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A Study on the Guideline of Defect Assessment Procedures
for Large Scale Fact Reactor Components (1)

——Development of Creep—fatigue Crack Growth Assessment Procedure—
Takashi WAKAI*, Kazumi AOTO*
Abstract

Structure Safety Engineering Group of INC/OEC makes efforts to develop the guideline for the
defect assessment procedures for large scale fast breeder reactor(FBR) components based on the
fracturé mechanics. The guideline will be applied to the leak before break(LBB) assessment of the
piping system of FBR with flaws.

A creep-fatigue crack growth assessment procedure as the principal content of the gnideline is
proposed baéed on the linear damage summation concept in this report. For some typical flaw
model, fracture mechanics parameters and material strength properties are also appended to the

report.

*Structure Safety Engineering Group, Advanced Technology Division, O-arai Engineering

Center
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Fig.1.1 A draft of the contents for the defect assessment procedures
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HIBMZBICN S 2 RIEEMHERK,, 1T, BWBRICKETSERTH Y, HEHER
BRI U Tldg,,=00, EMMHBEAFIINL Tq,=1.0L725.

XKoo, BLUg,, 15, EI20REBENEHDHEFig230)R LS ICEEL,
CDBABTIHIEY 2 EMBLOCEROEMEITE—A > M2, KRIC K-> THET 3.

Mo = [1Flen + o 00 W}, e
My = [ [Flen +(en ~enes b= 00, Judx

(2.3.3)

TOHLY, HEMEMITE-AL by, ERRICLVEET .

M, = Min[(M,, +M_ )M, ] (2.3.4)

-11-
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ZZT, M, I3HEEMITE—AFTHO,
2
M, = [ (Sxheas =<, (23.5)

TEZLNS. HEAEBEERL 2T Ag i,

6M@ 3

0y ==L ="M, | | (2.3.6)

TEHAT B,

@) HRE—TiE A,
jﬁt%ﬁlﬁ'—ﬁﬁﬁb% TN,

Tp =Sp | (2.3.7)

ThHadLl, BERLTEESRLRWN,

2.3.2 Eﬁm%ﬁ{ﬁ@%tﬂ
REFFRBE ROBNTHIRT 2SI REEKICHR LT, FLEIEHH D WIEEFHOTH
2EL T, KRNk DHEMEIES, Z5HET 5.

EmHHS0BE
KZ
Je=—"0" . (2.3.8a)
FROT ADEHE
;- K2(1-v?%)
=% — (2.3.8b)

ZZT, EBEUWE, TNFhEESHFAEECBITAMBIOMBEEEEBEORTYYV U H
THdD. INSOMER, M, BBFOFERAE, RETOMORTFE2EELZABRT—
FIMSRESNRTNERS W, 2EL, ERALESZYTHIE, FHRCRITEEA
WTHE. ' '
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233 HMWoV-TIESEEOHEK
CIDRICKD I V- TERERFEICHNDEME Y ) — T EEA, 13, XRick
VEETE.

AT = (" ey | - (23.9
TIT, R, PoldBROBERE LUTRRTEA5NE 2 U —TIHaTh 5.
J’(.t)=fc(t)'-]e ' (2.3.10)

LIT, £ OEREOBERE L TRRTEA BN ) — THERNTH S,

) éc-—rgf (t)

E
fe(t)= (2.3.11)

c-ref

22T, BEREEARECEY SHHORBIERY, o, REEBAREOBEES,
o ORI R OB N 0o, RIS T BHEIO 7 U — Tl 5B 5N BB
7 —TOFREETHS. HEORBEERBECY U —THgiE, HE, RBRFOR
IATE, BEEOMORTEEE L ERRT— & H SRES A EAR 530, 7L,
BREEAZETHIL, FECCRTES D VIZHEERL T I,

GBI AOBRIE 10, 3, RERMERICEI BBUSH SlIFSNE, (2214
RCEAL TEEENBa,, &, HHORELIEHOTSEEN 5B 5N502 %0 HTH
B0, DRNERITE > THAMT U, ROBBREM N THRD 5. T, MIEEHR (o,
<o,) RIBK B BFY—RENHMICEY, ERBIEIH LD bEBUEHOHHHEL
CKEBDRREERTEDOOBBTHS. —F, AEEBROBAIE, LUFEE
HORENEZENBDOT, TOLSRRE—BEANTIRERT BRERRNESZ D
N5, THEhOBSITHLT,

G <o, UNRAEBER) DBE

P

Oy

Ocref = Oref '(O' ; ) (2.3.12a)
‘ re
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Orr =0, (KEERR) OHE .

¥

Oc—ref = Oref (2.3.12b)

23 1R2aAITHBNVT, BE p BEETHRIEKFTBAINGA—FLLT, KATEETS.

a
p=p1+py (;) (2.3.13)

ZCT, aldEHES, dIWETDHS. iz, p; BEUp, IBEMOBIREEZEZRL TH

—

EEINBENTA—FTH5. 728, #HREIXTable 221252 5N5(3].

2.3.4 RHhEMOER
REFRFFRAP OZRIG AT, AT OBRBICOTThRAEME2ZEBLANLEREINS.

() REFBRADBREE o, 5BRIEN o, £ TRINY 51812
2) BEBH o, 1 5—KIST 0 T TEAT 53872
(3) —KibHo, BEHINDER

ISHBERMER, ARICXVEEEINS.

E-de,
dc

A0 oty = (2.3.14)

ZET, de, W, BRSO BEIE 0, . RIS BB D2 U — T i 585
N5 U—TOTBEE ¢, (0%, BAD S THH L TEENB 7 U —TOFHHS

THY, RATEALGNS.

de, = [[* ¢ (¢ )dt (2.3.15)

() RERERADBRIEN 0, B SBRISH o, X TIRAT 53812

ZDBRIL, o, <o, DHE, Tibb/MUERRMEESNSEE (2 3. HSR)
DBERINBBETHS. REHEREADBRISHo,,, 1 5BBESa,, £ TRIYT
B, BBWIREEHRN, PEBTEET, UFOLSCHHBMEZET 5.
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R3IHRITBNT, NITA—Fq. iBRATEAENS.

= Min.l_ q. ,3.0_| : (2.3.16 a)

T, q BRI U—TRIA—FTHD,

T E RIS : g.=%°
O BT/ A RS : q.=1.0 (2.3.16 b)
— IR R 7R G4 : 00>g. >0

HEHAREICHL TS LS, SHBHESET 5 Eichas, CNENTORMEE
k5. Tibb, MUERRGE B BRE—LS AT, REEBEODTEORE
BT Lo THSPRNIZHEBETS EOREICIDIDDDTHS.

@) BRI G, 2 S—KiSH o, £ TERIIT 5B

L OBRE, BEIE 0, B 5—KIEH o, ETEMT A, 55VLEGEE, 8
BEBET, UFOLS EHBMEEETS.

2IIYRICBNT, KT A—Fg, EARTELENS.

dc =4. (2.3.17a) .
ZIT, q BIV—TNTA—FTHY,

WEHERE i geo

U9 B, RS : q.=1.0 (2.3.17b)

— RS | . 00 >q >0
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(3) —KEHo, HEESNBiEE
L ZDERR, BRI o, BWRESNSBEETH D, ISHEmEEEEsnNn.

BlED3ibiRe, WEMESEHE, OTHHEE BAREEESXC—REAZLEIIDN
T, Fig. 24ITBRT 5.
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Table 2.1 Correction factors for membrane and bending stresses

proposed value
for membrane stress Pm 1.0
for bending stress - Pb 1.0

Table 2.2 Correction factors to account for heterogeneous stress distribution

under small scale yielding condition

proposed value
P 0.2
P2 . 0.2

S

\ x(( S I Aﬂﬂ

<~ = + W Tt T,
S,

(a) Acutual stress (b) Membrane stress  (c) Bending stress (d) Parabolic peak stress
distribution

Fig.2.1 Membrane, bending and parabolic stresses
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o
Stress obtained .
elastically S, | T

”

-

. Ae2- Ao /2
~ Cyclic stess-
N strain curve

Ow -

€m-Ep qep-l

Sp-Op = E

tan 0

q o * Elastic follow-up
parameter

B it At "“'&’D"E
#

-

en =8, /E

Fig.2.2 Estimation of o, acounting for elastoplastic deformation

g
A \
\\ )
ol P = e by -
i =
< "y Ae/2- Ao /2
b Omb Iimte. it - iy .
- N I bzt 1N Cyclic stess-
m N
N | strain curve
§ b Om-b-"7" - b . } -1
! q ep
Bt CEfTRs tan 8= T
¥
i ' qep ¢ Elastic follow-up
E parameter
T T - £
Em-b € msb

(a) Estimation of O ., and ©,,, accounting for elastoplastic deformation

o +Sb

o
—ptl
-1
Gm -b
Om - S b 4 .
| Crack side

(b) Assumed stress ditribution through the wall thickness

Fig.2.3 Procedures to determine o), accounting for elastoplastic deformation
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Stress o
A
O cref .
(I ge =Min. [/ q., 3.0]
=3.0
T ref -
(2) gc =qc.=
0 gec-1
tan 8 =
/e g
Total strain &,
(a) Load controlled condition
Stress o
A
Oc-ref .
()qc =Min. [/ q., 3.0]
= 1.0
T rer y
/ (Z)QC =QC=1'0
O Lref Y -
(3)gqc =
AE
Total strain €,

(b) Displacement or strain controlled condition

Stress o
A
G roref
O e
// F\\?9c=%
7}
O 1ref B
gc - 1 (3) ge¢ = oo
AE tan @ =——fF
Total strain &,

(c} Generalised condition

Fig.2.4 Stress relaxation process during holding peri'od
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. & =
BT A TR O— IR OMEE - B ICHT BB A VST R R R~ O R 2§
RE Uk, RGHEELOBRE / BEO—BELT, U —TESCERMEOREEN
(BT BEEERELL. |
COIRRELE Y U — TEY S TERFHERIC DV TIL, M OB S RICELO
HERINEEE U TEELEZRBHETS 5.
i, %, AESOIELERERTHS ;
(1) BAWRIEF %
(3) EMRE E R T
PRETBTETHB.
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[ 2E3R ]

[1] K Walker, The Effect of Stress Ratio during Crack Propagation and Fatigue for 2024-T3 and
7075-T6 Aluminum, ASTM STP 462, pp.1-14 (1970).

[21 LMilne et al., Assessment of the Integrity of Structures Containing Defects, LIPVP, Vol.32,
2p.3-104 (1988). |

[3] &k, L, BEEEARRFEORFEEICETIME (V) —7)—-THS5ER
ERMEOBRE—, PNC IN941090-136, 19904E7H.
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T8RA. IS HHEAFRER

Al. FiR
Al.1 FEFIRE & 2T & TR

SRELFEHOREL SO (SREICREIERTIRARS) 2HEYIBEDL,
FigAlLI-l1D L3, BISHES 0, HBTRAIERS 0,, BLTBYRRY— 2 AR a 67
sy o,OMTRY . SERFEROSHIERIFEK, B L O SHEREB OB REKAL,
ZhZ2hRONTEZLN2HDET 3.

KA = (O'm 'Fm,A +.0'b 'Fb,A+o'p 'FPJA)”\}JZ"Q (A‘Z']'I a)
Ke =(0y Fpe +0y, Fyoto, Foo)na (AL.1-1 b)

ZZT, F RS HEARE TS D, ZOIBEORER, b, pid, ThENE, i,
B2 RIS LTV B2 L B RL, 2BHORTA, C, 2hah DRy,
SRRAERTOBETHZLERLTNE.

Newman X Rajuld, B a, RI2cO¥HEMARMEREE T 5102w, EXOERICH T3
NIRNY v R ERERREN 2 ML, SRR (BT SRR, TS RE
TcwBLUPPIARY bhaje) BLUZRRRICBIT BME (AE G) OBKE LT, BS
1o, BLUHIITE A0, KT BIEIERBREERZUTOL SIS X ALY, ZORAHE
L -

0=af/c =2

0<ciw=0.5

aft <1.25 +(a/c+0.6) (0 =a/c=0.2)
alt<1 (0.2 Za/c =2)

TH5.

JERS I3 S B R TTIE IR GRE
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2

][MI +M27(§) +M3-($)4}'g'fw'f

F,(¢)= (A1.1-2 a)
($) i
B 7IC 6 B MRS AR

Fy($)=H($) Fp(9) . (ALI-2b)

CCIZ, ¢k, ERRIRICBUBMABERTNIGA-FCH B, ¢=a 2B SRBEL, ¢=0
DPREMIZNIBGT DT, ZhSOMBICBIT 2R HBEAREOMEE

Fup = Fu()
Fpc =F,(0)
Fyp = Fy( %) =Hy Fp
Fyc = Fb(O) =H; F,c
TH5. H, MFEHCHTSMERKTHY, RATHEINS
H(¢)=H,+(H, -H,) sin? ¢ (A1.1-3)
fids ARFTARIH T 2RBRERKTH D,

| 7 b |a '
fw=‘/se6(—5 ;- ?] (Al.1-4)

Kz, O, BAETLHEABA T, RATEMUT B LHTES,

1.65
a

Q=1+1.464- ('E) (AL1-5)

(ALI-I)~ALI3)APDZDMOFREIZ >V, LTOLdIcE525h3.
*0=agfcSHZHLT :
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fo+ REERERREL

g BRERBIFRIC T 4 w74 L TR BEDOBERS

s 1=Za/c =218 LT

2 Z
) - cos? ¢+ sin? q’)}

o |s

fi ={(

g =1+{o.uo.ss-(%)z}-(l.—sinqﬁ)z

M, =1.13-0.09- (3)

et a2
t c {

2

]

H2 =I+G21'(‘?“)+G22'(}"’)

Gy - _1.22-0.120(3)
c

a 0.75 a
G22 = (.55 - 1.05- (—) +0.47 - (H_)

C C

15

| /
+ cos? ¢ + sin’ ¢}

|

(Al.1-6 a)

(A1.1-6 b)

(AL.1-6 )

(A1.1-6 d)

(Al.1-6¢)

(A1.1-6 P

(AL.1-6 g)

(AL1-6 k)

(A1.1-6 §)

(A1.1-6 )

(A1.1-7 a)

2
g=1+ {0.1 +035- (i—) : (g) }-(1 - sing)’ (41.1-7 b)

A~3
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M, = {1+0,04.(£_)}. < AL17¢)
a a
[ 4 |
M, =0.2-(_) | (A1.1-7 d)
a
. c 4
M, = -0.11-(_~) (Al.1-7 ¢)
a
p=02+ (3) +0.6- (%) (A1.1-7 )
C
a a 2
H1 1+G11 (t)-'-GIZ (t) (141.1'78)
2
a a
Hy =1+Gy ‘(?)"'Gzz (?) (Al.1-7 k)
Gy = —~0.04 - 041 - (-E) (A1.1-7 i)
1.5
Gy =055 - 1.93 - (-‘i) +1.38- ( ) (A1.1-7))
a
Gy =-211+0.77 - (E) : (AL1-7 k}
a
c 0.75 c 15
G,y =0.55-0.72- (Z) +0.14- (h) (AL1-7])
a

BB, BUHEY—7 BRI B BT AR DV TR, HASIEoTRDS
NERPRE— 7 6T 2BEREEHW3[AL2].

