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GOODWELD

+ dilution
mixing of melted parent meta and deposited meta
expressed as a ratio of the melted parent metal to the
total melted mass

+ dilution rate
dilution expressed as a percentage
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GOODWELD \
AWSHIFfERREA (HE) -
This specification requires a minimum of 15 ft-1bf[20 J] at the specified temperature while most other
AWS filler metal specifications require 20 ft-Ibf [27 J]. Considerable improvement in mechanical
properties can be effected by a postweld heat treatment. Subcritical stress relieving heat treatments
are generally less effective for electroslag welding than for arc welding. For this reason, many code
requirements require an austenitizing, or normalizing, postweld heat treatment. All of the
aforementioned postweld heat treatments (i.e., subcritical stress relief, austenitizing, normalizing)
may have a pronounced effect on weld metal mechanical properties, both strength levels and Charpy
V-notch toughness. The strength levels of the beat-treated weld deposit can be expected to be lower
than those in the as welded condition. For this reason, the user is cautioned to conduct actual tests
to determine the effect of the beat treatment on the mechanical properties obtained.

JISEIFIEEEREA (FEE)

TR ILY FORSZITBIBECHVTIE ) ZOBREESBOMEIBMOFTROFZEEARETLKFZITZBIEE
TH? - ZOSH » BEERTRALLBIEEROSIRABRRUBGERBRORELE Uic - Fe» COTEET
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CREZMO—H) £#SELCLT FBEHE/ RO I LY FORS T BIEETHRT IBOBERGEE
BCEDE ) RNDLSICRELUE - 86 HE/ AIWADOI LY FORS T BEOHREMG(COVTER
EERITFIANETHESHERF LD BIATIEHEE/ ZIROERAHLIEECHRLB>TETHY » Z0D
EENTSCIBEBETETLVEL - Xo) TIRSNTWVB D14V HE/ XIVOEE / TEREBTFE=RAB
THBZEDD » —BHNICHBRREETD I EHABLABTENTE - 22T BLXOERCIEUTHERS
FEEREIARESLOEADS » SEUBHERORECLIZEDE LKL - 5T REROMECEHTZHE
a7/ VvYOEFEDEMCEDE » R1I0ZHRELE -

NN N SIS S
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GOODWELD

NGI-ESW or ESW-NG T r—

* Gap = % inch 22 atg

- Cored electrode(s) (IR SIBIEEE) b

* Fixed guide (one sample cross section Qo t 6 »
shown here) B ; ) & =

- Computer controlled flux addition eg ‘:“_ ) 2

+ Water-cooled copper shoes with Z 3 @
regulated flow and temperature (not
shown for simplicity) Fixed Guide

- Electrode oscillation prohibited —— Cored Electrode
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® |n welding, carbon equivalent (CE) calculations are used to
predict heat affected zone (HAZ) hardenability in steels. These
CE equations can be used to establish criteria to predict cold-
cracking, as they can predict maximum hardness.
® 1967,International Institute of Welding (11W)
Cg=C#Mn/6+(Cu+Ni)/15+(Cr+Mo+V)/5
® 1968, Y. Ito and K. Bessyo, IIW
Ceq= C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+ Mo/15+V/10+5B
® 1973, Japanese Welding Engineering Society (JWES)
Ciwes = C+Sif24+Mn/6+Ni/40+Cr/5+Mo/4+V/14

@ E&Pl t'\% Materials Laboratory
Neional (Fimy Chne Cobveny 3 Mechanical Engineering

SN&3IfHM ik E SR EE

0 KE=

- B Martensite microstructure
40m .
N B | a3 B High hardness
wlaiii 1N B Welding cold cracking
SRR - ; B Brittle fracture
SNA00C 0.36 LL'F 0.36 LI F ¢ _
AR o \ m  Weldability without concern:
—— 044 LL'F 0.46 LI'F Ceq<0.40
SN490C €q :
SN sl At £ o MEX

m FEEE+BM+ etc.

" HEREE
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SN % 51§l 4,2 22 81 BN #5 Bl (cracking parameter)FRTE B

T 5 7 e $9E v B RURE SR B % After investigating 200 types of steel, Ito and
Bessyo’s Pc equation was established to be:
SN400B Pc =C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+
0.26 LI'F Mo/15+V/10+5B+t/600+H/60
liaiie As a material parameter, Pcm, (the so-called
SN490B weld cracking parameter) was proposed to
1 029 I F | be
SN490C , _
Py =C+S8i/30+Mn/20+Cu/20+Ni/60+
SNt 74 4h 14 32 8 TR 4 8P R iR Cr/20+Mo/15+V/10+5B
HSLA steel P, < 0.35 OK! Ito and Bessyo developed a linear function

between the pre-heating temperature and
the cracking parameter for field applications:

Tpre-heating = 1440Pc — 392
@ E?‘P}' t% Materials Laboratory
Neional (Fimy Chne Cobveny 5 Mechanical Engineering

S SE M AR IR M BT

TABLE 17.1 Typical Welding Problems and Practical Solution in Carbon and
Alloy Steels, and Their Locations in the Text

Typical Problems Alloy Types Solutions Locations

Porosity Carbon and low- Add deoxidizers (Al Ti, 3.2
alloy steels Mn) in filler metal 33

Hydrogen cracking Steels with high Use low-hydrogen or 32
carbon equivalent austenitic stainless 17.4

steel electrodes
Preheat and postheat

Lamellar tearing Carbon and low- Use joint designs that 17.6
alloy steels minimize transverse
restrain
Butter with a softer
layer
Reheat cracking Corrosion and heat- Use low heat input® to 17.5
resisting steels avoid grain growth

