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ABSTRACT

The paper deals with the numerical simulation of the triple blast test performed at Paks NPP.
A detailed background analysis was carried out to complete the geological and geotechnical
properties and, consequently, special frequency dependent soil stiffnesses have been
evaluated. The structural model (3D) allowed a very refined result presentation in terms of
profiles of displacements and forces at different elevations, for direct comparison with the
experimental output.

1. INTRODUCTION

The IVO participation in IAEA benchmark was initiated in the research coordination
meeting in St. Petersburg June 1995. The research contract with IAEA was signed in the beginning
of 1996 and the funding for IVO participation was arranged by IVO R&D unit in March 1996. The
volume of work for the years 1996 and 1997 has been 3 man months. In these years IVO has
participated in blast test analyses for Paks and Kozloduy nuclear power plants. The Paks blast test
analysis was performed in 1996 and the Kozloduy analysis is still going on. The measured
responses of the Paks blast test were provided for IVO by ISMES in May 1997. The responses were
mostly in form of velocities. For free field both velocities and acceleration was available. For points
46 and 47 only accelerations were available. For the rest of the points only velocities were
available. The layout drawings of the Paks plant were provided for IVO by Paks plant and Dr.
Gurpinar provided the soil investigation reports. This paper reports the results of the plant structural
response based on the listed input data and analysis carried out by IVO.

2. BACKGROUND AND HISTORY FOR PAKS SEISMIC STUDIES

2.1 GEOLOGICAL ASSESSMENT OF THE PAKS NPP SITE

According to geological studies [1],[2], three main formation groups contribute to the
construction of the geological structure of the area: Pleistocene-Holocene surface sediments,
neogenic basin sediments and the Paleozoic- Mesozoic basin bottom. There are no direct data about
the basin bottom in the Paks area. Its depth amounts to about 1600 - 1700 meters from the surface
as obtained from geophysical investigations. Boreholes deepened around the site show the bottom
to be formed of Mesozoic formations to south and west, and of crystalline masses to east. The
longer part of the basin sediment on the basin bottom is formed of deposited volcanogenic layers of
Karpat - Ottnang age and of a thickness of more than 500 m. The Upper-Miocene is formed of
Badenian riolite tuff, suffit, sandstone conglomerate, clayey mari, "lajta" Limestone, Sarmatian
conglomerate, sandstone, aleurite, clay marie, Lower-Pannonian calcareous mari and clay mari.
The depth of Miocene sequence exceeds even 1100 meters in the Paks area. Deep boreholes at Paks
give an unambiguous evidence of presence of drift planes often intersecting Lower-Pannonian
layers. Depth of Pliocene (Upper-Pannonian) sediments amounts near to 600 m and they are
representing the closing section of basin sediment with their clayey, stone powder sequence
becoming more and more sandy upwards. Most of Paks environment is covered of Pleistocene-
Holocene surface sediments in a large variety of structures. Most frequent formations on the west
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side of the Danube are red clay mud and loess with a thickness often exceeding 60 meters. On the
south and west of Paks, similarly as in between the Danube and Tisza, sandy stone powder and drift
sand of aeolic origin are frequent formations and can be hardly distinguished from similar
Holocene analogues. At the west edge of Danube valley surface is formed of Pleistocene alluvial
pebble and sand layers, covered in the Danube valley with younger Pleistocene-Holocene alluvial
sand, argilous sand and clay. Depth of Pleistocene layers is about 30 meters in the surroundings of
the plant site.