, |
a a
Fpp= {1 +P,;- (}_) +P,, (?) }Fm ” (A1.1-8)

2
| a o (AL.1-9)
Fpc= 1.+Pc1‘(?)+Pc2'(?) ]'Fm,c

I, REWPyy, Puzs Pops Pl P AT M La/eDBIEE LT, UTOLSICH5Z 5N
5.
0=afc<HIH LT :

2
Py =—2.788 - 2164( )+0800( ) (A1.1-10 a)
C [
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0.5
Py =0.054-2.594- (3) +1.541- (3)
. c

2

P, =1.944 +z.079-(3) -0.679-(3-)
. \c c

c

0.5

P, =-o.702+1.457-(3) -0.464-(3)
c c

c0Sale<IIZHLT:

“

Py = -3.504 —0.648-(3)
C

Pyp = 2.520 +0.824- (-‘-’-)
C

Ppy =~1.151 +0.15z-(-‘5) -
c

Py =0.337 -0.046 - (ﬂ)
C

2

(A1.1-10 b)

(AL1-10 ¢)

(A1.1-10 d)

(ALI-11 a)

(AL1-11 b)

(AL.1-11 ¢)

(Al.1-11 d)
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Al.2 FRISRMTETIR
KRR S REAT BESDFRIC, WA, , TS0, , BUHRY -5,

DIER T 3o ORI A REER, TRATELI 5N 3.
Ky =0y Fp+0y Fy+0o, Fy)\m-a (A1.2-1)

BRSS1, BTSN B IERTIE A GREE,, , Fy 1%, WU TaHEd 37413,

a . 4)3
0.752+2.02+( =) +0.37-(1 - sin#
tang 07 (t) (1 5in6) (A1.2-2)
. Fm = :
o cosf
tand 0.923+0.199-(1 - 5in6)* . |
Fy, = ' (A1.2-3)
o cosf

TIT, O=m uCH D, BB, FROBEGEL,
0 <akh <1

TH5. .
BRE —J 70§ B MUGTIS IR BEIS DV TR, TRBEOEAIS I T2

EABEBOELBERD S, UFDLSIzkDr.
KRS REAEROSAHE o) HIEAT 2 BEOIBHIEAREEE, EAEK We

a) ZRAWTRATEISNS,
K= oo(x)-W(x,a)dx (A1.2-4)

ZEEEIIN T 322G IR BRE Ko &> BREMDM up(x, o) PEATHNIE, B
HEE Wix,0) I, AL RDENB.

E* auref(xJa)
M(x,a)=—— -
(x,a) K, da e
ZZT, B,
FESARIEH L B g
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(A1.2-6)

EEO T ARRBIC LT : E =

THD. SHHIHELE (x>a) TR, T v, (x @) i, RARIHET 2 2 & H—HIcH
EHNTWS. '

41K, f - 4o
U (X,a) = E:f . azxx =E*1?:2_'F,4 ‘Ja(a-x) (A1.2-7)
ZTC, Fy QKRR TERSN BRI RRECH 5.
oo A1.2-8
ref —Ugm ( . )

(A1.2-7)2i3, BIEMRATS L < IEFEBRIC & - T SREEEOEMERD, ISk KBRS
2EMNT SEEIC VIZVIEAWS NS, Petroski-Achenbach [A14]4%, (A1.2-7)% I 18hTE %
MA TR BN S RBEBEU TOLBHIREL .

{‘,me 2% (a—x)°3 +G-q03 -(a—x)”}-ao
uref(x:a) = E* ‘\/E (A1.2-9)

A12-5)ABAL2-HRIRAL, o) ESBEHMa, M LTBL, AL2-RKE, B
PSR RBRK, c MEERDBRERD, RADBONSD.

*

E
K =
Tk da

ou,..r{x,a
'J:o'ref(x)' mf( )dx

ref

ou ¢ (x,a)

Koy’ =0," Fop? ma=E ‘j:"ref(x)' P

| o,
o’ -Jr-J:Frefz -ada =E -j;a,ef(x)-u,ef(x,a)dx (A1.2-10)

(A1.2-9)K Z2(A1.2-10)RIRAT B L ; EANEERL S A7 B DB INEDIER MG EED 5
7=HORADPELNS.

G = (11 _4Fref '\/E.IZ)”J;

2 l (A1.2-11)
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I,

, .
IJ =0dp .EJE.‘I:Frd -ada (Al1.2-]12 a)
I, = j: Orep (%) -Na - xds | \ . (AL2-12b)
I3 =J:0ref(x)2 '(a - x)l-jdx (A1.2-12 ¢)

TH3. O )=cy (—%) DJEHWE, (AL1.2-12 b}, (A1.2-12 ORBBRITHEOTET, &
XPFE5N 3. |

20

Sn '
Frefz ) ada __3__Fref m1.2'13)

G=——-
aZ-JE 0

D3I Ltﬁ{m%;ﬁﬁfﬁﬁﬁﬁzmz@)ﬁ&wﬁa‘ 5TLPTED. (A12-9E(A1.2-6)
ARATEERADPESNSB.

2

2 uEe '
o) e’ (A1.2-14)

CZT, mx, a) &, HEATEABEBTHY, WATEHELIONS.

W(x,a)=

2

X d a X a X
w(—,—)=1+ w1(—)°(1 ——) + Wz(—)°(1 —-) (A1.2-15)
at f a 4 a
a 2F ' ¢ 3G
wi(—)=1+ —+
P AT (41.2-16 0
a ¢ a G
wy(—)= : (A1.2-16 b)

t' 2F t 4F,

JE s A7 c:%ﬁ%3ﬁmﬁﬁﬁﬁbﬁﬁ{%%‘zﬁﬁml.z-viw%Eﬁﬁﬁlﬁef ELUTAL2- IR BLY
(A1.2-16)ic & b,

0 <a/t <09

DU TEABB W, , w, ORIEEERD, “hoESERENT B2 Ll LD, Rtz

A—38
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B3,

wl(i:— )=0.673 +19.74-(ft-‘- )2 _15.09 -(-‘;— ) +68.49-(i:- )8 (A1.2-17 a)
a a .z a .4 a 8.
Wo(5) =0121-1.035-(7) +43.50-()* +52L1(%) (41.2-17 b)

AL2-17) RO =N, WS TREARIEROBHAHDE U 3 B0
KRB, AL2-)RDORDBZ LBTE S, BUREY — 7 IS T BRI
KIGHF, 1,

a\? 6a (. 2a [ 6a a2

F, =6°(-—-) -F2+_-(1__)‘F1+{1———+6'(—) }'Fo (A1.2-18)
t t H t !

T,
w, w '
7 F0=1+—3—1+—52— (AL.2-19 o)
F _i+ﬂ+&
1=t (A1.2-19 b)
I w; w, _
FO =§+7+—§“ (AI.2"19 C)

(A12-2), (A12-3)BLUVAL1.2-18)KDE % Table AL2-1ITRT .
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A1.3 Bl &R & EIR
HB S RN SR LR, TS hBLTHIRE -7 DR BERETE 3
DET 5. ,
RI2cOEBEREE T BiE2w, EXOFHIIHN T 2 HILAREK, &, XX TEHZ

5h3.
Ke =0, 'F, Jx:c : (Al.3-1)

$ﬁ¢%®§ﬁ%%tﬁ?%%&ﬁﬁﬁ%k%ﬁ@ﬁ,&ﬁmﬁofﬁﬁﬁamnm

ToC
F = _[sec| —— Al.3-21
n V ( 2w ) , ( )

22T, METROETHS. kB, FRAOEAKEL,
e/ w < 1
<%,

[Z3E 3]

{Al.1] J.C.Newman, Jr. and 1S.Raju, Stress-Intensity Factor Equations for Cracks in Three
Dimensional Finite Bodies Subjected to tension and bending Loads, NASA Technical Memorandum
83793, April 1984.

[AL2] HEBIEH], REBGREIZ X BT ALRB DN, HAEMES (No.900-2) FEF
ER—E DIENT L T —EESEA (1990.01.17, FEH) .

[AL13] PgHah.e, TERIGISEEAFT , BZBEE, 1976. |
[AL4] HJ.Petroski and J.D.Achenbach, Computation of the Weight Function from a Stress
Intensity Factor, Engineering Fracture Mechanics, Vol.10. 1978, pp.257-266.
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Table A1.2-1 Non-dimensional Stress Intensity Factors for the Edge Crack on a Plate

aft 0.0 1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
F, 0.000 | 1.196 | 1367 | 1655 | 2108 | 2827 | 4.043 | 6376 | 11.993 | 34.719
F, 0.000 | 1.041 1035 1.098 | 1.234| 1.475| 1898 | 2716 | 4.67¢4 | 12.469
F, 1.222 | 0.799 | 0567 | 039 | 0269 | 0.180 | 0.133 | 0147 | 0.301 1132
o
/f{ ¢ Aﬂﬂ b >
\, B (11NN + + ')\ 1{'
S W 4 o, /2
- O"b
(a) Acutual stress  (b) Membrane siress  (c) Bending stress  (d) Parabolic stress
distribution

Fig.Al.1-1 Membrane, bending and parabolic stresses
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A2. BhEHERTEMAE
2.1 NEBLE¥EARESRTIHE
WEICHRE e, RE2cOEFARMMEREH T DHEER, REDMEI, BitHg, ,
TS0, , BYPRRE—2 60, BIERT 2BE0BIIHARKE, XX T5ZX5h 3.

Kq= (om Fpa+0pFyato, ‘FP,A)“\/J!."’a (A2.1-1 a)
Kc = ("m ‘Fc +0y Fycto, 'Fp,c)'*/“ a (A2.1-1 b)

Foa > Fpa s Fpp s Fyc s Fyo s Fpo WIRBSTSHIARETH Y, HRBHICXBZUTO
EZEHRT 5. '

HRESE, NERAREEAREEHEBETIABIIRLTS A M)y 7 RERER
Wi 2RI L, FigA21-IORY &5 R SREIEROAMMHEDEAT 25460, SR
BOBHIAFRERFE LT T~y R—2 b UE[ALY. RFHTR, AF—FR—2 %
b LT, BB - BT3B X BB Y — 2 509 B R TTIS 3K R E Table
A21- IDEBHBEL, ChEHEATIZL2HET S, Table A2.1-1OBREHI ;
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Table A2.1-1 Non-dimensional Stress Intensity Factors for Circumferential Semi-elliptical Crack on the Inner Surface of a Cylinder

(a)R/t=10.0

Fm,A . Qa.s Fm,C . (cha) 0.5

B B 0.0 0.1 0.2 0.4 0.6 0.8 I3 0.0 0.1 0.2 04 0.6 0.8
0.0 | 1.1200 | 1.1420 | 1.2170 | 1.5500 | 2.0400 | 2.6740 0.0 | 0.9658 | 1.1298 | 1.2938 | 1.4600 | 1.7128 | 1.9650
0.2 | 1.0720 | 1.0906 | 1.1092 | 1.2914 | 1.4467 | 1.6542 0.2 | 0.9658 | 1.1298 | 1.2938 | 1.4600 | 1.7128 | 1.9650
0.4 | 0.9343 | 1.0151 | 1.0959 | 1.1666 | 1.2483 | 1.3316 0.4 | 1.0683 | 1.1493 | 1.2303 | 1.3713 | 1.5557 | 1.7579
0.6 { 0.8505 | 0.9531 | 1.0557 | 1.1028 | 1.1574 | 1.2026 0.6 | 0.9053 | 1.0250 | 1.1447 | 1.2510 | 1.4244 | 1.5675
1.0 | 0.8646 | 0.9000 | 0.9354 | 1.0434 | 1.0709 | 1.1089 1.0 | 0.9621 | 0.9725 | 0.9829 | 1.1430 | 1.2223 | 1.3334

Fpa Q% Fyc *(Qcla) |

Tyl o0 0.1 0.2 0.4 0.6 0.8 Ty 0.0 0.1 0.2 0.4 0.6 0.8
0.0 | 1.1200 | 1.0090 | 0.9360 | 0.8830 { 0.8140 | 0.6000 0.0 | 0.9658 | 1.1000 | 1.2378 | 1.2883 | 1.3875 | 1.3967
0.2 | 1.0720 | 0.9645 | 0.8436 | 0.7002 | 0.4844 | 0.2086 0.2 | 0.9658 | 1.1000 | 1.2378 | 1.2883 | 1.3875 | 1.3967
04 | 0.9343 | 0.8902 | 0.8280 | 0.5985 | 0.3526 | 0.0470 04 | 1.0683 | 1.1129 | 1.1514 | 1.1857 | 1.2121 | 1.2111
0.6 | 0.8505 | 0.8306 | 0.7854 | 0.5373 | 0.2757 }-0.0384 0.6 | 0.9053 | 0.9912 | 1.0681 | 1.0755 | 1.1077 | 1.0876
1.0 | 0.8646 | 0.7741 | 0.6763 | 0.4624 | 0.1736 |-0.1467 1.0 1 0.9621 | 0.9401 | 0.9155 | 0.9868 | 0.9644 | 0.9526

Fou Q% Fyc ~(Qcla)

