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Preface

TheAsia-PacificYoungResearchersandGraduatesSymposium(YRGS)isprimarily
a platform for early-stage structural engineering professors,research scientists,

professionalengineers,postdoctoralfellowsandpostgraduatestudentstopresenttheir
latestfindings within the context of wide structural engineering discipline.The
symposium features oral presentations predominantly from early-career structural
engineeringpeoplebutalsoincludestalksfromleadingfiguresinthefield.Itprovidesan
opportunity for learning about future career paths and networking with fellow
researchers.ThepreviousYRGSshasbeenheldinKunsan,Koreasince2009,thenin
Hangzhou(China),Taipei(China),HongKong(China),Jaipur(India),Bangkok
(Thailand),KualaLumpur(Malaysia),Tokyo(Japan)from2010to2017.Uptonow,it
hasbeensuccessfullyorganizedfor8times.With10years'development,theYRGShas
becomeattractivetomanyelitesandyoungscholarsallovertheworldwithitsdistinct
characteristicsandfeatures.

The9th Asia-Pacific Young Researchersand GraduatesSymposium-Performance
EvolutionandControlforEngineeringStructures(YRGS2019)willbeheldinShanghai
on19 20 December2019.Itissponsoredby CollegeofCivilEngineering,Tongji
University,Key LaboratoryofPerformance Evolutionand ControlforEngineering
StructuresofMinistryofEducationofChinaandAsiaConcreteFederation(ACF),to
promotecloseinternationalcommunicationandcooperation,andtofigureoutthefuture
developmentofstructuralengineering.The objectivesofthe upcomingsymposium
(YRGS2019)areagaintoprovideaforumtodealwiththestateoftheartaswellas
emergingconceptandtechnology,e.g.,multi-scaleandmulti-fieldmethodologies,super-
computing,big-dataandAI,etc.,relatedtoresearchandpractice,particularlyinthe
themeofperformanceevolutionandcontrolforengineeringstructures,whichhasbeen
receivingincreasingattentionduetoitsimportantroleinsustainability-orientedlife-cycle
performancecivilengineeringandresilienceofcityandcountryside.

Over80abstractsfrom9countriesandregionsweresubmittedtothesymposiumand
acceptedforpublicationintheabstractproceedingsofYRGS2019.Theauthorsarefrom
China(includingHongKongandTaiwan),Denmark,India,Italy,Japan,SouthKorea,

andUSA.OnbehalfoftheYRGS2019organizingcommitteeandTongjiUniversity,the
chairsoftheSymposiumwouldliketocordiallywelcomealltheauthorsandparticipants.
Wealsotakethisopportunitytoexpressoursincerethankstothedistinguishedkeynote
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lecturers—andtoallthemembersoftheAdvisoryCommittee,InternationalScientific
CommitteeandInternationalSteeringCommittee.

Webelieve withyourcontributionandparticipation,the YRGS2019 willbea
successfulevent.Weearnestlyhopethatalltheparticipantswillenjoytheirstayandhave
agreattimeinShanghai.

CHENJianbing YUQian-Qian PENGYongbo
Chairs,YRGS2019

DepartmentofStructuralEngineering,TongjiUniversity,Shanghai,China
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Life-cyclemanagementofconcretestructures
basedonsustainabilityframework
H.Yokota
FacultyofEngineering,HokkaidoUniversity,Sapporo,Hokkaido060 0808128,Japan

Abstract
A concrete structure has to be

thoroughlyplanned,designed,executed
and maintainedtokeepitsperformance
over its corresponding requirements
throughout the life-cycle. However,

structuressufferingfromseriousdamages
instructural membershave been often
foundduetovariousreasons.Oneofthe
reasonsislackoftotalmanagementofthe
structure.Thelife-cyclemanagementisan
organizedsystemtosupportengineering-
based decision making for ensuring
performanceofastructureatthedesign,

execution,maintenance,andallrelated
workduringitslife-cycle.Thelife-cycle
managementisimplementedaccordingto
the life-cycle management scenario in
which balance of severalsustainability
indicators would be considered with
ensuringoverallsustainability.Thispaper

presentstheconceptandframework of
thelife-cycle management of concrete
structurestoensuresustainabilityduring
thelife-cycleofthestructure.

