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Xvprotokieonpoocuo: Eva Yrooyopevo Yiko
o Avticelopikés Kotaokevéc

A. MITAKA
[ToAttikog Mnyavikog, Bon0dg E.ML.IT.

Hepitnyn

H epyoaio ovapéperon oty aliomoinon e Kioonpng yio Ty wopo-
YOV PEPOVTOS EAAPPOTKOPOOEUOTOS KOTGIANAOD VIO, AVIICELOUIKES
KOTookeVES. Melwvoviog tov kokko ¢ Kioonpns oto. 8 mm ki
XWpIS vo. avtikotaotalel 0 Aemto vAIKO ue aofeotoriOikn duyio
wopnyOn kpokioonpodeua e (uéyiorn) aveoyn 30-35 MPa, fdapog
1500 kg/m?, evyépera kou wkpd kéotoc mapoaywyic koi avénuéves
OVVaTOTNTES  OYEDIOONO0D. AEKOTPIO. TEIPOLOTIKG OTOIYEIC UNKOVS
2.200 mm omo puKpoKICONPOOELO. UE TVPUATOTAEYILO, (KOTTETGOTVP-
o) yopw amo tov KAwPo twv aovietpwy emimovovinkay og eval-
Aaoaouevn emimovon vmo oTabepd aloviko PopTio KAl 1] GOUTEPLPO-
PO T00¢ oVYKPIONKE pE aVTIHY GV{DYWOV GTOLYEIWY OTO KAVOVIKO OKD-
pOdeUO. ATTO T TEIPOUATIKG OTOTEAETLOTA TPOEKVYE OTL 1] GOUTEPT-
POPO. GTOLYEIWV OO GUPUATOKITONPOOELO. EUPOVICEL TOPOLLOLO, XOPO-
KTNPLOTIKG. [UE ODTIV OVTIOTOLYWV GTOLYELWY OO KOVOVIKO GKOPOOE-
uno. Iewpouatika otoryeia pe 01610ln 100 KOUTTOUEVOD OTAIGUOD
Ko’ Owog g dlaTouns eupovioay mopouolo. (1 kor kaldtepn)
OVOUTEPLPOPO. LLE TTOLYELO, [ ovUPoTIKN O1aTOLH TOV OTAIGUOD (KOTd,
TAGTOG THG OLOTOUTG).

1. EIXATQI'H

To mpokticd ovedviinta omoBépata kioconpng oty
EXLGS0, Waitepo ota viold Zavtopivn, [voii kot Nicvpo,
TO LKPO PBAPOG TNG KO Ol HOVATIKEG WOOTNTEG TG OOTENE-
oo KiviTpo yio 6e1pd epevvav yia v agloroinon g Kic-
GNPNG OTNV TAPAYDYT OTAIGHEVOL EAAPPOCKVLPOSEUATOS Y10
PEpPovoeg Kataokevss. Ot emPLAGEELS, TOV SLOTVTTOVOVTAY
ToMOTEPO Y10 KIVOUVO S1APPOGONG TOV OTAIGHOV GTO KIGGT)-
podepa, siyav amd koupd apbel, KaBMOG N TEPLEKTIKOTNTA GE
Belo g kioonpng dev Ppébnke amoyopevTIKY] Kol €K TOV
VOTEP®V £EETALGT TOV OTAIGLOV GE LILAPYOV KTIPLO Od KIo-
onpodepa oto ol €dei&e Waitepa koA avTidafpmTikn
TPOGTUGIO TOV OTAIGUOV amd TO Kloonpodepa. (Aedopévou
OTL Ol E0MTEPIKOL TOPOL TNG Kioonpng eivatl KheloTol Kot ot
avotytol emeavelaKol TOPOL KAADTTOVTIOL OO TO TOLUEVTO-
KOViOo, TO HEYOADTEPO TOPMIES TOV KICOTPOSEUATOS dEV
GUVETAYETAL Kol HEYOADTEPN Odlamepatotnta). [lapd v
apon tev eneuidtemv avtav, n aloroinon g kioonpng
YropinOnke: 25.1.1999 Eyive dexri: 12.7.1999

CTNV TOPAY®YN GEPOVTOS KlooNpodépatog kadvotepodice
Yo TEYVOAOYIKOVS KOl OIKOVOULKOVG AOYOLS, OTmC: (o) OYETL-
K& pkpn otdOun avToyng ToL KIGGNPOJEUNTOS Y10 GYETIKA
peydin katavaimon toéviov, (B) avtiotpoen anduiln tov
vOTOD KIGGNPOGKLPOIEUATOS, AGY® TOL HKPoV BApovg TmV
adpoavav, Kot ev YEVel Kokn epyaclpudma, (y) mpodcbeto
KOGTOG Yo TPOSWPPoyN TV KOKK®OV TNG KIGGNPNG Kot amo-
péxpoven tov Aemtod LAKOD, () HEYOAES HOKPOYPOVIES
TOPAPLOPPADCELS (OTOTELEGUO TNG ONOLTOVHEVNG UEYOANG
TOGOTNTAG TOEVTOV) K.AT.

[Mo v avénon g avToyng Tov KIGGNPOSEUNTOS Ol TPO-
OTABELES TOV TPAOTOV EPEVVNTIKAOV EPYUGIDV, GE OVTIGTOLY{OL
LLE TOL 1GYVOVTA Y10t TO GLUPATIKO GKUPOSELD KOL TO ELAPPO-
OKLPOJEUATO HE TEXVNTO 0dpavy, KvNnOnkav mpog v
rkatevBovon: (a) avEnong g KaTavaA®oNg Tov TGLUEVTOU,
(B) ypnowwomoinong towéviov vyning avioyng (toyeiog
avamTuENg TS avToyng), (V) avTikatdoTaons ToL AETTOD LAL-
K00 g kioonpng pe acPeotohkn Gupo Kot (8) ovrikoTd-
OTOONG HEPOVG TOV YOVIPOV KOKK®V UE ooPectoMOikd
adpavn [1].

e gpeuvntiky epyacia mov éyve oto Epyactiplo Zkvpo-
dépotog tov E.MLIT. v mepiodo 1974-1976 (ot0 mhaicto
vrotpogiog tov LK.Y. yuo ekmdvnon Sdaxtopikng dotpl-
BNg), axorovdndnke dapopetikn katevOvven: N peiwon Tov
KOKKOV NG Kioompmng Kot 1 1] OVTIKOTAGTOOT] TOV AETTOV
VAoV ™G pe acBectoMOkn dppo [2]. To pikpokioonpdde-
0L TOL TTPOEKVYE OVOLPEL T TEYVOAOYUKE LELOVEKTILLOLTO, TOV
GLUPOTIKOD KIGGTPOSEUATOG KOl £XEL LKPO KOGTOG TOPOLY®-
NS, kabog: (o) dev amouteitar HEYOAN KOTAVOA®OT TOLUE-
vtov kot mpodwfpoyn tov kokkov. (H amoppdenon tov
KOKK®V HEWOVETAL, OG0 peldveTal To péyedog tovg), (B) n io-
onpn propet va ypnoorombet og éva pdvo khdaopo 0-8 mm,
(y) pmopodv va xpnotponomfovy ot Kovol avoKTpeS TOV
Koviopdtov Kot va viofetBovv pikpdtepa dokipo yio Tov
ootk EAeyyo (to péyebog Tov dokiuiov eivor cuvaptnon
TOV UEYIGTOV KOKKOV TOL 00pavos) WE TO GUVETOYOUEVO
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o0&, kaBOG pmopovdv va ypNoononBody eAAPPOTEPEG
Kot ONVOTEPES UNTPEG, LIKPOTEPES Kot POMVOTEPEG UNYOVES
doxaciog (Lmopodv va viofetnBody o1 UNTPES KAt Ot PNy~
véG Bpaloemg TOV KOVIOUAT®V), OTOTOOVTOL HIKPOTEPOL
¥dpot amobfKevong Kot GuVTHPNONG, K.AT. MikpoTEPOG KOK-
KOG 0dpavoVg EMTPEMEL, EMIONG, LEYaADTEPT ehevbepia 6TO
oyxedlaopd TV otoyyeiov (.. VIBETNON JTOUDY HOPPTS
T v adEnon g dvokapyiog oto otddlo Asttovpyiog Kot
avénon g TAAGTILOTNTOG GTO GTASIO OGTOYING), TV EQUP-
HLOYN TOL (G TAEOVEKTIKOD EKTOEEVOLEVOV CKUPOSENATOG (e
LIKPATEPT OVOTNONOT TOV AdPOVAV), KOBMS Kot TNV v1obE-
TNOoN VEDV TEYVIKOV. XTO TANIGIO STAMUATIKOV E£PYOCLOV
g meptodov 1981-83 twv eormtdv X. Avactaciov, X.
Apyvpiov kot M. Kwvikhr|, oyedidotnke didtaln OEIoHKNG
EMMAVIONG OTOYEIOV GE PUOIKN KAIPOKA Kot dlepevvi ke
N dvvatotta PeATioong TG CEGUIKNG CLUTEPLPOPIS GTOL-
YEIOV amd PIKPOKIGGTPODELD, LLE TTPOCHNKT GUPUOTOTAEY L0~
tog (pe dvorypa Bpoyidog 20-30 mm) yopw® amd Tov KA®PO
v cuvdetnpwv. Ta ototyeio and cuppatokiconpddepa emé-
de1&ov KaATEPT CLUTEPLPOPE amd QVTHY TOV AVTICTOLY®OV
oTolEIMV amd GKETO HIKPOKIGONPOdEUa. (LEPOG TOV amOTE-
Aeopdtev g epyociog Tapovstdlovtar oty [3]) kot diebo-
SkdTEPN dlePeBVION TNG CUUTEPLPOPES TOVG (GE GVYKPLTIKN
Baomn pe tn cvpmeplpopd avticToy®v cToLyelmv omd Kavovi-
KO OKUPOJEWN) GLVEXIOTNKE OTO TAGICIO SMADUATIKOV
EPYACLOV TNG TEPLOS0L 1998-99 t@v pottntdv X. NikoAakd-
movAov, A. Iovaywrtakémoviov, K. KiedvBovg wor A.
Mmnovtov. H mpocoyr| ecTdoTnKE GTNVY EMPPON TOV TOPOLLE-
TP®V TOV EYKAPGLOL OTAGHOD KOl 6T1 dSuvatdTnTo StdToEng
OV StopKovg (KapmTikoh) omAGHoD Kob’ Dyog Tng dlato-
NG T®V GTOLEI®V, AOY® TOV GNUOVTIIKAOV KAUTOCKELOOTIKOV
KOl TEYVOAOYIKMV TAEOVEKTNUATOV TOL TPOGOEPEL OTNV
nepintoon Quyopdtov TAoiciov, ota oroia, Guyvd, Ol Aot
TNHOELG TOV CUYYPOVOV OVTICEICUIKOV KOVOVIGU®MYV KOTOAN-
youv og amaitnon OAPopevov omiopol idov M mEpimov
dtov pe Tov gpglkvdpevo. v gpyacia avty Tapovstalo-
VTOL TO. ATOTEAECUATA TV SIEPEVVICEDY OLTAOV.

