+-. 1 - DESCRI PTI ON-WELDED STRUCTURE HAVI NG EXCELLENT"
- RESI STANCE TO BRI TTLE CRACK PROPAGATI ON AND WVELDI NG
METHOD THEREFOR 5 [ Techni cal Field) The present
invention relates to wel ded structures, having
excel l ent resistance to brittle crack propagation,
that prevent the propagation of brittle cracks

devel oped 10 in welded joints and to wel di ng net hods
provi ding such welded structures.” More concretely,
the present invention relates to welding nethods
provi di ng wel ded structuresPERarirgorexcel | ent
resistance to brittle crack propagation, that 15
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Havi ng 1 nproved fracture toughness or

nd
zgreatéﬁaf IFRLStdide to brittle fracture, the steels
accordi ng W@ld#heJ&b@velsmmnaﬂhl@nSoseﬂdonnuadfmqpion of

brittlecblast i@ ddetng large-heat-input welding is

extensively applied to cut down construction cost and

increase constructicon efficiency. Particularly, as steel
25 plate thicknesses increase, the time required for welding

increases greatly and, therefore, the need to perform

welding with the maximum large-heat-input also increases.

However, application of large-heat-input welding
lowers the toughness of the heat-affected zone {(HAZ),

30 increases the width of the HAZ and, as a resulf, lowers
the toughness against brittle fracture.

Because of this, steels which are resistant to a
drop in the fracture toughness in the HAZ even when
large-heat-input welding is applied were invented as

35  disclosed, for example, in Japanese Unexamined Patent
Fublication (Kokai) Nos. 06-88161 and 60-245768.

Having improved fracture toughness or greater



5 ordinary service conditions. If, however, a brittle
fracture occurs in an earthquakes or other accident
and disasters like a collision between structures,
there are risks that brittle fractures propagate

t hrough the HAZ and cause massive fractures. 10 It
has conventionally been considered that, wth TMCP
steel plates of approximately 25-mmin thickness,
brittle fracture diverts fromwelded joints to the
base netal because of the residual stress in the weld
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25 the type described above propagate along the heat—affected
zone of welded joints without diverting to the base metal.

In the brittle fracture test conducted by the

inventors, a stiffener (reinforcement) 3 fillet—welded to a
steel plate 1, not greater_than 50 mm in thickness, so as

30 to intersect a butt—welded joint thereof as shown in Fig. 1
cften arrested the propagation of brittle crack developed
in the steel plate 1 and thereby prevented the fracture
thereof.

In thicker plates, such as those, for example,

35 exceeding 50 mm and reaching approximately 70 mn in

thickness, brittle cracks sometimes propagated along the

HAZ or weld metal without diverting



5in welded joints at repair welds and nethods for
manuf acturing such wel ded structures. The inventors
conpl eted the present invention based on a finding
that application of specific welding to welded
structures prevents the propagation of brittle 10
cracks that occur in welded joints and can often | ead
to large-scale fracture. The gi st of the present
invention is as described below, (1) A welding nethod
for manufacturing welded 15 structures having
excel l ent properties to prevent the propagation of
brittbetd et ®:QQCHELHNG tRe WHoIE€Hiod QitNtfe stiffener
characterized by the step of formng a repair weld
havi ng a greater toughness than that of a butt weld
and an outer edge whose angle i, with respect to the
20 |l ongitudinal direction of the butt weld, is not

| ess than 10 degrees and not nore than 60 degrees, by
applying repair welding to a region to arrest a
brittle crack in a butt-welded joint where a brittle
crack is likely to propagate. 25 (2) The wel di ng

met hod for manufacturing welded structures having
excel l ent properties to prevent the propagation of
brittle fracture described in (1) above, in which the
toughness in said repair weld is at least 20 C | ower
than the brittle-to-ductile fracture transition 30
tenperature vTrs of the butt-welded joint! (3) The
wel di ng net hod for manufacturing welded structures
havi ng excell ent properties to prevent the

propagation of brittle fracture described in (1) or
(2) above, in which said repair weld is provided by
applying 35 repair welding to the pertinent region
after renmoving 1/2 or nore of plate thickness from
either or both sides of the butt-welded joint by
gougi ng or machining. 4 (4) The welding nethod for
manuf acturing wel ded structures having excel |l ent
properties to prevent the propagation of brittle
fracture described in any of (1) to (3) above, in

whi ch conpressive residual stress not 5 |ess than 1/2
of the yield stress of the welded nenber is devel oped
in a direction perpendicular to the



l'ongi tudi nal direction of the butt weld in a region.
where said repair weld and butt-welded joint are in
contact. (5) The wel ding nethod for manufacturing

wel ded 10 structures having excellent properties to
prevent the propagation of brittle fracture descri bed
inany of (1) to (4) above, in which repair welding
is applied by controlling so that the angle 0 of the
| ongi tudinal direction of at lepst the |last |ayer of
the repair weld 15 bead with respect to the ‘
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25 {2} The welding method for manufacturing welded
structures having excellent properties to prevent the
propagation of brittle fracture described in (1) above,
in which the toughness in said repair weld is at least 20
' °C lower than the brittle-to-ductile fracture transition
30 temperature vTrs of the butt-welded joint?

(3) The welding method for manufacturing welded
structures having excellent properties to prevent the
bPropagation of brittle fracture described in (1) or (2)
above, in which said repair weld is provided by applying

35 repair welding to the pertinent region after removing 1/2
or more of plate thickness from either or both sides of

the butt-welded joint by gouging or machining.
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‘sides of the butt-wel ded joint by gouging or

machi ni ng. (10) The wel ded structure having excel |l ent
properties to prevent the propagation of brittle
fracture as described 15 in any of (7) to (9) above,

i n which conpressive residual stress not |less than 1/2
of the yield stress of the welded nenber is devel oped
in a direction perpendicular to the |[|ongitudina
direction of the butt weld in a region where said
repair weld and butt-wel dedjdint are in contact. 20
(11) The wel ded structure having excel |l ent properties
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ded structure having excellent properties
to prevent the propagation of brittle fracture occurring
in welded joints, characterized by that the welded
structure hds a repair weld having a greater toughness
than that of a butt weld and an outer edge wpose angle ¢
with respect to the longitudinal direction of the butt
weld is not less than 10 degrees and not mofe than 60
degrees in a region to arrest a brittle crack in butt-
welded joints where a brittle crack is likely to
propagate.
' (8) The welded structure having excellent properties

to prevent the propagation of brittle fracture as



15 (15) The wel ding nethod for manufacturing wel ded
structures having excellent properties to prevent the
propagati on of brittle fracture described in (13) or
(14) above, in which the width of said partially
renmoved part at the surface is not smaller than the
sum of the wdth of the 20 weld bead and the thickness
of the steel plate. Thus, the present invention
prevents the propagation of brittle cracks that occur
in melded oints in welds by applying specific
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ghe but t - wel dedleI nt 2 (wh
2 of the butt weld is not greater than B0 degrees,

(12) The welded structure having excellent properties
to prevent the propagation of brittle fracture as described
in any of {7} to (11) above, in which the angle ¢ of the
outer edge of the butt weld with respect to the

30 longitudinal direction of the butt weld is not less than 10
. degrees and not more than 45 degrees.

