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M FIIKEOREE B EZ DT —~Th D,
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I NI EL L OFEINEFTE a XA MNT 22 H L, FRloEE-BRBELVT « 7R THERR EICIA
SEHENTWD, M TIIHENDZRVENS N2, SEEEEYORIZARICHITELS L, 2
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. ERMLTE T, MO RICELIRSERLEZ 5,

TS O i b AN SR UL, HEERERBES LZ, WbWwb T — A U BEEEXTH D, TOEER

OB EITHERCZ T DISHOEEICB T, ~7 alRiS HERETT L 72D 2 L0 b, O MERHERIX
m%k%ﬁm PERRIRIR - & 72 5,

HREAOFEE LTI, B, AV b, BEOIALORERPHWLNTWD, S LAV MNES
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T DAV MEICK U, SRE R TR S 2 R R &3 Pk, et iR TEuE K0S
WEEAMEEEA RS D L aND, B, WEIRREEREES NS BEtEBREREN 2 Enb Y A%
el SND X525 BEREIIL, KA AL EOBRFHESRICH L, 2 O EHTOJEK & EEMEH
T Ebins,

Lo, ENERBEEOBERIZHIT DR b RE 2L LT, 1995 4 1 AIZ34A L IR HE K
T - R KRB ST BN T, §<@@%%ﬁ%@%éwiﬁﬁbk;&ﬂ%fEhé A, FERBEA I M

BRFORERBV IR UGN Z2ZT 2854, Bt o PoRE2 2L, ZOBEERIZE > THEZ R L ¥ —
%&WLT@%@%%%%<%@&@ofwéoL#L\ém%%®ﬁﬁﬁ%“m_kwf\_@%@&
B0 WatERIZRENT L QOB E S 20 > T, (Photo 1.1)
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ILFEIMFICARRR SRR . 1998 & CTHREAIWIIZEL Y #LA DM T AL, REHIRRE & LT, RImia i o MelE ks
%%<k I TE RN = R L X =306k D 0°C:27) 12X LT 70] BL BB LW S FEEFRED £ L Db T
W5 S 5Ic, FOEFAFEOMRBHEAEE LT, 1997 426 2001 4820 TEENIZEAT. ((h) R A
PR () A ARSI K D TSRS VS A B & IS ee A T ERe R E DR ) ZESDIERE.
FEEL- Y, UEBESOEFHELZIT T, 70] 2155 - DITHIEREFNEY A — L BT — 7 BB O B %
PNCRE) B AR 2 RIS B - MR ) 2 s T >0, 1999 4EIZ JIS Z3312:1999 T4 &
OEENMA~ 7Y ) v RUA Y] OWIEE I YGWIS Hiks & L CEMENDICE T, F7-. i
VLR HIEE AT L 0 FEf S v, IREBERF O S TH D AEN « S AREEE O _EFATLE S 53 SCEIEAR T D FH
REE . BHIEE & L CoOBEELAED LBV AN E JIS MRS D AHL B AL, [RIIEAED SR EY AV I EIICAT
bivlz, 2003 FITIXZ N6 O—EHOTFBOE KIS LY, EBHREMEH & LT, AARREE ¥ — [$k
ﬂ%ﬁ%%@é%®%ﬁ%@%%ﬁﬁ%F?%Vwﬁﬁﬁjﬁ%”éhto:@iﬁﬁ%ﬁ%ﬁﬁ@ﬁﬁ”)
IZE D RS OMBAIMEREECR . E O DIZHE R AL - N ARRREEBEOEEMENBIIND L DI
D\Mﬂﬁfﬁ%ﬁgmoﬂnﬁﬁﬁmﬁ%&ﬁﬁﬁSW\m@MH®YmmM%mmﬁm‘
YGWI18(550MPa i) ~D EFAA% *1 & | 1995 4EH 8 2005 4R F T 10 RIS E BT O IE I 5% 5
LEMTONTZHIM TH o720 ) 2N TELTHA D, (Figl.l)

[ Specification ]

- Toughness (Absorbed energy) 27]) |::> 70J
[ Management]
*Heat Input } No-control |::> Control
- Interpass temperature
[ Material ] 490MPa class 540MPa class
- Welding wire (JISYGWI1) (JISYGW18)

Fig.1.1 Change of the welding technology in the steel frame architecture from 1995 to 2005
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o eh, REAE Ko A MUETFBEOUVALE L TEEe Ry MAEBIIC THICEASN TV -T2,
DO TEERYETHGRERERES 7L — D7 7 7V r—Z (XA AR M m AR (U R~ 7 A8 % =
NG & LTV zas, BRI i&AkK%L%iﬁbﬁw777)#~&%ﬁhfwéozXBtTfﬁ<\
WEHETHRA Y MIAFICHERTERIZODENDFELRNI 0D, ZZEMEN RV, AZKC/ A R E
OEHEME, FL—% U T ¢ GBEME) D E L, m#%%ﬁﬁﬁﬁ%ﬁwféékwéﬂﬁﬁaéomﬁy%
BAZONWTIE, vRy N AEROEFEEMEOIZDOFIEL LT, (fyAAeR Y N LESORESE R
m Ry MUEGERERIE, vy MEEOHE L LT, b B ARBEH S OBEEST o R v ML XL —X
B, BHDHVIE AW REH BRSO R v MNEEAN L — X EEPEREIN TS, SOHICHRETIE, #ARy
NMAEBEO S b sk B, BERER EE2BIEL T, BRAAEEK Lz, Wb ok W%
FRELED ET2EEHG ROND, 1999 FITITEFR T v =7 b MEE - SRS Bl F )
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DT —~ [BREEREY OZ BN L& 58 B BNSEEEAN OBIFS) A% — ~. 2014 421X 125 FEk
BJem Ry MEE~Y =27 V) BRITSNTED, b5k y MNEEOEILAIIFFSI TV, (Fig.1.2)

In shop

Fig.1.2 Chaning from manual weding to automatic welding by robot, and welding groove shape
in factory manufacure

— 0, REHHE D ITHERES A B VUL ERTDH I LN, T L EMERNMERE L L TAE
ELB R RIMECN ) E TN D FHE T, HERHES D DREN 2R 2 i I OB ATE S L 9 &
TORGTFENE A TWD, o, FHlERERT 5 K 912, BRARISIEDE %T&éxﬁ7yf%ﬁbt/
VAT T LIEBEANEZ TV D, I DI, mE. BEE Vo o @RS IR AT L
THIEDIS ) HARE S E RN 20 _\ﬁ%\ﬂ%k@ihéﬁm%ﬁk\_ﬂ6%%ﬁ?6tw@%@ﬁy
INEEF DBHFE DT TN D,

PLERAR7Z L 51, $E 0 LHERETIE, Ay MEEOEANRIER & 88 R0, ZHEES /v
ANT T TIHEORANPKELS E R LooH D, F-mMEREYICIT0RE, fHEEEORRAZR LIck - T,
MEMITEEICH ELTETWD EEXD,

—J7. P BGE R O & W E ORI Y kS5
L9 TETWS P fiIZIE, 2009 4ED HARESE
ETIE, RERXXNVT 4 AT v a yPD)T—~ & LT, [
GRBEREA NN D) A EFshTng, Zod i
RENTWDRIFUTOLEBY TH D,

ek, T TIIFERMOED—RE LT, B TR EEST
HIODENGEHM THDT T v b EEET 5, (Fig.1.3 (a)(b))
Ty MEEORA T v 7 IS L., B TRL FHD
WIS BICRE R AT TR EEAT S, (Figl3 ()2 DHA . Photo 1.2 On-site construction of steel

flames and beams
770y MILLTEYEST 50T, RMKENEETHY,
AN Ty TROBEHNARe L 705, B TEHZHNMANTERDY F
A ERHED, LL, KREE, 777y MIOKRMEZ N7 v 712850 THAERREE 2 < M3
&L, AR D2 0%, BEWERNPES, a X M TARHITH D, £z, HEROERIL, THTI
[m, BT 1 EIEG 2 BLE L 72D,
Z 2T, ATIMIEAT T 2NEE L < AR BIZBE L W RN Z VR RS, £, M OREUET b
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T 7 FEENIREE L 7 b mEESEY, WICEEIT RS, THEWEXT 77 v F LA L L(Fig1.4(a)). 8l
%Kf%kﬁ%ﬁﬁﬁA@g1mm#é%¢&b%%éhé%Aﬂkéo_ LA, N7 w7 O
M EL, £, HEROBEGIFBGTO 1 BOARE, 7Ty MEUIZHARTax MY U E2RD 0T
Kb, L, 770y L AFERIT, Bl CORMKENRATGERTZD, T7 7 VRN G T = 7 &
e HWNAIBRSE L 72 B, WRIBREIZ T 2I12IE, AB T v T ENE LT HID, /AN T v T TIETRHATE
8%, £, T7 7 PROEYE TEIIIMNCERD < 2 &2 0 | HEREOIGS ) & U THEIT A3
Dol AT, WRIERY AT L0 b REZREHEFEFRE LTERT S ShTng Y,

ZDXHNT, BGEETIIA N T v 7 EAMUE Y TENIFITRAGEL 72> TR Y | #IERFOWIEEEES)
IR TS ELMEZINZ TV D,

Shop welding On-site welding

Each reverse

” i I (]
1. L W \

Column-to-bracket
joint welding at flat position Column docking welding

Non-;éallop

Bracket to-beam joint
(@) (b) by bolt and/or welding Inner backing

©) plate

Fig.1.3 Bracket type manufacture method in general

Shop welding On-site welding

Column-to-beam joint by bolt

,~ ﬂd/m welding
1 ‘: Scallop
[ W\

!
1
1
\

>

Column welding

(@

Large
stress

Outer backing plate  concentration

(b)
Fig.1.4 Bracket-less type manufacture method

SO, FEER STV, BUIRIERERTA ORMEN H 5 2 & 2 ARF7E IR 5. SIGEE T
57 BRI DA PR ENTWS S DD (Photo 1.3), L& R | SAADBREIZIHWE S - Tl
BUE, 7—2WHEOENZIHT A=V KT =V EBHETH 20, NEIZEL I OISR T — 7 R0
T T 7 EHEEL VS, FEIC Y — L RERESI CTH Y . BOREEZ T T, R L OEEDS
ERRALKME(T 1 —7R—/1, E v F)(Photol 4)DFAEELZ LT EnTWnDS 2 Eko bk,
ZURABETI R D DN = RV X — X 70T L B & UCRREH-ZER L2 & L O LIS TIEEBNAREE LT,
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/ Sheet

QF y 5.

)| ™

Photo 1.3 Wind shield sheets and parts for welding in the Photo 1.4 Example of porosity defect
on-site building construction (Blowholes and pits)

BGCIIESENEm L R d, BHAC L > TEROBRBAIIHRA ZTRET 2T U e 6200 TH Y | Btk
TR DT DITIIAB - SARREEFEL FICEETH S 770, BABEES S TH e - T
fids L OV LSS T 12 R 2m/sec AT, & D WIEKITE Y — /v KA A& HWT-8E12 4m/sec LLTIZ
T5 & ICEEIRE ORI SN TVD R, THUTRICRAND X D ICEBIEE AR IR L OB LT
T, EWIMAEBE LIRS TIER, BUGEEE TH LD RS R O MRS E R OT-DITIX,
AoOMEE LT, ZEnEeBarite s Lo —/0 REICET 2050217V, BHEEHZRET 20ERH
%,

F7-, BEAEICONTIE, BAMEEHSISSO) D NRBERERE ] HEAHEShL TV D 00,
357 L b— h X v v 7 Tmm AR D EBEEE 2B 2 BEFE EOEREL 705 T D, W00 BT & iR L
ELTHEEELEN TS TZOEN L Z 0 LW, T8, 2SS iR OO T T & RIEFC,
BRI L B A XA R DR R L DR O B W | & TREHR M LomSI2ABIE ST
W5, £LT, TOERFERIETRIBEHEOOR Y bR TH D 2 Lidak- 2990 U, #ifE
FREZOFEITEMARML TORNE OO RIS BEBIC BHEA Lo &0 ) BRIIRE R 2 S d
DOIFFE OB TH Y . BEIC 30° BLIZEAB THLEAEBHEE-> TS 1, Linl, &561225 12h
7o TL B &, BEFINORERENEE > TL D, PiilEtEeEOBEEFIIT Y 7l b R Do
THRT D, ZOXRMOANY IS HEFO B S BEEERE N 2D, Lo T, R I,
WETHZ L2 EIEL T, HAMEEHARISSC)N S TR E RIIARE I O MBS GRS N7
ST 5,

BUAE TR Ry MABIZIZEACHEA S TWARWZ Enb, FABNARRNE S LT, HiloHE
WCHHFF AW T2 LI D7EAH LD, L, GEOm b, B RILKZ 1IN 5121,
DEHE T D120V MANREEND Z LI, ZOFEE LT, PBALISKHG L8 B O Bl 58 23
WBELTR D EEZ D, BUEETIDO YGWIR U A YL, mlE, @itk Ho0nidnedRy NHTHIIER Z
7 PR B L RS DEOEL STV DA, BT SIBR SRSt Lo, ARAOPE T & i A R oo 1
T DY A Y OB b HRBEHEOMER EO—BRE L THELRLTHS I,

LB~ < BEomEER BiX, THREORL LT, BREEEOmEZK L LT, 2LES
LOTHL, BFBERAOEROMELZ. BEICRIEZERTHIMK - #HE - EBORENTFEICEIYR
BT HCENEHARDBHETBERNTH S,

Tz, EOFRELT, FELMENREDO-DHDORM, MM EHRATIDTEAEL, BISRGICTHi - T
WB7—) BEMFRZEBMNICTERT S LZRET S
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T — 7 L RNCEM R L OHEE DT DIV LTV AN, ZOMOFEVEE LT, WERHITH
N5, REO—IR7 B e, HEME IR oWE L L-REndE 2V Th s, L, Zoflic
L7 — 7 EHERERIIA BICEESREREEE X5 [EE Hifo—D>Tb® 5, (Fig.l.5) ik, #Hiz/
PERREMEZEL OTIZRWNEERA SN TS 3D 7V U X, AIEHFEME LTHIENIZE AL TH DD,
GRMEI~OEHA bETL DTSR TH D, 3D TV U XHOEEMEE LTE, BREVAYRHDHNR, U
AYZHNWZ3D 7Y 2 X7 — 7 EHEOJFBE L HARRIZE T Th Y (Photol .5), FEHE /3B~ H OWFE A3
WA TND 21— DT — 7 REEHEIL 3D 77U 2 SR L IR BIER E 2S RIS, & B RS
BESIM & 2 DITRBRANICBIR S D & Z A Th D,

AREDEELTATFIE, AASY TOEYTE LV EBHERERE, 77 BEOERBREER
WA ETHRADEHAINEIBEISE, BFLLTOENRERENZRA LTSI LTHS,

Generally use for the architecture

FMELOES

Jointing ZEEE, THA ete. . =
N
w & is EE

Welding REHE - "
: AR Surface reforming M EEREPEAEA L, it
Facing / Overlay &R
Modeling IS5 BRIEIERRL. 10T ete.

~

New important idea in the paper

Fig.1.5 Purposes of the welding and new idea

Photo.1.5 The latest free-design modeling technology by arc welding
; Metal 3D Print 24-1-3)



1.3 KRX DR

AFmSCIE, THEeE L Ry | BUGEEICORET 25 OFVEICE B L, WS SN Sva ik
FOMEMEMIEEZ I, & U CBEEERERNZ N LS L1-00iKE, 7T— 7 EgEasEm s 45 [y
HIIR]. M BkaxET]). Ui LEE] OB mrORaICRET 56D TH D,

#H Ui & Rk OB, o RBR % Fig 1.6 I[BRITRT, £7-. KEOMBNE Fig.1.7 |R
E

BIGBRERIC X 2 il )@ o
=V FAR &RALK A, Mk
(% 6 %)
Decreasing the shielding
performance, porosity defec, and
embrittle of the beam-end weld

metal with on-site environment
(Chapter 6)

PeBSeALIT e 5 2 [ Bhva -
B T C 0 S L KRN

(% 7 )
Hot crack problem at the weld end in
the narrow groove process by
semi-automatic welding at the on-site
(Chapter 7)

S AT Ty TN L D BB T 7 7 v Y ONBIRALIZE S
AT v TIEDIE IS BN CE 7T VA v FOISHET
(%5 2,4,5 %) (% 3,4,5 &)
Stress concentration to the toe of Stress concentration to the slit between the
scallops cause to be difficulty the backing plate and the beam flange cause to be
non-scallop design inner welding groove of lower flange in on-site
(Chapter 2, 4, 5) design

(Chapter 3, 4, 5)

Fig. 1.6 Some problems in on-site joint and each chapter considered in this paper
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Fig.1.7 Flow chart of this paper
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1.4 BIEOHR
1.4.1 Rinhiaz 5ERED KA

% < OBREREEIL, M ERM OB E T — 7 D D2\ WIET — 7 EBE L AL NER A AR DY T
HLTWS, ZOEXOMEX, ()ftL e OEMRBERME, M IXREAEZIT O oI L 70D
2AHT TS HMTE, = RE T & HITITRmREE ﬁw%ﬁ/ﬁkk VN D D A ) Ze A L
IISHER L (b)T — 7 DB L » TG B EAGC B R S W DM ERY M EREIR T O EEID
5, (Fig.1.8)

Toe of the weld metal against the
beam or the diaphragm

Toe of the scallops

Slit between the flange of beam
and the backing plate

Slit between the flange
of beam and the steel tab

Fig.1.8 Schematic diagram of stress concentration points in the beam-to-column joint design

1.4.2 BAIPREHEPOBBIZHNT SBEOHR
1) BHALERORIGEED b OBERREH & Tk

I 5 1 %ﬁ@ﬁuﬁﬁé b ClE 53 7R BBMEETE ORGEIT R e & B 2. Rinia B BN 7= 32
7T D B R CIB AL RIS & 4 55 2 T & KB B R MIEE LR D TIETH D Y, Qe
WDOT7 T VR ERFROEL Y IS D2 & T, ISHEFEZ RN T O TR E | BERFETE D7 T
UEIEENMRERMENIMEEE A L TWLZ EEMF LI D TH D,

—{RIHENE 7 T > DA (Fig1.9@) X, — BN D 7 T UM A0 U AN H R E L2 DT,
NI VAR 1 2 "3 2 EDSHER SV TV D, (U &1, #ifm F2BRIC L 0 AR K2 Feil 7o fEm 4 B
%30° LLTFE LTV ) AEROMEFNE, — B SEHERTBRO 7 5 o 200 4o T, HBIRY
DNENENTHZETHD, o, JFIEHEME T2 L HKRNOTI A MEORMBENKE N,

KKDT Z VORI EIBIRD Y 77 U— b B EEESES U RENIINE 7 7 o VA bR ST
% 2710 (Fig.1.9(b)) ATEUTIABAAST H T4, EAE H 8RIcBIb b0 E MM T& ., ilki/hs2 Y
77— NERERE L TERMT 50T, I ENENLEFHINH D, L, EiTd LT, HiHCH
HHIE, 7T YL ORBEREA OBRIZE O LIRIRELERRAEN & | TR DER R & 7 0 | FTE O
BIGRES) 2 36 HE L 22 W ATREME DN B 5 & i LT 5 281,

77UV OMNERE R OB EEEEAST 5 2 & TIREER E T2 REI N TN D,

[/\‘/‘r‘1iz‘.
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(Fig.1.9(c)) ATERUIHEL Y D=2 B2 & I12hl 2. Fig.1.9b) BRI L _EEHE TH D 7o T, BUWEA R
INEL 77 7 = AR TR Z VW E B, L L, AR GRS L — e R T 5
VY DORREHER IS N & — BT D70 BHEE R ETERR N A AT D LV ) BT, —IKTELE
7T VAT DOMWREN S D TH A ) FITEH MG TE 5,

Zofh, FAT 7T LERMIREAEETLHOTIERLS, 777y he— M E LT H L, 22 2%hs
L ZADBRS A T 7 T DGIROYENET 4 T— A bIRESA TS P, (Fig1.9d)) L L, AERIT
WY BhROESITINZ, AT LEFAT 77 LOEEEN Ry MNEES AT MRS T E RWERTR &
Do B WA DIIAF R TIHEMHEREIZA B Loz Lk T g 30,

WatT — 2 I3 BIE, THBETIIM OS2 OIET « 7 — VORMALRIIEE> TN D &I,
(Photo 1.6) L72>L., LD B0 ZOMMAREN IV T LHLEL TWD L1521, JENETRED
WL axA T v 7 RENVESIND, SHIT, ANT v TBEETLIEMTIE, WEEEZHBLTCHEAD T >
T A AR A UL IR O AR ORI R AR L 72 o7, S5 FEM ThERMER S
=L OWFERELH2 7Y, JHETS & 7T o DEIC LTRE RIS EE D 2 ENEEEE R D70, 3
HHREOK FAMELE 22568055,

(@ (b) (©

Weld joint
One body type J Weld joint

(d)

One body type of diaphragm and
beam flange without the joint

Fig.1.9 Widening beam flange designs

Weld joint

Type (c¢) of Fig.1.9

Photo 1.6 Examples of widening beam flange (Presented by ut.Co. Ltd.)
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[F] U < AN 2 207 BE L. SO FBR S COER A RIS FB L LT, Ry 7R —r ik
(5 %M RBS JE(Reduced Beam Section))73 %1 H AL TV 5 21 (Fig.1.10) AHRITR T T o VDR & Hr
ST—HYIVEDIER T, KET 1994 4EFOH Y 74 =T M/ —2V v UHIELIK, MHERFHERE LT
BIR S, BRASR TV EREEF-S, B, KETIE, AAROHERZ HWV 2 L By | X
H T8 208 N2 b 272 5, (Fig.1.11, Photo 1.7)

KET Ry 7R — BN MESEE RO WAL E SZBEH E L CiE, 1) B AR A TR S
72 VABEMEDMEN S & S OIS L T2 D ) TR THIPHEA 2 LRV, 3)ERBEHER L L
T, CO W TIE e < . THEPEICEIVLT 5 b O DIREIMEEESE LS bR NELT v — L KT — 2 (/
—HAVEBEEORADBERTH D Z 06 ) RANELEICT, R TOMMERICIIHHF TS0 e
WO KEREOFEEICH D ESHTWD ¥ Linl, Ny ZR—U B3R 7 5 0 P Oa MR 2 X
HIED L) — AL A Z 203, BHEEREDNIEIMIE N E VO RERINTWD, e L
TIFROEMEEIZEI, 77 VOOV EREE LW, BHEHIWHRIBEZ BRI AN DI MLERNH D Z
EREPERSh TS

Ry ZR—rke v Mo, 77 0 DICHEmA 22 Wim KB AR T 2B 2 F i L, ol THEAKR L
EbORHET 7T OB TH D, (Figl.12) LZBFEEIX R Y AR ETEGIIT O Z &Rk, BIkE
EHRE, ERRBRIC L - T, ZOWHEREN DN EVERHER ST D P10 B %?%T“ﬁ
b < 72N E B D0, FLZETDGITe A X EICKRE L O MBEERH H Z L & ULV iREHRRIZ
KRB EBEICANDLERND D,

1

7z :

Fig.1.10 The dog-bone design  Fig.1.11 Typical seismic Photo 1.7 Example of actual dog-bone
performance design in USA design in USA

-

Fig.1.12 Flange with holes design
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2) AA T v ZEDIGSTEF MBI S ERE & Tk

RTEIERG 3 2 2 A FO IS DR P RIEICIZ T 20 3, BEORIR S 5 i3l K81 TR LR AL
B BRI RN DS Z L Ao TR ST 4 7 — VETH 205, IRAMFRIKTH 5 ZimdIn 1EF 2k
FETHZ L EMoTT 4 T ALEESN TN D, ZORER ) VA H T v T THETHS ), (Fig.1.13) A
BT AE BRICBITDEAT 77 LEIIERF T L— e BT T UV EETRET DO DIE
ENIE AR T D7 DICR T IR T DN ERTH D, Lo, v T L OERERE A XRFF|T
b, ISNEFEOEWETT & 720 | MRS AR R OMEMERIEE 2 & 72 6 RN, ZhE T
%< OFETHLMIZ SN TV T SBERITIFRT T o P L OB} 90° D 1/4 IR TdH - 7223,
AREREDFER STt IS B E LT 2 7D 2/ S <2 FE B E LIcEEMIRICAE
En, BECESTHD D, Lo Lak, AN EL TR TN &ND, R, AW T v 7 %&F
Tl AR T T TER R EE S, TOEBRIOEINE L O THRNPD LTS, BIfE, T
G ClL, BROmEE LIS ) VAN T v T LIEORANR SN E SN TWD, L, /Y ABT v
TIRFHBEBEITEANE L E SN TWD, ZTOHBIE, F7 7 2 PMl72 Fig.1.4(0b) TR L7 & 5 (il
BRSE L 72 BT, Ber =T PEEECIREER) & 72> TRIEEASERENE TREE 72505 Th D,

ZOMBEE R, BIGEETD ) VAN T v TR ER - TR SNIZON, AN T v 7 A Xe/h&EL
L. RImZEEEEHEE R T 4IT, AN T v TNEEZ RIS TREMZE L, #8LEWR VA0 T v 7 Mha 5k
B2 T3ETH D, (Figlld) RTIEGERFERICT ) VY AD T v 7 Tk L REOBMERRE ) 5% T 5
ZERHEShTWS Y IR, Ex AN Ty IR A SR ORI A R B 2D b O
ROT, A R&/NSL<T 5L, PIRRGEREORER TIHEZ IR T S, E6ICEXMEFESERLT<
ROBENHT T D, Fo, AD Ty TINHOREEED ., FFIC RS LW ERTHIE S,
HIHECH, BRI AN T v TV A XD, $RENLT7 7 7V r—2RNAH T v TN THEOE T 2R D
nNazZendbirons,

ORI, BIGEHETD ) VAT v HMbaFEBRT LD EEE EEETH D, LR ->T, AAT v
TEDINEFRBEIL, ARRUGERPHIZEHNTHD LT 2720,

Fill welding

~ L

Fig.1.13 Non-scallop design Fig.1.14 Mini size scallop design and fill welding

3) BYTE&EHT OIS AL PRI 5 lERE & Tk

AHT v TERUL BHHTRHCA L DR NEPIRTH 2 Y CTEOMBIX, 77 v VR OIMINT S &
NWABGERET 47— NV DT 7 7 vV TRICERBE NG WFIIBEICR 72 L B0 Th 5 (Fig.1.8Q2)). =2
T, F77 o VRIEABSEE L, BN Ther2 v 735, BUNRTIGEET « 7 — V2 EBL3 5 FE
PIREENTND 1, URETIE, RMEASEREOR NEAHE TH & 250 T, 28 RrgshicT
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LIBET DM END D, — AN, LS I TEED S S < . RIEAE L9V, RS S TH
WHILTWE YUy RUALT, HDWILAEBZH[/E LT HERT T v 7 AAD UA ¥ TiE EREEOR
YCEME L O T2 WETE h o,

S BT, R LAEB MR LFtT 5 2 LIRBEEE ICE RRAM LR 25252 Licid, £Z T,
BB TIHELIHEREE ANy b2 W TaE EmEEae ZE L TnD, (Fig.l.15) BEEIIERET 20
MEREE ERDOT, AMBKIBIEKB SIS, RIIETIEIAD T v 7HTHE SN TOD P, FIERICH
BT 770207 AR Ty MMebERTEL EEDbND, Y TIEOEPNL, v ARy hoky T 7 Db
ToHblLIb, THEEE N LREEORS, eRy h~OREAHETH S,

PERDONBNE « FIEBOF FEYTEEBEILT L TEO—2L LT, ¥7 3 v 7 ®OEY CTH(Fig.1.16)
ERWD THERHITFOND, BYTEZANVTHELEEE L5 TEL SFRERERSA LS TH XL,
EACRBR S Tt 7 X v 7B TH 2 W T, PIEEEREPhoto 1.8)E T 20N —RIITH L, &
VRO ISR 72 CAMER REFTH 1 | BN ThE W RECR AR A U 2 82RO 003 4 U 7e
WV, LERS T, ISHETORBERHESND & STV D, BEHE T C bl RE S - )
238 5 D3 (Photo 1.9), EEFEIEINNEZXSLTWVWE LT, HEVER LTV, BT I v 7 ITEBVMREME R R
DT, T — 7 EER OB OBEEHRE 2 < | RITBER & BE O E T AEEEh 2 E 07T SE5
EEDILTWD, HERERA KM L Tl L3 512i%, Bt & EHEHE 2 RIBIC NIF2RERH D . @m0
BLMELEIND ZEITHENLEmESRL TN,

Fireproof ceramic

- Adhesive Aluminum tape
7

Fig.1.16 Example of the backing material for I-butt joint

Photo 1.8 Uranami welding by using
the backing material

Ceramic backing material for T-joint

Photo 1.9 Ceramic backing material for T-joint and cross section shape of weld joint applying it*' ™"
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4) = FE TR AT DISHEPRIBIC A4 5 ERF & Lk

BT T UV ERRICIEET A LT, 77 VO T v R ¥ 7 2 AT ChE T35 O — %
B CToh o7z, (Fig.1.17(a)) TDOHBNLXT — 27 DAL — N HWI T L—2EH O K 5 REEIAHRBELEI &
W T RIfaZEFAE LT VI Z R T T > UlE, Wb EMENN AT TH S, L, iy 7
&7 T PR R AE T 2 A U MBOSHUERRHCER 3 205 I OB EFT & 70 0 | Wi & B L
FES IO IR R A i S 2 R & e > TV D LIRS T\ D, £ 2T, Rk sl
TV RE T ARSI, VR LER T % &S P SRR S AU, MEVERERS ILICEE N B L SnTn B
LU, G, M3 NAEZE L, oY D IABTEIRZ T T LE W, B T2 bH 5 & D
ZET, T LHBHEIIN TOWRVONREETH D, $Hle R 7135k LI E £, BEURET 2 EEAA
JBSCHAS DERIE | & o e MBI I X M AR i Ea BRI S bR E s d,

—J5, #fly RE T OIS HETRIEZ SET D DI S NZEM S, BE Y 7 (R B
27 EBMEIND)TH D, (Figl.17b)) B R¥ T D387 I v 7 8-ThH D, maaO=dlcT —
ZICE O EGITET T, RIREEBICADGICHBNTZENTE, ¥ 7L RT7 T U PHOMERAY v AT
2, BTIIERANE Z T D, L, T2 DAZ— R NEHDLWIET L—F D X 5 AR ARE D
HUVIIRETCOT & MRS RAIMENICE D Z L1250 T, KBPEAE LWL ICEWEES
WELET 5, AW REBS ORGSR EREE BERE CIIil—_ F¥ 7 REBx s R 703 & L
THTENTWD, KMz A U SERTIE, B e L TEWEATRMEREA T 5 L iiEShTng %12,

Beam flange Beam flange

Weld metal
Weld metal £ Ceramic end tab

teel backing

Fig. 1.17 Steel end tab(a) and Ceramic end tab(b)

PLE D) TR LB, INFEFTRESNTELZNTRO TIEZOWTH, A b, Jii TP, @R
EREDEHFT A LTS, BGEETIE, KEE, EEL A JRWEALE, K22 T, ottt
ML D LIENRES HRO BTN D,

1.4.3 HEREBEICH T 5REOHRE

IRFHT, Z DRor-Ckk, REEIZ K-> T, EBICKT U CHatERREME & IEMERRE 2 R N 2 LT 5
ZEBRELMOENTND, ZRAXF—RINEIT L A EEDR CRUEDS BRI R 9 2 atEaks X, sigs
WA BRI S B2 AR BIR CTh 5, MalEEIC BT DRI, ROFPER R R B S 7o Kl =
O FFREAEMGATR © U T ¢ MO X 7= P (Photo 1.10) RN TH D = 21X, HLTHDH 1,
I OXEEHFEZESIL. O T ¥ L E—RILT R X — 2 21] KEOBAIT, AR L-EngE
MINCE ol Z LB E L, (Fig.1.18, 1947 ) £ D%, 7 7 » AOFEGRA D> © etk iR, 1k o+
& LT, 1955 I IW(EBREE T2 27 L B S 6l2e A FEEEMH&H)2S 1958 F12 471 B E%
B LYY, 2 S OMEN, 1959 FEIC HARTHEY ALS A, JIS G3106 [ 1 FIE AR | & LT,
X L BRI R L — 3 27) DL (B SE#R), 47 DL E(C Ff) E LTHUE L7 Z &3 mR A RICEH T 580
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DOMEMREERTIE & L COMBRSEERDIZLE Y TH D,
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Photo 1.10 Brittle destruction accident of the liberty o Bt
ships in USA at the 2™, War*®*™" Fig.1.18 Impact test result of steel used for the ships

happened brittle fracture*>™"

RFBHAD 2 v L E—RINT RV — FTRD LMz M S22 FERE LTI, DFBEDNm LI X 5%
RECORESR B O, 2)fH b EZ LR & 72 5 JuR U, 3)EAE - I ENEERIEEIC LD 7 = T A bR

OWHML, H= v 7F VI X D5k~ b Y v 7 2O88E{b, SFESRIPIZIS T D0 ED, Fl bR R E o
IR TFIRIA & 70 D ANH ORI 220 v, FRCREITIZ 1T 2 IR ELEHIN O BT EAI T SE L <,
B O @R VIO BTSSR 13 3 HT ORI = R L F—NFERE L oo TV D, BIFMIZOWNTIE, Akl
MHIEHNEE LN &6, @IFMICHESTHENRS D RO EDLNTE N, —HOEF A — I —dhiEfE
FEEHEE & 72 i LA, @l L@ W EREICm ELTETWB EEbhTing 7Y,

Zo X, HIMIZOWTIHINESS+ 0 Th o Z L2 R L, 1.2 fiTik_7zt B0 LERFET
MHUEZ ICH R Lo, BB RS OMEMERKEERS 11 - VAVEZTERE I A2 B LR P n Y = 7 MZ
BT, BRI AERER T 28 B L OEEERIZIE, 70] b OEmBMM A LE E OfRSRE LD BN, L
DU, IEEARIE 1990 4R E, FEREL LT 70] ZIRFECTE DMEREEZH L CW oo,

RO &Y HHOBAIEEIZ TS (@b FRSr . OWRERE, (ELEIZ L > TkED, BRIZZNAL
BAETHEFTOPTA =D — A NHIEZ1T 5, (Fig.1.19 LB SF VMR HEN g THD, —F, &
e RIT, MBI 2T A Yo & L Ch HRREHIET & 5 R ITIERM & DIRGIRZ2 DT, B
BB T D), WEEEIRREE I RR LI TWD, EIERIEICE > TX, 22 biThien,,
(Fig.1.19 TEY) Z X 5 ICWEEEROBBNMERRIZ. 8K L& > T, MEMHE CITIRE &3, IEHEX 0
HERRERFEEZ LT HES>TH LN,

BRHETRIZ 70] B2 L HRME ST M RFIT, SRERBEERICIIELEZO L) REMRITREL TE LT, HeR
W RO BRSS & HRlo, mHEE O\ MR 2 e S ivie, WEEER S LT, B - BEIRIA
S A RTHRE L L7 HATE T L THU B 45 Rosenthal 2 9% 1.1 TR, 07 = 54 MGk EHE
SRE &Rk AN F D IREE 800°CH D 500 C DR DOIREAELA KELR & S TE Y . AKX TIEEENIC
540°CHiLR T ORI DIRFFIf Sy 2 5 L T D,

Rosetanthal R HEfEZ D L0 | MENREEIIAZ], [WIFHRE], WE]D 3 HREOBEBTHD, £ L
THEBETRIZBWT, [ABEITER, BEE, BEHETRELIBEETH D, [(FIMIERE]LIL. ZEREIC
BIFLENRABIERE, WhWLH[NARRE]ITH D, b i, MEAREOMENERE LT, [AZY
SRR B S, BEMEIEAbE THESIND Z L Ehol, . b —DOEEARH ALK
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BN T CTHLRENT, BUEICED FTHEELEHIEA L L TEHINIE - TnD,

Chemical
Composiiton

Thick
plate
Controled Controled by welder
Chemical [bl
Composiiton Cooling
Weld rate
metal

Nothing E

Fig. 1.19 Difference of mechanical properties control method between thick plate and weld meta

19D

++~Formura 1.1 C.R : Coling rate (C/sec)
CR.=2x ,1(1}(540_7"0)2 c ~ ch>hc A : Thermal conductivity (cal/cm *sec = C)=0.083
0 , C  : Specific heat (cal/g - C)=0.230
... H  : Plate thickness (mm)
CR.=2r Le p(Qj (540 - T, ) h<he Hc : Limited thickness (mm)

Q  : Heat input (cal/mm)
he = (Qj 0 : Density(g/mm’)=7.61-10°
cp (540-T) To  : Start temperature (Interpass temp. )( C)
A Current (Amp.)
_ A-V-6 V. :Arcvoltage (V)
0= R-42 R : Welding speed (mm/min)

INOOREIE, EHEMEHIBE L T, BATWEEZ T X Mn 2@ 5, HDHVINEE 512 Mo 2BNRINE
N7 E SN2 YGWIS TR S D g - m MRS & L C 1999 412 JIS{k & A7z, (Fig.1.20, Table 1.1)

2B, JIS TR DOEHEME YGWIL & DEVE Mn & Mo D7 LB TIZW AWy, £< D YGWIS
HABHE, BB KRB 7 = 74 FOREZIH L. Bl E EB T 57200 FE LT,
10ppm & 5 P& D B 7 #) 2 FEBAIN ST 5 ) Ti & B ORIFFRINE, & SmA2AE R %2 & b 2R

ICRIESEDRORREHEL LTHBR TV 20 b O EHRIC & » TEAE SN2 YGWIS I X B
ZaRIE, W CMANEE THAUX, YGWII LV G 7Rk & 72 0 | JREE, BT @ W ERE A2 7R 77, (Photo
1.11)

BIREE Bt IS &4z, WMEREA~OEE L LT, 8k, wEMEL. AB SARIRE O A R
7] JIS fian i\ 38k (Table 1.2) &4, 428 2000 fﬁ@ﬁﬁsz@%%i@i@i‘ INTRITRE O B TSR e B T8k
BHRWETH 7 L— FRIPEREEIENE— &) ~FI . & DICIT B ARRERS g THEME S~ >
72 BT Ko TR AF, ERERR OGN TE T,
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Fig.1.20 Comparison of the conventional solid wire YGW11 (Left side) and developed high tensile and
toughness performance solid wire YGW 18 (Right side)™® 31

Table 1.1 Partial extract of JIS Z 3312:2009 “Solid wires for MAG and MIG weding of mild steel, high strength
steel and low temperature service steel”

. Chemical composition of wire Mechanical properties of deposited metal
Kind Y.P T.S El vEO'C
name C Si | Mn P S Cu |Ti+Zr| Mo (MPa) (MPa) (%) o)

0.02 | 0.55 | 1.40 - - - 10.02 400 490 18 47
YGWII -0.15-1.10 | -1.90 [ 0.030 | 0.030 | 0.50 | -0.30 - 670 - -
- 0.55 | 1.40 - - - - - 460 550 17 70
YGWIS 0.15 | 1.10 | -2.60 |0.030{0.030| 0.50 | 0.30 | 0.40 - 740 - -
0.1mm '?' T3
Heat input
:4.0kJ/mm
Interpass temperature
‘max.350mm
View point

>4 :Unreheated area

En W
. 55
8 wire™™

EOICZ DL D RIEEHOMERSE ZRO720C, #IbF, 4, AR NARREOMEEZBET S
FHEIE, AARBENERITO R AEE R - T ~==7 v $IFEZEEL 0 HARSEER
O TR FIEPERE S90N/mm” SilA4 (SA440) BXit - WABENE THREF) &\ o 7o PERRS 2 )i (v 2 72
FTIDDOHTA RTA ATHWY AN TE -,
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Table 1.2 “fifin 3 3-BE S @M T I31F 5 E72 U A v Offi FHIX 4> P in JIS Z 3312:2009

TRHERAT:
RS O 5 | EE X U A ¥ OFfESE NEA XA IR
kJ/em T
15~40 =350
; YGWII, 15, 18, 19
400MPa % GWI1, 1530 =250
) YGWI11, 15 15~30 <250
490MPa YGWI1S, 19 15~40 <350
520MPa % YGWIS, 19 15~30 <250
WEa) FLHIEA A ARETS GE LHlEZEBA DT — (S,
b) By MEEICIEEM LRV,
o) MO ABNZ, FHIEL TS,

T ClE BCP325T, BCP385(3%— 8D A — 71 —Fr <), UBCRI6SCKRAFEA — N —) e W o Te KDY v /L E
— IR = RV —T0] PRAESDS B . ER LS TE TV 5D,

ZOXOIT, BNV AR T MM, MBI OB, S OITITABN - S ARG PO BB T
% - BUGICBDL O TIR FRAM S, RIEHEER ORI > TR T ELTna b0 e EX b D,

LU, WHEABOMWEIZZ AL TIRE DD Tlda <, e b BN I3 Z58FET D, (Fig.1.21)

(k) /
L]
(f) (@) @ 0
/_\_/'
/\_/'
T ~—__ ¥ / .

(b)

(@) | Welding wire composition I— [ IMaterial factor [[] Management factor

(b) | Steel plate composition M

(c) | Shielding gas composition I—

d
(N  Arc length (ocArc voltage) | [ Chemical
(e) Shileding gas flow composition
() Wind velocity Atm(? stlzlherlc
mixture -
(9) Wire extension (Poor shield) We} d metal
performance
Oscillate(Weaving) width
(h) | Plate size(thickness, width,length) |—|
(i) Welding current || Cooling
) Arc voltage Heat input |— rate
(k) Welding speed
Pre.heat and interpass temp.

