- 1 - DESCRI PTION MULTI - PASS BUTT WELDED JO NT HAVI NG EXCELLENT BRI TTLE
CRACK PROPAGATI ON RESI STANCE AND WELDED STRUCTURE 5 TECHNI CAL FI ELD

The present invention relates to a nulti-pass butt-wel ded joint having an
excel l ent property of arresting 10propagation of any brittle crack
occurring inside the welded joint, that is, brittle crack propagation

resi stance, and a wel ded structure hadEICRIBTETONwvel ded j oi nt. 15BACKGROUND
ART When wel di ng toget her steel plates to construct a wel ded
structure, to reduce the construction costs or inprove the welding work

ef ficiency, usudMUNTIHeASArErDOHERED nBUEN TV AN IS mBtHd L ENT BRITIdUt in a

vel ded .ol nt_Tor ekt MR bAEARA Hed RPN PN G ip Srthorl O heat
af fected zone (her s in
t oughness. Further, the HAZ increases in width and the fracture toughness
val ue Kc (|nd@@@hgﬁc%§y@ﬁ@§hng to brittle fracture) also falls. I'n
fracture of a welded joint, stress concentrates at a flaw fornmed at the

time of welding, a crack forns starting fromthe flaw, and this crack
propagates inside ftipe JpQ'e@'entl finkRarwehded1h0kBt tbsal AWitR-baast Buet-

30t oughness valgdﬁg ck easily for$ﬁ and the crack prog gates fast,
so the wel ded" §8 %ﬁVFPQCFHr§§ce g0t Bropegiyded porh tiPgct ur es
by britid e fr@ﬁh@eg?t;on ﬁfTengrﬁtemtlbrbkhb& ?b&u&u&ﬁgoﬁnalwe;dﬁd joint,
it is necessar i.) .inhibit the on o rac an ii) 35arrest

t he propagatlgﬁlgpdcr§3Q§ Phiat l§0r%Fg?%i?e5§8ﬁ% 5°P89ﬁgﬁﬁ Dyarious
wel di ng et hodesdetuncey todghnesdded sheuseldezbneihgvehbeenepredosed. -
2 - For exanple while a welding method for thick |arge sized wel ded
st eel pi pe, al 5|ng met hod of an X-groove which welds the initial |ayer
by M G wel di ng, then melds the front [ayer and back | ayer by subnerged arc
meldin Pto tgg 0 Qe pl ate thickness as a whol e has been proposed
(see Japanese at en ub cation (A No. 53130242) Thi s wel di ng

met hod uses welding wire mnth a larger anount of Ni than the welding wire
used in submerged %%nlwa&'d%ggt%bett@ertts 8l pMEotekdl Bonseeautes

t oughness of the sane extent as a“subnerge zone in the initial |ayer
wel d zone mheﬁ@lﬂ@ﬂdS@ﬁﬁ@ﬁgr@asﬂpyr@ééﬁﬁ ﬁﬁé £enghressipy grptiscart to

secure, and | ‘iﬂh?lr%vteh%h@ MR wly %&f ethH&fi@%%ﬁ i ﬂshla@lﬁ 2he thi-gkness
15di rection of zone, but due to this there is there difficult

poi nt tafat it DEgthda@sdarelddngs Bedlpend sy SREr dPHG Whr @ WEAESPNIRINE | ar ge

anount of NI Forinka MyGrwel dazeeencliterabotewetiBg nappkicant dhscowened a
techni que for ZOSUfﬁ]CIent|y ralsbﬁgﬁthe fracture toughness value Kc from

the standpoi nf*e8f efdeshedezopp, doadtsr §PgEtH FRpGETEG £OwePded

j oi nt having eh@ewmemr)bﬁhnubelhraQMQheeeeS|$hamherﬁseaedHaaneaereaheat
Publ i cation (A% No.t 005- 45%2 and Ja aneie Pat en ngl ati,on QA%

2006- 25088184 4H&, FERGEER SOVERPFEEarPoi® &“P&F ui tably
‘veri fyiaig therbﬂhtth@ tmabtdteleefiatanme)ohlebefbaﬂge heat input butt

wel ded j oi nt based he fracture ta e | u S ne e Pat ent
Publ i cation (A) hb €C6§§f82%r338?ﬁgg%epgég% 0|%E%5%0%§n%%%% %
applicant is a$ehuﬁlﬁm tflioemedi Bt ttheat tiime ofr esilstiag, Eocmanktﬁermsacture
and can raise fe l.ded u b
verification n%?% g%isEﬁge ém% %%§|§%Fn§5§ wgré%gygﬁ%ﬁab?eggsgggﬁde
brittle fract the. J@BH@ME@@Tth@v@ﬁlﬁ@dajwehdedsjdetl@eiﬁ@ﬁé@r§o that no
cracks geeur iBuanaidl aGeSKCeSs 'cqa@kee\é'saqgn%tms' L n3OBLl 185 cfecei ves

sudden or |rrpact e stress I’ - 1rregul , corrp I cated stress
resulting in eraekRgaties tfieetpase, the a'eaetee wetiaéd susidenleof frecbusesel

pl ates havi ngrazpl ate tahkq%lm%%as 10fi n5 FINRH red RNY Akt &relRckel s
deflected to the basé material Side due 5to the action of residual stress

i nsi de the wel ded j'61 REEVERY Prigd e firarsdrent i wedidsichd otmé bift dFe

crack propagahkersiseysianqs ) ofmmelk@a%err&foe&daelmd o AviHatt ke ap@sgiihhe to
gui de g$y brittle cra k occurrin |nS|de t wel ded joint to the base

mat er i to a@Fé?FtlF ©1 FEGPAFREHIe 04t Grl * the residual stress in the
wel d zone as a wholrexr &mgswaems@@_ne@hee efowhartardldus weilng na welttiodg
material with a low tr ns rmatiqn t npe ture contalnln a_lar noun
(for exanple PESFTOFNT RTINS 2 h§S "ngddlﬁ’ AN &° r?alpffé’ﬁ Sg
15transfornat|on from austenite has been proposed (see Japanese Pat ent
Publication (A) No. 2000-033480). However, the weld zone resulting from
this welding nethod has a structure of a nartensite structure, so is
extrenely high in strength. Utinmately, even if a weld 20 zone contai ni ng
a large nunber of Ni, it often is |lower in toughness than surrounding weld
zones not containing Ni. Further, in recent years, along with the




increasingly larger size of welded structures and 25sinplification of
structures, it has becone possible to set the design stress higher, so in
the case of the high strength thick-gauge,steel plates now starting to be
used, any brittle crack occurring at a bugt wel ded joint, depending on the
extent of the fracture resistance val ue 300of the welded joint, is not

defl ected to the bAse artepial shilte buveldipy opagac@dfar omgitkheldrFe This
fact was learned as a.resull _of fracture i ve S

Abstract of Pgﬁé?s g?lgﬁﬁd%%egira%ﬁéfe55§%%%£$ ﬁ%%%%%? %f 1 git%£§%g?.
35Further, thehinkentbdds tear hedtihdt laver hey ddte weldirel phramesebisa
plate thickneggoof ofor ) ¥amPLeq B0IM BeiDbS: sdbiEbded &Pt nfeldifor med
with a large - 4 - distribution of toughness in the plate thickness

di recti &n andtthiheseby welflothexphpie Bhieknes®cafent vprhtelfs Peflet

vel ded crossi ggobhgcuelided habBhesan¥abbht bapeiaskivhl andtobessaught by
t he reinforcenen ate, but"wll propagate along the weld netal part or
HAZ and the weBBédZ2jeint will fracture. Therefore, based on the

judged facts, the pRyen{Q18iREOREsRddauneldrd1fiohgt wand wetRi aglaegbed
havi ng excellent brittle crac Eropagatlon arrest g rfornagce 10@0nFrising
renovi ng part @BPUBRF| 06f N EBEPoRRGhEFEIANBUY LI Relded [Bi AEPBFTEUeftTca
menber jand a {ehhehgwetdedej eifk of mIbBOwkzanhg, secheesctosghnassngfrepair
welding to formweld netal having exgellent togghness con%ﬁgngggtyilin a
content of 2.5NFaSe9SoPXEBRE REVANGUEBRPPESsIFLC156PRE| dllaF St F8E5 Psee
Japanese Pat entyBubl/egat zoAe( Ahee. w2005¢t4&E20asilyebdcnmt endal havi ng

excel lent fracture toughness _havi n arrest p o] a val ue) of
2000N/ mrl-5 o °H8§8e6§eé3\1§ﬂ5§%é§8ﬁgat SnFeﬁ%fgrcgg‘ugo%g?%ﬁgN%ﬁgzooes-075874),
defl ecting a disectibanioh ofatkudbpespagatitbe pdatkethighknesgghness or high
arrest rformance. wel d L. surroundi ngg ev NegiQrihkl-e grack is
propaggggd alggéeFﬁéoPoﬁg?%ﬁgiﬁgpdd#?ggf[gﬁﬁogﬂ?ﬁgsbat% meF% zone of the
vertical nmenbéherendidfiesilicngodnéckhptopsgasi oacassal¥ bas8SRaterial part
of the 25hori 5 Rd; | -LhesR cBhhRds adetl-get afothaCk rPR@Pagat i ng
al ong an FL (%%%%gg%gggggagéﬁgwgﬁégngﬁaf ang %age na?er?aﬁ heat affected
zone) mainly itheaMiinyeddpassel-arge heat input butt welded joint to the

hi gh arrest perforfppce ratiee! +3Rrhaie ishde Hasabheskd b kechigqpaseor
material and thereby 1 nprove the safety of the butt wel ded joint.

However20 t he isREEACEEEtdoNERASEBI TR TRECTtEZE toughressydadis K f1oMure
tests of multicnRass shdbbiwe! ¢ed thei Rkbevihat )i, n prebbisegass laule Welded

joints, cracks 35 propagate inside the weld netal, so,even.if plying a
met hod ef f ect il@é’wtn%@&ﬁvévﬁtlidﬁﬁaﬂ%%lhé%&gs elx&egéeﬁ%apri%e SiEE i ded
joints, a sufflgiiertanekf qelecCanpeindte Patent Chibdiimediom nMal)t NcpaL ot t

wel ded j oints. For this reason, technagl.ogy.i s required.for-reliably
arresting a bri%¥Pé ArEcKAPERTES }tatfnrjr"ul t"’ibip}gg)sélﬁﬁ]t t(%ael ded 2103%6nt of steel
pl ate heving @g@iate tahidk fesshefr 550G oposed rover iDisSEiCSuRBeORoiHECr

I NVENTI ON The pr.esent inventi.on S as...ts ol Q. f I jOi nt
havi ng an excg’lqlgﬁﬁqé’héireﬁ{ygrlin& ibcc eo%rﬁtﬁﬁﬁg@ﬁg%gg%t ir(%[lﬂosfcag? riot%telqglecrack
in a |ongitudilralgediteatt iiopuwf babievaddigdijmtindi ffassg torarfdearfrastiung i t
even if propagating, that ,is ittl e £r qgggg&iqmﬂf¥g§gqﬁp ayeven if
a brittle cra%l?u ggll?rsss iq;nalélewe de@eﬁj%pﬁdt%va%n utt wel ding slt eeF( BI at es,
in particul ar ¥t.e€1008-48&L84dwi ng a pl ate thickness of 50 nm or nore.

Furthergythe pr esegtéle! r@nyeelrgé'ﬁg&&q& dﬁ%%jﬁttﬁé) S Mecdte abaug myobl em

and provide a wel ded j ol nt ing an excellent” brittl'e crack propagation
resi stance andra 2@wsiaded dthafctitr e shamaHigtant e fad floihitracture

inventors, based, qn, thess delgrdd pesk faGisdanaagadtrd N-rlapttes esaas ch on

techni ques for solving the above ‘problens. As a result, they discovere
that (W) if ardaif mieddd Gt asidiaf 165 tse ot wel AT 3 %S ng

characteristi o @it RISt IfoRd - suroundiagsr@mt erial characteristics,
separated frorh each other, between a fraont surface(ggld | a d a back

er
surface3fel d | ayer TWGHRE mAYSD phs 2 BT L&A | BT ¢ %Jpgl?‘?‘yﬁo patdl 419 y
split the distgidfutd dr@fr tiguaihnessdims tfes S0 at Boddni eknessnmiénectiton of
the welded joint, even if a brittle crack occurs insjide the welded joint,

it is possibl EMPEEREHrIHLED ST mRRC T ohgFE Ul hafS P F ection of
the wel ded joint. Specifically, they discovered the following: 35 (x) if
arrangi ng one or, separated fromeach other, nore weld | ayers having better
t oughness than other weld | ayers between the front surface weld | ayer and
the back - 6 - surface weld layer at a nmulti-pass butt welded joint to
split the distribution of toughness in the plate thickness direction of the
wel ded joint, the weld layer functions as a fracture resistance |ayer so



butt welded joint at the tine of solidification and/or at the tinme of

transformation to partially split the toughness distribution of the wel ded

joint in the plate thickness direction and, mrake the residual stress

25di stribution inside of the welded joint Tocally conplicated, even if a

brittle crack occurs inside the welded joint, its propagation in the

| ongi t udi nal dirregtilam, ototpé iveltdddsjtoens rssaltésgedn Fhecpsesent

i nventi on was made -ha he ;abqv dj ri t ) has as

its gist the foll ovﬁ?lnzc?lg 8’g&"’tt'(i§Ea R/ Buth, gq%ggégbgtgﬁn&e\ﬂ%egmf;gi sRegL ng

excel | ent bri ptlagesr dek ipgopagaeitenthéskseaacefcdhpiitspigsar mahyi - pass butt

wel ded | oi nt %fri%tt?%l chh ﬁceiscg%%ﬁgh%ka%g kHel Pgéeofﬂﬁtehaiee%@t gdef rom

~each other, nore of either a 35weld layer or weld pass part_wth nateri al
charact éri sti ¢ dibfef acitagnf pémreatdiindl sthgpaciepiidei EBeovelHedsiPiBEndi ngs
and having a fungti @R s0bedlikeslil RYat- if raP59R808hE0Brot taebEihbke crack

are present between a front surface weld |ayer "and a back surface weld

| ayer. PXPPAJRELON- FEsd shapcenefdéhej brae RatPrgaéxcell ¥RlBr PEt| e

crack propagaiioRites $hageddas a8t bietithel Brhbe oabaveifd) iekauactgaei zed
in that said steel plates are steel plates ha mg gé | ate.t hi ckness of 50
t

nm or nore an¥Sd&ER WERAY &PebRabaget BagRnegd b ®fhantthe toughness of
the othey weld | aygns. example( 3xocAlaukli tpassgeblititadekdedsioiint thavi ng
excel l ent 10britt]le crack propagati resistance et forth.,in.the above
(2) character iwfbf&i ZR7eh &5 é‘ab’ﬁoavgl'd%gﬁygﬁlgéng ng%goaaﬁgr pﬁEFr’rﬁ’ng’y a
plurality of wealithgpassed dinbhmbherdalidwiehabk pawt trensEdrmentionuously in a
w dth directign of the welded j.oi,nt. 15(4) A_nulti- | ded,j oi nt
navi g excel | SARESFRELES. CPBCRI D garron ! BRLErknadoss Chalets: AR5 h°t he
above (2) or ©3) Ndhamacué¢riliednign at wefldéagh paslsd foaywmrritensadmpri sed of a

pl ural ity of ld | rs-sta i i Ck s, di.recti t wel ded

j oint. ]Z%( 5) r#lstf?)}églgzg%%lu??%%eFaglesge}lgilt%t ﬂ(ﬁa%vP%gehe;%(e)?)IBéq%P b(:gl%tet | e crack
propagat i on r dsipsnasce Pas eost Pubrltikaitd oanyAondoef <0RE-A8898002) to (4)
charact eri zed yogolhat @agh wgld Javer o e ised @hid wl@ilngy%th%ﬁed
by a welding material wth an anpunt ofs Ni 1% or nore |arger 25than the
anount of N bEst I@es\mflu@ltﬁg_en@tfelai _aﬂarmpﬁilﬁ& @fiﬁélﬁ_t\‘faéled IS8y éPs. (6)
A mul ti-pass Rubb-pehdedijg® 1h RRYiRgexcolhlenbtRii t ke edr agk aprRpagation
resistance as set forth in the above " (5) characterized in that each weld

