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[0001] ^>xh7^^awjitc 
ffll^tl^if^S^ilfethigh strength steel pLate)fectt/^©iija;^';i^^ 

tZ*>®~Z$>Zo (Yield Point) if 6 2 0 M P a J^±T\ § 

< s /JN—Low to medium heat input 

weLding)®#H;#^p|3(muLtipass welded zone)(Low-temperatu 

re toughness) ) 

o 

flSS 
[0002] pftmmm 

(OmMtot LTtt±tf£*l£o ^(DtcSbs j*i£$]©£±1f 

[0003] LTti, ±^>1^Utf-fjSI§iti£(Charpy imp 

act test) ted: £>l&J&i*JU=£—5fi^"eteN <£ U 

jtM]&)Z>tc&)l,Zs (Crack Tip Opening Displacement Test 

% J«CTOD§iti£) CTOD«, SMfflil 

fatigue crack)3 (three-poi 

nt bending) Us 5^±^i&ttlCD$iiCDPM$M (an opening displacement at t 

he crack tip) £>fjj£ £ t»®"e&£o 

[0004] C T 0 

tlT C T 0 tf'SiSo 

[0005] ipiftiit 
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(HAZ : Heat Affected Zone) KSB 

0)l>^ <Dfe&-£MiL ttaVs K 

-f h0 2*McjQ^tl£Sm J^T2ffiJtmP^) 

0 

[0006] i$y Kp|3ti, b^Sti&tcisb, ^ — 

itu 
tfrb, v K 'J £tcs tfy K?>7, 

T~ yf~ yH§Wi (Widmannstatten structure) y ~*t4 K (Martens 

1 te-Austeni te Const i tuent) &£fL< % $9t£t£3 £ Id 

i&Tt&o 

[0007] tfy K^0$gl4£[q]±3-&£/ctf), i 

hWMaiLfc^ 7i^ V^WMt LTfUffl Ltc 

lJ t~£> 3 tlT £ o 

[0008] ZblZs ftfF&SKl %±mjtm (REM) £T i £# 

[0009] ^©ffeK, T i BN07i7/f h^zfej^ctb 

a^R EM£^JPLT^M] 

[0010] ttz, iz£&tff& 

^btCJ;^^M^CTOD^0i:I^ PMCTOD 

lit£<£~F3tt^tcisb, 

[0011] LfrU Zti £><D&ffil£* &8zKl&&lg-e'£&7uMs(D'J>ti:^ffltt&tt& 

?\ J: Vrn&f£^£t£jtmw(D%^Mtt(Dm£iteH A Zfaffitfy h£ 

[0012] mmmmwmz^^xy^^^ 



WO 2013/051231 3 PCT/JP2012/006269 

n&t u ^mmmmiz%mtz>ztx\ 
1^17X7^ 0 n$m%mktz> 

C, Nb, \/t££:(Djfa{k7tM'frib>t£Z>^=7?1- — ^ fUtfiP U 

TH AZ0CT 0 D^ttCCTOD toughness) i£Z> Z. t. 7^§E1#6^ tlT 

§ o 

[0013] LANLs n ^ ©-• 

t<s BB9SBT? t> 4*'Ollfti1 •&tifilJt£ ±s U 5$±1 ©|3 

£ «>: & £ fcafc* Sfafc ct t/ H A z &l1f <ZH£"F £ 51 $ B d "To 

[0014] ;i®;£4ncfe£iitt£®tcJ;^TJ±TL* 

K$TO£0fIit!£*fi=rgHb 

mz£ 
[0015] ^fF;£iK7-e&N 

cVfflfix£#^£;££>Tllftr J* =?* 

— Ls J^c^lxIt^tT^ CI t £}I^ LTl^'So 

[0016] -£N ^-XTt^hC»L/c 

SSfi$tf£/£3*U SHSfi$£<£ 

C, ®S i K0^J55c^MLT^tt^fp]±^^ Cu 

£;^APl~&z.tiz£ y £561£"t£& 3tiTi^'So Ctib& 

s u om&X^&%mZbZ>*>(DXfoZ>1f, M®Cue 

JPt£fc&^P«14«T Us 4if^PIit5o 

[0017] ±ft[stz£?izcTODtftmz.tem*<Dwmt><&wzj3-7L2>tzto, 
SK 1 0 Z&Wi&itffifrG)*1? ̂ P^Jt^ilflJ^;! 