3. ASSESSMENT OF THE PLANT SITE SEISMICITY

In 1978 Geophysical Research Institute of the Soviet Academy of Sciences assessed the
intensity of design basis earthquake to be 8 grade. However, the Hungarian officials adopted the
value of 5 grade and it served as a design basis. In 1985 the same Soviet researchers set the
characteristic intensity to 7 grade, but their model supposed the plant site to be a unique block
despite the fact that they identified hints to existing fault fines in the seismic profiles. In the period
1987 through 1989 Geophysical Institute of the Soviet Academy of Sciences insisted on pointing
out with comprehensive studies that no fault fines cross the plant site. This position was opposed by
the opinion of Hungarian experts stating that one of the main fault fines of the basin bottom, the
"Zagreb-Kapos-Szolnok lineament" goes practically beneath the plant site. Since that time the
evaluation of the seismic hazard to the plant site depends essentially on the assessment of the
influence of that structure. Seismological Department of the Geological and Geophysical Institute
of the Hungarian Academy of Sciences in 1990 set to 0.19 g the horizontal Peak acceleration value
caused by the SSE. Reviewing the existing data an English Company OVE ARUP declared in early
1992 the most probable intensity value of the SSE to be 8 grade with peak acceleration of 0.34 g.
Relying on the Paks-Kecskemet correlation, the Scientific Coordinating committee, when
determining different levels of seismic hazard took into account the possibility of Kecskemet-type
earthquakes in the Paks area. This is the prevailing opinion also currently. The relative position of
the Paks plant and the Kecskemet fault line are given in Figure 1:

Figure 1 The relative position of Paks plant and the Kecskemet fault

As can be judged from the previous paragraph the seismicity of Paks site has been
controversial. The controversy seems to continue even today.

4. GEOTECHNICAL CARACTERISTICS OF THE PLANT SITE

The naturel surface level of the site changes between 93 and 97.6 metres above the Baltic
Sea lever (BSL). Before the construction the site area was levelled to 97 metres (BLS) which is the
level of grade at plant. Beneath the surface between 0 and -4 metres there is fine sand (loose
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structure, mean density). Highest water table level is at -4 m. Between 4 and 24 m there is sand
changing from fine to moderately saturated with a few pebbles (of mean density and dense), from
24 to 30 metres from moderately saturated sand to saturated sand containing pebbles (of mean
density and dense). Beneath 30 metres there are Pannonian sediments. For the essentially loose
sediment of 30 m thickness covering the area, characteristic shear wave velocity is about 250 m/s.
Shear modulus for the strong deformations is about 120 MPa. The summary of the soil
investigations at Paks site can be given in the following Table 1:

Table 1 Summary table of the soil geotechnical characteristics at Paks site.

Layer id

1

2

3

4

5

Material

fine sand

medium sand

medium sand

gravelly sand

gravelly sand

Thickness

m

9.5

10.5

7

8.3

400

Density

kN/mJ

19.6

19.6

19.6

21.6

21.6

Shear
modulus
MPa

121

121

310

608

608

Shear wave
velocity
m/s

250

250

400

550

550

Poisson
ratio

0.25

0.45

0.45

0.45

0.45

The graph of the cross-hole investigations at Paks site is given in Figure 2:

•*AKS WPPCROSS—HUtC SCH.1-CMS
. _ CROSS—MOLE SCM3-SCHj
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Figure 2 The profiles of shear and longitudinal wave velocities and Poisson ratio

5. DESCRIPTION OF THE BLAST TEST

The blast test was carried out in December 1994. The site was subjected to the effects of
buried explosions. The aim of the tests was to induce an earthquake like excitation to plant
structures and components. During the blast tests the plant operated normally.

The experiments were performed by igniting TNT charges in deep boreholes. The distance
of the charges from the plant was 2442 meters from center of the base slab of unit one. The
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explosion consisted of three 100kg TNT charges detonated with the delay of 1.58 seconds. Each
single charge consisted of two 50kg charges detonated simultaneosly in two boreholes situated 7.5
meters apart from each other.

