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[ Technical Field] The present invention relates to

| arge- heat-input butt-welded joints having excell ent
brittle fracture resistance in welded structures and,
particularly, those 10 nmade by -bdt t-wel di ng st eel

pl ates having thicknesses greater than 50 mm
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Fracture toughness of welded joints is evaluated by
a deep notch test that pulls, in the directions indicated
by arrows, a test specimen having, as a norm, a 240 mm
30 long notch 3 machined in assumedly the most weak part of
welded joint in the middle of a 400 mm wide specimen 1
having a weld metal 2 at the center thereof, as shown in
Fig. 4.
Conventionally fracture toughness of welded joints
35 in steel plates for ship structures not more than 50 mm
thick have been evaluated by this test and the

performance and characteristics required of steel plates



| arge tankers and container ships of not nore than
6000 10 TEU. As construction needs for container ships
| arger than 6000 TEU have increased, steel plates 60
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limt of yield strength of steel2 plates for ship
construction presently in use is 15 approximately 390

MPa, ddy %Iﬁ% sbeelrRLet&s r(a%éc%e%% cbhes@etdi cker than
50 nm will be used as_the size of conptainer ship

grows | ar G&FEIHBWRYRT f%‘h W SOPSEERFE bt a‘flrﬂ‘%lgﬁ‘(%&lent
i ncreasetlgl Yesctuse 410d veddigus: |chelmstteais1pxc:ml EnE.P steel

such 4% 20,1 AgLeagesy ! g%m%%g DPBROUE: ing the fracture

COﬂStI’UCtI n cost cont al ner S i ps.

5[ Sunrrrughofesthel| noeas | bﬁ}CWSt waes iz acdpsedniiaifrnanese

shi pgyrRdatBar P%Eﬂ@dPu}ﬂfdéQiﬂUneSlol noseagp@z) it s
now desired to construct. cont ai lsF s _exceed ng
6 %$ tely 50

6000 TEU BV'“dsPhg®high- tEksidte Stefde R TS
over a0 immtihdckheekniesse argkrhawsed ﬁpghtUesqzcgnstructlon of

str esﬂ?a%%rct '%%nw@kr%egn&%&tsaﬁ{eer tsl?lgFgoéf llic‘)gerﬁd/resr{@%an 6000

for ure e I nventors |nves at ed

10per f SFEHRnCc@S0FONSBrPEF 4o GRS St C%Fﬂjelaef o'?kﬁt%s larger
f or mechdy dowpt Teel Hihg stesdagdagt esendtpliess dtham SBick or
nn1th|c£ T%ebggvestlggtlon led to a finding that
Iargeor%:eatar i np ut9wer ded joints prepared by butt
wel di ng sw@elleptheesppﬁbtllr@és afhgaesd ahyerdek o sieel

al my;sla%*&wfgeogﬁé Eéﬁ@iﬂ&ﬂ&ﬂ%&@@&ﬁtﬁ? indde is

| arge-scal e deeg S%Sh t est houg g show ood .
15¢ esul PHIFFHRESS HapP PO SitBF e WRHTAEER T %{7 ue

test.thos® tﬁheketotbanth@ o] ectllobet hee@r-esetme size of

i nvent 3t QnipEOYLEGes Dased on the above finding,
wel decérjg%lr?tér ha\l/\B 4 suffl ciently _high fracture

t oughness H@C’eb’?rbu?fl aerefhg tanlghlet Fehyt pist T increase
pl at epi fy raglkded shipoconsidusidian prhavémg, thidkress

20greater than 50 nn]?gdn Ieldluﬁ{%ngggn Lru%pﬁ?ﬁqgmNP%nd the

cl asss 9o der™ The “abéve o | ec
i nvereorght |0rfv@9t¢§at1@ﬂ ﬂh@shfechanl cal properties of

base maidl-3,20¢ tWel dedehOiditis. In order to pr event
def ormati on and 10 stress concentration in

joints, tRe FRFeALdTsOL f OUNT Ao f-BF nt"des| ehr elded
t echnati gyt irkat iohoesess weitd iseal senhosd &t remgitruc

5and gﬁﬁgﬂg%.ragﬁl §e§£ #ﬁféﬁﬂ@s?EUOEybﬁéﬁnyI?Hitbﬂs1le

a br conven |ona oi nt desi gns
i nventtored dilec6vetrbatt REE TYRE | i hY BRi¢Rgts and have

strengidh Riesugdespatshéng in the desi gn of |arge-heat-

As welded joints are the most likely spot for

fracture, the inventors investigated the performance of
30 large-heat-input welded joints formed by butt welding
steel plates not'less than 50 mm thick.

