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Criterion for Failure of Internally Wall Thinned Pipe Under a Combined
Pressure and Bending Moment
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Abstract : Failure criterion is a parameter to represent the resistance to failure of locally wall thinned pipe, and it
depends on material characteristics, defect geometry, applied loading type, and failure mode. Therefore, accurate prediction
of integrity of wall thinned pipe requires a failure criterion adequately reflected the characteristics of defect shape and
loading in the piping system. In the present study, the finite element analysis was performed and the results were
compared with those of pipe experiment to develop a sound criterion for failure of internally wall thinned pipe subjected
to combined pressure and bending loads. By comparing the predictions of failure to actual failure load and displacement,
an appropriate criterion was investigated. From this investigation, it is concluded that true ultimate stress criterion is the
most accurate to predict failure of wall thinned pipe under combined loads, but it is not conservative under some
conditions. Engineering ultimate stress estimates the failure load and displacement reasonably for all conditions, although
the predictions are less accurate compared with the results predicted by true ultimate stress criterion.
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Fig. 1. Geometry of pipe specimen and local wall thinning
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Table 1. Matrix of full-scale pipe tests and failure mode

Spec. ID dn 2) L(mm) P(MPa) Loading Type Failure Mode

SP-12 25 Tension Cracking
SP-13 200 Tension Ovalization
SP-15 % 25 Compression Local Buckling
SP-16 200 Compression Local Buckling
SP-01 25 Tension Cracking
SP-02 50 Tension Cracking
SP-03 100 10 Tension Cracking
SP-4 180 200 Tension Cracking
SP-05 25 Compression Local Buckling
SP-06 50 Compression Local Buckling
SP-07 o7 100 M&Td?},‘gc Compression Local Buckling
SP-08 200 Compression Local Buckling
SP-09 160 25 Tens.+Comp. Local Buckling — Cracking
SP-10 200 Tens.+Comp. Local Buckling — Cracking
SP-17 25 Tension Cracking
SP-18 150 200 Tension Ovalization
SP-19 25 0 Compression Local Buckling
SP-20 200 Compression Local Buckling
SP-31 360 25 Tens.+Comp. Local Buckling — Cracking
Sp-32 200 Tens.+Comp. Local Buckling — Ovalization
SP-39 150 25 5 Tension Cracking
SP-40 200 Tension Cracking
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Table 2. Stress critenia for failure of wall thinned pipe

No. Stress Criteria ref.
1 | 6ou=(0,+0)/2 (CY)]
2 | gq4= a,+68.95MPa (10)
3 | =0, ®)
4 | Opy=0u n

*0 y = yield stress ; o , = ultimate engineering tensile stress ;
a , = ultimate true tensile stress
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