5.1 MEASUREMENTS OF THE RESPONSES

For the synchronous recording of the above-said free-field excitation data, together with the
related structural response signals during the earthquake-type excitation experiments, use was made
of an advanced multichannel data acquisition and analysis system, developed by ISMES and the
hardware of which was set up in a mobile laboratory parked beside the 1 st reactor unit building.
This computerized data acquisition and analysis system is capable of recording simultaneously up
to 52 signals at a 200 kHz sampling frequency, with real-time analog to digital conversion; it is a
sub-module of AIACE (The Advanced ISMES Acquisition, Analysis and Control Environment), a
hardware and software environment, that has been specifically developed for the performance of
static or dynamic experiments, while providing wide data analysis capabilities. In the case of time-
history data to be recorded, after the onset of the data acquisition process - which can be
automatically triggered according to a specified criterion - data from all the connected transducers
are fed to signal conditioners which, after on-line A/D conversion, drive directly into the computer
memory. At the end of the data acquisition process, the experimental data are thus ready for
graphical examinations through appropriate plotting functions, as well as for applying time or
frequency domain signal analysis procedures. Once the first instrumentation layout was installed,
the related shielded cablings connected and the data acquisition set up, a series of measurements
were made during plant normal operating conditions, for examining the ambient vibrations'
intensity levers and frequency contents. As significant noise levels were noted to be present at the
higher frequencies, it was decided to make use of analogie low-pass filters in the recordings to be
made, for eliminating the high frequency noise prior the digitization. Acquisitions were made with
20 Hz low-pass filters inserted in all measurements channels. These filters performed also the anti-
aliasing funtions. The sampling rate of 200 Hz was chosen for ensuring the satisfactory definition
of the blast induced time histories. The full description of the blast tests is in the reference [3]. The
positions of the measured responses at the base slab level are given in the Figure 3.

6. DESCRIPTION OF STRUCTURE AND THE USED FEM MODEL

Paks NPP is four unit WER-440/213 type plant. The reactor bulding complex consists of
four main parts: the reactor building, the condenser tower, the electrical gallery building and the
turbine building. The height of the building from the grade is 50 meters and the embedment of the
buildings is six and half meters. The plane dimensions the building are 72 meters in length and 52
meters in width. The thickness of the base slab is 1.7 meters. The condenser tower is based on the
same base slab as the reactor and its plane dimensions are 42x24 meters. The condenser tower is a
monolithic reinforced concrete structure. The reactor building consists of two separate parts. The
lower part below the main operational level (+18.9) is monolithic reinforced concrete structure and
the upper part so called reactor hall is the steel framed structure having the stiffness characteristics
significantly less than the reinforced concrete part. The electrical gallery and the turbine building
are also steel frame buildings. In modeling the steel frame was modeled with 3D beam elements
and the reinforced concrete with shell elements. The general view of the finite element model is
given in Figure 4.

7. SOIL STRUCTURE INTERACTION

For soil structure interaction the techniques developed by Lysmer and his coworkers in
University of California, Berkeley were used [4]. The assumption of massless infinitely rigid base
slab embedded to the foundation soil was adopted. Four foundation stiffness impedances and
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Figure 3 Instrumentation at base slab level

damping impedances were developed. The soil properties needed for input for SASSI program are
given in Table 2:

Table 2 Input soil properties for soil structure interaction analysis program SASSI

Shear Wave
Velocity
(m/s)

250
250
400
530

Density
(kN/m3)

1.96
1.96
1.96
2.16

Poisson's
Ratio

0.45
0.45
0.45
0.45

Damping
Ratio

0.02
0.02
0.02
0.02

Thickness
(m)

9.5
10.5
7.0
83.0

The resulting impedances can be plotted in X-Y plot as functions of frequency. Alltogether,
three impedances were developed. Two translational impedances for horizontal and vertical
directions, respectively. One rotational impedance around the longitudinal horizontal axis of the
base slab was developed and this impedance was used for rotations about both longitudinal and
transversal horizontal axes as well as for torsion. Also same horizontal impedance was used for
both longitudinal and transversal directions. Examples impedance stiffnesses and dampings are
given in the following figures.
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Figure 4 Finite element model of the reactor complex

8. THE ANALYSIS METHODOLOGY

The 3D structural model was analyzed in frequency domain. The number of modes
extracted was 530 and cut-off frequency was 25 Hz. In the response history run the responses of 13
selected points were evaluated. The input values for response history run were the three
components of the blast excitation which were transformed from time domain to the frequency
domain with the aid of Fourier transform. The analysis was carried out in frequency domain and
responses were transferred back to time domain with inverse Fourier transform. First the modal
extraction run for the finite element model was carried out with the aid of Nastran program. The
three lowest frequencies calculated assuming fixed base and using the mean values developed from
the frequency dependent stiffnesses are given in Table 3.

