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SUMMARY

The modeling technique for the seismic analysis of the core support structure of a gas cool-
ed fast breeder reactor is developed.

The core support structure consists of the support cylinder and a perforated grid plate from
which 265 fuel and blanket elements are suspended as cantilevered beams. Due to limitations
of computer storage and considering the large number of core elements, well planned seismic
modeling technique is very important to obtain a realistic analysis. The analysis of the core sup-
port structure consists of three steps: (a) analysis of the grid plate, (b) analysis of the core el-
ements, and (c) modal synthesis.

The dynamic theory of the grid plate is developed by generalizing Reissner-Mindlin thick
plate theory with orthotropic constants and then modify the formulations of the rotary inertia
expressions to include the rotary inertia effects of the core elements.

In this general case the differential equation for this problem can be solved by numerical
techniques. However, applying the effective elastic constants of the perforated plate in the cus-
tomary fashion the solution can be determined analytically in terms of Bessel functions.

By applying the present technique, it is shown that the grid plate fundamental frequency
is in the range of the fundamental frequencies of the core elements so that a dynamic coupling
effect exists.

Due to this dynamic coupling effect the grid plate cannot be considered a “rigid plate” for
the purposes of seismic analysis of the gas cooled fast breeder reactor. Hence, a simple spring-
mass seismic model is inadequate and a more elaborate finite element seismic model applying
plate and shell elements is used instead.

The technique of modal synthesis is then applied to determine the effects of dynamic cou-
pling and to study the seismically induced motions of the core elements in a realistic manner.

*  Work supported by the U.S. Atomic Energy Commission under Contract AT(04-3)-167, Project Agreement 23.
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1. Introduction

A new modeling technique for the seismic analysis of the GCFR core support structure is
under development. In previous analyses a single-beam, lumped-mass model was used as a first
approximation. With the new technique one can determine what effect a large number of core
elements, hanging as cantilevered beams from a perforated grid plate, have on the grid plate
vibration. With this technique, the amplitudes and stresses of individual core elements can
be computed. This method also permits the study, in a realistic manner, of the relative mo-

tions between the individual core elements.

The core support structure consists of the support cylinder and a perforated grid plate
from which the 265 fuel’ and blanket elements are suspended as cantilevered beams. Because
of the limitations of computer storage and running time, some simplifying assumptions are
made to economlze on the problem and yet still obtain a realistic analysis. For this reason,

the analysis of the core support structure is divided into three steps:

1. Analysis of the grid plate,
2. Analysls of the core elements, and

3. Modal synthesis.

The major part of this paper addresses the dynamic behavior of the grid plate and its
influence on the seismic analysis. The analysis of the fuel and blanket elements and the
method of modal synthesis are also discussed. However, this latter method 1s still in the

development stage and only a brief description is given.
2. Theory and Analysis of Grid Plate

Dynamic coupling exists between the grid plate and the core elements (fuel and blanket)
if their vibrational frequency is in the same range. TIn this case the effect of the grid
plate must be included in the seismic analysis of the core. Since this condition exists in
the GCFR core, the computational method of the grid plate vibration is reviewed. To model
a thick perforated plate with 265 fuel and blanket elements, attached to the plate as canti-
levers, 1s a formldable and time-consuming task. For this reason, some simplifying assump-

tions are made.

The first assumption is that the fuel and blanket elements are attached to the grid plate
as "rigid rods." 1In this case, the Influence of the rigid rods can be represented by the

mass and rotary inertia of each rod.

This method is based on the theories of Relssner and Mindlin [1,2], which are modified
and supplemented according to GCFR needs. The isotropic thick plate theory of Reference [2],
modified with orthotropic constants, is used for the investigation. By including the effect
of rigid rods, with their masses and rotary inertias, in the analysis of the grid plate, the
problem is reduced to the vibration problem of an orthotropic thick plate. This solution
i1s valid for general homogeneous boundary conditions of the thick plate. For a further im-
provement in the physical model of the grid plate analysis, the perforated plate 1s connected
to an elastic ring at the periphery of the plate and the effect of this ring on the vibration
of the perforated plate is investigated. To the authors' knowledge, this type of application

of thick plate theory is new in the technical literature.
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2,1 Mathematical Formulation

The stress-strain relations of plate theory are expressed according to eq. (5.4.8) of

Reference [3], assuming symmetry with respect to a plane, as
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where ¢ = stress tensor,

C:i = anisotropic plate coefficient,

rs
€ = gtrain tensor.

