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Abstract

To investigate applicability of the reference stress approach as simplified inelastic stress analysis to
estimate local creep rupture, detailed finite element stress analyses of a T-piece pipe with different
inner pressure and system loading levels are performed. The reference stresses are obtained from the
finite element (FE) limit analysis based on elastic-perfectly-plastic materials, from which the local
reference stress for creep rupture is determined from R5. The resulting inelastic stresses are compared
with elastic stresses resulting from linear elastic FE calculations. Furthermore they are also compared
with the stresses from full elastic-creep FE analyses. It shows that the stresses estimated from the
reference stress approach compare well with those from full elastic-creep FE analysis, which are
significantly lower than the elastic stress results. Considering time and efforts for full inelastic creep
analysis of structures, the reference stress approach is shown to be a powerful tool for creep rupture
estimates and also to reduce conservatism of elastic stress analysis significantly.
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Fig. 1 Schematic diagram of T-pipe and considered
system loading in branch pipe

Table 1 Material properties of T-pipe
(1/2CtMov steel)

Temperature Oys Cut E
() (MPa) | (MPa) | (GPa)

U

585 175.7 | 351.25 170 0.3
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Table 2 Results of rupture reference stress

2) 3)

Omax | Oec | 0 | G| 0% o,

(MPa)|(MPa)| 9 &c|(MPa)| (\Mpa)| © &c
DCase 1| 882 | 57.9 | 1.52 | 549 | 59.23 | 1.02

UCase 2| 1952 93.8 | 2.08 | 82.80 |100.94| 1.08

DCase 3|326.1]125.0] 2.61 [ 154.1] 1765 | 1.4

UCase 1 is considered inner pressure (3.59 MPa) only,
case 2 is considered inner pressure and system load
(152 kKN - m) and case 3 is considered inner pressure
and system load (30.4 kN - m).

DThe results of maximum stress in elastic analysis.

The results of elastic creep analysis from 4).
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Table 3 Results of time to creep rupture

R
Omax 0’_m/ OkC O pax | . O Ije:
o w | ® Oec | 9k
Case 115.88e5| 1.37¢6 |1.43e6| 041 0.96

Case 2|3.69¢4| 4.33e5 |5.13e5 0.07 0.84
Case 3| 1.77¢2| 6.54e4 |2.49¢5| 0.0007 0.26
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