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ABSTRACT : ABSTRACT: This study analyzed causes and status of cracks to suggest preventives
for welding cracks generated on fillet welding zone of atmosphere corrosion resisting steel box
girder. Penetrant testing, a sort of non—destructive testing, was conducted for inspection of crack
status on welding zone. As a result of test, welding cracks were found on the point of start, center
and end to fillet welding zone of 32 mm—thickness. The result of carbon equivalent composition of
materials was 0.452%. According to welding specification, to preheat prevent welding crack, preheat
temperature of 100~2007C should be kept before welding execution. It was failed to keep preheat
temperature because it had been executed on winter season and the structure of box girder had
wide heat transfer area. As a result of examination of time varying preheating temperature of 32
mm—thickness material, it was understood that preheat temperature of above 230C on both 130
mm-—long sides of welded joint can prevent welding crack.

Key words : box girder, carbon equivalent, preheating, welding crack

LME

wE, Ax, A, A, 3, SeEdE gl i
A 59 TEE ARRY A AHEEE Z4F A
& TEEC] Qs SAS JHAok stRE 1 5
A 5] Slei gedaE AUbetES du
e SEda ATl uket dAg o] Sk
s Al oA = o]2 Qe gAEe]
Y E = ol 041%‘3}71 AeiM = A=
welof A 5271 2 g skt

58 FJag ‘ﬂ“\ﬂﬂ o 4&¥H= WF4%d

T Corresponding author
Tel.: +82—-2-820—-0661; Fax +82—2-820—-0668
E-mail address: hsyoo@ssu.ac.kr

(SM490BW) & H-2Jo]2ki= 744 9] % =
st FAARZA Y AA Y AAE S g

A nbel 2%, U 9 72 E Ao £
Rk

FHALE W AT Ao

£ 4 -89 B YA 2 Qe Aolnt
3 280 FHE B urlee] $5etn BE
E'l "Hf’—‘j/] ﬁﬂo] t‘fh/\l—g‘— ﬁﬁko] g)\ _/F_/,\_oﬂ ;H

sk Aol 98t AF Skl uket i%%o
Z7Fete] x4 o] AStHER £44d 2% #E
of FZ 7] &0} &= aAolth

2 =AM E WS gAY BALHE Y
SR W AJAEH S Fal FHEN o
oS A A3 A} Bt

2. HIA 7-||_'_-| 28739

g wAAY wAsE -7 Go] FAEA

THE PLANT JOURNAL Vol.7 No.1 March 2011

49




Sy AAE A Y 7T DEsts jHEskEel «1
3 9 2gdo] st At 17 stAAY e ¢

R I R ) %xu“"%% % 400 o N4 =E ?"éﬂ
o] glom FAe|A sk gttj7]o] S -ol= A
Al MHEWAE o} 7 44 (submerged arc weld—
ing) & A LA (fillet weld) F-= Bkt g5 =
g4 0] o} €% (flux core arc welding) ¥ 2t
F43 & AA €4 (auto carriage welding)
<= W3sto] §4& sta gl

