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‘Eva a1rd Ta KUpIa {nToUPEVA TNG ETTOXNG MAG, €10IKA aTn OUOKOAN KOI-
VWVIKFA KQI OIKOVOWIKI CUYKUPIQ YIO Th XWPA JAG KAl JE TO QAIVOUEVO TNG
METAVAOTEUONG VEAPWY ETTIOTNUOVWY Va OIOYKWVETAI, €ival n TTpowon-
on KI avdaTtrTugn tng €TMOTNPOVIKAG £PEUVAG KAl TNG KAIVOTOMIAG, n oTroia
OUVOEETAl APECO PE TNV KOIVWVIKI KAl OIKOVOMIKI TTPO0d0 Kal eunuepia,
o€ TTEPIPEPEIaKS Kal €BVIKO eTTiTTed0. 21O TTAQiCI0 AUTO, TO lNaveTIOTAMIO
Oeooaliag, éva atrd Ta TTI0 QUVAMIKA Kal GNPAVTIKA EAANVIKA TTAVETTIOTA-
Mia, divel TTpoTEPAIOTNTA O€ KABE TTPWTOROUAIQ TTOU aPOopPd aTNV TTAPAYW-
yn, 81ad00n Kal agloTroinon TNG yvWwong, OTNV EVioXuon TwV OXECEWYV TOU
ME Ta TTEDIA AIXUAS OTNV ETTIOTNUOVIKI €pguva a€ OIEOVEG eTTITTEDO, KABWG
KAl OTNV €vioxuon Twv OECPWYV TOU PE TNV KOIVWVIO KAl TNV OIKOVOMia.
Mpoypd&uuarta utTtToTPOPIWY OTTWGS To «HpdkAeiTog II» divouv eukaipieg Kai
KivnTpa OTOUG VEOUG ETTIOTAUOVEG VA TTAPAUEIVOUV 0T XWPA TOUG YIA TNV
TTPayPaToTToinon SI6AKTOPIKWY CGTTOUdWY, CUKMBAAAOVTAC OTNn CUVEXION
TNG £PEUVAG KAl OTNV TTapaywyn véwv dedopévwy TTou Ba aglotroinbouv
oTn ONMIOUPYIKN Kal TTApaywyIKr} dpacTneioTnTa, TTOU TOOO £XElI avVAyYKN
0 TOTTOG Yag CHPEPQ.

O£TOVTAG TOUG TTAPATTIAVW OTOXOUG WG TTPWTEUOVTEG OTO TTAQICIO TNG
EPEUVNTIKAG TOU OTPATNYIKNG, TO INM.0. ouppueTeixe atrd Tov OKTWRPIO Tou
2010 €wg Tov OkTWRpIo Tou 2015, oTo TTPOYPAUPA OIBOKTOPIKWY UTTO-
TPo@IWV «HpdkAeiTog Iy, divoviag Tnv eukaipia o€ 58 véoug eTTIOTHUO-
VEG, OXEOOV aTTO OA Ta €PEUVNTIKA TTEdIA, VA TTPAYHATOTIOINOOUV TTpW-
TOTUTTEG £PEUVEG, UWNAOU akadnuaikou eTmiTrédou, he diEbvr) atrodoyn Kal
va avadelxBolv wg dUVAUIKOI EPEUVNTEG, IKAVOI VO OTEAEXWOOUV TOOO
EYXWPIEG, OO0 Kal BIEOVEIC EKTTAIBEUTIKEG KAl ETTIOTNUOVIKEG DOMEG.

21NV €kOOON AUTH, £XOUME TN XApA Kal TV TIUA VA 00¢ TTAPOUCIA-
OOUME OUVOTITIKA Ta QTTOTEAECUOTA TNG €PYACIOg TWV UTTOTPOPWY TOU
«HpdakAeitog Iy, pe okotrd va avadeigoupe Oyl uévo TN XpnoiuoTnTa Kal
avaykaldétTnNTa ToU €V AOYW TTPOYPAUMATOG VIO TNV £peuva, aAAd kal To
uWnAS €peUVNTIKO KOl OKABNUATKO ETTITTEOO TOU TTAVETTIOTNUIOU YOG,

EuxouaoTte TTpwTooulieg oTAPIENS TNG £peuvag oav To «HPAKAEITOG

[I» va uttdpEouv Kai oTo PHEAAOV.

KalnynTtig MNewpylog Merpdkog
lMpuravng lMavemmornuiou Osooaliag
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«Eav pn EAtTnTal, avéATTioTov oUK €€cupnacl, avegepedvnTov €OV Kai
atmmopovy» kKatd Tov HpdkAeimo, dnAadn «61ToI0g dev eATTICEl TO AVEATTIOTO,
dev Ba 10 avakaAUwel, KaBws Ba pével avegepelvnTo yI© AUTOV Kal ATTAN-
oiaoToN.

H prion autr} Tou peydhou E@éoiou @iAocd@ou uttoypauuicel Tn on-
MOOia TNG KPITIKAG £PEUVAG YIa TNV KaTavonon Tou AGyou TTou JIETTEN TIG
dlapkeic aAAayEG Kal HETABOAEG TOU KOOMOU. ZUMPTTUKVWVEL, TTEPAITEPW,
ATTO TNV ETTOXHA TWV TTPOCWKPATIKWY dIAQWTIOTWY £WG KAl TIG JEPES HAG,
TNV TTOIGTNTA TOU avaOoTOXAlOPEVOU avOPWITTOU, TOU €PEUVNTH, TOU ETTI-
OTAMOVA O OTT0I0G hE BAPPOG KI EATTIOO aywVvieTal va XapAagel véoug Tpo-
TTOUG OKEWNG, BEwpnNoNg Kal KATavonong Twv TTPAYUNATWY, VA avaTpEYEl
BeBaidTNTEC KaI va pag odnyrnoel oTo amrpoodOKNTo, AVOiyovTag TauTo-
XPOVa VEOUG 0pifOVTEG YIa TOV AvOPWTTO Kal YI TNV KOIVWVia.

270 TTAQiC10 TNG PIAOCOYIAG AUTAG, TO TTPOYPAPHA OIBAKTOPIKWY UTTO-
TPoIWV “HpdkAeitog II”, TTpdopepe OTAPIEN OE VEOUG ETTIOTANOVEG, ATTO
10 2011 £w¢ 10 2015, TTPOKEIPEVOU VA TTPAYHATOTTOINOCOUV KOl VO OAOKAN-
PUWOOUV TO TTPWTAOTUTTO EPEUVNTIKO TOUG £PYO, ATTOTEAWVTAG KATA KATTOIO
TPOTTO TO dNUIOUPYIKO “TTUP” TTOU €ival N YEVECIOUPYOG Kal (WoTroldg dU-
vaun NG HpakAegitelag @IAocogiag.

270 AeUKWMA auTd, TTAPOUCIAfETAl CUVOTITIKA TO £pY0 58 dIOAKTOPWYV
Tou MavemmoTnuiou OccoaAiag, ammd KABe Touéa ToU ETTIOTNTOU, TTOU €Vi-
OXUOE KI EMTTAOUTIOE PE VEQ dedopéva Ta TTEDIA TNG ETTIOTANNG KAl TNG
épeuvag. Agicel vV ava@Epoupe 0TI OTO TTAQICIO EKTTOVNONG QUTWYV TWV OI-
atpIBwv TTaprixBnoav dnUocIeUoEIS KAl AVAKOIVWOEIG, TToU dNPooIElTn-
KAV O€ EYKPITA ETTIOTAMOVIKA TTEPIODIKA KAl TTAPOUCIACTNKAV OE OUVEDPIQ
EAANVIKA Kai 1BV, aTTOdEIKVUOVTAG YI' GKOUN MIa opd OTI, TTap’ OAEG TIG
OUOKOAIEG, N EAANVIKA ETTIOTAPOVIKNA KOIVOTNTA KI EIQIKOTEPA TO VEO EPEU-
vNTIKO dUVAUIKO Tou lavetmoTnuiou @ecoaAiag, CUMMPETEXEI EvEPYA Kal
d1adpapaTiCel oNPAVTIKO POAO OTIG ETTIOTNMOVIKEG ECENIEEIG.

EuxouaoTe va uttdpéouv Kal véa TTPOYPANMATA EVIOXUONG UTTOWN@I-
wv dI0aKTOpWY, TToU Ba dWOOoUV TNV guKalpia Kal o’ AAAOUG VEOUG €TTI-
OTAMOVEG va UAOTTOINOOUV TO €PEUVNTIKO TOUG Opaud, TTPOG OPEAOG TNG
yvwong, TNG KAIVOTOUIOG Kal TNG avaTrTugng, T000 aTnv €AANVIKI 600 Kal
OTNV TTAYKOOUIA KOIVWVId.

XpnoTtog 'kéBapng
Kaényntng
1dpupuarikog Ymeubuvog Epyou «HpakAeirog 11»
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XapikAgia Kavapn

Mouoc¢io kal dtopa Je OAIKN | HEPIKN
aTTwAgIa 6paong:
{nTApaTa TpooBaong Kal aglotroinong
HouoEiwv
OTNV EKTTAIdEUOT TWV TTAIdIWV
ME coBapd TpoBARuaTa 6pacng

MepiAnyn

H di1dakTopikA auTr] d1aTpIBA aTTOTEAEI PIa JIETTI-
OTNMOVIKN PEAETN OTOUG ToUEIG TNG Mouoeiakng Ek-
Traideuong kai NG EidikAg Aywyng Kai diEpEUVA TOUG
Opoug kal TIG TTpoUTToBEécEIg TTPOCRACNG TWV aTo-
Mwv pe coBapd TTpofAAuaTa 6pacng oTa PouoEia
KOl OTa TTOAITIOTIKG ayaBd TTou autd diaxelpidovTal.

O1 BewpnTiKEG ageTnpieg TNG MEAETNG QUTAG
ouvdéovTal PE TNV AVAYKAIOTNTA TTPOACTIIONG TOU
SIKAIWMPATOG OAWV TWV aAvOPWTTWVY GTOV TTONITIONS
Kal oTnv ekmraideuon Kal pe TNV TTapadoxn Ot n
TTPOCRACN OTOV TTOAITIOUO ATTOTEAEI ONUAVTIKN TTO-
PAUETPO EKTTAIOEUONG KAl KOIVWVIKNAG £VTagNG. =&KI-
VWVTAG aTT TO XWPO TWV PouoEiwy, N oulfTnon TTou
avatrTuooeTal ofjuepa dIEBVWG yia To POAO TOUG WG
IOPUUATWYV TNV UTTNPECIA TNG KOIVWViag, Oev TTEPIO-
piCeTal pévo oToug TTapadoaiakoug POAOUG TNG CUA-
Aoyng, dla@uAagng TnNG TTOAITIGTIKAG KANPOVOUIAGS Kal
€KBEONG MOUCEIOKWY CUANOYWV KAl QVTIKEIMEVWV.
Ta 101aiTepa TTOIOTIKA XOPAKTNPICTIKA TOU idlou Tou
pouaoegiou wg Xwpou, NG Ndbnong Kal TG ePTTEIPI-
0G OTO HoUCEio avadelkvUouV ToV EKTTAIOEUTIKO POAO
TWV pouceiwv aAAG Kkal Ta TTOAAATTAG pabnoiakd
OPEAN YIa BIAPOPETIKOUG avOPWITOUG KAl OPADEG.
Mapd&AAnAa, n cuZATNON YIa TOV KOIVWVIKO pOAO TwvV
pouoegiwv avadelkvuel TIG BuvaTOTNTEG AAAG KAl TNV
€ublvn Twv Pouceiwv va cupBAalouv TNy evioyu-
0on TNG KOIVWVIKAG €vTagng Kal OUVOXAG Kal OTnv
KOTOTTOAEUNON TNG KOIVWVIKAG aviodtnTag. Baoikn
TPOUTTO0E0N yIa TNV €TTITEUEN TWV TTAPATTIAVW €ival
n mpooRaon. H idia n évvoia Tng TTpdoBaong atoTe-
A€l KEVTPIKO onueio TTPOBANUATIGHOU KAl QVTIKEINEVO
MEAETNG KABWG o1 ppayuoi TNG TTPOCRAcNS — Kail OxI
MOVO yIa Ta ATOMA PE avaTTnpeia- gival TToAudIaaTaTol
Kol aAANAOEEAPTWHEVOL.

Avogopikd pe Ta dtopa he avarrnpia, 1o ATnua
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NG TTPOGRACNG Kal TNG CUMPMPETOXNG TOUG GTIG Opa-
O€IG TWV POUCEIWV aTTOTEAET £va onuavTIKG BEua ou-
{NTNONG YECQ OTO XWPO TWV PHOUCEIWY, TTOU avTava-
KAG Ox1 pOvo TIG aAAayEG EVTOG TOU XWPOU TOUG Kal
TNV avOPWTTOKEVTPIKA TOUG avTiAnyn, aAAd kai Tnv
€TTI®PACN TOU KOIVWVIKOU UJOVTEAOU avaTTnpiag. e
0, Tl apopd Ta ATOUA UE avaTTnpieg 6paaong, n TPO-
opaon Kal N oxéon ToUug PE TO JOUOEIO TTPOCTKPOUEI,
METAEU GAAwV, Ot éva BepeNINOES XAPAKTNPIOTIKO
NG opydvwaong TwV HOUCEIWV: OTnV aTTaydopeucn
TNG aQrG Kal OTNV OTITIKOKEVTPIKI] TOUG opydavwan.
Ta pouceia onuepa, péoa atrd €va eUpog dpAoewv
Kal OIEUKOAUVOEWY, ETTIBILUKOUV va APOUV auTOV TOV
@payuo, aAAd Ta dTopa pe avatTnpieg 6paong e¢ako-
AouBouv va avTigeTwTTi(ouv onUavTikoug @paypoug
oTnv TPpéoBaat| Toug Kal OTIG SBUVOTOTNTEG ETTIAOYWV
oTa Jouateia.

H ouliTtnon yia v TpdoBacn avadeikvueEl, ETTi-
ong, 1o POAO TNG ekTTaIdEUONG OAAG Kail Tn oxéon JeE-
Tagu ektmaideuong kai TpdoRaong oTov TTOMITIONO.
Mo ouykekpiyéva, o poAog TnG TTPOCRacng oTov
TIONITIOMO avayvwpiZeTal wW¢ 18IAITEPA TNPAVTIKOG
yla TNV A 0TV €KTTAi®EUCN Kal TNV KOIVWVIKA €vTagn
YEVIKOTEPQ TWV ATOUWYV, CUUTTEPIAGUBAVONEVWY Kal
TWV ATOPWYV PE avaTtTnpia Kal Tautdxpova o pOAog TNG
eKTTaideUONG ival KaBopIOTIKAG onuaaciag Trapdyo-
VTOG YIQ TNV OUCIOOTIKA TTPAoBacn oTov TTOMITIONO.
AuTA n ap@idpoun oxéon ouvnyopei oTnv avaykai-
OTNTa WIAG TTEPICCOTEPO OAICTIKAG QVTIUETWITIONG
™G TTPOCRAcNG, TTou avadelkvUel PETAEU GAAWY Kal
™ oxéon poucegiou kai ektraideuong. EidIkoTEPQ,
OTNV TTEPITITWON TOU PadnTikoU TTANBucpou, n oTe-
VIl OX€0N PJOUOCEIOU KOl OXOAEIOU TEKUNPIWVETAI OTN
Bdaon evog eUpoug HEAETWV OAAG KOI TTPAKTIKWY TTOU
arreuBuvovTal og OXOANIKEG OUAdES Kal avadEIKVUOUV
TO00 TA XAPAKTNPIOTIKA TNG OX€0NG POuoEiou Kal
OXOAgiou 600 Kal TO POAO TWV EKTTAIDEUTIKWV YIQ TNV
ETTOPH TWV TTAISIWV PE TNV TTONITIOTIKF KAnpovouid
Kal TNV KAAAIEPYEID avAAOYWV OTAOEWVY Kol OEEIOTH-
Twv. To OXOAgio Kal To pouaeio, av Kal SIaPOPETIKOT
Beooi TUTTIKAG Kal ATUTTNG EKTTAIOEUCGNG AVTIOTOIXA,
ME DIOPOPETIKA XAPOKTNPIOTIKA, OpyAavwaon Kai duva-
TOTNTEG, MoIpdlovTal KOIVOUG TTPORANUATIONOUG Kal
OTOXOUG, OTTWG N €KTTaideUON, N TTPpodoBaon oTa TTo-
AITIOTIKG ayaBd, n évtagn Kal n 1I00TIUN CUPKETOXN.

H ouo1a0TIKY eKTTAIBEUTIKY) OEIOTTOINGN TWV POU-
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aggiwv yia TN dIauépPWaOn EUKAIPILY PABNONG Kai
EUTTEIPIOV O XWPOUG OTTWG Ta Jouaeia yia OAa 1a
TTaIdId, CUUTTEPIAAUBAVONEVWY KAl TWV JaBNTWV JE
ooBapd TTpoBAfpaTa 6paang, oTnpifeTal oTn yoviun
OUVEPYOOia JOUCEIOU Kal OXOAEiOU, OTIG TTOPOXES KOl
OpdoeIg TwV PouoEeiwv aAAd Kal OTIG TIPOKTIKEG TWV
EKTTAIBEUTIKWY. H TTpodoTrion Tou JIKAIWUATOS Yia
1I06TINN TTPGCGRaon oTov TTOAMITIONS a@opd TOOO TOUG
EKTTAIOEUTIKOUG OCO Kal TOUG TTONITIOTIKOUG (QOPEIG,
OTTWG OTN OUYKEKPIYEVN TTEPITITWON TO OXOAEIO Kal
TO pouaceio. MapdAAnAa, TO pouoeio PTTopEi va aTTo-
TeAEoel Eva TTAOUCIO TTEPIBAAAOV PABnong, JeE onua-
VTIK& 0Q£AN yia OAa Ta TTaidId, cupTTEPIAQUBavVOuE-
VWV KOl TwV TTAISIWV JE QVaTTNPIEG KAl TWV TTaIBIWV
ME avaTTnpieg 6paong.

Méoa o€ autd 10 BewpnTikd TTACiCIO Kol AapBd-
VOVTOG UTTOWN TN ONPOCIa TWV EKTTAIDEUTIKWY EUKOI-
pPIWV Kal ETTIAOYWY TTPOCRACNG KAl GUUMPETOXNG OTO
XWPEO TWV POUCEiwV TToU PTTopoUV va atroTeEAOUV
onMavTiké TrapdyovTa diaudpPewaong TnG oxéong
TWV aTOUWYV PE T Pouaeia, TNV au@idpoun oxEon
EKTTAI®EUONG Kal TTOMITIOPOU aAAG Kal TV avaykal-
oTNTa MIag OMIOTIKAG TTPOCEYYIONG TNG TTPOoRaong
oTa TTOAITIOTIKG ayaBd Twv pouaeiwy, auth n d1d0-
KTOPIKN OIOTPIPRN ETTIKEVTPWVETAI GTO PABNTIKO TTAN-
Buoud e avatTnpieg 6paACNG Kal OTIG APETNPIES TNG
OoX£0NG TwV TTAISIWV KOl QUPIAVWYV EVNAIKWY YE avo-
TTNpieg 6paong Pe To Jouaeio OTTWS aUTH PTToPEi va
SIAPOPPWVETAI I va eTTNPEAZETAl BN ATTO TN OXOAI-
Kl Toug {wn. H €peuva otnpifetal ot cuA\oyr Kai
OTNV €TTECEPYOTIA TTOOOTIKWY KOl TTOIOTIKWY O£d0-
MEVWYV aTTO TO XWPO TOU OXOAEIOU KOl GUYKEKPIPEVA
aTTé eKTTAIOEUTIKOUG EISIKAG Aywyng aAAd kal aTTd TO
XWPO TWV PHOUCEIWV Kal CUYKEKPIPEVA aTTO Ta Apxail-
oloyiké Mouaoteia, TTou atroteAoUV ThV TTIO CHPAVTIKH
KOTNYOpPIiO HOUCEIWV TNG XWPAG PAG.

Ta amoteAéopara TnNG €peuvag avedeifav Tnv
TTOAUTTAOKOTNTA TNG TTPOCRACNG OTO XWPO TWV POU-
ogiwv aA\d Kal TNG eKTTAIDEUTIKAG TTPOCRACNG Kal
OUMMETOXNG TWV MOBNTWV PE avaTtnpieg dpaong o€
TITUXEG TNG OXOAIKNG {WNG OTTWG O1 ETTIOKEWEIG O€
pouaegia. O1 duvaToTnTeG TTPOCRACNG KAl CUUMETO-
XNG TWV PabnTwy e avatrnpieg 6pacng kabopidovtal
atrd £va GUVOAO TTAPANETPWY TTOU CUVOEovTal JE (-
TAMATA TTAQIGioU, OpYyAvwaong, UTTOOONWY, YVWOng
Kal avTIAWEewWYV, TO0O atrd TNV TTAEUPd TOU PouaEiou
600 Kal atrd TNV TTAEUpd Tou oXoAciou. EmiTTAéov,
Ta ATTOTEAEOPATA TNG £PEUVAG AVADEIKVUOUV Kal TV
avaykaldéTNTa JIAG CUCTNUOTIKAG KAl CUOTNUIKAG
TPOCEYYIoNG TNG €vvolag TNG TTPodcRacng aTtn Baaon
TWV APXWV TNG KOIVWVIKAG TTPOCEYYIONG TNG AVOTTn-
piag, Tou KaBoAIkoU oxedlaopou, Tou KOBOAIKOU Oxe-
dlaopouU TNG HABnong pe oeBacud aTn dIAQOPETIKO-
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TnTa. H mpooBaacn, n evioxuon kai n BeAtiwon Tng
OUMMETOXNG TWV ATOMWV HPE AVATINPIEG YEVIKOTEPA
OAAG Kal Twv pabnTwv pe avamnpieg 6pacng oTov
TTONITIOUO Kol 0TV eKTTaideuon gival i Oa TTPETTEl va
gival pia ouvexng diadikaoia TTou TTPoUTToBETEl AAAD-
YEG OTN @IAocOQia Kal TNV opyavwaon dIaPOPETIKWV
BeouWV Kal JAKPOTTPOBECO OXEDIOTNO OTO TTAQICIO
MIOG OUCTNUATIKAG TTONITIKAG TTOAITIOUOU KOl JIOG €K-
TTaideuong TTou Ba TTapéxEl I0EG EUKAIPIEG CUUMUETO-
XNG o€ 6AougG.

NE€eig KA€IB1A: ATOHA HE OAIKN R MEPIKN ATTWAEIN
6paong, Mouocio, MNMpoécoBaon, Ekmraideuon Kai
MoAimopuoég

TpipeAng ZupBoulAeuTiki EmiTpotri

Alapdavtw @iAIrraTou, Emikoupn Kabnyntpia, Ek-
TraideuTikh Wuyoroyia: Mabnaoiakég AuokoAieg, Mai-
daywyikd TuAua AnuoTikng ExkTraideuong, Maveti-
oTAIo0 @caoaliag

BaoiAglog Apyupotroulrog, AvatrAnpwthig Kabnyn-
™G, EkmaudeuTikn MapéuBaon og Atoua pe Avatrn-
pia Opaong, Maidaywyiké Tunua EidIkAG Aywyng,
MavemoTAuio ©@eccaliag

Anuntplog Meppavog, Kabnyntig, Maidaywyikd:
Xwpog kal Aywyr, Tuua Emotnuwy MpooxoAikng
Aywyng kai Exmraideuong, ApiototéAcio MNavetmoTh-
MI0 ©@ecoahovikng

Charikleia Kanari

Museums and individuals with visual
disabilities: Issues of access
and education in museums for children
with visual disabilities

Abstract

This doctoral thesis is an interdisciplinary study
in Museum Education and Special Education which
explores the terms and conditions of access for indi-
viduals with visual disabilities to museums.

The theoretical origins of this study include is-
sues such as the defense of the right of all people for
access to culture and education and the recognition
that access to culture is one of the most important
parameters of education and social inclusion. Starting
from museums, the discussion for the role of muse-
ums as institutions in the service of the society is not
limited only to traditional roles such as the collection,
the preservation of cultural heritage and the display
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of museum collections and objects. The specific qual-
itative characteristics of the museum, learning and
experience in museums reveal museums’ significant
educational role and the multiple potential learning
outcomes for different individuals and groups. Fur-
thermore, the discussion and relative studies for the
social role of museums reveal their responsibility
and their actual and potential contribution to social
inclusion and cohesion and the combating of social
inequality. The basic condition for the achievement
of the above is “access”. The very concept of access
to museum is a central topic of intensive discussions
and studies since barriers to access — and not only
for people with disabilities — are multidimensional and
interdependent. For people with disabilities, access
to museums and participation to museums’ activities
is a very important topic of discussion within muse-
ums, which reflects not only changes in the philos-
ophy of the museums, but also the influence of the
social model of disability. Regarding people with visu-
al disabilities, their access and their relationship with
the museums is in contrast with one of the most im-
portant characteristics of museums: the restriction of
touch and their optical-centered structure. In order to
remove this barrier, museums seek to develop a vari-
ety of activities and facilitations, but people with visual
disabilities still face a lot of barriers to their access to
museums and their potential choices in museums.
The discussion about access also reveals the
role of education and the relationship between ed-
ucation and access to culture. More specifically, the
role of access to culture is considered as one of the
most important factors in and for people’s educa-
tion and social inclusion, including people with dis-
abilities. Alongside, the role of education is crucial
for access and participation to culture. This kind of
relationship leads to the necessity for a more holis-
tic approach of access and reveals, among others,
the relationship between museum and school. More
specifically, in the case of schoolchildren, the rela-
tionship between museum and school is based on
several studies as well as practices and activities
on the part of the museums for schoolchildren and
school community which reveal different aspects and
characteristics of this relationship as well as the sig-
nificant role of teachers for the education of children
in aspects of cultural heritage and the cultivation of
attitudes and skills regarding museums. Schools and
museums, even if they are different institutions - of
formal and informal education respectively - with dif-
ferent characteristics and structure, they share com-
mon objectives such as education, access to cultur-
al goods, inclusion and equal participation to social
life. Based on the above, the potential contribution
of museums in education for all children, including
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those with visual disabilities, has to be constructed
in a context of collaboration between schools and
museums. This context includes the initiatives, the
activities and the facilitations on the part of the mu-
seums but also teachers’ practices which contribute
to their students’ opportunities for rich learning and
social experiences in museums. The defense of all
children’s right for access and participation to culture
concerns not only museums and other cultural or-
ganizations, but also schools and teachers. Further-
more, museum may be a rich learning environment
with significant and multiple benefits for all children
including those with visual disabilities.

In this theoretical framework and considering
the role of educational opportunities and choices of
access and participation, which are important fac-
tors for the shaping of individuals’ relationship with
the museum, the reciprocal relationship between
education and culture and the necessity for an ho-
listic approach of access to cultural goods, the doc-
toral thesis focuses on schoolchildren —and future
adults- with visual disabilities and to factors which
affect their access and relationship with the muse-
um during their school life. The research is based
on the collection of quantitative and qualitative data
from schools and teachers of Special Education and
from Archaeological Museums which are the most
important category of museums in Greece.

The results of the research revealed the com-
plexity of access to museums but also of educational
access and participation of schoolchildren with visu-
al disabilities in aspects of school life such as visits
in museums. Access and participation of children
with visual disabilities to museums is determined
by a variety of parameters regarding the context of
museums and schools, their structure, the availabil-
ity of infrastructures, the attitudes and the level of
awareness and knowledge about disability, access
and Museum Education. Furthermore, the results of
the research revealed the necessity of a systematic
and systemic approach of access in base of the prin-
ciples of the social model of disability, the universal
design and the universal design for learning with re-
spect to diversity. Access and improvement of partic-
ipation of people in general and schoolchildren with
visual disabilities to culture and education has to be
an ongoing process which presupposes changes to
philosophy and function of different institutions and
levels, long term planning and a systematic policy of
culture and education for equal opportunities to all.

Key words: Individuals with visual disabilities,
Museum, Access, Education and Culture
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ZUvTopo Bioypa@iké

H XapikA&gia Kavdpn eival pouoeiomaidaywyog
Kal ekTTaIdeUTIKOG EI8IKAG Aywynig. To 2004, atrogoi-
TNoE Pe aploTa atrd 10 TuAua MoucoeioTraidaywyIKhG
Extraideuong tou [avemmoTtnuiou Oecooaliag. To
2009, oAokANpwaoe TIG OTTOUdEG TNG aTO MNadaywyikod
TuRua EidikAg AywynAg Tou lMavetmoTnuiou ©cooaAi-
ag a1r’ OTToU aTTOPOITNOE £TTIONG PE AploTa. Mpay-
MOTOTTOINOE  PETATITUXIOKEG OTTOUBEG OTOV TOUEQ
«Zuyxpova [lepiBdArovia MaBnong kai Avattuén
A1BakTIKOU YAIKOU OTIG AVOpWTTIOTIKEG ETTIOTANESY,
oto Maidaywyikd TuApa Anuotikig Ektaideuong
Tou lNavetmoTnuiou @ecoaiag.

‘Exel ouvepyooTei pe dIdQopoug Qopeig ekTTai-
deuong Kal TTONTIOPOU yla TOV OXESIAOPO Kal TNV
agloAdynon eKTTAIBEUTIKWY TTPOYPAUUATWY OE HUOU-
ggia, TNV UAOTTOINCN €pyacTnpiwy yia TNV €TTINOP-
Qwon ekmaideuTikwv otn Moucoeioky Ekmaideuan,
K.G. 'Exel OIOAKTIKN €UTTEIPIO WG EKTTAIOEUTIKOG ElI-
0IkAG Aywyng otnv MpwTtofdbuia ExTraideuon Kai
atrd JIAQOPETIKEG EKTTAIBEUTIKEG BOMEG. 'Exel €TTiONG
TTpayuartoTroifoel SIOAEEEIC Kal pabApaTa oTo TTAQi-
010 TTPOTITUXIAKWY KAl PETATITUXIOKWY TTPOYPANMA-
TWV OTTOUBWY KAl TTPOYPAUUATWY dla Biou eKTTaIdEU-
ong. ‘Exel AaBer p€pog wg eionyATpIa o€ EAANVIKA Kal
01eBvA auvEDpPIa Kal ETTIOTNMOVIKEG NUEPiIdES. ApBpa
TNG £€XOUV ONUOCIEUTEI O€ TTPAKTIKA EAANVIKWY Kal BI-
€Bvwv ouvedpiwv, o€ eAANVIKG kal BBV TTEPIOdIKA
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Kal o€ ke@aAaia BIBAiwv. ZTa €TMICTNPOVIKA TNG €V-
dlagépovta repIhappavovtal {ntAuata Mouoegiakng
Ektraideuong, TpoéoBacng Kail I0OTIUNG CUPMPETOXNG
OTNV EKTTAIBEUCT KO OTOV TTOAITIOUO.

Short CV

Charikleia Kanari is a museum educator and
a special education teacher. She graduated with
honors, in 2004, from the Department of Museum
Education and in 2009, from the Department of
Special Education of the University of Thessaly.
She also holds a M.Ed. in «Modern Learning
Environments and Didactic Material Development»
from the Department of Primary Education of the
same university.

She has collaborated with various organiza-
tions for the development of museum educational
programme, for teachers’ training in Museum Ed-
ucation, etc. She has worked as special education
teacher in Primary Education and in various educa-
tional settings. She has also taught in undergraduate
and postgraduate courses and in lifelong learning
programmes She has participated in Greek as well
as in international conferences. She has published
articles in Greek and international journals, proceed-
ings and books. Her research interests include Mu-
seum Education, Special Education and issues of
access and inclusion to museums and education.



ZXOAH ANOPQMIZTIKON KAI KOINONIKQN EMIZTHMQON - SCHOOL OF HUMANITIES AND SOCIAL SCIENCES

Mapiva Aoudpn

H BiBAioBgpaTtreia oTnV ekTTaideuon:
MposToipacia padnTwv AnuoTikou
2xoAgiou yia TRV évragn Taidiwv
ME avatrnpia

MepiAnyn

H epyacia autr evTACOETaI GTO XWPO TNG dIEPEU-
vVNOoNG TWV YVWOEWYV KOl TWV OTACEWV TWV TUTTIKWV
MaBNTWV TTPOG TOUG CUNPOBNTEG TOUG PE avaTTnpia,
KaBwg, 6TTwg £xel diamoTwOei, T6oo n dyvoia 6co
Kl Ol UTTAPYXOUCEG TTPOKATOANWEIG ATTOTEAOUV QITia
KOIVWVIKOU QTTOKAEIOPOU TWV PoBNTWV PE €IOIKES
avaykes. EIdIKOTEPA, OKOTIOG QUTAG TNG €PYOTiag
givar: a) H digpedvnon Tng Katavonong Twv avTiAn-
WEWV Kal TNG 0TA0NG TWV PadnTwyv Tou AnuoTikou
oxoAeiou, nAikiag 10-12 €1Wv, TTPOG TNV avaTtnpia B)
H uAotroinon mapéupaong atnv A" kai E” 1GEN, ye
epyaieio TTaidiké Aoyotexvika BIBAia kai aTdxo TNV
auénon TnG Katavonaong Kai TN dIaNOPPWon BETIKWY
OTACEWV Kal QVTIAYEWYV TTPOG TV avaTThpia.

H KOIVWVIKN EVOWPATWON TwV ATOPWY HPE ava-
Tnpia eivalr pia pakpoxpodvia diadikaoia, n otroia
ETTITUYXAVETAI PE TNV KOIVWVIKI aAANAeTTiOpaon atrd
TNV TTaudIKA NAIKia. H emTuxnG évTagr Toug £¢apTd-
Tal KOTA éva Jeyaho Babud atrd Tnv amodoxr A oxl
atd Toug yUpw TOUG Kal atrd TN UETAEU TOug OeTI-
KA aAAnAetTidpaon, evw n un atrodoxr dnuioupyei
TTPOBAAUATA  CUUTTEPIPOPAS KAl  cuvalgONuaTIKG
TTPORAARUATA, N TTAPOUCIA TWV OTToIWV £XEI ApVNTIKA
atmroTeAéoPaTa, TOGO OTNV £TTIO0C0N AUTWYV TWV TTAIdI-
Wv 600 Kal TNV TTpocappoyn Tous. Kabwg 1o axo-
Agio aTtroteAei onueio ouvAavinong Kai cuvloTrapEng
OAwv Twv TTaIdIWY, gival KATaAUTIKOG 0 POAOG TTOU
EPXETAI VA TTAIEEl, AQEVOG OTNV ETTITUXN EVTOEN TwV
MOBNTWV PE avartnpia, ageTEPou aTNV euaiodnTo-
TToinon Twv TTaIdIV KAl TNV KaAMIEpyEIa OTAoEWY
a1rodoXNAG TTPOG BAOUG.

[MapoAo 1Tou Ta atroTeAEouATa dIOPOPWY EPEU-
VWV TTOU a@opoUlV ThV EVTagn Twv pabntwv Pe ava-
TTNPIEG OTIG YEVIKEG TALEIS gival dipopoupeva, GTTou
EQPAPUOCTNKE CUCTNMATIKN TTapEPBACN evNuEPWONG
yla Tnv avotrnpia ge okotré Tn didAucn Twv pubwv
KOl TNV KOIVWVIKA oAANAeTidpacn pabntwyv e Kai
XWPIic avatrnpieg, avamTuxbnkav BeTIKOTEPES OTA-
o€1g, ool n OTAOoN TwV TUTTIKWVY PadnTwv TTpog
€KEIVOUG PE avarnpia ouvioTd onuavTikd TTapdyo-
vTa 600V a@opd TNV £vTagn auTwvY OTN YEVIKA TAEN.
EmmimAéov, av kail n eTTagr) oo oXoAgio atmoTeAei on-
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MEiO ekkivnong yia TNV avamTuén BeTIKwv oTACEWV
TTPOG TNV avaTTnPEia, gival onuavTiko va yvwpilouv ol
EKTTAIBEUTIKOI TO €i00G TWV OTACEWV TIPIV TNV €i0060
€vOG TTaudI0U PE avaTrnpia oTn YEVIKY Ta¢n Kal va Ka-
TAvooUVv TTWG QUTEG eTTnEeAdovTal aTTd TNV TTAPOXH
TWV TTANPOPOPIWY, ool cUPPwva Pe Ta dedopéva
EPEUVWV, Ol OTACEIG TWV UN AvVATIAPWY TTAIBIWV gival
duvaTov va aAAGEoUV TTPOG pia TTI0 BETIKA KaTEUBUV-
on UE TN oUPBOAR TTOANATTAWY Kal TTPOCEKTIKA OXE-
OlaoUEVWYV GTPATNYIKWY TTapéuBaong.

ATTO Tn OTIYUA TTOU EQAPUOCTNKE N TTOAITIKI TNG
£vTagngG, ol OTACEIG TWV TUTTIKWYV PHabnTwyV TTPOG EKEi-
VOUG JE avaTmnpia Kivnoav 1o evOIaQEPOV TWV EPEU-
vntwv. MNa va yivoupe 1Mo oageig, katd mn didpKeia
NG TeAeuTaiag OeKAETIOG, €XOUV YiVEl £PEUVEG TTOU
a@OopOoUV TOCO TIG AVTIAAWEIG TWV TTAIBIWV OXETIKA PE
TNV évvold TNG avatTnpiag 600 Kal TNV atrodoxr] eVOg
TTaIdIoU PE avaTmnpia oTo TTAQIOIO TNG YEVIKAG TAENGS
Kal, WG ETTEKTACN, TO EVOEXOUEVO QVATITUENG QIAIKWV
oxéoewv. Ta meplopiopéva aAAG kal dipopouueva
ATTOTEAECUATA TWV EPEUVWOV TTOU AQPOPOUV TIG OTA-
OEIG TWV TUTTIKWV PaBNTWV TTPOG EKEIVOUG JE ava-
TTNpia odnyouv aTnv avalnTnan Kal EQapuoyr vEwv
TEXVIKWV Kal BewpIwv yia TNV akpiBEaTtepn dliepelvn-
on Tou B£PaTog Kal Tn dnuIoupyia ATTOTEAEOUATIKOTE-
pwV TTOPEUPBACEWY PE OKOTTO TNV OUAASTEPN £vTagn
TTaIdIoU YE avaTInpia oTn YEVIKA TAEN.

A6 TNV GAAN TTAEUPd, eV OUVEXWG YiveTal AO-
YOG yIa TNV évTagn Twv PJodnTwv PE ATTIEG YOPYES
avatnpiag ota yevikd oxoAgia kal, cUP@wWva Pe ap-
KETOUG EPEUVNTEG, ATTAITOUVTAI JOKPOXPOVIEG TTAPEU-
Bdaoeig yia va utrdpgel TTpayPaTiKA Kal hE SIAPKEIN
aAAayn oTacewy, n €vragn yivetal Xwpig Kapid Trpo-
gTolpyacia Twv padnTtwyv. Q¢ atmoTéAEOUa, OEKAETIEG
MET& TNV €vapén TnG oulnTnong yia Tnv éviagn rai-
dIWV PE avaTTnpia OTo YeVIKO OXOAgio, dev €xel TTO-
patnpnBsi ouaiaoTikr) aAAayr). ETiTTAéov, epeuvnTIKA
dedopéva avaQEéPouV OTI N EUPEDN ETTAPN TWV TUTTI-
KWV haBNnTwV pe BEuaTa TTou agopolv TNV avarn-
pia, TTpIv atrd TNV viagn pabnTh pe avartnpia, Pto-
pei va oupPBaAel otnv emTuxia TG éviagng, KabBwg
€va atrod Ta TTAEOVEKTAPATA TNG €ival N EQAPUOYA TNG
otav dev gival TTapovTa Ta EKTOG OPAdag PEAN. AuTd
onuaivel 0TI, av EQAPUOCTEI N TTapéuBaacn TTpIv atrd
TNV €vraén Tou TTaidioU OTn YEVIKN TAEN, Ba €xel 6o-
MNBei 1IoxUPO6 YVWOTIKG uTTORaBpo TTévw GTO OTToIo
MTTOPOUV Va dIaPopPwOoUV BETIKEG OTATEIS Ol OTTOI-
€¢ Ba odnyAoouv Oxl HOVO OTnV atrodoxr Tou TTaIdI-
oU Pe avaTtrnpia atmd Toug TUTTIKOUG CUPUaBNTEG Tou,
aAAG Kal 0TV avAatrTuén aAAnAeTTidpaong eviog Kal
€KTOG OXOAIKOU TTACICiOU.

Apoppwpevol atrd Tapopola dedouéva Kal aTTod-
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YEIG, aTToQacicaue va axedIGOOUNE auTd TO TTPO-
YPOUUA, JE OKOTTO TNV EVNUEPWON TWV PHabnTwy Tou
AnpoTikoU oxoAgiou oe Béuara TTou agpopolv Tnv
avatnpia, agou TPwTa agiohoyndnkav ol yVWOoEIg
TTOU £X0OUV yI' AuTS TO BEPA Kal 01 OTACEIG TOUG TTPOG
Ta dTopa pe avarnpia. TeEAIKOG OTOXOG TNG TTapéuBa-
ong ATav N TPOTTOTTOINGN TWV TUXOV OPVNTIKWY OTA-
OgWV Kal N atrodoxn at1rd Toug JabnTEG TWV CUVOUN-
Aikwv Toug pe avatrnpia. Q¢ u€oo yia TNV UAoTToinoN
TNG TTapEPBaong, XpnoIYOTTIoINONKE N TTaidikh Aoyo-
Texvia pe Bépa Tnv avarnpia péow NG BIPAIcBepa-
TTEIAg, aQevog €TTEIN TO AVTIKEIMEVO TNG AoyoTexviag
€ival oIKeio aTOUG EKTTAIBEUTIKOUG TNG TTPWTORABUIAG
ekTTaideuong kal ota TTaIdId authg TNG NAIKIag (8 wg
12 eTwv) apéoel va Toug diapadouv BIBAia, apeTépou,
emeId p€ow TNG pubotTAaciag kal NG culTnong
OXETIKA PE QUTAV, TOUG OIVETAI N EUKAIPIa OXI UOVO va
eKQpPAcouyv apiaoTa Ta BILPATA TOUG Kal TIG avnouXi-
€G TOUG aAAG kal va Bilooouv pe Evav 1I01aiTepo TPOTTO
TTOIKIAEG EUTTEIPIEG KAI KATAOTAOEIG.

Mo ouykekpipyéva, apyikd dGOnke 010 oUVOAO
Tou OeiyuaTog T0 €pyaAeio agloAdynong, waoTe va oi-
gpeuvnOei N TTPoNyoUNEVN YVWOTN TOUG OXETIKA JE TO
Bépa TNG avaTtrnpiag, ol avTIAAWEIG TOUG Kal ol d1aBé-
O€IG TOUG YIa aAANAETTIOPACN KAl 0TN OUVEXEIQ UAO-
TTOINONKE EKTETAPEVN TTAPEURACT GTNV TTEIPANATIK
opada Kal TTOAU ouvToun oTnyv opdda eAéyxou. Eixav
emAeyei Tpia TTadIKA AoyoTexvikd BiBAia kai Baoel
QUTWYV, O€ OUVOUGGONO HE TOUG OKOTTOUG TNG €PEU-
vag, dounonke n TTapéuBacn TTou UAOTTOINONKE aTNV
TTEIPOUATIKE OPAdA, SIAPKEIAG OKTW £ROOUAdWY. £T0
TENOG, £yIVE €TTAVOEIONOYNON APECWS PETA TNV OAO-
KAApwan Tng TTapéupaong (post- test) kai eravagio-
Aéynon (follow-up) petd atod 4 uAveg. EmmmAéov, aTo
TEAOG TNG TTapéPPacng, We Tuxaia mmiAoyr, 666nkav
OUVEVTEUEEIG aTTO  TOUG POBNTEG TNG TTEIPOUOTIKAG
ouadag, waoTe va £Xouue TTANPEOTEPN €IKOVA TOCO
yla TIG QVTIANWEIG TwV padnTwv 600 Kal yia TNV ETTI-
Tuxia Tng dladikaaiag.

Ta amoteAéopara £€0eiEav onuavTikh BeATiwaon
OTO YVWOTIKO TOouéa Kal OTn oTaBepoTtroinon Twv
otdocwyv. Q¢ TPOG TN HETABANT «atrodoxN Kail
avaTrTuén QIAIKWY OXETEWV» TTapaTnEABNKE Hia Oi-
OTOKTIKOTNTA TTAPA Tn diammioTwaon BeTIKAG aTdong.
ETmropévwg, otnv TTapoloa TTEPITITWOoN N yvwon Twv
OTACEWYV OV PTTOPEI va pag odnynaoel Ye agloTmiaTia
oTnv TTPORAEYN TNG CUUTTEPIPOPAS, YIOTI UTTEICEP-
XovTal aoTéOunTol TTAPAYOVTEG TTOU GAAOILVOUV TO
atroTéAeopa. AuTO To OedOopEVO TTPETTEL va TO AG-
Boupe coBapd uttdyn pag OTav TTPOKEITAl VO EVTA-
X0l pabnTAG pe avatTnpia oTn yevikn TAgN, WOTE va
ATTOQPEUXOOUV OI CUVETTEIEG TNG ATTOPPIYNG KOl TTE-
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pIBwploTToinang TToU TTapaTNEABNKAV o€ avaAoyeg
TTEPITITWOEIG. AVOQOPIKA PE TO XOPAKTNPIOTIKA UAO-
TToinong TG Trapéupaocng, ol uabntég agloAdynoav
BeTIK& TO GUVOAO TWV TTOPAUETPWY KAl TTEPITCOTEPO
evola@épov E€0€Iav yia TIG EIKOOTIKEG dPaaTNPIOTN-
TEG KAl yla Ta Traixvidia poAwv. Etriong, TapoAo 1Tou
n OidpKeIa TNG TTapéuBacng NTav PeyaAn, Kavévag
MaBnTAG dev TTPOTEIVE va PEIWBET Kal va yivel TTIo aU-
VTOPO TO TTPOypauua. AvTiBETwg, dAAwaoav OTI ETTI-
Bupouv va emravaAngBei, yiaTi Toug d66NKeE n gukal-
pia va ougntioouv yia Béuarta TTou de yvwpidav Kal
TTOU €iXav TTPAYUATIKO EVOIAPEPOV.

Ev katakAgidl, amd avaloyeg mapeuBaceis dev
TTEPIYEVOUNE BeaPaTIKG atToTeAéopATa, KABWG N TpO-
TTOTTOINON TNG CUMTTEPIPOPAS Eival pia oTadiakr dia-
dIkaaia. XpnoIuoTTroloUpe TTOIKIAIa HEBOdWY TTPOCEyY-
yIONG Tou BEUATOG WOTE VA gyeipeTal TO EVOIOPEPOV
TWV CUPMPETEXOVTWYV OAAG Kal va diaTnpeital apeiw-
TOo KOO’ 6An Tn diIdpKeEIa Tou TTPoypAuPaTog. Méow
OAwV autwyv Twv dPacTNPIOTATWY GPOVTICOUNE YIa
N d6PNON 1I0XUpPoU YyVWOTIKOU UTTORAGBpPOU WOoTE
vVa UTTAPEEI BETIKA EvNUEPWON KAl ATTOCAPAVIO TwV
TTapavonoewv. Qg atroTéAeopa, Bewpoupe OTI N UAo-
TT0iNON TOU TTAPATIAVW TTPOYPAUUATOG Eival onua-
VTIKH, OXI HOVO WG PIa EPEUVNTIKY TTPOTACT), AAAG WG
TTPOTACN TTOU UTTOPEI VO EQAPUOCTE Kal va evTaxOei
OTO OXOAIKO TTPOYPAMPMO Kal, PE TIG avAAOyeG KABE
POpPA TTPOCAPUOYEG, va KAAUWeEl éva gupu @aoua
TTEPITITWOEWYV YIO TNV TPOTTIOTTOINGTN TG CUMTTEPIPO-
PAG TWV NaBNTWV WG TTPOG KATTOIO GUNKABNTA TOUg
ME BIaPOPETIKOTNTA.

Aé€eig kA&1did: avarrnpia, BiBAloBepaTreia, oTd-
o€Ig padnTwy, TTapéupacn
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Mapita Matrapouon, AvatrAnpwrpia KaBnyAtpia,
NeoeAnvik Aoyotexvia kai AIBAKTIKA TnG /AoyoTe-
xviag, Maidaywyiké TuRua AnuoTikn¢ Ektaideuong,
MavemoTtAuio O@ecoaliag

Algpaviw  @iIAmrrdTou, Etrtikoupn  KabnyAtpia,
Ekmaideutikrp Wuyxoloyia : Mabnolakég AuokoAieg,
Maidaywyikd TuAua Anuotikig ExTraideuong, Mave-
TMOTAPIO @eaoahiag

2ougava MavreAiadou, Kabnyntpia, EIdIkA Ayw-
vy — MoBnoiakég AuokoAieg, Turua dihocoiag kal
MaidaywyikAg, ApioToTéAeio lMavetmoTiuio @sooa-
Aovikng



ZXOAH ANOPQMIZTIKON KAI KOINONIKQN EMIZTHMQON - SCHOOL OF HUMANITIES AND SOCIAL SCIENCES
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Bibliotherapy in Education: students’
preparation in order to include students
with disability in elementary school

Abstract

This thesis investigates typical students’ knowledge
and attitudes towards their schoolmates with
disabiities. Research has proven that ignorance and
existing prejudices are causes for social exclusion of
these students. Specifically, the aim of this thesis is:
a) the investigation of understandings, perceptions
and attitudes of elementary school students, 10-12
years old b) the implementation of an intervention
program to Grades four and five of Elementary
School. Children’s Literature Books about disabilities
have been used and the aim of the intervention was
the augmentation of understanding, the clarification
of misconceptions and the consolidation of positive
attitudes.

Social inclusion of people with disabilities is a
long lasting process and social interaction from early
childhood has a positive impact on their attitudes.
Successful inclusion depends on acceptance and
positive interaction among able and disabled stu-
dents. On the contrary, rejection has a negative im-
pact on their self-image and may cause emotional
and behavioural problems. School is a setting where
every student has the opportunity to meet each
other, make friends and have a good time. For that
reason, the role of school is too important not only
for disabled students’ inclusion but also for typical
students’ sensitization and positive attitudes’ con-
struction.

Results of previous studies about disabled
students’ inclusion are ambiguous. However,
when a well-designed intervention program is
implemented, focused on accurate information
about characteristics of disabilities and fostering
social interaction between typical students and
those with disabilities, students’ attitudes are
improved. In addition, teachers should be informed
for students’ attitudes before the inclusion, in order
to prepare them cognitively and emotionally, as the
very first interaction between able and disabled
students is a crucial point for further interaction.
Teachers should be informed for the intentions of
their typical students, regarding the possibility of
interaction with peers with disabilities, as previous
researchers have addressed that students’
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attitudes can change in more positive ones, after
well-designed interventions.

In the last decades, researches have been
investigating not only attitudes but also students’
conceptions about disability, in order to predict their
intended behaviour for interaction and friendship
formation. The outcomes have revealed that typical
students may have positive attitudes and some of
them may have negative attitudes. Because of
ambiguous and short results, researchers look for
new techniques in order to investigate thoroughly
this sensitive topic. On the other hand, although long
lasting debate for inclusion has taken place all over
the world and the importance of typical students’
positive attitudes has been highlighted, inclusion
is finally implemented without any preparation. As
a result, no change has been noticed and when a
disabled student is going to attend school, possibility
of rejection, isolation and sometimes bulling is most
likely.

Furthermore, “indirect contact” before inclusion
may contribute to the success of it, as one of its
advantages is the application when out-group
members are not present. This means that if indirect
contact is applied before inclusion, there shall be
high probability of success and if a strong cognitive
background is constructed, positive attitudes may
be expressed. As a consequence, acceptance may
be a reality and interaction within and outside the
school setting maybe a possibility.

Taking into account similar data, we decided to
design this intervention in order to inform elementary
school students about matters concerning disability.
Before that, we had assessed their knowledge
and their attitudes towards people with disabilities.
The ultimate objective of this intervention was the
construction of a strong cognitive background in order
to change negative attitudes and improve acceptance
between peers with and without disabilities.
Children’s literature books about disability were
used and Bibliotherapy was the method. We decided
to use this method because previous researchers
have highlighted the effectiveness of Bibliotherapy
and teachers of elementary school use Children’s
Literature. In addition, students have the opportunity
through drama and role-playing not only to express
effortlessly their anxiety and concerns, but also to
experience in a special way diverse situations.

More specifically, we firstly gave the questionnaire
to all students, in order to investigate their previous
knowledge about the topic of disability, their
concerns and their intentions for interaction. After
that, we implemented the extensive intervention
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in the experimental group and a very short one in
the control group. We had chosen three Children’s
Literature books, reading and writing, art and
role-playing activities were designed and the length
of the intervention was eight weeks. After that, we
assessed students’ knowledge and attitudes again
(post-test) and after four months we carried out fol-
low-up assessment. Moreover, at the end of the in-
tervention, randomized interviews were given by the
students of the experimental group in order to have
a more complete picture for both, perceptions of stu-
dents and success of the intervention.

The results revealed significant improvement
in the cognitive domain but not any change in the
attitudes, which were positive from the beginning of
the program. We highlight this outcome, because,
in the control group, attitudes changed in more
negative ones after the short intervention. However,
reluctance was observed in the formation of
friendships. Therefore, awareness of attitudes is not
a key factor for the prediction of intended behaviour.
For that reason, this outcome should be seriously
taken into consideration, when a child with disability
is going to be included in the mainstream classroom.

With regard to the characteristics of the
intervention students positively assessed all the
parameters and they showed more interest for art
activities and role-playing. Also, even though the
intervention was long lasting, no one stated that the
program should become shorter. On the contrary,
they stated that they wished the program would be
repeated because they were given the opportunity
to discuss issues, which they did not know and
according to students’ beliefs these issues are very
interesting. These results were very encouraging
and that we would like to highlight is the variety of
activities in order to keep students’ interest alert.

In conclusion, similar interventions do not give
spectacular results, as the modification of behaviour
is a gradual process. During these interventions we
are looking for constructing strong cognitive back-
ground in order to provide clarification of misunder-
standings and dissolution of prejudices. We believe
that the implementation of this intervention program
is very important not only as a research proposal,
but as a proposal that can be applied and integrated
into the school program.

Key words: bibliotherapy, disability, students’
attitudes, intervention
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Zovtouo Bioypagiké

H Mapiva Aoudpn civai [Npoiotauévn TOU
KEAAY Mayvnoiag. Eivar daokdAa MNpwTofdduiog
Ekmaideuong (amogoitnoe T10 1987 amd Tnv
Maidaywyik Akadnuia Adpicag, pe Babud 8,64
«Niav KoAwg»), e petekmmaideuon otnv EIdikA
Aywyn (2003, MoapdacAeio AidaokaAeio AnUOTIKAG
Exmaideuong, TuAua EiBIkAG Aywyng Tou
MavemmoTnuiou @sooahiog : Babusdg 9,10 «ApioTay).

To 2008, £éAape MetatrTuxioko AiTTAwpa Eidikeu-
ong ota  «2uyxpova TrePIBAAAovVTa pABnong Kai
TTapaywyrng eKTTAIOEUTIKOU UAIKOU» (BaBuog 8,83
«ApioTar) amd 10 Madaywyikd TuApa AnuoTiKAg
Extraideuong Tou [Mavemotnuiou Ocooaliag. Me
utroTpogia « HpdkAeimog lI», 10 2014, oAokAApwaoe
ME BaBuo «ApioTax» Tn dIdAKTOPIKA TNG dIaTpIRR, OTN
YVWOTIKH TTEPIOXH TNG EIBIKAG AywyAG Kal AoyoTexvi-
ag, Je Béua: «H BiBAoBepaTreia aTnv ekTTaideuan:
MpocToipacia pabnTwyv AnuoTiKoU OXOAgiou yia Tnv
Evtagn TTaidiwyV PE avaTTnpio» .

Mvwpicel TTOAU kKaAd Tnv ayyAik yAwooa (ETi-
medo 2, Test of Interactive English) ki £xel Baoikég
YVWOEIG TNG YEPMHAVIKAG. 'Exel TTapakoAouBbnoel TTI-
Mop@waelg oTnVv 101K aywyn TTou agopoucav Tn
NonTikr) Yotépnon (400 wpwyv), Ti¢ MaBnoiakég Au-
OKOAigG (€Tr010), TO @ATpa Tou AuTiIopoU (20 wpwv)
Kal Ta TTPORBAAMATA CUUTTEPIPOPAS (24 wpwv). ‘Exel
OUMMETAOXEl O€ NUEPIOEG PE avAKOIVWON KI EXEl
epyaoTei wg emuopewTpia ota MNMEK Adpiocag kai
NAapiag. Emiong, dieTéAece TTPOEdPOS TWV OUAdWY
ETTNOPPWONG TWV EKTTAIOEUTIKWY TTAPAAANANG OTr)-
pIENG. 'Exel Tapel HEPOG PE TTPOPOPIKA avaKoivwan
o€ eEAANVIKA Kail d1EBvr) ouvEDPIa Kal Ol EPYOTieg TNG
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€XOUV dnuoCIeUTEl O€ TTPAKTIKA Ouvedpiwv Kal €
ETTIOTNUOVIKA TTEPIOBIKA. 'EXEl dlopyavwaoel NUEPIOES
Kal £xel AaBel pépog otn dlopydvwan cuvedpiou TNG
Yuxoloyikng Etaipeiag EANGSOG. TEAOG, €xel AdfBel
MEPOG OTNV KATOOKEUA KAl OTABUION EPEUVNTIKWYV EP-
YOAgiwV TTOU a@opolV Toug PaBNTEG e HabnoIakEg
OUOKOAIEG.

Short CV

Marina Louari is Headmaster at a Diagnostic
National Centre for students with Learning Disabil-
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the integration of children with disabilities».

She speaks English fluently (Level C2, Test of
Interactive English) and she has basic knowledge
of German. She has attended trainings in special
education concerning Mental Retardation (400
hours), Learning Disabilities (annual), the spectrum
of autism (20 hours) and behavioural problems (24
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ZXOAH ANOPQMIZTIKON KAI KOINONIKQN EMIZTHMQON - SCHOOL OF HUMANITIES AND SOCIAL SCIENCES

lwavva NoUAa

H évvoia Tng TroAiTeidTnTOGg
oTnVv eAAnVIKA TTpwWTORAOMIO
eKTraideuon.

H karaokeun Tng évvolag Tou TTOAITN
OTO TTAQICI10 TWV EPAPHUOLONEVWV
TTAISAYWYIKWYV TTPOKTIKWV.

MepiAnyn

KevTpikd OKOTIO TNG €peuvag atroTeAei n diepel-
vNon Kal Karavonon Twv TTadaywyIKWwY TTPAKTIKWV
€VTOG TWV OTTOIWV O pabnTtég Tou AnPoTIKOU XXO-
Agiou oIkodopoUV Kal UTTOKEIYEVIKA vonuaTtodoTouv
TNV €vvOIa TOU TTOAITN. ZUYKEKPIYEVA, TA EPEUVNTIKA
EPWTAMATA TNG EPYaCTiag dIATUTTWONKAV AKOAOUBWG:

a) lMoia gival Ta XapakTNPIOTIKA TWV TTAIDAYWYIKWY
TTPOKTIKWY - OUVAMIKA KAl TToI0TNTA OIUTTOKEIUE-
VIKWV OX£0EWV, DIOAKTIKEG TTPOKTIKEG, TTAPATTPO-
YPOUMa - TTou dnuioupyolv, dueca A €uueoa,
EUTTEIPIES TTOAITEIOTNTAG,

B) Moia TpdTUTTIa AVTIANYWNG YIa TNV TTONITEIAKK OXE-
an TTAPAYOUV Ol OXECEIG EKTTAIDEUTIKWV-HABNTWY
Kol OXOAIKNAG B10iKkNoNG-EKTTAIBEUTIKWY QVOPOPI-
K& pE Ta TTPOTUTTA IEPAPXIOG TTOU EPTTEPIEXOUV;

y) Moia gival Ta KpITAPIa KAl TO TTEPIEXOPEVA PE TA
oTToia oI paBnTég oploBeToUV Kal opilouv TNV €v-
VOIQ TOU TTOAITR;

0) Mwg ToTToBeTOUVTONI 01 PoBNTéEG O BépaTta Tng
EMKAIPOTNTAG Kal €I0IKOTEPA TTWG dlaxeipifovTal
TO OUYKPOUCIOKO XOPOKTHPO TOU TTOANITIKOU XwW-
pou;

Ta egpeuvnTIKA EPWTHAMOTA MEAETWVTAI UTTO TO
mpiopa NG KpimkAg Maidaywyikhig TTPOKEINEVOU va
Yivouv KatavonToi oI 6pol UTTO TOUG OTTOIOUG AEITOUpP-
yei N Tadaywyikn oxéon o1o eEAANVIKO AnuoTikd oxXo-
Agio aAAG kal o TPOTTOG PE TOV OTTOI0 N OXE0N AUTH
onpePa SIAPOPPWVEI TN TUYKPOTNON TNG £VvOIag TNG
TTOANITEIOTNTAG ATTO TOUG PaBNnTéG, e avagopd aTnv
TOTTO0£TNAT TOUG OTO BNPOCIO XWPO, OTNV Evvola
TNG CUPUETOXNG Kal TNG Slaudppwong Tng oxEong
TOUG PE Tov GANO, OTn ouverkn TNG TTAYKOOMIOTTOIN-
ong, UTTO TOUG OPOUG TOU VEO-PIAEAEUBEPITUOU.

H Oigpedvnon Twv €peuvNTIKWY €PWTNUATWY
TTPAYUATOTTOINONKE E TTOIOTIKEG HEBOSOUG. ETTEAEYN
n uéBodog TNG €BVOYPAPIKAG LEAETNG TTEQITTTWONS
KO CUYKEKPIPEVA DIEENXON Mia TTOAAATTAR JEAETN TTE-
PITITWONG OTO TTAQICIO TNG OTTOIAG ETTEAEYNOAV TTEVTE
TUAMOTA 277 ANPOTIKOU O€ TTEVTE DIOQOPETIKA AnOTI-
K& oxoAeia. H etmiAoyn Twv OxXOAEiwV TTPAYUOTOTTOIN-
Onke pe deryuaroAnwia okomUOTNTAS, NE KPITHPIO TO
BaBud aoTikoTToiNONG TNG TTEPIOXNAS TNG £DPAG TWV
OXOAEiWV Kal TO KOIVWVIKO-OIKOVOMIKG UTTORabpo
TWV PABNTWYV TTOU Ta OXOAEI UTTODEXOVTAV.

QOTIKAG QOTIKAG
oxoAgio TTEPIOXNG TTEPIOXNG NMIAOTIKAG QYPOTIKNG 101WTIKO
(1) ) TmEPIOXg TTEPIOXNG
YOVEIG: YOVEIG: YOVEIG: YOVEIG: YOVEIG:
EpYArTeG, AVWTEPO aypoTeg, aypoTeg, AvVWTEPO
Xapa- OTPATIWTIKOI, MOPOWTIKO METAVAOTES pETOVAOTEG | HopOWT. &
KTNPIOTIKA | €TTayyeAUaTieg etmiedo OIKOVOU.
oXOoAgiou (exTr/KOI, eTiTEdO
(62% Poud) ylaTpoi) (€éuTTOpOI,
yIaTpoi)
K a K a K a K a K a
11 8 11 10 6 6 7 3 8 15
paOnTég 4 TTaidIa pn- | 7 maudid pn-
6 padnTég Popa eANVIKAG eANVIKAG
- €OVOTIKAG €OVOTIKAG
TpoéAeuong | TTpoéAeuong

EMIAOYN TTEQITTTWTEWYV
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eI euTIKOL
Xpovia
¢UAo oXoleio umnpeoiog eknaibsuon/omoudig
Avwrtotn Exnaideuon
r LOLWTLKO 14 (Ntuxio KAaowknig
@doloyiag kat
MeTtamtuxLako)
OOTLKAG MNawdaywyki Akadnuia
A TIEPLOXNG 25 KalL TIPOGOpOiwaon
QOTLKNAG
TEPLOXNG Nawdaywytkr Akasnuia
A (un 21 Kal mpooopoiwaon
T(POVOLOUXO)
r NULOOTIKAG 22 MNawdaywytkn Akadnuia
TLEPLOXNG KOl TIpOogopOlwonN
A OYPOTLKAG 33 MNawdaywytkn Akadnuia
TEPLOXNG

270 TTAQICIO TNG €QAPHOYNG TNG TTOAAQTTANG JE-
AéTNG TTEPITTTWONG agloTrofdnkav Tpeig péBodol yia
TN ouAhoyn dedopuévwy. Mpdkerral yia Tn uEBodo TNG
TapaTipEnong eVviog Kal EKTOG Tagng, 1N HEBodO Twv
OUVEVTEUEEWVY PE TOUG EKTTAIDEUTIKOUG KAl QUTH) TWV
gpyaotnpiwyv Pe Toug padntég. Me tn péBodo Tng
TTapATAPNONG EMIBIWXONKE N KATAYPOQPr TNG EKTTAI-
OEUTIKAG TTPAENG KAl TNG pouTivag TNG OXOAMIKAG Ka-
BnuepivétnTag. Ta dedouéva TnG TTAPATHPNONG OU-
MTTANPWONKav atrd auTd TwWV CUVEVTEUEEWY HE TOUG
EKTTAIBEUTIKOUG O1 OTT0i01 KARONKAv va «@wTicouv»
OYEIG TNG EKTTAIOEUTIKAG TTPAENG ME TIG OIKEG TOUG €p-
MNVEiEG.

TéAog, KaBWG PEow TG TTapaTAPNONG OEV KaTE-
aTn duvaTd va aTToca@nVICTE O TPOTTOG UE TOV OTTOI0
Ol HaBnTéG OUYKPOTOUV TNV Evvola TNG TTONITEIOTN-
Tag, aglotoindnke N PEBodog Twv epyacTnpPiwy, OTO
TTAQiCI0 TWV OTToIWV oI HabnTég evBappuvOnkav va
oulnNTAOOUV aVOIXTA YIa ETTIKAIPA KOIVWVIKA {NTHO-
Ta. H BepaToAoyia Tou UAIKOU TTOU UTTOOTAPIEE TIG OU-
{NTAOEIG TTPOEKUYE aATTO {NTAMATA TwV OUYXPOVWV
TTAOUPAAICTIKWV KOIVWVIWY TOOO OTO UIKPO-ETTITTEDO
TNG TOTTIKAG KOIVWVIAG 600 Kal OTa JOKPO-ETTITTEdA
TOU KPATOUG 1 Twv dIEBVWIV KAl TwV UTTEPEBVIKWV
OVTOTATWV.
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H avaAuon Twv dedoUEVWY TTOU TTPOEKUYAV OTTO
TNV TTOPATAPNON KAl TIG CUVEVTEUEEIG EAAPBE XWPOA UE
TNV agiotroinon Tng BepaTikng avaAuong, evw Ta O¢-
Oouéva TwV €pyaaTnpiwv avaAubnkav Pe Tn xpron
NG MEBGOOU TWV EPUNVEUTIKWV PETTEPTOPIWV.

O1wg Tpoékuwe atrd TNV avaAucon Twv dedopé-
VWV TNG TTapaTtipnongG Kal Twv OUvevTeUEEWY, dNnI-
oupyouVvTal EPTTOBIA EUTTEIPIWV TTONITEIOTNTOG OE O,TI
agopd Tnv evBdappuvon TNG CUMMETOXAS Twv pabn-
TWV Kal TNV avatTugn Tng KPITIKAG Toug okéwng. To
eupnua autd ouvdéeTal PaAAov e pia ogipd duOKo-
AWV TTOU 01 EKTTAIEUTIKOI TUVAVTOUV TTPOKEIPNEVOU
va avTaTrokpiBolv oTIg aTTaITACEIG TTou Ta véa AET-
MX BéTouv OXETIKA PE TN OUYKPATNON TNG 1010TNTAG
TOU TTOAITN OTO OX0A€io. EKeivo TToU €TTiIONG TTPOEKU-
Wwe eival OTI UTTAPYXEl Mio HETATOTTION OTTO TIG APXES
TOU CUYXWVEUUEVOU KWOIKA TTOU TTPECBEUOUV Ta vEQ
AETMNZ og autég Tou KWdIKa cuAAoyng. Kupia aitia
TWV QAIVOUEVWYV AUTWYV, CUPQWVA PE TOUG EKTTAIOEU-
TIKOUG, avadEIKVUETAI O TTPOCTAVATOAIOUOG TWV YOVE-
WV OTIG UYPNAEG €TTIOOCEIC PE ATTWTEPO OTOXO ThV
emruxia oTig MNaveAhadikég E¢etdoelg non amd 1o
AnpoTIKG ox0Agio. ETTITTA 0V EUupraTa TTOU TTPOEKU-
wav atrd TNV avaAuon agopouv OTnV ETTIdPAC TWV
OTACEWV TWV YOVEWV OTO £PYO TWV EKTTAUOEUTIKWV
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KOl OTOV TPOTIO WE TOV OTTOI0 O TTPOCAVATOAICUOG
TWV TTPWTWYV OTIG aKadnuaikég ETIOOOEIS GaiveTal va
oxeTiCeTal Pe TIG OAOKOAOKEVTPIKEG/TTAPOADOTIAKES
TTPOCEyyioelg TToU ouyvda uloBeTouvTal. MapdAAnAa,
d1a@aivovTal CUGKETIOUOI TOU TTPOCAVATOAITHOU TWV
yovEéwvV pe TN SUOKOAIa eKTTApWONG TNG OTOX0BETI-
ag Twv AEMMNZ kai €1®IkOTEPA PE TNV AvACTOAAR TNG
TTPOOTIABEIag yia TNV TTPowbnan TNG KPITIKAG OKE-
yne.

Ta eupuata atmd Ta epyaaTripia £d€iEav OTI Ol
paBNTEG TTPAYUATOTTOIOUV TN SIGKPICH TTOAITN KOI Jn-
TTONITN PE KPITAPIO TNV €VVOIO TOU QVAKEIV N OTToia
katadelkvUel TNV aduvayia karavorjong TnG onuaci-
aG TNG KOIVWVIKAG aAANAeyyUNng Kal TnG evouvaiodn-
ong Kal TTapAdAAnNAa péoa ammod TIG a@nyroeig Toug
oKIaypa@oUV TNV aTroauvoECT] Toug atmd Tn ogaipa
TOU TTOAITIKOU KaI OTTO TIG CUMMETOXIKEG DIOdIKATIEG,
TOTTOBETWVTAG TNV £VvOIa TOU «KPATOUGY» OTOV QVTi-
TToda TNG TTONITEIGTNTAG.

mpoéodog
(emdiwgn
KaAUTEPNG
Troiétntag {wnig /
emmRiwon)

mPO6050¢g
(«€€uTTVN
amdéeacn»)

QTWXEIA

SiIKaiwpaTa
(avBpwtiva  dIK:
“dikaiwpa va unv
TOUG
eKUETaANAEUOVTAI)

0iKTOGg
(“emdpd
oTnVv WuyxoAoyia”)

PATOIONOG (Eival
TTaPAvouol, KAQE,
TTAOUCIOI KATT.)

v

ATTOKAEIONOG

v

lMivakag 5.1 eupnuara amoé v avaAuon deO0UEVWY TWV EPYaaTnPIwWV
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lMivakag 5.2 eupnuara amro 1nv avaAuon dedouéVwy TwV pyacTnpiwv
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[160Tep pabnTWVv GxXO0AEiOU NUIACTIKNS TTEPIOXNS

O1 B€oeig TTou o1 paBnTéG uIoBeTOUV gival evoel-
KTIKEG TNG OUVOEONG TTOU UTTAPXEI hE TOV TPOTTO OI-
ammadaywynorg Toug OTouG KWAIKEG TUAANOYAG Kal
otnv kaAAiépyela TG weudaioBnong Ot TO ATOMO
MTTOPEI WG Povada va UTTAPXEl Kal va gival TTapayw-
YIKO OTO KOIVWVIKO OUVOAO.

2UVETTWG, OTTWG TTPOKUTITEI OTTO TA EUPAMATA, N
OXOAIK TAEN AEITOUPYEI WG Evag PNXAVIOUOG aAAO-
TpiwoNG, KABWGS N XEIPAPETNTIKA dNUOKPATIKY) duva-
MIKA TNG TTaIdaywYIKAG OXE0NG UTTOVOUEUETAI EEQITI-
ag IEPAPXIKWY dIadIKACIWY TTOU KAANIEPYOUV OXECEIG
€£APTNONG KAl GOUUUETPIOG aAAG Kal Adyw Tou agn-
PNUEVOU XAPOKTAPA TNG YVWONG KAl TG aTTooUVOE-
ONG TNG OTTO TNV TTPAYHATIKOTNTA.

AuTH n UTTORABUIoN TWV BPWV EKONUOKPATICUOU
TNG EKTTAIDEUTIKAG {WNG, N OTToia TTPOKUTITEI ATTG TV
artroudia TNG BIAAEKTIKNAG pHop®ng d1daoKaAiag TTou
otnpifeTal oTNV avtaAAayn yvwoewy, OTnV evepyo
OUMMETOXN Kal OTov TTPORANUATIONS yia {nTruaTa
TTOU aQOopoUV OTNV ETTIKAIPOTNTA, €XEl WG MAKPO-
TTPOBETUN CUVETTEIQ TV QVATTAPAYWYH KOIVWVIKWYV
OUVAMIKWY TTOU OQrVOuV EUAAWTEG KOIVWVIKEG OPG-
0€G eKTEDEIUEVEG OE VOOTPOTTIEG PATOIGHOU Kal Ola-
Kpiogwyv, evBappUvovTag Tn dnuioupyia ocuvinkwy
KOIVWVIKNG KAl OIKOVOUIKAG TTEPIBWPIOTTOINONG.

A€€eig kKA€IB14: ekTaideuon yia TNV TTOAITEIOTNTA,
TPWTORAGBUIO eKTTaidEUON, €BVOYPAQPIKA MEAETN
mepimTwong, Kpimiki Maidaywyikn, aidaywyi-
KN TTPOAKTIKHA KPITIKF) OKEWN

TpipeAng ZupBouAeuTikh ETTiTpOTTA

Xpnotog kéBapng, Kabnyntig, AIGTTOMTIOUIKN
Extraideuon: Ocwpia kai Mpdaén. Maidaywyiké Tun-
pa AnpoTtikng Ekmaideuong, MavemaTrpio ©eagoali-
oG (emBAéTwy)
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loanna Noula

The concept of citizenship in primary
education in Greece.
The construction of the concept
of citizenship in the context
of educational practices.

Abstract

This study aimed to investigate the pedagogical
practices wherein primary school pupils in Greece
construct and give meaning to the concept of
citizenship.

In particular the research questions of the thesis
were formulated as follows:

a) Which are the aspects of the pedagogical practice
(dynamics and quality of intersubjective relations,
teaching practices and hidden curriculum) that
create, directly or indirectly, experiences of
citizenship?

Which are the standards for civic relationships
set by the relationships between teachers and
pupils and those between teachers and the
school administration regarding the hierarchical
models they involve?

b)
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¢) Which criteria and content do pupils use to define
the concept of citizenship?

d) How do pupils situate themselves in relation
to current affairs and in particular how do they
manage the conflictual character of the political
space?

Critical Pedagogy provided the theoretical
framework for the exploration of the research
questions and the understanding of the terms
under which pedagogical relationships in the
Greek primary school function. In light of the same
framework there has been an attempt to depict the
way in which primary school pupils construct the
concept of citizenship within the limits of pedagogical
relationships using as points of reference the pupils’
role in the public spaces, the concept of participation

and the way their relationship is being shaped with
the Other in the context of globalisation.

The investigation of the research questions took
place within the confines of the Qualitative Paradigm.
A multiple case study was conducted which included
5-week observations in each of five Year-6 classes
of five primary schools in Greece. Semi-structured
interviews with the teachers of the classes where
the observation took place were conducted too. The
schools selected were differentiated on the basis of
their socio-economic intake and urbanisation. The
observation as a method of data collection sought
to document the educational processes, as well as
other aspects of the school routine. On the other
hand, teachers’ accounts from the interviews were
used in order to «shed light» to the data obtained
during the observation.

school urban area suburban semi- rural area private
(underpiviledged) area urban
area
parents: parents: parents: parents: parents:
workers, high high
school military educational | farmers, farmers, educational &
features personnel, capital immigrants | immigrants | financial capital
professionals (teachers, (enterpreneurs,
doctors) doctors)
(62% Roma)
girls boys girls | boys | girls | boys | girls | boys | girls boys
11 8 11 10 6 6 7 3 8 15
4 pupils of | 7 pupils of
pupils 6 Roma pupils - non-Greek | non-Greek -
ethnic ethnic
background | background

participants (pupils)
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teachers’ sample
sex school years in training/studies
service
Higher education degrees
f private 14 (BA in Greek literature
and MA in linguistics)
2 year teacher training
m suburban 25 academy and teaching
certificate equitation to
H.Ed. degree
2 year teacher training
m urban 21 academy and teaching
60% Roma pupils enrolment certificate equitation to
H.Ed. degree
semi-urban
12 klm. away from the nearest 2 year teacher training
f city (15%'enrolment rate of 22 academy and teaching
pupils of migrant background) certificate equitation to
H.Ed. degree
m rural 33 2 year teacher training
40 klm. away from the nearest academy
city (30% enrolment rate of
pupils of migrant background)

participants (teachers)

Additionally, workshops with the pupils took place,
as observation did not allow a clear understanding
of the way in which pupils construct the concept
of citizenship. The main aim of the workshops
was to enable pupils articulate ways in which they
conceptualise citizenship. For that purpose there
has been a focus on the context of a diverse society
both at the micro-level of the local community as
well as the meso and the macro-levels of the state
or international and supranational entities.

Observation and interview data analysis took
place with the use of thematic analysis while the
data obtained from the workshops were analysed
using the method of interpretative repertoires.

Data from classroom observations in combination
with the themes that emerged in the interviews with
the teachers highlighted teachers’ withdrawal from
the objectives of the new Cross-thematic Curriculum
Framework (DEPPS) with regard to citizenship

38

education as they encounter a number of difficulties
that hamper their work overall. The research also
revealed a shift from an integrated curriculum code
that the new Cross-thematic Curriculum Framework
advocates with the implementation of strongly
classified and framed pedagogical practices.
Teachers identify parents’ aspirations for their
children’s academic achievement as the main cause
of this phenomenon.

The findings from the workshops showed that
pupils distinguish between citizen and non-citizen
using as a criterion the concept of belonging to a
certain national group. They also illustrate the
alienation of the individual from the political realm
and the participatory processes as their narratives
resonate a contrast between the terms ‘State’ and

‘citizenship’.
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citizen Vs. the immigrant/ the refugee

better life

(pursuit of

better life V4

standards)
better

life(“smart 4 4 4

decision”)
rights
(social rights) 4 4 4 4
rights
(“right not to V4 V4 V4 4

be exploited”)
SOorrow

(“effect on 4 4 4 4
psychology™)

racism (they
are illegal,
brown, rich 4
etc)
public
space 4 4

(exclusion)

poverty v v v v

Findings from the workshops (a)
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citizen Vs. the State

administration / 4 4 v v

sovereignty Ve

superiority V4 V4 v
identification v
with the state

corruption v

Findings from the workshops (b)

The positions that pupils adopted during the
workshops are indicative of the link between the
way they are being educated in collection curriculum
codes and their development of an illusion that they
may exist and be productive as alienated from the
society.

Thus, as it became clear from the findings, the
classroom functions as an alienation mechanism,
since the dynamics of a democratic emancipatory
pedagogical relationship are undermined due to
hierarchical processes that foster relationships of
dependency and asymmetry but also because of the
abstract nature of knowledge that is being introduced
within its limits.

This deterioration of the terms of democratisation
of the educational life is a consequence of the
absence of the dialectical form of education that
is based on the exchange of knowledge, active
participation and reflection on issues relating to
current affairs and it results to social reproduction
that leaves vulnerable social groups exposed to
racism and discrimination attitudes encouraging at
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the same time the creation of conditions of social
and economic marginalisation.

Key words: citizenship education, primary
education, ethnographic case study, Critical
Pedagogy, pedagogical practice, critical thinking
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Mapaokeun KaBaAdpn

MeAéTn TWV TTAISAYWYIKWV
Kal OI0AKTIKWYV TTPOCEYYioEWV
TTOU UIOBETOUV OI EKTTAISEUTIKOI

TPOOXOAIKAG EKTTAISEUONG

oTtn 015aoKaAia

Twv Quoikwv ETioTnuwyv

MepiAnyn

Tig TeAeuTaieg deKaETiEG, N avAykn yia véa Ava-
AuTik@ MpoypdupaTta (oT1o €€ng All) kai Mpoypduua-
Ta Zmoudwv (oTo €€N¢ MZ) yia TNV TTPOOXOAIKN €K-
TTaidEUON €XEI OUYKEVTPWOEI HEYAAO EVOIOQEPOV E
OUVETTEIO TNV €KB0OT VEWV €BVIKWYV Al 0g TTOAAEG
XWPEG Tou KOapou. O1 petappubpioelg Twv Al €1Tn-
peddouv Tn dIBOKTIKA TTPAKTIKA KAl SIAPOPPWVOUV TIG
ATTOWEIG TWV EKTTAIOEUTIKWY OXETIKA PE TO TI OUVIOTA
éva voplgotroinuévo Al H ekTTaIdeuTIKA TTOAITIKH
O¢ev eival atmAwg éva Tpoidv, aAAd uia diadikaagia,
n otroia avamTuooeTal o€ 3 TTAaioIa: TO TTAQiCIo TNG
TTAPAYWYNG TWV ETTICNPWY KEIPEVWY, TO TTAQICIO TNG
ETMPPONG Kal TO TTAQICIO TNG EQAPUOYNG. € ETTITTEDO
EQPAPUOYAG, Mia TTONITIKY) UTTOPEI va epunveUBEi KaTd
TPOTTO TToU Ba 0dnyouoe o€ €mMOBUUNTA /KAl AVETTI-
BuunTa atroTeAéopaTta. e autd To OTAdIO, N Béon
TWV EKTTAIBEUTIKWY €gival 181aiTEPA EVOUVANWEVN,
KaBWg «eival aTa X€pia TOUG va GUVAPUOAOYHCOUV
TA KOPMPATION.

H ouykekpipyévn €peuva UTTOKIVABNKE oTTd €u-
PAMOTO  TTPONYOUPEVWY HEAETWV KOl EUTTEIPIKWV
TTOPATNPACEWY TTOU QvVA@PEPOVTAl TNV ATTOCTOCN
avAaueca OTO €TTiIONUO Kal OTO e@appoapévo All.
H mepiTtwon ¢ TTPooXoAIKAG ekTTaideuong eival
IB10iTEPN, APEVOS yiaTi n oTH TApnon Tou All dev
BewpeiTal TUTTIKA UTTOXPEWGON TWV €V EVEPYEIQ VNTTI-
AYWYWV, aQETEPOU YIaTi 0 BaBUOS e€0IKEIWANG TOUG
ME TO 1oYUov All gival TTOAU dia@opoTtroinuévos. Ta
Baoikd onueia dla@opoTToincNg TwWV VNTTIAYWYWV
TTNYAdouv aTTd TIG EKTTAIOEUTIKEG HETAPPUBUIOEIG TWV
TeAeuTaiwy 30 ETWV Kal gival 0 XApAKTAPAG TWV TITU-
XIOKWV TOUG OTTOUdWYV, 0 TPATTOG SIOPICUOU TOUG OTh
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onuoéola ektraideuon kal 1o All pe 10 oTToi0 £X0UV
EKTTOIOEUTEI.

To emionuo Al yia 1o vnmmaywyeio gival 1o Al-
aBepatiké Eviaio MAaioio Mpoypaupdtwy Z1Toudwy
(oTo €&ng AENTMY) oto otoio o1 Puoikég ETTOTAPES
(010 €€ng PE) katéxouv onuavTik B€on utmmo Tnv
evotnTa «MeAétn MepiBaAAovTogy. To AEMME Sivel
£U@aan oTa oTAdIa avaTITUENG OPACTNPIOTATWY TTOU
TepIAauBavouv TNV €TTIAOYA UAIKWV PE yvWuova To
OI00KTIKO QVTIKEIUEVO, TNV AVIXVEUCT TWV IOEWV TWV
TTaIdIWV, TOV TTEIPAUATIONO JE CUCTNUATIKY TTOPATA-
pnon, Tn dlaTUTTWOoN TTPORAEWEWY Kal EAEYXO AUTWV
KOl TNV KATOYPA®H EUPNUATWY Kal £EQywyr GUUTTE-
pacudTwy.

MNa mn pabnaoiakn mepioxn Twv OE, éxer katd kai-
pPoUG €VTOTTIOTEI AVTIOTAON TWV EKTTAIOEUTIKWY OTIG
aAAay€G TTou ag@opoUv aTnVv UloBETNON CUYXPOVWY
OIBOKTIKWY TTPOCEYYioEwV Kal ueBddwyv, oTnv TAPN-
on Twv VEWV TTPocavatoAIouwy Twv All, KATT. Kal
TTPOCKOAANCT O€ SOKIJOOUEVEG TTPAKTIKEG, PE TNV UI-
00¢Tnon evog OaoKaAOKeVTPIKOU JovTéAou S1daoKa-
Aiag, TTou atnpifeTal oTn peTaBifacn Tng yvwaong ota
TTaudid, oTnV AICONTNEIOKA TTPOCEYYION Kal 0Tn XPN-
on akaTAAANAWY SIBAKTIKWY TEXVIKWY KOl HETWV.

H peAETN auTr ETTIKEVIPWVETAI OTIG €VVOIEG TNG
E¢aépwang kai BuBiong/ EmitrAcuong, ol o1roieg eTI-
AéxTnKav avapeoa atéd GAAeg évvoleg Puaoikwv ETri-
oTNUWY, AauBavovtag uttowiv Tn dNUOTIKOTNTA TOUg
METAEU TWV UTTOAOITTWYV EVVOIWYV TTOU TTPOCEYYidovTal
OTNV TIPOOXOAIKN eKkTTaideuon. Ta epwTthpaTa TNG
épeuvag givar: 1) Moia gival Ta peBodoAoyika Xapa-
KTNEIOTIKA TNG BIBOKTIKAG TTPOCEyyions TG EEaépw-
ong kai Tng BuBiong/ETitrAeuong o€ TIPOGXOANIKES TA-
&e1g; ZuykAivouv pe 1o emionuo All; 2) Etnpeddetal
n SIOAKTIKA TTPOCEYYION aTTd TNV €E0IKEIWON TWV V-
maywywv pe 1o AEMMZ; kai 3) Y1rapxel k&moia dia-
(OoPOTIoiNaN avAueaa OTIG DIOAKTIKEG TTPOBETEIG Kal
OTIG TIPAYHATIKEG OTPATNYIKEG TTOU akoAouBouvTal;

O1 ouykekpipéveg dUo £vvoleg OE emAExOnkav
KaTd KUpIo Adyo €aitiag TNG dNUOTIKOTNTAG TOUG JE-
Tagl Twv gvvoiwv Twv PE 10U TTpoceyyifovtal aTnv
TPOOXOAIKA ekTTaidcuan. ‘Evag deutepelwv Adyog
givail 611 otnpifovtal o€ Peyadho Babuod otn dieCaywyn
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TeIpauaTog kal oto AEMMZ divetar akpiBng kar Ae-
TITOMEPNG TTEQIYPAPN) OTA OTABIA TNG TTEIPANATIKAG
d1adikaaiag. Ta amoTeAéopaTa TNG £PEUVAG PAVEPW-
VOUV HIO TAGN YIO UI0BETNON TTPAKTIKWY TTOU OTTOUO-
KpuvovTal atod TIG oUYXPOVEG TATEIG TTOU eKQPALo-
vTal a1Td TO 1000V AT, akdua Kal atrd vnTTiaywyoug
TTOU €ival eE0IKEIWPEVES HOVO pe auTd To Al

H épeuva opyavwbnke oe duo @doeig. Katd tnv
a’ @aaon, ouAéxBnkav dedopéva atmd 30 vnmmayw-
youg, péoa atrd NUI-OOUNUEVEG CUVEVTEUEEIG, VIO va
dlgpeuvnBei 0 TPOTTOG UE TOV OTTOIO OI VNTTIAYWYOI
ouvnBwg aToxeUOUV va TTPOCEYYIoOuV TIG BUO €v-
voieg ®E kal yia va avixveuBei n e€oIkeiwar Toug Pe
10 emionuo AEMMZ. Kartd tn didpkeia 1ng B~ ¢aong,
TTpayuaToTroINONKav 8 TTapaTnPERoElg dI0ACKAAIWY,
o€ TALEIG vNITIaywyEiou, TNG TTPOCEyyiong Twyv dUo
evvolwv. O oTéX0G TwV TTAPATNPACEWY TAV VA ATTO-
KaAu@Bouv Ta ueBOSOAOYIKG XapPAKTNPIOTIKA TTOU TeE-
AikG TrepIAapBdvel n TTpoaéyyion Twv 6U0 EVVOIWV.

H avd&Auon Tou TTEPIEXOUEVOU TOU KATAYEYPAW-
Mévou UAIKoU, BagcileTal o TTPOKABOPIOUEVES Kal
avadudpeveg karnyopieg. Katd tn BepaTikr avaAu-
an, Ol ava@opEG TTou axeTifovTal pe Ta ueBodoAoyIKa
XOPAKTNPIOTIKA TwWV OpaCTNEIOTATWY CUPTTEPIAA-
@Onkav og 5 Baoikd Béuata: ©1 MAaicio ‘Evragng
NG OpacTnpIdéTNTag O2. ElIcaywyikég epwTroeig ©3.
MeipapaTikr diadikacia @4. KpitApia €mMAOYAG Twv
UAIKWV Kal ©5. OAokAfjpwaon. Katd tTnv gvvolohoyi-
KA av@Auaon , ol ava@opEéG CUUTTEPIARPBNKav og dUo
Baoikég katnyopieg: K1. Z0ykAion kai K2. ATrokAion
o€ oxéon pe 1o AEMMZ.

Ta amoteAéopaTta avadelkvuiouv atroAuTn ou-
ykAion ue 10 AEMMZ o¢ oxéon pe 10 TTAaiclo évia-
&ng Tng dpacTnPIOTNTAG Kai yia TIG dUO €VVOIEG. 2TA
uttoAoiTta BépaTa, n E€aépwon gaiveral 611 TTpooey-
yideTal e TTOAU TUTTOTTOINUEVO TPOTTO EVW) TTAPOUCI-
adel onuUAvTIKR atroKAIon n TTEIpapaTiKr dladikaagia.
2Tnv TepPITITwaon TnG BuBiong, n amokAion evrotide-
TaI TTEPIOCOTEPO OTNV ETTIAOYH TWV UAIKWV Kal oTnV
Teipauatikl diadikaaia. Ooov agopd oTov TTAPA-
yovta «e€oikeiwon pe 1o AEMMX», dev evrotrioTnke
va OXETICETAI ONUAVTIKG PE TN oUYKAION A aTTOKAION
TWV TTPOCEYYioEwWYV, eUpnua TTou odnyei OTO CUUTTE-
pPOOMO OTI O€ YEVIKEG YPAUMEG N TTPOCEYYION TWV
OUO QUTWV EVVOIWYV TTPAYMATOTIOIEITAI JE TTAYIWHEVA
peBodOAOYIKA XapaKTNPIOTIKA TTou KAnpodoTouvTal

aTro TNV dia eKTTAIBEUTIKR YEVIA OTAV GAAN.

AéEeig KA€IB1G: epapuOCHEVO aVAAUTIKO, peBodO-
Aoyikég emiIAOyéG vnITIaywywyv, didaoKaAia @Qu-
OIKWV ETTICTNHWV OTO VNTTIOYWYEiO
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Paraskevi Kavalari

Pedagogical and didactical approaches
preschool teachers implement during
science teaching

Abstract

During the last decade, a great deal of attention
is being paid to the need for new curricula or
pedagogical guidelines in early childhood education.
Acknowledgement of this need has led to the
publication of new national or state curricula in many
countries worldwide. Curriculum reform processes
influence teaching practice and shape teachers’
views on what constitutes a legitimate curriculum.
Educational policy is not merely a product, but
rather a process which is developed in 3 contexts:
the context of policy text production, the context
of influence and the context of implementation.
At the level of implementation, a policy can be
interpreted in a way that would lead to intended and/
or unintended outcomes. At this stage, teachers are
in an empowered position; it is in their hands to “put
the pieces together”. The experience, background,
personal theory about teaching and learning of every
teacher affect the way he/she will interpret —and
consequently implement- educational policies.

A number of previous studies have expressed
the concern that teachers often resist changing
their role in the classroom, resulting to a significant
inconsistency between the official curriculum and
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the applied curriculum. This concern motivates this
study, given a number of additional adjustments
in Greek preschool education, which in the last 25
years involved the enactment of new curricula and
the foundation of Pedagogical Departments at Uni-
versity level, with the introduction of Science Edu-
cation courses. These adjustments have resulted
in significant changes in the intended profile of the
preschool teacher, who is expected to readily adopt
contemporary teaching methods and transform in-
novative pedagogical premises into classroom prac-
tice. Teachers’ difficulty in adopting new roles and
styles has been attributed to various factors.

When it comes to science education in the
Greek curriculum, it integrated in the unit
“Nature and Interaction”. The approach is based
on children’s predictions. In this case, experiment

is

and observation are supposed to be systematic
and guide children to test their predictions and
come to conclusions by discussing and recording
their opinions. The teacher’s role is to facilitate
children’s investigations by providing the appropriate
equipment and embedding processes that
facilitate learning (cooperative learning, symbolic
representations, language etc.). This study focuses
on Evaporation and Sinking/Floating, which were
selected among other science concepts taking into
account their popularity among the science concepts
that are approached in preschool education. The
research questions of the study are: 1) Which are
the methodological characteristics of the didactical
approach of Evaporation and Sinking/Floating in
preschool classrooms? Are they consistent to the
official curriculum guidelines? 2) Is the didactical
approach influenced by
familiarization? and 3) Is there any differentiation

teachers’ curriculum
between didactical intentions and actual strategies?

The research is organized in two stages: During
Stage 1 we collected data from 30 preschool
teachers, through semi-structured interviews, to
reveal the way preschool teachers usually intend to
approach the two science concepts and to detect
their curriculum familiarization. During stage 2 we
performed 8 in-classroom systematic observations
of the approach of Sinking/Floating and Evaporation.
The objective of the observations was to reveal
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the actual methodological characteristics of the
approach of the two concepts.

The content analysis of the recorded material
is based on both preset and emergent categories.
During the thematic analysis, the episodes that refer
to the methodological characteristics of the activities
were included in 5 main themes: T1. Context within
which the activity is integrated T2. Introductory
questions T3. Main experimental process T4.
Criteria used for the selection of materials and T5.
Findings and conclusions. During the conceptual
analysis, the episodes were included in two main
categories: C1. Consistency and C2. Inconsistency
with the official curriculum.

Results show consistency with the official
curriculum regarding the context within which the
activity is integrated for both concepts. As far as
other themes are concerned, the Evaporation
approach seems to be handled in a very standardized
manner while the experimental procedure is quite
differentiated. In the case of Sinking/Floating,
the inconsistency is detected more in the choice
of materials and in the experimental procedure.
Concerning the factor « curriculum familiarization”,
it has been not detected to be quite relevant to the
consistency or inconsistency of the approaches,
which leads to the result that, generally speaking,
the approach of those two concepts is being carried
out with vested methodological features inherited
from one educational generation to another.

