EONIKO MET2O0BIO MNOAYTEXNEIO
>x0oAn MoAITIKwV Mnxavikwv

EpyaoTtnpio MeTaA\Ikwv KaTaokeuwv

AIEPEYNHZH METATPOITHZ NMAAAIOY
BIOMHXANIKOY KTIPIOY ME KPITHPIA
BIQZIMOTHTAZ

)‘E‘éﬁ’); l' M
A\‘-z‘.?ﬂ A

Ain\wpaTikn Epyaocia

XpioTiva EuayyeAiou

EMK AE 2017 35

EnBAEnwv: Kabnyntng Xapng Mavreg

ABrva, OkTwBplog 2017



National Technical University of Athens
School of Civil Engineering

Institute of Steel Structures

RESEARCH OF MODIFICATION OF AN OLD
INDUSTRIAL BUILDING WITH CRITERIA OF
SUSTAINABILITY

Ab = B 4
AE?Q’;’%, _ ' N
N/ < Al

. A ;U’
v !\‘g

Diploma Thesis

Christina Evangeliou

EMK AE 2017 35

Supervisor: Professor Charis Gantes

Athens, October 2017



Copyright © XpioTiva EuayyeAiou, 2017
Me emeUAagn navTog SIKaIWUATOG

AnayopeUeTal n avTiypa®r, anobrkeuon o€ apxeio NANPoPopInV, diIavour, avanapaywyr|, METappaocn
N WeTddoon TnG napolodac epyaciag, €€ OAOKANPOU I TWAWATOG AQUTNG, YiId EWMOPIKO OKOMO, UMo
onoladnnoTe Jop@r Kal HE onolodnnoTe HECO EMIKOIVWVIAC, NAEKTPOVIKO 1 MNXAVIKO, XWpPIG Tnv
nponyoUWevn &yypagn adsia TnG ouyypapéa. EmTpEneTal n avanapaywyr, anobrkeuon Kai diavoun
yId OKOMO Wn KeEPJOOKONIKO, EKNAIDEUTIKNG 1 EPEUVNTIKAG PUONG, und Tnv npolndBeon va avagepeTal
n nnyn npoéheuonc kai va diatnpeital To napdv Pnvupa. EpoTripata nou agopouv atn Xpnon Tng
€pyaociag yia kepdooKonikod oKomo MPEMEl va aneubuvovTal Npog TNV ouyypagea.

H £ykpion Tng JINAWMATIKNAG €pyaaiag anod Tn ZxoAr MoAImkov Mnxavikwv Tou EBvikou MeTooBiou
MoAuTexveiou Oev unodnAwvel anodoxr Twv andowewv TnG ouyypaPewc (N. 5343/1932, Apbpo 202).

Copyright © Christina Evangeliou, 2017
All Rights Reserved

Neither the whole nor any part of this diploma thesis may be copied, stored in a retrieval system,
distributed, reproduced, translated, or transmitted for commercial purposes, in any form or by any
means now or hereafter known, electronic or mechanical, without the written permission from the
author. Reproducing, storing and distributing this thesis for non-profitable, educational or research
purposes is allowed, without prejudice to reference to its source and to inclusion of the present text.
Any queries in relation to the use of the present thesis for commercial purposes must be addressed to
its author.

Approval of this diploma thesis by the School of Civil Engineering of the National Technical University
of Athens (NTUA) does not constitute in any way an acceptance of the views of the author contained
herein by the said academic organisation (L. 5343/1932, art. 202).



XpioTiva Euayyehiou (2017)

Algpelivnon KeTaTponnc naAaiol BiounxavikoU KTipiou PE KPITRPIa BIWCINOTNTAC
AinAwpaTikr) Epyacia EMK AE 2017 35
Epyaompio MeTaAikwv KaTaokeuwv, EBvikd MeTooBio MoAuTexveio, ABrjva.

Christina Evangeliou (2017)

Diploma Thesis EMK AE 2017 35
Research of modification of an old industrial building with criteria of sustainability
Institute of Steel Structures, National Technical University of Athens, Greece



EuxapioTieg

H napoloa dinAwuaTikh epyacia onuatodoTei TNV ANEN Tou nevrasToUc KUKAOU TWV MPOMTUXIAKWY
gou onoudwv aTn XoAn MoAiImikwv Mnxavikwv Tou EBvikou MetodBiou MoAuTexveiou. STO Onueio
auTtd aiobavopal TNV avaykn va ekepacw TIC EUXAPIOTIEC MOU OE OPICHEVOUG avOpwnouc, N CUMBOAN
Kal N ouhnapdoTacn Twv onoiwv ATav noAUTIUN Kal kKaBopIoTIKR g OAN TN OIAPKEId TWV POITNTIKWV
HOU XpOv®V.