The investigation led to a finding that large-heat-
input welded joints prepared by butt welding steel plates
not less than 50 mm thick do not always show good

35 fracture toughness Kc in the large-scale deep-notch test,
though they show good results in the small-scale V-notch
Charpy impact test.



i nput butt-wel ded joints can be prevented by
controlling the hardness of the weld netal (that is,
joint design by wundermatching): 20 (al) to notnore
than 110% of the hardness of the base netal; or (a2)
to not |ess than 70% and not noré than 110% of the
har dness of the base netal, and, controlling, as
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The inventors completed the present invention that
provides a technology to provide welded joints having
high fracture toughness Kc by welding with large-heat-

30 input high-strength steel plates having yield strength of
the 460 MPa class and thickness greater than 50 mm
(preferably between over 50 mm and approximately 70 mm).

The gist of the present invention is as described
below,

35 (1) A large-heat-input butt-welded joint of welded
structures having excellent brittle fracture resistance,

is characterized by:



25 structures having excellent brittle fracture

resistance, is characterized by: (al) the hardness of

the weld nmetal is not nore than 110% of the hardness

of the base netal, (b) the width of the weld netal is

not nore than 70% 30 of the prafe t hi ckness of the
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is characterized by:
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(al) the hardness of the weld metal is not more than
110% of the hardness of the base metal,
{b) the width of the weld metal is not more than 70%
30 of the plate thickness of the base metal, and
(c} the width of the region affected by welding
whose hardness is scoftened tc not more than 95% of the
hardness of the non-heat-affected base metal has & width
not less than 5 mm.
35 (6) A large-heat-input butt-welded joint cf welded
structures having excellent brittle fracture resistance,

is characterized by:



affected zone (HAZ) contacting the welding fusion line
is not nore than 200 pm 35 (9) A | arge-heat-input
butt-wel ded joint of welded structures having
excellent brittle fracture resistance, is
characterized by: - 6 (al) the Phardness of the weld
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whose hardness is softened to not more than 95% of the
30 hardness of the base metal unaffected by heat has a width
not less than 5 mm, and
{d) the prior austenite grain size in the heat-
affected zone (HAZ) contacting the welding fusion line is
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35 (9) A large-~heat-input butt-welded joint of welded
structures having excellent brittle fracture resistance,

is characterized by:



Fig. 1 shows the effect of the weld netal and base
metal on fracture toughness Kc. 5 Fig. 2 shows the
rel ati onshi p between the hardness ratio between the
wel d netal and base netal, bead width and joint
strength. Fig. 3 shows t he crack60pen|ng stress
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according to any one of the items (1) to (10), is

30 characterized by that the welded structures are prepared
by butt-welding high-strength steel plates over 50 mm in
thickness.

The present invention forms welded joints with
sufficiently high fracture toughness Kc in butt welding
35 high-strength steel plates, in particular high-strength
steel plates for welded ship construction, having yield
strength of the 460 MPa class and thickness greater than



acts as the driving force in the deep notch and Charpy
tests by three-dinensional finite el enent nethod:

(ii1) The distribution pattern of |ocal stress
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anal yﬁesdewdmlroi tynghiehaeyal nesciofteséc vs. the

“hardness Qalé el\gseldd jr@{‘lgl sémem]gdﬁrigggﬁﬁly high value
of not less than 90 J at a testing temperature of -20°C
30 and a fairly good fracture surface transition temperature
of -20°C in the V-notch Charpy test. In the deep notch
test, however, fracture toughness Kc was as low as not
more than 2000 N/mm®'°.
The obtained test result deviated greatly from the
35 conventionally known "interrelation between the results
of the V-notch Charpy and deep notch tests".

Detailed investigation of the fracture starting



of the base netal [Hv(BM], it was found that the 20

| owering of fracture toughness due to the increase in

| ocal stress can be prevented by controlling the

hardness of the weld netal [HW/(WW] to not nore than
110% of the hardness of the basé retal [Hv(BM], as
indicated by in Fig. 1. 25 It was discovered that it
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distribution o ocal stress$ alon fusion |ine
the weld metal (WM) and heat- affected zone {(HAZ) when the
30 strength of the weld metal (WM) is greater than the

strength of the base metal (BM) or heat-affected zone
(HAZ) (as indicated by O (WM-H) and B (WM-L)).

