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1. INTRODUCTION

It is an honour for me to deliver thcj ISET annual lecture this year at Roorkce. Indeed
Roorkee has nurtured the discipline of earthquake engineering and has made a name for itself on
the international scene. We in atomic energy, just as many others in other areas. have benefited by
the knowledge, advise and consultancy support provided by the Roorkee school. So in some way

this lecture provides me an oppurtunity to pay my respect to pioneers in this field.

During the last few years, we have seen some damaging earthquakes in our country such as
the ones at Uttarkashi and Latur. Thesc earthquakes have not only resulted in heavy loss of life
and damage to property, but have also created a psychological fear in the minds of people. The
damage has been mostly for non-engineered constructions. Such buildings make use of locally
available materials and they are based on simple structural systems developed from age old
practices of building construction in the region. Such buildings will continue to be constructed as
they are percieved to be economical. The number of such buildings is naturally very large and this
warrants the development of simple and cost effective backfits and incremental modifications to
ensure their safety from collapse during earthquakes.

On the other hand, constructions such as the historic Taj Mahal and Kutub Minar and many

ancient monuments. which are manifestations of India's architectural and artistic skills. have
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survived earthquakes and reflect some insight in constructing durable structures with a degrec of

earthquake resistance. It is prudent that knowledge basc and awareness of carthquake engincering
and technology grows with large scale development that is taking place in our country. Buildings
in major cities, roads, bridges, railway networks, ports and harbours. dams and canals, major
industrial projects, various hydel and thermal ‘power projects etc. rcpresent major investments
which must be protected from damage due to earthquakes. Department of Earthquake Engincering.
University of Roorkee has been taking initiatives in this direction and has done pioneering work

in development of national expertise in this vital arca.

Aseismic design has a special importance for installations where one is concerned about
protection of nearby population and environment against hazards posed by damage of the
installation. Large dams and installations dealing with hazardous substances belong to such a
category. Nuclear Power Plants also belong to this category. We in DAE thus have been very
conscious about developments in this discipline and its applications to nuclear structures and
components right from the beginning of our programme. [ intend sharing with you our
understanding and perceptions in this area , in the present lecture. In doing so, 1 will be drawing
upon the work of a number of my colleagues, particularly from Reactor Structure Section of
RED,BARC under the able lcadership of Shri H.S.Kushwaha.

2. ASEISMIC DESIGN OF NUCLEAR SYSTEMS

Safety plays a key role in the design of nuclear structures and components under various
normal as well as abnormal conditions. Qualificatiun of nuclear systems under seismic loading has
to be given special attention because of the requirement 10 maintain functional ability of many
components/equipments during and afier the occurrence of a seismic event. Apart from torming
an important design input, seismic aspects also constitute one of the essential siting consideration
which are addressed to in detail at the time of site selection for a Nuclear powet Plant (NPP). I do
not intend to go into siting related issues here but rather concentrate on some of the related topics.

Over the years we have gone through a large number of assessments. These assessments have been
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subjected to internal and external reviews and as a result several additional investigations were
required to be carried out to resolve issues that arose and to fill in the knowledge gaps. These
exercises have been very rewarding and I would like to present to you a glimpse of these activities
and the important insight; they provide. ‘

2.1 Seismic Motion

The assessment of design basis earthquake for a nuclear power plant site is based on detailed
geological and seismological investigations covering an area of 300 kms. around the site. Inputs
for generating design basis earthquake level at the site are themselves statistical in nature and call
for careful judgement while arriving at a design basis earthquake based on the perception of
potential damage due to various capable faults in the region. Most of the time, due to lack of data,
it becomes extremely difficult to agsess the activity of the fault and its potential . This is because
the data required for making such an assessment necessitates collecting information about micro-
carthquakes, ground movements, geophysical investigation etc. over a fairly long period of time
and are mostly not available, Therefore, many times, it leads to significant debate among

concerned agencies in this field before a judgement can be arrived at,

While defining the design response spectrum for a site, it is important to know the contemts
of various frequency components in it so that it does not differ from the real carthquake ground
motion. This 'diﬂ'erence may arise due to use of ina.ppropﬁa'te' attenuation laws, variations in sol
propetties etc.. Hence, it is normal practice to define the design seismic input on a conservative
basis so as to account for these uncertainties. The Design Response Spectrum (DRS) and the
design time history are chosen such that the Time history Generated Responée Spectrum (TGRS)
is compatible to the design response spectrum. However, difficulties do arise when defining the
seismic motion using a single time history, because the TGRS of this time history may not match
with the design response spectrum at all the frequencies of interest. Alternatively, one may have to
define the time history in such a way that the TGRS envelopes the DRS at all the frequencies.

