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Abstract. Facilities for storing radioactive waste with residual heat differ from other facilities in high 

safety standards in all operating conditions. A feature of these structures is the presence of biological 

protection in the form of walls and ceilings made of reinforced concrete with a large thickness. The 

combination of heat dissipation and the large thickness of walls and floors create conditions for the 

appearance of significant thermal stresses. This feature should be taken into account in the strength 

calculations of these buildings, taking into account the summation of seismic effects, gravitational forces 

and thermal stresses caused by uneven temperature fields in concrete. The paper presents the results of 

calculations of the combined effects of thermal stresses and earthquakes on a building. The data obtained 

made it possible to determine the features of the deformation of concrete structures with a combination of 

loads. 

1 Introduction  

A significant amount of nuclear fuel waste has already 

been accumulated. This explains the relevance of the 

study of storage and transport facilities for spent fuel 

elements. One of the ways to store waste is to create 

specialized facilities capable of storing them at a safe 

level. 

Radioactive waste storage buildings are designed for 

a combination of loads, including operational, 

emergency and earthquakes. Additional loads arising 

during earthquakes are taken into account in the design 

model in addition to the gravitational acceleration forces 

described by a three-component accelerogram. Among 

the features of the operating mode of spent nuclear fuel 

storage are significant heat release, which is removed to 

the environment by cooling systems. Of the existing heat 

removal systems, the air cooling system is considered 

safer, since cooling is carried out due to the free 

convection of atmospheric air with its removal into the 

environment. The lack of air as a heat carrier should be 

attributed to the low density and heat capacity of the air, 

which results in zones of local overheating of fuel 

elements and storage structures. [1-9] The influence of 

temperature fields on the strength of the structure in the 

system of standard combinations of loads should be 

taken into account [10]. The computational scheme of 

the model of a "dry" storage for spent fuel elements is 

shown in Fig. 1. 

 

Fig. 1. Calculation diagram of the model of the "dry" port 

storage of spent fuel elements. 

2 Methods and Materials  

The object has a complex geometric shape and consists 

of elements with different thermophysical and strength 

properties. Also, different boundary conditions must be 

used for different surfaces. In this regard, the method of 

numerical modeling was chosen for the study. To 

determine the deformations and stresses in the bearing 

elements, the problems of modeling free convective heat 
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transfer on surfaces and the problem of energy transfer 

by thermal conductivity in solids (concrete structures) 

are solved. 

Single-phase homogeneous cooling air fluid in dry 

storage is characterized by: 

1. temperature field ( ),ixT  – scalar field; 

2. field of speed
 

( ) kWjWiWxW zyxi


++=,   – vector 

field; 

3. pressure field
 
( ),ixP  – scalar field, 

Where: W – free convective speed, m / s; P – 

pressure, Pa; xi – orthogonal coordinate system, m;  – 

time, s.  

To calculate temperature, pressure and, in general, 

the three components of the velocity vector, it is 

necessary to solve five differential equations: 

- differential equation of energy transfer in a fluid - 

the Fourier-Kirchhoff equation; 

- three differential equations of momentum transfer 

in a fluid medium - Navier - Stokes equations; 

- differential equation of continuity [11-14]. 

Fourier-Kirchhoff differential equation 

In vector form, the equation of energy transfer in a 

fluid medium has the form [15-16]: 
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Where   /** Tc  – term on the right side 

of the energy equation, which reflects the nonstationarity 

of the heat transfer process; TWc *** – 

convective term of the energy equation - takes into 

account the transfer of heat due to the movement of the 

medium; ( ) Tgraddiv * – diffusion term of the 

equation - takes into account the transfer of heat by 

thermal conductivity; Ф* – term in the energy 

equation that takes into account the heating of the 

medium due to the dissipation of the kinetic energy of 

motion due to friction;  – dynamic viscosity index;  – 

dissipative function; WdivP *−   – a term in the 

equation that takes into account the change in the energy 

of the fluid during its compression or expansion. 

Taking the assumption that the physical properties of 

the medium are independent of temperature and that 

there are no internal sources of heat, the Fourier-

Kirchhoff equation takes the form [17-21]: 
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To solve the Fourier-Kirchhoff equation, it is 

necessary to first calculate the velocity field by solving 

the Navier-Stokes equations. 

The Navier Stokes equation for fluids with constant 

density in vector form has the form [10, 11]: 

 WPgWW
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
 (3) 

In this case, the continuity equation takes the form: 

 0=Wdiv


  

The uniqueness conditions necessary for solving the 

system of differential equations of convective heat 

transfer are defined in [22-27]. 

