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NSC-T958 - 1 DESCRI PTION MJLTI - 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

j oint having an excellent property of arresting NSC-T958

propagati on of any brittle cradk-occurring inside the

10 wel ded joint, that is, brittle crack propagation

resi stance, and a wel ded r r vi ng that wel ded

joint. BACKGROUND ART 15 iﬁ%ﬁﬁﬁgﬂﬁﬁﬁg t oget her stee

plates to construct a welded structure, to reduce the

e gﬁ@&g’ %;&c’}lﬁﬁ ﬁrwl ELOEY ;ﬁé%bhhl %&WN‘E @(%r%'ﬁm BRITTLE

met hod CR&CHS EROPREATIIONg RESI IGEANCH @D filidd (I RUGE URE

| arge heat input wel ding nethod, the weld 20 heat

af fected zone (hereinafter sometimes referred to as

t he "HAZEGHRACAE FRELBughness. Further, the HAZ

'”Cfeanﬁ %Pe!éﬁ hlﬁGQHEESBfEQE%Hég £9ughBS§§lvagg§ butt-
|nd|cat atin ritt racture) also

faW?%deﬁnjet@btna@lag anmexaeélﬁetnprogﬁrégsof arresting

0?98ﬁ5§§£§§n ép éﬁyabfh@ﬂﬂéOEHEQkaECEBErEhgelﬁglde the
a crack forns starting fromthe flaw,  and

thW%lg?%cRObFBpaﬁ%?Eslﬁnspaétt@ﬁecﬁéFﬁ P&PREJAEAOPhe
vetdedst ahbt, | snbow wB18kackdracthedghnesagvahde Keldad
crack eaS|Iy forms and the crack propagates fast, so

t hé®hBFded j oi nt suddenly fractures. 30 That is, a

wel ded joint fractures by brittle fracture. To prevent

brittle 0 wel ded joint, it is necessary

to (i) F%é?gﬁﬁﬁﬁﬁeaﬁgrnation of cracks and (ii)

arrest Whenpwepdgayi bngetheraskselFplathsstreasosftrupgt a

| ety MEELENAARE CLDgoBLOOCACSEBHELRACLIUANRES? S By
zone have been propose exanpl e

whipraveetbengehdihodwbok ehifékikarge uspzddywshgedarge

Stﬁ@htthEutaw@@BQthmQEhBSd19fu@FdX'Bthlﬁ %elWQ60601nt

welds the initial |ayer { di n t hen wel ds
t hECEREft by afe éﬁQGBaBRa ayepuEyW§&9ﬁ§eg@&t§Pér the weld

mehghﬂgaffecﬁgar%Bﬂem@hgrbmﬁaﬁtékesbﬂb%ﬁﬁ%%sr@ie&red to as
who been roposed %see Japanes Pat e

PUBTFCARRGR) (AFLR6. LB3tuB0382,  [PALOCHel 4hitgRG ipgeases
uses W@Hdhnénﬂﬂtﬁemﬁkhc@ukérﬂﬁﬁghness value K¢ (indicator

relating to brittle fracture} also falls.

In fracture of a welded joint, stress concentrates
at a flaw formed at the time of welding, a crack forms
starting from the flaw, and this crack propagates inside
the weld joint. If the welded joint is low in fracture
toughness value Kc, a crack easily forms and the crack
propagates fast, so the welded joint suddenly fractures.
That is, a welded joint fractures by brittle fracture.

To prevent brittle fracture of a welded joint, it is
necessary to (i) inhibit the formation of cracks and (ii}
arrest the propagation of cracks. For this reason, up to
now, various welding methods securing toughness in the
weld zone have been proposed.

For example, while a welding method for thick large

sized welded steel pipe, a welding method of an X-groove
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arc welding at the tine of MG wel di ng, secures

t oughness of the sanme extent as a subnmerged wel d zone
inthe initial 10 |ayer weld zone where weld cracks
easily occur and toughness is difficult to secure, and
| evels the distribution of togghness in the plate

thi ckness direction of the weld zone, but due to this
there is difficult point that it is_necessar

expeheh veeids vehai hgl e E8WEAI RY nYlG W%}aénénnﬁh?n oyelds

N Rt fP@nﬁAgéy@@|QnéoﬁgckTh§§@£05§ stibReagpli 620t welding
di scovered a technique for suffjcientl ralg ﬂg éhe b
fr%%tEP%r?%mgﬂﬁégstbﬁlBéaRE FROFIDERE EPafdpBP ps been

t hgrapoyed (i yecpropanedearkoege hebli2@tioputia) No. 53-
bui%-ﬁghged joint having excellent brittle fracture

PQ e (see Japanese Patent Publication (A No.
2005- 144b52wabdidgpaeehedPatent wPlilingawion wALhNe. larger

2006- 0O 4 furth
etk For Noi Eanry by FrypREST REEE, Bk, SabhPRacd are
resbidangeabfthhetZﬁelafgﬂlﬁeaeldmpgt becures| dedghness of

K 1Tl1a
abaneSa B8RP BB ot BRE A KB 2 80ECOBBLE . hhe !

meﬂdgarjwahﬂ propowberbywehd &ﬁppkéaﬁﬁSﬂ§Yu§§ﬁHP apg
th%oﬁﬂhﬂgsghﬁg Hﬁffﬁcﬁﬁﬁ'%BaQEcFerrbhﬁl@e@é@%t%h% and

raise the sa ded structure
Fuff.Rér ibukaoabete teephneeat iion thet Red tes thdeknesen

degh gBi-Rgoa Wel ded waHnth%S|EEQnHubotBrthhbethere is
fracture. Howe even _in a wel ded joint desi

thgﬂfﬁéCUéFaEQénécGBPtlﬁtaﬁsoP&PﬁéﬁﬁrgtF@sgsﬁo§§pen51ve

enykl 8RrgNLirkt cod®astnBli BES afrgeciawesnsuddemiont the MIG
ingaﬁt-like stress or irregular, conplicated stress
r e¥G1Ei AGPFn cracks. In the past, in a butt-wel ded
j oi nt offhéMePosteelhd appatieantadisgoxeplest @ tthictkriess for

of 2§fl 1enti q%'ngrkk%l% E%%@e'%o %%%%e@JTEQIR% from
baSe teriary. &°dl 0 tﬁé action of residual
stmessstaad@elnheoWet@edaP@Wﬁt(1 sopropszedoél ilerge heat

th@%gh@ 5@%%'@%%5@% g 15%'%a%ﬁ%%ke§c@ﬁgﬂﬁﬁ@¥hQQtle fracture

resi stance of e material,” it possi bl e
t o rggilgé camg Hisieet Mepansek &@@@Mﬁnﬂyﬁh%ﬂa&éomhéﬂ) No. 2005-

WBHQ@@ﬂzob%H b%paE%s%a%%t%%&e@uﬂlﬂaatakm@$m)lmo F@m06-
xanpl e, | oner the residual stress in the

zoﬁ§8é§4a @W@herFW@eWEI@ﬁﬁ?oﬁéfh@uV&FH&%Q%Q%Q%/mQHFOd for
USb%Qt@bW@'@b&Qf@&h%rhﬂe\Mﬂﬂtﬁlé(3Médﬁvﬁﬁ(ﬂé§ﬂ3ﬂyhce of the

LeTperal e e nLig @ 80 JIRUN (100 SITHLE eracture
mMaklerdink®s value Kc (see Japanese Patent Publlcatlon (A}
No. 2006-088184).

The welded joint proposed by the applicant is useful
in the point that it is resistant to brittle fracture and
can raise the safety of a welded structure. Further, the
above verification method is useful in designing a welded
joint resistant to brittle fracture.

However, even in a welded joint designed so that no
cracks occur in an ordinary stress load environment, it
sometimes receives sudden or impact-like stress or
irregular, complicated stress resulting in cracks.

In the past, in a butt-welded joint of TMCP steel
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transformation _from austenite has been proposed (see
Japanese Patent Publication (A No. 2000-033480). 15
However, the weld zone resulting fromthis wel ding
method has a structure of a martensite structure, so
is extrenely high in strength. Utimtely, even if a
wel d zone containing a |arge guaber of Ni, it often
is 1ower in toughness than surrounding weld zones not

containing 20 Ni. Further, in recent_years, along
wiRlateR Navikh@asimipte | Bhbekness L b2 e SO, "any

Stﬁyfﬁyiéscﬁﬁgk s @b Ffdeadd ofo Of nStbalss UigSeridl hesde due
becone possible to set the design strgi gE%her @ £,
i nt heh @ aaet BN t P FR FHADB! sTTERRT hLEHT ¢k - PRt gEeLigd) Joint,

Pl & est NEAs SHAL 1 &PEd t ehbe 1ﬂ8ﬁ£1sﬁmg bmetbtfttlackrack
occurring at a butt-wel ded_joi nt ﬁ Q ng, on, Eh 1ld be
o EERAGE [ FPALE LA BT of SUARCEA T8I TALBI 2 ho® her ik

j oboésibBe nod geiliecird boitbeebaseckadecuatisgdensbae the

S ated _aJ ong, the HAZ. _Thi a S. |l earned
sw§{$%§8??l%? #?a %r%a?%sTgt%Fl?L gol%gg% orsL(see
Abst r acfroof eRappi s, at o Viebded EheurtaleuaEWapgssanin the

fgggldpz?%g5cgo 2Q§zlstegﬁge§ %&bﬁg;mgﬁﬂ qrse! 62 E?Qlly

ase o ate t ness
of using exeebtiéng70aheriads mlthnﬁelou ﬁéﬁﬁéﬁorﬁﬁﬁﬁoﬂs

f0£&ﬁ9eﬁ5£gré Lah slﬂhﬁgfabEAke@ Qﬁoaeeghﬁs§§ekambms 11%)

plate t ness |rect on_and”t hat even
exafpNé andeihidigbpgng weldipgapaspsipr| MattGBFHES

Cf9§§hgﬁo£H§tm@hdEgomOEHEteﬁmMe Hastbb@nCpa@bog@al (Bt
be caug e reinforcenent

pr698@§?éea¥6ﬁ@nﬁhEURéPGaﬁéPHI 6§rN00r2 ﬁ@zﬁgﬁésPhe
WEHQ@@VEQ'nﬁhéﬂhblﬁr@6héf@esﬁlfhﬁgeﬁabﬁ,th&SEdemﬂlhbemethod
j udged facts the inventors gé?g E | ded j oi nt

anaaﬁeﬁd?ﬁﬁuﬁEPﬁﬁdo afi HgrteR rBFtPFFe Erack
pregagahemp BigRstnpetkengancevlcanpresdypngerenoiifng weld
or _a on _where a b wel. de nt .o
DAGePE! car taenbBe Snacach M BPRrePhel 10 oberdyf g ower
hongODUghnﬂeﬂbEhaoressroushmggrspédrzwebdlngt ronteiming
veld metal having excellent toughness containing N
ina‘content of 2.5 mass% or nore havi ng conpressive
resi duaFusthess (.SeeedgpingserPat earnBubiitdathén (A

1nc%Q9§1$%1§ZQEr Er“%HQe”BEe%b@ﬁeﬂa%k%ﬂc%ﬁQ%%|%ﬂﬁ

fracture 15°t ss havi ng an arrest %er or mance
(KéamvéﬂﬁéFaéﬂOHZQ@Oﬁﬁﬁﬂpﬁuéﬁswoﬁé hége begRRRe HESSible to

Patept tRUbhikeabinoRtAks Naghd@065073874he defskectti Rhea high
di rection of c¢rack propa%aaloq to the high taqu hnes%
rSﬁFﬁﬁggprégﬂCk gauge steéel plates now s artln%

used, any brittle crack occurring at a butt-welded Jjoint,
depending on the extent of the fracture resistance value
of the welded joint, is not deflected to the base
material side, but is propagated along the HAZ. This fact
was learned as a result of fracture tests of the
inventors (see Abstract of Papers at Welded Structure
Symposium 2006, p. 195 to 202}).