However, it may become too conservative in that case.
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The current regulatory practice ( ASCE 4-86 ) thus recommends the use of multiple time
histories which are compatible to the given design response spectrum to reduce this conservatism.
To illustrate, three independent time histories have be;en used for defining the seismic motion in
cach direction for 500 MWe PHWR ( Fig 1). The response due to these three time histories is
almost identical as shown in Fig.2 which shows that there are no holes in defining these motions,
In eddition, the floor response spectra generated ;lsing multiple time histoties are much smoother
and broader with less sharp peaks and thus help in reducing the seismic response in components
and systems. '

Another acceptabl? way of defining seismic input which is gaining importance is to express
it in the form of Power Spectral Density Function (PSDF). Use of this method of defining seismic
input eliminates the use of multiple time histories and it is also free from the various deficiencies
in defining the DRS because a properly defined PSDF accounts for the seismic energy content at
various frequencies in a correct manmer. Use of PSDF approach for the 500 MWe PHWR reactor
building has given identical results for both the deterministic and stochastic approaches (Fig..2)
and thus signifies that both the inputs have been defined properly,

2.2 Mathematical Modeliing

Conversion of a real life structure into a suitable mathematical model is a highly skilled task
and requires an in-depth understanding of the behavior of structural systems under dynamic
loading. The model should be simple ¢nough to depict the physical behavior of the system. More
often than not, complex models involving a large number of degrees of freedoms have problems of
ill-conditioning (;f solution matrioqs; Moreover, dynamic analysis of structures demands a coarser
model only so as to reflect the overall dynamic behavior of the system,

Out of the various modelling techniques avaitable, lumped mass beam models are the most
popular onies because of their inherent conservative response predictions ( Reddy et al., 1987). it is
a cumbersome task to evaluate the properties of lumped mass beam models of complex structural
geometries which have length to width ratio of almost unity. Structural features such as the elbow
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effect (Fig.3.) may even prohibit the use of simple analytical evaluation of geometrical properties
(such as moment of inertia and shear area) of the beam model. In such a case, one has to take
recourse to Finite Element Method (FEM) for modelling the structure usixllg plate/shell elements
and perform a static analysis. The deiflections and rotations so obtained are then used to arrive at
stiffness properties of the representative beam model. This is done by matching the strain energies
of the FEM model and the beam model { Soni et al.,1987). h

On many occasions, use of FEM models are also warranted for the dynamic analysis of
important structures such as the containment building. This enables the generation of the detailed
stress picture. As shown in Fig.3, the two containments have been modelled using axi-symmetric
elements and that the non- axisymmetric reactor internals have been converted into an equivalent
axi-symmetric system by matching their dynamic characteristics for the first mode of vibration
using the modal mass c'oncept. Fig. 3 also shows a comparison of the results obtained by 2-D beam
model and the axi-symmetric model for the two containments. It can be observed from this figure
that the beamn model predicts conservative results because‘in this model, the total response due to
input seismic motion is concentrated in first few modes only whereas the same is distributed over
various other modes in an FEM model { Reddy et.al.,1987).

Nuclear structures consist of structural systems which are usually symmetric about the two
horizontal axes, so that the torsional effects are minimized. However, the torsional effects do arise
at various floor levels (due to location of various equipment masses) where the mass centre and the
shear centre do not coincide with each other. These effects are accounted by using a 3-D beam
model and specifying the eccentricity between the shear centre and the mass centre (Fig.3)( Reddy
et al.,1994),

2.3 Soli-Structure Interaction

Soil-structure interaction can play a major role in altering the seismic response of a structure.

This phenomenon not only introduces flexibility in the overail system, it also introduces additional
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damping in the form of radiation damping. Analysis for soil-structure interaction effects are
normally performed by either using detailed FEM model of the soil-strata or by using the soil
impedences derived based on half-space theory. Standards usually specify as to when this
interaction effect is significant and should be considered. The ASCE standard specifies that if the
shear wave velocity of soil is more than 1100 mfsec and the corresponding
shear strain in the soil medium is less than 10E-3 percent, a fixed base condition may be assumed.
However, use of such assumption solely based on the limit on shear wave velocity may sometimes

lead to erroneous results.

