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POAOroz

H nmapovoa didaktopikn Statplpn Supknoe amd tov Ampilio Tou 2009 £w¢ tov lavoudplo tou 2014 kal
nmpayuartomnolibnke oto Epyaoctriplo Avopyavng Kot AVOAUTIKAG Xnuelag TG ZXoANg Xnulkwv
Mnxavikwv tou E.M.M. evw peydAo UEPOG TWV TELPAUOTIKWY HETPNOEWV €ylve oto Epyaotrplo
Texvoloyiog ZkupodEpartog kabwg kat oto Epyaotriplo Koviapatwyv kat Avantuéng Néwv Mpoidoviwy tng
AlevBuvong Epeuvag kat Motdtntag tng Avwvupung Etatplag Towpévtwy TITAN. Napd to yeyovog OTL oto
TEAOG TO SLOAKTOPLKO AVIKEL O £VOL ATOUO, OTNV TIPAYHUATIKOTNTO AMOTEAEL TO GUVOAO TN MPOOTIADELNG
TOAMWV avOpwNMwVv TOU €KOovav TO £PYy0 QUTO €PLKTO TOUG OTOLOUG EUXAPLOTW KOL EUYVWHOVW
BaButara.

Mpwtioctwg Ba nBela va euxaplotiow Tov kabnyntn Itapdtn Tolpa mou eméPAede TNV Slatplfn) kat
HoU €8woE TNV guKkalpia va aoXoAnbw HE TO CUYKEKPLUEVO BEUA TO OTtolo Ao TNV MPWTN OTLYUA TIOU
avadépbnke pou kivnoe to evbladépov. H ouvepyaoia poag Eekivnoe to 2007 oto MAALOLO TNG
SUTAWUATLKAG HOU €pyaciog Kal EKTOTE, Péoa amd Kadnuepvr oxedov emikowvwvia, Ba éAeya OTL £XEL
e€eAyBel oe pia oxgon Babeldg cuvevvonong kat opotBaiou oeBaocpol. O k. Tolpag pe Bonbnoe va
EeMEPAOW ULKPEC KAl HEYAAEG SUOKOALEG KATA TNV SLdpKela TG SLatplPfng, aAAd KUPLWG pou eMETpeE
va KLVoUHaL aveédptnTa Kat va Taipvw mpwToBoulieg oTnV QVILUETWITLON KABNUEPLVWY TIPOKACEWV.

ISLaitepeg euyaplotieg opeilw otnv kaBnyNTpLa Ayyehikr) MouTtodtoou Tng IXoANG XnNUkwv Mnxovikwy
n omoila w¢ péEAoCg tNS ZUMBOUAEUTIKNG Emitponng aAAd kol w¢ Baocitkn TNy yvwong Tou gpyactnplou
glye mavtote TNV MOPTA TNG avolyTh Xaplloviag e UTIOUOV TG TIOAUTIUEG CUUBOUAEG TNG KUPLWG OF
Bcpata xnuelag. Tnv enifAedn tng StatpBnig cuumAnpwvel n kadnyntpla EAloaBet BivtinAaiou tng
Ix0oANG MoATikwv MnYovIKWV TNV OTmoila Kol EUX0PLOTW Yla TNV CUMPBOUAEUTIKN tnN¢ S1dBeon Kal tov
XpOvo Tou pou S1€Beoe.

