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< i 2 R O B R >
BRI K VIR T2 27 > U ASISHMO AZGERIRET (a2 FHl4 25K
LT, UFITRTHTETADRH S,

M=A+—

t+C

M : BAEEZHIRER] t F2 ORI fE [k T/ m*]
(Jre : AEEERIMEGE, Jo: Aa = 6 mm (2331 2 AkEEEPE(H)
A o BARREZDRRE ] B[RO C O [k /m?]
B+ BAREZhI L |2 P9 5 iE S
t : BARFZIIEH] [h]
C : BRI Z B3 2 2K
Aa : fZHERE & [mm]

H3T EF VO EE A, B, C OFHliFE L LTS L7 [PREDICTION METHOD OF TENSILE
PROPERTIES AND FRACTURE TOUGHNESS OF THERMALLY AGED CAST DUPLEX STAINLESS STEEL
PIPING, Proceeding of PVP2005-71528) DXRRTIX, 7 =74 MDD AT L Atk
S OB MR BRI R B RS B 2 JEl, EEOERRRE (RSB T 285 C) 2
1T % BRI R O MR (R 2 EFRORO7 = T4 MEH O TR
HULFD HIT EF ANRIBE TV 5,

A i)
t+(tpi+(.‘i)exp[%(;—k—%)]—tﬁexp[%(Tik—%_)]
My @ ZAREZOEE t £ OMHERIMERE (k] /m*]

(Jic : TREESOMEE, Jo @ Aa=6 mm |Z351) 2 AEEEME(E)

A ¢ BARFZh I ) S PR K T O B9 MEA [k ] /m?]

Bi : IREET; (325 C) B\ BB L (ZBE T~ 2 EHKL
t o BARFHIER] [h] (= 341,079 h)

Ty : AHE SO HIREE (K] (= 285 “C+273.2 = 558.2 K)
tr, Lp+Ci: IREET: (325 C) 1) D REHIE S

Q,F : {EPE(b= L F —[k]/mol] (=100 kJ/mol)

R: HAE$[K]/ (mol - K) ] (=0.008368 kJ/mol * K)
Aa : 500 R B [mm]

My = A+

WEEEIMEAE My (Jic, Jo) O FHIEC (H3T £F V) DEE (A, Bi, tr, tritCi) R 1 ITRT,



#1

H3T EF VD EE (325 C)

Table 3 Constants of Fully Aged Toughness Prediction Model
when the Operating Temperature is 325C (H3T Model)

Predicted equation

S

CV-RT

(Charpy
absorbed

energy(J) at RT

A

Logio (A of CV-RT)=

2.2818
-0.0472xF%

0.1411

Bixs

Logio Baxs=

6.0909
-0.2861 < Mo

0.2621

tF32s

Logjo traas=

10.7270

-0.4720 < Cr
+0.2846 < N1
-13.9003 XN

0.1124

(t7+C)as

Logjg (t5+C)3s=

3.9369
-0.3784 X Mo

0.1597

CV-HT

(Charpy
absorbed
energy at
325°C)

Logio (A of CV-HT)=

2.8357
-0.0592 XF%

0.1638

Bis

Logio Bixs=

8.5909
+2.4273 X Mn
-0.4328 X N1

0.1606

tF325

Logo tra2=

22.8968
-2.0122 *Mn
-0.8227 X Cr
-23.0802XC

0.0743

(tr+ C)azs

Logjo (t77C)as=

49882
-0.4121 X Mo

0.1454

J-HT
(Ji at 3257,
KJ/m?)

Logio (A of Ji-HT)=

3.2961
-0.0530 “F%

0.2518

Bixs

Logjg B3xs=

5.7869
+0.9256 X Mn

0.1514

tF325

Logjo traas=

43047
-19.1095 XN

0.2732

(tr= C)azs

Logio (tr+C)32s=

1.5354
+0.2062 X N1

0.1417

Js-HT
(Jsat 325,
kJ/m")
JsJvalueat Aa
6mm

A

Logio (A of Je-HT)=

3.6699
-0.0490 < F%

0.1490

Bis

Logio Bixs=

-1.7907
+0.4130 < Cr

0.1783

tF32s

Logio traas=

7.6362
-0.3670 * N1
-16.108 XN

0.0892

(ts+ C)aas

Logio (tr+C)32s=

-2.9645
+0.3438 < Cr
-0.1648 X Mo

0.0702

note) F% : Femnte content(%) by ASTM A800 diagram. C, S1, Mn, Cr, N1, Mo, N (wt®s)

