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(II)-A. Structural analysis
A.1 Structural design
A.1.1 General description

A Type B(U) packaging consists of an inner shell, an outer shell, and a fuel
basket as shown in (1)-Fig.C. 1.

The inner shell consists of a shell containing a fuel basket and a lid

Fuel basket No. 1 is the rectangular type as shown in (I)-Fig.C.8. A basket
for rectangular elements or wrapped KUCA fuels can contain up to ten elements

Fuel basket No.2 is also the rectangular type as shown in (I)-Fig.C.9. The
basket can contain up to 1 spectrum converter.

After being placed in the fuel basket, the fuel elements, wrapped KUCA fuels
and spectrum converter are fixed by a spacer made of silicone rubber.

Inner shell combined with its 1id forms containment boundary as shown in
(I)-Fig.C.3 and also works as a pressure vessel against inner pressure. Inner
1id attached to inner shell by inner lid bolts keep containment of its joint using
double O-ring system.

Outer shell with its 1id forms containment boundary as shown in (1 )-Fig.C. 4.

Heat insulator and shock absorber are filled between inner shell and outer shell.
Outer lid attached to outer shell with outer lid bolts keep containment of its
joint using Gasket.

Inner lid would never be opened by any possible contingency since it is covered
by outer lid during transport. Outer lid bolt has a lock and a seal so that they
would show evidence that it has not been opened.

This packaging is lifted and tied down with 4 eye—plates shown in (I )-Fig.C. 5.

The package is tie_down to tie down device shown in (I )-Fig.C. 2 with eye—plates

during transport.

() —A—1



A. 1.2 Design standards

The design standards for the packaging are based on the “Public Notification
and Section III-Subsec, NB of ASME. Analytical standard are determined for each
set of test conditions

(1) Analytical standards

(II) -Table A. 1 shows the various test conditions for the design standards

corresponding to the items being analyzed. The analytical standards will
be determined on the basis of the mechanical properties of the materials shown
in section (II)-A.3 and the temperatures shown in section (II)-B.

The design standard value in which distortion level has no influence on
the packaging’ s containment under accident test conditions is used for the
inner 1id clamping bolts, which are essential for the containment boundary.
Yield stress is used as the analytical standard for the hoisting and clamping
device in accordance with the “Public Notification”. Penetration resistance
is chosen as the analytical standard for the collision during the penetration
test.

Welding efficiency is 1.0 for welding parts inspected by radiation method

and 0.45 for other welding parts

Symbols of the design standard value in Tables are as follows;
Sm ; Design stress intensity value

Sy ; Yield point of the designh

Su ; Design tensile strength

Sa ; Alternative peak stress

N 5 Number of cycles

Na ; Allowable number of cycles

DF ; Accumulative usage factor (= N/Na)
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(2) Combinations of design load
Combinations of design load are determined on conditions (structure
temperature, material, safety factor, etc.) of each components shown in

(II)-Table. A. 2 and (II)-Table.A. 3.

(3) Margin for safety

Margin of safety (MS) is obtained as follows.

, The design standard value
Margin for safety (MS)= . ‘1
Analytical value

According to the design standards described above, (II)-Table A.4 (1/24)

~ (24/24) shows conditions of structural analysis, analytical item and method,

etc.
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(T)-Table A. 1

Design standard for structural analysis

Pm; General primary membrane stress

PL; Local primary membrane stress

Pb; Primary bending stress

Q ; Secondary stress

F 3

Peak stress

DF; Accumulative usage factor

Component . Primarytsecon Primary*secon
Primary stress d St —dary+peak
o —dar ress
Condition Ttem Position y stress
to be evaluate Pm (PL) PL+Pb PL+Pb+Q PL+Pb+Q+F
Lifting device Eye plate {Sy {Sy — —
Routine Tie—down device Eye plate {Sy {Sy — —
transport Pressure Package Withstanding the effect of changing ambient pressure
Vibration Package Withstanding the effect of vibration during transport
Inner shell <{Sm <1.5Sm <3Sm Fatigue
Thermal test Inner 1lid evaluation
<2/3Sy <Sy <Sy
Inner 1id bolt (DF<1)
Water spray test Package Withstanding the water spray test
Normal Inner shell
<{Sm <1.5Sm <3Sm —
conditions Fuel basket
Free drop test
of Inner 1lid
(1. 2m height)
transport Inner 1id bolt <2/38y <Sy <Sy -
Fuel element/plate
Inner shell <{Sm <1.5Sm <3Sm
Stacking test —
Inner 1id <2/3Sy <{Sy {Sy
Penetrating test Outer shell No penetration
I hell
nner she <E;Su su B B
Fuel basket 3
Drop test 1
Inner lid
(9m height)
Inner 1lid bolt <2/38y {Sy — —
Fuel element/plate
Acoident Drop test II Outer shell No pen;trat1on
conditions | (Im height Inner shell <?§SU <Su —
of penetration) Inner 1lid <2/3Sy <{Sy —
transport 2
Inner shell <E;SH <{Su —
Thermal test Inner 1id —
<2/3Sy <Sy —
Inner lid bolt
2
Water immersion Inner shell <?§SU <{Su —
(15m depth) Inner 1id <2/38y sy -

Note: The same criteria for stress evaluation are used for both Type B(U) packages and fissile packages

“fuel plate” includes spectrum converter
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(I1)-Table A.2 Design load, combination of load (1/2)

. Component Load
Require— oL .
Condition Item Positio N Internal | External | Thermal
ment Mass . Other
to be evaluate pressure | pressure |[expansion
Lifting device Eye plate A — — — —
Routine Tie—down device Eye plate AN — — — —
transport Pressure Package — O O — O
Vibration Package — — — — A
Inner shell - A - - -
Thermal test Inner 1lid — AN — — —
Inner lid bolt — O — O O
Water spray test Package — — — — AN
Normal
Inner shell O @) — — —
conditions
Fuel basket A - - - -
of Free Drop test
Inner 1lid O O — — —
transport (1. 2m height)
Inner lid bolt O O — O O
Fuel element/plate YaN — — — —
B (U) Penetrating test Outer shell — — — — A
package Stacking test Inner shell O O — — —
Inner shell O O — — —
Fuel basket A — — — —
Drop test 1
Inner 1lid O O — — —
(9m height)
Inner 1lid bolt O O — — O
Fuel element/plate A — — — —
Accident
Drop test II Outer shell yAN — — — _
conditions
(1m height Inner shell O O — — —
of
penetration) Inner 1lid O O — - -
transport
Inner shell — A — — —
Thermal test Inner lid - A - - -
Inner 1lid bolt — O — — O
Water immersion Inner shell — — — —
(15m depth) Inner lid — — A — —

O: Analyzed under combination of load.

*

impact force such as given (mass) X (acceleration).

Note: ““fuel plate” includes spectrum converter
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(I1)-Table A.2 Design load, combination of load (2/2)

. Component Load
Require— oL .
Condition Item Positio N Internal | External | Thermal
ment Mass . Other
to be evaluateé pressure | pressure |[expansion
Water spray test Package — — — — A
Inner shell O O — — —
Normal Fuel basket A — — — —
Free drop test
conditions Inner lid O O — — —
(1. 2m height)
of Inner lid bolt O O — O O
transport Fuel element/plate A — — — —
Stacking test Inner shell O O — — —
Penetrating test Outer shell — — — — AN
Inner shell O @) — — —
Fuel basket A - - - -
Fissile Drop test 1
Inner 1lid O O — — —
packages (9m height)
Inner lid bolt O O — — O
Fuel element/plate A — — — —
Accident
Drop test II Outer shell A — — _ _
conditions
(1m height Inner shell O O — — —
of
penetration) Inner 1lid O O — - -
transport
Inner shell — A — — —
Thermal test Inner lid - A - - -
Inner 1lid bolt — O — — O
Water immersion Inner shell — — A — —
(0.9m depth) Inner 1lid — — A — —

(O Analyzed under combination of load.

*

impact force such as given (mass) X (acceleration).

Note: ““fuel plate’ includes spectrum converter
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: Mass does not mean weight simply but means mass (force) considering
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(II)-Table A.3 Load conditions (1/2)

' Component Load
R?r?llelzrlll‘;e Condition ITtem Position Mass® Internal External gz;ggfi Other
to be evaluated pressure pressure ion
Lifting device Eye plate jzfg;l;is)gN — — — —
x2[¢g]
(up, down, front,
Tie—down device Eye plate back) — — — —
Routine X1[g] )
transport (Left, right) —
Initial
Pressure Package — . 81X 10 MPa 60kPa — clamping
force
5.89X 10N
Vibration Package — — — — —
Inner shell — . 81X 10MPa — — —
Inner 1id — . 81X 10MPa — — —
Thermal test Initi{ﬂ
Inner 1id bolt — 8IX104Pa | — | 75(C) |clamping
force
5.89X10'N
Water spray test Package — — — — —
Normal Inner shell X Acceleration . 81X 10MPa — — —
conditions Fuel basket |=254.1[g] — — — —
of Inner 1id | (for horizontal drop)| 9.81Xx10%Pa — — —
transport | oo drop test =250. 6[g] . Initiz.il
(1. 2m height) Inner 1id bolt (for vertical drop) 81X 10°4Pa B 75(C) clamping
=90. 8[¢] force
(for corner drop) 5.89 X 10°N
B(U) Fuel B . . —
Package element/plate
Stacking test Inner shell X5 times+Self weight| 9.81X10Pa — — —
Penetrating test Outer shell — — — — 6kg Bar drop
Inner shell X Acceleration . 81X 10MPa — — —
Fuel basket [=367.0[g] — — _ _
Tnner 1id | (for horizontal drop)| 9. 81X 102\Pa — — —
Drop test 1 =388. 4[e] . Initi{ﬂ
(9n height) | Tnner 11d bolt | L% Yertieal drop) g o) ipmpy | — — |clamping
=310.9[¢] force
(for corner drop) 5.89 X 10°N
Fuel B B _ B
element/plate
Accident Self weight
o Outer shell X 1m drop on mild — — — —
conditions Drop test II
) steel bar
of (Im height - =
transport penetration) Inner shell XAccelera‘.uon . 81X 10 “MPa — — —
) =72. 1g(Horizontal) B
Inner 1id ~147. 1[g] (Vertical) . 81X 10MPa — — —
Inner shell — . 81X 10 MPa — — —
Inner 1id — . 81X 10MPa — — —
Thermal test Initi{ﬂ
Inner 1id bolt - 81X10%MPa | — . |clamping
force
5.89X 10N
Water immersion Inner shell — — 147kPa — —
(15m depth) Inner lid — — 147kPa — —

% ! Mass does not mean weight simply but means mass (force) considering
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(II)-Table A.3 Load conditions (2/2)

Component Load
Require s Thermal
“ment | Condition Ttem Position Mass® Internal | External expan—s| Other
to be evalua bressure pressure ion
Water spray test Package — — — — Water spray
Inner shell X Acceleration .81 X 10 Pa — — —
Fuel basket [|=254.1[g] — _ _ _
Inner lid (for horizontal drop)| 9.81 X 102MPa — — —
Normal =250. 6[¢] Initial
conditions free drop. test (for vertical drop) clamping
(1.2m height) | Inner 1id bolt -90. 8[¢] . 81X 10MPa - 75(C)
of -0L8 force
transport (for corner drop) 5. 89X 10'N
Fuel B B . B
element/plate
Stacking test Inner shell X5 times+Self weight| 9.81X10%Pa — — —
Penetrating test Outer shell — — — — 6kg bar drop
Inner shell . 81X 10 MPa — — —
Fuel basket X Acceleration — _ — —
Tnner lid =379. 0[g] . 81X 10MPa — — —
(for horizontal drop) Tnitial
Drop test [ 446, 2[¢] \ato]
Fissile (9m height) Inner lid bolt a8l . 81 X10MPa — —|cramping
(for vertical drop) force
package
=332. 3[¢g] 5.89 X 10'N
Fuel (for corner drop) —
element/plate
Outer shell |Self weight —
Accident Im d ild — — —
CC% ?n Drop test TI m drop on mi
conditions (Im height steel bar
m hei -
of & . Inner shell |XAcceleration . 81X 10 MPa — — —
penetration) )
transport I lid =72. 1g(Horizontal) 813 10 4P B _ —
Y =147, 0lg) (Vertical) | ‘
Inner shell — 9. 81X 10 MPa — — —
Inner 1id — 9. 81 X 10 ?MPa — — —
Thermal test hlntlé_ﬂ
Inner lid bolt — . 81X 10MPa — e
force
5.89 X 10'N
Water immersion Inner shell — — 9 kPa — —
(0. 9m depth) Inner 1lid — — 9 kPa — —
* ! Mass does not mean weight simply but means mass (force) considering

impact force such as given (mass) X (acceleration).
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Symbols;

— (1)

6__

o . Principal stress t,  Torsional stress
0, ' Bending stress F @ Load
(I)-Table A.4 Design conditions, analytical methods of structural analysis (1/24) o0, : Compressive stress P Pressure
t ! Shear stress At Cross section
Design condition Analytical methods
Requirement | Condition ITtem Ref Design load Remark
eduireme © ° € € .erence Material | Temp. es' 80 o4 - Applied formula or element Standard ema
figure Type Loading factor Element
B(U) package |Routine 1. Chemical and galvanic
transport reaction Activation
difference of
(1) Chemical reaction — — — [Corrosion — electric no chemical reaction Nil
(2) Galvanic reaction — — — |Corrosion — position no galvanic reaction Nil
. Strength at low
temperature
No
(1) Body — SUS304 | -40°C [Material 1 Degradation Allowable lowest temperature )brittlc
(2) Bolt — SUS630 | —40°C [Material 1 Degradation Allowable lowest temperature | fracture
(3) O-ring — Silicon— | =40°C [Material 1 Degradation Allowable lowest temperature | —40°C
rubber
. Containment system
(1) Inner lid (I)-Fig.C.3 SUS630 | 75°C |Opening due to — Possibility of — Nil
contingency contingency
4. Lifting device M:Bending moment
t:Plate thickness
b:Width of eye plate
(1) Eye plate (II)-Fig. A. 9 SUS304 | 75°C [Mass of package 3 Bending stress G&)—G_'\g Sy
tb
F
3 Shear stress T :X 0. 6Sy
Combined stress | o i\[cbz+4-¢;2 S
5. Tie—down device
. o . 6M
(1) Eye plate (II)-Fig. A. 11 SUS304 | 75°C [Mass of package 2 Bending stress |o, tb_z Sy
. F
(II)-Fig.A. 12 2 Shear stress T :X 0. 6Sy
Combined stress | o i,[0b2+4-¢;2 S
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (2/24)

