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naSromis saerTo daxasiaTeba 
 

 Temis aqtualoba: Tanamedrove Senoba-nagebobaTa MmSeneblobisa da maTi 

mzidi konstruqciuli elementebis damzadebisaTvis Cvens qveyanaSi ZiriTadad 

gamoiyeneba monoliTuri rkinabetoni. mSeneblobis procesSi, xSir SemTxvevaSi, 

adgili aqvs ukve arsebul rkinabetonis konstruqciebis zedapirze  axali 

betonis ganTavsebas. aseve xSiria didi moculobis mqone monoliTuri 

rkinabetonis konstruqciuli elementebis etapobrivi dabetoneba. ZiriTadad, 

aseTi, SedarebiT Zveli da axali betonis Sepirapirebis SemTxvevebs 

warmoadgenen saZirkvlis filebis, sarTulSua gadaxurvis filebis da 

rigelebis SeuRlebis zonebi. Sepirapirebis zedapirebze, araerTdroulad 

dabetonebul konstruqciul elementebSi, sxvadasxva simtkicis da drekadobis 

modulis mqone betonis urTierTqmedebis sakontaqto zedapirebis gavlena 

saerTo daZabul-deformirebul mdgomareobaze, rogorc cnobilia naklebadaa 

Seswavlili. sakontaqto zedapirebze da aseve rkinabetonis konstruqciebis 

tanSic Zabvebi savaraudod araTanabradaa gadanawilebuli, arawrfiv stadiaze 

deformaciebi gansakuTrebiT did mniSvnelobebs Rebuloben, agreTve didi 

mniSvneloba aqvs SemakavSirebeli saSualebebis (epoqsiduri webo, armirebis 

bade da a.S.) fizikur-meqanikur Tvisebebs. Sepirapirebis zona da Sesabamisad 

Sepirapirebis zonebSi arsebuli monoliTuri rkinabetonis elementebi, jer 

kidev warmoadgenen naklebad Seswavlil problemas. aRniSnul problemaTa 

dawvrilebiTi Seswavla mTlianad rkinabetonis mzidi konstruqciuli 

elementebisa da maTi daZabul-deformirebuli mdgomareobisaTvis aris Zalian 

mniSvnelovani proeqtirebisa da mSeneblobisaTvis, gaaCnia didi praqtikuli, 

komerciuli da samecniero-teqnikuri Rirebuleba, gansakuTrebiT didmaliani 

Senobebisa da  seismuri regionebisaTvis. kerZod, didmaliani Senobebis 

praqtikuli proeqtirebisaTvis Zalian didi mniSvneloba aqvs rkinabetonis 

mzidi elementebis deformaciebis maRali sizustiT gansazRvras, betonis 

Sepirapirebis gavlenis gaTvaliswinebiT, arawrfiv stadiaze.  

disertaciis mizani:  sadisertacio naSromis mizans warmoadgens Zveli da 

axali betonis SeuRlebis  SemTxvevisas praqtikul proeqtirebaSi arsebuli 

problemebis kvleva da maTi nawilis gadawyveta, rac saSualebas gvaZlevs 

gamartivebuli meTodebiT SevZloT monoliTuri rkinabetonis elementebis 

daZabul-deformirebuli mdgomareobis gansazRvra arawrfiv stadiaze, betonis 

Sepirapirebis zonebis gaTvaliswinebiT; kerZod ganxilulia daproeqtebisaTvis 

Zalian mniSvnelovani ori sakiTxi: 

1. rkinabetonis elementebSi Zveli da axali betonis SeuRlebis zonis 

modelireba. 
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2. SeuRlebis zonaSi myofi rkinabetonis elementebis sivrciTi zusti 

gaangariSebis meTodebi da analizi.  