S : {EifE R
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3,293 [MW] X365 [D]
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%38.94 [EFPY]
< FARFhIEH] >
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5,556 [D] 3,203 (MW _ g 595 91 [GWD]
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(1) HERFHIFEOBREE (BWR BREE, K&H) 057 5 R4 REHEX
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HESHh T3,

(2) FECERARD, AR LIRS O SRR (BEEN, SF8R) DR 72 2 fa 2k X
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<BEGERT) (Jup) OFHIERR>

BFAERT] (Jupp) 1%, HANDBOOK 0 Zahoor @ J Fi5y DA LV FH L TH Y, volumel
1 B2 2, 1~2. 38D H H 312, 2.3 fHi Combined Tension and Bending (28 2 LA T O % H
WTHELH L7z,

] = f, - P2/4R¢%E + f,, - M2/R® 2E+ac,e,R(Tt — 0) - (6/m) - hy - (P/P,")"*1

P," = 0.5[-ARPZ/M, + {(ARPZ/M,)? + 4P2}*5]
A =M/PR
P, = 20,Rt[rt — 6 — 2sin"1(0.5sin8) ]
M, = 40,R?t[cos(0/2) — 0.5sin 0]
f, = (8,/T)[1 + A{5.3303(8, /)" + 18.773(6, /1)*24}]2
£, = (0./T)[1 + A{4.5967(8, /)" + 2.6422(6, /T0)*?4}]2
0. =0-[1+1/B)-{(n—1)/(n+ 1} {(ocF + 0,Fp)?/03}/{1 + (P/P,")?}]
o, = P/2nRt
op, = M/TtR%*t
F, = 1 + A[5.3303(8/m)"5 + 18.773(8/m)*2¢]
Fy, = 1+ A[4.5967(8/m)"5 + 2.6422(8/m)*?*]
(Fy, Fy IXZ #0240 HANDBOOK volumel 1 # 2 XH 2.1 fifi Axial Tension KX
2.2 fii Bending Moment OfEZ{H ] LT\ 5,)
A =[0.125(R/t) — 0.25]°%5  for5 < R/t <10
A =[0.4(R/t) — 3.0]"2%° for 10 < R/t <20

28, FAfIEICEHB T 5 EE o KON LiE{LFEEL n 13 Ramberg-0sgood D) S1-UNT 7B
BRIZBWTTROEBY 52615,

eleg=0/a, +a (a/oy)"
a =-0.0110 F+ 6.054

n=-0.005¢0 & F 6.763

T o BEHHORBIEATH Y, TRO LB REDHOEBIES o oI
DEEEET D LICk Y RES,



orolE, 3T EFMZHLUTOTFHIRXZHWCHRHT S,

o) = 105.472 + 6.96F + 16.062Mo + 1535.398C

F: 794 F&[%], Mo: Y 75 HEmEMR [wt%], C: RFEE R [wt%)

o.=0 f(ﬂ)( 1+12.161 . 1—1;51 seBaii P(t,"ll]‘.)g—zz;.f)as) - (F[%] < 23[%])

0= 0 (P = I anh PO (] 2 23(%))
- Q1 1

P(t,T) = log(t) + 0.43433 (== -1)

t : BAREZIRERI [h] (= 341,079 h)

Q: {HME b= ¥ —[k]/mol] (= 100 kJ/mol)

R: FAEHK]/ (mol -K) ] (= 0.008368 kJ/mol - K)
T : ZAREEHIREE (K] (= 285 “C+273.2 = 558.2 K)

I 512, Zahoor DAFHTARIZIIT 5 o o IXRFRIZBN R E B L7Z 0.2 % HhEHWD, K
Wrzhit > 0.2 %ifit /7 o ,01%, ASME Boiler & Pressure Vessel Code(2013) SectionIl @
PartA Table 3 /BB LTz, 00ld, 0,0 ZBIRAEZE L, Tico B HH L7,

o =0 ( 1+12,.G'?1 _ 1—12,071 % tanh P(t,T)—l.Gl'?) ([_‘ [%] <93 [%] )

0 y0 0.916
_ 141144 1-1.144 P(T)=3.02, . (rrg =
0,=0 yn(_z —,— Xtanh———=) (F[%] =23[%])

