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Abstract 

During the last couple of decades, it was recognized that the soil on which a structure is con-
structed might interact dynamically with the structure during earthquakes, especially when 
the soil is relatively soft and the structure is stiff. This kind of dynamic soil-structure interac-
tion can sometimes modify significantly the stresses and deflections of the full structural sys-
tem from the values that can be developed if the structure were designed on a rigid 
foundation. Two important characteristics that distinguish the dynamic soil-structure interac-
tion system from other general dynamic structural systems are the unbounded nature and the 
nonlinearity of the soil medium. Generally, when establishing numerical dynamic soil-
structure interaction models, the following problems should be taken into account.  
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1 INTRODUCTION 

After the accident of nuclear power plant (NPP) in Fukushima the IAEA in Vienna adopted 
a large-scale project "Stress Tests of NPP", which defines new requirements for the verifica-
tion of the safety and reliability of NPP. Based on the recommendations of the ASCE standard 
and IAEA in Vienna [1- 3], the effective seismic resistance of objects is assessed in PGA sites 
up to 0.3g according to the "Seismic Margin Assessment" methodology (SMA) [1]. 

The required methodology was based on a reference earthquake (RLE) or a "Seismic Mar-
gin Earthquake" (SME) earthquake, which is an earthquake with seismological parameters of 
a given site and response spectrum at the free terrain level corresponding to 84.1% probability 
of non-elevation (median overs), including Peak Ground Acceleration (PGA) for a given ac-
ceptable annual occurrence probability (typically 10-4/year). The dynamic soil-structure inter-
action can sometimes modify significantly the stresses and deflections of the structural system.  

The building of the nuclear fuel storage VJP in the J. Bohunice is located near the NPP ar-
eal [4]. This building consists of a reinforced concrete and steel hall. The nuclear fuel storage 
capacities are located in seven modules by 7 meters (Fig.1). The dimensions of the object in 
the plan view are 58.8m.x.36m. The elevation of the building is designed asymmetrically 
from 14m to 30m. The building is based on a massive reinforced concrete slab with a thick-
ness of 1.5m. The base joint is located at a depth of -6.5 m. 

The design response spectra were prepared based on results of the PSHA (Probabilistic 
Seismic Hazard Analysis) study for the NPP J. Bohunice site developed by GFÚ SAV [4]. 
The value of the PGA for horizontal and vertical excitation for the annual occurrence proba-
bility (typically 10-4/year) is following 

- horizontal acceleration peak  PGAH.iRLE = 0.250g,  PGAH.RLE = 0.367g 
- vertical acceleration peak  PGAV.iRLE = 0.130g,  PGAV.RLE = 0.229g 
 

 
Figure 1: Ground floor basement of the nuclear fuel storage VJP SO841M_B-VT 
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The values of seismic motion (see Fig.2) for the nuclear fuel storage VJP are taken from 
the report of the Geophysical institute [4]. The horizontal and vertical response spectrum RLE 
are shown in the graphs. These spectra were used as inputs for generating a synthetic three-
component accelerograms. 

 
Figure 2: The spectrum compatible synthetic accelerogram.  

 
Figure 3: The response spectrum from the synthetic accelerograms in direction X, Y and Z for 5% damping 

2 GEOPHYSICAL SUBSOIL PROPERTIES OF THE LOCALITY 

For seismic analyzes, it was recommended to use the seismic assignment for the nuclear 
fuel storage VJP at J. Bohunice site according to data in the feasibility study.  

 
BV11 BV12 BV13 BV14 BVX 

Depth vs  Depth vs  Depth vs  Depth vs  Depth vs  
[m] [m/s] [t/m3] [m] [m/s] [t/m3] [m] [m/s] [t/m3] [m] [m/s] [t/m3] [m] [m/s] [t/m3] 
0.0 100 2.0 0.0 100 2.0 0.0 100 2.02 0.0 100 2.0 0.0 100 2.0 

10.2 230 2.0 8.3 210 2.0 4.8 190 1.98 5.5 200 2.0 6.9 210 2.0 
10.2 260 2.0 8.3 250 2.0 4.8 230 2.03 5.5 250 2.0 6.9 250 2.0 
18.0 410 2.1 17.4 380 2.1 16.6 370 2.11 17.1 370 2.1 18.5 420 2.1 
18.0 440 2.2 17.4 410 2.2 16.6 400 2.15 17.1 400 2.2 18.5 460 2.2 
25.2 460 2.2 25.3 470 2.2 24.0 470 2.20 24.5 470 2.2 24.9 480 2.2 
25.2 460 2.0 25.3 470 2.0 24.0 470 1.95 24.5 470 2.0 24.9 480 2.0 
28.8 500 2.1 28.5 500 2.1 30.1 510 2.05 29.4 510 2.1 28.7 500 2.1 
28.8 500 2.2 28.5 500 2.2 30.1 510 2.20 29.4 510 2.2 28.7 500 2.2 
40.7 650 2.3 40.8 650 2.3 39.6 650 2.25 39.9 650 2.3 41.8 650 2.3 
40.7 650 2.1 40.8 650 2.1 39.6 650 2.05 39.9 650 2.1 41.8 650 2.1 

100.0 860 2.2 100.0 860 2.2 100.0 860 2.20 100.0 860 2.2 100.0 860 2.2 

Table 1: Geological profile under the building of the nuclear fuel storage VJP SO841M_B-VT 
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This seismic assignment corresponds to the results of the original seismological surveys 
(see Tab.1) based on the recommendations of the standards IAEA 50-SG-S1 and NS-G-3.3. 

