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FEASIBILITY OF SEISMIC ALERT SYSTEMS IN INDIA

P. K. S. Chauhan and Y. Pandey
Central Building Research Institute, Roorkee
Email: pradeepali@yahoo.com

Indian subcontinent has been worst hit by the ahtaisasters like
earthquakes, floods, cyclones and landslides. Asagathe casualties are
concerned, earthquakes top the list. Besides tis property loss due to
these earthquakes is too high to be estimatedthdnight of the present
knowledge base, we are far away from any earthgpad@ictive tool. An
early earthquake warning has potential to savéhallprecious human lives.
In the present day scenario seismic instrumentatiah telecommunication
permits the implementation of seismic alert systeased on the real-time
measurement of ground motions near the source. $¢ggtbms are capable
of providing a warning of several seconds before dhrival of destructive
seismic waves caused by a large earthquake. Sstbnsy are successfully
operational in many countries of the world like aapAmerica, Mexico,
Taiwan, Turkey etc. In a country like India whexarthquakes are taking
heavy toll of human lives and property, SeismicrANetwork may prove to
be very important step in natural hazard mitigastmategy.
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Seismic Alert Network may help us to give an aldrefore the destructive
earthquake waves reach to a populated place. Sswaresin most of the
cases responsible for structural damages. The wineh may be available
for alarm, depends on the distance of the earthejgakirce. If earthquake
[Ipicenter is 300 km away from the selected site,alaem time (S-wave
arrival time) will be more than one minute. Thisné gap helps in
evacuation of buildings in urban areas, shuttingyrdahe critical systems
like nuclear reactors, stopping high speed trams$ human transportation,
shutting down the elevators etc. In this paper ttengt has been made to
compute the available alarm time for cities likellideLucknow, Patna and

Kolkata taking Himalaya as the source.
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ASSESSING THE SEISMIC HAZARD OF THE STABLE SHIELD
REGIONS: AN EXAMPLE OF BANGALORE

T. G. Sitharam, P. Anbazhagan
Department of Civil Engineering, Indian instituteStience, Bangalore
Email: sitharam@civil.iisc.ernet.in

K. Rajendran
Centre for Earth Science Studies, Trivandrum, kKeral

Ever since the occurrence of the M 6.3 earthqualkéllari, there has been
a growing realization that many regions in the psualar India, hitherto
considered “safe” from earthquake hazard pointiefwmight need to be
monitored. This is especially true for fast devatgpurban centres, where
the pressure on land is high (leading to reclamatlandfills, etc.) and
construction practices are not rigorous. The fastetbping city of
Bangalore is a classic example for this kind ofwglo Although Bangalore
city has been traditionally regarded as of low re@sactivity, the above
situation necessitates a review of the vulnergbdftthe region, considering
a scenario where the occurrence of a moderatege@ik cannot be totally
ruled out. This paper presents results of DetestimiSeismic Hazard
Analysis (DSHA) carried out for Bangalore, takinga account, the past
earthquake history, inferred subsurface fault ngtengths and point source
synthetic ground motion model. Data on historic &adent earthquakes,
mapped faults in the region and subsurface bore diatia, SPT results, shear
wave velocity studies and microtremor studies sh@een used to calculate
the ground accelerations and their dependency tersgecific properties,
such as the nature of the substrata and bed ropkh dmnfigurations.

Observations from 950 boreholes drilled to depthsgai40m, shear wave
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velocity profiles at 55 locations and microtremaudses at 50 locations,
were used in this study to compute the PGA at gitdawel, for an area of
220 sq. km (which is the Bangalore metropolitarapr&éhe maximum peak
ground acceleration (PGA) at rock depth is estiohdte be about 0.15g.
There are significant variations of PGA, dependimiy the subsurface
conditions. Studies show that Bangalore is modgrat@plifying in nature,
the amplification factor varying from 1 to 5.4. $hstudy calls attention to
the need for focused efforts to monitor the eardkgusources, recognizing
the site-specific effects of earthquake ground am&nd dividing the city
into different zones based on their hazard pote(m&rozonation maps of
PGA at ground, spectral accelerations at diffefesquency and period of
soil column) and the implementation of more rig@ouaonstruction
practices. The study for Bangalore city is an eXdangamage mitigation

efforts for a region not traditionally consideresty active.
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UNDERSTANDING EARTHQUAKE RECURRENCE: A STEP
TOWARDS HAZARD MITIGATION

K. Rajendran
Centre for earth Science Studies, Akkulam Trivamgrierala
Email: kusala_05@yahoo.com

C. P. Rajendran
Currently at JN Centre for Advanced Scientific Resh, Bangalore

Earthquake recurrence has different meanings irferdifit tectonic

environments. While active regions such as theegdaundaries are prone to
moderate, large and great earthquakes (the Himalagdaman-Sumatra
subduction zone etc. for example), the plate ioteriare associated with
much slower deformation rates and therefore infeegjearthquake activity.
With the morphologic, tectonic and other featurépast movements well
expressed, evaluating the past earthquake histbrgctively deforming

zones pose lesser challenges, compared to the stabns. Nevertheless,
the threat from such regions cannot be underestinaspecially because
they offer a false sense of security, leading toaaual attitude, when it
comes to earthquake preparedness. The case ofillae Earthquake in

peninsular India, is a good example of this situatiinterseismic intervals
running to several tens of thousands of years agdifisant lack of

earthquake related surface features preclude rabonestimation of

recurrence interval in such regions. However, giaes close to the plate
boundaries and other sites of stress localizatsnr( paleorift systems such
as the Kutch rift), geologic evidence, sometimesgemented by historic

data helps identification of seismic sources thatehbeen activated in the
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past; they also allow some rough estimation of mecce intervals. This
abstract summarizes results of our studies in thennRof Kutch
(characterized by multiple sources, with varyingureence intervals);
Northeast India (where the past earthquakes isidditeut 1000 years. B.P.);
and the Andaman and Nicobar region (where the pes$er of the 2004
megathrust earthquake is dated at 1000 years BtiJies at each of these
sites are complemented by historic and archeolbgdata, adding
confidence to our estimates on timing of the pasthguakes. We believe
that extensive studies in earthquake source zamesdantification of faults
that have moved in the past are most effectivenstesstanding the histories
of causative structures that are likely to faifuture. These efforts certainly
help in identifying potential sources, estimatiree tlikelihood of future
earthquakes, assessing the risk and thereby nnitggdmage from future

earthquakes.
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ROLE OF SPACE TECHNOLOGY IN SHORT TERM
EARTHQUAKE PREDICTION

K.Gwal and S. Sarkar
Department of Physics, Barkatullah University, Balh Madhya Pradesh
Email: splakg@sancharnet.in

According to statistics, earthquakes rate first agnoatural disasters in the
severity of damage and the loss of human life thélict. The strategy of
short-term prediction of earthquakes using spackn@ogy consists of a
whole set of critical parameters, the precursorsasthquake, including the
lonosphere, magnetosphere and the electromagrietitomena resulting in
the observed variations. The search for electroet@gphenomena possibly
associated with earthquakes has been taken up léorgatime. Recently it
became possible to use satellite data in searcfongelectromagnetic
phenomena that accompany seismic activity. Theclauosf DEMETER
(Detection of Electromagnetic Emissions Transmitfeodm Earthquake
Regions) satellite on June 29, 2004 has providegpaortunity to study the
electromagnetic phenomena associated with eartleguiakthe ionosphere.
The main scientific objective of this mission is $tudy the ionospheric
perturbations, which are linked to seismic activithe orbit of DEMETER
Is polar, circular with an altitude of 710 km. Theare several sensors
onboard DEMETER to survey the ionosphere. This pppesents examples
of ionospheric variations observed before stronthgaakes by DEMETER
satellite in different seismically active regioii$ie possibility of using these

variations as precursors is also discussed.
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POSSIBILITIES OF EARTHQUAKE PREDICTION USING
GROUND AND SATELLITE-BASED TECHNIQUES

S. Bhattacharya and A. K. Gwal
Space Science Laboratory, Department of Physics
Barkatullah University, Bhopal, India
Email: splakg@sancharnet.in

Earthquakes have proven to be devastating for mdn&very time they
have struck. This form of disaster plays havoc raymwithout many
indications of their occurrences. Since the past years, the whole of the
geo-scientific community along with space scieatigtre involved in
studying and exploring the methods that one mayeriakle successfully for
studying pre-earthquake signatures and find oubhdy can be vital for
prediction of earthquakes. In this regard, the gdoas well as space based
techniques are found to evolve in the scientifimoaunity. With the help of
electric and magnetic signatures detectable byetbgperiments, the studies
may be useful in prediction of earthquakes in feiturhis paper discusses
some of the vital methodologies involved for datetiof certain anomalies
that can be vital for earthquake prediction if matrout with consistent

efforts.



Abstracts: Thematic Session - Earthquake

SEISMO-ELECTRO-MAGNETIC AND OTHER PRECURSORY
OBSERVATIONS FROM RECENT EARTHQUAKES

A. Bapat
1/11, Tara Residency, 20/2, Kothrud, Pune — 411038,
Email: arun_bapat@vsnl.com

During the period January 2001 to October 200%¢tinajor seismic events
have occurred. These are Bhuj Earthquake (200a8an Earthquake and
Tsunami (2004) and Kashmir Earthquake (2005). Teesats have taken a
death toll of about 3,20,000 lives in Asian CowgriAfter each destructive
earthquake a common question frequently cropstug,”lIs it possible to
predict earthquake?” Majority of the replies areamably, “earthquakes
cannot be predicted.” A few years back, | was oé tbpinion that
earthquakes cannot be predicted. But after undagdield surveys of the
above three earthquakes, | am now convinced thatpbssible to predict
earthquake to a sufficient degree of accuracy.nibst important precursory
parameter is Seismo-Electro-Magnetic Effect. B4fp881) has coined this
terminology of Seismo-Electro-Magnetic Effect. PPrio the occurrence of
any medium to large earthquake (M> 6.0), the twdspan fault move
slowly. This movement causes frictional heat. Télease of heat causes the
sub-surface temperature to rise. It is estimated tiear the hypo central
area, the rise in temperature is of the order ofo280 degrees Celsius. The
rise in temperature has a direct effect on the gemetic field. The
geomagnetic field decreases. This decrease hast dirffuence on the
propagation of electromagnetic radiation. It coudd through cable of
through transmitter. If a radio station is transmg signal at 1000 kHz then
it will be received in the potential epicentral ardew hours before the
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quake, at 1100, 1200, 1300...1700.1800...kHz. SimilaHtg reception on

Television is disturbed. It gets repeated audicsua and spectral
disturbances. The degree of adverse effect on matetevision is more than
the cable television. The reception on cable andilmdelephones is also
disturbed. The mathematical equation for receptidnelectromagnetic

waves by the receiver is given by the following &tipn.

F=1}]2(LC)

2 and[] are constants. C is capacitor of the receiveould be C1, C2, C3,
etc. for different receivers. L is inductance. A® tvalue of geomagnetic
field decreases, the reception of frequency inrdoeiver increases. As L is
in denominator and also in Square Root, a smaltedse in geomagnetic
field makes the reception frequency to raise maaoldst The most

interesting part is the effect on mobile telephories/as seen that most of
the mobile telephones start mal-functioning or fiamctioning about 100 to

150 minutes before the occurrence of earthquakis. Was seen prior to the

above three earthquakes.

