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1.0 OBJECTIVE

Perform a tie-down evaluation of the 8-120B cask (Reference 1) for the applied regulatory loading
of 10CFR71.45 (Reference 2).

2.0 INTRODUCTION

Each 8-120 cask is transported on a dedicated trailer using appropriate tie-down arrangement that
typically include a combination of flexible and rigid restraints. The cask is equipped with four tie-
down arms that are used for the tie-down of the 8-120B cask during transportation (Figure 1). The
transportation of the packages in the United States is controlled under the provisions of 49 CFR
393 (Reference 3). Loadings are specified by 49 CFR 393.102 for minimum performance criteria
for cargo securement devices and systems. However, 10 CFR 71.45(b) (1) requires that:

“If there is a system of tie-down devices that is a structural part of the package, the system must be
capable of withstanding, without generating stress in any material of the package in excess of its
yield strength, a static force applied to the center of gravity of the package having a vertical
component 2 times the weight of the package with its contents, a horizontal component along the
direction in which the vehicle travels of 10 times weight of the package with contents, and a
horizontal component in the transverse direction of 5 times the weight of the package with its
contents.”

Since the 10CFR71 loading on the tie-down system is much more severe than the 49CFR393
loading, it is used herein for the evaluation of the 8-120B cask for the transportation conditions.

The Evaluation of the 8-120B cask tie-down arm and outer shell is provided in this document to
show that they meet the applicable requirements of 10CFR71.45 for the 74,000 Ibs. gross weight
(W) of the cask.

3.0 REFERENCES

(1) EnergySolutions Drawing No. C-110-E-0007, Rev.14, “8-120B Shipping Cask.”
(2) Code of Federal Regulations, Title 49, Part 71.

3) Code of Federal Regulations 49 CFR 393, Federal Motor Carrier Safety Regulations.

4.0 MATERIAL PROPERTIES
Cask Tie-Down Arm
Specification: ASTM A-514 or A-517.

Listing the minimum strength values from A-514 and A517 materials.

Minimum Yield Strength, S, = 90,000 psi
Minimum Ultimate Strength, S, = 105,000 psi
Cask Outer Shell

Specification: ASTM A-516 Gr. 70
Minimum Yield Strength, S, = 38,000 psi
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Minimum Ultimate Strength, S, = 70,000 psi
5.0 ALLOWABLE STRESSES
Cask Tie-Down Arm

Allowable Normal Stress, =S

= 90,000 psi
Allowable Shear Stress, =0.6xS,

= 54,000 psi
Cask Outer Shell
Allowable Normal Stress, =Sy

= 38,000 psi
Allowable Shear Stress, = 0.6xS,

= 22,800 psi
Weld

Base material allowable stresses are conservatively used for the welds.

6.0 STRUCTURAL EVALUATION

6.1 Applied Loading

As states earlier, the tie down system for transporting the package is designed in accordance with
the loading conditions defined in 10 CFR 71, Paragraph 71.45(b)(1), and has to withstand the
following loads applied together at center of gravity of the package:

Longitudinal Load: 10W = 740,000 lbs. = 740 kips
Lateral Load: SW = 370,000 Ibs. =370 kips
Vertical Load: 2W = 148,000 Ibs. = 148 kips

6.2 Description of the Tie-Down Device

The package has been provided with two 1-1/2” thick steel plates (tie-down arms) which are
welded to the external shell of the cask body. The steel plates are used for tying the package
down. They project outward from the cask in four directions so as to allow specially designed
rigging components to be connected to the ends of the tie-down arms. Four shear blocks prevent
movement of the base of the package.

The geometric configuration of the tie-down system was selected such that:
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(1) The resultant tie-down arm tensile loads are tangent to the cask surface in order to minimize
the effects of out-of-plane stresses in the cask shell. (See Figure 2 for determination of the
tie-down geometry).

(2) The shear block loads are transferred to the cask surface via compression in the lower impact
limiter.