y ^-^xmv^mmtmxmntcCT o D^iwtUb 
^l•?>||I|LTIN50 

[0018] %tz, 1^ ±xmn&(Dm£iiz-&ttz>H AZIMO^ 
&^ /JN~^Ai^-e<Dm&xizm^j^y+tJ 
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btcd:£feimAti140[p]±s HAZfil 

^ RTtb£: T £ Z. 1 0 0 k J / cm JT'©/# 

&A$fci6H-c#'Ji}§&SB©c T o c: ^A<i3«4^tLT^i) 
o 

mtxm 
[0019] ftfF&i&l :M¥0 3 -0 5 3 3 6 7^i 

: ftHIBg 60-1 84663 

: J^MBg 5 7 - 9 8 5 4 

ftfF&SH :il|2003-14 74 8 4^i 

:M12 00 8-1 6 9 4 2 

: *mW- 9-13 0 3 *§&$& 

^£$7 : J^MBS 62-93346 
: $mW- 05-1 86823 

f#I^»9 2001-3358 8 4^i 

f#I^»10 :H12 001-1 15 6 6m&m 

ftfF&SKl1 : $mW-1 1-2 2 9 0 7 7 

s&Eorai 

[0020] tzzv. m£(Dmmmm%(D^vv*7>>J>,j7'm'£s \s<? (®) ^ 
tiy^\sS<- ( K 'J ;Up|3©^) &<!:©^«^iUt^6 2 OMP aSti 

m 5 0 ~ 2 1 0 m T 0 Df#<|4 

tfmxztiZo Lfru i~ii tmmnmmmzmcTO D& 
'I4S£SK#5 ItttMtt&i Sfa © £ J: tf/ £. tc tiflxJS S LTM 

[0021] fnW)£}¥*i^ s<yxvvot££§%m 

6 2 OMP aU±X\ /JN~*A^CJ;£# 
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[0022] 62OMPau±<Dmm%mtm$LtkWutz>t 
ttizs -mi^jt-io°c, ^ 

CTODfi0.5 0mmJ^±ffiCTO Zl5mzr>^T§foffl&^ 

Ltc0 

[0023] ^©^n, 1. mmmBsmz&tf&j-x^i-'i vttm&Mkmmt 

-mmzft3. 
ftPCDfca&Kgsjbp-raC a0^JPM^^SlEl5H^fy^-r^o 4. 

(DC T 0 Df#140[q]±tC&, ^jb7U^"efe^)CN P, M n , Nb, M o CDJ5& 

ft^Mx.nmiz$mtz>s &L/C0 

[0024] 

1 . If M%T\ C : 0. 05-0. 14%, Si :0. 01-0. 30 %1U 

~F, M n : 0 . 3 ~ 2 . 3%, P:0. 008 %lUTs S : 0 . 0 0 5 %1U 

~F, A I : 0. 005-0. 1%, Ni :0. 5-4 %, B:0. 0003 

-0. 0 0 3%, N : 0. 001-0. 00 8%£#W U Ceq (= [C 

] + [Mn] / 6 + [Cu + N i] /1 5 + [Cr+Mo+V] /5, 

(«•%) ) ^o. so, (D 
awF 11 

*S©*/CM(2) % z tz*mtt 

HCS (=5. 5 [C] 4/3+1 5 [P] +0. 90 [Mn] +0. 1 2 [N i 

] +0. 53 [Mo] ) ^2.5 •••(1) 

lit, [M] (11%) 

HVmax/HVave^1. 3 5 + 0. 0 0 6/C—t/7 5 0 • • • (2) 

