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JAPANESE INDUSTRIAL STANDARD JIS C 60068-3-3:2000 
(IEC 60068-3-3 : 1991) 

Environmental testing- 
Part 3 : Guidance Seismic test method 

for equipments 

Introduction This Japanese Industrial Standard has been prepared based on IEC 
60068-3-3 Environmental testing-Part 3 : Guidance Seismic test method for equip- 
ments published in 1991 as the first edition without modifying the technical con- 
tents. 

In this Standard the portions underlined with dots mean the matters not stated 
in the original International Standard. 

The IEC Standard number is based on the new numbering system of IEC Stan- 
dards put in force on January 1st 1997, and the Standard published before the said 
date is numbered by adding 60000 to the former number. This is only the change in 
the numbering system and the contents remain unchanged. 

Scope Guidance is included in each of the three test methods referred t o  in this 
Standard but it is specific to  the test method. The guidance in this Standard is directed 
towards choosing the appropriate test method and applying it t o  seismic testing. 

Normative references The following standards contain provisions which, through 
reference in this Standard, constitute provisions of this Standard. The most recent 
editions of the standards indicated below shall be applied. 

JIS C O010 Environmental testing Part 1 : General and guidance 

Remarks : IEC 60068-1 : 1988 Environmental testing-Part 1 : General and 
guidance) (Amendment 1) is identical with the said standard. 

............................................................................................................................................................. 

............................................................................................................................ 

JIS C 0040 Environmental testing Part 2 : Tests-Test Fe : Vibration (sinusoidal) 

Remarks : IEC 60068-2-6 : 1995 Environmental testing-Part 2 : Tests-Test 
Fe : Vibration (sinusoidal) is identical with the said standard. 

............................................................................................................................................................. 

............................................................................................................................. 

JIS C 0047 Basic environmental testing procedures Part 2 : Tests Mounting of 
components, equipment and other articles for dynamic tests includ- 
ing shock (Ea), bump (Ed), vibration (Fc and Fd) and steady-state 
acceleration (Ga) and guidance 

Remarks : IEC 60068-2-47 : 1982 Environmental testing-Part 2 : Tests-Mount- 
ing of components, equipment and other articles for dynamic tests 
including shock (Ea), bump (Eb), vibration (Fc and Fd) and steady- 
state acceleration (Ga) and guidance is identical with the said stan- 

.____________._.._ .̂.~~..~~.......~~.........~~.-~~..~.-.--.........-.........-.............~........................~..~..........-.......-.-...-........-.~ 

..................................................................................................................................... 

..................................................................................................................................... 

..................................................................................................................................... 

dard. .__....... 

IEC 60068-2-57 Environmental testing-Part 2-57 : Tests-Test Ff  : Vibration- 
Time-history method 

IEC 60068-2-59 E n u  i ro nment al tes t  ing-Part 2 - 59 : T e s t s  m e t  hods- Tes t  
Fe : Vibration-Sine-beat method 

IS0 2041 Vibration and shock Vocabulary 
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Section One-General 

1 Object This guide applies primarily to electrotechnical equipments but its ap- 
plication can be extended to other equipments and to components. 

The verification of the performance of an equipment by analysis or by a combina- 
tion of testing and analysis may be acceptable but is outside the scope of this guide, 
which is restricted to  verification based entirely upon data from dynamic testing. 

This guide deals solely with the seismic testing of a full size equipment which 
can be tested on a vibration table. The seismic testing of an equipment is intended 
to demonstrate its ability to perform its required function during and/or after the 
time it is subjected to  the stresses and displacements resulting from an earthquake. 

The object of this guide is to present a range of methods of testing which, when 
prescribed by the relevant specification, can be applied to demonstrate the perfor- 
mance of equipments for which seismic testing is required with the main aim of 
achieving qualification. 

NOTE - Qualification by so-called "fragility-testing" is not considered to be within 
the scope of this guide which has been prepared to give generally appli- 
cable guidance on seismic testing and specifically on the use of JIS C 
O 0  series test methods. 

