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n1isdissertationhaslnainlypresentedthreenulnericahnethodsofsimulating

non-stationarywavefbraseismiccheckofstructures,nnwhichsimulatedearthquake，

referredtoascriticalearthquake,causesgreaterresponseonaglvennonlinearstructure

thanthatofanobservedrecordofanacmalearthqUake，refelredtoastalget・As

criticalitymeasure,responsedisplacementofstruc皿ehasbeenfCcusedonIhecritical

earthqUakewassimulatedinsuchawaythatsatisfiedrestrictionconditionsregaming

ampmtudecharacteristicsoftargetincludingpeakaccelerationandenvelopecurve,as

wenasitsfreqUencycharacteristicscomprisingtlleareaunderpowerspectraldensity

(PSD）fimctionandthepredonnantfreqUency6Usmgtarget，thesimulationwas

conductedonaglvenstructure,whichcanbeasingle-degree-offreedom(SDOF)ora

multi-degree-offreedom(MDOF)system・Concerningtarget,fmrobservedrecordsof

l995Hyogoken-Nanbu(Japan),２０００nttorilEen-Seibu(Japan),１９７８nbas-e-Golsllan

(Iran)andl990Manjil-Rudbar(Iran)eartllquakeShavebeenemployedthrougI1outtllis

smdybofwhicharecordofthefirstearthquake,namedasKoberecord,andarecordof

thethirdearthquake,nalnedasnbasrecord,bothwithpeakaccelerationmorethan800

galwerefrequentlyutilizedrllemajorlesultsoftllestudiesobtainedalltmougMle

dissertationaresunnarizedasfC11ows、Somesuggestionsfbraseismicdesignof

structuresarepresented,alongwithproposalsfCrfUturestudies・

ＩｎＣｈａｐｔｅｒｌ,thegeneralscopeofthedissertation,andareviewofpaststudieson
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criticalexcitationwerepresented