2. IEPII'PA®H TOY YAIKOY

To GLPUATOKIGOTPOSELN ATOTEAEL LIKPOKIGOT|POJELLO UE
GLPUATOTAEY O, YOP® OO TOV KAWBO TV CUVOETNPOV TOV
dopkmv otoyyelmv. To pikpokioonpddepo cuvtifetor amd
Tolpévto, kiconpn oe éva Kidopa 0-8 mm (ywpig mpodia-
Bpoyn tov kokkwv) Kot vepd. To cupuatdmieypa sival e&o-
yYovikng Bpoyidog avoiypatog 20 émg 30 mm (yorPavicpévo
KOTTETGOGLPLLL).

Ot avaroyieg avapéng yio avtoyn 30 MPa eivon g té-
Eemg: 400 kg topévto edinvikov tomov, 940 kg kiconpn (pe
™ eLoIkT vypacio) Kot 240 kg vepo (mpootiBépevo vepod). Ot

avoAOYieg OLTEG KUUAIVOVTOL AVAAOYO. LLE T1 QUGTKN LYPOGi
G KIGoMPMG KOl OVTIOTOLYOVV GE HIKPT EPYUSHOTNTO. oL
peyaAhTePN €PYOCIUOTNTO TPOOTIOETOUL KATAAANAO VITEPPEL-
otomomTikd Tpdcbeto. KaAdtepo anotéAeoia EnLTVYYAvVETOL
LLE VTTEPPEVGTOMOMTIKA GYESAGHUEVO EIOIKA Y10, EAAPPOCKY-
podépata (Le 0epaKTIKN OpdoT).

To tevoLOYIKE XOPOKTNPIOTIKA TOV DAKOD (OT¢ Tposo-
dropiotnkay oe gpeuvntiky epyacio tov Epyacmmpiov Omhi-
opévov Xkvpodépotog tov E.MUIL. katd v mepiodo 1974-
1976, 10, avaADTIKG omoTELEGHOT TG omoiog divovTal Kol
oyoMdalovtor oty [2]), givat (o) péytotn avtoyn: 30-35
Mpa, (B) Bapog (oxAnpupévov): 1500 kg/m? (y) taydtepn
avantuén avtoyng amd To Kavovikd okupddeua, (8) cuvtele-
om¢ Beppikne ayoyypomrog: 0,50 keal/mhc® (évavtt 1,40
kcal/mhc® yioa okvpodepo pe acPeotoMbikd adpavn), (&)
pétpo eraotikdtrag (téuvov otn otdbun 30% g avToxnc):
11.103 MPa, (0T) KATAGTOTIKOC VOLOG TUCEMV-TOPALOPOD-
oemv ypoppikds, £) cvvagelo pe o ydAvPo TOPOLOLN, KoL
evdgyopeva Kohutepn and avTV Tov GLUPATIKOD GKLPOSE-
HOTOC KOL 1)) CLVIEAEGTNG HOKPOYPOVING TOPAUOPPMONG
TOPOLOL0G LLE OVTOV TOV GUUPBOTIKOD GKVPOSELOTOG.

To pkpokiconpddepa epeaviletl, 0md TAELPAG UNYOVIKNG
CLUTEPLPOPAS, OUOLOTNTA LLE TO CKVPOSEUOTO VYNANG OVTO-
s H opotdmra avt emeényeiton oty [4] kot omotelel
AOYIKN 0Oppole TV BE@PNCEDY TOL VITAYOPEVCAY TO G)E-
S1001O TOL VAIKOV Kal Ol 0TToiEg divovTal TAUPAKATE.

3. H AOI'IKH TOY XXEAIAXMOY
TOY YAIKOY

X16Y0g TOV GYESIAGHOD TOV VAIKOV TV 1 EMITEVEN TNG
peyaAdTEPNG SUVOTNG OVTOYNG TOL KIGOPOSEUATOS LE TO
pkpdtePo duvartd PApog Kot TO HKPOTEPO KOGTOG TALPOYM-
NG, O€ GLUVOLAGUO LE TNV KOAVTEPT] dLUVOTN GLVAPELD KOt
HLaKpoypOVIOL CUUTEPLPOPA.

>ty epyaocia [4], otv omoia evtomiletal n avemdpKee
™G OMTTTIKNG avTOoYNG G d&ikTn TA&VOUN oG KAt TAVTOTOIN-
OMG TOV GKLPOJEUATOS, BE®PMVTAG TO GKVPOSELD CVGTNLLO
TPV el PEPOVG PACEMV (TOV 0OPUVAV, TOV TGULEVTOTOA-
TOV Kot NG €vOldpeons @dong) cvumepaivetatl 0Tt Yo Kabe
adpovég vIapyel pe petafotikyy otdfun oKvpodENATOG,
kGt amd v omola M woyvpN Ao eival Ta adpavh Kot M
avtoyn Tov oKupodépatog eEaptdrtal, Kuplmg, amd TV avto-
AN TOV TOYEVTOTOATOV Kot TAV® ard TNV omoia ioyvpn edon
elval 0 TOWEVIOTOATOG KO 1) OVTOYN TOV GKLPOOELATOG
eaptdral, Kupimg, amd v avtoyxn tov adpavovs. H kicon-
pn eivar acBevéotepo adpavég amd tov acfectorbo (Kabng
Kot GAAQ TEYVNTE EAOPPE adpavi)) KOl 1) LETAPOTIKY 0VTH
otafun avtoyng etvol moAld LKpATEPN OTNV MEPIMTOOT| TOV
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KIGOMPOSERNTOG amd O,TL TNV TEPINTTOOT TOL acPfectoMOL-
KOO OKLPOSEUATOS (1] EAAPPOCKVPOSEUATOS WE TEXVITA
adpovry). AVEnoN ¢ avToyNG TOV TOLUEVTOTOATOD (TT.). L€
abénon ™G KATAVOAMONG TOV TOLEVTOV) avEAvel alcOnTd
™V avtoyn uéypt mv avtiotoryn petafatikny otddun. Metd
™ oTdOun avt TEPUITEP® avENGN TNG AVIOYXNG TOVL TOLUE-
VTOTOATOU EMPEPEL OVGAVAAOYO HIKPT AOENGT| TG OVTOYNS
TOV GKVPOOEUOTOS (YAPAKTNPLOTIKO TETOLOV GLVOECEDV
glvar m oA ypiyopn EEMEN ™G AVTOYNG, TY. 1) AVIOYT| TOV
entd Muepmdv givor mepimov 1010 pe TV OVTOYN TOV E€1KOGCL
oKT® Muepmv). I'a mepartépw adEnon g avtoyng Tov oKL-
podéupatog amorteitor adpavég pe peyaidtepn avioyn. Ot
KOKKOL TNG Kioonpng mpokvumtovy and Opadon peyordtepmv
KOKKV ot Béomn tev peydAov Tépov Kot YU avtd pQavi-
Covv peyaidTepn avtoyn, 6co pewdvetot to pnéyebog tovg. Me
N XPNOLUOTOINGT KPDV KOKK®V EMTVYYAVETAL aOENGT TG
avTOYNG OYL LOVO AOY® TG LeYAADTEPNG OVTOYXNG TOVG, ALY
Kot AOY® NG HEYOAVTEPTG OLLOLOYEVELOS TOV GKVUPOOELLATOG
OV TTPOKVTTEL.

Amotéheopa TG Topandve Bedpnong NTav 1 pelmon tov
UEYIETOL KOKKOV TNg Kioonpng ota 8 mm. Me v viobétnon
UIKPOO KOKKOL aipeTal, €miong, to TpoPfAnpe g avtiotpo-
NG amduEng Tov GLUPATIKOD KIGONPOSEUATOS (Le LEYIGTO
KkoKkKko 30 mm) kot BEATIOVETAL 1) GUVAPELD [LE TOV OTAIGUO
(ow&aver n evepydg empdvelo emapnc). o v agromoinon
TV TOVLOAAVIKOV 1O10THTOV TOV AETTOV VAIKOV TNg Kioon-
PNG KOl TNG GUVETAYOUEVNG UIKPOTEPNG SIUTEPATOTITAG KO
UEYAADTEPNG YMUIKTG OVOEKTIKOTNTOG TOV KIGGTPOOEUATOG,
dgv v100eTEiTOL 1] OVTIKATAGTOGT) TOL AETTOV LAIKOV pe acPe-
otoMB dupo (n omoia cuverdyetar avénon tov Bapovg
Kot petmon g Beppoay@ypdtTog Tov Kioonpodépatog). H
UEYOADTEPT] OLOLOYEVELD TOV VAIKOV, AMOY® TOV LUKPOD KOK-
KOV TOV, KOl Ol OUVEMOYOUEVEG WIKPOTEPEG ECMTEPIKES
LIKPOPPNYLOTMGELS amoTeEAoVV mpdoheto mapdyovta Per-
Tiwong g SlmepaTdTNTAS TOV.

