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ABSTRACT : Most of ferrous b.c.c weld materials may experience martensitic transformation during rapid cooling after
welding. And it is well known that volume expansion due to phase transformation could influence in the case of welding of
high tensile strength steels on the relaxation of welding residual stress. To apply this effect practically, it is a prerequisite
to establish a numerical model which is able to estimate the effect of phase transformation on residual stress relaxation
quantitatively. In this study, we investigated the effect of phase transformation on the relaxation of welding residual
stress through experiment. And three-dimensional thermal elastic-plastic FEM analysis is conducted to reproduce the effect
of phase transformation on the relaxation of welding residual stress. Also we carried out the analysis of welding residual
stress in welds of similar or dissimilar steels considering the effect of residual stress relaxation due to phase
transformation.

# A 8 o WA, viEelAlo|EMe, 552 98, FEM 14
KEYWORDS : High Tensile Strength Steels, Martensite Transformation, Welding Residual Stress Relaxation. FEM analysis

.M E 7h eAolER g % AR 718 T et ol v
of thige] SAA7L &4 F e S5 Wave 3y

old £7 Zo] £98Ae AL HIBo| AR T A AAEE dE (m2gielE e 5% 5, 1998)=

Aoz 8. oq slojHog EEAo ARz . 221 o2 A58 Tl wAeith 2 23 ndwrte] & A

olg 2ME Zoz sANRHT LMo Hahow 7h SRS E S S Ivke Ao LAt 2y 71E

ST olzjdt AR ST WYL TrBo JEA Ay o] A= 48AQ A7(Satoh 5, 1976)7F thE-Eow &

2 A4S golsele Uele Hne aa 7ree g A7 P B0 GTE e Yol sy & Al

okm A% - ug Feleper] WEA DEscl & Fo3 & HE ARGlREHe 54) & Fold 20 (POSTENED,
3 Z

ofth, o2 &AFEHE Agsly] flelM &3] o
Azt 8AFe SHAA X7t 7P de] AgsHn

ok ey olejgh dqdAlele FEA e R Y

G BPoR 2D, 012 viger el A
o 98 A BYH NBE ANAQ Yo AFAY

NN

Al
2|
g POSTENSO)§3A et 2fgelel g n3)t o
A
:;F:

1 @Q% Fohhn AMSATEE 2 Bom fd 018 20059 49 3027b4] 8H]E BuZEAle Ee
1. 02-820-5337. Fax, 02-823-5337, E-mail : changkor@cau.ac kr) ] 2 ARV
2) 1451 ) Zoekn tiak EEEeh) s

_PL

si2zpxss =28 M6 558 728) 2004 108 519



0
o
fot
=
2]
o

oA §RAREAL Bl Puid WS 349 o
g AN LS el A

2.4 ¥

2.1 M3 HIE L Y

2.1.1 A9 A%
WHEZA SR e s ddl dEde
Azrstgict. Ad AlFel 290 A POSCOAM A&
AN 272 =24 POSTENGO 719k POSTENSO 7l
ol VAR AL ¥ 137 g} Adge] Ax Z(B)} 2
o[(L)& 500mme] 2 FAI(t) = 30mme] 272 1% 1

< e AR o AZA S 3
o

‘...

:J_
fu

alJ
BRdB my

Eagll 1l [s}
# 2% oo §q2sel A4 41 3

3 SR
39 %

ol

e}

49 erhch SdE5e 71AA R E Az
AAEKWS 2 JIS 14 & d8stoirt. £845
el 44 &5 100mm7HA
[ od&e
TR, 200D 3 Sefl YRRl o€ HAl & &
Welding) 2 # 6-(a) ¢+ 2] % 6 PASS, POSTEN80Z €]

Bane g4

oA E-& ’L"\] OPOﬂ‘:} o HHL =
30cm/mm% st aeln 01]“35(5&
242 POSTEN60ZAS 7% FCAW(Flux Cored Arc
A% GMAW(Gas Metal Arc Welding) & 3 6-(b) ¢} #o] &

1. IZTZAe| JiAHN ME
e, FgEeH A= | AME | SEdAs
(MPa) (MPa) (%) (GPa)
POSTENGO 530 640 26.5 208 4
POSTENSO 790 840 20.3 248.8
’
unit=mm