Fig.1.21 The factors and relashionship influenced to metallurgical and mechanical performance
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KR ZEIPEIZ DWW T, BT — Z ORI FIEIC &L - TUESESB OO AB SZAEEE L b,
REATDEHZDORBAENRE BEBEHNRRKENT & 2R LEMERENRE STV D 7Y, dsrassiret
YGWI8 L2 &h, =L FARRIZE D RAPFERDIEANIZ LV FEGITMEIMELT 2 Z &1 YGWI8 Ktk
ZBAFE L7 A ARSI S IR B WHM BRI )2V R L TR Y | 2 T8E Rinis e 6 o Mtk
WORKITEE LT A R A >« [Ffiga) (b3 ARESh g Y,

1.44 HRAO—IV F7—9BEICE TS5 0—)L FEICET 2BEEOHR

BB OMENEZDORACL > THIE L, SHIIFERILXMEAE T SED L0 ) A, BECHERN
Th V., BlZIT(E) B ARBEHE ST X 2 B8 IR E (WES)ZE TH Y LT b Tk, bR
DRBEOHARIC BB SN TND, T— 7 EHEORS & UC BT — 7 i, 7 ~— U7 — 7 IREEIE,
A=) RT =L L WD BBIL, V)V RREEROEWE LD Z EHER, 2F 0 E#ITFICRK
HOBR LSO TND LS5 TH L, (Figl.22) #EOBGEE THOW O AWEFIEIX, FEAENRN
CONTEDH AL =V R — I EBHETH D, WAL —V RT7 — 7 BRI EReRIE, M, 2REG
PEE NS TENT AN TWD Z &, BOWET — 7 BH#EC R b > TBUEE OB E G LT,

—J5i, FTE LT, 77— FAKOKRZN O OEWE, Wb b — REERER, BT — 7 IEEaEY
T VRPEHEICH AN THEIBEICE D L ShTnd 1) BUC L - TT7 — 27 FHE OV —/L RIRIEDEL &
MU TEETH DIRBERDS KR LT 5 2 L1270, 75 & KRDK 8 Ela M HEFENELE KUK L,
EHEERIIEREZLEIIEL I LIRS, ERITWMOPEZEZE LK TFI®ELILHEE L THLNATNS,
DICRENEEIUL, 7r—F—L, By FEeWoTlcQ[ALRMAERET S,

(kB Rimia et O O MaMERIBRIETRI I T A N Z A &« R 123V T, & b E— IR L —70]
U B RS T D720 DR NEHEN TV S, (Fig.1.23. ¥RB. BH A FTFA o ORI 5523,
(B ARGEEHSHEY E LTEZERFE LD TH D, )

RREELETA RTA > OVEN LHEHIIT, @M A5 5 72 DITEREMHE LI & (T5d L Twn
D3, EOTHODFEE LTHEGKR E | ZUTMEERFEIRDFFEFIFIZ OV TIftI TR0y, £ OFEH
. ZORERIZBWT, A=V RT —7 OL@HEHECBT 5, BRERE L SR ERE, vy LY
RN R F — RATEEIZ DD TR R R SN TR 2B ThH D,

. Shiled noIle Wire
X
AU v ° _ Long

Resolution

£as Arc

t
Molten pool Molten pool ~ COzand/or Ar Molten pool
Shielding gas
(a)Shielded Metal Arc Welding (b)Submerg Arc Welding (c)Gas Metal Arc Welding

Fig.1.22 Shematic diagram of shielding mechanism from the air each kind of mainly arc Weldingss'l)
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gk 3.4.3

RO R BB E 2G5 D OB ESFER

(@) 7 1.0 (BI5RHREE= 490N/mm?, E, = 70]) Z{AH-HDOSRH

% & ¥ B i3Emm

i REEH AEE ) v ROAY YGW18
| o fiuaz 2038 A B 1.~ 3.0

. A B 40k)/emELF

RAREOEESR NARIRE 350CLTF
A YE Mk D ’

SR B o= MEmativ

=) B H A Fifk 25 0 /minkA Lexy

BHESROEFERANG] | WEiEmm- 2 20 e i e gk 30mmEL Feen
Y4 —ETiE 20mmEL T

(%1) 133 #EH) OMHSE

(M2WEEBEDBEIL, EREWBITIHBESEE+2V

(%3) Dy 2 L)V TIE, HAFEAGBRKIZEE, HAOELFE ML THiz
KEEBADIEND D, ZOWEOHAHRD EFRIZ50 Q/miniBETH
B, TOMD/ Z)D LERIZI100 0 /minAAHE TH B39,

(%7721, WE25mmEA EDFFIZ DN TIZISmmEL FAEE (AFE3.4.281)

Fig.1.23

The condition table to get 70J and
more from [#kH FImiEHERE A D
Wtk RO RS I T A R A >« [A
figgani ) >V

[gkir CERNESE TR (13, WM — L R Z 8L LT 25 /min'™Y, 2—/L R 2 BEEE R
EELL LT 2m/sec LT VW) EREAVR SN TV A, ZIUTTE 2 IH(GE) B AR S I EA O
BHREZGIA LTS b0 LB 5, (Fig.1.24, Fig.125) L2rL, ZOHEHILT L HEE L 1TE 2720,

MR SC ARG L 7oA SR, UIREHE 1 N RBRBRICBIT 2 7 r — R — A RAERKEECTH D Z L 3bio
Tz SREOBGEEDZS AT L FE, LR EDEEEEDL RAYEHThH D, v—/L RARIKKE

NAZEND Z & TRBIZC LEHOERREDN EATLHENHESNTEY, 1 X2AHTY Cﬁf%\‘rbﬁﬂ%é
HRBERFIL D DRVEFTLTPHREND, 6T, ZEBEICBT 57 0 == ORA T Ey, BrEo

BANESETHLZ LD,
k5,

Pl THEEES « THEHES K THRICIZ, 60~100 /min D> —/L KT AZ{HTZ LI2X D, 4m/sec DRI
Mz S MEETRELEHENTNDEN, 7T —h— L E2H T Rk FELHERE L TWDL I LD,
FRFEBICEERB RO ¥, k. AU HOWTIZSIAER RN 69, RETH 5,

YEBMEITIMEZ SR D & DRI 92 OIRER H 5 & %‘7_ AR VN

- | O] Ar/CO2=80/20, V1) » F74 ¥ oL — kA 7L—}
A " 0/100 i @8 i 1 RERITA
B . ®F ifi: 300A
_ X " 0/100, 77 7AANT 4+ o I - 30en/min
E B E[I(j ./ ZILOFE | 16nmg
E
B o)
& 500 T o
or : cot
| » g
2 N ¥
Lk
® w2 Ao i
B = e O--15¢/min
. ++20 ¢/min
0 [FOXA——XOA—XOA—XTLS 2.4 1 st
I | I | | 1
0 1 2 3 4 1 I 1 1 1
1 2 3 4 5

i (m,s) 18, (m/s)

Fig.1.25 Relationship between wind velocity,
CO, flow and RT performance’”" ™

Fig.1.24 Relationship between wind velocity,

shielding gas composition, and blowhole® ™
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Tz, = RHAFRICEAT ABEEDE L& LT, / ANDOIEH SIS —/v KT ADFEEHIL,
WS T AN R U CIEA 1070 B 3% 1 5 JBE & R THIUTEELZ TR0 &9 5 PR R 6573,
ZORPNESL oD Z B TERNST,

I, BUZ L5 Ty — b RHRFOE ELCRDDIBAERWEEFHRIZ L o TA A=k LIoifgel s 1
& % 3 (Fig.1.26)"" | EEICFHUK(E Y 2 LT M) SNz 2 i3l L BEBPIE LWL EREES Tz 2
Eb7eV, 2O LI, B T CIEARFEECTH DRSS R MBI I T B L e L EEE o sy
WFZER R O MIIERICD RV DO N ERETH 5,

el L, B ORELZSFD BT, EHERFICRAET D8 o — A ZEHEREN DHER T 2 7o OB
& END RFHERRE( DWW S F 7 NORER E . KT HHEE TH D v —L B H ZADOEHEEG I X
DR R OKIL IEOBLS S . WU PER ) AV DR (T ALE & WS R E S SN =683 S 5,
6112 2 DERCIE, D T —/L KA AT EQ0~30 Umin) TlE, 7 — 27 R4 AIZHBOT 0.3~0.5m/sec &35
DORLELNESNTEY, ERHHkE SN TS 2misec TIEEILKMORENRNARNE SND, T2
bbb, BRORE, R AOHER E VBN RSN E | IEESBROREEO NG, HZ b EEIC
IR E RTEBED & DRERDBETR SN TV D,

U K AT 2 it Y=L F A A =L ¥ A A iR
(17 ¢ /57) (17 ¢ /4%) (22¢ /%7)

4 %2R
25% ~
50% ~

5%

4 %25
25%
50%

7%

(a) M Jal (b) i (1.0m/F) D & F ()} JHE(1.0m/Fb) +Hifimt e & &

Fig.1.26 Example of calculation result about relationship between wind velocity, shielding gas
flow, position, and mixing concentration of atomsphere >~

PR R A TE LI S B AR b R ERM OBBIOMEREDORIR & L i, A UL B BAREER S &
PR L D TS R B & I G M RER M O3 ) TR SR STz YGWIS 1AH:
MEFCORBENRRE N TS, (Figl27) Zn60 77 70N, MO0 L L Z2 /T TEBROKIT 8k
BRI A T OWEERIRRITEI LT A BT 4 > - Afga) I blisisnTng @,

F 72, 2000~2003 FFIZNT T AW IR E ik WP ERHINIZE B 2 TITRBUR e #e 2BRIC K - T, TREECEIME
I RIETIREER RSy DB T A8 E 21T > TV D T ZopEE LT, vy b E—RIT R
NIRRT HBEN R L RERRINERETHLH I LEEEHL TV D, KBROSRT—4% % AT,
A L. EFDIMBICHE B X O HBE O 552 BRFRFREIC K o TROERE 1.2 oRT, K
KD, B OEAICK T 2 EOZE & U CHH L2 BRI % Fig1.28 IZ7~d, ZO/RENL, vy /b
BRI = L X TR L T T iR ITZ N 00, P THERDPE LR EELKITLTNDL I ERN
WO TREBEEIND,

FERAEA T B W CHEM RO A2 i = S 97, BIMEARE N A md 2 ER L LT, BUGEHE TERDORALY
HR DR D7 528, MEHEE LTROEETHD Z ENERIND,
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Fig.1.27 Relationship between nitrogen content and mechanical properties of deposited metal
(YGW18, 40kJ/cm,350°C)°6+D

Absorbed energy = 255.0-912.4- C-65.1+Si+34.2- Mn-105.9 - M0-680.3 - Ti+4842.6* B-4287.0* N+7.02 - log( K)
------ (Formula 1.2)

* Absorbed energy ; [J] at O degree
* C, Si, Mn, Mo, Ti, B, N ; Each element composition [Weight %]

*R ; Cooling rate ['C/sec] at 540°C calcurated Rosentahl formula (Formula 1.1)

Base Data

i Toatal data number:200

Range:

‘ C:0.06~0.10(Ave.0.08), Si:0.28~0.79(Ave.0.79), Mn:0.84~1.64(Ave.1.30), M0:0.001~0.36(Ave.0.10)
Ti:0.028~0.085(Ave.0.052), B:.00001~0.0044(Ave.0.0013), N:0.002~0.023(Ave.0.007), log(R):-1.38~1.21(Ave.0.05)
Absorbed energy:35~227(Ave.122)
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220 220 ) 220 220
200 [C] 200 [S]] 200 [MO] 200 [Tl]
180 180 180 180
160 160 160 160
3 140 3 140 3 140 3 140
w 120 w 120 w 120 w 120
> 100 > 100 > 100 > 100
80 80 80 80
60 60 60 60
40 40 40 40
20 20 20 20
0 0 0 0
0.06 0.07 0.08 0.09 0.10 0.20 0.40 0.60 080 0 0.1 02 03 04 0.01 0.03 0.05 007 0.09
C(%) in weld metal Si(%) in weld metal Mo(%) in weld metal Ti(%) in weld metal
240 240 240 I 240
220 220 220 220
200 [ ] 200 200 : 200 [ ]
0 Mn 0 [B] 0 Cooling rate [R] e N
160 160 160 160
S 1o S 1o S 1o 5 1o
o 120 w120 120 w120
> 100 ()—//O > 100 > 100 > 100
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Mn(%) in weld metal B(%) in weld metal Log(R) N(%) in weld metal

Fig.1.28 Influence of some elements and cooling rate to absorbed energy by Formula 1.2
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EROBHECB~DRANEZHET D, DEVEFEMT D, &5 0ITHEET 2EHINTBED &L ZAFELR
WV, BURIREE, FRCEBIECR DTS, AABICRICE b END, 2%, RO EREZMZDITE, v
— )V REHER L CUIRAZD S L\, T AT —)L K7 — 7 IEBEACBW L, v —/b REERELR D 72 D121E,
)2 —/b R ADFER 2 & To—b RIEOTL 21305 0, QGEEZ FIF 2500 2 SOFENRH 5, HEK
IR — )V R A EZ KEIZIT 2 & TR L TE 7, Lo, W Z K372 <. - om ik
DRERZRE Z RO T2 D DIEMEZ TS D72 OITE, RMRFEIZIESW TN BETH D, £ LT, Z
NOZILTERT 52 LT, KIVHEICY LV IFRREZSCZ KD,

1.4.5 BREERESFICH T 5MAKILICET IEMEOWME

REVEHITBNT, AR LUV — MERZ < LT, Bz o 32 &1k, O2EHERFH O
il K D REEM L, @QABMKIRIC & 2 88 R O BGE B OB A e b, QMBI —L B
AEEBEOBNIZ LD aRX N Ty @QBGEDIRTIZ X 2EHEREE TROEHESCAKS., BRaEom L,
OIS ORI E Vo Totfix BB d 5, L L, —F, Eiré LTOEREENDEEZSCT <D, ®
BRI OEAARNBNRE LT 8D, OV — N K AVPRETALRL L7720, ¥—/L RRERME
ERTL 2D, LWVo L INEY, THOHRAT - FHETONT A0 G RIEDS K E W ERRBAE IR
EREL 720 JRPNWEHRV T 7 2 —(ISE)D X9 ITHRIEDEE mm (23T D85 Tk, Feil7
VAR 2 T2 BRSE A B N B DU ORBIRBR JE i T8 ME ST s @, (Photo 1.12) Z @ & 9 7 iBsk
BRICHE T CHWOINAEHEEIL, T 4 VIS 7~ —U 7 — 7R £ L, $EEETH LD CO,
BRI ARy Z 0 LOREERICZR 5 EOHMB T, HFEVHNLATHRY, FIE T, R TERAZ
TREAB DG OND U— PO H bR St Tn s,

Photo 1.12 Narrow TIG welding for pressure vessel with large thickenss
(From left, welding situation, bead appearance, and cross section)

—J, SREEBESH CIIE DL, M TOBFIIAITIZ TR T iahotz, HARESS [JASS6
BE L] &5 WIEHAHIRE S JSSCOBRE AEHRRJEIERE) TIE., 226 BRIV < D ORI
EITHENTNDHDOO, BEIZBITA2BAEHEDIIRIT, 1Z3EAEN 35 LIE2/— MR Tmm 28 H
FEREIELUE L 70 5TV D, Las L, IT4E, RAZL « {5/ 2 BR BE S ERIT X 2 SR EE ORI 70 & O VEEIET 5
BN B, SRR E Om L(AETARR), &, BHEME, —L R R &V o o B SRR IR 72
ERBE LT, BERIROIBI AL OBENE L > T 5D, 7272 L, Bk L7 L5 RE IR EMTBIT
BB eA A BT O T < (ERDRIEH AT — 7 REEEZTERTE 5, 99k LA B SN T
W5,

ZORFL LT, M ELEICB T 52T L XA T 77 LAOREENZ 25° LIE»O/L— MEE Smm
6T DA FRPEFRERIATON CE o, 2O, ExXR ey =2 b MESE - @SN Bk

[k/‘r‘1iz‘.
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F¥E) OF —~ [BRFEREY OZRMER FICET 28 B RSB OB & U TR R > MNEBE
AR BRI L, AR 21 FE~23 AR T CIRILOBIE G SHEOZ I L - THEES -, &
LIZFEDHBL 7+ u—T v FEESNEE L, Fhk 26 1213 125 FRBEn Ry MaE~=a2 7L 3%
T80, ERIZAT THEEEREWNODSH D, (Fig.1.29)

25 1%BA % I =

GRIZR 803 0 96y T R ORI

Fig.1.29 The target of 25deg. Narrow gap welding by “8kHiE@ &4 D22 M _EIZE 5 8 A Bhiats
HArDBA%E

WBRSALOERT- AT, THESE, HBRECI b o TIETH S, LTy = s PN THERE
BT E6IcedRy NEETOEBZHE LZBEEIE, vl y MEE LI 2 FEENERE LD LIS
LY LNRFEHENTEDL L7 THA D Z EIXTHRIZES 72, UL, 2TOSRENR Ry M
BN ATRETIZZR NI &b, BT+ —T v FEBRTY 25 BHREET A —V R 7 — 7 FHEEER
AR EEOHENFE I TV D,

FESRAICITBRBA S LD = — XiF, T T TR, BUBREIC LR T 5 Z EnTHRERS 2,
BSRECIX, BIEOERLE LT, KOS Ry TR, /MIoBERR Ry MO S h
TWRNWEFS > TEIWRITH S, (Fig.1.30)

WD 2T, 25 FEERRBH S O HENARSE I, HEOIES X EZWILL 5 DH 72 BHI COENME L &
z B

Fig.1.30 Robot welding is not suitable for on-site
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1.4.6 REFh(FEEN)ETSREOHR

RBRFeAL & 2R T D 12E, EEITORRNLETH D, BB Lz LB 0 | R LOEITIIEEAFEL. X
K72 b D& LT, a)lifiABRGIRD T 27 N L) ARBEIZ K 2 BEEEIN O A RS EA-. b OFs
ABAE, )=V B ZVPBBRAENICAL R 25 Z LIC LD — v FHEOHL, 3H T bivsd, (Fig.1.31)
EREO 25 BRSO AR v MEBEIZ, a), bITEERFORE, BEEEFBIC THRRZ TN oD —1
RPEAAIE, Ry = B ZVORs & | TS CIo il A X AN~OZHIZ Lo TR bR
koL Tns,

¢) Poor gas shielding
ability

Short Long

a) Solidification crack

I—I b) Lack of fusionl—\l\ b) Shallow penetration

Wide groove Narrow groove

Fig.1.31 Some problems in use of narrow groove

Lol FEEEEOLREIE, FHOBKEPHEL <, ac)DWWTHHIREL R DI1XT Th D, FHC, %
BEEIIIZDOWTIE, B LA EEEEE L L0 9 FEIC K o TEBeRIb - B e T2 A 5 &9 il
WX THFICRAE LT DM EE2A L TEBY (Fig.1.32). TOMKMENENTH D,

BEE TV DI AEA T = A LTNFFRECHER S TR Y | BHEOEARIITFFEMICEE STV 53, 8K
& U i LR EAEHA 1D 2 D3 BER LT B BBV O BREN ) I XA B O e BVETH D |
VR 0D e A BR [E AR AR R 3 DRIk L CRIBRIG I MER 32 2 & T TSI O 22 WIRIRIE DS /e 45 12 B
0352 &TRAET D, (Fig.1.33, Photo 1.13) SREHIE(LT 2 L BEEEINLATA LT < e 2B L, Rcfkie
ERR DSt i e CIE T 2E U, ARTREE R IR 2 2RI L3 < k2 b & SN Tund, (Fig.1.34) £4L
WZ., E— FERPHERICR21ZE, BEFINPREELLT LRI ERMLN TV,

60 -
94 A : FCW-CO: (¢l 2mm)
BREED . TH

50 | ] . -

%45V
O #®hiLe ®hizx

(%3 e
=1 =]
T =

o

FIERE (cmvmin)

=

3
o0
)

N
o
T y—
°
o 09
oee @
. o
°
o e e .

100 150 200 250 300 350 400
BRER A

Fig. 1.32 Relationship between current, welding speed, and solidification crack®*"
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__________ Compression

ensile stress

" Solid phase _;| |;_ Solid phase .
Liquid phase
Fig.1.33 Mechanism of solidificaiton crack

Photo 1.13 Typical solidificaiton crack
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Fig.1.34 Relationship between groove angle, direction of solidification and cross section shape

ZDAB=ALNG, MLIEEEE LT, BE— FBEROBRL, T7205 1 NAY7 ) OBEERERT,
%Axﬁwhﬂwﬁkﬁéw - H B TIIAR DS DERAYIC R R EE & 5 2 X MEHRFIc k- Th D
FEEOWEE XD ONBENTE L 705, MEHISE L U CiE, KESIRIRIE 2 R/ MRIZT 2 72012, Sk
HORFSE TH D PUE). SHiHE), BORVHR) e Voo iEBmEZ MG T2 EnAE STV D
(HgﬂiF@L%)¢&Mii/%KiHSGM%N@%ﬁkﬁWﬁ%mﬁﬁ%WDﬁ@ﬂ»%PT\P%ﬁbJﬂE
Hi 7o T D HEBHO—2TH D, RIS, IS Z 3312 #kEH, k180 & OB o~ 7 kO
STV v RUAY) O YGWIL R YGWIS & W\ o 7o EEEIC S < WV DL DIEEMEHZ DWW T,
AT PSS BERBRAIE > TWEHBADO—2THD, 72720, #E¥kIT 35° B LoEE EFEET,
257 BRBASEICHEHA S D 2 & ZBE L TV W FRBAJE IS O MHEEE BV 2479 5 ok s HImeT =
NTIhholz,
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Fig.1.35 Relationship between aspect ratio of molten pool Fig.1.36 Relationship between phosphorus in the
and solidificaiton crack ratio®"' weld and solidification crack ratio®™"
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B2E ANV TEDHARPEENT H5-HORBTE

21 [FLBHIC

B ECHRRIZEBY, BUGHAD ) T Ty N 47—V TIX ) U A y T TIEORMNE L
O, ABNT T ERITHIENVE LD, ZORKNTIIMEROISONER LGS, ATy e 75
VYOEHERTIISNEFNAEL, EOMBERERENIEAE LT T 2 Wi 2 Mtk iEE L0323
bHHZENMmBNTNG T (Fig2.1)

Z OWHIEBER AT 572D, ISNEFOFEmMZ B E LT, (DIEES Ky 7R —rERicfEsn
DREMRA) 72 N & BIPEALSEIR D A 71 T » TG D OBE), )R T T v TR OSELR AR, FEH
fbENTEN, A, ML, DROBENNTUVADRT, SOLRIEERENPRO LN TND,

Fig.2.1 Brittle fracture of the beam flange by stress concentration at the toe of scallop

22 E2EMHAK

ARETIE, AHT v TEOISIEFIC K DMEEREER L, BHERE oM EEERNE LT, 7T—7&
BEOAT 5 H B HEEEREATTH Lo, IWEREEMT 2870825217 9 LT, TOREARME O
BEFEET D,

23 RASyTEMEERET H-HOERAMNIEORE
ARBRFRORHEE LT, B T2 5 a A b, i Lk, FEHMN. BIEIGWEDROBRE /T o A
EEBRTT-OICHERTEFHEE LT Table 2.1 Z40E L7,

Table 2.1 Necessary factors of practical on-site joint process
(a) BPEE= 2 S o4
(b) BLGA~D RNV 7o AL E DR A D HD ]
(c) M TIZBS 2 T8, HFE o
(d) mEOEERESR O]
(e) /b— MERE. HIEW, REEm S 78 & OBIGHEE ~D XS
() RFHIEAS 2 AH O]

INODORABZBEL, AV T v TERISDEPFREOSEZIKY 5 5 FEICOWT, AL, AW T
y PR A O F FIT, ISET E BN H1E ATEN TR By 7R — U FB & MR YGE TR L
FTHUE, AN T v TEMEOEENLEZ XD ITOISNEF 2D T @Z OIS HHIMEZfF 2
TEZWDT O 2 DICTEZ R 5 Z L3k D, JEHED SRR L > TR S D K+
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ThiHrNH, WIKEZOERBATFEZRNTOILERNDD, ZNHDEZ D DHFEE, HEHK/HHT LT Fig2.2
WZHEET D, Fo. B DOFEROMAN % Fig2.3 [TR7,

No.1
| ATy | SMuBRYE
e &2 LI No.2
| IR
| ABT T ST
ML
o No.3
| /v 2hTyT || ABTvT ||| I=ABT T
FH Tk B &P
[ | No
2 E AN | 2B T v TR
7 No.5 PR A &1
5 | ABTyTD | AR L
v 2 RoCHY R GE 2N &
7 — -
i | AT vT [ No6
w6 #Y REY ST T
2 — LM &R
o || AT T D
o 3 YoErI ke —
1% 3 RITIIRD
(' SRR
B
sl RICTITNE
v I 13
PR (No.is supported with Fig.2.3)
Fig.2.2 Correlation of the factor to improve the scallop problem
|:| Exsisting the past report D This paper’s item :__________: Only idea, Unreported

F1IWCAD T vy TORAFREZRY RS LW I E %TW%T%61¢®//xﬁ7/7M%£ﬁTé$
BECho, BUGOT 770 DME ) AN T vy 7T DL, $E MBI A L72AMIUBRE & L, £ DB
BRI BB TR D 2 EEE e D, A %@#ﬁﬁm@immﬁg%ﬁkb RESR H AR
ZENS TEMFMLESLIMENRRKEV, £2 T, 1.4.2 ¥ Figl.15 THEMLZEBY, Ry F2HWT
fEAM 2 T, Bl T 2B RE ST s 1, (Fig2.2 and Fig.2.3 No.1) L2>L, BUFHC K
Y IS E A AT 5 Z L2, a XA ML REVWERH D,

ZERI R 2 o ATy TeE BT REROIT OND, BEMIIX. 2B 7 v 7T I3HETHHLOD,
77//&5‘/{777A0) BB BIEER TR, WA ERAT- AN T v 7T 2METH 2 & T, IS ETR
HHRSELFETHD, ZOFEHFEL L TUL EROAD T v T BIREEOEEIT, ZONMEEHL
THETHIFEENEZ BN D, (Fig22andFig23No.2) L, AH T v 7 OWmiER L OWEARIT K&
<, B THDDIIEZKRRFHERMZET L LB LD,

T, FHERMEROTFERELE LT, 142%EgH4T%Lti5W\Xﬁ?wf%%%ﬁb¢é
S LTHLSFEMERENTWSD ¥ (Fig2.2 and Fig2.3 No3) L2, ZA T v 70 HIITZEEEH%E
BHEDVEEAR—ADHRTH Y . WMEITREZ /NS5 L EZATRIEOREMER . @@k%@%
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Non-scallop and overhead Closing off the scallop Mini-size scallop and
welding all layer by welding closing off by welding

Attachments plate same as Scallop shape having smooth Attachments blocks to reinforce
scallop and fillet welding contact angle around toe of the scallop
and fillet welding

(No. is supported with Fig.2.2)

Multi-pass overlay welding Increasing flange thickness
around toe of the scallop of the beam

Fig.2.3 Some plans to improve the stress concentration or distortion around the toe of scallops

:l Exsisting the past report D This paper’s item . : Only idea, Unreported

ERLSBENDRDH D, SBIZ, AB Ty TBIROERZX, THIZBITDAH T v TN THEO G OEAD
MEMEDFENE 2 B,

WIT, BMOFEL LT, A0 T v TBRICEDEZHRE TOHAE L TRE, BAERLEREOKT
%, YEIR A2 IXDIAA TR ZEET 5 FENRB 2 HLd, (Fig2.2and Fig2.3 No.d) A D T v 7 IXERAMERE
ThoH L, BEDIEERBOKIBEMFENRIAENS, L, BEE LT, BZAEHREREORE, #4147
TINETTUVOHEN R EICH U THRENELS  IZOIADRWARRER S 5, ZORA . Bl G AL
OBETAFZE L WD BT R TEP AT D2 L1 D, ZNEISTEDIZIE, DRV R ER > TRk, 2
FOVANT TR —ED /NS WS & 32 LERH 50, ZORERA U D5k DD AT 72 22kl %
MR EHETE 20, & L CABRNICKIETERENRMTH D,

UUERAD T > T, BEICELET2RIRTHLIN, 3 LLTEXLNDDIEAN T v T
AV ELIEEE, BETDICNHEFEZRENT L FEETH D, ROEFENRFELELTUI, A BTy TDO7
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T UV EOEMA L /NS TROLENE T, ISNEFREE TS 2 Wi REETFETH 5.
(Fig.2.2 and Fig.2.3 No.5) A 7 v 7IRIE, BEIZEZED JASS6 1 L OBk E T Hififadt o Eics ., ([
HEO =012 1/4 IR LBEOEEMRICLE S TR Y, LR REEL BIET Z L1k D,
L, RFEBIIAD T v T INT.OHG ENETRIEN S 5,

WIZEBEZBNDTFEIT, ANT v T7ORRITZOFFIC, ISHERERD T 70V L OuMERE LT
THERT 2 FETH D, BEREINTIL, RIEND Y OFRIRIZ 3 RelIE AT FETH L, LRLDAT T v
NESOBILDIEL DR EREVL, 2D T v 722 THDLILEN RN ETHD, 203 RITMEIEEZE
B 2FEE LTUL, FIZIE 872 EOFERTTORE L TBWeEM %2, v 7 Z28de X 5 IRl
& L. DM Z BT 5 J15(Fig.2.2 and Fig.2.3 No.6) & . & CIABEARE TIER T % J71£(Fig.2.2 and Fig.2.3
No. )R EZ HD, BiFEDIE D MH 5 &R MEMRIITERICAER TH Y . ERAMIEEZSETDHHO
TIX2R < | RIS DOR IR DHFIER R E U CTHEME 2D 9 208, BEMELE L QIS a BRSO K
EDOTHORE, S HICHBEMORERHIR T ONTWE 7T VLT 25T 5200V T~—U7
—VEHET HHOMESR, BHIR LR S DL OTFH, MoEIARC K 2 RBEEHOREZENEZ LN D,

—JF . BEORTHEEARICT 3 WHMEEZ AT FBRIT, LEFMZZAETM Y TELVET LS
DO, BEW, REE S EOBRGHEEICE EBEZ T H I LBIKIST 52 LR TE, Filoeili &
B LW T & B M EHIR AR 2R CE 5 2 & BRI E T D 720D T
WHEEZVLE L LW ERBITF L5,

INETIHSHETOERMOE N S WELZ XD 2O DFEL2 DFETH LM, @IS HEPITI 2 5%
ETHARBEZDND, BROEHENAREL LTI, 2D T v TENORETIBUDIEETT LD T T
COWREHRNH T 5N D, (Fig2.2and Fig2.3No.8) LinL., BEHKIZT 7 V71 T, EaERt5
ERDEAT 7T KEFOIME A NOWK, BEERBEICET 5 THIEK, RSEROIST) « EAT
ANDEEBI ERE AR ERESEDLZ EDDBENTELE LTIEE LW, A0 T v 7B T 2 HRE
LT 2RDBBIVIRFHNMET 228, M &0 HEMEZr—L H#lS L<IZ7 7 v OM & MRl &
TH L, FEBFBUIE L H,

72k, EFO Fig2.2 BI N Fig2.3 No.6, 7 THDH AN T v FEJEHFHA~OMIREHED £ L<id, |
EEHETIZA N T TR~ DO/ B RN R & R CERDR/R 600 2 EREZITBE TE 5,

UL EORPAFER LV | ST OFEFRIR & HIRIE R EOmERAAEE S v, D OoEAEO SN
Bt L FB: & L CHE L S5 Table 2.1 (a~(DZE b2 T B X 5105 Fig2.2 B X O Fig2.3 @ No.7
RaRGwmLOEEMIE G E LT T2, T72b5, ZIUIA D T v TIEEAREZ 7 — 7 IO &R & H
WCREE A T LiETh 5,

2B, ARRIHELT HBEOMIRIFEI R LT 50 o7,
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24 RAASYTEHRRIAICKIBRERETIOEEERENA LR

AR LEHFTIEOBERIIERDO AN T v TR EZEZOEEIC, AN T v FEE Y OFHAEEREICT

T VMR E ISR I BN TH D, E ORI EEN M ER AR TS L EHME LT, Kb
—RAVIR T — A VBE DB L XA T 7 T L FBRERE G A T Wb LT iEkEE B X OEUCAIR
TiE% A+ 5 L7z Table 2.2 IR T & FH4A 6 (RO FERGBRAR A AFR U, ok Uit Ue, GERIfL )

Table 2.2 Test Number and condition

Test Type of the beam-to-column joint Condition of the overlay welding
Number (Ref. Fig.2.11) around toes of scallops
FwW (a) On-site joint None
SW (b) Shop joint (Conventional)
FW-P (a) On-site joint Development target
SW-P  |(b) Shop joint (Ref. Fig.2.11)
o Shorter length to the beam direction
FW-sl (a) On-site joint (Fig.2.11 Ly=20mm)
. Shorter length to the column direction
SW-s2|(b) Shop joint (Fig.2.11 Le=10mm)

241 HEBREBR (RBRikdtm)
1) IR

NN E AT 7 T b L AIGHIE 2 E LT AR 2 Bl U, £ O W H BUEI X 2 50 & e et
G LI EAX#E & LT,
2) ~Hk&

RERIADOTEIL, MR 2B+ 5 -0 O ITRBEE O (%) 2 E 8 L CikE Lz, BRmiC

FL BT 250mm2E ) X200mm(B: 7 T 2 UiE) X 1emm( 7 =7 T2 X)X 19mm(BE 7 T v VIR J)OFEHEA
SEH, AT 77 A1 300mmO0 X 25mm JE T, M IE4 T IS G3136 SN490B & L7z, #2227 A% 16mm(Hk
JE)X250mm[1X205mm( 5 S ) VA X O 'E BCR295(AZEE & FH vn il v — VK IE M T8 2 H L 7=,

ZOIMAITERAHEIZIZ %O 3 SRR O SR & R HALEIZE S 19mm D AT ¢ 7 F—% H BHriEHIC
T, WU LT,
3) ‘W'?:r_?‘@j%A

BT =T OFEM~OEY (11 k& LTI, — A Fig2.4 1277 & B0 (DEBEEEATE X 9IA S,
FERWRIAI) L)Y ¥ —T L— R &N LIZAL MEATERDN & 503, BIGHEA ICRIVIHRE DRV NESTE
KNRZ AL TV D, ABFFED HRTBGHEAS ~OBEN TH 5720, RMERREL LTU 7RV M
BEAPLEE LD TH DD, AR TIR()E#EEEEEAHA L, ZoBm & LTE, AV M
BT T U VEBIIRBWT, ZOBOT AL o TRV NOBEBHRAE > TLEW, RIROEFENZK T S

LTS
it

|
N
v
T

E-'C

e

(ﬁ i T
Ay | 17

| V4 o
b= I‘ = il 7

\ \
(1) Welding (2) Shear plate and bolts
Fig.2.4 Joint style of the beam web to the column
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FHLEELNTNDLZEND, B MEGPIMNLER L 20 EHRT 2720 THDH, BUTHMET 5
72, AT AR L YGWIL Y U v RUA Y& AW THE 6mm OEOEAHR DT HREERE & Lz,
4 T T UV ENEFAT 7T LDEET 4TIV

BT U035 B, — A AT 77 MNITEERR & L, b— b ¥y v a2 T TR D X5 IR
L. SHICES TR Y TEBRWALZ IR L Ule, BHEABITIAETTmE Lz,

— A, BREDOB IR ROIMANZ 72> T D b OB, —J7, ROWNM, T7bbAB T v T W
2725 TND b O ENBEE IFEN 5, BIG#EATRE TG CILEM KERO R AR - ATREDE
IZ& D, SBRSE. WBREDOMAEE N RS, WBRLITIMUC AT 7 » 7HEY S 72Dz, AL D Bk
TEFER B30 | HatEigs Lo WERE LT b, @2 ICBUEA R MER SN —RE o TW5,
AP CIXBIGE A COME N L E BB EREEZM ESE502KKEANE LTV, £ HI3EMRNRERO
BN D, RBRIEIX(BGHATE (b)) LG om 2 8 E L, HhigEd ik LT,

(@BGEATEA(L7 7V ABRE+PRIEYS TE, T7 700 ; NBRLE+IMUZEY TH)

O) LHHEAER( L7 T o 5 SR+ IEEY Ta, 77 v SABRSE + IS Y T4e)

5) 27 v TR

AR Ty FEINRLIZB T DR T TV A T 77 AOEEEZRE LW, H2D WIS EEICE
FHEYTEOBHEOTEDICHITONLI R T =T D VIREERTHY | BB RELIN OBE0EM 7R il
EHCTHLWBIRAINDG TIETHD, LnL, AW Ty T ERTZTOHER, Wbwd AN T v TIRIFIE
FWICREWSHER R E R0 IR LT R 2 EMRENLMONTEY , SFEEHE TR
P OIIRDSR ST 72, BUEZ, JASS 6(8F T3), B L O8E TH LIRS THRERIC
BESNTNS B35 & 110 2aE-EEMBL A4 TRIEEASNTEY . AFETHERMLE Y,
(Fig.2.5, Photo 2.1)

X—X
r;; 35, 110 i
1599, Iy Cross section

X
X X
) 117152\
U RN e A .

35 dgg. .
&5 eg. .

B — | > _ 7 L
>+ e X > « X Submerge arc
o .7 10 7 o welding bead
(For on-site joint, lower flange) (For shop joint) (Unit; mm)

Lo JB6 8 2 47gmpogo oz o e

Photo 2.1 Scallo

Fig.2.5 Conventional condition around toes of scallops® ™"

6) XatiH
R TH 5 @BBEEATNX, 0)THEEATERORBRERI N Fig2.6 \RT, 2B, AIRTIEIZ
NHITEMEA NS, (2.4.3 )
242 PmBEEHE (SRABRKILE)
1) BHERE
BlENIRBEI I 2 COBEARR THmEIETH Y . 490MPa fkimEE Y ) v RUA Y JIS Z3312 YGWI1 1.2mm
b ZHWTIRIE T A L —/V R L UTe, ORISR COMatEmE A2 Pk 3 2720 DEfE & L THER ST
W5 YGWIB 2 Lo 7o DX, 1) EHAE O TR EH B ARSHEM R LESTH )2 H8E S YGWII
W FEbTnD Z L, 2) YGWII THHR TIEEMAS LTS Z & TRESIKE L THo e tkiEz 5
I, BEEEBEOMEREE L TR THD YCGWIS ZAWEHA, ThU EICRD Z E0VRBEND 20
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Th s,
2) AB- /S AR BLE B

JIS 73312 THigll | mraE /180 MR S O~ 7 R OV Z¥E# Y U » RUA | Offai3R (Table 1.2),
B LGRS TEHEHAEEE THRYER THRE STV A, 4990N/mm® ik & YGWI11 58U A ¥ OFAED
NEN 2 3.0k)/mm LR, RARRE : 250 CLL FIciE~ 7=,
3) = K&¥7

IR ZE A IRBEER O M TSR > R ¥ 72 BT, W7 L— 23 RZ ZIENICID, ZiERNIC
ADBRWEIITER Lz, fifl=y N2 7 3EEE b OE T 20 EE L Lz, =2 F¥ 713 Fig.1.8
BLO1.4.2 i 4 TRULIEE DT, B2 205 HEFETT, MtEREZER O—> L LTHMHLI TR,
VR UINT L CURTE O PV LABR 21T 5 Z LM E LN E LEHRE L H SN 1D AFEICB W TZEDE
F & LEHIT, UIWith O EN BRI E RIETHAELER E R 5020 T 25 2 L. S HICITEE
fi Tk A2 %E 5 L. BEMICHIEOS VLA NLEE LRANWIEZEELEEZDTH D,
4) BHEELE

R T o 2 RIR TR T =7 BFEE LW (@BiG G IR0 L7 7 v (b)) LE#ESERO L7 T
VITRIEERAEEETCEE L, — ., VR BREL 2 5@BIGEARAO T 7 v Vikm K2 T
MBANT v THTETE | NABEHEREL L, v 7250 Tl 258 L €, EAOREMIC KMz &
RVE D ICHE LCHEE Lo, WEREITEELICL D, Wb b RN TITbh,

FEEEEH A Fig.2.7 1T, FHME (1 % Table 2.3 12777,

Table 2.3 Welding condition of the beam-to-column joint

Face si Control parameter Face side
ace side
; Welding wire JIS 73312
B classification YGWI11
diameter(mm) 1.2
25 19 Shielding gas CO, 25 /min
| Position Flat
1 Polarity DC-EP
Backing plate Current (A) 260-280
Fig.2.7 Welding pass sequence of \Aklriie:gcttii;(o?(mm) ; (l):gg
the beam-to-column joint Heat input control (kJ/cm) 30 or less
Interpass temp. control (deg) 250 or less

5) Skt & VB AR OB PERE

FPEHAERE(S I RIERE, BAME) 2 2 720 DA 26, 26T B, M BB (HAZ) ORER A %
I {8 % Fig.2.8 {2/~ 9, SIBRMEREIL JIS Z3111 A0 B-(CEATHES 10 ¢, A A BRAE S0mm)ALHs | 5RaER . $0ME
(XIS Z3111 4 53 v )L B — a5 o ChER L 72,

13 O NI EEEIR B L OB (HAZ) O E 2 22, HREMOMHE & 58 T Table.2.4 12737, #
BAT 7T 5, BT7700 BT O5EMEILET 490MPa UL EZTHE L, ¥ ¥ /b B —BIL = R LF—
OC)H I 150 Bx &+ omnb D Tholz, iz, TOREEOEMN L MR TIEALNT, B0
EaMEREE LTz, — 07, BRMRESBITAE YA YL LTYGWI o726 00, BI5RME IR E 2 B 2
TH—NRN—~ o F T Lo TRBY, N"TLUALLTHY THoTZ, ¥y /L E—IT R F— T fE
154) & | RimEEaE e U THaMEZ B STe it e Sid 70] # +3IC 2, BaFE 52 2EThH -7z,
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[Beam weld metal / IV]

‘ 2
[Square pipe / TS & IV] [Beam weld metal / TS] O / 77777 Ty “19
.10 ) D B I T AR Lo-.-]-~
1 10 dia +
; s 25 ]
[Column weld metal /TS &IV || ||\ | |
16 [«——> N [Beam flange HAZ / 1V]
i 8\ ¥2
|/%;:§ 10 dia. g I3 S ;:;:;:‘;:;t;::.l?
i\ W < T > Beam weld metal 10 - !
| NN 5; 16 7725
A ’ | —
i ' Upper flange .
s ' / [Diaphragm HAZ / 1V]
- Square pipe \..” . ¥2 7y
v 1 ; 1 /Y v o
o R, Yoo ‘-‘-‘-/- I B S
~— /25y
[Diaphragm / TS & IV] Diaphragm %, & e, -
10 dia. 1 m weld fnetal e S [Beam flange / TS & TV]
25 Lower flange
............... P (S D R B i 10 dla. A
10 I ....... < gh > ....... =
: 10 v

Fig.2.8 Position of mechanical test pieces about the base metals and weld metals
(TS: Tensile strength test, IV: Charpy impact test)

Table 2.4 Mechanical properties of the base plates and the weld metals

Position YP TS EL | vEOC | YR
(MPa) | (MPa) | (%) | () | (%)
Beam/flange 401 553 25 175 72
Base plate Beam/web 391 549 27 168 71
P Column/diaphragm | 410 | 559 | 26 | 212 | 73
Column/pipe 342 505 30 232 68
Beam/flange - - - 152 -
HAZ Column/diaphragm - - - 196 -
Beam 522 578 30 154 90
Weld metal | humn 530 | 594 | 28 | 138 | 89

243 ZANFVTEARBEOBER (R LILEOH)

P THD HBHDOA T T v TIRIIE, ZRNEERIEE(2 —/L H)y ThiuX, di6 & plisr - ik —F
TohH/NHEOTHABERS, —JF, SHEEMEEE L N D) ThiuX, 37 ~—U7 =7 LR L
TR E NIRRT HREESBE T Y A IR SN TWHIRETH D5, (Fig2.5)

AFFRIFZ R Lz, 2B T v TIROMBIZAE B U, 28 RRREHERRE |2 C ik R o 3 A2 A
WA S, TOREREEERE L TOBEERRENN EREMRTHZ L2 EIRE Lo, ARE
TiExk (207 FIRRELE] EMHRTL2 835, 20Ty TIENREEOBEEEL Fig2.9 IR
T, R&EL37my7, QAHT 7T, QUu=yHll, @U=T7AMNI 0T CRBEEIND, YA
YIXBEN LR T TS Z3312 YGWII @ 12mm ¢ Z v 2, A S 2R Rubi Je N & 7 C <
3.0k/mm-250°CLL T & Lz, AT » 7O WEEEEET Fig2.10 IS X 912, FER E 7 2k =2 7 A%
AH Ty TRHEOTHE ST HID, EH: N —T ORIZIEE T TR, BERES 2 Mx CGER L, 2D
7 v TNEL & WIERERED h—F OHENIRTEZ Photo 2.2 (TR T, AN T v THIRITZE M mAEHE/ME Tl s
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Step 1 (Start)

/
Scallop Diaphragm

T~ Beam flange

~Butt welding joint

or backing plate

Fig.2.9 Welding pass sequence of the overlay welding method around toes of scallops

<Upper view>

<Cross view>

—A

Beam web

i

A—A
Beam web

Move and
lay down

|
i A .
| ! Overlay welding bead
i |
| t T
Step 1 : — Beam web Seallop
. . |
in Fig.2.9 | I Toe of scallop
: | ‘Welding torch
I
i I Move and rotate /
i Beam flange
Column Diaphragm Groove weld
\ ‘ ‘ 4
i
1
! A
| : Overlay welding bead
: |
| | T
Step 2,4,5,7, | o Beam web Seall
8 in Fig.2.9 ! callop
i Toe of scallop
i | Move
: Al ~Welding torch
i — Beam flange

Fig.2.10 Schematic of welding torch movement in the scallop
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ARl

AFEBRIZIT D BERIRSEMN % Fig2. 11 O L BVRE L, G s LT, EkOAD T v 7RO F
i&bt%@ﬁFw-ﬁ%%A%ﬁSW-I%%A%ﬁT%éo:n%:zﬁ?yfﬁ%%%%%wbk%

. ENENFW-P, SW-P TH 5, F7 7 VMNTTFTREBTORETH L0, E7 T DMlb G
%LTTW RENZTAREE LT, LA TIIIRATRE/R 72, AFERIIEMANTH 20, BGEEE

K CIIREEARRER 2D, Ak Z OFETRENTIIRV, BEEARAXTO LTI DA L 5T 500358
5$fﬁ9kbf ARETITEBER L L CTABOEARNIREMRT L LA HNET D20, 22Tl
FEERAICEYE LT,

X=X
X X cross section

16
/L Ly=100 yan Ly=100 %
' — N _B_g 1 3
/I

p AN
,_{<\\ \
H 1 | | 1
i Z : L f -
1 —— \ — 16
L. Lg=100 L. L=100 «—
[ ]