When the strength of the weld metal (WM) is greater
than the strength of the base metal (BM) or heat-affected
35 zone {HAZ) ({(that is in the case WM-H}, local stress does
not increase and remains substantially equal to the case
{WM-L) in which the strength in the weld metal (WM) is



(FL) in contact with the weld netal is governed by the
hardness of the weld netal and there is a tendency
that the local stress along the fusion line (FL) is

| essened 30 if the heat-affectedzane (HAZ) in contact
with the fusion |ine (FL) has a | arge "softened
region". It is preferable to insure that the softened
regi oAovi.n the heat-affected zone (HAZ) is not |ess

than 5 mm ippRusW gt e A8 RAIdnkeasesd n@hd@&:l’@&%‘é&dng of Kc
when the width of 35 t S%éftened reglon
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ship used wt present 1 nvention can be
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V, NpofTthezRdsggnetgl [F‘ér—:’l\hBWér elEaV“Hﬁ %\%ﬁdaltf‘a\% goéa
20y, TepwSeiapdoB, fescteguitbedhhesst dee tenharcememtast in

base II%EQJ ggggg\% Jr:‘a Jh% treRJQHQQ?eEf @&gcrcﬂtlrl% the hardness

properties. Kness o ates is not
speci Pifcahpyweld meterl [Hv (W) bré?e?%%l@PﬁQ)Qﬂﬁ?l§19ﬁe°f the

pr eseﬂ%rﬁﬂgggtbfmthé Qaasfeoﬁne%)é@n'@i{@(B@’ ph-st rielgthteq by ® in

steel plates, [arge ship shells, exceedlng 50
in thfé@neés Chen1ca| conp05|t|on and wel di ng nethods
29f wel di ng1t30z8Bd B¥dAletreadl €haksot NDE parddsetyarby

| se3aclong g, Lheehel peLethall o SREUe] Bhine <o
prefemabbethhahavmﬂqﬁﬂuyﬁwﬁberWaﬂé meem%r ifse(W) df lower than
to 0. Qﬁ%3h§kdgésg g%tﬂhélﬂygb H@t@i pH@ BM)]. If, howeaver,
the hardness of the weld metal [Hv{WM)] is lowered, the
30 strength (tensile strength) of welded joints decreases to
such levels as will cause fatal problems in structures.
So, the lower limit of the weld metal strength
required for securing as much strength as that of the
base metal in welded joints was empirically studied.
35 Then, it was found that adequate strength (tensile
strength) can be secured in welded joints even if the
hardness of the weld metal [Hv(WM}] drops to 70% of the



35to0 2.5% N of O0to 4.0% M of O0to 0.30% A of O

to 0.3% My of 0 to 0.30% Ti of 0.02 to 0.25% and B

of 0 to - 12 0.050% choice can be made as

appropriate by considering the Ghenm cal conposition

of the steel plate. Welding is performed by VEGA

(single electrode oscillating electro gas welding),
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met al hgr@d &5 dhame LBeahasenesspftHehe hase fBi@ncy that
because t{Bcgfﬂé%ress glong the fusion line (FL) is lessened
30 if the heat-affected zone (HAZ) in contact with the

&3]

fusion line (FL) has a large "softened region".

It is preferable to insure that the softened region
in the heat-affected zone {HAZ) is not less than 5 mm in
width as said lessening was observed when the width of

35 the softened region in the heat-affected zone (HAZ) was
not less than 5 mm in the experiment conducted by the

inventors.



formed by the nelting and solidification of the base
nmetal . Therefore, such wel ding nethods are outside the
scope of the present invention if the hardness of the
10 wel d netal is outside the range specified by the

i nvention. [Exanple) The presenilinvention is now
described by reference to an exanple tested under the
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mm i n VEGA: Ffoove
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the %%ﬁ%%g%tﬂ§égn§§§nqgﬁQ§§u&E@ thiekaegs: ofeitdigg gurposes
steel plate 35 that, was determ ned by pressing a

