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Abstract

In this study, the residual stress fields of multi-pass welded were analyzed by FEA under various
geometrical conditions. In order to estimate the effects of pipe geometrics on residual stress
distribution. welding processes of cach model were performed under the same heat cycles. And then,
the influence of cutting off the weld bead on the residual stress redistribution was also estimated. From
the results, in the range of t/D=0.05, axial residual siresses on the outer surface of the welded pipe
were lincarly decreased with pipe diameter increase. On the other hand, hoop residual stresses were
not influenced by them. And both axial and hoop residual stresses on the outer surface of the welded
pipe were increased with pipe diameter increasc. But, when t/D was smaller than 0.05, they were
converged in the nearly same value. The maximum residual stresscs were generated at around HAZ. Tt
is therefore necessary to consider them in welding design. strength evaluation, and analysis of fracture
characteristics, (Received July 7, 2000)

Key Words : Welding residual stress, Heat transfer analysis, Thermal stress analysis, Element rebirth technique, Axial residual stress,
Hoop residual stress
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Table 1 Chemical composition of A106 Gr B

C | Mn| Si P S | Ni |Cr+Mo|Ni*+Cu

Al06 Gr B

(0.10]0.8610.21]0.010[0.004 0.10 | 0.06 | 0.39

Table 2 Mechanical propertics of A106 Gr B

Tensile

Al06GrB Y.5. T.5.

367TMPa 486MPa

Journal of KWS, Vol. 19. No. 1, February, 2001



Sraauae $1Y FHeE T U2 7198 Y 3

F-Aele 9% 51

Fig. 2 Geometry of groove

2.2 2l 3d(heat input model)

LHAFSH L 4 2 FHGAe| E9 Wt
7 ol A ”‘*391‘:’& FoyExe g 4= 4
e FeEA ‘Q‘é\ 9 (heat input model)2l A
Bo) Faditt, webr, o) ApakEed 2ste $3
S glet vhorgt Yddrdoe] AgtEo] gewl, 2
Fol A U E 2 (inherent heat input model),
Tsai 59 ZAIY¥E 249 (heat input model with
ramp function), Goldak 5%¢ o] FEtdEd
(double ellipsoid model)°] tHEHo|g} & 4 AT},
Bae E"& #Ho|¥o|d (transient thermal history)
7 ZAFEH g FR A oA, delrdd
15t AT 53k 0|5 37 derd & vn AR
3t A3, AL LildRded v BAYE
Tz ol et Rde] B} fRsh, ol FEdEd
£ 3ag Aol JdER Ko A3 theeAe AT TF
&9 %E‘ﬁﬂﬂ A2 A Bd"HE A A5
2, B dFoe AAYEdE AT
o] Hdl2 Pdvehcf] A9 (dise model) 2 71322
g Ao 2A, H4EHF(heat flux) 2 (1)3 Ze] i
Rk

=l

=

A

¢

¢

c

¢

o

q(x)=q(0)e* M

o] A% FYUEFL A(2)% 2o EWILHF
(surface heat input)® FHYd#F(body heat
input) 2] goz AU,

Q=QS+QB 2)

o714, w4 Ho| & YA (J/mm)e

I
H=Q -~ )

KepmEteEets $19% £, 20014F 2F

2 EAHL A Q9% 20 e

qB=Q_BoverV e “)
3 .
9 =—§i e’ ()

v welding speed(mm/sec)

Ve : the volume of bead elements

b : the width of deposited weld bead(mm)
L : the weld length(mm)

7t Ao} Fig. 3& s Adae #AE v
W Aoje}, d7)dA HA EHAEE ti+t.001, E
el A medhe AR AA SHAT
o 20%7F M == T

