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Metallurgical Controlling Factors for Toughness of Multi-layered Weld Metal
in Beam-to-column Connections — Application of Fraction of Columnar Structure
in Assessing Toughness of Weld Metal Derived from YGW18 Solid Wire —
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Abstract

Metallurgical controlling factors for toughness of multi-layered weld metal in beam-to-column con-
nections were investigated by considering the heterogeneity of microstructure as a dominant factor of
scatter of Charpy absorbed energy. The fraction of as-welded zone of weld metal included in notch part
of the test piece for Charpy impact test was defined as fraction of columnar structure («.). Charpy
impact test for the weld metal was examined with constant . (. : 0% and 80%) to reduce the hetero-
geneity of microstructure as much as possible. The validity of « . as an index of heterogeneity of micro-
structure was verified, and the clarification of the influence of heat input and interpass temperature on

the toughness of weld metal was tried.
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Welding conditions of test joints
Welding conditions
Welding Plate Groove Heat Maximum
No. . thickness angle Total Current Voltage . interpass Build-up
Wires N input »
(mm) () pass (A) V) temperature | conditions*
(kJ/mm) .
(©)
1901 25 4 380 40 2.3-3.1 470
1902 19 30 4 400 40 2.3-33 491
1903 35 5 400-410 42 2.7-3.7 516
2502 25 30 6 420 44 3.2-4.0 513 Dl
2503 35 7 400-420 44 2.4-3.6 553
3202 30 8 380 42 2.7-4.6 502
3203 YGW11 35 8 360-400 42 2248 520
3204 1 25 11 300-420 32-46 1.2-3.2 =350 D2
3210 30 11 340-390 40 2.6-4.1 550
3211 25 8 390-420 42 2.7-3.6 440
3213 30 8 380-440 42 2.5-3.8 485 D1
4002 40 30 9 400 42 2.7-5.9 596
4003 35 10 380-420 42 2.7-53 599
3206 25 8 300-400 32-44 1.7-3.8 -
3207 25 8 300-400 33-44 1.8-4.1 -
3208 YGW1S 1 30 8 380-400 44 1.9-3.9 - D1
3209 30 8 380-400 44 2.1-34 -
3215 25 9 360-410 42-40 2.2-3.6 -
3216 30 9 360-420 40-42 2.5-4.2 530

* Build-up conditions
D1 Dual-pass per layer only in final layer

D2 Dual-pass per layer after reaching an interpass temperature of 350°C

LD, BRBIVMOBETIE, 1B 1 NABEL2TISHE
(F 1w, EREEMADDITMZ, 7SABREAB50CIZHE L2512

1 2 X AN THR ) ST 247 ) Byl (R 1, R &D2) 0 2
B & L7z,

WIS, B, BEAEOMAYE, BLU, ABEERkE/ (A
WIS, BHAOFEREYR IR T, 1ANE SRS 5 /54
DABLEIZ, YGWITTIERFEL9, 25mmiZEBv2T3.0~3.3kJ/mm, K
JE32, 40mmlZBVTIE, FREN2.0~4.2, 4.9~5.1kI/mmD i
P, YGWI18TIZ N THIE2mmTH V), 2.8~3.5kI/mm HipH T
Hol,

Ty VE =R, BT T VM OKBEM O 1/4IE XY
FRHLL, E32mm, 40mmOFERAETIE, 1402z, V— MERE
MO3/AEES LI L 720 /v FAEIZ TN CTHEESIE O ik
kL7,

3.2 KBS ERE—TE L LEYGWISZEBRELEOHIMED

HE

JIZ, YGWISHEHERE w512, i 1. EodM L& i HkE L 72
WFREFE AT, Do, F—EEGEEOMRTIT L, HIRMR =
a =L LIZRB 2RI L T v VE —BE FEli L 72, 2
UL, MBSO & L T ORIRME SR O Z- 41 2 RGeS
B LIz, A, XABIEE S X U800-500CH AR & DAH
B %R, HHSBIWIEICRITT A, /SARIRE O ZEOWE
txiA72dbDTH 5,

BRI AT VA R % i85 L 7 22 50 kT (B R250mm) & L
720 WARE LR 2 (b) ISR o A1 IESN4908H (HRUE40mm), &
FAEHEYM-55C (JIS Z 3312 YGW18, H #ifk &ia i T3 (Fk) 2,

L4mm ¢ ) & F7ce AR, ABE%3.0, 4.0, 5.0k/mm® 3
KHEE L7z, SAMIREZE, 350, 400, 450, S00CO 4 K#EL L,

