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K. Oyamada et al, ; Proposal of reference stress for a surface flaw on a cylindrical component
from a review—with-comparison of the local metal loss assessment rule between API 579-1 and the
p-M diagram methodlZ& (T AMsDB DR R (Z OIFEAMLLY)

component [2]. The based reference stress for a semi-elliptical
crack-like flaw in a plate is defined by Willoughby [15] and given
as in Eq. (9), which is identical to that provided in Annex D of API
579-1/ASME FFS-1.

1 [/1 S 5
5@%—FV 387 +a5(1 — )

Ji'E’f_pf[]fP - 2 (9) ¥ K.Oyamada et al, ; Proposal of reference stress for a surface flaw on a
(1 - f}#} cylindrical component from a review-with-comparison of the local metal
loss assessment rule between API 579-1 and the p-M diagram method &
Where, Y Pk
a
+ ac
R S L (10)

T p-Mik LR EE N2 TEE S h - 1R
The Eq. (10) of API 579-1/ASME FFS-1 is not identical to but is %'téﬂ éﬁf\ j] @@ﬁ{%%ﬁﬂ ': L/ —C L\ %)

almost equivalent to the Eq. (7) of the p-M diagram method. The
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 g, with ME"!g, in Eq. (9). 9
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Sattari-Far et al, Local limit loads Solutions for surface cracks in plates and cylinders using finite element analysis (2004)
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Om/oy = 0.565 (limit load)

X Fig 3. Development of the plastic 2ane size at wo different boxd levelsina
X x plate with an infinite edge crack of @i = 0.40 upder pure tension and plane
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Chell ; Application of the CEGB Failure Assessment Procedure, R6, to Surface Flaws® &gt

ETIIHFMOBICERNLGIERE L TEERXDEFEHER (RMEL L% BMsDIRR & ERDHER)

1/f(a/t,a/c,d)=Ms & T &

(o, = o/ftast, aje,d) M)

where K 1s the applied SIF, K the appropriate fracture toughness, «, 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:

(a/t, ajc,$) = L,JL MsDEBDRR . L1IEXXDH5HBHOMRIRFE. LyldFX
» ’ 1 D HE L\’Eﬂﬁd)ﬂ“ﬁiﬁﬁio Fq%l- & zF‘*ﬁ ’éﬁ&iﬁ'@lifa‘. Ly 0, 3 St e 08 mammcen
and ¢ is the apphed stress, and L, is the load required to cause general yielding in the *KChel| et al, Application of the CEGB Failure
uncracked component. For surface flaws the collapse function fdepends on the ratio of crack Assessment Procedure, R6, to Surface Flawsd b) $h#

depth, a, to section thickness, t; the aspect ratio a/c, where ¢ 1s half the surface length of the
defect; and possibly the position on the crack front, ¢ (Fig. 2). An appropnate value of the

yield function f1s essential for a failure analysis based on R6.
*¢Chell et al, Application of the CEGB Failure Assessment Procedure, R6, to Surface Flawsd U dr$%

= - Yavan N - - Vivd==u =AY A= NIVENY: ST AA ) —
FEeo EFTCAHAHBOF XX L TRA2D%5m L THEE ZDEMHAEREICHTT S API579 q.9C.17

T Chell Dzt & i 1E N % . 1
ft=1—a* + a*f"(¢”*/Ra) (19) Ms® = ————77
1-¢+%(ar;)
. . . = DA (- API579 eq.9C.17
A local yield pressure is also defined by Kiefner et al. [ /7] as the empirical equation — DIELLN ‘FEJ =] C“\\ﬁj_ & 9 1
Kiefnerd z{ & (I % € (%) (E)
£1= (1 = a1 = (/R Q) {—) T
s o 28
%Chell et al, Application of the CEGB Failure Assessment Procedure, R6, to Surface Flawsd U #h#% B s
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Kiefner et al;

Marhematical Model for Flow-Stress Dependent Mareriai—The cquation for
surface flaw behavior was first presented in Rel § in the following form.

