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Abstract

The package used to transport radioactive materials, which is called by the shipping cask, must be safe under normal and
hypothetical accident conditions. These requirements for the cask design must be verified through test or finite element analysis.
Since the cost for FE analysis is less than the one for test, the verification by FE analysis is mainly used. But due to the
complexity of mechanical behaviors, the results depend on how users apply the codes and can cause severe errors during analysis.
In this paper, finite element analysis is carried out for the 9 meters free drop condition of the hypothetical accident conditions using
LS-DYNA3D and ABAQUS/Explicit. We have investigated the analyzing technique for the free drop impact test of the cask and
investigated several vulnerable cases. The analyzed results were compared with each other. We have suggested a reliable and
relatively simple analysis technique for the drop test of spent nuclear fuel casks.
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22l 2 Schematic diagram of the shock absorbing cover
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a8 1 Configuration of the KSC-4 shipping cask
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E 1 Materials and dimensions of the KSC-4 shipping

cask
Components Is%rgff gﬁg‘ﬁr Resin | Lead shield
ASME
SA 240|SA 240\, | B29 ch.
Materials Type Type FR Gr. 99.9%
304 304 Pb,
Casting
Side
@ | Thickness 160.0
= tns 25.4 | 10.0 [150.0| o 0"
2 175.0
L
E | Height (mm) | 4,750 | 4,810 | 4,750 | 4705
Weight (Ton)| 2.82 1.51 4.00 20.80

22l 3 Half symmetric finite element model of the cask




HE 2 Material properties for the component of cask

304
Material | stainless | Resin Lead Red Balsa
steel wood wood
Density
3 7913 1710 11070 376 160
(kg/m”)
Young's
modulus 186.69 3.86 98.98 1.56 0.67
(GPa)
Poissons | 535 | 035 | 040 | 049 | 049
ratio
Yield
strength 258 60 6 45 13
(MPa)
Hardening
modulus 1894 450 183 0 0
(MPa)
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a2l 5 Von-Mises stress contour of the cask at the ver-
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vertical drop (LS-DYNA3D)
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Ozl 6 Time history of energy force at the vertical drop
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18l 8 Effective stress of the cask at the vertical drop

2 10 Von-Mises stress contour of the cask at the
horizontal drop (ABAQUS/Explicit)

£ 370 #78 Aagn. FHHANE FHGAGE
29 332719 $4%9) bt ddHos IR %
£ ol%E 34930 $2 30l 345 BRe) 2]
o ze AN FH0] AFslel FHo] PPl ek
FARAC] Y3 F1e] W] 27] $Ae] A ek

. 2% 9= ABAQUS/Ex-
st S8 42E Von-Mises
ok R Ao Von-
Aatgen, yRddAae A

1L

°

Mises-8&°] 300MPaol

 290MPad] §¥o| #AstHtE. ABAQUS/Explicit
g ol &3 AT w3 LS-DYNA3DY sidZxtel 2

of ggdl 9o gaoz AR It 2 THHY
A5 B ¥ 138 FHdsloAe A7t wE
Effective stress™3t& Ueld Ao|th

End

o

23 47

AMTREste =2d M183 H15(2005.3)



LS-DYNA3D % ABAQUS/Explicit CodeE ©| &% A1

—m—internal Ener@Y (LS. DYNA3D)

--@-- Kinetic Energy (LS. DYNA3D)
internal Ener9Y (ABAQUS/Explicit)

--w--Kinetic EnergdY (ABAQUS/E xPlicit)

e,
€-5-0-8-0-0-0-0-0-8

®
g
S
)
)

Energy [J]

@

o

X

2
1

; -
4.0x10° | N
-
20x10° 4 (/ QW
s
0.0 2 T T T 1
Time [sec}

28l 11 Time history of the energy force at the hori-
zontal drop

—m—Middle of the inner shell (LS.DYNA3D)
—e— Middle of the outer shell (LS_DYNA3D)
3.5x10° 4 Middle of the inner sheifl {(ABAQUS/E xPlicit)
—vw— Midd!e of the outer shell (ABAQUSE xPlicit)

3.040° -

25x10° -

2.0x10°

Effective stress (Pa)
P
X
LS
X

o
2
3

:

5.0x10"

0.0 T T T T T T T 1
0.000 0005 0.010 0015 0020 0025 0030 0035 0040

Time (Sec)

18] 13 Effective stress of the cask at the horizontal
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