- 1 - DESCRI PTI ON LARGE- HEAT- | NPUT BUTT WELDED JO NTS

HAVI NG EXCELLENT BRI TTLE FRACTURE RESI STANCE 5

[ 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 made by butX -wel di ng stee

pl ates having thicknesses greater than 50 mm
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20 fracture resistance in welded joints.

In order to prevent deformation and stress
concentration in welded joints, it is a basic
requirement, in forming welded joints, to make the
strength and hardness of the weld metal higher than those

25 of the base metal. That is to say, welded joints are
designed to have greater strength than the base metal.

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



Steel plates for ship construction having excell ent
brittle fracture and fatigue characteristics (TMCP
steel plates) have been devel oped by considering the
fracture 5 toughness of welds (such as one discl osed
i n Japanese Unexam ned Pat ent -Pabli cati on No.
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As the size of container ships and other welded
structures increases, it is now desired to construct

25 container ships exceeding 6000 TEU by using high-tensile
steel plates that are over 50 mm in thickness and.have
high design stresses.

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.



sufficiently high fracture toughness Kc by butt

wel ding high-strength steel plates for welded ship
construction 5 having thickness greater than 50 mm and
yield strength of the 460 MPa class. In order to

achi eve the above object, the inveEntors investigated
t he mechani cal properties of base netals and melded
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(a2} to not less than 70% and not more than 110% of
the hardness of the base metal, and, controlling, as
required, the width of the weld metal:

- 25 (b) to not more than 70% of the plate thickness of
the base metal.

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:



structures having excellent brittle fracture

resistance, 5 is characterized by: (a2) the hardness

of the weld nmetal is not less than = 70% and not nore

than 110% of the hardness of the base netal. (3) A

| ar ge- heat -i nput butt-wel ded joi rft "of wel ded 10
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15base rrgt&? tPaseca vn:m cljfneﬁStOF gge erﬁﬂel '35 (6) A
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20( b) th@% V\Aﬁjcl n‘loq;f ntot}% Wﬁgq ﬁéQl o% Scl.'[lamhawn%sghg@ zgt%base
metal, and
(b} the width of the weld metal is not more than 70%
of the thickness of the base metal.
{5} A large-heat-input butt-welded joint of welded
25 structures having excellent brittle fracture resistance,
is characterized by:
(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 softened to not more than 95% of the
hardness of the non-heat-affected base metal has a width
not less than 5 mm.
35 {(6) A large-heat-input butt-welded joint of welded
structures having excellent brittle fracture resistance,

is characterized by:



5 of the plate thickness of the base netal, and (c)
the width of the region affected by wel ding whose
hardness is softened to not nore than 95% of the

har dness of the base netal unaffected by heat has a
width not less than 5 mm 10 (%) 5A-Il arge-heat -i nput
butt-wel ded joint of welded structures having
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(8) A large-heat-input butt-welded joint of welded
structures having excellent brittle fracture resistance,
is characterized by:

25 ‘ {a2) the hardness of the weld metal is not less 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

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
not more than 200 pm.

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

is characterized by:



. Wwhose hardness is softened to not nore than 95% of the
har dness of the non-heat-affected base netal has a
width not less than 5 mm and (d) the prior austenite
grain size in the heat 10 affected zone (HAZ)
contacting the welding fusion ITne ¥s not nore than
200 m (10) A large-heat-input butt-welded joint of
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I nventiy OEh‘é%Hﬁeﬁé‘ﬂQ&db oints with suffi ciently high

fracture toua ness butt wel di ng
1%i gh- strend® sFE@IhN@?%%S qth thar vréd %?tal is not less than

hi gh- Sh%eﬁgﬁhnsteﬁbr@|ﬁﬂéﬁ5fﬂﬂ% wEl dad Bhrfness of the base
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netalwhbeadhamdhhss 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-

25 affected zone (HAZ) contacting the welding fusion line is
not more than 200 um.

{11} A large-heat-input butt-welded joint of welded
structures having excellent brittle fracture resistance
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 MPz class and thickness greater than



and joint strength. Fig. 3 shows the crack opening
stress distribution at points at given distances
away, in the direction of 10 crack propagation, from
the notch tip where the CTOD (crack tip opening

di spl acenent) is 0.05 mmat the-t7¥p-of notches nade
in the boundary (FL) between the weld netal (WM and
heat - qﬁfgﬁ;ed zone (HAZ) and in the heat- affected
zone of 70 mmthick test specinens. 15 Fig. 4
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region in
g The inventors prepared a steel plate having yield

strength of the 460 MPa class and made a welded joint by
25 using a welding material that provides an overmatching
weld metal and evaluated the mechanical properties of the
welded joint by the deep notch test.
Said welded joint showed a sufficiently 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®-3.
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



whi ch fracture occurred in the Charpy test specinen.
The inventors also nade the following finding by 10
anal yzing the distribution pattern of |ocal stress
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Charpy tests by three-dinensiona® finite el enent
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t he base ndtal) (BW distiddiutdioheppttiezonef 1¢¢F) Jtasess

i ndi catigd by grégwﬁgigﬁ”ﬁﬁe d@@M'Hb%chvgﬁa @ﬁ@%§§r€3§H§1
Bt

f the wel d.net er _than the strength
%f t he basglﬁetgl % HP §f PéctBE CB3Ch otReTPRy)stress