‘Eva pueyaAo kepaAalo TnG KABNUEPLVOTNTAC OV Ta TEAEUTALO TIEVTE XPOVLA UTINPEE N ouVEPYAOLa OV
pe tnVv tolpevtoBlopnyavia TITAN n omola MEpa Ao TNV EMLOTNOVLKN KATAPTLON TIOU OU TIPOoEdeEPE
nrav gunetpia {wng oe mMoAAoUG Topeis. Ot K.K. MavwAng Xaviwtakng kat Xpnotog Aemtokapidng nrav
aygoyol ouvepydrteg kol kaBobnyntég mpoodEpovtag OxL LOVO TNV HOTIA TOug amd TNV TAEUPA TNG
Bropnyaviog aAAd Kol cUYXPOVEC ETLOTNOVIKEG MPOOEYYioelg ota {nTiuata mou napouctalovtav. O
Ap. ITéA0G Avtioxog UTINPEE TNy EUTIVELONG KOL N CUVELOGOPA TOU OTNV EMLOTNOVLKN HOU wplpavon
Atav avektipntn. Ot Anunitpng OpaykouAng, Ap. MNavvng MavvakomnouAog kat Ap. Kwotag Koutocodoving
npocédepav anmAOXEPA TIC UTINPECLEG TOUC MPAYLOTOMOLWVTOS UETPrOELS O SElyUOTA HOU Kal £XOVTOC
navta tnv 61abeon va Bonbricouv péoa amnd to GopTwUEVO TOUC TTpOypappa. EmmAéoy euxaplotw tov
SlevBuvtn tou tuRuatog Ap. Anuntpn Mamayswpylou. O TITAN unpée éva peydho oxolelo Omou To
KUPLOTEPO TtoU €paba Atav wg timota v Soulevel os pla Blopnyavia xwpic KAAG TEXVLKO MPOCWTILKO.
Y& UIKPOTEPN KALPOKO KATL TETOLO LOYXUEL Kal yla TO OSLO0KTOPLKO Hou. Me peydln guyvwuoolvn
EUXOPLOTW TOV K. MavteAn Avtwviadn tou Epyaoctnpiou Texvohoyiag ZkupoSEpatog kat Tov S1adoxo Tou
K. Mwpyo Kumpuwtn kabwg kat Toug K.K. Takn MmoloBivo kat Anuntpn Koupn yla Tig ateAslwTeg WPES
TIOU pou adlEPWOAV OTO €PYACTAPLO TtAvta e Opefn Kat KoAn Suabeon. Teheutaio kal KaAltepo
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EUXAPLOTW ToVv Pido Oavacn Ayabn mou Xwplig Ta XEPLOL TOU KOl TNV TPOOPATWE EYXELPLOUEVN HUEC TOU
Sev Ba eixa KAVEL OUTE TIG ULOEG SOKLUEG amd OOEC Tipayatonol)Bnkav evw xwplic To kKEdL Ttou Ba siya
yehaoel moAU Alyotepo.

Mapapévovtag otov KUkKAo Tou Opthou TITAN Ba nBeAa va suxaplotiow tTv K. MapBa Katodkou tng
INTEPMMETON Aopikd YAka A.E. yia Tnv moAUTIun cupBoAn tng kabwg Kat Tov K. Nwpyo Aolva yla Tig
Olaitepec cUMPOUAEG TOU Kal GUOLIKA TNV Teplypadr TNG TTANPOUC ELKOVAG TOU MPOBARUATOC KAl TNV
TLaAPOXN UALKWV.

