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ნაშრომის საერთო დახასიათებანაშრომის საერთო დახასიათებანაშრომის საერთო დახასიათებანაშრომის საერთო დახასიათება    
 

 Temis Temis Temis Temis aqtualobaaqtualobaaqtualobaaqtualoba ganpirobebulia imiT, rom dRevandel pirobebSi 

samSeneblo konstruqciebis gaangariSebis meTodebi, Tanamedrove kompiuteruli 

sistemebis gamoyenebiT, ZiriTadad dafuZnebulia sasrul elementTa meTodis 

gamoyenebaze, sadac aucileblad gaTvaliswinebuli unda iyos betonis 

deformaciuli maxasiaTeblebi da maTi cvlilebebi datvirTvis mTel procesSi, 

magram aramarto sacnobaro literaturaSi, aramed samecniero literaturaSic 

ar moiZebneba sasurveli informacia betonis sivrculi daZabul-deformirebuli 

mdgomareobis SemTxvevaSi misi maxasiaTeblebis cvlilebis Sesaxeb. naSromSi 

drekadobis Teoriis dazustebuli meTodis gamoyenebiT Seswavlilia betonis 

sivrciTi muSaobis analizi kumSva-gaWimvis SemTxvevebisaTvis. 

mdgradi ganviTarebis  miRweva  saqarTvelos saxelmwifos 

funqcionirebis ZiriTadi mizania, romlis misaRwevad aucilebelia epoqis 

Sesabamisi teqnologiebiT ekonomikis ganviTareba, rac moicavs agreTve 

sxvadasxva daniSnulebis mdgradi Senoba-nagebobebisa da komunikaciebis 

mSeneblobas. 

 saqarTvelos samSeneblo bazarze, sxvadasxva regionebSi ganxorcielebis 

stadiaSia infrastruqturis ganviTarebisa da reabilitaciis proeqtebi, kerZod 

mimdinareobs Senoba-nagebobebis, saavtomobilo gzebis, rkinigzebis, xidebisa da 

gvirabebis, aerodromebis, hidroeleqtrosadgurebis da maRali Zabvis 

eleqtroenergiis gadamcemi xazebis, sasawyobo meurneobebis da sxvaTa 

mSenebloba. 

 iseve rogorcaa mTels msoflioSi, mSeneblobebi saqarTveloSic 

ZiriTadad xorcieldeba progresuli monoliTuri meTodiT, romlis 

teqnologia damyarebulia maRali denadobis (plastifikatoriT gaTxevadebuli) 

e.w. ,,sasaqonlo betonebis’’ (avtobetonSemrevmzidebis, betontumboebis) 

gamoyenebaze. saqarTveloSi mSeneblobebi amJamad xorcieldeba saSualo klasis, 

(C16/20-C45/55)  betonebis mixedviT, romelTa meqanikuri simtkice kumSvaze 

cilindruli nimuSebiT aris 16-45 mpa, kuburi nimuSebiT ki 20-55 mpa farglebSi. 

am mimarTulebiT, betonis struqturis formirebis procesebis Seswavlasa da 

mecnierul kvlevebSi didi Rvawli miuZRviT, garkveuli warmatebebi da Sedegebi 

aqvT miRebuli qarTvel mecnierebs: z.wilosans, a.yubaneiSvils, v.balavaZes, 

m.lorTqifaniZes, a.nadiraZes, S.burWulaZes, l.bolqvaZes, a.Ciqovans, 

a.sakandeliZes, a.sayvareliZes, s.fancxavas, r.sxvitariZes da sxvebs. 

iseve rogorc mTels msoflioSi, saqarTvelosac aucileblad dasWirdeba 

simtkicis klasis mixedviT C-45/55 maRali simtkicis betonebi. 
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seismomedegoba gansakuTrebiT aqtualuria saqarTvelosTvis, radgan igi 

mdebareobs seismurad aqtiur  zonaSi. mdgradobisadmi moTxovnis zrdasTan da 

samSeneblo teqnologiebis ganviTarebasTan erTad icvleba moTxovnebi TviT 

ZiriTadi saSeni masalis betonisadmi. 

დისერტაციისდისერტაციისდისერტაციისდისერტაციის    მიზანიმიზანიმიზანიმიზანი   mdgomareobs eqsperimentaluri gziT betonis nimuSis 

sivrciTi (samRerZa) kumSvis SemTxvevaSi simtkicis maxasiaTeblebis dadgena 

mudmivi da cvladi datvirTvebis SemTxvevebisaTvis. am SemTxvevisaTvis 

ganxilulia Semdegi sakiTxebi:  

1. maRalxarisxiani betonebis damuSaveba garantirebuli maRali 

fizikur-teqnikuri TvisebebiT. 

2. axali saxis wvrilmarcvlovani mravalkomponentiani betonis 

damuSaveba fizikur-teqnikuri Tvisebebis farTo diapazoniT 

maqsimalurad gajerebuli teqnogenuri narCenebiT. 

3. betonis mniSvnelovani maCveneblebis: xangamZleobis, betonis 

gamyarebis kinetika nawarmSi da sxva Tvisebebis prognozirebis 

meTodikis SemuSaveba. 

4. ZiriTadi normatiuli dokumentis damuSaveba da gadaxedva, maTi 

harmonizacia saerTaSoriso standartebTan. 

mecnieruli siaxlmecnieruli siaxlmecnieruli siaxlmecnieruli siaxle:e:e:e:  naSromis mecnieruli siaxle mdgomareobs imaSi, rom  

betonis kompleqsuri eqsperimentaluri kvlevebis Sedegad ,,oqros kveTis‘‘ 

proporciis gamoyenebiT Sedgenilia narevi 1 da narevi 2, romlebic kargad 

asaxaven betonis daZabul-deformirebul mdgomareobas da gamoirCevian 

simtkicis mdgradi maxasiaTeblebiT. 

dResdReobiT saqarTvelos samSeneblo bazarze gamokveTilia: 

a) lokaluri problemebi: 

- saqarTvelos mometebuli seismuri riskebis pirobebSi mSeneblobebi 

mimdinareobs saSualo, klasis mixedviT (C16/20-C45/50) anizotropuli 

Tvisebebis betonebiT da ar gamoiyeneba klasis mixedviT C50/60-C100/115 

axali Taobis betonebi: 

- naklebad cnobilia axali Taobis maRali klasisa da markianobis 

betonebis misaRebad gamosayenebeli teqnikur-normatiuli dokumentebi. 

b) globaluri problemebi qarTveli specialistebisaTvis: 

- betonis meqanikuri simtkicis anizotropiuloba; 

- betonis simyife; 

- betonis zedapiruli bzarebis warmoqmna; 

- betonis forianoba; 
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saqarTveloSi nagebobaTa mdgradobis (xangamZleoba, seismomedegoba) 

gazrdisaTvis, saWiroa axali Taobis, simtkicis klasis mixedviT C50/60-C100/115 

modificirebuli (dispersiulad armirebuli, naklebforiani, naklebbzariani, 

naklebmyife) struqturisa da naklebadanizotropuli (Runva-gaWimvaze 

mometebuli simtkicis) Tvisebebis betonebis teqnologiebis Seqmna da maTi 

gamoyenebiT mSeneblobebis ganxorcieleba. 

 miRebuli Sedegebis saimedoobamiRebuli Sedegebis saimedoobamiRebuli Sedegebis saimedoobamiRebuli Sedegebis saimedooba dafuZnebulia maRali mgrZnobiarobis 

eqsperimentuli danadgarebis gamoyenebaze. gasazomi xelsawyoebis sizusteze da 

eqsperimentuli monacemebis damuSavebaze, romelic moicavs maTematikuri 

statistikuri meTodebis gamoyenebas. 

 miRebuli Sedegebis praqtikuli gamoyenebamiRebuli Sedegebis praqtikuli gamoyenebamiRebuli Sedegebis praqtikuli gamoyenebamiRebuli Sedegebis praqtikuli gamoyeneba SesaZlebelia rkinabetonis 

konstruqciebis gaangariSebisas, romlebic SeiZleba warmoadgendnen maRali 

riskis Senobebis elementebs, iseTi rogoricaa: 

- hidroteqnikur mSeneblobaSi – kaSxlebi, arxebi, sxvadasxva 

miwisqveSa nagebobebi; 

- sacxovrebeli da saofise mSeneblobebi; 

- Txelkedlian konstruqciebSi; 

- sazRvao da samdinaro portebis safarebSi da sxva sazRvao 

nagebobebSi; 

- aerodromebisa da saavtomobilo gzebis safarebSi. 

- ximinjebSi da Saxtebis mSeneblobaSi; 

- sxvadasxva cecxlgamZle konstruqciebSi, maT Soris raketebis 

gasaSveb moednebis mowyobisas; 

- xidebis, gvirabebis mSeneblobaSi da sxva. 

ნაშრომისნაშრომისნაშრომისნაშრომის    აპრობაციააპრობაციააპრობაციააპრობაცია    დადადადა    გამოქვეყნებულიგამოქვეყნებულიგამოქვეყნებულიგამოქვეყნებული    პუბლიკაციებიპუბლიკაციებიპუბლიკაციებიპუბლიკაციები....    naSromis rogorc 

calkeuli, ise ZiriTadi Sedegebi moxsenebuli iqna sadoqtoro programiT 

gaTvaliswinebul or seminarze; sadisertacio naSromis masalebis mixedviT 

gamoqveynebulia 21 samecniero Sroma, gamoqveynebulia sazRvargareT Catarebul 9 

saerTaSoriso konferenciis SromaTa krebulebsa da moxsenebulia 3 saerTaSoriso 

samecniero konferenciaze (q.varna, bulgareTi; q.isparta, TurqeTi; q.ohridi, makedoniis 

respublika).   

naSromis struqtura da moculoba:naSromis struqtura da moculoba:naSromis struqtura da moculoba:naSromis struqtura da moculoba: disertacia Sedgeba Sesavlis, ZiriTadi 

nawilis, daskvnebis da gamoyenebuli literaturisagan. sadisertacio naSromi Sedgeba 

120 gverdisagan da gamoyenebuli literaturis nusxa Seicavs 91-dasaxelebas. 
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ნაშრომისნაშრომისნაშრომისნაშრომის    შინაარსიშინაარსიშინაარსიშინაარსი    

SesavalSiSesavalSiSesavalSiSesavalSi    warmodgenilia Temis aqtualoba, mecnieruli siaxle da naSromis 

praqtikuli Rirebuleba.        

