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HIET/TESESRIE BR2-1PIEE

p-MEICXT D&MW

K. Oyamada et al, . Proposal of reference stress for a surface flaw on a cy
from a review-with-comparison of the local metal loss assessment rule between API 579-1 and the
p-M diagram methodIZ& 1+ ZMs DM S DIRMER (= OEEBAM L)

component [2]. The based reference stress for a semi-elliptical
crack-like flaw in a plate is defined by Willoughby [15] and given L -
as in Eq. (9), which is identical to that provided in Annex D of API %?&MS Em L\f-ib‘wt& ") ~

579-1/ASME FFS-1. 7 CORZHICIREBDEEZRTE

—
1 Lt X2 s 2
§go,, + \/, §go,, +05(1 — )
are)',plule - 1 2 (9) % K.Oyamada et al, ; Proposal of reference stress for a surface flaw on a
( a) cylindrical component from a review-with-comparison of the local metal
loss assessment rule between API579-1 and the p-M diagram method £
Where, Y ik
a
t acg
a £ t (10)
1 L t(cg+1t)

' Mz =i iE =
The Eq. (10) of API 579-1/ASME FFS-1 is not identical to but is p Mli ‘IE& i§ jj - -C % Hj é h T‘ 1’%
almost equivalent to the Eq. (7) of the p-M diagram method. The ﬁ %:— F‘L:\ jj 0) m%{%ﬁ ‘ - L R %)

difference is not significant and is disregarded in this paper.

It is obvious by comparing Eqs. (6) And (9), that the reference
stress solution of the p-M diagram method in Eq (6) can be obtained
by replacing a; with M§"!ls; in Eq. (9).

B H.10.1

(1) Folias REDEBREAD/INILS VT 779 5 —M
—Folias [, BB ZT>oT. FRICBIIEHEARICBCEAZIRALTHSIZHLFED
SFABTEINALSYY (Bh) DROEHICHABTORESHOGAEKFERDOHHLE
RCOEBSHOGEHILRFBRICEHERTM EICHREZI LIS, FRTOMBEARFTORRE
ICHRT BICIEERTHOERAGHZREBTEM ELTEIAEZRVEVS ZEEFREL
T3,
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E. S. Folias, “AN AXIAL CRACK IN A PRESSURIZED GYLLNDRICAL SHELL”
International Journal of Fracture 26 (1984) 251-260<

g f BRI | -
_4—'.—-' I TOP V(W o
2 a2
. Ehe? 32W . qu - 0
R 93x°
108 vigw
= V"W - --c.-g_ 32_F = Ec_'_ C“
\ RD ax? D
Figure 1, Geometry and Coordinates

CONCLUSIONS«

As in the case of a spherical shell, <

(i) the stresses are proportional to 1/ve«

(ii) the stresses have the same angular distribution as that of a flat
plate«

(iii) an interaction occurs between bending and stretching«

(iv) the stress intensity factors are functions of R;«

in the limit as R —oc we recover the flat plate expressions. Thus we

may write«
O shell c c? 1
1+(a+b2 ) — +0 (=)
O plate = : nv’_"ah Rh R? N
B H. 10.2

COZEEGDYBRTE, FREABTRICHED o MERALTVS L EIC, WHE
IZIXEH.10.3 TRY &5 GERMEH S,
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FoliasdDM, D EE
Folias, E. S., 1999, “Failure
correlation between cylindrical
pressurized vessels and flat plates™ ,
Int. J. Pres. VYessels and Piping, 76,
pp.803-811. —
p o REEDEB 1R
" p . R FHIZHTLNS
T T -R]/ : e _ c, K;‘)‘iflvder _ A’{ro-m
12 ALEREA(o, ) TCRALERESIZHT S
% ALK R EEERTT S L AROBEDT
® DFARICEAR M ATINE VT paaspe i 2 ity
[ ) e B A DL
LV .
Bulging factor (BhZR) : ABICENTE
Shakalalag WAHET 5T LI2& YN TRET OB LS
COZELY, AROKRELETFROKREITEEERS
Il RROEBLEHRTHD|
[ Gnr > M ram ] \/; G)%G){%ﬁl:tﬁ
FRTERERMBLTHERETASELBIZEAED
! ! EFRSEMOEhHD T Il b
B H.10.3

Folias, E. S., 1999, “Failure correlation between cylindrical pressurized
vessels and flat plates” , Int. J. Pres. Vessels and Piping, 76, pp.803-811 (&.
BH10.4D&5GKE @XQ)X) Z2LTLEN, THREAFICATINASIEAIZRLC
FFTHLIDTRBEEADRBICHE>TLWIREIE LG TRASLRLA, Folias &
HERNETOTM ZE =0T, PEELHEERATORME (KH.10.4 D (A1),
A)X) THSH (BMERICHLIEHSEMEEL TRENIERLI-LFICERSN LR
TUIVRILIRLECEIRILXBRELTEV, G=K/E DOBER S BELNIEXER K
NBEUMND), FFRITA) XSS A)RITEMMLTLEL, HHEEFHICIETHYEBLE
WE#RTHS. TOERF, A)XTREEZERAOERTHLSDIZ, A)XTKA2)RX
TOIGHEBHBOEAICEZRATLS, Chldk, A2)XTIE, BH.5.30 0P ETD
BEEZRLTO=0IC, AW)XTE, EH.5 3 TORBMLHEEEROER OGS
ICHETH6GRTHILDEE>TWAHCEITHET D, LEMN->T, I (A)XAM DE
BETHD] EXRLTVALREERVTH S, FEOHSHETIE, COFRICHLT
25 SOVXRTHNERL] LOEELH-T=M. COFFS HABAHRE L TL ST,
BH53TIEOPBOLSLERETIDICTHLTOO ZBATOGDK S ICREHEERE
TEHEEZATEBRET D LIIMBBERMICIEHYBLEL, A)XTEMN TS MHE
ROBN] EEMHEEICERETIDEETHY.,. AD)XTEM TS IHEERICE
(1B H1 EIXRLE “BA” EVLSEZE->TWSEN, BIENL{BRELHLDOT, TOE
BRTA)XDERIETHY 750y, Li=A>T, BH10.4D (A3) XD Mt OFERERAS API R
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BOBBREETELES, BEZFANBENEZAICEINTNS, £ ADXBLY
(A3) KIZDLV T, T2, Maxey Kiefner) D Ms DEFEI THhRf=C & ERBRLZERAND,
MHEEFMICEHY/LEVRXTHS, GH. Chel | IRED Ms (X, AEPFORBERICH
LTEZEShT-Folias REDO M OMSZERBSHICHBEAL-LDOTHS, LI=A
2T MABEHDHBERBTH > I-LREFICMs LtHERBTHAINDT, COLS5EHD
FHWRODVSATIAVELTEADDZK. HENIZH, MHAERENICEHETESC
& TIEALY,
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Theoretical investigations of the above equations in the
presence of discontinuities such as cracks have been carried
out by Folias (1964,1974), Copley and Sanders (1969),
Erdogan and Kibler (1969). Moreover, Folias [1,2] was
able to show that there exists a correlation function between
a cylindrical pressure vessel and the corresponding case of a

flat plate, i.e. :

Tepinder = {1+ 1} O @)
where the function f represents a geometrical c:cm'e:ct’mn
factor

f=0317A% ) ' @
and .

