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mmm 

mmftm 
(marine structure) N (pressure vessel) x 

^ h -y 9 (penstock) t£. ¥ (steel structure) {31^1 V ^ £5 tL •?) ifb 

(yield stress) (Y S) ^4 0 

OMPaJJUit, ^ 'b~rPAf&<D&M 

(multi-layer weld) (D{j£?ILf3)'|4 (low-temperature toughness) (C T O D 

#'14 (crack tip opening displacement property)) \Z. ~bHtb'5 t 

<DWk%&:\ZMt%>b<0"ZfoZ> o 

LTftJiff ^(Dfctb, (safety) 

titbh^/u<D-1, mmm 
(MWt-skUSi (weld metal) (weld heat-affected zone) (izX^kN 

HAZ t ffc1~) <£>!3'I4^IStLT V ^ r. t £ frl 50 

LT^ V (Charpy impact 

test) id J; <5 (absorbed energy) bfrlXl^ 

=t 9 (Crack Tip Open 

ing Displacement Testv T ODf£!|&) htl 

li)'t4f¥fifliB|5tC^^'^'#^(fatigue precrack) 

I, (plastic 

deformation volume) ) ̂PJ/E: L T (brittle failure) 

i-6t)<7)V$>60 

CT O V>5 t 

t£ *9 \ (local embrittlement area) S fc0w-®^^ 
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(multilayer welding) \ZL J; V 

faWtMM. (thermal history) &mW;Wiji£tSrP$ (Jji.T\ H A Z £ ti^"t"<5) 

x\ 3&£M>-r<. ^vK^(bond) mm&mbmmmm -^vKW2tg 

h (ferrite) b h (austenite) (D 2 frl&WL 

2 |@^#^0^BI5 (dual phase re-heating area) & (local 

brittle area)<!;££<50 

b £tl'5fca?>x (austenite 

grain)#Mfi^U .51 «t 9 fi)'l4^{£^Jh§|$^ -T4 hMf$(upper 

bainite structure) {d§£]|g L43"t"V ^ ^ t b -> h V 9 -X (matrix) {=! f^GD$iJ'f4 

tfs{£V\ JfcN /K^KpFP'Cfi^ y K"^ ~y ^ 7~ y v~ (Widmannstatten 

strucuture) MM~A Constituent) (MA) }f(Dffli\^M-W, 

(brittle structure) $9^*$ b (3HST"T50 

bU(Dm*ik&m\i'tcv, 7X-7-1 vm&$Limb\,x%m\,tz. 
]0^-^mM^U^it^fbX\^o b^Ltzifrb, Jpv i Nmm 
Mi~6m^sfcfct.uvMS 
if, 

1 2 (rare-earth elements) (R 

EM) £T i V, 

zvmz, T i (omit,®&&&;£•&BN©7X^ ymt&ifc 
(Capability of nucleation) t ^tttCa 

•^R EM&#fct!(] \^XW\.\YM% (sulfide) (DJ&M&MM (morphology control) ~f~<5^1 

$ £ ^5, =fc >9 M&MX&&^mA(D^^Mtf(Dtm&l$HAZmm>7^7^ b 
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^t(Dtcfc, ^T7i7/f h££j}ScL^-f< TZ>&Mh LT. 

ftffXWt3 (df2, 

(continuous cast steel) "C(i^. 7 ~7 (slab) n 

&m$rL^-T< . birmmmBmiftx*t>(center 
segregation area) j^.^i^L', $£3HG9ji2^ (origin of the fracture) 

mm <t m A z istt (Disr £ 3 i # e r-to 
(reverse 

transformation) L~Cx ?piP4,(31^^^'/l'X h Sr'a 

*/&£{g;CN {gs 

Hfcbgr^/i'Xi'iM h^^^»JLTl3'l4SrfB]±L, C u - £ 

£«k 9mmm%m&Tmx.«\ wwxm4&«tx*5)„ 
(aging treatment) (31 J; <5 C u CO^fftt}"C^S;§rrfjfe£ <£>~C 