1Rg i n@EntBPVRhEPBR L A Srar dness of the wel d met al
[HV(W) ] | ereferblarelness]ofarehe fuel exagtlad, détcesrem ned

by pre 0 K Nt 4arat t ntear of
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limited, it is preferable to apply the present invention
te, for example, high-strength steel plates, for large
ship shells, exceeding 50 mm in thickness.
Chemical composition and welding methods of welding
30 materials are also not particularly limited so long as
the characteristics specified by the present invention
are satisfied.
While it is preferable that welding materials
comprise C of 0.01 to 0.06%, Si of 0.2 to 1.0%, Mn of 0.5
35 to 2.5%, Ni of 0 to 4.0%, Mo of 0 to 0.30%, Al of 0 to

0.3%, Mg of 0 to 0.30%, Ti of 0¢.02 to 0.25% and B of 0 to
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15 was determ ned by varying the testing tenperature
applied on the test specinens that were prepared so

that the fusion line (FL), which is the weakest part

of the welded joint, is at the center of the

t hi ckness thereof. The fracturelfoughness Kc (N nmmi -5)

was determ ned by 20 said deep-notch test at -20C.

The valugs Wb ddhedrke %B'é !a@dégt@ﬁf@pﬁfbﬁtte Hespinkedering
the trace of ducfile cracks resul fromsufficient

def ortinet cbambfat heompt i lion Pﬁeth?e%‘fe%bé@iaﬁ@n t he

Speci men W%?&P ? :?%ﬂ?@fd%@'%gt9gGAfP§f £ electrode

nmeasur enent o val ue. The tensi1e st ren%
of tRsckelabgnyg o¢1rﬂcf(4\ﬂvéa)as MRdréages YHe sl tpiR 15t

whi Cféﬂeﬁ@rb“ﬂaj cb\l@c:L]lldte.LSig c3pReeroeha$ haétldhrr&ﬂ | IEGt helectro
10|nttens e test |nTbIe t est

speci¥énd® %n h %sf‘ws sng g (fhweelpcre%§ it ‘

i nvent i onIshesedisufTd GTIIFertﬁllB@ ﬁta@l wp e terughirfdis $wikc we lding

beca'ﬂrci%e@l LIlEQﬂq@éfH‘SCcﬁ{p%sWtEBhnraﬁ k5 W&Qﬁ% II, it is
specified ﬁ%\t he i nventign. Test speci

14 sFEREGTERAE . WP i3 Rdient £°h4T8 %u‘fcgftc"’}geentgff ‘%ot ur 8

t oughnesenandrt 8nsid e a sdaerlengyhsbecdause 4 He m/min., a heat
Hv ( [ By ( e t l-at t hi d

i it NEPEL RS e ot el 8% RoTRe "heat atoet Ba o orebLe
zone thertethet bivotherspeci oiredveangdsh artheKd wabuers 20°%,
of t%%tp&pgﬁangr}mll\br %e\@sivgggemhat - 15 Iovver than

those of test specinen to 13 because ,

wi dth of ERevesbfimhed mMdyitdacknstpel r%’a%tea?fbé/ctsé‘&’ multi-
zone 14@&rS Bl b g thanidhe wiraf er abb et afigéneafert e lding
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bead width are preCJ.sely controlled within the range

specified by the present inventicn, electro gas welding
with a consumable electrode, for example, is outside the
scope of the present invention because the bead width
becomes greater than the plate thickness.

Laser welding and electron beam welding, which can

easily control the width of weld beads, are within the
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Welding methods that do not use welding materials
tend to make the hardness of the weld metal greater than
the hardness of the base metal because the weld metal is
formed by the melting and solidification of the base
metal. Therefore, such welding methods are outside the
scope of the present invention if the hardness of the
weld metal is cutside the range specified by the
invention.

[Example]

The present invention is now described by reference
to an example tested under the conditions employed to
confirm the practicability and effect of the invention.
The present invention is not limited to said conditions.

The present invention can be practiced under various
conditions and combinations thereof without departing
from the scope and spirit of the invention so long as the
object of the invention is achieved.

(Example 1)

Characteristics and performance of welded joints
were tested and investigated by using steel plates 50 to
100 mm in thickness. Table 1 shows the results. Tables
3 and 4 show the chemical compositions (types of steel)
of the steel plates and the welding materials in the butt
welds.

Welding was performed by VEGA, VEGA-II, EG and SAW
under the conditions shown in Table 2.

The groove angle and root gap were 20 degrees V
groove and 8 mm in VEGA, 20° V groove and 8 mm in VEGA-II
and EG, and 40 degrees Y groove and 2 mm in SAW.