Further, the inventors learned that in the case of
steel plates of a plate thickness of, for example, 70 mm
or more, a welded joint is formed with a large
distribution of toughness in the plate thickness

direction and that even if for example a reinforcement
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performance wel d netal surroundi ngs even when a

brittle 20 crack is propagated al ong the | ongitudina
direction of the butt weld zone of the vertica

menber, and arresting crack propagation at the base
material part of the horizontal nenber. These nethods
defl ect a crack propagating a ang an 25 FL (boundary
bet ween wel d net al and heat affected zone of base

mat eri al) mainl % in S|ngle gass ar ge Eaat Lngut
buP%aR%|a%df}%% £ velng FgRSaPAeStepEPLOPtaARE St eBPY
pl Bt et 8l dectOcRr west hbtiﬁetheugnsebgataéiablaﬁdrcement

th the saf the butt-veld
305 Koy cPCt RLTrERPBFa-FoRtPPRcH Fr DAL Bricr BbPTEt ©F

ofHAZaage snaleeiﬁadtgDEnteaﬁ$lofrauthrepass

butt-me 0|nt t hat [ti-pass bu ed

j oints, g?ﬁ% 8§t8 ﬁgud%ug eameﬁaknétahg lnventors
evpnopbsapphywegdad jeuhodaaﬁfeeﬂdwaglmetbndehawmng

:Lg glEQﬁ% %?; geégagﬁ 898%%999&5 mgkgggF{?%ggéngnce

I Cl en canno al ne In nmu
bucpmmehdedgjUemoslngopathlsrreééonf techaoPbbgyhiege a butt-

reQHigSQ EBEnEeBEagl¥ert§ca§rﬁ@ﬁ§bggaﬁdb5'EEHQeQrQQKded

fornmed at "a tl-paSS butt - oi nt of steel
pl aPénhavfng hopiapetehi BRABSE érosga HELBE Fepairswelding

D'§QL%@HREWQEdTHEtBNVEHEHEE EQ@e@&%ﬁ%nthahﬁa%bo&ohaalnlng

as its object to forma_ welded joint havin
exEéIF@nﬁ eRBEgRtePLsti e Q@Sﬁakpﬁgm°5ﬁosé§é Boﬁowpr§SSlve
brtbghaugnagkréegldgea W@bﬂﬁ@stPﬁtenﬂl@ﬁb@&bbtaﬁﬁ (A) No.

al estln it even 0 propagati
CeEBhB Y a2h) ook BRapnpatrenal BerSnanestenient digcture
brtbhbanesachaemagranlasmdetapewebdmdnpelﬂwkwaaﬂantof
ea | at es by nul ass di.n Furt
t hgggﬁgé ﬁ:&eﬁ‘ﬁroen (fFaese Jtsaq‘f es'oebj ec em—t gpuso gktJhCjn
abﬁve @OOBFQﬁﬁaﬁd)prdeidecalwgldedlpecmnonSOanmagkan

pag&&gww$m%¢g%@§$ L3S haLANGE redhd a

I‘UC ure aVI ng
|npemﬁ@ryanbaseeldnmehééeS@éﬁgpﬁﬂn@deé@ﬁ@ whefgggbgittle

'nckﬂcﬂeﬁgh ﬁgﬁé%Edoﬁlb%%hQh%ug%BBQEuEQE%UnﬁlrEQ%1on of

above B a result, the inventors di scovered
20tPRa UF%)W?ﬂdfépﬁﬁn@fméP@ VeyéisalalieRges f &Gk graesting

re%kﬁhﬁ”?@o?@bb%&ohhéﬁ the bhaet waecresiishanee oFf thke
ot her we ayers at the front surface and the back

sufPEe&opta4 Wﬁmpﬁrpass wel ded joint (front surface
meld |&M@Eeam6th@@& gerfiace WEbdabaygmbpaqaﬂrhg along an

E@kQFﬁup %E%%%ntu%l rog%%qtl d %%a% b?fécted zone of
base materlal) mainly in a single pass large heat input
butt-welded joint to the high arrest performance steel
plate side to arrest it in the base material and thereby
improve the safety of the butt-welded joint.

However, the inventors confirmed from the results of
large-scale fracture tests of multi-pass butt-welded
joints that in multi-pass butt-welded joints, cracks
propagate inside the weld metal, so even if applying a
method effective in conventional single pass large heat
input butt-welded joints, a sufficient effect cannot be
obtained in multi-pass butt-welded joints.

For this reason, technology is required for reliably
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| ayers. Further, the inventors discovered that (y) if
form ng at |east one weld | ayer having a fracture 30
resi stance better than the fracture resistance of the

ot her weld | ayers between the front surface weld | ayer
and the back surface weld |ayerg (fracture resistance

| ayers), it is possible to arrest propagati on of a
brittle crack in the longitudinal direction of the

weh geelst 869 | @i brit Flet feackt fernedeat o smdl stopesadbutt—

th@élééam%§ln@r5§ngt@gl Sf&@éaﬁ§91£5051§§59e0£ﬂﬁékné§9 of

nor e pass parts of netal having a
fraltReC¥ d8PE€ance | ower than the fracture
resi stance of the weld netal of the surroundings
between the front surface weld | ayer and back surface

wel d | aj€PCLPPURE BBsEib| ENYBNEEPRst 5 propagation of
a brltttﬁeCpﬂégehﬂ {hechonght Hdknak 1dsre§§e@a eb tbem a

% bornt The present |nv§Tt|on was n? % g i
th%ei BYel oWk cBIBFPEsAANE¥HE 3§t|F§a§?§ efjgtic of making
fObf@Mh@@tléﬂ)oﬂ_ﬂU?EEtQB§SCthk wekded phowaldbavijognt
excellent ritt ro ati o reS|st nce
ConbrFEPhyt sondl erenbusiiE s PEORRRAN' Phi PR E e
pl atesaghtiagt ethaedisp bthatla €rank puopagetmehd
| a . ba ut face I 0 '
vk R ente e ot Fog  ofBhEAe S¥EFropopike MHaifd
resesdedcgeint whenobher weldifg bhgelspliRpsAby multi-pass
muhbiapags RUEERUE! defe] BLBLARViRGRXESH! AL ABMiEL! Bbject

j
crack propagation reS|stgnce as set
abb9esplyechhfagbevezedobhemhandsaravifgns y@ﬂﬁ&éej@lnt

“EHQV1h§y§ﬁ éﬁgebﬁgktsHEEEE@e“@&gckaﬁﬁ/pﬁ@ﬁtﬁ@h”@@s@%tance
metal with an anpunt of nore | ar ger

t hahdt RevehfBtnt sRCRr8f heNéndeFBRnyeheedl JPéPking
ot her wehéd lha&ﬁﬁers(BbaéeHUbhltaaee E@Ebrm@h@adfh@tet
havi ng excel | ent httle crac rg ation r S|sta§
A“uaHarer Th TR ERETh25o5807ER o GPCUB}I0RS AoForPIEand
|nthhahbsaedpfbbmémsurAece reehdtlayee andehaéeoks discovered
ace | d er.are s nt conélnuousl
R udihat Earp et fan BiS; R vaERaba  iRe: &Y T gefure
nuteslpasecbubetMEkdEUapothe ﬁaacngrexcebhemancsoof the
bEBEg GLagk Qg@B E Her% bﬁka§g§f33esghdf%5%h a%k
t he oV 1 arac erized in that sai ront
suefiatace of a multl pass welded joint (front surface weld
layer and back surface weld layer), it is possible to
arrest the propagation of a brittle crack in the
longitudinal direction of the welded joint at the weld
layers.

Further, the inventors discovered that (y) if
forming at least one weld layer having a fracture
resistance better than the fracture resistance of the
other weld layers between the front surface weld layer
and the back surface weld layer (fracture resistance
layers), it is possible to arrest propagation of a
brittle crack in the longitudinal direction of the welded
joint.

Further, the inventors discovered that (z) 1f

arranging, separated from each other, two or more weld
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wel d | ayer and back surface weld | ayer are present

di scontinuously in a longitudinal direction of the
welded joint. 35 (5) A nulti-pass butt-wel ded joint
havi ng excellent brittle crack propagati on resistance
as set forth in the above (4) characterized in that
said front surface weld - 7 4 a&ayer and back surface
wel d layer are present in the Iongitudinal di rection
of the welded joint in Ien%ths of,

or
A ROFEi PRaLS Bht 8. WelHeBoFatnbaRapeng Sxeeriant rogisthnce
bribtkke ehasktpeopagatiues resistanee as sht felthmenal of

th above or ( characteri.zed in that said . front
SufrgoattaardliBhe) DhiteRhoEhEUEFRCE AL Sray BF Ldr ¢aver and
preseit sdirg§aast waliduibyeirn the1bopgsbuﬁunatodameeston

of _the . ded joint _discontinuously hnterva

208 Hegrt o8 Phos  beay Ee i Roded tht L ShBRkRuTpaL e
hadingcéxonl bénthebwefided grack.propagati on resi stance

as set &Rétgaegeﬁgylpgeﬁtgpeagg ahoye égFHOOQGkhe above

characteriz in th oneé we ayer between
saﬁdsﬁﬁﬁﬁrlsarﬁadehaeldSlﬁtbayeﬁtaﬁ@ebé©klQUﬁﬂQCe wel d

| ayer haga hrﬁg&g&egﬁggshﬁ%@ﬂ@%ﬂgéﬁeﬁbQBtt?a?lng excellent

fracture resistance | ayers
mubPtitpasschack- WéPQQQaFéPﬁtrﬁﬁvﬁﬁgn§?c§Pm§ﬁﬂSlBQ|ﬁtﬂ@ltl"

crgskspbgeegaéueedrﬁéhﬁ%ae%es@%eiebngb%hcherbﬁ%eraged in
above (7) characterized in that said one, of

| affBRE PsfFapﬁeaueéﬁpﬁnwsa§|QawﬁraaﬂﬁdﬁhbeF#eéPFéﬁCSfWeld
th@ay%@|d$dshQUnWe168h &o&utthaﬂa35ra@thrwe&@gdst@h&bs
ha%lgg exgﬁll brittle cr prop%g§§|on eS|st

as S&t *f oA"Y rﬁﬁéurﬁsrﬁﬁéé aP?fSoP Schk §6t8F
|nlhbatssaid one of the weld Iayers is formed by a

wel d net, 3 EU§E .amount . of %Pbor nore,l ar

r
t han thé Arotin INPAEP PRETY WF& ﬁ& jOngth 1%% excellent
Otheﬂt“@bdctayﬁrPropagﬁtAonuEEBlpagscbuaB wetdé@rﬁblnm the

hagbggee%§§l ﬁgEac?g ?%Ihth% %Eg%ksgr%pgggkko%urface weld
resi stance as set the

chap¥etrerhndeback shHafasei vedde lawed Béﬁeﬁomyed byeldweld
|aM@Eaﬁ°ﬁE§ﬂ QM EQBuﬁﬁn%fmﬁldﬂagogeh%Q% 33 ke t?agAthe

wel di ng neth form ng the other | ayers.
nuﬁmpuﬁasgfbﬁﬂtoﬁeta@dwﬁéﬁﬁpghaﬁﬁﬁé é@é@nm@npt g weld
brikybescrack propagation resistance as set forth in

the aboqy E (9) or (10) characterized i.n that said weld

| ayer #dhe RaBUdtdrPasfuPsttaviiiderd AGingr @H&Pﬂéexcellent

brittle crack propagation resistance as set forth in the
above (1) or (2} characterized in that said front surface
weld layer and back surface weld layer are present
continuously in a longitudinal direction of the welded
joint,

{4) A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in the
above (1) or (2} characterized in that said front surface
weld layer and back surface weld layer are present
discontinuously in a longitudinal direction of the welded
joint.

(5) A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in the

above (4) characterized in that said front surface weld
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- 8 - transformation has occurred. (12) A nulti-pass
butt-wel ded joint having excellent brittle crack
propagati on resistance as set forth in any one of the
above (7) to (9) characterized in that said 5 one weld

| ayer is present continuously in the [|ongitudina
direction of the welded joint. %(13) A nulti-pass

butt-wel ded joint having excellent brittle crack
propagati on resistance as set forth in any one of the
abb¥¥et 73n¢ obgabk) surhraet ¥epidedayart Aa¢ BAEEESNE01BNENS
mﬁign%ﬁﬂﬁﬁlh§lpﬁ§§§8£1gh38@nﬁh@UQ§§B¥d|ﬁoiﬁ@ in lengths of
| ongi tudi nal direction of the welded joint. (14) A

8 P -BEsST bliPESwel ded joint having excellent brittle

CraCk pﬁQpagﬁtmgﬂtie§h§baﬁﬁ€taﬁe$§édf9bihtlﬁabhﬁg excellent
acterized.in that said one we

above cha d
By Ee bEeLhrCkoRE PROGRGEYT I HOPhSCRBIG: CaaFRkl Tofth in the
di apetreondof okhes) mehdedcpermtednla tragt badll 2BOBnomsurface

15 b h
ex@g?ge%? eB??P?ngagkag %PS%Q%S gaVS oé?;ngggég Set
fodihcontiheouabgvén(18¢ oongidpdehaladierczedni nft bae
QFSQS mg%g lE§XSE1 ﬁoﬁéﬁﬁeg% ghﬁggggigu8¥shMO'ﬁm or

say,
t he T ongi |rec ron o ol nt
| ehgth. of 400 mmor less. (16) A nulti-pass

but t - wel dod ol chayiag YeeLLEModl bihkengtask excellent

propagatlon reS|stan e as set fort any one of
t herabole ¢rpckortepachaiapt sepzetianaet Rat Sehoferth in any

MLReWBEd:RAS8LBIE! $1ha¥bNqeq Ehachuteriesstianedat at
inferior to the fracture resistance of the surroundin

vel 82phsenpareddatayprebehrectepatdt 4optofiadane wel

ot heyer Bﬁamaseksgh@fsbanhesurﬁagérmab@ bafeéc@ﬂ&ebaCk
surface, 30 weld layer, (17). A nulti-pass, butt- m% d%g
o er

j of At T REFRAG é%E@FPSﬁttObP|FFFEtBFﬁc%eﬁﬁgﬁﬁﬁgF

regettlanageas.set forth in the above (16)

char act gl zed L that sal 4 yel d pass RALLS WMl BGcelient

i nferiof°fract & fante are pres
nubioéctoe ¢k3chrpkessgetlbherEeuatanaﬁbeE @Etp59$@@ in the

reQubued (97 haraLRg i heanehdedakokala Gh) of rhe weld

ass’'bu oi nt having exce
brﬂ@v5§8cnacﬁogmegag@ntgnupggﬂytancé asdiétdﬂéﬁpﬁlpﬁ of the
18RAvEcEL6) or (17) characterized in that said
g pass parts having an inferior fracture
reS|sta68é aﬁempﬂééeﬁﬁss buparredder, dmisachagipgr excellent

thgrpkate EBE%&”%&%p@g@h&%ﬁtk@%l%EahE% wel ded jfeirfth in the
above (7) or (8) characterized in that said one of the
weld layers is formed by a weld metal with an amount of
Ni 1% or more larger than the amount of Ni of the welding
metal forming other weld layers.