Key words: science teaching, early childhood
education, curriculum implementation, teachers’
strategies
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2UvTopo Bioypa@ikoé

H Mapaokeun KaBaAdpn yevvdnke 1o 1975,
otnv EpuoutroAn g X0pou. To 1999, atmogoitnoe
atd 10 107 MNaudaywyikdé Tunua Nnmaywywyv Tou
MavemoTtnuiou ©cooaliag. 'EKTOTE ATTACXOANONKE
07O TUAMO QUTO CUPUETEXOVTAG OE APKETA EPEUVN-
TIK& TTpoypdauuaTta. Ao 1o 2004 w¢ 10 2008, £pyd-
OTNKE WG YPAMHATEAG OKOONMAIKWY BePdTwy OTO
Mpoypapua MetatmTuylakwy Z1Toudwv Tou [laida-
ywyikoU TuApartog MNpooxoAikrig Extaideuong Tou
MavemoTtnuiou Ocoocaliag «Madaywylkd TTaIXVidl
Kal Traidaywyiké UAIKG aTnv TTpwTn TTaIdIKA NAIKIa»,
Je BleuBUuvTpIa aTToudwyv TNV KadnynTpia Tou MNTME
Adpva Kakavd. H didakTopikn NG diaTpIfn e B€ua:
«MeAETN TV TTAIBAYWYIKWV KAl SIBOKTIKWY TTPOCEY-
YioEwv TTOU UIOBETOUV OI EKTTAIBEUTIKOI TTIPOOXOAIKAG
ekTTaideuong otn didackaAia Twv Puaikwv EmoTtn-
MWVY, TIPAYUOTOTTOINBNKE PE UTTOTPOIa TOU TTPO-
ypauuaTtog «HpdkAemog l». Ta TeAeuTaia 15 xpovia,
€pyaaieg TNG £xouv OnuooieuBbei ae EAANVIKA Kail EEva
ETTIOTNUOVIKA TTEPIOBIKA Kal £XOUV TTAPOUCIACTE O€
TTOAG TTaIdaywyikd ouvédpia otnv EAAGSa kar o1o
€EWTEPIKO.
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Paraskevi Kavalari was born in Ermoupolis,
Syros, in 1975. In 1999, she graduated from the
Pedagogical Department of Preschool Education
of the University of Thessaly. Since then, she has
worked in this Department, participating in several
research programmes. From 2004 to 2008, she
worked as a secretary in academic issues in the
Postgraduate programme of the PDPE «Educational
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PDPE. Her doctoral thesis, entitled «Preschool
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in science teaching» was financed by the PhD
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15 years, parts of her research have been published
in both Greek and foreign scientific journals and
have been presented at numerous educational
conferences in Greece and abroad.
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MoAugévn MavwAn

AvATITUEN OTPATNYIKWY KATAVONONG
ypatrToU Adyou otn SidaockalAia Tng
AyyAikng yYAwooag otnv NpwTtoBdduia
ExTmraidsuon

MepiAnyn

H €peuva yupw atd v avdyvwon oTtnv Evn YAwo-
oa £xel €oTIdoel 0Tn yvwaon Tou Ag€lhoyiou, TNV Qu-
TOMATOTTOINMEVN IKAVOTNTA avayvVWPIoNG Tou AegIAoyi-
0u, OTNV AVaYVWOTIK EUXEPEIQ, OTNV avAayvwaon yia
€UXOPIOTNON, OTNV EVEPYOTTOINON TNG TTPONYOUUEVNG
YVWOoNG OXETIKA PE TO TTEPIEXOUEVO TOU KEIPJEVOU, OTN
XProN YPOQPIKWY OpyavwTwy, KaBws Kal aTn XpRon
TWV OTPOTNYIKWY KAtavonong ypatrmol AGyou aAAd
KQl OTN PETAYVWOTIKH IKAVOTNTA, TIPOKEIYEVOU VA ETTI-
TeUXOEi aTTOTEAETUATIKA KATAVONGT TOU yPaTIToU Ad-
you (Psaltou-doycey, 2010). H €peuva autr €oTiddel
oTnv avaTtTuén TG Kartavonong Tou ypaTtrTou Adyou,
N OTToia CUVIOTA Wia aTTO TIG TECOEPEIG BACIKEG DECI-
O0TNTEG TOU Adyou oTnv AyyAiKA YAwooa Kal paAioTa
eKAUBAveTal WG evepynTIKA EEIOTNTA, KABWG O ava-
YVWOTNG, 0TV TTIPOCTIABEIR TOU VO KOTOVONOEl TO
vonua evog ayyAikoU Kelgévou, BpioKeETal O GUVEXN
aAnAeTTidpacn pe autd, XpNOIPOTTOILVTAG BIAPOPES
OTPATNYIKEG KaTavonong ypattou Adyou. Or oTpaTtn-
YIKEG kKaTavonong ypatrtou Adyou opilovTal wg OKOTTI-
MEG evEPYEIEG, OXEDIO TTOU ETTIAEYOVTAI GUVEIONTA OTTO
TNV TTAEUPG TWV AVAYVWOTWY, WOTE VO QVTIMETWTTI-
{ouv BUOKOAIEG TTOU TTPOKUTITOUV KATA TNV VAOXOAN-
0N TOUG HE YPATITA Keipeva, OTTwG gival n aduvayia
TOUG va KataAdfouv Tn onuacia Aégewv péoa oTo
KEIUEVO 1 va EVTOTTICOUV GUYKEKPIPEVES TTANPOPOPIES
(Urquhart & Weir, 1998). ZxeTIKA} €épeuva UTTOOTNPI-
Ce1 611 o1 poBnTEG/TPIES XPEIdleTal va SIdAoKovTal TN
XPron OTPATNYIKWY Katavonong ypatrtou Adyou katd
TNV AAANAETTIOPOOT TOUG PE YPATITA KEIPEVA, WOTE VA
KOTOVOOUV €EUKOAOTEPA KOI OTTOTEAECUOTIKOTEPO TO
vonua Toug (Carrell, Pharis, & Liberto, 1989; Kern,
1989; Macaro & Erler, 2008; Song, 1998). Méoa o¢
aQutoé TO TTAQICIO, N OUYKEKPIYEVN €PEUVA ATTOOKO-
TToUoe oTn dlEPelvNON TNG ATTOTEAEOUATIKOTNTOS TNG
OI000KAAIOG OPICUEVWY  OTPATNYIKWY  KATAVONoNG
ypattoUu Adyou oTn BeAtiwon Tng IkKavotntag Twv
MOBNTWV/TPILV VA KATAVOOUV KaI VA €VTOTTI(OUV TIG
QTTAITOUMEVEG KGBE QOPAa TTANPOPOPIEG TWV YPATITWV
Keluévwy otnv AyyAikA yAwooa. To deiypa NG €peu-
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vag amotédecav 135 ‘EAAnveg pabntég Anuortikou,
nAikiag 11 éwg 12 eTwv, ol otroiol diddokovTav TNV
AyYAIKH wg &€vn yAwooa. O1 oTpatnyikéG Ol OTTOoIEG
010ax0bnkav oToug HadnTéC/TpIEG ATav N TTPORAEWn
TTEPIEXOMEVOU TWV KEIMEVWY BACEI TITAWY, UTTOTITAWV
Kal €IKOVWY, N XPron onuacioAoyikou XapTn TTpo TNG
avdyvwong Tou Kelpyévou, n dlaywvia avayvwaon Kal
TO MAVTEPA TNG ONUACIAG AyVWOTWY AyYAIKWV AEEEWV
até 1a cupepaldoueva. H €peuva TrepieAdupave yia
TTEIpapaTik opdda, otnv otroia die¢rixon n didaoka-
ANia Twv OTPATNYIKWYV KATavonaong ypatrtou Adyou yia
TTEPITTOU TPEIG UNVES KAl pIa opdda eAéyxou, n oTroia
010axOnKe TNV KavovikA UAN e Tov TTIo “rapadoaio-
KO” TpoTTo. Q0TO00, OAa Ta ATOUO CUUUETEIXAV OTIG
idleg dokipaoieg eAéyxou Katavonong Tou ypatrTou
Aéyou, o1 otroieg 660nkav TTpIv (pretest) kal JETA TNV
TTapéupacn (posttest), kKaBWG Kal TPEIG PAVEG UETA
TNV oAokAfpwon tng Trapéupaaong (follow-up study),
TIPOKEIPEVOU va dIaTTIoTwOEl n dlatApnon Twv aTro-
TeAeopdTwy TNG TTapéuPaong (Cohen, 1998; Oxford,
2011), ka1 TTOU QTTOTEAECE €vav TTPOOHETO OTOXO
auTAG TNG €peuvag. H BIBOKTIKY) TTPOCEYYION TTOU Ul-
08etABnke ATav n Aueon Emeénynon, n otoia TrepI-
AauBavel dueon €megrlynon Kal PJOVTEAOTTOINGN TWV
OTPATNYIKWY €K PEPOUG TOU EKTTAIOEUTIKOU, KABWG
Kol KaBodnyouuevn €QAPUOYA QUTWY PE OKOTTO TNV
EQAPMOYH TWV OTPATNYIKWY ATTO TOUG PABNTEG Xw-
pic TN BonBeia Tou ekmaudeuTikoU (Duke & Pearson,
2002; Pearson & Gallagher, 1983). 'evikoTePQ, N TTO-
péupacn ATav yvwaoTikou TUTTOU HE TAUTOXPOvVN €v-
OWUATWON MPETAYVWOTIKWY OTOIXEIWY, TTPOKEINEVOU
va evIoXuBei n IKavoTnTa KATavOnong KEIPEVWY Kal va
Yivouv o1 JaBnTEG/TPIEG ATTOTEAECUATIKOI KOl aveEdp-
TNTOI AvVayVWOTEG. ETITTPOooBETWG, €€eTAOTNKE TO €V-
OeXOUEVO ETTIOPAONG TOU ETTITTEOOU TNG AVAYVWOTIKAG
IKAVOTNTOG OTNV ETTIOOCT TWV PABNTWV/TPIWY, KaBWG
Kal 0 POAOG TOU TTAPAYOVTA TOU GUAOU TN SIOPOPPW-
on Twv TEANIKWV atroTeAeapdTwy. Agiel va onueiwdei
O TTpIvV a1o TNV évapén TNG BIBOKTIKAG TTapEéuRaong,
TIPAYUATOTTOINONKE ApXIKA GUGTNUATIKA TTApaATpnon
OTIG TAEIG TTou aTToTéAecav TO Ogiypa TNG €peuvag
aAAG kail S1EgNXON NUI-dopunuévn ouvévTeuEn e TIG BO-
OKAAEG TNG AYYAIKAG YAWOOAG TWV AVTIGTOIXWVY TUN-
MATWYV, TTPOKEINEVOU va dIaTToTwOEl av ol yabntég/
TpIEG DIBACKOVTAI OTPATNYIKEG KATAVONONG YPOTITOU
Adyou. Zupoewva PE Ta ATTOTEAECUATA TNG EPEUVAG, Ol
paBnTég/Tpieg TNG ZT TagNG Tou ANUOTIKOU Xx0Agiou
O¢ dI6GoKOVTAV CUCTAUATIKA TV EQAPUOYT OTPATNYI-
KWV KaTtavonong ypatrtou AGyou KaTd Tnv evaoXOAn-
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an TOUG JE ypaTITa Keipeva atnv AyyAikr yAwooa. Ta
eupAuaTa TG £peuvag £6igav, TTiong, OTI o1 HaBNTEG/
TPIEG TNG TTEIPAUATIKAG OPAdAS BeATiwoavV onUAvTIKA
TNV €TTiI0OCT TOUG OTIG BOKIUATIEG TTOU XOopnynonkav
METE TN BIBOKTIKN TTapEéuBacn o€ oxéan PE TOUG Pa-
BnTéC/TPIEG TNG OUAdAG eAEyXOU, OAAG Kai BlaThpnoav
Ta ATTOTEAECUATA TNG TTOPEUPRACNG TPEIG UAVEG WETA
1O TTEPAG auTnG. QaTdo0, N aAAnAeTTidpacn avdaueoa
OTOUG TTOPAYOVTEG TOU ETTITTEOOU AVAYVWOTIKAG KOTO-
vonong Kai EMdo0oNG TwV PabnTwV/TpIwy ¢ PPEONKE
va gival oTATIOTIKWG GNUAVTIKA, KaBWG dIaTTIoTWONKE
O 6Aol o1 pabnTég, aveEdptnTa aTTd TO ETTITTEDO TNG
QVAYVWOTIKAG TOUG IKavOTNTAG, BEATIWoavV onuavTika
TNV IKAVOTNTA KOATAVONONG KAl EVIOTTIONOU TwV OTTaI-
TOUMEVWY KABE QOpd TTANPOPOPIWV TWV YPATITWV
Kelyévwyv otnv AyyAikr) yAwooa. MNapdAAnAa, n ou-
oX£TION QUAOU Kal €TTidO0NG BPEONKE PN OTOTIOTIKWG
onuavTikr, eipnua Tou Xpndel Tepaitépw diepelvn-
ong. Ta Topiopara AutAg TNG £PEUVAG KOTOOEIKVU-
OUV TN CUMBOAAR TwV CTPATNYIKWY OTNV €vioxuon
NG KATAVONONG KeEIPévwy oTnv AyyAIKr) yAwooa Kai
avadeIKvUoUV TNV avayKaldtnTa TNG OUCTNHATIKAG
010a0KaAiag Toug, 1IBIaiTEPa o€ PaBNTEG/TPIEG AnOTI-
KoU OX0Agiou, ue OKOTTO TNV EVEPYNTIKY EUTTAOKK TOUG
oTn d1adikagia Katavonong TwV aTTAITOUPEVWY KABE
@opa TTANPOYOPIWV Kal TNV €EENIERA TOUG O€ IKavoug,
QTTOTEAECUOTIKOUG Kal aveEAPTNTOUG aTTO T OXOAIKA
TAEN avayvwaoTeG.

Aé€eig kKAe1did: Karavonon ypamtou Adyou othv
AvyyAikn wg &&vn yYAwooa, didaokalia oTparnyi-
KWV Katavonong ypatmtolU Adyou, didackalia Tng
KaTtavonong ypatrtol AGyou, oTpaTnyikr TTpooéy-
YION KEIPEVWYV, HaBnTEG/TPIEG ANUOTIKOU OXOAgiou

TpipeAng ZupBouleuTiki ETiTpoTn

Mapia MamradotmroUAou, KabnynTpia, pauuaTioyoi
kol AidakTIkA TG MAwooag Maidaywyiké Tuiua MNpo-
OxoAIknG EkTraideuong, [MMavemoTtAuio Oeooaliag
(emBAéTouoQ)

Mavayiwra MetaAAidou, AvarrAnpwtpia KaBnyn-
110, M'vwoTik Wuxohoyia Tunua Yuyxoloyiag, Api-
oToTéAeio IMavetTioTiuio @sooaAovikng

Aépva-Mika Kakavd, KaBnyntpia, Ocwpia MNpoayo-
AkA¢ Extraideuong, MNaidaywyikd Tuiua MNpooxoA-
Kn¢ Exmaideuong, Mavetmotipio Ocooaliog
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Polyxeni Manoli

Developing Strategic Reading in EFL
Elementary Classrooms

Abstract

Second Language (L2) reading research has
yielded a number of insights focusing on vocabulary
knowledge, automaticity in word recognition,
reading fluency, extensive reading, activation of
background knowledge in relation to text content,
graphic representations, use of reading strategies
and metacognitive awareness, in order to ensure
effective reading comprehension in the classroom
(Psaltou-Joycey, 2010). This study focuses on the
development of reading comprehension, one of the
most important language skills, which is considered
to be an active and strategic process during which
readers deploy a number of reading strategies
in order to construct meaning from English as a
foreign language (EFL) texts. Reading strategies are
regarded as deliberate actions or plans that represent
a conscious response to a specific problem arisen,
such as a failure to understand the meaning of a word
or find the information one was looking for (Urquhart
& Weir, 1998). According to L2 reading research,
learners should be instructed to use reading strategies
when interacting with written texts, in order to improve
reading comprehension (Carrell, Pharis, & Liberto,
1989; Kern, 1989; Macaro & Erler, 2008; Song, 1998).
In this context, the study aimed to investigate the
effectiveness of implementing metacognitive multiple-
strategy instruction on elementary EFL learners’
reading performance; in particular, the sample
consisted of 135, 11 to 12 year old, Greek-speaking
EFL learners. The teaching intervention focused
on predicting text content, using semantic maps
prior to text reading, going through the text quickly
(skimming), locating specific pieces of information
(scanning) and guessing unfamiliar word items based
on contextual clues. The study, quasi experimental in
design, involved an experimental group that received
a three-month strategy instruction and a control
group that received no such training but participated
in pretest, posttest and follow-up measurements. The
instructional approach adopted in this study was Direct
Explanation following a cycle of direct explanation of
strategies, modelling, guided practice, where there
is gradual transfer of responsibility from teachers to
students, leading to more independent practice (Duke
& Pearson, 2002; Pearson & Gallagher, 1983); the
strategy instruction can be characterized as cognitive,
simultaneously emphasizing the development of
students’ metacognitive awareness of reading
comprehension with the goal of enhancing their
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reading achievement and rendering them strategic
and independent readers. Another aim of the study
was to explore the maintenance of comprehension
gains after treatment withdrawal, which constitutes
one of the main aims of strategy training (Cohen,
1998; Oxford, 2011). In addition, the study intended
to examine the relationship between students’
reading ability level and reading performance as
well as the relationship between gender and reading
performance after implementing strategy instruction.
Before embarking on strategy instruction, teacher
interviews and classroom observations were
conducted in order to investigate whether the EFL
teachers of the classes that constituted the sample
of this study instructed students to use reading
strategies to derive text meaning. According to the
results of the study, the specific EFL teachers were
not involved in teaching students how to use reading
strategies to construct text meaning. At the same
time, the results indicated that the EFL students who
received strategy training improved their performance
in both the posttest and follow-up measurements in
relation to the students in the control group. However,
the interaction between students’ reading ability level
and reading performance after strategy instruction
was not found to be statistically significant, as it was
revealed that all students of the experimental group
regardless of their reading ability level reaped great
benefits from the treatment. In a similar way, the
interaction between gender and reading performance
was not statistically significant, which requires further
research. Overall, the findings of this study suggest
that EFL learners, in particular, young elementary
students, should be explicitly taught to use reading
strategies, while interacting with written texts, in order
to become active, efficient and independent readers
both inside and outside the classroom.

Key words: Multiple-reading strategy instruction,
EFL reading comprehension, reading instruction,
strategic reading, elementary classrooms
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ZUvTtouo Bioypagikd

H MoAugévn MavwAn katéxel Metamruyiokd Ai-
TAwpa Eidikeuong otn MwocodIBAKTIKY (UTTOTpO®ia
IKY) kai gival atré@oitog Tou Turuatog AyyAikng MNwo-
oag kal didoAoyiag Tou ApioToteAgiou MavetmioTnuiou
Oeooalovikng. Eival ouvepydtng Tou PETATITUXIOKOU
TpoypaupaTog "Metarrtuyiakr) Eidikeuon Kabnyntwv
AyyAIKNG” Tou EAANViKkoU Avoixtou lNavetTioTnuiou Kai
di1ddokel TNV AyyAIKA wg EEvn yAwooa otnv TpitoRa6-
pia ExTraideuon. ‘Exel 8104&el yYAwoooAoyIKa pabriuata
oT1o Apepikdviko KoAéyio O@sooalovikng. Eivar pélog
Tou EpyaoTnpiou “IMwoocag kal MNMoAimiopou” Tou Mai-
daywyikou TuAuatog MpooyxoAikig Ektraideuong Tou
MavemoTtnuiou ©cocoliog. ‘Exel ouppetdoxel og duo
gpeuvnTIKA TTPpOoypduuaTa: “EKTTaideucn Twv TTaIdIWV
Poud” oto MavemoTtAuio @eoccaliag kabwg kal aTo
TPoOYpaupa “Epeuva yia Tov avayvwoTIKO EyYPauuUa-
TIOWO KAl TIG AVTIARWEIG TwV JabnTwv oTn AsutepoaB-
pio Ektraideuon otnv EANGBQ e Eugaon OToug PETa-
vaoTeg” 1o EAANVIKG AVvOIKTO MaveTTIoTAWIO, Ta OTToia
ouyxpnuatodotouvtal amd Tnv Eupwtraik ‘Evwon
kai a1ré EBvikoug KoivoTikoug MNopoug. ‘Exel aper pé-
pOG, ETTIONG, OTO EPEUVNTIKO TTPOYPAUMA “ZXEBIAOUAG,
QvdaTITUéN Kal agloAdynon Wn@Iokng TTAATQOPUAS Yia
TNV ETPOPPWON VNTTIAYWYWY OTO YPAUMATICHS”, TTOU
xpnuatodotiénke atmd tnv Emrpoty Epeuviov Tou
MavemoTnuiou ©cacaAiag. ‘Exer avaAdBer Tn 6éon Tng
ypauuatéws a1o 100 AlBvEG ZuvEDPIO ZNUEIWTIKAG
TToU dlopyavwBnke oT1o BoAo. Ta gpeuvnTikd TnG evOI-
a@épovta TTEPIAAUBAvoUV Tn OISAKTIKN Kal eKUABnon
TwV YAwoowy, €10IKOTEPA T OIBOKTIKA KOl €KUABNoN
MIaG EEvng/SelTepng YAWOOAG, TNV ETTINOPPWOT EKTTAI-
OEUTIKWV OTn BIBAKTIKN TNG YAWOOOG KAl TOUG TTOAU-
YPOMMOTIONOUG, TN OTPATNYIKN TTPOCEYYION KEIMEVWY,
TO TTOAUTPOTTIKA KEIYEVA Kal TNV KOANIEPYEIQ TOU OTTTI-
KoU YPONMaTIGHOU.

Email: pegyma@hotmail.com
lMpoowrTikn 10TOCEAIbA!
https.//uth.academia.edu/PolyxeniPeggyManoli
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Kupiakn I'. MNwTta

O pOA0OGg TNG ETTIKOIVWVIOG HECW
O01081KTUOU, ME TN XPAAON UTTOAOYIOTH,
oTn S1ad1IKaoia KOIVWVIKAG
aAAnAeTTidpaong Kal avarrTugng
SIATTPOCWTTIKWYV OXECEWV

MepiAnyn

H paydaia e€EAIEN TNG WN@IOKAG TEXVOAOYiIOg Kal
TWV TNAETTIKOIVWVIAKWY BIKTUWV €XEl TTAEOV, OTnV
auyf Tou 21ou aiwva, diatroTioel KABe TITUXN TNG
avBpwTmivng dpacTnpIdTNTAG, €VW N AvodoG TWwV
Méowv Koivwvikig Aiktiwaong (Social Media) kai n
KOoBIEPWOT TOUG WG VEQ PECA ETTIKOIVWVIAG EXEI ETTA-
vaTtrpoodiopioel PICIKA Tov TPOTTO (WG pag, OTTwWG N
TNAedpaan kai 1o TNAéE@wvo. Or loTooeAideg Kovwvi-
KNG AikTUwaong 61Twg 1o Facebook, To MySpace kai
10 Twitter, attoteAoUV Ta TTIO TTPOCPATA OIADIKTUAKA
EPYOAEIa ETTIKOIVWVIAG TTOU ETTITPETTOUV OTOUG XPr)-
OTEG TOUG va dnuioupyriocouv TTPo®iA Kal dikTua, va
E€xouv TTpoofacn oe TTPoPiA kal SikTua AAAwV Kal
vVa UTTOPOUV PE auTO ToV TPOTTO va AAANAETTIOpOUV
peTagu Toug. 'Epeuveg deixvouv OTI o1 loTooEAidEG
Koivwvikng AIKTOwong yivovTal ol BACIKEG TTEPIOXES
e€epelivnong TaUTOTNTOG KAl QUTOEKPPACNG KABWG
TIPOCPEPOUV TNV EUKAIPIA OTOUG XPRAOTEG TOUG VO
EKTTANPWOOUV TNV avAyKn TOUG YId KOIVWVIKI] ava-
YVWPION KAl KOIVWVIKF UTTOOTAPIEN, AVAYKEG TTOU
gV IKAVOTTOIOUVTAI TTAVTOTE ATTO TOV TTPAYMATIKO
KOIVWVIKO KOOHO VoG ATOHOU.

Av kai n &i€BvAg PiBAioypagia augdaveTal
OIAPKWG, Ol KOIVWVIKEG KOl WUXOAOYIKEG ETTITITWOEIG
Twv loTtooeAidwyv  Kolvwvikng AIKTUwong oThv
KOIVWVIKF OAANAETTIOpaON, €TTIKOIVWVIA Kal WUXIKA
uyeEia @aiveTalr va gival TTEPITTAOKEG Kal Ogv EXOUV
gpeuvnBei eTTapkwg, TTOCO PAAov otnv EAAGda.
>210x0G TNG dIaTPIBAG €ival n UEAETN TNG XpPHong
Twv loToogAidwyv Kolvwviking AIKTUwoNG WG PECOU
ETTIKOIVWVIAG KAl KOIVWVIKAG  aAAnAeTTidpaong,
TTPOOPEPOVTAG TTOAUTINA  OToIXeia TTou  BonBouv
OTO va CUUTTANpwooupE To TTalA TNG axéong Tou
avbpwTTou MPE Ta TEXVOAOYIKA €TTITEUYUATA Tou. To
TTEPIEXOPEVO TNG epyaciag Xwpiletal oe Téooepa
Baaikd pépn.

270 TTPWTO PEPOG TNG dIATPIRAG TTapouaIAdeTal
TO BewpPnNTIKO TTAQICIO KAl evToTTiCOVTal Ta BEPaTA OTA
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otroia eoTiIddeTal n €peuva. [Nivetal eTIOKOTTNON £VOG
MEYAAOU OYKOU €PEUVWIV ATTO BIAYOPOUG ETTIOTHUO-
VIKOUG TOUEIG TTOU PEAETAVE TNV avBpwTTivn didoTa-
on TG XPrRong Twv VEwV SIOBIKTUOKWY TEXVOAOYI-
WV ETTIKOIVWVIOG Kal KOIVWVIKAG aAAnAeTTidpaong.

‘Epgacn divetal oToug TTapdyovTeG TToU OXETICoVTal

ME TIG ATOMIKES DIAPOPES TWV XPNOTWYV, OTTWG TA XA-
POKTNPICTIKA TTPOCWTTIKOTNTAG (VEUPWTIOHOG, €EW-
OTPEPEIQ, OEKTIKOTNTA OTNV EUTTEIPIA, TTPOCHVEIA, EU-
ouveldnaia) kail Ta KivnTpa (SIaTTPOoCWTTIKN) WEEAEIQ,
wuxaywyia, dlaguyr], diaxeipion eAelBepou xpodvou,
dleukdAuvan) TTou odnyouv OTn XPron Toug, Kabwg
KOl OTOUG TTAPAYOVTEG TTOU OXETICOVTAI PE TNV WUXIKA
uyeia, 0mwg n UTrapén TTPORANUATIKAG XPONG Kal
KOTOBAITITIKG OUPTITwUOTOAOYioG. ETmiTAéov, Oie-
PEUVWVTAI N TTOIOTNTA Kal dUvaun Twv dIaTTPOCW-
KWV OX€oewv 010 AIadiKTuO, XOPAKTNPIOTIKA TO
otroia Treplypd@ovtal atrd 10 Babud autoaTToKAAU-
Wng Kal ouvaiobnuaTikAG OIKEIOTNTAG, KABWGS Kal TO
TTWG €TTNPEAJOUV 01 TTPOAVAPEPOEVTEG TTAPAYOVTEG
TNV avTIAGUBAVOPEVN KOIVWVIKI UTTOOTAPIEN TTOU O€-
XovTal Ta ATopa HEoa atro TIG OIODIKTUAKES OAANAE-
TOPACEIG TOUG.

270 OeUTEPO PEPOG TTAPOUCIACETAI N EPEUVNTIKNA
peBodoAoyia TTou XpnaIuoTToINONKe yia Tn diefaywyn
NG £PEUVAG KOl OKIAYPAPEITAI TO TTPOPIA TOou deiyua-
TOG. ZUVOTITIKA, N OnuIoupyia Tou deiyuaTog TTpayua-
TOTTOINONKE PE TN PEBODO TNG CUPTITWHATIKAG OEIy-
MaToAnyiag TTou BaaieTal oTn GUAAOYH ATOPWY TTOU
gival aueaa dIaBETIUOI VO CUUPETEXOUV OTNV £pEUVa
o¢ €BelovTikh Baon. H ouykévipwon TTPWTOYEVWV
OTOIXEIWV TTPAYUATOTTOINONKE PE TN XPHON EPWTNHO-
ToAOYiwv auToava@opdg TTou €ixav PETAPPACTEI Kal
TIPOCAPUOCTEI TNV EAANVIKY YAWoOoa e Tn pEBodo
NG avTioTPOPNG METAPPOCNG KAl N CUUTTARPWGON
Toug dlapKoUCE CaPAvTa TTEPITTOU AETTTA. ATTOTEAOU-
vTav a1ré £pwTroEelg TTOAATTAWV €TTIAOYWYV, 5B4BpI-
€¢ TUTToU Likert kan 7Ba0Buieg kKAipakeg Likert, kaBuwg
KOl amTavThoelg «ZwaoTo/ AdBog». ETnv £peuva auTn,
ouppeTeixav evrakooiol (500) veapoi eVAAIKEG TTOuU
Xpnolygotroiovoav pia | TTEPICTOTEPEG |0TOOENIDES
Koivwvikng AIKTUwaong, atmd Toug otroioug 10 45.6%
ATav avdopeg Kal 10 54.4% yuvaikeg, petagu 18 kai
34 etwv (M.O.= 24.5, T A.= 4.57). H ouvTpITITIKA
TAcIoYn®ia Twv epwTnBéVTWY (97.4%) eTéAeyav TO
Facebook w¢ Tnv loToogAida TTOU XpNnoipgoTroioloav
MO ouxvd, evw oxeddv ol JIooi Xpnaolyotrololoav
TTOAOTTAEG loTOOEAIDEG KolvwviKAg AIKTUwONG, UE
deulTepn o€ ouxvotnta etmAoyng 1o Twitter (20%).
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E€aipeTikd evdia@épov TTapoucioge TO YEYovog OTI
av Kal n TAslowneia Twv XpnoTtwv (87.4%) dnAwve
OTl gixe katd péco 6po Tavw atmd 300 droua diadi-
KTUOKOUG «@IAOUG», O apIBUOG TwV aTOPWV PE TOUG
oTtroioug aAAnAeTdpoloav og kabnuepivh Baon dev
utrepéPaive Toug déka (M.0.=9.9, T.A.=4.16). TEAog,
éva peyalo moooaTo (72.2%) dnAwoav 611 n Xprion
piag lotooeAidag Koivwviking AIKTUwong dev GAAage
I010iTEPA TIG OXEOEIG TOUG PE TOUG GAAOUG avBpw-
TTOUG, VW POVO éva 2.6% dNAwaoe OTI 01 KOIVWVIKEG
TOUG OXETEIG EKTOG DIadIKTUOU PEIWBNKav.

270 TPITO MPEPOG TTPAYUATOTIOIEITAI OTATIOTIKN
avdAuon Twv  OUAexBéviwy  dedopévwyv  Kal
TTapoucIdlovTal Ta €PEUVNTIKA OTTOTEAEOPATA. Av
Kal Ta EPWTNPATOAGYIO TTOU XPNOIPOTIoINONKaV gV
gixav otaBuioTei atnv EAAGdQ, Ta atToTEAECOUATA TWV
TTAPAYOVTIKWY aVAAUCEWY HTAV IKOVOTTOINTIKA KAl WG
éva Babud avtioTolXa PE QUTA TWV KATAOKEUOOTWY
TOUG. ZUVOTITIKA, T €UPAMATA TNG €peuvag £0€IEav
OTI  UTTAPXOUV  OTATIOTIKA  ONUOVTIKEG OXEOEIG
avapeoa oTiG YeTaBANTEG TNG €peuvag, dnAadh, Ta
XOPOKTNPIOTIKA TTPOOWTTIKOTATAG, T KivnTpa, TNV
ToI0TNTA BIASIKTUOKWY OXE0EWV, TNV avalnTnon
KOIVWVIKAG  UTTOOTAPIENG, TNV KATABAITITIKA
CUNTTTWHATOAOYIO Kail TNV TTpoBANuaTIKA xpron. ATé
TA TTI0 EVOIAQEPOVTA CUUTTEPACUATA ATAV TO YEYOVOG
o1l dev UTTAPXAV OTATIOTIKA ONMAVTIKEG OIAPOPES
METOEU avOPWYV KOl YUVAIKWY OTNV KATABAITITIKA
OUUTTTWATOAOYIa. Ava@opIKd e TNV TTPORANUATIKA
XpPAon 1o0ToceAidwy, uwnAdTeEpa oKkop Trapouacialav
0l KATOIKOI QYPOTIKWY TTEPIOXWY OE OXEON WE TOUG
KOTOIKOUG QOTIKWY TTEPIOXWV KAl Ol AVTPEG POITNTES
og ox€on ME TIG UTTOAOITTEG OPAdEG Tou BEiyPaTOG.
H umapé¢n kataBMITITIKAG — CUPTITWHOTOAOYIAG
atmmoteAoUoe  1I0XUPO  TTPOPRAETITIKO  TTapdyovTa
TNG auTtoatTokdAuwng o€ loTooehideg Kolvwvikhg
AIKTUwONG, €evw n  Umapén TTPORANUATIKAG
Xprong atotreAoloe TTPOPRAETITIKO TTapdyovTa Tng
ouvaioBnPaTIkAG oIkeldTnTag. O Avrpeg @aiveral
va avadntouv KOIVWVIKR UTTOOTAPIEN O0TO S108iKTUO
TEPICOOTEPO OTTO TIG yuvaikeg. TEANOG, YE TN XpPrion
NG TOAUMETABANTAG  TEXVIKAG Twv  MovTtéAwyv
Aopikwyv  Efiowoewy, €fetdoTnkav  TaUTOXPOVA
ONeG oI €§aPTNUEVEG YPOUMIKEG OXEOEIG METALU
TWV BIAOTACEWY TWV EPEUVNTIKWV HETARBANTWY WG
Tpog TNV avalAtnon O1adIKTUOKAG UTTOOTAPIENG.
Ta amoteAéopara €deiEav OTI O TTOPAYOVTEG TNG
TTPOOWTIKOTNTAG  (VEUPWTIONOG,  €EWOTPEPEIQ,
OEKTIKOTNTA OTNV EUTTEIPIO Kal TTPOCHVEIQ) Kal Ta
KivnTpa xpriong 1otooeAidwy (yuxaywyia, diaguyn,
dlaxeipion eAelBepou xpoévou kai  OleukdAuvaon)
TPoPAETTOUV  TO  BaBud  autoatTokGAuWng  Kal
OuvaIOBNPOTIKAG  OIKEIOTNTOG TTOU  UTTOpEl  va
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onuioupynBei, evw TapdAAnAa n umapén NG
KOTAOAITTTIKAG CUUTITWUATOAOYIOG wg dlauecoAapn-
TIKOU TTapAyovTa eVIOXUEI TNV avalATNon KOIVWVIKAG
uttooTAPIENG O€ pia loTooegAida KoivwvikAg AIKTUw-
ong.

TéNOG, OTO TETAPTO KaI TEAEUTAiIO WEPOG, YiveTal
oulnTnon Twv aTroTeAeOudTWY, TTEPIypAQoOvTal Ta
TEAIKA ouuTTEPAOUATA, OI TTEPIOPICHOI Kal yivovTal
TPOTACEIG yIa MEAAOVTIKEG €peuveg. O1 KupIOTEPOI
TTEPIOPICHOI TNG €peuvag gival n PéBodog deryuaTo-
Anwiag TTou dev emITPETTEN TN BWpPNON Tou dEiyUaTog
WG AVTITTPOCWTTEUTIKO TOU TTANBUCHOU TWV VEAPWYV
evnAikwv Tng EAAGBOG, Ta epwTnuUOTOAOYIO QUTO-
ava@opAG KAl N CUCXETIOTIKI] OXEON TWV ATTOTEAE-
OMATWV TTOU Ogv ETTITPETTEI TN dNUIoUPYia OXECEWV
«aitiog — amoteAéopartogy. QOTO00, TA ATTOTEAE-
OpaTa TTPOCPEPOUV YOVIUO £BAPOG VIO HEANOVTIKEG
€peuveg. 2udntouvTtal {nTAUOTA TTOU QQOPOUV OThV
emmikaipoTroinon Tou Kwdika Agovroloyiag kal oTtn
onuacia ekTTaideuong WYuxoAOywv Kal CUpPBOUAwY
TTAVW OTIG VEEG TEXVOAOYIEG ETTIKOIVWVIWV KAl OTA
Méaa Koivwvikng AikTowong. ‘Epeguveg agiel va eoTi-
aoTouv oTo yeyovog o1l Koivwvikd Méoa AikTiwaong
OTwg 10 Facebook yivovtal xwpog autoatToKAGAU-
WNG KATaBAITTTIKWV ouvaigbnudTtwy, aAAd Kal XWpog
OIadIKTUOKNG aVOKOIVWONG QUTOKTOVIWY. Evdiagpé-
pov atroTeAei TO0 Katd TTO00 oI loTooeAideg Kolvwvi-
KRG AIKTUwONG PTTOPOUV VA TOVWOOUV Ta UTTAPYO-
vTa OiKTUO UTTOOTHPIENG KAl va dNUIOUPYACOUV VEEG,
€EVOANOKTIKEG €UKAIPIEG yIa avalATnon BonBeiag yia
TT.X. ATOPA PE AVATINPIES 1 HOKPOXPOVIa AVEPYOUG.
TéAoG, €ival onuavTiké va eggpeuvnBolv Ta dlapope-
TIKG H€0A PE TA OTTOIA OI VEAPOI EVAAIKEG EXOUV TTPO-
oBaon o€ Social Media, 61Twg n xprion smartphones
kai tablets kai o1 TpdéTTOI PE TOUG OTTOIOUG Ba pTTO-
poucav va XpnoiyoTroinBouv o€ onUAvTIKOUG TOWEIG
TNG WUXIKAG UYEIag, €iTe wg péada TTANpo@opnong Kal
£€peuvag, €ite otn dnuioupyia Kal THPNON TTPOYPa-
MaTwv TTapépBaong Kal BepaTreiag.

AEgeig kKAe1d1d: loTooehideg Koivwvikig AIKTUW-
ong, Koivwviki Ymroothpién, MNMpoowtrikétnTa,
Kivntpa, KatdBAiyn, Moiétnta AIdSIKTUOKWV
IXEoEWV

TpipeAng ZupBoulAeuTiki EmiTpotri

Nwpyog KAeprdpag, AvarmAnpwtrg Kabnyntig,
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Kyriaki G. Giota

The role of computer-mediated
internet communication
on online social interactions
and interpersonal relationships

Abstract

The rapid development of digital technology
and telecommunications networks has, in the dawn
of the 21st century, permeated every aspect of hu-
man activity. Meanwhile, the rise of Social Media
has radically redefined our lives in such ways that
could only be compared to the introduction of tele-
vision and the telephone. Social Networking Sites
such as Facebook, MySpace and Twitter, are the
latest online communication tools that allow users to
create profiles and networks, access other profiles
and networks and socially interact with other users.
Research shows that Social Networking Sites are
the key areas for self-expression and identity explo-
ration, as well as for offering users the opportunity
to meet their needs for social recognition and social
support, needs that are not always met in a person’s
offline social world.

Even though international literature is rapidly
increasing, the social and psychological impact of
Social Networking Sites regarding social interaction,
communication and mental health appear to be
complicated and not sufficiently investigated. This
doctoral dissertation aims to offer valuable insights
that add to the puzzle of the growing relationship
between man and his technological achievements.
Our goal is to study the use of Social Networking
Sites in Greece as a means of interpersonal
interaction and social support. The content of this
dissertation is divided into four main parts.

In order to examine the human dimension
of these new online communication and social
interaction technologies, the first part focuses on the
theoretical framework created from a large volume
of research from various disciplines, identifies
the basic research issues and presents the study
hypotheses. Emphasis is placed on factors related
to individual differences, such as personality traits
(neuroticism, extraversion, openness to experience,
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agreeableness, conscientiousness) and motivations
(interpersonal utility, entertainment, escape, pass
time, convenience) that affect the use of Social
Networking Sites, as well as factors that are related
to mental health issues, such as the existence
of problematic Social Networking Site usage
and depressive symptomatology. Furthermore,
we investigate the quality and strength of online
interpersonal relationships, as measured by the
reported degree of self-disclosure and emotional
intimacy and how these factors affect the attraction
to social support that can be received through online
interactions.

The second part of the dissertation describes
the research methodology used to conduct this
investigation and outlines the profile of our sample. In
summary, the method of convenience sampling was
utilised to create our sample by collecting individuals
who volunteered and were available to participate in
this research. The self-report questionnaires used
to collect primary data were translated, adapted
into the Greek language and revised through back-
translations. They consisted of multiple choice
questions, 5point Likert-type and 7point Likert
scales, as well as «True/ False» answers that take
approximately 40 minutes to complete. The sample
consisted of five hundred (500) young adults, who
used one or multiple Social Networking Sites, 45.6%
male and 54.4% female, between the ages of 18
and 34 (M=24.5, SD= 4.57). The vast majority of the
respondents (97.4%) chose Facebook as the website
that they used more frequently, while almost half of
them were using multiple Social Networking Sites
with Twitter being the second in line of preference
(20%). An interesting finding was that although the
majority of users (87.4%) stated that they had, on
average, more than 300 people as online «friendsy,
they chose to interact with no more that ten (M=9.9,
SD=4.16) on a daily basis. Finally, a large percentage
of participants (72.2%) stated that the use of a Social
Networking Site did not significantly change their
social relationships with other people, however, that
was not the case for 2.6% of the sample stating that
their social relationships offline decreased.

In the third part, we display the statistical
analyses of collected data and the research results.
Even though the measures used in this research
have not been studied in the Greek population,
the results of their factorial structure based on our
sample were satisfactory and similar to those of their
manufacturers. The study’s findings showed that
there are statistically significant relationships among
personality traits, motivation, online relationship
quality, attraction to online social support, depressive
symptomatology and problematic Social Networking
Site usage. It is important to highlight that despite
previous research findings, there were no
statistically significant differences between men and
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women with regards to depressive symptomatology.
Regarding problematic use, participants from rural
areas exhibited significantly higher scores than
those of urban residents, as well as male students
compared to the other groups of our sample. The
presence of depressive symptoms was a strong
predictor of self-disclosure in Social Networking
Sites, while the existence of problematic usage
was a predictor of emotional intimacy. Men were
attracted to seeking social support online more
than women. Furthermore, applying the multivariate
technique of Structural Equation Modelling, we tried
to simultaneously examine all the dependent linear
relationships between the dimensions of research
variables with regards to attraction to online social
support. Results indicated that the personality
factors of neuroticism, extraversion, openness to
experience and agreeableness, together with the
motives of entertainment, escape, pass time and
convenience can predict the degree of self-disclosure
and emotional intimacy, while the existence of
depressive symptomatology as a mediating factor
enhances attraction to online social support found in
Social Networking Sites.

In the fourth and last part of the dissertation,
we discuss the results and restrictions, and make
recommendations for future research. To sum up,
the results of the present study were limited by
the self-report questionnaires and the correlational
nature of the results that did not allow “cause
and effect” conclusions. Furthermore, another
limitation was the convenience sample used in this
study that was not representative of the general
population of young adults in Greece and therefore
the results should be interpreted with caution. In
spite of the above limitations, the results of the
present study have some important implications for
future research. We discuss updating the Code of
Ethics, together with the importance of educating
psychologists and counsellors regarding new
communication technologies and social media.
Future research should focus on the fact that
Social Media have become a venue for people to
disclose online depressive feelings and announce
possible suicide attempts. It could be interesting
to study whether Social Networking Sites can
empower existing support networks and create
new alternative opportunities to seek help for e.g.
people with disabilities or long-term unemployed.
Experimental methods could further explore the way
that young people use Social Media technology and
whether the mediums they use (e.g. smartphones
and tablets with mobile applications) can be adapted
into psychological interventions and research,
particularly in important areas of mental health, such
as anxiety, depression and suicide prevention.
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Department of Special Education, University of
Thessaly, Volos, Greece.

. Nwra, K. I, & KAegptdpag, I. (2015, Mdiog). Koi-
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Giota, K. G., & Kleftaras, G. (2013, July). Face-
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Emkoivwvia¢ uéow Aiadiktoou, ue 1 Xpnon
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Giota, K. G. (2011, April). Social Networking
and Disability: Empowerment and Social
Exclusion. Paper presented at 2nd Pan-Hellenic
Interdisciplinary Conference: «E-LIFE 2011» of
the Hellenic Association for the Study of Internet
Addiction Disorder, Thessaloniki, Greece.

Nwra, K. . (2009, NoéuBpiog). lotooeAides Kol-
VWVIKNS AIKTOWONS Kal AIQTTPOOWTTIKEG 2XETEIS.
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Zovtopo Bioypa@ikd

H Kupiokn I. MNwra ommoudace Yuxoloyia oo
ApioToTéAelo MaveTioTApio @eaoalovikng Kal oAo-
KAAPWOE TO TTPOYPAMUMA PETATITUXIOKAG €10iKEUONG
(M.Sc.) otn ZupPoulAeuTiki Kal OgparreuTiky ETi-
koivwvia oto lMavemotiuio Ulster Tng M. Bpetavi-
ag. Eivar AidakTopag tou Maidaywyikou TUARUATOg
Eidikn¢ Aywyng oto lMavemotipio Oecoaliag Kai
€xel AaBel uttoTpo®ia yia Tnv €peuva Tng OTTO TO
TTPOYPAUMA BIOAKTOPIKWY UTTOTPOPIWY «HPAKAEITOG
lI». H didakTopikr) NG diatpiBA pe TiTAo: «O POAog
TG Emikoivwviog péow AladikTuou, pe Tn Xprion
YTmroAoyioTr], otn Aladikacia KoivwvikiAg AANAETTI-
dpaong kai AVATITUENG AIQTTPOCWTTIKWY ZXECEWV»
€0TIAZETAI OTNV AVOPWTTIVN CUUTTEPIPOPA Ot dIadl-
KTUOGKG TTEPIBAAAOVTA, PE €UPACN KUPIwWG OTIG KOI-
VWVIKEG OAANAETTIOPACEIG KAl OTIG SIATTPOCWTTIKEG
oxéoelg o€ loTooehideg KolvwvikAg AIKTUWoNG OTTwG
10 Facebook.

‘Exel epyaotei wg Wuxohdyog otn Mn-KuBep-
vnTik Opydvwon Apoig — Koivwvikry Opydvwaon
YmooTtApiEng NEwv, TTapEéXOVTaS OUUBOUAEUTIKN
UTTOOTHPIEN O€ dToPa aTrd eUTTABEIG KOIVWVIKA Opd-
0e¢ Kal ouppeTeixe oe Eupwtrdikd TTpoypduuata
avTaAAayng KaAwv TTPakTIKWYV (Socrates/ Grundtvig)
Me BépaTta aA@aBnTIopoU, avaTITuENG KOIVWVIKWV
OeCloTTWY  Kal €TTaAVEVTALNG QUAOKIOPEVWY. Me
O16aKTIKA euTTeIpia o€ Anpooia |LE.K. kal otn Zxo-
A Movipwyv Ymagiwpatikwy (Z.M.Y.), amé 1o 2009
dpaCTNPIOTTOIEITAI WG EKTTAIBEUTPIA OTIG ZXOAEG [O-
véwv Tou IdpUpaTtog NeoAaiag kai Aia Biou M&bnong
(LLNE.ALBI.M.).

‘Exel ouppetdoxel oe peydho apiBud ouvedpi-
wv oTnv EAAGSa kal 0TO €EWTEPIKO, PE TTPWTOTUTTEG
QVAKOIVWOEIG, Ol OTTOIEG £X0UV dNUOCIEUBEl Og EAAN-
VIKG ka1 81€0VA TTPpaKTIKA ouvedpiwv. ETITTAéoV, €Xel
dnuooicloel éva Ke@dahaio oto {evoyAwaooo BIBAio
«Perspectives on Social Media: A Yearbook» Tou ek-
doTiIkoU oikou Routledge kai Tpia dpBpa o€ digbvr) 1TI-
oTNUoVIKA TTEPIOdIKA pe KpITES (International Journal
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of Human Computer Interaction, Cyberpsychology:
Journal of Psychosocial Research on Cyberspace,
& E-Health Telecommunication Systems and
Networks).

Ta egpeuvnTIKA TNG €VOIAPEPOVTA ETTIKEVTPWVO-
vTal o€ Bépata OTTwg N KataBAiyn, n avalnitnon Koi-
VWVIKNAG uTtooTAPIENG o€ Social Media kai loTooeAi-
0e¢ Kovwvikig AIKTUwaoNG, KaBwg Kal n xprion Twv
mobile apps oTnv WuxIKA uyeia, TN CUPBOUAEUTIKN
Kal TNV yuyoBeparreia.

Short CV

Kyriaki G. Giota studied Psychology at the
Aristotle University of Thessaloniki and has a
Master's Degree in Counselling and Therapeutic
communication from Ulster University, U.K. She
completed her doctorate in the Department of
Special Education at the University of Thessaly,
Greece and her research was funded by the Ph.D
scholarship programme “Heraclitus 1I”. Her doctoral
dissertation is titled: “The role of computer-mediated
internet communication on online social interactions
and interpersonal relationships” and focuses on
social interactions and interpersonal relationships in
Social Networking Sites, such as Facebook.

She has worked as a Psychologist for the Non-
Governmental Organization Arsis — Association for
the Social Support of Youth, counselling individuals
from vulnerable social groups and participating
in European Partnership Programmes (Socrates/
Grundtvig) on Literacy and Life Skills in Prison, as
well as Resettlement Issues for inmates. She has
teaching experience in public Institutes of Vocational
Training (DIEK) and in the Non-Commissioned
Officer Army Academy (SMY). Since 2009, she has
been working as an animator/ coach in the Parent
Education Groups of the Youth and Lifelong Learning
Foundation (INEDIVIM).

She has participated in a large number of
Greek and international conferences with oral
presentations that have been published in Greek
and international conference proceedings. She is the
co-author of a chapter in a book titled «Perspectives
on Social Media: A Yearbook» published by
Routledge. Furthermore, her three articles have
been published in international scientific peer-
reviewed Journals (International Journal of Human
Computer Interaction, Cyberpsychology: Journal of
Psychosocial Research on Cyberspace, & E-Health
Telecommunication Systems and Networks).

Her research interests revolve around
depression, seeking social support in Social
Networking Sites, as well as the use of mobile apps
in mental health, counselling, and psychotherapy.
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Apiotéa PUooca

ZUYKPITIKA agloAéynon
OTPATNYIKWV-TTPAKTIKWV
yla TNV Tpowolnon
TWV EKTTAIOEUTIKWYV KOI KOIVWVIKWYV
digpyaciwy évragng aidiwv
ME €101KEG EKTTAIOEUTIKEG
AVAYKEG OTO YEVIKO VNTTIAYWYEIO:
‘Epeuva trediou

MepiAnyn

H kpioétnTa TWV TPWTWV XPOvwy oTn {wn
KGBe Traidiou yia Tnv wlnaon TG oAdTTAEUpnG ava-
TTUEAG Tou, N TTPOANYN yia TO CTiyua Kai TNV Kol-
VWVIKA aTréppIyn Kal n TTpoaywyr g evepyou Kal
OUVEXOUG OCUMUETOXNG EVTOG KAl EKTOG TWV TOiXWV
TOU OXOAgiou ouvnyopoUv UTTEP TNG avaykaidTNTAG
NG TMPOOXOAIKAG évtagns (Guralnick, 2001+ Meisels
& Shonkoff, 2000+ Odom, 2000« WHO & UNICEF,
2012). Atrapaitntn mpoUtéBeon yia Tnv £viagn Twv
TTaAIBIWV PE €IBIKEG EKTTAIOEUTIKEG AVAYKEG KAl AVA-
mnpia (EEA/A) padi ge Toug cuvounAikoug Toug Me
TUTTIKA avAaTTTUEN atroTeAei o oxedlaopdg Kal n pap-
poyrl UWNARG TToIOTNTAG TTPOYPANKATWY PPOVTIOAG
Kal ektraideuong. AutouU Tou €idoug Ta TTpoypdupaTa
Ba TpéTTEl va gival IKava va TTPoAyouUV T GUPUETOXN
oTnVv opdda, TIG KOIVWVIKEG AAANAETIOPACEIG, TIG @I-
Aigg, TNV avatTugn kai Tn udenaon yia 6Aa ta Taidid
(DEC & NAEYC, 2009).

Map’ 6Aa autd, péxpl Kal oRuEPa, OEv UTTAPXEI
€va KOIVA atrodeKTO €VVOIOAOYIKO TTAQICIO OXETIKA
pe TO Ti TTEpIAaPBAvEl 0 GPOG «TTOIOTNTAY OTNV TTPO-
oxoAikn évragn. H Soukakou rtav améd Toug TTpw-
TOUG EPEUVNTEG TTOU PEAETNOE TN dOWN TOU OpOU au-
TOU, HEOW Miag dopnuévng KAIUaKag TTapaTipnong
(Inclusive Classroom Profile [ICP], Soucacou, 2007+
Soukakou, 2012). H utré8eon Tng ATav 611 n doun TNG
TToIOTNTAG €ival PYOVOBIAOTATN KOl OTTOTEAEITAI ATTO
11 aAANAOOXETICOPEVEG TTPOKTIKEG TTOU TTPOWBoUV
TNV évragn oe eTmiredo TagNG. AuTéG givar ol €€AG: (1)
MpoocapuUOyEG TOU XWPOU Kal Tou UAIKOU/eEOTTAIGOU
(2) EprAoKA Twv evnAikwy OTIG AAANAETIOPGOEIG JE-
Taf0 ouvopnAikwv (3) KaBodriynon tou Traixvidiou
TwV TTAIdIWV aTTO TOUG EVAAIKEG (EAEUBEPO TTaIXVIDI)
(4) EttiAuon ouykpouoewv (5) ZuppeToxr wg HEAOG
TNG OpABAG-TAENG (6) KOoIVWVIKEG Kal ETTIKOIVWVIAKES
aAnAemdpdoeig evhAika-Traidiou (7) YTooTApIgn
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TNG KOIVWVIKNG €TTIKoIVwviag (8) MNpocapuoyEég Twv
opadikwy dpacTnpioTATwyY (9) MeTafdoeig PeTagu
Twv dpaocTtnpiotriTwy (10) Avatpogoddtnon kai (11)
2xe0I00POG KAl TTAPAKOAOUBNON TWV EEATOMIKEUE-
VWV aVAYKWV KAl OTOXWYV TwV TTAIBIWV.

21V EAANGSa dpwg, TTapaTnpeital EAAeIyn €TTion-
Mwv edOUEVWV KAl EPEUVNTIKWYV TTOPIOUATWY OXETI-
K& PE TNV TTOIOTNTA TWV EUTTEIPILOV TTOU BILLVOUV T
Traidid ue EEA/A 6tav @oitolv g€ YeVIKA TTPOCXOAI-
K& TTpoypdupaTta. MNa 1o Adyo autd, N XpAOoN HEIKTWY
EPEUVNTIKWVY PEBBDWYV TTPOKPIVETAI WG avaykaia yia
Tn dlgpelivnaon Tou UTTO €EETACN PAIVOUEVOU. ZKOTTOG
TNG £PEUVAG QUTHG ATV, JECW TWV UEIKTWYV HEBOOWY,
N GUYKPITIKA agloAdynaon Twv CTPATNYIKWV-TTPOKTIKWY
TTOU XPNOIKOTIOIOUV OI VNTTIAYWYOI YEVIKNG Kal €18IKNAG
EKTTAIOEUONG VIO VO TTPOWBRCOoUV TNV £vTagn Traidiwyv
pe EEA/A o€ Tégeig yevikou vnmiaywyeiou. EidikéTePQ,
UI0BETABNKE O OUYXPOVIKOG oxedIaouOg (concurrent
design), 6TTOU TO TTOCOTIKA KAl TO TTOIOTIKG dedopEvVa
TNG £peuvag CUAAEXBNKav (oxedGV) TauTdxpova.

H 1ToooTIKr TTpOoEyyion XPNOIUOTTIOINONKE OTO-
Xeuovtag oTn digpelivnon Twv akOGAouBwv epeuvnTi-
KWV epwtnudTtwyv: (1) Ze 1010 BaBud 01 TTPAKTIKEG
TToU €@apudélouv o1 vnTTIaywyoi uttooTnpilouv TV
TTPOCRACN Kal TN CUPUETOXN Twv TTaidiwv ue EEA/A
OTIG POUTIVEG Kall OTIG OpACTNPIOTNTES TNG YEVIKNG TA-
&ng; (2) MNwg pokUTTEl N dour TNG TTOIGTNTAG TWV
EVTOEIOKWY TTPAKTIKWY OTO €AANVIKO EKTTAIBEUTIKO
ovuoTnua; Mapartnpeital oUyKAION Pe TO BewpnTIKO
povTédo TnG Soukakou; (3) Moia gival n oxéon Tou
TIPOPIA TOU eKTTaIdEUTIKOU TTAQICiou (dnAadn, po-
vTéAo €18IKAG uTTooTAPIENG, PEYEBOG opdadag-Tagng,
apIBUOG TTAIBIWY PE AVATTNPIES) KAI TWV VNTTIAY WY WY
(OnAadn, xpovia dIBAKTIKAG EUTTEIPIAG KAl ETTAYYEA-
MaTIKA KOTAPTION OTNV EI0IKA €KTTAiIdEUON) PE TNV
TTOIOTNTA TWV TTPAKTIKWY €vTagng; Ao Tnv GAAN
TIAEUPA, N TTOIOTIKI) TTPOCEYYION XPNOIUOTIOINONKE UE
OTOXO va HEAETNBOUV oI ATTOYEIS TWV VNTTIAYWYWY
YEVIKAG Kal €I8IKAG eKTTAidEUONG yia {nTAMATA TTOU
oxeTiovtal pe Tn dladikagia eQAapUOyAg TNG TTPO-
OXOAIKNG €vTaENG, TTPOKEINEVOU TO TTOIOTIKO UAIKO va
ETMPREPAIVOEI, VO CUUTTANPWOEI KAl VO ETTEKTEIVEI TA
TTOOOTIK& aTToTEAETUATA.

H épeuva d1e€nxOn oe 52 1G&EIC yeviKwy dnudOoI-
WV vNTmaywyeiwv yia Taidid nAIKiag TEOadpwy PEXP!
€€ Xpovwyv, OTIG OTToiEG @OITOUCE €va TOUAAYIOTOV
Traidi pe dlayvwaopéveg EEA/A. O1 Ta&eig Tou deiyua-
TOG €MAEXONKaV Ye TN HEBOBO TNG TUXAIaG dEIYUATO-
Anyiag ammd 19 AieuBuvoeig kai 'pageia MpwTtoRda6-
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piog Ekmaideuong otn Bopeia, AuTikn kar Kevipikn
EANGOa Kal ATaV avTITTIPOOWTTEUTIKEG OAWV TwV [Oo-
VTEAWV €IBIKAG OYWYAG TTOU TTapéxovTal o€ TTaIdId Je
EEA/A 010 €AANVIKO YEVIKO EKTTAIOEUTIKO GUCTNUA.
210 42.3% (v= 22) Aeitoupyouoe TuAua évraéng, oTo
32.7% (v=17) mpoo@épovTav TTapdAANAn oThpPIEN Kai
010 25% (v=13) Twv povadwyv, Ta TTaidid ye EEA/A
BpiokovTav oTn YEVIKN TagN Xwpig va AapBdvouy eTTi-
TPOOBETN OTAPIEN aTTO VNTTIAYWYO EIBIKAG EKTTAIOEU-
ong. 210 0UVOAO TWV TAgewv, utrhpxav 93 TTaidid pe
EEA/A, pe péoo 6po nAikiag 72.68 pnveg (T.A.=9.81).
H emkpaTouoa diayvwaTIK Katnyopia yia Ta Taidid
pe EEA/ARTav o auTiopdg (v=38, 40.9%) Kal akoAou-
Bouoav n avatrTuéiakn kabuoTépnon (v=26, 27.9%),
n vonTikn kaBuoTtépnon (v=15, 16.1%), Ta veupoloyi-
K& TrpoBAnuaTa (v=13, 14%) kai Ta TTpoBApaTa ako-
ng (v=1, 1.1%). Emiong, otnv épeuva éAafav pEPog
ol 96 vnmaywyoi yevikng (v=58, 60.4%) kai €I10IKAG
(v=38, 36.9%) ektraidsuong Trou epyddlovrav oTIG TA-
&e1g Tou deiypaTtog. O1 TTEPIcTETEPOI VNTTIAYWYOI YEVI-
KNG eKTTaideuong ixav HeTagU £€1-0éka (v=19, 32.8%)
Kal TreploadTepa atro 20 Xpdvia SIBAKTIKNG EUTTEIPIOG
(v=17, 29.3%), evw n TTAEIOYN@ia TwV CUVOBEAPWV
TOUG €IBIKAG EKTTAIBEUONG gixav AiydTepa aTTd TTEVTE
Xpovia dIdaKTIKAG euTTeipiag (v=30, 78.9%). ATTd Toug
38 vnaywyoug €I8IKAG EKTTAIOEUCNG, N CUVTPITITIKH
Toug TTAcloyneia (v=34, 89.5%) cixe oAokAnpwaotel,
€KTOG TWV OTTOUBWY TOUG OTN YEVIKI| TIPOOXOAIKI| €K-
Traideuon, 2-€1A 1 400-wpwv KATAPTION KAl JETATTTU-
XI0KO TTpoypappa e€e1dikeuong atnv €10IKr aywyn.
ATTO TNV opdda de TwV VNTTIAYWYWVY YEVIKAG EKTTA-
deuong, povo 11 (19%) eixav Adper kaTToIa aveTTion-
M EVOOETTOYYEAUATIKA EKTTAIOEUCN VIO TNV UTTOOTAPI-
&n madiwv pe EEA/A.

Ta TTO00TIKG Oedopéva TTOU CUYKEVTPWONKaAv
pe Tnv KAigaka ICP degixvouv 6T n Tro10TNTa, OTTWG
utrooThpIEE Kal N Soukakou, dopeital wg pia povodi-
aotaTtn évvola. QaTéc0o, TNV EAANVIKN £€pEuva dIaTTI-
OTWONKE OTI N TTPAKTIKA « XEBIACUOS KAl TTAPOAKOAOU-
Bnon Twv EATOUIKEUPEVWV QVAYKWY KAl OTOXWV TWV
TTaIdIWV» €§aIPEBNKE aTTO TNV TTAPAYOVTIKI) OOUN TNG
mo10TNTaG. O AdYog £yKeiTal oTo OTI O1 TTEPICTOTEPOI
vnmmaywyoi (v=50, 96.2%) xpnoigotroiolcav OKo-
TAAANANG TTOIOTNTOG TTPAKTIKEG OO0V aYopd (a) Tov
OXe0IAOUO Kal TNV EVOWMPATWON Tou EEaTopikeuué-
vou EktmaideuTikoU MpoypduuaTtog Twv TTadiwy OTIG
KaBnuePIVEG dpaaTnPIOTNTEG TNG TAENG (B) ToV éAey-
X0 TNG TTpoddou Twv TTaidiwy pe EEA/A kai (y) Tn ou-
VEPYOQOia PE TOUG YOVEIG (1) KNOEUOVES) TwV TTaIdILV
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pe EEA/A. EmmAéov, BpéBnke OTI n TTOIOTNTA OTIG
TéEelg ToU OeiyuaTog Kupaivotav atrd akatdAAnAn
€WG PETPIA, HE TIG VNTTIOYWYOoUG va £Qapuolouv
TIPOKTIKEG TTOU €vBAppuvav POVO E€wg €va HIKPO
BaBud Tnv TpéaRacn KAl TN GUPMPETOXT TWV TTAIOIWV
pe EEA/AGTIC OpaaTnpIdTNTES TNG YEVIKAG TAENG. ATTO
TIG avaAUuoelg dIaToTWONKE akoun, 6Tl n TToIdTNTA
TWV «EVTOZIOKWVY TTPAKTIKWV OeV ETTNPEACETAI ATTO
TO PHOVTEAO €IBIKAG OTHPIENG, TO PEYEBOG TNG opddag/
Té¢NG, Tov aplBud Twv TTAIBILV PE avATTNPIESG, Ta
XpPovia OISAKTIKNG EYTTEIPIAG TWV  EKTTAIBEUTIKWIV
KAl TV ETTAYYEAPOATIKA TOUG KATAPTION OTNV €10IKN
ekTraideuon. Or nuUI-OOUNUEVEG CUVEVTEUEEIG TTOU
TTPAYMATOTTOINGNKAV PE TIG VNTTIAYWYOUG YEVIKAG KAl
€I0IKNG eKTTaiIdEUONG QaiveTal va SIKaloAoyoUuv Tov
EVTOTTIONS TNG TTOAU XOUNAAG TTOIOTNTOG TTPOAKTIKWV
OTIG OUMMETEXOUOEG TAEEIS. EIBIKOTEPQ, N TTOIOTIKA
avaAuon avédeite OTI ol vnImaywyoi uloBeTouoav
QTOUIKEG TTPOCEYYIOEIG aTTévavTl TNV avaTtnpia,
Bewpwivtag, KT €TTEKTACT, OTI N £vTagn agopd Tnv
agopoiwon Twv TTaidiwv pe EEA/A oTig ouvbrikeg
NG TAENG. AKOUN PBpEBnke OTI, evw o1 vNTTIAYwYoi
avagépoviav 0e pia o€lpd Ao OTPOTNYIKEG-
TIPOKTIKEG TTOU pappolav yia va UTTooTnpifouv TNV
eUTTAOKN Twv TTaIdIWV Pe EEA/A oto Trpdypauua
KOl OTIG OpaaTnpPIOTNTEG, €VIOUTOIS QUTEG NATAV
QAVATTOTEAEOUATIKEG (17X UTTEPOTTAOUCTEUC
OUYKEKPIPEVWV OTOIXEIWV TwV dpacTnPIoTATWY). Ev
KATOKAEIDI, autd Ta atmmoteAdéopara Ba oulntnBouv
WG TTPOG TH CUVEICQPOPA TOUG OTNV ETTAYYEAUATIKA
avdaTTuén Twv vNIMaywywv yia Tnv Trpowbnon
TTEPIOTOTEPO EVTALIAKWY TTEPIBAANOVTWY padnong.

AEgeig kKA&1B14: evradlokn ekaideuon, ToI6TNTA,
TTPOCXOAIKA TTpoypdppaTa, EAAGSa

TpipeAng ZupBoulAeuTiki EmTiTpoTA

AvaoTacia BAdyxou, AvatrAnpwtpia KaBnyntpia,
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TuAua Eidikng Aywyng, Mavemaothuio ©gooaliag,
BoAog (emiBAémouoa)
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Avarrtugn, Maidaywyikd TuRua Nntmaywywyv, Mave-
moTAuIo AuTikig Makedoviag, PAwpiva
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Comparative assessment
of strategies-practices to promote
educational and social processes
in the general preschool
for children with special
education needs:
Field research

Abstract

The critical importance of early years in every
child’s life for boosting his or her overall development,
the prevention of stigma and social rejection and the
promotion of active child’s participation within and
without the school’s walls in combination, provide
the rationale towards the movement of preschool
inclusion (Guralnick, 2001; Meisels & Shonkoff,
2000; Odom, 2000; World Health Organization
[WHO] & United Nations International Children’s
Emergency Fund [UNICEF], 2012). In order to
ensure positive inclusive experiences for children
with disabilities alongside their peers who have
more typical developmental patterns, the general
early care and educational programs should be
designed and implemented with the aim to offer high
quality provision, resulting in ‘a sense of belonging
and membership, positive social relationships,
friendships, development and learning to reach their
full potential.” (Division of Early Childhood [DEC]
& National Association for the Education of Young
Children, 2009, p. 2).

Until now, there is no unified theory in relation to
what constitutes ‘high quality pre-school inclusion’.
Soukakou is one of the researchers who initially
studied the construct of quality in inclusive preschool
classrooms through the development of a structured
observation rating scale (Inclusive Classroom Pro-
file [ICP]; Soucacou, 2007; Soukakou, 2012). She
argued that the construct is unidimensional and
consists of 11 distinct, but interconnected practic-
es that encourage inclusion at a classroom level.
These are: (1) Adaptations of space and materials/
equipment (2) Adult involvement in peer interactions
(3) Adult’s guidance of children’s play (free-play) (4)
Conflict resolution (5) Membership (6) Adult-child
social communicative interactions (7) Support for so-
cial communication (8) Adaptation of group activities
(9) Transitions between activities (10) Feedback and
(11) Planning and monitoring of children’s individual
needs and goals.
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In Greece, however, there is a lack of official
data and research initiatives in relation to how
inclusion is experienced by children with disabilities
in general preschool settings. In order to acquire
a more spherical view of the research project, a
mixed methods research design was applied. More
specifically, the purpose of the present study was
to comparatively assess through mixed methods
the strategies-practices that general and special
education teachers use to support the inclusion of
children with disabilities in general preschool settings,
applying different models of special education
provision. A concurrent design was applied, where
the quantitative and qualitative data were collected
simultaneously.

The quantitative approach was used with the
aim to address the following research questions: (1)
To what extent the practices that the participating
Greek preschool teachers use support access and
participation in classroom routines and activities
for children with disabilities? (2) How the latent
construct of preschool inclusion quality is identified
in the Greek sample? Does this outcome converge
with the theoretical model of Soukakou? (3) Is there
a relationship between the quality of those practices
and context (i.e., model of special education
provision, group-class size, number of children
with disabilities) and teacher (i.e., years of teaching
experience and professional training in special
education) profiles? In addition, the qualitative
approach was used with the aim to explore general
and special education teachers’ views about
the implementation of preschool inclusion in an
attempt to corroborate, supplement and expand the
quantitative results.

This study was conducted in 52 general preschool
settings run by the state for children between four
and six years of age and which had at least one
child on their register with identified disabilities. The
investigator used a random sampling technique to
select regular preschool settings that derived from
19 LEAs located in Northern, Western and Central
parts of Greece. The settings were representative of
the various models for providing special education
support to children with disabilities within the general
school context in Greece: pull-out programme (nh=22;
42.3%); in-class support (n=17; 32.7%); and no
additional provision (n=13; 25%). Across the sample,
there were 93 children with disabilities, with a mean
age 72.68 months (SD=9.81). Among the group,
the most prevalent diagnostic category was that of
autistic spectrum disorder (n=38; 40.9%) followed
by developmental delay (n=26; 28%), intellectual
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disability (n=15; 16.1%), neurological problems
(n=13; 14%) and hearing impairment (n=1; 1.1%).
Also, 96 teachers who worked in the participating
classrooms were also the participants of this study;
58 (60.4%) were general teachers and 38 (39.6%)
were special teachers. Among the regular preschool
teachers, most participants fell in the groups of six-
ten (n=19; 32.8%) and more than 20 years (n=17;
29.3%) of teaching experience. In contrast, the
majority of their special education colleagues (n=30;
79%) had between one month and five years of
teaching experience in special education. Of the 38
special education teachers, the vast majority (n=36;
94.7%), in addition to the bachelor degree in general
preschool education, had completed substantial
training or masters programs in special education.
Of the 58 regular education teachers only 11 had
received at least some informal training in supporting
pupils with disabilities.

The quantitative data, as collected through the
ICP, showed that the structure of the preschool
inclusion quality was in accordance to Soukakou’s
theoretical model as regards to its unidimensional
nature. However, in the Greek study, the practice
‘Planning and monitoring of children’s individual
needs and goals’ was discarded from the factor
structure of the ICP because the way this item was
rated indicates that in the vast majority of cases
(n=50, 96.2%) teachers employed practices of
inadequate quality to plan for and implement the
goals of children with disabilities in daily activities
and to monitor their progress in collaboration with
parents. Additionally, it was found that quality
ranged from low to minimal, with the teachers more
frequently implementing practices that only partially
promoted access and participation in daily activities
and routines for children with disabilities. Correlation
and/or comparison analyses revealed that the quality
of programming was not influenced by the model of
special education provision, the group/class size,
the number of children with disabilities, the training
teachers had in special education or their teaching
experience. The qualitative data that were derived
from semi-structured interviews with the general and
special education teachers provide a justification for
the occurrence of poor levels of quality. The analysis
revealed that teachers adopted an individualist
approach to disability assuming the disabled
children’s ability to assimilate to the demands of
a largely unchanged classroom environment as
the main determinant of their inclusion. Also, it
was found that while teachers identified a range
of strategies that they deployed for promoting
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children’s involvement in classroom activities, these
were ineffective (e.g., oversimplification of specific
aspects of activities).The results will be discussed
in relation to their contribution for professional
development for preschool teachers to promote
more inclusive learning environments.

Key words: inclusive education,
preschool programs, Greece

quality,
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2xoAN—TlavemmaTnuiouTroAn Zwypdgou, ABR-
va.

Vlachou, A., & Fyssa, A. (2008). Educational
practices to promote the social inclusion
of children with disabilities in the general
kindergarten. Paper presented at 6th
Panhellenic Conference of the Hellenic
Educational Society ‘Hellenic Pedagogy &
Educational Research’. Central Building of the
University of Athens, School of Philosophy-
University Campus in Zografou, Athens,
Greece.
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ZUvTouO Bloypa@Iiko

H Apiotéa PUooca yevviibnke oto BoAo 1O
1983. Amrogoitnoe atrd 1o MNadaywyikd Tunua Eidi-
KAS Aywyng (MTEA) Tou MavemoTtnuiou @ecoaliag
10 2005. 210 TTAQICIO TWV TTPOTITUXIAKWY TNG OTTOU-
dWV, CUYHETEIXE O€ TTPOYPAUUA avTaAAayAg @oITn-
Twv oTo University of Wisconsin-Oshkosh, College
of Education and Human Services ka1 TTapegixe utmn-
peoieg otAPIENG TTaAIBIWY PE TTPORANMOTA AKOAG Kal
TWV OIKOYEVEIWV TOUG, OTO TTAQICI0 £vOG £BEAOVTIKOU
TTpoypPAuuaTog. To akadnuaikd £€1og 2006-2007, T1a-
pakoAouBnoe 10 Metatrtuyiakd Mpdypauua ZTTou-
dwv ‘Special Education (Inclusion and Disability
Studies) TouUCL Institute of Education. lNa d0o
OXOAIK& €T, Bidage wg avamAnpwTpla €10IK TTaIda-
YWYOG g€ dOPEG TTAPOXNAS €I0IKAG UTTOOTAPIENS Yia
TTAIOIA PE EIDIKEG EKTTAIDOEUTIKEG AVAYKEG OTO YEVIKO
vnTmaywyeio (Tunpa évragng kai TTapaAAnAng otrpi-
&ng) otnv Kolavn kai otn MaAeaiva, avtioToixa.

Ta gpeuvnTIKA TNG €vOIAPEPOVTA AQPOPOUV TNV
EVTALIAKN) EKTTAIOEUAN, TA TIPOTXOAIKA TTPOYPAN AT
KAl TNV TTOI0TNTA TNG TTAPEXOPEVNG EKTTAIOEUONG VIO
TTaIdIAd PE €I0IKEG EKTTAIOEUTIKEG AVAYKEG R/Kal ava-
npia.
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ABavaoiog Mrétag

«KatrvoBiopnxavia Marodyyog
ev BoAw, 1918-1972».
Epyacia kai emiBiwon oto BoAo

MepiAnyn

O o016X0G TNG OUYKEKPIMEVNG HEAETNG eival
va avadeigel kar va dlgpeuvioel Tn didoTOON
TNG €pyaciag oTo TAQiCIO  pIOG  BIOPNXAVIKAG
eTmxeipnong. To BApOg TNG £pEuvag ETTIKEVTPWONKE
OTO XWPEO TNG €PYOTiag Kal OToug BaCIKoUG POPEig
™G, ®NAadN OTOUG EPYATEG KAl OTIG EPYATPIES, UETT
aTTé TN HEAETN TOU apxeiou TNG KatTvoRiopnyaviag. H
katvoBiounxavia Matodyyou, 61Twg Kai n TTéAn Tou
BoAou, ammotéAecav 1o KaATGAANAO TTAQicI0 KaBwg
€TTIONG KAl £va TTAPAdEIYUA yIa TNV TTPOCEYYION KAl Th
MEAETN BlapOpWY OYWEWYV TNG I0TOPIAG TWV EPYATIKWV
OTPWHATWY oTnv EAAGDO KaTA Tn HETOTTOAEMIKN
mePiodo. ZNTAMATA TTOU  a@opoUv Ta  €PYATIKA
OTPWHATA OuveXifouv va aTragyxoAouv Kal  va
TTPOKOAOUV TNV I0TOPIKN £PEUVA, EVW TO EVOIQPEPOV
TpooavaToAileTal o€ véa Tedia TTou  €AGXIOTA
€XOUV OTTAOXOAACEl HEXPI OAUEPA TNV €AANVIKA
IoToploypa®ia. [0 CUYKEKPIPEVD, UEAETWVTAG TO
apxeio piag Blounxavikng eTixeipnong n 10TopIKA
£PEUVA EIXE TNV EUKAIPIA VA EVTOTTIOEI, VA TTEPIYPAYEI
Kal va €Enynoel Tov KOO0 TnNG €pyaaiag, BETovrag
Mia O€Ipd EPWTNUATWY: TI EPYOCIEG yivovTav, HE
010 TPOTTO Kl a1rd TT0I0UG. oIl TTapAyovTEG Kal
ME TTOI0 TPOTTO PUBMICaV TIG EPYAOCIOKEG OXEOEIG
OTO XWPO TNG TTOPAYWYNAS, TOV KATAUEPIOPO TNG
epyaciag, TG auoIBEG, To KUPOG, aAAG Kal TRV 10XV
Kal TIG Oxéoelg €fouaiag Tou  dIANOPPWVOVTaV
OT0 XWpPo epyaciag; lMwg dIatTAéKeTal EVTEAEI N
Béon otn Oladikacia TNG TOPOYWYAG HE GAAEG
TTAPAPETPOUG; (TT.X. EBVOTIKOI, EUOUAOI, TEXVOAOYIKOG
KaTapepIopog epyaciag K.a.). ‘ETol, 10 YeyaAuTePO
MEPOG TWV KEPaAaiwv TNG dIaTPIRAG ETTIKEVTPWVETAI
g€ auTa akpIBwg Ta epwTtAuaTa. H cuuBoAn véwy,
aveEEPEUVNTWY OPXEIOKWY TINYWV, OTTWG TO apxEio
NG KatvoRiopnyaviag Matodyyou, utrip&e TTOAUTIUN
yia TNV TTPOCEYYION AQUTWY TWV {NTAPATWV.

Me Tnv  umooTApIEn TNG ouvepyaldopevng
€PEUVNTIKAG OpGdag (AnuoTtikd Kévtpo laTopiag Kai
Tekunpiwong, TTPOTTITUXIOKOI QOITNTEG KAl POITATPIES
Tou Tunuatog 1LA.K.A) TTpoxwpnaoe n Tagivounaon Tou
apxeiou Matodyyou. Katomiv, dpxioe n otadlokn
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emmeEepyaoia kal avdAuon Tou PEPOUG EKEIVOU TOu
apxEiou TTOU AVTOTTOKPIVETOI OTOUG OTOXOUG TNG
dI1aTpIBAG, Kal €18IKOTEPA, TwWV OeATIWV UNTPWOU
KOl TWV KOTOOTAOEWV TOU TIPOCWTTIKOU, TWwV
MIOCBOAOYIKWY KATAAOYWV KOl TWV TTPAKTIKWY TOU
BI0IKNTIKOU GUpBoUAiou TNG eTTIXEipNoNG. Ta ev Adyw
TEKUNAPIA OUYKPOTOUV ONOKANPWUEVEG OEIPEG TOU
apyeiou TToU KAAUTITOUV KUupiwg Tnv Trepiodo atrd
T0 1945 uéxpr 10 1972, ¥Xpovid TTOU OTOUATNOE VO
AEITOUPYEI TO EPYOOTATIO.

H €peuva eTeKTAONKE 0€ AGAAEG OPXEIOKES TTNYES
Kal ouloyég. ‘Eyive atmodeAtiwon Tou nuepProiou
TUTTOU TNG TTOANG Tou BoAou Twv dekaeTiwv 1940,
1950 ka1 1960 (e1dIKOTEPQ OI £PnuEPIdEG Osagoaia,
Taxudpduog, Avayévvnon kai Néa EAAGS). 10 ap-
X€io Tou Epyatikot Kévrpou Bolou, ota Mevikd Ap-
x€ia Tou Kpdatoug tou N. Mayvnaoiag, oto apxeio Tou
MpwTtodikeiou BoAou, 0T0 apxeio Tou UTTOBNKOPUAG-
keiou BoAou kal oto apxeio Tou AnpoTikou Kévtpou
loTopiag kai Tekunpiwaong Tou A. BoAou avalntriénke
KOl KOTaypA@pnKe apXeIaKO UAIKO TToU agloTroinenke
yla TIG avdykeg Tng diatpifng. H épeuva, wotdaoo,
Oev TTEPIOPIOTNKE OTO TTAQiCIO TNG TTOANG Tou Bo-
Aou. EtrekTdBnke o€ d1dQOpPOoUS apXEIaKoUG XWPOUG
Kal pouoeia avda Tnv EAAGDQ, Kupiwg o€ TTOAEIG TTOU
UTTAPEaV GNUAVTIKG KATTVOBIOUNXAVIKA KEVTpA. Ava-
AUTIKOTEPQ, TTPaYUATOTTOINONKE £pEuva 0TO EAANVIKO
NoyoTtexvikd kai loTopikd Apxeio (E.A.LLA.) Tng ABR-
vag kal TG ©egcoalovikng, ota Mevikd Apxeia Tou
Kpdtoug Twv vopwv =aveng, KaBdAag kai ATTIKAG,
oTo apxeio TG EBvikAG Tpdrrelag Tng EANGDOG 0TV
ABAva kal ota Mouaegia Katrvou tng KaBaAag kai Tng
=aveng. TéAog, ekTOG EANGDOG, N €peuva €TTEKTABON-
ke o1o Mouaegio Katrvou Tng KwvoTavTivoUuTtroAng Kai
oTo Apxeio Tou AieBvoug Kévtpou Koivwvikng loTo-
piag Tou ApoTepvtay. Kataypd@nke apxeiakd UAIKO
TTOU alOTTOINONKE YIa TIG AVAYKES TNG dIaTPIBAG.

MapdAAnAa, TTPOKEIUEVOU VA  TTPOCEYYIOTOUV
QAVAAUTIKOTEPQA KA TTIO OQAIPIKA O GTOXOI KOl T EpW-
TAMATa TNG dIaTPIRAG, KPIBNKE aTTapaiTnTo Vva atro-
OeATIWOEI NUEPAOIOG TUTTOG Kal TTEPIODIKA UE TTAVEA-
AMvia epBéAcia. ‘ETol, ammodeATIOONKAV Ol EQNUEPIDES
Piloomrdorng (kupiwg Twv dekaeTiwv 1920 kai 1930),
Makedovia (did@opa @UAAA TTOU KOAUTITOUV ThV
Tepiodo Asitoupyiag Tng emxeipnong Matodyyou),
EAeubepia (1947-1967), Zkpir (dekaetia 1910),
EAeubepia (1947-1967). Etiong, atrodeATILwBNKE TO
TePIodikG Kamviky EmBswpnois (dekaetieg 1940,
1950 ka1 1960), kabwg kai didpopa GAAa TTEPIOBIKA
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eAANVOyAwaooa Kai EevoyAwoaoa TTou oUuaxeTiCovTal
ME KATTVIKA KAl EPYATIKA BEuaTa Kal agopoUV Kupiwg
TN OekaeTia Tou 1960. (EvdeikTikG: Tobacco Journal,
The business magazine of the international tobacco
industry, Tobacco, World Tobacco, A Quarterly
magazine for the world tobacco industry, AgAtiov Al-
oIKNnoewgs Emixeipnocwy, Mnviaia Emmiornuovikn Eti-
Bewpnoaig,k.q.)

H diatpiB xwpiletal oe dU0 Pépn: OTO TTPWTO
MEPOG MEAETATAI N TTPWTN UAN TNG alyapofiopnxavi-
ag, o Katvog. MapakoAouBoupe, Tn dlaPdPPWaCN TNG
01eBvoug ayopdg Tou katrvou katd Tov 200 aiwva,
KaBWG Kal TN XWPIKA Kal TV EUTTOPIKN ETTEEEPYATIa
TOU KOTTVOU OTIG «KOTTVOUTTOAEIG» TNG EANGDaG. 2Tn
OUVEXEID TOU TIPWTOU PEPOUG, TTapakoAouBouue
TN XEIPOTTOINTN TTOPAYWYR KATTVIOTIKWY TTPOIOVTWV
Katd 10 190 Kal apxég 200U aiwva, o€ dIEBVEG ETTi-
ed0o Kal oTnV EAAGDQ, TIG GUVETTEIEG KAl QVTIOPATEIG
TTOU ETTEPEPE N EKUNXAVION TOU KAAOOU TnG Olyapo-
TToliag oTIG apX€EG Tou 200uaiwva. To TEAEUTAIO KEPA-
Adio TOu TTPWTOU PEPOUG TTOPAKOAOUBET TN yévvnon
TOoU KAGdOU TNG alyapofiounxaviag d1EBvws Kal oTn
XWPA Pag, amé Tn ouykpdTNon Tou KAAdoU UEXPI TIG
TIPWTEG JETATTOAEUIKEG OEKAETIEG.

To deUTEPO PEPOG TNG DIATPIRAG, TTOU ATTOTEAEI KAl
TO HEYOAUTEPO TUAKA TNG, OTPEPEI TO BAEPPO TNG OTNV
katrvoBiounxavia Martodyyou. Zta Ke@AAaia TTou
akoAouBoUv, PEAETAUE TNV IOTOPIO TNG ETTIXEIPNONG
(TTpoéAeuon Kepahaiwv, oTpaTnyikég dlevuBuvong
TNG €TTIXEIPNONG Kal  TEXVOAOYIKEG €TTEVOUCEIG), TN
QUOIOYVWHIa Tou €pyaTikou OuvauikoUu Tng (Tnv
KATaywyn TwV €pYyaTwy Kal TwV E€PYATPIWY, TNV
NAIKIOKr) ouvBeon, Tn OIdpKeEId TTAPAPOVAG OTnv
gEpyacia kal Tnv EmMOyYEAUOTIKN KIvATIKOTNTA, TN
KXWPOTALIKI» TOTTOBETNON TOU £PYATIKOU BUVOUIKOU
Tou Matodyyou otnv TOAN) Kal TN OlIAUOPPWaN
TNG ayopdg €pyaciag OTO METOTTOAEUIKO BoAo. H
MEAETN ETTEITA €0TIALEI EVTOG TOU XWPOU £pYACiag: n
opyavwon Tng epyaciag, n d1dpbpwon Kai n apoiBn
TNG, Ol TIPAKTIKEG dlaxeipiong kal TTeIBdpxnong
TNG €PYATIKAG OUvaung, Ol HOPYEG  EPYATIKAG
dlapapTupiag kai diekdiknong oto Matodyyo Kabuwg
Kal N «ixvnAatnon» NG Piwpévng euTTEIpiag Twv
EQYATWYV Kal TwV epyaTpiwv Tou Martodyyou eival
Ta ¢nTrpaTta Trou TTpooeyyidovTal OTIG OENIDES TWV
UTTOAOITTWV KEQAAQiwV TOu OEUTEPOU MEPOUG TNG
d1aTPIPAG.

Katd 1n didpkeia TG PEAETNG, EyIVE QAVEPD TTWG
0 XWPOG €pyaaiag evog epyooTaciou eival éva Tre-
dio oTToU TrapaTtnEoulvTal aTrd TN IO PEPIG OXETEIG
efouaiag, Kuplapxiag kalr aviodtnTag Kal atmmd Tnv
GAAN oxéoelg aAAnAeyyUng, ouvadeAQIKOTNTAG, OIEK-
diknong kai TTaANg. Me Aiya Adyia, évag xwpog, aTo
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EOWTEPIKO TOU OTTOIOU dNUIOUPYOUVTAl EVOWUATW-
O€IG, GUANOYIKOTNTEG Kl ATTOKAEITUOI. NpoKeIuévou
va avaderxbouv Kal va epunveuBolv QuTEG Ol KO-
TAOTACEIG, ATAV ATTAPAITNTN N OUVOUACTIKI XPAoN
TWV AVOAUTIKWV EPYOAEIWV «@UAO» Kal «TAEN». ATTO
TN MIG, N XPAON TOUu «@UAOU» UTTOPEi va avadeitel
O1Gpopeg oxéoelg eEoUaiag Kal IEPAPXIag, OXETEIS
TToU oTnpidovTtal o€ €vvoleg OTTWG «KUPOG» Kal «yO-
NTPO» KOl UTTOPEI va euBUVOVTal YIO QATTOKAEIOUOUG
KOl EVOWNATWOEIG EVTOG TOU XWPOU TTapaywyng, yia
OIKOVOMIKEG QVIOOTNTES KAl TTPOOTITIKEG ETTAYYEAUO-
TIKAG avéNiEng. ATTO TNV GAAN, TTaPA Ta KEVA Kal TIG
adUVAIEG TTOU £XOUV OWOTA O€ TTOANEG TTEPITITWOEIG
€MONUAvOei oTNV avaAUTIKI KATNyopia TNG «TaENG»,
Bewpw WOTOCO TIWG TTAPAMEVEI TTOAUTIHO «EPYO-
Agio» TnNG 1I0TOPIKAG avdAuOoNG Kal N «Xprion» Tng €i-
val KATaAUTIKAG onuaciag yia Tnv €€fynon Kal Tnv
EPMNVEIO TWV KOIVWVIKWY CUYKPOUOEWY, TWV avIoo-
TATWV KAl TWV CUANOYIKWV SIEKDIKACEWV.

2uvoyifovTag, N OUYKEKPIMEVN PENETN QINODOEET
va oupBdAel otnv  avavéwon TNG  €AANVIKAG
I0TOPIOYPAPiag OTO TTEDIO TNG KOIVWVIKAG I0TOPIAG KOl
€I0IKOTEPA TNG BIOPNXAVIKAG IOTOPIOG KAl TNG I0TOPIAG
TWV EPYOTIKWYV OTPWUATWY TG EAAGSAG. EAGXIOTEG
€ival ol CUCTNUATIKEG PEAETEG TTOU MOAIG Ta TEAEUTAIO
XPOVIa BETOUV OTO ETTIKEVTPO TNG £PEUVAG TOUG ThV
gpyaoia oTn Bioynxavia Kal o CUYKEKPIPEVA TNV
idla Tnv epyaoiakn diadikagia Kal Tov KOOUO TNG
epyaciag. H peAétn Tng epyaciag o€ pia peyaAn
KatrvoBiounxavia, Omwg auty Tou Matodyyou,
KAGOO onuavtikd TnG €AANVIKAG  Plopnxaviag
Kal n Onuioupyik agiotroinon Tou dapxeiou TNG
ETTIXEIPNONG €UEATTIOTEl va  CUPTTANPWOEl  Kaipia
KOl va EUTTAOUTIOEI TO ICTOPIKO TOTTIO TOU KOGHOU
™G epyaciag otnv EAAGSa kai va evraxBei oTo
€UPUTEPO ICTOPIOYPAPIKO TTAQICIO, TTPOCPEPOVTAG
VEQ TTOPICPATA TNG IOCTOPIKNG £PEUVAG.

MapdAAnAa, KaBwg Ta TTEPICTOTEPA KEPAAAIQ
™G OIaTPIBAG ETTIKEVIPWVOVTAI OTN HETEMPUAIOKN
€TTOXN, N €V AOYW YEAETN avauéveTal va CUPBAAEI GTO
€UpUTEPO TTEDIO TNG 10TOPIAG TNG METEUPUAIOKNG EA-
Aaddag. H peteppuliakn TTePiodog EXEl HEXPI ONHEPA
TIPOCEYYIOTEI ATTO TTOMITIKOUG ETTIOTHOVEG, KOIVWVI-
0AOYOUG Kal OIKOVOUOAOYOUG, VW AIYOOTEG MEAETEG
TWV I0TOPIKWVY ETTIKEVTPWVOVTAI KUPIWG OTIG TTONITI-
KEG €CENIEEIG KOl OTNV OIKOVOMIKA avacuykpotnon. H
KOIVWVIKK) IoTopia TNG TTEPIOdOU TTOAU TTPOCQATA EXEI
apxioel va TTpooeAKUEl TO evOIAPEPOV ICTOPIKWYV Kal
KOIVWVIKWY avOpwTttoAdywv. TEAOG, agilel va onpel-
wOei N CUPPBOAN TNG OUYKEKPIYEVNG EPEUVAG KAI OTO
TEdI0 TNG TOTTIKAG I0TOPIAG.
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pa loTopiag kar Apyaiodoyiag, MavetmmoTiuio KpAtng

XpnoTog Aoukog, Kabnyntig loTopiag Twv Neoté-
pwv Xpovwyv, Turua loTtopiag kai ApxaioAloyiag, lMNMa-
vETTIoTANIO KpATNng

Athanasios Betas

«The Matsaggos Cigarette Industry.
Work and survival
in Volos, 1918-1972»

Summary

The objective of this study is to indicate and
investigate the dimension of labour in a particular
tobacco industry. The research, through the study of
the industry’s archives, focuses on the workplace as
well as on the primary agents of labour, the male and
female workers. The Matsaggos Tobacco Industry,
such as the city of Volos, does not only stand for
an ideal frame, but also for a specific study case
of various aspects of the Greek labour strata in
the post war period. Issues concerning the labour
strata continue to challenge and keep historical
research occupied, while the interest is now being
orientated to new domains that, until now, have
drawn little attention from Greek historiography. In
specific, while studying the archive of an industry,
historical research had the opportunity to trace,
to describe and explain the world of labour by
putting a line of questions: what kind of labour was
being carried out, in which way and by whom. By
which factors and in which way, work relations, the
apportionment of labour, the rewards, validity, power
and relations of authority were being regulated?
How, finally, a particular position in the production
process associates with other parameters? (e.g
ethnic, gendered, technological apportionment of
labour etc.). As a consequence, the biggest part
of the chapters of this thesis focuses exactly on
these questions. The contribution of new, previously
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unexplored archival material, such as that of the
Matsaggos tobacco industry, has been valuable in
order to approach these issues.

The classification of the Matsaggos’ archive
proceeded thanks to the support of the cooperating
research team (Municipal Center of History,
undergraduate students of the history department
of the University of Thessaly). Then, the gradual
elaboration and the analysis of the part of the
archive that corresponds to the objectives of the
thesis began. This part of the archive consists of
staff databases, wages catalogues and records of
the industry’s board of directors. This material is
complete and covers the period from 1945 to 1972,
when the factory stopped operating.

