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YKUPOOENUTA NE UVOKVKAOUEVA AOPAVY):
Entopaon TS 0potoyEVELS TOV GKVUPOIERATOS TPOEAEVOTS

A.E. ZABBA

Enikovpog Kabnyntpia, Tunpa [Hoitikdv Mnyovikav, ATIG.

Hepiznyn

270 mAaio10 TS 0E1POPOL avAmTLENG ia evaAloxTiky Abon téoo yia
TOVG PVOIKODS TOPOVS, OO KAl YL, TOVS YWDPOVS TOPHS TV UTOLDV
eivor n ovaxdKAwon ka1 1 ypon To0 GKOPOJEUOTOS, TOD TPOKVTTEL
OO 01KOIOUIKG. ATOPPILLLOTA Ko KOTEdOPioelS. AVTO TO «amofinTon
OKUPOOEUQ UTOPEL VO, YpHoIoTo Ol WS adpOvES Kal, ETOUEVS, TO
OKUPOOEUQ. e TETOL0. OVOKVKAWUEVO. 0OPaVH OTOTEAET DAIKO PIAIKO
TPOS TO TEPIPAILOV. TNV gpyacia avth dlEpevVATAL N EXIOPOTH THS
OLLOI0YEVEING TOV TKDPOOEUOTOS TPOELEVONG OTHV EPEAKDOTIKY KOl
Olamnixn ovroyn otovg 20 °C uéypt v nhikio twv 6 unvaov kot oty
Olamnixn avroyn pete, omd Oépuoven yia 2h orovg 100, 300 kor 550
°C, oKkvpOdeUaTOV Ue avarxvkiwuévo adpavn. To idia orvopodéuara.
eAéyyovtar ka1 y10. THY aVOEKTIKOTHTA TOVS EVaVTL YAWPIOVTWYV, OTOV
70, 10VTa. O1E100D0VV EITE OO TNV KATW TAEVPE. TOVS EITE UETA OTTO KO-
KAovg vypoveng — Enpaven 28 nuepav. To okvopodéuota wopocken-
alovTar apevog IE OA0, TO. OOPAVI] TOVS OVOKDKAWMIUEVD, OYETEPOD UE
OVOKVKAWUEVO. HOVO TO. YOVOpOKokKa. adpovy. To. avoxvkiwuéva,
0OPOVI] TEPOEPYOVTOL 1] OTTO CKUPOOEUATO. HIAS EVIOIOGS TOIOTHTAS KOl
nAkiag i amo orvpodéuota wov rponlbov arwo t Opadon copfati-
KOV OKIUIMV O10QopeTiKmY nAIKIOV Kol ovioywv. H opoloyévela
TOV OPYIKOD OKUPOOEUATOS ETHPECLEL UE OLAPOPETIKO TPOTO TIG ECE-
T0{0UEVES 1010TNTES.

1. EIZXATQI'H

H oyéon pog pe to mepipdirov, n mpootacio Tov, 1M
dat)pnorn TV ToXOTNTO UEIOVUEVOV PUGIKMOY TOP®V KOl
1N QVAYKN VO 0vVOyVOPIGOVUE TIG DVTOYPEDCELG LOG TPOG TIG
LEAAOVTIKEG YEVIEG OTOTEAOVV TO VOTLOL KOL TV 0LGIA TG
agwpopov avantuéne. H otkoloyia kot 1 avakOKA®oT 0TI
LEPES LOG TPOKVTTEL OYL GOV LOSO, OAAG GOV TPOYLLOTIKT
averyxm.

310 TAOiCLO OVTO, Lo EVOALOKTIKT ADOT| TOGO Y10 TOVG
(QVGIKOVG TOPOVG, OGO KOl Y10 TOVG YDPOVG EVATOBeoT|g TV
OOLUKOV OTOPPUUAT®V EVOL 1] XPTCUYLOTOINGT) TOL GKLPO-
O€LLOTOC, TOV TTPOKVTTEL OO OUKOOOULIKE CTTOPPILLOTO KO
katedoeicelg [1-4]. Avtd To «OmTOPANTO» GKUPOSEND UTOopEl
va xpnoporonbel cav adpaves Kot, ETOUEVMS, TO GKLUPOdE-
Lo e TETOW OVOKVKA®UEVO adpav amoTeAel VAIKO QIMKO
TPOG T0 TEPIPAALOV.

Kt avtd, yioti onpepa ot 0yKol Tov GKUPOSEUNTOS TOV
Yropinbnxe: 6.3.2008  Eywve dexrij: 25.11.2008

TPETEL VO, ATOUOKPLVOODY, HEYOADVOLV CUVEXDSG TPOKO-
Aovtag cofapd mepParlovtikd mpofAnuoate [S]. TToArd
TeEYVIKA €pya Kotedapilovial A0Yym vrépPacns Tov opimv
TOVG, VEDV OVAYKADV, PLGIKOV KOTUCTPOQ®V KATT. AALG Kot
ot Propnyovieg oKVPOSEUATOG OMUOVPYODY OTTOPPILLOTO
(otoyeio mpokaTaoKELNG, dOKipo LETE TO OMAGYLO, EML-
OTPOPEG CKUPOSERATOG AOY® KOBVGTEPHGEDY, U ATodoyNg
1 KoKOD VTOAOYIGHOD TNG TOGHTNTAG).

To avarxvklopéva adpavi| Tov TPOEPYOVTAL 0o KATES-
¢ioelg, cuvnbmg dev givar Kabapd, apov TEPLEYOLY AAATA,
KEPOALUKA, AP0, okOVN, EVAEiN, TAUCTIKG, KAT [6]. Av, emt-
mAéov, Aappavovtal omd £va KEVIPO OVOKOKA®MONG, GUAAE-
yovtal omd S1apopo KTipLo e ATOTELEG L VO, TapOVGLAlovV
OVOLLOLOYEVELD KoL Ao TOOEIG KOt [LE PLEYAAEG OLOPOPOTOMGELS
110N TEG.

AvTO JUGKOAEDEL TN XPNON TOVG OTNV TAPAYDYN EVOG
véov okvpodépatog [7]. Avtifeta, o avaKVKA®UEVO TTOL
poépyovtal amd Propnyoavieg, eivar oyetikd kabapd e
TPOGKOAANUEVA OE OVTA LOVO TO TAALD TGLUEVTO KOl 0OV
TPOEPYOVTOL ATTO TOV {10 TOTTO CKVPOSEUATOG TAPOVSLALOVY
HEYOADTEPT] OULOLOYEVELD, ONA. ALYOTEPO SLOPOPOTOLNLEVES
KOl TEPLOGOTEPO GTUOEPEG 1O10TNTEC.

AvVOoKUKAOPEVA 0OpaV OO KOTESAPIGUEVO TKUPOSELLD,
&yovv ypnoomombei, kupiog, oe Epya vVWOSOUNG T.), 050-
oTpoOpaTe Kot omavidtepa og dAla Epya [1, 8-9]. 'Eyet d¢ yi-
VEL OPKETH TEWPALUOTIKT EPEVVA GTO TAPEABOV Y10 TOV GYEDL-
OGLO TOV HELYUATOV KoL TIG QUOTKEG KoL UNYAVIKES 1O1OTNTES
tovg [10-26], oAAG 1 avBeKTIOTNTO TOVG £XEL peAetn Ol M-
YOTEPO Kal, KUPIMG, 1) VOUTOTEPATOTNTAL, 1] VOOTOUTOPPOPT]-
TIKOTNTO, 1 EVAVOPAK®OT), 1] GLGTOAY ENpaveng, Kabmg Kot
1 avtoyn og Yo&n andyouén [20-23 kai 27-30]. Ocov apopd
GTNV OVTOYN TOV AVOKVKAOUEV®V GKUPOSEUATOV GE VYNAEG
Bepokpacies, vapyovv eldyiotes epyaoieg [31].

[Mavtog, e&attiag g gupeiog SLOKOUAVONG OTIG IOIOTNTES
v dwbécumv Topwv Ba mpénet va epguvnBody ot 11oTn-
TEC TOV TOMIKM®V VAKGV. XNV gpyacio avt) eEetdloviot
OKUPOOSENOTO TOPACKEVAGHUEVO LE AdPAV] OVOKVKAMUEVQ,
amoppippate Propunyaviog ETOHOV GKLPOSEUATOS KOL LLe-
AeTdton M EMOPAOT) TNG OUOLOYEVELNG KOL TNG OVTOYNG TOL
OKUPOSENOTOG TTPOEAEVOTNG.
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2. ZYMBOAIEMOI

am = QAMTTIKN Kol EPELKVOTIKT AvTOoYT| o€ ddp-
pnén

L = YOPOKTNPIOTIKN AVTOYT CKLPOSEUNTOC

Iy = Qumtuc) avtoyn oe Beppoxpacio T °C

S = Qumtcn avtoyn oe Beppoxpacio 20 °C

Jety,, / fet,,,, = epehkuotich avtoxn oe didppnén cKvpo-
depdraov pe 50% xar 100% avakvkiopéva
adpovi|

= noocdtnTa Toéviov og kg avda m?

= nocdtnTo vepoo og kg avd m?

= AOYO0G VEPOL TTPOG TOLUEVTO

2§ 0

3. HETIPAMATIKH ATAAIKAXIA

Hopaokevdomkay 2 cepég okvpodepdtav pe 330 kg/
m? toéviov CEMII42.5N kot w=0,6. H koxkopetpikn 61
afadpon tov adpavov kot Tov 300 GEPDY NTOV VIO TOV
opiov Tov KTZ-97 (Dmax = 32mm).

To adpavi T@V GKVPOSEUATOV TNG TPMTNG GEPAG TPO-
épyoviov omd TN Bpavon kufikdv cvufotikdv dokiiov
okvpodéparog C12/15 1 C16/20 4 C20/25. Ta dokipa avtd
Opavotniay KoTd T S1dpKeln VOGS TEPITOL £TOVG YO TOV
ELeyY0 TG Tapoy@YNS TG Propnyaviog £TOOV GKLPOSELLOL-
t0¢ TEKTQN g EdvOng. Emopévag, ta adpavi Tov okvpo-
deLdTOV NG OEPAG VTG NTUV OVOKVKA®UEVO GKLUPOJENQ,
SLPOPETIKAOV MAIKIDV, GOUPATIKNG OVTOYNG KoL AVOAOYIHV
peiéng, 6mmg avtd mov Ha Aapfdavovtay T.y. and Eva KEVIPO
avaKOKA®ONG (0VOLLOL0YEVIG TTPOEAEVOT)).

Synua 1: Bpovouéva dokipa (apiotepd) kai oToLyeio. GKOPOIEUATOS
(0eé13) yia v TOPOYWYN OIPOVAOY AVOUOLOYEVODS Kol
OUOLOYEVODS TPOELEDONS OVTIOTOLYO.

Figure 1: Concrete specimens (left) and concrete blocks (right)
used for the production of aggregates heterogeneous and
homogeneous origin, respectively.

