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PURPOSE

To perform non-linear transient analysis of the TranStor cask to demonstrate stability of the cask
for site-specific horizontal and vertical seismic acceleration time histories.
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1.0 PURPOSE

The purpose of this calculation is to evaluate the stability, determined by non-linear dynamic time-
history analysis, of the TranStor Cask for site-specific seismic time history input motions. Seismic
input was defined in Sierra Nuclear Corporation Purchase Order No. 97-019 (Reference 7.1) via
its reference to the acceleration time histories provided by Sierra Nuclear Corporation letter
PFS01-97-029, dated May 20, 1997 (Reference 7.2), with the horizontal time history increased
by a factor of 1.077 to account for the three-dimensionality of the seismic input in the two-
dimensional analysis. The non-linear characteristics of the interface berween the cask and the
ground required the application of a pon-linear time history analysis. Cask stability is
demonstrated for these time histories, with the 1.077 horizontal motion increase factor.
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20 CALCULATION METHODOLOGY

2.1 Time History Input

Figure 2.1 contains a plot of the input acceleration time history used as the basis for the horizontal
seismic input, including the 1.077 increase factor. Figure 2.2 contains 2 plot of the input
acceleration time history used as the basis for the vertical seismic input.

2.2 Displacement Time History Development

The non-linear time history analysis of the cask was performed using the ANSYS general purpose
effect of the cask’s deadweight) was apphied via an acceleration time history, which acted directly

application of a displacement time history at the cask’s base. The horizontal seismic displacement
time history was determined by double integranion of the “horizontal” acceleration time history (as
described in Section 2.1) using the ANSYS PREP 6 Preprocessor (Reference 7.3).

File C97019.1.1 contains the computer input and output fles associated with this phase of the
analysis.

2.3 Model Development

The ANSYS finite element model of the cask is depicted in Figure 2.3. The two-dimensional
model addressed the cask as rigid with its center of gravity located 114.5 inches above its base.

The cask structure was represented by an assembly of massless ANSYS BEAM4 3-D Elastic
Beam elements; one orientated vertically with 2 length of 114.5", representing the distance to the
center of gravity from the base, and two orientated horizontally each with 2 length of 65" to
represent the 130" bottom diameter of the cask. Each of the beam elements were assigned real

perties which assured that the cask was rigid, i.e. that the fundamental frequencies of the cask,
as modeled, were above 33 Hz (the minimum frequency at which the structure sees the input
motion as static). The BEAM4 element 1s an uniaxial element with tension, compression, torsion,

0

element code (Reference 7.3 and 7.4). Vertical seismic excitation of the cask (inciuding the

the cask’s tumped mass. Horizontal seismic input was most appropriately addressed via the
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and bending capabilities. The element has six degrees of freedom at each node: translations in the
nodal x, y and z directions and rotations about the nodal x, y and z axes.

The inertia of the cask was represented by an ANSY'S
114.5" above the base and assigned a mass of 737.58

expression I = 1712 m (3a® + L?), where m is the total
and L is the height of the
of freedom: translations in the nodal x, y
2 axes.

285,000 Ibs and a rotary inertia of 3,895,531 Ibf-in-sec?.

mass of the
cask. The MASS21 element is & point element
and z directions and rotations

MASS?21 Structural Mass element located
Ibf-sec¥in., corresponding to its weight of
The rotary inertia was derived from the
cask, a is the radius of the cask
having up to six degrees
about the nodal x, y and

The interface between the cask base and the ground

was represented via an ANSYS CONTACS2

initially closed and not sliding). In selecting

3-D Point-to-Point Contact element. Three such elements were defined, one at each end of the
horizontal beams representing the cask base and one at the center of the cask. For each of the
three elements, the GAP was initially assumed to be zero and START was

taken as 1.0 (gap
the normal stiffness for each element, KN, itis

important to note that unrezsonably high stiffness values should be avoided. The normal stiffness
for each element was set as 3 E7 Ibs/in order to assure sufficient rigadity of the cask in the verncal
direction. The CONTACS2 element represents two surfaces which may maintain or break physical
contact and may slide relative to each other. The element is capable of supporting only
compression in the direction normal to the surfaces and shear (Coulomb friction) in the tangential

direction. The element has three

degrees of freedom in the nodal X, y and z Girections.

Filé C97019.1.1 contains the computer input file associated with the model development state of
the analysis.
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3.0 ASSUMPTIONS
The following assumptions were made in the performance of the seismic cask tipover analysis:
° The cask was assumed to be 2 rigid cylinder.
° A horizontal seismic displacement time history was applied at the base of the cask;
which is consistent with the assumption that there was no potential for sliding

between the cask and the ground, an assumption which is conservative for the
assessment of tipover.
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4.0 ANALYSIS

The ANSYS Revision 5.1 (Reference 7.4) TRANS analysis type was utilized in the non-iinear
transient analysis of the cask for seismic tipover. The analysis invoked the inclusion of large
deformation effects. The full Newton-Raphson option was used to

in the full transient analysis.

The acceleration and displacement time histories defined in Section 2.1 and 2.2 established design
basis input motons. The acceleration and displacement time histories were defined at

swondimcrvals,whichwastheloadstepimervalutﬂizedinthetransicm is. For each load
step,[ Tsubsteps were specified, resulting in an integration time step of _:]seconds. A
convergence value was set at([ P for the out-of-balance load for any active degree of freedom.

Boundary conditions were imposed to transform the problem to a two-dimensional one. All
translations in the y-direction and all rotations about the x and z axes were set to 22r0. The
displacement time history was applied at the center of the cask base [ ]. The application
of the displacement time history at the cask base eliminates the need to address the extent of
sliding and the action of friction at the cask base, i.e. the cask is not free 10 slide.

File C97019.1.1 contains the computer input and output files associated with the transient analysis.

solve the non-linear equations

- e m e o = -
s = muy s e =
s T Eaw =
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5.0 RESULTS

Results of the analysis for a horizontal displacement time history corresponding to the acceleration
time history defined by Figure 2.1 and the vertical acceleration time history defined by Figure 2.2
are shown in Figures 5.1 through 5.3.

Figure 5.1 depicts the absolute borizontal displacements of the input node [ J and the
responding center of gravity node { ]} Themaxmum horizontal displacement of the input
node is 93.67 inches. The maximum horizontal displacement of the center of gravity node is
112.4 inches.

Figure 5.2 depicts the horizontal displacement of the responding center of gravity node relative
to the horizomal displacement of the input node. The maximum relative horizontal displacement
of the responding center of gravity node is 27.0 inches; a value that is well within the tipover
threshold of 56.5 inches.

Figure 5.3 depicts the rotation of the input node and confirms that the relative displacement of the
responding cemer of gravity node is due strictly to rigid body effects.

File C97019.1.1 contains the computer input and output files associated with the postprocessing
of the transient analysis results.
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