(t hat distirnbtihéosasea Widd) byl abel threesdidaesicoil finite

'ane%§%m@H@ ﬁwﬁgﬁ‘gas(%Sta?:h'b'oqlnltﬁeggu?kvér‘? &J["&i % away,

(WW L whi ¢ e stren
-9 - lF‘oWheTﬁ%ecHO%a‘?}f b‘é%@#@eﬁeatm@t F¥am the notch tip

l gweL 'wh@g@f tK@bCTQDdL@rédk tthe beeakngt ﬂ§§1§lé%&ﬁe&a§e i 0.05
e bounaqar twe an
2(gleat g?%egté zgn% {Lﬁﬁ thaﬁggcéﬂréh$WQQPQQﬁ§y (FL)
st r engeliweent hbev\mw rf@ttaall (W) kpd heebtaffedimd tdvme (HAZ)

strenghB iR the hase-JmtltcBMonanduaheals afd et echlck test
zone ggﬁg%Véthat is, in the case WM H). Based on th

above the i nventors found
This diagram shows that:

25 (iv) The constraining force in the direction of
plate thickness increases greatly when plate thickness
exceeds 50 mm and approaches approximately 70 mm and
local stress increases greatly at the boundary between
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 W (WM-1)).

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



that: 10 (v) In order to increase Kc by controlling
the great increase in |ocal stress at the boundary
between the weld netal (WW and heat-affected zone
(HAZ), it is necessary to |lower the strength of the
weld metal (WM as rmuch as possiBle. 15 By

determ ning the fracture toughness Kc by varying the
har dneszv of the weld netal (Hv(WW)) based on the

resul t of tmsabqwec%abxsaénmiepé@téﬂm tthréel\éﬁlei@ﬁg of Ke
of Kc, vs., the "hardness of the wel

[ Hv{VME] W dfedde drcpheSpEees n’e‘t%‘feﬁsrﬁ\/@émt}‘e ppupdary
f ound Hedatedrheh20 weddenengl of Wiy anidieedtougifeessddyens (HAZ)

b0 P IRRE S AnckOERl SLESRSPA NELLBNATREREDY un s
to notgiTﬁ*ﬁftéﬂt ﬁé\anlr@)% strength hr difes dagfe resapadBM) and

met al r[éé/t(fél\ﬂdect@% |zBﬂbCQH§ﬂ) bychdt id;i dn %he2§agg WASH) .
di scover ed that g necessar g for, in rea5|n

fracture tStginte of PRET 6t t ﬁQWSQFHES found
har dnessatof t he meld nmetal [HWV(WM] lower than the
1par dness thhhgnb%§§egeE§| %é?g%%%%Kclﬂy c%ﬂ%@éfilﬂ% gﬁe great

har dness of Is’lo
st r engtF {83 Fsiile 1§>Flaén§¥ﬁ§s%fa1¥/\/éllhfed>‘iu@|dﬁt‘f§ Betyeameghe weld
to susdtdleveid asdwhkbteapsecdad don@r qb;mrm R 1s necessary

structur elS R wer %hg, P%regé\@f—’; of n% cﬂ §t égﬁ gs much as

stren&i requi red for “securing as
t hat ofoasidlepase netal in welded joints was

1§np|r|Ca||Mh§EMQb%Q1n1§§ H%E”Erdétdﬂ%st%@@ﬁﬁe%gakc by varying
adequate can e secure

tre (tensile strengt
meldedjr%iﬁF§Q%§€n it thfeve H%Fﬁﬁﬁgs‘@W‘Wﬁé)mBFﬁeﬂe?%lthe
[ Hv(Wdsudrtops tthe78%p0é &dwel ysil0 arapdoesingf théevalues of

base HEEEUS [@%@BM%L:BBeEQ fMéHJ]Jg1§ %ta?e&g @?ﬁ?L/hardness

(bead w dth) to not nore
pl at e qﬁw.%@ésﬂﬁ. ﬁ‘eFHé FRYG (BN vhédrte Wtaﬁe faraghthet he
2owel d umhadrl(n@ew \ﬁnrat:hazr@asmﬁ;rgfeesast ilef eat thaslﬁa@wse in

5 in Kig. | n_order %o secur e desi ract
toughnesleStrFﬁsmgﬁae s, Pécﬁg i %ﬁe hardness

i nsur eft ftdte Weddl mEE@le_éléV téed rt@t mortcmeasethdmnglﬂ%eof the
fusi oy r’d@l%s(sl:@f tcﬁét b%%éedﬁ%lm’e[%q%h)e?rBsoinéfgated by @® in

wel ded joirnt, as nent
Fig. 1.

