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after renoving 1/2 or nore of plate thickness from

ei ther or both sides of the butt-wel ded joi nt by

gougln or machi ni ng. (4) The wel di ng et hod f or
manufl Wﬂqmb‘%%UHEHIQﬁ%ﬂRﬁQﬂes havi ng excel | ent

properti esrHed qypuentod hthe prapagad i oft g tid eco provide

e T e i rer o
of therepiealtchrss riass mford e wiedrdest rte:mbetrle Scred@]\’/sﬁlti}naaﬂ occur

in a dlre 0 er endlcular tot n u
di r ecti &fF o OFHE el ' FHH- 5 “Fee ion vﬁ?entrleé 15 ¢t oF
r epamram/eﬂatmnjlmytstuwbelmbeldiqmlﬂﬂrlmimlreﬁ cont act (5)

The wel di t | d
AflPe exce %1%%% ¥k \Qﬁi 2 éjnt %venﬁlon base

structures aV| ng propertie prevent_t
pr opaygats dfnLl’Gflrtg ithdte a‘ErFaJcTtQﬂfel@”es%f |9i:ié%lclfnlﬁarwebﬂlng to

(1) JOadh abveuids WiEhdepaite vﬁ&wgaﬁfo@p@fl@glme

by controlling so that the angle 0
| ongiqXadikfal tha rcé%ﬁq%nlrbfwealtdefcéd!s‘?lrt‘}fe 4%%t<3%y%¥t%$ lead to

the nepajd-al 1t 165-head- i th respect to the
| ongi t udi nal dlrectlon of the butt weld is

greater thale 8Bt Hedtledd E(Fesemtvaé?‘mfgl%th%ﬁ ggescribed

manufatidsw . ng wel ded structures having excel | ent

properties to revent the r opagat i on of br itle

fracture d Bt W%Wtﬁoflf&?dnﬁ%uf Ve, W hied

whi chstn:&m;tiuremlkchwglg sxappl ied pyropornt ¥ed Itcmgpse:)vent the

t hat aq?j,__ggj: f t; yel

W th r]g) p@}tgéjton tcﬁg #ong&t%gna |ér)e%<%$g%rﬁ?ﬁ Iﬁewglded

but t Jwelnt g ,s Flotrdessridrth M0 deyreer and fn@fmhmea repalir
than .45 degress, 23ARtd Wl dathsdd udtal e Vi dg a putt weld

excel | ent propertles to prevent the propagation of
bri t tArel faractufrer cobis rilmgse ianaved died yidimtsspect to the

char a6} el b LAl e, i) S SULWE! U 185, 8 not Loss thn

repair avi n a greater tou ness at 6]
butt 1\ﬁeldﬁ€mﬁﬁ%lﬁf6bt@t auyee w*ﬁ“o@é Ghgilesrams milkh applylng

respeedy41a- the d1 C}&g'ﬂdldd nalg dif ecd | 0P Ot ti‘%M%lé‘\’e&ﬁack in a

i's not Iess t han degrees and not nore than
degr &5 fiTved dashi i tlo s 12 P BT tie ec%%‘é}"ckW nle&%%Y to
wel deg-dridgdtse Where a brittle cracklsllkelyto

pr opagat e. .35 wel ded s ture
excel I ent 33 é?‘% ‘é@dltr@ Chre r?ﬁrb‘b% %B}f“%fwelded
bri t tsterfatactds ehapsing &xd@Sﬁﬂb@dr@pEz(ﬂn)eﬁbmq;reﬂﬂent the

whi ch _t he tqughnes i d | ea
20 © e The T AR et fadt pE7Th above,
transirt iwimictrermra attqugémﬁTs@ iof azh:ed bmmalmvsdl@ﬂecdj joiat.least 20
(9)0Tevvel V|ng eIIe erties
o prGvaRt T ropaiatt Hd e s cransition
descrclelmréﬁatl(ﬂe) Wirr g 83f aﬁoa/ebuutn—wdrﬁd:éd s;amnhtr epair
weld is provided b pai j .
per ti nent " Peghign ‘W BRSSP A ke 4P Sygided
t hi clerress: thrm Itﬂa\eurtmezrxcgﬁllbmm i glesriofes Heo prevent the
but t - el ded .0l Nt DY, GOYG NG Ot TRENEN DBibed in (1) or (2]
akbove, in which said repair weld is provided by applying
repair welding to the pertinent region after removing 1/2
or more of plate thickness from either or both sides of

the butt-welded jeint by gouging or machining.