Symbols;

o

Gb:
0,

T

. Principal stress T, "
Bending stress F
Compressive stress P

: Shear stress A

Torsional stress
: Load

: Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition Item Ref.erence Material | Temp. Des'1gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
B(U) package |Routine 6. Pressure \
transport Note 1:
(1) Frame of — SUS304 75C 1 Combined stress | o, P - Dm Design
Inner shell 2t standard of
G, = P -Dm Fol'"mula for each stress
At thin cylinder component is
o =_i determined
r 2 >N0te 1 |using Sm.
>Reduction of P.a? Note 2:
(2) Inner bottom plate — SUS304 75°C ambient 1 Combined stress | o, =%0.225 > Analysis
h Formula
pressure 60kPa ) for standard of
o, =%0.75 ? fixed disc each stres§
h component is
c,=-P } determined
Formula using Sy.
a2 | for
(3) Inner shell lid — SUS630 75°C 1 Combined stress | oy =0, =F1.24— simply Note 3:
supported Initial margin
o, =—P disc of tightening
>Note 2 |is about 1. 1mm.
(4) Inner shell — SUS630 75°C |Initial bolt 1 Tensile stress o, —i
. load Ar
lid bolt ) E
Internal 1 Tensile stress G, =
pressure n-Ar J
P-a‘ \
(5) Displacement of inner — SUS630 | 75°C |Internal 1 Displacement o= 64 Formula
0-ring part of inner pressure P2 f(.)r
shell 1id X(lf—zJ displace- >Note 3
a ment
54y P2 of O-ring
[ 1+v az] part )
7. Vibration No
(1) Package (II)-Fig. A. 14 SUS304 | 75°C |[Vibration 1 Resonance resonance

(2) Fuel basket

. /L.‘/E
21 m

f, icharacteristic frequency
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (3/24)

Symbols;

o

Gb:
0,

T

. Principal stress T
Bending stress F
Compressive stress P

: Shear stress A

: Load

: Torsional stress

: Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition Item Reference Material | Temp. Des}gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
B(U) package |Normal 1. Thermal condition
test 1.1 Thermal expansion
conditions approx.|Thermal
(1) Gap between basket (II)-Fig.A. 15 SUS304 |62/63°(|expansion 1 Compression Presense of gap between inner |Free —
and inner shell shell and basket.
1.2 Stress Calculation
Note 1:
(1) Frame of Inner shell| (II)-Fig.A.16 SUS304 | 75°C |Internal 1 Combined Stress |Formula for thin cylinder Design
(II)-Fig. A. 17 pressure standard of
Note 1
each stress
(2) Inner bottom plate (II)-Fig. A. 18 SUS304 | 75°C |Internal 1 Combined Stress |Formula for fixed disc component is
pressure determined
using Sm.
(3) Tnner shell lid (II)-Fig. A. 19 SUS630 | 75°C |Internal 1 Combined Stress [Formula for simply supported |)
pressure disc Note 2:
= Analysis
(4) Inner shell 1lid bolt| (II)-Fig. A.21 SUS630 | 75°C |[Initial bolt 1 Tensile stress |[o,=——r standard of
load Al >Note 2 each stress
Internal Tensile stress _ F component is
pressure N determined
Thermal Tensile stress |Negrigible ) using Sy.
expansion
Note 3:
Initial margin
of tightening
(5) Displacement of (II)-Fig. A. 20 SUS630 | 75°C |Internal 1 Displacement Formula for displacement of is about 1. 1mm
O-ring part of inner pressure 0-ring part }'NOtO 3
lid
2. Water spray test Water spray 1 Absorption Absorption Nil
Water-repellent |Water-repellent Good
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (4/24)

Symbols;

o
Gb:
o, -
T

. Principal stress T
Bending stress F
Compressive stress P

: Shear stress A

: Load

: Torsional stress

: Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition ITtem Ref.erence Material | Temp. Des'1gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
B(U) package |Normal 3. Free drop
test 3.1 Horizontal drop Note 1:
conditions (1) Deformation of shock | (II)-Fig.A.35 - — |Horizontal drop 1 Deformation §=2080—0y Effect of
absorber (II)-Fig. A. 36 from 1.2m height 0 o¢ Minimum thickness before deformation
drop will be judged
8 4: Deformation Note 1 |in thermal
0 : Thickness after drop test.
M
(2) Frame of Inner shell | (II)-Fig.A.37 | SUS304 | 75°C ditto 1 Bending stress |[%v~ 7 Note 2:
Analytical
s o X .57L standard of
(3) Inner bottom plate (II)-Fig.A. 38 | SUS304 | 75°C ditto 1 Shear stress A Note 2 |each stress
E component is
(4) Upper part of inner (II)-Fig.A.39 | SUS630 [ 75C ditto 1 Shear stress A determined
shell (Inner lid) ML using Sm.
(5) Inner shell 1id (I)-Fig. A.40 | SUS630 | 75C ditto 1 Bending stress | O, = L
1 Note 3:
bolt M Analvsi
) . ) ) G = nalysis
(6) Fuel basket (II)-Fig.A. 41 | SUS304 | 75°C ditto 1 Bending stress 6Tz standard of
M each stress
(7) Fuel element/plate (Ir)-Fig. A. 42~ | AG3NE 75°C ditto 1 Bending stress | %0~ 7 Note 3 |component is
44 determined
1 Compression [N =L using Sy.
(Spectrum Converter) A6061P stress a(h, -
) o :UE,(1+ESGCL\/£ )
1 Buckling stress ’ r 2KV E Note 4 Note 4:
o, :Yield stress Analysis
0. : buckling stress standard is Sy.
E : modulus of direct
elasticity
K : radius—of-gyration of area Note b:
L : length Analysis
r : section modulus/cross standard of
section each stress
e : eccentricity component is
(8) Fuel element hold down ) . ) _ 5 :M Note 5 dettermlned
part (II)-Fig. A. 45 A€(506>1P 75°C ditto 1 Bending stress b7 7 using Sy.
T6

Note: Bolt stress due to internal pressure and initial bolt load is obtained from the design condition and formula described in “1.2 Stress calculation” .
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(I1)-Table A.4 Design conditions,

analytical methods of structural analysis (5/24)

Symbols;

o

Gb:
0,

T

. Principal stress T
Bending stress F
Compressive stress P

: Shear stress A

: Load

: Torsional stress

: Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition Item Reference Material | Temp. Des}gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
B(U) package |Normal 3.2 Vertical drop (II)-Fig. A. 46
test (Bottom side) Note 1:
conditions Effect of
(1) Deformation of shock| (II)-Fig.A.47 — — |Vertical drop 1 Deformation 6=0,—0y deformation
absorber (Bottom side) 0 o: Minimum thickness before will be judged
from 1.2m height drop Note 1 |in thermal
0y: Deformation test.
0 . Thickness after drop
Note 2:
Analytical
standard of
F each stress
(2) Frame of Inner shell| (II)-Fig.A.48 SUS304 | 75°C ditto 1 Compression Gc=—
A component 1s
stress Note 2 |determined
using Sm
(3) TInner bottom plate (II)-Fig.A. 49 SUS304 | 75°C ditto 1 Combined stress |Formula for fixed disc Note 3:
Analysis
standard of
. - N . . each stress
(4) Inner shell 1lid (H)*l“lg A. 50 SUS630 75°C ditto 1 Combined stress |Formula for simply supported component is
disc \ Note 3 determined
. . using Sy
(5) Inner shell lid bolt — SUS630 | 75°C ditto 1 — —
F
(6) Fuel Element/plate (II)-Fig.A. 51~ | AG3NE 75°C ditto 1 Shear stress :.TYG;ZZTiSTE
53
WO
(Spectrum Converter) A6061P 1 Tensile stress |°t~ A
(T6) . W
1 Compression G, A >Note 3
stress
W
(7) Fuel element hold (II)-Fig. A. 54 A6061P | 75°C ditto 1 Compression Oc A
down part (T6) stress
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(I1)-Table A.4 Design conditions,

analytical methods of structural analysis (6/24)

Symbols;

o

Gb:
0,

T

. Principal stress T
Bending stress F
Compressive stress P

: Shear stress A

: Load

: Torsional stress

: Pressure
: Cross section

Design condition

Analytical methods

Requi t | Conditi It Ref Design load R k
cautremen ondrtion en € .erence Material | Temp. es'1gn o4 - Applied formula or element Standard emar
figure Type Loading factor Element
B(U) package |Normal 3.3 Vertical drop (II)-Fig. A. 55
test (Lid side) Note 1:
condition (1) Deformation of shock| (II)-Fig.A.56 — — |Vertical drop 1 Deformation 6 =080y Effect of
absorber (Lid side) from 0 o: Minimum thickness before deformation
1.2m height drop Note 1 |will be judged
0y: Deformation in thermal
0 : Thickness after drop test.
) . . . X F Note 2:
(2) Frame of Inner shell| (II)-Fig.A.57 SUS304 | 75°C ditto 1 Compression Gc=— .
A N 5 Analytical
stress ote standard of
. . . . . . each stress
(3) Inner bottom plate (II)-Fig.A. 58 SUS304 | 75°C ditto 1 Combined stress |Formula for fixed disc )
component 1s
. . . . ) determined
(4) Inner shell 1id (II)-Fig. A. 59 SUS630 75C ditto 1 Combined stress |[Formula for simply supported using Sm
disc
R Note 3 .
(5) Inner shell lid bolt SUS630 75°C ditto 1 Tensile stress = Note 3:
n-Ai Analysis
standard of
= N each stress
(6) Fuel Element/plate (II)-Fig. A. 60~ | AG3NE 75°C ditto 1 Shear stress = 2(h, —h) b component is
62 2 determined
1 Tensile stress o= W, using Sy.
(Spectrum Converter) A6061P A
. . Note 3
(T6) 1 Compression w >
stress Oc :T
(7) Fuel element hold (II)-Fig. A. 63 A6061P | 75°C ditto 1 Compression W
down part (T6) stress = "A )
3.4 Corner drop (II)-Fig. A. 63 Corner drop from Analyzed for each item of para. 5. 1~5. 3 above from
1. 2m drop horizontal and vertical component of impact
(1) Inner shell 1id bolt| (I)-Fig.A.64 | SUS630 | 75°C |(Lid side) 1 Bending stress |0 m=0y+ 0n
_ NV'W'LV'kVMAX
VT A
' Note 3
_ NH 'W‘LH 'ZHMAX
2207 - A,

3.5 Inclined drop

(II)-Fig. A. 65~
68

Inclined drop
from 1.2m height

Analyzed for each item of para. 5. 1~5. 3 above from
horizontal and vertical component of impact
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (7/24)

Symbols;

o

Gb:
0,

T

. Principal stress T
Bending stress F
Compressive stress P

: Shear stress A

: Load

: Pressure

: Torsional stress

: Cross section

Requirement

Condition

ITtem

Design condition

Analytical methods

Reference
figure

Material

Temp.

Design load

Type

Loading factor

Element

Applied formula or element

Standard

Remark

B(U) package

Normal
test
condition

4. Stacking test

(1) Frame of Inner shell

(2) Inner shell lid

(I)-Fig.A. 72

(II)-Fig. A. 71

SUS304

SUS630

75C

75°C

Mass of package

Mass of package

X 5+Self weight

X 5+Self weight

Bending stress

Combined stress

F+m-g

Gz = A

Formula for simply supported
disc

}>Note 1

}Note 2

Note 1:
Design
standard of
each stress
component is
determined
using Su.

Note 2:
Analysis
standard of
each stress
component is
determined
using Sy.

5. Penetration test
(1) Outer shell

(II)-Fig. A. 72,

73

SUS304

75C

Impact of mild
steel bar

X1

Absorbed energy

1
E2 ZT‘CCr'T['d'tZ

(7 Shear strength)=0.6Su

No
penetra—
tion

6. Free drop on each
corner or each rim

Not applicable
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (8/24)

Symbols;

. Principal stress T
: Bending stress F
: Compressive stress P

: Shear stress A

: Torsional stress

: Load

: Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition Item Ref.erence Material | Temp. D.es1gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
B(U) package |Accident |[1. Drop test 1
test 1.1 Vertical drop Note 1:
conditions (Bottom side) Effect of
(1) Deformation of shock| (II)-Fig.A.75 — — |Vertical drop 1 Deformation 6 =10, 0y deformation
absorber (Bottom side) 0 o: Minimum thickness before| | Note 1 |will be judged
from 9m height drop in thermal
0y: Deformation test.
0 . Thickness after drop
(2) Frame of Inner shell Sus304 | 75°C ditto 1 Compression _w Note 2:
stress “TA Analytical
Note 3 [standard of

(3) Inner bottom plate SUS304 | 75°C ditto 1 Combined stress Formula for fixed disc each stress
component is
determined

(4) TInner shell 1id SUs630 | 75°C ditto 1 Combined stress |Formula for simply supported using Su.

disc Note 2
Note 3:

(5) Inner shell 1lid bolt SUS630 | 75°C ditto 1 — — Analysis
standard of
each stress

E \ component is

(6) Fuel element/plate AG3NE 75°C ditto 1 Shear stress m determined
using Sy.