60

- -
n man

T3 1. agdEe] 37| f Wt

520

sRuTxets =27

¥ 2. Spnuy of SMa4
ER &0 e
POSTENGO FCAW Supercored81(1.29)
POSTENSO| GMAW MCS-80(1.20)
I 3. M35 7N M
P, F=24 | 99ee | 948
e H (MPa) (MPa) (%)
Supetrcored81 .
o 582 610 27
N£1S-80
7 2
o) 770 850 20
E 4. 2350 3EME(%)
SHEE C Si Mn P S
Supercored81
(1 o) 0.03 | 0.35 | 1.12 |0.013 ] 0.017
MGS-80
(1 o) 0.05 | 044 | 1.35 | 0.006 | 0.001
E 5. ojges
R LE o9 e
POSTENGO(FCAW) 90 ~ 95¢C
POSTENSO(GMAW) 105 ~ 110T
E 6-(a). LHE2A(POSTENGO)
PASS AF(A) | ARV | ER(AIZH H] 31
1 250 30 240"
2 270 32 251"
3 280 35 407"
4 280 35 325"
A
5 250 30 142"
6 9250 30 203"
E 6-(b). 2XEA(POSTENSO)
PASS | AR(A) | AK(V) | R | wm
1 250 30 305°
2 | 260 32 414"
3 260 35 4'20"
A |
4 | 250 30 203"
5 | 250 30 | 2307

H16H s5&(E8H 723) 20044

108



22T ZHPOSTENGO, POSTENSD) SEXeFe| HF3y

5 PASS&R & At AH &y & 30 834 7 A e
HA sl FHel 2A5H 3 AT FF0] e FEE
AAZ Foll oA 84S AAleled AEa-S AZskAt. A
% EEE 200T EE&TE ARSI 200Colst7t =1A 8t
it

2.2 H@zn

2.2.1 WA =7

(a) Lol B¢ F &5 9 845 Y] EPIR(HAZ)
Horsle] ME(sample)S A7 & ¥ Z2]4 (polishing)
3kaL Nitale] oAl (etch- ant)& °]&sk] oA ¥
En| 3 g o] gl nAzA S P, AM-E Bet
074 OLYMPUS PME3 E#l@s 500u&e] =27z
A 2AE #dodsian. a3 20 1 ARE JeEldd, 2
2 29 (a). (b)+ 247 POSTENG02] &35 ¢l dojaky
o] oz el Aol (¢), (d)+= zH}t POSTENSO
o £} GYgte v 2AE YERE Aol

ol e wmjn

e

Ex

E 7. Holx| M

AelA FF7 e Gage Factor A=

s 7]
2% Strain Gage 1871 2.09+1.0% 1 mm
o L=500 (unit=mm) -, -
X
|
[
— o o -]
B i g o w
j ]
3 : Q
2
[ it
8
—_— = '
100 100

a2l 3. AHlolx| FE #1%|

POSTEN602] 725 &35 @ dgakitore] vl 22
& njzglAlo| 9} #2lo]| E(Martensite and Ferrite) 2%
< UERNa, POSTENSO2] 7A$<lle vlgAlo]| E(Martensite)

(@) z22& e € Aok & 8450l eoEolEd
1% 2. AT % 2IYToIMe| oM & oo /1Y B S5 B $1F 275
st2ztpxets =28 M6 55(EH 7235) 2004 108 521



fol
o
el
o

A Bske TFoIA Ae)(rhRiAlolE e & Qo
POSTENS(S] ©lZelilelE HEely =7} POSTENG0S 7
owr) FArke AL o 2= 9]

e
(S

— Analysis
= Experiment

e
@ -

e
ES

o
N

o
v

[
~
—
[,/

Residual Stress(o:/6vo)
: °
S

-0.4
0 50 100 150 200 250
Distance(mm)
T8 4-(a). AEZTHPOSTENSGD)
1.2
— Analysis
1 2 Experiment
2
£ o8
A
g 0.6
Z 04
E
2 02
&
0 = 5
-0.2 |
0 50 100 150 200 250
Distance(mm)
J8 4-(b). AEHZAIHPOSTENSO)

22273734 53 4%

A58 S el AME AlolA9] A & T3

om Fast Aolzle] YAlE a7 3o YT S5
2 Gl Ao ojgk HRgE dlaE A
a7l el g (weld line) 2 HIprEReE 747
Omm, lmm, - . bmm Xl Ao|A & HAFaNA] F2s
ek Al E 5’*2—}0}31 27 EE 2P & dga
Alo]z] FH e Aebie gl §8&