&
2 _ _ €.
A* = {1201 VI)‘} TR (&)

RBZRICHT IFREAMOGHBRRBOWERFL < T FHI2iL, AERFTHSR
tt=(ADR (Folias MXDB)R) ISk oT, HKASUTI7 28— W =[1+f"

(21) EE&L. FRICHFTILHERBT L. XRHZVEEOFIMOREHIZ ML
ELTHETWEANORSIRETEZILLTVET,

M@ i

el apewieR) (A1)

D—L'_l'ﬂﬂd'e‘."

- M, =

plarte

D-I.‘_Tlll;ﬂdﬂ" = ﬂ'{d n—,l

Shid, PRSI 3BHNo,, THEL IS,

FHIBHIBNE 0, > M, %0y, £ LTRALAMORE L AL S L8

LTS

Li=AftoT, HiERRT SBAICBRETRIE, AD)Kh5

_ Rl & RE/FORBRTROREIERIES
il & A/ OAMORA MG

[ Chiz, AMCH<AFAGHEREH<BHEZ. REERA—TH3I-LHD

M, (MEERBA) A2

Y. AEDBHEAXRME-—BETHEI LV Ehb, AAZRBITLE (B
HLEHDRNTEEE) OBRE
ERTIENTEEY (B FTHLRRRBIARATEINE) .
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LAL, RADEMRE, COMEXRTATRILYT S A1) or (A2) XH 5 Wit XA OME %8
MHATHN (BR) OL5CRREBOEREXRE(RTIBAZTTEITA)RE
HARMRLT, RAOMW)E (RAD(16)R) MM OERLEZEETBLTNS I LITRY
FY. COESBBATRBHABEPORBIOSBIANSIABENEBXET,

) \/1 . 7[ 1.818¢ ] _ R X W RO RRTAR ORI S
N Kol = W K- AM oS HR S S

M OEREBLISATLIN, RERICHELTLIRTREANAEALTY,

M, (A3)

e - T MBEREROFEOBAS S
JaC 10F <060, 0BE BIL M, = = S REROAMORAG

| e ” O MEGAMOMBEH
Tpow (K HKENBE B M, = = A HRRONER

(2021.9.27 Tt OIREA & FRNMEMIHT SHAS (2021 £10 AOAM) ) ¥ S
A rEY—-BHEEREDOL. BR)

B H10.4

Wikipedia [Z Bulging factor DEEMNEH >THY. BH10.5 DK SICEHE I TS,
https://en.wikipedia. org/wiki/Bulging_factor

The single curved geometry and pressure differential causes a longitudinal crack

to bulge out or protrude from the original shape. This change in geometry, or
“bulging effect” , significantly increases the stress intensity factor at the

crack tips. The effects of this loading condition can trigger different types of

failure mechanisms.

For the case of unstiffened shell structures, the bulging factor can be defined

as the ratio of stress—intensity (SIF) of a curved shell to the stress—intensity

factor of a flat panel:

bulgingfactor = SIF(curved)/SIF(flat)

B H.10.5

THHE, BH 10.5 (X, BEEHIERKFRROFIREBMEEZRFE >R (AR LOLTE
ShaéEshTHY, BH10.3TRLECELERLIEZESZELTLS, LE=bo
T. BH30DMN)KXTRT APl MBOEREZCORI b LEE>TWS LIS,
Folias X, AMICEITHEERDOLELTEH, FIRTORICo-Mo EEZTHRATEANIL
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AMICETIBNRBEITIIENS EZRELTHEY., ThEERELTLSHELTIE, F
WIZHT BHRAD Dugdale DRITH L TUTDL S BEEZLTWS I ENSELHALHNT
H5,

2

2O'y 7K _
o =—2Xarccos exp(—8 ZC) (H.10.1)  (FE#IZFH(+5 Dugdale DfR)
T O

y

COFRIZH L TREFSBEARDBZAICERT HICEo-Mo LBEERATEANIE
RWI Mo, METODugdale ETILMEE LTRANEZ OIS ELTLNS (F
H.3.1),

2

20 7K
Mtaz—yarccos{exp(—8 ZC)} (H.10.2)  (FAf&I<#1+5 Dugdale DEE~ILIR)
T O

y

(£ RBIFTIE. Folias DRXTEBRINTOEVRE M OEBRTHD L TBLME->T )
V3. Folias DRXEEMEHETM 2RO TEY . 20 TBEERIZSHZEH] £H
BEEICRET SMERTHD (HEBOBH] LERRALTRLERE N OERL L
TNBCEEME->TIS (ZOMEB-F-RBAZ APl FHOSESHEEERRL L

\Suéu )

(2) Chell| REDFEBERMEADINNVT T IT79 2 —Ms
SNV 2794 —LiE, BH10.3 TRLEKSIC, FREABGICERATIHHH
BALTH-TH, BEERMTEAT. HEDBEICEIRMAFET HC &Ik > THRED
BATEROBELYEHILKFRHREI M FRKECLHES (Folias DIRE), CHZ&iF, B
H10.6 & 5 IZMBMICEANIE, FRERMTIRERBOBSLYVARGIEALZ L
FEVWETTHEIDT, FRERMDNALVLS VT I779 49 —Ns (TRERMEDIND VT T
7OA—M &YELEBITNSWNMEITTHSD (1=NMs=Mt),
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NS T2708—(BhETF) OVEHRERK
EE XM

AR TIERMBEOFEICE ST

s BAAE LR 1D
=) ¥
c Oy COMRDEHIZ. AFE
&&&&&& n D hERFEENERD
TARTIEBIAE L % BEEUNEREL
M=1) .
ERBRNE o TR
5 J— | § P N E
SERER M B % B L 7 e

1SERERBEDANS LTI 70 8 —NHERBDALS T 27 08N,
(a=0DRMEMNFE LGN EEF, LR, RBEOFEICE > TEIERISNBELIBNELEVLDT,
FRBRMBEDNANNS D TI77 03 —THAIIF1IELED Ms=1), 512, ERBERMTHLRY BE
REEOM, LLEIZA S C EIIMEBMICHY B (Ms=Nt))

B H.10.6

Chell M3%3C (G. G. Chell, Application of the CEGB Failure Assessment Procedure,
R6, to Surface Flaws Twenty-First Symposium, ASTM STP1074, J. P. Gudas, J. A. Joyce,
and E. M. Hackett, Eds., American Society for Testing and Materials, Philadelphia,
1990, pp. 525-544) TOEH. 10.7 ® (19) KL, Chell DR’EDK Ms DFEH (1 /Ms

(=1/MEY)) oo eTHd, MXTEEH 10.7 D (20) K& LT Hahn 1969 D %6

2TLAM, Folias DM XZEFE-THRT E. (1DHXRBFRAXTERSN D,
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————

2¢’ 2c’
(b} AXIAL SURFACE FLAW, GLOBAL YIELD
ft=1—a*+ a*f(c’*/Ra)

where the function f is taken from Kiefner et al. [//] as

S(x) = (1 + 1.61x)""2

(19)

(20)

B H.10.7
a a 1 1
fo=1-—+— = H.10.3
Cim) w109
ER‘ZeX-N
Chell NS l 1
M EMT)=— = (H.10.4)  (API ¥4  (9C.18)=X)
fo . a,a 1
t tIvlt(j’a)

ZOD(H.10.4) XA API 45 TH (9. 18) X (M° &£%%) L LTEAIATSY.