H v m ax& p|3CD tf'> t> — Xfif^ ©ftA'fiis H V a v 
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m (Si%) N t (mm) o 

2. fflmmz, mz, nm%x\ cno. 2-2. 5%s MO:O. 1 ~ 
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<o o. 1 

, CM&O. 05-0. 14%©t60£r 

5o IffiKli, o. 07-0. 1 3%^So 

[0027] Si : 0. 01-0. 30% 

S i LT, l£tcs 

o L fr U 0. 3 0 ©<£~F t 

(DmTZ%<(D?\ SiMtiO. 01-0. 3 0%ttZ>!&W1)<Zo SfS b 

<&, 0. 2 5%mi)^o 

[0028] M n : 0. 3-2. 3% 

M n 0. 3%&L±m\ltZ 

„ LfrU 2. 3%£jga.£gsj!jpttN 'MA14©}§§iJ£Jg 

3\ 0. 3-2. 3%0|5 

[0029] P : 0. 0 0 8 %OT 

P ^RTMIwlAt"&<£t/;#gM'l4£€T3 t±\ 

HCM^Ca^TMitf'O. 0 0 8 %£&*.£ £&l1ftf^lL<<£~F-r£> 

©t, 0. 0 0 8%ttT^t§o 

[0030] S : 0. 0 0 5 %J^T 

S&, ^qTMtC;FbA-t£^M^T\ 0. 0 0 5 %^mPiX^t^ 

£J:£ffiT3tt£tcisb, 0. 0 0 5%WT^:t§o SfS L < 

% 0. 0 0 3 5%JU"F-efei)o 

[0031] A I : 0. 005-0. 1% 

A i &N o. oo5%m 
^tSi+Zxj&Wlf&Zo ~J5s 0. 1 %£®*T^p-r££Sfa£J:rfi§&SB 

®ii4£<S~F3-&£ £ £ t izs mmz£z>mRiz£^xizmx u^ 
0. 1 %J^-RC*"t£o SfS L< 0. 08% 

J^TT-fe^o 
[0032] N i : 0. 5-4% 
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0. 5%J^±£;^jQ-t£o —75~Zs i^ll^7E^"efe^0^|W|0l^s j§Jt£>;^ 

JP£<£"F3 •££ tcto \,zs iz x 7 7"©Miz *X fg£ b^ 

±PB£4%£-r*o 

[0033] B : 0. 0003-0. 003% 

0 0 0 3%J^±0^JPTl#^ti£o bfrU 0. 0 0 3%££g;L£(>:j^Mlb 

W&ZtLTm&L. iA'itflTLStt^lTt§/ci!), 0. 0003-

0. 0 0 3%^-T^o SfS b< 0. 0 0 0 5-0. 0 0 2%f3b5o 

[0034] N : 0. 001-0. 008% 

Ntt, A I £J^bT*/fd^£JFM1"£;:<>:T\ ^H*i£M<fbU Iffl 
14£[q]±3-&£o titzs )n&%W$m(DmMk%:$mtZ>T i 

0. 00 1 %U±^Z1±Z>0 -J5, 0. 0 0 
8 %*mxT^tz> b < ISTS •£*> c: £ ̂  
±H£0. 0 0 8%ttz>o 

[0035] Ceq^O. 8 0 

CeqtfO. 8 0ttmz-&t S tcdb, 0. 80 

VLTtt&o 0. 7 5WTOI.O fibs C e q = [C] + [ 

Mn] / 6 + [Cu + N i] /1 5 + [Cr+Mo+V] /5, &^;Sl§E^ 

(Ii%) £U 
[0036] HCS= 5. 5 [C] 4/s+1 5 [P] +0. 90 [Mn] +0. 1 2 [N i 

] +0. 5 3 [Mo] ^2. 5, fibs [M] &&5tm<D^w (11% 

[0037] 4J'C^ffi®£}Ifbb^t~^J$#^J$3*l£>4J'CMii#T 

5%mPLZ>tCT ODm^m&Tt&O-ZZ. S&LTttZo 1kt£L<&2 
. 3UT-£foz>0 c T 0 
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[0038] C r 