To oxvpodépata TG deVTEPNG GEPAG TUPUCKELATTNKOY
pe adpavn Tov TPoEkuyoy amd TN Bpavon peYAA®V oTol-
yelov okvpodépatog C12/15 1 C16/20 7 C16/20, nlxiog 6
nepimov unvov, (Zmua 1). Ta adpav) te@v okvpodepdtov
™G GEPAG QVTNG NTAY AVOKVKAMUEVO GKUPOSELD, GKVPO-
detovpevo amd v idta Papéra, g idtag Iniadn niwiog

Kot GUUPOTIKAG avToXNG Kol TV 10iov avoaloyldv peiéng
(opotoyevig mpoéievan).

Ot QUGIKES 1010TNTEG OA®V TV 0dpAVAV divovial oToV
nivaxa 1. To younAd Bapog ToV avakvKAOUEVOV 0dpovdY
OQEIAETAL OTT] YOUNAT] TUKVOTITO TOV TOALOV TGULEVTOV, TTOV
glvat TposKOAM LEVE G’ AVTA.

lNo kdbe oepd mopockevdonkoy €61 pelypoto pe
avOKVKA@UEVOL adpavn kot éva pelypo cvpfotikod ckv-
podépatog pe kabapd appoydAlKe, TO 0moio YPTGULOTOL-
Nonke g peiypo avapopds (0% avokvkiopéva). AT ta
€& petypata kabe oeipdg, ta Tpia, £va yia Kabe katnyopia
TOV GKLPOSEUATOG TPOEAEVOT|G, TOPOCKELACTNKOY HE OO
To adpavi] Tovg avakvkAopéve (100% avakvkAopéva),
VO To GAAO TPlOl TOPUCKELAGTNKAV e CLVAON TLPLTIKN
GO KOt e YOVOPOKOKKO TO, OVOKVKAMUEVO CKUPOSENATO,
(50% avaxvkiopéva). pwv v avapeén, Aoym g vyning
ATOPPOPNTIKOTNTAG TOVG, TO AVOKVKAMUEVE adpavi TOL &l
YOV OLLOLOYEVT TPOEAEVGT] OLPEBMKAYV GTOV PEIKTH PO HEGA GE
vepo, yuo. 20 min wepinov, dcTE va kopesBolv. LTov mwivaka
2 divovtat ot avoroyieg peténg Tov petypdtoy.

I Tov TPOGIOPIGUO TNG YOPAKTNPLOTIKNAG OVTOYXNG OTLS
28 MuUépeg, TOPUCKELAGTNKOY Yo, KAOe petypo 6 koPikd
doxipta (15 cm). T v €&éMén g BAMITIKNG avToyng
Kot TG avtoyng o€ ddppnén otovg 20 °C, TapacKevdoTr-
kav kuPucd (10 cm) kot kKolvdpwd dokipa (15 x 30 cm)
avtiotoiywe. Ta dokipia 24 dpeg PETE TNV TOPUCKELT] TOVG
tomofetnOnkav o OdAapo cuvtipnong (otovg 20 £2 °C kat
vypaoio > 95 %), péypt v nhikio tov 28 nuepmv. Metpn-
Onke n Olmtikn avroyn otig 7, 28, 90 kot 180 nuépeg ko n
EPEAKVOTIKY avToyT o€ d1appnén otig 28 kot 180 nuépeg.

H 0lmtkn avtoyn o vyniég Beppokpacieg npocsdiopi-
otnke pe kopikd doxipta (10 cm), T omoia, oTOVG 6 UNVEG,
BeppavOniay otovg 100°C, 300°C kot 550°C, yia dVvo mdpeg
ot péytotn Beppokpaoio. H Bpavon éywve 24 dpeg petd to
Téh0g TG Béppavong.

O éheyyog g avlektikottag o CIo €ywve pe  kofikd
dokipua axpng 10 em, omhopéva pe pafdovg @10 S500s. Ot
papodol kabopiotnrav pe didivpo HCI mov mepieiye pucpn
nocomto efapebvroteTpapivng, EemAvdnkav pe obavoin
kot Quyiotkav. Katom, tomoBethnkav, avd 4, péca ota
dokipua, €161, MOTE, Ol AMOGTAUCELG TOVG OO TN Pdon Tv
dokipimv, (erucdivyn) vo givar 2, 4, 6 Kot 8 cm avTIGTO®C.
Metd and 24 dpeg, ot TpoeEEyovteg amd To, SOKipL0 OTAGUOT,
KOAQONKAV om0 TAAGTIKA OTEAEYN Kot EMOEEIBIKEG PNTIVES,
€101, ®ote 1 dPpwon tovg va TpoiAbel povo amd T0 EGm-
TEPIKO TOV GKVPOOERNTOG. MeTd amd cuvtipnon 28 nuepdv
oe mepPdArov epyootnpiov to dokipo yopiotkav o 600
opddec. Ta dokipia TG TpOT™G opddag Pubictnkav cg voaTL-
k6 dtdavpa NaCl (3M). H mavo £€6pa Toug kaAvednke pe Eva
OTPMO PNTIVIG, DOTE 1) £16050G TOV YADPIOVI®V GTO GKUPO-
depo va yivetor amd  0leg Tig vorouteg elevBepeg £dpeg. Ta
dokipua mapépevay Pubiopéva oto AV Yo pio TEPI0d0
28 nuepmv, v omoia akolovdnce o mepiodog 28npepng
Enpavong oe mepifdrlov epyactnpiov. H cuvtipnon avtr pe
28 uepovg KOHKAOLG Vypavons-Enpaveng, cuveyiotnike péypt
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[Tivakoag 1: @voikég 1016tnTes TV 0dpavedry
Table 1: Physicals properties of aggregates

Opotoyevig Tpoélevon Avopoloyevig mpoéievon

@awz)ltt;/vrﬁs[;apog Anoppoz\?gmomw (Dawz)ltt;/vr&[;amg Yypooia (%)
Eidog = Pl = =

< 3 P < 3 PA < 3 Pa < 3 Pa
C12/15 12,03 ]236]235| 7,40 737 | 6,77 | 2,2 | 2,38 | 2,44 | 1,060 | 1,030 | 1,010
C16/20 2,33 |235]236| 4,17 308 | 3,21 | 2,2 | 2,44 | 242 | 1,063 | 1,024 | 1,015
C20/25 122012221223 8,50 797 | 831 | 2,2 | 2,42 | 2,47 | 1,069 | 1,026 | 1,020
Sovion | 2,64 | 2,65 | 2,64 | 2,55 1,90 1,70 2,63 | 2,6 | 2,65 | 1,036 | 1,01 1,00

[ivaxag 2. Avaloyieg ueiéng oxvpodeudrwv
Table 2: Mix proportions of concretes

B Eidog C W Tovi0n Adpavi) (%) Avakvkrhopéva, (%)
Meiypota A
adpaverv (kg/m’) | Appog | Toppm | Zxbpa | Appog | Fappr | Tkibpa
Oporoyevic Ipoéigvon

C12/15 54 8 38
100% C16/20 54 8 38
C20/25 54 8 38
C12/15 330 | 198 54 8 38
50% C16/20 54 8 38
C20/25 54 8 38

0% Zoufartikd 54 8 38

AVOUOL0YEVIG TTPOELEVTT]

C12/15 50 9 41
100% C16/20 50 9 41
C20/25 50 9 41
C12/15 330 | 198 50 9 41
50% C16/20 50 9 41
C20/25 50 9 41

0% ZopPartikd 50 9 41

v nikia Tov 6 pnvov. Ta dokipua g 2™ opddag TomobeT-
Oniav og Aekdveg, £T61, MOTE SLAAVO 1010 TEPLEKTIKOTITOG
VoL T0. KOATTEL PEYPL TO VYOG Tov 2 cm. Ot mopdamievpeg
€0peg Toug KAADPONKAY pE prTiveg LEYPL TO VYOG Tov 3
cm, £étol, ®ote N gicodog v Cl va yiveton povo and
™V KAT® £6pa Tovg (Thevpikn €i60d0g YAMPLOVTIWY). TTOVG
6 pnveg ta Sokipa Kot TV dVo opddwV Pynkay omd To did-
Aopor Kor eANeOn delypo OKUPOSEUATOG OO TOV KEVIPIKO
a&ova tovg o€ téooepa onueia (2, 4, 6 kot 8 cm amwd T KATO
emipdven). Me guyokévipion kar Tithodommon pe AgNO,
TOL OElYLOTOG TPOGAIOPIGTNKE 1 GUYKEVIPMOOT GE ppm TOV
OMK®V Kol EAeVBEPp®V YAMPLOVTOV avtictoiyms. Katomy ta
dokipua BpadoTnKaY, OTOGTAGTNKOY Ol OTAIGHOL, Ol 0ToioL,
apov kobapiotnkav, {uyictnkav ek véov, dote va Ppedei n
amdAEL0 TOV BApovg Tovg AdYw dafpwonc.

4 ANAAYXH TQN IIEIPAMATIKQN
AIIOTEAEXMATQN

4.1 E@glxvotiki avroyi] o€ dovappnén

1o oynua 2 divetal 1 epeAkvoTikn avtoyn o€ didppnén,
WG LEGOG OPOG TPLADV TULDV.

[opotnpeitor 0Tt 660 peyaAvTepn elvar 1 avtoyn
TOV OKVPOJSEUATOG TPOEAEVOTG, TOGO LEYOAVTEPT PaAivETOL
vo glvat Kot 1 €PEAKVGTIKY OVTOYN] TOV OVOKVKAOUEV®V
OKUPOSEPATOV, aVEEIPTNTMG TOV TOCOGTOL OVTIKATAGTO-
oG TOV adPAvVAV 1] TNG OLOLOYEVELNG TNG TPOEAEVGNG TOVG.
Emopévag, n avtoyn tpoélevong ennpedlel TNV EQEAKVOTL
K1 avtoyn o€ dtbppnén.

H epehkvotikn avtoyr Tov HEYHATOV, L OLOLOYEVI ) O)L
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—O— OpHOL0YEVIS TPOELEVOT
—B— (VON0L0YEVIC TPOEAEVOT
3,3 32 33
7 2,5
2,5 25 29
2,0
,8
100% 50% 50% 50%
C16/20 C20/25 C12/15 C16/20 C20/25
\o\oo\o\ T T o\oo\o\ o\oo\o\ \o\w\o
a oz a ¥ ax ax a®
Hukio (Npépes)
ynua 2: Epelxootikn oavoyn og o16ppnén twv UeryieTwv
Figure 2: Splitting tensile strength of mixtures
B opowoyeviic mpoéieven O avopoloyeviic mposievon
: 1,04 102 | 100 L1 131 097 096
S 101 078 0,86
a 9
s
2 0,5+
2 C12/15 C20125
0,0 . T
28 180 Hkuciaz(% uépec) 180 28 180

Yynua 3: Epelrvotikn avioyn okvpodeuarwv ue 50% avaxvklouévo adpovi mpog to. avtiotorya pe 100% avoxvilwuévo adpavi
Figure 3: 50 % recycled aggregate to 100 % recycled aggregate concrete splitting strength ratio

TPOEAEVCT TV 0OPOVAV, OEV EYEL PEYIAES OLOPOPOTOGELS.
[évtog, Ta petypota e ovopoloyev] TpoEAevon EXouV Kotd
KOvOVo, LEYOADTEPES AVTOXES, HEYOADTEPEG KOl TOL cupPatt-
Kk00. AvTd {6mG 0PEiAeTOL GTO OTL TO. AOPAVN LE OLOLOYEVT|
poélevon elyav HEYOADTEPT VLOUTOOTOPPOPNTIKOTITA  LE
GUVETELDL VO ATTOPPOPTIGOVV TEPIGGATEPO VEPD KOATA TNV AV~
peién. 'Etot, 610 okknpopévo okvpddepo peimbnke mbavov
N CULVAQELD OT SEMPAVELD, 1] OTI010L OG YVMGTO ennpedlet
TEPLGCOTEPO TNV EPEAKLOTIKY avToyn [32].