X’ X’
(For on-site joint) (For shop joint) (Unit; mm)

Fig.2.11 Management target of the overlay welding method around toes of scallops

T, BEIRGFMEN AN A2 B E U O L S EBRISMH 2 BUE Lz, BRI
AR R Z 1LIET 2L L, 263N WnFiuns 1 K212 FW-s1, SW-s2 & L THIV iR > 72,
(2B, KD EHERNRNTA—F THLHROZESH 5 FIZTHEGE T D) TOME, AE'EEH Table 2.1 |T7R
L 7= Rt e WA HESRIE A A G DT 6 (KOFER L LT,

—Hil & L THIEEBPREMTHRL L2 A0 7 v FIER RS OBl % Photo 2.3 1T d, F7z. ZOWHE
JEAK % Photo 2.4 |29, BUESE T8 OFRERIKD S 2 Photo 2.5 127”7,

Beam web
Scallop

Overlay welding
2

Pipe
column

Beam flange

Pseadigmp¥e L 8 oBKs)) 5 3 ¢ B € A B
" - - - bl ek byl 0 L i1 \

Column-to-beam butt weld

Photo 2.3 Example of appearance of the overlay welding around toes of scallops
(Lower flange side of No.FW-P)
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Z—7’ cross section

X
Beam web
Overlay
welding <
Backing plate -
Diaphrag
Beam-to-column
butt weld
X—X cross section
Overlay Beam web
welding \\
Beam flange
Submerge arc welding
Diaphragm

bead for manufacturing

H-shape steel
Beam-to-column

butt weld ‘
? Beam flange
Backing plate I‘

(On-site joint type, lower flange)

Photo 2.4 Cross section of the overlay welding around toes of scallops of lower flange side

Photo 2.5 Appearance of the full-size beam-to-column test assembly

244 #BRUEERERAE

ARG CHRIUE U 7o AR IR AR E O SERBBR IR O BB R 2 40E U 72 A TEEE ) 2 ET A 72012, 3 sl
FU & 2 il LR 2 92 Uiz, BRAICIE, SRBRIRITSG & SCRF L. Fig2.12 IZRT 1.96 X 10°MPa &
Bt A AW TR o 7 AN EA E 2 # AT Lz, BEIX0CERE L, ERTEL L TlKmHEIZIT 5~
<, @z 7LaTNlc=d /) —/v, RIATA A %&qlc U THFEER S, 0B 5 300mm O
oy E CRIBABAZ 72 U782 dd 7, EBRIP IR & BGE 2 H O CIREFE 21TV, R AR
1 0CIZ 72 > T LA L OREF U 7o B S HUfar 2 A7V s 1 6 2 OTRLE A2 OrFf L 72, SEBRIRTL A Photo 2.6 (271%
o Q2. ~QICFRERIE O W Feitk: 0 5 H 515 & Al OB 5 1EE R,
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Photo2.6 Situation of bending test
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(12227 1] D YA AR EL. (mm?)

tu(D-2t)° \
- Web W@=—%—2 (2.1 %)
+ Flange Zp = B 4(D-t) 2270 D : Height of the beam (mm)
B : Width of the beam (mm)
(2)%351:4-@%9&;&@%_ ALk (N-mm) t, : Web thickness of the beam (mm)
tr  : Flange thickness of the beam (mm)
+ Web wMp = wZp-y 0, (2.3 1) w0, © Yield point of the steel for web of the beam
. (N/mm?)
+ Flange Mp= Lpyo, (24 Et) /0, : Yield point of the steel for flange of the beam
‘ (N/mm?)
+ Beam cMp = Mp M, 2.5 ) L : Distance between the fulcrum (mm)
Y E : Young's modulus (N/mm?)
_ 1 cMp > I : Moment of inertia of area (mm*
GYRIMEIT T (N) cPp=""p (2.6 50) )
y L Pl .
(4RI DL (mm) ¢ Or =437 2.75)

AT OBRITRE ORIAMET — A > MTKIT 2RO EIENT ¢ 6 p & FEHEICEY | $ATRIEA 1c 6 p. 2¢
Sp. 4cop, 6cop - + + LI SEEALZEMRK LM 21T o7z, BIRIET 1c 6 p UADBIRIET 2 ¥4
TRV L, BT T DOMERT LT R CEBRIE T & LT, RO MmBIREE Fig.13 IR T, WElZre—
RE/MZ L0 & Uiz, #mdE T\ T7 7 Fao— 2 OEMIHEE %2 1~3mm/sec & L7z, D
HOEREIX, IHROERELHBREROEFELZ2E LI ZETHRHLAMHEZ TICIE Lz, £2, 77
VYOEREEFHT D720, BV EIMTT 2, BEHLE % Fig2.14 12”7,

10 8cdp
A 6cdp  —
s 4C§p —
T e
g 2rcﬁp
Q
g cycle
a2
2
: Vol
|- |

-10

Fig.2.13 Load sequence image of bending test

Beam flange Diaphragm
—N

32,28 35,25 125 28
= [, = i
g o e R &ﬁ@ ] g pERs—
g R g Ol s o
Q Q ® S ' S :
: a O a g
S O- =

LO: Lower flange / outer side  UO: Upper flange / outer side  LI: Lower flange / inner side UI: Upper flange / inner side

uo
d L uo
o
% LI Liut Fig.2.14 Position of the strain gauges
) éhhh.
LO ﬁ
LO
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245 ZEWMEIOBIFE

BEAEDRFZE 3T TN Ko TRMEN TS L 91T, MR LT %525 2 SR o 2L BMRIC B0
THRKIMN %3 2 5 LARTOERTC DWW TR, Z AV E TISHIEA 23 F8 48 U 7= e Kt /) & _F (8] 2 B i BRI S R 2
T A B RS & L AR AT E T A E TR DA —E . R SR 012725 F oMM
BRETEC R d 2 2 L TE D, (Fig2.15) £7o, KM &2 M2 7LEOHE Tl EsF OEN & it
HIMET T 25 bk A2 B ARG & L C. o5 13RI /1 LART & RIARIC N 7 0 o 0 — 2430, SRR AT
HAERTHZENTE D, ZOFKMRE SR EEbE b O, HRHe S V72 8k O w EZ B
RICFMTHD ZLDRINTWND Z &b, HEBMED L 97T ¥ Lgdh 2 510T 28k D22 ke
AT 5 ECHEUREE L SND, Zofll, ST v Ao 3V E A T BRI G
n A CiMIiT 2 FiEFig2.16) b VDI DD, RIEBRICTIH T 2L OFHG & L TiX, A& OB fREH
STV TR U 72 ¥ = R L —Ws 2 R oefb U 7 BTG R 0 2 VT2,

n i=Wi/(cPpXc & p)
£y s=Ws/ (cPpXc ép) EnA=Y ni

Ws : Total absorbed energy
cPp : Proof stress at the beam end
cdp  :Deformation at cPp

Fig.2.15 Calculation method of the cumulative Fig.2.16 Calculation method of the cumulative

plastic deformation factor( 7 ) using plastic deformation factor( 7 ) including
skeleton curve energy absorption in Bauschinger effect
area
246 RE#HER

EAREBR T RICHE SV CEM L A RS BRI O M E - MR, B X OB ST - B A
Table 2.5(1)2QIZ/R"T, Fiz, Table 2.6 TR TR O NTMHTERS X Oy  OBRIFERZRT, EHlT, 2D
7 v TIEAERS L OEAEAE n OBRE L TER LK% Fig2.1712R LR T 7 UAMIHED> H 10mm)
ERROELLE T LS RE Fig2.18 ITRT,
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Table 2.5 (1) Result of bend test applying full-size beam-to-column assemblies

Test Load-deformation Photograph of fracture Position and situation
N Upper; scallop side of fracture pass
o curve Lower; outer side and Average 7
FW 2 >x10% MPa
us /i -
-80 0 40 —o//ﬁ/‘j‘u 40 T4 N
i / =1
2.6
Conv.
condition
SW
“%10° MPa 1
T -
/]
5 E————; i .
0 0 -40 O ; 40
|-
6.1
FW-P
%10 N1Pa y{zz;
7/
/
p | |mmvirs/s e ~
i / 1 /
‘ 2 9.3
Target
condition
SW-P
<10 %Pa p L
Fer
A /[
- wivd 8y o~
60 80 ly K / /(y o
g [/ /
o
: 9.3
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Table 2.5 (2) Result of bend test applying full-size beam-to-column assemblies

. Position and situation
Test Load-deformation Photograph of frqcture
Upper; scallop side of fracture pass
No. curve ; X
Lower; outer side and Average 7
FW-sl1 %106 N1F'a
4 ."% ‘
; // /i /
40 4o ]’o / / /‘o 4o go o ﬁ‘
| ——-
' 5.8
Incomplete
condition
SW-s2 i
*108 MPa
Ll
. N
% / o
80 40 // 0 o 80 mméu
& g
2 1.3
Table 2.6 Analyzed results
End of Positive side of bending Reverse side of bending
nd o
Test fracture Max. Max_ Absorbed |Skeleton Max. Max. Absorbed |Skeleton Average
No eycle load | displace | energy | Deform load |displace | energy | Deform i
: fime x10° | -ment | Wsx10° | -ation s x10° | -ment | Wsx10° | -ation | s
(MPa) | (mm) |(MPa:mm)| (mm) (MPa) | (mm) | (MPa-mm) (mm)
FW +40 nl 1.161 16.0 22.95 31.0 3.14 | -1.159 | -16.0 14.89 242 | 2.04 2.6
SW +60 nl 1.340 31.7 44.51 48.0 6.09 | -1.360 | -31.7 44.29 -48.1 | 6.06 6.1
FW-P +60 n2 1.435 47.9 62.38 64.0 854 | -1.441 | -483 73.83 -66.0 | 10.10 9.3
SW-P —60 _n2 1.448 47.8 65.35 64.7 894 | -1.469 | 474 69.87 -68.8 | 9.56 9.3
FW-sl1 +60 nl 1.391 43.1 54.64 574 748 | -1.310 | -31.8 28.86 -38.0 | 4.02 5.8
SW-s2 +40 nl 1.249 23.8 14.57 24.5 1.99 | -1.092 | -17.0 5.21 -15.8 | 0.70 1.4
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12

L u SW-P
% wr
o= ® Positive sid ‘
— ositive side —
22 2 | 5 | 55
8 O Reverse side g
FwW Sw © o
22 4L
. 6l Average s 2 % E
s g3 FW SW
g3
4 I:I On-site joint il I I:I On-site joint
J 52 - J
5 - Shop joint \E/ - Shop joint
Conventional Overlay Overlay Conventional Overlay
(Non-overlay)  (Incomplete) (Target) (Non-overlay)  (Target)
Fig.2.17 Relationship between the overlay welding around  Fig.2.18 Strain ratio of outside by center
toes of scallops, the joining designs, and cumulative in the lower beam flange
plastic deformation factor( 7 ) (@O/B or ®/O inFig.2.14)
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1) KR DSy TTERIZHEITHEEERES & CEEEREN

AT T TIERREE L O T TIE, BSRNo. FW), LEHNo.SW)IFEb b A h T v FEA L
RELUTRANMKEL, TR 7V ERHETTE L CTREITEICHEIERCRET L2, 2 ORRIIER» D H
FTONTNWEAD T v TOREKRBEEZFE L TWD, HREICHER LT IS TEPREE T 5~ < Hfil
AEZ/NEL Lic, WhLEEMEAT T v 7R T2k, ZBIEORS Lo TERRNZETEL
HTWD Z &R STz,

W, EHEEATORBIIERT 5 &, BGREER(T 7 7 0 UAMIEYS TE&)D 23 2.6 £ F LK
<V NZERY TEMA < TR 6.1 & LRI T, RN A S ARIE 3 F TS b b 597,
TR T 47—V DIE ) DERE N DMENT-AER & 72 o T2 BEHIZ DWW CIE, Fig 18 IR LEET7 T Y
MU & R ORI LS Fig2.17 O BBBIEETAS R n LHBEMER R O T | AP RNETH 72, 6o
PO EEMED & 503, BIGEEEERUT —ICEEE ) MR & O ER 2 B AT Tz,

2) RAS Y TERBIRICE T 5WEEERE &K VBEMEREERD

2H Ty TIEREESEAZBOE R TS Z LISk, A0 T vy FIENS O RMBZGEAIIP LS, T8
(FW-P)XCBLIG(SW-P)Z & W o 7o 2B T & 1T BERILR IS 1 1312 93 L RELS AL LT, ERA T T v
TR BV TR TERE I MR - T2 B AT T, 832512 E L7z, 5% OBNNMERIERIZ X
HIEHHERENSLETH LN, BHEOHETIIAD T v TIEOISNETEIRK E L THREI A TWE /A
BT T TIED nT5~TRE, BEENE LT L52 (EREOUENR L O FERE " T8 5 2 Lo
5, AN T v TIERETIETIE ) VAL T v T TIRICITWEREEN NS SN 5 ATREEN H 5 L IR EC 5,
B A e LSRN ENENOFMARRS R EHEERIIL TO LB ThHhDH, /AT v T TiEED
FHRT 72 LEBRIX 2R b BIS CRERR T 5,

B E A DR TIENOFW-PIIEIT DIEDOKAUIA T T v FIETIE R <. T 7 7 & 2o i g i
BTERTTUVHAY y R THY | BT I D & RIERIERES R BT D AN T v TR
el LTRSS E LTIIBRIR AR, RO AT T v TIRROWWMN A D T v TRz A & LTS
I8 T IR EAR B2 29D No. FW, SW)D LB TH D, ZOFRENL, AW T v FEAKTIIEICL -
THREGIZB T D ERISNEFETBLAND T v TENOMIE S 7 BT T VA Y » MIBB LT
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HADOMIEETIC 2 > T A REME R SN D, 7T P OIMIIE hRDEBERIICERT D &, WERAD T v
R & DI TCIFEA LN RE {Ipo TWe, ZHUIERA N 7 v T TR 7 7 v P RIZG nEH
LTCWER, ATy FIEREEICEVISNSBL, REEERE LTSN EZIT TEALZ &, £ L TRIER
UM T 2 T R T T VIR Y v SBMERTBINARL & L CE T SIS ERTE U CER L2 TR
PEZRL TS EEZBND, ZOHEGRITKELGE CIBRIERT 5,

—J7. THEAEROARTIENOSW-P) T L7 7 o DRIAHEE Uiz, ez BhsgsA R L B
0. 2B Ty TIEARESEHE IR & LTS LW o7, il E 7 /75 PR Y v RS T
HLOIEFBGHAEA LB TH L0, 2D E S IR CR SR & XA 7 7 7 LADKR S R
B D WITRIREEERNE CTH Y . 260 VFIRICHBEST 2 X 21Xl P L, WA mICIRER 22 LT
720 VEHIBEDEITE Y TENE D=0, L7 5 o P ONEMNTITRMERR AR L2V, Z ORlgEsx
) AT Ty T TIETOMBR R ENREE & Rl —Th 5, 77 P OIMIlE FROEALLICER TS &,
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THAERTEARANOBH TR, ny DEZT TR BERANDO AN T v FIRNETIEL ) VAT
T LIEICIEVVERR AR T D e o 5 Z L IR S D,

3) EENSA—2DEE

27Ty FIEPRETIEZIE, TRRIE TIEZ OR SROMENERENITR S EZ KT T2 LIRSS,
ZZTARMETIIZNOOWN, WREHER SICOWTHEL R LT,

No.FW-sl [ZA D T v FIED b R IF [~ DO W REEERE Ly EEMEE LR 100mm LV H4 <, 20mm ThH D,
Lg & 0 OFfR%Z Fig2.19@)I 323, fHEN R 645, 20mm OBE OMEWTIX A 717 > 7 & DAL 1 6 R
e T TEERICI ) LOICBENER LTI T UHIIICE->TRBY ., AN T v IS HhERED L
FRSEZBREONRICEE -T2 EZ NS, IHIT L NKE L 72272558 20< L < 100mm) D A (X5
4 T\ ZTERT D,

—J7. No.SW-s2 [Z AN T » FIEN LG M~O R Le A8, EYTRITmOTWARY, Le &,
DOBRIFR%E Fig219bIIRT, ZOHED nFEFLL/NEL, WEEL LI 5 - T05, ZOBHE LTX
TRl & WERSEIR AL 2 Z & T ISHEFRE LS m<RD0LBEALND, WSz 1%
PEEHRMO LD ICEY TP RITRY BT 5L, n i 3F LILESNLTWD, BGH#EEREADOTT T~
DRI, THEARRICE T 28 Y CeMhE & OBIFEINEFITEL RS E RIAEN S8, BlE
BEER D RBEIEIER & AT T v FIEPIRE & OB 2T, LIX VMR R L 220 | AR 2R T &S
HHETTHLZ ENTRIND, ThRbE, AN T v FIRABO L, TH#EAEXDO LT 70
BG AR L7 7 0 DOGEITEY Te, BIGEATEXT 7 7 0 U O E 1L B e R & 1 DS
BT 5 X BB AT ZENEETH D,
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Fig.2.19 Relationship between horizontal length of the overlay welding around toes of
scallops and cumulative plastic deformation factor( 7 )
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TZENHFFTE D,
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FINCEBINARIE L THRICES, —F, 287 v TIREE T, B THEEEAEA(b) CIXNEERL
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On-site joint shape Shop joint shape

Outlook (a) Conventional (b) Overlay welding (c) Conventional (d) Overlay welding
(As scallop) around toes of scallops (As scallop) around toes of scallops
Cross Q
section 1
e
— 1 =7

Beam web

On t @ Beam web
n top % ﬁ ﬁ

7‘* Beam flange| 7% ; Overlay #Jbvizdl B Beam flange] ——— Overlay
Diaphragm \End tab\ Fracture pass weld metal Diaphragm nd tab\ weld metal

. Fracture pass
Beam end groove welding ‘ Backing plate ‘

§L

Fig.2.20 Schematic of stress points and fracture pass each of the conventional scallops and the overlay welding
around toes of scallops when the large force applies. (Lower flange side)

F : Force as earthquake
Tci, Ter : Effective thickness at the stress concentration points

TSR LT, /ATy T TIEDIS DR 2 AR AR LIz b D & Fig221 \IRd, /AT
Ty T TIETIEAD T v TIEROISDETRFEE LW, 77 0 Y ORMBIRAE LIEHFITRND, L
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TEEA T 75 L DILIRES, PR B DFE DR AS B E OGRS S iE LMoL &7 5,

BEED ) AT T ITIEICET 2Tl 2
SEBISL IR T T UV EBHMIZIFESES

&:Eﬁ%ﬁﬂ‘é 2:’%’%75’?&% T Do %7 AR g%ﬁﬁ’”% ShOijil’lt shape
RO IR A~DIES) S ~OEFUTRT T v Outlook Non scallop
JEOHZTHY | PImiEHEeE ORI LR L 725, .
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F 7o, BAUETT & e 2 RImE AR L I e BT
T e

DB, ATy TIERETIEZBT 2 RZIRIC Cross P t
1 LT & 472 0 s A S FE R OIS K L reetion PR
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BB T AP AD T v T AR Tk ki i
EMAL DTG OFMICRRIE S, Zaizon Fig.2.21 Schematic of stress points and fracture pass

TIX, 55 FITTHGET 5, of the non-scallop when the large force
applies. (Lower flange side)

fracture pass

Beam web

|
On top | |
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T - BIGHA I RD O3 - oML &
mOLHTIEE LT, WERAN 7 v 7 HATLDE I, Bl
PRSGIR RIS AN T v TIRICK L T IE T W E A i 2
ETIRNERERENT D AN T v TRAB TIEZBER LI,
(Photo 2.7) T DYEMISTZRES) 2 i+~ < | A EiEEiR
RiICTHATAR LR, BEEBY ., RAS Y TEDIES

EPBRMHNRLE ENICEEETS O DMIERIBIRDBALE
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Beam web

s

Scallop

“Ripe ; -
- . / Overlay welding

Column-to-beam butt weld

Photo 2.7
The overlay welding around toes of scallops
(Same as Photo 2.3)

1) 207y FIEBBEICEYICHEESEL T Z 22k, L - BUG#A IR D L MEER
RN 2 FSFIZ @D D 2 LRz, BIGEAROGEIE, 1ERA D T v 7 TIETHTK 3 50

PEIEORE ) A 4 LT, (Fig.2.22,2.23)

2 #10° MPa
}‘ o0.r ‘V‘V’ o
12 4
[ s 2 FW-P SW-P 7
10} [ ] FW-sl Q 0 0 fo ol/ 5/ 0 40 0 0
- = SW-s2 ~l— ® Positive side o
= &= . 1
8 O Reverse side -
FW Sw ? |—|
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= S oFW-p [ ||
= %7 L
N i I:I On-site joint ///// /
gl b - e /s
g - - Shop joint 40 40 40/ o /;o o d
- )&
3
Conventional Overlay Overlay \

(Non-overlay)  (Incomplete)  (Target)

Fig.2.22 Relationship between the overlay welding around
toes of scallops, the joining designs, and cumulative
plastic deformation factor( n s) (Same as Fig.2.17)

Fig.2.23 Load-deformation curve of
conventional on-site design (FW)
and overlay welded design around
toe of scallop (FW-P)

(Partially extracted from Table 2.5)

2) L« BGHATRARDO LT, 2B 7 v TEAMICM S LR2WSEEIE, Ah T v TEZ I
77 VNEER LIS L EDERE NN S o Too ARG RITAEREN R, & [/ —Td - 7=, (Photo

2.8 (FW))

3) BUGHEATAANAD T v FIRRARRIE & i LT 6 OfErE T, MRI0R T Z o D/ 2 7 i %
Uy b ERREDOATD T TR G 2 A TSIBTAR & 720 | Rimisiag, 277

UWNEAGRE L7, (Photo 2.8 (FW-P))
h TR

Photo 2.8

Fracture pass of conventional on-site design
(FW)and overlay welded design around toe
of scallop (FW-P)

(Partially extracted from Table 2.5)
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4) THEAEWRKA~DO A DT v 7 RNIESE 2 it L= 355 OMEITNT., w7 7 o 2Rl 2 7 1
2V FEFEATEER EERY | PIREESEN, HDWVIEIRIGEEGR LR T T VDR N
PR LT, Zhud ) v AT v TR E U TH 5,

5) TERIEATIE, BumlrfFIZ 61T 2 Bt & OB/ WO L, A0 T v T EARE
Bahid EBARELS Role, THTRFTREBOISHEFDEMINTZZ &2 RELTWD,

6) AN T v TIERPEE IR X2 AR M BiE T, ORBERIZL 2IENEF OB, QRIEREE
SEEEOME ., KORHREEESBRORE L EY THEEIOFHE~DIEROBE AR LE X
55, (Fig2.24)

On top

|
Jd
@ Beam web

-

7‘; \ Beam flange %}7
Diaphragm \End tab Fracture pass weld metal

Beam end groove welding ‘

Beam web

#JBV:‘ \Beam flange
Diaphragm End tab'

Backing plate

Fracture pass

On-site joint shape Shop joint shape
Outlook (a) Conventional (b) Overlay welding (c) Conventional (d) Overlay welding
(As scallop) around toes of scallops (As scallop) around toes of scallops
L
Cross
section 1 [

E— Overlay
weld metal

Fig.2.24 Schematic of stress points and fracture pass each of the conventional scallops and the overlay welding
around toes of scallops when the large force applies. (Lower flange side) (Same as Fig.2.20)

[ F : Force as earthquake

Tcr, Ter : Effective thickness at the stress concentration points]

7 R DI Nb OO, ATy TIRARESE G L2 6 O REEBIEE G RIX, RIEBRTIIEE
FHEERICELD ) ATy T TIELERIGEO L)L THY, AT v 7 H#HAEET L L ZITHEY T
% MEREA TR LTz,
8) AN T v TIRPWRIRIEIZB T A2 EBEREHR 1L LT, ZUBLORU~OEINRETOND, B
B~OE SIXREEEHED SHELUL ELETH D, (ERT7 7 0V 19mm [ZB VW TE E 100mm)
MA~OE S, NEEDYSA, RimBCAEEE L2 B2 5 2 & AFEOSA, EY TEITED
LT ZENMERFNTH D, (Fig.2.25)
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(a) Conventional (b)
(Non overlay)

¢ —O-FW
2r —

0 20 40 60 80 100 120 0 10 TOP

Lg (mm) Lc (mm)
(Length to the beam direction) (Length to the column direction)

Fig.2.25 Relationship between horizontal length of the overlay welding around toes of
scallops and cumulative plastic deformation factor( n ) (Same as Fig.2.19)

291 Ty FIERBEEBAE T, Rl TEE0HEM, BRETEE 2 ME L LW e, MEMEICEN -8
WHETES LT, HDHWVITE ST 58T L B8 o mbE s & LT%){E?HT%%JT‘“AFM%% =L
BT L CGEAT25HA8CE. E7 7 o PRNCEBARKE T 01357 HENC BN T im\f:&b\
L7 T OO FE A RETT D MEN D D, BUGEHEE BE LIS ERN LIEOR e DT, #5 =
TR, MEET 5,
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FIXE RUTEORNKDERENIT 5-H0OARTE

31 [FLBHIC

BB RS OR- R A AT DIENET RO S b, QIR TR TZAD T v TE &M A TR E 22HRE
EINDHDON, 1.42H 3)THEARTEYTEORSHFIC o TRAET IR T T VOERTH S, (Fig.1.8(2))

H 8% G & 3 D2 HEOReE B HIRZ SIC X2 RES D DMER T 256, W7 7 0 P OIMIIC K & 725
RIS NREAET D, 777y b AOBGEA T, Figl3 1 IZRT LIS, 77T 7 7 > P osMil
WCEYTEPI T ONDDT, ZOERYE TR/ T7 7 VERITFAT 77 LEFICKE72518RIE 101
VEF L (Fig.3.2), Rulaiiz e m-CRpM B8 2 etk S ¥ ol & L CTEAT 2 Z & RS h 15,
EEE, BEOHE TR L2 E RS ORETIZ, ZOX I RBEEFANALNL L ORELH S 71,

TRETIC, BYTEEHETS, Wby 7 LA TRV OMERENTE 722 9 Bl
WY TEREEHEE— NICE S 27210 T, PBEEEREE) SR L 7 7 2 Pl O kiR E & )
3263, =T vy FRROMISHERRE TR, BT 21EEDRRDPEN,

Fio, BEYTEHRE. HHWIE Ny F 7L A TIZEB T D 0B EECEIR AN &R LSRR ) & 2%
B, EOIEET HRIKIL, RREESEEESROZDOEEEMAD)N LR LD, T bOWEITR Y
T UM LD b EIIEIINETH D, LMo T, IS HEFOR SITHEE O MERBRE L CTEMER
RADVELS R TWE VWOl H D, MLICET 557, &, ©— FEREEO# L %15, Bk
HTEHOFVER L TRV ONRERETH D,

R\ 14
| <
]
"-Large tensile

stress and strain

Fig.3.1 Position of the backing plate for the groove welding Fig.3.2 Bending stress, strain, and position
in the column-to-beam connection of the on-site by earthquake force
bracket-less joint style.

3.2 E3IEMAW

AETIE, BY TEEUTTEA~DIS LI X DMt oIk, BIEE R Om L2 ARy LT,
T =7 EHEOAT 5 HihEE R A TE R Lo, ISR o & AR EROMENNEL L6
BT BB AT D0 £ LT, T ORARNRZ TR KIS & 2RI THERSR T2 Z L 2 A& LT,

3.3 EBUTEMEZRET H-HOEAMIEDKRE

AREIZBITHMFEONHEE LT, BGE TIck T2 a2 b, ji L, ERAME. EREISEDIROKRE
RT VA EE BRI OIS LB AR R ITATE Table 2.1 R~ CTh D, ZOHEZMEEL, F7 7 UMl
ERE TRN~OES TR T BT 2720125 2 9 5 FB% Figl3 3 ITHIRET D, £z, 2D DFEOK
KX % Fig.3.4 (27,
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No.1

NRIME SMAIBR
_ e &4JE LI
= T %% VC(}Z No.2
i A AT E T L
o (7727 ) B
F'HEJ No.3
i HYTH
HH:

i [ TmEnTo e
g JL— bk PAZECE) AR JERR Y A
i wUTe | 52 Nos
- ML BT B

| mESTO HUTHS No.6

JL— b %%(%{ﬁ){gﬁ ,ﬂ}?\ L J:I_I'J—JEJEH
AR B

(No.is corresponding to Fig.3.3)

Fig.3.3 Correlation of the factor to improve the outer backing plate problem

|:| Exsisting the past report D This paper’s item

Steel backing plate at upper side All round welding the steel Non any backing material and
and overhead welding all layer backing plate at under side by penetration welding (Uranami)
overhead position by flat position

Non-steel backing material and ~ Non any backing material and Non any backing material and

penetration welding (Uranami) penetration welding (Uranami) penetration welding (Uranami)

by flat position by overhead position appling by overhead position appling
conventional welding wire new suitable welding wire

Fig.3.4 Some plans to improve the stress concentration at the slit between the steel backing plate and the
under side beam flange (No.is corresponding to Fig.3.3)

:l Exsisting the past report D This paper’s item
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BT, BYTEOMFETIERL, 77 UMD < ONRMEE B 2. THE#ERAEFR UL,
T77//M%%@%%kb T2 PN ET T 25K &1 v, (Fig.3.3 and Fig.3.4 No.1) Z il
FRTEICBIT D T 77 VM AT T /74&9@@%%&( HIMEIN TS LIETH D, (Fig.2.2 and Fig.2.3
No.l) L/ L, BIFETHE_7Z L0 B zEMRIIZ LTI D 2 ENWAE I D, BB
HENABIIE W EEZER L EE LR &#%I&ﬁﬁ%gféﬁ HAAKE ), & 2T, 1.4.2 i Fig.1.15

TR LB, HﬁW/F%mUVC¢¥§MT%?ﬂ’AhﬁMﬂ?TéﬁﬁMﬁaiéﬁXW‘éoLﬁﬂﬂfﬁ%

[CRKEDN Y 7B 2 AT 2 Z 212720 . 2 A MAH L REVWIER S

%2 ﬁ%@£5#6%M5ﬂ %éfﬁi%%ﬁ%ﬂﬁkkb77//ﬂ@ IR R TN
P FEOTRICEVEEEELZ T T 5 FENHIT LD, (Figl.3and Fig3.4No.2) ZOEBFE L L TIX
%éfé&77//ﬁ%% ERE D EH T IS I Ko TR A LeWn X 5 ICHRENIC 2R A REEET 5 2
B LI D TIENBEREN TS O, LovL, BUSTARLIEZ MY 5101k, #hiz bre— RER
HEBATOHREMEIRAMLETH Y . b Ui UAMENET UL, BT EEERR 0O 1SR ER 2358 Vi 18 & &
RHDT, WEDREMEL 2D 2 ERTPHEEINS, -, BEICEMTT T, BETELE 7 7 VHROMIC
IFEE L TWRWAY » RANEICERE LT EE RO T, ERBREAARMERICZ L2720 b /IERE
K& LTRER D 5,

UEETELYTEAY TORERTHLN, URFITELYTEEL LT IHBEBRTHD,

HEUTe2mLLELTLV— Xy v 72T DT, BEEEHLLTEN E(YFLJW’;%‘)kT#%(LrLJ
BEYD 2 TN D, FHEADITI N, wHEEOAMIT/NES L, Bl i B, Ll 7
My v TOMEERE, Wb EERETEEE LTH L, BHICEMO B — R ZBIg L < Bk S
DI LFMDTH LV, Fig32 TRLIZEBY, HEBRHIIET T 0 UAMINZ S RIS 1M D)% 0T, F
E— FOBIRITEETH D, EYTEOIEERE Y TH & MV 25 2 =4 5 FB(Fig.3.3 and Fig.3.4
Nod)E, A T T A v OEFERE R ETEMEEIN TN D, R ITHRAERNT LD & HERECHH
B L | ISR O 72 CAMEEHER LTV D, ZOFMENT DD ThHIUL, BRI D ARFIERT LR O TiED
FNRFERTHY . DOIMIEER T b D &EE 2T,

BB OLBEREZRIBIC TS, BEHOZR CAMEZUETHFEE LT, BEI7I v I HTAT—F
DT FEBREE Y T 2 W CTERIEHET 5 FEEB LR I N TV 5, (Fig.3.3 and Fig.3.4 No.4) AR T{EIFEY
TaAEHWDERFNEE A EBEOERESCHBRETITIT BMICRA SN TR Y, FFRIIEFITZ WV, L
TN T, SREETHEABRMUET 2 EE 2508, 1.42 8 3) TR B0 FEEFEY CTHICRET 5
RO RSN | BEEEIN A LT WA D B, SREE T OIS T, HEmD DO
RRERANIT S T2 ATRENED 8 503, BLIREA CIXE R MERER O R TIERT & L 72V,

D FHEBDONL— X ¥ v 7RI LT, BB CHERELZIT O IR, B ERT
FUTDT 720, BOWEESLE, BRI OBBHERFNREE S W o 7S, UL, BEBEEIIX
ISR EIT L 72D 7 T Pl & OISR A HIE LT W E WO R KROEHR® 5, (Fig3.5)

Flat position Ovehead position
/ / welding welding
/ . . % \Poss1ble overlay welding
,,,,,,,,, — Impossible overlay welding \ Possible to control the backside shape

— Possible to control stress concetration
\ Uncotrol the backside shape \

— Uncontrol stress concetration \
Fig.3.5 Advantege of overhead position welding the lower face of flange
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BB, ERRBCE AV — by v FTHERE T, BT 2 v 7 EOIEBRE Y TH AR ETIRIC EFL
T4y hLABRWEDIZ, AT ENTET, I H Y TRV L — NEMTOMRERENNHELE 725
19 (Fig.3.3 and Fig.3.4 No.5, 6) = @ Ti#EZEH T 572 DI0I1E, JERO RN Y U v RU A YR KH
TT I ANDTAXERND L EEFORMIMAENE LT VDL, BmOWEENERESNS, (ki
B 72 UAHMEDOHIME G 8 L, (Fig.3.3 and Fig.3.4 No.5) = Z T, AFETIT EMEBOTNE DML 1L
W7 UCAPEICEN ISR 2 B, T2 2 & T, LMEBOVNERELZ T, BENICLELY &5
%72, (Fig.3.3 and Fig.3.4 No.6) I 52, FHZEETIIARAEE, ERZBOLNHREERFFE L LT, L— ¥
Yo TR T TR, BB L T EMES CRREE A ERD 2 LT, ISNETOLHEBE S, B
QA - ARIREFT O BRI E L 1IN D Z L ZAIR LT, (3.4 BZEMRE)

Fo. BRI LD RRRIOEHEIL, 7R ARD & < 72505, Fig.3.4 No.l O X 5 128 %E 4T
Z LIRS CHEET 20Tl JIBB L RREB OO T D 2~3 RADH LRSS E L, 70 ORI
(FPERIE Y T CO L T 5 Z & T, BRI AN & He/ MRICHIHI R S &5 2 7,

UL EOBEERIY, EETEEFEL T, ZIUEIISHEPEZ R ST D LI, BRERRKD
& BRI E 2 13 D R ER MEE 4L, D EAMED S0 DB TFE & L CTNE & X315 Table 2.1
(a~NZEHx b= T L &2 b5 Fig3.3 BLFig3.4No.6 BEAMIEDE 2 DML E LTHAL, T74b
B, FHUTENE DEECISEMEL R T 5 2 L TRy R U LA BRI T2 EH T 5 LIk, 7—2
ez B Bl SRR 2 AV T KA 2 & TN PR A R IR RS - BV BB E S 5 T
ETHDH, B, RRICHEUT 2B EOHRIERII AL - 5o T,

34 NyFUFLRLHABTEOGELN “j7~————
. . _ N . . Upper flange
BEEATERO T 7 F o PMllE, Fig3.6 lIRT X9
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LT, Blgh THICEN - SCEFRZRET 5,
BARINZIE, RERO J LN RITZ D F £IZ,
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LIy 7 VAT L3 % (Figl.7 (b)72H T2 Fig. 3.6 Relationship the backing plate position and

< . FrAEFICBEIE S U TEICE N - A R A each beam flanges in the conventional on-site

IS 2 T, B — Ry FOMEERE I L & Joint design

£59 TV T U PIMUDERBE IR~ DI R ik

| kA & AR & 722 5 @ B MRk RIcE 2 2K T 2 LM LELZAIR Lz, (Fig3.7 (¢)
33T EBY, EY TR LAZFERT LOOERFETH D, L EHEIL h—F2RFASE

TON— ASERBE(EI AR, Fig3.4No.3, 4)TlX, £ OWrERIZSLIRMIIC Fig3.7b) & 725, Fig3.7 a)d

KO REETEA Y OLEEITHAT, a2 v MRIRPHE SN D Z L6 L1 molsEPEITE

T2 ERMIFERD, L L, B E— RO S BRNRET 256, BAEROHMMITEESE
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[] Weld metal by flat position welding

M Weld metal by overhead position welding e Stress concentration point
#> Heatareazone e » Fracture direction and pass
[] Non heat area zone of base plate

High toughness area

a) Conventional b) Non-backing plate design and ¢) Non-backing plate design and
only root gap closing process overlay process after root gap
(Uranami) by overhead welding closing (Uranami)
by overhead welding

Fig. 3.7 Relationship the fracuture direction and steel microstructure, and the concept of developed process

%< DE. 77 v UM ORERGEBR ) L S EIREIMETH Y | BEMEITICH T 2BV N E
<, MEMERREZ 726 LT W Z E R I D,

I T, ABBLE, T RbbANyF 7 LA EMRABTEL BRIy F 7 LV ATETIERLS W
BEAEFIH L OSHETREFT OB R 2 Me L7z, Figl3.6c)D &R0, BlIEEMDL— FHEREE— RIC
WD XD ICHELZTEET H2FICL Y | ISHEPITRIGERICEEGREND L2 ~E ST 52 EnHks, &
FTAUT, Z OISR R & 7o TRAEDFA L, B B OB LT Ul b L ITREO/SASEE U2
WCHERLZZELTH, D2 &b ol &2 WITaRITE > TlMARRILEEINER 7 7 o UM IRE I (FEE
WL 70D Z TS, MEHEBEEZ B IE TE 2R BB KL B bDOTH D,

ZOEHT, 7TV TEICHEEE AT TIEE UL, EREBRENVEAELE 25, B To Lng
BRI, 2<%, ICRAVWON TV OEERRGHREOEE, FEHAETH D, (Fig3.8)

LU, B ERESEREN L ©— RR 2 E & T 383 S 28 BB 23 b 72 < Ik gess
B OIS I FHRERD 2 R LAV,

Fig.3.8 Temporary work space system for on-site welding”'l)
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35 NYFUJLALAARTEICEL-BEMEEHE
3.51 WEMEE
Erm A+ FERMEEEICRN T, R OmEEE TICRO 5N D ZREREIZULTD 3 5TH D,
(Fig.3.9)
DIERL S H T, ZE Lz BN ARETH 5,
DHERIC AR RZ M CTHBIBEISND KO, IWHEPTELZ TIT 5 b3, R EAMEICE
WD B S RO 5,
3k LRED FAEH#RHICE S TN R TOHENEEHRWE D12, O LENHRIND,

1) 2) 3) I '
Difficult I\ . Convex shape  High stress Easy
overhead welding \ \ concentration burn through when flat
position welding

<> <&
L= =

Toughness against

burn through when
flat position welding

Easy
overhead welding _«* \

)
/LW .

Flat and good
wet-ability shape

Fig.3.9 Some problems for the flat and overhead mixture welding process, and each improvement targets
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— I WRET D () Ay ZIFEBMRD 72 2/NRL, ()RR 233 < | 2> DU O REPEAS m\ T2
ENUEHIZ SFEHBPIRDBTGON D LW O BEEEEEREZGS 2 L 2RGHEA L LTl &21T o7, £ ORE
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WIS OBEFIEME (VA4 Y —, B +) LT 287 eEgETEE2 R Ls, BRY A YOR %, 8 HEE
T—RANZEEDIL TS YGWIS YV U v RUA v & Bl LT Table 3.1 (27”773,

Z OHEMEE B TIHEMEN TOWDHEBIIRO LB Th D, A3y Z3b 7L< oMb 25 D1,
D77 v 7 ARZEEND 7 v FRILEWNT — 7 FCERE LB, BARIEL > TT — 27 izt 2K
XRMERANEL D, @7 —Z IXEKINCHHETH LD, BRIEZH IR FOREINRLD 2 LICLD | i
PETIED A Y IeiasREIC A A A K D@D BMb S, ZhbQE@DNTL > T, UA YOI
NEBZZ T, AT U—VEEBAT EMEEN /N S RERIC R SIS T2 Th 5, (Fig3.10)

W, EMRENEICER T DD, YU v RUAL Y E L TUIRMAE 2~ 7R T AR TV =07 AD
SRR A 7 T v 7 AL LTINS 2 LIk 0, RN OBREENME T L CEmEN L A
HFig3 1) & b, IREDFGEMY Y OBEEFRE)E T FHZ LT, BN 257D Ths, FHMEIC
BENDDIE, AT V—ROT — 712 X o THIREHE DA WEIPIZ BT 5720 Th 5,

BA%E FCW DVEFE 48 OFSAIERE & L2 /0l % Table 3.2 (2R, IAESBOMREIX, 277 VME L
CT—fMICTE F S D 8R4 JIS G3136 SN400A~C, SN490A~C (Zxf L, &< BEERWEREZ AL TnDH 2 &
DR CE D, bIEBERBIR FCW EREROILA Y U v RU A Y ORED ik % &£ & T Table 3.3 127777,

Table 3.1 Comparison of the welding wire chemical composition of the conventional solid wire
and the developed flux cored wire suitable for overhead welding

Kind C | si|Mn| P | S |CulTi#zr| Mo | Al | Mg |[M]Ex* / :
name
055140 - | - | - | - | -
YGWI8 1 615 | 1,10 |-2.60 [0.030]0.030] 0.50 | 030 | 040 | = | - -
Developed - - 0.75 - - - - - 2.00 | 0.50 | 2.00
Wire(FCW) | 0.05 | 0.20 | 1.25 0.030]0.030| 0.50 | 0.05 | 0.40 | 3.00 | 1.00 | 4.00

S[M]Fx ; Fluoride(~” L&)

Movement of ions and electrons Droplet and penetration characteristics

+

+

Solid wire

with
. . Positive ion
negative polarlty Electron e/ has heavy weight
(Conventional) \é ¢
[ N y |

Attack to base plate

Large size droplet

has large heat
"/ volume
[ N y |

— Deep and narrow
penetration

Attack to molten
. droplet in the
Developed flux cored wire wire tip Small size droplet
4
0o° /
0 %o o

with tive i
Positive ion
positive polarity Electron f / has heavy weight
(4] °°o

¥ ¥ Shallow and wide

penetration

Fig.3.10 Comparison of the conventional solid wire process and the developed process
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1 Murarka et al.(1833-1918 K) 12 Mukai et al. (1843 K)

2000 2 Tearevskii & Popel (1833 K) 13 Ogino et al. (1873 K)
3 Van Tszin-tan et al. (1823 K) 14 Von dem Esche & Peter (1823 K
v ii ( ) ef al. 3 K)
5 Popelaral ek 12 G R . CO, weld metal by developed
- 1800 6 Halden & Kingery (1843 K) 17 Jimbo & Cramb *" (1823 K)---{ X
' § Ervhor & Byeheviams K 18 KB bm sk flux cored wire
% 1600 B ERts R pimRimE 0=120ppm, 0 =1550mN/mm
<11 Filippov & Goncharenko(1823K) 22 Mukaj & Shinozaki'*!' (1823 K)
E e 23 #5647 (1873 K) . 31%
S 1400} ~ Conventional CO, weld o170
- metal by solid wire ncrease
™ . .
% 1200} O0=500ppm, 0 =1180mN/mm
#1000}
800l Hir%0 1 14
0.010.02 0.03 0.04 0.05 0.06  0.08 0.1
0 0.1 0.2 0.3 0.4 05
mol %0

Fig.3.11 Relationship with oxygen content and surface tension of molten iron”"

Table 3.2 Mechanical characteristics and chemical composition of deposited metal
applied by developed flux cored wire

Tensile streneth Absorbed Chemical composition
& energy (%
Y.P. T.S. El vE,
(MPa) | (MPa) | (%) | () c|SMPIs 9N

458 582 30 119 0.12]0.15|1.14]0.015/0.005(0.012] 0.0025

(Shielding gas: CO,, Heat input: 1.7kJ/mm, JIS Z 3313 test condition)

Table 3.3 Comparison of characteristics of developed flux cored wire and
conventional solid wire for building construction manufacture

Developed Flux cored wire Conventional solid wire
73313 73312
JIS standard T49J0T5-1CA-U YGWI1L,YGWIS etc.
Polarity DC& electrode negative DC& electrode positive
Wire diameter 1.4mm 1.2 or 1.4mm
Shielding gas CO, CcO,
Spatter quantity and dia. Few and small Much and large
at low current zone
Deposit efficiency Low High
Hang down toughness Difficult hang down Easy hang down
Bead shape
at overhead welding Flatter Convex
Penetration Shallow Deep

3.5.4 LRIFRABETAVYOIL— k& E

Er R BRSE S AT EERE D A v (BA%E FCW) D /L— kbR i 2 fsd 9= <, 7 — 3=k — M H
B % 3% T 7o BB OWR PRI K D 2RMGIE ORI 21T o 7, fLEREAIIE SN490A #JF 25mm C, BAZEMRIL T
RZEEETAD VIE 35 FE & Lz, Fig3.12 IR X 9 12— MEkEZ 0~13mm £ TELS &, W HBE
CPICLRE LTI BEN TEL L TAE TRAUE ] &I L7e, 501 Table 3.4 (2, "B R & Fig.3.13
AT, EOFER, BA% FCW TIEAUE TR /L — MR K Tmm 58 CTh - 7=,
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Table 3.4 Welding test condition of the root gap tolerance

13— — Welding Developed flux cored wire for overhead welding
i Wire JIS Z3313 T 49J0T5-1CA-U 1.4mm dia.
B 8" Polarity DC & electrode negative
Current 130~150A

Arc voltage 18~19V
Wire extention 15~20mm
Shielding gas 100%CO, 25 l/min

Akl a 250
—_ _ 5°
35° 35° < ) <
o R : 7
Yo BR R Vi ERNN ‘~
\ t \ t 50 Acceptable area
i =
\Q‘ N S 1501 o o
A—A B—B g & =
. . 1 1 1 1 1 1 1
Fig.3.12 Welding test method of the root gap 100 B 3 4 s p 7 <

tolerance G: root gap (mm)

Fig.3.13 Result of root gap tolerance has the
developed flux cored wire

BIGABECIE Fig24Q) TR LIZEB Y . —RIICITA L N EIEBEORABEER TN ZBEAINTEY,
MY v —7 L — RO T EARL MES LIZRERT, 27 7 0P LMoL — bR BE £+ 2mm
BRECHEELSEHRIND EEZOND, LIEN-> T, A— MAIRBOHWMEZ 4~5mm & L TR L TR
IE. B FCW &2 T kA 1 282 To— BB O BASELERL N FTRE & 72 5,

723, [F—— MR T 2 RBROE S IA . EEMEZY Y » RUA PIZHASTERTND Z &R
flERd Sz,

355 EtM- THRABBEEORE

B4 7e Bravasa T & % o ERes N TRFICEE D 22W+072 0 SRR, 700 NCEY TE T
ELD BETRE LR LS LHTDITISEFROD WL e — NIERERK T2 L2 HEE LT,
BESMEG D5 1 7N AEENE T T . 2 2821 FIC X AR T A& fifatd a2 L & L,

AT & RO BEERHIHR /v — MEFRZ Smm @& & U, Fig3.14 (ORI EEEZ R LTz, T2 2R
i, () —Miy7e b — REAZE | SREEREE, (O)ZENE & RSB A I - 72 1 8 2 S REBHE. (o446
P& D ERMERZ -T2 1 J8 2 N ABETIE, (OBREMEE o UEMR, ©— FRRSEEE TH- 72 2 J8 2
NAETLETH S, sHliTEE UTE, W TEO#ES E L~ 7 n 8581 L 5 B — FIRROMRE &
U7z, VEHES11HIE Table 3.4 LA CTH 5.