                                    naSromis pirvel nawilSi,naSromis pirvel nawilSi,naSromis pirvel nawilSi,naSromis pirvel nawilSi, literaturis mimoxilvaSi gaanalizebulia 

Tanamedrove warmodgenebi betonis gamoyenebis Sesaxeb. 

XX saukunis bolo periodis miRwevebma mTlianad Secvala Cveni 

warmodgena betonebze, romelic iyo da rCeba metad saWiro masalad 

mSeneblobaSi. betonis warmoebis axali teqnologiebi emyareba iseTi pirobebis 

Seswavlas, romelic mimdinareobs mikronawilakebis doneze, yuradReba eqceva 

qimiuri procesebis mimdinareobis siswrafes da xarisxs gamyarebad betonSi, 

risTvisac gamoiyeneba axali Taobis kompleqsuri modificirebuli danamatebi 

da betonis Semadgenlobis SerCevisa da optimizaciis uaxloesi meTodebi, 

romelic saSualebas gvaZlevs miviRoT maRali saeqspluatacio Tvisebebis mqone 

betonebi, romlis warmoebis uaxloesi teqnologiebi aqtiurad inergeba 

mSeneblobaSi da biznesSi.  

aseTi betoni Cveulebrivi cementis qvis betonisagan gamoirCeva mTeli 

rigi TvisebebiT. kerZod:  

− axali Taobis betoni xasiaTdeba Zalian maRali simtkiciTa da 

wyalSeuRwevadobiT, ris gamoc igi SeiZleba gamoyenebuli iqnas 

sxvadasxva klimatur sartyelebSi da Zalian mZime eqspluataciis 

pirobebSi. 

− igi erTnairad inarCunebs maRal simtkices, rogorc cxel qveynebSi 

eqspluataciis dros, aseve aris Zlier yinvamedegi. 

− aseTi betoni iZleva saSualebas misi deformirebis regulirebis, rac 

saSualebas iZleva aSenebuli iqnes mravalnairi formis nagebobebi. 

 axali Taobis betoni iTvleba universalur samSeneblo masalad,  radgan  

is SeiZleba gamoyenebul iqnas sxvadasxva saeqspluatacio pirobebSi. magaliTad, 

rogorc sanapiro-gamagrebiT nagebobebSi, ise atomuri eleqtrosadgurebis 

sarkofagebSi. 

zogadad, rom vTqvaT msoflioSi betonis warmoeba mudmivad viTardeba da 

srulyofili xdeba. amitom axali Taobis betonma xval SeiZleba dakargos 

Tavisi aqtualoba, magram am etapze is farTod gamoiyeneba mrewvelobisa da 

mSeneblobis yvela dargSi da iTvleba Tanamedrove universalur da saimedo 

samSeneblo masalad. xolo imaze, Tu ra masala iqneba gamoyenebuli 

mrewvelobaSi, mTavar rols TamaSobs tradicia da teqnologiis ganviTarebis 

done qveyanaSi. mag. aSS-Si, sadac maRlivi mSeneblobis farTo speqtria 
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warmodgenili, cnobil movlenamde upiratesoba eniWeboda foladis mzid 

konstruqciebs, xolo samxreT aRmosavleTsa da axlo aRmosavleTis qveynebSi, 

rogorc wesi, iyeneben rkinabetons. cxadia, TiToeuls gaaCnia Tavisi 

upiratesobebi da naklovanebebi. magram maRlivi mSeneblobis usafrTxoebis 

moTxovnebis gamkacreba mdgradobisadmi da teqnologiuri katastrofebisadmi 

aiZulebs damproeqteblebs da mSeneblebs gamoiyenon konstruqciul samSeneblo 

masalebad rkinabetoni. maRali simtkicis betonis gamoyeneba gansakuTrebiT 

maRliv mSeneblobaSi ganapirobebda misi mdgradobas qaris datvirTvebisadmi, 

saimedo stabiluri TvisebebiT da cecxlmedegobiT liTonis konstruqciebTan 

SedarebiT. 

amitom kvlevis erT-erTi mimarTuleba, es aris SemuSavebuli iqnas maRali 

xarisxis betoni cementis naklebi SemcvelobiT. rac Zalian  problemuri  

sakiTxia, radgan umjobesdeba betonis deformaciuli Tvisebebi da amasTan rac 

ufro naklebi iqneba cementis qvis Semcveloba, masala iqneba ufro medegi, 

radgan agresiuli garemos mimarT betonis SemadgenlobaSi myofi 

komponentebidan yvelaze ufro mgrZnobiarea cementis qva. 

yovelive am problemebis gadaWra amJamad mimdinareobs betonebSi axali 

tipis superplastifikatorebis, maRaldispersiuli Semavseblebis da 

kompleqsuri modifikatorebis gamoyenebiT,  mineraluri  da organuli 

zedapiruli aqtiuri danamatebiT. 

ukanasknel periodSi kaJmiwa mtvris gverdiT farTod iyeneben nacars, 

widas, dReisaTvis betonis narevis SemuSavebuli Semadgenloba iZleva 

saSualebas Semcirdes w/c fardoba 0.3-0.25-mde da miRebuli iqnas betonebi 140 

mpa simtkicis kumSvaze. 

 maRali simtkicis betonebis gamoyenebaSi miRebulma gamocdilebam 

saSualeba misca evrokavSiris qveynebs SeeqmnaT normatiuli baza: maRali 

simtkicis (130 mpa-mde) betonebis warmoeba da gamoyeneba (evropuli standarti 

EN206). 

teqnologiateqnologiateqnologiateqnologia:::: Cveulebrivad normaluri betoni ganixileba rogorc sami 

komponentisagan Semdgari samSeneblo masala. es aris umTavresi Semkvreli 

masala cementi, Semvsebebi da wyali. 

maRali simtkicis betoni ki Sedgeba xuTi komponentisagan - sadac wina 

sam komponents emateba: Semvsebebi: 1. mikrokaJmiwa mtveri, nacari,  

metalurgiuli wida da metakaolini, 2. plastifikatorebi, romlebic 

saSualebas iZlevian w/c-is (wyal/cementis fardobis) Semcirebis SemTxvevaSic 

SeinarCunon betonis narevis saWiro Zvradoba. 
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maRali simtkicis betonis miRebaze gavlenas axdenen Semdegi faqtorebi: 

ZiriTadi masalebis xarisxi da raodenoba - cementebi, Semvsebebi, gamajereblebi 

da wyali; - narevis momzadebis meTodi; garemo da betonis gamyarebis pirobebi, 

subieqturi faqtorebi (gamocdileba, adamianebis intuicia).  

cementi: cementi: cementi: cementi: maRali simtkicis betonis misaRebad SeiZleba gamoyenebuli iqnas, 

rogorc portlandcementebi, ise widaportlandcementebi an pucolanuri 

cementebi. cementis asortimenti evrostandarti EN-197-1-is mixedviT rusul 

standartTan Гост-10178-Tan SedarebiT gafarToebulia mineraluri danamatebis 

raodenobrivi SemcvelobiT, maTi saxeebiT da cementis tipebiT. arsebiTi 

yuradReba eqceva mravalkomponentiani cementis warmoebas da Seqmnas, maTSi 

mineraluri danamatebis Semcvelobas, warmoebis narCenebis utilizacias. es 

mimarTulebebi asaxulia evropul standartSi EN 197-1, romelzec 2010-wlidan 

gadasulia saqarTveloSi cementis warmoebac (haidelbergcementis mier). am 

standartiT gaTvaliswinebulia 5 tipis 27 saxis cementis warmoeba. 

 imisaTvis, rom SevamciroT siTbogamoyofa gamyarebisas da masTan 

dakavSirebuli jdena, bzarebis warmoqmna cxeli amindis pirobebSi, iyeneben 

portland - da widaportland cementebs. specialuri nagebobebisTvis, 

magaliTad rogoricaa hidroeleqtrosadgurebi da agresiul garemoSi myofi 

konstruqciebi gankuTvnilia sulfatomedegi Tvisebebis mqone cementebi. aseve 

karg Sedegs iZleva cementis nawilis Secvla dafqvili widiT an nacris 

gamoyenebiT, maRali simtkicis betonis misaRebad cementis xarji Seadgens 380-

450 kg/m3-ze. 

SemvsebebiSemvsebebiSemvsebebiSemvsebebi:::: betonis simtkicis zrdasTan erTad mzardi mniSvneloba eniWeba 

Semvsebebis inertuli masalebis meqanikur Tvisebebs. mxedvelobaSia misaRebi 

gamoyenebuli masalebis forma da marcvlebis zoma. aseve qimiuri 

urTierTqmedeba Semvsebebisa da cementis matricas Soris. Tu normaluri 

betonis SemTxvevaSi Semvsebi TamaSobs inertuli masalis rols, maRali 

simtkicis betonSi Semvsebis xarisxsa da Tvisebas TavianTi wvlili SeaqvT 

betonis simtkicis zrdaSi. 

gasuli saukune xasiaTdeboda cementiani betonis gamoyenebis mzardi 

moTxovnilebiT, romelic warmoadgens praqtikulad universalur samSeneblo 

masalas, gansxvavebuli fizikur-teqnikuri maxasiaTeblebiT, romlis 

mniSvneloba wlidan wlamde izrdeboda  da izrdeba. magaliTad, mZime betonis 

simtkicis zrdis dinamika mpa-ebSi aseTia: 1913 w. - 30; 1940 w. - 40-mde, 1960 w. 50-60-

mde; 2000 wels 100-mde gaizarda simtkicis maCvenebeli. 

dReisaTvis teqnikurad ganviTarebul qveynebSi (amerikaSi, evropis 

qveynebSi, iaponiaSi da agreTve ruseTSi) betonis Semadgenloba da damuSavebis 
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teqnologia iseTia, rom betonis simtkice 100 mpa-ze metia. aseTi betonebi 

gamoiyeneba unikaluri, gansakuTrebuli mniSvnelobis Senobebisa da nagebobebis 

asaSeneblad, rogoricaa caTambjenebi, didmaliani xidebi da a.S. Tu gasuli 

saukunis dasawyisSi ZiriTadi klasikuri mZime betoni da umniSvnelo 

raodenobiT bunebriv msubuq Semvsebebze damzadebuli msubuqi betoni iyo, dRes 

mSeneblobaSi gamoiyeneba sxvadasxva saxis da funqcionaluri daniSnulebis 

betonebi: msubuqi, ujredovani, yinvamedegi, cecxlmedegi da sxva. 