In addition to the above effect, the well known afmal animal behavior
before the earthquake was extensively seen. Furienlar to animal
behavior, there are also cases of abnormal Humaavir. These were seen
at some hospitals. Everybody extensively seetiedlé precursory indicators
about ten to twenty hours before the occurrenceadfhquake. This time is
sufficient to organize proper mitigation measuned save the population. It

Is proposed to discuss these points in the paper.
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EARTHQUAKE PROTECTION OF INFRASTRUCTURES IN
INDIAN CITIES

B. A. Konnur
Department of Civil Engineering
Government College of Engineering, Karad
Email: bakonnur@yahoo.com

P. B. Murnal
Department of Applied Mechanics
Government College of Engineering, Karad

Our cities are experiencing exponential growth ize glue to explosion in
population as well as huge migration of people fraral areas. Also an
average city today is far better than as it wasdeweades ago with respect to
infrastructure facilities. Most of our cities nowave skyscrapers, instant
global communication system, fast travel facilitets. Our infrastructures
installations are increasingly becoming more andenmammplex consisting
of civil engineering structures like flyovers, toswgunderground tunnels etc.
These infrastructure installations are providingibaconomic foundations
required for our country. As infrastructure ins#itbns are increasing, the
potential for earthquake destruction is also insirga The world witnessed
many catastrophic earthquakes in the history. Whkese events have
occurred near cities, the destruction has beemdbagg. In recent times San
Francisco in USA, Kobe in Japan, Tangshan in Clmd Messina in Italy
have all been devastated by massive earthquakdsdia, 2001 Gujarat
earthquake created significant damage to Bhuj tityless serious efforts
are made to combat these disasters we can expalarsand great disasters

with increasing frequencies in the years to come.
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As compared to buildings, loss of human life angdiryn are considerably
less in case of infrastructure damage. But thednemic consequences are
far reaching. The cost of their repair and recamsion is very large. Apart
from direct loss due to physical damage, loss p€fion can also be a major
loss. Since these facilities are most needed faligvan earthquake, the
emergency operations involved in managing earthejdiidaster are severely
affected. Additional losses occur due to reduction revenue and
opportunity costs. As a result, practice of earttigudisaster management in
urban infrastructure is developing very rapidlyidgrrecent years. A body
of knowledge has been built up by engineers, uddanners, administrators
and financiers about earthquake disaster managesherftastructures. The
primary objective of earthquake disaster managemento formulate
policies which can be implemented for reducing dgimg effects of

earthquakes in given circumstances.

This paper makes a review on various aspects ofbatng destructive
power of earthquakes with reference to infrastmectnstallations. Technical
measures, traditional practices and public expeegmeported in literature
have developed the ability among people to comleatrdctive powers of
earthquakes in many countries. The paper also ptteto explore these

measures for protection of infrastructure instadla in Indian cities.
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EXPERIMENTAL INVESTIGATION ON REHABILITATION OF
BEAM-COLUMN KNEE JOINT USING GFRP SHEETS

A. Patel, B. Aravind Kumar and S. K. Sahu
Department of Civil Engineering, NIT, Rourkela, £3a
Email: sksahu@nitrkl.ac.in

The beam column joint is a crucial zone in a reicdd concrete moment
resisting frames. It is subjected to large shearef® and its behaviour has
significant influences on the response of the stinec The beam-column
joints usually fail in shear. The shear failure wWagtle in nature, which
significantly reduce the overall ductility of thetriscture with little
acceptable performance. The exterior beam-columintsjoare more
susceptible to such failure as they are confinedelg number of beams
attached to their sides. Composite materials aeel us a variety of forms
both in new construction and retrofitting of a dg®a structure due to any

disaster.

The objective of the present experimental studioistrengthen the shear
resistance of exterior knee joint by using GladseFiReinforced Polymer
(GFRP) sheets to eliminate the brittle shear failand ensure that the
ductile flexural hinging will take place in the lmealn the present study, the
effect of different GFRP reinforcements used torofét the failed

conventional reinforced cement concrete specimemsadso a scheme is

presented to apply GFRP sheets.
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Slag cement conforming to IS 455-1976 was usedcésting of beam-

column joint. Natural fine sand from local rivergsang through 4.75mm IS
sieve and not more than 10.0% pass through Igré0fleve were used in
the investigation. Graded course aggregate of nalngize 12.5mm were
used in this study. Concrete of;jgrade with mix proportion 1:1.137:2.25
mix proportion was used during casting of the beatmmn. E-glass fiber

sheets used were bi-directional woven roving mat eandomly oriented

chopped strand mat of hybrid quality. Density ofvem roving and chopped
strand mats were 900 gm/rhimnd 600 gm/mArespectively. Epoxy resin is
used as the binder of GFRP sheets with the consuetace.

Results show that the joint jacketing by GFRP @icéments is greatly
effective in improving the joint strength and loearrying capacity of the
rehabilitated structures. The proposed rehabiitaicheme is successful in
eliminating shear mode of failure and ensures tiatile flexural hinging of
the connecting beam.
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MODERN TECHNIQUES FOR EARTHQUAKE RESISTANT
DESIGN OF EARTH RETAINING STRUCTURES

D. Choudhury
Department of Civil Engineering,
Indian Institute of Technology Bombay, Mumbai
Email: dchoudhury@iitb.ac.in

Design of earth retaining structure is an importarga of research for
geotechnical engineers and more so under earthauakigion. In India, the
recent devastating effect of earthquakes whichesaegtensive damages to
many earth retaining structures is noticeable. ddreventional methods of
analysis using pseudostatic approach based Monegbklbe method for
earthquake forces are found to be unsafe in somafgpconditions during
several recent incidents across the world. Hemcéhis paper, the modern
techniques to analyze and design the earth retpstmictures subjected to
the earthquake forces are mentioned. Among thesmitpies, the recently
developed pseudo-dynamic method is found to betarbdynamic solution
for retaining structures under earthquake condittmmsidering the effect of
time period, variation of seismic accelerationshwiepth and time, shear
and primary wave velocities, other soil parameteesiod of ground shaking
and soil amplification into the seismic earth pueescomputation. It also
reveals the non-linear behaviour of seismic eantasgure distribution
compared to the conventional linear distributiontagied by using the
pseudo-static approach which changes the poinpplication of the total
thrust. The dynamic centrifuge test results are atmfirming the proposed
recent pseudo-dynamic solutions for the computatidnseismic earth

pressures. The stability analyses of earth retgingtructures under
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earthquake conditions are carried out and the fsignt decrease in the
factor of safety against sliding and overturningde®f failures are noticed.
Variation of the proposed results from the conwerdl method is also
reported. Role of design codes like IS: 1893 — 260t 3; Eurocode 8 and
design report of US Army Corps of Engineers (1982)nentioned. The
extreme need for updating the Indian design cafie 1893 — 2002, Part 3
for the seismic design of retaining structures maTeng the latest technical

developments across the world are also highlighted.
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STRUCTURAL MEASURES FOR IMPROVING PERFORMANCE
OF BUILDINGS AND STRUCTURES AGAINST EARTHQUAKES

N. Lakshmanan
Structural Engineering Research Centre, Chennai
Email: nlaxman@sercm.csir.res.in

Disaster mitigation through pre-disaster preparsslis¢rategies has been the
most effective message that the researchers haemeetl in the recent past
which is also gaining wide acceptance by the inguand the society.
Structural Engineering Research Centre, a natitad@ratory under the
Council of Scientific and Industrial Research, hasdertaken many
programmes for realising the goal of pre-disasteparedness leading to
reduced human/economic loss. Disaster resistamdtieation features can
be easily incorporated in the design stage forhihiédings and structures
that are being planned for the future. Howeveg, itiore onerous task for
the engineering community is to improve the perfamge of a wide range of
existing buildings and structures which are in edrstates of vulnerability.
The primary task is to evaluate the existing baddi through analytical and
experimental means to assess the present statussenBy, pushover
analysis is extensively used for this purpose,iqddrly for reinforced
concrete framed structures. Once the evaluatiogorspleted and the
building/structure is found suitable for retrofitly, a suitable retrofit strategy
needs to be chosen. Global/local retrofittingfaesible. A large number of
tests have been conducted at SERC on various regghiniques on beams,
columns, and beam-column joints. These have leddeatification of
certain performance indices for evaluating variogfgair strategies. It has

been observed that an inherent detailing deficienape original structure
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shows up even after repair and hence careful assesss needed to tackle
such cases. Base isolation is a globally accepettiodology for reducing
seismic damage. Base isolators using natural rubaee been designed,
fabricated, and tested at very high vertical andzbatal strain levels. The
tests have demonstrated that these can be useddmf@s and structures for
obtaining seismic base isolation. Tests have la¢gm conducted on various
types of viscous damping devices for incorporationexisting framed
buildings. Any radical repair strategy needs toebaluated using advance
testing techniques. An earthquake engineeringrédbry with two tri-axial
shake tables, monotonic and cyclic test facilitesd pseudo-dynamic test
facility is nearing completion. The paper presemtsrief overview of the
activities undertaken at SERC covering all the espenentioned above.
The paper is intended to trigger interesting dismrsfor taking future R&D
projects, particularly aimed at seismic disastetigaiion to buildings and

structures.



Abstracts: Thematic Session - Earthquake

ESTIMATION OF SEISMIC VULNERABILITY OF EXISTING
BUILDINGS OF DELHI MUNICIPAL AREA

S. K. Agrawal and A. Chourasia
Structural Engineering Division, CBRI, Roorkee
E-mail: agrawal_shaileshkr@yahoo.com

Assessment of seismic vulnerability of existingltmig stock in urban areas
would help in disaster mitigation and managemenplayining mitigation
measures before an earthquake, selecting enginesrefitting schemes for
the existing buildings and carrying out rehabiidat following an
earthquake. Delhi being the national capital haktha privilege of planned
development but the unusual growth of this burgegmnega city has set off
all the plans. The city is dotted with all kinds btildings and infra
structural facilities comprising of very good camstion to poorly designed
& constructed ones. The most challenging task isviluate seismic safety
of these constructions and take necessary steghdwrretrofitting so as to
protect them from future earthquakes at a place Ikelhi, which is

seismically very active.

The paper dwells upon the seismic vulnerabilityeassent of existing
building stock of Delhi municipal area. The entidelhi is suitable divided
into three types of buildings for vulnerability assment (i) Type-A:
Buildings in field-stone, rural structures, unbubmick house, clay houses;
(i) Type-B: Ordinary brick building, buildings ofhe large block and
prefabricated type, half-timbered structures, bogdn natural hewn stone;
(i) Type-C: Reinforced building, well built wo@h structures. The paper
presents two approaches for vulnerability assessmemn demand-capacity
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approach (quantitative assessment) and rapid sogeeprocedure
(qualitative assessment). The administrative wasldefined by Municipal
Corporation of Delhi have been considered as nzomes for vulnerability
assessment. There are 134 wards, which areefudivided into number of
colonies in Delhi. Each micro-zone has been formettrms of these 134
wards defined by Municipal Corporation of Delhi arsiibsequently
reconnaissance survey of existing buildings stawfkeach colony in each
ward has been carried out to select representativeples of different
building types. The sample building survey in diffiet zones encompassing
different types of buildings from each zone hasnbearried out and a
comprehensive database has been created for efflaadling of collected
data for further analysis.

The study concludes that Type-A buildings in Ddfitk seismic resistant
measures and are likely to fail in the event okarthquake. The majority
of building stock (85%) in Delhi composed of TypebBildings, out of
which 24.% buildings are safe, while 75.9% buigirare likely to suffer
damages in form of excessive cracking, falling @flsy falling hazard of
non-structural component and combination theredif.is estimated that
around 61.4% buildings are safe whereas rest 6£88.ype-C buildings are
likely to suffer damages in the form of excessivacking, diagonal
cracking, falling hazard and its combination. Tdeerall vulnerability of
Delhi can be stated, as 58.4% buildings are vubierdrom seismic
considerations. Assuming 40 lakh to be the estidhatanber of buildings in
Delhi, it is about half the structures require deth seismic evaluation
leading to viable retrofitting measures to minimilsses during future

seismic motions.
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OVERCOMING SCHOOL SEISMIC VULNERABILITY IN DELHI
M. Kaur and E. Jafar

Email: manprit.kaur@gmail.com eilia.jafar@gmail.com

Schools are the pivotal points in a society, plagksre the future of country
takes shape and in the protection of the premisesimols thousands of
young minds spend half of their day. But are thesapuses able to provide
adequate safety to its residents? Especially vatbevance to a hazard like
earthquake, which is making the humanity feel aiwdring presence with
every single passing day. This question makes uslggo And to look for

some answers we went around the schools in Delhi.

