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Abstract

The reactor pressure vessel is usually cladded with stainless steel to prevent corrosion and radiation
embrittlement. Number of subclad cracks may be found during an in-service-inspection due to the
presence of cladding. It is specified, in ASME Sec. XI, that a subclad crack is characterized as a
surface crack when the thickness of the clad is less than 40% of the crack depth. This condition is
provided to keep the crack integrity evaluation conservative. In order to refine the fracture assessment
procedures for such subclad cracks under a pressurized thermal shock condition, three dimensional finite
element analyses are applied for various subclad cracks existing under cladding. A total of 36 crack
geometries are analyzed, and the results are compared with those for surface cracks. The resulting
stress intensity factors for subclad cracks are 6 to 44 % less than those for surface cracks. It is
proven that the flaw characterization condition as specified in ASME Sec. XI can be overly
conservative for some subclad cracks.
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(a) A flaw that lies entirely in the clad metal
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(b) A flaw that extends into the base metal

Fig. 1 Surface flaw of clad components
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Fig. 2 Subsurface flaw of clad components
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Table 1 Material properties of base and clad material

Base material Clad material
Tem[pfcr]at“re 20 | 100 | 200 | 300 | 350 | 20 | 100 | 200 | 300 | 350
Modulus of elasticity 206 | 199 | 190 | 181 | 172 | 200 | 194 | 186 | 179 | 172
[GPal
Poisson's ratio 0.3 0.3 03 0.3 03 0.3 0.3 0.3 0.3 0.3
] —
Thermal conductivity 444 | 444 | 432 | 418 | 394 | 160 | 160 | 160 | 170 | 180
[W/m K]
Specific heat capacity 045 | 049 | 052 [ 056 | 061 | 05 | 05 | 05 | 0.54 | 0.59
[J/g K}
Thermal expansion coefficient
(K x10°] 103 | 11.1 | 121 | 129 | 135 § 150 | 160 | 160 | 19.0 | 21.0
o~ Table 2 Finite element analyses matrix
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L27 ¢
27 \ No. | {mml | (mm) | [mm] | [mm) | [mm]
z 2id Q? Y 1 66.04
z¢ e 286
TNy 5 £ 2 114.30
7 3 | 6604
‘E X 5 7 2.79 40.64 114,30
} o .S 5 66.04
}1 Point B 6 60.96 W
-3 T
7 66.04
1 b7
- a 8 2286 1430
s Point A
on k4 1993.90 | 200.15 4.06 40.64 —6@5—
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R 11 60.96 66.04
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Fig. 3 A schematic illustration of the model _Eﬁ 27.86 | 6604
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Fig. 5 A typical finite element mesh
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Table 3 Comparisons of stress intensity factor (case No. 13,14)

= 66.04 ¢ = 11430
Surface Subclad Surface Subclad
ASME FEM ASME ASME FEM ASME
Idealized crack {MPay m] 49.25 53.87 4227 56.5 60.34 46.05
Real crack [MPa, m] 36.86 39.14
Difference (%] 336 a1 | 147 s | osa2 |
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