H mpocHnkn tov ovppotomAéypatog yopm omd Tov
KA@BO tv cuvdeTnpmv, dvvati AOY® TOV UIKPOV KOKKOV,
vioBeOnke yio Pekticon TG CVUTEPIPOPUG TV GTOXEI®V,
KoM av&AvVovTag TNV EPEAKVOTIKY AVTOYT| TNG EMKAALYNG
TOU OTMAMGUOD EMUTPENEL UPEYAADTEPT OAVATTVEN POYLOV
(meprocdtepeg poypég) Kot kaBuotépnomn g e£EMENS Tovg.
KaBvotepel g v amokOANGN TNG EXKOALYNG TOV OTAL-
GUOD KOl T GUVETOYOLEVT] LEIMOT TG EVEPYOL SATOUNG TOV
otoyeiov. Eniong, ovykpoatdviog va unv dteckopriotel to
PNYHOTOUEVO GKUPOSELO EMTPEMEL LOKPOTEPT] EXPPON| TG
€UVOTKkNG dpdong TG TePIoPLENG TOV GLVIETHPOV TOV EVEP-
yomolgitar peTA TV amokOAANom g emkaivync. Kotd
KGO0 TPOTO, 1| EVICYLOT TOV GUPUATOTAEYUATOG TPOGOIdEL
TOTIKG GTO LIKPOKIGGTPOSELD, LLE ATTAD KOl OTKOVOULKO TPOTTO
TOL TAEOVEKTNLLOTO. TOV WVOTAIGHEVOL GKLPOOEUATOC.

4. TIETPAMATIKO ITPOI'PAMMA

4.1. Ztoy0t Ko AOYIKY] TOV TPOYPAPNOTOS

O oyetcd peydhog AOyog avtoyng mpog Pépog Tov VAL
K00, 40% mepimov peyaAdTEPOC OO OLTOV TOL KOVOVIKOD
OKVPOSENOTOS (AVTIOTOLYNG OVTOYNG), OTOTEAEL TPDTN OETI-
K1 évoelgn g avtioelspukng agiog tov. To pukpo pétpo era-
OTIKOTNTOG Kot 1 [KPT dvokapyic, TV omoio VTodNAdVEL
KOL 1 OYETIKA LEYOALTEPT] WaBVPOTNTA TOV GE eMinedo SoKL-
piov, Bétet epoTHOTO GYETIKG pe TO pEyeBog TmV petatomi-
GEMV KOl TNV TAACTILOTNTA TOV SOUIKOV ototyeimv. O oko-
OGS TOV TEPALATIKOV TPOYPALIATOS (TO omoio vAomomOnke
oe 000 QACEIG OTO TANIGLO OUTAMUOTIKOV EPYUCSIAV NG
meptodov 1981-83 ko g meptodov 1998-99) ftav ag’ evog
Vol S1caPNVIGTOHV TO TOPUTAVED EPMTIHOTO LECH TELPOLLOL-
TIKNG S1ePeHvNONG TG CELCUIKNG GUUTEPLPOPES YPULULUK®DY
oTOlEI®V OO GLPLOTOKICOTPOSENN GE CUYKPITIKT Bdon pe
TN GVUTEPLPOPA GLLVYAV GTOXEIMV OO KOVOVIKO GKUPOSE-
po Kot 0’ €T€POL va diepeuvnBel 1 EMPPON OTI) GLUTEPLPO-
pa TOV GTOYEIOV PACIKOV TOPAUETPOV, OTMG TO AVIYUEVO
TOGOGTO TOV SIAUNKOVG OTAGLOD, 1] TTOLOTNTOL KOl 1] ATOGTO-
o1 TOV €YKAPOIOV OTAMGUOV Kot 1) O14TaEn TOL SLOUAKOVG
omAMopov. H éugacn tov Telpapatikod Tpoypapotog oty
EMPPON TOV TOUPOUETPOV TOL EYKAPGIOV OTAICUOV Kol TOV
TPOTOV dtdTang Tov SLUNKOVS OTAGHOD d0BNKE Yo TOVG
€ENg Aoyovg:

o) MolovaTtt 0 GOYYpovog Kavoviopog dev Bétet meplopt-
oud ®G TPOG TNV TOLOTNTO TOV GLVOETNPWVY, oTNV TPAtn o
¥6AvBag S500 teivel va ekTomioEL TNV TAMAOTEPO YEVIKEVUE-
vn gpnon tov yaAvfo S220. Qg évo and TO. TAEOVEKTHLLOTO
NG OVTIKATAGTAGNG QVTNG, 1| OTOl0 GLVOSEVETAL O GEPA
TPOPIMUATOV TOV GLVOEOVTAL LE TN HUKPOTEPT] OAKILOTITO,
TOV TEPIGOOTEPOV TOMOV YOAVPOV TNG TOLOTNTAG GVTNG,
Oewpeitor 1 dSvvatdtTa advénong g ardeTIeNG TMV GLUVOE-
mMpav (yio 010 péyebog avarapPavopevng TEUVovoas) Kot
YU aDTO EVYEPECTEPTC GKVPOSETNONG KAl LEYAAVTEPTG OLKO-
vopiag. H amdotoon kot 1 modTnTo TV GUVIETHPOV GUV-
dvaotkav, dote vo elexdel pécm ¢ mepapoTikng deped-
ynong N opBoTTa TG Bedpnong avTig.

(B) ZOpupmvo pE TIG OTOITNOELS TOL GOYYPOVOL KOVOVI-
ouov, ota {uyduate Tov TAAGIoV mov oyedidlovtal Yo va
avtéEovy GEICUIKEG dPAGELS Ol BETIKES KO OPVNTIKES POTTEC
TPOKVITOLY GLYVA 1610V 1 Tepimov id1ov peyébove. H cuvi-
Onc dudtoén eivar  tomobémon tov paPdmv Tov OTAMGUOD
Kot mAGTog oty akpaic Gve Kot KAt TEPLOYN TS dl0To-
e H duwitaén avt) epgavilel onpoviikd HEOVEKTALOTO
omwg: (o) duokoAieg Katd TN SAGTPOON Kot GKUPOSETNON
TOV OKVPOSEUATOG, (P) HEWWUEVN TKAVOTNTO OVAANYNG
TEUVOLOOG amO TO GOTAO GKLPOJEUD, AOY® TOVL UELOUEVOL
BaBovc g OMPOpevng {dvng (ovvémetla Tov peydiov OAPO-
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2y. 1: Hepoporirn didroln.
Fig. 1: Test set up.

HEVOL OTTMGLLOV), (Y) avATTUEN LYNADV TACEMV GLVAPELOG,
AOY® avantuéng opbmv tdoewv avtifetov mPOoHLOL OTIC
PAPOOVG TOV OTAMGLOV GTIV TEPLOYN KOVTA GTIG TOPEIEG TOV
KOUBOL SOKMV KOl VIOGTVA®UATOV, () amaitnon peyaAov
TAATOVG TG dtoTopng TV Juyopdtev yuo T ddtaén tov
papdwv Katd TAGTOC, K.AT. Aldtaln Tov paPdwv Tov dtopn-
KOVG OTAMGHOV ke’ VYOG NG STOUNG aipel To TOPATAV®
UELOVEKTNLOTOL KOIL, EMTAEOV, LECH TMOV EVOLAUECOVY PAPd@V
EVIOYVEL TN PEPOLGA IKAVOTNTA TOL KOUBOV.

4.2. Mlsypopotikd otovyeio

Eikoot apgiépeiota ototyeio avoiypotog 2.000 mm, déxa.
oand avtd pe datopn 150x150 mm (vrootvAdpata, oTnv
TPOTN PAc), Kot déka pe drotopr] 150x300 mm (Sokot, ot
devtepn don), ETmovVNONKAY 0 EYKAPOLO EVOALUGCOLEVT|
LeTOKivion otV TEPLOYN TOL HEGOV LTIO 6TabePd a&OVIKO
©opTio HECH TNG TEPUUATIKNG dtdtains moh @aiveTol 6To
oy. 1. A6 ta ototyeio avTd To SEKATPIO NTAV OO LUKPOKIG-
oNPOJEND KOt TO, ENTA Ad KAVOVIKO okvupodepa. [pm amd
oV KA®BO Tov OTAMOpHOD TEGGAPMOV VTOGTUAMUATOV KOl
oAV TV dokdV TomofeTNOnKe CLPLOTOTAEY LA, OIS PO
vetat 670 oy, 2. Ta vrooTtvAdpate emuroviOnkay o€ dVo
onpela oty TEPLOYN TOL HEGOV, OGS PoiveTol 6to o). 3. H
mEPLOYN TOL HECOL MTAV EVIoYLUEVN HE TTpdcBeTo omMoo
KOl TOPOKOAOVOEITO 1| CLUUTEPLPOPA TOV OKPAIOV TEPLOYDV
TOV oTOLElOV 7OV 100SVVAHOVY [LE dVO VTOGTLAMDUOTO -
nwpoPorovg (e Adyo didTunong ico pe 5.5) o evarlacoopLe-
v petatomion tov gredBepov dpov Vo otabepd avnypévo
agovikd goptio. Ot dokol emmovnOnkav ce éva onpeio 6to
pécov tov avoiypotog (pe Adyo didtunong ico pe 3.5). Ot
AeTTOUEPELEC OTAIONG TOV GTOLYEIOV QaivovTal 6To oy. 3.

Y10 ocvpPoropd TV otoyeimv ta ypappato L kot N
VIOONADVOVY TOV TOTO TOV GKLPOSEUATOS (GLUPLUTOKIOGT-
POJELLD. KO KAVOVIKO GKUPOJELLD, OVTIOTOLYN), EVD T YPALL-
pato C kot B vrodnimvovv 1o €idog tov otoiyeimv (vmo-
GTOA®LLO. KO OOKO, avTicTOLYOL).

2x. 2: Iéyua yopw omo tov omliouo.
Fig. 2: Wiremesh around the reinforcement.

H okxvpodétnon tov Sokdv amd KovVOVIKO GKUPOSEL
€ywe e £TOLO OKVPOJELLD, EVD TO LIKPOKIGOTPOSEL Y10 TN
GKVPOJETNON TOV VOOV SOKAOV EYIVE ML TOTOL LE TPO-
podoaia g kiconpng (ywpig mpodiaPpoyn) o€ Eva KAAGHO
0-8 mm, Tov ToléVTOoL Kot Tov vePoD ot Papéia Tov oy-
HOTOG TOV ETOLUOV GKUPOSEUATOC UETH TNV EKKEVAOGCT] TOV
a7t6 TO £TOLLO KOVOVIKO GKVUPOOELQL.

