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Effect of Susceptible Microstructure Depends on Transverse Cracks in Thick Sted Weldments
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Table 1 Summary of the non-metallic inclusion most commonly found in HSLA steels

Element Carbide Nitride Non-metallic inclusions
Fe FesC - FeO, FeS
Si02, (Fe, Mn)O-SiOs,
. ~ . Al203-SiOg,
S S1Na (Fe, Mn)O-Aly05-SiOs,
Ca0-Al203-SiO2
Nn ~ ~ (Mn, Fe)O, MnO-SiOg,
(Mn, Fe)S
P - — —
S - - Sulfides
Ni - - -
Cr CI‘7C3 CI’zN CI’xOY, (Fe, MD)O . CI’203
Mo2C
Mo MO@C MOzN -
MozsC
TixOy, (Fe, Mn)O - TixOy,
Ti TiC TiN TiO, TiS, TizSs,
Tis(C, N)2So
\Y% VC VIN FeV204, V203, VO
Nb NbC NbN FeNb2Os, NbOs
AlpOs, (Fe, Mn)O AloOs,
Al AIN CaO, Ales, AleNY
Ca Ca0-Alx03-Si0Og, CaS

Cr, Mox Hgle]|E <Hgst 94z 44 u
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Table 2 Proposed carbon equivalents for assessing weldability

Group

Equation

Mn Cu+Ni Cr+Mo+V
CEHW_C+T+ 15 + 5

Si AﬁL+N1+G‘+A[0+V

CBurs=CF o0t 76 T o T 4 14
Mn | Cu o Mo,V
CE:A vinterton =C+ 6 + E+ 2_0+ ﬁ 50 * E
M Cu Cr+ Mo
CEefouf c+ 6 40 20 10

Mn COr Mo 'V Nbo  0.0001
e =Ct =gt 5t gtyet g

Si Mn Ni+Cu Cu |74
Clpv=Ctort 00 T o 4 1
Si Mn 4P Cu Or Mo

= C+2O+ 10+3+20+30+20

%70*%*%*afﬁﬁiﬁ“ﬁ+ﬁ*w
M M
OBy = O+ 20 N1, Q+ —0+ My

Si Cu . Ni B Or+Mo+No+V

CEN= C+ A(C)(= +—+—+—+—+5B)

24 6 20 5
where A(C) =0.7540.25 tanh [O 0.12)]

RN - st 52

26% 3%, 20084 6

221



(2) $3F% B GYFPAN BE ok W

THET [} = o
= e
(3) &HaHAA xoigt 217374 (dendrite) A7
A
Adams'™& wHta} FRdAe] YAEES AT §)
el ¥AEee vy 24 met ezt A
f)_]—/‘}\q.
(1) &35 < A9 o)
(2) £3A BAY &=
(3) &34
(4) <97dH
s

_ (b e 3
S = QWKPV(HTL) (7i—To)

2) THol|M ] WhEEE
270 K(Ti—To)?

~
|
e
2
b
o
o
[
ol
)
o
)
oo
<
8
=
%
a3

Hn 800J/mme] Z8x Foj& olZ8HA] FA9
2 YAEEE dolEr] #sted 3mmet 25mm Al
o glo] WEZ} gEEE 500TAAY WAEEE A

Areiiedl,

i) 3mm¢! A%

S =1.66C/S (at 500TC)
i) 25mm¢l 7%
S =495C/s (at 5007C)

222

9 Ao YehtbRo] WaEEt A T o
2} dA gk zfol7}h Qlom o] A4E WALEsL W
gHE & F ok

Fig. 3'7¢ 36kef/mm* 39 FHAEE 71 as-
rolled”, normalized” % TMCPZell Sloix Wz}
S5 Jdelsiled 45 Ay AxgE =gk
T zolth, WASETE MEFE 52 AREXE U
Bl glew] Aojsidloz AzE TMCPZAAZE as-
rolled” 1Yt normalized ZA|ET W7t&Ed] we
Argke] d¥de AA werdez etz sled o]
2 B3 % (Carbon equivalent)®] ¥3go=z 7

[¢

pie

o e
i
035
oX
o
o2
)
Y
L%
2
ot
N
=
M
)
.—ﬂ

aAUdYd 2 ogLro

Q2H| o] Ed|A] WA
ot dAYEZ =R o W]
S ST UAl

o2
b e

o
)
Yy

o2 oz
rr
—
(@)
(@)
RN
=
il
iz
>~
>,
o,
[
e
fu}
il

I Y

i o N

e

N
oo s

oo
Y
4o
N
N

o
=
fr
X
b

gayid 9@ e, o

o % 9k

o
5
)
tlo

Nl
Ry

Hy = 835 x C(%) + 287

Fig. 4%& Aga7del g 9418229 (Continuous

Asmolae 90% oo A4

0.24C-0.298i-0.86Mn
(as-rolled)

/ 0.10C-0.365i-1. 461n-0.15Cn|

-0.17Hi-0. 04Nb-0.04V|
(normalized)

/

0.02C-0. 25512 . 02Mn /‘
200 F -0.28Cu-0.18Ni-0.043Nb
(controlled rolling)

Maximum HAZ hardness, (Hv)