Minimize restraint and
stress concentrations

Heat rapidly through
critical temperature
range. if possible

@ E%Fl t‘% Materials Laboratory

Nl (o Lo Coey 6 Mechanical Engineering
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TABLE 17.1 Typical Welding Problems and Practical Solution in Carbon and
Alloy Steels, and Their Locations in the Text

Reheat cracking Corrosion and heat- Use low heat input® to 17.5
resisting steels avoid grain growth
Minimize restraint and
stress concentrations
Heat rapidly through
critical temperature
range, if possible

Solidification cracking Carbon and low- Keep proper Mn/S 11.4
alloy steels ration
Low HAZ toughness  Carbon and low- Use carbide and nitride 172
due to grain growth alloy steels formers to suppress 17.3
grain growth
Use low heat input”
Low fusion-zone Carbon and low- Grain refining 16
toughness due to alloy steels :lding 172
coarse columnar i
grains
@ 5‘??1 t\% Materials Laboratory
Neional (Fimy Chne Cobveny 7 Mechanical Engineering

R BRI E R A

Cold cracks

Root crack (HAZ) Toe crack (HAZ) Under-bead crack  Transverse crack
(HAZ) (Weld metal)

@ Eé’?l t“% Materials Laboratory
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0 SLHAIHRU=-—FER
B Residual stress/welding stress

B Moisture/contamination--
Hydrogen
B Susceptible microstructure

STRESS . HYDROGEN

(Martensite)—due to C,, - el
® [flE2RAIHRMA ‘Qmmmﬁf
B Stress relief/welding design — 2
B Cleaning/ shielding/ low H
W Low carbon/low C,,
B Preheat s
L 35 : el
B R E R =
—— S .
® HIRWAARBERWN=—ZFR —
B Large weld bead/ depth to ?jﬁj/ —
width/high heat input ‘3 _—
B P, S, susceptible elements T -
M Shrinkage strains Flowre © ST "

SerlpB s amiched Sulid ifeadoii
Tl il - etack
5

® [fICENGULTECAE G AT
B Lower heat input/welding
parameters

B Cleaning/low P, S, Ni etc
B Low constraint
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Eik#iZ Lamellar tearing

Lamellar Tearing

*« Causes:

— Poor ductility in through-thickness
direction in rolled plate due to non-
metallic inclusions

— Occurs mainly in joints having weld
metal deposited on plate surfaces

— Prior buttering of surface beneficial
for susceptible plate

2
2

.._1._1th|1£11.
LA, 10

.
Toe I.'FF
: i \ usfon Line
1
LT Near HAZ
HAZ
Root LT
I —=t b
@5?1 tﬂ% : Materials Laboratory
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Lamellar tearing
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Peak Temperatue, Te Temperature °C h|
3 B

Zone 1: solidilied weld =D

Zone 2: unmixed zone + remelted zone
(fusion zone) 1400

Zone 3: coarse-grain HAZ

" Zone 5: intercritical HAZ 800
Il Zone©: tempered HAZ L}
" — . S - a+ Fe,C
Zone 7: unaffected
base metal I
“ri
|
== ]
1 1
0.15 1.0
Fa Wr%cC
L 4

FRE SN/ N R E
@ ﬁ&f’l t\% Materials Laboratory
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HAZ HAZ
Base mela * = o Base metal
H_u.ﬂ-tll’qtbvu L] X 600 p " E ~
. . ol ] h [ Haz is markedly |
i ’- :ulumu:;?m-:u: wald] Mmrur:-: = -‘-‘tha'ﬂWBd
-1 .l

_ _Parent rail Fasent rail___ B appied | 1
e 500 = .- 2000 |

=% — 300G /F /

HARDMESS (HV)

||“||I -_i;-.--.- Soliensd 2ons

Vickers hardness, Hv
£
)

Bond line (Flashbutt weld)

00 y ' 1 Hardness of
L i { base matal
HSTANCIE FROM CENTRE-LINE avey |

- =2

Welding of low Carbon Steels

Welding of Medium/High Carbon Steels
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Peak temperature T, [°C] Peak temperature T [°C]
b 3 L 'y

solidified weld
solid-liquid transition zone
N N + 3
coarse prior austenite grains+ 1400
fine prior delta ferrite grains

15000

13004 1 3000

:
§

L )

12007 grain growth zone 1200

11004

0004 i
! grain refined zone
GO0
ml:ercnlu.dl zone |l

o S AT
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Inclusion Effect | Graln Size Effect |GB Ferrife Effect
No active inclugions

Prak T, Peak temperature T, [°C]

Widmanstatten Ferrite

Acicular Ferrite

Grain Boundary Ferrite

$fEFerritef S
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e High TOUghness Steels fOr ESW
® High toughness through refined grains in HAZ due

todispersing of high—temperature—stable fine
oxide inclusions. oxide

€ Inhibition of austenite grain coarsening by fine
particles such as TiN

® Nippon Steel HTUFF steel- 490-590MPa grad, Mg, CA
are added.