70

A9 s e L 59 Aok el 0471

ol

o

9
o
)
4

x

AE 6]-_8_/" G
g sl doll Aeld], HA 1= XHEOWL £l
el gk seo) f3lr} Basly] whie] 1Rlof M9} 2ol

Muyarel #5-gEo] POSTENGO, POSTENS0S A 7tzh
%k 0.850/0y . 0.750/ 02 ZIE)K, o8 1

Z] 23 gAle] Avlele LRRdx e o8 o By} A
3 o] Holu gl
unit : mm
/ N
/ %
/
/
12) |/
E 8 H=xA
Welding Current Voltage “qeld:;g
Metal (A) (V) Speec
(cm/min)

3. TAH =
3.1 sfM=d

61%“‘3%‘91 %‘—‘l ‘3—! g2 28 50 vEpile 844
4ol 450mm, FA 12mm¥] F =
%j*éi Z\i 7%7‘0] 60T VA & 832
£ 8% Za ey KR AlmE
POSTENSO ‘XHOM £ 3A dekavd M Al
=EA(dE, v, AT, 87158 5) 2 7IAA
AR AT, jOFHl Q= d&e)d &k 9
Fde 1AKim &, 1998)319it}. 2% wsld] we Aw
9o =ega 9 7174124 AE2 29 60l el

AV

'l

O
=

o XE

5, 9

3.2 dHiefe] x5 H

SN Adet akeE e At S (Tl 84 Al o] 2ol 89 - WEE Tgln 232 S
H22 st=z7=xstsl =27 Mi6d 555 725) 20044 10¥



10
Density
st p(g/mm’)xm‘3 /

Speciﬁcym’/ /

“ cHETHx10t S
o 4
<4
/ Heat conductivity
e o ,
2 HeatLt:;s:e/ruéﬁ. h AJ/mm-s-CTHx10
a() s C)x10t
0 .
0 200 400 600 800 1000 1200 1400
Temperature(C)
(a) BEIF=
1000
L)
ay: Yielding Stress
750 6,: Ullimate Stress
=
€ w0
2 a(wl) : MGS-80(Weld Metal)
@ o(w2) : POSTENSO(Base Metal)
250
0
0 200 400 600 800 1000 1200 1400

Temperature ('C)

(b) 71AA HMME

a8 6. Mzel 2218 ¥ AN HyE

o Aiue, §4 Ygn Yo Jdsl Lwh se
s Basia o) o ARel Bz Qe Hdel Z7)
o) o] eEgel Wkt Ea WMol 93 A A
s v WE BT $2e] A9 ¥k 1w exst 24
el A AR B4A 3 vigel Hae 27 ol
s, g - WgET 240 JEWAE AR A
2] wizje] 27 o2 (Taliat 5. 1998) ole 4
A sl F2ele] JUHRYS BUYsch 18 Te 4
we £E goelnel wdst 94F Asel exd ne
s2 ekl Aoz, A9 sHe Sgo2 e
Aol AgAe] AFHD 1Y 2 NS el Cpst o
2 £ Q7aN A48 ARS §8 F Yrtekgely
o) speiele] )3 sEasle] Y=g Ao B,
29 8o 444 mele] HwAQl SaelFe vehhc. o
Ne 2l T geez el sasdn. % 1

:['—6‘1- ]

o oldo] gtgd 7R E 32 wFAEAE AMlE 1Y
o] o xEUo|ES Sxolto B o (HEld) & B

T o] o] LEFEE 7513

DUTZHPOSTENSO, POSTENSD) S8XFEFel MFS8H

N
-_— i
2 A\
o /'
b1 / \ _-mew
g Iy
= | / |
!‘g P-T end / \\ P-T start unit=c(cal/g- *C)x10"
£

0 200 400 600 800 1000 1200 1400
Temp("C)
(a) b
&
'% _-
E. g, P-T end P-T start
2% S
] / original
e \ -
E 5 i new
d \'\/u
0 200 400 600 800 1000 1200 1400
Temp(°C)

(b) SHHAT

O% 7. gElrioliMel iz EMR| et

Start of Analysis

v

3-D Thermal Elasto-Plastic FEM Analysis
in Heating Process of Welding : First Model

v
Acquisition of Flements
over ¥-temp

>
v

, Acquire 7 -tenp by
Phase Diagram

-

Put Stress Condition When Heating Process is over
into initial Condition of Cooling Process : Second Model
v
Input Cp, @ Transition at Transformation range
in clements over Y- temp