9B.2.3.1 T “ Surface correction or bulging factors are used to quantify the local

increase in the state of stress at the location of a crack in a shell that occurs because of
local bulging.” Lt h., H10.HXBNNIWS T D703 —THBELTLS, (B8F
3) TChell DM I[TDODWTHEHLGBRTIWVSDT, TBL%SH)
BH10.TDESICNLE YT 7704 —4BERBBEREFETEEBAICIEY 917 T (Chell 3
XDFig. 4 b), BRI ISMsSME EBBESIZM™ ZRHSN D (EH 10.8 (B
BEERT),

31




FRERMI=HT B/ INTTI725—M, (M, Chel)DIELLVEH

& SSa = — = = =
1VILT TT I DYEABRNLFAT Chell, G.G., *Application of the CEGB Failure Assessment Procedure,
(a/lt=0~1 l-—é"dlﬁf) R6, to Surface Flaws”, Fracture Mechanics: Twenty-First Symposium,

ASTM STP 1074, J.P. Gudas, J.A. Joyce and E.M. Hackett, Eds.,

1=M=ZM American Society for Testing and Materials, Philadelphia, pp.525-544,
= Ts= (1990).

DERLPHEYIDHENHD, : -
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Chell[IM-cht?l_fEamEﬂl—MS’éﬁL\T: li\ ZE[::ETTTJZ:i{:XEfEG)fJL\)Eé t-aCDFq%J'
- T - LA IZB<HEL LESa DEBXRM (Ex: 2 =2¢)
- * i S AT HABICECEE LOMTERSID,
v U A T
/ | « ¢ L L=Ly+L,
ﬂ" .:: )> " o i : o' _ o-
=3 tﬁsf(t—a)o +aM—t
ZIT, KO 2WESt-a®OABEICEFER Ly = (t—a)o 3 1
EXaQEBRMEETHAMGICEEERDR | _ 7 M= a a 1_
“T M, “tHIM@

ﬁﬁﬂ(ﬂfﬁl:?ﬁ?‘éiﬁﬁEﬁ:ﬁ(=A‘}|,~‘)‘Jg77’79—)’&Mskl,t
FKEXRMZEET HABICEFEER L = tar ExRIhd
5
5

(Chell>=)

B H.10.8

co, M 0 a/t kEHEER LD, BH10.9 THY, 1M <Mt OBIRAEL
CELLTWLA, chicx LT, API BB OB XK@ THERY % Maxey (Kiefner) D Ms

(M) 13 a/t BRE <25 EEBRMEO M LLEDEE LY, RBRMO Mt & (3—

BLEWL, SO & &Y Maxey Kiefner) ®Ms (M“™) @@L F 7745 48—THW

LTI S,

(o-METRLS Ns( M (= M) ik, Chell XD (19) . API ## (9C. 18) R TR E )

hTHY., BRHTELRTIEAEL, APLETRLS Maxey Kiefner) D Ms (M ™) 2t

NIWVWOOTI7H8—THWIELNBBETHS.
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MEET b ME D/ LRI DB
( MET RS T I R—TidtEd, MERU 11/ (1- a MREEERLTLVELY)
WERMEHEAS . ELLM.EMOBEEE

[1= M= M, @r=0~1)

(1/(1-a) [FFERTORMEIC K DETEIR D HRERT)

Ri/t=15.32, 2¢=29.62 mm

MsXIE1/(1-a)

2 ——Kiefner (C=1, 2cL=29. 62mm) 1-c(¢ (i)
1.9 +Che| | (20L=29. 62mn) e M = (—t)a.M't
L =1, 296 1-¢(%)
L6 1/(-a) : (-N, APIFERS) M IEMELE IS Y 8 BT,
L5 //// NIVD T I7YB—TIFRELN
1.4
L3 ’ o M, (Folias)
— - N
Lz — T~ MChell _ 1
L1 e s 1_4,a 1
1 =7 i sralry oy
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 LotM, (a)
a/t MER Fa=tTM, 2B &M
BBE EIERASAF#23TIE, RBRSZHZE T BOTRVKHE (M, 5. IO TI7IE—ThD
REREV) DIFEDAHRLT, HT=AEMs_Chell DA ERE, SLEATE
DESEHEHEFONDKIICHBLTINS 9

BIH10.9
Folias DIRER. FRICEATIBHENLS LT I7 8 —DE LA EHRET T,
AEDBAERETELZLNS L THD, TDEZFE. FRTOY Sy FO—F7F
JORISHLTHEA GEEBRMBONALS LT I7754—MT (BHOBEREK) %=/

WT) 342¢&Ic&k->T, ARFICHT SISy bAO—F7F YD RICKDBRICHANRE
5LEZLbNS, T, EH 10.10 (X Willougby (1989) MAE4RICH L TITo=U Sy

FO—EPFYLRTHIH, T, Folias DIREIZHL, o, >Mo LBEH

A, RgAY OREBOHMEZANNIE, RAD p-MiE (HPIS Z101-2) TERDOSEE
h@/oND, GE, FRINE, NV T 7773 —3HEBRNICE > THEI;MI=D
DOTHY., TORBREWE (BR) [CETHEATSICLEMEVTHSH, Vv bo—
F7FYULRIZETRERICEVTEIHEERNEBEEDATEY., TORTORERE
LYo

33




3 3
Ot = (1-a)’ (H.10.5) (p-M ;% &HPISZ101-2 BRiZ DB B
yo_Tac
Ct(nc+dt)
h)
RIZop=0D & FIZ(X,
Chell
o, =M On  (y10.6)
()
nELGN D,

SRICHhDBEH L=o, (t-a-2r)
THRARE : t, 1&8:20= 1) - »
FEBARKE (« ®E) M= O'},_S_i'(f— a——] ~ 0,7

< %a 2 2
=o r(t—a-r)

L(_E 1 /%_/Z//_ r+L Y L,2
M ; M L=ctt, M= O'L;;

1<, A H
T
h /:F) i B o.r:f _ Cl'm G'i_i
“Oys Oy o, ot o, or
2 2 a
1 1 a . =0 = “' :
—o, + —a, | + 1-— T, ref net . Hﬁglﬁﬁﬁ;
el e -9
4] > o
! Ot =7 P . Hphdh & H

O =0, : GRS : [1_2)

g, 3{ a ! o } d

—b 2 1=-=1 - m .

- 5 ( r) [ o ] Willoughby, A. A. et al., ASTM STP 1020,

-w >-= (1989)

TM3FETHTHES BEE BRI aRS ER1-2 p.36 R IRZIEIE L T g

B H.10.10

—7h. APl BBOSRIEHIE, RATEALhTWLS,
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9C.5.10.1 The Reference Stress is (References [3] and [6]):

=105

& {(gm: +Q(M- B,-(1 —a):):

Gr!:f‘ = ~
: 3(1-a)
(1-a) (H.10.7) (API kDB REIEH)
Gref — M;(iefnercm (H 10. 8)

H.10. ) XOBHIBRIE. ChFETHEXTARINTUL G oA, Ishizaki et al.,
ASMEPVP2020-21085 B T* 21086 DEEERX TETDEHBEMAITRSILT-, LHL. TOEH
HBEX, BH 10,11 IR & 512, REAICK SETEB D %R %5 C 7= Maxey Kiefner) @
RETIRORMEICK DEHEBODREROTNS YISy FA—FF7FIY IR EYRDHER
ITRATHENS, LW S TRIEOETERDIREDK (Maxey (Kiefner) D) 1 & T FiR
¥ L TRO-REOHERIHBROKX (Vv bO—FF7FUSRADHK) ] ITKATEHE
WS TERREIICHTEY  BOSIAEGWEIC, HTE= APL Z0OSRIE A% H.10.7)
KABITBVICREEONBZ LIX. Greg Thorwald et al. (PVP2017-65760) & LU K.
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9C.1.4 Reference Stress Solutions — Approximations for Shells

The reference stress solutions for plates can be used to approximate the solutions for cylinders and
spheres by introducing a surface correction (Folias or bulging) factor. This is an approximation that is
supported by experimental results.
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Allowable RSF Values For LTAs Based On The Construction Code
MPC FFS Meeting, August 21-23, 2001

David A. Osage

The RSF, is a measure of protection against failure calibrated against burst tests. Each

construction code will have a different RSF, due to the conservatism in design resulting

from the adopted allowable stress basis (explicit margins) and design rules (implicit
margins). Construction codes with a lower design stress provide a thicker shell;
therefore, these codes provide a higher damage tolerance for an LTA. Subsequently,

the RSF, will be lower for these codes once a target in-service margin against burst is
selected.