lnsimulatingcriticalearthqUake，itwaspresupposedthatthesiteconditionof

structureissa[neorsinlilartotllatwhereta[getisobserved・connectedwithexploring

tllesitecondition,Chapter2wasdevotedtomicrotremormeasurementscarriedoutafter

ZOO2Changureh-Avaj（Iran)ealthqUakeThetremorswerelneasuredontheground

surfacemAbdarellⅥl1ageandonatypicaladobehousemnblashkinVmageto

analyzerelationbetweenearthqUakenlotionanddanlageonadobehouses，wllich

relativelysurvivedinapartofAbdarell,whereasmtheotherpartsofitwerecolnpletely

destroyed・Altllouglladobehousesa[everyvulnerableeventomildeartllqualKes,itwas

concludedtllataremaIkabledifferencelngrounClconClitionsmthatpartofAbda【ehwas

tllemainreasonfCrrelatiVelylessdamagebemgdonetoadobehousestllere・

InChapter3severalissuesrelatedｔｏｐhasecllaracteristicofeartllquakemotion

havebeenaddressed・InsilnulatingcriticalearthqUakebythesecondmethod，tobe

describedbelowinChapter4,phasespectrumoftargetisutilizedltwasemphasized

thattllephasespectrumisnotdeterminedreadilyfrolntlleratioofimagmarytoreaｌ

ｐartsoftheFouriertransfCnn,andthenmethodofdetenniningtruepllasespectrumwas

proposed・Insimulatingearthquakeswithdifferentphasespectraitwasrevealedtllat

phasespectrumaffectstlleshapeoftimehistorybandwitllintlleaccuracyoftlle

calculationscausesupto２０％differenceinaccelerationresponsespectrumlnthephase

differenceconcept,generaleqUationsofexpectedandvariancetilnehistoriesofphase

wavecompatiblewitharbitrarydistributionofprobabmtydensityfimctionofphase

differenceweredevelopedApplyingtheseequationsonGaussianandbetadistributions

bydifferentparametersprovedcorrespondenceofthevanancetimellistorywith

envelopeoftheaccelerationtilnellistoryBymodifj/ingphasecharacteristicofagiven

earthqIuakerecord，someattemptsfOrenlargingエesponseofaconsiderednonlinear

structurewereexanmned，ｏｆｗｌｌｉｃｈｓｏｍｅsimulatedearthquakesshowedupto３０％

greaterresponsedisp1aceInent・However，colnparingtotllegivenrecold，Fourier

amplitudespectrumofthesilnulatedeartllquakesmcreasedThechapterendedwith

describingMasing-typenonlinearstructuralresponseanalysismethodutilized

tllrougllouttlledissertation，afterwhiclldevelopedgeneralequationofyield

displacementforSDOFstructureswasintroduced,andusedintllefo11owingchapte工

Chapter4dealtwiththreenumericalmetllodsofsmulatingcriticalearthquake・h

tllefirstmetllodofamplifyingspecifieClfreqUencycomponentsofPSDfimction,after

dividingtilnedurationoftargetintoseveraltimemtervals，theirPSDgraphswere

lnodifiedaccordmgtothenaturalperiodofconsideredstructurewhichlnightbe

prolongedatsometimeinterval(s).Ateachtimemterval,fromthemodifiedPSDgraph
astationaryartificialearthqUakewithunifmmlydistributedphasewithinO～Ｚ刀was

generatedandlnultip1iedbyenvelopecurveOftargettogetanon-stationarycritical

wave・criticalearthquakeintheflrstmethodwasassemblingofthecriticalwaves
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obtainedateacMInemtervaLBytwointroducedways,continuitybetweentheaC1jacent