Dynamic soil characteristics were obtained with sufficient accuracy from the refractive and 
reflexive survey of a given site [3, 5, 6]. Depending on the propagation rates of the longitudi-
nal and transverse waves in the soil, we can determine its physical characteristics.  

The basic rigid parameter characterizing the earth body for dynamic calculations is the dy-
namic Gdyn (or Young's elastic modulus modulus) 

 Gdyn = vs
2,   2

dyn s dyn2 1E v    ,    2 2 2 2
dyn p s p s2 / 2v v v v v      (1) 

where  is the soil density, vs - the velocity of the shear waves propagation in the respective 
earth (layer), vp is the velocity of the longitudinal waves.  

 

3 STIFFNESS AND DAMPING SOIL PARAMETERS IN THE SUBSOIL 

Dynamic soil characteristics were obtained with sufficient accuracy from the refractive and 
reflexive survey of a given site [4]. Depending on the propagation rates of the longitudinal 
and transverse waves in the soil, we can determine its physical characteristics [3].  
 

 
 
      
 
 
 
 
 
       

 
Figure 4: Shear modulus dependence on the shear strain and proportional damping. 

In the case of earthquakes, there is a large movement of the soil, and because of plastic de-
formation, the value of the dynamic soil module also drops. According to the recommenda-
tions of international standards, this reduction will maximally reach 65% of the dynamic 
module measured for small seismic events. The process of the shear modulus and the damp-
ing can be seen in Fig. 4 depending on the shear strain [3]. 

4 SEISMIC HAZARD CONSIDERING SITE EFFECTS 

The methodology for analyzing the influence of the layered subsoil of type 3 (for vs < 300 
m/s) according to the requirements of the IAEA NS-G-3.6 was used to define the seismic load 
for the nuclear fuel storage. The seismic load RLE was defined assuming that seismic waves 
are transformed from the source to the site in a rock bed (for vs > 1100m/s). 

Local design acceleration spectra were calculated considering the SSI effects used the 
SHAKESI program in accordance with the recommendations of the standards IAEA [2] and 
U.S. NRC. 

Therefore, the methodology for calculating local design spectra is based on the following 
assumptions: 

 PGA values for RLE seismicity were determined for the free field assuming the rigidity 
of the bed of the corresponding to the rock subsoil (for vs > 1100m/s) 
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 The response spectrum acceleration for SL-2 [3] were defined based on a probabilistic 
analysis of the site effects, 

 Synthetic 3D accelerograms compatible with response spectra were generated in ac-
cordance with the requirements [3]. 

Based on these input data, the calculation of local design spectra, taking into account the 
real geological composition at the location of the VJP object, is carried out in the following 
steps: 

 Calculation of the synthetic accelerograms on the base at level -100m from the free 
level in accordance with IAEA [2] standards, 

 Calculation of the local synthetic accelerograms and the design response spectra at lev-
el of foundation (-6.5m) and at level of the pile foundations (-18.5m) from the excita-
tion synthetic accelerations using the program SHAKESI for original and modified 
geological conditions, 

 Calculation of the smoothed design spectra at foundation level (-6.5m) and pile level (-
18.5m) than the median values and the statistical envelope for 84.5% probability of 
failure is based on previous analyzes for characteristic excitation frequencies. 

For these analyses, the modified SHAKESI [3] program was used to determine a best esti-
mate of the transformation from free field to base level for the 1D model of the subsoil. 

The amplification factors of the program SHAKESI are presented in the fig.5.  
 

 
Figure 5: The amplification factors between the base and free field - SHAKESI 

 

Acceleration response spectrum [m/s2] 
Frequency Level "Base" Level "Free Field" 

[Hz] RLE Local (SSI) RLE Local (SSI) 
 Sah Sav Sah Sav Sah Sav Sah Sav 

0.5 0.050 0.015 0.059 0.067 0.050 0.030 0.084 0.050 
2 0.364 0.085 0.159 0.382 0.364 0.172 1.891 0.708 
5 0.837 0.199 0.293 0.264 0.837 0.422 1.402 0.863 
10 0.780 0.215 0.240 0.269 0.780 0.524 0.836 0.759 
33 0.367 0.103 0.136 0.167 0.367 0.229 0.581 0.394 

Table 2: Comparison of the global and local acceleration response spectrum  

The smoothing response spectra were calculated in program SHAKESI at defined frequen-
cies recommended by IAEA standards (Fig.6). 
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Figure 6: The smoothing horizontal and vertical response spectra at level -6.5m 

5 CONCLUSIONS  

This paper describes the soil-structure interaction effects in the case of the nuclear fuel 
storage VJP during earthquake excitation. The methodology of the calculation of the soil-
structure interaction effects was presented. The local design acceleration spectra were calcu-
lated considering the SSI effects used the SHAKESI program in accordance with the recom-
mendations of the standards IAEA. The considering the local effects in accordance with the 
subsoil properties is very significant. 
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