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IIpotaon Amhomoinonc kot Evoroinong
™S Zoppfatikig Talivounong kot AoKipooiog
TOV XKVPOOENATOG

A. MITAKA
Bonfoc E.M.IL.

Hepiznyn

Evtormiletar n porvoueviky faon e oopfotikne talivounons kai
TOVTOTOINONS TOV OKVPOIEUOTOS uE foon tn Olirtiky avioxn Tov Kol
TPOTEIVETOL 0 AOYOG «OMTTIKI AVTOYN/UETPO ELATTIKOTNTACY (G Oelte-
AM@OnG 0TS CVUTEPLPOPAS KAl TADTOTOINGHS TOV GKOPOOEUATOS, O
OT0IOG ETITPETEL TNV EVOTOINTN TWV O1AYOPWY KATHYOPLOYV CKUPOIE-
norog. Me v evomoinon vty meplopiletal oRUavIiKG 0 OyKog TV
OTOITODLUEVOV TEIPOLOTIKDV OEOOUEVDV, KAODS TO YOpOKTHPICTIKG,
THS OVUTEPLPOPAS TWV VEDV TOTWV TKVPOOEUOTOS UTOPOVY VO, TPO-
KOWODY 00 DIEGPYOVTO TEWPOUATIKG TTOLYELC COUTEPIPOPAS TALIOTE-
POV TOTWV GKOPOOEUATOS. AVAVTIGTOLYIES TOUTEPIPOPAS TOV OKUPO-
0éUaTOC T€ EMTEIO DOKIUIOD KOl JOUIKOD OTOLYEIOD GVOYETICOVTAL UE
TOAVTAOKOTNTES KOI OODVOUIES THS COUPATIKIG OOKIUATIOS TOV OKD-
POOEUOTOS, KOI TPOOIOYPAPETOL KOI OITIOAOYEITOL TPOTOTOUUEV
1éOodog doxiuaciag yia Ty ovVaipest Tovg.

1. EIXAT'QI'H

[MopaxorovBmvrtag T1g eEeAiEelg 0Ty TEPLOYN TOL GKVPO-
déuartog mapatnpovue pio avakorovdio. Ot véeg eEehielg
GTOV TOUEN TNG TEYVOAOYIOG TOV GKVPOIEUNTOG, OTIMS TOL EAOL-
(PPOGKVPOSELOTO KL TOL GKLPOSEUATA VYNANG AVTOYXNG, eV
£€yovv cvvodevbel amd avtictoyn e€EMEN Kot Tpocaproyn
TOV SEIKTOV GOUTEPLPOPES TOL LAKOV Kol TG Lefddov dokt-
paciog Tov. Q¢ Pactkdg deikTng cLUTEPIPOPAG KoL TAEVOLN-
oNG 10V oKVPOdEUATOG eEokorovOel va vioBeteitan 1 OATTI-
Kk avtoyn. H copPatikny pébodog pétpnong e mapapével
oxedOV apeTafANT amd ™V apyn TG VIBETNONG T™G: «YELdO-
povoa&ovikn OAlym» o€ KuPKd 1 KOAVOPLKE doKiptLaL.

Yty avakolovbio avth pmopel vo amrodobolv v puépet:
(a) N ovverNG SLOYKMON TOV TEPAUATIKOV EPYASIDV, KOODS
ot 1d1eg dtepguvnoetg yivovtat Eexmptotd yio vvnOeg Kovovt-
KO OKVLPOJELLOL, KAVOVIKO GKVUPASELD VYNNG OVTOYXNS, GUVN-
0eg ELOQPOCKVPODELD, EAAPPOGKLPOSEUD VYNANG OVTOXNG
kot (B) ot dtaTvoVpEVEG EMPVAGEELS Y10 TNV OTOTEAEGLOTL-
KOTNTO TOV TOAVAPIOU@V EPELVDOV KoL ONUOGIEDCEDV, KAODS
ol apYIKEG EYYEVELG, KOl g LEYAAO PobUd avayvepioUEVeg,
advvapiec Tov VIoBETNUEVOV SEIKTOV KOl SOKILOCLOV [EYE-
Bvvovtal [e TOLG VEOLS TUTTOVG GKVPOSELNTOG Kot avEAVOVY
YropAnOnxe: 25.1.1999 Eyive dexrij: 22.10.1999

TNV TOAVTAOKOTNTO TOV OTOTEAEGUATMOV KL TOV EPUNVELDV
toug. Xapaktplotikd givar to apdpo tov Adam Neville,
ovyYpoeia JEBVAOG avayvoplouévov eyyelpldiov Teyvoro-
ylog oxvpodéparoc, oto meptodikd «Concrete International» [1]
e titho: «H épevva pag potaler va Pelticver to arOPOIELO, »

Xy gpyacio aut gvtomilovtal YopaKTNPICTIKES TEPL-
TTOGELG TOMTAOKOTHTOV OYETILONEVOV HE TNV TOPATAVED
avakolovbio, ovalntovvtal ot aitieg TOVg Kot Yo TNV avai-
pEOCT| TOVG, TpoTEivovTal 1 VIBETM G EvOg opboroyikdTEPOL
JelkTn CLUTEPLPOPAS TOV GKLPOSEUATOS KOl U0l GUVEKTIKO-
tepm LEB0S0G SoKILOGIng TOV e ATAT) TPOTOTOINGT) TG GLL-
Botwkng OMmTIKng doKung, yopig anaitnon npdchetov e&o-
TAGLLOV.

2. H XYMBATIKH ITPAKTIKH
TAEINOMHXHX TOY XKYPOAEMATOX
BAXEI THX OAIIITIKHE ANTOXHX

SOuemvo pe ™V 1oxdoVca TPOKTIKY, TO GKLPOSELOTO
ta&vopobvtal avaroya e T oTdbun g OMTTIKNG avToxfg
TOVG O€ GLUPOTIKA GKLPOSEUATE, KOVOVIKG GKLPOSELOTA
VYNANG avToynG, cLviON EAAPPOCKLPOSEUATA, EAAPPOCKL-
POSELOTO VYNANG OVTOYNG K.AT.

AxkolovBmdvtag v eEEMEN TG TEYVOLOYING, TO KOTMTEPO
Opl0 OVTOYNG YO TOV OPICUO TOV GKUPOSEUATM®V VYNNG
avToynG petaPdiretar pe to xpovo cuveXMG oLEAVOUEVO:
a6 30 MPa ot dekoetio tov 1950 av&dvetor ota 50 Mpa
70 1994 [2] ko ot 70 MPa 1o 1996 [3].

Apxetol gpevvntég BE€ToVV S1Kd TOVG OpLoL Kot TOEVOUT-
oetg. o mapdadetypa, sopemva pe toug Floyed, Slate, Nilson
and Martinez [4] To okvpodépata Ta&vopodVToL Gg YOUNANG
avVTOYNG, HEOMG avTOoyNG KOt VYNANG avtoyns. Ta katmtepa
oplaL Yo ToL GKLPOdEUATA HEGTC KOl VYNANG avtoyng opilo-
vtar 33 MPa kot 53 MPa yio to kovovikd okvpddepa, 28
MPa ka1 40 MPa yia 10 €éAa@posKupOOELLOL.

TNo kéBe kKoTnyopia orVPOdENATOG GLVTAGGOVTAL 1OL0iTE-
PEG TPOJAYPAPES KOl KOVOVIOTIKEG dtatdéelg [3] kot yivo-
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2Zynuo 1: daypeupota o-g o0 okvpodéuarog [4].
Figure 1: Stress-strain diagrams of concrete [4].
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Zyniua 2: Aaypdupora o-& WIKpok1oanpooéuarog [6].
Figure 2: Stress-strain diagrams of pumice microconcrete [6].

vtat Wilaitepes PrpAoypaeikés avapopés, kabdg kdbe katn-
yopio gpevvaton WaiTePO KOl VITOKELTOL GE WO10HTEPES EPLLN-
VELEC TNG UNYOVIKNG GUUTEPLPOPAC.

2V TEPInTOOT TOV EAUPPOCKVPOSEUATOV, OvVAAOYa e
TO €100G TOL (PN CILOTOLOVUEVOD ELAPPOD AOPOVOVG, OLOKP-
vovtol eml péEPOLG vmokatnyopieg Kol yivovtatl ent pépovg
EPEVVNTIKES EPYOCIES KO AVAPOPES.

3. H PAINOMENOAOI'TKH BAXH
THX XYMBATIKHX TAZEINOMHXHX
3.1.’Evo mapddociypo copfatikod EL0@PocKUPOSENATOS
L€ GUUTEPLPOPA GKVPOIENATOS VYNNG OVTOYNS: TO
RIKpOKLoopOdENO

Mia a6 T1g facikég 510popig T@V GLUPOTIKOV GKLPOdE-
PaTOv Kot TV GKUPOSEUATOV VYNANG avToyNG omoTelel O
KOTOGTATIKOG VOLLOG TACEOV-TTapapoppacewy [4], [5].

Y10 oynua. 1 divovtat Tumikd S0y paLUATe. TACEDV-TTOPOL-
popedoemv Yo Tig 600 Katnyopieg oxvpodepdtov [4]. Ta
OKVPOSENOTO VYNANG avtoyng epnpavilouv mo vbvypapo
avEPYOLLEVO KAADO KOl O OTOTOUO KOTEPYOUEVO KAASO.