Operating in all kinds of environments surroundeithwuzzing market

places or located in the calm a residential coliveycontrasts offered were
great. But when it came to seismic safety of stmgs the equation
somehow was not very different. Where in old paft®elhi, the buildings

housing schools were as old as 100 years; the neivactures are
constructed without any consideration to seismitetgastandards. The
complexity of the situation is further exaggerat®gdDelhi itself being in

zone |V, i.e. at risk to earthquakes of MSK Intgn§illl and above.

The paper explores the efforts of the state govenirm dealing with the
obstacles to improving the safety in school premjisaware of the
constrained financial resources available. It @sows attention to all those
non-structural mitigation measures which come wittle effort, but

contribute volumes to safety. An effort has beerdento document the
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lessons learnt through real cases of both sucassdaslures. The paper
further examines the possible interventions ainte@@ucing non-structural
risk vis-a-vis their economic feasibility.
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HUMAN DEVELOPMENT AS IMPORTANT CATALYST IN
UNDERSTANDING BYE-LAWS AND CODES FOR EARTHQUAKE
RISK MANAGEMENT

R. Deshmukh and G. R. Krishnamurthy
Email: deshmukhro4@yahoo.com

The rate of earthquake events has increased legslyting in continuous
loss to life and property. Latur earthquake oft€eyer 1993 took a toll of
more than 6000 lives making scores homeless. &bent land-earthquake
of Bhuj in January 2001 took a toll of over 1300@&$ and injured over 1,
65,000. It impacted the economics of the nationU88&5billion. South
Central Asia, of which India is a part, has experexrl 138 earthquake and
Tsunami related disasters in 30 years during 19082out of 356 such
disasters in Asia. Earthquakes in Asia accountrfore than 50 percent of

the world events.

Participants of building industry, i.e. architectisuilders, contractors,
designers and engineers need to be more concemoed seismic effects on
building, as they can contribute to creation oksstielters and settlements.
Due to high pressure on land and population expipghe development is
becoming haphazard and uncontrolled. Regulatiom$adiowed in a relaxed
way or the building construction takes place takiegourse to loopholes
into the techno-legal regime. In the historic pamtstruction methods were
vernacular, traditional and region specific. Setints evolved organically.
However, these followed basic laws of Nature legdin less risk and

consequently less vulnerability to people. The emaodconstructions are
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adventurous. The design and construction of thesewithin the realm of
a system well supported by rules, regulations awedlaws, specific to
region. Scarcity of land and expensive buildinganals lead to unhealthy
practices of maximizing use of land beyond the ldmvn norms and
exceeding bye-law provisions, at times resortingh¢ém-serious structural
considerations to save on fees of consultants ammipmmising on
construction materials and practices. It is tinwr technologists to
understand and respect byelaws and codes to mak®oasing stock safer

than before.

The paper takes an overview of some bye-laws awd f@anning rules in
select cities and investigates into how these aterpreted to suit
convenience and economics of builder at the costvudherability of
occupants of building after construction. Alsalpibks into creative fancies
of designer and how consultants compromise relegagiructural integrity
to the backstage. The paper concludes with su@gesstiand
recommendations that would be a step toward uratetstg the important
segment of earthquake risk management from peoplaist of view and

from those who are its stakeholders.
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EARTHQUAKE RISK MITIGATION: ROLE OF INDIA
METEOROLOGICAL DEPARTMENT

S. Prasad, A.K. Shukla, R.S. Dattatrayam, P.R. Baiyth, and G. Suresh
India Meteorological Department, New Delhi
Email: santprasad@hotmail.com

India Meteorological Department, as a nodal agemty earthquake
monitoring, is deeply concerned with the “Earthqu&lazard Evaluation &
Risk Mitigation Planning” and it is fully aware tife following challenges:

I. Intrinsic characteristics of earthquake hazard $adden release of
energy, potential for instantaneous damage in wadgdeead area,
unpredictability/limited predictability in terms o$pace, time &
magnitude and non-uniform distribution across tHebefIndian
territory

ii. A typical earthquake-cycle which has six elememgecing basically
two phases of Disaster Management viz. Post-Disadteh includes
Rescue, Relief & Rehabilitation (3R) and Pre-Disgswhich includes

Prevention, Mitigation and Preparedness (PMP).

As the prediction of earthquake is still illusonydaintrinsic characteristic of
earthquake and sudden release of energy causesiv@edamage to the
property, many deaths due to collapse of buildimgthe area close to the
epicenter. Such events cause failure of electriocttymmunication and
lifeline structures, making the area practicallyoftuifrom the rest of the

world. Relief and rescue operations in affectec avigthin shortest period of
time say within two to three hours are crucial aah save lives of the
people trapped under the debris. Therefore, to gearnaost earthquake
disaster, real time information of occurrence ofrtleguake and

dissemination of information to the agencies imed! in relief and rescue
operations, is very important. To meet these reguemts, IMD is
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maintaining a countrywide network of 51 seismolayjiobservatories
including 47 observatories in the National Netwadtke rest being special
purpose project observatories. IMD is also opegatinl6-element V-SAT
based digital seismic telemetry system around Nati&€Capital Territory
(NCT) of Delhi for close monitoring of seismic acty in the region.
Twenty four seismological observatories under tregidthal Network are
equipped with state-of-the-art technology broadbs@gmograph systems.
Ten of these observatories are of the standard&lobal Seismograph
Network (GSN), having been linked through VSAT/ldmmodem to the
Central Receiving Station (CRS) at IMD headquastdiesv Delhi to enable
near real-time data transmission. It maintains detle-clock watch of
seismic activity in the country. The operationaki@f the department is to
quickly determine the earthquake parameters imnagiaafter the
occurrence of an earthquake anywhere in the couwrtdy disseminate the
information to all concerned agencies.

IMD is in the process of upgrading its seismologmatwork in a phased
manner. The ongoing upgradation plans includerggttp of 17 station Real
Time Seismic Monitoring Network as part of the Taom Early Warning
System, 20-station telemetry system for Northdéadia and a 40-station
regional seismological network as part of optimustwork plan for the
country as a whole.

For the management of earthquake disaster in theewdorld, there is a
paradigm shift from the response-centric regimeenhmost efforts and
funds are used to strengthen the emergency resgongemitigation and
preparedness-centric regime where efforts and fwiidi®e used to address
the underlying causes of vulnerability and for @eginess i.e. pre-disaster
management. To recognize the importance of prEsths planning and
management, India Meteorological Department has get recently
Earthquake Risk Evaluation Center (EREC). The cemtavides earthquake
risk based knowledge products, develop informasigstem, and user inter
phase to continuously interact with various ages)ciarticulate well
considered regulatory and legislative measuresatalyze development of
evermore-effective risk assessment and mitigatippra@aches. All these
aspects and capabilities of IMD are discussederptper.
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RISK.iitb - A GIS-BASED SEISMIC RISK ASSESSMENT SYSTEM

A. Gupta and R. Sinha
Department of Civil Engineering, [IT-Bombay, Mumbai
Email: rsinha@civil.iithb.ac.in
The earthquake risk or damage potential is duectingbination of seismic hazard,
vulnerability of the built environment and the egpce. The damage during recent
earthquakes in India has demonstrated the neeskefemic risk assessment that is
capable of predicting the consequences of eartlegudk is also found that the
complex risk assessment carried out in the scientibmain does not easily
provide information and data useful for policy maki The risk assessment (in
terms of consequences of earthquakes) needs toderstood by the various
agencies and organizations that are likely o bect#tl by an earthquake disaster.
Representation of results is therefore also imporsa that decision-making and
non-technical people can understand it very easllge use of graphical
representation tools such as Geographical Infoona8ystems (GIS) has been
found to be useful for representation of resultsthis paper, a newly developed
GIS-based tool for seismic-risk assessment, naRE.iitb, has been presented.
It tool quantifies seismic hazard, seismic vulnditgb and exposure and loss
estimation and is particularly suitable for Indiadaother developing countries
with limited inventory data. The tool allows theeugo carry out seismic hazard
analysis, estimate the associated damage to bgsldand also performs loss
estimation for scenario earthquakes. The resuitglmsplayed in the form of color
coded risk maps and also in the form of tablesu@ryg interface is also provided
which allows the user to identify buildings satisfy the desired conditions of
damage and losses. A sample analysis has beenrpeddor an example area to

illustrate the system.
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APPLICATION OF TAIWAN EARTHQUAKE LOSS ESTIMATION
SYSTEM (TELES) ON DISASTER MANAGEMENT

Chu-Chieh Jay Lin and Chin-Hsun Yeh

National Center for Research on Earthquake Engimger
Taipei 10668, Taiwan,
Email: jaylin@ncree.org

Taiwan Earthquake Loss Estimation System (TELES®)etbped by the
National Center for Research on Earthquake EngmgpefNCREE), is
designed to integrate research accomplishmentgism& hazard analysis,
structural damage assessments and socio-economactsnin Taiwan. In
order to mitigate seismic disasters and to redwtastrophic risks, it is
necessary to have adequate damage assessmentskndhamnagement
strategies in both normal times as well as in ey response stage.
After putting lots of efforts, TELES has been swsfelly used in preparing
disaster mitigation plans and emergency responstersg by governments
and cooperative institutions. Among these resem,chcenario simulation
technologies (including seismic scenario databhseg been developed and
used in the decision-making support system. Tipdicgtion of TELES has
proved to be very helpful for hazards mitigationdghe TELES is also a
handy tool for India to build a safer society.
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COMPREHENSIVE REVISION OF BUILDING BYELAWS FOR
MANGALORE CITY - A CASE STUDY

A. G. Bhatt
District Disaster Management Authority
Dakshina Kannada District, Mangalore
Email: dcmng@dataone.in

K. Venkataramana
National Institute of Technology Karnataka
Surathkal, Mangalore
Email: ven.nitk@gmail.com

National development in India has been equated agtinomic growth and

surplus. This rush for growth has triggered haphdzirban development.
Coupled with the wvulnerability of the country to e hazards, the

disaster risks have increased manifold as seentfierhuman and economic
costs of the Latur Earthquake (1994), Orissa Supgrione (1999), the

Gujarat Earthquake (2001) and the recent Tsunaeosember 2004.

This rush has also led to increasing concentratfqropulation in towns and
cities many of which are located in hazard zoneSonsidering this,
Government of India, in conjunction with the St&evernments is working
for “safe development” through improving ‘governahc The major
concern has been the existing development conégllations, building
byelaws and land use zoning regulations. Theseotl@dequately provide
for ‘multi-hazard safety’. Wherever these provisoexist, they are not
strictly enforced. The National Expert Committemnstituted by the
Ministry of Home Affairs and chaired by Prof A S ya&, carried out a
detailed study and submitted a comprehensive repescbmmending
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incorporation of hazard safety measures into theeldpment control

regulations and building byelaws.

Mangalore is one of the 38 cities where the Urbartiguake Vulnerability
Reduction Project is under implementation. It isud-component of the
Gol-UNDP Disaster Risk Management Programme aimegtrangthening
capacities of communities, urban local bodies ambniaistration in

mitigation, preparedness and response.