mecnieruli siaxle: naSromSi ganxilulia Zveli da axali betonis 

Sepirapirebis problematuri sakiTxis ramdenime SemTxveva rkinabetonis 

konsoluri koWis da monoliTuri rkinabetonis urigelo brtyeli filis 

magaliTze. Sesrulebulia mravalmxrivi gaangariSebebi: klasikuri meTodiT, 

ekvivalentur CarCoTa meTodiT, Microsoft Excel-is bazaze sagangebod Seqmnili 

sainJinro kalkulatoriT da ricxviTi meTodebiT, sivrciTi arawrfivi sasruli 

elementebis gamoyenebiT, kompiuteruli saangariSo kompleqsis LIRA 9.6 R6-is 

gamoyenebiT. sivrciTi arawrfivi sasruli elementebis gamoyeneba iSviaTi 

movlenaa TviT Tanamedrove kompiuteruli gaangariSebebisas, miTumetes betonis 

SepirapirebisaTvis saWiro epoqsiduri webos an damakavSirebeli armirebis 

badis modelirebis gaTvaliswinebiT. garda Teoriuli kvlevisa Catarda 

praqtikuli eqsperimenti, romlis drosac gaizoma monoliTuri urigelo 

brtyeli filis CaRunvebi betonis Sepirapirebis zonaSi.  

Catarda mravalmxrivi Teoriuli kvlevebis, gaangariSebebis da 

eqsperimentiT miRebuli Sedegebis analizi. gaangariSebis gamartivebis mizniT 

da betonis Sepirapirebis gaTvaliswinebiT arawrfivi deformaciebis misaRebad, 

pirvelad  ganisazRvra sixistis modifikaciis koeficienti, rac gulisxmobs 

saangariSo elementis Runvaze sixistis (EI) da RerZuli sixistis (EA) 

Semcirebas, zemoxsenebul koeficientze gadamravlebiT, gamomdinare 

arawrfivobis fizikuri bunebidan (bzarwarmoqmna, araerTgvarovani Sepirapireba, 

kontaqti da a.S.) da gasaangariSebeli elementis mdgomareobidan. sixistis 

modifikaciis koeficienti saSualebas mogvcems Senobis superstruqturis an 

calkeuli konstruqciuli elementis gaangariSeba movaxdinoT wrfivad, magram 

Semcirebuli sixisteebiT, ise rom saboloo Sedegi praqtikulad daemTxvas 

arawrfivi gaangariSebebis Sedegebs. 

garda amisa, ricxviTi eqsperimentebis safuZvelze ganisazRvra 

Sepirapirebis sakontaqto zedapirze moqmedi mxebi Zabvebis koncentraciis 

koeficienti, rac saSualebas gvaZlevs zustad SevarCioT epoqsiduri webos 

maxasiaTeblebi da saimedod davaproeqtoT Sepirapirebis zonaSi myofi 

elementi. 

agreTve Catarebulia mravalsarTuliani monoliTuri rkinabetonis 

Senobis statikuri da dinamikuri gaangariSebebi, sarTulSua gadaxurvis 

filebSi betonis Sepirapirebis sakontaqto zedapirebis gaTvaliswinebiT. 

gaanalizebulia rkinabetonis elementebis Sepirapirebis gavlena Senobis mTels 

konstruqciaze.  
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miRebuli Sedegebis saimedooba: Semowmebulia samSeneblo konstruqciebis 

tipuri saangariSo programuli kompleqsis LIRA  9.6 R6-is (programa eyrdnoba 

sasrul elementTa meTods) saSualebiT da agreTve ganpirobebulia 

eqsperimentisas gamoyenebuli xelsawyoebis maRali sizustiT. 

miRebuli Sedegebis praqtikuli gamoyeneba: Senobebis gaangariSebis dros 

didi mniSvneloba eniWeba miRebuli Sedegebis maRal sizustes, raTa 

maqsimalurad dakmayofilebul iqnes samSeneblo industriis moTxovna – Senoba 

iyos mtkice, mdgradi da amavdroulad yvelaze ekonomiuri SesaZlo variantTa 

Soris. Sedegebis maRali sizustiT misaRebad saWiroa ganxorcieldes Senobis 

superstruqturis arawrfivi gaangariSeba, rodesac ar sruldeba superpoziciis 

principi da, Sesabamisad, Zalebis cal-calke moqmedebis Sedegad 

deformirebuli struqtura uwyvetad ganicdis Semdgom deformaciebs da jamSi 

vRebulobT ufro did gadaadgilebebs, vidre yvela Zalovani faqtoris 

erTdrouli moqmedebisas. arawrfivi gaangariSeba gansakuTrebiT mniSvnelovania 

betonis SeuRlebis zonaSi myofi rkinabetonis mzidi elementebisaTvis.  

