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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.
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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
part-through surface crack
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Fig. 3 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. 4 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. 5 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. (xx)

A7NA, o5 AFES] 02% LZA FETFEolH
&+ 0,9 AFs= HIEER g=0/ES T3}
a, ne A EAAFEA P— AFANAN = =12 AT}
L& 7}%%‘§}X1T(n)t 5 7FA #kn=5, 10)°l o 3H
QS ol Hokth aEa o] ¥4 ¢

|

of

¢

et aAol Mol vERIRAIR 02<2<0.6 R 9]

A AAHew WMIAHOW, 0.1<6#<0.5,

0.3<a/t<0.7 Fe] < A7l &-24
Al M S Fdstdlrh AR AEsks e
el 2 99 A (domain integral) WH-S
shlom, B oA wAl o]
olF 7= dFHE Fud el n
Z FHAHAA WAl(radial) WEFOoR JF
753t

)

o,

H @ of
fo 1@ B -1 P G S

Ao

1769



i 2=0.2 (R/r=2, r/t=10)
i (Extrados, n=5)
0.8 |- .
~ ol
~ |
04 - 0/m
F 0.1 0.25 fas:,
0.2 ; o u al/lr=0.3 ..::=:=ﬁ§§§£
2
- s g
A A a/t=0.7
0}0\\I\|III\|IIII|IIII
0.0 0.5 1.0 1.5 2.0
M/M

Fig. 6 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. 7 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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