: 0. 2 — 2. 5%, M o : 0. 1~0. 7 %s V:0. 005-0. 1% 

N C u : 0. 4 9 %UTs Ti : 0. 005-0. 025%, Ca:0. 0 

oo5~o. oo3%<D$ifrbm£tiz 1 2m£i±%mntz>o 

[0039] C r : 0. 2-2. 5% 

Cr&N o. 2%j^±0^jpT-M£i^iutlbt£<mc^&^liT-fe£o 

L^U o 
. 2-2. 5%tTZ0 

[0040] M o : 0. 1-0. 7 % 

Mote, o. 1 %j^±®^JPT-M£i^Jtlbl-£©tc^&^SiT-fe£o 

L^U ^miz^utztmmzmBWz^xz®-?, 
1-0. 7%, SftL<ttO. 1-0. 6%-efe£o 

[0041] V : 0. 005-0. 1% 

v&N o. o o 5%j^±0^jp-es^©^«>:^tta)fp]±^^^^-efe 
£0 LfrU o. 1 %££§*.£ m\it 0. 

0 0 5-0. 1 %©;»<>: "t£o 

[0042] C u : 0 . 4 9 %J^T 

Cuti, il©^Jtft±©^JI£W1-£^Si"'efe£o LfrU 0. 4 9%£jtg 

;t££s LTMmvmMmmikz^&tcsbs sjits 

mttteO. 4 9%UTttZ>o 
[0043] Ti : 0. 005-0. 025% 

T i &N mffitfflmt&V&lZT i N Ls &J--X 
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[0044] C a : 0. 0005-0. 003% 

Ca&, 

m&tzltolZtes '>&<£=& 0. 000 5%©ij)O^ItS)l.o LfrU 0 

. 0 0 3%^JSxT#WLTgsflDf 

0. 0 0 0 5-0. 0 0 3%©l60"egsj!JDt" £o 

[0045] 2. £13^ 

HVmax/HVave^1. 3 5 + 0. 00 6/C-t/7 5 0, 

CD#WM (Ii%) N t te^JxJS (mm) 

Hvmax/Htorn 
if 1. 3 5 + 0. 0 0 6/C-t/7 5 0-e^S§t<tU^<^§^CT0 

DlilAMST-f1. 3 5 + 0. 006/C-t/7 5 0WT^ti>o 

[0046] H Vmax&^'i>lI*/T^©fiI3T\ feJS^fqKC, (feJ1/1 

0) mm ®I5H tf y — 7.513 t&IMI (iqrtt 1 0 k g f ) t'O. 25mm 

^PTCJU^U mbtltcM^\U(D^(Dm±\Utt^0 £tcs HVavett^0 

¥£MiiT\ (tfcB/4) mm^^H^f, (fell/4) 
IBH^ bf'> ^D —1 0kgft'1~2mm| 

mx-mfe L/c|0¥^fi 
[0047] IA\, 

^^0^l5H^©j55c^llj55c^PML/c;#il^$E'R ll'Jp, 

[0048] 7^ 7"jQS&/mij^ : 1 0 5 0°CJ^,±% J±TJ;b(ro L L i ng reduction ratio) : 2 

J>JL± 

^^J±M0#CO7^7"JP^;m^J3ctt/J±T:J;b(roLLing reduct 

ion ratio = slab thickness / plate thickness) 

7^7lQ^JtAM&1~3y 

£*Il=r^ J±TMW+^&*II=K 

#U ffiWL<Dftnt><M[s<4&Tt&o t(DtcSb, *I?7lzftfctZ8§i£!KV& 
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1 0 5 0°CJ^± 

s E.TlkZ2&L±ttZo 

X7 7lP <D±mzftlz.%.to2»j&m*Wi^tfs }§Jt(Di%JpB&MHIBl 

KflfaiLfcT i S 

JMHlcfcacii:, iJP^SJttts 1 2 0 0°CJ^ 

"F^t" £©#$?!; IA\> 
[0049] mmJ±M&©)%£P : 3 5 0°CJ^T^-e;^iP3S^0. 3°C/sJ^± 

#£P5£j£tfo. 3°c/s^-eti+^^s^0^^#^ti^iNo ttz, 3 
5 0°Cct y i^i^Jt-e;££P£l$±-t££ y^oc^B1f^±lz^j Lt^tzisb 