‘Eva oAU peyalo suyaplotw odeilw otoug cuvodoumodpoug aAla kal piloug oto epyactrplo AAX mou
navta dtatnpoloav €va EUXAPLOTO KALpO cuvepyaoiag. Oa nBsha va euxaplotiow tov HAla Maocaféta
yla TNV oTApLEN TIOU LoU TIPOCEDEPE OTNV KOLVH Hag TopEia, tnv Xplotiva ApaAia Apdocou yla ooa pe
£€uabe, aAAA KOL YEVLKA YLO TNV QTTLOTEUTN TTPOOPOPA TNG OTO EPYOOTNPLO KAl KUplwg yLa tnv dAia tng,
TNV Untépa o€ 6Aoug Appoditn Ntliouvn kal tnv Mewpyia Bapdaka mou eiyape pla kowr dtadpoun oAa
QUTA Ta Xpovia. Emumhéov euxaplotw tnv EAEvn Katoika, Tnv Zodia apudkn, Tnv EAnida EuBupiou kat
Toug dLdaktopeg mAEov Xpioto MkaAumévn, OAya Kapakdon kot MNwpyo Agovtaklavvako kabwg Kat tnv
Agomowva OIAn ou dAAage mopela, (owg mpog To kaAUTepo. EMmAEov euxaplotw toug MNnwpyo Toayydpn
kol Mapia Mamrmoupidou mou eméAeEay va EKIOVI|O0OUV O€ GUVEPYOOia e EUéva TNV LETATITUXLAKN Kal
SUMAWUATLKN TOUG gpyacia avtioTtolya Kol HETA TO MEPOC AUTWYV, MEPLEPYWCE, Eduyav Kal oL U0 yla
KOmpo. Toug ebxopal KaBe emituyia oTnV EMAyYEALATLIKY TOUC TTOPELa.

TENOG, EUXAPLOTW TOUG YOVELG Hou Anunten kat Mapldvl yla tnv nBiKr Kol OlKOVOULKA umtoatrpLén oAa
auTad ta xpovia, tov adepdod pou ANé€avdpo, tnv dikn pou Katepiva kat tnv pikpn MoAugévn yla tnv
QYA Kol TNV mopEa TOUG.
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MEPIAHWH

Avtikeipevo tng mapoloag Sldaktoplkng dlatplpng umnpée n Siepelivnon tng duvatdtntag TMARPOUC
OVOKUKAWGNG KoL EMOVAXPNOLUOTOLNONG TWV TOPAMPOIOVIWY TIOU TIPOKUTITOUV AT TG EAANVIKEC
povadeg mapaywyng ETOLLOU OKUPOSEUATOG. Ta MOPATPOIOVTA OTO OTola ECTIACTNKE N €PEUVA NTAV TO
vEPO EKTAUONG TWV OXNUATWY HETAPOPAC VWTIOU OKUPOSEUATOC Kat N Adormn (Aouun) mou Bploketal
OLWPOUEVN OE QUTO Kal ouvBw¢ cuoowpeveTaL otov MUBUEva Twv Sefapevwy Kabilnong tou vepou,
OTaV TO VEPO CUAAEYETAL YL EMOVAXPNOLUOTIOINGT. To VEPO EKMAUGNG £XEL TA LOLOITEPO XOPAKTNPLOTLKA
va €xel UPNAN TEPLEKTIKOTNTA O oteped Kal tdiaitepa vPnAo pH, pe amotéAeopa va kabiotatal
gmkivbuvo yla anoppupn oto meptBaiov. Itnv EANada, To mpotumo mou akoAouBolv ol Movadeg
‘Etolpou Zkupodépatog (MEZ) yia to vepd avaul€éng okupoSEuatog, amayopeUeL T XPrHon Tou
OUVKEKPLUEVOU VEPOU OTNV MAPAYwWYH VEOU OKUPOSEUATOC AOYW TWV XOPAKTNPLOTIKWY TOU Kal ouvnOwg
oL MEZ efoubetepwvouv To vepO €kmAucnG, adol MPWTaA AMOPAKPUVOUV TNV alwpoUPevn AoUun ot
Se€apevég kabilnong, kol To xpnoLuomololV Lolaitepa apalWUEVO LE VEPO SIKTUOU. ITIC TIEPLOCOTEPES
TIEPUTTWOELG, LKPWV KUPLWE Hovadwy, SV TpayUATOTNOLETAL KAVEVOC EL60UC AVAKUKAWGN KAl TO VEPO
amnoppintetal pe kivbuvo mpooBoAng tou udpodopou opilovta. Mpoékue £TaL N avaykn Stepelivnong
yla mpwtn dopd TNG eMibpaong TwV XOPOKTNPLOTIKWY TOU VEPOU E£KMAUONG OTLG LOLOTNTEG TOU
TIAPAyOUEVOU OKUPOSEUATOC. Ta XOPAKTNPLOTIKA TOU PEAETABNKAV NTAV N TIEPLEKTIKOTNTA OE OTEPEQ
(Aobpun) kat to pH, evw, kaBwg n e€oudeTépwon mou mpayuatonoleltatl ot MEZ yivetal katd KUpLo
A6yo pe HCI, eAéyxBnke kal n emidpacn TNG CUYKEVTPWAONE TWV XAWPLOVIWV.