^^(DCn^mwT^tM^mM^ihot ductility) ̂ |STL, 

'[4 (productivity) &$K^T£0 

mmmxm 

[#ttf 1]#^¥0 3-0 5 3 3 6 

[#fF» 2 ]#IOT 6 0 - 1 8 4 6 6 3 

[ifFXiSlii 2 0 0 3- 1 4 7 4 8 4f^i 

[^fFZfcfiUl^M^O 5 - 1 8 6 8 2 3^# 

[#fF» 5 ]#|H§ 2 0 0 1 - 3 3 5 8 8 4 

[mwvmmi 
«t 5 tTzmmi 

fix 5 

$JxJ2\ WW 3 5mmai:©)IW^ 
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(alloy elements) &:#< "f"S&0 

(YS) ^4 o OMP a^_h-e, /h-^AfBU-£5# 
(CTOD#'I4) iz&tizmmtim&kzo 

M&jjm&m&TZZk&ntoblrZ. 
aimtsfcftoft] 

7u!%Lfz0 

t^oT, ^B^#$|3cDCTOD#|4^f^±-r6fc 

Mn, P, Nix Nb ;&5fifc0)7c^fcj£^TS^fc^#5^v^fca?)x. 
MA& £ MIt J; 9 MM Lt fp'CMitffX(Dm. £ £rWJ^!li~50 

2. mm&fmn<Dmi&*$\Aiis^rz>tz.tb, T i K 
&&&•?*-y®L(Dm.-Ait%nuTz>o T i/N^iiiE*^ijwi-6w 
t £X <9 x fpm-T i N&m-WMftl&X^ 5o 

3. W.fc%)<bMl&W0 (morphology control) JU &tl t L T $&t)P L "CIA <5 C a (D 

tfc&m (c a S) <Dgn&*mmmBmn<Dm!&nUZ.%m-tZ>o CaSit fflt 
^ (oxide) ^it^T<SMT^Wi-5fe«)x. o 

LTx Ca cfctf^n^tf>^^^<Atg#Sl^l:(amount of dissolved 

oxygen) £5i:Eftfflfcfflflrr5r tCiotx Ca S [Si£S as?&fc£ 
tb&(DX\ C a S C>^®_b(ZlM n S $5;1ffuti LT^cHi7iL/ffc#J (complex sulfide)^ 

M$Z~i~-?)o ^ COM n S CDjUH^fi^ M n (D^iM'fflf (dilute zone) c? frl%> <D 
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1 . K*%t:\ C : 0 . 0 3-0. 1 2 %\ S i : 0. 01-0. 3 0 %, M n : 

0. 5 — 1.95 %N P : 0 . 008 %£XT, S : 0 . 0 0 5 %UT, A 1 : 0 . 

0 15-0. 0 6 %, N b : 0 . 01 1 — 0 . 0 5 %, T i : 0 . 0 0 5 — 0. 

0 2 °/CN N : 0 . 0 0 1—0. 0 0 6%, Ca : 0. 0 0 0 5-0. 0 0 3 %£r 

*a^U (1) ^^£tl5C e q : 0. 4 4 UT, T i /N : 1 . 5-3. 

5 N (2) TZRT* (3) 

Ce q = [C] + [Mn]/6+ ([Cu] + [N i ]) /15 + ([Cr] + [M 

o] + [V]) / 5 • • • (1) 

0< {[Ca] - (0. 18 + 130X [Ca]) X [0]}/l. 25/ [S] 

<1 • • • (2) 

5. 5 [C] 4/3 +15 [P] +0. 90 [Mn] +0. 12 [N i ] + 7. 9 

[Nb] 1/2+0. 53 [Mo] ^3. 10 • • -(3) 

::t\ [M] (fi%)0 

HVm.x/HVave ^ 1. 3 5 + 0. 0 0 6/[C] - t/5 0 0 y-(4) 

— [C] fiC^f 

A (fi%), t ItffiltMcotMlf (mm)0 

2 . Il%t\ C r : 0 . 2 0- 2%, Mo : 0. 1 — 0 . 7 %N 

V : 0. 0 0 5-0. 1%. Cu : 0. 4 9%^T, Ni : 2%SlT<D*pfrt>M 

3.i $.'tz n 2 105 0 -1200 °c^mw&, 

9 5 3 0%^±N 9 5 0°C^M(7)^^ 
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M(t3liai±T^3 o~7 0%£&55MJEEji£;!feU 6 0 0°C^ 

i. o°c/ s zmmt-tzmmmBm 

4. MIZ, 4 5 0-6 5 OVlzffiMLXkm&llS-tZk&ftMki-Z 

5. 1 ^f2fc^3S;t/m£T\ (5) 

mtc-rz. t 
R s = 1 2 . 5 (X [Si] +X [Mn] +X [C u] +X [N i ]) + 1 . 