The hardness of the base metal [Hv(BM)] is the
average hardness across the thickness of the steel plate
that was determined by pressing a 10 kg indenter therein.
The hardness of the weld metal [Hv(WV)] is the hardness
of the weld metal determined by pressing a 10 kg indenter
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CPIO gé EE%Ogiﬁ@@ QMMMQ%Q%%Mﬁgédof .the ‘weld metal: D

0000 -IONDNC W HL_n8tiE
nn“ﬂﬁvﬁ“»@ﬂﬂrm]dtﬂ @ﬁNNN? average of - the values measured

. H@CtQEC¥¥X$£mKﬂdNBQdM-suNeN and the center of the

thickness of the weld metal.

The width of the softened region in the heat-
affected zone (HAZ) is the width of the region extending
from the fusion line toward the base metal in which
hardness softens by 5% from the hardness of the base
metal.

The prior austenite grain size in the heat-affected
zone (HAZ) is that in the heat-affected zone in contact
with the fusion line expressed in terms of equivalent
diameter.

The fracture surface transition temperature vTrs (°C}
was determined by varying the testing temperature applied
on the test specimens that were prepared so that the
fusion line (FL), which is the weakest part of the welded
joint, is at the center of the thickness thereof.

The fracture toughness Kc (N/mm'®) was determined by
said deep-notch test at -20°C. The values with the [>]
mark indicate that, despite the trace of ductile cracks
resulting from sufficient deformation of the notch in the
test specimen, the specimen width of 400 mm inhibited
further measurement of the Kc value.

The tensile strength of the welded joint (MPa)
indicates the strength at which the NKU No. 1 test
specimen fractured in the Jjoint tensile test.

As shown in Table 1, test specimens Nos. 1 to 17
according to the present invention showed sufficient
fracture toughness Kc because all conditions are within
the ranges specified by the invention.

Test specimens Nos. 1 to 14 showed that welded
joints have sufficient fracture toughness and tensile
strength because the Hv (WM)/Hv(BM), bead width/plate
thickness and the width of the softened region in the
heat-affected zone were within the specified ranges.

The Kc value of test specimen No. 14 was somewhat
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t71 1theiwidth of the softened region in the heat-affected
zone was smaller than the preferable range cf the present

invention. Still, the K¢ wvalue was as good as not lower

5 than 3000 N/mm!'’.

Test specimen No. 15 showed a sufficient Kc value as
the fracture surface transition temperature vTrs was
substantially equal to those with test specimens Nos. 1

to 14. However, the joint strength was low because the

10 Hv (WM) /Hv (BM) ratio was lower than the preferable range.

Test specimens Nos. 16 and 17 showed low joint
strength because the bead width/plate thickness ratio
exceeded the preferable range of the present invention.

Specimens Nos. 18 to 22 tested for comparison showed

15 low fracture toughness Kc in welded joints because the

Hv (WM} /Hv {(BM) ratio exceeded the upper limit specified by
the present invention, though the fracture surface
transition temperature vITrs in the Charpy test was

substantially equal to those with test specimens Nos. 1

20 to 17 according to the present invention.

Thus, the present invention that provides
appropriate fracture toughness Kc in welded joints of
high-strength steel plates having a yield point of not

less than 470 MPa and a thickness of not less than 50 mm

25 is a novel invention.
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Welds M d Weldi FVolt ldi Wir
O C OCUreys MR HRAE [RIWC. Y BTN Co°R| .| Bift [Diimeter
wNQC 0. 00 WOO. HMw Mu- 17 rdabl @ 2v) |v(cm/min) | (k3/em) | (mm)
VER S50 400 40 2.9 331 1.6
vs2 55 200| 40 2.5 383 1.6
VEGA vs3 60 30040 2.2 339 1.6
vsa 65 200| 40 1.9 498 1.6
V1 55 420 42 €.5 326 1.6
V2 60 4z0| a2 €.0 353 1.6
VEGA-II V3 70 420 42 4.5 470 1.6
V4 80 420 42 4.0 528 1.6
VS 100 440 44 3.5 €64 1.6
Bl €0 420] a2 3.0 353 1.5
EG E2 65 4z0] a2 Z.5 423 1.6
E3 70 420 42 2.1 504 1.6
Singl ad 2100] 42 5.4
w;?giigpass st i poﬁince 1660] 52 18 >t 5.4
S| seven pass | 52 S v e I Ml s
welding ad 1400] 37 6.4
s3 5 ost 1306] 45 33 181 6.4
Table 3
5 (mass%)
Type of C Si Mn P S Ni Ti
Steel
YP40 0.11 0.21 1.30 0.006 | 0.003 0.0t
YP47 0.08 0.24 1.22 0.007 | 0.002 1.02 0.01
Table 4
(mass%)
Welding c Si Mn P S Mo Ni
Material
EG-1 0.10 0.33 1.45 0.015 ] 0.010 0.27
EG-3 0.08 0.29 1.85 0.011 | 0.008 0.15
EG-60 0.10 0.34 1.68 0.016 | 0.100 0.29
EG-60M 0.08 0.29 1.81 0.011 | C.01Q 0.00 4.10
EG-60M1 | 0.07 0.29 1.81 0.011 | 0.010 0.10 1.50
EG-60M2 | 0.06 0.29 1.81 0.007 | 0.006 0.12 3.10
EG-60M3 | 0.03 0.29 1.81 0.011 ] 0.010 0.25 1.00
EG~-60M4 | 0.11 0.31 2.10 0.008 | 0.003 0.24 0.56
10 [Industrial Applicability]