(10) A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in the
above (9) characterized in that said one weld layer is a
weld layer formed by the same welding method as the
welding method forming the other weld layers.

{11) A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in the
above (9) or (10) characterized in that said weld layer

zone has a structure in which no martensite
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(19) A nulti-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in

any one of the above (16) to (18) characterized in

that said weld pass parts having an inferior fracture

resi stance 10 are present continuously in a

| ongitudinal direction of thegwel ded joint. (20) A
mul ti - pass butt-wel ded joint having excellent brittle
crack propagation resistance as set forth in any one

of t¥pRshpbhet128) e PI8}TERAracterized in that said

15 wel d(passapanl 6ibpykBgpant FREeakar jbiatt HA®ing excellent
resi stance are present discontlnuous?y in_a .

| oRBTt LS naragkr BEPPOHRCoPRt AESHAFABES] BPnESt( S2F R In any
nubtie - passhbusbovel deyd foi nb) haMbpgceseekkantin bhiatt beid
crack rg agation.resistanﬁe as,set fo th.hnthge 20

AbOVE T205 LREPhCiEr PEBAoIh PHAE BUPHOHEI A"pEES parts
havongiaadinierdorettaohuoé thsi stadded haveta | ength

in the gihtudipal diregtion e.wel.ded_j ojnt

100 nn1(kgp4%0mﬁ%£l(§§fsAﬁH%?tVg%gég Bﬁ?bgmg?QEESJS%%?llent
habihgt éxcekbheht pr@pabativheresaekaproepagasetnforth in any
re§h§t8?09h35a585ef955htbn(EEF cARQYEE20)eAr i62Lhat said
characterized in that sard weld pass parts having an

i npeei veler devareireprseantedapeoptéseansly in the
d'§89§RtHHQH§hdeEeEB§oh089'EHQ'Géhd@ﬁrjeﬁhQD of the

wel ded joint at intervals of 200 nmto 400 nm 30 (23)

A mul ti{passPApBeitherasd PeLhrvRadEAgIeteél haxing excellent

brptiteler ackcRr ppagahhenoheskest 8REACAS aSeketOFbRthNin the
one of the above ( characteri z

any 16). to QZZ{ ﬁ% in .

t haPo¥sgi 41 3hefBapassepares ﬁﬁviﬁ@ af it 8PFol Sf-Fadfdfé 1S
rfpkébaﬁeecggt%gg$ﬁ§§9 Fﬁ_3h@ghengat&dirgﬂda;mbutabhtpf the
0 ses., nmul ti - pas utt-wel ded j oi nt ‘
haVEﬁéegxégﬁpﬁnFH Br#??pghcggcéegrgﬂaﬁgtPgﬁeLesistance

as set fiabthAi nuany-pase bhtthecabede joidr hav(idy) excellent
ChB%%E%?%'é gckn Eggg g%agn'r%gis@%hgep%§ss%%r%§rth in the
havi ng "an rn &ri BF Fractare resistance are vel pass
pagbsvEoli8d by dlvdel dhameetiealzeicdt Anaghagmsaid ofeNweld
1% - har f i -weldi

Tt ol Al FoP et ag ot hat " poas Barre e g@%%%‘inﬁq
nuPfrepadenbatt thel Heddedi deirgviingaetedotanct BO0 fife o
cragkspropagati on resistance as set forth in the

above (24) characterized in that said weld pass parts

havi ng 4h6) nfeRPoEirPastuPEttsyrdfgrcd Caré RaVd lafacsllent
fopedtby thackapeopabditignneeladtasncehasweledi Mrth in any

L B Mgt SEBAT 00 2 18 M RN B e (R Ao o
more weld pass parts having a fracture resistance
inferior to the fracture resistance of the surrounding
weld pass parts are present, separated from each other,
between said front surface weld layer and back surface
weld layer.

{17) A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in the
above (16} characterized in that said weld pass parts
with the inferior fracture resistance are present in a
number of 1/3 or less of the total number of passes
required for forming the welded joint.

(18) A multi-pass butt-welded joint having excellent
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brittle crack propagation resistance as set forth in
the above (24) or (25) characterized in that said
other weld pass parts have structures of structures
in which no 15 martensite transformati on has occurred.
(27) A nulti-pass butt-welded joint having excellent
brittle crack propagation resi stance as set forth in
any one of the above (16) to (23) characterized in
that said weld pass parts having an inferior fracture

. g
r BT Bt ke ecrBCkrRr R g2 bhpRr BAS YL AREE ®F 3BEckeBFRgin the

webidoPase1Pprés. (1128nArautEt1pagsiRuthavelded yoiatpass
havi ng excellent brittle crack propagati on resistance
asPa3BES fBRYHY neRnynEBREOBf FE AT ABBVESFTTLERCE 23 e present,

chagpsteridedrbn thah sehdr, sigethpl pleseheNeckhate
t hi.cknesses of nore, 25 (29) A wel ded

( 50 nm or .
st P HERGF €ORhAf ablBr Ve eaBy  AalFng a  mul ti - pass
butt-wekded ponilthaphsg BXcelkhebdelirjbihe havang excellent
propagation_resistance as set forth in any_gope.of.,th
D oSPe Ehs PEmtRah ToRRERT I Rg  EO PHEMFF eaBnPernBhE T ont 27
i nonwdl of - passab30ebyl 63 webdi(h§) ofhstreetepiatdsini thet said
possible_to forma ed _j 0j [ I .
brV%%gep%%%c?aﬁg%pgagﬁﬁgngnrgé?é g%%eggi§§g§%e§§ %?%?Pce
| sapessibbentocophstnously imekdédngitudingeé Haypaglon of

we d. LoLats. ing excellent brittle crack
pr%gggg%?g%&réggﬁ%énce. 35 BRI EF_ DESCRI PTI ON OF THE

DRAW NG$2f) & muilsigpepewshbniAgdeHe] péBtl havéngacregllent

tegtictld cEQ&H‘BQobB@aE@éhSr@Ei%BﬁnEéeﬁgnbeknfeﬁkhomn any
FIG 2 is a view showi ng one_enbodi nent of a mylti- )
pagBepaft thel aBaveoilhb) of Ot KéSpr EBaRECERVEREAOAD EPAT said

3 we1a pheW phewkngadingnhadiAeatiek Fermatirenrebiamdnce
ropagation of a brittle cr?ck,in a_wel d |, Oi

d j.oint of .
D heChr BEBAENENUOREPBRINEPES Y 18 4 VPEW LHON ARG O1rection
proepagati gaided aenast of a brittle crack. (a) is a

vi ew showi ng an ect _of currence.of pl I
deforna??%ﬂ énﬁuggngﬁésngg uwgagFglégén?rg%%lgnggggllent
webdikayer candkbackpsyrtace wekdsitapee, aswsele folrkhi dn the

2 YbBYeShawh NdnalaapReqL n Nk A LASBH! LSy BoaGk s
pr opagat o a certain extent and arfested. Fl s
a heswnghew ngfeméowefdedtpoentestisthacephgyeng length in

Lpé@@%hsﬁg&euhﬁﬁaﬁaagrgetaoﬁia&l%hgew%hd@eogwgnt 1F 100 mm

Is”a view show ng anot her enbodi nent "of a
mutei 4B8s8mputt - wel ded joi nt of the present invention.

FIG 7 (328 Kiﬁﬂﬂ%ﬁoﬁbgg anterhedyednt;c@ht having excellent
brittle crack propagation resistance as set forth in the
above {20) or (21) characterized in that said weld pass
parts having an inferior fracture resistance are present
discontinuously in the longitudinal direction of the
welded joint at intervals of 200 mm to 400 mm.

(23) A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in any
one of the above (16) to (22) characterized in that said
weld pass parts having an inferior fracture resistance
are formed by single passes or a plurality of passes.

{24) A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in any

one of the above (14} to (21) characterized in that said
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propagati on and arrest of a brittle crack in a
multi-pass butt-welded joint shown in FIG 6. 20 FIG
8 is a view showi ng still another enbodi nent of a
mul ti - pass butt-wel ded joint of the present invention.
FIG 9 is a view showi ng an enbodi nent of propagation
and arrest of a brittle crack ip a nmulti-pass
butt-wel ded joint shown in FIG 8. 25 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON The present invention w ||
eW@%B|aﬁﬁédpaa§édhéﬁlpﬁeandaatﬁﬁggr fraptige, regastance
te@halﬁatdIQQQSObakhg pbesent bgO0al Rueat maBewibh Reth an
| ai ned ?ased on the foLEOMAn est results. &% g
on POBRE PypBlofsweFdiRge PYFLalhEB bhepareuat @&l §éqof
%othéiwaleﬁﬁgtaate@nagefm@mlngepaheafmglavpbaakpartﬁe
rittle c r agatlon arre er.formanc a) o
55 & vel( @5 hetalupbr Barfoobbh FeLBEl; dpaas fa Al Bxcellent
wabritbbkedrtok- @Qﬁphgatnnd tbelKaaobethe welkdfoetal in the

paLi r ed, using _one ty terlal Th
Peabryl 1925 CndEalhshn el Bictha PR et iohrls palts
nahas}ngbxn 1nﬁaruypefreﬁtuebdmag1aaaaceah$emﬁeéduiagers

tofogﬁgs Bym@h%ega 'Qggﬁébg ﬂb%hg My Eh% hgggg gaterlal

joint was uce passes forme
théOFW@Hgypbg §thrmEB@dngaﬁ§t9ﬁI§Bs becane

di stribybed ﬂSmHEE§QFhQ§de¥t taﬁdeaegsahtlﬂg%ahboexcellent
To _evaluate the brittle crack propagation arrest

pePFoEfFARCETPRE) PEPPRABLMENI YRBLAL anG8r 85 getCAorss: in the

pi gpevWag2 Ak epar @ds) Taﬁa§§Atbe§§e9I§ﬁetha% 3aWhoLenwas weld
cooled to -10C and the Ka was found ¥ the 10 CCA test

nePASd. PFhES, B&YPt STEPRETERERN Cfo§ELHEF UERSFIB, WhichTRE
$Emantenettalt@ﬁnbhgrrgtﬂbﬂghﬁat@tb@k&eused ?lffer

e cas e iffer in content of ., th
Tno typdd 1o AuBldEGPrasePRLEsWhLba S 3ok Siing Facellent
15bshowhei nrabe prgpagabyohheeBisankse wbi kett lfercasen any

h if re n, Ni t.han

sho&% IE %P% %8 gigy Fﬁe(ﬁgﬁaggara te%ﬁéﬁ q %ﬂ?t said
i swkédr pads phatS(hpvnhe Ka ohferwelrdédajgtume peepame@ce
usi di efi,a f .di |

Lpg wek E@ﬂﬁeggg Z h?ae ol %Eg&%@hlﬁgo%gﬁa g%sg Pa%ts

superlor tot a wel j oI nt “prepar
only welldBhg? mutéEiraR§scbptarneaged NPgRtN aaﬁﬁanﬁxcellent

FUbEhEEle'Erh%k b%abaegtteﬁtrebhgtaxcérééngb@ng%kﬁ in any
passes with different Ka values performance of at

| eQBE ?ﬁetkﬁ ggpﬁg éﬂ)tﬁ@ (27) characterlzed in that said

steel plates have plate thicknesses of 50 mm or more.

(29) A welded structure characterized by having a
multi-pass butt-welded joint having excellent brittle
crack propagation resistance as set forth in any one of
the above (1) Lo (28).