(Spectrum Converter) A6061P

(T6) 1 Tensile stress o= Wo
1 Compression W Note 2
stress GciT >
W
(7) Fuel element hold down A6061P | 75°C ditto 1 Compression O =TT
part (T6) stress j
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (9/24)

Symbols;

o

Gb:
0,

T

. Principal stress T, "
Bending stress F
Compressive stress P

: Shear stress A

Torsional stress

: Load

: Pressure

: Cross section

Design condition

Analytical methods

Requi t | Conditi It Ref Design load R k
cautremen ondrtion en € .erence Material | Temp. es'1gn o4 - Applied formula or element Standard emar
figure Type Loading factor Element
B(U) package |Accident |[1.2 Vertical drop
test (Lid side) Note 1:
conditions Effect of
(1) Deformation of shock| (II)-Fig.A.76 — — |Vertical drop 1 Deformation 6 =000y deformation
absorber (Lid side) from 0 o: Minimum thickness before will be judged
9m height drop Note 1 |in thermal
0y: Deformation test.
0 . Thickness after drop
Note 2:
Analytical
N . . F standard of
(2) Frame of Inner shell SUS304 | 75°C ditto 1 Compression o= —
A each stress
stress Note 2 |component is
. . ) ) X X determined
(3) Inner bottom plate SUS304 75C ditto 1 Combined stress |Formula for fixed disc using Su
Note 3:
. . . . X Analysis
(4) Inner shell lid SUS630 | 75°C ditto 1 Combined stress [Formula for simply supported
K standard of
disc
each stress
. . . . E component is
(5) Inner shell 1lid bolt SUS630 | 75°C ditto 1 Tensile stress = J .
n-Ai etermined
using Sy.
2 o . F
(6) Fuel element/plate AG3NE 75°C ditto 1 Shear stress = 2(h,—h)b
(Spectrum Converter) A6061P 2 >N0t0 3
(T6) . - Wo
1 Tensile stress Gt = A
1 Compression o= ﬂ
A
stress
(7) Fuel el hold d 75°C di 1 ¢ i W
uel element ho own AG061P itto ompression Oc = A
part stress

(T6)
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (10/24)

Symbols;

o

Gb:
0,

T

. Principal stress T, "
Bending stress F
Compressive stress P

: Shear stress A

: Load

Torsional stress

: Pressure
: Cross section

Design condition

Analytical methods

Requirement | Condition Item Ref.erence Material | Temp. Des'1gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
B(U) package |Accident |[1.3 Horizontal drop
test 0 =20, 0y Note 1:
conditions | (1) Deformation of shock| (II)-Fig.A.77 - — |Horizontal drop 1 Deformation 8 o Minimum thickness before Effect of
absorber from 9m height drop Note 1 [deformation
0 . Thickness after drop will be judged
0y Deformation in thermal
test.
(2) Frame Of Inner shell SUS304 | 75°C ditto 1 Bending stress | g, :% Note 2:
Note 3 |Analytical
standard of
(3) Inner bottom plate SUS304 | 75°C ditto 1 Combined stress |Formula for fixed disc each stress
component is
(4) Upper part of inner SUS630 | 75°C ditto 1 Shear stress | g=_F_ determined
shell (Inner 1id) A using Su.
(5) Inner shell lid bolt SUS630 75°C ditto 1 Bending stress op = M- £ max Note 3:
| Analytical
(6) Fuel basket SUs304 | 757 ditto 1 Bending stress |, —-o- >N standard of
7 ote 2 |each stress
component is
(7) Fuel element/plate AG3NE 75°C ditto 1 Bending stress o, —M determined
(Spectrum Converter) A6061P Z using Sy.
(T6) 1 Compression W
o =—
stress c a (hz _ h1) <
1 Buckling stress Uy:mr(hgseci\/; )
r 2K VE Note 4:
o, :Yield stress Analysis
0. : buckling stress standard is
E : modulus of direct 0 e
elasticity >Note 4
K : radius—of-gyration of area
L : length
r : section modulus/cross
section
e : eccentricity
(8) Fuel element hold down A6061P | 757 ditto 1 Bending stress
part (T6) M Note 2
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (11/24)

Symbols;

o . Principal stress T, "
0, ' Bending stress F
o0, : Compressive stress p
t ! Shear stress A

Torsional stress

: Load
: Pressure

: Cross section

Design condition

Analytical methods

Requi t | Conditi It Ref Design load R k
cautremen ondrtion en € .erence Material | Temp. es'1gn o4 - Applied formula or element Standard emar
figure Type Loading factor Element

B(U) package [Accident |1.4 Corner drop (II)-Fig. A. 78 Corner drop 1 Analyzed for each item of para. 8. 1~8. 3 above from
test from 9m height horizontal and vertical component of impact Note 1:
conditions Analytical
(1) Inner 1lid bolt SUS630 | 75°C [Corner drop 1 Bending stress |[o,—=o0vt oy standard of
from 9m height Ny WLy, - Cyyax each stress
(Lid side) VI oA component is
‘ r Note 1 .
determined
c _NH'W'LH'({HMAX :
H= > using Sy.
2507 - A,
1.5 Inclined drop (II)-Fig. A. 79~ Inclined drop 1 Analyzed for each item of para. 8. 1~8. 3 above from

() -Fig. A. 82

from 9m height

horizontal and vertical component of impact
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (12/24)

Symbols;

o

0y :
0,

T

. Principal stress T, "
Bending stress F
Compressive stress P

: Shear stress A

: Load

Torsional stress

: Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition Item Ref.erence Material | Temp. Des'1gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
B(U) package |Accident |[2. Drop test II
test 2.1 Penetration (II)-Fig. A. 83
conditions
(1) Outer 1lid (II)-Fig.A. 84 SUS304 75°C |Drop onto a mild 1 Penetration No
bar from 1m energy Penetra—
height tion
(2) Outer bottom plate SUS304 75°C ditto 1 Penetration
energy
(3) Frame of Outer shell SUS304 | 75°C ditto 1 Penetration
energy
3. Thermal test
3.1 Thermal expansion Note 1:
Analytical
(1) Gap between inner SUS304 |500/ [Thermal 1 Compression Presense of gap between inner free standard of
shell and fuel basket 225°C [expansion shell and basket each stress
component is
3.2 Stress by pressure determined
using Su.
(1) frame of Inner shell SUS304 | 500°C |[Internal pressure 1 Combined Stress |Formula for thin cylinder
Note 2:
(2) Inner bottom plate SUS304 | 500°C [Internal pressure 1 Combined Stress |Formula for fixed disc Note 1 |Analytical
standard of
(3) Inner shell lid SUS630 | 225°C |[Internal pressure 1 Combined Stress |Formula for simple support disc each stress
component is
(4) Inner shell 1lid bolt SUS630 | 225°C |[Initial torque 1 Tensile stress o, =% determined
i .
- Note 2 using Sy.
225°C |Internal pressure 1 Tensile stress c, = A Note 3
Initial margin
(5) Displacement of SUS630 | 225°C [Internal pressure 1 Displacement Formula for displacement of of tightening

O-ring part of inner

lid

O-ring part

} Note 3

is about 1. Imm.
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (13/24)

Symbols;

o

Gb:
0, ¢

T

. Principal stress T, "
Bending stress F
Compressive stress P

: Shear stress A

: Load

Torsional stress

: Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition Item Ref.erence Material | Temp. Des'1gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
B(U) package |Accident [4. Water immersion test (II)-Fig. A. 85
test 4.1 Water immersion Note 1:
conditions (15m depth) Analytical
standard of
(1) Frame of Inner shell| (II)-Fig.A.88 SUS304 — |External pressure 1 Combined Stress |Formula for thin cylinder each stress
}Note 1 |component is
(2) Inner bottom plate (II)-Fig. A. 89 SUS304 — |External pressure 1 Combined Stress |Formula for fixed disc determined
using Su.
(3) Inner shell 1id (I)-Fig. A. 90 SUS630 — |External pressure 1 Combined Stress |Formula for simply supported ]’ Note 2
disc Note 2:
4B -t Analytical
(4) Buckling of inner (II)-Fig. A. 86 SUS304 — |External pressure 1 Buckling stress | Pe= ) } Note 1 [standard of
shell ° each stress
B : Buckling factor .
component 1s
Dy: Outer diameter of inner determined
shell using Su.
Note 3:
(56) Displacement of (I)-Fig. A. 91 SUS630 | — |External pressure 1 Displacement Formula for displacement of Initial margin

O-ring part of inner
lid

O-ring part

]— Note 3

of tightening
is about 1. Imm.
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (14/24)

Symbols;

o

Gb:
0,

T

. Principal stress T, "
Bending stress F
Compressive stress P

: Shear stress A

Torsional stress

: Load
: Pressure

: Cross section

Requirement

Condition

ITtem

Design condition

Analytical methods

Reference

Design load

Standard

Remark

. Material | Temp. - - Applied formula or element
figure Type Loading factor Element
Fissile Normal 1. Water spray test Water spray 1 [Absorption Absorption Nil
package test Water-repellent |Water-repellent Good
conditions
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (15/24)

Symbols;

o

Gb:
0,

T

. Principal stress T, "
Bending stress F
Compressive stress P

: Shear stress A

Torsional stress

: Load

! Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition ITtem Ref Design load Remark
eduireme © ° € € .erence Material | Temp. es' 80 o4 - Applied formula or element Standard ema
figure Type Loading factor Element
Fissile Normal 2. Free drop
package test 2.1 Horizontal drop Note 1:
conditions 0 =000y Effect of
(1) Deformation of shock| (II)-Fig.A.95 — — |Horizontal drop 1 Deformation 0 o: Minimum thickness before deformation
absorber from 1.2m height drop will be judged
0 y: Deformation Note 1 |in thermal
0 : Thickness after drop test.
(2 F hell C di di L Note 2:
2) Frame of Inner she SUS304 75 itto 1 Bending stress b= Analytical
F standard of
®) p{zzlzr shell bottom — SUS304 75°C ditto 1 Shear stress ‘577 Note 2 each stress
@ U o component is
pper part of inner F determined
. — SUS630 | 75°C ditto 1 Shear stress |T=—— etermine
shell (Inner 1lid) A using Sm.
(5) 1 hell 1id bolt — SUS630 75°C ditt 1 Bendi t M-L o )
nner she id bo itto ending stress | oy = I Note 3:
M Analysis
(6) Fuel basket — SUS304 | 75°C ditto 1 Bending stress | Oy = standard of
each stress
. M >‘NOL€ 3 |component is
(7) Fuel element/plate — AG3NE 75°C ditto 1 Bending stress | Op =—- .
Z determined
(Spectrum Converter) A6OG1P 1 Compression W using Sy.
(e = —
(T6) stress °"a(h,—hy) )
1 Buckling stress t e L (oo ) Note 4:
o, =g (l+—sec—— == Alved s
T Note 4 |Analysis
o, :Yield stress standard is
0. : buckling stress O e
E : modulus of direct
.. Note b:
elasticity )
K : radius—of-gyration of area Analysis
L : length standard of
r : section modulus/cross each stress
section component 1s
e : eccentricity detcermlned
using Sy.
(8) Fuel element hold A6061P . . . M Note 5
— 75C ditto 1 Bending stress | O, =——
down part (T6) z
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (16/24)

Symbols;

o

Gb:
0,

T

. Principal stress T
Bending stress F
Compressive stress P

: Shear stress A

: Load

: Torsional stress

: Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition Item Ref.erence Material | Temp. Des'1gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
Fissile Normal 2.2 Vertical drop
package test 2.2.1 Vertical drop Note 1:
conditions (Bottom side) Effect of
deformation
(1) Deformation of shock| (II)-Fig.A.96 — — |Vertical drop 1 Deformation 6=20,—0y will be judged
absorber (Bottom side) 0 o: Minimum thickness before in thermal
from 1.2m height drop Note 1 |test.
0y: Deformation
0 . Thickness after drop Note 2:
Analytical
standard of
F each stress
(2) Frame of Inner shell — SUS304 | 75°C ditto 1 Compression e =—— component 1is
stress A determined
Note 2 |using Sm.
(3) Inner shell bottom — SUS304 | 75°C ditto 1 Combined stress [Formula for fixed disc Note 3:
plate Analysis
standard of
each stress
(4) Inner shell lid — SUS630 | 75°C ditto 1 Combined stress |[Formula for simply supported component is
disc \ Note 3 determined
using Sy.
(5) Inner shell lid bolt — SUse30 | 75°C ditto 1 — —
F
(6) Fuel element/plate — AG3NE 75°C ditto 1 Shear stress Eirerse——
2(h;-hy)b
(Spectrum Converter) A6061P W,
(T6) 1 Tensile stress | Ot :TD
1 Compression o, =ﬂ >N0te ’
stress A
(7) Fuel element hold — A6061P 75°C ditto 1 Compression w
down part (T6) stress O = A




¢Cc—v— (1)

(I1)-Table A.4 Design conditions, analytical methods of structural analysis (17/24)

Symbols;

o

Gb:
0,

T

. Principal stress T, "
Bending stress F
Compressive stress P

© Shear stress A

Torsional stress

: Load

: Pressure
: Cross section

Design condition

Analytical methods

Requi t | Conditi It Ref Design load R k
cautremen ondrtion en € .erence Material | Temp. es'1gn o4 - Applied formula or element Standard emar
figure Type Loading factor Element
Fissile Normal 2.2.2 Vertical drop
package test (Lid side) Note 1:
condition Effect of
(1) Deformation of shock — — — |Vertical drop 1 Deformation 0 =08,—0y deformation
absorber (Lid side) from 0 o: Minimum thickness before will be judged
1.2m height drop Note 1 |in thermal
0y: Deformation test.
0 . Thickness after drop
Note 2:
o . . F Analytical
(2) Frame of Inner shell — SUS304 | 75°C ditto 1 Compression o= —
A standard of
stress Note 2
each stress
9 . . . component is
(3) Inner shell bottom — SUS304 | 75°C ditto 1 Combined stress [Formula for fixed disc .
] determined
plate using Sm.
(4) Tnner shell lid — SUS630 | 75°C ditto 1 Combined stress [Formula for simply supported Note 3:
dise Analysis
R Note 3 Zl d
(5) Inner shell lid bolt — SUs630 | 75°C ditto 1 Tensile stress |o, = standard of
n-Ar each stress
component is
= determined
(6) Fuel Element/plate — AG3NE 75°C ditto 1 Shear stress = using Sy.
2(h,-h))b
(Spectrum Converter) A6061P 1 Tensile stress o, :M
(T6) A
1 Compression w >Noto 3
stress O =7n~
9 . . W
(7) Fuel element hold — A6061P | 75°C ditto 1 Compression Ge=—o0
down part (T6) stress A
2.3 Corner drop — — — Corner drop from Analyzed for each item of para. 3. 1~3. 3 above from
1. 2m drop horizontal and vertical component of impact
(1) Inner 1lid bolt — SUS630 | 75°C |[Corner drop from 1 Bending stress |[O0m=0vT oy

1.2m drop
(Lid side)

Ny -W-Ly - Lymax
250% A

Ny -W-Ly - Cmax
2502 - A

Oy =

Oy =
r

Note 3
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (18/24)

Symbols;

o

Gb:
0,

T

. Principal stress T, "
Bending stress F
Compressive stress P

: Shear stress A

: Load

: Pressure

Torsional stress

: Cross section

Requirement

Condition

ITtem

Design condition

Analytical methods

Reference
figure

Material

Temp.

