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SAFE, SOUND and SUSTAINABLE BUILDINGS

ά- The Three S Approach-έ
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ÅThemajority of the existingbuildingstockin manyEuropeancountriesbuilt in the 80s,70sor earlier lackof
moderndesignstandardsincludingthe basicrequirementsfor seismicsafetyandenergyefficiency.

ÅThus,basedon their date of construction,the vast majority are deficient both in terms of energyand
seismicresistance. Thiscreatesthe needfor the society(government,publicandengineers)to takeactions
to keep and maintain the building stock in operational, reliable and resilient state, in order to ensure
primarily the safetyof the users.

ÅIn civil engineeringthis ongoingprocessis achievedby updatingthe designcodesto incorporateaspects
studied after extensive research, laboratory work or identified through shortcomingsin real hazard
situations. In addition to safety,nowadaysthe comfort of the usersis of prime importance. Tosatisfythe
requiredcomfort levels,the usershouldconsumeenergy,in the form of heating,coolingetc.

ÅTherefore,this ongoingtrend to satisfy these conditions,results in new buildingswhich are safer,more
economicto operate,moresecureandmoresustainable(to satisfythe three Sapproach).

1. Summary
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ÅHowever,the current buildingstockof Europecomprisesof structuresthat havebeendesignedand constructedover a
longperiodof years,spanningsomedecadesago. Fortraditional masonrybuildingsthis canbe more than 100years.

ÅA BPIE(BuildingsPerformanceInstitute Europe)survey[BPIE,2011] revealedthat a significantamount,over 40%of the
existingbuildingstockin EUis over 50 yearsold (only around17%is constructedafter 1991), i.e. exceedingfirstly their
designlife and secondlyare constructedduring a period that Seismicknowledgeand standardswere very limited and
energyperformanceguidelineswerenon-existent.

ÅThusit is easilyunderstoodthat for thisάŀƎƛƴƎέgroup of existingbuildings,key challengeslie ahead,regardingtheir
structuralsafety,sustainabilityandenergyperformance.

ÅThestructuralperformanceof buildingsis related to their stiffnessand strengthaswell astheir ability to undergonon-
linear (ductile)deformations. Theextent to whicha buildingcanresistloadsdependsmainlyon the characteristicsof its
lateral load resistingstructure L.L.R.S. (i.e. columns,beamsand walls). Most existingbuildingsdo not posesignificant
lateral resistanceandrequireupgradingto increasethe efficiencyof oneor moreof the above.
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ÅIn the caseof the agingexistingbuildings,the lackof considerationat the designandconstructionstage,for the seismic
effect meansthis building stock is more vulnerableto earthquakes. In addition, as it is exceedingits designlife of 50
years,it meansthat alongwith strengtheninginterventionsto improvethe seismicperformance,durabilityandstructural
assessmentsshouldalsobe carried-out to ensurefunctionalityandthussafetyandcomfort for the users.

ÅIn addition to safety, in the last decadethe importanceon the energy front has been highlighted; increasedenergy
consumptionlead to adverseenvironmentalimpact (e.g. climatechange). Therefore,for the buildingsectorthe energy
efficiencyterm is introduced,which is highlightedby the Europe'saim to reduceby 2020the Greenhouseemissionsby
20%andachieve20%energysavings[EPBDrecast,2010/31/EU].

ÅThebuildingsectoraccountsfor largeenergyconsumptionin EUwith the Europeanhouseholdsusingnearlythe 70%of
the consumedenergyin the form of electricalenergy. A surveyby BPIE(2011) on energyconsumptionrevealedthat the
olderbuildingstockis the maincontributor to this. Thusin the EUthe mainpolicyregardingthe energyusein buildingsis
the EnergyPerformanceof BuildingsDirective(EPBD,2002/91/EC)initially issuedin 2002, andre issuedin 2010.

ÅTherefore,it is evidentthat there is a big portion of the existingEUbuildingblockthat is under-designed,both regarding
their seismiccapacityandalsotheir energyperformance,sinceis well below the nationalminimumrequirementsset in
the last fifteen yearsand therefore in needof structural and energyrenovationto remainoperationalandsafe.
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ÅTo improve the seismicperformance/capacityof existing buildings that have not been designedaccordingto the
earthquakestandardsof EurocodeEC8, a varietyof techniquesbasedon the typologyof the buildingandthe levelof the
requiredstrengtheningarecurrentlyused.

ÅForRCstructures,the seismicretrofit techniquesaregenerallydividedto localandglobalmethods[JRC2014a]:

Localmethods are concentratedin improving the performanceof particular structural membersand most commonly
includethe strengtheningof the column-to-beamjoints, columnand beamjacketingand columnand beamstrengthening
with advancematerials such as fibre reinforced polymers (FRP)or combinedwith new technologysuch as the textile
reinforcedmortar (TRM)technique,or with traditional R.C. jacketing.

Globalmethodsmaybe providedwith the additionof shearwallsand/ or foundationsstrengthening,whichwill leadto the
changeof the type of the structuralsystem.

