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ABSTRACT

The present article highlights the beneficial effect of considering soil and structure parameters
uncertaintiesonthesoil-structureresponse.Theimpedancefunctionsofacircularfoundationresting
onarandomsoillayeroverahomogeneoushalf-spacewereobtainedbyusingconemodels.The
obtainedresultsshowedthattherandomnessofthelayer’sthicknessandtheshearwavevelocity
significantlyaffectedthemeanspringcoefficientswherebycoefficientsofvariation(COV)of10%and
20%intheseparametersreducedthemeanspringcoefficientsabout32%and40%,respectively,forthe
horizontalmotionandabout12.5%and25%,respectively,fortherockingmotion.Thesensitivityofthe
meanstructuralresponsetotherandomnesseffectwasobtainedtobemorepronouncedtostructural
parameters than to soilparameters. In addition,20%COV inboth soil and structureparameters
reducedthemeanstructuralresponseabout39%,translatedbyanincreaseinthedampingofthe
coupledsystemwhichmaybeconsideredasabeneficialeffectfromcodeprovisionspointofview.
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INTRodUCTIoN

Theseismicresponseofbuildingsandotherstructuresdependsonthenatureofthegroundmotion
andmechanicalandphysicalpropertiesof thestructureandthesoilaroundthefoundation.This
phenomenon,knownassoil-foundation-structureinteraction(SFSI),isimportantforperformance-
based design (Bolisetti & Whittaker, 2015) and major design codes such as ASCE Standard 7
(ASCE,2010)andFEMA440(FEMA,2005)provideguidelinestoincludeitseffectsindesign.
Thisinteractioncomprisestwocomponents:(i)theinertialinteractionwhichreferstochangesin
thedynamicbehaviourofthestructure,namely,periodlengtheninganddampingincreaseand(ii)
thekinematicinteractionrelatedtothemodificationoftheinputgroundmotionwithrespecttofree
field.Moreover,thebeneficialordetrimentaleffectsofSFSIontheseismicresponseofstructures
stillacontroversialissueandneglectingSFSIintheanalysismayleadtoun-conservativedesign
(AbdelRaheemetal.,2015).

TohighlighttheeffectsthatSFSIplaysontheseismicbehaviourofstructures,variousstudies
havebeenconductedwithdifferentcalculationmethods.Thefirstmethodswhichareoftenknown
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ascompletemethodsfeatureinanalysingtheresponsesofthesoilandthestructuresimultaneously
andrequirespecialboundariestosimulatetheunboundedsoiloutsidetheregionoftheanalysis.
Incontrast, theanalyticalmethods,namelysubstructuremethods,consist toanalyse thesoiland
thestructureseparately(Chen&Shi,2007;2013)inordertosimplifythecalculationtask.Inthe
substructuremethod,theinteractionbetweenthesoilandthefoundationmaybemodelledbysprings
anddashpotselementswithmechanicalpropertiesdependingonthesoilandfoundationcharacteristics
andontheexcitationfrequency.

Though, the soil exhibits spatial heterogeneities resulting from its deposition history. This
inherentornaturalvariabilitymayinducealossofcapacityforreinforcedconcreteinfrastructures
whichleadstoareductioninalltheservicelife,failureofmembersandevencollapseofthewhole
structure(Bezihetal.,2015).So,toensurereliableandeconomicdesign,itisimportanttotakeinto
accountthevariabilityofsoilpropertiesinthesoil-structuresystemanalysisanddesign.

Ontheotherhand,thepropertiesofgeotechnicalmaterialsaredisreputablydifficulttoobtain
preciselysinceitisalmostimpossibletoobtainundisturbedsamplesorperfectempiricalcorrelations
to other measured quantities (Kramer et al., 2014). This inherent uncertainty due to the spatial
variabilityinsoilparametersasoneofthreemainsourcesofuncertainty:(i)inherentorintrinsic
variability,(ii)measurementerrorsand(iii)transformationsuncertaintydescribedinmoredetailsby
PhoonandKulhawy(1999)leadstodifficultyinthefoundationdesign.Accountingfortheinherent
uncertaintycalledaleatoryoractive(Bezihetal.,2015),isoneofthetasksofstochasticorprobabilistic
mechanics.Theuncertainsoilparametersaremodelledbyprobabilitydistributionsusingthesecond
momentprofileshowingmeansandstandarddeviationsofsoilpropertieswithdepthinaformation
(Phoonetal.,1995).

However, most soil-structure interaction (SSI) analyses are conducted semi-probabilistically
incorporatinguncertaintyinsoilpropertiesandneglectinguncertaintyinstructuralpropertiesdue
mainlytotheprohibitivecalculationcostoftheincorporationofcompleteprobabilisticapproaches
(Elkhoraibietal.,2014).Uncertaintieswhichalsoexistinthecaseofthematerialsofastructure
maybetakenintoaccountbyconsideringtheparametersofstructuresasaleatoryvariablesinthe
frameworkofprobabilisticmethodswhichcanbeintroducedindesigncalculationofstructuresin
ordertoobtaintheuncertaintyattachedtothisdesign.

Mehanny and Ayoub (2008) have shown that uncertainties incorporated into structural and
geotechnicalpropertiesplayanimportantroleinpredictingtheperformanceofseismicallyexcited
structures.Lutesetal.(2000)havequantifiedtheeffectofuncertainparametersofthesoil-foundation-
superstructuresystemonthestructuralresponseunderseismicexcitations.Theyhaveconcludedthat
neartheresonantfrequencies,asignificantuncertaintyinthestructuralresponsemayoccurdueto
significantuncertaintiesintheparametersofeitherthesoilorthesuperstructure.Raychowdhuryet
al.(2014)haveshownthatthebehaviourofashallowfoundationundersignificantloadingscanvary
significantlyduetotheuncertaintyinboththesoilandmodellinginputparameters.

Giocel(2015)havecarriedoutaprobabilistic-deterministicSSIstudiesforsurfaceandembedded
nuclearstructuresrestingonsoilandrocksitesbasedonASCE04-15standardrecommendationsand
highlightedthesignificantmodellinglimitationsinthedeterministicSSIanalysis.

The underlying goal of the present study is to assess and to quantify the influence of the
randomnessofsoilandstructureparametersonthedynamicresponseofthesoil-foundation-structure
(SFS)systemusingMonteCarloSimulation(MCSs).Also,itisintendedtopointupthebeneficialor
detrimentaleffectofincorporatinguncertaintiesaroundparametersinthesoil-structureinteraction
analysisaccording tomajorcodesprovisions (FEMA440,ATC-72-1)andcurrent researcheson
thecontroversyabouttheeffectsofseismicSSIanalysis(AbdelRaheemetal.,2015).Thisstudyis
restrictedtoasoil-shallowfoundation-structureresponsetoaverticallyincidentSHwaveandonly
the inertial interactionpartwillbeanalysed. Inorder toachieve theplannedgoal, amechanical
modelconsistingofanequivalent single-degree-of-freedom(SDOF)system isused.Thismodel
iscommonlyusedtoaccountfortheinertialinteraction(Wolf,1985;Maravasetal.,2014)andis
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