Heat [lux

f max

: - -
ty t. t Time

Fig. 3 Shape of ramp heat input function

2 SN dgF dHdE 54 %%é
3 A4 o] 1%0 G A §HA4H
e L RSHEL J
Ao FrHQl & 'ﬂ' 4 9}, &3, ths8-49
7t vt A slde] AA xdo| gt
ojo I3 w2/} Fastr} whaps, E Ao
3.—:— &1‘1 of 7hutel FEASK & #%-8 sy 7|
247043 (element rebirth technique)
l%“}cﬂ AA 847 Zo| 4714 (filler matal)
o] o] AdH & U=F 1, Fig 49 & ¥
Heoi 2ardd oz 843F-88 S Mt
Wz, AL A (heat transfer analysis)Alelle
z}zte] w27 LAM— PYE— WA Al S
AR T AL F UEF HHGAE F 12¢A=
FRAFOEM, %Zd B mdye 74 g4
(element) 7} Wy dolFH ol thg dlo]|E8E AUt
a8 gie 6H’—‘13?n e deojzl AFE 6717 B

dlo rli’|.
O

51



52

88 - 24Y - g

de] 922334 (thermal stress analysis)o] £d8}
Al Agste] wige] ZZA o] 2728 Hio FgS
A g Qs gosd, Wadg Yol EHTFE
¥ X e 9 FelH o= detatuat ot

Model Generation

Tnput Data
} - temperature dependant

mechanical properties

Input Data
- temperature dependant,

thermal properties )
- initial condition

Heat Transfer Analysis ‘
| Welding Residual
Heal Transfer Stress Fields
Result File i

Fig. 4 Flow of residual stress analysis

Thermal Stress Analysis

A A Fig. b9t 2L 25 9):
Abggto B gAgs Ao AFA
B-&E (molten pooD)W#)419 €34 =% (conductivity), ¥l
A (specific heat) 4§ Aoz 7HG3gct =g
AT 7}2(shield gas)ol 2% ZA 79 gk} 4w
ol ot MAAsle] L nFshA] @&}, A
AHEE 2= (code)w HAE &l (nonlinear solution)
o] Aol B Aoz 4wz HKSAMY ABAQUS
implicite]vh, A A& Y3 922 484 dA
¥ 84(4 node heat transfer element)& A28l
o FHE e &P W& pE2NE WS
F IEE 444 &4 24 (4 node axisymmetric
element) & AHE-8I T}
g, H7o] 254mmel

77l thated A3 (hole

400 2

350 Thermal expansgion coefficient,

—
5

Thermal ex(pansion coefficie
)

aoo} USRI —— |

= jos]
o o
= j=]
L
—_

—
=
=]

Toung s modulus{ = 10" (MPa)
Yield stress fMPaJ
1o
1
=
>

Young s medulus

=z

o2

. . 0
200 400 600 300 1,000

Temperature (C)

{a) mechanical properties

L1/ TCh

drilling method)& ©]&3te #F&H & F4sln
ol g #MZ2A HluFerA HNAn NP
At

B

3. oM 214

Ol

3.1 EHOML HFRSHEZ

Fig. 6& 57k s 2o gl vl & 9] & (outer
surface)®] FEA ZA3}9} A7 254mme| A4 &HE
o et AFHE ol &3l ARGHE 24 An
S ¥ =AIE Aot} FEAY )& a2 zje A&
o] A7t FHFH 0By vhd Aol 7}t A HAgH o
Ee 4 4A%E & g U ole & dFolA AL
F FEAE 3% all4rge] o] Aol deizd A
ﬂa“ ZFeY e FHo F83A H4E = US
AE'WH’«P”’ A Fig. 6 (a)9 ek 2789
FE AuEd, vpxgt 24”1’5‘11 2o o3 A
‘dlr o] FHdE & 4= ~°—°0] ag|la gedsk
H(heat affected zone, HA/ oA e e ?l;é]‘
R Bl RE ¢+ ‘31)\‘4. ol W &zt
3o A7le AR Frtel wet 4y Frleld

1, QPRI 27)% HFe] Sl wet 7
rEn} ZaZo AW ZolEel FAd W@ 474e

¥ (t/D)7}F 0.06ET} 2H-& wjol:= A9 ®3t gle 2
o2 vehgr, 6}21 T Fig. 6 (b)Y Y59t 273
HEFJHE 454750 SHuRo o
20mm 3= %1017& oA LG e t/D=0.3
A ASole EHAFEol TR Foit}. agm