(10) The wel ded structure having excellent properties
to prevent the propagation of brittle fracture as
described in any of (7) to (9) above, in which is
conpressive residual stress not_-lass than 1/2 of the
yield stress of the wel ded nmenber is developed in a

di rection erpendlcular to the |l ongitudinal direction
of the butd) 1%l Tl Anediomeherer B EaphrFing| gelced

and  puticvetdedhd 0 i @;\E@ellbr@@%ﬁ@ﬁergpeé 14) dhevent the

wel ded structure having excell ent erties to
preve?ﬁOR%%afp»%afg%ﬂ?lahtB#ebﬁm%r$ dettr dogsin any of (1)
descrided3) misdye oflr( 7@hi<ﬂ1(d&ﬁpﬁ@@§fvelﬂeﬂ\tmmdilltb’(%ress not
angle 0 of_the nal . ection of _at, | east .the i
5ot LT T Ve Rbpai T o COREEOF L | E3begt fg nember is
t he Zbetangiddidimad dﬂremmimmlpérp@mdb@mlametd flse not
gr eat t.ha degr ee 128 T e ruct ur :
v g ST SRR o0t o7 TR TrSd ! H 4 Fegton where
pr opafgfa;tci ornemetlnbrwetldi earﬁd d@mme&eh@e@e:srcimbe@ré nimangontact.
of (7) to h h
out er edge of ¥§§KQ???1€%W@é§#?% f%ggggﬁg%%Ctuﬁ{né Felded
10| ongistuehicairef rieetion ofcehkebutproeeaties nbp peggent the
than J. Po%aﬁ?d@f&na@ﬂ 001 £ DL ef £ 088, A @@Qéﬁ?@edTDHSany of (1)

the pres i nvention prevents the propagation
britt}e E?hc%@oY%atl%d%®¥Chnr%%@H%dW?%@h?% 1 %EPH%eBybY

35 ap&éﬂﬂ{l%lr 1 {4 ¢ el di g éﬁ’?P@ré Of Dty f'@@'dlnal

joints Descri ption he Draw ngs] - 1 9.
1 showsr%pwwe@if At uk@%ﬁ"é e hl%is%tjrifilf%ﬁe@ tlrtﬁégregalr weld

15showg, @ ) gad stEpedureo Wkd 18R fudBhsli ngi reft gon3of the
shows a wel dj ng nmethod for wel ded structures that

pr eveditt e h o‘p%\g‘é?‘? RATHFi tErR §YaCRUFeSS 5 Fig. 4

shows a teg) sneé:lw@mi@gefmetm@cﬂr}ﬁ@r @m@ﬂaagﬁmfm@ vbeded

present |nvent| Pre odi ment

Det ai § s Y- aé%‘fl%a%x?%il%?Ecﬁ’if%?%ﬁaﬁ% E?e%é%’ﬁ’ent the

I nventrore@d el desef i ettt ble refacence desérgsed2iboasy of (1)

010 Fi shows but t t el.p :

mhlch héa) ?cﬁvgi T h&gﬁég ?%%gigeggﬁ?fﬁﬁvéﬁt%géffég by

appl ietht dal Hrgg s?o wleieremeam@ner@lﬁfzthé @mdef edge of the

respect.vel esignate a butt-wel de oi nt ut, t .

v o Botmer i S grfe Of 46 "SaE Theh PiPhni faf il rection o

accoWﬁ&updtttW&i@rBsentt|h@&ﬂtt@mn 18 deyepasramel dot more
6, §¥ﬁﬂ?wp '&b f 2, that has a greater toughness

t han ? u

®weld 5 and an outer edge whose
Z5angle 4) with J-is espeded t ot t et b opigha vt Gagxcell terti pRoperties

of the, Qutd,wel dus Haty é%?@lé@a@f1@r9§9£§e§r39t§99 occcurring

not npre than 60 dedrees repalr weld
wit h T et ke mrew al clmléwaﬁfﬁJgZ% cRY| *éliﬁ@tt*éla%h‘ﬁ%%@ed

to a&d@gON-d h resteprit 14T REKING & n%b'éét@@' fedghness
joint 2 (which consists of the butt weld and the

heat -fdreciieat gbne Witsteeldprad eanl) OWheF ec@getvhese angle ¢

30 Crack,dh ':} ot otc25upé %@i@u@ﬁ@l A EPOYE IGn péfttl% butt
the butt- ed joint (whi ch consists of the but

wel dvseléhdt% H@%e]ag‘tssaf?féﬂejdo FoPEc ¥ %%em%ﬂa%w}han 60
in saidhrad ofh by 90U NotOrarf@ENi AiPPittle crack in butt-

welded joints where a brittle crack is likely to
propagate.
35 (8) The welded structure having excellent properties

to prevent the propagation of brittle fracture as



A brittle crack developed in the butt-welded joint 2
30 propagates through the butt weld 5 or the
heat - affected zone of the steel plate 1 where
residual tensile stress is |likely to occur. However,
it was discovered that the propagation of the brittle

crack, is arrested rmng a r..wel a,
greatdé%' Idifber‘?i ﬁ/?ariEl Wt o e %Stbtlﬁtt%‘?lan%s%njdn said
an ouleis iedge Whose Andléea ) 20t neseact halno thhhe brlttle to-
| ongi tudi nal direction of the butt weld 5 is not