Y& oyéon e TO TOGOGTO TOV OVUKVKAMUEVOV 0dpPaVAOV
(Zypa 3), 1 ovéNon 1oLV TOGOGTOV AVTIKOTACTACN G AVEA-
VEL TNV EPEAKVOTIKY] AVTOYN TMV GKLUPOSEUATMV UE OO0~
YEVI TPOEAEVOT), EVAD TNV HEWDVEL, OTOV TO adpavi] £xovV
OVOLLOLOYEVT] TPOEAEVOT). LTV TPATY TEPITTOOT, 1 EAAEL-
yn cuvaeelog avtikafiototol pe v avénorn tov meAlon
TGLUEVTOV OV EIVOL TPOCKOAANUEVO TAV® GTO AETTOKOKKA
AVAKVKAOUEVO, aVEAVOVTOG £TOL TN GUVOAIKY| TOcOTN T
TOLUEVTOV GTO UElYUM, EVD 0TN dEVTEPT TEPIMTMOOT|, OTOL
1N cvvaeelo ot SlEmEAveld ival peyaAdtepn, 1 avénon
TOV OVOKUKA®UEVODL DAKOD @aivetal 0Tt v peldvel. H
peimon, N n avénon avtn, avtietoiyms, gival Tepinov idia
o€ OAeg TIg NMKieg.

4.2 Xapaxmpretikn avroyn (f,) - Olrtiki avroym
otovg 20 °C

H yopaktnpiotikn avioy OA®V T@V GKUPOSEUATOV OTd
AVOKVKA@UEVE, aveEopTnTOG opotoyévelog, adpavr (ITiva-
Kag 3), elvat LEYOADTEPT OO TN YOPUKTIPLOTIKT OVTOYT| TOV
OKUPOSEUAT®V OO TO 0010 TPONAOQV.

Y10 GKUPOSERNTO LE 0OPUVI OLLOLOYEVODS TPOEAEVONG, 1
TY TNG YOPOKTNPLOTIKNG AVTOXNG deV Qaivetal va emnpedle-
TOL O7TO TNV OVTOYH] TOV GKLPOSEUATOG TTPOELEVOT|G, OAAG O
70 TOGOGTO AVOKVKA®OTS. [0 id10 T0G06TO AVaKVKA®UEV®Y
a0PAVMV TO. GKLPOSEUATA TAPOLGIAGOY THV {d10. YOPUKTIPL-
OTIKN] aVTOYN, N Omola €ivol EAAPPDOS PIKPOTEPT] OO CLTIHV
TOL AVTIGTOL(OL GLUPBATIKOD GKVPOSEUATOC, OTAV TO TOGOGTO
avakokimong eivor 100% kot idta pe To ovpfarticd, 6tav o
T0000TO avakOKAmong gival 50%. @aivetor dnA. 6TL 1 avto-
N emnpedleTal TEPIGGOTEPO OO TV TOLOTNTA (TOOVAG Kot
amd v TocotnTae) Tov véou towévrov (I142.5N), 1o omoio
€lval 1oYLPOTEPO OO AVTO TOV GKLPOSEUATOV TPOEAELOTG
(II32.5N y1ot To. YOUNANG OVTOYNG OPYIKA - TOALE - CKLPOOE-
poto kot ovvovacopdg 1132.5N ko 1142.5N yia to oo C20/
25). 10, avaKUKA®UEVE GKUPOSELLOTO OVOLLOLOYEVODG TTPOE-
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[Tivaxoag 3: Epelkvotin avioyn oe owppnln, Bhirnikn avioyn kai fck tov peryudrwov
Table 3: Splitting tensile strength, compressive strength and fck of mixtures

060676 AVOKVKA®UEVAOV AOPAVAV
Hiaxia 100% | 50%
(Mpépes) f.« oKVPOdENETOC TPOEAEVONG 0%
C12/15 | C16/20 | C20/25 | C12/15 | C16/20 | C20/25
Oporwoyeviie mpoéievon
fo pevyparov
28 C20/25 | C20/25 | C20/25 § C25/30 | C25/30 | C25/30 | C25/30
Egelkvotuci) avroyn (MPa)
28 1,8 2,1 2,1 1,4 2,1 2,0 2,8
180 2,1 2,5 2,7 1,8 3,3 2,6 3.1
Olrtiki avroyn (MPa)
7 18,7 23,1 19,7 22,0 21,0 25,4 20,4
28 31,8 29,3 21,8 26,2 26,3 29,6 23,1
90 34,8 34,0 27,4 38,7 38,8 34,4 34,6
180 35,9 36,6 30,0 42,1 42,7 37,4 34,8

Avopnoloyeviig TpoElevon

fo pevyparov
C25/30 | C20/25 | C25/30 ) C16/20 | C30/37 | C25/30 | C25/30
Egelkvotikn avroyn (MPa)

28 2,1 2,3 2,4 2,1 2,6 32 1,6
180 2,4 2,7 2,5 2,5 33 3.3 2.4
Ol avroyn (MPa)

7 25,7 22,4 20,2 26,4 32,8 16,7 22,9

28 29,1 26,8 24,8 30,6 35,2 20,2 27,2

90 30,3 343 30,4 34,8 37,7 28,6 35,0

180 30,9 35,2 32,1 34,9 38,9 30,6 38,4

45 — —O— opoloyEVIiS TPOEAEVON

—8&— VOPOLOYEVIS TPOEAEVOT 50%

407 C20/25
=35 100%
-9
S 30 20/25
2 25 A

> 100% 100% 50% 50%

2014 |c1/15 C16/20 Cl2/15 C16/20

15 T T T T T T T T T T T T T T T T 1 1 1 T T T T T T T T T

~ 0 © 0 S~ 0 © o0 ~ 00 © 0 ~ 0 © 0 ~ 0 © 0 S~ 0 © o0
AN O\ — AN N — AN N — AN N — AN O\ — AN N —
Hhkia (Mpépec)

ynua 4: Olizrikiy ovioyn twv UELYUETOV
Figure 4: Compressive strength of mixtures

Agvong To omoteAéopato dgv Topovolalovy kamow taon. H  cvpfartikod. H Ty g xopaktmploTikig avtoyng, mooviv,
YOPOKTNPLOTIKY OVTOYN OTO TEPLoCOTEPO pelypoTa givol ion  emmpedleton amd TV TOGOHTNTO TOV TOANIOD, TPOCKOAANLLE-
Le ot ToV GVUPATIKOD. YTAPXOLV, OU®C, KoL ATOKAIGELG L€ VOU GTOVG KOKKOUG, [1] EVUSATOUEVOL TOLUEVTOV.

TWEG TOAD HUKPOTEPEG N TTOAD LEYOADTEPEG TOV AVTICTOLYOL Ytov Ilivaka 3 kot oto Zypa 4, divovior ot Omticég
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[Tivakoag 4: Adyor QMmTiKdOY avToymdy TV aVOKUKADUEV®Y GKUPOIEUATOV TPOS TIC OVIOXES TV OOUSATIKDV
Table 4: Recycled aggregate concrete compressive to normal concrete compressive strength ratios.

favaKvKlwuévwv / fcvﬂiuﬂkm’)
1060670 AVOKVKA®OUEVAOV AOPUVAV
100% 50% | 100% | 50%
f.x oKVpodEpaTog TPofrevong
w (=] w w > w w (= u g] (=] w

S S a a = qQ N = qQ a = aQ a
23|l 2|88 |=E|/S8|l&e /=8]8 =8
Eguuuuuooouuuu

-

~ Opowoyeviig mpoéievon Avoporoyevig mpoéievon

7 092 | 1,13 10971 1,08| 1,03 |125})1,12 098] 0,88 1,15 | 1,43 | 0,73
28 | 1,37 | 1,27 1094 | 1,14 | 1,14 | 1,28 } 1,07 | 0,99 | 0,91 | 1,13 | 1,29 | 0,74
90 | 101098079 1,12 | 1,12 0,99}0,87| 0,98 | 0,87] 1,00 | 1,08 ]| 0,82
180 | 1,03 | 1,05 | 0,86 ] 1,21 | 1,23 | 1,07 | 0,80 | 0,92 | 0,84 ] 0,91 | 1,01 | 0,80

1,6 *—< B opotoyevig O avopooyevig Tpoéhevon } Tnp

28

1,4 1
2 1’27 Tnp 28 180
“.‘-é: 08
= 0,6 1
é 0,4 1
£ 02 50% ovexkvkiopive
- il I BN BN EE

C12/15 C16/20 C20/25 C12/15 C16/20 C20/25
fck avaxvKA@pPEVOY 0dpavav

Synua 5: Ol avioy oKOPOOEUGTMV LUE OVOKDKAWUEVA, AOPAV TIPOS TRV AVIOYT TV COUSATIKDYV CKUPOOEUGTWV
Figure 5: Recycled aggregate to normal concrete compressive strength ratio.

AVTOYXEG TV HYUATOV, MG LEGOS OPOG TPLOV TILMOV.
Hopoamnpeitor 611  OMTTIKY AVTOYT TOV UEIYHATOV HE
OLLOLOYEVT] TTPOEAEVGT] TMV OVOKUKAMUEVOV 0OPOVAV HETA
T1G 28 nuépeg eivar katd Kovova peyardtepn (mg kot 52%)
EKEIVOV LLE OVOLLOLOYEVT TTPOEAEVOT], KVPIMG, OTAV TO TOGO-
010 avokOKAwong eival 50%. Avtibeta, og puKpoTEPES MAL-
Kieg, M OVTOYN TOV OUOLOYEVOV UELYHATOV gival LKpOTEPT.
Avto mBavov opeiletal 6To OTL TA OLOLOYEVT] AVOKVKA®ME-
va adpovi givar nhikiog 6 unvov. ‘Etot, n emmpdcbetn evo-
ddT®oN TOL TOAOD (U1 EVUIATOUEVOV) TOLUEVTOL OLEAVEL
TNV aVTOYN] TV GKLPOOEUATMOV LE OLOLOYEVI] TPOEAEVOT|
adpovav, 0AAG LOVO OTIG peyaADTEPEG MAkies. Avtifeta,
T0 TOMO TOWEVTO OV V0L TTPOCKOAANUEVO TAV®D OTA
adpOVI] OVOLOLOYEVOVG TPOEAELONG, Elval TEPLGCOTEPO
EVLOATOUEVO, KOOMG TA AdpOVI] OQLTA TPOEPYOVTIOL Omd
OKVUPOSENATO JAPOPOV NAKIOV (Veapdv oAAG Kot pExpL
étovg). Ta peiypota, Aowmdyv, |LE AVOLOLOYEVI] AVOKVKA®MUE-
va adpavn}, Tapovuctdalovy VYNAOTEPEG AVTOXEG NOT ATd TIC
LKPOTEPEG MAIKIEG, OAAL OTIC LEYOADTEPES Ol VIPOLAIKEG
TOVG KAVOTNTES €E0VTAOVVTAL YpNyopoTEPD 1| QoiveTal OTL

e&upTOVTAL A0 TO TOGOGTO TOL U1 EVOSATMOUEVOD TPOGKOA-
ANpévou ool TGIHEVTOL.