25 It was discovered that it is necessary for
increasing the fracture toughness Kc of welded joint to
make the hardness of the weld metal [Hv(WM)] lower than
the hardness of the base metal {Hv(BM)]. If, however,
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
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10 earlier. At the sane tinme, it is also inportant to
enhance the mcrostatic brittle fracture resistance in

and around the fusion line (FL). Studies on the
mechanismthat create brittle frggture in the

vicinity of the fusion line (FL) led to a 15 finding

that keeping the ain size of_ prior austenite small

is co nF& st 1 gﬁ?o@?ﬁ% e b i (BY el &€t Ghe width of the
r esi stwarick m@auseehhewmﬂa)emecnmldeﬂercbl hetimot&ethan 70%
VICIﬂILgiﬁq Eébgr ?H%EE& $ anqﬁkgkgghlkeng?e the width of

bai nite ‘and e Si epla O austenite
becomEheharelgometal t (pgaghor idthof Tfaﬁa@t great Taéfeebulas shown
of therexperi pent conducted by the inventors

I ndi cat es hat it is preferable to keep the prior
austenite é}PaPﬁdnggol I Het Sgrrdetefraohere (Fapghness Ke
cont adtn mglded fijushos, | ineld Flecemtsaay hel oms208 tha?2Slocal

The i nygRiQr aoggseoe' f&@efeegseed tfz)%t? ttgs PEELGA eNES Y that

di stribution of |ocal stress al ong usi on _
(FL) % &56t HepXepthPaFe %l@wpefﬂsjge%r n@® mentinmed

1thar dness 16k rt heapetpe nefrad talmcb t her esi 8180t RSN to

t hat t I f on

Ie?senedagﬁe ?h?ﬁ £§§S?@aat?3f tz%?llg F&A‘iﬁ %%%%t[a&qe in
Wit h tang afrgghdnthénBugicin Jha@ dfMarge "softened

region”. |%tb§1959£§réﬂ4fhéd%dﬂﬁ%H{%hBBaEréﬁ%%5%¥{6¥W%Q

regio |n the heat-affected zone (HAZ) .is not |ess
than STAMPRE WRdthe 8-S edsdhenguader obses ved) led to a
1shen tfhedindt hhet BEepirey sofd epradnr egizenof npiier austenite

heat - af .95t g ésﬂguéwgog%lphr%%n' C2Re DAL AL I AL cure

t he experlnent conducte AVENnt of
pri ncitSPé StpBEEl be%@¢%§%ﬂr@a§é§ept°%ﬁef¢mkﬁ%§§l tdfe

Lhedheabnaﬁﬁ9cbﬁdpiiﬁﬁ3dﬂ#ﬁ@ﬂﬂﬂ% Eﬁﬂﬁﬁaﬁﬂfqhﬁé“hpper bainite
ar dnes he expe

condu%ffgi geﬁrlﬁﬁ cs?/g'ﬁtagcres hERevEr @ R {)%Té’rtestk?eﬁé“e the
Z%ecreéé‘,éa‘tsnaeﬁomt et fy Sasert urkee har dness of t he

heat - af f ectrgd EQQ@lt (d#A\%h ek p bg\ﬂﬁénkhééhiﬁhecé@f
of the base net al not | ess than 5% erefore,

is préﬁg?aBPESt£P? &8 (Hat thelsrBEPERFALG e Keep the
heat - atfiect edszemet 4 h;aianns siakt enethé Ohdﬂeﬂi a fifé dekie zone

than ?E%@?fcéggagg£%?%§§ us&gg %ﬁg PFL) at or below 200 um.

25 The inventors alsc discovered that the occurrence

and distribution of local stress along the fusion 1line
(FL} in contact with the weld metal is governed by the
hardness of the weld metal and there is a tendency that
the local stress along the fusion line (FL) is lessened

30 if the heat-affected zone (HAZ) in contact with the
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.




unaf fected by heat has a width not smaller than 5 mm
The hi gh-strength steel plates for welded structures
and ship shells used with the present invention can be
manuf actured from structural steels for welding
purposes 15 of known conpositionsl Preferable steels
are, for exanple, those conprising, by nass% C of

0.02 to 0.29% J.S.anqul% O:.ILOEQI 1+ 0% 5 We@e@sés th %h%/‘hardness
Al of 0,001 to N o nor e

not - moP& Fﬁ%ﬁ%ﬁﬁ@%%@ SPnﬁot(H%) m?q% t@a@l%h
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the pr88én v'éfﬁ‘ié “to, for exanple, high-strength

steel plat e*Shlee:ﬁorlear de ishppeSheibbe tBxXciesdineg th@tnihe

In thickpess. 9‘&{8 %%latcgﬁgét%ﬁoﬂoﬁ@dtﬂéﬂ ‘1'3“%0'%%%951;0 not

of wel ding 30 terials are also not particularl
10 i t eBOE® ¥y 9a'5s% ofh&hehhpaehess sof cfshes&@@lef m@&aéy
t he pressﬁfemmww @&atahassatwsatxedaoﬁl\i‘srdaalletr than 5 mm.

pref erabl e 1 hat I di_n er aI ri f 0

Do 0 06v - SME Mg SaalBbe bt Ao b il 2% 5e d§g} Skpuctures
of 0 tend gu%p I\mwedflsomssdowst)%tm wfesento mvmlwg oén be

0 to Om30¥adiud 384 Lerlc2ath ans & 1f f%rt%elélng purposes

] . 050% _choi ce can be nade as appropriate
onsi d&f i ¥R HREMPREM 8PS conposi ti on of the st eel
pl at e. Wel derefdrebler soeakd bye VEL#Y (sianglle,elt@okeode

oscilla OSCIrﬁCt S 9.9% yelding)g. 6@@3‘? ld. 2@)‘%‘”% €of 0.01 to

electro ‘ating 6l ettro gas wel
(el ect?oO%gaP@v@ &i- ﬁ'gfoaﬁdo J(S‘El%rﬁsf%d t@r@ 20%, N of not
vel di nggre [tharelodiong, 7€ a1 hbt ckosd eglarPloatoas whlhst ¥ not
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angl e, e’?ﬂ?f&?é“%tdf’ﬁ Bﬁ e Botahapt e Wy, Joint toughness and

other properties.