6.3 Tie-Down Forces

The analytical model for determining the loads required preventing rotation and translation of the
package due to the applied loads is shown in Figure 3. The shear block forces at the bottom of the
package are represented by the orthogonal components of a single force vector, S, making an angle

of @ with the global y-axis.

The six equations of equilibrium for the free body diagrams of Figure 3 yield the following for the
six unknowns:

PR 0

—>9 x T, + > xT, + 59 xT, =S xsin@ = 5(74) = 370
102.34 102.34 102.34

2F 0

72.3 x 1 72.3 X 2—£><E+S><cos@=10(74) = 740

102.34 102.34 102.34

SEoo- 0

42 xT + 42 xT, + 42 xT, =V =2(74) = 148

102.34 102.34 102.34

2M, T 0
42 x23.73 + 723 x79 [xT, + 42 x23.73 + 723 x79 |xT,
102.34 102.34 102.34 102.34
_[ 42 2373 4 72.3

= 46,250

X

102.34 ' 102.34

><79}<T3 +24xSxcosd =10x74x62.5

oM, S 0



Title 8-120B Cask Requlatory Tie-Down Evaluation
Calc. No. ST-635 Rev. 0 Sheet 4 of 15

42 x29.04 59 x79 | xT, + 59 x 79 — 42 x29.04 (xT,
102.34 102.34

102.34 102.34
> 42 : = 23,125
+ 10234><79—10234><29.O4 xT, =24 x 8 xsin@ =5x74 x62.5)
XM, S 0
2 240.5 2 240.5
{(59 1227233 ) X37_5}XT1 _{(59 1227232 ) ><37.5:|><T2
. _ ] O
2 240.5
+[(59 122723'2 ) x37.5}<T3

In matrix notation the equations appear as:

0577 0577 0577 -1 0 0] | T, 370
0.706 0706 -0.706 0 1 0 T, 740
0410 0410 0410 0 0 -1|x| Ts |= 148

65.550 65.550 -65.550 024 0 Ssind 46,250
-33.626 33.626 33.626-24 0 O Scos6 23,125
34.194 -34.194 34.194 0 0 O A% 0

Simultaneous solution of the six equations yields the following:

T, = 293 kips
T, = 653 kips
Ts = 360 kips
Ssin@ = 46 kips
Scos® = 326 kips
A% = 388 kips

6.4 Tie-Down Arm

The tie-down arm is detailed as shown in Figure 4. The maximum tie-down arm load of 653 kips =
653,000 Ibs. was determined in Section 6.3 above.

Stresses for the tie-down arm and its connection to the exterior cask shell are determined as
follows:
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Tension on Net Section at Hole

At = (6.5-2.875)x2.75 = 9.97 in’

o, = 653000 65,497 psi
O uiow = 0, = 90,000 psi
Therefore:
.5, = o 90000, 4
o 65,497

t

Contact Bearing at Lifting Hole

A =275%2.75="17.56 in*

brg

653,000
O =

=86,376 psi

O uiow =1.35x90,000 =121,500 psi (Reference4)

Therefore:

F.5. = Zaon 121500, )

o 86376

Arm Tension

4, =1.5x6.5=9.75in’

o, = 653,000 =60,974 psi
9.75

O uiow = 0, = 90,000 psi
Therefore:
F.5.= Tao 20000 5y
o 66,974
Edge Tear out

A =(3.25+0.75-0.5x2.875)x2.75% 2 = 14.09in>
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T= 633,000 _ 46,345 psi
14.09

T ow = 4,000 psi

Therefore:

g Taion _ 54000 _

= =1.17
T 46,345

Weld Stresses

Welds connecting each tie-down arm to the cask outside shell are evaluated in Section 6.5.