This situation mostly arises on account of superstructure stiffness which may at times
become comparable or even more than the soil stiffness for a particular direction of vibration
{Ghosh at al.,1994). One such example is shown in Fig 4. for a 220 MWe PHWR reactor building
wherein it has been observed that for a shear wave velocity of 1600 m/sec for the soil medium, the
building does not behave as a fixed base case. The seismic response is underpredicted if one
performs a fixed base analysis ( Fig.4). The codal provisions should thus be used with caution and
with full understanding of the subject matter,

2.4 Compensation for uncertainties

Seismic analysis of secondary systems such as components, piping etc. is normally
performed by using tﬁe floor motions generated at various levels of the primary structure i.e. the
civil structure. These floor motions are obtained as a by- product from the analysis of civil
structure and can be either in the form of Floor Response Spectra (FRS) or Floor Time Histories
(FTH). These floor motions may differ depending on the variations in the various parameters
which enter into the calculations and which have a direct effect on the structural frequencies.

To account for the various uncertainties in the structural frequencies owing to variations in
parameters such as the material properties of the structure and soil, damping values, soil-structure
interactinn effects, and the approximations invoived in modelling techniques, the computed FRS

from the FTH is smoothened and the peaks associated with each of the structural frequencies
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should be broadened based on the variations in frequencies. In the absence of detailed parametric
study, it is recommended that this variation should be taken as + 15% around the peaks which are
associated with the structural frequencies ( USNRC RG.1.122).

While the procedure to account for these uncertainties is simple in case of FRS, to account
for the similar peak broadening effect in FTH, one must be very careful. This is because to
incorporate this effect in FTH, the time history has to be expanded or compressed by upto 15%.
This not only changes the total time duration of the FTH, it also affects the fréquency contents of
the FTH by similar amount. Study on a simple feeder pipe shows that merely expanding or
compressing the FTH by 15% ddcs not give the goveming design response( Fig.5). Instead, the
analysis using FTH with broadening effect corresponding to the second frequency of the pipe
(expanding and compressing by 9.2%) gives Higher response which governs the design ( Soni et
al.,1992 ). It has been observed that it is also close to the flattened FRS results. Thus, it can be
observed from this exercise that flattened FRS or flattened FTH give almost identical results if the

design practice is adopted in a correct manner.

1.5 Heavy Components

-

Aseismic design has to envelope bath passive as well~as active components. While the
design of former is relatively easy and straight forward, the design of active components requires
special efforts to confirm their functional capability. Design of passive components is performed
either by decoupling them from the civil structure if the interaction e'ffects are negligible or by
coupling them with the civil structure if the interaction effects are found to be significant. The
criteria as to whether any component can be decoupled from the civil structure is given by the
decoupling criteria as given below: (USNRC SRP 3.72)

(i)' 1f Rm < 0.01, the component can be decoupled for any Rf.
(ii) If 0.01 <Rm < (.1, then it can be decoupled only if 0.8 > Rf >1.25
(iii) If Rm > 0.1, it should be coupled with the primary structure.
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Here Rm and Rf are the ratio of modal masses and modal frequencies of the secondary
system to the primary structure respectively. Use of this criteria for heavy equipments which have
dynamic interaction with the civil structure, requires that they should be modelied with the civil
structure itself. One such study is depicted in Fig.6 wherein heavy equipment like steam
generators, primary pumps, pressuriser and the calandria-end shield assembly have been modelled
with the reactor building. Results of this study as shown in Fig.6. sl:now that a decoupled analysis
for such components may lead to erroneous results { Soni et al.,1989),

2.6 Multiply Supported Systems

Components which are supported at more than one elevations get excited by different
support ﬁoﬁom at different levels. This kind of excitation by a multiply supported system
generates not only inertial response but also the response due to Seismic Anchor Movements
(SAM) which is generated due to the differential motion of various supports. For the
components/systems which can be decoupled from the civil Structure, there are two approaches
available for the design of such components. These are the use of multiple support excitation
technique and the use of envelope spectrum approach. In the envelope spectrum approach, analysis
is performed by using a single‘ spectrum which envelopes the individual support point response
spectra. This approach, thus, results in applying a conservative upper bound support motion at all
the supports of the components and hence it usually yields conservative seismic response( ASME
I, App.N,1986). On the other hand, in the multiple support excitation technique different support
groups are subjected to different support motions cither in the form of FRS or FTH and the overall
response of the system is then obtained by combining the responses due to various support groups

appropriately.

