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A Study on the Dynamic Impact Response Analysis of Cask
by Modal Superposition Method
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Abstract

The cask is used to transfer the radioactive material in various fields required to withstand hypothetical accident condition such
as 9m drop impact in accordance with the requirement of the domestic requlations and IAEA.

So far the impact force has been obtained by the finite element method with complex computational procedure. In this study, the
dynamic impact response of the cask body is analyzed using the mode superposition method, and the analysis method is proposed.
The results are also validated by comparing with previous experimental results and finite element analysis results. The present
method is simpler than finite element method and can be used to predict the global impact response of cask

keywords : mode superposition method, cask, drop impact, dynamic response
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Fig.1 Impact model of cylindrical rigid body
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Fig. 3 Analysis model description of cask drop
parameters
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Table 1 Description of the cask model

Features Dimensions
General

outside diameter 1,194 mm
inside diameter 489 mm
outside length 4,810 mm
inside length 4,280 mm

Structure shell
material SUS304
outer shell inside diameter 819 mm
outer shell thickness 25.4 mm
inner shell inside diameter 489 mm

inner shell thickness 6 mm
bottorn thickness 250 mm
cover thickness 265 mm
Radiation shielding shell

material Lead
outside diameter 819 mm
shell thickness 160 mm
Impact limiter

material Balsa and Red wood
diameter 2.349 mm
thickness 402 mm

Cask total weight 34 tons
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Table 2 Material properties of SUS304 stainless steel
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Fig. 5 Moments for side drop of the cask using mode
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Table 3 Material properties of lead

Elastic modulus 195.1 GPa Elastic modulus 15.72 GPa
Yielding strength 206.4 MPa Yielding strength 4.41 MPa
Poisson’s ratio 0.3 Poisson’s ratio 0.42
Ultimate strength 517.1 MPa Ultimate strength 16.97 MPa
Density 7.913 ke/m’ Density 11,300 kg/m’

380 st=xAIRRESHE =2F H18FH H45(2005.12)



6x107
5x107
4x107

3x10”

Impact Force (N)

2x107 4

1x107

T T T T T -
0.000 0.002 0.004 0.006 0.008 0.010
Time (sec)

5.0x10°
0.0 -
-5.0x10° ]
-1.0x10"
-1.5x10" ]
-2.0x10'°—-

-2.5x10"°

Moment (N.m)

-3.0x10"" 4
-3.5x10"° +

-4.0x10'"

T T T 4 T
0.0 0.2 0.4 0.6 0.8 1.0
Normalised Distance of Cask Length

Fig. 6 Impact force for vertical drop of the cask using Fig. 7 Moments for secondary impact of the cask using

mode superposition analysis

A& S8t

2 AFgM £48715 Y84 (beam element) =¥ 7
ABow rHgsiRoeng RrF7IEe] ot Mdne
datoMe BRIE, AdslE: 9 &35 oz vjehd

o adEE olF REE 48700 AHEE AR A
B7elr) ekel g¥om Wasol} Bk gAANE
#87 Bd. Z DU (solid) % 4% (aminated)s] 3
B o] met Tt 9% B F8Ue wwdNe %
shgol o F93 v e B W7 FULA

o8 FAHEL
ddPe L7 Aol HulgHe o Zol 4
o o8] F-ghr},

P, Mc

o=t (48)

A5 £5871A Arde 74 A5 2Aske ot

/2L
100
o -
‘©
[
= -100
@«
k23
I
& -200
-300 .
-400

T T T T T
0.000 0.002 0.004 0.006 0.008 0.010

Time (sec)

Fig. 8 Stresses for side drop of the cask using mode
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Table 4 Comparison of the results for impact
behaviour of cask model

Drop orientation Vertical drop| Side drop
" g’ value -118~115 | -60~123
Test
Crush (mm) 138 282
g’ value 61 37
5| Crush (mm) 61 152
FEM analysis™
Impact force (N)| 3.2x107 1.48%10"
Stress (MPa) 278 300
Mode Impact force(N) | 5.7x10" | 1.57x10°
superposition
analysis Stress (MPa) 225 400