According to the present invention, in multi-pass
butt-welding of steel plates, it is possible to form a
welded joint having excellent brittle crack propagation
resistance. As a result, it is possible to construct a
welded structure having welded joints having excellent

brittle crack propagation resistance.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view showing the results of a CCA test
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wel d passes is expressed. 25 The present invention is
founded on a technical idea based on the above

di scoveries. Note that the CCA test nethod
(Conpact - Crack-Arrest test nmethod) is a test nethod
for quantitatively evaluating brittle crack
propagati on arrest performnce;80-defined by the ASTM
etc. and is perforned as follows. A test piece is

wor ked so that a center of the test piece, that is, a
nofteFatnpathe haséhesfwrhd preseeht BRveptiphe wel d

metal paté, bhestgstiphesBorsng ¥HO! Bnbsdih8ser&eda multi-
into a cooling tank to cool it to a 35 predeterm ned

teﬂ%%?a?%?%‘wﬁéﬁ%d Jepet ahdtac| BRESFRT LPPFPEHCRO the

test pigce.throggh ﬁléﬁdgﬁowfhgl§ﬂ|éﬁBﬁ@ﬂheﬂEtéf formation
attaﬁhed to an.end g t he tegt - i ece i
e

13
e SreptaeliShopbea et B 1 6rane Pheforehogfinsgtft of

t heh¢ esteperceinténaibnittl e crack occurs at the
t ched_t | d_the_. t h
fai s i BIRVAI e rvsSucabr BRB e hrEroehacn agn orFBst of a
prbpagaléourdtktamae iFhatvisy shbehngh&nKasaéqe of
th&cﬁ ?fén&ép QStESS&eEb§ﬁ§%§8h' nd! uEbflgrEEEEﬁure at

Crac propag a arrest aracteristic
br@tft@ntraukfaseaweégtéayesoanﬁebackasuefage weld layer,

ca&ﬁyi@t?g fiQ”btbﬁeﬁréﬁgw%ﬁagé gggééﬁ LhNEhMRNat BRittie
10 val u

crack is arrested and fromthe anount
of Crafkplacerentgetedheot asteprate artenhtapfparapgted.

eval uat i, ag §{5e;Ka;i¥@! YRowhgNext, wémaean smhtoa§ the
will be expl ained based on thée draw ngs. 2_shows

th@r%ﬁ%%alh%ﬁ?anoa w0l thepadse 95 6u§%“ﬂé?d€@VF6|ﬂF°°VE
of t he E[@SEBtlsnMeﬁléﬁnsﬁ@ﬁﬂﬁg biovetdi agbadbmeht of a

ove of stee te nul_t as i N .
R ERY SpErerbaRtrBeiasS, fetle  Hout B R esPRE niRYent ion.
presentFI@vemtLena)v1§hespbe$ﬁ@tannemhbdmmemeldéd

#{Spigiplon %n%FLSEF%t gg isbrlpgﬁlss % ased8a5§l pass

or ne pass
thbutEChﬂldaﬁ ndeat ahOWhelﬁrEmG 6urface and back

surfaceppf the; %ggdsge%OEHEW1ﬁ EFEE g%Eﬁare@ﬁbgdlgent of

| ayer 2a and Ck surface wer
byammvhtpasgsgabuﬁthaelﬁgdajﬁnabtgfetag pespbsnanéavention.

better FR@n dhesfragtiuheshesialanfeepboliffentt Ber weld
pass parts, In this way, the present invention is

chBFaeeerF3e@ 2By arrarbi A§ a ProhtleuFFack kel a muyki-pass
2apand-aeDask j6untasrowk! dnl aygr @b having a fracture

t oughness better

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

cocled to -10° to find the Ka of the weld metal part

prepared using one type of welding material. The results
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30 than the fracture toughness of other weld pass

parts at the front surface and back surface of the

wel ded joint so as to nmake the front |ayer part and

back | ayer part of the welded joint regions resistant

to brittle fracture. That is, in the present

invention, even if a brittle- 35 crack forns at the

i nside of the welded joint, due to the presence of

the front surface weld | ayer 2a_ and back urface wel d

| afEP EBOWPtéonSEagétléﬁ thet hdgures SpEn® tRas Kl

di rectimexef the n@bagdofowaud@ag ﬁ@te@ﬁﬁ@%tﬁéreH@E@d to

t he chanl f .expre il of this action ef f ect

il TARE Gt R BE P e dChAbeantn LB 6 taMgndChaedacy fpiopewas
i npirdduoédt be wehdedhipoiwalld phesea bbkméhebyctaéktwo types
for starti rom zone.fl aw

or 2Bk B B hgarat P Rr SagRefafd ekt thrthd 85 pkesSpaibed by
2|thbaprageatfmavéutéonesmstanaéuh@methehbmlthée crack

fr - @S n h gnt c a
anfepaafehB0, A RBE TR e P afaPteT ey g Frdckly a et

reppstanseCEpohessupfiace webdprhayeedanahbaCEAs@eﬁaceiece
r.are resis t,to frac ur e

2P £ PO R ERE R A phn 1R e ShE TR PR by the

fro6a sesfametivetd Tagemeandtbaeke15hsuhfaogemabd in FIG.
| ayer, at those regions, no brittle fracture occurs,

pl astic deformation occurs, and shear lips Za and Zb
are forfibd. amhenbsibfl§icoéckheZae&danbmptepagéseubad

thelkaEg'gHQ'E edhﬁggglgﬂeoﬁﬁgggr@ﬁ QGQHJQEnth%eﬁt of

state urle I NSI et al” bet ween
fr 6he Suef hreefePd rajdingnwabackadar facd wel 43| ayemore is

SOoshBent ERStRE f“ﬂﬁrgrb&t kﬁec@%]@cmmﬂ@rcé% where

stress expansion “coefficient, the dr|V|ng force
thEhBrﬂﬂfférePQEkén Na| Fentand ﬁﬁelsﬁﬁtthéncﬂack§ ah@wn in

r eﬁﬂ@r Eﬂghﬁéobﬁntﬁésﬂ Yna B8 arrest egrst at e ifFliG Yearned
a

0 the st at e of pagati on and arrest of

F%BF aERe|ﬁatﬁ OH§?988|ﬁaﬁna|Pé€PP6ﬁdoPSﬂﬁ@ welding
mehdedrpalﬁtothEffétahtiSmbbﬁtSaHE 8s FkGsuperbut to the
Flﬁ% g( w ?ﬁ t he tate of BrOEaﬂatioE and arrest
of "3 Britef's CFS&E XPFRPEREY BRGMPuaMhE “GLPEREi on
ofmaherlabsdedntaunnnthihEgb EiiambanctaEKthes, it is

preog gﬂé ghg?agygaeég ?rEQﬁ Hdwgﬁdnggged 19 lgl%ferent

t he ron sur ayer uSFace
|a?érVaégesho&npenfﬁr@anaebpf 86 peasti thdeKer mafluonof the

ocgui§ pRdssbeas Lips.£acgnd Zb

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 plece 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 load is

applied to the test piece through a wedge.
A displacement meter attached to an end of the test
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(ductile fracture region) are fornmed. Along with the
formation of the shear lips Za and - 15 Zb, the
propagati on energy of the brittle crack X is

absorbed, so the brittle crack X cannot continue
propagati ng through the welded joint in the

| ongi tudinal direction and Lsjgrrested at the

position of Xp. As a 5 result, it is possible to
prevent brittle fracture_ of the welded joint and
prevene frausadelofceheuderaeiheskrielupearpbdod, tasthe

expbatned @Pﬁng tRethesprgsent . i nvention, at the
front surface and back surface of a nultl-Eass 10

wel ded {6i AtPTATELBNETRGK AEEUHEI At BpernghaPBdckip and the

sucftaer pwepd ha&gr ba¥i Bgaakf tapt ere1Eeshskangeue in
better than t rgcture Ee3|stance of the |ntern@#
me?acﬁﬁgénﬁﬁrFéthE t 6FAEE BYCRaPRFipAsYIREPAFRg. TFRE 15

| nweahi bhei B chanacbeér tredcrackhalipt b€ thentesur paeee falls
we ef._a 15 back _surface.wel d |l ayer have

nctPohr PAF T BLei B Chr BhUBABREACH “arBPT: Pl erhariotic Ka
f ovatdeat tha bniethal cwetd 1paasrpateddusotbha Euddéne is
or k r e ydi e n

ofcé SEBF%B %réh ?ﬁéThﬂakﬂléeESEOInt gﬁé ﬁghérgégﬁ the
in9§ﬁckom8|sraepbedtanQotb@nﬁrW@édeofrgmeéhepaapegt of

bu&isp@ dedloMt t Brepph Q%Qﬁr ¥cen?ktth995§1m@|Qhﬂgevaluated
ate thic

knesses o steel = plates are not
paﬁﬁlEhﬁaKﬁyVﬁﬂﬁﬁted The wel ded joint of the present

|nvent|9p ”HMeQ€ ath@“hhbeﬁ@iénﬁﬁbgﬁﬁ b@'@kpﬁﬁ&ﬂ%ﬁ B¥sed on
mul ti - pass . wel 5 invention nmay

pli ed
totBEtHrPHFQQSheggGlnSthﬂéﬁdFﬁﬁ eaﬁadéwaPF ﬁéaﬁ WH&GF pass
wEbdtﬁQweIh@dQﬁ@QMe shapgeObriBenst eakepkabas fosmaat by

[im a X-shape, K-sh , single beyel
shapedapcs BupholaBropRer o PEGRL BRTASe EVaTRayerPass
andebdmhgswbéaoe BGeﬂekdaHayeraslrths netdsdarypihe of the

égégnge ggg%rgg"yndth in the wwdth direction of

so’an X- groove or a K-groove, which
enable Ehbapgesandthngénthen badkedunbaoe Rebdokayen FIG. 2

tOlQecéﬁgHEEQ b¥ QE?EGEQQEepa Eﬁggﬁe%orkéd ?:hﬁ%% NB%ass

he nec ni ca gropertl st ee
ut VeLdanponkbnbr bapedsennghpr bpabatiicen @ﬁeabrﬁttwée front

Cf§EE§acéna%dgbgekesﬁEf§c5 gEOQUE iy 1ARHEjoRhef enakhent
FIG 5 shows a welded joint of the present

|n§EﬁfP6ﬁ wehdt haveas@aofnd 8i R§FE BEYERCEr WG, 1ayer 2b
shave EBrkE& b§. well pssBOBSkbkenkhoiapphy rirhetwekded

JokgglgLaggg Bg%%ggtthan the fracture resistance of the
other weld pass parts.

In this way, the present invention is characterized
by arranging a front surface weld layer 2a and a back
surface weld layer 2b having a fracture toughness better
than the fracture toughness of other weld pass parts at
the front surface and back surface of the welded joint so
as to make the front layer part and back layer part of
the welded joint regions resistant to brittle fracture.

That is, in the present invention, even if a brittle
crack forms at the inside of the welded joint, due to the
presence of the front surface weld layer 2a and back

surface weld layer 2b, its propagation in the
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i nvention even to a single bevel groove forned by
meking 5 a steel plate la vertically abut against a
steel plate 1. Further, it is possible to apply the
wel ded joint of the present invention even to a
singl e bevel groove fornmed by making steel plates of
different plate thicknesses abut -agai nst each other.
10 The front surface weld |ayer and back surface weld
| ayer of the present invention welded joint are
pr ?%ghBPQlF%En%Hrﬁﬁﬁ%?ﬁu%ﬁsF?e ﬂe%ﬂ%dléﬂﬁpFua?ﬁaPe
di seets0840f the welded joint, but may al so be forned
discont'nuousIM 15 Wen for?1 g t he frontfsgg d
wel d | ayeF€ant"BaBRNaLFH PRI WERRTFEFLPT © 18%ction an
di scoatt wous| e eékplaenuel dakayess rFhavesl engt ASGLN4.
the | ongjtudi nal direc of e .wel de | Oi nt 3
m or CneF L Rr{ ThstHECSE bP e e lrpdesouny: KPR, pebritile
crankcbyfénmnastantmﬁgsﬁeam hipsld2@okar fhew, whenbrittle
fo h t_s I d k rf .
wer 8-, eP8aradbher HhoBERy Seha A¥Fps, B0 uB5H plLDAEEes 21
mhbaEln@eamérdctayerseametpnesehbwen thhe tbagftradinak
dipectLonobot e vabdedohol Brahe. Reeheiabby 400 Btk

ess speed of propagation o ritt
cragkfpge webdedalgrthe shear lips formed at the weld

| ayers, Tﬁgthlgﬂ fbscﬁsgéoeésm@eaﬁcghgrshengu§@56@0ﬁeld
wel d | ayer an back surface weld | ayer are present, a

or LBYPE %F%CRacbr655§§F§swﬁﬂ9h66¥eFoPﬁ?n§e§ﬁ§5?nF|B@

30ptitthe keagtbr@t Qaewﬁéhtb|5rﬁtﬁi& tRatkex, as shown in
i nal rect on_o exceeds 400

PO enerachts the EPPetl Subrace Helonieetoeag; fack

| t suksaseneeldesadetfi aul thbeearegsbnbyi hol britatk fracture
ere s no front surfac

I d.
"ookfRn BBk gt PeRat fal QoPkORs, *HhEr SRsE Yipg za and

IeagthrenfbhmedLongltudlnaI direction of the weld

j oi nt he ¢ n_.i.n h e f
surface@aél gggg Cr%CES Eg &5 %SUP? ggaEE &Pa§g?
|slpn@iEuabhyl40®rﬁntmpnlegsthﬁswaldeﬂhodiﬁor1ﬁoanﬁhgte

a Eﬁ?ﬂ&dsyﬁgﬁgg %ﬁgdgéﬁﬁeﬁgtg?dbgeggeﬁuEkgc?rwﬁkdsurface

| ayer havin etter ritt racture characteristics
thaﬁlﬂhéayﬁ§|a@dmbapkpaggfaaetyelg AaifethodCothgsthgsact

wetgengr Bt 861 8k aWkEhpaBoAROYRL 198 rNi gtré%@Oéxgahglon
| ower than the amount of Ni of the wel di mat eri al

usegef 6 <t 8Fht nfhrendrivindetaErs a§s§hsaPF§t5ﬁa cracks

wefdiing, uader thbepbgsagelvetdhngscandi tenAsrad theo an easily
meldlnggeaong %IOHS when wel ding the inside well pass

paft &<

F1G. 4 shows the state of propagation and arrest of
a brittle crack in the longitudinal direction of the
welded joint. FIG. 4(a) is the same as FIG. 3, but FIG.
4 (b} shows the state of propagation and arrest of a
brittle crack X in the longitudinal direction of the
welded joint.