10 oynua 2 divetal To SAyPaLLe TACEDV-TOPULOPPD-
GEMV TOL LIKPOKIGGNPodépatog avtoyns 30 Mpa [6]. Eivaw
EULOOAVIG 1 OLLOLOTNTO TNG TOPALOPPMOCLOKNG CUUTEPLUPOPIG
TOV UE TO GKLPOSEUO VYNNG OVTOYNG.

H opotdtta 1@V 600 oKLPOSEUATOV EKTEIVETAL KL GE
GALO YOPOKTNPIOTIKG GUUTEPLPOPAS, OTMG OTNV TOYVTEPT
eEEMEN TG avtoyNg Ke TV NAIKia, ot WKPOTEPT EPTVGTL-
K1 mapapdpewor K.4.

3.2. H avemdpkelo Tng Olmtikng avroyng g dgiktn
CUUTEPLPOPAS TOV CKVPOOERATOG

Me Bdon ™ otdbun g avtoyng Tov, T0 LKPOKIGETPO-
depa kaTaTAooETOl 0T0 GVUPATIKE oKVpodépoTo (UEong
avtoyng). Me Bdomn 1 cvumeppopd TOL, AVTIGTOLKEL OTO
oKVpodERaTO VYNNG avtoyns. H Artkn avtoyn dev omo-
tehel, Aowmdv, emapkn OgikTn Yo TNV TOVTOTOINGT TOV VAL-
KOV.

4. AIEPEYNHXH TQN AITIQN THX
ANANTIXTOIXIAYX TAZEINOMHXHX
KAI XYMIIEPI®OPAX

4.1. O 8%0 pnyovicpoi avainyng eoptiov

AOY® TOV JOPOPETIKAOV YAPUKTNPIOTIKAOV TOV TPIOV
(ACE®V TOV GKVPOJEUATOS: TOV TOLUEVTIOTOATOV, TOV OdPa-
VOV Kol TG gvitdpeong petofatikng {dvng oty meployn
HETAED 0dpavdV Kot TOYEVTOTOATOV [7], 1 EVTOTIKY KaTA-
GTOOT] TOV GKVUPOOEUATOS VIO opoldpopen Btk emmod-
vnon dev etvar opotdpopen. Ot avamtuvocdpeveg OMmTicég
TACELG OTIS TPEG PAcelg eival (avtioTpopa avAAlOYEG TV
SVOKAUYIDY TOVG) OLOPOPETIKEG LE CLVETELN KOUTOAWDOT)
TOV TPOYIOV TOV OMITIKOV TUcEDV.

Ady® ™G KOUTOHA®ONG QLTS AVATTOGGOVTOL Y10 AOYOLG
100pPOTiaG EYKAPOLEG TACELS OMTTIKES 1| epeAkLoTIKES. Me
™V avénon g emmovnong oTg BECEIG TOV EPEAKVOTIKOV
Taoev epeavifoviol paypés, 6tav vaepPaivetal 1 ovTicTot-
M HEYIOTN T TOVE.

AOY® ™G S10QOPETIKNG SVGKOALYING TOV TOLUEVTOTOATOD
Kot TG gvtbipeong {ovng (n evdtbpeon odon givarl acBevé-
GTEPT, O TOPMING, OO TI PAGT TOV TOLUEVIOTOATOV) AVaL-
TTOGGOVTAL HKPOPPOYUEG OTNV TEPLOYT] GUVAQELNS TOLLE-
VTOTOATOV Kol adpoavdV, 0661 avATTVLENG TOV EPEAKVGTIKOV
Tdoemv.

AOY® TG SOPOPETIKNG SVOKAUY NG TOIUEVTOTOATOD KoL
adpOvVAV aVOTTHGCOVTOL POYUEG GTNV TEPLOYT GLUVAQELLS,
omw¢ eaivetar oto oynua 3.1.6 (otnv dw mepoyn ue TG
npoavopepbeiosg poyuég g evoldueong Lovng), N oTIg
0éoeic emAve Kot KAT® and To adpovi|, OTMS PAIVETOL GTO
oyiua 3.2.98.

H npot nepintmwon avtiototyel 6€ oKupOSEUN LE 1oYVPN
@aon ta adpovn (PAéne oynqua 3.1), evd 1 devtepn avTioTOL-
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Y€l o€ oKvpHdEp LE 1GYVPT PAoT TOV ToUEVTOTOATO (PAETe
oyfua 3.2). To dedopévo adpavég oxvpn @aocn sivor o
adpovi], OTOV 1) AVTOYN TOL CKLPOSERNTOG EIvaL HIKPT, EVD,
OTOV M AVTOYN TOL GKLPOSENUATOC Efvar peydin, 1oyvpn eaon
glvan o Toevtomoitoc.

KaBopiotikd, Aomdv, mapdyovia yio Tov UNyeviGHo ovi-
Anymg eoptiov amotedel 0 AOYOG TNG OVTOYNG TOL GKVPOSE-
HOTOG TPOG TV AvTOXN TOV adpavods Bewpmdvtag 0Tt peya-
Mtepn dvokapyio avtiotoyel oe peyoivtepn avtoyn. o
piKpd Adyo oyvpn PAcn gival To 0dPOvVi Kot O OvVTIGTOL(0G
pnyavicpog etvar avtdg tov oynuatog 3.1 pe kpiown v
avToyN GLUVAEELNG HETAED 0dPOVOV KOl TOYLEVTOTOATOD Kol
eEoptopevog and v mowdTNTO NG EVOLAUESNS (AoTS (Ot
POYUEG 0100100VTOL HESH TOV TOLEVTOMOATOV). [ peyddo
AOY0 oyLp1| PAcN Vol O TOLUEVTOTOATOS KOt O OVTIGTOLYOG
INYoviopog etvar awtdg tov oyfuatog 3.2 pe kpioun v
EPEAKVOTIKY] OVTOYN TOV TGLUEVIOTOATOL 1) €E0PTMUEVOC
Waitepo amd v motdTNTA TNG EVALApESTS PAong (ol pwy-
HEG 0100100vVToL LECH TOV AdPAVAV).

4.2. O 60 TOTOL SULUTEPLPOPAS

AgSOUEVOL OTL 1] EPEAKVOTIKY] OVTOYT] TOV TGULEVTOTOA-
TOU glvol LEYOADTEPT] OO TV AVIOYN] CUVOQELLS TOLUEVTO-
TOATOV Kot adpavdv (1 omoia givar e&acbevnuévn kot Adym
TOL TOPDAOVG TNG evdtbpeong Ldvng), n évapén g kpop-
PNYUATOONG KO 1] CUVETAYOUEVT] KOAUTOAMOT TOV dtorypipl-
HOTOG TAGEMV TUPALOPPOCEDY KABVGTEPOVV, GTNV TEPINTO-
o1 TOL OYLPN QAo ivol 0 ToyevTomoAtds. To didypappa
GUUTEPLPOPAS TACEDV-TOPALOPPOCEMY GTNV TEPITTOOT)
avt givan Tepimov evBuypapLpLo.

O1 800 pnyoviopotl avaAnyng eoptiov avILeTOrovV, Aot-
7oV, G€ JAPOPETIKOVG TOTOVG CLUTEPLPOPAC, OTOS POivETOL
610 oynua 3.

O1 310POPOTOGELS TOV dVO THTMV GLUTEPLPOPAS CVTOL-
VOKADVTOL KOl 68 GAAOL LNYOVIKG XOPOKTNPLOTIKA EKTOG OO
TN HOPPT TOV SoYPAUIATOS TACEDV-TOPALOPPDOCEDY. AVol-
PEPOVTOL EVOEIKTIKA 1) EPTVGTIKT TOPAUOPPMST KoL 1] eEEM-
&n ¢ avtoyng pe To xpovo.

AOY® ™G HIKPOTEPNG EPTVOTIKNG TAPAUOPPOONG TOV
adpovOV amd QVTHV TOV TCUEVTOTOATOV, LE TNV TAPOS0 TOL
YPOVOL cuUPaivel OVAKATOVOUR TG EVIAONG: O TOLUEVTO-
TOATOG amopopTileTal Kot To adpavég enupoptileral.

H avoxkatavoun avtr, otnv mepintmon mwov 1oyvptn eaon
glvat 10 adpavég (to omoio avarapPdavel To peyakvtepo Ppa-
YOYPOVIO HEPOG TOV QOPTIOV), EVICYVEL TN SL0POPH TUCEDV
petald Tov S0 EACE®MV TOL GKLPOJENNTOS Kot YU ot
avEAVEL TNV €VTAOT TOV GLOTNHOTOC. LTV TEPIMTMOGT TOL
woyvp eaomn gtvor o ToEVTOmOATOG (0 0moiog avaAapBavet
TO PEYAADTEPO BPoyLypOVIO LEPOG TOL POPTIOV), 1) AVOKOTO-
voun OUTN HELMVEL THV EVTIOGT TOV GUGTNLLOTOS. ZKUPOOEUATOL,

2ynua 3.1: Eviatikn kotdotaon yio. GKDPOOEUa UE LoYVPT PAoT T
oopovi: (o) tpoyiés Ohimtikwv tdocwv, (B) ovartoln eykdpoiwv
A0V A0y®w KoOuUmbAwWoNS TV QMrTiKdY TPoYIdyV, (y) TEPIOYES
EYKOPOIOV OMTTIKDV, €, KOI EPEAKVOTIKMY, 1, TAoEWV, (0) Oéon Evap-
&ne piyudrawon.