NIPPON STEEL TECHNICAL REPORT No. 90 JULY 2004

F@ E?‘Pl t% Materials Laboratory
Nzional ﬂ'.'.l:‘ ”“i Liversity 19 Mechanical Engineering

Nippon Steel HTUFF steel
|

Table 1 Chemical composition and thickness of developed S90MPa steel plates for box columns

Chemical composition (mass %) Thickness
C Si Mn P S Others HTUFF Ceq Pem (mm)
0.10 016 156 0.006 0.002 Cu. NiNbWV.Ti Treated 0.39 023 60. 80

Ceq=C+51/24+Mn/6+N1/40+Cr/5+Mo/4+V/14
Pem =C+81/30+ (Mn+Cu+Cr) /20+N1/60+Mo/15+V/10+5B

Table 2 Welding condition of developed S90MPa steel plates for box columns

Welding method  Welding pass ~ Welding heat input  Joint geometry  Skin plate  Diaphragm

ESW Single pass 87kI/mm T joint 80mm 60mm

t@ E?P;E td% Materials Laboratory

Mechanical Engineering

Neionnl Chang Chene Lriverity
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Nippon Steel HTUFF steel

Fig. 1 Microstructure near crack initiation site in HAZ near weld
fusion line of electrogas are welding joint of 490MPa class steel

P
i
¥

200 um

e

U)o groin size © approx. 400 pun

1 Simulated HAZ microstructure of 490MPa class steel corresponding 1o SAW with 10ki/mm  terials Laboratory

i TS AR A S MagignicaljEngineering

Nippon Steel HTUFF steel
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\ Tiod

e

(SR mre

T~ |

S} <
rhrk ORI

=

Conventional steel
R SRR

i .

7 BAEEEOERE (TINGD) DESWEFICH ZHAZERO L

Comparison of HAZ microstructure in ESW joints between developed steel and conventional TiN steel
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Fracture strength of electroslag welding joint
with high-performance steel

I —— Column flange

- Backing piate

Haz | Mo Diaphragm
1 1 EL lJI J
Table 1
Material properties.
Location Material Name Thickness Yield Point Tensile Strength Fracture Elongation Yield Ratio Charpy Absorbed Energy @0 "C [J]
[N/mm?] [N/mm?] [%) (%]
Column flange SA440C 2] 36 mm 469 626 31 75 316
Diaphragm plate (440-540) (590-740) (>26) (<80) (247)
Backing plate SN490B 28 mm 385 497 30 77 203
(325-445) (490-610) (>21) (<80) (227)
() The values in parentheses represent the specification requirements.
LELID) =U0D) | =1L.DD) [EIEXVETV) ) [EXTXIT 7] | A | =L )
ESW wire YESG2 0.05 023 1.88 0.003 0.001 025 002 0.05 0.65 - - - -
(JIs Z3353) 160 (<0.18)  (<080)  (<250) (<0.030) (<0.030) (<050) (<250) (<1.00)

Ceq: carbon equivalent [15] Cog = € + 3¢+ 404 f + & 1 M2 (%)
Peyy: cracking parameter [15] Pey = C o+ S+ 4 + 8 + 45 + 88+ f - S+ 5B[%]
fr: trace amount.

Jun lyama a, ], Yuka Matsumoto b, Takumi Ishii ¢, Hiroumi Shimokawa d, Masato Nikaido e, Satoshi Yamada

t - 1 }_ “;% Journal of Constructional Steel Research 153 (2019) 495-508
@ @ = il - Materials Laboratory
Neional (Fimy Chne Cobveny 23 Mechanical Engineering

Fracture strength of electroslag welding joint
with high-performance steel

I EEEEEEEEE——
Table 1

Material properties.

Location Material Name Thickness Yield Point Tensile Strength Fracture Flongation Yield Ratio Charpy Absorbed Energy @0 °C [J]
[N/mm’] [N/mm?] [ %]

Column flange SA440C 2] 36 mm 469 626 31 75 316

Diaphragm plate (440-540) (590-740) (>26) (<80) (247)

Backing plate SN490B 28 mm 385 497 30 77 203
(325-445) (490-610) (=21) (=80) (227)

() The values in parentheses represent the specification requirements.

Table 2
Chemical composition [%].
Material C Si Mn P 5 Cu Ni Cr Mo v B Ceq FPem
Column flange  SA440C 011 025 145 0.009 0001 0.23 017 0.01 017 0.045 Tppm 041 0.22
Diaphragm (0.18)  (<055) (<160) (<0.020) (<0.008) (<0.44)  (<0.28)
Backing plate SN490B 0.12 024 116 0.024 0.010 0.06 0.03 0.11 0.01 0.06 4 0.35 0.20
(=0.18) (€055) (<1.65) (=0.030) (<0.015) (=0.44)  (€0.29)

ESW wire YES62 0.05 023 1.88 0.003 0.001 0.25 002 0.05 065 - - - -
(JI5 23353) 1.6¢ (0.18)  (<080) (<250) (=0.030) (<0.030) (<0.50) (<2500 (<1.00)

Ceq: carbon equivalent [15] Cog = C + g5+ 48+ B+ S+ M4 7117
Pep: cracking parameter [15] Py = C+ gy + 48+ B+ 8+ ¥8 + fp+ S+ 5B[%)
Ir: trace amount.