The choice of the method of testing can be made according t o  the criteria described 
in this guide. The methods themselves are closely based on the test methods of JIS 
C 0040, IEC 60068-2-57 and IEC 60068-2-59. 

This guide is intended for use by manufacturers to substantiate, or by users t o  
evaluate and verify, the performance of an equipment. 

2 General considerations Two seismic classes have been established: a general 
seismic class and a specific seismic class. Neither of these classes can be considered 
to be more demanding than the other. The difference between the two classes lies 
in the availability of and/or the accuracy in defining the characteristics of the seis- 
mic environment. When high reliability safety equipment for a specified environ- 
ment is required, such as safety related equipment in nuclear power plants, the use 
of precise data is necessary and, therefore, the specific seismic class is applicable 
and not the general seismic class. Annex A contains a flow chart for the selection of 
the test class (general seismic class or specific seismic class) and four flow charts 
(Al t o  A4) covering the possibilities discussed in this guide. To obtain the maxi- 
mum advantage from this guide it is strongly recommended that the flow charts be 
studied very thoroughly. 

2.1 This class covers equipments for which the relevant 
seismic motion does not result from a specific study taking into account the charac- 
teristics of the geographic location and of the supporting structure or building. 

In the case of equipments in this class, the seismic motion is generally charac- 
terized by one datum which is a peak acceleration at the ground level. This accel- 
eration is derived from the seismic data relative to the area of interest. 

General seismic class 

When an equipment is not mounted at  ground level, the transmissibility of the 
building and/or the supporting structure should be taken into account. 
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2.2 Specific seismic class This class covers the equipment for which the rel- 
evant seismic motion results from a specific study taking into account the charac- 
teristics of the geographic location and of the supporting structure or  building. 

For equipment in this class, the seismic motion is defined by response spectra 
(evaluated for different damping ratios) or by a time-history. 

3 Definitions The terms used in this Standard are generally defined in IS0 2041, 
JIS C 0010, JIS C 0040, IEC 60068-2-57 and IEC 60068-2-59. Where, for the con- 
venience of the reader, a definition from one of these sources is included here, the 
derivation is indicated and departures from the definitions in those sources are also 
indicated. 

The additional terms and definitions that follow are also applicable for the pur- 
pose of this Standard. 

3.1 
ture. 

assembly Two or more devices sharing a common mounting or supporting struc- 

3.2 bandpass at 3 dB Frequency intervals defined by the points possessing an 
ordinate larger than or equal to $ times the maximum value of the plot (see Attached 
Fig. 1). 

3.3 basic response spectrum Unmodified response spectrum defined by the char- 
acteristics of the building, its floor level, damping ratio, etc. and obtained from a 
specific ground motion (see Attached Fig. 1). 

NOTE -The basic response spectrum is generally of the narrow band type at 
floor level. 

3.4 broad-band response spectrum Response spectrum that describes the motion 
indicating that a number of interacting frequencies exist which must be treated as 
a whole (see Attached Fig. 2c). 

NOTE -The bandwidth is normally greater than one octave. 

3.5 
quencies at which: 

critical frequency (definition technically equivalent to that in JIS C 0040) Fre- 

- malfunctioning and/or deterioration of performance of the specimen which are 
dependent on vibration are exhibited, and/or 

- mechanical resonances and/or other response effects occur, for example chat- 
ter. 

3.6 crossover frequency (definition technically equivalent to  that of I S 0  2041) Fre- 
quency at  which the characteristic of a vibration changes from one relationship t o  
another. 

NOTE -For example, a crossover frequency may be that frequency at  which 
the vibration amplitude changes from a constant displacement value 
versus frequency t o  a constant acceleration value versus frequency. 
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3.7 damping (not identical with IS0 2041 definitions) Generic term ascribed t o  
the numerous energy dissipation mechanisms in a system. In practice? damping depends 
on many parameters, such as the structural system, mode of vibration, strain, applied 
forces, velocity, materials, joint slippage, etc. 