A#him & DAL DEMIEM & Lz, TS 29MLER &
WH/NEL B2, TRTONSZAF[A—ABRTHEE L, /32
BRI 2B OE T & ) b&RMIcEE Ll b, 74, &)
BRR % RIS B e A 12 B\ CRiE 7 S A IR L % ZE 9S8
TLHWT, BHERAINICHBRAEZ N TIS0CIZHE TR L
%, BRY bW SHEERIC LY, SREARE, SARIR

As welded zone

Reheated zone

N ] v
\\\\\\\ - Al 6
S

(a)

%\\\ S

Y , \
(b)

3 Ty LE—RBEHFIALE (2) 2,=80%, (b) ;= 0%
Position of test pieces for Charpy impact test (a) &, =80%, (b) ¢, =
0%

#oOoH 8k B Wt %3859 (2006)



HREREHMICH T ZERESBOPEIERF

—AERIERE D RIC & B YGW18AEE B O HIERFE—

ECOBEMEEZIT - 72,

IS AR PR 720 ORNRALE L, EEEP oL Fn LY
10mmBEN7-AGERI & Lo $72, BEESEICB) 2 8B,
AEX A ERICIF LA 2 ETHIEL, £V IEMEZ800-500TH
FIE & kb 72,

A VE—RE I o A0
BEML) £ b X
IR &
4.

% (FHELER100% ) 3 X 0°80% (12T
I UHERBIE 2T RS, K3 O
WCIERELS 7y FE & E O TERELL 72,

ERERBLUER

YGW11H L UYGWIBZEBBEEED Y vILE —
WEDIESDE

9, BAHOEBRIZOWTEL NI R ERT . AHEBTHWS
N7ZYGWI115 L OYGWIBHEHM KL CIE, BHESBORFE Y13
YGW11TCeq=0.271~0.296mass % D#iH, 3 L U'YGWI18TCeq=
0.328~0.365mass % DHPATH > 720 % B, #FELFECeqldCeq=C
+Mn/6 + Si/24 + Ni/40-+Cr/5+Mo/4+V/1412 X Y 3R> 72,

IR D ¥ v V=B ORI L, FEOMEBILE
2TV, A DY vV E—RBITIZOVTa 2RO, B4120
T ¥V E =T AL F (VE) & a, OBIRERT.

AR TH S N2 YGWISIEREE T, RO o« AZX L, 70
DEO R 0Ty vV E =PI AV FHREE LTS, 1E56
DEDOHP DN E VY, a AKRE LB D EVE DT DT A 1H
MAFRD 5N 5,

YOWIIAEHEEIETIE, YGWISIZHI L TEH D EIE Ak E s,
YOWISHEHEEIE L Flkk, a 7VKE %5 LN AL FDMET ¥
BEMAS S NTze TIUIBUE S & RO HEZE ISR T % &%
Z oM, JBUEFERICHE Uil & 72 » 72 ik )5 0%, BPEASH
FLAWEEEZEDEL LD TH S,

L4, oD EOTELREND, a DIELDEIIHBEHZT
X4 OFIAEATS 7275, FECYCGWIHEBEIR T, o, EVE L OB
RIZKEZIESDE2RLTBY, MOERSEHETEAVb oL
R 5o RMBRTIXABA PRI E O T4 0F (A #hi, /SAMIR
JE, R4 5B Tl o2 S EDVE, B a JET TEILT A
ZVWHEbOOEDEEZ NS,

4.1 RN T 2

N
S
o

® YGW18
B YGW11

N
n
o

200 [

—
[o]
o

iy

D

o
\

140 |

—_
n
o

a

/
/

100 [~@ S

@
o

=]
,,'

[ P

Charpy absorbed energy £, (J)
D
o

>
o

n
(=}

o

0 10 20 30 40 50 60 70

Fraction of columnar structure «_ (%)

4 BE2EO0OTY vV E—RINT 3IL¥ CADIRERA EORR
Relationship between Charpy absorbed energy and fraction of co-
lumnar structure

80 90 100

HoH # B #H #3855 (20006)

42 HFREHOERE—TEE LEYGWISZEBRELEN Y v
—RINI RILF

RIHE, WIECTOVE DIELDOESHROVELDL LTEZLN
7z, BEEGRM(REAE, /S AL OB & )/ & < L72325H0
FERRER TR T o

VE, & ABE B X UVS A BRI & o THHL L 72/ R 2 & 5 1R
To a B EDOELEDOS LTIE, (£, A#EmDDVII/ A MR

JE L CTEB D E R R L TWeVvE BRI S, AZLE B,
N ZIREE O BRI VE DMK T T A R AR ISR ST
%o YGWISLBIHHERIE, 1 ZITTRTOBEHEMICB VT a At
NS, THDLEARE L G VEMETLTEY,
a.=80% 123517 % vE (LK%, vE (a =80%) L FKFLT %) & ¢ .=0
%12B1F B VvE (LUK, vE (a.=0%) L FKiLT 5) DT ATA0]
BETH L,