Jun lyama a,[], Yuka Matsumoto b, Takumi Ishii c, Hiroumi Shimokawa d, Masato Nikaido e, Satoshi Yamada

p _ N l )" “r% Journal of Constructional Steel Research 153 (2019) 495-508
@ @ = {Z} i Materials Laboratory
Neonal Chamg € eme Caiversiey 24 Mechanical Engineering
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Fracture strength of electroslag welding joint
with high-performance steel

] 200 ]
£ HAZ Column flange
250 | (Bl fangs] | e 4 ;
g . i “‘-~.)z"_, ~  Backing plate
o 200 / /
= !
= I
quu 150 ——
/ — %,
100 Vi S N
=4 -20 0 20 40 GO B0 :\ \ Diaphragm
o \
Location x [mm] Hlj\d: M A g
300 T "'-'@""' T
= HAZ! | WM L H \ //
250 | {Coburmn Bangal + {Dimphragm] b i~
" : \ — ||
B o PL"‘“N\,‘ NI
£ | N ‘
= 1%0 o :
T St i s
100 b—r A . L g :
e A 50 40 (&0 20 N ~_ |8 Diaphragm Fig, A ESW macro test.
Location x [mim|
Electroslag welding (ESW) conditions.
Specimen Location Wire Flux Current Voltage Speed Heat input
[A] v) [cm/min] fkyfcm]
EC1 and EC3 No. 1-5 23353 23353 380 50 202 564
EC2 and EC4 No. 2-5 YESG62, 1.6 FES-CS 380 50 197 577

Jun lyama a,l |, Yuka Matsumoto b, Takumi Ishii c, Hiroumi Shimokawa d, Masato Nikaido e, Satoshi Yamada

Journal of Constructional Steel Research 153 (2019) 495-508
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Fracture strength of electroslag welding joint
with high-performance steel

=2 =2 /Eackmg plate
50 50 50
40 40 40 sl
— HAZ —_ . HAZ — —— =
g 30 g {Column g 30 & (Backing) E 30 - y=2
E 20 fange) E 20) Ep E 20 :
> 10 £> ~ 10 % ~ 10 —
o c c .
g 0 o s 0 w] S ° Hepag
T -10 o -10 T -10
R AN Q |
8 -20 HAZ o -20 o= o 8 -20 - Weld metal
- 0 (Column -~ 30 HAZ . — 30 .
-3 flange) B (Backing) = (Backing)
-40 -40 -40
=50 =50 =50
100 150 200 250 300 100 150 200 250 300 100 150 200 250 300
Hardness Hv Hardness Hv Hardness Hv

Jun lyama a, ], Yuka Matsumoto b, Takumi Ishii c, Hiroumi Shimokawa d, Masato Nikaido e, Satoshi Yamada

Journal of Constructional Steel Research 153 (2019) 495-508
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¥ National Chung Cheng University, Materials Lab
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Cross joint HAZ CVN
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Micro Hardness (Hv)

o #XESW 8 Horizontal 18 E 7 ffiEHs2

o 401:$258 % B B 1 5 & B Hv 220- o :
240 ’ ?ﬂ EZ%EE% HVlSOZ‘EE ° 10 1] 5I 1ID 1Is zlo 2I5 3ID 3'5 dIU a5
B s L L — | Position (mm)
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BM HAZ

Metal Coarse grains Weld Metal fine grains

ai

Weld Metal center

| —&— ESW B Horizontal ||

Micro Hardness [Hy)

Weld Metal
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Micro Hardness (Hwv)
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TN g R MO AR B =
i A RS R
A :

. 4k B

Fife: K

- SEARLAE: /)

o HH
- upper—bainite (fREIPEAHAR) - TGk Nferrite (REITE)
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VN =N ) oy
%)) Wi EBI R = E AL
JFI = S
&) e E 7S 8 I
=HAZEPERER AR B BRI HITE ] 5T
Y BEwire BRI HAZ
I HAZ
/|\ [
~— BN
----- R
= 1530 1450 1400
Temperature (°C)
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") IS B (HAZ) BEMRAS RS 2 L

JFE — o :
— Bl EHAZ #1458

Mg 2. 1lmm | M emiEIE: 0.3mm

M h St ferrite+Upper Bainite
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@ FRBAS Fi A i < PP

JFE

— bR ey HAZ 87) P

HUEH AR

[ W 3%

.....

A
N2,

Crack JBainite Al ferrite
SR BIOAIE —SRAE (crack) MHRRLEM
=S

Copyright © 2014 JFE Steel Corporation. All Rights Reserved.

124

24



@ TMCPH - BHAZEIESE 2 HAZEI IR B R

JFE

TMC P |SHAZEIM:4R

(1) ANEIIERFI & £ o0 R = iR AR o o
HEANHEE  “Super-0LAC”
TMCPZE A E &P 4L

(2) ik 38 B )
TN A1 BB 2 JAN O
R AT 4 5 LI

(3) Al AR &S T %
Ca (0, S) B4 &KL T-HF X O

(4) EBER =ML
HBEE B> BERHL AR X YAN

O: FH
A: FRERIAI
X AR
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@  (Ceafk M AMAER  WIPERR

JFE
Ceq=0.40f8F <

300 T CazETrERERL
I ESWiFBond
250 | 1 b A
_ rHAZ #1451 (JFE EWEL)
3 /
= 200 F
v. i |
g L
< 101 m
i, - TMCPSE (NS¥TifnvRga)
> 100
Fo~ ®
_ o _
50 T / \@\
- A ST AR ~ . .
L TMCPS (Nb i 8D
0 L ) ] ) ] ] ) ]
0.34 0.36 0.38 0.40 0.42 0.44 0.46
Ceq(WES)
Copyright © 2016 JFE Steel Corporation. All Rights Reserved. 26