4.3. IMopapeTpol Tov TPOYPARNATOG

INo ta vrooTVAGUATA (TPOTN PAGT TOL TPOYPAUUATOS)
petafANTEG TAPAUETPOL NTOV: 0)) TO TOGOGTO TOV SLOLUNKOVG
omhopol pe tipég 0.9% won 2.0% xar B) n avroyn Tov oKv-
podépatog pe Tnég 18 MPa kot 30 MPa. Ot avtictotyeg Tyég
YO TO UNYOVIKO TOGOGTO TOV OTAGHOV (TO 0moio BewpnOn-
ke ®¢ t0 Paotkd péyebog emppong) nrov 0.12, 0.20, 0.26 ko
0.41. Tw k&Be mapdperpo dokipdotTnkay dvo otoryeia: éva
Ao GLPHATOKICOTPOSEUN Kol €V OO LUKPOKIGOT|POSELLOL.
Ot TEG TOV PNYEvIKOD OV YILEVOL TOGOGTOV TOV EYKAPGLOV
OmAMGHOD KoL TO avIYHEVO aEOVIKO QOpPTio NTaV avTicTot o
1.2 ko 0.15.

INo tig dokovg (devtepn QACT TOL TPOYPALATOS) Ot
petaAntég mapdpueTpot frav: (o) 1 TodTNTO, UTOCTACT Kol
duataén Tov eykapoiov omhopod kot (B) n didtaén Tov da-
pUAKovg omAGHoV. YioBetOnkay V0 modTNTEG GULVOETH-
pov: S220 kot S500, b0 amootdoel cuvdeTipov 100 mm
kot 200 mm, §V0 SaTdEEG CUVOETP®V TOL PAIVOVTOL GTO
o). 3 Kot dV0 SuTAEELS TOV SLOUNKOVS OTALGHOD: KATAVOLLY|
TV paPdwv Kab’ Vyog g dtatoung kat (cuppatikn) Koto-
voun koatd mAdtog tng dtatopng. Ot Tiég Tov avnypévov
TOGOGTOV TOV SLOUNKOVG OTAIGHOD KOl TOV avnyUéVoL 0o-
vikov @optiov Hrav 0.30 kot 0.08 avrtictoya. [pw and tov
KABO omhicpod 6A®V TV doK®mV TomofethOnKe KOTTETGO-
GLPLUO.

4.4. Mlewpapotikn owatain ko pedodolroyio doxipaciog

H dokyacio tov ototyeiomv £ytve TNV mEPAPATIKY -
taén mwov eaivetat oto oy, 1. [a v emPorn g evorroo-
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2y. 3: Onhion wepopotik®y otoryeiov.
Fig. 3: Details of test members.

GOUEVTG LETATOMIONG YpMoomombnke ypbhog MTS (500
kN), o omoiog maxtm®Onke oto danedo doxkiudv. To otabepd
a&ovikd poptio emPAnOnKe pHES® VIPAVALKOD YPVAOV LE TN
HopOT EEDTEPIKNG TPOEVTAGTG EPEAKDOVTAG 0V0 EEMTEPIKES
oAOBOveS paPdovg Kkat tpeito otabepd pécw 300 YaAvPot-
vov glatnpiov, ta omoio avoipodoay T Hei®on Tov, AOy®
Tov B€Aovg Tov oToLYKElOV.

Metpohvto t0 PELOG OTO HECOV TOVL OVOIYLOTOG TMV
otoleimv, 1 dVVOUN amOKPIoNG KOl 1) OYETIKT HETOKIVNON
¥6AvBa Kot okvpodépatog HEcm TG ddtadng mov eaivetot
670 o). 4. 10 Téhog KdOe dokiung yvotay otk eE€Taom
NG GLUVAQELNG HLE TOPOTHPTON TNG SLOTOPOYNG TOV AVAyAL-

Longitudinal
bar

bar enveloped by piastic
during concreting

2x. 4: Métpnon oricBnong omiiouod kai 6KOPOOEUATOG.
Fig. 4: Steel-concrete slip measurement.

(OV TV VELPMGEMV TOL YUALPO GTO GKLPAOSELN TNG EMIKA-
Aoyme.

Metd v emPoAin tov afovikov @optiov To oTOlXElN
VROBAAAOVTO apyKd G TPEIG-TEGTEPLS AVOKVKAIGELG LIKPTG
ot6OuNg Yo oTafepomoinomn g TEPAPATIKNG OLATAENG Kot
EAEYYO TOV UETPNTIKDY OPYAV®V, GTI GUVEXELN O TPEIG-TEC-
OEPIG AVOKVKAIGEIG 08 oTafUn emmdvnong avticToyng ot
dtappon Tov YaALPa Kot TEPATEP® OE TEVTE £MG OEKA OVOL-
KUKAlGELS 6g 6TafUn avticToyyn o€ T Tov dgikTn TAAGTL-
pomrog ion pe u=3.5. (O tomog emmdyNoNg avtioToryel ot
dtadoyn LKpPNG, LETPLAG Kat IoYVPNG CEGLUKTG dpdong). [a
™V Tpnon otafepng TG TayvTHTAG EMITOVNONG Kab’ OAN T
ddpreta Tov mEPApOTOS, iong pe 0.2 mm/sec, (Adyw g W1-
altepng EXPPONG TNG OTN UETEANGTIKY TEPLOYN TNG EMTOVI-
omng), N mapakorovbnon g eEEMENG TOV POYUOV YvOTAV
pe JdoyIKn POTOYPAPIOT GTNV TPAOTN @don Kot Pivteo-
okomnomn ot devtepn edon. H tipnomn tov mpoypappotog
EMMOVNONG YVOTAY LE 00NYO TO OLAYPULUN CUUTEPIPOPUG
(dOvapnc-pérovg) oe Kataypapkd dV0 aEGVOV GLVIESEUEVO
pe to peTpnrikd opyova. Qg otdbun dappong tov ydivpa
opifeto M otdObun amdéTOUNng KAIGNG TOL OLOYPAUUATOS
GUUTEPLPOPALS.

5. HETIPAMATIKA AITOTEAEXMATA

Ot kopmOAEG GLUTEPLPOPAG HIVOVTOL GTO GY. 5 Yl TUTL-
K@ TEPOLOATIKG GTOYEI0-DTOGTUAMUOTO KAl GTO T, 6 Y10 TIG
mepapoTIkég dokovg. H popeoloyio tov poyudv petd to
TELOG TMV OVOKVKAIGE®V QaiVETOL GTO GY. 7 Y10l £vOl TUTIKO
VTOGTUAMLLO KO GTO GY. 8 Y10 YOUPOUKTNPLOTIKESG HOKOVG.

O tOmog aoToyiog TOV GTOLYEIWV MTOV TAPOLOLOG Y10 TO
oTolyEla amd GLPUATOKIGONPOSELN KOl KAVOVIKO GKUPOSE-
po. O TOmog aoToYioG OAMV TV GTOXEIMV MTAV TPOOSEVTL-
KOG yapaxTnPLLOLEVOG OO OTOKOAANOT TG EMKAALYNG Ko
Ayiopd tov dapmkov papdwv. H actoyio tov ototyeiov
07tO CLPLOTOKIGOTPOSE NTAV TTLO TPOOSEVTIKT OO QLTIV
TOV GTOLKEl®V Omd PIKPOKIGONPOSEUD XMPIg TV TPosOnKn
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pumice microconcrete LC

Vimal

KOVOViKO  okupddena
normal concrete NC

2y. 5: Koumdin poptiov-pélouvg yia to otoryeio C.
Fig. 5: Force-deflection curve for C elements.

tov TAéypatog. Ot melpapatikol dokol epeavicay meptocdTe-
pn A0&N pypbdtoon (HeTd Tov TPMOTO KOKAO EMITOVNONG GE
o1abun avtictoyn oe u=3.5) amnod 4,t1 T0. vIocTVAGUATA. Tol
ototyeio B3 (ue amdotaon cuvdetpov 200 mm) eppdvicoy
70 yavpn copmepLpopd e wo exteTapévn Aok pnypdto-
o1 Kot ToOTEPO AVYIGUO TV StaunKeV pafdmv. O Avyopodg
Tov papdwv oto otoyeio LB3 cuvéPn evopitepa amd 6,1t
o710 ototyeio NB3. Ot dokoi BS eppdvicay onpavtikd pikpo-

Tepn Ao&h pnypdtoon.

6. H EIIIPPOH TQN ITAPAMETPQN

6.1. H emppon TOV TOPIPETPOV TOV EYKAPGLOV OTAIGHOD

Onwg paiverar 6to oy. 6, Ta ototyeio B1 xou B2 gupdvi-
GOV TOPOLLOLN GLUTEPLPOPA, TOGO WG TPOG TI PEPOVTGOL KO-
vomra (Léytotn T g dVVOUNG amOKPIeNG), 060 KOl OC
TPOG TNV €KTACN NG A0ENG PNYLATMOONG KOl TOV GUVOMKO
apBpd KOKAwv mpv v TeEMKN actoyio. Agdopévov 0Tt TO
0p1o dloppong Tov €YKAPGLOL OTAMGHOV 6T dokd Bl givan
duthdoto amd owtd g B2, Ba avapevotay kaAdtepn cvpme-
pLpopa yio. v B1 amd 6,11 yio ) dokd B2. And pétpnon tov
avolypoatog tov AoV payuodv ot B2 Alyo mpv v teAkn
actoyio TPoEkvye OTL 1 JLPPOT| TOV EYKAPGLOV OTAIGLOV
GLVEPN KOTA TN OTIYUN TNG TEAMKNG AoToYiog Kol YU avTOvV
TOV AOYO TO LEYOADTEPO OPLO SLOPPONG TV CLUVIETHP®V GTN
dokd BI1 dgv emnpéace ) ovumepipopd tg. Avtifeta, M
dokog B3 enpdvice yepotepn, v yEveL, GLUTEPIPOPH OO
™ B2.

Agdopévov 61t ot dokoi B3 xar B2 €yovv to 1610 unyavi-
KO T0G0GTO €YKAPGIOL OTAGHOV, Ba. ovapevoTay TopOUoL
GLUTEPLPOPE TV dVO JOKDV.

2x. 6: Kouroin poptiov-félovg yia ta otoiyeio LB.
Fig. 6: Force-deflection curve for LB elements.

Amd ta mapandve drapaivetor 6Tt 1 AmTOGTOCT TMV GUV-
SeTNP®V OMOTEAEL MO OMOPUCICTIKO TOPAYOVTO Ylo. TN
GLUTEPLPOPE TV GTOLXEI®V ATO 0,TL TO TOGOGTO TOV EYKAP-
olov omAMcopoV. T Tov Adyo avtd, n cvyypovn tdon v
avénon tov opiov Slappong ToL €YKAPGLOL OTAIGHOV e



Teyv. Xpov. Emot. ‘Exd. TEE, 1, te0y. 2 2000 Tech. Chron. Sci. J. TCG, I, No 2 63

G6TOYX0 TNV AVENGT NG UTOCTACTG TV CUVOETNPMV POIVETOL
TPOPANUATIKN.