The existing zoning regulations and building byedawf Mangalore City
were formulated in 1991. Since then the city haghbped enormously both
in terms of population and area. This biodiversittspot of the Western
Ghats has several heavy industries too. Mangalayei<Ca blend of old and
new and the terrain is hilly. A comprehensive r@nsof the zoning
regulations and building byelaws has been overdespikg in view the
recurrent floods and landslides during monsoons igsmdocation in the

moderate earthquake risk zone (Zone IlI).

As governments bear the primary responsibility wetlgard to the right to
safety and security, the Deputy Commissioner ofddala Kannada District
constituted a Committee with Dr Katta Venkataramasahe chairperson,
for suggesting measures to revise the existing dgl Byelaws of
Mangalore City Corporation. The Committee studikdedevant documents
and prepared the draft report containing the falhgw chapters: (i)
Introduction; (ii) Definitions; (iii) Zoning Regutans; (iv) Administration;
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(v) General Building Requirements; (vi) StructurBlesign & other
Requirements; (vii) Environmental Safety/ConsenratRequirements; (viii)
Registration, Qualification and Duties of Professils Appendix A-Forms;
Appendix B-Indian Standard Specifications.

The preparation of the draft was a Herculean tasisidering the need to
have a futuristic outlook keeping in view the susthle and systematic
development paradigm — a decentralized disastemptanning strategy that
can empower the local community by opening the wimdfor local
participation. The suggestions try to simplify frecedures and at the same
time guarantee that the necessary information wbalfurnished. The draft
report generated lot of public interest and wasigiwide coverage in the
local press. Several workshops and interactive is@m®iwere conducted by
the Technical Committee Members to highlight theteats to the general

public as well as to the local engineering andigectural community.

This paper discusses the various stages involNesl téchnical & social
aspects of the work, the possible areas of difiesilin implementation and
how to address them. It is hoped that the presapémpwill provide useful

inputs for other similar cities in India and in glebouring countries.
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POST TSUNAMI RECOVERY AND RECONSTRUCTION PHASE IN
ANDAMAN AND NICOBAR ISLANDS

N. Bharati and Md. A. Abid

The earthquake followed by devastating Tsunam26th December 2004
was not only responsible for thousands of deakignsive damages to the
infrastructure and loss of human lives, but alslogated the communities
from their neighborhood, affected their means etllhood and socio-
cultural linkages . The tsunami damaged about 8Xare of crops and
plantation and destroyed 10000 houses. The danfmayesbeen assessed to

the tune of Rs. 3300 crores.

The disaster of tsunami is being perceived as appity for reshaping the

lives of people by creating an environment with Emgmployment

opportunities thorough the implementation of vasiotelief packages
announced by the government of India and also tirdbe recovery efforts
by other NGOs and the local self governments. Hewéhe communities

have differential capacities to respond, accept addpt to the changes
intended or perceived to be beneficial to themamdinfluenced by cultural
and ideological forces and sometimes driven lrglguational economic

choices.

The paper discusses the approaches of the admatrmstr community and
NGOs in rebuilding not only the physical infrastiure but also the efforts
made in restoration of the social and fabric ofa¢benmunity and promoting
the culture of disaster prevention and preparedmdssh involves close
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interactions and intensive debates/discussions gniloe stakeholders for
assessing and projecting both the short term and lerm needs and
strategies with ecological sensitivity and good iemnmental management
practices. One of the major accomplishments urfteishort term recovery
process has been the construction of about 10j/@i@@mediate shelters for
housing the tsunami affected families in a tineeigud of 4 months before
the onset of heavy monsoon in 2005. The paperrdents this challenging
task and other complex issues associated withéhmanent housing for the
tsunami victims, livelihood restoration, nature andent of compensations,
introduction of new technologies and initiatives lwelihood sectors

particularly the farm sector and the issues ofgpanency and inclusion in
the rehabilitation process.
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SOCIO-ECONOMIC CLUSTERING IN SEISMIC RISK
ESTIMATION OF DEHRADUN CITY

J.S.R. Prasad and Y. Singh
Indian Institute of Technology, Roorkee, India
Email: yogenfeq@iitr.ernet.in

A. M. Kaynia
Norwegian Geotechnical Institute, Oslo, Noway

C. Lindholm
NORSAR, Oslo, Norway

In the Indian National Census, Municipal ward is basic geographical unit
used for aggregation of demographic data, whilehm Housing Census;
district is the unit for aggregation of sample d&adistrict is too large and
too heterogeneous a unit for providing insight itite spatial variation of
building stock. Contrary to the census tract inti& the municipal ward is
also too heterogeneous a unit to make generalimatbout the seismic risk
parameters, as it may consist of a number of secomomic clusters with
widely different building stock, demographic andoeemic conditions.

Therefore, it is necessary to have a reliable @daslbvith aggregation at the
level of socio-economic clusters. A database ofdmg stock based on
socio-economic parameters has been developed bytifidd socio-

economic clusters for seismic risk assessment afddkein, the north Indian
capital city of Uttaranchal State lying at foothilbf Himalaya. The whole
city has been divided into 254 clusters within awdoss the 60 municipal
wards. A stratified random sample survey has beenducted and

information has been extracted from high resolutgatellite data. The
reliability of the developed database has beerbkstt@d by comparing the
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demographic data with the 2001 census, at ward.leve

A comprehensive earthquake risk assessment for cthe has been
performed for the Seismic Intensity obtained frdra Seismic Zonation of
the country and Micro-zonation of the city. Diffatevulnerability classes of
buildings have been identified using a building diggy survey. A
combination of MSK and EMS-98 Intensity scales witle experience of
damage during past earthquake in India has beeh tosdefine the lower
bound and upper bound Damage State Probabilitrehdéoidentified classes
of buildings. The Severity Levels and Casualty Rdtem HAZUS have
been used to estimate the expected life loss ardtdind indirect economic
losses. The spatial distribution of the vulner&piand the expected losses
has been estimated using GIS. It has been obs#raedld congested areas
and low income group areas of the city are moraenable in terms of the
expected life loss. The expected economic lossedigher in some other

areas having high intensity of economic activity.
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DAMAGE TO PORTS AND LIFELINES IN TAMIL NADU DUE TO
INDIAN OCEAN TSUNAMIS OF DECEMBER 2004

B. K. Maheshwari, M. L. Sharma and J. P. Narayan
Dept. of Earthquake Engineering, Indian Institutd @chnology, Roorkee
Email: bkmahfeq@iitr.ernet.in

Safety of ports, harbors and lifelines are of utmimgortance during natural
disasters such as earthquake and tsunami. Indioectomic losses caused
by the failure of these structures during natuadduaity far exceed the direct
losses. Widespread damage was caused on easbtoadia due to tsunami
generated by December 26, 2004 Sumatra earthquaien after the
earthquake authors visited Tamil Nadu and Pondighsr a damage
survey. Area covered was along the coast from Clieon east coast to

Thiruvananthapuram on west coast.

This paper describes the damages to ports anthéigein the visited
area. Three ports namely; Nagappattinam, Tuticanith Kanyakumari were
visited. Damage to facilities at these ports islyae with level of run-up
there. Also damage to lifelines (roads, a bridge aretty) are presented. It
was observed that there was significant damageis,proads and lifeline
structures due to erosion and settlement of soillefailed analysis of the
level of damage with type of construction and istgn of tsunami is
presented. It was observed that the level of dana@geparticular locality
correlating well with level of run-up (measure ihet field). General

measures to avoid these damages in future tsumarsuggested.
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DEVELOPMENT OF EARTHQUAKE ENGINEERING AND
EARTHQUAKE DISASTER MITIGATION IN INDIA

D. K. Paul
Department of Earthquake Engineering, |IT Roorkee
Email: dpaulfeg@iitr.ernet.in

India is one of the few countries, which had iné& Earthquake
Engineering and Earthquake Disaster Mitigation alfime decades earlier
but could not keep the pace of the fast developmetiit the rest of the
world. Ever since the first World Conference on tkquake Engineering
was held in Berkeley in 1956, India also organizbd first National

Symposium on Earthquake Engineering in 1959 at IRmmor Last five

decades were very event full where it has seereshablishment of School
of Research and Training in Earthquake EngineeahgUniversity of

Roorkee in 1960, which was later, renamed as Deyeatt of Earthquake
Engineering, [IT Roorkee. Other important institutike Geological Survey
of India (GSI), Seismological Division, Indian Metelogical Department
(IMD), National Geophysical Research Institute (N§;RVadia Institute of
Himalayan Geology (WIHG) together with Departmerft Barthquake
Engineering richly contributed in the development &arthquake
Engineering and Earthquake Disaster Mitigatiomidid.

The Department has richly contributed in the humesource development
and capacity building in Earthquake Engineeringresiace it started. It
introduced Post Graduate teaching in EarthquakenEagng for the first
time in 1963 and it is still the only institutionwarding degrees in
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Earthquake Engineering. Some of the other sigmfic@ntributions made
by the Department in Earthquake Disaster Mitigatzwa (i) collection of
strong motion data using strong motion instrumeéoaind monitoring for
use in better design; (ii) collection of micro éapwake site specific data
using array of seismic instrumentation (analogtdigseismographs); (i)
basic and applied research on earthquake engigeestndies (iv)
dissemination of knowledge about Earthquake Engingeand related
subjects; (v) taking up sponsored consultancy ofomarojects in the
country, (vi) capacity building of field engineeasd (vii) participating in

national programme in Disaster Mitigation.

The country has kept pace with the technologicalveligpment in
Earthquake Engineering whereas its implementatias lacking for many
reasons. This paper summaries the developmentrdidt@ke Engineering
and gives reasons for effective non-implementatbrhe technical know

how for achieving Earthquake Disaster Mitigation.
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EVALUATION OF LIQUEFACTION POTENTIAL OF JABALPUR
URBAN AREA

M. Chandradas, S. D. Pimprikar
Geological Survey of India, Nagpur
P.S.Mishra

Earthquake Risk Evaluation Centre, IMD, New Delhi

Liquefaction susceptibility is considered to be thest important input for
seismic zonation and risk study. In this contgeiptechnical parameters of
cover sediment of Jabalpur have been investigatedrting to standard
penetration test (97 SPT Sites) and the N valua datained have been
modified and analysed for liquefaction susceptypilifollowing the
methodology enunciated by Seed and Idriss, (198&8)maodified by Idriss
(1990). A deterministic approach has been follbiax estimating A max
based on a scenario earthquake with magnitudef&cal depth 30 Kms,
located (23.08’N; 8C° 06’E). in a mature zone of Son-Narmada South Fault
The susceptibility of sediment material to liqueiac is a function of (i)
granulometric characteristic, (ii) relative densityii) effective confining
pressure (iv) initial Kratio of effective horizontal to effective verticress
under condition of zero lateral yield, (v) dynarsitess level, (vi) Number
of functions of Dynamic stress level, (vii) bounigar of drainage (viii)
pressure stress strain history, (ix) over constbda effect, aging,
lithification, and cementation of inter-particle Walary, (Xx) soil structure,

fabric and micro geological detail, (xi) micro georphological detail and
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(xii) ground water condition ( Youd & Hoose,197Hence to comprehend
liguefaction condition in depth studies on a) gebtecal attributes of
sedimentary fill, (b) geological and geomorphictisgt (c) ground water
condition and (d) attributes of likely seismic loaglis called for.

The liquefaction susceptibility of soft sedimenwepis evaluated based on
(i) modified N values, (ii) two alternative value$ PGA (An.y calculated
for each site following empirical relation given Bged & Idriss (1982) and
the one based on Attenuation relation taking imiesederation the nature of
soft sediments as suggested by Idriss (1990) aihdofi pre-monsoon and

post-monsoon ground water conditions.

Four liquefaction susceptibility maps have beempared for Jabalpur Urban
area for Post and Pre-monsoon conditions. Incafitconditions, with
shallow ground water in post monsoon FS values haes, estimated and
accordingly Jabalpur domain has been classifiea 18t units. Possibilities
of manifestation of liquefaction on surface haverbanalysed after Ishihara
(1995). In this paper, a brief review of methodplos given followed by
lithological and geotechnical attributes of covedisents. Liguefaction

susceptibility have been analysed in geologicadpettive.