Design load

Type

Loading factor

Element

Applied formula or element

Standard

Remark

Fissile
package

Normal
test
condition

3. Stacking test

(1) Frame of Inner shell

(2) Inner shell lid

SUS304

SUS630

75C

75°C

Mass of package

Mass of package

X 5+Self weight

X 5+Self weight

Bending stress

Combined stress

F+m-g

Gz = A

Formula for simply supported
disc

}>Note 1

}Note 2

Note 1:
Analysis
standard of
each stress
component is
determined
using Su.

Note 2:
Analysis
standard of
each stress
component is
determined
using Sy.

4. Penetration test
(1) Outer shell

SUS304

75C

Impact on mild
steel bar

Absorbed energy

1
EZZT‘CCr'TE'd'tZ

(7" Shear strength)=0.6Su

No
penetra—
tion
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (19/24)

Symbols;

o

Gb:
0,

T

. Principal stress T, "
Bending stress F
Compressive stress P

: Shear stress A

Torsional stress
: Load

: Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition Item Ref.erence Material | Temp. Des'1gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
Fissile Accident 1. Drop test 1
package test 1.1 Vertical drop Note 1:
conditions | 1.1.1 Vertical drop Effect of
(Bottom side) deformation
will be judged
(1) Deformation of shock — - — |Vertical drop 1 Deformation 6 =08,—0y in thermal
absorber (Bottom side) 0 o: Minimum thickness before test.
from 9m height drop Note 1

0y: Deformation Note 2:

0 : Thickness after drop Analytical
standard of
each stress

— . . W] component is
(2) Frame of Inner shell SUS304 | 75°C ditto 1 Compression G =— .
A determined
stress Note 3 [using Su.
(3) Inner shell bottom — SUS304 | 75°C ditto 1 Combined stress [Formula for fixed disc Note 3:
plate Analysis
standard of
. . . . X each stress
(4) Tnner shell lid — SUS630 | 75°C ditto 1 Combined stress |[Formula for simply supported .
) component 1s
dise Note 2 |determined
. . using Sy.
(5) TInner shell lid bolt — SUS630 | 75°C ditto 1 — —
: . . F
(6) Fuel element/plate — AG3NE 75°C ditto 1 Shear stress =
(Spectrum Converter) A6061P 2(h, ~hy,) b
(T6) _ W,
1 Tensile stress Ot A
1 Compression Gc,ﬂ >Note 92
stress A
(7) Fuel element hold down — A6061P | 75°C ditto 1 Compression W
part (T6) stress Ge=A




8c—V— (1)

Symbols;

o . Principal stress t,  Torsional stress
0, ' Bending stress F @ Load
(I1)-Table A.4 Design conditions, analytical methods of structural analysis (20/24) 0. : Compressive stress P Pressure
t ! Shear stress At Cross section
Design condition Analytical methods
Requirement | Condition ITtem Ref Design load Remark
eduireme © ° € € .erence Material | Temp. es' 80 o4 - Applied formula or element Standard ema
figure Type Loading factor Element
Fissile Accident 1.1.2 Vertical drop
package test (Lid side) Note 1:
conditions | (1) Deformation of shock — — — |Vertical drop 1 Deformation 6 =08,—0y Effect of
absorber (Lid side) from 0 o> Minimum thickness before deformation
9m height drop will be judged
0y Deformation Note 1 |in thermal
0 : Thickness after drop test.
(2) Frame of Inner shell — SUS304 75°C ditto 1 Compression E
stress Ge="n~ Note 2:
5 Note 2 |Analytical
(3) Inner shell bottom — SUs304 | 75°C ditto 1 Combined stress |Formula for fixed disc standard of
plate each stress
(4) Inner shell lid — SUS630 | 75°C ditto 1 Combined stress |Formula for simply supported component is
disc determined
. . . . F using Su.
(5) Inner shell 1lid bolt — SUS630 | 75°C ditto 1 Tensile stress AT
E Note 3:
(6) Fuel element/plate — AG3NE 75°C ditto 1 Shear stress = Analysis
2(h,-h))b
standard of
(Spectrum Converter) A6061P . _ W, Note 3 |each stress
. 1 Tensile stress Ct=—— .
(T6) A component is
. determined
. Compression o _w e S
stress A using oy.
(7) Fuel element hold down o A60E%1P 75C ditto ] Compression o =ﬂ
part (T6) stress A
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (21/24)

Symbols;

o

Gb:
0,

T

. Principal stress T, "
Bending stress F
Compressive stress P

: Shear stress A

Torsional stress

: Load

: Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition Item Ref.erence Material | Temp. Des'1gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
Fissile Accident 1.2 Horizontal drop
package test Note 1:
conditions | (1) Deformation of shock — — — |Horizontal drop 1 Deformation 0=20,—0y Effect of
absorber from 9m height 0 o> Minimum thickness before deformation
drop Note 1|will be judged
0 : Thickness after drop in thermal
0 y: Deformation test.
(2) Frame of Inner shell — SUS304 | 75°C ditto 1 Bending stress | o, :M Note 2:
Z Note 2|Analytical
(3) Inner shell bottom — SUs304 | 75C ditto 1 Combined stress [Formula for fixed disc standard of
plate each stress
_ i ) = component is
(4) Upper part of inner — SUS630 | 75°C ditto 1 Shear stress T=— determined
shell (Inner lid) A \ using Su.
(5) Inner shell 1id bolt — SUS630 | 75°C ditto 1 Bending stress |op = M - £ max N .
| ote 3:
Analytical
(6) Fuel basket — SUs304 | 75C ditto 1 Bending stress | g, :M standard of
z each stress
i ) _ M Note 3 |component is
(7) Fuel element/plate — AG3NE 75°C ditto 1 Bending stress |g =— determined
Z using Sy.
(Spectrum Converter) A6061P 1 Compression - - \WYi )
(T6) stress T a (h,-h,)
1 Buckling stress o - (1 e L o Note 4 Note 4:
y — Ocr +—Sec ) .
r 2K V E Analytical
0, :Yield stress standard is
0. : buckling stress 0 o
E : modulus of direct
elasticity
K : radius—of-gyration of area
L : length
r : section modulus/cross
section
e : eccentricity
M Note 3
(8) Fuel element hold down — A??g)ﬂ’ 75C ditto 1 Bending stress | Oy :7

part
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (22/24)

Symbols;

o . Principal stress T, "
0, ' Bending stress F
o0, : Compressive stress p
t ! Shear stress A

Torsional stress

: Load
: Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition ITtem Ref Design load Remark
eduireme © ° € € .erence Material | Temp. es' 80 o4 - Applied formula or element Standard ema
figure Type Loading factor Element

Fissile Accident [1.3 Corner drop — Corner drop 1 Analyzed for each item of para.1.1 and 1.2 above
package test from 9m height from horizontal and vertical component of impact Note 1:
conditions — Analytical
standard of
each stress
component is
determined
using Sy.
(1) Inner shell lid bolt SUS630 | 75°C [Corner drop 1 Bending stress |[o,.,—=o0yvt oy
from 9m height Ny -W-Ly - Lymax
(Lid side) OoVET s r AT
27 Al Note 1
Gy = Ny -W-Ly - Cvax
H — 2 .
2% 0+ Al
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Symbols;

o . Principal stress t,  Torsional stress
0, ' Bending stress F @ Load
(I1)-Table A.4 Design conditions, analytical methods of structural analysis (23/24) o0, : Compressive stress P Pressure
t ! Shear stress At Cross section
Design condition Analytical methods
Requirement | Condition Item Ref.erence Material | Temp. Des'1gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
Fissile Accident 2. Drop test II
package teset 2.1 Penetration
conditions
(1) Outer shell lid — SUS304 75°C |Drop onto a mild 1 Penetration No
bar from 1m energy Penetra—
height tion
(2) Outer shell bottom — SUS304 75°C ditto 1 Penetration No
plate energy Penetra-—
tion
(3) Frame of Outer shell — SUS304 75°C ditto 1 Penetration No
energy Penetra—
tion
3. Thermal test
3.1 Thermal expansion Note 1:
Analytical
(1) Gap between inner — SUS304 1500/ [Thermal 1 Compression Presence of gap between shell free standard of
shell and fuel basket 225°C |expansion and basket each stress
component is
3.2 Stress by pressure determined
using Su.
(1) Frame of Inner shell — SUS304 | 500°C [Internal pressure 1 Combined Stress |Formula for thin cylinder 3
Note 2:
(2) Inner shell bottom — SUS304 | 500°C |[Internal pressure 1 Combined Stress |Formula for fixed disc >Note 1 |Analytical
plate standard of
(3) Inner shell 1id SUS630 | 225°C |[Internal pressure 1 Combined Stress |Formula for simply supported |) each stress
disc component is
determined
(4) Inner shell 1lid bolt — SUS630 | 225°C [Initial torque 1 Tensile stress G, :% ) using Sy.
1
) ' E ~Note 2 Note 3:
225°C |Internal pressure 1 Tensile stress [ T A Initial margin
J of tightening
(5) Displacement of — SUS630 | 225°C |Internal pressure 1 Displacement  |Formula for displacement of } wie s | about 1. Imn.
O-ring part of inner O-ring part
lid
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(I1)-Table A.4 Design conditions, analytical methods of structural analysis (24/24)

Symbols;

o

Gb:
0,

T

. Principal stress T, "
Bending stress F
Compressive stress P

: Shear stress A

Torsional stress

: Load

: Pressure

: Cross section

Design condition

Analytical methods

Requirement | Condition Item Reference Material Des}gn load : Applied formula or element Standard Remark
figure Type Loading factor Element
Fissile Accident 4. Water immersion test
package test 4.1 Water immersion Note 1:
conditions (0. 9m depth) Analytical
standard of
(1) Frame of Inner shell — SUS304 External pressure 1 Combined stress |Formula for thin cylinder each stress
}-Note 1 |component is
(2) Inner shell bottom — SUS304 External pressure 1 Combined stress |Formula for fixed disc determined
plate using Su.
(3) Inner shell 1id SUS630 External pressure 1 Combined stress |Formula for simply supported } Note 2
disc Note 2:
4B -t Analytical
(4) Buckling of inner — SUS304 External pressure 1 Buckling stress | Pe= ) }'Note 1 |standard of
shell ° each stress
B : Buckllng factor . component is
Dy: Outer diameter of inner determined
shell using Su.
Note 3:
(5) Displacement of — SUS630 External pressure 1 Displacement Tnitial margin

O-ring part of inner
lid

Formula for displacement of
O-ring part

of tightening
is about 1. 1mm




A.2 Weight and center of gravity
As indicated in (I)-Table—C.3, the package weighs 950 kg in maximum. Its

center of gravity is shown in (II)-Fig.A. 1.

T
Rt

1800

997

(II)-Fig.A.1 Position of center of gravity

A.3 Mechanical properties of materials

(IT)-Table.A.5 is a list of the mechanical properties of the materials used

in the analysis

(II)-Table. A. 6 shows the mechanical properties of the materials to be used

as analytic references

In addition, the value based on the current appropriate source is indicated
in (). Even in a case where values based on these current, appropriate sources
are used for mechanical property of major members etc. of this shipping cask,
it is confirmed that the impact on the analysis result will be minimal, and there

will be no problem for safety.
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Mechanical properties of stainless steel and aluminum alloy versus

temperature is indicated in (II)-Fig.A.2, (II)-Fig.A.3, (II)-Fig.A.4, and

(I1)-Fig.A. 5.

(II)-Fig.A.6 and (II)-Fig. A. 7 show a design fatigue curve for the analysis.

A stress—strain curve of balsa used as a shock absorber is indicated in

(II)-Fig. A. 8. The figures are quoted from references shown later.
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Ge—VvV— (1)

(IT)-Table.A.5 Mechanical properties of materials

Modulus of Linear Design Design yield [Design stress
' ' ) ' longitudinal [ expansion tensile strength Sy intensity Poisson’s |Stress—strai
Material Code | Main application parts elasticity E| factor « strength Su Sm ratio v n diagram
[N/mm?*] [1/°C] [N/mm?] [N/mm*] [N/mm?*]
(2] Main body of inner shell
) Main body of outer shell || (II)-Fig. A. 2| (II)-Fig. A. 2| (II)-Fig. A. 2| (Il )-Fig. A. 2| (II)-Fig. A. 2
Stainless steel | SUS304 ) 0.3 —
T and outer 1id (4/5) (5/5) (1/5) (2/5) (3/5)
(austenitic)
Fuel basket
[2] .
] Inner 1lid ) ) ] ) ]
Stainless steel | SUS630 ] . (II)-Fig. A. 3| (II)-Fig. A. 3| (I)-Fig.A. 3| (II)-Fig. A. 3| (Il )-Fig. A. 4
o ] Inner 1id clamping bolt 0.3 —
precipitation | H1150 ] ] (3/4) (4/4) (1/4) (2/4) (1/1)
Outer 1lid clamping bolt
hardened type
[14]
. Fuel element (A) (II)-Fig.A. 5
Aluminum alloy | AG3NE — — — — 0.3 —
Fuel plate (1/1)
(4]
Balsa — Shock absorber — — — — — — (II)-Fig. A. 8

Stainless steel: see Literature [2]

Aluminum alloy :

Balsa

see Literature [14]

: see Literature [4]

Numbers shown in brackets ( )

indicate the number of the sheets

for the Figure No.