O1 doxoi B4 gugdvicav Ayotepo éviovn Ao&n pnyudro-
on ozmd Tig 60kov¢ B3 (LolovoTt 0 £YKAPG10G OTAMGHOG OTN
SwTpnTikd Kplown mepoyn eivor o 1810¢ kot otig 6o
dokovg) kot mepimov 10% peyordtepn @Epovca KavOTNTO
amo tig dokovg B1. Ot drapopég avtég pmopel va amodofovv
aQ’ EVOG GTNV EVVOIKT dpACT] TOV EVIIAUECOV GLUVOETNPLOV
papowv (mov ypnopomomdnkay y T JAUOPPMOOY TOL
KA@Pov Tov cuvdetnpov ot BAPouevn {dvn) Kot o’ €Té-
poL GTNV, AOY® NG TUKVMOGNG TOV GUVOETHPOV 6T HMBO-
pevn Covn, kobvotépnon Tov AVYIGHOD TOV SUA KOV
PAPO®V TOL OTAGLOV.

6.2. H emppo1] g o1dTaing Tov S1apKovg 0TAGHoD

H votepntikn ovumepipopd tav dokdv BS (pe v kato-
KOpLPN S1dToEN TOL OTAGpOV) epeavilel ooOnTég Sopopis
armd ooty TV dokdv Bl (ue ™ ocvopPatikn didtagn omht-
ouov). Ot dokoi BS eppdvicav 15% mepimov avénon g
PEPOVGOG KAVOTNTAG TOVS, LElMON TN OTEVOONG TV VOTE-
pnTikav Bpoymv (pinching effect) kabodg ko onpovtikn pei-
®omn ™G Ao&ng pnypdtoons. Ot dtoupopomomoelg avtég, ot
omoiec, dedopévon 0Tl To (ovpPatikd Bempovuevo) evepyd
TOGOGTO OMMGLOV TMV GTOWEI®V oVTAV vl GHOVTIKA
pikpdTEPO 0md 0VTd TOV oTotKEimy B, épyovtar oe avtife-
on pe m ovpPotikn Bedpnon, pmopodv va amodobovv ota
TapakdTe: (o) ot evoldueseg daUNKELG pafdol Tapépevay
GUVEYDG VIO EPEAKVOTIKT EVTUOT|, OTWC TPOEKVLYE OO TNV
TaPAKOAOVONGT TG LOPPOAOYIAG TOV POYUOY HECH PLvTeo-
GKOTNOMG Kot YU avTo 1) GLUPOAN TV vdldpecwv pafdmv
dev ftav apentéa, (B) n mtapovcio Tov evdlduecwv pafdmv
kaBvotépnoe v eEEMEN TOV pOYL®V Kot T d1EicdVoT| TOVG
ot OAPopevn Lovn ko (y) Ady® tov peyaidtepov Padovg
g OMPopevng Lovng oty mepintmon g kad’ Hyog Kato-
VOUNG TOL OTAIGLOD, 1] GUUPBOAN TOV OTAOL GKLPOOELATOG
GTNV AVAANYT TG TEUVOLGOG TV HEYOADTEP.

H nopomdve koldtepn amdKpilon TV 6Totyeimv e T Un
GUUPATIKN KATOVOU TOV OTAIGHOD Kb’ VYOG TG SIOTOUNG
amoterel TpdTN BeTikn Evoein Yo v vioBEtnon g didta-
&ng avtg otV mepintmon Luyopdtov dKapntov TAuciov
AOYO TOV GNUAVTIKAOV TAEOVEKTIHATMOV TOV EVIOTICTNKOV
omv 5.1. H moapotnpodpevn, OUmG, GNUOVTIKY TTMOGT TOL
HEYIGTOV QOPTIOL KOTA TN peTdPacn and tov Tpadto (Tophe-
vikd) KOKAO emumbdvnong otov debTEPO OmoUTEl TEPOUTEP®
diepedvnon.

6.3. Emppon tov £idovg TV oTorycimv

H votepntiki| cvumeprpopd tov ototyeimv C (VTosTuA®-
pétov) speavifetor yopig onupoaviiky otévoon (pinching
effect) tov votepnTiKdV Ppoymv, evd avtiBétmg 1 cuuTEepL-

2y. 7: Mopgoloyio pwyuav yio to otoryeio Cl.
Fig. 7: Crack patterns for C1 member.

ey VX
2x. 8: Moppoloyia pwyuwv yia to. orotyeio Bl xou B2.
Fig. 8: Crack patterns for Bl and B2 members.

2x. 9: Oliobnon omhiouod yia to oroiyeio Bl.
Fig. 9: Bond slip for member BI.
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2y. 10: Amwoteléouaza ovvapeiog kot RILEM [2].
Fig. 10: Bond slip according RILEM [2].

oopd TV otolyeiov B yapaktnpiletor and onpaviikn oté-
VOO TOV VOTEPNTIKMV PpoOY®V HETd ToV Tpito KOKAO QOpTL-
ong. H dwapopomoinon avth g cuunepupopds peta&d tov
TEWPALOTIKOV GTOAWOV Kol doKdV pmopel va amodobel otov
SLPOPETIKO AOYO S1ATUNOTG, OTO SLUPOPETIKO ALOVIKO QOp-
Tlo Kot ToV SPOPETIKO AOY0 TAATOVG TPOG VYOG TNG dlaTo-
uns. Ev tobtolg, mapd 1o viovotEPO PAVOUEVO TNG OTEVM-
ong TV Ppdywv, 01 TEPIGGOTEPEG MEPANATIKOL SOKOT AVTE-
Eav peyadtepo aplfpd khkAwv emmovnong and 0,TL To TEL-
POLLOTIKG VTOGTUAMUATO, OTOTELEGLL TOV TOXVTEPOV AVYL-
GUOV TV PAPoV oTa GTolyeio avtd, AOY®, EVOEXOUEVEMG,
TOV HIKPOTEPOL EYKAPGLOL OTAIGLLOV TOVG. LNUEUDVETOL, ETI-
oNG, N TOPOUTNPOVLEVT OTO GY. 5 pelwon g dvvaung and-
KPLONG TOV OTOLYEI®Y OVTOV UETA TN dtoppon Tov yaivfa,
AOY® g Tpdobeng, Adyw Pélovg, pomng, 1 omoio eivot
GNUOVTIKY OTNV TEPIMTMOGT TOV GTOLEIDV AVTOV (AOY® TNG
peyaAdtepng TIUNG Tov aEoVikol @opTiov Kot TG KPOTEPNG
dloTopNg Tovg Kat, Yi' avtd, pHeyaddtepov PEAOVG TOVG).

7. XYI'KPIXH YYPMATOKIXXHPOAEMATOX
KAI KANONIKOY XKYPOAEMATOX

Onwg mporvnTel ond Ta GYNUaTe 5 Kot 6, 1) VOTEPNTIKN
GUUTEPLPOPA TMOV OTOLYEIOV OO CLPULATOKIGOTPOSELL
eUQOVILEL TOPOLOIL YOPOKTNPIOTIKE LLE TH CLUTEPLPOPH TOV
otolyeiov omd Kovovikd okvpddepa. H opotdtnta avty,
GULO®VN KoL HE TNV oSOl LOPPOAOYID pOYUDV GTOVG
dV0 TOTOVG TEPUUATIKOV GTOLYElMV, pTopel va OempnBel to
OTOTELEG LA TNG OLLOLOTITOG TMV YOPUKTNPLOTIKAY GUVAPELOG

TOV UIKPOKIGGTPOSELOTOG KOl TOV KOVOVIKOD GKUPOSELOTOG.
Omnwg paiverar oo oy. 10, 1 GUVAPELD TOV PIKPOKIGOT|POSE-
patog epeaviletal Tovhdyiotov ™G idtag modtrog (av oyt
avMTEPT) HE OVTNV TOL KAVOVIKOL okvpodépatoc. H Pertim-
UEVT] GLUVAPELN TOV HIKPOKIGONPOSEUATOG UTOPEL VO 0modo-
Oei: (o) otn peyodotepn evepyod SIEMPAVELD ETAPTG CKLPO-
dépotog ko yGAvBo, Ady® TOL HIKPOTEPOL KOKKOV TMV
adpovav, (B) oV o avOUOAN VOT TG EEOTEPIKNG EMPA-
VEWG TV KOKK®V ™G Kioonpng, (Y) omv avénuévn Tpdoeu-
o1, AOY® amoppOPNONG TCLEVTIOTOATOD OO TOVG EMLPAVEL-
aK0VG TOPOLS TV KOKK®V TG Kioonpng. Emiong, dedopévov
OTL TO AEMTO VAIKO NG Kioonpng ivatl ynpkd 1o dpacTikd
and avtd TV acPesToMOIKOV adpavmv, Eva Tpdsbeto Adyo
v Beltimon TG cuvaeElag evoEyeTal vo. amoteAel 1) OOV
Mu) oAnienidpaon peta&d VAWKOD Kot AETTOV VALKOV
kioonpne.

