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ABSRACT

Many existing reinforced concrete frame buildings designed before the introduction of
modern seismic codes are highly vulnerable to seismic actions due to their reduced ductility
capacity. Passive control systems have emerged to be efficient tools for the seismic retrofit of
low ductility RC frames and help to reduce economical losses in consequence of seismic
events. Since funds to investment for seismic vulnerability reduction may be limited, a risk-
based life cycle cost analysis approach is required to evaluate and compare the cost

effectiveness of different mitigation strategies.

In this work, an existing four-storey building will be examined using two different retrofitting
methods, with different remaining life and seismic return period, and conclusions will be
drawn regarding the efficiency of each method in economic terms. The frame is designed for

gravity-loads only and does not comply with modern seismic code requirements.

Also in combination with seismic retrofitting thermal improvement of the outer shell of the
building will be performed, using the regulations for thermal performance of buildings of
Cyprus. Energy consumption and thermal improvement cost is a very important parameter of

the whole life cost of a building.

Of course it's clear that if we want to evaluate in an appropriate way the effectiveness of
seismic retrofitting and thermal improvement on existing buildings, many studies should be

performed to give a definitive answer to this question.

In chapter one the problem is briefly stated and the most important parameters associated

with that, which make the decisions for solving the problem very difficult, are presented.

In chapters two and three the objectives and briefly the regulations and standardizations

associated with the problem in European Union and in Cyprus are stated.

In chapter four the Whole Life Cost cycle analysis (WLCCA) is briefly described, stating
what is WLCCA and why it is important to be used, which data are taken into account, which

are the formulas to determine the WLCCA values etc.

In chapter five the methods for thermal improvement and seismic retrofitting are described,

while in chapter six the methodology of seismic assessment is described.
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In chapter seven the results of the case-study and some calculations about the thermal
improvement of the building, the seismic retrofitting using the software 3DR STRAD and the
calculations for the WLCCA are presented.

Finally, the results along with the conclusions and some discussion about the topic are

represented in chapter eight.

This study is a first approach on the topic and will give some results, taking into account only
the most important parameters of retrofitting and thermal improvement such as commonly
used materials and common working hours. More extensive work can be done if more

detailed parameters are taken into account in the analysis.

Keywords:

Thermal improvement, seismic assessment and retrofitting, life cost cycle analysis..
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IHEPIAHYH

[ToAAG amd To VEIOTAUEVO TAAUGIOTA KTHPLOL OO OTAGUEVO CKLPOOELD TYEOIACTNKOV
TPV a0 TNV EICAYOYYN TOV GOYYPOVOV GEICUIKOV KMOTKOV Kol elval 101aitepa EDOAMTO GE
CEIGIKEG OpAoeEls AOY® UEIOUEVNG PEPOVCOS TKOVOTNTOG KOl UELOUEVNS TAOCTILOTNTOG.
[ToAAG maBnTIKd cvoTaTa EAEYYOL Kot LEBOSOL EVIoYLONG £YOVV TPOKVYEL LE TOV KAPO TO.
omoio €lval AmOTEAECUATIKG €PYOAELD Yol TN CEWCUIKN avaBaduion Tov younAng avioyxms
TAOUGIOTAOV POPEWV OTMGUEVOD GKLPOSEUATOS . AEOOUEVOL OTL TOL KEQPAANLD Y10, ETEVOLON
OTNV AVTIGEICUIKN avafaduon Tov kmplov eivar pelopéva, omotteitonr vo yivetal avaivon
KOGTOVG KOKAOL (mNG Yo agloAdynor Kot GUYKPIOT) TV OMOTEAECUATOV TOL KOGTOVS TMV

SPOPDOV GTPATNYIKDOV GYEIAGLOV AVTIIGEIGUKNG avadduong.

e aumn Vv epyacio, Oo efetdoovpe €va LVEIOTAUEVO TETPOMPOPO KTIPlO Kol
YPNOYLOTOIDVTAG OV0 JAPOPETIKEG HEBOSOVE AVTICEIGHIKNG avaPdOpiong , He SopopeTikd
xpOvo evomopévovoag {ong Kot mepiodo emavapopds Tov celouov Bo mpoomadncovpe va
eEdyovpe KAmOW CUUTEPACUOTO GYETIKA HE TNV OMOTEAECUHOTIKOTNTO KOs pHeBdOOL o€
Opovg otkovopkoL Kootoue. To mAaiclo £xel oyediaotel yio poptio fapvTnTog HOVO Kol 0gV

GUULLOPPAOVETOL [LE TIG GVYYPOVEG OVTIGEIGUIKES ATOLTIOELS.