{13) A repair welding method for manufacturing welded
structures having excellent properties to prevent the
propogation of brittle fracture occurring in welded joints,

35 characterized by the step of leading the brittle fracture
propogating along the butt welded joint away therefrom to
the base metal by partially removing part of Lhe butt

welded joint in a region where it is desired to arrest



consi sts of the butt weld 5 and the heat-affected zone
of 20 steel plate 1) in said region by gouging or
machining. A brittle crack devel oped in the
butt-wel ded joint 2 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 25 propagation of
the brittle crack is arrested by forming a repair
weld 6 with a greater toughness than that of the butt
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t he Bresgrbte i nvention,_ the brltt|% crack that has

scraption of the Drawings
25 Fig. 1 shows a welded structure with a stiffener.
Fig. 2 shows a welded structure with repair welding.
Fig. 3 shows a welding method for welded structures that
prevent the propagation of brittle fracture. |
Fig. 4 shows a test specimen taken from an embodiment of
30 the present invention.
Fig. S5 shows another welding method for welded structures
- that prevent the propagation of brittle fracture.
Fig. 6 shows a test specimen used in another example of
the present invention.
35 [The Most Preferred Embodiment]
Details of the best mode for practicing the present

invention are described by reference to Figs. 2 to 6.



propagat ed through the butt weld 5 in the butt-wel ded
30 joint 2 or the heat-affected zone of the stee

plate 1 wll pass into the repair weld 6

wi thout-diverting to the steel plate 1 or stiffener 3
if, for exanple, the angle 4 of the outer edge with
respect to the longitudinal direction of the butt weld
is relatively large. If, 35 then,- the roughness of

the repair weld 6 is lower than that of the butt weld
5, the crack having passed into the repair weld 6
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joint 2 qor the heat-affected zone of the steel plate.
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25 propagation of the brittle crack is arrested by forming a
repair weld 6 with a greater toughness than that of the
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




edge thereof with respect to the Iongltudlna
direction of the butt weld not |ess than 10 degrees
and not nore than 60 degrees in a region to arrest
~brittle crack in a butt-welded joint where brittle
crack is likely to 35 propagate prevents the
propagation of brittle crack in the base steel plate
by diverting the brittle crack that would propagate
along the butt weld 5 of the heat 9 affected zone of
the steel plate 1 to the steel-plate 1 or stiffener
3. Even a brittle crack having entered the repair
wel d Grezdionbeo sairelsy ane astieditherain). tﬁb@elﬂ&ﬁldlvertlng the
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The stlgdynfedamena)fdnding that if said angle +

1exceeds 60rdagrieesebiid téteuEE@Péyrh%veﬁm% R%f%ﬁ%st ed
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angl e $isrt h@e0 I‘@:gerﬁ:dggvgltntf(ﬁ)e QUH&&M@'S@ # E:'E air weld &6
respegt 1o etxrégl enigl t llJJ di rection of e but Jt
wel d not ‘gt &ater arr ﬁ%@raefé§r remo‘”“g 1/2 or more of
plate thickness from either or both sides of the butt-

25 welded joint by gouging or machining favorably arrests
the propagation of crack more surely and increases
resistance to brittle crack propagation.

In the present invention, the brittle crack that has
propagated through the butt weld 5 in the butt-welded

30 joint 2 or the heat-affected zone of the kteel plate 1

will pass into the repair weld 6 without «diverting to the

steel plate 1 or stiffener 3 if, for example, the angle ¢
of the outer edge with respect to the longitudinal
direction of the butt weld is relatively large. If,

35 then, the rcughness of the repair weld 6 is lower than
that of the butt weld 5, the crack having passed into the

repair weld 6 does not stop but, instead, sometimes



However, if the angle + is less than 10 degrees, the
brittle crack propagating al ong the boundary between

the 35 repair weld 6 and butt-welded joint 2 (base

net al ) approaches so close to the butt weld 5 after
passing 10 through the region of the repair weld 6

that the brittle crack sonetines,re-propagates al ong

the butt weld 5 or the heat-affected zone of the

steel plate 1. Therefore, the lower limt of the
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the stegle mﬁttew;ld&ﬂrh&%t”@r& strabh¥a g yerdceddf 648 of the
the butt at af fected zone .of .th
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greatly Fete t he an 0 of the |on tUdl(ggﬁhe weld
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consequence, uaI stres§ occurs near
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repair weld and weld bead.

The inventors also made various empirical studies
about optimum ceonditions for the repair weld. The
studies revealed that forming said repair weld 6 with

30 excellent toughness and making the angle ¢ of the outer
edge thereof with respect to the longigudinal direction
of the butt weld not less than 10 degrees and not more
than 60 degrees in a reglon to arrest brittle crack in a
butt-welded joint where brittle crack is likely to

35 propagate prevents the propagation of brittle crack in
the base steel plate by diverting the brittle crack that
would propagate along the butt weld 5 of the heat-



made by nulti-pass weldi ng,- the residual stress having
-.11 occurred near the end of the last layer of the
repair weld bead 7 renmins unaffected because no nore
pass will heat the |ast |ayer of the repair weld bead

7. In order to create a great residual stress in the

5 region where the repair weld 6 and butt-wel ded j oi nt

2 neet, it was discovered that the angle 0 of the
Iongltudlnal direction of at |east the |ast | ayer of

the repair weld bead 7 in the repair weld 6 with
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tensil e si dual stress that occurs
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propagatieiniThepeftiree put bie daidet blfetics acdpatibatebdss, that is,
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degrees. 25 It Is e an
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resi dudhesbresswelgculni rige atuttthee bl ofoithez repaine heat-
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the principal stress that causes the crack
propag&ﬁéfBEE%ﬁé%tﬁhéaF%ﬁﬁHtEﬁﬁtaBQMbﬁ’Pﬁetﬂ¢rQHﬁﬁroﬁége of
wor ks thearepstr tleadr ectidi neapecprapagat ieng ofudingl

crack ande.thesehy: enbanees Jhg effect of to divert
the crack to the vicinity of the repair weld. In

6Pder to créatestagivgledtta a éérding KWEatedd azid 3Hgle ¢
possi bleecbyd$ osidegracs epaivt1vekdadead Zahfot he epakfed

vel d Bunhbsk ScHPSILADLE, O JRRD LEAPELAL UL € 412
dlfference bef ween t he ?epé@f mé%d%% d 7 aﬁrvﬁld glﬂ
sufficlently high because brittie fracture often passes

into the repair weld 6. If said angle ¢ is less than 60
25 degrees, brittle fracture propagates along the boundary

between the repair weld 6 and butt-welded joint (base

metal) and is arrested after being led to the steel plate

1 or stiffener 3.