Table 3 Lowest eigenmodes of the structural model

Mode id

lmode

2mode

3 mode

Fixed based frequency Hz

2.06
2.56

2.76

Frequency when mean values
of impedances are used Hz
1.52
1.96

2.38
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9. RESULTS

One of the main aims of the analysis was to clarify the effect of soil-structure interaction
and that's why the excitation and responses are shown in the results in the same plots in order to
facilitate the comparisons.
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Figure 5 Examples of frequency dependent foundation stiffnesses
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In the following three figures the responses at main operational level at the top of reactor shaft are
depicted in longitudinal, transversal and vertical directions with the corresponding components of
excitation. These results were plotted first before the measured responses were delivere by ISMES.
The black line denoted as free field presents the blast excitation in North-South, East-West and
Vertical directions, respectively, and the overlaid gray line presents the response of the level
+18.90 of the rector building in the corresponding directions. The North-South direction
corresponds to global coordinate x in Figure 4. The location of points p35, p36 and p37 is on top of
the reactor shaft. In longitudinal (x) direction the motion is deamplified by a factor of 4 at
maximum (base slab level) and by a factor of 3 at minimum (main operational level). In transversal
(y) direction the motion is deamplified by a factor of 4 at maximum (base slab level) and by a
factor of 2.5 at minimum (main operational level). However, in the crane level the motion is
amplified and the peak acceleration in transversal direction is about 0.1 m/s2 compared to 0.0555
m/s2 of the free-field excitation. In vertical direction the deamplification of the motion is strongest.
The peak vertical acceleration response is at crane level and is about 0.05 m/s2 and the minimum
acceleration response in vertical direction at base slab level is about 0.02 m/s2. The peak
acceleration of the free-field excitatation in vertical direction is 0.1729 m/s2.

Figure 6 The longitudinal calculated response at main operational level

The measured responses were obtained by IVO in May 1997 and after that date some
comparisons to the measured values have been already performed for the acceleration time
histories. The comparisons have been made in acceleration for base slab, main operational level and
crane level for longitudinal, transversal and vertical directions. In the following acceleration time
histories the measured and calculated responses have been plotted for points P4 and P35 in
longitudinal direction; for points P5, P36 and P46 in vertical directions and for points P6, P37 and
P47 in vertical direction. In general, below the main operational level the maximums of measured
responses are less than the calculated. This is true especially for transversal response and in lesser
extent for longitudinal response. For vertical response the measured is greater than the calculated
for all elevations of the reactor building. As for the amplification of the base excitation it is
significant only in transversal direction and crane elevation. For vertical motion the response is less
than the free field base exitation for all elevations of the reactor building. For calculated vertical
response the maximum deamplification factor is 0.15 and for measured response 0.23, respectively.
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For longitudinal motion the response values are calculated and measured only in for elevations up
main operational level. For longitudinal motion the deamplification factor is always less than 0.5.
For transversal direction the deamplification is at its maximum 0.23 and the amplification is 2.16.
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Figure 7 The transversal reponse at main operational level
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Figure 8 The vertical reponse at main operational level
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Figure 9 Calculated and measured responses in point P4
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Figure 10 Calculated and measured responses for point P5
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Figure 11 Calculated and measured responses for point P6
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Figure 12 Calculated and measured responses for point P35
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Figure 13 Calculated and measured responses for point P36
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Figure 14 Calculated and measured responses for point P37
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Figure 15 Calculated and measured responses for point P46
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Figure 16 Calculated and measured responses for point P47
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Figure 17 The of the blast responses of Paks unit 1 reactor building
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10. CONCLUSION

The conclusions form Figures 8-16 can be summarized as set of curves where the calculated
and measured maximum acceleration responses are plotted in vertical section of the reactor
building. These curves represent the amplification and deamplification of the base acceleration in
various elevations of the reactor building. Because of soft soil foundation the deamplification is
strong at elevations in the stiff lower part of the building. In vertical direction there is no
amplification even in the steel framed upper part of the building. The amplification of the motion is
at its maximum twofold and the deamplification of the motion is at its maximum from four to
fivefold.
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