ÅRegardingthe energy performancelevel of buildings,it is influencedby a number of factors including the installed
heating/coolingsystems,the climatic conditionsand the building envelope. The energydemandof buildingscan be
reducedby improvingthe insulationof the envelope,increasingthe thermalcapacityof the buildingandby usingenergy
efficientsystemsin the building'soperatingprocesses(e.g. heating). Therefore,anypotentialenergysavingmeasuresare
inter-related with these factors, with greatest focus on aging/ΨΩƻƭŘΩΩexistingbuildingswhich have the largestenergy
consumptiondueto insufficientinsulationof the building.
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ÅTheinsulationof the envelopecanbe drasticallyimprovedby reducingthe energylossfrom windowsanddoorsandby
insulatingthe walls and the roof. For the latter, the level of improvementdependson the thicknessof the provided
insulation and the properties of the insulating material, although thick insulating layers are unfavorable due to
limitationsin space,aestheticsreasonsandother technicalconstraints[JRC2014a].

ÅCurrently,from a sustainabilityperspective,emphasisis placedon developingan integratedstructuralandenergydesign
methodologyfor new buildingsthat should be preferred over individual actions, to ensurea SustainableStructural
Design(SSD). Suchapproacheslike the SSDmethodologywill ensurethat new buildingssatisfy both structural safety
andenergyefficiencytargets.

ÅHowever,for existingbuildings,especiallyof a certainconstructionage,the problemof seismicandenergyinefficiencyis
of primary importanceand a similar in conceptapproachis required to provideupgradingon both fronts. Only the last
few yearsit isacknowledgedthat independentretrofit actionsshouldbe integratedto enhancethe overallperformance.

ÅUnfortunately the current practice prescribesand promotes upgrading solutions that isolate each deficiency and
proposessolutionsto enhance/upgradeanyof the two items(either energyefficiencyimprovementor structuralseismic
upgrade)separately.
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Giventhat buildingsin some Europeanregionsexperiencefrequent seismicactivity and high temperature variations,it
becomesa necessityto proceedwith upgradingor retrofitting measuresaspart of a major refurbishmentprocess.

Thesemeasuresare expectedto improve the resilienceof the existingbuilding stock in an economicallyfeasibleway,
reducethe operationalexpensesand contribute to the sustainabilityof the societyand the environmentand offer safer
buildingsto people(Home).

As it is well known to all Engineersthat if buildings are cladded and insulated, then they may look new, but their
underlyingstructural issuesremain, hidden, unseenand unassessedand may becomelife-threatening,especiallyin case
of a major seismiceventandmay leadto a collapseor failure.

10ECCE 2019, Lisbon, Platonas Stylianou, Chartered Civil Engineer



If that occurs, then all EU money spent for energy Upgrades and refurbishment of buildings would be lost. 

However, the economic risk is redundant compared to the potential injury and loss of life. 
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2.0  The new trend is Χ smart financing for smart buildings. 

But, a building can only be called smart once it is safe, sound and sustainable.

The starting point must beall state/government buildings and all buildings of high importance, 

as categorized in the Eurocodes,  as well as buildings that concentrate, or are used or visited by a lot of people.
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ÅOur aim is to ensuresustainability,resilienceand safety of existingbuildingsthrough structural or seismicupgrading
againstseismicandother dynamicactionsandalsoenhancedenergyefficiency.

ÅThe solution provided should follow a holistic approachto addressthese issuessimultaneouslyand link individual
retrofit/upgrading activities in an integrated procedure. One of the most important issues,which defines the way of
living,is safe,sound,andsustainablebuildings(the three Sapproach),Χ. Andthat is a basicHumanright.

ÅThatis why we decidedasECCEto createa firm positionpaper,in order to convinceE.U. memberstatesandBrusselsto
grant fundingfor the Structuraland/ or SeismicUpgradeof the buildings,togetherwith the grantsgivenfor the upgrade
of the energyperformanceof buildings,under Directive2010/31/EM, of the EuropeanParliamentandof the Councilof
19th of May2010.
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3. Scope
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4. QUESTIONNAIRE
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The questionnairecontributed significantlyto the elaboration of the PositionPaper. Also the results provided by each
countrywill be valuabledatafor ECCErecords.

Thequestionnairewasdividedin three parts;

Partone,wasthe Generalpart with 7 questions,

Parttwo, wasthe StateRegulation/legislationpart with 6 questions,and

Partthree, wasthe Practiceexperienceandincludes5 questions.
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Contributionfrom all countriesmembersof ECCEwasgiven, sincemanyECCEcountrieshaveexpertsand Professionalsin
that specificfield.

TheBasicCoordinationTeamis:

a) Eur. Ing. PlatonasStylianou Cyprus(P.S.), Coordinatorof the workingteam,

b) Mr. ArisChatzidakis Greece, (A.C.)

c) Mr. AndreasTheodotou Cyprus, (A.T.)

d) Dr. NicolasKyriakides Cyprus, (N.K.)

e) Mr. AndreasBrandner Austria, (A.B.)

f) Dr. BrankoZadnik Slovenia, (B.Z.)

g) Mr. IvanPaska Croatia (I.P.)

h) Mr. PaulCoughlan UnitedKingdom,(P.C.)