B H12.4

13. BE/RED p-M LT 5 RE

BE/RIEDp-WEICHT 5 RE

1. P-MEQRETELN EEE A C BN E T Y S ELRRT <&

2 D1l EHLTFRERE LE L CHIBRE/ BERL F =

® WEFEEEORMOMDIAN 5. &5 L THEMOMRENTE 3,
DIZEEBEDRIICTHRLE., BLKBOHON=-tDELEHE

@ HRENsDE X 5 DER £ E X H SOV TAICERE EORXIZTE
At e e AX APV TRFRT COMXISTI

€) Z@L&,'C W52 1 DFEBAORLEICOVWTHRL. TORIIERET

- RZFICHLTREADHLSHREIX, FATRETEL] LVLS3RBAEEY S,
p-MEICH L TIZ, EDHEICEATI2HZ  DRXHIENES S VERSICRE LTS
Y, MEMICEEREL. =, WPISICHEASH, RRAICHETH TV S, B&E - Bk
DHENEEBICHLIRTFRELGCBELTEY., BREEI+EGIhTOS LHEHEH
%, LHL., APl REDOFBE IV ENZBEET H55E - AIEDOERICOVLTIE, @ET

43



BEBSATHELY. AMOL S ICRMANKECRESATCE>TVS, Pl EOR
LISH L TRFSNERREMST & 512, BE - BLGHBIESTRETHS. Th
AHEEVMEER, ©L5 APl AL OTMRGRIRET S TH5.

V2. 06 ERTRERLLELTRAERE/EBBLIRE i
@ WIRFMREOMHIMD Mt OWENS. £S5 LTHRMOTFEATE S5, :
AR EBEORTIZTHL. KCBHONELOLHBE |

— T pNEORMEA] TELEE S IC. BEFEREOMMNO Nt ORAD 5. REO
FiliE L TLARLOTHRSAADI A Y R THE,

| @ WL s OEXHOEREERAITOVTACEREEORXICTRL . KBHS |
 hi=bDEBBIE |

SQUATENBRICHAT IEMMBNEEL LT, RLEBMNH S Trans. of ASME,
Journal of Pressure Vessel Technology, 130/1, 011207, 2008/02 7= EZ#BHFH LT
Z2LDEMROLEL—%#RITTIVSD, F£f=. HPIS Z101-2 1Ri& TEHHIFO SRR
SRl S E—F 2 BRI T, pMZEERCMs AERAIhTLSL., BRICETLHE
LEFHEEREICLYZTANRLGATLS,

-Q M2. BFE/ALHB, > DERBICHT S p-MERIEIZEBE] THELT=& 51 Konosu et
al., Trans. of ASME, Journal of Pressure Vessel Technology (2009), Vol. 131

p. 021206-1~10 Tl&, SF1=4.0 [Cx L T 1=0.89~2.67 DT—42 ZAL T, RIEL TL
%5, 12 miii) THEBLAELSIC, HICHREXLEL,

14, FRIZE T SMiEREBOZEOH-HBRAIRIBEOCE

44



FRIZH T DAL HDZEDH

ROBHRRIRTEICEE
v ERATIFCURER

| v Willoughby® EER IF2C/W=2hihils |

~Willol FIRIZ (1 5 Ak 20585 #1352
A% f’m: . (2¢=50mm, a=8mm, t=10mm)
A N=2.
© 20/W=3. =
m 2C/W= %
= 2C/W=20 . £
0 & 2/M=1.b(Sattari-Far) B
30.6
0 0.2 0.4 0.6 0.8 1 @ s
o (=a/t) I;(F 504
#*
T 0.2
v Willoughby > MERX MR BIEHEICH L TRFAORESZ D %
1.--(B8) —-the |imit load solution for rigid restraint (Eg 9) gives 0
conservative estimates of the plastic collapse stress. 0 5 10 15
v K RENSORX (EHEFEE21215, 198 BAAREERE ST EHEEORATEDFMEE) 2L 5. RIE/ xUD'IJE(W/ZC]
v %2 #IZ4E Smith, “The Difference between the Fracture Initiation and Maximum Load Net- = =

section Stresses for a Cracked Structure” , Int. J. Pres. Ves. & Piping, 8 (1980) 347-356%%H1)

v HREEEBOY A X FFEFHOTE

20

EH 14.1

B H14.1T” 2c/W LEHPNTWVDDIE, " W/2” ORFELNTH D, APIIRETIE, M.
REGEADBREBOIE] TRLIEESIC, SREHZROIBIEAL TV SHRAREHO
18X, APl MBOTEIHR~ADSREIEHE (BH.1.20 (D.33) XTREhB&LS5ICFhEFh
AEtZAVTWVS, &8, FHRBKELTIEIRH 14.1 DESETIEIERDIEIWTHS
BN, BH1.2DEETITEROBIEI N THZLISETFENDETH S,

BH1.20 D.31) XTHITHEA=0LEE. BH1.200.3DKXT, 00 &EZE. RIS
Orei=0 sl ETNIE (COEKSITEZ S & 5. FAD SR OEEMDER/] TRk >
2. RELBETEHIN., CCTEREATEOLSICEZT, BRiE£2T5). XAk
%,

On

=l-a H.14.1)
O flow

a:(%j[vivj (EH120 O.34))

&b, BH10.5 OFEREDE W) OFHE, S, H.31 D 2c/WIEEH1.2TOc/MNDZ &
ZRLTLWADT, LXEESTET L

45




5

THY. H1ADLYRALBF/LID,

o al\l 2c
m =1-g=1-|—|| —
- (IJ[WJ (H. 14. 2)

COHN142) XOBRERZERTT S &,

1
0.9
0.8
07
S 0.6
[T
5 0.5
=
S 0.4
U.3 - - - ¥/(2c)=9
0.2 ——W/(2c)=2
0.1
0
0 0.2 0.4 0.6 0.8 1
a/t
B H.14.2