B 0.0 0.1 0.2 0.4 0.6 0.8 IZ 0.0 0.1 0.2 0.4 0.6 0.8
0.0 | 1.1200 | 0.7730 | 0.4490 | 0.1200 |-0.1190 |-0.2180 0.0 | 0.9658 | 1.4290 | 1.1349 | 1.0158 | 0.9524 | 0.8016
0.2 | 1.0720 | 0.7399 | 0.4325 | 0.0383 |-0.1799 |-0.1830 0.2 | 0.9658 | 1.4290 | 1.1349 | 1.0158 | 0.9524 | 0.8016
04 | 0.9343 | 0.6685 | 0.4128 {-0.0209 |-0.2200 |-0.1855 0.4 | 1.0683 | 1.0437 | 1.0102 | 0.8964 | 0.7666 | 0.6428
0.6 | 0.8505 | 0.6142 | 0.3706 |-0.0637 |-0.2490 }|-0.1921 0.6 | 0.9053 | 0.9271 | 0.9316 | 0.8045 | 0.6993 | 0.5858
1.0 | 0.8646 | 0.5528 | 0.2844 |-0.1341 |-0.3055 |-0.2061 1.0 | 0.9621 | 0.8789 | 0.7962 | 0.7446 | 0.6266 | 0.5390
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Table A2.1-1(contd.) Non-dimensional Stress Intensity Factors for Circumferential Semi-elliptical Crack on the Inner Surface of a Cylinder

(b)R/t=5.0

Fos ,Qo.s ijc - (Qcla) 0.5

T3 0.0 0.1 0.2 0.4 0.6 08 | '~ 00 0.1 0.2 0.4 0.6 0.8
0.0 ]| 1.0330 | 1.1330 | 1.2160 | 1.4430 | 1.7510 | 2.2340 0.0 | 0.9730 | 1.1281 | 1.2832 | 1.4064 | 1.5682 | 1.8216
0.2 } 1.0751 | 1.0852 | 1.0953 | 1.2429 | 1.3706 | 1.6074 0.2 | 0.9730 | 1.1281 | 1.2832 | 1.4064 | 1.5682 | 1.8216
0.4 |1 09362 | 1.0122 | 1.0882 | 1.1448 | 1.2220 | 1.3352 0.4 1 1.0712 | 1.1477 | 1.2242 | 1.3415 | 1.4664 | 1.6270
0.6 | 0.8513 | 0.9520 | 1.0527 | 1.0930 | 1.1465 | 1.2224 0.6 | 0.9063 | 1.0238 | 1.1413 | 1.2345 | 1.3839 | 1.5034
1.0 | 0.8645 | 0.9009 | 0.9373 | 1.0464 | 1.0784 | 1.1329 10| 0.9630 | 0.9722 | 0.9814 | 1.1371 | 1.2095 | 1.3034

Fups Q% Fyc *(Qcla) ™

i e Ny 0.0 0.1 02 0.4 0.6 0.8 D 0.0 0.1 0.2 04 0.6 0.8
0.0 | 1.0330 | 0.9630 | 0.8940 | 0.7600 | 0.6010 | 0.3710 0.0 | 0.9730 | 1.0984 | 1.2286 | 1.2485 | 1.2976 | 1.3242
0.2 | 1.0751 | 0.9595 | 0.8315 | 0.6643 | 0.4356 | 0.1813 0.2 1 0.9730 | 1.0984 | 1.2286 | 1.2485 | 1.2976 | 1.3242
0.4 ]| 0.9362 | 0.8873 | 0.8211 | 0.5818 | 0.3327 | 0.0404 0.4 10712 | 1.1113 | 1.1461 | 1.1632 | 1.1528 | 1.1360
0.6 | 0.8513 |} 0.8295 | 0.7825 | 0.5290 | 0.2660 |-0.0367 0.6 | 0.9063 | 0.9900 | 1.0651 | 1.0628 | 1.0805 | 1.0460
1.0 | 0.8645 | 0.7748 | 0.6776 | 0.4625 | 0.1731 |-0.1454 1.0 | 0.9630 | 0.9397 | 0.9141 | 0.9817 | 0.9545 | 0.9282

Fou Q% Fyc *(Qcla) > |

TZ/] 0.0 0.1 0.2 0.4 0.6 0.8 TGy 00 0.1 0.2 0.4 0.6 0.8
0.0 } 1.0330 | 0.7910 | 0.4940 | 0.0470 |-0.1670 1-0.2040 0.0 | 0.9730 | 1.0415 | 1.1281 | 0.9955 | 0.9296 | 0.7892
0.2 | 1.0751 | 0.7354 | 0.4236 | 0.0203 |-0.1959 }-0.2071 0.2 109730 | 1.0415 |} 1.1281 | 0.9955 | 0.9296 | 0.7892
0.4 | 0.9362 | 0.6660 | 0.4075 {-0.0300 |-0.2255 |-0.1909 0.4 | 1.0712 | 1.0423 | 1.0061 | 0.8845 | 0.7439 | 0.6237
0.6 | 0.8513 | 0.6131 | 0.3680 {-0.0692 -0.2545 |-0.1897 0.6 | 0.9063 | 0.9261 | 0.9292 | 0.7972 | 0.6882 | 0.5717 |
1.0 | 0.8645 | 0.5532 | 0.2846 {-0.1367 |-0.3080 |-0.2030 1.0 | 0.9630 | 0.8786 | 0.7949 | 0.7410 | 0.6210 | 0.5275
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Table A2.1-1(contd.) Non-dimensional Stress Intensity Factors for Circumferential Semi-elliptical Crack on the Inner Surface of a Cylinder

(c)R/t=25

Fos .Qo.: F,.c " (Qcla) 0.5

I3 0.0 0.1 0.2 04 0.6 0.8 N 0.0 0.1 0.2 04 0.6 0.8
0.0 | 1.1270 | 1.1330 | 1.1690 | 1.3110 | 1.5210 | 1.9240 0.0 | 0.9840 | 1.1249 | 1.2658 | 1.3407 | 1.4600 | 1.5733
0.2 } 1.0785 | 1.0753 | 1.0721 | 1.1808 | 1.3045 | 1.6294 0.2 ] 09840 | 1.1249 | 1.2658 | 1.3407 | 1.4600 | 1.5733
0.4 0.9383 | 1.0065 | 1.0747 | 1.1131 | 1.1846 | 1.3759 0.4 | 1.0755 | 1.1444 | 1.2133 | 1.2969 | 1.3900 | 1.5219
0.6 | 0.8530 | 0.9499 | 1.0468 | 1.0785 | 1.1358 | 1.2624 0.6 | 09085 | 1.0214 | 1.1343 | 1.2080 | 1.3264 | 1.4216
1.0 { 0.8639 | 0.9025 | 0.9411 | 1.0529 | 1.0947 ‘| 1.1878 1.0 |1 0.9644 | 0.9715 | 0.9786 | 1.1272 | 1.1900 | 1.2802

Fps Q" Fyc - (Qcla) ™

=< 0.0 0.1 0.2 04 0.6 0.8 Iyl 0.0 0.1 0.2 04 0.6 0.8
0.0 | 1.1270 | 0.9610 | 0.8530 | 0.6640 | 0.4770 | 0.2440 0.0 | 0.9840 | 1.0954 | 1.2133 | 1.1992 | 1.2361 | 1.1810
02| 1.0785 | 0.9502 | 0.8113 | 0.6174 | 0.3893 | 0.1795 0.2 | 0.9840 | 1.0954 | 1.2133 | 1.1992 | 1.2361 | 1.1810
04| 09383 | 0.8820 } 0.8091 | 0.5570 { 0.3061 | 0.0425 0.4 | 1.0755 | 1.1083 | 1.1364 | 1.1294 | 1.1046 | 1.0692
0.6 | 0.8530 | 0.8274 | 0.7768 | 0.5162 | 0.2536 }|-0.3440 0.6 | 0.9085 | 0.9878 | 1.0588 | 1.0421 | 1.0409 | 0.9921
1.0 | 0.8639 | 0.7761 | 0.6800 | 0.4634 | 0.1740 |-0.1406 1.0 1 0.9644 | 0.9391 | 0.9113 | 0.9732 | 0.9384 | 0.9085

Fo, - Qa.s F,c *(Qcla) 0.5 |

T/l 00 0.1 0.2 0.4 0.6 0.8 T~y 0.0 0.1 0.2 0.4 0.6 0.8
0.0 | 1.1270 | 0.6630 | 0.4250 | 0.0340 |-0.1920 -0.20_50 0.0 | 0.9840 | 1.0388 | 1.1166 | 0.9695 | 0.9021 | 0.7536
02 | L.0785 | 0.7273 | 0.4086 |-0.0041 |-0.2144 |-0.2043 02109840 | 1.0388 | 1.1166 | 0.9695 | 0.9021 | 0.7536
0.4 | 0.9383 | 0.6612 | 0.3981 |-0.0440 |-0.2402 |-0.2010 0.4 | 1.0755 | 1.0396 | 0.9988 | 0.8660 | 0.7272 | 0.6018
0.6 | 0.8530 | 0.6110 | 0.3628 |-0.0782 |-0.2633 |-0.2051 0.6 | 0.9085 | 0.9241 | 0.9242 | 0.7850 | 0.6707 | 0.5514
1.0 | 0.8639 | 0.5540 | 0.2850 |-0.1412 |-0.3155 1-0.2203 1.0 | 0.9644 | 0.8779 | 0.7924 | 0.7347 | 0.6108 | 0.5159
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Table A2.1-1(contd.) Non-dimensional Stress Intensity Factors for Circumferential Semi-elliptical Crack on the Inner Surface of a Cylinder
| (d)R/t=1667

Fo ,Qos F,.c*(Ocla) 0.5 .

D 0.0 0.1 0.2 0.4 0.6 0.8 =y 00 0.1 0.2 04 0.6 0.8
0.0 | 1.1360 } 1.1240 | 1.1400 | 1.2460 | 1.4270 | 1.8110 0.0 | 0.0991 | 1.1219 | 1.2529 | 1.3040 | 1.3950 | 1.4828
0.2 | 1.0789 | 1.0663 | 1.0537 | 1.1444 | 1.2779 | 1.6567 0.2 | 0.0991 | 1.1219 | 1.2529 | 1.3040 | 1.3950 | 1.4828
0.4 ) 09388 | 1.0011 | 1.0634 | 1.0916 | 1.1718 | 1.4277 0.4 | 1.0785 | 1.1412 | 1.2039 | 1.2662 | 1.3389 | 1.4697
0.6 | 0.8542 | 0.9479 | 1.0416 | 1.0691 | 1.1343 | 1.3096 0.6 | 09104 | 1.0191 | 1.1278 | 1.1911 } 1.2918 | 1.3846
1.0 | 0.8648 | 0.9048 | 0.9448 | 1.0594 | 1.1081 | 1.2378 1.0 1 0.9686 | 0.9722 | 0.9758 | 1.1195 | 1.1745 | 1.2658

Fps Q" Fyc (Qcla) ™ N

Iyl 00 0.1 0.2 0.4 0.6 0.8 Ny 0.0 0.1 0.2 0.4 0.6 0.8
0.0 | 1.1360 | 0.9500 | 0.8280 | 0.6210 | 0.4260 | 0.1970 0.0 0.0991 | 1.0925 | 1.2021 | 1.1725 | 1.1850 | 1.1121
0.2 | 1.0789 | 0.9417 | 0.7952 | 0.5890 | 0.3655 | 0.2958 0.2 | 0.0991 | 1.0925 | 1.2021 | 1.1725 | 1.1850 | 1.1121
0.4 | 0.9388 | 0.8769 | 0.7989 | 0.5396 | 0.2928 | 0.0471 0.4 ) 1.0785 | 1.1053 | 1.1282 | 1.1059 | 1.0701 | 1.0337
0.6 | 0.8542 | 0.8254 | 0.7718 | 0.5072 | 0.2468 }|-0.0294 0.6 | 0.9104 | 0.9856 | 1.0530 | 1.0288 | 1.0162 | 0.9624
1.0 | 0.8648 | 0.7780 | 0.6823 | 0.4646 | 0.1741 |-0.1365 1.0 | 0.9686 | 0.9396 | 0.9086 | 0.9663 | 0.9254 | 0.8913

Fou 0% | Foc " (Qc/a)

i g 0.0 0.1 0.2 0.4 0.6 0.8 i PN 0.0 0.1 0.2 0.4 0.6 0.8
0.0 | 1.1360 | 0.6710 | 0.4080 { 0.0130 |-0.2010 |-0.2080 0.0 | 0.0991 | 1.0362 | 1.1081 | 0.9568 | 0.8840 } 0.6914
0.2 | 1.0789 | 0.7198 | 0.3963 |-0.0203 |-0.2280 |-0.1566 | 0.2 | 0.0991 | 1.0362 | 1.1081 | 0.9568 | 0.8840 0.6914
0.4 | 0.9388 | 0.6566 | 0.3901 |-0.0544 |-0.2491 |-0.2129 0.4 ]| 1.0785 | 1.0369 | 0.9924 | 0.8527 | 0.7129 | 0.5882
0.6 | 0.8542 | 0.6091 | 0.3582 |-0.0854 |-0.2706 |-0.2149 0.6 1 0.9104 | 0.9221 | 0.9195 | 0.7769 | 0.6588 | 0.5366
1.0 | 0.8648 | 0.5553 | 0.2853 |-0.1450 |-0.3226 {-0.2299 1.0 ) 0.9686 | 0.8783 | 0.7899 | 0.7292 | 0.6022 | 0.5039
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Table A2.2-1 Non-dimensional Stress Intensity Factors for Circumferential Semi-elliptical Crack on the Outer Surface of a Cylinder

(a)R/t=10.0
Foa .Qo.s Fm,c'QM

NG/ 0.0 0.1 0.2 0.4 0.6 0.8 S XY 0.1 02 0.4 0.6 0.8
0.2 1.0683 | 1.1005 | 1.1327 | 1.3773 | 1.6439 | 1.9654 0.2 0.4285 | 0.5061 | 0.5837 | 0.6765 | 0.8331 | 0.9899
0.4 0.9320 | 1.0206 | 1.1092 .| 1.2049 | 1.3256 | 1.4221 0.4 0.6743 | 0.7286 | 0.7829 | 0.8886 | 1.0444 | 1.2340
0.6 0.8489 | 0.9551 | 1.0613 | 1.1192 | 1.1875 | 1.2240 0.6 0.7003 | 0.7956 | 0.8909 | 0.9839 | 1.1434 | 1.2974
1.0 0.8656 | 0.8983 | 0.9310 | 1.0353 | 1.0586 | 1.0751 1.0 0.9610 | 0.9730 | 0.9850 | 1.1489 | 1.2377 | 1.3656

Fb'A - Q 0.5 F b’c - Q 0.5 .