it>T, ELIZBWTIE, ZREROE—-FTL
AMREDEE L CTBY, 25612, Y ¥IVE—

JERS & BB OMBRILZR DS~ T w2 & T, BRSSOk

DIELOENRELELDbD LR END, 72, a DWIMNIC

PV, YGWISIEHAERE DMEAHIHA L OHERIZ B W TE TR T

Heat Input
3.0kJ/mm

AR RN
KB D/  FALE

180

o160 | —e— ac=80%
w —O0— @c= 0%
R B - Heat Input
et eat Inpul
Ll AT
o 120
3 22&(‘\\ —&— o= 80%
-g 100 O | —D—ac=0%
2 Heat Input
f; 80 [ ) - 5.0kJ/mm
g —— o c= 80%
. - =
L'C) 60 43—-] o c=0%
40 : :
350 400 450 500
Interpass temperature 7, (°C)
K5 0CY+ILE—MRINT %)X &BEEREOBER

Relationship between Charpy absorbed energy and welding condition

180 ( Heat Input
=~ || 3.0k}/mm
I~ As Welded zone(comparable)
= 160 [@ = 80% © o c=80%
W —| O ac=0%
5 140 [ NC || Heat Input
g 4.0kJ/mm
o120 [ — Aqc=80%
_g A @c=0%
g 100 Heat Input
) ° 5.0k/mm
> S S
a 80 4 U Y A m B o c=80%
o So=- O ac=0%
) O
Eieheated zone o = O%J
40 —
50 100 150 200 250
Cooling time from 800 to 500°C of weld metal 4 £g/s(sec)
6 0CY+vILE—MRINT % JL¥ £800-500C/AHNEFEDRIMR

Relationship between Charpy absorbed energy and cooling time from
800 to 500C



HRERSEICH T2 ZEEREBOWEXERT

—AERIERE D RIC & B YGW18A & B D EIERFE—

ZARAMATRENTW72DE, RFHRINGLE B 2 At s L UV
A i D LB O LHEN TN D LHRTE 2,

800500 CH IS (At,,) L vE OBIRER 6 (RS, A DN
PR, VE (. =80%), VE(a.=0%)& b T T AMHAZTRL
720 RRFOERHITIE, o« T E121F, 800-500CHEIKER &
VE ZIHIBATRRD S, GRS RIE S A, XA MR
FEDREIT L B\ HIFH OZALISRI L72 b O LR TE 2,

5. &

il

MBAYBIMEEZ L, a2 —E(0%B L V80%) & L72YGW
IS TEFEEE D 2 vV ¥ =R A OV FI TS ASR, /XA
MEOZELFAL, LT okwmEE,

C ABE, SNAMREDEDD ET, FREHSEROY vV E—

WL A F (VE ) IFIEH D S 2R 360D 5 0%, FEIRMLGR

o H—EDb LTI, ABEOHM, /SAMEED LI

FEo TVE M9 5 W 2 IR HERLR T & 720 1E- T, e 3l

A EEDIREE LTHRITH Y, vEDIELDENRENP-

7o0IE, /v FREICE N UL & FEGBOAAE LS AAE)

LTwaled—HEZEZ NS,

+ 800-500 CH IR & VE, & DRIZIZ BIF 2 AR D b/ Z &

it
il

2
3
4
5)
6
7
8)
9)
10)
11)

z o

= 2

P, At ZWVEIZRIE T A, SAMIREEICIGES, BS

8/5

OB E & 525 2 LT TH S,
i

AIFFEE)N TS & A TERS NS DTH Y, Hifff
FEFTE MR E O FEINEAK, BHEHEK, SHHKICE KRS
BhxlExF L, C2I0BHErHELET T,

L
TREETFERT R BRI R SR O N BT LT A BT 4 > - AR 46 1
. FO, HAREESE &~ & — 2003, p.39
IR 12 SRR AR, 7(26), 13(2000)
LG — 132 DA R S a4 (SRAR) . 2000, p.589
FREE F 20 iR SO 4. 8(31), 1(2001)
BRE 3 IS AGR SR 11, 665(2003)
WEHIE (32 8 H #45R. (380), 33(2004)
WA 120 T ERAEEIT. 15(168), 28(2002.5)
LR (5 AR . 17(196), 21(2004.9)
B 132 Rl 18(212), 28(2006.1)
AT 137 RS R A A AL (e i) . 2004, p.533
P = (32 ER S B R AR 2004, p.316

#oOoH 8k B Wt %3859 (2006)