The present invention prevents fatal damage and
fracture of welded structures because brittle fracture is
hardly occurs in large-heat-input welded joints of thick
high~-strength steel plates even when there are some

15 welding defects and fatique cracks cccur and develop.




Wel ding Plate Current Voltage Wel ding Heat Wre
Wl di ng Met hodCondi ti onThi ckness | (A) E(V) Speed | nput

D ameter Immilv(cm mn)(kJ/cmIm) VS150400402. 93311. 6
VEGAVS255400402. 53831. 6 VS360400402. 24391. 6
VS465400401. 94981. 6 Vi 55420426. 53261. 6

V260420426. 03531. 6 VEGA-11V370420424. 5470
V4804204240529 5100440443; 5604 £1004R0423: GABB1 cant 1y
EGE265420422. 5423F 370420422, 1504 Si

pass STEBRAREN CEe2 365851 857 1% L ] &tﬁgﬁggfeieob%% a great
SAVE265Adanee 246003740160 Beven passPost 120045

wel di ng375Advance 140037351816. 4 SPost 1200456. 4 Tabl e
3 5 (nmass% Type of CSi MnPSNi Ti Stee

YP400. 110. 211. 300. 0060. 0030. 01

YP470. 080. 241. 220. 0070. 0021. 020. 01 Table 4 (mass%
Wl di ng CSi MnPSMoNi Mat eri al

EG 10. 100. 331. 450. 0150. 0100. 27

EG 30. 080. 291. 850. 0110. 0080. 15

EG 600. 100. 341. 680. 0160. 1000. 29

EG 60MD. 080. 291. 810. 0110. 0100. 004. 10



EG 60MLO. 070. 291. 810. 0110. 0100. 101. 50

EG 60M20. 060. 291. 810. 0070. 0060. 123. 10

EG 60MB0. 030. 291. 810. 0110. 0100. 251. 00

EG 60M40. 110. 312. 100. 0080. 0030, 240. 50 10 [I ndustri al
Applicability] The present invention prevents fatal
damage and fracture of welded structures because
brittle fracture is hardly oc&i®dM n | arge- heat-i nput

wel ded joints of jthigekheRicghngtt epgth-wad1eRld Bloah@Sof welded

even when there are sone 15 we|ldin efects  and -
ot 1 gbTUr RS ELtr G BLIET bt S 5 Trang U gesistance,
present thyemttiean,zechéty:significantly enhances the

§afety Of WE|degﬂ§tQ9%i%5§ﬁneggso éﬂéﬂuel& %%%%&rhglnot more
applicability. - 19 AIM 1. A large-heat-input
butt-wéﬁaehltf{%)icrﬁ tore herdeasst phcthR &9 favietgl-

excel l ent prittd add@cheae-iapustancs welided joint of welded

characterized by: 5 (al) t har dness, of_th ld__.
ot el STt b 1 PR EROSE0F THe el MGSEGF Rgtscance.
base metaharactexizagéyheat -i nput butt-wel ded joi nt of

100l ded  structures haw Rgr-exesh! entfy ifdile retagt Yeenot less
resistance, is characterized b{: ;q#%a%%hgpe hardne§s h
of thEhaBI (0%etd Aot AGEel E8an ThYh odifisndatsrensr gt the
than 1if%métdhe hardness of the base netal. 3. A

| ar ge- heat 5i nput jhyt éﬂﬁggggggéﬁ%Pé%fg—dgyd%%djoint of welded

structures” having excellent e fracture
resi sthneeturas Hayiggarzeedteredobit i@l frate rRargRegsance,

