2Lb%
LOENEIH BB OO U Z R LTV D Z & AR
TED.



1020mm

R 22 AR &R - A EEAR (2011 A2 2 )
150 T ' . T T T
E@E%Dﬂﬂﬂgmmﬂ
100 [ F ]
. OO oo A d
T 50 | | ]
S, |
b 0L ‘ ’ h
|
43—50 L ]
_ —O—Casel
100 ! -+— Case2
- Case3
~1%0 510 Th, ep2'0 75 30 3
Fig.6 History of stress in y-direction

Fig.5 Analysis model of pipe joint
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