BH14.2 1R &SICEN 141 TRLUEKS GERNAESN D, EH 142 ZH I
o TOMERIE, UTTHS.
1. FiR (AFDRIi—o) TOWRICELBEEZRT L. BFEHDOEME & HIZORA
RMascimIcBEERLSE C 2QBARMODITSE DEREROLHEEBER (BHEHER) O
ERICEMERDENLOREHELHIE (W) §5 LL-of-FOwRFWSE, £CT
FFSIRE L LTERLZICE, OQOFUZEXEL LTODKRBUTLAE>TWS A
BFLL, ChITHLTODEH%EELEICLTODREEZHET S5 LT, ODRENH
B, BE. BEROMREEOREERTH-OICFAETH S, EH 45 OFITIE. @
DRBICEDEHITRIENDOREERTH52LERLTIVS, £ZTWilloughby &
“effective cross section area” ZiBEL T. IREWARMBERE S+t OFEELUEL LGS
—R (7F—ZR1: W2 (ctt) & WIBWARMES+H OBEALINELGST—R (F—R 2!
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W< (c+t))) &ICHITTEMRIREZZATILNS, COEZ AL, APIREDD.3.4.1 (F
H1.2) THLHRASIATWSEIEZSTH-T. pNERMBDBIASTLHEN L Z., REEE
(F5=HIHET S, TDERIE, RMEXZSRLEEEZ “effective cross
section area” LI EICEZ D (F—R2EFEBEZATT—R1BLEWVEEZD) & Kk,
RIGHIE DBRRBEBEOEERIBELTIRASIRETLHDIT. FROLEITHT=> TOODLKH
E (BR) 755 EZRATLES AL (RH14ATDESICIRIBWARELLLD
E.TDOWDEEBZZTTEABBENEZ I NERTLLED). ThEBRITE=0IT7—
R1DBEEZEZEZTLVS (FFSRENHRET IERBTRURS —X 18 ERAEIA IR
ETHDB). ThbE WORMIBERLGESEHI4T1DESICEICT—R2TEZSC L
(X, RIGRTA DBERREHEOEERIEEFMTETLHL,

2. Ore~O0riawDEZTICHERIETELEADE 5. FA) REOHEMOBR] THAR-KLS
2. RELEENHY . REGETHDZRREENLHEBRICELSIEFHZMS Z LKL
A

3. BAARMEEEED R—R & L T Maxey (Kiefner) DETIL (2. Maxey (Kiefner) ® Ms D5E
Bl ZEFTWAHN, ZOETFITIEIEH 141 TOW/ (20)=1 DFLTHY . WmiRES
HOEBEEREL TLEL,

APl RETH, TRURRMETE. BH2D7—X1DLSICEZTEY. BAXRKMBICEL
THENITHESRETHS.

e, MinEEIMEE L TIE, p-M%k (HPIS Z101-2) Tl a/t BAKEVESICITAIRES
EELE LT Willoughby IRED t KYMIMETERDIRETCLEZRELTHEY., t=—%F¢L
[T&EZ TULVEL,

15. Lmsd R UEEHE S p L RAEDERK
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Lmsd R VB K Sp ENEDRER
10000 v MBI T B D7t Bt i
3 < F&Ce+ oL E
RENLRE/ENE RHH , 2
(542300~ 100m) v B RICeDE HITEM
= v BETEREHS OIS DTS
g 100 s L DEHTERSNSLmsdIE+5
i LiERE 52 . B DM SR E,
Ife v ERNICELmsIAHERINZDT
® 100 i PREEIL7200,
% —— Y () £ 26-30mm
~ ---px3($7jﬂl§i$ﬁf§l@ﬁ)‘20230rrm Fohasd).’%ﬁ}(xiﬂﬁd)iﬁ
o —— B (p) £ 20=300m
o 10 - = - px3 (i AR B %) : 26=300mm ; (1Y
2441548 (p) 20-3000mm ,,=£=1_(L) 1+0.342 (5)
; x3 (I 0 B %) : 26=3000mm c [1. T
] : (t-5. S, AHE100EL L T & BIEIIAAAR) 7140342 [;“]
2 2 3 2 3 2 2
- THE@RI, HEERR M T | i e e
B H. 15.1

B H. 15. 1 © Timoshenko M & S B HEFEHEH S DEEE 2 (+ 2 I
Lo =1.8\/Dt  REGEHDOEY DRLMCTHEZMIT HHEME L THSHT O, API

BETHHEALTLELY (BH 1.2 TRYESICAP] RETEIRMEERICEAELARE L
EEATLD), cOEIF, M, Ms CSRIENBEZHETHLEZIC, ED LS GIERE
ERERBICEAEARPEZERL TOEDEHIZ, SMBEETFESRSSARMEE < IZHFE
FTHENGENKSIT Lmsd BEEELLEBET " EEERL TS EIT T, TOMEHARIEED
DAY DREMTHEZSETIERATHSILFEFZATLELDNSTH S, £, BEHRIC
REEH o DEMER S LREHOBY OREMTHEZ ST SEH L L TAPI RETHE
BALTLWEL, LEN->T, APIRBICED I EZHAICAVTLRTANS C EIZE
#ThHhd. t L. APl HABIEE-TEY., CCTERT S & (Lmsd PREEH S DEH
BREISAREHOFY DREBLFTEZ /BT IEELIRE) BELLOTHNIT, B
E. APl XYZBHANGAEVWERIEZSASINAPIRBEZTDLSICHETLTHSER
IRETHS,

ERICEADCLETHHN, APIRBICHEVWCEZHRATHLTHRZITANS C LIZRE
THbd. HL. APl FELEE-TEY., CCTOERMLELLDTHNIE, APl HigZE
EDESITHETL THALBEERIRNETH S,

16. BRIRELER & SHRIEDRER
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B H16.1 TIX. EMIBEZEL., BH 14.1 TERBIEHD 00w T, MEZRANEG LS
FERALTWA LS TERE—RENSGC, BB AL,

WFhiZLTH, M4 FRICB T 5MRRESHBOCEDNH-HABRAREBEOLE] THRR
f=&512, QOBERSREREZEEZICANTY., QFEREFDERBESLHERRT S
MESHOHE (H5WEOBARMICEBEERSLEL SN ESHOHE) ISEERL
Lo REERTA DBRRAERETOBMEZFET SMITONTOREERL 5. FAD SRR DR
FD@R—REATAS DRRFRIZHGY OBEHEHFETELINN] THITO>TWSELS
2, BARMEERICHGEY DBUEREZR LE-FEREEREHBT L. TORDER
FICEN G EDRELCRENELET SABENTENCEM LS. FEICRIRTRZ T AN
A

GEEL%EE\T%ﬁ& ERIEDRER [Pl %2 ]

7 v MsIZBEBEigE= (MaxeyD = X1)

— . 8
. Lomouwes] . . BRLERLBE

) X x v RAERELASOHREEN
6@ v FRAELY LREBEN—BT
% x v —STESE TSN, e
o4 BT A o XX o ERORBLEERATSHY.
. X0 & (API3E) x 0o 5~ REWEONE
H
Ll

B
< REERMERED S HHE
W 3~4.5 1437

£ v PR OBBICRES
B

B

AP LK W e
ERTARE

2
Kiefner et al, Kiefner et al, Yemaguchi et al, Yamaguchi et al,
(Burst3¥2) [1] (Leaks2) [1] (Burst3%2) [2] (Leak32) [2]

¥1:EATEKiefrerd = £ LIFEh TL A, RERIINaxey S IBIGH) B L1-ATHL. > THEE/ALEL TRNaeyRITHELZ R L LBORXZE Maxeyd ) ERELTLS.
K2 APLET(IMaxeyD X ZFALVS Z £ T, Kiefrer OB FDMEY . £RHIR Burst) H/BERARE (Leak) it FRIFIHE.

[1] Kiefner et al,Failure Stress Levels of Flaws in Pressurized Cylinders. PROGRESS IN FLAW GRONTH AND FRACTURE TOUGHNESS TESTING, 1973. ASTM STD 536.