NG 00 0.1 0.2 0.4 0.6 0.8 YN/ 00 0.1 0.2 0.4 0.6 0.8
0.2 1.0683 | 0.9738 | 0.8640 | 0.7633 | 0.6051 | 0.3693 0.2 0.4285 | 0.4928 | 0.5580 | 0.5938 | 0.6629 | 0.6851
0.4 0.9320 | 0.8954 | 0.8398 | 0.6279 | 0.4037 | 0.1057 0.4 0.6743 | 0.7054 | 0.7325 | 0.7662 | 0.8055 | 0.8318
0.6 0.8489 | 0.8326 | 0.7908 | 0.5516 | 0.2998 |-0.0113 0.6 0.7003 | 0.7693 | 0.8311 | 0.8449 | 0.8853 | 0.8906
1.0 0.8656 | 0.7727 | 0.6735 | 0.4608 | 0.1765 |-0.1380 1.0 0.9610 | 0.9406 | 0.9176 | 0.9924 | 0.9773 | 0.9764

Fou+0 0.5 | F,cQ 05 |

TG 00 0.1 0.2 0.4 0.6 0.8 TNl 0.0 0.1 0.2 0.4 0.6 0.8
0.2 1.0683 | 0.7479 | 0.4475 | 0.0693 |-0.1455 |-0.1582 0.2 0.4285 | 0.4672 | 0.5110 | 0.4636 | 0.4399 | 0.3722
04 0.9320 | 0.6731 | 0.4221 |-0.0048 {-0.2020 }-0.1699 0.4 0.6743 | 0.6615 | 0.6423 | 0.5760 | 0.4987 | 0.4211
0.6 | 0.8489 | 0.6161 | 0.3755 {-0.0539 |-0.2371 |-0.1802 0.6 0.7003 | 0.7195 | 0.7247 | 0.6305 | 0.5535 | 0.4679
1.0 0.8656 | 0.5520 | 0.2838 |-0.1296 |-0.2938 [-0.1936 1.0 0.9610 | 0.8795 | 0.7983 | 0.7494 | 0.6350 | 0.5506
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Table A2.2-1(contd.) Non-dimensional Stress Intensitj Factors for Circumferential Semi-élliptical Crack on the Outer Surface of a Cylindei

_ (b)R/t=5.0

Fopa -Q% . F,c *(Qcla) *3

NG/ 0.0 0.1 0.2 0.4 0.6 0.8 N/ 0.0 0.1 0.2 0.4 0.6 0.8
0.2 1.0699 | 1.1039 | 1.1379 | 1.3805 | 1.6487 | 1.9931 0.2 0.4298 | 0.5061 | 0.5824 | 0.6598 | 0.7602 | 0.8730
0.4 0.9325 | 1.0226 | 1.1127 | 1.2096 | 1.3424 | 1.4639 0.4 0.6752 | 0.7290 | 0.7828 | 0.8818 | 1.0098 | 1.1765
0.6 0.8489 | 0.9558 | 1.0627 | 1.1205 | 1.1921 | 1.2472 0.6 0.7006 | 0.7961 | 0.8916 | 0.9805 | 1.1307 | 1.2750
L0 0.8663 | 0.8976 | 0.9289 | 1.0295 | 1.0509 | 1.0651 1.0 0.9609 | 0.9731 | 0.9853 | 1.1463 | 1.2309 | 1.3449

Fypa Q" - Fc *(Qcla) ™

I3y 00 0.1 0.2 04 0.6 0.8 I3/ 00 0.1 0.2 0.4 0.6 0.8
0.2 1.0699 | 0.9769 | 0.8685 | 0.7657 | 0.6067 | 0.3854 0.2 0.4298 | 0.4927 | 0.5570 | 0.5817 | 0.6190 | 0.6319
04 0.9325 | 0.8972 | 0.8430 | 0.6319 | 0.4136 | 0.1299 0.4 0.6752 | 0.7059 | 0.7325 | 0.7615 | 0.7831 | 0.8014
0.6 0.8489 | 0.8332 | 0.7923 | 0.5535 | 0.3048 | 0.0062 0.6 0.7006 | 0.7697 | 0.8319 | 0.8428 | 0.8782 | 0.8785
1.0 0.8663 | 0.7721 | 0.6720 | 0.4583 | 0.1764 |-0.1317 1.0 0.9609 | 0.9407 | 0.9180 | 0.9909 | 0.9742 | 0.9639

Fpu Q% Fpe *(Qcla) ™

TN 00 0.1 0.2 0.4 0.6 0.8 I/ 00 0.1 0.2 0.4 0.6 0.8
0.2 1.0699 | 0.7507 | 0.4508 | 0.0704 |-0.1466 |-0.1743 0.2 0.4298 | 0.4671 | 0.5103 | 0.4580 | 0.4304 | 0.3691
0.4 0.9325 | 0.6748 | 0.4247 {-0.0022 |-0.1959 |-0.1650 0.4 0.6752 | 0.6619 | 0.6423 | 0.5741 | 0.4912 | 0.4160
0.6 0.8489 | 0.6168 | 0.3770 |-0.0518 |-0.2338 |-0.1683 0.6 0.7006 | 0.7199 | 0.7254 | 0.6301 | 0.5525 | 0.4664
1.0 0.8663 | 0.5516 | 0.2833 |-0.1285 |-0.2900 |-0.1802 1.0 0.9609 | 0.8796 | 0.7988 | 0.7494 | 0.6356 | 0.5477
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Table A2.2-1(contd.) Non-dimensional Stress Intensity Factors for Circumferential Semi-elliptical Crack on the Outer Surface of a Cylinde;

(c)R/t=25
Fra Q" F e “(Qcla) ™
SING/| 00 0.1 0.2 0.4 0.6 0.8 TGy 0.0 0.1 0.2 0.4 0.6 0.8
02 | 1.0719 | 1.1094 | 1.1469 | 1.3929 | 1.6849 | 2.1515 0.2 | 0.4315 | 0.5059 | 0.5803 | 0.6370 | 0.7104 | 0.7279
0.4 |0.9329 | 1.0257 | 1.1185 | 1.2195 | 1.3634 | 1.5500 0.4 | 0.6766 | 0.7296 | 0.7826 | 0.8720 | 0.9893 | 1.1252
0.6 | 0.8489 | 0.9568 | 1.0647 | 1.1232 | 1.2015 | 1.2768 0.6 | 07013 | 0.7968 | 0.8923 | 0.9753 | 1.1119 | 1.2408
1.0 .| 08675 | 0.8964 | 0.9253 | 1.0200 | 1.0372 | 1.0503 1.0 | 0.9609 | 0.9733 | 0.9857 | 1.1423 | 1.2195 | 1.3324
Fua-Q% _ Fuc(Qca)®
TG/ 00 0.1 0.2 0.4 0.6 0.8 TNy 00 0.1 0.2 0.4 0.6 0.8
02 | 1.0719 | 0.9821 | 0.8762 | 0.7744 | 0.6261 | 0.5559 02 | 04315 | 0.4926 | 0.5552 | 0.5653 | 0.5896 | 0.5396
04 | 0.9329 | 0.9002 | 0.8483 | 0.6400 | 0.4294 | 0.1776 0.4 | 0.6766 | 0.7065 | 0.7323 | 0.7546 | 0.7725 | 0.7747
0.6 | 0.8489 | 0.8343 | 0.7944 | 0.5570 | 0.3142 | 0.0312 0.6 | 0.7013 | 0.7705 | 0.8325 | 0.8395 | 0.8677 | 0.8618
1.0 | 08675 | 0.7711 { 0.6695 | 0.4544 | 0.1759 |-0.1194 1.0 | 09609 | 0.9409 | 0.9185 | 0.9887 | 0.9687 | 0.9621
Fp,A . Qa.s Fp,C - (Ocla) 0.5
oYl 0.0 0.1 0.2 0.4 0.6 0.8 N/ oo 0.1 0.2 0.4 0.6 0.8
0.2 | 1.0719 | 0.7552 | 0.4564 | 0.0742 |-0.1441 |-0.1161 0.2 | 04315 | 0.4670 | 0.5091 | 0.4502 | 0.4211 | 0.3244
04 [0.9329 | 0.6775 | 0.4289 | 0.0026 |-0.1927 |-0.1563 0.4 | 0.6766 | 0.6624 | 0.6424 | 0.5713 | 0.4905 | 0.4121
0.6 |0.8489 | 0.6179 | 0.3792 |-0.0483 |-0.2281 |-0.1670 0.6 | 0.7013 | 0.7206 | 0.7261 | 0.6293 | 0.5508 | 0.4651
1.0 | 0.8675 | 0.5509 | 0.2825 {-0.1267 |-0.2836 |-0.1779 1.0 | 0.9609 | 0.8798 | 0.7995 | 0.7495 | 0.6361 | 0.5522
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Table A2.3-1 Non-dimensional Stress Intensity Factors Jor Circular Crack on the Inner Surface of a Cylinder

Rt aft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
F, 1.1200 | 1.1420 | 1.2170 | 1.3835 | 1.5500 | 1.7950 | 2.0400 | 2.3240 | 2.6740 | 3.2740
10.0 F, 1.1200 | 1.0090 | 0.9360 | 0.9095 | 0.8830 | 0.8485 | 0.8140 | 0.7260 | 0.6000 | 0.4500
F, 1.1200 | 0.7730 | 0.4990 | 0.3095 | 0.1200 | 0.0005 |-0.1190 |-0.1970 | -0.2180 | -0.1020
F, 1.1200 | 1.1580 | 1.2530 | 1.3920 | 1.5680 | 1.7790 | 2.0250 | 2.2710 | 2.5170 | 2.7630
9.0 F, 11200 | 1.0178 | 0.9576 | 0.9170 | 0.8820 | 0.8440 | 0.7962 | 0.7484 | 0.7006 | 0.6528
F, 1.1200'| 0.7696 | 0.5009 | 0.2846 | 0.1092 | -0.0269 |-0.1194 | -0.2119 | -0.3044 | -0.3969
F,, 1.1200 | 1.1380 | 1.1980 | 1.2861 | 1.3969 | 1.5291 | 1.6880 | 1.8469 | 2.0058 | 2.1647
4.0 F, 1.1200 | 0.9994 | 0.9112 | 0.8355 | 0.7625 | 0.6859 | 0.6030 | 0.5201 | 0.4372 | 0.3543
F, 1.1200 | 0.7541 | 0.4688 | 0.2397 | 0.0585 | -0.0759 | -0.1624 | -0.2489 | -0.3354 | -0.4219
F, 1.1200 | 1.1190 | 1.1500 | 1.2030 | 1.2750 | 1.3660 | 1.4880 | 1.6100 | 1.7320 | 1.8540
2.3333 F, 11200 | 0.9819 | 0.8708 | 0.7716 | 0.6774 | 0.5834 | 0.4870 | 0.3906 | 0.2942 | 0.1978
F, 1.1200 | 0.7393 | 0.4409 | 0.2044 | 0.0226 | -0.1071 | -0.1870 | -0.2669 | -0.3468 | -0.4267
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Table A2.4-1 Non-dimensional Stress Intensity Factors for Circular Crack on the Outer Surface of a Cylinder

04

R/t aft 0.0 0.1 0.2 0.3 0.5 0.6 0.7 0.8 0.9
F, 1.1248 | 1.1735 | 1.2846 | 1.4425 | 1.6406 | 1.8782 | 2.1529 | 2.4276 | 2.7023 | 2.9770
9.0 F, 1.1110 | 1.0320 | 0.9844 | 0.9561 | 0.9328 | 0.9072 | 0.8673 | 0.8274 | 0.7875 | 0.7476
F, 1.0838 | 0.7815 | 0.5193 | 0.3065 | 0.1309 |-0.0065 |-0.1055 | -0.2045 {-0.3035 | -0.4025
, F, 1.1245 | 1.1692 | 1.2608 | 1.3815 | 1.5328 | 1.7090 | 1.9179 | 2.1268 | 2.3357 | 2.5446
4.0 F, 1.1107 | 1.0281 | 0.9642 | 0.9112 | 0.8572 | 0.7988 | 0.7321 | 0.6654 | 0.5987 | 0.5320
F, 1.0836 | 0.7782 | 0.5056 | 0.2817 | 0.0985 | -0.0421 |-0.1365 | -0.2309 | -0.3253 | -0.4197
F, 1.1241 | 1.1680 | 1.2471 | 1.3498 | 1.4752 | 1.6268 | 1.8180 | 2.0092 | 2.2004 | 2.3916
2.3333 F; 1.1104 | 1.0270 | 0.9527 | 0.8846 | 0.8166 | 0.7458 | 0.6718 | 0.5978 | 0.5238 | 0.4498
F 1.0831 | 0.7774 | 0.4978 | 0.2666 | 0.0805 | -0.0600 |-0.1536 | -0.2472 | -0.3408 | -0.4344
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A3. Bi7TIR S BT S PR
A3l PEES A AEFIRE & R &
REa, RX2cOMNEHM FHLAEFIRE SR EH T 5P1LER, RED MG, BitHo, ,
TS0, » BURY -2 550, BPEAT 2BAOBATLARKE, RATEX I 3.

Ky =(0 Fpp+ 0y Fy 440, F, ) Jna (43.1-1 a)
K¢ = (Gm “Foc +0y Fycoto, 'Fp,c)' N7 a (A3.1-1 b)

BERTTCSTIERIRELF 4 5 Fya 5 Fpp > Fpe s Foos Fpe ICDWTI, BTFICRTRajul
NewmanlZ & 5fZ2FHW5. |

Rajué Newmanld, FIFSNEOEG FEBMAREESRICONT, NSA M) v I RERE
R AR, SHECO~IROEHLANHEZ SN EBEOBHIEAREIEETR LR
[A3.1].

