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Stress Intensity Factor Calculation for the Semi-elliptical Surface
Flaws on the Thin-Wall Cylinder using Influence Coefficients

Changheui Jang, Ho-Rim Moonn, Ill-Seok Jeong
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Abstract

As an integral part of the probabilistic fracture mechanics analysis, stress intensity factor calculation
scheme for semi-elliptical surface flaws in thin-walled cylinder has been introduced. The approximation
solution utilizes the influence coefficients to calculate the stress intensity factor at the crack tip. This
method has been compared with other solution methods including 3-D finite element analysis for
cooldown boundary condition. The analysis results confirmed that the simplified methods provided
sufficiently accurate stress intensity factor values for axial semi-elliptcal flaws on the surface of the

reactor pressure vessel.
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Table 1. Thermo-physical properties of the reactor
pressure vessel

Material Property Values
Thermal Conductivity, BTU/hr—ft—"F 23.63
Specific Heat, BTU/lb—"F 0.1216
Density, Ib/ft® 487.53
{Modulus of Elasticity, ksi 26520
|]Therma| Expansion Coefficient, infin—"F 7.386E-6
[Poisson's Ratio 0.3
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Fig. 1 Internal semi-elliptical surface crack in a
cylinder.
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Fig. 2 Details of a typical finite element
mesh for symmetric one-eighth of a
vessel.
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Table 2. Aspect ratio and a/t of the flaws considered

Asg 4 Case AgZolm. (Ao, inch
(a/c) a/t (a)
1 0.05 0.325
2 0.1 0.65
2/5 3 0.2 1.3
4 0.25 1.625
5 0.4 2.6
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Table 4. Comparison of the applied stress intensity factors calculated by various methods

Case| an At 1200 Sec At 2400 sec At 3600 Sec At 4800 Sec
RN'| AS" | VIN | FEM | RN* | AS® | VIN | FEM | RN* [ AS" | VIN | FEM | RN" | AS” [ VIN | FEM
1 10.05 24.43 (24.368| 24.056 20.71620.294| 20.287 129241 12.46 | 12516 6.977 | 6.794 | 6.665
2 0.1 31.49 |30.996| 30.020 26.863(26.002 | 25.524 16.791| 16.01 | 15.885 9.077 | 8734 | 8552
3 0.2 {34.40| 36.21 [35.144 33.688 | 29.871|31.427 | 29.92 | 29.097 {18.774|19.750| 185 | 18.206 [10.188]10.717|10.118| 9.842
4 [0.25 36.45 | 35.17 | 33.497 31.866{30.150| 29.158 20.07 [18.685] 18.300 10.907{10.225| 9.925
5 0.4 32.815(31.484| 29.108 29.222127.474| 25.719 18509(17.122 16.195 10.098 9.394 | 8.789
* Used stress distribution fitted using FEM results
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Fig. 3 Hoop stress distribution through the thickness at 1200, 2400,

3600, and 4800 seconds.
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