The research also spreads to other archival
material and collections. Data has been drawn from
the daily press of the city of Volos (in particular, from
the newspapers Thessaly, Tachidromos, Anagennisi
and New Hellas). Material for the purposes of this
thesis has been also taken from the archives of
Volos Labour Center, the General State Archives,
the hall of Mortgage records of Volos, the archives of
Volos city court and finally from the archive of Volos
Municipal History Center. The research, however, is
not limited to the city of Volos. It expands to archives
and museums throughout Greece and mainly to
cities that have been prominent tobacco industry
centers. In particular, research has been carried
out in the Greek literature and history archive of
Athens and Thessaloniki (E.L.I.A), in the General
State archives of the prefectures of Xanthi, Kavala
and Attiki, in the National Bank of Greece archive
in Athens and in the Tobacco Museums of Kavala
and Xanthi. Outside Greece, finally, the research
expands to the Tobacco Museum of Istanbul as well
as to the archive of the International Center of Social
History in Amsterdam.

At the same time, data has been gathered from
daily press and journals circulating throughout
Greece, in order to deal with the objectives and the
questions that this thesis puts. This data comes
from the newspapers Rizospastis (from issues of
the decades 1920 and 1930), Macedonia (various
issues from the period in which the Matsaggos
industry was operating), Liberty (1947-1967), Scrip
(1910s). Moreover, data has been drawn from the
journal Tobacco Review (1940s, 1950s and 1960s),
as well as from other Greek and foreign journals
related to tobacco and labour issues that came up
in the 1960s. (In particular: Tobacco Journal, The
business magazine of the international tobacco
industry, Tobacco, World Tobacco, A Quarterly
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magazine for the world tobacco industry, Bulletin
for directing businesses, Monthly Scientific Review,
etc.)

The thesis is divided in two parts: the first
focuses on tobacco, the primary material of the
tobacco industry. We discuss about the formation
of the international tobacco market in the 20th
century and also about the territorial and commercial
elaboration of tobacco in the Greek Tobacco
Cities. Later in the first part, we discuss about the
manufacturing of handmade tobacco products in
the 19th century and in the beginning of the 20th, in
Greece and internationally. We also discuss about
the consequences and reactions provoked by the
mechanization of cigarette making in the early 20th
century. The last chapter of the first part focuses
on the emergence of the cigarette industry, both
internationally and locally, from the first years of its
formation until the first post war decades.

The second and the largest part of the thesis
focuses on the Matsaggos tobacco industry. In the
following chapters we can see the history of the
particular industry (origin of capital, management
strategies and technological investments), the profile
of its workforce (the origin of the male and female
workers, the age of the workers, how long did they
stay in business, the professional mobility and the
spatial spot of the Matsaggos workforce in the city
of Volos), the formation of the labour market in post
war Volos. The study then focuses on the particular
workplace: the organization of labour, its division and
rewards, the methods of manipulating and imposing
discipline on the workforce, the forms of protesting
and claiming rights in the Matsaggos industry and,
finally, the tracing of the living experience of the
industry’s male and female workers. These are the
issues discussed in the rest of the chapters of the
second part of the thesis.

In the course of this study it has been made clear
that the factory is a workplace inside which, on the
one hand, relations of power appear, dominion and
inequality and, on the other, relations of solidarity,
colleague bonding, claim and struggle. In few words,
the factory is a place inside which collectivities,
inclusions and exclusions are formed. In order to
indicate and interpret these relations, it has been
necessary to use as analytic tools the terms ‘gender’
and ‘social class’. On the one hand, the use of the
term ‘gender’ can indicate various relations of power
and hierarchy, relations that are based on meanings
such as ‘validity’ and ‘prestige’. These meanings
can be responsible for inclusions and exclusions
in the workplace, for economic inequalities and
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professional evolution. On the other hand, despite
the gaps and the deficiency that in many cases exist
in the term ‘social class’ as a tool for analysis, | think
that it remains a useful tool for historical analysis and
also that its usage can be crucial to the explanation
and interpretation of social conflicts, inequalities and
collective claims.

Summing up, this study has the ambition to
contribute to the refreshment of Greek historiography
in the field of social history and particularly in the
fields of industrial history and the history of the
Greek labour strata. Only a few studies and just
in the past few years have done a deep research
into industrial labour and particularly into the labour
process and into the world of labour itself. Both the
study of labour in a big tobacco industry, such as
the Matsaggos industry, an important branch of the
Greek industry and the productive elaboration of
the industry’s archive aspire to enrich the historical
landscape of Greek labour and additionally, to be
included into the wider frame of historiography by
offering new historical data.

Atthe same time, as long as most chapters of this
thesis focus on the post-civil war period, this study
is expected to contribute to the wider field of Greek
post-civil war history. The post-civil war period, while
has been, until now, approached by social scientists,
sociologists and economists, has received little
attention in the past, from historians who mainly
focused on politics and economic reconstruction.
Not until very recently post-civil war social history
has begun to receive attention from historians and
social anthropologists. Finally, we need to mention
that this study also contributes to the field of local
history.

Key words: labour history, working classes,
tobacco, cigarette, cigarette industry, Matsaggos,
Volos, post civil war Greece
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Betas, Th. (to be published on February 2016).
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logical changes and gender in a Greek cigarette
factory in the early 20th century. Advances in
Historical Studies (it has been submitted to the
committee of the journal for a special volume on
the history of tobacco).

2. M1rérag, ©. (2008). ZuvdIKAAIGNOG Kal EQYATIKA

1.

dlapapTupia oTo PETATTOAEUIKO BOAO., Ev BoAw,
30, loUAIoG- ZeTrTéuPpIog 2008, oeA. 68-75.

Betas, Th. (2008). Syndicalism and labour protest
in post-war Volos, En Volo, 30, July-September
2008, pp.68-75.
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Betas, Th. (2015, May). The authoritarian state
as “protector and guardian”. Practices of the
“guardian society” during the first period of the
colonels’ dictatorship in Greece (1967-1969)
through the pages of the magazine ‘Labour In-
spection’. Paper presented at the international
conference “Forms of Public Sociality: Collective
Action, Collective Subjectivities and the State in
the Twentieth Century,” University of Crete, Re-
thimno, Crete, Greece.

2. Betas, Th. (2013, July). From tobacco-shop to

cigarette industry. Technological changes in a
Greek cigarette factory in the early 20th century.
Paper presented at the International Conference
Tobacco Roads: Technology Transfer in the To-
bacco Industry during the Early Twentieth Centu-
ry, Kavala, Greece.

3. Mmrérag, ©. (2013, louviog). O xwpog, o unxa-

VEC Kal oI GvBpwrrol. IxvnAarwvrag 1i§ « UAIKES Kali
QUAES» LapTupies EVOC epyooTaadiou mapaywyric
TOlyd@pwyv oro BoAo kara rov 200 aiwva. MNpogo-
PIKN avakoivwaon ato Zuvedplo kal ‘ExkBean apxi-
TEKTOVIKOU €pyou. Biopynxavikr) kKAnpovouid: ava-
Biwon kai BiwoipdétnTa, Adrva.
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Betas, Th. (2013, June).The place, the machines
and people... Tracing the “material” and “intan-
gible” testimonials of a cigarette-making factory
in Volos, during the twentieth century. Paper pre-
sented at the Conference and Exhibition of Archi-
tectural Project, Industrial Heritage: revival and
viability, Athens, Greece.

4. Mmrérag, 0. (2012, MaprTiog). Auvardrnres mpo-

oéyyionc ¢ Biounxavikng KANPovouiag Tou
KAGdou tn¢ kamvoBiounxaviag uéoa amod 10 ap-
x€io Marodyyou. MNMpo@oplkr} avakoivwon atnv
nuepida pe Béua: «Epyaoctipia Blopynxavikng
KAnpovouiag: «To TToAUaXI0EG TNG BIOPNXAVIKAS
KAnpovopidg»», EAANVIKG TuAua Tng AlgBvoug
EmTpotm¢ yia Tn Alatipnon tng Blopnyavikig
KAnpovouiag, ABrva.

Betas, Th. (2012, MdpTtiog) Approaches of the
industrial inheritance of cigarette industry through
Matsaggos’ archives. Paper presented at the
meeting: «Workshop for Industrial Inheritance:
“The multi-faceted of Industrial Inheritance”»
(Greek Department of TICCIH), Athens, Greece.

Zo0vtouo Bioypa@iké

O Oavdaong Mmrétag yevvBnke oto BoAo, 10
deBpoudpio Tou 1977 kal €ival TITUXIOUXOG TOU
TunAuatog loTopiag-Apxaiodoyiag NG PIAOCOPIKAG
2x0Ang Tou ApioToteAeiou lMavemmoTnuiou ©gooa-
Aovikng. Katd Tnv 1epiodo Twv TTPOTITUXIAKWY TOU
OTTOUdWV, TTPAYMATOTTOINCGE TNV TTPAKTIKA TOU AOKN-
on ot1o Kévripo Mikpaoiatikwy Z1moudwy, oTo EAAN-
VIKO AoyoTexVIko Kal loTopikd Apxeio Tng ABrvag kai
oTta Nevikad Apxeia Tou Kpdtoug tng ABAvag. Zuvé-
XIO€ JETATITUXIOKEG OTTOUBEG OTN ZUyxpovn loTopia,
OTa TTAVETTIOTAMIO Tou Sussex NG M. Bpetaviag kai
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™G KpATNG (e uttoTpo®ia atrd 1o upwTTaikd Tpo-
ypauua EMEAEK), am’ émou éAaBe pe Gpiota 1O
MeTatrTruxioké AittAwpa Eidikeuong (Master). H d1-
OaKTOpPIKA Tou dIaTpIRR ME TiTAO «“KaTtTvoBiounxavia
Matodyyog ev BoAw,1918-1972”. Epyacia kai emmifi-
waon oto BéAo», ekmTovABnKe e utToTpOPia aTTd TO
mpoypauua «HpdkAeitog I1».

‘Exel epyaaTei ' €peUvVNTIKA TTPOYPANPATO TOU
MavemmoTnuiou ©egoocoAiag kar Tou [OAMIOTIKOU
IdpUpaTog Tou Opihou Melpaiwg (avrioToixa: «H d1-
AMOPPWON TWV EPYATIKWY OTPWHATWY 0To BOAO,
1860-1970» kai «Karaypa@r TTapadooIakwy epya-
otnpiwv oTo MARAIo, 190¢ -200¢ aiwvagy). To kaho-
Kaipl Tou 2014, epydoTNKE WG €PEUVNTAG, ME UTTO-
Tpo@ia Tou IdpupaTog KpaTikwy YTTOTPOYIWY TNG
EAAGBag oTo TrAaiolo Tou Erasmus Plus, 1o AigBvég
Kévipo KoivwvikAg loTopiag oto ApoTepvtay, OTO
O1EBVEG epeuvnTIKG TTPOYPaPPa «KolvwviKn 10Topiq,
KOIVWVIKA KIVAUOTO Kal apXEIOKES TNYEG. H 1oTopia
Tou AigBvoug Kévtpou Koivwvikng lotopiag 1935-
2008». Eivalr pgENOG TOU €TTIOTNUOVIKOU CWHOTEIOU
«Ouihog MeAéTng loTopiag kai Koivwviagy» kal Tng
EMnvikng Etaipeiag Oikovopikig lotopiag (EEOI).
Ta epeuvnTIKA TOU EVOIOPEPOVTA APOPOUV GTNV I0TO-
pia NG epyaciag otnv EAAGSa Tov 200 aiwva, atnv
KOIVWVIKI] KQI OIKOVOWIKI I0TOPIa TNG PETATTOAEUIKNAG
EAAGDQG.

Eival ravtpepévog pe Tnv Eun MewpyoUAa pe Tnv
otroia £€xouv duo yloug, Tov lNdavvo kal Tov Aapiavo.
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twentieth century, as well as in social and economic
history of postwar Greece.

He is married to Evi Georgoula and they have
two sons, Gianno and Damiano.
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XpUoa Mwucidou

MoAITIkA @avTacia, avrioTaon Kal oxé-
O€IG EEO0UDING OTIG IKAPIAKEG KOIVOTNTEG
(Ikapia- ABrRva-Néa Yopkn).

MepiAnyn

>KOTTOG TNG BIATPIRAG €ival va diepeuvioel Bvo-
YPOQIKA TNV TTOAITIKI] @QavTOgia OTIG ATUTTEG OAAG
KOl OTIG BEOMIKEG  KOIVOTNTEG TTOU CUYKPOTOUV Ol
KapiwTteg aTo vnoi Tng Ikapiag, atnv ABrjva kal a1o
€EWTEPIKO, aTT’ OTTOU €TTEAEYN WG Ogiypa n KovoTnTa
NG Néag Yoépkng. O Treplypa®IkéG evoTnTeg, Baai-
(Oueveg o€ poTifa dpacTnpIdTNTOG KAl OTNV TTPAEN,
ETTIXEIPOUV VA ATTAVTACOUV OTO £PWTNHA KATA TTOGO
gival duvarn n euTTEIPIKN diEpeUivoNn TNG PpavTaaciag,
emavatrpoadiopifovTtag Tnv idia TNV KUPIa avaAuTIKA
£€VVoIa Kal JEIWVOVTAG TNV aTTéoTaon TToU XWpPilel T
Qavtaoia amo TNV eUTTEIpia KAl TN AOYIKN, OTIG KU-
piapxeg onuepa OUTIKEG Bewpnaoelg. YToaTnpideTal
0TI n pavTacoia wg avaAuTikG epyaleio uTTopei va @é-
PEl OTO EBVOYPAPIKO TTPOCKNVIO VEEG OYEIG TNG KOI-
VWVIKOTNTAG, €ival IKAVOTTOINTIKOTEPO €VVOIOAOYIKO
TTACiCI0 yIa va dIaTTPAYUATEUTEl KAVEIG TNV KOIVWVI-
KA aAAayr], TOUG PHETAOXNMOTIOUOUG TOU QVAKEIV Kl
TOUG TTPOCAVATOAIGHOUG TNG dpAang Kal avabswpei
OXETIKEG TTAPAdOXEG TTOU AavBAavouv afliwUaTIKG g€
TTOAAEG avOpWTTOAOYIKEG OUCNTATEIG.

H eotiaon otn @avracia TTpoékuye oTtd TIG
10ayeveic €vvolOAOYAOEIG TOU TIOMITIKOU Kal TNng
KOIVWVIKOTNTOG, TTOU OUVOEOUV OWEIG TNG KOIVWVIKNAG
OnuIoUPYIKATNTAG, TNG Opdong Kal TNG OIKEIOTNTAG
ME TN OUAAOYIKN IKavOTNTO WETGBEONG aTTd €va
KOIVWVIKO TTEQI0 TWV VOEPWYV EIKOVWVY TTOU £XOUV
TapaxBei o€ éva GAAO Kolvwvikd TTedio. Mpodkerral
yla Jia eBvoypagia TTou peBodOAOYIKA EKKIVEA ATTO TIG
apxég NG BepeAiwpévng Bewpiag (grounded theory),
avadeikviel dnAadn Tn OlaAoyiky oxéon HETAEU
EPEUVNTH KOI UTTOKEIMEVWV TNG €PEUVAG WG TTPOG
TA EPWTHHOTA TTOU ETTIXEIPEI VO BECEI KAl WG TTPOG
TNV TTUKVOTNTA TNG TTEPIYPAPAG. O1 ueBodOAOYIKES
TEXVIKEG TTOU EQAPPOCTNKAV PE XPOVIKO BABOG OKTW
ETWV €ival a) katd kUpio Adyo: n €mTOTA £pEUvVA
KOl N CUUMETOXIKA TTAPATAPNGON, OI OOUNUEVES Kal
€ANEUOEPEC TTPOCWTTIKEG KOI OHAdIKEG CTUVEVTEUEEIG
Kal B) katd OeuTepedovia AOYO: Ol aQNynOEIg
{wng, n ouvbeon kai n dlacTaUPWON APNYACEWY
oUPQWVa PE Ta EPYOAEia TNG TTPOYOPIKNAG 1I0TOPIAG,
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n €peuva IBIWTIKWY KOl ONUOCiwv OpXEiwv Kal n

TTaAQIOyPA@IKr aTToKOTAoTaon Kelpévwy.  Kabwg
n €peuva TIPAYUATOTIOINONKE OE  TTAPATIAVW
amd  évav  TOTTOUG, YAWOOEG,  TTOMITIOMIKG

TTEPIBAAAOVTA, XPNOIYOTTOINBNKAV ETTIONG TEXVIKEG
Kol TTPOBANUOTIKEG TTOU ETMIOTPATEUOVTAI OTTO TIG
TTOAUTOTTIKEG €BVOYPAPIEG TWV TEAEUTAIWV ETWV.

JUYKEKPIPEVA, OlEpEUVWVTAl  €BVOYPaPIKA: N
OpdAcon Kai ol yVWOTIKEG OIOCTACEIG TTOU APOPOUV TOV
TOTTO KaI TN OUYKPOTNON TNG TOTTIKOTNTAG, TIPAKTIKEG
KOl TTApAcTACEIS TNG KIVNTIKOTATAG Kal TNG 18I0KTN-
oiag, ol GUUPBOAIKEG eTTeKTAOEIC TOU BavaTou GTO
aioBnua Tou avAkelv oTNV KOIVOTNTA, Ta TTedia TNG
avTaAAQyrG Kail 01 VTOTTIEG EVVOIOAOYATEIG TNG KOIVO-
TNTAG, TA POTIRa OPACTNPIOTATWY TTOU GUVOEOVTAI E
TN OUVEAEUOT, TO CWHATEIO KAl TIC CUVOUAdWUOEIG,
n MEiwaN TNG KOIVWVIKAG ONPACIOg TwV GUYYEVIKWV
OIKTUWV oTo TTEdIO TNG TOTTIKAG TTOAITIKAG Kal O VTO-
TNEG KATATUAOEIG, Ol aVTIAQWEIG TTEPT UAIKOTNTAG, Ol
O1ebveig, TafIkEG BIAOTACEIS KAl N AopaTOTNTA TNG
IKOPIAKNG 10Topiag Tou 200U aIWVaA, 0 §ICWTIKOG UN-
XaVIOUOG TToU dIAPwVEl TO KUPOG Kal Ol KABNUEPIVES
KalI TEAETOUPYIKEG ETTITEAECEIS TNG 1I0OTNTAG KAl TO TTE-
dio TnG ‘IkaplakAg 1deohoyiag’ TTou TTPOCdidel KOOUO-
TTOAITIKOUG XPWHATIOWOUG OTO aicOnua Tou avhKEIv.

Me Baon TG TTapaTTévw TTEPIYPAPIKEG OEUATIKES
Kal TN BewpnTIK Kol TTpayuatoAloyikh  TTAaioiwon
TOUG, ETTIXEIPEITAI €vag AVOAUTIKOG OPICUOG TNG
QavTaoiag, Tou, aTnv TTapouca d1aTpIfr], KATAAARYEI
VO OUVEVWVEI Tpia TTPAYHATa: a) TNV KOOWOAOYIKH
ouykpoTNON KAl évav  PNXaviopo  Karavonong
TNG KOIVWVIKAG B€0ng Twv UTTOKEIMEVWY () TNV
gevouvaioBnon Tou dAAou, KovTIvoU Kal JakpIvoU Kal
Yy) TNV KOIVWVIKA ONUIOUPYIKOTNTA, TN (QAvVTACIAK
ouykpOTNON TNG aAAayNG Kal Tou HEAAOVTOG.

TéAOG, BIOTTIOTWVETAI OTI Ol OIOAEKTIKA OXETICO-
MEVEG €VVOIEG TNG OIKEIOTNTAG KAI TNG QUTOVOMIOG,
Otav BewpouvTal ammd Ta SPWVTA UTTOKEIPNEVA WG TO
KEVTPIKO OIaKUBEUPA TNG KOIVWVIKOTNTAG, 0dnyouv
o€ éUpacn aTnV €EICWTIKN TTOAITIKA CUYKPOTNON Kal
0€ KAOVIOUO TWV IEPAPXIKWV OXECEWY O€ WIKPH Kal
MEYAAN KAipaka.

A€&geig kKAe1d1a: TTOMITIKA @avTacia, Ikapia, EAAN-
VIK] €Bvoypagia, avAKelv, KOIVOTNTA, OXEOEIS
egouaiag
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Chryssa Moisidou

Political imagination, Resistance
and Power Relations
in Icarian Communities
(Icaria Island-Athens-New York)

Abstract

The aim of this dissertation is to ethnographically
examine the political imagination in institutional or
non-institutional communities of Icarians in Icaria
island, Athens and abroad, particularly in New York.
The descriptive units, based on activity patterns and
praxis, are orientated towards the question whether
an empirical research ofimagination is viable, while at
the same time reframing the core analytical concept
of imagination: although the currently dominant
western conceptualization distinguishes imagination
from experience and reason, | see this separation as
highly problematic. | also argue that imagination as
analytical tool can bring to the ethnographic forefront
the less visible otherwise dimensions of sociality,
thus it is a properly rich conceptual framework for
studying the social change, the transformations of
belonging and the reorientations of action. Finally,
using imagination as conceptual prism helps detect
and rethink related axioms that are implicit in many
anthropological discussions.

This focus on imagination in this dissertation
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is originated in local conceptualizations of politics
and sociability, conceptualizations in which social
creativity, action and relatedness are related with the
faculty of dynamically re-position and project images
and appearances from within a field of concern
to another. The methodological principles of this
ethnography are originated in grounded theory, trying
to designate the dialogue between the researcher
and her subjects, concerning the questions as much
as the thickness of the description. The methods
applied for the eight years fieldwork period are
primarily a) participant observation, structured and
free personal and group interviews and secondarily
b) life narratives, crosscheck and formulation of a
community history based to the tools of oral history,
research on public and private archives and the
palaeographic reconstitution of older texts. Because
the research has been conducted in more than
one places, languages and cultural environments,
techniques and tools that are elaborated in the
recent multisited ethnographies, are also in use.

The particular descriptive units refer to: action
and cognitive dimensions of place and locality,
practices and cultural constructs of property and
mobility, the symbolic significance of death for the
sentiment of belonging to the community, the local
conceptualizations of reciprocity and community, the
activity patterns related to assemblies, unions and
associations, the role of kin-networks in local politics,
the types of segmentary divisions, local perceptions
of materiality, the international and class dimensions
of the invisible icarian history of the 20th century,
the egalitarian mechanisms, the everyday practices
and ritual performances of equality and the ‘icarian
ideology’ which colours with cosmopolitanism the
sense of belonging.

Based on the above and their theoretical
contextualization, | propose that imagination as
analytical framework accommodates these three —
otherwise distinctive- units: a) cosmology and the
cultural knowledge on social positioning mechanisms
and hierarchy b) empathy for the Other and the
different c) social creativity and the imaginary of the
social change and the future.

Finally, | argue that in a society where the
dialectically related concepts of autonomy and
relatedness are situated as the main hazard
of sociality, the egalitarian imagination and the
vulnerability of hierarchies prevail.
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ZUvTopo Biloypa@iké

H Xpuoa Mwucgidou ommoudace KAaoikr} ®iho-
Aoyia atn @1IAoco@Ikr) ZxoAr Tou ApioToTeAgiou MNa-
VETTIOTNMiOU @€00calovikng Kal TTPaYUATOTIOINCE JE-
TATITUXIOKEG OTTOUOEG OTO D10 MaveTTIoTAKIO KABWg
Kai o1o [MavemmoTAPIo @ecoaliag, Y AVTIKEIMEVO TNV
Koivwvikr) AvBpwTtroAoyia. ‘Exel epyaotei wg @IAG-
Aoyog, kKabnynTpia eEAANVIKWY KAl WG YETOPPACTPIA.
YT1mp&e HEAOG TNG CUYYPAPIKAG OUAdAG TOU GXOAI-
KoU eyxelpidiou EpunveuTikd Ae€ikd TnG Néag EA-
AnvikAg Tou Maidaywyikou lvoTitouTtou. Eivar péAog
Tou gpeuvnTikoU SikTuou COST Action/ Eastbordnet
project, ‘Remaking Eastern Borders in Europe’ Tou
MavetmoTnuiou Tou MavtoeoTep Kal TNG EupwTraikng
Emrpotg Epeuvwy. Ta gpeuvnTik@ TNG evOIAPEPO-
vTa TrepIAaPBavouv {ntripaTa eAANVIKAG €Bvoypagi-
ag, {nNTHPOTO CUYKPOTNONG TOU TTONITIKOU UTTOKEIUE-
VOu Kal Tnv €Bvoypa@ikni diepelivnon TG ¢avTaciag.
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AAegavdpa ZiwTou

Epwrtik6 ZuvaioOnua, EupuAeg
TAUTOTNTEG KAl OXECEIG £§ouTiag
o710 Aaioio TnG d1a-0VIKAG
KIVNTIKOTNTAG TWV HETAVACTWV

MepiAnyn

H diatpIfn auth BacileTal o€ eBvoypa@ikr £peu-
va TTou éAafe xwpa oTnv TTOAN Tou BoOAou Kkal peAe-
Ta TO EPWTIKO OUVAIOBNUA Kal Ta EPWTIKA PBllopaTa
METOVOAOTWY Kal PETAVAOTPIWY atTd Tn BouAyapia
kai TNV AABavia. P€pvovTag aTo TTPOCKAVIO TO OU-
VaIOOAPATO TWV UJETAVACTWY KAl PJETAVOOTPIWY, TA
otroia ouvABwg atroaiwTolvTal aTo dnudaio Adyo,
aAAd Kal OTNV €peuva TG HETAVACTEUONG, N OUYKE-
KPIMEVN BIaTpIRN TTIXEIPET MO EVOANAKTIKY BewpnTI-
KA KAl avOaAUTIKA TTPOCEYYION TNG METAVAOTEUTIKAG
KIVNTIKOTATAG KAl EUTTEIPIOG. ZTO TTAQICIO QUTAG TNG
TTPOCEYYIONG, N HEAETN aUTH, aKOAOUBWVTAG TIG OUY-
XPOVEG BewpnTIKEG avaAUCEIG TTEPI ouvaIoBnUdTWY,
0l OTTOIEG KATASEIKVUOUV TNV IGTOPIKK], KOIVWVIKH Kal
TTONITIOUIKY) TTapaywyr Twv ouvaiodnudrwy, TTpo-
Baivelr g pia TTOAITIK avayvwaon Tou €pWTIKOU Gu-
vaIoBAPaTOG BETOVTOG OTO ETTIKEVTPO TOU TTPORAN-
paTiopou Tn ouvapBpwaon Tou ouvalioBiuaTog, TNG
€€0UOIOG KAl TNG UTTOKEIPEVIKOTNTAG.

MpooeyyidovTag T0 EpWTIKG cuvaiobnua o KAOe
KEQPAAQIO aTTO MIa DIAQOPETIKN OTITIKA ywvia, n dia-
TPIRA dlEPEUVA TTWG OI JETAVAOTEG (AVA)TUYKPOTOUV
TNV UTTOKEIYEVIKOTNTA TOUG OTO TTAQICIO TTOAAATTALV
AAANAOBIATTAEKOUEVWV CUVAICONUATIKWVY EPTTEIPILIV
Kal oUvBETWY BI0-£BVIKWY OXEoEwV €¢ouaiag. 210
TAQiCI0 auTO, £EETAETAI TTWG TO EPWTIKO cuvaiodn-
Ha SIOUOPPWVETAI GE CUVAPTNON KE TNV ETTIOQPAAEIQ,
TNV oduvn, T0 @OBo, TN @povTida. MNMapdAAnAa, n
d1atpIBn evtotilel TIG TTOMITIKEG TOU OUVAIOBARUATOG
oTnVv €peuva TnG METAVACTEUONG KAl AVTITIPOTEIVEI
MIO EVOAAOKTIKI) TTPOOEYYION «OIKEIWV» BEPATIKWV
™G BiIBAIoypagiag Tepi peTavdoTeuang, OTTWG TNG
EPYAOIAKNG OTTACOXOANONG TWV PETAVACTPIWY OTOV
TOMEQ UTTNPECIWV QPOVTIdAG, HEOW TNG OTTOIOG OTTO-
dI10pBPWVOVTAI Ol OTEPEOTUTTIKEG Kal OTABEPES ava-
TTAPACTACEIS TNG £UPUANG WETAVACTEUTIKAG TAUTO-
TNTOG Kal avadelkvuovTal ol BIAPKEIG KAl QUVAUIKEG
dlepyacieg ouykpAdTNONG TNG UTTOKEIPEVIKOTNTAG.

Mo ouykekpiyéva, OTO TTPWTO KEPAAAIO aVIXVEU-
eTal n d10-£0vIKA d1daTACN TNG EPWTIKAG KABNUEPIVO-
TNTOG TWV PETAVOOTWV/TPIWV PEOW TNG £EETAONG TWV
OUVOETWY CGUVAICOBNPATIKWY ETTAPWY Kal OIadPOUWY
—VOEPWV Kal Pn- TTou cupgBaAAouv oTnv avadeign
TWV KOTAAANAWY Kal akaTAAANAwV TOTTWV €UPECNG
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EPWTIKOU ouvTipopou. Méoa amd Tnv TTpociyyion
auTA avadeIkvUETAl TTWG N TTOMITIKA OIKOVOMia oTn
XWPA KATAYWYAGS KAl OTnN XWpa Uuttodoxng diauop-
PUVEI TO EPWTIKO PAVTACIAKSO KAl KABOPICel TIG TTOAI-
TIKEG OlaXEIPIONG TOU EPWTIKOU CUVOICBAPATOG TTOU
UI0OBETOUV OI UETAVAOTEG/TPIEG, PMECW TWV OTTOIWV
ETTIXEIPOUV VA AVACGUYKPOTGOUV TNV £UQUAN, €6VIKA
Kal TagIKA TAUTOTNTA TOUG €V TW PECW TOU «EOW» Kal
TOU «EKEI».

To delTEPO KEPAAAIO €OTIALEI OTIG EPYACIOKEG
euTTEIpieg Twv AABavidwv kal BouAydpwv petavo-
OTPIWV OTOV TOUEA UTTNPECIWY PPOVTIOOG KOl ETTIXEI-
pei va egetdael TG n @povTida Tou AAOU dIaTTAE-
KeTal Ye TN @povTida Tou EauTtol kai ye 10 EpwTIKO
ouvaioBnua. Méow TNG MPEAETNG TwV ayyIYNATWY
PPOVTIdOG, TWV OTITIKWY £OEOUATWV KAl TWV PO-
MaVTIKWV €600WV TWV HPETAVOOTWY Kal TWV PETAVA-
OTPIWV JIEPEUVATAI TTWG Ol KOBNUEPIVES ETTITEAETEI
@povTidag kaBioTtavrar éva Tedio TTOAITIKNAG Ola-
TpayudTeuong Tou £UQUAOU, €BvIKOU Kal EPWTIKOU
eauToU. 210 TTAQICI0 QUTAG TNG TTPOCEyyYIonG, ava-
OeIKVUETAl TTWG Ol PETAVAOTPIEG VONUATOSOTWVTAG
OUYKEKPIPEVEG HOPQPEG €TTITEAEONG @POVTIOAG WG
TEKUAPIO aydTTnNg Kol avadiaTTpayUaTEUOUEVES TOUG
OpPOUG KaBNUEPIVAG ETTITEAEONG TOU EPWTIKOU «ali»
EMOILUKOUV VA QVATPEWOUV TIG AVIOEG EUPUAES OXE-
o€I1g 6ouaiag -evTOG KAl EKTOG EPWTIKOU OETHOU-, vVa
QATTOQUOCIKOTTIOINCOUV ThV TTAYIWMEVH TAUTOTNTA TOUG
WG TTAPOXWV PPOVTIBAG KAl VO ATTOKATAOTACOUV TO
EMPUAO, TOEIKO KAl KOIVWVIKO TOUG KUPOG, TTOU aTTW-
Aecav AOyw TnNG €PYACIOKAG KOl WETAVOAOTEUTIKAG
TOUG TAUTATNTAG.

270 TPITO KEPAAQIO, avaAUETAI GAAN IO KEVTPIKA
TITUXA TNG EPWTIKAG {WAG TWV PETAVACTPIWV: O EPW-
TIKOG TTéVOoG. Opwg, OTnV TTPOKEIYEVN TTEPITITWON
Ol A@NYNOEIG TOU EPWTIKOU TTOVOU oUTE ouUVTNPOUYV,
ouTe evIoXUOUV TNV UTTOCTOOIOTTOINCN TWV UETAVO-
OTPIWV WG PIyoUpwv agiobprivntng TpwTdTNTAG KOl
WG TTadNTIKWV UTToKEIYEVWY. AvTiBeTa, Ta £Bvoypa-
@IKG dedopéva KATAdEIKVUOUV TTWG N EUQUAN Tpw-
TOTNTO METOTPETTETOI O€ €va €PYOAEi0 aywviouou.
To epwTIKO TPAUWPA, TO OTTOI0 OTNV TTEPITITWON TWV
BouAydpwv PETAVOOTPIWV TTPOKAAEITAI AOYW TWV
aBéaTwv oxéoewv efouaiag -oe emiTTedo @QUAOU,
€BVIKOTNTAG, TAENG- EVTOG TNG EPWTIKAG OXEONG, EVW
oTnV TTEPITTTWOoN Twv AABavidwv JETAVOOTPIWY OXE-
TiCeTal ye Tn SIAYEUCH TOU PYETAVACTEUTIKOU OVEipouU,
oonyei o€ yia dladikacia avaoToxaouoUu Twv €TTIOU-
MIWV KOl TWV aVTOXWV TOUG Kal avatrpoodlopiouou
NG TA&IKAG KAl KOIVWVIKAG Toug B£ang OTov KOGO.
AuTé diagaiveTal YE CAPAVEIA OTNV TTEPITITWON TWV
BouAydpwv pETAVAOTPIWV, 0 €PWTIKOG TTOVOG TWV
OTTOIWV APNYNUATOTIOIEITAI OTO TTAQICIO TG KOYEND-
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vreiag. O1 amoTTeEIpEeG iaong Tou €pWTIKOU TPAUUATOG
MEOW METOQUOIKWY TTPAKTIKWY (avayvwon ¢AiTda-
VIWV, TEAETOUPYiEG PAYEUONG TOU QVTIKEINEVOU TOU
600U, YpdupoTa O YKOUPOU) EVW OTTOTUTTWIVOUV
-KQI avaTTapAyouv- TNV ETTICQAAEIA TNG EUOUANG JE-
TAVACTEUTIKAG TTPAYUATIKOTNTAG KOl QTTOKOAUTITOUV
TOUG £UQUAOUG OPOUG ETTIMEPICHOU TNG KOIVWVIKNG
oduvng, TnVv idia OTIYPr ouvioTOUV AppNTEG HOPPES
SlapapTUPIag aTTéEvavTi OTIG KOIVWVIKEG KAl OIKOVOUI-
KEG OUVONRKEG TNG HETAVACTEUTIKAG EPTTEIPIOG KOI OTIG
€OPAIWPEVEG KOIVWVIKEG IEPAPXNOTEIG Kal kaBioTavTal
€QOdIa eVOUVAPWONG TOU €UPUAOU €QUTOU - AV Kal
o€ ouvOnkeg atmoduvapwang.

To TETAPTO KEQPAAQIO ETTIKEVTPWVETAI OTOUG «OU-
VNTIKOUG» £PWTEG KATAYPAPOVTAG TTWG Ol TEXVOAOYI-
K& SIapECOAAPBNUEVES EPWTIKEG EUTTEIPIEG TWV PETAVA-
OTWV KAl JETOVOOTPIWY OUVIOTOUV VEEG TPOTTIKOTNTEG
QavaouyKPOTNONG Tou €BVIKOU Kal EUPUAOU EQUTOU €V
Tw PEOW TNG TTPAYUOTIKAG KAl dUVNTIKAG ouvaiotn-
MaTIKAG {wnG. TIo CUYKEKPIYEVA, PHEAETAEI TTWG N Ka-
TavAAWOoN TWV VEWV KOVOVIOTIKWV TTPOTUTTWV OXE-
ol0kOTNTAG (dating sites, ayyeAieg elpeong epwTikKoU
OuvTPO®OU aTov £vTuTio TUTTO, facebook, sms) amd
TTAEUPGG TWV HPETAVACTWV/TPIWV I00OUVAMET PE HIa
atéTreipa d1EKdIKNONG TNG OpATATNTAG TOU £PWTIKOU
TOUG €aUTOU KOI AVATTPOCBIOPICHOU TNG PETAVAOTEU-
TIKF G TOUG TAUTOTNTOG KAl CUVETTAYETAI TN dnuioupyia
atrpoodOKNTWV SI0-EBVIKWV HOPPWV Kal KOIVOTATWY
QVAKEIV, OTO TTAQICIO TWV OTIoIWV €TTaVOEIOAOYOUV
€OPAIWPEVEG HOPPEG OIKEIGTNTOG KOl CUVAPEIAG, OANG
KQI UTTAYOVTOI O€ VEOUG CUOXETIOUOUG £€0Uaiag.

Méow Tng MEAETNG Kal avdAuong Twv TTOAAG-
TTAWV CUVAICONUATIKWY EUTTEIPILV KAl TITUXWV TG
EPWTIKAG KABNUEPIVOTNTAG TWV PETAVOOTWV/TPIWY,
OTNV TTPAYUATIKOTNTA, XOPTOYPAQOUVTAI Ol EUPUAEG,
0€EOUOAIKEG, €OVIKEG, TagIKEG, AAAG Kal ouvalioBnuao-
TIKEG TTPOUTTOBETEIG TTOU OPICOUV TTOIEG HOPYPES Epw-
Ta KaBioTavTtal TTONTIOHIKG BIavoNTEG WG EPWTEG KAl
avTioToIXa KaBopilouv TTol0 CWHATA avayvwpidovTal
w¢ owparta agla va ayatrnBouv oTo TTAaicIo Twv du-
TIKWV BloTToAITIKwY Adywv Tou épwTta. YTTO auThv
TNV évvoia, Ta KEQAAaIa auTAg Tng dIoTPIRAG, av Kal
avaAuouv eTTigéPoug BewpnTiKA ¢NTAUATA, OTNV OU-
gia, TTpayuatevovTal TO EPWTNUA TTOU BPICKETAI GTO
ETTIKEVTPO TOU TTPOPRANUATIONOU TNG CUYKEKPIYEVNG
d1aTpIBAG Kal agopd 1o dikaiwua oTov £pwTa. Npo-
ogyyifovTag 10 EPWTIKG cuvaiobnua wg éva Kavovi-
OTIKO 10£WOEG, TTOU BETEI TOUG OPOUG Kal TO TTPOTUTTA
TNG AvayvwpPICIUATNTAG TOU avOPWITIVOU, N OUYKE-
KpIpévN dloTpIPr €E€€TAEl TTWOG TA UTTOKEIYEVA TTOU
EKTOTTICOVTOI OTTO TNV ETTIKPATEIO TOU £PWTA, GPA KAl
TOU avOPWTTIVOU Kal avTioTpo®a, BILHVOUV TNV KavVOo-
VIOTIKA Bia TOU €pwTa. 310 TTEUTITO KEQAAQIO, GTTOU
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OUYKEQOAQIWVOVTAI Ta EUPAUATA TNG £BVOYPaQPIKAG
MEAETNG, UTTOOTNPICETAI TTWG TO EPWTIKG UVaAiIoBNUa
ouvioTd éva Tedio dlakuBEpvnong Tou BIOTTOAITIKOU
OWPaToG, aAAd kal Tautdxpova éva Tedio avTioTa-
ong, KaTadeIkvUOVTaG TTWG Of YETAVACTES KAl Ol JE-
TAVAOTPIEG OTO TTAQICIO AdUVATOTHTWY TOU QVAKEIV
Kal TTOIKIAWV ouvaIcONUATIKWV EUTTEIPIV ETEPOTTOI-
nong, mou dlakuBelouv TV avBpwTTIvoTNTA TOUG,
avavonuaTodoUV evOUVOUWTIKA WG TTPOG TNV £UPU-
AN Kai €BVIK TOUG TaUTOTNTA TO EPWTIKO ouvaicon-
MO, UIOBETWVTOG OUYKEKPIUEVES TTOMITIKEG OlaxeEipl-
ONG TOU £PWTIKOU OUVAICOAUATOG, HECTW TWV OTTOIWV
O1eKOIKOUV TN CUUTTEPIANWN TOUG OTNV ETTIKPATEIN
TOU avOpWTTIVOU.

Né€eig  kAe1did: Epwrtikd ouvaiobnupa, petavd-
oteuon, AABavia, BouAyapia, Koivwvikdé @UAoO,
O10-£BvIKOTNTA, 0BUVN, PPOVTIdA, VEEG TEXVOAO-
yieg emikoivwviag, BIOTTOAITIKE, TTOAITIKEG TOU
ouvaiocBfpaTog

TpipeAng ZupBoulAeuTikn EmiTpoTA

Pikn Bav Mtouoyxotev, Kabnyntpia, Koivwviki
AvBpwTroloyia kai Mpogopikr lotopia, TuAua loTto-
piag, Apxaiohoyiag kai Koivwvikrg AvBpwtrohoyiag,
MavemoTAuio @eocaliag (emBAEmouoa)

EAévn Mamayapou@dAn, Kabnyntpia, Koivwviki
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Alexandra Siotou

Love, gendered identities and power
relationships: examining migrant’s
transnational lives

Summary

The thesis drawing on an ethnographic research
conducted in Volos examines the erotic experiences
of Albanian and Bulgarian men and women, who
came to Greece as migrants. Migration studies have
tended to focus on the economic aspects of migration
phenomena (costs, benefits and working lives of
migrants) and failed to recognize the role of emotions,
feelings and affect in the motivation and experience
of migration. From this perspective, this ethnography
approaches and investigates an underresearched
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dimension of migratory experience within a theoretical
framework that seeks to further our understanding of
emotions. Following contemporary anthropological
work on emotions, which illustrate that they should not
be regarded as pre-social, pre-discursive, universal
biological and individual states, this thesis indicates
that emotions are socially and historically constructed
and tied to cultural practices and political processes.
More specifically, the study and analysis of migrants’
experiences and reinterpretations of love under the
given conditions of their daily lives in the context of
their transnational mobility offers an understanding of
the complex relation between power, subjectivity and
emotion.

Each chapter, which focuses on different aspects
of migrants’ erotic lives, discusses how migrants
(re)constitute their subjectivity in the context of
multiple interweaving emotional experiences and
transnational relations of power. This analysis
provides a glimpse onto the complexinterconnections
between love, care, fear, suffering and precarity.
Moreover, each chapter critically analyzing the
politics of emotions in migrations studies suggests an
alternative approach of care-work, family, sexuality,
that attempts to dismantle monolithic constructions
of migrants’ gendered identities.

The first chapter examines migrants’ narratives
about desirable partners and the “appropriate” places
where they could trace them. The ethnographic data
show that the transnational emotional contacts and,
in particular, the political economy of host and home
country redefine migrants’ memories, imaginations,
gender values and reshape their erotic expectations,
which reflect their desire to regain their social and
gendered status in between “here” and “there”. The
second chapter focuses on Albanian and Bulgarian
women’s experiences of domestic work and
explores how various kinds of care performances
intersect with love. How the care of the Other affects
their representations of love and their emotional
values? How they renegotiate their gendered and
ethnic identities through everyday performances
of care work? The third chapter refers to traumatic
experiences of love and points to the connections
of social and political asymmetries with subjective
experiences of loneliness and depression. Even
though migrants’ narratives and healing practices
(like magic spells) reflect and reproduce women’s
precarity, the ethnographic data demonstrate that
women convert pain into a site of empowerment and
contestation of the established power relations. The
fourth chapter turns to migrants’ “virtual” loves. It
suggests that the consumption of new transnational
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matchmaking services (dating sites) and of new
technologies of communication (facebook, sms)
offers migrants the possibility to participate in new
communities of belonging, in which they redefine
their ethnic and gendered identity constructing and
showing off a loveable Self.

Taken together, these chapters address the right
to love. Thus, placing love at the heart of this study
my aim is to discuss and analyze the gendered,
sexual, ethnic, racial and emotional norms that
define specific bodies as loveable. The fifth chapter,
approaching love as a normative ideal that regulates
and recognhizes who is considered as human,
examines how migrants counter their exclusion from
love because of their stigmatised gendered and
ethnic identity. In this theoretical framework, | argue
that migrants exercise their agency through their
renegotiations and reinterpretations of love claiming
a sense of humanity.

Key words: Love, Emotions, Migration, Albania,
Bulgaria, gender, transnationalism, care,
suffering, new technologies of communication,
biopolitics, politics of emotion
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mAaiolo tn¢ OIEBVIKAS KIVNTIKOTNTAS TWV UETAvVa-
orwv: Epeuvnrikd Epwriuara kai MeBodoAoyikés
lMpooeyyioeig. Mpo@opIkr) avakoivwon otnv Hye-
pida «Epeuvntikr Oguatohoyia kai Mpdodog Twv
AidakTopikwv AlatpiBwyv Tou MNavetmioTnuiou Oco-
oaAiag aTo Aaiolo Tou «HpdkAeimou Il», BoAog.
Siotou, A. (2012, June). Love, gendered
identities and relations of power in the context of
transnational migration: Research Questions and
Methodological Approach. Oral presentation at
the Event: Research Thematology and Progress
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. ZiIwTou, A.

of the Ph.d Theses at University of Thessaly,
Heraclitus Il, Volos, Greece.

AAAeg Tapouoidocig - Other Presentations

1. ZiwTtou A. (2014, M&iog). MeTavaoTeuTIKES 10TO-

pie¢ Tou épwra. MNMapouciaon oTo Padnua «Z0y-
xpova WuyoAoyikd adié€oda Kal Ol aTTavTHOEIG
NG QINOGOIaG» TNG KOIVWVIKAG avBpwTtToAdyou
EATTidag Pikou, Akadnuia MA&Trwvog, ABrva.

Siotou, A. (2014, May). Immigrant stories of
love. Presentation in the Course “Contemporary
psychological dead-ends and philosophy”,
Professor Elpida Rikou, Akadimia Platonos,
Athens, Greece.

. ZiwTou, A. (2014, Amrpihiog). «Kapdid oa ypo-

6id»: KivnmikétnTa kai 10Topie¢ movou Twv BouA-
y@powv peravaotpiwv. AidAeén oto Tunua IAKA,
MavemoTtAuio ©coocaliag, BoAog.

Siotou, A. (2014, April). «Force of Heart»:
Mobility and erotic trauma of Bulgarian migrant
women. Lecture at Department of History,
Archaeology and Social Anthropology, University
of Thessaly, Volos, Greece.

. ZiwTtou, A. (2014, MaprTiog). Or @ryoupes TOU

Ka@é: Avayvwaoels Tou EpWTIKOU TTOVOU Twv BouA-
yapwv peravaoTpiwyv. Avakoivwon oTo TTAaiclo
Tou KUkAou culnmiocwv pe Bépa «AvBpwTro-
AOYIKEG Kanl OIETTIOTNUOVIKEG TTPOCEYYIOEIG TWV
AI00N0EWV Kal Twv ouvaloOnuaTwv», EAANVIKN
Etaipeia EBvoAoyiag, ABrva.

Siotou, A. (2014, March). Coffee Figures:
Reading Bulgarian migrant women’s traumatic
erotic experiences. Presentation within Lectu-
res on “Anthropological and interdisciplinary
approaches to senses and emotions”, Greek
society for Ethnology, Athens, Greece.

. Siotou, A. (2012, May-June). Engendering and

Embodying Love: Theoretical and Methodological
Issues. Presentation in the Feminist Critical
Analysis Course: Science, Bodies and New
Materialism, organized by the Center for Gender
and Politics (University of Belgrade), Women'’s
and Gender Studies Department (Rutgers
University) Gender Studies Department (Central
European University), Dubrovnik, Croatia.

(2011, AeképBpiog). AlGAegn
Tapouciaong ¢ d1atpIig oto TuAua IAKA,
MavemmoTApio @socaliog, BoAog.

Siotou, A. (2011, December). Presentation of
Ph.d Thesis, Department of History, Archaeology
and Social Anthropology, University of Thessaly,
Volos, Greece.



Tunpa laTopiag, Apxaiohoyiag kai Koivwvikig AvBpwiroAoyiag - Department of History, Archaeology and Social Anthropology

ZUvTopo Bioypa@ikd

H AAegavdpa ZiwTtou otmoudace Koivwvikh Av-
BpwTroloyia ato Tunua laTtopiag, Apxaioloyiag, Koivw-
VIKAG AvBpwTtrohoyiag Tou [lMavemoTtnuiou Ogocaliog
Kal TTPAYHOTOTTOINCE PETATTTUXIAKEG OTTOUBEG aTnv [o-
ANimiopikn ToAimikr, Aloiknon kai ETrikoivwvia oto TuAua
Emkoivwviag, Méowv kai MNoAmopou Tou lMdvreiou MNa-
VeTTIoTNpiou Kovwvikwy Kai MoAmKwy ETmoTnuwy.

2UMMETEIXE WG EPEUVATPIO OTO TTPOYPANMA «ZXEDI-
QOUOG Kal TTIAOTIKF) £QAPUOYN EIBIKWY HaBNUATWY EAAN-
VIKAG YAWOOOG yIa PETAVAOTEG/TPIEG, YOVEIG hE TTaIdIC
TNV UTTOXPEWTIKA ekTraideuon» (MavemoTtriuio @eooa-
ANiag, emoTnuovikog utrelBuvog: AvopouAdkng MNwpyog)
Kai oTo TTpoypappa «MuBaydpagy (EMEAEK 1) pe Bépa
TIg KEpQUAES AlaoTdoelg TnG MetavdoTteuong otnv No-
TioavatoAikfy Eupwtm» (MavemoTtiuio ©soooAiag, eTmi-
oTnuovika utrelBuvn: Pikn Bav Mtrouoyortev). ETiong,
OUMMETEIXE WG EIBIKA CUVEPYATIOO OTO EPEUVNTIKO TTPO-
ypoppa «Evragn twv Tolyyavotraidwyv oT1o ZxoAeio» 10
d1dotnua 2002-2004 (MavemoTApio lwavvivwy, €moTn-
MovikoG utrelBuvog: Mavayiwtng MatrakwvoTavTivou)
Kal To didotnua 2006-2008 (MavemoTtAuio ©sooaAiag,
EMOTNUOVIKOG UTTEUBUvVOG: NatoAéwv MrTtong). 'Exel
EPYAOTEI WG EKTTAIOEUTIKOG o€ lvoTiTouto ETTayyeApari-
kg Katdptiong Tou Opyaviopou AtraoxoAnong Epya-
TIKOU AuvapikoU otnv €18IkOTNTa «KovwvioAdyog». Ta
EPEUVNTIKA TNG EVOIOPEPOVTA EVIACOOVTAI TNV avOpw-
TToAOYia TNG PETAVAOTEUONG, TOU GUAOU, TOU OWUATOG,
NG 0€EOUANIKOTNTOG KOI TWV CUVAIGONUATWY.

OMokAfpwoe 1N didakTopik TNG diaTpIBr, HE
TiTAO “EpwTIKO ouvaiodbnua, EUQUAES TAUTOTNTEG Kal
oxéoeig e¢ouaiag oTo TTAaiolo TNG SIEBVIKAG KIVNTIKO-
TNTaG TwV PeTavaoTwy”, oto Tunua loTopiag, Apxal-
oloyiag, KoivwvikAg AvBpwTtroloyiag Tou MNMavemmoTn-
piou ©goccaliag, pe uttoTpo®ia “HpdkAgitog I17.
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Short CV

Alexandra Siotou studied Social Anthropology
in the Department of History, Archaeology and
Social Anthropology at the University of Thessaly.
She holds a Master’s Degree in Cultural Policy,
Management and Communication from the
Department of Communication, Media and Culture
at Panteion University of Athens.

She has participated as a researcher in the
project Puthagoras (EPEAEK I1)*Gendered Aspects
of Migration in Southeastern Europe (University
of Thessaly, research supervisor: Riki Van
Boeschoten), in the programme “Elmego: Greek
for Immigrant Parents” (University of Thessaly,
research supervisor: Giorgos Androulakis) and
in the programme “Education of Roma Children”
(University of loannina, research supervisor:
Panagiotis Papakonstantinou, Univerisity of
Thessaly, research supervisor: Napoleon Mitsis).

Her research interests include the anthropology
of migration, gender and sexuality, emotions
and body politics. She completed her doctoral
thesis, titled “Love, gendered identities and power
relationships: examining migrant’s transnational
lives” in the Department of History, Archaeology and
Social Anthropology of the University of Thessaly,
with a “Heraclitus II” PhD scholarship.
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Aaptrpivi) ZTUAIOU

ZNTAMATA VEAVIKAG KOUATOUPOG
KOl TOUTOTHTWYV
TNG BEUTEPNG YEVIAG HETOVAOTWV.
H trepitrtwon Tng eyxwpliag
aABaviKng XITT XOTT OKNVASG
otnv EAAGda

MepiAnyn

H O18akTopIKN dIaTPIRN €EETACEI TNV KATACKEUN,
apBpwoaon Kai dlaxXeipiaon TAUTOTATWY KOl UTTOKEIUEVI-
KOTATWYV avAPECT O€ veapoug aABAVIKNAG KaTaywyng
TTou {ouv oTnVv ABrva Kal TTOPAYoUV POTT POUTIKH.
H épeuva €oTiddel 01O TTOPAdEIYHO EVOG OUYKEKPI-
MEVOU paTT OXAMATOG Kal oTa ox€dIa, TIG ETIOUNIEG,
TIG OTPATNYIKEG KAl TIG APNYATEIG - HOUTIKEG Kal N
- TWV VEAPWYV avOPWV TTOU TO CUYKPOTOUV, ETTIOIWKO-
VTOG JIO avAyvwaon TG ‘BelTepNG YEVIAS TTOU KIVEITAI
mépa amd OeikTeG £viagng, EKTTAIBEUTIKAG EVOWUA-
TWONG KAl KOIVWVIKAG KIVNTIKOTNTOG.

ATIO TIG apxég Tng dekaeTiag Tou '90 n EAAGSa
dpxI0e va OEXETAI QUENUEVEG POEG PETAVAOTWY, WE
TO MEYAAUTEPO TTOCOCTO AUTWY VA TTPOEPXOVTAI ATTO
TN YEITOVIKN Xwpa TG AABaviag, TTou Biwve TIG gu-
VETTEIEG TNG KATAPPEUONG TOU €11 oapdvta TTévTeE
XPOVIa KOPUOUVIOTIKOU KaBeaTwToG dlakuBépvnong.
Tnv idia dekaetia, 1600 oTnv EAAGSA 600 Kal aThv
AABavia, onueIvovTal Ol TIPWTEG OTTOTTEIPES OIKEIO-
TT0iNONG TNG PATT HOUCIKAG Kal XITT XOTT KOUATOUPAG
atd veapoug TTou, PIJoUPEVOl Toug AQpPo-AlEPIKO-
vOUG OUVOMNAIKOUG TOUG, POTTAPOUV OTN MNTPIKM
ToUG YAwooa. Tig TeAeuTaieg U0 TTEPITIOU DEKAETIEG
AapBavel xwpa €va duvapikd peUPA OIKEIOTTOINGNG
TNG MOUCIKAG QUTAG €KPPACNG aTTO VEOUG KOl VEEG
ge 6Ao Tov k6opo: amd TN MaAAia kai Tn Mepuavia
MéXp! TNV lattwvia, T N€a ZnAavdia Kal XWPEESG TNG
AaTIVIKAG AuepPIKNAG. ZT0 Tagidl TNG auTtd, YETAAAGO-
g€Tal YAWOOIKA KOl PJOUCIKA QvTavOKAWVTAG KABE
POPA EVTOTTIEG KATNYOPIEG KOl XAPOKTNPIOTIKA, EVW
OUMBOAICUOI, €vvoieG Kal IDEOAOYIKA OXUATA TTOU
TTAPAdOCIaKA CUYKPOTOUV TOV aIaKd KWOIKA TNG XITT
XOTT KOUATOUPOG ETTEVOUOVTAI PE VEA VONUOTA.

H patr poucikh w¢ ékepacn TG XIT XOTT
KOUATOUPOG £€XEl I0TOPIKA €KAGBEI XOPAKTNPICTIKA
‘avTiouuBaTikéTNTOG, ME MIO OuCia AvATPETITIKNA
KAl €ETTOVOOTOTIKA TTOU e€yypd@eTal O PnvUuoTa
avTiotTaong Kal avti-Aoyou atrévavtl 0€ NyEPOVIKA
ouoTApaTa Kal avarrapacTtdoels. E¢aitiag autou Tou
TTPOCNUOU OAAG Kal AGyw TwV EUKOAIWV TTOU TTOPEXEI
wg €idog, TTOAU ouyvd uloBeTeital atTd PETAVAOTEG
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Kal TTaidid PETOVAOTWY O€ OIAPOPEG XWPEG WG
pMECO ONUIOUPYIKAG £KGPAONG Kal a@riynong Twv
euTTEIpILY  TOUG. Eivalr yeyovég 0TI, 0 TTOAAEG
TTEPITITWOEIG, TO PATT GPYNUA UETAVACTWY YiVETAI
ékppacn Bupou kal dlapyapTupiag yia TIG OUVOAKES
PATOIOUOU, AVIONG METAXEIPIONG KAl OTTOKAEICUWY
TTOU Cuxvd BIWVOUV OTIG XWPEEG UTTOOOXAG r/Kal
UTTEPAOTTIONG TNG €OBVOTIKAG TOug TAUTOTNTAG OF
ouvonkeg petavdoTeuong. QoTd00, N OTEPEOTUTTIKA
oxedOv eoTioon TTOAAWV PEAETWV OTNV avixveuon
MOVo TETOIWV vonudaTwy, Oewpw OTI OTTOKAEIEl
TNV avadeifn eVOAAQKTIKWY I0TOPIWV Kal AOywv
‘avtioTaong’, KaBwg Kal dIadIKacIwy dIaudpewaong
vEwv B£0Ewv UTTOKEIYEVOU TTOU €yypd@ovTal OTIG
POTT ETTITEAECEIG JETAVACTWV.

H diarpify autr) peAeTd €Bvoypa@ikd oOTixoug,
NXoUG, AOyoug Kail BI0BPOPEG MIOG CUYKEKPIPEVNG POTT
OUAAOYIKOTNTOG, ME OKOTTO VO KATAVOACEl TOuG OUVOE-
TOUG TPOTTOUG E TOUG OTTOIOUG TA JEAN TNG TTOPAYOUV
véa TTEdia KOIVWVIKAG KPITIKAG JE BAan Ta TTOAATTAG
TTACioIa oTa OTTOIa EVEPYOUV Kal TO OTToia dEV opidovTal
MOvo atrd Tn duadikr) OXEon TwV UETAVAOTWY WE TN
XWPA UTTOBOXNG. AV YIO TOUG TTPWTOUG EKPPAOTEG TNG
XITT XOTT KOUATOUPQG TO PATT a@rynud Toug EKTUNICTO-
TV JE POVTO TIG CUVONKEG TTOU ETTIKPATOUCAV OTA YKE-
10 TNG Néag YOpKng Tnv €1oxr| TNG aTroRIouNXaviong,
TO POTT APAYNMA TWY TTANPOPOPNTWY Hou EVTACOETAl
KOI OUVOUIAET BIOPKWG PE TO OUYXPOVO KOIVWVIKO-TTO-
AITiK6 TOTTIO TG AABaviag, 6TTwG auTtd dIaPoPPWONKE
otn perd 10 1990 etmoxr). O1 UTTOKEIPEVIKOTNTEG TTOU
OUYKPOTOUV WG PETAVAOTEG 0TV EAAGSA Kal oxnuo-
TOTTOIOUVTAI ETTITEAECTIKA KOI AOYOBETIKA OTN POTT OU-
OIK] TOUG, UTTOOTNPIdw OTI TTapAyovTal OTO TTAQICIO
QuTAG TNG dIEBVIKNAG CUVONKNG.

N€€eig kKA&1B1a: aABaviki peTavdoTteuon, AdRva,
veoAaia, paTr HOUGIKA, XITT XOTT KOUATOUpPO, TOU-
TOTNTEG, UTTOKEIPEVIKOTNTEG, S1EOVIOCUOG

TpipeARg ZupBouAeuTikh ETriTpOTTA

Pikn Bav Mmrouoyxotev, Kabnyntpia, Koivwvikn
AvBpwTtroloyia kai Mpogopikr lotopia, TuAua loTto-
piag, Apxaiohoyiag & Koivwvikng AvBpwtrohoyiag,
MavemoTtAuio O@ecoaliag

MnveAétrn MatranAia, Etikoupn KabnyiTpia loto-
pikAG AvBpwTtoAoyiag, TuRua loTopiag, ApxaioAoyi-
ag, Koivwvikig AvBpwtroAdoyiag, MavemoTiuio O¢o-
oaAiag

KwvoTtavrtivog TMavvakotmouAog, AvatTAnpwrig
KaBnyntig, Koivwviky AvBpwTtroloyia, TuAua laTto-
piag kai Koivwvikig AvBpwTroAoyiag, Mavetmotiuio
Alyaiou
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Lambrini Stiliou

Issues of youth culture
and identity formation
of the second generation migrants:
the case of the Albanian
hip hop scene in Greece

Abstract

The thesis studies the construction, articulation
and negotiation of identities and subjectivities of
young men of Albanian descent who live in Athens
and make rap music. The research uses as its case
study a particular rap collective and focuses on the
plans, desires, strategies and narrations —musical
and non musical — of its members, in the context of a
study of ‘second generation’ migrant youth that goes
beyond estimations on integration, social mobility
and education attainment.

Since the early 1990s large numbers of
immigrants arrived in Greece, turning it from an
emigration into an immigration country. The majority
were Albanians leaving their country after the
collapse of the communist regime and due to its
aftermath consequences. In the same decade, both
in Greece and in Albania, rap music and hip hop
culture started becoming popular among youngsters
and so the first ‘crews’ rapping in their native
languages were formed. During the last two decades
rap music and hip hop culture have evolved to a
global phenomenon, with youths creatively adapting
it in locales as varied as France, Germany, Japan,
New Zealand and Latin America. In its global mobility
rap is being linguistically and musically transformed,
reflecting native categories, features and contexts.
Moreover, symbols, codes and values forming part
of the genre’s ideology and imagery are invested
with new meanings depending on local knowledge,
conditions and sensibilities.

Rap music as part of hip hop culture has
historically developed an unconventional character,
with a subversive and revolutionary substance
inscribed in resistant and counter-discourse
narratives against hegemonic representation and
power regimes. Due to this fact and its malleability
as a musical genre, it has been especially popular
among migrants and migrant youths all over the
world as a means of artistic creativity and articulation
of their experiences. It is true that in many cases
their rap narrative takes the form of anger or
protest against conditions of racism, inequality and
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exclusion often experienced in the host countries; or/
and of an empowered ethnic identity in conditions
of migrancy. However, focusing only on that aspect
and treating migrant rappers merely as agents of de
facto resistance on the margins of their host society,
deprives them of other possible agencies and
subjectivities produced in rap practice.

The thesis studies the lyrics, sounds, narrations
and routes of a particular rap collective, in order
to ethnographically understand the complex ways
in which its members produce new fields of social
critique, stemming not just from the binary relation
to the host country but from the multiple contexts
in which they operate. While the postindustrial
condition of the inner-city ghettos of New York
formed the background for the first rap productions,
my informants’ rap narrative unfolds in relation
to Albania’s socio-political condition in the post-
1990 era. | argue that it is within this transnational
condition lived by these young migrants in Greece,
that they form the subjectivities discursively and
performatively produced in their rap music.

Key words: Albanian migration, Athens,
youth, rap music, hip hop culture, identities,
subjectivities, transnationalism
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Anthropology and Oral History, Department of
History,Archaeology & Social Anthropology,
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Epyoypa@ia oTo mTAQioio
TOU TrpoypdppaTog « HpdkAeitog ll»
Scientific works within
the programme “Heraclitus II”

KegpdAaia g cuAAoyikd épya

1. Styliou, L. (ut6 €kdoon/forthcoming). «‘Leviz
mo la’! Albanian rap music made in Athensy.
In D. Tragaki (Ed.) Made in Greece. Studies in
Popular Music in Greece, London and New York:
Routledge.
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AVOKOIVWOEIG O€ ETTIOTNHOVIKA
OUVEDPIA Kal O€ NUEPIDEG
Presentations in scientific conferences
and meetings - workshops

1. Styliou, L. (2013, October). ‘Ne levizje’ [On
the move]: Albanian rap made in Athens.
Paper presented at 10th Annual Conference of
the Romanian Society for Social and Cultural
Anthropology  “Cultures of Mobility and
Immobility’, Sibiu.

. ZTOAIou, A. (2010, lolviog). “Une jam burri me
rr”: EmréAean tou avopiouou otnv aABavikn xim
XO1T oKnvn NS ABrAvag. Avakoivwaon atn Ainuepi-
0a «(Apoevikoi kai Mn) Avdpiopoix», MavemoTn-
pio Aryaiou, Tuiua Koivwvikig AvBpwTtroloyiog
kai loTopiag, MuTIAfvn.

Styliou, L. (2010, June). “Une jam burri me rr’:
Performing masculinity in the Albanian hip hop
scene of Athens. Paper presented at the Meeting
“(Masculine and other) Masculinities”, University
of Aegean, Department of History and Social
Anthropology, Mytilene, Greece.

. ZTUAIou, A. (2009, louviog). Mouaikh rapaywyn
VEQPWYVY UETAVACTWY Kal {NTANATA TAUTOTATWV:
n mepimrwon 1S hip hop PoOUGCIKAS KOUATOU-
pag. Avakoivwon oTo ZuvedpIo OTo TTAQICIO Tou
Puzzle Festival pe 6éua tnv KaAANITEXVIKH TTaPA-
ywyn petavaoTwy, ABrva.

Styliou, L. (2009, June). Music making of young
migrants and issues of identity: the case of hip
hop music culture. Paper presented at Puzzle
Festival and Conference on the Artistic Work of
Immigrants, Athens, Greece.

AMAAeg rapouaoidoeig/ Other presentations

. ZTOAI0U, A\. (2014, AeképBpiog). Mapouaoiaon TnG
d1aTpIBAG OTO TTAAICIO TOU GEUIVapPIaKoU Pabrua-
TOG «ZUYXPOVEG TTPORANUATIKEG OTNV aAvOPWTTO-
Aoyia Tng pouaikng» (d1ddokouaa Adgvn Tpayd-
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. ZTOAIou, A. (2012, louviog).

Kn), MetamTuxioko Mpoypappa « AIETTIOTNUOVIKES
Tpooeyyioeig atnv loTopia, Tnv Apxaioloyia kai
TNV Koivwvikr) AvBpwTtrodoyia», [avemoTrpio
Oeooaliag, BoAog.

Styliou, L. (2014, December). Lecture based
on the thesis’ findings delivered as part of the
postgraduate seminar “Current issues in music
anthropology” (lecturer Daphne Tragaki), MA
Programme “Intercultural approaches in History,
Archaeology and Social Anthropology”, University
of Thessaly, Volos, Greece.

‘Aviikw artn yevia
Tou ‘90 mou ueydAwoe orn ueraBaon’ Néor aA-
Bavikng Karaywyns Kai XIT XOTT [IOUCIK) OThV
ABhva. AIGAEEN oTnv nuepida TTapouaiaong TG
€PEUVNTIKNAG BepaToloyiag kal TNG TTPOOdoU TwV
OIBOKTOPIKWY BIATPIBWY, TTOU EKTTOVOUVTAI OTO
TTAaiolo Tou TTpoypdpuaTog «HpdkAeitog Iy, otn
2xoAj Emotnuwyv Tou AvBpwtrou Tou [laveri-
otnuiou ©gooaliag, MavemmoTAuio O©gooaliag,
BoAog.

Styliou, L. (2012, June). “I represent the
generation of the 1990s who grew up in
transition”: Albanian youth and hip hop music in
Athens. Lecture at the presentation event of the
research thematology and progress of the PhD
works, funded by the program “Heraclitus II”
in the School of Humanities of the University of
Thessaly, University of Thessaly, Volos, Greece.

. ZTOANIou, A. (2011, AeképPpiog). Néor aABavikng

Karaywyng Kai XITT XOTT JoUaikn atnv ABhva. AiG-
Aegn mapouaciaong Tng diatpirig ato Tunua loTo-
piag-Apxaioloyiag-Koivwvikig  AvBpwtrohoyiag,
MavemoTtAuio ©coocaliag, BoAog.

Styliou, L. (2011, December). Albanian youth
and hip hop music in Athens. Lecture at the
Department of History, Archaeology and Social
Anthropology, University of Thessaly, Volos,
Greece.
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ZUvTopuo Bloypa@iké

H Aaptrpivl ZT10AI0U yevvhOnke oTta lwdvviva
10 1980. Eival Kovwvikr avBpwTtToAdyog Kal uTTo-
wAeia AiddkTwp oto Turua lotopiag, Apxaioloyiag
ka1 Koivwvikrg AvBpwTroAoyiag tou MavemmoTnuiou
Oeooaliag. Xmmoudace Koivwvikhy AvBpwtroloyia
oTo idI0 TuRua (1998-2002) kai €ival KATOXOG  JeE-
TATTITUXIOKOU TiTAOU OTTOUdWYV aTTd TO lNAVETIOTAUIO
Tou ApoTepvtap (Master of Arts in Migration and
Ethnic Studies, 2004).

A6 10 2004 wg 10 2007, ATAV HEAOG TNG EPEUVN-
TIKAG OpAadag Tou TTpoypdupaTog « EppuAeg diaoTa-
o€Ig NG petavaoTeuong atn NoTioavaToAikr) Eupw-
n: évtagn, epyacia Kai SIOTTOAITIOUIKH ETTIKOIVWVIa»
(MavemoTAuio O@eooaAiag, Mubayodpag 1), evw éxel
ETTIONG OUPMPETAOYEI O€ EPEUVNTIKA TTPOYPAUMATA UE
Bépa TNV €vragn TolyyavoTraidwy OTnv eKTTaideuon
Kal Tn MEAETN BIEBVIKWY Oxéoewv o€ €TTITTEDO YEITO-
VIAG OTa gUyXpova aaTiKG KEvipa. Q¢ avBpwTToAd-
YOG €xEl TTPAYMOTOTTIOINCEI €BVOYPAQPIKN €pEuva OE
EAAGOa kal AABavia. TapdAAnAa, epydoTnke oTn
Aie0Buvon Newtepng MoAimioTikAg KAnpovouidg Tou
YTtroupyeiou MoAiImiopou, kabwg kal oe povada yu-
XOKOIVWVIKIG ATTOKATAOTAONG, OTO TTAQiCIO TOU TTPO-
ypauuatog ‘WYuxapywg' Tou YTroupyeiou Yyeiag. ‘Exel
METAPPAOEI KEIEVA VIO TO CUAAOYIKO TOUO «Eloayw-
yh oTnv EBvopouaikoAoyia» (ekdooeig Aaivn, 2013)
KI €xel eTIHEANOET TNV ayyAikf) €kdoon TnNG I0TOOEAI-
dag Tou gpeuvnTiKoU TTpoypauuarog GAME (http://
gendermigration.ha.uth.gr/en/intro.asp).

‘Ex€l OUUUETAOXEI ME QVAKOIVWOEIG TG o€ Ole-
BvA kal EAANVIKA ouvEDpPIQ KI ETTIOTNUOVIKEG GUVO-
vinoelg. Mvwpilel ayyAikd, yaAAikd kal aABavikd.
270 €PEUVNTIKA TNG evBIa@EPovVTa TTEPIAaUBavovTal N
avBpwTroloyia Tng petavdoTteuong, n di1eBvikdTNTA,
n avBpwTroAoyia TNG HOUCIKNAG, {NTHPATA TTONITIKWY
TNG TAUTOTNTAG, UTTOKEIPMEVIKOTNTAG KAl QpavTagiag,
KaBWwg Kal eBvoypa@ikAg HEAETNG TG AABaviag oTn
METAOCOCIANICTIKN ETTOXT).
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ARuntpa Kitoou

EkTipnon cuvaptoewyv {nuIag Kal
eAéyxou putTaVTWY YIia KOBopIoH6 aTro-
TEAEOHATWYV TTOMITIKWYV £TTiIAUONG TTEPI-

BaAAovTiKwV TTPpOoRANHATWYV

MepiAnyn

2TIG YEPEG Pag, n puTtravon Tou TTePIBAAAOVTOG
atroTeAEl €va aTTO TO ONUAVTIKOTEPA KOIVWVIKGA Kal
oIKOVOUIKG TTpoBAnuara. Or atoTuxieg TG ayopdcg,
OTTWG N UTTAPEN dNPOCiwV ayabuwyv Kal EEWTEPIKOTH-
TwV €MRAANOUV TN XPAON OIKOVOUIKWY PHECWV YIa TN
BeAtiwon Tng TToI6TNTAG TOU TTEPIBAANOVTOG. H OUy-
xpovn Oikovoulkry Tou [epIBAAAOVTOG QVTIUETW-
midel TN peiwon TNG pUTTAVONG 1 TNV ATTOKOTA-
ataon TNG ToIdTNTAG Tou TTEPIBAAAOVTOG WG Mia
OIKOVOMIKA OpacTnpIoTNTa TTOU XPNOIUOTIOIEl TTO-
POYWYIKOUG TTOPOUG TTPOKEIMEVOU VA TTAPAYEl TO
ayafo “moidtnTa Tou TEPIBAAAOVTOG”. To OQEAOG
TTOU TTPOKUTITEI ATTO TNV TTPOCTACIA TOU TTEPIRAA-
AovTog eival n peiwon Twv ¢NUILY TTOU TTPOKOAET
n puTtravon auTh.

ATO TNV AGAAn TTAeupd, n peiwon NG puTTav-
ong ETMTUYXAVETAI WPE TN XPAON AVTIPPUTTAVTIKWV
TEXVOAOYIWY, UE TNV UTTOKATAOTOON PUTTOYOVWYV TE-
XVOAOYIWV TTAPAYWYNG, UE TEXVOAOYIEG TTOU EKTTE-
MTTOUV PIKPOTEPES TTOOOTNTEG PUTTWYV, YE TN XPHON
AlyOTEPWYV PUTTOYOVWYV KAUCIUWYV, JE HEBOBOUG ava-
KUKAwaNG Kal GAAa. O Tpoadiopicudg Tou “apioTou”
emmédou TTpooTaaiag Tou TepIBaAovTog BacileTal
oTnV apxn TNG MeyioToTroinong Tou kabBapolu ogé-
Aoug (6@elog atrd Tn peiwan Twy ¢nUIWV pEiov To
KOOTOG €AEyXOU TNG PUTTAVONG), TTOU TTPOKUTITEI ATTO
TOV TTEPIOPIOKO 1) TNV €EAAEIYN TNG pUTTAVONG.

MNa 10 cwoTd TTPOCSIOPICHO TOU ETTITTEOOU TTPO-
oTaciag Tou TTEPIBAAAOVTOG, O {NUIEG TTOU TTPOKOAEI
n pUTTavon TTPETTEI VO TTPOCBIOPICTOUV JE TTANPOTN-
T, WOTE VA EKTIUNOEI pE ETTAPKEIA TO OPENOG. 2TO-
XOG TTavTa gival n mmiTeuén pIag apioTng Auong Katd
Pareto.

‘Exouv ypa@Tei TTOAG TTpOC@ATa yia 10 HEyeBog
TWV BIATTPAYUATEUCEWY KOl CUUQWVIWY OXETIKA UE
TNV emiAuon TrepIBaAovTIKWY TTPoBAnudTwy. Ol
dIaTTPaYHATEUCEIS KAl O GUPQWVIEG TOTTOBETOUVTAI
avAapeoa oTOUG UTTEUBUVOUG AYNG ATTOPACEWYV TTOU
TTPooTTaboUv va cUNBIBACOUV aVTIUAXOUEVEG TTOAI-
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TIKEG OXETIKA PE TN XPNON TNG YNG, TNV EVEPYEIQ KAl
TNV TTOIOTNTA TOU QEPQl.

To kUplo TPORANua otnv TTpowbnaon diebvwv
OUVEPYOQOIWV €ival N aTToudia Piag TTEICTIKAG ETTIOTN-
MoVIKG €kpaong. O oikovopoAdyol Tou TTepIBAANO-
vTOG avayvwpifouv 611 n aBeBaidtnta n otoia Tpo-
KUTTTEl ATTO TN QUON TNG ouvdapTnong TOU OPIaKOU
KOoToug eAéyyxou (marginal abatement cost, MAC)
Kal TNV 0plakr) ouvdpTtnon {nuiag (marginal damage
function, MD) eival kaBopIOTIKAG onUOCiag TTPOKEI-
pévou va kataAAfoupe otnv katd Pareto armrortehe-
OMOTIKI TTONITIKN.

H apepaidotnta Oieloduel OTIG ‘€TTIAOYEG TOU
evOIAPEPOUEVOU AVAUESA OTOV UTTOAOYIONO TOu
oplakoU kéoToug eAéyxou (MAC) kai Tou opiakou
K6otoug Cnpiag (MDC). H aBepaidétnta otnv
emmixeipnon onuioupyeital Adyw Tng UTTapgng Tng
ouvaptnong Tou MAC kal Adyw Tng aefaidtnrag
TTOU TTPOEPXETAI ATTO TIG DIAPOPETIKEG ETTIOPACEIC.
H aBefaidotnta oxemkd pe Tn ouvaptnon MAC
NG E€TMXeipnong dnuioupyeital Kupiwg, Adyw Tng
TEXVOAOyiOoG €TTeId) n Trapoucia Tng TexvoAoyiag
MTTOPEI va €ival OXETIKA TTPOCQATN KAl VO PNV EXEI
akopa €dpalwbei, evwy TaUTOXPOVA dnuIoUpYEiTal
OIKOVOMIKA afBeBaidtnta atmd Tn CUYKEVTPWON TOU
KOOTOUG  TTOU OTTEIKOVICETAI MEOW TNG KAUTTUANG
ATTOTEAEOUOTIKOTNTOG.

EmmAéov, n aBepaidTnTa OXETIKA PE TIG UEANO-
VTIKEG TINEG TWV EI00YWYWY, CUVETTAYETAI MIA ETTI-
TTAé0OV aBERaIdOTNTO OTNV ETTIXEIPNON, OTN CUVAPTNON
Tou oplakoU kKO6oToug eAéyxou (MAC). ATTo Tnv GAAN
TTAEUPd, ol aAAayég oTa TTePIBAAANOVTIKG dedopéva
f otV TIPA Twv @Opwv f OTa ATTOTEAéOUOTA TNG
Ad¢€Iag EKTTOUTING agpiwyv, YTTOPEl va dnuioupynoel
emMTAE0OV ouyKkpouoelg. H afeBaidtnta oto TTAaiolo
Tou TTEPIBAAAOVTIKOU gAéyxou dnuioupyei TTapouoia
@AIVOUEVA PE AUTA TTOU QVTIMETWTTICEI PIa ETTIXEIPN-
on, OTwg eival N aBefaidTnTa TNG ETTIXEIPNONG YIA
TNV KAUTTUAN TOU oplakoU KOOTOUG TNG, TO OTTOIO UE
TN o€1pd Tou dnuioupyei aBeBaidTNTA OXETIKA YE TV
KOUTTUAN OUVOAIKOU OpIOKOU KOOTOUG €AEYXOU TTOU
QVTIMETWTTICEI N KOIVWVIQ.

MapoAo TTou n TTOAITIKA Tou TTEPIBGAAOVTOG gival
molavév atralaypévn amd Tnv aBeBaidtnta TTou
OIaKATEXEI MIO ETTIXEIPNON — WG OTTOTEAECUA TWV
ETMAOYWYV TNG — €XEl VO AVTIUETWTTIOEI BUO aKOua
TTNYEG aBefaidTnTag. H TpWTn agopd 10 yeyovog Ot
n TePIBAANOVTIKN TTOAITIKA) EAEYXOU UTTOPED va €XEl
MOVO aoa®r eKTiunon TNG KOIVWVIKAG OuvapTnong
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TNG OPIOKNAG NUiag, KaBWG To HEYEBOG TOU CPAAUATOG
TTOU UTTOAOYICOUNE OXETIKA PE TO KOOTOG TNG Uyeiag
Kal TN pUTTaVON Tou aépa gival peyd@ho. Atré Tnv GAAn
TAEUpPd, aKOUa Kal av pia €Tmixeipnon yvwpilel n
ouvaptnon MAC, n KautrUAn ToU 0OpIaKoU KOGTOUG
TNG MTTOPEI va TTApapével AyvwaTn).

Me Tnv ekTTOvnon authg NG dIBAKTOPIKAG dIaTpI-
Bng, Ba TpooTradrijcoupe va Kabopicouue To BEATI-
07O €TTITTEdO PUTTAVONG KATW ATTO TIG UTTOBETEIG TWV
YPOUUIKWY, OEUTEPORABUIWY Kal EKBETIKWV OUVAPTN-
ONnG Tou KOoToug {nuiag kai eAéyxou. H dnuioupyia
EMTTEOWY PE UTTEPPOAIKEG TTEPIBAANOVTIKEG KOTO-
OTPOPEG OUVOEETAI PE TNV adUVAMIa UTTOAOYIGHOU

TOU KOIVWVIKOU KOOTOUG. AuTr n aduvapia &eixvel TNV
aTToTUYia TNG ayopdg n oTroia aTraitei TN HECOAAPBNON
VEWV TTOAITIKWV TTPOKEINEVOU Va dIopBwBEi.

Mpiv  katraAnéoupe AoITTOV  OE  OTTOIOBNTIOTE
amé@acn, Ba mpétel va BAAouuEe wg oTOXO MIa vEQ
TTEPIBAAAOVTIKN) TTONITIKF), N OTToia Ba €X€l OKOTTO TO
BéATIOTO emTiTredO TNG TTEPIBAANOVTIKAG PUTTAVONG.
2Tn Ouvéxela, aTTaiTeital va yivel gUykpion Tou
KOOTOUG {nuiag pe To KOATOG EAEyXOoU. O1 OIKOVOUIKES
Bewpieg Tpoteivouv TTwg TO PEATIOTO ETTiTTESO
pUTTOVONG TTPAYHOTOTTOIEITAl OTAV TO OPIAKO KOOTOG
{nuiag gival ioo pe 10 oplakd KOOTOG EAEyXOU, OTTWG
PaiVETAI OTO OXMMO TTOU OKOAOUBEI.

OPLIKG KOTTOC,
pAdpng
(OKE)

Opaxd 4
Kéotog OpLaKs KOOTOE
(Efpovido) LeLdosamg
(OKM)
3
U -— q*
st otrovdunam

MNpokeipévou AoItrév va Bpoupe To ApIoTO ETTITTESO
putravong, Ba XPnoIYOTToINOOUPE OUO KAWTTUAEG
ol otroieg Ba TTPoadiopifouv To KOOTOG EAEYXOU Kal
N ouvdptnon képdoug (f ¢nuiag) avrioToixa uiag
XWPAG A MIAG ETTAPXIAKNS TTOANG 1 €vog Orjuou.
To onueio TNG TopAG Toug Ba avTITIPOCWTTEUEl TO
apioTo emiTredo. Oa uTTOBEcOUpE  OTI O KAWTTUAEG
AaAANAeTIOpOUYV, BNUIOUPYWVTAG TNV TTEPIOXT], TTOU
Ba Tnv ovopdooupe ‘dpiotn’. Oa artrodeifoupe OTI
auT n aAAnAemidpacn dev gival TTAvTa ATTOOEKTH,
XPNOIMOTTOIWVTAG TPEIG TTEPITITWOEIS VA OUVAPTNON
opiakoU KOOTOUG Kal {nuiag kabwg Kol Toug
ouvduaopoug TouG:

a) MpaPUIKEG KOUTTUAEG,
B) AcutepoaBuIEG KAUTTUAEG Kal
Y) EKBETIKEG KAUTTUAEG

Oa e€eTACOUNE €TTIONG TTWG AUTA N ONUOVTIKN
TTEPIOX MTTOPEI va a&loAoynBei, XpnoIPOTTOIWVTAG
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o .'Emomég
(povibeg)

évav OEiKTn, O€ TTEPITITWON TTOU BIAQOPETIKES TTEPIO-
XEG TTpo0TEBOUV, UIOBETWVTOG BIAPOPETIKA avTayw-
VIOTIK& HOVTEAQ KOl TTOAITIKEG ATTO EKEIVA TTOU EKPPA-
Covtal aTTd TIG KAUTTUAEG KOOTOUG Kal KEPOOUG.

H TutmKr] TTpOoGéyyion TTou kabopilel To ApPICTO
eTTITTESO PUTTAVONG TTPOKUTITEI ATTO TOV EAEYXO TNG
opIaknG ¢nuiag ammd pia emTTAéoV povada puTrav-
ong ME TO avtioToiXo OpIoKG KOOTOG EAEyXOU. X€
auT Tnv TTpooTrddeia, Ba dievepynBolv evépyeleg
TIPOKEIUEVOU va KaBopiaTei To dpioTo eTTiTedo puU-
TTavong KATw atd JIAQOPETIKEG UTTOBETEIC OXETIKA
ME TN ouvApTNon KOOTOUG eAEyxou. Ti yiveTal dnAadn
TNV TTEPITITWON TNG YPOUUIKNAG, deuTEPOBABUIAG Kal
€KOETIKAG ouvdApTNONG KOBWG £TTiONG KAl TTOI0G €ival
0 péAog TnG Bapidg Biounxaviag yia 1o BaBud pu-
TTavang Kal Téoo eTTnpeddovTal Ta didpopa eTTiTeda
pUTTaVONG atd TN YEWYPAPIKA B€0on TnG €KACTOTE
XWPAG.

‘ETo1 Ba €€dyoupe Ta KOOTN €AEyxoU Kal {nuiag
yia éva apiBud xwpwyv yia KAtoia amd Ta onua-
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vTIKOTEPA TTEPIBAAAOVTIKG TTpOoBAAuaTa. H olkovo-
MIKR Bewpia, pag Ogixvel TTwG O APICTOG POPOAOYI-
KOG GUVTEAEOTAG ETTITUYXAVETAI GTO GNEiIo GTTOU TO
opIaKd KOOTOG e€Aéyxou (marginal abatement cost,
MAC) 1couTal pe 10 opiakd K6aTog {nuiag (marginal
damage cost, MD) Tng puTtravong TTou TTPETTEI VO JEI-
wPOei. Mporeiveral AoImmév €vag véog pOPOg O OTTOI-
0G aTtroTeAEl pia GAAN OTITIKY TN dIaQOPOTIOINUEVN
@opoloyia kai BagifeTal TN yevikeuon Tou dl1aQopo-
TroiNuévou @oépou. O eopog autdg dIaPOPOTIOIEITAl
avéloya pe 10 «uEyeBog TNG amdéoTacNnS» OTrd TO
KEVTPO TNG pUTTAvVoNG Kal ovouddeTal ‘OTaBUIoUEVOG
31aQOPOTTOINUEVOS POPOG aTTOCTACNG .

Aégeig kAe1d1d: Meprox weéAsiag, KOOGTOG CnUi-
ag, KOOTOG eAéyxou, pUTTAVON

TpipeAg ZupBouleuTiki EmiTpoTTA

Flewpylog XdAkog, Kabnyntrig OIKOVOMIKAG Twv
duoikwv Moépwv, Aleubuvtig Tou EpyaaTtnpiou ETmi-
xeipnolakwy Epsuvwv, TuAua Oikovouikwy ETToTn-
pwv, MavemmoTtApio @sooaliag (emBAETwv)

BaoiAgia Nivvh, Kabnynrtpia TexvoAoyiag, TuRua
Opydvwong kai Aloiknong Emmixeiprioewy, Oikovopi-
k6 MavetmoTAuio ABnvwv

KwvoTtavrivog Mmifag, Kabnyntig Oikovopikig
MepiBaAhovTog kai Puaoikwv MNopwv- Biwoiun Avd-
mTugn, TuAupa Oikovopikng kai Mepipepeiakng Ava-
mrruéng, lMavreio MavemoTiuio

Dimitra Kitsou

Estimation of damage and cost
functions: Identifying policies for
optimal pollution levels

Abstract

As there is no international or multinational
‘government’ that can enforce international
environmental policy, environmental problems
must be solved by voluntary agreements among
the countries concerned. The problem is that of
finding some institutional structure that will facilitate
the appropriate agreements. Such a structure must
be one that makes all parties (countries) better off.
Otherwise, any agreement is unlikely. We thus seek
structures that promise a Pareto-efficient outcome.

But the main problem for promoting international
cooperation is the unconvincing scientific evidence.
Environmental economists recognize that uncertainty
concerning the nature of the marginal abatement
cost function and the marginal damage function is an
important determinant of adopting Pareto-efficient
policies. Uncertainty pervades the decision-maker
in terms of calculating marginal abatement and
marginal damage costs.

Economic theory suggests that the optimal
pollution level occurs when the marginal damage
cost equals the marginal abatement cost. Graphically
the optimal pollution level is presented in Figure 1.

Costs
Y
gz-MAC
A=A(0,2)
ka
9(z=MD
B=B(0,po)
z o C z
Damage reduction
v

Figure 1: Graphical presentation of the optimal polution level (general case)
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Rationality in the formulation and applicability
of environmental policies depends on careful
consideration of their consequences on the nature
and on the society. For this reason it is important to
quantify the costs and benefits in the most accurate
way. But the validity of any cost benefit analysis
(hereafter CBA) is ambiguous as the results may
have large uncertainties. Uncertainty is present in
all environmental problems and this makes clear the
need for thoughtful policy design and evaluation. We
may have uncertainty over the underlying physical or
ecological processes, as well as over the economic
consequences of the change in environmental
quality.

Uncertainty is obvious not only in the parameters’
estimation, but also in the case of uncertainty over
the shapes and forms of the non-linear damage
and abatement cost functions, i.e. uncertainty on
the choice of the appropriate model that “fits” the
problem. To make this uncertainty of the parameters
clearer, we may think in terms of the Regression
Analysis: the fitted model, assumed for the damage
and abatement curves, ‘lies” between the upper
and the lower bound of a 95% confidence interval.
That is there are two curves creating an interval of
values for the fitted model. That is uncertainty due to
the variation of the estimated coefficients. A similar
picture is realized when referring to abatement costs,
which may be less uncertain, compared to damage
costs, but they are quite severe. The main problem
in this case is related to technological change which
may be essentially difficult to predict or sometimes
even to characterize.

These sources of uncertainty and their impact
on policy formulation may be represented by the
non-linear nature of the damage and abatement
cost functions. Damage or external costs can be
estimated by an analysis of the chain of pollution
emissions, their dispersion and “transportation” (in
cases of trans boundary pollution like the acid rain
problem), their effect measured among others with
a dose-response function and their final (if feasible)
monetary valuation.

As uncertainty may be due to the lack of
appropriate abatement and damage cost data, in
this PhD thesis we apply a method of calibrating
non-existing damage cost estimates relying on
individual country abatement cost functions (Hutton
and Halkos, 1995; Halkos and Kitsos, 2005). In this
way a calibrated benefit area (BA°) is estimated.
Specifically, we try to identify the optimal pollution
level under the assumptions of linear, quadratic and
exponential abatement and damage cost functions.
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As far as the parameters are concerned, the first
two are linear while the third is a non-linear function.
That is we improve the work of Halkos and Kitsos
(2005) by extending the number of different model
approximations of marginal abatement and damage
cost functions.

The corresponding optimal level of environmental
policy is evaluated, with analytical forms in the
linear and quadratic case, while in the exponential
case, these values are obtained approximately.
We show that, in principle, its existence obeys to
certain restrictions, which are investigated here.
The evaluation of the benefit area is discussed and
analytical forms for this particular area are calculated.
The positive point, at least from a theoretical point of
view, is that both the quadratic and the exponential
case obey to the same form of evaluating the benefit
area. These benefit area evaluations can be used as
indexes, between different rival policies and certainly
the policy which produces the maximum area is the
beneficial policy.

Subsequently, we introduce the weighted location
differential tax method. Relying on Pigou’s view,
environmental taxes increase the costs of polluting
activities reflecting in this way the true social cost
imposed to society by the caused environmental
damage by these activities. The total pollution
cost (TPC) is defined by adding up the marginal
abatement (MAC) and the marginal damage (MD)
costs. That is the random variable TPC includes the
social costs associated with pollution. We relate this
with contaminated locations and propose a weighted
location differentiated tax and a corresponding index
that adjusts taxation to the damages caused. It is
clear that the value of the expected total pollution
(social) cost, E(TPC) would be of interest and
therefore we proceed to the evaluation through the
use of the y-order Generalized Normal. The value
of the variance, Var(TPC) is also evaluated and we
provide a generalized form of the E(TPC) as far
(i) the form of TPC and (ii) the probability density
function.

Specifically, in this PhD thesis we show the
application of the y-ordered generalized Normal
provides to the researcher the option to choose
among three distributions: The Uniform, Normal and
Laplace. That is among no-tails, normal tails and fat
tails. The decision is also based on the value of &
(is the scale parameter) we choose at the first step —
‘how far’ from the ‘origin of pollution’ we go.

The question of what is the shape of the
distribution to be followed is important. That is
why the expected value of the total pollution
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cost, E(TPC), can be related to the appropriately
calculated variance, Var(TPC), so that approximate
.95 confidence interval of the EISC)=2yVar(IPC)
form to be evaluated, while for a .99 approximate
confidence interval the factor 2 is replaced by 3. As
the TPC includes the social cost related to pollution
the greater expected value has to be associated with
higher taxation under the weighted location tax while
the larger the variance the larger the area polluted
and affected socially. Therefore the taxation system
should take into consideration these issues.

Key words: weighted-location adjusted differen-
tial tax, pollution related social cost, expected
value, technology, probability density function
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lMaveAAnvio Suvédpio atnv Oikovoulkn Twv Pu-
aikwv Topwv kai Tou lepiBaArovrog: KAiuartikn
AMayn (oeA. 75 - 84). MavemoTAuio @ecoaliag,
Bohog: EpyaoTtriipio Emixeipnolokwyv Epeuvwv
Tou TunApatog Olkovoplikwy EmoTtnuwy Tng Zxo-
MG AvBpwTmIaTIKWY Kal Koivwvikwy Emotnuwyv
Tou lNavetmoTnuiou OcoocaAiag.

Halkos, G. E., & Kitsou, D.C. (2014).
Generalizing Total Pollution Cost. In G. E. Halkos
(Ed.), 1st National Conference on the Economics
of Natural Resources and Environment: Climate
Change (pp. 75-84). University of Thessaly,
Volos, Greece: Laboratory of Operations
Research, Department of Economics, University
of Thessaly, Greece.

3. XaAkog, I'. E., & Kitoou, A. X. (2013). Npoacdio-
PIOUOG dploTou emTTEdOU PUTTAVONG KAl Ol GUV-
Bnkeg e€aywyng Tng TrepIoXAS weéAeiag. 260 MNa-
veAAnvio Zuvédpio STaTioTIKAC e Béua: 2TaTiaTikn
otov AvaAoyiouod, ta XpnuUarooiKOVOUIKA Kal TN
Aioikntikn) Kivdovou (oeh. 242-251).MavemoTh-
pio Meipaiwg: EAAnvIkS Z1aTioTiké lvoTiTouTo.

Halkos, G. E., &Kitsou, D. C. (2013). Determining
pollution level and the Benefit Area. 26th National
Conference of Statistic on the subject Statistics
on Actuarial, Finance and Risk Management (pp.
242-251).University of Piraeus: Greek Statistical
Institute
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AVOKOIVWOEIG O€ ETTIOTNHOVIKA
OuUVEDSpIa Kal NUEPiIBES
Presentations in scientific conferences
and meetings - workshops

1. XdAkog, I. E., & Kitoou, A. X. (2014, Md&iog).
Generalizing Total Pollution Cost. Tpo@opikn
avakoivwon HeAETNG oTo 10 TMaveAAAvio Zuvé-
opio otnv Oikovopik Twv Puoikwyv Mépwv Kal
Tou lMepiBdArovtog: KAipaTikry ANayr, Maveri-
oo @caoaliag, BoAog.