Fpp O =Gou (A3.1-2 @)

Fuc '@ =G | (A3.1-2 b)

Fb,A"\/a':GO,A ‘2'%'G1,A (A3.1-3 a)

Fyc'NQ =Goc =27Gy (A3.1-3 b)
a a 2

Fp,A'\/E“GO,A "6'?'G1,A +6'(7) "Gaa (A3.1-4 a)
a a 2

F,c 0 =Gy —6‘?'G1,c +6‘(?) Gy (A3.1-4 b

ZIT, Gy, ; BEEBRELITEIND. BFm, b, pik, THZNEGS, BMITIESL, B
BME—ITIRACHIBTE 2R, BFA, C, Theh sNETER, SHXRHROM
THBILERT. HEREG, ; BRUEBORER - REBIC B 2 WRTTIHSEAGR
HiE% Table A3.1- 1\ 7R T,

FFETH, ThoDRICRULHREE,
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40 =R/t =100

00 <alt <10
00 <afc =10

DEBICAREH 2 VWEIFT BUTOZLEAZH W3, a/c>0.0NDIFIZ DN T, A3.3
B 7 9 PRl 5 e & BRI T B R IR R REUR[A3.2, A3.3] 2 IV T AMER T o .

2 4
a a
MAI +MA2(?) +MA3‘(—£)
F_, =
mA Jo . (A3.1-5)
2 .
a a a
Foc ={Mc1 "'Mcz‘?'*‘Mcs'(‘t‘) }‘Fm,A'\/; (A3.1-6)
a. a 2
Fb,A ={BAI +BA2'?+BA3'(?) }'Fm,A ) (1431-7)
21
a a .
Fye ={Bc'1 +BC2‘?+BC3'(?) }'Fm,c : (A3.1-8)
a a\?
FP:A ={PA1 +PA2'?+PA3'(?) }Fm,A (1431-9)
. , |
a a
Foc=qFcr+Fea —+Fcz-[—| " Fac (A3.1-10)
t t

PREM,y; » Mys » Mp3 > Mcy s My » Mcs 5 Bay 5 Bay s Bass Bey s Bz s Bes s Pag s
Piys Pys, Poy s Py, Poy D%, Table A3.1-27R Y. |

B, ERECIE, A3.1-2)~@A3.1-H)RIZ L >TEX I BERTISHIEABERIL, 2
DERHVFIEAEICISO ° BENTHB T 2HBEE >V TROENEDDTH S, —BRICHE
DOEAHZRTE, BHEROBEL D ISHBAREEEAE L R 3.
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A3.2 SNENSRSIEFIRE S Bt S A |
W& a, RE2cONEMA IS FIRE S REA T BRLER, WEO MG, Bi5Ha, ,
WA 0, , B — 2 510, BIERT 2HADBATAREE, KA TELLNE.

KA=(am-Fm,A + 0y, -Fb)A-i-ap-FP’A)-«!x-a (A3.2-1 a)
K¢ = (Gm ‘Fc+0y Fpeto, Fpe ) va-a (A3.2-1b)

BERTTIBIHERGRIF 4 5 Fyp 5 Fop > Fpc s Foc s Fpo KDWTE, TR TRajul
NewmanlZ X 3fE&2H W5,

Rajul Newmanid, FIfSNEOAMEEARBERICONVT, S5 A M) v I LERE
REVEEML, ERECO~3ROEASHE L ShEBADBHLAREREERLE
[A3.1].

Foa 0 =Gy (A3.2-2 @)
Fuc V0 =Gy (A3.22b)
Fya -0 =G4 -2%.(;1#4l : | (A3.2-3 a)
. |
Fyc 0 = Goc -2 e Gic (A3.2-3 b)
‘ a : a 2
Fp,A'\/6=G0,A ‘6'?'G1,A+6'(?) "Ga4 (A3.2-4 a)
a a 2
F,c ‘O =Gy -6 °7°Gz,c +6 (;) ‘G (A3.2-4 b)

ZIT, Gy, ; BRERKREEINS. &Fm, b, pid, ThEhJESH, WMITHH, B
WME—ZBACNIET 22 ERBRL, BFA, Cik, T2 SRERR, SHEGHBOM
THDEILzmy. HEREHG) ; BLUTEROBRER - KEHIC B 2 MRS HE KSR
W& % Table A3.2-1127R T . |

AFETH, ThoDRICRUEMSEZ,
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40 =R/t £ 100
00 <a/t <10
00 <alc £10

DOHEIFICHATEH 520WIEENET EUTOZIHEZEH N 3. a/c>0.0~DAMEIZ DN T, A3.4
TR A EE T I R = SN B R IR A IR EUR/A3.2) 2 W THNER T /.

2 4

MAI+MA2-(%) +MA3-(§)

Fop=

m Jo (A3.2-5)
a a 2 a

1 e ={MC1+MCZ'?+MC3'(?) }'Fm,A"/; (A3.2-6}
a a 2

Fb,A ={1+BAI'?+BA2'(?) }Fm,A (1432'7)
" a a\?

ﬁp=F+&uj*&m(?)}Ear _ , (A3.2-8)
a a 2

Fpa ={1+PA1-?+PA2-(?) }‘Fm’A (A3.2-9)
a a 2

Fpc ={1+Pc1‘?+1’cz (?) }'Fm,c (A3.2-10)

PREUM,; » Mys » Mys » Mcy s Mca s Mcs s By s Byp s By s Beo s Pag s Pag s Peg s
P, D%, TableA3.2-21277

BB, EMECE, A3.2-2)~@A3.2-9RIT & > TEZ 6N ZERTIH I KBEERL, 2
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DELHERTE, BHEROBAELD B KBHERAEL RS,
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. , E*2
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W, IR - BTSSR E — Z 6 HIC T A TS R KR RS E LA, R
B, TOEMHEHEE,

FIETER 1.0 SRt £ 40
SEX 0.0 < ait < 1.0

<H5.
X512, Labbensd X, MENEOMS A AEROEHEREERY, ZhERNT S

| BECO~IROEN DR T BHEDERTIE I AREEERDE. Zh 6 ORfE
BbLIC, JEH - TS « P — 7 Ao B EGTS AR 2HE L
. B, FOHEBHEHEL,

FIEifzAR R/t = 10.0
HRRX 0.0 < aft < 1.0

Thsb.

AFHTIE, Xue-Ren WuDfiR ¥ Labbens® D% DR 5T, Table A3.3- 10 B D ,
RTR DI R R 2B .

PIEB L TIMBICDWT, REETIE, a/r S0.60FEBTlda/tic DWW TBILALE, 0.6 <a/t

A—35
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Table A3.1-1 Non-dimensional Stress Intensity Factors for Semi-elliptical Crack on the Inner Surface of a Cylinder

(a) atthe deepestpoint, R/t=10.0

Rlt=10 alc 0.2 0.4 1.0
aft 0.2 0.5 0.8 0.2 0.5 0.8 0.2 0.5 0.8
Gy 0° 0.607| 0.791| 1.179 0777} 0.936| 1.219| 1.140| 1.219} 1 .348
90° 1115} 1427 1872 1.072| 1217 1393| 1015| 10501 1.090
G, 0° 0.0791 0.138| 0253| 0125 0.176| 0.259| 0.197| 0221 0.255
90° 0.673F 0.783| 0960| 0.672| 0.723} 0.806| 0.715| 0.729| 0.760
G, 0° 0.0231 0.052| 0104 0.043| 0.069} 0.106| 0.074| 0.085] 0.099
90° 0.514| 0571 0671 0523 0549 0.601| 0.588| 0.596{ 0.618
(b) atthe deepest point, R/t=4.0
Rit=4 afc 0.2 0.4 10
aft 0.2 0.5 0.8 0.2 0.5 0.8 0.2 0.5 0.8
G, 0° 0.606| 0.797} 1.201| 0.770| 0.924| 1219} 1128| 1191| 1.316
. 90° 1.097| 1405 1.959| 1057 1.193| 1443} 1.090| 1.041| 1105
G, 0° 0.079) 0.141| 0262 0.123| 0174 0263 0194 0214 0.248
920° 0.666| 0776 0.996| 0.666] 0715 0.828] 0.713| 0726 0.768
G, 0° 0.023| 0.054| 0.108| 0.042| 0.068| 0109 0.072| 0.082] 0097
920° 0.511 0567 0.692F 0.520| 0.545| 0.614| 0.588| 0.594| 0.623
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Table A3.1-1(contd.) Non-dimensional Stress Intensity Factors for Semi-elliptical Crack on the Inner Surface of a Cylinde;

(c) atthe surfacepoint, R/t=10.0

RIt=10 afc _ 0.2 | 0.4 1.0
alt 0.2 0.5 0.8 0.2 0.5 0.8 0.2 0.5 0.8
Fna Q% 1115 1427 1872 1.072| 1.217| 1.393| 1.015] 1.050| 1.090
Fo,c 0% 0.607( 0.791) 1179 0.777| 0936| 1.219| 1.140| 1.219| 1348
Fys 0% 0.846| 0.644} 0336 0803 0494 0.103| 0729| 0.321| -0.126
Foc 0% 0.575| 0.653] 0.774| 0.727| 0.760| 0.805| 1.061| .0.998] 0.940
Foa é 05 0.431| -0.066| -0.159} 0391} -0.129| -0.168| 0.298| -0.243{ -0.185
F,c 0% 0.518| 0.455| 03641 0.637| 0512 0383 0921| 0.684| 0.504
(d) atthe surface point, R/t=4.0
Rit=4 afc . 0.2 0.4 | 1.0
aft 0.2 0.5 0.8 0.2 05] 0.8 0.2 0.5 0.8
Foa 0% 1097} 1.405| 1959| 1.057( 1193| 1443| 1.090| 1.041| 1.105
F.c 0% 0.606| 0.797| 1201| 0770 0924| 1219| 1128| 1191\ 1316
Fya 0 05 0831 0.629| 0365| 0.791| 0478 0.118] 0805} 0.315| -0.124
F,c 0% 0574 0.656| 0.782| 0.721| 0.750| 0.798| 1.050{ 0.977| 0919}
Foa -Q 03 0.420| -0.0731 -0.165| 0383 -0.135| -0.174| 0376| -0.246| -0.189
F,c 0% 0.517| 0455 0358} 0.632| 0504 0.375| 0.912| 0.672} 0.498
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Table A3.1-2

Fitting Coefficients for Long Crack on the Inner Surface of a Cylinder

(a) R/t=10.0

R/t=10 0.0 <aft 0.5 _ 0.5 <alt <1.0
ajc 0.0 02 0.4 1.0 0.0 0.2 04 1.0
.My, 1.12180) 1.04983| 1.04039| 1.00726| 1.12180| 1.04983| 1.04039| 1.00726
M, 4.55806 | 1.65231| 0.80609| 0.19765| 4.55806| 1.65231| 0.80609| 0.19765
M43 3.69271| -0.57448 | -0.39866 | -0.10684 | 3.69271 | -0.57448 | -0.39866 | -0.10684
M 1.28399| 1.28399| 1.15354) 1.11903| 1.28399| 1.28399| 1.15354| 1.11903
Mcy o | -0.49641 | -0.49641 | -0.14593 | -0.02158 | -0.49641 | -0.49641 | -0.14593 | -0.02158
M 3 0.81472| 0.81472| 0.54194| 0.21083 | 0.81472| 0.81472| 0.54194| 0.21083
B 4 1.00000| 1.00000| 1.00000] 1.00000| 1.00640| 0.98341| 0.98412} 0.98831
B4 -1.06887 | -1.06887 | -1.29870 | -1.42260 | -1.21200 | -1.16311 | -1.18756 | -1.34078
B 43 0.21933 | 0.21933 ) 0.22100| 0.06800| 0.48000| 0.19778| 0.06222 | -0.04889
B, 1.00000] 1.00000| 1.00000| 1.00000| 1.00228| 1.00228| 1.00244!| 1.00014
B, -0.20650 | -0.20650 | -0.28600 { -0.33577 | -0.22244 | -0.22244 | -0.30311 | -0.33678
B -0.28500 | -0.28500 | -0.18000 | -0.05367 | -0.26222 | -0.26222 | -0.15556 | -0.05222
Py 1.00000| 1.00000} 1.00000| 1.00000{ 0.53000] 0.89403| 0.93189| 0.96954
Py, -3.29667 | -3.29667 | -3.81950 | -4.24480 | -1.38167 | -2.97567 | -3.34272 | -4.03161
Py 2.80833 | 2.80833| 3.21500| 3.56400| 0.85833| 2.19000| 2.53389| 3.25944
P 1.00000} 1.00000| 1.00000| 1.00000| 1.04537| 1.04537{ 1.02389| 1.00554
P, -0.65527 | -0.65527 | -0.89767 | -1.01563 | -0.97283 | -0.97283 | -1.06489 | -1.05444
P -0.38867 | -0.38867 | -0.01667 | 0.27567 | 0.06500] 0.06500( 0.22222| 0.33111
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Table A3.1-2(contd.) Fitting Coefficients for Long Crack on the Inner Surfacé of a Cylinder

(b) R/t=4.0
Rit=4 0.0 <alt <0.5 0.5 <aft <1.0
ajc 0.0 0.2 0.4 1.0 0.0 0.2 0.4 1.0
M,y | 1.12155| 1.03756 | 1.03099| 1.00310| 1.12155| 1.03756| 1.03099| 1.00310
M,, | 4.59444| 1.48897| 0.65081| 0.14672| 4.59444| 1.48897| 0.65081| 0.14672
M, | 1.442701-0.07692 | -0.01099 | 0.01954| 1.44270| -0.07692 -0.01099| 0.01954
Mg | 1.25158| 1.25158| 1.12455| 1.11201) 1.25158| 1.25158| 1.12455| 1.11201
Mc | -0.15863|-0.15863 | 0.09380| 0.00663 | -0.15863 | -0.15863| 0.09380 0.00663
Mcs | 0.38467| 0.38467| 0.21267{ 0.11506| 0.38467| 0.38467| 0.21267] 0.11506
B, | 1.00000| 1.00000} 1.00000| 1.00000| 0.87624| 0.99092| 0.99508| 0.99416
B,, |-1.21489|-1.28443|-1.29843|-1.42430] -0.08310|-1.22089 | -1.27028 -1.38339
Bas | 0.47324| 0.35967| 0.19967| 0.05900| 0.20046| 0.26889| 0.15944| 0.00056
B | 1.00000| 1.00000| 1.00000{ 1.00000| 1.00332| 1.00332| 1.00153] 0.99830
B, | -0.20413]-0.20413 | -0.27893 | -0.33623 | -0.22739 | -0.22739 | -0.28967 | -0.32433
Bes | -0.29933|-0.29933 | -0.19533 | -0.04633 | -0.26611 | -0.26611 | -0.18000 | -0.06333
P, | 1.00000| 1.00000] 1.00000| 1.00000| 1.74445| 0.89656| 0.93936| 1.97587
P, | -3.96438|-3.73983 | -3.82990 | -4.24827 | -7.04132| -3.01572 | -3.40539 | -4.07233
P, | 2.48072| 3.27167| 3.20700| 3.55133| 5.65782| 2.23722| 2.60056 | 3.30000
Pe; | 1.00000| 1.00000| 1.00000| 1.00000| 1.04646| 1.04646| 1.02511| 1.00387
Pc, | -0.65203|-0.65203 | -0.88733 | -1.01477] -0.97722 | -0.97722 | -1.06311 | -1.04183
Pcs | -0.41233 | -0.41233 | -0.04333 | 0.28633] 0.05222| 0.05222| 0.20778] 0.32500
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Table A3.2-1 Non-dimensional Stress Intensity Factors for Semi-elliptical Crack on the Outer Surface of a Cylinder

