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1. INTRODUCTION

The mechanical and the electrical equipment in a nuclear power plant should
be capable of withstanding a pre-established seismic environment. This
process is known as seismic qualification. Regulatory agencies usually
specify the general procedures to follow in seismic qualification.

According to the existing practice, a regulatory agency might stipulate
seismic-excitation capability requirements for the equipment used in the
plant, or the regulatory agency might specify the qualification requirements
for various categories of equipment. The customer is directly responsible to
the regulatory agency for adherence to the stipulations. Therefore, the
customer or manufacturer hires the services of a test laboratory which is
the contractor for seismic qualification of the equipment in the plan.

A basic step in any qualification program is the preparation of a
qualification procedure. Information flow in a typical qualification program
is shown in Figure 1.

According to IAEA (International Atomic Energy Agency) specifications
(guides), the following types of testing can be applied:

(1) Type-approval test (fragility test);
(2) Acceptance test (proof test);
(3) Low impedance test (dynamic characteristic test);
(4) Code verification test.

The seismic qualification test is required when failure modes cannot be
identified or defined by analysis or earthquake experience. Direct
qualification by testing employ type-approval and acceptance tests. Low
impedance (dynamic characteristic) tests are normally used to identify
similarity or verify or help to develop analytical models. Methods of
testing depend on required input, weight, size, configuration and operating
characteristics of the item, plus characteristics of the available test
facility. Type-approval and qualification acceptance tests include the
following:
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(1) Shaking table, with one, two or three degrees of freedom;
(2) Hydraulic actuator;
(3) Electric actuator;
(4) Mechanical actuator (unbalanced mass type);
(5) i mpac t hammer;
(6) Blast.

Low impedance and code-verification tests typically use methods (4), (5)
and (6) as listed above. In addition, they may also include self excitation
or ambient vibration excitations.

The concept of the testing procedure is based on subjecting of the item
in conservatively derived test conditions in order to produce effects at
least as severe as those of the design basis seismic event concurrent with
other applicable operating or design conditions.

The functional and integrity testing of complex items, such as control
panels containing many different devices, may be performed on individual
devices with seismic test input scaled to consider the location and the
attachment of the device within the item or on the item or prototype of the
item itself.

The type-approval (fregility) test is typically used for standard
electrical components and some mechanical components. In this case, design
margins to failure, damage or non-linear response and identification of the
lower bound failure mode can be obtained. Such testing is typically carried
out by means of a shaking table. The fragility test is useful to find
unexpected failure modes or potential malfunctions, because the conditions
of testing can cover a wider spectrum of loading than those required as a
design basis.

The acceptance (proof) test is also used for electrical and mechanical
components to demonstrate seismic adequacy. They are usually performed or
ordered by manufacturers to demonstrate compliance with procurement
specifications and do not give data relative to seismic design margins or
failure modes. Such testing is typically carried out by means of a shaking
table.

Low impedance (dynamic characteristics) tests are usually made on items
in situ. Items are typically tested by:

(1) Mechanical shakers;
(2) Impact;
(3) Blast.

and other low energy exciters as well as ambient excitation. These tests
cannot be used to seismically qualify the item directly but can be used to
define dynamic including support characteristics which can then be used in
analysis or other tests to qualify the item.

The code verification test is important to achieve reliable analytical
work. Computer codes should be verified before their application by using
adequate testing results or results obtained from other appropriate computer
codes or analytical procedures.
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Seismic tests may be performed on the item itself or on a full-scale
model or, where appropriate, on reduced-scale models. However, for
qualification purposes, it is strongly recommended that the component itself
or a full-scale model without any simplification be tested; if there is no
other practical alternative, the careful use of a reduced-scale model may
be permitted for qualification purposes. Such tests include:

(1) Functional tests intended to ensure the required safety function of the
component or no transient malfunctioning during and after an
ear t hquake, and,

(2) Integrity tests aimed at proving the mechanical strength of the
component.

When reduced scale testing is performed, similarity requirements
associated with indirect methods of seismic qualification must be
considered.

Since 1980, at the Dynamic Testing Laboratory of the Institute of
Earthquake Engineering and Engineering Seismology, as well as on the site,
many experimental investigations have been performed for the needs of
seismic qualification of equipment, structural components or structures as a
whole. Many tests on high voltage breakers, transformers and distributors,
controlling and low-pressure devices, electromechanical transmitters,
control valves, control panels, electromotors, devices for signal
transmission and processing, etc. All these tests were performed for
different customers and different regulations. Therefore, the Institute has
experience with many guides specified by USA (NU-REG, IEEE, ANSI),
International Atomic Energy Agency (IAEA), International Electrotechnical
Commissions (IEC), SEV (OTT-82, TT87) and other commissions, agencies or
prescribed by special tenders. In the Dynamic Testing Laboratory of the
Institute, a variety of dynamic excitations can be simulated, real or time
scaled earthquake records, synthetic (artificial) earthquakes created from
the design spectra, response spectra or testing spectra, "sinus beat",
"sinus sweep", "decaying sinus" and other types of harmonic or random nature
ecxitation.