yvela zemoxsenebuli faqtoris gaTvaliswineba, amis safuZvelze Senobis 

superstruqturis uzustesi modelis, sivrciTi arawrfivi 3D sasruli 

elementebiT ageba, dinamikuri gaangariSeba da Sesabamisi Sedegebis miReba, 

sakmaod problematuri sakiTxia TviT Tanamedrove teqnologiebisaTvisac. 

amgvari saxis gaangariSebebi moiTxovs Zalian mZlavr superkompiuterebs da 

Sesabamis meTodebs, dakavSirebulia did drosTan da gamousadegaria 

praqtikuli, kompiuteruli proeqtirebisaTvis. 

sixistis modifikaciis da Zabvebis koncentraciis koeficientis 

gansazRvra betonis Sepirapirebis zonaSi myofi rkinabetonis elementebisaTvis, 

saSualebas mogvcems martivi gzebiT mivaRwioT maRali sizustis Sedegebs 

praqtikul proeqtirebaSi. 

naSromis aprobacia da gamoqveynebuli publikaciebi: sadisertacio 

naSromis, rogorc calkeuli ise ZiriTadi Sedegebi moxsenebul iqna sadoqtoro 

programiT gaTvaliswinebul or seminarze, saqarTvelos teqnikuri 

universitetis studentTa saerTaSoriso konferenciaze da kiriak zavrievis 

saxelobis samSeneblo meqanikisa da seismomdegobis institutSi gamarTul erT 

saerTaSoriso konferenciaze. garda amisa sadisertacio naSromis masalebis 

mixedviT gamoqveynebulia 5 samecniero Sroma.  

naSromis struqtura da moculoba: disertacia Sedgeba Sesavlis, 

literaturis mimoxilvis, ZiriTadi nawilis, daskvnebis da gamoyenebuli 

literaturisagan. sadisertacio naSromi Sedgeba 129 gverdisagan da 

gamoyenebuli literaturis nusxa Seicavs 12 dasaxelebas. 
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naSromis Sinaarsi 
 

SesavalSi warmodgenilia Tematikis aqtualoba, mecnieruli siaxle da 

praqtikuli mniSvneloba. 

naSromis meore TavSi (literaturis mimoxilva) gaanalizebulia Zveli da 

axali betonis SeuRlebis meTodologia, gaangariSebisa da kompiuteruli 

modelirebis specifika Tanamedrove amerikuli, evropuli da agreTve rusuli 

samecniero literaturis gamoyenebiT. naSromSi gvxdeba citatebi da meTodika 

evrokodidan, floridis universitetis (aSS), pensilvaniis universitetis (aSS), 

portos universitetis (portugalia) da sxva dasavlur JurnalebSi 

gamoqveynebuli statiebidan, agreTve rusuli eleqtronuli literaturidan. 

Seswavlilia Zveli da axali betonis Sepirapirebis zonaSi myofi elementis 

gaangariSebis problematika. 

samxreT floridis universitetis (tampa, aSS) mier gamoqveynebuli 

publikacia ‘Bonding New Concrete To Old’, Bruce Suprenant Zveli da axali betonis 

Sepirapirebis Sesaxeb sakmaod kargad ayalibebs rkinabetonis konstruqciebis 

Sepirapirebis zogad meTodologias, gviTiTebs daproeqtebisaTvis aucilebeli 

ramodenime pirobidan erT-erTs: ,,Sepirapirebis bmis Zala – 1.4 (14kg/sm2) mpa 

gamoiyeneba, rogorc saorientacio saangariSo sidide Sepirapirebis zonebis 

proeqtirebaSi” CamoTvlilia rkinabetonis konstruqciebis SepiraprebisaTvis 

gamoyenebadi saSualebebi: ,,yvelaze praqtikuli da ekonomiuri Sepirapirebis 

saSualebebi aris qviSa-cementi, wyal-cementi, epoqsiduri weboebi da armaturis 

badeebi. magaliTad:  ACI 503 aris axali da Zveli, gamagrebuli betonisTvis, 

gaTvaliswinebuli webo.” isini cnobilia rusuli literaturidanac, magram 

kvleva ar iTvaliswinebs Sepirapirebis zonaSi myofi rkinabetonis 

konstruqciis elementebis gaangariSebas simtkiceze da daeformaciaze. 