GFF Y A EH R i AH
BFREAen, 1 A7|9 F¥Fele A7 A3l

1.6 0.055
Thermal expansion coeflicient 4, _ -
_laf # 005 g
O E
Soer 0045 E
2 -
= Z
2ot “ooa E
= kst
= 3
Zost 0.035 E
s | 5
¥ 0.6 003 8
& . E
-4}
0af 0.025 &

0.2 y ' 0.02

g 200 00 600 800 1,000

Temperature ()

(b) thermal properties

Fig. 5 Temperature dependent material properties

Journal of KWS, Vol. 19, No. 1, February, 2001



Heguuae §3%

AR LT U 1A AT SRS 9F

53

oA A%E wA Gk EF Fig, 6 (2), (b)9

AReRE $YIPRANE 290G A5G &

% 58 QAR ZAT QST L % Uk,
32 LIEHOIME ZHegsy

Fig.
surface)?] FEA 232 H|g
o g Aztel vjs} HFH-&

7L 5717 s rde g WHEH (inner
TAIE Reoln}, f|FW

e X7} vizte] g4

400 —B-t/D=04
—A—1/D=0.18 Weld
RN | YD=0.12
w 300 —+=UuD 0.05 . ]
o —=—t/D=0.025 o G
2 200]||—vp=0012 ALFy Tl o
- @ Fxperiment | A 91 . gl .
@ /=012 | %, R
5 100f o ) ks
E TR, X i
3 bt b ok b g, D0 b
= XK I A Mot U i
&
i
-100
=200 .
-100 50 0 A 100
Distance (mm)
(a) Axial residual stress
Fig. 6 Residual stress distribution
400
—E-yD=04
300} | —&—wn=018
= |l VD=0.12
¥ 2001 [——vm=005
= | =00
w 1000 | —vp o012
:%}
S-100
°
é—aoo
300
0 s
-100 -h() 9] 50 100
Distance (mm)
(a) Axial residual stress
Fig. 7 Residual stress distribution of the
30
E
Bl b
&
©
E 20k e 1/0=03
” —e /D018
g N« " c I YD=0.12
é 15 =~ /=005
2 —— /N=0.025
S
@ 19k — yD=0.01%
E 10 % " 5
@ .0
bz Ry ’
a sk S
0 1 1 1 - 1 1 1 1
=500 -400 =300 -200 -100 0 100 200 300 400 500

Residual stress (MPa)
(a) Axial residual stress

ol A R
(a)e] & ]'o}:

AL & 4 Y, Fig. 7
@JMW € Hhst ol
FA Bls) 2 ‘:’] ]’%5 AL A5(t/D=0.3)&
WEH A J%—" %Ei 7ol BXaHA =, A7
o] 27135t Wl BRG] Fdted WEH] A5
THAHE 3R \_‘6P7ﬂ "ot a2y 2§89
BeEE A7d0) F7hgel vet A sk t/D7b
0.055 T} & A= @A ZojEA Hrl, olg}

e Fig. 7 (b)el 4583 JAFEHEL

400
—B/p=034

—£/D-0.18

Weld

300
—+—t/D=006

—r—t/D=0.025
—t/D- 0612

@ Hxperiment,
{t/D=0.12)

+ 200

Residual stress { MPa)

100
Distance (mm)
(b) Hoop residual stress

of the outer surface (as welded)

[
=

Residual stress (MPa)

Distance (mm)
(b) Hoop residual stress

inner surface (as welded)

30f —B— up=03
-é =B t/D=0.18
------- YD=0.12
Raa iy o
@ ® —— t/D=0.05
é —— yD=00%
g 20p — t/D=00125
b
g T A
£ 15k e =
g i -
o N
£ N .
10} o S
g o
o - o
E g
8 sh uu
0 N ERR L L 1 " .
=500 400 -3000 =200 -100 0 100 200 300 400 600

Residual stress (MPa)
(b) Hoop residual stress

Fig. 8 Residual stress distribution from the inner surface to the outer surface (as welded)