(a) atthe deepestpoint, R{t=10.0

alc 0.2 0.4 ' 1.0
R/t=10
aft 0.2 0.5 0.8 0.2 0.5 0.8 0.2 0.5 0.8
G, 0° 0.6121 0806 1.262| 0788 0984 1.378| 1156 1.266| 1453
90° 1147 1584 2298 1096| 1310 1565| 1.025| 1.078| 1118
G, 0° 0.080| 0142 0.277| 0128 0.192| 0.309| 0202| 0.236| 0.286
90° 0.685| 0.839| 1099} 0.680| 0.755| 0858 0.718| 0.738| 0.765
G, 0° 0.023| 0.053| 0.114} 0045 0.076| 0.129| 0.076| 0.092| 0113
90° 0521 0.600| 0.739) 0.528| 0.565| 0.625| 0.590| 0.600| 0.619
(b) atthe deepestpoint, R/t=4.0
Rit=4 alc 0.2 0.4 1.0
at | 02 0.5 0.8 0.2 0.5 0.8 0.2 0.5 0.8
G, 0° 0.612| 0786 1160| 0793 0994| 1.400| 1.163| 1.286| 1.498
90° 1162 1640 2510 1.109| 1360| 17271 1030} 1.094| 1156
G, 0° 0.0801 0.134| 0242 0130 0.195| 0.318| 0204 0243| 0.302
90° 0.691| 0.861| 1.178) 0.685| 0.773| 0914 0.720f 0.743| 0.777
G, 0° 0.0231 0.049| 0.097) 0.045|. 0.078| 0.134) 0.077] 0.096| 0.122
90° 0524 0613 0782} 0530 0575 0.653| 0591} 0.603| 0.625
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Table A3.2-1(contd.) Non-dimensional Stress Intensity Factors for Semi-elliptical Crack on the Outer Surface of a Cylinder

(c) atthe surface point, R/t=10.0

Rit=10 afc 0.2 0.4 1.0
_ alt 0.2 0.5 0.8 0.2 0.5 0.8 0.2 0.5 0.8
Y Q"'s 1.147| 1.584| 2298} 1096} 1310 1.565| 1.025| 1078 1.118
F,c 0% 0.612| 0.806| 1.262] 0788} 0984 1378| 1.156| 1.266| 1453
F,a 0% 0.873| 0.745| 0.540| 08241 0555| 0.192| 0.738| 0.340| -0.106
Foc 0% 0.580| 0.664| 0819 0.737| 0.792| 0.884| 1.075| 1.030| 0.995
F,. 0% 0.450) -0.033| -0.139( 0407 -0.108{ -0.153| 0.305| -0.236| -0.177
F,c 0% 0.5221 0460 0370 0.645| 0.522] 0390 0932 0.696| 0.514

(d) atthe surfacepoint, R/t=4.0

Rit=4 alc 0.2 0.4 1.0
aft 0.2 0.5 0.8 0.2 0.5 0.8 0.2 0.5 0.8
Foa Q% 1162} 1.640| 2510 1109| 1360| 1727} 1.030| 1.094| 1156
F.c0% | 0612 0786| 1160 0793 0994| 1.400| 1163| 1.286| 1.498
Fos 0% 0.886| 0.779| 0.625( 0835 0587 0.265| 0742} 0.351| -0.087
Fic 0% 0580 0.652| 0.773| 0741 0.799| 0.891| 1081} 1.043| 1.0I5
F,. 0% 0.459| -0.024| -0.142| 0.414| -0.096| -0.153| 0.308| -0.231| -0.174
Foc 0 0.3 0.522| 0458| 0.371] 0.648| 0526 0388 0937 0.701| 0517
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Table A3.2-2 Fitting Coefficients for Long Crack on the Outer Surface of a Cylinder

R/t=10 Rft=4

ajc 0.0 0.2 0.4 1.0 0.0 02 0.4 1.0
M, 1.22240| 1.05959| 1.04915| 1.01241| 1.22240| 1.07019| 1.05695| 1.01538
M, 4.60231| 2.20187| 1.19577| 0.32480| 4.60231} 2.29815| 1.31810| 0.37523
Mys 1.42494 | -0.41696 | -0.60868 | -0.24970 | 1.42494 | -0.07571 | -0.42368 | -0.24298
M 1.31080| 1.31080| 1.18820} 1.14040| 1.28598| 1.28598| 1.17016| 1.13922
Me, | -0.75016) -0.75016 | -0.42766 | -0.15033 | -0.61661 | -0.61661 | -0.31023 | -0.13272
M 0.80833 | 0.80833| 0.85333| 0.43666| 0.37611| 0.37611] 0.56223| 0.41056
Bar | -1.19661 | -1.24759 | -1.26284 | -1.38649 | -1.19661 | -1.25010 | -1.27775 | -1.39503
B, 0.45720 ) 0.36391| 0.20797{ 0.02253| 0.45720| 0.38935| 0.27410| 0.06346
B -0.20584 | -0.20584 | -0.28946 | -0.33681 | -0.21216 | -0.21216 | -0.28781 | -0.33483
Be -0.29146 | -0.29146 | -0.19881 | -0.07102 | -0.25636 | -0.25636 | -0.20810 | -0.08546
Py, -3.22570 | -3.38022 | -3.58146 | -4.13136 | -3.22570 | -3.35923 | -3.55270 | -4.11308
P 4 2.48797 | 2.56830) 2.76145| 3.35447| 2.48797| 2.54884 | 2.74050| 3.34434
Py -0.58061 | -0.58061 | -0.97127 | -1.04261 | -0.76928 | -0.76928 | -0.97202 | -1.04715
P -0.58493 | -0.58493 | 0.09399 | 0.29354|-0.10141|-0.10141| 0.08570| 0.28555
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Table A3.3-1 Non-dimensional Stress Intensity Factors for Long Axial Crack on the Inner Surface of a Cylinder

R/t ajt 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.75
F, 1.1200 | 1.1500 | 1.3300 | 1.6500 | 1.9700 | 2.5700 | 3.1700 | 4.2700 | 4.9350
10.0 F, 1.1200 | 1.0010 | 1.0570 | 1.1255 | 1.1940 | 1.3135 | 1.4330 | 1.7100 | 1.8180
F, 1.1200 | 0.7680 | 0.6020 | 0.4270 | 0.2520 | 0.1420 | 0.0320 |-0.0570 |-0.1015
F, 1.1200 | 1.1688 | 1.3038 | 1.5060 | 1.7828 | 2.1332 | 2.5492 | 3.0152 | 3.2587
4.0 F, 1.1200 | 1.0277 | 1.0006 | 1.0054 | 1.0326 | 1.0700 | 1.0994 | 1.1006 | 1.0847
F, 1.1200 | 0.7779 | 0.5308 | 0.3336 | 0.1736 | 0.0464 {-0.0482 {-0.1012 |-0.1055
F, 11200 | 1.1473 | 1.2473 | 1.3902 | 1.5694 | 1.7713 | 1.9893 | 2.2402 | 2.3852
2.0 F, 1.1200 | 1.0079 | 0.9531 | 0.9158 | 0.8838 | 0.8417 | 0.7785 | 0.6960 | 0.6516
F, 1.1200 | 0.7613 | 0.4983 | 0.2840 | 0.1110 -0.0239 |-0.1197 |-0.1670 |-0.1648
F, 1.1200 | 1.1269 | 1.1995 | 1.3012 | 1.4251 | 1.5647 | 1.7170 | 1.8953 | 2.0013
1.3333 Fy 1.1200 | 0.9891 | 0.9127 | 0.8476 | 0.7829 | 0.7107 | 0.6240 | 0.5233 | 0.4703
F, 1.1200 | 0.7454 | 0.4701 | 0.2469 | 0.0683 |-0.0649 |-0.1526 |-0.1879 |-0.1815
F, 1.1200 | 1.1076 | 1.1567 | 1.2323 | 1.3245 | 1.4298 | 1.5518 | 1.7064 | 1.8042
1.0 F, 1.1200 | 0.9714 | 0.8765 | 0.7947 | 0.7131 | 0.6256 | 0.5298 | 0.4266 | 0.3636
F, 1.1200 | 0.7304 | 0.4449 | 0.2180 | 0.0396 {-0.0912 |-0.1732 |-0.2016 |-0.1938

820-1002 00¥6N.L ON[




87—V

Table A3.4-1 Non-dimensional Stress Intensity Factors for Long Axial Crack on the Quter Surface of a Cylinder

Rt aft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.75
F, 1.1200 | 1.1873 | 1.3263 | 1.5372 | 1.8314 | 2.2205 | 2.7281 | 3.3653 | 3.7051
4.0 F, 1.1200 | 1.0458 | 1.0215 | 1.0310 | 1.0682 | 1.1233 } 1.1913 | 1.2633 | 1.2851
F, 1.1200 | 0.7951 | 0.5486 | 0.3509 | 0.1910 | 0.0599 |-0.0415 |-0.0967 |-0.1031
F, 1.1200 | 1.1892 | 1.3132 | 1.5047 | 1.7688 | 2.1083 | 2.5257 | 3.0271 | 3.3024
3.0 F, 1.1200 | 1.0475 | 1.0100 | 1.0057 | 1.0238 | 1.0525 | 1.0777 | 1.0873 | 1.0762
F, 1.1200 | 0.7964 | 0.5398 | 0.3366 | 0.1710 | 0.0377 |-0.0639 |-0.1247 |-0.1332
F, 1.1200 | 1.1856 | 1.3049 | 1.4742 | 1.6979 | 1.9773 | 2.3086 | 2.7025 | 2.9431
2.0 Fy 1.1200 | 1.0442 | 1.0033 | 0.9826 | 0.9747 | 0.9701 | 0.9554 | 0.9203 | 0.8971
F, 1.1200 | 0.7938 | 0.5357 | 0.3244 | 0.1511 | 0.0129 |-0.0884 |-0.1493 |-0.1601
F, 1.1200 | 1.1855 | 1.2930 | 1.4390 | 1.6261 | 1.8540 | 2.1288 | 2.4735 | 2.6825
1.3333 F, 1.1200 | 1.0441 | 0.9934 | 0.9554 | 0.9245 | 0.8918 | 0.8512 | 0.8033 | 0.7781
F, 1.1200 | 0.7937 | 0.5291 | 0.3091 | 0.1297 |-0.0120 |-0.1128 |-0.1647 |-0.1675
F,, 1.1200 | 1.1854 | 1.2838 | 1.4160 | 1.5826 | 1.7862 | 2.0333 | 2.3450 | 2.5420
1.0 Fy 1.1200 | 1.0440 | 0.9856 | 0.9378 | 0.8940 | 0.8486 | 0.7971 | 0.7378 | 0.7068
F 1.1200 | 0.7936 | 0.5237 | 0.2996 | 0.1166 |-0.0258 |-0.1243 |-0.1738 |-0.1778
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EAfHET 22 2B 320 EBEEZ2E T DB2ow, WE DTz 5 WiE R

&Fnet }i ’

Fret = (const.) (Bl.4-4)

TN



JNC TN9400 2001-078

2w

Y

2c

L.
ol

T .

2c

Fig.B1.2-1 Simplification of crack shape for the crack in a bending plate
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B2. Hﬁr‘]-& H%Hiﬁ

B2.1 FEFHHEIREZZIIAFRZEGEAR

B2 1.1 MEFHEIRERFZAFALEARAEEFEAR
HEREFREZZTDHESe. RI2OBAFFAELFEHREDEREF T SNERER. RE:
DOEBEICH T SMEBRERE,,, 1. ERBIRZFg B2 1- 10X D ICEEIAMT 5 Z &iTk
0. AEOKERAS LN ROER, ;

—_ . — . 2
A=n (R+t)2 7R (B2.1-1)

=x-(2R+t)t
C ZBINNEICH BEE

A, =—2§—-{z-(R+a)2 —J'L"Rz}
2 (B2.1-2 a)

=6-a-(2R +a)
=a-c-(2+£)

R
- FEANEICHDBE

A, =— {—: (R+t)2 -7 (R+t a)z} ' (B2.1-2 b)

=9-a-{2' R+t -a}

a
=acc-
( R+t)

ZRANWT, RATEASN S,

Fpop =— (B2.1-3)

B2 1.2 WENBIRESTLAERTE M
HEHEEIRERIT 5 ESOLASREET ZALER. HEO RIS 5 WEHR
B, 3. P OWEMAE SROEM, ;
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A =Jr-(R +t)2 ~m R?

(B2.1-4)
=m-(2R +1)t
- ERPANECH 55
A, -—-Jr-(R+a)2 -n-R? (B2.1-5a)
=a-(2R+a)
c ERVIHEICH DHBE
A, =n'-(R +15)2 —:n:-(R+t-a)2
(B2.1-5b)
=a-{2-(R+t)—a}
ZRHWT. XA TEALNS,
A
Foo = A-4, (B2.1-6)

B2.1.3 WENMIRESIIEFAEESRMSAE
WEHMSIELR 5B 20 NEESHEET 5RNEER. WEO HE T3
W ETRARBIAE, , 13, PR OMERAE EROTHA,

A=m-(R+tf -n-R?

