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Heat-Input Welding
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Synopsis :

Basic and applied investigations have been performed to develop high strength full
steels with superior notch toughness at the weld bond with a large heat-input. A new
steel, so-called "BD" or "bond ductile" steel with a 50kg/mm2 tensile strength and
microalloyed with rare earth metals and boron, shows as excellent notch toughness
even at the weld bond with a heat-input of 527kdJ/cm. For example, the weld bond in BD
steel shows as absorbed energy higher than 10kg m at 0°C and a fracture appearance
transition temperature lower than 0°C in V-notched Charpy impact test in any case of
electrogas, one-side submerged arc, and electroslag welding. Electrogas welding joints
in BD steel also show good performances in brittle fracture tests such as the deep notch
fracture test and the large scale ESSO test. Toughness improvement at the weld bonds
in BD steel is attributed to the acceleration effect of boron nitrides on the nucleation of
fine ferrite grains inside prior austenite grains. Rare earth metals form very fine

oxysulfide inclusions and provide easy nucleation sites for such boron nitrides.

(c)JFE Steel Corporation, 2003
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Synopsis:

Basic and applied investigations have been performed to develop high strength hull steels with superior notch tough-
ness at the weld bond with a large heatinput. A new steel, so-called "BD" or “bond ductile” steel with a 50 kg /mm?2
tensile sirength and microalloyed with rare earth metals and boron, shows an excellent notch toughness even at the
weld bond with a heatinput of 527k]/em, For example, the weld bond in BD steel shows an absorbed energy higher
than 10kg.m at GC and a fracture appesarance transition temperature lower than 0°C in V-notched Charpy impact test
In any case of electrogas, cne-side submerged arc, and electroslag weldings. Flectrogas welding joints in BD steel also
show good performances in brittle fracture tests such as the deep notch fracture test and the large scala ESSO
test. Toughness improvemsnt at the weld bonds in BD steel is attibuted to the acceleration efect of boron nitrides
on the nucleation of fine ferrite grains inside prior austenite grains. Rare earth metals form very line oxysulfide inclu-

gions and provide easy nucleation sites for such boron nitrides.
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Fig. 1 Thermal cycles corresponding to weld
bonds used in the present work

Table 1 Chemical compositions of laboratory heats (wi9e)
Steel c | S Mn
a 0.13 0.28 1.49 0.016
b 012 0.26 1.48 b0l |
c 0.13 0.30 1.62 0.016 ‘
d 0.12 0.27 1.51 0.013 l
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Fig. 2 Effects of B and REM contents on ,T;, in
steels {N=60ppm) subjected to the syntheti-
cal thermal cycle simulated to heat-input of
220kJ/cm as shown in Fig. 1
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Fig. 3 Relation between B/N ratis and toughness
of 0.021~0.028%REM steels which were
subjected to the synthetical thermal cycle
simulated to heat-input of 229kJ/cm as '
shown in Fig. 1
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Fig. 4 Change in absorbed energy at 0°C with
welding heat-input

2:2-2 W74 POERICHT S5 REM
5LU°B DRl

Fig.1 {Z5p 3 ABE 220k]/em fHY DA 4 7
WEMNSEL78a, b, ¢c BXUrd T HEME
#ifk% Photo.1 }2/R¥, a iz +—2T+HA4}
BRPLBEELIERY 7 F9rRATwT o7
174 FPBLUEI~AL+ 4 FoiREEAEET
T, Wbl kET T4 For AT TFrk727
A bBEvos—F 4 FEERL, #aillb~ T
T4 PERBHIEL BV EDFHRTH b,
Wclid—2T+4 PRRIZH - 2D EXY
72540, #A—AFF4 PRATERS L
FITLEWB 7274 P BB =T D
BAE#E+ T, MdzEL 7274 b-5—7
4 FEMETT., ZOBEE, FA—ATF 4 PHF
THEBLRWTT7 2 74 FIZRPICED - T E
AYRECEY, BRTHEZEHEHS L,

- 31 —



nos BBk OB

Steela -- - ...