(a) 1 pass only (b) 2 pass in 1 layer (c) 2 pass in 1 layer (d) 2 pass in 2 layers
(Overlay)

1 1 1
N : ot :

\\ Fig.3.14 Tested layer and pass sequence applied to overhead welding
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R O R W~ 7 2 B4R % Photo 3.1 IZ7R T, TERHERI D& % Fig.3.14(a)D 1 /S AV 1. ClE, faHE
IXARECTH D3, L— NOREERL L OO0 CIE LR 2155 1D O K EAL & fha 7o e g 4 380E L7
AU B3, ERIER SI2h 7R 0 SE RN A BT 5 2 L3 o 72, (Photo 3.1(a)), F 7. Fig.3.14(b)
KON )D 1 J& 2 /S APEHEHE T Clk, 1 /S AREEE TIZH AT TOBESEIIE T IR H00, B — ROHE
720 4&#@%&%% DT, HoD EEGHS eD 720, IS HEPERZHERR L, % TR T sk
BEHLIRNZ L EZBE LTV DAEIO TR ARME THDH I ENghr-7z, (Photo 3.1(b)(c))

—daF@maw@zgzﬂxmamI@ . b= MROYUEE 1 XA H TITV, O CEB L OME % fife
T 271D DRMEALEEEET 2 RABTIT ) ZEICER TR BHEl L E L UIESITRY ., mER
&%@ﬁ%z%kLﬁw:kwA#otw%mﬁlw)ﬁkﬁo % LREO FEHERF OB HRE & v D
BlLANG b, BUHPER: CIE 415 250~300A FREOBEBESMETITER D D 2 LNV, +570 ER 26k
%T%Tméo%%K%%ﬁ%%ﬁotﬁwﬁﬁv&nﬁﬁ%PMm32K%ﬁﬁ\TW@@IEWE@m
IABIRSITRE LT, BINEE S CIRE R W e BRI RS 5 2 L Rbh b,

DD, BN TETIENOAREA Y F U7 VA TIECEZ T, FHE#EE LICE 2 5 2 5 EK
F72 <, BYCTETIELFSORBERERICRD EE 2D, -, BROBERIZR VLT WD T o PHlEg:
ik, R EDRUANESEONRIEREZZEL TS Z ENBIEAEFTENMET L, Ok, Mg
OB OMMEIERE R 72 SICAFNCE < Z RN TREND,

Lo T, BABLES LTI, STO2@2 NABRBRELFEL LTRITL2 28 L LT,

(a) 1 pass only (b) 2 pass in 1 layer (c) 2 pass in 1 layer (d) 2 pass in 2 layers

Photo 3.1 Cross section of each layer and pass sequence
(Refer to the sign show in the Fig.3.14)

Photo 3.2 Cross section applied to the overlay by overhead and flat combination welding process
(Over head welding is done by 2 layers & 2 passes)
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3.5.6 LRBEMEOERBEMHEDLER

Ny X7 LA BB TIECEBT 28% FCW OMEMEZ R T X<, BRI W TREEY A Yo
HEBELLIGHEDNy X 7 LV ATIEO R EZ1T o 7o, Al & O HEERSIR Z ¥ v v 7" 3mm, Smm,
Tmm THEEE Lo, ik & LT, — IR eBB8EHEM Y ) v FUAYISZ3312YGW12, 1.2mm ¢ ), 1
Sk FCWOLTF— /L% « REBYRBEM, IS Z3313 T 49J0A1-1CA-U, 1.2mm ¢ )& VY, ¥ —/b FH 2 30t
100%CO, % AV Tz, KISt % Table 3.5 1R,

BB, WFRLEIE CAREEEZ RE Lz B2 B2 SRR T L U, B T oS E, v— FEE
LW~ 7 n Bl TR 21T - 72,

H A YIZKDEER O E— RIMELEBS K OWiE ~ 7 = AR 265 B 4 Table 3.6 12777,

Table 3.5 Welding condition of overhead position

Kind of Welding wire Welding condition _ : —
JIS No..  wire dia. Polarity: Current | Arc voltage | Wire extension | Shielding
' A) Q%) (mm) gas
Developed FCW DC &
JIS Z3313 T 49J0T5-1CA-U . 130-150 18-19
. Electrode negative
1.4mm dia.
Conventional FCW o
JIS Z3313 T 49J0A1-1CA-U DC& 1180200 | 1921 15-20 100%C0;
. Electrode positive 25 l/min
1.2mm dia.
Conventional solid wire DC &
JIS 73312 YGWI12 o 120-140 20-22
. Electrode positive
1.2mm dia.
Table 3.6 Comparison of welding wires in overhead position
Root Gap(mm) Developed FCW Conventional FCW Conventional solid wire
3 ;
32 4 5 6
B
5 Impossible welding R e
| e
R 1 : 2 3 : j (=3
7 Impossible welding Slsasaala
PRI

VU RTALY T, 1 RAABENOREBIZL M E— RIZR VT UVMEHE Th o 72, 2 NAHTIEZ
D1ARZHOMME — N ZFERIZEMT 5 2 ENRHRRRNWZ L 1232 H & 2 232 HOBEFEIC#E A~
BRAE LT, MFOREMEICHER S D Z L8k ol o, 2 32 HO IR B O ek & 1X
/4%

TER FCW Tld, KRRLANy ZRFEAEL, S ANVITHET HZ LT, ANVHAZEIIED v — L FARDBR
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KCRALKRE (B b)) 23E LT, FEL IR, Fv v 7k iaias Fﬂk%w%ﬁTfi/zwLHE
T ANy ZITEGDIRNMER TH D23, WICEEREPEWVIGEIEA Ny A EENBFITHEM L2, ¥

¥ o7 3mmlE¥ ) UCTHEETE 2000 WHEEENMETT5F v v 7 Smm L ECIEA Ry X E&REH L,
IV RARBEDSRAEL TSR E— RS LR oTz, LEERo T, Ry v THEL Ve 7eo
TLEW, REETECITE I 2N &3 nhole, 0B, 12k FCW I JEHEERDM OFED A Iz~
TEWWD, T HMERWET S TIREHBAT R AL E T il R 7 — 7 Fi AN CTh 72 2 LTk 5,

INHDORERY A IZx LCRA%E FCW TiX, ¥+ v 7 3mm, Smm, 7mm W3 3UC%F LT il U 72 4246
EROIEN OEEENARET, FET DAy X HRREDN NS S AVITHET DAy X &L DTy
— )V RRRITAELC R0 oTe, 7o, BHEE— FOBERKRIZOWTHMO T A v L2 &, (P E— R

W22 02 <, o — RIEmBERPEONTND Z Enbnd, ZbDORIFRERIT, IWHBITE

BB X OEMERBROEREENDRELFLELTNWDLEBX S, Thbb, 3.683 fiTk~ -k oz, KER
BIZEBWTHLEE LI AT LT FBL LT R U A YLK & B DA T TH D Z &0 6| Rl
MORMIEFIDE L . DOBETEIREEPH A LN 2D, BRI TAETIC W RSN,

AFERED Ny X 7 U BRI TIEORERBICIT, ABREY A Y& OMEENNHATH D &m0
77

3.6 NyF T LR LRARTEO#MTFSIERE, WEitsE
3.61 HW

B FCW Z W ey X o 7 LA LA TIE S | 16RO Fiasa ToIRMIZ X - THEMIHEA S
T T D FEARPY R 2 F AT~ < . R 25mm @ SN490B #4 [l 12 & % iRk R el LU=, bl &
L CHER DI THIRPETIRIC L 2B HIERI L 7,
3.6.2 RBRAELEH

WRBESRMT % Fig.3.15 38 LU Table 3.7, fi38HES DOPERE A Table 3.8 1277, Z OER S 7=k F20 5 Fig.3.16
(R T, e R O 5 iR (JIS Z 2241) | HEEER (JIS 2 2242) . v 71— A4 S5k (JIS Z 2244) |
+FHkTEERE JASS6 [HHHI3 =L 7 hu 2T FIEEEOERRR ) % Fhi L7,

(a) Overlay by overhead and flat combination (b) Conventional flat welding
welding process without backing plate with steel backing plate

/ / Flat position; / /élat position;
v 1

1w/ Conv. solid wire
9 Pass No. ng solid wire

) o B

& o

25 \ 25
i Overhead position; i Steel backing plate
SN490B™| \ Developed FCW SN490B™ | -SN490A
9mm X 25mm

Fig.3.15 Pass sequence for cruciform weld joints
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Table 3.7 Welding Condition for cruciform joint

Overhead welding Flat position welding
(Fig.3.15 (a)only)
Welding wire Developed FCW Conventional solid wire
JIS 73313 T49J0T5-1CA-U JIS 73312 YGWI11
Wire dia.(mm) 1.4 1.2
Shielding gas 100%CO,, 25 I/min
Polarity DC, Electrode negative DC, Electrode positive
Current (A) 130-150 260-280
Arc voltage (V) 18-19 31-14
Wire extension (mm) 15-20 20
Heat input management Max. 3kJ/mm
Inter pass management Max.250 degrees Celsius
Pass sequence (include overlay) 2 pass in 2 layers | 8 pass in 6 layers
Table 3.8 Base metal for cruciform weld joints
Standard | Thickness Chemical composition (%
C Si Mn P S Ceq.
0.16 0.25 1.50 0.014 0.003 0.43
25 Mechanical properties
JISSN3933§6 mm Y.P T.S. El YR Min.IV Ave.lV
(MPa) (MPa) (o) | () () ()
401 553 25 72 168 175
Spec. 325~445 490~610 =21| =80 =19 =27

SR -

] ; A—f‘f |

F i

Test piece for tensile Test piece for Chary absorbed Measurement line of
strength of weld metal energy of weld metal Vickers hardness test
B_ B . <
Parallelism part ©
25+2B+12
25
R=50
m -  :
N ] !, /_, B —

Tensile test of cruciform weld joint

Fig.3.16 Each pieces dimension and position for weld metal or joint performance test

3.6.3 HERMR
Table 3.9 [ZIEHEA B OB EREE L OV v L B —FERE kTR ERB O EE T,
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Table 3.9 Mechanical properties of weld metals and joints
Weld metal Joint
Test Tensile Test Charpy absorbed
assembly YP TS EL energy
(MPa) | (MPa) | (%) | Ave.vEO'C (J)

TS Fracture Situation of
(MPa) | position fracture

Developed C: 58 Base
(Fig3.15@)| >+ | 7 | 2 L: 48 BL T Metal
Conventinal C: 81 Base
(Fig.3.15(b)) >4l 620 2 L:79 >86 Metal

WHES B OFIRIRE . o ¥ L E— RN = %L — % TIE, 1ERTIEDOWT LY SNA90B #ilkt o HLk fE

(51958 X 490MPa LA I, [t /1:325MPa L [, 3 /L B —WRI = R /L —vE0°C:27) VA B)Zfmi e L7z, fkF
FIERRBRIZ DWW T, R IEBE B G L, 0782 o T\ D Z E R TE T2,

USSR ‘/@@é&ﬁ%@“/wl/t —RIN =R F— 1T B BUEE AR L T2 b Do Bl i Tl Table 3.2

TR L7ZB%E FCW 12 L 2 A G RYER: 119 IZHA_ TR o 72, ZORREZFHET I, vy b B —FHE
AR PR FALE 75%@]%75:&@ LT Ry it L7z, £ DR % Table 3.10 (2777, BAFE TiElX
EREVENoT, THUTT—/V RRERMFERE EHER S, OB CIER < e DEERRE & a7z, L
oo T, HRBRMERZIT ) BIL OB E Lo, MBS MEITmE L TWbHZ &b, ZoEFEE L, K
HiOPE F7 BRI B HE L 72,

W TS 2 53 AT A Fig.3.17 1" d, FRICRIBEIT R b g7,

Table 3.10 Chemical compositions of weld metals (%)

Position . .
(Fig.3.16) C Si Mn P S Ti 0] N
Developed C 0.08 0.48 1.25 | 0.010 | 0.010 | 0.03 | 0.051 | 0.0092
(Fig.3.15(a)) L 0.12 0.15 1.04 | 0.010 | 0.006 | 0.01 0.022 | 0.0110
Conventional C 0.07 0.49 1.29 | 0.011 | 0.009 | 0.03 | 0.049 | 0.0070
(Fig.3.15(b)) L 0.08 0.45 1.25 0.011 | 0.010 | 0.01 0.052 | 0.0074
~ 300 ~ 300
Z Column Beam Z Column | Beam
3 ; id F : Max. 243 id
3250 side {/Iax. 248 f\ side g 250 side /‘{: e
%200 W, m;w % 200 oS,
- o~ e b adi- I e
£ 150 £ 150
& Base Base 4 Base Base
% metal HAZ Weld metal HAZ metal % metal HAZ: Weld metal HAZ metal
- 1 1 - 1 1
> 1005 15 s - 1005 5 15 25
(mm) (mm)
(a) Overlay by overhead and flat combination (b) Conventional flat welding
welding process with steel backing plate

Fig.3.17 Hardness test results of cross section of the joints
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3.7 NyXUJLALRARITEICK DEFEER LR
3.71 B®

B EOIRAREERES OSERERERETREIN TS LB - REAMOMKIFEILT LY
HUTERRNE VI b TIEAR, BT V2D T v FIEREmMNGHEFERE LCTER L, Mgk
M, BEERTAZELZVESNTND, 207D, (EROFE-ZIEBEICET H%ETH, Ny F oL
A LD L CHEERIE 7R 1) - S8 2 TIERZIIFET 208 Y, [ ) v Ah T v 7 TIEE
AETEENRTIETH LD, fife Ny X 7L 2{bDOFRE L TEEL LIEBNRIZ E A ER0,
KRETO/NNy X7 LA ERRAKETES~OMFZNRIL, 3.2 TR/ oc, BYTEHLE T T VR
DAY » MIERT DI EFERELSIEBT22ETHD, £ T, B FCW 2 HW=ATIEICL - T
ERL L 7ok FOREED — 2 & LT, I EREDN R B EEZ RITTIR T Th 297 mERMICE B L,
3.6 Fi CIEM U 7o Sy sk PR i 2 FA T 3 Rl T o7 skl 2 92 L 72,

3.7.2 BREBRAEELEH. HHEAE

IR T O 3 ST SRR Tk & &E % Fig3.18 O Table 3.11 12779, Z 2 TIEERDOE Y T4
TEE O HIAEE Th D | 223 ) b AR AEE T £ COMREIIERE Y To 1k & B Lk
TRENEN O, IEPROISFELE Lz, #ERXE 3.1 RTRT,

Table 3.11 Fatigue test condition of cruciform weld joint

S;’\ Fati St Frequenc Distance between
¥ atgue Control Tess q y the fulcrum
! method ratio (Hz)
O | (mm)
f Bending Load 0.1 15 150
ug“ o v .
L 150
> 3PL
O o o= 5 -+ Formula 3.1
_25 2Wb
180 ,

o : Nominal Stress (MPa), P: Load(N)

L: Distance between the fulcrum (=150mm)
w: Plate width(=30mm), b: Plate thickness (=25mm)

Fig.3.18 Schematic diagram of fatigue test
for cruciform weld joint

725, 3 ROBABME & LTE, fife—A2 FOdEE LT, [FMSAR X FRFm E TOR &)
ETDHELH DN, ARBRIKTIEFRORFLONTNET =AY N T —20fEE LTHIIFE— A
MIZEDLL NPT Z Enn, XM ZZE L2 LIc XD,

R ORWESSE LN, EAMICHE & F—CTh o0, ME—, Ny X7 L2 LmEEEEOKE
Lon DR % FREANCHER T X BHREEL U — VU JiE, 52D WIT A EZ 2 T Table.3.12 1T77T
TEL RNy X7 VA ERRBEEOR A B S BT, R Lop=20mm | JEHESRETH D 2 8 2 SR
BEZ I X B2 1 S ARBEEEE LTV b,

Table 3.12 Parameter Loy and these pass sequences

Lop (mm) 11 14 20
Pass sequence
of overlay
by overhead — — -
welding Tlmm T4mm 20mm L
OH
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3.7.3 HERER
957 57 B AE SR & S-N #RIX & LT Fig.3.19 (12 d, F7o, I RO RO MAIH] % Photo 3.3 127, fbHR
LU FICHIRLT %,
1) JFEFREIIEOREY TR LIEL Y ANy F 7 LR ERARTIEO T BB,
2) Ny xR AR TIEOHRTIE, ERIREEERE Lon W RKEWEE, B iEL LT,
3) FEHRHEORAERIL, OREY TETIETIEIELYTEE T T VDR Y v MBFABRICIRI L, /Sy ¥
Y7 VA R TE T BRSSO 7 7 o LIRS Th o 7,
4) P57 X HOWATH AL, HEREYS TETIE, Ny X7 LR RRAK TERC, RASKICEIT 58
ABBETH T,

600 T .
' Overlay by overhead and flat combination yelding
i N process without backing plate
500 — BN
E = “oN '.... . :
S 400 e R
~ | —> Loy
£
o 300 —
w2 —
g
2 200 - .
| Conventional flat welding Log=11mm
with steel backing plate
100 —
0 ] I - i L L L L ] I - i L L L L ] I -
10° 10° 10’
Cycle (Number)

Fig.3.19 Bending fatigue test results

Weld metal/ base metal
Interface (Bond line)

Fracture e ; Toe of
overhead
Backing plate welding
Conventional flat welding Overlay by overhead and flat combination welding
with steel backing plate process without backing plate (Lop=11)

Photo 3.3 Typical fatigue fracture of conventional and developed process

374 EE

CPERES TETIEICH LT, Ny 7 LA AR LED 7 AMEI T8 55 ek 2 o 9 2R
UT2HEROEENEREZZ S,

1) DBIRSGER] ; Ny F 07 b A Bm AR T CrEge-2Y CAMICARAEEIIC A U DR EROET]
LR E 2 HIY TENRR L, S OICHEEM B — RO ISR 72 UAO LW gL RIIRTH D
72 ISR AR STz,

2) [&mEAfkdENR] Fig.3.20 IR T B0, BZURARFTC©H 5 M B — RO RS T
BSCIRBZED Bond 7 A L BEENL T e, BENRA  SFET DALEDS ., F6HBITEIEDME < HatEromk
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AR U9 VIR A B B (Ave 48], Table 3.9) 5 W TIAREEE BHAZ) TlE /< . BBk <
EIPE(Ave. 1681, Table 3.8) DEZUAFEIRGLO @ W RIMFE R CTh - 72,

Conventional flat welding Overlay by overhead and flat combination
with steel backing plate Welding process without backing plate
Gap closing only Gap closing and overlay
(Overhead:1pass) (Overhead: more than 2 pass)
(¥ Non-tested)
Short LOH LOHg LOH

—Short Liase —>LOHg Lgase

Small Crack spread resistance Large

|:| High; Base plate of non-heated (VEOC:168])  sueuum >
Toughness of Direction of fracture
crystal structure

Heat area zone
Low: o
. Weld metal (VEOC:48)J)

Fig 3.20 Consideration of the mechanism improving the fatigue strength for developed welding process

* Fig.3.20 1238V T, Loy AR EWNE EYRITIREESCERN R M LT 2 BRHIZ OV T
FiE 2 RO S S, SRMEBGEDRDBRE S R0 LHlISND, Thbh, BRASHEREKICE
T Fig.3.20 OAMNIRT L D (SIS & U TREMET & 2 R JEVE RS Lo 2 R FREEEIE 92 M2
HHDEEZBIND,

* SO LHWERE
LA DORBROBIURIE T T, BUREICB T E AL ER->TEBY . HROIHEPETICR

Sl Bbivs, b LEMREDO ASZASEEH 20 60 B TuiuX, 3.4 #i Fig3.7 THRAMICR L
elBh ., RUREERET T POIRNS UL IS TEFEIT E 20, BREFELIZREERH S, 20
R AT DA T, R LIETIHESMMNETH D HAZ H D WIIE#ESRE <@LV 2), S5
W T RSO Y E SR R E N SGE T D FREME D D, D FE V. KR LIELEHAT 256, RMIRE%
W TEHEE T, | XA THONUE LT 5 2 L 268 TEHIIIE, KVMFE L COREREEILN
32133 TH D, (Fig3.21, Photo 3.4) LIREITSHOMRGTHEETH 5,

Stress
concentration Cap layer: single|pass

Cap layer: 2 passes

LBase

—Longer Lpage Photo 3.4
Example of cap layer

treatment by single pass
welding

Fig.3.21 Further improvement suggestion by cap layer welding
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- FAILOO RS ESHE\C & 2 I D E TR E) TIE & O ROE

R U 7o R B AR 35 K OMRIE O & BRI SGETIE O 2 HIZ oW T, IO REE R dE s R %
Mo TEBEfFRBE Tk L C, KERENM BCP325T MBIRIEATEME & XA 7 7 T LD RSk IR
M ENTWD NBFW TIENEML SN TWD P NBFW TiEIE Fig.3.22 (RT X 912, @ OHEY T
SMBIEDO FTHAEBICB N T, 27 AAF 7 L— b LIRBESREERILIRTICRAB I — F U Z#%
F. R NEFRETTE 35 T BAEHEICIR o TS D BGEE O GRS 2 L2 Ko T ARBHFS LI & HER
(R A R RV iR A S A IR S8 5 T L CRMEMRE A E ST L FELTH B,

NBFW ik CITBERA R &2 R MAE LS, EIT MRS THEEEL TV, Zo8%E, i
HMICHHREELE— R U 2 AF 7 b— MINIEIZHIEZE I X aeE IR Icfamd s 5256
b, —FH, KRB TIECEBGEEO T 77V UHIBEEZHEL TWAH Z e, BERAERTTZHE
M, AT NIRRT & . NBFW & 132> T b, BRI S 0@RZGERE TIX, 4P LbHk
Mg L 77 o ORmMBERO ILHEIZH D DT TiER, D ULARBRBREREF L, RAREDO N
AREEIZMN D . TROLEESGRNTLEET 25602V ERESNDZ b, NyF L
A FMWEESEOME Loy IS CTAKAEE CHER UER T 513 L, HHAKRBEZEDLE, & bICHER
B & L CRBMEMRRICEE DS Th o R TRE 208 5 RREN R < 72 0 | R TR RFE D 1) 123
W TE D, ARBHERIIZOEREAK LTV,

(1) @

Conventional

NBFW process

/V
mmmﬁﬁt::ﬁ

groove

weldingv
/ Skin plate of

Diaphragm column

|:| High; Base plate of non-heated
Toughness of ]

crystal structure | pma Low:
. Weld metal

Heat areazone @ ====== » Direction of fracture

Fig.3.22 Mechanism of “NBFW” process in BCP325T column’"™?

- BRI EEO ABSFIZHONT
B RAREE TR, 20N OBRIET D L AMET D20, BEFEAT ORI EE
Th D, HAZ BITEITEWABNT K- TRERZE(E L., Mibd 52 &nmon T, Lieh->T, LRK
REVAE T O RIS L TRV B 2 AR IRICHIH 92 2 &£ LW, (X v 7380 K5 ITBIRA B 132
b EZ, MRS o Tk 2 2 L b JEm) 383HITRLIZEBY, Al LO/-OIZMA Sz |
AR HEEMEHE, 7 =27 RO —= RBERY . BEERR/NS W L s kil R O kR Sk
BORTHLAAIEHNTWD EEZ HND,
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38 WIEELY
FE- 5 A D AT B 1T B 1T K & s A R RO — T
BT ORI A LT, EUTaEEE L. Ul L ORI i
AT GRS A R, S 5ICh— ¥y v THERIC L S AE
FEE L CHBIEE T D5 Ny 0 7 L 2 kAR Tk % B % L7=, (Photo 3.5)
KT, W E 5 TSN BN F s 417 5 IR vk
THE L, ZOMTHREEHR L, ZOME BEESY. EUTRIC
B ENEPEONE L . BRREDOMMIBEIE 5T, EHEEA  ppooss \
EMBEABERE AT, HEETHIER T % B ) B OISR /)ic b, Overlay by overhead welding
LA AE NS, 5T RO A L F ISR process without backing plate

1) EEEEs T OUG L PRI U7 5 A B B 2 BRI L 72, (Table 3.13)
a7 7 v 7 ANV UAYETHZ LT, Al Mg, 7 vFELEWREWEKRY Y v RUA ¥ TR
R 72 il iR &2 KBl C & 72,

Table 3.13 Comparison of the welding wire chemical composition of the conventional solid wire
and the developed flux cored wire suitable for overhead welding (Same as Table 3.1)

Kind C | Si|Mn| P | S |Cul|Ti+zr| Mo | Al | Mg |[M]Fx* / '
name
Coss 140 - | - [ - | - |-
YOWIS 1015 | 1.10 | -2.600.030]0.030] 0.50 | 0.30 | 0.40 | = | - -
Developed - - 0.75 - - - - - 2.00 | 0.50 | 2.00
Wire(FCW) | 0.05 | 0.20 | 1.25 [0.030]0.030| 0.50 | 0.05 | 0.40 | 3.00 | 1.00 | 4.00

$[M]Fx ; Fluoride(~ » #(LAW)

2) bEEBMEBAL. 1 RRICTHREL— ¥ v v THA%ER, SHICHED LD ITKRIK 1 SREHET L2
ET, WIRERD YU v RUA VICK D TIREHEYE T OmEE BERHR SN D720 T,
TS D DMER LT B DB S 2 N Z LWEHES B S L <1 HAZ 205, —iRAIC S iRrE
RRMIFEIC BB S A EHNA U T, R EZ M LS 51EHR & 5, (Fig.3.23, Photo 3.6)

Fig.3.23

Moving effect of fracture start from
low to high toughness area
(Partially extracted from Fig.3.7)

“Y __High
'_,-'_f toughness area

Photo 3.6

Typical fatigue fracture of conventional
and developed process

(Same as Photo 3.3)

Conventional flat welding  Overlay by overhead and flat
with steel backing plate combination welding process without
backing plate (Log=11)
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3) I TTRBRICIE W T, JEREY TEFRIMERMAEBVELTELE T T VDAY v Mk
REZIGTEPIR L 7o > TREFAE L, BHEESRNIEZ RMRES S THER LT,

4y Ny X7 LA ERRETETIE, BYTED X ) IR TN ERRNEWEITNEAE LR, A
%%%075Vyﬁkﬁfétﬁﬂﬁmﬁ%¢k&éﬁ ZOHEFETROFE SN TN D

5) Ny X T U R AR TS IR A LR SRR 23 B 25 %&&D‘lﬁﬁﬁ%%ﬁﬁbh%}mz
Z U I BN 2 MRS G m o> THERE L,

6) N X7 LA EMREE TIEDHIE Log TR EWVIE E S FFENSGE LTz, (Fig.3.24) AEBIREHE X
NPT 450MPa 1238\ TEY TA R 2X10° NSt L, I Log=11mm DA T 3X10° [,
& Lop=20mm DA T 5X10° BN - Uiz, HEHEIC L 28EEMRE T, 4)0RMME BRI T
LRV ERM SO RRRE VW EEZ LD,

600

Overlay by overhead and flat combination welding

process without backing plate

500 —

400 —

300 —

Stress O max (MPa)

200 —
| Conventional flat welding Log=11mm

ith steel backing plat
Loo | With steel backing plate

10° 10° 107
Cycle (Number)
Fig.3.24 Bending fatigue test results (Same as Fig.3.19)

EOFRBRTIZ, Ny F 7 LA LA AR & R LTRGBS IR0 e S e R MR
ARSI CTHER L722S, RABREOSEWEWE O NI LT, IS HEFELZ 5 &, AZERIIR
LICHEFEII CTH DL RMBED 7 T 0Vl & DI TR L, 2O, BHEesES HAZ 24
SBZURTE L2 RO AR D D, (Fig3.21) ZOHE . FEFITEIL DI 57 MECHYEETERE ) 3G B i
LAREENR SV . SRR E R T AMERH L B X5,

—J7, PR L UCiE, AR TIENETREICEN D R E LT ) BRUGEDR, 2) &RMRLER
ZHTTN, HEROHFHFRBR A2/ E < 3 REFERDHIIISENW S, DIZOWTITE—A M
CORERDDHZ EbEBEZOND, REOSEMHE CIIRBBEBRORSICRD Z enb, LnE#ERE D
EWIZ L DE— A2 FOBGITHAMIIE T 5, Ladi> T, WHBEICKITTE— A > hORBRE |THE
HEEDI W KBRS ERBR 21T > THER L T BERH D, S 512, AR CIEmsEEAEIzT K
WE-FY A 7 V] OREITRERE U CHETMEREA 3 U C & 2y, KRGS cIImEr 2 ER L, [H
WE-KY A 7 V] TOMBEREEASHZRE L, AR LEOFEIMAHEE L2, Ny X7 LR EAR
RS TIEBRCOZNRMER L 137 57203 IWELRIZHB W CARTLIEZ B AN o2 E T O]
ZHER LT,

U> I
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FA4E RAHNSvTEABRITEZENYFX VI LA EMARTED R REM

41 [FLBHIZ

F2HEIZEBWNT, AN T vy TEOISHETRBEIZER L, SEMOTZDOFEMMITIEL LT, AH T v 7K
DT =7 RS X D E T 2 & T, I BT OSEEEIN & 7 Z & DR ORIM: LA X DB
T AE LD D, AHT v TERABRTIEZAIZL T, TOMREREE LT,

FIETIL, EYTEICHET I NEFRIEICER L, BBROOOERANTIEE LT, B4 TaEHEL
T hmEss L FravaE Aot by RAEEE S L, & O EAEBICIZIS IR T E T & R o8
BSEH7-DOREERT. Ny UR ERRETEZRIR L, WEE 22 MBI OB & 3kic, =
DINRZE BGIE LTz,

OB T CTIE, AN T v 7T EBY TENFRHIFETHZ LD, REBEE L TELLOM
S FRFSET D2 BERD D,

42 EA4EDBHH
NSO TiEAREREH LI2alc, BATORR T, A REAE LRWDHERTHILEND H, A
TiE, R AEIC YW TEREEAREKE AN THERT L2 2 HNE LT,

43 RHSYTEARIZEN\YF LA LARBRTEEZRFFEAL-ERRARETIILOBHERED

2Ty FIERETIEE Ny X 7 VA ERRAE LEAHGETSEI1C, B 2 ECHEGR LIk A T 7 »
TTIEE AN T v TIRRE TIEOHEMEH, 510/ y F 7 b A L a) R TG Ak L C oz
e MR T 5 L2 EME LT, H2EHEFAMUBLY AT 77 2R 2T ML LT,
Table 4.1, Fig4.1 2T G5 3ROSR KRR ZERL L, Mok Uil PRI Lo, GEMRIL)

Table 4.1 Test Number and condition

Test Type of the . Condition of the ovs:rlay by Condition of the overlay welding
Number beam-to-co.l umn joint Qverhead Weldmg around toes of scallops
(Ref. Fig.4.1) without baking plate
None
FL (Conventional)
o 2 passes Target
FL -P - .
On-site joint Loy=12mm (Fig4.1 Lg=100mm)
FL -s3 Shorter length to the beam direction
(Fig.4.1 Lg=50mm)

431 HEBRERRK
1) &I (alBRicdm, 52 &=L F—)

YA F AT 7 T L& MBI 2 taete s U IoAsE M 2Bl U, & OIS H RIS K 2 Jb 2 fatietiz
A LI EAXE & LT,

2) Ik (RBiRdbE, FH2EE )

LA IE 250mm(Z2H )X 200mm(2 7 7 > DlE) X 16mm( 7 = 7 JE X)X 19mm(E 7 T > VIR X)) DO IEE
SNEH, AT 77 2% 300mmOX25mm JE T, M IE4 T IIS G3136 SN490B & L7-, #=27 A% 16mm(ik
JEZ) X 250mm ] X 205mm(E &)V A X O E BCR295 (B GeM i Fil i it v — VR f 8 2 i L 7=,

ZOIMUE ST O 3 il FRBO IR L 2 AAEIZE S 19mm O AT ¢ 7 —% H JERIENIZ
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No.FL of Table 4.1 No.FL-P and FL-s3 of Table 4.1
X=X’ X=X

R cross section — cross section
1
L
. - . | /

i ; — 16
L o L. Lp=50,100" <

Lon Overlay welding Lo Overlay welding

=12 (For on-site joint) by overhead =12 (For on-site joint) | ,.0und toe of scallop

Fig.4.1 Management target of the overlay welding method around toes of scallops and the
overlay by overhead welding without backing plate. (Unit; mm)

AL EEEIUS L7z,
3) o7 oA (&RBRIKILE, F2mEH)
WA AZ A Lz, (Fig24 (1) RV T7ZWET 5720, 27 ML YGWIL Y Uy RUA Y&
W CTHHIE 6mm O EIAHR DT HRERE L LT,
4) 2AH 7 v TR (EEERER, F2EEMFE )
BUEAEERICHN OGN TWA 135 & rl0 2 AT EAaME L2 A 7 & L=, (Fig2.5)
5 TGV EREAT 7T LADOBET 4 T —/v (EBRKILE)

LTI v A, T T Y NREOBIG#EAS DA L LT, :]
7L, BYTCEFET 7T UL & L-, (Figd.2) ;

6) wedHBdE

AR L 725 Figd2 BAORBRIKRFIX % Figd3 (TR d, & 2 & s B
Fig.2.6(a) DE Y TEEHWIIRBEICZE LV, 2B, Ah T v FIERE L
Bl % S LA LI T ARG EER S 5, :];
432 RINREEHE Fig.4.2 Base design of beam-to-column
1) WEEEAEL (RRBRiAIE, 2 % L [F—) joint considerd in chapter 4

NRyFr 7 VA ERRETIECEEAERN 77 vy 7 ANV YA Y
L4mm ¢ %, FRIBIEESE L AT T » 7 JEARREHC 1T 490MPa iz
YUy FUA Y NS Z3312YGWI1 1.2mm ¢ & V-, o —/b R 2
TR A —V R L LT,
2) ABNOSARNEREEHE (SRR ILE, H2ELE )

Ny X 7 LA RMARKTIE, FHBERE, A0 7 v TIRRNEESEO 2 TE AL 3.0k/mm LLF, 732
R : 250CLL FREHLE LT,
3) = K& 7 (RBrikdm, FH2wmeE )

Pl A WP O M IR R & 72T, 7 L— 23T RZ ZIENIZID . ZiEHNIC
ASLRWEDTHER Lz, o RZ 73R Eg LU0 EE s L,
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4) BEHRELE

FIED LMEMAICHB LI T 7 v 7 AN TA Y2 HNT, L7 T v, F7 7003k ERgsh
2T — F ¥y v TORAERBEENREE) 21TV, S OIS EHNT 1 S22 AR L, 2R R
PEIRURER 2 S S W72, LA ORET % Photo 4.1 [RT, ZD%., FMHN S TR TIERIARE L
A<, YGWIL YU v RUA Y EMWTHENEZZERE Lic, BEFMMIHE 2 ZoELTe L F—
Thb, ETFELRE—-THY, L7770 VIIREEEZHEET CIRE L,

— T, VT PRELIRD T 7 TPy RETNOANT v TEHFETE I NRAREELEL, v
EHBE DT ZRE L C, EAOSEMICKBAEH S RNE ) ICHE L CHE L, REREIEELIcX
L. Wb L EAENAEIC T, BEEEL Figd.d 12, FEMEESM% Table 4.2 1277,

Photo 4.1

Overlay by overhead welding without backing-less
process applied the special welding material at the
full-size beam-to-column assemblies test production

Table 4.2 Welding condition of the beam-to-column joint

Face side Control parameter Face side (Wi thoEtatC):cigfg plate)
1 — Welding wire JIS 73312 JIS 73313
classification YGWI1 T490T5-1CA-U
25 19 diameter(mm) 1.2 1.4
Shielding gas CO, 25 l/min CO,
: — Position Flat Overhead
| 1Byl Backside Polarity DC-EP DC-EN
2y Current (A) 260-280 150-230
Fig.4.4 Welding pass sequence of Are voltage ,(V) 31-34 18-19
the beam-to-column joint Wire extension(mm) 20-25 15-20
Heat input control (kJ/mm) 3 or less 3 or less
Interpass temp. control (deg) 250 or less 250 or less

5) St & kAR OB PERE

FWT8ibr . P plEss 2 EER—ME-R—F v —IMThO | WAL E-FHETHDHZ &
D6, HiE - IEEEAR & B I ORERAIMERE I Table 2.4 L [Fl— & % % (Table 4.3). MERRBRITENE Lz, 7=
2L, AERBRCIIEY TEORDVIC ERAEEEZITo TWDH 2 Enbh, HEm)H O ¥/ B —HERHER
ZEELL, N v X —Z2WE LT, (Figd.5) fR% Table 4.4 (27, /v FALEICIZY Y v RUA T
LD FRBEEB LR T T v 7 AND UL YIS LEBESBENRIEL TV D2, 0°CTOWILT %L
XL 122] L RAFTh o7z,
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Table 4.3 Mechanical properties of the base plates and the weld metals (Same as Table 2.4)

Position YP TS EL | vEOC | YR

(MPa) (MPa) (%) () (%)

Beam/flange 401 553 25 175 72

Base plate Beam/web 391 549 27 168 71
p Column/diaphragm 410 559 26 212 73
Column/pipe 342 505 30 232 68
Beam/flange - - - 152 -
HAZ Column/diaphragm - - - 196 -
Beam 522 578 30 154 90

Weldmetal oi " otumn 530 | 594 | 28 | 138 | 89

Beam weld metal
[Beam weld metal(2) / IV]
/Upper flange D)_
Square pipe E 19

B Sooooomood _._:/ _____________ I
v * \ 4

Cross area of overhead and
flat position welding

Column weld metal

Lower flange

Fig.4.5 Position of mechanical test piece about mixture area of the overhead weld and the flat weld

Table 4.4 Mechanical properties of the mixture area of the overhead and the flat weld
YP TS EL |vEOC| YP

(MPa) | (MPa) | (%) (J) | (MPa)
Mixture area of overhead and flat

Weld metal o ) — — — 122 —
position welding

Position

433 RSV TEABRRE F2=L6H )

No.FL IZxt L, AH T v FIEAKE i L7-H DA, No.FL-P, No.FL-s3 ThbH, ZNHDADT v TEH
BEIRBATIE 2 LR L, P77 VML TRIEBTORKE TH LN, L7 7 o Db SRR LT I
REMNT TR E LTz, (Fig4.6) BUIGHA T CIIKEEAREER 720, AR Z OHFEFBLIEN TIX2, Bl
AR TO LT PMEE DT LHNIHESETH S & LT, AETITAMERE LTy X 7L AREK
TIEE AT v FIERBEOFRFEINC X5 EANDIREZHRT D2 L2 AL 3570, IERFENTFERICZT
BEL T,

, ~Butt welding joint
Scallop Diaphragm or backing plate

Fig.4.6 Welding pass sequence of the overlay welding method around toes of scallops (Same as Fig.2.9)
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Fo, F2EIBWTAD 7 v TEABIREOEESFND 9 HLO—2>ThHRPRGFR~DE S Ly MH
VME 100mm £ 9 H 5V 20mm OSAE OMEREZ MR L. BIFES O EFHEESW R+ TR WA E L
7M. S5 5BMMERE LT, AEIZBUVWT No.FL-s3 & LT 50mm iR EA BN LT,

434 #BELBEHARAE (F2=L—)

R THRUE U 7oA i O EOKBRIR O HIFERE 2 48 7E L 72 M TERE D 2 IET D 72012, 3 RS
J7RUC K DR Uiliakin e Fi Uiz, BARRICIE, RRBRIKHIN 4 SCRF L, Fig.2.12 127”3 1.96 X 10°MPa
Bk 2 VT o T AERICAREM E A A Lz, IBEIZ0CERE L, EHFEL L THREMAIZIT O~
<, @agrarWiiicos /) —n, K74 74 A& U CHFIER S, £00EE 5 300mm O
oy £ CRMABHAZ - LR 27, ERPISIRER & BB 2 AV CREFHE 21TV, sRBR (AR
213 0°CIT 7 o CT—IFHILL LORFF U 72 R ISHU 2 ATVl & 2 OIREE 2 R FF L 72,

AT OB IR ORIBPET — A > M T % PO TGN ¢ 6 p Z JEHEICHLY | HAFHEIEZ 1c 6 p. 2c
Sp. 4cdp. 6cop- - - LW S HIEALZTEMIR LA 21T o7z, FIRIET 1c6 p LISAOFIRIET 2 ¥4
TRV IR L, BT T UHMERT LTzl CEBRIK T & Lz, ROEAMBEZ Figd7 (R T, WEIZE—
KMz X0 s Ul SnEE T sl W7 7/ F 2 o— X OENMNIEE % 1~3mm/sec & L=, 2D
HOEREIF, HEROERELHBIEKOLERELZZE LI ZE TR LZEETICHE L, £/ 7T
CYUDEREEZHNT A0, B — VRS 7z, B LE % Fig4.8 1T,