125



J F E #lf3

9

2 ZE I H R Sk

JFE
{E5RE | 400N/mm2 | 490N/mm2 | 520N/mm2 | 550N/mm2 [ 590N/mm2 [ 780N/mm2 R
: SM490
SMEfH SM400 SMA90Y SM520 (SM570) JIs
SN490
SNER SN400 SN490TMC | SM520B-SN JIS
SN490-TMC-E
HBL385
HBL325 | HBL355 HBL440 .
TMCPEH HBL385B-L RKERE
HBL325-E | HBL355-E | oo " [HBL440-S
= ERE _. .
it ke 4 SN400-FR | SN490-FR | SM520-FR JIS
{ HBL325-FR| HBL355-FR| HBL385-FR RERE
. LY100 s
5 4 £ =
RS | Uoos KEZRE
: S sow | XE@EE
AL HAZEIPESH (JFE EWEL) HBLes0-L
i KEZEE
804 N£k (HOP)
H-SA700 RERE
RERE
wE EEFFE, HlfHELE A —BERL
BRI
I #1140 /£ 2E + 70 3% % 1(S-OLAG)
Copyright © 2016 JFE Steel Corporation. All Rights Reserved.
e Po Ld- AL
ﬁji‘h,n~ = 458 (T )
@ Pralds 12 5 8l FE EWEL
JFE
400N/mm2§& | 490N/ mm2§R | 520N/mm2#& | 550N/mm2i} | 570N/mm2&| 590N/mm2iH
—AERER BM400 | | SM490 | | SM520 | SM570
l l l it =%, {EREEREE1E ‘
| sn400 | [ sn4o0 | | Sms20-sn | SA440
—— TMCP{t.” l EEEET
BiEEm L ({EPcviE)
({E B4R ELER) SN490-TMC
SA440-U HBL440
TMCP325 '(I'MCP35§ '(I'MCP38§
(HBL325) HBL355 HBL385
- FHHAZ
E@ﬁ'ﬁ’f@ (AR BB FEHAZIF A _E) § .ﬁﬁ'ﬁ/ji]ﬁ
sN490-TMCE || HBL355-E || HBL385E | SAM0-E | | sA440-S |
HBL325-E
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@ WAB T 1 HBL355C-E &3 T %455 (1)

JFE
(D) E#at 2R C Ca, T
A0 K (mass %)
=] ——— s EE e ~
ik LS 1 C 1 Si Mn P S |I Ceq Pem !
(mm) I I | I
I I I :
HBL355C-E 60 :0.08:0.19 1.52 0.008 0.001 | 0.35  0.17
Ceq=C+Si/24+Mn/6+Ni/40+Cr/5+Mo/4+V /14
Pem=C+Si/30+Mn/20+Cu/20+Ni /60+Cr/20+Mo/ 15+V/10+5B
(2) BplRT
_ 5| R4 Charpy E; B
Fs b=
(mm) | YP TS El YR | Jjml vE 0°C
(MPa) | (MPa) | (%) | (%)
355 | 520
HBL3s5C—p |SPec-| T |~ [2l= =80 L f?g@
475 | 640 =27]
60 | 435 562 | 31 77 L 368
29

Copyright © 2016 JFE Steel Corporation. All Rights Reserved.

@ AT 1 HBL355C-E kit TH AR ()

LEE ~ 1300 mn 165 mm
SAWHE F 1 e

B

(1) B

B AT AR
K 2%fMklpass SAWIEEAEF (B F-60mm)

N T I

MyiE RHL E%‘Ew Bk e N
i ~. myn st
(mm) ﬁmé)‘ (mm) A ) (V>(cm/§3\) (kJ/cm)
SedThE (L) | 6.4 40 -5° 2300 40
90 18 625
#%BAiThk (T)| 6.4 60 5° 1800 53

YRR (JKW) 3 (Flux) KB-60IAD X  (weldWire) KW55

Copyright © 2016 JFE Steel Corporation. All Rights Reserved.
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@ AT 1 HBL355C-E  tARE)E T %455 (3)

IEE
SAWAE F14: 5
(2) Charpy & B& B, (J) EHfH
400
HAZ(FL A 3mm) [ R H 6mn
| HAZ(FL 15 1mm)
Bond (Fusion line E._E)
300
50
200
07‘ L PR TN (ST T N [N TS VA (ST ST S [N AT (N SR S
5mm 3mm lmm F.L. W.M F. L. 1mm 3mm  bmm
Flange side Web side
V-notch position
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@ _EABIT 1 HBL3S5CE A T ARAS R (1)

JFE
SAW#ETFPERE A GmmWM = J 358
100 L m
ZRAI6mmFnsionLine, HAZ
%ﬁ%ﬁ

Web gide

SAWQ%§3Macro ‘%

Flangg side

100 b m
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@ WAF 1 HBL355C-E &3 T %455 (5)

JFE

ESWIE B
ESWAE T 1 A = 12 Bt
REMEL . KW60AD, KF-100AD (JKW)
(1) BEEHS wiref® 1. 6mm®
< EERli . 380A
OV’/ CER S . 52V
<ﬁ4 ﬂ\f R : 1. 18cm/min
% ) HEEL . 1000kJ/cm
4y m —~—
6_ Q
S =) Q
<H

¥ ¥v7° :25mm

60
& BT TR

q
ESWa F-MacroaH 4%

Copyright © 2016 JFE Steel Corporation. All Rights Reserved.

WMH T RS E

@ AT 1 HBL355C-E Mkl T H AR (6)

JFE
ESW4 T Rk
— 400 ==
(2) CharpyfE (& -
300
200 [
R[] 6mm LOGEN - - - oo
A = T 7
1/24 \
60 :
Chrpy %k F #RER AL B ; | w | | ‘

5 0.5 F.L. WM. F.L 0.5 5
Diaphram side(HAZ) Skin plate(HAZ)
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@ WM 1 HBL355C-E &3 T %455 (7)

JFE

ESWAE F 1 fE

(3) Fusion Line

ol

side

Skinplate

bﬁEl/zt%B
ﬁwygwﬂ_

T BT G
e p )

e

R | e
F’ﬁ{;,&&’ ' ¥

% FL ¢

Diaphram side

Copyright © 2016 JFE Steel Corporation. All Rights Reserved.