KGR H19% W19, 20014 28

53



54

A% - 249 AW EE

e age g8,

wp ﬂ%ga-ﬁ ol
3 ate A9l e %a—ﬂr 3% 1L QPR 8 vl
AR U
o2 & ASel gael woyl U 2
2o s E QARG A ZAsE, 59
ANE AHFSU 1 EA5) Gt ol % Hla
o Fig. 8 (D)olAel AFHE 5L 47
o we %@R}%Safﬂ Wil A2 dE PaE
o F3 Qvh &, Aol Ze At 4% B
$HREE R ARl ARG
SRl SHERR Y] AR, A7) oln
AL (/D=0.12) AAW SAuere] nE
Q305539 44, Y 00555 Ao
WA R gl dHA A BUG 2719 A% 3
F9e0l 49T

48
_L|_.
A
rC

1 %"401]*1 BHFAN Tl A 2ol H
o A8 o] %ZHoHE ol & Ao
g BHAM A 7Y AR 27
°“ ?’l‘ -2 v Fad ‘\L‘Z'“ ojt}.

Fig. 9€ 27o| F7tgd uet sj o] ] EH17 )
FHAMY Hu AR gho] AGA Wsh=rtE
AR Foltt, A AFFFSEo] vehte e
t/D=0.34 o HEDE Adtne BF I9FF §
Zo|Att. 9 EHe| A5, A7k Ao A
739l Wl @Al 300MPa A2 Aol 443
e FAstd e, ke AdsEge t/D7} 0.3
~0.0691 FHAA 2 Gl F7Hg el met AFgAen
-Z:H‘:‘FSPE &S EQt, olg v 2 EH e Hojl g
gzhe zvleky) glalsl o o 2Ag) 27t &4 A
537—*1.9.:% F7hehe e li‘ﬂ] FA, 59 FWke
HAN-SH}L A7 FAN vlsted] GoiHow 2o
Gl AxEHe] WEHA Hla) F ghE 7FAARE
2 7gol Sl whet 2 ate7} AR 2ol B0 t/D7}
0.16°18toll A& HEHo] 2lEA vt o 2 &
A o el WETEe] 488 A SEge
A7l Frksk @A Skt t/D7F 0.02590 o] 24,

54

400
350

300 ..,_‘ T N bbbl
250
200

150)

Axial residual atress
wok . (outer s.urtaco)
Hop residual steoss
{outer surface)
Axial residual sbress
(outer surface)

Hop residual stress

Aaximum residual stress, MPa

501

{outer surface)

0 L L |

0.0125 0.1 0.1875 (.275
/D

Fig. 9 Maximum residual stress of pipe surface
A A9 e ghE vehiTh

35 EYFXEl0| HE HRSHe| MEZ

dtr oz &4 T SHFEE Iz opx A Y
3ol sl S =(weld bead)7t ZAjel W
o} EE257] i), &4u=s 2A9 Y B
F(Loe) F-v TEHYTHE F48iA Aot b, &
2 A¥E Aztete 78‘*‘%3-& ol#g Y FUE AA
sk7] YA SH AR 5“41*.& 71A 7 #e &
A= ARt & dFdA e olg g &3 F A
7hgo] 83 AR E L A e dES Wl B
kt}. Fig. 10 = AA F &S E JEH
AelA &3 7 °‘*‘°l AEEE A3E el Aol
=3 %]'"T;“c}aoki']r S 35 A4 A AFLHEL
NP el & Wk} OiE’L]r SHE| =5 A ekzke) b4t
&4 Ago] g g o3 AL Fig. 119 Wi
5| 7&%—%?%’5 1-: Uebdth e, WEH )
3 $¥ ¢ 27+ Fig. 99 Fig. 12
g AAT A47h FE 48]

l‘:—% /ﬂ]ﬂ?} Bl &4
J AFHA T 2572
2 °—“'|?1TZ—1?_] HAelA & w u)
S WA sk A7) 2ol =

o
=
S
@,
é',
=3
e
2
il
N
_,d
oEL
-
o W
w~ b
rlr
i)
‘ulo o:

W= AL GEAQ BYelx
mlo:]x]-oﬂ o.0) 7 uh]i:} o]aq. Eg 1,].

