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Fracture Behavior Estimation for Circumferential Surface Cracked Pipes (I)
- J-Integral Estimation Solution -
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Abstract

This paper provides the fully plastic J solutions for circumferential cracked pipes with inner, semi-
elliptical surface cracks, subject to internal pressure and global bending. Solutions are given in the form of
two different approaches, the GE/EPRI approach and the reference stress approach. For the GE/EPRI
approach, the plastic influence functions for fully plastic J are tabulated based on extensive 3-D FE
calculations using the Ramberg-Osgood (R-O) materials, covering a wide range of pipe and crack geometries.
The developed GE/EPRI-type fully plastic J estimation equations are then re-formulated using the concept of
the reference stress approach for wider applications. Based on the FE results, optimized reference load
solutions for the definition of the reference stress are found for internal pressure and for global bending.
Advantages of the reference stress based approach over the GE/EPRI-type approach are fully discussed.
Validation of the proposed reference stress based J estimation equations will be given in Part II, based on 3-D
elastic-plastic or elastic creep FE results using typical tensile properties of stainless steels and generalized

creep-deformation behaviours.
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Fig. 1 Schematic illustration for a circumferential
cracked pipe
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Fig.2 A typical FE mesh for R,/t=5, a/t=0.3 and

p/m=0.1
Table 1 Values of ‘the shape factor F under internal
pressure
alt
Rt | PR 50T 03 [ 05 [ 055
0.1 1.347 | 1.333 1.288 | 1.179
5 0.25 | 1.361 1.488 | 1.626 | 1.764
04 1.369 | 1.530 | 1.750 [ 2.059

0.1 1.224 | 1481 1.810 | 2.051
20 025 ] 1228 | 1.533 | 2.019 | 2.689
04 | 1230 | 1.545 | 2.078 | 2.936

Table 2 Values of the shape factor F under global
bending

R/t pr

a/t
0.1 03 0.5 0.75
0.1 1.018 1.042 1.025 | 0.973
5 025 | 1.038 1.160 1.283 | 1.416
04 1.046 1.192 1.367 | 1.621
0.1 1.136 1.385 1.701 | 1.936
20 025 | 1.143 1.436 1.892 | 2.511
0.4 1.149 1.452 1.948 | 2.717
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R./t=5, B/m=0.1: (a) tension and (b) global
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Fig.4 Variation of the hy(n) values with the load
magnitude, for a/#=0.1 and fB/n =0.4: (a) internal
pressure and (b) global bending
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Table 3 Values of the plastic influence function h;(n)

Table 4 Values of the plastic influence function k;(n)

under internal pressure under global bending
n n

Rt att |/ 1 3 5 10 Rt at |8/ ] 3 5 0
0.1 554 | 13.35 | 35.73 | 480.61 0.1 5.07 5.93 5.39 5.11
0.1 {0.25 5341 11.94| 29.82 | 352.26 0.1 10.25 5.05 5.96 5.51 5.13
04 515] 10.84 | 2549 | 265.61 0.4 4.99 5.68 4.99 4.31
0.1 642 | 1577 | 39.66 | 443.98 0.1 6.39 8.50 8.11 7.75
03 0.25 6.65 | 13.44 | 27.95| 199.40 03 0.25 6.87 8.73 8.11 6.55
5 0.4 59541 1027 | 18.01 | 85.56 5 0.4 6.50 7.64 6.45 421
0.1 770 | 18.99 | 45.00 | 422.67 0.1 807 1098 | 10.39 8.88
05 0.25 878 | 16.07| 27.71 | 117.36 05 0.25 9.67 | 11.38 9.18 5.04
0.4 734 1024 1292 | 2549 0.4 8.64 8.81 591 2.29
0.1 11.51 | 27.56 | 61.06 | 471.77 0.1 1323} 1674 | 1560 | 1347
0.75 0.25] 1465 | 23.67| 3253 | 77.89 075 025 1743 1730 1252 5.46
04| 1061 10.78 8.70 5.63 04| 13.63| 10.80 5.86 1.24
0.1 4571 11.88 | 33.16 | 478.45 0.1 6.44 6.65 6.56 5.95
0.1 {0.25 435 1059 | 27.81 | 346.69 0.1 [0.25 6.25 6.43 5.73 5.37
0.4 4.15 9.60 | 23.87 | 261.80 0.4 6.14 6.21 5.40 4.65
0.1 792 2167 57.62| 687.70 0.1 11.51 | 16.69 | 1834 | 21.08
0.3 {0.25 7.05 | 1629 | 36.25| 274.53 03 ]0.25| 1073 1464 | 1512 | 14.69
20 0.4 6.07 | 12.01| 22.60 | 113.87 20 04 983 | 1235| 11.60 9.16
0.1 15.20 { 41.95 | 103.55 [1011.90 0.1 2266 | 3512 3559 35.25
05025 1352 29.14| 53.69 | 239.60 05]025] 2143 3036 | 2754 | 20.30
04| 1034 | 1699 | 2292 4747 0.4 17.87 | 2221 | 17.44 9.09
0.1 34.85 | 93.03 | 224.03 [1881.42 0.1 5342 | 6874 | 73.14| 77.53
0.7510.25] 34.05| 60.56| 93.75 | 253.60 0.75[0.25| 5585 | 63.79| S58.12| 3276
04| 2158 2373 | 2124 | 17.07 04| 3903 3495| 23.29 6.12
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Fig. 5 Variations of the hy(n)/h(n=1) values with n,
at=0.3: (a) internal pressure and (b) global
bending
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Fig. 7 Comparison of the proposed optimised reference load solutions with existing limit load solutions, for internal
pressure: (a) f/7=0.1 and (b) f/7=0.4, for global bending: (c) f/7=0.1 and (d) B/7=0.4. Note that the “ORL”
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results for axial tension. whereas “FE nressure” denotes those for internal pressure
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