3.7.1 critical damping Minimum viscous damping that will allow a displaced sys- 
tem t o  return to  its initial position without oscillation. 

3.7.2 damping ratio Ratio of actual damping to critical damping in a system with 
viscous damping. 

3.8 direction factor Factor taking account of the difference in magnitude at ground 
level that  normally exists between the horizontal and vertical accelerations result- 
ing from earthquakes. 

3.9 
ment mounting) resulting from the ground motion of a given earthquake. 

floor acceleration Acceleration of a particular building floor (or an equip- 

NOTE - In practice the floor acceleration may be resolved into its horizontal 
and vertical components. 

3.10 geometric factor Factor required in single axis testing t o  take into account 
the interaction along the different axes of the equipment of simultaneous multi- 
directional input vibrations. 

3.11 
altitude and geographical latitude. 

“gn” Standard acceleration due to  the earth’s gravity, which itself varies with 

NOTE -For the purposes of this Standard, the value of g, is rounded up t o  
the nearest whole number, that is 10 m/s2. 

3.12 ground acceleration Acceleration of the ground resulting from the motion 
of a given earthquake. 

NOTE - In practice the ground acceleration may be resolved into its horizon- 
tal and vertical components. 

3.13 lateral frequencies 
sponse around the overall resonance frequency (see Attached Fig. 1). 

Two frequencies determined according to  the -3 dB re- 

3.14 malfunction Loss of capability of the equipment to initiate or sustain a re- 
quired function, or the initiation of undesired spurious action which may result in 
adverse consequences for safety. 

NOTE - Malfunction will be defined by the relevant specification. 

3.15 narrow-band response spectrum Response spectrum in which single fre- 
quency excitation predominates (see Attached Fig. za). 

NOTES 1 

2 
The bandwidth is normally $- octave or less. 

When several widely spaced well-defined frequencies exist, if justi- 
fied, each of their responses may be treated separately as a nar- 
row band response spectrum. 
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3.16 natural frequency Frequency of free vibration of a structure depending only 
on its own physical characteristics (mass, stiffness, and damping). 

3.17 overall resonance 
plifies the exciting motion. 

Resonance frequency at  which a complete structure am- 

NOTE -Within the frequency range between 1 Hz and 35 Hz, overall resonance 
generally corresponds t o  the first mode of vibration. It is important 
to take into account the overall resonance frequencies when they are 
enclosed in the strong part of the required response spectrum (see Sub- 
clause 3.27). 

3.18 pause Interval between consecutive test waves (for example sine beats). 

of the response motions of an equipment. 
NOTE -A pause should be such that it results in no significant superposition 

3.19 preferred test axes Three orthogonal axes which correspond to the most 
vulnerable axes of the equipment. 

3.20 required response spectrum Response spectrum specified by the user (see 
Attached Figs. 1, 2 and 3). 

3.21 resonance frequency Frequency at  which, in forced oscillation, a change 
in the frequency of excitation causes a decrease in the response of the system. 

The value of resonance frequency depends upon the measured vari- 
able. For a given mode, the values of resonance frequency for dis- 
placement, velocity and acceleration are in increasing order of 
frequency. The differences between these resonance frequency values 
are small for the usual damping ratios. 

In seismic testing, it is often assumed that a resonance frequency 
is significant when the transmissibility of the response is greater 
than 2. 

NOTES 1 

2 

3.22 response spectrum (not identical with IS0 2041 definition) Plot of the maxi- 
mum response to a defined input motion of a family of single-degree-of-freedom bod- 
ies a t  a specified damping ratio (see Attached Figs. 1, 2 and 3). 

3.23 S1-earthquake An earthquake which would be expected to occur during the 
operating life of the equipment and for which safety related equipments are to be 
designed to continue t o  operate without malfunction. 