QILIOEX HEMAL . WEEE APIST-1/ASME FFS-14# FRBtEIFHIC L 5 RSEHREQBRFRENH BXSFHEHRE 2014 FHEGTHE2EH2E.

B H.16.1

[ﬁﬂﬁﬁ:&?of: T T ——— }

1. REEKFEEDOER
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QREXREFEHNDERE . BRIER
BT H [API:%]
3> RgoM Pl E INETORRY 5 v PLERBEE R LTH
30 g oe—, 45 - EEEZDIEAETHD.
oo N D4 G v BHERRE1-2 P FEMERL
e 25 X ;A,g megB-NL 358 LMIRFAETES.
£ 5o HBESH 10%E T0343°C 3w ¥ BHNRUSRHPTREHR
= % 55 T2 SO AFEOMIRE
R 15 X % 2' iiE FRIKELL,
A W v APLERREAEEMLTHES
H 10 15 BROWEHE (#13.0) D10%
1 ETLAZSFY. RELE®
I I I I I 05 ® BREERT,
[ 1 v BHESEHERRE SRS,
@‘ﬁ" ,.Qmé‘\ @@ npé\ @‘@ @*’ ,\9@ %@“ .39“&
ao- fv f" <r;~ "S" g© w:r-L f‘g' (" +
7 d/pf" > @/Sf" B & a”“fh & ‘;,Qf’“ EERA ) .
o - 3 oG ; . ; #ElsTrG3708(BIEFEEI1-2P16,P28ICFI L)
® gV g S & & AiE165.2 (BHERAML2P16201<AL)
s = B2 EPEEL5.4mm(FLE)
TT=2
EH17.1

BH17.1 TR, TAPI ERMREEZEEL LTHRELZERASFMAETHSHI LELTL
A5 EH 141 TRABEACHaZEHEL, MEZRINGERALTVWSES5TER—R
N GE<. FEELEL,

BE, BEKRFEICOVTE, PELEIFBRNAR—RATEZASE, BH11.2 TRY
&1, BREE (BRIEN/BIREH) <0.38 D& FIT, BERHBBOBRRIENIZL DR
EMEISZFEBLLICHD, BRICMELIAYFLTWLAA, 5. FAD REIOEBDE
il TEEISHEAT7=EY T, FFISHRKE VX ELBERMHBBTOERRRICHT 5Z£2#8
EZBHLBHSNBEVEERS, RSBV EZDREBEICHRTRENA o 12
MICEERRBICE T IREMELIVIVTIFS L, FEICRIRTHY ZT AN
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FERTAERBRSFa=0.9Z2—ELL TRV LEOMER

4

@ 35 - — API

M 3 Construction P

{3 2.5 Code (SF,=1.5) -

o 2 -

Rys b ="

R 1

2 05 oys/cuts=0.375

£ 0

o

0 0.2 0.4 0.6 0.8 1

[#{R e oys/Outs

BEICE®RELS,/0.9(—EDHBREAEREIRSFa=0.9) #F
BT 5Kty (=R H/515RIE ) HR0.417 (=
1.5/(4x0.9) AT D EF(ZERIEHICHTEHREHMEN
1.5x0.9=1.35T, BRIE AT HREHWEN1SLIT EHGYR
HTHD.

RSFa=0.9%—EELTHLS
L At0.417L  F TR 2
I24%

26

2018.3. 8 SELRH I HERAEH
BH17.2

\L‘ FEBHICIEIZTFANEL,

(APl D RSFa=0.9 TEZ H L. BEANBL HbL ., BERBARTOBRRENISHTER )
SHEETEZBAN B, FFSHEBLELE L MERH BB TORREAICNT 5RE
BEEEDCLEBINENEER D, RENENE EORSIBEICHSTRIHMA -1
LEICREBEERE T IO THUEEETE 3. KMEAAT-REIHIY T3

18. Folias IZ &k HEIRIL S & Bt R & OREBRERT
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% FoliasICk AHIERL N BB R IDEEBEFRT

E. S. Folias, “On the Theory of Fracture of Curved Sheets,” Engineering Fracture Mechanics 2 (1970) pp. 151 164
-//ipn01. safelinks. protection. outlook. com/?ur |=https%3A%2F%2Fww. math. utah. edu%2F ~fol ias%2F1970%2FFol ias1970a. pdf&amp:data=04%7C01%7Cyoichi. ishizaki. 7530%40id

emi tsu. com%7Ccb446197c¢514¢c9209508d987227a4b%7C1a721771 b78340799e0538695d718adb%700%760%70637689404421433843%70Unknown%‘lCTWFanZsb}d&evJWl joiMC4wL jAwMDAILCJQLjoiV
2|uMz1iLCJBT i 161k1haliwil CJXVCI6Mn0%3D%7C1000&amp ; sdata=|xg9zeel0Y7NbbrH7XIUJ%2B | Sy2nufugzE2HiKAUTRe0%3D&amp: ed=0

1) BEEIGh (fracture stress) oF: =& 13, %20, =21,

) 22T oF<0.6ToF=K/J/ nC ; KidFracture Toughness (FEiEEAME) &MBHELTLVS,

3) P156 HIBRUMIITEMBEEH-ETILDEZFERL, AR—STHS6TEHT-YUM DS a perfect elastic-plastic behavior of a non strain-hardening
material DFAEIXoyE LTox& LTRWNE LTS, Qugdale Model)
@ E.S. Folias, “Fracture in Pressure Vessels,” Chapter 21, Thin Shell Structures, edited by Y.C. Fung & E.E. Sechler,

Prentlce-HaII (1973) pp. 483-518.

Z\ulelLCJBT\161klhaWw|LGJXVCIGMn0”\;3D%TCIOOO&amg sdata=[5|eul AJKs00ds | |NCM3V7BZSCXP'FhontVKPBBDe1BMD&amg reserved=0

) BEiERS A (fracture stress) oF: =19, #£22, %23
2) R20E2I TS DHENHF AL Z R~ TPS3 T AL MTEFED 2 LRRODI) LAHD Z EAENTLD,
3) H22TEFRO LB X, H0FAFDLEMEE Y 4 X, ¥ FERAXTHIEI—BHT 5.
@ E.S. Folias, “Failure Correlation Between Pressurized Vessels and Plates,” International Journal of Pressure Vessels and
Plplng 76 (1999) pp 803—811

5351 lntruductlnnf: fBut to do th\s safely we must understand the fundarrental Iaws that govem the strength and displacement behavior of such structures
for they are not immune to failures, particularly in the fracture mode.

The engineering community has long recognized that large, thin-walled, pressurized cylindrical vessels resemble balloons and |ike balloons are subject to puncture
and explosive loss. For a given material, under a specified stress field due to an internal pressure q0, there will be a crack length in the material which will be
self-propagating. Crack lengths less than the critical value will cause leakage but not destruction. However, if the critical crack length is ever reached, either
I;fs; penetration or by the growth of a small fatigue crack, explosion and complete loss of the structure may occur. 1] &&%Y

Wt
5. Failure prediction in pressurized vessels®IET [For static considerations, the results by Folias [2] should be applicable. More specifically, under the
assumption that bending and bulging effects are negligible, Folias’ s general failure criterion [2] may then be approximated by the simple relationship]

ELTRE EZRLTWETA, S I TOIIAXIK] &I1E, LEREODRTT,

P-M;EDMUZ DLV T O RBLSZER (L BBD Q) D )L—Y(EDugdale ModellZE 3L \fzFAD Ot EhD &

T .