Halkos, G.E., & Kitsou, D.C. (2014, May).
Generalizing Total Pollution Cost. Paper presented
at 1st National Conference on Economics of
Natural Resources and Environment: Climate
Change, University of Thessaly, Volos, Greece.

2. Halkos, G. E., & Kitsou, D.C. (2013, May - June).
Risk Problems Identifying the Optimal Pollution
Level. Paper presented at 5th International
Conference on Risk Analysis

(Biomedicine,

Environmetrics, Economics, Finance & Reliability)
at Polytechnic Institute of Tomar, Portugal.

3. XdAkog, T.E., & Kitoou A.X. (2013, Mdiog).
lMpoadiopioudg Gpiotou emimédou pUTTAVONS Kai
ol OUVONKes e€aywync NG TEPIOXNS WPEAEIAC.
MpoopIkr avakoivwon NEAETNG 0TO 260 TaveA-
AAvIo ZUvEDpIO ZTATIOTIKAG PE BEPQ: «ZTATIOTIKA
oTov AvaAoyiouo, Ta XpnUaTooIKOVOUIKA Kal Th
AloiknTiky Kivduvou», TTou opyavwlnke atmod 1o
EAANVIKO ZTaTIOTIKO IvoTITOUTO OTO INAVETTIOTAMIO
Meipaiwg.

Halkos, G.E., & Kitsou, D.C. (2013, May).
Determining optimal pollution level and the
Benefit Area. Paper presented at 26th National
Conference on Statistics in the field: «Statistics
in Actuarial, Finance and Risk Management»,
organized by the Greek Statistical Institute at the
University of Piraeus, Greece..

Zovtouo Bioypagikd

H ARAjuntpa Kitoou cival amégoitog Tou Tun-
paTtog Oikovoplkwy Emotnuwy tou KatodioTpia-
kouU lMavemoTnuiou ABnvwy. Eivai kdtoxog MdaoTep
oto [lepiBdAov ammd tnv latpik ZxoAr; ABnvwv
oTto Tedio Tng uyeiag. Etriong, 10 Pefpoudpio Tou
2015, amréktnoe 10 AiIdakTopIKG TNG AimAwpa ammod
10 TpAMa Oikovoulkwy EmaoTtnuwy Tou MavemmoTtni-
ou Oecoaliag oto 1edio Twv OIKovOoUIKWY Tou lepi-
BaAAovToG.

Ta étn 2005-2008, dicTéAece oTEAEXOG Olaxei-
PIONG KAIVOTOUIAG KAl PETOPOPAS TEXVOAOYiag OTO
pageio AlapecoAdpBnong Tou A-TEI ABAvag. YTrhp-
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&e utTelBuvn OIKOVOUIKNG dlaXEipIong Tou ypageiou
KOl apuodIa yia TNV TEPATWON TwV TTAPAdOTEWY Kal
TNV opydvwon nuepidwyv. MapdAAnAa, didate wg
wpopioBia kabnyntpia oe didpopa dnuooia IEK tng
ABnAvag, Ta pabiuara : Apxég MoAimikng Oikovopiag,
Anpooieg Zxéoeig, MapkeTivyk Kal MwAAoEIg.

To 2009, €\aBe TNV UTTOTPOYIO TOU TTPOYPAHMA-
T0G HpdkAeImog Il yia Tnv ekTréovnon TnG dISAKTOPIKAG
NG dIaTPIRNAG.

Juppueteixe oto 260 lMaveAAnvio 2uvédplio ZT1a-
TIOTIKAG WE BEpa : “ZTaTIOTIKN oTov AvOoAoyIoo, Ta
XpnuaTooikovouika kai Tn AloiknTiki Kivduvou”, oto
MavemoTtAuio Meipaid ( 8-11 Mdiou 2013). To Bpa
TNG TTapouciaong g ATav “rpocdioplouog dpioTou



ZXOAH ANOPQMIZTIKON KAI KOINONIKQN EMIZTHMQON - SCHOOL OF HUMANITIES AND SOCIAL SCIENCES

emmédoU pUTTAVONG Kal Ol GUVOAKES €€aywyYNS TNG
TTEPIOXNG WPEAEIAG”.

Emiong Tmapouciaoe Tnv  gpyacia  “Risk
Problems Identifying the Optimal Pollution Level’
oTto 5th International Conference on Risk Analysis
(Biomedicine, Environ metrics, Economics, Finance
& Reliability) oto Polytechnic Institute, oto Tomar
NG MopToyaAiag, Tov louvio Tou 2013.

TéAOG, cuppETEIXE OTO OUVEDPIO TOU BIEBVOUG Op-
yaviouou ASTP (Association of European Science &
Technology Transfer Professionals) otnv XaideAREp-
yn Tng leppaviag, atréd 30 Maiou £éwg 1 louviou 2007,
ue B€ua «Best Practices In Transfer of Science and
technology» .

Short CV

Dimitra Kitsou is an economist who has
graduated from the Department of Economics at
the University of Athens, Greece. She holds a M.Sc.
in Environment from the Medical School of the
University of Athens. Also, in February 2015, she got
her PhD from the Department of Economics at the
University of Thessaly, on the field of Environmental
Economics.

The vyears 2005-2008, she had been an
executive management innovation and technology
transfer at the Liaison Office of TEI-A. She was
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responsible for the financial management of the
office and for the completion of deliverables and
organizing workshops. She taught as a professor
at various hourly public Institutions of Athens the
subjects:  Principles of Political Economy, Public
Relations, Marketing and Sales.

In 2009, she received a Heraclitus Il scholarship
for preparing her PhD thesis.

She participated in the 26th National Conference
on Statistics: «Statistics in Actuarial, Finance and
Risk Management at the University of Piraeus, from
8 to 11 May 2013. The theme of the presentation
was “Determining optimal pollution level and the
Benefit Area”.

Also, she presented the work “Risk Problems
Identifying the Optimal Pollution Level” at 5th
International Conference on Risk Analysis
(Biomedicine, Environ metrics, Economics, Finance
& Reliability) at the Polytechnic Institute of Tomar, in
Portugal, in June 2013.

Finally, she participated in the conference of
the international organization ASTP (Association
of European Science & Technology Transfer
Professionals) in Heidelberg, Germany, from May
30th to June 1st 2007, entitled «Best Practices In
Transfer of Science and technology».
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Etmrapeivwvdag Maifdvog pnviaia oToixeia yia Tig Hvwpéveg MNoAiteieg Apepi-
KNG, yia Tnv trepiodo 1973-2013. Mo ouykekpipéva,
O1 ETITITWOEIS TS ANHOCIOVOMIKIS egetadoupe 1600 TIG BPaAXUXPOVIEG OCO Kal TIG Ja-

Kpoxpovieg aAANAeTIOpdoeIg peTalu TG dNUOCIOVO-
MIKAG KaI VOUIOUOTIKAG TTOAITIKAG KAl TWV EKTTOUTIWV
diogeidiou Tou avBpaka (CO,) oTnv atudéoPaipa,
Xpnoigotroiwvtag peBddoug avaluong Xpovoho-

MoAiTikAg kai o P6Aog Tng MepifaAAo-
VTIKAG MoAITIKAG

MepiAnyn YIKWV ZEIPWV OTTWG N ZUVOAOKANpwan, EA&yxoug
O1 kuBepvnTIKEG daTTAVEG aAUEABNKAV O€ TTOAAEG aImotnTag kard Granger kai YTodeiypara Aiavu-
XWPEG YIa va PETPIACOUV TIG APVNTIKEG CUVETTEIEG TNG opaTIKwV AutotTtaAivdpounoswy. [Mpokeiyévou va
OIKOVOWIKAG Kpiong Tng Trepiodou 2008-2009. 2nua- £€eTAOTOUV 01 MOAVEG JIAPOPEG OTNV ETTIdPACH TNG
VTIKO Wépog Tou AENM Twv xwpwv datravdaTal ato OIKOVOUIKAG TTONITIKAG O€ dIapOPETIKOUG TUTTOUG pU-
TIG KUBepvnoeig emnpedloviag éva peydAo apiBuo TIWV, XPNOIYOTIOIoUE 0NV avaAuan ektroutrég CO,
OIKOVOMIKWYV OEIKTWV KOl TNV €UnUEPia YeVIKOTEPA. TTOU TTPOEPXOVTAl ATTO TNV TTopaywyikn diadikacia
EEaAAou pia agipd TpOopaTwy PEAETWY aVEDEIEE TIG KOl EVaAAQKTIKG aTré TN Xprion evEPyeEiag atod Ta VolI-
KUBEPVNTIKEG BATTAVEG WG GNUAVTIKO TTPOCdIOPIOTI- Kokupid. EmmTpocBeTa, kKataokeudlouue TIG auvap-
KO TTapdyovTa TnG TroidTnTaG Tou TrepIBaAAovTog. O TACEIS AIPVIdIWV JIATAPAXWYV VIO TPEIG YPAUMIKOUG
MNXaviopOg BACEl TOU OTTOIOU OI dNPOCIES OATTAVES OuVOUAOHOUG TwV ONUOCIiwV dATTAVWY, TTOU AVTIKO-
Kal To TTEPIBAAAOV AAANAETTIOPOUV avaAUETal OE WIa ToTITPifouV Ta Tpia JIAPOPETIKA agevdpia: a) aufnon
oeipd ammd BewpnTiKEG PEAETEG. Tlap’OAn Ouwg Tn daTravwy TTou XpnuatodoTtouvTal aTrd dnuociovo-
oTroudaIdTNTa TNG £TTIdOPACNG TWV dnUoCiwy daTra- MIKO EAAEIPO B) TTEPIKOTIH @OPWYV TTOU XPNUaATod0-
vwv oTo TTEPIBAANOV, auTrh N oxéon Ogv £XEl HEAETN- ToUvTal aTTé ONUOCIOVOUIKO EAAEIUA Kal ) augnon
Bei ekTevwg oTn BiBAIoypagia. OaTTavVWYV ME 1000KEAIOUEVO TTPOUTTOAOYIONG. Ol
To Tmpwto pPéPOg TnG dIaTPIBrG €&eTdlel TNV TIPOTACEIG TTOMITIKAG TTOU ATTOPPEOUV ATTO TNV ava-
EMOPOON TNG MAKPOOIKOVOMIKNAG TTIONITIKAG OTNV Auon dlagopoTrolouvTal avaloya PE TNV TNy Twv
TTOI0TNTA TOU TTEPIBAAAOVTOG, XPNOIUOTIOIWVTAG TPI- ekmmoutrwv CO,,.

Aiaypaupa 1: To oevapio 1I000KkeAIOUEVOU TTPOUTTOAOYIOUOU OTTOU OI KUBEPVNTIKES daTmmaves auéavovral Kard
1% yia éva £T0¢ Kal avTioTolxa 1a KUBEpVNTIKG é000a auédvovral Kard 1o idlo TToa0.

10 coz2ic 050 CO2RTC
05 4 0.25 o
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Ta atmmoteAéouaTa TNG TTAPATTaVW avaAuong aTro- daTTavwyV UTToPEi va odnynoel o€ &va atmmpoOBAETTTa
KTOUV 1810iTEPN BapUTnTa OV OVOAOYIOTEI KOVEIG TNV BeTIKO atroTéAeopa, ATOI va 0dNyAOoEl 0TN Peiwan TNG
€UQaon oTNV ETTEKTATIKI WOKPOOIKOVOWIKN) TTOAITIKH TTEPIBAAAOVTIKAG pUTTAVONG PE TPOTTO ATTOTEAECUATI-
TToU €X€l UI0OeTNOEI aTTd TTOAAEG XWPEG, TTPOKEIUE- KOTEPO ATTO AUTOV TTOU apYIKG Ba ATAV AVOUEVOUEVO.
vou va apBAuvBoUv o1 apvnTIKEG CUVETTEIEG TNG TTPO- AUTA n TTPOOTITIKA €ival onuavTiKA KaBwg n XprRon
o@ATNG 0IKOVOUIKAG Kpiong. O1 KuBepvroeig TTOAWY MEBGOWYV avaAuong eUCTABEIOG TWV ATTOTEAECUATWY
KPaTwV, ouuTTEPIAaUBavopévwy Twv Hvwpévwy lMo- atodeikvUuel OTI N €midPACN TWV KUBEPVNTIKWY Oa-
AITEIV APEPIKAG, aKOAOUBOUV TTpoypPAPPaTa ONUO- TTAVWV OTNV TroloTNTa Tou TTEPIBAAAOVTOG dev e€ap-
VTIKAG al&nong Twv KUBEPVNTIKWY dATTAVWV, TTOAAEG TéTal atmd TIG PUBUICEIG KOl TOUG KAVOVIOUOUG TToU
POPEG ouvdualdoPEVa PE HEYOAUTEPN EUPOCH QUTWV uioBeTouvTal yia To TTEPIBAAAOV. AuTO GuveTTAyETAl
TwV OATTAVWYV O€ TOUEIG dnuodiwv ayabwyv OTTwg n OTI KOO KOl OTNV TTEPITITWON TTOU N TTEPIBAANOVTIKA
EKTTAIOEUON, N UyEia Kal n TTpoaTacia Tou TTEPIRAA- TTOANITIKN) TTapapével OTaBePr, Ol JETABOAEG OTO UWog
AovTog. H peAETN Beixvel 6T n altEnon Twv dnuoadiwv Kal oTn d1dpBpwan Twv KUBEPVNTIKWY dATTAVWY €i-
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val moavo va odnyolv O€ WPEIWON TWV EKTTOUTIWV
PUTTWV TTOU TTPOEPXOVTAI KUPIWG aTTd TNV TTOpayWwYI-
Kn dladikaaia aAAd kal atrd TNV KatavaAwaon. AvTife-
Ta, AV akoAouBnBei dnUOCIOVOUIKK) TTONITIK) hEiwang
TWV QOPWV N ETTEKTATIKNA VOUICHATIKA TTONITIKA Kpive-
Tl ATTOPAITATO QUTEG va ouvodeUovTal aTTd KATAA-
AnAeg TTEPIBAANOVTIKEG puBpioelg, 18w doov apopd
TOUG PUTTOUG TTOU TTPOEPXOVTAI ATTO TNV TTAPAYWYH.

270 eTTOMEVO KEPAAaIO TNG BIATPIRNG, EEETACOVTAI
ol TTEPIBAANOVTIKEG ETTITITWOEIG TNG OIKOVOMIKAG ME-
yE€Buvong Kal Twv KUBEPVNTIKWY dATTAVWYV, XPNOIUO-
ToiwvTag dedopéva panel yia 71 XWPES Kal yia Thv
mepiodo 1970-2008. ZuyKekpipEva, TTPAYUATOTIOIN-
gital éAeyxog NG uttéBeong UTTAPENG OXE0NG WETO-
&0 oIKovopIKAG avaTTugng kai TePIBAAAOVTOG, TTOU
MTTOPEI va avaTtapacTabei Pe éva OxNUa avTeEOTPAW-
pévou U, kaBwg kal Tng uttéBeang 611 TO AUECO ATTO-
TEAEOUA HIOG aUENOoNG TwV KUBEPVNTIKWY OATTAVWV
oTo TrepIBAAAoV gival n peiwon Twy puTwy. Egaitiag
TOU YEYOVOTOG OTI 01 TTEPIBAAAOVTIKEG ETTITITWOEIG TOU
€I000MPATOG KAl TNG KUPBEPVNTIKNAG TTOMITIKAG EUPO-
vidovtal ouvBwg pe uoTEPNON, AOyw TEXVOAOYIKWV
KOl BECUIKWY TTAPAYOVTWY, XPNOIKMOTTOIOUNE KATAA-
ANAEG BUVAUIKEG OIKOVOUETPIKEG HEBBDOUG, OTTWG TO
UTTOOEIYUA KATAVEUNMEVWY XPOVIKWY UCTEPHOEWV
katd Koyck. TéAog, TTapaTiBevTal ol eKTINACEIG TOU
UTTOdEIYUATOG YIA TH BPaxuxpovia Kal Jakpoxpovia
mepiodo yia Tig ekmouteg SO, kai CO,, Tapoucia-
{ovtag Ta amroTeAEOUATA YIO OIGQOPES KATNYOPIES
OIKOVOUIKAG avatTugng. O TTPOoTACEIG OIKOVOUIKAG
TTOAITIKAG TTOU TTPOKUTITOUV aTTé TNV avdaAuon €ap-
TWVTAI ATTO TO ETTITTESO TOU EI00BMATOG TNG KATA TTE-
PITITWON, UTTO JEAETN XWPOG.

270 TeAeuTaio KEQAAaIo TNG dIOTPIRNG, €EeTACE-
Tdl N UTTOBECN OTI O1 ETITITWOEIG TWV KUBEPVNTIKWV
datravwy aTo TTepIBGAAov duvaral va diaxwpIoTouV
METAEU AUECWV Kal EPUECWYV aTTOTEAEOPATWY. H TTO-
NITIKA upnAWY KUBEPVNTIKWY daTTavwy ival moavo-
TEPO VO TTEPIAANPBAVEI AVOKATAVOUR TOU EIG0OAUATOG
TToU odnyei o€ peyaAUuTeEPN 1I00TNTA TWV EI00ONUATWYV
KOl KAt €TTEKTACN 0€ uwnAdTePn CATNON YIa BeATI-
wan NG ToIdTNTAG Tou TrEPIBGAAovVTOG. ETITTpOo0E-
T, av n ToIoTNTA Tou TTEPIBAAAOVTOG BewpnBei wg
ayaBo toAuteAgiag, givar mBavotepo 6T n ATNoN
yia autr) Ba eppavidetal étav £xel AdN IKAvoTroIindEi n
ZATNon GAAwvV dnuogiwv ayabwyv, dnAadr o€ uwnAd
emmimeda KuBepvnTikwy datravwy. 21n BiBAloypagia
TTapoucIdldovTal TECOEPEIG PNXOVIOUOI PEOW TWV
OTToiwV TO PEYEBOG Kal N oUVBEDN TWV KUBEPVNTIKWV
datravwy duvavTal va €TnNpedoouv TNV TTEPIBAAAo-
VTIKA] pUTTAVGON, ATOI, TO OTTOTEAEGUA KAiJaKag (6TTou
N OIKOVOUIKN) peyEBuvan odnyei o€ PeyoAUTEPES TTE-
PIBAAAOVTIKEG TTIECEIG), TO aTTOTEAECHA OUVBeEoNng
(oUpwva pe To otToio yivetal auénuévn xprnon dpa-
OTNPIOTATWY EVTAOEWS avBpwTTivou Ke@aAaiou avTi
QUTWYV QUOIKOU Ke@aAaiou TTou €TIBapUVOUV TTEPIO-
00TEPO TO TTEPIBAAAOV), TO TEXVOAOYIKO ATTOTEAEC A
(AOYyw TNG uWnASGTEPNG ATTOTEAEOUATIKOTNTAG TNG EP-
Yyaoiag) Kal To aTToTEAECUA €I000AUATOS (CUUNQWVA
ME TO oTroio Ta uwnAdTEPA 1000 uaTa odnyolv o€
MeyaAUTePN CNTNON Yia BeATiwaon TnNG TToOIGTNTAG TOU
mepIBaAAovTog). EEGANOU, €xel TTapaTtnpnBei 611 au-
&non Twv KuBepvNTIKWY dATTAVWVY TIPOKAAEI Jeiwan
TOU €I000MATOG, N OTToIa PE TN O€Ipd TNG UTTOPE va
odnynoel o€ PIKpOTEPN PUTTAVON yia KATTola eTTiTreda
€1000AUATOG KAl 0 PeyaAUTEPN PUTTAVON Yia GAAa

Aiaypapua 2: O1 EMTTWOEIS TwV KUBEPVNTIKWY dATTAVWV OTIG KATG KeQaAnv ekmoutrés SO,
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eiTeda €1000MPATOG, AVTIKATOTITPI(OVTAG TN HOp-
on Tng MepiBaArlovTtikAg KaptriAng Kuznets (EKC).
ATIO Ta avwTéPW YiveTal avTIANTITO OTI N OUVOAIKN
ETTIOPACN TWV KUBEPVNTIKWY dATTAVWY OTO TTEPIRAA-
Aov Bev gival duvaTo va TTPOCdIOPICTEI a priori.

>& auTO TO PEPOG TNG dIATPIRNG, MEAETOUUE TNV
duean Kal EUUEon €TTidpPaON TwV KUBEPVNTIKWY da-
TTavwy OTo TTEPIBAAAOV, XPNOIUOTTOILVTOG OEOOE-
va panel yia 77 xwpeg, yia Tnv Tepiodo 1980-2000.
H duvapik didotaon Tou UTTodEiyaTOS KaBwg Kal
n mlavA evdoyévela PETAEU Twv eEETACOPEVWV ME-
TABANTWY avTIJeETWTTICOVTAI PE TN XPNON KATAAAN-
AWV OIKOVOUETPIKWY HEBGdWY. Ta artroteAéopara
dgixvouv 0TI N alénon Twv KUBEPVNTIKWY dOTTAVWV
odnyei Gpeca o€ Peiwan TwWv eKTTOUTIWV SO, EVW N
eTTidpaacn €ival un OTATIOTIKG CNPAVTIKA OTNV TTEPI-
TTWaon Twv ekmoutwy CO,. H éuueon emridpaon aTig
ekmrouTég SO, gival apvnTikn, yia XapnAa emimeda
€I000NMOTOG Kal PETARAAAETOI O€ BETIKA KABWG au-
&avel 1o €1000NPa, evw TTOPAUEVEL apvnTIKA yia OAa
Ta el0odnpara otnv Tepittwaon tou CO,. H ouvo-
Aikn eTTidpaon akoAouBei Tnv TTopEia Twv EPPECWV
ATTOTEAECUATWYV, TO OTTOIA UTTEPIOXUOUV O€ OTTOAUTEG
TIEG TV APECWY ETTIOPACEWV Yia KABE eEeTalOUEVO
puTTO.

2Upowva Pe Ta atroTeAégPaTa TNG avdaAuong,
TIPOKEIUEVOU va  aTToQeuxBei n utroBdBuion NG
TTOI0TNTOG TOU TTEPIBAAAOVTOG, N HEIWON TWV Ku-
BepvNTIKWY dATTAVWV OTIS QVATITUGOOUEVEG XWPES
Ba TrpéTel va ouvodeleTal atmd TNV KATAAANAN TTe-
PIBAAAOVTIK) TTONITIKA KABWG kal atrd TNV uloBETn-
on dieBvwv TTEPIBAANOVTIKWV GuvOnKwv. AvTiBeTa,
0€ XWPES ME UWPNAOTEPO €100BAPATA N MEIWON TwV
KuBepvnTIKWY datravwy odnyei o€ algnon Twv €100-
ONUATWYV Kal TauTdXpova o€ BEATIwoN TNG TTEPIBAA-
AOVTIKAG TTOI6TNTOG.

AE€eig kAe1dia: Oikovouikn avdamTuén, dnuoaoio-
VOUIKN TTOAITIKN), KUBEPVNTIKEG dATTAVEG, VOMI-
OMOTIKA TTOAITIKE, TTEPIBAAAOV, pUTTAVOT, AUECT)
emidpaon, éupeon emidpaon, SUVAMPIKA UTTOdEiy-
paTa

TpipeARg ZupBouAeuTikh ETTiTpOoTTh

Mlewpylog XdAkog, Kabnyntig OIKOVOUIKAG TwV
Quoikwv Moépwv, TuAua Oikovouikwy EmoTnuwy,
MavetmoTApIo Ocooaliog (emBAETwY).

EuBupiog Toiwvag, Kabnyntig OIkovouIkng Ocw-
piag pe €ugacn otn XpnuaTtoolkovopikyy AvaAuon
kal Oikovopuetpia, TuApa OikovouikAg EmoTAung,
OikovopIko MavemmoTAiuio ABnvwy.
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KwvoTtavrivog Mmrifag, Kabnyntig Oikovopikig
MepiBaAovTog kal Puoikwv MNopwv — Biwaiun Ava-
mTuén, TuRua Oikovouikng kai Mepipepeiakng Ava-
TrTuéng, Mavreio MavemaoTAyio.

Epameinondas Paizanos

The Effects of Fiscal Policy and the role
of Environmental Policy

Abstract

Government expenditure has recently expanded
in many countries to alleviate the adverse effects
of the 2008-2009 economic crisis. A large fraction
of GDP is spent by governments affecting a variety
of economic variables and prosperity in particular.
Recent studies suggest that government expenditure
is also an important determinant of environmental
quality. The mechanisms through which prosperity,
government expenditure and environment interact
with each other are investigated in theoretical
papers. However, despite the important influence
that public spending may have on the environment,
this relationship has not been studied extensively in
the literature.

The focus of the first part of the dissertation is the
examination of the effect of economic policy on air
quality using US quarterly data from 1973 to 2013.
In particular, we analyze the short-run as well as the
long-run interactions between fiscal and monetary
policy with CO, emissions, employing time series
techniques of co-integration, Granger multivariate
causality and vector error-correction modelling. To
take into account possible variations of the effect
of economic policy according to the sources of
pollution, we distinguish between industrial and
residential inflicted CO, emissions. In addition, we
construct the impulse responses to three linear
combinations of fiscal shocks, corresponding to the
three scenarios of deficit-spending, deficit-financed
tax cuts and a balanced budget spending expansion.
Policy implications from the results vary depending
on the source of CO, emissions.

These results may have important implications
given the current emphasis on expansionary
macroeconomic policy as a means to alleviate
the adverse effects of economic crisis. Many
countries, including the US, started programs
that not only dramatically increase government
spending but also increase the emphasis in public
goods expansion and social spending in education,
health care and environmental protection. Given
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Figure 1: The balanced budget policy scenario where government spending is raised by 1% for four quarters
and government revenues raised so that the increased revenue matches the increased spending.
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our results, the expansion of fiscal spending may
have an unexpected effect: it could make reducing
pollution easier to achieve entailing much lower
costs than what is usually assumed. This implication
is particularly important because the source of the
effect of government spending composition on
pollution is not likely to be related to environmental
regulation as shown by robustness checks of the
results to time-varying omitted variables. Thus, even
if environmental regulation remains unchanged, the
change in the size and composition of government
spending towards public goods is likely to reduce
mainly production- but also consumption-generated
pollution. On the other hand, if tax-cuts and
expansionary monetary policy are to be followed,
they should be accompanied by appropriate
environmental regulation, particularly for production-
generated pollution.

The effect of economic growth and government
spending on the environment is examined in the next
part employing a panel of 71 countries for the time
period 1970-2008. In particular, the hypothesis of
the existence of an inverted U-shaped relationship
between economic performance and pollution,
as well as the hypothesis of a negative direct
relationship between fiscal spending and pollution
are tested. To take into account that environmental
degradation may respond to changes in income
and government spending with a time lag, due to
technological and institutional reasons, we apply
appropriate dynamic econometric methods. We
report the estimates for both the short and the long-
run effects on two different air pollutants, namely SO,
and CO,, distinguishing the results for different levels
of economic development. Policy implications vary
depending on the level of income of the considered
countries.

Finally, in the last section of the dissertation,
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we take into account that the effect of government
spending on the environment may be distinguished
between direct and indirect effects. On the one
hand, higher government expenditure is more likely
to include redistributive transfers, which result
to increased income equality and thus to higher
demand for environmental quality. Moreover, if the
environment is considered to be a luxury public
good, it is likely that it will only be demanded
when the demand for other public goods has been
satisfied, i.e. at large levels of government size.
The literature identifies four mechanisms by which
the level and composition of fiscal spending may
affect pollution levels, namely the scale (increased
environmental pressures due to more economic
growth), composition (increased human capital
intensive activities instead of physical capital
intensive industries that harm the environment
more), technique (due to higher labour efficiency)
and income (where increased income raises the
demand for improved environmental quality) effects.
On the other hand, government size has been found
to reduce prosperity which may in turn lead to lower
pollution at some levels and to higher pollution at
others, depending on the shape of the Environmental
Kuznets Curve (EKC). Therefore, the total effect of
government expenditure on the environment cannot
be determined a priori.

In that section we examine the impact of
government spending on the environment using
a panel of 77 countries for the time period 1980-
2000. We estimate both the direct and indirect
effects of government spending on pollution. The
indirect effect in particular operates through the
impact of government spending on income and the
subsequent effect of the income level on pollution.
To take into account the dynamic nature and the
potential endogeneity in the relationships examined,
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Figure 2: The effect of government share on SO,/c
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appropriate econometric methods are used. For
SO,, government spending is estimated to have a
negative direct impact on per capita emissions, while
the direct effect is insignificant on CO, pollution. The
indirect effect on SO, is negative for low income
levels and becomes positive as income increases,
while it remains negative for CO, for the most part of
the sample range. The resultant total effects follow
the patterns of the indirect effects, which dominate
their respective direct ones for each pollutant.

The results suggest that cutting government
expenditure in developing countries should be
accompanied by appropriate  environmental
regulation along with the establishment of
international environmental treaties. On the other
hand, in countries with higher income level we
find that cutting government expenditures leads to
improvements in both income and environmental
quality.

Key words: Economic development, fiscal policy,
government expenditure, monetary policy,
environment, pollution, direct effects, indirect
effects, dynamics
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Zo0vTouo Bioypagiké

O Emapeivwvdag Maiddvog cival apiotoluxog
atmé@oItog Tou Turnuatog OIKOVOUIKWY ETToTnuwy
Tou [lavemotnuiou Ogooaliag (BaBuodg TrTUYIOU
9,64). Eivail kdtoxog MéoTtep EmoTtnuwyv otnv Oiko-
vouikr) Emotiun (M.Sc. in Economics, 2008) atré tTnv
Oikovopikr) ZxoAn Tou Aovdivou (London School of
Economics) Tou MavetmoTnuiou Tou Aovdivou Ki £XEl
TTAPAKOAOUBACEI ETTITUXWGS TO BEPIVO TTPOYPAU O TOU
MavemmoTnuiou Tou Trento (ITaAia) otn BepaTikn evo-
TnTa « Macroeconomics and Financial Crises» (2010).
A6 Tov Atrpihio Tou 2010 eival utTrowr@iog AiIBAKTO-
pag oto TuAua Oikovoplikwy Emotnuwy Tou Mave-
moTtnuiou Oecoaliag oto Tedio Twv OIKOVOUIKWYV
Tou [MepiBdAAovTOg pe emPBAéTTOVTA TOV KaBnynTr K.
Mewpylo XdAko. H &1dakTopikr) Tou dIaTpIRA e TiTAO
«O1 Emmtwoeig NG Anpooiovopikig MoAITiKAG Kar o
PoAog Tng MepiBaArovTikig MoAmIKAG» xpnuaTtodoTr)-
Onke amd 10 EpeuvnTikd ‘Epyo «HpdkAemog l1».

‘Exel AaBer Tpeig popég utroTpoia atrod 1o 1d6pu-
pa Kpatikwv Ymotpogiwv (IKY) yia Tnv KaAdTtepn
€TTidOON KOTA Ta 20, 30 KAl 40 £€TnN TWV TTPOTITUXI-
KWV TOU OTTOUdWY, KOBWG Kal UTTOTpoYia atod Tnv
Emrpot Epeuvwv Tou MavemoTtnuiou O@ecoaliog
yId TN OUVOAIKA KOAUTEPN ETTIOOCN TOU TTPOTITUXIA-
KoU TTpoypdupaTog otroudwy yia ta £€1n 2003-2007.

To 2005-2006 cuppeTeixe wg PonboOS 01O TIPO-
ypaupa ‘Consolidation of Romanian Statistical
System Europe Aid/ 119795/D/SV/RQO’. A6 10 2008
EXEl TTPAYUATOTTOINCEI OEIPd PPOVTICTNPIOKWY HO-
OnuaTtwyv oto TuApa OiKovoulkwy ETToTnuwy Tou
MavemoTnuiou ©eocaAiag, C€ TTPOTITUXIOKO Kal
METATTTUXIOKO €TTITTEDO, OTa avTiKEiheva TnNg Oikovo-
peTpiag, Mikpooikovopiag kal Twv OIKOVOUIKWY Tou
MepiBaAAovTog.

Ta epeuvnTikd TOU eVOIOPEPOVTA EGTIALOVTAI OTNV
E@apuoopévn ZratioTikr kal OikovoueTpia, ota Ol-
KovouIkda Tou MNepiBdArovTog kal oTnv E@apuoopévn
MaKpPOOIKOVOIKH.
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AnpnTpiog Anpdkag

E@appoyn Twv emegepyaopévwv
OTEPEWYV ACTIKWYV ATTORARTWYV
oTh YEWpYia.
Emidpaon otnv dpdsuon,
oTNV AVATITUSN TWV QUTWYV
Kal oTo TTEPIBAAAOV.

MepiAnyn

Eivail yeyovog 611 ToulaxioTtov 10 70% Twv d1a6¢-
OIJwV udATIKWV TTOPWYV TTAYKOOHIWG TTpoopifovTal
yia apdevuoelg. 21NV EAAGDSQ, auTtd TO TTOOOOTO QvVEP-
XETaI TTEPITTOU GTO 87,4%, TTOCOOTO APKETE CNUAVTI-
KO o€ oxéon Pe To utToAoITTo 12,6% TTou diaTiBeTal
yla aOTIKA Kal Blopnxavikr xprion. Avaloya pe TIg
ETTIKPOTOUOEG £OAPIKEG KAl KAIMATIKEG OUVOAKEG, Ol
avAaykeg o€ vepod Apdeuong PTTopEi va gival PeyaAu-
TEPEG ATTO TOUG OlaBEaIoug udaTikoUg TTOPOUG Kal
va dnuioupyeital TTPORANua, oyl JOvo GTOoV aypPoTI-
KO Topéa aAAd kal og GANoUG xproTes. H peiwaon tng
ATTWAEIOG TOU VEPOU, £€0TW KAl OE WPIKPO TTOCOCTO,
Ba e€oikovounoel oNUAvTIKEG TTOOOTNTEG UBATWY, Ol
0TT0iEG uTTOPOUV va agloTroinBouv aTnv IKAvVoTToinan
GAAWV avayKwv TTPWTNG TTPOTEPAIOTNTAG ) OTN PEA-
Tiwon Tou udaTikoU I0oduyiou PIOG TTEPIOXNG.

O1 guepyeTIKEG 1010TNTEG TWV  ETTECEPYACUEVWIV
OTEPEWV AOTIKWV atmoBAATWY (BIO0TEPEWV) CaV £D0-
QOBEATIWTIKA €ival YEVIKOTEPO avayVwWPIOUEVES. Me
TNV TTPOCBNKN PlooTEPEWY OTO £00POG BeATILOVETAI
N dopr Tou KaBwG Kal TTOAAG QUOIKA XOPAKTNPICTIKA
Tou. ETTiong, Ta uTA ptropouyv va deauelcouy atrd To
£€00@og o EUKOAQ Ta BPETTTIKG OToIXEIa Kal TO VEPO,
EVW O€ TTOAAEG TTEPITITWOEIG AUEAVETAI N TTApAywyn
Kal n TToI0TNTa TwV QUTWV. Ta BlooTeped atmoteAouv
ONMAVTIKA TNy BPETTTIKWVY OTOIXEIWV YIA TIG KOAAI-
épyeleg. Ta PJAKPOBPETITIKA aToIXEia OTTWG TO AdwTo
(N) kai 0 pwoopog (P), TTou gival atrapaitnTa yia TIG
KOAAIEPYEIEG, BPIOKOVTOI O€ IKAVOTTOINTIKEG TTOOOTNTES
oTa BIooTEPED, VW) TO TPITO aTOIXEIO, TO KAAIO (K), Bpi-
OKETOI 0€ XAUNAEG TTOOOTNTEG. Ta BIO0TEPEG UTTOPOUV
va atmroTeAECOUV ETTIONG TTNYI MIKPOBPETTTIKWY OTOI-
Xeiwv, 0TTWG 0 0idnpPog (Fe), To Bopio (B), 0 XaAkdg
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(Cu) kai 10 vikéAio (Ni), kaBwg kal GAAwV oToIXEIWY
TTOU €ival ATTapaiTNTA YIO TNV AVATITUEN TWV QUTWV.

Ta teAeuTaia 60 xpovia, yiveTal hia EVTATIKY TTPO-
oTTabeIa TNG ETMIGTNPOVIKNAG KOIVOTNTAG va euBabU-
VEl OTO ATTOTEAEOPOTA TNG XPNONG TwV PBIOCTEPEWV
o010 €00P0¢ Kal Kupiwg oTIG BAaBepEG ouaieg TTou
pTTOpOUV va TrepiExouv. MapdAAnAa, Tnv TeAeuTaia
OeKaETIA, N ETTIOTAPOVIKA KoIvOTNTA ApXIoE va €vOl-
AQEPETAI VIO TIG AVAVEWOCIPES TTNYEG EVEPYEING OTTWG
10 BlovtrgeA kai n BloaiBavoAn, o€ yia TTPooTTdbeia
vVa avTIKaTaoTaBoUv Ta TTapadoaiakd KaUaiua Kal va
MEIWBOUV o1 eKTTOPTTEG Tou dlo&gIdiou Tou GvOpaka.

OewpwvTag 10 YAUKO 00pyo w¢ TTBavr PeAAo-
VTIKA) KOAANIEPYEIQ yIa TNV TTapaywyr] Blopdadag kai Bi-
0a18avoAng otnv EAAGSQ, GTOXOG TG €pEUVAG AUTAG
ATOV N MEAETN O€ TTPAYMOTIKEG OUVONKES TWV TTAEO-
VEKTNUATWY TNG EQAPPOYNG ETTECEPYATUEVWV OTEPE-
WV AoTIKWY atmoRANTWY OTn yewpyia Kai €10IKOTEPA
N MEAETN TNG €TTIOPACNG TOUG OTN BEATIWON TNG OTTO-
QOTIKOTNTAG TOU VEPOU ApdeUonG, OTn BEATIwON Twv
XOPAKTNPIOTIKWY QVATITUENG KAl TTOPAYWYIKOTNTAG
TWV QUTWV Kal 0TNV €TTiIdpacn NG EQAPPOYAS TOug
oTo TTEPIRAAAOV.

H €peuva d1eAxOn katd Ta cuvatTd €tn 2009-
2011 oto aypoktnua Tou [MavemoTnuiou Oegocoa-
ANiag o1o BeheoTivo kai oto Epyactipio Mewpyikng
Y&pauAikAg Tou MNavetmmioTnuiou Oecoaliog. Evvéa
METAXEIPIOEIG OE TPEIG ETTAVAANYEIS opyavwbnkav
og OXEOI0 TUXQIOTTOINMEVWY TTAAPWVY ONAdwWV: Q)
E@appoyn BiooTtepewv (500kg/oTp.) OTO £d0(OG HE
TPEIG BIaPOpPETIKEG dooelg Gpdeuong (100%, 80%
ka1 60% Tng nuePAOIag €COTUICODIATTIVOAG TNG KAA-
Népyeiag) B) E@apuoyn avopyavng Aitravong (idieg
ToooTNTEG alwTtou (N), pwoedépou (P) kai kKahiou
(K) pe 1o BlooTeped) pe TPEIG DIOPOPETIKEG OOTEIG
apdeuong (100%, 80% kai 60% TnNG nuepnolag e¢a-
THIOOBIOTIVOARG TNG KaAAiEpyeiag) kai y) Maptupag
(xwpig epapuoyn Biootepewv 1 avépyavng Aittav-
ong) Me TpeIg dlapopeTikEG doaelg apdeuong (100%,
80% ka1 60% TNnG nuepnalag £aTuIcodIATTVONG TNG
KaAAIEpyelag). MapdAAnAa, o€ TTapoKeiyevo TEPAXIO,
opyavwenkav Tpeig yeTaxelpioclg (Bloateped, Aitrav-
on, JAPTUPAG) OE TPEIG ETTAVOAANWYEIG Ol OTTOIEG ap-
devovTav ye doon apdeuong TTou kKAAuTTTE TO 100%
TWV aVayKWV TG KaAAIEpyeIag Kal opilovTav atrd 1o
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etmiedo TNG €daPIKAG uypaaciag. H edagikr) uypaaia
TpoodiopifdTav e ailobnTipa uypaciag eddgoug. H
MEBODSOG Apdeuong Oe OAEG TIG PETAXEIPIOEIS ATAV N
ETTIPAVEIOKT OTAYONV Apdeuon.

Ta emeEepyaocpéva oTeped aoTIKG atmmoBAnTa n
aANIWG BlooTeped, TTOU EQAPUOOTNKAV OTIG QVTIOTOI-
XEG HETaXEIPioEIg, TTPoRABav aTrd Tn Yovada eTegep-
yaoiag AupdTtwy Tou Afjuou BoAou. Metd atrd tnv
agpOBIa Kal avoepOBia TTEEEPYATia TWV QAOTIKWV
atroBAATWY, TV TTAXUVOH TOUG KAl TO TTEPATUE TOUG
atrd TNV TAIVIOQIATPOTTPEDA, N IAUG ATTOOTEIPWVOTAV
Kal atrognpaivotav, pe 1n pEBodO TNG utTépuBpng
QKTIVOBEPUIKNG eTTeCEPYaTiag. H utrépuBpn akTivo-
Bepuikn emeEepyaaia gival pia uEBOdOG TTOU ETTITUY-
XAvel duean Bepuikn diiocduan Kal £XEl TNV IKAVOTNTA
Va JETOQEPEI PEYAAQ TTOCG BEPUIKAG EVEPYEIOG OTO
akTivooAoupevo TTpoidv. H akTivoBoAia auth agai-
pEi TNV UypaCia Kal KATAOoTPEPE! Ta TTaBoydva TTou
€XEl N INUG. H emeCepyaaia yivoTav g TTpOTUTIO €101-
KO emegepyaaTr) utrépubpng akTivoBoAiag TTou Bpi-
oketal ot AEYAMB. Ta BiooTeped TTOU TTOPGYOVTAV
ME TO OUYKEKPIYEVO TPOTTO €ixav Tn HOPOH MIKPWV
KOKKWV (2-4 mm), uypagia Aiyétepo a1t 10% Kkai un
avixveUoIgoug TTaBoydvous JIKPOOPYaVIGHOUG.

[NpoodiopicTnKav ol £BAPIKES, KAIMATIKEG TTAPdA-
METPOI Kal TTAPAUETPOI TwV BIOCTEPEWY, METPABNKAV
TA XOPOKTNPIOTIKA AVvATITUENG KAl TTAPAYWYAS TwvV
QUTWYV, EVW UTTOAOYIOTNKE N aTTodOoTIKATNTA XPONG
vepoU TnNG KaANIEpyEIag KaBwg Kal n BswpnTiKA TT0-
paywyn PBroaibavoAng. MapdAAnAa, €yive olykpion
NG apdeuong Bdaoel TnG €daikng uypaciag (100%
TWV avaykwy TN KaAAIEpyEIag) Kal TNG Gpdeuong Je
d6on ion pe 10 100% TNG Nnuepnalag e¢aTuiocodia-
mrvong (ETc) Tng kaANi€pyeiag.

Bdaoel Twv atmoteAeopdTwy TNG €pEUvag UTropou-
ME va KaTaAngoupe aTo eUPUTEPO CUUTTEPACHA TTWG
n €Qapuoyr PBIOCTEPEWY UTTOPEI va AVTIKATOOTHOEI
TNV €Qapuoyn avopyavng AiTravong oTIG KOANEPYEI-
€G EVEPYEIOKWY QUTWYV, PE au&non oTnv TTapaywyn
Biouadag kai BioaiBavoAng, Xwpeig n avrikatadoTaon
auTnA va emmRapuvel anPAvTIKa 1o TTEPIBGAAov. H TTa-
paywyr Twv avopyavwy AITTAOPATWY, WG YVWOTOV,
KOTAVOAWVEl TEPATTIO TTOOG EVEPYEIQG T OTToia Ba
uTTopoUcav va eCoikovounBouv pe Tn XprRon Twv
BiooTepewv.

MapdAAnAa pe TNV €Qappoyh Twv PIOCTEPEWV
uTTOpEl va e€oikovounBei o€ TTOAAEG TTEPITITWOEIG
apOeUTIKO VEPO, XWPIG va PelwBei n atmodoTikOTNTA
TNG KaAAIEpyelag Tou yAukou odpyou. To TTO00O0TO
€€olkovounong Tou apdeuTIKOU vePOU UTTEPPaivel O€
TTOAEG TTEPITTTWOEIG TO 31%. ZUVETTWG, av QuTh N
TTO0OTNTA TOU APOEUTIKOU VEPOU £€0IKOVOUOUVTaV Ba
UTTAPXE OXI HOVO £€oikovounon o€ eTTiTTES0 UdATIKWV
TTOPWYV AAAG Kal o€ TTOAUTIUN EVEPYEIQ.

Aedopévou 6T Ta BloaTeped PUTTOPOUV va £Qap-
MOOTOUV PE TOV UTTAPXOVTA YEWPYIKO EOTTAICUG OTO
£€da@og (dev atraiTeital ayopd TTPOoBeTOU £EOTTAI-

OopoU) Kal dedopEVou OTI TO KOOTOG TwV BIOCTEPEWV
KOl TOU QvTiaToIXou avépyavou AITTAouaTog ival 1o
i010, TTPOKUTITEI OIKOVOMIKO OQPEAOG YIQ TOV TTAPAYW-
yo 1600 a1rd TNV augnon Tng Trapaywyrg, 600 Kal
atrd TNV €€0IKOVOUNGON TOU apdEUTIKOU vEPOU.

To yAukd adpyo @aivetal va gival pia eVAANOKTI-
K KoAANIEpyEIa yia TNV TTapaywyr| Blopddag kai Tnv
Tapaywyr evépyelag otnv EANGSa. H epapuoyn
BiooTepewv otV KaAAIEpyela Tou yAukoU aopyou
MTTOPEl va evioxUoel TRV atmodoTIKOTNTA TNG Kal va
ETTIPEPEI E0IKOVOUNGN TTOPWYV KAl EVEPYEIAG.

A€eig - KAe1d1d: dpdeuon, BlooTeped, Bioalfavo-
An, YAUK6 o6pyo, Biopdda, atrodoTIKOTNTA XPN-
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Dimitrios Dimakas

Application of processed
municipal solid waste
in agriculture.
Effects on irrigation,
in plant development
and on the environment.

Abstract

It is well known that at least 70% of the available
water resources, worldwide, are reserved for
irrigation purposes. In Greece, this rate is around
87.4%, which is quite important in relation to the
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remaining 12.6% available for residential and
industrial use. Depending on the prevailing soil and
climatic conditions, the need for irrigation water
may be greater than the available water resources,
causing problems not only in agriculture but also in
other users. The reduction of water losses, even
at small percentage, will save significant amounts
of water, which can be used to satisfy other more
urgent needs or to improve the water balance of an
area.

The beneficial properties of processed municipal
solid waste (biosolids) as a fertilizer is generally
recognized. With the addition of biosolids the soil
structure is improved along with other physical
properties. Plants are also able to utilize soil’'s
nutrients and water more easily. In many cases the
production and the quality of the plants is increased.
Biosolids are also an important source of nutrients
that are essential for crops. The macronutrients
nitrogen (N) and phosphorus (P), which are
necessary for crops, are in satisfactory quantities
in biosolids, while the third nutrient, potassium (K),
is present at low amounts. Biosolids can also be a
source of micronutrients, such as iron (Fe), boron
(B), copper (Cu) and nickel (Ni), as well as of other
nutrients necessary for plant growth.

During the last 60 years, there has been an
intense effort by the scientific community to deepen
in the results of the biosolids application in the soil
and especially to investigate the harmful substances
that they contain. Moreover, the scientific community
has also become interested in renewable energy
sources such as biodiesel and bioethanol, in an
attempt to replace traditional fuels and reduce the
emissions of carbon dioxide.

Considering the sweet sorghum as a possible
future crop for biomass and bioethanol production
in Greece, the aim of this investigation was to study,
in real conditions, the advantages of the application
of treated municipal solid waste in agriculture.
Specifically, the aim was to study their impact on
improving the efficiency of irrigation water, growth
characteristics and productivity of plants as well as
their effect on the environment.

The survey was conducted in three consecutive
years 2009 - 2011 at the farm of the University of
Thessaly in Velestino, Greece and in the Agricultural
Hydraulics Laboratory of the University of Thessaly.
Nine treatments with three replications were
organized in a randomized complete block design
as follows: a) Biosolids application at a rate of 5
Mg/ha with three different irrigation doses (100%,
80% and 60% of the daily crop evapotranspiration)
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b) Inorganic fertilizer application (containing the
same amount of total nitrogen, phosphorus and
potassium as the applied biosolids) with three
different irrigation doses (100%, 80% and 60% of
the daily crop evapotranspiration) and c) Untreated
Control (no application of fertilizer or biosolids) with
three different irrigation doses (100%, 80% and 60%
of the daily crop evapotranspiration). Alongside,
three treatments (biosolids, fertilizer, control) with
three replications were organized nearby. These
treatments were irrigated with the 100% of the crop’s
total needs and by the soil moisture level, which was
determined by a soil moisture sensor. The surface
drip irrigation method was used for all treatments.

Treated municipal solid waste or otherwise
biosolids, applied to the respective treatments,
emerged from the water treatment plant of the
Municipality of Volos. After the aerobic and
anaerobic treatment of municipal waste, fattening
and their passage through the belt filter press, the
sludge was sterilized and dried by the method of
infrared radiation processing. The infrared radiation
processing is a method which achieves direct
thermal penetration and has the ability to carry
large amounts of thermal energy in the irradiated
product. This radiation dehumidifies and destroys
pathogens having the slurry. The processing was
done in standard special processor infrared located
in DEYAMV. The biosolids produced in this way
had the form of small granules (2-4 mm), moisture
content less than 10% and no detectable pathogens.

Sail, climate and biosolids parameters were
determined as long as with the growth and
productivity characteristics of the crop. Water use
efficiency and theoretical ethanol production of the
sweet sorghum crop were also estimated.

The results of this research showed that biosolids
application can replace inorganic fertilizer application
to energy crops with an increase in biomass and
ethanol production without harming the environment.
The production of commercial fertilizers consumes
great amount of energy that could be saved by the
application of biosolids.

Application of biosolids can save valuable
irrigation water at a percentage that reaches
31%, without reducing the productivity of the crop.
Consequently, by the application of biosolids this
water could be saved from irrigation and thus, energy
and valuable water resources could be saved.

Since biosolids can be applied with the existing
farm equipment on the soil (no purchase is required
for additional equipment) and since the cost of
biosolids and commercial mineral fertilizer is the
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same, there is a clear economic benefit to the farmer
that comes both from the increase in production and
by the reduction in irrigation water.

Sweet sorghum appears to be an alternative
crop for biomass and energy production in Greece.
The application of biosolids in sweet sorghum crop
can enhance efficiency and save valuable energy
resources.

Key words: irrigation, biosolids, sweet sorghum,
drip irrigation, biomass, water use efficiency,
ethanol
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O AnuATtpiog Anpdkag yevvrnke otnv ABrva,
10 €10G¢ 1979. Eival amé@oitog Tou TuAuatog MNew-
Troviag PuTikAG Mapaywyng kai AypoTikou MepifdaA-
Aovtog Tou lMavemoTnuiou @ecoaliag Kal KATOXOG
MetaTtrTuxiokou AimmAwparog Eidikeuong atré 1o idio
TuAua, pe TiTAo «AutopaTiopoi oTig Apdeloelg, TIG
Mewpyikég Kataokeuég kal otnv Ekunyavion tng
ewpyiag». Avayopeltnke AIBAKTOPAG TNG XXOAAG
IewTrovikwyv EmoTtnuwy Tou MNavemaoTtnuiou ©cocoa-
Aiag 10 €106 2014.
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MNa tnv ekTARpwon Twv dIBAKTOPIKWY TOU OTTOU-
dwv éAaBe Tnv uttoTpoia «HpdkAeitog Il». Akdun
¢éAafe duo utroTpogieg amd TO 16pupa KpaTikwyv
YTTOTPOPIWV YIA TNV EKTTAIPWOTN TWV TTPOTITUXIOKWY
Tou omoudwyv. ‘Exel emiong Bpapeutei duo Qopég
atrd 10 1dpupa KpaTikwy YTTOTpo@IwV.

Eival péhog Tou Mewtexvikou EmipeAntnpiou EA-
Aadog kal TN eTaipeiag Mewpyikwv MnxaviKwy.

MNvwpiCel amrTaioTa TNV ayyAIKf YAWOod Kal TOUG
NAEKTPOVIKOUG UTTOAOYIOTEG. 'ExeEl epTTEIpia e@appo-
YWV Kal XEIPIOPOU dIa@OpwV £PYACTNPIOKWY TEXVI-
KWV Kal opydvwy avaAuong TTou agopouv ToV TTPO0-
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d10pIoud dla@opwv PUTTOYOVWY OToIXEIWV TOOO O€
udarta 600 Kal g€ £dAPN.

2UppeTeixe ae dlaQopa €OVIKA Kal EUPWTTATKA
EPEUVNTIKA TTPOYPANPATA TA OTTOIA EIXAV WG AVTIKEI-
MEVO KUPIWG TNV ETTAVAXPNOCIKOTIOINGN TWV UYPWV
KOl OTEPEWV ATTORANTWY Kal TNV Apdeuan evepyeia-
KWV QUTWV.

O1 dnuooIeloEIG TOU Kal Ta EPEUVNTIKA TOU €VOI-
AQEPOVTA ETTIKEVTPWVOVTAI KUPIWG OTNV ETTAVAXPN-
OIMOTTOINON TWV OTEPEWV KAI UYPWV ATTOBAARTWY 0TN
Yewpyia, ota ouyxpova cucThuara dpdsucng, oThv
TT016TNTO TOU VEPOU Kal aTnV £§0IKOVOUNGN vVEPOU.
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NikéAaog Pnydkng

OeswpnTikA Kai Meipapartikn
Aigpedvnon Tou MikpokAigaTog
TWV AIXTUOKNTTIWV

MepiAnyn

Ta SIXTUOKNTTIO CUVEXWG ETTEKTEIVOVTAI WG TEXVI-
Kl KAANIEPYEIOG O€ YECOYEIOKES TTEPIOXEG KAl KUPIWG
oTo lopanA, oTig VOTIEG TTEPIOXES TNG loTTaviag, oTnv
ITaAia kar otnv EAAGSa. Ta SixTua eTTnpeddouy TO Wi-
KPOKAINa Twv BIXTUOKNTTIWY Kal TTpOdyouV Tnv Tra-
PAYWYIKOTATA KAl TNV TTOIOTNTA TNG TTAPAYWYG TWV
UTTO KAAUWN KAAAIEPYEIWV.

2TV epyacia autr, PeAeTdTal, BewpnTikd Kal
TTEIPOUATIKG, N €TMidpacn TPIWV  OIAPOPETIKWV
OIXTUWV  KAAUWNG, Me  OIOQOPETIKO  CUVTEAEOTNA
okKiaong Kal dIAPOPETIKO TTOPWOESG OTO HIKPOKAIUa
TWV BIXTUOKNTTIWV Kal oTnv €TTido0n KAAMIEPYEIAG
YAUKIGG TTITEPIGG. Ta TTEIPAPATA TTPAY JOTOTTOINONKAV
atd 10 Mdio £wg kal Tov OKTWwRPIo duo SIadOXIKWY
ETWV, OTO TTEIPAUATIKO aypOKTAa Tou MavetoTnuiou
Oeooahiag, oTo BeAeoTivo (kevipikry EAAGDQ).
2TTOPOQUTA YAUKIGG TTITTEPIAG PETAQUTEUTNKAV TO
Mdio evidg Twv OIXTUOKNTTIWV KOl OTOV AVOIKTO
aypd. Ta Tpia dixtuokATa (ékTaong 200 m?)
KoOAU@ONkav pe Ta €€N¢ dixTua: (a) EVIOouOOTEYAVO,
50-mesh, didpavo, Ye cuvTeAEOTH OoKioong TTEPITTOU
13% (IP-13), (B) evropooTeyavd, 50-mesh, Aguko,
pe ouvTeAeoTr) okiaong Trepitou 34% (IP-34) kai
(y) TTpdoivo dixTu OKiaong PE OUVTEAEDTH OKiaong
mepimou 36% (S-36). O1 ouvteAeoTég okioong
uttohoyioTnkav Bdoel €pyaocTNPIOKWY HPETPHOEWV
ME TN XPAON €vOG QOACUATOPWTOPETPOU KAl MIOG
o@aipag oAokAfpwaong. Ta dixtua (a) kai (B) eixav
id10 TTOPWOES aAAG Bl1aPoPETIKG TUVTEAEDTH OKiaong,
evwy 1O dixtua (B) kai (y) eixav idlo cuvteAeoTh
okioong aAAd dia@opeTikd TTopwdeg (0,46 kai 0,63)
yia 10 IP-34 kai S-36, avTtioToixa.

Kata Tn OIdpKeEIa Twv TTEIPAUATWY, PETPNON-
Kav ol €EAG TTAPAPETPOI TOU MIKPOKAIMOTOG, €VTOG
TWV OIXTUOKATTIWV KOl OTOV QVOIKTO aypo: NAIOKH
aKTIVOPBOAia, BepuoKpaacia Kal OXETIKA Uypacia Tou
aépa, Bepuokpaaia KaAAiEpyelag, pubuds dIaTTVONnG
KOAAIEPYEIWV KAl TaXUTNTA Kal dielBuvon avéuou. H
TTPOCTTITITOUCO OTNV KAANIEPYEID NAIOKE OKTIVOBOAia
MEIWONKE avaAloyIKd PE TO OCUVTEAEOTH OKioong TTou
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TTPOCdIoPIoTNKE €pyacTnpiakd. QoTdéco, TTapPaTn-
pnénkav dlapopég PeTalu TNG TTEPATOTNTAG TWV OI-
XTUWYV OTO EPYACTHPIO KAl EKEIVNG TWV KATOOKEUWV
OTOV TTEIPANATIKO aypo (augnon Twv in situ TTEpaTo-
TATWV) Kal armodéOnkav otn dIdxuTn NAIOKK OKTIVO-
BoAia n otroia dev UTIPXE OTO EPYACTAPIO, OTN YW-
via TTPOoTTITWONG TNG NAIGKAG aKTIVOBOAiag n otroia
ogeileTal oTo adipouBio kal oTo UYog Tou nAiou, o€
avTiBeon Pe TNV KABETN TTPOOTITWON TNG AKTIVOG TNG
PWTEIVAG TINYAS OTO EPYAOTAPIO, OTO OKEAETO TWV
KATOOKEUWY O OTT0Ii0G €UTTOdICEl YEPOG TNG NAIAKAG
OKTIVOPBOAIOG va €I0€ABEI OTO ECWTEPIKO TOUG, MEIW-
VOVTOG TN OUVOAIKR TTEPATOTNTA TWV OIXTUOKNTTIWV
KOl OTN OUGCWPEUTIKN €TTIKABION aKOvVNG GTNV ETTI-
@aveia Twv dIXTuwyY. Ta UAIKG kKdAuwng auénoav Tn
d1axuTn NAIOKA aKTIVOBOAIO £VTOG TWV KATOOKEUWY
avaAoya Pe To TTOPWOESG TOUG KAl TO XPWHA TOUG (Qpw-
TevoTnTa). H didixutn akTivoBoAia fTav TepioooTepn
€vTOG Tou IP-13, evw evidg Tou S-36 ATaV TTEPITIOU N
MIOR ekeivng Twv gviopooTeyavwy (IPs) dixtuoknTri-
wv. EmmAéov, Tpaypatotroinke avdAuon tng @a-
OMOTIKAG KATAVOUAS TNG NAIOKAG aKTIVOROAiag (Gue-
an, dIaxXuTN KO OUVOAIKN) €VTOG TWV BIXTUOKNTTIWV.
H Beppokpacia Kal To EAAEINUO KOPETUOU USPATHWY
TOU 0€Pa EVTOG TWV KATOOKEUWYV MTAV TTAPOMOIO UE
ekeiva Tou avoiktou aypou. H Bepuokpacia KaAAl-
£pyelag ATav PIKPOTEPN EVTOG TWV BIXTUOKNTTIWY O€
oX£0n PE EKEIVN TOU AVOIKTOU aypou, VW TO EAAEIY-
MO KOPEOHOU UudpaTHWV KOAAMEpyEIag-aspa, ATav
uwnAdTePO aTov avoikTd aypd. O pubudg diatrvong
€vTog Tou IP-13 Kal Twv uwnAng okiaong dIXTUOKN-
miwv (IP-34 ka1 S-36) Atav 25% ka1 45% PIkpoTEPOG
0€ OXEON ME €Keivov TNG KOANIEPYEIAG TOU AVOIKTOU
aypou. H Trapouacia tou dixTuoU peiwae TOGO TO KAG-
oua TG dIaTTvonG TToU OQeiAeTal oTnv akTIivoBoAia
aAAG Kal €KEIVO TTOU O@EiAeTal OTN PETAPOPA, AOYW
TNG YEIWONG TNG TAXUTNTAG TOU AEPA OTO ECWTEPIKO
Twv OIXTUOKNTTIWYV. H oTopaTIK aywyiuotnTa TWv
KaANigpyeiwv ATav auénuévn A TTapopola eViog Twv
KOATOOKEUWY O€ OXE0N UE EKEIVN TOU avoIKToU aypou.

‘Evag GANOG OTOXOG TNG £pYOCiag auTAg NTav n
MEAETN KO n TTPOCOWPOIWaN Tou pubBuou agpiouou
Twv dixTUoKNTTiwy. Ta evropooTeyava dixTua peiw-
gav Katd 1o idlo TT0000Té TNV TAXUTNTA TOU Afpa
OTO E0WTEPIKO TWV KATAOKEUWYV, AOYW TwV idlwv ye-
WMETPIKWY XAPOAKTNPIOTIKWY TTOU €ixav. H TayxuTtnTa
TOU 0€pa OTO ECWTEPIKO TWV EVTOPOOTEYAVWV KAl
Tou dixTuoknTriou S-36 ftav trepitrou 10 20% Kal To
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44% Ttng TaxUuTnTag Tou £€wTEPIKOU avéuou. O pub-
MOG aAAayiG Tou aépa Kal 0 puBuOS auénong Tou o€
oxéon he TNV TaxUTnTa Tou £EWTEPIKOU AVEUOU, QU-
&avovtav pe Tnv augnon Tou TTopwdoug Tou dixTUoU.
EmmmAéov, 10 péyeBOG TwV KOTAOKEUWV €TTNPEACEI
TNV 0110000 TOU AEPITHOU TOUG, OTTWG aTTOdEIXBNKE
OuyKpivovTag 10 pubud agpiouoU Twv JIXTUOKNTTI-
WV TNG €pyaciag AuTAG PE TOV QVTIOTOIXO PEYAAWY
EUTTOPIKWYV dIXTUOKNTTIWYV. Ta dedouéva Tou pubuou
AgPIOUOU TwV OIXTUOKNTTIWV TNG CUYKEKPIPEVNG EP-
yaciag ypnoigotroiénkav yia tnv paduovounon
TTPOCTIOUOIWKATOG TTOU UTTOAoyilel TO puBud aepi-
OPoU TWV KATAOKEUWV  AauBdavovTag uttogiv Ta ye-
WMETPIKA XAPAKTNPIOTIKA TwV SIXTUWV KAAUWNG Kal
TNV TaxUTNTO TOU QVEPOU OTO €EWTEPIKO. ETTITTAEOV,
uttoAoyioTnkav o SITTAGG CUVTEAEOTAG Cdm TWV
SIXTUOKNTTIWY KOl O OUVTEAEDTNG TTOU OXETICETAI ME
Tov dvepo Cw Kal GUyKpiBNKav Pe TOUG avTioTOIXOUG
QIXTUOKNTTIWY PEYAANG KAIJOKAG, OI OTToiol €TTioNG
uTToAOYIiOTNKAV OTNV £pYacdia auTr).

210 TTAQiCIO TNG epyaciag, PEAETHONKE (TTEIPO-
MOTIKG Kal BewpnTIKA) KAl n €TMidpacn Twv TPIWV
OIAQOPETIKWY OIXTUWV OTNV €TTIO0CN KOANIEPYEIDG
YAUKIGG TTITTEPIAG Kal CUYKPIBNKE PE EKEIVN TOU avol-
KTOU aypou. Na 1o oKoTrd auTo, TTpayuaToTToInonKav
METPAOCEIG augnong, avAaTITUENG, TTOPAYWYIKOTNTOG
Kal TTO10TNTAG TTOPAYWYRS KABWGS Kal YETPROEIG TOU
XPNOIJoTToIoUEVOU VEPOU Gpdeuang. O KaAAIEPYEI-
€G evTOG TWV IP-13 kai S-36 Trapriyayav mmepioooTe-
PO VWTTO BAPOG KAPTTWV KATA HECO OpOo Kal TIG duo
XPOVIEG 66% Kal 17%, avTioToixa, € OX£on ME EKEi-
VEG TOU avOIKTOU aypou. To uérpiag okiaong dixTuo-
KATTIo (=20-25%; IP-13) 1TpoAyaye Tnv augnon g
TTapaywyng Katd 21%, oe oxéon Pe TO TTUKVOTEPNG
okiaong dixTuoknTo IP-34 vy n TTapaywyr oTo Te-
Aeutaio ATav auénuévn katd 17 % oe oxéon e 1O
avTiaToIxNg okiaong dixTuokATTo S-36. To TeAeuTaio
TTPOAYEl £€vav OKETITIKIONO OXETIKA PE TNV OTTOTEAE-
OMOTIKOTNTA TTPACIVWY SIXTUWY €vavTl avTioTolxXng
oKiaong oud£TepoOU XPWHATOS (dIdgava i AEUKA).
H uynAdTepn TTapaywyr Kai o upnAdTEPOG apIBUOS
KOPTTWV TrapatnprRdnke eviog tou IP-13 (6.3 kgm?
KOTA HETO 6pO0 yia TIG duo TTEPIGdOUG). H eptTopelal-
M TTapaywyn viog Twv dixTuoknTriwy Atav 1o 90%
TNG OUVOAIKAG TTapaywyng évavt 60% ekeivng Tou
avoIKTOU aypou. O1 GUYKOUIOHEVOI KAPTTOi Twv UTTO
KGAUWn KaAAiEpyEiwv ATav peyoAUTEpWY diaoTdoE-
wv Kal Bapoug oe oxéon PE EKEIVOUG TOU AVOIKTOU
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aypou. Ta nAiakd eykauuaTta oxedov egaAeipbnkav,
n epeavion BER peiwbnke onuavTika Kail ol TTpoco-
AEG eviOuwv TTEPIOpIoTNKAY O€ PeYGAo Babud, Kupi-
w¢ aTa gviopooTeyavd dixTUOKATTIA. O1 KAANIEPYEIEG
evTOG TWV dixTUOKNTTIWYV KaTavadAwoav 20-40% Aiyo-
TEPO APOEUTIKO VEPO O€ OXEON PE EKEIVEG TOU AVOI-
KTOU aypouU, aufdvovTag TNV ATTOTEAEOUOATIKOTNTO
Xprong ApdeutikoU Nepou (IWUE) katd 132% kai
93% €vTOG TWV EVTOPOOTEYAVWV JIXTUOKNTTIWV KOl
Tou S-36, avtioToIxa, 0 Oxéon MUE €KEIVN TOU AvOI-
KTOU aypou. H alénon Twv KaANIEPYEIWV ETTNPEACTN-
KE BETIKA eVTOG TWV EVIOUOOTEYAVWYV BIXTUOKNTTIWY,
o€ avTiBeon pe TNV avtioTolXn €viOG TOU BIXTUOKN-
Tiou S-36. EmITTAov, n auénon Twv KOANEPYEIWV
TIPOCONOIWONKE PE TN XPHON TTPOCOUOIWUATOG TTOU
TPORAETTEI TNV TTapaywyn Enpdg ouciag AauBavo-
VTOG UTTOWIV aBpoloTiKA TTpocAauBdvouca PAR atrd
TNV KAAAIEPYEIQ KAl TAUTOXPOVWG UTTOAOYIOTNKE Kal
n AtroteAeopaTikdTnTa Xpriong AKTIVOBoAIaG atro Tig
KaANiEpyeleg kKGBe peTayeipiong. H IWUE kai n RUE
OUCXETIOTNKAV IOXUPA HE TA OTTTIKA XOPOAKTNPIOTIKA
TWV BIXTUWV KAAUYNG, dNAadN Pe TNV TToodTNTA KAl
TNV TT016TNTA (QACUATIKA) TNG APEONGS Kal TNG dIdXU-
NG NAIGKAG OKTIVOBOAIOG OTO €0WTEPIKO TwWV OIXTU-
OKNTTiWV.

A€geig kAei1did: Aiytu, Xkiaon, Evropooteyavo,
Mopwdeg, Aidxutn akTivofolia, Oepuokpacia
KaAAiépyelag, Aywyipdétnta KOpng koaAAiépyel-
ag, Alatrvon, Agplopog, TuvTeAECTAG TTOPOXNAG,
ZUVTEAEOTAG ETidpaong avéuou, TTapAywyn TTi-
mEPIAG, TTOIOTNTA TTAPAYWYNRS, ATTOTEAEGHATIKO-
TnTa XpRong Apdeutikou NepoU, ATroTeAECUATI-
koTnTa Xpiong AktivooAiag
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Figure 1. External view of the experimental screenhouses at the experimental station
of University of Thessaly in Velestino (central continental Greece).

Figure 2. Interior of an insect proof screenhouse (IP-13) at the end of experiment on 2012.
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Canopy to air temperature difference (°C)
Canopy to air vapor pressure deficit
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Figure 3. Daily (24 h) evolution of (i) canopy-to-air temperature difference (left; 6T__,; °C)
and (ii) canopy to air vapour pressure deficit (right; D__.; kPa)
inside screenhouses (IP-13: squares; IP-34: diamonds; S-36: triangles)
and at the open field treatment (Cont, circles).

Vertical bars stand for the 95% confidence intervals.
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Figure 4. Upper row: Global solar radiation (R, W m?) at the open field (solid lines and solid
symbols; 310-2800nm). Lower row: Diffuse fraction of global solar radiation (f-R ,)
(dashed lines and open symbols; 310-2800nm) inside screenhouses (IP-13: squares;
IP-34: diamonds and S-36: triangles). The presented values are from measurements during
three representative summer clear sky days of August 2012; 13" for IP-13, 14" for S-36 and 15"
of August for and IP-34. Dashed-dotted lines represent the best fitted regression line
for a local time period for each day between 11:30 and 16:30.
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Figure 5. Wind speed inside the screenhouses as a function of the external wind speed.
The figure presents data points from August 25 until 31, 2012, for screenhouses IP-13 (triangles)
and S-36 (open squares). For IP-34 (closed square), data points represent measurement values

from October 26 until November 5, 2012. Solid lines present the best fit regression line.
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Figure 6. Screenhouse air exchange rate (h) as a function of measured external wind speed,
during August 30 until 31, 2012. Diamond: pooled data IP-13 and IP-34; squares: S-36;
closed circle: 8 ha banana screenhouse and open circle: 0.66 ha pepper screenhouse.

Solid lines present the best fit regression line.
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Figure 7. Commutative yield (kg m?) during the two cropping periods 2011 (left column)
and 2012 (right column). Cont (circles), IP-13 (squares), IP-34 (diamonds)
and S-36 (triangles).
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Figure 8. Cumulative yield (Y ; kg m?) against irrigation water (W, ; m* m?) for the open field
(Cont:; circles) and the screenhouses (IP-13; squares, IP-34; diamonds and S-36; triangles)
pooled for the two experimental periods (2011 & 2012).

The lines represent the best fit regression line for each group of data;

Cont: dotted line, IP-13: red-dashed line, IP-34: blue-dash-dotted line
and S-36: green-solid line. The slope of these lines is the Irrigation
Water Use Efficiency (kg m) of each respective treatment.
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Figure 9. Dry matter production (DMP; g m?) against cumulative
intercepted PAR (c-PARi; MJ m) for the crops inside screenhouses
(IP-13: squares; IP-34: diamonds; S-36: triangles) and at the open field (Cont: circles)
during calibration period (2011). The straight lines stand for the best fit regression line
for the group of data DMP and c-PARI of each treatment.
The slope of these lines is the Radiation Use Efficiency (g MJ"") of each respective treatment.
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Figure 10. A) Irrigation Water Use Efficiency (IWUE; kg m®) and B) Radiation
Use Efficiency (RUE; g MJ") against the diffuse fraction (fdif) of solar radiation; global
(closed symbols) and T (350-1100 nm; open symbols)
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Nikolaos Rigakis

Theoretical and Experimental
Investigation of Screenhouses
Microclimate

Abstract

Screenhouses are steadily spreading around
Mediterranean regions and especially in Israel,
southern regions of Spain, Italy and Greece. Using
screens to protect horticultural crops affects the
microclimate, promoting crop productivity and
fruit quality of the covered crops.In this study, the
influence of three different covering screens with
different shading intensity and porosity on the
screenhouse crop microclimate and pepper crop
performance was experimentally and theoretically
investigated. The experiments were carried out from
May until the end of October on two consecutive
years, 2011 and 2012, in the experimental farm
of the University of Thessaly in Velestino, Central
Greece. Seedlings of sweet pepper plants were
transplanted on May inside three screenhouses and
outside. The three screenhouses (floor area 200
m?) were covered by the following nets: (a) an anti-
thrip insect proof, 50-mesh, clear net with shading
intensity of about 13% (IP-13) (b) an anti-thrip insect
proof, 50-mesh, white net with shading intensity of
about 34% (IP-34) and (c) a green shading net with
shading intensity of about 36% (S-36). The shading
intensities were determined in the laboratory by
means of a spectroradiometer and an integral
sphere. Screens (a) and (b) had same porosity but
different shading intensity, while screens (b) and (c)
had similar shading intensity but different porosity
(0.46 and 0.63 for IP-34 and S-36, respectively).

The following microclimatic parameters were
recorded regularly inside the three screenhouses and
at the open field: solar radiation, air temperature and
relative humidity, crop temperature, crop transpiration
rate, wind speed and direction. The reduction of solar
radiation above the crop was proportional to the
shading intensity of the screen, as determined in the
laboratory. However, an increase of in situ shading
factor was observed as opposed to that determined in
the laboratory and attributed to the diffuse component
of the solar radiation (unlike the laboratory beam
radiation) to the sun’s inclination towards the covering
screens depending on sun’s azimuth and elevation
(unlike the perpendicular light source of laboratory
tests), to the frames of the supporting construction
which reduce the overall transmittance of the
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construction and to the dust accumulated on screens
surface. The covering screens increased the diffuse
fraction of solar radiation of the enclosures with
respect to their porosity and colour (brightness). The
diffused radiation was greater inside IP-13 while the
shade net scattered the incoming solar radiation in a
lower rate (about half) as compared to the insect proof
screens (IPs). Analysis of the spectral distribution of
the light (direct, diffuse and total) of each treatment
was conducted. The internal air temperature and
vapour pressure deficit were similar to the ambient.
The crop temperature under screenhouse conditions
was lower than that of the open field crop.The canopy-
to-air temperature difference was higher in the open
field than under screenhouse conditions, with the
lowest values observed under the screenhouse IP-
34. In addition, the canopy-to-air vapour pressure
deficit was significantly lower in the crop grown under
shading than in the open field. The crop transpiration
rate observed under the IP-13 and the heavy shade
screenhouses (IP-34 and S-36) was lower by about
25% and 45%, respectively, than at the open field.
Furthermore, the presence of the screen material
decreased not only the radiative but also the advective
part of crop transpiration, something that is attributed
to the reduction of air velocity inside the screenhouse.
The crop stomatal conductance under screenhouse
conditions was similar or higher than the values
observed for the open field crop.

Another objective of this work was to study and
model the ventilation rate in screenhouses. The
IPs screens reduced at the same rate the inside
screenhouse air velocity, since they had the same
geometrical characteristics. The internal air velocity
in the IPs and the shading screenhouses was about
20% and 44%, respectively, of that measured outside.
The air exchange rate and its rate of increase with
respect to the external wind speed, both increased
with the increase of screen porosity. Also, the size
of the constructions influenced their ventilation
performance, as revealed by comparing their
ventilation rate to the respective of large commercial
screenhouses. The obtained ventilation rate data
were used to calibrate a model that can be used for
the prediction of ventilation rate in screenhouses,
taking into account the geometrical characteristics
of the screens used and of the screenhouse and
the outside wind speed. The values of the dual
coefficient Cdm of the screenhouses and of the
wind related coefficient C, , were also estimated
and compared to the respective coefficients of large
scale screenhouses that were also here estimated.
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Additionally, in this study, the effect of the three
different shading and IPs screens on pepper crop
performance was investigated; measurements of
crop growth, development, yield and its quality were
performed along with irrigation water monitoring.
Screenhouses IP-13 and S-36 produced, on average
on both periods, 66% and 17%, respectively, more
fresh fruit weight than the open field crop, rising a
susceptibility about the effectiveness of green nets.
The moderate shade (=20-25%; IP-13) increased
the production by 21% (mean for both periods) as
compared to the heavy shade of the IP-34 screen-
house, while the crops inside IP-34 screenhouse
produced more by about 17% as compared to the
S-36 screenhouse. The highest fruit number and to-
tal fruit yield were observed under the 13% shading
insect proof screen (about 6.3 kg m?; mean of both
periods). Marketable fruit yield for all screenhouses
was more than 90% of the total yield, while for the
open field crop the marketable fruit production was
about 60% of the total. Fruits harvested from screen-
house crops were larger (dimensions) and heavier
than the open field fruits. Pepper fruit sunscald was
nearly eliminated, while BER and defects from pests
were significantly reduced mainly under the IPs
screens.Screenhouse crops consumed from about
20-40% less water than the open field crop; the Irri-
gation Water Use Efficiency (IWUE) was increased
by 132% and 93%, respectively, inside IPs and S-36
screenhouses of their covered crops, as compared
to that of the open field crops. Crop growth (total dry
matter) was enhanced inside the IPs screenhouses,
unlike the S-36 screenhouse. The crop growth was
simulated by means of a model that predicts the dry
matter production using as input only the cumulative
intercepted PAR by the crops and the radiation use
efficiency (RUE) was estimated for the crop of each
treatment. The IWUE and the RUE were tightly cor-
related to the optical characteristics of the screens
i.e., to the quantity and quality of the direct and dif-
fuse solar radiation of the enclosures.

Key words: Screen, Shading, Insect proof,
Porosity, Diffuse radiation, Canopy temperature,
Canopy conductance, Transpiration, Ventilation,
Discharge coefficient, Wind effect coefficient,
pepper yield, yield quality, Water use efficiency,
Radiation use efficiency
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Zovtopo Bioypa@ikd

O Nik6Aaog Pnydkng atropoitnoe atré 1o I'ew-
TToVIKO IMavemoTiuio ABnvwy (MMA, Tunua OuTikAg
Mapaywyng) 1o 2002 (MapTiog). To 2005 (MdpTiog),
TOou amoveundnke To MetatrTuxioké AimAwua Eidi-
keuong (MAE) otnv KatetBuvan «I"ewpyikr) Mnxavi-
KN-Alaxeipion ®uoikwv Moépwv» Tou AIOTUNUATIKOU
Mpoypdpuartog Metatrruyiakwy Z1moudwyv (AMNM)
NG ZX0ANG NewTtrovikwy EmmoTtnuwy (ZM'E) Tou Mave-
moTnuiou ©cooaliag. To Mdio Tou 2005, dpaaTtnpi-
otroInenke emrayyeApaTtikd otnv ABriva, atnv TTapoxn
UTTNPECIWV acoTIKoU TTpacivou, TTapaKOoAOUBWVTAG
TapdAAnAa Ta padnuata Tou MAE, oTtov Topéa «Ap-
XITeKTOoVIKAG Totriou» Tou NMMZ Tou TuARuarog Emmi-
otiung Putikng Mapaywyng Tou MA, AayBavovtag
10 avTioToixo MTuxio To 2007 (OkTWRPEIOG).

BpaBelTnke pe uttOTPOQIa WG TTPWTEUCAG UTTO-
WAPI0G OTIG eloaywyIKES e€eTdoelg Tou MAE Tou TIA
Kal yia Tnv €1id00r] Tou aTa padnuarta Tou B’ e€aun-
vou Tou MAE Tou NG, evid w¢ TTpwTeloag OTO TEAEU-
Taio, TIUNTIKA avéyvwaoe TNV kabouoAdynaon Katd Tnv
TEAETH) OPKWUOOIOG TWV JETATITUXIOKWY ATTOQPOITWV.

To 2009 (MapTIOG), €yIve OEKTOG WG YTTOWAPIOG
AidakTopag oto ANMMX tng ZI'E Tou MavemoTtnuiou
OecooaAiag yia TNV ekTTOvVNon OIOAKTOPIKNG £PEUVAG
ME TiTAO d1aTpIBAG «OewpnTikA Kai MNeipapariki Ale-
peuvnon Tou MIKPOKAIMATOG TWV AIXTUOKNTTIWV», TNG
oTT0iag N UTTOOTHPIEN evwTTioV TNG ETTTapeAoUg Ege-
TAoTIKAG EmTpotAg TTpayuaTtotroindnke Tov loUAio
Tou 2015. H épeuva xpnuartodotrBnke atd 1o Mpod-
YPOUUa AIBOKTOPIKWY YTTOTpo@IwY “HpdkAegiTog 117,

Ta epeuvnTikd TOU evdla@épovTa €0TIAdOVTAI
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KUPiwG oTa UAIKA KGAuWNG Kal oTn dlaxeipion Twv
YEWPYIKWY KATAOKEUWV (BEPUOKATTIA/OIXTUOKATTIOY)
KaBwg kal atn diaxeipion NG dpdeucng Twv UTTO
KAAuWn kaAAiepyeiwv. Eival cuyypa@éag 4 povoypa-
@IWV/BIaTPIBWYV KAl PETEXEI WG 106 OuyypagEag A
OUV-OUYYpagéag o 4 epyacieg ONUOCIEUPEVEG O€
€ykupa d1EOVNA TTEPIODIKA PE KPITEG, 5 ONUOCIEUPEVEG
epyaacieg o€ TPAKTIKA d1EBVWV ouvedpiwY PE KPITEG
Kal o€ 4 €pyacieg ONUOCIEUPEVEG OE TTPOKTIKG €OVI-
KWV OUVEDPIWV UE KPITEG.
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AAegavdpa ZoAwpouU

Emidpaon tng diaxeipiong otnv €§€AIgn
TWV OIKOCUOTNHATWY TWV EAAIWVWYV

MepiAnyn

H diatpiIA auTA TTpayUATOTTOINONKE O€ EAQIWVES
Tou NopoU Mayvnoiag (Xaptng 1), otn diaxeipion
TWV OTTOIWV TTapaTnEouvTal duo TACEIG: A) EYKATA-
Aeipn kar B) piKpoU BaBuou oTpo@r], aAAd pe au-
&NTIKA TAon, TTpog Tn PBioAoyikr  eAAlOKAAAIEPYEIQ.
AvTikeipevo NG €peuvag amotéAeoe n dlgpelvnon
TWV PNXAVIOUWV(TT.X. YEWPYIKOI Kal TTEPIBAANOVTIKOI
TTapdyovTeG K.G.) Kal N KareuBuvan TTpog TNV oTToia
Ol TIPAKTIKEG Olaxeipiong (CupPaTikr], BloAoyikn,
eyKOTAAEIPN) 0dnyouv Tnv €EENIEN (UETABOAN) Twv
OIKOOUOTNHATWY TWV €AQIWVWY, KABWG Kal Ol €TTI-
TITWOEIG QUTWYV TWV TTPAKTIKWY OTN BIOTTOIKIAGTNTA.

O1 e1dIKOTEPOI OTOXOI TNG £PEUVAG APOPOUTCAV TN
OUYKPITIKA WEAETN  QVTITTPOCWTTEUTIKWY 1) cupBari-
kwv (Eixéva 1), 2) Biohoyikwv (Eikéva 2), 3) eyka-
ToOAEIPPEVWY eAaivwy (EikSva 3) kal 4) YEITOVIKWY
QUOIKWV oikoouaTnudatwy (paki) (Eikéva 4), écov
a@opd emmAeypéva OUVBETIKA TNG PIOTTOIKIAOTNTAG,
ATOI a) QUTIKA TTOIKIAOTNTA, [3) dOMM, TTUKVOTNTA Kal
TTOIKIAOTNTA TWV KOIVOTATWY TTOUAILV, TWV YOIOOKW-
MKWV, TWV €TTIVEIWV KOAEOTITEPWY, TWV I00TTOdWY,
KOBWG Kal TTApAPETPWY TOU €DAPOUG, OTTWG a) Qu-
OIKOXNMIKG XapakTNPIoTIKG Kai B) eda@ikn didBpwan.
ETriong, o1éx0 atmotéAece n avAdeIgn aypoTIKWY Kal
TTEPIBAANOVTIKWVY SEIKTWV Tou TTAOUTOU TG XAwpidag,
TNG TTAVISAG KAl TWV ATTOSOTEWY TWV EAAIWVWY KATW
até diaopeTikd ouoTnua diaxeipiong. EmiTAéoy, n
£PEUVa OTOXEUE OTO va avadeifel «€idn-OeikTEG» TTOU
€UVOOUVTaI OTTO CUYKEKPIPEVA OUCTHHATA dlaxXEipiong
TWV EAQIOVWY, WOTE VO XPNOIPoTToINBoUV WG £pyo-
Agia TTopakoAoUBNoNG TWV OIKOCUOTNHATWY TWV EAQI-
WVWV 01N JEAAOVTIKH TOUG BlaxEipion.

H avdAuon Twv dEdOPEVWV TTOU GUYKEVTPWONKaV
€0€1Ee OTI O€ W1 TTAPAYWYIKF aAAG Kal O€ Wi Jn TT0-
pPaywyikn Xpovid, ol CUUBOTIKOI EAQIWVEG ATTEQEPQV
EANOQPWG PN ONUAVTIKA UWPNASTEPESG KaTd PETO OPO
aTro000¢EIG O OXEON PE TOUG BIOAOYIKOUG EAAIWVEG,
1600 0TV TTapaywyn €AaioAddou 600 Kal OTnV TTa-
paywyn Bpwaolung eNdg (Zxnua 1). Ava@opika e Tn
OUVOAIKH OIKOVOUIKK TTp600d0, auTr ATAV UPNnASTEPN
OTOUG BIOAOYIKOUG €EAQIWVEG O€ OXEON UE TOUG OUU-
BaTikoUG eAQIIVEG TNG TTEPIOXNG £PEUVAG (ZXNHa 2).

H emidpaon Tou cuoThpaTog dlaxeipiong Twv
eAAIWVWY aTTOdEIXONKE ONUAVTIKA O CUYKEKPIUEVA
QUOIKOXNUIK& XapaKTNPIOTIKG Tou €ddgoug (Ikavo-
TnTa AviaAdayrg Katiéviwyv, @wo@opog, Opyavik
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ouaia, vITpIk@ GAaTa, aupwviakd dAaTa, oAIKO Glw-
1O, avaAoyia GvBpaka TTPOG AdWTO KOl PAIVOUEVIKI
TUkvoTNTa €6d@oug). H Ikavotnta AvraAlayng Ka-
TIOVTWY, N OUYKEVTPWON QwOPOPOoU, TO TTOC0CTO
opyavikng ouaiag kai n avaloyia C/N Tou £dda@poug
BpéBnke va uTTEPEXOUV OTO PAKi Kal aTOug BioAoyi-
KOUG EAAIVEG, EVW Ol GUYKEVTPWOEIG TOU OAIKOU N,
Twv NO,, Twv NH,* Kal TNG QaIVOUEVIKIG TTUKVOTN-
TAG TOU £BAPOUG BIATTIOTWONKE VA UTTEPEXOUV OTOUG
OUMBOTIKOUG EAAILIVEG.

To €idog TnG S1GRpwOoNG TTou TTapaTnPABNKE ATav
n €mMQaveiakn Katd oTpwoelg OidBpwon (interrill
erosion) oToug CUPBATIKOUG €AQILOVEG KAl KATA TO-
TTOUG OTOUG BIOAOYIKOUG KAl OTOUG EYKATOAEINPEVOUG
ehaiwveg (Eikéva 5). Ztoug cupfaTtikoug eAAILIVEG
kataypdenke OITTAGOIO TTOOOTNTA OTTOCTIWHEVWY
(S1aBpoupevwy) UAIKWV aTté OTI 0TOuG BI0AOYIKOUG
KAl EYKOTAAEIUPEVOUG EAQIWVEG Kal TPITTAACIO O€ O)Xé-
on Me Ta yoki. AvTiBeTa, aToug BIOAOYIKOUG EAQILIVEG
TTapaTnEnRonke ion moodTnTa dIARPOUPEVWY UAIKWV
ME TOUG EYKATOAEINPEVOUG EAAILOVES KAl TA PAKI.

H épeuva avédeie TN onuavtikdTNTA TG £QApP-
Moyng Tou BIoAoyIkoU CUCTAPOTOG DIaXEipIoNg OTOUG
eAIWVEG ava@opIkA PE TNV gvioxuon NG PIOTTOIKI-
AOTNTAG. ZUYKEKPIPEVA, OTOUG BIOAOYIKOUG €AAIW-
veg, dIOTIOTWONKE PIa Taon yia augnon Tng TTOIKI-
AOTNTOG Kal TNG TTUKVOTNTOG TWV €EAG OUVIOTWOWY
TNG BIOTTOIKIAOTNTAG: TTOWSN GUTA KOTA TN XEIUEPIVH
Kal €apIvA TTEPiodo, EUAWDN QUTA, diaxelNadovTa Kal
avartrapayopeva €idn TTouAiwy, aoTrovduAa (yalo-
OKWANKEG, éviopa Twv olkoyevelwv Carabidae kai
Tenebrionidae, 1061000). Adyw TNG TAONG QUTHAG, Ol
BioAoyikoi eAaiwveg TTpocouoidlouv wg éva Babud,
ME TA YEITOVIKA QUOIKA OIKOOUCTAUATA (UAKi).

AlammoTwOnKe OTI N €vTATIKOTTIOINON TNG €AalO-
KaAAIEpyelag uTToBaBpiCel To €5agog Pe TNV €Qap-
MOYA QUTOQAPPAKWY KAl avOpyavwy XNHIKWY AITTa-
OMATWY Kal PEIWVEL TR BIOTTOIKIAGTATA. H oUvBeon, n
dopr kal N ualoyvwyia Twv, TouAdyioTov yia 12 €tn
EYKATAAEIUPEVWVY EAAIWVWY, TTPOCONOIALOUV HE QU-
TEG TWV YEITOVIKWV QUOIKWY OIKOOUOTNHATWY (JOKi),
Qv KaI UTTAPYOUV KATTOIEG BATIKEG DIAPOPES WG TTPOG
TN QUTIKN Kal TTavIOIKA TTUKVOTNTA Kal TTOIKIAOTATA.

EmmAéov, yia Ta peAetnBévia cuoTthuata dia-
XEipiong eAaiwvwy Kai Ta Poki avadeixBnkav €idn-
OEIKTEG TWV XEIMEPIVIDV KAl EAPIVWV TTOWOWV Kal gu-
AwdWV QUTWY, TV YalIooKWARKwWY, Twv Carabidae,
Twv Tenebrionidae, Twv 100TT6dWV, TWV dlayeIpald-
VTWV KOl AVOTTOPAYOUEVWYV EIDWV TTOUAILYV, Ol OTTOIOI
MTTOPOUV va attoTeAEGOUV TN BAon yia e€aywyn Xpn-
OIJWYV CUPTTEPACUATWY Kal yia TN Afyn amo@doewy
TTou Ba cupPBAaAAouv oTnV aglIPopIkr dlaxeipion TNG
eAaIOKaANIEPYEIQG.
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Oocov agopd OTIG ATTOOO0EIS TWV PIOAOYIKWV
eAaIVWYV auTég BpéBnkav va aufdvovTal kKabwg au-
gavetal n epappoyr KOTTPIAG Kal n TTUKVOTNTA TWV
YQIOOKWAAKWY, €VW Ol atTodd0EIS TWV CUUBATIKWV
eAdIWVWY augdvovTal Pe TNV alénon NG opyavikig
ouciag Tou £8GQYOUG Kal TNV EQAPUOYA TNG avopya-
vng Aitravong N. O1 oxéoeig geTagl TnG TTUKVOTNTAG
TWV TTAPAUETPWY [TTOWdN QUTE KATA Tn XEIUEPIVN
Kal eapivh Tepiodo, EUAWDN QUTA, dlaxelNalovTa Kal
avatrapayoueva €idn TTouAiwy, aoTtovouAa (yalo-
OKWANKEG, évTiopa Twv olkoyevelwv Carabidae kai
Tenebrionidae, 106TT000)] Kal TWV YEWPYIKWV KOl TTE-
PIBAANOVTIKWYV TTAPAYOVIWY OTA CUCTHATA OlaXEi-
PIONG TWV EACIWVWY KOl OTA MOKI €ival onUavTIKh
6oov a@opd TNV Katavonon Twv AEITOUPYIWV AUTWYV
TWV OIKOOUGTNUATWY KOl TOV €UPUTEPO OXEDIOTNO
OIaXEIPIOTIKWY TTPOKTIKWY TTPOCTACiag NG BIOTTOIKI-
AOTNTAG O€ BIayeIpICOPEVA OIKOGUOTAUATA.

AéEeig-kAe1d1d: eMid, BioAoyikn yewpyia, cupBari-
KN YEWPYIid, EYKATAAEIPN, QUOIKO OIKOCUCTNHA,
(PUOIKOXNMIKEG TTOaPAMETPOI £5A@OoUg, didBpwaon
e6d@oug, TOIKIAGTNTA, €idn OtikTEG, YEWPYIKOI
Kal TTePIBAAAOVTIKOI BeiKTEG

TpipeAng ZupBouAeuTikh ETTiTpOoTTh

ABavdaoiog Z@ouyydpng, AvarrAnpwtig Kabnyn-
™G Alaxeipiong OikotoéTTwy Kai BioTrolkiIAGTNTAG,
>xoAn lMewtrovikwv EmoTtnuwy, Tunua MewTtroviog
duTikAg Mapaywyng kai AypoTikoU MepiBaAAovTog
Tou lMNavemmoTtnuiou @eocaliag (emBAETwWY)

Kupiakn KaAptrouptdn, KadnynTpia Mewpyikng O1-
KoAoyiag, MewTrovik ZxoAr Tou ApioToTéAgiou Mave-
ToTNHiou @ecoalovikng

Fewpylog Ndavog, AvarmAnpwtig Kabnyntrig Aev-
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Alexandra Solomou

Influence of management on the
evolution of olive grove ecosystems

Abstract

This study was conducted in olive groves of
Magnesia Prefecture in which two trends have
been observed regarding their management: a)
abandonment and b) a low rate turn, but with an
increasing tendency, towards organic olive-farming.
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The main objective of the study was to investigate
the mechanisms (e.g. agricultural and environmental
factors etc.) and the direction to which the evolution
(change) of the ecosystems of olive groves is led by
the management practices (conventional, organic,
abandonment), as well as the consequences these
practices may have on the biodiversity.