tn ¢aon g BLBAoypadLkng avaokonnong avaAlovtal oL BAacLKEG LOLOTNTEG TOU OKUPOSEUATOC Kal
KOVLAUATOG ToU £€€TALOVTAL OTO MELPAPATIKO HEPOC TN SLaTPLPNC, Onwe elvat n BAUTTIKA avtoyn Kal n
epyaoipotnta (kepalato 1), kabBwg KAl Ol TOPAYOVIEG TIOU TIG emMnpedlouv Tou eival Ldlaitepng
onuaciag otnv enefnynon Twv dtadopwv mou Ba epPavioToUV oTNV MOPELA TWV TTELPAUATWY. ETimAéov
peletatal n evubatwon Ttolpéviou (kebdhawo 2) oe SUo Paolkoug Gfoveg: i) otnv BepudtnTa
€VUSATWONG TOU TOLUEVTOU WG TPOC TO WG eMnpedletal amd To €i60¢ Tou VEPOU TIoU ylveTal n avaulén
LE TO TOLUEVTO aAAA Kal To Ttola EBoSoCg PETPNONG TNG Elval n BEATLOTN Kal ii) oTnVv emttouvTLkn 6pdon
TWV OVTWV YAwplou otnv evudAtwon HIYHATWY Toldévtou, otnv xpnon tou CaCl, wg xnukou
npooBetou, aAAd Kol OoToug KIvdUVOUG TIOU UL TETOLO XPNON UTopel va emipEpel oto okupOSeua.
ErunpooBétwe, avaAletal n Spaon tou acBeotoABikou filler (kepdAalo 3) kabBwg n katavonon tng
6paong tou elval Lblaitepa onUAVTIKA yla TV enenynon tng emidpacng tg Aovung oe Sokipla
KOVLOUATWYV KoL OKUPOSEUATWY OAAA KAl € TIACTEG TOLUEVTOU.

3Tn ouvéxela tou BewpnTikoU PEpoug yivetal meplypadrn Twv Stadlkacwwy mou edpoapudlovial oTig
povadeg Mapaywyng £TolHou okupodépatog (kedpdalalo 4) Omou YIVETAL £l00ywyr OTO CUCTHUATO
avakUKAwonNG vepol £kmAuong kabwg kal BLPAloypadLkr) avackOmnNon og EPEVUVEG TIOU €XOUV YIVEL yla
XPNon vepol E£KMAUCNG OTO OKUPOSEUQ. ZUYKEKPLUEVO YLOL TO VEPO QVAULENG OKUPOSEUATOC yiveTal
guBabuvon oto kedpdalalo 5, 6mou avaAlUovtol Ol EMUMTWOEL] TUXOV TIPOCUIEEWY OTIG LOLOTNTEG TWV
TIAPAYOUEVWY OKUPOSEUATWY KOL HEAETWVTAL T Loyuovia SLebvr) mpotuma Kabwg Kal o eAANVIKOG
KOVOVLOUOG.
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AkolouBel n otatTloTiky HEAETN TwV HOVASdWV £TOLHOU OKUpoSEpaTog (kepahaito 6) Tou
Tipaypatomnoliénke oto mAaiolo tng dlatplpng, n omoia BorBnos va eVTOMIOTEL N TPAYUATIKA E€LKOVA
Twv MEZ tng Eupwning kat tng EAAadag 6cov adopd Ta CUOTUATA aVAKUKAWONG TOoU VEPOU €KMAUCNG
TWV OXNUATWV HETOPOPAC ETOLUOU OKUPOSEUATOC KOOWG €mMiong Kol Ta XNULKA XOPOKTNPELOTIKA
Selypdtwy vepol eMnVikwv povadwv. Mapatnpndnke OtTL OAEC oL HOVASEC TOU QATMAVTINOAV OTO
E£PWTNUATOAOYLO amoppimtouv TNV AoUUN, EVW OL EAANVLKEG LOVADSEC, 0 avtiBeon PE TIG EUPWTTAIKEG,
enefepyalovtal To vepd €kmAucong (e€oubetépwon) Kal ocuvnBwg to e€oudeTepwPévo aUTO vePS TO
XPNOLUOTIOLOUV Ot e€WTEPLIKEG XPNOELG, OMWG TIOTIOUA, TTAUGLUO TNG HOVASAG KAl TWV EYKOTACTACEWY,
KATL.

