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LOCAL BENDING

The critical buckling uniform radial edge moment around the circumference of a
straight circular cylinder is calculated per Reference 2.8, page 4-63 as:

2
Mcr/Na = s Et Y . 37.78 in-k/in @ 750°F

(1 - v2)0'75 R

where: Na = plasticity coefficent for bending - E; (Reference 2.27, page 267)
0.33 (@ R/t = 22.1) Reference 2.8, page 4-63

24.4 x 103 ksi (modulus of elasticity @ 750°F)

0.275 (Poisson's ratio)

0.3125 in (cylinder thickness)

6.90625 in (cylinder mean radius)

< m O
" N " "

Because bending due to a uniform radial edge moment is very localized, neither
bow nor ovality of the cylinder affect the critical buckling edge moment.

For a loading case where the elastically calculated uniform radial moment is
equivalent to a maximum local bending stress which exceeds the material yield
strength, a procedure for inelastic buckling analysis is applied.

The true stress and true strain corresponding to an elastically calculated
stress of -38.9 ksi are obtained from the true stress-strain curve for Type
321 stainless steel at 750°F (Reference Table 2-22 and Figure 2-4):

Strue = '19.5 ksi
etrue = 0,00159 1n/'in

The secant modulus, Es, and the tangent modulus, Et, of the shell material are
calculated for the above temperature and true stress-strain values using the
previously referenced true stress-strain curve:

£ = 19.5 - 0 = 12.3 x 103 ksi ‘ ..

S
. 0.00159 - 0.0

Add fipue! e



®cructural Design 25 June 82

Ep o Qe =173 __ . 2.5 x 103 ksi
0.002 - 0,000756

The plasticity coeffi.ient, Na, for the local bending bduckling mode is cal-
culated by substituting the previously calculated or defined material moduli:
values into the fol.owing equation:

NQJESEL
E

0,227 (Table 10-1, page 267, Reference 2.27)

where, E¢ = secant modulus of shell material
E¢ = tangent modulus of shell material
E = elastic modulus of shell material

Then, the critical inelastic buckling uniform radial edge momct for a cylin-
der at 750°F subjected to an edge moment equivalent to a local bending true
stress of -19.5 ksi is:

Mcr = (Mcr/Na) (Na) = (37.74) (0.227) = 8.57 in-k/in

Remaining page intentionally left blank.
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2.6.6 Free Nrop

Appandix A of Part 71 of Title 10, Chapter 1 of the Code of Federal Regula-
tions [Reference 2,2) requires that all transportation packages in excess of
30,000 pounds be evaluated to determine the consequences of a3 free fall
through a distance of one foot onto a horizontal unyielding surface., The
orientation of the cask is to be such that the maximum damage is inflicted on
the cask. Since it is impossible to define the orientation »f the cask that
results in maximum damage, impacts on the end, side and corner will be consid-
gred,

The impact limiter is the device which enables the cask to be decelerated
within a tolerable G-load envelope and crush distance. The envelope is
described in Section 2,10.2.2.1. The casx inner containment was used to
establish the limiting G-1oad envelope. The G-1oad envelope was used to guide
the design of the impact limiter. The depth of tne crush material, strength
of the limiter material and, the size and shape of the backing disk were
influenced by the G-load envelope. The tacking disks cover all valve sites to
containment. All valve sites are encased by heavy protective shells designed
£o work in unison to protect the valves. All lines which join the valve to
the containment vessel are drilled through the end castings and are minute
relative to the end casting through which the line passes. Therefore, neither
the lines, fittings, or valves will be damaged in normal loading conditions.

IMNTEMTICA A . ' LS

2-135



. N&rnal Conditions of Transport 25 June 82

‘ 'he consequences of a2 one foot fall must be evaluated for conditions ranging

fr N ¢ 1nnec - .
om eJ to 100 ampient temperature, he conditions 'ﬁﬂpl'iyed in the

analysis of the one foot free fall are summarized in Taple 2-71.

Table 2-71
ANALYSIS CONDITIONS FOR ONE FOOT FREE FALL

Impact
Ambient Necay Cavity Cask Wall Limiter
Temperature Heat Pressure Temperature Temperature Cask
(°F) Insolance (kw) (psia) (psig) (°F) (°F) Motion
100 Full , 11.5 100.0 85.0 295 145 Stationary
-20 None 1.5 36.4 22.0 150 15 Stationary
-20 None 0 12.2 -2.5 -20 -20 Stationary

. 2.6.5.1 End lmpact

Th force that acts om the cask during an impact is the product of the crush
strength of the wood and the area that is being crushed. The method employed
to determine the. force on the cask are described in Section 2.10.2 and the

Remaining page intentionally left blank.
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Table 2-99 - Summary of Calculated Stresses during 30 Foot Free Fall on End

Tompeor ature: =20, °F No Heat Internal Pressure: -4, psig Axlal Accel: 35,0 g's Transverse Accel: .0g's

Fr imary Meambr ane Primary Membrane and Primary Beading Frimary Meabrane, Bending and Secondary

A

602-¢

Principal Stresses Stress Priancipal Stresses Stress Priacipal Stresses Strens
Pl (4 P35 Intens ity Pl P2 3 Intens ity Pl P2 3 Intem |ty
Contalnment Boundary
- 2120, 5600, -9140, 14700, 2120, 5600, =-9140, 14700, 210, 5020, =91 20, 14700,
%] ~-513, -3620, ~136800, 15500, -313, -3620, -13800, 15500, -313, -3620, =1 %00, 1 3500,
C 250, ~-446, - 13600, 13800, 236, -440, - 13600, 13800, 2%, -446. ~13600, 13600,
D -1.84 -36.3 ~13000, 13600, ~1.84 -36.3 -13600, 1 5600, -1.84 ~-56.3 -13000, 1 3000,
£ 89,2 197, - 10400, 11200, 89,2 191, ~10400, 11200, 89,2 1917, -10400, 11200,
F 86,4 1740, -8410, 10200, 80,4 1740, -8410, 10200, 86,4 1740, -84 10, 10200,
o 2120, 5600, -9180, 14800, 2120, 5600, -9180, 14800, 2110, 5590, -9140, 14700,
P 2,20 2,20 0. 2.20 3850, 3850, 0. 5650, 3850, 3350, 0. 5350,
I 2,20 2,20 0. 2,20 1820, 2730, 0. 2750, 1820, 2730, 0, 2150,
v -1.74 -.478 -3220, 3220, -451, -35.% -3220, 3180, 457, -35,5 -3220, 5w,
w -1.28 -5.82 -3400, 3400, -i.28 -5070, ~3400, 5610, -1.28 -5610, -3400, 50 10,
X -1,28 -3.,82 -3310, 3310, -1.28 =570, -3310, %670, -l,&8 =510, -3310, %010,
P4 J. U. 0. 0, 115, 713, 0. 13, s, 73, 0. ns,
Bt 0. 0. 0, 0. 13, 713, 0, MNa. s, 735, O, ns,
ce 0, 0, =57110, 510, 90630, 9600, =5710, 15300, 9630, 9600, =570, 13300,
ov 0, 0, =570, 5710, 9030, 9600, =5710, 15300, 9630, 9000, =51710, 15300,
(33 0. 0. =510, 5710, 9630, 9600, =570, 15509, 9650, 9600, =510, 153500,
[eH 0. 0. =5710, 5110, 9630, %600, =5710, 15300, 9030, 9600, -5710, 15300,
HH 0, 0, =5710, 5710, 9630, 9600, =570, 15300, 9630, 9600, =510, 15500,
MAX 2120, 2600, - 13800, 14800, 9630, 9600, -13800, 15300, 9630, 9000, =1 3800, 15300,
Loc A A o G cc cC a4 cC cC cC 8 uo
Structure
H 1020, -642, =11200, 18200, 1020, -042, ~=17200, 18200, w20, =042, =11200, 18200,
J 122, 4030, =-10700, 17400, 122, -4030, -16700, 17400, 122, -40350, =167, 17400,
K ob3, -4740, -12400, 13100, 663, 4740, =-12400, 15100, 663, -4740, =-12400, 1500,
L 589, -5580, -10300, 10900, 589, -5580, -10300, 10900, 589, -5580, -10300, 1000,
i 149, -4200, =-15700, 16400, 9, -4260, =15700, lo400, Ny, -4 260, =-15700, o400,
v 0. 0, =-2590, 2590, 155, 1370, =-2590, 3960, 135, 1370, -2590, 300,
" 0. 0. ~2590, 2990, 3850, 3650, =-2590, 6440, 58 50, 3850, -2590, oddu,
5 ~-1.74 -.478 -3220, 3220, -3220, -490, -3220, 2130, -3220, =490, -3220, 2150,
Y -1,28 -3.82 -3310, 3310, -1.,28 =%670, -331C, 5670, -1.28 -5010, =-3510, S0 70,
AA 0. 0. 0, 0. ns, 113, 0. 713, ns, ns, 0, ns,
FF 0, 0. =100 10,0 9030, 9600, -70.0 9700, 9630, 9600, =10, 900,
3 0, 0. =2590, 2590, 5570, 1250, =-2590, 3160, 5570, 12*0, =259, 8160,
MAX U020, -5%80, =17200, 18200, 9630, 9600, =17200, 18200, 9630, 9600, =11200, 18200,
Loc H L H H 33 FF H " FF FF H H
Bolts
N 0. 0. 92000, 52000, 0. 0. 52000, 52000, 0. 0. 52000, 52000,
T MAX u, U, 52000, 52000, 0. 0. 52000, 52000, 0, (U8 52000, 952000,
Luc N N N N N N
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Table 2-100