mecnierebaSi da teqnikaSi zogadteqnikurma progresma cementisa da 

betonis warmoebis saqmeSi bevri axali aRmoCena danerga, ramac betonis 

warmoeba ganviTarebis axal safexurze aiyvana da SesaZlebeli gaxda iseTi 

betonis miReba romlis  maqsimaluri simtkice cementis simtkices aRemateba. 

kerZod superplastifikatorebis da kompleqsuri modifikatorebis Seqmnam da 

gamoyenebam cementis aqtivobis zrdasTan erTad betonis saSualo da 

maqsimaluri simtkice gazarda. 

dRes, rogorc adre aqtualuri sakiTxi betonis warmoebisa ara marto 

ekonomiuri aspeqtiT aris mniSvnelovani, aramed ekologiuri TvalsazrisiTac, 

vinaidan xdeba didtonaJiani narCenebis utilizacia da bunebrivi mineraluri 

resursebis SenarCuneba. 

bevri teqnologiuri narCeni (nacari, wida da sxva) Seicavs toqsikur 

elementebs, aseve aqvs maRali radioaqtiuroba. standarti Гост-30108-is 

gamosvlasTan dakavSirebiT radioaqtiurobis problema praqtikulad moixsna, 

radgan masSi mocemulia am maCveneblis Sefasebis meTodebi da kriteriumebi.  

gasul saukuneSi betonis warmoebaSi udides miRwevad iTvleba 

zedapirul-aqtiuri nivTierebebis da kompleqsuri modifikatorebis gamoyeneba. 

bolo wlebSi aRiniSneba gansakuTrebuli interesi betonis 

modifikatorad  sxvadasxva narCenebis da Tanamdevi samrewvelo produqtebis: 

mineraluri sasuqebis, navTobgadamuSavebuli-, metalurgiuli- da mravali sxva 

narCenebis gamoyenebisa. 

uaxloes perspeqtivad unda iqces maRalefeqturi regulatorebis Seqmna, 

romlebic betonis Sekvras da gamyarebas Seuwyobs xels. dReisaTvis 

gamoyenebuli qloridis safuZvelze damzadebuli gamyarebis damaCqareblebs 

aqvT rigi SezRudvebi, romlebic dakavSirebulia betonis damcavi Tvisebebis 

SemcirebasTan, armaturasTan mimarTebiT. 

erTerTi ZiriTadi mizezi maRali simtkicis betonebis miRebis uaryofiTi 

Sedegis SeiZleba gaxdes cementis didi Sekleba, vinaidan maRali simtkicis 

betoni gamoirCeva cementis maRali koncentraciiT betonis SemadgenlobebSi da 

am ukanasknelis Seklebis dros SesaZlebelia betonis Seklebis 
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deformaciulobis ganviTareba, romelmac SeiZleba gamoiwvios bzarebis 

warmoqmna da, rogorc Sedegi, kveTis sixistis Semcireba. 

amitom superplastifikatorebis SerCevas maRali simtkicis betonebis 

misaRebad unda mieqces gansakuTrebiT didi yuradReba. 

nanoteqnologiebi:nanoteqnologiebi:nanoteqnologiebi:nanoteqnologiebi: betonis warmoebis teqnika da teqnologia 

ganuwyvetliv viTardeba. gansakuTrebuli yuradReba dRes-dReobiT eqceva 

nanoteqnologiebs. 

nanoteqnologiebi gulisxmobs kvlevebs iseTi nawilakebis da sistemebis 

monawileobiT, romelTa zomebi 1÷100 nm. e.i. xdeba mikrosamyarodan 

nanosamyaroSi gadasvla. 

dRes bevr qveyanaSi tardeba Teoriuli da eqsperimentuli kvlevebi 

nanostruqturuli, modificirebuli masalebis miRebis teqnologiuri 

procesebis damuSavebis da maTi fizikur-meqanikuri maxasiaTeblebis 

gaumjobesebis mimarTulebiT. magaliTad betonis narevSi fuleroiduli 

nawilakebiT gamdidrebuli maplastificirebeli danamatis Seyvana mkveTrad 

aumjobesebs betonis narevis reologiur maxasiaTeblebs da Sesabamisad 

amcirebs betonis samuSaoebis SromiT danaxarjebs. umjobesdeba narevis 

xangamZleoba, simtkice, wyalmedegoba da sxva maxasiaTeblebi. 

maRali simtkicis betonebis gamoyenebiT mravali mniSvnelovani proeqtia 

ganxorcielebuli. erT-erTi yvelaze didi da grandiozuli nageboba mdebareobs 

malaiziis dedaqalaq kuala lumpurSi, romelic ,,petronasis tyupebis’’ 

saxeliTaa cnobili (sur. 1), igi aSenda 1998 wels da misi simaRlea 452m. 

                  

       sur. 1. ,,petronasis tyupebi’’, kuala lumpuri, malaizia 

 

maRali simtkicis betoniT metad saintereso proeqti ganaxorcieles 

germaniaSi 2004 wels, karlsrues universitetis mecnierebma da studentebma 
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cnobil saavtomobilo gigant BMW-sTan erTad, rodesac 120 mpa simtkicis 

betonis gamoyenebiT Seqmnes betonis avtomobilis modeli BMW Z4 (sur. 2). 

                

sur. 2. BMW-s betonis avtomobili 

 

mSeneblobaSi   sul    ufro    farTod    gamoiyeneba  axali  saxis  

kompoziciuri masalebi, romlis erT-erTi saxea fibrobetoni. 

fibrobetonebi:fibrobetonebi:fibrobetonebi:fibrobetonebi: fibrobetonebi miiReba tradiciuli betonis an 

wvrilmarcvlovani betonis armirebiT sxvadasxva saxis boWkoebiT. boWkoebi 

SesaZlebelia iyos sxvadasxva saxis masalisagan damzadebuli:  

1) mineraluri – tutemedegi pinisagan (tutemedegi minaboWko, bazaltis 

boWko, kvarcis boWko da a.S.); 

2) sinTezuri (polipropileni, kaproni da a.S.); 

3) liTonis (Cveulebrivi, uJangavi an sxva saxis foladisagan). 

cnobilia,   rom    boWkoebis    gamoyenebiT    (praqtikaSi umeteswilad  

foladis da bazaltis boWkoebi) umjobesdeba betonis TiTqmis yvela fiziko-

meqanikuri maxasiaTebeli da parametrebi: gamokvlevebma aCvena, rom 

foladfibrobetonis simtkice (boWkoebiT moculobiT armirebis miRebul 

zRvrebSi) Cveulebriv betonTan SedarebiT SeiZleba gaizardos: 

- simtkice kumSvaze – 20-50%. 

- simtkice gaWimvaze – 2-5-jer; 

- simtkice grexaze – 3-5-jer; 

- simtkice Runvaze – 2-4-jer; 

- dartymiTi siblante izrdeba 20-30-jer. 

- seismuri datvirTvebis mimarT sixiste izrdeba 4-6-jer. 

- masalis winaRoba bzarwarmoqmnisadmi izrdeba 2-5-jer; 

- cecxlgamZleoba izrdeba - 25-30-jer. 

- winaRoba cveTisadmi izrdeba – 2-3-jer; 

- yinvamedegoba matulobs – 2-4-jer. 
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                                                                sur. 3. liTonis fibra 

bevrad  izrdeba  simtkice  dinamiuri datvirTvebis dros, matulobs misi  

xanmedegoba, simtkice samRerZa kumSvisas da gaWimvisas. 

                    

sur. 4. liTonis fibra betonSi 

bazaltis boWkos gamoyeneba betonSi danamatis saxiT amcirebs betonis da 

rkinabetonis konstruqciebSi bzarebis warmoqmnas, zrdis mis simtkices rogorc 

kumSvaze aseve gaWimvaze, rac Zalian did mniSvelobas iZens seismomedeg 

mSeneblobaSi. 

                

sur. 5.  bazaltis fibra (boWko) 
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bazaltis fibris (boWkos) gamoyenebiT miRebuli betonis ZiriTadi 

maxasiaTeblebia: 

saeqspluatacio temperatura -  -260 C0  __ +700 C0  

simtkicis gazrda kumSvaze – 15-20% 

simtkicis gazrda gaWimvaze – 3-7-jer 

yinvamedegobis zrda – 1,6-2-jer 

dinamiur zemoqmedebebze bzarwarmouqmnelobis zrda. 

dozireba msubuq betonebSi 0,5 - 1kg /m 3   

dozireba mZime betonebSi 0,5 - 50 kg / m 3  

 gamokvlevebis analizi gvaCvenebs, rom maarmirebeli boWkoebi saSualebas 

iZleva gavaumjobesoT praqtikulad yvela ZiriTadi fiziko-meqanikuri parametri 

betonebSi. yvelaferi es saSualebas mogvcems bevrad gavzardoT 

fibrobetonebis gamoyenebis efeqturoba mTel rig konstruqciebSi, gavxadoT 

isini ufro msubuqi da xangamZle. 

fibrobetonebis   gamoyenebis   efeqturoba   ganpirobebulia  masalis  

maRali fiziko-meqanikuri TvisebebiT. misi gamoyeneba ekonomiurad momgebiania. 

ekonomiurobis miRweva xdeba elementebis kveTis SemcirebiT, konstruqciebis 

xanmedegobis gazrdiT, samontaJo da satransporto danaxarjebis SemcirebiT da 

sxvadasxva saxis saremonto samuSaoebze finansirebis SemcirebiT. 

 betonis teqnologiaSi didi adgili ukavia iseTi danamatebis gamoyenebas, 

romlebic moqmedeben hidroizolaciis saxiT, zrdian betonSi 

wyalSeuRwevadobas, aseTi danamatebia: penetroni; kalmatroni; linabondi da a.S. 

cementis fuZeze damzadebuli axali saxis kompozitebis, axali saxis 

betonebs Soris erT-erTi yvelaze gamorCeulia TviTSemWidroebadi betoni.TviTSemWidroebadi betoni.TviTSemWidroebadi betoni.TviTSemWidroebadi betoni. 

TviTSemWidroebadi  betoni   warmoadgens  samSeneblo   masalas  

romelsac SeuZlia SemWidrovdes (gamkvrivdes) sakuTari masis zemoqmedebiT.  

es betoni SemuSavebuli iqna iaponiaSi XX-saukunis  80-iani  wlebis  

bolos, iTvleba bolo aTwleulis did aRmoCenad samSeneblo sferoSi da 

amJamad aqtiurad inergeba TiTqmis mTel msoflioSi. 