24 23%9) Aelg weln girk. MABFARA oA

SEG 2% AT weh, R=FHvHE o
58719 EAAEANE TaeAE A e o2
Aol & 4 it

Aol W e oIAE 9 5 4
gole A8a7) 298 Dol mz 9294,

3]
]
r

2 A72 B ASFYARE LWL £5871)
FA93A I PRAZ AEAE AZEC S FHAFE
Ae BN ol Edz AN fPessidon
23 AP A AR 3485S dastn &
47 4B 5 9k 434S 1A o AP4L ol
Folo) 3ALFA U SHE BNHGY 29n, BE
FAEE olgde AETUART 2WAE F58719
2] e $HLHE AL, ol9) HAPEL AN
ek B AT ANE 328F 499 1% ¢ mEF
H71ge oldel AmsA Gskd EosA oF A423
= olHd ANERE AT 2 fAas ANEH
MEE Foed BPHS YIRAT. £ 3§ Raed
HHAES o8 ANE FUsiel 3453 48 2 B
=ZA71ES 018 ANARE vman FA WEEA



o i BAATE WA sk
E ATE Eol oy 22 42S 42§ gtk
(1) BEZH/EE o] &3l $587] BAld gt 3y
Az} olFol| AAHAY AMAZAT 2 f{FalHA
 c

i)
o
©
R
=
ﬂ('}L
£
)
ot
ox,
o
M
iz
_Q‘)L
8
(I
=

% Zojo] doluke 23 AN Hrjgel B9
AE 17 $A4o29E 8/10L4 dodg
(2) REFH/MEE $487] 2e320 U ASY
S en ghgiel glovt Al 13 %
A zolo] ot 23 F4d] U@ AN 9
827 o3 waot UR 2 Ao} 3 A%

(3) AHEFAAR 5587 ANEDS) O F3029)

qg Faska 5587 7 AL G224 O
Jerg BHY A7 RAR] BEZA Sk AS
FA0] U oUA Aol ula AP Dolupvd
geo olHE °F 5% aHw FAsEA Aol
= o 6%4E Wi Uehith

239 % (1989) KSC-4 #4879 PadE8MEnA,
KAERI/TR-137189, gt=roji x4,

AEA, o944, HFA (2005) AL o] &3 AHEF
Adg #5879 F4Y AR 343} FFYITE
#2835, 18(3), pp.245~254.

44 (2001) AHEFAAR ABITFEHEY TASHEA
A, Zddida tigkd A =T

H37)1EH- (2001) WAMIEE T3 3 ik
He7les IO,

o]gA, ol A, AT, o]FD, A&A (2001) Aelold
Fejo] WAMdEE AT FHEV)d i T4, ¢
FFEFEEw=EF, 14(2), pp.143~150.

2 #4,

e

oG4l - AEA - A - A

ol HAYA, A5F, A8A. °lAF (2004) LSDYNA3D
2 ABAQUS/Explicit Program¥ o] &3 AH&F <
F ukgre Aadst $ASRAT, e ETY
5=

o|gdAl, Z18A (1994) del5AstEe W PAE
8719 BAAT A A, HferlAEE =Ry, 18(
pp.2805~2816.

G, oA (1997) &% dds +587]9 FHHst
Z7dl| Wt AT, sk AERE, 21(3), pp. 457~469.

Chung,S.H., Lee,H.Y., Lee H.C., Lee,Y.S_, (2001)
Structural Analysis of the Container-Shaped

i

2
e

D,

ju—

Package of Radioactive Material, Trans. of the
16th International Conference on the Structural
Mechanics in Reactor Technology (SMIRT-16),
paper#1081.

Clough, R.W., Penzien, J_, (1985) Dynamics of Struct-
ures, McGraw-Hill, New York.

IAEA Safety Standards Series No. ST-1 (1996)
Regulation for the Safe Transport of Radioactive
Material.

Lee,Y.S.. Kim, H. S., Kang, Y. H., Chung, S. H.,
Choi, Y. J., (2004) Effect of Irradiation on the
Impact and Seismic Response of a Spent Fuel
Storage and Transport Cask, Nuclear Engineer-
ing and Design, 232(2), pp.123~129.

NRC Regulatory Guide 7.6,(1978) Design Criteria
for the Structural Analysis of Shipping Cask Con-
tainment Vessels, USNRC.

Ryu, CH., Lee, Y.S., Kim, YJ., Lee, J.H., Ra, J.Y.,
(2001) A Study on the Modelling Technique for
Cask in Free Drop Impact Conditions, Trans. of
the 16th International Conference on the Structural
Mechanics in Reactor Technology (SMIRT-16),
paper #1561,

SR AR AESE =28 M18H M45(2005.12) 383