Figure 3.1: Internal stress state in uniaxial compression for con-
cretes with the aggregate strength higher than the cement paste
matrix strength: (a) paths of compressive stresses, (b) development
of transverse stresses due to the deflection from linearity of the com-
pressive stress paths, (c) regions of transverse compressive, ¢, and
tensile, t, stresses (d) initial crack formation.

i

(b} DQP (d)

2ynua 3.2: Eviatiki KoTdotaon yio. GKOPOOELO. UE 1GYVPY YAoH TOV
TOIUEVTOTOATO.

Figure 3.2: Internal stress state in uniaxial compression for con-
cretes with the cement-paste matrix strength higher than the aggre-
gate strength.
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Zynuo 3: Aiaypdpuote o-g oveA0Ya [E TOV TOTO GUUTEPIPOPAS: (0)
TOTOG TOV 1GYVPOD adpavods, (b) TOTOS TOV 16YVPOD TEIUEVTOTOATOD.
Figure 3: Stress-strain diagrams depending on the behavior type:(a)
type of the strong aggregate, (b) type of the strong cement-paste.
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2ynuo 4: Maypoupoza o-g xoza DIN 1045.
Figure 4: Stress-strain diagrams according to DIN 1045.

Axial stress (Mta)

Zynua 5: Araypdpuaroe o-¢ [6].
Figure 5: Stress-strain curves [6].

AOTOV, LLE 1oYLPT PACT) TOV TOUEVTOTOATO Bl avarThooovy
LKPOTEPEG LAKPOYPOVIES TAPAUOPPDTELC.

Avtictoymn dtapoporoinon o epeavileton kot otnyv e&é-
MEN ™G AVTOYNG LE TO YPOVO. TKVPOSEUATO, LLE LOYLPT PACT
TOV TOEVTOTOATO Bal gppavifouy tayvtepn e&EMEN. "Onwg
avapEpOnKe TOPATAV®, 0 UNYOVIGUOG OVATTLENS ECMTEPL-
KOV Tdoemv e&optdtal and To AOY0 TNG AVTOYNG TOL GKLPO-
dépatog mpog TV avtoyn tov adpavovs. I'o kibe adpavég
Bo vapyetl o peTofotikn oTadUn TG AVIOYNS TOL GKLPO-
dépatoc. T avtoyég peyoldtepeg amd ALTRV O PNYXOVIGHOG
TOV OKVPOSEUATOG Bar avTIGTOLXEL GE AVTOV LE 1oYVPT PAoT
TOV TOLEVTOTOATO, KOTO TOV Omoio o1 pmyuég dtadidovral
HECH TV adpavdv Kot YU avtd 1 avtoyn Tov adpavovg Ba
kaBopilel T péylomn otdbun oKVPOSENATOG TOV UTOpEl va
entevyOel e TO GVYKEKPIUEVO adPaVES. AVOUEVETOL, AOITOV,
kafBvotépnon oty EEMEN ™G avtoyng LeTd TV nAkia Tov
OKUPOSENATOG, Yo TV omoila 1 ovamtvyfeico avtoyn Tov
OKVUPOSENATOG TPOoEYYILEL TN HEYIOTN AVTOYN TOV UTOPEL Vol
emttevyOel pe to dedopévo adpavés. Etorn e£éMén g avto-
NG otV mepimTmon avt Ba givar Toydtepn (Yo mapddery-
HaL, M ovTOoYT TV ENTA NUEP®V Ba gival peyaAdTEPO TOGOGTO
NG OVTOYNG TOV EIKOGL OKTM TUEPADV).

5. MPOTEINOMENOZX AEIKTHX
O AOI'OX ANTOXHX ITPOX METPO
EAAXTIKOTHTAX TOY XKYPOAEMATOX

SOpeovo pe Tig Tapamdved BEmpNoELS, 0 TOTOG CLUTEPL-
Qopag Tov okvpodépatog eEaptdrar and T cyEon TS avIo-
NG TOV GKVPOSELOTOG TPOG TNV AVTOYH TOL adpavovs. Aedo-
péVov OTL 1| avToyN Kot 1 dvokapyio Tov adpavois oyetifo-
VTOL GUEGO LE TO HETPO EAAGTIKOTNTAG TOV GKVPOIELNTOG,
TPOTEIVETOL OC OEIKTNG CLUTEPLPOPAS TOV GKLPOSEUNTOS O
AOYOG TG aVTOYNG TPOG TO LETPO EAAGTIKOTITOS TOL GKUPO-
dépatoc.

Zkvpodépato e TNV idtol Ti Tov TPOTEVOUEVOD dETKTN
Bo avTioTorOVV GTOV 1610 TUO CLUTEPLPOPAS. TKVPOSELLL-
TO e PKpT TR Tov dgiktn Ba avTiotoryovy 6tov THTO ToL
GYLPOY AdPAVODS, GKUPOSEUNTO LLE PEYAAT T TOV deikT)
Bo avtioToyovV 6TOV TOHTO TOL 1GYLPOV TGLLEVTOTOATOV.

¥t0 oynuo 4 divovtar ot KOUTOAEG GUUTEPLPOPES G-€
obpeova pe to DIN 1045 kot 6to oyfue 5 divovral ot avti-
OTOLYEC KOUTOAEG Y10 oKLpOdEpOTO e dLapopa. 1N adpa-
VOV, gvd oTO oyNUe 6 dlvetarl 1 GLOYETION OVTOXNG Kot
HETPOV ELOCTIKOTNTOG TOV GKVUPOSELATOC Y10 TOL GKVPOOELLOL-
o vyming avtoyng [8] kot otov mivaxke 1 M avtictoyn
GLGYETION Y10 KOVOVIKA oKvpodépata [9].

Onwg mpokdntel amd to oynua 4, ot TYEG TOL TPOTEWVO-
HEVOL JEIKTN Y10 TPOOSEVTIKY pPeTAfaot omd Tov €va THTo
oLUTEPLPOPAG oTov GAo gival: 0,7 1,0 1,2 1,3 1,6, evd oto
oyMuo 6 ot TIRéS Tov delktn Yo TOTO CLUTEPLPOPAS QVTOHV
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TOV 1GYVPOV TOIUEVTOTOATOV Kupaivovtol omd 2,3 g 3,0
Kot otov Tivako 1 ot Tipég Tov deiktn Yo THTO GLUTEPLPO-
pag avtdv ToL 1oYLPOL adpavovg eivat: 0,6 0,7 0,8 0,9 1,0
1,2 1,3 1,4. T T0. GKLPOSEUOTO TOL GYNUOATOG 5 1) TN TOL
delkTn Yoo ToV TOTO TOV 1oYVPOV TGUYLEVTOMOATOV gtvar 2,9
(ywo 0 pikpokioonpodepa avroyng 30 MPa), 2,5 (yo glo-
PPOCKLPOdENN LE oToYYoKEPULO avtoyng SO MPa) kot yio
TOV TOTIO GUUMEPIPOPAG GVTOV TOV 1oYXVPOL adpavovg 1,2
(ywo acPectoMBucd adpavniy avtoyxng 25 MPa).

H petafatiki tipun tov nopondve deiktn yo petdfaon
Ao TOV €VoL TOTO GUUTEPLPOPAS GTOV AAAO, OTMG QaiveTat
amod o Topandve ototyeia, propel va Oewpndet dtt Kvpaive-
ton amd 1,4 émg 1,8.

6. O AITAOIIOIHTIKOX KAI
ENOIIOIHTIKOX XAPAKTHPAX
TOY NPOTEINOMENOY AEIKTH

6.1. Apon g avavrieToryiog TaSvéunong
KOl GUPUTEMLPOPAGS

To pikpokiconpddepa avtoyng 25 éog 30 Mpa pe Baon
T oTéoun g avToyNG TOL KATATAGGETOL GTO CKUPOSELATA
XOLNANG aVTOYNS, EVA), OTMG POIVETOL GTO CYNUA 2, ELPAVi-
(el coumep1popd GKLPOSEUATOS VYNANG OVTOYNG.

To pikpoKiGonpOdED. GLYKPIVOLEVO LE BAcT TOV TTpo-
TEWVOLEVO OEIKTN KATATAGGETOL GTOV 1010 TOTO GLUTEPLPO-
POG LLE TOL OKVPOSEUATO VYNANG AVTOYNG, POV 1 T TOL
deiktn Tov (3,0) eivor mapdow e TNV TN TOV GKVPOSEUA-
TOV QVTOV.