25 While thickness of plates is not specifically
limited, it is preferable to apply the present invention
to, 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



33 mMmand 8 mm respectively. In welding 70 nmthick

steel plates by SAW multi- 15 [ayer welding is done

with a 4.8 mmdianeter welding wre, a current of 650

A, a voltage of 33 V and a weldin speed of 60

cnnmin. Large-heat-input is doneldy packing the back

side with copper or asbestos and increasing the
-currentos@9, @M dahgbesmpee f 94 reshbMigiatleOby considering
exanple, 1.4 mm_dianmeter welding wire and _a current

of appPexFheitI3l sePosdtisp af ditfFlcdiditei-ons are

not parti cpdBding lilsMpe@dot-Reli NBy ex@id| @5 rdaeckiiBedrode
above. The. effect .of the reant mv%o cgﬁ bF’
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bead wi dth. {9 W)t I?—a'r\'%ﬁ.tspl% (Eﬁﬁﬁ&g ¢ fd e 1Y nihe

prese |nvent|on. I1e we ang condi t1 ons a_e not )
parti cul arTy weliddinged OsBm shickssterl midrdrssyish tHe welding
vwel d petad ichinkQahendowbat bt 86¢ R 981 weeantnol hedis

wthin the r e ecified by the present inventign

6l et PEELEEA NG SPPR IS cEhUT S ola0t: Bde t2r §r @
l0exanpterrémst cuft sidde A he wstdpeg ofpadwk qff ds€nm/min., a heat

i nvent j on. heeallse 1the kead whetky/ HEcon®s 1gr eaker pthbabrabie

the plate thickness. 35 Laser welding and el ectron

beam Wedtdi the aatficots eagleeagrdyve ofitdtdl amide r@pdit Gapfare 20°%,

vel d beags ard & Wit hirRsbBerivdBy. scope of the present
i nvention so | on he bead w dth %qgﬁt he hardness

as _t :
of the welth M&aEdingr d0cBRt FBEFRSYRS! e PHeSpYngRuiti-
i5speci fagelr bye tdieng dwerdbnenwitel di g met kiddsetbat wdbdbding
not u | di erj-a 5;te a ess .
of ¢ HErTet o e B BP0 Rt T oy dricag of et welding
base fR¢ed PedlLsE/IHe welargethgatsinpidr fsddppet hg packing
mel ti fige asskis dildd fiieat coppet dheadrst osmehal increasing the
Thereég;géntsuch wel di ng net hods are outside the scope
of the present invention if the hardness of the 10
20nel d net alChsvwelhtisndel $ heerfanyedspatht i édr bgxample, 1.4 mm
i nvengi Sfecd EXATRIGL wibe BRESENMuIBRNLIFORphEoRMAtely 200
descrij bed by reference to an, exargpl e tested undfr ihe
re not arly

condi ¥¥ o Oéhp|g§gglpg conditions particu

limited to the examples described above. The effect of

the present invention can be obtained by choosing

25 appropriate welding conditions and controlling the -
hardness of the weld metal and bead width to within the
range specified by the present invention.

While welding conditions are not particularly

limited sc long as the hardness of the weld metal and

30 bead width are precisely controlled within the range
specified by the present invenfion, 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.

35 Laser welding and electron beam welding, which can

easily control the width of weld beads, are within the



15 confirmthe practicability and effect of the

invention. The present inventionis not limted to

said conditions. The present invention can be

practi ced under various conditions and conbi nations

t hereof wi thout departing from tiBe-scope and spirit

of the invention so long as the 20 object of the

|nvent|on IS achieve Characteristics and .
perfor cope gf mslge%seﬁt AG%H%lpé £8s2R97% theSbeaéjw1dth
i nvestangattbg byprdaeag <sf edie pledidesesglt ore 100nMeiied to

t hi ckr«el%mnT@ngr;ngnog\@aéméoew ttﬁe Ia@és&@é 3 and

4 show the_chem cal nposi tions (types of steel) of

the steel HFéFégga%ﬂt‘P‘h%s vidlahi /g Retepral eeidingdnafifgials
fel ds.tenel dbngahaStDerfﬁmdl’e}‘bsbpf\/Eﬁé wiE@ métal Efxedter than

SAW Ué?l%ern tBfe Q”th{:t?é‘soassfé"% E%E!aﬁsg\}cﬁ’é’ Jé‘fd metal is

groove ang € and root 5

and 8 ferried VEGAhezloe&/tgr%w@ @@dlglmam%@f- mhe dracpe
EG,da&@t%Qfdeﬁﬁ@?§f3&§!?ﬁ¥ﬂlQQann?”hbehéﬁgVaﬂgmbuts1de the
ardness o se neta ayer age
oy dnGCOPRPES PP HBE T AT Lk iGLIE TG CPha S EBB) PSS R the
1@ hat maéddeEBM1nedo@ysp&eSSHngaagé03k9c1ﬁdemthy the
t her ei;pvcLRg Rardness of the weld netal [HV(W)] is
the hardness _of the weld netal determ ned by pressing
a 10 KF*eRBéRler - 14 .at the center of the thickness
of the wel d‘hﬁepﬁbseﬂ"beirb&aftl\ﬂndhb héwt esavibeag®ofreference

the valu e e nt and hack sides -and
the cght§§ 0 Qﬁﬁ{ |‘ ness oft%ﬁeca% dglo emQ}OVed to
1% dt h confdmm ‘sbetm@@t:\cfe@ndntuyn anfechéatt of ftém gchvention.