5. The Working Team
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1. Raiseawarenessand demandfor better and structurallysoundbuildingsamongstakeholders,governments,owners,
operatorsandall citizens.

2. Improve knowledgeand information regarding assessmentand design for structural and/or seismicupgradingof
existingbuildings.

3. Increasefundingopportunitiesfrom EU.

4. Offer a significantcontribution to the community, asthe needto protect the homesand build property, is a basicone
that originatesfrom antiquity.

By applyingthe idea expressedin the position paper, countries that possessabandoned,deteriorated or ill-maintained
buildings,especiallythose subject to seismichazard,can assess,evaluateand if necessary,structurally strengthentheir
buildings,in order to obtain the sameor better structural capacitythan what was mandatedby the building codesand
allowedby the constructionpracticesat the time of the originalconstruction.

Countriessubject to seismichazardcan assess,evaluateand if necessary,structurally and seismicallystrengthen their
buildingsin order to obtain the necessarystructural and energycapacityaccordingto the current Eurocodes,National
RegulationsandAnnexesandCodesof Practice.

6. Expected Benefit
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Accordingto clause16, of the EUDirective2010/51/EU,

άΧmajor renovationsof existingbuildings,regardlessof their size,provideanopportunity to takecostςeffectivemeasures
to enhanceenergyperformance(here we must addΧand structural / seismicperformanceΧ, in order to ensuresafe
buildings). Member statesshouldbe able to chooseto define aΨƳŀƧƻǊǊŜƴƻǾŀǘƛƻƴΩeither in terms of a percentageof the
surfaceof the buildingenvelopeor in termsof the valueof the buildingΧέ

Also If, in Article 7, Existing Buildings,of the Directive,άΧwhen buildings undergo major renovation, the energy
performanceof the buildingor the renovatedpart thereof is upgradedin order to meet minimumenergyperformanceΧέΣ
we addΧandάŜǾŀƭǳŀǘŜŘandassessedfor structuraland/or seismicallycapacityandupgradedŀŎŎƻǊŘƛƴƎƭȅέΣ

then as EuropeanEngineeringAssociationswe will contribute to a much safer community with improved sustainability
and lower wasteof resources.
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7. The biggest Earthquakes in Europe the last 20 years.
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Izmit Earthquake (Turkey)-17 August 1999

ÅOn 17 of August, 1999 at 03:01:3 (LocalTime)
there was a strong earthquake,M = 7.4 on the
Richter Scale,with its epicentre South-West of
Izmit town in northern Turkeyand at a depth of
15-17Km.

ÅTheduration of seismicvibration was37 sec. The
earthquake shook the cities of the wider area
suchasIstanbul,Bursa,Eskishir,DuzeandBolu.

ÅThe impact was dramatic, 17,118 civilians died,
45,000 injured, 600,000 homelessand thousands
weremissing.

ÅThe financial impact of the devastating
earthquake amounts to appr 50 billion. dollars
without taking into account all the long-term
impact.
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Earthquake in the city of Duzce, Turkey 
12/11/1999

ÅOn November 12, 1999 at 18:57:22 (local 
time) a strong earthquake of magnitude, Mw 
= 7.2. Acceleration reached PGA = 1g, asit 
was recorded by the accelerator in the city of 
Duzce.

ÅThe deaths caused by the earthquake 
reached 1,000 and more than 5,000 people 
were injured, 55,000 were forced to leave
their homes.

ÅThe economical impact has exceeded$ 1 
billion.
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Earthquakein the city of Laquila(Italy)

ÅOn April 6, 2009, a strongearthquakeexcitation
Mw = 6.3 or 5.9 magnitudeon the RichterScale,
occurredwith its epicentre 7km outside of the
city of[Ω!ǉǳƛƭŀat a depth of 10km deep.

ÅThe earthquakewas fatal and 319 people were
killed, 1,600were injured and more than 10,000
homes were damaged,70,000 were forced to
flee their homes where 30,000 were left
homelessfor severalmonths.

ÅThe economical impact of the earthquake
exceeded $ 15 billion and created a major
unemploymentproblem. But the cultural impact
wasalsogreatdue to of the damageor collapse
of severalbuildingsof the MedievalPeriod.
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Earthquakeof Parnitha(Athens)1999

ÅOn September 7, 1999, there was a
strongearthquakeexcitation,M = 5.9 on
the Richter Scale with its epicentre,
18km north of downtownAthens.

ÅThehorizontalaccelerationexceeded0.5
g in central Athens while vertical
accelerationreached1 g.

ÅThe impacts of the earthquake were
dramatic, 145 people lost their lives,
2,000 were injured and 50,000 were left
homeless.

ÅThefinancial impact reached$ 4 billion,
with 110 buildingscollapsingcompletely
and more than 50,000 buildings were
damaged.
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