JTO QULYWC TIELPAMOTIKO HEPOG TNG SatplPfng mepypadetal n dadikaoio tng delypatoAnPilog twv
apamnpoiovtwy (vepo €kmAucong Kat AoUpn) amo To cUoTnUa avakUKAWGNG vepou tng MEZ kat yivetal
XOPOAKTNPLOMOG TOUG HE PuolkoxnuikéG pebodoug wote va davel n emibpacn tou kabe otadiou
avakUKAWoNG oTLg LBLOTNTEG TOU VEPOU OAAA Kat va TautomnolnBel n Aovuun.

OL pwteg SOKIUEG TOU MELpAMATIKOU PEPOUC payuaTonolbnkav oe okupodepa (kepdalato 9), omou
napaxdnkav Sokipla okupodEéuatog Le ta Selypata vepol tng detypotohndiag aAld kal pe aneuBeiog
vepo ékmAuong og dladopa otadla ofuviong pe HCI, kaBwg Kat EpyaocTnpLOKO VEPO EKTTAUGNG - VEPO TIOU
TIAPAOKEVAOTNKE e VEPO SIKTUOU Kal MPocBnkn AoUpNG. AUTEC ol SOKLUEG amokAAuav og TpwWTo
otabdlo TG emSpPACELC TOU €XOUV OTNV EPYACLUOTNTO KAl T AVTOXEG TOU OKUPOSEUOTOG T
XOPOKTNPLOTIKA Tou vepoUu. [Mapatnpnbnke OtL n moapoucia Aovung odnyel oe peiwon NG
£PYACLUOTNTOG KAl BEATIWON TWV OVTOXWV, EVW N TTPOOBNKN XAWPLOVTWY EMLTAXUVEL TNV AvVATTUEN TwV
avtoxwv. 2tn ouvéxela (kedbdahalo 10) mapackevdaotnkav Oeiypata vepol €KmAucong Ta omola
eNelepyAOTNKAV PE TETOLO TPOMO WOTE Vo gpdavilouv SLAPOPETIKEG TLWEC O pH, TMEPLEKTIKOTNTA
OTEPEWV KOL CUYKEVTPWON XAWPLOVIWY LE OKOTIO Va. OIopoVWOEel 0 pOAOC ToU KABE XapaKTNPLOTIKOU WG
T(POG TNV EMISPAOCH TOU OTIG LBLOTNTEC TWV TOLUEVIOKOVIAMATWY. Mapdxbnkav TOLUEVTOKOVIAUATO WG
ULIKpoypadiec oKUpOSEUATOC UE TOLUEVTO, Opauoth acBeoToAOLKA AUUO Kol Selypata vepoU EKTTAUONG.
OL 18LOTNTEG TTOU HETPNONKAV 0TO CUVOAO TWV SELYUATWY VEPOU NTAV N EPYACLUOTNTA (e€AMAWON) Kat ot
OVTOXEC (OAUTTIKEG KOl KQUUTTITLKEG) TWV KOVIAUATWY. Me Bdon autd ta anoteAéopata mAEXBnKav ta
