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ARTICLE INFO ABSTRACT

Article history: Fracture mechanics analysis for cracked pipes is essential for applying the
Received 27  August 2015 leak-before-break (LBB) concept to nuclear piping design. For LBB assessment,
Revised 17 September 2015 crack instability and leak rate should be predicted accurately for through-wall

Acoepted 17 September 2015 cracked pipes. In a nuclear piping system, elbows are connected with straight

pipes by circumferential welding; this weld region is often considered a critical
Keywords: location. Hence, accurate crack assessment is necessary for cracks in the interface
Stress intensity factor (SIF) between elbows and straight pipes. In this study, the stress intensity factor (SIF)
Crack opening displacement (COD) and elastic crack opening displacement (COD) were estimated through detailed

Linear elastic fracture mechanics 3D elastic finite element (FE) analyses. Based on the results, closed-form
Elbow solutions of shape factors for calculating the SIFs and elastic CODs were
Leak-before-break (LBB) proposed for circumferential through-wall cracks in the abovementioned
Crack instability interfaces under internal pressure. In addition, the effect of the elbow on shape
factors was investigated by comparing the results with the existing solutions for

a straight pipe.
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Table 1 Summary of geometries considered the present work

7/t R/r,, o/m
5,10,20,30 | 2,3,4,5 6 | 0.125 025, 0.3, 04, 0.5
Extrados crack
Internal
KR R pressure
2a
L=10r,,

(@ (®)

Fig. 1 Schematics of elbow geometry: (a) an elbow with cir-
cumferential through-wall crack (TWC) under intermal
pressure and (b) a circumferential TWC in the interface
between an elbow and a pipe
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Table 2 Comparisons of shape factor F between present FE
results and existing solutions

0/m
r/t | RlT, 0.3 0.5
Ref. [7] |Present FE| Ref. [7] |Present FE
2 1.938 1.930 3.746 3.738
> 4 1.914 1.906 - -
2 2.349 2.346 4.258 4.263
10 4 2.231 2.226 - -

Table 3 Comparisons of shape factor } between present FE
results and existing solutions

0/n
rm/t R/rm 0.3 0.5

Present Present

Ref. [7] FE Ref. [7] FE
5 2 2514 2.514 6.615 6.613

4 2.393 2.239 - -
10 2 3.790 3.817 9.668 9.786

4 3319 3.327 - -
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Table 4 Values of the shape factor F for stress intensity factor

rm/ t R/ T 0/
0.125 0.25 0.3 0.4 0.5
2 1.330 | 1.870 | 2.145 | 2.880 | 4.153
3 1.335 | 1.855 | 2.128 | 2.869 | 4.138
5 4 1.334 | 1.845 | 2.118 | 2.869 | 4.146
5 1.332 | 1.838 | 2.112 | 2.870 | 4.155
6 1.330 | 1.833 | 2.108 | 2.871 | 4.163
2 1434 | 2.160 | 2.469 | 3.199 | 4.487
3 1.410 | 2.087 | 2.387 | 3.124 | 4.386
10 4 1.395 | 2.044 | 2344 | 3.099 | 4.371
5 1.384 | 2.017 | 2.318 | 3.087 | 4.372
6 1.377 | 1.999 | 2301 | 3.081 | 4.378
2 1.700 | 2.812 | 3.204 | 3.921 | 5234
3 1.638 | 2.635 | 2.998 | 3.716 | 4.991
20 4 1.597 | 2.520 | 2.871 | 3.626 | 4.934
5 1.569 | 2.445 | 2.793 | 3.577 | 4.909
6 1.549 | 2393 | 2.739 | 3.546 | 4.897
2 1.941 | 3.418 | 3.900 | 4.587 | 5.867
3 1.851 | 3.159 | 3.591 | 4.262 | 5.492
30 4 1.792 | 2.980 | 3.384 | 4.105 | 5.406
5 1.749 | 2.859 | 3.252 | 4.020 | 5.363
6 1.718 | 2.772 | 3.159 | 3.962 | 5.334

Table 5 Values of the shape factor V for elastic crack opening

I (b) r,, /=10

0.4

0.5 0.€

displacement 7
1+ —
. 0/ (©) rm/t—ZO
0.125 | 025 0.3 0.4 0.5 0 . . . . .
0.0 0.1 0.2 0.3 0.4 0.5 0.€
2 1379 | 2256 | 2.793 | 4373 | 7.348 vl
3 1378 | 2.196 | 2.705 | 4240 | 7.185 s
5 4 1373 | 2.160 | 2.656 | 4.180 | 7.137 *”*Rj’fi /
5+ —A—R, rm:
5 1369 | 2.137 | 2.626 | 4.145 | 7.119 o R4 /.:
6 1366 | 2.121 | 2.606 | 4.123 | 7.110 4F Rl =5 / /
2 | 1.557 | 3.110 | 4017 | 6399 | 10301 3l OTRN 8
3 1.515 | 2.880 | 3.684 | 5.861 | 9.541 ) /
10 4 1488 | 2.750 | 3.502 | 5.595 | 9.237
5 1470 | 2.670 | 3.393 | 5.444 | 9.087 r (d) r,, /=30
6 1.458 | 2.617 | 3.320 | 5.348 | 9.001 0 ' ' : ' '
0.0 0.1 0.2 0.3 0.4 0.5 0.€
2 2,042 | 5354 | 7317 | 12018 | 18292 0/x
3 1.922 | 4696 | 6313 | 10259 | 15.709 Fig. 3 Varations of F according to crack length and radius of
20 4 1.847 | 4293 | 5705 | 9.235 | 14371 curvature
5 1.797 | 4.033 | 5320 | 8.613 | 13.607
6 1.762 | 3.855 | 5.060 | 8200 | 13.116 3. &M 21}
2 2.564 | 8.072 | 11500 | 19575 | 28.991
3 2365 | 6894 | 9.648 | 16238 | 24.127 ) ) )
30 4 | 2241 | 6144 | 8470 | 14106 | 21.160 3.1 YE? ot o] wE SHEUAT H B TSR HS
5 2156 | 5.645 | 7.695 | 12747 | 19368 ek sl s Tl ek AHa AR AAE EAlshs ¢
6 2,096 | 5294 | 7.155 | 11811 | 18.166 Zusk AEFA] HAAZ Fo} V2 Table 49} 50 UERLS.
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Fig. 5 Comparison of shape factor F from proposed solutions
with present FE results
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Fig. 6 Comparison of shape factor V' from proposed solutions
with present FE results
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