To get a fuller effect, it is preferable to make the

30 angle ¢ is the outer edge of the butt weld with respect to

the longitudinal direction of the butt weld not greater

than 45 degrees. .

However, if the angle ¢ is less than 10 degrees, the
brittle crack propagating aleng 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



vicinity of .the repair weld bead 7. I'f the repair =
welding is perfornmed with a large heat 5 input, the
tenperature 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
tenperature and the residual stress decreases. In
order to raise the residual stness, a snaller heat
input is nore 10 advantageous 2) In order to arrest

t he prm PRe oxﬁe tBkethé rr%%taEﬂEeWe?cpcg Q%Eﬂtrglpglbrlttle

wel di ng tthod of t present invention renpbves
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pr opagéite reabrafid@ odr acheret ithet heerbgilonewner eTHbedore,
brittle,d rle%yraﬂt%'fdtt?s ald %S&etﬂs a3 ghoyn ae!' r'i.'e%

2, by applying gouging or and then gp

wel di ng  wilthwas viell st ﬁgunﬁt@TataICOhaWthu@xd:eIEI emle 9 of the
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preventaedieby ek ndiAasicngs$ hin t:oughnes sviidte tthe f&gﬂ:ﬁnweld 6
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excel |entther peinrigal?25ttesghimesde e regshowsrdettakl s

of a Qﬁrrtecﬁ:ggéu J@Gth*ékabﬁclVi@Ald's@QesMJ}%an oh h§1€ butt—
pr esent .i nvent i On ce nuneral s ,
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and 12485 ghat e £ Bﬁf'?tv\?eﬁ’detg g\"’ft W 8pafy Wéﬂ &eat-
I5art at‘fcfeatsartorreer?év‘e@e|$1t€t€ﬁep\1\eteieU pahe. br BBy crack
changimgphbet shapacaf thed nemeyedlpay tinl2nk ot he-Jaubity
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pr opagat e the inventors_ di scovere propagat

of  bridft P& FrEttiirel Y sdbrevent &eomde eﬂtecw%ﬁyor the
when dertt-apbedticgh zofetdif chnresseétesiagrat eandyqgud ded to the
2Bl g. B)=skSmbefi. 35 unrenoved in the renoved part 12.
This is be@auseh eaving not | ess than 1/10 and not

more than 173°6F" Rf ERAesTHI TRR Tt dPVFRigi'oh ddFcovered
t hi ckritéss plee migssduatatirrpst lvecposintd an ohe bréditdnewhere

fract whe ialaalﬂompagatém Hutct-Berdddgogral @ergeet is greatly
base netal that is in the

heat - afff ecte % zoréﬁ eet
cent e L6FCHRE B ¢t recﬁ‘i’t%Js% REr Blyt .longltudl”al direction of
25 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.
When solidifying, the repair weld bead 7 tends to
shrink more in the longitudinal direction thereof, while
30 the matrix of the butt-welded joint (that is, the heat-
affected zone of the steel plate 1) near *the end of the
repair weld bead 7 does not deform much.- As a
consequence, residual stress occurs near the end of the
repair weld bead 7.
35 Although a repair weld ¢ having a large thickness is

made by multi-pass welding, the residual stress having



Leavi ng some portion of thickness unrenoved prevents
burn-through of weld netal to the back side in repair
wel di ng, thereby increasing the efficiency of welding
and enhancing the properties of the welded joint. By
conparing 10 renoving fromone side with that from
both sides, the inventors discomered that renoving
fromboth sides creates a greater effect on the
prevention of, britt fr r a
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aprest iLhpe-duepagation of brittle fracture. 25
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exanpl eheifudike sane stigelcaphateband veelddng tmeat eieadity

of the sapg quality,afe used, it is known that the V
and X groove wel ds, whose weld lines are inclined with
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occurring at the end of the repair weld bead 7 becocomes
perpendicular to the direction of the principal stress
that causes the crack to propagate because the resultant
30 of the directions works to arrest the rectilinear
propagation of the crack and thereby enhances the effect
of to divert the crack to the vicinity cf the repair
weld. ‘
In order to create as great a residual stress as

35 possible by forming a repair weld bead 7 in the repair

weld 6, it is desirable to keep the temperature



10 to propagate a brittle fracture and thereby

i ncreases the resistance to propagation. As the
result of experinents, the inventors di scovered that
brittle fracture can be diverted to the base netal by
increasing the ability to arrest the propagation of
brittle 15 fracture in the weld if the angle between
the edge of the renoved part @nd the surface of the
st ee na gr.e der Exanpl e
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I%enotch cut” to treate a brittle crack forcin
dfeP8 ke fEaet e &8ov b §r ebrf el tﬁ-‘é shpyg| brh szne'z
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vel ded, j oi nt Cpyaeegtro L poi nt OOnm
away = from e ddfe e’?laéacﬁ”t%’s §% {:‘?rﬁerfraerﬁ‘érp toughness.
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region by gouging or machining and then applying repair
welding with a welding material having excellent fracture
25 toughness.
Fig. 5 shows details of a part repaired by the welding
method of the present invention, in which
reference numerals 5, 6 and 12 designate a butt welded part,
a2 repair welded part and a part removed in the welded part.
30 By changing the shape of the removed part 12 in the
butt welded part 5 where brittle fracture is likely to
propagate, the linventors discovered that propagation of
brittle fracture is prevented more effectively when some
portion of thickness ({(designated by d in Fig. 5) is left
35 unremcved in the removed part 12.
This is because leaving not less than 1/10 and not
more than 1/3 of thickness in the central region of

thickness permits locating the position of brittle fracture



repair weld, whether the sane brittle crack propagates
further or not was evaluated. Table 1 shows the
results. 5 The toughness of the weld netal in the butt
and repair welds were determ ned by taking speci nens
so that the longitudinal direction thereof is
per pendi cular to the |ongitudinal direction of the
butt weld, applying a V-notch Chatpy inpact test to
each specinen, and finding 10 the brittle-to-ductile
fracture transition tenperature vTrs (C. The
di f f er encesrdpaguficn (iG) chetimmengtiithed BpaitaraBdedlitdone of
wel ds Table 1. are e differences thus
deterﬂ?ggg%!ﬁ%a%gé?au‘? St%£8§£Ftefhé?V%CInlty of the
répaFPldESSﬁe¢®ﬂma§ determ ned by x-ray radi oscopy at
a point 2r4mRingl as&S pbor the o\ﬁekﬁﬂrgéseumtn@beé A Bncs

u

point where the outer edges of the repalr and

vel dgh%é‘rf‘r?‘t?{ht“l weld t“}‘?éabo"r%tthflb%ﬂ?ergédﬁ he" CERRPY

testw61ﬂﬂhgntheM&ﬁytEﬂ&ﬂhasaﬁg dH&dbﬁﬂIéﬂinby Aﬁ)ddldEh@ and
20, .The dlrectlon q%es Oft; nhged reS|d%9I stress

|s Perpenar cul af "R T HES| Bhdi e udf dPFtt i8n CBRPHES

but t rengetidg afrbmequial sitde  wheeh diheecfian bofht figlepr, i nioé pal

SUI e5%,en@hPNGyWALED oy 'thgt € oGk PEARAGE r?%l%' Qngrea*a%s

butt wel'd or the heat-affected ne of e steel

pl at?. Srfstfméfrfeﬁ dtfalthet pessasionm) brfhtlﬂﬁe frapemre
wel dosipaws ido) Table 1 are the residual stresses thus
determn gatlve SI n - desi gnates

conpr ess?%gmsﬁpeggg ]a%s t'thpo%?l Py E95GR g nat g - -
kSensid destwigles P13the Apokat Dfscbr§ts |Tser ank wanapagattisons