Selyuata vepol yla ta omola €ylve HETPNON TNG OVIOTAONG Ot SLAMEPATOTNTA XAWPLOVIWY Kol
UTIOAOYLOUOG TNG BeppotnTag evuddatwonc. EmutAéov yla ta Selypota autd €yvav SOKLUEG OE TTAOTEC
Tolpévtou, ol omnoieg avaAvovtal oto 11° kepdAato. ITOXOC TWV SOKLUWY OE MACTEC TOLUEVTOU HTav N
Slamiotwon ¢ 6pAong Twv XOPAKTNPLOTLKWY TOU VEPOU oTa Tpolovta evuSATWONG TOU TOLUEVTOU,
MEOW MEAETNG evubATWONG, HE OKOMO TNV TARPN KOTAVONON TNV KATOAVONGON TWV TPONYOUUEVWY
QMOTEAECUATWY, KUPlwC TNG avtoxng. Ektdg amd tnv peAétn esvuddatwong, mpaypatonoliénkav
METPNOELS TWV XPOVWY TINENG TTOOTWY TOLUEVTOU TIoU TtapdxBnkav Le Ta mapandavw Ssiypata vepou -
OTWC QMALTEITOL KOL Ao TO OXETIKA TPOTUTIA VEPOU OVAULENG -, KABWG Kal SOKLUA TIOPOCLUETPLOC OF
TIAOTA. TOLUEVTOU TIOU TapAaxOnke pe vepod ékmAuong. AlarotwBnke otL to uPnAd pH Sev emnpealet
EUdaVWE TIC AVTOXEG KOL TNV EPYACLUOTNTA TWV KOVIAUATWY, 0UTE EUVOEL TNV dnuloupyia StadopeTikwy
npoloviwv evuddatwong. To eldog Tou of€og mou yivetal n ofuvion twv SelyddTwv Vepou eival
Olaitepng onuaoiag kabwg mapatnpnbnke otL n mpooBrnkn HNO; umopel va emidpEpel onuUaVTLKA
pelwon Twv avtoxwv, evw n mpoaBnkn xYAwplovtwyv pe HCl ) CaCl, odnyet og avénon twv avtoxwv aAld
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oe peyalutepn Sieiobuon xAwploviwyv amod To cwpa Tou Sdokipiou kabwg mapapévouv SLOAUTA OTo
Sokiplo kat dev eykAwpBilovtal os kamolwa ¢pdaon evuddtwong. EmumAfov SitamiotwOdnke avénon twv
OVTOXWV HE TNV Tapoucia AoUpNG oTo vepO E€KIMAUGCNG N omola dikatloAoyeital amod tnv pelwon Tou
TIOpWASOUG OV HETPHONKE YL TACTA TOLUEVTOU TIOU TTApAxXOnKe e VEPO EKTTAUCNG.