Specifically, the objectives of the research
focused on the comparative study of the
representative: 1) conventional, 2) organic, 3)
abandoned olive groves and 4) the neighbouring
natural ecosystems (maquis) as regards the chosen
components of the biodiversity, which are a) plant
diversity b) structure, density and diversity of bird
communities, earthworms and earthly coleoptera
and isopoda, as well as the following soil parameters:
a) physiochemical characteristics and b) soil
erosion. Moreover, another aim of the study was the
establishment of rural and environmental indices
for flora and fauna richness and for the yield of the
olive groves under different management systems.
Furthermore, the study aimed at establishing
“species-indices” favoured by specific management
systems of the olive groves so that they could be
used as tools for watching ecosystems of olive
groves during their future management.

Data analysis revealed that the conventional
olive groves, in both productive and non productive
years, produced not significantly higher average
generate in relation to the organic olive groves, not
only regarding the production of olive oil but also
the production of edible olives. As regards the total
financial income, it was higher in the organic olive
groves in relation to the conventional ones, in the
study area.

The effect of the management system in olive
groves was proved to be significant for specific
physiochemical characteristics of the soil (cation
exchange capacity, phosphorous, organic matter,
nitrates and ammonium salts, total nitrogen,
carbon to nitrogen ratio and soil bulk density). The
cation exchange capacity, the concentration of
phosphorous, the organic matter ratio and C/N ratio
of the soil was found to be higher in maquis and in
organic olive groves, while the concentrations of
total N, NO,,, NH,* and the soil bulk density were
found to be higher in conventional ones.

The type of erosion observed was superficial
interrill erosion in the conventional olive groves
and local in the organic and abandoned olive
groves. Twofold quantity of erodible materials was
recorded in conventional olive groves in comparison
to the organic and abandoned ones and threefold
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in comparison to the maquis. On the contrary, the
quantity of erodible materials observed in the organic
olive groves, was similar to that in the abandoned
ones and the maquis.

The study highlighted the significance of the
application of the organic management system
in olive groves as regards the enhancement of
the biodiversity. Specifically, a tendency for an
increase in the diversity and density of the following
components of biodiversity was observed in the
organic olive groves: herbaceous plants during
winter and spring period, woody plants, winter and
breeding bird species, invertebrates (earthworms,
insects in the families Carabidae and Tenebrionidae,
isopoda). To some extent, due to this tendency, the
organic olive groves simulate the neighboring natural
ecosystems (maquis).

It was found out that the intensification of olive
trees cultivation with the application of pesticides and
inorganic chemical fertilizers degrades the soil and
decreases the biodiversity. The composition, layout
and physiognomy of the abandoned, for at least 12
years, olive groves simulate these of the adjacent
natural ecosystems (maquis), though there are some
basic differences regarding the plant and fauna
density and diversity. Moreover, for the management
systems under study and the maquis, species-
indices for the winter and spring herbaceous and
woody plants, worms, Carabidae, Tenebrionidae and
isopoda, as well as for the hibernant and reproduced
bird species were established, which can constitute
the base for drawing useful conclusions and making
decisions which will contribute to sustainable
management of olive tree cultivation.

As regards the produce of the organic olive
groves, it was found out that it increases when
the manure application and the earthworm density
increase, while the produce of the conventional olive
groves increases when the organic matter of the soil
and the application of inorganic fertilization with N
increase. The relations between the richness and the
density of the parameters [herbaceous plants during
winter and spring period, woody plants, winter and
breeding bird species, invertebrates (earthworms,
insects in the families Carabidae and Tenebrionidae,
isopoda)] with the rural and environmental factors,
respectively, in the management systems of olive
groves as well as the maquis, are significant
regarding the understanding of the functions of these
ecosystems and the wider planning of management
practices for the protection of the biodiversity in the
managed ecosystems.
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and environmental species
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Xaprtng 1. lNepioxn LeAETNS
Map 1. Area of study

Eikéva 1. ZuuBarikoi eAaiwveg
(Pwr. AA. ZoAwuou)

Picture 1. Conventional
olive groves
(Photo Al. Solomou)

Eikova 2. BioAoyikoi eAaiwveg
(Pwr. AA. ZoAwpuou)

Picture 2. Organic
olive groves
(Photo Al. Solomou)
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Eikova 3. EykaraAeiuuévor EAaIOVES
(Pwr. AA. ZoAwpou)

Picture 3. Abandoned olive groves
(Photo Al. Solomou)

Eikova 4. Maki (Pwr. AA. ZoAwuou)
Picture 4. Maquis (Photo Al. Solomou)

Eikova 5. Emi@aveiakn katd oTtpwaoeis diaBpwon piag e0a@IKNg eMm@aveias oupuBarkou eAaiwva
(Pwr. AA. ZoAwpou)

Picture 5. Superficial interril erosion of a soil surface in a conventional olive grove
(Photo Al. Solomou)
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Zxnua 1. Méoog 6pog (x TUTTIKI QTTOKAION) TWV ATTOOO0EWY TWV EAQIOVWY TNS TTEPIOXNS EPEUVAC.

Figure 1. Average (+ SD) of olive groves yield in the study area.
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Zo0vtouo Bioypagiké

H AAeggdavdpa ZoAwpoU eival TITUXIOUXOG
Tou TpAuatog [ewTtoviag PuTikAg Mapaywyng
kal AyportikoU [MepifdAAovTtog Tou [MavemioTnuiou
Oeooaliog (2006). 'EAaBe MetatrTuyiakd SitTAwua
atrd 10 AlaTpnuatikd Mpoypappa MeTATITUXIOKWY
21Toudwyv Tou idIou TPAPATOG OTa «ZUyXPOova CUu-
OTAMATA AYPOTIKAG TTAPAYWYAG OTO HECOYEIOKO
XWPO HE €UQOON OTNV AEIPOPIKN TTAPAYWYH Kal
oTn xpnoiyoTtroinon véwyv Texvoloyiwvy» (2008). To
2013, oTo id10 TuAua Tou MavetmioTnuiou OcoaaAi-
ag Kkal e utrotpo@ia «HpdkAeITog I1», ohokAfpwoe
N d1dakTopIKA TNG d1aTpIPA, pE TiTAO «ETmidpaon
NG dlaxeipiong otnv €€EAIEN TwV OIKOOUCTNUATWY
TWV eAdiVWVy, Aaupdavovtag 1o AIBAKTopIKO TNG
AirAwpa.

Aidate TIG epyaaTnpIOKEG QOKACEIG TwV Pabn-
patwyv Tou IM.©.: OikoAoyia (2011-12), OikoAoyia
Kal BiotroikiAdtnTa (2012-13, 2013-14) ka1 Alaxeipi-
on xepoaiwv olkoouaTnuaTwy (2011-12, 2012-13).

JUMMETEIXE WG ETTIOTAMOVIKA OUVEPYATIOA-YE-
WTTOVOG OTO €PpeUVNTIKO TIPOYypauua «ATToypa®n
NG BiomoikiAdTNTaG (PUTIKAG KAl ZWIKAG OIKIAG-
TNTOG) 0€ OUO TTEPIOXEG WETAAAEUTIKAG dpaaTnpl-
otnTag (AvaBpa kai Aypiad Mayvnaiag)» (1.6.2011
¢wg 30.11.2012, TpAua TewTtoviag, duTikAg lMa-
paywyngs kai Ayportikou lMepiBdAAovTtog M.0., Emi-
oTnPovikdg Y1reuBbuvog: ABavdaciog Z@ouyyapng,
AvammAnpwTng KabnyntAg). Emiong, oupueTeixe wg
ETTIOTNUOVIKA CUVEPYATIOO-YEWTTOVOG OTO EPEUVNTI-
K6 TTpoypauua «Conservation and management of
the lesser kestrel (Falco naumanni) at three Greek
SPA sites (LIFE11 Nat/GR/1011, 1.8.2012 €£wg
31.8.2013 kar 1.5.2014 éwg 31.10.2014, Tunua
ewTtroviag, ®uTikAg Mapaywyng kal AypoTikou [Me-
pIB&AAovTOG N.0., ETioTnuovikég Yreubuvog: ABa-
vdaolog Z@ouyydapng, AvarmAnpwtig Kabnyntng),
evw) €AaBe PEPOG WG YEWTTOVOGS OTO £pyo «YAo-
TToinon oguivapiou pe Bépa N “BioTToIKIAGTATA” GTO
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KEK Ttou Ma®.» (1.2.2014 ¢wg 31.3.2014, Tunua
Bioxnueiag kai Biotexvohoyiag M.0., EmoTtnuovi-
KOG YTreuBuvog.: Znong Mapoupng, Kabnyntig).
To kalokaipr Tou 2012, TTApPe pépog oTa O¢pi-
va ZyoAegia «BioAoyik AutreAoupyia kail OrvoAoyiay
kal «BioAoyikn Mewpyia», oto TEI loviwv NAowv
otnv Kegpalovid.
E-mail: alexansolomou@gmail.com
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Qwreivi @. NMapAatrdvn

E181koi AAAoiwyévol
Mikpoopyaviopoi Kal n eTidpact Toug
oTNV TTOIGTNTA KAl TNV TUXN
TWV TTABOYOVWYV HIKPOOPYAVICHWYV
OTA GAIEUTIKA TTPOIOVTA

MepiAnyn

Eicaywyn

H pikpofiakr aAAoiwon atroteAei Tov KUpIdTEPO
MNxaviopd utroBdBuiong Tng TToIdTNTAG OTOUG VW-
TToUG 1XBU0eg. Katd Tn ouviipnon Twv aAEUPATWY,
€va PIKPO KAGOMA TNG apXIKAG MIKPORIOKNG OUVOE-
ong yvwoTdé wg Eidikoi ANoiwydvor Mikpoopyavi-
opoi (EAM) @Bdvel og upnAa apiBunTiké emiTreda
Twv 7-9 logcfu/g kai TTapdayel YeTABOAITEG oI oTTOiO!
gival utTeUBuVOI yIa TIG XAPOKTNPIOTIKEG OUCAPEDTEG
OOMEG OTA TPOPIPA KI- ETTOUEVWG VIO TAV OPYAVOAN-
TITIKA atméppiwn. H emAoyn Twv aAAoIwyovwy HIKPO-
OPYQVIOUWV £EAPTATOI ATTO TIG ETTIKPATOUCEG GUVON-
KEG KOTA TN OUVTAPNON OTTWG gival n Bepuokpagia
Kal N arpéoeaipa Kabwg kal ammod TIG MIKPOPRIAKES
aAAnAemdpdoeig. O aviaywviouog PeTagl Twv EAM
emdpd aTov €10IkO puBPOG augnong Kal oTo PEyeBOG
TOU TEAIKOU TTANBUCHOU TOUG. Z€ TTEPITITWON ETTIUO-
Auvang ue katrolo TTaboyoévo, N TUxn Tou TrTaboydvou
ecaptdral kal atrd TIG aAAANAETIOPACEIG QUTEG.

2koTTo¢ NG OIBAKTOPIKAG BIaTPIRRG ATV pIa
oAokANpwpévn TTpooéyyion oTo Béua TToIdTNTA KAl
QO@AAEId VWTTWV TTPOIOVTWY TOITTOUPAS (OAGKAN-
pol IXBUeg kal QINETA). Ta TNV €TTITEUEN TOU OKOTTOU
TTpayuartoTroifénkav 1a TapakdTw: a) digpelvnon/
Tautotroinon Twv aAAOIWYOVWY  HIKPOOPYAVIC WV
ME XPNON MOPIAKWV TEXVIKWV B) TTapakoAouBnaon
TwV HETABOAWV TNG MIKPORIOKAG aAAnAouyiag Me
KAQOIKEG TEXVIKEG Y) TTPOCDIOPICHOG OUCIWV HIKPO-
Biakng TTpoéAeUaNG PE XNMIKEG-OVAAUTIKEG EBGOOUG
0) TapakoAouBnon TG TUXNG/CUUTTEPIPOPAS Tou
Listeria monocytogenes Katd Tn GUYKAAAIEPYEIG TOU
ME aAAOIWYOVOUG HIKPOOPYQVIGUOUG KAaBwG Kal €)
emidpaon TPOCBETWY eUTTOdiWV OTNV TUXN TWV MI-
KPOOPYaviIGUWVY (aAAOIWYOVWY Kal TTaBoyovwy).

MeBodoAoyia

O 1poodloplouds TNG ETMKPATOUCAG MIKPOPBIOKAG
ouUvOeoNG TTPAYUATOTTOINBNKE YE XPON KAGGIKWY Kol
MOPIOKWY  (KOANIEPYNTIKWV Kal PN KAANEPYNTIKWV)
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TEXVIKWY. H Tautotroinon Twv Baktnpiwv Tou oAikou
MIKpoBIakoU TTANBuGOU Eyive he avaAuan Tou yovidi-
ou 16S rRNA kai aAAnAouxion (sequencing) o€ aTro-
MOVWUEVEG ATTOIKIEG MIKPOOPYAVIOHWY OTTO TPURAia
(HopIOKEG-KAANIEPYNTIKEG TEXVIKEG) Kal N dlgpedvnon
NG MIKPOPIOKAG GUVBEONG e avaAAuan Tou yovidiou
16S rRNA, kAwvoTtroinon kal aAAnAouxion o€ TTpoKa-
puwTikd DNA atreubeiag atmd TN odpka Twv 1XBUwv
(HOPIaKEG-PN KAANIEPYNTIKEG TEXVIKEG). H HEAETN Twv
TTAPAYOHEVWY PETABOAIKWY TTPOIOVTWY aTTd TOUG OA-
Aolwyovoug PIKpoopyaviououg (0AIkG TITNTIKO adwrTo,
TpIMEBUAQiVN, BloyEveiG auiveg Kal TITNTIKOI PETao-
NITEG) TTPAYUATOTTOINONKE PE KAQTIKEG Kal EVOPYAVEG
KOTA TTEPITITWON XNMIKEG avaAUOEIg (atrdéoTagn Kai TIT-
Aodotnon, gacpatopwroueTpia, HPLC, SPME/GC-
MS), pe okoTé va agioAoynBouv wg mmlavoi Xxnuikoi
OcikTeG aANoiwong. EmitTAéov, pe Tn Xprion HOVTEAWY
UTTOOTPWHATWY aTTé (W6 1XBU0G TOITTOUPAG UEAETH-
Bnke n TTapaywyn TTTNTIKWV PETABONITWY aTTd KABE
KaTnyopia aAAOIWyOVWY PIKPOOPYAVICHWY, Ol OTTOIOI
aTToOVWONKaV Kal TaUToTToINBNKav pe avaAuon Tou
yovidiou 16S rRNA, pe okotroé va digpeuvnBei n guvel-
0Qopd Tou KaBevOG oTnV eUpeon TMOAVWV XNHIKWV
OEIKTWYV aAAoiwong.

ATTOTEAéCHATA-ZUMTTEPACHATA

Ta Pseudomonas spp. Ppébnke va atroteAouv
TO ONMAVTIKOTEPO PEPOG TWV KUpiapXwv aAAoiwyod-
VWV HIKPOOPYQVICUWY, TOOO 0€¢ Trpoidvta 1xBuog
ammofnkeupéva o€ atpéo@aipa aépa (QIAETO, ONO-
KANPo) 600 Kal g TpoTToTToINUEVN aTtpoo@aipa-MAP
(pIAéTO POVO), BA. Zxnuata 1 & 2. E¢aipeon atroTté-
Aeo€ N TEPITTITWON TNG CUVTAPNONG TWV QIAETWY OE
MAP oTtoug 5 °C, 61T0U TO PEYAAUTEPO TTOCOCTO TNG
MIKpORIOKAG oUvBeong armroTedodvtav amod €idn/oTe-
AEXN TWV OEUYAAOKTIKWY BaKTNPiWwV HE Kupiapxo TO
Carnobacterium maltaromaticum strain MMF-32. H
avd@Auaon Tou yovidiou 16S rRNA atTodeikvUETal OTTO-
TEAEOUATIKOTEPN YIA TNV TAUTOTTOINON TWV HIKPOOP-
YQVIOPWYV, O€ avTiBeon pe TN XPron Twv KAACIKWV
pMEBOOWV. H digpelvnon Twv aAloiwyOvwy HIKPO-
OPYOQVIOUWY HE HOPIOKEG TEXVIKEG €TIRERaIWVEl TNV
UTTapgn Kal GAAWV KupiopXwv PIKPOOPYAVICUWY OTA
aAIeUTIKG TTPOIdVTa OTTWG Ta Aeromonas salmonicida,
Carnobacterium maltaromaticum, Carnobacterium
divergens, Vagococcus fluvialis, Psychrobacter im-
mobilis, Psychrobacter cryohalolentis, Pseudomonas
migulae, Pseudomonas vranovensis. Ol HOPIOKEG-JN
KOAAIEQYNTIKEG TEXVIKEG (aTTeuBeiag ekxUAMion DNA
atré TN odpka Tou 1XBU0G) avadelkvUoUV PIKPOOPYavi-
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OMOUG o1 oTT0iol dlIageUyouv TNG TAUTOTTOINGNG KE TIG
MOPIAKES KOANIEPYNTIKEG TEXVIKEG OTTWG TO Aeromonas
salmonicida. ETTOpéVWG, O HOPIAKEG TEXVIKEG Qaive-
Tal va atroTeAOUV TO TTIO XPrOIKUO EPYTAEIO yIa TNV TaU-
TOTTOINON TWV PIKPOOPYAVIOHUWY OTA TPOQIUA.

H YeAETN TWV TITNTIKWY OUCIWYV TTOU TTApAyovTal
atrd TN OPACN TWV PIKPOOPYAVICHWY KATé TN dIdpKEIa
TNG OUVTAPNONG OTTOTEAEI £vav €VOAAAKTIKO TPOTTO
TTPOCBIOPICHOU TNG TTOPEIAG TNG MIKPOPIAKAG aANoi-
wong, d10TI apKETEG ATTO TIG OUCIEG AUTEG AUEAvOVTal
METAgU TNG TTPWTNG NUEPAG KOl TNG NUEPOAG aTTOPpI-
wns. H ethyl-2-methylbutyrate, n ethyl isovalerate
kai n ethyl tiglate BpéBnke va augavovtai e€aitiag TG
dpaong Twv Pseudomonas spp., evw n 3-hydroxy-2-
butanone, 3-methyl-1-butanal, 2-methyl-1-butanal,
3-methyl-1-butanol kair n 2-ethyl-1-hexanol, Aoyw
TwV 0EUYAAGKTIKWYV BakTnpiwy, £TTEma amd avaAu-
On MOVTEAWV UTTOOTPWHATWY I1XBU0G evoQBaAuI-
OMEVa 0€ HOVOKOAAIEPYEIQ UE TOUG QVTIOTOIXOUG QA-
Aolwydvoug pikpoopyaviopous. Or ouaieg auTtég Ba
pTTOpOUCAV vVa XPNCIYOTTIOINBOUV WG XNMIKOI EIKTEG
MIKpoBIakAG aAAoiwong Tng ToImToupag. H 3-methyl-
1-butanal atotéAece TN onuavTikOTEPN ouaia n
oTToia Ba YTTOPOUCE va XPENOCIUOTIoINBEI WG XNMUIKOG
0cikTnG vwTtréTnTag/aAoiwong HIKpoRIakrg TTpoé-
Aeuong (ZxnApa 3). H xprion tou TVB-N kabwg Kai
TWV AWV alwTtouxwv petaBoAitwyv (TMA-N, Bioye-
VEIG apiveg), evw atroTeAoUV évav KaAS BeikTn yia Thv
atrodoxn 1 6x1, woTdéoo dev ETTAPKOUV YIO VA Xapa-
KTNPIOOUV TN «PPECKOTNTA» TOU TTPOIOVTOG.

H atmobrikeuon oe MAP g TO €UTTOPIKO HEIYUA
agpiwv TToU XpnolyotroiBnke otn dlIoTpIRr auTh
BpEBNKe va eTnpedlel TNV alénaon Twv aAAOIWYOVWV
MIKPOOPYQVIOPWY O€ OXEoN ME TNV ATTOBNKEUON O€
agpoPieg ouvonkeg dIOTI TTPOKAAEDE i) peiwon Tou
pubuoUu augénong Twv Gram apvnTIKWV BakTnpiwv,
i) augnon Tou pubuou augnong Twv Gram BETIKWV
Baktnpiwv (B. thermosphacta, oEuyaAaKTIKE BaKTH-
pia), iii) atgnon Tou TeAIKOU TTANBucpoU Twv Gram
BeTIKWV BaKTNPiwV Kal iv) yeiwon Tou TEAIKOU TTAN-
Buopou Twv Gram apvnTIKWwy PakTnpiwyv. QoTdéoo,
OTN OUYKEKPIPEVN MEAETN, N epappoy Tou MAP cixe
WG atroTéAeaua TNV TeAIKN €mKpdTnon Twv Gram
apvnTikwv BakTnpiwv, ye EAM ta Pseudomonas
spp. kal aTig dUo aTtudo@aipes (aépag, MAP) oTig
XOUNAEG BEpPOKPATiEG.

H ouykaAAiépyela Twv aAAOIWyOVWY HIKPOOP-
YavIouWV aAAG Kal n KoAAIEpYEId Toug padi pe 1o L.
monocytogenes 0¢ OTEPEA WOVTEAD UTTOOTPWHATA
IXBU0G £56¢1Ee OTI 0 £vag MIKPOOPYAVIOUOS £TTNPEALEI
TNV aug¢non Tou dAAou. O1 aAloiwydvol HIKPoopyavi-
opoi Bpédnke va emdpouv aTnV TUXN/CUUTTEPIPOPG
Tou L. monocytogenes 1000 0€ CUOKeUaTia agpa
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000 kai oe MAP. O avraywviopog petaéu Twv EAM
BpéBnke va emdpd aTov €I0IKO puBUO augnong Kai
oT0 PéyeBog Tou TEAIKOU TTANBuUGOoU Toug. H algnon
Tou L. monocytogenes (L) @davnke va guvoeital ota
@INéTa 0¢ ouvbnkeg aépa Otou Ta Pseudomonas
spp. aTmoTeAoUV TOV KUPIapX0 MIKPOOPYavIGUo. ETTi-
ong, Ta Shewanella spp. (Sh) kar o§uyaAakTikd Bao-
kTApia (Lab) Bpébnke va guvoolv Tnv augnon Tou
TTaBoydvou oTIGg ouykaANiépyeieg Sh-L, Lab-L oTig
ouvlnkeg autég. H TTwon Twv TTANBUCPWVY Twv
Pseudomonas spp. kal Twv Shewanella spp., e¢aiTi-
ag Tng emidopaong Tou MAP oTtnv auénon Toug, Bpé-
Bnke va emTpéTTel TNV aUENon Tou L. monocytogenes
oe emitreda Aiyo upnAdTEPA ATTO QUTA TTOU TTAPATN-
pouvTal o€ agpofieg ouvlnkes. Ta ofuyalakTiKG Ba-
KTAPIO TTapeuTTodidouv TNV augnon tou TTaboydvou
OTIG OUVONKEG QUTEG.

Etropévwg, o1 JopIaKEG TEXVIKEG avau@IoBATATA
ATTOTEAOUV TO ONUAVTIKOTEPO EPYOAEiIO yia peANO-
VTIKA] XPAoN OTnNV TEKPNPiwaon g diac@aliong Tng
TTOIOTNTAG KAI TNG A0PAAEING EVOG TPOQiOU. H PEAE-
TN TWV TITNTIKWY OUCIWV TTOU TTapAyovTal oTTd TOUg
MIKpoOpyaviopoug Katd Tn SIAPKEIa TNG CUVTAPNONG
atroteAei évav eVAAANAKTIKO TPOTTO TTPOGSIOPITHOU
TNG TTopeiag TnG PIkpoRiakrg aAAoiwong. H tToooTi-
KOTTOINGN TwV OUCIWV QUTWY KATA TN ouvthpnon Ba
€XEl ONUAVTIKN TTPAKTIKA €QAPUOYN TN Blounxavia
TPoYipwy Kabwg Ba eival duvaTr n dueon ekTipnon
TNG TIOIOTIKAG KATAOTOONG KOI TOU €vATTOMEiVavTa
EUTTOPIKOU XPOVOU {WNAG TWV GAIEUTIKWY TTPOIOVTWV.

NEgeig kAe1d1a: Eidikoi AAAoiwyovol Mikpoopya-
viopoi, To1mroupa, 16S rRNA, aAloiwon, xnuikoi
o¢eikteg aAloiwong, piIKpoBlakéG AaAANAemIdPA-
ocig, Listeria monocytogenes
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Specific spoilage organisms and their
effect on quality and fate of pathogenic
bacteria in fish products

Abstract

Introduction

Microbial spoilage is the main mechanism of
quality deterioration of fresh chilled fish. Under
particular storage conditions (e.g., atmosphere,

temperature), a consortium of bacteria known
as specific spoilage organisms (SSOs) produce
metabolites (chemical spoilage indices-CSls)
responsible for off-flavors and cause the

organoleptic rejection of the product. Many groups
of microorganisms contain species and strains that
contribute to fish spoilage under particular storage
conditions. It is known that the succession of
spoilage microorganisms as well as their metabolic
activity is greatly influenced by temperature and type
of packaging. Undoubtedly physical and chemical
parameters are the most important factors that
influence the growth and selection of microorganisms
in a food ecosystem. However, the selection of the
microbiota during food spoilage is not depended
only on the environmental conditions, but also on
microbial interactions. Microbial interaction among
SSOs affects the growth of microorganisms and the
fate of pathogens such as Listeria monocytogenes
in foods.

The purpose of the PhD thesis was to study the
identity of the dominant spoilage microorganisms,
their ability to produce metabolites causing spoilage,
the interaction between spoilage microorganisms
and L. monocytogenes under storage at various
temperature and atmosphere conditions.

Methodology

Initially, the spoilage profile of whole sea bream
and sea bream fillets under different temperature
conditions (0, 5, 150C) and atmosphere (air and
MAP: CO,/O,/N,:60/10/30) was investigated. The
microbiota was studied by employing classical and
molecular (culture dependent and culture indepen-
dent) techniques. In the molecular-culture depen-
dent techniques, bacterial isolates from the plates
were identified by the 16S rRNA gene analysis and
sequencing, while in the molecular culture indepen-
dent techniques, prokaryotic DNA obtained directly
from the fish flesh was determined by the gene 16S
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rRNA analysis, cloning and sequencing. Metabolic
products (total volatile nitrogen, trimethylamine,
biogenic amines and volatile metabolites) analysis
was performed by using not only classical chemical
analysis but also modern equipment such as
HPLC and SPME GC-MS to evaluate the potential
chemical spoilage indices (CSls) of fish deterioration.
Moreover, strains of Pseudomonas, Shewanella and
LAB (Carnobacterium and Lactobacillus), isolated
from the spoilage microbiota of sea bream fillets
stored at various conditions and characterized by
16S rRNA gene analysis, were used to inoculate
a sterile model sea bream substrate (Fish Juice
Agar, FJA). The surface of FJA was inoculated with
initial populations of about 5x103cfu/g and stored
aerobically and under MAP (CO,/O,/N,:60/10/30)
at 0,5 and 15 °C. Volatile compounds analysis was
also carried out using SPME-GC/MS. Detection and
semi-quantification using the surface area under the
peaks was performed. The fate of L. monocytogenes
alone or in co-culture with the main spoilage
microorganisms was studied under air and MAP at
5 °C, using model fish juice agar substrate.

Results

Pseudomonas spp. were found to be the domi-
nant microorganisms on spoiled whole sea bream
stored under air and MAP using both approaches
(Figures 1 & 2). However, the molecular approach,
based on 16S rRNA gene analysis, revealed that
Pseudomonas fragi co-dominated with Carnobacte-
rium maltaromaticum strain MMF-32 in fillets under
MAP at 5 °C as well as Psychrobacter immobilis and
Psychrobacter cryohalolentis in iced stored whole fish
by molecular-culture dependent techniques. More-
over, Aeromonas clustering phylotypes were found to
co-dominate with Pseudomonas phylotypes by mo-
lecular-culture independent techniques. Carnobacte-
rium divergens, Vagococcus fluvialis, Pseudomonas
migulae and Pseudomonas vranovensis were also
revealed by molecular approach. Therefore, molec-
ular methods, such as 16S rRNA gene analysis is a
powerful tool for studying food microbial ecology.

Several volatile organic compounds (VOCs)
were found to change during storage in both
packages (air and MAP). Various compounds
such as ethyl-2-methylbutyrate, ethyl isovalerate
and ethyl tiglate were increased during storage in
model fish substrate inoculated with Pseudomonas
spp., Wwhile 3-hydroxy-2-butanone, 3-methyl-1-
butanal, 2-methyl-1-butanal, 3-methyl-1-butanol
and 2-ethyl-1-hexanol were increased in model
fish substrate inoculated with Lactic Acid Bacteria.
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Specifically, 3-methylbutanal was increased in both
packages (air and MAP) almost at all temperatures
(Figure 3). The volatile compounds detected could
be used as potential chemical indices of sea-
bream fillets spoilage/freshness. The compounds
3-methylbutanal and the ethyl esters have been
reported as microbial origin, making them potential
CSils candidates of sea bream fillets.

Different atmospheric conditions affected the
shelf-life and also the growth of SSOs in sea bream
product. However, Pseudomonas spp. were found to
be dominant microorganisms on spoiled sea bream
under air and MAP conditions.

SSOs was found to affect the fate of L. mono-
cytogenes in sea bream products under air and MAP
conditions. L. monocytogenes was increased in cas-
es where Pseudomonas spp. dominated. Inhibition
of spoilage bacteria under MAP conditions was
found to allow better growth of L. monocytogenes.
Therefore, MAP conditions seem to allow this patho-
gen to reach higher numbers compared to package
under air.

Conclusions

Different temperatures and atmospheres
affected the selection of spoilage microbiota.
The 16S rRNA gene sequence analysis can give
information at both species and strain level. New
dominants were revealed by the culture-depended
and culture in-depended molecular approaches.
Psychrobacter spp. as part of the initial microbiota,
as well as Carnobacterium spp. and Vagococcus
spp. as part of the spoilage microbiota in sea
bream fillets have never been reported as dominant
microorganisms of fish from Greek waters.
Moreover, Aeromonas salmonicida has not been
reported as dominant microorganism in iced spoiled
whole sea bream. This work can be the base-line
for further investigation on spoilage potential and
activity of those microorganisms in Mediterranean
fish/seafood, especially sea bream. Moreover, quite
few volatile compounds can be considered from this
study as potential CSls of sea-bream fillets. Finally,
accurate determination of the concentrations of
VOCs documented as CSlIs candidates in sea bream
fillets from various batches stored under different
conditions and its relation to remaining shelf-life will
be the first step for designing bio-sensors for on-pack
freshness assessment and shelf life determination.

Key words: Specific Spoilage Organisms, sea
bream, 16S rRNA, spoilage, chemical spoilage
indices, microbial interaction, Listeria monocy-
togenes
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ZUvTopo Bloypa@iké

H ®wreivi MapAatrdvn yevvrbnke otn Ocooo-
Aovikn, oTig 10 louAiou 1981. Z1ToUdace aTo AAeEAv-
dpelo TexvoAoyikd EkTTaideuTiko 16pupa Oecoalovi-
KNG, Katd ta £€1n 2002-2006 Kal 0Tn CUVEXEIQ, KOTA
Ta €tn 2007-2009, TPAYUOTOTIOINCE UETOTITUXIAKES
otoudég oTto [Mpdypaupa «Acipopikly Alaxeipion
YdaTikou MepiBaAloviog» Tou TuAuarog IMewTtroviag
IxBuoloyiag kal Yodrivou MepIBGAAOVTOG TNG ZXO0ANG
ewTovikwyv EToTtnuwy Tou MavemoTnuiou @scoa-
Aiag, atrd 61T0U aTTOPOITNOE YE BaBUO MTuxiou «ApI-
oTo». H peTatrTuXiokn SITTAWUATIKN €pyacia TNG, ME
TiTAO «XapaKTNPIOPOG TNG MIKPORBIAKAGS XAwpidag Kal
eMidpacn TnG 0TV Ac@AAgla KAl 0TO XPOvo (WNAG
TWV METATTOINUEVWY EKTPEPOPEVWYV  COAAIYKAPIWVY
BaBuoloynbnke ue 10 (Aéka).

To didotnua 2009-2013, Tpayuatotmoince Tn
d10aKTOPIKA TNG dIaTPIRA pe BEépa «Eidikoi aAAoiw-
yOVvoIl UIKPOOPYAVIOUOI Kal n €TTidpact] Toug oTnv
TTOIOTNTA KAl OTNV TUXN TWV TTABoyOvwy UIKPoOOopya-
VIOUWV 0Ta OAIEUTIKG TTPOIOVTAY, GTO idl0 TUAUA, WE
utroTpogia «HpAakAeITog l» kal pe emBAETOVTA TOV
Emikoupo KaBnyntn lwavvn . M1odidpn.

ATtroteAéopara ato Tn JETATITUXIOKY Kal T di1da-
KTOPIKN TNG dIaTpIfr) £€xouv dnuooicuBei oe EykpiTa
epIodikd Tou Science Citation Index (4 dnuoaoieu-
O€IG), EVW GAAEG dnuooIEUCEIS TNG PpiokovTal uTTd
ouyypaon. EmmAéov, €xel oupuetdoxel otTn Ouy-
ypaor duo (2) kepalaiwv o€ BipAia (Microbiological
examination of seafood. In: Seafood Processing,
Technology, Quality & Safety, Edited by |.S. Boziaris,
Wiley- Blackwell, IFST Advances in Food Science
Series kai Old Targets, New Weapons: Food
Microbial Communities Revealed With Molecular
Tools. In: Novel Food Preservation and Microbial
Assessment Techniques, Edited by I.S. Boziaris,
Taylor & Francis, CRC Press) kal 16 dnuocielocwv
o€ d1ebvn (10) kai €Bvika (6) eTioTnUOVIKG CUVEDPIQ.
Evvéa ammd ¢ dnpooieuoelg TG \Tav oTo TTAdicio
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Tou «HpdakAemog II» (BA. dnuoaicloeig atrd dIdaKTO-
pIkA diaTpIRR).

Epydotnke wg €ktakTtn d1ddokouaa TPITORABI-
ag ektraideuong oto Turiua TexvoAoyiag Tpoipgwy
Tou TEI @ecooaliag kar ato Turpa Texvohoyiag AAI-
giag & YdatokaAAiepyeiwv Tou ATElI ©@cocalovikng,
EVW TTPOCPEPE ETTIKOUPIKO BIDAKTIKG £py0 (EpyaaTn-
PIAKEG AOKATEIG) OTO TuANA OTTOU TTPAYUATOTTOINCE
10 O16AKTOPIKS TNG.

Mpdogata, eykpiOnke n xpnuaTodotnon TpoTa-
ong TTou €ixe UTTORAAEI WG PETAOIOAKTOPIKN EPEUVI-
TpIa oTO TTACicIo Tou Aypo-ETAK.
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Avva N'ewpyavtdkn

Emidpaon diaAutwyv
EMIPAVEIOOPACTIKWYV CE POEG
ME eAe00epN emIQAvVEIQ

MepiAnyn

H porl uypou upéva atravtatal o didepopa Qu-
OIKG Kal BIOAOYIKG @paivOueva Kal og TTAEIGda Bio-
unNxavikwy epapuoywyv. MapdAAnAa, atroTeAei éva
Baoikd TTPOTUTTO PorG UE EAeUBEPN ETTIQAVEIA, GTTOU
eQapuolovTal Bewpieg PN-YPAPUIKNAG OUVAUIKAG Kal
XAoug. H 1TpooBnkn €TMQaAveIOdPACTIKWY OTN PON
uypou upéva ouvaptaTal e EUpU QACHO EQAPO-
YWV, amd Thv TTapaywyr uypwyv KaBapiopou £wg
TNV avAaTITUEN OUYXPOVWY BEPATTEUTIKWV TEXVIKWV.

H diatpir) auTh JEAETA TTEIPAMATIKA TNV ETTIOPA-
an oTn por uypou upéva atrd Tnv TTPoaBnkn 100-
mpotravoAng kai SDS (Sodium Dodecyl Sulfate).
Me xpAon TNG aywyIMOPETPIKAG TEXVIKAG METPATAI N
XPOVIKI] METABOAN TOou TTAXOUG TOU Upéva o€ BIAQo-
peg B€oeig kKatd unkog TnG pong. H ereCepyaaia Twv
OedopEVwY 0dnyei aToV TTPOCBIOPICHO TWV KPICIHWY
ouvONKWvV TTPpWTOYEVOUG aoTdbelag (TTépa atrd TIG
oTToieg n €AeUBepn em@dveld avamTUOOEl KUPATI-
OMOUG) Kal TWV XAPOKTNPICTIKWY TWV KUPATWY OThV
aoTabn eploxn.

Yoarik@ d1aAUhaTa I00-TTPOTTAVOANG KAl YAUKE-
pivng akoAouBouv TTapdpoIa CUMPTIEPIPOP, AV Kal
TTapoucidlouv GNPAVTIKA dI0QoPAa aTNV ETTIPAVEIAKT
Tdon. H e€dptnon Tou kpioigou apiBuou Reynolds
(Re) a1é TIg QUOIKEG 1ID16TNTEG TOU UYPOU TTEPIYPA-
eetal amd Tov adidotato aplBud Kapitza (Ka). H
MeTaBaon eival emiong ouvdptnon Tou TTAGTOUG TOU
KavaAlou, 181aiTepa aTo 6pI0 TWV UWNAWY apiBuwyv
Kapitza. H un-ypaupuikn €€€AIEN, n oTroia odnyei aTnv
QAVATITUEN PJOVAXIKWVY KUPATWVY pE TTpOdpOooUS TpI-
XOEIOEIG KUUATIOPOUG, ATTOTEAEI KOIVO XOPAKTNPICTI-
KO OAWV TWV OTTAWV UYPWV.
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Ta udatikd diaAupara SDS mrapoucidlouv Oe-
MEMWOWGS BIOPOPETIKH CUPTTEPIPOPA aTTO AUTH TWV
amAwv uypwv. O1 diatapaxEg TG €100d60uU aTTooBé-
vovTal OpaoTIKA Kal 0 Kpiolyog Re egaptdral éviova
atrd TN CUYKEVTPWAOT TOU ETTIPAVEIODPACTIKOU. MEyi-
0Tn oT0BgPOTTOINGN, TTOU QVTIOTOIXEI O augnon ue-
YoAUTEPN TNG Miag TéEng peyéBoug, AauBdaver xwpa
oe ouykévipwon SDS Tmepitou 10% Tng Kpioiung
yia oXNMOTIONS MIKKUAIwY. Me Trepaitépw augnon
TNG OUYKEVTPWONG, O KPioIuog Re peiwveral ouve-
XWG Kal oTadIakd TTpooeyyidel TNV Tiu Tou KaBapou
uypou. Ta KUuaTa oTnv aoTadn TTePIoX TTAPAUEVOUV
NUITOVOEIBA yIa PEYAAO €UPOG TIHWV TWV TTOPOUE-
TPWV Kal eP@avifouv PIKpoUg pubuoug avamTuéng.
O1 avwTépw TTAPATNPEACEIG EpunvelovTal ATTO TNV
€AOCTIKN GUUTTEPIPOPA TNG EAEUBEPNG ETTIPAVEIDG, N
oTroia o@eiAeTal oTnv avaTTuén tdoswv Marangoni
AOYW XWPIKWV PETAROAWY TNG ETTIPAVEIOKAG OUYKE-
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Anna Georgantaki

The effect of soluble
surfactants on free
surface flows

Abstract

Thin liquid films appear in a variety of natural
and biological settings and are prominent in many
industrial applications. They also represent one of
the prototypes of free surface flow, where theories of
nonlinear dynamics and chaos are applicable. The
addition of surfactants in film flow is encountered in a
wide spectrum of applications, ranging from detergent
production to modern therapeutic treatments.

The study the
modifications in the dynamics of liquid film flow
from the addition of Isopropanol (IP) and of Sodium
Dodecyl Sulfate (SDS). Conductivity probes are used

investigates experimentally

to record temporal variation of liquid film thickness at
various locations along the flow. These data permit
detection of the primary instability threshold and
documentation of the wave dynamics in the unstable
regime.

Aqueous solutions of Isopropanol and Glycerol
exhibit similar behaviour, despite the fact that
their surface tension is significantly different. The
dependence of the critical Reynolds number on
fluid properties is expressed by the Kapitza number.
A delay in the onset of the primary instability (in
comparison to the classical, two-dimensional
prediction) is observed, which depends on channel
width and is most prominent at high Kapitza
values. The non-linear evolution, which leads to the
development of solitary waves with well developed
front running ripples, is a common characteristic of
all clean liquids.

Aqueous solutions of SDS exhibit a remarkably
different behaviour from that of clean liquids. Inlet
disturbances decay drastically and the critical
Reynolds number is strongly dependent

surfactant concentration. Small amounts of SDS

on

result in drastic delay of the primary instability and
maximum stabilization occurs at concentrations
around 10% of the critical micelle concentration.
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Further addition of surfactant has an adverse effect
and at large concentrations the clear liquid limit is
asymptotically approached. The dominant structures
for the majority of inlet frequencies tested, even at
high flow rates, are sinusoidal travelling waves of
very small amplitude.

The above observations for SDS may be
interpreted by taking into account the elastic
behaviour of the free surface, due to Marangoni
stresses caused by gradients in the surfactant
concentration. Increasing the amount of SDS
dissolved in the liquid enhances mass transport
between the interface and the bulk and therefore
mitigates surface concentration gradients and the
concomitant Marangoni stresses.

Key words: surfactants, surface tension, film flow
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Zovtopo Bioypagiké

H Avva MNewpyavTdkn yevvnonke oTig 15 Atrpi-
Aiou Tou 1985, o010 HpdkAeio Kpntng, evw n Kata-
ywyn NG gival amd 1n Znteia KpAtng. Atropoitnoe
atrd 1o Eviaio Aukelo Znteiag 1o 2003 Kal 0Tn OUvé-
XEla @oitnoe ato TuAua MnxavoAdywv Mnxavikwv
Tou lNMavemmoTnuiou ©cooaliag. To 2008, cuvéyioe
O€ METOTTITUXIOKEG OTTOUDEG TOU 18i0U TUAPATOG, ME
TITAO «ZU0yxpoveg MéBodol 2xediaouou kal AvaAu-
ong otn Biounxavia», pe kateuBuvon Evepyelokd
ZuaoTtAuarta, Biopnxavikég Algpyaaieg kai TexvoAoyi-
€¢ AvtippuTtravong. To Mdio Tou 2013, avayopeUTnke
AIdakTWP Tou TpApatog MnxavoAdywv Mnxavikwv
Tou MN.0., ekTTovwvTag dIdAKTOPIKA SIATPIPRN WE TITAO
«ETmidpaon dI0AUTWYV ETTIYAVEIOOPACTIKWY OE POEG
ME €AeUBepN emQAveEIa», yIa TNV OTToia €AAE UTTO-
TPO®ia GTO TTAQICIO TOU TTPOYPAUUATOG BIOAKTOPIKWV
uTToTPOPIWY «HpdkAeTog ll». ATré 10 ZeTTEUPpPIO
Tou 2010 €wg TOV IoUAIO TOU 2013, WG gpyacTnpl-
oKl ouvepydTmida Tou Texvoloyikou EkmaideuTikou
IdpUpaTog Adpioag, didage Ta padrpata: Mnxavikég
Kartepyaaieg, Avtoxr YAIkwyv, Peuatoduvapikég Mn-
xavég kal Hmeg Mop@ég evépyelag. MN'vwpiler arrrai-
ota TNV AyyAikn, Mepuavikr kail FaAAIK yYAWooa Kal
atd 10 Noéuppio Tou 2013 £wg kal oAuUEPQ, £pya-
CeTal otn dl10iKNON TOU TEXVIKOU TUAUATOG EVOG aTTd
TOUG MEYOAUTEPOUG OPIAOUG EADCTIKWY, TNG YEPUO-
vikAg Continental AG, oTov TOUED TWV PETAPOPIKWV
TAIVIWV.
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Mapia MNavvakou

MéBodol BeATIOTOTTOINONG KATAMEPI-
OMOU TTOPWV Yia EAAXICTOTTOINCT TNG
ETMIKIVOUVOTNTAG A0 TOXiOG SIKTUWV

MepiAnyn

H di1dakTopikA diatpiBn €oTidlel oTo TTPORANUA
TNG €KTiPNONG Kai dlaxeipiong TG TIKIVOUVATNTAG
TWV OIKTUWV KAl ATTOOKOTTE OTNV AVATITUEN NEBGdWV
BeATIOTOTTOINONG KATAVOWNG TwV SIOBECINWY TTOPWV
KOl JECWV YIO TNV PEIWON TNG ETTIKIVOUVOTNTAG OOTO-
Xiag Tou SIKTUOU peTa®opdg Kal diavoung. H diaxei-
pIoN TNG ETIKIVOUVOTNTAG CUVETTAYETAI TNV AEIOAO-
ynon Twv TNywv Kivduvou aAAd Kal TG TpwTdTNTAG
TWV ETMPEPOUG THNPATWY TOUu JIKTUOU, KOBWG Kal TO
oXedIOOUO OTPATNYIKWY Kal OIadIKACIWY YIO TOV TTE-
plopIopud Tou KIVOUVOU aoToxiag Tou BIKTUOU O€ éva
atrodeKkTO £TTITTEDO, XWPIG va TTapafIddovTal ol OIKO-
VOMIKOI TTEPIOPICHOI Kal N vouoBeaia ac@aAeiag atnv
OTTOIa UTTOKEITAI TO OIKTUO PETAPOPAG.

To avTikeipevo NG OI0AKTOPIKNAG dIOTPIRAG Ei-
val apyIK@ n avaTTuén piag yevikng peBodoloyiag
aglohdynong kai dlaxeipiong NG ETMIKIVOUVOTNTAG
aoToxiag SIKTUWV Adyw QOTOXIWV TWV ETTINEPOUG
UTTOCUOTNPATWY TOu BIKTUOU KABWG KAl EEWYEVWV
ouvONKWV Kal o€ ETOUEVO OTADIO, N TTOOOTIKOTTOIN-
On TWV ETTITTTWOEWY A0TOXiag Tou BIKTUOU O€ TECOE-
peIg BaaikoUg TopEiG: avBpwITIvog TTapAayovTag, TTe-
pIB&GAAOV, UTTOBONEG Kal OIKOVOUIKR dpaaTnploTnTa
NG TEPIOXNAG.

O KkUplIog aTOXOG €ival N avaTTugn evog pabnua-
TIKOU POVTEAOU KOOTOUG — 0pEAOUG TTou Ba aTOXEUE!
TNV EAAXIOTOTTOINGN TWV ETTITITWOEWY TNG GCGTOXIAG
Kal oTn BeATIOTOTTOINGN TNG KATAVOUAS TTOPWVY TTOU
Ba diaTeBoUV yIa TNV EAAXICTOTTOINGN TWV ATUXNMA-
TWV KOl TN PEiwon TNG ETTIKIVOUVOTNTAG AOTOXIAG TWV
OIKTUWV.

Tnv TeAeutaia dekaeTia, Ta dikTua SlaVOUAG
KOl HETAQOPAG, OTwG eival TO0  010NPOSPOUIKO
OikTUO, TO 00IKG OIKTUO, O aywyoi TTETPEAdiou Kal
QUOIKOU agpiou, €XOUV E€TTEKTABDEI OTIG TTEPIOXES
NG Eupwtraikric Evwong. H aoc@dAcia atroTelei
ONMAVTIKA TTOPAUETPO YyIa TN AsiToupyia Toug, &10TI
Ta dikTUO AUTA CUXVA B100XICOUV TTUKVOKOTOIKNMEVES
TOAEIG, Blounxavikég  TTEPIOXEG, QYPOTIKEG
KaANIEPYEIEG KOBwWG Kal TTEPIBAAAOVTIKG guaiobnTeg
TTEPIOXEG. ZUVETTWG, UTTApXOUV dIAQopol Kivouvol,
OTTWG Ol QUOIKEG KATOOTPOYESG, Ol dPACTNPIOTNTEG
TPITWYV, Ta EAATTWHATA TWV UAIKWY Kal Ta avBpwTTiva
AGBn tTou ptTopoUv va TTPOoKaAéCoOUV aoToxia oTa
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OikTua peTagopdg. Evw Aoimmév n avdykn yia Tnv
Otmapén kol Agitoupyia Twv SIKTUWV QUTWV Egival
adlap@IoRATNTN, UTTAPXOUV CNUAVTIKEG AVNOUXiEg
yla Tov Kivduvo TTou atroppéel amd Tnv Tmeavn
QOTOXiO TOUG KOl TIG OUVETTEIEG TTOU Ba €xEl OTOUG
EMPRATEG, OTOUG TTOAITEG, OTO TTEPIBAAAOV Kal OTIG
KPIOINEG UTTOOOWEG OE KOIVWVIKO KOl OIKOVOMIKO
eTmiTTredoO.

Méoa oTo TAaiclo TnNG €peuvag, n peBodoloyia
auUTH EQAPUOCTNKE OTO €AANVIKG O10NPOdPOUIKS Bi-
KTUO, TO OTTOI0 €x€l avaTrTuXBei paydaia Ta TeAeuTaia
XpPovia, Adyw TnG avattugéng TnG TexvoAoyiag Trou
€xel onuelwdei oTa uttoAoyioTIKG epyaAeia, oTa ou-
OTAPOTA EAEYXOU Kal OTa NAEKTPOVIKG péaa. Oco n
TEXVOAOyia yia TIG apa&ooToixieg Taxeiag KUKAO®O-
piag ka1 Ta TTponyuéva cuaThuaTa gival diabiaiua,
1600 N avdykn yia aoc@AAgia Tou OIKTUOU au&avetal.
Ma va peiwboulv ol Kivduvol aoToxiag Tou GUCTAHG-
TOG Kal yia va d1ao@aAIiaTel N ac@dAgia Tou dIKTUOU,
n Eupwtrn ékave TTpooTTdbeieg €W Kal TTOAAG Xpovia
yIo va avoTrTUgel Kal va ETTIKAIPOTTOINCEI TO OXETIKA
TIPOTUTTO AOQAAEIAG, N EQAPUOYH TWV OTTOIWV OUWS
aTtaiTei onuavTikd ke@dAaia emevoluoewy. QoTé00,
Ta ATUXPOTa OTO O10NPOBPOUIKS BiKTUO OE UTTOPOUV
va ayvonBouv kai yI' auTtd TTpéTTel va 000¢i 1Id1aiTepn
onuacia oTnv atrodoTIKr KAl OIKOVOMIKN dlaxEipion
TWV OIKTUWV.

ApxIKG opioTnkav ol OEIKTEG EKTINNONG ETTIKIV-
duvoTNTag ) JIPOPETIKA OEIKTEG OOQAAEiOG TOU
OIKTUOU Kal OleVvEPYABNKE OTATIOTIKA avaAucon Twv
0edoPEVWY TWV aTUXNUATWYV YIa TO EAANVIKSG G10npo-
OpopIKG BikTUO yIa TNV TTEPiodo 2004 — 2013. Mepi-
Koi atrd autoug Toug OEiKTEG gival ol £THO101 DEIKTES
avd katnyopia atuxAuaTog (OXETIKI ouxvotnta avd
KaTnyopia aTuxnuATwy) TTou IcoUTal HE TO OUVOAO
TWV aTuxnUATwy avd katnyopia did 1o cUVOAO TwV
dlavuBévTwy cupuoxXIAIoOPETpWY (train-km) Kai €TTI-
BaTtoxiIANlopéTpwy. AT Ta dedouéva TTOU OG TTa-
peixe n TPAINOZE uTtroAoyioTnke Kal n ouveiopopd
d1dpopwyv aImwyv (T.X. avpwIrivog TrapdyovTag,
o@AaApa Tpoxaiou UAIKOU) OTO va CUMBED KETToIO KO-
Tnyopia o1dnpodpopuikol aruynuatog. Etiong, amod
Ta dedopéva utToAoyioTnKe N emKIVOUVOTATA R yIia
KGBe KaTnyopia aTuxfuaTog Kal yia KaBe Katnyopia
EMTTAEKOPEVWYV (OZET/ETOG).

ETiong, €yive pia mOaAvoTIKr EKTIUNON TNG ETTIKIV-
duvOTNTAG TWV O18NPOJPONIKWY ATUXNUATWY OTTOU
EKTIMABNKE N YPAPMN TEONG TWV ATUXNHATWY, KaBWg
KOl N KATAVOUR TwV PETARANTWV (TT.X. aTuXNUATWY,
Bavdatwv) e@apuolovtag PovTEAa TTaAIVOPOUNoNG
(regression model) ka1 oTn cuvéxela agloAoyrnonke
n ouxvotnTa €UEAvVIONG TwWV aTUXNPATWY. ETTeIdn n
ouxvoeTNTa ATUXNUATWY OTNV TTPAYMATIKOTNTA €ival
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QIOKPITH Kal PN apvnTikr, n TTaAivépoéunon Poisson
gival TTEPICOOTEPO KATAAANAN atTd Ta POVTEAD TTOA-
AATTAAG YPOUUIKAG TTOAIVOPOUNONG.

Av kai n Poisson €xel Tnv €mBuunth 1016TNTA
KOTAVOMNG va GUUTTEPIAGREI TO XAPAKTNPIOTIKA TOU
aTUXNPOTOG, €XEl TTEPIopIoPoUG. ‘Evag armmd autoug
gival 61 n diakupavan Twv dedouévwy gival TTEpIopI-
opévn Kal TTPETTEN va 1I00UTal JE TO PECO. 2€ TTOAAEG
EQPAPUOYEG, N KaTapéTpnon dedouévwy (count data)
TTPOCBETEl ETTITTAEOV dlakUpavaon 1 utreP-O1a0TToPd.
AuTo oupBaiverl yiati n dlakUpavon Twv 0ed0UEVWV
€ival yevikwg PEYaAuTepn atrd To PECO, ETTOUEVWG N
TTAPAUETPOG TTOU EKTINATAI ATTO TO PJovTENO Poisson
uTTopEl va eivalr pepoAnTTikA. Mo va e€mAubei 1O
TPORANUA TNG UTTEPDIAaTTOPAS, BIAPOPOI EPEUVNTEG
TIPOTEIVAV TNV €QAPUOYH TOU SIWVUUIKOU WOVTEAOU
TTaAivdpdunong.

>uvoTttTiké n peBodoloyia NG MOAvVoTIKAG TTPO-
O£yyIoNG TNG EKTIUNONG ETTIKIVOUVAOTNTOG TTEPIAGUBA-
Vel Ta akOAouBa Bripara:

1. MpoadiopIcPOS TNG CUXVOTNTAG TOU EVOPKTHPIOU
OUMBAVTOG (eKTiNoN TNG TAONG TWV ATUXNUATWY,
€KTiHNON TNG aglomoTiag

MpoodiopIoudg Twv AITIWV YId TAd EVAPKTAPIA
oupBdvta pe devdpikr) avaiuon (FTA)

EkTipnon aBeBaidtnTag

. AvaAuon Twv EMTITWOEWV TWV aTUXNPATWY (Bd-
vVaTol, TPAUNATIOUOI, OIKOVOUIKEG, TTEPIBAAAOVTI-
KEG emMITITWOEIG). To povtéAo (ETA) ekTipdel Tov
avapevopevo aplBud BavaTtwy, €QapuolovTag
TMOAVOTIKA TTPOCEYYION TTOU EVOWUATWVEI Ta Ol0-
BEaipa vTEVTEPUEVIOTIKG dedouéva.

YTToAOYIOPOG TOU TTPOCOOKWHEVOU BaBuou eTTi-
Kivouvotntag (1.x. FWSI/ passenger-km-year)
yIa TO GUVOAO TWV aTtuxNUATWY, aAAd Kal yia K&GOe
KaTnyopia o1dnpodpouIiKoU aTuxraTOoG.

H mrapatrdvw pebBodoAoyia eQapudaTNKE yia Ta
atuxnuaTa oTig 100TTedeg dladoelg Tou eAANVIKOU
010NPOodPONIKOU BIKTUOU, £TTEIDN ATTO TN OTATIOTIKA
avaAuaon TTPoEKUWE OTI TTAPOUCIAlouUV TN PeEYOAUTE-
pn ouxvoTNTA EPPAVIONG. £TA OEVAPIA TTOU KATOPTI-
oTnkav, epapudéoTnke 10 PovtéAo FTA, yia va atro-
KTAOOUME Jia TTI0 agIoTTIoTn €ikdva TNG TBavoTnTag
EUQAVIONG aTUXNMATWY (KivOUVOG) Kal TO  JOVTEAO
ETA, yia Tov uttodoyiopd Tng mlavoeTnTag Trapapé-
TPWV TPWTOTNTAG KAl TTOCOTIKOTTOINONG TWV ETTITITW-
oewv Twv cuuBdvtwy. Emiong, n avdAuon Twv oe-
VapiwyV TTPAYHATOTTOINBNKE KAl JE TNV EQAPUOYH TWV
dlaypappdtwy bow — tie.
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TEAOG, TO JOVTEAO KOOTOUG - OQPEAOUG OTOXEUE!
OTNV EAOXIOTOTTOINGN TWV ETITITWOEWY TNG 0OTOXIAG
KOl 0TnV BEATIOTOTTOINON TNG KATAVOUAG TTOPWYV TTOU
Ba diateBouv yia TNV augnon Tou €TTITTESOU ACPO-
Agiog TNG Aeitoupyiag Kal TG PEiwoNg TNG ETTIKIVOU-
voTNTAG aoToXiag Twv JIKTUWYV. Ol EMITITWOEIS TWV
OEvapiwy eKQPAlovTal 0€ OIKOVOUIKOUG OpPOUG Kal
mepIAapBavouv TN xpNUaTiKni agia TNG GUVOAIKNAG TTI-
BavoétnTag va oupPei éva oevdplo atuyxnUaTog OTO
OiKTUO, TN PEIWON TOU CUVTEAEOTH ETTIKIVOUVOTNTAG
WG ouvAPTNON TWV ETTITITWOEWY Kal TNV TTpoBupia
TANpwuNg (WTP) Twv avTigéTpwy yia TV TTPoOANWN
TOU OEvapiou.

270 TTAQiCIO TOUu POVTEAOU auToU, UTTOAOYIoTN-
KE n emidpaon dlo@Opwv avTINETPpWY aTov Babud
ETTIKIVOUVOTNTAG TWV C10NPOSPOUIKWY ATUXNHATWY,
epapudoTnkav Bayesian Networks (Si, et al., 2011,
Mahboobetal., 2012). O aAyopiBuog EGAEIYNG PETA-
BAnTwv atroteAeital amd 3 otadia: (1) agaipei aTol-
XEiQ TTOU HOPQYOTTOIOUV TNV TTIBAVOTIKA KATAVOMI TWV
Bayesian Networks peyioTotroivtag tnv aveeapTn-
oia (2) ouvdudadel TuAPATa Twv SIKTUWYV YIO VO OXN-
paTtioel pikpoTEPa Bayesian diktua pe oToixegia TTOU
€xouv peyaAuTepn BapuTtnta Kai (3) uttoAoyilel Ta Ji-
KPOTEPQ QUTA TUAMOTA Tou BIKTUOU. H dladikaoia ou-
vexiZeTal uéExpl va eTITEUXOEi N €TOUPNTH KATAVOWH.
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Relocation resources optimization
methods applied to minimize
the risk network failure

Abstract

The research is concerned with the problem of risk
assessment and management of transport networks.
Risk management involves assessing the hazards
and designing strategies and procedures to mitigate
those risks to an acceptable level with the minimum
cost and without the violation of the European and
national legislation. Various methods of qualitative,
quantitative and semi-quantitative risk assessment
techniques are reviewed, as well as methods of cost
— benefit analyses. These methods are also involving
the hazard and vulnerability analysis, as well as the
calculation of societal and individual risk.

Firstly, this research aims to point out risk
management methodology that would be useful
for transport network industries to decide which
mitigation measures to implement on the existing
pipelines with the minimum cost in an acceptable
level of risk.lt also focuses on the development
of a general framework of a risk assessment and
network management method that deals with the
failures of the main system network due to various
parameters (external and internal) and the next step
is to quantify the network failure impact in four key
areas: human factor, environment, infrastructure and
economic activity of the network company.

The main goal of the research is the develop-
ment of a mathematical cost — benefit model that
minimizes the consequences of an accident in the
network and at the same time is optimizing the re-
source allocation of countermeasures that increase
the safety level of the networks’ function.

In recent years, the distribution and transport
networks such as railways and natural gas network
have been extended through the European Union.
The level of security is the key parameter for the
smooth function of these systems because such
networks often cross densely populated cities,
industrial areas, farms and environmentally sensitive
areas. Therefore, various hazards — natural disasters,
third party activity, material faults and human factor
may disrupt their operation. So, the need for the
safe operation of these networks is undeniable and
that is the reason why there are significant concerns
about the risk arising from the possible failure and
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the consequences for passengers, citizens, the
environment and on critical infrastructure in social
and economic level.

The proposed model is applied to the railway net-
work of Greece. In order to minimize the possibility
of failure hazard and risk level, as well as to increase
the safety level of the railway network, Europe has
developed safety standard, the application of which
requires significant capital investment. However, ac-
cidents on the rail network cannot be ignored and
attention must be paid to efficient and economical
network management.

Initially, the risk assessment indicators (safety
indicators) of the railway network were identified and
a statistical analysis of historical accident data for
the Greek rail (period 2004 — 2013) was performed.
Examples of these indicators are annual indicators
per accident category (relative frequency of accidents
per category) that equals to the total of accidents
per category for all train kilometers and passenger
kilometers. Also, the contribution of various causes
(e.g. human factor, rolling stock) to rail accident and
the risk (R) for each accident category and rail user
(FWSlIs/annum) category was calculated.

Moreover, a probabilistic risk assessment of rail
accident was performed in order to estimate the trend
line of accidents and the distribution of variables
(e.g. accidents, deaths) applying regression models
whereat to assess the frequency of accidents. Be-
cause the frequency of accidents is in fact distinct and
non-negative, the Poisson regression is more appro-
priate than the multiple linear regression models.

Although the Poisson distribution is the most
appropriate model to include the characteristics of
an accident, it has limitations. One of them is that
the data range is limited and must be equal to the
average. In many applications, the count data adds
extra variation or over-dispersion. This is because
the variation of the data is generally greater than the
median, therefore, the parameter which is estimated
by the Poisson model may be biased. To solve the
problem of hyperdispersant, various researchers
have suggested the application of the binomial re-
gression model.

In summary, the methodology of probabilistic ap-
proach of network risk assessment involves the fol-
lowing steps:

1. Determination of frequency of initiating events
(estimated voltage accidents, reliability estimation)

Determination of the causes for the initiating
events with tree analysis (FTA)

Assessment of uncertainty
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4. Analysis of the impact of accidents (deaths,
injuries, economic, environmental impacts). The
model (ETA) estimates the expected number of
deaths by applying probabilistic approach that
incorporates available deterministic data.

Calculation of the expected level of risk (e.g. FWSI
| passenger-km-year) for the total of accidents
and for each category of railway accidents.

The above methodology was applied for
accidents at level crossings in Greek railway network
due to the fact that, based on the statistical analysis,
they present the greater frequency. In the scenarios
drawn up, FTA model was applied, to obtain a more
reliable picture of the accident likelihood (risk) and a
ETAmodel for calculating vulnerability and probability
parameters, in order to quantify the impact of the
events. Also, the analysis of scenarios took place
with the implementation of bow — tie diagrams too.

Finally the cost - benefit model aims to minimize
the impact of failure and optimize the allocation of
resources so to increase the operational safety level
and reduce the risk of the network’s failure. The
impact of the scenarios is expressed in financial
terms and includes the monetary value of the
overall probability to have an accident scenario
in the network, reducing the risk coefficient as a
function of impact and the willingness to pay (WTP)
countermeasures to prevent the scenario.

Within this model, the impact of various
countermeasures calculated in riskiness railway
accidents applied Bayesian Networks (Si, etal., 2011,
Mahboob et al.,, 2012). The algorithm eliminating
variables consists of three steps: (1) removes
elements that shape the probability distribution
of Bayesian Networks maximizing independence
(2) combines parts of the network to form smaller
Bayesian networks so the data have more weight and
(3) calculate these smaller portions of the network.
The process continues until the desired distribution.

Key words: Risk assessment and management,
cost — benefit analysis, railway network, rail level
crossings, Bayesian networks
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KwvoTavtivog EuBupiou

AAANnAeTTidpaon uoaAidwyv pe EAAOTI-

K6 repifAnua (Contrast Agents) pe yei-

TOVIKO TOiXWHA TTOPOUCiIOl AKOUOTIKWYV
Slarapaywyv

MepiAnyn

MikpoQuoaAideg e €AAOTIKO  TTEPIBANMO
(Contrast Agents, pikpopuoalideg CA 1 CA’ s yia
OUVTOMIa) XPNOIUOTTOIOUVTAI EKTEVWG TA TEAEUTAIQ
XPOvia 0€ €QaPUOYEG TNG BIOIATPIKNAG, YIA TNV KAAU-
TEPN OTTEIKOVION TNG KUKAOQOPIAG TOU QiuaTog o€ Tre-
PIOXEG YUPW aTTd {WTIKA Opyava, T.X. Kapdid, CUKW-
TI, 6TTOU €ival OUOKOAO va Yivel autd PE CUPPBATIKEG
peBBGdouUG. EmriTAéov, €xel BpeBei 6T Ta AitTidia, TTou
ouvNBwWG atroTeAOUV TO KEAUQOG, UTTOPOUV VO KOAU-
@BoUV pe TTPWTEIVES A aVTIRIOTIKG, WOTE VA TTPOCEY-
YiOOUV OUYKEKPINEVOUG GTOXOUG GTOUG I0TOUG HETW
TNG MIKPOKUKAOQOPIAG.

O1 yIKpoQUOAIBEG auTEG, OTAV evepyoTToinBoUv
MEOW QKOUOTIKAG diatapaxnig, Adyw Tou OTI €ival un
YPOUUIKOI TAAQVTWTEG, WTTOPOUV va XPNOIUOTIoIN-
Bouv e didgopoug TPATTOUG:

i. Autdvouv Tnv avtiBean (contrast) YeTagu TNG Ku-
KAOQOPIAg TOU QipaTog Kal TwV YEITOVIKWY I0TWV
oT1o okedalopevo anua. ‘ETol, n Katavour JIKpo-
QPUOAAIDWY OTO XWPO CUCKETICETAI UE TN HOPYO-
Aoyia Twv 1I0TWV Kal XPNOCIKOTIoIEITAl TT.X. YIa TNV
avixveuon OykKwv Kal yia Tnv TTapakoAoubnon
TWV KOIAIOKWY TOIXWHATWY TNG KAPDdIAG, WETAEU
AAWV.

ii. 2uvdudlovTag aKOUATIKEG DIATAPAXES MIKPOU Un

D4

\/7 )

o6Tou  f n ouxvotnta TNG dlaTapaxng Kal ]_)Ac
TO TTAATOG TNG, YIA TV EVEPYOTTOINON KAl AViXVEU-
on Twv QUOaAidwyv, pe TTaAPoUg peydhou MI yia
TNV KOTAOTPOQI) TOUG, JTTOPEI KAVEIG VA EKTIUAOEI
TO puUBPSG avTIKATACTACKG TOUG KOl GUVETTWG VA
£XEl Jia TTOOOTIKA EKTIMNGN TNG TPOYOdOCiAg PIaG
TTEPIOXNG MEOW TNG KUKAOQOPIAG TOU QipaTOG
(contrast perfusion imaging).

O utrépnxog xpnolgelel otTnv €mMTAYXUVON TNG
atmeAeuBépwong Twv  POKPOUOPIwV  atmd  Tnv
ETMQEAVEIQ TWV UIKPOPUOOAIDWY KOl T WETETTEI-

xavikoU deikTn (Mechanical Index) MI =
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Ta OUvOear Toug WeE TTPORANPATIKOUG 10TOUG,
T.X. AVIXVEUON TWV QAEYUOVWV TWV AIJOPOPWY
ayyeiwv (angiogenesis) Kal TNG aBnpwaTIKAG
TAGKaG. EmmmAéov, Adyw TnG TOTTIKAG MIKPOKU-
KAo@opiag 1Tou dnuIoupyEiTal, Ol YEITOVIKOI 10TOi
avoiyouv Kai €ival o OEKTIKOI 0€ YETAPEPOUEVA
QApPOKa, Ta OTToia €TTiong atreAeuBepwovovTal
a1ré TIG MIKPOQUOOAideG (targeted drug delivery &
sonoporation).

H eTTidpaon YEITOVIKWYV TOIXWHUATWY 1 GAAWV QuU-
OaAidwV €xel PeAeTnBei BewpnTIKA KAl UTTOAOYICTIKA
otn BiBAloypagia yia TNV TTEPITITWON QUOAAIdWY
XWPIG eAaoTIKO TTEPIBANua. O1 TTapatmavw PEAETEG
agopoUVv Kupiwg atn deutepoyevr) duvapun Bjerknes
KOl KOT@ TTOOOV QuTH PETARAAAETAI avaAOYwWS TNG
améoTaong, NG dla@opdsg eacng, Tou TTAGToug TO-
AvTwong kal Tou IEWA0UG Tou TTEPIBAANOVTOG peu-
otoU. O1 BewpnTIKEG PEAETEG I0XUOUV YIa OXETIKA
MEYAAEG aTTOOTACEIG PETAEU TWV QUOOAIdWY A TNG
QUOOAIBAG KAl TOU TOIXWHATOG, EVW Ol UTTOAOYIOTIKEG
XPNOIUOTToIoUV KUpiwg Tn HEBOBO TwV CUVOPIGKWY
oToixeiwv (boundary integral method), TTou Bacice-
Tal 0T Bewpia dSUVAUIKAG PONG, VIO TOV UTTOAOYICUO
NG Kivnong kal Tapapépewaong euoalidwy, otav
MTTOpOUV va ayvonBouv ol 1EWdEIC SUVANEIG aTTO TN
MePIG Tou peuaToU. To BaciKO eUpnUa TETOIWY PEAE-
TWV agopd TNV éEAEn/ammwon petalu dUo YIKPOPUOa-
Aidwv A piag pikpouoaAidag Kail yeITovIKoU oTEPEOU
TOIXWHATOG, aVAAOYQ PE TO AV EXOUME TOAAVTWOEIG
o€ @AoN 1 €KTOG PAONG. ZXETIKA PE TNV OAANAETTI-
Opacn QUOOAIdOG PE €AEUBEPN €TTIPAVEIT | OTEPED
TOIXWHA, TTOAQIOTEPEG MEAETEG PE TN MEBODO TWV CU-
VOPIOKWYV OTOIXEIWV €8€1Eav OTI EVW) KOVTA O€ OTEPED
ToiXwHa N QUoaAida TTavTa TTPooeyyilel TO Toixwua,
ot1av aAANAeIOPG pe eAeUBepn emPAveIa YTTOPEI va
atropakpuveTal atrd autriv avaAOyws ThG apxIKAG
améoTaong. MNpéogata n p€Bodog TwWV CUVOPIAKWY
OTOIXEIWV XPNOIKMOTTOINBNKE yia TOV UTTOAOYIGHO TNG
aAAnAeTTidpaong @uUoaAidag e UANIKO TTOU TTOPOUCI-
acel eAaoTIKA ouuTTEPIPOPA Kal £0€I1e OTI AUTO ETTN-
pedadel onUavTIKG TNV eUaTABsIa TNG QUCaAIdAG, Ka-
BW¢ Kal ToV uNXavioud Katdppeuaorg TnG.

H ouykekpipévn dIdaKTOpIKA dIaTPIRr agopd oTn
MEAETN TNG aAANAeTTIOpaONG HIKPOYUOOAIdAG (akKTiva
NG TAENG 1 £wg 6 um), TToU TTEPIBAAAETI aTTO EADOTI-
KO KEAUQOG, JE YEITOVIKO TOiXWHA. H piIkpo@uoaAida
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ekTEAE TOAAVTWOEIG UTTO TNV €TTIOPACN OKOUOTIKAG
dlatapaxig 010 GACTHUA CUXVOTATWY TWV UTTEPHXWV
(1-10 MHz), evw 1O ToiXWHO PTTOPET va £XEl EAAOTI-
KA OUpTTEPIQPOPA. Na TO OKOTTO auTO, avaTITuXOnKe
apiBunTik PueBodoAoyia cuvoplakwy OToIXEIWV yia
TNV €tiAucn TNG aAAnAeTTidpaong peTagu uaaAidag
KOl TOIXWHATOG, BEWpPWVTAG AEOVIKA) CUUMETPIO Kal
€AOTIKO KEAUPOG YIa TN JIKPOQUOOAIDQ, eV EYIVE N
TTapadoyn OTI TO TOIXWHA EXEl ATTEIPO PMAKOG O€ OXE-
on JE TNV akTiva TNG @uoaAidag. ‘Eyive uttoAoyiopdg
Tou TTEdiou porg Péow TNG ouvdpTnong duvauikou,
Bewpwvtag acTpoBIAn pony aTo TTEPIBAAAOV PEUCTO.
Aoéyw Tng ypappikétnTag NG AatrAaciavig Trou
TTPOKUTITEI, QUTA avTIKaBioTaTal amd PiIa OAOKANpw-
TIKA €€icwan TTavw oTIG dUO JIETTIPAVEIEG, PIKPOPU-
oaAidag Kal TOIXWHATOG, TTOU CUVOEEI TO BUVAUIKO WE
TNV K&BeTN cuviIoTWoa TNG TaxuTnTag. EmBARBnkav
OUo €1dwv dlaTapayég TTieong ato TePIBAAAov peu-
o710, BnuaTiky aAAayn Kal aAAayn TnNG TTieong nuITo-
VOEIBOUG HOPPNG. INa To KEAUQOG XpnaiyoTToinénkav
dUo kataoTaTikoi vouol, Mooney-Rivlin (yia weudo-
TAAOTIKG KEAUQN) Kai Skalak (yia d1Ia0TAATIKE KEAU-
@n). MeAeTABNKE N €TTidpaCN TNG APXIKAG ATTOGTACNG
METagU QUOAAIdOG Kal TOIXWHOTOG KaBWG ETTiIoNG Kal
TOU TTAATOUG TNG €EWTEPIKAG dlaTapaxng Tng Trieang
oTn CUPTTEPIYPOPG TNG TTpwTNG. ETTITTAéov, TTpayua-
TOTTOINONKE TTOPAMETPIKI YEAETN yIa TOV TPOTTO TTOU
€MOPOUV OI 1810TNTEG TOU KEAUQPOUG, OTTWG TT.X. TO
OI00TAATIKO 1EWOEG, TO WETPO €EAOOTIKOTNTAG KAl TO
METPO duOKOUWIag OTNV ATTOKPION TNG MIKPOPUOa-
Aidag, evw, TEAOG, TTapATNPNONKE KAl N ETTIPPON TNG
ETTIPAVEIOKAG TAONG OTO APHOVIKO TTEPIEXOUEVO TNG
@uooAidag. MapdAAnAa, avaTTuxbnke apIBuNTIKA
peBodohoyia yia TNV aAAnAemidpacn @QuoaAidag
XWPIG EAAOTIKO TTEPIBANUA PE YEITOVIKO TOIXWUO Kal
£YIVE GUYKPION TWV QVTIOTOIXWYV OTTOTEAECUATWY, PE
OoTOXO0 va Katadelxbei N onuaacia Tou KEAUQOUG OTNn
OUNTTEPIPOPA TNG MIKPOPUOAAIDAG.

Ta atmoteAéopaTa Twv TTPOCOUOIWCEWY YIa TNV
TEPITTTWON TNG AAANAETTIOpaONG QUOOAIdAG PE ENa-
OTIKO TTEPIBANUA PE YEITOVIKO OTEPED ToiIXWHA £DEIEaV
OTI N TTPWTN TTPoCEeyyilel To Toixwpa. MNa PIKPOTEPES
QTTOOTACEIG PETALU TOUuG, N €AEN eival peyaAdTepn.
Ma Bnuamiki aAay g Tieong oto TTePIBAAAOV
PEUATO, Ol TOAQVTWOEIG TNG PUCAAIdAG OTTOGREVOUV
AOyw TOU BIOCTOATIKOU 1EWAOUG TOU KEAUPOUG TNG Kal
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OUVETTWG N METAQOPIKA TaxUTNTa TG QUOAAIdAg TTa-
pauével atabepn. MNa nuItovoeldr aAAayr] Tng TTieong,
TO TTAGTOG TWV TOAQVTWOEWY OYKOU Ogv JETARGAAETA
onuavTika Kabwg N uoaAida TTANCIALEl OTO ToiXWHA
KOl KOT@ OUVETTEIO TO €TTAVOOKEDA(ONEVO Crjua Oev
emnpeddetal. H petagopikn taxutnta auédveral, Adyw
NG avdaTmTugng deutepoyevwv duvapewy Bjerknes. H
apXIKA oTTéoTAcN PETAEU QUOAAIBAG KOl TOIXWHATOG
eTTNPEACel TNV avATITUEN IBIOUOPPWY CXNMATOG TG
TPWTNG. TNV TTEPITITWON QUOAAIBAG XWPIG EAAOTIKO
TEPIBANMA, N PETAQOPIKN TaxUTNTa auédveTalr ouve-
XWG Kal yia Ta dUo €idn emPBaAAduevng aAAayng TG
Tieang, Adyw TnG ouvexoUg TAAAVTWONAG TNG, VW OTA
TeAeuTaia OoTAdIA TNG TTPOCOMOIWONG, TTAPATNPEITAI
dnuioupyia vypng déoung uwnAng Taxutntag (jet),
AOYW PEYAANG KIVNTIKOTNTOG TOU PEUCTOU OTNV TTAEU-
PA TNG QUOOAISAG HAKPIG aTTO TO ToIXWHA (ZXAKa 1).
AvTIBETWG, oTnVv TrepiTrTwon Twv Contrast Agents, n
Utrapén €AACTIKOU TTEPIBAMOTOG UTTOdICEl TN dNuI-
oupyia jet Adyw TnNG 1IEWB0EAACTIKOTNTAG TOU, ETTIOEI-
KVUOVTOG TTAPOUOPPUICEIS OXAMOTOG XWPIG va €TTI-
TPETTEI PEYAAEG ETTIUNKUVOEIG (ZXAMA 2). ZTa TEAeUTaia
oTddia TNG TTPOCONOIWONG dNUIOUPYOUVTAl TTEPIOKES
ME TTOAU uwnAEg 1IEWDEIG TAOEIG OTO KEAUPOG KaTA TN
(pAon oUPTTIEONG, TTPOKAAWVTOG TNV KOTAPPEUOT| TOU.
H al¢non Tou dIaCTAATIKOU IEWO0OUG TOU KEAUPOUG
ETTNPEACEI TN CUPTTEPIPOPA TNG GUCAAIBAG TG OTTOING
n TTapapépPwWaon, Katd Tn @Aon CuuTTiEONG, £XEI TTPO-
oavaTtoMiopd kaBeta oTto ToiXwua (XxApa 3). H au-
&non NG KaPTITIKAG OTABEPAG deV ETTITPETTEI PEYAAEG
TIAPANOPPUCEIG TOU KEAUQPOUG, TTPOCdIdOVTAG TOu
MEYAAUTEPN aAVTOXI OE KAUTITIKEG POTTEG. H augnon
TOU PETPOU EAQCTIKOTNTAG TOU KEAUQOUG «OKANPAiVEL»
TO TTEPIBANUA, YE ATTOTEAEGUA TO TTAATOG TOAGVTWONG
NG QUOaAIdaG va pelwveral. Etriong, kabopioTikd
POAO OTn cupTTEPIPOPA TNG YuOaAidag TTailel O Ka-
TAOTATIKOG VOUOG YIa TIG TACEIG KAl TIG TTAPANOPPW-
O€IG TOU KEAUQOUG. Ta weudoTTAAOTIKA KEAUPN (VOUOG
Mooney-Rivlin) TTapauévouv oxeddv o@aIpiKd OTO
TUAMA TOUG TTOU BPIoKETaI EYYUTEPA OTO TOIXWHA, EVW
TTOPOUOPPWVOVTAI EVTOVA OTO TUMAKO JOKPUTEPA TOU
TOIXWHOTOG (ZXAMa 2). AVTIBETWG, TO OIAOTAATIKA KE-
AU@n (vépog Skalak) TTapapop@wvovTal 0T TUAKA
TTOU QVTIKPIZEl TO TOIXWHA, EVW TO TTIOW TTAPAMEVEI
oQaIpIkO (Zxnua 4). TEhog, n algnaon TngG ETTIPAVEIQ-
KNG Tdong otn OIETIPAveld QUOAAIdaG-peucToU eV
EMTPETTEI TNV QVATITUEN UWNAGTEPWYV  IBI0LOPPUIV
oTNV TTOPAPOPPWAON TG QUOAAIBAG.
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Ewolution of the microbubble in time
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Zxnua 1: uoalida xwpic mepiBAnua.
Anuioupyia jet

Evolution of the microbubble in time
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Zxnua 3: uoalida ue mepiBAnua.
lMapaudppwon ue mpooavaroAioud
KaBero aro roiywua

Aégeig kAe1d1d: Puoalideg utrepAXwy, MéBodog
Zuvoplakwyv Zroixeiwv, AAAnAemidpaon @uoaAi-
dag pe Toixwpa

TpipeAng ZupBouAeuTikh ETTiTpOoTTh

Nik6Aaog MeAekdong, Kabnyntig, YTToAoyioTiKA
PeuoToduvapikn, TuAua MnxavoAdywv Mnxavikwy,
MavemoTtApio @cocoaliag (emBAETwWY)

ABavdoiog Matmrabavaciou, AvamAnpwtrg Ka-
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Ewolution of the microbubble in time
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Zxnua 2: uoalidoa ue mepiBAnua.

lMNapaudpewaon oxHUaTog.
(YeudomAaaTikd kéEAUPOC)

Evolution of the microbubble in time
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Zxnua 4: duoalidva ue mepiBAnua.

lMNapaudpewaon oxHUaTog.
(AlaaTaATIKO KEAUPOCG)

Onynmg, MavemoTtAuio Oegcoaliag, Aligpyaaoieg Al-
apépewong kal Poikég 1810TNTeG MoAupepwyv Z0v-
BeTwv Méowv, TuAua MnxavoAdywv Mnxavikwy,
MavemoTAuio ©ecoaliag

BaoiAglog Zumoépog, AvamAnpwtrg Kabnyntig,
Auvapikn Peuotwyv, ETre€epyacia ZRparog kai Eiké-
vag, MpokAivikh ‘Epeuva, IvoTitouto Bioxnueiag, Bi-
oQualIkNG kal Epiounxavikng, MavemmoTtiuio Heriot
Watt, EdiyBoupyo, Zkwrtia, Hvwpévo BaaoiAelo



TuApa MnxavoAdywv Mnxavikwy - Department of Mechanical Engineering

Konstantinos Efthimiou

Interaction of bubbles with elastic

integument (Contrast Agents) with

an adjacent wall in the presence of
acoustic disturbances

Abstract

Microbubbles with elastic integument (a.k.a.
Contrast Agents or CA) are widely used in biomedical
applications for better perfusion imaging in regions
around vital organs (e.g. Heart, Liver) where it's
difficult to be done with the conventional methods.
Furthermore, it has been found out that lipids, which
usually form the shell of the microbubble, can be
covered by proteins or antibiotics to reach specific
targets in tissues through the microcirculation.

These microbubbles are non-linear oscillators
when are insonated by acoustic disturbances and
they can be used in different ways:

i. Theyenhance the contrast between the blood cir-
culation and the adjacent tissues in the backscat-
ter signal. Thus, the distribution of microbubbles
in space is correlated with the tissue morphology
and is used, for example, in tumor detection or
monitoring abdominal walls, amongst others.

ii. Combining acoustic disturbances of small

M:l_)/lc
\/7 , where £ : the

forcing frequency and Z_)Ac: its amplitude, for
activation and detection of bubbles, with pulses
of large MI for their destruction, one can estimate
their replacement rate and therefore quantify the
perfusion of a region through the blood circulation
(Contrast Perfusion Imaging).

Mechanical Index:

ii. Ultrasounds are useful in accelerating the re-
lease of macromolecules from the surface of the
microbubbles and in their subsequent connection
with the targeted tissues, e.g. detection of inflam-
mation of blood vessels (angiogenesis) and ath-
eromatous plaque. Furthermore, due to the local
microcirculation, the nearby tissues open and be-
come more receptive to transported drugs which
are also released from the microbubbles (target-

ed drug delivery & sonoporation).
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The effect of nearby tissues or adjacent bubbles
has already theoretically and computationally been
studied in the literature for the case of bubbles without
elastic integument. These studies mainly concern
the secondary Bjerknes force and whether it varies
depending on the distance, the phase difference,
the amplitude and the viscosity of the surrounding
fluid. The theoretical studies are valid for relatively
large distances between microbubbles or bubble
- wall while the computational ones mainly use
the Boundary Element Method (boundary integral
method) which is based on potential flow theory
for the computation of movement and deformation
of the microbubbles, when viscous forces can be
neglected. The main finding of these studies concern
the attraction or repulsion between two bubbles
or a bubble and the adjacent wall, depending on
whether there are oscillations in phase or out of
phase. On the interaction of microbubble - rigid
wall or microbubble - free surface, earlier studies,
via Boundary Element Method, have shown that in
the first case the microbubble always approaches
the rigid wall while in the second case, it may move
away from the free surface depending on the initial
distance. Recently, the boundary element method
was used to calculate the bubble interaction with
a material exhibiting elastic behaviour and showed
that the latter significantly affects the stability of the
bubble and its collapse mechanism.

The dissertation studies the interaction between
a microbubble (radius of order 1 - 6um) surrounded
by elastic shell and an adjacent wall. The microbub-
ble performs oscillations due to acoustic disturbance
in the frequency range of ultrasounds (1 - 10 MHz),
while the adjacent wall may exhibit elastic behaviour.
To this end, a numerical methodology of boundary
elements has been developed, in order to study the
interaction between a bubble and a wall assuming
axisymmetry and an elastic shell that surrounds
the microbubble, while the adjacent wall is far larg-
er than the bubble’s radius. The computation of the
velocity field is done via the potential function, as-
suming potential flow in the surrounding fluid. Due to
linearity of the Laplacian equation, it is replaced by
a boundary integral equation on the interfaces of the
bubble and the wall, which correlates the velocity po-
tential with the normal velocity of the aforementioned
interfaces. Two different kinds of disturbances were
imposed in the pressure field of the surrounding
fluid, step and sinusoidal change. Two constitutive
laws were used, Mooney-Rivlin (for strain-softening
shells) and Skalak (for strain-hardening shells). The
effect of initial distance between the bubble and the
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wall was studied, as well as the effect of amplitude
of the acoustic disturbance in the behaviour of the
microbubble. Furthermore, a parametric study was
conducted, in order to determine the influence of the
shell’s properties, such as the dilatational viscosity,
elastic modulus and the bending modulus, in the
response of the microbubble while the effect of
the surface tension in the harmonic content of the
bubble was studied. At the same time, a numerical
methodology was developed to study the interaction
between an uncoated bubble and a wall and the
results were compared with the corresponding ones
from CAs, aiming to demonstrate the importance of
bubble’s shell in the behaviour of the microbubble.
In the case of interaction between CA and a
rigid wall, the simulations’ results showed that the
microbubble approaches the wall. For smaller
distances, the attraction is stronger. For step
change in the pressure field of the surrounding
fluid, the oscillations of the bubble are dumped by
the dilatational viscosity of its shell and therefore
the translational velocity remains constant. For
sinusoidal change in the pressure field, the
amplitude of the bubble’s volume oscillations is not
significantly altered and thus the backscatter signal
is not affected. However, the translational velocity
increases due to the secondary Bjerknes forces.
The initial distance between the microbubble and
the wall affects the shape modes growth. In the case
of an uncoated bubble, the translational velocity
is constantly increasing for both kinds of pressure
change due to its continuous oscillations, while at the
late stages of the simulation, the greater mobility of

Ewolution of the microbubble in time
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Figure 1: Uncoated microbubble. Jet formation.

the fluid away from the boundary causes the surface
of the bubble there to collapse faster than elsewhere,
leading to the formation of a liquid jet that traverses
the bubble and ultimately impacts upon the far side
of the bubble (Figure 1). On the contrary, in the case
of a CA, formation of jet is suppressed due to the
presence of the viscoelastic shell and it exhibits
a deformed shape without permitting extreme
elongations (Figure 2). At the late stages of the
simulation, areas of high viscous stresses emerge
during the compression phase of the pulsation,
causing the microbubble’s collapse. The increase of
dilatational viscosity affects the bubble’s behaviour,
the deformation of which has an orientation
perpendicular to the wall (Figure 3). Higher values of
bending modulus result in not permitting large shell
deformations and make the bubble more resistant to
bending moments. The increase of elastic modulus
“hardens” the shell reducing the amplitude of the
bubble’s oscillations. The constitutive law of the
shell is also very important in the behaviour of the
microbubble. Strain-softening shells (Mooney-Rivlin
law) remain almost spherical in their region nearest
to the wall, while they are deformed in the aft region
(Figure 2). On the contrary, strain-hardening shells
are deformed in their prow region while they remain
spherical in their aft region (Figure 4). Finally, the
increase of surface tension of the bubble-liquid
interface does not permit the evolution of higher
eigenmodes in the deformation of the microbubble.

Key words: Ultrasound Contrast
Boundary elements, Bubble Wall interaction

Ewolution of the microbubble in time
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Figure 2: Coated bubble. Shape deformation.
(Strain-softening shell)
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Evolution of the microbubble in time
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Figure 3: Coated bubble.
Deformation with an orientation
perpendicular to the wall.
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Evolution of the microbubble in time
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Figure 4: Coated bubble. Shape
deformation. (Strain-hardening shell)
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Acoustic interaction between a coated micro-
bubble and a rigid boundary. Paper presented
at 8th International Congress on Computational
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Acoustic interaction between a coated micro-
bubble and a rigid boundary. Paper presented at
20th European Symposium on Ultrasound Con-
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Z0vTouo BIOypa@IKO OnuEiwpa

O KuwvoTtavtivog EuBupiou yevvbnke Kai
peyaAwoe otn ©gooalovikn. Atrogoitnoe atmd TO
10 Tevikd AUkelo ©gocoahovikng. Eival TrTuxiolyog
TexvoAdyog Mnxavikég Oxnudtwyv amé 10 TuAua
OxnuaTtwv TNG ZXoAng TexvoAloyikwv E@apuoywv
Tou AAe€avopeiou TexvoAoyikou ExTraideuTikou IdpU-
pMaTog @eooalovikng Kal KATOX0G AdeIag aoKACEWS
emTayyéApaTog TexvoAdyou Mnxavikou AUTOKIVATWV.
Eriong, civar kdtoxog AmmAwpatog MnxavoAdyou
MnxavikoU Tng MMoAuTeXVIKAG Xx0ANG Tou [llaver-
oTnuiou Ococoaliag, kKabBwg emmiong kar MeTaTTuxIo-
KoU ArmAwpartog E&eidikeuong pe TITAO «ZUyXPOVEG
MéBodol 2xediaouou kal AvaAuong oTtn Biounyavia»
aTTé TO iIBI0 TUAMA.

Tnv mepiodo 3/2003 — 3/2004, epydoTnKe OTNV
EAMnvikry Biounxavia Oxnudtwv A.B.E. (EA.B.O.)
Tou €dpevel aTn Blounyavikn MMepioxr Tng Oeocoa-
Aovikng (BL.M€.©.), é&€w amd T Zivdo. To TpwTo OI-
doTnua aTTacXoAnBnke OTO TUAMO QVOKATOOKEUWYV
Bapéwv oxNUATWY Kal KATOTTIV OTO TUAPA TTOIOTIKOU
eAéyxou yia Tn dIacQAANIoN TNG CUVOPUOYAG TWwV
MNXOVOAOYIKWYV €EaPTNUATWY KATG TNV TOTTOBETNON
TOUG OTa oxNuaTa. ‘Exer eKITANPWOEl TIG OTPATIWTIKEG
TOU UTTOXPEWOEIG UTTNPETWVTAG OTO £TPaTO =npdg,
oT0 ZWMa Texvikou, wg Mnxavikog EptruoTplopo-
pwv OxNUATWV.

OuiAei AyyAikd kai [eppavikd, yvwpiel TTpo-
ypouuaTioud oe yhwooeg, omwg Fortran, C++,
Basic, Matlab ka1 Mathematica, xeipieTal AsiToupyi-
K& ocuotiuara MSWindows, Linux kair MS-DOS ka-
Buwg etTiong ka1 TTakéTa Aoyiopikou, oTwg MS Office,
ANSYS Fluent, AutoCAD, Arena, SPSS kai Minitab.

A6 Tnv akadnuaikr) xpovid 2010-11 £wg Kai
ONMEPA, CUPUETEXEI ETTIKOUPIKA 0T dI0ACKaAia Twv
TTIPOTITUXIOKWY paBnuatwy: «Mnxaviky Peuotwv I»
Kal «YTrohoyioTikéG MéBodol otnv Evepyeiakn Mepi-
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oxn» Tou TuApatog MnyavoAdywv Mnxavikwv Tng
MoAuTeXVIKAG Zx0ANG Tou lMavetmioTnuiou ©ecoaAi-
ag.

Ektmévnoe 1n didakTopIkr) Tou diaTpIfr ato Tun-
Mo MnxavoAoywv Mnxavikwy Tou [lavemmoTtnuiou
Ocooahiag, pe TITAO «AAANAeTTiOpacn PeTatu @u-
O0AidwWV e €AAOTIKO TTEPIBANUA KAl YEITOVIKOU TOI-
XWHATOG TTAPOUCIa OKOUGTIKWYV OIOTAPAXWV», HE
UTTOTPO®IO TOU TTPOYPAUUATOG BISAKTOPIKWY UTTO-
TPOPIWV «HPAKAEITOG 11».
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Konstantinos Efthymiou was born and raised
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in the reconstruction section of the company and
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department. He has fulfilled his military obligations
by serving in the technical division of the Greek
Army, as a tracked vehicle engineer.

He speaks English and German; he has skills
in programming languages (e.g. Fortran, C++,
Basic, Matlab and Mathematica). He is familiar with
operating systems such as MS Windows, Linux
and MS-DOS and with software packages like MS
Office, ANSYS Fluent, AutoCAD, Arena, SPSS
and Minitab. He is a Graduate Teaching Assistant
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I” and “Computational Methods in Energy Sector” at
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University of Thessaly, since March 2011.