7 [ ] ©)

diMyi

@ = the hoop stress level at failure,
& = flow stress,
d = depth of the notch (see Fig. 2},
t = the pipe wall thickness, and
Mr = the Folias correction as in through-wall flaws except that 2¢,4 is used
instead of 2c for flaw length,

HIEX TPR/t & B
(F XOTRIDISH T L)

20g =Ah,-“a_’ ) (6a)
In Tahle 2 the values of failure stress (0, )} predicted by Eq 6 are presented
and compared to the actual failure stress levels (o) for all 48 surface flaw
experiments. The ratio, op,fo,, ranges from 0.55 to 1.25 suggesting that Eq 6 is
adequate only for flow-stress dependent situations. A more precise method for
analyzing toughness-dependent situations az well as those which are flow
siress-dependent is discussed latet in the presentation,

To modify the prediction of Eq 6 it is necessary to rewrite it as follows:

ﬂ'p.i'ﬁ= 1—dft =M. -1 (8)

1 —diMpt F

X Kiefner et al; STP-536 Failure Stress Levels of Flaws in Pressurized
Cylinders & V) #i#%

TABLE 2 (Continned)

STP-536 Failure Stress Levels of Flaws in Pressurized Cylinders® &gk

IMamarar Charpy W Failun: Predicied® Predivted™
Mrlch  Beplh of al’ Bl Flww  Siresy Failare Failir:

Chataide wall Length, Molch,  Cutter Yield Elimate Eoeps  Steess, Level,  Actuzl? Predicted®  Steess. Siress,
Test  Reference  Diameter, Thickness, Ir, . Wheel, Strength, Svength, (2f3size), T ag, Failere  Failure el “p2
Mo Moy, m. il. Grade  in. in, i ksi ks <1k ksl kri Monde Made ks BB kil LPTCEEN
a7 Tk 340 {50 K6s 2410 0442 400 [ Lol 13.0 1.5 55 L L 124 n.s% L33 jd2
s T 40 50 Me5 244K 0420 LELI] ¥7.5 L ] 130 715 124 R L ifi.? 0,74 R.l 1353
i M-13 0 {1403 ME0W 440 0,21 4.{H fish. B E5.0 R 6 8T.2 B R a1 4 .53 _— Las
40 18 6.0 A L6 a0y 650 0.1 400 6.2 rRA 250 6.2 553 R R [ 091 LT 0,96
&1 21 360 kA X60Y 440 0, 2465 4.0 852 kg4 3.0 7.1 575 H R 615 093 &5 0%5
42 -4 42.0 Tr4nd MED 650 0,256 400 LEN] E5.0 20 EN| 4T.3 R L 4.3 1.02 434 1.08
43 2T B0 L3857 AbA L] 0.X%0 4.00 Fl k] kRS 120 H0.3 T L L 451 &3 6.3 i.04
a4 Tl-6 3610 DA X&h 2.50 0,285 4.0 Blad 45.2 xn T4 626 L L a2 L [ 1ol
45 T1-1 3.0 438 Hid 5.0 0,298 4,11 T il.6 4.0 67,7 a0 L L 44,7 1.12 44 6 1.12
£ L] 123 4210 D474 Xeld 1050 0.21% 4,00 59,5 . 100 795 I1RE R R 51 535 4 .55
47 Ti-24 360 0,35k &5 16 0,145 4.0 T3 110 A3 2R2 R R 474 nsg M7 1.14
48 T1-25 36.0 1,354 Hes 160 0195 4.0 70,3 11.0 BOZ 51T R R 474 1.0% 4.9 200F

"R — mopiure, L — beak.
"o ol ia eownpirted on the hasis of Eguation 6, the Slaw-=sioessdepandont crileri.

4 16 crnipuied om e hads o Equetion 9, the h.@lnm—du‘pmldm1 crileTien,
['F.“'py onergy daty wepe ol oblained for these spevimens, Rence o Sy wlum were calewablhe.

£ Experiment Mo, 48 conlained & Blunt U-shaped noleh wheress all of he other surizce faw experimonts Wad sharp Y-shaped notches,

% Kiefner et al; STP-536 Failure Stress Levels of Flaws in Pressurized Cylinders & Y) $k %

Z DI
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