In most of the instances, the envelope spectrum approach gives conservative response
prediction as compared to the multiple support excitation technique. However, in case of
equipment with large overhang, it has been observed that the envelope spectrum approach gives
unconservative results as shown in Fig.7. This is on account of out-of-phase motion of supports
which gives rise to additional response if the multiple support excitation technique is followed
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which otherwise is not possible to pick up following the envelope spectrum approach, This is
because the envelope spectrum approach assumes uniform motion for all the support points, Fig.7.
shows results for an equipment with and without overhang wherein it has been observed that the
envelope spectrum approach gives conservative results for the equipment without overhang but it
gives unconservative results for. the equipment with overhang( Neclwarne et al.,1991). In this
figure, case A represents the time history analysis of the component coupled with civil structure,
case B represents the response spectrum analysis of component coupled to civil structure, case C
represents the envelope spectrum. analysis of the component alone; case D1, D2 and D3
respectively represent the multiple support technique analyses for the component alone with
algebraic, SRSS and absolute support group combination methods. These results thus show that
one must be very careful while deciding on the method of analysis for such components.

2.7 Piping Systems

Nuclear piping systems handle radioactive fluids and therefore, they must be designed in
suchawaythatthmisminimummaintenmeeworkrequiredonmemsoastoreduce;hemnn—
rem consumption. The normal operating loads such as pressura.and temperature require that the
system should be as flexible as possible. ©On the other hand, the seismic Mlng demands that the
system should be rigid enough to attract low acceleration, Thus, the duigner husto confront with
these two mutually conflicting requirements,

As far as possible, the designer tries to meet these challenges by the use of simple supports.
However, in many cases, it bocomes unavoidable to use snubbers which act as seismic restraints
but permit slow thermal movement. For example, many PWRs and BWRs have around 300 - 400
snubbers in their piping systems. This is a very high number ldoking at the Problems associated
with these supports such as their inadvertent locking, requirements for regular maintenance and in-
service inspection etc. An endeavor has, therefore, been made to limit the use of snubbers in our
systems as far as possible. This has b:en achieved by designing the layouts in such a way that the
operating stresses are low and thus a comfortable margin is avai!abié for accommodating the
seismic stresses. The system is then permitted to reach its maximum allowable stress range during



112 Bulletin of the Indian Society’ of Earthquake Technology

MASS RATIO = 0.4%

1.9

I EQUIPMENT

_].
2

PRIMARY

] YECTORS
e
COUPLED MODEL

w | INFLUENCE FUNCTION

EQUIPMENT HEIGHT

CASE Of EQUIPMENT WITHOUT OVERHANG

mmo A=
;\\_. P
\ \ s

| R

RESPONSE ACOLN. (g }

.

77777
CoUPLED MoDEL

CASE OF EQUIPMENT WITH OVERHANG

EQUIPMENT HEIGHT

RESPONSE ACOM, (g}

Dec.1995

FIG. 7 : ANALYSIS OF MULTIPLY SUPPORTED SYSTEMS

- A COMPARISION OF DIFFERENT APPROACHES




Some issues in aseismic design ... 113

a seismic event since it is probably a one time loading in its life time. This helps in reducing the
number of supports and snubbers in the piping system and also improves its fatigue life. The
Primary Heat Transport (PHT) system of a 500 MWe PHWR has been designed with only 36
snubbers in its entire loop which is a very low number as compared to what is being used
elsewhere in the world (Fig.8).

In view ‘(-)f the issues associated with active snubbers, the present day technology advocates
the use of mn-linear restraints in plz;ce of snubbers. These restraints can be either hysteretic type
or fricti;n type or some other type (Fig. 8 ) and absorb the seismic energy when they undergo non-
linear defom,whjlg {the -entire piping system remains linear clastic. The hysteretic type
supports absorbseisnk. eﬁergy by taking the elements into their plastic regime during'scismic
event. In addition to ﬂzse, -use of isolated damping elementg at some places in the system also
have been foﬁﬁd helpful in controliing the seismic response, Use of these kind of supports for our
plant would require a lot of research and development activity within the country. In view of their
passive nature, these type of supports/dampers offer considerable advantage and should be
developed. These are-oenainly within the available national capability, Many ‘other sectors such as
petrochemicals, fertilisers, thermal power etc. would ajso benefit from such a development,

1.8 Active Equipment

Active equipment, whose function depends on the actuation of some parts within the system,
cannot be qualified by analytical means with full guarantee. It is, therefore, always desirable to
qualify such components by testing only. Active components can be of two types ¢.g. rotating
equipment such as pumps, motors, diese] gcnerators etc, and actuating type such as valves, relays,
switches etc. While for the actuating. type components which are usually small, it is easier to
perform seismic testing, for the rotating equipment which are generally massive, it is not possible
to qualify them by testing on account of lack of test facilities and test set-ups etc.