1.Introduction
A concretestructureisconstructed

withitsownpurposessuchassupporting

socio-economic activities, protecting
peoplefrom disasters,and ensuring a
comfortableandsafelife.Thestructureis
required to maintain its function and
performanceto achieve these purposes
duringitsdesignservicelife.However,

serious damages have been sometimes
found,which mayprovokeperformance
degradation,andevenstructuralcollapse
may be consequences.The life of a
structureismadeupofalltheactivities
including planning,basic and detailed
designs, execution, maintenance and
intervention,anddecommissioning.When
coordination of those activitiesis not
ensured,such damages may be found.
Therefore,it is very important to
coordinate these activities sufficiently.
Thelife-cyclemanagement(LCM)isthe
overallstrategywiththeaimofensuring
thatthestructure meetsthe associated
performancerequirements.Thestrategyis
embodied by an LCM scenario.The
scenarioisformulated atthe time of
planning and design and may be
subsequently modified ateach stage of
structure's life-cycle. LCM also
contributestorealizeasustainablesociety
through structures. Sustainability is
defined in terms of environmental,
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economic,andsocialaspects.Duringthe
life-cycleofstructures,sustainabilityis
generallyconsidered withoneorafew
sustainabilityindicators.Theintroduction
ofLCMforastructurewouldcontribute
to all aspects of sustainability while
maintainingthefunctionandperformance.
Thispaperintroducestheprinciplesand
framework of LCM for concrete
structures.Thispaperhasbeenprepared
byeditingthepartsofthecontentsof
author'spreviouslypublishedpapers

[1,2].

2.FrameworkofLife-CycleManagement
A concretestructurepassesthrough

differentstagesduringitslife:fromthe
planning,design,execution,use,andto
theend-of-lifestages.Duetoitslonglife,

itinvolvesdifferentpartiesateachstage.
This implies that it is essential to
coordinateallthestageswithtransferring
importantinformationfromonestageto
anotherinanappropriateform.LCMis
systematicandcoordinated activity and
practice through which a structure is
appropriatelymanagedoveritslifecycle.

TheoverallframeworkoftheLCMis
summarized in Figure 1. LCM is
implemented according to the LCM
scenario in which balance of several
sustainability indicators should be
considered with ensuring performance
requirements.Thesustainabilityindicators
will be determined from the social,

environmental and economic points of
view.Thescenarioshould beregularly
reviewed and evaluated based on the
PDCA cycle

[3] and be updated if
necessary.AsshownintheFigure1,the
LCMisanintegratedconcepttoassistin

activitiesmanagingthetotallife-cycleof
structurebasedon managementsofeach
stagetoensurestructuralfunctionsand
performanceandtoachievesustainability.
Asaplatformtosharetheinformation,

BIMhasabigpotentialforuse[4].

Figure1 Frameworkofthelife-cycle
management

3.ProcedureofLife-CycleManagement
Figure2showsthestandardprocedure

ofLCM.Foranewstructure,an LCM
scenarioshouldbeformulatedduringor
aftertheplanningstageofthestructure.
The scenario includesthe fundamental
strategy on how the structure will be
managedintermsofstructuralperformance
andsustainabilityaspects.Thestructureis
generallydesignedtokeepitsstructural
functionandperformancewithoutmajor
interventions; however, planned
interventions can be included in the
scenarioiftheyarerequired.Thescenario
mediates among the stages of the
structurallife-cycle.Designwillbecarried
out to satisfy the scenario initially
formulated.Whenthedesignoutputsdo
not satisfy the scenario, either the
scenarioismodifiedtobeconsistentwith
designoutputsand/ordesigniscarriedout
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again. After the execution, initial
assessmentiscarried outto check the
conditionsofthe structure.When any
defectis found from the assessment,

interventionsshouldbetakenasrequired.
Then,it will be judged whether the
scenarioissuitableforthesubsequentlife-
cycleofthestructureornot.Whenthe
scenarioisfoundto beunsuitable,the
scenarioshouldbeupdated.Duringtheuse
stage,thestructureisperiodicallyassessed
itsconditionsandperformancepossessed,

and the above procedure should be
repeated.When the scenario has been
updated,theupdatedscenarioshouldbe
reflectedonsubsequentmanagement.Ifit
isjudgedthatinterventionsshouldnotbe
takenfrom thesustainabilityevaluation
mentionedlater,thestructuregoestothe
end-of-lifestage.