NOTE - Take care that this S1-earthquake is different from the maximum design 
basis earthquake S1 for designing in nuclear applications. 

.............................................................................................................................................................. 

...................................................................................................................... 

3.24 S2-earthquake An earthquake which produces the maximum vibratory ground 
motion for which certain structures, systems and components are designed to re- 
main functional. These structures, systems and components are those essential t o  
assure proper function, integrity and safety of the total  system. 

NOTE -Take care that this Sa-earthquake is different from the extreme de- ............................................................................................................................................................ 
sign basis earthquake S2 for designing in nuclear applications. ................................................................................................................................ 
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3.25 sine beat Continuous sinusoidal wave of one frequency which is modulated 
by a sinusoidal wave of a lower frequency. The duration of one sine beat is half the 
period of the modulating frequency (see Attached Fig. 4). 

NOTE -In this Standard, the sine beat is considered as a single frequency 
wave. 

3.26 strong part of time-history Part of time-history from the time when the 
plot first reaches 25 % of the maximum value to the time when it falls for the last 
time to the 25 % level (see Attached Fig. 5). 

3.27 strong part of the response spectrum Part of the spectrum for which the 
response acceleration is higher than for the -3 dB bandpass of the required response 
spectrum (see Attached Fig. i). 

NOTE - Generally, the strong part of the response spectrum is located in the 
first third of the frequency band. 

3.28 superelevation factor Factor accounting for the change in the acceleration 
with respect to  the earth due to the transmissibility of buildings and structures. 

3.29 synthesized time-history Artificially generated time-history such that its 
response spectrum envelops the required response spectrum. 

3.30 test level Largest peak value within a test wave. 

NOTE - In seismic testing, acceleration is the parameter normally used, 

3.31 
test. 

test frequency Frequency at which the specimen is to  be excited during a 

A test frequency is one of two types as defined below: 

3.31.1 predetermined test frequency Frequency prescribed by the relevant 
specification. 

3.31.2 investigated test frequency Frequency obtained by a vibration response 
investigation. 

3.32 test response spectrum Response spectrum derived from the real motion 
of the vibration table either analytically o r  by using spectrum analysis equipment 
(see Attached Figs. 1, 2c and 2d). 

3.33 time-history (not identical with IS0 2041 definition) 
tion of time, of acceleration or velocity or displacement. 

Recording, as a func- 

3.34 zero period acceleration High frequency asymtotic value of acceleration 
of a response spectrum (for an example see Attached Fig. i). 

NOTE -The zero period acceleration is of practical significance as it repre- 
sents the largest peak value of acceleration, for example in a time- 
history. This should not be confused with the peak value of acceleration 
in the response spectrum. 
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4 Qualification considerations The relevant specification should contain infor- 
mation relating t o  the subjects discussed in Sub-clauses 4.1, 4.2 and 4.3. 

4.1 Service conditions Service conditions should be duplicated as closely as pos- 
sible when an equipment is tested, particularly those conditions (electrical, mechanical, 
and thermal pressure, etc.) whose stresses combine with those of the test to  affect 
the operation or integrity of the equipment. When account is not taken of these 
service conditions in the test, the omission should be justified. 

4.2 Malfunction criteria When the service conditions and function are known 
or have been selected, the relevant specification will prescribe acceptance and/or mal- 
function criteria. 

NOTE -There are cases when the final service conditions or the conditions of 
use of the equipment which is to be tested are not known but have 
been selected. In these cases, malfunction criteria cannot be accu- 
rately established and are therefore assumed without formal justifi- 
cation; for example, in the absence of better information, the assumption 
is frequently made that the duration of a malfunction in electrical 
circuitry is 5 ms. 

4.3 
criteria to  be assigned to equipment for a particular application. 

Criterion O :  Equipment subjected to  seismic testing which experienced no malfunc- 
tion either during or after the test. 