@ AT 1 HBL355C-E Mk TH AR ®)

JFE

ESWAE T 1k AE

(4) TR
1/2tE8

WM

Y

Skinplate si

v

de

250/f Diaphram side
2 200
o0
S [ eee
:.‘. ) .o$'
T 150 [ 0% e’ %
@ (Y ®
: Tt
100 ' '

ESWAR -1 75 43+
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@ 572 HBL385C-E &4t T % =45 53 (1)

JFE

JE 8k (Skinplate) 45k

(1) f2Bin (%)
oLy C Si Mn P S Ceq Py
HBL385C-E 0.12 | 0.28 | 1.54 | 0.007 | 0.001| 0.40 | 0.21
(2) HEpRE
4 R YP TS YR E1 vEQ RA
mm N/mm? N/mm? % % J %
32 A72 602 78 33 361 83
HBL385C-E
40 473 604 78 32 346 84

Copyright © 2016 JFE Steel Corporation. All Rights Reserved.

@ BB T2 HBL385C-E M I RlA R (2)

JFE
AREAA TR
Skinplate#t/E = Diaphramti &
=0 Skinplate Diaphram
‘%ﬁ =l =}
IR I T I e
(mm) (mm)
@ 32 45
HBL385C-E — At
©) 40 bh

_»-!Liaphram
150 W&
25 ll
Skinplatetk )5 1
400 .

650
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@ @K T2 HBL385C-E TN T HE AR (3)

JFE
TR EY
Skinplate Diaphram JEEEA R Va2 A .
Wik |
. W & . RN AT
i@*ﬁ (mm) ﬂﬂ*ﬁ (mm) Wire Flux (A) (V) (:L?p% (kJ/cm)
32 45 380 | 48 | 1.95 562
HBL385C-E 10 WA - KW-60AD | KF-100 vl cllE =2l 7
IBEEWire fLE2RLS
24" C Si Mn P S Cu | Ni Mo | others
KW-60AD [0.05({0.24(1.89(0.006|0.003(0.15(0.01{0.6 | Ti,B

Copyright © 2016 JFE Steel Corporation. All Rights Reserved.

@ @B T2 HBL385C-E M 5 alA R (4)

JFE
Charpy st B i FREVAL B
Depo
Skinplate
Depo Side
R
Diaphr@ﬁ
/2t — L4 K\ !
\\\ e ,x/
///{ """ Skin
Depo plate
L il

HAZ
3mm

HAZ

GiPS
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@ @I T2 HBL38SC-E M L AR (5)

JFE

CharpyfEi#{8 Skinplate

400

350

300

250

200

vEo(J)

150

100

50

0

32mm X Diaphram 45mm

DepoHdiily  Depo fl DepoZ= il FL

FL+1mm FL+3mm HAZFR
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@ EHHIT2 HBL38SC-E kit L5 EAE R (6)

JFE

Charpyf#i2f{& Skinplate

VEO(J)

400

350

300 [

40mm X Diaphram 55mm

9 5 /9 |

250

200

150 |

100 -

50 |

0

Depofily  Depo f] DepoZ= Al FL

FL+1mm FL+3mm HAZFh g
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@TMCP590N/mm2§fi#f “HBLA40, HBL440-S”

JFE
400N/mm2 | 490N/mm2 | 520N/mm2 | 550N/mm2 | 590N/mm2 | 780N/mm2 R
SMEf SM400 SM490 SM520 SM570 JIS
SN490
SNEH SN400 ISN 490-TMC |SM5ZOB—SN JIS
— I SN490-TMC-E |
Eﬁl \4T> = == == e e e i [ E—— E—— = e = e — 8—5 — C L — e - \
| TMCP$R L -L : KERE !
! HB -E !
1
I =%Re —
HEYR590N£] RNEZRE I
[
1 HBL630-L —
I 780N#REH H-SA700 KEZE I
1 [
| REREI
———————————————————————————— — o — — — - —
55 EEEE, FEEE BA—REL
Fatz #1461 FE & + 0% % #1(S-OLAG)
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@ BED MBEH

JFE

PEED SA440 BIEAE

A77 NEE

3
:1UH/'\ Vi 0 AMTYF?

oz =4

LRI

TREAN-ZHREEANBERLIOIRIOENEHNANE
"IRILX—HE.CO2RE X
-THANNEWN(+$51458)
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@ BHERO MG
HBL440, HBL440C-S 2 Bs& 3% s D

TEREIUP

A37 INER

s

ANE A A

FEIE# > A
Super-O LAC {
(On-Line
Accelerated Cooling)

<Super-OLACO &> R EE BT ) S
2 S iR, FitnmtE

B o> -HEONEL
- EREA T SEEMORE (RELEOER)
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@ TMCPHEALERMESIEYREERK

JFE

%gﬁg AH % i3 . ) + E )

EYR | EHRERS - EEE & & 15

S E O ffi SuperOLAC | e i M ARIR | (s 7vmas
7 Sl (s s mmm ) | BOEAT A
[TMCP]

T~ %

Y, WABERIEIZ S
@ B R LIE YR 590N§&

kT nER
R &
- [Q-Q-T] WE AamEA
B EL
EJFS
BMBEA A
Q Q’ T

_______________________________________________________________________________________________________
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19

9

FRQ BEFREHORE

Mg

U204

—— RE . REFE BEBN RZEER
BEOES t (mm) (o} Si Mn P [ Ceq Peos
HBL440B 00305 .