0 8cdp
At 6¢op —

4cop —
-

2¢cop

Displacement
% |
v
(¢}
<
<N
[¢]

Fig.4.7 Load sequence image of bending test (Same as Fig.2.13)

Beam flange Diaphragm
—

35,25 125 28
] = [ -
.......................... aj@ o [ jp— 4 ol &
q e 8 8=
5 O qd @

10
8

LO: Lower flange / outer side  UO: Upper flange / outer side  LI: Lower flange / inner side UI: Upper flange / inner side

uo
@ Uuo
o B,
% LI Lui Fig.4.8 Position of the strain gauges
) éhhh.
LO ﬁ
LO

-85 - [ 4



435 EMRERIOBHFE (F2FLFE )

2.4.5 fiii, Fig.2.15 T/R L7, ‘BAGHHRZ AW BREBEEEIEGE 2 HH LT,

Ws  : Total absorbed energy
cPp : Proof stress at the beam end

436 EERER

en s=Ws/ (cPpXc dp) Fig.4.9

SR V=, (Fig.d.9)

Calculation method of the cumulative plastic
deformation factor( n ) using
cdp  :Deformation at cPp (same as Fig.2.15)

skeleton curve

EORFEBR T RIS TN U 7o HE A E SEBR AR OO for -SSR IR R d K OV AT A T & T A

Table 4.5 12779, F 7z, Table 4.6 |[ZikER T O AL/ AT L OV n O SR 27T,

IHIT, AAT v TIEREL LS LE 0 OBfRE U TEBLZXZH 2 EORR Fig.2.17 12BN
LCFigd.10 & L CTRL, /2, 7 7 UAMAGHD D 10mm) & OB ZRH Lz fER2F U< H 2

EEORER Fig.2.18 IZiBAI L T Figd.11 & L TR,

Table 4.6 Analyzed results

Positive side of bending Reverse side of bending
End of Max. | Absorbed | Skel M
Test fracture Max. Max. Sorbe eleton Max. Max. Average
No eycle load |displace | energy | Deform load | displace )
' time x10° | -ment | Wsx10° | -ation s x10° -ment s s
(MPa) | (mm) |(MPa-mm) (mm) (MPa) | (mm)
FL +40 n2 1.152 31.5 24.82 36.2 340 | -1.212 | -31.7 4.58 4.0
FL-P —60 _nl 1.451 47.2 58.48 58.1 7.64 | -1.385 | -31.1 9.33 8.5
FL-s3 +60 nl 1.452 44.7 62.41 59.4 8.54 | -1.383 | -31.9 6.90 7.7

12

=P i

|| @ Positive side

O Reverse side

|_| Average

MNs

4 © |:| On-site joint
g - On-site and
2 g Overay by overhead
,-""f N without backing plate
% 2 | Bl B shop joint

Conventional Overlay Overlay
(Non-overlay)  (Incomplete) (Target)

Fig.4.10 Relationship between the overlay welding method around
toes of scallops, the joining designs, and cumulative plastic
deformation factor( 7 )
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SN

Strain ratio
(max. outside / max. center)

N

e
-]

555
it |

Conventional
(Non-overlay)

Overlay
(Target)

in the lower beam flange

(/@ or ®/@ inFig.4.8)

[ ]
i
=

means
same as
Fig.4.10

Fig.4.11 Strain ratio of outside by center



Table 4.5 Result of bend test applying full-size beam-to-column assemblies

Test Load-deformation Photograph of fracture Position and situation
N Upper; scallop side of fracture pass
o eurve Lower; outer side and Average 7
FL 108 MP:
«
Py
Conv. > A ; 1 | P
80 60 40 0 10 40 40 40
condition o/ o
22 )4
: 4.0
FL-P
Target g o
condition &
8.5
FL-s3 )
L
Other crack
Incomplete ; o
condition E 1
7.7

437 #EE

1) NyFx2J LA LRAARIEDHDEEERREN

No.FL IR AT T v THBIGHEGIET « 7— A0 b EYE TEEH L, LRI Ny X T L AR
B TYEZEA LT 208, BEENEEE 2 D No.FW, SW ERICK F7 70 YDA D T v RAEER E L TR
T3 VRMERLMICERLCERY, B TEOREITERENITITR OV, L, REBEETAT
o s [TEY CTEMERBGHEATIET 47— 1D 20FW)) 5 40FL)~E A EL TS, 72720, Zom k
NEBZERZON, IX6OXOFPANLZONIIFTSZ D LRV, EH5IZLA, ns 23 4.0 LW 9 OFEMEL
TCHEN DHEHE & L TIHMEL . AW T v FBEAZ DO E FIT, BYTE~DOISHEPEALBESETHS
EEDOBRITENZ L ERIELTND,
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2) [NyF VT ULALMABRIE+RADS Yy TERBIE] OBEEREED

No.FL-P IR AN T v THBUIGHEATET 4 7T — A LE N TEEY L, EREBNII DNy X T LA
W TIEEZEAT 2L LI, ADT v T IRICARKRE I L7-RBRIKCTH 5, REBEHEEIMGE s 1L 85 &
% 2 D No.FW-P, SW-P ® 9.3 L LE_RTETE N -72b OO, MaxHE & L+ i@ Wi ch 5, ik
FEETE E7 7 o PMITHY Ny X T LR EMRESR BICAIET D A0 T v T IR O SeEE A s &
LC, MR R2 7L 7T VOBERERS K 5 ICRIRBICIESES RS A T 7 7 L EWK LT,
WS E7 2 o TR E 728, £ LT ns 23 No.FW-P X° No.SW-P & Lb_RTH KT L7ZBEH X, A H
T v TR OB RTINS D L B2 5 Z ENHKD, Figd12 [ZAH T v TR Tk
LG EaDET 4 7 — NV ERAITR LTS, LHEAEHAD No.FW-P 1Z(A), BLGHATEHD No.SW-P
ZB)., ZLTEY TP L Ty XV LR EMRETELEEH L7Z No.FL-P 3(C)Th D, ANT v
JENRE Tk i U7o 35810, RiE s ISR R ET & 7 2 WSS EESER 3 3 5 D03, (A). (B)DEEIE
WY TED LITRGRERESRORETHY . TNENHBOKERELRH D, (ODHAEX, T
Z MR RSB ORETH LN, E7 T NI RNy X T LA BREDORER 2D |
X, L7eR > T, (CODHTAEIEET7 7 PRINR T 7 7 L0 SIS ISk L THExIZEE < 72
0. BEEIT AR LT, EREN DO D LB XD ERHEKS,

ZORERMNS, BT T UDITRY Ny S VA BMRNETEE AN T v TIERE L RREA TS
DiE, BTLLBROEEFRERNEEZLND,

(A) For on-site joint (B) For shop joint (C) For on-site joint
with backing plate with backing plate without backing plate

[Da1=Dg1=Dg2] > [Da2=Dc2] > [Dei]

Fig.4.12 Comparison of the height from beam flange face to the top of overlay weld metal
toe around the scallop in some designs

3) BEENSA—SDFEE

F2EIBWT, 2B Ty VEREBTIEOEHEA O 2> THLRHA~DOES Ly NEWRFZIZA T Z
> TIEREL~OBZRFAZ B IET 5 2 LN HRT, MUEERED Om FARBRENTHL Z L2 R LT,
Lg DESIZHOWCEBIMERT 52 &2 HE LT, No.FL-s3 & LT Lg=50mm O R 28 Liz, T OkE
R, nslE 7.7 &, Lg=100mm @ No.FL-P & bbis U CHEFARVME & 72 o 72, BB & AT L, No.FL-P & [E U < 8
T LRT7 7 URAY v N, £ L TCAD Ty T IRRBEEE A PRTH R & L7 BRI Bt
PciaBeB LBl LT, —i, A0 T v TEGOBSEN R TEX /2 X O IR A, FElBlET 5L,
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717 v 7 L ARKER O N O WG T M BRI mm A > Tz, (Photo4.2) ZDFERLID, AH T v
TIENEEEOR & Lg=50mm TiX, YT OEREIE X T/ 77U PR Y v MEEOEEO KX
SPEVMETE o T2 Z EDNRB STz, 7272 L, AEREICK T 2 EOERMAMITETE TE6T, 4
BOWRFHDO—DTH D,

B2 FEIBWT Lg & s OFERELTELNT Fig2.19a)l, F 4 HORBERZEL L/ T 7%
Figd 13 12" d, A BT v TIRWREEOR T MOR S Ly L AN OBRITIZIERE 2 EERLEELDD
TR SN TV D, BEEREEE LTI, A0 T v TIRAKEEN L WIEEIX, AT v TEREZERRE LT
BT T UUNBET D, ZOBEE— FOGE, BMHEERNURN LV TH D, BWAD T v TIERK
WHE(Lg=20mm) & fili L 7235618, WEREREICIR ) KO ISV =T 2o C7 T U UDBET 5, Z OfEE—
RIZELARAT T v T AHT v FIRRBEIEEEAS SN D IS SIS R A h 9 X7 M VI ¢ &
TWRWZ E&ERT, 722 L, TS5 2 & CMMEERRENITZ D ELTnD, SHIZATT v TIERA
REERHE 2 T & (Lg=50mm), ZH RGO+ k-2 H 0 | HaHICBARADL DD, &H
TILEDY ., —FH, HHFAO T OREPHAIE> T, Y 777 0 PHRAY v RBEXOA LT v FIE
PRI A TR S 2 SN TR IR SR 9= %, Z OREEE — R CIX & SICMEARE DN LT 5, LT, AA
7 v TR DR S NI R WA Le=100mm), U707 T 0 Y OMIRITEEITE Z 5722 72
D, EEIE, R T T T UMAY v FEBXORA D T v T IRRIER O MO TSR TR AT S, 2
DT — FOMMERR IR E Zem FR L7225,

A

-O—FW
-A- FL

20 40 60 80 100 120
Lp (mm)
web (No.FL-s3) (Length to the beam direction)

Photo 4.2 Fracture above the overlay welding
around toe of scallop in the beam

Fig.4.13 Relationship between length of the overlay
welding around toes of scallops, cumulative
plastic deformation factor( 7 5) and their fracture
passes
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44 FAEFLYD

FE- P B P TR T DN NEPETTO O b, A0 T v RO 1%
HAFEMT 52 LA ML LEEE2EDO AN Ty FIERNEKTIEL, HYTED
BUHFICE D IS TN 2T 5 Z L2 BME LEEHE I EONNyF LA E
RN CEA RIRFICE A Lz, BiGHE o Isii ik 2 e L7,
HATRBRIC Lo CE DML MR LR, LISV DHIcRAS Y
TEABRTELNV XV LRAIARBRTIEEZHAEDES L. ChoDER
S LIEAERNATFEY., IFFELLBV EBnbnol, Fig4.14

(Fig.4.14) O N7 ROFEMZ UL FIRT, A problem when two new overlay
welding processes are mixed

) NyX 7 LR ERRAKILIEE AN T v 7 IERE LIEZFEFRREH L7285 No.FL-P), ¥ T4 5
\ZAT T v TIERR Lk 2 HME A L 72 T WNo.SW-P) « LG (No.FW-P)IZ%f L C, M
TERET] n s MRORIK D> 72, (Fig.4.15)

12

10

-

o Positive side

\

HRER
wp o 7
| & &
| =

0

O Reverse side

|_| Average

AR

Ns

|:| Overlay 1 for on-site joint
Overlay 1 and 2 for on-site joint
- Overlay 1 for shop joint

Fig.4.15 Cumulative plastic deformation factor( 1 ) of combination with the overlay welding around toes of
scallops(Overlay 1) and the overlay by overhead welding without backing plate(Overlay 2)
(Partially extracted from Fig.4.10)

2) AN T v TEWETIERHRICBWT, Ny X7 LA ERAKETEE OMAEENEL TEHFED
AT LD HOEMEREIDRWER & L X, BIGEAEX0GA,. L7 7 U0 n T
v TIERRE LIED S A S X 0 7 L A BRI TIEOREBER L2 L, B2 CTao QR i
RRELET DA TELD NS WD, ISER R EE D &, IS NEFITK LTl
Rigen, ENEFTLDEHIIESND, (Figdld) A DT v FERETLEE Ny F 7L A |
AR TEORIREEH Tk, E7 7 v M O GRimBR Jevis sz & R i H3 g L=,

3) REBRFERLEERL Y, BGHEAERICH L TUE, FT7 70PNy F 7 LR BRI TEE
AH Ty FERWNETIEZRFEEH T2 2 S IEMER 20—, E7 7 o UANckt LTid, B
BCLEBEDNVER AN T v TIRNREEE T T 52 L D RN RERME L 25720
T <, ZAVD ORIREE 2B TZRE J1m B3R & U Tl 720 A8 Tk & o B E 2
BHoNE72oTz,

4) AH T v TERRBIBEDEHNRT A —FDO—D>THIHEPRA~DOE X Lgld, Ny F 7 LR L
R TE L OMAE THHEY TR L REOBMEEREE ) ~OFEBEZ R LT, EYTE, NyF
YU UVABMRNBETIECE ST, Ly NETE, BT T VHD0NIRY =T OatErIEEZ B <
TENTET, Ly NEWIZEZND OREEDR IE & VLR I Om EIWERH D, H2 HOF
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EDTRLIE, AN T v TIRRNEEHEORU~DEI L LT, 7TV VED 5 FLL ENEE L OFES
ITHERES LD,

5) WERAH T v T TIRICH LT, NuyF o7 LA BRAKTIEZEMERAL L, WEIXIALT v
JEZERE LIERT T U ORM ARSI L, Y T AFRITH L TRIBZEITR 6 zn-
Too VBPEZSTEHE ) 1 s 1XEEY CTAHRUTH AT 2.6—4.0 LT M LT HRREICE £ - 72, AWFZEICE
WTIE, AD T v TIERBETIEDIE I BN, Ny d 7 LA BRE TE LD M EEE /i -2
RITKRE o7,

AREOFRFL LT, L7 7 MNH LTIAD T v TIERARRRE & Ny % 0 7 L 2 B TIEO[F
NSRRI R N RER) L R DB DY . 2vo, AN T v TIERARE Lik% &S THEMT 5
DIE, NAEBNRL L G- RER-HEO R TRENTIIRNZ L6, BGEEN L7 7 o Ok TIE
ELTE O TEEZMAEOELMRERHTE L, WETIE, £ F7 7 VR TIEOmEMIC X % i1k
ERRETT D,

-91 - [ 5547 ]



-92 -



E5E
BUGBEICE LT« T—IVICHT 5ARIE

-93-



FTE5E BRGREICEL=-TsT—IILICHTHARIE

51 [FLBHIC

FH2EORFNIRBWT, AN T v FIEARE TIEL, tMORERREM 2 W, BEFEO T — 7 Wb o 2
ERHWCAD T v TEBY OBIREBILSE, ZRUCE > TAL T v ZTEOISHER 208, S HICHER
BRI K - T, BB BHEIEREIN ERPEGONDLZ LW ONT LTz, £2, HBHIETIEL, AH
5y7EkHL<Hx@a%@mﬁ$¢@%f%é%éfé@ﬁb@_\Lﬁﬁﬁﬁﬁﬁﬂ%%wfwwh
Xv v THEAIT, SOICHBEELAITY . Ny X7 VA MR TIEE 325 2 & T, FEmEREN
gET 5 Z k%ﬁﬁbtobﬂb FAETIT, BSHEAERO LT 702D T v TIEAE TE -
NyF L 7V LHRETEZHEED L. L7570 DTS OWEENLLMET L, FHEDENEG
LNRNWZ ERH BN E R ST,

Fo, EBEOM LA2EET H &, Figsl@InT Lo, E7 7 PRNCA D T > TR TiEZ 34
52 EiE, WO THRERMNEL | BRI O LB EMNON D20, IEHEE~OAMEPN R CHFEN L
L5 2720,

52 HS5EDAMN

F2EMNPOHAFEECEICT 7 7 U VMICHICER L THETEEZER, MR L TE), BARETE
AL+ 512i%, 772 Hﬁé%%ﬁ?ﬁ—é,&gﬁ‘%éo BAREICIZ, BT PME ) ATy
TLEE#EA L, ETFIEMFRO TIEEEREZRET 5, AR ON T, BFOEREERBRAEZREL, #&
WIARBRIC K o CHBMATRE N 2R T2 Z L 2 BN E Lis,

53 EISVPHIC/ VAASYTITEEERT HEL

B REOT 47— LTCORERBHEIL, T7 70 VME ) A BTy 7 TIEE RN &R
ThY, HICEZRX L7 U VNTBSTL ) VAN Ty TP TIRETDHZ ENHBIIRS TH D, Lizho
T, TNE TR MR LCEXEETEE T 770 PRETICRAL, L7703 v A0 T v T TikEE
T5, TROLIEIHOIBAT 47— 352 & T, BIEEEREIIMEIR & | M TRESRIEN TN 5 L E X
oo (Fig.5.1(b)) F72, /AN T v T TIEEVWZE YL, AT v TIRUSDISTEEFIRPHRT 5000 Tl
L, UETMTHD L ODOEY TEMBIIMNRE-T-EEThHD, T T, SV ABT T TIEE Ry F
> 7L A BT AR RO A B PERE(Fig.5. 1()NZ DWW T S AR 72 M2 3 5 D )R D,

Non-scallop

design 2?
’?;\\\B

Overlay by overhead

welding without

/ acking plate

— AN
\\ Ovelay welding \\

around toe of scallop

Fig.5.1 (a) Realistic problem of upper side in the on-site joint design applying the overlay welding
around toes of scallops, (b)(c) Improving design solved the upper flange problem
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54 £EI500: /JVRNSYT, FTISVY RASYTEABRIZELEMISODITNAYF VI LALE
MR EZRMNERALU-EREXRETILOBEERRES

AREOHNILL, E7 T PMEHTIZ ) ATy TERE LIZFE 28, F4ELIZEFRCELYA
T 7T LSRR HE AT T T M LT E KRR 2 /R L 72,

B, ABT v TERAE TIEOERANMNE, SEEICHDDLIEAO—DL LT, BLERIHIToND, L
FRICET DS 25, TR 2V EGE LW, AT v VIR TIEOER T A—2 L LT,
2%, FAFCBOCRUGARES SAEMSME S ORBEHER LA, FRICEERICRED 28805, |
ROPELHGE LT,

ARETIL, Table 5.1 1ZRF 2 RS b4 7 (RO FERFBRIROMIK Udh P3R4 0 L, WHEETERE) &
PEHGETAR U7z, (FEMITR )

Table 5.1 Test number and the beam-to-column joint design

Test Upper flange Lower flange
es
Type Leg length |Artificial
Number g leng ificia
Scallop Back Scallop To(mm) | defect Back
FX10a,10b 10 Non
FX15 Type X Scallop Non
FX15U (Fig.5.1(b)) Non Steel plate N 15 Defect Steel plate
FX20a,20b Overlay 20 Non
Type Z Dev. welding Dev.
F220 (Fig.5.1(¢c)) backing-less* 20 Non backing-less*
* “Dev. backing-less” means the overlay by overhead welding process without backing plate
5.4.1 BEREBR

1) IR (alBRicdm, 52 &=L F—)

YA F AT 7 T L& MAIGHIAE 2 tRee s U IoAsEM 2Bl U, £ OIS H BRI K 2 Jb 2 tatietiz
A LI & LT,

2) “hE (RBRikdm, §2 &L F—)

AR 250mm(Z2E ) X200mm(2 7 7 > g X 16mm( 7 = 7R Z)X19mm(E 7 T v VIR XD IR
SEH, XA T 77 A1 300mm X 25mm JE T, BB IE4 T JIS G3136 SN490B & L7z, #2217 A% 16mm(#k
JE) X 250mm ] X 205mm( i &)V A RO E BCR295 (A GEM 1 Fil i it v — VR f o8 & i L 7=,

ZOAMUEEG AT # O 3 ST RO SR L e DALEIE S 19mm D AT ¢ 7 F—% H BRI
AL EHEEEUS LTz,

3) BozT oS (RRBRAIGE, FH2ELF )

WA Lz, (Fig24 (1) BT E2WET 5720, 27 ML YGWIL Y U vy RUA Y&
HAWTHE 6mm OFMGEIAL DT HNERESE Lic, r¥B, L7700 297 v T BRIZHON T,
BT baZ AmiZF T, By T L HUIX AT 77 AEEAm S T AREEEIE LT,

4 AH T v TR (ERbriAdm, FH2ELH )
BUEFYERICHNW G TV D 135 & rl0 A ETEEME S A4 7L L, (Figs5) B, AHT7 v
FF7 7o MoRrEH L, BT o UiEEL, Thbb ) AT w7 e Le, (Fig5.1 (b)(c))

SY BTGV ERLAT 7T LOHERT 4T —Ib

BT TV ERELAT T T AL ORBEEEAE Table 5.1 12 L7z 2 B 5 &2 71K E L, NoFX10a,
10b (X Fig 5S.10)EREL T Type X)TH Y, L7 T DME ) v AB T v T TihE FT77PMEATT v
BLLEIZT, AA Ty 7ERAKTEZBHN LTV, ARABEOEHESLMT Figs2 ITRTEB0. (1)
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291 Ty TIEN SR MR Je e £ T M & W AR L TE 100mm(E 7 7 VRO 5 65), (3)
THEIX 16emm ZARERILEE L, @) FHEEZL# AT A —F Tp & E&FL TYRBRATIE 10mm & L7,
HUMTHEITET 70V 0 L LNy 207 L R EARSRBEI T H 2, [AEEIC . FX15 3 L TOVFX20a,
20b IXZNEN Tp & 15mm, 20mm & BN S H7-RBRIKTH 5,

No.FX15U (Z A T v TIERBEIEERF IC A 1 7 T IAF R LIt O B2 i+ 2 BEY
ELT, ANTKKaZIRA LRI TH D | TSN OSMIE NoFX1S L[R—Th D, AT XRKOVEREE
% Fig.53 (I, AREHEGR L v 7RI 2 A L £ SRERE 21T o7, WARRILR
BRERBPTIC CTHER LIz, TOH%, —MINIET T4 VX FRIZ L 2 KIGOBREMEEETTH 28, ARilBR
BTIEZOFEEFRNRBBC TRFARBROR OmAAZEIE, —F, WARRIIFRLI-EFELTH52L T, A
TRBa& Lz, PT & BA D% O GRilE AL & O B8 5 5 % Photo 5.1 (2777,

No.FZ20 % Fig.5.1(c)(VA F Type Z)DikBriACTH O, L7 T PE ) v AH T v T Tk, F7 70 Dl%
ATy TfHE LI 2T, Tp=20mm DAN T v FIRABEHELZ L T\WDH, 612, 2 TOREEED
HUTHEEMLEL, Ny F U7 LA ERAKEEEZL T\, Ny X 7 L AEHEL Figs2 D LB,
1 RAETL— F Xy v 72K, SLIC273RA% 77 0 VEICARK LER 3 73R), 20F Lop=20mm & L
77

WHENERE & LTl BB TENZ ) NoFZ220 OB4A, OLEMEBIC L 50— FF v v 7FHERPEA
RAV—=Q EFARAERQ2 /S A) =@ TR X 53005 LI RS~ @OA N 7 » T IRARIEHE L 705,
No.FZ20 DA OFRERIA Tl « OFRFHIIG U TEIKE SN D,

6) XAt
AR AR B & Fig.5.4 12”7,

Pass Number
by each side
10mm ; 3
15mm ;3

— I 20mm ;
[ = mm ; 7
=100 L=100

9 9
T X . x
Lou=20 (by 3pass)
Fig.5.2 Dimension of the overlay welding around toes of scallops and the overlay by overhead
welding without backing plate of the Fig. 5.1(b) and Fig. 5.1(c) types

>

Bonding steel plate Overlay welding aound toe of Close the fusion lack
(3.2'X 16" 16Y) scallop, and penetration test by overlay welding

Fig.5.3 Production process of artificial defect (No.FX15U)
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Bondlng steel plate After overlay welding Result of penetration test After closmg by overlay
welding

Result of re-penetration test ~ Cross section

Photo 5.1 Appearance of penetration test in the production process and cross section of No.FX15U

542 RmESEFE
1) wEpEE (eRlBiidm, 52 %=L F—)

Ny X7 VA RMRETIECZ EMER 7 7 v 7 A0 T4 % 14dmmé &, FRBRAGCEEK AT T
v 7R BRI 490MPa A E Y U KU A ¥ JIS Z3312 YGWI1 1.2mm ¢ 2 2, —/v KA R34
TIREEH AL —)L RIEHE L LT-,

2) A SARNREER (SRBRAE, H2EEFH)

Ny X 7 VA ERRELE, FRBZEESE. 207 v 7 ERETIEO R TE AR 3KI/mm LU R, 2NAMH
I - 250CLLFEB E LT,

3) = K& (/\ﬁit%ﬁﬁiit‘ W, 2 LE)

PG ZE AR PR O M TR T R & 72T, 7 L— 21X RZ ZIRNIID . ZiRHIC
ABZRWE S IZHERE LT, éﬂ%lé:n‘/ N& 7 3EEGE O T2 0 EE & Lz,

4) TRHEEE

Type-X T3 Te 2 MY (1) 7212, RMNS PRI TIEREHIELRI U, YGWIL YU v RUA ¥
ZAWTBENZ ZERE Uz, WHESMFTE 2 R0EE T LA —Tdb s, BEFIELFE—-THY .
ET I UV REERE AEEEIT IR L, VTN L R T T T VIR RE TN AN T v

EFTETE 1 " AE#ERE L, Va7 2B WTHIZEEL T, EHAOSEMICRMAE LI RV E 5 ICEE
L ORI L7z, Type X OREEIX % Fig.5.5(1)ICRT,

Type Z 1355 3 F D LAHHICBHB LIk 7 7 v 7 ANV UL Y2 HANC, L7 Ty, FT7 70U
RIAEBNT T — b v T OSBRI 21TV, S HITHIERNT 2 RAZRERE L, 2Pk
FENCIESE IR 2 Sz, 2Oy F U7 LA ERRAETER, Type X ERITL ., FHZESIC
YGWI1 Y U v RUA Y2 HWTHENE ZERE L=, Type Z DFEEX % Fig.5.5Q2)Z7~7,

FERYARESRIE % Table 5.2 12”9,
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Face side

Table 5.2 Welding condition of the beam-to-column joint

\ -
,{Q Control parameter Face side (Wi thoﬁtalilz:cilidfg plate)
25 19 Welding wire JIS 73312 JIS 73313
classification YGWI11 T490T5-1CA-U
: " diameter(mm) 1.2 1.4
Shielding gas CO, 25 [/min CO,
(1) Type X Position Flat Overhead
(Backing plate type) Polarity DC-EP DC-EN
) Current (A) 260-280 150-230
: ¥ Face side Arc voltage (V) 31-34 18-19
Iy Wire extension(mm) 20-25 15-20
Heat input control (kJ/mm) 3 or less 3 or less
25 19 Interpass temp. control (deg) 250 or less 250 or less
1

B1 pob°  Back side
(2) Type Z
(Without backing plate type)

Fig.5.5 Welding pass sequence of the beam-to-column joint

5) Skt & VB R OB PERE

MBHERE(D IRVERE, IV Z M D o0 OHAF, b, RETEBESBE., BB (HAZ) O £
WL % Fig.5.6 (2R3, BISRMEREIL JIS Z3111 A0 B-(CFATES 10 ¢, HLARH EEE Somm) L < 1% A2 S(CEATE
6 ¢, HESTETEEEE 30mm)FUEES [IERRBR . $UMEIL JIS Z3111 4 5 v L B —E R i TR L=, 5 Hh
ToE R OB (HAZ) ORI 2 22, HEFEM OME & 58 T Table 53 1TRT, Zods, —#f
DHIMIIFE2FE . FAFELR LTy —DObDEHW 2D [[—F ¥ — UM HOW IR CTEZ 550 L7z,

AT 7T 5, 7700, T OFEME T4 T 490MPa LL B2 L, ¥ v /L E—RIL= %L
F—O0C)bEHME 150] X E+HoEmNbDThHoT-, £, TOBEEEOEM S 2K FIXR LT,
BVMEZHERF L2, — 5, RIS RIREY A Y & LTYGWI 272 b 00, SIEMRE TR E%
B TCAH—NRN— o F LT eloTEBY, RTUALLTHEUTHoTZ, V¥ L E—RINT 3L — (LK
M, 3 KO RS R & N AR BEANRAE T 5 A Z AL E AV 166), 144) & | PInIETEGIR & LT
Wt 2B ol BEE E S 70] -+l x, BifE S22 TH -7,

Table 5.3 Mechanical properties of the base plates and the weld metals

Position YP TS EL | vEOC | YR
(MPa)  (MPa) | (%) | () | (%)
Flange of beam 416 543 27 266 77
Base plate Web of beam 391 549 27 168 71
Diaphragm of column| 410 559 26 212 73
Pipe of column 349 520 | 31 266 70
Flange of beam - - - 158 -
HAZ Diaphragm of column| - - - 225 -
Face side of beam 518 566 | 29 166 89
Weld metal | Back side of beam™ 522 577 27 144 90
Pipe column 532 606 27 121 89

#Non-backing plate type only
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[Beam weld metal (Back side)/ IV]

2 t
[Beam weld metal (Face side)/ TS] B 'ﬂ_._,:’,_.% _______________ 19_
| 7

A4

10 —1- )

7 T\ 2
[Square pipe / TS & IV] tly 1
10 ,’:;:.'i;.'i.':.'/.’f;f;:_'.; 19
> T
! Slsr 25 ]
[Column weld metal / TS & IV] /\ B
16 [+——> ; [Beam flange HAZ / 1V]
) = - ‘ :2
|/%;§ 10 dia. g I 0 .;:;:;:;:;t;t_'i_l.?
FR — Beam weld metal 1 = !
N\ 5; 16 R
A L) ! —
i ' Upper flange .
hs i / [Diaphragm HAZ / IV]
—>::<— Square pipe ... . %:
* 1 NG I I § I /** 19
; - 5 ) [ I /AN N
i _’24_/ 25 )
— pE—

[Diaphragm / TS & IV]  Diaphragm 5,
10 dia. 1 ///E;;wmml [Beam flange / TS & 1V]

I _______ <C>> ''''''' ' I ,,,,,,, < g > ....... I e

) 10 |

Fig.5.6 Position of mechanical test pieces about the base metals and weld metals
(TS: Tensile strength test, IV: Charpy impact test)

543 RHTYvTERNBRIEZOEESH

AH Ty TIENETIEOR TEFEITFE 2w L H—CThd, L, KETIIEENNTA—FELTALT
v TIEAK TIEOME Tp NERSNTEY, 2N ETO Tp=20mm 721 T/ <, 10mm, 15mm 73%Efi S i
TW5, Tp /NS WIEE, R ASAENR DR 220 | i TIZE DRI NI 2, L7228> T, BRI
[FNEWIEERW, Fig52 TRLEEBY | HRHHE Tp 2 20mmd TIXZHETERLULS, 2B T v 7R
DORMHZVREEE LTT RAZELTWDHA, 15mm B LN 10mm THIE 3 /S A ISR E . K& < fER
M k322 81272%, To=15mm OEEDO AT T v FIERE TIEOREEHEZ Fig5.7 (IZ5R7,

Z 9 L CHRYE SN 7o ARE 723 BR IR D SR % SMBL A Photo 5.2(1)~()IZRT,

Beam web

Step 1 (Start) 2 3 4 5 6(Finish) |

Fig.5.7 Welding pass sequence of the overlay welding method around toe of scallop
in the case of Tp=15mm condition
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Test No.

Appearance

FX10a

~ -f". .‘l."‘- h,llal 1

)

Ay

ju._ &)

FX10b

FX15

FX15U

Photo 5.2 (1) Examples of appearance after production of the full-size beam-to-column assemblies (1/3)
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Test No.

Apperance

FX20a

FX20b

Photo 5.2 (2) Examples of appearance after production of the full-size beam-to-column assemblies (2/3)
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Test No. Appearance

FZ20

Photo 5.2 (3) Examples of appearance after production of the full-size beam-to-column assemblies (3/3)

544 #RUBFERBRAZE (E07— VEMIEDIMNIE2E & [F—)

ARG CHRUE U 7o R O R KRB R O B A 10 E U2 MEETRE N 2 IE 9 5 72012, 3 AT
iU & B il UHiaRBR 2 92 U7z, BRAICIE, SRBRIRITSE & SCRF L. Fig2.12 127”7 1.96 X 10°MPa 3
Bz VT o T AEBICHERMEZHA Lz, IBEIZ0CERE L, EHFEL L THREMAIZIT O~
<, @a7LaTrTNlc=d /) —/v, RIA4T A A %&qlz U THFER S, 720 B2 5 300mm O
oy & CRIMHEIBAR 2572 U282 #it o, EBRPIZEE R & BVER 2 AV CIRESEE 21TV, ARABR AR E
3 0°CIT 72 » T —HFRILL B ARE U7 S HU 2 ATV b 2 IR 2 F L7,

T OB TR EM DOEVBMET — A > MTKIT D RIROZETGENL ¢ § p & FEHEICHLY | #ATIRIEZ 1c 6 p. 2¢
Sp. 4cdp. 6cdp- -+ CWIHE SHIEALRZEMIK LHEMT 41T o 72, FIRIET 1lcdp UADOEIRIET 2 Y1
IRV L, BT T VNN LR CHEBRK T L Lis, RO#MEREEY Figs.8 [IRT, fEIER—
REMCE DRI E Uiz, #AHEE T AAICBWTT 7 F o m— X OENHE % 1~3mm/sec & L7z, D
HOERET, WEROEREERBREKOEREEZZ LI ZETHEB LEEZTICRE Lz, £, 77
VY DERBEER TR D20, B — VR 72, BHHLE % Fig5.9 157,
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10 8C5p
6¢op

cycle

Displacement

Fig.5.8 Load sequence image of bending test (Same as Fig.2.13)

Backing plate or
overlay weld metal by overhead welding without backing plate
Beam flange Diaphragm Beam end groove weld
— ( Beam end groove weld
5044,30 130
—l T T 2\ ) | N S 6 a1 r===
2 D= 2 E@ 2
S s dLE 2 iy =
NG COR= N @) o Overlay weld metal
= = ,.."'f"' 77777777777 &'ﬁ@@ g around toe of scallop
S\ @;; :: ,,,,,,,,,,,,,, 2‘ @7 ,,,,,,,,,,,,,,
LO: Lower flange / outer side UO: Upper flange / outer side LI: Lower flange / inner side
uo
‘@/ Uuo
LI .
- L . N .
3 %‘ Fig.5.9 Position of the strain gauges
4
LO ﬁ

LO

545 EWMRENOBHFE F2=L[F—)

2.4.5 i, Fig.2.15 T/ L7z, ‘BRE IR 2 W e SRR TS 3 0 2/ L <L FHlic A 7=, (Fig.5.10)

en s=Ws/ (cPpXc 8 p)

Fig.5.10

Calculation method of the cumulative plastic
Ws  : Total absorbed energy . .
ePp - Proof stress at the beam end deformation factor( n ) using skeleton curve
cdp  :Deformation at cPp (same as Fig.2.15)

5.4.6 EERER

IR EBRT RIS T EM L AR ER A O E -SRI, B X ORI ST & B R A
Table 5.4(1)~QUZR7, £7-. M5 E % Photo 5.3 I[Z/RT, & 52, Table 5.5 I[Z3ER TE & L= figtr it
KO OBEMFERZ/RT, 7235, Table 5.5 IZIFMERAN—AMEREEE LT, 8 2 D No.FW Z b Tt

TnD,
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Table 5.4 (1) Result of bend test applying full-size beam-to-column assemblies (1/2)

Test Load-deformation Photograph of fra}cture Position and situation
N Upper; scallop side of fracture pass
0. curve Lower; outer side and evaluated 7
// //?/ / Lower side
-80 6040 -!0 / (#*-f 40 6080
FX10a iy i S--GW--S
Ay
[
2 5.2
2P 10°MPar !‘/ -
/ W/ / &=
Lower side
-80 =60 =40 = 40 60 ‘§9‘
FX10b 70 / ,’/;/ / S--GW--S
L&
2 3.6
210 MPay !"/ -
7l E
( T
//%r / / Lowe; sid:
80 =60 =40 »% //ﬁ/// 40 60 ng
FX15 [T/ S--GW--S
L2
: 6.5
Upper side
25 10°MP: !‘r"
7 ¥
/A BF-B
FX15U / Mﬁ/
[
3.6

Meaning of the sign;

BF : Beam flange, 7S : toe of scallop, S : Slit between end-tab and beam flange,
GW : Groove weld metal, B : Bond between groove weld and beam flange
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Table 5.4 (2) Result of bend test applying full-size beam-to-column assemblies (2/2)

Test Load-deformation Photograph of fr"?cmre Pos1tf1c;n atlzld situation
No curve Upper; scallop glde OI Tracture pass
: Lower; outer side and evaluated 7
Upper side
%&
==
FX20a BF--B
7.1
27X 10°MP; !‘/ ‘
/ / / /é / / A" Lowe: side
-80 =60 =4 =2 / // 201 0 60 80
FX20b ay/»i ig S--GW--S
.y Yy
| =
2 7.2
'd
27 % 10°MPa
== il &=
/ / /ﬁ I / ) Lower side
F720 -80 =60 47,/ 7{ ///{/// // 4060 s?"m S--GW--S
| 1y LS
[[&Z
2 10.3

Meaning of the sign; BF : Beam flange, 7S : toe of scallop, S : Slit between end-tab and beam flange,
GW : Groove weld metal, B : Bond between groove weld and beam flange

FX10a FX10b FX15 FX15U

LRCRERLIEIE 0 2 A B

Photo 5.3 Appearance of fracture faces
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Table 5.5 Analyzed results

Positive side of Negative side of
bending bending
Typeand =\ g cial Max. Max. Fndof | Evaluated
Test No.| Leg length Max | ,. Max | .. fracture
Defect displace displace . N
Tp(mm) load ns | load ns |cycle time
(MPa) -ment (MPa) -ment
(mm) (mm)
FW Conventional Non |[1.161| +16.0 | 3.14 |1.159| -16.0 | 2.04 | +4§ nl 2.0
FX10a 1.437| 4359 | 523 |1.378| -30.5 |3.87 | +60 nl 5.2
Tp=10| Non =
FX10b 1.419] +30.5 | 3.58 |1.399| -30.8 |3.48 | +80 nl 3.6
FX15 Tvpe X Tp=15| Non [1.492| +45.8 | 6.47 |1.419| -30.7 |3.32|+60 nl 6.5
FX15U| P [ Ty=15| Defect |1.420| +30.7 | 3.58 [1.444 307 | 348 +45 n2 | 3.6
FX20a T.=20| Non 1.459| +45.8 | 7.02 |1.453| -46.1 |7.07 | -606 nl 7.1
FX20b P 1.486 | +44.7 | 7.15 |1.513| 452 |7.49 | +606 n2 7.2
FZ20 |TypeZ Tp=20| Non |1.541| +56.1 |10.31/1.510| -45.7 | 8.64 | +80 nl 10.3
547 &

1) JYORASYT+RBSYyTERBRIE

Type X(No.FX >V —X)x L7 T v M%) v A H T T,
FE L, AN Ty FIERARTIEEGL-IESG - IREREATH S,

(a) Conventional
(As scallop)

(b) Overlay welding
around toe of scallop

T7 7 PMEMRAD T v TTERD %

7k, BTN SR BT TWv
%o AERIZB WL, WMEIZ Db LT, R NoFW TELLZAN T v TEEEAE L TR T TV
HRR ONE T ANEIE — EAR MR 2 B (Fig.5.11(a)) 3 Bh Ik Sz,
R 23 b/ & Tp=10mm Tld, [Al—2 2 K(No.FX10a, 10b)3L1Z, A& AT 13 B sRvASE O St &
DE L, MmER7 I Ve TR v MIAZES K OI2, RIGEHBRSBNIHRRT 7 00 L Ok
FEFGE(R > D DM SR & 7 o 72, (Fig.5.11(b))
Tp=15mm Z&/:(No.FX15) & [ 72 - 72,
E 512 Tp & 20mm [ZH° U 72 Al —55 2 fA(No.FX20a, 20b) Tl&. 1 {A73F UMHERESTH 7228, 11K

Cross %}T
section @ 4 )
Beam web
On top
B fl
f;E—i \eamange Steel tab  weld metal

Diaphragm

Fracture pass

‘ Beam end groove welding

F

: Force as earthquake
Ter, Tep @ Effective thickness at the
stress concentration points

Fig.5.11 Schematic of stress points and fracture pass each of the conventional scallops and the overlay welding
around toes of scallops when the large force applies at lower flange side (Partially same as Fig.2.20)
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77 BEEETT L 259, BT T UM AR T TR T T U L PR BOR R
HEREE L CHRITDEIITHWIL, SDICRTYTT LR AT 7T AOT HAEEETIHEMER L=,
AT v TIERE % i L 7= No.FX10a, 10b, 15, 20a, 20b OV N4 & A% i 1 XM ERREE & AEMERREE O JRAE A AR
THO., nBREWVIZE, IEMEREOLENR LD -T2, N TR T 72588 K FX15U LIAO 5 OfE R
(2N, ISR Tp ORIMR & LT L 7-BIfRIX % Fig.5.12 1279,

12

10

s
(o))

Non ! 10 15 20 120

Tp (mm)
Fig.5.12 Relationship between leg length(Tp) of the overlay welding around toes of
scallops and cumulative plastic deformation factor(n;)

%2 ECBEICHERIE A TH LM, WRAD T v THRICK L TCAD T v FIRNEREZ T & BIEER
BRAODNEEDLZERbolc, 2L T, WENEAZHESTICONERE T E L, R 20mm TiE, E
WD EFY VR, WEREBLRMEREZRT L LTRMENTWD ) U ADT v TR EITHEE L7, E5IC

) AT Ty TRBNENTRBRIK L 2 T T IR BEESERDNEN TR D 01X 7.1, 72 SIZER LT
bole, BEREED DI NDTHE, RBREE A L TLEME, BBMEZHE L TS RERH LN, 4
@@%%m%ﬁWEmMm@xﬁ?yi@%@I&@/Vxﬁ?yfi%kﬁ%@ﬁ@wﬁEﬁ%%ﬁ#
DLAREMEN B D LR E D, (Fig5.13)

Fracture pass in non-scallop design side

Non scallop

"
¥
¢
¢
v
v
¥
v
Y

Plastic
deformation
ability
No.FX20a No.FX20b

Scallop

)

X Fracture pass in scallop
design side

Fig.5.13 Fracture passes of each same assemblies of Tp=20mm overlay welding around toe of scallop

AT Ty TR TIEIC X 2 ST ) SCE i 1, 52 mTBRE L, kAL 7 v FIRICEH
LTCWEIS A, RERIZ K AIREIC L > TSI BT 2008 Bk EHER S 5, (Figs.11) LL, W
TEHIERAC X 5 TR E IS II R E R BB R O NS, & CTHRKIEELSOEFTSHKERT & /2o T D Z &
Mo, R Ty & BIEZETZEET) n s DFHBIPEIC DUV TIX BRI BRAE L #Eu
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TS OFBMEDBEREIC OV TR R BASF — DI THIE L 722 Olg J5 181 D B A B O 282>
WTHH L7z, Table 5.6 1IXT7 7 YDA T v KRS CR CBEEIZEEZ R L2 5 RORBRIKD,
+4 5 :1 [Al HHATRCI T D e g (ABKIARSTEAIE(Fig.5.9 OB L OW)DERE, ¢ 080 T (Fig.5.9
@B LV DOEAEZLELAZNENENLIMEZ R L, SOICHmMESARE ¢ g 2 WEKEHFEAE g ThRL
T e g/er ZRPE LTz, B, —E#IXEARFS =T OHS I AOBHBTT — X BN -T2 b 0N
V. FIUTHEBSHR N ORI LTz, EAEDERLED S S, RERMELFMICMH L, o, & OBEFKRE L TER
L7z X% Fig.5.14 (2”7, Z ORI Bl & FRDERLL € o/ ¢ g & BEETERES OMITIZ R WA ORI RE
WD ZENDND, ThbE, WOELNRAD T v 7 ERRIEBSTE OB L THERIICRKE <&
L TWAIUTIHET & UL CTOBMETFERESIDN/ NS WNE WD) Z & THY . ZHIRIRITRBEBEDOHE N/ NS Wi
AL Tna,

Table 5.6 Measurement result of strain at the end of lower and inside beam, and calculated strain ratio gx/eg

Strain
Left side of beam end Right side of beam end
Test Edge | Side of Edge | Side of Max. Ref.
No. Rein.weld Rein.weld ep/ €R 7
0 0 & E/ &R 0 0 & E/ & RR
¢ £ (%) ER(*A’) ¢ g (%) ER(*/O) (€ B> ER)
@ i) ®" ©)
FX10a 3.6 (Failure) - 3.6 2.0 1.8 1.8 5.2
FX10b 5.2 2.0 2.6 2.2 2.2 1.0 2.6 3.6
FX15 3.0 2.0 1.5 3.7 2.9 1.3 1.5 6.5
FX20b (Failure) 2.9 - 3.0 2.5 1.2 1.2 7.2
F720 2.5 2.9 0.9 3.0 2.1 0.7 - 10.3
*Fig.5.9 position No.
10
8 FX26b
-
4 FX10a
FX10b

2

EE <« ER EE > ER !