s ;££p31jt&»J5© 

'-t-'/LA"??©^] il ~<t §0 ©/miJ^fctN ^JxJS-% <f5 <£ iP^ 

*/$=ns-*/a>stn.mz.&v#tobtiz0 mftfezm 

[0050] $^J±M&©if 2JP$tf£j£ 8 8 0 °CJ^± 

Mi!^Jt^8 8 KIk&^+ftOtzlsblZ* 

&&t®m<sm*ffi£Lti:^tzdb, 8 8 0°CJ^±, &3;L< 

(i9 0 0mtt5„ MfZlZ 

i^^^-eiPmtZZtteJ-ZT + 'f MiL&M*1kLT$Sfe(D&TZ}g< d 

tiztaztcto, ooo°cj^T-efe£0 

[0051] : 4 5 0°C~6 8 0°C 

4 5 O°C^0'MML^-eti+^^pu©^[]^^#^tl^lNo -J5s 6 

8 0T)£i®;L£'MMUUJt^ML£tT9^ &l 

fe.tf&Tt&tztiblztfr£ L < S/cN :lftpLte!i#Jp$MCj: yfr? £'J& 

:>$ a. b —:> a >tCct o TItW3 4|/i>t®/m^A<4 5 0°C~ 

6 8 OXtttHZ^olZtZo 
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[0052] A~Nffl<D&mmi£lZ£V&i£Ltc 

^2lc^Lfc£{rc$HI3EM£$rtra£^\ JI3tf6 
0mm~1 5 0 m m Ltc0 

[0053] <h LT, 31<£>*»<£> 1 / 2£[U U 

^fq]^»JSa)EM^fp]^SiS^^^d;9tC J I S4^I^OTxU P$ 

<£t/3l3iij£3 (Tensi Le Strength) £}DA£L7C0 

[0054] %fc, MtilOtilBCD'l/2^£<>)UWifr(Dm^j5 

faifm^0)J±l£j3\?]tm\M.lZt£Z)£?lZ J IS MJ 

-4 Ot)K£tt£>IRJiXl*Jl/#- (v E — 4 0°C) £>IfeLtc0 YP^6 2 0 

MP a, TS^7 20MP a £J;tfv E-4 0°C^ 1 0 0 J ©^T^Ji^cf 

t (D &$?£ !¥ll L /c„ 

[0055] 5§&A&4 5~50kJ/cm 

(D-y-7^-V7-<7mmz£z>%mmmmm$:wmitc0 MU<D-\ /4^ 

(DX K b- £ v -WUJ v ^{\LWLTS 

-4 fLT, 3*OT*lJtf 

v E-4 0°C^ 1 0 0 J ?:;i£ti.tfiJiL/c 

o 

[0056] %fcs XhL/- K£|3£H<£ffitf C T 0 D§iti£#©y >> ^\tL 

Wit LT, - 1 0°CtC£tt£C T 0 U. 3 ^®||/JN® C 

T 0 Dfit^O. 5 0 m C T 0 Ltca 

[0057] IIA-E, ilF~Mtil*^Il0J5Jc^|5g|^^/cLT^ 

&^J£&0y-e&ao 2, 5, 6, 10, 11, 2 0tt, *%m<D 

i&fts 

tLT^So £tcs V E-4 0°C^ 1 0 0 J ^iiStSo 

[0058] -?5s 3°C/s^mCDtc 

to, ^MJ4tt)%iPte±^Jttf3 5 0°C 

£tcs ^IMJ8 &JPi!^Jt^8 8 O°C^0/ctf\ ttc 

s ^»IJ9«ML;^^4 5 0°C^m(Dtctos 
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}^^>X(DCJ 0 
[0059] ^fife0!J1 2tt, C^iPMA^^©TRSIfiH^"e&Sfc«), 1*10)®*}® 