zone ﬁﬁézbrb§eﬁbelﬂWé“¢hdﬁ ﬂé“%o&eghﬂﬂtSJtﬁgmgiﬁh ddr¥tions.
t he fu3|on8L|ne toward, t he bhase metal in

hardness s ?eﬂﬁeﬁﬁn%gﬁqWﬁﬂﬁﬁﬂﬁecﬁﬁrBﬁegﬁa?ﬁl??ﬂaWﬁﬂﬁ¥ various
met al .cob@ithenprand eustisrdttieongr aharsbZewirhdite departing

heat - affgcigd 559}9@ {Tﬁ%@pﬂﬁtt at thQ L Bt ?cr 8 as the

zone in contact fusion | ne expresse
Z?ernsC%ﬂeéﬁuP@aF%%tln%ﬁ%ﬁ%Wbﬂs ?ﬁélﬁYﬁéture surface
tranS|t|QExhﬁppéraxure vTrs (C) 15 was deterni ned by

varying thEhgggé{ EﬂR?%%dP%%r?BP%éﬁge of welded joints

were tested and investigated by using steel plates 50 to
100 mm in thickness. Table 1 shows the results. Tables

25 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.

30 The groove angle and rcot 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
35 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



on the test specinens that were prepared so that the

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

wel ded joint, is at the center of the thickness

thereof. The fracture toughness Kc (N m'5) was

determined by 20 said deep-notclidtest at -20C. The

values with the [>] mark indicate that, despite the
Lrace Qf (HUCLLLEEMBFKene RIS f&oﬁhéuﬁéhﬁ'ﬁgﬁal.
def or ration of the Rotch in t test specinen

speci nen wﬂbﬁhbéﬁd4®9dﬁﬁn4ﬁﬂﬁﬁﬂtﬁ&?raHGrPEthe values measured

rreasura&m%mlte ekohbheake ry@émesld?e% Hhe teestkatrskrendtie
of the welded join i.cates the strength at
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speci fHaadinky st Beftanenby e fietl thpetarBnsshNosEt dhé base

14 sh%1 that welded joints have sufficient fracture
toughness™and tensile strength because the
18 (W) / Hv( BRE, Pbead swetdrificatsadd shizekhpsShankieareaffected
Wi dt h Qfi et hﬁ{;ﬁ@f ttgﬂeﬁaf et fCt'héd@:etaQeafE@@Eﬁéf beké ejl.aln contact
zone var IL.n the specified ranges e va
of ¢ o4t COpBEPnEREAET AP ORaEr. LEENS| BheratTient
t hose difare¢st . speci nens Nos. 1 to 13 because the
wi dth of t softeped re the.heat-affected o
Jone vas SHEFT oF SEhahe (T (ke GFabrd LiahgboBRSEaiEe vIFS (C)
1presemntas detennined I8 ivdryirte the tekténgatemse gooikeaspplied
not lQ%ﬁ&he tEQ@n %&E@h@ﬂéﬂghéi wkeel pPRESLABNSNOLh 5 the

showed. a sufficient Kc value as the fracture surface
transﬁﬂséﬁntéﬁﬁ%réfh}e‘V?FglW&éth§uﬁ§?5ﬁFFaP?§téﬁﬁ qhe welded
to thgsanwi,t hst est tispecenmns d¥oshel thiiokiddss Honerasf .

t he j oi nt Ek%?@?&@twgé %é%éﬁﬁ% AURE Rﬁ?m&ns) Was | determined by

Hv (VWM / RHv ( atro was an the prefera
2®angesaiﬁegeegpeotn®n383txat 12080d 1Thshovleted ovthoithe (>}

stren Ekbﬁﬁéyég %’cga%é@ﬂtt'%/ Eh@t ‘ErEQéCSPeééc{Pfé @®racks

excee e pre er ab range o gresen
|nvenFﬁéHltSﬁécfﬁ%mssw&ﬁéc¥9§tt@eizrﬁé ied ¢brthe notch in the
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e e MU G o
25 The ten31le strength cf the welded joint (MPa)
indicates the strength at which the NKU No. 1 test
specimen fractured in the joint tensile test.
As shown in Table 1, test specimens Nos. 1 to 17
according to the present invention showed sufficient
30 fracture toughness Kc because all conditicons 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
35 thickness and the width of the softened region in the
heat-affected zone were within the specified ranges.