Shomeeﬁ] %I@Ql'ﬁenéggg ? tﬁ%glggétlonas whi ch the crack

developed at the test Speci men propagates
to tHECIefRE P PIIANenEl §¥nidiasnte ithe) onndiesarebed ldove -

the cr aclfhaer&pagaggd th@nglg(h%stlk@'%pakQ@ Qe taB?llty to
repair _wel nmetal ) indicates that the

crack rﬁ%pi’ﬁa?’é%i’a?gtgﬁ? otfgh i hel SnvdlFdchigtsalitofF e Heeld
Zﬂepw6twwel¢helﬂcnhevdesehipb&@@dGhohhﬁné&ﬁh&tamﬁajkﬂx

brittle,e wegakw&r&aagﬁ&]%thn aﬁ By usi'D\éﬁ”eg%e plate

and~arreste e base e Means
cr acRAd¥sieipedraierialit o déet hene apal itivel dndegiom ghat

becage )argrreebed,,éle tvgfdecp§§8m B 1464 HQUL 5 CRHRIRY

fracture and " Prop agate
lity to arrest the propagation of brittle fracture.

25 Furthermore, the inventors discovered through various
experiments that the angle between the edge of the removed
part and the surface of the steel plate has a great
influence on the ability of the welded joint to arrest the
propagation of brittle fracture. This is considered to be

30  due to the fact that brittle fracture has a tendency to
propagate along a path perpendicular to the direction of
principal stress and, therefore, the path of fracture in
the welded joint with inclined groove has a tendency to
partially divert toward the base metal.

35 For example, if the same steel plate and welding
material of the same guality are used, it is known that the

V and X groove welds, whose weld lines are inclined with



after entering the weld netal (WW) and through the
butt 5 weld again" neans that the crack that has
entered and propagated through the weld netal

conti nues to propagate through the butt weld, thereby
causi ng fracture. "Propagated again through the butt
wel d after propagating along the repair weld" neans
that the crack 10 guided to theyjcinity of the
repair weld propagated through the repair weld and
then along the butt weld again. "(Part of the crack
br anechgtcandobecane ratt ©st e ik ntbhRar epakhe WRIrA) e of
means, t hat, Ehghﬁkgcﬁ Q{gpcpggﬂgpq,lf.enyered phe*
repal I wel d becausde T he °r 85T 4Tl 8t 1E9s P 14ié F'&hi on
wher prath@atepaiaf andcbust fraelds: ithiergect was *notecve
sufficient compr.essi ve, though the principal
conpg%é%twh¥s?ﬁgﬂgrgﬁﬁahﬁgr%?Gb%?egmé 4 ar et 84 i

t he nbasd hetdle sThéageepdi thanelidewgst qpar t Tlyi sdaraged

but diid:20-00t:d 8ada L fLr g _a%tb@f?aa@%ﬁctg% M8 Phe area
conponent of the crack was diverted to t e base

met &1L PTésE s feerheiy RUsfack toc 18 msr shexaplesrofired
he tPppespidatdnventinet erMHGh «Srr‘a‘@d)Qih%rM\@} dinRgeNAS; the
appl i ed tgfter rennving_gart of the butt-wel ded joint
accordiing 1o 28 Ph&PAPETADY of the present invention.

Al'l specidsenbe showet fjeader Bsirskance tievenagds discovered
pr Oﬁﬁgﬁt bpﬁtllenftéec,si__l r%—:pggrla rE%nﬁiv &edl%b ]hze %Qge 13’ta1 ¥
resi dual = stress did not reach'{he prede%ern1ne 'eve?
becadi§&°sai ¥ . tARgHE 10 Liase s gt edte. PAPRATREghn pa broftle
ishe rehackie 30 therehiar ec iH-28688d JeRubHE diepalide Wl Ehe
the principal conponent of the crack was diverted to

- and “APFESFEG i AR tHhe B%@?Cﬁe?gﬁ¢eTé§?e%é@@Fﬁéﬁ%kﬂB%.aQ
14 #¥6 2dgmree borurtdee.pur pose of conparison. In test
spe 'ggﬂﬁ . 14 to 17, repair 35 wel ding was done
aftgF renﬁ%?ng part of the butt-welded joint.

However , TRiackameht erdd tand pabseth tehtoughdaskeibekpai i)
20wl dpwtd hout being arrested therein, propagated 15
along the butt weld again, and caused fracture because
t oughnes 5t ¥ Fef ity i*Pre ecPERGEeh theeFepkine Ahdwmatt
wel ds! denthatihea tteiig heess nigNpi he darepat f-wsakdd Wasinkevby | n

t ' vl t | th $ .5
{eShoal R M dBuod e el lthe, shale, S 8.
t ougAteSs. -

25 The tests were done to evaluate the abilities to
arrest the rectilinear propagation of brittle cracks along
the longitudinal direction of the butt weld. Test specimens
were prepared by using steel plates, 2,500 mm square and
having various thicknesses, and machining a

30 dent having a depth approximately equal to half the
thickness and a diameter approximately equal 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 various compositions

35 under various welding conditions as listed in Tables 1 to 4.

Then a V-—notch cut to create a brittle crack by
forcing in a wedge 8 was made so as to agree with the

fusion line of the butt weld (that is, a large—heat—input



Therefore, crack propagated along the repair weld and,
t hen, propagated through the butt weld again and
caused fracture. In test specinens Nos. 19 to 21,
part of the butt- 10 wel ded joint was not renoved
before applying repair welding. Therefore, the
brittle crack created in the butt-welded joint
propagat ed t hereal ong and broke tihe -specinen into
exactly two halves. 16 - YCIly "> NNin N 41 N N Ji
NNininNN111 YxU u 4WHN14 PP H14 H4
M 4 Medfe$4iHinO Uy tlgctri ddsCwpldnd) YayWaB paddt (k49 WhHhway
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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 residuwual stress in the vicinity of the repair
weld was determined by x-ray radicscopy at a point 2 mm
closer to the welded base metal from a pocint where the
outer edges of the repair and butt welds meet {(that is,
the point 11 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 stiress
and the positive sign + designates tensile stress.