1986 wels iaponeli profesori hajime  okamura (koCis universiteti) 

maRali simtkicis betonebis damuSavebiT miRebuli gamocdilebiT, gamovida 

iniciativiT miRebul axal masalas darqmeoda ,,TviTSemWidroebadi betoni’’,,TviTSemWidroebadi betoni’’,,TviTSemWidroebadi betoni’’,,TviTSemWidroebadi betoni’’. 

Самоуплотняющийся    бетон    ((((СУБ)))) — Self-Compacting Concrete (SCC). 

1989 wels okamuram Tavis kolegebTan erTad Caatara Ria saCvenebeli 

eqsperimenti, 100 mecnieris monawileobiT da aCvena TviTSemWidroebadi betonis 

miRebis teqnologia. am eqsperimentis Semdeg msoflios sxvadasxva qveynis 

laboratoriam da kompaniam daiwyo am betonis SemuSaveba, warmoeba da danergva. 
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TviTSemWidroebadi betonis gamoyeneba gansakuTrebiT efeqturia xSir-

daarmirebuli da rTuli formis konstruqciebSi. am saxis betonis gamoyenebiT 

SesaZlebeli xdeba betonis narevis Casxma Znelad misadgom adgilebSi, misi 

zedapiri gamodis maRali xarisxis, iatakis monoliTuri safari SeiZleba 

Sesruldes nakerebis gareSe.  

     saqarTveloSi adgilobrivi nedleulis bazaze, warmoebis narCenebis 

utilizaciiT da Tanamedrove danamatebis bazaze SesaZlebelia miviRoT maRali   

simtkicis  TviTSemWidroebadi betoni. mis dasamzadeblad SeiZleba gamoyenebul 

iqnes ,,haidelbergcement jorjias‘‘ q.kaspis da q.rusTavis warmoebis 

portlandcementebi; md. xramis auzis da imiris inertuli masalebi, kvarcis 

qviSa, q.zestafonis feroSemnadnobi qarxnis RumelebSi gamoyenebuli qvanaxSiris 

nacari, amave qarxnis sakvamle milebis filtrebSi dagrovili mtveri - 

silikomanganumi, tyibulis qvanaxSiris nacari, ucxouri warmoebis mikrosilika, 

Tanamedrove karboqsilaturi qimiuri danamatebi, siblantis modifikatorebi da 

a.S. 

     TviTSemWidroebadi betonis gamoyenebis perspeqtivebi saqarTveloSi Zalian 

didia, misi gamoyenebiT axal proeqtebSi miRweuli iqneba drois da Sromis 

danaxarjebis Semcireba, betonis konstruqciebis xarisxis, simtkicis da 

xanmedegobis gazrda.     

 naSromis naSromis naSromis naSromis meoremeoremeoremeore    nawilSinawilSinawilSinawilSi Sedegebi da maTi gansja gaanalizebulia betonis 

Semadgeneli masalebis SerCevis sakiTxi da maRali simtkicis betonis miReba. 

 betonis Semadgenlobis gaTvla mdgomareobs betonis Semadgeneli 

masalebis (cementi, wyali, RorRi, qviSa) racionaluri Semadgenlobis 

dadgenaSi, romelmac unda gansazRvros miRebuli betonis narevis Zvradoba da 

sixiste. aseve moTxovnili betonis simtkicis miReba mocemul droSi, cementis 

minimaluri danaxarjebiT. 

 betonis Semadgenlobas mocemuli maxasiaTeblebis mixedviT (romelic 

gamomdinareobs misi saeqspluatacio pirobebiT) gansazRvraven Semdegi sqemiT: 

1.  betonis parametrebis SerCeva (misaRebi betonis marka, cementis saxeoba 

da marka, Semvsebebis maxasiaTeblebi); 

2. SerCeuli maxasiaTeblebis dadgena; 

3. 1 m3 betonisaTvis saWiro masalebis gaangariSeba; 

4. sacdeli laboratoriuli Semadgenlobis damzadeba masSi Semdgomi 

cvlilebebis Setanis mizniT; (saWiroebisamebr); 

5. betonis Semadgenlobis dazustebis Semdeg 1m3 betonis damzadebisaTvis 

saWiro masalebis xarjis dazusteba; 

6. sakontrolo nimuSebis dayalibeba da gamocda. 
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msxvili qvis SerCevisas gaTvaliswinebuli unda iyos is faqti, rom 

bunebrivi qvisagan damzadebuli RorRis meqanikuri simtkice kumSvaze 300 

markaze dabali betonis damzadebisas unda aRematebodes betonis markas (klass) 

1.5-jer, xolo 300 markis zeviT betonis misaRebad unda iyos betonis markaze 

(klasze) 2-jer meti. 

betonis Semadgenlobis gaangariSebisas, Catarebuli iqna gamosayenebeli 

masalebis analizi da dadgenili iqna maTi Semdegi maxasiaTeblebi: 

 cementad    gamoyenebuli   iqna  Sps ,,haidelbergcement jorjias’’   mier  

rusTavis cementis qarxanaSi warmoebuli CEM I 42.5 R (M500) tipis cementi. 

 cementis fiziko-meqanikuri da qimiuri analizis Sedegebi mocemulia 

cxrilSi 1. 

                                                                        cxrili 1 

rusTavis cementis qarxnis CEM I 42.5 R (M500) cementis testirebis Sedegebi 

N nim u S inim u S inim u S inim u S i

d af q vis  d af q vis  d af q vis  d af q vis  

s iwm ind e s iwm ind e s iwm ind e s iwm ind e 

008%

xv e d r ixv e d r ixv e d r ixv e d r i

Ti Ti Ti Ti 

ze d a p ize d a p ize d a p ize d a p i

r ir ir ir i

no r m  no r m  no r m  no r m  

co mis  co mis  co mis  co mis  

s is qe  s is qe  s is qe  s is qe  

% % % % 

s im tk is im tk is im tk is im tk i

ce  2  ce  2  ce  2  ce  2  

d R e ze , d R e ze , d R e ze , d R e ze , 

mp amp amp amp a

s im tks im tks im tks im tk

ice 7  ice 7  ice 7  ice 7  

d R e zd R e zd R e zd R e z

e , m p ae , m p ae , m p ae , m p a

s imtk is imtk is imtk is imtk i

ce 2 8  ce 2 8  ce 2 8  ce 2 8  

d R eze , d R eze , d R eze , d R eze , 

m p am p am p am p a

SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O SO3 LOI

1 CEM I 42.5R 7.8 3414 24.5 100 160 22.65 39.46 51.00 20.90 5.31 3.56 64.34 1.19 0.35 0.5 3.0 1.18

S e kv r is  d r o  S e kv r is  d r o  S e kv r is  d r o  S e kv r is  d r o  

wT/ wT/ wT/ wT/ 

d a s a wy /d a s a s rd a s a wy /d a s a s rd a s a wy /d a s a s rd a s a wy /d a s a s r

....

 

  

Semvsebebad gamoyenebuli iyo marneulis raionis bazaltis RorRi da 

qviSa. maTi gamokvlevis Sedegebi, sacriTi analizi da granulometriuli 

Semadgenloba mocemulia cxrilebSi 2. da 3. 

                                                                           cxrili 2 

bazaltis qviSis gamokvlevis Sedegebi 

narCenebis 

saxe % 

sacris naxvretebis zoma, mm 
^>0.14 s m 

moculobiTi 

masa t/m3 
2.5 1.25 0.63 0.315 0.14 

kerZo 

sruli 

50 

50 

12.5 

62.5 

18.5 

81.0 

12.0 

93.0 

2.0 

98.0 

2.0 

100 
3.84 1.54 

 

                                                                    cxrili 3 

bazaltis RorRis granulometriuli Semadgenlobis gansazRvraE 

narCenebis 

saxe % 

sacris naxvretebis zoma, mm moculobiTi 

masa t/m3 20 10 5 <5 

kerZo 

sruli 

1.1 

1.1 

46.6 

47.7 

35.1 

82.8 

17.2 

100 
1.34 

  



 

 

15

Cven mier gamoyenebuli iyo betonis narevSi Sveicariuli firma Sika–s 

mier warmoebuli qimiuri danamati - superplastifikatori ,,viskokreti  SF-18’’. 

 

1 m3 betonis misaRebi narevis angariSi: 

1. pirvel rigSi gansazRvruli iqna wyal-cementis fardoba, romelic iZleva 

saSualebas miRebuli iqnas gansazRvruli simtkicis betoni 

gansazRvruli aqtivobis cementis gamoyenebiT. wyal/cementis fardobis 

gaangariSeba xdeba Semdegi formuliT: 

                      

cb

c

cb

c

w/c

w/c

ARR

AR

ARR

AR

5.0

5.0

−
=

+
=

                                  (1) 

sadac Rb  - betonis kuburi simtkice kumSvaze; Rc -  cementis aqtiuroba 

(kg/sm 2 );  A – empiriuli koeficientia. 

 

2. gansazRvraven wylis saorientacio raodenobas; 

3. cementis xarjs gansazRvraven cnobili formuliT: 

                            
c/w

w
c =                                          (2) 

sadac, c – cementi, w – wyali, c/w – cementis da wylis fardobaa. 

 

4. msxvili Semvsebis xarji gansazRvruli iqna RorRisaTvis 

                         

sac

RR

R

V
pp

10001000
1000

α+
=                                     (3) 

sadac, PR – RorRis xvedriTi wona;  Vsic – sicarielis koeficienti. 

 

5. qviSis xarji gamoiTvleba formuliT: 

                
q

Rc

qq ρ
ρ
µ

ρ 















++−= v

1000                                (4) 

sadac ρc, ρR, ρq -   aris cementis, RorRis da qviSis xvedriTi wonebi. 

aseTi winaswari gaTvlebis Semdeg damzadebuli iqna sacdeli betonis 

ori narevi da gansazRvruli iqna betonis Zvradoba da sixiste, ris Semdeg 

Setanili iqna narevSi Sesabamisi cvlilebebi da miRebuli betonis narevis 

Semadgenlobebi, romelic gamoyenebuli iqna SemdgomSi betonis masis misaRebad, 

mocemulia cxrilebSi 4 da 5. betonis narevis mosamzadebeli elementebis 
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raodenobriv sidides varCevdiT ,,oqros’’ proporciebis daxmarebiT (oqros 

kveTa). 