Abstracts: Thematic Session - Earthquake

SEISMIC RISK ANALYSIS OF REINFORCED CONCRETE
FRAMED STRUCTURES

K. Balaji Rao and M. B. Anoop

Structural Engineering Research Centre,
CSIR Campus, Taramani, Chennai
Email: balaji@sercm.csir.res.in

Risk analysis of reinforced concrete framed stn@sudocated in seismically
active regions would provide the information regagdhe expected damage
that the structure would suffer taking into accotimt expected seismic
hazard levels in the given region. The resultgigf analysis would be
useful for design engineers involved in performamased design, for
decision-making authorities in public- and privagstor organizations for

allocation of resources and, for insurance agengiésing the premiums.

It is not uncommon to find reinforced concrete stuves (particularly in
coastal regions) affected by corrosion of stealfoecement. Estimation of
expected damage of such structures should takeawtount the degradation
in strength and stiffness of the structure. A mddlogy for estimation of
statistical properties (viz. mean and standard alewi) of the expected
damage to a corrosion-affected reinforced concretened structure,
subjected to stochastic seismic excitation, ovepecified reference time
(typically the service life of the structure) isoppsed in this paper. The
methodology is formulated within the framework of oMe Carlo

simulation. The service life of the structure igided into reference times,
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and the statistical properties of the expected danta the structure during
these times are determined. The time to corrosmtmation and rate of
corrosion propagation are considered as randomablas to take into
account the uncertainties in the material propgeréad variations in the
exposure conditions. The earthquake occurrencasglthre reference time
period are modelled as Poisson process, and tbleasttic seismic excitation
Is represented by an ensemble of accelerationtisteries. The damage to
the structure under the earthquake loading is oheted from the results of
an inelastic dynamic analysis. The inelastic damagealysis program
IDARC 2D is used for this purpose. The damage #&sdinucture under the
earthquake loading is characterised by the damadgxj determined using
the modified Park & Ang damage model. The paper edssiders the effect
of soil type (as classified in IS 1893-2002) on #tatistical properties of
expected damage to the structure. By relating ¥pected damage and the
variance of the damage to the linguistic definitioh possible damage
scenario as defined by Park and Ang, generalisetifaactions have been
formulated to estimate the expected loss. This evaive the risk to the
structure in a given region. The proposed methapois illustrated through

an example problem.
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EARTHQUAKE RISK MITIGATION DEMONSTRATION
PROJECT-CASE STUDY IN DELHI

Hari Kumar
GeoHazard International, New Delhi
Email: hari@geohaz.org

The Earthquake Risk at any location is basicallstegl to the vulnerability
of the built environment and the capacity of thenowinity to cope with the
threat of an earthquake and to minimise the imp&esiucing earthquake
risk will require a systematic approach and elesenit risk mitigation
should be seamlessly integrated into the all deweént projects.
Earthquake Risk Mitigation measures will have to at the reduction of the
vulnerabilities and to build Capacities at all lsveincluding the

administration to deal with the hazard.

Reducing vulnerability will include a) training odll members of the
construction fraternity including Architects, Buis, Contractors,
Designers, Engineers, Masons etc b) Including qagke resistant
provisions in the local building byelaws with promnforcement measures.
But all these measures when taken will only imprdfie earthquake
resistance of future constructions. The existinipexable housing stock has
to be addressed through retrofitting and this ltadbd taken up by the
administration as a long term mitigation measutéline buildings which

are critical in a post disaster scenario such asphfs, Fire Stations,
Command and control centres etc should be takefomupetrofitting in a

systematic and planned manner as pilot retrofitirgjects. The Ministry of
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Home Affairs is addressing this in an upcoming @cbj‘The National
Earthquake Risk mitigation Project’ which will bevering all districts in
the country in seismic Zones IV and V. As a pitothiis important initiative,
a project-“Delhi Earthquake Safety Initiative foifdline Buildings” is being
carried out in Delhi with five key public buildingsuch as the Delhi
Secretariat, the Delhi Police Headquarters, thai@i@gh Bahadur hospital,
the office complex of the Divisional Commissiongrdathe Govt. Ludlow
Castle School in a partnership project between Nheistry of Home

Affairs-Govt. of India, the Govt. of Delhi and Geakhrds International.

Another important component of the project is tbeus on demonstrative
Non-structural hazard mitigation in the School ah@ Hospital. Non-

structural damages account for almost 50% of theies and losses in an
earthquake. In general, Non-structural component$ lauilding contents

become hazards when they slide, break, fall, or ayer during an

earthquake. Securing the Non-structural componandsbuilding contents
iImproves safety and security of the buildings duyrien earthquake by
Reducing the potential for fatalities and injuriéglping to maintain safe
and clear exit ways for evacuation and to accesdthlding and reducing
the potential for fires and gas leaks. This compboéthe projects includes
basic disaster awareness for the staff and studesmnisalso demonstration
rooms to help in wider dissemination of the methodes adopted for
securing building contents. This paper will elalberan the importance of
decision making in a retrofitting project and thegesses followed under

the project to ensure capacity building at all Isve
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EARTHQUAKE RISK MITIGATION — A HOLISTIC VIEW

A. S. Arya
National Seismic Advisor,
Padmashree awarded by President of India, 2002
Professor Emeritus IIT Roorkee & National Seismaisor, Gol-UNDP
Email: anand.s.arya@undp.org

Earthquakes fall in the category of hazards whiatiehlow probability of
occurrence but highly disastrous consequences. ddwirrence of an
earthquake cannot be prevented nor predicted wyhpaecision at present.
Hence an earthquake occurs all of a sudden withioptvarning and people
are caught anywhere. Therefore post disaster respasually occurs on
Adhoc basis. Earthquake risk reduction involvesimliper of steps so as to

achieve reasonable preparedness for better pasggake response.

The following steps are needed to be taken towd&tdghquake Risk
Mitigation. First, monitoring of earthquake occurces, delineating active
seismo-tectonic faults and preparation of earthguedzard maps (including
Micro-Zoning wherever feasible; Second, mapping phgsical assets e.g.
Buildings of various types, Bridges, Power Plamgport and Railway
structures, etc, and determining their vulnerabiit damage under various
Intensities of earthquakes to which they may bgesidd at some future
time; and Third, estimation of the risk to life apperty in the given area
based on the probable hazard Intensity and theexalhility of the physical
assets. The Seismic Zoning Map of India classiftes country in four

seismic zones, having 10.8 percent of land areaast serve seismic zone
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V, 17.5 percent land area in next severe seisme 29, and 30.8 percent
land area in moderate seismic zone lll. Thus theaty has about 59% area

liable to the risk of earthquake damage.

The Censes of Housing 2001 lists 245 million hogisumits covering
residences, schools, Dharmshalas, places of woestdpshops etc out of
which 73.8 million have earthen walls, 25.5 millibave stone walls, that is,
about 40% can suffer total collapse in seismic 28n@estruction in seismic
zone IV and severe cracking in seismic zone IllcrBirick wall buildings
constitute 11.9 million (45% of the total) whicheatiable to suffer
destruction in zone V, severe cracking in zone iMd &ghter cracking in
zone lll. Now for reducing the risk to the peoplelao the functioning of
the society, the most effective remedy will be éduce the vulnerability of
the physical assets by structural measuresafd new construction and
retrofitting the existing unsafe assets for which effective building Codes
have been already developed through the Bureandiart Standards. The
preparedness measures will involve the capacitydingi of Architects,
Engineers and Masons through training, certifiegtend licensing, besides
other preparedness measures for improving the ddiesb of rescue,
evacuation and providing timely relief as a measfreffective response.
To achieve effective earthquake risk reduction,hage a long way to go
and all sectors of the society have to be madeeaammvell as sensitized to

play their role in this national task.
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SEISMOTECTONICS AND SEISMIC EVENT PREDICTION IN THE
NORTH-EASTERN INDIA BY RADON MONITORING NEAR THE
HOT SPRING

D. Walia and A. Saxena
Center for Environmental Studies
North Eastern Hill University, Shillong, Assam
Email: deveshwa@sancharnet.in

The North Eastern part of India has an extremelgpnmex geotectonic
framework coupled with high seismic status. TheHlfalayas are evolved
due to the intra-continental collision. Various BEk¥nding linear structures
were developed to accommodate the shortening dudheoprogressive
translation like, Himalayan Frontal Thrust, Main daary Thrust, Main
Crystalline Thrust, Dawki Thrust and Oldham faukhe region has
undergone many predominant shallow focus earthquakee proximity to
the linear tectonic structures and recurrence ohym@inor earthquakes
increases the possibility of a severe earthquaké&rmally, the severe
earthquake is preceded by foreshocks/ active tectmtivity. The area has
few hot water springs like Jakrem, Garampani, Ebe Hot water spring in
the basement rocks of the region i.e., Granite §3nafe of importance and

can be a sensitive location to understand the seisnionics.

The earthquakes are caused when the stress is aetedhin the rocks,
which may partially close the pore spaces. Whendtiness exceeds the
strength of the rocks, the cracks develop and fluesent increases the pore
fluid pressure and finally the rock ruptures cagsithe devastating

earthquake. These ruptures occur as a group dédefault traces and create
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relatively permeable and porous zones that mayesasvconduits to the
surface for radon produced at depth. The radon smttw@ugh the newly
created planes of weakness, after radon recoil, landdiffusion and
advection. Various methods have been used to preaithquakes like water
level changes, turbidity of ground waters, unugizas exhalations, chemical
changes in well and spring waters, Vp / Vs rati@, &mongst all these
techniques for earthquake prediction, the anomataden concentration is
the promising precursor, as Radon is a noble, hems; Radon-222 is
produced by the decay of radium, has a half-lif8 &f days, and emits an
alpha particle as it decays to polonium-218, anentally to stable lead.
Radon easily dissolves in water. Although, disstblgas easily escapes from
water when exposed to the atmosphere, especiatlysifstirred or agitated.
The radon constantly emanates from earth into tsphere/hydrosphere
by the omnipresent radium in the crustal mater@ad local ground water
may contain high concentrations of radon; radonléager fluctuations over
time. The release of high soil gas radon emanaassociated with
seismotectonic activities might help us to prediv¢é occurrence of an

earthquake and minimize the disaster.

As a preliminary survey, the radon concentratioar ke Jakrem Hot Spring
in Meghalaya was monitored using the SSNTD techmidu this technique,
the LR 115 dosimeter is placed in a bore hole pf@aamately 1m depth for
about 40 days and then is chemically etched byN2NROH at 58C for 90

minutes and finally the number of alpha tracks ¢edrand studied under
high power microscope. Then the average Radon otmat®n is

determined in units of picoCuries per Liter (pCikr) Becquerels per cubic

meter (Bgq/m3). The anomalous radon concentratioar riee weathered



Abstracts: Thematic Session - Earthquake

granite gneiss zones indicates the active tectamdssensitivity along the
hot spring. The detailed study along these zondk bgi made, which
includes the petrology, porosity, permeability,| smver and structures and
other meteorological parameters. And long-term iocous radon
monitoring by using BARASOL MC 2 be made, which daa utilized for
seismic event prediction.
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PROBABILISTIC SEISMIC HAZARD ASSESSMENT IN LOW
SEISMICITY REGION

G. R. Dodagoudar and A. Boominathan
Department of Civil Engineering, [IT Madras, Chenmadia
Email: goudar@iitm.ac.in

Seismic hazard assessment of low seismicity regibrise world is now-a-
days becoming more common. The seismic hazardsaseas involves the
guantitative estimation of ground motion charasters at a particular site.
The assessment of probabilistic seismic hazard eiguired for the
establishment of zoning maps over large regiona tre context of seismic
risk studies for sites that deserve special atieansuch as nuclear power
plant sites. Probabilistic seismic hazard analy¢gRBSHA) allows
uncertainties in the size, location, rate of reemce, and effects of
earthquakes to be explicitly considered in the watabn of seismic hazards.
The conventional PSHA implies an integration of d&fle potential
magnitudes and source distances to estimate then rfreguencies of
earthquake ground motions occurring at the sisingiven time period i.e.,
the estimation of P(& A’ in t), the probability with which ground motion
values of interest (A are expected to be exceeded at least once daring

certain time interval of duration t.