While a brittle crack X is propagating through the
inside of a welded joint, at the front surface weld layer
and back surface weld layer, as shown in FIG. 4(b),
plastic deformation occurs and shear lips Za and Zb
(ductile fracture region) are formed.

Along with the formation of the shear lips Za and
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(A) No. 53-130242 discloses a welding nethod wel di ng
an X-groove part of a thick large sized wel ded stee
pi pe during which welding an initial |layer by MG
wel di ng, then welding a front 15 | ayer and back | ayer
by subnerged arc welding to weig the plate thickness
as a whole wherein the amount of NI of the welding
wire used for the MG welding is increased over the
andint the RropfgthdonerBergywrEethselriftifecrack X is

Sugﬁgégsgdar§OM%hglBgltEQeTEkackSXbegaﬁge cahthhfe
initial layer, weld cracks easily occur and securin

t oRgARegat189dthrpeaht theowehdprdi agintr énwiPAR éOPgﬂagﬁinal

anpuptceioNl ah8 WsedrieseBEULE tRel pUghnEss eguab.tBs a
that of the subner%ed arc weld zone . and

di §BPRbhti 6h 6F P8 ahﬁé§stafprﬁgeaé|BriaﬁEEz§rPﬁtPﬁs of the
pl akedkhi gknassadur pekivent FRastusebasi cakl yelded

different fromthe technical idea of the present

i nVEREFEH ®The front surface weld |ayer and back
surfaceabekd, hayekplaynbd abogke hayehs premaytbénvention,

multi;]ayers 30 conprised of t nDre

T R B R R pROHELo e b o0 AL TREC WeLOL3YST B e

| ayeidednyohatf ormEdohy sUhéasanwe&éldaggrnandrbabkosurface
na d el di r e h

anbcnf sRURECnRtife ' BacTRLE kBT SPAARUNE e Rek (Enan the
anﬁrbacmressegdstaoeemeﬁdthayentﬁaya@eWﬁéﬂn@QS§ypﬁﬁés are
Sa%BrHEHdSQQmuﬁE&hggs%Sw%ﬁ81W%|dTﬁ% meiReq iber msng the

ot her wel ass parts or nay formed by a_different
mepaaﬁQCﬁ@Fﬁéad injghathéhgefgent| sistase w&édp#éygﬁtand

'nbﬁ@k'QGngﬁefQéﬁﬂalaQétha%@rEﬁ%eaWQh6n|@fe%r&@@tdng
back surface weld | ayer by adj ust|nglthe Ni cqntent

ofpFﬁQaﬂéF&PHg°§aFePFéFtéﬁd€FacﬁoFH§ Sferdi Ag tnternal weld
copdkti past dhe wel d lsayaes prefiepaklity13kkaverass in the

t t f t. t t
Cr AHEPGERARIEn RAE CGElr L4, DapARICE Patdt

, Publ|camhenwéAheNojoZ&@Oo@S&é&OprpB@mmsaﬁv&RW&bwing a joint

neth f.ar uci.n Si I 4 t I
zone gglgeﬁh Sge%l P%aggl %&%tnw% d%%§wﬁ@ﬁ %%cweo%her by
namgﬂtanWEBhwalHowgtr&h@f@dmﬁel@@lté@@@ﬁ@ﬁuﬁé’the steel

CORMALBENG 8 hRLIPSATIVAN LN iekATRe 119 of N end

1Zln ass martensite transfornmati on
from aug'h@niwleédeldo@@@-@rt ofhéhgepdesend flomead iign maivs be a

veldhRg -pRROG e 142 dN3% 1A S tisleld ByOma tTRIHa@SiWe@ ding. The
St&%%%%%?ons%absbe 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, in the front surface weld layer and back surface
weld layer, it is necessary to secure the required width
in the width direction of the welded joint, so an X-
groove or a K-groove, which enable a large width of the
back surface weld layer to be secured, is preferable.
Further, if considering the mechanical properties of the
steel plates and utilization for arresting propagation of
brittle cracks, an X-groove or a K-groove 1is more

preferable.
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extremely high in strength. Utimtely, even if a weld

zone containing a large nunber of Ni, it often is

| oner in toughness than surrounding weld zones not
containing N . Therefore, in the present invention, a
structure not 20 undergoing martensite transfornmation

even when containing a large pgount of Ni is

preferable. Note that, the front surface weld | ayer

and back surface weld Ia er of the present invention _
need onfiGbe> sRPWSs | ayeek %@vmﬁgn%e@gthﬁraéeﬁ?@t invention

resh stipcessd hap 4 hei 2§1d nbevanl guebde Pags @Hb&ﬁ 1Hhszc 5,
nmeans for raising the "fracture resistances

fraeti? PPesiRianke dprinethe nvetded wemtpa@ tB%rPgesent

0r1@@éﬁti§n”@$eﬁ'ﬂbtﬁdsi@?lésbevéﬁl§r6@véhEoﬁmEunby0ﬁak1ng

Ni of the Iding nmateria goss ge to &e fe 1.

thd front Rifrfac am)é?atjra%lryaﬁ‘a%a PN u?faE%e pate

|a@@fthéhﬁnlheﬁ$ péeaiblbetmehﬁplgths ﬁeldeﬂuﬂbhat of the
r exa n the '

LoRr SFATP |y REEToh P Eue RV €03 P ROLE L PERE N 08 Y EfEmea by

nnmabrn@esseeﬂuplabeshefeﬁiéfereﬁttpéasheahibkpssses abut

foggggng{ tgghg£ont surface wel d | ayer and back
surface me a ér, it is possible to arrest any

brlttleTheaERODtopagéacﬁgweiﬁrbaghraandlbacbaggrﬁéﬁéeﬂeld
join erb8£ fﬂetgfeQEQEelnvégtlBH'Qgﬂﬁéﬁ oL ihheapel ded

jornt 1s nore, sonmetines It 1s not possible
t opaefesebhybfprmed epackniaushy inoAfFt dangakudinal

d'&fféb@ﬂoﬁfth€h$BLQ§QeHOEBEnEY bH%thQGalgéfgetfeEmed
the shear lips formed at the front surface weld

| aY&FCAREIBACRSSYrface wel d |ayer. For this reason to

furtherWhaﬂrﬁMEmihg bnéttk@ntcsaeka@éonagatuggearaaatback

perfornance g wel d joint of a.p a% bthkigsﬁ

505Whf 8Fe nfed +AYSHd %PSH“FB“PHBS &t f &t L6F PR 8arre

IlpavéO[ﬁﬁdtBB ihethéOmbngmtﬁaﬁﬁamEHdréethamebfanﬁe welded

back. s d layer, the weld ass ns

plé?% gkﬁgﬁe s°§uP?5SFe Eohfr B F’eébh tghgr%Fggeﬁ

inbenttba webdkdbyofntmaasoshoinshrarFlGps6, at the

wel d pa s 2i _he h r S I
§§r9§5%hegbgg E%@ﬁ?a% %hg gQFnt gﬁ%g%@;gﬁﬁgdi%ayer

| ayer 2a an ck sur e wel
algndpbsskbserfeceOWﬁﬂanlaMEérd@apanélwep98ﬂaye¢h2x

beiﬁ@érbglgréft95215ﬁ§'%h@?%etﬁg Rggd“@59e9§5§rgabE%sent in

(however, equal | ower th fracture
reghgtéﬂealteﬂlﬂﬁé ﬁiéﬁﬁtéaﬂfﬁéetﬂélHeﬂé?@rlgﬁ&tbééﬁ

suptaeeruwsh¢ 4b8YRR) ogONELBUOUSly across the width
direction of the 20 wel ded %olnt The i nt er medi at

vel d | ayBf BReRdvPhgPERPEPREAPD of a brittle crack is
slowed by the shear lips formed at the weld layers, but

in the regions where the front surface weld layer and
back surface weld layer are present, a brittle crack
propagates without forming shear lips.

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. It
is sometimes difficult to arrest brittle crack in a
region in which there is no front surface weld layer and
back surface weld layer. Therefore, the length in the
longitudinal direction of the weld joint in the region in

which there is no front surface weld layer and back
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fracture resistance is conprised of a plurality of
wel d pass parts 2i, each fornmed by a single pass of
wel ding using a welding material having better
fracture 25 resistance than the wel ding materia
formng the other weld pass parts, for exanple, a

wel ding material having an amggnt of Ni 1 mass% or
nore greater than the amount of N of the welding
material form ng the other weld pass parts, connected
insﬁﬁéaﬁﬁdﬁﬁléi&éUﬁﬁoﬁSoPrﬁﬁ@rﬂ@ﬁ&eéUﬁomﬂopﬁt lemst-e

that, the bnh%EE%@|§b% W%&%lh%y%rf@%ﬁtb%u%fa%bngkﬁd layer
| ayer, or be a multi-layer "conprised of two or

nD@Bd'HP€WW§8F§?§emHﬁ&dIé?§ﬁ§ SPYAREd beSGFEhBrithle

t hifgactufe, chhrastpessthle Eﬂaﬁoﬁﬁth%sHW% Q%lqob%ss parts,
|nterneﬂ gt 35 weld I%yers the sane wel din

mafelFaNo8r CfoPMiPHeM BY 1 MMELUMag eraPdr Faitd éﬁaﬁﬁ@@qt of Ni
t hefamuot abri lokWerethEhGthé showatt bE stiabg éhe weldlng
pr o] ggatl n_an rrest ittle.crack in th

a_br
std euﬁﬁg gostgﬁmlPﬂtEgﬁe&Pgﬁgewgﬁ&dlE?@F parts and
hawemglagcehhemttheaehmeeweﬂdﬂm@tabmdlm&bweeastmae welding

fr e d. | sur e weld | ayer
gghdagﬁéﬁ%swgﬁhlﬁFgﬁgég e m@%&dﬁaw§?&2£aﬁavPﬁr S 1is
exﬁempéﬁtaﬁdapﬁaiera@éestance bet ween t he front

surfaceJapgh@sgaﬁsEeﬁ@dpeﬁaﬁca%r%%C?Aweh% | ayen s bhe

di stri but toughness in I'at e t'hi cKness
duﬂéé?ﬂ@ﬁeéfatH@ldmégd@@tpédnweédd@gnap 6haﬁ@@§eapawﬁeof a

I nkarbRdN gl 9 ed0 WAkl 2XeeiO EB% 3Gy §hich welding
resi stance of the welded joint i5s s% it to'the two
&

an8boPLoAR Ll £XRTI RYalSl WRd ddfdes$ @tyeéﬁlpﬁea front
WEUd?@rJQhﬂtbackoﬂagéénﬁbesu%h@%%eﬁh%rbnh%ﬁﬂﬁ%bak% weld the

? ayg& 2X 1S reS|st% & to brittle fracture,

br PLEFE EPACKNCRS SRofmWhSlenwbeEein, the §&PPPt.ﬁ€ Nj of

br thtl eettaak Xlab ﬁeeﬂtfo$uthacm131delaﬁnglabelncreased

th| e and a. cra rear surface Si
thgg Enid ness wh cRt %Eﬁa&ggglgg i §s #5818 %ﬁe

theumebdgbdyers @aéhdngass parts 2i). However, the

br'ttleTﬁﬁgcﬁsteéaﬂ rag% %%Ehlﬁltzglnﬂ m’“%%ﬁ% bracks
the plate thickness fectlon SOt

exﬁaﬁsﬂwn0§@etfaodenecutlnnet@ngbmessp1bedo¢éscult 50
f”ﬁéh@&n@nggkgewgfhvbngﬁggége @Qﬂﬁkngfpﬁqpﬁgah%%ﬁe% secure

crack l's, ther | e crack
| oRgFPUER&FSdRABEL 8/ &hathefwshgegubpiempeds aggsiwield zone

25aﬁﬂrﬁébéﬁ tht HRetRiblthenchbaCkotgRheRagdalres nandeile zone
PR pE2Enegn g LG Surface weld Taver 2. 2
ex Pa gdP 4
different from the technical idea of the present
invention.