= Summary of Calculated Strasses during 30 Foot Free Fall on tngd

Temporature: =20,°F Full Heat Internal Pressure: 229, psig Axial Accel: 35,0 g's Transverse Accel: «Dg's

Primary Membrane Primary Membrane and Primary Bending Primary Membrane, Bending and Secomlary

Urincipal Stresses Stress Princlipal Stresses Stress Principal Strasses Stress
ki P2 3 Intens ity Pl P2 P3 Intens |ty Pl P2 P3 Intes ity
Contalnment Boundary
A 1120, 5190, -5210, 10400, 1720, 5190, -5210, 10400, 2450, 380, =N, o,
B =709, -2160, -9220, 8510, =109, =-2160, -9220, 8510, -696, -1610, -83170, 1680,
¢ -160, 1010, -9050, 10100, -160, 1010, -9050, 10100, -160, 1390, -86 10, 10100,
0 ~ 398, 1420, -9010, 10400, -398, 1420, -9010, 10400, -398, 1800, -8040, 10400,
3 -301, 2260, =-59%00, 8150, -307, 2260, =5900, 8150, -307, 30, -5520, 8150,
F ~310, 3200, -3870, 1060, -310, 3200, -348170, 1060, -310, 3570, -3490, oo,
G 1720, 5190, -5250, 10400, 1720, 5130, =5250, 10400, 18 710, 290, =910, 15400,
P -252, -252, 0, 252, -4 100, -4 100, 0, 4100, - 3880, -3880, 0. S,
I =252, -252, 0. 252, =-2070, ~2980, 0. 2980, -2070, -2980, 0. 2980,
v 199, 54, -3220, 5420, 654, 89,7 -3220, 3870, 654, 89,7 -3220, 80,
- 147, 4357, 6690, 6540, 147, ol 10, 6690, 6540, 147, 6110, 6690, 6540,
X 147, 431, -3510, 37150, 147, 6110, -3310, 9420, 147, 6110, -3510, ™20,
Z 0, 0. 0. 0. 4140, 4140, 0. 4140, 4140, 4140, 0, 4140,
o s O, 0, 0, 0, 4140, 4140, 0, 4140. 4140, 4140, 0. 4140,
' cc O, 0. =570, £no. 14500, 10900, =5710, 20200, 14500, 10900, ~5Ne, 20200,
o~ Do 0, 0. ~5710, 5710, 14500, 10900, =5710, 20200, 14500, 10906, =510. 20200,
F=3 33 0, 0. -5’10, SN, 14500, 10900, =570, 20200, 14500, 10900, =570, 20200,
(F'H 0, 0. =570, 5710, 14500, 10900, =5710, 20200, 14500, 10900, =510, 20200,
HH 0, 0. =570, 510, 14500, 10900, =570, 20200, 14500, 10900, =50, 20200,
MAX 1720, 2190, -9220, 10400, 14500, 10900, -9220, 20200, 14500, 10900, -9110, 20200,
Lac A A B G cC ce 8 Co cc cc G e
Structure
H .7 10400, =10100, 20600, 51,7 10400, =100, 20000, .7 1i200, -9380, 20640,
J -242, 1060, -9620, 16700, -242, 1060, -9620, 10700, -242, 1790, ~-8890, lo 700,
K -302, 63550, -5380, 11700, -302, 6350, -5340, 11700, =302, 7080, -4650, 11700,
L -375, 5510, -3250, 8760, -375, 5510, -3250, 8760, =375, 6250, -2520, 8760,
] =240, 6830, -8790, 15600, ~-246, 6430, -8790, 15600, -240, 1560, -8050, 15600,
v} O, 0. -2590, 2590, 155, 1370, =2590, 3960, 155, 1370, =259, 9060,
" 0. 0. =-2590, 2590, 3850, 3850, =2590, 6440, 3850, 3850, =2590, 6440,
S 199, 54,7 -3220, 3429, 3420, 545, -3220, 6040, 3420, 545, -3220, 6040,
Y 147, 437, -3310, 37150, 147, 6110, -3510, 9420, 147, o110, -3310, 94 20,
AA 0, 0, 0. 0, 4140, 4140, 0, 4140, 4140, 4140, 0, 4140,
Fr 0, 0. =100 70,0 14500, 10900, -10,0 14000, 14500, 10900, -10,0 14600,
3 0. 0. =-25%0, 2590, 5570, 1230, =2590, 81~0, 5570, 1230, -2990, g0,
MAX =315, 10400, =-10oo, 20000, 14500, 0900, -10100, 20000, 14500, 11200, -93580, 20600,
Loc L H H H FF FF H H FF H H H
Bolrs
N 0. 0, 15100, 13100, 0. 0, 15700, 15100, 0. 0. 13100, 1500,
MA X 0, 0. 15100, 15700, 0. 0, 13100, 715100, 0. 0. 715100, 15100,
Loc N N N N *N N
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= Summary of Calculated Stresses during 30 Foot rree Fall on End

fable 2-101

Temporature: 100,°F Full Heat Internal Pressure: 292, psig

Primary Membr ane

Axlal Accel:

Frinclipal Stresses Stress Princlipal Stresses
Pl P2 P3 intens |ty Pl P2 P3
Contalnment Boundary
1o 10, 6520, -5320, 11600, 1670, 6320, -5320,
~-lol, =516, -9160, 8650, ~Tol. =516, -9160,
=211, 2660, -899%0, 11600, =211, 2660, -899%0,
~449, 3070, -8950, 12000, -449, 3070, -8950,
-558, 3900, -5840, 9740, -358, 3900, -5840,
-361, 4840, -3810, 8650, -361, 4840, -3810,
1670, 6320, -5560, 11700, 1670, 6320, -5360,
-521, -521, 0, 321, -4170, -4170, 0,
-321, =321, 0. 521, -2140, -3050, O,
254, 69,8 -5220, 3470, 109, 105, -3220,
187, 558. 9440, 9250, 187, 6230, 9440,
1817, S50, ~5510, 38170, 1872, 6230, -3210.
0, 0, 0. 0. 5090, 5090, 0,
0. 0, 0, 0. 5090, 50490, 0.
O, 0, =510, SN, 15800, 11300, -5710,
0, 0. =5710, 5710, 15800, 11300, =5710.
o, 0. -5710. S1u, 15800, 11300, =50,
0, 0, -5710, 5710, 15800, 11300, =5710,
0, 0. -570, 5710, 15800, 11300, =570,
1610, 6520, 9440, 12000, 15800, 11300, 9440,
A A ~ D cc ceC "
Structure
15, 9240, - 1800, 20000, 156, 9240, -10800,
-138, 5850, =10300, 16100, -158, 5850, -10300,
~1917, 5140, -6060, 11200, =197, 5140, -6060,
-271, 4310, -3930, 8230, =27, 4310, -3930,
~141, 5620, =9500, 15100, -141, 5620, -9500,
0, 0. =2590, 2590, 155, 1370, -2590,
0. 0, =259, 2590, 3850, 3850, ~2590,
254, 69,8 -3220, 3470, 3470, 560, -3220,
187, 254, -3310, 3470, 187, 6230, -3510,
0, 0. 0. 0, 5090, 5090, 0,
U, 0. =100 10,0 15800, 11300, -10,0
0, 0, ~2990, 2990, 5570, 1230, -2590,
=21, 9240, = 10800, 20000, 15800, 11300, =10800,
L H H H FF FF H
Bolts
0, O, sl 700, al700, 0, 0, 81700,
0, U, 81700, 8l oo, 0, 0. 8l 700,
N N N

Primary Membrane and Primary Bending

Stress
Intens |ty

11600,
8650,
11600,
12000,
9740,
8650,
11700,
4170,
3050,
3950,
9250,
9540,
50890,
5090,
21500,
21500,
21500,
21500,

8100,

8l 700,

35,0 g's

Transvorse Accel:

Principal Stresses

Pl

=197,
-2,
~-141,

155,
5850,
5470,

187,

15800,
9510,

15800,
FF

O,

P2

U]

-lugo,
5 -8220,
-8650,
-8o10,
=5500,
-3470,
-10400,
0.

0.
~5220,
9440,
-3310,
0.

O,
~510,
=570,
’5 ,. 0-
=570,
=510,

=10400,
G

=10100,
-9620,
-5390,
-3250,
-8430,
=25%0,
=2590,
-3220,
-3310,
0.
=70.0

=259,

=10100,
H

al700,

81 700,
N

0 g's

Primary Membrane, Baadling and Secondary

Stress
Intems ity

12500,
8270,
11600,
12000,
97140,
so9%),
18000,
B,
3050,
5450,
9250,
9540,
S0,
S04,
21500,
21500,
21500,
21500,
21500,

21500,
(&N

PAUVETN
10100,
11200,
¥ 30,
15100,
'I“JU.
6440,
GO,
9540,
S50,
15900,
8lo0,

20000,
H

a1 00,

81704,
N
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tvi=2

Tomporature: =20, °F

Frimary

Table 2-122
No Heat

MomLr ane

Principal Stresses

4

85,
85,
85,
85,
85,
a5,
69,

20

9010,

,EN)(‘<—'UC“"’CDG>

O
o
<
.