| ayer 20 30comorics6ONGRia1NG @ Layge NEEREd BY Nisadd W@ NndSméOHEd as t he
wel di ng net hod rf @lolighgielsie tolhe s uMelothnldaYel eld zones( AbtAdBlitlEinaags butt
wel ded-joint having excellent brittle crack propagation resistance as set
forth in the dBove (5) or (6) characterized in that each weld | ayer 35has a
structure in whichmetheitens redenanSiipt i nias iatc whieed. (8) A
mul ti-pass butt wel ded j.oint having excellent, - rittle crack
propagat i on ré&cﬁeéﬁ&@gl&éf g&rg@& tsgrzien oglnffegﬁj@dois Pilgt%éﬁf&fe to (7)
‘char actxy i zed siimplliati caadnnvelfd sitayert urespr dse iz sc ridomeo gedsys ikl ea to

| ongi tudi nal direction of, the welded.int. 5(9 A.nmulti- tt .wel ded

j oi nt havi ng g)?é:el%fhgn{éeﬁrligtnt 1585 rsésc%lgr%gﬁfdgésﬂ 6%11 Fggﬁagr%%%:ﬁ;ée:hl orth in
any one of thetaeogeh 2hitck-(g@ugehatactlepilasds mavhatt agddmandglad Heayer i s
present discontinuously i | ongi.t ydi j.rectj.o j;Qi Nt .
D0C10) A il t 5SSKe St Pr\%éﬁ%&éedr‘%%&&n{j O@\ﬂ%&ngcalé B o rﬁe}tﬁequ L
propagati on r eéspsraiog an $ére frtemt i Hhealforsti(B)e dreladgdez e@live t hat
each welql | ayele hag qdieRdl B dimet e d opdl tudinaly £ neeliRn fsd he wel ded

joint of 200 nmor nore. 15(11) A multi-pass butt wel ded | oi nt_having
excel | ent bri materdedc e istcop et iieh brefagahfck ot i Fhife f@sdve
(7) or (8) chyrachenizedl iad WaleLAGN o8l d A fle RASE UHSGIM i nuous
interval in the longitudinal direction of the welded joint of 400 nm or

| ess. 20(12) ANFENHOnSasESsuBLsigladdd GhoifRPaiavialy W@chdélq eHTWIEHE e crack
propagati on resimanes a9 oxet J.ontdy idy tdypjabove (1) characterized in that
said steel plafes are steel plates having a plate thickness of 50 or
more amP each wel d pEddigdar tthfad Wt e @GS iditte ¥5i Meriaic (Y a
fracture resi sitarge éﬂfattehﬁ Hurd @il khgms oMarisr example ,( 18) mh

mul ti-pass butt wel ded joint. havin ex.cel%ent rittle gack pr opagati on
resi stance as C’§el"“°fr(’?r'tFfJ i qtdr‘?éfie?tﬁ}gbt 2) E PR D N 239G hat sai d wel d
pass parts 30with the inferior fracture resistance are present in a nunber
of 1/3 or less of the total nunber of passes required for formng the

wel ded joint. (14) A nmulti-pass butt wel ded joint having excellent
brittle crack propagation resistance as set forth in the 35 above (12) or
(13) characterized in that said weld pass parts with the inferior fracture
resi stance are present separated fromeach other in a plate thickness



10one of the above (12) to (14) characterized in that each weld pass part
with the inferior fracture resistance is present discontinuously in a

| ongi tudi nal direction of the welded joint, _ (17) A nulti-pass butt
wel ded joint having excellent 15brittle crack propagation resistance as set
forth in (16) characterized in that each weld pass part with the inferior
fracture resi stianedbbagoa béngbhghnetbeihohyet pllanal tdickoesen of the

wel ded j oi nt f 100 .mm t.o 4 0(18) A S oi nt
havi ng excellen{egrﬁPplgngrac eV% ? gﬁrggg%ngﬁcg gggégngg gﬁk in the
above (16) orplaTp dkarfadieri zredldled t:hraSSQaghth/el depded paintw ghyt he
nferior [rachulie nesiobance s PB%SS@tch Replopgp! udiAzb-deheat! on of
t he wel ded j oi'nt i scont1 nuous inte

(19) A raul t| -pa§§ebubtltwlldédPFQPﬁQaﬁavﬁﬁr@néxﬁbﬁl ertdppptalerairicRr

propagat i on rﬁa'zstaaacehesw%%ehoabanltnwamx ¢rgcefirkhe above (12) to (18)
characterized 1n that each weld pass part wth the inferior fracture

resi stance i s 30f oFREFEBPLEne PdSeHDPB FhEsgydged factse) tReminyensggs but t

wel ded j oi nt B&Wp@&e@xﬁehéﬁﬂbdb?btlhlteaﬁﬁa%lélﬁﬁﬁ@aﬁéﬁ:hgﬂ hesksgance as set
forth in any one of t he_above to 9) characterized in_that each weld

pass part w t R*CRé ieHFePFéthlPaE'FGFe PESPePaNEET 8XE586nBRFSEE™EPCE wel d

| ﬁyer 1;11@ med bbn@;:\i@hﬁlg}p@eﬁi&&r@h@abaw laraalam@]gnh Qfeglilbn%%l@lrerar susmal | er
than the anount .of Ni, of .t n teri or ot her we ayers. -
0 (o TPIReAIIER 8T Bt e AICBTFBRRE. R0 g fat Bl MEioeri 1t o
crack propagatjodmtr efi 3t ance zantadt mkabel icrokke abdmg E2ppichacadieyi zed

in that each pass r h.the_ inferiaqr fractur t ncels

compr sed of SwsrRTSREa NP Pl RS SRR GG REERod B SARA el di ng
met hod form nijit he at bentweltdofageSsmass$ or( B@reAhawiinig- gasy restst.veel ded

j oi nt Vi ng I rittl ra as tgorth in
t he abtei\?je (203%)&%('3L F%?) t% esasct(ie(rél z?ép%%l%% ?tale%ct Eﬁ&%ﬁ%ﬁ 1(@ yer “zone
has a structu2@0|5n1\M1|5éI®)n@manetlelnmaﬂ:emraanWMt ﬁ@t@eﬂésln@cémeﬁé@llre

(23) A mul ti-pasgnhutt walkde g; ol ot hayl %%r%‘i‘ﬁ!a el (RLI t‘;éﬁl&ra&é(
propagation resistanc S se orth in a one 0O the above (12) to (22)
char act eri zed 208 ONHaM eactr 1B d(%sT%IaﬁfrteW tRptent PRk Gt ¥omctiur e

resistance isygot 2@@@%&%@7@ Jegtrietta ndUccerdicng 1 Wel & hassdiart .
(24) A nulti-pass butt wel ded’joint having _excellent brittle crack

propagad on r EXCPRgREd OFs teet thEr 1 9N TOMETARSSe OF1 P i0RarEEES  zed in t hat

each wel d pasgeRddrmace?he@¥PaRaad %hﬂﬂ&nfdlmsofeveeﬂ vthiehnl raaudxqrttaed/ or at
the time of transformation and the readyvz stre tlon of t

ss- dis r|
i nsi de of the SH&CHed S| HLPP3AR LRSI LogGalti cl&?&lé&ldma dbl( - pass

butt wel ded | @Rt dhat G 1eXCRincerif Riha tled tdioaak maidragatanan arxeﬁss:tla@ce as
set forth in the 25above 4) ch r %terlzed&a%that eac >§E,toacnded wel d pass
W

part is forme& 5y “a REEPEHS & PRP& BBkt P I 0 erature.

(26) Aanlti- ro@&&zlmmtttalv\miedm:q oi nt having excellent brittle crack
propagati on resistgapce as 1.t he 30ahove ter d |n
that a tenperat urez;)In sealni?sc?‘ré% flt(?r S5k 12 @ro%%%t%q’%r B %d

mul ti - pass buffi. wWibothediginy mie thenemgredxt eldtexdt dnd thdse mlmlopmga:tl on
resi stance as r t (25)g 4 r enj d hat

sai d 35transf gr%%aﬁt%r(# r}son% n1a(§‘3[l%l13}/ftié1 t%lr ans ng)asQ‘:halﬁ%te He(%zetg)ln%&t

mul ti - pass buﬂotutWeIh@édiejd)ljmnﬁa\nmgﬂwd’elglerﬂrnﬂﬂtt tiesr foremsngs gt i on

resi st e as%%é: f %rltéé 'tQ) escEﬂ'e_LtOflr{ hﬁlea% (rt?ali:)ertl%l( Zhd Cﬂ}fgl%f)ﬁg“ zed

in that” said ng nmat er’ a as an anount of Ni mass% or nore er
t han the anoudfipgfond tdfe tsedate mﬁdibﬁat}ieﬁtalweﬂéiﬁﬁ nPiHe ot her wel d pass

parts. 5(29) A mul tiRASS butile Welded d.1Ql ModtaMina el le hrdditdse 4 ack

propagation resistance as set forth in any one of the above ( to (28)

char act eri zed ligF darscala Fagiaidedssdid Qfawldar't%asasr @Lﬁ%‘eé'@?n]tg‘?qﬂ a number

of 1/2 or |959_]d3fntt§'|Q:l'iaQt aln Mher-gfsPaspas weped exbfrors 1M idiag the
wel ded j oint. (30) A nulti-pass butt wel ded 0| nt haV|]O\?l excel | ent

brittleXrack HHBHEGHS dniEls dhehdeld nedidkorith § Theé above
(24) to (29) eharasd erfimediive tlhﬁtccﬁﬁa‘e!h@tﬁﬂﬂd@lm@l@ gsw@e pardes g

pr esent separated fro eacglqlﬁ}fther in theIP te thick SS dlrectlgg of the
wel ded j oi nt. t42 Bttt %]e%n STt Ravt St 1 ent
brittle crack propagatl on resistance as set forth in any one of t he above
(24) to (30) characterized in that each 20expanded wel d pass part is forned
by one or nore passes. (32) A nulti-pass butt welded joint having
excellent brittle crack propagation resistance as set forth in any one of
the above (24) to (31) characterized in that each expanded wel d pass part
is present continuously in the 25l ongitudinal direction of the wel ded



(35) A nulti-pass butt welded joint having excellent brittle crack
propagation resistance as set forth in the - 12 - above (33) or (34)
-characterized in that each expanded wel d pass part is present

di scontinuously at intervals of 400 nmor "l ess in the |ongitudinal
direction of the welded joint. 5(35) A nmulti-pass butt wel ded joint having
excel I ent brishteisedckn phopafapion best stahded agosetsforth in any one of

t he above (24) to (35),characterized in t each I art
is not tenpered by %Ea?hﬁ? 5?%%%%ée§?%%n%e$%ypgésr%QE?ggigfﬁg)giﬁagﬁégd
structure chazac¢etizgdabyrhaviagerankl forpead sabus tmwet e $si puthavi ng
excel l ent bri r ropa i LS i y~,ene of

t he above (1)&%%g?g6?85%£c§$d?ﬁ%é?2p¥§§épé%ggﬁ?aﬁnég%%%SE%D?%Hﬁggt??pass
15butt el di ng0 oflmspeehopéates, in particular steel plates having a plate

t hi ckness of 50 mMmor nore, it is possible to forma welded joint having
excellent brittle crack propagation resistance. As a result, it is possible
to use steel BISEEGSURR phr THEUEMYERTEGN pl ates having a 20pl ate thickness
of 50 mmor nore, to construct a wel ded structure having excellent brittle
crack propagation resistance. BRI EF DESCRI PTI ON, OF TSE DRA¥VN€S 25

FIG 1 is a view shb%i REeEaBt  &8YERELIGR B2CASt &5F PBIRFhgttheCbdsfs of the
present gi nvenge0led joint Fh&viRgi Snaextewl shewengraoeeenbotcment making

mul ti-pass butt wel ded eseni invention FIQl 3is aview

ﬁJéoint of the gr . ‘t3§

showi ng anot hBFBABBELARNPLof BTbFEF- 5RESKhult 2wtPREY S HRE of the present
i nvention. direEt&ondoksaawsilevdshonhngdi féinal dednfoantestihbeipr esent
‘invention in the case of a single vel .grogve LG LS ' W ng an
ebodi mont | o SPEPmAL, BROBASR EbiFrt PEAEr dkeBALth Rl GFacknpERiattiPin
surface side asdiatphate thinknéss batkt3ar fasekspdeura ttheawskddddj oi nt of
the present invention. s - . I I Vi 1 n
enbodiﬁént ofj8&8%rWeﬁ%ebg%%pwgégﬁggdgggg%a %%ﬁeghdagﬁ%ggﬁghpgggtSFge}n a
region betweeplbwesbhiavihg erpdkse EhGokiiess afvb@wmshewi Mgreropagation and
arrest of a 59&%&&&% Cgﬁ%k rgggnksiﬂvé%@%bﬁhﬂ§%ngsa@tgnggqbH%nEoogolve
occurrence of plrasti¢ de oPna ron and ductile fracture in~a region between
two brittle cthekebowuki psobbem snd Pr@Wﬁéﬁoﬁﬁﬁglﬁﬁé érbHBEi FBNEIPN RN ch
brittle cracks,ee1BhOPRgatede! 8:8cReptapaqRXieR! raRdsauhes! adaak the plate
10t hi ckness front surface side and plate thickness back surface side.

FIG 820s a vireddsHowmicaycthseehpydnaeibe HewRrehIgBtittle crack is split,

propagated to a cerhai Angxhebls,aBdsanr st edeal Waecphahedt Fackngss front
surface side 15and pl ate thickness back surface side even when_occurring at

a joint part EROAEEEH1Oh&PaIERtRoTREERTCEUGANESSI RGOS ayer. SO1VINg G 9
is a view showhag g venmBedbenls . 0k sa amtlelbiulpgs $ hewt diweloded ejdoithiatof(whhe
present invention. 20FI G 10 is a view sqgw ng_an enb%gh%pn% of f%r%ation
of brittle crddk@FAPOHEMENGeQY BRAE 8P 1Fhd 3pFeSet MIPENPASR. PAFES 11 is
a Vi ewZzghowi ngasningnebdiraetierafstics difdecwntefrenofchel astrirowheliogmat i on
and ductile fracture.in, 25a regqi.on.between t britt|le cracks. FI G
12 is a view STR&GAG IpFEBEGStEan Shdd Sar tsgéjtar\(l)é%ebd; iétrﬂme e%rcacézz.he(r d) is a

vi ew showi ng &eterdeadiamgrontl saedacee wed dofl apleastandd defayakatsivarfeasd ductil e

fracture in a_r n_bet n,.twy hri.ttle cr (@ o) j oW ng
t he enbodi rnenf""ag'?f glﬁlygéft %%?%IF’:A?‘[‘JIH&:% ACKs wl%ﬁ-lsﬁl% e j?lvr\{/ef&:g)d\é}?gﬂrﬁ%}?t er
propagat i on t paaxtderflai spddgr éde distribugli@n tF itwumhriess showihey an
enbodi t of | 4 5RASS RULL j &, Of etltgfecprfcg- e, idegntion, FI G
14 is gﬁgieM/gﬁg&%nghén e%ﬁ%ﬁ%ﬁ%ﬁ%&g$g%5$%g¥r%ﬁq350f brittle cracks in the
wel ded j oi nt &fcitthd eprasekt dasvast ilgwwide GheFelded i showi ig an
embodi ment of ;s 4 1e H;roo%%%ét%h%f #}rdﬁatda%igrﬁciﬁytk%pll'ér{diﬂﬁ;dﬁnﬂr' ttle
cracks, and oéﬁurrencerof plastic deformation and ductile fracture in a
regi on bet weeditigstHan Qfe tdreaded.ded Goirg-i s a vi ew showi ng propagati on
and arrest of Specifically, they discovered the following:

35 (x) if arranging one or, separated from each other,

more weld layers having better toughness than other weld

layers between the front surface weld layer and the back



S5brittle cracks. (a) is a view showi ng an enbodi nent of occurrence of

pl astic deformation and ductile fracture in a region between two brittle
cracks, while (b) is a view show ng the e{rg)o_di ment of arrest of brittle
cracks inside a welded joint after propagation to a certain degree. 10 BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON The present invention will be
expl ai ned baS%erﬂcbhﬁedﬂaWaﬁ}gﬁi ai;5é)mEIltSt-paBbebEEChned:dédl deanof tbhe

pr esent |nvent| ai ned bas t he fal L gst results.
Using only on&P §5et F aéFgFﬁb héPBrPg %?89 Peparé™a LR IHe 10|nt a CCA
test piece mashmtenaseddﬁ@eetabuabé fﬁeheemdedtbelntackhpr@pégaﬂayararrest

performance ( t al art t e | @ swas
cooled to -10% %“8%1‘1 PRa ?ﬁe K rgf:t ggg %AF ?3&?Bprépg§§5 Sﬁll@ﬁgggne
type of Swel di agbm‘at@ﬂleabraﬁlkeocesmbt snandeshbenwehdBdGjointi nithe fi gure,
see | marks). y f d ke a
wel ded ] o nt . PRECERPE pfndt BRE Byt i e ghes SR el P he wel d
passes fornedjbynthest woregpesi.-of wel ding materials becane distributed as
prescribed by the Rugsept Aiugllian sI8aeupbhaleoteBh bthersr 8¢k or
30propagation arrest perfornan ? ? netal part, a CCA test
pi ece was preparedvweidepesa Pé@ﬂlspp(fZ:é 8§1§ Wﬁ&ﬁ‘é Wa&hcdoffEacityre10c and

the Kaps foyndikyahbe @Gﬁe&e%haﬁeEﬂ@dfrEB@u&@S%bkis%bﬂc%h@Wnth@gether in
FIG 1. 35The anpunts of N _of the_welding materials used differ. The case

where the di f BELEREEILRINMEAGnTE RloPetees thendTORE SYSEECEt YRefdi ng

materi al s usedayerl¥ner thRer ®ack shewacenwkhe flagere ahly at hel@ irpaks, while
t he case mhere t he dlfference in Ni cont

is.l %sshovvnlnthe
[1gure byt helt HmPiRadegrpomTl G PREEAaLeY) BRirieq PRALEry LS Y OF
wel ded j oi nt poepanhedsusnngheeldiang mhteknaks df rdictliencntt ameumeddetl NI is
superiqgr_to the .Ka of a welded.jqint prepared using.onl. i erials
cont ai ?H‘lg a AR N SXRSunt. aF[?I &S EaCE PETHEED M 1¥ievﬁi&’)% E%lﬁ%rd
10arrangi ng w@lodnmasi&s \pirblpaﬁyafth_@memn Kaevé.longstuailpl@rlf orimeadd oof odt | east
t he Ka val ue t he .passes i S The present invention
i s founded on%g‘et é’gr#\%% IjOl an ba%e%)égrt%%he above discoveries. 15Note that
the CCA test net hodz()cdrfpao:tramrgamlg,arse@@tratt@@t fmerhedichi @therestvigetfod for
quantitativel }ﬁo%f; 'nfa%ob etltd gaa%r ap‘érgm%%%tée%n 1 §slorRerdudreRace

defined by the as follows. A test piece is
wor ked &bt haMeédcératY@rr @rndt B;@qkegurz@piee@@ldt Rayers ata andudifddpgsst |

matches with ghe.Cel 18fed ok otlblec \é@! dHEtahPYt sdiheritiesia iR @y & whol e
is inserted into a coo tank to cool it toapredetermnedterrperature

here, -10C, artdea tiswd qfs té@mﬁféﬁnta&lﬂli’e toePrTiiedd ot Htdudh TSwedge. 25A

di spl acenent %@h@é@@l@%&%@l&ﬁ%@&ﬂéﬂe«eﬂe@d PG 1in uwIrd glate

cal cul ate the K val ue aeflle to the notche of tl’ig test piece. If a
brittle crack tSéchns W%%hé’dlchnﬁ%nd: Sdb‘é?&a'{) the crack

tihp fal2§winn @l\ﬁaﬂﬁ%dtlri&paﬁmad@rw e Mdlh%oc[]ﬁﬁkmtprﬂn&@ally ]9n di StanCﬁ-
That i s, en the K value of the of t test piece to the
brittle crack SFEHdGRATS &8st &’J&t&&estcir@ LUgS e D rlttﬁ'ﬁ e crack
is arrested, s@lideel Kodaltje iits qaiopﬁ@tﬁdarf riomtttee Mapktdctﬂngi]h at the tine
when t he 35cragck | arresfi) egn ltcre K val.ue fromtt%e nount of

di spl acenent 19 185 P HiHe Thd SVH T Gited - 16 - as the Ka
val ue. 2) Next, the Tihevemdsmrst afndtdret jabowe g Zr)acteo k(alﬂﬁ)d Ve Itltﬁe axpieai ned.

FIG 2 d Fl 3. shaow t he odi nent_ o t t of
t he present 5|((‘31 Hvent 1 on For rThtb C\%’I nrf{g tga%"%% J\}p o%%g st ee Vhlq{ es 1
by multi-pass wel di{ig (B’elnmlltzr-a:fﬁsr durttto V&sldetdm]@\m‘ddtﬁ‘fmmte?@?e]tlk@t
Choan i n i G LGS (s o e e T e e T he o one
surface wel d lcass ma:rancem urftacet vidller ] aglates characterized in

that one or, separated from each other, more of either a
35 weld layer or weld pass part with material
characteristics differing from material characteristics

of the surroundings and having a function of arresting



2b, a high toughness weld | ayer 2x provided with a superior toughness to

t he toughness of the weld |layers 2a, 2b and 2c is forned conti nuously
across the width direction of the welded jpint. 15In the welded joint 2 of
the present invention shown in FIG 3, in the plurality of weld pass parts
between the front surface weld |layer 2a and back surface weld | ayer 2b,
hi gh toughnesproekdaltayper 8f2x amdt2}epravcdedrei phecacatipbeicarehoaghness to

t he toughness f h L.d 20l ayers 2a 2 c_are _faorne traddllng t he
wel d | ayers 2c% ﬁke Fﬁ?nweﬁé 1 gghl aF%ugHﬁeggemg %ang ot her

wel d | ayers are |ntéﬂpoéedubeuweaBStbathIghldedgbness hehdngayacsllEath of
the weld | aye 0 a d S ts.,.2i...each
formed by a s?%érzl%egggb grB%aﬁ %eé %ﬁ%ésé?ﬁEﬁ“%%rggﬁlzﬁng ?He%aglded

joint. TREONegH 1t oggRmest ewelzgd dpeithasesaadwekdehgpiatesi alrehavi ng
excel | ent toughpess pianea! 84 vWhih ot BE Jpel ‘EhEQkHEEEIbﬁ' 5bom 8g fbher weld
| ayers to 305ucceSS|ver orm Id ass parts 2i continuously in the width

direction of £RE ®erdeWeld Aryer has astappphnegs bretas| §hag #heerial for

formng the o&@g@hwggg Layers, canwel dieng qg%gggal containing N in a
requi red anount has been used, but as the welding 35material for formng

the hi gh toughness (Rél 0 BdFi-Rags| @uky HELEPAal OdBht ARNLAG RECPALSAL

anountJI)nass%z@tta@rerge&apgbphbamlbher@@@@ﬂbneé Bs ebtt ierwdl dnnghe- 17 -
le to formt h_tou hness wel

material is preferabl S _possi hi d

| ayer under tH °§§né2&th?56058ﬁdF?ﬁoﬁ§ &Bakn&RC oWﬁ# glﬁﬁé ot-fie? Werd

| ayers. 1E|yerh|fglamteaug§rnes§>1vxebclﬂt§ryetf w&ydbpaasésngllehl ayer we.dmy be
a multi-layer for tacklng re.hl 8 ﬂh ess Id | ayers. At
This et TR adoBafl SORFo ERPERaSPH 18r tHoRe HESH oBERIGSE Phyers by

t he sane meldmh@ maﬂdedabodntto formthem by wel ding materials changed in

anount Ni 10Further hto hness Id Ia r al so be-forned
by thejggne meldlné detﬁo@ﬂ t & S\e ngwﬁ% eri d %gr%gﬁXH the “6t %Fn&eld

| ayers. blamaﬂes@rﬁakepEOPagbma@ml@Bs@AﬁaNge B8- $3®2¢@rta51exphalned
above, disclo d g t i n r F f t hi.ck

| ar ge sized %ggvg bgp#gz g&%ﬁ%%k%ﬁ?%ﬁaweﬁdt%éga%8¥§|ﬁ?&h ﬁg gf EE

wel di ng, thenOW@Pdﬂﬁ@daOﬁr@nplpé?éﬂtahdfbagkdlé?@ﬁr5y8§a§#€ﬂgéd arc meldlng
to veld the phatieibbbekpessciaca Wiokaonieraen bBengmount of N of the

wel ding wire used for the 20 is increased over the anount of N
of the 4l di ng wirédsed mﬁlﬁﬁep§@§n§pgédW&ﬂéedenapﬁg having ecglilent

because, at t@%ﬂt&&%‘%EaE%Y%&opW%b@1%53%%%1%%§hb% B&CUEtARGr$RCURI Rgy
toughness is difficult, so a larger anount of N |s used

to secure 25aPEuGhnéds é&@gﬁ tg)tﬁgt dﬂ Pﬁéréﬁﬁﬁéﬁééd arc théitd e26he and

| evel the d|smkﬂbuubq@roﬁst@@@@&Q@%dobft@ewwgﬁdlagag ifdrideel pyate thickness
di rection. ThIS i bas al l.y dlffﬁbent fron1th% h& nical idea . of the
t “of

present i nventi& ETiRdt ¥ aPe PFEY 0P Ph@rpF@§§ndaFH9§ntlon
can forad a highamou@ﬁnamguweldflaﬁebfatha pegdenher mamed ikadgifermdelg ned by

t he present |n ntion %y adjustlng the NN content of the welding materi al
under nor nal g'nae& dl C0is. The hi gh toughness wel d | ayer preferably
has 35a structure dfe)a &t mudttir-@astse batro weddeeangictiatt harvdhor retdedn chas
occurred. Jap Ratent P | i catiaqn ( 0-03 0,

expl ai ned abo%ﬁﬁiggo S%QCk %QO %gatgon EESN%tan%%dﬁgl%%%tﬁggigbﬁdu%Pestress
in the weld zohovas (@) wh@heabyegammdaHMyt@sﬁnga@hwwbdﬁn@aWEﬂenmal with a
P T A Of MU0 LEMPRALILR 1G0T LYIN 19:el50° AL L0l P HATRIE 1170
of Nl and utilizing a weldin ass Tart ensite t Fanst or mat|

austenite. as Uﬁﬁm@@éﬂln@h@GNQQ@ fonaingr ivb@ I9Fheli yadd diaygnset hod has a
structure of a ”BrtQWs'%?n%h&&Q%%%% b%%t'%eQ@EBeg%ﬁﬁth%%Qﬂd% ShIRNG LN
Utimately, even if wel d 10zorie containing a |arge nunber 'of NI, it often
is lower in tdﬁﬁﬁﬁé§éCFW§# PHOPGIRFILPG WEISd SEGRES RSt SEdntTaT g MNithe
Therefore, indRRdr@entr i(@YerNaGhct@ SlZedClin @nRel MRICRAAINg SRt ensite
transfo tlon even when contalnlng a large amount of N is preférable.
15The ded | e éftr%uﬁree%twhilﬁ?eﬁﬂ Bﬁllit?néﬁéhea&réﬂsfédrqaﬁlﬂ@atha&mng
the plurality @fcueledi.l ayers between the front surface weld | ayer and back
surface weld | ayer,, qne or, _straddling other weld |l.a ers betmeen em nore
| ayers of high toug(ﬁﬁesf‘ W RPAESs bgﬂtdeﬁédieﬁo\ﬂn &t or
to the toughness of the other weld | ayers are present and functlon as
fracture resistance |layers arresting propagation of brittle cracks
occurring inside the welded joint in the |longitudinal direction of the

wel ded joint. 25Each hi gh toughness weld | ayer of the present invention nmay
be a single layer or, as explained above, a nmulti-layer formed by two or
nore hi gh toughness weld | ayers stacked together. Note that the mechani sm



of the groove of the welded joint in the plate thickness direction is 50 mm
or nore, it is possible to interpose - 19 - other weld | ayers between high
t oughness wel d | ayers anong the plurality of weld |ayers so as to nmake the
hi gh toughness wel d | ayers sufficiently'é%%rbit their functions. 5The

wel ded joint of the present invention may be a multi-pass welded joint. The
i nventi Olrldcanbfie_t%mél iﬁ&@(:‘ko kephghak g8 laeaﬁ_si:aﬁutﬁ ael déﬁlgfaﬂthttﬁl lakaeat f
i nput wel ding. Note that, en Ee st at es,have a Ot hi ckness o
70 nm or nor e °En&@thitdR ?Bﬁﬁﬁnéé EBI39$agg?rﬁ?t?ﬁézﬁae£8n%g? VSﬁFﬁOﬂ can
be made to exhichid liatyerf iRChiresemdr ecauthictiedty/l yn a longThedgnaedve shape
of the steel E#gte 1S ngt initigPto.a.V%shape, X-shape, K-shape, single
bevel shape, &f¢eCHEROWSTerCWHEAAFSr APAYTA hi gh toughness wel d | ayer, an
expensi Ve wel di ng n@ter Bahudontaassnpuat! argerdapoint bavAngt hagedénskal
wel di ng material.s,i , all er .t o] sl h.as.w,th an
X- shape or K-?%&%gl%t%&%%#hggﬁkggaggggn ggégﬁgg?ﬁ %gr%%go?o?ﬁg ﬁglgﬁkg
costs. 20FI G ofeskhdwsha wbloded (Roi e dB)t hbapresent zpAvént fbAti gache case
of a single bexgly LRYe: A3 30ANR LBsEbfrifluolb1ySiA08S1BhEikagaRAkY the
wel ded joint of the present “invention even to a single bevel groove forned
by maki ng a sdéglegsligne oifa ther weddeHy Ja@bot -agai nst a steel plate 1.
25Furthgy, it is pqq%!)blzaemhqtapph)ést RatveldedelolBtnef nbhenpr eseBl 1ent
invention even to a single bevel groove fornmed by making steel plates of

di fferent pl ab&itifilek feasks PERRRIAGAPRS ECEAER2BCRe RS FRE APGHDt dighAEss
weld layer ispiRker@ll ynareseet-i3@eoahi RHauskychnweha Lapgirt udisnal

direction of the wel ded %Plnt, but it nmay  al so be pre?gnt discontinugusly.
If a 200 nm of-S§%& dn [tESgLRNId teddnrdddinerhdoroRdi +G8i HaL g d8iPon of
t he wel ded j oig#t 2 otch@mhicgh mogeghness wel d | ayer exhibits the function of

arresting propagati of a 35hrittle. crack curring.inside a welded joint.
Fbmeveﬂﬁgwhen discdﬁﬁﬂn@o@§l lFEPﬁ?nGug%hﬁﬁﬁgﬁﬁuaﬁﬁggs F&g|§§€Fqﬁﬁn%he
| ongi t udi nal #iriectlicorreick peopagd® ionwelkddd thoicet asi Bethéodithicdmt itheous

i nterval exceeds 400 t first forned crack r.opagat he
finally formed Ewgbﬁ7ﬁgbrbgg3n§%§rP5%§Fﬁz &Bot%§¥o%a%§rgglah§%§F e crack
becones a | engtals af 4RCGomnimuomsr éntelrgadnengyhBofl onige tawddelalbecones
excessive and t.he hi. t e | d .l r n fficicently function,
so the disconpﬁ%ﬁﬁﬁggghfgfggﬁ %%lp%g'ngéﬁtgg EEP g%iggéggﬁsdf tg;lgE%Qed
joint i20limted tdl2002Avmudtil-pess bertd, weldegedivdnits V- i iSede h
toughness wel ¢, 1Qlayer. aft ?%o%’a%%%l&%ni DURNLIHQR A LeSsS tPrRRagAtioRHf a