0 \ ‘ \ ‘

0.5 1 2 3

Max. strain ratio ¢ g/ € g

Fig.5.14 Relationship between strain ratio at the beam end and the cumulative plastic deformation factor 1

CCTCTHEERERLE L TR ET 01T, BETIZB T 2EHOISHETRO—>, 7T Ly T
DOEEFICRAGHICAE T DAY v b THDH, AN T v TTERNEIREZIET & Z O mssz & m -
2o D72, BHEEEFTIIEMICE S Z L2 d, £ 57U, PlEmia Tl bV IS P& & 72 5 AThE
HDHDHAY v NEPBEEORRIZRD  AH T v TERBEEEO I EES LI ITBEE LT VW EE X
biIvd, ZOMERELARHEE T2 &, MR Tp. Wil & HROER ¢ of ¢ pe BREBEETAGE n OB

-109 - [ 55 ]



PEOMREIZR O X oI s 5,

AH T v TIERABREEOME Tp /NS WIGEIE, B E TORINVELVOT, i Er/ha <,
AR E LTS HETRE L /NS, D728, Figs5.15(a)0un < P amhRrir L v il » 7 =
Uy MEBEOISHER PRGN RE SRV (e /e p s R). BHINCAY v M 2R & LTI X (SREED
HET D, (na/])

—F7, R Tp B REWGA TS OIEF N RE <720 | Figs.15(b)0m g% 7 2 U » M
5 DI S SRR A R T AT I ) U TR NS < 72D, (e gl e g 2 /1) RIEPRAHIAE L
TZFRAF—HEEZAMTEE00, AU v hEEAE LTHIELICS S kD, LiRn->T, WHEEFRE

INEm ET 5, (naR)

D OEITEIE, HEEROEAZ M TV, 4% & b7 23 kR L O FEM g 70 £ X 0 Gk
A TNE T2,

Steel backing Beam flange
plate \ Steel tab
Diaphragm L £
€E
Groove weld -
Strain Strain Strain distribution
distribution distribution distribution c
R
ER ErR
Center of | ___E_._._L___ __-___ )

beam width Overlay weld around Beam web

toe of scallop

[ @e/&>10 | [ e em=10 ] [ (@ /w<10 | [(d)e sw<<10]

Condition Overlay weld Overlay weld Overlay weld Conventional scallop
with small leg length with large leg length with large leg length design
without backing plate

Fig.5.15 Image of the relationship between strain &g , € , and designs

2) JYVRASYT+RASYTERBIE+N\Y XU LA LMRNRIE

Type Z(No.FZ20)I% Type X (FX >V — ) falkk, E7 TV ) v AT v, FITUPICADT v
JERRE TEZ BT LTV D2, S BICETORREEBEOEY TEeoRFEL LT, Ny F U7X LR
IR TR LT T CH 5,

REFE I & LT, A RO ERBIADO 2 TTIEY CENBIRRRIE L ITEEBRET, Ry F 71
AHBRIA(FZ20) 2B W T HREE CTH - T27280, Ny X7 L 2 BRI TIEOEBEN VR 21305 Z LIk
moolo, L, FATHRBREBBIEEIATE 112103 & & bEVELZ R LT, (Fig.5.12)

T REIX Y CEZ2 BT T 72 Type X ODEL LRI TH D, [ZHhb T, mWBHEERENE R L
72 & L Ci, Table 5.5 (/R L7zdmmfil] & HIDEARLL ¢ p/ e g Z RAVUTHA SN2 L 512, 1.0 Z FE-T
WHZ EICERNT D EEZD, T72bb, Figs515c)Dan< , $fly 72U v MEOERLID AL T >
TR IR DR B BN L L o TR JiflE T2 v b ~OISEP ZFEfT 5 2 L TR
EaELE, MFL L TOBMEIERE) 2D DR RIZR o7 LHERIT 2, A B0 LEBIKITMED 1 IR
TP SRS DICFEREELTHIWE, REMZHRATD2LENH LN, ZOX I T ep/ e g 1.0 00T
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D REANED &, AR INIIEFICE E D AREMENH D Z LR I Tz, o, EYTEE Ny X
YTV ARMRBETIECEZ D2 ETep/ e g3 1.0 & FRIDIRMAIED Z & AHRTEEBIZONT S, R
@ H ORISR RSB L Vo TR ERFIIN< 2B 65 b DD, BIRF R TIIHR
FAET, R00L 0 51 FEM it 72 EOFIEIC L > THRETT 208N H 5,

&ﬁ\ﬁﬁmsgmﬁméw\ﬁﬁb%omﬁdfﬁ1@5u@mi&<\¢ﬁb%ﬁ%2ﬁ?yf&
[FIERIZ, RImiAEEE BRI IS DR U, EtEmIc B3 384, & L CRIIET 2 e nmE 5 2
LN SN D, ERA N T v T TIETITR 7 7 VIRPROEDHBNC R E WD L 135 2 = CHERT &
Th s,

LA OFRERAE R D BRI O g X OV RER D & B HNTBE RIS ET L TRIC KD EREL
RNE DT, YRS IR NT U A DRIENROMUEEIERE M EIZIZEECH H I LR IS,
ek, BYTEAEEIIHPboT, AN Ty FEAKETIEL s 72Y v NEOBRMERELD Z &
WA THL N E RS 2 0 n Y 7O L' T X v 7BEE Y 7 L O ETO%HEIZIE
ED XD EE BN Z R T ONIH TS HOBETH 5,

3) BAATBRDE
Type-X(FX ' U —)NZEBWTHIE Tp=15mm & L7z No.FX15U (LA 7 » 7O R EHFERNEIZ A TRGIC

K DREBEABARRZF T T A N T v TIRAE TIEORBRIETH 503, REICITIISNINKRELSAMEATLHZ
EDD, +406 O 1 (Al BRI RS EEIC BRI A L, 72720, KBBEIT—4 6 © 2 B H#ATREC
LTI AR T T TIEMITRE T2, n0E3.6 LIRS, S U ABT v T TIEE U CERERmIA &
NTEUERRD /NS W E Bbivd, Al CHBEEREZ 7~ L7z FX20a @ 1 =7.1 LR THIZT S TH D,
ZOREREE LT, T7 7 MNCRIT T N LRI EZ KIELTWD LIXB <, BT 7 Pl
LDl L ARRNDH ST b O EHER DD, ZHIUIANIE R BN D O TR TITEIE E T 5,
HERMEIT 40 & RN AN T v TIERAEEEMSICBRNPE LT 2L Th D, L7 T U PRRARDE
PERNZH L TWEGAIE, A7 VIRARGEEETOBRN S HICER L, KREL D2 TWD 72
AHIZEIFHLNTHD, ZOMRELY ., A h 7 v FIRRBREE TICEEL TE. A7 T H~OIAK
REZHERWE D ITHEBER O ERE & i LEHEANELEZ DD,

S111 - [ 5% ]



55 FES5EFLH
BRI, i LORSVE LIS HETERIC X 52BN =BT RE ) & 3l 2 1= Tikk L O
4T —=NVOEERNE L, ET7 TV ) AR T T TR, T 7T VAR T I AT T v TR
WEETIE, &HWNIE DIy XU 7 VAR TIELA A DY LTI LiEZ 42 L7z, (Fig.5.16)
ARLEEZHWZB LY AT 7 7 LEROFERERFRBRIA 2 RE L, #ifraliRIc K-> CEMERE %
R LTz, TR, MIICEBNDEHIC, BULEEEHR T LICEY., EFRISOORICEAERN
BiHch, SVEBEEREINEONT, BONTHEROFEMZLLTIIRT,

[Conventional design] [Developed design]

Non-scallop
design

welding without

/ acking plate

N Ovelay welding
\ around toe of scallop

Fig.5.16 Conclusion: The design and welding process suitable for on-site joint

N~
|::> Z— 7 >——" Overlay by overhead

) E7Z0 RN VAT T Tk F7 7PN A S T v TIRRE TIEZ T IERHT 7 —
NV OEWEIFRICHEWE EOFREITEERO BT, B ~O LM E Gl LT,
2) AN T v VRN OME Z 831224, kPO XM L L7, (Fig.5.17 FX)

12

10

O

0 \ \ \ \
Non : 10 15 20 : 20
Tp (mm)
Fig.5.17 Relationship between leg length(Tp) of the overlay welding around toes of
scallops and cumulative plastic deformation factor(n;) (Same as Fig.5.12)

3) Z ORBRIKIT, /o ABT v T TIEITIE R, T7T70PDOADT v TERAKRTIENT 7Y
DM LTz, 72720, R 20mm O A7 T v FIEAR TiEwE AR, 2605 B 108 X%
Ty TRPEE L, ZofRLY, BREL TRV IV VELFRMED AN T v 7 ERKEITES
M ek, 2 UARDT T TIE L RIFEOBEEREIZoTc &t E 2 bivd, (Fig.5.18)
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Fracture pass in non-scallop design side

Non scallop

Plastic
deformation
ability

Scallop
NoFx20b  \Fracture pass in scallop
. design side

No.FX20a

Fig.5.18 Fracture passes of each same assemblies of leg length Tp=20mm overlay welding around toe
of scallop (Same as Fig.5.13)

4) AN T v FIERRSIEEET O 238 2 512 L7208 » THPEZTREE H A5 9 AT, Buba S
PEERIZ I 1T 2 e & Wm0 NS RN T AR L, SIS T YT~ DS S R DR &
ND0 L HET 5, BRI, RiEFRANISDEF RS D 2 LT, iy T b ofRR
HERELED, CHEHIIN S, (Fig5.19 (a)—(b))

5) AW T v TEREETIECNZ T, BYTEORDVICNy X7 LR LNAK TEE T &, Bk
BRIV E DICEE 5T, (Fig.5.17 FZ) Z O L LTIk, Rimb feifBaic 817 5 H JeffllzE 2
DI (RS TR Z 2 D E TICREL 2o T, il X TN O OBRFEL S HITE
bELIOH, LHEHINLD, (Fig.5.19 (b)—(c))

Steel backing Beam flange

plate \]N—ﬁLgteel t_a-l_a

Diaphragm L
€
Groove weld o
Strain Strain Strain distribution
distribution distribution distribution ex
ER ER
Comerof _ | | | [MnUNUERE | EHDILRER o

weld around  Beam web

toe of scallop

[ @& e>1.0 )

beam width Overlay

(Oo/o-10) (@ a<io]

Condition  Overlay weld Overlay weld Overlay weld Conventional scallop
with small leg length with large leg length  with large leg length design
without backing plate

Fig.5.19 Image of the relationship between strain ¢ , € , and designs (Same as Fig.5.15)

6) AN T v T HDORKERIFALANBITRMICBAERESHT, LIEB-oT, 2B T v T RAKE TIE
IZE > TEWEBHERE D 2 MR T 27201003, IWIALRBREZRZ S22 K ) ITHEESCE N L E
ThdbZ EnbhroT,

L7 VMNC ) ATy T IYE, YT UVMA T Ty FIZAT Ty TIRREETIE, HH0NES HIT
Ny X0 7L ARBETIEAMAG ORI ETFIEMFRT 4 7 — /I K o T, Gt o ns 14 I RIR AR
S, BT T VM B D WIXRIRABE O M ERE A B < 2 L3RR L 72 D,

Z OFER, MBI EIRARE AR 2 TIRICERET D 2 L1270 | RICTEBEAE OME T OIS EE 1
ERNEE LD, F6 mLUMIT, AR OMER COMMEERENICOWTERY FIF 5,
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HB6E PMBESEOBMEZEMENZALYT 5-ODOHAEERLES—I FHRRE

6.1 [FLBIC

F22EMNOESEE T, HPEATOBMHERNZRODLTODOFELE LT, AHT v TEBIUEST
L) RENZRISTETORBEE I BT, JSNETEEMESEL 10T — 7 EHa EBFE L LT
AW AT T v 7TIERETEBLI Oy X U 7 VA EMRAETIED 2 DO TIEEREL, EHIL /) VA AT
v T LIEBINZ . ZIVH OFEIC X DR IE RO BT T136 X OE 77388 4 B L7, = OFE R,
HIERY | IS DEFITEM S, BetEsE ok & MR M B, 3R Em B RS MR S,

INOOTIEZEHT S & MRHIER T R ¥ 7 2l AN T v 7 RRARSIEEE e 2 THR & LU
TR GRS RN Z BT 5 2 &2/ b, (Fig6.1 Step 1)

Z T, ELITHREEMOBIEEREN Zmd L 5 & T, HREEGEREGROME L Lot
EHE N 2 LS 0N H 5, (Fig.6.1 Step 2) AF(E 6 F)FB L OWKREE 7 F) T, IRESBOMER
HIPEETERE ). T 72 BEIMER FIRIC DWW TRz 2t L IR E A 1T 9,

6.2 F6EMNAM

HERBE S OMMIETRE ) & E S 57200 D2 5 FB L LT, BESBOMENN LR AT 2,
RECIL, BAE CRIENHE ChH S, RICL DT —L RREREIWEIC RITTEEBOHE L | ZFOxE &
LCOBEHIEHERET L2 AN E T 5,

<Conventional>
[ Brittle fracture

From backing plate

Step 1 <Chapter 2~5>
A few brittle fracture
and ductile fracture

mixed
The overlay by overhead The overlay welding
welding without backing plate ~ around toes of scallops
Improving material characteristics
Improving toughness
of the material (weld metal)
Step 2 <Chapter 6~7> to prevent brittle fracture

[ Ductile fracture

Fig. 6.1 Steps to improve the plastic deformation capacity and relations with the chapter
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6.3 J—ILFRBRLEMERENICEZSMBEL. EERBHREROALN

et 2 B X | WMEZETZRE ) A oD 21213, OIS T OFEF & @M BRI EOW 23 5 LB H D
ZLIEE A E TR, AETH O MENE ERE LT, Bk L Z OFHEIE : v b E— I R L —
OEEME, T OERMEGEDOLE, £ L TEREATE L L COHMOREM IO, A - X R E%
OEHFREOFIEIT 1.4.3 Hi TR,

Lo, BIMEICR B2 RITT IR & LT, BRI S 0520 AB - /S A R EE & o 72 i HE
B T A — & L[AELL EORB ) Z RO L LT, RAER IR EERFIC KRR DIRAT 2 ERE N H
FohnbdZEE 1.44 Hi TR,

BROBANFRKE L TEBENGVONRETH Y | BEFEMTON S HERITEERL 752 L Th 5.
THNERBEIZBW T, Figo2 IR T L0 ICEMAEREZ LRI IVUREEIRIR ZED Z E N TE R0, —
BERNZIX RV RIS ST D, LasL, BUGEEE TR, THIEEE L 0 BRI mUEE B4 5k U 7e
TR B, 7287 B BISGEHEIFREN W= IR S L ENIBRETHH1H TH 5, (Fig.6.3)

UL, 1.4.4 §iCih 7= L B0 BEFOWFFEIZ L D 2 —)b RUERER DO T2 O OHERE BRFREE, Fl21F T8
B 2m/sec LLF ¥V vt — b B AR 25 Imin LUF ) (3, AEREARIABEICMA L e DL IBR &
BRI LT b DOTIERL, DOV Y A E—RINEZR VX =42 B L b O THLRVWIERS L, b, &
BRICES T — 7 §EIK D S — /b BT A DRIV RNE T B D FERRZ MR LI EEMEO S WIFE S 2 E Tl
FTHOILTNRUY,

UL EDFRZBE 2. RO 6.3 Hi TIXZBHEHEE Ot ALK MENE & BIPEMEIROBLE T, WA —/L BT
— 7 BRI 5 BUE L E e R o %R B L OWKREGE & O AR A TG T 5, S 6T, — K8
IRHELER B FICB W Ty — L R R CE DGR L v — /L R AR EDBRIC OV TR 2 1R
%o o, YNV R ADOTNEZRHREBICL > Tk L, EBFET —F L OMME LIRS 2 LIz, &
—V YRR S D 2 —)b BT AW HGHE & JBE O BRIC DN T HBE AT 9,

6.4 i Clx, BESTOMRUTEEMAE L THO LN TV AIEEM NS X OWRHESRIE & BiaE: 25
L2 BT, +02 vV E—RINT L F =3l TE 5, RREGEE > —/b R R EOMEEDOEH
REHA4RET 5, AIESZESTT 52 & T BESROMEMNBIEEREN MR B35 2 L1k b,

Equipment
of fume

absorption
or exaust

Fan, Circulator?, -

Fig.6.2 Wind invasion or gereration factor in shop welding

Fig.6.3 It is necessary to make temporary and partial wall
to prevent nature wind in on-site welding
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64 ZEEEERZIRE LIz, BEMHOBEE. BE. >—IFHAXKRE. 2RE. [ARKM. HER
NI RILF—DOEARRIIEE

JEE LIRSS BT OEEREL LUV ¥ L E— RN kL X —OBR A AT S DIEERR L v— L R
AN BRE T HARKOFEEB ZBIZT D 2)>— /I RHATSYERBROMFERE2 A TELRTH L
T, 7= 7 FHIA~DORKIDEBIALBIG & BB L 2@ O MEEETHETE 2882, FTL
6.4.1 BERRAE

JIS 733127 THEA K O\EsR DB~ 7Y Y v RUA Y D0 233137 TR, 598 7180 K& OV
BRAMHA 77 v 7 AN U A Y| IZHERLL | Fig.6.4 [ 2R T HJE 20mm, £ & 300mm O % 286t 2 EIR
LI WY A v & — v R ADOMERITO—MRRFHPIRIEA XYV v FUA ¥ YGWI1,/CO,,
Q@ RFEAIRAET AV U v RUA Y YGWI5,/Ar80%+C0,20%, @—#KFMA 7 7 v 7 ANV U A ¥
YFW-C50DR,CO, D 3 L L7z, 728, BEHEIFICIE Fig.6.5 IORT 3 Hh, AT 4 X v 7 CANEE
AR D X O LTeREBE IS K 0 N TaICJRGE 2 78248 S /70, B O(fEJR), 0.5m/sec, 1.0m/sec D — B
BE & Uiz, EEROBPENEIX Fig.6.6 (273 6 AT CHIE L, A EE S L CHERE~DOEIREE L
7o b RH APEEIT—HNCIERE b —F A — D — B HESE L T % 25 I/min & L, JEGE 1.0m/sec BR i T
— /b FYEDRHER SNRWIGE DT AR EE KRR EZ MR T 27207 T v 7 AAND T A VYOERMIZ 35 B&
O 50 I/min &N Z 72,

PSR % Table 6.1 3 XU Table 6.2 (27”7, wHAL. X B WMTEZIZ LY, 7T o —R— L ORERESL
78 L7=1%. Fig.6.7 TR T ALE D b ARG i b5 0 B R 2 8RB L C L B0 217 -
720 ¥ VBB EERBR OEFE X, IREAM B OREY JIS TR ES N TV A TNENDOEREOTCSH L < 12-200)
LT,

Backing plate

Base plate
A
0.5m
300
—Y
Wind direction (T) Wind direction (S)
; Traverse ; Slant
22.5°
20 . >
90— (Unit: mm)
125 2 125 ¢

"1

Fig.6.4 Size and groove condition of the welding test 0.5m

Wind direction (L) Welding direction
; Longitude —

Fig.6.5 Electrical fan and weld test plate positions
‘ and the wind directions

Fig.6.6 Measurement point of the wind velocity

Table 6.1 Parameters of welding condition

Combinations of welding wire and Wind Wind velocity | Shielding gas flow
shielding gas composition direction (m/sec) (//min)
*Solid wire (YGW11) / CO, +T; Traverse -0 .5
. 1 1 00+ 0 . Q- 0. .
Solid wire (YQWIS) / Ar80%+C0,20% |- S; Slant . 0.5 (Partially 35, 50)
-Flux cored wire (YFW-C50DR) / CO, |-L; Longitude 1.0
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Table 6.2 Common welding condition

Welding equipment

By semi-automatic welder

Base metal material

JIS G3106 SM490A

Base metal size

20mm(thickness) X 125mm(wide) X 300mm(length)

Groove 45deg. V-shape Root gap:12mm

Welding position Flat

Power source Conventional inverter type max.500A

Solid wires;YGW11, YGW15:
270-280A, Each suitable voltage,

Flux cored wire; YEW-C50DR:
280Amp, Suitable voltage, H.I.:2.0kJ/mm target

For 500A (Inner dia. 19mm nozzle)

Current, Voltage,
and heat input(H.L.)

H.I.:3.0kJ/mm target

Torch and shield nozzle type
Distance between the contact
tip and base metal

Preheat and interpass

25mm

Solid wires; YGW11, YGW15: None/ 150~250 deg. Celsius

temperature Flux cored wire; YFW-C50DR:135~150 deg. Celsius
< 20:1@: 100 :4&»4&?%—5’}—2&)
Base Charpy impact test pieces
metal Tensile test piece T
Deposite
metal E M E @
\ \ \
Base Nitrogen Weld me Fal — ' Nitrogen
metal analysis composition analysis
all 11l_ybib
[ >Welding direction
Tensile test piece Charpy impact test piece
45 deg. 45 deg.
A 'y
10 10
| @)1 o - T 1120
] vl \ wl
> - \ > -
12 . 12
JIS Z3111 A2 (6mm dia.) JIS Z3111
Fig.6.7 Positions of mechanical and chemical analyze test pieces
6.4.2 >—)L FHRABRILHARE X

TV R ANDNOEIEND v —V R AROZEEB 2853 5 2 & T, LR TG o 2 Bk &
KR OER LA OBRICESENE LN HET 2R AT, TRAIE\EAEATHLZ LD, 2O
FESEBERT LT TERY, £2TC, val—VLUiEG A 7y VR E ATy —L KU A& " 1i4k
L=, JFPEA Fig6.8 (TR, 7272 L, HEOEN TIET — 27 BAEROKRFEOMNE Y 2 U — LUk TE
BYLZ LMD TEHLWE SR TV D, T—7 B LORETORBLELE L, 7— 7 BARITIE,
ZOEBHIEN S L > TRAET DIEED T T AV THEPHFEL TND 2 ERMbATREY " 20K
MOFBIEBRII|EATE 2N LN ) Z EIIEEDO L TOERIEE LB X 72,

Flo, BAESRMFIZOWT Y, Fig6.9 [Zadan<, BRENIEE TIX S —/v R AL Z FRNZIRR DT80,
Val—LudEE 7 HICEE L TBIEEARA T, RURDENZRREEN DI L e o TLEN,
BT A YRR OB A ARAR CTH - 72, (Fig.6.10) L7=28-> T, &b VA VIO T 2D
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Shielding gas
Parallel
ray

- - =i

Point light source

Video camera

Observation Knife edge

Lens 1 target Lens 2

Fig.6.8 Principle of the schlieren method to visualize shielding gas behavior

Main flow direction of Wind velocity:

Y 1/ |/Shleldlng gas It 1.0m/sec
x«i I i
Z - 4,

Schlieren equipment and video camera : i
Fig.6.10 Example of shielding gas flow behavior in the
groove
(Groove: Fig.6.4, CO,, 25 //min, 19mm inner dia. nozzle)

Fig.6.9 Weak point of gas flow observation in
the groove

WM EE R 2 3R TR & LTz, BAJelaHE CIIRBILFITHY & B2 5 FNRHIK D,

BlE2HE% Fige 1112, WY —/V K X L5 LE X ORR% Fig6.12 12T, BlEF i mm ikt
LCHEAE Lz, ¥—Ib K ZUEHIEE 350A F & 500A BEHES 2 VY, 2 ZVAeins bR £ T o Bk
J R A RNt U CHERER & S D454 15mm, 25mm & L7z, fiid v —/v R AOFEEIL CO, & L, i
B1X 350A h—F % 5~20 /min, 500A b—F % 25~50 [/min & L7z,

(a) Inner dia. 10mm (b) Inner dia. 19mm
shield nozzle shield nozzle
for 350A special use  for 500A conv. use

!

.
K$ o]t ! |I25
Schlieren equipment and video camera Welding /

Fig.6.11 The observation method of shielding gas wire
flow behavior

Wind velocity measurement point

Contact tip

Fig.6.12 Shield nozzle size and distance from plate
and the contact tip applied to the observation
test

6.4.3 BESARER

Tabel 6.3 |27 0 —AR— LIAF M FHARE P OER R L OEES R OBMAITERIZ KX TR & T A5
BOPEO-BEERT, 7B, BEOITBNT "L >TWD L OIE, O alREFIPH 28 2 TEVET
bV, EFEMEE LTEEENR2NWENLREZEAKE LD THD, 61T, JlERBRBIOY vy LY
— RS — L T o T D b DI, BB BN TSR W CTRILKR RS S5 E S iz 7=, R4
JBE LR I L, MR ERER R 2 I ET D ICE L VW LI L7 b D THh B,
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ZOFERMNS BT A Y L — b R AR OMEEEOJEE & FHe R EREL LY v /L B —IR
TRLX—DFRE L OURLIZY T 7 % Fig.6.13~6.15 (239, 72, JBEY 035 X OV 1.0m/sec BREZICBIT S
=)V R A E D8 % Fig.6.16 IZ7RT,

Table 6.3 Influence of the wind velocity and the shielding gas flow against the porosity generation, nitrogen
content in the deposited metal and the mechanical properties

Nitrogen content in the

w(/:e?(ririlr]?ignjvtiiroena(r)lfi di\rZ::rtli(in vg(if;lﬁ Shieltfliing Porosity deposited metal. (ppm) 02% Tl e B 121: aCtbt ezt
shielding gas (Ref. (m /secil ge}/smii)lw generation SFart Center Fipish Max. };.S.O T.S. | EL |R.A.|Temp. er?:rrg;
composition Fig6.5) side side (MPa) (MPa) | (%) | (%) | (deg.) )
- 88 83 93 93 444 | 540 | 37 | 73 152,152,152
0 - 28 30 30 30 422 | 518 | 35 | 73 153,170, 167
0.5 - 97 88 81 97 450 | 554 | 35 | 75 136, 129, 133
YGWII ! 1.0 Much | 140 - 210 |>200 | - - -] - -
(jJ(r)2 S 0.5 - 96 85 82 96 462 | 560 | 33 | 77 0 140, 148, 148
1.0 Few 130 160 | 180 180 476 | 577 | 30 | 68 82,92,98
0.5 - 29 31 32 32 428 | 524 | 33 | 72 145, 167, 167
. 1.0 - 85 46 36 85 459 | 546 | 32 | 74 145, 156, 153
- 99 95 96 99 440 | 531 36 | 77 132, 136, 135
0 - 41 42 49 49 385 | 470 | 36 | 77 202,209,219
0.5 - 98 100 | 83 100 450 | 554 | 35 | 75 104, 107, 116
YGWI5 ! 1.0 Much | 160 - 580 [>200 | - - -] - -
+ 25 -20
ArB0%+CO20% | 0.5 . 160 | 140 | 150 | 160 | 441 | 548 | 35 | 75 92,93, 83
1.0 Much 310 - 290 |>200 - - - - -
0.5 - 64 72 100 100 391 478 | 35 | 76 207,214,209
- 1.0 Much 225 170 | 661 | >200 | 410 | 494 | 35 | 75 59,47, 156
- 63 58 51 63 470 | 556 | 31 | 72 123,100, 101
0 - 54 57 58 58 538 | 603 | 29 | 61 112,109, 117
0.5 - 59 59 60 60 494 | 572 | 30 | 72 103, 81, 94
! 1.0 - 67 110 | 70 110 528 | 601 25 | 72 98, 35, 49
0.5 - 70 52 46 70 500 | 581 | 30 | 72 87,117,101
> 1.0 - 98 67 52 98 515 588 | 30 | 68 97,93, 99
0.5 - 63 60 59 63 538 | 607 | 27 | 63 109, 106,112
YFW-C50DR L 0
+ 1.0 - 100 90 120 120 556 | 624 | 27 | 62 106, 106, 101
CO: 35 ; 37 | 38 |36 | 38 | 485 | 559 | 30 | 75 115, 118, 119
0 50 - 43 38 37 43 489 | 562 | 30 | 73 105, 116, 93
35 - 36 38 35 38 477 | 553 | 32 | 73 106, 120, 110
! 50 - 38 38 37 38 484 | 556 | 33 | 75 115, 115, 108
Ho 35 - 36 37 37 37 481 555 | 34 | 75 102, 113, 102
S 50 - 41 37 39 41 480 | 554 | 33 | 74 119, 113, 113
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Nitorogen content (ppm)

Nitorogen content (ppm)

Nitorogen content (ppm)

Nitorogen content (ppm)

Direction [T] Much porosity Direction [S] Some porosity Direction [L]

[ | generate | generate -

>~ >~ >
vy VYyYYyvYy 200 g E -200 8‘ E 1200 S
¢ g S | g
) Absorbed g ‘? ) g ? 4 g
200 11502 §200 1150 = E) 200 1150 =
g £ & = 8
5 S @ S 0
1100% ¢ 1100 & 4100%
100g— = 2100 = 2100 S
Nitrogen 150 i _«E 150 i g Iso i
I N 3 @ 0 @ 0 [ ! 0 &
M ! . 0 L L . L L L L L L L L L .
0 0 0.5 1.0 0 0 0.5 1.0 0 0.5 1.0
Wind velocity (m/sec) Wind velocity (m/sec) Wind velocity (m/sec)
Fig.6.13 Relationship of wind velocity, nitrogen content and impact absorbed energy of deposited metal
applied YGW11 solid wire and CO, shielding gas (OStart side @ Center @Finish side)
Direction [T] Much porosity Direction [S] Much porosity Much porosity
‘ ‘ generate generate generate
300 > ﬂ300 > A3OO >
2002 & 1200 Z & 200
S g € 5 ¢
g % s Direction [L] g
4 (=N =] - [ST . (=N
200 L Absorbed 150 g 2 200 150 o ‘2200 150 5
& g g g &
1100% ¢ 11008 = 100 %
100 - = D00 = 2100 =
Nitrogen s g} g 150 % _é 50 ?’
S “ 8 “ =
P RS S S B 5] Y S 0 1) 0 S B 0 o
%0 05 o 0 ® % 05 1.0 « 0 05 ) 3
Wind velocity (m/sec) Wind velocity (m/sec) Wind velocity (m/sec)
Fig.6.14 Relationship of wind velocity, nitrogen content and impact absorbed energy of deposited metal
applied YGW15 solid wire and Ar80%+C0O,20% shielding gas (Ostart side @ Center @Finish side)
Direction [T] Direction [S] Direction [L]
300 | (et > 3000 > 00 == >
L 20K 2 7 <200 2 1] 12002 € 200 2
¢ & ¢ & g
s 2 o = S
£ 20 1505 £200 150 &
200 Al 1150 @ 13} r 7 o 13} [ @
bsorbed 1 2 £ & £ Absorbed 5
o S g O a3
q100°= g 1100 g IOOi
100 ¢ = 2100 4
150 2 8 150 2 2 50 2
o Z g Z g
a a a
b g ¥ _—— " 0 : o
0 0.5 1.0 0 0.5 1.0 0 0.5 1.0
Wind velocity (m/sec) Wind velocity (m/sec) Wind velocity (m/sec)
Fig.6.15 Relationship of wind velocity, nitrogen content and impact absorbed energy of deposited metal
applied YFW-C50DR Flux cored wire and CO, shielding gas (Ostart side © Center @Finish side)
Direction [T] 300 Diregtion [S]
300 No wind > 30 b b | Wind velocity Z o~ Wind velocity =z
12002 E ‘ || 200 Z E . 4200 2
r S & v v v | Im/sec S < : 1m/sec S
g 2 g S g
= 4 a g L o = L 4 a
200 Absorbed 150 e F_.E 200 Absorbed 150 g é 200 Absorbed 150 ]
energy & A ’ [ 15) & 5 e a
’—: QJ 11005 ¢ 1100 < 1100%
100 - ] % 2100 - S 2100 =
@ §1trogen 150 2 8 150 2 £ 170 o
4 o Z a Z o
k93 a a
0 L L L 0 U-Q O L L L 0 UQ O Il L L O (]:Q
20 30 40 50 60 20 30 40 50 60 20 30 40 50 60
Shielding gas flow (//min) Shielding gas flow (//min) Shielding gas flow (//min)

Fig.6.16 Relationship of shielding gas flow, nitrogen content and impact absorbed energy of deposited
metal applied YFW-C50DR Flux cored wire and CO, shielding gas (O Start side @ Center @ Finish side)
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RO R 2 LLTIORT,

1) YU » RUA¥IE CO,» Ar80%+C0520% 7 AT L & FJEED 1.0m/sec A EIT72 % L RIMICHE SR D=
FREPHM L. 150~200ppm ZHEZ . WL R X —DEF & T u—h—LORAEIZELZ Endh 5,
(Fig.6.13, 6.14) 2 Ar+CO, IBAH A ClE 7 0 —h— L ORENEECTH -T2, Ar BT AEBNTT
m—R— LRRAE LTV E WD ISR EOME T EE SN TRY ARIOMRITEST 5, £z,
Z OBHNZ DU TIEIARIZE B 7 BV D 72 D AR5 TIEFEMIZENE T 243, 7 — 27 1 TO Ar & CO, DfiF
BEIRRBIC BT 2 BHRDEDE N, S DICERBITIZEOERIME I WHEOR S DENC L - T, BHL
BRI HERE B OERE T DTz, EEZTND Y,

2) JAGH 1.0m/sec THA LIZ7 B —h— MIPALREIT THRAET S 2 EREhote, TRbE, 1 /AR
TIHHEICES R TH, ZEEBETEIERENRLITHML, 7o —FR—VRET L2 ERH 5,
(Photo 6.1) L7223 > T 1 /N AE— A7 L— MABRIZ K > THONTZBHFD & — 0 RARRP D& B
HYEIL, ZEIEEICR L UIAEI TR AW &3 TR S iz,

Photo 6.1 Example of porosity generating at cap pass
(Ar80%+C0O,20%, Wind velocity: 1.0m/sec)

3) 77 v 7 AAND UA ¥ (YFW-D50DR) TiE 1.0m/sec DJER T 235K FFITIAE CTR<, 7o —Fk— 13
LD o7, (Fig6.15) LorL, FEARMIZY U v FUA VIl LTI R F—MERm < 2 2
D, JAE 1.0m/sec TEFE & 100ppm Z 8 X HFEE CTHWIN T R F—PNMEEEZ RT 2 ERb -T2,

4 WTNDTA XL =)L RHTADMEE TS, ZREBHEIZBNTT B —R—ARRBEET, NOLEL
TR WEIEDMR T 2 Bl BRI 0.5m/sec F2EE T o 72,
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6.44 J—)L FHRTARILEERER

Photo 6.2 |Z 350A h—FH 10mm ¢ / AL Photo 6.3 {Z 500A s —F 1 19mm ¢ / A/VIZFI1T B JEGE & > —
v RHADREEZBIE LI EEA2 R, 70k, EBRICITEL LT —v R ADOFAULE \ZEME 2B & 278
T BERSLMLSMNT Y — /v R R R b RE S EELZ T TREBZ T LR & U CReek, L7z,

Wind
velocity
(m/sec)

Shielding gas flow (/min)

0.5

1.0

2.0

Photo 6.2 Influence of the wind velocity and the shielding gas flow against shielding gas behavior
in the case of inner dia. 10mm shield nozzle
(Evaluation of air invasion to the wire tip position: O :very little, O:little, @ :large)

S 1% Wil s 15 208> G N R N

1) pekF L E LT, 2 AWM BEH Lz —v R AX, Fig6.17(a)dD & 512, B < ZDOREIFZITIHR-
TR ETERT D25, BENDICON CIRBICERIRITZ %0 5 2 & Tl Liziliicie s L shs 7,
Photo 6.2, 6.3 OMEJEREEDBIEAE RN HIL, > —/L KA AREIZE 59, 15mm &H 5\ 25mm D/ AL
Sed- R R CIX B AR BT STV D Z EWNbhd, FMIC Yo 72 —L KU A IRAE
F(FEBIEFED NIRRT — 7 BRAET DU A PREGTIL L 2230 & —v RATThI T
D2 ENDIND,

2) BB & B EAOEIRD ) ANV BRI o T LS TV, ZLTRMIZY =57
HAFROFETE FRNCHE S D25, —#IdE Rz mman, BESICR SN TR LWIREE KT 5,
(Fig.6.17(b)) Z D& LB OBN O RANDBZIAEINTT —ZIZBEL, VIV RARICEDL EEZ L
N5,
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Wind Shielding gas flow (//min)

velocity
(m/sec)

0.5

1.0

1.5

2.0

Photo 6.3 Influence of the wind velocity and the shielding gas flow against shielding gas behavior

in the case of inner dia. 19mm shield nozzle

(Evaluation of air invasion to the wire tip position: O :very little, O :little, @ :large)

(a) (b) (c)
Lami No wind
ﬂzrsmar Air Weak Strong
‘ / wind ’ wind
l Whirlpool 44— Air
A Val
rc

Fig.6.17 Schematic of shielding gas behavior and the wind
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3) JEEEA/NES VY, HDVIE YL KT AFEDE D TOD5EE, BT & &0 U A vihin s
BT, RANT —7 ECEBEREGEL WA, IUE L, =V RHRBEARRERDEZNHD
MrENSENNCEY  7— 2 ICEBET 5, WEORME, U AFENROEETIE, ET LRI T,
U A Y HmiEsmlic sy —v Rignosbin, ZHLCLEISHALH D, (Fig6.17(c), EH : Photo 6.2:
1.0m/sec-5 I/min, Photo 6.3 1.5m/sec-25 //min, 2.0m/sec-35 I/min) Z L5 DOFEEIZ K-> CIEE G R ER &
DT HEBEZ NS,

4) Photo 6.2 (23317 % JE#H 2m/sec, Photo 6.3 123517 5 JEGE 1.5m/sec(3¢2m/sec ITBIEZEME STV H)DEIEET
BEIZBWT, YR T AR T T — 7 ML ETED > —/L RIREEA AL, KREIBAREE 2> TS 2
ERHONTHD, T7hbE, EREHRBELE LTHMLA TS 2misec TIEY—/L RER AR+ TH D
LD, TV RHADEZEBILEND b EMT b,

5) Photo 6.2, 6.3 DEGEIZIIH A DFNBIEEN S > —/b K& EHERNHIE U 72 5ERE R 2 15 LT b,
Fig.6.18 (24 A it & B IZxt LT — b RIS R 2 7 1 > R LT, ZOREND, BEERN T A s
TIE, JBEIE 0.5m/sec FREICHIHIT D2 MERHDH LMW SN D, ZOEEBLEHERELE LD EMERN
PRI, HEERIC KL > THE LN R 643 H )DMm LML TH D, T7hbb, BiESRDEHES
BV L L > =2 U — L URIC K 22— L RIRBEOBISEE I AIEEERH D EE X DD, -,
BB 0.5m/sec & O ELE, RFTHER O M EWR S R B D BFZE AR P L LT BT 0.3~0.5m/sec
OEREE BEALTND, (144 HiBR)

3 Inner dia. 10mm Inner dia. 19mm O Good
= Nozzle Nﬁzzle O Little worse
% 1 8 (g ~ @ Worse
=) e0| e ©
R3]

3
3 e ¢ O
E
1@ 0O ® O
2 00 o O
0-O- OO0 00 +-0 O
0 10 20 30 40 50 60

Shielding gas flow (//min)

Fig.6.18 Relationship of shielding gas flow, wind velocity, and qualitative evaluation of shield performance

6) LEDFIRNS, THE THEINE SN TWET R —)L K7 — 7 0381 DB R O UL TE
PJEGR 2.0m/sec LA FIIBIEN 2@ L2 BB T 5 L, EFITEVWEEZLND, EWERRESEE
52 72 DI X EGE 0.5m/sec LA F OB 7= 72 BUEENHERE S5, (Fig.6.19)
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( Coventional management J [ New and correct management J

About 25 //min About 25 [/min
Conventional / |
shield torch

Conventional / |
shield torch

Wind velocity

Incorrect Max.2.0m/sec
image \ ’

Wind velocity
Max.0.5m/sec

Heat input ;
=2kJ/mm
Interpass temp.