H opotdnta g cvpmeprpopds Tmv dVo THnmv 6Kupodé-
HOTOG EKTEIVETAL GE OAOVG TOVG TOTOVE TEIPAUATIKDY GTOL-
yelov Tov depeuvibnkay, pe egaipeon ta ototyeion LB3 wa
NB3. H cvurepipopd g dokov BL3 votépnoe aiodntd omd
avtiv TG 6okod BN3. Xt dok6 BL3 o Avyiopodg tov dopm-
KOVG omAoHOL GVVEPT evapitepa amd 6,11 6N dokd BN3.
Agdopévov 61t o1 dokoi BL4 kot BN4 emédeiéov mapodpola
ouumePLPopd (map’ OGAO OV 1 AMOCTACT] TOV GUVOETNP®V
oTN SWTUNTIKA Kpioun mePLoy Tov HEGOL TNG OLTOUNG
givar 6o pe oty Tov dokmv BL3 kot BN3, dnAadn 200 mm),
N Y€POTEPT CLUTEPLPOPA TG dokov BL3 pmopet va amodo-
Oel og evdeyOLEVT] LEYOADTEPT] EVAAWMGIN TOV CTOYEIOV ATTO
Koo podepa Yot AyIopd TV paPémv Tov SteunKovg oAl
GUOV, TOPG TNV avoeEPOuEV otnV BiAoypapio pikpdte-
pN S TUNTIKY avTOYT| TOL gAaPPocKLpodépatos. H evaiw-
ol QTN TOV HIKPOKIGONPOSEUATOS UTOpEl va. amodobel otn
HIKPOTEPT] EPEAKVOTIKT] avToyN TOV [2] Kot YU avTd HuKpOTE-
PN KAVOTNTA TOL GKVPOSELOTOG TG EMKAALYNG VO avTEEEL
TNV €YKAPGLO, SOVOUT TOV AVOTTOGGETOL AOY® TG KAUWNG
TOV OTAGHOV KOTA ToV Avyiopd e pépdov. T v avri-
OTAOIOT TOV UELOVEKTAIOTOS OVTOV CUVICTMVTOL 1] XPNoN
Swpfkov pafdmv pikpdtepng SopéTpov Kol TUKVOTEPOG
€YKAPOL0G OTMGOG Y10l TO. OTOLYEIN OO LIKPOKIGGT)POOELLL.
AOY® TOV HIKPOD KOKKOL TOV IKPOKIGGTPOOERATOS 1 TPO-
TEWONEVT] TLKVOTEPT O10TaEN OlOUNKOVG KOl €YKAPOLOV
omAopov pmopetl va vioBetBel ympic Witepeg dvokohieg
Kotd T okvpodétnon. H didtaén avt Ba enttpéyet, emmiéov,
GUVOALKG KOADTEPT] GUUTEPLPOPE TV GTOLXEIWV.

E&dAhov, 0mtmg @aivetal omd Ty KAIGN TV S1oypopLd-
TOV oto oyfuaTe 5 kot 6, 1 dvokapyic TV oTotKEl®V Ao
GLPUOATOKIGGTPOJELD T OTAOUN KOVTE GTO HEYIGTO POPTIO
glvar g dog TéEemc Pe auTh TOV oToLElMV amd KAVOVIKO
OKVPOJEND, EVD 0T oTdbun Asttovpyiog (mepimov oto 1/3
0L UéyloTov Qoptiov) etval e TaEemg tov 85% ng
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dvokapyiog TV oTolEimV amd Kovovikd okupddepa. Adjt-
Bavovtag vtoyn OTL TO PETPO ELAGTIKOTNTOG TOV KIGONPOSE-
potog etvar pkpotepo kotd 50% mepimov amd avtd TOL
KOVOVIKOU GKVPOJEUATOS, 1) SUCKALYIO TOV GTOLEI®V TOV
UIKPOKIGGTPOSELOTOG B AVOEVOTOV CNUAVTIKG PUKPOTEPT|
Ao VTNV TOV GTOYEIDV 0d KOVOVIKO okupodepa. I tnv
epunveia g mopatnpndeicac onuovtikd peyoaddtepng
dvokapyiog gvromifovran ot €€Ng mapatnpioeis: (o) To PETPo
ELOOTIKOTITAG TOV LKPOKIGGTPOSENATOS TOPAUEVEL OTOOE-
po uéxpL T 6TAOUN TOL PEYIGTOL EOPTIOL (YPOUKO did-
YPOUO G-€), EVD TO OVTIGTOLYO LETPO EANCTIKOTNTOS TOV
KOVOVIKOD OKUPOOEHOTOG LELDVETOL [LE TNV aDEN 0N TG 6TA0-
ung Tov eoptiov (kapumdro didypappo o-g) kot (B) n coppo-
M Tov dpnKovg omAMopol 6TN duoKapyio, Tov GTolyEloOL
avEavel pe v avénon g otddung Tov optiov, Aoy® pei-
®ong g OAPopevn {dvng, e cuvETELD PELOIEVT] GUUBOAN
Tov METPOV ghaoTiKOTNTOG TG OMPopevng Codvng ot
Svokapyio TOV oToLYEI®V.

8. XYMIIEPAXMATA

Me Bdon to TEPAUATIKE OTOTEAEGLOTO KOL Yo TNV
TEPLOYN TOV THAV TOV TOPUUETPOV TOV €EETACTNKAY GTO
TEPOUATIKO TPOYPOULO TNG EPYACIOG QLTS TPOEKLYOV TO.
TOPOKATO:

1. Tpoppikd otoryeio amd PKPOKIGGNPOSELN EVIGYVUEVA
He cvppatOTAEYLA YOP® amd Tov KA®BO Tov omAcuol emt-
TOVOULEVO GE EVOALAGCOEVT EYKAPSLO ETTOVI G VO GTO-
Bepd alovikd goptio youning otdOung enéderéov mopopoo
YAPAKTNPLOTIKG CUUTEPLPOPAS e ovTd cVLVY®V GToLKElV
Ao KAVOVIKO GKLUPOSENQL.

2. H dvokopyio tov Ttapandve ctoiyginv and cupuroto-
Koo POdEN0 TPOEKLYE TAPOUOWL PE OVTHYV TOV cLiVY®V
otoelwv amd KOvOvViKO GKLPOdENa ot oTdfun Tov péyt-
GTOL POPTIOV, VA 6TN 6TAOUN TOL PopTiov AgtTovpyiag TG
16&ewc Tov 85% tng dvokapying TV ototyeimv and cupPo-
TIKO GKLPOdENDL

3. AvEnon g taong dwppong tov yaAvPo tov eyKap-
G0V OTAMGLOV T®V ctotkeiov dgv €dwoe PeAtioon Tng
GLUTEPLPOPAS TOVG.

4. T 10 TOGOGTA TOV EYKAPTLOV OTAIGHOV TOL VIOBETH-
OnKov 6To TPOYPULLLLA, ) OTOCTACT] TOV CUVIETNPOV QAVIKE
VOl OTOTEAEL TTO ATOPAGIOTIKG TOPEYOVTa 0o O,TL TO (U)o~
ViKd) TOGOGTO TOV EYKAPGLOL OTAIGHLOV.

6. Ztoyeio pe Sdta&n tov SOUAKOLS (KOUTTOUEVOL)
omAopov kaf’ Hyog g dtoTopng enédetéav mapdopota (1 Ko
peyaAdTepN) PEPOVOO IKAVOTNTA OO AVTIOTOLYO GTOLYELR [LE
ovppatikn dtdtaén Tov oTAGHOD (KaTd TAGTOG).
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Extended summary

Pumice Wireconcrete: A Promising Material
for Earthquake Resistant Construction

A. BAKA
Civil Engineer, Assistant of the N.T.U.A.

Abstract

The work presents results of an experimental program concerned
with the use of pumice for producing a lightweight concrete suitable
for earthquake-resistant concstruction. By reducing maximum
pumice size to 8§ mm a pumice concrete was produced with a rela-
tively high strength-to-weight ratio (compressive strength 30 MPa,
(dry) unit weight 1.500 kg/m3), which overcomes the shortcomings
of the conventional pumice concrete (with maximum grain size
30 mm). Eight test columns and five test beams made with pumice
concrete, most of them with a chickenwire mesh enveloping the rein-
forcement cage, were subjected to cyclic transverse loading com-
bined with a constant low axial load and compared with similar
control test members made with limestone concrete and tested under
the same conditions. Experimental results showed similar trends of
behaviour for both types of concrete test members. Test members
with the flexural reinforcement arranged along the section height
exhibited similar load-carrying capacity to that of members with the
conventional arrangement.

1. INTRODUCTION

The practically inexhaustible deposits of pumice in
Greece, particulary in the islands of Santorini, Nisyros and
Yiali, and the low weight and good insulation properties of
the material motivated research in Greece aiming at using
pumice for the production of structural lightweight-aggregate
concrete suitable for earthquake-resistant construction. Earlier
reservations regarding the protection offered by pumice con-
crete to steel against corrosion were withdrawn, as the sul-
phur content of pumice was found to be low. Moreover, the
inspection of a 60 years old pumice-concrete building in the
Yiali island revealed no traces of corrosion in spite of the
exposure of the building to adverse environmental condi-
tions. However, the results of ecarly research into the
behaviour of pumice concrete as a structural material were
not encouraging and, as a result, the use of pumice concrete
was initially restricted in cases where it could be used as an
insulating material in the form of either pumice bricks or pre-

cast semi-bearing walls. The use of pumice concrete as a
Submitted: Jan. 25, 1999 Accepted: July 12, 1999

structural material was delayed by a combination of techno-
logical and economical shortcomings related with low
strength (in spite of the relatively high cement content used),
segregation of the lightweight coarse grains, high cost of pro-
duction due to prewetting of aggregates and replacement of
fines with limestone sand, large long-term deformations, etc
[1]. The above shortcomings resulted from the attempt to
increase the strength of pumice concrete in the manner this is
achieved for the case of normal weight concrete, i.e. by
increasing the cement content of the mix, by using rapid-
hardening cement, by replacing pumice fines with normal
weight sand and a portion of the coarse pumice grains with
normal weight aggregates, etc.

In a research work of the Laboratory of Reinforced Con-
crete of N.T.U.A. during 1974-76 the same objective was
achieved by merely reducing the maximum pumice-aggre-
gate size. It was found [2] that reducing the maximum
pumice-aggregate size not only leads to a significant
improvement of pumice-concrete strength, but, also, over-
comes the aforementioned shortcomings mostly related with
the process of pumice-concrete production. By reducing the
maximum grain size to § mm and keeping pumice fines (not
replacing them with normal-weight sand) a free of segre-
gation pumice “microconcrete” was produced with a (maxi-
mum) strength of 30-35 Mpa and a (dry) unit weight of
1500 kg/m3. The high strength-to-weight ratio of pumice
microconcrete provides a first indication of the value of the
material for structural applications. Due to this characteristic,
the use of the material in practice may lead to a significant
improvement of structural response under earthquake action,
providing that the brittle nature and the low modulus of the
material do not affect adversely the ductility and stiffness of
the structure, respectively.