(B2.1-5 a)
=.n:'(2R+t)-t
42 -(R+t)2—:r-R2}
=5 (B2.1-5b)
=0-(2R+1t)t
ERNT. RRTHEXS5N S,
F o = 4 =
net A—AC E—B (32.1'6)
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B2. 2 ﬁﬁ%‘lﬂlfﬂm”éﬁlﬂ'éﬁﬂﬁé HftEMAH
B2.2.1 HEHHHMITZRIIFAMEERRAZHGTEAE
WEMHHETE2ZT 2% e, BES2c0AFFEHEMARTEREZE T HHEER. RE:
DR IS B ERBIRE,,, 13, SRELSHEONEREzE. S35 D WEOKEH
sz, #ANT. KRTEALNS,

ﬂﬂ=%~ (B2.2-1)
& Zum U E OB R 1.
_JF'{R+I)4 —R4}
zZ- 4-(R+1) (B22-2)

THEABN. —F5. SRAVWEOKEREZ, BERPREF B22- 10X 5 ICREEER
THIEIED, KR THEASNS,

- ERPNEICH D5
2
g 0 Jr-kR+t)2—R } —
ERAR “2-R+1F-(Reaf -RE exL
PYMAE 5. Braf R L720.
2-{R+1f -R?}
Z, =§-{R +1.‘)j -—R3}-cos¢ —g-{R +a)3 —R3}-Sin9 (B2.2-3 a)
2
EWAE 0 ”'{R”)Z"R } %
>2'(R+t)2—(R+a)2—R2 LT
R AN (L) il SN R
2 {(RH)Z R+a)2}
Z,= ;{R+I)j (R+a)3}cos¢+-- {R+a)3 R3}sm9 (B2.2-3 b)
C ERMSECHDHEE
. _p2
FBAE 6 xR uif -2} LT

(R+tF +(R+t-af -2R?

B—8
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(R+tF -(R+t-a)
e "—‘9' %
AR ¢ 2 {Ruiy e &7‘;0‘

4 2 .
Zc =§-{R+t)3 —R3}-cos¢—§°{R+t)3 _(R+t—a)3}°sm9 (B2.2-4 a)

2
EREE woReef -R2} IZRLT
'>(R+t)2 +(R+t-a)f -2R? |

PYMAE 5o (r_g) Bit) ~Ret=af 2pp
.2-{R+t—a)2-R2}

Z, =§-{R +t-af —R3}-cos¢-+§-{R+t)3 ~(r +t—a)3}-sin9 (B2.2-4b)

B2.2.2 WENHHTZRIIZ2LBEHMEAR

WERBHMT 2RI 2R IDLEAEWEET HREER. HEOBBICHT 2 5EH
REIBEF,, 13, ERELHTEOWERERZE, EHAVHEOMEGREz, 2ANT. KR
THEA LN,

VA

Fnef = —ZT ) A (32-2'5)

EREL WrE OB REZI.

x-{R+t) -R?
£= kf-(R-s-t)R}

(B2.2-6)

THEASN. —F, ERFOHEOWEREZ, 1. kX TEA5N3,

- ERVNEICH D56 ;

=JL"{R +t)4 '-(R +a)4}

Ze 7-(R+1) (B2.2-7)

F ERDVHAEICH DS ;

7 _:r-{RH—a)"-R"_} |
" 4-(R+t-a) (B2.3-8)
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B2.2.3 WEHHHBIT2ZII3BAFREBERTEZHE

- WEHRWES T 2205 RE 200/ MEREREE T HNERER. REDHBITHT

SUTERBIRE,, 3. SRELHTHOMEFARZE. EREDHHOWNEREz, 2A0N
T, RNTEALENS,

Fro = Z ‘ (B2.2-9)
= ZU4% L W O W (R 2zi.

Z=3r-kR+t)4——R4}

B2.2-10
4-(R+1) ‘ )

THASH. 75 EHAVHROMEREKZ, RERBREFg B2.2-20X S ITHERY
THILILED, kARNTHEALNS,

EFRAE Osx/2 1ITHLT, PTEAE ¢ = &z,

S

Z, =-§.{(R +t) —R3}-cos¢ -%-{R +t) —R3}-sin6 (B2.2-11 a)

ETEE O>x LT, HEAE ‘wﬂ-g 210,

'{RM‘)} —R3}-sin9

Z, =

c

Wl

(B2.2-11 b)

B2. 3 TRISIHBIEADIFZEA ST =MmE
B2.3.1 ZMHHZIEEESZBEAMLIEAEE =2 =AY
EUFHFIEEZST 58S, BX20AHFEEAREEREE T 5NERER, HE:

ORECT S MEBREREF,,, 3. AR TEL5Nh5.

- ERVNEICH5BE. SEICHDB[EED ;

F,,, =10 (const.) (B2.3-1)
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B2.3.2 TRIHMSIEASUILEERUTEME
ERHEEEEZT S DLEASEEET HNERR. RWEDOHE T 2 M ERR
BF,,, 3. KR THEZSNS.

 XBIWEICS B8, NECHIBEED
Fo. =10 (const.) (B2.3-2)
B2.3.3 ZEMNFWEIREZISIAFRNEREEMEANE

ZUHIEEIEE 2T B RS 20 FHARESLEETHINERR. KEOBEIIETS
WERBARE, 13, AR THEL5N3.

F,,6 =10 (const.) (B2.3-3)
B2 4 ZEMHHHITEZZII2BAFRZET=ME
B2. 4.1 ZuFWHT£RITE2BARMEERAERTEMTEHE
EALHIEEET 221 5% Ea. B3 20FFFEEAEEZREE T SNEER. RE,

ORI BB ERREEE,, 1. SRELNEONERKZE . 238 D BE QN ER
¥z, ZAVT. KR TEZ5N3,

Z
Fog = Z_ ‘ (B2.4-1)
c

SRE L WrHE OWTE fRizid.

Z=n-{(R+r)" -R'}

YR (B2.4-2)

THAEN., —F. ERFUOWHOWEREZ, IERELFEOBEMEHREEL T, X
ATHEASND,

F ERVAEKHBIEE. SAEICHIHEED ;
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Z, = ;-{R +tf -R? } (B2.4-3)

B2.4.2 ZEMFIHMEITEZRI2LRERTEAR

EALHESER T 22T 5 Za D FEREF T HREER. WEDOABITH T 28EE
REEF,, ¥, SRELFHOMAREZE, ERFOHFEOMEREZ, 20N T, XX
TEA5N1%,

z
Foer =5~ | - - (B2.4-4)
ERME L WTH OBE Rz,
: n-{RH)" -R? }
N (B2.4-5)

THABN. —75, ERFOWMHOWMEREz, REREUNEOBENEREEL T, K
XTHEALNS,

- ERVAEICHDHE. SMHCHZBEED
4
Z, =§-{R +tf -R3 } (B2.4-6)
B2. 4.3 ZEMHHMFE2BII3AFMEBRXETEHE
EMHHEET 22 3R X 20 MEBEREE T HNERER, WEDHEICHS

BWE T RBIKE,,, 1. SRELNEONERKZE. SEEVNEOWERKZ, 2R
T. kKR TEZ5N5,

V4
Fret = Z (B2.4-7)
ERUE LB OBTEGRZIZ.
: n-kR+t)4 -R* }
Z= ATy (B2.4-8)
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THALN. —7 ERFOWEOHEREZ, IZRELHTOBEENEHERELT. X
ATHEZ 615,

- ERPVNARCHHEE. NEITHZIHEEED ;

Z, = -{R +tf —-R? } (B2.4-9)
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a ¥
R R
t t
“(a) Internal crack
7 a Z
o, )
R R
| t ' t
(b} External crack

Fig.B2.1-1 Simplification of crack shape for the circumferential surface
crack in a tube subjected to tensile load
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2-1) 6 = :r-{RH)Z —Rz}
@y 52-(R+t)2—(R+a)2—R2

(a) Internal crack

2 2

b-1) 0 7 YR+tf -R } ‘ 5-2)0 Jt‘kR-l-f)Z -R }

o O P + (et a —2R7 O > P+ Rt -2 2R
(b} External crack

Fig.B2.2-1 Simplification of crack shape for the circumferential surface
crack in a tube subjected to bending load
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| Neutral axis \ \ R W }

Neutral axis—

®) 0>

Fig.B2.2-2 Simplification of crack shape for the circumferential penetrated
crack in a tube subjected to bending load
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B3. BJSRIE B &
B3. 1 FIESIEEISH &R BRSBTS ME
B3.1.1 WEMBBISHEE SHANEHARTE B E AR
WEHHES ) 221 S, B 2eOMAMHAEEEREET 2R EER, RS
ORI 5 BERRENE,,, 1, KR T5X5N5.

C FEAHEICHBEE, SERHBEEED
| P
F ft

net = a
1-2 o |  (B3I-D)
; ‘

ZIT, fIRRRATEALSNBBRNT A—FTH 5.
fe 1+1.61-c?
—J——E;—— (B3.1-2)

B3. 1.2 WEHNMEGHESF2HFREAEEMS:HE
HE RS 220 5 RS0 OB AR ISR EE T 5NEER, KEOMSICNT S
| WERBE,, 13, KR TEASNS.

 EEBNEIHBBE, AFEIHEBEEED

het = —— (B3.1-3)

B3. 1.3 WEHEERHESTZHAHERS DM EEE

HEREIBRISH 22 58S, EE 20 REEMRTEREET 5MERR, WE

DRI T S WERREEF , X, XX TH5Z5N3.
EBANEIHBBE, SERBLEEED

Frer = f (B3.1-4)
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ZIT, fIERRATHFALGNBBRNTA—FTHS.

1+1.61-¢? '
f=-—E?—— | (B3.1-5)

Bl.2 WEHFNHMTE£RISHAREHEMAEMEH
B3.2.1 WEHWMITERDIMTRFEAREEEGEAE
BERE

B3.2.2 WEMIEMTES T SMARSAERE MR
Biegatd

B3. 2.3 WEMNMNMTEZ(I3@AAEEEHFEMAE

BERR A

B33 ZEAIHBERIEHEZ(IAMAMEETEMAS
Bi. 31 ZEMNUHEELHZERITI2@HARMEFAXMERUTZAG
ENHERES T 2258 Eq, BI2cOWAFEEARTEREE THRLER, KB
DEFEICH S D WERRBEEE,,, i3, KR TEX 55, |

- ERPAEICHZ5E, AECHZIBEEED ;
Foy =10 (const.) | (B3.3-1)
Bi. 3.2 ZEMBEIRISHESRIT2EARAAERTEME

RTINS 1 2 2 B RS e OB PN M SR EE T HREER, WEOMBICHT 5
WEARBERE, , 13, KR TEX 5N 5.

- FHVPNEICHA5E, EICHIBEEED ;

F,y =10 (const.) (B3.3-2)
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B3. 3.3 TRISIBESHESIIHAREELEMEMAD
ZAHEBRIE ) 22 5 RE20RBEREET SNEER, FEOMBICHT 5HE
ARBISF,, 13, KRR TERLNS.

F,, =10 (const.) (B3.3-3)
B34 ZEMFHMMTESFIHAAEESEAEG
Bi. 4.1 ZEMUMHMITE2(F52HAMEBARBEE GE=AG

R T

B3. 4.2 ZEAIBIMIMAFE I B fE B & A
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fTERC. Hels
C1. SUS304$3
Cl.1 ¥2&Z&, K7V
BETH,
20 £ T <650 (T(TC))

THBRECER TRBSUSIOMBOY > %, KT > KA Table CLITCRY.
FEEHE, BERBEGEENICBNT, BECOWTRIBNETSZ & 28R 5. EA
R B AN NDIEIHEIR L T,

Cl.2 BERLEHVTHR
BRET,

425 = T = 650 (T(T))

THAHBEITEABE/RSUSI0488 DR U H O T RS B Table CL2-11TRT.
FIEEHE, 425~650C @%ﬁ%ﬂf\@ﬂ?ﬁ ZHERL b

O3 HU~FOFTHR
BEETH,

425 =S T < 650 (T(TC))

THDERITHEATTRERSUSI0BED 7 ) — T OT G R % Table CL3-1ITRT.
HfaEHE, 425~650°C DEFENANDIEEZHEIZ U /2.

Cl.4 =ZHEER
Cl.4. 1 EHEZFERR)
BETH,
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450 = T < 650 (T(T))

THHEGICHEATERSUSI04FHDEN ZRERAIT, KX TERINDParisRITEA SN
5. '

da_c (ar, . \ (L4

- dN
( daldN (mmjcyc.), ATy (N/mm) )
Cy=1.4935X107°
m=18158
HHEEND, BHERERANOBAEHRLN.

Cl.4.2 Z2VU-—-JZZEREA
BETAS,

450 = T = 650 (T(T))

ThAHEITEHATIEERSUS3048D 7 1) — T E2EERANT, KRN TEEINBParisBITE R
55,

da_c .y | (C1.4-2)

dt
( da/dt (mmihour), J’ (N/fmm/hour) )

C,=2.2874X1072
m,=0.94487

Ffeerid, BREEGEANOEHEHREL RN
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C2. 316FR
CZ1 VYIIE, K7V
RETH,

375 = T <650 (T(T))

'c%6%@*&:@%?1‘&‘%316}7{0)‘7‘/&“?, BTV & Table C2.1-1VRT.
FFESHT, EREBEEGERNICBNT, BEEC DWW TEEAB TS - L2242, BA
BEHBENANONFIHEEL I,

C2.2 HELHHOTHK
BEETAN,

425§T§6Sb - (T(TC))

THDERICHEARIFEIZ3I6FROEIE U T O T HE G %E Table C2.2-11CFR 7.
FIEEHI, 425~650°C®ﬁ%ﬂ«\®ﬂﬁé?éﬁLti:b:.

€23 Z2U—-T07HH
iﬂ?l,%mg‘:

425 =T <650 (T(C))

THL5HEITERATIEER3IGFRO 7 ) — T OTHEGER B Table C2.3-117TF.
F1EEHT, 425~650C DEHEANDIFEHEIZL 720,

C2. 4 Z=RLEREA
C2. 4.1 EHE=RAREA
BENT, 1.4, 1EﬁL:z“:‘é'sussoztﬁmﬁ%"%z%ﬁﬁﬂuEiﬁ)ﬁ?é.‘

€2.4.2 £V—TEZUHER|
BERNT, ClL 4 280ICRTSUSI4FAD Y 1) — 7 2B 2 ERT 5.
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C3. 2'/,Cr-1Mos
C3.1 ¥ux K7V i
BETAH,

20 £ T = 600 (T(T))

THHEEICHEA Hjﬁamzf/4Cr-1Moﬁ%J@ﬁ7>ﬁ$, N7V B Table C3.1-1VCRT.
FiESHT, BHEREGENICBNT, BECODWTEERETAZ L2872, EH
IR EEBENANOIFILHERE L 2.