Journal of KWS, Vol. 19, No. 1, February, 2001



U] 835 A%

400
—B—t/M=03
—At/D- (.18
Egrit.0] o SR t/D=0.12
o
& — /=008
= ag0f —"—L/D=o.oz§
@
)
b L
£ 100
o
£ o
Z
rx—]()()'
_2()() ol 1 1
-100 50 0 50 100

Distance (mm)
(a) Axial residual stress

SHEREA W 71eH BT &Y 4F

o1
192

400

300,

200

Residual stress f_MPa 1

-100

-200) 1 .
-100 80 -60 40 -20 0 20 40 60
Distance (mm)
(b) Hoop residual stress

L
80 100

Fig. 10 Residual stress distribution of the outer surface

400
/=03

= 3001 [-2—yn=n.18
[al)
E 200
@ 100
&
= §]
g-mo
*m -200
h

=300

-4 Held

0 : * . !
100 -80 -60  -40 -20 4] 20 40 60 80 100
Distance (mm)

(a) Axial residual stress

400

300

200H

100f

W,
asby

0
[y
-100

-200

Resu]ual stress (MPa)

-300

=400
-100 80 60 40 20 0 20 40 60

Distance (mm)
(b) Hoop residual stress

80100

Fig. 11 Residual stress distribution of the inner surface

(a) t/D=0.0125

]

b) t/D=0.025

J

(¢) t/D=0.05 (@) t/D-0.12
(&) t/1)=0.18 ) t/D=0.3

Fig. 12 Hoop deformations of 6 models

4. 1

izt

Figs. 6. 79 5717 M ndo) g gHAFS
AN AT A Vel vhe} o] wjge) HAo] Felx)
A owjde] WEHD ¥R AFE AV G4
At o8 ZrasEE AYgE 29y, £ Fig, 8¢
SHES T FANY FRSGEIANE w2

=
=] K-

KREEEEET $19% $1H, 20014 27

=

7ol 2% BAede JEA Boe W g9e
SRS ] BEetn glod, Ao AFF
A& ol JFAFEE LR Wstehe A

ok ol FEE Mol olfE &HTRFEE

Jo] FH de] GAte]Z Foll EA s 2P 2E

Eﬂ?l(plastu, strain) 45 28R ojzd 4 it

, e A2 77 gebel ket wide] 24
3.._:.;_3."(1)_]0“ oé‘esl:& :‘f_}: HH"’]'*‘] _71-}\34,}. :fL.a_:'ZJ-]o] H
stet7] W&l FFSHERY Wt Arle Ao
Az, WA, FA-HAuL Sl HE el #Ee
A7 A2 ¥ es 7 o o8B
2, FEE g Eﬂ?ﬂW FA-27u 7} AR &

Al g T Ao e £ 2EdQle] ol AXA
Heg FA-A 78 7F 22 7ol vajr o & &

$9& ZHAA A oleld e Mzke U

AE 9793 24 ARE /A A 2o
kel FA-2 o) M2 Ak & Wl
AA] AP 2E A HAY 2N FFE Az

EZ o
b |
L o
=

S v &
»

m 4% a2 2 2

¥

Y2,
Fig. 12614 " vhe} Zo] Tgo] 2& d vl
WERZI g mUS 249 272 (hoop

direction) M3 & 2}°]7} 27 vepdt}, AT =&
o] Aol met 7 Ael7t HA € t/D7} 0.05

55



56

AR 249 - PR7] 5D

Hoh ztolx|A HW 1 Aol7t AAE e RAE
4 7 ok F, ol#d ggFoz Q3 Figs. 6, 7,
oAl t/D7F 0.058 ¢} Z& 7 fole F-SH LR
Ask7t F458] FaE e Aow gt

aga, B AT o A3E 57 2l 2
FEHEEF FA-A3 0 w2} AR Wi
7be gole wiwe] 7}Aa) Lﬂ_g_uq;ﬂ]r o ETe WY g