Ot dokiugg otn Aouun (kedbalato 12) mepthapBAvouy EPAUATA TTOU EYLVAV OE TOLUEVTOKOVIAUOTO TIOU
Tepleiyav AoU N WG CUCTATLKO TOU VEPOU 1 WE CUOTATLKO TOU TOLUEVTOU LE AMOTEAECHA KUPLwG avEnaon
TWV ovtoXwv oAAQ Helwon tng epyaoctpuotnTag. Ol SOKIUEG He AOUUN O OUVOUOOUO PE QUUOUG E
Slagopetika nmoooota filler odnynoav, péoa amd oTATIOTIKA OVAAUCH, OTO CUUMEPACMO OTL ot MEZ
MIopoUV va XpnoLUoTiolouV To vepo EkmAucng Ue Aoupn avefaptntwg tou filler tng dupou mou
xpnotpomnoteital otn povada. EmumAéov peAetnOnke n aAAnAemidpaon tng AoUUNG HE TIUPLTLKA AULO OE
TPOTUTIA TOLUEVTOKOVLAUOTO, OMoU ¢avnke OTL n Aovpn odnyel oe ehadpd HElWON TWV AVIOXWV OE
ouvepyacia pe Stapopetikng ¢uong adpavn. TEAog LeAETAONKE To veEPO EKMTAUONG O CUVOUAOUO UE
OUVOETA TOLUEVTA UE UMTTAUEVEG TEDPEC. EAEYXONKE N guepyeTIK 6pAon OV UTOpPEL va £XEL TO OAKOALKO
VEPO EKMAUONG OTAV OVOMLYVUETAL PE TOLMEVTA TIOU TIEPLEXOUV LMTAPEVES TEDPEG KaBwC Ta TeAeuTaia
QMOTEAOUV EUTIOPLKA TOLUEVTA TTIOU XpNOLomoLouvTal amnod tnv mAstoPndia twv MEX.

Ev katakAeiSL cupmepaiveTal mwe To VvePO EKMAUCNG OXNUATWY UETAdOPAC ETOLUOU OKUPOSEUATOG Elval
aoPaAEC YL XPHON O TOpaywyr VEOU OKUPOSEUATOC, EVW, vV XpNOoLUomolnOel pe OAa TOU Ta OTEPEQ,
pmopel va odnynoel oe BeATlwpéveg avioxéG. Emiong, n Stadikacia tng e€oubeTépwong KpLveTal pn
anmapaitnTn yLo TV avakUKAWGN Tou VEPOU evw UMOopEl va emiid£pel KvEUVOUC oThV TeEALKN edapuoyr
av &ev ouvbualetal pe apaiwon. TENog mpoteivovtal MPAYUATIKEG AUCELG Yyl TNV aVOKUKAWGN Tou
vepou otig MEZ.
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ABSTRACT

The thesis focused on the examination of the recycling and utilization potential of by-products from
ready mixed concrete (RMC) plants. The by-products examined were i) wash water from washing out
concrete mixing trucks and ii) the suspended sludge formatted in the bottom of the water’s settling
tank. The water recycling necessity is highlighted by the fact that while approximately 1700 L of water
are needed to produce one batch of concrete, another 1500 L are consumed for the washing of the
concrete mixing truck drums. This leads to the conclusion that proper recycling of water would cut the
plant’s water cost in half. Additionally, the wash water (or sludge water) has high total solids content,
while it also demonstrates alkali characteristics (pH of over 12) being considered as waste hazardous for
disposal. Therefore, recycling wash water has ecological and economical benefits for RMC plants
globally. In the case of Greek RMC plants, the standard specification concerning concrete mixing water
(ELOT 345), forbids the use of such water in concrete production resulting to a complex recycling system
by the ready mixed concrete plants which includes sedimentation, neutralization and dilution prior to its
use. In most cases though, the plants don’t use a water recycling system -especially in medium or small
plants- and the wash water is disposed causing environmental problems. This triggered the necessity of
an original investigation of the water characteristics effect on the produced concrete properties in order
to study the Greek case and also demonstrate the flaws on the applied regulations. The studied water
properties were the total solids content and the pH value, while, since ready mixed concrete plants
normally use HCl for neutralization, the effect of chlorides was also examined.

The theoretical part of the thesis describes the main properties of concrete and mortar that were
examined in the experimental part; compressive strength and workability. The factors affecting those
properties were analyzed in order to provide answers to experimental data resulting in this research.
Cement hydration was also studied with focus on cement heat of hydration -and how it is affected by
the mixing water properties- and the accelerating effect of chloride ions. Additionally, the limestone
filler is examined with respect to the filler effect in order to comprehend the sludge influence on mortar
and concrete specimens, as well as cement pastes. Moreover, a brief description of the ready mix
concrete production is given followed by an introduction on wash water recycling systems and a
literature review on research concerning the reuse of concrete sludge water in concrete production. A
closer look on concrete mixing water shows a variety of effects on concrete from water impurities. In
addition, the European, Australian, American and Greek standard specifications concerning concrete
mixing water are analyzed and compared.