{ b S gt dds St T o Kbt B Thts ofstne buce-
regi afeltdecaryesit the brittle crack, ther eby d| verting

the britt rack fr theb
5 hoat - of f et o o0 et 1S 9 el g Propert ies
met altofpdderst egle goicmaega]tlcﬁq Wherbthitsl ¢ efdcture as

wel di a I|ed struct ur,e. consi stin
o o PR ieh® & o b B G GO R hdpir weld
st eellsstpﬁcﬁelnErd (b’}elalfpdr}mem‘:‘rntepéir |w&1eimttmgtlye pertinent

Ztst 2h0\$9rc11L é/}ﬁ]\plrg%f P{ecgpescrlﬁedf %ox\glj}?%%ness From

10 more qavtmmrmre&@étwgéeq het rfép%ubuw‘»delaﬂe%r:éwm sby gouging

the Q;pgmlﬁ%%of the brittle crack by diverting it
fromthe butt d 5 or the heat-affected zone of the

steel plate tThe e lded|sBIYTFERrRa{Fe Mareeneht )
3. 1@@@}ﬂlrbwcdeokeatéﬂtctwee5pmﬂ irtﬂ’lséffkfnﬁﬂ@tfle fracture
(reinforcenent shown in_Fj e air wel
pr evétit 9%%1&%%@%@% & e w1 Y e W v fen
15 di Verddnqgcdstsﬁ\fe)mdsﬁe:lm tstmésls Se¥O Jtdsr&s hetedn af f 2cd £dthe
zone of e steel e e st.eel plate
Thor sl S e AR DR M Eted e e 2
wel deﬂmcru,uMHerenp‘ertdue:uJ;me m]dvhe |JrDrFq19tudmah dheection of

pres ven r § i I
exceleclrﬁentﬂ{ oug"{mess af%ne&%r e(%{o\%%%p%/%aw %%F?alpa‘yéﬂg and
pl at eutHi-clalels! firaamteiatrerinredvidcti des of the butt

20 25 wel ded %1‘& ntTkQ:y @%J‘Qs’&rué@% rHa{kglrﬁcj'lVé)}E@@il’ent
arrests propagati on of crack nore surely and

i ncr @Jsc&ertﬂ@ stthr&re%\t%worﬁltq | R QR Priopalgde Tt 1§ nfracture

the preesRMcdibBeNtirdmng her brittde crackaddiad, has which the
propagat ed t hrough the butt weld 5 in the but t - wel ded

30 j ¢intl e ool hdehdamnaiftfstired e Pfiaheistade|least the last
pl at g Jl,e Mdd PASS AU therd ecn@écr welld 6 wdhouto the

diverting to the steel plate or stiffener 3 if

25 exanH@ IR Lo @We%‘lqrhé%lﬁ}eﬁf RiYge Witth %%sfb%%tgreater

to trtelarprm]td.gdjrréﬂs direction of the butt weld is
relatively t he roughness of. t he

rqge. t hen,
opai 1 el @ 159 HERIS DT T S TS DT S
t he qrxaaqjeﬂta\dmgopmnmmttmé r;&opae;muaromecbﬁ Ior tioebe fracture
o1 opSGatE SRS e Y el B 1 b Bt e hagpion tne
30 j oi ntar 1@y ¢ e h@@t -oalft]‘eQCteQﬂgeZfoe tOfe tl:hﬂ:tstvﬁild Witat ecespect to

In th resent ve t herefo f orm.n
5 velth% A 2 et et o PR Tt 1ess
C | aamn tﬂmraietdlfeeky idrid erdto-mhuod idleard rectdegrees.

tranSItlo%hus, the present invention prevents the propagation
of brittle cracks that occur in welded joints in welds by
35 applying specific welding to part of butt-welded joints.

[Brief Description of the Drawings]
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t oughness of the repair weld 6 is
grepalr weld 6 wplth a greater toughness than that of the

35 butt weld 5 and an outer edge whose angle ¢ with respect
to the longitudinal direction of the butt weld 5 is not

less than 10 degrees and not more than 60 degrees in a
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sufficiently high because brittle fracture often
passes into the repair weld 6. If said angle 4 is

| ess than 60 25 degrees, brittle fracture propagates
al ong the boundary between the-repair weld 6 and
butt-wel ded joint (base netal) and is arrested after
being led to the steel plate or stiffener 3. To

get
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direction of the butt weld is relatively large. If,
then, the roughness of the repair weld 6 is Jlower than
that of the butt weld 5, the crack having passed intc the

repalr weld 6 dcoes not stop but, instead, sometimes
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di ff erence etmeen t repair weld bead 7 and t

vi ci niqss o‘ihQIheN*e%%l? IR@F%%bead 7. If the repa| r

wel ding i spperforped, wakbs a1l 98¢ Heak r&pRYL, wkD8 made by the
tenperature 1n the vicinity of the repair weld 5 bead