<150C
(JIS condition) o

Fig.6.19 Conventional and corrected management level for multi-pass welding about shielding gas flow
and wind velocity

a8

E=R

2=
E=R

e

P

7 7T w7 ANDTA Y XCO, IERE, JAE 1.0m/sec, ¥ —/b KA A& 25 Umin CTIIEEEEOEHR
100ppm i 2, WINT= RNV X —HIMEEZ R T Z ENH T2, HAWEE 35 /min L I35 &%
1% 50ppm FRJE & 70 0 | WO RV ¥ —E IR LT, (Fig6.16) L7=-> T, BIREXHRN E S LTH A+
SRR, V=V R RAMEEZET LD bEd Ty —L FEatE L, €HF R 2IHT5 2 L
RE& 72D,

8) /L RHAWOBILRIZIRB N TIL, H A EZ 35 I/min [ZHCWHIE 1.0m/sec, S 512 50 I/min (ZHE0E 1 E
1.5m/sec DEGEIZMZ HiLD L5 ICBIZE S, (Photo 6.3) 7272 L, T O OMERITRET AV Y »
RU A ¥ &l - 2RSSR OWNEMERRBRIZIIME L TV 2R2n o T, FZERICBER 20 0% B IR
TOMENRD D, AHEHE 6.5 HilZ THEET D,

645 EE

FUZKT 5 v /b B AFROB AL, v—/b RHADFHIIKTT DL BEXD LR TED, T—7
B0 A A B B ST A — 1 a) b WA AR, b)) AL C R, ¢) / XL S B
METOHMED 3 HETH S, 0)B LUEET v Wikt Bl LT/ AV A O§i# 2 6.1 K2 THH L,
BTG LT v — b RYRH(Fig.6.18)% 77 v b L L7 #E#4 Fig6.20 1077,

ZORME, ) AMHAO T — FA AR & F% CThIuT sy — RERMRIN S & T B iEkinik
FOFFY ThH Y, S AVHOOY—L KA AFRETEED 2 fF282 2 85 ICRE LARTIUTBL 72y —
v RPRI R LRI S D, (Fig.6.21)

__L/7600 1 a6d
nozzle _ .(D7/2)2 60 .
1000
Vaozzte ;5 Shielding gas velocity at the nozzle out (m/sec)
L ; Shielding gas flow (//min)
D ; Inner diameter of the shield nozzle (mm)
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3 O Good
. — O Little worse

Q
2 Not %:ommende%k ® W({rse
£, ® O @
2‘ P
8 ot Tl
S L TTte-l
z % T
.§ b o0 g" Shielding gas velocity
. ,,;;’y Recommended .
Z @ e | 2 times over |
B g™ ,;a"o O +—

2SN L Wind velocity

0 ) 2 3 47 s

Viorzle: Shielding gas velocity at the nozzle out (m/sec)

Fig.6.20 Relationship of calculated shielding gas flow Fig.6.21 Recommendation of the necessary gas
velocity at the nozzle out, wind velocity, and flow quantity

the evaluation of shield performance Wind velocity < 1.5m/sec

Distance from shield nozzle to base metal =25mm

6.1 ik, / AVHA T AFEEICIT ) AVANENKRE S EREEZKIFL, MRS EEHEENEE - T
L RIEREN DTS, EHEEINS,

=L, ERAMRTRICOWTIX, S%OMRMETH D, £i2, ABFZETIT , ZVJei-REp e X
W EE L FEEN A HH COMRTH Y, AFRFHH L Y B piuX, 7— 27 EFETO T —L R H ARG IR
TT5DFHA SN, YikEEBEOREICOWTH FERICASZOMIREETH 5,
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6.5 BEEEXABEOBEFEHICBLNTTIV ZHRT I-DORKRES—IL FAR LTAERE
6.5.1 ERHRAREHEATOBRISHE T DRERNFE

AIERCRBWN T, b ROBERMEEZROICIE, BZE LT —/L R XV ONIZEIT D H At 03 B
WO 2 fELL BB TH D & DOMEAZ R Uiz, JERBHMINTWD —/b R A EO SEEEIT, 500A H
R —=FTRIZ IV THI 25 Umin Bl & STV D 2 ERL0ps B30 0 = o 44 Tldd ~ 0.5m/sec FLIE
DOERGEJEHIZ L2 bRy, T O -2 HREZ B TIZEH L X 5 &3 iU, 2m/sec LA T 25 21
BEINTHWAENRED &, BREXREAEOKEFILAMLIEL 725, L L, BAEOBILIZRH, 570, =
A NOEEIZERN D Z b, HRDRY ik LW o2 TE MO ERTH 5,

Flo. b—F A =B —ITEHEMELO IS Bk THE S LD A K 1.7k/mm 2 A IS, — %A h—F DX
KR ERD, S HICEDIBIRN G 2 —)b RH ZADf#EE % 25 /min & L TWH 28, SREFEFEER TITA
Ho4k)/mm £ THASNTEY PV, IS UL I3TREEN H D, ABETIUE, 7 — 27 B O AR s iR
EAEDN LS 720, £, BAERS R 2tuE, FFICT —27 EbEL eo T, M TIEMEE OB W RIR
TIPSR T 5, (Fig.6.22) i bid, RUY—/V RAARBIRRETHEEOREELE ORISHEEZ &, BA
BACTEMICRD Y Lieido T, Sk EREERRE O RABEMAFICEIT HBEE B L #IE L —L R
HAMEDFRRHNMLE L D,

(a) (b)
Ligh current High current
& Low voltage & High voltage
(Generally condition) (Architechture condition)

’/fﬁ<ijwm jifﬁ<ijwm

'R

Difficult to nitrid reaction Easy to nitrid reaction

Fig.6.22 Influence of current and arc voltage condition to nitrid reaction in the arc

6.5.2 KHREI—ILFHRICEHT SRE

FRVEUEBREE ICIH 2 D 720D R E LCE, / AV OO T A Z @ 5 X< v—)b KA A%z K
TESEIN S & HRNBIEMN TH D, MIETY—/L KA AZKRERT Z N TE 2 THHE ~—F) [iE S X
bl ERETN SRR EN BRI T WD, BEERBIGEEE TIXRDOBIALIC L 57 v —FR— L DI E%E
B5 < HMT, KRBT A% 50 Umin, & DHWNEE 512100 J/min 2\ H K H 2, AR MEEZFFRL, M
DTCEEDH AZWTHEND 5, SF LHEEMES - THEIRGE TR I oxRICEI Y . BIE 4m/sec
FCMAOND LFRENTNS 2, Linl, BEDOH AMREITILT LM X, & LAKKDOEALEZWE
THEADRHHENIDHLHLINLTNDSZ ETHY , dmisec BT Z HIVD EFEIRT DIZE S TR & 72 D
MERD A7 520, b—F A =B —OpEih/ 7 by MIKRE Y —/V R AL 7 v —5R—/L i o
ZODOFREE LTHEMT SN TEY, WHESROMIME~DEEIZ SV TIFEREHRC T — & 128,
6.5.3 AEBM

UL EDOFEREZ BT, 8F ORI X 5R L LT, SN M2 < OB TH 5 0C T ¥ /L B — RN =
RNAF=27 LL b, DV BT TERE PImts et 0 i O Watk AT L T A R A > - [Alfigat] CTBE
EEIND VAN E—IRINT XX —T0] DL EAGET D700, @misjRiE, Kt —/v RT R, BLO
POERE, b E < b T3 550N/mm*# Y U v RUA ¥ JIS Z 3312 YGWI8 HitkHf 2 fiz v T,
Vs BRI TR L 7=, (Fig.6.23)
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(New and corrected management for general J ( Management for architecture condition J

Max.about 25 //min Max 100 /min —?
| I Wind-toughness I Iy
special shield torch
and nozzle system

Conventional
shield torch

Wind velocity Wind velocity
Max.O.Sm/sec[ Max.4m/sec —? [ [
Heat input Heat input
=2kJ/mm =4kJ/mm
Interpass temp. — Interpass temp. —
=150C e =350C e

Fig.6.23 Chapter 6.4 result(Left) and Chapter 6.5 purpose(Right)

6.5.4 EERAE

RS 25mm D SN490B St 2 FAVN T 27 7 v Ui D ZE G BV 2 15t U 7= Fig.6.24 ORBRIK &2 1B L 7=,
AREBRIRITKE LT, R AT — 7 B K DB e a1t o 7co W R8I & 388 D A ¥ D ASy
% Table 6.4 |2, ¥AHESNT% Table 6.5 \Z" 9, EHSA O ABVE T 4.0k)/mm LA T & L7e, Jin LRk OREH
& LT, #EMl 3.2~Ff& @Ml 3.7kI/mm Th -7z, /SARRREIL350CLA T & LT, HBiREICETHET
VERE & LT HE b —F IR 500A FIMHE , L&, o —L K7 XL OREE 19mm Th - 7=,
BREZJRGE DFE A e OVAIE 1 6.4 i Fig.6.5, 6.6 L [Al— & L. BUE S IZEHE 717 & 1T (Longitude) & L7, J&E
OB EMIX 0~2.5m/sec £ T 0.5m/sec filfE & L7z, > — /L FHREIT, LB OEERE L, 30
~90 //min % T 20 //min FfE & L7z,

INLDOEBETA Y, = RAAFE, BEREOHMAE TH LN TREBREITE S P Rilns
Fig.6.25 OWiE EME T v /L E—flB&R B 28 L7, F2v v L E—ER & TR ORB I O =5

= YA - .
E@ﬂﬁ%ﬂiﬁffﬁ‘o 711._0 Steel ta|

300 OO

K~ 4

Yo

s y

3 200 L 200

i35
<A

\4

Strong back

325

L /*7* 420

70
Fig.6.24 Welding test assembly 10

Backing plate(12", 40")
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Table 6.4 Chemical compositions of base metal and tested welding wires (%)

C Si Mn P S Ti Mo B
SN490B 0.14 0.38 1.35 0.009 0.002 - - -
YGWI18(a) 0.06 0.90 1.77 0.010 0.005 0.20 - 0.0025
YGW18(b) 0.06 0.92 1.60 0.010 0.010 0.18 0.20 0.0060
Table 6.5 Welding condition
Welding equipment Automatic welding machine
Base metal material SN490B
Welding position Flat
Power source Conventional inverter type max.500A
Welding wire Typical YGW18 (a) and (b) of YGW18 standard 1.2mm dia.
Shieldind gas compostion CO,
Current, Voltage 330A, 37V
Heat input 3.2~3.7kJ/mm
Interpass control max.350°C

Torch and shield nozzle type
Distance between the contact tip and

(Calculated shielding gas flow
velocity at the nozzle out [ Vozz1e])

For 500A (Inner dia. 19mm nozzle)

base metal 25mm
Wind velocity 0,0.5, 1.0,
Shieldind gas flow 30, 50, 70,

(Each 1.8, 2.9, 4.1, 5.3m/sec)

1.5, 2.0, 2.5m/sec
90 //min

| 25

Fig.6.25 Position of charpy impact test piece in cross section

6.5.5 EERHE

WD A ¥ YGWI18(a) & FHWTZIEA D, v —/L R A& & BEEREDOMETIZBIT 5 Y v /L B —RkIN—
FNF— LR OEFEL Table 6.6 (T3 T, RUSEHEY AV YGWI8(b)Z W\ 7=8534 % Table 6.7
WRT, 7ok, XARBEERERIC TT 2 —FR — /L OBEE 2T A DA O - R BRI > v L B — Rk 4 A i
L EZFRBEOITOHIT o T, EFEEIL300ppm ZH 2 DEILEETE 2 0MBELZ A L TRV EE X Vover

3007 & L CREEk L7,

INLORERE, UV R AR L RBEEBR T OEFEOME L U CH LZ X% Fig.6.26 (IR~ d, =
720 VRV E—RIN T VX — L OB E LT LM% Fig6.27 IR 7, SHIZ, WiESRTEERL
¥y LB IR R L —DFIE & Fig.6.28 (28T,

Table 6.6 Result of charpy impact test at 0°C (upper section, J) and nitorogen content (lower section, ppm)
in weld metal appling YGW18(a)

Wind velocity (m/sec)
0 0.5 1.0 1.5 2.0 2.5

30 130,122,120 98,9088 77,68,54 B.H. B.H. B.H.
(46) (90) (146) (220) (over 300) | (over 300)

Shileding 50 136,136,130| 130,110,96 | 94,76,76 64,47,40 B.H. B.H.
gas (CO,) (44) (76) (104) (166) (245) (over 300)

flow 70 134,130,126 118,112,99 | 106,84,68 | 60,52,50 B.H. B.H.
(//min) (42) (70) (90) (145) (222) (over 300)

90 144,140,130(118,116,102| 88,82,82 68,60,52 46,22,12 B.H.
(50) (68) (93) (130) (212) (over 300)

[B.H.] means blow holes in weld metal, therefore impact test was omitted
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Table 6.7 Result of charpy impact test at 0°C(upper section, J) and nitorogen content (lower section, ppm)
in weld metal appling YGW18(b)

Wind velocity (m/sec)
0 0.5 1.0 1.5 2.0 2.5
30 126,122,120| 106,92,82 | 68,60,58 B.H. B.H. B.H.
(40) (84) (152) (246) (284) (over 300)
Shileding 50 142,130,115]114,110,100| 78,70,66 B.H. B.H. B.H.
gas (COy) (42) (72) (123) (210) (245) (over 300)
flow 70 124,118,99 | 106,104,96 | 92.86,74 54,50,46 B.H. B.H.
(//min) (46) (71) (102) (166) (240) (over 300)
90 116,116,112{120,102,102| 92,90,68 70,66,54 B.H. B.H.
(42) (75) (90) (126) (226) (268)
[B.H.] means blow holes in weld metal, therefore impact test was omitted
S 300 | Wind velocity=0m/sec | S 390 1 Wind velocity=0.5m/sec] S 300 | Wind velocity=1.0m/sec]
g 250 | g 250 |- g 250
= = £
= = =
© 200 [ © 200 © 200
2 2 g
150 Z 150 C 150 b \é\
g 100 g 100 g 100 O—A—
[5) [ [5) [ [5) [ —N—
g, g T—e—4 | §
g 0 p—aN—a—R | £ 0F g 0r
E | | | 2 0 1 1 1 2 O 1 1 1
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
Shielding gas flow (litter/min) Shielding gas flow (litter/min) Shielding gas flow (litter/min)
= 300 - 3300 N §300FBH BH  BH N
S| BH S | gnRy B 5 Toa
2 250 - 3 BH. BH. T e |
g N T 250 A~ B.H.| £ 250 BH
g >~ BH g \g\\é_ g H.
= A = =
2 200 FBH N 2 200 B.H. g 200 -
NN
£ 0 & 2w 2
£ 150 - o~ E £ i
S 100 [ S 100 S 100
g g g
&n &n &0
g S0 - - £ 50 = = g2 S0 - -
Z | Wind velocity=1.5m/sec| = | Wind velocity=2.0m/sec| Z | Wind velocity=2.5m/sec]
20 | 46 | 6‘0 | 8‘0 100 020 ‘ 4‘0 | 6‘0 | 8‘0 | 100 020 | 4‘0 | 6‘0 | 8‘0 | 100

Shielding gas flow (litter/min)

Shielding gas flow (litter/min)

Fig.6.26 Relashionship between shielding gas flow and nitrogen content
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Charpy absorbed energy at 0 degree (J)

Charpy absorbed energy at 0 degree (J)

160 = 160 ~ 160
140 | /‘/Q" 8] 8 140 8 140 |-
8 C & 3¢ S % -
120 © 120 — 120
2 A< — =
> = /K =
100 - —A— 100 - N —0—1 2100 e — O
: — : SAN:)
80 - 2 80 — 5
70J g 70J g A 70J
60 - 2 60 E
8 g
40 2 40t 2
2717 217 S 273
0 . B 20 . RS- .
0 ’ Wind velocity=0m/sec ‘ 5 0 ’ Wind Veloc1ty:0.5m/sec‘ 5 ’Wlnd ve10c1ty:1.0m/sec‘
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
Shielding gas flow (litter/min) Shielding gas flow (litter/min) Shielding gas flow (litter/min)
160 - - = 160 - - = 160 - -
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& &
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DTV R 701 S 70J
60 ’O’/g/ g 2 60 2 60
o o
40 — ] 40r < 40r
/8' 271 S 271 2 271
20 - £ 20 £ 20
o BH. BH. ‘ S o BH. BH. BH. o S o BH. BH. BH.  BH.
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
Shielding gas flow (litter/min) Shielding gas flow (litter/min) Shielding gas flow (litter/min)
Fig.6.27 Relashionship between shielding gas flow and absorbed energy O YGWI18(a) AYGWI18(b)
160
= 140
§ (©)
b 120 -
<
o (AN}
B 100 - A 0
& R
5 A
g 80 — K) A e}
9 a4y 5 70
S 60| o)
2 8 ;
e ©)
S 40 o
= 271
5 201 o
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0 | | | | |
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Fig.6.28 Relashionship between nitrogen content and absorbed energy
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6.56 B

1) BEEEFOERE L Vv ILE—RIRIRIILX—0OHEE

L1) EEESR OO ST, EFREFMEWVIZEFELWVA, Uy b E—RINT= R LF—& LT 70J(0C)%
RS D720, YGWI8 U A ¥ & W TR RAZL 3. 7kI/mm LU T, 7S AR 350°CLL T BTl
PeL7o%6 . Fig6.28 10 &R EITK 110ppm UL FICHIHIT 2 MENH D, Z ORERIL, mEOHSEH
HEFIgI2NEIFFF L THY, LENR->TRETEL B XD,

2) REARBSLUS—IL FARREN., BEERTOERESJUKARMRLEICRIZTEE

2.1) Fig.6.26 LV, BREREN/KE S 22 13 EREERTOEFEN LA T2 08005, ZOMEMIT,
6.4 i CHOLNIALEFE—THY, BB — L RIREDEELOTHLZ LI LNTH D,

22) IV RAAREEMELT I EICE T, BREDO LFE2MEIT 52 L HEKD, EHENE SNV —
Jb KA A& 25 I/min Jif% & ST D 0, RRBRIZIHE W TIEL 90 /min £ T EF S TH, v— R
T ADEFMRGU Lo THIZESR EFH LT < 2T R O oTz, 7278 L, v—/V R A&
Bz & 2 EHFEIMHIDRIL, BERES/ NS WEAERNTH Y, BUESKE FHIE, EFEEIHD
RHLIRERIE 72> TN D,

2.3) 6.4 HiOWFETIX, ZREIEHICBW T, BUH 1.0m/sec « 2 — L K4 A 25 I/min §0F Tk, K[IALKMEN
AT DT DIEHELESIE & Ly REBRIZE 1T D CO, W AEZ W YGWI8 Y U » RU A Y OfLAH
IZFRAUE, 1.0m/sec DJEE TS 30 /min BA 3 —/L R 2 %25, KALKRKGIZIEI e TH 5 = & n

RENT-, AR, 6.44H HNEIFER L TH D,

24) S5 HKREREGEEREE CIIKILRMEOFAENBE L 725, 1.5m/sec JEE TIZ 70 //min O > —/L R A
DI TH -T2, 2.0m/sec L EDJEFETIL 90 I/min DY —/L RA A% L TH7ARE, KILKMOIEE %
T2 Z ERARAEETCH T, EFE RS 7 R —h— LR ETRESOILTVD 200ppm &2 TUN 2,
6.4.4 i 8)IZB T, v — b R AMBEEDORER., 1.5m/sec B TiE 50 I/min LA ED > —/L R H R & it
X2 B D & Lens, 8RB EERA Om WAL AR EREESM I, BB, LoDk
2, BRORBADRKE BB ELZ RITTZ ERNRB I,

2.5) R&EZREGEBRBESM F Tl v — V R AREEZ RO T —/V RRROFALZP LT 2 FEIC, [REN
HDHZLENbPoTz, TOREIL, 7 u—hR—/LBHIERE L CIEEGE 1.5m/sec TH D, 1.5m/sec EIFER
BRIZRBWT, /b KA A& 70 Umin L TH D,

il

) REARBLUS—IL FARREN., Vv I/LE—RINTRILF—IZRIFTEE

3.1) Fig.6.27 £V, RERENKEL RDIZEHEHERTFO Y v LV E—RINZ VX —ME T T 52 L 3b
N5, ZOHHEZ, A0 LB —V RRBICK DIEHESROEFRE LIS b Th 5,

32) IV RHARBELERLT ZLIZL - T, Iy b E—RINT XL F—Z2 U S0 2 LR D,

3.3) SN490B #icfiF a5, — MRS RIS & LC. BIEEE 27) DL L2 RS RITRkD 5D
ThIu, EHEEE 1.5m/sec £ THETDHZ LREKRD, ZDLEDOXLEL—/L R AYEIE, KILK
fazfFaE Lenb D& 3huX, 70 Umin MLE L 725, 2T BEL25) & R—&4ETH 5,

3.4) WREEAJEIC 70T L ED EEME A2 B L 35 72 51X, BGE 1.0m/sec DNFR LRI E 725, 1.0m/sec JETEER
BlZBWT, /b R A &L 50 /min LB TH D,
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4) MRAEE DY ILE—RIRIRIILF—IZRIZFT —IL FAXDELRR & RBERREDBE R

6.4 HiTlx, [ILORAMRL, v a2 ) —L Bk —V RO ABROESZBZRICL > T, v— FiE
DB L~V %X Lz, AECTIERALOREMRB IOV ¥ LV E— IRV F—(Z L - T, Ak mE
LAULE XS L, 2 RV O OWE R & BGE OBIR 2 FEBL L 72, > —/L K VA OfitdiL 6.4 i & [F]
U< 62 RUTTHRM Lz, FHEEIX(DRILKRMERRE LT, H DT ¥ L BRI R LF—7 27]
K CTHoT2H DO EAREHEEHIA@®, QFALKMBEITIEA LW, vy /L E—WI T x L —238 27] LI L 70]
el &R LR O . Q)RALKMEA AT T, U BRI R VX — 23 70] DLE & i A R L7
HLOEERFMOE Lz, 2o Oz, MEHHE LR ICT LT e v b LR % Fig.6.29 12~
R

(Shielding gas flow)

3 30//min 50//min 70//min 90//min
O Good =70]
= ® ® ® ' . O Little worse 27~70 J
[5)
% Not recommended @ Worse <27 Jor
= ) o o ‘ ) blow hole generation.
S
§ o ‘ ..... (O veDe sl
Z l27J
S .- ------------------- am L
g QL
% $\e\ Recommended
A0 O OO
N
0 L= O 0O 0O 0O
S S \J A4
0 1 2 3 4 5 6

Viozzte: Shielding gas velocity at the nozzle out (m/sec)

Fig.6.29 Relationship of calculated shielding gas flow velocity at the nozzle out, wind velocity,
and the evaluation of shield performance

4.1) 6.4 HiClE, FEABRET EUE A/ & < 2> JIS 73312 YEHLOAR AZA - (/<A RTIRFE (1. 7kI/mm- 150°CLL T)
WHESRMPCB T D — v RUEEZ R L2 E LT, v/ K XV 0 OMEHFGE Ve 2B 5 EGHE
Vaind P 2 5L E(Vaoze 22+ Viind) &1 & L2 A RS2 BE NG DD L5t 7=, Z2hicxt LT,
BEESRERA OBRBEA S L, mER - RS A IR (3. 7k)/mm- 350°CLL P E#ESM, Do lhiiBREE
JEOE 2SR & Wi TR, EREHE#ZmE L TH, e mEN G ooz, Fig629 IZBIT 5
Vind=Viozzie/2 % TR L 0 FRIOFEIKIZ IV T, Vigze 25 2.9m/sec UL EOFHHITIZO @03\,

42) ®HiE 3.3), 34)Tihk_7cBh | vy b E—RINT L —L LT 27] DL EZEROGAIT, REEHE
1.5m/sec LL T, 723 —/b KH ZFEE: 70 I/min(Vo,me=4. 1m/sec) LA EAAME ML 722, A< 70] LLk
FUROG A1, BREEUE 1.0m/sec LT, 2O 0 A& 50 /min(Va1e=2.9m/sec) PA B3 WBEE | L 72 5
(Fig.6.30)

4.3) 6.4 £ Fig.6.20 & AfHi Fig.6.29 Z bk L7- 856, BREEEGE 1.5m/sec OV —/ b N7 AW L 2.9m/sec
ZMETUT Fig.6.20 23OIZKF L Fig.6.29 3@, BRELEGH 2.0m/sec L VY —/L R AW HHE 4.1~4.3m/sec
ST Fig.6.20 8@ IZxt L Fig.6.29 7" @ & HbT D5 RIZR > TS, ZOKE L TiX, a)fEii-E
JESMED R, b)BREERGED AL EMED 2 AN BEZ HILD,

44) RERGENKE < b L, fHEEZOREIZIZ DD 1ET O —b B A A EE (Vaze =2 Viind)
ERELTCHHEBEGROER LASCKAKRMBEAIMH CE 72l L LT, BEREOIX L SENKE L
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RAHTEHOEZEZTND, =)V R AN EOMEHO X512, A6 T W EREE Tl 2 M Fr
EINTNDHZ ENnDG, BURIFLELTWD, Ll BBREE BT 572 DICARER TR R ERE T
X, 7B E TOEMPBEN TS Z 26, B TIER<ER TH D, ERTITEET — 2 I13F
BIEAE A OCTEIE L TV, EEICTEEIT—E Tl <. RRAIZREIENH 5, BREEAEN K E <
B e ARAEAVBREL 2D, WLV RTADREZESC L E LTH, BB EEE
MRELTZEC, =V FARRDEE | EROWIISHEES TLEI LB D, FLTR, EEOH
FBGHEA TOHRERE T, ZELEEEE 225 Z LiF LA LR, BITED X204 MUKEREE &
o TNDEZEZDDONEYTHD, LN T, BERENKEVERCIE, v —/b R AFEICT
Vb FIEZ R T DT, EOMRBEND, TOME, EEEH L LU TIFE Lo ERBHRT bR
LRETHD, (EFL42)ZH)

[ VEO'C=27) } { VEO'C=70J }
About 70 /min Wind-toughness About 50 //min

l l l special shield torch l l l l

and nozzle system

Wind velocity
Max.1.5m/sec

Wind velocity
Max.1.0m/sec

Heat input
=4kJ/mm
Interpass temp.

=350°C —

(Architecture condition)

Fig.6.30 Management level for multi-pass welding considered of the architecture condition
and charpy absorbed energy required value(vEOC)

Rt —/v AT v —/b RIREEOEEBILR & U L DR R & 0BE O R
AT THD, SRIT. S OICKRFTE Y —/v NRIEOEREN), EHMMEZIHED, L0 RO
WA OB, W AREEH L OM A 2R LS, RGRETOVREROED L S 2 8T 5 &
b, BonsmEeREommELZ B Lz,
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66 FE6EFLD

R4 R OM BB TZRE IR B2 1305 72012, BIbER B3R X ONABE K Ma(7 v — kR —)Bh IR o
—2 L LTy —/b RIEmefR S %Ebtokﬂﬁ VRPN E 2 S IR BT 5, FIMERLAJLIS
BL-RELREEEL S —IL FARRETRECHEEZHONE L, EEIEHLE L TEET L LNT
E1z, (Fig.6.31) o N ROFEMZ UL FITRT,

[ VEO'C =27) ] | VEO'C Z70] ]

About 70 //min Wind-toughness About 50 //min

l l l special shield torch l l l l
and nozzle system
Wind velocity Wind velocity
Max.1. Sm/sec Max.1.0m/sec <

\ Heat input 4
— < 413/ iy
ey’ Interpass temp. [ S
 — =350C —

(Architecture condition)

Fig.6.31 Management level for multi-pass welding considered of the architecture condition
and charpy absorbed energy required value(vEO‘C) (Same as Fig.6.30)

6.6.1 EBRMHMR

1) 37 MR AL E 72 3FMRAOTERE ORI IX, BT A YHSE & W AMBROMEREIC L > TE D BT,
FRIZ AriRE W AITESR EH- L 20U K o TRAILKRBERRE LT 0 o7z, ks, WTNOMEETHE
FIRAIZ X > TEIMEIXK T L7,

2) BEDOFHICGHBE O E, HERMSNTVWAE T AL —/)L RT7 — 7 WO FLORHRIL, a)ii A
GEBREERE), b)7 m—hR— L RIaOFAERT, oiatid B OWMERL, Tholz,

3) WHEMELD IS YEHL L~V O — IR S L OBk TR et THRERH 2 W THEE S E T
M CHERE SN D > —/b R RAPRERS Imin)lZF 1T 2 T A2 —)V R7 — 7 BBV T ZERNIZERD
OEWE R L EIREASE S5 12, BB ELIINE R D 2m/sec LA T TR TH YD L 70.5m/sec LLT”
DAL METH D, (Photo 6.4)

Wind velocity : 0.5m/sec Wind velocity : 1.0m/sec Wind velocity : 1.5m/sec
Shield gas flow : 25 //min Shield gas flow : 25 //min Shield gas flow : 25 //min

Photo 6.4 Observation of shielding gas flow behavior against wind (Extracted from Photo 6.3)
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4) vaU—LUEIC LD vV R AOFNE BEBIET 5 2 & T, BUC L o TREAMD T — 7 ST S
T HRET A BIMICHERT 5 2 LN TE 2, IS LY VL R A DB T b s 2 LT, KR
M7 =7 ITHEAT DRENHED = & n’binoi,

S) VEHEATEHOD JIS HERL L~ L 0> HOVAHE I o BB B AN & W RIETIE, 2 AR L — L F
TAFRENSEGHEIND Y — )L RO A O OFHEIC L » T, oK E > — /L RHES S 2 s Fi4 5
ZEMARETH 5T, Y= RMERERT D00 B L LT, Vigul / A A TEH)Z 2 V(B
BT B IRIEN AR A FET 5 LEN B 5,

6.6.2 BEKBHAOSH

6) D FUBAIBRBEIRUE 25K X WG CIEL Vigre /. AV H D) 22+ Vg (RUE) 212 LT h L &AL
RGO 18 NI EEINVE ORELR N K EE T - 7,

7) DRI, 7 BHUMCAE S iRk~ O R RGO IR L | FBEERE D R AN L2 72,
EHERIE D,

8) YGWI8 ¥ U v RUA Y& MW REEHT AT — 7 IEHHE T, I RABA3.7k/mm LU T, 7S Z[EHREE 350°CLA
TR TEE LA, 0C vy L E—IRIN T R — & LT 27) W EEROBEA 1T, [EE R 1.5m/sec
LUF, o —/b K4 Ak 70 I/min) NULEEFETH S, (Fig6.3l,6.32)

9) A< 707 LLEESROBEIT, TBRETEGE 1.0m/sec LA T, 23D —/L KA Rifi& 50 I/min) ASMEEET
H%, (Fig.6.31,6.32)

10) NFAM T O R T ORAZEFR T 110ppm TH S, (Fig.6.33)

(Shielding gas flow)
30//min 50/min  70//min 90//min

3
: : : > O Good =707
'g ) ) o ‘ QO Little worse 27~70 J
é Not recommended @ Worse <27 ] or
) @ ) -4 o blow hole generation.
o
= ® [ S - S— o
Z 2|7J
= dWEsEsggEEsEEEEaEEEEE® mm N
E &\r’ Recommended 70l Flg°6:32 ) o
IS0 e o) '®) Relationship of calculated shielding gas flow
;\I & 7 velocity at the nozzle out, wind velocity, and
o L= O O O O the evaluation of shield performance
0 1 2 3 4 5 6 (Same as Fig.6.29)
Viozae: Shielding gas velocity at the nozzle out
160
S 140 -
§ ©)
e 120 |
= |
2 ol
510 A Ro
5 23
2 80 2>A 0O
(5]
3 a4y 5 70
S 60 | Ig ?
] .
Z | & o Fig.6.33
2 or ! © Relashionship between nitrogen content and
%’ 20 i o 27 absorbed energy (Same as Fig.6.28)
@)
0 I | \* mo | O YGWI18(a)
0 50 100 150 200 250 300 AYGWIS(b)

Nitrogen content in weld metal (%)
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BUE, SE TH RS THHRER CIZ, U 2m/sec LA F £ 21T KRS — IV FHAZ AW DA
1% dm/sec LA E7eD KO ICBEME, > — MR EDORAE T HMENENRTRS & L TRINTND, AL,
IO OREEHIEIL T DR . EAUEET— A RHTAFRELZZ WL TH, 7T r—Fh— /IR S5
KMaDOB1E, S 512 27) DL EORIR TR L ¥ —F LT 5 2 & bIRFES L2\, ROBMEERE W EiC
VB L XN D EHTOERME 70 ORERITIBIERETH 5 Z LR L N E o7z,

TG EHER Y | BERIT & A EIEIRPLCIEREY & 2 280 WBUIGHES Tk, fEFRITRD b2 W= 1
F— L YL R U ARILIC L DR &, o —/b R AREEH, & SITIIRIRET ANLE LT
HHME b —FNUNETH D, AR TH LN REY, FEEFHEEHHCKMR ST LIFHE 5% L TNnE L
v,
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FTE RWhBEESROBHERENZR LT 5-OHOPEALABERAN

71 [FLBHIC

AIEE 6.1 HiCik 7o B0 | FH2EMNHE 5 EE TlL, HRHEAHMOBPMEERENZREDLT-ODOFEL
LT, AN T v 7RBIUOELE T LW O REMZRISHETORMBELRY LT, ISHhEPZEMSE5720
T — 7 A FEBFEE L THWEAD 7 v TIRRETIES LUy F 7 LR BRI TIED 2> L
BEREL, 2D OFRIC K DHEEEEROEIEZEEE ) d6 K OYE T ML 2 R Lz, TORR. B
BB RETIIRER S, WEtEREE O (k& YT EE M b, R REE R R RS R S T,

INHOTEZERAT 2 & MR N2 72/, A0 T v 7 ERRREEST & THAR & L O
ATE, HEREEEEESRNE BB T 52 L1Tk D,

Z T, SOICHREGHMOBIEEIREN 4 Em L 5 & iU, HREGEHEESROME L L TOEME
w2 LS ED0ENRH D, AIECE 6 7)) T, BEeGROMERNEMEZIZEES . T bbENER I
WE LT, B CRIBENIE L 25, AL 2 EeR~OBFBEAN LB E Lz, vy e —Ik
I X —FRAEI IS Ul & > — L R RARBEOEHRZRE LT, AETLI|&EFE, WSRO
MBI ETREN 2 mD 5, £ L TEbIiEmiERbs RIS D, FiRI8E %2179,

7.2 ETENDEM

RS OWMIEEEEN 21 LS D0 OTE L LT, REGBOMENN LR B+ 5, AET
X, A SIS T2 ERO—D2Th 2 AR/ AMIRE ORI Z XY 5 2 FB & LT, MRS TR
DRRBR AL 2 BUBTRPEC TR 5 2 & 248K T 5 L i, Ei~OEEZERN TH HEEEEINZ 1L+ 57
DOEEME IR T 2 L2 NS T 5, (Fig7.])

Improving material characteristics

Improving toughness
of the material (weld metal)

Generating
solidification
crack defect

* Non-defect

*High toughness
weld metal

. by low heat input

and low interpass

temperature

welding condition

Developed
YGWI18 wir

[Conventional on-site design] [Developed on-site design]
(by Chapter 5) (by Chapter 7)

Fig.7.1 Solidification crack problem when the groove angle make narrow to improve the weld metal toughness, and
preventing method by new composition welding wire improving the solidfication crack resistance
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73 RIS VOHEREL-RERNFMEDRS
731 BISUOCHKRAOEBEINGERERL. 275V VEEANEEFEEOLEY

BEAEDOWIFED 1.4.5 fi, 1.4.6 fiCihk~7= LBV | BEEFINOK TR & LT, B OEEZIR(T A
X7 MR REREELERIFTZENEMIN TV DL, SE ORMABEN I, A OBhER 12 FE
THMER S 5,

PR BRI CIRIEBER ORI CINE & ) o TR RE DI N &2 B < To 18, RO ABL & /S 2[RRI
ERRARET SN TN D Z EIFBRICR T & 72 2050 i 2 13 S A MR EEH RS 350C LT 5L, 2Dl
JEICET 2 FE TR, EBEHTRWI LIZRD, EEBR. SAB - SRR ERIRICE LT, IREEBE L2 < T
BWAS2ZE e U, fREHIEN 2 > TO D ERHERD 2 W3 E « oS g iU ER i 24 onsd, Zo
HEHIZBWT, F/XRERAORIZT — 27 % —HIED 5 & L OFBAITETRIIA LW, 7—27 Z 1D,
BERMNTMND . WIS Z 57210 B2 TLE D,

Z 2T, RURIRBERIIAUE 6 U CE AR BN O T, iESRICHR e N2 T RN S, B LL<
XEEY 7 (8T v 7 X )R T, ZOMETIX, 7—27 2 ko FTIC—EBEZOEETIEND LE
[T T, EEEEN L AT TW5, (Fig72) ZORT T v VA DEETIEEITY &, Mok L
Hi T, Fig7.3 1R T X 92, —RFIZEfho 7 A7 MR A LR T2, 75 &, PumaickEE Sl
WIALRLT 8D, BAELREBEFIIZNASPISTHEPER L2570, 0%, BRI IS
MZ 2 9 BRIZIBIET 2 L 912, R L TS, (Fig.74)

X ~

Beam flange

{ Steel tab or ceramic tab

Fig.7.2 Welding procedure of the beam flange

U-turn
(Continious)

~Molten pool

U-turn less
(Discontinuous)

Fig.7.3 Mechanism of increasing the aspect ratio (P/W) parameter by U-turn welding
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ylidification crack

Fig.7.4 Mechanism of solidification crack following with welding direction

—J7. P, FRZUREIZER A Lo BEEEIALIT, AP R OIS HERPERT & 20 | £ OBMEER
BCERREEZEZRIET LS TS, BT I v 7 27 2RANWTEHEIE, Sz EFHRET 572
DHEEFEFINOERBE Xm\, SR Y 7 &2 WG A L, WG OmHAEE LTE Y % & LIEEETTO %
Alix, BEENASERTHIEZ, BI0%EE SN2 TiENE LTEELESh D2, b L LR Fig7.4 O A7
S ANZEY 7T VRIS E CEREENSER L TWEEAIT, I ELTH, EnnZEZ 52 ik
n., EEENIRDSEE LD, (Fig7.5) BT 70 YV OMEMEOENLCALRR, T &y hEnosT2JE
WRIaHS, VEMEEIRE N R & e BB % T T 2 L3 ix OFZEIC L > THER SN TWDH Z Evh, h
ERRAE L U CHERR T, BARMEE A JSSO) D BT RIR I OMT MR EREREH . AA
PR D TGS RGO B REGRARE - RS BARITSATWD,

BT T v VKRR OBREINFEA A 7 = X NI, B0 d5 K OURBH S I e i3 S itE
FEFGUVIEI AT M B OBRFE 217 5 121X, ETRHMESENLETH D, BFEFINOE &R & LT,
WS ONFIELTWDHR, FITH JIS 23155 (CIEY ZHsiiZe A Biasz il ikt 7k, @ FISCO Hlivitht)
MELSHDBNTVND, L, ZALIEROARENRBRITE TN AEEZ AR L TWDH T, 7T~
TURER O LIEBED X 9 IS BIEBEC BT D LW R T AR EIA ORI IZ A+ Th o
77

F T, BT T VO U A AR U7 U WEEE SN T 1A & PR T 2 B A U,

Fig.7.5 Solidificaition crack remained and exposed after cutting the steel end-tab at the weld edge

7.3.2 B LREZINFEBRA EZDOMRE EBE

PR%E L 7o Pk LEEE B EUER 71513, Fig.7.6 IR X 912, BEEEE L LIEEBROMRHSICE T < v
7 Z 72 AT SRR IS PR & L, —EEES O T < ik L TRES A £ TRET 2RI
HERBR L 72> T D, ANARRE TR R DB SN D, 1ORMA L LT, NAMREN R 251X L%
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FEFENAPEELT <D L Sh, RS L TCOMEITEE D, #AE Photo 7.1 (/R T K 9 T8RN 5
FA PREIZET TEITT 5, BN E LT WBERGEE, v— MER), B, WEEEE V-7
WS, WHEMB 2T 2 & BNOETRIVPESRIMWER DY, Tnbae"TA—F L LTER
A 5, FIE S35 X #RIC L > T A5 ITHERE TE 2,

Ceramic end-tab

Fig. 7.6 Schematic diagram of developed “U-turn solidification crack test” method

Welding pass sequence

Appearance

Photo 7.1 Example of solidification crack generated by “U-turn solidification crack test”

733 BKAELRISVOEERNEOREER

BE%E U723 LEEE B RBR 5L 2 IV C T8 RImvas s A O MEERRIBA IE A R T4 > ) Tl
FADRHELE ST D JIS Z3312 YGWI8 DBETE Y U v KU A YR B 2 I Uiz, BlJefa BE & &l o
B2 L7,

1) FEBRAGE

Table 7.1 2R JALF RS DIER YGW18 U A v 4 Fli 2 Prilk L EE[EEIAVABRIZ L L7z, RS F % Table 7.2
R, BSEIIRIC DWW T \W—F%ﬁ%Smn*EkL\%%ﬁE%35ﬁy,%okzﬁﬁﬁﬁké
7, fEIT 4 N REREE LT,

Table 7.1 Chemical composition of YGW18 welding wires for U-turn solidificaiton crack test (Unit:weight %)

Test No. C Si Mn P S Ti Mo B
YGWI18-A 0.07 0.91 1.57 0.009 0.016 0.18 0.16 -
YGWI18-B 0.04 0.83 1.94 0.006 0.004 0.22 0.11 -
YGW18-C 0.03 0.85 1.90 0.005 0.006 0.19 0.12 0.0022
YGW18-D 0.06 0.91 1.60 0.009 0.005 0.24 0.25 0.0055
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Table 7.2 Test condition of U-turn solidificaiton crack test

Base metal SN490B  40mm Thickness X200mm Width X400mm Length by each side
Groove angle 30, 25, 20 degree

Root gap Smm

Welding wire dia. 1.4mm

Shielding gas CO; 25 l/min

Current 420A

Arc voltage 42V

Welding speed 300mm/min

Pass sequence 4 pass continuous

Table 7.3 Chemical composition of SN490B as base metal (Unit:weight %)
C Si Mn P S
SN490B 0.16 0.35 1.10 0.009 0.002

2) FEBRAE R

Photo 7.2 |ZIEHEA D X B aBRiE R G E L2~ T, 7ok, MEICBS WO THEA KB LT nwE o, #
e LTHBI S NIZE AR AR TV D, WTNDOBEEY A ¥ THREAEN NS RDIT L, BEF
NN ERT2EHARH Y, fEkRMAE —8T 5, LT, RREBEER DS v OREEINhE S STHHE
ELTERTES LB LT,
3) BL

X BRI DB SN D EINR S 25 L. WHERR ST DR E2EINR L LTER L, §
MR, BEAE, BIOU A YREEOMEZ Fig7.7 177, ZORNSHELNLHAELLFIORT,
OWEHY A Y ORI D BT, BB LT 212 L, BEICEINLR ST 2,

QWY A YO, TROBIFERMIC L > T, R IVEELZIT D,

ZOEBRND, BEAEORBRIAITREGICE T L N ERTH D Z ENERIND, 722, bF
AT BRI D ERNDhroloZ L0 b B DFREITHEA I EN TR B ORISR - A I X o T
RBASAL=— R | TE D AREM R S D Z & bbb o,

80 -
S 60|
2
I i YGW18-D
=
45,340—
5 i YGWI18-A
3
S 20| YGW18-C
@]
YGW18-
0 | L O ]EIs
20 25 30 35 40

Groove angle (degree)

Fig.7.7 Relationship between groove angle, kind of wire, and crack length ratio
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Wire

Groove angle : 25degree

YGWI18-A

YGWI8-B

YGW18-C

YGWI18-D

Wire

Groove angle : 30degree

YGWIS-A

YGWI8-B

YGWI18-C

YGWI18-D

Wire

Groove angle : 35degree

YGWIS-A

YGWI8-B

YGWI18-C

YGWI18-D

Photo 7.2 Radiographic tests result of U-turn solidification crack test applying conventional YGW 18 wires
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7.4 BEBASACITHG L =BiEM OB
741 BEIJAVORERNRED S U OOMBRETINEREICRIEZTEE

7 7o Ul LRHEZ B LTS BEBIRBR BTG L, WY A YR O B8 Z R Lz,
1) FEBIGE

WD U A ¥ DAL SY & _— A T A ¥ 5 RMANCE L S8, Pk LEEEE O3 A L9 S 257l L
72, Table 7.4 |[Z3NE T A ¥ DALTF Ry 2 n T, VEHSRATIZATET Table 7.2 LIZIEF U TH DD, /L— MR
(723 dmm & HE7p 5TV 5,

Table 7.4 Chemical composition of trial wires (Unit:weight %)

Test No. C Si Mn P S Ti Mo B
Trial-A(base) || 0.063 0.75 1.58 0.010 0.011 0.20 - -
Trial-B 0.012 Same as
Trial-C 0.110 trial-A e as
Trial-D 1.75 trial-A e as
Trial-E 2.00 trial-A Same as
Trial-F Same as 0.002 Same as Same as trial-A
Trial-G Same as trial-A 0.022 trial-A trial-A
Trial-H trial-A Same as 0.003
Trial-I rial-A - eas | 0.027
Trial-J trial-A ) as 0.0031
Trial-K trial-A 0.0070

2) FEHRE R

Fig.7.8 IZKIEHE D A Y L BINEOBREZ R T, 2, WHEHITRINT 2. BFEFIR OB 2 A XK Hh
(= S
3) B
C: BT 213 CEINRN E5H Uiz, BEARE TN 0.10% %8B 25 L UBRIEOE T B AN EL . £
UL - T, MEEEFAVEDRBIL LT RDEZEZXDBND, TA YD CEN 0.06%FEETE, [
(SN490B) AR Is LN —/L KA A6 DI ILIC LV IEHEE C &1X 0.10%I< 12> TWnWh, L7ah
ST, WHEMBHIN T2 <, BIMARAZE L, 8RO C EAR T IEPBR S T OREEFIAL R £ 0 I
DRI & 72 B EHERI S D,
Mn : 19 513 EFINRITR T L, MHEEEFIIVESCEIC R E <EEE RIZ TR 20E#Th D, / Mn
fEIZ K> T MnS 234U L7 S OB INH S, MHEEEFRUVERS M LT 5 B2 6 d,
P. S: WP bEEBERIT & = LI EE S bS5, P ORERRZVOIE, S TiX Bk L7z Mn-S
DNEDFNTNDEDEEZBND,
B : D EIRINT HRIIAmAT UIEEE S E2 K& < A3 E 5,
7238, Table 7.4 \ZR LTZplLIAMZ . Ti, Mo, Si #Z2b &7 B 21T o 7228, BEREHIUCk L CIBA
ERRBIIR O N o0, Rl AE RN L,
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80 80
< 60 S 60|
.9 .9
g g
S 40 - Conv.18 <= 40 F
2 2 Conv.18
O = [}
Z DeV.V Z
g 20 g 20 Dev.18
O O \
0 0 | | | | | | |
0 0.02 004 006 008 0.10 0.12 14 1.6 1.8 2.0 22
C in the welding wire (%) Mn in the welding wire (%)
80 80

D
S
T
D
S

T

Dev.18
=Conv.18

Conv.18

Crack length ratio (%)
N
S
T
Crack length ratio (%)
N
(a)

Dev.18
20 20
0 | | | | | 0 | | | | | | |
0 0.01 0.02 0.03 0 0.002 0.004 0.006 0.008
P and S in the welding wire (%) B in the welding wire (%)
Fig.7.8 Influence of each chemical composition to U-turn solidification crack length raito
Conv.18 : Conventional JIS YGW18 standard wire
Dev.18 : Developed YGW 18 wire considered solidification crack toughness

742 PERAERICHRET A v OMBL L HERBINIERE

UL E O EEEEIALERBIC B 3 2 AR M LA B E 2. S DICHIRMERE, BIPE L W o 7B E EEH IS
YGWI18 Hitshf & LT & S D EEARMIMEREA A L, MHEEEFINME DN B [E S8 YGWI8 U A ¥ % Bi%E
L7co BARY A ¥ O FAAL & Table 7.5 (27”77,

Table 7.5 Chemical composition of conventional YGW 18 wire and new developed YGW 18 wire

considerd solidification crack toughness (Wt%)
C Si Mn P S Ti+Zr B Mo
JIS YGW18 - 0.55 1.40 - - - - -
Spec. range 015 | -1.10 | 2.60 | 0030 | 0030 | 030 ; 0.40
Coventional YGWIS | 0.05 | 0.75 1.55 - - 0.10 | 0.0020 -
Actual range 20.08 | -090 | -1.90 | 0015 | 0015 | 025 | 0.0060 | 025
0.01 0.75 1.90 - ] 0.10 - 0.15
Developed YGWI8 | = 04 | 000 | 210 | 0.015 | 0.008 | 020 | 0.0005 | 0.30

PASE D A ¥ DORGTHIRHER &AW 2 LR IORT,

1) CORFYVBDIX T, Aifl Fig.7.8 THERSN- LBV | CIXMEEEENIEICEREE L2 KT b, 1
RS & U CRIBAFREZ: FIR L~ E TR LT, 7o, RFEEK FIAESR OMEK T IC®’N S
728, Mn x> Mo HINZ L DN VLE L 70 5,
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2) Mn(~ > A ) B DN, i Fig.7.8 THER SAL7= & B0  Mn Il EEIN ML B L E 2 Tt EZTH D,
Fio, CEIK T CTRONDFIEBEZFZ L CED LD, £ L THIRT 5 B BIRINCHE S SIS T %
HET DA TH D, FANEA T VREBNL L 25720, N AEEEER OFIBEEHEICE LVREE
ZHTebIRWHEIFHTEDT,

3) Mo((E Y 77 NN, CIKTTRONDFIRBEAZME L TRO DDA THSH, Mn & E2Y
FRALPEDMEND TR T R ARBIMOBER L2 L7582 0WEAibH 5, L, ElocEOF Tta
M3 b EW o, AR E L TR SN # T T,

4) B(R U ) DO MM, — kR RN TEIE R EICA 307 mlioy K OfkER FH & L CRIb 5 Ti-B RIS
ONTIE, BEEOAFFE 1.4.3 i TR L7z, JIS Z3312 (8RS, w9R 80 K& OMRIE A A o~ 788 L O
STEEY Yy RUA WX YGWIS 12T TR WO BITHENES | ETMED T2 D,
HFRFHOPF THEHAIN TS, SEHO YGWIS 1X 70] & O S IPENER X5 72, $EK Ti-B ikt
PRERACERA S TWA 2 ! ERLFig7.8 THGNE LIz EB0 . BIXC &R U< MEEEEE
BB SEDRETND D, 2T R 7 T 2 VRSt T OMEEE BNV 2 % 8 L7 Jik 3 T,
B Z MM E L7,

5) POBE), S(FisR) I ER E 35 0 #EFF L7, Fig.7.8 TH OGN E Lz &0 Miscsk M E R ko i s
B RIET T2, DRI L7z 2 sidn, Lo, BIFEOREREANICEIT 2 BT EE L <. ILHRE M
ELTEHAEL Y L T 20T EN TR 2HD T, BTKELHFREIDE/RhoT2, —J,
SIZOWTIE, BEORMEN & L COBRMEMITIEOWO T, KT 52 SIXRETH DA, PIEE
BB N E RN L SITIE Mn 8 CTEAL L= A T 7 HIBEVE &2 AR ET DMREN B 5720, ek

#iPH 2 MERF L 72,

ABEFE T A ¥ 2 pik 7.3.3 S0Pk LEFEEINREBRICAE U, B AE L 0%, BLONERE YGWIS Hikk
AL Uiz, ZORER, Fig7.9 (Z/RT £V, R YGWI8 U A YTkl L, BB 25° THUERD
FEAEA T 35° KD ENRIT/NEhoTo, Wo T, XV EER. WHE~OEHANTREL 725,

Thickness: 40mm
80 | ] Root gap: 4mm

. | Current: 400A

S o

.8 60 | A .