MpwTioTwe, 6a nbeAa va euxapiotnow Bepud Tov Kabnynty kar emiBAénovra Tng napouodg
dINAWPATIKAC epyaaiac k. Xapn Mavré. O upnAoU eninédou ENIOTNHOVIKEG TOU YVWOEIC KAl N MOAUETAC
euneipia Tou o0 BEparta ZIdNPWV KATAOKEUWY, O OUVOUAOWO HE TNV APIOTN IKavoTnTa TOU Vvda
MeTadidel TIC YVWOEIC Tou, ouVvEBaAav kaBopioTika oTnv oAOKANPWON auThG TNG epyaciac. H ouvexnc
KaBodrynor Tou Kkal n anepiopIOTn UMOMOVI TOU, €VENVEE aoPAAEId Kal eUmioTooUvn. ‘HTav navra
npoBUKOC va aQIEpWVEI TO XPOVO TOU Kal va NPOOQEPEl CUMBOUAEG, mapd TO anaiTnTikO Tou
npoypaupa. NiwBw 191aiTeEPN TIUR NMOU OUVEPYAOTNKA WE &vav Tooo afidhoyo avBpwno kai npdTuno

Kkaényntn.

©a nBeha, eniong, va euxapioTnow Tov K. Iwdvvn Wapd kai Tnv ka. Kartepiva NTAipwTn yia TIg
XPNOIMEC UNOJEIEEIC TOUG OXETIKA PE TNV XPron Tou AoyiopikoU SAP 2000.

B£Baia, dev Ba pnopoloa va &xaow Tnv ouunapdoTacn OAwWV Twv (IAwV Hou, Mou NioTEWav o€
gpéva Kal Ye evbappuvav o€ kGBe oTadio Twv onoudwv pou. Ma To AOYo auTo uxapioTw IDIAITEPWG
TOUG iAouC kal ouppoITNTEG pou, Niko M. kal XprioTo, kabwg eniong kar Tnv Iwavva, Tnv Mavt®, Tov
ravvn, Tov AnunTen, TNV ERiva, Tnv ‘Epon, Tov Niko W., Tov ZaAiBepo kal Tov ZnUpo, yia ONEG EKEIVEC
TIC OTIVMEG Nou {noape padi katda Tnv SIApKeEIa TwV anoudwv Jac.

OAOKANPWVOVTAG, TNV YeYaAUTEPN EUYVWHOOUVN HOU OQEIAW OTOUC Yoveic Jou, Iwavvn kal ©sodwpa,
al\a kal otnv adep@n Pou BaoiAikr yia TNV anepiopioTn CUPNAPACTACK) TOUC, TNV UMOMov Kal Tnv
ayanng Toug, aAAd kai yia 00a Jou €XouvV NPoo@EPel OAa auTa Ta Xpovia Tng {wrc Hou.

XpioTiva Evayyeliou

OkTawpBpiog 2017
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NEPIAHWH

H napouoa dINAwPATIKN £pyacia npaypaTeUsTal TNV HETATPONN evog naiaiol Biopnxavikou KTipiou, HE
oKOMoO TNV Enavaypnoigonoinor Tou, AauBavovrac unown opiopéva KpItipia  BiwoipoTnTac.
JUYKEKPIPEVA, YEAETATAI avaAUTIKA 1 CUHMNEPIPOPA TOU UPIOTAMEVOU (POPEA, PE OTOXO TOV EVTOMIOUO
TWV OTATIKOV NPOBANUATWY TOU Kal OIEPEUVATAI N AVTIMETWNION TOUG MEOW TNG avadidTa&ng kai
evioxuong Tng katackeung. MapaAnha, diverar 1d1aiTepn éupacn otnv dnuioupyia Miag BI®oIKUNG
KATAoOKeUNG nou Oa enipépel BeTIKG anoTeAéopata oto nepIBAAAoOv, Tnv olkovouia, aA\a kai Tnv
KoIlvavia.