Figure2 Standardprocedureoflife-cycle
management

For an existing structure, the
assessmentshouldbecarriedoutbefore
startingtheLCMprocedure.Thescenario
isformulatedaccordingtotheresultof
thefirstassessmentanddocumentseven
they may not be enough. When the
assessment results conclude that
interventions are difficult to take to
recover structural performance, the
structure goestothelife-of-endstage;

otherwise,thesameprocedureasthatfor
anewstructurecanbefollowed.

4.SustainabilityIndicators
Itis necessary to choose suitable

indicatorsto objectively evaluate LCM
scenariosandmakedecisions.Theauthor
proposesto usesustainabilityindicators
forthispurpose.Sustainabilityisdefined
asaconceptbasedontheenvironmental,

economicandsocialaspects,andisoneof
thekeyissuesinaconstructionsectorto
bewellconsideredinthe21stcentury

[5].
Itiseasytounderstandthatcollapse

of structure impairs the sustainability
becausethetreatmentofdebrisproduced
by destruction ofstructuresneedshuge
energy and reconstruction ofstructures
requiresanadditionalamountofresources
andenergy.Manypeoplemightbekilled
or injured, and employment and
production bases would be temporally
unavailable.Engineers keepitin mind
whatmighthappensbyphenomenathat
arenotcoveredbythedesign.Thus,the
safety marginorsafetyredundancythat
represents the resistance of structure
directlylinksthesocialsustainability.As
theenvironmentalaspectofsustainability,

appropriate indicators are set for
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environmentalimpactsintheexecution
andusestagesofthestructure,suchas
resource consumption,greenhouse gas
emission,andimpacts on the ambient
environment.Astheeconomicaspect,all
the direct and indirect costs during
executionandtheuseandattheendof
life of the structure,as well as the
benefits and values provided by the
structure,canbesetasindicators[6].

Itisnotso easytofindthe best
solution among alternatives because no
comprehensive indicator exists. For
example,when the margin of safety
(safetyredundancy)istakenmore,more
resourcesandenergy maybeneededfor
constructionandhigherconstructioncost
will be consequences,as indicated in
Figure3[7].Thisisthecollisionamongthe
sustainabilityindicators.Therefore,the
sufficientbalanceamongeachsustainability
indicatorshouldbeachieved.

Figure 3  Balance between social (safety
redundancy),environmental(CO2

emission)and economic (cost)

indicators[7]

Sustainability indicators should be
well considered in the life-cycle of

structure.Durabilityisdirectlyrelatedto
structuralperformancesuchassafetyand
serviceability, while resilience and
robustnessarerelatedtothesafetymargin
and the mechanism of failure.
Sustainabilityissystemizedateachstage
of life-cycle to consider in a
comprehensive manner, safety and
serviceabilityunderthesocialaspect,cost
undertheeconomicaspect,andresources
and energy under the environmental
aspect.LCMallowsfordesignerstofinda
good balance betweensocial,economic
andenvironmentalindicators.

5.Conclusions
LCMisanintegratedconcepttoassist

inactivitiesmanagingthetotallife-cycle
ofstructurestorealizesustainability.The
followingareconcludingremarksinthis
paper:

(1)Fordoinginfrastructuremanage-
ment,planning,design,execution,and
usestagesshouldbewellcoordinated,in
which necessaryinformation should be
shared andtransferred amongthelife-
cyclestages.

(2)During LCM, sustainability
shouldbewellconsideredtoformulatethe
scenario.Structuralperformancecan be
includedinthesustainabilityconcept.

(3)Itisnecessaryto wellconsider
the balance between the safety
redundancythatshouldbeconsideredas
social sustainability and other
sustainability indicators in terms of
economicandenvironmentalaspects.

(4)A concretestructureinherently
hasalonglifewhenitiswelldesigned,

executed,andmaintained.Itcanachieve
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