WA= AY, 27 Al 25, pp. 239-246, 2003

U 57 e A2E B4 J-F

s ey’
3

v,

=,
oozd 29 79

239

% COD A4

*

*

deX . AgR?
20029 129 319 AAlgg)

New Engineering J and COD Estimation Methods for Axial Through-Wall
Cracked Pipes

Nam-Su Huh, Young-Jae Park, Yun-Jae Kim and Young-Jin Kim

Key Words :

Axial Through-Wall Crack(%% 5T €), Crack Opening Displacement(z# € 2 H ¥

91), J-integral(J-2 &), Leak-Before-Break(¥} T A 74), Reference Stress(F=-58)
£r.

Abstract

This paper proposes engineering estimation equations of elastic-plastic J and COD for axial through-wall

cracked pipes under internal pressure. Based on detailed 3-D FE results based on deformation plasticity, the
plastic influence functions for fully plastic / and COD solutions are tabulated as a function of the mean

radius-to-thickness ratio, the normalized crack length, and the strain hardening. Based on these results, the
GE/EPRI-type J and COD estimation equations are proposed and validated against the 3-D FE results based
on deformation plasticity. For more general application to general stress-strain laws or to complex loading, the
developed GE/EPRI-type solutions are re-formulated based on the reference stress concept. Such a re-
formulation provides simpler equations for J and COD, which are then further extended to combined internal

pressure and bending. The proposed reference stress based J and COD estimation equations are compared
with elastic-plastic 3-D FE results using actual stress-strain data for Type 316 stainless steels. The FE results
for both internal pressure cases and combined internal pressure and bending cases compare very well with the

proposed J and COD estimations.
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Table 1 Summary of FE calculations for the present

work
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Fig. 1 Schematic illustration for axial through-wall
cracked pipes under internal pressure p
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Fig. 2 Typical finite element meshes for axial through-
wall cracked pipes
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Table 2 Resulting values of F and /i,-function
R/t P F hi(n=1) | h)(n=3) | h(n=T7)
0.5 2.743 | 3859 | 5.656 | 6.710
5 1.0 3604 | 3740 | 4730 | 4.367
2.0 5.576 | 3.409 | 3.578 | 2.866
3.0 7465 | 3.055 | 2851 | 2.270
0.5 2.608 | 3886 | 5.767 | 6.903
10 1.0 3428 | 3770 | 4819 | 4.519
2.0 5350 | 3497 | 3.847 | 3.311
3.0 7229 | 3.192 | 3232 | 2914
0.5 2.545 | 3.897 | 5.806 | 6.901
20 1.0 3344 | 3779 | 4927 | 4.648
2.0 5240 | 3.533 | 4.012 | 3.606
3.0 7.113 | 3255 | 3.430 | 3.324
Table 3 Resulting values of ¥ and /--function
R/t o |V [htn=) [ hn=3) | ha(n=7)
0.5 2632 | 4460 | 5.617 | 6.388
s 1.0 3922 | 4980 | 5824 | 5.460
2.0 8.582 | 6.723 | 7.223 | 6.334
o 3.0 | 15417 | 8.540 | 8.606 | 7.656
0.5 2509 | 4487 | 5.683 | 6.468
10 1.0 3.722 | 4989 | 5.853 | 5.560
2.0 8255 | 6.826 | 7.648 | 7.206
3.0 [ 15082 8818 | 9589 | 9.606
0.5 2452 | 4500 | 5.695 | 6.407
2 1.0 3.627 | 4989 | 5946 | 5611
20 | 8093 | 6868 | 7.915 | 7.649
3.0 | 14913 | 8949 | 10.100 | 10.744
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Fig. 3 Variations of the shape factors for (a) the stress
intensity factor and (b) the elastic COD with p.
The present solutions are compared with Ref. (9)
and Ref. (11) (R,/1=20)
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Fig. 4 Comparison of FE J and COD results with the
GE/EPRI estimations. Note that the FE results
are based on the Ramberg-Osgood materials with
deformation plasticity option
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SA312 TP316 steel (288°C)
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