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Abstract - Presented is ;i mathematical model of the Ignalina NPI1 facilities
where the transported hermetic containers CASTOR RBMK will be located.
Analysis of the mathematical model provides resultant stresses caused by free
falling container wilh spent fuel. The results yield wall deflections and
maximum stresses in the reinforcing bars of the structure, which maintains the
integrity of these facilities of the Ignalina NPP. They indicate excessive
deflections of the walls and stresses in reinforcement in certain areas of the
facilities. The AI.GOR computer code is used for the calculation.
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1. Introduction

It is important to maintain safe work conditions of the Ignalina
NPP and the ecological balance of the environment while transporting
spent nuclear fuel. The problem of storage of the spent nuclear fuel is
solved by the use of hermetic containers, which provide stability to
mechanical and thermochemical effects. These containers are placed
in opened or closed platforms for storage, in underground
storehouses, etc. From ecological point of view for reliable long-term
storage of the spent fuel in modern containers it is considered that at
any time it should be possible to inspect the condition of the container
and the radiological conditions of the environment. The cartridges
with spent nuclear fuel are placed by special manipulators into the
containers. Ten they are transported to the spent nuclear fuel pools.
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From here the containers should be transported to the location of
long-term storage. The containers in question are the so-called
CASTOR RBMK containers, designed by Gesselschafl fur Nuclear
(GNB).

For the transportation of the container the following
information and work conditions are provided: the weight of the
container with spent nuclear fuel is more than 80 tons, it could be
lifted as high as 25 m and subsequently loaded to the pool with a
depth of 12 m. The present transportation process has pitfalls and is
insufficiently safe. During lifting of the container into the shipping
shaft and loading it into the pool 338/1, the elevating devices used for
transportation of the container could be destroyed. The pool could be
destroyed, because of an accidental fall of the container. The
container itself could also be damaged. Catastrophical consequences
could be expected because of subsequent distribution of the
radioactive substances to the environment.

The route for transportation of the container from the reactor
to the pool 338/1 for storage was established for safety reasons due to
an accidental fall of the container in mind. The possibility to use the
shock-absorber at the base for this purpose was calculated, if the
container would drop from an elevation of 25.20 m to an elevation of
13.00 m, or from an elevation of 25.20 m to a small-sized area with an
elevation of 17.00 m, or from an elevation of 19.70 m to a depth with
;»n elevation of 13.00 m.

For this purpose the theory of strength of materials, structural
mechanics, theory of plasticity, as well as the finite element method
[ 1 ] are used for the calculations.

For the evaluation of the ultimate loads of the walls and the
floor, some of the previous models were applied: estimation accord-
ing to allowable stresses, estimation according to ultimate conditions,
the finite element model of the compartments 174, 338/1 and more
detailed finite element model for the most stressed floor in the
compartments 338/1, 174, and 632.

2. The Finite Element Model of Rectilinear Compartments

The evaluation of the ultimate loads of the building was
conducted using finite element analysis ALGOR system. Because of
the complicated configuration of the premises, the components -
separate compartments - were simulated. Then these components
were combined into a composite model and groups of compartments
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orVM individual compartments were analyzed. Figure 1.1 presents the
composite of the finite element model of the compartments taken into
consideration.

Fig. 1.1 The general model of the compartments

The calculations were performed in several stages. In the first
stage the compartments 338/1, 174, 337/1, 337/2, 339/1, and 339/2
were simulated and the strength analysis of reinforced concrete model
for the determination of the most stressed locations were conducted.
After that, analysis of the more severely loaded doors and walls of the
listed compartments were conducted. Alongside with the finite
element calculations, a check of design on the basis of the accepted
technique [2,3,41 was made lor the allowable stresses and ultimate
loads.
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Analysis of the dynamic loads of impact of the container on the
floors and walls in compartments 174 and 338/1 was conducted by
using of plate finite elements. It is the plate sandwich element,
consisting of several layers of orthotropic materials. More details of
the reinforced concrete design simulations are described in [5],

The arrangement of reinforcement, calculation of reinforce-
ment layer thickness are presented in [5]. The load carrying ability of
thin steel liners in bending and stretching, while part of the walls, was
not taken into account. This comes about from the way of fastening
of thin steel liners according to the design documentation [1].