Specification of ground motion model relating thheughd motion parameters
at a site to earthquake magnitude, source-to-gtarete, and other variables
such as style of faulting, site geology, etc. ctumss major ingredients of

the seismic hazard analysis. These attenuatiortiegaaan be derived from
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analysis of empirical data or from theory justifibg comparison with
strong-motion observations. In this paper, firshg typical calculations for
numerical example of probabilistic seismic hazaskeasment are presented.
Later, the study is extended for carrying out seshazard analysis for
Tamil Nadu region of southern India. As the seistyidata of the study
area are scarce, appropriate assumptions are madee i completeness
analysis of the records. Two locations namely Cheand Kalpakkam are
selected and seismic hazard results are presentédeiform of hazard
curves, which indicate the annual probability ofceading the peak

horizontal ground acceleration in a specified peobtime.
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MICROZONATION STUDIES OF SOME INDIAN CITIES - AN
INITIATIVE OF DST

B. K. Bansal and M. Mohanty
Seismology Division, Department of Science and Tietdgy, Govt. of
India, New Delhi
Email: mohantym@alpha.nic.in

H. N. Srivastava
A-128, Pocket-A, Sarita Vihar, New Delhi-110 044.

The occurrence of great (M>=8) earthquake in HiyaldNorth East India
and Rann of Kuchch during 1819, 1897, 1905,195M&12has attracted the
attention of geoscientists more towards Himalapagew of the rather long
guiescence phase in the region after 1950. Thimtause the destructive
earthquake in Himalaya not only causes local impagt affects its

neighbouring areas, especially, which lie in allumialong the river beds,
mainly due to rapid increase in urban populatidmer&éfore, cities located in
these regions are more vulnerable to earthquakesvfoch long term

measures are needed.

Efforts for prediction of earthquakes have so fair enabled the researchers
to effectively predict the location, time & size ah earthquake. Therefore,
there is a strong need to reduce the adverse ingdagah earthquake by
implementing  earthquake disaster management plargeismic
microzonation is one of the tool, which is consetketo be very important to
help in mitigating future earthquake disaster.
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The seismic microzonation basically involves mapgpai geology related
hazards, which is depended on seismic and geolodaia structure in
general and earthquake source, deep underground sdad specific
conditions in particular. One of the major compdeerof seismic
microzonation study is the estimation of Peak Gdoteceleration (PGA)
on the surface due to a possible future scenartbcake, which will help

the builders/designers/architects to design eastkejuesistant structures.

Keeping in view the importance of the study, Depart of Science &
Technology initiated a multidisciplinary & multi-stitutional experiment on
Seismic Microzonation study of Jabalpur Urban aggimte. The above
pilot study was aimed at i) establishing a modeldeismic microzonation
with Indian perspective and ii) evolving strategits hazard & risk
prognosis for pre-disaster mitigation planning.pursuance of the above

focused objectives, a model for seismic microzamatias been evolved.

Based on the model developed for Jabalpur, Seisframozonation studies
were initiated for Delhi, Guwahati & Bangalore cityA first order
Microzonation map at 1:50, 000 scale has now lpepared for NCT of
Delhi by Earthquake Risk Evaluation Centre (ERB@®cessary efforts are
being made to further refine the microzonation mafpBelhi at large scale
(1: 10,000) incorporating PGA values at the surfe8ienilarly, T order
microzonation maps for Guwahati city have been g@meg taking into
account the seismological, geological, geomophobigand site response
studies data. The microzonation study for Bangatiyeis under progress

and F' order maps of the city are likely to be ready with year.
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In another study, microzonation of the Sikkim hagr completed utilizing

the strong motion data recorded for the earthquakearred in that region

during the last few years. Though the microzonastudies initiated by

DST has established standard methodologies for swatiies, it needs

further improvement, especially in developing resg® spectra to be used
by engineering community for designing specifiaistures and estimation
of PGA at bedrock and surface as well.
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EVALUATION OF AMPLIFICATION HAZARD FOR CHENNAI
CITY

A. Boominathan, A. Suganthi, R. Uma Maheswari, ath G. R.
Dodagoudar
Department of Civil Engineering
Indian Institute of Technology Madras, Chennai
Email: boomi@iitm.ac.in

This paper presents the evaluation of seismic kdazased on amplification
rating at the selected sites of Chennai city. bheoto implement effectively
the procedures of earthquake-resistant desigrs, mecessary to know the
maximum dynamic load coming on the structure dustigng earthquakes.
The main cause for site amplification is the logmologic and soil
conditions which amplify the bed rock motion. Anfigiation of seismic
waves is usually taking place in the case of soils deposits, as waves
travel from bedrock to the ground surface by tramgig more seismic
energy in the form higher accelerations to thecstmes. The amplification
of ground motion causes damage to structures, cpiatly when the
resulting seismic wave frequency matches with oriethe resonant
frequencies of the structures more specificallyftimelamental frequency. A
proper design of seismic resistant structures regua good estimation of

the site amplification during the expected earttkgua

After Bhuj Earthquake in 2001, Indian seismicitpgramme has upgraded
the seismic zonation of the country. In the revizedation, Chennai city has
been upgraded from Zone Il to Zone Il in order toohave severe damages

to the forthcoming built-in-environment in futuraréhquakes. Moreover the
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city is highly populated with structures of all &s which need special
attention in view of the revised zonation for th&tirengthening and seismic
retrofit. In this regard, the outcome from site @pe amplification studies
will be of immense use. In the present study, seidmzard and ground
response analyses have been carried out to evdh&atate amplification.
The amplification hazard is expressed in terms dizgion rating with
respect to bedrock motion which is a candidate mgplomotion typical of
regional seismicity of the Chennai city. Seismizdra analysis has been
carried out based on the seismological and gedbgietails of the study
area to evaluate the ground motion parameters.tit@se ground motion
parameters, an equivalent time history of bed raokion is chosen from the
strong motion data base. Ground response anafy/fien carried out using
these acceleration time histories with geotechrdedd, which comprises of
the subsurface profile and dynamic properties efllyers of the selected
sites in the Chennai city. Results of the groundpo@se analysis are
provided in the form amplification rating based dhe NEHRP
recommendations for the study areas of the Chamtyai
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SITE RESPONSE — A VITAL PARAMETER IN EARTHQUAKE
HAZARD EVALUATION

R. K. Chadha
National Geophysical Research Institute, Hyderabad
Email: chadha@nagri.res.in

Large earthquakes cause damage to buildings aredt sttuctures in near
and far fields, claiming human lives and causingvyeeconomic losses.
This has been very well exemplified by the recemt M7 Bhuj earthquake
in 2001 where several multi-storied buildings ie thhmedabad city, about
300 km from the epicenter of the earthquake, seffezither partial or total
collapse. This phenomenon of far field damage&uiddings has been
reported, worldwide, notable being the 1985 Mexenthquake, where the
epicenter was 400 km offshore from the Mexico cipich suffered very
heavy damage. This observation brings out the itapoe of local site
conditions in either reducing or enhancing theheprake hazard in a region.
Damage to structures are caused due to severangasiost important
being, i) magnitude and depth of the earthquaKe,n@arness to the
epicenter, iii) shaking, iv) design of the struetw) local site conditions like
thickness of the soil layer and vi) quality of coostion. While the first
three are beyond the human control, the damagetalube other three
factors can be countered by a conscious humanteffofhe local site
conditions can be studied by various methods, eiibag the background
noise, in case of infrequent earthquakes in a negrausing earthquake data
recorded on an Accelerograph. The site responsmsfa very vital

parameter in the preparation of a Seismic Hazardddonation map for a
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region which incorporates other geological and eeuatical information.

Thus, site response studies, especially for higtsitheurban cities located in
the vicinity of seismically active faults becomerywemportant.  Studies
done by us in and around the 2001 Bhuj earthqupkeem’tral zone has
brought out a very good correlation between theimarm damage area and
higher amplification values obtained for the Bhegjion. A study was also
undertaken by us to study site response of variogslities for the

Bangalore Metropolis, as it has attained the statule fastest growing city
in India. with a number of high profile institutasad Laboratories, a major
hub for space and aeronautics, together with tfgeegh concentration of IT
industry. The site response studies undertakeherBangalore city during
2006, was based on recording the ambient noise feelected period of
duration. The duration of recording was for a mmam of 3 hours and a
maximum of 26 hrs. The noise was recorded at 6#4reifit locations. The
site response parameters mainly the peak frequamdyamplification were
estimated using the spectral ratio technique pmrgbdsy Nakamura. The
results suggest the predominant frequencies raateebn 1.2 Hz -11 Hz

with the eastern part of Bangalore being charamdrby lower frequencies.

In addition to the site response studies, sevethbroregion-specific
conditions will be discussed which are essentialeninaking an Earthquake
Hazard Evaluation of a region, taking examplesnfimdian earthquakes

which have occurred in the past in the country.
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STATIC COSEISMIC GROUND MOVEMENTS IN ANDAMAN
AREA DUE TO SUMATRA-2004 EARTHQUAKES

S. K. Ray
Active Faults Research Project, Centre for Studylah & Environment,
Kolkata
Email: skray45@yahoo.co.in

A. Acharyya
Geological Survey of India, Kolkata

Field survey in the Andaman Islands has broughtapouinteresting pattern
of distribution of coseismic vertical ground movertgerelated to the 26
December 2004 earthquakes. A NNE-SSW trending aldute, obtained by
joining the points of no discernible vertical groutmovement, is a
significant feature of the pattern. The neutrak/itbroadly parallel to the
trench-axis of the subduction zone, separates dmeaoh of uplift on the
trench-ward side, from the domain of ground subsideon the other side of
the line The vertical movement increases away friv@a neutral line,
reaching 1.2 meter uplift at the western coast ofttN Andaman and 1.25

meter subsidence at the eastern coast of Southranda

In addition to the vertical movements, decametdrectometer scale lateral
ground movement because of liqguefaction and latgpatad induced by
ground vibration of the earthquake, was observeNanth Andaman. The
hazard associated with such vertical and lateralirgst movements can be
assessed from the movement magnitudes and theialsgiatribution. The

static vertical ground movements in Andaman arehcate a sinusoidal
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pattern of permanent deformation of the hanging-wédck. The small
amplitude-wavelength ratio of the pattern pointdinated hazard potential
of such deformation. The ground movements howerey modify the
seismic ground acceleration. The hazard potentiebseismic static ground
movements of blind faults, in which the tip line glip remains below the

ground surface, is also comparable.