2. IZIIS SHAKING TABLE EXCITATION SYSTEMS

In the past more than 10 years, at the Dynamic Testing Laboratory of the
Institute of Earthquake Engineering and Engineering Seismology, University
"St. Cyril and Methodius" in Skopje, Republic of Macedonia, a large number
of seismic qualification tests have .been performed on different mechanical
and electrical components. The tests were carried out on a single or biaxial
seismic shaking table, both available at the above mentioned Laboratory
Part of these tests were performed for the needs of nuclear power plants,
using different regulations, such as NU-REG, IEEE, ANSI, IAEA, I AC, OTT-82,
TT-87 and others. Usually, the used regulations were suggested by the
manufacturer of the equipment. Our Laboratory, in several areas, cooperated
closely during the phase of development of the equipment, thus providing the
designers with appropriate experimental data.

As it is mentioned, the seismic qualification tests were performed on a
single or biaxial shaking table, depending on the mass of the tested
equipment and the specific requirements for each particular case. Both
earthquake simulators are computer controlled and they are from the same
producer (MTS System Corporation from Minneapolis, USA). In this paper the
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basic characteristics of the biaxial seismic shaking table will be
presented.

2.1. Biaxial Seismic Shaking Table Installed at the Dynamic Testing
Laboratory of IZIIS, Skopje

Generally, the earthquake simulator should, basically, enable simulation
of actual earthquake motions in real time, or more precisely, enable
reproduction of earthquake records without amplitude distortion of time
histories or acceleration and displacement spectra.

The shaking table at IZIIS is a complex integral electro-hydraulic system
which enables programmed generation of translational vibrations in both
horizontal and vertical direction. The specimens tested on this system are
supported on the vibrating table, which is a rigid body of ideal symmetry
with respect to its center. The table is made of prestressed concrete with
size of 5m x 5m x 0.8m. The total mass of the table is about .35 tons. The
shaking table is supported, on four vertical hydraulic actuators, which
enable vertical direction motion. Two horizontal actuators enable motion in
horizontal direction. For sustaining the dead load of the shaking table and
the tested specimen nitrogen accumulators are placed parallel to the
vertical actuators, which enables statical leveling of the shaking table
without considerable use of the active power of the vertical actuators. The
actuators are controlled by three-degree servovalves. The servovalves and
the actuators should be compatible and ideally coordinated, The servovalves
are electronically controlled electromagnetic devices.

The following are the factors which set limitations to the possibilities
of the electro-dynamic system: maximum stroke of actuators D, maximum
velocity of actuator V, maximum dynamic force of actuator F, and maximum
acceleration of actuator A.

On the basis of the principal relations applying to physics, it is
possible to accurately determine three characteristic ranges of behaviour of
the system in the frequency range from 0 to f = 7 0 Hz.

For the frequency range of 0 Hz up to frequency f , defined by expression

f. = (1/2TT) . (V /D )

1 max max

applies the following relationships of characteristic values:

D = D = const; V = 2nf . D; A = 4rc2f2D
max

For the frequency range of f to f?, defined by expression

f_ = (1/271) . (A /V ) = (l/2n) . (1/V • ) . (F/m )
2 max max max max

where, m = total mass of the vibration table and the tested specimen,
max

applies the following relationship of characteristic values:

V = V ; D = (l/27rf)V ; A = 27rfV
max
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In the frequency range of T to 70 Hz applies the following relationship

of characteristic values:

A = A ; V = (l/2rcf)A ; D = (l/4ii2f2)A
max

The servovalve control is carried out by electronic servovalve
regulators. The servovalve regulators, the servovalves and the hydraulic
actuators should be ideally coordinated. For the purpose of data processing
and presentation a computer system with corresponding peripheral subsystems
are employed.

The data processing in the time domain includes: conversion of data in
engineering units; determination of time histories; determination of maximum
and minimum values; calculation of maximum values; determination of standard
deviation; and determination of amplitude distribution.

A system of totally five servo-controllers enables control of five
degree-of-freedom of the rigid table, i.e., translation in y and z
direction and rotation around x, y and z axes. Active control is in
translation direction while rotation control is aimed at eliminating any
rotation of the shaking table. Translation in x axis direction is eliminated
by hydrostatic bearings.