H peiwon 1o0v 10606700 TOV AVOKVKAOUEV®Y AdpaveOY
ar6 100% og 50%, katd kavova, ovédvet Tig OMmTIKEG avto-
¥és (mg kot 36%), pe efaipeon To HElYHO OVOHOL0YEVODG
KoL VYNNG avToyng TPOoEAEVONG, OOV 1) LEIDOT TOV OvoL-
KUKAQUEVOV 0dpOvVAYV ETPEPEL HEIDMON TOV OVTOXDV £1G
xat 19%.

Xe oyéon pe to ovpPartikd oxvpddepa (Mivaxag 4, Xym-
po 5), 6tav 1 TPOEAELOT TOV OAVOKVKA®UEVOV adpavVeOV
glvar opotoyevig, OAa Ta CKUPOSENATO £XOVV OVTOXESG e~
yoAutepeg (omd 1 g 37%) tov cvpPotikod e e&aipeon to
peiypo pe 100% avakvkiopévo C20/25, tov

omoiov ot avtoyég eivar pukpotepes (amod 3 £wg 21%) tov
ouppatucov.

Otav 1 Tpoérevon TV adpuvav €ivol oVOUOLOYEVIC
KoL T0 T0600To avakvkAwong 100%, ol ta avakvkA®UEVa
peiypata topovstdlovy avtoyég HIKpOTEPES TOV GLUPATIKOD
(1-20%). H peimwon T@v opoloyevdv avaKUKA®UEVOVY adpa-
vov o 50% evvoel ta petypata C12/15 woar C16/20, mov
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[Tivakog 5: Evamouévovoeg OMTTIKES aVIOYES TV GKOPOIEUGTOV UETE, TRV TOPWOT
Table 5: Residual compressive strength of concretes after heating

fr/fy
060670 AVOKVKAOUEVAOV AOPUVAV
Ozppoxpacio (°C) 100% I 0%
f.. GKUPOSENOTOG TPOELEVONG 0%
c12/15 | c1620 | c2025 | c12/15 | c16/20 | 2025
Opowoyevije Tpoéievon
20 1,00 1,00 1,00 1,00 1,00 1,00 1,00
100 0,82 0,82 0,87 0,82 0,79 0,68 | 0,66
300 0,62 0,81 0,79 0,66 0,78 0,64 0,62
550 0,42 0,36 0,34 0,50 0,45 0,53 | 0,55
Avonol0yeviig TPOEAEVGT
20 1,00 1,00 1,00 1,00 1,00 1,00 1,00
100 0,79 0,82 0,82 0,67 0,69 0,94 0,65
300 0,51 0,61 0,51 0,54 0,63 0,64 0,62
550 0,34 0,36 0,34 0,36 0,51 0,40 0,54
—O— opowoyeviic TPOELEVGT] —B— GVOROLOYEVIG TTPOEAEVOT -I C20/25
| c12/15 | qcr620] | q.{c202s | |c12/15 | [c16/20 |
0,94
52 0,81 0182 76 0.78
o ’ ,68
£ 0,62 | 0,66 0.64
& 0,64\
0,5( 51 0,53
"4 0,34 0.34 0.45 0.40
100% Avaxvkhopéva, ’ 50% Avaxvkhopévo
SEER S883 SEER S88%3 SEER S883
— N — N wn — N — N wn — N wn — N wn
Ozppoxpacia ('C)

Zynua 6: Evamouévovao. avtoyn twv UEIyUATOV 1ETS amo mopwaon yio. 2h arovg 100 °C, 300°C ko 550°C
Figure 6: Residual strength of mixtures after heating for 2h at the peak temperature of 100 °C, 300°C xoa 550°C

Tapovctalovy avtoyEg LEYOADTEPEG TOV GVUPATIKOD, HEXPL
115 90 nuépeg o TPDTO (f0¢ 15%) Ko og dheg TIC NAIKieg
70 3e0TEPO (€0G 43%), aALG av&dvel TIC dtapopEg Tov pely-
patog C20/25 pe 1o cvpPatikd okvpddepa (avToyés Kot
20-27% KpOTEPES).

Ievikd, to oxvpodépata and adpovi YUUNANG avVTOXNS
napovctalovy v ido mePimov cuuTEPLPopd, oveldptnTa
Omd TNV OUOLOYEVELD 1| TO TOGOGTO GUUUETOYNG TOVG GTO
peiypo. Avtifeta, to pelypo amd vynAdTepNg AVToyNG avo-
KUKA@UEVO adpavi] paivetal 0Tt eivat To dvopevéotepo. Ae-
dopévov dg OTL OAN TO. CKVPOSELOTO TOPOCKEVAGTNKOV LIE
NV {010 TOGOTNTA TOLUEVTOL KOl VEPOD, 1) SLopopd, TOAVOV,
VoL OPEILETAL GTNV TOLOTNTA KOl TNV TOGOTNTO TOV TPOCKOA-

ANuévov, ota KavovpyLo adpavi TOANLOD TGLUEVTOV.

4.3 Avtoy] 6 vyniég Oeppokpacisg

Ytov [Tivaka 5 kot to Zynua 6, divovtal ot EVOTOUEVOLGES
avVTOYEG TV GKVPOJENAT®V (LEGOG OpOG 3 THAV), HETA and
Topwon 2 opdv otovg 100, 300 kot 550 °C (péyrotn Ty).

Ta ovakvklopéva oKUPOSERNTO, OveEUPTNTOG TPO-
€AEVOMNG 1 TOCOGTOD GUUUETOXNG TOV OVOKUKAMUEVOV
adpovdv Tovg, 6Tovg 550 °C mopovciocay HEYOADTEPEG
ATOAEEG avTOYDV, amd 47% Emg 66% évavtl 45 pe 46%
0V ovpPatikod. Avtifeta, otovg 100 °C, To avakvkA®pEva
oKVPodEpaTe Tapovstalovy pikpdTepeS andreles (6-33%)
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—6— 0L010YEVIG TPOELEVOT —B— (LVOLLO10YEVIG TTPOELEVOT)
== (PIO ATIOITA®HTIKOITOIHXHZ
5000
[ o o, &
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Ba0dog emuxarvyng (cm)

Synua 7: Zoykévipwon ok ylwpioviwv (oe ppm) yio. ovvtipnon e kokAovg dypovons Efpovons
Figure 7: Total chlorines concentration (ppm). Wetting — drying cycles

a6 avtég Tov cvpPaticov (34 pe 35%). Zrovg 300 °C, ta
amoteAécpaTo eEUPTMOVTAL OO TNV OLOLOYEVELD TMV OVOLKVL-
KAOUEVOV 0dpOVAV. ZKVPOSEUATO. [LE OLLOLOYEVT] TTPOEAEVOT|
AVOKVKA@UEVOV adpavay eival ovBeKTIKOTEPO TOV CLUPOTL-
KOV, VA, OTOV TO AdPaV] £XOVV OVOLLOLOYEVTH TPOEAELGT, TO
oupPatid okvpodépata eivar avOekTIKOTEPO.

>11g vymAotepeg Beppokpacieg amodopovvral to. CSH.
To ovaxvklopéva okupodEpata £YoVTag TPOGSKOAANUEVO
GTOVG KOKKOVG TOVG KO TO TOAOLOTEPO TOLUEVTO VPICTOVTOL
peyardtepn @Bopd. T’ avtd kot otovg 550 °C, 1 peiwon
TOV avVOKVKAOUEVOVY adpavdv ard 100% oe 50%, (peioon
OMA. TOV KOKK®OV HE TO TPOGKOAANUEVO TOALO TOLUEVTO),
€xel DETIKA OMOTEAEGHOTO LELDVOVTAG TIG OMMOAELES. XTOVG
100 °C, n owvénon g Beppokpaciog em@épel Lo EVTo-
TIK EVUOATOOT TOL  TOAGLOTEPOVL L) EVUOATOUEVOL
Toévton, 1N omoia avtiotabpilel T andieeg. ' avtd
Kot 1 pel®on TG TOcOTNTAG TOV OVOKVKA®UEVOVY adpo-
VOV, KOTd Kavova, Exel SuGHEVT] amoteAéopata. XTovg 300
°C, ta anoteréopota eE0pTOVTOL amd TV opowoyévewn. Ta
OLLO10YEVN,0VOKVKA®UEVE adpavr] gival nAwkiag 6 unvov,
Gpo. EYOVV PEYOADTEPEG TTOGOTNTEG LT EVOOOTMOUEVOD TOAL-
OTEPOV TOLUEVTOV, KO, EMOUEVEMG,, 1 adENGN TNG Beppokpa-
olag divel kpoTEPEG AMMAEIEG, OTMG GVUPAIVEL KOl GTOVG
100 °C. Ta avopotoyevn ,01®G, adpavn, ivar nAkiog péypt
Kot gvOG £TOVG, EMOUEVOG, £XEL 0N evdat®BEl peyoldtepn
TOGOTNTA TOV TOAOLOTEPOV TOLUEVTOV. YQIoTOVTOL AouTdV
peyardtepn @Bopd oe oxéon e To GUUPOTIKG 1) TO. GKLPO-
d€paTO LLE AVOKVKAMUEVO 0OPOVT] OLLOLOYEVODG TPOEAEVGTG.
Emopévac, n peiwon tov adpavov ard 100% oe 50%, emi-
QEpEL apynTikd 1 BeTiKd amoTeAéoHOTO AVTIGTOLYO.

4.4 AvOektikotnta évavt Cl-

Ytovg mivakeg 6 kot 7 kot oto oynuata 7 €éog 10 divo-
VIO TO OTOTEAEGUOTO TOV GUYKEVIPDOCEMY TOV OAKAV Kot
eAevBEP@V YA®PLOVTI®V G ppm, 0 AGYOG OEGUEVUEVOV TTPOG
odkd Cl- petd and cvovtipnon 6 unvav oe ddivpo NaCl

KO 1] OTOAELD TOV BAPOVS TOV OTACHOV TV petypdtov. H
duaPpwon Eekvd, dtav 1 TEPLEKTIKOTNTA OE 1OVTO YAW®PIOv
givar mave and 0,2% «.B. tov toéviov. To mococTd 0WVTO,
Baoel g avoroyiog peiEng TV oKuPOdEUATOV, LETATPATN-
K€ o€ ppm Kol SIVETOL GTOVG {310VE TVOKEG GOV OPLO OTOTOL-
Ontikomoinong.