6.2. Evomoinen T®v 6KupodEpaTmv aveédpTnTo omo Tov
7070 TOV AdpavoVS Kot T 6TAOUN TG avTOoYiS

SOuep@va pe m cvpufatikn Tagvounct, To GKUPOSELOTO
avaAoya [LE TOV TOTO TOV AdPAVOLG KOl T 6TAOUN TS ovTo-
NG StakpivovTol oe GVUPBATIKA KOVOVIKG GKLUPOOENTA, OE
KOVOVIKG GKUPOSEUATO VYNANG OVTOYNG, OE EAAPPOGKVPO-
dépata yopmANng ovToynG Kot 6€ EAPPOCKLPOSEUAT VY-
Mg avroyne. Kébe pia and avtég tig katnyopieg epevvdtan
Eeympiotd kot yivovior EEYOPIOTES AVAPOPES VIOBETMOVTOC
SL0POPETIKEG OTTIKEG KOt divovTag SlapopeTiKég EpUNVEIES,
pe amotélecpo peydAog 0ykog epyociog vo emavalappave-
Tt 600 Ko TPELG POPES, VD éva GALO LEPOG va kKabvotepet
aKOUN YloL pat GAAN Katnyopio GKUPOdEUATOG (VLo TOPASELY LA,
Yo TV TEPINTOON TOL MO TPACPATOV GKLPOSEUATOS VYN~
MG avtoyng) amd avemdpkelo oTotyel®V, LOAOVOTL TO. OTOL-
yelo avTd ivol duvatdv va VIEapyovy NON and TO ATOTEAE-
GUOTO Y10, o, GAAN Kot yopio okupodEpatog (Yo Tapadety-
Lo TOL EAOPPOCKVPOSELOTAL).

A@’ etépov, 6edopévou OTL o1 TOTTOL TOV UdPUVAV, 11~
TEPAL OTNV TEPIMTOON TOV EAAPPOCKLPOSEUATOV, TOIKIA-

Iivoxag 1: Zvoyétion avroyng kot uétpov elactikotnrag [9].
Table 1: Correlation of strength and modulus of elasticity [9].
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Zynua 6: Zvoyétion avioyns kai uétpov elaotikotnrog [8].
Figure 6: Correlation of strength and modulus of elasticity [8].

Aovv yio. okvpodépata TG Bl Kotnyopiag, mTPOKHTTOVY
ONUOVTIKEG OMOKAICELS GTO OMOTEAEGLLATO KOL TO. GUUTEPU-
opata (1 Kot avtitiBépeva, omoTELEGLOTO KOl GUUTEPAGHLO-
T0), aPoV oKVpodEpaTa TG 1010G KaTnyopiag umopel vo ovti-
oToYoOV g SPOPETIKO TOTO GLUTEPLPOPEG (OTWS Yo
TAPAOELY IO TO HIKPOKIGOTPOSELD, TOV avoeEpOnke mapa-
Téve Kot To 0moio amoKAvel Ao TN GLUTEPLPOPE TV A0~
PPOCGKVPOJEUATMOV YOUNANG OVTOYNG OTIV 0TTOi0 KATATAGGE-
tat pe Paon ™ ovpPotikn tagvounon).

Me Bdomn tov TpoTevOpEVO SEIKTT), OL TOPATAV® KOTNYO-
pieg evomolohvton ce pio pe TOPAUETPO GLUTEPIPOPAS TNV
TN TOV TPOTEWOUEVOL JEIKT: GKLPOSEUATO UE UEYOAN
T tov deiktn (vTepdocoroyNUEVa, LE LEYOADTEPT KOTO-
vAAOoN TOWEVTOV Yoo emiTELEN peyaAdTepNS ovToyng) Oa
epeavilouv S10POPETIKN CUUTEPLPOPE ATTO CKVPOSEULATA LLE
pkpn Tun Tov deiktn (vTodocoroynuéva).

INa Tapadetypa, oto oynpota 7 [4] kot 8 [10], To omoia
ePeavilouv TEWPAUOTIKE OTOTEAEGUOTO Y10l GKUPOJEATO
SPOP@V KATNYOPLDV, EIVAL ELPAVIG 1] TOLTOTNTO TNG TOPO.-
HOPPMGIOKNG GUUTEPLPOPES VIO TO TPIGLO TOV TPOTEWVOLLE-
vou delktn (kabdg To ELAPPOCKVPOSELNTO GLOYETICOVTOL [
KOVOVIKG, GKUPOSEHOTO e LEYOADTEPT] AVTOYN Y10 010 TIUN
Tov Ogiktn, dNAadn Tov AGYov avToxNg TPOG LETPO EAACTL-
KOTNTOG).

‘Etot, powdpeva, 0mmg n todtepn e&EMEN g avToxnc,
0 WKPOTEPOS EPTUCUOG K.G., TOV GKLPOSEUATOV VYNANG
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Zynuo 7: diaypépuata o-€ yia (o) kavovikd okvpodéuaro. kai (f) yio
elagpookopodéuaro [4].

Figure 7: Stress-strain curves for (a) normal concretes and (b) for
lightweight concretes [4].
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o 8: Aoypduuota o-¢ yia (o) kavovikd okopodéuato kai () yia
elappoorvpodéuaza [10].

Figure 8: Stress-strain curves for (a) normal concretes and (b) for
lightweight concretes [10)].

Zynua 9: H emippon s tayvtnrog emmovions V [8].
Figure 9: The influence of strain or stress rate V [§].

avtoyng [5] kot kGmolmv EAOPPOCKVPOSEUAT®V [6] VIO TO
TPIGUO TOV TPOTEVOLEVOV OEIKTN KOl CLGYETILOMEVA [LE TOV
TOTO GUUTEPLPOPES TOV VTEPOOCOAOYNUEVAOV GKVPOOENA-
tov (ue peydAn tun tov degiktm) poldlovv avopevoueva
(BMéme 4.2).

7. AAYNAMIEX THX XYMBATIKHX

MEG®OAOY AOKIMAXIAX

TOY XKYPOAEMATOX
7.1.'Eva napadcrypo: H avavrictoyio g mhasTipdtnTog

OOKIIMV KU1 SOHIKADV GTOYEIMV GTNV TEPITTOOY
TOV HIKPOKLOGPOIENATOS KUL TOV CKVUPOIENATOS
vynMig avroxng

Onwg paiveton ota oynpata 1 kot 2, HIKPOKIGGNPOSELLL
pe avroyn 25-30 MPa kot Kavovikd GKLPOSEUE VYNNG
avToyng eneavifovy, GOUEOVA LE TO TEPOUATIKG OTOTEAE-
opata, oaPOc Yabvupdtepn CLUTEPLPOPE OTO CVTHY TOV
oLUPaTiKoD OKVPOSENNTOS (LE TTO ATTOTOMO TOV KOTEPYOLLE-
VO KAGOO TOV S1oyPapILOTOS).

Ev tov101¢, 00p@®va pe To. OTOTEAEGOTO TEPALOTIKOD
npoypbupotog [11], n tAactipdnTo KATdAAN Ao OTAMGUEVEVY
ool el amd HKPOKIGONPOSELN TPOKVTTEL TAPOLOLD LIE
avTV T0L cLUPOTIKOL oKVPodERaToS. To 1810 cvumépacua
avapépetat ot fAoypapia [12] Kot yio otoygio amd oKv-
pOdepa VYNNG AVTOYNG.

7.2. Avaintovrag Tig mutieg: H dragopetikn emppon g
unyoviig Bpadcemg 6e GKVPOIENATA PNE SLUPOPETIKO
RETPO ELAGTIKOTNTAG

Onwg paiveton 6to oyNpa 9, 0 KaTEPYOUEVOG KAADOG TOV

SlypApHOTOG TACEMY - TOPALOPPDOCEDY £EQPTATAL £VTOVA

amd v TayvTNTO Emmovnong [8].
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Zynuo 10: Zdotyuoe unyovis kot dokiuiov.
Figure 10: Machine and specimen system.

Oe®pOVIOG, OTAOTOMTIKG, TO GUOTNHO UNYOVIG KOl
dokipiov g ocvoTnpo dVo ehatnpieVv oe cepd, Onwe eoaive-
tat oto oynua 10, n avartvocduevn ToyLTNTO ETITOVIONG
Tov doKiiov Vs Kot 1 emMPOALOLEVN TOYLTNTA ETITOVIONG
TOV GLGTNUOTOG Vt GuvdEovTaL [E TN GYEDT:

Vs = Vt.[1/(1+Cs/Cm)]

omov Cs ka1 Cm gival o1 6T00gpEg, SvoKapyiss, SOKIUIon Kot
pnyavig.

Me v avénon g emmdévnong n Cm givar otabepn, evéd
N Cs petofdrietor kol ot oTabun tov HEYIGTOL POopTion
yiveton opvnTiKn. ZOUE®VO LLE TOV TOPATAVED TOTO, 1| ovol-
TTUGGOLEVT TAYVTNTA TOL SOKIUIOL TPV TO PEYIGTO QOPTiO
avéavel pe ) peimon g dSvokapyiog Tov dokipion, Evd amd
™ otdfun tov UéyloTov POPTioV Kol PETE avEAveL pe TV
avénon g dSvokapyiog Tov (Ady® TG apvNTIKAG TIUAG TNG
Svokapyiog).

Aoxipa and cvpPotikd okvpddepa 30 MPa kot dokipua
amd piKpokioonpodepa avroyng 30 MPa 11 and copfaticd
GKUPOSELD VYNANG AVTOYNG EXOVV OTLOVTIKG OLOQPOPETIKT
dvokapyia.

3tV mEPLoYN TOL HEYIGTOV (QOPTIOL T JOKipo omd To
UIKPOKIGGTPOSELLO KOl TO OKVPOSELD, VYNANG OVTOYNG EUPOL-
viCovv onpavrtikd peyoardtepn dvokapyio (Ady® tov peyo-
AOTEPOL WETPOV EAUCTIKOTNTOG OTNV TEPLOYN ovty], PA.
oynua 1 kot 2). '’ avtd, yio idwo emPoriiopevn toydnta, 1
OVOTTUGGOEVT TAYVTNTO TOV SOKIUIOL eivor peyaAvtepn yu’
QVTA TO. CKVPOSEUATO 0T’ 0,TL Y10, TO GUUPOTIKO GKLPOSELLL.