For large active equipment, tesorting to analytical means for their qualification becomes
inevitable, One such exainﬁlé is shown in Fig.9 for the moderator-system pump motor assembly of
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a 220 MWe PHWR. The modcl adopled for the analysis consisted of modelling of static parts,

rotating parts, the. amti=friction in bearings, the journal bearing ete. ( Soni et al.,1995). A response
spectrum snalysis of this assembly wileformed to show that the Jaduced numve deflection
between the static panand:herotatmgpmulessthantheclmncabemﬂhn and hence no
rubbing will take place during a seismic event, thus ensuring the fumetional capability of the
assembly during a seismic event. The-stressss induced in the pump casing wete also found to be
well within their limits. S i

While ane can justify thfcllmﬁ‘b’f'hcuve equipment based on nndyus upto a point, there
can be no question about greatet confidence that experimental testing provides..£n our country we
seriously lack these facllit:cs both in terms of size and number, While ¢fforts Jo add more Tacilities
should be pursued to the maximim extent possible within the availalile financial resources, we
also need 1o adopt innovative approaches which could be cheaper. One such example illustrated
here is about v,he fupctxonal testmg of DG sets of a nuclear power plant. Since, it was not possible
to test them on the existing shake table fac:hty in India, it was decided to instrument a diesel
locomotive which uses a similar engine and record the excitation spen dunng its travel on the
tracks in the Pune - Kolhapur sector. Accelerometers were mounted at various Jocations on the
diesel engine and its mounting frame ‘and the measured accelerations were then compared with the
required excitation levels to which the unit is likely to get subjected to during & seismic event
(Fig.10). It was observed from the recorded response that it envelppes the required acceleration
spectra at most of the fmquencie.s of interest which are present during & seismic event. This, thus,
gave us & confidence that the unit can be used in a nuclear power plant without any cause for
concern on this count (Moorthy et al.,1994). Similar tests can he performed on other components
also for their qualification. It seems 1o me that one could realise a much cheaper seismic
qualification test facility using some of the existing tracks and mlli;lg stocks I must acknowledge
here that the idea of using railway track unevenness for seismic testing was given to us by Prof.
R.N.I;engar.

Dec.1995
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2.9 Hydrodynamic Effects

The dynamic analysis of liquid containers has been & major research and development
activity in nuclear, space and petrochemical industrics. Hydrodynamic effects due to the liquid
give rise to two kinds of loads on the container viz. impulsive load near the bottom of the
container and sloshing load near ﬁ'ee surfm It has bem observed that usually the frequency of
sloshing mass is very low and the frequency of impulsive mass is very lugh This. behavmr helps
the designer to evaluate the hydrodynamic forces by decoupling ‘these two mert:al effects.
However, for large size flexible tanks, coupling between’thé liquid impulsivé modes and shell
modes and also between the sloshing modes and shell modes of the container may become
important because of the interaction effects amongst them. This phenomenon may have
pronounced effects in cases like partially filled large petrochemical tanks, large size water tanks
and process tanks in chemical industry, calandria vessel in a PHWR, main reactor vessel of a Fast
Breeder Reactor etc. v

Analysis of calandria vessel of a 500 MWe PHWR for hydrodynamic effects is shown in
Fig.11. The sloshing analysis of this vessel is complicated due to its horizontal oonﬁguratlon,
flexible diaphragm supports, nen-flat bottom and multiple compartment geometry with shell and
subshells of different sizes and cross-sectional curvatures. This necessitates evaluation of anti-
symmetric sloshing load along two principal sheil axes in transverse and longitudinal directions.
It is desirable to study and quantify the peak sloshing and impulsive pressures for the design of
the two independent shutdown devices in addition to the design of vessel itself. A three
dimensional FEM code FLUSHEL ( Singh et al;,l 990,1991) has been developed for stwdying this
phenomenon. Fig.11 shows the fluid model in the calandria vessel and slosh pressure history for
longitudinal direction. The figure also shows the plot for the stosh pressure in the calandria vesse!
at a particular time point. 1t was concluded from this study that since the slosh pressures within
first two seconds of reactor shutdown are very small, the functional and structural integrity of both
shutdown devices is ensured for the 500 MWé PHWR désign ( Singh et al.,1995).
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2.10 Benchmarks