The displacement relations are
u; = Zwi, uy = W (2)
where 1 = 1,2,

1

W = transverse displacement,

rotation components,

Z = normal coordinate of the plate.

The bending and twisting moments can be expressed as
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where 1, § =1, 2,
h = thickness of the plate.

The shear forces of the plate are defined as
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where 1 = 1,2.

The strain displacements relations, in terms of physical components, are
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where the indices in parentheses are not summed and 811 = 833 = 1, 89p = rz. The strain

displacement eqs. (5) and (6) are expressed in terms of rotation (wi) and transverse
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displacement (W), shown in eq. (2). The strain relations as expressed by eqs. (5) and (6),

with the substitution for the wi and W included, are then inserted into the stress-strain
relations of eq. (1). The next step is the substitution of the stress-strain relations, in
eq. (1), into eqs. (3) and (4), thus obtaining the moment and shear forces in terms of wi
and W. Finally, the differential equations for the thick anisotropic plate are derived by
substituting the modified eqs. (3) and (4) into the equilibrium eq. (2) of Reference [2].
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where Dij = orthotropic constants,
I.,I, = arbitrary rotary inertia in the radial and tangential directioms,
r*Te
0 effective plate thickness,
p = density of plate.
The solution 1s obtained similar to that of Mindlin [2]:
W oW, k.
1 2 3 9H
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W= Wl + WZ (12)
where kl,"', k6 are functions of the elastic constants and the unknown frequency. By sub-

stituting eqs. (10), (11), and (12) into eqs. (7), (8), and (9), the resulting equations can
be solved by some numerical techniques such as the finite-difference and predictor-corrector

methods.

Application of the equivalent solid-plate theory to the perforated plates reduces the

elastic constants to an effective modulus of elasticity and Polsson's ratio.
A similar mathematical treatment can be used for the isotropic case solved by Mindlin [2],

and the resulting differential equations are reduced to
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E = effective modulus of elasticity,
G = effective modulus of shear,
VU = effective Poisson's ratio.
The solution of eqs. (13), (14), and (15) are obtained as
W= Wl + WZ = A Jm(er) + B Jm (er) (19)
H=_¢C Jm(93r)

and depend on the arguments of the coefficients Ql’ QZ’ and 93.
Any homogeneous boundary conditions can now be applied at the edge of the plate.

The concept of a grid plate, which 1s a perforated plate with an attached ring, is 1llus-
trated in Figure 1. The ring is simply supported and the following boundary conditions are

considered for the combined system; superscript (r) designates the ring.
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With substitution of eqs. (17) and (19) into boundary condition (20), the unknown constants

and the frequency p can be determined.

In reviewing and verifying the different effects of the present theory, an interesting
point is that the elimination of the transverse shear effect reduces the differential egs.(7),
(8), and (9) to the following simple expression:

@+ xi) - A%) W=0 (21)
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Eliminating the rotary inertia I = 0 reduces eq. (21) to the well-known equation of a vibrat—
ing plate (eq. 94.1, Reference [5]).