Me Bdon tig Beopnoeig avtég, cvumepaivetatl 6TL 0 7O
QTOTOMOG KATEPYOUEVOG KAASOG TOV HIKPOKIGOT|POSELOTOG
(ue avroyn 30 MPa) Kot Tov GKVPOSEUATOG VYNANG AVTOYNG
amd VTV TOL GLUPATIKOD GKLPOJELOTOS OVTOVAKAJ, TOV-
AQyioToVv v HEPEL, TN LEYOADTEPT] OVOTTUGGOLEVT] TOYVTITO
Tov dokiiov Tapd KAmolo eyyevn Slau@opd GVUTEPLPOPE,
omm¢ viobeteiton yevikd ot Pproypagia [14].

XopaKTnpioTikd TG TVTOTNTOS TG CLUTEPLPOPEG GTOV
KOTePYOUEVO KAGOO gival To OTOTEAEGLLOTO TTOV BIVOVTOL GTO
oynuo 8 Kot To 0moio, TPoEKLYAY UE U oVUPBATIKY SOKILLO-
ola og Wwitepa dvokaumtn punyovny Bpavcews pe otabepn
ToyvTNTA TOPOLOpP®oNg Tov dokiiov [10].

8. MPOTEINOMENH ME®OAOX
AOKIMAXIAYX TOY XKYPOAEMATOX

8.1. Xtoy01 oyed100p100

I 0 oyedlaoud g TpoTevouevng Lebodov dokipaciog
tifevtan o1 TopaKAT® GTOYOL:

1. Noa aipet t1g Pacikég molvmhokdtnTes Kot aduvopieg e
ovppaticng pebddov dokyaciog: (o) Ty avavtioTolyio
NG EVIOTIKNG KOTAGTOONG SOKIUIOV Kot SOHIKOD GTOtXElOL
V76 OMTTIKY emmdvnon, (B) TN SLPOPETIKY EMPPOT TV
YOAPAKTNPIOTIKOV TG Unyovng (dvokapyio, dactdoels
KOt TOYOG TAOK®DV) GE SLOPOPETIKOVG TOTOVG CKVPOSELLOL-
T0G Kot (y) TV €£GpTNoN TOV UETPCEDV TOV TOPOLOP-
OOGEDV (Y10, TN LETPNOT] TOL UETPOV EAOGTIKOTNTOG) Otd
TO PUNKOG KOl TOV TPOTO UETPNONG.

2. Ot amortodpevol deikteg TOL GKLPOSEUATOS VO TPOKD-
TTOVV OO gviaio Kot oA doKIaciaL.

8.2. Ileprypan T pedooov
8.2.1. Tvmog doxipimv kot dataln dokipung

Yi00gtoOvTor KuPikd dokipua yio TNV EKTIUNOT TOGO TNG
OMmTIKN G avToyNG 000 Kol TOV PETPOL EANGTIKOTNTOG. AVA-
UEGO OTIG TAGKEG TNG UNYAVIG KoL TO SOKIIO EAEYYOV TOPEL-
Barrovtor BonOnrikég mAdkeg amd oxvpddepa idtog avToxng
Le To VIO £Aeyy0 SoKipto (1] LEYOAVTEPTG AVTOYTG OO AVTO)
OV TTPOKVTTOVY 0O JOKIipIo SV d1acTAGEDV pe 0T Y-
pilovtdg to ot péon (komn) Katd T diedvbvvon g oKvpo-
détnonge.

Kda6e midko oxupodépatoc Tepioeiyyetot TEPLETPIKA e
) Borfeta dVvo yoAOPOWV®Y KOAAAP®OV, OO PAIVETOL GTO
oynpa 11.

8.2.2. TYmog emmévnong

Metd and dD0-Tpelg EMAVAAMWES GE YOUNAN oTAOUN
Tdong, yo otabeponoinon g didtaéng, ta doxipia eoptilo-
VTl KoTd T0 oVPBaTiko TpOmo HEXPL TO HEYIGTO PopTio. Amo-
eoprtilovror kot gmavagoptilovtal pHéypt T0 €KACTOTE PEYL-
610 QOopTio Tpelg £0G TEVTE POPES, PA. oynua 12.

8.2.3. E€omthopog Ko pETPOELS

Ot SLOUNKELS TOPALOPPDCELG LETPOVVTOL LUE dVO UNKVV-
copeTpa otnplopeva og yarldPdves mpoefoyés Tpocappo-

m’n‘xﬁr.nor: ]
SRLPOOE pHOLTOG

concrete plate

Jorido
speciment

HNKDUCHO ETPOL
displacement

zauge

Zynuo 11: Aidraén dokiung.
Figure 11: Test set-up.
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2Zynuo 12: Emimovnon.
Figure 12: Loading.

opéveg ota YaAvBOva KoAAdpa teploPiing tav Pondntikmdv
TAOK®OV omd oKVpOdepo. MeTpovvtal To LEYIOTO POPTIO KoL
N HEYIOTN TaPAUOPE®ON Yo kKabe khKkAo edpTiong.

Agv tiBevton 1dwaitepeg amantioelg yio T unyevy Bpoav-
cemg. Ot ovuviBelg unyavég pe vopavAk apyn sivar amode-
kté6. [o T pétpnon g mapapdpemons Hropobv va viobe-
™mOovV amhd @poAloylakd pnkvvelouetpo, (dev amorteitol
GUGTN O KOTOYPOPNG).

8.2.4. Yroroy1lopevol O€iKTEG KOL 1] ONIOGIA TOVG
Ymoloyilovton 0o Pacikoi deikteg:

1. O AOyog «uéyiotn taon/uétpo eEAAOTIKOTHTOC) TG TPMTNG
QOPTIONG.

2. O AOYOG «O109opd. UEYIOTNG TAOHG/O10QPOPa. UEYIOTWV
TOPOUOPPDTEDVY OLOSOYIKDOV KOKA®DY QOPTIONG,.

O mpdToC deiktng Kabopilel ToV TOTO TG GVUTEPIPOPES
oV okvpodépatog. O devtepog deiktng, divovrag v Kiion
TOV KOTEPYOUEVOL KAAGOL TOV dtarypapLLOTOg TAGEDV-TIOPOL-
popodoemv (PA. 8.3), kabopilel Tnv TAOGTIHOTNTA TOV OKV-
podénatog. Oco mo pkpog sivar o deiktng, 1060 peyaiite-
pN N TAacTHOTNTO.

8.3. XkenTko Y10 T0 6)edlaopnd TS pedooov
8.3.1. Tvmog doxipimv kot datadn dokipung

Ta kopikd dokipa, 6TmG ¥PNOLOTOIOVVTOL 6T GVUPOTL-
kN pébodo dokipaoiog, emnpedloviol and To TAPUUOPPO-
GlOKG YOPUKTNPLOTIKE Kot TIG SOTACELS TOV TAOK®OV TNG
YOV KoL yU dLTO 1) EVTIATIKN KATAGTAGT TOV SOKLiOL dev
aVTIOTOlXEL GE VTNV TOV SOUIKOD GTOLYEIOL VIO OMTTIKY
emmdvnon. Apketol epevvnTég Exovy KaTd Kopovg viobet-
ol ddpopeg dappuuicels yio TV VIEPVIKNON TOV TPPOV
peta&oy doxition kot TAAKOV TG unyovig. Ot dtappubpicers,
OL®G, 0WTEG TPOCAVATOMEOUEVEG GE EPEVVNTIKODE, KLPIMG,
GTOYOVG OEV TPOCPEPOVTOL Y10 TLTOTOMUEVES EPYOCTNPLO-
KEG OOKILEC.

Me TV TPOTEWVOUEVT TPOTOTOINGT), TO SOKIHIO EMUTOVEL-
Tl og povoacovikn OAyT, kabmg o1 Tapeppariopeveg Pon-
OnTkég mAdkes and oKVPOdEND EYOVV T OO TAPALOPPO-
GO YOPUKTNPLOTIKG pe avTd. Ot TAAKES TOL GKUPOSELLOL-
T0G, YGpn oty mepioPiEn omd TIg yoAOPOIveG TAAKES TG
pPnyevig Kot o xoAoBdtva KoAAGPa, Tapaptévouy appnyLd-

TOTEG KoL WTopoHV Vo, EXAVOYPNOUOTOIO0VV Y10, TO EMOLLE-
vo doxkipio.

8.3.2. TYmog emmévnong

Onog avalbinke oty 6.2, 1 extppon g Suokapyiog Tng
pnyavig Bpavoeng (tng cuviBoug epyacTnpiakng pnyavig
HEe VOPOVAIKY 0pYN, XOPIS CEPPOUNYAVIGHO) GTO UTOTEAE-
OHOTO TNG OOKIUNG EIVOL GNUAVTIKY Kot oveEEAEYKTN Yo TV
TEPLOYN TOV LETPNOEDV PETA TN HEYIOTH TAON (KATEPYXOUEVO
KAGO0 TOV S10YPALLATOS TAGEWMY - TAPAUOPPDCEDV) Kot OEV
diver ovykpiowa omoteléopota yro dokipie pe S1opOopPETIK
dvokapyia (Stapopetikd PHETPO EAACTIKOTNTOG 1) SLOPOPETL-
Kkég dnotdoelg). Katd kopods €xovv mpotabel dibpopeg
Swappulpiceig yo v vepviknon avtig ¢ advvapioc. Ot
TMEPIGGOTEPEG OO AVTEG TIG dtappubpioelg eival Waitepa
TOAOTAOKEG 1 BETOVV 1310{TEPEG AMOITNOELS YloL TN U0V
Opavoemg kol dev TPOCPEPOVTOL Y10 TUTOTOUUEVES EPYO-
OTNPLOKES OOKIUEG.