EENE
coePe

Y e
AA 0,
Fr 0,
JJ 15000,

MAX 15000,
Loc 3

N O,

MA X u.
Loc

]
7
Il
!
7
7
7
20

2,20

8

P2

1820,
1800,
1800,
1800,
1800,
1800,
1820,
2,20
2,20
-.478
-3,82
-3,82

9610,

U,

P3 |

-3060,
-5430,
-6530.
-6800,
=-15500,
~-13400,
-3220,
0.

0.

0'

-87.3
0.

OOOPOCG

=-15500,

=-1450,
-15200,
~33300,

'
—
w
§ ceppopEr

x

17700,

17100,
N

= Summary of Calculated Stresses during 40 Inch Free Fall on Valve

Internal Pressure:

Stress
ntens ity

5480,
1230,
8330,
8600,
17300,
15200,
5040,
2,20
2,20

-2, psig

Axlal Accel:

Primary Membiuie and Primary Bending

Principal Stresses

Pl P2
Contalnmeat
5160, 1820,
3930, 1800,
3250, 1800,
3100, 1800,
85,1 1800,
331, 1800,
5440, 1820,
2,20 2,20
2,20 2,20
9010, -.478
1150, -3.82
9620, -3.82
30,2 30,2
50,2 1260,
42,8 1.8
42,8 1.8
42,8 1.8
42.8 1.8
42,8 11,8
9620, 1820,
X A
Struc
4550, -6170,
2070, -6170,
531, -6170,
651, -61170,
954, -6170,
0, '
o, o,
9010, ~-.478
-1.28 96l0,
50,2 30,2
42.8 0440,
15000, 0.
15000, Sol0,
JJ Y
Bol
0, 0,
U, 0.

F3

HBoundary
-8750.
-9280,
-9690,
-9810,
=15500,
-13600,
-8570,
00
0.
0.

-87,3

0.

SCpprerrE

~15500,

Ture

=-11200,
~16700,
-33300.
=29000,
-23400,

S0

0,
U
0

0

-53500,
K
1s
17100,

17700,
N

Stress
Intens ity

15900,
15200,
12900,
12900,
17500,
15400,
14000,
2,0
2,20
910,
1240,
9620,
30,2
1200,
42,8
42,8
42,8
42,8
42,8

17500,
3

15600,
18800,
35900,
29600,
24400,
00
0.
9010,
9620,
30,2
0440,
15000,

35900,
K

17100,

177100,
N

.0g'

Transverse Accel:

24.5 g's

Primary Memby ane, Bemding and Secondary

Principal Stresses
Pl P2 P3
5150, 1840, -870,
3930, 1800, -9280,
3250, 1800, -90%),
3100, 1800, -9810,
85,7 1800,  ~15500,
331, 1800,  -13600,
5440, 1810, -8540,
204 214 0,
2,20 2,20 0,
W10, -.478 0.
1150, -3.82 -87.3
9620, -3.82 0.
30,2 50,2 0,
50,2 1260, O,
42,8 1.8 J.
42.8 1.8 0.
42,8 1.8 0.
42,8 1.8 0.
42,8 11.8 0.
9620, 1840, =-15500,
X A 13
4330, -6l 10, -11200,
2070, -6170, =-16700,
531, 6170, ~33300,
651, -6170, =29000,
954, -6170, -25400,
0, 0. 0.
0, 0. 0.
9010, -. 4718 0,
-1.28 9610, 0.
30,2 30,2 0.
42,8 6440, 0.
15000, 0, 0.
15000, 9610, -3353500,
JJ Y K
0. 0, 17100,
0. O, 17 100,
N

Sthress
Intems |ty

| 3900,
15200,
129040,
12900,
17500,
15400,
140C0,
214
2,20
910,
1240,
9620,
50,2
1 &L,
42,8
42,8
<2.8
42.8
42,8

17500,
3

15600,
18500,
535900,
2900,
24400,
U,

J,
Y010,
9620,

30, 2

0440,
15000,

35900,
K

17100,

V7100,
N
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Table 2-143

lomperature: -20.°F Full Heat

Frimary Membrane

Princlpal Stresses

Fi P2
-103, ~-1490,
-103. -1310,
-103, ~-1510,
-103, -1510,
1035, ~1510,
-105, 13510,
-103, ~1490,

-24,2 -24,2

-24,2 -24,2
wio, 5.26
1170, 42,0
9030, 42,0

0. 0,

0. 1230,

0, 0.

0. 0.

0. 0‘

0. 0.

0. 0,

9630, -1490,
X -

~42d, 4920,

~-428, 4920,

-428, 4920,

-4298, 4920,

-4.8, 4920,

0. 0.

0. 0.

9U 50, 9.

14,1 goo0,

J. [V

O, 6430,

l)UUU. 00

15000, 9600,
3 Y

U, (VR

0. 0,

~614,
-2320,
-3420,
-3690,
-12400,
-10300,
-173,

-045,
-8390,
-26500,
-22100,
-16200,

corprprpP

=-26500,

29800,

49800,

Stress
3) Intens |ty

Internal Pressure: J4, psig

Principal Stresses

P

6330,
48%0,
4040,
3850,
-103,

211,
6610,

-24,2
-24,2

w30,
1170,
9630,
332,
332,
471,
471,
a7,
471,
471,

9030,
B

6150,
2100,
-4,
-273,
181,
0.

0.
%30,

141

332,
an,

15000,

15000,

34

0.

F2 P35

Contalnment Boundary

-1490, =7050,
-1510, -7320.
-1310, -1510,
-1310, -1650,
-1310, -12400,
-1319, -16500,
-1490, -6950,
-24,2 0.
-24,2 0,
5.26 0,
42,0 9ol
‘2.0 0'
332, 0,
1560, 0.
129, U,
129, 0.
129, 0.
129, 0,
129, o,
1500, =12400,
[31%] E
Structure
4920, - =7230,

4920, =-109%00,
4920, -26500,
4920, -22200,
4520,  -leB00,

0, 0,
0, 9,
5.20 0.
Y000, 0.
332, 0.
6560, 0,
0. 0.
966U, =26 500,
¥ K
Bolts
0, 29800,
0. 29800,
N

Axial Accel:
Primary Meambrane and Primary Bending

Stress
intens |ty

15400,
12200,
116C0,
11500,
12300,
10800,
13600,

24,2
24,2

X350,
1130,
9650,
332,
1500,
an,
471,
471,
an,
.,

13600,
G

15400,
15800,
31400,
21200,
21100,
0.

u.
950,
9600,
552,
65060,
15000,

31300,
[ 3

290040,

29800,
N

= Summary ot Calculated Stresses durlag 40 lach Free Fall on Vaive

Transverse Accel:

Primary Membrane, Bending and Secondary

Principal Stresses

Pl P2 P3
040, -0, ~ M,
“”. —ﬂu. -t wo
4040, -937. AE
3850, -931, -1210,
-103, -9317, -12100,
211, -931, =-10200,
6690, -1050, 0950,
-3,01 ~-3.01 0.
-24,2 -24,2 0,
9030, 5. 20 0,
1170, 42,0 Yol
9630, 42,0 0.
332, 332, 0.
332, 1560, 0,
471, 129, 0.
47, 129, 0,
471, 129, 0,
471, 129, 0,
471, 129, 0,
9030, 1500, -12100,

X B E
o150, 5650, -6490,
2100, 5650, =10200,
-428, 5650, =25800,
-2173, 5650, =2 1500,
181, 5¢ )0, -16100,
0. 0, Q.
0. 0, 0,
W30, 5.20 0,
14, 9660, 0.
332, 332, 0,
471, 6560, 0.
15000, 0. 0.
15000, 9060, -25800,

JJ Y K
0. 0, 29800,
0. 0. 29800,

“N

24,5 g's

Stress
Intans |ty

i 2300,
o,
11200,
11100,
12000,
10400,
13700,
3.00
24,2
)30,
1130,
9630,
352,
1560,
an,
an,
a7,
an,
an,

SUOLILPUDY) JUBPLIDY |PIL33yl0dAK

1300,

O

12600,
15800,
31400,
21200,
21100,
O,

U,
D30,
9660,
352,
o500,
15000,

31300,
K

29410,

2g aunr 62

49800,
N



9v2-2

“« VD CREmRXel é‘s EE:EQEN)‘:<—1C,‘HM:PC>

MA X

Loc

1)

MAX
Loc

Tompur ature:

100, *F

Table 2-124

Full Heat

Primary Membrane

Principal Stresses

Pl

9090,
24,4

U,

U.

15000,

15000, -~
4

U,

U,

2

~355,
334,
334,

Stress
] Intens Ity

-124, 509,

’1260. 2°00.

