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論文内容の要旨

Liquefactionisoneofthemajorthreatstostructuresconstructedonasandyground.

Making clear the mechamim ofliquefactionis one ofthe main objectives of

geotechamicalresearchersandengineers･Inmanycases,Wehavetodealwithsand

underrepeatedliquefactionand consolidationcondition･Forinstance,during an

earthquake･themain･Shockmaycomefo1lowedbymanyafter-Shocks･Asandyground

maybe丘rstlyliquefyinthemain･Shock,andthenliquefyagainintheaftershocks.So,

predictingthebehaviorsofsoilunderrepeatedliquefactionandconsolidationseems

importantbecausethefo1lowlngliquefactionsmaycausefurtherdamagetostructures.

Howeveちfewstudieshavebeendoneinthisneld.Themainobjectiveofthisresearch

istoinve白tigatethemechamicalbehaviorofsandunderrepeatedliquefactionand

COnSOlidation,includingexperimentalstudyandnumericalsimulation.

Inexperimentalstudy;amedium･Sizedshakingtableapparatuswasutilizedto

investigatetherepeatedliquefactionandconsolidationbehaviorsofasandyground.

Foraninitiallymadesaturatedloosesandyground,Wefirstlyappliedashaking

motiontoletthegroundliquened･Afterthemotionstopped,thegroundconsolidated

and excessporewaterpressure(EPWP)dissipated･AfterEPWPhadcompletely

dissipated･WeaPPliedthesameinputmotiononcemoretoletthegroundliquefy

again,andthenconsolidateagain･Bythisway;thegroundwasshakenthreetimesin

SuCCeSSionandbecomedenseranddenserforthereasonthatporewaterflowedout

fromground･Inthewholeprocessofrepeatedliquefactionandconsolidation,the

responsesoftheground,includingaccelerationandEPWRweremeasuredindetail.

Anotherobjectiveofthisexperimentistoinvestigatethestifhessrecoveryprocessof

grounddurlngCOnSOlidationprocess･Becausestifhessofgroundcannotbemeasured
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directly;WeCalculatedgroundsti魚1eSSfromshearvelocitywiththeuseofhammering

method.

Following experimentalstudy;a neW elasto-Plasticconstitutive modelthatcan

describeliquefactionbehaviors ofsandswithdiffbrentdensitieswasproposed.The

modelwas based onthe concept ofSYS Cam･Clay model,Which was proposed by

Asaokaetal(2002).ItinheritstheadvantageofSYS Cam･Claymodelthatitcan

describe theliquefactionbehaviors ofsands with di鮎rent densities using unique

Valuesofmaterialparameters,Whichdonotdependondensity;butjustdependon

What materialthe sandis.The modelprovides an approachfor describing the

Str6ss･induced anisotropy together with a new evolution rule for changesin

OVerCOnSOlidation,by whichthe mechanicalbehavior of soils subjected to cyclic

loadingunderundrained conditions,includingthe cyclicmobility ofmediumdense

Sand,Canbeumiquelydescribed.Meanwhile,thephysicalmeanlngOfthesetypesof

behavior for diffbrent soils can be explained emciently with the concepts of

OVerCOnSOlidation,StruCture,andstress-inducedanisotropy.

Inliquefactionanalysisofaboundaryvalueproblem(BVP),atWO･Phase丘eld

theorythatcanproperlytakeintoaccounttheinteractionbetweensolidandfluidis

Veryimportant.In thisthesis,the two･Phase丘eld theory;Which was originally

proposed by Oka et al(1991,1994),WaS eXtended using the且nite deformation

algoritlm.Inthistwo･Phase丘1edtheory;thedisplacementofsolid,u,andthepore

WaterPreSSureOffluid,P,aretakenasthebasicvariablesinthegoverningequations.

BothFEM(FimiteElementMethod)andFDM(FiniteDi鮎renceMethod)areusedto

discretize the丘eld equationsin space.FEMis usedfor the discretization ofthe

equation ofmotionfor the mixture,and FDMis usedforthe discretization ofthe

COntinuityequationfortheporefluid.Newmark･8methodisemployedtodiscretize

thefieldequationsintime.

Atlast,COmbining the prqposed modeland the two･Phase 丘eld theory;a

numericalanalysis was conducted using a FEMprogram DBLIVE to simulatethe

PrOCeSSOfrepeatedlique払ctionandconsolidation.Thenumericalsimulationaimsto

reproduce the three cases ofshaking･table tests,in whichthe modelground was

Shakenthreetimesinsuccessionandbecamedenseranddenseraftereachshaking.

Inthenumericalcalculation,theprocessduringshakingwassimulatedbyadynamic

SOil･WaterCOuPledanalysis,WhiletheprocessofdissipationofEPWPwassimulated

byastaticconsolidationanalysIS.Thevaluesofmaterialparameterswerethesame

inallstages.Thestateofsoilelementsvaluatedby丘vestateparameterswasonly

PreSCribedattheverybeginnlngandthevaluesoftheseparameterswasdelivered

automaticallytothenextstageoftheanalysISinthewholeprocess,Whichwastotally

the same as what has been donein the modeltest.Comparisons between the

experiment and the numericalsimulation showthat the numericalsimulationis
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capable of reproducing almost a11main characteristics of the repeated

lique払ction･COnSOlidation of sandy grounds with di鮎rent densities,SuCh as the

mechanicalbehaviorpre･andduringliquefaction,thesettlementinpost-1iquefaction

COnSOlidationandtheinfluenceofdensityontheaccumulationofexcessiveporewater

pressure(EPWP)inrepeatedstrongmotions.

論文審査結果の要旨

本論文では､地震時における砂地盤の液状化現象について､液状化と圧密を繰り返す過

程を精度良く予測するための解析技術の開発を目指した｡

まず､砂地盤の液状化とそれに引き続く圧密現象､さらには再液状化過程を理解するた

めに､大型振動台試験装置を用いた模型実験を実施している｡用いた大型振動台試験は空

圧制御型の新しいタイプのもので､その制御および実験準備についても､マニュアル作成

などの地道な作業を継続し､今後の実験的研究の基盤整備を完了した｡初期地盤に､繰り

返し振動を付加することにより､初期においてゆる詰めの地盤が､液状化後の再圧密過程

において地盤が高密度化し､液状化しにくくなる特性を見いだしている｡また､液状化直

後の地盤の剛性回復を求めるために､新たにハンマリング法を提案し､発生した過剰間隙

水圧の消散過程と剛性回復過程の関係を丁寧に求めている｡

これらの現象を精度良く解析するために､1)液状化一圧密繰返し過程を統一的に表現で

きる構成式を新たに提案した｡提案した構成式は､砂地盤のみならず粘土地盤についても

適用できるもので､過圧密､構造､異方性といった地盤材料特有の性質を統一的に説明で

きることを証明した｡2)提案した構成式を有限変形土～水達成FEMに導入した｡提案し

たFEM手法を用いてモデル実験を解析した結果､提案する解析手法は液状化一圧密繰返

し過程を精度良く再現した｡この成果は､今後の土木構造物の耐震設計を考えるにあたり､

非常に重要である｡

最終試験結果の要旨

八嶋 厚､杉戸真太､能島暢呂､張 鋒および沢田和秀で構成する審査委員会は､本論

文および別刷りなどを慎重に検討した｡本論文は学位論文として十分完成された内容を有

していること､提出された学位論文および発表論文は､申請者により書かれていることを

確認した｡また最終試験(公聴会)を平成19年1月25日に開催し､審査委員会での審査

の結果､合格と判定した｡
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