[
brittle crack occurring inside a"welded joint wl| be explai ned based on

FIGS. 5 to S. above (1}] chagechesiass i tthaghreds wdiegl RSt SSs aént i nuous
15As shown ingflGE1 210020310108 21Riteh thHUMRRSS Jrelsd hity @r &oden the

wel d layers 2c formng a_welded joint, the distribution of toughness in the
plate thi ckneg@ddiecstt W6d doPasite PRETTIEAS & AEAAITA FEHSTGESSAL the hi gh
toughness wel d dfan8lor?to %0 firaicERird reRfigtanty oF ahed ReidreurpErg wBlat is,
in the welded joint of the present invention shown in FIG 2, there are | ow
t oughness wel @3Sy & straddling a high toughness wel d | ayer 2x. If for
exanpl e an inpact-l{lg S HRI% iaglaS s0muithe wdwridew ijrai Mavisigheexddid drntgh
toughness wel d l.ayer 2x is resistant, to brittle fracture, rittle,crack
as shown in F l%ies;ﬂriatczg BTOR 29 18T TSRS fa\'sorﬁeecsufﬁrgcéle i gtéue
brittle crack a¥card @x atheddutekriess] Hacksiir fsaciel siedel lpagd lpmmrsack Y

whi ch then propagate in the .weld 30].ayers 2c at.those si . In FIG
5 the Btittl @ag%act%exlp e %ﬁé‘ﬁté}?'{frﬁ . rsolnatasnucr éa(;%ee a?ng i oh Fhighness
wel d | ayer 2x natmbetrs dfivd /énds;, lwied eft debrtiditdle mmdeke Yf astddd present
in the weld | c, (The hrjttle qﬁhf X Y bot h 35becone cracks
narrow in mﬁd%#ﬂﬁ%%%%aﬁﬁ%ﬂéﬁﬁ#ﬁ%&hﬁg%vﬁﬁTecii%égﬁg a result, the stress
expansi on coeffici efitds & miid icrasks tiys fedlidethd adnt drEwiny $eld &dusi ng

the - 21 - c t.o | rQpagatian of the
cracks is eas?ﬁﬁhgﬁf%é?%ﬁﬂggﬂgﬁﬁgﬁﬁggg§cracggﬁqgéq?gdualﬁﬁ$pro agated in
l-wﬁ'ens

the pl &% thi dovess didlest di3)AShiamten /G in,t tR&FS hr ough
the brittle fg?a%ttlg &1t801 9% ofnddie Jeld-d AneFs s Athr @At G idwerd gh

toughness wel d | ayer 2x, plastic deformation occurs in the regjon Z between
the brittle cesRdratsshd TP £ade FHRFT tidudhRRE et FRRTS fi?l%?f%ﬁl%i l e
undergoi ng ductile fracture, the 1Opropagation energies of the brittle
cracks X and Y are absorbed. As a result, the brittle cracks X and Y, as
showmn in FIG 7(b), are arrested after being propagated for certain extents
at the plate thickness front surface side and plate thickness back surface
side. 15[ 2] Case where high toughness weld layer is discontinuous The
mechani sm by which a brittle crack is arrested is the sanme as the case of



propagates in the |ongitudinal direction of the welded joint, when reaching
a high toughness weld pass, it splits into a plate thickness front surface
side and a plate thickness back surface side which propagate at the

25r espective sides and, when propagating & certain extent, are arrested.
Wi | e expl ai ned above, in the |ongitudinal direction of the wel ded j oi nt,

i f securing aolfengehwefiatbejbiigh.t oughness weld | ayer of 200 nm or nore,

he high h d | I K.
i ckness {1 ont SuntalePsPHE SRBSpr abhC FrrekAeds) BERk BorialeoePalt Ehi

arrest its prbmagaﬂeonrack proplageveon résiheadescast satiofisrtht énvahyof the
hi gh t oughness mel er, exce 400 t o] a econes
400 nm or norgnetﬁ ﬁé OVF Sgg cgacEg%écgﬁ%gggg%g%g%%efg gggépggfping
the britile cwadk aasshpahtghltbughaessfaehdrIﬁyectbeeOHQSlataﬁteuis. For
this - 22 - ,nuou t oygh s weld
| ayer, as exp g?%ggt %gggghESBPiki#gdgt%gﬁg%Eﬁﬁ%gél ggﬁghg?ﬁgx?? ?ﬁ%
present invenweddsdofioihé-.above (12) 5to (23) will be explained. FIG 9
shows the embodi meny ¢of A Hﬁl@HIﬁhsBaﬁﬁtQU%él&@Hdﬁgth'Hév?ﬁgtgﬁcgiﬁéﬁﬂt

i nvention formed bi wel di n V- groove | at es by nulti-pass
wel di ng (her ebaftde ﬁéﬁékranpégé§loﬂhéeﬁéFHéHCFoﬁﬁt56F fABtpr éBeRlhY

inventiign"). 3@knotrhenwekdedel Qnny @oof1&hecﬁéegeﬁérhaé@nihoehﬁhOé@Chn FI G
9, between the front surface weld | ayer 2a, and ck surface weld | ayer 2b,

the wel d pass¥fafFt P2gp BﬁHttHétﬂeFEepéggeﬁéPF §§?CRPFﬁ F?ﬁ&?ﬁ?@cﬁeéﬁstances
inferior to theeckeatt diecbasiatisneey oh bheosyktountdhngdiebdtibpasses are
pr esent separa%ed f n1each ot her. In the present invention, due to
the presence &€t K& deﬁégg parts 2i and the weld pass parts 2xr and 2yr
with fracture tOughm€$SAChalﬁ¢P§aBStbﬁﬁtlWéﬁdedrjbmnthhaﬁiagtBREeEmGghness
charach_rlstlﬁs.gf the weld Eass ggrts %he actlon ap g E?

exhi bi d t haPT&V&hSi Frahr PEPPRIBFARR 585&?5 PHEi 88 PRE Wera8dt 10|n its
propagati on i shareestedzed in keaeé, ethb we&dapBSHIpehtndlehpt935|on of this
action and ef I Ia n udd i gpa | i ke stress
acts on the Egggaw%glﬁ?gcﬁﬁgctkrggsgégkérgﬁg Q ?gngégugﬂagh?he wel d pass
parts 2xr andlnglpuéseaﬂ dispetsed phste waédﬂéldednropﬁtlpﬂnmm tracture
resi stances |gg Q" to the surrounding weld zones) and brittle cracks
propagate to the surroundlng wel d pass parts 2i. In this case,

since @9 fracture (L83 &t mHd&a-pRSEhBURE| Hepdsd pains havapg Beceadenkan
the fracture E?&k%ﬁ%n%§§cﬂfp&BEaﬁ%k@oﬁa§ésﬁékéﬁchésaBQtZYBItﬁ bhi thke
crack propagates first rou% ass parts_ 2xr 35and 2yr, while the
propagati on t 8°PHE Wefd pasd 6érF§32?Ct§rééﬁ§yé& t@ﬁFlﬁﬁFElVelé PREEal ity

of brittle cragks QEQBagﬁEelnfe%§or framtihe w%quﬁa@&epa@tEr%&@n@nanyr to
the surroundin pass .parts  2i, hut the Brlttle cracks beconme cracks

d
narrow in mnngelﬁopﬁétﬁﬁépéltﬁﬁEﬁﬁ@%QndpﬁeE Folesfethd “Wéitded joint, so
the cragk tipalaewﬁtaﬁabbsigratsﬁﬁeé@aa&eoafcgebfn@uentanotgﬂlﬂrnvnngkforce
causi ng propagati o r,ttle c S and the adCKSsS are
easily arrested. ngg Puféd-pPgss hB&ﬁ 3%@%?]?@ gﬁlﬁglFFngéF3$ks X
and Y propagab31ttmﬁlbhecwebdopagatﬁ@ht$e%XBtand62ﬁB sthe fo@tegiian aky

bet ween the two brict acks S re shant ittl

fracture and 888095 gb?cg Pyﬁlé§?g gﬁeéﬁﬁgr s&zgg'é o%rrrllatt %F&. 11,
pl astic deforwaﬂdopaescpa$t|M1thethegnoﬁe21amdfabsmmbg ries Lstepagatison

ener gi of t racks t of 15ductile fracture. As a
result%&%rlttﬁgrgracbg P% t%§ %%Slggélnal direction of the welded joint
are arrested. (2B) GA mQIShGW@SﬁhQUQWb@@ﬂm@ﬁIj@anhm@WL@gbﬁXCﬁﬂéeOKack
propagates in Lan i nal, di 0 I Oi ngd i

arrested. FIGPE ggl% ggalé(IIeBga gg%%ﬁ§ ?&% %fa%ﬁ%étlfQ%t%Eﬂgﬁgnghe
enbodi ment of opeopagabieonbane dﬁﬁésﬁoof18HeQ@@HﬂQH@QW%%k§ﬁXt§ﬁ¢ PaCH t he

| ongi tudi nal QEQQC¢a9@ Br%h%l | ded h%E%kloﬁeEW%%th¥3ﬂ@ﬁﬂéﬁd%d%fqgk X and

the brittle crack ucti | racture region Z is faornmed where t
propagd®i on 25empraices of ﬁh@eﬁﬁlﬂﬁW@ICﬁQ€W§daFQ'§b§6ﬂ6§@9'§@qﬁﬁéq%lttle

cracks X and ¥i¢angat ageihicnye &a QLOE&Q%b%éWHMHﬂHéﬁIﬁhdﬁﬂﬂﬁ%jdmadﬂt in the
| ongi tudinal direction and are arrested. a result is _possible to

prevent brittPé Nﬁa@?uF@eoﬁeﬁﬁén@éW&Q?ﬁ%ﬁ%ﬂfQQ?EW%ﬁgﬁFﬂIﬁﬁgﬁhﬁéfﬁﬁﬁ t he
wel ded structure. Above, as expl ai ned above, the present invention is
characterized by the arrangenment, inside the nulti-pass welded joint, of
wel d pass parts preferentially fracturing when sudden or inpact-like stress
acts 35(fracture resistance becones inferior to surroundi ng weld pass
parts) separated fromeach other. The wel ded joint of the present invention
is - 24 - conprised of steel plates having a plate thickness of 50 nm or



-5fracture resistances inferior to the fracture resistances of the
surroundi ng wel d pass parts between the front surface weld | ayer and the
back surface weld | ayer and sufficiently féaM/out the effect due to
interaction of weld pass parts with different fracture toughness
10characteristics. Note that, the effect of the present invention is
more sufficiently szbbhtﬂdlw@epabBebateehepﬁ@ae§omﬁteh@vph@t@xbhl@&ﬁess of
70 mm or nore $$ E wel d Eags arts.h vin% fractg&g 1% esiséﬁnces
inferior to tR&: é@tﬁf@c eBFSPEREESCBf TERLSEAPFOUATI AG- wel' %aége Gre
necessary for apakeng2a)behbirbeterdekdconpthaat edtly spldtpassi dertheiwkl ded
joint. Fbmeve% eit %he numﬁF f t he melga ass. arts gx% gds é3woidthe
total number GPepARSSEIPhr ATAGIERE BBHGPHeBaS e  parvRPEE R wel dpietdpart s
with | ow fracﬁayerrésrmbdnbystha shmewet lldingomat hbdcasetdenvaadinand,
rather, a bri r p s is not preferable. The
nunber of mel%g£§8§ %8§?gﬁ§ er 598393% ;dtiggéPharacterlstlcs i's
preferably 1/3 of ﬂﬁé )t Bt mhlRsnpaber bottpussded joint Nevenghakceaténtel d
bass part meyphecLoRTRARY BrShOgLe:1BASeo0l s RHCDOaLOLORIEbY A PLULRLI LY Of
passes. of nt e present 1nvention e a multi-pass
wel ded j oint. aWﬁﬁelﬁQthpén Ay bbaappieedzed 3obbhat| asge ﬁéé@rlﬂﬁhﬂ

wel di ng gand SmabhrhéahelHQgtawgkguesure in wiREnOh8OME-88ApELEf the steel
plates is not limted to a V-shape, X-shape, K-shape, single bevel shape,
etc. However, tE@ngs05Ba51iBRi FRFeOBFHEKSBo conpl i cat edly 35propagate insi de

a wel ded joint, thngﬁlﬂeﬂunehnbaBQSbhetSQé@ant o@ntehhdiAgexient 1kAtt he
width direction., Furt if consid rlnggthe mechani cal Fggﬁgtles of the

- 25 - steel BF&FE%QaﬁHaﬁFlPF?BFEBElPBr PLEEERAT PFopaba of "bR¥t | e
cracks, an X- gheow€ tﬁepébbeéablE) Ebe bdcpasacﬁarLSemnth thetl esch
fractur reS|st ce usual | gh g ontinu ¥ in the, ﬁ ﬂitudinal
5d|recélon of ¥ Réﬁﬁeaafﬁl b enﬁ9 GF38°b r?8 HBa HFEESHEPRGONS y.

Rat her, d|sconbtnuempeiednbylhaatsoﬁrefeuabéeding trhedf phkswpagtr eason.

The meld pass parts,i,nf rio Ln _frac ra t i ||
inferior to the sui?égngiwa TowBrE® égé%pa? S ﬁn %gétﬁ$g§% S|s%§%ggn¥

t he possibiIibylbtlbecoathgptoaagateogenesastagceegsoast|§Ohtgh1nlthaeld
pass parts wi gh+po fihe n a e- e ng,regi ons
are present c%g P%u 12 §ﬁ59505%k§§e8 ég Eﬂgknga?% g%%a %Egtéakk ?

15di r e€i on, axpandedeatrabe al e pfopagadef@nabmgh ahd/mélatpébg pamES and
as a result tB%rErhﬁséoEﬁaﬁth'ah& eﬁetbgsﬁaaskssg&@@gnalgergﬁ ¢! ong
brittle cracks paSS|ngﬁt roug joint in the [ongitudina
direction. 20Waeningipengfwehe pasdegadesninier maee AoFpriéyuremplex.

characteristics di gegnt pnpgushyphst Backopahbudi Rakindi heGhihanetkel henyel ded
joint, the lengths_ of the weld pass _parts in the |longitudinal direction of

the wel ded j oPALCELS ﬁrépbraspyage@lﬁﬁl6?8&6Fén0ﬁfaﬁhéereﬁarﬁ§ 8 5BEhe

wel d pass parhgov@ ubq |@Hgkh@€bﬂibedlﬁﬁcthaﬁ @Echhexp@hd@d weuatpaé@ 100
nmm or nore, |b e to easil I|t a brittle cr th

ot her hand, |PaFﬁe Pe gEREdoPYt ReWRa A Ea@@tﬁﬁﬁﬁ EREPR OF@ﬁBﬁtﬁﬁlﬁal
direction of t1be wehgedakairat 30exceed 400 nm the | ength over which a

brittle crack first .propagates beco his_i.s _not ferre
The | engt hs of the(%gﬂdgpggi%b5PF§SaFPﬁE 8&%8% pPa E%UFSV%EgigﬁgﬁéieP% t he
| ongi t udi nal Hr1EtﬁeonrebktbEOpebdedopomaB1atanpeeberabtyfb@@hnuntmhéOO mm

351f t |nter ass,parts .inferi £ LN f esis;stange in the
Iong|t§§|nal |re8t|8§? hgﬁgcwéF&egd]épthgs 506e#§%E%EnDre%f s3id
possibility otranszarmaaﬁbﬁsﬁgngoa°©r¢it1@5@[ack at the other meld pass
parts rises, but if forne at, _anot her

pass part nay propéégye aﬁH FOR@Fﬁt % 3 %bﬂPﬁPF Eralf Sﬁcglﬂgﬂﬁth of
400 mm or noreribkfiet heabengtrbp@f;a@ﬁlenblrletshlsea&rcac ksi Betheclrahgiihudiheal

di rection of t wel 0 xceeds 400 t.he ,energy.of the brittle
crack becones? QXSSégsg Bﬁv2%6? ﬁ&aﬁF Fﬁfgdcﬁgc%%ﬁ %éﬂ ed to a weld pass
part iBﬁeriortran&fammateonhasaatmamsbnesteltrwmbﬁohmahamder 10to split at
the wel d pass part he |nt rval f S Gl i Q.

fracture characterlsglcs |n§t epP%ng%tu |naI %’ §€$30n%gﬁqt ﬁe&gg j oi nt
is therefore pretéﬂabbyaZ@Opmwpaga¢G©nnmesAgtannEth@dSEdrﬂumﬁm ig angel d
pass part inferior in 15brittle fracture characteristics conpared with the
surroundi ng wel d pass parts, a nmethod of using a welding material with an
anount of Ni of 1% or nore |lower than the anount of N of the welding

mat erial used for form ng the surrounding weld pass parts and wel di ng under
t he 20sane wel ding conditions is sinple and preferable. However, the
met hod cannot be enpl oyed when the welding material form ng the surrounding



Further, it is also possible to |lower the fracture resistance of the weld
pass part by changi ng the wel di ng 30condi tions. For exanpl e, when
formng a weld pass part inferior in frac{gre resi stance, if making the
heat input 130% or nore of the heat input-at the tine of formng the
surroundi ng wel d pass parts, it is possible to forma 35large throat depth
wel d pass parbneFdEt BRE, aB8¥E, (25Vetd pass @mta&:ﬁefgt@admnthhe kaige
throat depth wel d,.pass Eart under ordlnar¥ heat ﬁUt copditions or at heat
- 27 - input ¥BhEIPPORETFEREr PRENADr FPRYRY Rea 1] plE=eonaf t "8RS, 1f

wel ded in th|$am@¥r th@nlahgeambﬁﬁatoﬂepthoﬁetﬂepﬂs$dpagtmasenmaltenpered
by the heat of the suggeed%gg melgdpass arttand becones a wel d pass part
Sinferior in fPEREBPetPEsPEPERCESIY PASS\BRE Phat, it is al so possible to
forma wel d pass paEB)ihfmnﬂﬁi pasérhutureeléedsnamne bgvinhg sapelhehdi ng
met hod as the, we 0 [ ng r p arts he
structure of PﬁegzgEL ngég % Eapggkgh é?g %Q% g%?%gtu?§§mﬁe?g ﬁ%}

mart ensi t e transf ofmaheoabhas d@éMrted 28) charpctheipedsént thateftien, it
is sufficient S n:frac esis ce

i nside the meﬁggahﬁéghgewghgagg %oge ? ﬁa??%ﬁtléBn%tEHﬁﬁs%egkt%9?5any
speci fi c net hod. 1pee eiaﬁbﬁetotﬁll§u$b§§|Bfepﬁésﬁ§eraﬁuﬂﬁ§éffpélently dried
meldlnglﬁaterfggmggg Egénbg@hgdm§bgngass parts inferior in fracture

resi st ance i ned above he wel ded joint of the present |nvent|on
i s one having an e%é@llénmuﬁﬁﬂrpﬁéscpﬁék QeggﬁﬂagaﬂPBnhP¥%P§t§ﬁ€8 lent

characteristi grifriel dedc st b%%%)ﬁ@ﬁt'i‘@ﬁ' @as‘ﬁ_heawelede@ kekntoetnt he ahgsent
invention is resistant to brit

Furtherngre %ge pres

i nventi ons of °PReC4&b&%E P?@YetdZGQGFOMA?p)bghéfﬁFﬁﬁﬁé& Fi& th3tsRa the
25enbodi nent  ekpanfebt wemasgal@@t barekdade] prakeat theaprnesent rionveathon
steel plate 1 forned b mul.t i §ass %eldlng

b
(her ei Aaf t er PéPQFréB ¥Bea§an%et%éP%%8 o?ﬁgggF %ﬁeosreg PSR Ent i on” ).

