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ABSTRACT

Thisarticleoutlinestheperformance-basedseismicriskassessment(PBSRA)ofstructuresrequiring
probabilistic seismic hazard analysis (PSHA) to obtain hazard curves and an evaluation of the
demandmodelbyanonlinearstructuralresponseanalysisunderproperlyselectedgroundmotion
records.Unfortunately,suchsite-specificinformationisnotreadilyavailableforNortheastregionof
India.ThepresentstudyfocusesonthesetwoaspectstosupplementthePBSRA.Theestimations
ofhazardcurvesaredemonstratedbyconsideringtheseismicitywithin300kmradiusaroundthe
consideredlocationsandspecifiedexposureperiod.Duetolimitedavailabilityofnaturalrecordsin
thisregion,syntheticaccelerogramsaregeneratedusingstochasticpointsourcemodelsbyidentifying
themostcontributingmagnitudedistancecombinationsfromdisaggregationofthePSHAresults.
Thesignificantvariabilitiesobservedintheestimatedhazard,syntheticaccelerogramsandnonlinear
buildingresponses in thevarious locations indicate theneedofexplicit site-specificanalysis for
PBRSAofstructuresintheregion.

KEywoRdS
Disaggregation, Hazard Curve, Nonlinear Seismic Response, Northeast India, Seismic Hazard Analysis, Site 
Amplification, Synthetic Accelerograms

INTRodUCTIoN

Anincreasingnumberofcasualties,damageandlosstohumanlifeandeconomyhavebeenobserved
worldwideinthelastfewdecadesduetoearthquakes.After1994Northridgeearthquakeand1995
Kobeearthquake,itwasobservedthatevenwiththestructuresdesignedbasedontheavailabledesign
practice,theamountofdamage,economicloss,repairingandretrofittingcostofstructuresinthe
aftermathofearthquakesareunacceptablyhigh.Asaresult,theearthquakeengineeringcommunity
felttheneedforamajorrevisionofthetraditionalseismicdesignphilosophy.Thedevelopmentof
performancebasedseismicriskassessment(PBSRA)ofstructureshasitsrootinthisrealization.In
recent years, the performance based earthquake engineering (PBEE) methodology has attracted
considerableresearchinterestandsignificantprogresshasbeenmadetowardsthedevelopmentof
PBSRAofnewandexistingstructures.Theevaluationofseismicriskofstructurebasicallyinvolves
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evaluationoffailurelimitstateprobability.InthecontextofPBEE,itistheprobabilityofexceedance
ofstructuraldemand(D) to itscapacity (C) i.e. P P D C

LS
= ≥[ ] .Forestimating the limit state

probabilityanalytically,theequationisdecomposedintotwopartswithrespecttoaninterfacevariable
usingtheconceptoftotalprobabilitytheorem(Jalayer&Cornell,2003).Forexample,considering
thespectralaccelerationatthefundamentalperiodofthestructure(Sa)asaninterfacevariable,itis
expressedas:

P P D C P D C S x P S x F x d x
LS
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Intheabove,F x
R
( ) istheseismicfragilityconditionedonS x

a
= whichisusuallymodelled

byalognormalcumulativedistributionfunction(CDF)andλ
S aa
x P S x( ) = ≥[ ] istheseismichazard

function.Thus,theevaluationofP
LS

needsthesolutionsoftwoproblemsinsequence.Inthefirst
step,adetailedprobabilisticseismichazardanalysis(PSHA)iscarriedoutconsideringtheseismicity
aroundthelocationofthestudyareatoestimatethehazardcurvecorrespondingtoaspecifiedhazard
level.ThesecondproblemistoobtaintheconditionalprobabilityFR(x)whichiscustomarilytermed
astheseismicfragilityanalysis(SFA).

ItcanreadilyberealizedfromtheabovethatthePBSRAofstructurelargelyhingesontwosite-
specificinformationfeatures.Inthefirststep,thePSHAisrequiredtoperformtoobtainthehazard
curveprovidingthevariationinthemeanannualfrequencyofexceedanceofaselectedintensity
measure.Theotherimportantaspectistheestimationofthedisplacementdemand,usuallymeasuredin
termsofmaximumresponsesofastructure.Thegroundmotionrecordisthemostimportantvariable
inthisregard,governingtheresponseoutcome.Therefore,hazardanalysisalsoincludestheselection
ofadequatenumbersofgroundmotiontimehistoriescompatibletoatargethazardleveltoprovide
meaningfulstatisticaldemanddataobtainedthroughnonlineartimehistoryanalysis(NLTHA).In
ordertobeconsistentwiththePSHA,theselectedgroundmotionsshouldbecompatiblewiththe
magnitude(Mj)anddistance(Ri)combinationswhichdominatethehazardforaparticularhazard
scenario.Thisshouldbeprovidedonasitespecificormappedregionalbasis.But,suchsite-specific
informationisnotreadilyavailableforNortheast(NE)regionofIndia.Thepresentstudyfocuses
onthesetwoaspectsofPSHAtosupplementthePBSRAofstructuresintheNEregionofIndia.

TheNEIndiaislocatedapproximatelywithinageographicalareabetweenlatitude20oNto28oN
andlongitude88oEto98oE.Theregioniswellknownforitsseismo-tectonicactivities.Itfallsunder
thezoneofhighestseismicitycorrespondingtotheseismiczonationmapofthecountry.TheGlobal
SeismicHazardAssessmentProgramme(GSHAP)hasalsoclassifiedthisregionsuchasassociated
withhighpeakgroundacceleration(PGA)hazardintheorderof0.3gto0.4g(Bhatiaetal,1999).
Theregionhasexperiencedtwogreatearthquakesofmagnitude≥ 8.0(1897ShillongEarthquake,
M=8.0and1950Assam-Tibetborder,M=8.6)andalmost16largeearthquakesofmagnitude≥ 
7.0overaperiodof150years(Raghukanth,2011).Thereasonforhighseismicityismainlydueto
thecomplextectonicandgeologicalsetupoftheregion.Thisregionmarkstheboundarybetween
theIndianandEurasianplates.Duetothehighlyobliquecontinentalconvergenceofthenorthward
movingIndianplateat therateof20+3mm/year,earthquakesofmagnitudes8.0andabovehave
occurred in the past and may recur. Furthermore, there has been a phenomenal increase in the
populationdensityandinfrastructuraldevelopmentsintheregionwhichfurtherincreasestheseismic
vulnerabilityofhumanpopulationandstructures.However,mostoftheexistingseismicassessment
studiesinthisregionaresimplifiedevaluationsinthedeterministicframework(Sarkaretal.,2004;
Pathak, 2008). The behaviour assessment of structure in the context of PBEE considering the
uncertaintyandrandomnessintheinfluencingparametersisnotwelladdressed.Thus,realisticseismic
riskanalysesofexistingstructuresintheregionforanurgentandsustainedmitigationmeasureseems
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