The hazard potential of surface-rupturing actiudtéa however, is very high
because of displacement discontinuity across thét feaces. The active
fault trace zones should be avoided in developnheawtavities and excluded
from all developmental planning. An appropriatehtes-legal measure, in
line with a 1972 Act of Califormia (USA) Legislagirmight be an effective

step in seismic hazard management initiativesdmaln
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CONSTRUCTION TECHNIQUE: A CASE STUDY OF
EARTHQUAKE RESISTANT CONSTRUCTION IN STATE OF
UTTARANCHAL

G. C. Joshi
Disaster Mitigation and Management Centre
Government of Uttaranchal, Uttaranchal Secretdtiahradun
Email: algirish@yahoo.co.in

Evaluation of new construction techniques togethath increasing
understanding of the seismic forces and the bujldesponse has certainly
contributed positively to decrease seismic vulnétgbThe up-gradation of
the seismic standards has resulted in accuratagmwpriate calculation of
seismic forces that would act upon any structures khlways easy to set
standards but to comply with these is a Herculaak.tEven after immense
progress in earthquake engineering overwhelmingelgroportion of the
building stock still has lower standards of eartiigquisafety and these would
give way in case of earthquake loading. The compeople, at present, do
not adhere to correct design and construction ndeflogy while using
modem seismic design methods or even the use ahdigenous practices.
Case study of Uttaranchal State clearly bringshfai¢terioration of time
tested indigenous construction practices and pralifon of nonscientific
and improper use of concrete. This adds to theevalmlity of the region
that is at present much higher than what it was@de before when the
region last experienced a major quake. The casky siighlights three inter-
related aspects. First, these bring forth key festwf local traditional
knowledge and capacity of rural communities forigation, preparedness

and recovery from earthquakes. The traditional Kaedge is embodied in
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physical planning and building, skillfully using dal resources, mutual
support systems and informal livelihood mechanisses.ond, these provide
an in-depth understanding qgf the transformationc@sees (pertaining to
changes in built form, land use and ownership, patanal structure and
social and economic structure) and their impactraditional knowledge
and capacity and resulting enhanced earthquakesrability. Third, these
show the implications of post earthquake rehabitita on disaster
vulnerability in the long run. These show how cartdecisions during
rehabilitation not only reinforce pre-disaster \erabilities but also create

new ones.
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EARTHQUAKE PRECURSORY STUDIES IN INDIA

H. N. Srivastava
A-128, Pocket-A, Sarita Vihar, New Delhi

B. K. Bansal
Department of Science and Technology, Govt. ofdnbiew Delhi
Email: bansalbk@nic.in

Earthquake precursory studies have been initiatethdia for the 3 to 4
decades. These were based on seismicity patt&issjis gap changes in b
value in Gutenberg Richter frequency magnitude deagy relation and
focal mechanism. Most of the damaging earthquakesn {1960 to
2005 showed a well marked seismic quiescence b#ferenain earthquake.
Detailed analysis suggested that the seismicityepatshowed a marked
variation from event to event. Even in the sameoreghe pattern showed
remarkable difference between two earthquakesite sp same magnitude
and focal depth. A closure examination of somehef $eismicity patterns
like earthquakes of Uttarkashi (1991), Chamoli @9%@nd Muzfrabad
(2005) showed the development of quiescences egisg the main

earthquake which could be attributed to the complex the region.

Precursory studies were extended in India to irelather geophysical
parameters like electrical resistivity, geomagnatomalies, VLF and ULF
electromagnetic anomalies, satellite thermal al@®under different
programmes of the Department of Science and Teofggoln view of the

encouraging results, a Task Force was set up doNfays of accelerating the

efforts at national level in earthquake precursesearch. The Department
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Is also setting up of multiparametric observatqrtasough Wadia Institute
of Himalayan Geology and Indian Institute of Geometgsm, which will

gain more confidence from operational angle instdaalsingle parameter in
general. The paper also discusses latest devetdgprmeChaos Physics and

principal components analysis towards earthquakedigiability and
modeling.
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INFLUENCE OF Q s FACTOR OVER THE COMPLEX
GEOLOGICAL FORMATION - A CASE STUDY OF
OHCHIGATA FAULT IN JAPAN

H. S. Mandal
India Meteorological Department, New Delhi
Email: hsmandal imd@rediffmail.com

T. Yokoi
International Institute of Seismology and Earthquékgineering,
Building Research Institute, Tsukuba, Japan

An attempt has been made to estimate the freque@yndent Qvalue and
its lateral variation over Ohchigata graven andaurding area in Noto
peninsula, Ishikawa prefecture, Japan by usingdiwble spectral ratio
method that is applied to the strong motion recafdthe KiK-Net. The Q
value in the central part is low as compared tonixthern and the southern
areas. The earthquakes of magnitude above 3 apw lFekre used for the
analysis, as per the available strong motion recotttained by KiK-Net in
the study area. These local shallow earthquakeshuh focal depth varies
from 10 to 20 km, are well efficient to find outethateral variation of Q)
over the study area. The frequency dependenar® estimated in the
frequency (f) range from 0.5 to 10Hz for better sideration of signal to

noise ratio and elimination of high frequency stkects.

The result showed thatsQalue at the central part@s=8f °*. In the wide
spread northern part, three successiveh&e been studied from extreme
north towards the south that is closer to the wespart of the graven:

Q. =31f *°,Q, =21f *°,Q, =16f ***, respectively. In the southern part
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Q. =40f ** is obtained. The yalue in the central part lower than the others

may be due to the fractured material of upper asnger the graven.
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SEISMIC HAZARD ASSESSMENT BASED ON ATTENUATION
RELATIONSHIP FOR TAMIL NADU STATE, INDIA

S. Rajarathnam and G. P. Ganapathy
Centre for Disaster Mitigation and Management, Abmaversity, Chennai
Email: dr_rajarathnam@yahoo.co.in

Seismic Hazard Assessment is the basic approaghderstand the seismic
risk of population, buildings and infrastructures fan earthquake prone
state or major city. Tamil Nadu is located in dwithern most part of the
Peninsular India. The part of northern and westemmil Nadu state and its
capital city Chennai (formerly known as Madras) dvdbeen categorized
under Zone Il [maximum magnitude 6.0 and PGA 0d&yper seismic
zonation of India published by Bureau of Indianrstard (BIS) 2001]. The
seismic hazard assessment carried out for the 8taamil Nadu and the

results are discussed in this paper.

The objectives of the study for Tamil Nadu weradentify the seismicity,

to delineate potential seismic sources and cakutae Peak Ground
Acceleration (PGA) at bedrock level. The poterg@smic source zones for
Tamil Nadu were identified as 12 in number and thweye considered for
the estimation of seismic hazard assessment ofl Tdeiu State in terms of
Maximum magnitude M. and Peak ground Acceleration of the respective
sources. Seven sources generatgd, M the range of 5 to 6 (zones 1 to 7)
and other five sources M 4.1 to 4.5. The estimated PGA for the 12
sources are in the range of 0.257 g to 0.146g.



Abstracts: Thematic Session - Earthquake

The PGA values correlatable to the concept thatrceothave higher
maghnitude and higher PGA. The PGA values are estonaom the closest
potential source zones for major cities of TamildNMaviz., Chennali,
Coimbatore, Salem, Madurai and Trichirappalli stigghich have PGA of
0.192t0 0.21 g, 0.194 g, 0.16 g, 0.072 and 0.068gectively.
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ROLE OF SITE CONDITIONS ON BUILT-ENVIRONMENT OF
DELHI

Y. Pandey and P.K.S. Chauhan
Central Building Research Institute, Roorkee
Email: yaa_paa@rediffmail.com

Delhi region has a long seismic history, being@#d by local earthquakes,
as well as by the Himalayan earthquakéds-@8' Century AD Sanskrit texts
and 18 — 19" century Persian texts mentioned northern Indialufing

Delhi region as the felt region of severe earthggalk 720 Delhi and 1803
Mathura earthquakes created large scale destruictitme built city space.
Frequent seismic activities in Himalaya have difeearings on this mega
city as 1991 Uttarkashi and 1999 Chamoli earthgsiakenerated visible
cracks in multistoried apartments in few isolateatkets. Seismologists
believe that central Himalaya is due for a greathe@ake & Delhi may fall

pray to its devastating fury.

It has been observed that an earthquake might giendifferent ground
motions in different localities and the patterndamage in Delhi during
previous earthquakes may be taken as a warning.infheence of local
geological and soil conditions on the intensity gribund shaking and
structural damage has been well documented. Latalcenditions can
profoundly influence the major characteristics —pamde, frequency
content and duration — of strong ground motion.ckhess of soil cover,
surface topography and basin geometry may play itapbrole in structural

damages. Buildings standing on filled up ground @er bed or dried up
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lakes) may experience largely amplified ground omdi in future

earthquakes. Historical records show that river Waan used to flow
touching Lal Quila and Humayun’'s Tomb and a conglgystem of all
season canal was flowing through Chandni ChowkndulMoughal period.
Residential, Utility and commercial buildings hateken over all these
vulnerable localities. NCR is growing day by daydarew habitations are
planned without giving serious thought to the absa&l considerations.
This paper tries to focus on the factors of seiswmutmerability of built

environment of Delhi on the basis of available krexlge base.
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REMOTE SENSING BASED PRECURSORY STUDIES FOR
EARTHQUAKES
S. Choudhury
Disaster Mitigation and Management Centre, DepartraéDisaster
Management (Government of Uttarancha/), UttaranSkatetariat,
Dehradun
Email: sachvdes@yahoo.co. in

A. K. Saraf

Department of Earth Sciences, Indian Institute @fhinology, Roorkee

Earthquakes, perhaps the most devastating natalainity on earth, have
generated interest in scientists from time immeaioiet, understanding of
this natural phenomenon has not completely beeablkestted. It is true that
earthquakes cannot be predicted, however, devagtamrthquakes keep
coming and foster challenges to researchers wovkt. df earthquakes
forewarn us before they strike, it is of utmost artance that we understand
and pick up the clues. Satellite based radiometghsch can sense the
thermal emission originating from the earth's stefand the intervening
atmosphere, can be used to study any thermal ayodesieloping near
surface of the earth. Thermal anomalies have bbsareed prior to several
past important earthquakes in India, Algeria, Chilen, Sumatra,
Afghanistan, Turkey and Pakistan. It has been obksethat there were
detectable short-term thermal anomalies which veawy along with the
earthquake events. The anomalies varied from %5@3than the usual

temperature of the region and appeared a few dagdéw hours preceding
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the earthquakes. Air temperature collected by mmelegical stations
situated near and around the epicentral area wasetd for the earthquake
in (Bhuj) India and (Bam and Zarand) Iran. Tempa®tvariation curves
showed spikes of temperature increase before ttibgeakes. It has also
been observed that the generation of thermal anespdheir spatial extent,
intensity and the days of their appearance pri@arne@arthquake depend on
the magnitude, focal depth of the earthquake, iteraad meteorological
conditions etc. Such satellite-aided detection avfdl surface temperature
(LST) anomaly related to an earthquake is an ingmbrbreakthrough for
earthquake researchers and have to be broughtneararealtime basis for

effective results and disaster management.
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EVALUATION OF LIQUEFACTION POTENTIAL OF DELHI SUB-
SOIL

C. Ghosh
National Institute of Disaster Management, MinistffjHome Affairs, Delhi
Email: cghosh@gmail.com

P. S. Mishra, A. K. Shukla
Earthquake Risk Evaluation Center, IMD, Govt. afitn New Delhi

K. Kumar
Geotechnical Engineering Division, CRRI, New Delhi

Liquefaction of saturated soil deposits during mateto great earthquake
Is one of the most pervasive threats to the safestructures. Liquefaction
resulted in large sand boils, excessive settleniess, of bearing capacity,
lateral spreading, landslides, mud flows and sloyweements. The type of
failure and amount of ground displacement are action of several
parameters including the looseness of the liquedmtilayer, the thickness
and extent of the liquefied layer, the thicknessl gmermeability of
unliquefied material overlying the liquefied layéne ground slope, and the
nearness of a free face. Liquefaction of both @itand artificial deposits
has been observed in almost all major earthquakgs,1995 Kobe (Japan),
1999 Kocaeli (Turkey), 1999 Chi-Chi (Taiwan), 20@huj (India).
Currently, several in situ techniques, such as $HPIT;, shear wave velocity,
BPT are used for assessing the liquefaction patleotisoil deposits. These
methods are based on the cyclic stress approashpfoposed by Seed and
Idriss (1971) and subsequently developed by Sedddiss (1982), NRC
(1985), Idriss (1990), Youd and Idriss (1997) awidiss and Boulanger
(2004). In this approach, the liquefaction pot@ntf a site is evaluated
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based on the estimation of: (1) the Cyclic StreasdR CSR) induced by the
earthquake; and (2) the Cyclic Resistance RatioRC&f the soil, which

represents the cyclic stress ratio required toateitliquefaction in a given
number of loading cycles. If the CSR is greatentlfze CRR, the soil is
expected to liquefy during the earthquake. Addaibn several correction
factors have been incorporated in the design proeethat account for
earthquake magnitude scaling factor, high overbuglessures, and initial

static shear stresses.