5 X [P] + 1 . 8 X [N b ] <64. 3 • • • (5) 

X [M] 

t¥-#l<D7zmM(DM^b<Dlfc, i~t£t>h, (^Wl#f^<£>M}iJt) / (¥-&l<DM 

mm) zmTo 
6. 0 5 0~1 2 0 OlCHMt, 9 5 0°C 

£X±.(DUMi&lZ-&tfZ>Mmi±T^m3 0%u±, 9 5 
H1ij±T^3 0~7 0%£&£fMJ±M£5£U 6 0 0°C^T;£~e£ 
M3SS1. o°C/ S n b &&Wib'rz>fe&ffo&Wn<D&m. 
wzmzmtifc-mmtimtiivm&jjmo 
7. 4 5 0~6 5 0°C 

(YS) &4 0 OMP a J^_hT\ #tCT 

m w & mm-t 5 tz. $> <D mmi 

1. /jjc5->« 

^5)vfJ^Sc©PJi/£3ft(3i'OVNv"CIft^"t''5o t&EB(3i^oV>4"C%(iMi%b 1*50 
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C : 0 . 0 3 — 0 . 1 2 % 

CKJ\ o. 0 3%«T 

fi^At^iST t, Cu, N i , Cr, Mo ft WmA&fa 

=** bmt,$.tz, o. 

1 2%^ii5ssjn^ b < {gr £ - <H^JP ̂ , ^»i4{£T £ 
m<. t£oT, CirteO. 03-0. 12%©iBtt^0 £?3;b<te, 0. 0 

5 — 0. 10%T?fe5„ 

Si : 0. 01-0. 30% 

S i II Klilt, ®#3SlSSr#5ytfc{c:»li-5^T*fe5o b 

0. 3 0%^Ii5M©iiPtt, ?§^t4(7)^Ti^M¥li)'i4(7)i£T^ 

ffi<(7)T:\ S iittO. 0 1-0. 3 0%£1-5i&^fc5o £?£b<Ji, 0. 

2 0 %J^T"Cfc50 
\ 

Mn : 0. 5 —1 . 9 5% 

0. 5%^_h^p-f5o b 

1. 9 5%l:Ii5iJPft ^^ 19 ^ ® 

0.5-1. 95%<7>$gH£1~50 

P : 0 . 0 0 8 %ar 

l^C^Tl^O. 0 0 0. 0 0 8% 

WTit-60 

S : 0 . 0 0 5 %UT 

s [i, ^m^K^A-r^n^x, 0.005 %&Mftx^i-z> £ 

0. 0 0 5%KT^t5o 0Sb<!j:, 0. 0 

0 3 5%g,rxh^o 

A 1 : 0. 0 1 5 — 0. 0 6% 

A 1 (i, 0.01 

TkZ&mshZo -jj, 0. 0 
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&H4<H£T 

&1£Z><DX\ 0. 0 6%^T^JRRi"5o %-t. b< Ji, 0. 0 5%^m§o 

^^d&^TA 1 mz, SMIgttA 1 (S o 1 . A 1 ft if £*>^£*15) 

Nb : 0. 0 1 1~0. 05% 

Nbfi, h(D{g«-e^#^i'MteMfc-tzwe, z<Dm.&i$T*& 

mtmmmMK j± 
m • ±ts3» 