(I1)-Table.A.6 Mechanical properties of materials to be used as design standards

96—V — (II)

— Normal conditions
— Normal test conditions Accident test conditions
No. Bvaluated position Material - Accident test conditions (excluding thermal (only for thermal tests)
tests)
T Sm Sy Su E o T Sm Sy Su E
) 183 1.92 16. 71
1 |Inner shell main body SUS304 75 137 466 500 — — 387 —
(180) (1.91) | (15.9)
] 311 688 847 1.99 9. 38
2 |[Inner 1lid SUS630 75 225 — 612 — —
(310) | (887) | (846) | (1.92) | (11.3)
183 1.92 16. 71
3 |Fuel basket SUS304 75 137 466 — — — — —
(180) (1.91) | (15.9)
183 1.92 16. 71
4 |Outer shell main body SUS304 75 137 466 — — — — —
(180) (1.91) | (15.9)
) 183 1.92 16. 71
5 [Outer 1lid SUS304 75 137 466 — — — — —
(180) (1.91) | (15.9)
688 1.99 9. 38
6 [Inner lid clamping bolt SUS630 75 229 847 225 — 612 — —
(687) (1.92) | (11.3)
) ) 688 1.99 9. 38
7 |[Outer 1lid clamping bolt SUS630 75 229 847 — — — — —
(687) (1.92) | (11.3)
Fuel element (A) 63. 8
8 AG3NE 75 — 167 0.697 25.7 — — — — —
Fuel plate 63.7
RR-4B type
9 [Fuel element (B) J P 75 — | 638 | 883 | — - - - - - -
fuel plate
Fuel element hold down part
10 A6061P (T6) 75 — 245 295 — — — — — — —
Spectrum Converter

T: Temperature [C] Sm: Design stress intensity [N/mm?] Sy: Design yield point [N/mm?]  Su: Design tensile strength [N/mm?]
E: Modulus of longitudinal elasticity [ X 10°N/mm?] «: Linear expansion factor [X107%C™]

() Code for Nuclear Power generation Facilities: Rules on of Materials Nuclear Power Plants (2012 edition) of the Japan Society of mechanical Engineers
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Design tensile strength Su (N/mm?)
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(II)-Fig.A. 2

1
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Variations in mechanical properties of SUS304 according to changes in temperature (1/5)
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Design yielding strength Sy (N/mm?)
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100+
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Temperature(°C)

(II)-Fig.A.2 Variations in mechanical properties of SUS304 according to changes in temperature (2/5)
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Design yielding strength Sm (N/mm?)

100+

(II)-Fig.A.2 Variations in mechanical

Temperature(‘C)

properties of SUS304 according to changes in temperature (3/5)
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Elastic coefficient long
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X
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Temperature(°C)

(II)-Fig.A.2 Variations in mechanical properties of SUS304 according to changes in temperature (4/5)
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(II)-Fig.A.2 Variations in mechanical properties of SUS304 according to changes in temperature (5/5)
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(II) -Fig.A.3 Variations in mechanical properties of SUS630 according to changes in temperature (bolt material) (1/4)
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(II)-Fig.A.3 Variations in mechanical properties of SUS630 according to changes in temperature (bolt material) (2/4)
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(II)-Fig.A.3 Variations in mechanical properties of SUS630 according to changes in temperature (bolt material) (3/4)
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(I)-Fig.A.3 Variations in mechanical properties of SUS630 according to changes in temperature (bolt material) (4/4)
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(II)-Fig.A.4 Variations in mechanical properties of SUS630 according to changes in temperature (1/1)
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(II)-Fig.A.5 Variations in mechanical properties of AG3NE according to changes in temperature (1/1)




Sa Repetition peak stress strength
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(II)-Fig. A.6 Design fatigue curve (austenitic type stainless steel and

Sa Repetition peak stress strength

(II) -Fig.A.7 Design fatigue curve (high tensile strength bolt

Sa (N/mm?)

high nickel alloy) '

lul ll H ;_- 18 Fea 1 Tes 1 :_- " = sy [ IR
== eSS enne e e
: <1 1T T [RETT] T TR ] AT, (N
~ 1] |11 I 1 -] 101
, INRS ] I I Il
] NI
: e e e e
TI S~ 11] Tirnl
| Tha s [ |1
tl)

5o ; | H | Jlm” -___|_]_L
f o =t =L — : .,4, i
, T e A
o 1 111 111 Tii [N
; | [ illy
. | [T

lo 1 1o 1o 1o

Na The permission repetition number of times

) [2]

(II) —A—48



f=q¢
Compression direction
{
|

| Grain direction

10

et — — — S e
Stress i
/
o /
5 H 6=g 0. fI
(N/mm?) Compression direction /
/
* /
/
— Grain direction S
. J - =
] -
g T s
/
0 1 1 1 1 L 1 e, L
0 10 20 30 40 50 60 70 80
Strain 3 (%)

(I1)-Fig.A.8 Stress—strain curve of shock absorber"
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A.4 Requirements of the package

A 4.1

Chemical and electrical reactions

(II)-Table A.7 is a list of the different materials that come in contact with

each other in this package.

The materials used in this package, being

chemically stable in air, will not trigger any chemical or electrical reaction

when coming in contact with one another.

(I)-Table A.7 List of different materials contacted

Positions Materials

Inner shell

} — Shock absorber | Stainless steel — Timber
Outer shell
Inner shell

} — Heat insulator | Stainless steel — Hardened
Outer shell polyurethane
Inner shell main body

}—— O-ring Stainless steel — Silicone rubber

Inner 1lid
Fuel basket

} — Spacer Stainless steel — Silicone rubber
Inner 1lid
Protective sheets — Spacer Polyethylene — Silicone rubber
Protective sheets — Fuel basket Polyethylene — Stainless steel
Protective sheets — Peripheral Polyethylene — Polyurethane foam

shock absorber

Protective sheets — Fuel element Polyethylene — Aluminum alloy
Peripheral shock — Fuel element Polyurethane foam — Aluminum alloy
absorber
Cushion rubber — Lower part of Silicone rubber — Stainless steel

Inner shell }

Fitting bracket

Outer shell

the fuel basket

Gasket

Fusible plug

Stainless steel — Ethylene propylene
rubber

Stainless steel — Solder
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A.4.2 Low temperature strength

This package is a BU type package, as is indicated in (1 )-B.

This section

will demonstrate the reliability of the packaging in ambient conditions of —

40°C.

The minimum temperatures of each part of the package and the materials

involved are shown in (II)-Table A.8.

(II)-Table A.8 Minimum temperatures of parts of package

Minimum |Brittleness transition [Citation,
No. [Evaluated position Material temperature|temp. /min. service literatures and
(C) temperature (°C) references
Alumi
1 |Content Aluminum alloy -40 No brittle fracture HaE31;EZk [20]
Austenitic .
2 |Inner shell . -40 No brittle fracture |JIS B 8270
stainless steel .
Austoniti Stainless Steel
3 |Outer shell us.enl e -40 No brittle fracture |Manual ¢
stainless steel
Precipitation Stainless steel
4 |Inner 1lid hardened stainless -40 Below —40 Heat
steel Treatment %
Austeniti
5 |outer 1id ustenttie 40 |No brittle fracture |JIS B 8270
stainless steel .
istoniti Stainless Steel
6 |Fuel basket us.enl e -40 No brittle fracture |[Manual '
stainless steel
Inner 1id clamin Precipitation
7 © clamping hardened stainless -40 Below —40 .
bolt Stainless steel
steel
Precipitation Heat
Outer 1id clampi Treatment ['*
8 uter tid clamping hardened stainless -40 Below —40 reatmen
bolt
steel
Summary of
. . . technology for
9 |Inner 1lid O-ring |Silicone rubber -40 Below —40 .
hybrid
materials 2!
10 |Shock absorber Balsa -40 Below —40 Appendices A. 10.4
11 [Heat insulator Hardened -40 Below —40 Internal data of

polyurethane foam

manufacturers [22]

The austenitic stainless steels of the inner and outer shells, as shown in

(II) -Fig.A. 103 and the precipitation hardened stainless steels of the inner

lid and bolts as shown in (II)-Fig. A. 104 can maintain adequate value of strength
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endurable to impulse at the temperature —40°C, and also the Aluminum alloy used
for fuel elements is free from any brittle fracture at the temperature —40°C,
as show in (II)-Table.A. 8.

The tolerable temperature for the silicone rubber used for the O-ring is lower
then —40°C. The O-ring preserves full sealing performance at —40°C.

The Balsa wood used for the shock absorber, as shown in (II)-Fig. A. 100, can
maintain the function as the shock absorber sufficiently at the temperature
—-40°C, since the material properties are free of any significant error at each
temperatures, at room temperature, —20°C and —40°C.

Therefore, at —40°C, this package is completely functional.

.4.3 Sealing device
After the fuel elements are stored in the main body of the inner shell, the
inner lid is clamped with bolts and then secured with the outer 1id. Thus,
the inner lid cannot be opened inadvertently. Similarly, the outer 1id cannot
be easily opened as it is locked and sealed after being fixed to the main body

of the outer shell.

If opened, it will easily be detected.
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A.4.4 Hoisting accessory

The hoisting accessory described in this section is a hoisting eye—plate fixed
to the side of the main body of the outer shell. For design standard of the stress
generated at the hoisting accessory, the yield stress S, at the temperature of 75°C
is employed with safety margin, in consideration of 65°C, the maximum temperature
at the point of eye—-plate on the outer surface of the packaging on normal
transportation, obtained by (II) —B Thermal Analysis.

(I1)-Fig.A.9 shows an analytical model of an eye-plate of the hoisting

accessory for the main body.

~N

Eye—plate

— 10 /=50

(II)-Fig.A.9 Analytical model for eye—plate

The gross weight of a package lifted (mo) on a hoisting eye—plate of the main
body is 950 kg at the maximum, as indicated in (II)-Table C. 3.
A maximum load F(N) applied on one of four eye—plates when lifting a package

is given by the following equation, with the load factor of 3.

F:1 (3><g><mo)%><9.81><9506. 99X 10? [N]
n
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where
g: gravitational acceleration; g=9.81 [m/sec?]

Therefore, when the upward vertical load , F=6.99X10° [N] as shown in
(I1)-Fig. A. 9 works on the eye—plate, stress on each cross section is analysed
as follows.

(1) Section A-A

The shearing stress t [N/mm*] generated in the shaded portion (section
A-A) of the eye-plate shown in (II)-Fig.A.9 is given by the following

equation.
F_F
==

A t-h
where
7 : Shearing stress [N/mm?]
F: Maximum load, F=6.99X10° [N]
t: Plate thickness, t=15 [mm]

h: Height, h=29 [mm]

Therefore,

.- 6.99x10°
29x15

=16.1 [N/mm’]

So it is less than the design standard value allowable correspond to
shearing stress on the eye—plate material (SUS 304) (0.6sy=108 N/mm?). And

the margin of safety (MS) is

0.65y . 108

MS= 1=——-1=5.70
16.1

1
(2) Section B-B
The bending stress ob [N/mm2] generated at the fixing point of the

eye—plate as indicated in (II)-Fig.A.9 is given by the following equation.

g =M_ F1
" Z th?/6
where

M: Bending moment [N/mm2]
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Z: Section modulus [mm3]

1: Moment arm, 1=50 [mm]

b: Width of eye—plate, b =90 [mm]
t: Plate thickness, t=15 [mm]

Therefore,

:699x103x50

> =17.3 [N/mm?]
15x90° /6

0y

and it is less than the design yield strength (Sy=180N/mm2) of the
eye—plate material (SUS304).

The margin of safety (MS) turns out

us=Y 1=180 14 49
173

Op
And the shearing stress t generated in the section B-B is given by the

following equation.

F_ F _6.99x10°

=5.18 [N/mm*]
A txb 15x90

It is therefore less than the design standard value allowable correspond
to shearing stress on the eye—plate material (SUS304)

The margin of safety (MS) is

0.65y 108

MS= 1=——-1=19. 8
5.18

T

The composite stress o [N/mm*] of the above—mentioned bending stress

0, and shearing stress t is given by the following equation.

0 =4fc,% + 412 =y17.3 +4x5.187 =20.2  [N/mn’]

It is less than the yield point of the design of the eye—plate material
(SUS304) .

The margin of safety (MS) is

Ms:fﬂf-1:if§1—1:7_91
o 20.2
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(3) Welded part on the section B-B

t =15
<>
= o
>
[ Ll _ I ] 21—
L% - - Q
lL
k y VN E B
) I ) -
"“‘ 1 1
a a a

I
~J
o

I
~

(II)-Fig.A. 10 Analytical model of welded part on eye—plate

The bending stress ob [N/mm2] generated on the welded fixing part of

the eye—plate shown in (II)-Fig.A.10 is given by the following equation
M_F1
Z

z

o, =
where
Z: Section modulus of the welded part [mm’]
Z:l ‘23‘b2
6
a: Weld-throat thickness, a=7 [mm]
b: Width of a plate, b=90 [mm]
Therefore, ob will be

3
:699X10 X50:18 5 [N/mmzj

0, 1
Zx2x7x90%
6
This is less than the design standard value on the welded part
(0. 45Sy=81. ON/mm?) .

The margin of safety (MS) is

_ 0458y 810
o 185

MS —-1=3. 37
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The shearing stress t generated on the welded part of the section B-B

is given by the following equation.

F_ F _6.99x10°
A 2a-b 2x7x90

=5.55  [N/mm’]

T=

This is less than the design standard value allowable correspond to
shearing strength on the welded part (0.45X0.6XSy=48.6 N/mm2).

The margin of safety (MS) is

:045x06x8y_1:045x06x180
T 5.55

MS -1=7.75

The composite stress o [N/mm2] of the bending stress mentioned above

0, and the shearing stress t 1is given by the following equation

0=+/c,% +4-12 =18.57 +4x5552 =21.6 [N/mn’]
It is less than the design standard value on the welded part
(0. 45Sy=81. ON/mm?) .

The margin of safety (MS) is,

_ 0458y 810
c 21.6

MS -1=2.75

The results of the analysis mentioned above is outlined in (II)-Table

A.9.

As indicated in (II)-Table A.9, the margin of safety (MS) in every

analysis is positive and the eye—plate is sound during hoisting.