The K¢ value of test specimen No. 14 was somewhat



the present invention, though the fracture surface
transition tenperature vTrs in the Charpy test was
substantially equal to those with test specinmens Nos.
1 20 to 17 according to the present invention. Thus,
the present invention that prow dés- appropriate
fracture toughness Kc in welded joints of
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gO O Nz@n@ L«BsMs@a!Nl&\o/ihﬁ Qe @r@f@ng%gr&%Qif Oﬁh&present
a .V m I mm

m C .“We“ 1fPm mymc}& '\Lﬁe rﬁcm‘%lm% Fafm F PROP 35 Mtmliower

Yl , @th&nC3800 N/Ma**®@Y Eto O WCVO~00000O00O

00000 Q, 0

O in o ReRtesBeSites o 1% o ?ﬁ%eg‘ & SREREARR g fg1ue as

- N .- | the fragtpger S‘F\FN"Fﬁ M%nﬂl@onyr:em@epaw;e PTas pras

In P Nub&t8n€h¥11ﬁ4£h&éﬁ(@b ﬁhose|WQEMVEEQtABﬁbé&méhéfﬁ%s 1
oW 36 T 1,

N m MEONTRY -O_wLevle— N“?Le P%“hStrf“RM‘ yag ‘K]F‘i 1i\*r’cl‘ﬁ“ﬁe the
1 | ﬁV(WM)KHM(BMI ‘patiilo wasl lowerlthan WelpFefdrdhid range.
|_ -
to

-O O 10@%51: S%Qcprn&]Q NN hig in:inlm EQO@(@ 18 acﬂ.nt
mEEENEER bEFiPse]FHF bqad deNhkplgae ?hlcﬁpq@s patio

.4 - edceedell the.pltefetable 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 vTrs 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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hwC OON4) ~Y VWL11000MOOOOYLNO
0@0 ¥ppP@2l mM.-1 MOG 1 NCa MNN@r InN.I O
O.-]mldn@!\./r!lgn %ﬂe)ld!\‘!!\'P?t!\'m »Cg -1 mtmv“m'nm"; =
’ weldin t in ate — urren ) elding | Heat ire
mm h MR TR rfickeR8(n 1 S HE T kool ¥ ﬂﬁput Diameter
~ LiHOQi O v mb-.t Yo \WWIG %D Y GO D¢/ mn Di@dycm) | (mm
7 A ¥ln o9 AN 40G] A0 2.8 I 331 1.6
I nll n OOl n O ¥ U Ved O V) Wigdl Yad o113 1.6
In rINmrY50 N [ TvmriT 1 mO YoM T%1T ¥ B.z WF8 1.6
Ow V—Oy—+—++ ¥ r‘éL H—F—0—F oM 1 3 a2 1-5
’ 4 . .
r 1 |1 P P@@ P@D PGP PGP PP Hai Pl al o s a [
aadaavEaalas Wa'a ala alt Al 4a9Nas2 al A5 3] Ako 1.6
~. aljr> NNNN>"r - a.algr—agat——E b —F—r Nt ——=
mr mMmmoO . T NMRP NemT{mmOUi{. L N .4&b] & 7] C3.o 353 1.6
EG B2 65 420 42 2.5 423 1.6
E3 70 420 42 2.1 504 1.6
ingl dv 2100 2 6.4
3:?31§gpass si 35 ?os:nce 1600 ;2 18 311 £
el P B T e I B =
welding Adwv 1400 37 : 6.4
53 5 e s00] a5 35 181 6.4
Table 3
5 {mass%}
Type of C S5i Mn P S Ni Ti
Steel
YP40 0.11 0.21 1.30 0.0006 0.003 0.01
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 1 0.100 0.29
EG-60M 0.08 | 0.29 1.81 0.011 § 0.010 0.00 4,10
EG-60M1 | 0.07 0.29 1.81 0.011 | 0.010 0.10 1.50
EG-o60M2 | 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 0.50
10 [Industrial Applicability]
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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

welding defects and fatigue cracks occur and develop.




NCCOx COCw1lYl) 1-N .0 CCL.4N AL12
GMO VYOWUNOawNwO 17 - Table 2 Wl ding

Met hod Wel ding Plate Current Voltage Wel ding Heat Wre
Condi ti on Thi ckness Speed I nput Dianmeter (mm |(A)

E(V) v(cmnin) (kJ/an) (nmm) VSt 58 400 40 2.9 331 1.6
VS2 55 400 40 2.5 383 1.6 VEGA VS3 60 400 40 2.2 439
1.6 VS4 651400 A0 LA 1nGenViond 6RO A Fr B2y
1.6 V26042042 0 353 GA- Il V3 70 420 42 4.5
470 1°8 aweaotf@osaziffw ¢ 5?91@9@ SYENqBRr 0 hRp 3 great
664 liGduklr681 426p1i2a3i0i393 1.6 EG E2 65 420 42 2.5
423 1.6 E3 70 420 42 2.1 504 1.6 Single pass Si 55
Advance 2100 42 18 571 6.4 welding Post 1600 52 6.4
SAW S2 65 Advance 1400 37 40 159 6.4 Seven pass Post
1200 45 6.4 welding 53 75 Advance 1150501 37 35 181
6.4 Post 1245 6.4 Table 3 5 (mass% Type of C Si M
PSN Ti Steel YP40 0.11 0.21 1.30 0.006 0.003 0.01
YP47 0.08 0.24 1.22 0.007 0.002 1.02 0.01 Table 4

- (mass%



10

15

20

25

30

35

Wlding CSi Mh PS M N Miterial EG1 0.10 0.33 ,
.45 0.015 0.010 0.27 EG 3 0.08 0.29 1.85 0.011 0.008
.15 EG 60 0.10 0.34 1.68 0.016 0.100 0.29 EG 60M