The point‘of brittle crack propagation shown in
Table 1 means the point at which the crack developed at
the edge of the test specimen propagatesato 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 propagaticn in Table 1, "Diverted to and arrested
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" (Part of the crack branched and became arrested 1in

the repair weld)" means that the crack branched and

15 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

20 not lead to fracture because the main component of the
crack was diverted to the base metal.

Test specimens Nos. 1 to 13 were examples of the
present invention to which repair welding was applied
after removing part of the butt-welded joint according to

25 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 O was too great. Although part of the crack,

30 therefore, branched to the repair weld, the principal
component of the crack was diverted tosand arrested in
the base metal. . .

Test specimens Nos. 14 to 21 are for the purpose of

comparison. In test specimens Nos. 14 to 17, repair
35 welding was done after removing part of the butt-welded
joint. However, cracks entered and passed through the

repair weld without being arrested therein, propagated
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alio th}ge E:'bL/tt/ Klé]éﬁ fgaln, ang caused fracturegbgcguse
toughness dlffered 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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YP36 0.12 0.21 1.27 0.007 0.004 - 0.01 YP40 0.11 0.21
1.3 0.006 0.003 - 0.01 VYP47 0.08 0.24 1.22 0.007
0.002 1.02 0.01 Table 3 Chenical conpositions of

wel ding materials in butt-welds (mass% Wl ding C Si
M PS MN Miterial EG1 0.1 0.33 1.45 0.015 0.01
0.27 - EG3 0.08 0.29 1.85 0.011 0.008 0.2 - EG60-0.1
0.34 1.68 0.016 0.015 0.29 - EG60M0.07 0.29 1.81
0.011 0.01 0.4 1.5 YMWR6 0.1 0.88 1.11 0.017 0.011 - -

Y-Dx 0.07 0.24 1.38 0.014 0.009 - - NB250H Y=DMk 0.1
0. 25 Ira#c0201412n00910c@fpos INSHEE Eo WIS Q). 20
1.51 90035001 5--Tabl-e 4 Chem-ecal--conpgsi-ti-ops—-—
of wel di ﬁTgfer'alg i h E;r"ep |ﬁ“heldsp(nnss velting T*
CSi | §—Cr ef-f—Y\VBGE- Q.08 03311 2
0. 004}-6-0853 st 18g gk 28 1 0ol f‘?eg”z. ggz | .01
0.18 Wahc ol drid bd-7lop 1y 24k 00014 0a00E1 772 ] 0.0
YM 1NLo—05E8 39§ adlpl d21aT s o1 05006 §9-00%, o5 | 0.01
0.04 b3 8% 5 obd-88gh8-245] 522 | RATATH-Be2 ¢ 102 §,0.01
0.008 0.004 0.76 68.5 16.7 WELD B YAWATA WELD 0. 09
0.24 3aBYe 03 008hem0O3l @065t lods oBWALAYMBORItedif22 in
0.47 1.52 0.0210£007eldsdAmbsad) 1 YMBLGL 0.015 0. 49
1.32 P2 0007 P 50128189 - N2 P06 0447102 T3
0. 002 0, g‘j}glz.ss- N 13'0.ps™ ap 0746]0.01 p. 865 ] ™
Sl S P D S O i EX A B R T LS A e
- A O ol P Yo 2P 19855 0T d PR 0 Yok o2 -
EG-60 0.1 0.31 1.68 ] 0.016]0.015} 0.29 -
EG-60M 0.07 0.29 1.81 |0.011}10.01 0.4 1.5
YMZ26 0.1 0.52 71 1.11 10.017]10.011 - -
Y-Dx
NB250H Q.07 Q.24 1.38 | 0.014;0.009 - -
Y- DMx
NSHSSE 0.1 0.25 1.40 {0.01410.009{ 0.36 -
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%)

Helding Cc Si Mn P S Mo Ni Cr

Material )

YM36E 005 | 0.33 | 1.2 | 0.004 | 0.002 - - =
YMSS5H 0.06 | 0.44 | 1.36 | 0.006 | 0.002 | 0.18 - =
YM60C 0.07 | 0.38 | 1.38 | 0.005 ] 0.012 | 0.35 - -
YM-1n 0.05 [ 0.39 | 1.25 | 0.007 | 0.005 | 0.22 | 0.98 .
YM-3N 0.04 | 0.3 0.7 1 0.006 | 0.004 Z 3.56 g
YAWATA

PninTh | o.06 | 0.3 2.91 [0.008 | 0.00¢} 0.76 | 68.5 | 16.7

YAW?"E)WELD 0.09 | 0.24 | 3.27 | 0.008 | 0.003] 2.32 | 6s5.1 | 15

YM309L | 0.022 | 0.47 | 1.52 | 0.02 | 0.007 = 151 | 24.1
YM316L | 0.015 ] 0.49 | 1.32 | 0.02 | 0.007 | 2.58 {12.8 | 18.9
N-12 0.06 | 0.44 | 1.02 | 0.002 | 0.005 z 7,38 -
N-13 G.05 | 0.42 | 0.46 | 0.01 | 0.008 p 3.35 -
N-16 604 | 0.17 | 0.28 | 6.01 | 0.05 - 6.65 -
L-60 0.07 | 0.48 | 1.12 J0.01 |o0.06 | 0.22 | 0.76 -




o__0O_

> o> O
pd V >> o @) @) A
> o < Z < = Z
g = > c Of o2
V| £ =<1 g...~l > <= ,Hu|3um.mmnoum
=727 Y TR —
- v
> o o & N oz uduBaaoum KA nd
= > ho] < o™ @ G 3 z
= m SO < < <l N u“o_aQONm K M“ >
o T -0 b Sapped u = - : _
> g £0° = vy = e or WS - oA
© e T O Z el - - ot 58 900N 11~ VoA
2© Q< <[ OF X - 8 PO T 55
5 < > ®oY > N Peage u N o LGLIES) 2 =9 OvdR | L1
cc S - o < Byaal — igraay . 8'z 09 FoTpTon 00T | 6 [R¥] oF 94 ST
= =l o] 4.'|3|W - Wi ] W POy Gk ZedX
) >\ I , P2y z ] 08 ga3 583 [
oo T < p—t t 5% Bugh G T F
© = IERE N u«mﬂo 13 §'g MYRS noH z ovd T | UosTIRdUO)
o € oo 2 LS cE, = Iy 8'z oy 35 88 buts = 0% * €1 0y
8o> @E> o (e 2P o str oo TR | 11~ ovaz sorduex3
Z o E>TC 0. i 1 i 3 Lo | buw ki 08 o
>>> Y5> N PO 4 2 HVRS o9
© ey Xy SL II-¥93 0814
oo o< > S N Bg_ & £ HH ' 5 b OUTRYSA Butbnog " 59 1
1 __—0 >= <TTease N 6°7 or mc&u Ly KVS ovdx | o1
T > > = AR P Du.uu r 13 Sy Mwwu: Butbnog Sy -
c Y 3z v 4
S0, ¥ < Sepe v ¢ 5t ¢ Butb : e
-S> >,0 “aspe— F P2 u 5t WS _iibnen 0
o] e > < 4._”d.uu—m = /M.wmuu.« 'z oc T (1] KYE 9EdA 2
NsT o aZ soeg nq 'y TPTaA Buybnog 0¥
— = > & D easeaxy 8 03 €5 g zeda
W > , T z §€ U ¢
o« 32 o HH g HYR tEn0g ¥
> Y episeia . ¢ § ) 08l u
o o E M_. = e ob 53D 12 5u 0 H I g oTIuaAUL
o V| OryeEa H 13 b Tam TEnoy st aya
2 o= Guqmuh . O 52 ar 5 200 9 o3 Okdx neauﬂu«o
o > Y 4 3 UTRTIA Buté ¢ *3
- Z V P nsale ueTs P § 0 noy Sk
Zc <z0 " AL uoTIohnane /£%) o€ T v |8 o3 0L5HS
S < £ V o LL ¥Ga9Id yovio edoxg . {wmr) Mﬂﬂm: YTUTYSER 57 4
< o =20 M = o€ IH n“ucxo.«.ﬁh (o} 02 8g 93 9£dx c
M © O o Cc = O =z D AQWBIUN HMQ;?OE.Q“ T Uﬂﬂmﬂou OF
o> Eo > Se=z0S = ~ 9 1Buy %oﬂmx uw) 53 zedr | ¢
<< O > uypTeN 1 UTPTaM 0%
>S=ZZ0 ®) Tedey Y3IpTM POURSH ord
no sut po LR
. aomay | 8 yiaK fuzr)
UTPTen SSAUYOTYY Taalg
v #3e 3o
Yor uov._..uxc,ﬂ%unm sdAy,
-oN