C3.2 #ELISHOTAI
BETH,

375 £ T = 550 (T(T))

THHHEICEATTRER2Y Cr-IMOA DGR U IS T T HEBRR 2 Table C3.2-1ITRT.
F5EHE, EREBEREAANOEEHERL 2.

3.3 S Uu—OTFHRK
BETH,

375 = T.< 550 (T(T))

THDHEITEREER2 . Cr-IMSAD 7 1) — T OT HBEMER % Table C3.3-11TRT.
FfgeH, BEREEGEANONEEHRL 0N,

€l 4 E=ZGEER
Ci A1 EHEEZHEREA
BETA,
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500 = T = 550 (T(T))

THBEEITERR2Y,Cr-IMoADIE 7 ZFLERANL, AR TRENSParisBITH X
515, '

-cy .(‘A;f i (C3.4-1)
(da/dN (mmjcyc.), Aly (Nfmm) )

C=1.1987X107"
m=1.4118
Fieetid, BAIREMENOBHZHEL 2.

C3.4.2 HVU—7ERERRA
BETHN, '

500 = T < 550 (T(T))

TH BB EATER2,Cr-IMoBD Y ) — S 2 ZERANE, KR TE S N3 ParisHIT
5X 515,

da _c gy (C3.4-2)
(da/dt (mmfhour), J’ (N/mm/hour}) ) '

C.=7.7893X 1072
m,=0.9836

FiEdHE, BRREGHANOBAZHERZL 20V,
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C4. Mod. 9Cr-1MoH
Ca1 vUIFE, K7V
RETHS,

375 = T < 600 | (T(T))

THAHEEITERATREEMod. 9Cr-IMoSADY > &8, KTV K& Table C4.1-11257F.
- FHEHHE, EREBEHEENICBNT, BEIZODVWTEBRETAZ 2852, B
REGHRANDOAIRIZHEREL 7. '

C4.2 EBEBELEHVTH
BETH,

375 < T < 550 (T(C))

T B WA TS Mod 9Cr- IMoB DR LIS H O F S BIRR £ Table C42-1CRT .
AfEEH, WRREMEN O/ FEIERL .

4.3 2V—-JuFH
REETA,

375 < T < 600 (T(T))

THL5EICEHTREIEMod. 9Cr-IMoSAD 7 V) — T OF HBRR & Table C4.3-11TR T
AEeHE, BRBEEENOHAFEEHEEL R0,

C4 4 Z=BUERAI
Cd. 4.1 JEHERERL
ﬁgmf’

50<T=600 (T(T))
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TH5GEITEA VB AMod 9Cr-IMo DI 35 ZEERANL, AR TEINBParisHITE
A5N5. '

_5_;_=C s lar sy | (C4.4-1)
(da/dN (mmjcyc.), ATy (Nimmy) )

Cy=5.0107X107*
m=1.8342
FiEed, EAREMASSOBRZHEEL RV,

C4.4.2 SY—-T=ZERR
iﬂgmi"

500 = T = 550 (T(T))

T BHEITEA TR Mod ICr-IMAD Y ) —F FTERANL, KA TE SN S ParisHl
THEABNSD. |

= =C, -y (C4.4-2)
( dajdt (mm/hour), J’ (N/mm/hour) )

C,=3.7308 X102
m,=1.0131

Ffaetid, ERBEEGEEANOBREHEL 2.
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Table C1.1-1 Young's modulus and Poisson's ratio for SUS304 stainless steel

Temperature Young's modulus | Poisson's ratio

T E v
(C) (MPa)

20 1.94E+05 0.266

50 1.92E+05 0.268

100 1.90E+05 0.272

150 1.87E+05 0.275

200 1.84E+05 0.279

250 1.80E+05 0.283

300 L.76E+05 0.287

350 1.72E+05 0.291

400 1.69E+05 0.295

450 1.64E+05 0.298

500 1.59E+05 0.302

550 1.54E+05 0.306

600 1.49E+05 0.310

650 1.44E+05 0.314
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Table C1.2-1 Cyclic stress-strain relation.;hip for type 304 stainless steel

(1) For Aog20,
As=Ac/E

(2) For Ao>20,
Ae=Asg, +As,
Ag,=Ac/E

Ao—20, /A1

o
10%
X T : Temperature, °C (Applicable range : 425<T<650)
Ao : Swessrange, MPa

Ae : Total strain range, mm | mm

Ag

e

Elastic strain range, mm [ mm
Ag, : Plastic strain range, mm [mm
Young’s modulus, MPa

. o, : Yieldstress, Mpa

g, : Proportional limit, MPa

E=2.06031 X10° —9.52457 X10* XT

0,=2.50542 X10° —5.47758 X107 XT +1.02296 X107> XT* —7.27684 X107 XT*

o,= 0, —K (0.002)"

K=4.34207 X10% —1.75354 X107 XT

m=2.79395 X107 +7.74900 X107 XT

A,=1968789 +6.446708 X107 XT —4.675557 X10~° XT2 —3.724201 X10~° XT°

A;=3.690128 —1.847969 X107* XT +3.544927 xX10~° XT* —2.297822 X108 XT*
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Table C1.3-1 Creep curve for type 304 stainless steel

e.=cif1~exp(-r )} +cofl-exp(-r)f+ et
where,
r;=103.3747°7%7,  1,=17.255%"
¢;=1.26926,°™ 1, ¢, ~0.484495," [,
8. - FtR—I.I_?SS
loggte=By+B,log,,o+B, (log,,0  (for 0.98<0<372.65)
log,gte={B,—B; (l0g;00.1)’}+(B,+2B, log,0.1)log,,0  (for 0.10<0<0.98)

for 0<0.10 r=r,=C,=C,=¢,=0

X T:temperature, °C  (Applicable range 425<T<650)
&, : Creep strain , mm [ mm
o Stress , MPqg

t: Time , hour

4.0812 x10*

F=062.416 exp{— - -
8.31 (T+273.15)

By=—1.75430 X107+3.18835 X10* | (T+273.15)

B,=—5.26179 X107 | (T+273.15)

B,=-4.25001 X10° | (T+273.15)
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Table C2.1-1 Young's modulus and Poisson's ratio for FBR grade type 316 stainless steel

Temperature | Young's modulus | Poisson's ratio
T E v
( © (MPa)
20
50
100
150
200
250
300
350
400 1.69E+05 0.300
450 1.64E+05 0.300
500 1.59E+05 0.302
550 1.54E+05 - 0.306
600 1.49E+05 0.310
650 1.44E+05 0.314
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Table C2.2-1

Cyclic stress-strain relationship for FBR grade type 316 stainless steel

X T

(1) For Aog2a,
Ag=Ac/E

{2) For Ao>20,
Ag=Ae, TAg,
As=Ac/E

Ao—20, 4.

{2

10%
Temperature, °C (Applicable range
Ao : Stressrange, MPa
Ag @ Total strain range, mm [ mm
As, Elastic strain range, mm [ mm
Ag, Plastic strain range, mm [ mm

£ Young’s modulus, MPa
o, : Yeldstresss, Mpa

g, : Proportional limit, MPa

: 315<T<650)

E = 2.00056 X10° —7.84532 X10"' XT ( For 315<T<400)

E = 2.08489 X10° —9.92923 X10' XT ( For 400<T<650)

O,= 2.67450 X10* —6.26983 X107 XT +1.00310 X107 XT? —5.49404 X10~7 XT°

,= 0, —K (0.002)"

K = 4.64907 X10*? ~1.65068 X10™ XT

m = 253309 X10™' +1.06027 X10™* XT

Ay=4.27332 —3.13844 X107° XT +4.76051 X107° XT* —2.49679 X10~° XT°

A,=8.19459 X107 —7.55358 X10™* XT —9.45753 X107 XT* +1.94239 X10™° XT°
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Table C2.3-1  Creep curve for FBR grade type 316 stainless steel

g,=c,{1-exp(—r )+ cf 1-exp(—rsth}+ 6t
where,
r;=103.3747372% | r,=17.2551,70577
¢,=126926,971 [ 7, ,=0.484495,°%15 [r,

log,stg=By+B,log,,0+B, (log,;0)°  (for 6.86<0)

X T :temperature, °C  (Applicable range 425<T<650)
g, : Creep strain, mm [ mm
o': Stress, MPa

t: Time, hour

5.1222 x10*
F=241.33 exp{— -~-orememmeemnann}
8.31 (T+273.15)

By= —25.82042 X107 +2.88487 X10*/ (T+273.15)

B,=6.86482 X10° | (T+273.15)

B,=-3.48180 X107 | (T+273.15)
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Table C3.1-1 Young's modulus and Poisson's ratio for 2* | , Cr-1Mo steel

Temperature | Young's modulus | Poisson's ratio
T E v
(C) (MPa)

20 2.06E+05 0.266

50 2.05E+05 0.268
100 2.03E+05 0.272
150 2.00E+05 0.275
200 1.97E+05 0.279
250 1.94E+05 0.283
300 1.90E+05 0.287
350 1.85E+05 0.291
400 1.80E+05 0.295
450 1.73E+05 0.298
500 1.66E+05 0.302
550 1.55E+05 0.306
600 1.36E+05 0.310
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Table C3.2-1

Cyclic stress-strain relationship for 2'/,Cr-1Mo steel

X T

(1) For Ao<2ao,
Ae=Ac/E

(2) For Ao>2a,
Ae=Ag, +Ae,
Ag=AclE

Ao—2q, (11A1)

A82={_"'—}

10%
Temperature, °C (Applicable range
Ao : Stressrange, MPa
Ae : Total strain range, mm [mm
Ag, Elastic strain range, mm | mm
Ae, : Plastic strain range, mm [mm

Young’s modulus, MPa

a, : Yield stress, Mpa

300<T<550)

o, : Proportional limit, MPa

300 =T =375 E=2.267 X10* —10.8000 XT

375 <T<450 : E=2.010 X10*— 4.0000 XT

450 =T =550 E=2.164011 X10% —7.060216 XT

+3.684193 X107 XT? —1.014639 X107> XT"?

0,=3.51902 X10" —3.29051 X107 XT +6.01783 X107> XT* —6.32549 X107 XT°

0,= 0,—K (0.002)"

K=8.30 X10" —8.75 X102 XT

m=4.17 X107 +5.125 X10™* XT

A,=1.968789 +6.446708 X107 XT —4.675557 X10™° XT* —3.724201 X10~° XT°

A;=3.690128 —1.847969 X107 XT +3.544927 X10™° XT* —2.297822 X107 XT°
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Table C3.3-1  Creep curve for type 2'/,Cr-1Mo steel

£.=Cof 1—exp(—r )+ Cof 1-exp(-r )} + 5.8
where,
r,=45.2986 1007 | 1,=14.3245 1,427
¢,=0.30546 £ |1, ¢,=0.26505 %97 [,
£, =Ft 17
log,etx=By+Blog,,0+B, (log,;0°  (for 13.7250<343.0)
log;otx={ByB, (108160.1)°}+(B,+2B, log,,0.1)log,,c  (for 0.10<0<13.72)

for 0<0.10  ry=r,=c,=c,=¢,=0

_ X T:temperature,°C  (Applicable range 375<T<550)
g, : Creep strain , mm [ mm
o Stress, MPa

t: Time, hour

3.3435 x10*

F=13.5699 exp{— -—------rrereeemme- -}
8.31 (T+273.15)

By=~1.5956105 X10'+1.8600626 X10* | (T+273.15)

B,= 6.5976676 X10? | (T+273.15)

B,= -2.6557865 X10° | (T+273.15)

C—16
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Table C4.1-1 Young';s' modulus and Poisson's ratio of Mod.9Cr-1Mo steel

Temperéture Young's modulus | Poisson's ratio
T E v
(C) (MPa)
20
50
100
150
200
250
300
350
400 1.91E+05 0.300
450 1.86E+05 0.300
500 1.81E+05 0.302
550 1.75E+05 0.306
600 1.69E+05 0.310
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Table C4.2-1 Cyclic stress-strain relationship for Mod.9Cr-1Mo steel

(1) For Aog2a0,
Ag=Ac/E

(2) For Ao>2g,
Ag=Ag, +Ag,
Ae=AclE

AO' _2% (1 1A

o

10%

X T : Temperatwre, °C (Applicablerange : 425<T<650)

Ao : Stressrange, MPa

As : Total strain range, mm [ mm
Az, Elastic strain range, mm [ mm
Ag, : Plastic strain range, mm /[ mm
E Young’s modulus, MPa

Yield stress, Mpa

Y

o
o, . Proportional limit, MPa

E=2.06031 X10° ~9.52457 X10° XT

0,=2.50542 X10% —5.47758 X10™! XT +1.02296 X10~ XT? —7.27684 X107 XT°

0,= 0, ~K (0.002)"

K=4.34207 X10> —1.75354 X10~ XT

m=2.79395 X10™ +7.74900 X10 ™ XT

A,=1.968789 +6.446708 X10~° XT —4.675557 X10~° XT* —3.724201 X10~° XT*

A;=3.690128 —1.847969 X107% XT +3.544927 X107 XT® —2.297822 X107° XT°
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Table C4.3-1  Creep curve for type Mod.9Cr-1Mo steel

g, =c{1-exp(~rt)}+Cof I-exp(—r )+t
where,
1=317.0902 7055 | 1,=14.3245 £ 052"
C;=2.13822 £, |1, ,=0.92768 &% [,
g, =F1, 197

log,etz=By+B log,,0+B, (log,,0°  (for 19.3<0)

X T:temperature,°C  (Applicable range 375<T<600)
g, - Creep strain , mm [ mm
o Stress , MPa

t: Time , hour

1.6956 x10*

F=0.77322 exp{~ -—----r--nr-=--- ----p
831 (T+273.15)

By=—2.91146 X10"+3.180882 X10* | (T+273.15)

B,=-3.05552 X10° { (T+273.15)

B,=—5.148248 X107 [ (T+273.15)