3TO NPWTO KePAAaIO YiveTal enegnynan Tng eupUTepNG €vvolag TNG PIWCINOTNTAG HE I0TOPIKEC
avapopEC Kal TOVIETAl N ONUAvTIKOTNTA TNG EPAPHOYNG TNG O OAOUG TOUC TOMEIC HE £UpAcn OTOV
TOPEA TWV KATAOKEUWV, &v napouoidlovral ol nepIBANNOVTIKEC, OIKOVOMIKEC Kal KOIVWVIKEG
NapaueTpol NMou dIaKATEXEl WC £vvold. AvaAUovTal oI ONPAvTIKOTEPEC IDIOTNTEC TOU XAAUBd, Ol OMoieg
Xapaktnpifouv TNV BIWOIMOTNTA TWV HETAANIKWV KATAOKEUWV OE OAEG TIG PACEIG TOU KUKAOU {WnG
TOUG, and Tov apxIKO oxedIaoPO TOUG WEXPI Kal TNV KaTedAPIon Touc. AKoAoUBwG, neplypagovTal Ta
NAEOVEKTANATA TNG AVAKUKAWOIPOTNTAG Kal €navaxpnoidonoinong Tou YAaAuBa kal napariBevral
napadeiyuaTa npayuaTikwy KaTaoKEU®Y NMou avakukAwWBnkav r enavaypnaoiponoinénkav.

210 JeUTEPO KeAAAIO NEPIYPAPOVTAl OPIOUEVA OUCTAKMATA MEPIBAAMOVTIKAG NIOTOMOINONG TWV
KTIpiwv, oUP@wva Ye Ta onoia a&loloyeital kai eniBeBaiwveral n BIKCIUN anodoor] Toug Kal NapeXETal
n €€aocpdNion TNG noIOTNTAG TOUC. ZUYKEKPIPEVA, ava@épovTal Ta Baocikd XapakTnpioTikd, ol
dladikaaoisc kal o TpONo¢ BaBPoAdYNoNC ToU KABE CUCTNATOC,.

>TO TPITO KEPAAAIO NapoucialeTal To KTipIo TO onoio NPOKEITal va PETATPAnsi, neplypagovTag tnv
IOTOPIKN €EENIEN TOU, ANO TNV KATAOKEUN TOU HEXP!I ONMUEPA, KAl TOUC AOYOUC Yia TOUuG oroiouc Ba
npayudaronoinBei n enavaypnoiponoinon Tou. AivovTal NANPoQopieg kal oxedIa yia TNV apXITEKTOVIKN
METATPONM TOU KTIPIOU Kal TV aAAayr Xpnong Tou. ENeiTa, nepiypa@eTal avaAuTIKa N YEWHETPIa ToU
KTIpiou Kal To oTaTikd aUoTnHa Tou Ppopéd, eve napoucialovTal Kal Ta OOpIKA TOU OTOIXEId.



>TO TETAPTO KEPAAAIO NePIypapovTal ol 1IB10TNTEG Tou UAIKOU and To onoio anoTeAEITal 0 PpopEag Kal
yiVETaI EKTEVIC avapopa oTov NPoadiopIoUd TWV (POPTIWV NOU KATANOVOUV TNV KATACKEUN, oUU(®WVa
ME TIC KavoVIOTIKEC dIaTAEEIC Tou Eupwkwdika 1. EmnAgov, nepiypagovtal n diadikacia npoodiopicuou
TWV OEIOPIKWV @OPTiwV Kal ol 0Uo MEBODOI UMOAOYIOPOU TNG OEICUIKNAC anokpiong Katd Tov
Eupwkwdika 8, n 1010gopPIK) GaAouaTIK avaiuon kal n 10oduvaun oTatikn @opTion. OpileTal n
Oladikacia npoodiopiooU Twv CUVOUAOH®Y (POPTICEWV TOOO OTNV OPIAKN KATAOTAon acToxiag 0Go
Kal OoTnV OpIaKN KataoTacn AsIToupyikoTnTac. AkoAoUBwc, napoucialovTidl CUYKEVTPWTIKA Ol
analToUEVEG KavovioTIKEG OIaTAEEIC kal ol €\eyxol kaTa Tov Eupwkwdika 3 nou agopouv TIC dUo
OpIOKEG KATAOTAOEIC, AOTOXIAG Kal ASIToupylikOTNTAG. TEAOG, MnapdTiBevral Ta aAnoTeAEopdTd Tng
avaluonc Kal Twv EAEYXWV TOU UPIOTAPEVOU (PopEd, CUPPWVA HE TIC KAVOVIOTIKEG OIaTAEEIC, Onou
yiveral epgavnic n avaykn avadiata&ng kai evioxuong TnG KaTaoKEUNG.