-3360, 3700,

-3630, 39170,

-12400, 12700,

-10200, 10500,

-283, 200,

0. 93,06
0. 93.6

U. 9090,

3no, 3550,

0, 9670,

0. 0.

0. 1230,

0. u.

0. oo

0. 0.

0. 0.

0. 0.

-12400, 12700,
3 3

- ' }N. w’uo

-90060, 12800,

=27200, 30900,

-22800, 26500,

=16900, 20600,

0. 0-

0. u,

0, 90,

0. 9780,

0, o0,

0, &4 30,

0. 15000,

=271200, 50900,
K K

37800, 371800,

371800, 371800,
N N

~ Summary of Calculated Stresses durlng 40 lnch Free Fall on Valve

Internal Pressure:

Pi

8250,
4890,
4030,
3840,
-155,
169,
6530,
-93.0
~-93.6
9090,
1210,
9670,
1280,
1280,
1820,
1820,
182¢,
1820,
1820,

96170,
x

S840,
2060,
~-323,
-174,
258,
uo
0.
9090,
54.4
1280,
1820,
15000,

15000,
JJ

0.

85, psig

Principal Stresses
P2

P3

Contalnment Boundary
-355,

-7150,
’}‘. - 7500.
334, =1550,
334, -1630,
334, -12400,
334, -10500,

=355, -7030,
-93.6 Q.
‘9’.6 0-

20,3 0.
162, 35710,
162, 0.

1280, 0.

2510, 0.
500, 0.
500, O,
500, O,
500, 0.
500, 0.

2510, -12400,

U 3
Structure

3no, -1550,

3o, =11400,

3o, =21200,

3no, ~22900,

3710, =17500,

0. 0.
0, 0.
20,3 J.

9730, 0,

1280, 0,

0930, 0.

- 0.
9780, =27200,
\} K
Bolts

0. 31800,
0, 31800,
N

Axlal Accel:

Frimary Membrans and Primary Bending

Stress

Intens |ty

15400,
12200,
11600,
11500,
12700,
10900,
13600,
95.6
95.6
9090,
3550,
9170,
1280,
2510,
1820,
1820,
1820,
1820,
1820,

15600,
G

13400,
15200,
30900,
26600,
21200,
0.

0.
U,
9780,
1280,
6930,
15000,

50900,
K

371800,

51800,

.0g's

Transverse Accel:

Principal Stresses

Pl

1280,
15000,

15000,
4

0,

P2

b6,

1280,
€930,
0.

9760,
Y

U,

P3

37800,
“N

24,5 g's

Primary Membr ane, Bending amd Secondary

Jruess

Intess ity

14200,
11700,
11200,
1100,
12700,
10900,
14900,
1.0
9.6
YU,
5550,
90,
1280,
2510,
1820,
1420,
1820,
1820,
‘820,

1o,
G

2700,
15200,
30900,
2000,
21200,

SUOLILPUOY JUAPLODY [BI138430dAH
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1
~
X

=

MA X
Loc

Temper ature: =20, °F

Table 2-121

Frimary Membrane

Princlipal Stresses

d

85,17
85,7
85,17
85,17
85,17
85,17
5,17
2,20
2,20
a0,
1150,

0,

4217,
-1.48

u.

0.
6520,

oiL,
JJ

U,

u,

P2 )
1820, -1830,
1800, -2040,
1800, -2130,
1800, -2230,
1800, -8170,
1800, ~149%00,
1820, -840,

2,20 0.
2,20 O,
- 478 0.
-3,.82 -8,
-3,.82 0.
0. 0.
1230, 0,
0. 0.
0., 0.
0. 0.
0. 0.
0, 0.
1820,  -14900,
A F
-ollu, -4050,
-01170, -5080,
-6110, 17400,
-ol70, -31500,
-6110, -1300,
0. 0.
0, 0,
-.478 0.
%2, 0,
0. 0.
64 30, 0.
0. u.
o430,  ~31500,
FF L
0, 17700,
0. 17700,
N

NO Heat

= Summary ot Calculated Stresses during 40 lnch Free Fall on Cask Mid Length

Stress
intens| "

6320,

17100,

17100,
N

Internal Pressure:

=4, psig

Axial Accel:

Frimacy Membrane and Primary Bending

Principal Stresses

Pl P2 P3
Contalnment Boundary
94, 1820, -1940,
305, 1800, -2260,
352, 1800, -2460,
365, 1800, -2510,
835, 1800, -8920,
931, 1800, - 15800,
230, 1820, -1990,
2,20 2,20 0.
2,20 2,20 0.
427, -. 478 0.
1150, -3.82 -87,3

565, -3,82 0.
30,2 50.2 0.
30.2 1260, Jo
42,6 1.8 0.
42.8 .8 0,
42,8 1.8 0.
42,8 1.8 0.
42,8 1.8 0.
1150, 1820, =15800,

w A F

Structure

6Ul, -0170, -4110,
6817, -6170, -5230,
905, 6170, =17800,
953, -6110, -31900,
805, -6170, =150,
0, 0, 0,
0' 0. 0.
4217, -.4/8 0.
".25 502. 00
50,2 30,2 0,
42,8 6440, 0,
6320, 0. 0.
6320, 0440, -31900,

JJ FF L

Bolts

0, 0. 17100,
0, 0. 17700,

N

Strass

Intens ity

3760,
4000,
4200,
4510,
10700,
17600,
3810,
2,20
2,20
421,
1240,
568,
30,2
1260,
42,8
42.8
42,8
42,8
42,8

17000,

o110,
osol,
18700,
32900,
B30,

421,
%3,

30,2
6440,
6320,

52900,

17100,

1700,
N

0g'%

Transverse Accel:

24,5 g's

Primary Moembrane, Bending and Secondary

Prlnclpo!rstrcsses

Pl

187,
305,
352,
365,
835,
937,
228,
218
2,20
427,
1se
565,
30.2
30,2
42,8
42.8
42.8
42,8
42,8

1150,
"

601,
687,
905,
953,
eos,

21,
-1.28
30,2
42.8

6320,

6320,
43

0.

P2 P3
1840, =1920,
1800, -2260,
1800, -2400,
1800, -2510,
1800, -8R0,
1800, = 15800,
1810, =195%0,

274 0.
2,20 o,
~.478 0,
-3.82 -8,
-3.82 0.
30.2 0.
1260, U,
1.8 0.
1.8 0,
1.8 0.
1.8 0.
1.8 o,
1840, -15800,

A F
-6li0, 4110,
=610, -5250,
-61170, =171800,
-0l70, =510,
-6170, =1570,
0. 0.
0, 0,
-.478 0.
»2. u.
30, 2 0.
0440, 0.
0. 0.
6440,  -31900,

FF L
0, 17100,
0, 17100,

o

3

Stress
Intemity

Slou,
00,
400,
4310,
10 700,
17000,
3710,
L2114
2,20
421,
1240,
Y08,
30,2
1 260,
42,8
42,8
42,8
42,8
42.8

17000,
r

6llu,
6600,
18 700,
529000,
8370,
0,
U,
421,
%3,
30, 2
6440,
6520,

32900,
L

o,

oo,
N

.
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lomper ature: =20,

Table 2-128

Primary Membrane

Principal Stresses

Pl

-103,
-103,
~-103,
=103,
- 103,
-103,
-103.

24,2

-24,2
444,
1170,
589,
uo

0
0
0
U
0
0,

1170,
"

-428,
-428,

re

-1490,
-1510,
-1510,
-1310,
=150,
-1310,
-1490,
-24,2
-24,2
5.20
42,0
42,0
0.
1250,

P3

1210,
1070,
917,
880,
-5060,
=11800,
1200,
Ue

0.

o
.

90

cepopopper

-f

29800,

Full Heat

w

- Summary of Calculated Stresses durling 40 Inch Free Fall on Cask Mid Length

Stress

intens |ty

<100,
2380,
2230,
2190,
4960,
11700,
2690,
24,2
24,2
448,
1130,
580,

0.
1230,
0.
0.