2.2. Numerical Examples

For the numerical determination of the grid-plate frequencies, the following constants

are considered:

- - _ A P
a = 53,5 in. h = 24 1in. pplate = 4.8%10 1lb-sec”/in.
b = 60 in. I = 432 1b-sec?/in. Ppre = 3:7x1072 1b-sec?/1n.t
- 5 o ~ N JO
E = 5.08x10" psi V= 0.762 pring = 7.5x10 1lb-sec”/in.
= 2.54x10" psti = 0.3

Ering vriﬂg

The different effects on the plate vibration were reviewed, and the computed frequencies
are shown in Figure 2. TFor Case 1, the plate 1s considered fixed at radius a, without the

ring. The frequency was computed using the customary formula for a thin plate [4],

For the following cases, the computation of the vibrating mass includes both the mass
of the plate and the mass of the core. For Case 2, the effect of rotary inertia and for
Case 3, the terms of transverse shear were added to the computation. Finally, for Case 4,

the simply supported ring was added to the perforated plate.
2.3. Conclusions

It 1s evident from Figure 2 that the rotary inertia and transverse shear have very sig-
nificant effects when computing the natural frequency of the grid plate. Consequently, these

effects will also be included in the seismic response of the GCFR core support structure.

3. Analysis of Core Elements

There are three types of GCFR core elements: fuel elements, control-rod fuel elements,
and radial blanket elements. Fuel elements contain 270 fuel rods and one thermocouple rod,
each 7.16 mm (0.282 in.) in diameter. Blanket elements contain 126 blanket rods and one
thermocouple rod, each 12.8 mm (0.504 in.) in diameter. The rods in the elements are canti-
levered from their top end and\hng\arranged in a hexagonal lattice pattern. The rods are
supported at nine axial locations by spacer grids. The spacer grids are designed to maintain
the lattice structure but still allow axial movement to accommodate differential motion be—

tween the rods and the element duct. The rods are not otherwise restrained.

The overall length of a fuel element is about 11.5 ft and its gross weight 1is about
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620 1b. A blanket element is similar to a fuel element, but its gross weight 1s higher—

about 910 1b.

There are 265 elements 1n the reactor core. The elements are secured by locking the top
cylindrical portion of each element into a corresponding hole in the supporting grid plate.
This arrangement forms a very secure joint. A schematic of the locking mechanism is presented

in Figure 3.

Two representations of a grid plate to core element joint are considered. In the first,
the element is clamped to the lower edge of the plate (see Figure 4). This 1s valid for
moderate excitations. For larger excitations, the mating surfaces at the lower edge of the
grid plate may separate. In this case a plnned-pinned representation 1s consldered (see

Figure 5).

To analyze these two cases, a finite-element model of the core element was developed
for use with the SAP IV computer program. The model consisted of 30 beam elements and 32
modal points. Seventeen beams were used to model the rod bundle; the remaining thirteen
beams were used for the element duct. It was assumed that the spacer grids acted as rigid
links between the element duct and the rod bundle. It was further assumed that the spacer

grids act as simple supports for the rod bundle.

Because of large temperature variatlons from one end of the element to the other, a sig-
nificant change of elastic properties occurs along the length. This effect was accounted

for in the modeling.

With this model, modal extractions were performed for the two cases described above.
The calculated fundamental frequency of fuel element bending was 11.2 Hz for the clamped-end
condition and 9.3 Hz for the pinned-end condition. The corresponding frequencies for the

blanket elements were 9.4 Hz and 7.7 Hz, respectively.
4, Modal Synthesis

Because the frequencies of the core elements are in the same range as the grid plate,
the coupling effect between the two systems must be determined. There are several methods

to determine this effect, one is by Hurty [6] and another by Gladwell [7].

A third method is the use of effective modal rotary inertias in the analysis of the
grid plate. With this method the results of the previous two analyses can be superimposed

in a more direct manner.

All these effects influencing the seismic analysis will be implemented in future work
using the SAP IV code.

5. Conclusions

For the selsmic analysis of the GCFR core support system, the rigid grid plate and single
core element model will be replaced by a model using an elastic plate with multiple core
elements. The new method will lead to natural frequenciles that are lower than the frequencies
calculated with the simplified model. However, it 1s expected that the new method of analysis
will show increased damping and will produce lower amplitudes and stresses in the core com-
ponents. The reason for this optimism comes from the fact that with a more realistic model,

the conservative assumptions made with a simple model can greatly be reduced.
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