The front surface weld layer and back surface weld
layer may be single layers or may be multi-layers
comprised of two or more weld layers stacked together. At
this time, the two or more weld layers may be formed by
the same welding material or may be formed by welding
materials changed in the amount of Ni.

Further, the front surface weld layer and back
surface weld layer may be formed by the same welding
method as the welding method forming the other weld pass

parts or may be formed by a different welding method.
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above, plastic deformation occurs at the front surface

wel d [ayer 2a, a shear |lip Za (ductile fracture

region) 30 is fornmed, and the propagation energy of

the brittle crack X is absorbed. Further, if the

brittle crack Y propagates and the bottom end reaches

the back surface weld layer_2lpg simlarly plastic

def ormation occurs at the back surface weld | ayer 2b,

a shear |ip Zb (ductile 35 fracture region) is forned,

and t heTbeopagdefonodner gf bhe PRESBRFt LhEeBEABR Xapsform a
absprRedsulEatbeybobt 08yeRd Al hheabki klikeackagk1d 3B¢er by
the top - 21 end . of the brittle crack. Y reach the
|n?€HH§HF§9etREIHl FS?E?HEXOprQ§tW@lQéPGrWﬁF?Sﬁal under
OCﬁufﬁaﬂnwbmglﬁggb@ﬁdzt1eﬁgmeeﬁeth@laruhyb@scpa@kexably

and the brittle cracg Y in the internedi

| af8re28 ShAUFhETHr 8pagafFbHCEVEReGrES BP PﬁétﬁPﬁﬁFFe
craeknXrapslabibht hesceaekr¥edre absorbed along with

ductile f t th ittl K
bri 111 678PAERSS PaFEnFeRUBEEEFAES dndi pe anopso 3180
prppagasesnalseﬂdhnblmedhodndoarmesuChageah¢ rAftienal

Prgpegati og Lheoudht bepueld 10,8838 BY LS 8LAG using

surface 'si de"of ness
suWéédengimetetlp&aWethhacRnsssrBQS§oc@atapn tenpemature

h h I
t 8¥ggggpsﬁge§t§9rgg gmbﬂh@rq?gkag§a lg h%%?roglNl and

pre resent cont I nuousl In Ongl tu
dlPééﬂﬂéﬁngfatwélﬂénﬁeﬁa5§5fpélWﬁrtﬁuﬁlﬁﬁytéﬁ@éf@ématlon

present adsseqntnuously. In the Iongltudlnal dlrectlon
of the welded joint, if a of 200 nm or [

secur edHong¥ere the Wﬁﬂéra@ﬂﬁoﬁorméﬁmbgntbﬁé Wﬁéﬁﬂng method

sunhace wekdckayer oand hackepdhitacetrrwehkdreayeb, ilst is
possi bl e & rrest propagat|on f an 0 brlttle crack

oc@ﬁFFFH@ égRePH 5aE8TghPr § tﬁﬂé ey d&vVesr ithg vweld

rehdad pghgb1ntb@8ﬁe&ar@heﬂuhpéffb@nNgsgﬁEaQEtW®|ds lower
ayer ., and, ba ayer .an e .

VB hRNeaRE S R 6F RS g e a Aok netosoRy At ing

t h§il ofigetradbmal dinr ébki pmesktn2’ inkentebded aj sitmuctiure not
o SEOBLLAUALSLLOLERKALS BRCOTSo RURTLROSE, THERN Sont aining

i f over brittle crack
MAallprgpagmpenan@f Nﬂnaslyreﬁﬁya@d@w into a brittle

crack wybie athSEgt?hEnkaﬁt'%ﬂQEB%@'%éhddufg%kl%%dokack
t he wel ded j oI nt 400 mm or nore
| efigthase Hebei davercpackhenpERéenttofgivendiing need only be

di echi 9ayakst R vWRLded tikeirntr roe¢ores r43Q stincRs P the
t he enerax of the brittle crack becones excessive and

ar FBSErAgLt HElPr Bpa§aPREh Sof ThReMEaNSt f@r raising the

fracture resistances to the fracture resistance of the
internal weld pass parts or more is not limited to Jjust
raising the amount of Ni of the welding material. It is
possible to form the front surface weld layer and back
surface weld layer, then heat treat the weld layers or,
further, for example, peen the layers by an ultrasonic
device etc.

If the plate thickness of the welded joint is 50 mm
or less, due to the effect of the shear lips formed at
the front surface weld layer and back surface weld layer,
it is possible to arrest any brittle crack propagating

through a multi-pass welded joint, but if the plate
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crack becones difficult, _so the discontinuous interva

of 35 the internediate weld part in the | ongitudina
direction of the welded joint is preferably 400 nm or

less. In the welded joint of the present invention, as

- 22 shown in FIG 8, it is also possible to form

wel d pass parts 2y and 2z havipg-fracture toughnesses
inferior to the fracture toughnesses of the weld pass
parts 2i in the weld_ pass parts 2i between the front
suFFéeénﬁéﬁdOfayéﬁ geddedngoprékisuPPaf® @&l BOrgyepometimes

2b1t|£stH§Eep@égleG vel drpass Rapk$t2Ycabdadk aADRMe
pass parts 2i, the action and effect of the

rEandtLiapast AEFACE A9Br 05atBRIWEAERIs iPERE LR ST the

| ayeredh, otheheaghega angsefbefmbdohtt haeWekdnpasarface weld
parts 2i g e 10fact|on gng effect of the weld
pas8YBhr £RIOR2GHASBY EAEEBPRE $B8YBRat even if a

brittl eForackitorgasonsi de ehrthbe webdedej ehst brtibele
acéggn and effe t _of sting

pr 5pagit PoRPaPE é%srs§§sa§ §F6?05m§H8ﬁBOFh8 gpifigdopoint of
praprfateonhandinassest 60 mhboa ikt | éncrddktinnt he the

?aéff$@€r§ftg gesﬁégrmﬁkg p@%%geaa%% tﬁ gngzsn§¥ e weld
racture nesses i nfBFi or rac are

t oligkaessed baCkheuwéBdepusédpéavsr2|thprwgédtpbesmeeﬁlde

th@hérBﬂgtéuEﬁ§E§n$§gd1Ea¥g5tgﬁléngohg§o}9@8k surface

wel d la . a sudden or inpact-[like stress
acts onlRhEhRepgegenfoinventiast yeedegr épépbnt pal Bpown in

ocgus, ak,t he ﬂﬁbdwa@aspaaarbgrgg Qﬂdbg%wgéﬁs%ﬂé front
ersed inside the oi nt h fracture

di
régggfaﬁeegeﬂﬁféﬁwsF ?a ﬁﬁ@ Sher bardi i ﬁgrfaéﬁdwEégslayer 2b,

paits}sanlsbrpbbkepteaeks trandnYiateriheniBdec2fedndlayer 2x
r gggate to_the surroundin d_pa ts 2i. In

wel
SEeinofRAECHAE FPACPARBCFeSFtRRcHELEr PARE REFHS
pa$hopawés 2eqaad bet ber 1bhap thanftaetwkactesbstaaaesance

I ass_parts 2 d 2z e
ot Sbadiei ShoRP S3rPRRE: Y o TeweF nrbloRB P s Hafacsays e
patageli csnhmnuacsﬁggabaoby tetewnihbddandcbéconme$ the
COQQE heatedi,cUtimately, a plurality of brittle
cracks pr pagate fromthe weld pass parts 2y and 2z
to the Ebfrdoherngdiakbdwpdds lpaets22i hapingt Racellent

brettk a a OWrl t
o LB eupEaskaLBEaER SEChiorRSEGONL T AT LR B8 e

t hB28fr B3t expansearhcbermed bit 8 éﬂnsﬁ@ péﬁac@ftwsédlng

fahblnghg deilding ﬁgt@elsaugaegn rppagati epaeturkthe
brittle_cracks becoHes STE the_cracks are - 23
E%%%F§35F?eEP%B welding materlal forming the other

weld pass parts, for example, a welding material having
an amount of Ni 1 mass% or more greater than the amount
of Ni of the welding material forming the other weld pass
parts, connected in the width direction of the welded
joint.

Note that, the intermediate weld layer may be a
single layer or may be a multi-layer comprised of two or
more intermediate weld layers stacked together. At this
time, it is possible to form the two or more intermediate
weld layers by the same welding material or form them by
welding materials changed in the amount of Ni.

Here, FIG. 7 shows the state of propagation and
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As shown in FIG 9, when brittle cracks X and Y

propagate fromthe weld pass parts 2y and 2z, since

the region Z between the two brittle cracks X and Y
avoids 5 the brittle fracture regions, plastic

deformation occurs in the region Z and the

propagati on energies of the _bphttle cracks are

absorbed along with ductile fracture. As a result,

the brittle cracks are rendered a state easily _
arPEEEEH PR fheribhrt GaRAKI 18i Ebet pbAtef whpselphere is an

WBEQ@QIM@ﬁBéteFHélBeiayéﬂeHa%hﬁgt@ﬁc@ﬂﬂeﬁE Fhachniktle
crack, X reaches the front surface weld |ayer 2a and

thEGSbFFaﬁFeeﬁatBﬁePhEhsrﬁrPné EHRERCY MBAEhé3VEReand back
baskrsuetageiwel dyetkayer 2b, plastic deformation
occurs &gﬁ%ﬁe front surface 1gﬁmeld I?éer 2a and back

surface Srgyer 2B, 18heErefipte vgldndarsr(dcbprring

fraxtelEenegfﬁﬂsiuaéeréQiBedncénﬁetheenptﬂéagabhﬁnsurface
ener of the ack X ggd brittl
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necéessary r
splayernéxdesohehaefdedtupelnESlbbaaverpflthehwehdaﬁe501nt

oflghg gfkdtBaéﬁep@&BSanSXﬁ8€g§m1/3 of the total

passes formng t wel d pass parts, the
meld pa§§ parisparthlibe Staesarectreshsthacesliiadt heint,

mﬁkgﬁdekgﬁﬁlebGQQHEedQHEn§ﬂ£e§ﬂgdlaﬁétQ@Ed a Qékterls
crack, easi r opagat es so this iIs not pre érab

ThEeﬁbﬁB%?toFomEFH phgstparturent erPoitthe Frackuras shown

chaxagteri sfics sﬁlﬂteiﬁtébbe%iEtQé thgckokabs 8Qont
nunbeg of gagses h?te t hat each wel pass, part may be
f oP HEHABS 3198i AhI BIpEEst %chavsﬁeap  RelThyde CTACK Y of
Plneatiﬁyrﬁéc@asseé QfTbEaM$|dhpﬁﬁﬁeﬁ@;tghﬂ&ﬂabkwpaPate at
0 cont i nuous in e,longit irection of
LB ConhL oS LEe Deld® 1A 0005t 9508 ghragsarel 2L .
dlscontﬂﬂmemety thé bhetwkbdcpask Xpasts wrbabkhiwghh a
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rat her _discontinuous formation is preféerable. Wen

f P hi 7Yt SRt d pass parts inferior in fracture
If the brittle crack X propagates and the top end

reaches the front surface weld layer 2a, as explained
above, plastic deformation occurs at the front surface
weld layer 2a, a shear lip Za (ductile fracture region)
is formed, and the propagation energy of the brittle
crack X is absorbed. Further, if the brittle crack Y
propagates and the bottom end reaches the back surface
weld layer 2b, similarly plastic deformation occurs at
the back surface weld layer 2b, a shear lip Zb (ductile
fracture region) is formed, and the propagation energy of
the brittle crack ¥ is absorbed.