criticalwavescanbemaintained・Usingatargetforwhichupperandlowerlimitsof

probableaccelerationresponsespeCtrahavebeenestimated，andbyemploying

relationshipbetweenaccelerationresponsespectrumandPSDfimction,itwasrevealed

thattbemodifiedPSDgraphoftargetcolrespondingtowholetilnellistoryiswithinits

upperandlowerlimits・Byapplyingtllefirstmethodonseveralstructuresusmg

differenttargets,wideapplicabilityoftllemetllodｗａｓconfirnledTheremainedpartof

tllechapterisdevotedtoexplanationoftllesecondandtllirdmetllodsbotllfdlowedby

anapplicationexamPle・nlelattertwomethodsbasedondriftofspecifIed

coInponent(s）ofnon-stationaryPSDandmulti-filterfimctionsoftargettopeak

accelerationtimeoftarget・Thespecifiedcolnponentsｃorrespondtoandaroundthe

naturalfreqUencyofconsideredstructure・Thenon-stationaryPSDfimctionwas

deteminedusinganarrowbandfilterandsmoothedbymovlngaveragemetllod､The

lnulti-filterfimctionmmethod3issilnilartonon-stationaryPSDfilnction,butelnploys

accelerationtilnellistoryofthefiltermsteadofenergyblnthismetllodwiththeaimof

reducingllighpeakofPSDfimctionofsimulatedeartllqualEe,anonlmearelasticfilter

withsoftspringtypefCrce-displacementrelationshipwasutilized・Thechaptercolnesto

anendbyapplyingtlle3methodsonastructureandcompansonoftllemltwas

concludedthat：１）applicabilityreglonoftllefirstlnethodiswide,butbecauseof

detenniningpara[netersbyarandomprocess,insatisfi/ingrestrictionconditionsmany

trialsa[ｅnecessary;Ｚ)whensyntllesisoftargetfromitsnon-stationaryPSDfimction

hasgoodaccuracyespeciallyinpeakacceleration，itiseasytosilnulatecritical

earthquakebythesecondmethod・Howeverbthismethoddidnotshoweffectivenessfor

structureswhosenaturalfrequenciesareapartfiomthepredomnantfrequencyoftarget；

3)simulationofcriticaleartllqualEebythetllirdmethodiseffectivewhentargetcontains

widebandfreqUencycontents・Ｉｎｔｈｉｓｃａｓｅ，unliketllesecondlnetllodwesimulated

criticalearthqUakesfordifferentstructures、

Chapter5CoveredexperimentsconductedtoverifW11eoIeticalresultsofsilnulation，

、a【nelygreaterresponseofaconsideredstructureduetocriticaleartllqualKethantarget・

Forthispurpose，asteelpureframemodelstructurewitllscalefactorofl:８

accompaniedwithaviscousdamperwasemployedTheutilizeddamperwasasetof

small-sizedamperslnainlymadeforradiocontroners,inwllichtherequireddamping

ratiocanbeestablishedbychangingtllemsideoil・Forsimulationofcriticaleartllquake，

nonlinearparametersaswenasthedampmgratiooftllelnodelwerenecessary6

NonlinearparametersmcludmgyielddisplacementandtlleratioofpostPyieldtoinitial

stiffnessweredetern血eｄｂｙｓｔａｔicexperiment・And,freevibrationtestwaspelfbnned

toconfirmthenaturalfteqUencyof5Ｈｚａｎｄｔｏｄｅｔｅｒｎｍｅｔｈｅｄａｍｐｍｇｒａｔｉｏｏｆ２％of

tllenlodel､UsingtheshortenedKoberecordastargetwitllthepredonmnantfiequency

nearto5Hz,acriticalearthqUakewassilnulatedbythefirstmethod,andshakinｇtable
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expenmentswerecaniedout、Foreachcaseoftargetandcriticalearthquake，five

shakingtabletestswerecanieｄｏｕｔ，ａｌｌｏｆｗｌｌｉｃｈｗｅｒｅｌｎｇｏｏｄａｇｒｅｅｍｅｎｔwitll

theoreticalanalysis、Incompansonwitlltarget，tlleaverageresultrepresentedabout

60％greaterresponseoftllemodelduetocriticalearthquakeevenwithlessEAFrom

thefivetests,fbreachtargetandcriticalcaseoneoutputwave(recordedontheshaking
table)tllatcomcidedwellwithtllecolrespondinginputwave(totlleshakingtable)was
selectedandcomparedwitheachotllenSatisfyingalltllerestrictionconditions,the

selectedcriticalearthquakeshowedsome70％gleaterresponsethantarget・

OwingtoinherentuncertaintiesmfOrthcomngearthquakes，arobustdesignis
necessaryespeciallyfOrcertainimportant（costlyand/Orpotentiallyllazardous）

structurestllatconsequentdaInageorfailurecouldbeatremendouscatastrophe，The
conceptofcriticalearthqUakecanbetakenmtoaccountfbraseislniccheckofstructures・

InthisstudyうitwasfbcusedonsimulationofcriticaleartllqUake，andrevealedthata

simulatedeartllquakewllilesatisfIestlleassumedrestrictionconditionsmaycause
severalteｎｐｅ[centsgreaterresponsetllanadeterministic（target）recordobserved

duringpastearthqUakes・Nevertlleless，tlleresmexistcertainproblemsintheaspects
concerned・First,itseemsnecessarytoevaluatetllathowrealisticcliticalearthquakes
simulatedbythepresentedmethodsare,Secondlybitshouldbeconsideredtllatifsite

conditionwheretheconsideredstructureisconstructedindifferswiththatofobserved

targetrecorC1，whatmodifIcationshouldbeimposedtotllesimulationprocess・And
finallybifinfluentialactivefaultsaｴealreadyknownmthesiteofstrucnme，ｈｏｗ
corresPondmgparametersofwhichcanbetakenintoaccount．

●
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学位論文審査結果の要旨

本学位論文に対し、審査委員が個別に面接と試問を行うとともに、第１回審査会で論文の内容について検

討し、審査方針を決定した。さらに平成１６年１月２９日に行われた口頭発表後に第２回審査会を開き、協議

の結果、以下のように判定した。

構造物の耐震性照査においては、１９９５年兵庫県南部地震などで得られた加速度波形を振動数領域で振幅

調整して用いるように推奨されることが多い。しかし構造物の振動特性によっては推奨地震波形よりもざ

らに大きな応答をもたらす地震波形の存在することが考えられる。そこで本研究では地震波形と非線形構造

物の振動特性が時間と共に変化することを考慮して、地震の最初から最後まで系が共振に近い状態で、より

大きく応答するような地震波形の作成手法を数値実験的に検討、開発している。このときシミュレートきれ

た加速度波形の最大値や包絡線、スペクトル密度などは原波形のそれらとの間で、ある制約条件を満足する

ようにしている。また2002年イラン・チヤングレーアヴアジ地震の震害調査をし、構造物の震害と地盤条

件の関係を常時微動計測により評価するとともに、先の手法にイランの構造物特性と地盤条件を導入する際

の、基本的データを収集している。さらに振動台によるモデル実験により、シミュレートされた地震波形の

妥当性を導いている。

以上の研究成果は耐震性照査用地震波形の信頼`性を増し、また構造物の耐震性向上にも直接的に貢献する

など､工学上有用な知見を得ていることから､本申請者は博士（工学）の学位を受けるに値する、と判定した。
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