mODgGGqgC;'dSVvddvVvdD YmMUN/ Ud

Hag
OuVhUVUMMNZsszxsssszs ¢ _Ymro
.gecngrr .gr mOoOO'O.tl 10 .tl Wnl PmPt
rmoO OVmll Naaao ae OH.Clati aMti H
oo 0o0oO0OVStI 88 PH Y. myuwwwO (y minN
c9, c~(uWl dm47 0 h Vp VV OCCe NYXEO
p* hNtOOONNOONNpPDbDU mYUNIT1PN.O
mN mH .1G NWF mVdos-D" OON.OOOOO
OON.OO P$! mennl. CmPf mrl ! > w
1d, . aw@xﬁm@leaZb a ((--.. aaFao a FONN!

1" 'y > SThisexdmpte relites NeN RL%%J{Iﬂ Mocc Pl
p lates to tHe an d c gvi

01 0N e fpo¥l O 2.3 NN%o € 0 GV ey A0
N NIRRT A Ave %640 Wo U 19 0 H
Part of the butt welded jOlnt was removed by gouging
5 and other methods and repair welding was applied to the
removed region. Then, various tests were conducted to
determine if the repair welded part has an ability to
arrest the propagation of brittle fracture.

In order to evaluate the abilitv to arrest the

10 brittle fracture _pPropagating in a straight ltne, test

specimens were prepared by removing the central part of a
2500 mm square steel plate: byrapplylng qouglng or
machining and then ~applying repair welding.

Then, a wedge was drlven at a point 200 mm away from

15 the edge of the test specimen to form a V-shaped notch to

generate brittle fracture so as to agree with the fusion
line of the butt.welded joint {(a weld made with larae—
heat- input by eleetro qas.weldlng).

Next, the edge of the speciﬁeh was cooled to

20 approximately -40 °C and the center thereof was controlled

to -10 °C. After applying a predetermined stress, a wedge
was driven into the V-shaped notch 13 to generate a
brittle fracture that was then allowed fo propagate‘along
the fusion line of the butt welded joint.

25 After the pr0pagated brittle fracture reached the

added weld, whether the brittle fracture propagates
further or not was evalupated.

Table 5 shows examplegs of ‘the present 1nvent10n‘
Nos. 1 to 11 are the examples of .the present 1nvenb;on to

30 . which repair weldlng was’ applled after removing thé weld.

35

All examples exhibited good abilities to arrest the
propagation of brittle fracture.

In Table 5, FL (Fusion Line) in the column of
propagation position shows that crack propagated along
the fusion line, Arrested in the column of result ShOWS
that crack was arrested in the repair welded region, and

Base Metal in fhe column of arrested position shows that



-18b- [Exanple 2] This exanple relates to the

i nvention described in 2) above. Part of the butt

wel ded joint was renoved by gouging 5 and other

nmet hods and repair welding was applied to the renoved
regi on. Then, various tests were conducted to
determne if the repair welded part has an ability to
arrest the propagation of brittle fracture. In order
to evaluate the ability to arfest the 10 brittle
fracture propagating in a straight line, test

speci aensk weropaphepar &d thy FepDW @&1HE8 &%ﬂk&@%n@aéﬁo

of a 1@59Q5@g@ngg{§lsg&%Logéakﬁl n ? % gouglng ort
machi ni ng and then ggplylng reparr el b ®Then,

wedge was &Plvéﬁ 5 W FEPnexaun esmtanagotraarison s th@ Nos.
edge ©bf ﬂpgé7teihes¢nmn NRa fémédaaﬁhad\&éﬁﬁﬂyedeﬂ@I&&1Jé%
sgenerata ibgitt t 0_agree Wit

A @véf@%lﬁ%g 'To&:a%c}( n?pa(gaatwgl geﬁ%we the

fusion 1|ine of the but o)
wi t h Y argeveReditichisae By @ieangbe gas. vl diemgyed Nextr, 8 and

t he etigewdfith hef IPRC IraREv &M S a0 &k LD oZJquie the scope of

th t h
cont £olL o4t af ) Qane R T bR duet e

stref§? %Q$%ﬁbé‘cﬁﬁstﬂ?|§Hﬁ4oﬂn e heogushaple utoeshved

10t o gehbekiessa valsr Dt ahe fHeaabhyle dhatherdsnbhed Rirkowgd

15

20

25

to pigpagate along the fusion line of the butt welded
joint. 2 Aer he ropagated brittle fracture
reached the' cAddéd W d>-wAetFsk PrePapated |t thacvetd
proﬁ&ﬂéﬂe§60ﬁuﬁ@h9heonnmopvmasﬁemahuabedasRamhe Bhe

ShOV\ﬁen@V&ﬁlpvaSt@fwas tth}% E&Sﬁfnt I'nn)(lggt I P@ dN(ig é‘%%

11 X Ies of t resent |nvent|on to
whlg&qugglfgmg Rﬁﬁgegpﬁf RPEErY IRV TREE he

wel dampﬂ\BF‘t%S%a#ﬂ?T& té‘)@h?bl@legj agdotihabspeédimenst brake elgito
t he oopayas s dedfuder ikht | @ fd AaLUREE ié}uoml €nd 2 e[ﬂlr

