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Abstract: In this study, we calculate the welding residual stresses for a butt-welded thin-walled plate by carrying out three-
dimensional finite-element analyses. To study the effect of mechanical boundary conditions on the welding residual stresses,
various boundary conditions are considered. The welding residual stresses obtained in the measurements and finite-element
analyses are validated by comparing them with the welding residual stress profiles in the R6 code. The results of this study are
used to analyze the influence of residual stress on the crack formation in thin-section weldments.
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Fig. 1 Schematic illustration of butt welded plate geometry

— 20

1
=
T

[
=
T

g

i
g 10
&
2
X 5
g
2
M
1 1 L =) O 1 1 1 1
a 300 G00 200 1200 1500 0 300 600 900 1200 1500
Temperature [FC] Temperature [*°C]
8000
7800
5 7600
o)
=
Z 7400 |
5
(=]
7200
. . . . 7000 1 1 1 1
300 600 200 1200 1500 0 300 600 900 1200 1500
Temperature [*C] Temperature [°C]
3000
Y 2000
2
=
§
2 1000
=
i
o 4
0 . . .
] 300 600 200 1200 1500

Temperature [*C]

Fi

=t

g. 2 Material properties of DH36



2.1 et

2}
0
ik
om

27 Aol 3 3 x A g TRl
ABAQUS 6.7 & AFg3l9ion, 1 AH oz o §4&
Heste]  E W (thermal profiles)S 53}l
2214 02 d 3 (thermal profiles)S 0]%01-04 )
L4 2l WHAShE -5 H(stress), o (strain),

H 9] (displacement) & 32 8F= 7] A1 4 <1 Eﬂ’ﬁlgl To=
H&garglon, & Aol A= 2D ¢ 3D RES thEo
1€ R vl g ARET B A7els 198
SH(stress) At ES YA o= HlaLste] Aol A
asg 3} 3“ S| qu oﬂ r,Ha—]. A= #_4 ;<] gg o]_oﬂr/}
2 AT =23D Bl BF 50709 &4 HoR
s Adsglom, dsfiAd 7]AIEA A
DC2D4 ¢} CPS4 W2lS AR&3tglom,
< DC3D8 3} C3D8 WS ARE3sitt
gha s s Aol B e
, A3]A] A] 8 A H(node)2} 20 A 7 (node)
A ztel& i‘f‘ﬂé}ﬁﬂr. wpx] ko &
Aol W Fo] A5 &lst7] A 4 7HA
A A&ete] M S sl on,
=7 K9l Fig. 3 ¢ BTI, BT3
ol A %7@ skt

)
o
td

@ e
lo ki rlo rlo
:{o

o Rl
lo BN 2 o x|
=
g
o

2L oo o oM o I o

2.2 Al A

dafa e 98 AR5 EAES AR dAE, ud
74, A= Fol Fast, o] 5ol thgk ¢k Fig. 29l
& ‘JrE‘rUr Atk oA Assielsce] BEAeE &A=
= 0] 3} ]\XHE 7].;@ o}oq EH/HO] ] 631;]0431;]’
?:}odalze Ez‘si}d- Q_x—l /\r: E:]?ﬂ' Q.x—l 174
aEske] ALk 10.5% 10E3 J/mm s & Ao
ABAQUS 79| FILM %% & AR&-sto] diFel &g

Detail of A

|
i BT1 BT2 BT3
d %o
(]

42 |

[]

L]

[]
500

BT4 1255

| 504 .-!

Fig. 3 Temp. measuring point on the Plate
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Fig. 5 Boundary conditions of this analysis
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(a) Illustration

(b) 2D FEM Model

Fig. 13 Figure of FEM models for longitudinal crack.