——  19=<t=<100[0.12 L F|055LLF|1.60LF 00085 F 8'29‘&%5285 022 F
HBL440C 002051 F :
SA440B 0030LLF . X
L H9=<t=<100[0.18LLF|055 L1 |1.60LF 0008 | Q44 T(E=40) | 028LUT(t=40)
SAR40G 002051 047U F@>40) | 030LLF(&>40)
Ceg=C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14
Pou=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
B p T B
53R EAER Sx)LE—EERE
IR R . A ER % 1%
oRs |3 I . |BmEE | miE | e |2 Bl
Eﬁ = niﬁjﬂr t(mm) x{i(}z%mﬁ (N/mm2) (%) (%) mgg I?"l*
mm2) (°c) (J)
19=t=32 1581+
HBL440B | 'A% 4408 5001k 80 X .
HBL440C 82<t=40 | s 70T | wF |[JSRE] O 70RLE
42 | 20<t=100 204+
SA440B | A5 | 195t=50 | guop b 59051k go | 2EE| STELE
SA440C | 4= |so<i=ioo| S4OMT T0UT | W [opt
Copyright © 2014 JFE Steel Corporation. All Rights Reserved.
o HBL440D FF#1 4514
P—
L2ms | | 5E L2Rn (EEY e
(mm) C Si Mn P S others g o
19 0.06 | 0.21 147  0.008 0.002 0.42 || 0.17
HBL440
50 [005 021 147 0010 0001 | g, o |041] 016

KABEE | 60 [009 | 006 150 0005 0002 [ NeViTi {045 | 0.20

HBL440=S | 100 |008 | 007 149 0005 0002 045 | 0.20

HBLad0 | =40 [T < | < < <oom0® S| pmcme |SOM)

1 o<t | 012 | 055 160 <qopo* 0008 [TEMTES[ _ =
SA440 tS40 | < < < <0030® £ | mmime | S044] =028

*1 Ceq =C+Si/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14
*2 Pgy =C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B

*3 HBL440B(SA440B),

*4 HBL440C(SA440C)

HBL440(XC ERR{EF{E<INZ , Py, =0.22THE
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159

M

") HBL440D &

JFE

e L - SRR FERE
(*’i’;) e | YS TS YR B | vEoc| vIrs
mm (N/mmd) (N/mmd &) | @ | @ | o
19 | Jst1A | 490 619 79| 18| 358 | -95
HBL440
50 484 612 79 | 31| 380 | -105
K ABfE | 60 Js4 | 482 631 76 | 29| 347 | =50
HBL440-S 1 400 471 603 = 781281 340 | —-80
19=t=<32 JIS 1A 215
Hi%‘:go 32<t<40 fggo 3320 <80| =16 =70 -
20<t=100( JIS 4 =20
SA440 JS5 | 440 590 >26
195t<100 < > —
e |0 T~k ~Ta0 =051 =Y

HBL440II 5 L VB2 E R A

Copyright © 2014 JFE Steel Corporation. All Rights Reserved.

@ BRQ BFEFHREHADEM

L L

HiE 3 FhSA440 778 SRHBL440

iR B _ 0 _ 0
. C(x%) LFR{E 0. 18% 0. 12%

. S
Figy o ERIE 0. 28% 0. 22%

S EE N RS R
t=50mm:60°CLL Lt

;ﬁfi F & t=75mm:80°CLLt T EhHE
= +=<100mm: 100°C Ll F

i im Tl T
N L
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@ FERQ SMEE(EXARTER)

JFE RS TUHNOIRSY B
(ABLE500kJ/cm) (AEAE800kJ/cm)

HRABDUE agmy

3
|
:\:
<
R RV SN
w % 2 HBL44GC-S
#H T HBL440, HBL440, |
Ry
S
3 oSAdan___ET___sAdap R
S T e &
] BiR{E47J
@)
S 0
y=pES ILYMARSY
7=V T-08H%) BEEED
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@ HAZE E1tE M £ D g i

AR T+~
— HAZE#E B EQ

300

[ |
a (¢]

200 ST
\ ‘°\<-|£3L440—S
. PEES

B EEEEFE
EAERIY CAERFPRTE

Si.P E& 100
iEIEﬁ%MEE;’EE‘E I

0
EEMBsH |
BB (BRI TITIMMA) )
DOE/MmME = HAZEIMME

pEV AV
60mm

REBRTFERYME (ARTI8HI/cm)

BEE BIRHAZHAR
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@ ﬁIE'HAZ SEM%H'%E Si, PIEEIZ L HMALE RN

JFE
HBL440. SA440 it E R H ESi ESi—{EP
o = ’] N "7 el ‘;h:\a-n g y - ; T 3 i A !

Copyright © 2016 JFE Steel Corporation. All Rights Reserved.

@ W13 HBL440C-S IA¥Em T 04558 (1)
T HBLA40C-SIAENE T 2%at: REGS TR, R

w . HBLA440CS
| | |
— 1 < ——— R — j — 7
: LTI [TI LTI
‘ \ \ \
| | | DIA® |
- 1 \?ﬁ@ \ HBL325B i
‘ \ \ a5 i
S ST oy B “Ng || HBL385C | DIA@ (LAY,
: | (PL-60) | HBL325B ‘
| | | (PL45) |
: o mh oL Jii ,,,,,,,,, +,,I§] ,,,,,,,
1 | o | | ﬁ \
i 700 ‘ 900 ‘ 900 <A ‘ 700
A-AWE 3200
_— =30 % D) BRI 1
) C Si | Mn P S Ceq [ Pem | Yp | Ts [ vEy