 portus universitetis (portu, portugalia) mier gamoqveynebuli 

publikacia ‘Measurement of The Mechanical Properties of Structural Adhesives’, Lucas F.M. Da 

Silva & R.D. Adams gvawvdis sakmaod mdidar informacias betonis Sepiraprebebis 

saSualebebis fizikur-meqanikuri Tvisebebis Sesaxeb, rac gamosadegia Semdgomi 

kompiuteruli modelirebisaTvis.  

 pensilvaniis saxelmwifo universitetis (pensilvania, aSS) mier 

gamoqveynebuli publikacia ‘FRP-Concrete Bond Behavior’, B.M. McSweeney & M.M. Lopez 

gvaZlevs daskvnebs da rekomendaciebs rkinabetonis elementebis Sepirapirebis 

zonis rRvevis Sesaxeb, magram Tavadve adasturebs, rom ,,saWiroa Seiqmnas 

rkinabetonis konstruqciuli elementebis da maTi Sepirapirebis zonebis zusti 

modelebi”. 
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 rusul internetsivrceSi gvxvdeba kvlevebi betonis adgzeiuri Tvisebebis 

Sesaxeb: «Адгезионные  свойства бетона» (http://www.stroy-vest.ru/tyazhelye-betony/vid15.php), 

sadac mocemulia eqsperimentuli gamokvlevebis Sedgad dadgenili betonis 

adgeziuri Tvisebebi da parametrebi. arc aq gvxveba Zveli da axali betonis 

Sepirapirebis deformaciaze da simtkiceze gaangariSebis meTodebi. 

 sabWoTa saxelmZRvanelo «Контакт арматуры с бетоном», М.М. Холмянский 

gamoyofs 3 ZiriTad mimarTulebas SeWidulobis teqnikuri Teoriis Sesaxeb, 

kerZod: ,,SeWidulobis teqnikuri Teoriis warmatebiT kvleva SesaZlebelia 

mxolod im pirobiT, Tu isini daefuZneba Rrma kvlevebs, mimarTuls zusti 

Teoriis Seqmnisaken. SeiZleba miTiTebul iqnas sami mimarTuleba aseTi 

Teoriisken gzebis ZiebaSi: 1. kontaqtis ganxilva, rogorc SemTxveviTi procesis 

da Sesabamisad SeWidulobis araklasikuri Teoriis Seqmna. 2. eleqtronuli 

gamomTvleli kompleqsebis gamoyenebiT. 3. principulad axali modelebis Seqmna 

da gamokvleva.” Cven avirCieT me-2 mimarTuleba da SevecdebiT kompiuteruli 

gamomTvleli kompleqsebis saSualebebiT SevqmnaT Zveli da axali betonis 

Sepirapirebis sakontaqto zedapirebis modelebi da maTi gamoyenebiT 

movaxdinoT rkinabetonis konstruqciuli elementebis gaangariSeba simtkiceze 

da deformaciaze. 

 AagreTve ganxiluli gvaqvs mTlianad  Eurocode 2: Design of concrete structures  da 

erT-erTi maT mier damtkicebuli ,,ekvivalentur CarCoTa meTodi”, rac 

saSualebas iZleva movaxdinoT brtyeli urigelo gadaxurvis filis maRali 

sizustiT gaangariSeba deformaciaze. garda amisa ,,evrokodi-2” (,,betonis 

konstruqciebis daproeqteba”) gansazRvravs betonis simtkicis da drekadobis 

damokidebulebas droze. betonis simtkice  asakSi damokidebulia cementis 

saxeobaze, temperaturaze da Casxmis pirobebze. T=+20C  temperaturisas da EN 

12390 evronormiT gaTvaliswinebuli Casxmis pirobebSi betonis simtkice 

kumSvaze sxvadasxva asakSi SeiZleba Sefasdes Semdegi formuliT: 

                                                            (1) 

          ganisazRvreba: 