0 1 l%WJ:tlrt5^fe5o L^U 0. 0 5%^I 

^T^rTS kW)Wi$:£{k£l£Z)(DX±.miZO. 0 5%, ttKttO. 0 4% 

i1-60 

Ti : 0. 005-0. 02% 

T i fi, *§0ltfs^@-f-5Bg{;iT iNi/iotlftim 

-T ^§|3(0?iJ'|4f^±^^t-^o L^L, 0. 0 0 5%^ 

0. 0 2%^ittlft5^ TiN 

0. 0 0 5-0. 0 

2%ki-50 

N: 0. 0 0 1-0. 0 0 6% 

Nte, A 1 kfcJfcLXVflij!%)£B)%1rZZkX\ SlfflttSf 

iRi±^-tirSo 

^w^mxh^o N^O. ooawtft 

5rtM«i|-efc.5o o. 0 0 6 %S:igit®Dt5 i 

±l»0. 0 0 6%it5o 

Ca: 0. 0 0 0 5-0. 0 0 3% 

C a fi, S w k i oTl3'l4;SrfB]Jh"f";57C^"Cfe?)o 

£&0. 0 0 0 5%©WM-efe^o L^U 0. 0 0 3% 

0. 0 0 0 5 — 0. 0 0 3%©^ 

' 8 .' 
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C e q : 0. 4 4^T 

(1) c e q ^ 0 . 4 4 

Zfctb, 0. 4 4«Ti:t5o &SKH 0..42^Tffe5o 

Ce q = [C] + [M n] / 6+ ([Cu] + [N i ]) /15+ ([C r] + [M 

o] + [V]) / 5 • • • (1) 

:rt\ [M] (5fi%)o ft *3. bT&o 

T i/N : 1 . 5 —3 . 5 

Ti/N/JH. i Ni^L, T 

Ti/N^3. 5 &Mz.Z>b, T i N^fl 

^MJ'l4£{ST£-fr5o T i /NOmmit 1 . 5-3. 5, 

£?1:L<ft 1. 8-3. 2tir60 T i(5t4%) 

ki~Z o 

0< {[Ca] - (0. 1 8 + 1 3 OX [Ca]) X [O]} / l. 2 5/ [S] 

<1 • • • (2) 

{[Ca] - (0. 18 + 130X [Ca]) X [O]} / I . 2 5/ [S] It 

\\h (O ISf|!!j M 1^ -W?)l ^ C a h S CO (atomic concentration 

ratio) ACR^it£&#£;ft,5o <9 

MUXbrnM h^ffi£$^Ca 

50 [C a], [S]% [O] It (Sf*%) 

£r^1~o 

ACRjil^O^T^^, C a S^0s0yjL^V\ Sit MnSll© 

0"CV 7 4b^M!kj&m (ferrite 

transformation product nucleus) b;tl/&Vvo Js/c:, d=l L^:M n S 

ACRfB^ S^CC a 7i 

7-r Fll«t LtKMn SiSC a:S±WfflUi<^5fc®, 

9 . 



WO 2013/118313 PCT/JP2012/055890 

6r i^^^©T\ sat£ 

ACRfg^O^X., C a S±(^Mn 

iWL, 

ACRfilft £?£ L< «0. 2 fab 0 . S(DmMXhZ>0 

5. 5 [C] 4/3 +15 [P] +0. 90 [Mn] +0. 12 [N i ] + 7. 

9 [Nb] 1/2+0. 5 3 [Mo] ^3. 10 • • • (3) 

flU [MlfiTC^MO^a: (®*%) 

(3) 5t<7);£i2<£>#0t 

m^UXh'O, ^T^ffeW-CteC e q *^.bWtZ>o CTOD^a«#i^i¥ 

mmw3mu\^m\Mm^m-%<Dx&mmm%btit£\<\ c e q 

r t«t V , U 
Ce q *{®0 

jiiESSfflJt fcbtDXhV, Ceq*P3. lO&mtt&k 

CTOD#'t4^{gTt-^(^-e3. 1 0UTk-t&o &$. L< f22. 9 0WTtfc 

5C CTOD#'|4£^1~5fc&(3:teC e q *{iicDTPl£rai-5^Mte&V^\ 
g b LfcflS 

oT, Ceq*mi%^ 2. 0^±^ LV\, 

C r : 0. 

2 0 ~ 2 %, Mo : 0 . 1 — 0 . 7 %N V : 0 . 0 0 5 — 0. 1%, Cu.: 0. 

4 9%J^T^ N i : 2%£JLT<D$fabmtftlZ im&fcl*2m&.±&tti~5 Z 
tmx$60 

Cr : 0. 20-2% 

C r it, , Z<D?j]%:&%W~t"5fcfi0. 