ol7t 473 27l wek A5Ae) HAAE b
) WEd Ao wd 4+ A%
w4, GE gl g e SHAGE ENS

A AFAFEEH o] Bxsta EHEN: g
AF-EE o] Xl Aoz Euye] glowpr E
A7l ME oot & ARE HoFy Q). o)A 4
Al gl Jloix FF-SE A A= TEZ
79 FES A3 e E & vk &, dF &4
I g o £4d elMs d“ﬁﬁﬂi‘ﬁﬂ o) %
Wakn fFeke] F&5 7o) HEetER ol 2 It
LA 2EHAF Afolo] o FEHEEY W
7} AZIA Art, olE mRe] F uf SHAF Al fja
TE AR R & Jgg & Y AYsing
&A1Y BHFgYHErY FHL @S
gl Ay BAG S A HER 131
o] sl gt neiyl adele & 4
ATolA = QAN AYE o] Lste] o9 2
e HaElE Ayt
Fig. 62 /¥R AF-LHE LM SEHLIITR &
oo| FWET AFWFT BT £ A[/S
=24 B g el o £3 E9%
o) st Y =Hkeke] A%E (hoop tension) E vi#e] 2
o} zhzof 23 73 ¥ (bending force) el Wdte
v fte] e FHAA 7} —4%#}3}1_ A& vt
AA o] & LA ANAY 2L UEH AFDFL
ol e 2ANYE Yodle FogEM, 7188HQ
SHATH & AR FeH A8 JY £HFE
oA @d9 Az (crack initiation point)e] I
= Roz 484 vt &3 Fig. 69 AIHZE n|Fo
E o wiste] FA0 wEte Ao AfH oz 2
AL/D=0.1201")ellv £HF o] w3 A
o2 kA, Ao AfHer & Hfde
AJZF-2Ee] dakoz 3 ey os Bejd 4
o HaA drt. o] A9} Figs. 7, 8, 99 A E
Hlﬂ‘&ﬂ‘ﬂ B uf g R lolAl FA Hsf
o] iAo 2 A Sole detd o 747 ok
g Ho] SR £, A Ao] R T AT
A& yiEHe] Fe v IS & F Silﬂr. 5

7k Wt

56

6’1 Hﬂﬂ’%’ﬁﬂ"ﬂ FEFQU #F7o] FAAPQA Afol=

SHdH Y £HEA 7Y (stress corrosion
uackmg) Feol A A Hol £47Y FEe A
8] Askd Aol Ahrt 2244 #ANM AEEHE
Mol ¢ vizte] o) X2 FE (coating)dl 2l
HEAT JREAL o)) g Kantte| gle 397t
2 AE ety v EHe AAAFS
F/be BAATAA Y BHAN FasA Yook
& 24 o Aot}

Telx, Fig. 894 Hi vig Zo] AAo] T
B] 5} "‘Eﬂﬁ-—L F Wells W¥e FEdd )
A% & 7HA HEE g & o3t wj
o w8 shsAde] eBng AARE wHEH R
FEAA Al o] Ko g meizp daseior &
Zojrt,

Bl E A4 #8315 (sulfide) F28743 o)
AF-SEo o3t gy RAFdo] $HHE A, ¢¥
ol gk dA e (stress relief heat treatment)ZH-H
AR At wiAF2ES Yasa AU
AA @FEHANME ol A E 717} 7
12, €48 & 3} siejels, = (furnace)olAe] &
el ol g G Aty dV)e ofH7] 1
Bof| ukde] BER mEEe SHAFLH 23}
o #uhsg 2] e wdE A wE AFeH
x4 °]6Ht BAoleh & 4 glrk, w3 wjEe) A
g7t tar gAEs 7R-3g e ﬁ7]°ﬂ\, Zto| 7} 9l
ot BHAFLEHEREY ANHA NP FARA
VERER 2 dFd e dae 7E "’r =5
o] SHARSHERXY olFdx 454 H8E &
e e AZHE

