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Cold Cracking Behavior of Heat Affected

Zones of Steel Affected by Multipass Welding Thermal Cycles

By
Kazumi NIsHIKAWA, Takuya KOBAYASHI and Susumu UEMATSU

Abstract

It is well known that the under-bead crackings are occured at multipass welds
in high-strength steels.

In this study, relative susceptibility to hydrogen-assisted cracking in the HT-
80 steel welds is evaluated by using 2 pass implant method, the simulation
technique of weld HAZ (heat affected zone) and the method of hydrogen
chargong into the synthetic HAZ.

Results indicate that, the shortest incubation time to fracture is observed at
the first pass bond region subjected to heat cycle of 500-600°C at second pass,
due to the stress and hydrogen concentration at the part. The morphology of
crack growth is predominantly intergranular. Those tendency are observed for
both the implant and the simulation tests.

Moreover the hydrogen diffusibility is measured at the synthetic HAZ
specimen using the trial apparatus.
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Specimen ‘Chemlcul composrt'lon, witho Ceq Pemn Y'S'IT'S' E.
C |Si Mn| P | S |Cu|Ni |CriMoOther| % | % [KgmdiKgry °f
Implant  [013 |0.23/0.87[0.010j0.0080.28]0.74 |0.65[0 46 [¥0.074| 0.55| 0.28 | 82.5| 85.8| 24.5
Racking 0.2 |0.24{ 141 Jo013jo.00e{0-05)0.0050043]0.57 WD 5,| 052| 0-24 | 2.6 856 | 242

Ceq=C+Si/24+ Mn/6 + Nj/40 +Cr/5+Mo/4 +V/14

Y.S.:Yield strength, T.S.: Tensile

Pcm=C+ Si/30+ Mny/20+ Cy/20+ Ni/60+Cr/20+MoN5+V/10+5B  strength, E.: Elongation in 50mm
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Tig arc.
Covered arc welding

1 st pass 2nd pass 2nd pass
Electrode- E110166G E11016G —
classification i
Diameter (mm> 4 4
Arc voltage(V) 22-25 22-30 11.5-14
"Arc current(A) 170-175 140-195 80-180
Travel speed(cm/min) 15 11-30 15
Heat input(J/cm) 17500 [6100-23000 [3700-10100
Preheat temp(°C) |RODOM TEMP
Interpass temp(° C) 100 110-100

a b < d
1st pass covered electrode
2 nd pass covered electrode TI1G arc
Welding parameter 1404, 22V 1754, 25V 105A,12.2V] 1604,13.5V
of the 2nd pass 30cn/min 15cm/min 15cm/min 15cm/min
Max.reheating temp.at
the bond of the Ist pass|680° C 1000° C 520° C 780° C
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ELTWhr-72b0Thb, BB->2MFL KRN
13, AREEATL, 0005282 2N TH b,
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1st pass :Covered electrode (not rebaked , Hy2 8cc/100q)
2nd o : " " ( n R ” )
Initial stress : 6 = 60kgt/mm?
e Fracture (c)
e Cracking
o No cracki
cracking No fracture
100 o>
° fond
[ o> D
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~ 10001 M
g . @
< (b) . . o>
5 L)
- Fracture
e ..
10
c . o>
e
. L ]
% (!.3) °
b3 ®(a) ° v:zE
No fracture
o>
500l 25 ) ] | N PR R | 1
3 10 20 40 70 100 200 500 1000
Loading time (min)

R

2324 77 F RBHER (RIE®)

1st pass: Covered electrode(rebaked at400°C,Hy=3cc/100g )

2nd » " ( ) ” )
Initial stress: 8 =60 kgf{mm?
e Fracture
11001 o No cracking
Initial stress: 6 =70 kgt/mm2
1000~ A Fracture
© 4 No cracking o
a 900
E or
rn L ad
- .
T 8001 or
H .
E &
* 700L
g
=
600}~
500 1 1 1 . | IS T I S 1
3 10 20 40 70100 200 500 1000

Loading time (min)
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1st pass : Covered electrode (not rebaked,Hp28¢cc/100g)
2nd pass: TIG arc
Initial stress: 6=60 kgf/mm?
800
o Fracture
L e Cracking ° o>
[ ]
700~
® L]
B °
L o>
:'3600-
£ - -
& 4
§500[~
o
.c
° | .
—
é .
=400 .
3 .
300 1 1 [ 1 | ] 1 I | 1
3 10 20 40 70100 200 500 1000
Loading time (mijn)
E-10 224> 77> FABRR(FE 192 [IRE
¥, #2352 TIGT—7)
Ist pass : Covered electrode(rebaked at 400°C,Hyz: 3¢cc/100g)
2nd pass: TIG arc
Initial stress 6=60kgf/mm?
800
e Fracture o
. e Cracking
o No crcking
7001
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L ]
B O
.
_ 600
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:6. | o
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ist pass :Covered electrode.
o rebaked at 400T
— o not rebaked 0—0

90} 2nd pass (b)
| :TIG arc
Bond
fracture

=3
S

238
T T

Bond fracture (°h)
S o
=

o_

201

20 o o e
£ 10F (a)o o
So
:_6 501 Intergranular
EI‘O— b) fracture
8 .
o/
(= b4 .
< 10F . o\o®
C €, Qe