7 ri SEE Grrearngthodt i ¢ e rREeFENE hAEVERELPRpai r wel d
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abilities to arrest the rectilinear propagation of
30 bri t tdecak bak's t@m@n@e$heam®n@aKUUQnahedangbel@nobfthe outer

the byt grezog %ltﬁpﬁggﬁ@@é dopha foe%fgugyngﬁlagrecuon

steel aving’vario
thicKNégge@ buahd wathi néhglass than 10 degrees and not more

than 60 degrees in a region to arrest brittle crack in a
butt-welded joint where brittle crack is liikely to
propagate prevents the propagation of brittle crack in
the base steel plate by diverting the brittle crack that
would propagate zlong the butt weld 5 of the heat-
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t he poi nt %t mﬁ ﬁ ﬁe crack devel oped at the edge of
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the welgd. nptal 0t Lhe repair weld.

However, 1if the angle ¢ is less than 10 degrees, the
brittle crack propagating alcng the boundary between the
35 repair weld 6 and butt-welded joint 2 (base metal)

approaches so close to the butt weld 5 after passing



In the description of the resistance to brittle crack
prropagation in Table 1, "Diverted to and arrested - 14
in the base netal"” neans that the crack diverted to
outside the repair weld region ang becane arrested in
the base netal, w thout causing fracture and

" Propagat ed after entering the weld neta
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her €57 QAU Tir TTHEtGr s FbpHyar SLF GUaF FE Fhr bughtnerefore,
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the rgpairoyel d,Pacause tde- 165 dpalnsthess w8ldtBecreates a
regi on where the repair and butt welds intersect was

not sllﬁl?@iec|feerﬁlfc§/4%]o®1'rfe%%“f’vjen 2 hBHGhOR NENPT F nelparepair weld 6
10 conpaienthof ¢ el ddd@cko Was i et t e4l, aﬂdealﬁéﬁst@ﬂfeﬁted zone of
t he The pai r._wel

e Sac el e [eBeLL, v 8,188 BarLLY: RTUBRY s receson

conmpanenthefpt ireci s Ack: yass dlxveu:lteedsamethegbasefrom the

met aI t. spec ns 1 es._ o0 _
t he esztn]torpnvfeﬁiBn rPI\]I?mW rér%ﬂr e %{TH%; 3n Ehe butt
appl! Wajld@cﬁtmlnterﬁ)v{trfgitpam o¢h¢ hleu’btltwelx\elﬂeelnqiothe heat-

15 &Ccoradff]eg:gé)d 2§orL eéei 1&’1!@519{“ mgeﬂﬁeme crack

Specl nens resi stance crack
pr opagmnmt4Wt@%Qn%p%®4tﬁreth%tﬂ\b%elql5 3112 Hpg Qytt-welded

resi dyalnc st ressei dy it - éeﬁ@@té@ez@ﬁ@d@fefmneeeéfv Late 1
because said angle 0 was too great. Although part

the GRS zw%e?r%q%é dﬂo‘f%ﬁ%%df%mt%ereb%hweé@& or the

the prdciPetecconponento of thdeses@Tkp Vase di vergegui@ed to the
20and rrest ed in the base netal. Test specinens Nos.

14 t P H2or the purpose of conparison. In test

speci mens ND:Soug’lm tar ddy s repaer igdn el diagimasntdone discovered

after t.h t e
I—Iovveveretnt% acks en(%uea?jeds%lg% %a‘é%ge%rgﬂq%uiﬁ ?ﬁtﬁe re%lon where
wel d e hmnahelwgl@r@ em@dbmh‘ef‘eehde@rwa@et%dneeusm greatly

al on e b wel.d agai nd. caus re ause, .
oo s R T LB K e o A S h R son o
25 wel dsatan]deetshte tlorgleetsslayet hef r‘elpeal remeld mkdlbwadl h in the

test ec'{ﬁp ﬁ% ?1&&tﬁr¥% 5%gfd9% %ﬁg f@géft§d¥9§l &irection

too s Fepair
t oughmiesshe lehletr efok®, 5cr ack propagat ed aI ong the

repair m'vﬂue?x{‘dsolf&gﬂufﬁﬁOp@}gé‘tFQpH‘EOub'Qi‘dt}E‘éa@U*?ttends to

wel d agai n and caus racture. I'n test specinens
Nos. SIOriros MOrakn Wi thenpbtedingl wei see-ion nthergot, while

30 hot refoves bef a5 e apPlyihhg-FEepaéd j&\@th@“ T‘@hat is, the heat-
Therefore, the brittle crack created in

but t -3iel T FHE Prlopdifat 2T her EaFony a]h%IaBrBIR% ¢pe of the
specir@ihiNtwe BXasddy 1 Wodal ¥eS.deform much. As a

consequence, residual stress occurs near the end of the
repair weld bead 7.
35 Although a repair weld 6 having a large thickness is

made by multi-pass welding, the residual stress having
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Ca a%ata%a qasataalaaayerrrl* 3f the repair weld bead 7.
In order to create a great residual stress in the

region where the repair weld 6 and butt-welded joint 2

meet, it was discovered that the angle 0 of the
longitudinal direction of at least the last layer of the
repair weld bead 7 in the repair weld 6 with respect to
the longitudinal direction of the butt weld 5 plays an
important role.