 

                                                                 cxrili 4 

betonis narevebis Semadgenloba (narevi #1) 

betonis 

narevis 

seriebi 

## 

betonis Semadgenloba 

danamatis saxe 

da dozireba %-

Si 

wyal/ 

cementi 

ko
nu

s
is

 j
d

en
a 

s
m cementi 

kg/m3 

bazal-

tis  

qviSa 

kg/m3 

bazaltis 

RorRi 

kg/m3 

wyali 

l/m3 

5-10 10-20 

1 2 3 4 5 6 7 8 9 

1.  530 480 550 550 254.4 udanamato 0.48 2 

2.  530 480 550 550 201.4 
viskokreti SF 18 

0.8% 
 0.38 3-4 

3.  530 480 550 550 201.4 
viskokreti SF 18 

1% 
 0.38 5-6 

4.  
530 480 550 550 

201.4 viskokreti SF 18 

1.5% 
 0.38 

14-16 

 

                                                                           cxrili 5 

betonis narevebis Semadgenloba (narevi #2) 

betonis 

narevis 

seriebi 

## 

betonis Semadgenloba 

danamatis saxe 

da dozireba 

%-Si 

wyal/ 

cementi 

ko
nu

s
is

 j
d

en
a 

s
m cementi 

kg/m3 

bazal-

tis  

qviSa 

kg/m3 

bazaltis 

RorRi 

kg/m3 

wyali 

l/m3 

5-10 10-20 

1 2 3 4 5 6 7 8 9 

5.  450 760 360 740 202.5 udanamato 0.45 2-3 

6.  450 760 360 740 184.5 
viskokreti SF 

18 0.8% 
0.41 8-10 

7.  450 760 360 740 171.0 
viskokreti SF 

18 1% 
0.38 11-12 

8.  
450 760 360 740 157.5 

viskokreti SF 

18 1.5% 
0.35 

14-16 
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kumSvaze gamosacdelad betonis nimuSebi Tanaxmad EN 206-1-is moTxovnisa 

mzaddeba cilindris formis, zomiT - simaRle 300mm, xolo siganiT 150mm. Kkubis 

formis nimuSebi zomiT 150mmX150mmX150mm.  

nimuSebis dayalibebidan me-7-e, 28-e, me-60-e da a.S. dReze xdeboda maTi 

gamocda kumSvaze betonis maxasiaTeblebis dadgenis mizniT gamosacdel wnexze 

ALFA300 (sur. 6) xolo Runvaze gamocdebi tardeboda universalur manqanaze 

INSTRON 1150. gamocdis win nimuSebi inaxeboda specialur klimatur oTaxSi, 

sadac temperatura iyo 200C±2, tenianoba 98-100%. 

gamocdamde  mimdinareobda nimuSebis vizualuri daTvaliereba  da 

nimuSebi, romlebsac hqondaT bzarebi an arasworkuTxa kuTxeebi, aseve 

ganSrevadobis da arasruli vibrirebis niSnebi, ar eqvemdebarebodnen gamocdas. 

xolo zedapirze da gverdebze betonis nadebebis moSoreba warmoebda qlibis 

an saWreli qvis daxmarebiT. 

     

sur. 6; betonis nimuSebis kumSvaze gamosacdeli wnexi ALFA -300 

                  

amasTan unda aRiniSnos, rom betonis narevis Semadgenloba iyo ucvleli 

da icvleboda mxolod danamatis procentuli raodenoba, rac TavisTavad 

axdenda gavlenas betonis narevis konusis jdenaze. anu betonis simtkicis 

cvlilebasTan erTad plastifikatoris procentis raodenobis zrda gavlenas 

axdenda agreTve betonis konusis jdenaze, rac saSualebas gvaZlevda 

dagvedgina, Tu rogor cvlida sxvadasxva procentuli raodenoba da sxvadasxva 

plastifikatorebis damateba betonis narevis konusis jdenas da Sesabamisad ra 

gavlenas axdenda  yovelive es saboloo jamSi simtkicis cvlilebaze. 

cxrilebis 6 - 9 analizebis mixedviT orive narevisaTvis agebulia 

diagramebi da warmodgenilia sur.  7 - 10-ze. 
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                                                                         cxrili 6 

betonis simtkicis saSualo maCveneblebi asakis mixedviT 

                                                                        narevi #1 

betonis 

narevis 

seriebis 

## 

danamatis 

saxe da 

dozireba 

betonis 

simtkice  

7 dRis 

asakSi 

mpa 

betonis 

simtkice 

28 dRis 

asakSi 

mpa 

betonis 

simtkice  

60 dRis 

asakSi 

mpa 

betonis 

simtkice 

90 dRis 

asakSi 

mpa 

betonis 

simtkice 

120 dRis 

asakSi 

mpa 

betonis 

simtkice 

180 dRis 

asakSi 

mpa 

1 2 3 4 5 6 7 8 

1. udanamato 23.10 52.55 54.60 59.00 65.00 69.50 

2. 
viskokreti 

SF18      
0.8 % 

48.95 72.00 74.00 83.50 94.00 103.00 

3. 
viskokreti 

SF18      
1.0 % 

53.00 72.50 75.00 79.20 81.00 91.50 

4. 
viskokreti 

SF18      
1.5 % 

45.00 70.30 76.00 86.00 95.30 106.50 

 

 

                                                                cxrili 7 

betonis simtkicis saSualo maCveneblebi asakis mixedviT 

                                                                        narevi #2 

betonis 

narevis 

seriebis 

## 

danamatis 
saxe da 

dozireba 

betonis 

simtkice 

7 dRis 

asakSi 

mpa 

betonis 

simtkice 

28 dRis 

asakSi 

mpa 

betonis 

simtkice 

60 dRis 

asakSi 

mpa 

betonis 

simtkice 

90 dRis 

asakSi 

mpa 

betonis 

simtkice 

120 dRis 

asakSi 

mpa 

betonis 

simtkice 

180 dRis 

asakSi 

mpa 
1 2 3 4 5 6 7 8 

5. udanamato 24.50 55.00 68.55 70.00 72.50 77.00 

6. viskokreti 
SF18 
0.8 % 

38.4 67.00 73.80 77.50 80.50 89.00 

7. viskokreti 
SF18 
1.0 % 

45.8 74.00 80.50 86.90 94.00 102.00 

8. viskokreti 
SF18 
1.5 % 

59.00 78.00 87.00 90.00 102.50 111.50 
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                                                                                                             cxrili 8 

betonis fizikur-meqanikuri maxasiaTeblebi kumSvaze  

gamocdis 28-e dRes 

                                                               narevi #1                                             

betonis 

narevis 

seriebis 

## 

danamatis saxe 

da dozireba 

kubikuri 

simtkice 

mpa 

drekadobis 

moduli  

mpa 

1 2 3 4 

1. udanamato 52.55 15385 

2. viskokreti SF18 
0.8 % 

72.00 28571 

3. viskokreti SF18 
1.0 % 

72.50 20000 

4. viskokreti SF18 
1.5 % 

70.30 12500 

 

                                                                cxrili 9 

betonis fizikur-meqanikuri maxasiaTeblebi kumSvaze  

gamocdis 28-e dRes 

                                                              narevi #2 

betonis 

narevis 

seriebis 

## 

danamatis saxe 

da dozireba 

kubikuri 

simtkice 

mpa 

drekadobis 

moduli  

mpa 

1 2 3 4 

1. udanamato 55.00 15000 

2. viskokreti SF18 
0.8 % 

67.00 16666 

3. viskokreti SF18 
1.0 % 

74.00 11538 

4. viskokreti SF18 
1.5 % 

78.00 18750 
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sur. 7. betonis kumSvaze gamocdis diagrama 28-e dRes. 

narevi #1.  

1) udanamato; 2) danamatiT 0.8%; 3) danamatiT 1%; 

4) danamatiT 1.5%. 

 

 

sur. 8.  betonis kumSvaze gamocdis diagrama 

28-e dRes. narevi #2.  

1. udanamato; 2. danamatiT 0.8%; 3. danamatiT 1%; 

4. danamatiT 1.5%. 
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sur. 9.  betonis simtkicis sidideebis 
damokidebuleba asakze. narevi #1. 

1. udanamato; 2. viskokreti –SF18 0.8%; 3. viskokreti –SF18 1%;  
4. viskokreti –SF18 1.5%. 

 
 
 

 
 

sur. 10.  betonis simtkicis sidideebis 
damokidebuleba asakze. narevi #2. 

1. udanamato; 2. viskokreti –SF18 0.8%; 3. viskokreti –SF18 1%;  
4. viskokreti –SF18 1.5%. 
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Catarda eqsperimentebi da sxvadasxva masalebis gamoyenebiT miRebulia 

TviTSemWidroebadi betoni, dadgenilia misi maxasiaTeblebi da simtkiceebis 

damokidebuleba asakze. 

TviTSemWidroebadi betonis misaRebad Catarebul eqsperimentebSi 

gamoyenebuli iyo: Sps ,,haidelbergcement jorjias‘‘ q. kaspis qarxnis 

warmoebuli portlandcementi CEM I 42.5N aqtivobiT 49,5 mpa; marneulis raionis 

bazaltis RorRi da qviSa; saCxeris raionis kvarcis qviSa; q.zestafonis 

feroSemnadnobi qarxnis filtrebSi dagrovili mtveri – silikamanganumi ( 2SiO -

is Semcveloba iyo %18≈ ); ucxouri (norvegiuli) warmoebis mikrosilika ( 2SiO -

is Semcveloba iyo %85> ); danamatad gamoyenebuli iyo firma Sika–s (Sveicaria) 

warmoebis superplastifikatori Viscocrete SF 18F. 

TviTSemWidroebadi betonis narevebis Semadgenlobebi, konusis jdenebi da 

simtkicis maCveneblebis damokidebuleba asakze naCvenebia cxrilebSi 10, 11, 12. 