Criterion 1: Equipment subjected t o  seismic testing which suffered a malfunction 
during the test but reverted t o  its correct state after the test. 

Criterion 2: Equipment subjected to  seismic testing which experienced a malfunc- 
tion during the test and required resetting or adjustment on comple- 
tion of the test but required no replacement or repair. 

Qualification criteria The following classification is introduced as it allows 

5 Testing procedures Testing should be in accordance with Section Two (Clauses 
6 t o  10) for the general seismic class or Section Three (Clauses 11 t o  15) for the 
specific seismic class. 

5.1 Mounting The equipment should be mounted in accordance with JIS C 0047. 
NOTE -For more detailed guidance in the case of equipment normally used 

with vibration isolators see Clause A5 of JIS C 0040. 

The influence of connections, cables, piping, etc., should be taken into account 
when mounting the equipment. Also, unless justified, the normal “in service” mounting 
structure of the equipment should be included in the seismic test. 

The orientation and mounting of the equipment during the test should be speci- 
fied and is then the only condition for which the equipment is considered qualified, 
unless adequate justification can be made to  extend the qualification t o  an untested 
condition (for instance, if it is proved that the effects of gravity do not infiuence the 
behaviour of the equipment). 

5.2 
C 0040, IEC 60068-2-57 and IEC 60068-2-59 as relevant. 

Measurements Measurements should be carried out in accordance with JIS 
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5.2.1 Vibration measurements at the vibration table Vibration measurements 
at  the vibration table are t o  be made to  ensure that the correct levels of vibration 
are applied at the required measuring positions. 

Parameters to  be permanently recorded (displacement, velocity, acceleration), the 
equipment used, and the functions of each transducer (reference, measurement) should 
be specified. 

5.2.2 Vibration measurements on the equipment In addition to the measure- 
ments at the vibration table, measurements may be made on the equipment to pro- 
vide further information about its performance during the test. These latter 
measurements are not a part of the vibration test requirements. 

5.2.3 Functional monitoring on the equipment Monitoring should be adequate 
to  evaluate the performance of the equipment before, during and after the test. 

The relevant specification for the equipment should prescribe any characteristics 
to  be permanently recorded. 

5.3 Frequency range In earthquakes, the predominant frequencies are gener- 
ally between 1 Hz and 35 Hz. This range is sufficient to  determine the critical fre- 
quencies of the equipment and for its testing. In certain cases the test frequency 
range of 1 Hz t o  35 Hz may be extended or reduced dependent on the critical fre- 
quencies present, but this should be justified. 

Section Two-General seismic class 

Section Two describes the recommended seismic testing methods for equipment 
covered by the general seismic class for which the seismic environment is either not 
known or is imprecisely known. 

6 Conditioning 

6.1 In order to  prove the ability of equipments to  with- 
stand seismic forces, several types of test may be considered. These are listed in 
Table 1. 

In the general seismic class, single axis testing with sine beat or sine sweep is 

Selection of test type 

preferred for the following reasons: 

a) sine beat, as its form is similar to that of the horizontal earthquake wave at 
floor levels in simple structures presenting one mode of resonance; 

b) sine weep, as it is simple to  achieve but may be less realistic than the actual 
earthquake waves appearing at the floor levels. 

When there is significant coupling between the three preferred test axes of the 
equipment or if the use of geometric correction factors is not desirable, multi-axis 
testing (biaxial or triaxial) can be used, although not normally recommended, If 
multi-axis testing is used, caution should be taken with the use of single frequency 
waves-sine-beat, sine sweep or  continuous sine-as the peak seismic accelerations 
for the various axes are not usually in phase. A multifrequency wave such as time- 
history should therefore then be used. 
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Test wave 