Me tov mpotevopevo THTO EMTOVNONG, O KATEPYOUEVOG
KAGOOG TOV SLOYPALIOTOS TACEDV - TOPAUOPPDOEDY AOL-
Bavetar og M mEPPAALOVGA TOV KOKA®V TNG ETAVOAALBOVO-
pevng emmoévnons. Kabog n unyavn otopatd avtépato oto
péyioto poptio, N eMppon TG SVoKOUWING TNG UNYAVIAS deV
elvat onpovTikn kot ta anotedéopato Sokipimv e dtoupope-
Tk duokapyio givatl cuYKpIiGILa.

8.3.3. ESomthiopnoc ko peTprioeig

Xopeava pe ™ cvpfotikn nEBodo, To HETPO EAACTIKOTY-
tag petpeltal oe KoAvopka dokipo. Ta amotedéopata TV
HETPNoE®V, eKTOG amd TIg ovakpifeteg mov oyetilovtot pe
dtapopb oyNuatog dokipiov kot dopkov croygiov, eEuptod-
VTl 6€ GNUaVTIKO Bobpd 0o To KOG HETPNONG Kot T 018~
taén pérpnong, Kabmg 1 evtaTikn katdotacn dev givar idta
kB’ vyog tov dokipiov. EmimAéov, ta anotedéopato TV
LETPNCEDV VTOKEWVTOL GE PEYAAT dlooTopd, AOYM TG TUYO-
ag 0ong EPPAVIONS TOV POYUOV TOL SOKILiO, e TO 0moio
€pYOVTOL OE €PN, GPECH 1] ELUEST, Ol LETPNTEG TMOV TOPO-
LOPOPAOCEDV.

8.3.4. Yroroyilopevor deikTeg KoL 1] GNHAGi0 TOVG

O1 Bewpnioetg, Tov 0dNyNoav 6TV VINBETHON TOV TPOTEL-
voOUEV@OV JEIKTOV, divovtar otig § 4 kot 5.2.

YYMIIEPAXMATA

1. H BAmtikn avtoyn tov okupodépatog oev amoteAel Oepie-
M@dn Paon ywr v TagVOUNON Kol TOVTOTOINGCT TOV
OKUPOSEUATMV.

2. O tH1og NG CLUTEPLPOPAS TOV GKLPOSEUNTOC eEQPTATOL
amo T GY£0T TOV OVTOYOV GKLUPOSEUATOS Kot adpovolC.
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3. Avti g OMmtikng avtoyng mtpoteivetal 0 AOyog TG avTo-
NS TPOG TO UETPO EAACTIKOTNTAG TOV GKLUPOSEUATOS MG
O OVTUTPOCHOTEVTIKOG OEIKTNG Yo TNV TASVOUNOoN Kot
TAVTOTOINGT TOV GKUPOSEUATMV.

4. Me 1tov Tpotewvopevo deiktn ivar dvvar 1 evomoinom
TOV GKVPOJEUATOV TOV O0POPOV KOTNYOPLOV, KUODS
aipetal 1 O1GKPIOT TOV CKVPOSEUAT®V, OO TAELPAS
UNYOVIKAG GUUTEPLPOPAS, GE KOVOVIKE GKVPOSELATA KO
elappooKLPOdENATA, AVALOYO LLE TO €100C TOL XPTCILO-
TOLOVUEVOL adpavoDs, Kol GE HIKPNG Kot DYNANG avTo-
NG, AVAAOYQ LE TN OTABUN TNG AVTOYNG.

5. Mg v o¢ Gve gvomoinon umopet va meplopiotel onpa-
VIIKG O OOLTOVUEVOS OYKOG TEIPOUATIKDV OESOUEVQY,
KaOMG Ta YOPAKTNPIOTIKE CLUTEPLPOPAS TMOV VEDV TOTMV
GKUPOSELOTOG UITOPOVV VO TPOKVLWYOLV Oltd T VIAPYOVTA
otoeio. CLUTEPLPOPAS TAAOTEP®V TOTWOV GKLPOOELLOL-
TOC.

6. AvovtioTolyiec ot CLUTEPIPOPE TOL GKLPOSEUATOC OE
eninedo VAKoD Kot dopukov ototyeiov oyetilovtor pe
TOAVTAOKOTNTEG TNG oLPatikng HeBOdov dokipasciog Tov
GKVPOSEUATOG.

7. H ovpPatikn doxiacio Tov oKupodEUATOC G OAMTTIKY
emmovnon Ogv divel GLYKPICIHO OTOTEAECUATA OTNV
nepintoon dokiyimv pe dtapopetikn dvokapyia (Le -
QOPETIKA UETPO, EANCTIKOTNTOC 1 SLAPOPETIKEG dAOTA-
GELG).

8. H amoddopevn peyoaridtepn wobopodtta tov erappo-
GKUPOSEUATMV KOl TOV CKLUPOJEUATMOV VYNANG OVTOYNG
pmopel va amodobel, TOLVAGYIGTOV €V PEPEL, OTN dlapope-
TIKY, A’ 0,TL 6T0 CUUPOTIKO KOVOVIKO GKUPOSENQ, ETLP-
poT NG UNYavNig Opadoems 6T0L GKUPOSELATO QVTA.

9. T v avaipeon TV TOPATAVE TOATAOKOTHTOV Ol
tettar avabedpnon g cvppartikng peboddov dokipaciog
TOV GKLPOJELOTOC.

10. ITpodioypdpetal o amAn TPOTOTOING™ TG SVUPATIKNG
pebddov ympic amaitnon tpdchetov e£onMcpod.
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Extended summary

A Proposal for Simplification and Unification
of the Conventional Classification and Testing of Concrete
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Abstract

The phenomenological basis for the conventional classification of
concrete according to its compressive strength is identified and the
ratio “Compressive Strength/ Modulus of Elasticity” is proposed as
a more fundamental index of concrete behaviour. On the basis of the
proposed index a unification of the various types of concrete
becomes possible and, therefore, the amount of experimental data
required to study concrete behaviour may be considerably reduced,
as the behaviour of concretes for which experimental information is
lacking may be defined by existing data obtained from tests carried
out on other types of concrete. Non correspondences of concrete
behaviour on the specimen and structural element level and the di-
stinction of behaviour between lightweights and normal concretes
are related with the complications of the conventional concrete
testing: a modified test method is proposed for their elimination.

1. INTRODUCTION

Regarding concrete developments an inconsistency is
noticed. The new developments in the domain of concrete
technology, such as lightweight concretes have not been
accompanied by a corresponding development and adjust-
ment of identification indices and testing methods. Compres-
sive strength continues to be regarded as the basic perfor-
mance indice. Its testing remains approximately the same
since its first adoption; “pseudo-uniaxial compression” on
cube or cylinder specimens.

This inconsistency may be seen to be at least partially,
responsible for: (a) the expansion of experimental research,
as the same investigations are made specifically for conven-
tional normal concrete, high-strength normal concrete, con-
ventional lightweight concrete, high-strength lightweight
concrete, etc. and (b) the questions which arise as to the effi-
ciency of thousands upon thousands of research programmes
and published papers, as the initial inherent incompleteness
of the adopted indice and of the test method is enlarged in the
new types of concrete and increase the complications of
results and their interpretation. It comes as no surprise, there-
fore, the question “Is our Research Likely to Improve Con-

crete?” [1] posed by Adam Neville in a recent article.
Submitted: Jan. 25, 1999 Accepted: Oct. 22, 1999

In this paper the concepts underlying a different criterion
for the classification of concretes are presented. The pro-
posed classification criterion may be a suitable basis for
reanalysing publised data in a manner that would lead to a
better understanding of the causes of the observed concrete
behavior.

2. THE INSUFFICIENCY OF COMPRESSIVE
STRENGTH AS AN INDEX OF
CONCRETE PERFORMANCE

2.1.The current practice of classification of concretes
according to the level of strength

According to current practice, concretes are classified on
the basis of their level of compressive strength as: conven-
tional normal concrete, high-strength normal concrete, con-
ventional light-weight concrete and high-strength lightweight
concrete. The lower limit of strength for the definition of
high-strength concrete, following the development of concrete
technology, has changed over time: from 30 MPa (4350 psi) in
the 1950s it has increased to 50 MPa (7250 psi) according to
Australian Standard for concrete structures AS 3600, 1994
[2] and to 70 MPa (10.000 psi) according to ACI 441R-1996
[3]. Several researchers define their own limit in their
research reports. According to Floyed, Slate, Nilson and Mar-
tinez [4] concretes are classified as: low-strength, medium-
strength and high-strength. The lower limits for medium and
high strength concrete are defined as 5000 psi and 8000 psi
for normal concrete, 4000 psi and 6000 psi for lightweight
concrete. Separate recommendations and research programs
are developed for each class of concrete, 1 as the research
reports conclude different behaviour for each concrete class.