The aim of the present work was, on the one hand, to cla-
rify points such as those mentioned above by means of an
experimental investigation based on a comparative study of
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the behaviour of pumice-concrete linear members with that
of members made of conventional limestone concrete and, on
the other, to investigate the effect on structural behaviour of
basic parameters, such as longitudinal reinforcement percen-
tage, concrete strength and yield strength, spacing and arran-
gement of transverse reinforcement and, also, the possibility
the flexural reinforcement to be arranged along the height of
the section. To this end, column and beam specimens were
subjected to the combined action of a constant, relatively low,
axial load and a cyclic transverse displacement and their
response was compared with that of similar members made
with normal-weight (limestone) concrete tested under the
same conditions.

The parameters of the transverse reinforcement were
adopted in order to clarify points relating with the increasing
tendency in current practice of using high-strength steel for
the transverse reinforcement (in spite of the observed diffi-
culties associated with the less ductility of some types of
high-strength steels) in order to satisfy the transverse rein-
forcement requirements at a larger stirrup spacing. The inve-
stigation of the possibility for a vertical arrangement of the
flexural reinforcement was adopted, because of its advan-
tages in the case of the beams of ductile moment-resisting
frames, designed to resist severe seismic action, in which the
positive and negative moment demands are, frequently,
equal, or near so. The conventional arrangement of the longi-
tudinal reinforcement as close to top and bottom of the sec-
tion, for most efficiency, has several shortcomings, such as
difficulties during construction (in the placing and vibrating
of concrete), problematic compression-shear transfer, due to
the decreased depth of the compressive zone (because of the
considerable compressive reinforcement) and deteriorations,
due to the high and reversing bond stresses on the reinforce-
ment bars passing through the joint core (because of the pre-
sence of beam moments of opposite sign on opposite sites of
the joint). By the investigated possibility for vertical arrange-
ment of the reinforcement the above mentioned shortcomings
are withdrawn and, moreover, a strengthening of the joint
core may be effected relating with the contribution of the
intermediate beam bars passing through the joint to the load-
bearing capacity of the latter.

2. MATERIAL IDENDITY

Pumice wireconcrete is composed of pumice microcon-
crete and chickenwire mesh around the reinforcement cage of
the structural members.

Pumice microconcrete is composed of cement, pumice
grains (without prewetting them) in one fraction 0-8 mm and
water. Chickenwire mesh has an opening of 30 mm. The mix

proportions of pumice microconcrete are approximately: 400 kg
cement, 940 kg pumice and 240 kg water. Mix proposions are
variable, depending upon the moisture of the pumice grains
and they correspond to low workability. For higher workabil-
ity an appropiate superplasticier may be used.

Pumice microconcrete has the following technological
characteristics: maximum level of strength: 30-35 Mpa, dry
unit weight: 1500 kg/m3, coefficient of thermal conductivity:
0.50 kcal/mhc® (coefficient of normal limestone concrete
1.40 kcal/mhc®), modulus of elasticity: 11.000 Mpa, linear
stress-strain relation, bond: similar to that of normal concrete,
coefficient of long-time deformations similar with that of
normal concrete.

3. CONCEPTS UNDERLYING MATERIAL
DESIGN

Adopting the two-phase model for concrete (simplified
assumption for a material with the eterogenity of concrete,
but sufficient for this scope), the following conclusions were
drawn [4]: (a) the behaviour of concrete depends upon which
phase of concrete is strong; (b) which phase is strong,
depends upon the level of concrete strength in relation to the
strength of the aggregate; (c) for each aggregate type, a tran-
sition level of concrete strength exists: below this level,
aggregate is the strong phase, above this level, cement paste
is the strong phase; (d) in the first case, concrete strength is
increased primarily by increasing the strength of the cement
paste. In the second case, concrete strength is increased pri-
marily by increasing the strength of aggregate; (¢) as the tran-
sition level of pumice concrete is considerably below that of
limestone concrete, an increase in the strength of the cement
paste does not result in higher strength of concrete as in the
case of normal concrete (of moderate strength). In order that
the strength of pumice concrete exceed the level of 16 - 18 MPa
(transition level for conventional pumice concrete) the
strength of the pumice grain has to be increased.

As aresult of these considerations, in order to increase the
strength of pumice grain, the reduction of grain size to § mm
was adopted, as smaller grains, obtained by crushing of the
coarser ones in the place of their larger voids, include smaller
voids and, therefore, have higher strength. Pumice fines were
not replaced with normal sand in order to take advantage of
the beneficial influence of the pozzolanic properties of the
former. Adopting small pumice grain and keeping pumice
fines, the production cost of pumice microconcrete is
reduced, as (a) no high cement content is needed, (b) no
prewetting of pumice coarse grains is needed, (c) aggregates
may be used in only one fraction (0-8 mm) and (d) the con-
ventional mixers for mortars may be used. As the required
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size of test specimens depends upon the maximum size of
concrete aggregates, smaller test specimens may be adopted
for pumice microconcrete with the corresponding economic
benefits for in-situ testing they entail, as lighter and cheaper
moulds and testing machines will be required (possibly
moulds and testing machines for mortars may be adequate),
smaller laboratory storing and curing space will be needed.
Small grain size permits greater freedom in the design of the
members, adoption of new technics and innovations, easier
detailing and new directions in structural design, for exam-
ple, the use of double T cross-sections in the case of high
shear ratios and especially when axial load is low. Adopting
this shape, the stiffness of uncracked sections is increased
and so drift is decreased, though ductility is increased, as the
depth of the compression zone is decreased due to its larger
width.

The addition of the chickenwire mesh was adopted
because of the binding role of the mesh, which seems to func-
tion as an efficient means for crack control and delaying
cover spalling and, hence, delaying the weakening of the
effective cross section.

4. EXPERIMENTAL PROGRAMME

Eighteen simply supported linear members with a free
span of 2000 mm, ten of them with a 150 X 150 mm cross
section (columns) and ten with a 150 X 300 mm cross section
(beams) were subjected to cyclic transverse loading (induced
by displacement control) combined with a constant low axial
load through a specially designed test set up shown in fig 1.
Of these members, thirteen were made with pumice concrete
and seven with limestone concrete. Four of the test columns
and all test beams made with pumice concrete were supplied
with a chickenwire mesh around the reinforcement cage, as
shown in fig. 2.

The columns were subjected to two-point loading with a
shear span-to-depth ratio equal to 5.5. As the region between
the two load points was strengthened by additional flexural
reinforcement, as shown in fig. 3, the flexural capacity criti-
cal sections were those including the load points. The overall
test configuration shown in fig. 5, corresponds to two can-
tilever columns subjected to cyclic loading at the free end.
On the other hand, the beams were subjected to single point-
loading at midspan with a shear span-to-depth ratio equal to 3.5.

4.1. Parameters investigated

For the columns, the parameters investigated in the pro-
gramme were the reinforcement percentage (p =As/Ac) and
the concrete strength (f,). The values used for these parame-
ters were 0.9% and 2.0% for p and 18 MPa and 30 MPa for

f,. The corresponding values for the mechanical reinforce-
ment percentage p. fy/ f., which was considered to be the fun-
damental behaviour index, were 0.12, 0.20, 0.26 and 0.41.
The effect produced by enveloping the reinforcement cage
with a chickenwire mesh, shown in fig. 2, was also investi-
gated; half of the members were supplied with this mesh. The
values of the normalised reinforcement
(py, fiw/P-fp) and the normalised axial load (n=N/A_.f,) were
set equal to 1.2 and 0.15, respectively.

For the beams, the parameters investigated were the yield
stress, the spacing and the arrangement of the stirrups. The
values used for the yield stress were 240 MPa and 540 MPa
and for the spacing 100 mm and 200 mm. The stirrups of the
members with the 540 MPa yield stress and 100 mm spacing
extended throughout the cross-section depth or every second
stirrup was restricted within the compressive zone, as shown
in fig. 4. The values of the mechanical longitudinal rein-
forcement percentage and the normalised axial load were set
equal to 0.30 and 0.08, respectively. All pumice-concrete
beams were supplied with the above mentioned chickenwire
mesh.

transverse

4.2. Specimens details and materials

The reinforcement details of the test members are given
in fig. 3 The letters L and N in the notation of the members
designate the type of concrete, lightweight (pumice) and nor-
mal weight (limestone) concrete, respectively, while the
letters C and B correspond to the type of the test member, co-
lumn and beam, respectively.

For the beams, the concrete cube strength at the date of
testing was 25 MPa (the age of concrete at testing was 15
days), while the columns, which were tested at the age of 28
days, had a cube strength of either 18 MPa or 30 MPa. The
mix details of the concretes used are given in table 1. Port-
land cement type II was used for all types of concrete.
Pumice aggregates originated from the Greek island Yali and
limestone aggregates from the Greek region Attiki.

4.3. Test set up and loading procedure

The overall test set up is shown in fig. 1. The specimens
were tested in horizontal position, simply supported on two
girders fixed to the columns of the test frame, as indicated in
fig. 1. A spherical seating arrangement permitted free rotation
of specimen end sections. The axial load was imposed as an
external prestress by means of two steel bars stressed by a
hydraulic jack. A spherical seating arrangement was also
used in order to apply the load concentrically. The loading
history shown in fig. 6 was induced by means of an MTS
actuator (double action 250/500 kN capacity). The axial load
was maintained constant throughout the test through the use
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of two strong steel springs in the direction of the specimen
axis as indicated in fig. 1.

An x-y plotter connected to the actuator was used to
record the load-deflection curve throughout a test. Load and
deflection were also measured by means of a load cell and an
LVDT. The slip between reinforcement and concrete was
measured externally at a cross section at a distance of 100 mm
from the critical section of the members, as shown in fig. 4. For
test columns, concrete and reinforcement strains at the criti-
cal sections were measured by means of strain gauges. For
the beams, a videocamera was used for the continous
observation of the crack patterns during testing and for
measuring crack widths.

Axial load was first applied to the specimens and
increased to a predermined value. This value was kept con-
stant throughout the test, while the specimen was subjected to
the following transverse loading history: Initially the speci-
mens were subjected to three cycles at a low level of dis-
placement corresponding to approximately 1/4 of the load
bearing capacity of the member. These were followed by
three cycles at the displacement level at which yielding of the
tensile reinforcement occurred. (This level was identified by
the abrupt shoftening of the force-deflection curve recorded
by the x-y ploter). Finally the specimens were subjected to at
least five cycles at a displacement corresponding to a ducti-
lity factor of 3.5. Such a loading history represents the effect
of low, moderate and intense earthquake action, respectively.
The displacement ductility factor is defined as the ratio of the
attained displacement-to-the displacement at yielding of the
tensile reinforcement. The rate of loading was kept constant
equal to approximately 0.2 mm/sec.