NO v

A\
Comparison of Experimentat Date
YES

v

End of Analysis

T8 8. $AIN 2Ee| ¥nF

POSTEN 802] @ AHUo|E 2202 Wahs Ac3 HEHA
£ POSTENS0S] &4(C) ko] 0.07%C1 52 AejmolA 2
HEW 870T Aol A&7} ZAah7] Wizl o]& 18

Txsts =27 Mied 55(EH 7235) 20044 10¢ 523

I



XHE . O|F

[ = (=]

at7] galA 50T A= w2 252 920TE 9.2H e Edt
L8 AAEinh Wl e AEa oM ot 9|
ol Egl 2ol o] g9 Auel E44] F v g%
Ag7t 28 6% 22 FHE /RS sl vnA] B
Ao BHAE TRIES 8l N F TR E 7,
1999). 94714 28 69 ¥e A% 5= Andrewsd] 4]
(Andrews KW, 1965)< ©]-83519 7912™ Andrews®| 4]
ojefj<} #tt,

Ms = 539 - 423C - 30.4Mn - 12.1Cr - 17.7Ni -
7.5Mo (D

1)4el] POSTENS0S] S-S o] &aje] Tt nj2
wME Wy A% SRR 4550 ofs), bﬂEH FRen:
200Coth, olgfgt & A oR dolzl g e] At
7} B MY g/ oy, #el 0.757F 2 EH”W HHESlo]
ApdEale] B4R Hgl & a8 79 Cpd aF TR

33 2rex

X Aze] Lol ES}

Q
=91 920TE ¢ /‘1% AYE vehd 2 oRo] JHdM |
ZhAof ARz st WelgHo] ofef &l SHE
gspIAFE qT= Pt

I8 8ot e daelFe] Wzt Fof A YE A
2 AFsh=AE dobir] fal, 28 109 Hehd G
9] qloje] iloAe] &4 AL YA U ko]
23 938 E AVHE AdsAge dubHel 3xd dd
aaron gzl datet wiwalict, 23 11 2%
ojgle] MgtE vehiglth 2uE ey dudgE Addd
(bl 2+ We 2= Fqold ALz el (a)oF g2 &
= Wighgo] FolE FES #EY 4 k. 29 124= ¢
SEo] Bgks JeERITh (a)e JHEIE A ¥ =
do] Ffola (b)e e wEs YA F LFE A
2 Aol AE duud U E A wdeof 7
Folle AHEHE Adekr] ¥ =i Afeke gl Wy

Zo We &% FYelM AAe BFer <& S 943}
o)

geln 98 ¢ 4 o mep B QA A
A welo] 87 & Wzze] Aha S Ade 9l
]

.8
unit : mm
/ o - Y
<
/ S
/ &
/
/ Zone over
// y—-temp
/

T2 10. 2AHH0|ES} 2Told Y

i

4. Allejol ofst FEelsiE Daist 0[FY
T MR MRS

1 oM

E Aol AHEE B4 male 17l 136 VR 23 2t

48 TR (SM400) ¢+ 7= A (POSTENGO,
POSTENSO) o] FAZl 500mm x1000mm = Tmm 271
o EYlEE UETF @=120007/mm), FHEE
v=6(mm/s) 2 lpass ¥ 7] &Hsk= ALSE 3%}, 1
A 140 2xge] W 5o 7AR AR el
t}.