- L

- Steel by
~§". o« V |

[
byl e
>‘s"‘?. I3

Photo. 1 Optical micrographs of steels a, b, ¢ and d subjected to weld thermal cycle
corresponding to heat-input of 229kJ/em as shown in Fig. 1
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Photo. 2 Electron micrographs showing ferrite
grain (large arrow) nucleated at BN
(small arrow) precipitated around REM
oxysulfide particle
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Table 2 Chemical compositions of industrial heats
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Plate thickness R Cey
Steel (mm) C Si Mn P S Al REM B (WES)
A 25.4 0.12 0.34 1.51 0.017 0.004 0.030 0.030 0.0035 0.386
Bl 32 0.12 0.33 1.50 0.017 0.004 0.031 0.03t 0.0032 0.384
B2 32 0.13 0.33 1.50 0.018 0.004 0.031 0.035 0.0035 0.354
Table 3 Mechanical properties of industrial heats
Tensile test Charpy impact test
Plate {G.L.=200mm, transverse direction} {longitudinal direction)
1 i _
Steel | thickness Y.P T.S. EL B T
{mm} {kg/mm?} (kg/mm?} (%) {(kg-m) (°C) o
A 254 351 50.2 29 18.9 —36
Bl 32 36.0 51.0 27 21.6 —45
B2 | % 33.0 500 | 30 12.0 33

Spec.of K5D:Y.P.Z3%g/mm?, T.5.248kg/mm?, El.2 20%, E_323.2kg-m
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Table 4 Welding conditions
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Table 5 Results of maximum hardness
tests of BD steel

Preheating Maximum hardness
temperature {°C} (H,-10kg)
23 373
50 360
75 357
100 345

Welding material : KS76
Heat-input : 17.7kJ/em

Cooling time from 850'C to 500'C(S)
Fig. 6 Rusult of taper hardness test of BD steel
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Fig. 7 Results of y-groove restraint cracking

tests of BD steel



Vol. 9 No. 1-2

KRAREEEOEN IR EENEE (BD#M) ORER 35

B &2 #n#h Fig.8 1 L v Table 6 =7R¥. «»3°
NOEREFHECASESCLIEERRIEELES
SArE L, JERBORSREMEM LT 2,

3-2-3 HRFHWOEHBRE

HREEEYR T — 7T L iEx D
KABBRE L 2MTEH (v 7 F oy 2EE
P (=25 4mm N0 T W 86, fho ik F
(t=32mm Iz 20T Wi EDO V o nl —RE
HEL Fig. 9, 10574, oo @iz (3 WK
KsD#loox L 7oAk Lfzrv 7 bnids
TEER S FEROEEY 2HEL 2. wThoi
HWiLEFRAWLESL, BD#O K FEORHIZ
EhHTENRTWE, A, TV 7tudA
BiERY FEo 0°C 2B ARIE T & L ¥ —
Ep 38 10kgem, [T, 380CTHD, Thb

ETHIR K5D SR 2kg.m, #9 50°C (2~ THL <

WEEIN TV R, 7, BD O K FERRTEL,
U2 e RAEERERVIEAL L E LI
ABBYBOKEY T T - 7EEEB LU
TV 7 P e R T VEREERCLHEEOTEB
CEBEHENG, ZORREEREMEATRS
rn7: Fig. 4 DB LFRTH B,

3-2-4 BFHOAFEHRBAZGORE

BD#fioxv ZteyaAEEslrzr 7o
2T TEEMFEOR S FEIB LRSS fom
B4 - B ESEE O #E % Photo. 3 129, Wi
DEFENEEL, BREBEREIR YEHEETHT
NTOERTE LI 7274 b-2"—F 4}
A RL, TR KSD #ic A s iz B4 + 4
(iR TRE k=TS (R PR AN

—-a—— Electrogas welding

—— (One side submerged arc welding
aml —®—= Electrosiag welding
B.M.~ HAZ

/

H, {10kg)