1 5 10 50 100
Cooling time between 800C & 500C (Tg;), sec

Fig. 3 Change in HAZ hardness of 360 MNm-2
yield strength steel

Journal of KWJS, Vol. 26, No. 3, June, 2008



1100
(T)
o T Slawr co‘oling
=
% 900 —a
;5 Intermediate Polygonal
o Fast cooling] ferrite
5
F,
& 700 !
Pearlite
Upper
B, bainite e
500
1 10 102 106 104

Time, sec

Fig. 4 CCT diagram for a low-alloy steel

A A HHAAYES 0% (columnar)9] TFL24H|
o|E UAI(Prior austenite grainboundary)®lA]
AAA Hglo)l E(grainboundary ferrite) 7} Hef&
800~700TelA A= o]& &3] HgolE, ot
@ FEolE, ERIIFHEOIE Ee Aol Ed

Mo A

% N

e

SHRIL U e ey YAy AFAA et
o|EZRE $fl=vtaHE FSP(ferrite side plate)7}
3 AgEol 21 3 Px(lath) S0l L2HV|E
=2 5=t o] HZelE Prse o 750-600T
HeA AAET. ol A YA HEe|ESt FSPE
primary ¥zt Egtz -t}

S157F 600~500CHAZ W2=H 3wl E
7t AUl A= o] Aol ES] L& 1-3m
Bre] nAg 2712 AR Aol daddso]

227 HEHEHA] 53 A7 Q2EH Ul Ex Holut
o|E, nlZEAlolE 2 Helo|Ex Wejery

1. H. W. Lee, S. W. Kang, A study on transverse weld
cracks in thick steel plate wih the FCAW process,
American  Welding  Society, = Welding  Journal,
503-510, 1998

2. H. W. Lee, S.W. Kang, The relationship between
residual stresses and transverse weld cracks in

R - BRAEERE 552645 %398, 20084 61

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

thick steel plate, American Welding Society, Welding
Journal, 225-230, 2003

. American Welding Society, Welding Handbook, Vol.

1(8th), 368, 1987

. ASM Handbook Committee, Metal Handbook(Ninth

Edition), Vol. 6, 129~130, 1973
E. G. Signes and P. Howe, Hydrogen-Assisted
Cracking in High Strength Pipeline Steel, Welding
Journal, 163~170, August 1997

. Takahashi Yatake and Nobutaka Yurioka, Studies on

delayed Cracking in Steel Weldments, Journal of

Welding Society, Vol. 3, 75~80, 1981

. R. Vasudevan, R.D. Stout and A.W. Pense, Welding

Journal, Vol. 60(9), 155~168, 1981
IEHeBOREEINICEIT 2138, EB #, JSSC, Vol. 10,
No. 101, 40~54, 1975

N. Yurioka et al, Studies on delayed Cracking in
Steel Weldment, J. of JWS, Vol. 48, 1028~1033,
1979

G.Krauss, Principle of Heat Treatment of Steel, 10~
13, 1980

S. Liu, The Role of Non—Metallic Inclusions in
Controlling Weld Metal Microstructure in Niobium
Microalloyed Steels, Colorado School of Mines Ph.
D Thesis, 1986

Brownlee, Effect of Aluminum and Titanium on the
Microstructure and Properties of Microalloyed Steel
Weld Metal, 245~250, 1986

P. H. M. Hart, In Proc. Int. Conf. Trends in Steels
and consumables, The Welding Institute, London,
Nov. 1978

K. Yamamoto, S. Matsuda, T. Haze and R.
Chijiwa, Residual and Unspecified Elements in
Steel, American Society for Testing and Material,
1987

M. Okumura, N. Yurioka and T. Kasuya, Effect of
Cleanless of Steel on Its Hardenability, IIW Doc,
1459~1487, 1987

J. Dearden and H. O. Neill,
203~214, Mar. 1940

H. Kihara, H. Suzuki and Y. Kanatani,
Rep., 39~64, 1959

Adams, Cooling Rates and Peak Temperatures in
Fusion Welding, Welding Journal Research Supplement,
210~215, 1958

N.Yurioka, Mater. Des., 154~171, 1985

ASM Handbook Committee, Metal Handbook(Ninth
Edition), Vol. 6, 39, 1973

Ito, Y., Nakanishi, M. and Komizo. Y., Effect of
Oxygen on Low Carbon Steel Weld Metal, Metal
Construction, 61-9, 472-478, 1982

Evans, G. M., The Effect of Manganese on the
Microstructure and Properties of Weld Metal
Deposits, Welding Journal, 59-8, 67-68, 1980
Dolby, R. E., Factors Controlling Weld Toughness-
The Present Part 2 Weld Metal, Weld. Inst. Res.
Rep 14, 86-87, 1979

Trans. Inst. Weld,

NRIM

223



10 ol 8 -4 9ol Al

*olAI (F=iH)
+ 196994

. HAh;H?ﬂ-—; _7,:/1\1—5]]0 _gr_-cj}—y

» o] 3 -(ZiFM)
. 1963‘4@

. 9_247]-\: Ak Hjl

o, =75 Ol

e e-mail : hwlee@dau.ac.kr * e-mail : jaemlee@pusan.ac.kr

. 1946‘3"3
R REENL DR
CERUE, SHY AR £

* e-mail : swkang@pusan.ac.kr

224 Journal of KWJS, Vol. 26, No. 3, June, 2008



	후판 용접부 횡균열 발생에 미치는 경화조직의 영향
	1. 서론
	2. 경화조직에 영향을 미치는 요인
	3. 맺음말
	참고문헌