.08 0.29 1.81 0.011 0.010 0.00 4.10 EG 60ML 0.07 0.29
.81 0.011 0.010 0.10 1.50 EG 60M> 0.06 0.29 1.81

. 007 0.006 0.12 3.10 EG 60M3 0.03 0.29 1.81 0.011

.010 0.25 1.00 EG 60M4 0.11 Braim2.10 0.008 0.003

24 0.50, 10 [Industri al | i-cabilit, h esent .
i nventi oniprevents fatal gﬁgﬁgr' t’?%%@%uﬁgggfweﬂded joint
wel ded skidetiustsubiecars eoibrpartdd Hy dottir-oeldingahdgly-
occu%%rbﬁﬁkﬂrg€e aﬁl%i@%”o#@%Qﬁﬂthhﬂi%hﬁEkhgbgk having

hi gh-stre ates even when there are_sone 15
vel dleﬁﬁeéléﬁéét eraﬁal¢ A FYTIIES & e and gbeErpperized
- 18pythus, the present invention, that significantly

enhances { he SLE} VRl Ml Al S S0 PR c81918%ot more

i ndustrial appl'l
| ar g&hiavail 1PApat bmthmwwﬁ rtheoags degal.

strulctu:reg prepared by b%tlérl]@éﬂlfégaﬂ“ﬁhiﬁutsbheﬁghglded joint

steel _pla over mmin thic avi

excelPf eﬁf’&g?fjtPFE“?F%E‘F%r%r‘?%%’f%’FSWC? tlt_weq'dmg high-

char attrengrbadstbyl phhfes hevdmarihess iof thiiekweld, nhauing

s ! t % AR, LRCRIPEctorized
%&cgtﬁ%nltagégtﬁggtggn%é&]le%utt we c% J oi ntc 10(:0‘?]:lze

vvel de¥:structures prepared by butt-wel ding high-

st rengt h st eel (atateﬁe OWLF dipbs S8 fi rtriehlwcelmiesl&tamaygngot less

excel gittle fracture resi
char& ?éd an yno arﬁ ?h%h%rlz“hess of hardflgsrsre?gl the
IS n@ESEeg@talS t han 70% and not nore than 110% of the

hardness af the base netﬁjlaé%efiéé¥4¥%ﬂ%%abutﬂpUElded joint
butt-wel ded joint of welded structures
buttcwewggﬁﬁdhpﬁﬁuctures prepared by butt welding gh-

strength steel plates over 50 mm in thickness, having

jeleleol oo o

excellent brittle fracture resistance, is characterized
by:

(al) the hardness of the weld metal is not more
than 110% of the hardness of the base metal, and

{b} the width of the weld metal is not more
than 70% of the plate thickness of the base metal.

4. A large-heat-input butt-welded joint
of welded structures prepared by butt-welding high-
strength steel plates over 50 mm in thickness, having
excellent brittle fracture resistance, is characterized
by: ' _

(a2) the hardness of the weld metal is not less
than 70% and not more than 110% of the hardness of the
base metal, 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 prepared by butt-welding high-
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20 excellent brittle fracture resistance, is
characterized by: (al) the hardness of the weld netal
is not nore than 110% of the hardness of the base
nmetal, and (b) the wdth of theaRekd netal is not nore
25 than 70% of the plate t hi ckness of the base netal.

4. Agkaeggeheatsd ool %g;dnanollﬁt thQEkm@gQ§dhav1ng

structures prepare utt - wel hi gh- stren
st eeﬁXBPA%@gto‘%ste n%’ie}‘?F"cIPﬁ c%‘r?és%anﬁ&m hg < haracterized
exceblent brlttle fracture resistance,

characteri zed b S

netal 1s not I ss %&l g%%ﬁﬁ%ﬁ%ﬂQﬁggg%oiggph&ggi¥e£g ?Ot more
t he RBRAN&38% opftthe Immingam AL thedbese mABaM: dth of

the wel d netal (hp NHe rmrcﬁ;h 3Ix When Q% pbchne; pl R6€ more

thic ess e _base net A | arge- heat

but £ SRER 0% | BF nEhe LAk duid Rt Grothg, Bparcictgl, and
butt - vvel di ng high Zthe stirdiigtdt S:ﬂeelreghaneafﬁeete&(byrm

in thbi!ﬁﬁ!ﬁaswhé‘%'ﬂ%a%' ldseréto:i‘t?:re'(xtae %of B@Etfdéﬁe than 95%

resi stance aracterl ze dness of

t he ﬁélHhﬁePéFdW%ﬁﬁuﬂfrﬁﬂQEHQPﬂﬁ%%F’ éﬁ?éﬁdtﬁése metal has a
har degashohot heep@sghdretRinm.(b) the vvl dth of the weld

nmetal is pot nore than 70%qf the ate thjckpe

t he base Eetal and (c) %iﬁ?%ﬂeatea lPﬁeEré ?gn g1ded joint
af f eef euebgemmu@tm@mw busd;f-wehédng ohhah-

nor est:h@ﬂg@ﬁ%%té@l Qb1 4hes haredness nif ﬂ\h@hlckness, having
non- heat - af fected base netal has a w dth not | ess

t han®B°fitent ROt HAqtys i sBEEenGer ddd Fapmrctofized
wel dbg:structures prepared by butt-wel di ng high-

strength steel platgs, querypQ mMyd @h%hhgkaeﬁétafa¥§rﬁbt less

15 excel | ent brlttle racture resistanc
charQEP@rFQédan%yﬁoqzﬂBrﬁiﬁ?Qﬂaﬁdﬁ@s§fth?hEaﬁEPﬂ5$mﬁ%uthe
I's nphskesstathan 70% and not nore than 110% of the
hardness of thaD b@l%

rﬁ?éﬂﬁ of the weld metal is not more
than 70% of the plate thickness of the base metal, and

(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
a width not less than 5 mm.

