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Abstract

This paper provides plastic limit loads of pipes with constant-depth, circumferential part-through surface
cracks under combined pressure and bending. A key issue is to postulate discontinuous hoop stress
distributions in the net-section. Validity of the proposed limit load solutions is checked against the results
from three-dimensional (3-D) finite element (FE) limit analyses using elastic-perfectly plastic material

behavior.
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Fig. 1 Pipe with constant-depth, circumferential part-
through surface crack, subject to internal
pressure P, axial tension N and global bending M.
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Fig. 2 Assumed net-section axial stress distribution (a)
for the case when a whole part of the crack is
above the neutral axis, and (b) for the case when
a part of the crack is below the neutral axis.

1.2
Constant-depth, 8/7=03  Open : r/i=10
Solid : /=20

Increasing
alr=0, 03,05, 07

=
~— 06
=
o4
=
0.2
0ol
0.0 02 04 0.6 0.8 1.0 1.2
n=N/N
0 (a)
1.2
Constant-depth, 8/z=0.5  Open . r/=10
Solid : r/r=20
1.0
08 Increasing
= al=0,03, 05,07
=
~— 06
=
o4
=
0.2
0.0 b
0.0 02 04 0.6 0.8 1.0 1.2
n=N/N
i} (b)

Fig. 3 Yield loci for constant-depth, circumferential

part-through surface cracks under combined

tension and bending and comparison with FE
results.
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Fig. 4 Assumed net-section hoop and axial stress
distributions for the case when a whole part of
the crack is above the neutral axis; (a) constant
hoop stress and (b) discontinuous hoop stresses

in the net-section.
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Fig. 5 Yield loci for constant-depth, circumferential
part-through surface cracks under combined
pressure and bending and comparison with FE
results.
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Fig. 6 Schematic illustrations for a constant-depth
(rectangular) notch
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Fig. 7 Comparison of analytical limit loads for
constant-depth, circumferential part-through
surface cracks with FE results: (a) under tension
and (b) under bending.
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Fig. 8 Yield loci for constant-depth, circumferential
part-through surface cracks under combined
pressure and bending, derived using the
equivalence of pressure and tension, and
comparison with the proposed solutions and FE
results.
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