If said angle O exceeds 80 degrees, the longitudinal
direction of the repair weld bead 7 approaches the
direction that is perpendicular to the longitudinal
direction of the butt weld 5 and, thus, agrees with or
approaches the direction of the principal component of
the tensile residual stress that occurs when the bead
sclidifies and shrinks and causes the crack to propagate.
Therefore, the brittle crack that has propagated along
the fusion line (FL) cannot ke diverted to the vicinity
cf the repair weld.

It is therefore preferable to make the angle 0 of at
least the last layer of the repair weld bead 7 in the
repair weld 6 with respect to the longitudinal direction

cf the butt weld 6 not greater than 80 degrees.
It is preferable that the angle 6 approaches 0 degree

and the direction of the tensile residual stress
occurring at the end of the repair weld bead 7 becomes
perpendicular to the direction of the principal stress
that causes the crack to propagate because the resultant
of the directions works to arrest the rectilinear
propagation of the crack and thereby enhances the effect
of to divert the crack tc the vicinity of the repair
weld.

In order to create as great a residual stress as
possible by forming a repair weld bead 7 in the repair

weld 6, it is desirable to keep the temperature
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input, the temperature in the vicinity of the repair weld
bead 7 rises greatly, with the result that the repair
weld bead 7 takes longer time to cool to approximately
room temperature and the residual stress decreases. In
order to raise the residual stress, a smailer heat input
is mcre advantageous.

[Example]

Various tests were conducted to determine if repair
welds made after removing part of butt-~welded joints by
gouging have abilities to arrest the propagation of
brittle cracks.

The tests were dcne to evaluate the abilities to
arrest the rectilinear prcpagation of brittle cracks
along the longitudinal directicon of the butt weld. Test
specimens were prepared by using steel plates, 2,500 mm
square and having various thicknesses, and machining &
dent having a depth approximately equal tec half the
thickness and a diameter approximately egqual to the
thickness on each side of the specimen. Then, weld
metals of various compositions and structures were made
in said dents by using welding materials of wvaricus
compositions under various welding conditions as listed
in Tabkles 1 to 4.

Then a V-notch cut to create a brittle crack by
forcing in a wedge 8 was made so as tc agree with the
fusion line of the butt weld (that is, a large-heat-input
welded joint by electro gas welding) at a peint 200 mm
away from the edge of each test specimen. The
temperature at the center of the test specimen was
controlled to -10 °C by cooling the edge thereof to
approximately —-40 °C. After applying a given stress, the
wedge was driven in to said V-notch cut to create a
brittle crack that was then allowed to propagate along
the fusion line of the butt weld.
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Table 1 shows the results.

The toughness of the weld metal in the butt and
repair welds were determined by taking specimens so that
the longitudinal direction thereof is perpendicular to
the longitudinal direction of the butt weld, applying a
V-notch Charpy impact test to each specimen, and finding

the brittle-to-ductile fracture transition temperature

vTrs (°C). The differences in vTrs (°C) between the
repair and butt welds shown in Table 1 are the
differences thus determined.

The residual stress in the vicinity of the repair
weld was determined by x-ray radioscopy at a point Z mm
closer to the welded base metal from a point where the
outer edges of the repair and butt welds meet (that is,
the point-ll where the Charpy test specimen was taken, as
indicated by @ in Fig. 3).

The direction of the determined residual stress is
perpendicular to the longitudinal direction of the butt
weld and equal to the direction of the principal stress
along which brittle crack propagates along the butt weld
or the heat-affected zone of the steel plate.

The residual stresses (MPa) in the repair weld shown
in Table 1 are the residual stresses thus determined,
with the negative sign - designates compressive stress
and the positive sign + designates tensile stress.

The point of brittle crack prcpagation shown in
Table 1 means the point at which the crack developed at
the edge of the test specimen propagates to the repair
weld. FL (fusion line) indicates that the crack
propagated along the fusion line of the repair weld and
WM (weld metal) indicates that the crack propagated
through the weld metal of the repair weld.

In the description of the resistance to brittle

crack propagation in Table 1, "Diverted tc and arrested
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aamihiPsPde the repair weld region and became arrested in the

base metal, without causing fracture and "Propagated
after entering the weld metal (WM) and through the butt
weld again™ means that the crack that has entered and
propagated through the weld metal continues to propagate
through the butt weld, thereby causing fracture.

"Propagated again through the butt weld after
propagating along the repair weld" means that the crack
guided to the vicinity of the repair weld propagated
through the repair weld and then along the butt weld
again.