524 sizzaxsts) =27 M6l 55(83 723) 20044 102



AT ZHPOSTENGO, POSTENSO) SRl TR3
1800 1800 ~
1500 -
o
{EIZOO H
£l
00
g’ H
E 0
@ 600 %
R
N AN -
0 § - e e e ]
0 500 1000 1500 2000 0 500 1000 1500 2000
Time(sec) Time(sec)
(a) AHENE MBEIX| 92 AP (b) AHERE XESH 29
12l 11, 2xolol wHat
1.2 1.2
Surface of Flange - Transverse direction Surface of Flange ~&- Transverse direction
—~0.9 »(y=125. 2=10) -#—Weld line direction 1 [(x=300, 2=10) -#-Weld line direction
§ : —#— Thickness direction 08 + —#— Thickness direction
~~
«
& 0.6 E 0.6
£
3 % 04
Los ¢ 0z
% 0 g 0
E 2.02
503 g
g 0.4 T
1
06 ! 06 &
0 100 200 300 400 0 100 200 300 400
y(mm) y(mm)
(a) AHERS HsIX| QIR HF (b) MHEHE XHHE 42
a7 12, 2339 eigt
A B Liniar expansion coeff. ¢ = 1.2 x 10-5(1/C)
SM400 | POSTEN6( Poisson's ratio v =0.3
SM400 | POSTENSO 1000 300
250
750 a,: Yielding Stress z
2 e a,: Utlimate Stress 1 200 =
g —~ iz
7 S00 | S o(wl) : SM400 150% <
i 4 g Y1
a 100 §
4 @
s P
' — 1 50
i —
'3 e
0
- 1] 200 400 600 800 1000 1200 1400
Temperature (C)
1000
= = o
4.2 SEMRZMgo R BRSY ——
0,: Ultimate Stress
$
:L%] 150*] %@ﬂ}% 31\?%'5}'1} 102‘17"\(‘): 75]'?‘ jg L}\O}-?—}: k3 ™ (w1} : POSTENGO
§ o(w2) : POSTENS0
(x=500 , 2= 6)2] EHAIFEAN 2Hzpggorel 2 ’
) 250 |
g2l Jephch F-eEe 44 SEEdA &4
Wak(weld line direction) ¥ $4M2 2Pk (transverse 0 =
= = 0 200 400 600 800 1000 1200 1400
direction), 7182 F7¥ 3K thickness direction)® ZHF Temperature ()
o.#
0.2 T2 14, 7 A MAE
sRuTxss =28 Hi6H 53(5F 729) 20044 108 DH2D




Surface of Flange
(=500, z=6)

POSTENG60

Residual Stress(MPa)
&
(=]

—4— Transverse direction
&~ Weld line direction
=&~ Thickness direction

POSTENG60

-500 -250

0 250 500

Surface of Flange
(y=500, 2=6)

- Transverse direction
&~ Weld line direction
—#&— Thickness direction

=

& 600

e

% 400 POSTENS0 POSTENS0

%

g 200

=

-]

E 0

200
-500 250 0 250 500

y(mm)
(b)

1000
rSurface of Flange

- Transverse direction

800 (y=500, z=6) -#—Weld line direction
—&~ Thickness direction
Lo
£ 600
2
2 SM400 POSTENG60
& 400
=
/7]
g 200
-
.g .
X
200 L—
-500 -250 0 250 500
y(mny)
(c)
1000 -1
Surface of Flange -~ Transverse direction
860 (y=500, z=6) ~a—Weld line direction
=& Thickness direction
~
x
£ 600
2
w2
% w00 POSTENS80
=
w
= 200
=
=2
¢ o
=4
-200
-500 -250 0 250 500
y(mm)
(d)

07 15, 4HEE Je{ER] ok ZRel HREY

26 s=zazss ==

Hi6d 52(s3 72%) 20044

1000
Surface of Flange —+— Transverse direction
sop | 0070 - Weld line direction
- Thickness direction
o~
]
% 600
P POSTENG0 POSTEN60
=
@
|
=
=
g
e

-500 -250 0 250 500
Y(mm)
(a)
1000
Surface of Flange —#— Transverse direction
800 =500, z=6) —8—Weld line direction
-4 Thickness direction
g 600
g POSTENS0 POSTENS0
(% 200 !
E ;
< 0
z !
&7 -200
-400
-500 -250 0 250 500
Y(mm)
(b)
1000 P
| Surface of Flange —4— Transverse direction
800 | (y=500, z=6) -~ Weld line direction
~ 600 ~&- Thickness direction
]
E 400
d
@
Z 200 POSTENG60
&
- 0
[
=
= -200
g
& _400
-600
-500 -250 0 250 500
y(mm)
(c)
1000

Surface of Flange
800 (¥y=500, z=6)