Internal Pressure:

22, psig

Axlal Accel:

Frincipal Stresses

i

=253,
444,
=562,
=594,
1010,
954,
=302,
-24,7
-24,.¢2
448,
1370,
580,
332,
332,
a1,
47,
a7,
4n,
an,

1170,
w

=519,
=175,

9,

1,
Wwio,

448,

14,1
352,
4,
6320,

6520,
JJ

P2 P3
Contalnment Boundary
-14%0, 1300,
-1510, 1410,
-1510, 1360,
-1310, 1370,
-1310, -6170,
-1310, =12900,
-1490, 1400,

~-24,2 U,
‘2‘. 2 0.
5.26 0.
42,0 Yol,
42,0 0,
332, 0.
1560, 0.
129, 0.
129, 0.
129, 0.
129, Q.
129, 0,
1560, =12900,

uh F

Structure

4920, 2840,
4920, 2070,
4920, =-11200,
4320, -25200,
4920, =-1950,
0. 0.
0. 0.
5.20 0.
608, 0,
332, 0,
6560, 0,
0. 0.
6560, =25200,

FF L

Bolts

0. 29800,
0. 29800,

N

Primary Membrane and FPrimary Bending

Stress
Intens |ty

850,
2120,
o0,
2080,
7180,
1 3800,
2890,
24,2
24,2
448,
1130,
580,
332,
1500,
4an,
an,
471,
4an,
an,

| 3800,
F

2440,
5690,
16100,
30100,
6860,
0-

0.
448,
oy,
352,
6560,
6320,

Sutuo,
L

29800,

29800,

Transverse Accel:

Princlpal Stresses

(] P2 Ps
-183, =-1280. 1520,
443, -920, 1830,
=562, -937. 1750,
-594, -937, 1740,
1010, -951, =5800,
954, -937, =12500,
-288, -1050, 1350,
-5.01 -3.01 0,
~-24,2 -24,2 0,
448, 5. 20 0.
170, 42,0 96!,
580, 42,0 o,
332, 332, 0.
332, 1560, 0,
an, 129, 0.
an, 129, C.
a7, 129, 0.
an, 129, 0,
471, 129, 0.
1170, 1560, =125%00,

" B F
=519, 5650, 3580,
=715, 5650, 2800,
197, 5650, -10500,
1, 5050, =24500,
1010, 5650, =120,
0. 0. 0.
0, 0. U.
448, 5.20 0.
14,1 o0y, .
532, 332, 0,
an, €560, 0,
0320, 0. 0.
6320, 6560,  =24500,

3 FF L
0, 0. 29800,
0, 0. 29800,

"N

24,5 g's

Primar: Membrane, Bendlng and Secomdary

Stress
Intem ity

2800,
2150,
265,
oul,
6810,
13500,
2410,

.
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Temporature: 100, °F

fable 2-129

Primary Membrane

Principal Stresses

Pl

=155,
-155.
=159,
~155,
=155,
-155,
-155,
-95.6
-93.6
503,
1210,
620,

CerEPERF

1210,

-325,
=323,
-323,
-323,
-323,

U,

503,
54,4

U,

6320,

6ilu,
JJ

P2 P35
=335, 1100,
334, 1120,
334, 974,
334, 938,

334, =5010,
334, -11800,

-355, 1090,
-93.6 0.
-93,6 0.

20,3 0.
o2, sne,
Iz, 0.

0. 0.
12350, 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.

1230, -11800,

bt F

5no, 2080,

310, 1u40,

3710,  =11300,

3no, ~25400,

sno, -1230,

0, U.
0. 0.

20,3 0,

128, 0.
0. 0.
6450, 0,
0. 0,

ol ’oo ")‘w-

FF L

0, 37800,
u, 57800,
N

Full Heat

Internal Pressure:

Stress

lutens |ty

1400,
1280,
1130,
1090,
5340,
12100,
1440,
93.6
95.6
503,
3550,
620,

€5, psig

Principal Stresses

Fl

=310,
-477,
~589,
-619,
973,
310,
=361,
-93.6
-93.6
503,
1210,
620,
1280,
1280,
1820,
1820,
1820,
1820,
1820,

1820,
o

-442,
=194,
ne,

. 205,

766,
Y.

0.
203,

54,4

1280,
1820,
6320,

6320,
34

O,

P3
Contalnment Boundary
=355, 1200,
334, 1450,
354, 1410,
334, 1400,

334, -6130,
334, -12000,

=355, 1300,
-93.0 0.
-93.6 0.

20,3 0.
162, sno,
162, 0.

1280, 0.

2510, 0.
500, 0,
500, 0.
500, U,
500, 0.
500, 0.

2510, -12800,
ot F

Structure
3o, 2190,
3710, 1520,

3710,  ~11900,
3710,  =259%00,

3710, -2520,
0. 0.
0, 0,
20,53 0,
28, 0.
1280, 0,
6930, 0.
0, 0.
0950, =29900,
FF L
HBolts
0. 37800,
O, 31800,
N

Axial Accel:

Primary Membrane and Primary Bending

Stress

Intens ity

o100,
1920,
2000,
2020,
70,
13700,
lool,
93.6
93,6
203,
3950,
620,
1280,
2510,
1820,
1820,
1820,
1820,
1820,

15700,
r

4,240,
4500,
15600,
29600,
o0 30,
o,

0.
203,
s,
1280,
0930,
0520,

29000,
L

37600,

31so0,
N

.U g's

Iransverse Accel:

- Summary of Calculated Stresses during 40 luch Free Fall on Cask Mid Length

Principal Stresses

]

-40.4
-472,
-589,
-619,

973,

910,
-306,

=116

~-95.6

503,
1210,

620,
1280,

1820,
1820,
1820,
1820,
1820,

1820,

-442,

P2

P3

sisoo,
N

24.5 g's

. .

Frimary Membr ane, Bending and Secondary

Straas

intens ity

1420,
2440,
2340,
4300,
610,
13400,
03,
1.6
95.6
5038,
3550,
6.0,
1280,
2510,
1820,
1820,
1820,
180,
1820,

15400,
r

4820,
5180,
15600,
29600,
[ATRTVN
u,

0,
5035,
128,

| 280,
6930,
6320,

29000,
L

Sihwu,

3100,
N
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Table 2-131)
Temper ature: =-20,°F No Heat
Frimary Membrane

Stress
Intans |ty

Frincipal Stresses
Pl rZ #3

Internal Pressure:

-2, psig Axial Accel:
Primary Membrane and Primary Bendlng

Stress
lateas | ty

Principal Stresses
Pl P2 P3

Contalnment HBoundary

24,5 g's Transwverse Accel:

= Summary of Calculated Stresses Juring 4U lnch Free Fall on Closure Lig

0 g's

Primary Meambrane, Bending and Secondary

Stress
Inteas |ty

Principal Stresses
Pl a2 Ps

1510,
-194,
191,
24,4
v, |
86,1
1510,
2,20
2,20

440,
=-1990,
229,
516,
1100,
1760,
4470,
2,20
2,20
-.47
-3.82
-3.82

-

4430,
A

=2 300,
-46170,
-5110,
-5100,
-4u30,

0,

.

-.470

-5.82

-0 20,
-10200,
= 10000,
- 10000,

-7850,

-6410,

-6940,

0-
0'
=225,

-2410,

-2320,

0.
Q.
=590,

- 3990,

=399,

-35990,

-5990,

-10200,
]

=-15200,
-12800,
=9450,
-8350,
=-12100,
-1810,
-1810,
-2250,
=2520,
0,

-49,
-1310,

=15200,
H

41700,

41700,
N

1510,
-194,
191,
24,4
88, |
86,1
1510,
2700,
1280.
-320,
-1.28
-1.28
508,
508,
6760,
6700,
olou,
6750,
6760,

6760,

4470,
~1990,
229,
516,
1100,
1760,
4470,
2700,
1910,
-25,0
‘5970.

~3970,

ml

508,
6720,
61720,
6720,
6720,
6720,

6120,
o

-6920,
- '0200.
=10000,
=10000,

-7830,

-64 10,

6940,

0.
0.
=-2250,

-2410,

-2320,

uo
0-
=399,

-3990,

=399,

-3990,

=399,

-10200,
]

Structure

=2300,
-46170,
-5170,
-5760,
-4850,
9506,
2100,
-343,
-3910,
504,
06120,
858,

6120,
FF

=13200,
-12800,
=-9850,
-8350,
-12100,
-1810,
=-1810,
=2250,
-2320,
Oo

~44,
-1810,

=-15200,
H

Bolts

0.

U,

41700,

41700,
N

11400,
960,
10 300,
10500,
8930,
&'00,
11400,
2100,
1910,
2230,
59170,
3970,
’wo
508,
1000,
10700,
1600,
1o,
10 1o,

11400,
G

14000,
15500,
10500,
8950,
12800,
2110,
4510,
1210,
510,
508,
oglu,
210,

11000,
"

1100,

41700,
]

1500,
~194,
191,
24,4
88,1
86, |
1510,
2700,
1280,
-320,
-1,28
-'. p..
508,
508,
6760,
0160,
6760,
0160,
6760,

6700,
w

82,
667,
625,
573,
664,
515,
2100,
-2260,
-1.28

508,
6760,
3900,

6160,
FF

U,

0,

4480,
= 1990,
2D,
sle,
1100,
1760,
4460,
2700,
1910,
-25,0
3970,
~5910,
508,
508,
0720,
6720,
6720,
o 120,
6720,

6720,
cC

=2500,
-4670,

-6W0,
-10200,
-10000,
=10000,

-7430,

-6410,

-0,

400,
99 ilo,
10 300,
10500,
gudu,
dlou,
11400,
2100,
1910,
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Temporature: =20, °F

Table 2-152

Primary Mombr ane

Full Heat

Principal Stresses

i

1o,
A

-2,
=298,
-330,
~591,
=300,

0.
0,
145,

Pe

3

=3250,
-6040,
-5920,
-5890,
=310,
~2290,
-3280,
0.

0.
-2250,
4980,
~-2320,
0.