- To highlight the only solution, the unambiguous 

conditions were set: 

- the geometry of the computational domain and its 

dimensions, for which a three-dimensional 

computational dynamic model of the dry storage was 

used; 

- boundary conditions for calculating the velocity 

field: equality to zero of the air velocity on solid surfaces 

(adhesion condition) and atmospheric pressure at the 

inlet and outlet of the ventilation system; 

- boundary conditions for calculating heat transfer: 

boundary conditions of the second kind on the surface of 

canisters and boundary conditions of the third kind on 

the rest of the surfaces of contact of air with solid 

surfaces; 

- C. ambient temperature is assumed to be 20C 

3 Results  

The results of calculating the velocity field are shown in 

Fig. 2, temperature fields in Fig. 3. 

Shown in Fig. 2, the velocity field, we see that the air 

velocity around the cylinders is the same in all parts of 

the building. This result is obtained due to the low 

resistance of the distribution part of the air channel and 

the high resistance near the top of the storage area. The 

expected result should be equalization of the temperature 

field, but the result was not achieved. In fig. 3 shows the 

temperature field, where it can be seen that the cooling 

air has a high temperature in the upper part of the storage 

area. This is due to the influence of two factors: 1. The 

influence of gravitational forces. The heated air rises. 2. 

Air heated in the central part of the storage area moves 

horizontally and is additionally heated in contact with 

heated elements. 
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Fig. 2. Estimated speed (m / s) of the air flow in the cooling air 

ducts of the radioactive waste storage zone in the storage slots; 

1 - zone of "stagnation" of the air flow in the air ducts; 2 - zone 

of "stagnation" of air flow in the storage. 

 

Fig. 3. Calculated temperature field (C) and temperature load 

on the building structures of the radioactive waste storage. 

The calculated values of temperatures are shown in 

Figure 4. The calculated values of stresses, displacement 

and deformation of the slab due to thermal effects are 

shown in Fig. 5 - 8. 

 

Fig. 4. Calculated temperature field of the storage plate (in 

section), C. 

Heating a concrete slab from the bottom side and 

cooling it in the upper part leads to significant 

unevenness of the temperature field in the slab, as shown 

in Fig. 4. 

 

Fig. 5. Design stress in the storage slab due to thermal effects 

on the slab, Pa. 

The unevenness of the temperature field in the slab, 

combined with its significant thickness, leads to the 

appearance of thermal stresses (Fig. 5). A special feature 

of concrete is its ability to resist compression and low 

tensile strength. As a result of these features, the plate is 

deformed upward (Fig. 6). 

 

Fig. 6. Calculated deformations of the storage slab due to 

thermal effects on the slab, mm. 

The results of calculating the maximum deformations 

of the supporting structures are shown in Fig. 7. 

 

Fig. 7. Deformations of building structures as a result of 

seismic impact, m. 

The results obtained were used to study the combined 

effect of thermal stresses and stresses arising from an 

earthquake. The results of calculating the deformation of 

a building during an earthquake are shown in Fig. 7. 

Zones of maximum deformations during seismic impacts 

are not observed in places affected by the concentration 

of thermal stresses. 
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4 Discussion  

An analysis of the temperature fields, stresses and 

deformations of the slab shows that overheating of the 

lower part of the slab with a thickness of 1100 mm leads 

to significant thermal stresses, comparable in magnitude 

with the limiting ones for B40 concrete. As seen from 

Fig. 6, thermal stresses lead to noticeable deformations 

of the storage slab, up to 2 mm or more for every 10 m 

of the slab length. In addition, deformations of the 

bottom of the slab can lead to pinching of the plugs. 

A feature of the deformation of a reinforced concrete 

slab should be noted its deformation upward, towards the 

region of low temperatures. This is due to the 

peculiarities of the mechanical properties of concrete, 

which perceives high compressive loads and are almost 

10 times less in tension. 

5 Conclusion  

The computational analysis of the deformations of the 

nuclear waste storage slab determines the need for 

additional study of the temperature fields and thermal 

stresses arising in the load-bearing elements of the port 

terminal and their effect on the integrity and load-

bearing capacity of the building elements. The problem 

of the occurrence of thermal stresses implies the need to 

develop new structural solutions for buildings, to reduce 

operational loads to increase their reliability and safety. 
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