Sine sweep 

Sine-beat 

Time-history 

Continuous sine 

Test type 

Single-axis test Multi-axis test 

a C 

a C 

b a 

b C 

a = recommended 
b = suitable 
c = not normally recommended 

6.2 Selection of the test method Two methods exist: 

a) standard amplitude conventional test: 
of the use of the equipment are unknown (see Clause 7); 

calculated amplitude test: this is applied where the conditions of use of the 
equipment are sufficiently known to allow the different parameters of the test 
to be specified (see Clause €4). 

this is applied where the conditions 

b) 

7 Standard amplitude conventional test method 

7.1 Application This conventional test has three performance levels, often re- 
ferred to as qualification levels, (see Table 2) and it is recommended when the con- 
ditions of use of the equipment are unknown. The user of the equipment should 
decide if the qualification level for which the equipment has been tested is suitable 
for the considered application. After achieving a specified qualification level, the 
equipment may then claim qualification up to  and including that level, provided that 
all other requirements have been satisfied. 

Table 2 Performance level 

Performance level* Floor acceleration a f  
I I I 

I Horizontal I Vertical 

6 3 

9 4.5 

15 7.5 

* These levels can be used above a crossover frequency of 
1.6 Hz. Below this frequency, the amplitude of velocity 
is used down to 0.8 Hz. Below 0.8 Hz the amplitude of 
displacement is used (see Attached Fig. 7a). 

7.2 Conditions of testing The standard amplitude conventional test method is 
a single-axis test only. The different axes are excited one after another. The test 
acceleration is determined from the performance level (see Sub-clause 7.2.11, the wave 
factor (see Sub-clause 9.2.1) and the geometric factor (see Sub-clause 9.2.2). 
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7.2.1 Performance level (standard amplitude conventional test) In the stan- 
dard amplitude conventional test method the floor acceleration (at)  is selected di- 
rectly from the levels given in Table 2. 

7.2.2 Test wave The recommended test wave is the five-cycle sine beat or the 
sine sweep. However, other waves, if justification is given, are permissible, The 
maximum value of acceleration of the excitation for the selected level should be cor- 
rected by the wave factor (see Sub-clause 9.2.1) and the geometric factor (see Sub- 
clause 9.2.2). 

8 Calculated amplitude test method 

8.1 Application The calculated amplitude test method is recommended when suf- 
ficient information is available on the characteristics and on the location of the equip- 
ment to allow a more accurate estimation of test level than is possible with the standard 
amplitude conventional test method (see Clause 7). 

8.2 Conditions of testing In principle this is a single-axis test, where the dif- 
ferent axes are excited one after the other. This is appropriate where, for example, 
there is little interaction between the different axes or the interaction can be ac- 
counted for by applying a geometric factor. 

8.2.1 Performance level The severity of the test is determined by the values as- 
cribed to the following parameters, which the relevant specification for the equip- 
ment should prescribe: 

a) test wave (see Sub-clause 8.2.21, 

b) 

c) 

d) 

damping of the equipment (see Sub-clause 8.2.31, 

superelevation factor (see Sub-clause 8.2~3, 

direction factor (see Sub-clause 8.2.6), 

e) 

f) 

duration of the test (see Sub-clause 9.11, 

amplitude of the test wave (see Sub-clause 9.2). 

8.2.2 Test wave selection The test wave selected will have a noticeable influ- 
ence on the response of the equipment when its damping value is significantly dif- 
ferent from 5 % (see Attached Fig. 6) even with the use of a wave factor. 

8.2.3 Damping ratio A damping ratio of 5 % is recommended when the critical 
damping of the equipment lies between 2 % and 10 %. If the damping ratio is out- 
side this range, i t  is recommended that a value representative of the actual vibra- 
tional behaviour of the equipment is used to  determine the applicable wave factor. 
For further details, see Sub-clause 9.2.1 and Attached Fig. 6. 

8.2.4 Ground acceleration (as) The ground acceleration (as> depends upon the 
seismic conditions of the site where the equipment is to be located. When it is known, 
it should be prescribed by the relevant specification. Otherwise, the recommended 
values should be selected from those given in Table 3. 
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