The principal dynamic performances of the shaking table are as follows:
The displacement in horizontal direction is ± 125 mm, while in vertical
direction it is ± 60 mm. The velocity is 750 mm/sec, in horizontal, and 500
mm/sec, in vertical direction. The acceleration is ± 3 g, in horizontal,
and ± 1 g, in vertical direction. The total dynamic force is 800 kN, in
horizontal, and 820 kN, in vertical direction.

The diagram of the dynamic performances of the shaking table in function
of the frequency is shown in Fig. 2, for horizontal and vertical direction.

2.2. Single Component Shaking Table

For performance of seismic or other dynamic tests on models and components
of lower mass equipment (one ton or less) and with a geometry adequate to
the seismic shaking table size, a single component seismic shaking table is
used, installed at the same Laboratory, as well as the system describer
under Item 2.1. The single component shaking table is a rigid steel slab
with size 1.5m x 2.0 m, supported by special steel rolers with very low
friction damping. The shaking table is controlled by electrohydraulic
excitation generators of 100 kN, a maximum stroke of ±100.00mm and a maximum
velocity of 500 mm/sec.

The working fluid is provided by the same power supply system as for the
bi-axial seismic shaking table. Also, for this platform the same computer for
control and the same DAS system is used. The following functions can be
simulated by this seismic shaking table: any harmonic or random function or
any real or synthetic earthquake motion, while the frequency range of the
system is of DC - 80 Hz.
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3. EXAMPLES FROM IZIIS EXPERIENCE

In this paper a brief presentation of the test programs, the procedures and
the applied standards, as well as some performed tests for three different
components of equipment will be given. The testing of the selected
components has been carried out at the Dynamic Testing Laboratory of the
Institute of Earthquake Engineering and Engineering Seismology, University
"St. Cyril and Methodius" in Skopje, Republic of Macedonia, applying the
available equipment for performance of seismic qualification tests on
mechanical and electrical equipment.

3.1. Seismic Qualification Test of a Valve

As mentioned before, a large number of seismic and dynamic tests on
components of mechanical and electrical equipment, for various purposes,
have been carried out at the Dynamic Testing Laboratory of the Institute of
Earthquake Engineering and Engineering Seismology, University "St. Cyril and
Methodius" in Skopje, Republic of Macedonia. Part of these tests are
performed for the needs of manufacturers and users of nuclear power plants.

A large number of the components produced by the big Company of
Energoinvest, in Sarajevo, Republic of Bosnia and Herzegovina, have been
tested at the Laboratory in Skopje. Out of the series of valves for nuclear
power plants W E R and RMBK, tests have been performed on pipeline valves
with diameter D = 300 mm, D = 500 mm and D = 150 mm. In this paper, the
program, the standard requirements- and some obtained results will be
presented.

The procedure of the dynamic behaviour testing of DU-600 valve submitted
to the Laboratory in Skopje by the manufacturer is known as RM0-1020150068
procedure, and it consists of two phases; determination of the natural
frequencies of the valve and testing of its dynamic withstanding of the
valve. According to the mentioned procedure, if in the phase of
determination of the natural frequencies, one of them (translational or
torsional) is lower than 20 Hz, or more precisely, if between the interval
of 0 - 20 Hz the valve has some natural frequency, then it is classified as
"not satisfied" and it is returned back to the manufacturer. In this case,
the second phase tests are not performed,

In the second phase, when the valve is tested to determine its dynamic
withstanding, which means that its natural frequencies are higher than 20
Hz, it is subjected to harmonic excitation with a peak acceleration of 3,0 g
at the pipe axis with a frequency equal to the resonance frequency for the
investigated direction and for a time duration of 20 sec. It means that the
total number of oscillations is 20 freequencies. This number of oscillations
is controlled by a digital counter. If the natural frequency of the valve is
higher or equal to 50 Hz, the testing is carried out by generation of an
acceleration at the pipe axis of 3,0, g with a harmonic frequency of 50 Hz
and for a time duration of 20 sec. The test is considered successful if
after the performed testing visual damage is not observed, and the valve
tested in open position can be closed. The valve is also tested in front of
a representative of the equipment user, when a report is prepared and signed
jointly by the manufacturer, the Institute and the user of the equipment.

The tested specimen of the DU-600 valve is presented in Fig. 3. It has
been tested on a single-component seismic shaking table. The valve mass is
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about 600 kg, and it is centrically placed on the shaking table. The testing
has been carried out along .both orthogonal axes and for torsion. Fig. 4
shows the frequency response and the generated impulse excitation for
determination of the natural frequency.