0.
-399%0,
~3990,
-399%0,
- 3990,
=599,

-oU40,
B

-50ou,
-2810,
-1570,
-5250,
-1810,
=-1810,
-2250,
-2320,

-49,
-1810,

~ollu,
H

Stress
Intens |

6440,
5510,
6240,
6500,
49500,
4140,
6460,

184,

184,
2400,

3990,

Internal Pressure:

= Summary of Calculated Stresses during 40 lach Free Fall on Ciosure Lig

lol, psig

Axial Accel:

Primary Membrane and Prilaary Bending

Principal Stresses

ty (]

i,
-528,
~143,
-310,
-ddo,
-248,
1170,
-2880,
-1460,
404,
o7,
107,
3000,
3000,
10300,
10300,
10300,
10300,
10300,

0300,
@

-92,2
-498,
-340,
=391,
-300,

315,
2100,
2400,

Wi,
3000,

0 10300,
3900,

10300,
FF

0.

0.

P2 P3
Contalnment Boundary
5150, -3250,
=-1900, -6040,
319, -5920,
605, -5890,
1190, -3700.
1850, =229,
5190, <3220,
-m 0-
-2090, U,
04,4 -2250,
4290, 4980,
02%. ‘1320.
3000, 9
3000, 0,
1690, -399%0,
1690, -3990,
70%. ',9”.
1090, - 3990,
1690, =399,
1690, -0040,
cCc %]
Structure
8790, =610,
0420, -5850,
5920, =28 W,
5340, -137%0,
6260, =5250,
956, -1810,
2700, -1a10,
383, -2250,
4290, -2320,
3000, 0,
TN, -49.0
858, -1810,
BN, -0l lu,
H "
Bolts
0, 60500,
0, 60500,
N

Stress
intens ity

0440,
5510,
6240,
6500,
4900,
4140,
o400,
2080,
2090,
2120.
4870,
6610,
3000,
3000,
14 300,
14300,
14 500,
14300,
14 500,

14500,

wL

15000,
12200,
8790,
o710,
11500,
2110,
4510,
4050,
6ol0,
3000,
10 300,
5710,

15000,
"

Um0,

60500,
N

24.5 o'

Transverse Accel:

0 g's

Primary Membrane, Bending and Secondary

Principal Stresses

Pl

1700,
=518,
=143,
-310,
~246,
-248,
1280,
-2720,
-1460,
404,
107,
107,

10300,
10300,
10300,
10300,
10300,

103500,
cC

-R.2

-340,
=391,
=300,

515,
2100,
2400,

i,

3000,
10300,
3900,

10300,
FE

r2

220,
-1400,
093,
979,
1560,
2220,
40890,
-2720,
2090,
“. ‘

4290,
4290,
3000,
3000,
7090,
1690,
7690,
Tow,
7690,

1690,

9520,
1150,
6650,
6070,
b9,

2700,
383,
4290,

7690,
858,

9520,

0.

o,

]

~4540,
=5320,
=-5540,
-5520,
-3340,
=1920,
=599,
00

0.
-2250,
4980,
-2520,
0.

uu
-3990,
-3990,
=399,
=399,
=399,

=599,
o

-5440,
-5100,
=2130,
=039,
-4520,
-1810,
-1310,
-2250,
=232,
00
-49.0

-i8l0,

-9440,
H

60500,

00500,
*N

Stress
Inteas ity

o8,
4000,
6240,
6500,
4900,
4140,
Wwilou,
2120,
2090,
2720,
4470,
oall,
3000,
3000,
14 500,
14500,
14300,
14500,
14500,

14500,
oe

150000,
12200,
ala,
o 1o,
1500,
2110,
4510,
4050,
oolu,
3000,
10300,
S0,

15000,
"

BOSD

LU,
N
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lTemper ature: 10U

Table 2-1%3

%

Primary Membrane

Principal Stresses

Pl

O,
200,
147,

P2

4520,
=259,
1960,
2250,
2830,
5490,
4520,
-253,
=255,
55.0
439,
439,

5210,
a7,
4130,

55.0

L]

=-3360,
-5980,
-5860,
-5840,
-3660,
~2230,
~-3390,
uo

0'
-2250,
1150,
-2520,
0,

0-
~3990,
-3990,
-399%0,
~-3990,
-3990,

1730,
w

-6850,
-6510,
-3540,
=2050,
=590,
~-1810,
-18l0,
-2250,
-2520,

-49.0
-1410,

-oi50,
H

68000,

Full Heat

Internal Pressure: 230, psig

Stress

Intens |ty

1o80,
5720,
1820,
8090,
6490,
5730,
mo,

253,

253,
2450,

68600,

Axlal Accel:

Principal Stresses

Pl

120,
=579,
~195,
-361.
=291,
~299,
1120,
-2950,
-1530,
518,
147,
147,
3950,
3950,
11600,
11500,
11600,
116060,
11600,

1lo04,

12,5
~193,
=255,
-286,
=190,

515,
2700,
2450,

i,
5950,

Hoovo,
3900,

11600,
FF

0.

0.

P3
Contalnment Boundary
4320, ~3300,
-259, -5980,
1960, -5860,
2250, -5840,
2830, -3660,
5490, -2230,
‘320. '}mo
-2950, 0,
=-2160, 0,
79.5 =225%0,
4410, 1730,
4410, -2320,
3950, O,
3950, 0.
8070, =599,
8O0, =399,
8070, =399,
8070, -3990,
8070, 399,
8o, 1750,
(P L]
Structure
1560, -6850,
5210, -6510,
4710, -53540,
4130, =2050,
2050, =590,
956, -1810,
2700, -1810,
598, -2250,
4410, -2320,
35950, 0.
8070, -49,0
858, -1810,
Bs070, -budu,
FF H
Holts
0, 68600,
0, ©83600,
N

Primary Membrane and Primary Beading

Stress
Inteas ity

Togo,
2120,
7820,
8090,
0450,
5730,
mao.
2950,
2160,
2110,
1580,
61730,
3950,
3950,
15600,
15600,
15600,
15600
15600,

19600,
oo

14400,
11700,
8200,
6180,
11000,
2110,
4510,
41710,
6130,
3950,
11700,
5110,

14400,
"

c8ou0,

o8oU0,
N

24,5 g's

=~ Summary of Calculated Stresses during 40 lnch Free Fall on Closure Lid

Transverss Accel:

.0 g's

Principal Stresses

Pl

1850,

=195,
-361,
=291,
-299,
1270,
-2730,
-1530,
518,
147,
i47,
3950,
3950,
11600,
11600,
11600,
1 1600,
11600,

11600,

12,5
-193,
=235,
-286,

515,
2700,
2450,

1417,

1 |000:
3900,

1Hievo,
FF

0.

P2

4900,

260,
2310,
2590,
3170,
3830,

-2730,
-2160,
79.
4410,
4410,
3350,
3950,
8070,
8070,
8070,
8070,
8070,

8070,
6250,
5880,
5380,
5720,
2100,
aalo.
3950,
8070,

858,

8250,
H

P53

=5300,
=5l60,
-5520,
5490,
-3310,
- 1890,
~7300,
0,

0.
=2250,
1150,
-2520,
o-

0.
=399,
-3990,
-399%,
-3990,
-39,

1750,
L

-6180,
-5840,
-28 10,
-1 380,
=5300,
~1810,
=-1819,
-2250,
‘2 5;’0.
U,
49,
-|6|0.

(=]

-6180,
H

Primary Moembiane, Bending and Secondary

Stress
Intens ity

82 lo,
2420,
Tw2o,
sow,
0490,
> 7130,
12100,
27150,
2160,
210,
7580,
o 130,
3950,
540,
15000,
15600,
15600,
15000,
15600,

boou,
(E X

13400,
oo,
800,
6 ls0,
11000,
2110,
4510,
4710,
6150,
5950,
11700,
2710,

14400,
H

bBLLO,

odolu,
N
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;?:;PEN!I‘—TC"!W‘CCC)

MA X

]

“«~VRCErXeX

MA X
lL.‘,

lTomporature: =20,

Frimary Membi ane

Table 2-143

Full Heat

Frinclipal Stresses

)

-81.3
-81,.3
-8l 3
-81,.3
-81,.3
-81.3
-81.3
0,
.
0.

P2

= 1800
- 1800
- 1800
- 1800,
- 1800,

;

i
'l ol o ol o o e

-3
cegeEpg

4920,
4920,
4320,
4920,
4920,

(=]
.

0,

cepr

.

4920,

q,

P3

1250,
1239,
1250,
1230,

e
coppepepeprplBE

Stress
Intens |ty

3020,
3020,
3020,
3020,

5350,
5350,
5550,
5350,
5350,

o
.

0.