If the bottom end of the brittle crack X and the top



10

15

20

25

30

35

characteristics discontinuously, the |engths of the

wel d pass parts in the longitudinal direction of the
wel ded 10 joint are preferably 100 nmor nore. |If the
| engths of the weld pass parts in the |ongitudina

direction of the welded joint are 100 mmor nore, it
Is possible to easily split-a2ri-ttle crack. On the
other hand, if the lengths of the weld pass 15 parts

in the |longitudi.nal, directi of the wel.ded joint

o G580 %400 TP TR e RN Fovor SASTO P B QB e e ld
fi Natyepr @pagatles thec ahe riaa: ilcong.ccsor st Hins the nafgion Z
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e, oY peidtae Hadh i Sh AR AL, Wb ¥ in
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renepod e A e Prite MO RACH BRI oo Rele Ripeldk ¥ are
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of | art axl ing A 1 the. §AGh A8 e 0Wel el A i crack v

I
parts 25 rises, but if over 400 nm a brittle crack

f orefed Tendeginst Hevtonel ¢ hRdss Wane mPRRISTagAt e saidh1bited
Or Qd RS et SIS Pr idids gﬁ% t_i@lq et 0 weld
mmor nore. |f the’length of one brittle crack in the

| ORGFFURMATHS @fr S ST B 1 had s Joivth RbAdSedd iAgess

30 g e enaffi-Ofsitdie dir igitdte araidkReEO®Rs a certain
excessive. L Even if the briftle crack is guided to a

wel 5y fdrY 5% @555 59F fracture characteristics,

it will lm@f ha{]tﬁ&fmeldi(ht&plv&dlcﬁtlatm }/y_@l @m?avg .prihent
interval of the .we ass .parts inferior in fracture

ch& AT s ith tt(i[hee ql%n”gc#trl?dli r?c;llr e iootﬁcto © welded
t hg cieltdedytoimaty izl tchdreeforaserpr efievabltyi R0 sdy + oln the
40 : . t r. foram S Jpart
sl diteceiol YTk M DREREZHE @ Lenoth
corgfarddP wint o1t e res urg clavdi ref meluk pas Sipariieraction
Metfd,n UH G el i ¥ cdTBIEId alayid T BN Oface

Ni of 1% or nore lower than the anmount of N of the
velf ity Ieateati dit usePITililer i@ B ate BiRRsAdioRy of any

velgt Rasie RSk Al i g indefe I easaPaMeEl £ Nthe inside
conditions is sinple and preferable. However, the
nmetHod &aifotdase Ehidttoyed when the wel ding materi al

form ng HiewdH,m GHEH ntheved kbriiassupRides wdlaesSiaydr and back
cont al

o O A by S R ritie S A Gt 9 1 2o

anyfohimed,d icrcaatthierumtgue titn eceeflarigug el iareintdi metdeion of

gg;é}beevyfa’ehlg:\.eeg).g j%af}nq:r,i G{'EhSe lc%ygcj:@nffirnal%dg etheeS£'§§ﬂ1c§ come
superposed. Further, if over 400 mm, the initially formed
brittle crack will propagate and, finally, may grow into
a brittle crack with a length in the longitudinal
direction of the welded joint of 400 mm or more.

When the length of a brittle crack in the
longitudinal directicn of the welded joint becomes 400 mm
or mcre, the energy of the brittle crack becomes
excessive and arresting the propagation of the brittle
crack becomes difficult, so the discontinuous interval of
the intermediate weld part in the longitudinal direction
of the welded joint is preferably 400 mm or less.

In the welded joint of the present invention, as
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Further, it is also possible to |lower the fracture 15
resi stance of the weld pass part by changi ng the

wel ding conditions. For exanple, when formng a weld
pass part inferior in fracture resistance, if making
the heat input 130%or nore of the heat input at the
time of formng the surroundi rg weld pass parts, it
is possible to forma 20 large throat depth weld pass
part. Further, next, a weld pass part is forned on the

| arg@"hridat Wepth Wi dpESS DRSS 6 G yHaPass

[ n@latrt%ongl Talr@nﬁzoﬂlaaﬁld@;e&trdd‘t@iﬂe GRGY %ﬂml dsJ g_\tﬁferlor to
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b, Jra e, Ml R O M e PR 3l in the
notwetleimpersad pbiy:tst trel rhmatwe@‘n tihe Suecrediurd agel dielassayer
par.t and art,.inferior in
frac?t ure l|r%e5| stséjﬁ%éicel twelélazlL?f)P C|t2é)n't to forma weld
pass parlf itifeers @rre itief wdedJmsrse;ﬂasitamd?_ej iars]l de tdmong the
“Ekﬁgﬂﬁlﬁg ég¥% ?9T|C§E9q¥ﬁ£_gpk%r é%ke 'H% the front

mtedto any spe exanple, it
powrtﬂa@et oedse layern @eufdricibermi ysudrfizare welldl rilg‘iyer 2b, the

mateldidn ang fd Cﬁf’@&”'o\a%“ﬁled we2P S RAT b Il &4l Org e

fracture resistance EXAMPLES "Next ,” exanp ds 0
pr &s&den ehtideali 19E Bde mgdldinesd HRARt % r?gi and 2y

condinddioRs &f e @RPlies aarb%ltt%% dﬂald;étf&tw%ﬁfde of
condi ti ons adopted for confirmng wor kabi ity and

ef & ¥ediiachd Prdgerihs mf:etmqrb@ndn?effemtescé% quickly

I Nwatdsan i it JridPdpd itdh s é)iﬁﬁe?stsreﬂ i on of
condi ti ans,

The present invention can varj ous
Condi {1 01850 TR Sl Aot Wit i RO iR it frese of
the Hpriesend dr@tﬂﬂtﬂrﬁ&fﬁﬂd:a&(&llhﬂwmg ﬂm@ngea:tweolfd tgess
present nven Ided ol nts ver
f oFved “urider* 't Ci:]gosthé‘évllr‘pﬂn‘grea% con(ﬁ“{q Y& Hnd e dflor to
pawecofmﬁdum tshohmasscRblifesHe tweeldB rarab vgene:s 2i
ShODAII] &1L GG WAGAILON, 38ty d 020 and the

brltt e crack propagation reslstance su ts are
sh®aek surdisiass welidh layeNotadd t hat t he conpositions of

i ngredi et 5 ofyddig, 'EPLt '*?erd;ﬂcft—o_lflﬁé"esl?&:té‘sef! aﬁ:ltﬁi &h L\ﬁf‘é’ welded

are 15 shown in Tab L WNv
W AN WAKAG t g e E’II_EfPrGEtFlalé‘.vE CEICdlr @tH ‘J-tPEG"FPJHi I-EPE‘SS

H %é}ﬂ%(%ﬁ)éﬁd)i%(bﬂééént dispersed inside the welded joint

{with fracture resistances inferior to the surrounding
weld pass parts) and brittle cracks X and Y are formed
and propagate to the surrounding weld pass parts 2i. In
this case, since the fracture resistances of the weld
pass parts 2i are better than the fracture resistances of
the weld pass parts 2y and 2z, the path of propagation of
a brittle crack through the weld pass parts 2i is not
regularly determined and becomes complicated.

Ultimately, a plurality of brittle cracks propagate
from the weld pass parts 2y and 2z 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 stress expansion coefficients of the
crack tips fall, the driving force causing propagation of

the brittle cracks becomes small, and the cracks are
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As a result, the brittle cracks are rendered a state
easily arrested in the longitudinal direction of the
welded joint.

Further, when the top end of the brittle crack X
reaches the front surface weld layer 2a and the bottom
end of the brittle crack Y reaches the back surface weld
layer 2b, plastic deformation occurs in the front surface
weld layer 2a and back surface weld layer 2b, shear lips
Za and Zb (ductile fracture regions) are formed, and the
propagation energies of the brittle crack X and brittle
crack Y are absorbed.

Two or more weld pass parts having fracture
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
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
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 weld pass parts usually are formed continuously
in the longitudinal direction of the welded joint, but
may also be formed discontinuously. If the weld pass
parts with high possibilities of becoming fracture-

generating regions are present continuously inside a
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pass parts in the longitudinal direction of the welded

joint are preferably 100 mm or more. If the lengths of
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
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.

If the interval of weld pass parts inferior in
fracture resistance in the longitudinal direction of the
welded joint is 200 mm or more, the possibility of
arresting a brittle crack at the other weld pass parts
rises, but if over 400 mm, a brittle 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 1f 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 therefcre
preferably 200 mm to 400 mm.

As a method for forming a weld pass part inferior in
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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 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 inferior in fracture resistance.

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 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.

EXAMPLES
Next, examples of the present invention will be

explained, but the conditions of the examples are
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(Example 1)
Welded joints were formed under the steel plate
conditions and weld pass conditions shown in Tables 1 to
3 and were measured by brittle crack propagation tests
for brittle crack propagation resistance. The results are
shown in Tables 4 to 6. Note that the compesitions of
ingredients of the materials of the steel plates used are

shown in Table 7.
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(Or Hr r Nr H YN YOr 00 OHNMCO z HHH
NNNNNz- 30 - Table 4 Brittle crack propagation
test of welded joint Total Test thickness of
Arrested ress No. Load Pt' tenperature shear |ip crack
| ength Results Remarks MPa) {Gonear crack (nmm

arrest (mm) 1 240 -10 17 420 Arrested Inv. ex. 2 240

-10 16 650 Arrested I nv.

ex.

3 320 -10 25 750

Arrested Inv. ex. 4 200 -1632P4e380 Arrested Inv. ex.
5[200 -d0tthe 320k ArsRsieh Bt o Xeldeb 244k - JO 16 83
Alrepted Inv. [ex. 7 28D -T10Otal0 240 Arrest ed Inv. ex.
8 1\'1204.' Dr.oad 051186553 ]f:empersetltteuri H‘lF’ﬁ}?.ss_é)f(. eﬁ?t&l -118esu12H500 remarks
Pl oppagatuerd) Corfp 5 280710 {© ,g: Jagat ed
Conp| ex. 27320 iO - | 420t BrRPpdgat e . ex. 8
200 10 2402500 Pr epagat d Carvp. eX. 490200 - Bldeated OOy, ex
Picpagat & Conp. ex? 3D 2406-10 { 250080 Pr ojatratedd | Inv. ex
Compl ex320 31 1200 -390 - | 250®5Pr opagat €30 Conyl. Axsgsted JoInv. ex
24¢- 110 290504 pr ﬁﬂ\%_g_a_t_ed Codp.——e $300g80 | Amyesteddoinv. ex
Plephgatii-Cotp—exo—ah—2405 10 | 25080 pr gdgirtestgd | Tnv. ex
N DAL P Sl - e b 830, . " Arrested | Inv. ex
C\ IW ,C.AEB.O IaLI...c \Jlb)l } IL I C bllocu..r\ W1 Up%&s.:_l u! Aﬁgéteal Inv. ex
T EU T BRIt Fotah, thckmess AT TesSteds 185t HrostdEdA Tnv. ox
NG2s DT Neuo LOgdd STRESS T acCK-ReSUlTS BEUtal K] prdpMz@kd| Comp. ex
t ¢aperatemoe |1 p neas splits ot | emgt N2%00) Cllatdpagdiad]KSmp. ex.
( 320 -10 - 2500 Propagated| Comp. ex.
28 200 -10 - 2500 Propagated| Comp. ex
29 200 ~10 - 2500 Propagated| Comp. ex
30 240 -10 - 2500 Propagated| Comp. ex
31 200 -10 - 2500 Propagated| Comp. ex
32 240 -10 - 2500 Propagated] Comp. ex
33 2B0O -10 - 2500 Propagated] Comp. ex
34 240 -10 - 2500 Propagated| Comp. ex
Table 5
Brittle crack propagation test of welded joint
Total
thickness Arrested
No.| Load stress Test O]? shear NO,' of crack Results | Remarks
(MPa) temperature | lip near |splits of length
°cy crack cracks
arrest {ran)
{rm)
9 240 -10 17 2 320 Arrested|Inv. ex.
10 240 -10 16 2 420 Arrested]Inv. ex.
11 320 -10 25 3 390 Arrested|Inv. ex.
12 200 -10 24 2 210 Arrested]Inv. ex.
13 200 -10 16 3 190 Arrested|Inv. ex.
14 240 -10 16 2 430 Arrested|Inv. ex.
15 280 ~-10 10 2 190 Arrested|Inv. ex.
16 240 -10 16 2 205 Arrested|Inv. ex.
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11 xE~yUa, roW Um Wm NW YN NNOODO
0000 4NaNNNOONMN mro~ NN("1 NN
NN O.~a ~CmE1y aw00000000 4. F. 3% e ON
MNOOmM pWYroHHHHEda HY WHN _ 3 ro(
YCWOCCTCNI(l1 pNadzmmo powmno U.Y. N
NNNNNNN21} roroHY~YOO0OO00O0O0OO
Obl1Y'~~0000 roFU4+ WNOOI I O aau
omNHmM roHF zZvV-~T8¢Cc” o mooUOOLH
OOOIli NNFUWFo0oO0OCGCOoOU.0 OWWO 11 N (mass$%)
YeliW@yge P dc H[Z &30 ¢ O NPT U P 03P W OxC TS
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 ¢.006 0.003 - 0.01
YP47 0.08 0.24 1.22 0.007 0.002 1.02 0.61

In Tables 1 to 3, the specific weld pass A is a weld
pass changed in residual stress. It is a weld pass having
a better fracture resistance than at least the basic pass
formed at the front surface weld part and back surface
weld part. The specific weld pass B is a weld pass having
an inferior fracture resistance compared with the basic
passes formed at the front surface weld layer and back
surface weld lavyer.

