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This study reviewed types and dynamic behavior characteristics of shock-absorbing materials used in spent nuclear fuel
transport containers. Among various shock-absorbing materials, wood, honeycomb, and foam materials were the most
commonly used. Redwood and balsa wood are sustainable materials with excellent energy absorption properties and
natural decomposition, but vulnerable to temperature and humidity. Although honeycomb materials have better mechanical
strength than other materials, they only support unidirectional loads. Urethane foam and Fenosol foam materials have lower
mechanical strength and lower shock absorption than others, but have higher lightness and fire resistance. They also allow
users to control density and produce them. Due to their isotropic characteristics and ease of increasing or decreasing
strength by adjusting density, foam materials are better for design and manufacturability than others. Shock-absorbing
materials show more complex behavior characteristics than general steel materials. For shock absorption, large
deformations are considered up to sections that greatly exceed the elastic region, inevitably increasing the complexity of
behavior simulation. During design, to accurately simulate large deformation behavior, it is important to select an
appropriate analysis property card and determine major influencing factors. An analysis-based review was additionally
conducted for property cards typically applied to foam materials.
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Fig. 2 Comparisons of compressive properties of the honeycomb
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Fig. 3 Comparisons of shock absorption energy of honeycomb
materials
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Table 1 Representative wood materials used to the cask

No. Cask name Impact limiters
| Magnatran Balsa-wood &
transport cask Red-wood
) Nuhoms Balsa-wood &
MP197(hb) Red-wood
NLI 1/2 legal
3 weight truck Balsa-wood

transport cask

4 Nli 10/24 rail Balsa-wood
transport cask

5 TN-BRP storage Balsa-wood &
and transport cask Red-wood
TN-8/TN-81
6 overweight truck Balsa-wood
transport cask
TN-9
7 overweight truck Balsa-wood
transport cask
Balsa-wood &
Cedar-wood &
8 SNF cask Oak-wood &
Spruce-wood
Spruce-wood &
o KN-12 Beech-wood
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Fig. 6 Comparisons of compressive properties of the wood materials
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Table 2 Representative foam applied to the cask

No. Cask name Impact limiters
125-B TMI-2core and fuel
1 debris rail Urethane foam
transport cask
Nuhoms MP187 Polyurethane foam &
2 used fuel storage and aluminum
transport system honeycomb
The Holtec international
3 storage, transport and Polyurethane foam
repoistory Hi-Star 63
4 BRR cask Polyurethane foam
5 T-3 cask Polyurethane foam
6 R79 cask Fenosol foam
7 R83 cask Fenosol foam
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Table 3 Case of impact analysis using Is-dyna

Summary Used matcard  Ref.

Perform penetration analysis on

honeycomb material Mat.126 [37]
Composite aluminum fpr penetrat}on of Mat. 126 [38]
panels Perform Numerical analysis

Analysis of impact .of collision between Mat. 143 [39]
trees and aircraft wings

Analysis of destruction characteristics of Mat. 143 [40]
wood

Ass.essmg energy abgorptlon capacity Mat 143 [41]
during car accident time

Dynamic analysis of impact sphere

penetration in a sandwich structure with Mat.143 [42]
balsa wood core using

Analysis of dynamic behavior between Mat. 143 [43]

wood joints

Suitability analysis of materials used to
improve impact strength due to vehicle Mat57 [44]
side collision

Impact characterization analysis of helmet

performance Mat.57 [43]
Dynamic response analysis of structural

insulated panels following wind-induced Mat.57 [46]
debris impact

Perform compression simulations on tubes

filled with aluminum foam Mat.63 (471
Perform and verify impact resistance

simulation of hollow buoy composed of Mat.83 [48]
EPP foam

Study on performance changes of EPP foam  Mat.83 [49]

(Adapted from Ref. 37-49 on the basis of OA)
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Table 4 Number of nodes and elements in FE model

Name Number of nodes Number of elements
Impactor 57,301 56,000

Foam 164,025 153,600

Plate 6,084 4,332

Element Eroding
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(b) Impact forces

Fig. 13 The results of simulation using Mat.57
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Fig. 14 The results of simulation using Mat.63
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Element Eroding
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Fig. 15 The results of simulation using Mat.83
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Fig. 18 Simulation results of Mat.57 and Mat.83
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