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Seismic Rocking Response Analysis of 1/8 Scale Model for a Spent
Fuel Storage Cask
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ABSTRACT

This research is to develop a seismic response analysis method for a spent fuel storage cask. FEM
model is built for the test model of 1/8 scale spent fuel dry storage cask using available 3D contact
conditions in ABAQUS/Explicit. Input load for this analysis is a seismic wave of El-centro earthquake,
and the friction and damping coefficients in the analysis condition are obtained from the test resuit.
Penalty and kinematic contact methods of ABAQUS are used for mechanical contact formulation. The
analysis method was verified for rocking angle obtained by seismic response tgsts. The kinematic

contact method with an adequate normal contact stiffness showed a good agreement with tests.
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Fig.1 1/8 Scale Spent Fuel Storage Cask Model Fig.2 El-centro(0.35g) Input Wave
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} Table. 1 Cask Properity
Control Mass

steel ¢o 460mm
Body | (296ke) [ 4, 360mm
Lower concrete
Support (63kg) ¢ 300mm
Height 700mm
Control Mass
Flange (22.5kg x 5) 100mm
Lower Support Total Weight 4890kg
Moment of inertia 37.Tkg » m®
Slab
Mass Center 0.45m
Friction coefficient 0.65
Damping Ratio 3.0%

Fig.3 FEM Analysis Model for ABAQUS
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T HEY Alo)g ZABAE A FE normal AFo] FLE A HHze] "

NNARASTA T FEGH 2ol oM B 33 Zo] 6F3FY thdd ANz did AASFHAN G #
Pt & AN E AFUFY EFA AE 1ty Jted ded PHE zesidth AEFuES
285t tangential ASNAME A ulFAFE F= direct coulomb friction, AA ¥ Fu&AFE FE
SKE(Static-Kinetic-Exponential)% 3t v}a-& 7}A438l= rough S #8340k Tangential ASA €
frictionless& # s|dz7s gix] gol Astar}t. 487 AY#AAE Vel normal AFAAE hard
contact 7% A8 HE72A4(linean)Z A& A 8-3} ).

Table 2. ABAQUS/Explicit Contact Analysis Option

Mechanical constraint Mechanical Contact Properties
formulation Tangential Behavior Normal Behavior
- frictionless - hard contact
Penalty Contact Method ’ dlre'ct ff'lCt{Ol’l input . ' e%xponentlal
- Static-Kinetic-Exponential - linear
(PCM) - rough - tabular
user - defined
- frictionless - hard contact
Kinematic Contact Method dlrgct Flthon input . gxponentlal
- Static-Kinetic-Exponential - linear
(KCM) - rough - tabular

user - defined
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Table.3 Summary of Analysis Kinds and Results

Model : Mech?Ir‘ucal C)t?rlltact Condition . MRA | MDD.| Input | -~
Formulation gn_ge_n 1a Normal |Damping| (deg) | (mim) | Motion
riction :

M-1 Kinematic Constant(0.7) Hard - 0.88 14.6 IM-1

M-2 Penalty Constant(0.7) Hard 0.03 1.5 - IM-1 |* M.C %3&
M-3 Kinematic Constant(0.5) Soften(1E10) 0.03 1.5 - IM~-1 |* M.C =4
M-4 Kinematic SKE(0.7-0.65-10"%) Hard - 0.617 16 iM-1

M-5 Kinematic Constant(0.7) Hard 0.03 0.88 14.6 IM-1

M-6 Kinematic SKE(0.7-0.65-10"%) Hard 0.03 0.617 16.8 M-1

M-7 Penalty SKE(0.7-0.65-10') Hard - 10.9 150 IM-1

M-8 Penalty Constant0.65) Hard 0.03 - - IM-1 A E(6s)
M-9 Penalty Constant(0.65) Soften(1E8) 0.03 5.99 80 ™-1

M-10| Kinematic | SKE(0.7-0.65-10") | Soften(1E8) - - - IM-1 A E(6s)
M-11 Kinematic SKE(0.7-0.65-10'% | Soften(1E9) - - - IM-1 A& (4s)
M-12 Penalty Constant(0.65) Soften(5E8) 0.03 - - M-1 HE(9s)
M-13 Penalty Constant(0.65) Soften(1E9) 0.03 - - IM-1 AE(3s)
M-14 Penalty Constant(0.65) Soften(1E10) 0.03 - - IM-1 AE(7s)
M-15 Penalty Constant(0.65) Soften(1E11) 0.03 - ~ IM-1 A 5(9s)
M-16 Kinematic Constant(0.65) Soften(1E10) 0.0 1.503 20 IM-1

M-17 Kinematic Constant(0.65) Soften(1E11) 0.0 0.41 7 IM-1

M-18 Kinematic Constant(0.65) Soften(1E9) - - - IM-1 AE(3s)
M-19 Kinematic Constant(0.65) Soften(1E10) 0.03 1.503 22 IM-1

M-20 Kinematic Constant(0.65) Soften(1E11) 0.03 0.41 7 IM-1

M-21 Kinematic SKE(0.7-0.65-10"°) | Soften(1E10) - 1.501 22 IM-1

M-22 Kinematic SKE(0.7-0.65-10"%) | Soften(1E11) - 041 7 IM-1

M-23| Kinematic | SKE(0.7-0.65-10") | Soften(SE10) - 0.77 13 IM-1

M-24| Kinematic | SKE(0.7-0.65-10') | Soften(8E10) - 0.52 10 M-1

M-25 Kinematic Rough Hard - - - IM-1 A E(3s)
M-26 Penalty Rough Hard - - - IM-1 HE(7s)

*SKE : Static-Kinetic-Exponential, Soften : Contact Stiffness(Pa), MRA : Max. Rocking Angle,
MDD : Max. Dislocation Displacement, IM~1 : EL-centro Input Motion(0.35g), M.C : Mass Center
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Table.4 Penalty Contact Method (PCM)
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TB NB | Hard contact | Exponential Tabular . (Constant (I:‘(;rrllf:ét stiffness)
Frictionless x x X X
direct friction M-2,8 X X M-6,12,13,14,15
SKE M-7, X X -
rough M-26 X X -
user—define X X X X
154
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Fig.4 Rocking Angle(M-9) and Overturing Shape of Model (M-12)

Table.5 Kinematic Contact Method (KCM)

TB NB | Hard contact | Exponential Tabular (Constant cLégf:& stiffness)
Frictionless - X X x X
direct friction M-1,5 X X M-16,17,18,19,20
SKE M-4,6 X X M-10,11,21,22,23,24
rough M-25 X X -
user—define ' X X X X
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Fig.5 Rocking Angle of M-1(Constant(0.7)) Fig 6. Rocking Angle of M-4 (S.K.E)
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Fig.7 Rocking Angle of M-16 Analysis
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Fig.8 Rocking Angle of M-17 Analysis Fig. 9 Rocking Angle of test
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