Z1o]E 2¢ BA Y] Ao)E 2108 & W ¢/19] 0.1, 0.2,
04, 0.8 = A4 Ao|7} S74ghel wet e S
ZePsigicy, 2y Tdstglen,
C3D20R &A1& AF831o] 7] A4 <1 34 (mechanical
analysis)S  Xldstiom, FHg FFE A4
n7MA 2, @ed] 7 E DAA S
At o, 32 Ao A k=S A8 g B
79 wdo) Hgsle] 1 AESHo

v 2] = o Fof] i gk A& g8t ql .

o
3D EdS

135 g o
Z ek g gk &l A 4 = Fig. 15 ol YERY
Rem, a/t 7} F7 el et & Eﬂﬂ‘:ﬁ Al 4= (stress
intensity factor)’} B S713HS &2l 4= A
A s7E g el webA S oAl = %7}5]' =
gelstth AR AdE WI st #EH-9
Ase s A= ait 7F S7HE el wet &3

e

ol
K

=
R

of
ofy
fuj
o
@
Ho
2

2¢c

(a) Illustration

(a) 2D FEM Model
Fig. 14 Figure of FEM models for through wall crack

Sho) Al =(stress intensity factor)7} A2 o= F7}
shlont, etAsheel wE HwbEQl P
A7 A AaTE gelak it

olo o
i)

42 25 oE ol MZ 2t

#EF gl gt s
Rom, ¢l o F7hgel
intensity factor)”} <
b 37t X ol whehA
Jelstdn 4Red A4 947 sl Ay
e A ol o Tl we
Al4=(stress intensity factor) %7180,
of we AnkH el B e = & Svh A5t
selsholeh,

=

A3 Fig 16 o veh
wheh 32 8o A 4 (stress
seld 4 At
A 571 ee
3

Om =, _Lu

e
2
o

AEL
&3]
SEEE
ete

olN r



FRLAWE ol §3 v vl

3000 L with External force ¢ i
a0 = time=0.14 ¢ time=0.21
"= time=0.41 v time=0.61
EP0 T o time-0s1 . 1
2000 - 1
2]
- L
2
%= 1500 |- 4
2 L
‘B
5 1000 |- f
E L .
.a .
% 500 |- . 4
j:; L v
2 ¥
oL & &, % i
0.0 0.2 0.4 0.6 0.8 1.0
a/t
(a)
with Residual stress '
G 120 L = time=0.172 < time=0.258 |
EE time=0.388 v  time=0.582
< L +  time=0.874
[
. 80 * . . B
@] .
S
Q
LEE L
b v
S T v v J
: v
@]
2
R= r .
2 ¢ ¢
g 0~ * 4
2}
PR BRI R R RS B
0.0 0.2 0.4 0.6 0.8 1.0
a/t
(b)

Fig. 15 Stress intensity factor according to a/t. (a) with
external force (b)with residual stress

5. 88

2 A= HFdk(thin - section)®]  SHHFEE
8% (single pass welding)oll T gt o S RS A A
o 2A ZAEE YAFA(design)oltt Al ot
o 0BT WAG= A4 A0l &2 N LS H i3}
& 5= A= 517] 91814 ABAQUS & ©]&-3te 7
4mm Q1 ¥Feke] gk Wk 84S BAbelGlal, LAY

=

Hlalsto] 2 dAFto A ARggE RER o] HF
/\1}\]3]_0:11;]_
Q) FE#ei S B8 EHE AFE
ZIAAQ -2 2L A} gholl 2
o]
o

=] o] =)
SR AFSY B 74h 34 595
5000 . .
— with External force
= F = time=0.11 < time=0.25 .
= time=0.38 v  time=0.58
£ 4000 = o {ime=0.87 1
2
— |
=]
S 3000 v i
e
> L
Z
E
8 2000 | . E
g
2 L
o . Y ‘
& 1000 |- E
* v
Lo 0 Aoy o 4y oy Yy
0.0 0.2 0.4 0.6 0.8 1.0
c/l
(a)
5000 . - .
— with Residual stress
a F = time=0.14 ¢ time=0.21
g time=041 v time=0.61
A 4000 - & {ime=0.81 1
2
— L
Q
S 3000 -
253 *
> L .
2
8 2000 ‘ v M .
-E v
I L
B v
= 1000
m — " : L] . -
\Il\ll\\I\II\II‘II\I‘\II\
0.0 0.2 0.4 0.6 0.8 1.0
c/l
(b)

Fig. 16 Stress intensity factor according to c/l. (a) with
external force (b)with residual stress

(3) o] Zola, BAS] FA t A a/t7}0.1,0.2, 04,
0.8% Z7}3to| w}a} SR ol A T e TEe
| Bk el Sl O o] X1 A
g ok wek A F ek e
< FAlERaL A Tei A= 2
Aol whet AAle] Aol Aolgh Ayt WS