19f thesvwehgri®talibes met: nore than 110% of the
har dness of the se.netal, and )..the width. o he
hal d meral i s AT %Fﬁgrn‘e%%gf“}%é”e\gﬂldg{“?tafl 1880t more
t hi ckhbss bI0% hef Bdse hawtlakss 20f 4theA hagregensit@dt - Bnput

butt-wel ded j oi 3§ ofael,dedn skricd UrBH RRMIANTis not more
excellent brittle fracture resjstance

char akbaRi 268 By tHead) . otho tRAT BARSS O o NRSEd™RERAL

20 s not | ess. tlranat@fo-ardthrohpoorisattharltEddgeofinthef welded

P 0 R PSS PO AN Btoane

d ne S not” nore t he ate
t hi ckhBsshafagifrizgsebyetal . 5. A | arge- heat -i nput
butt-wel ded j oi piz)ofcneehdednesé reetiHevNavmegal is not less
char atberi Bt B e Jotht Har dhkle G e PieracRE &l he
29 s nobasermeetal, and
(b} the width of the weld metal is not more
than 70% of the plate thickness of the base metal.
5. A large-heat-input butt-welded joint of welded
structures having excellent brittle fracture resistance,
30 is characterized by:
(al1) the hardness cf the weld metal is not more
than 110% of the hardness of the base metal,
(b) the width of the weld metal is not more
than 70% of the plate thickness of the base metal, and
35 {c) the width of the region affected by
welding whose hardness is softened to not more than 95%
of the hardness of the non-heat-affected base metal has a



than 110% of the hardness of the base netal, (b) the
width of the weld netal is not nbre than 70% of the
pl ate thi ckness of the base netal, and 35 (c) the

wi dth of the region affected by wel di ng whose hardness
is softened to not nore than 95%0 of the hardness of

t he non-heat-affected base netal has a - 20 w dth not

| ess M}?ﬁ{h 5m5gn16655 Ayl @r gegpeat -i nput butt-wel ded
j oi nt structures having excellent britt

fracture r‘ésn stpar’?@éfge"lr@at‘iﬁé?”é%? et?‘ftz‘éd‘e&fe% Je45¥ f’%e“"‘aldecl
har dnessu@futde naplichgrekaklisntdiritesls: fidz@nuzedoandstance,
not npre 1ga_panc 11r0%ede&he har dness of the base netal,
(b) ttié Wi d]feh 840 I'd metal is not nore than 70%
of the plate thizdkndds bbrehespase e aleldamgtaioipgcyot less

the wedth ods tam%i @ aprafl teeheth dy yeldingaminses of the
ardness is softened to not nore than 95% of the

hardn€§§eo‘i‘e1ian]e' base netal unaffected by heat has a
wi dt h not | ess than themmidih Af| d@rgesdlghtnatagutls not more

but t - eﬂoﬂ ttl{]tthf%f wel-ded ; 4pr st yot S AV Rgtal, and

excel cture resistance,

1%har act er| zed byg) (&he HRETRarlnes ’iﬁgltcﬁ’e atdreg tret By
i's novel®y it hEQ¥nekst he bafess wf ridtembasethan 95%
et albf( the dtsh o%f E}erre In?é]talff%(:tf%%ck&%dzg heat has
wel di ng ose S ardiess i"§Ssoftencd To 'mot more t han
95% af widieh hartdriea§§ ¢hanhé Base netal unaffected by

heat has # W df h $H0f-hess- Eﬂﬁﬂt %Lm'ﬁ vﬂz‘ldie(cﬂ)Jotlhe of welded
rior austenite grain size QP %ﬁfla cted zone
HAZ) SEBRE AT g TS S AERG R sk B E 25 ARG OTE Aot :
nor e Lhaoh200:-tmri&edAblyar ge- heat -i nput butt - vvel ded

joint of WE'dedgﬂﬁtE%%tH5§§nQ§¥'@ﬂ-@%?QkhﬁﬁH@Q;htEEenot more

fracture resistance IS characterized by:
har dnEBan o 1¢hefndig herdresg abtthe e ss3eetRdn 70%

and not nore thﬁﬂ 110% Qﬁdtheoha‘f}d&ﬂ&Séingfn e echaseby

t al w d the.re f ct b o
ﬁl di n Lﬁ%’b Ozf’redﬁ]jé-"s]:éjnesssso?t ene anJ (r?to %%t %Otrﬁ LS
95% of tlwe fhearrcuwe‘s@s odf tbhebba%ememlalun@rfaf%@tﬂeéyweat has

heat Bagi@eh e ditdssh@hahessmhhaghd mm and (d) the
prior austenlte&fgral n size in the heat-affected zonge

(HAZ) cont acti n§t hé"RePditRg ?'&%‘f‘?ﬂfte I fd2FstHothe

nor e hban-200:dhed zone (HAZ) contacting the welding fusion

25 line is not more than 200 um.