7. A large-heat-input butt-welded joint
of welded structures prepared by butt-welding high-
strength steel plates over 50 mm in thickness, having
excellent brittle fracture resistance, is characterized
by:

(al) the hardness of the weld metal is 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
a width not less than 5 mm, and

(d) the prior austenite grain size in the
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20 (b) the width of the weld netal is not nore than
70% 0 of the plate thickness of the base netal, and
(c) the width of the region affected by wel di ng whose
hardness is softened to not nore than 95% of the

har dness of the base netal unaffected by heat has 25
a wdth not less than 5 mMm 7. A |arge-heat-input

but t; gl ~Qi.nt d r :
bt ¢ g o 2oBp, dBAPR L HEL IS S SRR s on
t hi dkimesd s mki mgreekbehl 200 fmittle fracture

resistange, is CharaCtethfgrgéghéﬁ%ﬂf JttHH%HuW€1ﬁ%§$joint
of t egqvéﬁld metal is not nore” than 110% of the

har GF% RETHSEBREt BFSPREFI Mg Rittdiivedidirwe high-

r egisarreafgftéc isedeby pluebdi age WhHS anh airl e sis i s3Qf haredg
to re.t ] % f_th a ess af_t .
ot el PR eEod) cRcRlet NP QRLEANRES, U ASaiRR8ri zea
mm Patid (d) the prior austenite grain size in the - 21

heat - af f ect ed (aonpethEAK) r8REESCEF NEhd RR ML InditRA fidShBR less
nor.e t han 200 - heat - i nput

line.is m | ar.ge

Ut (AR A0 FEPPOtoRoREl B sHEITE dhen hgarsa syt the
bu_ttbaw@l detiglhi gh- strength steel plates over 50 mmin
thlpkness, h?Yb?Q tﬁécﬁkagﬂtoprﬁﬁélfé il %Hﬁ%cged by

resi stance, is characteri zed ?é%: (a2) the hardness”of
t he "idcd "Fe MRPSEShABENPRE 515 { FahtemRg difd Nedt Mesiee thARNISY
118%I?prhﬁahah65§$6f0$hé hlﬁ?jséanél&GEl dql‘lﬁfaﬂ\l?ﬁt@@) bihBeat has
wi dt egLon cted by I ng ose
har&ngggtlhsgggf?Sggdg{%gn%tmrmr%n han 95% of the

har dness of tHé)batkenpradr umadferciter drpitrestizkagn ghe

W diaRob firessetingfng iz ANcbdtadifnd M dPeQling fusion
austenite grain size in the heat-affeected zone (gHAZ)
contd®€i A§ PRE Werdi BEaRudPdrmyine is not nore than

200 pm 9. A lar ge-heat-Anpa&gMéaﬁAed.%ﬁ& pRitRt-we@lied joint
1ol 50 2h et iR prep SCL b Butd el il B0,
strength steel plates over 50 mm in thickness, having
excellent brittle fracture resistance, is characterized
by:
(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% of the plate thickness 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 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
line is not more than 200 um.
10. A large-heat-input butt-welded joint
of welded structures prepared by butt-welding high-

strength steel plates over 50 mm in thickness, having
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excellent brittle fracture resistance, is

characterized by: (al) the hardness of the weld netal

is not. nore than 110% of the hardness of the base

metal, 25 (b) the width of the weld netal is not nore

t han 70% of the plate thicknesg?! 6t the base netal, (c)

the width of the region affected by welding V\,hose

har deessl 1ents ¥ id tfraktiurediresti Baan86% i of cidacterized

har dness of the non-heat-affected base netal has a 30

wi dtfr hot less than 5 nm and (d) the prior austenite

grain size in (g% theahagthessedizbhe Ved)meont dict ingf less

the ﬂ!@éxﬂilﬂg% faHﬁi bt MR kHahol 108 6t PRO KOUMEs HE the
e he nput butt-wel ded joint 35 of wel ded

str pared by butt-wel ding high- strength

st eel pI at es ofwgr Shemmiidtht bifckhesseldavétwl -i kot more

exc t I n

charaeroy | SL e (ghe PRy EpiERRELATGE: ch base mseal,

metal is not I@s)s theaw idgd, ghdthet rasien t hibkeaties oyt
t he herdies svtfsd marzmeaee igekaktehBl tHendt didrofcHare 958

| d JA: I t 70%
thi Khael il sheapon By aPrat fFafsd gfagqaetal has
r egi wididf frectt e stsy thaal i mgl,whcsle hardness is softened
to not nore thay 93%e :leer EthQﬁiééeﬁaP& §:bzee in r1]:he

non- heat - affect ed base has a wd | ess

5 miead {iHT e 3970 Hé&ét EAPtachiaY nthe Fte 3 s ton
heatlﬁ{é ecd abZ o< lhdh 200t pating the wel ding fusion

line is not nore than 200 m