I n the wel dedjjainmt. 2 of the present |nvent|on shown 30in FIG 13, between

the front surface ayer. . 2a_and kK surf.ace | d
pass part 2xs and 32&3 é é?lﬁéfpaffs giﬁaﬁgﬁg%%aggﬁhq %gxg%gZQXC%E§GWQ
soI|d|f|catlobramdﬂercahc&h@rbpagamﬁohransﬁsta&EBOﬁSaﬁ@tpﬁegéﬁtl@epawated
from each other. Fuyr r e 5 I e ntion,
t he presence %P t % E % Fbﬁgtdné4§ekgagﬁg§zoh% %EthélEEESEECE%%% FEE%
expandéﬁ)weldeg@@gdpdrmglEMQa&ﬁdp@¥§ denthioraeslo bivh N e w&n Mo g PSISESl-e -
28 - crack occurs iRsidg %ﬁt‘&ﬁllp%%% bRt 1&%&%1% Mg iekf esdcefient

arresting propagatlon are ex €, the mechani sm by which
this action ahdistflectcrack eyoragsddon Wﬁsbétéﬂﬁea@ﬁeﬁeﬁa§€6t@n1PI@PY14 and

FIG 515. ongl fofstt@t%e%b%rvé pagt tld K15t %S R4S 1ok avalndeth4toieaichand
brittle cracks X a are formed, the brittle cracks X and Y pro agat e

t hrough the s@@@m&dngfe\ﬂdét Passs ©a5dr 1 Pressiiie e NS dpddatién pat hs

of the yittleqpiAchks it andebtidh YOWhd Wfilded Hbims.e not regularly
determ ned and becone conplicated du to tgglg%fsenc q; t.he wel d

2xs and wel d pass pary 2ySUutfHeRaSss 1A a%ﬁﬂ?(ﬁﬁﬁﬁ#iﬁ?
pass part 2xspand el dRss gtatzwh a:reeslmtmmﬁ d< ddte fatrdr Jmelachypass

parts 2i, the wel d pa rt 2x pa art 2Y'S

di recti on con¥¥s fp %tenéﬁéq)’rer gt d%ta S eodN:loncéﬁ ur b
the residual six aafﬁemdnﬁasﬂtpﬁrﬂlus|prﬂshnﬂtﬂiamﬂnkmhqqusﬁy:Qﬁuﬂually,
a b”ttii crack farne SI e ge ates vertical to the
mai n sttess &ﬂé%ﬂ? ropég ion r|t e crack becones

par al | el to the pI a(tael )t cukﬂess—pttsrseckmm vcﬁlctehb wirdedhdoing exnglliantt he

wel ded | oi nt (%:trhlttltel J 0| 1{8@%&' aon ]:réesal.r rﬁgéacftgisétf 655 St iy i on

part

of the inside so at that part, the
mai n stress d@é@mt(%ﬁdt vt dardi 2ad elrt:r’fehﬂ(t sach Hexprnded kb dass

affected by theh shlr bed diesiunl sig e gl sidi-but | @n-and doest note

propagate al o ate t ness 30 |rect|on ‘ By what path a
brittl e3%rack mhdeqormagatcef i ¥ TR SAUMSERR + esi dual stress distribution

cannot be predi ct ed(:ashutA the patds &f fiopagatdan phithendiidd | sxedacdnt s

local Iy deflected by bei twsted fromthe 35 direction vertical to the
mai n stress (PEttEhiE PIRRIFAT AN T THRAGAL 35 of S pr bpEdat 1o} t he
brittle crack becones conplicated. - 29 - In this way, a brittle crack

propagates a conplicated propagation path fornmed by twisting fromthe plate
t hi ckness direction, so, as shown in FIG 15, during the propagation of the
brittle crack, the brittle crack splits (in the figure, X and Y') and a
ductile fracture region is partially fornmed between the brittle crack X and
the brittle crack Y. As a result, the propagation energies of the brittle



That is, the welded joint of the present invention is characterized by
formng a disturbed residual stress distribution inside the joint so as to
make the path of 20propagation of a brittle crack conplicated and thereby
facilitate absorption of the propagation é%e?gy of the brittle crack and as
a result arrest propagation of the brittle crack in the |ongitudinal

direction of Hhgyeeldsd Lei Nka)2ekkEactbrshewsihhengabedAeRkpRYIGWAI Ch a
brittle crack propagates and is arrested.in the Iongltudl nal direction of

the wel ded j oM9tS PRES P6EA) 1ShBRESERE REPEEATIBPAVSIKoRA FREEFE2L359 N

whi ch the spl igthobkint bl-e 1ekacks Xheandn¥itatenam tiedctEbf oE6¢hE shows the
state 30of prgpﬁggbion,and arrest of the brittle cracks X and Y in the

| ongi t udi nal &S i dR1BE -t he wel ded j oi nt. Bet ween the brittle crack
X and brjttle crack3¥) a duttilpakradutiteweegedniding hevimd wheeébgnthe
propagation ener.gies of the brittle.cracks.are sqQrb a.result, the
brittle crack r}%gﬁﬁ 9r€§#n85088ﬁ %ﬁﬁg 5?85353??%93Fh§%59%g?%8 ﬁ8|§§§ j oi nt
and are arresba@ ofheheehtledej didt) ab t(36)pceseattemiertl an ithat- e30h-
conpri sed of | pla but t l.ded .t0 her rihher, Wikt | ded
joint has a t%%%%ﬁg%g o%ign%éffgﬁ?ggné%lgﬁg ﬁﬁﬁpggggs§§wgkéfng? %? IS
possible to asuvaegeding o lobpeswelPdrpgass parts which expand at the time of
sol i di fygation and/@q)ah (g kT el del3BsLaaRBLEAR: -3BPLY Racampr gssive
stress to the surroundi ng wel'd pass parts, and logically disturb’the
residual streswltiepaissabust wersledndeinéf bevéndt 6xaslienpaRdddtnél d pass
parts”) di spersediat, Syiakaklien HanabaRebwesatt ierkhonh Laguthaceswel d

| ayer and the back sSurface weld |ayer and sufficiently draw out the brittle
crack propagattibén agovest{lef fect(3®dsed on the disturbed residual stress
distribution. Two Qi-ddRcen@XRaneed WHedpassaventeongcessany tiobass

15di sturbing the residyal stress distributiqn insi oint.

de the wel ded |
Howevert®if t R GfumsdCign Ofe SEe5dn @ EREI d 1PaB@ it s 2&x SEEF i?]/l?tﬁs t he
total nunber ofavidasses plefre @hlidrgidsie oelstd passrpaicics, tike isepicdsablst ress
due to the expanded weld Ss, par.t ecqnes dom.nant. ,20Q versely, the
extent of di st\fr 5&tde adﬂ’(?q‘?iﬁdt RE ?]@J&Ingste?%?sl gy P %irign Glrr?éﬁ)kde t he
wel ded joi nt hecpnestdon refsiandnidee @fsf ectresfularr ast ief posistiblle d¢oack
propagati on becones harder .to ohtain. .The.n r..qf t | d pass
parts is pref éﬂ’saeblsiefao ?Laf/ef’ofmt ﬁ@%c&lgl%”%% e(cair p&%%ﬁgs@%s%%%o\tgg t hat ,
t he wel2D pass plarttes tiEy kne sfsorofed thywra cgi mgire, pdass com sitaycie of oredslgdby a
nunber of pas h I j Qi f . th I nt..i i only be a
mul ti - pass welss‘(;tg%l %ﬁ%ﬁ#ﬁglq %\ggﬁlﬁgﬁ%cgjrﬁﬁgﬁgoggﬁ%yﬁ%&;o%%t el%lnar ge heat
i nput wel di ng r&®d sdralde .heat i nput wel di ng. The groove shape of the

steel plates is not limted to a V-shape, X-shape, K-shape, single bevel
shape, etc. However, to nmake the path of propagation of a brittle 35crack

i nsi de the welBFd] HERCRIFFION &te CHE RRAKE joint has to spread to a
certaimpextent in the wdth direction. Further, if considering the
mechanical - 31 - properties of the steel plates and utilization for

arresting propagat ifgiF -ofl BiS & 8-S SV 1ngh tasyrseie oy of 1® §iovests
preferable. forming the B¥sigxpandet Wdbpass hadrtSidisual |y may be formed
5continuously or faormed discontinuously in the lo %isc}.ud'i aloggi rectian of
the wel ded joint. Rdther? Id s?’cdﬁtei%lﬁ;i%”fn@r S cﬁﬁ‘&i e Hb1% Wide t he
brittle crack jrapagati arelald@sfoiaftf eot whie greddird urbanoeicof. the resi dual
stress distribution, can pe remarkably drawn out. 10Wen f.orm.n he
expanded” wel d passq%ﬁ?'t S’Pdisscaoﬁf]ief’(ﬁo%ﬁ“ﬂ/“}% atr}?etl}eo%gefrﬁi?dilﬁ%ﬁntd?}rgecati on of
t he wel ded | oimilti-hesdengitts wafldde it paSschpargsesant hienvergidrudi nal
direction of the d joint are preferably,10 0 f e |l engths
of the weld pass \ﬁf‘i 43 q ﬁ’el‘?“gnsaﬁwuld}%aﬁﬁed%%eu%ﬁ’f“q% hdegvée ded j oi nt
are 100 nm or pamseentt hievwessiithral irsttrles scaliestaf buts org loarbdes 1 opatdye .
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Further, when formng the éxpande S parts ontin _

the int®pval s of Wi e Cpagss pl ta Pinthdhiorigiesrli aentdi swetiden wfdg he
wel ded j oi nt ] [ acks papagating in
advance w || g%ﬁ%%loaﬁo%gcéﬁﬁ%%]g %%rtf%%f%%%%g 251 fV%t he | ength of
one brittle criedt rpk Hhe dneggaml nElvent¥Edi on of the wel ded joi nt becones
400 mmor nore, the energy of the brittle crack becones excessive. Even if
the brittle crack enters a region with a disturbed residual stress
distribution, the brittle 30crack will be resistant to being split at this
region and the propagation energy of the crack tip will not be reduced. For
this reason, the intervals of the expanded wel d pass parts in the

| ongi tudi nal direction of the welded joint are preferably 400 nm or |ess.
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pass parts al ned above, the wel ol nt of the present - 33 -
invention is G g excellent brittle crack propagation resistance.

A wel ded structure ghayi iy ithe %leQJe%Honlri‘ltgs tofe R RFiaReR! innventdnon is
resistant to brittle fracture. EXAMP Next, exanpl es of the present

i nvention wi | P teh&pIcdiated 1P e é’éﬁdﬁatqa&ﬁéj 5P eh&SSAnm EX TR

illTustrations a@fd Gl dden S fadoRt %ﬁaft@ t@ﬁ@f}dnﬁa@wgfrﬁiﬂﬁ \aIrieakid Istl)deand
effects of the %ts}rant i nvention. ei) resent vention.is not linmted to

this iltustrafd G RS S i€ e AR BN H P i %us
condi tions so dtonrg jas notpadepant wkg dy anetrhae 1@ sic ofi ghhe quigdseids iwadent i on
and achi evi ng .t he Ob] ect of the present invention. 15(Exanple 1) This is an
exanpl e rel at |lr‘?(¥ g the present inventions of the above (1), (2) to (11),
and (37). Wl ded j aiTd.s 9nerse o orired sirdemd lzey sivdeld ipleatte odorrdintuldns- and

wel d pass condit] on Stb ‘M]Hed %H' eC %far{qleZ%\%rs%ane q]reelct brittle crack
rit

propagation t SRR rack propagation re5|s ance. The results are
shown 20 Tabl e 2. I‘Htiltce tifati s taem@mcﬁtcmumgs aof ampgprdddicarit o foffatm@tion

materi al s Of. k{f&ﬁ%&ﬁo %eﬁqsus‘&d a% jQDl—Fﬁ‘b % %he prySen, CO .7 54

ra E.9 Ixa"'A xa ' Au xa " Au xa AUI Ha
' &1001 rxa *CEwWGEntian. dnoo, xe -drmp xe drmo Xe duxoo Xa ' Cl MO rxa

‘dmoo |7 Xa " dWOO | 'pggs 0MPA s 4 view showing an embodiment of

occurrence of plastic deformation and ductile fracture in
25 a region between two brittle cracks.

FIG. 12 is a view showing propagation and arrest of
brittle cracks. {(a) is a view showing an embodiment of
occurrence of plastic deformation and ductile fracture in
a region between two brittle cracks, (b) is a view

30 showing the embodiment of arrest of brittle cracks inside
a welded joint after propagation to a certain degree.

FIG. 13 is a view showing an embodiment of a multi-
pass butt welded joint of the present invention.

FIG. 14 is a view showing an embodiment of formation

35 of brittle cracks in the welded joint of the present
invention.

FIG. 15 is a view showing an embodiment of
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propagation of brittle cracks, splitting of brittle
cracks, and occurrence of plastic deformation and ductile
fracture in a region between two brittle cracks.

FIG. 16 is a view showing propagation and arrest of
brittle cracks. {(a) is a view showing an embodiment of
occurrence of plastic deformation and ductile fracture in
a region between two brittle cracks, while (b) is a view
showing the embodiment of arrest of brittle cracks inside

a welded joint after propagation to a certain degree.
BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be explained based on the
drawings.

1} First, the technical idea of the present
invention will be explained based on the following test
results.

Using only one type of welding material to prepare a
welded joint, a CCA test piece was prepared to evaluate
the brittle crack propagation arrest performance (Ka) of

a weld metal part. The CCA test piece as a whole was

cooled to -10°C to find the Ka of the weld metal part
prepared using one type of welding material. The results
are shown in FIG. 1 (in the figure, see @ marks).

Next, two types of welding materials were used to
make a welded joint. At this time, the welded joint was
produced so that the weld passes formed by the two types
of welding materials became distributed as prescribed by
the present invention. To evaluate the brittle crack
propagation arrest performance'(Ka) of the weld metal
part, a CCA test piece was prepared. The CCA test piece
as a whole was cooled to -10°C and the Ka was found by the
CCA test method. The results are shown together in FIG.
1.

The amounts of Ni of the welding materials used

differ. The case where the difference in Ni content of
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the two types of welding materials used is 1% or more is

shown in the figure by the O marks, while the case where
the difference in Ni content is less than 1% is shown in
the figure by the [l marks.

From FIG. 1, it is learned that (i) the Ka of a
welded joint prepared using welding materials of
different amounts of Ni is superior to the Ka of a welded
joint prepared using only welding materials containing a
high Ni amount. Further, it is learned that (ii) by
arranging weld passes with different Ka values, a
performance of at least the Ka value of the weld passes
is expressed.

The present invention is founded on a technical idea
based on the above discoveries.