He completed his doctoral dissertation, in the
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between bubbles with elastic integument and
an adjacent wall in the presence of acoustic
disturbances”, which was financed by the PhD
scholarship programme “Heraclitus 11”.
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AyyeAikl M1TpoUyou

2xed100u66 Kail AvaTtrtugn KuyeAidwv
Kaucoipou pe Tpogodocoia MNAukéln

MepiAnyn

H avamtuén Twv KUWeAidwY KAUaidou HE TPoO-
@odoaia yYAUKOZNG A Twv a1oBNnTAPWY YAUKOENG €ivail
€mMOuuNTA VIO 1aTPIKEG £PapUoyES. Kat autov Tov
TPOTIO, PE TIG KUWEAEG KAuaiyou, gival duvaTh n TTa-
paywyr PeUPATOG XPNOIUOTTOIWVTAGS TN YAUKOZN wg
KQUOIUO 1} N avixveuon Tou emITTEdOU TNG YAUKOLNG
OTO aipa he Toug aloBnTApeg YAUKOZNG. 'Evag aion-
TAPAG YAUKOLNG Ba uttopolce va avaTTTuxBei ue oko-
O TNV avixveuon Tng CUYKEVTPWONG TNG YAUKSOING
oTO aipa yia T BorBeia TG BepaTreiag Tou COKYO-
pwdoug dianATn. O1 KUWEAEG KaUaiuou YAUKOLNG HE
TN C€IPA TOUG €XOUV TTPOTABEI va QVTIKATAOTAGOUV
TIG PTTATOPIEG TWV BnuaTtodoTwy. QoTdo0 Kai o1 dUo
TTAPATTIAVW 1ATPIKEG EMQUTEUCIUEG OUOKEUEG Baailo-
vTal oTNV avTidpaaon ogeidwang Tng YAUKOZNG TTavw
o€ €va nAeKTPOdIO yia TNV TTapaywyrn NAEKTpoviwv
(NAEKTPIKOU PEUPATOG). ZUVETTWG, TTIPOG QUTAH TNV
KaTeUBuvan, €xouv TTpaypaToTToiNBEi TTOAAEG TTPO-
oTraBeieg atd 1 d1EBvN) €peUvVNTIKA KovéTNTA, aVo-
TTUO0OVTAG APXIKA KUWEAEG Kauaipyou udpoydvou
ME évCupa Kal PIKPORIa wg KaTaAuTeg. O eviuuaTi-
KOi KATaAUTEG TTapeixav oTaBepdTnTa WG TTPOG TNV
KaT@Auon TG YAUKOZNG, aAAG Adyw TnG guaiobntng
@uong Toug dev TTapeixav pakpdv diapkeia {wAG.
Katd ouvérmreia, KataAuTeg — PETOAAQ dpxioav va
avaTrTuooOoVTal Kal va OIEPEUVWIVTAI VIO TNV NAEKTPO-
KaTdAuon NG YAUKOCNG. Avdueoa @’ autolg, £Xouv
EKTEVWG MEAETNOEI KaTOAUTEG Aegukdypuoou [1-6],
Xpuoou [7-11], uaAwdoug avBpaka[12, 13], koBaA-
Tiou, podiou kai 1pIdiou [12 -15], vikeAiou Kal TTaA-
Aadiou[12, 13, 15], xaAkoU kal aAoupiviou [12, 13],
TTOpPuUpPivEG KOBAATIOU, payvnaiou kal aidrpou [12].
H avtidpaon tng yAukdlng peAeTrBnke o€ 6&ivo [16],
oudétepo [16, 17] aAlAG kal o€ Baoikd TTepIBAAAOV
[18]. Ztn BiBAIoypagia uttdpxouv AAXIOTEG £pyaai-
€G TTOU a@OpoUV 0Tn PEAETN NAekTpoOLeidwaong TNG
YAUKOING o€ NAEKTPOKATAAUTEG pE BAon To TTAAAGSIO
oe aAkaAiké TTepIBaAlov. ‘Exel atrodeixBei 611 o€ aA-
KOAIKO TTEPIBAAAOV OI NAEKTPOKATAAUTEG YE BACN TO
TTaAAGdIo €ival TTIo evepyoi atrd auToug pe Bdon Tnv
mAaTiva [3, 19]. ETTOpéVwG, hE TN XPrion Tou TTaA-
A&dIou eTTITUYXAVOVTAI TAUTOXPOVO UWNAEG KIVNTIKEG
KO XOUNAOGTEPO KOGTOG TOU KATAAUTH.

2’ authy Tn S1IBAKTOPIKA BIATPIRr, APXIKG TTpay-
paToTtroleital BIBAIOYPA@IKA avaokOTTnon, JE OKOTTO
TNV avaltnon TwV 0 KATOAUTIKA EVEPYWV nAe-
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KTPOKATOAUTWY TWV KUWEAWV KAUGIHOU YEVIKOTEPQ.
21N ouvéxela, éyive eupaduvon NG BIBAIOYPOQIKAG
avaokoTnNong, TePIoPIfoVTAG TIG PEAETEG OE AUTEG
TTOU ¥pnoiuotroloucayv aAKAAIKO TrepIBaAlov. Me
Baon Tig diebveig epyaaieg TNG BiIBAIOYpaA®IKAG ava-
OKOTINONG, €xel aTrodeIXBei OTI O NAEKTPOKATAAUTEG
ME Bdon Tnv TAGTIVa gival TTI0 evepyoi o€ OEIVOo TTEPI-
BaAAov, evw pe Baon 1o TTAAAAGdIO gival IO evepyoi
o€ AAKOAIKO TTEPIBAAAOV.

To mTpwTo OTASIO OTNV AVATITUEN TWV KUWEAI-
dwVv Kauaigou gival n avalnTnon Twv TTI0 KATOAU-
TIKA EVEPYWV NAEKTPOKATOAUTWYV. 2T OUYKEKPIPEVN
d10akTopIKf dIaTpIRr}, €TTOueEvO OTAdIO PETA TN PI-
BAloypa@ikr) avaokotnaon Atav n PEAETN TNG avTi-
dpaong NG YAUKOING o€ aAKaAIKG TTepIBAAAov o€
nuiIoToIxEio KUWEANG Kauaoipou. Mo cuykekpipéva, n
MEAETN TTPAYUOTOTTOINONKE OTOUG deRuy(20 wit%)/C,
deRhy(ZO wt%)/C, PdXSny(ZO wt%)/C kai deAuy(ZO
wt%)/C nAekTpokaTtaAiTeg (KAipakag vavo). Eriong,
0 TeAeuTaiog diEpeuvAONKe Kal yia AsItoupyia aiotn-
TpPa YAUKOZNG. O TTpwTOTUTIOC TPOTTOG TTAPACKEU-
NG TWV TTPOAVAPEPOUEVWV VaVO —UAIKWV Kal n dle-
peUVNON TOUG WG TTPOG TNV avTidpaon NG YAUKOZNG
atroTeAOUV TNV TTPWTOTUTTIO AUTAG TNG BIOAKTOPIKAG
d1aTpIBAG. H TTapaoKeur Twv vVAVO-UAIKWV EYIVE WE
TNV TPOTTOTTOINMEVN WE TTAAMIKA WIKPOKUPOTA OUV-
Beon TNG TTOAUOANG. O QUOIKOXNUIKOG XOPOKTNPI-
OMOG AUTWV £YIVE PE TNV NAEKTPOVIKI) PIKPOOKOTTIO
OIEAEUONG, NAEKTPOVIKY] MIKPOOKOTTIA odpwaong Kal
TNV TePiBAaon akTivwv X. ETtiong, éAafe xwpa kai
BepuoBapuueTpIkn avdAuon, PJe aTOXo Tn digpelvn-
on TNG oTaBePATNTAG TOU KATAAUTR HME aufnon Tng
Beppokpaaiag. O NAEKTPOXNMIKOG XAPAKTNPICUOGS OI-
€€NXON pe TN PEBOBO TNG KUKAIKAG BOATOUUETPIOC KOl
TNG XPOVOOUTTEPOUETPIAG. EVW N HEAETN TOU KATAAU-
TN XPUoouU wg KaTaAUTn aiobntrpa yAukodng éAafe
XWPa YE TN HEBODO TTEPIOTPEPOUEVOU DIOKOU.

EmmAéov, peAetiBnkav kai n emmidpacn Tng Bep-
MOKPOCIag Kal TNG GUYKEVTPWONG TOU NAEKTPOAUTN
Kal TNG YAUKOZNG oTnv KIvNnTIKA TNG avTidpaong. Mg
Baon Ta amoteAéopara, auédvovTag Tn CUYKEVTPW-
on NG YAUKGZNG Kal Tou NAEKTPOAUTN TO TTOPAYOUEVO
pevpa aufavetal. Autd TO Qaivouevo TTapaTnenon-
KE yIa OAOUG TOUG NAEKTPOKATOAUTEG EKTOG ATTO TOV
PdXRhy/C, OTTOU QUENON TNG CUYKEVTPWONG PEYOAU-
TePO atmd 11M KOH pelwvel Tnv KaTaAuTIKr evepyoTn-
Td. TEAOG, n avTidpaon o&eidwaong TNG YAUKOLNG UTTo-
pei va AaBel xwpa péxpl Toug 40 °C. e uwnAoTEPES
Bepuokpaaieg TTapatnpeital @Bopd Tou dIAAUUATOC,
ONUIoUPYWVTAG €va KITPIVO PE OOUN KapauéAag dia-
Aupa. Na Bepuokpaaieg peyaAuTtepeg Twv T>30 °C,
o PdRh/C trporeivetal yia kataAlTng avodou, evw o
Pd,,Au, /C yia kataAUTng aioOntripa yAukogng. Meh-
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AOVTIKEG €peuveg TTPOKEITAl va dIEaxBouv e OKOTTO
TN BeATioToToinon TNG MEBOGdOU TTAPACKEUAG TWV
NAEKTPOKATAAUTWV KABWG Kal TNV AvATITUEN MIKPWV
EMQUTEUOIPWY KUWEAIBWY Kauoipou YAUKOnG.

A€ECeig — KAe1B1d: aAKAAIKEG KUWEAiIDEG KAUTipoU,
oAKOAIKO TrePIBAAAOV,KUWPEAN KOUGiMOU, YAUKO-
{n, TaAAadio

Ava@opég

[11 Q.Shen, L. Jiang, H. Zhang, Q. Min, W. Hou,

J.-J. Zhu, Journal of Physical Chemistry C 112

(2008)16385 — 16392.

N. Fujiwara, S.-i.Yamazaki, Z. Siroma, T.

loroi, H. Senoh, K. Yasuda, Electrochemistry

Communications 11 (2009), 390 -392.

J.P. Spets, Y. Kiros, M.A. Kuosa, J. Rantanen,

M.J. Lampinen, K. Saari, Electrochimica Acta

55 (2010) 7706 -7709.

D. Basu, S. Basu, Electrochimica Acta 55 (2010)

5775 -5779.

X. Yan, X. Ge, S. Cui, Nanoscale Research

Letters 6 (2011) 313.

D. Basu, S. Basu, International Journal of

Hydrogen Energy 36 (2011) 14923 -14929.

W. Huang, M. Wang, J. Zheng, Z. Li, Journal of

Physical Chemistry C 113 (2009) 1800-1805.

H. Yin, C. Zhou, C. Xu, P. Liu, X.Xu, Y. Ding,

Journal of Physical Chemistry C 112 (2008)

9673-9678.

Z. Liu, L. Huang, L. Zhang, H. Ma, Y. Ding,

Electrochemica Acta 54 (2009) 7286 -7293.

[10] C. Jin, . Taniguchi, Materials Letters 61 (2007)
2365 -2367.

[11] F.M. Cuevas —Muiiz, M. Guerra —Balcazar, F.
Castaneda, J. Ledesma —Garcia, L.G. Arriaga,
Journal of Power Sources 196 (2011) 5853
-5857.

[12] Y.B. Vassilyev, O.A. Khazova, N.N. Nikolaeva,
Journal of Electroanalytical Chemistry 196
(1985) 127 -144.

[13] Y.B. Vassilyev, O.A. Khazova, N.N. Nikolaeva,
Journal of Electroanalytical Chemistry 196
(1985) 105 -125.

[14] AJ. Appleby, C. VanDrunen, Journal of the
Electrochemical Society 118 (1971) 95 -97.

[15] N. Xonoglou, I. Moumtzis, G. Kokkinidis, Journal
Elecroanalytical Chemistry and Interfacial
Electrochemistry 237 (1987) 93 -104.

[16] K.B. Kokoh, J.M. Léger, B.Beden, C. Lamy,
Electrochimica Acta 37 (1992) 1333 -1342.

[17]1 A. Habrioux, E.Sibert, K. Servat, W. Vogel,
K.B. Kokoh, N. Alonso — Vante, The Journal of

(2]

(3]

[4]
[3]
[6]
[7]

8]

(9]

157

Physical Chemistry B 111 (2007) 10329 -10333.
[18] S.M. El. -Refaei, M.I. Awad, B.E.El —Anadouli,
M.M. Saleh, Electrochimica Acta 92 (2013) 460
- 467.
[19] A. Ahmadalinezhad, S. Chatterjee, A.Chen,
Electrochimica Acta In press corrected proof
(2013).

TpipeARg ZupBouAeuTikh ETriTpOTTN

Mavayiwtng Tolakdpag, Kabnyntig, Zuotrjuarta
METOTPOTIAG EVEPYEIAG: KATAAUON, NAEKTPOKATAAUCN
Kal unxaviki KuweAidwv kauaiyou, Turiua Mnxavo-
Aoywv Mnxavikwyv, MNavemoTtnuiou @scoaliag

Zupewv MrrepmréAng, AvamAnpwtig KabnyntAg,
Topéag: Xnuikng Texvohoyiag & E@apuoapévng du-
oikoxnueiag, Tuiua Xnuikwv Mnxavikwy, MNaveti-
otuio MNaTpag

Ap. ZTuhiavég NeopuTidng, A" EpeuvnTrg-Aicubu-
vTnG, EpeuvnTikd lvoTitouto Xnuikng Mnxaviking kai
Alepyaaiwv YynAig Oepuokpaaiag, MNarpa

Angeliki Brouzgou

Design and Development of Direct
Glucose Fuel Cells

Abstract

The development of direct glucose fuel cells or
glucose sensors for the measurement of glucose
concentration in the human blood is desirable for
medical applications. An implantable, accurate and
reliable sensor to monitor the glucose concentration
in the body is desirable for treatment of diabetes
mellitus. An implantable glucose-oxygen fuel cell
has been proposed for artificial hearts using glucose
and oxygen in the blood as the reactant. A practical
fuel cell system has not yet been developed for this
application, however. The electrocatalytic glucose
sensor and glucose fuel cell are based on the
catalytic glucose oxidation on an electrode surface
which produces a current related to the concentration
of glucose. Consequently, many attempts have been
made mainly on the development of enzymatic and
microbial glucose fuel cells. More precisely, in the
past few decades most researches had been turned
to the immobilization methods for enzymatic catalysts
in an effort to increase the lifetime of enzymes and
therefore of glucose fuel cells. Enzymatic catalysts
have excellent selectivity and can produce power
densities of several mW cm™. However, they have
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very short lifetime, due to the fragile nature of the
enzymes and poor immobilization techniques.
This makes them generally unsuitable for long-
term implantable applications despite having been
successfully tested in-vivo. Different electrodes
have been investigated for glucose electrooxidation,
e.g. platinum [1-6], gold [7-11], glassy carbon [12,
13], cobalt, rhodium and iridium [12-15], nickel
and palladium [12, 13, 15], copper and silver [12,
13], phthalocyanines and porphyrins complexes
of cobalt, manganese and iron [12]. The reported
results prove that such fuel cells present much
better stability having been successfully tested in-
vivo. However, the poor anode selectivity towards
glucose oxidation in the presence of oxygen is still
the biggest challenge for direct in-vivo glucose fuel
cells. Glucose oxidation has been studied in acid
[16], neutral [16, 17] and alkaline [18] solutions. In
literature, there are few works [3, 19] concerning the
study of glucose electrooxidation on Pd-based/C
electrocatalysts, in alkaline environment. It has
been proved that in alkaline environment Pd-based
electrocatalysts perform much better activity than
Pt-based ones due to the quicker oxidation kinetics
of various alcohols electrooxidation. Additionally, the
use of palladium instead of platinum automatically
increases the kinetics and reduces the cost of a fuel
cell.

In this PhD thesis, firstly literature review was
conducted in order to identify the most efficient
and studied electrocatalysts for direct-liquid proton
exchange membrane fuel cells. In sequence, the
literature review was continued including also the
novel type of direct liquid anion exchange membrane
fuel cells. Platinum was recognized as the best
electrocatalyst for direct liquid-fed proton exchange
membrane fuel cells, while palladium was identified
as the best one for direct liquid-fed anion exchange
membrane fuel cells.

The first step of design and development of
fuel cells is the recognition of the most active
electrocatalysts towards anode and cathode reaction.
In this work binary Pd-based electrocatalysts
were prepared and were investigated as anode
electrocatalysts for glucose electrooxidation in half
direct glucose alkaline fuel cells. PdXRuy (20 wt%)/C,
Pd Rh (20 wt%)/C and PdSn (20 wt%)/C are
studied as anode direct glucose alkaline fuel cells’
materials, while Pd Au, (20 wt%)/C is investigated
as glucose sensors’ material. The above-mentioned
electrocatalysts and the respective results are
reported for first time in literature, indicating the
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novelty of this PhD thesis. For the preparation
of the examined electrocatalysts a modified-
microwave assisted polyol method was used. The
physicochemical characterization of electrocatalysts
was conducted by X-ray Diffraction (XRD),
Transmission Electron Microscopy (TEM), Scanning
Electron Microscopy-Energy Dispersive X-Ray
Spectroscopy and Thermogravimetric Analysis (TG).
The electrochemical characterization was carried out
with the Cyclic Voltammetry (CV-half direct glucose
alkaline fuel cell), Rotating Disk Electrode Technique
(RDE) and Chronoamperometry techniques (CA).
At room temperature Pd,Sn,/C and PdRh/C
presented almost the same activity towards glucose
electrooxidation; however the first one presented
higher poisonous rate. Considering the activity
(good activity) and poisonous-tolerance together
(the highest among the examined electrocatalysts),
Pd,,Au, /C was chosen for being studied as glucose
sensor. Moreover, the effect of glucose’s, electrolyte’s
concentration and temperature were studied,
extracting important kinetic parameters for glucose’s
electrooxidation reaction. Increasing glucose’s and
electrolyte’s concentration, current density was
enhanced for all the examined electrocatalysts,
except for PdXRhy/C ones over which for electrolyte’s
concentration higher than 1 M KOH current density
was suppressed. Finally, glucose electrooxidation
reaction current density was increased increasing
temperature until 40 °C. For higher temperature
values glucose’s alkaline solution was observed to
degrade, forming a dark yellow caramel line smell
liquid, decreasing current density values. For T>30
°C, PdRh/C is suggested as anode material for
glucose electrooxidation reaction, while Pd, Au, /C
as glucose sensors’ material. Future outlooks are
the optimization of the electrocatalysts’ preparation
method as well as of the PdRh/C and Pd, Au, /C
electrocatalysts and the development of a single
direct glucose alkaline fuel cell.

Key words: direct glucose fuel cells, alkaline,
pace maker, glucose, palladium
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ZUvTopo Bloypa@iké

H Ap. AyyeAikil Mtrpoulyou yevvibnke oTo
Boho, 10 1984. lNpayuartomroinoe TIG BACIKEG TNG
o1oudég atn oA Xnuikwv Mnyavikwy Tou EBvi-
koU Metaéfiou MoAuTtexveiou, atr’ GTTOU Kal ATTOQOI-
Tnoe 10 2007, pe KaTelBuvon «ZXeOIOOUOG XNMIKWV
avTidpaotipwv». To 2008, oc ouvéXeEla TNG EKTTAI-
OEUTIKNAG TNG KATAPTIONG OAOKANPWOE TO MeTATTTUXI-
aké MNpoypappa Zmmoudwv Tou TuApaTtog MnxavoAo-
ywv Mnxavikwv Tou lMavemotnuiou ©gocoaliag, ue
e€e1dikeuan «ZUyxpoveg MeBddoug ZxedlaouoU Kal
AvaAuong otn Biopnxavia» pe Tnv €Ag kateuBuvon:
Evepyelaka Zuatiuata, Biopnxavikég Alepyaaieg Kai
TexvoAoyieg AvtippuTtTavong.

A6 10 2009 £wg 10 2013, eKTéAeOE TN DIBAKTO-
pikl Tng Satpifi oto Epyaotipio EvaAAakTiKwv
ZuoTnudtwy Metatporg Evépyeiag tou TurRuaTtog
MnyxavoAdywv Mnxavikwyv Tou MavetmoTnuiou O¢o-
oaAiag. Mo ouykekpipéva, auTr) apopouoe OTO OXE-
d1a0uo Kal Asitoupyia KuyeAidag kauaipou yAUKoZng,
ME OKOTTO TNV QVTIKOTACTOON TWV UTTATAPIWY TWV Of)-
MEPA KoIVWV BnuaTtodotwy. Q¢ kadoiyo Ba xpnoipo-
TTOIOUVTAV N YAUKO(N N OTT0ia EPTTEPIEXETAI OTO Q.

2Auepa, n Ap. Mtrpoulyou AyyeAikr, epyade-
Tal WG €PEUVATPIa OTO EpyaoTripio EvVAAANOKTIKWV
JuotnuaTtwy Metarporg Evépyeiag tou TuAua-
T0G MnxavoAdéywv Mnxavikwv tou [llavetmioTnuiou
Oeooahiag. To Pacikd TNG €PEUVNTIKO EVOIAQEPOV
€0TIAZETAI OTNV TTAPACKEUN KOl XOPAKTNPIOWO VA-
VO-UAIKWYV, 0TNV NAEKTpOXNUEIQ, OTNV KATtdAuon Kal
OTNV NAEKTPOKATAAUGN, OTIG KUWEAIDEG KQUTIUOU Kal
OTOUG XNUIKOUG avTIdpaoTrpes. H epeuvnTIKr TNG
OpacTtnpIdTnTa €MRERAIVETAI ATTO TIG ETTIOTNHO-
VIKEG TNG dnuooieloelg (10 oe diebvr TTEPIOdIKG PE
KPITEG) Kal aTTd TIG eTEPOavVaPOPES (105 oe apiBuo).
Tautoxpova epyadetal wg TTEPIBAAAOVTIKA Kol ETTI-
OTNHOVIKI) 0UUBOUAOG.
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ARuntpa - XpioTtiva MatmadiwTtn

Alaxeipion Twv apepaloTATwyV
O€ TTPOCOUOIWOEIG ATTOKPIONG
Kal agIOTIOTIOG KATAOKEUWYV
agloTrolwvTag SeSOoHEVA NETPHOEWV

MepiAnyn

AvTikeipyevo TnNG dIaTpIBG aTToTeEAEl N avaTTu-
&n peBOdwy povTeAoTroinong Kai dlaxeipiong Twyv
apefaiotiTwy oTn diadikagia TNG TTPOCOP0IWaNg
KoTaoKeuwv. Epgaaon divetal otnv avamtuén evog
MBOavoTIKOU-OTATIOTIKOU TTAQICIOU yia (a) TNV TTOo-
OOTIKOTTOINON TWV ARERAIOTATWY TTOU UTTEITEPYXO-
VIOl OTNV ETTIAOYN TTOPAPETPIKWY HABNUATIKWY
MOVTEAWV TTPOCOPOIWONG MNXAVIKWY CUCTNUA-
TWV KOl ESWTEPIKWYV BUVAUIKWY dleyépacwy (B) TN
o1addoon Twv aBeRAIOTATWY AUTWY PECW TWV UTTO-
AOYIOTIKWV HOVTEAWV TIETTEPACUEVWV OTOIXEIWV
otnVv TTPORAewn Twv aBeBaloTATwyY PeyeBwv aTro-
KpIoNG Kal aglotmoTiag évavTi dlapopwy OpIaKWY
KATAOTACEWY QCQAAEIOG KOl AEITOUPYIKOTNTOG [N-
XOVIKWY ouoTNPATWY. MOavoTiKG/GToXaoTIKA Ho-
VTEAQ XPNOIYOTTOIOUVTAI VIO TNV TTOCOTIKOTIOINGN
TWV ABeRAIOTATWY, VW £CeAIYUEVES UEBODOAOYIEG
OTOXAOTIKAG TTPOCONOIWONG atroTeAoUV TO Baaci-
KO epyaAeio diadoong Twv aBeBalotTiTwy PEow
Twv TTpocopoiwudTwy. Eva 1diaitepa kaivotouo
oToIxEio TNG €peuvag atroteAei n aglotroinon ue-
TPAOEWV yia TN BEATiwWoN TWV PABNUATIKWY HO-
VTEAWV TTEPIYPAPNG TOU PNXAVIKOU OUOCTAUOTOG,
TwWV OlEYEPOEWY Kal TwWV aBeRalOTATWY, PE BAan
TN oTaTIoOTIKr) peBodoloyia Bayes. O1 epapuoyég
emideIEng eomidlouv (a) OTNV TMOTOTTOINCN TWV O-
vTéEAWV, TTPOPRAEWN TNG agloTTioTiag Kal diepelivnan
TNG ETMPPONS TWV ARERAIOTATWY VIO KATOOKEUEG
MEYAANG KAipakag kai (B) otnv TTPORAEWn KOTTW-
oNG o€ OAOKANPO TO POPED PETAAAIKWY KOTOOKEU-
WV Bdacel TTEPIOPICUEVOU apIBUOU AEITOUPYIKWY
METPOoEWV TOAAVTWONG.

MNa va kataoTtei duvaTtr n avadAuon kai diaxeipi-
on Twv apeBaioTATwy o€ TTOAUTTAOKO POVTEAD KO-
TAOKEUWY, OTTWG MOVTEAQ PE uWnAG apiBuo Bab-
MWV gAeuBepiag TNG TAENG TWV TTOAAWYV XIAIGOWV,
EKATOVTABdWYV XIANIAOWYV 1l aKOPA KOl EKATOUHUPIWY
BaBuwv eAeubepiag, KaBwG Kal YovTEAa TTOU TTa-
POUCIAGLOUV TOTTIKEG UN-YPAMMIKOTNTEG OTN CUUTTE-
PIPOPA TWV SOMPIKWY OTOIXEIWY, ATAV aTTaPAiTNTN

162

N EVOWHATWON £CUTTVWV TEXVIKWY PEIWONG TWV
emavaAauBavopevwy  XpovoBopwyv  dladIkaal-
Wv uttoAoyiopoU TnG ammokpiong. MNa 1o okoTTo
auTo, PEYAAO PEPOG TNG €PEUVNTIKAG dpaoTnPIO-
TNTOG €0TIOOE OTAV AVATITUEN OTTOTEAECUATIKWYV
TEXVIKWV MEiwoNg Twv Babuwv eleuBepiag Tou
povTéAlou Tou cuoTAuaTtog. Eival yvwotd o1l yia
YPOUUIKG PovTEAa n uEB0dOG ouvBeong TwV Ka-
TAOKEUAOTIKWY ouvioTwowv (Component Mode
Synthesis - CMS) utropei va Tpoo@épel Ta {nTou-
peva TTAcovekTApaTa. Opwg o Xpdvog TTou aTral-
TEITAI yIO TNV €TTITEUEN TNG HEIWONG €ival OXETIKA
MEYAAOG KAl OUCIACTIKG N atreubeiag epapuoyn
avaipei Ta TTAeovekTApATA TNG HEBOGBOU CUVBEDNG
TWV KATOOKEUOOTIKWY OUVIOTWOWV. [a TO OKOTTO
auTd, avaTTTuxOnke KaivoTopog PEBOdOG yia Tnv
€TiTEUEN TNG MEiwONG Twv BaBuwv eAeuBepiag yia
TOV TTOAU PEYAAO apIBPO EVOAAQKTIKWY HOVTEAWV
Me Bdon TNV avaAuon Twv KATOOKEUAOTIKWY OU-
VIOTWOWY €VOG YOVO OVOHUACTIKOU POVTEAOU TOu
ouoTAuaTog. H peBodoloyia atrodeixBnke 1d1aiTe-
PO OTTOTEAECMATIKA yia Tn diaxeipion aBeBaiotn-
TWV 0€ OUVAMIKEG OVAAUOEIG KATAOKEUWY JEYAANG
KAIUOKOG. ZUYKEKPIYEVA TTOPADEIYUOTA OE POVTE-
Aa TTOAUTTAOKWV KOTOOKEUWY EKATOVTAOWYV XIAIG-
Owv BaBuwv gAeuBepiag, OTTWG gival TO YPAUMIKO
MOVTENO TNG vEQupag Tou MeToodBou, £deiEav OT
0 XpOvog avaAuong Twv aRERAIOTATWY HEIWVETOI
ammd 1édén nuepwyv o€ TagN Aiywv povo deutepo-
AETITWYV, TO OTT0i0 aTToTEAEI OPACTIKA PEiwan Tou
XPOVOU Kal ETTITPETTEN YIA TTPWTN Qopd Tn dlaxeipl-
on Kal epappoyr peBSdwyv dilaxeipiong, TTOCOTIKO-
Troinong kai d1ddoong aBealoTATwy o€ TTOAUTTAO-
KEG KATAOKEUES. H TTapatmdvw TeEXVIKA PEiwong
TwV Babuwyv eAeuBepiag atmoTeAei TTOAU onuAvTIKO
€PYOAEio yia TNV ekTTOVNON AUTAS TNG OIBAKTOPI-
KAG O10TPIRNG, KABWGS WEIWVEI ONPAVTIKA TO UTTO-
AOYIOTIKO KOOTOG yia Tn dlaxeipion evog peydAou
OXETIKA apIBuoU eTTavaAnTITIKWY avaAUCEwWY TToU
atraiTouvTal o€ aAyopiBuoug BeATIOTOTTOINONG KOl
o€ aAyopiBuoug OTOXAOTIKNG TTPOCOMO0IWONG TTOU
XpnoigotrolouvTal Katé Tn Olaxeipion Twv afe-
BaloTATwy 0€ POVTEAQ TTETTEPACUEVWV OTOIXEIWV.
Etriong, ol Tapatrdvw TEXVIKEG ATTOTEAECAV TTOAU
onpavTikG €pyaAgio yia Tnv avdamTuén Twv Pebo-
Owv dlaxeipiong Twv aBERAIOTATWY OTIG TEXVIKEG
d1dyvwaong TNG BOUIKNAG OKEPAIOTNTOG TWV KATO-
OKEUWV.

270 TTAQiO10 EKTTOVNONG TNG S1aTPIRAG, AVOTITU-
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XOnKe To OTATIOTIKO TTACiaIo Bayes yia Tnv €mmiAoyn
KAl avayvwpIon HOVTEAWY TTETTEPACUEVWY OTOIXEI-
WV JE BAon TNV TTANPOQYOpIa TTOU TTPOEPXETAI ATTO
TIG METPNOEIG. YAoTToINONnKav £TTioNG G€ AOYIOUIKO
d1a0éoiueg amd TNV BiBAIoypagia  eVOAANAKTIKEG
dlaTtuTTwoelg Tou TTAaigiou Bayes kai peAeTAONKE
N OTTOTEAECHATIKOTATA TOUG. 1B1aiTEPO EVOIAPEPOV
oTtn dloTpIRr TTapouoiddel Kal n avaTTTugn aTroTe-
AEOMOTIKWVY UTTOAOYIOTIKWYV €pyaAgiwv pe PBdon
N MéBodO Bayes, cuutrepIAQUBAVOPEVWY OOU-
MTTTWTIKWV JEBOGBWY Kal aAyopiBuwy OTOXOOTIKAG
TIPOCOHOIWONG, YIA TNV TTOOOTIKOTTOINON Kal TN OI-
axeipion Twv apeRaloTATwyY KATA TOV UTTOAOYIOUO
TWV TTAPANETPWY TOOO TWV YPOAUMIKWY 000 KAl hn
YPOMMIKWY POVTEAWV. ATTO TIG BI0BECIUEG OTOXO-
OTIKEG HEBGOOUG pia aTTd TIG TTIO UTTOOXOUEVEG YIa
TNV TTEPIYPOQPN) TwV ABRERAIOTATWY TWV TTAPANE-
Tpwv givai n p€Bodog Transitional MCMC, n otroia
kal xpnoiyotroménke. H Transitional MCMC civai
YEVIKN KAl €EQAPUOCIKN OE YPAUMIKA Kal JIN-ypou-
MIK& HOVTEAQ. TNV TTEPITITWON TWV PN YPAMMIKWY
MOVTEAWV, €yive yevikeuan Tng BewpnTikAg dl0TU-
TTwong €101 WOTe N PEBodog Bayes va AapBavel
utTTOWn OTI O PETPROEIG gival OI XPOVOIOTOPIES
atréKpIoNG A Ta GACUATA ATTOKPIONG QVTi TWV I101-
OUOPYPIKWY XAPAKTNPIOTIKWY TTOU XPNOIYOTTOIoU-
VIOl OTNV TTEPITITWON TWV YPOUMIKWY HOVTEAWV.
H atroteAeopatikdtnTa TOoUu TTAaIciou Tou Bayes
mMOoTOTToINONKE péoa aTTd TNV EQAPPOYH Tou yia
TNV TTOCOTIKOTTOINON Kal T d1ddoon Twv apepaio-
TATWV O€ PYOVTEAO TTEIPAMPATIKOU OXAMATOG MIKPAG
KAiyakag, Tmou atrotedoloe cuvduaoud ypauul-
KWV PEAWV OTTWG €ival TO TTAQICIO TOU OXNMOTOG
OTTWG ETTIONG KAI N YPAPMIKWV JEAWV OTTWG Eival
0l TPOXOi Kal oI avapTroElg. ApaCTIKN hEiwan oTov
UTTOAOYIOTIKO XPOVO £TITEUXONKE PE TN XPNON ME-
000wV oUVBEONG TWV KOTAOKEUOOTIKWY OUVIOTW-
owv TTou TrapoucidoTtnkav oTtn diaTpIBn autrh. H
MEIWON EQPaPUOOTNKE TTPOKEINEVOU VO HEIWBEI TO
MEYEBOG TOU POVTEAOU TWV YPOUMIKWY PEAWV TOU
oxAuatog. TéAog, pe Paon Tnv aglotmoinon Twv
TTEIPAUATIKWY PETPHOEWY aTTO TIG ETTINEPOUG CU-
VIOTWOEG (OKAPOG Kal avapTroEIg) TOU TTEIPAUO-
TIKOU OXNMOTOG PTTépecav va eEaxBouv xpAoiua
OUUTTEPACUATA OXETIKA PE TN duvaTtoTnTa diaxei-
pIoNG Twv afeBalothTwy oTO OXNUA, WE Bdon Tnv
avayvwplior Toug Kal Tn Babuovounan Toug atrd
ETTINEPOUG OUVIOTWOEG.

Mia 181aiTepa KalvoTopog ueBodoAoyia yia
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TNV TPORAEWn TNG cucowpeuons PBAaBwyY Adyw
KOTTWONG 0€ OAOKANPO TO popéa PETAAAIKWV Ka-
TAOKEUWYV, ME aflotroinon TTANPOPOPIWY aTTo
METPAOEIC TNG TOAAVTWTIKAG TOUG OTTOKPIONG O€
TTEPIOPIOUEVO OpPIBUO BECEWV OTNV KATOOKEUN,
TpoTeiveTal 010 TTAQiclo Tng diatpIBrg authg. H
KOTTWON UTToAOYieTal XPNOIPOTIOIWVTAG TOV Ka-
vova Palmgren-Miner,S-N kKapTTUAeg KOTTWONG Kal
Tov rainflow cycle counting aAyopiBuo. Or uéBodol
AUTEG PTTOPOUV VA EQAPPOOTOUV OE OTTOIODATTO-
TE ONMEIO TNG KATAOKEUAG Kal va dnuIoupyrjocouv
TOV OAOKANPWHEVO XApTn KOTTWonNg OAOKANPNG
TNG KOTAOKEUNG, BEdOPEVOU OTI TO XAPAKTNPIOTIKA
TWV TACEWV (XPOVOIOTOPIEG | PACTHATA ATTOKPI-
ong) eival diabéaiua yia 6Aa Ta onueia. Ta xapao-
KTNEIOTIK& aQuTd Twv TAoEwv TTPOBAETTOVTOI ATTO
£Evav TTEPIOPIOPEVO apIBPO aioBnTrApwVY XpNoIyo-
TTOIWVTOG JOVTENO TTETTEPACUEVWY OTOIXEIWY UYn-
AAG akpiBelag kai didgopeg peBOdOUG TTPORAEYNG,
ouptrepidapBavopévwy Kalman Filter texvikwy,
kriging TTpoceyyicewv kal modal expansion pebo-
Owv. H aTToTEAECUATIKOTNTA TWV TTPOTEIVOUEVWY
peBodOAOYIWV  TTapOUCIAdeTal XPNOIUOTTOIVTAG
TIPOCOHOIWMEVA dEDOUEVA aTTO £va OVTEAO aAu-
0ida¢ padwv kKal eAatnpiwv Kal o1rd 10 POVTEAO
TOU MIKPNG KAIJOKAG OXNMaTOG. To TTPOTEIVOUEVO
TAQiCI0 PTTOPEl va XpnoidoTroinBei yia va KoTa-
OKEUAOEl TOV XAPTN CUYKEVTPWONG BAABNG Adyw
KOTTwOoNG, OTTWG £TTIONG KAl TOU €EVATTOMEIVAVTA
XPOVou (WNAG TWV KATAOKEUWYV, CUPQWVA HE TIG
TIPAYMOTIKEG OUVONKES AEITOUPYIAG TTOU TTOPEXO-
vTal ammé ouoTtnua TrapakoAouBnong. Or xdpTeg
auToi €ival TTOAU onuavTiKoi yia TN BeEATIOTOTTOINON
TOU OXEDIAOUOU EVAVTI KOTTWONG TWV METAANIKWV
KOTOOKEUWY, AauBdavovtag utroyn T afefaio-
TNTEG TTOU UTTEICEPYOVTAI OTn POVTEAOTTOINGN Kal
oTnV TTPORAEYnN KOTTWONG.

Aégeig kKA&1814: Bayesian 1rAaicio, TToooTIKOTIOI-
non apefaloTATWY, HETPACEIS TAOAAVTWONG, Mé-
00050G KATAOGKEUAOTIKWV GUVICTWOWYV, MOVTEAQ
oxAHaTog, delypaTikoi aAyopifpol, TTEIPAPATIKA
oedopéva, didyvwon KOTTwong

TpipeAng ZupBoulAeuTikn ETiTpoTA

KwoTag Mamadnuntpiou, Kabnyntig kai Aicubu-
vTri¢ EpyaoTtnpiou Auvauikrg Zuotnudtwy, TuAua
MnxavoAdywv Mnxavikwy, MavetmoTiuio @cooai-
ag
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Dimitra — Christina Papadioti

Management of uncertainties
in structural response
and reliability simulations
using measured data

Summary

The subject of the PhD thesis is the
development of methods for the modelling and
managementofuncertaintiesinstructuraldynamics
simulations. Emphasis is given on developing the
probabilistic-statistical framework that is used
for (a) quantifying and calibrating uncertainty
models of mechanical systems based on vibration
measurements as well as (b) propagating these
modelling uncertainties in structural dynamics
simulations to achieve updated robust predictions
of system performance, reliability and safety.
Bayesian inference is used for identifying system
and uncertainty models. Bayesian tools include
Laplace methods of asymptotic approximation
and more accurate stochastic simulation
algorithms, such as Transitional Markov Chain
Monte Carlo. The innovative aspect of this thesis
is the use of measurements in order to improve the
mathematical models that simulate the mechanical
system, the excitation and the uncertainties that
arise. Finally, the computational efficiency of the
proposed techniques is demonstrated through
applications (a) in structural health monitoring,
damage identification and updating structural
reliability of civil infrastructure and (b) in predicting
fatigue for metallic structures through a limited
number of acceleration measurements.

In order to perform the analysis and
management of uncertainties for complex
structural models such as large DOF models
involving hundreds of thousands or even million
DOF and models including localized nonlinearities,
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it was necessary to develop smart techniques for
reducing the time consuming operations involved
in Bayesian tools. For this reason, a significant
effort of the research was devoted to investigate
efficient model reduction techniques for reducing
the number of degrees of freedom of the finite
element (FE) model simulating the structural
system. Inthiswork, anovelframeworkis presented
for integrating the Craig-Bampton technique into
existing FE model updating formulations, in order
to reduce the time consuming operations involved
in re-analyses of large-order models of hundreds
of thousands or even millions degrees of freedom.
The division of the structure into components is
guided by the FE parameterization scheme so
that the stiffness matrix that arise for each one
of the introduced components to depend linearly
on only one of the parameters to be estimated.
The methodology proved to be very effective for
the management of uncertainties in the dynamic
structural analysis of large-scale models, since it
led to a significant reduction both of the degrees
of freedom and of the execution time required
for uncertainty quantification and propagation by
three and more orders of magnitude. Through the
implementation of the framework to large-order
models of structures, such as a linear high-fidelity
FE model of bridge and a small-scale experimental
vehicle model with localized nonlinearities, it was
demonstrated that the computational effort was
reduced drastically from several days to a few
minutes, without compromising the accuracy.
Finally, the above techniques are useful for the
development of a framework for management
of uncertainties that appear in structural health
monitoring (SHM).

In the context of this thesis, a Bayesian
framework for model parameter estimation and
class selection, based on vibration measurements,
was developed. Different Bayesian approaches,
presented in relevant literature, were implemented
in software and tested for their accuracy.
Another field of great interest of this thesis was
the development of Bayesian tools, including
asymptotic approximations and stochastic
simulation algorithms for the quantification and
management of uncertainties in parameter
estimation for both linear and nonlinear models.
Among the stochastic simulation algorithms
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available, the Transitional MCMC is one of
the most promising and for this reason it was
chosen to be used. The Transitional MCMC is an
algorithm of general use and can be applied to
both linear and non-linear models. In this case
of this nonlinear model, the Bayesian framework
was extended to cover the case that the
measurements are taken to be either response
time histories or response spectra functions
instead of the modal characteristics that are often
used in case of linear models. The Bayesian
framework was demonstrated by applying it for
uncertainty quantification and propagation on
a small-scale experimental model of a vehicle
consisting of a combination of linear components,
such as the frame of the vehicle, as well as
nonlinear components, such as the wheels and
suspensions. Drastic reduction in computational
effort to manageable levels was achieved using
component mode synthesis techniques that
are presented in the context of this thesis. The
reduction was applied to reduce the model size of
the linear components of the vehicle. Finally, based
on the measured output quantities of interest of
the components of the vehicle frame, interesting
results were concluded about the methodology
that the estimates of the model parameter values
and their uncertainties for each component can be
used to build the model for the combined wheel-
suspension-frame structure.

A novel framework is also proposed for
estimating damage accumulation due to fatigue
in the entire body of metallic structures using
vibration measurements from a limited number
of sensors. Fatigue is estimated using Palmgren-
Miner damage rule, S-N curves, rainflow cycle
counting of the variable amplitude time histories
of the stress components. These methods can be
applied to any point in the structure and construct
the complete fatigue map of the entire structure,
provided that the stress response characteristics
(time histories or PSDs) at all desirable points are
available. These stress response characteristics
are predicted from limited number of vibration
sensors using a high fidelity finite element model
and different prediction methods, including Kalman
filter type techniques, kriging approximations and
modal expansion methods. The effectiveness of
the proposed methods is demonstrated using
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simulated data from a chain-like spring-mass
model and a small-scale model of a vehicle
structure. The proposed framework can be used
to construct fatigue damage accumulation and
lifetime prediction maps consistent with the actual
operational conditions provided by a monitoring
system. These maps are useful for designing
optimal fatigue-based maintenance strategies
for metallic structures taking into account all
uncertainties in modelling and fatigue predictions.

Key words: Bayesian inference, uncertainty
quantification, vibrations measurements,
component mode synthesis, vehicle models,
sampling algorithms, fatigue monitoring
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TAwpartog Eidikeuong ammd 1o TuAua MnxavoAdywv
Mnxavikwv Tou MavemoTtnuiou @ecoaliag, pe TiTAo
“Zuyxpoveg MéBodol AvaAuaong kal Zxediaouou oTn
Bilopnxavia”, ye €1dikeuon atov Topéa Mnxavikr, YAI-
K& kal Katepyaaieg, ye Babud 9.23.

A6 10 2011, &ekivnoe TNV ekmTévnon O160KTO-
pIKAG dIaTPIBAG, N oTToia XpnuaTodoTABNKE atrd TO
TTPOYPAUUA AIBOKTOPIKWY YTTOTPOPIWV “HPAKAEITOG
II”, ye TiTAO “Alaxeipion Twv ABeBaiotATwy o€ Mpo-
oopoiwaoelg ATTOKpIong Kal AgloTTioTiag KataoKeuwy
AtloTroiwvtag Agdopéva Metpoewv”, oto Tunua
MnxavoAdywv Mnxavikwv Tou lMavemoTiuiou O¢o-
oahiag, pe emBAETovVTa KaBNynTr Tov K. KwaoTta MNo-
TTadnunTpiou.

A6 10 2009, gival péAog Tou Texvikou ETTipyeAn-
Tnpiou EANGBOG kal HEAOG TNG €PEUVNTIKAG OudGdag
Tou Epyaotnpiou Auvauikig uotnudTtwyv Tou Tun-
paTog MnxavoAdywv Mnxavikwy Tou lNMavemoTnuiou
Oeooaliag.

Ta epeuvnTIKG evOIOQEPOVTA TNG €0TIAJOUV OTNV
avayvwpIion IBIOPOPQPIKWY  XOPAKTNPIOTIKWY UTTO
OEIoUIKEG Kal TTEPIBAAAOVTIKEG BIEYEPTEIG, TNV AVO-
Bewpnon kal avaBaduion YOVTEAWV PE TTETTEPACUE-
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va gToIxEia, aTnv avaTtTuén pebddwv didyvwaong TG
OOUIKNG aKEPAIOTNTAG TWV KATACKEUWY, OTNV ava-
TTUEN HEBOdWV povTeAoTToiNONG KaI dlaxeipiong Twv
apeBaiothTwy, otn dladikagia TG TTPOCOUOIWoNG
KOTAOKEUWY KAl OTNV QVATITUEN PaBnuaTikwy [o-
VTEAWV TTEPIYPOQNG TWV aBeRalothTwy pe Bdon Tn
oTaTIoOTIK) peBodoloyia Bayes.

TéAog, n K. MatmadiwTn CuupETEiXE O UTTORON-
Bnon didackaAiag oto Tunua MnxavoAdywv Mnxo-
VIKWV Tou lMNavemmoTtnuiou ©gooaliag ota pabiuara
Mpoypapuatiopudg H/Y kai Auvapikr, amd 1o 2011
£€wg kal o 2014.
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AyAdia — Euyevia NMoupvapa

AopIKA aKEPAIOTNTA AYWYWV
udpoyovavepdkwv
ME TOTTIKEG TTOPAOPPWOEIG
TOIXWHATOG

O1 TOTTIKEG TTOPAUOPPUICEIG OTA TOIXWHATA TWV
AYWYWYV, HOPPAS UBWOEWYV i EYKOATTWHUATWY, GUVI-
oToUV aTTEIAn yia TN SOMIKA AKEPAIOTNTA Kal TN A€l-
Toupyia VEwV SIKTUWY aywywyv PJETOPOPAS EVEPYEIQG
(TreTP€AaIO, QUOIKO O€PIO KTA), GAAG KOl aQywywv
TTOU UTTOPEI VO XPNOIYOTTOIoUVTal €W KAl APKETEG
oekaetieg. O €Aeyxog kai n diatpnon evog agioTi-
oTou €MITTESOU AEITOUPYIOG TWV AYWYWV TTOU £XOUV
UTTOOTEI TOTTIKEG TTAPANOPPWOEIS OTO TOIXWUA TOUG
EXEl ATTOTEAECEI TNUAVTIKO KivNTPO APKETWV OEIONO-
YWV EPEUVWIV TTOU £XOUV EVOWNOTWOEI 0€ 1I0XU0VTEG
Kavoviopoug Kal TTPOTUTIa.

EykoATrwpara ptmopei va TPokAnBouv Kupiwg
ammd eEWTEPIKOUG TTAPAYOVTEG, AOYW XTUTTNHATWY
atrd OKaTITIKA epyaAcia (yia UTTOYEIOUG/UTTEPYEIOUG
aywyoug) i a1rd aykupeg TTAoiwy (yia uttoBaAdool-
0OUG aywyouUg KTA) OTO TOiXWHO €vOG aywyou, evw
uBwoeig pTTopei va TTpokAnBouv katd Tn dIdpKeIa v
WUXPW KAUWNGS KaTd TNV TOTToB£TNON £voG aywyou A
OIOQYOPIKNAG Kivnong Tou €8GQPOUG O€ TTEPIOXES UWn-
AoU yewAoyikou Kivouvou (Eikéva 1) KTA.

‘Exel TapaTtnenBei OTI o€ TTEPITITWON EYKOATTW-
MaTOG ) UBWONG, 0 AywyOg UTTOPEI va cuveyioel va
AeIToupyei IKavoTroINTIKA, UTTO TV TTpoUTTdBeon Ot
TO UAIKG €u@avilel ETTAPKI OAKINOTNTA Kal OEV E€XOUV
TTAPOUCIACTEI ETTIPAVEIOKEG PWYHES. QOTOCO, N TrE-
pioxn TNG UPWONG f TOU EYKOATTWHOTOG CUVOEETAI E
ONMAVTIKEG CUYKEVTPWOEIG TTAPAUOPPWOEWY KAl OE
TTEPITITWAON ETTAVAAAUBAVOUEVWY POPTICEWV UTTOPET
va avaTrTuxBouv pwyHEG Kal KAT ETTEKTACT VA ETTEA-
B¢l aoToXia aTTO KOTTWON.

(@)

Eikova 1: lNapadeiyuara cwAnvwv pe 1ormikés BAGBES (a) eykoAmwpuara ue pwyués kai (B) uBwaeis

IYETIKG ME TNV TIEPITTITWON TWV AYWYWV ME
EYKOATTWUATA, Ol TTEPICOOTEPOI OTTO TOUG OIEBVEIG
KWOIKEG avaA@EPOVTAl OTA KPITAPIA ATTOBOXNG EYKOA-
TTWHATWY, aAAG Kal oTAV AvToxXK TWV aywywyv Adyw
KOTTWONG UTTO KUKAIKA €0WTEPIKY TTIECN, CUUTTEPI-
AapBavovTag 1o evdexopevo NG dIdRpwaong.

ATTO TNV GAAN TTAEUPA, UTTAPXOUV TTEPIOPICUEVES
TTANPOYOPIES VIO TNV ATTOPEVOUCO AVTOXH TWV ayw-
YWV TTOU £XOUV UTTOOTEI UBWOEIS OTO TOIXWUA TOUG.
ETriong, eAdxioTeG TTANPOQOPIEG UTTAPYXOUV OXETIKA
ME TNV ATTOPEVOUCO QVTOXH aywywyv, YE BIAPOPES
MOPQEG TOTTIKWYV TTAPANOPPWOEWY UTTO KABEOTWG
KUKAIKNAG KAUWNG Kal T KPITAPIA yIa TOV TTPOadIo-
PICKO TNG aTTOO0XNAS TWV UBWOEWY O TWANVEG deV
€XOUV OKOMO BIEUKPIVIOTEI.

H €épeuva autrh atmoTeAsiTal ammd PIKPNAG KAl JeE-
YAANG KAipgokag TTeipdpara, Tou UTtooTnpiovTal atmo
QVOAUTIKEG TTPOCOMOIWOEIG KAl €XEI OKOTTO va Ole-
peuvnaoel TN doMIKA akePaIOTNTA CWARVWY uUdpPOoyo-
VaVOPAKWYV JE TOTTIKEG TTOPANOPPWOEIG TOIXWHATOG.
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B)

2€ TTPWTO OTAdIO, 01 IBIGTNTEG TOU UAIKOU TOU X4-
AuBa (katnyopiag X52) éxouv KaBopIioTei EKTEAWVTAG
TéooEpa (4) TTEIpAPOTO EQEAKUGHOU O€ SOKidIo Aw-
pidwv Ta oTToia £XOUV KOTTEI KATA UKOG £VOG OWAN-
va TTapopolou UAIKOU. MapdAAnAa, apketd KUKAIKG
eipdpara oc dokiyia Awpidwv deiEAxBnoav woTe
va SIoUoPPWOEi N KAPMTTUAN KOTTWONG KAl VA TTPOC-
OIoPIOTEI N KUKAIKA CUUTTEPIQPOPG TOU UAIKOU X52.
AUTEG 01 OOKIPEG OAOKANPWONKAV OTIG EYKATAOTACEIG
Tou MavetmioTnuiou Tou MNopTo atnv NMNopTtoyaAia.

‘Ooov agopd TNV KUpla TTeIpapaTikn diadikaoia,
Mia ogipd atmd dekaokTw (18) meipduata peyaAng
KAipakag o€ dokipia cwAfvwy X52 6-iviowv (API 5l,
2004) £xel TpaypaToTToinBei, é1rou Ta dOKiIa, apou
€XOUV TTPWTA UTTOOTEI EYKOATTWUATA/UBWOEIG, UTTO-
BaAAovTal o€ KUKAIKF @OpTIoN (KAUWN A TTiean), Tpo-
KEIMEVOU va EKTINNOET N atropévouoa avToxr| TOUG Kal
N UTTOAEITTOpEVN BIGPKEIR (WG TOUG.

Mpiv &ekiviioer n TTEIpapaTikr diadikaacia, Kata-
ypAa®NKav ol TIUEG TOU TTAXOUG TwV OEIYUATWY O€



TuApa MnxavoAdywv Mnxavikwy - Department of Mechanical Engineering

d1dopa anueia KaTd PUAKOG TwV CWARVWY Kal KaTd
TNV TTEPIPEPEIA TOUG, JETW UTTEPNXNTIKIG CUCKEUNG.
EmimmAéov, 6pyava HETPNONG TV TTAPAUOPPUICEWY,
TOTTOBETABNKAV O€ KPioIUEG BECEIS TOU TOIXWHUATOG
TWV CWAAVWY YIa TV KATAYPOPr TwV TTOPANOPPU-
OEwV Katd Tn OIAPKEIQ TNG dnUIoUPYIaG TOU EYKOA-
TTWHATOG A TNG UBWONG Kal TNG KUKAIKAG @OpTIONG
€KTOG TNG KUKAIKNAG TTiEONG.

Katd tn diadikaoia Twv TEIPAPATWY, dnuUIoupyn-
Bnke, apyIikd, aTnV TTPWTN OMAdA JOKIUiWY, TOTTIKA
BAABN HOPPNG EYKOATIWHATOG HE TN XPon HIog €l-
OIKAG METOAAIKNG didTagng (Eikova 2a) kal 0Tn ouvé-
XEla Ta dokipia utTToBAABNKav o€ KUKAIKY kauwn (Ei-

KOva 3a) ] ECWTEPIKA KUKAIKA Kal JOVOTOVIKA TTiEON
(Eikéva 4a) péxpl TNV acTtoyia. Z1n deUTEPN OPAdA
OWAARVWYV dnuIoupynBnKe, apxIkd, TOTTIKA UBwan OI-
aQOpwWV PeyEBWVY PHEGW POVOTOVIKNG KAUWNG TECOG-
pwv onueiwv (Eikéva 2[3) kal aTn cuvexela UTTORAN-
Onkav o KUKAIKA kapyn (Eikova 3B) r o€ KUKAIKA
Kal povotovikn Tieon (Eikéva 4B). Ztnv mepimTwan
TNG KUKAIKNG KAPWNG, dloxeTelTnkKe aépag ¢wg 0,1
bar o100 eowTeEPIKG TWv dOKIPiWV TIPIV TNV €vapén
ETTIBOANG TOU KUKAIKOU QOPTiOU, JE OKOTTO TOV EVTO-
TOPO B1apPOAG TOU AEPA aTTO TO EOWTEPIKS TOU SO~
KIMiou TTou KaT ETTEKTOCN onuaivel kai Tn &1adoon Kal
QAVATITUEN PWYHWVY AOYW KOTTWONG.

(@)

B)

Eixova 2: (a) H popen tou eykoAmwuarog kai (8) n un-CUUNETPIKA Hop@n UBwaong ara doKiuia owAnvwyv

(a)
Eixova 3: H teAikn pwyur Abyw KOTTwong otnv mePImTwan (a) Tou EyKOATTWUATOS
Kai (B) TNS UBwonNS UTd KUKAIKN KGuwn

(B)
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(a)

AkoAoUBwWG, dlIapopPwWONKAV Ol KAUTTUAEG TAOE-
WV-TTAPAPOPPWOEWV KAl Ol KAUTTUAEG PETATOTTIONG
QopTiou aTd TNV €TECEPYOTia TWV TTEIPANATIKWV
aTrOTEAEOPATWY. EKTOG a11d TOUG KUKAOUG OPTIONG,
€XOuV Kataypa@ei n dnuioupyia kal n diadoon Twv
PWYHWV OTNV ETTIGAVEIQ TOU TOIXWHATOG TwV OOKI-
Miwv katd mn d1dpKela TG KUKAIKAG Kapwng. To o
ONMAVTIKO aTT® TNV €TTECEPYATia TWV OTTOTEAETUA-
TWV €ival 0 UTTOAOYIOPOG TNG MEYIOTNG METABOANG
TNG TOTTIKAG TTAPAUOPPWAONG OTNV KPICIUN TTEPIOX
TOU €YKOATTWMATOG Kal TNG UBwaONG aAAd Kal o UTro-
AOYIOPOG TWV OUVTEAECOTWV OUYKEVTPWONG TWV
TOTTIKWV TrapapopPwoewv. Kard tn didpkeia tng
EQPAPUOYAG TNG ECWTEPIKNG TTIEONG, KATAYPAPNKAV
o1 TEAIKOI KUKAOI @OPTIONG Kal n avToxr o€ didppnén,
EVW N KATAYPA®H TWV TIHWV TWV TTAPAPOPPUOEWY
aAAG Kal TNG AvATITUENG TWV PWYHWY eV PTTOPOU-
oav va uttooTnpixBouv AOyw Twv Ouvlnkwv Tou
TeIpauaTog. Etiong, 10 01dd10 TNG avAaTTTUENG TNG
UBwWONG Kal ToU EYKOATTWHOTOG KABWG KAl TO KOUUATI

(B)

Eixova 4: (a) Aigppnén AGyw LIOVOTOVIKNAS TTIECNS T€ OOKIUIO LUE EYKOATTWLA Kai

(B) diappor Abyw dnuioupyiag pwyuns KOTTwong o€ OOKiuIo
UE UBwaon utré KUKAIKI) ECWTEPIKN TTiEDN.

TNG KUKAIKNAG KApwng éAafe xwpa oto Epyaothpio
2KUpodEuaTog Tou Tunuatog MoAimkwy Mnxavikwy,
EVW N KUKAIKA TTiEON €QapuOOTNKE OTA EPyACTpIa
NG EBETAM.

EmmpooBETwg, MOVTEAQ TTETTEPACHEVWYV OTOI-
XEiwv £xouv avatrtuxOei, Je TN xprion Tou AoyICI-
koU ABAQUS, yia Tnv TTpocouoiwan TnG TTEIpapaTi-
KA Oladikagiag yia kabe TUTTO TTAPANOPPWONG Kal
TepITTTwon eoépTiong (Eikéva 5). MapdAAnAa, yia Tnv
TEPIYPAPR TwV IBIOTATWY TOU UAIKOU, éva 18100U0T0-
TO PJOVTEAO UAIKOU avaTmrTUXOnKe Kol EQAPUOCTNKE
MéOow pIog uttopouTivag pe Bdon Tn HEB0BO OAOKAR-
pwong «Euler-backward», mTapéxoviag a€loToTES
TTPORAEWEIG KUKAIKAG OTTOKPIONG.

H didpkeia {wAG o€ KOTTWON €KTIUABNKE IKA-
VOTIOINTIKA, O€ OXEON ME TA TTEIPAPOTIKO OTTOTEAE-
opoTa, MEOW HiOaG TTPOTEIVOUEVNG MAKPOOKOTTIKAG
TTPOOoEYYIOTIKAG peBodoloyiag, ouvdudldovTag Ta

QATTOTEAECUOTA TWV TTETTEPACUEVWYV CGTOIXEIWV PE TNV
KOQUTTUAN KOTTWONG TOU UAIKOU.

(@)

(B)

Eixova 5: (a) Karavoun twv tdoswv VonMises otnv mepioxn tnS UBwang Kai
(B) karavoun Twv aoviKWV TTApaUopPWOEWY OTNV TTEPIOXH TOU EYKOATTWLATOS
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EmmmpocbEéTwg, pia ocipd TTEIPaUdTWwyY HIKPAG
KAiJOKOG TTpayUATOTTIOINONKE WOTE va dlgpeuvnBEei
AETITOPEPWG N OTTOKPION TOU UAIKOU TwV GWANVWYV
o€ KOTTWOoN oTnV Kpioiun Trepioxr TG BAARNG. Autd
EMTEUXONKE PE TNV ETTIAOYA MiGG AEOVIGUUMETPIKAG
TOTTIKAG TTPOCEYYIONG TOU PAIVOUEVOU TNG dnuioup-
yiag TOTTIKAG TTOPANOPPWONG Kal TNG TTEPAITEPW
KUKAIKAG KATATTOVNONG TNG KPioIung trepioxns. ‘ETol
KOTTNKAV dIauNKeEIS Awpideg cwAnva (urkoug 30cm
Kal TTAdToug 4cm) ammd UNIKO owArva X52, 6tTou n
KGBe pia, BewpnTiKdG, dIaTTEPVA £YKAPTIA KAl KEVTPI-
K& TOV KUPIO GEova evOG EYKOATTWOPATOG 1 Yiog opa-
AAG UBwaong.

‘ET01, O AWpPIdEG KAUTITOVTAI HOVOTOVIKA (KAPWN
TpIWV (3) onueiwv) o€ ywvieg €wg 90° i 120°, TTpo-
OOMOIWVOVTAG TN dNMIoUpYia UBWONG i EYKOATTWO-
TOG O€ TOiXWHA CWAAVA Kal 0T CUVEXEID UTTORAANO-
VTQI € KUKAIKA KaTtakopuen @opTion (Eikéva 6a), o€
avTIoTOIXiO ME TNV KUKAIKA @QOPTION oTa TrelpduaTa
MEYAANG KAigakag.O1l KOUTTUAEG QOPTIOU-PETATOTTI-
ong éxouv dnuioupynBei (Eikdva 6B) Kal o1 TOTTIKEG
TTOPAPOPPUICEIG EXOUV KATAYPAQEI OTNV E0WTEPI-
KA Kal €EWTEPIKN OYn OTN ywvia TNG KAUTITWUEVNG
Awpidag. Ta atmmoTeAéopaTa QUTWY TWV TTEIPAPATWV
€XOUV OUYKPIOEl PE TO AVTIOTOIXA TWV TTEIPANATWY
MEYAANG KAipaKag.

|

— ——522 Au=10mm 10 Cycles
——522 Au=10mm 300-310 Cycles
|- ——522 Au=10mm 564-584 Cycles 4
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Eikova 6: (a) H diaraén twv meipaudrwyv uikpng kKAiyakag
Kai (B) d1aypauua @opriou LeTaromaong utro Tnv emBoAn KUKAIKNS @OpTIoNS

(@)

Eikova 7: (a) Movorovikn kKGuwn 1piwv onueiwv kai (8) KUKAIK @OpTIon Tou ovTéAou TN Awpidag

(B)
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EmmAéov, pn-ypappiknl avadAuon TTETTEPOCE-
VWV oToIxEiwv £xel die€axBei yia TNV TTpocopoiwaon
TNG MOVOTOVIKAG KAUWNGS KAl TNG KUKAIKNAG @OPTIONG
Twv Awpidwv (Eikéva 7). MovtéAa TTAaCTIKOTATAG
J2- flow theory (von Mises) pe I0OTPOTTIKN, YPOAUUIKD
KAl [N YPOUMIKA KIVAUOTIKA KPATUVON £XOUV £Qap-
pooTei. Ta ammoTeAéoUATA TWV AVOAUCEWY €XOUV GU-
YKPIBE JE Ta TTEIPAPATIKA YO KAPTTUAEG QOPTiOU-pE-
TATOTNIONG KAl VIO TIG PEYIOTEG UETOBOAEG TOTTIKWV
TTAPAUOPPUWOEWY YIa TOUG TTPWTOUG KUKAOUG (pOp-
TIoNG.

2UPQWVa PE TOV ApXIKO OTOXO TNG £PEUVAG AU-
TAG, Ta TTEIPANATIKA Kal apiBunTIKG atroTeAéopara
XPNoIgoTToIenkav yia Tnv avarTugn aglomoTwy Pe-
Bodoloyiwv 01 0TToiEG TTOPOUV VA XPNOIUOTToINBoUV
yla Tov €AeyXo, TNV a&IoAGynan Kai Tnv €TTIOKEUN
AYWYWV TTOU €XOUV UTTOOTEI TOTTIKEG TTAPANOPPW-
O€IG HOPPNG EYKOATTWHOTOG 1} UBwaNG.

Aégeig KA&1d1d: UBwWoON, EYKOATTWHA, TOTTIKEG
TTAPANOPPWOEIS, METAAAIKOI aywyoi udpoyovav-
0pdKkwyv, QUOIKO aéplo, TTETPEAAIO, BOMIKK OKE-
pa1dTnNTa, £AEYyXOG, agloAdynon, didpkela {wWNAG,
meipdpara, dokiyia, Awpideg, OUVTEAEOTAG OU-
YKEVTPWONG TTAPAUOPPWOEWY, HOVTEAD TTETTE-
POOMEVWYV OTOIXEIWV, KUKAIK KAPWN, KUKAIKA
mieon, pwypn, aocToxia,KoTTWOon, diappon, didp-
PNn&n, BAARN, uAik6 X52
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Aglaia Evgenia Pournara

Structural integrity of steel
hydrocarbon pipelines with local
wall distortions

Summary

Local distortions on pipeline wall in the form
of dents or buckles may constitute a threat for
the structural integrity of oil and gas transmission
pipeline systems. Evaluating the severity of pipe
wall distortions constitutes a crucial step towards
safeguarding the structural integrity of aging
hydrocarbon pipeline infrastructure. For numerous
pipeline systems that have been in service for more
than four decades, monitoring and maintaining
a reliable level of their operational condition has
motivated significant amount of research, which is
reflected in relevant standards and guidelines.

Dents could be developed on a pipe wall,
mainly, by external interference due to excavating
tools (for onshore/ buried pipelines) or by anchor
damping (for offshore pipelines) etc., while buckles
may be produced during field cold bending of pipes
or permanent ground motion in geohazard areas
(Figure 1) etc.

Inthe eventof pipe wall dentorbuckle, the pipeline
may appear to fulfill its transportation function,
provided that the steel material is adequately ductile
and no cracks occur. However, the damaged area
is associated with significant strain concentrations
and, in the case of repeated loading cracks may
develop, leading to fatigue failure.

(@)

Figure 1: Examples of damage on pipelines; (a) dents with gouges and (b) buckles
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Most of the international pipeline codes usually
refer to the case of dented (gouged or non-gouged)
pipelines; the dent severity and the fatigue life
estimation under internal pressure variations and
corrosion.

On the other hand, limited information is currently
available for the structural capacity of buckled
pipelines, especially under cyclic bending loadings
caused by temperature variations or permafrost
actions. Furthermore, the criteria to determine local
buckle severity have not yet been clarified.

In this work, experimental research, consisting
of small-scale and full-scale tests, supported by
numerical simulation, has been conducted to
investigate the structural integrity of buckled and
dented steel pipes.

At first, material properties of X52 steel have
been obtained performing four (4) tensile tests on
strip specimens extracted from X52 pipe material,
along the longitudinal direction of the pipe. These
tests have been performed in the facilities of the
University of Porto.

At the same time, several cyclic coupon tests
on strips were performed, in order to obtain the
fatigue curve and determine the cyclic response of
the material X52.

As far as the main experimental investigation
is concerned, a series of eighteen (18) full-scale
experiments on 6-inch (APl 51, 2004) have been
performed. The specimens have been, at first
buckled or dented up to certain level and then cyclic
bending and pressure has been applied until fatigue
failure.

Prior to testing, the thickness values of the

specimens have been recorded via an ultrasonic
device at several points around the circumference
of the piped and along their length. Moreover, strain
gauges have been implemented in critical locations
during both loading stages; the first stage of denting/
buckling and the stage of cyclic loading, excluding
the pressure tests.

Initially, one group of specimens have been
dented with the use of a steel wedge tool (Figure
2a) and subsequently subjected to cyclic bending
(Figure 3a) or internal cyclic and burst pressure
(Figure 4a). Whereas the other group of specimens
have been buckled via four-point-bending conditions
(Figure 2b) and then subjected to cyclic bending
(Figure 3b) or monotonic and cyclic pressure (Figure
4b). In the case of cyclic bending procedure, internal
gas pressure was applied, before testing, up to 0.1
bar, in order to detect leakage due to fatigue failure.

Subsequently, stress-strain and load
displacement curves have been obtained from
the processing of the experimental results. Except
from the life cycles, crack development and crack
propagation was captured and recorded during cyclic
bending. Most importantly, after further elaboration
of the experimental results, maximum local strain
variations (Ae__ ) and strain concentration factors
have been calculated throughout the application
of cyclic bending. During pressure application,
the fatigue life or burst strength was obtained
while strain values could not be recorded. The
experimental procedure related to the stage of
dent/buckle development and the cyclic four-point
bending has taken place at the laboratory of Civil
Engineering Department while the cyclic pressure

(a)
Figure 2: (a) Detail of dented region and (b) the non-symmetric buckle
developed on the pipe specimens

(b)
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(@)

(b)

Figure 3: The final fatigue crack (a) on the dent and (b) on the buckle region under cyclic bending

(a)
Figure 4: (a) Rupture of dented specimen due to monotonic pressure and (b) leakage
on buckled specimen due to fatigue cracking under cyclic internal pressure

was applied in the EBETAM laboratories.

Furthermore, finite element models were
developed, using the ABAQUS tool, in order to
simulate the experimental procedure for each type
of deformation and loading case (Figure 5).For the
description of the material properties, an appropriate
constitutive material model has been implemented
through a material-user subroutine that employs
an Euler-backward integration method, providing
reliable cyclic response predictions.

174

(b)

The fatigue life is predicted and compared well
with the experimental results using a macroscopic
approximate methodology which combines the finite
element results and the fatigue curve of the material.

Additionally, a series of small experiments
has been performed to investigate thoroughly the
response of the pipe material in the critical area of
damage under cyclic loading. This was achieved
by selecting an axisymmetric local approach in
order to simulate the phenomenon of dent/buckle
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(@)

(b)

Figure 5: Distribution of (a) Von Mises stress on the buckle region
and (b) axial (longitudinal) strain around the dent region

development and the further application of cyclic
loading in the critical region. Therefore, longitudinal
strips were extracted (30cm- long and 4cm-wide)
from the pipe material X52, where each strip is
assumed to lay along the pipe axis transversely to
the main axis of a dent or a smooth buckle.
Following the full-scale testing, the strips have
been bent monotonically (under three (3) point-
bending conditions) up to 90 ° or 120 °, simulating
the creation of a dent or a smooth buckle on the pipe
wall and then subjected to cyclic vertical loading
(Figure 6a), in correspondence with the full-scale
pipes undercyclic bending. The load-displacement
curves have been created (Figure 6b) and local
deformations have been recorded in the inner and
outer face on the crest of the bent strip. The results
of these tests have been well compared with the

ones obtained from the full-scale experiments.

Moreover, non linear finite element tools have
been employed to perform simulations on the
monotonic bending and the lateral cyclic loading of
the strips (Figure 7). The J, (von Mises) plasticity
models with isotropic, linear and non-linear kinematic
hardening have been employed. The results on the
bent model-strips have been compared with the
experimental ones in terms of load-displacement
curves and the maximum strain ranges during the
first loading cycles.

According to the initial objective of this research,
the experimental and numerical results have been
used to develop reliable methodologies that can
be used for the monitoring, the assessment or the
repair of dented/buckled pipelines.

Load (kN)

‘ | ‘ )
I— ——522 Au=10mm 10 Cycles & =
——522 Au=10mm 300-310Cycles /
|- ——522 Au=10mm 564-584 Cycles 4 /

\

fS

&

Stroke Displacement (mm)

Figure 6: (a) The test set-up and (b) load vs stroke curves under cyclic loading
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(@)

Figure 7: (a) Monotonic three —point bending and (b) cyclic loading of the model strip

Key words: dents, buckles, local distortions,
hydrocarbon steel pipelines, oil, gas,structural
integrity, assessment, fatigue life, fatigue curve,
local strain variations, strain concentration factor,
experiments, specimens, strips, finite element
models, cyclic bending, cyclic pressure, cracks,

leakage, burst strength, damage, material X52
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Zovtopo Bioypagiké

H AyAdia -Euyevia MNMoupvdpa cival MNMoAITikdg
Mnxavikdg. evvriBnke oTmig 15 NoepBpiou Tou 1985
oT0 BoAo. Z1moudace oto Turua MoAimikwyv Mnxavikwyv
Tou lMavemmoTnuiou Osocaliog (ZemrréuBpiog 2003 -
louAIoG 2008), a1r’ 61ToU  TTAPE TO lNTUXIO TNG PE BaBPO
8.0/ 10. H dirrAwpaTikA TNG epyacia he TITAO «Ocwpia
MAakwv pe EAaoTikOTATO BaBpidag» ocuvtaxBnke utrd
v €TiRAewn TOU KABNYNTH AvTWviou MavvakoTTou-
Aou. ZTn ouvéxela, TTapakoAouBnoe 1o MeTATTTUXIOKO
Mpoéypappa Zmmoudwyv Tou Tunuatog MnxavoAdywv
Mnxavikwyv Tou lMavemoTtnuiou @ecoaliag (ZeTTéU-
Bpiog 2008 - Mdaprtiog 2011) . H exttdvnon TNG PETO-
TITUXIOKNG TNG €pyaciag pe Bépa “ Aopikry AKEpaidTn-
Ta ZWANVWTWY MeAwv YwnAng Avtoxng uttd Aovikn
OAiyn ka1 Zuvduacopuévn PopTiIon- ZUykplon Pe loyxuo-
v1eg Kavoviopoug», TTpayUaToTToINONKE UTTO TNV €TTi-
BAewn Tou KaBnyntr Zmmupou.A. Kapapdvou.

Epyd&oTtnke mmévw oTn dIOAKTOPIKNA TNG dIaTPIRNA PE
TiTAO “Aopikh AkepaldoTnTa Aywywyv Ydpoyovavopd-
Kwv pe Totmkég Mapapoppwoelg ToIXWHUATOS”, OTO
TuAua MnxavoAdywv Mnxavikwy Tou lMNMavermoTnuiou
Oegocoaliag, uTtd TNV eTTiBAEWN Tou KABNYNTH ZTTUPOU
A. Kapapdvou . H ekttévnon 1ng dI8AKTOPIKAG TNG dla-
TPIBAG XpNHaTOod0TABNKE aTTO TO TTPOYPAUMA BIBAKTO-
PIKWYV UTTOTPOPIWV «HPAKAEITOG |1».

MapdAAnAa pe TIG OTTOUBEG TNG, €XEI EPYOAOTEI OE
OIGPOoPa  EUPWTTAIKA E€PEUVNTIKA TTPOYPAUMATA KAl
OUUMETAOXEI O€ ETTIOTNMOVIKA OuveEdpIa o€ EupwTtn
kal Apepikr. To emoTnPoVIKS TNG GpOpo HE TITAO «Ao-
MK AkepaidTnTa MeTaAAIKWV Aywywv Ydpoyovav-
Bpdkwv pe TotmikEG MNapapopewoelg ToiXwPaTog” TTou
OXETICETAI PE TO AVTIKEIUEVO TNG dIATPIRAG TNG, OSNUOCI-
euTnke o1o 100 AIgBVEG ZuvéEdpio Aywywyv (KaAykapil,
Kavaddg) kai eTAEXBNKE avAapeca oTa 7 KaAUTepa Ap-
Bpa TTou TTapouUCIAcTNKAV aTTO GUVESPOUG SIOAKTOPI-
KOUG QOITNTEG.
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Avdpéag TCapTlng

Mpo6RAewn e§€AIENG pwypng KOTTWONG
TUTTOU Bpavong | oe cuykOAAnon TPIRAS
ME avadeuon KpauaTog aAouyiviou

MepiAnyn

A6 TN dekaeTia Tou 70, 0 oxedlaoudg e avoxh
otn BAGRBN xpnoiyoTroieital eupuTtata oTn BlouNXo-
via, €18IKOTEPA OTOV TOPEQ OEPOUETAPOPWY, YIA TN
onpioupyia ‘eAappwyv’ katacokeuwv. PiAocogia au-
TOU TOu TUTTOU OXEDIAOMOU €ival OTI O€ £€Va KATAOKEU-
aoTIKO oToIXEIO emmITPETETAI N UTTAPEN BAGPRNG KaTd
TN A&IToupyia Tou, apKei authi va pnv odnynoel o€
aoToyia PEXPI TOV ETTOUEVO EAEYXO TNG KATOOKEUNG.
MNa 10 Adyo auTd, TTPWTAPXIKO POAO GTN XPron Tou
oxedlaouou Pe avox otn BAGRN €xel n karavonon

Today

Differential Structures

Coat)

Riveted

STRINGER PROFILE

VARNISH (Primer and Top

EDGE SEALING
SURFACE SEALING

SKIN SHEET

Kal N TTPORAEYN TNG CUUTTEPIPOPAS TNG KATAOKEUNG
TTou TTEPIEXEI BAGRN KaTd TN dIdpKEIa AsiIToupyiag TnG.

2TNV AEPOVAUTTINYIKH, Ol CUVOECEIG TV OOUIKWYV
MEPWYV TOU QAEPOOKAPOUG TTPAYMATOTTOIOUVTAl HE
xpnon NAwv. Ta TeAeuTtaia Xpdvia n auénuévn artrai-
TNON yIa PEIWON Tou AEITOUPYIKOU KOOTOUG KOl TOU
KOOTOUG TTapaywyng,EXouv odnyrnoel otnv avalhtn-
on VEWV TEXVOAOYIKWV AUCEWYV PE OTOXO TNV AVTIKO-
TAOTOON TWV NAWTWY OUVOECEWY Kal TN dnuioupyia
eviaiwv dopIkwyv oToixeiwv. Mia atrd TIg AUCEIG TTPOG
auTr TNV KaTelBuvaon gival n epapuoyn TTPoNYUEVWYV
TEXVOAOYIWV OUYKOAANGNG 0 OOUIKA PEPN TOU AEPO-
OKAQOUG T600 OE OTPATIWTIKA 000 KAl G€ TTONITIKA
agpookaen (Zxnua 1). H xprion cuykoAARoswv o€
ouvduaaouod PE TN XPNoN KPAPATWY aAOUMIVioU uyn-
AAG avToxng, e augnuévn avroxn otnv €CEAIEN BAG-
Bng, utropei va ouvelo@épel onuavTikd aTn dnuIoup-
yia eAa@pOTEPWYV Kal XaUNASTEPOU KOOTOUG SOUIKWV
MEPWYV TOU OEPOTKAPOUG.

Frame

Stringer

Tomorrow
Integral Fuselage Design

Welded
(T-joint, Sheet/Stringer)

Extruded

/
T-joint
(Stringer/Sheet)

Bu;t' joint
(Sheet/Sheet)

Zxnua 1. 20vdeon eAacuarwy ue NAOUS CUYKPITIKG L€ QVTIOTOIXN GUYKOAANTH évwan

2TIG OUYKOAANTEG KATOOKEUEG, N UTTOPEN aTe-
A€V, avouoIOuoPPNG UIKPODOWNG KAl TTOPAUEVOU-
OWV TACEWV TTOU TTPOKUTITOUV KaTtd Tn diadikaacia
TNG OUYKOAANGNG, €TTNPEACOUV GNUAVTIKA TNV €&E-
ANIEN pWYHAG KOTTWONG Katd Tn @OpTIon AsiToupyiag
TOU AEPOOKAPOUG. AUTO gival éva Kpiolgo TTpoBAnua
TTOU TTPETTEl va AngBei uttéwn Katd 10 OXESIAOUO.
Tautoypova, N avdamTuén avaAuTIKWV POVTEAWV Yia

TNV TTPORAswWn €EENIENG PWYMUAS O OUYKOAANTEG
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KOTOOKEUEG QTTQITE] TTPOCEKTIKI) MEAETN TWV pNxa-
VIOPWV TTOU €TTNPEAlouV TNV €EENIEN pwyUAS uéoa
oTnV TTEPIOXN OUYKOAANoNG. H avdAuon Tng cupTre-
PIPOPAG £CEAIENG PWYMUNAG KOTTWANG G€ OTOIXEIO TTOU
TTEPIEXOUV OUYKOAANGN €ival TTOAUTTAOKN Adyw: i) TG
QVOMOIOYEVOUG WIKPOOOWNG OTNV TTEPIOXN TNG OU-
YKOAANONG Kal ii) Twv TTApAPEVOUCWV TACEWV TTOU
dnuioupyouvTal 0To UAIKG KaTa Tn dIdpKEIa TG OU-

YKOAANONG (ZXNua 2).
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Zxnua 2. MNapduetpor mou emrnpedlouv tnv £EEAIEN pwyuns k6mwaong TUutrou Bpauaong 1
aTnv mePIoXN ouykOAAnang (a) mapauévouoes 1aoeis (B) avopoloyevig Likpodoun
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Zxnua 3. McBodoAoyia yia tnv mpooouoiwon 1ng OEZ puéow BepuIkNS Karepyaaiag Tou UeTa@AAou Baong
(kpdua aAouuiviou 2024 T3)
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2ty dioTpIBA auTr, TTPAYUOTOTTOINONKE TTEIPO-
MOTIKA Kal avOAUTIKF) JEAETN TNG OUPTTEPIPOPAG £EE-
NIENG pwYHAS KOTTWAONG TUTTOU Bpalong | o€ CUYKOA-
Anon TpIBAG pE avadeuon kpdpatog aAoupiviou. H
peBodoloyia TrepIAauBavel TN HEAETN TNG €TTiIOpACNS
TNG QVOMOIOYEVOUG WIKPOOOMUAG Kal TWV TTOPAME-
VOUOWV TACEWV GUYKOAANGNG OTNV €EEAIEN pWYMNS
KOTTwonNG. Mpokeiyévou va HeAETNOEI N eEKGOTOTE TTa-
PAUETPOG EEXWPIOTA, N ETTIOPACT TNG AVOUOIOYEVOUG
MIKPOOOMNG CUYKOAANONG OTO pubuod eEENIENG pwy-
MAG atTopovwenKe aTTd TIG TTAPANEVOUCES TAOEIG TNG
OUYKOAANONG PE XPARON EIBIKNAG BEPUIKNAG KATEPYOATi-
aG 0TO PETOAAO BACNG yia TNV TTAPAYWYr] UAIKOU TToU
va TTPOCOWOIALEl TN MIKPOOOWN TNG BEPUIKA ETTNPEQ-
opévng dwvng (OEZ) Tng ouykdAAnong (Exnua 3). H
BeppIkn KaTepyaaia odAynaoe atn dnuioupyia UAIKOU
ME MIKPODOUIKA XOPAKTNPIOTIKA KAl UNXAVIKES 1010TN-
TEG OUOIEG PE AQUTEG TTOU TTapaTnerénkav otn OEZ.

MNa v Tpooouoiwon Tng ©OEZ, Tpayuarotrol-
NONkav dUO JIAPOPETIKEG BePUIKES KaTepyaoieg. H
TTPWTN agpopouce dnuioupyia UAIKOU PE OUOIOUOP-
@eG 1010TNTEG 0€ OAO TO TTAATOG TOU, WATE VA DIEPEU-
vnBei n emidpacn TNG UTTEPYNPAVONG OTIG PNXAVIKEG
1I016TNTEG TOU UAIKOU Kal n deUTePN agpopouae Tn on-
Mioupyia BaBuidag Twv unxavikwy IBI0TATWY KATd TO
TIAGTOG TOU UAIKOU, GUVOAKN N OTToia TTPOCOUOIACEl
Me peyaAUTepn akpifela Tnv ©EZ. H atrotipnon twv

MNXOVIKWV IBI0TATWY KOl N CUPTTEPIPOPA Bpaldong
TOU GUYKOAANTOU UAIKOU KOBWG Kal ToU UAIKOU PETA
TN BepUIKN KaTepyaaia TTpaypaTorToindnke pe &o-
KINEG €QEAKUCMOU, duoBpauoTOTNTAG Kal €EEAIENG
PWYMNG a€ KOTTWON. I18iaitepn TTpocoxr 660nke aTn
MEAETN TNG €TTIOPACNG TNG UTTEPYNPAVONG OTA XOPA-
KTNPIOTIKA EpyOOKArpuvaong Tou UAIkoU. Méow &oki-
MWV KOTTWOoNG UTTO 0TaBepd €UPOG TTAPAPOPPWONG,
QATTOTIMABNKE N KUKAIKI) CUPTTEPIPOPE EPYOOKANPUV-
OoNg Tou UAIKOU KaI T aTToTEAéOPATA XPNOIKOTTOIN-
Onkav otnv avadAuan, yia va €Enynoouv Tn CUTTE-
pIPopa €EENIENG PWYHNG O€ KOTTWGON TOU UAIKOU O€
KOTAOTOON UTTEPYRPAVONG OE OXEON PE TO PETAANO
Baong. TEAog, TTpayuaToTTOINBNKAV HETPATEIG MIKPO-
OKANPATNTAG OTNV TOUA TG OUYKOAANONG KABWG Kal
TTPOCBIOPICHOS TWV SIANAKWY TTOPAPEVOUCWY TAOE-
WV TNG OUYKOAANONG.

270 avaAuTIKO PEPOG TNG OIaTPIRAG, avaTTTuxon-
KE MOVTEAO yia TNV TTPOPRAEWn €EEAIENG PWYUNAG KO-
TTwong T0TTou Bpauaong | ae ouykdAAnon TPIRAG WE
avadeuon kpdpaTog aloupiviou. To povtéAo Aaupa-
VEl UTTOWN Yia TNV TTPORAEWn TNG €EEAIENG pwyUNAS
o€ KOTTWON TNV €TTidpaon TNG TOTTIKA PETARAANSUE-
VNG MIKPOOOUNAG TOu UAIKOU OTnV TTEPIOXA OUYKOA-
Anong, Kabwg Kal Twv TTAPAUEVOUCWV TAOEWV TTOU
dnuioupyouvTal aTo UAIKO ASyw TNG auykOAAnong.
Baaoikr) Tapadoxr Tou povtéAou eivar 6T n eGENIEN

Avdivon eEEMENG peYUNG
KOTMOTNG GE CUYKOAANON
S0 TP kpapaTog
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I
I 1
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Zxnua 4. Avarrapdoracn tn¢ uebodoAoyiag mou xpnaoiuotroiibnke otn diarpiBn
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PWYMNG O€ KOTTWAON TTPayuaTtoTTolEiTal BnuaTika. H
KpIoIuNn evépyela yia BnuaTikn €CEAIEN TNG PWYHNG
TTPOCBIOPIOTNKE YE XPHON TOU KPITAPIOU TTUKVOTNTAG
NG evépyelag mapaudpewong (SED criterion). TNa
TNV TTPORAEYN, N €MOPACNH TNG TOTTIKA PETABOAANG-
MEVNG WIKPOBOWNG TOU UAIKOU ARPBNKE utTown HECW
TWV KUKAIKWV PNXAVIKWV I810THTWY TOU UAIKOU O€
KatdoTaon utrepyrnpavong. H emidpaon Twv mTapa-
MEVOUOWV TACEWV OUYKOAANONG OTOV pubud €&é-
NENG PWYUAG €yIVE UE XPrON TOU UTTOAOYIOHOU WE
uttépBean (super position approach). Ta avaAuTIKa
QATTOTEAECUOTA CUYKPIONKAV PE T AVTIOTOIXO TTEIPO-
MOTIKA. ApYXIKA, TTPAYUATOTTIOINONKE €QAPUOYN TOU
MovTEAOU yia TTPORAeWn Tou pubpol €EEAIENG pwy-
MAG KOTTWONG OTO BEPUIKA KATEPYATHUEVO UAIKO TTOU
TTpogopoldlel TNV OEZ waoTe va PeAeTnBei n IKAvVO-
TNTA TOU POVTEAOU va TTPORAETTEI TV €TTIOPAON TNG
MIkpodoung Tng OEZ otov pubud €EENIENG TNG pwy-
MAG. ZTN OUVEXEIQ, TTPAYUATOTTOINONKE €QOpUOynA
TOU PovTéAOU O€ UAIKO ouykOAANONG Kal N aUyKpIon
TWV OTTOTEAEOPATWY PE TA AVTIOTOIXO TTEIPAUATIKA
€0€IEE OTI TO HOVTEAO €xEl TNV IKAVOTNTA VA TTPOPRAE-
TTEl IKAVOTTOINTIKG TN CUMPTTEPIPOPE €EEAIENG PWYMNS
KOTTWONG OTNV TTEPIOXT TNG OUYKOAANONG AauBdavo-
vTag uttown TNV &exwpIioTnh €Tidpacn Tng avouolo-
HopP®NG MIKPODOUAG KAl TWV TTOPAPEVOUCWY TACEWV
TNG OUYKOAANONG.

210 dIQypaAPPa TOU OXNAKOTOG 4 TTapoudiadeTal
OUVOTITIKA N ueBodoAoyia TTou XPNOoIKNOoTIoINBNKE 0Tn

dIaTPIPRA.

AEgeig kKA&1B1G: TTPOBAeYn €EEAIENG PWYMAG KO-
TTWong, Kpdparta aAoupiviou, avoxn otn BA4&BnN,
ouykOAAnon 1pIBRAG pe avadeuon, KAEioIyo pwy-
HMAG, KUKAIKA EpyocKApuvon, 6pio dlapporg
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Andreas Tzamtzis

Fatigue Crack Growth Prediction under
Mode | Loading in Aluminum Alloy
Friction Stir Weld

Abstract

The damage tolerance approach has been
used in the design of light structures in the transport
sector since the early 1970’s. It refers to the ability
of a structure to withstand damage and therefore
understanding and predicting the behaviour of
a damaged structure is the basis for successful
implementation of this design philosophy.

In aeronautics industry, airframes are primarily
made of riveted Al-alloy panels, with a skin and
stringer configuration. The requirement of reducing
manufacturing and operational cost has lead
aerospace industries to look for new, attractive
ways to substitute conventional riveting components
with large structural elements manufactured as
integral structures. In the frame of this concept,
implementation of advanced welding technologies
(such as friction stir and laser beam welding) in
both military and commercial airplanes combined
with high-strength aluminum alloys with improved
damage tolerance performance, has received
significant attention (Figure 1). Apart from the
attractive mechanical properties, welded integral
structures can offer a cost saving of up to 60% over
built-up (differential) structures.

In welded structures, the distribution of defect
sizes, inhomogeneous microstructure and residual
stresses arising from the weld process, influence
fatigue crack propagation, a problem that has to be
considered in design. A reliable damage tolerance
analysis requires knowledge on how parameters like
weld residual stresses and microstructural variations
influence the rate of a propagating fatigue crack
(Figure 2).

In this work, the problem of a crack propagating
perpendicular to a FSW under mode | loading has
been investigated experimentally and analytically. In
the analysis, the effects of microstructural variations
and weld residual stresses on fatigue crack growth
have been independently studied and the weight
of each influence on crack growth rate has been
assessed. To investigate the influence of weld
microstructure on the propagating crack, a special
heat treatment method was developed to simulate
the heat affected zone (HAZ) microstructure of the
weld region (Figure 3) in the parent 2024 T3 material.
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Figure 3. Methodology used for the simulation of HAZ microstructure in parent 2024 T3 aluminum alloy

With the implemented heat treatment process,
overaged 2024 aluminum alloy was produced with
microstructural characteristics and local property
variation similar to the HAZ.

Two conditions of overaged 2024 alloy were
investigated, one with uniform strength to assess the
influence of overaging on the material mechanical
properties and one with strength gradient, which
is a more accurate simulation of the local property
variation in the HAZ. The mechanical performance
and fracture behaviour of the weld and heat treated
material were assessed by means of tensile,
fracture toughness and fatigue crack growth
tests. Additionally, fractography was performed
to examine the change of fracture characteristics
due to overaging of the material. Special attention
was paid to the modifications in strain hardening
characteristics, due to overaging treatment. The
cyclic strain hardening behaviour was investigated
with strain controlled cyclic tests and was used in the
analysis to explain the dissimilar FCG performance
between parent and overaged material. Finally,
microhardness measurements in the cross-section
of the weld and residual stress measurements
perpendicular to the FSW line were conducted.

In the analytical part of the work, a model
was developed to predict FCG rate under mode |
loading in the FSW. The model takes into account
the effects of weld microstructure and weld residual
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stresses on fatigue crack propagation. It is assumed
that crack growth occurs incrementally by damage
accumulation. The critical energy for incremental
crack growth is determined using the strain energy
density (SED) criterion. For prediction of fatigue
crack growth the cyclic properties of the overaged
material are used. In the model the weld residual
stresses are accounted for with the method of the
superposition approach. The analytical simulations
have been compared to experimental results.
Firstly, the model is implemented to predict fatigue
crack growth rate in uniformly heat treated material
to evaluate the ability of the model to simulate the
overaged microstructure on crack propagation rate.
Then, the ability of the model to simulate the growth
of a fatigue crack propagating in the specimen with
the strength gradient is evaluated. Finally, the model
is implemented to simulate fatigue crack growth rate
in the FSW material and the analytical simulations
have been compared to experimental results in FSW
2024 T3 aluminum alloy.

A schematic representation of methodology
used in the thesis is shown in Figure 4.

From this investigation, additional knowledge
is extracted concerning the basic mechanisms that
contribute to fatigue crack propagation in a friction stir
weld region. The effect of weld microstructure on FCG
was examined by simulating the HAZ microstructure
in a parent 2024 T3 material with appropriate
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overaging treatment and the experimental results
showed that in the overaged material fatigue crack
growth rates were lower compared to the base metal
and were associated with high crack closure levels.
Lower fatigue crack growth rates were associated
with higher overaging temperatures corresponding
to HAZ regions approaching the weld nugget.
Concerning the effect of residual stresses on FCG,
low tensile residual stresses prevail in the boundary
of base metal with HAZ, which result in low fatigue
crack growth rates and high tensile residual stresses
prevail in the weld nugget, which result in high crack
propagation rates. In the analytical part of the thesis,
the proposed model takes into account the combined
effect of weld microstructure and residual stress
profile for the calculation of fatigue crack growth rate
and the analytical results showed that the model has
the ability to predict satisfactory the fatigue crack
growth behaviour inside the FSW region considering
the independent effect of weld microstructure and
residual stresses on fatigue crack propagation. In
the proposed model an attempt is made to give a
physical meaning for the increment of the growing
fatigue crack. It is correlated quantitatively to the
striation spacing observed experimentally during
fatigue crack growth. Also an effective stress
ratio threshold is estimated for the specimen and
loading configuration examined, which indicates
when the effect of residual stresses is dominant on
fatigue crack propagation and when microstructural
influences should be accounted for in the analysis.
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Z0vTouo Bioypa@ikd

O Avdpéag T¢auTdAg yevvnOnke atnv ABrva 1o
1984 kai peydAwaoe otnv OAN Tou BoAou. EZtmoudo-
o MnxavoAdyog Mnxavikog otnv MoAuTeXVIKA ZXO0-
A} Tou MavemmoTnuiou OeocoaAiag Kal aTTOPOITNOE
10 2007, pe BaBuod mrruxiou 7.06. To 2008, cuvexi-
O€ PE UETOTITUXIOKEG OTTOUSEG O0TO Turua Mnyavo-
Aoywv Mnyavikwv Tou lNavemoTtnuiou ©gooaliag,
atmm’ omou Kal atréktnoe Metatrtuxiokd AiTAwua
Eidikeuong oTig «ZUyxpoveg peBoddoug Mnxavikng,
YAikwv kai Katepyaoiwv» 1o 2011, pe Babud 8.13
kol AidakTopikd AimAwpa 10 2015. 210 TTAQiCIO TOU
MeTatrTuxiakou AimmAwpartog Eidikeuang, aoyxoAnon-
KE JE TNV eTTiIOpAcN TNG TOTTIKAG HETABOARG TOU Opiou
dlappong Adyw uTtrepyrpavong atn diddoon pwyung
og KOTTwon kKpduarog Ahoupiviou 2024-T3, evw n
d1dakTopIkf Tou dIaTPIR agopouce TNV «lpdPAe-
wn €€ENIENG pwyung KOTTwaoNg TUTToU Bpauong | oe
OUYKOAANoN TpIRAG pE avadeuon KPAPATOG AAOULI-
viou». H ekmrévnon tng dI8aKTOPIKAG Tou dIaTPIRAG,
XPNUATOO0TABNKE aTTd TO TTPOYPAUUA JIOAKTOPIKWY
uTTOTPOPIWYV «HpAKAeITOG I1».

