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Non-Linear Fracture Mechanics Analyses for Axial Semi-Elliptical Surface
Cracked Pipes
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Abstract

This paper provides two types of engineering J estimation equations for cylinders with finite internal axial
surface cracks under internal pressure. The first type is the so-called GE/EPRI type J estimation equation
based on Ramberg-Osgood materials. Based on detailed 3-D FE results the GE/EPRI-type J estimation
equation along the crack front is proposed and validated for Ramberg-Osgood materials. For more general
application, the developed GE/EPRI-type solutions are then re-formulated based on the reference stress
concept. The proposed reference stress based J estimation equation has good agreement between the FE
results and the proposed reference stress based J estimation provides confidence in the use of the proposed
method for elastic-plastic fracture mechanics of pressurised piping
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Fig. 1 Schematic illustration for a cylinder with a finite
internal axial surface crack, under internal
pressure p: (a) cylinder geometry and (b) crack
geometry
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Table 1 Values of the shape factor F as a function of the

Table 2 Values of the plastic influence /;-functions for

crack angle @ the plastic J-integral (n=3) as a function of the
P crack angle @
R/t p a/t @
0° | 220 | 450 | 73° | 90° Rit| p | an
0.1 | 0.573 | 0873 | 1.125 | 1.279 | 1.309 0" | 227 |45 |73 |90
05 [ 04 |0.826] 0927 | 1.097 | 1.174 | 1.175 0.1 |0.186 | 0.366 | 0.591 | 0.748 | 0.788
0.75 | 1.023 | 0.968 | 0.996 | 0.980 | 0.904 0.5 | 04 [ 2293 | 3.086 | 4.086 | 4.411 | 4373
0.1 | 0.571 | 0.885 | 1.150 | 1.311 | 1.344 0.75 | 13.93 | 15.18 | 14.96 | 13.85 | 13.28
1 [ 04 [0.747 [ 0.996 | 1.275 | 1.448 | 1.475 0.1 [0.172 ] 0362 | 0.628 [ 0.795 | 0.838
S 075 | 1111 | 1.214 | 1.401 | 1.484 | 1.476 1] 04 [2019]3.336 | 5341 | 6.718 | 6.939
0.1 | 05820891 | 1.157 | 1.331 | 1.365 5 0.75 | 13.39 | 17.44 | 21.08 | 23.46 | 23.49
2 [04 |0.667 | 1.016 | 1.396 | 1.694 | 1.752 0.1 | 0.152 | 0.347 | 0.615 | 0.802 | 0.848
0.75 | 1.082 | 1.425 | 1.853 | 2.178 | 2.228 2 [ 04 [ 1376 ] 2.844 | 5.521 | 8.307 | 8.907
0.1 | 0.588 | 0.888 | 1.161 | 1.339 | 1.372 0.75 | 7.935 | 13.54 | 20.48 | 28.19 | 30.13
3 [ 04 |0.637] 1.001 | 1.435 | 1.806 | 1.881 0.1 [ 0.145 [ 0323 [ 0.593 [ 0.779 | 0.823
0.75 | 1.008 | 1.463 | 2.068 | 2.607 | 2.705 3 104 09732161 | 4808 | 8.189 | 8.989
0.1 | 04720749 | 1.012 | 1.169 | 1.198 0.75 | 4.291 | 8.708 | 15.54 [ 25.16 | 28.16
05 | 04 [0.668]0.900 | 1.174 | 1.350 | 1.376 0.1 [0.123 | 0.265 | 0.504 [ 0.688 | 0.727
075 | 1.014 | 1.123 | 1.302 | 1.344 | 1.325 05 | 04 | 2035|3422 | 5617 | 7.162 | 7.371
0.1 | 0475 | 0.746 | 1.018 | 1.185 | 1.216 0.75 | 17.07 | 23.15 | 2822 | 25.51 | 24.83
1 [ 04 [0599 0922 1.289 | 1.576 | 1.629 0.1 | 0.120 | 0.258 | 0.500 [ 0.706 | 0.749
20 0.75 | 1.017 | 1.361 | 1.780 | 1.975 | 1.983 1| 04 [ 15953310 | 6.464 | 9.758 | 10.41
0.1 | 0476 | 0.744 | 1.021 | 1.194 | 1.226 20 0.75 | 14.16 | 25.19 | 39.72 [ 38.28 | 38.17
2 [ 04 05600904 | 1.353 | 1.756 | 1.837 0.1 | 0.113 | 0.246 | 0.482 | 0.695 | 0.740
0.75 | 0.946 | 1.474 | 2.262 | 2.836 | 2.918 2 [ 04 [1.039 ] 2420 [ 5.868 | 10.69 | 11.80
0.1 | 0.478 | 0.746 | 1.023 | 1.198 | 1.229 0.75 | 7.698 | 17.57 | 37.14 | 41.60 | 4331
3 [ 04 |0.543 0888 | 1.373 | 1.831 | 1.928 0.1 | 0.105 | 0.236 | 0.460 [ 0.668 | 0.711
0.75 | 0.888 | 1.450 | 2.465 | 3.374 | 3.532 3 [ 04 0726 1.784 | 4831 | 9.840 | 11.13
0.75 | 4299 | 11.21 | 27.98 | 35.99 | 38.84
4, =0.0462 -0.0569 p— 0.013 o>
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Table 3 Values of the plastic influence /;-functions for
the plastic J-integral (n=7) as a function of the
crack angle @