Emiong, oe ovvdvacud pe v ceiopikn ovafadon 0a mpaypatorombet Pertioon g
EVEPYELNKNG OTOO0CTG TOL KTNPIOV 6TO EEMTEPIKO KEAVPOS , GOUPMVO, [LE TOVG KAVOVIGUOVG
v v Oeppukn amoddoomn tov ktipiov e Kompov . H katavaiwon evépyelag kot o KOGTOG
Yoo TV gvepyelakn ovaPaduion ivor ToAd onUOVTIK) TopPAUETPOS TOV GLVOMKOD KOGTOVG

Cong evog kTipiov.

dvowd elvar coaeég 0T, av Béhovpe va aloAoynoovue pe TOV KOTAAANAO TPOTO TNV
OMOTEAECUOTIKOTNTA TNG OEIOUIKNG HETOOKELNG Kot Oepuikn Peitioon oto velotdpeva

Ktiplo O mpémet va yivouv moAAEC LEAETES Yo va 000<l o Gop1|g dmoyn Yo To BEpa.

210 TpdTO KEPGAAO Tapovotdlovial o€ cuvtopia mo eivat To TPOPANUA Kot Toleg Elvarn
Ol O OMNUOVTIKEG TOPAUETPOL TOL GLVOEOVTOL LE OVTO KOl KAVOLV TTOAD dVGKOAN TNV ANYN

AmTOPAcEMV Y10 EMIAVGN TOVL TPOPANLOTOG.

Yta kepdAaio 000 Kot Tpia ToPovctdloviol 0 oKOmOG TNG UEAETNG Kol GE GLVTOUIO, Ol
KOVOVIGUOT KOl 01 TUTOTTOMGELG TTOL GYETICOVTOL LE TO TPOPANLA OT®MG OVTOL S10TLIMVOVTOL

otV Evponaikn Evoon kot oty Kdmpo.
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210 TETOPTO KEPOAAOMO TEPLYPAPETOL GUVOTTIKA M HEHOSOC TOL GLVOMKOL KOGTOLG
kokhov {one (WLCCA) , kot avaeépeton Tt givor 1 WLCCA, yuoti elvar onpovtikng kot yuorl
TPEMEL VAL YIVETOL, TOLA OEOOUEVA TPETEL VO GLVVTTOAOYIGTOVV, TTOLOL Elval OL TUTOL Y10, TOV

1pocdtoptopd TV Tindv WLCCA «in.

210 TEUMTO KEPAANLO YivETOL TEPLYPOPT| TV LEBOd®V BepUikng PerTiong Kot GEIGUIKTG
avaPaduionc, eved oto ke@ailono €1 mEPLYPAPETAL 0E GLVTOMIN 1) LeBOdOAOYIN TG GEIGUIKN

amotipnong .

210 £Poopo Ke@AAOL0 ToPOVCIALOVTOL TO AMOTEAEGLOTO KO KOO0l VITOAOYIGHOT GYETIKA
pe v Bepuikn Pedtioon tov kTipiov, 1 GEGKY avaPadon pe Ty ¥pnom Tov AOYIGUIKOV
3DR STRAD kot o1 vToAOYIGHOL e TO. OMOTEAEGLOTO Y10 TNV OVOALON KOGTOLG KOKAOL

Covic (WLCCA) .

Téhog, 6TO 0Y000 KEPAAOLO TOPOVGLALOVTOL TO. CLUTEPACLATO KOl KGOl cu{nTNon Yo

T0 B&ua.

Avty n pelétn elvor pia TpdT TPoodyyion yw 1o 0épa ko OBo dmdoel kdmoo
AmOTEAEGUATO, AAUPBAVOVTAG VITOWYT LOVO TIG TTLO OTLLOVTIKES TOPAUETPOVS TNG OVTIGEIGHIKNG
evioyvong kot Oepuikng PBertioong, OTmG To VAKG OV YpnoipomoovvTal yeViKA. ITo
EKTETOUEVT] epyacion pmopel va yivel, v omv avdivon Anedodv vrdyn mo Aemtouepeic

TOPAUETPOL.