O0.000

53550,

28800,

28800,

Internal Pressure:

O, psig

Axlal Accel:

Primary Membrane and Primary Bending

Principal Stresses
Pl P2 P3
Containment Boundary
-81,3 -1800, 1230,
-81,3 ~1800, 1230,
-81,3  -1800, 1250,
-81,3 ~1800, 1230,
-81,3 -1800, 1230,
-81.,3 -1800, 1230,
-81,3  ~1800, 1230,
0. 0. 0,
0, 0. 0.
0. Q. 0.
0. 0. 0.
0. 0. 0,
O, 0, U.
0, 0. 0,
0. 0. 0.
0, 0, 0,
0. 0. 0.
0. Q, 0,
0. 0. 0.
-81,5 ~i800, 1250,
A A A
Structure
-4.8, 4920, 2980,
-424, 4920, 2980,
-428, 4920, 2980,
-428, 4920, 2980,
-424, 4920, 2980,
0, 0. 0,
0. 0. 0,
0. 0. 0.
0. 0. 0.
O, O, g,
0, 0. 0.
0. 0. 0.
-428, 4920, 2980,
H H H
Bolts
0. 0. 28800,
0. 0, 28800,
N

Stress
intens |ty

3020,
3020,
3020,
5020,
3020,
3020,
3020,

co
CeTTES

cc:aco_cococ

.

g
» 5
-]

- Summary of Calculated Stresses during ~2U°F Amblent Conditions

.0 g's Transverse Accel:

<0 g's

Frimary Membe ane, Bending and Secomdary

Principal Stresses

Pl

-81.3
-81.3
-81,3
-81.3
-81.3
~-81.3
-81.3

coepprEere

FEPEs

P2

-1420,
~-1420,
~-1420,
-1420,
-1420,
1420,
-1420,

0.

perePPP

cooC
P

5650,

-4
epf

eeeep

2650,

O,

P35

1600,
1600,
louu,
L0,

£E

.

3
cocpg

PPPPPPPP!

28800,

Sthress
Infeoms ity

3020,

)

CCCCCCFCCCQC«

x
e -
s

gago
cpcpppe BEERE

e
*F

B0,

286800,
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MA X
Loc

;-(uzcz-—:b:

- N
- "

Loc

Temperature: 100, °F

Primary Membr ane

Table 2-144

Full Heat

Principal Stresses

Pl

0.

U
U,

0.

-09,.9

A

-325,
-323,
-323,
-323,
-325,

CCC.CCCC

=323,

0,

LI |
4
cF

P2

LI I )

QOCOOOFOCQGO

~1540,

A

sTio,
3110,
5710,
5110,
3T,

CcC
.

cee

0.

o
.

sno,

u.

r3

<

cCroeprpprrrep

:

2220,
2220,
2220,
2220,
2220,

OCC.COOD

220,

33900,

33900,

Stress
intens |ty

2390,
2390,
2590,
235%0,
2390,
2390,

¥

[=]
.

PPPFPP

[
o
£ seeee

Internal Pressure:

0, psig

Axlal Accel:

Primary Membrane and Primary Bending

Principal Stresses
Pl P2 PS5
Contalnment Boundary
-09.9  =1540, 847,
-69.9 =150, 847,
-69.9 =154, B47,
-69.9 =150, 847,
-69.9 ~1540, 847,
-69.9 ~1540, 841,
-69.9 ~1540, 847,
0. 0. 0.
0. 0. 0.
0, 0, 0.
0. 0. 0.
0. 0, 0.
0. 0. 0.
0, a, 0,
0. 0. 0,
0. 0, 0,
(VR 0. 0.
0. o. o.
0. o. o-
-09.9 ~1540, 847,
A A A
Structure
-325, 3no, 2220,
~323, 3no, 2220,
-323, 30, 2220,
-323, 3no, 2220,
-5323, 3no, 2220,
0. 0, O,
0. 0. .
9. Q. -
G, 0, u,
U, 0, 0,
0. 0, 0,
0. 0. 0.
=323, 31, 220,
H H "
Bolts
O, 0, 3390,
O, O, 35900,
N

Stress
Iintens |ty

2590,
2390,
2390,
2390,
2590,
2390,
2390,

[ - - Y-~
il Al

& ceoepee

LS
e

>

&
£

4030,

g
FE

4030,

4650,
H

350,

35900,

= Summary of Calculated Stresses during 100°F Ambient Conditions

0 g's Transverse Accel:

U g's

Primary Membs ane, Bending and Secomdary

Principal Stresses
Pl P2 3
~69.9 -1200, 1190,
-09.9 ~1200, 1190,
-09.9 =1200, 1190,
-69.9 ~=1200, 1190,
-©9.9 -1200, 1190,
-69.9 -1200, 1190,
-69.9 -1200, 1190,
0, 0. 0.
0, 0, 0,
0, 0. 0.
0. 0. 0.
0. 0. 0,
0, 0, 0,
0. 0, 0,
0. 0, 0.
0. 0. 0.
o, 0. ¢,
0, 0, 0,
0, 0, o,
-69.9 -1200, 1190,
A A A
~323, 4580, 2900,
-323, 4380, 2900,
-323, 430, 2999,
-323, 4380, 2900,
-323, 4380, 2900,
. 0, 0,
0, 0. 0,
0, 0, 0,
0. 0. 0.
0, 0, 0.
0. 0. a,
0, 0, 0,
~-323, 4360, <90,
H H "
0, U, 33wu,
0. 0, 35900,

Stress
Intens ity

2590,

CCCFGCC«C

4710,
"

S50,

35900,

sasf|euy |PJN3ONJ3S 03 S32Lpuaddy .
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Loc

MA x
Loc

Toaper ature:

Primary Membr ane

150, *F

lable 2-143

Principal Stresses

Pl

-65.8
-65.8
-65,.48
-65.8
-65.8
~65.8
65,8

CCCGCC.CCCCCC

Pe

-1450,
-1450,
-1450,
-1450,
- 1450,
-1450,

P

142,
142,
142,
142,
142,
42,

.GC«.OGC

-~
-
~N

.

.FPFggggg v

~N

.
cepee

34 700-

34700,

Full Heat

Stress
Intens ity

22

-

34700,
N

Internal Pressure: .

psiy Axlal Accel:

Princlpal Stresses
Pl P2 P3
Contalnment Boundary
-65.8 ~-1450, 142,
-65.8 ~-1450, 142,
-65.8 ~1450, 142,
-65.8 ~1450, 142,
-65.8 ~1450, 142,
.8 ~-1450, 142,
-65.8 -1450, 42,
0. 0. 0,
0. 0, Q.
0. 0. 0,
0. o. 0.
0. 0, 0.
0, 0, 0.
0. 0, 0,
0. OI 0.
0. 0. 0,
0, 0. 0,
Q. 0, 0,
0. 0, 0.
-65.8 =1450, 14z,
A A A
structure
'292. - M. IM-
+292, 3360, 2000,
-292, 3500, 2000,
-292, 3360, 2000,
-292, 3360, 2000,
0, 0. 0,
0. 0. 0.
0, 0. 0,
0. 0. 0,
0. 0. 0.
‘)I 0. 0.
0. 0. 0,
-292, 3360, 2000,
H H H
Bolts
0. . 34700,
0. 0. 34700,
N

Primary Mombrane and Primary Bending

Stress
Intens ity

. .

. .

coprEepre

o o o |

~N
LY

)8 f=B=N==

54704,

54100,

.0 g's

= Summary of Calculated Stresses duwing 130%F Amblent Conditions

Iransverse Accel:

Prlnclpalv Stresses

Pl

65,8
-65.8
-65.8
-65.8
-65.8
-©5.8
-65.8

PEPPPPPPPPPP

$
4

<
.

P2

=120,
-1120,
=120,
-1120,
-1120,
-1120,
-1120,
o.
0.
0'
o’
0.
0.

eeep

-
=8 pp
.

P

1080,

g coppLePOPS cg
. LI ) P. . . P. . . 9

¥
£8

2610,

4
FF

-
§ ppepere

34700,
3700,

0 g's
Primary Membs ane, Bending and Secomdary

tress
Intens |ty

coecCeo
c e es

(=B -B-E-E=% ¥
. .

4520,

sasf|Puy |BJN32NJIS 031 S3dLpuadgy .
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E?EN!I(—‘Ocﬁﬁcﬁﬂ>

P8R

;-VZC:"’&:
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-

Loc

MA &
Loc

Tompar ature: 100, °F

Full Heat

lable 2-i4s

Primar, Membsane

Principal Stresses

Pi

-24,4
-24.4
24,4
-24,4
~24,4
-24.4
-24,4

P2

cpopoLoPeLPF

P3

1635,
163,
lo3,
163,

OOGOOOFOOOOC

»0
-

Stress
Intans ity

103,
103,
705,
103,
103,
703,
s,

O,

(=X =]
‘'

eep

cepePp

»c
[

1050,
H

39500,

39500,

Internal Pressure:

- Summary of Calculated Stresses Jduring Flre Accldent

O, psig Axlal Accel:

Primary Membrane and Primary Hending

Princlipal Stresses Stress
P P2 P3 Intens oy
Containment Soundary

-24,4 ~540, 103, 105,
-24.4 =540, 163, 38,
~24.4 -540, 165, 103,
-24.4 ~540, 163, 103,
-24.4 ~540, 165, 103,
-24.4 =540, 103, 103,
~24.4 ~540, 163, 103,
v, g, 0. 0.
Q. 0. 0, 0.
0. 0, 0. 0.
0. 0. 0, 0.
U, 0, 0. 0,
0. 0. 0. 0.
ol 0. 0. u.
C. 0. 0. 0,
0. 0. 0. 0,
0. 0. 0. 0.
Q. 0. 0. O,
u‘ 0. 0. 0-
-24.4 -540, 108, s,

A A A A

Structure

-54.4 9lu, %L, WS,
-54.4 970, 564, 1050,
-54.4 970, 562, 0%,
~-54.4 970, 56, W50,
-84.4 90, 562, 19%0,
0, 0. 0, 5.
0, 0, 0, 0.
0, 0, Q, O,
0. 0. J, 0.
0, 0. 0, Jo
0. O, 0. U,
Q. C. 0. C.
-84.4 970, S0l, uSu,

1] H " "

Bolts

0. 0, 39500, 39500,
0. o, 39500, 39500,

N ]

U g's Transverse Accel:

0 g's

Primary Membrane, Beading amd Secondary

Principal Stresses

Pl

24,4
-24.4
-24.4
-24.4
-24.4
-24.4
~-24.4

cep

FEPPFPPEPS

]
<
¢ "% pcpeppppl
e

| =
.