                                                            cxrili 10 

               TviTSemWidroebadi betonis narevebis Semadgenloba 

betonis 
narevis 
seriebi 

## 

 

danamatis saxe 
da dozireba %-

Si 

q.zestafonis 
qarxnis 
silika 

manganumi 
kg/m3 w

ya
l

/ 
c

em
en

t
i 

cementi 
kg/m3 

bazal-
tis  

RorRi 
(5-10 mm) 

kg/m3 

bazaltis 
qviSa kg/m3 

wyali 
l/m3 0-2,5 

mm 
2,5-5 

mm 

1 2 3 4 5 6 7 8 9 
narevi #1 

1.  320 820 600 320 190 viskokreti SF 18 
2.0 % 

200 0.59 

2.  350 1020 400 400 175 viskokreti SF 18 
2.0 % 

100 0.5 

narevi #2 
betonis 
narevis 
seriebi 

## 

cementi 
kg/m3 

bazaltis 
RorRi 

kg/m3 

bazaltis 
qviSa  
kg/m3 

kvarcis 
qviSa 
kg/m3 

wyali 
l/m3 

danamatis 
saxe da 

dozireba 
%-Si 

ucxouri 
warmoebis 

mikrosilika 
kg/m3 

wyal/ 
cementi 

5-10 
mm 

10-14 
mm 

0-2.5 
mm 

2.5-5 
mm 

0 – 2.5 
mm 

1 2 3 4 5 6 7 8 9 10 11 
1. 420 590 340 270 350 280 180 SF 18  

1.5 % 
80 0.43 

2. 480 530 340 260 220 430 210 SF 18  
1.5 % 

90 0.44 

 
                                                                   cxrili 11 
                                                TviTSemWidroebadi betonis narevebis konusis ganSla 

    narevi #1narevi #1narevi #1narevi #1    narevinarevinarevinarevi    #2#2#2#2    

 konusis gaSlis 
diametri 

sm 

konusis gaSlis 
diametri 

sm 
TviTSemWidroebadi betonis 

narevis seria #1 
45 63 

TviTSemWidroebadi betonis 
narevis seria #2 

50 65 
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                                                                   cxrili 12 

kumSvisas TviTSemWidroebadi betonis simtkicis damokidebuleba masalis asakze 

narevi #1 

betonis 
narevis 

seriebis 
# 

danamatis 
saxe da 

dozireba 

betonis 
simtkice  

1 dRis 
asakSi 

mpa 

betonis 
simtkice  

3 dRis  
asakSi 

mpa 

betonis 
simtkice  

7 dRis 
asakSi 

mpa 

betonis 
simtkice  
14 dRis 
asakSi 

mpa 

betonis 
simtkice 
28 dRis 
asakSi 

   mpa 

1 2 3 4 5 6 7 

1. 
viskokreti 
SF18     2.0 % 

5.7 10.6 14.9 20.2 
26.5 

 

2. 
viskokreti 
SF18     2.0  % 

6.5 11.5 16.2 22.0 27.8 

narevi #2 

betonis 
narevis 

seriebis 
# 

danamatis 
saxe da 

dozireba 

betonis 
simtkice  

1 dRis 
asakSi 

mpa 

betonis 
simtkice  

3 dRis  
asakSi 

mpa 

betonis 
simtkice  

7 dRis 
asakSi 

mpa 

betonis 
simtkice  
14 dRis 
asakSi 

mpa 

betonis 
simtkice 
28 dRis 
asakSi 

mpa 

1 2 3 4 5 6 7 

1. 
viskokreti 
SF18     1.5  % 

9.2 16.9 27.0 35.8 
48.1 

 

2. 
viskokreti 
SF18     1.5  % 

16.6 25.1 38.2 55.0 66.3 

 

       

       sur. 11. TviTSemWidroebadi betonis ganSladoba 

 

damatebiT Catarebuli eqsperimentebiT da gamokvlevebiT dadgenilia, rom 

sxvadasxva asakis da tenSemcvlelobis wvrilmarcvlovani betonis gaWimvisas – 

masalis simtkicis, zRvruli deformaciebis da drekadobis modulebis 

sidideebze deformaciis siCqare (siCqareTa gamokvleul diapazonSi) sust 

gavlenas axdens. 

 Catarda fibrobetonis nimuSebis gamocdebi kumSvisas. gamokvleulia 

sxvadasxva tenSemcvelobis da foladfibrobetonis simtkicisa da 

deformaciebis maCveneblebze deformaciis siCqaris gavlena. 

wvrilmarcvlovani -   da foladfibrobetonis   dasamzadeblad 

gamoyenebuli iyo Semdegi masalebi: portlandcementi aqtivobiT 49 mpa, qviSa-

RorRi kvarcis, garecxili maqsimaluri simsxoTi 3 mm; wyalcementis fardoba 

w/c=0,4. gaWimvaze icdeboda nimuSebi - ,,rvianebi” – sisqiT 50mm. siganiT muSa 
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nawilSi 70mm. mTliani sigrZiT 530 mm, xolo kumSvaze da Runvaze prizmebi 

zomebiT 40mmX40mmX160mm. foladfibrobetonis SedgenilobaSi gamoyenebuli iyo: 

wvrilmarcvlovani betonis matrica armirebuli 4,0=d  da sigrZiT 40=l mm. 

(profilirebuli gverdiTi zedapiris mqone foladis boWkoebiT, armirebis 

procentia 2% moculobis mixedviT). 

 kumSvaze cdebi Catarebulia universalur manqanaze ,,instron 1115” 

deformaciis xuTi erTmaneTisagan gansxvavebuli siCqaris dros - 

7102,4 −⋅ 1/wm 3102,4 −⋅÷ 1/wm. 

 Catarebuli iyo eqsperimentebis 4 seria. pirvel seriaSi gamocda 28 dRis 

asakis ,,sveli” simuSebi, meoreSi 28 dRis asakis ,,mSrali” nimuSebi. III-Si da IV-

Si 60 dRis ,,sveli” da ,,mSrali” nimuSebi. gamokvlevis mizania – statikuri 

datvirTvebis diapazonSi gansazRvros sxvadasxva tenSemcvelobis 

foladfibrobetonis simtkicis, zRvruli deformaciebis da drekadobis 

modulebis damokidebuleba deformaciis siCqareze. 

 oTxive seriis nimuSebis gamocda xdeboda Semdegi sididis deformaciis 

siCqareebis 7102,4 −⋅ 1/wm 3102,4 −⋅÷ 1/wm dros. 

 oTxive eqsperimentSi yovel siCqareze icdeboda 6 tyupiscali nimuSi. 

miRebuli monacemebis analizi gviCvenebs, rom deformaciis siCqareebis 

oTxi xarisxiT gazrdisas sxvadasxva tenSemcvelobis da asakis betonis, 

wvrilmarcvlovani betonis da foladfibrobetonis simtkicis maCveneblebis 

(samive saxis datvirTvebisas) izrdeba 9 – 25%-iT.  drekadobis da Zvris 

modulebi izrdeba 10 – 21%-iT. fardobiTi deformaciebi icvleba umniSvnelod. 

 sxvadasxva asakis da tenSemcvelobis betonis, wvrilmarcvlovani betonis 

da foladfibrobetonis simtkicis, deformaciebis, drekadobis da Zvris 

modulebis dadgenili parametrebi aucilebelia samSeneblo konstruqciebis 

saangariSo axali da gaumjobesebuli meTodikebis Sesaqmnelad;  

 naSromis mesame nawilSinaSromis mesame nawilSinaSromis mesame nawilSinaSromis mesame nawilSi Seswavlilia betonis sivrciTi daZabul-

deformirebuli mdgomareobis analizi drekadobis dazustebuli meTodis 

gamoyenebiT. 

betoni araerTgvarovani masalaa, Siga araerTgvarovnebis garda, romelic 

mis struqturazea damokidebuli gamyarebisa da datvirTvisas warmoiqmneba da 

viTardeba bzarebi. amis gamoa, rom betonis konstruqciebis gaangariSebis 

meTodebi ZiriTadad damokidebulia Teoriul da eqsperimentalur monacemebis 

raobaze, amasTan arsebuli gaangariSebis meTodis ZiriTadi uaryofiTi mxarea 

normebSi didi raodenobiT sxvadasxva empiriuli koeficientebisa da 
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damokidebulebebis arseboba, romlebic ver asaxaven betonis mravalkomponentian 

konglomeratSi mimdinare procesis fizikur-meqanikur bunebas. 

 damzadebuli nimuSis gamocdiT dgindeba betonis teqnikuri simtkice, rac 

Seexeba masalis Teoriuli simtkicis dadgenas amisaTvis iyeneben klasikuri 

drekadobis Teoriis meTodebs. 

 sivrciTi amocanis ganxilvisas dekartes marTkuTxa koordinatTa ( ,x ,y ,z ) 

sistemaSi klasikuri drekadobis Teoriis gamoyenebiT miiReba 9 

kerZowarmoebuliani diferencialuri gantolebisagan Sedgenili sruli sistema 

Cawerili uganzomilebo sidideebSi: 

                   ;
a

x
x =   ;

b

y
y =   ;

h

z
z =   ;1 a

h=η   ;2 b

h=η                  (5) 

 wonasworobis da deformaciebis gantolebebi Sesabamisad miiReben saxes. 

wonasworobis gantolebebi: 

                         0
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1 =
∂

∂
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∂

+
∂

∂
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y τ
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                               (6)           

                         021 =
∂

∂
+

∂
∂

+
∂

∂

y

yz

x

xz

z

z
τ

ητησ
 

deformaciis gantolebebi: 
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E  - gansaxilveli sxeulis masalis drekadobis modulia, ν  - puasonis 

koeficienti, yzxzxyzyx τττσσσ ,,,,,  Sinagani Zabvebis eqvsi komponenti, xolo wvu ,,  

sxeulis nebismieri ),,( zyxM  wertilis  gadaadgilebis veqtoris sami mdgeneli. 

amgvarad cxra diferencialur gantolebaTa sistema srulad sakmarisi unda 
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iyos imisaTvis, rom nebismieri sivrciTi amocanis amoxsnisas gansazRvruli 

iqnes zemoT aRniSnuli cxra saZiebeli sidide. 

 qvemoT mocemulia aRniSnuli sivrciTi amocanis gadawyveta im 

konkretuli SemTxvevisaTvis, rodesac P  sididis mkumSavi Zalebi Reros 

gadaecema mis boloebze damagrebuli xisti diskoebis saSualebiT (nax. 1), 

rogorc es miRebulia samSeneblo praqtikaSi betonis nimuSis gamocdisas. 