Katd mn didpkeia Twv oTToudwyv Tou, BIETEAEDE
péNOG Tou EpyaoTtnpiou Mnxavikig & Avtoxng YAI-
KWV TOoU TuRuatog MnxavoAdywv Mnxavikwy Tou
MavemoTnuiou @sooaliag, OTTOU CUUHETEIXE eEvePYA
o€ TTANBwWPA TTAPOXWYV UTTNPECIWY TTPOG TN BIOPNXO-
via KaBwg Kal EPEUVNTIKWY £pywv TTOU apopolaav
TN MEAETN TNG UNXAVIKAG CUUTTEPIPOPAS UETAAAIKWV
UAIKWV. TMapdAAnAa, oto didotnua 2008-2014, TTa-
peixe OI100KTIKN utrooriénon ota padripata Texvo-
Aoyia Twv YAIKWV Kai Mnyavikr] ZUPTTepIQopd Twv
YAikKwv TOoU TUAPATOG.
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dwreivi) T{oputrar{dyAou

2xe0100UOG Kal avaTrTugn

ouoTiuarog KuyeAidag
Kaucipou (Tutrtou PEM) — KuypeAidag
HAekTpOAuong vepou (Tutrou PEM):
Mapaokeun Kal XapAKTNPIOHOG VEWV

MepiAnyn

Ta TeAeuTaia xpovia, n atmmaitnon yia Kabapég
Kal BILCIKEG TINYEG EVEPYEIAG EXEI YIVEI MIO 10XUPN
KIVNTAPIOG dUVANN YIO TN CUVEXION TNG OIKOVOUIKNAG
avAaTITUENG KaBWG €TTiONG Kal yia Tn BeATiwon Twv
ouvBnkwv diaBiwong Tou avBpwtou. MNa 10 Adyo
auTo, N TTAYKOOMIO EPEUVNTIKI KOIVOTATA €XEI OTPE-
Wel To evOIaPEPOV TNG OTNV AVATITUEN VEWV OUOTN-
MATWVY PETATPOTING EVEPYEING, OTTWG Eival OI KUPEAEG
Kauoipou TToAupepIKAG pEPBpavng (PEM), dnAadn
MeRBPAveS avTaAlAayng TTpwToviwy, OTOXEUOVTAG O€
uWnAOTEPEG evepyEIaKEG aTTOBOOEIG Kal XAUNAES R
MNOEVIKEG EKTTOUTTEG KAUTTHOU. ZTIG KUWEAEG Kauai-
pou TutTou PEM, TO TTpOTIHWUEVO KaUGIWOo BewpeiTal
TO KAUOIPO TOUu udpoyovou, AGyw TnG uwnAoTePNS
a16d001nG Tou (¢wg 70%), O1 KUWEAEG Kauaiyou
Bewpolvtal amd Ta Mo eATMIdO0POPA CUCTHUATA
METATPOTTIAG TNG €VEPYEIOG TOUu 210U aiwva, Kabwg
uTTOpOUV vVa avtaywvioTouv, amd Tnv dmown Tng
QATTOTEAEOPATIKOTNTAG, UE TIG PTTATOPIEG, TOUG KIVN-
TAPEG ECWTEPIKAG KAUONG Kal Ta NAEKTPIKA BikTud.
QoT1600, TO PEYAAO UEIOVEKTNMA KOl O BaTIKOG AOYOG
TTOU TTEPIOPICETAI N POdIKA EUTTOPEUNATOTIOINCN TWV
OUCTNUATWY QUTWV gival To UYPnAd Toug KOOTOG. To
UWnAG KOOTOG OQEIAETAI KUPIWG OTNV UWNARA TIUA Kal
oTa Aiya ammobépaTa Tng AaTivag (Aeukdxpucog Pt),
n otoia péXPI ouEpa Bewpeital 0 aTTodOTIKOTEPOG
KOl OoTOBePOTEPOG KATAAUTNG TWV KUWEAIdWY Kau-
oipou. 'ET01, OTOXOG TNG ETTIOTAPOVIKAG KOIVOTNTAW,
KOBWG Kal TNG OUYKEKPIPEVNG BIBOKTOPIKAG dIaTpI-
BNg eival n avamTugn vEwv KAToAUTWV PIKPAG (Mg,
1 MNOEVIKNG TTEPIEKTIKOTNTAG O€ AEUKOXPUCO, ETTIAUO-
VTOG WG €va Babuod 1o TPoRANua KOGTOUG.

Tnv TeAeuTaia OekaeTia, £vag coBapdg apiBuog
EPEUVNTIKWVY OPAdWY TTAYKOOUIWG ETTIKEVTPWONKAV
OTNV £PEUVA TWV NAEKTPOKATAAUTWV WE PIKPHA TTOOO-
TnTa Pt ) Xxwpig Pt, 1600 yia v avtidpaon Tng ogei-
dwaong Tou udpoyodvou (HOR) 6Go kai yia Tnv avri-
dpacon avaywyng Tou ofuydvou (ORR). Me e€aipeon
TNV TAQTIiVA, N NAEKTPOKATOAUTIKA dpacTnpIidTnTa
Tou TTaAAadiou (Pd) givar pia atmé TG uwnASTEPEG JE-
Tagl Twv KaBapwv PeTdAwv kal yia Tnv HOR «kai
Tnv ORR. Autd, o€ ouvduaouod e 1o yeyovog 0TI TO
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KOOTOG Tou TTaAAadiou €ival TTEPITTOU TO AUICU TOU
KOOTOUG TNG TTAATIVAG, JOG TO KABIOTA JIa EAKUCTIKA
€VOAAOKTIKA AUon.

>1n &1dakTOPIKA dlIaTPIRH, dI1EENXON BiBAIoypa-
QIKA aVOOKOTTNCN, YE OKOTTO va TTpoodiopioTouV Ol
IO ATTOTEAEOUATIKOI NAEKTPOKATAAUTEG VIO TIG KUWE-
A&G Kauaiyou TTOAUPEPIKAG MENPBPEVNG TPOPOdOTiag
udpoyovou. To TTPwWTo Bria Tou oXeBIACUOU Kal TNG
QVATITUENG TWV KUWEAWV KAUCIiPOU gival n avayvw-
pIoN Twv TTO OPACTAPIWY NAEKTPOKATAAUTWYV WG
TTPOG TNV avTidpacn TnNg avodou kal TG Kaboddou.
MNa 10 oKOTTO AUTO, OTNV £pyacia auTh, DINETOAAIKOI
NAEKTPOKATAAUTEG TTOU £XOUV WG BAcn TO TTAAAGDIO
(Pd-based) kataokeudoTnkav kal €EETACTNKAV WG
avodikoi kal KaBodikol nAekTpokaTaAuTeg, yia HOR
ka1 ORR, avtioToixa. o ouykekpiyéva, pia ogipd oi-
METAAAIKWYV KATOAUTWV PdXRhy/ Vulcan XC-72, delry
/ Vulcan XC-72 ye atouiki avaloyia (x,y = 3:1, 1:1,
1:3) ka1 PdPt (97:3, 98:2, 99:1) peAetiBnkav wg avo-
OIkoi kal kaBodikoi kaTtaAuTeg yia PEMFCs.

Ma tnv TTapackeur] Twv €CeTAOUEVWV NAEKTPO-
KATaAUTWYV, xpnolyotroiiBnke n péBodog ouvBeong
TTOAUOANG PE TTAAMIKA piIKpokUpaTta. H péBodog Tro-
POOKEUNAG €ival Pia TTOAU onUavTIKA TTAPAUETPOG YIa
TNV a1réd0o0n Twv KATAAUTWY, KaBwWg eTTnEeddel TIG
1I016TNTEG TOUG (TTAOPAUETPOG TTAEYUA, DIAUETPOG TWV
vavoowuaTidiwv). Ta afloonueiwta TTAEoveEKTAUATA
NG HEBOBOU TNG TTOAUOANG e TN BonBEIa HIKPOKUUAG-
TwV €ival Ta €EAG: i) N TaXEIO OYKOUETPIKN BEpuavon
i) N uwnAGTEPN TOXUTNTO KAl EKAEKTIKOTNTG QVTIOPa-
ong iii) Aiydétepog xpovog avtidpaong Kai iv) uyn-
AoTEPN a1rdd00N TOU TTPOIOVTOG G€ OUYKPION HE TIG
OUMBaTIKEG HEBOBOUG BEpuavaong. Qg aTToTEAETA, N
Bépuavaon pe pikpokUpaTa KaBioTéd ypriyopn Tnv To-
POOKEUN VAVO-UNIKWV PE OXETIKA XaunAd KOOTOG, UE
MEYOAUTEPN ATTOBOCN TTPOIGVTOG KAl PE TN duvaTdTN-
TA TTEPICOOTEPWYV TTPAKTIKWY £Qapuoywyv. lNa Ttoug
TTapatdvw Adyoug, n PéBodog auvBeang TToAudANg
ME TN BoABeIa TTOANIKWY PIKPOKUUATWY €ival n TTio
d1adedopévn OTNV ETTIOTNPOVIKH KOIVOTNTA.

Ol QUOIKOXNUIKOI XaPAKTNEIOUOI TWV TTAPOOKEU-
a0BEVTWY KATAAUTWV €YIVAV HUE XPMON TWV TEXVIKWY
NG TrepiBAaong aktivwyv X (XRD) kal TG nAeKTpovI-
KNG MikpookoTriag diéAeuang (TEM). Ta @doparta Tre-
piBAaong akTiviwv X eAf@Bnoav ue xprion TrepIBAaaci-
perpou D/Max-Il1A (Rigaku Co., Japan) e€oTTAIouEVOU
pe Adutra Cu kai @iAtpo Ni (WoTe va TTopEXETal N
akTivoBoAia Ka tou Cu, A=1.54056 nm). O1 pikpo-
YPOQIEC TWV OEIYUATWY PE TNV TEXVIKH TNG NAEKTPOVI-
KNG MiIkpookotriag diEAeuong (Transmission Electron
Microscopy - TEM) eAq@Bnoav pe NAEKTPOVIKO PIKPO-
okommo Tutrou JEOL JEM-2010 (HR).O1 nAekTpoxn-
MIKEG WETPAOEIG BIEEAXONOAV UE TOV NAEKTPOXNMIKO
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oTabudé AMEL 5000 pe tnv pé€Bodo TnG KUKAIKAG BOA-
TapeTpiag (CV), nAekTpddIo TTEPIOTPEPOEVOU BiIoKOU
(RDE) kai Tnv TeXVIKRA XpovoauTrepopeTpiag (CA). 210
TENOG KGBE KepaAaiou, ouvowidovTal TA ETTIOTNUOVIKA
QTTOTEAEOUOTA TWV EEETACONEVWV NAEKTPOKOATOAUTWV.
Tautdypova, divovTal KATTOIEG TTPOOTITIKEG YIa TTEPQI-
TEPW OUVEXION TNG EPEUVAG QUTNAG.

Ma Tov NAEKTPOXNMIKO XAPAKTNPIOPO TwV OU-
oToIXIWV Gvodog/NAEKTPOAUTNG/KAB0BOG (Membrane
electrode assembly, MEA) xpnoigotroigital Kuyé-
An kauaiyou TUTTIOU (PEM) (EIkéva 2A) pe kavaAia
pong “oeptrevrivn’(Eikdva 2B) OuvOAIKAG ETTIQA-
velag A=5cm? (2.24x2.24), tng etaipeiag Fuel Cell
Technologies, Inc. To udpoydvo TpogodoTeital aThv
avodo Kkal To oguyovo atnv KaBodo. O1 poég TNG Tpo-
@odoaiag eAéyxovTal ammd Wneiakd pooueTpa Padag
(Brooks Instruments). lNa Adyoug ac@AAEIag, auETwWG
META TNV £€£000 aTTd T POOUETPA £XOUV TOTTOBETN-
Bei S1001KEG BaABideg on/off aTn por} Tou udpoydvou
KOl TOU 0EUYOVOU. 2T OUVEXEIQ O POEG EICEPYOVTAI
OTOUG KOPEDTEG UYpaciag, GTTOU Ta AVTIOPWVTA aépIa
eutTAOUTICOVTaI 0€ UBPATUOUG Kal 0dnyouvTal TTPOG
TNV KUWEAN Kauaiyou. Ta agpia avTidpwvTa Xpeidde-
Tal va gutrAouTidovTal o€ udpaTuoUg TIPIV TNV €i0000
TOUG OTNV KUWEAN Kauaipou €101 WOTE n YEUBPAvN
va evudATWVETAI OUVEXWGS Kal va PNV €TTnpeddeTal
apvnTIKA N aywyigotnTd TNG. To THAPA TV YPANPWY
Tpo@odoaiag atd Tnv €£0d0 TWV KOPEATWV MHEXPI
TNV €ic0do TG avodou kal TG kKabBddou Beppuaive-
Tal. H Bepuokpacia Twv CUYKEKPIUEVWY YPAUUWY
Oev TTPETTEl va €xel PEYAAN atrokAion (x5 °C) atmod Tn
Bepuokpacia TNG KUWEANG Kauaipou, KaBwg PTropei
va TTPOKANBEi GUUTTUKVWOTN TWV USPATHWY OTO E0W-
TEPIKO TNG KUWEANG KAl va TTapaTnenBouv gaivéueva
TANupUpIong (flooding). O NAEKTPOXNUIKEG PETPN-
o€1g AapBavouv xwpa Pe Tn BonBeia nAEKTpoXNUIKOU
otaBpou (AMEL 7050) kal Ta dedopéva Kataypapo-

50

40 .

Average price (€ /gr)

188

VTQI O€ UTTOAQYIOTI] QUTONOTA.

To udpoydvo UTTOPEI VO TTOPACKEUQOTEI JE TTOA-
AouUg kai S1apopoug TPOTTOUG, OTTWG YIA TTAPAdEIYUA
atrd TNV TTUPNVIKA evEPyEIa JECW BEPUIKNG aTTOCUV-
Beong Tou vepou A atmd TNV nAIoKA evépyeia HEOW
NAeKTPOAUGNG TOu veEPOU Kal £XEl TTPOTABET atrd Tnv
ETTIOTNUOVIKA KOIVOTNTA oav To TTio mMeavd Kauoluo
TOU PEAAOVTOG AOYW TWV ONUAVTIKWY IBIOTATWY TOU
O€ QVTIKATACTOON TWV TTAPAYWYWY ToU TTETPEAAiou,
KQUOiywyV Tou ofuepa. 10 OeUTEPO PEPOG TNG EPYA-
oiag auTtrg, oudnToUlE yia pia atod TIG KUPIEG TTNYES
TTOU XPNOIYOTTOIOUVTAI VIO TNV TTapaywyr Tou udpo-
yovou. H nAekTpdAuon Tou vepou €ival n avtioTpoen
diadikagia Tng avtidpaong ofeidwang Tou udpoyo-
vou o€ éva KeAi kauaipou. Katd tnv nAektpoAuon
TOU vEPOU, TO vePS dlacTrdral oTa Bacik& oToIXEia,
udpoyodvo Kal ofuyodvo, PE TNV TTAPOXH NAEKTPIKOU
pevpaTog. H atmmaitoupevn NAEKTPIKY EVEPYEIQ UTTO-
pei va TTpoéABEI aTTO OTTOIABNTTOTE AVAVEWGIKN TTNYA
evépyelag. ‘Eva atrd Ta TTAEOVEKTAPATA QUTAG TNG UE-
B06d60u eival To uYPNAAG KaBapdTnTag udPOySGVo TToU
Trapayetal. Etiong, 1o TTapayouevo ofuydvo Ptropei
va a&lotroinBei yia Blounyavikr) n GAAn xpnon.

Mia cuokeuny nAekTpOAUGNG PTTOPET va gival pi-
Kpr o€ péyeBog Kal Kat@AANAN yia PIKPAG KAiJoKag
TTapaywyr] udpoyovou. QoTd00, N HEBODOG TNG NAE-
KTPpOAUGNG avTIYETWTTICEI TO BACIKO TTPORANUA TTOU
QVTIYUETWTTICOUV Kal Ol KUWEAEG Kauaiyou. To arrayo-
PEUTIKO KOOTOG TOUG, TO OTTOIO TTPOEPXETAI KUPIWG
atd TN XPAoN TwV TTOAUTIHWY HETAAWY, avaBAaAAel
EQPAPUOYEG OTN Blopnyavia. & autd TO KEQAAAIO -
AeTdTal N ATTOTEAEOUATIKOTNTA KAl N KATAAUTIKI Opa-
ON NAEKTPOKATOAUTWY PNOEVIKAG TTEPIEKTIKOTNTAG O€
TAaTiva Kal ge Béon 1o TTAAAGDIO, yia TNV avTidpacn
oxnuatiopyou udpoydévou (HER) oe 6&ivo TrepIBAA-
Aov.

Eikova 1: H yéan miun o€ eupw ava ypauuapio
yia ta moAUTiua pétarAa yia o éro¢ 2014.

[1] Platinum Today Available from: http://www.
platinum.matthey.com/prices/price-charts.
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Eikova 2: (A) Movadiaia kuwéAn kauaiuou (Fuel Cell Technologies, Inc.),
(B) Ogpiocidn kavaAia pong Tou ECWTEPIKOU TNG povadiaias KUWEANS Kauaiuou
TTOAUUEPIKNGS UEUBPavnS TS Eikévag 2A.

Aégeig-kAe1d1a: péBodog ouvBeong TTOAUOGANG pe
TTAAMIKA JIKPOKUMATA, 0§eidwon Tou udpoyovou,
mwAaTiva, TTaAAddI0, 1pid1o, KUPEAEG KAUTioU

TpipeARg ZupBoulAeuTiki ETriTpOTTA

MavayiwTtng Tolakdpag, Kabnyntrg, Touyéag: u-
OTHMOTO PJETATPOTING EVEPYEIAG: KATAAUGT, NAEKTPO-
KatdAuon Kal pnxavik KuweAidwyv kauaigou, Tunua
MnxavoAdywv Mnxavikwv MNavetmoTrpio @scoaliog
(emBAETTWV)

Zupewv MmreptréAng, AvamAnpwtng KabnyntAg,
Topéag XnuikAg TexvoAoyiog & E@apuoouévng du-
agikoxnueiag, TuAua Xnuikwv Mnxavikwy, MNavetti-
oTAuio MaTtpwyv

Z1uliavog NeoguTidng, Ap.: EpeuvnTikd IvaTitouTto
XnUIKAS Mnxavikng kai Alepyaciwv YYnAng O¢puo-
kpaoiag (EIXHMYO)

Foteini Tzorbatzoglou

Design and development of a fuel
cell system (Type PEM)-Water
electrolysis type PEM: Preparation
and characterization of low-cost
electrocatalytic materials

Abstract

In today’s world, the demand for clean and
sustainable energy sources has become a strong
driving force in continuing economic development,
and thus as well in the improvement of human living
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conditions. Proton exchange membrane (PEM) fuel
cells, as clean energy-converting devices, have
drawn a great deal of attention in recent years, due
to their high efficiency, high energy density and
low or zero emissions. In these systems, hydrogen
is considered as the preferred fuel, in virtue of its
high activity and environmental benignity. Fuel
cell is considered as one of the most promising
products of 21st Century, as it can compete, in terms
of efficiency, with batteries, internal combustion
engines and power grids. However, the major barrier
to the widespread use of fuel cells is their a) high cost
and b) low reliability/durability. This high cost of the
catalyst is due to the extensively adopted platinum
(Pt) based nanomaterials for the desirable PEMFC
performance with high activity and high stability. The
limited resources of platinum are the major factors
in these challenges increasing the interest of the
scientific community towards the exploration of Pt-
free electrocatalysts.

The last decade, a severe number of research
groups world-widely have focused ontheinvestigation
of electrocatalysts with small amount of Pt or without
Pt, for both the hydrogen oxidation reaction (HOR)
and the oxygen reduction reaction (ORR). With
the exception of Pt, the electrocatalytic activity of
palladium (Pd) is one of the highest among the pure
metals for both HOR and ORR. This, combined with
the fact that the cost of Pd is about the half of Pt,
makes it an attractive alternative (Figure 1).

In the Ph.D thesis, literature review was
conducted, in order to identify the most efficient
and studied electrocatalysts for proton exchange
membrane fuel cells fed with hydrogen. The first
step of design and development of fuel cells is
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the recognition of the most active electrocatalysts
towards anode and cathode reaction. To this purpose,
in this work, binary Pd-based electrocatalysts were
made and were investigated as anode and cathode
electrocatalysts for HOR and ORR, respectively.
More precisely, PdXRhy (20 wt%)/ Vulcan XC-72,
Pdir, (20 wt%)/Vulcan XC-72,Pd,Pt (20 wt%)/
Vulcan XC-72 and PdPt@WC/OMC are studied as
anode and cathode materials for PEMFCs.

For the preparation of the examined
electrocatalysts, a modified-microwave assisted
polyol method was used. Preparation method is a
very important parameter for catalysts’ preparation
as it affects their properties (lattice parameter,
diameter of nanoparticles, catalysts dispersion on
the support). The modified microwave assisted
polyol method was chosen because of the following
remarkable advantages: i) rapid volumetric heating
ii) higher reaction rate and selectivity iii) shorter
reaction time and iv) higher yield of the product
compared to the convention heating methods. As
a result, the microwave heating makes the fast
preparation of nanomaterials possible, leading to
relative low cost, energy saving and high efficiency
for materials production, thus advancing rapidly
towards their practical applications. Therefore,
the use of microwave heating is more popular in
scientific world.

The physicochemical characterization  of
electrocatalysts was conducted by X-ray Diffraction
(XRD) and Transmission Electron Microscopy
(TEM). The X-ray Diffraction (XRD) measurements
were carried out with the aid of a D/Max-IlIA (Rigaku
Co., Japan) employing Cu Ka (A = 0.15406 nm) as
the radiation source at 40 kV and 40 mA. Catalysts
were investigated by TEM using a Philips CM12
microscope (resolution 0.2 nm), provided with
high resolution camera, at an accelerating voltage
of 120 kV. The electrochemical characterization
was carried out with the Cyclic Voltammetry (CV),
Rotating Disk Electrode Technique (RDE) and
Chronoamperometry techniques (CA). At the end,
a chapter summarizes the scientific results of the
examined electrocatalysts in the framework of the
PhD dissertation. At the same time, some outlooks
for further continuation of this research are provided.

Thereafter, a PEM made of Nafion 212, with
PdPt loading 0.5mgPtcm? as an anode and Pt
loading 0.5mgPtcm? as a cathode, was used (Figure
2). The performance of the MEA was evaluated,
as depicted in Figure 2B, using serpentine
flow channels with total surface area 5cm?
(2.24x2.24) of Fuel Cell Technologies, Inc. company.
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Polarization studies were conducted at various cell
temperatures with humidified hydrogen and oxygen
gas reactants. Cyclic voltammetry and rotating disk
electrode studies were also carried out to estimate
the electrochemical active surface area and to
characterize the electrocatalyst for the Hydrogen
Oxidation Reaction (HOR) and Oxygen Reduction
Reaction (ORR). Impedance measurements were
carried out using a Materials M 520 frequency
response analyser (AMEL) coupled to 7050 AMEL
electrochemical station.

Hydrogenin molecularform can be produced from
many different sources and in many different ways.
In the second part of this work, we discuss about
one of the main sources used for the production of
hydrogen. Electrolysis is the reverse of the hydrogen
oxidation reaction in a fuel cell. This reaction takes
placeinaunitcalled an electrolyzer. Electrolyzers can
be small, appliance-size equipment and well-suited
for small-scale distributed hydrogen production.
However, electrolyzers are facing the main problem
that fuel cells faced with. Their prohibitive cost
which comes mainly from the use of noble metals
as electrocatalysts, postpones applications in the
industry. Many concerns are related to the high
costs of catalysts used, based on Ir and Pt black
with high metal loading. It is suggested that capital
costs could be reduced by reducing the loading and/
or substituting the expensive noble materials used
for the fabrication of catalyst layers. In this work,
we study the efficiency and the catalytic activity of
some prepared electrocatalysts in 0.5mol L' H,SO,
for Hydrogen evolution reaction (HER) and oxygen
evolution reaction (OER).

Key Words: Microwave-assisted polyol,
Hydrogen oxidation reaction, Platinum,
Palladium, Iridium low-Pt, hydrogen, fuel cell
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Figure 1: The average price in Euro
per gram in the last year [1].

[1] Platinum Today Available from: http://www.
platinum.matthey.com/prices/price-charts.

Average price (€ /gr)

Figure 2: (A) Fuel cell (Fuel Cell Technologies, Inc.)
(B) Internal flow channels of polymer electrolyte fuel cell unit membrane.

Stylianos Neophytides, Research Director: Institute
of Chemical Engineering and High Temperature
Processes (ICE/HT), Greece

Epyoypa@ia oTo mAQicio
TOU TrpoypdppaTog «HpdkAgiTog ll»
Scientific works
within the programme “Heraclitus II”

ApBpa oc Tep10dIKa/ Articles in journals

1. Tzorbatzoglou, F., Brouzgou, A., & Tsiakaras, P.
(2015). Electrocatalytic Activity of Vulcan-XC-72
Supported Pd, Rh and PdxRhy towards HOR and
ORR. Applied Catalysis B: Environmental, 174-
175, 203-211.

2. Wang, K., Pana, Z., Tzorbatzoglou, F., Zhang,
Y., Wang, Y., & Tsiakaras, P .(2015). An investi-

191

gation of WC stability during the preparation of
Pt@WC/OMC via a pulse microwave assisted
polyol method. Applied Catalysis B: Environmen-
tal,166-167,224-230.

. Yuan, X., Yuan, D., Zeng, F., Zou, W,

Tzorbatzoglou, F. Tsiakaras, P., & Wang, Y.
(2013).Preparation of graphitic mesoporous
carbon for the simultaneous detection of
hydroquinone and catechol. Applied Catalysis B:
Environmental, 129, 367-374.

. Stamatis, A., Vinni, Ch., Bakalis, D., Tzobatzo-

glou, F., & Tsiakaras, P. (2012). Exergy analysis
of an intermediate temperature solid oxide fuel
cell-gas turbine hybrid system fed with ethanol.
Energies 2012,5, 4268-4287.



MOAYTEXNIKH ZXOAH -SCHOOL OF ENGINEERING

AvakoIvwoelig o€ ouvESpIa-NUEPIBES
Presentations in conferences
and meetings-workshops

1. Tzorbatzoglou, F., Brouzgou, A., & Tsiakaras, P.

(2013, December). A review of the most efficient
low-Pt and Pt-free electrocatalysts for Hydrogen
PEMFCs. Paper presented at Fifth European
Fuel Cell Technology & Applications Conference
- Piero Lunghi Conference, Rome, Italy.

. Murashkina, A., Pikalova, E., Medvedev, D.,
Demin, A., Tzorbatzoglou, F., & Tsiakaras, P.
(2013, December). New mixed ionic —electronic
composite materials based on SRTI, FE, O, ,
and CE, (SM0.8SR,,) ,, O, ,. Paper presented
at Fifth European Fuel Cell Technology & Appli-
cations Conference - Piero Lunghi Conference,

Rome, ltaly.

. T¢oppmrariéyhou, ®., & Tolakdpag, M. (2012,
SETMTEUPRPIOG). HAeKTPOKATAAUTES yIa KUWEAES
kauaiuou ue Tpogodooia Yopoyovou: lNapouca
KardoTaon, TPOKANOEISC Kal TTPOOTTTIKES. [1pogo-
pIkr} avakoivwon oto 10 lMepIBaAAovTikG Zuvé-
Oplo OeooaAiag, ZkidBog, EANGDQ.

Tzorbatzoglou, F., & Tsiakaras, P. (2012, Sep-
tember). Electrocatalysts for Fuel Cells fed with
Hydrogen: Current Status, challenges and Per-
spectives. Paper presented at 1st Environmental
Conference of Thessaly, Skiathos, Greece.

192

4. Vinci, A., Brouzgou, A., Papagerides, K., Tzor-

baztoglou, F., Cavallaro, S., & Tsiakaras, P.
(2012,duly). Low temperature production of hy-
drogen through ethanol catalytic decomposition
over commercial copper chromite. Paper pre-
sented at the Cat4Bio Conference Advances in
Catalysis for Biomass Valorization, Thessaloniki,
Greece.

. Song, S., Brouzgou, A., Tzorbatzoglou, F., &

Tsiakaras, P. (2012, April). Electro-oxidation of
ethanol and its intermediate products: a two-
step sequence of efficient PtSn@Rh/C synthe-
sis. Conference Grove Fuel Cell 2012. Germany,
Berlin.

. Brouzgou, A., Tzorbatzoglou, F., & Tsiakaras,

P.(2011, July). Direct alcohol fuel cells: Chal-
lenges and future trends. 3rd International Youth
Conference on Energetics, I'YCE 2011, Portugal

. Brouzgou, A., Song, S., Tzorbatzoglou, F., &

Tsiakaras, P. (2011, June). Low and Non-Platinum
Electrocatalysts for PEMFC: Current Status,
Challenges and Prospects. Paper presented at
9th European Symposium on Electrochemical
Engineering(9th ESEE), Chania, Crete, Greece.



TuApa MnxavoAdywv Mnxavikwy - Department of Mechanical Engineering

ZUvTopo Biloypa@iké

H Qwreivl Tlopptmart{dyAou yevvhOnke OTn
NAépioa, oTig 17 louviou 1984. Zmmoudace oTo TuAua
MnxavoAoywv Mnxavikwv Tou lMavermotTnuiou Au-
TIKAG Makedoviag. To 2008, TApe T0 METATTTUXIAKO
AimAwpa Eidikeuong: :«Z0yxpoveg MéBodor Zxedia-
opouU kai AvaAuong otn Blounxavia» ota Evepyela-
K& ZuoTtuata, Biouynxavikég Aiepyacieg kai Texvo-
Aoyieg AvtippuTtravong, atré 1o TpuAua MnyxavoAoywv
Mnxavikwv Tou MNaveTmioTnuiou @eocaAiag.

‘Emreima, mpayparotroinoe 1o S1I60KTOPIKO TNG, ME
uTTOTPO®Ia aTTd TO TTPOYPAUMa “HpdkAetog 117, oTo
Epyaotipio EvaAAakTiIKwv uoTnudTtwv MeTtarpo-
¢ Evépyeiag Tou Tunuatog MnyxavoAoywv Mnxa-
VIKWV Tou MavetmaTnuiou @scoahiag.

‘Exel eumreipia dU0 Xpovwyv oTa QWTOROATAIKA
OUCTHMATA KOl OTA EVOAAOKTIKG CUCTAUATO PETATPO-
TG EVEPYEIOG WG INXAVOAOYOG UNXAVIKOG.

MiAGger  amTaiota AyyAika  (Certificate
Proficiency in English, The University of Michigan).
Eival kdroxog ECDL Core Certificate: Concepts
IT, Using Computer and Managing Files,
Microsoft Office (Excel, Word, Power Point, Access),
Information and Communication (Internet, Outlook)
kai Certificate of Completion of the Autodesk
Authorized Training Center (ACT), Autocad 2008.
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EvayyeAia Xpuooyxoou

On-line aAyo6piBuol dpopoAdynong
YIO OTOXOOTIKA SiKTU
O€ TTPAYHATIKO XpOVOo

MepiAnyn

H &16akTopIKN dIaTpIfr TTpayuateUeTal TO YEVI-
KO TTPOBANPa dpopoAdynong atdéAou, yvwaoTd aTnv
&évn BIBAIoypagia wg “Vehicle Routing Problem”.
Nogital wg éva atrd Ta Mo onuavTiKa TTpoRARpaTa
TWV €QAPUOlOPEVWY PABNUATIKWY TNG ouyxpovng
ETTOXNG KAl iICWG TO dNUOPIAECTEPO TTPORANUG ETTI-
XEIPNOIOKAG £PEUVAG OTOV TOPEQ TWV UETAQOPWV.
OpiCetal wg 10 TPORANUa Tou oxedliaouou diadpo-
MWV EAAXIOTOU KOOTOUG £VOG OTOAOU OXNUATWY aTTd
£va KEVTPIKO Onueio o€ éva dikTuo TTEAATWY, IKAVO-
TTOIWVTAG TAUTOXPOVA KATTOIOUG GUOTNPIKOUG TTEPI-
opIopoUG. To AoUa TWV EQAPPOYWYV TOU EKTEIVETAI
atro Tn dlaxeipion oTOAWYV SIAVOUNG TTPOIOVTWY WG
TN GXOAIKA PETAKIVNON, AAAG Kal Tn cUAAOyR atrop-
PIMPATWV.

H peAéTn Tou TTpoARuaTog TG dpouoAdynong
o€ ouvOnkeg aeBaidTnTag(try. yetaBaAAopevn gn-
TNon), KaBwg Kal N avdAuon Kal eVOwWPATWaon TNG
OTOXAOTIKOTNTOG OTNV AVATITUEN HaBNUATIKWY TTPO-
TOTTWV (MOovTéAWV) Kal aAyopiBuwy, TéBNKav TTpw-
TAPXIKOi OTOXOI TNG €PEUVAG TTOU eKTTOVAONKE. OTOV
éva TTPOBANua BeATIOTOTTOINONG ETTIAUETAI UTTO CUV-
Onkeg afeBaidtnTag, To {nToupevo eival n diaudp-
@Pwan TNG TTOMITIKAG TTOU €AAXIOTOTTOIEI TO KOOTOG
TWV ATTOPACEWY OANG KOl TO KOOTOG TWV EPIKTWV
METPWYVY AVATIPOCOPHUOYNG TWV OPXIKWY ETTIAOYWV.
Me yvwpova Tnv eUpwaTn a&loAdynon Twv €TTIAO-
YWV TTOU TTPOKUTITOUV OTO HOVTEAO BEATIOTOTTOIN-
ong oe ouvlnkeg apefaidTnTag, KABOoPIoTIKO poOAo
AapBdvel n caeng dlaTuTTwon (PaBnuaTikr TeEKUN-
piwon) Twv duUVATWY PEAAOVTIKWYV OTTOQPACEWY —
TIPOOTITIKWY, AAAG Kal n dIadIKacia EVOWUATWONG
TOUG OTIG €K TWV TTPOTEPWV ETTIAOYEG.

O1 peBodohloyikoi TUAWVESG dlgpelivnong Tou
TPoBAAPaTOG TNG OpopoAdynong o€ OUVOAKEG
apBeBaidTnTag ATAV OPXIKA N TTPOCEYYICN TOU OTO-
XOOTIKOU TTPOYPaUMaTIONoU Kai n “on—line” BeATi-
ototroinon. O Pev OTOXAOTIKOG TTPOYPAUUATIOUOG
TIPOAYETAI WG ETTEKTOCN TOU YPAPUIKOU TTpOypau-
paTiopou, OTTouU KATTOIEG ATTd TIG TTAPAMETPOUG TOU
povTéNOU BewpouvTtal Tuxaieg petaBAnTés. H &¢
“‘on—line” BeATioTOTTOINGN BewpeiTal €TTEKTAON TOU
duvapikoU TTPOYPAPUATIOUOU, oTToU Ol TTANPOQO-
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pPi€EG TOU CUCTAMUATOG TTOU MEAETATAI gugavidovTal
oTiydiaia kal otadiakd atn didpkeia eEEAMIEAG Tou.
O1 dUo peBOBOAOYIKEG TTPOCEYYIOEIS TTaPOUCIGlo-
vTal avaAUTIKA Kal YiVETOI JIO GUYKPITIKA agloAdyn-
or Toug. ZT0X0G TNG agloAdynong autng TEBnKe n
avayvwpelion TwV KOIVWYV OTOIXEIWV TOug, aAAd Kal
n TeAIKN €TTIAOYN Tou peBodoAoyIKOU TTAaIgiou TNng
OUVEXIONG TOU EPEUVNTIKOU £pYOU.

To TTPWTO PEPOG TNG EPYATIAG ETTIKEVTPWVETAI
OTOUG aKpIPREiG aAyopiBuoug eTTiAucng Tou yeVIKOU
TPOoRAAPaTOg TNG dpopoAdynong oToAou. ExTeVAg
TTapouciaon Twv €VAAAOKTIKWY HOPQPOTTOINCEWV
TOUG YiveTal aAAd pe 181aiTepn ava@opd oToug £yKU-
POUG TTEPIOPICHOUG TTOU €XOUV TTPOTABEI WG PoxAoi
evOUVAPWONG. Zuvdaua TTapaTifevial GUVOTITIKA Ol
EUPETIKOI Kal PEBEUPITIKOI aAyopIBuOI TTOU €XOuv
TpoTaBei, divovrag pia TTIO OQAIPIK TTapoucioon
TWV ETTIOTANOVIKWY EUPNUATWY .

EoTidloviag OTIC E€UTTOPEUPATIKEG HETAPOPEG,
TO0 TTPORANUa dpopoAdynong voeital TTeEPIcCoOTEPO
w¢g TTPORANUa dlavoung, OTTou oTOX0G Eival n €U-
PWOTN PETAPOPA TTPOIOVTWYV EKTTANPWVOVTAG TN {N-
TNON Kal EAAXIOTOTTOIWVTAG TO KOOTOG PETOKIVNONG.
Otav n ZATNoON Twv TTPOIOVTWYV gival YETABAAAOUE-
vn, T0 TTPORANUA TNG dIapdpPwaong TTAAvVwyY diavo-
MAG  METATPETTETAI ATTO VTETEPUIVIOTIKO O€ OTOXO-
OTIKO. H oTtoxaoTikéTnTa TNG {TNONG CUCXETICETAI
dueca e To pUBPG ATTOPPOPNONG TWV TTPOIOVTWY,
TIG duvaTéTNTEG BIATAPNONG ATTOBEUATWY AAAG Kal
N METAEU Toug aAAnAemidpaon. EmikevipwvovTag
TO €vOIAQEPOV OTN OTOXAOTIKOTNTA TNG {ATNONG O€
OUVAQPEIa UE TOUG TTAPAYOVTEG TTOU TNV £TTNPEGJOUV
(dnA. XwpnTIKOTNTA aTTOBNKWYV, PUBUSGS aTTOPPOPN-
ong TTPoIdVTWY), EeTAlETAI OTO DIOAKTOPIKG N GUV-
duaoTikf dlaxeipion TNG OIAVOUNG TTPOIGVTWY Kal
€QOOIaouoU aTToBnKWY, yvwaTr atnv &évn BiBAio-
ypagia wg “Inventory Routing Problem”, n otoia
aTToTEAEI  €TTEKTAON TOU KAQOIKOU TTPORARMATOG
dpopoAdynong.

O 1TpocavaToAiIouOG TNG £PEUVAG TTPOG TNV Ka-
TEUOuUVON aUTA oQeiAeTal APEVOG OTIG TACEIG TWV
MEYAAWV ETTIXEIPNMATIKWY POVTEAWYV, OTTOU avVaKU-
TITEl N avAaykn avamTuéng avtioTolxwv pabnuari-
KWV TTPOTUTTWY TTOU VO QVATTAPIoTOUV Kal HETETTEITA
eTTIAUOUV TO TTPORANPA. AQETEPOU N OTOXAGTIKOTN-
Ta NG {ATNONG o€ TTpoBAAaTa dpouoAdynaong Tra-
pPOUCIAfel aKOUN TTEPICTAOTEPO EVIIAPEPOV OE PEYA-
Aa ouvduaoTIKa TTPoBAAuaTa, OTTOU TTPOKUTITOUV
oUvOEeTEG aveAIEEIG e EvTOvEG AAANAETTIOPAOEIG.

To Tp6PAnua TG ouvduaoTIKAG dlaxeipiong
SlaVOUAG TTPOIOVTWY Kal £QOdIOCUOU aTTOBNKWY
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£€pxeTal va dwaoel Auon og ouvBeTa cuaTruaTa dia-
XEipIong TnNG €@odiacTikng aAuaidag — logistics. Ta
TeAeuTaia xpovia kepdifel oAoéva Kal TTEPICTOTEPN
atmmodoxn TO ETTIXEIPNUATIKO HOVTEAO dlaxeipiong
«Vendor Managed Inventory», OTTOU O KEVTPIKOG
TTPOUNBEUTAG, TTOU TTOAAEG POPEG QTTOTEAEI Kal TOV
KAaTaoKeUaoTh, dlaxeipideTal Tn dladikacia TpoPo-
doaiag Kkal diaxeipiong Twv atmodnkKwv Twv TTPo-
MNBeuTwv Tou. O KEVTPIKOG TTPOUNBEUTAS AOITTOV
AapBdavel aro@AceIg yia TNV TTOGOTNTA TTPOIOVTWY,
TN ouxvoTnTa dlavopng aAAG kal T diadikaaoia TTpo-
MNBeI0g Twv anueiwv TTWANONG TTPOoiIdVTWY. OTToTE
TO TMPOPRANUa avayetal ge cuvduaaTIKO TTPORANUaA
dlaxeipiong dlavoung TTPOIOVTWY Kal £podiacuou
amodnkwyv. OuciacTikd, 10 TPORANUA  aTOXEUEI
oTnv €mmiAucon Tou BEATIOTOU OXEdIAOPOU E€TTAVA-
AapBavopevwy TAAvwy dpopoAdynong yia €va
oUVOAO aTToBNKWYV yia €va BpaxutrpdBeauo Xpo-
VIKO opilovTa. X16X0G Tou BEATIOTOU OXEdIAGHOU N
EVOWNATWON TWV UPOAKPOTTPOBECUWY OTOXWV OTIG
BpaxutrpdBeopeg aTTOPACEIG TV ETTAVAAAUPAVO-
MEVWV DIOVOUWV.

270 0eUTEPO PEPOG TNG EPYATiOg YivETAl EKTEVAG
avao@opd TwV ETTICTNUOVIKWY CUYYPOAUNATWY TNG
OUVOUOOTIKAG dlaxeipiong diavoung TTpoidvTwy Kail
€QOOIACOUOU TWV ATTOONKWY, ETTIKEVTPWVOVTAG Kal
TTAAI TO evlla@épov o€ akpIBeic peBoddoug eTTiAuong
Tou TTpoBAAuaTog, dixwg va TapaBAe@Bolv kal Ta
ONPAVTIKA EUPAUATA TTOU avaTTTuxBnkav oTo Tedio
TWV EUPETIKWV aAyopiBuwv.

Me agpopuny TNV avaBewpnon BacikAg uttdOe-
ong Twv €wWG TWPA TTPOTEIVOUEVWY PABNUATIKWY
TTPOTUTTWYV, avadeiXTNKE N SUVAMIKN PIAG vEAg TTO-
NITIKAG, TWV TTPOANTITIKWY SIAVOUWY OTAV TO JOVTE-
Ao e€eTaleTal o ouvlnkeg BeBaidtnTag. H TTOAITIKN
auTn Baciletal atn diaTTioTwaon 6Tl 0TO TTAAICIO TOU
VTETEPUIVIOTIKOU pOVTEAOU N CATNON TWV ATTOBNKWYV
gival yvwoTh yia To 0UVOAO Tou Xpovikou opilovTa.
Apa n TTAnpog@opia ptTopei va xpnoiyoTtroindei €€
apxns kal va e€eTaaTolv TTAGva dIavoung TTou €§u-
TTNPEETOUV aBPOoICTIKA TNV TTapoUca aAAd Kal PETO-
yevéaTepn ¢ATNon. H TTOAITIK TEKUNPIWVETAI Jabn-
MaTIKA hE TRV TTPOTACH SUO0 £YKUPWY TTEPIOPICHUWV.

Me yvwpova Tnv TTPOOTITIKA £TTIAUCNG TOU TTPO-
BAAuaTog TNG ouvduaoTIKNAG dlaxeipiong OlIaVOURG
TTPOIOVTWY Kal £QOdIACcUOU aTToBNKWY G€ GUVOAKEG
aBeBaidTnTag KAl OTOXO TN OnuIoupyia €vog eUEAI-
KTOU OUCTAUATOG aTTopdoewy, n diadikacia TnG Pe-
TAPOPTWONG EI0AYETAI WG BIOPBWTIKY TTONITIKY EVOG
MOVTEAOU OTOXAOTIKOU TTPOYPAUUATIONOU. AvaTTTu-
XOnke éva KaivoTépo povréAo dUo oTadiwv oToxa-
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OTIKOU TTPOYPOUMATIONOU &popoAdynong oTéAou
og ouvOnkeg apepaidtnTag. H emiAuor Tou emTeU-
XOnke epappolovtag 1n ueBOBOAOYIKY TTPOCEYYION
NG atmoouvBeong «L—Shaped». To TpoTelvOuevo
OTOXOOTIKO HOVTEAO agloAoynbnke €TTIAUOVTAG KO-
TAAANAEG TPOTTOTTOINCEIS TIPOTUTTWY  TTPORANUATWY
(Archetti et al.) .

JUMTTEPACUATIKA, N aTTOQACh ThG TTAaIgiwong
Tou TTPOBAANATOG TNG OuvdUAOTIKAG dlaxeipiong
d1avounG TTPOoIGVTWY Kal £@odiacuol Twv aTrobn-
KWV o€ ouvOnkeg afeBaidTnTag UTTdé TO TTPICUA TOU
OTOXOOTIKOU TTPOYPANMATIONOU TwV POVTEAWY dUO
oTadiwv pag €dwae Tn duvatoTnTa va oploBeTACOU-
ME TNV OAANAETTIOPAON TOU KOOTOUG TNG METAPOP-
TWONG 0€ OUVAPEID PE TO KOOTOG TWV TTPOANTITIKWV
dlavopwy Kal TNV algnonTwy emmmédwy d1IaTRPNoNg
TWV ATTOBEUATIKWV.

Zuvoyicovtag, n OlaTpIB XwpioTnke oe OUO
OIOKPITA PEPN. 2TO TTPWTO PEPOG YiveTal ava@opd
TwV HEBOBOAOYIKWYV TTPOCEYYIoEWY O GUVAPEIA UE
TO YeVIKO TTPOBANua NG dpopoAdynong oTéAou Kal
I010iTEpa g€ oUVOAKEG aBefaidTnTag. 210 OeUTEPO
eoTmIdleTal n €pguva TN oUVOUAATIKN dlaxeEipion TNG
dIaVOWNG TTPOIOVTWYV Kal £QOdIACcHUOU ATToBONKWY O€
ouvenkeg aBeBaidTnTAC.

Né€eig kAe1did: MpoBAnpa dpopoAdynong oTo-
Aou oe ouvOikeg apefaidTnTag, ZUVOUAOTIKA
dlaxeipion diavoung TTPOIOVTWYV Kal £@odiacuou
aTToONKWYV, CTOXAOTIKOG TTPOYPOUMHATIONOG, HO-
vTéAo 800 oTadiwv, HOVTEAO TTPOCQPUYNG, HéBO-
do¢ amoouvleong L — Shaped

TpipeARg ZupBoulAeuTikn ETiTpOoTA

ABavdoiog Znhiaokdétrouhog, Kabnyntg, BeATi-
ogToToinon ZuoTtnudTtwy lMNapaywyng/Metagopwy
TuAua MnxavoAdywv Mnxavikwy, MoAuTeXVIKR ZX0-
Mg, MavemoTAiuio ©eocoaliag

Fewpylog Kodlavidng, Kabnyntrg, MéBodor BeATi-
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Evangelia Chrisohoou

On-line optimization algorithms for real
time stochastic vehicle routing problem

Abstract
This thesis investigates the general truck
dispatching problem known as the “Vehicle

Routing Problem” (VRP). It is currently one of the
most significant problems in the field of applied
mathematics and perhaps the most renowned
problem of operational research in the transport
sector. It is defined as the determination of the least
cost distribution plans of a fleet of vehicles to a
network of customers, while concurrently ensuring
indicative systematic constraints. Applications range
from fleet management and product distribution to
bus school routing and waste collection.

The primary goals of this study are to analyze
the VRP under uncertainty (e.g. demand variation)
and embed stochasticity in the development of the
corresponding mathematical models and algorithms.
When an optimization problem is solved under
uncertainty the goal is to determine the policies that
minimize the cost of initial decisions and the cost
of feasible recourse actions. Taking into account
the necessity of robust assessments of revealed
choices in the optimization model under uncertainty,
it is crucial to clearly formulate (mathematical
modelling) all possible future decisions — outcomes
and to incorporate their effect into a priori decisions.

The initial methodological pillars that were settled
for the investigation of the VRP under uncertainty
in this study are stochastic programming and on
line optimization. Stochastic programming is an
extension of linear programming, where parameters
of the model are considered to be random variables.
On line optimization on the other hand is considered
as an extension of dynamic programming, where
information regarding the system is gradually and
instantly revealed. These two methodologies are
investigated extensively. A comparison analysis was
performed. The objective of the comparison is the
recognition of common elements. Additionally, the
methodological framework for further research is
also proposed.

The first part of the research thesis focused
on investigating exact algorithms for the VRP.
Extended literature review was performed, focusing
on alternative model formulation. The contribution
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of valid inequalities to strengthen formulation was
highlighted. However, a concrete presentation of
alternative heuristics and meta — heuristics was
given also, in order to integrate to a more holistic
illustration of scientific findings.

With focus to freight transportation, the VRP
can be seen as a distribution problem. The aim is to
identify a route plan for delivering products fulfilling
demand and minimizing transportation cost. When
the demand of products varies the problem of
determining route plans from deterministic becomes
stochastic. Stochastic demand is directly related to
product absorption rate, level of inventory control
as well as their correlation. Concentrating interest
to stochasticity of demand in coherent to factors
affected (capacity of inventories, product absorption
rate) the dissertation is studying the collaboration of
transportation management and inventory control,
known as “Inventory routing problem”.

Thesis orientation to this direction is due to
business models trends of logistic companies,
especially large ones, where there is a need for
development of such models. On the other hand,
stochastic demand of VRP is much more interesting
in large scale combinatoric problems, where
composite processes with intense correlations
arised.

Inventory routing problem constitutes the
solution of a join system of managing supply chain
and logistic. Recent years the “Vendor managed
inventory” business model is gaining even more
acceptance, where the distribution manager in most
cases the manufacturer; controls the inventories
and solves the routing problem of all suppliers
jointly. Central supplier known as vendor is making
decisions for the quantities of delivered products,
frequencies of deliveries and the distribution plan.
Therefore, the problem is becoming a join problem
of inventory control and transportation management.
Essentially, the problem aims to solve a repeated
VRP for a network of inventories for a short term
planning horizon. Overall aim is to include long
term goals into short term decisions of repeated
distribution plans.

In the second part of the thesis, an extended
review of the relevant literature of inventory routing
problem was performed. Focus was given again
to the exact method proposed without leaving the
significant finding developed in the area of heuristics.

Excluding a basic assumption of all previous
proposed models, it was proved that a new policy
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called proactive deliveries was powerful in the
framework of deterministic modelling. The policy is
based on the frame of a deterministic model where
demand of the whole planning horizon is known from
the beginning. Policy is formulated mathematically
by the proposal of two valid inequalities.

Aiming to solve the inventory routing problem
under uncertainty and securing flexibility, a recourse
action of transshipment was proposed, in the
framework of two stage stochastic programming
model. An innovative model was developed of two
stage recourse action for the stochastic inventory
routing problem. An L — Shaped decomposition
method was adopted to solve the problem exactly.
Proposed model was tested using modification of
know benchmark instances (Arhetti et al).

Conclusively, the decision of formulating the
inventory routing problem under uncertainty in the
framework of stochastic programming of two stage
recourse action model gave us the opportunities to
clearly state the tradeoff among transshipment cost
in coherence with proactive distribution plans and
increase of inventory levels.

Summarizing, the thesis was structured in two
concrete parts. First part referred to methodological
approaches in context to the general vehicle routing
problem. Second part was focused in the inventory
routing problem under uncertainty.

Key words: Stochastic Vehicle Routing
Problem, Inventory routing problem, stochastic
programming, two stage recourse models, L —
Shaped decomposition method
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ZUvTOolO Bloypa@IKo

H EuvayyeAia Xpuooxodou cival pabnuatikdg, pe
METOTTTUXIOKEG OTTOUBEG €1Bikeuong aTov Topéa Tng
21amIOTIKAG Kol ETTixeipnoiakng ‘Epeuvag TNG Zx0ARg
O¢TikWwv EmoTtnuwy Tou ApiatoTtéAgiou MNavetmioTni-
ou ©egcoalovikng. H SIBAKTOPIKN TNG £PEUVA AVIKEI
OTO €UPUTEPO TTEDIO TNG ETTIXEIPNOIAKNG £PEUVAG KOl
€I0IKOTEPA 0€ TTPOBAAUATA BEATIOTOTTOINONG CUCTN-
MATWYV dpouoAdynong aTtéAou oxnuaTwy. H gpyaacia
NG €0TIdlel 0Tn ouvduaaoTIKA dlaxeipion Tng diavo-
MAG TTPOIOVTWY Kal €QOdIaCHOU aTTOBNKWY € GUV-
Onkeg aBepaidtnTag. AvETTTuée €va POVTEAO OTOYXO-
OTIKOU TTPOYPOUMATIONOU U0 @dcewy. [MpdTEIvE TV
TTONITIKY) TWV TTPOANTITIKWY OIAVOPWY Yia TN BEATIOTN
dlaxeipion cuoTNUATWY £POBIACTIKAG aAuaidag Kal
logistics.

Epyadletal wg avaAlTpia ETTIXEIPNTIOKWY EPEU-
vwv oT1o EBviké Kévipo Epeuvag & TexvoAoyikng
Avamtuéng (EKETA) / IvoTitouTto Biwwoiung Kivntiké-
TnTag & Aiktuwv Metapopwyv (IMET), atré 1o 2006.
To epeuvnTiKO €VOIOPEPOV TNG ETTIKEVTPWVETAI OTO
oxedIaouO Kal aTn dlaxEipIon CUCTNPATWY UETAPO-
pwyv, dlaxeipion atdéAou Kai Logistics, aAAd kal oTn
OTaTIOTIK avAAucon peydAwv BACEwv KUKAOQOPI-
aKWV OedOoPEVWVY TTOU CUAAEYovVTal EiTE evePyNTIKA
€ite TAONTIKA KAl CUCXETICOVTAI JE TN CUPTTEPIPOPT
METOKIVOUPEVWY KAl TO oUOTAUA KIVNTIKOTNTAG. Ep-
yaoieg Tng €xouv dnuoaoieuTtei o€ d1EBvry €moTNUO-
vIKG TTePIodIKG (6TTwg Journal of the Transportation
Research Board) kal o€ TTPAKTIKA ETTICTNHOVIKWV
ouvedpiwv (6TTwg Transportation Research Board
Annual Meetings TRB, European Conference on
Operational Research EURO - INFORMS).
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MauvAog MtraATtdg

H €§€Aign Tng yovipoéTnTag
otnv EAAGda perd 1o 1960:
I3101TEPOTNTES KAl TTPOCPATES TATEIG.

MepiAnyn

H didakTopik dlatpifr egeTddel Tnv €CEAIEN Tou
ONUOYpPa@IKOU @QAIVOUEVOU TNG YOVIUOTNTOG OTnV
EAANGSQ, e TIG ueBBBOUG Kal TEXVIKEG TNG dnuoypa-
@IKAG avAaAuong, Katd Tn HETATTOAEMIKY TTEPIOOO
MEXPI Kal TNV TTPOCQATN OIKOVOMIKY Kpion. MNa To
OKOTTO auTO, TTPAYMOTOTTOINBNKE N CUYXPOVIKH Kal
dlayeveakn avadAuon Tou @aivouévou 1600 o€ €0vI-
KO eTTiTTed0 600 Kal ag miTredo Nopou, e atdxo va
avadelrxbouv ol OTToIEG XWPIKEG OIAPOPOTIOINTEIG.
O1 avaAuoeig apopolv TN GUVOAIKA yoviuoTnTa, TN
yoviuétnTa avd Bloloyikr) Tagn éAeucng Tou TEKVOU,
TNV €VTOG KAl €KTOG YAUOU YOVIMOTNTA, KABWG ETTi-
ong Kal TN yovIuotTnTa avda utrnKooTnTa TNG WNTé-
pag. Xpnoiyotroindnkav Ta dedouéva TNG QUOIKNAG
Kivnong Tng XWpPag, ol eKTINACEIG TTANBuaOU Kai ol
TTANPOYOpPiEG TTOU Yag divouv ol avda deKaAETIA, ATTO
10 1951 Kol pETd, atroypa@ég TTANBuopou. Ta TTa-
patrdvw dedopéva avtAndnkav atmd Tn Bdon dedo-
pévwyv Tou Observatoire Demographique Europeen
(ODE,INED), T0 EpyacThpio Anuoypa@ikwy kai Kol-
VWVIKWV AvaAloewv Tou lNavemoTtnuiou @scoaliag
ka1 TV EAANVIkA ZramioTikr) Apxn (EAZTAT).

H katdppeuon Tou cuyxpovikoU O€ikTn yoviuo-
TNTag Katd Tn didpkela TnG dekaeTiag Tou 1980 ATav
aTTOTEAECUA TNG AAAQYNG TOU NUEPOAOYiIOU YETa OTIG
YEVEEG YUVOIKWYV TTOU yevvhOnkav atmo 1o 1955 kai
petémreira. Or yuvaikeg uloBEéTnoav éva TTo WPIPO
NUEPOASGYIO ATTOKTWVTAG TA TTAIBIG TOUG O€ PEYAAUTE-
pN nAIKia Kal TTePIOPIfovTag Tov TEAIKO Toug apiBud.
H mpootmdbeia avatrAnpwong Twv avaBAnBéviwv
VEVVAOEWV O€ PEYOAUTEPEG NAIKIEG €ival aTEANG UE
OTTOTEAECHA Ol YUVAIKEG TTOU YeEVVABNKaAv HETA TO
1965 va Tmapoucidlouv pegiwon TNG TEAIKAG TOUG
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yoviudTnTag o€ oX€0N WE TIG TTPOYEVECTEPEG YEVEEG
atd 10 péxpr kai 20% yia mn yeved Tou 1971.

ATTO TNV avaAuacn TnG yoviuotnTag Katd BioAoyi-
KA Tagn €A\euong Tou TEKVOU TTPOKUTITEI N KUPIapXia
TOU PoVTéAOU OIKoyEvEIag e dUo TTaIdId, KaBwg rfodn
amd TIG yuvaikeg TTou yevvhbnkav atmmé 1o 1940, o
apIBPOG Twv TTaIdIWY 3NG Kal Avw TAENG PEIWVETOI
OUVEXWG, YEYOVOG TTOU ETTIRERAIWVEI O UTTOAOYIOUOG
Twv MOavoTATWY OIEUPUVONG TNG OIKOYEVEIAG, APoU
0o kail AiyoTepeg yuvaikeg pe 2 Taudid eTmAEyouv va
ATTOKTAOOUV €va 30 Kok. H nAikia amrdéktnong tou
1ou TTaIdI00 QUEAVEI CUVEXWG EVW OTTO TN YEVEA TWV
YUVAIKWV TToU yevvrionkav atré 1o 1960 kai petd au-
gavouv onUavTIKA Ta TTOOOOTA TNG TEAIKNG OTEKVIOG.

O Beopbdg TOU YAPOU TTOPAMEVEL IOXUPOG OTNV
EANGSa kal 1B1aiTepa o€ 6,TI AQOPA TNV ATTOKTNON
€VOG TTAIBIOU, O YAUOG OTTOTEAEI IKAVI KAl avayKaia
ouvOnkn. To TT0000TS YEVVACEWV EKTOG YAUOU, TTO-
POUEVEI TO XOUNAOGTEPO avaueaa aTIG XWpeS TNG EE
(k&Tw a6 10%). ATTO TIG ATTOYPAPEG TTPOKUTTTEN OTI
atrd 10 GUVOAO TWV YUVaiKwVY TTOU TTpayuaToTToincayv
éva 10 yapo poAig 1o 10% dev atéktnoe £va Taidi,
avTiBeTa 60€g TTapéPevav Ayapeg Kartaypd@ouy TTo-
000Td TEAIKNG aTekviag yupw atod 10 90%. H augnon
NG ME€ONG NAIKIAG OTOV TTPWTO YAUO GUUTIAPACUPEI
™ Mé€on nAikia otnv atrékTnon Tou 1ou TTaidiou, ye-
YOVOG TO OTT0i0, € OUVOUOONO JE TNV algnon Tng
TEAIKAG ayauiog JEOQ OTIG YEVEEG ATTOTEAEI TO BATIKO
TTapAyovTa au&nong TnG TEAIKNG OTEKVIOG.

H petavaoTeuTikn €10pon , 181aiTepa KaTa Tn O¢-
kaeTia Tou 1990, deixvel va €xel ETTITITWOEIG OTN YO-
VINOTNTA. ZUYKEKPIUEVQ, N MIKPH Xpovoaoeipd yia TV
otToia dI0B£TOUNE OTOIXEIQ, OE GUYXPOVIKO ETTITTESO
av@Auong uttoAoyioupe OTI augnoe 1o XAl katd
0,15 Traidid/yuvaika (+10% 10 2009) evy ouykpaTei
TN Méon nAikia otn yévvnon kartd 1 pe 0,5 Tou €Toug.
H atmmétopn TTwon NG yoviudtnTag Twv aAA0daTTIWV
XPNZeN TTOAAWYV EpUNVEIWY Kal gival éva atrd Ta Epw-
TAMATA TTOU avoiyel N €épeuva auTh. Or aitieg Ba TTpé-
el va avalntnBouv oTnv OIKOVOWIKY KPioT TTou £XEl
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OITTEG ETITITWOEIG, 00NYEi éva HEPOG Twv aAAOSATTWV
OTO va QUYoUV aTTd TNV XWPA, PE ETTIKPOATECTEPOUG
TOUG AyQMOUG Kal T aTeKva {euydapia, EVW TOUTOXPO-
va duayepaivel TIg ouvbAkeg diafiwong yia autoug
TTOU TTOPAUEVOUY, avaykKAZovTdg TOug va avatTpo-
OapUOCOUV TOV OIKOYEVEIOKO TOUG TTPOYPANMATICHO.
EmAéov, n peiwon Twv Béocwv epyaciag arloda-
TTWV Kat@ 33% Ogv KAVEI TNV XWPA EAKUCTIKA WOTE
va UTTapéel éva véo KUUA €I0PONAG OIKOVOMIKWYV HE-
TavaoTwy. TéAog, Ba TpéTrel va e€eTaaTei n mOavo-
TNTa va BPICKOPACTE GTO EEKivnua TNG AAAQYAG Tou
NUEPOAOYIOU TWV YUVAIKWY PE AANOBATTA UTTNKOOTN-
Td, Ol OTTOIEG UIOBETOUV £va TTI0 WPIPO NUEPOADYIO,
ATTOTEAEOPA TNG OTABIOKNG EVOWNATWONG TOUG OTNV
eANVIKA Kolvwvia. H TeAeuTaia auTr) TTOPAUETPOG EV-
BappuveTal Kal atd TIG OIKOVOUIKEG TUVONKEG, TTOU
odnyouv oTnv avafoAn evog Traidiou, TTou dedopé-
VOU TOU VEQVIKOU TOUG NnUEPOAOYioU oI aAAODATTEG
£XOUV TA XPOVIKA TTEPIBWPIA VA TO KAVOUV.

>& XwPIKO eTTITTESO XAUNAOTEPO TNG XWPAG, TTPO-
KUTTTEl OUYKAION TwV OEIKTWYV 0€ oX£0N PE TO ONuEio
eKKivnong, aAAa o1 d1a@opég TTapapévouy. ETITTAE-
ov, atrd Ta oToIXEia TNG atroypa@rg Tou 2001 Trpo-
KUTTTEl N OTAdIOKK KUPIapYia TOU OIKOYEVEIOKOU HO-
vTéAOU e Ta dUOo TTaIdId o€ OAn TNV Xwpea, avAuETa
OTIG Yuvaikeg TTou yevvABnkav 1o 1925-29 og oxéon
ME TIG YUVAIKEG TWV VEOTEPWY YeEVEWV Tou 1950-54.
To emimedo ToU NopoU TTAPOAO TO TTAEOVEKTNUO
TNG OUYKPICIKMOTNTAG TwV OEBOPEVWV TTOU JAG TTPO-
oQEpEl
(1981-2012), mapapével TTPOBANUOTIKO KOl ATTOTEAEI

yla €va OXETIKA PEYAAO XPOVIKO dIdoTnua

TTPOKANCON PEANOVTIKA n dnuioupyia evég dnuoypa-
QIKOU-OTATIOTIKOU €TTITTESOU YIa KOAUTEPN aUYKPION,
XWPIg OuwG va atraAeipBolv ol GTToIEG TTONITIOUIKES
KaI KOIVWVIKEG 101aITEPOTNTEG TNG KABE TTEPIOXNG.

O1 101aITepdTNTEG TTOU TTapousialav wg TTPOgG
TN ONUOYPAPIKA TOUG CUMTTEPIPOPE (XaunAd& TTooo-
OTA YEVVINOEWYV EKTOG YAUOU Kal N KABOAIKOTNTA TOU
BeouoU Tou ydauou) ol Xwpeg TNG vOTiag Eupwtrng
(lomravia, ITaAia, EAAGSQ) katd Tn didpkeia TnG O€-
kaetiag Tou 1990, @aiveralr va diatnpouvtal TTAéov
povo otnv EAAGSa. Map’ 6Aa auTd, n oCuyxPOVIKK Kal
dlayeveakn €vraon TnG yoviuoTnTag GUYKAIVEL, KATa-
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yPAQovTag dIaPopPEG KAl GTOUG dUO TUTTOUG avAAu-
ong amd Xwpa gg Xwpa Tng 1ad¢ng Tou 0,1 TTaudid/
yuvaika.

Av Kai gival vwpig, aTtd Ta £W¢ TWpa dedouéva, N
OIKOVOUIKN Kpion TTou &ekivnoe atnv EAAGSa aTtrd 1o
2009 kai petéTTaITa poiddel va eTnpeddel Tn yoviuo-
TNTO 0€ dUO emiTreda, Biyovrag Toug VEOUG Kal TOUG
aAAodaTtroug. O1 yevvAoeIg atrd unTépa Pe aAAodaTTA
uTTNKOOTNTA MEIVoVTal avduecoa oto 2009-2012,
aveCapTATWG TAENG yévvnong. AvtiBeta, atmd Tnv
avaAuon Twv YeVVAOEWV Katd TAEN TTPOKUTITEL, yid
TO i8I0 XpOVIKO dIdoTnMA, OTI HOVO Ol Yevvnoelig 1ng
TAENG aUEAVOUV YIa TIG YUVAIKEG PE EAANVIKA UTTNKO-
otnTa Avw Twv 30, 01 OTTOIEG £XOUV PIKPOTEPO TTEPI-
Bwplo avaBoAig ae oxéon e TIG vedTePEG. Eival vw-
PIg yia va yvwpifoupe av Ol YEIOEIG OE TUYXPOVIKO
ETMITTEDO TNG YOVIUOTNTAG OTA XPOVIA TNG OIKOVOUIKAG
Upeong Ba KaTa@EéPouv va PeTaypapouv aTn diaye-
VEQKT] YOVINOTNTA, yeyovog TTou Ba e€apTtnOei atrd Tn
OIAPKEIQ TNG OIKOVOUIKNG UPEDNG.

H €CENIEN TNG yovipotnTag O¢ poiddel va eival
IKAVI) va avTIOTPEWEl TNV £VTAON TNG dNUOYPAPIKNAG
yhpavong tou TTANBucpoU, eITTAéoV pE dedouévn
TN UETOVAOTEUTIKY €Kpor} Adyw TNG ouvexIZOpEVNG
OIKOVOMIKAG Kpiong TTou Biyel Kupiwg Toug vEoug, TO
QAIVOUEVO E TO TTEPATHA TOUu XpOvou Ba yiveTal TTIo

£vTOVO.

A€€eig kKA&1d1a: EAAGSa, Zuyxpovikh MNovipoTnTta,
Alayeveak FovipétnTa, Bioloyikh 14¢n yévvn-
ong, TeAikn Atekvia, Mpwro-IapnAiétnTta, Oiko-
Yevelako Mpétutro

TpipeARg ZupBoulAeuTiki ETiTpOoTTA

Bupwv Kotfapdvng, Kabnyntmig Anuoypagiag,
Tunua Mnxavikwv Xwpotaéiag kal lMepipepeiakig
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Christophe Bergouignan, KaBnyntig Anuoypadoi-
ag, lvomitouto Anpoypa@ikwyv Epeuviv, MavemoTn-
Mio MTropvTw - MaAAia

Jean-Paul Sardon, AicuBuvtig ‘Epeuvag, Mapatn-
pntpio EupwTraikig Anpoypagiog, EBvIKO lvoTiTou-
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Pavlos Baltas

Low Fertility, trends and prospects
in developed countries:
The Greek case

Abstract

This work explores the evolution of fertility in
Greece after 1960 (period and cohort fertility).Using
the techniques of demographic analysis is exploring:
fertility by birth order, fertility by marital status, the
influence of immigration on childbearing trends, the
spatial variability of fertility, a comparative analysis
between Greece and selected countries of southern
Europe (Spain, Italy and Portugal) and the impact of
the recent economic recession on fertility.

The methodological approach is quantitative
and relies mainly on the database of Observatoire
démographique européen (ODE-INED) and the
vital statistics from the Hellenic Statistical Authority
(ELSTAT).

The findings of the current research are shown
below:

* The longitudinal analysis of fertility shows that
the low values of the period TF from 1980 to 2000
was the result of the postponement of births, as
women who were born after 1960 were putting off
parenthood to later ages which depressed period
fertility rates. The increase of period TF in the first
years of 2000 (+0,2 child/woman between 2000-
2010) is due to fertility “recuperation”, through the
increase in fertility rates at ages over 30 years
old. The recuperation is incomplete and the
cohort fertility has significantly reduced over time
(-20% for women born in 1970 compared to the
1955 cohort).

* Analysis of cohort fertility by biological birth order

enriches our research. It shows a mean age of
childbearing in first child increasingly high and
a significant increase of childlessness. The 20-
25% of women born from 1970 to 1975 in Greece
will remain childless. The reduction of complete
fertility in generations is largely due to the fact
that more and more women reach the age of 49
years old without having a child.
Also the family size is reduced over the
generations, two children per family becoming
the norm. The parity progression ratios reduced
at all birth orders and especially a2 and a3 (the
proportion of women with x children who go on to
have a x+1).

* The low percentage of births outside marriage
in Greece (6,7% 2013) revealed the important
role of marriage in childbearing. Data from the
censuses (1991,2001,2011) show that unmarried
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women over 49 years old, had on average a total
fertility between 0,05 to 0,15 children/women and
a childlessness rate between 85 and 95%.

The reduction of first marriages, the increasing
percentage of unmarried women combined with
the current social norms who do not facilitate
births outside marriage contribute to the increase
of childlessness.

» Theincrease in period fertility rates during the first
decade of 2000s, was also due to the stabilization
of fertility rates at younger ages (below 30 years
old). The fertility of foreign women contributes
at national TF, 0,15 child/lwoman (10% of TFR
in2009). The reduction of the period fertility from
2010 is largely due to a sharp decline in fertility of
foreign women.

+ Between 1981 and 2012, the period TF
converged to all Greek departments (NUTS3).
The percentages of women who have more
than two children reduced everywhere between
generations 1920 - 1924 and those born after
1950, while the percentage of women having
only one child continually increases. In addition,
the two most urbanized regions of the country are
those where the percentages of childless women
are well above the national average.

» Theexamination of a series of economicindicators
like GDP and unemployment rate alongside with
period TF reveals the strong correlation between
the two phenomena. The short time series (2009-
2013) does not allow us to know whether this
reduction of period fertility will have an impact on
the cohort fertility. A number of parameters, such
as the long duration of the recession (already 5
years) and the high mean age at first child’s birth
might not allow the postponement of childbearing.

Key words: Greece, Fertility, period analysis,
cohort analysis, birth order, Marriage,
Childlessness, Family model
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Epyoypa@ia oTo mTAQiclo
TOU TrpoypdppaTog «HpdkAgitog ll»
Scientific works
within “Heraclitus II” program

ApBpa oc TepIodikd/ Articles in journals

. MtmaAtdag, M. (2013). AvaBoAn, avatmAfpwon
Kal TEAIKA aTekvia, Tpia avadudoueva QaIvOuEVa
otnv €EENIEN TNG -TTPO TNG Kpiong- yovIiuodTnNTag
otnv EAANGSQ: pia TTpwTn Tpocéyyion. EAKA
Discussion Paper,10,1-42.
http://www.demographylab.prd.uth.gr/abstract/
FINAL WP%20EDKA%20BALTAS%20
KOTZAMANIS_10.pdf ISSN:17909325

Baltas, P. (2013). Postponement, replacement
and childlessness, three emergent phenomena
in the evolution of fertility in Greece: a first
approach. LDSA Discussion Paper, 10,1-42.
http://www.demographylab.prd.uth.gr/abstract/
FINAL WP%20EDKA%20BALTAS%20
KOTZAMANIS_10.pdf ISSN: 1790-9325

. MmraATdg, M. (2014). AUEnon TnNG TEAIKNAG aTEKVi-
0G TWV YUVAIKWY Kal Peiwon Tou peyéBoug Tng
oikoyévelag otnv EAAGSa: Mia diayeveakr| TTpo-
oaéyyion. Anuoypagika Néa, 22,1-4.
http://www.demography-lab.prd.uth.gr/
DemoNews/DEMONEWS_22 BALTAS.pdf
ISSN: 1791-5880

Baltas, P. (2014). Childlessness and Family size
in Greece: a cohort approach. Demonews, 22,1-
4,

http://www.demography-lab.prd.uth.gr/

DemoNews/DEMONEWS_22_BALTAS. pdf
ISSN: 1791-5880

. MmaATag, M. (2010). H Anpoypagia Twv BaAka-
VIKWV Xwpwv, Anuoypapikd Néa,Teuxog Mapri-
ou — AtrpiAiou,10,1-6.
http://www.demography-lab.prd.uth.gr/
DemoNews/demonews_2010_03_04.pdf,

ISSN: 1791-5880

Baltas, P. (2010).The demography of the
Balkans, Demonews, vol. March — April,10,1-6.
http://www.demography-lab.prd.uth.gr/
DemoNews/demonews_2010_03_04.pdf

ISSN: 1791-5880

KepdAaia o ZuAAoyikd 'Epya/ Book Chapters

1. MmaArdg, M., & MapaAdag, B., (2015). H avaTtra-
paywyn Tou TTAnBucuoU. Z1o B. MNaBaAdg (Emip.),
O Kdopog mou kepdioae. Bohog: MavemoTtnuia-
Kég EkdboeIg Ocooahiag.
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s Baltas, P, & Gavalas, V., (2015). Population

Reproduction (fertility). In. Gavalas (Ed.), The
World we have Gained, Population Geography
of modern Greece. Volos: University of Thessaly
Press

AVOKOIVWOEIG O€ ETTIOTNUOVIKA
OuVvEéSpPIa KOl NUEPIDES
Presentations in scientific
conferences and meetings-workshops

. Baltas, P., Kotzamanis, V. (2015, October). La

fécondité en Gréce de l'apres-guerre, tendances
lourdes et ruptures. Paper presented at The
Population of the Balkans at the dawn of the
21st century, Fifth International Conference of
Balkans demography, Ohrid, Former Yugoslav
Republic of Macedonia.

Baltas, P., Kotzamanis, V. (2015, October).
Fertility in Greece: trends and discontinuities.
Paper presented at The Population of the Balkans
at the dawn of the 21st century, Fifth International
Conference of Balkans demography, Obhrid,
Former Yugoslav Republic of Macedonia.

. MmraAtdg, M., Kotdapdvng, B. (2015, ZemréuBpi-

0G). H avamapaywyn Twv yuvaikwy OTnv UETATTOAE-
HIKN EAAGOQ, LaKpOXPOVIES TAOEIC Kal TTPOOQPATES
préeic. NMpo@opIkr avakoivwaon aTo 40 MNaveAArvio
>uvédpio MNoAeodopiag, Xwpotagiag kai Mepipepel-
akng Avdrtuéng, Tou TMXIIMA, BoAog.

Baltas, P., Kotzamanis, V. (2015, September).
Reproduction of women in post-war Greece,
long-term trends and recent reversals. Paper
presented at 4th National Conference of
Planning and Regional Development, University
of Thessaly, Volos, Greece.

. MtmaAtég, M. (2013, Maiog). Ymoyevvnrikornra,

TAOEIS KAl TTPOOTITIKEG OTIC QVETTITUYUEVESC XWPES,
n mepimrwon ¢ EAAGdag: Zuyxpovikn kai Oia-
YEVEQKN avaAUanN- XwWPIKES OIaQOPOTTOINTEIS- ETTI-
TTWOoeISC a1n doun Tou TTANBUCLOU Kai TTOAITIKES
evioxuang tng yoviuorntag. Mpo@opikr avakoi-
vwon otnv Huegpida Epeuvntikig ApaoTtnpidtn-
Tag, MoAuTexVviKAG ZxoAAg lMNavemoTtnuiou Otgo-
oaAiag, BoAog.

Baltas, P. (2013, May). Below replacement
level fertility, trends and prospects in European
Countries: The case of Greece, Period and
Cohort fertility analysis. Paper presented at
the Research Activity Workshop of School of
Engineering, University of Thessaly, Volos,
Greece.
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4. Baltas, P. (2011, October). La démographie des
Balkans:tendances lourdes, L’ Union européenne
et la fracture balkanique. Paper presented at
Séminaire de valorisation de la recherche, INED,
Salle Alfred Sauvy, Paris, France.

Baltas, P. (2011, October). The demography of
the Balkans: main trends, The European Union
and the Balkan divide. Paper presented at the
Research Seminar, INED, Salle Alfred Sauvy,
Paris, France

ZUvTopo Bloypa@iké

O MauAog MTraAtdg cival amégoitog Tou Tuh-
patog Mnxavikwv Xwportagiag, lMoAeodouiag kai
Mepipepeiakng  AvamTuéng Ttou  [MavemoTnuiou
Ocooahiag kal KAToXog OUO WETATITUXIOKWY TITAWY
(Master), o TpwTog 0T XwpoTtagia kai Mepipepel-
akn MoAiTikr) atrd 10 MavemoTtiuio @scoaliog Kai o
0eulTepog 0T Anuoypagia kair Anuoypa@ikfy AvaAu-
on (ue TitAo MANBucopsdg, AvaTTTuén kai MNPOOTITIKES)
Tou [lavemoTtnuiou Oecocaliag kal Tou Université
Montesquieu Bordeaux-1V (FaAAia). Eivar AidakTo-
pag Tou Université de Bordeaux o€ ouvepyoaoia pe
10 MNavemoTrpio Osooaliag (dIakpaTIKG ouv-dIda-
KTOPIKO), £XovTag AdBel Tnv uttoTpo@ia « HpdkAEITog
II'» yia To didoTnua 2010-2013.

‘Exel epyacBei wg epeuvntg oTto EpyacTrpio
Anpoypagikwy Kal Koivwvikwyv AvaAucewv Tou [a-
VETTIOTNUIOU @egooaAiog, 0To €pyacTrpio Tou Touéa
Mewypagiag kar lMepipepeiakol  Xxediacuol TOU
EMIM, oto EupwTrdiké Mapatnpntipio Anuoypagiog
(ODE) 1mou atroteAei evotnta (UE15) Tou EBvIKoU lv-
aTitouTou Anuoypagiag Tng MNaAAiag (INED) oTo lNao-
piol, kaBwg etriong kai aTo lvaTiTouTo Anuoypagiag
Tou MavemoTnuiou Tou MTopvTd (IEDUB). Ta epeu-
vNTIKG& TOU evOla@épovTa £0TIAloVTal 0Th Anuoypa@i-
K AvaAuon kai atn Xwpikh Anuoypagia.

206

Short CV

Pavlos Baltas is an Urban & Regional Planning
Engineer, holding a Degree (Ptychion) from the
University of Thessaly (5-year compulsory studies).
He has a PhD1 in Demography (University of
Bordeaux/University of Thessaly), with a “Heraclitus
II” scholarship (2010-2013), a MSc in Demography,
(University of Thessaly/University of Bordeaux)
and a MSc in Planning and Regional Development
(University of Thessaly).

He has worked as Research Assistant at
Observatory of European Demography (ODE),
Institut National d’ Etudes Démographiques (INED-
France), at Institut d° Etudes Démographiques
in University of Bordeaux (France) and today is a
research associate at the Laboratory of Demographic
and Social Analyses (LDSA-University of Thessaly).
His research agenda focuses on two aspects of
demography: (1) Demographic Analysis (especially
Fertility) and (2) Spatial Demography.
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AAEENG KopdoAEung
‘ESUTTVEG UQPAOCHUATIVEG KATAOKEUEG

MepiAnyn

O1 UQaoUATIVEG KOTOOKEUEG XPNOIUOTTOIOUVTAI
o€ TTOANEG KaBNueEPIVEG BPAOTNPIOTNTEG TOU AVOpPwW-
TToU. H ¥prion Twv upacpdTwy gival dITTA: TTPWTOV,
yia AGyoug aioBnTIKAG TTPOKEINEVOU VO BEATIWOE N
€EWTEPIKA €U@AvIon Kal deUTEPOV, Yia AOYoug Ael-
TOUPYIKOTNTAG Ol OTTOioI OXETICOVTAI KUPIiWwG PE TNV
TTpoaTacia aTo TIG KAIPIKEG OUVOAKEG OTTWG gival TO
KpUOo, N ¢€aTn, N NAIAKK akTIVOBOAia KATT.

Ta updopata, TTEPAV TNG KAACIKNAG TOUG XPAONG
OUWG, uTTOoPOUV vVa XpnolyotroinBouv Kai o€ TToOAOUG
TOUEIG TTpONYPEVNG TeEXVOAOYiIag Kal yI' auTtd 1o Adyo
TIPOCEAKUCAV TO €vOIAQEPOV TTOAAWV  EPEUVNTWV
atrd 6o Tov K6opo. Ta KUpla XapaKTNPIOTIKA TOUG,
TTOU ATTOTEAETAV KAl TOV TTOAO €AENG, €ival TO XaunAod
KOOTOG Trapaywyng, 0o XaunAodg Adyog Bdapog/avro-
XN Kol YEVIKA O €EQIPETIKEG TOUG PNXAVIKEG 1010TN-
TEG. AoIKA oToIXEio aTTd Upaoua XpnolpoTTolouvTal
€UPEWG OTN Blopnxavia Kal o€ TTOAEG TEXVOAOYIKEG
EQPAPUOYES UPNAWY aTTAITACEWY. XAPOKTNPICTIKA
TTapadeiypara amoteAoUv ol agpOOAKOI Kal Ol {WVEG
QOQOAEIAg TWV AUTOKIVATWY, Ta OAEEITITWTA Kal TO
aAegiopaipa yIAéka oTnv TTOAEIKA Biounxavia, Ta
OXOIVI& KAl Ta OTEYAOTPA OTNV EUTTOPIKY Blopnxavia
KATT. OAEG QUTEG OI EQAPUOYEG UTTOPOUV Va BEATIOTO-
TToINBOUV PE TN XPrON ATTOTEAECUATIKWY PEBGdWV
MovTEAOTTOINONG AUTWY TWV UNIKWV. H povTeAoTroin-
On TwV UQACUATWY €ival PIa ETTITTOVN KAl TTOAUTTAO-
Kn diadikaoia TTou XpHcel 1d1aiTepng TTpoooxng Adyw
NG BOMIKAG APXITEKTOVIKNG TOUG. H TTOAUTTAOKOTNTO
ogeileTal, Katd KUPIO AOyo, OTOV TPOTTO TNG TTAEENG
TOUG KOBWG Kal oTOV TPOTTO |E TOV OTTOI0 TTAPAUOP-
@uWVoVvTal UTTO TNV ETTIOPACN WNXAVIKWY QOPTIWV.
Mapdho 1Tou €xouv yivel TTOAMEG TTpoOTTABEIEG ATTO
TTOAAOUG epeuvnTEG O€ OAO TOV KOOHO, MEXP! KAl OR-
Mepa Oev UTTAPXEl Eva ACIOTTIOTO AVTITIPOCWTTEUTIKO
MOVTEAO yIa auTd T UAIKG TTOU Va gival IKavo va TTpo-
BAEWel TN PNXAVIKA TOUG CUUTTEPIPOPA. ZKOTTOG TNG
epyaciag autig gival va SIopopPuWOoEl Kal VO UAOTTOI-
noel éva BewpnTikG povTéAo TO otroio Ba eival Ika-
vO va TTPORAEWEI TN UNXAVIKI ATTOKPION QUTWV TWV
KOTAOKEUWVY UTTO TNV ETTIOPACT UNXAVIKWY QOPTIWV.
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To KUpPIO XapaKTNPIOTIKO TWV UQACTUATWY Eival O
TPOTTOG TTAEENG Twv vNudTwy Kal Twv ugadiwv. O
TPOTTOG TTAEENG aTTeikovidel e Tov TTAéoV EekdBapo
TPOTTO TN MIKPOdOWH Toug. TOTTIKA, Ta VAUATA KAl TO
u@adia, TTapousIAfouV WETATOTTIOEIG, OTPOYES Kal
KOUTITIKEG POTTEG, ME ATTOTEAECHA va EKBNAWVOVTOI
@aivépeva KAigakag. AutoU Tou €i00Ug Ta QaIVOUEVA
eTTNPEAloUV o€ onUAvTIKO BaBud TN POKPOOKOTTI-
KAl atmoKpIon TNG KATAOKEURS Kal Ba TTpETTEl va An-
@BoUV utTéwn oTtnv avaAuon. Eival eupéwg yvwaTd
OTI N KAAOIKA Bswpia TNG €AACTIKOTNTAG OTNPICETAI
oTnVv TTapadoxr OTI oI AAANAETTIOPACEIG PETOEU TwV
UAIKWV owpaTidiwv eviég Tou OWPATOG YTTOPOUV va
TTEPIYPAPOUV TTAAPWG HUE TOV EAKUCTH TWV TACEWV
(a&iwua Tou Cauchy). Auti n TTapadoyn IoxUEl o€
APKETA KaAS BaBud yia Tnv TTAEIOVOTNTA TWV OOWI-
KWV UAIKWYV, €I0IKA OTIG TTEPITITWOEIS OTTOU N KAipaKa
NG MEAETNG gival TETOIO OTTOU OI AETTITOUEPEIEG TNG MI-
Kpodopng o€ AappdvovTal utréwn. H KAaoIkr Bewpia
TOU OUVEXOUG HECOU Bev gival o€ BEon va TTEpIypAyEl
QaIvopeva KAigakag kal n avalitnon Kai xprion 1o
YEVIKEUMEVWYV BEWPIWV €ival atTapaitnTn. Z€ Pia ye-
VIKEUMEVN Bewpia, n otroia Ba IkavoTrolei auTr TV
avaykaidtnTta, Bewpeital 611 oI aAANAeTIdOPACEIG TWV
UAIKWV owHaTIdiwyV HECO OTO OUVEXEG MECO OEV TTE-
plypd@ovTtal atrd €va PJovo didvuoua, Tov EAKUCTH
TWV TACEWYV TTOU ATTOTUTTWVEI TIG OXETIKEG YETATOTTI-
O€IG TOUG, aAAG Kal atrd €va TTpooBeTo diIdvuoua, ToV
€AKUOTH TWV POTTWV, TTOU ATTOTUTTWVEI TIG OXETIKEG
OTPOPEG TOUG.

2TNV TTEPIOX TWV YEVIKEUPEVWY BEWPIWV TOU
ouveXoug péoou, BUO gival oI OXOAEG OKEWNG TTOU
£XOUV ETTIKPATAOCEL. H TTpWTN OXOAA OKEWNG UIOBETEI
TNV I0€a OTI N KIKPOSOWR TOU UAIKOU UTTOPE VO JOVTE-
AotroinBei pe KaAUTEPO TPATTO EIGAYOVTAG TTEPICTOTE-
poug Babuoug eAeubepiag oTo p€co. H TpwTn TTpo-
OTTaBeIa TTPOG QUTH TNV KATeEUBUvVON £yIVE ATTO TOUG
adepoug Cosserat, OTIG apx£G TOU TTEPATUEVOU aAl-
wva, ol o1roiol dlapépPwWoav Pe Tn Bewpia Toug TNV
OTTOVOUAIKI) OTAAN TV AeyOUEVWYV YEVIKEUPEVWY O¢-
wplwv avwTtepns 1a¢ns. O1 adepgoi Cosserat (1909)
d1aTUTTWOAV Jia PN YPANMIKA Bewpia yia Ta oTeped
owuata Tpooapudélovtag pia TpIdda dlIavUCUATWY
o€ KABe UANIKO owOTIOIoO TOU OWUATOG. ZUVETTWG,
ME QUTA TNV TTPOCEYYIOT, TO KABe UAIKG cwpaTidlo
QVTIUETWTTICETAI WG £va OTEPEO WA, TO OTTOIO gival
EVOWUATWHEVO PECO OTO OUVEXEG HECO KAl TO OTTOIO
MTTOPEl va cuoTpEPETAl aveEAPTNTA ATTO TO CUVEXEG
Méoo OTav TO TeAeuTaio TTapapop@wveTal. Autou
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TOU €idOUG N TTPOCEYYION, av Kal gival akpIBrg, TTa-
POUCIAlel KATTOIO MEIOVEKTHMOTA KUPIWG AOYW TwV
TTEPITTAOKWY HABNMUATIKWY OXETEWY TTOU 00nyEi, ol
oT1T0ieg PUTTOPOUV va AuBouv dUoKOAa, aAAd Kal yia
TN QUOIKA CNPOCIa TwV ETITTPOOOETWY TTAPAUETPWYV
TTOU TTPOKUTITOUV, TTOU Ba TTPETTEl VA JETAQPOCTOUV
ME QUOIKOUG 6poug. H avaykn va edpaiwbouv autou
TOU €idoug oI Bewpieg, O€ MO PEANIOTIKO €TTITTEDO,
00ryno€ 0€ KATTOIEG ATTAOTTOINCEIG TWV APXIKWY TTO-
PadOXWV OXETIKA PE TNV TPIAdA TwV BIAVUCUATWY
OTO UAIKO onuegio. H atrAouoTepn €kdoon TnG Bew-
piag Cosserat cival n Bewpia Twv TAGEWV BITTOAOU.

H deUTtepn OX0An oKEWNG TTPOCEYYiCEl TN POVTE-
Aotroinon NG YIKPOSOWNG atrd Hia dIAQOPETIKI OTITI-
KN Kal Aapavel wg Bdon Tng TN ouvAPTNON TNG TTU-
KvOTNTAG TNG EAACTIKAG EVEPYEIAG, OTNV €KPPACn TNG
oTroiag TrepiIAapBavovTal o1 Babuideg TN TTapaudp-
pwaong. AlGpopeg ekOOXEC QUTAG TNG TTPOOEYYIONG
€xouv TrapouciacBei atn diebvr) BiBAIoypagia Kai n
Kupiopxn O1a@opd HPETAEU TwV €ival OTOUG AVWTE-
poug 6poug TNG Babpidag TTou AaupdvovTal uTToYn
KABe @opd. H yevikdTEPN TTEPITITWON QUTAG TNG KATN-
yopiag gival n TToAuTToAIKr Bewpia (multipolar theory)
oTnv oTroia TrepIAapBavovTal 6Aol oI avwTEPOI BPOI
NG Babuidag apaudpewong. H Bewpia TG Tpw-
NG Babpidag (first gradient ttheory) kai n Bewpia Tng
deuTepng Babuidag (second gradient theory) atroTe-
AoUV UTTOTTEPITITWOEIG AUTAG TNG KATNYOPIaG.

H pikpottoAikfy Bewpia (micropolar theory) atro-
TEAEI QVTITTIPOOWTTEUTIKO TTAPAdEIYHA TWV BEWPIWV
YEVIKEUUEVOU HECOU Kal TO BACIKO TNG XOPAKTNPI-
oTIKG gival 6Tl o emTTAéov BaBuog eAeuBepiag TTou
EICAYETAI OTO OUVEXEG HECO TTOU TTEPIYPAPEI TN OXE-
TIK OTpOo®r] METAEU TwV UNKWV ocwpamidiwyv eival
aveLapTnNTOG ATTO TNV POKPOOKOTTIKA OTPO®ry TOU
ouvexoug péoou. AUTA n TTapadoxr] ETTIPEPEI KATTOI-
€G ONMAVTIKEG TPOTTOTTOINCEIS OTNV KAAOIKN Bewpia
TNG €AAOTIKOTNTAG OTTWG: A) O TAVUCTAG TWV TACE-
wv Ogv gival TTAEOV CUPPETPIKOG, KaBwG n eiowan
NG apxng diatpnong TNG opung TpoTroTTolEiTal B) N
ouvapTnNoNn TNG TTUKVOTNTOG TNG EAAOTIKAG EVEPYEING
AapBavel pia eTauénuévn Jop®n, UTro TNV £vvola OTl
mepIAauBaver TTAEov TNG TTapaudpPPWaOnG kai Tn Bab-
Mida TNG OTPOYNG.

O1 UPACUATIVEG KOTOOKEUEG CUMTTEPIAANPBAVO-
VTQI OTNV KATNYOPIa TwV UAIKWV PE HIKPOOOUN €K TWV
TPayHdaTwy, Adyw TNG SOUIKAG APXITEKTOVIKHG TOUG
n otmoia kKaBIOTA TNV PIKPOSOUR TOUG OPaTH GKOUN
KOl JE YUUVO 0@BaAus. Ta EEuTTva U@ACUATIVO UAIKA
pTTOpOUV va dnuioupynBouv atd vruaTa Kal u@d-
dla Ta oTToia UTTOPOUV Va EVEPYOTTOINBOUV UNXaviKa
METW BEPUIKWYV, NAEKTPIKWY KOl JAYVNTIKWY TTESIWY,
€AV KATOOKEUOAOTOUV aTTO UAIK& Ta OTToia PTTOPOUV
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va avTidpdoouv o€ TETOIOU €idoug TTedia. ETmTA¢oy,
medopayvnTiKa Kal TECONAEKTPIKA QOPTia UTTOpoUvV
VA PETATPEWOUV TA UPACUATA OE CUOKEUEG ATTOONR-
KEUONG EVEPYEIAG PETATPETTOVTAG TH MNXAVIKI €VEP-
YEIQ G€ NAEKTPIKNA.

Mikpodopikd, Ta updopata PITopouv va avaAu-
BoUv Kal pe TN PEBOdO TwV KAAWdIwWY, £XOVTAG WG
XOPOKTNPIOTIKO TOUG YVWPIOHO T UETAPOPA POop-
Tiwv UTTO TN POP®r €PEAKUCTIKWY 0pBwv TAoEwV,
TTapoucIdfovTag TTOAU HIKPR SIATUNTIKA KOl KOUTITI-
KA aKOUWia. ZUVETTWG, Ta KAAWDdIa ATTOKPivovTal O€
eEWTEPIKA QopTia Kal PAIKEG SUVANEIS TTPOCAPUO-
{ovTag TN YEWWETPIa TOUG TTAPA avaTITUOCOVTOG TA-
OEIG.