T BHIZERH LR BOFHER 1 IZRT,



Japp FLHIZ i Japp FLHLZ o ]
o ) Hifir e
R LA T A—H PO Lz Rt}
@ 33.4 mm
t MR D@DHEE
@ 37.0 mm
@ 309. 65 mm DOAE619.3 + 2
Ro SRR
) 304. 80 mm @OHE609.6 + 2
@ 276. 25 mm
R; MR Ri= Ro-t
@ 267. 80 mm
@ 292. 95 mm
R R R = Rg-t/2
@ 286. 30 mm
. ) 43.2 MPa
04 LSO Y] — -
@ 45.0 MPa
@ 207.3 MPa
T e -
@ 109. 6 MPa
‘ @ 205 MPa ASME (2013) Section I
O AW 0.2 %t H
@ 205 MPa Part A HEHE LD
@ 219 MPa
0o 0. 2%t 77 o lCHFERAZSE L Lo
@ 227 MPa
@D 1. 24107 —
£ 0. 2%ffit A1 7 g =0o/E
@ 1.29% 107 —
@ 369 MPa
T (o) EREEIL %k i) H3T =F M dh D FRIE R D-H O
@ 399 MPa
i . @ 421 MPa
o HEEhIE 77 o R RAEEE L Lo
@ 483 MPa
@ 1. 423 — Ramberg-0sgood @
[a Eﬁ £ #
@ 0. 741 — [N — O HBRIC 1T HERK
) @ 4. 658 — Ramberg-0sgood
n IR R izt "
@ 4. 348 — I — O 2 BR (2351 AN Tk igsk
) @ 2.0 — _ o
B i EE S T O RO RHIE E L
@ 2.0 —
. ) @ 1.76x10° MPa ASME (2013)Section I
E e R 2 -
@ 1. 76 X 10° MPa Part D MR LD
@ 2.66 % 10° N
P iy 5 1) fif B ] P=2zRtXo,
@ 3.00x 108 N
@® 1.87%10° N+ mm
M fife—A 2 b M= zR%tX oy
@ 1. 04 % 10° N+ mm
WA EhiFE—A > b @ 2. 400 —
bl L= M/PR
Dk @ 1.218 —

O :FEREERRN S TOr— 7
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Ff, 0/=, R/t, A/(+ )220V THE, hBKREWEE Jp bBWZ LIXBEHATH
5T EMD, LIF, 3 22757 HANDBOOK O hy BEZE N HIRFENC h BREVELE 25
XOREL, HliZIT-oTW5,

h ORREFEO—FIE LT, R/t CEEPERERIEDL) OFlZ2%T 5, AFEm O x5
FEZHIE, R/t 3 8~9 TH AN, R/t=10Z81F 5 h OBELEZ AT h OMEEZRE L
TWb, ZHUE, R/t BKREL 2D (HAICARD) 1ZE, h BRI RDEEMN 2.1
B 2.2 finbirinsg Z Enb, £2DR/t=1012B1F5 hBEEEZ DL Z LI
£V, BRFHRFEEE LTn5,

#2 JmAHIZBWTERELEES

hy for Throughwall Cracks in Combined Tension and Bending
0/n = 0.0625, Rt =10

Al(1+2) n=2 n=5 n=7 n=10
0.00 3.967 5.567 6.104 6.510
0.05 4.313 6.500 6.500 7.969
0.10 4.736 7.375 7.080 9.721
0.15 5.125 8.250 7.875 11.250
0.20 5.614 9.080 8.787 12.937
0.25 6.000 9.750 9.875 14.250
0.30 6.438 10.501 11.078 15.463
0.35 6.789 11.000 12.125 16.375
0.40 7.140 11.457 13.188 17.063
0.45 7.500 11.875 14.000 17.500
0.50 7.901 12.150 14.610 17.839
0.55 8.094 112.313! 15.000 17.550
0.60 8.287 12.236 15.130 17.241
0.65 8.344 11.938 14.875 16.375
0.70 8.257 [11.642]  14.408 15.500
0.75 8.125 11.125 13.625 14.500
0.80 7.811 10.617 12.729 13.366
0.85 7.500 9.875 11.688 12.125
0.90 7.063 9.190 10.447 10.738
0.95 6.563 8.500 9.250 9.313
1.00 6.018 7.620 8.160 7.928
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# 3 BRZEVEHEMBERRICE T D Jap HHIZOWT

Japp FLHAIZ ARG | AR A Kb 60 4EARE LR o 20 E fnZ0E
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il L7l x4 (BRIE D 1 %) 8 AT AL (BRI D 3 %) (MUE o 5 5)
) 33.4 35.6 100. 2 167.0
2¢ AR X mm
@ 37.0 38.2 111.0 185.0
i 2o 4 e @ 0.019 0.021 0. 058 0. 096
0/ n —
e/ (mRy) () 0. 022 0.022 0. 066 0.110
@ 11. 642 11. 642 11. 642 11. 642
|1| ET& -
@ 12.313 12.313 12.313 12.313
@® 44 47 172 398
Japn ﬂ.%ﬁl&jJ kJ;‘"’ITl2
() 7 8 25 53
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