5. TEST RESULTS

The force-displacement curves are shown in fig. 5 for
typical column specimens and in fig. 6 for the beams. The
crack patterns after the end of all loading cycles are depicted
in fig. 7 for a typical column and in fig. 8 for typical beams.
fig. 10 showes the slip between concrete and reinforcement
as a function of transverse force reservals for a typical beam.

Considering that failure occurs when the drop in peak
force between two successive cycles is dispropotionately
larger than any two of the previous successive cycles (at the
same peak displacement level), the columns sustained less
cycles than the beams exhibiting an earlier buckling of the
longitudinal reinforcement. This was particularly the case for
the C4 columns (with reinforcement percentage 2.0% and
concrete strength 18 MPa).

The mode of failure exhibited was similar for both types
of concrete specimens. All test members failed in a flexural

manner with spalling of cover and buckling of the longitudi-
nal reinforcement. Failure of the pumice-concrete columns
supplied with a chickenwire mesh was more gradual, parti-
culary after cover spalling, than that of pumice columns
without a mesh. The beams exhibited more inclined cracking
(which was observed after the first cycle at a displacement
with a ductility factor of 3.5) than the columns. The B3 mem-
bers (with the 200 mm stirrups spacing) exhibited a more
brittle behaviour with extensive inclined cracking after the
first cycle and an earlier buckling of the longitudinal rein-
forcement. The buckling of the reinforcement of the LB3
beam was earlier than that of NB3 beam. The B7 members
exhibited a considerably less inclined cracking.

6. DISCUSSION OF RESULTS
6.1. Comparison of the observed behaviour of columns
and beams

The hysteretic behaviour shown in fig. 5 for the columns
appears to be free of any significant pinching of the hysteretic
loops. Such behaviour is compatible with the lack of trans-
verse cracking extending throughout the cross-section height
and the less pronounced inclined cracking which characterises
the crack patterns.

In contrast with the column specimens, fig. 6 showes that
after the third loading cycle the hysteretic behaviour of the
beam specimens is characterised by a significant pinching
effect which is associated with the formation of transverse
cracking covering the whole cross-section height shown in
fig. 7 and is in compliance with the significant residual bond
slip shown in fig. 9. Such a difference in the behaviour may
be attributed to the smaller shear span-to-depth ratio, the
lower axial load and the smaller width-to-height ratio of the
beam-members.

It is interesting to note that, in spite of the pinching effect,
most beam specimens sustained a larger number of load
reversals than the column specimens which suffered buckling
of the longitudinal bars at an earlier cycle, probably due to
their lighter transverse reinsforcement. It is also interesting to
note in fig. 5 the decrease of the sustained transverse force
after yielding due to the higher axial load and mid-span
deflection of column-members (resulting to a higher addi-
tional moment which is equal to N.v, where N is the axial
load and v the deflection).

6.2. The influence of the chickenwire mesh and
the longitudinal reinforcement percentage

The addition of the chickenwire mesh appeared to have a
beneficial effect on the overall behaviour of the pumice-con-
crete members, particulary after the first cycle. This effect is
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in compliance with the observed more gradual failure of the
members supplied with such a mesh and may be attributed to
the binding role of the mesh, which seems to function as an
efficient means for crack control and delaying cover spalling
and, hence, delaying the weakening of the effective cross sec-
tion.

The level of the strength and the reinforcement percen-
tage did not appear to have any noticable influence on the
behaviour of the columns. However, when these two para-
meters are combined in the form of the mechanical rein-
forcement percentage, they appeared to have a secondary
influence on the buckling of the longitudinal reinforcement.
C4 members (with a higher value of the reinforcement per-
centage and a lower value of concrete strength) suffered
buckling of the longitudinal bars at an earlier loading cycle
exhibiting a higher peak load and stiffness degradation. Such
an influence may be attributed to the higher transverse force
induced by the buckling of the longitudinal bars due to their
larger diameter and the inability of the concrete cover to
counter balance the action of this force.

6.3. The influence of the parameters of the transverse
reinforcement

As shown in fig. 6, the B2 beams exhibited similar beha-
viour in terms of load-carrying capacity, inclined cracking
and number of sustained loading cycles with the B1 beams,
in spite of the more than 200% higher stirrups yield strength
of the latter. Yielding of the transverse reinforcement of the
B2 specimens, assessed by measuring the width of the
inclined cracks, occurred just before failure and therefore the
higher yield stress of the transverse reinforcement had no
effect on specimen behaviour. The B3 beams, however,
exhibited an overall inferior behaviour than B2 beams (with
the same transverse reinforcement percentage), characterised
by extensive inclined cracking and an earlier buckling of the
longitudinal reinforcement. So, for the transverse reinforce-
ment percentages used in the programme, spacing appears to
be a more decisive factor than the transverse reinforcement
percentage. Hence, current practice of using high-strength
steel for transverse reinforcement in order to satisfy the trans-
verse reinforcement requirements at a larger stirrup spacing
may be misleading.

Finally, B4 beams exhibited a better performance than B3
beams, as well as a higher load-carrying capacity. Such
behaviour is attributed to the reinforcement arrangement of
beams B4: The 6 mm diameter longitudinal bars used to form
the cage of the compressive zone appears to have contributed
to the beam flexural capacity, since the crack pattern indi-
cated that the bars were in tension throughout the cyclic loa-
ding history. Moreover, the transverse reinforcement of the

compressive zone delayed buckling of the compressive rein-
forcement as well as improved dowel action.

6.4. The influence of the arrangement of the flexural
reinforcement

As shown by comparing the force-deflection diagrams of
beams B5 and B1 in fig. 6, the BS beam exhibited a 15%
higher load-bearing capacity, a less intense pitching effect
and as shown in fig. 8 is characterised by considerably less
inclined cracking. Such a result, which seems unexpectable,
as the effective, (according to the conventional view) rein-
forcement percentage of the former members is less than half
that of the latter, may be attributed to the beneficial contri-
bution of the intermediate bars which were constantly under
tension (as it was evident from the crack patterns) due to the
small depth of the compressive zone in the case of symmet-
rically reinforced members and, also, to the beneficial effect
of the dowel action of these bars. However, the observed con-
siderable decrease of the load after the first cycle arises
questions and is open for a future further investigation.

7. COMPARISON OF PUMICE WIRE -
CONCRETE AND NORMAL CONCRETE
MEMBERS

As shown in figs 5 and 6, the trends exhibited by the
force-deflection curves established for the members made
with pumice concrete are similar with those of the members
made with limestone concrete. Such trends of behaviour are
in compliance with the observed similar crack patterns of the
two types of concrete members. This similarity in behaviour
is considered to reflect the similarity in the bond characteri-
stics of these two types of concrete. As shown in fig. 10 [2],
the bond-slip characteristics of pumice concrete are similar
to, if not better than, those of a normal concrete with a simi-
lar strength. The improved bond behaviour of pumice con-
crete may be attributed to: (a) the larger effective contact sur-
face between concrete and reinforcement (because of its
smaller aggregate grain), (b) the more irregular texture of
pumice grains, (c¢) the surface pores in pumice aggregates
which by absorbing cement paste increase the effective con-
tact surface, (d) the potential chemical interaction between
reinforcement and pumice fines, as pumice fines are chemi-
cally more reactive than limestone fines, and (e) the lower
bleeding in pumice microconcrete, as pumice fines absorb
the excess water leaving no transition zone between cement
paste and reinforcement interface.

This similarity is observed for all types of test elements,
excluding the LB3 and NB3 elements. As the LB4 and NB4
beams (having the same transverse reinforcement with the
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LB3 and NB3 specimens) exhibited a similar behaviour, the
inferior behaviour of LB3 beam than that of the NB3 beam
may be attributed to the observed earlier buckling of the lon-
gitudinal reinforcement. The earlier buckling may be due to
the lower splitting strength of pumice concrete (by approxi-
mately 15% [2]) which is reflected in the lower capacity of
the concrete cover to withstand the transverse force deve-
loped as a result of the buckling of the longitudinal bars. The
use of smaller diameter longitudinar bars and/or closer trans-
verse reinforcement spacing is, thus, recommended for
pumice concrete members. Because of the small grain size of
the pumice concrete, a denser arrangement of longitudinal
and transverse reinforcement may be adopted without diffi-
culties during concreting. Such a denser arrangement may,
also, result in an overall better cracking behaviour.

As shown in figs 5 and 6, the secant stiffness values are
of the same order for both types of concrete members at the
level near the peak load, whereas at a level of 30% the load-
carrying capacity of the members (service state), the stiffness
of pumice concrete members is nearly 85-95% that of lime-
stone concrete members. The significantly higher value of
the ratio of the stiffness of pumice concrete members - to -
the stiffness of limestone concrete members than the value of
the ratio of the modulus of elasticity of pumice concrete - to -
the modulus of elasticity of limestone concrete (the latter
ratio is lower than 0.5) and the increase of the former with the
level of loading, appears to be due to the following reasons:
(a) the value of the modulus of elasticity of pumice concrete
remains constant with the increase in load (linear stress-strain
diagram), while the modulus of elasticity of limestone con-
crete with the same strength decreases with loading (curved
stress-strain diagram), and (b) as load increases, the contri-
bution of the reinforcement to the member stiffness increa-
ses, while the compressive zone decreases.

8. CONCLUSIONS

Within the limited scope of the experimental programme
presented, the following conclusions may be drawn.

1. Under the combined action of cyclic transverse loading
and a constant relatively small axial load the force-deflec-
tion characteristics of pumice-concrete structural members
are similar to those of limestone-concrete structural mem-
bers with the same reinforcement details.

2. Pumice-concrete members provided with a chickenwire
mesh around the reinforcement cage exhibited a better
overall perfomance than pumice members without the
mesh.

3. The stiffness of pumice-concrete members was found to be
similar with that of limestone-concrete members at the
level of load-carrying capacity. Under service loading con-
ditions pumice concrete members exhibited 90% the stif-
ness of their limestone-counterparts.

4. Members with a higher yield stress of the transverse rein-
forcement did not exhibit an improvement of their
behaviour.

5. For the transverse reinforcement percentages used in the
programme, spacing appears to be a more decisive factor
than the transverse reinforcement percentage.

6. Members with the vertical arrangement of the longitudinal
reinforcement and members with the conventional distri-
bution exhibited similar load-carrying capacity.
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