(Fu@@gglg nels i t;gg gol mm of ‘propagation position
a ated along 35 the fusion line,

shomi 5 crac
Ar r eSEBAUFHE ke Ac?@llaﬁﬁb{%ltryésul t shows that crack was
arrest edAs n:letsh:frlbepaeary\ﬂéxdedhéeﬁt@éhntaﬁdve%ﬁ@n ents

in the &@%&tqgnaEEelﬁfﬁQl%oékgcQ diSh%ﬁSe weiaé dfen when
cragk @rqp%ggtg e repalr ed Tegion an
st opped ave occurred in welded ]01nts, by applying

specific repair welding to part of butt-welded joints.
The present invention, which thus provides welding
methods for welded structures capable of preventing fatal

fractures thereof, has remarkable industrial advantages.



i'n"the base netal, w thout causing fracture. Nos. 12
to 17 are exanples for conparison. In Was. 14 to 17,
the weld was renoved and repair wel ding was 5 appli ed.
Nevert hel ess, a crack propagated because the
unrenoved t hickness d, the angle of the renoved part 9
and the wdth of the renoved part Wwere outside the
scope of the present inventionygln Nos. 12 and 13, a
crack propagated along the fusion |ine because the
unrenoved 10 thickness was O gng t he angl e of the
renoved part was l|arge. In and 15, a crack
propagat edlt o ttheewdinl mvdhgh et auge fehbunine e ded

thlCkﬁ&&ﬁctﬁ&?f)h&ﬂdn§r&kismigﬁveﬂrdbéﬁﬂieﬂaﬁotﬁ%éﬁ%ﬁ@'khe

In No , fracture start

the b ttgjg ‘?gm& °Gi Eflt%lr ol%é:aE% & along " therdal gﬁgegnd
fhe sgeevﬁ%nscf@rr@%erh%w bnfwéhﬁa$wvs FHeEarsng e rapp tir

was netldenovied; andréepai toughedsd nganashaotoApRPbued. weld
[ I ndustrial | icabilit descrj bed earlier

the presefit ﬁ%\een ?e WhoygfeﬁPgﬁst%ewﬁF p’éegsé:lel‘:&nththe
brittLergrdekidin di hectiaind ofevesn mwienvesdchicmatckess than
have aocH&dagkd ﬁln\ﬂeh&i@dﬂdﬁ@ Bhsn &Y RRRLYENGy S E@yihg

1bepal b ' past t - wel ded joints. T
pr esen?ﬁf@%geﬁ%%ﬁg s e reg éé Jf)? Vi des li’d“ttle %a‘:k in a

net hol8 o“i‘eWéﬂddéal?,'E r‘tketr@r asb ERals éréfk p?se\ﬁelﬁﬁlllﬂgto
f at al prépagdtur egtthereafvinbasarenar kabl putndusetaloint in

advanggg@sreg%%n bQ}L&d\ﬁn orﬁng\@rh%%% met hod for
|

manuf act ur str uct ures hav excel | ent

properti es t 0 WF‘&v‘é‘ﬁ]t e e pPOHagH i“‘éﬁug"fcudi'rllt“f?l gelded
L%ract akeuooetas hﬁglmm amglededn® pwirrtrs ieshar ackeehzeche

by therstegetaforf 0FMbNG ta el @PAtFurdRledcRAVING rd gL SRt LN in
t oughness t%n that of a butt weld and an outer edge

whose"ahgt &%) FORPEPETedPetl FHd ™ FBHYituditnapast 20 °C
di r ectpogr gfhamhéhputbtintdledtotduaiotlel éssctihan trifsition
degr eeém@dal ik GOre amﬁe%g@%@%téd 5)&1;?0??: ying 18
epair weldin on est a bri e crac
2(|5 npa but tﬁwelggea 0|dﬁl?1g %‘Ifkéocg {)rrl f“f'?‘é FFAER PP gwelded
li kel f/tlf%?t‘ﬁre@pﬁgm@ Fhcel lerhoviopg rpaes tof prrhgent the
but t - wedteth Jiennt £ i brit3akdf £ 2 Q12 Q&s@@ﬂﬂkﬁﬁnoﬁlalm 1 or

MAchi 2 N i cAN8a WP 09, RENPA F QLo VAR 35! UELIY: g
repair welding to the pertinent region after removing 1/2

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

9. The welding method 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 5. The welding method for manufacturing welded
structures having excellent properties to prevent the

propagation of brittle fracture described in any of



15 structures having excellent properties to prevent -
the propagation of brittle fracture described in
claim1, in which the toughness in said repair weld
is at least 20 C lower than the brittle-to-ductile
fracture transition tenperature vTrs of the

butt-wel ded joint. 20 3. The wel di ng nethod for

manuf acturi ng wel ded structuregihaving excel |l ent
properties to prevent the propagation of brittle
fract ué?alq%sgr 'tgeg, A %hg!:l[;nz.]e aelcltln Whl Ch S 1ed
repair weld is provided by ap y|ng re a|r |ng

t he pe@qqqﬁ§ﬁﬂlﬁég$Qnth§ﬁtéhErQﬂﬁiﬁiﬂgogjﬁb625ooglhum£naﬁ

E| ?: e diverieneasof rélinl%lat;hefh@rlaQQt I’ﬂa?éld%% Qhe Lgﬁalr weld
u n u n
Vﬁéaqpql th Fés eyctg% gl:hg lona H‘xeadl %SltrFﬁEf'ﬁ? e%f the

wel di ng net ho PactTr

hravi ngb%&:é’lellénts mft‘}péllf?iié%f ttdhapr éQe@ﬂgItEI?é

propagat i ors.of Dhe tidiatihyasditoRl deschdhgtdarany w1420

cl ai ns ues) I.C Sgl esidyal stress

not Iiﬁhﬁﬁ?hgﬁs ﬁ%ggﬁ Qﬁgéiﬁgﬁ% i ¥$ess of%thg ?%f(fh
nenberpﬁ%PagééﬁgPdﬁé@rlﬁtéed??%EFFénd?ﬁﬁﬁi?ﬁéléﬁl%?YtQ§

the |ogitsudi hals . diimeebiom wifpatihewbldingvekdappl fed by
1r0eg| oncm%roﬁllf?f& %} g%g$h£h<\alveﬁlng;le 8 b ttthg Puged é(?lentof the

are in contact

manuf atttir Wﬁédw&%&esg?%c&mﬁ@@ haWJrfglde%éél fibpection of
propertheeduto peBvent nbhelepr apagal b aegdkebr bhdl ot more
fractq&gndqgcgé dnany of 21 claims 1 to 4, in

whi ch repair ding is applied by controlling so

that the aﬂgle B %ﬁldFHeSFfﬁﬁﬁ%ﬁﬁdFﬁ%}“g(ﬁxFééﬁ?Bﬁ Ryfopgrties

Joeast tcherkastt | Eheeprobagdteiarepdi privglled flheaduw tdrcurring

respectn W1tibe ongist udhpalcdidiectiop 19hct bge SWQ}Hetd

wel d i 0 reat er than, 80 . The wel di
nethodﬁ?: ttrrgnu acfufﬁﬁﬁlﬂéigdgkagf?%éiﬁfggtﬁﬁv? ness