2.2. The phenomenological basis of the current classification

One of the basic differences between conventional con-
crete and high-strength concrete is the stress-strain relation.
In fig. 1 stress-strain curves for conventional and high
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strength concretes are shown [S5]. High-strength concrete
compared with conventional concrete exhibits a more linear
ascending branch and a more abrupt descending branch. In
fig. 2 the stress-strain diagram of pumice microconcrete [6]
is shown. The deformational behaviour seems similar for
both types of concrete: high-strength and pumice microcon-
crete (with strength 25-30 MPa). Such similarities are also
identified in several other aspects [7]. According to the level
of its strength, pumice microconcrete corresponds to conven-
tional lightweight concretes. However, according to its defor-
mational behaviour it corresponds to high-strength concretes.
So, the classification of concrete according to the level of its
strength alone, does not seem sufficient.

3. SEEKING THE REASONS FOR THE
NON-CORRESPONDENCE OF
CLASSIFICATION AND BEHAVIOUR

3.1. The two types of load-carrying mechanism and the
corresponding two types of behavior

Theinternal stress state of the concrete under a uniform
compressive stress depends upon the deformational charac-
teristics of its constituent phases: aggregates, cement-paste
matrix and the transition phase between them. As the defor-
mational characteristics of these phases are different, their
internal stresses are different, with the stiffer phase carrying
the higher stress, and, hence, the compressive paths deflect
from linearity. This deviation from linearity leads to the
development of transverse compressive or tensile stresses for
equilibrium purposes. With increasing load, crack formation
begins (or, more pricesily, the pre-existing microcracks pro-
pagate) at the locations of high tensile-stress concentrations,
once the local tensile strength is exceeded.

Due to the different stiffness of the cement-paste matrix
and the transition zone, (the transition zone is more weak
with a higher porosity), cracking initiates at the transition
zone which is the location of high tensile-stress concen-
trations.

Due to the different stiffness of the transition phase and
aggregates cracking develops either at the transition zone, as
shown in fig. 3.1d [7], for the case of a stiffer aggregate phase
(cracks propagate through the cement paste), or at the top and
bottom of the coarse aggregate grains, as shown in fig. 3.2 d,
for the case of a stiffer cement-paste matrix (cracks propagate
through the aggregates).

Hence, the decisive factor for the overall concrete
behavior will be the strength of the bond between cement-
paste matrix and aggregate (depending strongly upon the
quality of the transition zone) in the first case, or the cement-

paste tensile strength and the aggregate stiffness (as cracks
propagate through the aggregates) in the second case.

As it is well established that the cause of non-linearity of
the stress-strain curve is crack initiation and subsequent crack
extension, it would appear from the above that the start of
nonlinear behavior occurs when the strength of the bond
between the two constituent phases, for the case of a stiffer
aggregate phase, or the tensile strength of the cement-paste
matrix, for the case of a stiffer matrix, is exceeded. Moreover,
it is considered that it is because bond strength is smaller than
matrix strength, that the start of pronounced material non-
linearity occurs at a much higher load level for the case with
concretes characterised by a stiffer cement-paste matrix. For
the latter case the stress-strain curve is approximately linear
up to a load level very close to the peak level. Hence, the two
types of load-carrying mechanism correspond to two diffe-
rent types of concrete behavior depicted by the different
stress-strain curves shown in fig. 3.

The differences between the two types of behavior extend
also in several other mechanical characteristics, such as the
rate of strength gain with age, the long-term deformation factor,
etc. Concretes characterised by a stiffer cement-paste matrix
(over-dosed concretes, i.e. concretes with a high cement
quantity) exhibit earlier gain in strength and lower lower
long-term deformation factor.

3.2. The ratio fc/Ec as a concrete criterion

For a given aggregate type, concrete is characterised by a
stiffer aggregate phase when its strength is low (under-dosed
concrete, concrete with relatively low cement quantity),
whereas for a higher level of strength (over-dosed concrete)
it is characterised by a stiffer cement-paste phase. So, the
decisive factor for the type of behavior is the ratio of concrete
strength-to-aggregate stiffness. For a small value of this ratio
the stiffer phase is the aggregate phase and the corresponding
mechanism and behavior are those of figs 3.1 and 3(a),
respectively, whereas for a high value of this ratio the stiffer
phase is the cement paste and the corresponding mechanism
and type of behavior are those of figs 3.2 and 3(b). As the
stiffness of the aggregate content (which keeps much more
volume than the other constituent phases) is the more pro-
nounced factor of the modulus of elasticity of concrete, con-
crete behaviour may be considered to be dictated by the ratio
of concrete strength-to-concrete modulus of elasticity, which
is proposed as a more fundamental concrete index.

Concretes with the same value of the proposed index
exhibit similar behavior, characterising a particular type of
concrete. For small values of the above index concrete
behavior is that characterising the stiffer aggregate type,
whereas forlarge values of the index it corresponds to that of
the stiffer cement paste type.
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4. THE UNIFYING POTENTIAL
OF THE PROPOSED CRITERION

As discussed above, for each aggregate typethere is a cri-
tical value of concrete strength marking the transition from
the one type of behavior to the other, below this value con-
crete exhibits the stiffer aggregate type of behavior. For
values of concrete strength higher than this critical value con-
crete exhibits the stiffer cement-paste type of behavior. This
critical value is different for each type of aggregate depen-
ding upon the aggregate stiffness (it increases with increasing
aggregate stiffness). On the basis of the proposed index,
therefore, the transition from the one type of behavior to the
other is described in a similar manner for all types of aggre-
gates independently of the value of their stiffness. Hence, a
unification of all types of concrete is achieved. The current
distinction of concretes, according to the type of the aggre-
gate and the level of strength, in conventional normal weight
concrete, high-strength normal weight concrete, conventional
lightweight concrete and high-strength lightweight concrete
is not needed. Moreover, it is misleading, especially in the
case of lightweight concretes due to the broader range of
lightweight aggregates used. Lightweight concretes with the
same strength - and, hence, classified in the same group (for
example, as conventional lightweight concretes) - may be
characterised by a different type of behavior due to their dif-
ferent values of concrete strength-to-aggregate stiffness,
which, as discussed above, is the decisive factor for the type
of concrete behaviour.

According to the proposed index, concrete exhibits either
the stiffer aggregate type or the stiffer cement-paste type of
behavior depending upon the value of the ratio of concrete
strength-to-modulus of elasticity. On the basis of existing
experimental data the critical value of this ratio for the transi-
tion from the one type of behavior to the other seems to vary
between 1.4 and 1.8 (with a coefficient of 10-3).

For example, according to fig. 4, which shows the stress-
strain curves and the corresponding values of the modulus of
elasticity for normal concrete, the values of the proposed
index for the progressive transition from the one type of
behavior to the other (depicted by the degree of the non-
linearity of the ascending branch of the curve) are: 0.7, 1.0,
1.2, 1.3 and 1.6, while in fig. 6 [8], which shows the relation
between concrete strength and modulus of elasticity for high-
strength concrete, the values of the index for the stiffer
cement-paste type vary from 2.3 to 3.0.

In table 1 [9], which shows the relation between concrete
strength and modulus of elasticity for conventional normal
weight concrete, the values of the index for the stiffer aggre-
gate type are: 0.6, 0.7, 0.8, 0.9, 1.0, 1.2, 1.3 and 1.4.

According to fig. 5 [6], which shows the stress-strain
curves for normal weight and lightweight concretes with dif-
ferent levels of strength, the value of the proposed index for
the stiffer cement-paste type is 2.9 (for pumice microconcrete
with 30 MPa strength and 11.10-3 MPa modulus of elasticity)
and 2.5 (for expanded clay lightweight concrete with 50 Mpa
strength and 20.10-> MPa modulus of elasticity), while for
the stiffer aggregate type 1.2 (for limestone concrete with
25 MPa strength and 23.103 MPa modulus of elasticity).

More systematic experimental data are needed for a more
precise estimation of the critical value of the proposed index
for the transition from the one behavior type to the other.

5. REANALYSING EXISTING DATA

Fig. 7 extracted from ref. [4] shows the stress-strain
curves for lightweight and normal weight concrete. Compa-
ring the two types of concrete on the basis of the same level
of strength lightweight concretes exhibit a significantly more
pronounced linearity of the ascending branch and a more
abrupt descending branch. On the other hand, a comparison
based on the proposed index indicates that both types exhibit
the same behavior, as the lightweight concretes are compared
with the normal weight concretes with a higher level of
strength. In fact, the similarity also extends to the descending
branch ofthe stress-strain curves as indicated in fig. 8 [10].

Also in reference [4] it is interesting to note the following
conclusion: “At early ages, high-strength lightweight con-
crete exhibits a rate of strength gain higher than that of low-
strength and medium-strength lightweight concrete, possibly
the result of the high internal curing temperature developed
during hydration. The high heat of hydration is associated
with the high cement content in high-strength mixes. Diffe-
rence in rate of strength gain becomes negligible at later ages”.

On the basis of the proposed criterion it is considered rea-
listic to expect the above mentioned early gain of strength.
As discussed above, concrete strength is primary influenced
by the strength of the cement paste when the aggregate con-
stituent is the stiffer phase of concrete. Hence, a delay in
strength gain is expected after the age at which the strength
of concrete has reached its critical value (the value at which
aggregates change from the strong phase to the weak one).
This delay is not expected for low-strength and medium-
strength lightweight concretes as the final strength of such
concretes is below the above mentioned critical value.