Figs. 10, 1194 &4 &2 & & Fo 2AHF
¥7b SHBER M= tha Wglsht Autkd
HthE WgE YR e ol e £HFH
E FF-gEe] dile A AEA 23 Fo] ofy
g} S&Y| =9 A A 98 ekl lrbeke)
o] Wste] vjdg Fo|r] WEolv} avER E
ZH| ool A7 £ R vstd AR oz ¥R
Zt7] Wil &35 AA Y FREHELY Wil
71 8kA] £ Aoz Holr},

=

=

o
& of

ﬂrrﬂm

i

fr

5.4 &
e W At A E%@#-E—Eﬂ] o

Ae & goti7] 98 d&84E 574 30mme]
v tol] isked 2 Aol 100, 166, 254, 600, 1200,

Journal of KW, Vol. 19, No. 1, February, 2001



o8- 845 -’&%—%Q—E—Eﬂ g et E g 80 33 91_ g gk . 57
2400mm¢! 67}4 29 (model) 2 7122 &8kg A~ 4, Shim. Y. L., Feng. Z.. Lee. S. G.. Kim, D. 8., Jaeger,
Holl 28 A2 AL e A S ge J. J., Papritan, J. C. and Tsai, C. L..: “Determination
£ Aqr} of Residual Stresses in Thick-Section Weldment',
= = . Welding Journal, Vol. 71, No. 9(1992), pp.305 - 312
Blato) R Ao AsF= Ho] &= urdl A8 -
0(1) herel 2% ]qﬂé £33 “’;:"k =T 5. K. Masubuchi: "Analysis of Welded Structure.
S8 E t/D7F 0.058 B A9AQ 4E AT Pergamon Press(1980), pp. 148-188
YFYE AFEH L 2 o]zt A 6. AT, FAT: S| APy gAY oY A7
(2) EYEY 2Fe8e 7S AHo AZd4E & qgzAS =E4, A154, A28(1991). pp.693~702

Waka A3y B 5 278 o| Frketd ot Et
Z& HHE €018 t/D7} 0.05018t & ALl A}o)
71 $lgiet.

(3) E&¥| =& AASH 9t A4AFE
BRI Rl = ]

(4) A vlste 27o] #& d(t/D=0.16)%+e
Q]Eol gatdQl FHekRrt ¥v, Ao Fvkgd
gt EHe] ggtd oz Eag Yo golAl €r}

7|

ol

2 A7E dRBATRe JFRASHT A
A %7} B A B o 2R Ao, WA
A A ANE BAE =huT,

o1 Ed

1. SO RRIET ORI RG) L BATHAE 0 ESMEE(1084),
pp.185-230

2. "EIBREUNEMOBE L FEN . ARMESE(1978),
pp.40-60

3. "Handbook on Experimental Mechanics”, SEM(1993),
pp.785-823

RERpEHSEE F19% $19%, 20014 2R

SR, 984 ek

. J. Goldak, A. Chakravarti and M. Bibby:

. D. H. Bae, et al:

4 o o ATEH 5w #
F548 dF7 1 d¥e) AT A7, & A1(1997),
A 158, A5%

“A New Finite
Element Model for Welding Heat Sources’
Matallurgical Transactions B, Vol. 15B(1984), pp.299~
305

“lffects of Heat Source Models in
Numerical Analysis for Transient Thermal History and
Residual Stresses” Proceedings of Taiwan
International Welding Conference ‘98(1998), pp.125 -

130

10. C. L. Tsai: "Parametric Study on Cooling Phcnomena
in Underwater Welding ., Ph.D. Dissertation, MIT
(1977)

11. 924, #7158 457 43434 49 E B{LH
B A9 477, daedSA, A158 A2E(1997).
pp.149~156

12. J. K. Hong: “Study of Numerical Methodologies For
Multi-pass Welding Analysis”, Ph.D Thesis, Ohio State
University (1996)

13.J. B. Roelens, F. Maltrud: "Determination of Residual

Stresses in Submerged Arc Multi-Pass Welds by Means
of Numerical Simulation and Comparison with
Presented at IIW
Annual Assembly, Doc. X-1279-93(1993)

Experimental Measurements’ .,



