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Background

The size of an impact limiter of a transportation
cask is limited by operational condition.

Z

Wood has been mainly used as shock absorbing
material because it has enough capability in the
limited volume.

It has become difficult to procure wood in
large quantities constantly, which satisfies the
characteristics specified by design.
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Purpose

Rigid Polyurethane foam(R-PUF) was chosen as shock absorbing
material for two reasons

» |ts characteristic of crush strength is adjustable

 R-PUF can be prepared at low cost which is almost the same
as that of the lowest-priced wood.

The purpose of this work is to confirm whether R-PUF has
enough performance to adopt it as shock absorbing
material for heavy cask.
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i Contents of this study

Avallability of R-PUF as shock absorbing material for cask
were investigated by following experiments.

1. Drop Weight Test
2. Drop Test of 1/3 Scale Model Cask

3. Fire Resistant Test




Hitz

Hitachi Zosen

1. Drop weight test
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Test specimen
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R-PUF R-PUF R-PUF
High density Middle density Low density
p=0.52g/cm3 p=0.33g/cm3 p=0.12g/cm3
Test specimen: column shape sized
Diameter 80mm Heights 70mm
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Temperature condition of drop weight test

Temperature condition
-40, -20, 0, 25, 50, 75, 100 C

Test specimen

Dummy specimen to measure
temperature of test specimen
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Middle and low density R-PUF, the temperature effect is few.
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!'_ 2. Drop test of 1/3 scale Model Cask

1/3 scale
model cask
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Test model of 1/3 scale cask

» Shock absorbing material :
R-PUF
e Diameter of the cask body :
0.8m
e Diameter of the impact limiter :
1.2m
 Total height :
2.2m
(including impact limiters )
e Total mass :
4950kg
(including impact limiters )
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Two types of impact limiter

High density|R-PUF |  Middle density R-PUF
0.5g/cm3 | | 0.3g/cm3 |

IHigh density R-PUF . || High density R-PU
10.5g/cm? W |0.50/cm3 |

IHigh density f-PUF | Middle den jity R-PUF

|0.59/cm® 1 | 0.3g/cm” |
20 Type-A Type-B
o (High density) (Composed High and

P middle density)
Impact limiter 11
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Test method and measurement method

| SideDrop End Drop Corner Drop

Height: 9m

Impact velocity: 13.4m/s

3.5x3.5x3m
Weight 100t

Acceleration measurement point

Center of Secondary lid Bottom of basket
Top of basket \

/
m/ N
fl/ \ |
i =\ "%
Top of cask body

Center of primary lid Bottom of cask bod

Center oflld .- Q§Ca body
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Test result of drop test of 1/3 scale model
miter )

cask (Type B impact I
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Maximum acceleration

JPlywood
DTypEA(HIgh del'.]SIty R-|-3UF) Type B R_PUF mOdeI
M Type B (Composite density R-PUF) | o g3
0T o & & showed a decrease by 7-
N~ 5 .
oo | & S8 8 S 20% in the maximum
] ——® ~ N~ | )
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Thus, the impact limiter
composed of R-PUF
Indicated superior shock

0 | | | absorbing capability to that

Maximum acceleration (m/s2)
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Deformation of impact limiter at the most
i destructive state

Type A (High density R-PUF) Type B (Composite density R-PUF)

Lid side Bottom-side

Both lid-side and bottom-side of impact limiters were damaged.
However, the cask body remained intact.

P
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3. Fire resistant test
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The fire resistant capability was examined by keeping the test
specimens in the furnace of 800 C for 30 minutes.
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Test specimen of fire resistant test

Type Density|  Sieof | Thickness of
of € ot CKNESS o Structure of test specmen
Test specin en @/on 3) Testspecmen | cover phte
. . Hole 150mm n a
H igh density R-PUF 052 400m m Heated wall diam eter
X :6mm
M ddle density R-PUF | 0.31 400m m ! : Heated wall
X hsulated wall| |: ! The rest of 4
400 3.2 l !
P ywood 054 n R [ | S Y/ |yak were

/ Heat sensor \
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Time history of temperature In fire
resistant test
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Temperature of all the test specimens were kept in less than 40
"C constantly.
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Overview of fire resistant test

State of test
specimen
taken out
from furnace

Change of
the state of
test
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- - o
i 5 \ R - - .

specimen

(Flame was

put out)
High density R-PUF! g”gg'g density .
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Conclusions

1. Stress strain curves of three density type of R-PUF under each
temperature condition were obtained by drop weight test.

2. Results obtained by side drop tests of a 1/3 scale model cask
suggested that the impact limiter composed of both high and middle
density R-PUF had superior shock absorbing capability than that of
plywood.

3. Results obtained by fire resistant test suggested that R-PUF showed

almost the same fire resistant capability as plywood and that actual
cask body was not damaged by fire accident at the level of I1AEA rule.

20
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Measurement method
IR

| [T I Displacement

Test S
Loa

d

4 points under the weight
‘ 4 points under the target plate

ecimen\
.~ Target Plate Inga: o6

1 point under the target plate.

They were measured with sampling
frequency of 50kHz. >
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* Restraint condition of test specimen

Test Specimen

R-PUF Filler Block

Steel Tube

Diameter 200mm
Thickness 8.5mm
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Stress
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Test result of drop weight test

200
180
160

—R-PUF €R3725)
—R-PUF EKR3730)
—P lywood Parakll o the hyer)
— P lywood Pemendicular to the lyer)

0.2 0.4 0.6

0.8

Define

Strain=(D,,-D)/L;

D,, :weight displacement

D, :target plate displacement

L. :initial height of the test
specimen.

Stress =P/A;
P :impact load

A; :initial cross sectional area
of the test specimen.
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Difference of falling height

[MPa]

Stress
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Height 2m:
Impact velocity :6.3m/s

Height 3m:
Impact velocity :7.7m/s
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Hitz-B69 cask

Transport and storage cask

Impact limiter containing BWR 69 spent fuel

Cask body

Secondary Resin

lid Primary lld content (Basket)
(Length: 6.8m, Diameter: 3.5m, Mass: 132ton)

25
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Parts of 1/3 scale cask model

Impact limiter Impact limiter and cover plate

Primary lid Secondary lid Cask body 26
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Maximum acceleration (1/10 scale model)

M aterial of i pact | | M_axm um accelrain’
Im iter Scak D rop orentation Lid C ask body
f/s%) (n/s)
(]BR_?I?;JSIE)) 1/10 Side Drop 579 0 532 1
P lywood™ 1/3 SdeDrop 623.3 945.6
%M ax acce eraton was converted to the valie of actual s ze cask accordng to the sm arity aw

*x*:Result of the plywood as materialof the mapct Im iter refers to [1]

The R-PUF model showed a decrease by 2-7% in the maximum
acceleration compared to the plywood model. Thus, the impact limiter
composed of R-PUF indicated superior shock absorbing capability to that
composed of plywood.

ra——

[1] H. Tobita and K. Araki: Containment Performance of Transportable Storage Casks at
9m Drop Test. PATRAM2004, Berlin, Germany, 2004. 27
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Differential thermal analysis of R-PUF
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Inside temperature of test specimen

L~

Start End Test specimen was taken out from}

furnace
200 \- / 1

180 i i — High density R-PUF
160 Fl — Middle density R-PUF
Q 11
L 120 | N
2100 |
280 | o7 66 56
S 60 * |
40 i
20 7
0 [

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00

These results indicate that R-PUF showed almost the

Time (hour)

same fire resistant capability as plywood.
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