2 o%£x±£^w-t6zttm*.uv\ L^U tmm^mmm 
tftSi^fiO. .20—2%^ftb<, 0. 20-1. 5% 

10 
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tbfcffrt. bv\ 

Mo : 0. 1—0. 7% 

Mo itmxh v. -WZO. 

1 LV\, LfaU 

5-x.%(DX\ tt-tzm&no. 1-0. 7%W£L<, 0. 1-0. 6 %X 

V : 0. 005 — 0. 1% 

Vit 0.0 0 

^fi^O. l%£MzL5k$mi£T£fB<<VX\ ^-tzm&izo. 0 0 5-

0. l%X&3Z£m&£Ll\ 

C u : 0 . 4 9 %J£*T 

Cutt, iP?<?5^(Rl±0^^#"fS7C^T?$)5o 

0.1%£JLhiW&Ll\, La>U Cu-SrO. 4 9%&mz:X&#i-Z £, mfflB'fe 

(hot brittleness) £31 t M r 

6®^«0. 4 9%£JlTtt5ri:^tU\ 

N i : 2 %«T 

NiJt 

t?&5o 0. b^U Ni 

itmx\ 

b< &5£>'T?. -a 3rf~5tl^fi±RSLV\, 

2. 

H v m a x / H v a v e — 1 • 3 5 + 0. 0 0 6/ [C] — t / 5 0 0 •••(4) 

HVma (Vickers hardness) GQiftA'filU HVave 

i/4 &xt t< W?$(D & <D 

TOfit. [C] ItC^i (11%), t ffiKmm) ZTFTO HVmax/HVav 

e(ict,'i^ii;ffpl5C0'SM£ 7* (nondimensional parameter) "C\ 

%<Dim%l. 3 5 + 0. 0 0 6/ [C] - t/5 0 OT^SIJ: 9 iU < 

11 
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CTODlWtSfcfc, 1. 3 5 + 0. 0 0 6/ [C] -t/5 0 0£JlTt 

t5o itKft 1. 2 5 + 0. 0 0 6/ [C], -t/5 0 0^Tit6o 

• 0f£J¥/4 0) 

mmO|5IS^r £^11111 (ifnfjt 1 0 k g f ) 0 . 25m 

mHPg££5 «t 5 HVav 

^®/&>b$KJ¥<£>'l/4 (DitiWt, SS^fjfifOl/4® 

tfs>#—0 k g f 

(fc^(Jl~2mm) 

3. Rs (=12. 5 (X [Si] +X [Mn] +X [Cu] +X [N i ]) 

+ 1. 5X [P] +1. 8X [Nb]) <64. 3- • -(5) 

{&U X [M] » (^'tiMKOMM) / {^(DMMm.) 

R s ¥\ Rsfg 

ft 6 4. 3^±^&5^CTOD#f£^L<{£T-f3fcft, 64. 3^?i, £F 

£L<«, 62. SUTftZ>0 R sjit«/h$V^[5if\ 

CTOD#f£teR s 

R s m(DTmmzmazmfeLte\,\ 
(*'CHS#fgB<£>Mift£) / (¥^£>M?fIt) Zm-fX [M] ft, MTOjjfe-V 

0 0 /zmX 5 0 0 MnOE 

P MA® (area analysis by Electron Probe X-ray Microanalysis) fcf— 

•A£|(beam diameter) 2 /zm, 2juni t'yf, 0. 0 7 3 

imife-TSo ^O^TMnift^it&^Sjg^rfco^T, Si, Mn, P, Cu, 

N i , N b (DjfjzIfjj\p]CD E PMA$§^#f(line analysis by Electron Probe X-ray 

Microanalysis) £ 5/zm, 5 ^m t"yf, 1 Mfotcty'l OfjHD^ffiXMM 

(^iMI^OMjiif) / (¥^©MII) %mi~X [M] t Ltc0 

12 
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ft*3, CTOD#'|4(2, / <D 

/yf-

CToDimz&Tirz>(Dx\ (M.TT 

(-ft5o o) 