8. A large-heat-input butt-welded joint cf welded
structures having excellent brittle fracture resistance,
is characterized by:

(a2) the hardness of the weld metal is not less
30 than 70% and not more than 110% of the hardness of the
base metal,
(c) the width of the region affected by
welding whose hardness is softened to not more than 95%
of the hardness of the base metal unaffected by heat has
35 a width not less than 5 mm, and
(d) the prior austenite grain size in the

heat-affected zone (HAZ) contacting the welding fusion



9. A large-heat-input butt-welded joint of welded
structures having excellent brittle fracture
resistance, is characterized by: 5 (al) the hardness
of the weld nmetal is not nore than 110% of the

har dness of the base netal, (b) 4lhe width of the weld
netal is not nore than 70% of the plate thickness of

t he %s,neEi (r}%t @]Io,t &%}et be_ i gt h IBI the region affected

by 10 hardness i's softened to not nore
than 95% %of tﬁelﬁaganég@,toinmre hvdri-eacedf feeredef welded

base §E¥dﬂtdﬁ@% ﬁavﬂhgtQx&@ﬂléﬁﬁ*bﬂﬂﬁ%ﬂe5fEHbt@BQ t&distance,
the prior austenite grain size in the heat-affected

zone (HADP SESHEACEFRg Y he wel ding fusion 15 line is
Snot rmre than 460) mh&Ohadiergesthedte- wepdt metal is not more

but t - °°'o%t gfe HelGeds s Sie ‘{%teu‘b%§ehﬁ¥{:5‘9

excel rltt e Tracture resistance,

char act er| zed B! (hb§ vHEthalridss verd Fﬂét@\él #s mtg|more
I's nathdres®s 2@ thanp78%e andi Nale sIE thanpdd&%efal he

har dness of thFéba?ﬁSgeV%%ﬁ o(tb) thele\gtldth gE Cpedvga d

metal is not kKRess
10t he beslalimat ahosechattieesd dish scﬁfttelm@dr &gi oatazﬁ@eset’fécbn 95%

by 25 meldi ngwhese bardnessod Se30feredtt@ PRte MU' has a
t han 95% of the har dness of the non-heat-affected

base "Wt ™&s 1§55wfath AdE™ €8¢ than 5 nm and (d)
the prior austed)tetgeapnict zaudtrrtihe gheat-affectredthe

Zonei&ﬁﬁ; %%gtkﬁgiaﬂ%% kgkﬂgh&q%lo@heSQeiﬁfﬁﬁlf%51on

not nmore th | arge- eat
15butt Meiede@ Jn@rtntnooé ek DO ga.uct ur es haV| ng

excel | ent ;b it | %ig@cwg@-f tsﬁo%r&%ewe@eserﬁiaﬂgtt&f welded

any one of clains characterized ~ by
t he vﬁm%@ﬁuéﬁwag %%%elp]reéﬁarbédtﬁ}%ér?cg%rw%ﬁ%?g:ancer
hi gh-id rgnaglaktetreekdpbat es over 50 nmin thickness.

{a2) the hardness of the weld metal is not less
20 than 70% and not more than 110% of the hardness of the
base metal,
(b) the width of the weld metal is not more
than 70% of the plate thickness of the base metal,
{c) the width of the region affected by
25 welding whose hardness is softened to not more than 95%
of the hardness of the non-heat-affected base metal has a
width not less than 5 mm, and
(d) the prior austenite grain size in the
heat-affected zone (HAZ) contacting the welding fusion
30 line is not more than 200 pm.

11. A large-heat-input butt-welded joint of welded
structures having excellent brittle fracture resistance
according to any one of claims 1 to 10, is characterized
by that the welded structures are prepared by butt-

35 welding high-strength steel plates over 50 mm in

thickness.