P2

-241,
=241,
-241,
=241,

LU
NN
L
- ——
B R

prepperePPPP

U
~
>
-
.

ceceorsEEEEE

|

(=3
.

(=
.

P3

402,
462,
402,
462,

2

P -~ =
TR ppeppeeeerpell

1150,
1150,
1150,
1150,
1150,

[N

.

ol e

1150,

39500,

39500,
N

Stress
Intens iy

s,
s,
105,
ms,
s,
s,
as,

L

.

s & 92 0 0

C«CCCCG'C.CC-CGC

>
Nl

indy,

Syhou,

59500,

Sasfh|Puy |PJN3ONJIS 03 S@D|puaddy
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X Appendices to Structural Analyses

Hoop Bending Stress (Sg')

Sgl = ‘)Sll
Sg' = -7.618 psi

Hoop Stress (Sp)

At x = 0,0 in. from bottom of containmenc.

_ 2:%RMoe”"X(Cos x - Sin

)

Ax) for x =

= 0,275 psi

‘1 = -27.703 psi

S2 0, Sp = Max S
t
12
Max Sp = Sp = 2R 2 = 0,476
¢ R = 7,0 in
Mo = 1.1543 Jn=Ibf
Sp = 15.388 psi e
t = 0.50 in
Maximum Hoop Stress (Max Sp)
2
Max Sp = L previously calculated
t
Max Sp = S
Shear Stress (Sg)
At x = 0.0 in. from bottom of containment
S¢ = 2 Moe XSinix <= 0.0 in

t

S¢ = 0.0 by inspection

2-294fF

Sin (0)

0.0

25 June 82
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UNYIELDING SUP—FAC?

' Figure 2-38r Additional Center of Mass Height %cose
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. '' Appendices to Structural Analyses 25 June 82

. (Region 5) Ly = 4,80 inches

Prg = ay + 20.6bp + 5.00b3 + 140.9bg + 672.5 + A.27L

5 0.218a; + 4,49 + 1.09b3 + 30.8bg + 150.1 ¢

I8 (13)
E

P.g = ¢y + 20.6d + 5.00d3 + 140.9dg + 10280. + 59.6L

5\5 . 0.218a) + 0.875d> + 0,213d3 + 5.99dg + 442.9 (18)

E

Since the total axial shortening of the inner and outer shells are equal,

The concentrated end load is distributed to the inner and outer shells based
. on their cross-sectional areas:

103.1a; - 22.0cy = 0.00 (16)

The relative portions of the weight of the lead supported by the inner and
outer shells is a function of the surface area of each.

(Inner Shell) Ag = 44.4 in.2
(Upper Outer Shell) Ag = 78.5 in.2
(Lower OQuter Shell) Ag = 86.4 in.2

then,

2-303



Appendices to Structural Analyses 25 June 82

This relationship is satisfied when the following equations are used in con-
junction with those previously developed:

b3 - 0.137d3 = 0.00 (18)

Since the solution of these eighteen (18) simultaneous equations is a function
of the modulus of elasticity of the shells which varies with temperature,
solutions are obtained for the following three bounding case temperatures:

(1) T = -20°F E = 28.9 x 106 psi
(2) T = +170°F E = 27.8 x 100 psi
(3) T = +295°F £ = 27.1 x 106 psi

The loads caiculated are essentially identical for all three cases, and the
displacements are sligntly larger at T = +295°F, Since the allowable stress
liaits are more limiting at T = +295°F also, all stress calculations for the
unit load end drop cases are based on this temperature. The solution of the
eighteen simultaneous equations at T = +295°F is presented in Table 2-154,

Table 2-154
LOAD DISTRIBUTION SOLUTION FOR THE
FREE DROP BOTTOM END IMPACT

= 0.432 x 10 -5 in,
= 0,442 x 10 =5 in.
= 0.450 x 10 -4 in.

a; = 545 1bs.
c1 = 2,555 lbs.
by = 18.7 1bs.

11
a1
12

dp = 144.2 1bs. 550 = 0.359 x 10 -4 in.
b3 = 18.7 1bs. .. = 0,149 x 10 =4 in,
d3 = 144.2 1bs. 5;3 = 0.642 x 10 =5 in,
bg = 20.8 1bs. Spq = 0-110 x 10 -f in.
dq = 164.6 1bs. 5,4 = 0100 x 10 =2 in.

.. = 0,373 x 10 =4 in.

=
5,5 = 0.623 x 10 =% in.

2-304
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.

‘ Inner Shell (Reference 2.9, Page 239, Case 30) |
a = 14,375 in, b = 6,906 in. W= 4,630 1bs.
|
Sp = Sp = 14 psi (center of end casting) 1

Then the total stresses at Point P are:
Sp = Sp = 96.0 + 14.0 = 110 psi
A1l other stress components are = 0, psi

(Point Q) The analysis utilizes the same cases as were used for Point P,
except that the stresses are calculated at the edge of the plate.

Quter Shell
Sp = 150 psi

. (Edge of end casting)
Sh = 40 psi
Inner Shell

Sr = 20 psi (Edge of end casting)

At Point Q where r = 6.75 in.,
5 > - g}_ . o __(_.GLD.T.}TT_ 32000“ = 74,0 psi
Sp = -110 + {13 LTD) (6.75) = 21 psi
Sp = -110 ~%7$1 (6.75) = -39 psi

A1l other stress components are = 0. psi




. « ** Appendices to Structural Analyses 25 June 82

. (Point T) (Refarence Points P and Q calculations)
Point T is on the top face of the end casting.

Sp = 110 - (3.0) (%‘,’-}757-‘1) 52 psi

Sp = 110 - (3.0) (%) = 78 psi

A1l other stress components are = 0, psi
(Point V) (Reference Point S calculations)

Point V is 4.5 inches below the top face of the end casting on an 11.2%
inch radius.

(Interpolating axially)

At the center, Sp = Sp = (-110) (%-g)s -14 psi

‘ At the edge, Sr = (170) (333 )= 21 ps?

Sy o (40)(2.:-3) - 5 psi

(Interpolating radially)

Sp = <14 - (11.25) (%)s 13 psi

Sp = =14 - (11.25) (H) = 1 psi

§. = -92 psi (Reference Point S calculations)

A
All other stress components are = 0. psi

2-309
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(Point JJ) (Reference Point Q calculations)

Sp = -110 + (13.81) (l§%-§7§19) - 159 psi
Sp = -110 + (13.81) (l%%-§7§9) = 35 psi

SA = -74 psi

All other stress components are = 0. psi

(Point W) The upper end casting is analyzed as a circular plate with a
circular hole loaded by the weignt of the closure 1id, Reference 2.9,
Page 237, Case 76:

a = 15,0 in, a/b = 1.71 . 600 .
b = 8.75 in. : = 0,124 7(15.32-6.75~)
t = 7.5 in. W_[p = 600 1bs. = 1.29 'bs/4n,
Sp = 1.0 psi
600 :
S iy - '2.0 S\
A 7(12.752-8.,752) P

All other stress components are = 0. nsi
Point X) Sp = 1.0 psi [Reference Point W calculations)

SA - -200 DS"

All other stress components are = 0. psi

(Point Y) Sp = 1.0 psi (Reference Point W calculations)
SA = ’2.0 DS‘

All other stress components are = 0. psi

2-310
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(Point I) The closure lid is analyzed as a rigid central plug with a
2.0-inch tnick flange wnich has a 12.75-inch outer radius and an
3.75-inch inner radius (also the plug's outer radius). The effective
center of pressure on the flange is assumed to be at a radius of 10.75

1nches.
W ;p = 600 Ibs.
- 500 = 8.88-1bs/in.

(2)(~)(10.75)

M= (8.88)(10.75-8.75) = 17.8 in=-ib/in.

Sp = Sp = . 2.0 psi  (t = 7.5 inches in central plug region)
t

All other stress components are = 0, psi

(Point AA) Sp = Sp = -2.0 psi (Reference Point Z calculations)

All other stress .ompunents are = 0. psi

(Point BB) S, = Sp - 2.0 psi (Reference Point Z calculations)

All other stress components are = 0, psi

Sp = 2. .2 psi (t = 2.0 inches in flange region)

(Point CC) Sp
+2

~ 600 ~
SA = - = -2.0 psi

(+)(12.752-8.752)

Al1 other stress components are = 0, psi

2-311