~#- Transverse direction
~#—Weld line direction

-4 Thickness direction

< 600
=]
g 400
% SM400 POSTENS80
2 200 ‘
E
3 0
g
o7 -200

-400

-500 -250 0 250 500
y(mm)
(d)
T3 16, AEIE TRfE Aol BES

10



of FEagich AHeE ud A9 AR Ay 2
| 601]‘%}‘41915} 12 16(a)e POSTENG0S 4430 o
AE2E S Jebd Aolz 28 15(b)= POSTENSOE &4
A AF-LEL el Aolt}, o] lA FUHE 12
& Sof vlel AHe)E neigt A9 845 2 E
%Lroﬂﬂ ﬂréﬂ ghert wAElar 9lem (POSTENGO
A, POSTENSO 7339 7% 77} 100MPa, 266MPa 23}
#) 3 POSTENSO Z2A19] & g ol ]9 ZHF
¢&o] 27|17} POSTENGO ZAET 38 & 4 Aok oA &
e S5l BziagolA sk Al ojd
A o] FFe) e oju] LR AF-SE wAY elo] ¥

H o)
HE g

=

L SHE fZo]| AalElo] AT AF-LE e AV} iy
uFolch, et %%31-‘?—0 2528 9] 7+ EE POSTENGO,
POSTENS09] 7% ztzt 0.850/0y, . 0.750/0y ©I

t} g1 %"“L‘-dr arol RAl M 7wz 1At
=7} E4E(POSTENGQ (POSTEN 80) £4%9] #HF&
g% Z7H653MPa (860MPa)ds & & ok oA 4
Aol AARETt FrE SAo) ofgt g Ad=7]7}
ZolA] 7] wjiEoltt,

o|ZAAE A3 Huel AS AAE 18 169 ‘/}F/P—H
ot 18 16(c)¥ Typel (SM4002 POSTENG0) =
He W AFLHEE vehd Aoln ¥ 16((1)*‘
Type2(SM4007}+ POSTEN 80)& €438 o #7238
UeRd Zlolth o)AdallA SMA007 A< Histe A9 ¢l
A74w7t 242(POSTEN60 (POSTENSQ)  SM40074)
o) gRHAN ] AFeHo] AXE & 4 UrholA2 &4
Al POSTENSOZAIS &4 5o M9 zhi-g2le] ¢kl vt
POSTENGOZAIBL ZBR Type29] SM4007A1Z0lA]
Ah;ﬂz% o8 ¢ & 2A5L 2o2o] HEA gl 7| Folu},

r u

lo

B dpoMe A8 Bl a3 (POSTEN 60,
POSTENS0)2] 4741 EAiahs aeho] oigh 27

Oa:}'/]
FAYEE HEHon 2AEAR, AU ARl F4A
Aske 27 v|gst F Al «l gke ARl 2AS

rlo

=% Q‘%OWJ a7 - 71741 &

l” 3th

XW s Fysiilnt 7M. *‘“d —57&«1 M 27
N\ha yragor pRalel agte sy AR g
Tldaignt daugelae] B4ANsE RS 4
wgk AR 3 XA mdg gl Adueoleld 25

gk

T2EZPOSTENGO, POSTENSD) BxXERe| HF2d

Aeslgnts nele BT
=

H-gE 5 AR 28

Y
)

(1) 2A=FAe g4 dubialde g &%
e S Wrkshs A AAsEe
glAlo] ERE]) o]l 2fa] AFWE] FitolA] A A o] B
el oj A3 LAY dle] He £50] Ast

glo} A% $4% 2 dgaiola AF-gHe &srt
s 1 A%E POSTENGO, POSTENS0S 7
S 7zt 0.850/0y, . 0.750/ 0y, ©1ATh 18jaL
dodary kel AN e aERAe] Qe
7} E42(POSTENGO (POSTENSQ) #HH-38-e

Z7H653MPa (860MPa) &< & 4 Ut oA
e QAT F4E 30l e A A

a717} FolA|7] wfFoltt,

(2) 7ke7Ae} dubrz874A) (SM400) €]
Aol SM400 A9 Adshe 3=l A%
77}t 852 (POSTENGO (POSTENSD) SM400 7

SRRl AR ARG & AT ©]

28 84 A POSTENSQ 7272] “detefe] ofgh 84 5-

o] Z-gee] kel wrt POSTENGO 7 sct

A8 g POSTENSD 79k Adtek= SMA00 A5

A giFer o 2 2F-3Eo] Ay wEolt

1

i

13747 &

AQ

21

Ha
rqk

o718, AAE AATH2003) “dehel] gt TF-EH At
of #3 AeH A7, hSSNES| ShedtEcls| IR,
tfekexgts), Al419, pp.216-218