(4) (5) ^motS£t5„ 

r t *w& LV\ 

fcato^tiiL, &^-e\ mmmmonu^mx^yytLtcW:. »IJ± 
MK- J; 19 i: U, bN L^a (temper treatment) ^rjfe"f~0 

J^H9J±3!£ "C(i^ 7 (slab heating temperature), J±T^ (rolling 

reduction) &Mfe~t~5o 

ft^\ *mm\z&\,^x, #(-tsicbftv>pii9, 
^'b^(DumxM'M.-tz>b(Dh-tz>o w, 
I/^nifeP^f^ft b, ^ ̂  3- l/w-v/ a ^f+U (simulated calculation) ft }f (31 J; 

tyifclfrbtt/6o fctX-if, (calculus of finite differences) £rffiV\ 

(temperature distribution) ^ff Jf"t" 

r t mx^ 50 

1 0 5 0~1 2 0 0°C 

-*7:/fc#£t"5il5£^R&(cast defect) £fMJ±2£(-J;o 

-C^PHCUBf £i3r5fcJ?>l 0 5 0°CSX±kT&o 1 2 0 

t5tISHMUfcT i NflSfttftftU 

Mm^(D±M^ 1 2 0 0°Cb1rZ>o 

9 5 o°cu±(Dumm^tf %M3f±m(Dmmj±T^ • 3 o%^± 
Xzr~}~4 h^^rSlnBB (recrystallization) (C J; ^^iBft ^ ? n&i$jlc«h-f-<5 

3 0 %m±£ -f 5o 3 0 %7fe$mt 

13 
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9 5 : 3 0-7 0% 

j±m&(D 

ir—-'^:7"i'^ (deformation band) ft 

E (D (-'a t?f*3n|S:nl( internal strain) CDitiV^II t ft 60 

7 ̂ .y A M£1S (ferrite transformation) <D,(drive force) t LT'lSjl# , 

7*7^ b&m&fem-tZo 
H3«j±T^3 0 %7^-eit 5 (internal 

energy) (DWmm+ftXt£\,^&7 ̂ 74 <9 (31 < < «Wi)'l4^{£T 

i~5o JH;»j±T^ 7 0%£@x.5 

(polygonal ferrite) £ tit, LftV'1,, 

6 0 1 • 0°C/sJ^_h 

fTOJBgfL ftiPSi^l. 0°C/s^_h^6 0 0°Ci^T^-e^P3S^SPi-6o ^ 

M^i°c/s^M-efi+^ft®M(7)^^#^tLftV\ t.tz, 6 0 0 °C J: >9 rti 
-T6t7^y4 W+'<—7 4 h (pearl ite^J^^-l' T4 

b (upper bainite) ft if< ft *9 , iWilJiti-t! t i^fi)'t4^^AE Lft V\ 

ft^o, (accelerated cooling) fit (31 'MM 

JSLftV^^fcft Mm^n(DWitUm^ 3 5 0°C^_hii-^)^ btiWt. Ll\, 
•mm LSI : 4 5 0 °C~ 6 5 0 °C 

4 5 —J?, 6 5 0°C 

&Mx.Z)UlMxmmL%ft 5 h ^M^(carbonitride)^|a^;^aib, |3'|4 
^0{£TSr5l#®--r- tbhZtcfr, ̂ t<ftv\ 

l£/cN (induction heating) (- <£ <9 fj 5 ̂  i: ̂  ̂  !$jjl LB#<£> 

a I/'—3 >" (simulation) (31 J; o "C ft If £ 4 5 0°C—6 

5 o °C ch ft £> J; 5 fcf 5„ 

14 
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M(-, mm. 
xt>mmuftv^731 yA bk&wttx\ 
(Dm.m^mmt-t6(Dx\ $.tc, 
(heat cycle) (31 <t D 2|g^(31^Pfl^^L5^(31^V^T^, MJ<E>^l::<fc 

mmBWU(ommmMik£tix\,^<DX2mmmmMi&x^mmt$, 
(non-transformation area) COU'l^^fBl-h b, %> $~'— 