Table 4 Values of the plastic influence /;-functions for
the plastic J-integral (n=10) as a function of the
crack angle @

R, /t P a/t ¢ R,/t P a/t 4
0 22° 45° 73° 90° 0 22° 45° 73° 90°

0.1 | 0.227 | 0.431 | 0.698 | 0.875 | 0.926 0.1 | 0.251 | 0.482 | 0.763 | 0.931 | 1.041

0.5 | 04 | 3657 | 4.605 | 5901 | 6.077 | 6.040 0.5 | 04 | 4.883 | 4.883 | 6.448 | 7.143 | 7.091

0.75 | 18.93 | 22.46 | 2046 | 21.18 | 21.08 0.75 | 21.40 | 25.96 | 23.63 | 24.37 | 25.52

0.1 10.192 | 0.384 | 0.760 | 0.965 | 1.035 0.1 | 0.201 | 0.477 | 0.837 | 1.043 | 1.218

1 0.4 | 3729 | 5443 | 8.261 | 9.566 | 9.786 1 0.4 | 5.157 | 6.574 | 9.891 | 10.62 | 11.26

5 0.75 | 17.80 | 22.20 | 24.74 | 32.80 | 34.14 5 0.75 | 19.23 | 22.60 | 27.34 | 35.77 | 36.43
0.1 | 0.158 | 0.344 | 0.732 | 0.980 | 1.057 0.1 | 0.129 | 0.361 | 0.781 | 1.075 | 1.194

2 04 | 2598 | 4667 | 8.609 | 11.46 | 12.00 2 0.4 | 3.456 | 5.552 | 9.796 | 12.26 | 13.01

0.75 | 10.70 | 13.83 | 17.73 | 33.95 | 40.57 0.75 | 13.15 | 13.33 | 17.26 | 33.37 | 38.08

0.1 | 0.142 | 0.304 | 0.682 | 0.926 | 1.001 0.1 | 0.119 | 0.307 | 0.705 | 0.989 | 1.190

3 0.4 | 1.560 | 3.165 | 6.922 | 10.53 | 11.52 3 0.4 | 1.902 | 3.537 | 6.941 | 9918 | 11.52

0.75 | 4.998 | 7.219 | 9.430 | 28.25 | 33.62 0.75 | 5.304 | 6.597 | 6.337 | 20.72 | 31.85

0.1 | 0.165 | 0.287 | 0.562 | 0.860 | 0.923 0.1 | 0.184 | 0.308 | 0.600 | 0.932 | 1.005

05 | 04 | 3925|5882 | 9549 | 11.19 | 10.99 0.5 | 04 | 5126 | 7.574 | 12.05 | 13.67 | 13.71

0.75 | 25.19 | 34.86 | 38.47 | 36.62 | 36.76 0.75 | 29.28 | 40.65 | 43.53 | 43.61 | 43.76

0.1 ] 0.135 | 0.276 | 0.546 | 0.893 | 0.966 0.1 | 0.148 | 0.302 | 0.603 | 0.993 | 1.079

1 0.4 | 3409 | 6.132 | 11.77 | 15.54 | 15.84 1 04 | 4517 | 7.898 | 14.52 | 17.69 | 17.34

20 0.75 | 1939 | 33.00 | 42.84 | 46.76 | 48.54 20 0.75 | 20.11 | 33.92 | 4135 | 4845 | 50.43
0.1 | 0.112 | 0.251 | 0.505 | 0.852 | 0.925 0.1 | 0.119 | 0.268 | 0.553 | 0.951 | 1.037

2 04 | 1.85 | 4.18 | 1025 | 16.71 | 17.66 2 0.4 | 2.369 | 5.266 | 12.50 | 17.77 | 18.61

0.75 | 7986 | 17.71 | 26.04 | 38.07 | 41.56 0.75 | 6.811 | 1548 | 19.94 | 33.46 | 33.25

0.1 ] 0.100 | 0.226 | 0.460 | 0.785 | 0.854 0.1 | 0.102 | 0.235 | 0.492 | 0.855 | 0.935

3 0.4 | 1.123 | 2.556 | 7.543 | 14.35 | 15.63 3 0.4 | 1.265 | 3.005 | 8.597 | 14.28 | 15.34

0.75 | 3.328 | 9.394 | 14.23 | 24.42 | 26.83 0.75 | 2.388 | 6.130 | 8.667 | 18.28 | 15.68
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