T W.M. i HAZ—+-B.M.
>
‘ .,'\.‘,_.,u-._._l—--h0—0-./"'\.-.«'-.—" '\'{ (
x

120+

1001

Fig. 8

Distribution of hardness in welded joints of BD steel

Table 6 Results of tensile tests in welding joints of BD steel
. G Y.P. T.S. EL Fracture
Welding process auge (kg/mm2) | (kg/mm2) (%) position
Short gauge _ 52.2 _ Base plate
One side (J1S Z 3121) 53.4 "

d —_—
sul;gﬁienrge are Long gauge B 48.4 25 Base plate
welding (G.L.= 200mm) 49.3 25 "

Short gauge _ 56.6 _ Base plate
Flectroslag (JIS Z 3121) 55.6 "
welding Long gauge 33.7 49.8 25 Base plate

{G.L.==200mm) 32.5 50.4 23 "
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Photo. 3 Optical micrographs of heat-affected zone in eléctrogas and electroslag welding joints
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iR Y. Fig. 17 (212 R K5D SROFFE? %
L7z #EZ 3 RETITONLY, WFNOEE
LA NTE I U 1R TRIE
L7z, BeMBEmrEnE0CEERFE XL T
Fig. 17 78557 L 512, BD A0 BEH O
WG E R HIE KSD# - 1R L TH 5,
Fig. 17 & Hvs CORRERIE T (32kg/mm2 ) 1/2 )
GHPARFENRET, $&) 0mm(WES G
M) - 100mm{WES A 0BEIMTLEFLET
LEEL BD#iz>WwWTkHEE, TN ¥ h
—B2C(GH) B —48°C(ATE) TH3. ¥
7t t, BD #MIZAAAH 50kg/mm? R & L T+
S AL MMETEEITELLER L DL WL B,

R FEHZ ST OiBEESE 4 Table 8 3
Lo Fig 18 oond, HERFEIz-ThodiRy
ZBCTLERY FEIZB 2 Th¥sizfmidL o
LEBHMA~F Nz, Lo T, &> FEOHER
WG (TIEHE K., O EICLELZ K> FEZ BT
ZRIMEIFIUARELERER, TAENME
BEAKY FHLEHMAZFTNLAEE TOVRE
WhLNEELBUFONETHRELBWTY
3, 2ok &Rl Ry VO K., fEIT
HNK LD KENWEVLD, KX FErLE
NaREITRTEYTELLLENT, FHEOL
& = o4 b R A S B DR MR S TG E %
SPE L 7455 % Table 8 ;5 LorFig. 18 2R ¥k
AR FEROEILE R, BEREREE
EHE & A TRIIERO OB L FE
ENd, MENBRA»LERERERZ2 A5 L,
Fig. 18 Tl s 4% £ 52, BDSAOEEK > M
OREEEEITEEE RN T L IITERET
b, THbh, BDHEAEHEK FHONED

Fig.

Keu

K., (kg/mm/mm?}

(kg/mm/mm?)
g

2000

1000 ™2,

r % BD steel
500.-— Commereial @
| K5D steel” \ c

-N\‘*\-..
Corresponding to
WES-82G-48A
100 _| e il 1 i 1
10 ¢ -1 -0 -3 -4
T {C)
. |
35 4.0

1000/ T, (K™Y

17 Relations between resistance against
brittle fracture propagation K., and
temperature for hase metals obtained

by large scale ESSO0 test

2000

1000t- ~

.
™~ /Base metal
L] '?:\ ~

« Commercial K5D steel”

-
e
Sy
oBD steel g o~ 7 9

aValue for crack arresting point

200
W0 W@ -0 -3 40
T ("C)
J. L 1 1 l il 1 1 1
a4 R 38 40 4z a4

1000/ 7% (K™

Fig. 18 Relation between resistance against
brittle fracture propagation K. and
temperature for bond of electrogas
welding joints obtained by large

scale ESS0 teit

Table 7 Large scale ESSO test results of base metal

Temperature at . .
: Temperature Impact Gross Arrested . Resistance against
Specimen distribution| energy stress  |crack length arrested crack tip brittle fracture propagation
No. . . C k1 -
in specimen ag T 10°/ T K..
(kg-m) (kg/mm?2) ("c) (K™ (kg mm/mm?}
M1 - 16.3 4 3.61 oM
M2 Gradient 300 12.0 -17 3.91 554
type g
M3 300 10.0 —34 4.18 435