From Tables 4 to 6, it is learned that in the
invention examples of Nos. 1 to 24, even if brittle
cracks propagate to a front surface weld zone and/or a
back surface weld zone, they are short in length and are

arrested.

INDUSTRIAL APPLICABTILITY

As explainad above, according to the present
invention, it is possible to construct a welded structure
having welded joints having excellent brittle crack
propagation resistance. Therefore, the present invention
has great applicability in the field of construction of

welded structures.
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WNN_~mMmMNCoNHmM MOMNHNNN 4 CNHNO
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Table 7 (mass% Steel type CSi Mh P S N Ti YP32

0.13 0.19 1.28 0.01 0.003 - 0.01 VYP36 0.12 0.21 1.27

0.007 0.004 - 0.01 VYP40 0.24 $321 1.3 0.006 0.003 -

0.01 YP47 0.08 0.24 1.22 0.007 0.002 1.02 0.01 In

Tables 1 to 3, the specific weld pass Ais a weld 5

pass changed in residual st rﬂs%i. t is a weld pass

havi ng 1a beﬁtmufiqséw bl €5+9¢ B {dhamt ama+ﬁa§tei@@11ent

32 ‘Sf o]%\é? at t@e front, surface vveldg lti-

b T SO RN PRI S LG h et SPERFITCC WEP TP DAEE B "i‘s‘“‘é *

webas pasist trawe Nded ajoimf esf OSEtéaéBC,gb]JaiEeﬂﬁ eshstancerized in
2red wibn the pasic J0ypasses formed.al, the trontye g

sur acevvequaer % raceweld?aer From

Tabhesr 4of os@:,dwtrelcie(ﬂe}acuned md{m fna¢h1ere|men$tmces

XL E5 Hadl0Bradelfe 2es SYLINLLS DEEILAE oEREEHFe1d

propagate to a ¥7ont Surface zone and?or g

babkyets f ace wel d zone, they are short in |ength and

are arjest NDQ%] CABL & | n

above, jc;alcco‘relglnr}ll!l to %A_k?lgggﬂ 20 #ngg%ﬁoﬁ&(‘pli% Sfcellent

po%%ﬂbﬂth%rwﬁswwg@tw dees sk arearas Pavi ﬁ@rth in

wet teth | Pi dl srdeve Rz &xceh | et bsiid! er&fiechkurface weld

pLJggya%gatlon resi stance. Therefore, the present

i T 0?9 RRC K reat fapp| Ye i 1aysri %r%h%OFIP%@dbbfa weld

cafstA LUchiehn & amMehsedoStNUCIUr€6.mord3larger than the

amount of Ni of the welding metal forming other weld

layers.

3. A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in
claim 1 or 2 characterized in that said front surface
weld layer and back surface weld layer are present
continucusly in a longitudinal direction of the welded
joint.

4. A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in
claim 1 or 2 characterized in that said front surface
weld layer and back surface weld layer are present
discontinuously in a longitudinal direction of the welded
joint.

5. A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in
claim 4 characterized in that said front surface weld
layer and back surface weld layer are present in the
longitudinal direction of the welded joint in lengths of
300 mm or more.

6. A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in
claim 4 or 5 characterized in that said front surface

weld layer and back surface weld layer are present
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CLAIMS 1. A. multi-pass butt-welded joint having

excel lent brittle crack propagation resistance
conprising a multi- pass butt-welded joint of stee

pl ates characterized in 5 that a front surface weld

| ayer and a back surface weld | ayer of said wel ded
joint have fracture resistancess better than fracture
resi stances of the other weld layers. 2. A nulti-pass
butt-wel ded joint having excellent 10 pritt]e cr c
probieRitt rwst st Hhcehasl el pgtipet Bregghien © e

chas ped@r{Zatk i di bt SahsdTPndt siifacea Vel 8f d@yeafim or
and back surface weld | ayer are formed by a weld

@3with an amount of Ni 1% or nore larger than the
anmount f NlAqﬁulthﬁ—p\@éghmlgtﬂeméldé@rmngtomdirexng\eéﬁcellent

15 |l ayers. 3. mul ti - pass but ded joi nt, hay

oY Bl CHAE PEORISREL TR OBBGR T OCT AT P ShoRohET ip an
fostid o crdana 1l oo @ characterized in that shi teast one
fron1d3f£fa§ etwédnlggld £f gnPag r%gé%aﬁgl&eigyééygﬁd back
are prese%? continuously in a 1o drna

di secfaon wéld hbayet deds @ofnactureAxﬁﬁistapagssuperior to

b“étf¥§&9S9eJPéQisPQH&@gofx8€h%?”& Qrié%%ﬁscraCk

propagafion resistancé as sef aimil or 2
charact®ri zel multhapasaiduttorneldedf aeenbsha@ing| gyepllent

angrP@@fengééﬁepE@bQ?£€¥§ﬁ AL8iPFRSEAlas set forth in
di scontinuously in a ongitudinal direction of the

vef Hatm Yov%@rastenAﬁﬁ@t+Dp5§§tb§ﬁ%dmevﬁeafjBhﬁtweld layers

hayi ngo exe€! £8AL inBbhtl L eifr acki gt RPagatteNonesEstAACRelded
as.set forth in 30 claim4 characterized in that said

fro?®tNSurface weld layer and back surface wel d | ayer
are present Anmhhel pesgi budt rakldedeqgbing bhvihg excellent

d t th 00. . B. A .

Pt EphesChaEk- REPURASF OPR: TR hOTERCAP| RE TR5ER 1n
brtlhim ErackBptbpagateomzeesiatahee asigdetntopththe weld

| BLIL 2O 5O cEPRLACHE L2601 kLB 83LA LhodhoHE! BEeN: 14
me @'t ac ace we

ayer~an duffa ayer are present -
34ordinsteniangeustannthheanongtt adi Nal odi teet Weadahg metal

thgormgbgegth%knﬁ gasggg%kguously at intervals of 400

ass butt-wel ded joi nt having
excel | ehP- SAbWPﬂtPepéﬁackuﬁﬁoﬂﬁééﬁﬁoﬁ0#§§l§ﬁ3ﬁ8§ ggcellent

sebriQEth ERaBRYprepegatichairBBibthace eBakaet ebirzadin
in that at | east one
claim 9 characterized in that said one weld layer is a
weld layer formed by the same welding method as the
welding method forming the other weld layers.

11. A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in
claim 9 or 10 characterized in that said weld layer =zone
has a structure in which no martensite transformation has
occurred.

12. A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in any
one of claims 7 to 9 characterized in that said one weld
layer is present continuously in the longitudinal
direction of the welded joint.

13. A multi-pass butt-welded joint having excellent

brittle crack propagation resistance as set forth in any
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wel d | ayer between said front surface weld | ayer and
back surface weld |ayer has a fracture resistance
superior to a fracture resistance of other weld

| ayers. 10 8. A nulti-pass butt-welded joint having
excellent Dbrittle crack propagation resistance as set
forth in claim7 characterizethin that said one of
the meld | ayers is formed continuously in a width

fd%]gg“{‘ym Vﬁ%ﬁgcéé;%e%f ilf Q%”ﬁtlt 3 Cr&?‘ﬁ& one weld

prb‘:pxa@atlsarpr@@eerst athtecast setodsly hinnthel kmytedisal
f%%é?é&QQf %Féf@g}g d%@fgtof the weld layers is

forned y a wel an amount of N 1% or
nmore | akger Ah‘atmlthepmtmmt’@fWNd%@ igEnwelhay hgg nexaellent

Z%Epim@gcﬁs 2en y\ﬁwgél@y QStéhgé”sg PESSforth in

butt-weld aving excellent Dbrittle crack
probagat  drehasr ctanteedsinethaprspid nong| wphflglayer is

cfﬁ&é&éﬁ%I@@%&iﬁhé@§1y8§ﬁdt@@elMﬁ@ﬂtu@YﬁalIélaecw@bﬂ of the
| ayer forped by the sane wel d gonethod as the 25

wet et G e ol $ordi HendHe of e WEROT AHRFR: 11. A

mul t Ik PESS baithonel desls$ Qb@ﬁth@@l@@d?j(@eﬂl}]t elﬁkﬁvi]F)@! ékgéllent
cr.ac opa ation resi st ance as. set ort I N a

orBa bt LG Get ok | DEPRAR L ha Eaf HoheP e | A9 ePChohBE thash

a slaimtuxeornlmM¢E@rmctémwt@@sihethaansébdnanéonehaslayer

30, occurégg%r Jf??Ongultl ss b”ﬁhe“?oﬁgﬂtkancél28¥£Q%tion

excel¥ dphgation Te
f oot hthe m@yde@nyoomtcialﬂsléngthOEhéﬂacmmrDZebeBﬁ

that saj ﬁMﬁigt- ggsrbﬁétpwgf&ﬁa 3Epétnﬂgv§h¥ éﬁcellent

t he Iongltu irection o oi n
Amlttlfpa@satbbtpr%@@@ﬂl?m n@sha‘vaﬁgeeﬁéeﬁeénforth m any

brbﬁé'@fcéﬁgkaerééaé'8Ha£§été£§988 a5 eghtfefbhokMuore
35 one of clains 2 characterized in that

saW%l%n@a%%Iﬂaftﬁy%@viggp@egéﬁFtHFgcBﬁFFﬁE%H§PylPﬁeFh@f to

I0@@étﬂﬂa@@uredrégggt@ﬂc@fofh@h@ebagaouﬁumhg &éldApass
mul ti-pass butt-wel ded joint haV|n% exce
e

brP®ft %F%CRI%?%%EQa??Bﬁr?E§?sF5ﬂ eﬁghngH?BrtﬁeFHeen

cl ehii 18rehar agteacdedeld 1hatrsahd paekwehdrhageweld
prgsent continuously in the |ongitudinal direction of
he?YWet ded joint in a length of 200 mmor nore. 15. A

mul ti-pass buthuieldpdspobatthagildgdexoehbehavih@ excellent

TP I e i
|agbalmléGpcbseactdrszedtnnubhstysamdtheldongssuaaﬁas with

di fREtiQPerior fracture resistance are present in a number
of 1/3 or less of the total number of passes required for
forming the welded joint.

18. A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in
claim 16 or 17 characterized in that said weld pass parts
having an inferior fracture resistance are present,
separated from each other, in the plate thickness
direction of the welded joint.

19. A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in any
one of claims 16 to 18 characterized in that said weld

pass parts having an inferior fracture resistance are
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of the welded joint in a length of 400 mmor |ess. 16.
A multi-pass butt-wel ded joint having excellent 15
brittle crack propagation resistance as set forth in
any one of clains 1 to 6 characterized in that two or
nore weld pass parts having a fracture resistance
inferior to the fracture resi36ance of the
surroundi ng wel d pass parts are present, separated
fron1eacg ot her, between 20 ald frgnt iurface
| aEFSEh B%ERlQH?Fﬁ g Weld PB?%FU 17 AgﬁﬁF?FlBSSQf the
buveideddg¢dipoint having excellent brittle crack
pr opagat jon eS| ance as. s forth.in .clajm16
Chor act 27 seh FHeHhapesd niRkriehase' paifk hAYARgserrglient
|nbe;tblefcaathrpropagatannerasespaasenasiaea nombBrin any
of 3.or 0 t pass e e
fo?&éf8?n$%g§ fgt Fg %Q éhaFQH§§£lg§d ?ﬁ %ﬁaE guibefde1q
bup@S&epdedSJbamLHGaanngnégcebteﬁracburetrescsaence are
pr 0 tf I

e Reehe o PERNT ANGRSRP SR o SpROIERAPAE aERcBilh of
anthﬁfﬁﬁléﬁdfﬁﬁéﬂﬁre resi stance are present,
separ at g frﬂ”ﬁﬁ@ﬁh nggrbute &Q?d@ﬁaﬁglhh'ﬁgegﬁé excellent
direction of the welded joint. . A multi-pass
bu?F1REF8e9rf6FnPfﬁﬁ@ﬁﬁﬁléﬁcé?ﬁéﬁ?ansg BEi BeFefprhbkin

pf@DéﬂﬂtEOnch§§h§téB$Qea81§eth£BfEﬁlﬁnwémm paBe QBrts
glns 16 to. 18 characterized in that said weld

pas
f¥1RdvRRg A eFﬁPérﬁB?CFPéetEPélﬁééngaﬁégeaFelengéh in
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24. A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in any
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pass parts having an inferior fracture resistance are
weld pass parts formed by a weld material with an amount
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25. A multi-pass butt-welded joint having excellent
brittle crack propagation resistance as set forth in
claim 24 characterized in that said weld pass parts
having an inferior fracture resistance are weld layers

formed by the same welding method as the welding material
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