BaAY Rl SRRl AL 7
299 AAE R4 33 $HAL
E5% solsiol d). #9 £RE dobae

FRU] O 01812 nt o 4 A 5l

] r10
=

o) >~
o opuich 24 AT AE AL 5 9 b
A9 Aol 92 ) F230, ST 34
2 g ATl e A et

2~ 0
TR
o] glom Z}z}of thgh bl W A E f)%

otomglim[o»ug-p
H

Columnar crystal

<

Solidification strain
I
Solidification cracking
s
)
I
)
—_—

<«—— Solidification
direction

Final
solidification range

(a) Solidification cracking

7} Wk Fig, 1ol 30 olA ke n2vd
st A =S Yehlde) Fig. 1(@)ols 1279

9 dFol 214 (solidification crackmg)ﬁl 3
A s el $4 552 1% ¥4y
o A 4% 2 (columnar crystal) 0] %HE]J_ o3
<9 (solidification strain) @213 (solidi—
fication direction) &] zfo]7do] WhAY & =] = ¢]
Aleld s = BoEe] JAH oA 51
8 T oY &EA] Saddo] WA 12
T4 A=<l N34 (liquation cracking) ¥ <
A A&k (ductility —dip cracking) o] 2 8=
Fig. 1(b)oll YERA ) A8l d} A A s+ LD
< AR UAE et 2ysh GG aoA] Haye
o}, ot deltdS tEgelA A 7t E ol
H 29| &4 w0 dslylo] 1A W AA O] FEA
HE 538 o 55 o] st/ kg st
A A A BT Ao] EAEHA] e 21
01]"1 DA = AEA, dANE 2 JuidE
5ol o8 HARETH 127 d o] WAL A5
HEHHL A A 2 AES Y 24
S5 W=7 sk ?J"ﬂako AA Alsstefof st
a3 WAAY ZRA A 5E BEEA7] 7] 919 A

AR o §5ol PAZ BHITHE T4
G ol 4ol APHEE B, 294

AAHe] 22, 94 B % 58 AAT B
o A8 A £91& WA Slolof ek

2.2 279
ot 7oA A&

BV

off w2 W= g A7t

) Weld metal

Fusion line

I Liquation
cracking

HAZ
(heat— affected zone)

Ductility—dip
cracking

(b) Liquation cracking and ductility —dip cracking

Fig. 1 Schematic illustration of hot cracks."
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Fig. 3 Crack position of box girder.
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(a) Visual examination

(b) Liquid penetrant examination

Fig. 4 Longitudinal crack of box girder.
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Table 1 Welding conditions

Electrode diameter (mm) 1.4
Preheating temperature (C) 100~200
Preheating width (mm) 75

Post weld heat treatment (C) None
Current (A) 280~300
Voltage (V) 30~35
Welding speed (cm/min) 35~40
Bead technique Stringer
Number of Pass (time) 1
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Table 2 Chemical compositions of the electrode element

Sl e e e Y

(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Electrode

YFA—50W |0.04|0.56|1.05[0.011|0.007|0.48 |0.53 | 0.41
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Table 3 Mechanical properties of box girder materials™*

B R WS ST
AUE A% she A9 Bk 854
21 7)ol ok e,

Material SM490BW SM490B
Tensile strength ~ B

(MPa) 490~610 490~610
Yield strength Min. Min.
(MPa) 355 315
Elongation Min. Min.
(%) 19 21
Hardness Min. Min.
(Hv) 27 27

Table 4 Chemical compositions of box girder materials™®

1

Material SM490BW SM490B
C (%) Max. 0.18 Max. 0.18
Si (%) 0.15~0.65 Max. 0.55
Mn (%) Max. 1.40 Max. 1.60
P (%) Max. 0.035 Max. 0.035
S (%) Max. 0.035 Max. 0.035
Cu (%) 0.30~0.50 -

Cr (%) 0.45~0.75 -
Ni (%) 0.05~0.30 -
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Table 5 Equivalent carbon component inspection by chemical
component test

Thlﬁﬁfss 12 14 18 26 32
C (%) 01 | 0.1 |0.1033]0.1191 | 0.1365
Si (%) 0.26 | 0.26 | 0.247 | 0.423 | 0.448
Mn (%) 0.98 | 098 | 0994 | 095 | 1.025
P (%) 0.017 | 0.017 | 0.0176 | 0.015 | 0.0161
S (%) 0.005 | 0.005 | 0.0037 | 0.0048 | 0.0046
Cu (%) 0.35 | 0.37 | 0.388 | 0.383 | 0.374
Cr (%) 0.64 | 0.61 | 0.6 | 063 | 0.61
Ni (%) 0.5 | 015 | 0.15 | 0.14 | 0.6

Carbon (%) | 0.4059 | 0.3999 | 0.403 | 0.4246 | 0.452
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