If the expiration year of use is 40 years, the number of transport is
3 times per year and the number of times of handling per transport is 10
times, the number of times of lifting is 12,000 times. The maximum stress
in the evaluations (1) to (3) above is 21.6 N/mm*, and the repeated stress
is 10.8 N/mm®>. This is lower than 4.0 x 10° N/mm* which is repeated peak
pressure strength at 12000 times shown in (II) -Fig.A. 6, and the allowable
number of repetitions is larger than the number of repetitions during the

planned use period.
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A.4.5 Tightening device
This packaging is transported after being tightened by a device, shown in
(IT)-Fig. A. 11.
The packaging and the tightening device are secured with an eye-plate and

a turnbuckle.

(left)
1G
2 (rear) z2C _|[—— 26 (front )
16
(right)
1200
s '
D=#340 E=507 124
g
{top)
" & 1G
2¢ |'C T os
S \
= —E-  §
- 1-- 3G
% U=15" 4 (bottom )
[%] w
b o -]
}r‘ I
2 S Ly B My I
| T[T ] 7 T\
16 £900 16
7932

(II) -Fig.A. 11 Acceleration during transportation
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The acceleration which occurs during transportation is 2G from front to rear,
1G from left to right, 1G towards the top and 3G towards the bottom, as indicated
in (II)-Fig. A. 11,

After taking the combined force of these factors into consideration, the
tensile strength applied to the turnbuckle due to the overturning moment around

the supporting points @ and (B as indicated in (IT)-Fig.A. 11 is as follows:
= _ 2-Hs +R Xm Xg [N]
2H, sin©-seca +2c0s0 {R(1+ cosa) + Ecosa}

= 3T-HG cosa+R XmoxXg [N]
H; sin0+ (2R + E)cos6

where

T, : Tensile force of the turnbuckle taking(ZD as the supporting point.

Ty : Tensile force of the turnbuckle taking @§ as the supporting point

HG : Gravity height, HG= 997 [mm]

HT : Height to the center of the eye-plate, HT= 1320 [mm]
R: Outer radius of the packaging, R= 420 [mm]
E:

Length where the eye—plate is fixed: E= 50 [mm]

6 : Angle of the turnbuckle, 6= 15°

a: Direction angle of the eye—plate, a= 45°
mo: Weight of the package, mo= 950 [kg]
g:

Gravitational acceleration, g = 9.81 [m/s2]
The following equations are given,

To 2x 997 + 420
" 2x1320xsin15° - sec 45° + 2¢0515° {420(1 + cos 45°) + 50 x cos 45°}
X 950X 9. 81=9. 30 X 10> [N]

= 8> 997 x C0s 45° + 420 X950 X9. 81=1. 97 X 10' [N]
1320 x sin15° + (2 x 420 + 50) cos 15°

Therefore, the tensile force is greater when point @@ is taken as the
supporting point
T=Ty=1. 97X 10* [N]

Thus, the stress analysis is conducted at this load level.
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The following equations demonstrate the horizontal and the vertical
components of force (F and V) when the eye—plate of the packaging receives the
maximum tensile force T from the tie—down turnbuckle during transport.

T= 1.97X104 [N]

F

T+sin0=1.97X104Xsinl5° =5.10X10° [N]

V= T-cos 0§ =1.97 X104 X cos15° =1.90X 10" [N]

The analytical model for this case is displayed in (II)-Fig.A.12

b =90

]

Eye-plate

(II) -Fig.A. 12 Analytical model for eye-plate
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The following is an analysis of the stress generated in each cross section
when the directional load of the turnbuckle T =1.97X 10" [N] is applied to the
eye—plate as indicated in (II)-Fig.A.12.

(1) A-A cross section

The following equation demonstrates the shearing stress t (N/mm?%)
generated in the shaded portion (A-A cross section) of the eye—plate shown

in (I)-Fig. A. 12

T T

‘C—_ [

A t-h

where

7 : shearing stress [N/mm’]

T: maximum load, T=1.97X10* [N]
t: board thickness, t =15 [mm]

h: height, h=29 [mm]

Therefore
4
e =19A07 o s N/
29x15

It is less than the design standard value allowable correspond to shearing
strength (0.6Sy =108N/mm* of the eye—plate material (SUS 304).

The margin of safety MS is

0.6Sy 108

MS= 1=——-1=1. 38
453

T
(2) B-B cross section
The following equation demonstrates the bending stress o ,(N/mm?)

generated in the fixed part (B-B cross section) of the eye—plate shown in
(IT)-Fig. A. 12.

M: V'l
Z tb?/6

oy, =

where

M: bending moment [N-mm]
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z: section modulus [mm’]

V: vertical component force, V=1.90X10' [N]
t: eye—plate board thickness, t=15 [mm]

1: moment arm, 1 =50 [mm]

b: eye—plate width, b=90 [mm]

Therefore,

—1?2:;82 /X:O =46.9  [N/mn’]
is obtained, and it is less than Yield point of the design (Sy=180N/mm?)
of the eye—plate material (SUS 304).

The margin of safety MS is

Ms=SY 1= 180 1o g3
G, 469

The shearing stress t generated in the B-B cross section is given by

the following equation:

_V_ V _190x10* _
A txb 15x90

14.1  [N/mm*]

It is less than the design standard value allowable correspond to shearing
stress (0.6Sy=108N/mm?) of the eye—plate material (SUS 304).

The margin of safety (MS) is

0.6Sy 108

MS= 1=——-1=6. 65
1

T
The composite stress o (N/mm®) of the bending stress o, (N/mm)

mentioned above and the shearing stress is given by the following equation

0=:J0,2 +41% =469 +4x1412 =54.7  [N/mn]
It is less than Yield point of the design (Sy =180N/mm*) of the eye—plate
material (SUS 304).
The margin of safety (MS) is
MS:S—y 180

-1=——-1=2.29
(&)
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(3) Welded part of B-B cross section

t =15
r=- ()
(o))
S A I - T R — :ﬁ?ﬁ _________
8 - - Q
lL
S M—J”L S A k=] b
a a

I
\]
o
o

I
\]

(II)-Fig.A. 13 Analytical model for welded part of eye—plate

The following equation demonstrates the bending stress o, (N/mm?)

generated in the welded part of the fixed part of the eye—plate shown in

(II)-Fig.A. 13
M V-1
0, =—=——
Z Z
where

7. Section modulus of the welded part,

1 2a+b?  [mm’]
6

a: Throat depth, a = 7 [mm]
b: Board width, b = 90 [mm]
Therefore, o, is

_1.90x10* x50

1 =50. 3 [N/mm?]
g><2><7><902

b

This is less than the design standard value (0.45Sy= 81.0N/mm?) of the

welded part.
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The margin of safety (MS) is

_ 0455y | 0.45x180
Sy 50.3

MS -1=0. 61

The shearing stress t generated at the welded part of the B-B cross

section is given by the following equation

_V_ V _1.90x10*

=—= =15.1 [N/mm?]
A 2a-b 2x7x90

T

This is less than the design standard value allowable correspond to
shearing stress (0.45X0.6XSy=48. 6N/mm’) of the welded part

The margin of safety (MS) is

MS:OASXOGXSy_k:045x06x180
T 151

-1=2.21

The composite stress o (N/mm*) of the bending stress o, and the shearing

stress t 1is given by the following equation

0=:Jo,7 +4-12 =4/50.32 +4x15.17 =58.7  [N/mn’]
This is less than the design standard value (0.45Sy=81.0N/mm?) of the
welded part.

The margin of safety (MS) is

_ 0458y | 0.45x180
s 58.7

MS -1=0. 37

A summary of the results of the above—mentioned analyses is given in
(II)-Table A.9.

As shown in (II)-Table A.9, the margin of safety (MS) of the results of
the analyses being positive in each case, the eye-plate is sound when tied

down.
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(II)-Table.A.9 Summary of analyses under routine transport

The design Analysis
Conditions Analysis item Type of load Design standard standard value result Margin of safety MS
[N/mm?] [N/mm*]
Hoisting accessory
1. Eye—plate during hoisting Weight of
the package X3

A-A
cross section |(1)Shearing stress 0. 6Sy 108 16. 1 5.70
B-B (1)Bending stress Sy 180 17.3 9. 40
cross section |(2)Shearing stress 0. 6Sy 108 5.18 19.8

(3) Composite stress Sy 180 20. 2 7.91
B-B (1)Bending stress 0. 45Sy 81.0 18.5 3.37
cross section |(2)Shearing stress 0. 27Sy 48. 6 5.55 7.75
(welded part) | (3)Composite stress 0. 45Sy 81.0 21.6 2.75

Routine
transport
Tightening device Acceleration
2.Eye—plate in tie—down position ||Left-right:1G
Front—-rear:2G

A-A Top 116G
Cross section |(1)Shearing stress [|Bottom :3G 0. 6Sy 108 45 3 138
B-B (1)Bending stress Sy 180 46.9 2.83
cross section |(2)Shearing stress 0. 6Sy 108 14.1 6. 65

(3) Composite stress Sy 180 54. 7 2.29
B-B (1)Bending stress 0. 45Sy 81.0 50. 3 0.61
cross section |(2)Shearing stress 0. 27Sy 48. 6 15.1 2.21
(welded part) | (3)Composite stress 0. 45Sy 81.0 58.7 0. 37




A.4.6 Pressure

We shall analyze the soundness and sealing performance of the packaging in
the case where external pressure would decrease to 60 kPa. The analysis is
performed assuming that minimum temperature if the package components is —40 C
and the maximum temperature is 65 °C.

When external pressure decreases to 60 kPa, the pressure in the inner shell
is

P, =P, - P, = 0.1013 - 0.060 = 0.0413 [MPa]

where
P, : Inner shell initial internal pressure (atmospheric pressure), P,=0. 1013 [MPa]
Pa : External pressure after pressure decrease, Pa= 0.060 [MPa]

For purposes of stress evaluation, in A.b5.1.3 Stress Calculation, the
internal pressure utilized in the packaging is 9.81X10MPa. In this section,
we will analyze the internal pressure, utilizing the total of differential
pressure

P =P +P,=0.0981 + 0.0413 = 0.140 [MPa]
The stress evaluation parts and the analysis method are the same as in section

A.5.1.3 and the results of the stress evaluation are shown in (II)-Table A. 10.
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Stress units

L9—V — (1)

(II) -Table A.10 Stresses evaluation under changed pressure 3 N/mm?
Pri + d
Stress Stress due Stress Primary stress rrmaryrsecondary Fatigue
N Stress |at to internal due to stress
* |Position initial ressure thermal Pm (PL) Sm MS PL+Pb | 1.5Sm MS PL+Pb 3Sm MS PL+Pb Sa N Na DF MS
to be evaluated clamping p expansion +Q +Q+F
0 -0. 070
1 Frame of Inner min
shell 0y — 3.29 — 3.36 137 39.7 — — — 3.36 411 121 3.36 1.68 500 106 5X10*|2x10°
o, 1.65
[}
S 4.53
[
~
a
. [} — 1. 36 —
[}
=
Bottom Plate = o, ~0. 140 min
2 |of the inner 0.140 | 137 977 | 4.67 | 205 | 42.8 | 4.67 | 411 | 87.0 | 4.67 | 2.34 | 500 s |5x10|2x10°
shell ] o ~4.53 10
© T .
[
~
a
. [ — -1. 36 —
[0}
3
3
S| o, 0
(o)
S (G -4. 66
e
~
&
L] 9 — -4. 66 —
(o)
£
Inner shell |~ | 9= -0. 140 2/3Sy Sy Sy min
3 1id 0. 140 3270 4. 66 146 4. 66 146 4. 66 2.33 500 s 5X107*|2x10°
g 458 687 687 10
| Or 4. 66
T
&
L] 9 — 4. 66 —
(o)
3
jm}
S| oo, 0
Ir'mer shell Sy/1.5 Sy
4 |lid o, 174 4. 59 — 180 1.55 — — — 180 2.82 720* 360 500 4000 | 0.125 7.0
clamping bolt 459 688
5 Displacement of the|(1) Displacement p =1.72X10“mm (3) Residual margin of tightening of O-ring
inner 1lid O-ring |(2) Initial clamping value of the O-ring 6 =1.1mm At=0§ — u =1.082mm

Pm ; General primary membrane stress; PL ; Local primary membrane stress; Pb ; Primary bending stress; @Q ; Secondary stress; F ;Peak stress; Sa ; Repeated peak stress;
N ; Number of uses; o.; Ability of bolt stress; Na ; Permissible number of repetition; DF ; Cumulative fatigue coefficient; Sm; Design stress intensity value;
Sy ; Yield point of the design; MS ; Margin of safety; * ; Stress concentration factor = 4; o,; Diameter direction stress; o ,;Periphery direction stress; o,; Axial stress;



A.4.7 Vibration

This package is secured with a turnbuckle on a tightening device, as indicated
in (I)-Fig.C.2. The turnbuckle is safely secured in order to avoid loosening
due to vibration from the transport vehicle. Hence, we shall assume that no
vibrations will be caused by this. Below, we shall calculate the natural
frequency of the package itself, which will be compared to the vibration caused
by the vehicle or ship of transport, and demonstrate that this will not cause
the package to resonate during transport.