« Calculated using Ishida’s equation®
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Table 8 Iarge scale ESSO test results of bond of electrogas welding joint
{ i T ¢ ¢ ' Resistance
Tempera- IArrested emperature a . ‘agninst brittle :
Specimen | ture dis- | Impact Gross Icrack | arrested crack tip fracture pro-
No. tribution | energy | stress length™* s : pagation Remarks
in speci- ; W G T 107/ T I K., ™
men : (kg-m) |(kg/mm?})  {mm) °c) (K™ {kg+'mm/mm?)
I l Crack was arrested in
B-1 300 18.0 242 ~=3 <3.70 <695 base metal after having
(618) (=1) (3.68) (738) run 542mm along bond
: . Crack was arrested in .
B2 350 18.0 ( 415’0) ; (>; 6“? <347'25 ?31 base metal after having
Flat | {3.75) 71 N run 16mm along bend
i type | _ Crack was arrested in
B3 | T 20.0 25 >—30 | <4.12 < 387 base metal after having
(155) | (—23) | (4.00) (498) run 25mm along bond
B i s _ Crack was arrested in
B-4 - 15.0 13 > =40 <42 < 857 | base metal after having
(484) (—3) (3.70) (697) run 13mm along bond
: i | Crack was arrested ir; ......
B-5 ;300 24.9 (}g) =30 <412 < 467 base metal after having
[ (=30) (4.12) (467) run 10mm aiong bond

* Distance between the notch tip and the point where the crack le

crack tip
«+ Calculated using Ishida's equation®

Values in the parentheses are those for the arrested erack tip

aves the bond or the arrested

FiRid o LTREVE VWL L, - h, #REo
WahsAabk, KR KD AT EA R
F FI2i- TRE RIET 2%, BD oG
Table 8 [T L S —F%HEye-TREIR - F
i~ ThTFricmif L, FOBIH~F T
4, Ziii BD #oEiE R PO H sl
R NE T b R A,

4. ¥
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423 REM & LU B o#h R4 2 EEBayER,
7 b UV THERME L 7-fiRARH] 50kg/mm? #9) REM-
B#(BD &) (2> TR HE A ERE BT -
EERE, BLIZDENERIMLIII TS,

(1) BI13EW & 50kg/mm? H{IWOH KA MBI R F
AR ML, 0.02~0.04%DREM 35 L 1r 0.0020

~00035% N B FHEmMT AL VELCE

T2,
2} ZEMMEOWRILIERE RS FEZIRK R
7234 FPEEERINLEICLETO, D

ITBUEA—2FFH A bRRICETE 7274}
OEREPHITEZ - Lz, BN L TH—27F
FAPRMIZBEITAMNT 274 F NSz EHRE
M izgl = 4729, —F, REM {38 (2 fHz
s L 72 REM friE¥» BN @ firi 4 F x4 3
ZElZEN, MHMT T A FoBERCFEST S,
(3) HAEiRram 2 KL B H na 132 373, T L
Ty B A AN L b0 AL e
B 83% DAL &M C T5°C ThH Y, B
B L OEEEAEZ R W KD 8 & iR
THhd,

@) T 7 bodAEE At 7e—0T—7
BEBLFIL 7 P27 ZEE0CTILOER
FERAGLELSL, R FENLMMAL 7274 -
A=F A PR E A, EhTTENLZENE SR
L, fokZ2id, zv 7 Fad2aEERs Mo
0C 12T AN A nx¥— Eyid# 10kg.- m, . T,
FE0°C THY, ZHsHiETHK K5D #o, Ky 2kg-m,
T BPC Iz~ THEL (AR T 4,

(5] v ZFwueH2EEs s P COD 1
(TRB E T R A R BORER, IRR COD
45 & Ot A 3 T KSD 8 i te~a f L
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