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Natural Frequencies and Collapse Strength
of Radioactive Waste Transport Casks
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Abstract

The natural frequencies and collapse strength of radioactive waste transport casks
are analyzed by means of finite element method. The calculated casks are those
for high, intermediate and low level waste. The natural frequencies are obtained in
two cask-positions, vertical and horizontal. The buckling or collapse strength is
analyzed under external pressure. MARC is used as a finite element program.
Conclusions obtained are as follows.

(1) The natural frequencies calculated by the handbook formulas of beams can be
considerably higher than those by finite element method in case of bending mode

shapes.

(2) The vibration modes of the casks for low or intermediate level waste are
mainly the deflection of lid and bottom plates, whose natural frequencies can be
estimated by the handbook formulas of circular plate.

(3) The collapse strength of casks can be obtained by elastic buckling analysis in
case of the cask for low level waste with small rigidity, or by non-linear analysis in
case of the cask for high or intermediate level waste with large rigidity.

(4) The collapse modes in non-linear analysis are same as the first modes in

elastic buckling analysis.
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Fig.1 Simplified models of casks
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Cask for high level waste
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Fig.2 Mesh arrangements for calculation of natu-
ral frequency‘
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Fig.3 Cask positions for calculation of natural

frequency

Table 1 Natural frequencies and modes

Mode Cask Righ Int. Low 1
No. Type Level Level Level
f. (Hz) 50 101 92
Ist
Mode Type Fig.4 | Fig.4 *#3| Fig.8
fa (Hz) 166 134 102
V. | 2nd
Mode Type Fig.5 Fig.8 Fig.9
fa. (Hz) 177 137 103
3rd
Mode Type Fig.8 Fig.9 | Fig.10
fn (Hz) 125 124 91
1st
Mode Type Fig.7 Fig.8 | Fig.8
f. (Hz) 174 136 102
H. | 2nd
Mode Type | Fig.7 %1 Fig.9 | Fig.9
fa (Hz) 183 181 174
3rd
Mode Type | Fig.7 *2| Fig.8 #3 | Fig.10

V.=Vertical position

H.=Horizontal position
f » =Natural frequency
#1=in horizontal direction
*Z=accompanying shear deformation
*3=accompanying local deformation

Fig.4 First mode of the cask for high level waste

in vertical

Fig.5 Second mode of the cask for high level

waste in vertical position
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Fig.6 Third mode of the cask for high level waste

in vertical position

Fig.7 First mode of the cask for high level waste

in horizontal position
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Fig.8 Segond mode of the cask for int. level

waste in vertical position
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Fig.10 Third mode of the cask for low level

waste in vertical position
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Table 2 Comparison of natural frequencies calcu-
lated by theoretical equations and finite
element method

{Cask Posi- | Mode Mode Eq. FEM
Type | tion | No. Type (Hz) (Hz)
High V. 1st | B.Canti. 97 50
Int. V. I1st | B.Canti, 336 101
High H. Ist | B.Simp. 272 125
High V. 2nd | T.Canti. 185 166
73(s.s.)

Int. H. 1st | B.Circ. 124
150(c.)
78(s.s.)

Low H. 1st | B.Circ. 91
160(c.)

Eq.=Values calculated by eq.(1) ~ (3)
FEM=Values calculated by finite element method
B.Canti.=Bending of cantilevered beam
B.Simp.=Bending of simply supported beam
T.Canti.=Twisting of cantilevered bar
B.Circ.=Bending of circular plate
s.s.=Simply supproted edge

c.,=Clamped edge

Int.=Internmediate

V.=Vertical

H.=Horizontal
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Fig.12 Buckling modes of the cask for high level

waste
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Fig.14 Buckling modes of the cask for low level

waste
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Fig.16 Pressure-displacement relationship of the
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cask for high level waste
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Fig.18 Pressure-displacement relationship of the
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cask for int. level waste

Fig.17 Collapse mode of the cask for high level

waste

Fig.19 Collapse mode of the cask for int. level

waste
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Fig.20 Pressure-displacement relationship of the

cask for low level waste
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Fig.21 Collapse mode of the cask for low level

waste

Table 3 Critical values of external pressure

(Unit=MPa)
l 1
Cask High Int. Low

Type Level Level Level
Init. of Yield 49.8 1.22 0.140
Ist 4020 69 0.091
Buckling | 2nd 11000 71 0.141
3rd 12000 151 0.298
Collapse 139 10.5 0.091

Init.=Initiation
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