mt U $9'I4?){£T^V^/JN£ < i~Z Z t m *\i&XhZ>0 

mm®Ji 

^IPBlJ±IiIM^TV\JI^^5 0 mm~ 1 0 0 mm<7)Jf:£ffi&£M3t Efc0 

(D0-iLT, 1/ 

fa&mtiKD&MjjfakmmzftzX?KJ I 
(YS) *3<fctf3l3S3££ (TS) SriiJ^LfCo 

«0J±I^fS]tIE(3ft5J; 5 (- J I s SrM&U -4 

0t;(£:fc{t5TO^*A'3i~v E_40=c^SlJ^b/co YS^4 0 OMP a, TS^ 

5 0 OMP a fciU5vE_40^ 2 0 0 J 

£f¥#5Lfc0 

ifAi4 5~5 0 k J/cm©f 

v^T—mU<DUW-(D 1/4{£§<Z> 
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i ] 

fl%T\ C : 0. 0 3 — 0. 12%, S i : 0. 01 — 0. 3 0 %, Mn : 

0. 5-1. 9 5%, P : 0 . 008 %J^T, S : 0. 0 0 5 %£*T, A 1 : 0 . 

015-0. 0 6%, Nb : 0. 011-0. 0 5%, Ti : 0. 005-0. 

0 2%, N : 0. 0 0 1 — 0. 0 0 6%, Ca :0. 0005 — 0. 00 3%£ 

-a^b, (1) e q : 0. 4 4^T, T i /N : 1 . 5-3. 

5, tm:, (2) &,RTf (3) 5££i®fcU 

(4) m&TzmMti 
iwjxo 

C e q = [C] + [Mn]/6+ ([Cu] + [N i ]) /15 + ([Cr] + [M 

o] + [V]) / . 5 • • • (1) 

0< {[Ca] - (0. 18 + 130X [Ca]) X [O]} / I . 25/ [S] 

<1 • • •(2) 

5. 5 [C] 4/3 + 15 [P] +0. 90 [Mn] +0. 12 [Ni] + 7. 9 

[Nb] 1/2+0. 5 3 [Mo] ^3. 10 • • -(3) 

rr-c, [M] (W*%)0 

HVmax/HVave ^ 1. 3 5 + 0. 0 0 6/ [C] - t/5 0 0 •••(4) 

HVmasl^ RI5 <D If >y #—X $ (DMcAifi, HVave ffi b 1 

/ 4 H-Vbtp'bMtitUk&&<&&£> — [C] J3C"^ 

A (K4%), t (mm)„ 

[ft J&if 2] 

Mi-, ®*%-C, C r : 0. 2 0-2%, Mo : 0. 1-0. 7%, 

V: 0. 0 0 5-0. 1%, C u : 0. 4 9 %UT, N i : 2 %^T©^^ £>51 

ittiz i 

[ft^ll3] 

1 2 1 0 5 0-1 2 0 0°CtJP 
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mk, 9 5 0oC^±<D^i^-:£tf6II^J±T^3 0%£X±, 9 5 Ot^l© 

Sjt^-^t5IM*j±TW3 0-7 0 %£&5®1J±M£;&feU 6 0 

0°C«T«£?££|]3lJt l. 0°C/ s &±XMmi$MirZM^£imU<Dm&jffeo 

[If *314] 

Mffdtm, 4 5 0-6 5 0oC^^ML^SSrSfei-ft^3S3(c:fBic(Z)i^ 

[fit «i 5 ] 

R s = 1 2 . 5 (X [Si] +X [Mn] +X [Cu] +X [N i ]) +1. 

5 X [P] +1. 8 X [Nb] <64. 3 - • - (5) 

r^-CV x [M] ft 

b^(DjvmM(Dmmt(Dit, (^'iMIfT^MMJt) / (TO^M 
MS) %mir0 

[ft^1! 6 ] 

ff*lji5 1 0 5 0-1 2 0 0°C\Z.]jmM, 9 5 

0<C^±©ia^(c:^olt5^JEET^^3 0%J^_tN 9 5 0oC^ti(D^^^^ 

tt5&fSJEET^ris3 0-7 0%i^5W®lrm -t(DU, 6 0 0°C1^T^ 

•csri^iP5i^ i. o°c/ s 

[ff^ll7] 

s(dN 4 5 0-6 5 o°cKmmL^m:tm-rm^6Kmm<DMM 
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