2. The Finite Element Analysis Utilizing Static Loads

The results of these investigations show the structural
deformation and stresses distributions from the expected loads. If
under action of the loads from impact, the reinforcements undergo
plastic deformation, the apparent cracking in concrete can extend to
the inside walls. But this does not mean that the pressure boundary
will be breached. The internal surface layer of structures the remains
intact, until the membrane loading begins, when the section is wholly
subjected to the action of tension. It can take place only after the
rupture of the reinforcement layers. For more precise evaluations of
strength of the heaviest loaded compartments, it is possible to use the
nonlinear deformation model. The stresses in reinforcements above
the yield limit can lead to local damages of the structure. The main
failure, considerably changing integrity of the walls, should be the
rupture of the reinforcing elements [5,6].

According to the calculated results, the heaviest loaded zones
are the floors, subjected shock loads in compartments 338/1
(elevation + 13.00 + 16.00), 174 ( elevation 0.00 ) and 632 (elevation
25.20). The stress values, arising in concrete and in reinforcements,
depend on the action of supplementary of loads, which are caused by
work of the shock-absorber during impact. The most favorable is the
case, when shock-absorber distributes the load to the ground
uniformly.

With the help of ALGOR's graphics system, the character of
structural deformations, as well as distribution of stresses in layers of
reinforced concrete wall structures is displayed. Figure 2.1 and fig. 2.2
represent the distribution of deformation and the stresses in the
loaded floor at elevation 0.00 m in compartment 174, respectively.
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Fig. 2.2 The distribution of maximum stress in the floor and walls of
compartment 174 at elevation 0.00 m under uniformly distributed pressure of

0.1 MPa: a - stress in layer 6 (reinforcement), b - stress in layer 7
(reinforcement), c - stress in layer 1 (concrete)

As it may be observed from the displayed results, the existing
design floor is unable to sustain the stresses imposed by the dropped
container. Hence, in order to deal with the situation, it is necessary to
provide measures for improving the strength of the existing floor.
This task could be achieved in different ways, such as, applying sup-
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port with beams, partitions, columns. In the present case the appli-
cation of basic columns was considered for strengthening the floor.
The results of the added strength decrease the bending deflections of
the floor and increases its strength. Thus, the redistribution of stress
in reinforcement occurs, and maximum stresses are reached in
reinforcement located in the direction along the X-axis. Because the
floor in compartment 174 (elevation 0.00 m) does not possess struc-
tural means for even distribution of loads, it is necessary to consider
concentrated loading here in the most adverse location. If it were
feasible to provide support directly under the location of impact of
the container, the bending moment and stress in the floor would be
greatly reduced. The obtained results accounting for distribution of
stress in the strengthened floor at elevation 0.00 m of compartment
174 appears to be satisfactory.

It is necessary to note that the obtained magnitudes of the
ultimate loads are based on application of modeling, which utilizes
the centerlines of plane elements. Hence, the sizes of the modeled
structures are larger by half the thickness of the supporting walls or
floors around the periphery. This feature provides conservatism of the
analysis, because maximum bending moments depend greatly on the
unsupported sizes of the walls.

3. Valuation of Dynamic Effect of Supplement of Loads

The practical analysis of loading shows, that dynamic loads
cause much more amplitude of motion than static loads. The dynamic
modulus of elasticity of concrete changes stress from zero to
maximum for small periods of time during dynamic loading. For rein-
forced concrete elements it is possible to assume it to be constant and
equal to the initial modulus of elasticity.

It is also important to keep in mind the massive character of
I he structures under consideration, the weight of which may be as
much as 40-50 tons. This too increases the inertial resistance of the
structures. On the basis mentioned, it is asserted, that the analysis
assuming static loading is conservative.

4. Concluding Remarks

The following conditions were used to analytically model rein-
forced concrete:

a) possibility of tensile stresses in concrete;
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b) possibility of tensile stresses in reinforcement:
c) possibility of compressive stresses in concrete.

Case (a) corresponds to the condition of concrete, when it has
no cracks, and which results from global stresses in tension. Cases (b)
and (c) admit the availability of closed cracks. In analysis of using case
(a) the arrangement of concrete on all the layer thickness of walls was
considered; in the analysis of cases (b) and (c), the part of concrete
was considered only under compression.

The obtained results of calculations are conservative for the-
following reasons:
• in deflection models the geometrical sizes of the structures are

affected by the location of the neutral surface. This means thai the
sizes of the analytical models increases by half of thickness of wall
or floor along each support boundary;

• in the analysis of tensile strength of reinforcement or tensile and
compressive strength of concrete, allowable stresses were used in-
stead of yield limits or ultimate strengths;

• for distribution of stresses in concrete across the thickness of wall,
the linear law was used, without consideration of bending
diagrams for deformation of concrete.
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