^fife0!l 1 4l£N i 

w-xfo&tcsb, mwttz* m^x o c T o D mm b nx ̂  & i\ 
[0060] ^fife0!J1 3, 15, 17, 1 9(i, ^ft^tlC, Ceq, Mn, P 

BB(D±mmmW-XfoZ>tcl£>, HV max / HV a v 

H £ )f§/c U X 16 b t, 1H £ -T 5 0 C T O D #£ *lT ̂  

[0061] ^fifeffljl 6&, ®*©J$#&*^B/jigHF<g-C&£tf, ^'WI+/fp|35I3^I 

HCS= 5. 5 [C] 4/3+1 5 [P] +0. 90 [Mn] + 0. 12 [N i ] 

+ 0. 5 3 [Mo] tf, ^ 2 . 5 UT £ b t\ 0tI©)#i^C TOD 

[0062] 8 «, Bmumtf*f£w<DTmw.mftT*$>zt£tos mwoimucD 
£ <£ tfm b tiXI* 4s U o 

[0063] ft, H»iJ4, 

mMM8s »J1 2, ^»IJ1 8lCO^TteU m&$<DCT0 

[0064] 
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!t#©S6SS 
[1*^111] Mm%V, C : 0. 05-0. 14%, Si :0. 01-0. 30 

%JUTs M n : 0. 3-2. 3%, P : 0. 0 0 8 %JJTF, S : 0. 

0 0 5 %JUTs A I : 0. 005-0. 1%, Ni :0. 5-4%, 

B : 0. 0003-0. 0 0 3%, N:0. 001-0. 00 8%£ 

LN Ceq (= [C] + [Mn] / 6 + [Cu + N i] / 1 5 + 

[C r+Mo+V] / 5, (Ii%) ) ̂0. 8 

0, (1) WFefiit/ 

(2) z t 

tc 

HCS= 5. 5 [C] 4/3+1 5 [P] +0. 90 [Mn] +0. 1 2 

[N i ] + 0. 5 3 [M o] ^2.5 • • • ( 1 ) 

ZZ~C\ [M] (W%) 

HVmax/HVave^1. 3 5 + 0. 0 0 6/C—t/7 5 0 • • 

• (2) 

H Vmax&c£'h®/fpR(£>tf >;/ -X£13©It;Mit, H Vaveti^'^I 

1 /4£|&<®#©t^y a-XiiSOTJSMii 

% (11%) , t (mm) 0 

[Hs^f<lM2] S1%T', C r : 0. 2 — 2. 5%, Mo : 0. 

1-0. 7%, V : 0. 005-0. 1%, Cu:0. 49 %UT(D 

Mm 1 iz$m<nmmmB9%w{&)&m&zmntcmmt>mm0 

[Hs^f<lM3] S1%T', Ti :0. 005 — 0. 025%, C 
a : 0. 0 0 0 5-0. 0 0 3 %£##f £ d t Zft&t t ̂1*^11 
1 %tcte2$mvmmmB9%w{&)&m&zmntcmmt>mm0 

[I*5f<II4] 1 ttzte 2(D^ttlfr—o£§E<6©J$#$lJ$£#t~£$H£ 1 

0 5 0°CJ^±tCjQ^, E.T&tf2&±tte2>&?lzm$E.m*M[s 
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, 8 8 o. 3°C/sU±(D)%mxmm^ 

3 5 0°CJ^T^-e;^iP U 4 5 0°C~ 6 8 0°CtcM 

&j3fflWL<Dmi&l5feo 

[Ii^f<:iI5] Ii^f<:iI3 1 0 5 0°CJ^±tcJp^^N 

8 8 O°CJ^±0;^tC 

0. 3°C/sJ^±0^3l-e^J1^^^^3 5 0°CJ^TS 

T?)%£PU 4 5 0°C~6 8 0°ClZffim[,m^MtZt?k& 