>T0 NEPNTO KEPAAAIO npaypaTtonololvTal HETATPONEG WG MPOC TO OTATIKO oUCTNUA TOU (POpEd, €IiTE
avTikaBioTwvTag NnaMia PEAN e véa, iTe npooBETovTag eninAéov WEAN, OnNou KpiveTal anapaitnTo, €iTe
evioxUovTac TIC NAMEC DIATOUEC PE EAAOMATA Kal YWVIAKEG evioXUCEIC, ME Okonmo Tnv BeATiwan Tng
OUMNEPIPOPAG TOU KTIpiou. MeAETATAl €K VEOU O (POPEAC KAl KATOMIV WEPIKWV ENAVAAWEWY, N
KATAoKeUr €navadiaoTaclioAOYEITAl WOTE va UnakoUel 0f OAEC TIC KAVOVIOTIKEG OIATAEEIC Tou
Eupwkwdika 3. MapaTiBevral Ta TEAIKA anoTeAéopaTa Tng avaiuonc kai eniBeBaiwveral n endpkeia
TWV NAAAIOV Kal VEWV OOMIKWV OTOIXEIWV. AKoAoUBWG, dIaTUNWVOVTAlI OPICHEVEG NPOTACEIC Ol OMOIEC
npodyouv TNV BIKCINOTNTA TNG KATAOKEUNC.

TENOG, OTO €KTO Kal TEAEUTAIO KEPAAAIO NapouciadlovTal Ta YEVIKA CUMMEPAoHATA TNG JINAWHATIKAG
gpyaciac kal dIaTUN®WVOVTAl MPOTACEIC yid TNV NeEpAITEPw OlEpEUvNON TNG METATPOMNG Tou
OUYKEKPIUEVOU BIOKNXAvIKoU KTIPIOU Kal YEVIKOTEPA TWV KATAOKEUWV.
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ABSTRACT

The present diploma thesis deals with the modification of an old industrial building, whose purpose is
its reuse, considering some sustainability criteria. Specifically, the behavior of the existing structure is
being studied extensively, aiming to identify its structural problems and investigate their solution
through a rearrangement of the layout and reinforcement of the construction. Also, the construction
of a sustainable structure is emphasized, which will have a positive impact on the environment, the
economy and the society.

In the first chapter, the wider meaning of sustainability is explained using historical references and the
significance of its application in all the sectors, especially in the construction industry, while the
environmental, economic and social values are introduced. The important qualities of steel are
analyzed, which characterize the sustainability of steel structures in their life cycle, from their initial
design until their demolition. Subsequently, the advantages of recyclability and reusability of steel are
described along with some real structures examples, which were recycled and reused.

In the second chapter, several environmental certification systems of buildings are described,
according to which, their sustainability is evaluated and verified and their quality assurance is granted.
Specifically, their fundamental characteristics are provided, along with the procedures and the
evaluation method of each system.

In the third chapter, the building that is going to be modified is revealed, describing its historical
development, from its construction to its current state, including the reasons of its reuse. Also,
information and designs about its architectural modification and reuse are given. Finally, the geometry
and the structural system of the building are described further, while its structural elements are
presented.

In the fourth chapter, the properties of the structure’s material are presented and there is an
extended report concerning the determination of the loads stressing the structure, according to
Eurocode 1 regulations. Additionally, the identification procedure of the seismic loads along with the



two methods of calculation of the seismic response according to Eurocode 8, the modal spectrum
analysis and the equivalent static force, are described. The identification procedure of load
combination is highlighted both at the limit state of failure and the limit state of functionality. All the
required regulations and necessary checks, according to Eurocode 3, about both limit states, failure
and functionality, are presented. At last, the results of the existing structure’s analysis are provided,
according to the regulations and it becomes obvious the necessity of the rearrangement and
reinforcement of the structure model.

In the fifth chapter, modifications are made on the model of the structure, either by replacing old
parts with new ones, or installing additional parts, wherever it is considered necessary, or reinforcing
the existing cross-sections with steel plates and haunches, aiming the improvement of the building’s
behavior. Then, the structure is being studied all over again and after a few repetitions, it is re-
dimensioned in order to comply with Eurocode 3 regulations. The final results of the analysis are listed
and the adequacy of the old and new structural elements is evaluated. Finally, there are some
proposals presented, which further the sustainability of the structure.

In the sixth and final chapter, the general conclusions of the diploma thesis are introduced along with
some proposals for the further investigation of the old industrial building’s modification and the reuse
of structures in general.