A statistical study took place elaborating data from several European and Greek ready mixed concrete
plants concerning their by-product recycling. The study was supplemented by an examination of the
chemical characteristics of water samples from several Greek RMC plants. All of the plants that took part
in the research answer that they dispose of the sludge, while in was confirmed that Greek plants treat
the wash water by neutralizing it and usually utilize the water in external uses (i.e. cleaning, watering).

The experimental part of the study firstly consists of the sampling process where the by-products (wash
water and sludge) are collected from a RMC plant. The water samples were characterized in order to
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determine the effect of each recycling stage to the properties of the water and the nature of sludge is
identified through instrumental methods of analysis.

Detailed testing took place for concrete and mortar specimens as well as cement pastes. Concrete
specimens were produced with water samples from the recycling process and also with direct truck
wash water that was gradually acidified in several levels with HCI. The results show that wash water
improves compressive strength (by 2.5-8 MPa), even more so with the addition of chlorides but in case
of high concentration of total solids a significant loss of workability is noted. Several water samples were
produced with a variety of values in pH, total solids content and chloride concentration using different
reagents. Those water samples were used for the production of cement mortars manufactured with
crushed limestone sand representing smaller concrete specimens and were tested for their workability
(spread in a flow table) and strength. Based on those results, some of the water samples were selected
to be examined for their effect in cement heat of hydration as well as chloride permeability and also to
be mixed in cement pastes. Cement pastes were tested for their setting times as required by the
standard specifications for mixing water. A hydration study took place to determine whether new
hydration phases appear due to the mixing water characteristics. It was concluded that high pH value
has no effect in strength development and hydration while the reagent used to lower the pH is crucial to
the mortar properties. Mortars produced with water acidified with HNO; demonstrated lower
compressive strength. When chlorides were added to the water samples -either from HCl or CaCl,
addition- higher compressive strengths is noted (approximately 5 MPa) along with a slight increase of
heat of hydration without the appearance of new phases. This was attributed to the accelerating effect
of the chloride ions to the cement hydration. However, chloride addition to the mixing water leads to
higher chloride permeability through the body of the specimen. The existence of sludge in the water
(high total solids content) demonstrates higher early strength -a clear 4 MPa improvement was noted
for the age of 2 days-, a small loss of workability and no other change in the mortar or paste properties.
The higher strength can partially be attributed to the decrease of porosity.

Another set of testing was performed for sludge which is used either as it is as an ingredient of water or
dried as cement replacement -both in several ratios- for the production of mortars. Results showed
mostly improvement of strength but, in some cases, significant loss of workability. A 2% cement
replacement led to an increase of 2 MPa in all ages. Tests of sludge in collaboration with sand which
includes different ratios of filler led to the conclusion, through statistical analysis, that RMC plants can
use sludge water regardless of the sand granulometry. Moreover, the interaction of sludge and silica
sand was examined and showed that sludge can cause slight decrease of strength when used with
aggregates of different nature. Finally, sludge water was mixed with composite cements containing fly
ash where the beneficial effect of the water’s alkali characteristics to those widely commercially used
cements was tested. Results showed a slight improvement of strength in early ages.

It was concluded that concrete mixing truck wash water can be safely used for the production of new
concrete. If it is used as sludge water - containing its solids without the stage of sedimentation- it can
lead to improved strength with no other significant changes in its properties. Additionally, the
neutralization process is unnecessary and can cause problems to the final application if the neutralized
water is used without dilution.
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