(1) Vibrations of the packaging

(I1)-Fig. A. 14 shows an analytical model for the vibration of the

packaging

{4

Uy

23
S

(II)-Fig.A. 14 Vibration analytical model of packaging
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As is indicated in (II)-Fig.A.14, by assuming that the packaging is a
mass system supported by four types of parallel springs, the natural

frequency at that time can be given by the following equation

a)§:JJ§-x103 [rad/sec]
m

Therefore,
3
fO:&_i K10 [z
2t 27 m
where
w, - Natural angular frequency of the packaging [rad/sec]

f, : Natural frequency of the packaging [Hz]
m : Package mass, m=950 [kg]
K : Parallel spring constant[kg/mm]
K:zl“ =ki =K, +K, + K, +K,
i

a1 1, 1, 1,

+ AE; :A1E1+A2E2 +A3E3 +A4E4

A, : Cross section of the reinforcement, Al =2.83X10° [mm’]
A2 : Cross section of the balsa, A2 =4.76X10° [mm?]
A3 : Cross section of the outer shell board, A3 =7.92X10° [mm*]
A4 : Cross section of the turnbuckle, A4 =2.83X10° [mm’]
E1l : Modulus of longitudinal elasticity of the reinforcement;
El =1.92X10° [N/mm’]
E2 : Modulus of longitudinal elasticity of the balsa, E2 =98.1 [N/mm?]
E3 : Modulus of longitudinal elasticity of the outer shell board,
E3 =1.92X10° [N/mm’]
E4 : Modulus of longitudinal elasticity of the turnbuckle,
E4 =2.04X10° [N/mm’]
11 : Length of the reinforcement, 11 =194 [mm]

12 : Length of the balsa, 12 =341 [mm]
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13 : Length of the outer shell board, 13 =1320 [mm]

14 : Length of turnbuckle, 14 =470 [mm]
Therefore,

k, : Spring constant of the reinforcement, k1 =2.79X10° [N/mm]

k2 : Spring constant of the balsa, k2 =0.137X10° [N/mm]

k3 : Spring constant of the inner shell board, k3 =1.15X%10° [N/mm]

k4 : Spring constant of the turnbuckle, k4 =1.23X10° [N/mm]
K=(2. 79+0. 14+1. 15+1. 23) X 10° =5.31X10°

Therefore, the natural frequency is

f_J.J531xuﬁx103_

" on 950

377 [Hz]

This natural frequency of 377 Hz is outside the vibration range of 0 to
50 Hz which will present in the vehicle or ship during transport. Therefore,
there is no possibility of coincidental vibration. In addition, the
frequency expected during transportation is about 0 to 50 [Hz], which is
different from the natural frequency, so that the input excitation force
is not amplified. Therefore, since the acceleration generated by the main
body during transportation is sufficiently included in the free fall under
general test conditions, the package will not be cracked or damaged.
(2) Fuel basket
The fuel basket is supported by a spacer in the inner shell, and will
not receive directly any external vibration.
The fuel element and so on is also protected at top and bottom by a silicone
foam spacer, and will not receive any vibrations.
(3) Evaluation
The natural frequency of this packaging is higher than the vibration
generated by the transport vehicle, and so, coincidental resonance will
not occur.

Therefore, the inner lid clamping bolt and other clamping devices will
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not loosen during transport, and sealing performance will be fully
preserved.

In addition, the fuel basket and the fuel element are supported by rubber
inside the inner shell, and soundness will be fully preserved despite the

vibrations during transport.
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A.5 Normal test conditions
This package is a BU type package. Therefore, the normal test conditions
defined on the regulation are as follows.
(1) Water spray test
The following tests shall be performed after test (1).
(2) Free drop test
(3) Stacking test
(4) Penetration test
The following test shall be performed after tests (1) to (4).
(5) One week period placed in an environment of —40°C to 38°C.

The following section will analyze the effect to the package caused by
the tests mentioned above. The results of this analysis shall demonstrate
that the design standards for normal test conditions are satisfied.

A.5.1 Thermal test
A.5.1.1 Outline of temperature and pressure
This section is a summary of the pressure and temperature used for design
analysis under normal test conditions.
(1) Design temperature
As determined in (II)-B. 4.2 Maximum Temperature, the package

temperature may rise to a maximum of 65°C (minimum —40°C) . Therefore,
the design temperature under normal test conditions shall be
conservatively determined to be 75°C, adopting a margin of safety, as

indicated in (II)-Table A. 11, for both the inner and outer shells

(II)-Table A.11 Design temperature under normal test conditions

No. Part Design temperature (°C)
1 Fuel element 75
2 Fuel basket 75
3 Inner shell main body 75
4 Inner 1id 75
5 Outer shell 75
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(2) Design pressure

As determined in (II)-B. 4.4 Maximum Internal Pressure, the internal
pressure of the inner shell may increase up to 0. 016 MPa in gauge pressure.
Even when the temperature changes from -40°C to 65°C, the pressure inside
the container is 0.046MPa [gauge]. Therefore, the design pressure in
normal test conditions shall be conservatively determined as 0. 0981 MPa,

adopting a margin of safety, as indicated in (II)-Table A.12.

(II) -Table A.12 Design pressure under normal test conditions

No.

Portion Design pressure

In the inner shell 9.81 X 10MPa-G
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A.5.1.2 Thermal expansion

This section will assess the stress generated when differential thermal

expansion causes the inner shell and fuel basket to come into contact. The

analytical model is shown in (II)-Fig.A. 15

¢
v
gl

I3

Rubber packing -

N/
2274

|

A .
Inner shell
Fuel basket

Rubber packing £

Tl . "‘\“\}‘;“.

(II)-Fig.A. 15 Analytical model of thermal expansion

The increase in temperature in the fuel basket and the inner shell is 75°C,

as indicated in (II)-B Thermal Analysis. There is no temperature difference,

where thermal expansion does not occur, since the two parts are made of the

same material (SUS 304).

There is also practically no temperature difference between the outer and

inner shells. The inner shell will not be influenced by thermal expansion of

the outer shell.
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Therefore, no stress will be generated by thermal expansion in the fuel basket

and inner shell.

.5.1.3 Stress calculation

Stress calculation shall be conducted in this section.

Temperature gradient, loads from the outside and pressure may generate stress
in each part of the package.

The ratio of the inner shell’ s inner radius to the board thickness is higher
than 10 and can be considered as a thin cylinder. Therefore, temperature
differences will little occur inside the board thickness of the shell. Also,
although the inner 1id and the bottom plate of the inner shell are thicker than
the other parts, temperature differences will have little possibility of
occurring since these parts are protected by heat insulators and shock absorbers,
as in the outer lid.

The same applies to the fuel basket, where the board thickness is 3 or 3. 4mm.
This thinness will make it improbable for temperature differences to occur.

Therefore, since the thermal stress due to temperature differences in the
plate thickness of the parts of the packaging is minimal, this stress is not
calculated in this section.

Next, we shall analyze the stress generated in each part by internal pressure,
keeping in mind the fact that the internal pressure of the inner shell is the
pressure used in the package.

We shall also analyze the inner lid clamping bolt, which is a crucial part
in the sealing boundary, after taking into consideration the initial clamping

strength and thermal expansion.
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(1) Stress evaluation positions
The stress evaluation position of the inner shell under normal test conditions

is shown in (II)-Fig.A.16. 1In this section, the main stress shall be determined,

the different types of stress being shown in (II)-Table A. 13

A stress evaluation will be conducted in section A.b.1.4.

P
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.,1::-—.__-:—:.‘15‘['51\@
Code Evaluation position
(ZQ Frame of inner shell
Bottom plate of inner shell
(E) Inner 1id
(I) Inner 1id O-ring displacement
(ED Inner 1id clamping bolt

(II)-Fig.A. 16 Stress evaluation position under normal test conditions
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(A Tnner shell

In the center of the inner shell, pressure inside the inner shell shall be
utilized as internal pressure.

The analytical model of the stress generated in the center of the inner shell

which subjected to internal pressure is shown in (II)-Fig.A.17. The stress

(04, 0, 0, generated in the center of the shell is given as a thin cylinder

by the following equations '™:

(II)-Fig.A. 17 Stress analysis model of inner

shell center portion

PD
0 ,=—o
2t
PD
o, ~—="
4t
P
0, —
2
where
0, - Circumferential stress [N/mm?]
o, : Axial stress [N/mm?]
o, : Radial stress [N/mm?]
P: Design pressure inside the inner shell, P =9.81X107* [MPa- gauge]

D,: Frame of inner shell mean diameter, D, =D + t =460 +10=470 [mm]

t: Frame of inner shell board thickness, t=10.0 (mm]

D: Frame of inner shell bore, D =460 [mm]
Thus, the stresses are

_ 9.81x107 x 470 _

o, 2.31 [N/mm?]
2x10
-2
- 9.81x107 <470 _, . /]
4x10
o ,=—0. 0491 [N/mm?*]
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Bottom plate of the inner shell
(II)-Fig. A. 18 shows an analytical model for the stress on the bottom plate of
the inner shell when receiving internal pressure.

The stress o generated in the fixed part of the peripherally supported disc

is,
P.a2 Inside P
o ,=£0. 225 VYV YV vy
|
Outside '
.a? 2a
6 =+0.75 ~-28 | |
(II)-Fig.A. 18 Stress analysis model of inner
o ,=P (Inner surface) shell bottom plate
where
0, - Circumferential stress [N/mm?]
o, ' Axial stress [N/mm?*]
o, ' Radial stress [N/mm?*]

P: Design pressure inside the inner shell,

P =9.81X10* [MPa- gauge]
a: Radius of inner shell bottom plate, a =230 [mm]
h: Wall thickness of inner shell bottom plate,

h =35 [mm]

Therefore, the stresses are

9.81x1072 x 2302

o ,==0. 225 i = 0,953 [N/mn]
35
-2 2
o =+0,75 281x10 2X230 = +3.18 [N/mm?]
35
0,/0.098 (Inner Surface) [N/mm?]

The double signs of the stress values correspond to the inner and outer surface

respectively.
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(:) Inner lid

(II)-Fig. A. 19 shows an analytical model of the stress on the inner 1lid when
receiving internal pressure.

The stress o (0,4, o0, o,) generated in the peripherally simply supported

disc is maximum at the center

04=0,=F1.24 PB?Z
o ,~P (Inner surface)

where
0, ¢ Circumferential stress [N/mm?*]
or : Radial stress [N/mm”]
oz @ Axial stress [N/mm’]

P: Design pressure inside the inner shell,

P =9.81X 107 [MPa- gauge]
a: Radius of inner shell bottom plate, a =285 [mm]
h: Wall thickness of inner shell bottom plate,

h =55 [mm]

Therefore, the following values are obtained,

-2 2
6 4=0,~F1.24 9'81X1§52XZ85 =73.27 [N/mn’]

0,/0.098 (inner surface) [N/mm?]

The double sign indicates the inside for the top, the outside for the bottom.

A
| h ]

Bolt circle

Inside

P
I T N B T N

Outside 2a

(II)-Fig.A. 19 Stress analysis model of inner 1id center portion

(L) —A-79



(:) Inner 1id O-ring displacement
An analytical model of the inner 1lid O-ring displacement is shown in
(II)-Fig. A. 20

An displacement w (mm) of the simply supported disc shown in (II)-Fig.A. 20 can
7 .

be determined by the following equations

_ P-a’ re 5+v r?
w= I L -
64D a’ 1+v a?

where

P: Design pressure in the inner shell, P =9.81X10* [MPa- gauge]
v Poisson’s ratio, v =0.3
a: Radius of the support points circle of the inner 1id, a =285  [mm]
r: Distance from the center to the evaluation point,
ri : radius of inner O-ring groove, ri =237.5 [mm ]
D: Inner lid bending stiffness,
D =——E;Dj—— [N-mm]
12(1-v?)
E: Modulus of longitudinal elasticity

E =1.99X%X10° [N/mm*]
h: Minimum plate thickness of the inner 1id, h=36.7 [mm]

Therefore, the displacementw; of the groove portion of the inner O-ring is

_9.81x107* x285" x12x(1-0.3") 2375
64x1.99x10° x 36.7° 285°

1103  285°

I q: .
X[3I0.3 237.5 le' (6% 107

(mm]

w; is sufficiently smaller than the initial clamping value § =1. 1mm

i

Groove for (Difference of O-ring groove

inner O-ring depth and O-ring diameter)
h#:?ﬂl;y | L

|
I
ri1 i

ELF

Bolt|01rcle

IIIIp'IIII

2 a

| T
| |
I |
I |
I |
I |
: ;
N i\
: I
I |

(II)-Fig.A. 20 Analytical model of inner lid O-ring displacement

(o) —A-80



(:)Inner 1lid clamping bolt
The stress generated by initial clamping stress, internal pressure and thermal

expansion shall be analyzed regarding the inner 1lid clamping bolt (hereinafter

referred to as “bolt”).
(a) Initial clamping stress
The analytical model figure of the stress

F
generated by the initial clamping /3

B L

force in the bolt is shown in (II)-Fig.A.21.

The tensile stress o, generated in the -

; ::q_Ej_EZ% ->

bolt as shown in (II)-Fig. A.21

N
is given by the equation Sz
d,
_F
o, = —
A (II)-Fig.A. 21 Stress analysis model of bolt of
inner lid (initial clamping stress)
Where

F : Initial clamping force of the bolt,
5
p= 12825107 oot ]
k-d 0.2x24

T: Initial clamping torque, T =2.825X10° [N+mm]

k : Torque coefficient, k=0.2
d : Nominal diameter of the bolt, d=24 [mm]
Ai: Cross section of the trough radius of the bolt (M24),

Ay = % «d? = = X20.752% =338.2  [mm*]

T
4

d;: Minimum diameter of the bolt, d; =20.752 [mm]
Therefore, the following value is obtained

4
0, = M:174 [N/mmzj
338.2
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(b) Stress due to internal pressure
The analytical model of the stress generated by the internal pressure in the

bolt is shown in (II)-Fig A. 22.

The tensile stress o, generated in the bolt as shown in (II)-Fig.A.22 is given
by the following equation

TC'rIZ'P

T ThAr
where
r; . Radius of the surface receiving pressure, ri =237.5 [mm]
P : Design pressure in the inner shell, P =9.81X10° [MPa[gauge]]
Ar: Cross section of the minimum diameter of the bolt M24,
Ar=338.2  [mm*]

n : Number of bolts, n =16

Therefore, the tensile stress is,

7%237.5% x9.81x107 _
16x 338.2

o, =

3.21  [N/mm*]

Bolt circle

Bolt inside O-ring grove

16-M24 .

i
i
|
|
i Inner radius of the
|
|
i
i

! ES
R

271

i

(II)-Fig.A. 22 Stress analysis model of bolt of inner 1lid

(stress due to internal pressure)
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(¢c) Stress due to thermal expansion
The analytical model of the stress generated by thermal expansion in the bolt

is shown in (II)-Fig. A. 23

The temperature of the bolt and of the inner 1id is 75°C, in accordance with
(II) B Thermal Analysis, and there is no temperature difference. The material

also is the same, the SUS630, Stress due to thermal expansion is negligible

(IT)-Fig.A. 23 Stress analysis model of bolt of inner lid
(stress due to thermal expansion)

A.5.1.4 Comparison of allowable stress

The results of stress evaluation related to each of the analyses conducted in
section (II)-A.5.1.3 are summarized in (II)-Table A.13.