Knowledgé base in the field of seismic design of structures and components is
continuously growing all over the world. Developments on a veriety of issues in this area are being
carried out by many groups working independently or in close co-ordiantion. We had an
opportunity to participate in one such joint exercise wherein test data for a wide flange I-beam
type shear wall subjected to increasing levels of seismic loading was made available to various
users for verification by analytical means. This shear wall was subjected to six successively
increasing magnitude acceleration time histories till the collapse was observed. The deatils of this
experiment are shown in Fig.12. along with summary of various response parameters. The results
obtained by the software ABAQUS show fairly close matching with the experimentat results. We
are also in the process of developing an in-house software ARCOS3D ( Madasamy et.al 1995 ) to
solve this category of problems.

2.11 Seismic Testing

Seismic testing is an area which encompasses many dimensions. It improves the
understanding regarding the dynamic behavior of the component. It can also be used for validating
the analytical modelling of any structural system. In addition,it can be used for forced vibration
test of the component to see its behaviour during 8 seismic event. Forced vibration tests for
seismic loading require large scale tri-axial shake table test facility. We have only one sheke table
for carrying out seismic testing at DEQ, Roorkee. This table too has limitations in terms of the
largest test object which can be tested on it, While there is a case for setting up more such tables,
financial constraints would always limit the size of the facility and there would be a number of
cquipment outside the capability of available shake table facilities. Therefore, it often becomes
neeemnrtouseoﬂmmemodsofustingwhichmquickmmdchupenounandprovideuseﬁxl
experimental backup. Free vibration tests to experimentally confirm the dynamic characteristics
and for subsequent evaluation of the forced response analytically, snap back tests; tests using

portable shakers at the support points of components etc. are some examples of such other
methods.
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Fig.13 shows dynamic testing performed on a large size horizontal vessel which has seven
saddle supports. The central support was fixed to the ground and the other six were roller type
supports along the axis of the vessel. The impact hammer test on this vessel revealed that the
rolier supports do not permit free longitudinal movement of the vessel and that they do offer some
resistance during the longitudinal motion of the vessel. The difference in dynamic behavior of this
tank evaluated by analytical and experimental means is shown in this figure ( Moorthy et al.) n
is thus clear that there is no substitute for testing if one wants to know the system's dynamic
behavior in a correct manner. This kind of testing also helps in arriving at basic system parameters
such as the damping valucs of piping systems under various levels of excitation. I would like to
mention here that this is an area which is still unexplored for Indian piping systems and that we
have to heavily deperd upon the damping values measured by other countries which may not

necessarily hold true in our context,

3.0 CONCLUDING REMARKS

1 have attempted to bring to you a flavor of differsnt aspects of aseismic design that we
have gone through with regard to Indian PHWR programme. Many of the issues that I have
discussed are likely to be of common interest to other industries particularly in the power,chemical
plant and similar other areas. It is necessary that developments in the area of scismic design and
engineering form the basis of a coordinated research programmes in areas of common interest.
This way we all can benefit by pooling our resources together. While significant progress has been
made, there are areas which need greater attention. Development of passive snubbers,alternative
means of festingbuilding in greater seismic resistance through cheaper and simpier
alternatives,development of well tested criteria for a walk down review of aseismic design are
some of the points that come to my mind. Today, perhaps we are spending much larger resources
to evolve designs which satisfy curselves and the statutory agencies, for lack of appropriate
technology in some arcas mentioned above. You will all agree that development of this technology
is not at all difficult. What is necessary is to bring our minds together and work in a coordinated
way involving other people who can manufacture and supply good quality products. It also seems
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to me that while we are computationally more or less self sufficient, there is considerable
deficiency in the cur ability to provide necessary experimental backup. This has arisen primarily
on account of inadequate resources. Use of innovative approaches will certainly enable us to fill in
this gap at least partially with whatsoever resources we can mobilise for this purpose. There is also
a question of developing necessary instrumentation within the country. Today we need a variety of
transducers, recording facilities with necessary on-line processing capabilitics for use during
experiments, commissioning of the plant and for reassessment of plant following an earthquake.
Many of these items are difficult to procure in view of the technology control regime. Indigenous
development of these products is the need of the hour. I hope and wish that the Indian Society of
Earthquake Technology takes a lead in bringing together different groups to catalyse some of these

activities.
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