AEgeig KAeIBIA: vpdopaTta, iveg, KAAWSIWTOI Po-
peig, yevikeupéveg Bewpieg ouveXoUug HECOU,
dopikf eu@uia, ouleuypéva NAEKTPOMNXAVIKA
OUCTAMOTA, N YPOMHIKA avAAuon, apl@unTIKES
HéBodol

TpipeARg ZupBouAeuTikh ETriTpOTTN

Avtwviog Tavvakétroulog, Kabnyntrig, Topéag
AopoaoTaTikAg Mnxavikng, TuAua MoAimkwyv Mnxavi-
KWV MoAuTeXVIKAG 2x0ANG MNMavetmioTnuiou OcooaAi-
ag (emBAEmwv)

NikéAaog Apdpag, KaBnyntAg, Topéag YTroloyioTi-
KRS Mnxavikng Twv Kataokeuwyv, Tunua MnxavoAo-
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oaAiag

Alexis Kordolemis

Smart Textiles
Abstract

Textiles are used in many cases in human’s
everyday life. The main usage is twofold: firstly,
is aesthetics in order to improve the image of the
people and secondly, the functionality which has to
do with the protection from weather conditions like
cold, rain, sun, ultraviolet radiation, etc.

Fabrics attract a lot of attention from researchers
all over the world due to production low cost, low
weight to strength ratio and generally the extraordinary
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mechanical properties they exhibit. Textile structural
components are commonly used in industry and
in many advanced technological applications.
Characteristic examples are airbags and seat belts in
automotive industry, parachutes and bulletproof wests
in the army, ropes and tents in commercial industry,
etc. All these applications can be improved and
optimized by using effective modelling techniques for
the fabrics. Fabric modelling is an elegant task, due
to high complexity of the structure. High complexity is
due to the weaving process and the various modes
of deformation. Even though a lot of attempts from a
great number of researchers have been made, there
is no reliable and sufficient model for predicting the
mechanical behaviour of fabrics till today. So, the first
target of the study is to formulate a model adequate
to predict and simulate the mechanical behaviour of
fabrics in a sufficient and reliable way.

The main characteristic of the fabrics is the weave
between the warps and the yarns. Weave depicts
transparently the material’s microstructure. Locally,
the yarns translate, twist and bend independently to
each other, so size effects are inevitably present. The
macroscopic fabric response is influenced very much
from the microstructure. It is well known that classic
theory of elasticity is founded in the assumption that
the interactions between the material particles within
the body can be fully described through the force
traction vector (Cauchy postulate). This assumption
is valid for the majority of materials, especially in
the case, where the scale of study is such, that the
microscopic details of the material are not taken into
account. Classical continuum mechanics theories
cannot take into account such size effect phenomena
and the usage of a generalized continuum theory is
necessary. The necessity of studying in detail the
mechanical behaviour of materials, in conjunction
with the inability of the classical theory to incorporate
coupling effects that stem from the underlying
microstructure, calls for a modified theory which can
capture the emerging microstructural and coupling
phenomena. For example, it is often assumed that
except the traction force vector which implies the
translation of the particles, an additional moment
vector is introduced which implies the internal
rotation between the material particles.

In the simplest generalized continuum theories
era, two main schools of thought were established.
The first school adopts the idea that the material’'s
underlying microstructure can be better addressed
by inserting additional degrees of freedom within
the continuum. The first attempt to this direction was
made by Cosserat brothers, in the beginning of the
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past century, establishing the backbone of the so
called higher order generalized theories. Cosserats
(1909) formulated a nonlinear theory for solids,
assigning a triad of director vectors to each material
particle within the body. That is, each material
particle is faced as a rigid body, embedded in the
continuum and has the ability to rotate independently
from the local rotation of the medium in the course of
deformation. The main shortcoming of this approach,
on one hand, was the complex form of the governing
equations, which, in many cases, was very difficult
to be tackled mathematically and on the other hand,
the physical interpretation of the additional material
constants that came in the foreground. The need to
establish such kind of theories in a more physical
ground lead to some simplifications of the initial
assumption dealing with the director vectors within
the body. A simpler version of Cosserat theory is the
couple stress theory.

The second school of thought adopts another
approach to interpret the effects of the underlying
microstructure, having as a basis the gradient of
strain taken into accountinto the strain energy density
function. Various versions of these theories were
established in the literature and the key difference
among them is related to the high order gradients
taken under consideration each time. The more
general case is the multipolar theory where all the
higher gradients of the strain are taken into account.
First strain gradient and second strain gradient
theories are simplified versions of this category.

Micropolar theory is a prominent representative
of the generalized continuum theories and its
characteristic feature is that the additional degree of
freedom introduced, rotation between the material
particles, is independent from the macroscopic
rotation of the body. This assumption entails a set
of significant modifications of the classical elasticity
theory, such as: a) the stress tensor is no longer
symmetric due to the modified balance equation
of angular momentum b) the strain energy density
function takes an augmented form, including both
the strain and the gradient of rotation. Several
micromechanical analyses of two dimensional
models composed of connected elastic rods exist,
which lead to micropolar continuum.

Textile components fall to this class of materials,
a fortiori, due to their structural architecture which
makes the microstructure visible even with the
naked eye. Smart textiles incorporate yarns that can
be mechanically activated through thermal electric
and magnetic fields, due to the thermomechanical,
mechanochemical, piezoelectric and piezomagnetic
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properties of the yarn’s matter. Piezomagnetic and
piezoelectric properties can be also utilized so that
textiles can be used as energy harvesting devices,
transforming the mechanical energy to electric
energy. Similar methodologies can be applied to
other coupling phenomena (thermomechanical,
piezoelectric, etc.).

Cable structures have the characteristic of
transferring loads as tensile normal stresses,
exhibiting very small shear and bending stiffness.
Thus, the cables respond to the application of external
loads and body forces by adopting their geometry
rather than developing stresses. The classic problem
of the cable structures is the hanging chain which,
under its own weight, takes the form of a catenary
in tension (the shape was found to be hyperbolic
cosine). Solutions for elastic cable systems have
been presented, taking into consideration the initial
cable tension and the deformed state of the cable.

The micropolar theory adopted in the study,
assumes that the director vectors incorporate three
degrees of freedom that is two translational and one
rotational, which are independent of the macroscopic
deformation of the body. In textile composites,
especially in the out of plane deformation where this
study focuses, rotational degree of freedom reflects
to the physical interpretation of the local curvatures
of the yarns. The problem is formulated by stating the
basic kinematical assumptions, the constitutive law
and equilibrium quasi-static equations in plane polar
coordinates. Next, we particularize the relations to
the cable configuration. The micropolar cable can
sustain shear forces and moments at its ends. We
then solve particular cases with important types of
body forces and boundary conditions.

Key words: textiles, yarns, cables, generalized
continuum theories, structured smartness,
coupled electromechanical systems, nonlinear
analysis, numerical methods
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Zovtouo Bioypagiké

O AA&ENg KopdoAEung cival epeuvnTrg 01O TUN-
pa MoAiITikwv Mnxavikwy Tou MNMavemmoTnuiou ©scoa-
Aiag, oto BéAo. Eivail evepyd pédog Tou Epyaotnpiou
™G AvToxNS Twv YAIKWV Kal MIKpOPNXavikrg oTo idlo
TuAua. Atréktnoe 10 AiTrTAwpua MoAITikou MnxavikoU
aTov Topéa TG AopooTtatikAg Mnxavikig, to 2006.
2Tn ouvéxela, 1o XETTEUPPIO TOU idIoU £TOUG, PETE-
Bn otnv ABrva, ato EBvikd MetadBio MoAutexveio,
OTTOU ATTEKTNOE TOV UETATITUXIAKO TOU TITAO OTNV TTE-
pioxn TNG YToAoyIoTIKAG Mnxavikrig atmé T ZX0An
Epappoopévwv Mabnuatikwy kal Puoikwyv EmoTtn-
MWV (ZEM®E). Apou utrnpéTnae Tn OTPOTIWTIKA TOU
Bnteia yia éva xpoévo otnv MNoAepikr AcpoTropia, eTTé-
oTpewe 010 BOAO, 61TOU KOI CUVEXIOE TIG HETATITUXIO-
KEG TOu 0TTOUBEG, OTO Turua MoAImKwy Mnxavikwv.
Tov lavoudpio Tou 2014, améktnoe 10 AIOAKTOPIKO
Tou AiTTAwpa otnv Trepioxn Twv ‘E§utrvwv Yepaoudri-
vwv Karaokeuwy, pe utrotpogia “HpdkAeitog 117,

‘Exel epyacBei atov 1I81WTIKG TopéQ, OTNV KATA-
okeury Tou Autokivntodpduou Kevtpikrg EAAGdaG
— EB5, wg unxavikdg épyou. ‘Exel t€ooepelg dnuo-
olevoeIg ae OIEBVA ETMIOTNUOVIKA TTEPIODIKA HE KPI-
TEG KAl £XEI OUPUETAOXEI OE ETTIOTNHOVIKA OUVEDPIA
otnv EAAGSa kal oTo eEWTEPIKO WG OWIANTAG. Eival
péNOG Tou Texvikou EmmipeAntnpiou EANGSAG kai NG
‘Evwong EAMAvwy Mnxavikwyv. Ta gpeuvnTiKA TOU
evOIAQEPOVTA Eival OTNV TTEPIOYXN TNG DOUIKNAG MNXO-
VIKAG, TNG KAQOIKAG PNXAVIKAG KOI TWV YEVIKEUPEVWV
BewpIWV TOU oUVEXOUG HETOU, OTNV apIBUNTIKA ava-
Auan, OTnNV UTTOAOYIOTIKA UNXAVIKHA, OTN KN YPAPUJIKL
Bewpia TNG UNXAVIKAG, 0€ €UKAUTITOUG QPOPEIG aTTd
ouvBeTa UAIKG, oTa £EUTTVO UQPACUOTA.
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Aa@vn MNMavrouoa

ZUUTTEPIPOPA KATOOKEUWV
O€ KATAOTAOT TTUPKAYIAG
META ATTO CEICHIKA YEYOVOTA

MepiAnyn

Avtikeigyevo Tng d1dakTopIKAG dIaTpIBAG aTTo-
TEAEI N dlgpelivnon TNG CUMPTTEPIPOPAS HUETAANIKWV
TTAQICIWTWY KATOOKEUWYV O€ UYNAEG Bepuokpaaieg,
BewpWVTag WG onueio &vapéng Twv UTTOAOYICHWY
Mia KatdoTaon Jovigwy BAABWv TTOU TTPOEPXOVTAI
atré o€IoUIKA Katatrévnon, n otroia €xel TTponyno«i.
H diatpir) AapBavel uttdown 11 BAGPBES TTOU TTPOKA-
AouvTal atrd Tn CGEICUIKN QOPTION, TOOO OTA OOMIKA
000 Kal oTa PN-O0MIKA PEAN. ZUYKEKPIPEVA, N LEAETN
ETTIKEVTPWVETAI OTOV UTTOAOYIONO TOU XPOVOU TTU-
PAVTOXNG TWV KATAOKEUWYV OTNV TTEPITITWON TTOU N
TTUPKAYI& EKONAWVETAI PJETA ATTO TN OEICMIK QOPTI-
on. H peAétn die€dyetal péow apIBuNTIKWYV HEBGdWV.

H diatpiffy €TTIKEVTPWVETAI OTN YEAETN MIOG ME-
TAAANIKAG TTAQICIWTAG KATOOKEUNG TTOU XPNOIUOTIOIEI-
Tal WG BIBAIOBAKN, TTPETTEI OUWG VO ONPEIWBET TTWG
n peBodoloyia TTou avaTTiooETal PTTOPE va eQap-
pooTel Kal og dANoug TUTTOUG dounudTwy. ApXIKA,
N KOTOOKEUR OXEDIACETAl WOTE VA QEPEI TA QOPTIa
BapuTnTag KAl CEICPOU, CUUPWVA WPE TOUG 10XUO-
VTEG EUPWTTAIKOUG Kavoviopoug. O aTtdyxog cival va
MeAETNOEI N cuPTTEPIPOPA TNG KOTOOKEUNG KATA TN
O1dpkela TNG TTUPKAyIAG, Aaupdvovrtag uttéwn TO
YEYOVOG OTI TO OTATIKO OUCTNUA €XEI UTTOOTE DIAQO-
pa emiTeda BAaBwv Adyw TNG CEICHIKAG GOPTIONG,
n oTroia KAIJOKWVETAI OTAdIAKA, WOTE VO AvVATTOpI-
OTA OEICPOUG PE MIKPOTEPN TTIBAVOTNTA EUPAVIONG.
EmmpéobeTa, AapBdveral uttoyn 10 yeyovog OTI N
OEIOWIK QOPTION UTTOPEI Va €10AYEl DIOQOPETIKG ETTI-
meda BAGPRNG Kal OTa UN-QEPOVTA OTOIXEID, avalo-
ya Pe TNV TTEPiodo eTTAVAPOPAS Tou oeiopou. Na 1o
OKOTTO aUTO, N MUEAETN APXIKA ETTIKEVTPWVETAI OThV
EMPREPRAIWON TNG CEICUIKAG CUPTTEPIPOPAS TNG KATO-
OKeuNg, AauBdvovTag utréwn oeiIouoUg JE PIKPOTE-
pn Tepiodo emmavagopdg, Péow TNG oUyKpIong NG
d1a6£01uNG 1IKAVOTNTAG TOU OTATIKOU CUOTAUATOG ME
TNV aTraITouuevn. Z1n dIaTpIRr] auTr, N IKAvVOTNTA TOU
OTOTIKOU OUOTHPOTOG EKPPACETAI HECW TNG YWVIOKAG
TTAPAUOPPWONG 0pOPOU Kal akoAouBei Tn @IAocogia
TOU QVTICEIOHIKOU OXEDIOONOU TWV KATAOKEUWY, HE
Bdaon Téooepelg OTABUEG ETTITEAECTIKOTNTAG.

JUYKEKPIYEVA, TO EVOIAPEPOV  ETTIKEVTPWVETAI
oTIG OoTaBpeg emTeAeaTikdTNTAG [NpooTacia ZwnAg
ka1 Olovei Katdppeuaon. MNa TIG CUYKEKPIPEVES OTAO-
MEG, ol BAABeG oTa PNn-@EpovTa oToixEia (UaAoTTiva-
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KEG, OUOTAMATA WEUBOPOPNAG, TTUPAVTOXEG TTOPTEG,
EOWTEPIKA XWPIOUATA, PNXOVOAOYIKOG €EOTTAICUOG)
avapévovtal va gival ekTeTapéveg. O oKoTTog €ival
va JEAETNOBEI N CUUTTEPIPOPA TOU OTATIKOU CUCTH-
MaTOG yIa JIAQOPETIKA (KAIJOKOUHEVA) OEVAPIO [E-
TACEIOWIKAG TTUPKayIAS. 2Tn diatpifn autr, o 6pog
peTaoeiopikn TTupkayld (MI1) oxeTi¢etal pévo pe TIg
BAGBES TwV PN-QepOVTWY OTOIXEIWV. T PETATEIOHI-
KA oevdpla TTupkayidg Baoidovral o€ KAIgakoUpeva
etmimeda Pn-0ouIkAG BAARNG Kal pe Tov TPOTTO AuTd
d10QOPOTTOIOUVTAl OI CUVOPIOKEG OUVOAKEG Tou Bep-
MIKOU TTpoBARANaTOG. 'ETOI TTPOKUTITOUV JIAQOPETIKES
XWPIKEG XPOVO-IOTOPIEG BEPUOKPATIag HEGQ OTO TTU-
podiauépioua.

O BaocikdG 0TOX0G TNG dIOTPIRNAG Eival va UTTOAO-
YIOTEI N peiwaon Tou XpOvou TTUPAVTOXNG TOU OTATIKOU
ouaTpaTog Adyw Twv BAaBwv TTou eilc@yovTal oTnv
KATOOKEUN KATA TN SIAPKEIQ TG TEICUIKAG POPTIONG.
H peiwon TpokUTITEl HEOW TNG GUYKPIONG KE TNV TTE-
PITITWOoN TToU TO OTATIKO CUCTNUA OEV €XEI UTTOOTEI
BAGBeg kai otn diatpify auth ovopdadeTal oevapio
avapopds. O avTioToIXog XPOVOG TTUPAVTOXG ava-
@EPETAI YIa AGYOUG OUVTOHIOG WG XPOVOS avagopdg.
H oUykpion Twv ATTOTEAECUATWY TTOU TTPOKUTITOUV
(o€ 6poug XpOVOoU TTUPAVTOXIG) OTTO TO CUVOUAGCE-
VO OeVAPIO TNG TTUPKAYIAG PETA ATTO CEIOUIKA YeE-
yovota (MMZI) pe 10 oevdpio ava@opds Kabopilel
TN Meiwon Tou XpOvou TTUPAVTOXNG O€ oxéon HE TO
etmiedo BAABRNG. AleukpivifeTal TTwG, OTN CUYKEKPI-
pévn O1aTpIfr], 0 OPOG TTUPKAYIG PETA ATTO OEITUIKA
yeyovorta (MMZIN) oxetietal e PAGReg 1600 o€ d0-
MIKG 600 Kal o€ pn-00pIKA oToIXeia kal gival diago-
PETIKOG aTTd TOV OPO PETACEICWIKY TTUpKayId (MIT).
Ta ouvduaouéva oevapia NMMEI TpokUTITOUV ATTO
TOV OUVOUAOHOG KAINOKOUUEVWY CEITUIKWY QPOopTioE-
wv (dueca ouvdedepéveg Ue BAGRES o€ SOUIKA PEAN)
ME SlaopeTika aevapia MIT (Gueca ocuvOedePEVa UE
BAGBeG O€ UN-OOUIKA PEAN).

>€ auTo TO onueio TTEpIypa@ovTal — auvowilovTal
oTadIakd ol aTdxol TNG dIaTPIRAG:

O 1pwTog OTOXOG €ival 0 TTPOTdIOPICPOS TOU
XPOVOU TTUPAVTOXNG YIa T oevApIa ava@opds Kal
QUTO ETTITUYXAVETAI JECW TNG APIOUNTIKAG TTPOCOOI-
WaoNG TNG CUUTTEPIPOPAG TOU OTATIKOU GUOTAUATOG.
Edw diaxwpifovtal dU0 TTEPITITWOEIG. ZTNV TTPWTN
TTEPITITWAON, N TTUPKAYIA TTPOCOUOIWVETAI JEOW TNG
KQUTTUANG I1SO, oupewva e TIG TPEXOUOEG 0dnyieg
TWV EUPWTTAIKWYV TTPOTUTTWYV. ZTNV TTEPITITWON auTh,
TTPOCBIOPICETAI O KAVOVIOTIKOG XPOVOG TTUPAVTIOTA-
ong. Tn 0elTepN TIEPITITWAN, N QUOIKN TTUPKAyId
TIPOCOUOIWVETAI HECW TWV APXWV TNG YTTOAOYIOTI-
KRS PeuoToduvapikAg.

O 0delTepog OTOXOG €ival O UTTOAOYIOUOG TOU
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XPOVOU TTUPAVTOXAG TOU OTATIKOU GUCTAUATOG Yia
BIaPOPETIKG oevapia MM, pe Tautdxpovn KAIJAKwon
TNG TTEPIGOOU ETTAVAPOPAG TNG CEIOUIKAG dpdong. H
MEAETN BaoileTal OTNV UTTOBEON TTWG TA BIAPOPETIKA
oevapia M gival dueoa cuoXeTICOPEVA UE TNV TTEPI-
000 eTTava@opdg Tou geiopol. O Xxpovog TTUpavVTOo-
XNG Tou oTaTIKoU CUCTAPATOG YIO Ta CUVOUAoHEva
oevapia MMZI TTpokUTITEl HECW APIBUNTIKAG avaAu-
ong. ZKOTToG €ival va UTTOAOYIATEI N Peiwan Tou Xpo-
VOU TTUPQVTOXNG O€ OX£0N WE TO OEVAPIO avaPopac
TTOU QVTIOTOIXEI OTN QUOIKA TTUpKayld. TEAog, OTO-
XOG €ival va TTpooeyyIoTel TO TTPORANUA PECW HIAG
o aTTAng peBodoloyiag, xpnoipotroiwvTtag Tnv ISO
TupKkayid avti Twv oevapiwv MI1. Me autd Tov 1p6-
TT0, UTTOAOYICETAI N PEIWON TOU XPOVOU TTUPAVTOXHG
AOyw TnNG dopIkAG BAGRNG, o€ Ox€On WE TO AVTiOTOIXO
gevapio avagopdg Tng ISO Trupkayidg.

O TpiTog 0TdXOG €ival 0 TTPOCBIOPICUOS TWV KPI-
TNPiwWV yia TOV UTTOAOYIOUO TOU XPOVOU TTUPAVTO-
XNG TOU OTATIKOU GUCTAMATOG. ZTn diatpif auth,
TTpoTeivovTal KPITHPIO TTou BacifovTal oTn OTPOQIKH
IKAVOTNTA TWV SOMPIKWV PEAWV OTIG UYNAEG Beppo-
Kpaoieg. XT10X0G 0€ Autd TO OnuEio €ival n AetrTo-
MEPNG dlepEUvVNON TNG CUUTTEPIPOPAG JEMOVWHEVWV
OOUIKWV PEAWV OTIG UWNAEG Bepuokpaaies. MNa 1o
OKOTTO auTO, avaTITUCOOVTAl TPIOOIGOTATA POVTEAQ
TETTEPACTUEVWV OTOIXEIWV Kal TO TTPORANPa AUveTal
MEOW MPN-YPOAPMUIKAG avdAuong. To {ntouuevo eivai
va UTTOAOYIGOO0UV Ol TIHEG TNG OTPOYPIKNG IKAVOTNTAG
OTIG UWNAEG BEPUOKPOCTIEG. 2TN OUVEXEIQ, TTPETTE
va TTpoCcdIoPIoTOUV Ol TINEG TNG OTPOPNG TTOU AVTI-
oToIXoUV aTnV €EAVTANCN TNG OTPOWYIKAG IKAVOTNTAG
TwV dopIKWV peAwv. O1 TTpoavagepBeioes TINEG TU-
vIoTOUV Ta KPITHPIC TTOU TTpOTEivovTal aTnv dIaTPIPn
ylo TOV UTTOAOYIGHO TOU XPOVOU TTUPQVTOXNG TOU
OTOTIKOU CUCTANOTOG. H WEAETN eTTekTEiVETQI KAl O€
OOMIKA PEAN TTOU €xouv uTToOTEl BAGBEG. X€ auTr TNV
TTEPITITWOT, TA OMIKA PEAN UTTORAANOVTOI OPXIKA O€
AVAaKUKAICOPEVN @OPTION KAl OTN CUVEXEIQ, YIVETAI N
ETTIBOAN TOU BepuIKOU QopTiou. 2TOXOG Eival va eKTI-
MNOEi N OTPOPIKN IKAVOTNTA Kal Ol TIHEG TNG OTPOPAG
TTOU QVTIOTOIXOUV OTnv €EAVTANCN TNG OTPOYIKAG
IKAVOTATOG TWV OOPIKWY PEAWV Yia dId@popa eTTITTEdA
BAGBNG.

AéGeig kA€1d1d: PETOAAIKEG KATOOKEUEG, UPNAEG
0epUOKPATiEG, OEIGUIKN QOPTION, TTAACTINOTNTA
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Eupimridng MuoTtakidng, Kabnyntig Ztamikng, Tun-
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Mewpylog ZraupouAdkng, Kadnyntig otn Mnxo-
VIKA}, TuApa Mnxavikwv MNapaywyng kai Aioiknong,
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Daphne Pantousa

Behaviour of structures under fire
conditions after earthquake events

Abstract

The dissertation addresses the problem of
the behaviour of steel structures under the Fire
after Earthquake loading. The problem is handled
numerically. The study is focused on a four-storey
library building. It is emphasized that the study
takes into account the damage that is induced due
to earthquake to both structural and non-structural
members. The basic objective is the assessment of
both the fire behaviour and the fire-resistance of the
structure, in the case where the structure is damaged
due to earthquake and, supplementary, in the case
where the structure is not damaged. The last case
is considered as the reference case and it is used
for comparison of the behaviour of the damaged
structure with the undamaged one.

The first issue is the definition of both Post
Earthquake Fire (PEF) scenarios and reference
scenarios. The PEF scenarios are used in order
to study the effect of the non-structural damage
to the fire evolution in the enclosure. In this study,
the PEF scenarios are defined through the non-
structural damage that is induced due to earthquake.
Specifically, two different issues are considered
which are the functionality of the fire-sprinkler
system and the breakage of the windows. The
reference scenarios are defined to be the cases
where the sprinkler-system is entirely functional and
the one where none of the windows is broken due to
earthquake.

A numerical model is developed for the
numerical simulation of the natural PEF scenarios in
the first floor of the library building. The simulation is
conducted in FDS using the principles of CFD. AFSI
(Fire Structure Interface) model is proposed, in order
to overcome the difficulties which arise due to the
strong spatial non-homogeneity and the intense time
variation of the gas-temperature profile in the fire-
compartment. The “dual-layer” model is developed
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in order to “condense” the results (concerning the
spatial and temporal gas-temperature evolution)
and the fire-compartment is divided into “virtual”
zones. The model is based on the idea of the “two-
zone” models, as they are proposed in EN-1991-1-2
and it is based on the assumption that each virtual
zone is further divided into two layers of uniform
temperature: the upper (hotter) layer and the lower
(colder) layer. In the sequel, the temperature profile
of the structural members is calculated for both
the reference and PEF scenarios, using the gas-
temperature that results from the dual-layer model,
depending on the virtual zone and the layer where
they are located. The calculation of the temperature
profile of the structural members is based on the
simplified models that are proposed in EN 1991-1-2.

The next issue is the definition of the Fire after
Earthquake (FAE) scenarios. The scenarios are
divided into two main categories, depending on
the representation of the fire action: the ISO-FAE
scenarios and the Natural-FAE scenarios. Different
ISO-FAE scenarios are generated, depending on
the accelerogram that is used and the scale factor of
the earthquake intensity. The fire action is simulated
through the ISO-fire curve in all the cases. The
definition of the Natural-FAE scenarios is based on
the idea that the structure can suffer different PEF
scenarios as the earthquake becomes stronger.
Specifically, it is considered that, as the intensity of
the seismic action is scaled-up, using the appropriate
scale factors for the PGA, different levels of non-
structural damage are expected and these are
directly connected to the different PEF scenarios.
Thus, each Natural-FAE scenario is defined from
a scaled accelerogram and the expected PEF
scenario.

The next issue is the definition of the failure
criteria for the determination of the fire-resistance
of the structure under fire and FAE loading. To this
end, three-dimensional shell finite element models
are proposed for the simulation of the behaviour of
I-beams at elevated temperatures. First, the models
are validated against published experimental results.
The ductility of the beams is obtained through three-
point bending tests (monotonic loading), using the
standard beam approach. In the sequel, parametric
analyses are conducted, with respect to the amplitude
of the initial imperfections, at elevated temperatures,
mainly in order to define the ductility of the members,
in terms of rotational capacity and rotational (failure)
criteria. The criterion that is proposed in this study
is determined through the value of the rotation that
corresponds to the exhaustion of the available
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rotational capacity of the beam. The term ultimate
available rotation is used to identify this rotation. It is
concluded that, clearly, the criterion depends on the
amplitude of the initial imperfections and that it is not
strongly temperature dependent. The study is further
extended to the evaluation of the rotational capacity
of pre-damaged beams at elevated temperatures.
Different cyclic loading patterns are introduced, in
order to induce a specified “level” of damage in the
beam. Cyclic loading is used, in order to simulate
the damage that is induced at the ends of the beams
that belong in the frame structure due to earthquake
loading. Parametric analyses are conducted with
respect to the amplitude of the initial imperfections
and to the different cyclic loading patterns, at
elevated temperatures. The failure criteria are
separated into two categories. In the first category,
the failure criteria are defined through monotonic
loading and they can be used for the determination
of the fire-resistance of the frame structure that is not
damaged due to earthquake i.e. in the case of the
reference fire scenarios. The criteria that depend on
the ‘level of damage’ that is induced in the structural
members during the cyclic loading belong in the
second category. In this case, they are classified
according to the ‘level of damage’ induced in the
beam, in order to be utilized for the evaluation of the
fire-resistance of the damaged frame structures.
Finally, the fire-resistance of the structure for the
reference and the FAE scenarios is determined, in
time and temperature domain, taking into account
the failure criteria that were previously defined. In
the case of the reference (ISO) fire scenario, the
fire resistance is calculated for the case where
the imperfections are not considered and for
amplitude of initial imperfections 0.5 mm, 2 mm
and 5 mm, respectively. In the case of the natural
fire reference scenario, the structure does not fail.
Regarding both the ISO-FAE and the Natural-FAE
scenarios, itis concluded that the upper bound of the
reduction of the fire-resistance time of the damaged
structure (with respect to the fire-resistance time of
the ISO reference scenario that is obtained using
failure criteria which do not take into account initial
imperfections) is approximately 25%.
Key words: steel structures, elevated
temperatures, earthquake, rotational capacity
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atrd T MevikA ZuvéAdeuon Tou TUAPATOG YIa EKTTOVN-
on 010aKTOPIKAG O1aTPIRNAG PE BEua: «ZuPTTEPIPOPA
KOTAOKEUWVY O€ KATAOTOON TTUPKAYI&G JETA aTTo o€l-
OMIKG yeyovoTa». H apxikf evaayxdAnon TnG utrowr)-
@IaG YE TO TTOAUTTAEUPO EPEUVNTIKO QVTIKEINEVO TNG
d1aTpIBAG aTraitoloe TNV ATTOKTNON ETTIOTNUOVIKWY
YVWOEWV TTEPAV AUTWVY TTOU €ixav aTTokTnOei 0TOUg
TTPONyoUNEVOUG KUKAOUG OTTOUdWY Kal, yI' auTtd 1O
Aoyo, atmmodoioe, TTapdAANAa, va TTapakoAouBroel
T0 Metamrtuxiakd MNpoypaupa Zmoudwv Tou Tunua-
106 MnxavoAdywv Mnxavikwv Tou T.0., pe TiTAO:
«Zuyxpoveg MéBodor Zxedlaopou kal AvaAuong oTn
Biounxavia», ye kareuBuvon oTov Topéa Mnxavikig,
YAkwv kal Aiepyaciwy. H didakTopikr Tng diatpifn
eVTAXONKe yia XpnuaTtoddétnon, META atTd avrtaywvi-
OTIKA TTPOTOCN TTou UTTEBARBN, oTo TTPpdypauua Oi-
QOKTOPIKWY UTTOTPO®IWY “HpdkAeitog II”.

MapdAAnAa, katd TNV 5e1) didpkela ekTévNoNng
NG OIBOKTOPIKAG TNG OIATPIPNG, OCUMMETEIXE OTIG
EupwTraikég epeuvnTikéG Opdoeic COSTC26 kai
COSTTU0904. Téhog, katd To idI0 dlaoTnUa, TTapEi-
XE ETTIKOUPIKN BIBOCKAAIG OTO PABAUOTA «ZTATIKK
I» ka1 «ZT1aTikn 1», oto TuRua MoAImkwy Mnxavikwyv
Tou [1.0.
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EAévn ZTaupoBeodwpou

Mpoxwpnuévo eAACTOTTAAOTIKO
TTPOCOUOIWHA VIO TV avdAuon
TNG KATAOKEUNG KAl pOPTIONG
MEYAAWYV @payudTwyV AIBOPpPITTHG

MepiAnyn

Katd tnv TeAeuTaia dekaeTia, yia TRV KAAUWN Twv
OUVEXWG AULOVOUEVWY aVAYKWV Yia VEPS Kal TTapa-
ywyn KaBaprg NAEKTPIKAG evépyelag, oxediddovTal
Kal KataokeuadovTal upnAd epayuata Tuttou CFRD
(H 2150 m), o€ didgopa pépn Tou KOOUOU, TT.X. TO
@payua Shuibuya (Kiva), twoug 233 m kai 1o @pdy-
pa Nuozadu (Kiva), twoug 261.5 m. H gptreipia amod
TN oupTrepIpopd uywnAwv CFRDs deixvel OTI KaTd TN
didpkeia NG TTAApwOng NG Aekavng eivar duvartdv
va avaTITUXBouv pnyhaTwaoelg oTnv TTAGKA OKUpodE-
MOTOG AOYyW £QEAKUCTIKWY Taoewv. ETriong, n xprion
ANIBoppITTAG KAKAG TTOIOTNTAG | AVETTAPKOUG GUUTTU-
Kvwang gival duvaTtév va dnPIoUPYACEl ONUAVTIKESG
KaB1o€Ig Kal va TTPOKAAETEl HEYAAEG BAITITIKEG TA-
O€IG Kal Bpalon ToUu OKUPOOEUATOG GTOUG KATAKO-
PUQYOUG appoUs TNG KEVTPIKAG TTEPIOXNAS TNG avAvTh
TAdkag. O1 dlappoég eivalr duvaTtdv va auénoouv TIg
KaBICAOEIG PE EETTAUA TwV AETITOKOKKWY Kal va 0dn-
YAOOUV 0€ PeEYOAUTEPEG BAITITIKEG TAOEIG KOl TOTTIKEG
Bpaloeig. & PPAYUATA TTOU £XOUV KOTOOKEUOOOEI o€
O€EIOUOYEVEIG TTEPIOXEG, TTPOCOETEG TEIOUIKEG BNITTTI-
KEG TAOEIG AOYW BUVANIKAG ATTOKPIONG KAl BUVAUIKAG
ouvi¢nong eival duvatdv va au¢AoouV TTEPAITEPW TN
Bpauon Katd PAKOG TWV KATOKOPUPWY APPWY TNG
avavtn TAakag. KaBwg n gutreipia atrd tn cupTTepI-
POPA PPAYMATWY PE UWog =200 m gival TTOAU Pikpn,
EXEI APKETO evOIAPEPOV N apIBUNTIKA diEpelivnon TNG
eTmidpaong Tng duokauwiag TG AIBoppITTAG Kal Tou
UYoug ToU PPAYUATOG TN GUUTTEPIPOPA TNG AVAVTN
TIAGKOG OKUPOOEUATOG Kal N GUYKPION PE TNV TTPAY-
MOTIKF] CUPTTEPIPOPA UTTAPXOVTWY HEYAAWY @pay-
MATWV.

H diatpifn diepeuva Pe TTpoxwpnPEVN apiBunTi-
KA avd@Auaon, Tnv €Tidpacn TNG KAiJakag ueyEBoug
Kal TNG OUOKAUWIag @payuaTwy AIBoppITTAG e ava-
vt TTAdka okupodéuatog (CFRDs), Aaupdavovrag
uttéWn TN KN YPOUMIKA CUPTTEPIPOPA TWV UAIKWV
KOTOOKEUNG, WOTE va dlac@aAioBei n douIkr akepal-
otnTa TNG TTAAKag évavTi BAITTTIKAG aoToyiag ) eQeA-
KUOTIKWV pnydatwoewyv. Aedouévou OTI n euTTEIpia
TNG CUPTTEPIPOPAG TTOAU UWNAWY @payPaTwy AiIBop-
PITTAG ME avAavTn TTAAKa OKUPOBEUATOG Eival TTEPIOPI-
opévn, dnuioupyeital éva PeAAICTIKO TTPOCOUOIWUA
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TO OTT0i0 £TTIRERAILVETAI HE BACN TNV KATAYEYPOAUME-
VN CUPTTEPIPOPA TTPAYUATIKWV QPAayUdTwy yia Uyn
100, 200 ka1 300 m. 'ETo1 epapudleTal n xprion Tou
€NAOTOTTAQCTIKOU KATAOTATIKOU PovTéAou Tou Lade
oToV TPIOSIACTATO XWEO TWV KUPIWV TACEWV, WG £Eva
UAIKO TTOU KaBopileTal atmd 1o XprnoTn, BeATIwUEVO
ME €va atrAd oxnua Babuidag TAaCoTIKOTNTAG, O€ éva
YEVIKEUPEVO TTPOYPOUUA TTETTEPOCHEVWY OTOIXEIWY,
10 ABAQUS. H péBodog ohokAripwaong Tmou Xpnoi-
potroicital oto povTtého Lade eival To oxfua Runge-
Kutta-Dormand-Prince (RKDP), 10 otroio utreptepei
MOKPAV TwV UTTOAOITTWYV PEBBOWY Kal o€ akpieia Kal
O€ UTTOAOYIOTIKGA KOOTN. To okupddepa TG avavrn
TTAGKOG TTPOCOMOIWVETAI PE TO EAAOTOTTAACTIKO pO-
vTéNO Twv Lee and Fenves yia JOVOTOVIKH Kal ava-
KUKAIKA) oUPTTEPIQOPE TOU OKUPOBEUATOG, TO OTTOI0
AapBavel utéwn Tn oTadiak cucowpeuon PAARNG
Kal Ta aTToTEAéOUATA TNG XaAdpwong, dIOKPIiVOVTaG
N BAGBN Adyw £@eAkuapoU Kai BAiyng. MepiAauBa-
VEl EMTTAEOV, €va Pnxaviouo Tou AauBdver uttoyn
Ta atmroteAéopaTa NG BAAGBNG OTnNVv aTTougiwon TNG
duoKapyiag, KaBWG Kal aTNV avakapyn TNg dUCKa-
Wiog PETA TO KAgiOIYO TNG pWYUNAGS. H avavtn kAion
TOU ETTIXWHOTOG €ival 1.4:1, evw n KaTavTn KAion ivai
1.5:1. O1 KUpIEG QWVES UNIKWV TTOU XPNCIKOTTOIoUVTal
yla TV apiBunTikh avaAuon eival n avavtn dwvn Ai-
Boppitm¢ 3B, n katavTn {wvn AIBoppitig 3C kal n
peTaBaTikr {wvn XaAikwv 2B kdtw atmd thv TTAAKa
okupodéuatog. H kAion 1Tou diayxwpicel TIG AIBoppl-
még 3B kai 3C eivar 1:2 kai 1o €Upog TG oTéwng 10
m. H avavtn Adka atroteAeital ammd 14 avegdptnta
TTAveA OKUPOdEPATOG yia To gpdypa Uwoug 100 m,
28 maveA yia 1o ppdaypa Twv 200 m kai 40 TTAveEA yia
10 Ppdyua Twv 300 m (ZxAua 1). K&dbe avel £xel
KATAAANAEG OUVONKES TPIRNG Kal duvaTdTNTA AVOiy-
MaTog €vOg KevoUu oTn BAon TOU TTOU GUVOEETAIl HE
TN OTPWON XOAIKWY KAl OTIG KATAKOPUPES DIETIPA-
VEIEG TOU PE TA YEITOVIKA TTAVEA. Z€ KABE KATakOpu-
PO apud AVAPETA OTA YEITOVIKA TTAVEA, UTTAPXE! £va
Kevo gUpoug 1 cm, TO OTToI0 PTTOPED va KAgioEl KaTd
TN dIdpKEIa TNG TTAHpWONG TNG Aekdvng eCaitiog Ka-
Bi1fnoewv MiBoppIttAG. H onuavTiki altgnon Tng TTAa-
OTINOTNTAG TNG AVAVTN TTAGKAG ETTITUYXAVETAI UE TN
XPron IVOTTAIGPEVOU OKUPOBEPATOG GE OUVOUAOHO
ME Kavovikd oTTAIoud XaAuBa. MNa tn BeAtiwon Tou
QVTICEIONIKOU oxedlaopol @payudtwy AIBoppITTAg
pE avavTn TTAGKa oKUpPOdEUATOG, BIEPEUVATAI N ETTi-
dpacn Tou UYOouUGS TOU YPAYHATOG KAl TNG SUCKAUWYI-
ag TNG AIBOPPITTAG 0€ OUVOUOCUO HE T OTEVOTNTA
NG KOIAGdaG, KAaBwg Kal n €midpaan Tou TTAXoUg
NG TTAGKAG OKUPOBEUATOG Kal TNG OIAUETPOU TOU
OTTAICHOU. AUTO ETTITUYXAVETAI PE Tn XPAon autou
TOU TTPOXWPENUEVOU apIBUNTIKOU €AACTOTTAACTIKOU
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MovTéEAOU, TTpoKEIyévou va digpeuvnBei e évav au-
oTNPEO TPOTTO N GUUTTEPIPOPA TPIWV UYPNAWY @pay-
MATWV AIBoppITIAG YE avavTn TTAGKO OKUPOJEUATOG,
uyoug 100, 200 kai 300 m o€ oTeVEG KOIAADEG Tpa-
Teo€Id0UG dIaToung PE AGyo PAKOUG TTPOg UWog
L/H = 2, Tou umrokevtal ge TTApwon TG AekAvng
KOl O€ JOKPOTTPOBECO EPTTUCUO Kail TTIBavég duva-
MIKEG ouvidnoeic. KaBe éva atd Ta Tpia @payuaTa
AvOAUETAl XPNOIKOTTOIWVTAG BUO SIOPOPETIKAG TTOI-
o6TNTag UAIKG AIBoppITTAG: a) éva UAIKG TEAEIag TTol-
otntag (MBoppitr Oroville) kai B) éva UAIKG PETPIaG
1016TNTOG (AIBoppITT) Pyramid). H cuptrepigpopd Tng
ANIBoppPITIAG KAl TNG TTAGKOG OKUPOOEUOTOG OE OAEG
TIG TTEPITTITWOEIG OIEPEUVATAI KAl avaAueTal Bacilo-
pevn o€ ammoteAégpaTta avoAloewy (Zxnuara 2,3,4).
TéNog, TTpaypaToTIOIEITAI Hidt AETTTOPEPHG TTPOCOOI-
worn evog TTPAyHaTIKOU QPAYUATOg Kal N ouyKpion
TNG TTPORAETTOPEVNG KAl TNG TTPAYMATIKNAG CUMTIEPI-
@opas. H peBodoloyia AetrTopepoUg TTPOCOUOIWONG
TNG OTAdIOKAG KATAOKEUNRG, TTANPWONG TNG AekAvng
KOl TWV HPAKPOTTPOBEOPWY KABICAOEWV EPTTUCHUOU
Kol BUVOUIKAG ouvilnong epayudtwy AIBoppITIAG YE
avAavTn TTAGKA OKUPOBENATOG, ATTOTEAEI ONUAVTIKA
BeAtiwon Tng utmapxoucag peBodoloyiag wg TTPog
N MN-YPOAMMIKN, QVEAQCTIKI) CUMTTEPIPOPA TOU UAI-
KoU TnNG ANIBoppPITTAG, TNV QVEAACTIKF) CUUTTEPIPOPA
TOU OKUPOOEUATOG KAl TNV TTPAYHOTIKN 3A yewUETPIa
NG TTAAKAG. MaAaidTePeG avaAuoelig Ye atrAoloTepa
KOTAOTATIKA TTPOCOMOIWMATA Kal eviaia TTAGKA OKU-
POBEUATOG ATTOKAIVOUV GNUAVTIKA OTTO TNV TTPayUa-
TIKF) CUMTTEPIPOPA Kal Bev gival KaTdAAnAa yia ao@a-
AR oxedlaouo.

1

MpooopoIwvovVTag e aUTO TOV TPATTO TN OTAdIA-
Kr KOTOOKEUR, TNV TTAApwaon Tng Aekdvng Kai TIg pa-
KpoTTpéBeopueg KaBICHOEIG EPTTUGHOU Kal QUVAMIKAG
ouvifnong, €MITUYXAVETAI Yia onPavTiKh eupaduvon
TNG KaTavONoNG OXETIKA PE TNV ETTIOPACN TOU UYPOUG
TWV QPAYMATWY Kal TNG duakauwiag Tng AIBoppITrAg
oTnV avdamTuén uwnAwv BAITTTIKWY TACEWVY, EPEAKU-
OTIKWV PNYHOTWOEWY KAl AVOiyJOTOG TWV KATAKOPU-
PWV OPUWYV OTa TTAVEA TNG TTAGKAG OKUPODEUATOG.
O1 apiBunTikég TTPoBAEWEeIG ouykpivovTal e Olabé-
OlJEG PETPAOEIG TTEdiou KaBIlAoewv AIBOPPITTAG Kal
BuBicewv TAGKag amd Trapduoia PAyUATA, ava-
TTAPIOTWVTAG €va EUPU GACPa aTTd didgopa Uyn Kal
TTUKVOTNTEG AIBoppITTAG. TéAOg, TTapartiBevral odn-
Yieg yia 10 oxediaoud epayudtwv CFRDs peydAou
uyoug.

A€geig kAe1d14: KartaoTatiké povtélo, AiBoppiTrA,
@pdayuata, BAGBn okupodiparog, aAPIOUNTIKA
avdaAuon, kaBignoeig

TpipeARg ZupBouAeuTiki ETriTpOoTTA

MavayiwTtng NTakoUAag, Kabnyntig Edagoduva-
MIKAG, Tunua MoAimkwy Mnyavikwy, MavemoTrpio
Oeooaliag

AvTtwviog TMavvakomouAog, Kabnyntig Texvikng
Mnyxavikig, Tunua MoAimkwy Mnyxavikwy, Maver-
oTrPIo0 @caoaliag

AxiAAéag Matradnuntpiou, Etikoupog KabBnyntig
FewtexvikAg Mnxavikig, TuApa MoAimkwyv Mnxavi-
Kwv, EBvikd MetadBio MoAuTeyxveio

@ 7
jlmo m
DamA: 14 concrete panels

200m

Dam B: 28 concrete panels.

Dam C: 40 concrete panels

Zxnua 1. ApiBunTikn SIAKPITOTTOINGN TOU WITOU ETTIXWHATOS KAl TNS YEWUETPIAS TNS TAGKAS
yia (a) H=100m (b) H=200 m ka1 (c) H=300 m.
Figure 1. Numerical discretization of half of the embankment and slab geometry for
(a) H=100 m, (b) H = 200 m and (c) H = 300 m.



MOAYTEXNIKH ZXOAH -SCHOOL OF ENGINEERING

(a) Setdementm  (b)

+000
-002
H=100m 004
Oroville rockfill
10
i}
"
016
18

(©)

H=100m
Pyramid rockfill

H=200m
Oroville rockfill

ol

H

H=300m
Pyramid rockfill

H=300m
Oroville rockfill

éééifii‘sééééég

Ecsbassies

Zxnua 2. Karavoun g kabilnong karaokeung ora é€1 ppdyuara yia (a) H=100 m ue AiBoppirrri Oroville
(b) H=100 m ue AiBoppirrry Pyramid (c) H=200 m pe AiBoppirrry Oroville (d) H=200 m ue AiBoppirrr) Pyramid
(e) H=300 m ue AiBoppirrr) Oroville kai (f) H=300 m ue AiBoppirri Pyramid.

Figure 2. Distribution of construction settlement in the six dams constructed with (a) H=100 m Oroville rockfill
(b) H=100 m Pyramid rockfill (¢) H=200 m Oroville rockfill (d) H=200 m Pyramid rockfill (e) H=300 m Oroville
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Figure 3. Measured maximum construction settlements S

(0.9<A /H?<4).

of rockfill compacted at different values of void

¢,max

ratio e and model predictions versus dam height for narrow canyons (0.9<A /H*<4).
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Zxnua 4. Karavoun tng U6Iong tnS mAGKAS UeTa tnv mARpwaon NS Aekavng yia ta €€l pdyuara mou Ka-
rackeudornkav e (a) H=100 m ue AilBoppirry Oroville (b) H=100 m e AiBoppirri Pyramid (c) H=200 m ue
AiBoppitrry Oroville (d) H=200 m ue AiBoppirrr) Pyramid (e) H=300 m ue AiBoppirriy Oroville kai (f) H=300 m ue
MBoppitrri Pyramid.

Figure 4. Distribution of slab deflection after impoundment for the six dams constructed with (a) H=100 m
Oroville rockfill (b) H=100 m Pyramid rockfill (c) H=200 m Oroville rockfill (d) H=200 m Pyramid rockfill (e)
H=300 m Oroville rockfill (f) H=300 m Pyramid rockfill.

Eleni Stavrotheodorou

Advanced elastoplastic simulation
of staged construction
and impoundment of tall concrete
face rockfill dams

Abstract

Overthe lastdecade, to respond to the increasing
need for water and clean energy production, extra-
high CFRDs, having a height (H 2150 m), have been
designed and built in various parts of the world.
Such examples are the Shuibuya dam (China),
having a height of 233 m and Nuozadu dam (China),
having a height of 261.5 m. The experience of the
behaviour of high CFRDs shows that during the
impoundment, cracks may be developed in concrete
slab because of tensile stresses. Also use of poor
rockfill or inadequate compaction may create
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significant settlements and cause high compressive
stresses and breakage of the concrete to the vertical
joints of the central region of the upstream slab.
Water leakages may increase settlements through
washing out of the finer materials leading to higher
compressive stresses and local spalling. Dams built
in seismic regions, additional seismic compressive
stresses due to the dynamic response and dynamic
settlement may increase further spalling of the
upstream slab along the vertical joints. Since there
is very little experience regarding the performance
of CFRDs with height 2200 m, it is of interest to
investigate numerically the effect of rockfill stiffness
and dam height on the performance of upstream
concrete slab and make comparisons with observed
performance of existing high dams.

This thesis undertakes a numerical investigation
of the effect of the size scale and rockfill stiffness
on concrete face rockfill dams (CFRDs), considering
the nonlinear behaviour of the construction
materials, to ensure the structural integrity of the
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slab against compressive failure or tensile cracks.
As the experience of the behaviour of very high
concrete face rockfill dams is limited, a realistic
model which is verified by the recorded behaviour of
real dams for heights 100, 200 and 300 m is created.
Thus, the three-dimensional principal stress space
formulation of Lade’s model is implemented as a
user-defined material in the general purpose finite
element program ABAQUS. The integration method
used in Lade’s model is the Runge-Kutta-Dormand-
Prince (RKDP) scheme, which far outperforms the
other methods in accuracy and computational costs.
The concrete of the upstream slab is simulated
by the elastoplastic model of Lee and Fenves for
monotonic and cyclic behaviour of concrete, which
takes into account the gradual accumulation of
damage and the effects of softening, distinguishing
damage due to tension and compression. It further
incorporates a mechanism that takes into account
the effects of damage to the impairment of stiffness
and the recovery of stiffness after crack closure.
The upstream slope of the embankment is 1.4:1,
whereas the downstream slope is 1.5:1. The main
material zones considered for the numerical analysis
are the upstream rockfill zone 3B, the downstream
rockfill zone 3C and the transition gravel zone 2B
beneath the slab. The upstream slab consists of
14 independent concrete panels for the 100m-high
dam, 28 panels for the 200m-high dam and 40
panels for the 300m-high dam (Figure 1). Each panel
has proper frictional conditions and gap opening
capability at its base interface with the gravel layer
and at its vertical interfaces with the neighbouring
panels. At each vertical joint between adjacent
panels, there is a 1cm-wide gap which may close
during impoundment due to rockfill settlement. The
significant increase in the ductility of the upstream
slab is achieved by using fiber-reinforced concrete
in combination with a normal steel reinforcement. To
improve the seismic design of concrete face rockfill
dams, the effect of dam height and rockfill stiffness
is investigated, combined with canyon narrowness
and the effect of concrete slab thickness and
reinforcement diameter. It is achieved by using this
advanced numerical elastoplastic model in order
to investigate in a rigorous manner the behaviour
of three large concrete face rockfill dams in narrow
canyons of trapezoidal section, having a ratio length
to height L / H = 2, subjected to impoundment,
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long-term creep and possible dynamic settlements.
Each of the three dams is analyzed using two
different qualities of rockfill: a) an excellent quality
material (Oroville rockfill) and b) an average quality
material (Pyramid rockfill). The performance of
the embankment and the concrete face slab, in all
cases, is investigated and discussed based on the
results of the analyses (Figures 2, 3, 4). Finally, a
detailed simulation of a real dam and comparison of
forecast and actual behaviour are carried out. The
detailed simulation methodology of concrete face
rockfill dams’ staged construction, impoundment
and long-term creep and dynamic settlements is a
significant improvement of existing methodology as
to the nonlinear, inelastic rockfill material behaviour,
inelastic concrete behaviour and the actual 3D
geometry of the slab. Past analyses with simpler
constitutive models and single concrete slab deviate
significantly from the actual conduct and are not
suitable for safe design.

By simulating thus the staged construction,
impoundment, long-term creep and anticipated
dynamic settlements, significant insight is gained
regarding the effect of dam height and rockfill stiffness
on the development of high compressive stresses,
tensile cracking and opening of the vertical joints in
the concrete slab panels. The numerical predictions
are compared to available field measurements
of rockfill settlements, slab deflections and slab
performance from similar dams representing a wide
range of heights and rockfill densities. Finally a set of
design guidelines for tall CFRDs is citied.

Key words: Constitutive model, rockfill,
dams, concrete damage, numerical analysis,
settlements
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TOU TrpoypdupaTog «HpdkAgiTog ll»
Scientific works within
the program “Heraclitus II”

ApBpa oe TepPIodikd/ Articles in journals

. Stavrotheodorou, E., & Dakoulas, P. (2015). Re-
analysis of Mohale Concrete Face Rockfill Dam
(2015). Geotechnique, Thomas Telford, London.
(To GpBpo civar oe TTpoETOINACia KAl UTTAPXEI
oTOX0G va uTToBANGEi péxpl 30/10/2015)

. Dakoulas, P., Stavrotheodorou, E., & Gianna-
kopoulos, A. (2015). Analysis of concrete face
rockfill dams using Lade’s model and gradient
plasticity. International Journal of Computers and
Geotechnics, Elsevier. (10 GpBpo uttopARBnKe
Kal gival utrd Kpian).

. Stavrotheodorou, E., & Dakoulas, P. (2015). Ef-
fect of height and rockfill stiffness on the perfor-
mance of concrete face rockfill dams. Canadian
Geotechnical Journal. (To dpBpo uTToRAABNKE Kal
gival utré kpion)

AVOKOIVWOEIG O€ ETTIOTNOVIKA
ouVEDpIa-NuEPIdEG
Presentations in scientific
conferences and meetings-workshops

. Dakoulas, P., Stavrotheodorou, E. &
Giannakopoulos, A.E. (2015, September).
Numerical analysis of concrete faced rockfill
dams using gradient plasticity. Paper presented
at 13th International Benchmark on the Numerical
Analysis of Dams, Lausanne, Switzerland.

. ZraupoBeodwpou, E., & NrtakoUAag, M. (2014,
NoOEUBPIOG). ZUUTTELIPOPA LEYAAWY QPayUATWV
ABoppITTAC ue avavrn TAGKa OKUpoOELQATOC KaTd
Tnv mAnpwon tng Askavng. MNMpo@opikr avakoi-
vwon oT1o 70 MNaveAArvio Zuvédpio MewTeXVIKAG
Mnxavikng, ABAva.

Stavrotheodorou, E., & Dakoulas, P. (2014,
November). Behavior of Tall Concrete Faced
Rockfill Dams during Impoundment. Paper
presented at 7th National Geotechnical
Engineering Conference, Athens, Greece.

. ZraupoBeodwpou, E., & NrtakoUAag, M. (2013,
NoéuBpIog). BeAtiwan tou avriogiouikou oxedia-
opoU ueyGAwv ppayudrwy AIBoppIttnig ue avavin
mAGka okupodéuarog. MPoEOoPIKr avaKoivwon
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oTo 20 lNaveAArvio Zuvédpio Ppayudtwy kai To-
MieUTApWY, ABrva.

Stavrotheodorou, E., & Dakoulas, P. (2013,
November). A seismic Design improvement of tall
concrete-faced rockfill dams. Paper presented
at 2nd National Conference on Dams and
Reservoirs, Athens, Greece.

. Stavrotheodorou, E., & Dakoulas, P. (2012,
October). Behaviour of very tall concrete faced
rockfill dams during impoundment. Paper
presented at the Hydro 2012, Innovative
Approaches to Global Challenges, Bilbao, Spain.

20vtopo Bioypa@iké

H EAévn ZraupoBeodwpou yevvribnke otn Ad-
ploa Kal oTToUudace TTOMITIKOG PNXavikog oTtnv [lo-
AUTEXVIKN ZXOAR Tou Anuokpitelou lNavemoTnuiou
Opdkng. MeTaTTTUXIOKEG OTTOUDEG €Kave OTO TuARua
MoAImkwv Mnxavikwy Tou lNavetmioTnuiou ©ecoaAi-
ag, pe Bépa “Egpapupoouévn Mnxavikn kai Npocopoi-
waon ZuoTnuaTtwy” Kal oto TuAPa Mnxavikwy MNoAe-
odopiag, Xwpotagiag kai Mepipepeiakng AvamTuéng
NG MoAuTeXVIKAG Zx0ANG Tou lMavemmoTnuiou Oeo-
oaAiag, pe Bépa “Xwpikr) Avaluon kai Aiaxeipion lMe-
pIB&AAovTOG”. ZAuepa cival AIDAKTWP Tou TUAPATOG
MoAImkwv Mnxavikwyv Tou lMavetmioTnuiou @eaoaAi-
ag pe Bépa diatpIBAg “Mpoxwpnuévo eAacTOTTAACTI-
KO TTPOCOUOIWNA YIa TNV avAAuon TNG KATAOKEUNG
Kal @OPTIONG PEYAAWY @payudTwy AIBOPPITTAGS”, TNV
OTTOI0 TTPAYMOTOTTIOINCE PE UTTOTPOYIA TOU TTPOYPAU-
paTog «HpdkAeITog I1».

MvwpiCel TNV AyyAiKA Kai TaAAIKR YAwooa, evw
£Xel PpaBeia, dnuooleloEIg Kal TTOPOUCIACEIS Ap-
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Bpwv o€ emoTnuUovIKA Zuvedpia. Ao 1o 2006, aokei
TO ETTAYYEAMQ TG TTOMITIKOU PNXAVIKOU, UE EPTTEIPIO
o€ UENETN, KaATaoKeur, €TTiBAewn kai diaxeipion on-
MOOIWV Kal IBIWTIKWYV £pywv. EXeEl 0TO evepynTIKO TNG
TTOAAEG OUMUETOXEG O€ ETTITPOTTEG, CUUBOUAIQ, OElI-
vApIa KAl CUVEPYAOieg e PEYANEG TeXVIKEG ETaipeieg
kal ®opeig Tou Anpodoiou Topéa. Avaueoa OTIG OU-
vepyaoieg auTég givar n Texvikr YTTnpeoia Afuwy Kal
KoivotAtwy N. Adpicag, n AietBuvon NoAgodopiag
NG Nopapxiokig Autodioiknong Adpioag, 1o Texvo-
Aoyiké ExmraideuTikd 1dpupa O@eooaliog (wg epya-
oTNPIaK ouvepyaTida ato Tunua MoAimikwy Epywyv
Ymodoung), n Mepipépeia Oeooaliag (WG TEXVIKN
ouuBoulog otnv Evdiaueon AiaxeipioTikr) Apxn Me-
pIpépeiag Oeooaliag). Ao 1o 2009, ekAéyetal oTO
Texviko EmiyeAntipio EAAGSAG, Mepipepeiakd TuAua
KevTpikng kai AuTikg @caoaAiag kai atd 1o 2014,
gival péAog NG Aloikouoog ETTITpoTTig.

Short CV

Eleni Stavrotheodorou was born in Larissa
and studied Civil Engineering at the Polytechnic
School of the Democritus University of Thrace. She
completed postgraduate studies in the Department
of Civil Engineering, University of Thessaly, entitled
“Applied Mechanics and Systems Simulation”
and in the Department of Urban Planning and
Regional Development, School of Engineering,
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University of Thessaly, entitled “Spatial Analysis and
Environmental Management”. She holds a PhD at
the Department of Civil Engineering, University of
Thessaly, a thesis entitled “Advanced elastoplastic
simulation of staged construction and impoundment
of tall concrete face rockfill dams”, with a scholarship
by the programme “Heraclitus I1”.

She speaks English and French and has awards,
articles, publications and presentations at scientific
conferences. Since 2006, she has been working
as a civil engineer, with experience in design,
construction, supervision and management of public
and private projects. She has many interests in
committees, councils, seminars and partnerships
with major Companies and Public Sector Bodies.
Among the collaborations are the Technical Service
of Municipalities and Communities of the Prefecture
of Larissa, the Planning Directorate of the Prefecture
of Larissa, the Technological Educational Institute of
Thessaly (as laboratory associate at the Department
of Infrastructure Engineering), the Region of
Thessaly (as technical consultant at the Intermediate
Managing Authority of Thessaly).Since 2009, she
has been an elected member of the Technical
Chamber of Greece, Branch of Central and Western
Thessaly and since 2014, a member of the Steering
Committee.

Avtwviog Tplavta@UAAou
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Qaivéopeva KAipakag og Hui-pabupd
YAIKd ka1l Oswpieg BaBuoeAaoTiIKOTNTAG
HE EQappoyn 010 ZKUpOSepa

MepiAnyn

Me Baon Tn BiBAIoypagia, n oxéon YeTagu ToU
E0WTEPIKOU PAKOUG KAl TNG MIKPOBOWNG £VOG UAIKOU
TTeplopieTal ouvABWS aTnV acagn TTPATacn OTI TO
E0WTEPIKO PNKOG TOU UAIKOU gival cuvdptnon Tng Ku-
piapxng AeTTTouépElag TNG MIKPOdOUNRGS. H ouvexwg
auéavouevn BERala eTTiyvwan TNG XPNOINOTNTAG TWV
Bewplwv BaBPOEAACTIKOTNTAG KAI TO GNUAVTIKO O¢-
wpPNTIKG €peUvVNTIKO €pYO0 TNG TEAEUTAIAG OEKAETIOG
TTPOCEPEPOUV TN dUVATOTATA YIO PIG TTEPAITEPW EM-
BaBuvon oTn PEAETN yia TO E0WTEPIKO UrKog. O KU-
PI0G OKOTTOG TNG BIOAKTOPIKAG BIATPIBAG €ival N HEAE-
TN TNG QUOIKNAG CUOXETIONG TOU E0WTEPIKOU PIKOUG
TTOU UTTOBETOUV 01 Bewpieg BaBuoeAaoTIKOTNTAG KAl
TNG MIKPodOUNAG Tou UAIKOU. lMNa va TTpayuaTtoTroindei
QuTO Kal yia va €peuvnBouv Ta @aivopeva KAipakag
oTnVv eAaaTIKOTNTA PE BACN TTEIPANOTIKEG METPNOEIG
QOKINWY KAPWNG O€ BOKIMIa SOKWY OKUPOSEUATOG,
o1 OUO KAAOIKEG EAAOTIKEG OTABEPEG, dNAAdN TO -
TPO €AACTIKOTNTAG Kal 0 Adyog Poisson, atraiteital va
EKTINNBOUV a1Té GAAEG BOKIYEG.

TN MEAETN auTh, €QAPUOOTNKE pia diadikaaia
OMOIOYEVOTTOINONG O€ AVOMOIoYEVH UAIKG Kal aTTodEi-
XTNKE OTI TO EOWTEPIKO PAKOG TTPETTEl VA OVTIUETW-
TOoTEl oav éva PETPO AVOWPOIOYEVEIAG, N oTroia dev
MTTOpPEI va opIoTEl Povo pe BAcon Tnv Kupiapxn Ae-
TITOUEPEID TNG WIKPODOWNG (LEyEBOG adpavwyv) aAAd
TIPETTEl VO CUUTTEPIAGRBEI KAl TN OXETIKA OUOKAUWIa
MATPAG/EYKAEIOPATWY. AUTO €TTAANBEUTNKE TTEIPA-
MOTIKA, Pe Bdon Ta amoTeAéouaTta OOKIMiwV OKu-
POBEUATOG DIAPOPETIKWV HEIYHATWY HE TTOPOUOIESG
AETTTOPEPEIEG MIKPOOOUNAG, GAAG DIAQOPETIKI OXETIKI
OuoKapyia uATpag/adpavwy. Me BAon TIG EKTINNACEIG
TOU £0WTEPIKOU PAKOUG TOU TTPOTEIVOPEVOU BaBuo-
€NOCTIKOU TTPOCOUOIWUATOG, QAivVETAl OTI TO E0WTE-
PIKO MAKOG MEIWVETAI PE TN MEIWON TNG OXETIKAG OU-
OKAPWiag PATPAG/adpavwv Tou UAIKOU.

H e@appoyr] Tou BaBuoeAacTIKoU TTPOCONOIWUA-
TOG BAGBNG TTOU TTpOTEiVETAI GTN SIGTPIPH VIO TNV TTE-
PITITWON OOKWV CKUPOBEUATOG GE KAPWN €CapTdTal
atd TNV eAaoTiKA AUon Tou TTPOBAAUATOG CUVOopIO-
KWV TIHWV Piag BaBuogAacTikig dokou Timoshenko.
To TTpOBANUa €xel AUGN KAEIOTAG HOPPNG Kal TTAPOU-
o1aetal pia peBodooyia yia Tnv eTiAucn oUvBeTWY
OTATIKWY TTPOBANUATWY, OTTWG UTTEPOTATIKA OUOTH-
poTa. Autd TO TTpoCopoiwua odnyei otn Pabuoe-
AaoTikry Bernoulli-Euler Adon kal Tnv KAAOIKr) AUon
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Timoshenko, €dv epapuoaTolv KatdAAnAa épia Kai
ammAdouoTeloelg. H eAaaTikr) AUon Tou TTpoBARuaTog
OUVOPIOKWY TIMWYV XPNOIMOTToINBNKeE o€ ouvOuaouo
ME évav UTTOBETIKO VOPO TAONG-TPOTING YIO NUI-Ya-
Bupd UAIKA, YE OKOTTO TNV TTAPAYWYR apIBUNTIKWY
TTPORAEWEWV yIa TNV AVEAQCTIKA GUUTTEPIPOPA TWV
OoKWv. To TTPOCOMOIWMA TTOU TTPOTEIVETAI ATTOOEI-
KvUeTal OTI TTAPAYEl AVTIKEIYEVIKO XOPOKTNPIOKO TNG
BAABNG, TTOU €ival avegapTNTOg TOU KAvABou TTou
XpnoldoTrolgiTal yia TNV avdAuon.

>Tnv epyaacia auth, e€eTdoTnKe N UTTAPEN PaIvo-
MEVWV KAIJOKAG 0TNV EAACTIKOTATA KAl QVEAACTIKO-
TNTA TOIPMEVTOEIDWY UAIKWYV PE BAon TIG TTEIPAPATI-
KEG METPNOEIG BEAOUG KANWNG KAl OEOVIKWYV TPOTTWV
OTO PECOV TOU avoiypaTog SoKIUiwv SoKwv AoTTAou
okupodéuatog BNITTTIKAG avToxig ¢éwg 40 MPa, tTou
OOKINACTNKAV O€ KAPMWN 4-onueiwv Pe ETTIBOAN Tou
BéAoug Kapwng oTo PECOV TOu avoiyuaTtog. Ta yew-
METPIKG oI dOoKipIa SOKWV gixav AGyo UWoug TTpog
MEYIoTN BIdoTaon adpavwv £wg TTepiTrou 6.5. ETTeidn
N MIKPOdOWH Tou OKUPOBENATOG gival aUvOeTn EquTi-
ag TNG UTTaPENG adpavwy dIAQOPETIKWY dIA0TACEWY
o€ dedopéva KAt OyKO TTOOOOTA (KOKKOUETPIKA dia-
BaBuion), To ECWTEPIKO PAKOG YIa KABE peEiyUa OKU-
POJENATOG CUYKPIVETAI UE TO ECO PEYEBOG adpavwv
TTOU TTEPIYPAPEl TNV avopoloyéveld Tou. H péon dig-
0TOON TWV adPAVWYV TWV HEIYNATWY OKUPOBEUATOG
TToU PEAETABNKAV, Pe PEyIoTo PéyeBog adpavwy 32
mm, TTPOC0BIOPIOTNKE YE BACN TNV OTITIKA OTTEIKOVION
TNG MIKPOBOWNG Tou UAIKOU a1ré TopEG oe didgpopa
dokipia kal Bpédnke OTI KupaiveTal Petagu 10 kai 20
mm. ETiong, n Tiyn Tou e0wTePIKOU PAKOUG YIa KABE
MEiyua eKTIUABNKE pe BACN TO TTEIPAUATIKA OTTOTEAE-
opata Tou eMRAAAOPEVOU POpPTIOU, CUVOPTHOEI EiTE
TOU BEAOUG KAUWNG 1 TG KAUTTUASGTNTAG TWV BOKWV
OTO JEOOV TOU QVOIYHUATOG.

Mia TTepIoadTEPO SUCKAUTITN CUUTTEPIPOPA TTA-
paTNPEABNKE OTNV €AACTIKA TTEPIOXA TNG ATTOKPIONG
o€ oxéon Pe auTh Tou TTPORAETTEI N KAAOIKY Bewpia
€AaOTIKOTATAG. TO TTPOTEIVOUEVO TTPOCOUOIWNA TTPO-
BAETTEl Eva EOWTEPIKO PAKOG TTEPITTOU 00 pe 15 £ 5
mm yIa TNV TTEPITITWON PEIYNATWY OKUPOBEUATOG UE
uwnAn OXeTIKA duoKapyia uATpag/adpavwv, 61Tou
n pnyMdaTwaon cupBaivel KaTd KUPIo AOyo GTO UAIKO
NG MNATPOG (OKUPOSEUA XOUNAAG aVvTOoxXNAG). ETnV Tre-
PITITWON QUTH, TTOU TO OKUPOdEUA Eival avTITTPOOW-
TTEUTIKO £vOG oUVOETOU UNIKOU g eykAgiopaTa (adpa-
vh) TTOAU Mo SUCKAPTIT aTTd TO UAIKO TnNG PATPAG,
EKTIMATAI OTI TO EOWTEPIKO PAKOG €ival TTEPITTOU i00
ME TN péon didoTaon Twv adpavwy. Eival onuavti-
KO OTI N TIUA TOU E0WTEPIKOU PKOUG gival TTapopoIaq,
avegapTnTa €dv XPNOIKMOTTOINBNKAV O1 TTEIPANATIKEG
METPROEIG TOU BEAOUG KAPWNG A TNG KAPTTUAOTNTAG.
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O1 eKTIHAOEIG VIO TNV TIPA TOU E0WTEPIKOU PIKOUG YIa
Ta U0 peiyMOTa OKUPOBEPATOG HYE TNV UWNAOTEPN
BAITTTIKA avToxn €ival XaunAdTepeG TNG TAENG Twv 12
+2 kal 8 £4 mm, dnAadr| TTepiTTOU ioN WE TO ANICU
NG péong didoTaong Twv adpavwyv. H xapnAdTepn
QUTA TIUA TOU ECWTEPIKOU PIKOUG YIO TO OKUPOOEUQ
ME TNV uwnASTEPN BNITTTIKA avToxry YTTopEi va arro-
000¢i aTn XauNAOGTEPN OXETIKA OUOKaUWia unRTpag/
adpavwyv TNG MIKPOOOUAG QUTWV TWV HEIYHATWY,
o1ToU TTApPATNPERBNKE Bpalon adpavwyv Katd PAKOG
™G pwyung. Emiong, émmwg avauevorav, 10 @aivo-
MEVO KAIpaKag oTnv eAACTIKOTNTA €ival aueAnTEo yia
TNV TTEPITITWON TOU TOIUEVTOKOVIAUATOG, ME PEYIOTN
oldoTaon adpavwy ion ue 1 mm, To OTT0i0 PTTOPEI va
BewpnBei oxedOV OUOIOYEVEG UAIKO.

Etriong, umooTtnpiletal 611 N PIKPOPNYHATWON
OoTa NUI-Pabupd UAIKA, n oTroia TTpokaAei gBivouca
@EPOUCca IKAvVOTNTA OTrn CUPTTEPIPOPA TOU UAIKOU,
TTPETTEI VO TTNPEACEI TNV APXIKH TIMF TOU E0WTEPIKOU
MNKOUG, g,, N OTroia OXETICETAI PE TNV APXIKN avO-
poloyévela Tou UAIKoU. EGv To e0WTEPIKG PIKOG UTTO-
TeB€i OTI €ival cuvdapTnon TnG uTTdpxoucag BAARNG,
Beppoduvapikr) avaAuan Tou TTPORAANATOG aTTEDEIEE
OTI AuTd TO PNKOG TTPETTEN €iTE va au&dvel ) va TTapa-
Mével oTaBePS Pe TNV alEnan Tou eTTITTEOOU TNG BAG-

(a)

Bng. Mia TreipapaTiki diepeUvnon TNG CUYKEKPIUEVNG
MOP®NG Tou vOuou augnTikAG €EEAIENG TOU ECWTEPI-
KoU unkoug emmRefaiwoe autd 10 BewpnTikd ATTO-
TEAEOUA, KABwWG aTrodeixTNKE OTI €va auEavouEeVo
EOWTEPIKO UAKOG OuvapTAOoEl TNG BAGBNG KATAARYEI
o€ TTPOPBAEWEIG TTOU €ival o€ KOAUTEPN CUPQWVIa PE
TO TTEIPANATIKG aTTOTEAECUATA OTT OTI OI TIPORAEWEIG
NG KAQOIKNAG €AAOTIKOTNTOG. TeAIKE, BpéBnke OTI pia
€KOETIKA ox€0on METOEU TOU €0WTEPIKOU WAKOUG Kal
Tou BaBuou TG PAABNG IKAVOTIOIEI TO KPITAPIO AVTI-
KEIMEVIKOTNTOG €VOG VOMOU €EENIENG, aVEEQPTHTWG
TNG KAIHOKAG yIO TA TOIYEVTOEI®N MPEIyPATA TTOU ME-
AeTiBnKav oTnv gpyacia auTr Kal 0 puBPOS augnong
TOU €0WTEPIKOU PAKOUG We TN BAGPRN auldvel ye Tnv
augnon Tng wabupdTnTag Tou UAIKOU.

AEgeig kAe1d1a: Kapyn 4-onpeiwv, éuuecog e@eA-
KUOMOG, pHovoadovikhl BAiyn, TolpevTOKOViOuA,
OKUPOSea, SITTOAIKN) €AACTIKOTNTA, £0WTEPIKO
HMAKOG, 1I810TNTEG TWV UAIKWYV, HIKPOSopr, oloIo-
TNTA, @aIvopeva KAipakag, BAdpn, 8padon, opol-
oyevoTtroinon, 8ok6g Timoshenko

lMeipauariké mpoypauua:

(a) Aokiun KGuwng 4- onueiwv Kai TeIPauATIKn
oiaraén

(B) 2Zkupodérnan SoKiuiwv

(v) Aokiun povoaéovikng BAiwng KuPBikwv SoKIuiwv
(6) Aokiun uovoaéovikng 6Aiwng KUAIVOPIKWY GOKI-
Hiwv

(€) Aokiun éuueoou epeAKUOLIOU
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06 EOWTEPIKO

BaBpogAaoTik

HE13I118,
’/IIIIII;

]

()

Toiuevrosidny ouvOsra UAika:
(a) okupddeua (avouoioyevES UAIKG) e
péyioro péyebog adpavwy d_ =32 mm.

(B) roiusvrokoviaua (opoloyeveS UAIKG) ue
péyiaro péyebog adpavwy d, =1 mm

Aemrropépeia pikpodoung:

(v) okup6deua: UAIKG TPIWY PATEWVY QTTOTE-
AoUuevo arrd evudartwévn TOIUEVTOTTAOTA,
adpavn kai wvn ITZ

(6) ToiuevToKoviaua: n ouvOeTn uUoN yive-
Tal avriAnTTh o€ ueyaAurepn peyébuvon

25
B 3 kupbddeua

20 B Tolyevtokéviapa
B
£ 15
o
g
g 10
=
=

5

0

20 22 24 26 28 30 32 34 36

Métpo eAaoTikoTnTag, E (GPa)

BabBuoeAaaTikd eowTEPIKO UNKOG, g, UE BAan TNV EAACTIKN aTTOKPION OOKWV
o€ TTEIPAUATa KAUWNS 4-onugiwv.
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TpipeARg EmiTporrAi Alatpifng

Qihimrmrog K. Mepdikdpng, KabnyntAg, Tunua MoAl-
TIKWV Mnyavikwy, MNavemoTthpio @scoaliag, BoAog
(emBAETWV)

M'vwaTiKG avTIKEiJEVO: OXEDIAOUOG KAl GUUTTEPIPOPA
KOTOOKEUWY OTTAIOUEVOU OKUPOOEPOTOG, CUMTTEPI-
@opd adTTAOU Kal IVOTTAIoHEVOU OKUPOBEPATOG, Pal-
VOUEVA KAIJOKOG OTO OKUPODENQ, £QApUOYES Bpau-
OTOPNXAVIKAG OTO OKUPOOEUA, TTEIPANATIKESG HEBODOI
oTn OOPOOTATIKI] MNXAVIKN

Aviwviog TMavvakétmouhog, Kabnyntig, Tunua
MoAiImkwv Mnxavikwy, [NavemoTthuio Oecocaliag,
BoAog (ouvemBAéTwy)

M'vwoTIKG avTIKEiueVo: avTox TwV UAIKWV

Mapiva Mwpértn, Etikoupn KaBnynTpia, Tunua
MoAiImkwv Mnxavikwy, [NavemoTthuio Oeooaliag,
BoAog

M'vwaoTiké avTikeiyevo: AVOAUTIKN KAl TTEIPANATIKN OI-
gpelvnaon TNG CUNPTTEPIPOPAS OTTAICUEVOU OKUPODE-
MaTog UTTd oeIopIKA évtaon. Mpooouoiwan GuuTTE-
PIPOPAG MEUOVWUHEVWYV QEPOVTWYV CTOIXEIWY aTTO
OTTAICUEVO  OKUPOOEUa. AVTICEIOUIKA TTpooTadia,
eMEUPACEIG, avaoxeDIAONOG Kal PEIWON CEICUIKOU
KivdUuvou

Antonios Triantafyllou

Size Effects in Semi-brittle
Materials and Gradient Theories
with Application to Concrete

Summary

Given the increasing awareness regarding the
usefulness of gradient elasticity theories and the
significant amount of theoretical work that has been
producedinthe lastdecade orso, itis rather surprising
that the discussion concerning the relation between
the internal length and the material’s microstructure
is more or less limited usually to the vague statement
that the internal length parameter of the material is
a function of the dominant feature of the material’s
microstructure. The main aim of this thesis was to
investigate the physical correlation of this internal
length assumed by dipolar elasticity to the material’s
microstructure. To the author’s knowledge, the
estimation of an evolving internal length parameter
for cementitious materials based on experimental
evidence has not been done in the past. For this to
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be attempted and in order to investigate a possible
size effect in elasticity from flexure tests of concrete
beams, the two classical material constants, the
Young’'s modulus and Poisson’s ratio should be
determined independently.

A homogenization procedure applied to
heterogeneous materials in this study showed that
the internal length is best described as a measure
of the heterogeneity which cannot be defined only in
terms of the dominant feature of the microstructure
(size of inclusions) but also of the matrix/inclusions
elastic mismatch in the material. This was verified
experimentally by testing concrete specimens of
various mixes with similar microstructural details,
but with different matrix/aggregate elastic mismatch.
The internal length estimate based on the proposed
model was found to decrease with decreasing level
of elastic mismatch.

A gradient enhanced elasto-damage model
applicable to the case of concrete beams under
flexure, which relies heavily on the elasticity solution
of the boundary value problem for the case of a
dipolar elastic Timoshenko beam, is presented in
this work. A closed-form solution of this problem
and a methodology for solving more complex
beam problems, such as indeterminate beam
configurations, is described. This model reduces to
the gradient Bernoulli-Euler solution and the classical
Timoshenko solution if the necessary simplifications
and limits are considered. The elasticity solution of
the boundary value problem was used in conjunction
with an assumed stress-strain law applicable to
semi-brittle materials, in order to produce numerical
predictions for the inelastic response of the
beams tested. The model proposed is shown to
lead to an objective (mesh-independent) damage
characterization.

In this study, the presence of size effects in
elasticity and inelasticity of cementitious materials
was investigated based on midspan deflection and
axial strain measurements of un-notched concrete
beam specimens tested under true displacement-
controlled 4-point bending for concrete with
a compressive strength of up to 40 MPa. The
geometrically similar un-notched beam specimens
tested had a beam height to maximum aggregate
size ratio of up to about 6.5. Since concrete
possesses rather complex microstructural details
due to the presence of different aggregate sizes with
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specific volume fractions (aggregate gradation), the
internal length estimate for a given mix is compared
with its average aggregate inclusion size, which
describes its inherent heterogeneity. The average
inclusion size for the concrete mixes considered in
this study, with a maximum aggregate size of 32 mm,
was obtained by mapping the actual microstructure
on cross-sectional cuts of selected specimens,
ranged between 10 and 20 mm. An estimate of the
internal length for a given concrete mix was obtained
based on the applied load vs. midspan deflection
and curvature measurements in the beam tests. A
stiffer response than that predicted by the classical
elasticity theory is measured in the flexural elastic
response range of the beams tested. The proposed
model predicted an internal length estimate of about
15+ 5 mm in the case of the concrete mixes with
a significant elastic mismatch, for which cracking
occurs predominantly in the matrix material (lower-
strength concrete). It should be noted, that the same
internal length estimate was obtained independently
of the use of either the midspan deflection or the
axial strain measurements. These concrete mixes

are representative of a composite with inclusions
much stiffer than the matrix material. It is important
that the internal length parameter in this case
appears to be practically equal to the average
inclusion size of such a microstructure. On the other
hand, lower internal length estimates of about 12 + 2
and 8 +4 mm (about one-half the average inclusion
size) were found for the two concrete mixes with
a higher compressive strength. The lower internal
length estimates for the higher-strength concrete
is attributed to the lower elastic mismatch in their
microstructure, due to which a significant number of
aggregates were fractured along the crack path. As
expected, the size effect in elasticity is found to be
insignificant in the case of the cement mortar mix
(max. aggregate size of 1 mm), which can be viewed
as a completely homogeneous material.
Furthermore, it is argued that microcracking in
semi-brittle materials, which is the source of material
softening, should also affect the initial internal
length parameter value, g, which is associated
with the given heterogeneity of the material. If a
microstructural internal length is related to the level
of damage, a thermodynamic formulation of the

Experimental program:

(a) 4-point bending specimen and testing setup
(b) specimen casting

(c) uniaxial cube compression test

(d) uniaxial cylinder compression test

(e) split cylinder test
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(a) Concrete (heterogeneous) with
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Gradient internal length, g, based on the elastic response of beams tested under 4-point bending.
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problem showed that this length should be either
increasing or remain constant with damage. An
experimental investigation of the particular form of
the gradient internal length evolution law verified
this theoretical finding, since it was shown that an
increasing gradient internal length with damage
yields non-local predictions that are in better
agreement with the experimental results than the
local predictions. Finally, a non-linear (exponential)
relationship between damage and the gradient
internal length was found to satisfy the objectivity
requirement of a size-independent internal length
evolution law for the cementicious mixes considered
in this study. Also, the rate of increase in the internal
length value with damage appears to be increasing
with increasing brittleness level of response.

Key words: 4-point bending, splitting tension,
uniaxial compression, cement mortar, concrete,

dipolar elasticity, internal length, material
properties, microstructure, similarity, size
effects, damage, fracture, homogenization,

Timoshenko beam
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ZUvTouo Bloypa@Iiko

O Aviwviog Tpilavta@UAAou atmo@oitnoe atrd
10 TpAPa MoAiImkwy Mnxavikwy Tou lMNavetmioTnuiou
Ocooahiag, pye Babud 8/10, To 2006. OAoKANpwaE
TIG METATTTUXIOKEG OTTOUDEG TOU OTNV Mpoxwpnuévn
AopoaoTatiky Mnxavikj, oto Imperial College Tou
Novdivou, atr’ 61ToU Kal atrogoitnoe 1o 2007, pe dpl-
oTa. XTn ouvéxela, epydotnke otnv ABS Consulting
Ltd. oto MavrtoeoTep yia dUo £1n (2007-2009) wg do-
MOOTOTIKOG PHNXAVIKOG.

OAOKANpwOE TIG OTPATIWTIKEG TOU UTTOXPEWOTEIG
10 2010 kal oto didoTnua 2011-2015, ekmrévnoe
010aKTOpPIKA Tou dIaTpIRr) aTo TuAPa MoAITIkwy Mn-
Xavikwv Tou [lavemmoTtnuiou @eooaliog, n oTroia
XPNHATOdOTABNKE aTTO TO TTPOYPANUA SIOAKTOPIKWV
uttoTpo@IwV "HpdkAeitog 117, evwy TTapdAAnAa epyd-
OTNKE WG EEWTEPIKOG CUVEPYATNG OE KOTAOKEUAOTIKNA
gTaipeia NG ABRAvag. Z1a epeuvnTIKA TOU eVOIQPEPO-
vTa TTepIAapBAavovTal 0 XapakTNPIoPOG TwV UAIKWY,
N TTEIPANATIKY) PNXAVIKA, N uNXavikr BAaBwv Kal ol
Bewpieg BABPOEAATTIKOTNTAG.
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MapupaAAid Katoafouvidou

To maudi, n TOAn, TO T VidI:
Mia TroAu@wviknA Bloypagia

MepiAnyn

Znueio ekkivnong Tng dIaTPIRAG ATAV TO £pWTN-
Ma NG oxéong maidioU — mOAng, Tnv otroia Ba piro-
POUCAUE VO OPICOUNE WG AP@IdpOoUN: TTWG Ta TTaIdIA
Biwvouv Tov dnNUOGCIo ACTIKG XWPO Kal TTWS N apxl-
TEKTOVIK] OTNV ACTIKI KAIJAKO ATTavVTd OTIG AVAYKEG
TWV TTAISIWV TTOU PEYAAWVOUV OTN GUYXPOovN TTOAN.
AlatmioTwvovTag TN PEBOSOAOYIKN KAEIOTOTNTA TOU
OXAMATOG AUTAG TNG OXEONG, N dIaTPIRR ETTIXEIPET va
ETTAVATOTTOOETACEl TA TTAPATIAVW EPWTHAHATA PECW
TNG €lI0ayWYNGS MIAg TpITNG £vvolag — Tou Taixvidiod.
To TTaIxVvidl, wg TTPWTAPXIKA £vvola TNG (WG Kal WG
KaBopIoTIKr dpacTnPIOGTATA TWV TTAIdIWYV, EPXETAI VA
d1aQwTicel TNV TTPORANUATIKA OrjuEPa axEéon PeTagu
TWV 6pwvV «TTaIdi» Kal «1TOAN». H diatpifr) dnuioup-
VeI yI' autdv TO AGYO, éva VEOD, TPITTAO «EPEUVNTIKO
UTTOKEIPUEVO», TTOU €KPPALEl TNV OAOTNTA  «TTaIdI,
TTayvidl, TTOAN» Kai To oTToio ovouddel Spielraum. H
ouyypa®n Tng «Ploypagiag» Tou Spielraum okoTTd
EXEl VO OTTOTEAEDEI ETTIOTNPOAOYIKO TTAPABEIYUA PIOG
TTOAUQWVIKAG OUVOEONG PE TPEIG KPWVES» — TO TTAI-
Oi, n TTOAN, 10 TTaXVidI. TauTdxpPOVQ, Eival YI «TTOAU-
QWVIKN» Bloypagia, ge TNV €vvola 0TI 0TV aPriynon
TNG ATTOKAAUTITETOI TTWG Oev eival Timota dAAo aTmd
Eva TTAEyHa GAAWV BIOYPA@IWV: EKEIVIV TWV «XAPO-
KTAPWV» (OUYYPaQEWY, ONUIOUPYWV) OTIG OTTOIEG N
diatpif Bacietanl BiBAloypagikd. TéAog, Baciletal
o€ €va TTOAUTTOIKIAO QWTOYPaQIKO UAIKO KOl TO KEiE-
va oydovTa TTaIdIWV TTOU CUMMETEIXAV OTNV €pEUVa
TedIOU, 01 «KPWVEGH TWV OTTOIWV UTTEICEPXOVTAI OE
Kaipla onueia TnG agriynong Kai Tnv €me¢nyouv Tra-
padelyuaTiKa.

21nv Elcaywyn, n epyacia avamtuooel Ta Bacika
BépaTa NG €peuvag: Tn «yevealoyia» Tou Spielraum,
TNV avaAuon Twv Opwv TTou To atrapTifouv, dnAadn)
TO TTaIdi, TO TraIXVidl, N TTOAN, KABWG Kal TIG £VVOIEG
NG TTOAUQWVIaG Kal TNG BIOypPaQiag TToU ATTOTEAOUV
TA OUCTATIKA TNG EPEUVNTIKAG KOl GUYYPAQPIKNG HEBO-
doAoyiag. 2Tn ouvéxela, o avayvwaoTng 6a ouvavh-
O€1 7O BIAKPITO HEPOG TTOU OVOUAZETAI « XOPAKTIPESY,
éva eupeTrplo GTTou divovTal Ta «BloypagriuaTa», &n-
Aadn Ta guvTopa Bloypa@ikd CnueIWPATA, KAaTtd TovV
6po Tou glodyel o Roland Barthes, Twv Tpoocwttwy
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TToU €xouV eTTnpedoel To Spielraum. AkoAouBouv Tré-
vTe dokKipla TTou dlapdadovTal aveEdpTnTa HETAGU TOUG
Kal gival o€ peydho Babud autoteAr. To TTpwTo («ZNn-
THMaTO pEBGOOUY) apopd Ta peBodOAOYIKA ¢nTAUATA
NG «€PEUVAG PE TO TTAIBIG» KAl ETTIXEIPET YIA KPITIKK
ETTIOKOTTNON TWV TTPOCEYYIOEWV TTOU CUVAVTANE OTN
BiBAIoypagia. KaBwg n épeuva Trediou TTOU TTPAY-
MaToTroIRBNKE ATAV QWTOYPAPIKN, €OTIACETAI OTN
AeIToupyia TNG QWTOYPOYIAG WG EIKOVAG: TO UANIKO
ava xeipag eCETACETAl WG PWTOYPAPIa/TEKUAPIO, OF
Mia TTapAdAANAN avdayvwon Pe To Keipevo O Qwrevog
6dAauog Tou Barthes. To deUTepo dokiuio («To TTaudi,
TO TTaIXVidl Kal 0 KOOWOG») €EETALEI TO TTAIXVIdI WG
€vvola, Tn @UON Kal Tn AgIroupyia Tou PECA OTOUG
AGyoug yia Tnv TTaidIKn NAIKIa Kal 0Tn CUVEXEIQ, £Ew
atro Toug AGyoug autoug, aTn PIAOCOQIKN OKEWN Kal
oTnVv TTONITIOTIKA Bewpia. KUpleg eTppoég edw gival
o Jean Piaget, o Johan Huizinga ka1 o Hans-Georg
Gadamer. To TpiTo dokiuio («To ‘kaBnuepivd’ Kal n
TEAETN») €€eTAlEl TO TTOUXVIOI WG XWPIKA TTPAKTIKA
TTOU OUVEVWVEI Ta OUO QAIVOUEVIKA AKpa, TIG £VVOI-
€G TOU «KOBNUEPIVOU» Kal TNG TEAETAG. TIG TTPAKTIKEG
TWV TTaIdIWV 0TNV TTOAN OTTWG ATTOTUTTWVOVTAI OTAV
£peuva TTediou TIG avaAUel BAcel TNG YIAOCOQIag Tou
Henri Lefebvre yia Tnv kaBnuepivh {wn Kai TG €vvol-
Qg TNG «ETTIVONONG» TOU KaBNUEPIVOU TTOU TTPOTEIVEI
o Michel de Certeau. To Tétapto dokipio («To Traudi
Kal n TTOAN») JETATOTTICEI TO KEVTPO BApoug aTnyv idia
TNV TTOAN, TO TTWG TTAPAYETAI KAl TTWG YiVETAI VONTH)
atrd TOUG «XPNoTeSy TNG. Mapouaciddel Tnv €mMOTNUO-
AOYIKN] YEVEDN TNG EVVOIAG TNG KEIKOVAG TNG TTOANGY
KOl TO TTWG auTH €XEl XpnOoIuoTroiNGei kategoxrv atn
yewypagia Twv Taidiwv. MNMépa dpwg ammd tnv ev Té-
A€l TETPINPEVN TNG EQapuoyn OTnNV TTEPIBAAAOVTIKN
WuyoAoyia, autd TTou €xel PHEYAAUTEPO evOIOPEPOV
gival n avTimapddeon NG «EIKOVAG TNG TTOANG» TTOoU
dlapop@wvel To TTaIdi oTNV KABauTtd B€on Twv TTal-
dIWV péoa aTnv TTOAN Kal TTWG auTh, TEAIKA, Kabopi-
CeTal o€ onUavTIKG BaBPd atod TIG TTPOBECEIG Kal TIG
TTPOTEPAIOTNTEG TG TTOAEOBOUIKAG TTONITIKAG. Edw,
KUpPIEG Pop@EG eTTIpPONG cival o Kevin Lynch kal o
William Bunge. To méutrTo kai TeAeutaio dokipio («To
‘redio TTaudIAG Kal n oXedIOOTIKA TTPOKTIKA») apopd
TNV TTPOKTIKA: TTAPOUCIAlel OXEDIA KAl TTPAYHOTOTION-
NOEIg TTOU aQOoPOoUV TO TTaIdi 0TV TTOAN aTTd TIG APXES
ToU MovTepVvIopoU PEXPI ONPEPT, TUVOEOVTAG TEG UE
TN YEVIKOTEPN QIAOCOQIa TwV dNUIOUPYWV TOUG Yid
TO POAO TOU QPYITEKTOVA" AVAPECA TOUG, LeEXWPICEl
10 épyo Tou Aldovan Eyck, Twv Eames, Tng ouddag
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COBRA. 10 Zupmépaopa, TEAOG, ETTIXEIPEITAI £Vag
atroAoyIoudG TNG £pYaCiag, PIO CUPTTUKVWON TwV
ETTIXEIPNMUATWY TTOU avaTITUXOnkav oTa doKidia, evw
TTpoTEivovTal €TTIONG TPOTTOI OUVOEDNG TWV BewpPnTI-
KWV I0EWV PE TNV TTPOKTIKHA, UTTO UOPPA TTPOYPA-
MOTIKWV TTPOTACEWYV. 210 ETTipETPO, TTEPIYPAPETAI N
£€peuva TTediou Kal TTapouciddovTal £E1VTa GuToypa-
@ieg atrd 10 TTEdIO, ETMAEYUEVES ATTO TO CUVOAO TWV
XIANiwV dIaKoaiwyV TTEPITTOU, TTOU CUYKPOTOUV TO QWw-
TOyPaPIKO apXEio, TO EUTTEIPIKO UAIKO™ KABE €IkOvVa
eTeEnyeital ammd TN «@wvr» Tou TTaIdiou — dnAadn,
TO TI €X€I VA TTEI TO iDI10 yIO TN QWTOYPAPia TOU/TNG.
Tpia poriBa, Tpia Béuara diatrepvolv Tn Pioypa-
@ia Tou Spielraum. To TTpwTO €ival 6T Ta TTAIBIA AV~
KOUV OTNV OPAda TWV «XPNOTWV» TTou BpiokovTtal GTo
TEPIBWPIO TOU OXEDIOONOU. OcwpPOUPEVA «EIDIKMY
KaTtnyopia, 6, TI ava@Eépe