4.4.1 Zoykévipoon yAopiévtov € ppm

¥t ocvvtnipnon pe kokAovg (Zymua 7, Iivakog 6) to
oLpPaTIKd OKVPOSEND EYEL UEYUADTEPEG GLYKEVIPDOELS
OMK@OV YAOPLOVTOV o€ OAa T BAON, emopévamg, To petypota
LE ovaKLKA®UEVO adpavn, aveEapTNTOG TOGOGTOD, OLOL0-
vévelog mpoéhevong N Pabovg emcdAloymg, eivor avOekTiKo-
tepa. H peimon, mvieg, Tov T0606To0 TV 0VOKVKA®UE-
VOV BEATIOVEL TNV aVOEKTIKOTITA, APOV Ol GLYKEVIPAOGCELS
CI' peidvovrat.

Edv n avtoyn npoédevong ivor younAn, tote petypata
OVOLLOLOYEVT] 1] OLLOLOYEVT] OEV HLOPOPOTOLOVVTAL OTLOVTIKA.
Oc0 dpmg avédvetar 1 ovToy| TPoEAELOTG, TOCO TO, LETYLLO-
TOL S10(POPOTOLOVVTOL KO 1| OVOLLOLOYEVIG TPOEAEVGT) TOPOL-
o140eL LEYOADTEPEG CVYKEVTIPMOELG OMKDV YAMPIOVTOV.

Xe oy£on e TO Oplo UTOTOONTIKOTOINGNG TOV OTAGHOV,
70 GVUPATIKO OKVPOSEUN TOPOVGIALEL CUYKEVIPAOOCELS TOAD
Tavm omd To 6plo oe OAa ta Pabn (dvopevéatepo), avtibeta
ta eptocotepa 100% avokuKA®UEVE, LE OLOLOYEVH TTPO-
élevon adpavav, okvpodépata, Kabmg kot ta 50% oava-
KUKA@UEVO LE OVOLOLOYEVT] TTPOEAELOT, Yo Babn >4 cm
eLEavilouv GUYKEVTIPOGELG KATM -1 EAOQPDOG TAV®- 0md TO
ouppatikd.

O1 AOY01 OEGUEVUEV®V TPOG OAKE YA®PLOVTOL OA®V  T®V
OVOKUKAQUEVOY  HEYHATOV,  oveEapTNTOG OLOLOYEVELNG
1 TOGOGTOV OVAKVKAMONG, EIVOL TOAD LEYAADTEPOL OO Olv-
TOVG TOL GLUUPOTIKOD KoL KUULOEVOVTOL GE TOAD VYNAQ ETime-
da (0,95-1 évavtt 0,91-0,99 tov cupPartikoD).

21NV TEPInT®OT TOL 1) 16000 TOV YA®PLOVIMV YIVETOL
amd Vv pio (kdtw) mievpd (Zynpa 8, [ivaxag 7), dvoue-
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[Tivakoag 6: Olixa kou elevbepa CF (ppm), Adyor deoucvuévav mpog orikd CI, dpio amomabnrikomoinons (ppm) kai anwieio omAiopod (mg/
cm?) TV peryudTov Lo covtipnon e kbkoog dypavens — Cipovong
Table 6: Total and free CI (ppm), bounded to total CI ratios, and steel bar weight loss of mixtures. Wetting — drying cycles

’g 060676 AVOKVKAOUEVAOV AOPUVAV
(2]
= 100% | 50% 100% | 50%
2 f.x 6KVPOOERATOS TPOELEVONG fx GKVPOOENATOS TPOELEVOG
f§ 7o) = w 7o) = w 0% 7o) = ) wn = o) 0%
v = Q Q = Q Q = Q Q = Q Q
=3 [o\} N=] (=) [o\} N=] > [o\} o > [o\] =} >
13 — — [ — — (S — — [o\] — — (S}
= @] O Q @] O Q @] @] S} O Q @}

Oporwoyeviic Tpoérevon Avopnooyeviig TpoEievon

Olka CI' (ppm)

2 2676 | 2079 | 1029 § 2604 | 1348 | 923 3294 2983 3479 3411 § 2679 | 2229 | 2083 | 3495
4 675 334 433 615 225 307 862 523 875 864 316 422 855 884
6 490 202 424 233 143 220 778 473 595 647 350 418 179 789
8 1028 521 708 862 384 507 1093 825 955 965 587 881 922 1100

‘Opro amomadnTiKoToinong (ppm)
| 364 | 341 [ 384 | 323 [ 323 [ 326 | 308 | 353 [ 349 | 351 | 328 | 324 | 326 | 316

E)ev0gpa CI' (ppm)

2 53,2 53,2 | 53,2 f 53,2 8,9 17,7 262,1 143,0 | 133,0 | 98,9 53,2 | 44,3 | 88,7 | 292,6
4 8,9 8,9 8,9 8,9 0,0 8,9 48,9 8,9 8,9 35,5 8,9 8,9 26,6 443
6 8,9 8,9 8,9 8,9 0,0 8,9 8,9 8,9 8,9 17,7 8,9 8,9 0,0 17,7
8 8,9 17,7 8,9 8,9 8,9 8,9 46,6 8,9 20,2 443 8,9 17,7 8,9 443
Agopevpéve/Olkd,
2 0,98 0,97 | 0,95 § 098 | 0,99 | 0,98 0,92 0,95 0,96 0,97 0,98 | 0,98 | 0,96 0,91
4 0,99 0,97 | 0,98 1 0,99 1,00 | 0,97 0,94 0,98 0,99 0,96 0,97 | 0,98 | 0,97 0,95
6 0,98 0,96 | 0,98 § 0,96 1,00 | 0,96 0,99 0,98 0,99 0,97 0,97 | 0,98 1,00 0,98
8 0,99 0,97 | 0,99 § 0,99 | 098 | 0,98 0,96 0,99 0,98 0,95 0,98 | 0,98 | 0,99 0,96
ATOLELN 0TGP0V (mg/cmz)
2 17,5 17,4 15,6 § 17,2 13,9 | 13,7 17,7 17,0 15,2 15,0 15,3 15,1 14,7 17,2
4 10,8 | 12,0 | 120 § 104 | 11,5 | 11,9 ) 125 134 | 132 | 130 | 128 | 132 | 12,7 | 13,5
6 124 | 120 | 122 1125 | 94 | 11,6 | 12,6 120 | 120 | 11,6 | 11,6 | 11,6 | 109 | 12,4
8 16,3 16,7 15,3 15,0 13,6 | 13,5 17,4 16,8 16,8 15,0 15,2 15,9 14,5 17,2
—6— 0L010YEVIG TTPOEAELOT) —B— QVOLLO10YEVIG TTPOEAELOT)
OPIO ATIOITAGHTIKOIIOIHXHX
7000

6000 - 100% ovoxvkhopévo 1 50% avakvKhOpévo
£ 5000 19 [C12/15]| w [C16/20]| [C20/25

S o0 | C12/15|| [C16/20 | | [C20/25

?é 3000 -

= 2000 -

© 1000 -

0 — e T —
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Zynua 8: Loyrévipwan oMKV YAwpioviwy og ppm yio. TAEVPIKN EI0OOO TV 1OVIWV
Figure 8: Total chlorines concentration (ppm).Side penetration
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[Tivakag 7: Oixa kou elevbepa CI (ppm), Adyor deoucvuévav mpog orikd CI, dpio amomabnrikomwoinons (ppm) kai axwdieio omAiouod (mg/

cm?) TV HETYUATOV YLO. TAEVPIKT EIGOOO TV YAWPIOVTWY

Table 7: Total and free CI (ppm), bounded to total CI ratios, and steel bar weight loss of mixtures. One side penetration

1060670 AVOKVKA®OUEVAOV AOPUVAV
:E: 100% I 50% 100% 50%
g f.x 6KVPOOERATOS TPOELEVONG 0% fx 6KVPOSERATOS TPOELEVOG 0%
£1 = = S = | 2|8 a = & pa = Q
5 Q Q Q Q o Q ] ] ] ] ] ]
Opowoyeviig Tpoéievon Avopooyeviig Tpoéieven
O)lwd CI' (ppm)
2 5088 | 3673 | 6231 | 1046 | 1014 | 531 | 1055 J 3621 | 4900 | 6326 | 2553 | 2178 | 2050 § 1070
4 1679 368 560 148 129 113 157 547 1090 909 240 394 203 180
6 316 148 246 138 101 89 142 232 585 268 174 368 171 150
8 82 135 83 75 71 75 80 210 375 210 172 289 144 90
‘Opro omoradnrikomoinong (ppm)
| 364 | 341 | 384 | 323 [ 323 [ 326 | 308 | 353 [ 349 | 351 | 328 | 324 | 326 | 316
E\lev0epa CI' (ppm)
2 753,5 | 636,9 | 563,1 § 97,5 8,9 81,9 8,9 1153 | 697,5 | 916,1 | 4344 | 35,5 97,5 | 602,8
4 203,9 8,9 35,5 8,9 8,9 8,9 8,9 35,5 35,5 8,9 35,5 8,9 8,9 35,5
6 8,9 8,9 8,9 8,9 8,9 8,9 8,9 17,7 17,7 8,9 17,7 8,9 8,9 17,7
8 8,9 0,0 8,9 0,0 0,0 0,0 0,0 0,0 8,9 8,9 35,5 0,0 8,9 0,0
Agopsopéva/OMkd
2 0,85 0,83 0,91 0,91 | 0,99 | 0,85 § 0,99 0,97 0,86 0,86 0,83 0,98 0,95 0,44
4 0,88 0,98 094 § 094 | 093 | 0,92 ] 0,94 0,94 0,97 0,99 0,85 0,98 0,96 0,80
6 0,97 0,94 0,96 f 094 | 091 | 0,90 | 0,94 0,92 0,97 0,97 0,90 0,98 0,95 0,88
8 0,89 1,00 0,89 1,00 | 1,00 | 1,00 § 1,00 1,00 0,98 0,96 0,79 1,00 0,94 1,00
Andrera omhopod (mg/cm?)
2 15,5 14,1 16,6 12,5 13,2 | 14,2 | 10,3 7,2 11,0 11,9 8,0 9,5 10,2 10,9
4 14,3 13,0 15,4 9,9 12,0 | 13,5 8,8 5,1 10,4 7,6 7,3 6,6 7,4 8,4
6 | 106 | 129 | 150 | 98 | 11,8 | 132] 84 | 50 | 104 | 7.1 5,6 5,7 7,0 7,7
8 97 | 11,8 | 142 | 96 | 101 | 125] 53 5,0 9,9 6,5 52 33 6,0 5,1

véotepo Bewpodvtor To petyparta pe 100% oavakvkiopéva
adpovi yio OAa o BAbn emucdioyng. Meta&d tov vroloi-
TOV OKVPOJEUATOV OVOEKTIKOTEPOL €lvol Ta PElYHOTO pE
50% avokvKAOUEVE adpavi], OTAV OLTE £(OLV OUOLOYEVN
TPOELELON KoL TO GLUUPATIKO OKVPOSEUA, OTOV TO OVOLKVL-
KA@UEVO AdpOvT| EIVOL AVOLLOLOYEVT].

e oyéon pe To Oplo amOTaONTIKOTOINGNG TA TEPIOTO-
tepa and to okvpodépata pe 100% avakvhopéva adpavi
Tapovctalovy TIES KAT® TOL 0piov, aAAd yio Badn emud-
Ayng > 4 cm. Otav 10 T0606TO OVOKLKAMGONG HELDVETOL
oe 50% 1N kot 0% (cvpPotikd okvpddepa), To petypoTa
Tapovctalovy TYWEG KAT® Tov opiov yuo pikpdtepa Paom
emkaioyng (> 2 cm).