excel |tdrmn pheperf iebuto pelevenmtl theoutpropdagat vissfangle ¢

bri :ﬁl\;]'t@tfhr aetPL&e desehk bfr%glﬂ%u@rﬂxapfdlr_félc@!lgﬁ dr t@ePputt
| n 1.C

repair | di IS app controlling
%o thathhegang g? ?g? 8?6%%6%K%P°Fh@°r?nﬁ33“ 60
wel d Wedkepaspect rteglPhetq’ oaqrguetsuda natitdilpectiohn iof butt-
t he buteideg| fois Nahekess vhan1d0-dagr @@s1apsh pat, nore
t han %Q. egLess. 7. A wel ded structure having
excel I'en: ropertles 15 to prevent the propagation of
brittle fr gct urgCodetfed nyf rucH AR | kRt rgopnEsl Lent
26har agtrepezeteb\td patvéde el gedpagation of brittle fracture

as described in claim 7, in which the toughness in said
repair weld is at least 20 °C lower than the brittle-to-
ductile fracture transition temperature vTrs of the butt-
welded joint,

30 9. The welded structure having excellent
properties to prevent the propagation of 'brittle fracture
as described in claim 7 or B, 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

35 either or both sides of the butt-welded joint by gouging

or machining.



structure has a repair weld having a greater toughness
than that of a butt weld and an outer edge whose angle
4) with respect to the longitudinal direction of the
butt 20 weld is not |ess than 10 degrees and not nore
than 60 degrees in a region to arrest a brittle crack
in butt- welded joints where a brittle crack is likely
to propagate. 8. The wel ded structure having

excel lent 25 properties to prew@nt the propagation of
brittle fracture as described in claim7, in which

t he toughnt$s iThesuplded spabetywd dhavingt exesisiten20 C

| over ptrhpartiee koi piégerdtothdustddRalcidnt &F &Ail@NS EFQBture

t enperat 2 pUkfzielded foint. 30 9. The
vel ded s?%sﬁcc;%;%g }glfév‘%g;r gxttéé T"ent %pr pett i"4d o

pr evefit™ P HEPrEpagat I Gt 6Fr 7S tote Lppacthare 1/3sof the

descr vbet istrebai of her w8ldéd mabel 58idkvappel &l 4

i's previdad oRYpand; | T ' L.hey; ;

perti&?n;b Fe&ioﬁ@af tlgrglég%vitﬁ\ge%gé@tr'}%fg 8fr%?%lt°en of

t hi cknes S FofitHb & PherItn pheResPaed wPaiKeveld and

but t -Welitded1fled nioimy goegimgononctachi ning. -22- 10.

The wel dedist rd Weabavi iR uee! h&MnPLOREILES tO

loprev%r}t0 Lhe, pr agatl on of brittle fracture _as

desctib&A Th any &F SEFAT fie7PEgPEgatipyRichrittle fracture

conprés §pgerihest duabngtelesdamms T egs tthannlwRidf thee amgle

yiel @ skrass 18hqt Peayelded 88 d aQeYSJ,%Pg:q)e' d¢ layer
irection

directi per pendi cul. ar to the | ongitudina
%eggﬁt’fe

of {1 Fa¥Fhd Peadgrohh ifsrRetate Fepaionaigndinal

and dpueetigel ¢édtheimittarelid niconitagtreattdr e wel ded
15st ruakyreavi ng excellent 10 properties to prevent

the prop ti of iftle fractyre as described in
any of c?lgzﬁnseget%e%é ST AT T Fﬁglﬁﬁg?’éceldeé'ft t he
| ongPttRAAESdFP deidvmptothatpicpagetihe ¢adiritajer fraéture
i ropton ol Lhe bt wel i aonot orehter that g 1o nate
irect] 0 e i S not greater than
degr(ﬁéé’sf?@%ﬁ._o"ﬁ]eer \ﬁéﬁ&eg?sﬁ}%z’flﬂew%]a@i"Hgfhe%(?éPF%ﬁtto the
20 pr oplrigisydina brddveest ibheoHridabatt ovelof ibr inbt| Bess than

fracturegrass dagthoRedord @an @6 gbgdls 7 to 11, in

which th n 4. of f th I
Wi It ﬁ . tesg%gt grepﬁ’érowe{&%gor%teggogdggr ?nanglfgcgtlilgitng\gl\e d

welded structures having excellent properties to prevent
the propagation of brittle fracture occurring in weldedr
25 joints, characterized by the step of leadiﬁg tﬁe brittie
fracture propagating along the butt welded joint akay
‘therefrom to the base metal by partially removing part of
the butt welded joint in a region where it is desired to
arrest brittle fracture that might propagate along the
30 weld by applying gouging or machining from both surfaces
while leaving a core of thickness not less than 1/10 and
not more than 1/3 of the original thickness and then
applying to the removed part repair welding with a

welding material having excellent fracture toughness.

35 14. The welding method for manufacturing welded

structures having excellent properties to prevent the

propagation of brittle fracture described in claim 13, in



20 longitudinal direction of the butt weld is not |ess
than 10 degrees and not nore than 45 degrees. 13. A
repair wel ding nmethod for manufacturing welded
structures having excellent properties to prevent the
propagation of brittle fracture occurring in welded 25
joints, characterized by the step of |eading the

brittle fracture propagating along the butt wel ded

joint awnay therefromto the b&% netal by partially
renoving part of the-butt welded joint in a region

wher e "PECh sthteghabe 2 ther pdge F idatilde phracs Lke riehabed
nightpg;bp&gmieeab@ﬂ?tﬁh@h?osMBbﬂﬁﬁﬁfaEﬁLY£ﬂ§ﬂ9%HQEEQis
or ma surfaces ile leaving a core

of thﬁciﬁggg né?gkggég?ﬁgﬁslﬂfﬁxénd not nore than 1/3

of the orilgi-nafht Hiedkiegsmarkpd Hor mapplssturing whided

¥ enovecypduires eipad ingnvebde Dhewd throperveldi iy grakeht athe
havi ngrapeg@thentod RAGLUIE FOMANNGSSL 3R ddy iTNS) o 5m 13 or
ME|dlﬁp met hod for manufacturing meFagd St ructur &8

havi ng ‘eXfelPEt Theolefth 2f (33i6r BoEhiathe removed part at
pr opdget senfafe brs nokeshabotrundadests i fed dm cakabtad3,of
In - & wahd Qréd_:chﬁnangﬁg tg'tlc.tkbxgsgdgg e Ssﬁ:leglpﬁ{$é -.l Iy
renoved part with respect to the surface of the stee
plate is not nore than 45 degrees apart 15. The
wel di ng net hod for nmanufacturing welded 5 structures
havi ng excel l ent properties to prevent the
propagation of brittle fracture described in claim13
or 14, in which the wdth of said partially renoved
part at the surface is not smaller than the sum of
the width of the weld bead and the thickness of the
steel plate.