?D i <> T YGWI8-D )

§ 40| & B =

f’, i A "D YGWIsA \ Example of conventional

O 5l O YGWl e YGW18 wire
Developed YIGW 18 wire 2

. YGWI8-
0 \‘\. B/

20 25 30 35 40
Groove angle (degree)

Fig.7.9 Solidificaiton crack performance of developed YGW 18 wire
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7.5 BRARBEMHZAVEERAABERERAICKSBESREOWIER LIRER

REDHEIE, BBAAIZ X 2 AB - SARNRE O E . ZAUC K DiEBA R OBINER i X A HER
WPEETREm ETH D, F 2T, EBICBREEAE L — FENE AL 2 AR AR BRI T
INHOMREHR LT,

7.51 REBAE

BRI 25mm D SN490B Stk 2 VN T 327 7 o VI D Je G5B ia i 2 i U 7= Fig.7.10 ORBRIA &2 1B L 7=,
Wildt 7 Iy 7 27 & Uic, ARRBRIKICK LT, KB AT — 7 W K 2B Eims 21T > 72, v
To RERA SRR & V2D A Y DRl Sy % Table 7.6 (2, WEE2D A v L BSEIAIR O G % Table 7.7 12, WEHESEM%
Table 7.8 \Z/" 9, FEITITAET 330A JHV & U, EHEH DI JE A EEE D IIA R S R L RBEMED N T R
FEFBLC, RlEERIRTHZ L LTHERE, 1 EEPO4EEETIEY TMEIC TR LEEL,
izl Uiz, 0%, AR 350CLLFTHH Z & 2R Loo, A EHikOfRE L Lz,

3 BN TR IR IT R S I D Fig.7.11 OWr i B6H Cra a8 O S IERER & & v L B —
B A BREL L 72,

Ceramic tab

' 300] HOO

Tz
12
~ !
e, % |
200 . 200 N
N g 0 g Strong back
3 $os
el ] t
R
Fig.7.10 Welding test assembly 10

Backing plate(12', 40%)

v

\
Condition A: 0 =35° , R=7mm
Condition B: 0 =25° . R=5mm

Table 7.6 Chemical compositions of base metal and tested welding wires (%)

C Si Mn P S Ti Mo B
SN490B 0.15 0.34 1.38 0.008 | 0.002 - - -

A: Conventional YGW18| 0.06 0.92 1.60 0.010 | 0.010 0.18 0.20 | 0.0060

B: Developed YGW18 0.02 0.85 2.05 0.010 | 0.009 0.13 0.28 -

Table 7.7 Combination of welding wire and groove shape

Welding wire Groove angle 0 (degree) | Root gap R(mm)
Condition A (Coventional process) A (Tabel 7.6) 35 7

Condition B (Narrow process) B (Tabel 7.6) 25 5
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Table 7.8 Welding condition

Welding equipment
Welding position
Power source

Welding wire

Wire diameter

Shieldind gas compostion and flow

Current, Voltage
Interpass control

Non (Manual by skilled welder)

Flat

Conventional inverter type max.500A
Typcical conventional YGW18

and developed YGW18

1.2mm

CO,, 25 I/min

330A, 37V

max.350°C

Torch and shield nozzle type

g g

L= ] L ]

Fig.7.11 Position of tensile test of weld metal and charpy impact test piece in cross section

For 500A (Inner dia. 19mm nozzle)

7.5.2 RE#ER
PEHGRNE & BRBAESME TN TN D, R A L O i/ S A R Oft TRiskss KON, A% O RT, UT

ARERAE R A Fig7.9 12, IREER OSBRI & > ¥ L B —IIL T R L X —% Table 7.10 12777,

GBohnicmiLa Ll TITRT,

1) BeBAJEHE T2 58 L TR SN EY A YIc L 5D 257 BRJoh T Cl, BEEBINSG O KMIIRAE T,
PERTIEL D & EWBIRIRE & o ¥ L E— RN R VX =03 G b7, ARBEMEE AV IERER
TiE, #H-2REMOMEMNEMERENRLICTEST 5,

2) BReBAJEHE L Clx, BRABE K/ N AMIREILC, R LIEL Y BIR< eoTz, S HICHEANAED 6
IRADNE 5 INANE 1 NS Q0% L, i TRER G 1A L L7z,

Table 7.9 Welding process records and nondestructive test result

Condition Welding process record Crack
length
Process Groove Welding Total pass Max. . Max. rat%o
No. shape wire number heat input interpass 0
P P temperature (%)
. 35 deg., A o
Conventional | A 7mm Gap | (Conventional) 6 3.8kJ/mm 350C 5
25 deg., B °
Narrow B Smm Gap (Developed) 5 3.0kJ/mm 320C 0
Table 7.10 Mechanical properties of weld metal
Condition Welding process record
Process No Groove Welding YP TS El vEO'C
’ shape wire (MPa) (MPa) (%) Q)
. 35 deg., A 94,96,100
Conventional | A 7mm Gap | (Conventional) 442 575 30 97)
25 deg., B 130,134,140
Narrow B Smm Gap (Developed) 484 294 29 (135)
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76 FIEFLH

R R OME BV TERE N B2 1302 72D OIER EIRO—2 & LT, FERAITIRAZ K/ XA [
B i T & 72 DR BEER O BEBASEAICE B Uiz, (Fig.7.12) BUBVERE COMBIE L 2 EH 4 5(21%, WM E
DY BT X D MHEEEFAEDOSGENME & i, WERT A ¥ &AL EOMAIMERE A2 784 LoD, AR
BNENEBNLBEIAVERRE L,

35° —25° PeBHSEHE LTk, AR - NARXBEEOMGIL . AR EZREEL. MEMNEHERENRELE
ER LT, M TRERb M EL, BoN/ROFEMZ L MR,

GW18 wire

ﬁ High toughness
and good
o solidification
i \ crack resistance
25° weld metal

Fig.7.12 High toughness weld metal by combination with narrow goove and new welding wire
has good solidification toughness (Partially extracted from Fig.7.1)

1) RIRFEEEE CORBEENEZ ERFMT 27200 FEE LT, Ik LEBESINRBRFIEEZER LT,
(Fig.7.13, Photo 7.3)

Ceramic end-tab

Cross secti Sl Appearance

Welding pass sequence

Fig.7.13 ) .. . Photo73
Schematic diagram of developed “U-turn solidification Example of solidification crack generated by “U-turn

crack test” method (Same as Fig.7.6) solidification crack test” (same as Photo 7.1)

2) i LEEFEFIERBR GBI L - T, BAEAEZH T 51 EHEFICRBRNSEZ LT RD 2 & 050
wmans, (Fig.7.14)

3) BEAF?D 550MPa #k kg /7 A Y U v KU A ¥ YGWIS HAH OHFTH, BREHE OEWIZ LV | (MifEEEFIi
PEIZZEW 8 D Z L inoir->T, (Fig.7.14)

4) REMEHZE N DRy OB L LT, C,P,BRAEESEINEZHE L, —FH, Mn MR EET 52 &
N oTz, Si, S, Mo, Ti (1T /223 B oo T,

5) B ORFFEREEREN D, 257 B THIERD 357 BAJCAR Y OMBEEE FIAE 2 R IE T DAY A Y2
% L7, (Table7.11, Fig.7.14)

6) 1K 35° Gap7mm BHSE/ 5 25° GapSmm BRSEICT 5 2 & T, E 25mm O5GE . /S AN 20% L
77
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7) [\ U < e R AB T 3.8k)/mm—3.0k)/mm & 21%i8 L7=,

8) Al U < s/ N A MHREE 13 350°C R EFRMERIE) D& 325C & 7% Lz,

9) BHFE Y A & U 72 BB SCHE T Cld, 7k TIox L, & % /L B — BRI = R L F—(0°C) 7S Ave.97—135]
& 39%m L7z,

10) FERDOBEFIALINIT 2 A v MEBENFERTFE TH o720, MEHEOHBRIZE Y, LI s~=
2 T VESECTHEMMTE D AMHREMSHTE 2, T72bbh, BIRETHL KBS T2 Z iz b,
U K o T )R AZ AR A R EEiE TAKIC & 2 GeumBR Seiate & | o fBtEm L. (byRBsRm] RIZ E kAN
FFCE 5,

Thickness: 40mm
80 u] Root gap: 4mm
- | Current: 400A
> .,
8 60 = A ."':;-g:..,
: Y \
S i R YGW18-D
) T
5 40} o e ?
é | A I YGW1s-A >Example of conventional
O 201 O YGWI 8-C YGW18 wire
Developed YIGW18-wire Le
0 ?‘\"\.YGWIS-I? J
20 25 30 35 40

Groove angle (degree)

Fig.7.14 Solidificaiton crack performance of developed YGW 18 wire (Same as Fig.7.9)

Table 7.11 Chemical composition of conventional YGW18 wire and new developed YGW 18 wire

considerd solidification crack toughness (Same as Table 7.5) (Wt%)
C Si Mn P S | Ti+zr | B Mo
JIS YGW18 ] 055 | 1.40 ] ] ] ] -
Spec. range 0.15 | -1.10 | -2.60 | 0030 | 0.030 | 030 ; 0.40
Coventional YGW 18 0.05 0.75 1.55 - - 0.10 0.0020 -
Actual range 008 | -090 | -1.90 | 0015 | 0015 | 025 | 00060 | 025
001 | 075 | 1.90 - ] 0.10 ] 0.15
Developed YGWI8 | = 04 | 000 | 210 | 0.015 | 0.008 | 020 | 0.0005 | 0.30

WRBR et O RBLOFEEELANL, AFERGTOREEFIN BB TR WAARR 2R ESERW DD
FEMEOM ESRAIRTHD, LIhi> T, BIEATRRE M EOZ b3, BT THHF OB HE
R == XD EVRBISERHSIT 0 U, A% 130 2 T e e & L LT ARSI EA R A
T, MBI B3R L TV E 720,
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F8E RIELKW

8.1 AHEMBEM
AWFZETIL, SR OHIEEA A OFEREITHE 22 T, WA SN 8B R O et B Rk g
BRAE. WMEASIGRE N 20 E S D 0D Tk, IEHEME, BHEHEZRET I L ZENE L,

8.2 HGEESRADMEE
AWFECTHY B 728 BEOBGHEA A OREIZLLT a)y~d)D 4 L TH D,

<JEU[KI> <KIF TR
a) J VAN T v IR G D ATy TIEASOIS I & Mt iER R
b) B TERORT T o UAMUIEST T - B TRJEHA~DIS S5 & Mt &
c) A EREE & 5B Rk R D VRBES R Ot et - TR T L X — B I RE D Wt REBD R
d) =Ry YA R R B MERE B2 B & LT RBR e T X o TRAET D EEEE
& MetERkEE B R

Fig. 8.1 Some problems in on-site joint (Ref.Fig.1.6, 1.8)

8.3 ERMRERL L TRELER
Table 8.1 Necessary factors of practical on-site joint process (Ref. Table 2.1)
(1) BEb= 2 MO
(2) BUGA~DORED Y 7R BARAEE O HRA DI
(3) M LIZEE9 2 TH, FefE ol
(4) @V SR O A
(5) /v— FHIRR. HIEV, RS S 722 EOBGRIRE ~D %G
(6) XFHIET DA O]
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8.4 WIRXMREEHA

Table 8.1()~(6) & E 2. HRTFE L DZOTOOWRXRE LT, 7— 7 EBEB L OT — 7 BHEAR
RE LIz, BAERBNIZLLTD 3 SOEMIC L - T 8.2 i a)~d) D EZITNA I LT HHLDTH 5,

O FHITZIR

QU B G

QWP 1.8 B

8.5 WIRODiHh L1868
FFE 8.1~84 HiA BUHIC, B2 WNDLHE T RIS T, iEE AT —~v MO ERE LT, 2K0EE
L FARS % Fig.8.2 1Z/” T,

(% 3 %)
5 b AR |(b) B ShYARE 42 B O e MERERS Ik
e | AT T TR T e |FTABEREE A BRFEL Ny LT
255 v FEICAERT 505 & T HY TR < IS AP AR &
wE O (DERERE, e [V
el DR S A B R B T S B B, " V1B 2056 5 D 4 B AL S
Iz,

(% 4 %, 5 %)
55 L R [BLE i T~ ORI

N7 709 Ah Ty TIERKTLE
BERE |+ L7700 Y )R BT T TIE

+H 770V ANy XL A ERAKLE
ROENTCBNATEREN 2R LT,

(o Y B
—

(% 6 ) v CNg ) v
ﬂ%k%%] LI 4 B O AR R E= B CkE
SRR 1 |(olaEAERE A~ DO RERIA FEAERAE 2 |(d)BRBE SIS 5 BREEIAVRS A
s %ﬁ%ﬁ@ﬁut@ﬁ%@&%% UGBS | HTTAEM R B BA%S

- =)V R A E DR TE cm BB JE 1T L DARAZA K S R R

AER =)V KRB IEIC X B8R E i i TASRIRE L 72 0 . EpEm 1

l ‘, l

RiGHEBOVEERENDRERNR L

Fig.8.2 Summary of this papor’s research flow, relashionship, improving suggesitions, and results
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8.6 HIREE

8.61 H2E) RAFVITEDRAEHZEMT H5-OORNEIE

1) 7T— V7 EHEOBREDO— D> ThLERMEREEFIA L, A0 7 v 7IKER % REEET 5 2 & TEMFIIE
WodtE L | MOMRIERENRZ I (AD T v TIRA TR #5%. Bi%¥ L7, (Photo 8.1)

2) 250( N X20002 7 T > P X16(7 =7 TEYVX19(T7 T v VYD R E W@ LA A T 7 T LA
WEIEERE T /VRBRIR & - 7ol il Cid, 1ERBUISIERUTHAK) 3 {50 BRI TEAZ R 135 61
7=, (Fig.8.3, 8.4)

3) PERBILENTIX, AZRE - BIRIIAN T v TRERAE LTR T T U VBT 20lcxt L, A0
Ty TERNKTEZEATDE, BT TV EEAT 7T L EHRETHRGRESL Y, BT
D HErERRE K 2 Bh 1 T & 5, (Fig.8.4)

12
‘%ﬁ i% FW-P SW-P
10 - FW-s1 o
—~ SW-s2 *l— ® Positive side
== .
Beam web 8 O Reverse side
Scallop FW SW hd |—|
: ; | Average
Overl Iding ” i &
verlay welding z 6 ];
| A E A
. (ilpe ¢ i |:| On-site joint
umn

- Shop joint

Beam flange

DSl ®Te L 8 alf)J 5 34 b & & @
Sy A IOKES PR AL SN

[ ()
Lp=20mm
lfr L

Conventional Overlay Overlay

\
Column-to-beam butt weld (Non-overlay)  (Incomplete)  (Target)

Photo 8.1 The overlay welding around toes of Fig.8.3 Relationship between the overlay welding around
scallops (Ref. Photo 2.3) toes of scallops, the joining designs, and
cumulative plastic deformation factor( 7 )
(Ref. Fig.2.17)

(F\

2
*10° MPa

)

I~ L
Q%

0 80

mm

Fig.8.4 Fracture pass and load-deformation curve each of the conventional on-site design (FW)
and overlay welded design around toe of scallop (FW-P) (Ref.Table 2.5)

4) PR TIR, R FIC I T D REmE N & R ROBN/NS VDI L, AN T v T IENERE =
Mg E BN RKEL oz, TIUIRFPREOISNETREMINTZZ L Z2RIBL TN D,

5) ATy FIENRE TIEIC XA ETERE DA ERiEIL, QRBEEIIC L IS NEFTO L. ORREESRE
HIKDOMHE ., M ORmB eSS EORK E BEL TEEIDOFHE~DIEHOEEIRLEEZ LD,
(Fig.8.5)
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On-site joint shape Shop joint shape

Outlook (a) Conventional (b) Overlay welding (c) Conventional (d) Overlay welding
(As scallop) around toes of scallops (As scallop) around toes of scallops
F
Cross
section 1 1
e e
N —

I —

Beam web

3 |
On top ] ﬁ \

S Eod b\ Beam flange 7% ; Overlay 'H_\AVIEn‘ q tab\Beam flange] —— Overlay
Diaphragm |\ End ta Fracture pass weld metal Diaphragm Fracture pass weld metal

Beam 'web
Beam end groove welding ‘ Backing plate

Fig.8.5 Schematic of stress points and fracture pass each of the conventional scallops and the overlay welding
around toes of scallops when the large force applies. (Lower flange side) (Ref. Fig.2.20)

F : Force as earthquake
Tcy, Tey - Effective thickness at the stress concentration points

6) AN T v TIERAKEHEICBIT 2 EERERR L LT, ZUBIORU~ORIDFET NS, 2~
DESIHERIEENED S EFUELETH D, (ER7 7 VR 19mm 2BV TE S 100mm) —J7, FEH]
~OEX1E, NREOSE, PIUmBRCEERIE Fa x5 2 & ABREOHE, Y TEIZEY BiF D
T EDBRESEETH D, (Fig.8.6)

Conventional (b)

(Non overlay)
10

(@

¢ -O-FW
2 L

0 L L L L L Il L
0 20 40 60 80 100 120 0 10 TOP

Lg (mm) Lc (mm)
(Length to the beam direction) (Length to the column direction)

Fig.8.6 Relationship between horizontal length of the overlay welding around toes of
scallops and cumulative plastic deformation factor( n 5) (Ref. Fig.2.19)

7y AH Ty TIERRE TIEIT IR R O THAZLEST S Z 08, mWEEBEEZ LI L L,

Fo, BRHOLT MBI, PURECIREE & R Uik, WM B2 D £ A TE . BN b
MELLARWEWS T EHE COERZAT 5,
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862 HIE) BETEDEHARHPZENT H-OONREIE

1) TV EHEOERO—D> THLEREREELFIA L, BT TV eXAT 77 hxfllL@nsEtd 2881
VDL IR TWLEYLYTEORDYIZ, EAZEE(Photo 82)I2 L - THE 23 RADEHEEITH [Ny ¥
VI VALMWETE] 2%, B L7, (Photo 8.3)

Conventional :
flat positionwelding

ithout backing plate applied
I developed welding material

Photo 8.2
Overlay by overhead welding process
without backing plate (Ref.Photo 3.5)

Photo 8.3  Cross section applied to overhead and flat
combination welding process (Ref. Photo 3.2)

2) Ny F 7 LA AR TIEOR N, (13N CTEE Y I fk 5 Pl 2ois S5 T AT O fE & )&
RREREOEBMBRNUEETH D, ZNOOBFICE > T, FHYTEIWY FFALE D D O Ml rmEE<e
T A B 1 5

3) KLEZEBLT H720IIE, (EREEM B CIIEEME - BIROME CTRETH 5 Z Lonh, _Lm&Ehds X
O SRR L 7 SRR B 2B L7z, (Table 8.2) JEREA 7T v 7 ANV ULV LT 52 L
T, Al Mg, 7 v FE AW EWRY U v RUA ¥ CIRASIMREE 2 TN A& BT & 7z,

Table 8.2 Comparison of the welding wire chemical composition of the conventional solid wire
and the developed flux cored wire suitable for overhead welding (Ref. Table 3.1)

Kind C | S |Mn| P | S | CulTit+Zr| Mo | Al | Mg |[M]Fx*
name
055140 - | - | - | - | -
YGWIS 1 615 | 1.10 [ -2.600.030[0.030 0.50 | 0.30 | 040 | = | - -
Developed - - 0.75 - - - - - 2.00 | 0.50 | 2.00
Wire(FCW) | 0.05 | 0.20 | 1.25 |0.030]0.030] 0.50 | 0.05 | 0.40 | 3.00 | 1.00 | 4.00

$C[M]Fx ; Fluoride(~” ~ FLE4)

4) HEHEEMEZ O Ef 1 XA HERE L — P XY v O L @IS ET ORA A HgE L
TWAN, ZHUHI 223 2BH D WIFEBIZ3 2SR HIZ, 79V VHADREX IS LTEBY., =
AU &0 IS T 8 P A s PR 2 R AR ISR Eh S ¥ 5, (Fig.8.7, Photo 8.4)

Fig.8.7

Moving effect of fracture start from
low to high toughness area
(Partially extracted from Fig.3.7)

¥ _High

. S toughness area

v
.
3
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Photo 8.4

Typical fatigue fracture of conventional
and developed process

(Ref. Photo 3.3)

Conventional flat welding  Overlay by overhead and flat
with steel backing plate combination welding process without
backing plate (Log=11)

5) BT FRBRICB VT, MEREY TEAFRIFIMERMAL LBV EYLTHL T T VDR Y v MRA K E
PRI L Te o CTRZEE L, BHEGBRNEZ RMRES A M2y THERE L7z, (Photo 8.4)

6) Ny X7 LA ERARKITIETIE, B TEO X 5 ITHEE CIS IEFREWETTRIEE LRV, KR
VDT T oV BT B IS IEF &R D03, FOEFEITHROICER STV 5,

7) Ny F 7 LA LA TIETIRRRIR G AN RIS AEIT & 720 . BMIRER 2R L7-%, HAZ %
L Tl e RN 2 R MRS A M2y > TR L7, (Photo 8.4)

8) Ny F UL A EMAKTIEOME Log IIRKEWIEE, HEHFHENSE LT, (Fig.8.8) MMEEHIX, 2
FRIE 7T 450MPa (235U THRS TR 2X10° [BIS% Ly IR Log= 1lmm DA T 3X10° [, HE Loy
=20mm DA T 5X10° BT - L7z, BEMIC K 2 5eE i, )0 R 2 RIIKICI T 5 @itk Rt
FUEDIEERRE VWD EEZ LD,

600 T .
e Overlay by overhead and flat combination yelding
i Q%\V process without backing plate
500
5 i Loy=20mm
S 400 - e N b
= | 00y Loy
bE 300 — ' ..\\'/LOH:14mm
. | _,,b._o_-— -V
[}
2 200 - _
| Conventional flat welding Lop=11mm
with steel backing plate
100 —
0 1111 x 1 1 1 1 1111 x 1 1 1 1 1111
10° 10° 107

Cycle (Number)
Fig.8.8 Bending fatigue test results (Ref. Fig.3.19)

9) Sy %L LA LA T, AEREREL S INESERE RS & L, BB ZOR L0,
if:ﬁﬂ%ﬁﬁﬁ@iﬁﬂgﬁli%ﬁﬂ/‘ﬂ:%ﬁf&)%ﬁbi\ 2~3 /{X*%E@%EE%‘:FE%"G%U@T\ %ﬁﬁ%%ﬁ’f‘ﬁ)éo
BT & T, RRIREEE SIS T ORI T IE R WETE 5,
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863 F4E) RAASYITEARABIRENYX VI LA LRARIZEORFEA
1) NyF U7 LA ERRETIEE AN Ty 7 IEAR TIEZ [FRRHEF L7286 (No.FL-P), XY Ta&Ric
BT TR T A BE L 72 T R (No.SW-P) « Bl (No.FW-P)IZ %I L T, ¥MEEIHES s

MR > 72, (Fig.8.9)

2) AH Ty FIEA TIERHRICB W T, Ny F o7 L2 BHAKTIEL OMAEENEY TR L 0ME
H LD HOLMMETRE MWL & L CiR, BIGEGEROSE, L7 I PR R T v TIER
RETIED SNy 0 7V A LMAR TIEORHET L H L, B TR eim e R Rk L #ed
LA ARTERED/ NS W, ISTERREE S &, IS EPICR U THIERR &2 . ER
L5720 L HEHI SN D, (Fig8.10) AH T v FIRERE TIEE Ny X0 7 L A L[ R T35 0 [F R A

Tk, £7 7 PRI GBSl e @i 5 05 il L7,

12
10 ? o L
/ o‘\‘ o Positive side
I FAFA .
8 S ’f/,' O Reverse side
W :"ﬁ I_IAverage
2 6 o1 b

|:| Overlay 1 for on-site joint

Overlay 1 and 2 for on-site joint
- Overlay 1 for shop joint

)| i

0

Fig.8.9

Cumulative plastic deformation factor( n ) of combination
with the overlay welding around toes of scallops(Overlay 1)
and the overlay by overhead welding without backing
plate(Overlay 2) (Extract partially from Fig.4.10)

Fig.8.10

A problem when two new overlay
welding processes are mixed

(Ref. Fig.4.14)

3) AEBRMREEBERZLY, BIGHEATERTH LTI, F7 70PNy R 7 LR ERRELES 20
7 v 7IRWETIEZRREA T2 2 L ICERMER 2 v—0, EZ7 7l LCE, ERRECEE
FEENMLER AN T v FIENEESEEFERT5 2 L OB LRERNRE RMBE L 2577 TR, Zh
& O [FIFEE 2N ZEIRRE S R & U TRl 2 A Tide & 0 ) ST RIREAS B S0 & 72 o 72,
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8.6.4 HES5E) HBBEICELT T—ILICHTIHREILE

1)%ﬁ3yfﬁﬁl?$35%@@%k HY T THA U D MatEBIE O Wi 7 OB 213720 . 2~ 2Bl
I 7o e TR EBUARRENZEmD N E LT, E7 TV ) v AB Ty Tk T
'7/‘/@”2777\y7&’7\7‘J7y7I“I’A‘WZI¥£ HHNIZI BTNy XU TV ARE TIEEHAG DR
LTI TIEZ RS LT, (Fig8.11) ZOfE R, it THEICEN D L3I @) @A a4 = LIz kv
4£T77/®0\J3ﬁ%¢%%ﬁﬁéﬂ\mﬂ@ﬁﬁﬁ,ﬁjm%%%ﬂto

[Conventional design] [Developed design]

Non-scallop
design

<

N
it Overlay by overhead
welding without
/ acking plate

N Ovelay welding
\ around toe of scallop

Fig.8.11 Conclusion: The design and welding process suitable for on-site joint (Ref.Fig.5.16)

A\

2) b7 VNS ) AR T T, T T UVMANC AN Ty TIRRAR TIEE T IESHT 4 T — LD
BUEHEICEYE EOREITER O 5T, BUGEH~OFEHMEZ R LT,
3) AT v TIEREEEEROME 2o, fkFoBEMEEERE)IEm E L7z, (Fig.8.12 FX)

(=]

12

10

s
(o)

O

: | .
Non : 10 15 20 : 20
Tp (mm)

Fig.8.12 Relationship between leg length(Tp) of the overlay welding around toes of
scallops and cumulative plastic deformation factor(;) (Ref. Fig.5.12)

4) Z< ORBRIKIL, /U AB Ty T TIEATIERLS, T7 70 YDORAT vy FIERNELIENT 7 2 VMK
L7, 72720, R 20mm DR T 7R AR ik BRI, 2%@9%1%#/xzﬁ7y7m
D L7, ZOfERXY, BREL TR IV VELREMEDO AN T v FIRARK TIEEET Z L1
V. ) ANTy T TIEERIFEOBPEEBENIC o7 Z 2 bilb, (Fig.8.13)
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Fracture pass in non-scallop design side

Non scallop

Plastic
deformation
ability
No.FX20a No.FX20b

Scallop

.‘_- 1““““&
& 9

X Fracture pass in scallop
design side

Fig.8.13 Fracture passes of each same assemblies of leg length Tp=20mm overlay welding around toe
of scallop (Ref. Fig.5.13)

5) AT v FIEPRSEHET OMIER 238 2 512 L8 » TR 5 m b3 DBk IX, B S TR B s
ZHUT D IR & i EA O IR N T AR L S TR~ OIS R AR SN S T2
EHENIT 5, BARAIICIE, RIRPRMIISHERRBE D Z & T, Y TGN D ORABELELE
5, EHERIEND, (Fig.8.14 (a)—(b))

6) AN T v TIERWETIEINA T, BETEDORDVITNNy X 7 VA ERAK TIEE T &, BHEAR
%ﬁﬁé%m%iok@mg&umg%@%%&Lfm\%%%%%%%:‘Hé¢%@£ﬁ@ﬁﬁ%ﬁ
B Z TYEALEZEZ HETICREL 2o T, Y TEHEN D DBIEBELZ S HIZELE L2, &
HEHl SN %, (Fig.8.14 (b)—(c))

Steel backing Beam flange
plate \ Steel tal_a Bl
Diaphragm
€
Groove weld it
Strain Strain distribution
distribution distribution distribution £
ER ER
Cemerof _ | |t | DDUDEEER G o

beam width Overlay weld around ~ Beam web
toe of scallop

[(@ee/&>1.0) [ e 8=10] [ ()& <10 | ((d) e/ &< <1.0 |

Condition  Overlay weld Overlay weld Overlay weld Conventional scallop
with small leg length with large leg length  with large leg length design
without backing plate

Fig.8.14 Image of the relationship between strain ¢g , &g , and designs (Ref. Fig.5.15)

7 AAT v THERDRE REIAAAR iﬂﬂ;ﬁ %ﬁ”%%iéﬁ‘fco Lo T, AH Ty FIEPRE TIEIC X
S TEWIMWETERE ) BRI 5728 EAAAR TR SRV E D ITEERPEHNLETH D Z
LR oT,
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865 F6E) PRHBEEROBMENENZALT H-OOHAEEL—I FHARFRE

D4 R OME RSB TZRE R B2 130D 7201, BEm BIRE K ONREERMa(7 v — &R — B RO
—D & LTV FEMARSIICEER Uiz, SRERERRERICLER S BRI 5, BtEER 1L~
ST U7 JRGH ERREBME & — L B A it FIREOMEEZH 68 L, FEiRS & LR\ 25
ZENTEL,

2) D JIS YL L~ O — RIS K Ok e TH BN RS THHRUER S 5 W THEIG T
R CHELE S D o — )b R AFREQRS Umin)lZB T AT AL — )V R7 — 7 EHEIZB W T, REICHES)
DOEIE RS B IR S A2, B LIk O 2misec LT TIEA T2 TH D L 20.5m/sec LA
~DFRALDIME TEH 5, (Photo 8.5) FEEHOUENLELEX 5,

Wind velocity : 0.5m/sec Wind velocity : 1.0m/sec Wind velocity : 1.5m/sec
Shield gas flow : 25 /min Shield gas flow : 25 //min Shield gas flow : 25 //min

Photo 8.5 Observation of shielding gas flow behavior against wind (Ref. Photo 6.3)

3) TREEATRID TIS HEHL L~V O — R BV 5 1 10 HEES OB BE R AY/ N S W TIE, /) AR E v — L K
HAGRENOESHESND Y — IV R RAHOOFEIC L - T, BGEE v —L RIESE 2 ik i4 5
SEBTETH o, Y FIEEHRT ST DO RZEL LT, Vi / Z/H A 22 Vo (B
T DR IR AR RELERT DNEND 5,

4) —J . BREREENOBGEHE DR Ch L @I A BR LR AN K & WERIETIEL Vigae(/ X
JVHE PREH) Z 2 Ving(BUE) Z i 2 LT H . RALKEDOR 18 2 WII LI OfE R AR EETd > 7o,

5 YGWI8 YV U v RUA Y& HWIZIREET AT — 7 THE T, B RABA3.TkI/mm LT, 7S AR EE 350°C LA
THBRTHEE LA, 0CY Yy L =N T 2L — L LT 27] PLEZROBAIT, TBREEEHE 1.5m/sec
PUF. oy —/v KH A& 70 /min) NYLEEMHTH 5, (Fig.8.15, 8.16)

6) [ U< 70] LA EZSROSGAIE, [BREEEGH 1.0m/sec LAT, 7D —/L RH Ak 50 [/min] A LEEET
%, (Fig8.15,8.16)

(Shielding gas flow)
3 30//min 50//min  70//min 90//min
| | | | OGood  z70]
2} ® ° ® . O Little worse 27~70 ]
E Not recommended @ Worse <27 ] or
E 2 @ @ ‘ @ blow hole generation.
o
= ® [ S, SE— e —
_; 27]
= WEsEmsggEEsEEEEaEEEEE® mm N |
£ o "0 O Ol
70J ;
i qb\e\c* Recommended Flg.8.. 15 ) o
£ /\‘To&)ﬁ" 0 e} O 'e) Relatl.onshlp of calculated shleldlng gas flow
~ N & velocity at the nozzle out, wind velocity, and
0 L e} O O O the eva.luation of shield performance
0 1 2 3 4 5 6 (Ref. Fig.6.29)

Viozzte: Shielding gas velocity at the nozzle out
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Wind velocity
Max.1.5m/sec

VvEO'C =27J

} | VEO'C =70

About 70 //min

o

About 50 //min

L

Wind-toughness
special shield torch
and nozzle system

Wind velocity
Max.1.0m/sec

Heat input
=4kJ/mm
Interpass temp.
=350C
(Architecture condition)

Fig.8.16 Management level for multi-pass welding considered of the architecture condition
and charpy absorbed energy required value(vEO'C) (Ref. Fig.6.30)

7) 6)G:MF T DY JE R OIR L E R EITA 110ppm Th 5, (Fig.8.17)

Charpy absorbed energy at 0 degree (J)
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Relashionship between nitrogen content and
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8.6.6 £7EH) PMmBEEROBUENRENEZR LT H-ODOHALABEMH

1) RHEA R OMERIBMEETERE IR L2 132035 o OEPEA LS D—o & LT, RERANCIRAB- (X S 2 [
MR T & 722 DIRBEER O BB AICE B UT-, (Fig.8.18) HSAR COMBIL 2 EE T 5I12i%, REEH
BtOS BT X A MHEEEINEOSER LI L Sh, (ERY A ¥ & F%ELL Lo IR Z B L oo,
MitEE A UIE MBI DV T A ¥ 2 B3 LT,

High toughness
and good
solidification
crack resistance
weld metal

Fig.8.18 High toughness weld metal by combination with narrow goove and new welding wire
has good solidification toughness (Ref. Fig.7.1)

2) RUGBSCA AR OEREIEE LT, R N2 T 2T Iy 7 2 TICRL T, U X — L CHERIC
BHEMTOND ZENE L, WM OT A7 MR —RINZE £ 2 2 LA, BEFNOFREZBET
LIRKNTH D,

3) B EEEE CORBENE ERBFMT L7200 FikE LT, Pk LERBINRBRTEEZEZL LT,
(Fig.8.19, Photo 7.3)

Ceramic end-tab

Cross sectio 4 : Appearance

Welding pass sequence

Fig. 8.19
Schematic diagram of developed “U-turn solidification
crack test” method (Ref. Fig.7.6)

Photo 8.6
Example of solidification crack generated by “U-turn
solidification crack test” (Ref. Photo 7.1)

4) i LEEFEFIAEBR GBI L - T, BAEAEZE T2 EHEFICRBRNSEZLTRD 2 & 050
Sz, (Fig.8.20)

5) BEFF D 550MPa #k kAT A Y U > KT A ¥ YGWI8 JEA O T BREH DOEWNT LV | iR
PECZER S D Z E¥binoT-, (Fig.8.20)

6) M BHI B E N D O L LT, C, P, B N EFEHINABIE L(Fig.8.21), —J7. Mn B IlZIR%E2H
THZENDIoTZ, Si, S, Mo, Ti (CIZBAEE R BN G 5 7o T,

7) TS ORFFEREREN D, 257 SRBHE T H IR D 35° BAYEAR Y OMbEEE B E 2 R IE S IRV A Y & B
% L7-, (Table 8.3, Fig.8.20)

8) TEkd 357 Gap7mm BASE/H 25° GapSmm BRSEIZT 2 Z & T, ARIE 25mm DOGHE . 7S AED 20%H4 L
Tzo Tbb, R L,

-167 - [ % 8% ]



9) AU < e R AZT 3.8k)/mm—3.0k)/mm & 21%8 L7=,
10) [A U < e/ S AR 1L 350°COR A EFRER]E) 25 325C & 7% LT,
11) BAZE U A v & L7 3kBASehE T Cl, ekl Tios L, v /L E—RINT 2L X —(0C)2S Ave.97—

135) & 39%In B L. MRS EE IR B & sk L7,

12) FERDIRBHSALRIIG T v ARy MaE LA TR FE Th o723, MEHROWRIZLY , WEEICL~=
2T VEETHFEMTE D TREMENHTE 2, T7bb, G THIRFIIETE 5 Z L2 b,
ZHUT Ko T RABA AR S A R EEIE TARIC & 2 B2 B Sevati e )m OB b (b)RE=R1A_EIZ R kA

GASCEAE
Thickness: 40mm
80 u] Root gap: 4mm
- | Current: 400A
S O
.% 60 |- A
= - R G YGW18-D
&0 L
5 40} 3 o — ?
o AV O YGWI8-A
o] .
S ol O -, YGW18-C
Developed YIGW 18 wire L
. LY 18-
0 .'\. GWIS-B
20 25 30 35 40

Groove angle (degree)
Fig.8.20 Solidificaiton crack performance of developed YGW 18 wire (Ref. Fig.7.9)

N Example of conventional
YGW18 wire

80
60"

40

Crack length ratio (%)

20

0

Conventional

eveloped

Crack length ratio (%)

80

Developed

Conventional

1
0 0.02 o0

04 0.06 0.08 0.10 0.12

C in the welding wire (%)

%

L I L Il L Il L
0.002  0.004  0.006 0.008

B in the welding wire (%)

Fig.8.21 Influence of carbon and boron composition to U-turn solidification crack length raito (Ref. Fig.7.8)

Table 8.3 Chemical composition of conventional YGW 18 wire and new developed YGW 18 wire

considerd solidification crack toughness (Ref. Table 7.5) (Wt%)
C Si Mn P S Ti+Zr B Mo
JISYGWI18 - 0.55 1.40 - - - - -
Spec. range 0.15 | -1.10 | -2.60 | 0.030 | 0.030 | 0.30 - 0.40
Coventional YGW18 | 0.05 0.75 1.55 - - 0.10 | 0.0020 -
Actual range -0.08 | -090 | -1.90 | 0.015 | 0.015 | 025 | 0.0060 | 0.25
0.01 0.75 1.90 - - 0.10 - 0.15
Developed YGWI8 1 04 | 900 | 210 | 0015 | 0008 | -020 | 0.0005 | 030
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8.7 i

TER DB HN T.(Fig.8.22)IZxf LC, #i7o72 Tik, ok EFHIEHZEMA T2 2 & T, HEBRHZEBIT 5
FERAE T OWEMEREE 2 B & | O ERE 2@ 5 Z LN TE 5, AFFEDORE R & LT, %% Fig.8.23

I L s,

Conventional YGW 18 solid wire

Wind guard
Wind velocity=2.0m/sec
A NN
A N
25 l/min shielding gas T~

<

%35 degree groove
b=
arad]

O OO
O, O ‘\\\\\
g 2 5 / Scallop e
7
. i
\Backing plate ~

g
MY

Fig.8.22 Conventional design, welding wire and management for on-site

S

Wind velocity = 1.0m/sec

Developed new YGW18 solid wire

50 //min shielding gas —

%25 degree groove

Wind guard

AJ

I

e
@
8.,
S
o e

e

—

Non-scallop

Scallop

The overlay welding
around toe of scallop

The overlay by overhead welding
without backing plate
using developed new flux cored wire

Fig.8.23 Suggestion design, welding wire and management for on-site
to prevent brittle destruction and improve plastic deformantion performance

- 169 -



AWFROBHUZBI LT, SN, 5%/ T~ 2L 2L TITAIRET 5,

D) JSHEFTERMOZOD AT T v TERKETIE, Ny X0 7 LR BARARKETIEDOIZE & %K
« TR LA K DI AR TR N D FEM fifAT 12 K 2 #GiE
Ty U T OWREOHERIZIN U iEA YT A XokE. fREETE
 EERICIIE T X HISHERPR, Vb TR0 M
- HMEERAE O T, A1 HIE L
- PRURRTA BB AR E (T B3 D

2) BiEEA & v —L R A RSP
- BUIRIER, Bl EaRBR o Fi
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- PR LR T RER. LSS LR(A AREETR)EOS IR otE
< HA =)V ROWegHE & EEEIZ OV T O - BETEE
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» PREHSCHE TAZBE 3 2 BB E DR
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