H opotoyévela 1oV avokukKAOPEVOV adpavmv divet Kot
KOVOVO KOADTEPO OTOTEAEGUATA, KVUPIOG OTAV TO TOGOGTO
avakdkiwong givatl 50%. Ot Adyot SeGUEVUEVOV TTPOG OALKE,

yAoptovta kopaivovtar oe vymid emimeda 0,83-1 évavtt
0,44-1 tov ovpPartikoo.

Ocov apopd oto €id0g TG CLVTIPNONG, OVGLEVESTEPT
QOIVETOL OTL Y10, TO. OAMK®OG OVOKVKA®UEVA PEtYpaTOL Eivat 1)
TAEVPIKT €(0000GC TOV YAM®PLOVTIOV, EVD Y10 TO UEIYLLOTO LE
50% ovakvoKA®pEVO adpavi M Yo To. cupPatikd dvopevé-
otepn gival 1 cuvTpPNoN He KOKAOLS dlaPpoyng (Taiippoteg
KATT).

4.4.2 Andlaw papovg omhopov

Ytov mivaka 6 kot 7 kot oto oxfroto 9 kot 10 divovron
TO OMOTEAEGUOTO TNG OVOEKTIKOTNTOG TOV UEYUATOV GF
dteicdvon Cl, o¢ andiewo tov omhopov. H andigia avtn,
oopemva pe tov KTX omhopévov okupodEpatog Tpénet va,
givon pukpotepn and 35 mg/cm? kou mapatnpeitor 6Tt oA
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Zynua. 9 : Arddleia fopovg omhiouot (mg/cm?) yia oovtipnon ue kbrkiovg Dypavens Cipavens

Figure 9: Steel bar weight loss (mg/cm?). Wetting — drying cycles
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Figure 10: Steel bar weight loss (mg/cm?). One side CI* penetration

To pefypata givat KGT® Tov opiov aveEaptnta cUVTNPNONG
1 Pabovc.

Hopanpeitor 6TL ot GuvTHpnoN e kKokiovg (oynua 9)
TOL ATOTEAEGLLATO GUUPMVOLV LE EKEIVA TOL EAPON GOV 0md
N GLYKEVIPMGT OMK®V YAwpdoviwv. Onov dnA. vanpyoav
LeYOADTEPES CVYKEVIPMOELG YAMPLOVIOV EKEL VTTAPYOVY KoL
Ol LEYOAVTEPESG OMMDAELES TOV OTAIGLLOV.

Emopévamg, To cupfotikd okupddepa eivat SUGHEVESTEPO
TOV AVOKVKAOUEVOV, EVO TO petypata pe 50% avakokiopé-
Vo adpavi| YOV TIG LIKPOTEPEG AMMAELEG GE OAaL TO. BAO.

Avtifeta, ot ovvtipnorn pe TAELPIKY €ic0d0 TOV
yAopoviov (oxfue 10), dev vipée cvpewvio ota arote-
Aéopata Tov 600 peBddV (CLYKEVIPMOON OMK®V YAWMPLO-
VIOV — am®OAEEG OTAMGHOV). Omov vINPYOV 0L HEYAADTEPES
GUYKEVIPAOELS OMKADV YAMPLOVI®V, OV DINPYAY AVTICTOL(O
KOl Ol LEYOANTEPEG OmDAELES omAooV. Opme, Topatnpeitat
OTL Ol OTMAELEG OTAMGHOV gival pLeyalbTepes eKel TOL VITAP-
YEL KO LEYOADTEPT] GLYKEVTPWOT) G EAEVOEPQ YA®PLOVTOL.

‘Etot, 6tav ta avakvkAopéva adpavh £X0uV opoloyevn
TPOELELON Kol 01 dVO PEBOJOL BIvoLV G SVGHEVESTEPO GE
o0 ta Badn ta peiypata pe 100% ovarxoklopévo adpavn.

Al0pOPOTOMGELS VIAPYOLYV MG TPOG TO OO EIVAL TO EVVO-
kotepo pelypa. Tig LUKPOTEPEG CVYKEVIPMOEL; GE OAMKE
YA®PLOVTa Topovciacay o€ OAd To fén To oKupodEpaTa e
50% avokvKkhopéva adpovi, ta Ayotepa, OUmG, e evBepa
YA®PLOVTO EMOUEVOG KOL TIG LUKPOTEPEG OATDAELEG OTAG OV,
TOPOVGIUGE TO CLUUPOTIKO CKVPOSELLL.

Otav ta avokuKAOPEVE adpavhy €YOLV OVOLOLOYEVT|
TPOELEVOT, TIG LEYOADTEPES GUYKEVIPMGELG OMK®DV YAWDPLO-
vtav, o 6Aa ta Babn, édmcav ta petypata pe 100% avokv-
KA@UEVO adpavn Kot TIG LIKPOTEPEG TO GLUPOTIKG. Avtifeta,
ot ammAglEG omAopob ota pelypata pe 100% 1 50% ovaio-
Khopévo maiod C12/15 Arav pikpoTEPEG TOL GLUPOTIKOD
KOl KOTG Kovovo ot pKpotepeg OA@v Tov petypdtov. To
SLUPOTIKG TAPOVGCINCE ATDOAELES LUKPOTEPES OO OVTEG TOV
peypdrov pe 100% avaxvkiopévo C16/20 70 C20/25,
0ALG peyalbtepeg TV pelypdTov and 50% avokukAopéva,
adpovi|, OTolGOMTOTE apyIKNg avtoyxne. H peiowon tov mo-
00GTOV aVaKUKA®ONG 6€ 50% UEIDVEL KO TIC OTMAELEG.

Avopevéotepn ouvtiipnon TOC0 OTO GKUPOSEUOTO LE
OVOLLOLOYEVT] OVOKUKAMUEVD, OGO Kol GTO GUUBOTIKG OKL-
podépata, €ivar aut pe KOKAOLG Vypavong — ENpavong
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aveEopTT®G T0G00TOH avakOKAmong 1 fabovg. Eta ckvpo-
déoTo PEe aVOKVKA®UEVO adPaVE] OLOLOYEVOVG TTIPOEAEVOTG
duopevEsTEPT GUVTIPNOT| €ivar AVTH e KOKAOVG GTO LIKPdL
Badn emdioymg (<4 cm), evd cg peyaivtepa fédn, ol peyo-
ATEPEC OMMAEIEG TOPOVCLALOVTOL GTN) TAELPIKT] GUVTIPNOT).
Hapatnpeiton dg 611 610 100% 0vakvKA®UEVR AdpavY), KOTA
Kovova, 0G0 LEYOADTEPT EIVOL 1] OVTOYH TOV GKUPOSEUOTOG
TPOEAEVONG, TOCO LUKPOTEPEG EIVAL Ol OTMAELEG OTAGHLOV.

5. YYMIIEPAXMATA

Epelxvotikn avtoyn o didppnén

H opowoyeviig 1 Oyt Tpo€revotn TOV OVOUKLKA®UEVOY
adpovav dev ennpedlel WOOITEPO TNV EPEAKVOTIKY OVTOYN.
[Mavtog, Ta peiypata pe ovopHol0YeV TPOELELOT) £XOVV KOTA
KOVOVOL PEYOADTEPEG EPEAKVOTIKEG OVTOYEG OKOUT Kol omd
T0 CLUPOTIKO GKVPOSELLAL.

'Oco peyolotepn givar 1 yopaKTplotikny OMaTIKn ovTo-
YN TOL GKLPOSEUNTOG TPOEAEVONG, TOCO LEYOADTEPT €lvat
KOL 1 EPEAKVOTIKT] OVTOYT] TOV OVOKVKAMUEVOV GKUPOSE-
patov, aveEopTiTOG TOV TOCOGTOD AVIIKATACTAONG N TG
OLLOLOYEVELNG TV AdPAVOV.

H ovénon tov mococToh ovaKLKA®UEVOY adpavev
QLEAVEL TNV EPEAKVOTIKN OVTOYN TOV GKLPOSEUATOV e
OLOLOYEVY 0OpOVY, EVD TN UEWOVEL OTOV T adpavi] ivol
OVOLLOLOYEVT).

Xapoktnpretikn 0tk avroyn (f,)

H yopaxkmnpiotiki avioyr 6A®V T®V GKUPOSEUATMV E
AVOKVKA@UEVO adpavn] Eivol LEYOADTEPT OO T YOPUKTNPL-
OTIKT| OVTOYN TV OKVPOSEUATOV amd T omoio TponAday.

3T0 GKUPOSELOTO LLE AOPOVI] OLLOLOYEVODS TPOEAELGNG 1)
YOPAKTNPLOTIKY 0vTOYN Elval ELOPPAS HKPOTEPT) OO QLTNV
TOV OVTIGTOLXOL GLUPATIKOV, OTOV TO TOGOCTO OVAKVKA®M-
ong eivar 100% kot 610 pe avt 10V cCVUPaTIKOY, OTAV TO
T0600TO avakOKAwong givat 50%.

310 OVOKVKA®UEVO CKUPOSELOTO LLE ALOPUVT] OVOLLOLOYE-
VOUG TPOEAEVONG, 1] YOPUKTNPLOTIKT) AVTOYN OTO TEPIGGOTE-
pa petypata givat ion 1 peyaAdtepn Tov cuUPoTikoD.

Olrtuch avtoyf f,

Ta pelypoto pe opoloyev TPOEAEVOT] TOV OVOUKVKAMLE-
VOV adpavav PETA TIg 28 NUEPEG £XOVV KATE KOVOVO OVTO-
YE€G LEYOADTEPEG OO OVTEG TOV UEIYLATMV LE AVOLOLOYEVT|
TPOELELOT).

H peiwon 1o0v 10606700 TOV AVOKVKAQUEVOY AdpaveOY
a6 100% og 50% av&aver Tig OUmTIKEG AvToYEG T®V TTEPLC-
GOTEPMV UELYUATOV.

Otav 1 mpoéAevon TV AVOKVKAOUEVOV adpavav gival
OLLO10YEVNG, GYEDOV OAa T pelypaTa TapoLSLaLovY avToyEg
vynAdTEPES TOL ovpPotikod. T avopoloyevny mTpoéievon
TOV AdPUVAV Kot LETA TIG 28 NIEPES OYEDOV OLOL TOL LETYLLOTA

Tapovclalovy avtoyég KPOTEPEG TOV GLUPATIKOD.
Yyniég Osppokpacisg

Ta. avaKVKA®UEVO GKUPOSERATO, OVEEAPTITMOG TPOEAED-
OMG 1] TOGOGTOV GUUUETOYNG TOV AVOKVKAOUEVOV 0OPOVAY
Tovg, otovg 100 °C Tapovcstdlovy HIKPOTEPEG OTMAELEG 0T
avTtéc Tov ovuPatikod, evd otovg 550 °C peyaAldtepss.
>tovg 300 °C, 6KUPOSELOTO LLE OLOLOYEVT] TTPOEAEVOT| OLVOL-
KUKAQUEVOV adpovaV gival avOeKTIKOTEPO TOL GLUPOTIKOV,
avtifeta, OTOV To 0dpOvi £YOVV AVOLOLOYEVH] TPOEAELOT
Tapovctalovy HeyaAdTEPES TOL CUUPATIKOD OTMOAELES.