            

nax. 1. prizmuli kumSvis sqema 

 

 gansaxilveli sivrciTi amocanis analizuri amoxsnis praqtikli 

mniSvneloba imaSi mdgomareobs, rom am gziT miRebuli Teoriuli Sedegebi 

nimuSis daZabul-deformirebul mdgomareobaze saSualebas iZleva mTlianad 

gamoricxos e.w. masStaburi efeqtis gavlena aRniSnuli eqsperimentaluri 

gamokvlevis Sedegebze. aRniSnuli masStaburi faqtoris arsi ki imaSi 

mdgomareobs, rom sxvadasxva gziT gansaxilveli betonis markac sxvadasxva 

miiReba. 

 irakli RuduSauris Teoriis mixedviT warmovadginoT Sinagani mxebi 

Zabvebi Semdegi mainterpolirebeli funqciebis saxiT: 

)1)(sin)(sinsin(sin 233 −−−ΣΣΣ= k
mnk

knm
xy znynymxmxAτ  

1223 )sin3cos)(sin(sin −−−ΣΣΣ= k

knm
mnkxz znynynmxmxBτ                             (8) 

1232 )sin)(sinsin3cos( −−−ΣΣΣ= k

knm
yz znynymxmxmτ  

 sadac mnkmnkmnk CBA ,,  - jerjerobiT ucnobi koeficientebia, romlebic 

gansazRvraven Sinagani mxebi Zabvebis raodenobriv mxares da ganisazRvrebian 

bolos deformaciebis gamouyenebeli sami igiuri gantolebebidan. 
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 aRniSnuli mainterpolirebeli funqciebi SeirCevian ise, rom maTi 

gamoyenebisas Sinagani mxebi Zabvebi zustad akmayofilebdnen maTTvis amocanaSi 

mocemul yvela sasazRvro da sawyis pirobas. 

roca ;1±=x  ;0=xyτ  ;0=xzτ  0≠yzτ  

roca ;1±=y  ;0=xyτ  ;0=xzτ  0≠xzτ  

roca ;1±=z  ;0=xyτ  ;0≠xzτ  0≠yzτ                                         

roca ;0=x  ;0=xyτ  ;0=xzτ  0≠yzτ                                

roca ;0=y  ;0=xyτ  ;0≠xzτ  0=yzτ  

roca ;0=z  ;0=xyτ  ;0=xzτ  0=yzτ  

 wonasworobis gantolebebidan 0===
zyx

qqq  sidideebis gatvaliswinebiT 

martivi integrebis gziT ganisazRvrebian yx σσ ;  da zσ  ZabvaTa sidideebi. 

magaliTad gantolebidan 0
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 miviRebT:  
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η
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  (9) 

sadac xσ  ukve cnobili funqciaa, analogiurad miviRebT yσ da zσ  Zabvebis 

mniSvnelobebs 

                         
),(

),(

1

1

yxD

zxC

zz

yy

+=

+=

σσ

σσ
                                    (10) 

saintegro funqciebi ),(1 zyB  da ),(1 zxC  ganisazRvrebian sasazRvro pirobebidan 

roca 01 =⇒±= xx σ  da 01 =⇒±= yy σ  rac Seexeba ),(1 yxD  funqciis 

gansazRvras igi ganisazRvreba w CaRunvis funqciis sasazRvro pirobebidan 

roca 00 =⇒= wz  an roca Cconswz ==⇒= .1  

 yx σσ ; ; zσ  sidideebis gansazRvris Semdeg ganisazRvrebian wvu ,,  

gadaadgilebebi deformaciaTa gantolebebidan, maTSi zemoT aRniSnuli gziT 

napovni ZabvaTa gamosaxulebebis SetaniT. 

                         [ ]yxzE

h

z

W σσνσ +−=
∂

∂
(                             (11) 
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integrebis Sedegad miviRebT: 

                        [ ]),(),(),,( 21 yxDzyxDzyxW
E

h
W ++=                   (12) 

),(1 yxD  da ),(2 yxD  saintegro funqciebi ganisazRvrebian zemoT mocemuli 

ori pirobidan, kerZod pirveli pirobis gamoyenebiT miviRebT, rom ),(2 yxD =0, 

xolo meore pirobis gamoyenebisas vRebulobT, rom 

                        cyxfyxD += ),(),(1                              (13) 

sadac ),( yxf  cnobili funqciaa 

),(1 yxD  da ),(2 yxD  saintegro funqciebis gaTvaliswinebiT zσ  Zabvisa da w 

gadaadgilebis gamosaxulebebSi sabolood miiReba: 

                         
[ ]

czyx

czzyxw
E

h
W

zz +=

⋅+=

),,(

),,(

σσ
                                (14) 

sadac ),,( zyxw  da ),,( zyxzσ  cnobili funqciebia, xolo c mudmivi 

ganisazRvreba Semdegi sasazRvro pirobidan 

roca 1±=z   0qcPdxdyab z −=⇒−=∫∫σ  

sadac  
ab

P
q

40 =  

 deformaciis gantolebebis mixedviT ganisazRvreba u  da v  

gadaadgilebebi. saTanado sasazRvro pirobebis gaTvaliswinebiT: 

roca ;0=z  0=u : 0=v  

 amrigad zemoT miRebuli TanmimdevrobiT ganisazRvra yvela ucnobi 

sidide, yzxzxyzyx τττσσσ ,,,,, , wvu ,,  romlebic Seicaven mnkmnkmnk CBA ,,  ucnob 

koeficientebs, romlebic ganisazRvrebian Cvens mier gamouyenebeli deformaciis 

Semdegi sami igivuri tolobebidan: 
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 am tolobebSi u , v da Sinagani Zabvebis xyzyx τσσσ ,,, -is magier maTi 

mniSvnelobebis SetaniT miiReba mnkmnkmnk CBA ,,  sidideebisaTvis algebruli 

gantolebaTa sistema. 
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[ ] )(),,(),,(),,( 1321 qCzyxfBzyxfAzyxf mnkmnkmnk
knm

φ=++ΣΣΣ  

              [ ] )(),,(),,(),,( 2
*

3
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1 qCzyxfBzyxfAzyxf mnkmnkmnk
knm

φ=++ΣΣΣ          (16) 
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**

3
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2
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1 qCzyxfBzyxfAzyxf mnkmnkmnk
knm

φ=++ΣΣΣ  

 es algebruli gantolebaTa sistema ixsneba kolovaciis meTodis 

gamoyenebiT. 

 Sedgenilia programa da algoriTmi kompiuterisaTvis, rogorc algebrul 

gantolebaTa sistemis amoxsnisaTvis, aseve Sinagani Zalebis mniSvnelobebis 

daTvlisaTvis kolovaciis arCeul wertilebSi. 

 aRniSnuli mudmivebis gansazRvrisas Catarebuli iqna praqtikuli 

TvalsazrisiT saintereso gamokvleva sakiTxisa, romlis arsi SemdegSi 

mdgomareobs: mocemuli sivrciTi amocanis Sesabamisi sami Serwymis pirobis 

mesame toloba, romelic ZiriTadad gamoxatavs mxebi xyτ  Zabvis gavlenas 

kmayofildeba mudam igivurad gansaxilveli nimuSis ganivkveTis yvela 

wertilSi, mnkmnkmnk CBA ,,  mudmivebis nebismieri mniSvnelobebisaTvis. 

 aseTi Sedegi migvaniSnebs imaze, rom mocemul amocanaSi mxebi xyτ  Zabvis 

gavlena saboloo ricxviT Sedegebze praqtikulad umniSvneloa. 

 dasmuli amocanisaTvis amoxsnis ricxviTi realizaciis kolovaciis 

wertilebi aRebuli iqna nimuSis Semdeg oTx ganivkveTSi ;
3

2
;

3

1
;0 === zzz  da 

0.1=z , romelTagan TiToeulSi −x is gaswvriv: 

0,1;75,0;50,0;25,0;0 ===== xxxxx  wertilebSi, xolo −y is gaswvriv ki, 

analogiurad: .0,1;75,0;5,0;25,0;0 ===== yyyyy  wertilebSi. cxril 13-Si 

mocemulia zσ  Zabvis mniSvnelobebi 0,1;
3

2
;

3

1
;0=z  ganivkveTebSi im kerZo 

SemTxvevisaTvis, roca 221 == ηη . aRniSnul cxrilidan TvalnaTliv SeiniSneba 

saZiebeli Sinagani Zabvis mniSvnelovani koncentraciebi nimuSis boloebze, rac 

klasikuri drekadobis Teoriis gamoyenebiT miuRwevladaa miCneuli, 

eqsperimentis mixedviT, roca gamyarebis procesi 180 dRe mimdinareobda zσ  

Zabvis sidide iyo 108,1−=zσ  (ix. cxrili 13), am SemTxvevaSi ki roca 

;
3

2
;0,1;0 === zyx  maSin 8126,1−=zσ , rogorc vxedavT Sinagani Zabvebis 

maqsmimaluri mniSvnelobebi TiTqmis orjer aRematebian eqsperimentiT 

dafiqsirebul Sinagani Zabvebis maqsimalur mniSvnelobebs. aseTive gansxvavebaa 

vu,  da w deformaciebis gavrcelebis mimarTac. 
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 nimuSis simtkiceze da deformaciulobaze gaangariSebis Sedegebis 

sxvadasxvaoba eqsperimentisa da Teoriul Sedegebs Soris ZiriTadad 

gamowveulia konstruqciaSi (nimuSSi) bzarebis arsebobis gamo, rac mkveTrad 

amcirebs nimuSis simtkices. amis gamoa, rom dRevandel pirobebSi 

mikrodazianebebisa da bzarebis mqone konstruqciebis Seswavla unda moxdes 

rRvevis meqanikis meTodebis gamoyenebiT. 

 zσ  uganzomilebo Zabvis cvlilebis cxrili kolovaciis wertilebSi, 

roca 221 == ηη . 