Note that the CCA test method (compact crack arrest
test method) is a test method for guantitatively
evaluating brittle crack propagation arrest performance
defined by the ASTM etc. and is performed as follows.

A test piece is worked so that a center of the test
piece, that is, a notched part, matches with the center
of the weld metal part, the test piece as a whole is

inserted into a cooling tank to cool it to a

predetermined temperature, here, -10°C, and a locad is
applied to the test piece through a wedge.

A displacement meter attached to an end of the test
piece is used to calculate the K value applied to the
notched tip of the test piece.

If a brittle crack occurs at the notched tip and the
crack propagates, the crack tip falls in K value in
accordance with the crack propagation distance. That is,
when the K value of the crack tip of the test piece falls
to the brittle crack propagation arrest characteristic Ka
value, the brittle crack is arrested, so the K value is
calculated from the crack length at the time when the
crack is arrested and the K value from the amount of

displacement of the test piece at that time and evaluated

()
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as the Ka value.

2) Next, the inventions of the above (2} to (11)
will be explained. FIG. 2 and FIG. 3 show the embodiment
of a multi-pass butt welded joint of the present

5 invention formed by welding a butt V-groove of steel
plates 1 by multi-pass welding (below, referred to as
"the welded joint of the present invention").

In the welded joint 2 of the present invention shown
in FIG. 2, in the plurality of weld layers between the

10 front surface weld layer 2a and back surface weld layer
2b, a high toughness weld layer 2x provided with a
superior toughness to the toughness of the weld layers
2a, 2b and 2c is formed continuously across the width
direction of the welded joint.

15 In the welded joint 2 of the present invention shown
in FIG. 3, in the plurality of weld pass parts between
the front surface weld layer 2a and back surface weld
layer 2b, high toughness weld layers 2x and 2y provided
with a superior toughness to the toughness of the weld

20 layers 2a, 2b, and 2c are formed straddling the weld
layers 2c¢. When forming two or more high toughness weld
layers, other weld layers are interposed between the high
toughness weld layers.

Each of the weld layers is comprised of a plurality

25 of weld pass parts 2i each formed by a single weld pass
connected in a width direction of the welded joint.

The high toughness weld layer uses a welding
material having excellent toughness compared with the
welding material forming other weld layers to '

30 successively form weld pass parts 2i continuously in the
width direction of the welded joint.

Usually, as the welding material for forming the
other weld layers, ‘a welding material containing Ni in a
required amount has been used, but as the welding

35 material for forming the high toughness weld layer, a
welding material containing Ni in an amount 1 mass$% or

more greater than the amount of Ni of the welding
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material is preferable. It is possible to form the high
toughness weld layer under the same welding conditiomns as
when forming the other weld layers.

The high toughness weld layer may be a single layer

5 or may be a multi-layer formed by stacking two or more
high toughness weld layers. At this time, it is possible
to form the two or more high toughness layers by the same
welding material or to form them by welding materials
changed in amount of Ni.

10 Further, the high toughness weld layer may also be
formed by the same welding method as the welding material
forming the other weld layers.

Japanese Patent Publication (A) No. 53-130242, as
explained above, discloses a welding method welding an X-

15 groove part of a thick large sized welded steel pipe
during which welding an initial layer by MIG welding,
then welding a front layer and back layer by submerged
arc welding to weld the plate thickness as a whole
wherein the amount of Ni of the welding wire used for the

20 MIG welding is increased over the amount of Ni of the
welding wire used in the submerged arc welding.

This is because, at the initial layer, weld cracks
easily occur and securing toughness is difficult, so
welding wire with a larger amount of Ni is used to secure

25 a toughness equal to that of the submerged arc weld zone
and level the distribution of toughness of the weld zone
in the plate thickness direction. This is basically
different from the technical idea of the present
invention.

30 Note that, the welded joint of the present invention
can form a high toughness weld layer at a predetermined
region defined by the present invention by adjusting the
Ni content of the welding material under normal welding
conditions. The high toughness weld layer preferably has

35, a structure of a structure where no martensite
transformation has occurred.

Japanese Patent Publication (A) No. 2000-033480, as
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explained above, proposes a welding method for reducing
the residual stress in the weld zone as a whole by
partially using a welding material with a low
transformation temperature containing a large amount (for

5 example 11%) of Ni and utilizing a welding pass for
martensite transformation from austenite.

However, the weld zone formed by this welding method
has a structure of a martensite structure, so is
extremely high in strength. Ultimately, even if a weld

10 zone containing a large number of Ni, it often is lower
in toughness than surrounding weld zones not containing
Ni. Therefore, in the present invention, a structure not
undergoing martensite transformation even when containing
a large amount of Ni is preferable.

15 The welded joint of the present invention is
characterized in that among the plurality of weld layers
between the front surface weld layer and back surface
weld layer, one or, straddling other weld layers between
them, more layers of high toughness weld layers provided

20 with a toughness superior to the toughness of the other
weld layers are present and function as fracture
resistance layers arresting propagation of brittle cracks
occurring inside the welded joint in the longitudinal
direction of the welded joint. _

25 Each high toughness weld layer of the present
invention may be a single layer or, as explained above, a
multi-layer formed by two or more high toughness weld
layers stacked together.

Note that the mechanism by which a high toughness

30 weld layer of the present invention arrests propagation
of brittle cracks occurring inside a welded joint will be
explained later.

The welded joint of the present invention is
obtained by butt welding steel plates having a plate

35 thickness of 50 mm or more. If the height from the bottom
of the groove of the welded joint in the plate thickness

direction is 50 mm or more, it is possible to interpose
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other weld layers between high toughness weld layers
among the plurality of weld layers so as to make the high
toughness weld layers sufficiently exhibit their
functions.

5 The welded joint of the present invention may be a
multi-pass welded joint. The invention can be applied to
both large heat input welding and small heat input
welding.

Note that, when the steel plates have a plate

10 thickness of 70 mm or more, the high toughness weld layer
of the present invention can be made to exhibit its
function more sufficiently.

The groove shape of the steel plates is not limited
to a V-shape, X-shape, K-shape, single bevel shape, etc.

15 However, when forming a high toughness weld layer, an
expensive welding material containing a larger amount of
Ni than general welding materials is used, so the smaller
the groove width such as with an X-shape or K-shape etc.,
the more advantageous 1in terms of the welding costs.

20 FIG. 4 shows a welded joint of the present invention
in the case of a single bevel groove. As shown in FIG. 4,
it is possible to apply the welded joint of the present
invention even to a single bevel groove formed by making
a steel platé la vertically abut against a steel plate 1.

25 Further, it is possible to apply the welded joint of the
present invention even to a single bevel groove formed by
making steel plates of different plate thicknesses abut
against each other.

The high toughness weld layer 1is preferably present

30 continuously in the longitudinal direction of the welded
joint, but it may alsc be present discontinuously. If a
200 mm or greater length is secured in the longitudinal
direction of the welded joint, the high toughness weld
layer exhibits the function of arresting propagation of a

35 brittle crack occurring inside a welded joint.

However, when discontinuocusly forming a high

toughness weld layer in the longitudinal direction of the
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welded joint, if the discontinuous interval exceeds 400
mm, the first formed crack may propagate and the finally
formed crack may become a length of 400 mm or more. When
the crack becomes a length of 400 mm or more, the energy

5 of the crack becomes excessive and the high toughness
weld layer does not sufficiently function, so the
discontinuous interval in the longitudinal direction of
the welded joint is limited to 400 mm or less.

Here, the mechanism by which a high toughness weld

10 layer of the present invention arrests propagation of a
brittle crack occurring inside a welded joint will be
explained based on FIGS. 5 to 8.

[1] Case where high toughness weld layer is

continuous

15 As shown in FIG. 2, by arranging a high toughness
weld layer 2x in the weld layers 2c forming a welded
joint, the distribution of toughness in the platé
thickness direction of the welded joint rapidly changes
at the high toughness weld layer 2x, so is split into a

20 top and bottom part. That is, in the welded joint of the
present invention shown in FIG. 2, there are low
toughness weld layers 2c straddling a high toughness weld
layer 2Xx.

If for example an impact-like stress acts on the

25 welded joint, since the high toughness weld layer 2x is
resistant to brittle fracture, a brittle crack, as shown
in FIG. 5, splits into a plate thickness front surface
side brittle crack X and a plate thickness back surface
side brittle crack Y which then propagate in the weld

30 layers 2c¢ at those sides.

In FIG. 5, the brittle crack X reaches the joint
front surface and high toughness weld layer 2x at its two
ends, while the brittle crack Y is still present in the
weld layers 2c. The two brittle cracks X and Y both

35 become cracks narrow in width in the plate thickness
direction. As a result, the stress expansion coefficients

of the crack tips fall and the driving force causing the
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cracks to propagate becomes smaller, so propagation of
the cracks is easily arrested.

The brittle crack Y is gradually propagated in the
plate thickness direction. As shown in FIG. 6, when

5 propagated through the brittle fracture region of the
weld layers 2c and reaching the high toughness weld layer
2x, plastic deformation occurs in the region Z between
the brittle cracks X and Y in the high toughness weld
layer 2x and, while undergoing ductile fracture, the

10 propagation energies of the brittle cracks X and Y are
absorbed. As a result, the brittle cracks X and Y, as
shown in FIG. 7(b), are arrested after being propagated
for certain extents at the plate thickness front surface
side and plate thicknesé back surface side.

15 [2] Case where high toughness weld layer is
discontinuous

The mechanism by which a brittle crack is arrested
is the same as the case of the above [1l]. That is, as
shown in FIG. 8, even i1f a brittle crack forms at a Jjoint

20 part with no brittle crack high toughness weld layer and
propagates in the longitudinal direction of the welded
joint, when reaching a high toughness weld pass, it
splits into a plate thickness front surface side and a
plate thickness back surface side which propagate at the

25 respective sides and, when propagating a certain extent,
are arrested.

While explained above, in the longitudinal direction
of the welded joint, if securing a length of the high
toughness weld layer of 200 mm or more, the high

30 toughness weld layer can split a brittle crack into a
plate thickness front surface side and plate thickness
back surface side and arrest its propagation.

However, if the discontinuous interval of the high
toughness weld layer exceeds 400 mm, the length of one

35 crack beccmes 400 mm or more, the energy of the crack
becomes excessive, and splitting the brittle crack at the

high toughness weld layer becomes difficult. For this
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reason, the discontinucus interval of the high toughness
weld layer, as explained above, is limited to 400 mm or
less.

3) Next, the present inventions of the above (12)
to {(23) will be explained. FIG. 9 shows the embodiment of
the multi-pass butt welded joint of the present invention
formed by welding a butt V-groove of steel plates 1 by
multi-pass welding (hereinafter referred to as "the
welded joint of the present invention™).

In the welded joint 2 of the present invention shown
in FIG. 9, between the front surface weld layer 2a and
back surface weld layer 2b, the weld pass part 2xr and
the weld pass part 2yr with fracture resistances inferior
to the fracture resistances of the surrounding weld
passes are present separated from each other.

In the present invention, due to the presence of the
weld pass parts 21 and the weld pass parts 2xr and 2yr
with fracture toughness characteristics inferior to the
fracture toughness characteristics of the weld pass parts
2i, the action and effect are exhibited that even if a
brittle crack occurs inside the welded joint, its
propagation is arrested.

Here, the mechanism behind expression of this action
and effect will be explained.

If a sudden or impact-like stress acts on the welded
joint, fractures preferentially occur at the weld pass
parts 2xr and 2yr present dispersed inside the welded
joint (with fracture resistances inferior to the
surrounding weld zones) and brittle cracks propagate to
the surrounding weld pass parts Z2i.

In this case, since the fracture resistances of the
weld pass parts 21 are better than the fracture
resistances of the weld pass parts 2xr and 2yr, a brittle
crack propagates first through the weld pass parts 2xr
and Z2yr, while the propagation to the weld pass parts 2i
is delaved.

Ultimately, a plurality of brittle cracks propagate
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from the weld pass parts 2xr and 2yr to the surrounding
weld pass parts 2i, but the brittle cracks become cracks
narrow in width in the plate thickness direction of the
welded joint, so the crack tips have small stress

5 expansion coefficients, the driving force causing
propagation of the brittle cracks becomes small, and the
cracks are easily arrested.

Further, as shown in FIG. 10, when brittle cracks X
and Y propagate from the weld pass parts 2xr and 2yr, the

10 region 7Z between the two brittle cracks X and Y becomes
resistant to brittle fracture and become susceptible to
shear fracture, so as shown in FIG. 11, plastic
deformation occurs in the region Z and absorbs the
propagation energies of the brittle cracks at the time of

i5 ductile fracture. As a result, brittle cracks in the
longitudinal direction of the welded joint are arrested.

FIG. 12 shows the embodiment by which a brittle
crack propagates in the longitudinal direction of the
welded joint and is arrested. FIG. 12(a) is the same as

20 FIG. 11, but FIG. 12(b) shows the embodiment of
propagation and arrest of the brittle cracks X and Y in
the longitudinal direction of the welded joint. Between
the brittle crack X and the brittlie crack Y, a ductile
fracture region Z is formed where the propagation

25 energies of the brittle cracks are absorbed, so the
brittle cracks X and Y cannot continue to propagate
through the welded joint in the longitudinal direction
and are arrested. As a result, it is possible to prevent
brittle fracture of the welded joint to prevent fracture

30 of the welded structure.

Above, as explained above, the present invention is
characterized by the arrangement, inside the multi-pass
welded joint, of weld pass parts preferentially
fracturing when sudden or impact-like stress acts

35 (fracture resistance becomes inferior to surrounding weld
pass parts) separated from each other.

The welded joint of the present invention is
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comprised of steel plates having a plate thickness of 50
mm or more butt welded. If the welded joint has a height
of 50 mm or more, it is possible to arranged dispersed at
suitable intervals two or more weld pass parts with

5 fracture resistances inferior to the fracture resistances
of the surrounding weld pass parts between the front
surface weld layer and the back surface weld layer and
sufficiently draw out the effect due to interaction of
weld pass parts with different fracture toughness

10 characteristics.

Note that, the effect of the present invention is
more sufficiently exhibited when the steel plates have a
plate thickness of 70 mm or more.

Two or more weld pass parts having fracture

15 resistances inferior to the fracture resistances of the
surrounding weld passes are necessary for making a
brittle crack complicatedly split inside the welded
joint. However, 1f the number of the weld pass parts
exceeds 1/3 of the total number of passes forming the

20 weld pass parts, the weld pass parts with low fracture
resistances in the welded joint become dominant and,
rather, a brittle crack easily propagates, so this is not
preferable. The number of weld pass parts inferior in
fracture characteristics is preferably 1/3 of the total

25 number of passes.

Note that each weld pass part may be formed by a
single pass or may be formed by a plurality of passes.

The welded joint of the present invention may be a
multi-pass welded joint. The invention may be applied to

30 both large heat input welding and small heat input
welding.

The groove shape of the steel plates is not limitéd
to a V-shape, X-shape, K-shape, single bevel shape, etc.
However, to cause a brittle crack to complicatedly

35 propagate inside a welded joint, the welded joint has to
spread to a certain extent in the width direction.

Further, if considering the mechanical properties of the
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The weld pass parts inferior in fracture
characteristics are naturally inferior to the surrounding

10 weld pass parts in fracture resistance, so the
possibility of becoming fracture-generating regions is
high. If weld pass parts with high possibilities of
becoming fracture-generating regions are present
continuously inside a welded joint in the longitudinal

i5 direction, a brittle crack will propagate through the
weld pass parts and as a result there is a possibility of
the cracks growing to extremely long brittle cracks
passing through the welded joint in the longitudinal
direction.

20 When forming weld pass parts inferior in fracture
characteristics discontinuously in the longitudinal
direction of the welded joint, the lengths of the weld
pass parts in the longitudinal direction of the welded
joint are preferably 100 mm or more. If the lengths of

25 the weld pass parts in the longitudinal direction of the
welded joint are 100 mm or more, it is possible to easily
split a brittle crack.

On the other hand, if the lengths of the weld pass
parts in the longitudinal direction of the welded joint

30 exceed 400 mm, the length over which a brittle crack
first propagates becomes too long, so this is not
preferred. The lengths of the weld pass parts with the
low fracture resistance in the longitudinal direction of
the welded joint are preferably 100 mm to 400 mm.

35 If the interval of weld pass parts infericr in
fracture resistance in the longitudinal direction of the

welded joint is 200 mm or more, the possibility of
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arresting a brittle crack at the other weld pass parts
rises, but if over 400 mm, a brittie crack formed at
another weld pass part may propagate and grow into a
single brittle crack of a length of 400 mm or more.