HE FAIEA = gt

4) T2 dolc, ZAje] dol 1 duff ¢/19] 0.1, 0.2,
0.4,0.8% F7}3tol wheh &34 5ol WA et d >
|AA EA sk sl oeiA o A =

w5k, Bel A Be
AgE ARHL

NS &8 S Al 5= (stress 1ntens1ty factor)7} F7}8h=
Aow FAdd & vk oA ;A FF-SEH S
FAIE g o
= 7|
2= AT AAAAF A ofste] 7x2HE
ATY FHow FE HAY



596 AFE - HEE - A

il

P

Mo
ok

(1) British Energy Generation Ltd., 2007 “Ré6:
Assessment of the Integrity of Structures Containing
Defects,” Revision 4.

(2) ABAQUS, 2007, “ABAQUS
Manual, Version 6.7,” ABAQUS, Inc.

(3) Tsunori, M., Dye, D., Davies, C. M. and Nikbin, K.
M., 2008, “Numerical Modelling of Residual Stress and
Disrottion in Welded Thin Steel Plates,” ASME PVP
Conference, PVP2008-61170.

(4) Song, T. K., Bae, H. Y., Chun, Y. B, Oh, C. Y., Kim,
Y. J., Lee, K. S. and Park, C. Y., 2008, “Estimation of
Residual Stress Distribution for Pressurizer Nozzle of
Kori Nuclear Power Plant Considering Safe End,”
Trans. of the KSME(A), Vol.32, No. 8, pp. 668-677.

(5) Song, TK., Bae, H.Y., Kim, Y.J., Lee, K.S. and Park,
C.Y., 2008, “Sensitivity Analyses of Finite Element
Method for Estimating Residual Stress of Dissimilar
Metal Multi-Pass Welding,” Trans. of the KSME(A),
Vol. 32, No. 9, pp.770-781.

(6) Kim, Y.J., Shim, D.J., Nikbin, K., Kim, Y.J., Hwang,
S.S. and Kim, J.S., 2003, “Finite Element Based Plastic
Limit Loads for Pipes with Part-Through Surface
Cracks Under Combined Loading,” Int J. of Pres. Ves.
and Pip., Vol. 80, pp.527-540.

(7) Rui Wang, Jianxun Zhang, Hisashi Serizawa and
Hidekazu Murakawa, 2009, “Study of Welding
Inherent Deformations in Thin Plates Based on Finite
Element Analysis Using Interactive Substructure

Standard/User’s

HN

og .

ofy

EH%]—.ﬂ

i

7

Ho

Method,” Elsevier Ltd.

(8) Davies, C. M., Béres, M., Hughes, D., Dye, D. and
Nikbin, K. M. 2009, “The Influence of Geometric and
Welding Parameters on Residual Stress in Thin Welded
Steel Structures,” ASME PVP conference, PVP2009-77181.

(9) Davies, C. M., Wimpory, R. C., Dye, D. and Nikbin.,
K. M., 2008, “The Effects of Plate Dimensions on
Residual Stresses in Welded Thin Steel Plates,” ASME
PVP conference, PVP2008-61200.

(10) Dean Denga, Wei Liang and Hidekazu Murakawa,
2006, “Determination of Welding Deformation in
Fillet-Welded Joint by Means of Numerical Simulation
and Comparison with Experimental Measurements,”
Elsevier B.V.

(11) Yu LUO, Hidekazu MURAKAWA and Yukio UEDA,
“Prediction of Welding Deformation and Residual
Stress by Elastic FEM Based on Inherent Strain(Report
1).JWRI

(12) Davies, C. M., Béres, M., Hughes, D., Dye, D.,
Nikbin, Wimpory, K. M., R. C., Lightfoot, M. P., Oliver,
E., O’Dowd, N. P. and Bruce., G. J., 2007, “The Effect
of Residual Stress and Microstructure on Distortion in
Thin Welded Steel Plates,” ASME PVP Conference,
PVP2007-26193.

(13) TSAL C. L., PARK, S. C. and CHENG., W. T., 1999,
“Welding Distortion of a Thin-Plate Panel Structure,”
Welding Research Supplement, pp. 156-165.

(14) Choong-Gi Kim, Jae-Woong Kim and Ki-Chul Kim,
2007, “A Study on the Distortin of a Thin Plate Panel
by Laser Welding,” Journal of KWJS. Vol.25. No. 1,
Feb.2007.