National Capital Territory (NCT) of Delhi is frequity affected with distant
earthquakes occurring in the Himalayan belt. Witligeoning population
surge in the megacity, uncontrolled infrastructdeelopment and non-
engineered construction practices the city builimmment is becoming
increasingly vulnerable to earthquakes and relatgkl The problem of
earthquake induced liquefaction and/or lateral aghireg have become a key
consideration in the mitigation process. Fromdeetechnical engineering
view-points, design issues concerning to liquefactdamages consist of
three parts: (a) evaluation of liquefaction haz#od,evaluation of potential
ground displacement, and (c) mitigating the hazarddesigning to resist
excessive ground displacement or strength lossgdiycing the potential for

liquefaction, or by choosing an alternative sitéwess possible hazard.

Followings have been considered as input parame@rsSPT-based
liquefaction analysis: SPT energy transfer effickerms 60%, a scenario
earthquake M8.2, peak ground acceleration at bek Ievel from 0.1 to
0.36g with maximum magnification factor at surfdeeel as 2.5, pre and
post monsoon ground water table map (2005) fromtr@eround Water
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Board (CGWB), bed rock profile from Geological Seyvof India and
CGWB. Based on 2500 borehole data (6 to 30m d&§Rfi;-N value 2 to 50)
from 491 geotechnical investigation reports produi@m DDA, CPWD,
DMRC and various other agencies, this paper preseuiefaction potential
of NCT of Delhi following Idriss and Boulanger (200approach. Results
show that about 80% of the soil cover in Delhi afdiquefying type (ML,
CL-ML) and Yamuna river belt area is having higlotgntial for

liuefaction induced damages.
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SEISMIC HAZARD AND RISK MICROZONATION OF JABALPUR
URBAN AREA - LESSONS LEARNT

S. D. Pimprikar, M. Chandradas
Geological Survey of India, Nagpur
Email: chandradasm@yahoo.com

P. S. Mishra, A.K.Shukla
Earthquake Risk Evaluation Center, IMD, New Delhi

N. Purnachandra Rao
National Geophysical Research Institute, Hyderabad

Seismic Hazard and Risk Microzonation (SHRM), imalti-criteria based
discretisation of a given geographical domain snaaller units of uniform
response to the impounding ground motion. Thisarse is in terms of the
hazard level, nature and damage pattern or riskauki disciplinary and
multi-organizational experiment on SHRM of Jabalgurban area was
carried out to generate desired collateral inptasfgeology, geophysics,
seismology, geotechnical engineering. The exews® carried out with an
endeavor to generate parameters for- ‘source’, évpath’ and ‘ground’
characterization. Based on these, a ground charaep of the area was
evolved. This map in conjunction with the vulnefidyiof the built-in
environment has developed into a preliminary riskpnof Jabalpur Urban
area. Studies of Jabalpur were taken up with tweatibes; (1) constraining
a comprehensive model for seismic microzonation @yaenerating input
data for studies on SHRM of Jabalpur Urban areaisTla hierarchical
model (comprising of four precession levels) withltdisciplinary inputs
was evolved as a goal towards the fulfillment of first objective. The

second objective was accomplished following guitkdias per the aforesaid



Abstracts: Thematic Session - Earthquake

model. The exercise was carried out consideringeaario earthquake (Mw
6.5, h. 30 km) with epicenter 20 km south of Jabalp a mature zone of
seismicity endemic to fundamental, ENE-WSW trendingd steep southerly
dipping Son-Narmada- South Fault (SNSF). The gegnaetd orientation of
the causative fault vis-a-vis the regional printigiress regime and its
kinematics, gives a strong sense of directivitytite ground motion as

experienced during the May 1997 Jabalpur EQ.

This paper highlights the following:

» The geotechnical characterization especially thehaical properties of
various litho units and the mechanical propertiadiss of soft sediments
Is extremely necessary. The realistic assessmenhefliquefaction
susceptibility and opportunity available in an afea liquefaction is
possible, only if proper granulometric analysis dibgr with
geohydrological, geological and geotechnical evaaas carried out.

* Nakamura type of site response studies is nottomky and cost effective
but also provides stable response curves for grahadacterization and
determination of predominant frequency. As regaoddie determination
of amplification, this has to be used with cauti®herever possible,
cross check should be carried out with other tepies viz. event and
reference site based studies.

« Shear wave velocity studies £ form an essential component of the
Seismic Microzonation and forms an effective taml $ite classification
and generating many essential data sets for sudrest The MASW is

the most rapid screening, non invasive techniquesdich studies. It can
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also generate ‘N’ values which are similar to thgseerated by SPT as

seen in Jabalpur area.
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COPING MECHANISM AND TECHNOLOGIES FOR
EARTHQUAKE RISK REDUCTION

B.S. Dhaliwal and G. Singh
Corps of Engineers and Military Engineer Service

Email: indiaengineers@gmail.com

This paper explains the coping mechanism for desastvhich might take

place due to earthquake vulnerability of the Indsabcontinent. For coping
mechanism to be a success, it will necessitate dfidiaassessment” &
“vulnerability analysis” based on demographic pati@nd local construction
practices. It will certainly lead to enhancementnadnagerial capacity to
minimize the loss caused by natural calamities.saBters are no longer
viewed as extreme events created by natural fobe#sas unresolved
problems of development. It is now recognised tiskis (Physical, Social
and Economic) unmanaged (or mismanaged) for a lomg lead to

occurrence of disasters. Min of Urban Developnigmg taken a positive
step in right direction to make the NBC of 2005 aetiory for structural

safety of the buildings during natural calamitike lquakes.

Disaster risk reduction needs to be an integral pamMNational and sub-
national/provincial development plans, besides itigk it to existing

sustainability programmes such as ISO 14001 amgpkdantegrated natural
resource management programmes. Comprehensive ubaglopment
strategies and proper land use planning also gm@ Wway in ensuring that

the necessary conditions are set to reduce andatatithe risk of damage
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from disasters. Quite clearly, focus needs to beé pga developing
mechanisms to bring new, and influential local stakders closer into the
global action programmes and vice versa — for exanpe business sector
by creating new consultation and cooperation mdsha Capacities of
governments (national and local), but also busiggesps in dealing with
risk factors will need to be built, along with tegengthening of mainstream
development actors to incorporate risk reductioto itheir decisions.
Reducing the underlying risk factors is indeed iical cross-cutting issue
that runs through all stages of the disaster manage cycle, from

prevention, mitigation, preparedness, respons@cdavery/rehabilitation.

Ministry of Urban Development has taken steps fairanly implementation
of the National Building Code (NBC), 2005 but ateanake it mandatory to
prevent damages during earthquakes and ensuretuséilucsafety of
constructions in the country. The Urban Ministr lided an affidavit in the
Supreme Court with initiative of NGO “Society foraf® Structures”.
Accordingly, the Urban Development Ministry has adissed with the
Banking and Insurance Division of the Ministry ah&nce to explore the
possibility of insisting on the NBC and requesteexplore the feasibility of
bringing about a system that makes it mandatorydioding institutions to
insist on the necessity of insuring the construnsiduilt with borrowed

finances.
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POST EARTHQUAKE RECONSTRUCTION PROGRAMMES IN
INDIA

Amir A. Khan
National Institute of Disaster Management, New Delh
alikhanamir@gmail.com

On account of geo-physical location, India is hygbtone to earthquakes of
damaging intensities. The country keeps on expengnearthquakes of
varying magnitude on regular intervals. Over a querof last 15 years
country had witnessed six earthquakes of M 6+, ingusignificant damage
to life and property. These earthquakes had disduffte normal life pattern
of the affected regions due to severe impact oioseconomic and physical

infrastructure including public and private propest

To bring back the life to normalcy, concerted a@8dnad been taken under
relief, recovery, rehabilitation and reconstructigmogrammes by the
respective  state governments after all such eventfhe
rehabilitation/reconstruction phase generally stast the end of the
relief/recovery phase and may last for several sygedhe reconstruction
programmes emphasize upon the creating bettergligtandards in the
affected areas than what existed before the disdst®ugh construction of
lifelines and infrastructures facilities. Post-égrake rehabilitation and
reconstruction programmes provide opportunity takmeith communities
and serve local needs. For a successful reconsimyastogramme there are
certain prerequisite like empowerment of affectecommunity,
decentralization, concentration on mitigation a8orand minimum

relocation.
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A number of massive reconstruction programmes heeh hbinitiated to
rebuild the earthquake-affected areas of the cpuwith the financial
assistance from the World Bank like Latur (M 6.993) and Bhuj (M 6.9,
2001) earthquakes. The Bhuj earthquake reconstrugirogramme is a
trendsetter in terms of empowering community angleasizing much on
structural and non-structural mitigation efforts the state of Gujarat.
Similarly, there are number of events, where respestate governments
had initiated reconstruction programmes, which d@oubt generate much
hype either on public participation or mitigatioffoets. For example the
reconstruction programme after the recent Kashranthgquake (M 7.4,
2005) could not create much needed impetus forcefee earthquake

mitigation programme through community participatio

Post-earthquake reconstruction is a complex isdtle several dimensions.
Government, nongovernmental and international orgdéions have their
own stakes in disaster recovery programs, and Imkst be established
among them, as well as with the community. It hadrbobserved that the
performance of the reconstruction programmes depembn the

implementation mechanism established by the stateergment for this

purpose. There are number of post earthquake reaoisn programmes
which are more successful and resulted achieviegekpected results like
Bhuj earthquake reconstruction programme, which eeh a leading light

not only at national level but also at internatideael.
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The present paper will review different approacaespted during the post
earthquake reconstruction programmes after recarthquakes in India.

Lessons learnt from such programmes will also beudised in the paper.
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EARTHQUAKE RISK MITIGATION AND MANAGEMENT-AN
OVERVIEW

Ritu Raj
National Institute of Disaster Management, New Delh
Email: ritu.sharma@nidm.net

Earthquake is one of the most devastating andtéighg natural disasters
causing deaths, injuries and extensive propertyagas India has witnessed
some of the most devastating earthquakes in the2lsyrs. Deaths are
mostly caused by failure of buildings and other Bnngonstructions during

an earthquake.

About 59% area of the country occurs in Seismicaltfive zone. The
Himalayan belt, North-Eastern states, Kutch regioh Gujarat are
considered as most vulnerable. Ground shaking,ngroupture, fire, rapid
mass wasting processes, Tsunamis, liquefactiosane of the after effects

caused by earthquake.

As of today earthquakes cannot be predicted pigcidewever, mitigation
measures ranging from improved building codes tmdmvner education to
upgrading bridges and other lifelines, can reduan¢thguake damages. One
of the effective earthquake mitigation, is improvbedilding codes and
standards. By far the most serious earthquake dansagtructural, which
can be hidden or apparent, and can be cosmeti@nocampromise with the
structural integrity of the building. Non-structutauilding damage might
include impacts to sprinklers, pipes, suspenddagsi etc.

This paper attempts to highlight various mitigatioeasures that can be

opted in India to reduce the disastrous impacadheuakes.



