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Sensitivity Analysis to Finite Element Analysis Program to
Evaluate Structural Integrity of a Spent Nuclear Fuel Transport
Cask Subjected to Extreme Impact Loads

Jong-Sung Kim' and Min-Sik Cha’

(Received 17 November 2022, Revised 20 December 2022, Accepted 21 December 2022)

ABSTRACT

To investigate the validity of the finite element analysis program to assess structural integrity of a spent nuclear
fuel transport cask subjected to extreme impact loads, structural integrity of the cask for the case of an aircraft
engine collision is evaluated using three FE analysis programs: Autodyn, Speed and ABAQUS explicit version.
As a result of all analyses, it is confirmed that no penetration occurred in the cask wall. Even though the different
programs are used, it is identified that there are insignificant differences in the FE analysis variables such as von
Mises effective stress and equivalent plastic strain among the programs.

Key Words : Spent Nuclear Fuel Transport Cask (AF--3A% HF87]), Aircraft Engine Crash (237] 2%l
Finite Element Impact Analysis (F-3F84 $23|4), Sensitivity Analysis (T % £47)
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Fig. 1 Schematic configuration of KORAD-21.
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Fig. 2 Finite element model.
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Table 1 Variable value about Johnson-Cook hardening
model for each material

Variable SA350 LF3 A4340
A (MPa) 4335 792.0
B (MPa) 1448.0 510.0
n 0.18 0.26
C 0.8292 0.014
€y (1/5) 10 1.0
Tm (K) 1733 1793
Tr (K) 300 293
m 03759 1.0300
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Table 2 Material constant value about Johnson-Cook
dynamic failure model for each material

Constant SA350 LF3 A4340
d 0.0250 -0.8
dp 16.93 2.1
ds -14.8 -0.5
dy 0.0214 -0.002
ds 0.0 0.6

T A BF SN EEC] JAHIEE 3.0
ZIA] A2 E ] S 8 4E 3t ARATEE G
Sk sk

£ AFoAMe BE 24E TY3 A83ka 371
2 14 =2 TWABAQUS Explicit", AUTODYN",
SPEED) & AMg3te] FE8)4S S35tk 37}
A Z2OPLE BT FUS oA 57 AN explicit
dynamic procedure)E AHE-SHH HHE HQF ZHA]
Zh T2 0] A} vl el AR ARE AT
SFA] @Al 9O} Ul (user interface) SHolA 2L
ztol 7} EA) et

ox

%14

3. ==6lM 9 oIzt EM

2 21t

(

N&nﬁmﬁ
2 oo rp

1> %0 off N[ o

Fig. 32 ABAQUS Explicits ©]-83}] 3
HA2H FEo| $EH F ¥4 57k
Z AN ok 1ol A Rol= uiel
EH FEFGY T AH-AA 7V & 7
7MW E Eo| WS #EEA XEE &
ok Ao 74 VA HYES 0.09463 2K
1o} @ Ao

K
Z

o r A

]

Jut

Max. Point

Fig. 3 Accumulated equivalent plastic strain distribution
of the cask body after the engine crash
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Table 3 Comparison of max von Mises effective
stresses and max. equivalent plastic strains
among three analysis programs

Max. von Mises Max. Equivalent
Effective Stress Plastic Strain
MP:
Location (MPa) ABAQ mm/mm]
ABAQUS|AUTO AUTO
Explicit | DYN [ PP US|y [SPEED
Explicit]
Outer surface | o6 | 4sn | s0sa |0.0423 | 0.0536 | 0.0520
of center area
T—
Mid point of |y 15350 | 2307 |0.0056 | 0.0074| 0.0070
center area
omer surface |40 1 4o | 3744 [0.0196 | 0.0321 | 0.0242
of center area
Relative
Diffoamoe | 487|268~ |2671~[22.93~
) 28.87| -24.69 63.78 | 25.00
0,

note) 100x(The others~rABAQUS)/ABAQUS
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