                                                                   cxrili 13 

uganzomilebo Zabvis cvlileba 

z x/y 0.0 0.25 0.50 0.75 1.0 

 
 

z=0 

0.0 -0.7925 -0.8809 -1.0015 -1.0040 -1.1103 

0.25 -0.8560 -0.9013 -1.0119 -1.0267 -1.0037 

0.5 -1.0136 -1.0537 -1.0112 -0.9876 -0.9833 

0.75 -1.1004 -1.0567 -0.9978 -0.9917 -1.1896 

1.0 -1.1089 -1.0711 -1.0023 -0.9913 -1.2145 

 

 

z=1/3 

0.0 -0.7871 -0.8323 -1.0201 -1.1001 -1.2906 

0.25 -0.8327 -0.9181 -1.0217 -1.0697 -1.1914 

0.5 -1.01718 -1.0223 -1.0611 -1.0134 -1.0289 

0.75 -1.1100 -1.0863 -1.0323 -0.9234 -0.9618 

1.0 -1.2813 -1.1917 -1.0137 -0.9629 -1.2013 

 

 

z=2/3 

0.0 -0.6012 -0.6700 -1.0543 -1.2451 -1.8127 

0.25 -0.6700 -0.8221 -1.0390 -1.1963 -1.5498 

0.5 -1.0543 -1.0324 -1.1123 -1.0324 -1.0093 

0.75 -1.2475 -1.1924 -1.0345 -0.7517 -0.8750 

1.0 -1.8128 -1.5647 -1.061 -0.8757 -1.1225 

 

 

z=1.0 

0.0 -0.7019 -1.0325 -0.8738 -1.3703 -0.0393 

0.25 -1.0324 -0.8723 -1.0587 -1.2750 -0.0040 

0.5 -0.8734 -1.0524 -0.9547 -1.1210 -0.0978 

0.75 -1.3768 -1.2731 -1.1233 -1.4412 -0.1205 

1.0 -0.0081 -0.0043 -0.0514 -0.0655 -0.2501 

ab

P
zz 4

σσ =  

w uganzomilebo gadaadgilebis cvlilebis cxrili kolokaciis wertilSi, 

roca 121 == ηη . 
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                                                                    cxrili 14 

uganzomilebo gadaadgilebis cvlileba 

z x/y 0.0 0.25 0.50 0.75 1.0 

 
 

z=0.0 

0.0 0 0 0 0 0 

0.25 0 0 0 0 0 

0.5 0 0 0 0 0 

0.75 0 0 0 0 0 

1.0 0 0 0 0 0 

 

 

z=1/3 

0.0 -0.3640 -0.3540 -0.3336 -0.3266 -0.2727 

0.25 -0.3540 -0.3420 -0.3329 -0.3313 -0.2894 

0.5 -0.3336 -0.3329 -0.3323 -0.3378 -0.3359 

0.75 -0.3266 -0.3378 -0.3390 -0.3408 -0.3220 

1.0 -0.2729 -0.2895 -0.3358 -0.3218 -0.5855 

 

 

z=2/3 

0.0 -0.7029 -0.6966 -0.6687 -0.6594 -0.6723 

0.25 -0.6966 -0.6932 -0.6706 -0.6662 -0.6835 

0.5 -0.6687 -0.6706 -0.6628 -0.6711 -0.7515 

0.75 -0.6594 -0.6662 -0.6710 -0.6894 -0.7300 

1.0 -0.6726 -0.6836 -0.7515 -0.7298 -1.0300 

 

 

z=1.0 

0.0 -1.0 -1.0 -1.0 -1.0 -1.0 

0.25 -1.0 -1.0 -1.0 -1.0 -1.0 

0.5 -1.0 -1.0 -1.0 -1.0 -1.0 

0.75 -1.0 -1.0 -1.0 -1.0 -1.0 

1.0 -1.0 -1.0 -1.0 -1.0 -1.0 

 

ab

P

E

h
ww

4
⋅=  

rogorc miRebuli Sedegebis analizma gviCvena maRal doneze Catarebuli 

eqsperimentiT miRebuli Sedegi Teoriuli gamoTvliT miRebul SedegebTan 

axloa da maTi gansxvavebis aRmofxvrisaTvis aucilebelia betonis nimuSis 

ganxilva-gaanalizeba rRvevis meqanikis meTodebiT.  
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დასკვნებიდასკვნებიდასკვნებიდასკვნები::::    

 

� gamokvleulia miRebuli maRali simtkicis betonebis simtkicisa da 

deformaciis maxasiaTeblebi kumSvaze gamocdebis dros, dadgenilia 

miRebuli betonis meqanikuri Tvisebebis cvlilebis xasiaTi drois 

mixedviT da naCvenebia miRebuli betonis maxasiaTeblebze (simtkice,  

deformaciuloba) betonis masaSi qimiuri danamatebis  sxvadasxva 

procentuli raodenobiT Seyvanis gavlena. 

� Catarebuli gamokvlevebiT dadgenilia, rom sxvadasxva asakis da 

tenSemcvlelobis wvrilmarcvlovani betonis gamocda – masalis 

simtkicis, zRvruli deformaciebis da drekadobis modulebis sidideebze 

deformaciis siCqare (siCqareTa gamokvleul diapazonSi) sust gavlenas 

axdens. 

� dadgenilia, rom sxvadasxva tenSemcvelobis fibrobetonis kumSvisas 

masalis simtkicis, zRvruli deformaciebis da drekadobis modulis 

sidideebze deformaciebis siCqare (siCqareTa gamokvleul diapazonSi) 

sust gavlenas axdens.  

� maRali simtkicis betonebis teqnologiis Taviseburebebs warmoadgens 

gamoyenebuli cementis markaze (aqtivobaze) ufro maRali markis (klasis) 

betonis miReba. amis miRweva SesaZlebelia betonis iseTi struqturis 

SeqmniT, sadac racionalurad iqneba Sexamebuli Semadgeneli masalebis 

simtkicis sasargeblo Tvisebebi.  

� axali Taobis betoni xasiaTdeba maRali simtkiciTa da 

wyalSeuRwevadobiT, ris gamoc igi SeiZleba gamoyenebuli iqnas sxvadasxva 

klimatur regionSi da mZime eqspluataciis pirobebSi.  

� naCvenebia adgilobrivi masalebis, ucxouri danamatis da plastifikatoris 

bazaze TviTSemWidroebadi betonis miRebis SesaZlebloba. 

� gamokvlevebis analizi gvaCvenebs, rom maarmirebeli boWkoebi saSualebas 

iZleva gavaumjobesod praqtikulad yvela ZiriTadi fiziko-meqanikuri 

parametri betonebSi. yvelaferi es saSualebas mogvcems bevrad gavzardoT 

fibrobetonebis gamoyenebis efeqturoba mTel rig konstruqciebSi, 

gavxadoT isini ufro msubuqi da xangamZle. 

� Seswavlilia drekadobis Teoriis dazustebuli meTodiT betonis 

sivrciTi muSaobis analizi kumSva-gaWimvis SemTxvevebisaTvis.    
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Summary 
DETERMINATION OF PHYSICAL AND MECHANICAL CHARACTERISTICS    

OF HIGH STRENGTH CONCRETES DURING DIFFICULT STRESS STATE 

 

Topicality of this theme is stipulated by the fact that under current conditions the methods of 

building constructions calculation with the use of modern computer systems is mostly based on the 

application of finite-element method, where strain (deformation) characteristics of the concrete and their 

change in the whole process of loading should be necessarily taken into account; but there is no desirable 

information, neither in reference literature, nor in scientific literature, about the change of concrete’s 

characteristics in the case of its space stress strain state. The analysis of space work of the concrete in 

cases of compression and enlargement (growth) is studied in the work with the use of specified method of 

the theory of elasticity.    

Seismic stability is the subject of especial topicality for Georgia, since the country is located in 

seismically active zone. Along with strengthening of requirements to the resistance and to the 

development of construction technologies also are changing the requirements to basic construction 

material – concrete itself.  

In order to increase the resistance (longevity, seismic stability) of constructions in Georgia it is 

necessary to create the technology of new generation concretes (C50/60-C100/115 grade according to 

strength class) with modified structure (dispersive reinforced, less porous, less cracked, less fragile) and 

less anisotropic properties (increased strength to bending and enlargement) and carrying out construction 

works with the use of it.  

The goal of thesis work was the determination of strength characteristics of the concrete by 

experimental way, in case of space (triaxial) compression of concrete sample in the event of proportional 

and disproportional loadings. The following issues are considered in this regard:  

1. Elaboration of high strength concrete with guaranteed high physical and technical properties.  

2. Elaboration of new brand finely grained multicomponent concrete with the wide range of 

physical and technical properties and with maximally saturated technogenic waste.  

3. Elaboration of the methodology of forecasting of concrete’s important parameters: longevity, 

kinetics of concrete hardening in the ware and other properties.  

4. Development and review of normative documentation, its harmonization with international 

standards.     

One of the lines of research was the elaboration of high quality concrete with less content of 

cement. It is very problematic issue, since concrete’s deformation properties are improving and at the 

same time the less is the stone content in the cement, the more stable is the material, because among 

components of concrete content the cement stone is the more sensitive against aggressive environment.  

The scientific novelty of the work is the fact, that as a result of complex experimental researches 

of the concrete two contents of the mixture have been elaborated, which precisely reflect stress strain state 
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of the concrete and are standing out by stable characteristics of the strength. With the use of “the gold 

section” ratio are composed the ratios proportional to the mixture 1 and 2, and is received the mixture of 

high strength concrete. Experiments have been carried out with full observation of international standards.  

Compression strength and deformation characteristics of received high strength concretes 

(>70MPa) are studied during tests, the character of concrete’s mechanical properties changes according to 

time (age) is determined and effect of chemical additives insertion with various percentage composition 

into the concrete mass on the characteristics (strength, deformability, cone shrinkage) of received 

concrete is shown.  

By means of prepared samples tests technical strength of the concrete has been determined, as to 

determination of theoretical strength of the material, for these purposes the methods of classic theory of 

elasticity has been used. The analysis of concrete’s space strain stress state is studied with the use of the 

specified method of elasticity.     

Reliability of obtained results is based on the application of pilot plant with high sensitivity, as 

well as on the precision of measuring tools and on the processing of experimental data, which includes 

the use of mathematical statistical methods.   

Practical application of obtained results is possible during calculation of reinforced concrete 

constructions which can represent the elements of high risk constructions, since the concrete of new 

generation is characterized by extremely high strength and water impermeability, hereupon it can be used 

in the various climatic zones and under heavy operational conditions.  The research analysis also shows 

that reinforcing fibers allow us to improve virtually all basic physical and mechanical parameters of 

concretes. All this will give us an opportunity to considerably increase the efficiency of fiber-concretes in 

the variety of structures, and to make them more light and more durable.  

Series of experiments are carried out concerning the problem of self-compacting concrete. 

Experiments consist of several stages: the stage of selection of materials for manufacturing of concrete 

mixture with various composition from local natural materials: cement; waste products, superplasticizers 

and modifiers of various firms. The stage of determination of mixtures’ technological parameters for the 

purpose of selection of optimal composition for self-compacting concrete. Experiments for determination 

of a number of mechanical characteristics for concrete with various composition. Optimal (tailored) 

composition and mechanical strength characteristics are established for material that satisfy regulatory 

requirements. 

The peculiarity of high strength concrete technology is the receipt of concrete with higher grade 

(class) than of used cement, achievement of which is possible by creation of such structures in which the 

properties of component materials with desirable strength will be rationally blended.  

 