A8(1997) Sk AWS ojgdl fxBol WFed WY o
e, ciskexstsix|, dighagats], Al 159 ALz,
pp.15-25

g8t (2001)
A @

ol (1998) FEAIR, A& AS

AR &3 MA9(1999) AR sl nlAle A
o] A4 mHly CskeREts| =R digheyes) A
173 A6<E, pp.84-89

Kunihiko Satoh, Toshio Terasaki(1976) Effect of Transformation
Fxpansion on Welding Residual Stresses Distributions and
Welding Deformation, Journal of JWS, Vol.45
No.7, pp. H60-566

17w AL AA 3 AR Ve

Txsts =27 Mi16A 55(8F 723) 2004d 108 D27



0z
0
fol
o
[}
o0

Kunihiko Satoh, Toshio Terasaki(1976) Effect of
Welding Residual
Distribution in Welded Structures Materials,
Journal of JWS. Vol.45, pp.150-156

B. Taljat. B. Radhakrishnan, T. Zacharia(1998)
Numerical analysis of GTA welding process with

condition  on Stresses

emphasis on post-selidification phase transformation
effects on the residual stresses, Materials Sclence
and Engineering. A246, pp.45-H4

Y.CKim, KH. Chang, and K. Horikawa(1999) +24
T DI, YRR =T, R
B2EE pp.11-16

Y.C.Kim, KH. Chang, and K. Horikawa(1999) 344
AT L AIITMET A A B o, I £
&3] =EY, Y848 pp.294-300

Y.C.Kim, KH. Chang, and K. Horikawa(1998) 3}t
ARSI 2 L Bt 0l S s, dEA
8hg] A=A, Y8712, pp.295-296

F74%(1999) e E4elM e WE g g 714
T 44 Az g tigERSE] rxolls) ke
3] =74, HEESS] pp.14

P75, oF18(2002.3) gEE W oAl AT
ZH-eE oM, iRheEESls] =y, tidHEESE], 422

H 2-A%, pp.201-210

A(2000) o]F A HEFel &8 AF I

zo3  deddisl =RE RS

<, pp.327-335

KH.Chang, C.H. lee, W.C. Cho(2001) Characteristics
of Residual Stress in Welding Joint composed of
Different Kind Steels, 6th Japan-Korea Joint
Seminar on Steel Bridges (JSSB-JKb6)

B.AB. Anderson(1978) Thermal Stresses in a
Submerged Arc Welded Joint Considering Phase

Transformation, Transaction of ASME, Vol.100,
pp. 110-123
Y.C. Kim, KH Chang, and K Horikawa(1998)
Characteristics of Out-of-plane Deformation and
Residual Stress Generated by Fillet Welding,
Transaction of JWRI, Vol.27 No.1, pp. 69-74
Y.C. Kim, KH. Chang, and K. Horikawa Production
Mechanism of Out-of-Plane Deformation in Fillet
Welding, Transaction of JWRIL Vol.27 No.2,
pp.107-113
Y.C. Kim, KH. Chang, and K. Horikawa Effects of
Welding Conditions on Out-of-Plane Deformation
and Residual Stress in Fillet Welding, WTIA 46th
International Conference, pp.1-7
M. Shibahara, H. Serizawa and H. Murakawa(2001)
Numerical Simulation of Hot Cracking in Weld
Using Temperature Dependent Interface Flement,
7th International Welding Symposium, Vol.2,
pp. 1075-1080
H. Murakawa, H. Minami, and T. Kato(2001)
Development of Finite Element Method for Seam
Welding and Its Application to Optimization of
Welding Conditions, 7th International Welding
Symposium. Vol.2, pp.1081-1086
R. Laitinen, D. Porter, M. Dahmen, S, Kaierle and, R.
Poprawe (2001) Comparative Study on the
Weldability of Different Shipbuilding Steels, 7th
International Welding  Symposium  Vol.1,
pp. 779784
E. Keehan, L. Karlson, M. Murugananth, H. Ardren,
and H. Bhadeshia(2001) High Strenth Steel Weld
Metals - Developments with Ni and Mn, 7th
International
pp.797-802
Andrews KW(1965) Empirical formulae for the
calculation of some transformation temperature, J
Iron Steel Inst, vol.203, pp.721-727
(HLXt - 2004, 7. 9/ HAK 2004, 7. 23/
dARtZY 2004, 9. 23)

Welding  Syvmposium, Vol.1,

528 szzr=xsts =22 M6 558 7235) 20044 102

it