                                                                                                   (2) 

sadac: 

      aris betonis saSualo simtkice kumSvaze   dRis asakSi 

         aris betonis saSualo simtkice kumSvaze  28 dRis asakSi 

      aris koeficienti, romelic damokidebulia betonis asakze 

      t  aris betonis asaki dReebSi 

http://www.stroy-vest.ru/tyazhelye-betony/vid15.php
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      aris koeficienti, romelic damokidebulia cementis saxeobaze 

     betonis drekadobis modulis cvlileba droSi SesaZlebelia, rom 

Sefasdes Semdegnairad: 

                                                                                                        (3) 

sadac:        

       aris betonis drekadobis moduli  dRis asakSi 

       aris betonis saSualo simtkice kumSvaze   dRis asakSi 

         aris betonis saSualo simtkice kumSvaze  28 dRis asakSi 

         aris betonis drekadobis moduli 28  dRis asakSi 

 Cvens mier mimoxilul literaturaSi gvxvdeba mravalgvari informacia 

rkinabetonis elementebSi Zveli da axali betonis Sepirapirebis Sesaxeb. 

gamokvleulia Sepirapirebis zogadi meTodologia, Sepiraprebis saSualebebis 

fizikur-meqanikur Tvisebebi, betonis adgeziis maCveneblebi da agreTve sxva 

Taviseburebani, magram Riad rCeba ori daproeqtebisaTvis umniSvnelovanesi ori 

sakiTxi: 

1. rkinabetonis elementebSi Zveli da axali betonis SeuRlebis zonis 

modelireba. 

2. SeuRlebis zonaSi myofi rkinabetonis elementebis sivrciTi zusti 

gaangariSebis meTodebi da analizi.  

aRniSnul sadisertacio naSromSi SevecadeT zemoT moyvanili 

problematikis gadaWras.  

naSromis mesame TavSi (Catarebuli mecnieruli kvlevebi ricxviTi da 

praqtikuli eqsperimentebi da maTi Sedegebi) Sesrulebulia mravalmxrivi 

gaangariSebebi: ,,klasikuri” meTodiT, evrokod-2-Si warmodgenili ekvivalentur 

CarCoTa meTodiT, Microsoft Excel-is bazaze, am naSromisTvis sagangebod Seqmnili, 

sainJinro kalkulatoriT (G01), ricxviTi meTodebiT, brtyeli wrfivi da 

sivrciTi (3D) arawrfivi sasruli elementebiT LIRA 9.6 R6-is gamoyenebiT. 

sadisertacio naSromisaTvis Catarda eqsperimenti ‘Black Sea Hotel & 

Residences’-is proeqtis farglebSi, garda amisa gamoyenebul iqna tmk l. 

balanCivaZis sadisertacio naSromisaTvis Catarebuli eqsperimentebis 

monacemebi.   

dadgenili sixistis modifikaciis koeficienti saSualebas mogvcems 

Senobis superstruqturis, calkeuli konstruqciuli elementis an 

Sepirapirebis modelis ageba da gaangariSeba movaxdinoT wrfivad, magram 

Semcirebuli sixisteebiT, ise rom saboloo Sedegi praqtikulad daemTxvas 

arawrfivi gaangariSebebis Sedegebs da Tan gaTvaliswinebul iqnas betonis 
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Sepirapirebis gavlena monoliTuri rkinabetonis konstruqciuli elementis 

deformaciis mimarT, xolo Sepirapirebis sakontaqto zedapirze moqmedi mxebi 

Zabvebis koncentraciis koeficienti saSualebas gvaZlevs zustad ganvsazRvroT 

mxebi Zabvebis maqsimaluri mniSvneloba sakontaqto zedapirze da Sesabamisad 

SevarCioT epoqsiduri webos an Sepirapirebis sxva saSualebebis maxasiaTeblebi  

da saimedod davaproeqtoT SeuRlebis zonaSi myofi elementi. garda amisa 

sixistis modifikaciis da Zabvebis koncentraciis koeficientis gansazRvra 

betonis Sepirapirebis zonaSi myofi elementebisaTvis, saSualebas mogvcems 

martivi gzebiT mivaRwioT maRali sizustis Sedegebs praqtikul proeqtirebaSi. 

ganxilulia dasmuli problematuri amocanebis kerZo SemTxveva 

rkinabetonis konsoluri koWis magaliTze. Sesrulebulia gaangariSebebi 

klasikuri analizuri meTodiT da ricxviTi meTodebiT, sivrciTi sasruli 

elementebiT kompiuteruli saangariSo kompleqsis LIRA 9.6 R6-is gamoyenebiT. 

rogorc aRvniSneT sivrciTi sasruli elementebis gamoyeneba SedarebiT iSviaTi 

movlenaa TviT kompiuteruli gaangariSebebisas, Sesabamisad sainteresoa 

miRebuli Sedegebi da maTi analizi, metadre maSin, rodesac gaTvaliswinebulia 

betonis SepirapirebisaTvis gamoyenebuli epoqsiduri webos modelirebac.  