Xioprovra

AVGUEVESTEPT Y10 TO. OMK®G OVOKVKAMUEVE UEtypaTa
glvat 1 TAeVPIKN €I0080G TOV YADPLOVI®V, EVD Y10, TOL HETY-
pota pe 50% avaxvkiopéva adpavi 1 Yo to. copPaticd
OKUPOSENATO SVGUEVESTEPT EIVOL 1] CLVTINPNOT] LE KOKAOVG
Swafpoyng (raAippoteg KAT).

H peiowon tov 10606100 TV ovarkvkAopévoy ord 100%
oe 50% Peltidvel TNV avOekTiKOTNTO.

311 GUVTIHPTON e KOKAOVLG TO PEIYLOTO LE OVOKVKA®-
péva, adpovi, aveEopTiTOG TOGOOTOV, OUOLOYEVELNG TPOE-
Agvong 1 Pabovg emtkdivyng Tapovctdlovy TIC LIKPOTEPESG
GULYKEVIPAOOELS OMKMV Kol ELevBepmv Cl kot Tig LkpOTEPEG
OTMOAELEG OTAGLLOD.

Xty TAevpikn| €i6000 TOV YAOPLOVI®V TO PEIYUATO [E
100% avakvkAopévo adpavn givar to ducuevéotepa. Ta
okvpodépato pe 50% avoKvKA®UEVO AdPUVT] TOPOVGIUGOYV
TIG LIKPOTEPES CVYKEVIPMOELG GE OMKE YAW®PLOVTA, OTOV TO
adpOVI] EIVOL OPOLOYEVI M TIG AYOTEPEG OMMAELEG OTAIGHLOD
otav avTd gival avopoloyevn.

O1 A0YO01 SECUEVUEVAOV TTIPOG OMKE YAWDPLOVTA OADY TMV
AVOKVKA@UEVOV HEYUATOV, aveEapTNT®G OUOL0YEVELNG T
TOGOGTOV OVOKUKA®ONG, €lval TOAD HeYaADTEPOL OO Ov-
TOVG TOV GULUPOTIKOD GTN GLUVTAPNON HE KOKAOLG KOl GE
TOAD VYNAQ ETITEDQ GTIV TAEVPIKN €1G0D0.

EYXAPIXTIEX

H ovyypapiag ekppalet Tic mo Beppéc gvyopiotieg g
otovg [Toltikovg Mnyavicoig k.k. ABpadp E., Bodavikn
A, Teppavion I1., IPavvaxn @., T'kdyko @., Anuntpiov I1.,
Zopumna I1., Zoypagpo ©., Katayn I1., Kovtob E., Koopd
E., aravtoviov L., Zickov 1., Zwovta K., Tpipéira E. kot
Xotlnayopov T., ot omoiol cvppeteiyov ©¢ TEAEOPOLTOL
omoVdaoTEG 0T O1eEay®@YN TOV EPYOSTNPLOKAOV SOKIU®DV
0T0 TAQIGI0 TOV JIMAOUATIKOV TOvg gpyacidv. Emiong
Bepuéc evyapiotieg otn Bropnyavia Etoypov Xxvpodépa-
t0¢ TEKTQN g EdqvOng kot dwitepa otov k. E. Zxap-
Adto.
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Recycled aggregate concrete:
Effect of homogeneity of origin concrete
A.E. SAVVA

Assistant Professor, Civil Engineering Department, DUTh

Abstract

In the context of sustainable development, the recycling and usage
of demolished concrete offers an alternative for natural resources,
as well for construction waste landfill. This waste concrete could
be used as aggregate and thus a concrete made with such recycled
aggregates is a material friendly to the environment. This paper
examines the effect of the homogeneity of origin concrete on the
splitting and compressive strength of recycled aggregate concretes
up to the age of six months at 20 °C and on compressive strength
after heating for 2h at 100, 300 and 550 °C. The same concretes
were also tested for their resistance to chlorines, when the ions
penetrate either through their bottom side or after 28 days’ of
wetting-drying cycles. There are concretes made with 100%
recycled aggregates as well others made with only the coarse
aggregate recycled. The recycled aggregates were produced either
from concretes of uniform quality and age or others taken from
tested conventional cubic specimens of different ages and strengths.
The way in which the tested properties were affected varied in
relation to the homogeneity of the original concrete.

1. INTRODUCTION

Our relationship with the environment, its protection,
the preservation of rapidly declining natural resources
and the need to acknowledge our responsibilities to future
generations make up the meaning and the essence of
sustainable development.

In this context, an alternative option for natural resources,
as well as for landfills, with regard to the disposal of
construction debris is the usage of concrete that comes from
construction and demolition work [1-4]. This waste concrete
can be used as aggregate; therefore, concrete with recycled
aggregate forms a material friendly to the environment.

Nowadays, the masses of concrete that must be withdrawn
are continuously growing, causing severe environmental
problems [5]. Moreover, the concrete industries produce
debris (precast elements, specimens after testing, returns
because of delays, non-acceptance or miscalculation of the
quantity).

Submitted: Mar. 6, 2008 Accepted: Nov. 25, 2008

Recycled aggregates (RA) that are received from a
recycling centre have been collected from several buildings
and as a result they present a lack of homogeneity and
unstable properties with a lot of variations. This makes their
use for the production of a new concrete difficult [7]. On
the other hand, RA that come from concrete industries are
relative clean, with only the cement paste adhering to them,
and since they originate from the same sort of concrete they
have less varied and more stable properties.

RA from demolished concrete have been used mainly
for sub-bas constructions (pavement, road construction
etc), and more rarely for other projects [1, 8-9]. In the past,
there was substantial experimental research into their mix
design, physical and mechanical properties [10-23], but their
durability was not studied at that point. Water absorption and
permeability, carbonation, dry shrinkage, as well as freezing
and thawing resistance [20-27] were studied most. As
regards the strength of Recycle Aggregate Concrete (RAC)
at high temperatures, very few studies exist [31].

Due to the wide variation in the properties of the
available resources, properties using local materials need
to be investigated. This study examined concretes made
of aggregates that were recycled waste from the ready-
mixed concrete industry and investigated the effect of the
homogeneity and strength of the original-initial concrete.

2. EXPERIMENTAL PROCEDURE

Two series of mixtures were made of the same cement
CEMII42.5N, equal cement content 330 kg/m® and same
w = 0.6. For the first series, concrete specimens of strength
class C12/15, C16/20 and C20/25 were used as aggregate.
Specimens had been tested as a check of the production
quality of a ready-mixed concrete company, over a period
of approximately one year. This means that the RA were
of different ages and conventional compressive strength,
comparable to those which might be received from a
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recycling centre (heterogeneous origin). For the second
series, big blocks of C12/15, C16/20 and C20/25 concrete
were used, about six months old (Fig 1). This means that
the RA were of the same age and from the same pan mixer
(homogeneous origin). For both series, six mixtures of RAC
were prepared as well as one mixture with virgin aggregate,
as reference normal concrete. Three of the six mixtures of
each series were made with all their aggregates recycled
(100% RAC) whereas the three remaining were made with
virgin siliceous sand and recycled coarse aggregates (50%
RAC).

Physical properties for all aggregates are given in Table
1, and mix proportions are shown in Table2. Homogeneous
RA, before mixing, were immersed in water and left in
the pan mixer for about 20 min, so that they would be
saturated.

To estimate the characteristic strength, 6 cubic specimens
(15 cm) of each mixture were made, whereas for the
assessment of compressive and splitting strength at 20°C
cubic (10 cm) and cylindrical (15 x 30 cm) specimens were
prepared, respectively. All specimens were stored in an air-
conditioned room at 20+2 °C and >95% relative humidity
for up to 28 days. Compressive strength at 7, 28, 90 and 180
days, as well as splitting strength at 28 and 180 days were
estimated.

Compressive strength at high temperatures was
determined for cubic specimens (10 cm) at 6 months.
Specimens were placed in an oven, at 100C, 300°C and
550°C, where they remained for 2 h at max temperature.

In order to examine CI resistance, cubic specimens (10
cm) were used, reinforced with steel bars S500s of d=10 mm.
The bars were cleaned with HCI solution, which contained
a small quantity of hexamethylotetramine. Then they were
rinsed with ethanol, weighed and put in the specimens, four
in each one, so that their distances from the bottom side were
2,4, 6 and 8 cm. 24 h later, the parts of the steel bars that
protruded from the specimens were covered with plastic
stems and epoxy resins in order to avoid corrosion due to
external causes. After 28 days of curing, specimens were
separated into two groups.

The upper side of specimens of first group was covered
with a resin layer and specimens were immersed in an
aqueous solution of NaCl (3M). From then on, and every
28 days, they were put in and out of the solution. The
adjoining sides of second group specimens were covered
with resins up to the height of 3 cm and specimens were
put in a solution of the same concentration, so that chlorines
could penetrate through the bottom side only. At the age of
6 months, all specimens were perforated at 2, 4, 6 and 8 cm
from the bottom surface. For the determination of total and
free Cl in ppm, via the turbidity method and titration with
AgNO, solution, respectively, samples were obtained from
the central axis. After that, the steel bars were detached,
treated as initially and weighed again, in order to estimate
the weight loss due to corrosion.

3. EXPERIMENTAL RESULTS AND
DISCUSSION

3.1 Splitting strength

No significant difference was found (Fig. 2, Table 3) in
the splitting strength of RAC made with either of the two
types of RA. In any case, most mixtures with inhomogeneous
origin RA had an even higher splitting strength than that of
normal concrete. This is probably due to the fact that RA
of homogeneous origin had higher water absorption. In
consequence, they retained more water during mixing and
this could have weakened the bond between cement paste
and aggregate in hardened concrete. It was also observed
that the higher the characteristic strength of the origin
concrete, the higher the RAC splitting strength results were,
irrespective of the replacement proportion of aggregates or
the homogeneity of their origin.

With regard to the proportion of RA (Fig. 4), an increase
of replacement percentage increases the splitting strength
of concretes with homogeneous origin RA, whereas the
opposite holds for RA of inhomogeneous origin. In the first
case, the lack of bond strength between cement paste and
aggregate is counterbalanced by the increase of the amount
of old cement. In this way, the total amount of cement in the
mixture is increased. In the second case, where the transition
zone was stronger, the increase of the recycled material
appears to weaken it. This increase or reduction of splitting
strength appears to be approximately the same at all ages.

3.2 Characteristic strength — compressive strength at
20 °C

The characteristic strength of all RAC (Table 3) is higher
than the fck of concretes from which they originate.