Max. reheat temp. (°C)

®-12

1 1
%OO 300 400 500 600 700 800
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PRADKEDEBL B R Bl F 2 L U TR S
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FLESie, Ry FsbE— FR BBl 2,
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W) R UK SR I 3 5 5 SR R O TR (L
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AL TRRL 72 b 0 2 E-12105R T, Kz, &
W4 > 75y FEEBOWEN 7 0 ERB I
Ao~/ o EARVEEETEMBEEE (WTNLE
1SR I BB R R L 22450) 28R TR L 72,

w1 oRICEBEESFERALLZLD (O) 13, ZEE
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SRR ERESE— 7 2R, R FHOKEEINE
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500|- '\

400}~

Max.reheat temp(°C)
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nod, Ukn2,¢24 277> FRETIZ, ML
HFROKZNHE L FEEL CTE2ICFHMET 22 &1
LV, Z2TC, BHSVERRERLIT, KFERV
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ZF YA I NICHL) RUREREZE(LEER
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HHY) 25272, TOHRBRAFOFATREZWMEL, F
RER I X -1412 R e 44R0 . Imm o VYR 2 L
L7z,
KEZHEMT 2BEE, URZHLELEZESS
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BESNEL LTI ELLRBINZ 72 5 %hiEE
B EAWT, ERPEOMA/cm?TL, 58 /1T - 72,
KERMBORERF PO KEE Hpldd.5~5.5
cc/100g TH » 72,

RBA~DAFIH-150RBEEBICL VT2 5
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e 40—
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_——Specimen

Thermal cycle

Temp allo— Heating coil
controller :

-|-0—Thermo couple

Pen recorder

I T
Load

Transient
memory

Air cylinder Air cylinder

controller

L
E-15 BRAMERRREE

4sec
800°C

—450°C

8-120sec

1st thermalcycle 2nd thermal cycle

H-16 BRAGEBRBR CABRF IS L&Y A
7

kgf/mm* i L CECLISMMERT 2 & v &5 i,
R T 5 3 CERIEMICIE AN 5 & 5 i
B L 72,

72, 2RA XTIV FPRRT, BREHEMBIEE
#%500~600°C F THREBRFEEEIE— 27 2R L1
T (H-12) KOWTRET 2728, —KEF A 7L
BAE L RBA OBEEMBAEES ERR (TkE
P4 7 NOBEIRE TR 3O EEAABERT R
B (—EBAZMZTHEMBAL, BT 5% TRHE)
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iz, M-17IRTERTENLDE AW,
3.2 ERERRUEER
K-18ic, K> FERICAHL § 5 — kR U TREY 1 7
NEMAE L - BRASERRBRS CKRERML, ©
F1% BRBEENICHEINT 2 BRRBRE T 2HRERT
BEEENEIEEH500~6000C DRITH B &, HEHYE
B (105 LLRW) 2o {&i ) (55kgf/mm?) THERT
L, BERAEERIE—2 (#60%) I2ETHI L
DB, TNL DRI, M-1200 2324 > 75 v
-1 BRABERORESEEMAEESRERBREVL P RERER L BD T L < —FL 72,
Einsk T s ER ic HVv o R B -3 IIRTEHFOBRARERRBRA 12OV R
FrELARRBYIT-> - ERE2R-19I0RT. £-3
LITo7e 2NLDRBICIE, F- 1OHEMM LI3T  1TRT LI I, TREY A 20 L 2 REEmMERE
R—Sn80% nilkSENMRE: Bz, FRRBREF RETOBESEEAFHEESCC LS LIl

100
pee——{
57

=721+ 7 =

(kgtmo  Fracture stress kgtinm?) b
8o 80} X Fracture
wn

70 g s0k-
oo » 60 (a)

1 L { t 3 1l ] '
" 0T 5 10 50

(min)] Fracture time Loadi

;_ % ——x\
20+
10} (a)
5t
- (a)

1 1 i 1

Percent intergranular fracture

604 —o. (b)
° (0)\)

40 \

20+ (b)

L1 ! 1\.\ 1

o]
400 500 600 700 800
Max. reheat temp. (°C)

E-18 KFRHRMBABMER ) ATABRER

*-3 BHAVEROAHRREGOMEE

Specimen Max heat temp.of thelMax heat temp.of the| Hydrogen
{st thermal cycle. |2nd thermal cycle. charge
A 1340°C 550°C Yes
B 1230°C ” ”
S ("ateh 1340°0 / p
D » "
E " 540°C No
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140l % Without notch S
(D)
120} 1340°C
E
Eqo0f-
@
-
Z ot (D) (B)(E)
0 % (B) (E)
Leo-  (AO) 1230 1340
(2] 550 +H 540
40
1360, (A),C)
4] ) L ' L [ L | 1 L I
0 10 20 30 40 50 60 70 80 90 100

loading Time (min)
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— KRB ZIREY A 7 VB E5 L2tk KREZFML
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I, BEiRE (RS EMEIEE ICF5%) 25500 ~600°
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Bl e HLPEL 2T,
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