6.5 Cask Outer Shell

To evaluate the cask outer shell, conservatively assuming the maximum tensile load of 653,000
Ibs. is applied at each tie-down arm (symmetrical loading) and therefore a one-quarter finite
element model of the 8-120B cask can be utilized. The model of the outer shell and one tie-down
arm is made of all solid elements. The cask outside shell is made of 20-node solid element
(ANSYS SOLID186) and that of the tie-down arm is made of 10-node solid element (ANSY'S
SOLID187). Each tie-down arm is welded onto the cask outer shell with groove and fillet welds, as
shown in Reference 1. The groove welds are included in the FEM and the fillet welds are
conservatively ignored. Since the objective of the modeling is to obtain stresses at the tie-down
arm and the cask outer-shell interface, the doubler-plates near the tie-down arm holes have been
neglected. The stresses in the vicinity of the hole have been evaluated in Section 6.3.

The interface between the unwelded portion of the tie-down arm and the outer shell of the cask has
been modeled by pairs of 3-dimensional 8-node contact (CONTA 174) and 3-dimensional target
segments (TARGE 170) elements. The tie-down arm load is applied at the hole-surface as a
distributed load.

Figure 5 shows the finite element model of the outer shell and the tie-down arm. Figure 6 gives the
maximum principal stress (tensile) for the outer shell. The maximum principal stress (tensile) of
36,653 psi obtained from the analysis is less than the yield stress of the material (38,000 psi) and is
considered acceptable.

Figure 7 provide the maximum stress intensities in the entire finite element model. It shows that
under the applied loading of 653,000 Ibs, the maximum stresses are developed in the tie-down arm
near the hole and in the welds. These stresses are much higher than those in the cask outer shell.
Therefore, it is concluded that the failure of the tie-down arm under excessive loading will not
impair the cask from meeting other requirements of the regulations.
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The electronic data used for the above analyses are included in Appendix 1.
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1 1/2" THK PLATE (TYP.)

CASK TIE DOWN ARM (TYP.)

CASK VIEW
TOP IMPACT LIMITER REMOVED FOR CLARITY

CASK TIE DOWN ARM (TYP.)

CASK ELEVATION VIEW

Figure 1: Tie-Down Arms for the 8-120B Cask
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Figure 2: Tie-Down Arms Geometry
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Figure 3: Tie-Down Free body Diagram
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ELEVATION VIEW

Figure 4: Tie-Down Arm Details
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8-120B Cask Tiedown Lug with Groove Weld (Fillet weld has been neglected)

Figure 5: FEM of 8-120B Cask Outer Shell & Tie-Down Arm
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NODAL SOLUTICN oV gh:OIO
STl 13:25:33
St PLOT NO. 1
S1 (BVG)
T il
SMN =—
SMX =36653 ~1098
-5030
925.111
6880
12835
18789
2474
30699
36653

8-120B Cask Tiedown Lug with Groove Weld (Fillet weld has been neglected)

Figure 6: 8-120B Cask Outer Shell Maximum Principal Stress
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NCDAL SOLUTION AN
STEP=1 NOV 2? 2910
SUn -4 13:29:12
TIME=1 PLOT NO. 1
SINT (AVG)

DMK =.135241
SMN =11.812
SMX =269363 11.812
36181
72350
108519
144687
180856
217025
253194
289363.
8-120B Cask Tiedown Lug with Groove Weld (Fillet weld has been neglected)

Figure 7: 8-120B Cask Tie-Down Arm Maximum Stress Intensity

Note: The tie-down arm stresses shown in this figure include the local stresses at the point of
load application and at the weld termination. The tie-down arms have been analyzed in
details in Section 6.4.
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Appendix 1
Electronic Data and CD Directory

Volume in drive F is My Disc

Volume Serial Number is 3E4F-5D1E

Directory of F:\

11/15/2010 10:17 AM 112,001,024 file.db
11/15/2010 10:05 AM 284,033,024 file.rst
11/29/2010 01:25 PM 141,455 file01l3.png
11/29/2010 01:26 PM 139,681 fileOl4.png
11/29/2010 01:29 PM 120,807 file015.png
11/29/2010 01:29 pPM 11,269,113 model.out

6 File(s) 407,705,104 bytes

0 Dir(s) 0 bytes free
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