If the length of one brittle crack in the
longitudinal direction of the welded joint exceeds 400
mm, the energy of the brittle crack becomes excessive.
Even if the brittle crack is guided to a weld pass part
inferior in fracture characteristics, it will be harder
to split at the weld pass part. The interval of the weld
pass parts inferior in fracture characteristics in the
longitudinal direction of the welded joint is therefore
preferably 200 mm to 400 mm.

As a method for forming a weld pass part inferior in
brittle fracture characteristics compared with the
surrounding weld pass parts, a method of using a welding
material with an amount of Ni of 1% or more lower than
the amount of Ni of the welding material used for forming
the surrounding weld pass parts and welding under the
same welding conditions is simple and preferable.

However, the method cannot be employed when the
welding material forming the surrounding weld pass parts
does not contain Ni, so in this case, a welding material
with a high amount of C or a welding material without any
Ti, B, or other structure refining elements added (all
welding materials low in fracture resistance) may be
used.

Further, it is also possible to lower the fracture
resistance of the weld pass part by changing the welding
conditions.

For example, when forming a weld pass part inferior
in fracture resistance, if making the heat input 130% or
more of the heat input at the time of forming the
surrounding weld pass parts, it is possible to form a
large throat depth weld pass part. Further, next, a weld
pass part is formed on the large throat depth weld pass

part under ordinary heat input conditions or at heat

de
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. input conditions lower than ordinary heat input
conditions. If welded in this way, the large throat depth
weld pass part is not tempered by the heat of the
succeeding weld pass part and becomes a weld pass part
5 inferior in fracture resistance.

Note that, it is also possible to form a weld pass
part inferior in fracture resistance by the same welding
methoed as the welding method for fdrming the other weld
pass parts. The structure of the weld pass part is

10 preferably a structure where no martensite transformation
has occurred.

In the present invention, it is sufficient to form a
weld pass part inferior in fracture resistance inside the
welded joint. The method of formation is not limited to

15 any specific method. For example, it is possible to use
an insufficiently dried welding material and form only
weld pass parts inferior in fracture resistance.

As explained above, the welded joint of the present
invention is one having an excellent brittle crack

20 propagation resistance characteristic. A welded structure
having the welded joint of the present invention is
resistant to brittle fracture.

4) Furthermore, the present inventions of the above
(24) to (36) will be explained. FIG. 13 shows the

25 embodiment of a multi-pass butt welded joint of the
present invention steel plate 1 formed by welding a butt
V-groove by multi-pass welding (hereinafter referred to
as "the welded joint of the present invention").

In the welded joint 2 of the present invention shown

30 in FIG. 13, between the front surface weld layer 2a and
back surface weld layer 2b, the weld pass part 2xs and
weld pass part 2Zys expanding at the time of
solidification and/or at the time of transformation are
present separated from each other. Further, in the welded

35 joint of the present invention, the presence of the other
weld pass parts 2i and the presence of the expanded weld

pass parts 2xs and 2ys combine so that even if a brittle
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effect of arresting propagation are exhibited.

Here, the mechanism by which this acticn and effect

are expressed will be explained based on FIG. 14 and FIG.
5 15.

If sudden or impact-like stress acts on welded joint
and brittle cracks X and Y are formed, the brittle cracks
X and Y propagate through the surrounding weld pass parts
2i. However, the propagation paths of the brittle cracks

10 X and Y, as shown in FIG. 14, are not regularly
determined and become complicated due to the presence of
the weld pass part 2xs and weld pass part 2ys. The reason
is as follows:

If the expanded weld pass part 2xs and weld pass

15 part 2ys are present in the other weld pass parts 2i, the
weld pass part 2xs and weld pass part 2ys will act in a
direction compressing the surrounding residual stress to
locally disturb the residual stress distribution of the
inside the welded joint.

20 Usually, a brittle crack formed inside the welded
Jjoint propagates vertical to the main stress, so the path
of propagation of the brittle crack becomes parallel to
the plate thickness direction of the welded joint, but in
the welded joint of the present invention, the residual

25 stress distribution of the inside the welded joint is
locally disturbed, so at that part, the main stress does
not act on the brittle crack, so the brittle crack is
affected by the disturbed residual stress distribution
and does not propagate along the plate thickness

30 direction.

By what path a brittle crack will propagate in a
disturbed residual stress distribution cannot be
predicted, but the path of propagation of the brittle
crack is locally deflected by being twisted from the

35 direction vertical to the main stress {plate thickness
direction), so the path of propagation of the brittle

crack becomes complicated.
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In this way, a brittle crack propagates a
complicated propagation path formed by twisting from the
plate thickness direction, so, as shown in FIG. 15,
during the propagation of the brittle crack, the brittle

crack splits (in the figure, X' and Y') and a ductile

wn

fracture region is partially formed between the brittle
crack X and the brittle crack Y. As a result, the
propagation energies of the brittle cracks X and Y are
absorbed and propagation of the brittle cracks in the

10 longitudinal direction of the welded joint is arrested.

The split brittle cracks X' and Y' also are formed
twisted from the plate thickness direction of the welded
joint and further become narrow width sunken cracks, so
the crack tips have small stress expansion coefficients,

15 the driving force causing propagation of the brittle
cracks becomes small, and the cracks are easily arrested.

That is, the welded joint of the present invention
is characterized by forming a disturbed residual stress
distribution inside the joint so as to make the path of

20 propagation of a brittle crack complicated and thereby
facilitate absoxrption of the propagation energy of the
brittle crack and as a result arrest propagation of the
brittle crack in the longitudinal direction of the welded
.joint.

25 FIG. 16 shows the embodiment by which a brittle
crack propagates and is arrested in the longitudinal
direction of the welded joint. FIG. 16{a) shows the
welded joint shown in FIG. 15 in which the split brittle
cracks X' and Y' are omitted. FIG. 16{(b) shows the state

30 of propagation and arrest of the brittle cracks X and Y
in the longitudinal direction of the welded joint.

Between the brittle crack X and brittle crack Y, a
ductile fracture region Z is formed whereby the
propagation energies of the brittle cracks are absorbed.

35 As a result, the brittle cracks X and Y cannot continue
propagating through the welded joint and are arrested.

The welded joint of the present invention is
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comprised of steel plates butt welded together. Further,
if the welded joint has a thickness of an extent enabling
multi-pass welding, it is possible to arrange two or more
weld pass parts which expand at the time of

5 solidification and/or at the time of transformation,
apply a compressive stress to the surrounding weld pass
parts, and logically disturb the residual stress
(hereinafter sometimes referred to as "expanded weld pass
parts") dispersed at suitable intervals between the front

10 surface weld layer and the back surface weld layer and
sufficiently draw out the brittle crack propagation
arrest effect based on the disturbed residual stress
distribution.

Two or more expanded weld passes are necessary fox

15 disturbing the residual stress distribution inside the
welded joint. However, if the number of the expanded weld
pass parts exceeds 1/2 of the total number of passes for
forming the weld pass parts, the residual stress due to
the expanded weld pass parts becomes dominant.

20 Conversely, the extent of disturbance due to the residual
stress distribution inside the welded joint becomes
smaller and the effect of arrest of brittle crack
propagation becomes harder to obtain. The number of the
expanded weld pass parts is preferably about 1/3 of the

25 total number of passes. _

Note that, the weld pass parts may be formed by a
single pass or may be formed by a number of passes.

The welded joint of the present invention need only
be a multi-pass welded joint. The invention can be

30 applied to both large heat input welding and small heat
input welding. .

The groove shape of the steel plates is not limited
to a V-shape, X-shape, K-shape, single bevel shape, etc.
'However, to make the path of propagation of a brittle

35 crack inside the welded joint complicated, the welded
joint has to spread to a certain extent in the width

direction. Further, if considering the mechanical
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properties of the steel plates and utilization for
arresting propagation of brittle cracks, an X-groove or a
K-groove is preferable.

The expanded weld pass parts usually may be formed

5 continuocusly or formed discontinuously in the

longitudinal direction of the welded joint. Rather,
discontinucous formation is preferable since the brittle
crack propagation arrest effect due to disturbance of the
residual stress distribution can be remarkably drawn out.

10 When forming the expanded weld pass parts
discontinuously in the longitudinal direction of the
welded joint, the lengths of the weld pass parts in the
longitudinal direction of the welded joint are preferably
160 mm or more. If the lengths of the weld pass parts in

15 the longitudinal direction of the welded fjoint are 100 mm
or more, the residual stress distribution can be locally
disturbed and the brittle crack propagation arrest effect
can be secured. '

Further, when forming the expanded weld pass parts

20 discontinuously, if the intervals of the weld pass parts
in the longitudinal direction of the welded joint are
over 400 mm, the length of a brittle cracks propagating
in advance will become too long, so this is not
preferable.

25 If the length of one brittle crack in the
longitudinal direction of the welded Jjoint becomes 400 mm
or more, the energy of the brittle crack becomes
excessive. Even if the brittle crack enters a region with
a disturbed residual stress distribution, the brittle

30 crack will be resistant to being split at this region and -
the propagation energy of the crack tip will not be
reduced. For this reason, the intervals of the expanded
weld pass parts in the longitudinal direction of the
welded joint are preferably 400 mm or less.

35 The expanded weld pass parts acting on the
surrounding compressive residual stress are formed using

a welding material with a transformation temperature at
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3 320 -10 2 750 Arrested Inv.ex. 4 200 -10 3

3111 ETI1 I rEI "ETI 191 1 I LT 81 - 38 - Table 5 No.

1 240 -10 3 420 Arrested I'nv® ex. 2 240 -10 2 650 Arrested

the low temperature side. The welding material is not
particularly limited in transformation temperature, but
to remarkably bring out the brittle crack propagation

arrest effect, a welding material exhibiting a

transformation temperature of 400°C or less in the cooling
process when subjecting the weld metal to a Formaster
test is preferable.

In general, a welding material with a high amount of
Ni has a transformation temperature at the low
temperature side. In this respect, it is preferable as
the welding material forming expanded weld pass parts.
However, even with a welding material with a high amocunt
of Ni, the transformation temperature greatly changes
depending on the chemical composition, sco it is necessary
to measure the transformation temperature and then select
a suitable welding material.

Further, a welding material with a high amount of Ni
is also a welding material in which a high temperature
crack can easily occur, so when using this welding
material, it is necessary to select suitable welding
conditions.

Further, the means for applving compressive residual
stress to the surrounding weld pass parts and forming
local disturbance in the residual stress distribution is
not limited to formation of weld pass parts by a welding
material expanding at the time of solidification and/or
at the time of transformation. In the final analysis, it
is sufficient that the means be able to apply compressive
residual stress to the surrounding weld pass parts and
form local disturbances in the residual stress
distribution.

For example, by hammér peening or ultrasonicaily
treating specific weld pass parts during welding to
locally form compressive residual stress, it is possible
to obtain a brittle crack propagation arrest effect in
the same way as forming expanded weld pass parts.

As explained above, the welded joint of the present

Load stress



340 Arrested Inv.ex. 5 200 -10 2 580 Arrested Inv.ex. 6 240 -10 3 550
Arrested Inv.ex. 7 280 -10 2 650 Arrested Inv.ex. 8 240 -10 4 315 Arrested
Inv. ex. 9 240 -10 - 2500 Propagated Comp.,£x. 10 240 -10 - 2500 Propagat ed
Conmp. ex. 11 320 -10 2500 Propagated Conp.” ex. 12 200 -10 -
invention is one having an excellent brittle crack
propagation resistance. A welded structure having the
welded joints of the present invention is resistant to
brittle fracture.
5 EXAMPLES
| | Next, examples of the present invention will be
explained, but the conditions of the examples are
illustrations of conditions adopted for confirming the
workability and effects of the present invention. The
10 present invention is not limited to this illustration of
conditions. The present invention can employ various
conditions so long as not departing from the gist of the
present invention and achieving the object of the present
invention.
15 (Example 1)
This is an example relating to the present
inventions of the above (1), {2} to (11), and (37).
Welded joints were formed under the steel plate
conditions and weld pass conditions shown in Table 1 and
20 were measured by brittle crack propagation tests for
brittle crack propagation resistance. The results are
shown in Table 2. Note that the compositions of
ingredients of the materials of the steel plates used are

shown in Table 3.
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wel d pass

| ear ned t hat

are short

exanpl e rel atjnBg

and (37).

wel d pass con
propagation t
shown in Tabl
mat eri al s of

)4 ra a a) c4[a

YP32 0.13 0.19 1.28 0.01 0.003 0.01 YP36 0.12 0.21 1.27 0.007 0.004

0.11 0.21 1.3 0.006 0.003 0.01 YP47 0.08 0.24 1.22 0.007 0.002

5 In Tabl e 4,
i nferior

the "specific wekd
in fracture resistance.
in the invention exanples of Nos.

pass"”

From Tabl e 5,

1 to 8,

it is

even if brittle

is a weld pass formng a

cracks propagate 10i n the IongltudlnaJ THbvlextd on of the wel ded 10|nts t hey
i n fengti A Qkéik'ﬂ{:‘di?é&la&loﬁ'ﬂést’”o w%aaaa sGEExanpte 3y s Ts—am
TO The Presgnt TNYenti0ns of The abgve (1), (24) to (36),
15Vl dedaq eimbs ,\_/;glggratgge fedbuindsr trlgag@e%ef;ﬂp deeulson(li dsharks and
i tli on¥®Zhowh |n(JabIe <ﬁﬁﬁ$mere measuredl by brit{le crach
sts—or—bri4-t-e—cracl Qﬂﬁﬁﬁf:on rasihstance—Therresults{are
i 220 ", [, il 2o e 20 Arrested | Iny. ex.
2(.- Q [N L Lli CVUI IJUOI LZI UllTo Ul Lr.gollul U hﬁégfedkl Ih%lcex
Be btgg{g prEtesS-gSeuare = SO T STEWT T 5 @t Pane - o201 -
200 -10 2 350 Arrested Inv. ex.
> 200 -10 2 320 Arrested | Inv. ex.
6 240 ~10 2 830 Arrested | Inv. ex.
7 280 -10 2 240 Arrested | Inv. ex.
8 240 -10 2 315 Arrested | Inv. ex.
9 240 -10 1 2500 Propagated| Comp. ex.
10 240 -10 1 2500 Propagated| Comp. ex.
11 320 -10 1 2500 Propagated| Comp. ex.
12 200 -10 1 2500 Propagated| Comp. ex.
13 200 -10 1 2500 Propagated| Comp. ex.
14 240 =10 1 2500 Propagated| Comp. ex.
15 200 ~10 1 2500 Propagated| Comp. ex.
1le 240 =10 1 2500 Propagated| Comp. ex.
17 280 -10 i 2500 Propagated| Comp. ex.
18 240 -10 1 2500 Propagated| Comp. ex.
Table 3
(mass%)
Steel type c Si Mn P 3 Ni Ti
YP32 0.13 0.19 1.28 0.01 0.003 0.01
YP36 0.12 0.21 1.27 0.007 0.004 0.01
YP40 0.11 0.21 1.3 0.006 0.003 0.01
YP47 0.08 0.24 1.22 0.007 0.002 1.02 0.01
In Table 1, the "specific weld pass”™ is a weld pass

10

15

20

forming a high toughness weld layer.

In the invention examples of Nos.

1 to 8,

it

is

learned that even if brittle cracks propagate in the

longitudinal direction of welded joints,

in length and are immediately arrested.

(Example 2)

they are short

This is an example relating to the present invention

of the above (1},

(12)

to

(23),

and

(37).

Welded joints were formed under the steel plate

conditions and weld pass conditions shown in Table 4 and

were measured by brittle crack propagation tests for

brittle crack propagation resistance.

shown in Table 5. Note that, the compositions of

The results are

ingredients of the materials of the steel plates used are
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1 Long. direction length (mm (Note 1) Continuous |oosl |oov I|cot
Conti nuous [Continuous] [Continuous loos | | | I | OO loat I | | Pass
no. 10E' 9218T OTIG 10,11,25,26 1 13E TZ19El QT 5, 10, 16, 21, 34,39 1
2,3,4,8,9,13,15, 16,2 1, 22,23"29, 30,32 1EZIT219TI ST1618 4,7,11,19,23,27 1
auON euON SUON atlON BISON 8,09,15,16,21,23 | LT.T/1816 SCI ON SCI ON

at1 ON 1 Basic weld pass Welding conditibagle @) , M3p 10112-$. -..