" (Part of the crack branched and became arrested in
the repair weld)" means that the crack branched and
entered the repair weld because the residual stress in
the region where the repair and butt welds intersect was
not sufficiently compressive, though the principal
component of the crack was diverted and arrested in the
base metal. The repair weld was partly damaged but did
not lead to fracture kecause the main component of the
crack was diverted to the base metal.

Test specimens Nos. 1 to 13 were examples cof the
present invention tc which repair welding was applied
after removing part of the butt-welded joint acceording to
the method of the present invention. All specimens
showed good resistance to crack propagation.

In test specimens Nos. 11, 12 and 13, residual

stress did not reach the predetermined level because said

angle 0 was too great. Although part of the crack,
therefore, branched to the repair weld, the principal
component of the crack was diverted to and arrested in
the base metal.

Test specimens Nos. 14 teo 21 are for the purpose of
comparison. In test specimens Wos. 14 toc 17, repair
welding was done after removing part of the butt-welded
joint. EHowever, cracks entered and passed through the

repair weld without being arrested therein, propagated
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toughness differed little between the repair and butt

welds and the toughness in the repair weld was low.

In test specimen No. 18, the value of the angle ¢ was
too small though the repair weld had adequate toughness.
Therefore, crack propagated along the repair weld and,
then, propagated through the butt weld again and caused
fracture.

In test specimens Nos. 19 to 21, part of the butt-
welded joint was not removed before applying repair
welding. Therefore, the brittle crack created in the
butt-welded joint propagated therealong and broke the

specimen into exactly two halves.
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LO L butt-welds (mass%)
Welding C 51 Mn p 5 Mo Ni
Material
EG-1 0.1 0.33 1.45 | 0.015}0.01 0.27 -
EG-3 0.08 0.29 1.85 | 0.011|G.008 ] 0.2 -
EG-60 0.1 0.34 1.68 10.016|0.015| 0.29 -
EG-60M 0.07 0.29 1.81 10.01110.01 0.4 1.5
YM26 0.1 0.52 1.11 | 0.017 | 0.011 - -
Y~-Dx
NB250H 0.07 0.24 1.38 [0.014 | 0.0089 - -
Y ~DMx
NSHESE 0.1 0.25 1.40 | 0.014|0.009 | 0.3¢6
DWS-1LG 0.06 0.20 1.51 |0.015]0.01 - 2.0
Table 4 Chemical compositions of welding materials in
repair welds (mass%)
Welding C Si Mn P S Mo Ni Cr
Material
YM36E 0.05 0.33 1.2 0.004 0.002 - - -
¥YMH5H 0.08 0.44 1.36 0.006 0.002 0.18 - -
YM60C Q.07 0.38 1.38 0.005 0.012 0.35 - -
YM-1N Q.05 0.39 1.25 0.007 0.005 0.22 0.58 -
¥YM-3N 0.04 0.3 0.7 0.006 0.004 - 3.56 -
YRWATA
WELD B 0.06 0.3 2.%91 0.008 0.004 0.7¢ 68.5 16.7
YAWABT&)WELD 0.09 | o0.24 | 3.27 |oc.008 | 0.003| 2.32 | 65.1 | 15
YM3I0AL 0.022 0.47 1.52 0.02 0.007 - 13.1 z24.1
YM316L ¢.015 0.49 1.32 0.0z 0.007 2.59 12.8 18.¢9
N-12 0.06 0.44 1.02 0.002 0.005 - 2.38 ~
N-13 0.05 0.42 0.46 0.01 0.co8 - 3.35 -
N-16 0.04 0.17 0.28 0.01 0.05 - 6.65 -
L-60 0.07 .48 1.12 0.01 0.06 0.22 0.76 -

[Industrial Applicability]
As described earlier, the present invention prevents
the propagation of brittle cracks in the weld, even when

such cracks have occurred in welded joints, by applying
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WwO WOH- 18 Table 2 Chem cal conpositions of
steels (mass% Type of CSi MnPSNi Ti St eel

YP320. 130. 191. 280. 010. 003-0. 01

YP360. 120. 211. 270. 0070. 004-0. 0L 55 -

YP400. 110. 211. 30. 0060. 003-0. 01

YP470. 080. 241. 220. 0070. 0021. 020. 01 Tabl e 3 Cheni cal
conposi tions of welding materi d13I¥5 butt-wel ds

(mass% Wl di ng, GRl MIRRMON £ 1\ ef d Al manufacturing welded
EG 10. 10. 331. 450. 0150. 010. 27- .
EG 36108 e 8507 04D, Ovpol kent properties to prevent the

EG 6 -o&é’é‘tli&g%@m&ll@-ﬁ%cture occurring in welded

o GO0 N0 S SIS QUG AE cep o sorming o repais
0. 07241l 13805 0 40 . 0% e NB25O h Y= MKt han that of a butt weld
0.10. 251. 400. 0140. 0090. 36- NSH55E ,
DWS- AN E06 YL BN D IR T-F1DLS agi -y 1gigGalto the

