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Structural Integrity Evaluation of Reactor Pressure Vessel Bottom
Head without Penetration Nozzles in Core Melting Accident
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Abstract

In this paper, structural integrity evaluation of reactor pressure vessel bottom head without penetration nozzles in core melting
accident has been performed. Considering the analysis results of thermal load, weight of molten core debris and internal pressure,
thermal load is the most significant factor in reactor vessel bottom head. The failure probability was evaluated according to the
established failure criteria and the evaluation showed that the equivalent plastic strain results are lower than critical strain failure
criteria. Thermal-structural coupled analyses show that the existence of elastic zone with a lower stress than yield strength is in the
middle of bottom head thickness. As a result of analysis, the elastic zone became narrow and moved to the internal wall as the
internal pressure increases, and it is evaluated that the structural integrity of reactor vessel is maintained under core melting

accident.
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&: Bottom head

__________
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4 &= (liquidus temperature) 9 /g4 &= (solidus
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2Rstgon, stz o]&g W (Jablonka et al.,

Table 1 Chemical composition of SA508 Gr.3 Cl.1(%)

C Mn P S Ni Cr Mo \Y%

0.25 | 1.20 | 0.025|0.025| 0.40 | 0.25 | 0.45 | 0.05

max | -1.50 | max | max | -1.00 | max | -0.60 | max

Elastic Modulus
(MPa)
200000
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(a) Elastic Modulus
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Fig. 2 Variation of elastic modulus and vyield strength
with temperature
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Table 2 Mechanical properties of core(EPRI, 1997)

Temp. | Density er)[;};z:;liiln Specific Therrr}all
coefficient heat conductivity
°C kg/m’ 1/°C J/Kg°C W/m°C
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727 7624 65x107° 597 250
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1427 6979 82x107° 776 180
1727 6791 10x10°° 776 19.0
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2814 5858 18x107° 776 25
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Convection

T,=343 °C §=hy (T=Tm)
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Radiation
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Reactor Vessel

Fig. 3 Boundary and initial condition of heat transfer analysis
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Fig. 4 Temperature distribution of heat transfer analysis
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Fig. 5 Element removal model for structural analysis
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(c) von-Mises stress

Fig. 6 Thermal stress analysis
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Fig. 7 Correlation between reactor vessel thickness
and thermal stress
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Fig. 9 Weight analysis of molten core debris
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Table 3 Comparison results of thermal stress, weight
of molten core debris and pressure for displacements

and stresses

Maximum value
Displacement |von-Mises stress(MPa)
Index .
of vertical Section Section
direction(mm) A-A B-B
Thermal stress 25.91 260.24 255.90
Welght of molten 0.03 0.95 0.78
core debris

3MPa 0.23 22.54 21.63

Pressure 5MPa 0.39 37.56 36.05
8MPa 0.62 60.10 57.68
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