The experimental program elaborated based on the RMO-1020150068 procedure
consists in the following items:

(a) Determination of the natural frequencies of the valve in both
orthogonal directions and for torsion;

(b) Performance of dynamic tests with generation of harmonic excitation of
3,0 g and a frequency equal to the resonance frequency for the tested
direction and time duration of 20 sec.

During the valve testing, several transducers were placed for
determination of the stress level and the acceleration level at different
points of the valve. So, during the generation of the maximum_ acceleration
of 3,0 g at the pipeline axis, accelerations of the order of 8,0 g, and
higher, were recorded at the top of the valve.

For the tested DU-600 valve, the natural frequencies are 23,0 Hz, in the
more flexible, and 25,0 Hz, in the more rigid direction. The torsional
frequency is between these two. Based on the analysis of the stress state,
yield point of material was not reached at any point.

This product has been classified as "satisfactory" by the user (in the
considered case, it can be said the buyer).

3.2. Seismic Qualification Test of the Electric Panel Type VMI6-VMF6,
Produced by "Rade Koncar" Factory in Zagreb, Republic of Croatia

The low voltage panel type VMI6 with strengthened seismic structure is
produced by the "Rade Koncar" Factory in Zagreb, Republic of Croatia. It
is designed for peak acceleration of 0.5 g, in horizontal, and 0.35 g, in
vertical direction. The electric characteristics and their execution are
realized in% compliance with the requirements of IEC 430-1 Standard. Such a
panel has been given for testing at the Dynamic Testing Laboratory in
Skopje (Fig. 5 and Fig. 6).

Considering the fact that this panel will be, primarily, used in nuclear
power plants, the producer and the specialists of the Laboratory specified a
testing program based on the ANSI/IEEE 344-1975 standard titled "IEEE
Recommended Practice for Seismic Qualification of Class IE Equipment for NPP
Generating Stations".

The adopted test program consists of:

• definition of the natural frequencies of the panel for its three
orthogonal directions;

• definition of the seismic safety of the panel for given real earthquake
effect.

To determine the effect of the seismic strengthening of the panel two
panels have been tested, as follows:
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• a panel of standard construction;
• a panel with strengthened construction.

The tests have been carried out on a bi-axial seismic shaking table, with
characteristics as specified under Chapter 2.

For definition of the natural frequencies of the panels the following
experimental procedures have been applied:

a) Testing by an impulse excitation. A "pseudo" Dirak impulse has been
generated on the panel, and then its response has been measured. Since
the Dirak impulse has a flat amplitude response within a wide frequency
range, the frequency response of the panel gives clearly distinguished
resonance peaks in the tested frequency range.

b) Generation of a harmonic steady-state vibration. The steady-state
vibration is generated by the seismic shaking table with programmed
frequency modification. The frequency response of the panel gives the
resonance frequencies of the panel in the tested frequency range. The
frequency response curves of the panels tested in x-x direction are shown
in Fig. 7.

c) Generation of random noise. The random noise has Gauss distribution of
amplitudes, and based on the panel records its spectral response is
obtained.

The attached Table shows the natural frequencies of the strengthened
panel model RA and the original panel model RB of both orthogonal axes, for
the three above mentioned testing procedures.

Table 1. Dynamic characteristics of the tested panels

Model RA Model RB

Excitat. x-x direction y-y direction x-x direction y-y direction

f(Hz) |3(%) f(Hz) f(Hz) f(Hz)

Impulse 11.8 4.0 14.2 4.6

Random 11.4 5.7 13.2 12.6

Harmonic 11.2 5.8 12.8 9.8
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The dynamic behaviour of the panels is determined out applying the
following three excitations:

a) Generation of El Centro earthquake time histories in both horizontal and
vertical direction. The generation is performed for different levels of
SPAN, when the shaking table acceleration in one direction reached 0.39
g. At the models, accelerations exceeding 0.80 g were measured.

b) Generation of synthetic earthquakes. For the needs of the site of the
Prevlaka NPP, in the Republic of Croatia, synthetic earthquake have been
generated. Applying these synthetic earthquakes, accelerations of the
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order of 0.45 g are generated, when accelerations exceeding 0.96 g are
recorded at the panels.

c) Dynamic testing by generating of sine-beat. For the known natural
frequencies of the panels sine-beat time histories of the panels are
created, which are generated on the seismic shaking table. For these
tests, accelerations of 0.67 g are generated in x-x direction and 2.88 g
is recorded at the panel.

During the time of all the dynamic tests on the panels, a large number of
transducers for acceleration and strain measurement were located. All the
obtained results are shown graphically in the final report.