Brittle crack propagation test of welded joint
Test No. of splits Arrested R
No.] Load stress temperature | of brittle |crack length esults Remarks
(MPa}
(°C) crack {Tam)
1 240 -10 3 420 Arrested | Inv. ex.
2 240 -10 2 650 Arrested | Inv. ex.
3 320 -10 2 750 Arrested | Inv. ex.
4 200 -10 3 340 Arrested | Inv. ex.
5 200 -10 2 580 Arrested | Inv. ex.
6 240 -10 3 550 Arrested | Inv. ex.
7 280 -10 2 650 Arrested | Inv. ex.
8 240 -10 4 315 Arrested { Inv. ex.
9 240 -10 - 2500 Propagated| Comp. ex.
10 240 ~10 - 2500 Propagated] Comp. ex.
11 320 -10 - 2500 Propagated{ Comp. ex.
12 200 ~10 - 2500 Propagated] Comp. ex.
13 200 =10 - 2500 Propagated] Comp. ex.
14 240 -10 - 2500 Propagated] Comp. ex.
15 200 -10 - 2500 Propagated] Comp. ex.
16 240 -10 - 2500 Propagated]| Comp. ex.
17 280 -10 - 2500 Propagated]| Comp. ex.
18 240 -10 - 2500 Propagated| Comp. ex.
Table ©
(mass%)
Steel type C Si Mn P 5 Ni Ti
YP32 0.13 0.19 1.28 0.01 0.003 0.01
YP36 0.12 0.21 1.27 0.007 0.004 0.01
YP40 0.11 0.21 1.3 G6.006 0.003 0.01
YP47 0.08 0.24 1.22 0.007 0.002 1.02 0.01
5
In Table 4, the "specific weld pass" is a weld pass
forming a weld pass inferior in fracture resistance.
From Table 5, it is learned that in the invention
examples of Nos. 1 to 8, even if brittle cracks propagate
10 in the longitudinal direction of the welded joints, they
are short in length and are immediately arrested.
(Example 3)
This is an example relating to the present
inventions of the above (1), (24) to (36), and (37).
15 Welded joints were formed under the steel plate

conditions and weld pass conditions shown in Table 7 and
were measured by brittle crack propagation tests for
brittle crack propagation resistance. The results are
shown in Table 8. Note that the compositions of

20 ingredients of the materials of the steel plates used are
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Weld netal [ Welding material 1 29E-3S Cfl F77.37211- 39 Cfl 1 39E

-JS SF-47E 1 1 39B -JS.
shown in Table 9.
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A X Steel plate Yield strength (MPa) SLC Stri .1-777-1 FTFE- OEE 17706E77
G 6 GLE 516 TZ6 8ZE OCE O06E OEE O06E G66 GI6 -la, |I' a v > co 4

17177T1 1-517(117 rEgri. 2Eda 9EEL FITT77 ,7-16(1.77 | 9EdA F51:117 06dX

ZEJA ZEJA 9EdX ZEdX 9EJA L6dA. 06dA°~ Ol " 0) co g ..-1la)t a, 4 O-

4.3 4-i n01.7 1-7[ri OL 763-77, 1-7,17-7

Table 8
Brittle crack propagation test of welded joint
Test Number of Arrested
. R
No Loa(fM:t:)r:ess temperature splits of crack length esults Remarks
a {°C) brittle crack {mm}
1 240 -10 4 320 Arrested Inv. ex.
2 240 =10 5 470 Arrested Inv. ex.
3 320 -10 3 520 Arrested Inv. exX.
4 200 -10 5 305 Arrested Inv. ex.
5 200 -10 3 380 Arrested Inv. ex.
[ 240 -10 4 405 Arrested Inv. exX.
7 280 -10 3 380 Arrested Inv. ex.
8 240 -10 5 258 Arrested Inv. ex,.
9 240 -10 - 2500 Propagated| Comp. ex.
10 240 -10 - 2500 Propagated| Comp. ex.
i1 320 ~10 - 2500 Propagated| Comp. ex.
12 200 -10 - 2500 Propagated| Comp. ex.
13 200 ~-10 - 2500 Propagated| Comp. ex.
14 240 -10 - 2500 Propagated| Comp. ex.
15 200 -10 - 2500 Propagated| Comp. ex.
16 240 ~10 - 2500 Propagated| Comp. ex.
17 280 =10 - 2500 Propagated| Comp. ex.
18 240 -10 - 2500 Propagated| Comp. ex.
Table 9
[mass%)
Steel type C Si Mn P 5 Ni Ti
YP32 0.13 0.19 1.28 0.01 0.003 0.01
YP36 0.1i2 0.21 1.27 0.007 0.004 0.01
YP40 0.11 0.21 1.3 0.006 0.003 0.01
YP47 0.08 0.24 1.22 0.007 0.002 1.02 0.01
5
In Table 7, the specific weld pass is a weld pass
changed in residual stress.
From Table 8, it is learned that in the invention
examples of Nos. 1 to 8, even if brittle cracks
10 propagate, they are short in length and are immediately
arrested.
INDUSTRIAL APPLICABILITY
15 As explained above, according to the present
invention, it is possible to use steel plates, in
particular steel plates having a plate thickness of 50 mm
or more, to produce a welded structure having welded
jeoints having excellent brittle crack propagation
20 resistance. Therefore, the present invention has great

applicability in the field of construction of welded



Efr. OGSO lot 109 OO 00T OO OO OO CL O C r-vi lgl Fri 161
F611 1 TT 1 zt I I ET1 | bT 1ST] I 9.1 1 Im81 - 41 - Table 8 No.
Brittle crack propagation test of welded j@int Results Remarks Load stress
(mPa) Test tenperature (C) Nunber of splits of brittle crack Arrested crack
| ength (mMm 1 240

structures.



-10 4 320 Arrested Inv.ex. 240 -10 5 470 Arrested Inv.ex. 3 320 -10 3 520
Arrested Inv.ex. 4 200 -10 5 305 Arrested Inv. ex. 5 200 -10 3 380 Arrested
Inv.ex. 6 240 -10 4 405 Arrested Inv. ex. 44280 -10 3 390 Arrested Inv. ex.
8 240 -10 5 258 Arrested Inv.ex. 9 240

CLAIMS

1. A multi-pass butt welded joint having excellent
brittle crack propagation resistance comprising a multi-
pass butt welded joint of steel plates characterized in

5 that one or, separated from each other, more of either a
weld layer or weld pass part with material
characteristics differing from material characteristics
of the surroundings and having a function of arresting
propagation of a brittle crack are present between a

10 front surface weld layer and a back surface weld layer.

2. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in
claim 1 characterized in that said steel plates are steel
plates having a plate thickness of 50 mm or more and each

15 weld layer has a toughness better than the toughness cof
the other weld layers.

3. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in
claim 2 characterized in that each weld layer is a weld

20 layer formed by a plurality of weld passes with the weld
metal part formed continuously in a width direction of
the welded joint.

4. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in

25 claim 2 or 3 characterized in that each weld layer is
comprised of a plurality of weld layers stacked in a
thickness direction of the welded Jjoint.

5. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in any

30 one of claims 2 to 4 characterized in that each weld
layer is comprised of a weld layer formed by a welding
material with an amount of Ni 1% or more larger than the
amount of Ni of the welding material forming other weld
layers.

35 6. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in

claim 5 characterized in that each weld layer is



-10 - 2500 Propagated Conp. ex. 10 240 -10 - 2500 Propagated Conp. ex. 11
320 -10 - 2500 Propagated Conp. ex. 12 200 -10 - 2500 Propagated Conp. ex.
13 200 -10 2500 Propagated Conp. ex. 14 240 _-10 2500 Propagated Conp. ex.
15 200 -10 - 2500 Propagated Conp. ex. 16 240 -10 - 2500 Propagated Conp.

ex. 17 280
comprised of a weld layer formed by a same welding method

as the welding method forming the other weld layers.
7. A multi-pass butt welded joint having excellent
brittle crack propagaticn resistance as set forth in
5 claim 5 or 6 characterized in that each weld layer has a
structure in which no martensite transformation has
occurred. _
8. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in any
10 one of claims 2 to 7 characterized in that each weld
layer is present continuously in a longitudinal direction
of the welded joint.
9. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in any
15 one of claims 2 to 8 characterized in that each weld
layer is present discontinuously in a longitudinal
direction of the welded Jjoint.
10. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in
20 claim 9 characterized in that each weld layer has a
length in the longitudinal direction of the welded joint
of 200 mm or more.
11. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in
25 claim 7 or 8 characterized in that each weld layer has a
discontinuous interval in the longitudinal direction of
the welded joint of 400 mm or less.
12. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in
30 claim 1 characterized in that said steel plates are steel
plates having a plate thickness of 50 mm or more and each
weld pass part has a fracture resistance inferior to a
fracture resistance of the surrounding weld pass parts.
13. A multi-pass butt welded joint having excellent
35 brittle crack propagation resistance as set forth in
claim 12 characterized in that said weld pass parts with

the inferior fracture resistance are present in the



-10 - 2500 Propagated Conp. ex. 18 240 -10 - 2500 Propagated Conp. ex.
Table 9 (mass% Steel type CSi M P S N Ti YP32 0.13 0.19 1.28 0.01
0.003 0.01 YP36 0.12 0.21 1.27 0.007 0.0Q4 _0.01 YP40 0.11 0.21 1.3 0.
0.003 0.01 YP47 0.08 0.24 1.22 0.007 0.002 1.02 0.01

10

15

20

25

30

35

number of 1/3 or less of the total number of passes
required for forming the welded joint.

14. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in
claim 12 or 13 characterized in that said weld pass parts
with the inferior fracture resistance are present
separated from each other in a plate thickness direction
of the welded joint.

15. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in any
one of claims 12 to 14 characterized in that each weld
pass part with the inferior fracture resistance is
present continuously in a longitudinal direction of the
welded joint.

16. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in any
one of claims 12 to 14 characterized in that each weld
pass part with the inferior fracture resistance is
present discontinuocusly in a longitudinal direction of
the welded joint.

17. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in
claim 16 characterized in that each weld pass part with
the inferior fracture resistance has a length in the
longitudinal direction of the welded joint of 100 mm to
400 mm.

18. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in
claim 16 or 17 characterized in that each weld pass part
with the inferior fracture resistance is present in the
longitudinal direction of the welded joint
discontinuously at intervals of 200 mm to 400 mm.

19. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in any
one of claims 12 to 18 characterized in that each weld
pass part with the inferior fracture resistance is formed

by one or more passes.

006



5 In Table 7, the specific weld pass is a weld pass changed in

resi dual stress. From Table 8, it is learned that in the invention

exanples of Nos. 1 to 8, even if brittle ggacks 10propagate, they are short

in length and are imedi ately arrested. | NDUSTRI AL APPLI CABI LI TY 15As

expl ai ned above, according to the present invention, it is possible to use

steel plates, in p&%icdl flddedass husd walded dopnd darineksesseldensd mm

or more, to preduesea Rldded:Fauelule hawing weldad jsithtrs RaVviiRg any

excel | ent brlttleéﬁga k,prop%gatlon 20r esi stance. Therefore, the present

i nvention has %% éﬁﬁﬂﬁ@hﬂiIFFylﬁnC@ﬁéaﬁtéF&zﬁﬁ dondtetceesht o lwel ded

" 43 [ CLAINEpass partl wiAhmihd ipass iUt trragicded k@FagtB@bbn%sexcellgné
rittle crac ropagatj on resi stance conprising a nulti-pass butt wel de

j oi nt of§steefgﬁwﬁ?%§*%ﬁ§}ﬁcﬁ@iﬁ%gﬁﬁeﬁ ggﬁgﬁdo d 6r Ve Qﬂgﬁapéﬁeﬁﬁé%leach

ot her, nore ofvidiht her amoweltd dfaydr 161 otehdreasmapact: Wwhih maikekmunt

characteristi i.ffering from.material .characteristics _of e .surroundi ngs
and having a ?ﬁ%g?iéﬁygF%hﬁF gﬁ?ﬁg“ﬁ%&ﬁéﬁgtF%ﬁmﬁpgaoﬁﬁﬁftW@agr&éﬁeéﬁe
present between a Z0f.r odt meurtfiape swebadti-ayel dedd jaibackasinbaescsglldntayer .
2. A multi - pagsihunt, yelded Jolnt having exeelbent Jr ttl e grack |
propagation resistance as set forth’in cfarm T'charactferi z8d in‘that said
steel pihtes &leist @ ohlaapesedviedgia phate cekihckrdss pefss5@amn eritior e and
each 15weld |%h%ri%%%rioEOEQQQ%%Eeb§%%§%t%H%% gggcbﬁpgqg%ﬁso%fat@gﬁgther
wel d | ayers. 3. A multi-pass butt welded joint having excelTent
brittle cracklp¥sgadarmes bysitdeasemeayeddinporehiod elsaitie2 velgiact eri zed
in that each wehthd@Y¥Rhrmithd twel Gr@hayen of enpedsby a plurality of weld
passes with the weld netal "part fornmed contindously in a wdth direction of
the welded joint. 22- & FUlKigpess. prés peldefelgeat] SRR NHaPXGGlaRBEl | ent
brittlaxrackppriepagaidrark @3ophadaee oas real skanktl bR 23tClraiih2 iar 3

characterized in.that each_weld l'ayer ,is conprised of a plurality of weld
| ayers stacke&l@ﬁmaaphpékg&s§%&Fﬁ€¥@F&ﬁegfth§hﬁ§I8€&h18¢H@? weld 5 A

- mul ti-pass bulthyeel detel Giadt ashavirngtexeelihenhibhi hbl gaetackipeopagati on

resi stance as,set %%rth i.n a%éﬁ300ne of claine 2 to 4 characterized in that

each wel d | ay&F oS tCGMEES8d R<GErE Fayer formed by a wel ding material

with an anmount of KN3.l%Romuinriephkasgeutthaelted douunt hafriNg efkckheewe! di ng

mat er i form t.her ld |l avers. .356. A nulti-pass butt wel ded joint
having%gkcelrg%gt%}itffg%gr E€%§98558§tFSﬁlﬁééngaﬁéesﬁi EQEHorth 3PN ¢l ai m
5 characteri zedei oft kdeisach 2weld 2Raybrresterigéd- inompeits edchf waldel d

| ayer forned [ . [ form ng the

ot her - wel d |a§§?§.%%q% Wﬁkg_Q%@ﬂﬁﬁ?%?gggs%gﬁfﬁﬁk§|§§§HE§?ﬁ?eh§§iﬁgg
excel | ent bri temgesesceyphepigati ensuesestangewad dseaskopehti.n 5¢claim 5 or

6 characterized injyhat Aeﬁ%ﬁt‘i’eb‘és,'sa)ég%th%1@e§1t UG LYr Fiaivringhie%%eﬁ_(ient
martensjte transformati on has occurred. ] 8”7 A multi-pdss butt wel ded
joi nt Having &¥déftlencracik Prepegaskopr spagdatroner asi seanéerad 8t forth in

any 10one of ehaiif® 12 charbctlanaekerhZedakNehbat wedah pualdplhayersi s present
continuously in a longitudinal direction of the weldegg!0|nt. 9.

mul ti - pass butEPRELEED toithe KaPrngieRCeiFdht CRELOR andy &k ar haghimen
resistance asosetrbesttbrmatasy dbanenef rekaumsi12steedschasactignitazed be that
each weld Iay%hﬁis pr.esent %’scon inyoysly in a |langitudinal direction of

N
t he wel ded j oi inside ofgthg wf gﬁgpégénﬁuﬁF fergedocaidt FRFPAGX-
excel &t brittle @backapmopagabbes besikswandedasoset hertihgi Bxcellent

brittle crack propagation resistance as set forth in
claim 24 characterized in that each expanded weld pass
part is formed by a welding material transforming at a
low temperature.

35 26. A multi-pass butt welded joint having excellent
brittle crack propagation resistance as set forth in

claim 25 characterized in that a temperature of said



20cl aim 9 characterized in that each weld layer has a length in the

| ongi tudinal direction of the welded joint of 200 mm or nore. 11. A
mul ti-pass butt wel ded joint having excellugnt. brittle crack propagation
resistance as set forth in 25 claim7 or 8 characterized in that each weld
| ayer has a discontinuous interval in the |ongitudinal direction of the

wel ded j oi nt ofrAXamedridresiss 400°C orl2esA.multi-pass butt wel ded joi nt
havi ng excellent brjitle crack pro atlon I |stanc set faort

30cl ai m | charactef#éed |H“Pﬁ5fp§§P U505 e © P% %ﬁ&ﬁnﬁﬂﬁﬁ Il%%&? ng a

pl at e thi cknessrioft 150 amadk pmp@wtdoeammltan}@assspasett Has th fimact ure
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