B H18.1

3. it OEELEH—VTHHBMOBERI TR L& SIC, Folias [(XEERHTICKY
Mt ZBEVTLVS, LA L., EH 18.2 TPVWP2020 /xRS & LT TE4% Folias K
DEHE &L T,

v MEEBERZHFOFREMAFOMAFER @ -

P{HTW[’.'[nf - PmTWC Jhoop - M,
EBBRD H 2 HIRF R OWEHT FiR SRS 7
EEEHOHHHBEOEIEEAEIIL D (H.18.1)
TMAEZEShEHELTLS,

Mt =
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Mt_Ms. Chel =, Kiefner ®= & U/NEEASME BNREORDRRSE
=P v MITEREREZFOFRE Hﬁd)ﬁﬁ{?‘t

- & '- £ P! = PG twchoop - Mt
4k “g x mIWCEp "B IWC e, W gl £ 5ol iasORM.

BRBRDH 3 ERTIROBUTREREERLS

"vP, ‘ =
e v BEERHOHZPEOREEEARL
b Y MSF DB BEH & 12O EH OBIRE (M & TARGEMRBRELY

. pmnc = PmDChoopMs

-
? /’ z ( CORMONBEMBATHAGL |
/ @ :F*ﬁ P Uub — P CMS H%; Pgi,UD,hoop = Pret,DC,hoopMs

pr 7 Htfﬁi!l.;ﬁﬁ
m, I r\';L\
. 25 00 g
Ly=A-PlLyp . :';"_ﬁpgm o #xmﬁuﬂ—ﬁé&%ﬁﬂ@ﬁ&ﬁﬁﬁiaw COEMLEX AL
Vg e Ms S b s A TR EH O E(L,) THE

A

a4
2 . s ; FRIEMM (XHBRGEN) . AMIZEC=OOXHHFE
= 1-¢(9) (_1_) API579 Eq.9C.17
L_ t)\M, = ' 3 EhERSEHET—SD
= ‘i‘x i 1— C(a) (A9 BKieffner DR RME) 54 > FOME (Scopest)
XMXTRHENNTHD
‘ API579 Eq.9C.18 Chel IO £ Wi L&A

NS —
MS

?(3,‘) (FMI=HT BChel | DL; EML)

f
P P¢
L _mAD_CPf TRChooD, $%)AP1 579-1/ASME FFS-1 Page 9C-6 A2 MK RIAFFEI<[£Chel | £Recommend
1= mDC Li=A- P.pc hoop - a/t<0.5MENERTHS &, Kiefnerd,Chel | LIZLALALBRISHS. |
- /D0 SDRNERIZHBE . Kiefner KNEFMLRRESR 5.

B H.18.2 TRY Mt DERE. WHFHEZALTWS LH L. HERTMSEM IR
MoEXHYFTEL, Folias DX TM ZZDLS5ICEEL TWHEMIIEH. 18.3 ITRY
UTOXTHASLOEEZR/LA, H 18 NDXDKLSGEEKXEIEL.

@
Thus, following Griffith's hypothesis, for crack instability, one requires
U gystem 0 (12)
dc

or
(33+6u—?v2)(1+u)|: m]g [ e)]g_lﬂGy*_Z(l-l-v): .
3(9—"7v) PO+ P9 = cer 9—Tv = (o0)* (i3)
f—= cos (;T;) (18)
or '
§=sec(:a%)—l. (19)
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#* K 2z
op = zi cos™! [exp (— -8%_*75)] (20)

which upon substituting for o from (13) one has

e (33+6r—7v?) (1+v) ”3=20* _ _ aK?
"“{ 3(9—7») PHE} x o8 l[exp( Sa*ﬂc)]' 1)
B+60—Tv3) (1+v) }”2 _ K
a'e ( JEH+I? = —. (22)
{ 3(9—71’} \/1_1'5

@

Following similar lines, Folias (1970) derived the following approximate
criterion which is applicable to thin, shallow shells:

(33 + 6v — Tv3)(1 + V)¢ 2 | [ pe)]2 — I()G),-"I: 21 ), N :
30—7v) [pP [P =—tF =l {19
3k 2
Op = %—COS"{CXp(—%%)] (22)

which upon substituting for o, from Eq. (19) now reads

—0[B3 1+ 6v — Tv)(1 + V)rpwyz (e)z}”_zﬁ‘_* -1[ Mn_KZ]
¢ { 30 — ) IR Iy s exP( 8a*gc>

(23)

B H18.3

EH18.3DXDVThERH 18212 TH&% Folias KOXfE L LTDOMH. 18. 1) X TR
ShHEMOERZEZTRLEXE LGN, Chold, TE, BEENMSRO O HBIELHED
BREZEE> THREMHOWMRZEFAUST SMBEHZOEBREICHA S ENHEKDH, £
NZLZ>THRARTRBDERTHAHILERT S LEHYBEL,

PIZIE, EH18.4 OX5GTAADEAKPREE q ISOVTEATHSD, D q [FHEHE
BFICE 2T =3 LEMNTVDH I EZERI AT, MHBEFZFALACEVGEVER
Hhd, ChizH LT, BHAKRPEE g ZXEROBEETH 18.)XDLSITRT M
AREICH S0, TOXZRALT, g AH 182D KXOWREHLTERSNLLEERT S
AFWLEVERDREN, EhICTELE=CEZTERLTLS,
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_ AAOKVTEOWES )

q

111111

2W=00

a=3

0w
B H18.4 2RooDFIRPDODAADEHEHFER (0=3)
&, BH18.1 T IP-MED Mt 2D L TORBIHER (EEEDQ) DIL—V(E Dugdale

Model [CE-S\V /- FAD O#MtEADERTT .1 LB LTULAA, p-MEDFBARMEEME X
Dugdale Mode!l % FAD iR+ > TLVEL\D T, 2L EKRTHDIEHETH S,

[E&7Folias KDFEE] & L. SSICAPI ZOBRBETERT S M OERZEIL., Folias D
MXITEDESBEBIESATESTHE->TLS,

5%

BE1) vy MEHBRE
BARMOBEHESRGZEBRT HI1CE, EHSIBRYFTETCTHIER R.1 TRIADR
v MEABELEDNE, Chik, ERETILDO 1 DTHS Dugdale EFILEIEE CBER
BOWIERBBALNITHS.

A. G. Miller*, Review of Limit Loads of Structures Containing Defects, Int J
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Pres. Ves. & Piping 32 (1988)197-327 A5 MD5IAZELITFIZET,
4.2 Tension

Unlike the SENT geometry, there is no moment due to the eccentricity of the
tensile force.

4.2.]1 Plane stress Tresca*®
N
=
ot — 2a)

N
M A
Q —

t

= D<x<l

I
|
I
h
I
|
|
I
|
I
|

Q
M
N
Fig. 32. DEN geometry. N, Tension; M, bending moment; Q, mode II shear.