HBL440C-S '] 0.08] 0.06] 1.46] 0.004] 0.001] 0.44]0.19]493] 622 294
HBL385C ** | 0.14] 0.33] 1.29] 0.012] 0.002] 0.38] 0.22] 423 | 565 | 297
HBL325B ** ] 0.12]0.34[ 1.35] 0.014| 0.002{ 0.38]0.20] 415 [ 546 | 303

SN490B *? 0.11| 0.25] 1.15] 0.022| 0.013] 0.35]0.19]397]|532] 184
% 1. Skinplate. ¥ 2: Daiaphram. % 3. HEHH44:

Copyright © 2016 JFE Steel Corporation. All Rights Reserved.
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@ GBI T3 HBLAAOC-S M T AR R (2)

JFE

ESWIAHER = Metal Cored Wire (MCW)

FB-28 X 50(SN490B)
HBL38]5 | | Pebisedt
60
(45)
HB1.440C—-S
=(\19/ L 70 _

XSRS B

#sHn+ash

MCWE I &5 47

Copyright © 2016 JFE Steel Corporation. All Rights Reserved.

@ W3 HBL440C-S  Iad)E 1.2 =45 5 (3)

JFE
*  ESWEEES H
VAR | TRBEEL HRS SEa] A—T—
DIAD® JIS Z 3353 Wire: FG-60AD(1.6 ¢)
- YES602-M/FES-CS|Flux: KF-100AD JKW/
N JIS Z 3353 Wire: KW-50C(1.6 ¢ ) |fd 5 BIEH T
YES502-S/FES-CS |Flux: KF-100

K ESWiE kA

e b o CEpi B (EEEE AE
TR AL .

(A) ) (cm/min) (kJ/cm)

DIA @ [Flangefdl 360 54  [1.3271.37 8527882

t=60mm |{Web/H] 360 54 1.2071. 36 8577972

DIA @ |FLANGE] 360 52 |1.6771.74 6467674

t=45mm |Web{H] 360 52 1.5671. 68 6697721

DIA 3 |Flangefd 360 52 1.69 6647666

t=45mm [Webf] 360 52 |1.5971.63 6877706

FB-28 X 50(SN490B)

60
(45)

19, 70
PA@IRIOESHER
DIAQQDIRETH 5,

Copyright © 2016 JFE Steel Corporation. All Rights Reserved.
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@ EAHIT3 HBLA40C-S R T H AR (4)

ESWAKTF MacrozH 4k

IR B MCW Wire Solid Wire
- —

Diaphram; 60mm Diaphram; 45mm

Copyright © 2016 JFE Steel Corporation. All Rights Reserved.

@ EHHIT3 HBLA40C-S il T H AR (5)
Ehi4E 8. Charpyf 248

Bond
HAZ1mm — | —Depolmm

Depo3mm
HAZF 5 | Depoeh &

LN 2
G 1 td
% // HAZ1mm
Bond
95 ( Depolmm
: ( TDepoBmm

|/
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@ A3 HBL440C-S Mt T 5 4R (6)

JFE o N
2, N Al . . .
IS RE MCW Wire Solid Wire
AT . vE, J B.R. % BAT " vE, J B.R. % AT e vE, J B.R. %
_ B B ! 5 (R A N e
775 /7R each| Ave. | each| Ave.| | 774 /o7 IR each| Ave. | each| Ave.| | 774 /vl each| Ave. |each| Ave.
83 T 204 11 25 13
2P T1g5 1183 [0 0 2eP 1202 {196 [0 | 4 P l17a {165 [6 | 8
8 0 181 0 76 5
209 0 231 0 . 23| 4]
DPoliog 182 [4 | 4 DePO 156 | 214 [50 | 17 A ] 9o 100 184 [1113
R 209 9 b 254 0 39 24
il 250 23 K 312 0 08 [60]
Bond | 279 | 216 | 11 | 32 Bond | 192 | 263 | 38 | 13 Bond [192 [141 |34 |47
120 63 286 0 24 43
307 0 243 16 69 38
A2 o7l 295 [16] 5 el cren 20 o NN | I O il e 2N a2
303 0 205 0 i 20
53 0 151 0 195 1
Db (1207|143 [267] 9 Cebe (108133 18| 11 P 143 1173 [5 | 4
D&)A 57 0 Dé)A 41 15 %% 81 5
59 29 90 0 h 56 39
SR Io17 {181 [0 | 16 RO [1gg {187 [0 ] O P 64 {164 [13 31
67 20 84 0 71 a1
84 26 227 0 9 38
2P0 1697|145 [45 ] 44 6P 1567220 [0 13 Bond [182 | 156 [34 | 47
i 8L 80 (% 177 38 o 70
il 3L 75 il 229 23
Bond [182 | 132 [45 | 53 Bond [212 | 209 [30 | 33
182 38 187 46
20 8L 241 20
A2 76108 [75 | 58 A2 1983|259 [10 ] 18
228 19 253 23
310 0 333 0
o [319319 [0 o o [331]327 [0] o
328 0 316 0
Diaphram; 60mm Diaphram; 45mm

Copyright © 2016 JFE Steel Corporation. All Rights Reserved.
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@ BOXE BAAMEEBERDM

JFE

WEEDSA4L40
B Egﬁm $58 SA4408 BT B IEIETHEE 1 (2004)

HEGE
ti=Fay

EXyles
JE T ER
WEERE

BE LR = HAZS T APk

vEO=15J vE0o=70J

-

BHE OERY I ARLEHNMREEZEES

[IL)bORZY A SR E e AR BT B AL £ fiT$e &t (38) 1 (490N/mm?2$f)
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