The fck of concretes with homogeneous origin RA
does not appear to be affected by the original concrete’s
strength, whereas it does seem to be affected by the rate of
recycling. All 100% RAC had the same fck value, which
was slightly lower than that of the normal concrete. All 50%
RAC had the same fck, which was equal to that of normal
concrete. Thus, it appears that fck is more influenced by the
quality (and probably also by the quantity) of new cement
(IT 42.5N), which is stronger compared to that of the old
-origin- concrete (I 32.5N for low strength old concrete
C12/15 and C16/20 and combination of II132.5N and I[142.5N
for old C20/25).

The fck of most concretes with inhomogeneous RA is
the same as that of normal concrete. However, there are
deviations. The cause of these deviations is not clear and the
characteristic strength is rather affected by the percentage of
old, adhering to aggregate, anhydrated cement.

The compressive strength (Table 3, Figure 5) of most
mixtures with homogeneous RA, after 28 days, is higher
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(up to 52%) than that of mixtures with inhomogeneous
ones, mainly when the RA percentage is 50%. However,
at early ages, inhomogeneous origin mixtures are stronger
than homogeneous ones. Homogeneous RA are 6 months old
and, therefore, they have higher levels of old non-hydrated
cement. The additional hydration of that anhydrated cement
increases the strength at later ages. On the other hand, RAC
of inhomogeneous origin, as it is made with RA of different
ages, has a reduced amount of anhydrated old cement matrix.
Therefore, it has higher strength at an early stage, but at
older ages the cementing potential is diminished, or seems to
depend on the amount of anhydrated adhering old cement. A
decrease of RA raises the compressive strength (up to 36%)
of most mixtures, except for those of inhomogeneous and
high strength origin, where the decrease of RA percentage
results in a reduction of strength down to 19%.

In comparison with normal concrete (Table 4 and Figure
6), when the RA origin is homogeneous, the strength of all
mixtures is higher (3 to 21%) than that of normal concrete.
When the RA origin is non-homogeneous and recycling rate
is 100%, all mixtures exhibit lower (1-20%) strength than
that of normal concrete. A decrease in the non-homogeneous
RA percentage favours mixture with recycled aggregates
produced from C12/15 and C16/20. These mixtures exhibit
higher strength compared to normal concrete, before 90 days
for the first one (up to 15%) and at all ages for the second one
(up to 43%). However, a decrease in the non-homogeneous
RA rate leads to a reduction in strength of C20/25 mixture
(20-27% lower than normal concrete’s strength).

Generally, it seems that concretes made with low strength
recycled aggregates exhibit almost the same behaviour,
regardless of the homogeneity and participation rate of RA
in mixtures. On the other hand, mixtures containing RA of
higher strength appear to be the most unfavourable. Given
the fact that all RAC were prepared with equal amounts of
cement and water, the difference must be due to the type and
quantity of old cement adhering to aggregate.

3.3 Compressive strength at high temperatures

RAC (Figure 7, Table 5), regardless of the origin and
participation rate of their RA, at 550 °C exhibits a greater
strength loss (from 47%-66% compared to 45-46% of
normal concrete). In contrast, at 100 °C RAC shows a
smaller strength loss (6-33%) than that of normal concrete
(34-35%). At 300 °C the result depends on RA homogeneity.
Concretes with RA of homogeneous origin are more resistant
than normal ones, whereas normal concrete is more resistant
than concrete with inhomogeneous RA

At higher temperatures, deformation of CSH takes place.
RAC have larger deterioration due to the older cement
adhering to their aggregate particles. This can explain
why at 550 °C a decrease of RA percentage from 100%
to 50% is effective in raising the resistance to fire. At 100

°C a temperature increase results in a strong rehydration of
anhydrated old cement, a fact that counterbalances strength
loss. That is probably why a reduction of the amount of RA
mostly has adverse results. At 300 °C resistance depends
on the homogeneity. Homogeneous RA are 6 months old,
therefore they contain a larger amount of anhydrated old
cement and, consequently, a temperature increase results in
smaller losses, as also happens at 100 °C. On the other hand,
inhomogeneous aggregates are up to 1 year old, therefore
they have already got a larger amount of the older cement
hydrated. Accordingly, they undergo greater deterioration
compared to normal concrete and homogeneous origin RAC.
A decrease of RA percentage from 100% to 50% results in a
positive or negative response, respectively.

3.4 Resistance to CI penetration

In Figures 8 to 11 and in Tables 6-7 total and free chlorine
concentrations (ppm), bound to total CI- ratio and steel bar
weight loss after 6 months curing in NaCl solution are given.
Corrosion starts when the chlorine concentration is higher
than 0.2% by weight of cement. This concentration was
converted into ppm on the basis of mixing proportions and
is given in the same tables as the critical threshold level for
corrosion initiation.

3.4.1 Chlorines concentration

It was observed that at wetting-drying cycles curing
(Figure 8, Table 6), normal concrete exhibits higher CI
concentrations at all depths, so RAC are more resistant to
ion penetration, regardless of proportion, homogeneity or
concrete cover. In any case, a decrease of RA percentage
depresses Cl- concentration, which means that it improves
durability. Concerning critical threshold level, in normal
concrete total Cl- concentration is much more often above
the level, at all depths, whereas the concentration in the
most homogeneous RAC is below it, at depths >4 cm. When
the strength of the origin concrete was low, no significant
difference was found between the homogencous and
inhomogeneous origin mixtures. However, the more the
strength of origin concrete increases, the greater variations
arise among mixtures, and inhomogeneous origin mixtures
have higher concentrations. Regardless of homogeneity and
recycling proportion, the bound to total CI- ratios of all RAC
are much higher than those of normal concrete and range at
very high levels.

When CI- penetrates through only one (bottom) side of
the specimen (Fig 9, Table7), 100% RAC are considered to
be the most undesirable for every concrete cover. Among
the other mixtures, when RA is of homogeneous origin,
50% RAC have the lowest concentration and when RA is of
inhomogeneous origin, normal concrete is the best mixture.
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As for critical threshold level, almost all 100% RAC,
give values below the threshold level for cover depths
>4 c¢cm, whereas when RA is reduced the mixtures’ values
appear to be below the limit for concrete cover >2 cm.
Homogeneous RAC commonly give better results, mainly
when recycling proportion is 50%. Bound to total CI- ratios,
of all RAC range at high levels, 0.83-1 versus 0.44-1 for
normal concrete.

Regarding the manner of curing, for 100% RAC bottom
side Cl penetration seems to be the most undesirable as
opposed to 50% RAC and to normal concrete, for which
wetting-drying cycle curing is the most unfavourable one.

3.4.2 Steel bars weight loss

Resistance to CI- penetration of mixtures, in terms of steel
bar weight loss, is given in Tables 6-7 and Figures 10-11.
This loss, according to Greek Steel Standards for reinforced
concrete, has to be less than 35 mg/cm?, and it is noted that
all mixtures give values below this limit, regardless of curing
and cover depth.

In wetting-drying cycles (Fig. 10), results are
corresponding to those received from the determination
of CI concentration in ppm. This means that the mixtures
with high total Cl- concentration demonstrated great steel
bar weight loss. Therefore, normal concrete is the most
undesirable, and 50% RAC had the smallest loss at all
depths.

In contrast, for one side Cl- penetration (Fig 11), there
was no accordance between these two methods, since the
highest total CI- concentration did not correspond to the
greatest bar weight loss. What can be noticed is that, the
greater the weight loss, the higher the free CI-concentration.
So, when RA are of homogeneous origin, both methods
prove that 100% RAC are the least resistant at all depths.
Concerning the best mixture, 50% RAC exhibited the lowest
total Cl- concentration at all depths, but normal concrete
had the lowest free Cl, and therefore the smallest weight
loss. When the RA origin was inhomogeneous, 100% RAC
exhibited the highest concentration of total Cl- and normal
concrete exhibited the lowest at all depths. However, the
steel bar weight loss of mixtures with recycled old C12/15
was smaller than that of normal concrete and the smallest of
almost all mixtures. Normal concrete exhibited a smaller loss
than that of 100% recycled C16/20 and C20/25 mixtures, but
greater than that of mixtures with 50% RA, irrespective of
initial strength.

A decrease of RA to 50% reduces bar weight loss of
almost all mixtures.

The curing that causes the most undesirable results for
inhomogeneous RAC, as well as for normal concrete, is
the one with wetting-drying cycles, regardless of recycling
percentage and depth. For homogeneous RAC, at low cover
depths (< 4 cm), the most undesirable curing is the one with

cycles, whereas at higher depths the greatest loss exists when
CI ions penetrate from the bottom side.

Moreover, it is noted that in most 100% RAC, the higher
the strength of the origin concrete is, the smaller the bar
weight loss that results.

4 CONCLUSIONS

Splitting tensile strength
The homogeneity (or not) of RA does not particularly
affect a mixture’s splitting strength. In most cases,
inhomogeneous origin RAC has a higher splitting
strength, even higher than that of normal concrete.

V' The higher the fck of the origin concrete, the higher
the RAC splitting strength, regardless of replacement
percentage or RA homogeneity.

V' An increase in RA percentage improves the splitting
strength of homogeneous RAC, whereas it reduces it in
inhomogeneous RAC.

Characteristic strength

V' The fck of all RAC is higher than the fck of origin
concrete.

V' In comparison with normal concrete, the fck of most
inhomogeneous RAC is the same as that of normal
concrete. The fck of 100% homogeneous RAC is slightly
lower compared to normal concrete, whereas the fck of 50%
homogeneous RAC is equal to that of normal concrete

Compressive strength

\' The compressive strength of most homogeneous RAC,
after 28 days, is higher than that of inhomogeneous
RAC.

\V A decrease of the RA percentage
compressive strength of most mixtures.

V' In comparison with normal concrete, almost all
homogeneous RAC has a higher compressive strength,
whereas almost all inhomogeneous RAC, after 28 days,
has lower strengths

High temperatures
Regardless of origin and RA participation rate, at 100 °C
RAC:s exhibit a smaller strength loss compared to normal
concrete, whereas at 550 °C their strength loss seems
to be higher than that of normal. At 300 °C concretes
made with homogeneous RA are more resistant to fire,
while concrete made of homogeneous RA undergoes
larger deterioration compared to normal concrete and
homogeneous RAC.

Chlorines

V' The most undesirable for 100% RAC is the bottom side
penetration of Cl~. For 50% RAC and for normal concrete,
the most unfavourable curing is that with wetting-drying
cycles.

VA decrease in the RA percentage improves chlorine
penetration resistance.

increases the
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In wetting-drying cycles, RAC exhibits the lowest
total and free CI' concentration, and the smallest steel
bar weight loss, regardless of RA proportion and
homogeneity or concrete cover depth.

For one side Cl- penetration, the most unfavourable
mixture is 100% RAC. The best mixture is 50% RAC,
which has the lowest total Cl-concentration when RA is

homogeneous or the smallest bar weight loss when RA is
inhomogeneous.

Bound to total Cl ratios of all RAC, regardless of
homogeneity and recycling percentage, are much greater
than those of normal concrete at wetting-drying cycles
and at very high levels for side penetration.
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