CONPASIrd;asd Ofa wed L gk 18 eff ad iSe It £ ep@id, Wes dSot less than
(mass% Wel di ng ¢Si MiPSMoNi Cr. Mat eéé al .
YMB6 _mrﬁs_ Z@q%dyf@t re than degrees, by applying

10 YMB5SHRR8G: 4441 360y 0060 0028 diB-to arrest a brittle crack in a
NS00, 810, S0 30,0050, 0120 S5 e cxack i Likely <o
YM 3NG40y 30 70F D060 Oz n S 6ea YAWMT ALhe butt-welded joint in
0. 06Q. 910. 00 04 . { YAWATA WELD
0. 09%%%%?{%3%‘90%‘%&‘;@%5‘? %%ﬁ{%&& |
YMB09LO. 0220. 47Ah & 202 DR DOFeW8ed 2401 manufacturing welded

YMB16LQ. Q190 491, 320, D20, QO0re DO ek
t t t th
N 120. 060. 441, 020. 0020. 005- 2. 38- '$r8g&rlies to prevent the

N- 130153 IRt o500 D 10x sl Brrcture described in claim 1, in
' 60 ] c 1] ' ' 20 °C
- 608"070" 4EL° 1507016 0B bab: v T Bl F 1o 2 least

Appl ileatsii ithan Tohesoxiesiche tea Garti be , Lraet pFeseransition

| nventdyye R QYEnt$T -4 Ner PraPagat i ORe Phedridihe. cracks
in the weld, even when . ,
0 3. The welding method for manufacturing welded

structures having excellent properties to prevent the
propagation of brittle fracture described in claim 1 c¢r
2, in which said repair weld is provided by applying
repair welding to the pertinent region after removing 1/2

25 or more of plate thickness from either or beth sides of
the butt-welded joint by gouging or machining.

4. The welding methoed for manufacturing welded
structures having excellent properties to prevent the
propagation of brittle fracture described in any of

30 claims 1 to 3, in which compressive residual stress not
less than 1/2 of the yield stress of the welded member is
developed in a direction perpendicular to the
longitudinal direction of the butt weld in a region where
said repair weld and butt-welded joint are in contact.

35 3. The welding method for manufacturing welided
structures having excellent properties to prevent the

propagation of brittle fracture described in any of



such cracks have occurred in welded joints, by
“applying - 19 specific repair welding to part of
butt-wel ded joints. The present invention, which thus
provi des wel ding nmethods for wel ded structures capabl e
of preventing fatal fractures thereof, has renmarkable

i ndustrial advantages. - 2 CLAI M5 A we] din ,

ot hd TP nari dot i 14t deRP AT et LHES h el ied by
exceld ety Propey td escif. Aeyediqgide 4 opagatd @ 8idinal
brittle fracture occurring in welded 5 joints,

char &6t&G e WL tafe ktayr othe okasthglareepal rthel gepair weld

havi ng 2 9f8at efedughnesscidancidptu®@inal huttevel@n of the
and an outer edge whose angl e With respect to the

gle $,
S| ongittidi MELHi T2 dtGorf B2t e DAl %eIEITEERot | ess
thaln 10 degr eeﬁq@ﬂﬁbl{tﬁin@ﬁﬁ@tﬁ&tﬂinﬂﬁ@ efi £estubyng welded
appl yi.n 0 repair welding to region to arrest_a
bt e I ekt T | OrSROHEA S B bPTeTFRT the
crackrcpdgdkelgn taf Horiopaigat raftere réaovi gegpath afy of

the butt-welded joint_in. sai egi on . gougi n .
rra(:hicm‘?‘nlgn}S 2l etl%eé)’vveji%i“hrhglcrret %%a%orw?rjggnlu C}?%Jr%rj‘léilEd by

10 wel dedantlxﬁgjslirr@tw aﬂtha\fdr;‘egbax@péilqe::ﬁf m‘rccpaf%ﬂ@s é@t;ge of the
prevent_ the . propagation of brittle fracture described.
e doesd R e TRt ogrris oL g e apoft F88Cion of
wel d tite: ddutiteastl R0 £ ndtoviers4 hiaimet hE0 degrees and not more
brittle-to-ductile fracture transition tenperature
vTrs toq‘a“( h4e5dbcﬁ? “S%T ded joint. 20 3. The wel di ng
met hod f or7 ;manui actlnsche vweldeare shaattgreschhleény properties
excel rid oat -

A e T e e e K
sai d Irepid kdegl Tpint pr svhalarC by bppil yingthaepdne welded
vel difigfdhe 1pes td natfa §,e0h &g ald €1nd eyt &8t df 2t @ghness

or nore of plate thickness fromeither or both sides
of tterbuthawedded Huwithtwdld goudi iy @etemctioe nghode angle ¢

