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Elastic-Plastic Fracture Mechanics Analyses for Circumferential Part-Through
Surface Cracks at the Interface Between Elbows and Pipes
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Abstract

This paper presents plastic limit loads and approximate J-integral estimates for circumferential part-
through surface crack at the interface between elbows and pipes. Based on finite element limit analyses using
elastic-perfectly plastic materials, plastic limit moments under in-plane bending are obtained and it is found
that they are similar those for circumferential part-through surface cracks in the center of elbow. Based on
present FE results, closed-form limit load solutions are proposed. Welds are not explicitly considered and all
materials are assumed to be homogeneous. And the method to estimate the elastic-plastic J-integral for
circumferential part-through surface cracks at the interface between elbows and straight pipes is proposed
based on the reference stress approach, which was compared with corresponding solutions for straight pipes.

J84 A == Ipol AAY 2ol W)
7|54 Aol A Faol HE A7 hFeA £
29 W FSoI TS0 YAl AolE 53 A3} 43
AR EE d3 A2 g Tese, $ARE 2o
6 2% 2 A4S 12 ] A8 vl 2et AR 2 ua
MMy : #€0) 3¢ Wl AW FY HE R 3ol FA $A% AT FLol AT A7E
HAFYRZ mle)g Holm, oleld ol s UwHom
; AA §R%0 EAFE FEe Avo] TASE

. o gl ol A glo
M,,M, : 48 o] g1 we| F@ 9 g Fd=2 7Ase Hristn Yok B Ao AE
AATY8HE Aust Tp) AA SR AFWY ¥ua
Mop  : A3 3= FARZ ol Alae, 4 IY FY FL L H9ol
LM = da wad Buds H4e FPsEch 2 2

3 AA ST AAE dEe Aud H4AD

Wds wE Fege H4 @ Add mqs  TEE s e e da wee

- d d%g 248 + A& wHod, /1 ¥4
t AYAA, e, g 7AFs W] gig doto® HESAHL 29 4 9=
E-mail : kimy0308@korea.ac kr
TEL: (02)3290-3372 FAX : (02)926-9290 Az B7PEE Arsad do.
+ 39 mdsa JAFSS 4 2ZoME FReA A Aded dE FFE

IR e e Yo 3PNE FRaL A sxs




a2

o

o} AW YA AT THF
o 3HA| & ARG Folth 47
= $AHRFE ngoeZ F2-§8(reference
stress approach)oll $ztale] S AEE d&Ee W

HE AAE Aol

=l

I

2
HJIO 4
o>

£

=
<

s
ol

lr:%.l}i

x
o

21 3% 2 fsas 29

Fig. 1& £ dAFoA znt wld FZE2A
P W g AF WA £ 7oA, I3 5
7 (bend radius)2 217} r, t, R RGO #F
aNe 4F 3¢ 44979 € JF ZUdEY
Qol(@)E T3 Jehio. a1z T3 Wy AE
T3 ol oo
_Re_(R/r)
)

245 9] o]F(heterogeneous) 5412 EldtA] Lok
on] g Pgo] FA dFel e I FFs
3l7] 18l i R R 22} 520, 2<RA<6 HH el
A AAFo=z WA ol WY HEE
8] AA dR oM o] ALHE 19 HHY
01058 U=T + vk = F3o dF=H:=
AR 2EG o8 FHUou(L=10n) °1F 3} T
3 dF& 1etgE o F@] Aoyt @A a5l
UXE 4FE QD T AAEH 2] 5 H(extrados)
9 ) ZHA(intrados) W5 EH FEo Wil 2z &3
ek 537815 (closing bending) 2 E€HWEF Fi3E
(opening bendingyS 713t # B HA7} A k5
of mXE FFE dopr gttt

Fig. 2 @y ¢ FA A A8 A5
EHFEE U= 2994 Fdo|th #3184
342 ABAQUSPE AHg3ste] 3313t diAAL&
ol g3la 12 RS nFGPAT BH €S ¥
ol 34y ML B B2 A4 AR HaR
e S|4 Az 9@EE 98] ABAQUS oA AlF8t
£ shell-to-solid coupling 5418 AH&-3} T Fig. 2014
9} go] FAHN AT TAAE F2L 33Y 5
AF AFFFEQ ACIDAR)E AHER oY ymz] I
2 AP BEL hell RA(SSR)S AT AR
= BA-gd &4 EAOE VMo 4d 3
Hg Y39l FPIETE nFsgled
ABAQUSHA AFsHe MPC S4¢ B3 A9 9
o F38FL Jteigich 271 848 FEZ(shell-
to-solid coupling option)2- £ At #3 24
o g AFL& 22%0)A &l 753tk

A

m

27 2@ A 8450 EAsE 4F

Wk THFE dig gAy A ge A 711
Opening
|.._________.|L=] 0r Bending
Extrados
2<ntrados Closing
Bendi
R . nding
t
a : crack depth
¢t : thickness

e

Fig.1 Schematic illustration of a circumferential part-
through surface crack at the interface between an
elbow and attached straight pipe
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Fig. 2 Typical finite element meshes for circumferential
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Fig. 3 (2) A FE mesh using the shell-to-solid coupling
option for a circumferential part-through surface
cracked straight pipe, and (b) comparison of FE
results with the closed-form solution given in the
Ref. [6], determined from 3 dimension FE
models
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Fig. 4 (a) A FE mesh using the shell-to-solid coupling
option for a circumferential part-through surface
cracked pipe in the center of elbow, and (b)
comparison of FE results with the results from

full 3 dimension FE models
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Fig. 5 Comparisons of FE limit loads for extrados
circumferential part-through surface cracked
elbows under closing bending with (a)the straight
pipe solution, Eq. (2) and (b) proposed solution,

Eq. (5)
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Fig. 6 Ratios of FE limit moments for circumferential
part-through surface cracks in the center of
elbows to those at the interface between elbows
and straight pipes : (a) extrados cracks under
closing bending and (b) intrados cracks in the
opening bending
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Fig. 7 Comparisons of FE limit load results for
circumferential part-through surface crack at the
interface between elbows and straight pipes with
the proposed solution, Eq. (7)
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Fig. 8 Direction for J-integral determination. J-integral
was calculated at the center of the crack along the
radial direction
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Fig. 9 Comparisons of FE J-integral with the reference
stress based J-integral estimates using the
reference stress defined by the plastic limit
moments, Eq. (7)
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Fig. 10 Comparisons of FE J-integral with the reference
stress based J-integral estimates using the
reference stress defined by the optimized limit
moments, Eq. (13) : Results for the n=5
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Fig. 11 Comparisons of FE J-integral with the reference
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reference stress defined by the optimized limit
moments, Eq (13) : Results for the n=10
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