In ref. [6] an earlier gain of strength is also observed for
pumice microconcrete with strength 25-30 MPa and modulus
of elasticity 11000 MPa. This seems to contradict the above
mentioned conclusion of ref. [4], as pumice microconcrete
according to its level of strength is classified as a low-
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strength lightweight concrete. On the basis of the proposed
index such a contraction does not exist, as pumice microcon-
crete according to its concrete strength-to-modulus of elasti-
city ratio, which is higher than 2.0, is characterised by the
same type of behavior as the high-strength concretes in ref.
[4] (i.e. the concretes with the stiffer cement-paste type).

On the same basis, an earlier gain of strength is also
expected for high-strength normal weight concretes (com-
pared with the conventional normal weight concretes).
Another observed differencein behavior between these two
types of concrete is the lower long-term deformation factor of
the former [5].

On the basis of the proposed criterion this difference in
behavior is also expected as a result of the more favourable
effect of the redistribution of internal stresses with time. As
aggregate creep is insignificant in comparison with that of
cement paste, a redistribution of stresses occurs with time
from the cement paste to the aggregates. For the case of con-
cretes with the cement paste being the stiffer phase (which is
the case with the high-strength concretes), this redistribution
reduces the internal stresses of the more stressed phase (the
cement paste), whereas for the case of concretes with the
aggregates being the stiffer phase (which is the case of con-
ventional concretes) such a redistribution further increases
the stresses of the more stressed phase (i.e. the aggregates).

6. COMPLICATIONSOF THE CURRENT
TEST METHOD - AN EXAMPLE

6.1. The non-correspondence of ductility on material and
structural element level

As shown in fig. 1 and fig. 2, high-strength concrete, as
well as pumice microconcrete, exhibits a highly less ductile
behaviour than that of conventional normal concrete. However,
according to an experimental programme on the seismic
behaviour of pumice microconcrete linear members [11], the
ductility of appropriately reinforced pumice microconcrete
members is approximately the same as that of conventional
concrete ones. The same conclusions also apply to high-
strength concrete members [12].

6.2. Seeking the Reasons: The Different Influence of the
Test Machine on Concretes with Different Moduli of
Elasticity

As shown in fig. 9, the descending branch of the concrete
stress-strain curve depends strongly upon loading rate [10],
being steeper with an increasing loading rate.

Considering the “test machine - specimen” system as a
simple system of two springs, as shown in fig. 5, specimen
loading rate Vs and total system loading rate V¢ are correlated
through the formula:

Vs = Vt.[1/(1+Cs/Cm)]
where Cs, Cm are specimen and test machine stiffness.

During loading, Cm remains constant, though Cs varies
and at maximum load takes negative value. So, for a given
hydraulic (load controlled) test machine, loading rate at low
levels of stress increases with the decrease of Cs, though near
maximum stress increases with the increase of Cs. The two
types of concrete, conventional concrete and high-strength
concrete, or pumice microconcrete (30 Mpa), exhibit signifi-
cantly different values of Cs. Near maximum stress, high-
strength concrete and pumice microconcrete exhibit a much
higher value than that of the conventional concrete (see figs
1 and 2). So, for the same imposed systemrate Vt, specimen
rate Vs is higher for these concretes than for conventional
concrete.

According to these considerations we may conclude that
the more abrupt descending branch of high-strength concrete
and pumice microconcrete may, probably, reflect, at least
partially, their higher loading rate and not an inherent
behaviour difference between the two types of concrete, as is
generally accepted in the literature [4]. The even steeper
descending branch in the case of pumice microconcrete (as
also of other lightweight concretes) may be seen as a result of
the pre-existing higher loading rate even at the lower load
levels, as at these levels Cs is considerably lower.

7. A PROPOSAL FOR A REVISED
TESTING METHOD
7.1. Objectives

The main objectives of the specific features of the pro-
posed test method were:

1. To overcome the basic complications of the conventional
testing, namely: (a) the non-correspondence of specimen
stress state with that of the structural element under com-
pression, (b) the different influence of test machine cha-
racteristics (stiffness, dimensions and rigidity of plates,
etc.) on different types of concrete and (¢) the dependence
of the strain measurements upon the gage length and
measurement device.

2. The required indices to be obtained by a single and sim-
ple test.

7.2. Features of the proposed method
7.2.1. Type of specimen and test arrangement

Cube specimens are adopted for the estimation of both,
compressive strength and modulus of elasticity. One of the
cubes under testing is cut in two halves. Each cube half is
restrained by means of a steel collar, as shown in fig. [6], and
is inserted between machine plate and each test specimen.
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7.2.2. Type of loading

After two or three load repetitions at low stress level, for
the stabilisation of the arrangement, specimens are loaded as
usual until maximum stress. Then, they are unloaded and
undergo in five cycles of repeating loading at the level of
maximum stress, as shown in fig. 12.

7.2.3. Instrumentation and measurements

No special features are required for the test machine; the
conventional test machines of hydraulic principle are appro-
priate.

Longitudinal strain is measured by two displacement
transducers fixed between two steel clips attached atthe steel
collars as shown in fig. 7. Maximum load and maximum dis-
placement are measured for each loading cycle.

7.2.4. Computed indices and their significance
Two main indices are computed:

1. The “maximum stress / modulus of elasticity” for the first
cycle.

2. The “maximum stress variation / maximum strain varia-
tion” ratio for the successive loading cycles.

The first index indicates the type of concrete perfor-
mance: the strong aggregate type, or the strong cement paste
type, the strong aggregate type corresponding to low values
of the index.

The second index, defining the inclination of the descen-
ding branch of the stress-strain curve (see 5.3), indicates con-
crete ductility, the more ductile behaviour corresponding to
low values of the index.

7.3. Concepts underlying the proposed test method
7.3.1. Type of specimen and test arrangement

Cube specimens, as used in the conventional method, are
influenced by the different deformational characteristics of
machine plates and their dimensions, and, therefore, speci-
men stress state does not correspond to that of the structural
element under compression. Several researchers have pro-
posed various modifications to overcome these disadvan-
tages trying to eliminate the friction between machine plates
and specimen. However, the proposed modifications do not
seem appropriate forserial testing.

By the modification proposed in this paper, the test spe-
cimen is subjected to uniaxial compression, as the interposed
concrete plates (the cube halves) have the same deformational
characteristics as the test specimens. Concrete plates remain
uncracked (and can be used again for the next test specimen),
due to the restraint offered by the machine steel plates and the
steel collars.

7.3.2. Type of loading

As discussed in 4.2, the stiffness of the test machine influ-
ences test results by changing the imposed load rate; this
influence is significant after peak stress. Several researchers
have proposed various modifications to overcome this short-
coming. However, most of them are too complicated or
demand special features for the test machine and do not seem
applicable for serial testing.

By the proposed type of loading, the descent branch of the
stress-stain curve is obtained as an envelope of the repeated
loading cycles. As the test machine stops automatically at
maximum load, the influence of test machine stiffness
involved is not significant. So, test results of specimens with
different stiffness (different modulus of elasticity, or different
size) may be considered as comparable.

7.3.3. Measurement arrangement

Modulus of elasticity and maximum strain, according to
the conventional method, are measured on cylinder speci-
mens and beyond the inaccuracies related to the difference
between the shape of the test specimen and that of the actual
structural element (usually prismatic), they are significantly
dependent upon gauge length and measurement arrangement,
as stress state is not uniform over all the specimen height
(due to the restriction of the machine plates). In addition to
this, test results are subjected to large scatter, as measurement
gauges are usually attached at the specimen surface and are
subjected to surface crack deterioration.

By the measurement arrangement proposed in this paper,
these shortcomings are overcomet, as: (a) specimen shape
corresponds to structural element shape, (b) the same stess
state prevails along all the specimen height and (c) measure-
ment gauges are not attached at the specimen surface.

7.3.4. Computed indices

Concepts underlying the proposed indices are discussed
in § 3 and 4.2.

8. CONCLUSIONS

The current classification of concretes according to the
level of concrete strength may lead to confusing results as
concretes classified to the same type may exhibit different
behavior.

The behavior of concrete depends upon which is the stif-
fer constituent of the material (cement-paste matrix or aggre-
gates). Two types of behavior are distinguished: that dictated
by the stiffer aggregate type and that dictated by the stiffer
cement paste type. Each behavior type corresponds to a dif-
ferent type of the load-carrying mechanism.
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The decisive factor dictating the type of concrete
behavior is the ratio of concrete strength-to-modulus of
elasticity and this is proposed as an index for the classifi-
cation and identification of concrete behavior.

Concretes with a low value of the proposed index corre-
spond to the stiffer aggregate type of behavior. Concretes
with a high value of the index correspond to the stiffer
cement-paste type. The critical value of the index for the transi-
tion from the one type to the other seems, according to exi-
sting experimental data, to vary between 1.4 and 1.8.

On the basis of the proposed index a unification of the va-
rious types of concrete becomes possible, as the classification
of concretes to lightweight and normal weight concretes
(regarding their mechanical behavior) is not any more needed
and the classification of concretes into conventional and
high-strength ones may be misleading.

By unifying concrete as described above, the amount of
experimental information required to study concrete behavior
may be considerably reduced, as the behavior of concretes
for which experimental information is lacking may be
defined by existing data obtained from tests carried out on
other types of concrete.
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