The wgldi sggl&poké o eyt 2ot wi i oy Wel 88k s on of the butt

structures ng excel l ent properties to prevent the
20 pr opatfltd off dtobriatd eFamct Urdedreaes i Hed Pot aAgrof then 60

clai Medrdds 3in i) WY Ldh copLessives resiWupd S£58RSin butt-
not less than 1/2 of the yield stress of, the, wel ded
nmenbétejded dHJéFto’?Jéfd“flfﬁ & d?lfje‘"cﬂ%ncﬁ%‘?lbejrﬂi th¥et Yt bo

the dJrangigard nal direction of the butt weld in a

regi on where i d repai ld and butt-welded join
are in cortact. Véeelc%w% %lflﬁ?%@r%e fod*9 o felfeft

25 manufracine g tnige svetl d aglcesgnuct e esrdavgangi@excef |lentttle fracture
properties . vent ro ' br i - .
fracfauéf eeeedseérglrklp%gdl% cLdn b P@%%ic@gl l%gse 1{%%&5&?% in said

I n"any of
whi chraepat rweed dingt Sl eppt | 20 Wy 1ce@t roladn nhesrittle-to-
0 of t directi

that the .angl e longitudi nal of at
| cas i T TaRe Attt bphi omReEr L aa i frof the pute-
respecilded tjreidtongi tudi nal direction of the 5 butt
weld is n ar rodnan 8 . .. The '

30 nmet hod fo?é'rmnu aegt“lrjérll ng V\%[%g%{&g%rkﬂc h?%se%%?%g’gt
exceldmme priopertd asr aIpr evieht Pt dlea gl bpagat iloni bt le fracture

oritlle ddasi e daratibad 1 oAy, ofn AAAPsdidOrdpair weld
in which repair welding is applied by .
is provided by applying repair welding to the pertinent
region after removing 1/2 or more of plate thickness from
35 either or both sides of the butt-welded joint by gouging

or machining.




10 controlling so that the angle 4) of the outer edge
* of the butt weld with respect to the |ongitudina

direction of the butt weld is not |ess than 10

degrees and not nore than 45 degiees. 7. A wel ded

structure having excellent properties 15 to prevent

the propagation of brittle fracture occurring in

vel ded joikts, Trarslded zadr byt trathid rengedegllent

Strugl i hase @ 18RA dvavet o Navih G Bg SF £ak €6 £ tIBHOPPEESfracture
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than 60 _degrees in_a regio tg arrest a brittle crack
Sin byttt ﬁo‘?%t‘“sh%m‘é"rﬂd% HIFERFE 7 adRVFLOPFRet) @

to priopagaten Ssrgdhedieled 6 rtict urendbvidgnal direction of
excel l.ent 25 pr rties to prevent the_ propagation_of
br T 5k e 2" ostrd DEa THCET arnr Penc i Bpte and
t he tmnughheslkded saimt zepaim ewhtdacs. at | east 20 C
lover tham fhe pritilesd9-cductiLe. fragtigeLransiyton
tenperaturélVTrs of ﬁ% %u? - We d%dﬁ10|n§.e%% g. #Ee

10 wel daok e nicies et havi eigeek celie eprorpyapeeri e§ ppittle fracture
prev ot 1 oy, Of £ DE{ L 1L FTAGTYHE 1@Syhich th 1
desc%#%é%g%ﬁggﬁg?nf% %$y8, in which said repéirwméfd © sngee
I's prébvifletheby: carppl tyidignalepdi reatel et nof tat theast the last layer
PR CloBas™s P o Tt Rl G bt o o Gt gl F R ThePt BhGicudinay
but t -dvet etelti i wif  iye gowt ngelér i sraed ngrgater2phanodo

15 The vwel Structure having excellent properties to
prevent” the propagation of brittle fracture as
descri bed 14 anihofweldedssyrietorei haphpgnhexcellent
conpr e { &5 dyabrstER6StNOtpt 6689k hadn 162 pritbeeSfracture

yield stress of the wel ded_nenber 1s developed ip,a

di r ect$ o PEF Pl Tl 2R tof t‘ﬁggjr%ﬁg?t G681 b PG i Bpnthe angle
of thebutde el Nedyd egF oS €r SRk T repeh  r¥8héct to the
and butt-welded joint"are in contact. 11

.. The wel ded
205t r ucken® Hadd PRyl ek EEEFRHET 10T pFapePit BsWELC pf8vBRE 1ess than

the propagaté®n MMabrbttheréreeinres asgdesstibed in
any of clainms 7 to 10, in which the angle 0 of the
| ongitudinal direction of at |least the last |ayer of
the repair weld bead with respect to the | ongitudina
direction of the butt weld is not greater than 80 15
degrees. 12. The wel ded structure having excell ent
properties to prevent the propagation of brittle
fracture as described in any of clains 7 to 11, in
which the angle $ of the outer edge of the butt weld
with respect to the 20 longitudinal direction of the
butt weld is not less than 10 degrees and not nore
t han 45 degrees.