¢ thickness b ligament thickness (f — 2a)
a crack depth u bib+r)

X aft o notch flank angle

r notch root radius ¢ constraint factor

ER.1

B5E2) Rt-ABRIZE T2 EREDEE

BARAORREES S EERT Z2E4E. TOHHOBRENIEET D, ZOBRKR
BHEHAARBREOEBTHY ., BENECLRBICTONTETT S, LHL. APl ETIEEF
BEEICRRASOEEEREENERSATHE LT, HERREOEHRIERA LM
LTULWEL, BR2ISRT &S ICHBEH 0. ISREREEALZL, Chicx L TRER
R@E o, [TEEERFELHS. APLETEISBREANB 110, UTTHNIIHESIID L
LTWaH, BR2ICSRT LI ICEENEVEET (0,/1.5) 1.10.LGY, BHEEH
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0o ZALV=APL EZDHEFEL CELY, BEIS, APIETEBIR (BN KEBEETHS
DT, BRIEALVER I DFBETRI LSS, YUSYy bA—FF7FYPRIZEYRES
RIEETADERREBEHEOLHEBRRREEEDFZE L YEICBRENNNES(FHEA D,
COER. 3 DFRBEREFE > T APLATOBEERS & VBTN & DA EHE DT
SOT. EDK S GFHEDEREICR TS,

WSENEBCEBREIME  STPG370 (S)

t
S TRIOBRES (BEARFL) 01/15
R 120 = p-MEDHFRISH
.|£

APLEDFAIH GFARSIRRDD11E

FHERRARL DFFRSIRNA \_ _ _ _ _ ___ .

MIN (B|iRIE X D1/4. FERE X D1/1.5)

mZ (°C)

ER. 2
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APLE T Oy DD #R
(S VINL Tk, $55E
DERE. RBIE. BR

® =WERF AR
p-MA T DI D DFHib#R

OFH

ER.3

#R. BREHOEEXRGFHEZERE L CR-1ABREZEFTTHERRINELND, CO
BEMSHLMEELSIZ, APLEAREREORCEZFMTETLIAEL,

1 4

| safe |250C APIS79Level | 300C . [350°C
1 [
0.9 +- \ z
] ’-—'—Y- ]!
Vir———— ——
] — 75°C 40°C
077 // —_ Unsafe
] API
06 1 APIST9 Ibaraki Prefecture's FFS _ 40°C (a:uhr =215[ MPa])
- B — —3r . -
R S o ——150°C (6T, = 183[MPa])
& ] / J;g: 1(:90.4&,1 o7 =minfe™ /1.5,07" 15}, 7 = rsorc (0, = 169[MPa])
0.4 a=0. - : o (@, =157[MPa))
] 1.428-¢ 300°C \Pw_7
] M, (@)=\1+0317-22 , 4, = L min
] I/// “ ’ © Ra 350°C (T r = 150(MPa])
03 1 M = ! PO Material: STPG 370
] ’ 1-4.49. 1 t(m, +4t) Inner Diameter: Di=199.9[mm]
0.2 - t t M/(a) —Design Pressure: p=3.82[MPa]
1 PR ,_1818-¢,
0.1 1 o, -06-p° JR, -t
ok | N N S N
0 1 2 3 4 5 6 7 8 9
A: Lambda (Shell Parameter)
R4
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2% 3) Chel | SHIXDHER
Chell ML, AN IRERMEIZxI 2 CEGB MIRFEM#EE (FAD #2BE) m#EA) &4
2TW%,

G. G. Chell

Application of the CEGB Failure Assessment Procedure, R6, to Surface Flaws
Twenty-First Symposium, ASTM STP1074, J. P. Gudas, J. A. Joyce, and E. M. Hackett,
Eds., American Society for Testing and Materials, Philadelphia, 1990, pp. 525-544.

K; = K/K,
L= o/o,= L/L,
where K is the applied SIF, K. the appropriate fracture toughness, o, the reference stress

corresponding to the applied load L, o, the yield stress, and L, the appropriate plastic yield
load (either global or local in the present context). In general:

o, = o/fla/t, a/c,¢) (1)

ER.5

59




1.0 e

0.8

© GLOBAL YIELD
06 |- e LOCALYIELD (PLANE STRESS)

04 -

R6, OPTION 2
02 |- o, » R6,OPTION 3, REFERENCE (8]

1.0

08

0.6

0.4

0.2

] | 1 | | ]

|
0 02 04 06 08 10 12 14
L'

(b) SURFACE POINT

FIG. 5—FAD for a surface flaw in a plate subjected to uniform tenstion (ajt = 0.665, a/c
= (.665). (a) Deepest point. (b) Surface point.

ER.6

MSCheII (OI’ M SNS) — 1

1
1-—+—
tt M(4,)

Z 0 Chel | XD Fig.5 (FR.6) hdAMB&ESI=, M ™ (or M) (Local Yield) &

M (or M®) (Global Yield) & 1= & - T FAD #&EM#EEAdD FAC (Fracture Assessment
Curve) ~DEBZBEHLTVSRXTHY ., AE - AILATRT SV HHRICERT 5%
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9C.2.3 Surface Correction Factor for Shells
9C.2.31 Overview

A surface correction (also referred to as the Folias or bulging factor) is used to quantify the local increase in
the state of stress at the location of a crack in a shell type structure that occurs because of local bulging. The
magnified state of stress is then used together with a reference stress solution for a plate with similar crack

geometry to determine the reference stress for the shell. Surface correction factors are typically only applied
to the membrane part of the reference stress because this represents the dominant part of the solution.
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9C.2.3.3 Surface Correction Factors for Surface Cracks

The surface correction factors for surface cracks can be approximated using the results obtained for a through-
wall crack by using one of the following methods. In all of these methods, the equations for M, are provided

in paragraph 9C.2.3.2.

a) Cylindrical or Spherical Shell — The following is an empirical equation which does not produce consistent
results when the crack approaches a through-wall configuration (see reference [14]). The factor C in the
equation is used to define a model for the cross sectional area of the surface crack to be included in the
analysis. A value of (" =1.0 corresponds to a rectangular model and a value of ' =0.67 is used to
model a parabolic shape. Experimental results indicate that a value of (" =0.85 provides an optimum fit
to the data (see references [7] and [8]). The results from this equation are usually associated with a local
limit load solution; the superscript . in the following equation designates a local limit load solution.

e8]

M=~ 2t/ (9C.17)
-
i

b) Cylindrical or Spherical Shell — Eauation (8C.18) is based on a lower bound limit load solution and
produces a consistent result as the crack approaches a through-wall configuration (see reference [17]).

1) In the following equation, the term M, (A,) signifies that A/, is evaluated using the equations cited
for a through-wall crack with the A, shell parameter as opposed to the A shell parameter (compare

Eaquation (9C.7) with Eguation (9C.19)). The results from this equation are usually associated with a
net section limit load solution; the superscript NS in the following equation designates a net section
limit load solution.

1

MY = S (9C.18)
N 1

o ﬂ'{
l——+—
t ILMF(;L‘,)J

c) The results from Equations (9C.17) and (9C.18) are approximately the same for flaws up to a/! <05.
Above this value, the use of Equation (9C.17) to compute A/ will produce values that significantly

exceed those obtained using Eauation (9C.18). This will result in conservatism in the computation of the
stress intensity ratio, K, . if the stress intensity factor is a function of M . and the load ratio, 7 _, in the

FAD assessment for a given material toughness and yield sitress. Experimental results indicate that
Equation (9C.18) produces consistent results for afi >0.5. Therefore, Equation (9C.18) s

recommended for use to compute the stress intensity factor (numerator in K, ) and reference stress
(numerator in L,) unless additional conservatism is desired in the assessment. In summary, the

following values can be used to compute the surface correction factor:
M, :M_:' assessment based on local ligament criteria (9C.22)

M, =M assessment based on netsection collapse (recommended) (9C.23)
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