As is shown in this table, the margin of safety against the design standard
value allocated to each case, whether they are simple or multiple loads, is
positive. Even when the ambient temperature changes from —40°C to 38°C, there
is no effect on thermal expansion and thermal stress

Therefore, under normal test conditions (thermal test), the soundness of the
package can be maintained. In addition, in the case where the number of usage
of the package is set at 500%, the margin of safety in regard to allowable cycles
is, as shown in (Il )-Table A.13, positive. Therefore, the soundness of the

packaging will not be lost through repeated loads

Times of use N = 3/year X40 yearsXtolerance ratio = 500 times
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Stress units

78—V — (II)

(II) -Table A.13 Stress evaluation under normal test conditions (thermal test) ;N/mm?
X Primary+secondary .
Stress Stress Stress Primary stress Fatigue
N at due to due to stress
Position initial |internal [thermal |pm(PL)| Sm MS | PL+Pb | 1.55m | MS | PL+Pb | 3Sm MS | PL+Pb | Sa N Na DF MS
to be evaluated clamping |pressure |expansion +Q +Q+F
[ -0. 0491
N min
L |Frame of Inner shell| ¢ , - 2.31 - 2.36 | 137 | 57.0 | — — — | zee | ann | 173 | 236 | LI8 | 500 | o |5X107|2X10%
[ 1. 15
(o)
g | Or 3.18
e
~
a
. 0y — 0. 953 —
(o)
j=1
Bottom plate = o, ~0. 098 min
2 |of the inner 0.098 | 137 | 1396 | 3.28 | 205 | 61.5 | 3.28 | 411 | 124 | 3.28 | 1.64 | 500 . |5x107[2x10°
shell 3 _ 10
® Or 3. 18
[
~
a
. 0y — -0. 953 —
[0}
it
=
S| o, 0
[}
S 0y -3. 27
[
~
a
. 0y — -3.27 —
[}
g
T 9 -0.098 2/3Sy Sy Sy min
3 | Inner shell 1id 0.098 1672 | 3.27 209 | 3.27 200 | 3.27 | 1.64 | 500 . |5x10|2%x10°
s 458 687 687 10
© O r 3.27
e
~
a
. 0y — 3.27 —
(o)
8
jm}
S| o, 0
4 |Inner lid 2/35y Sy
. 0, 174 3.22 — 177 1.58 — — — 177 2.89 708% 354 500 4000 0.125 7.0
clamping bolt 458 687
5 li);igiacersn}?:fl()f ;TZ (1) Displacement g =1.16X10mm (3) Compression dipth of O-ring
O-ring (2) Initial clamping value of O-ring § =1. lmm At=§ — u =1.088mm

Pm ; General primary membrane stress; PL ; Local primary membrane stress; Pb ; Primary bending stress; @Q ; Secondary stress; F ;Peak stress; Sa ; Repeated peak stress;
N ; Number of uses; o.; Ability of bolt stress Na ; Permissible number of repetition; DF ; Cumulative fatigue coefficient; Sm; Design stress intensity value;
Sy ; Yield point of deesign; MS ; Margin of safety; #* ; Stress concentration factor = 4 o, ; Diameter direction stress o, ; Periphery direction stress



A.5.2 Water spray
The outside surface of this packaging is made of stainless steel, and there
is no water absorption. Therefore, there is no possibility of degradation of
the material due to the spraying of water.
In addition, the outer 1id is secured to the main body with a outer lid clamping
bolt using a washer. This is waterproof and presents no risks of water entering

inside the packaging.

A.5.3 Free drop
The weight of this package is maximum 950 kg. Since it is below 5000 kg, the
free drop height under normal test conditions is determined by regulation
standards as 1.2 m.
The free drop posture is analyzed for the following four cases:

1) Horizontal drop

2) Vertical drop (1id side and bottom side)

3) Corner drop (1id side and bottom side)

4) Inclined drop (1id side and bottom side)

The purposes of this analysis are,

1) To demonstrate that the sealing performance of the inner shell is preserved
by demonstrating that the deformation wrought by a free drop do not extend to
the inner shell which is the sealing boundary.

2) The inner shell will not be damaged by the shock caused by the free drop,
and will preserve full leak tightness

3) There is no damage of the contained material.

(1) Analysis method
The following are the analysis conditions for the stress generated in the
contained material, the fuel basket, the main body of the packaging and for

the deformation of the transport packaging in the case where the package would
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be subjected to a free drop test of 1.2m.
(a) Deformation

1) The drop energy of the package will be completely absorbed by the shock
absorber in the case where the shock surface is a rigid body. Therefore,
the deformation of the outer shell will be the deformation of the shock
absorber.

This is conservative assumption ighoring absorption by the steel plate
or the heat insulator.

2) The deformation and acceleration caused by the shock absorber shall
be calculated on the basis of the shock absorbing function analysis program
“CASH-II” indicated in A.10. 1.

(b) Stress

1) The drop energy of the package shall be absorbed by the deformation of
the steel plate utilized in the shock absorber, the main body of the outer
shell and the outer lid.

2) The acceleration utilized in the stress analysis (hereafter referred
to as “design acceleration”) shall be 1.2 times the calculation value
(acceleration generated in the shock absorber) of “CASH-II (this value was
determined through comparison with test results as indicated in section
A.10.1) plus the acceleration of the steel plate.

This is a safety evaluation since the shock strength present in the package
will be combined to the acceleration of the shock absorber and the
acceleration of the steel plate

Design acceleration = calculation results of CASH-II X 1.2
+ acceleration due to steel plate.

3) Generated acceleration of the steel plate will be determined using

simplified calculations
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(2) Drop energy
The weight of the package utilized in the analysis is 960 kg as indicated

il

in “A.2 Weight and Center of Gravity.” The drop energy is

Ea =Ev=m-g-h

where
Fa: Energy absorption of the shock absorber [J]
Ev: Drop energy of the package [J]

m: Package mass, m=950 [kg]

h: Drop height, h=1.20 [m]

g: Gravitational acceleration, g =9.81 [m/s2]
Therefore, the following value is obtained

Ea = Ev = 960X9.81X1.2 =1.12X10* [J]
=1.12X107 [N« mm]

(3) Performance of the shock absorbers obtained by means of the CASH-1I analysis
program
The results of the deformation in the shock absorber and of the acceleration

through the shock absorbers performance analysis program CASH-II are shown in

(II)-Table A. 14.

The acceleration which is 1.2 times the results of the CASH-II program

utilized in the analysis is also shown in the above table.
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(II)-Table A.14 Deformation and acceleration of shock

absorber under normal test conditions

Acceleration (Xg)

Deformation
Drop posture Calculation
(mm) X 1.2
value
Horizontal 20.9 89.3 107. 1
Lid side 24. 1 58.8 70.5
Vertical
Bottom side 18.2 78.9 94. 6
Lid side 27.6° * 58.6 16.3 19.6
Corner
Bottom side 22.8° 50. 3 17.3 20. 8
5° 21.5 14.1 16.9
15° 41.5 13.0 15.6
30° 60. 8 17.1 20.5
Lid side 45° 65. 8 21.7 26.0
60° 59.3 25.7 30.8
75° 46. 9 34.5 41. 4
85° 27. 4 36.5 43. 8
Inclined
5° 22. 2 5. 96 7.15
15° 40. 1 16. 8 20. 2
30° 56. 2 19.5 23.4
Bottom side 45° 60. 4 22.5 27.0
60° 61.4 24.9 29.9
75° 44. 4 29.0 34.8
85° 25.0 30.2 36. 2

*%: This is the angle of the center line of the package to the drop direction.

(same below)

where

g: Gravitational acceleration, g = 9.81 [m/s”]
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(4) TIncrease in acceleration caused by steel plate
(i) Horizontal drop
We will obtain the increase in acceleration caused by the steel plate
during a horizontal drop.

The position of evaluation is shown in (II)-Fig. A. 24.
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Position of evaluation

Outside cylinder steel plate

Outer 1id flange

Stiffening ring

Outer shell panel

Partition

Eyve-plate

Eye—plate fixation plate

Flange of the main body of the outer shell

SliSl GG CAGN NS

Eye—plate fixation leg

(IT)-Fig.A. 24 Acceleration evaluation position of steel plate

for horizontal drop
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(ZQ Outside cylinder steel plate
An analytical model of the outside cylinder steel plate as an annulus ring on

which the whole weight of the package rests uniformly is shown in (II)-Fig.A. 25

(I)-Fig.A. 25 Acceleration analysis model of outer shell plate for

horizontal drop

As is indicated in (II)-Fig. A. 25, the bending moment of the annulus ring on

which the uniform load w rests, can be given by the following equation.

. . 1 .
M= wR? {COSOL+OLSIH(X+COSOL~SIH2 a+Ecose+(9—n)sme}

In the above equation, M is maximum at 6 =c«, and the following is obtained,

M= wR? {(g+sin2aj003a+(2a—n)sin a}

When the stress generated by the bending moment becomes equal to the deformation

stress o, the maximum resistance force F may be generated.
23 ., .
M WR E+sm o |cosa + (2o —m)sina

Z, Zy

Therefore, the uniform load w at this time is given by the following
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oS- Z,

RZ{(“;’Jrsinz ajcosa+(2a—n)sina}

Therefore, the maximum resistance force is the following

2nGS - 7,

F= 2w wR= 3
R{[Z +sin? aj cosa + (20, — 1) sin oc}

where
M: Bending moment of the annulus ring [N-<mm]
w: Uniform load [N/mm]
F: Maximum resistance force [N]
R: Radius of the annulus ring, R =420 [mm]
os: Deformation stress (at ordinary temperatures), os =520 [N/mm*]
0 : Arbitrary angle based on OC [rad]

a : Radius of the deformed part,

a=cost R-3 =cost 420-209 =18.15°=0.317 [rad]
R 420

6 : Deformation, 6=20.9 [mm]

Zp: Plasticity section modulus,

2
1 o 0 e

b: Annulus ring width, b =1500  [mm]

h: Annulus ring thickness, h=3  [mm]

Therefore, the maximum resistance force 1is,

3 2xmx520x 3375

420 x {[2 +5sin? 18.150) €0s18.15° + (2x 0.317 — n) sin18.15°}

= 3.57x10" [N]
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The equation of the increase in acceleration N, caused by the outside

cylindrical steel plate is,

F 3.57x10*
Ny=— =222 77" —37.6=3.83 - ¢ [m/s?]
T 950 .
where

m: Weight of the package, m=950 [kg]
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Flange of the outer lid

The analytical model is shown in (II)-Fig.A.25, as with section A.5.3 (4) (i)
(:). But, since the deformation has not reached the annulus ring, the « in the
moment equation is given as O.

The cross section of the flange of the outer lid is given in (II)-Fig. A. 26.

g

R =367

(II)-Fig. A. 26 Cross section of outer shell 1lid flange

The maximum resistance force is given by the following "

= AT L g zpe XD
3R 3% 367

X 520X 1.40%X10* =8.31X10" [N]

where
F: Maximum resistance force [N]
R: Radius of the annulus ring, R =367 [mm]
os: Deformation stress (at ordinary temperatures), os =520 [N/mm?]

Zp: Section modulus of plasticity,

5x1062

Zp = %bh2 = =1.40x10"  [mn’]

b: Annulus ring width, b =5 [mm]
h: Annulus ring thickness, h =106 [mm]

Therefore, the increase in acceleration N, caused by the flange of the outer
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lid is,

4
Ny o830 e 58 090 [m/s?]
m 950
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(O stiffening ring
The analytical model is shown in (II)-Fig.A.25, as with section A.5.3(4) (i)

(:) . The maximum resistance force is given by the following equation ™"

27[(53 : Zp

F:
R{(z +5sin? ajcosa + (200 — m)sin oc}

where
F: Maximum resistance force  [N]
R: Radius of the annulus ring, R =406 [mm]
os: Deformation stress (ordinary temperature), os =520  [N/mm%]
§ : Deformation amount, & =6.9 [mm]

a - Half angle of the deformed part,

a=cos? R-5 =cos! 406-69 =10.58°=0.185 [rad]
R 406

7Zp: section modulus of plasticity [mm’],

Zp= {(b=h)*+h* }

{(40-3)%3 }

Arlw Nz

=1.03%X10° [mm*]
b: Ring width, b=40 [mm]

h: Ring thickness, h=3 [mm]

Therefore, F is
2x tx520x1.03x10°

406 x {(2 +sin? 10.58°] €0s10.58° + (2% 0.187 — 1) x sin 10.580}

=8.30X10° [N]
Therefore, the increase in acceleration N,; due to the stiffening ring is

3
Nis= F _830d0% ¢ 7420891 - g [m/s”]
m 950
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(:) Panel of the outer 1lid

The analytical model is shown in (II)-Fig. A. 27

J

___..--'/ ’

=20.9

r =150

2

(I)-Fig. A. 27 Acceleration analysis model of outer shell head

h)

C=262

plate for horizontal drop

As indicated in (II) -Fig. A. 27, bending moment is generated by the reaction force
of the drop in the outer lid panel at the curved point of the head. When the stress
produced by this bending moment becomes equal to the deformation stressos, the
maximum resistance force F, assuming that it is generated, is given by the equation

2
r r 4

where
F: Maximum resistance force [N]
os: Deformation stress (room temperature), os =520 [N/mm’]

Zp: Section modulus of plasticity,

C-h?

7p= [mm®]

C: Shock absorber deformation width, C =262 [mm]
h: Panel thickness, h=3 [mm]

r: Radius of the corner, r=150 [mm]
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Therefore, the following equation is given.

2
= @xwzz. 04 X 10° [N]
150 4

Two panels are provided in the packaging, and the increase in acceleration Ny

caused by the outer 1lid panel is

2-F 2x2.04x10°

N =
" m 950

=4,29=0.437 + g [m/s*]

(m) —A-97



(B Partition

The analytical model is shown in (II)-Fig.A.25, as with section A.5.3(4) (i)

(ZD .But, since the deformation has not reached the annulus ring, « in the moment

equation is given as O.

The cross section of the partition is given in (II)-Fig. A. 28.

h=97

R =368.5

(II)-