After the completion of the testing of the dynamic withstanding of the
panels, visual control of their separate components was carried out. The
contacts of the individual components were controlled during the testing
through recording of the OFF-ON contacts of the individual elements.,
applying the following scheme:

R5

With the contacts opened, U . = 5V, while with the contacts closed U . =
sig sig

zero.

Based on all the accomplished experimental investigations, the boundary
conditions for application of the unstrengthened panel RB and the
strengthened panel RA have been determined. The results have proved that
the RA panel is suitable for use in nuclear power plants.

3.3 Seismic Qualification Test of the Transformer Model P151
Production of ATM from Zagreb, Republic of Croatia

The "Krsko" Nuclear Power Plant, Republic of Slovenia, ordered performance
of seismic qualification test of the pressure transformer model P 151,
manufactured by ATM from Zagreb, Republic of Croatia. The test program and
the procedure for evaluation of the seismic withstanding was jointly
elaborated with specialists of the QA service of the "Krsko" NPP,
specialists from the production company as well as specialists from the
Dynamic Testing Laboratory of the Institute of Earthquake Engineering and
Engineering Seismology, University "St. Cyril and Methodius" in Skopje.

The view of the tested pressure transformed P151 is shown in Fig. 8,
while its set up during the testing is shown in Fig. 9. It can be seen from
Fig. 9 that for performance of the seismic qualification test a single
component seismic shaking table is applied.

The test program consists of the following two phases:
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• Experimental definition of the natural frequencies of the transformer;
• Determination of the seismic withstanding of the transformer on the

seismic shaking table when it is excited by a known time history,
developed by a given floor response spectra.

For determination of the natural frequencies of the transformer, three
test procedures have been applied:

• impulse excitation procedure;
« random noise procedure;
• steady state procedure.

The above mentioned procedures are explained in details in Item 3.2 and
they are usually presented well in any literature on dynamics of
structures. The determination of the natural frequencies has been carried
out for the three orthogonal axes of the transformer and by the three
mentioned procedures. The Table bellow shows the values of the first
resonance frequency, determined for x-x, y-y and z-z axis.

Table 2. Natural Frequencies of P151 Pressure Transformer

Direction

x-x

y-y

z-z

Harmonic
f(Hz)

35.0

67.5

84.0

Type of excitation

Random
f(Hz)

38.4

69.6

' 84.0

Impulse
f(Hz)

39.4

72.0

86.0

The frequency response curve in x-x direction, obtained by the steady
state procedure, is presented in Fig. 10. It is evident from the natural
frequencies that this transformer is not sensitive to the seismic effect,
which has been proved by further testing.

The dynamic withstanding test of the pressure transformer model P151 has
been carried out by simulation of high frequency content real earthquakes,
as well as by simulation of synthetic time histories, defined for
pre-selected floor response spectra. Two response spectra have been
selected, given in the Final Safety Analysis Report and in Safety Related.
The selected spectra have 2% and 7% damping and for one of them a spectrum
of the corresponding synthetic time history normalized to PGA of 1.0 g is
given (Fig. 11). Due to the high frequency content of the time histories and
the natural frequencies of the transformer in acquisition direction, the
sampling rate was chosen to be 200 samples/sec, while for the other test,
described in Item 3.1, the sampling rate was lOOsamples/sec.

For the given synthetic time history of the seismic shaking table, four
earthquake levels with maximum PGAs of 1.7 g; 2.8 g 3.50 g and 4.03 g have
been generated. After completion of testing, the function of the transmitter
is checked and it is found to operate properly.

621



CONCLUSION

In this paper, three examples of the performed seismic qualification tests
have been presented. The objective of this paper is to prove that:

(1) The procedure for performance of the seismic qualification tests in the
three cases is not in complete compliance with the procedure shown in
Fig. 1. Consequently, it can be.concluded that, in practice, there are
a number of procedures which are not compatible between each other.

(2) There is also a difference in the standards prescribing the tests. In
lack of appropriate equipment, standards which are very conservative
are suggested (the case in Item 3.1 of this paper).

(3) To reduce the costs for. experimental investigations, test programs have
been elaborated aimed at demonstration of the universal nature of the
application of the product under various dynamic conditions (example in
Item 3.2).

(4) The intended test for determination of the withstanding and the quality
of the equipment for known serviceability conditions and with a known
standard, is the test of example under Item 3.3.

(5) In the practice of seismic qualification tests performed at our
Laboratory, there were cases when the equipment was tested up to the
damage, which was beyond the requirements of any standard.
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Fig. 3. Position of Valve DU-600 on Single
Component Seismic Shaking Table
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