Sedarebis mizniT ganvixiloT 3000mm-is sigrZis da 400X500mm ganivkveTis 

rkinabetonis konsoluri koWi, romelSic gamoyenebulia B25 klasis betoni da 

garda sakuTari wonisa, masze moqmedebs aramzidi konstruqciuli elementebis 

gamowveuli datvirTva 6t/m. B25 klasis mZime betonis saSualo moculobiT 

wonad miviRoT ρ=2.5t/m3. 

 

 

 

 

 

 

 

  

 

  

 

 

nax. 1 rkinabetonis konsoluri koWis saangariSo sqema 
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deformacia miiRebs mniSvnelobas:  

 = 5.095mm                (4) 

Cvens SemTxvevaSi mxebi Zabvis gasaSualoebuli mniSvneloba sayrdenTan 

toli iqneba:   

                                                                          (5)                                                                                

xolo mxebi Zabvis gasaSualoebuli mniSvneloba rkinabetonis konsoluri 

koWis Sua wertilSi (sadac mogvianebiT movaxdenT Zveli da axali betonis 

Sepirapirebas epoqsiduri webos meSveobiT.) miiRebs Semdeg mniSvnelobas:  

                                                             (6)                                     

  rkinabetonis konsolur koWSi mRunavi momentebis, ganivi Zalebis, mxebi 

Zabvebis, deformaciebis da saerTod daZabul-deformirebuli mdgomareobis 

amgvari aRwera ver iZleva maRali sizustis Sedegebs, rac eseoden saWiroa 

betonis Sepirapirebis simtkicisaTvis. realurad, rkinabetonis koWSi yovelTvis 

aris armaturis Reroebi, romlebic xSirad araTanabrad arian ganawilebuli 

koWis tanSi nebismieri mimarTulebiT. isini garkveul sixistes mateben koWs, 

ris gamoc icvleba deformaciebis mniSvnelobebi, rac iwvevs Zabvebis 

araTanabar gadanawilebas da a.S. garda amisa, nebismieri koWi moculobiTi 

elementia da deformaciebs ganicdis yvela mimarTulebiT.    

 zemoT CamoTvlili problemebis SeswavlisaTvis Catarda ricxviTi 

eqsperimenti sivrciTi sasruli elementebis gamoyenebiT. 

nax.2-ze naCvenebia monoliTuri rkinabetonis konsoluri koWis sivrciTi 

wrfivi modelis mxebi Zabvebis sqema ganivkveTSi, Zveli da axali betonis 

Sepirapirebis gaTvaliswinebiT. maqsimaluri mxebi Zabva sakontaqto 

zedapirze tolia: =69.4  

 
 

 
 
 
 
 
 
 
 
 
 
 
nax.2 armirebuli rkinabetonis konsoluri koWis sivrciTi modeli, rodesac koWis Sua 
wertilSi moxda Zveli da axali betonis Sepirapireba epoqsiduri weboTi. (sakontaqto 
zedapiri)  
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52.021t/m2              51.428t/m2              51.584t/m2              51.470t/m2              51.470t/m2              51.584t/m2              51.428t/m2              52.021t/m2              

39.305t/m2 38.356t/m2              37.949t/m2 37.643t/m2 37.643t/m2 37.949t/m2 38.356t/m2 39.305t/m2 

56.234t/m2 55.341t/m2 54.397t/m2 54.943t/m2 54.943t/m2 54.397t/m2 55.341t/m2 56.234t/m2 

65.206t/m2 64.473t/m2 63.471t/m2 62.931t/m2 62.931t/m2 63.471t/m2 64.473t/m2 65.206t/m2 

69.403t/m2 68.774t/m2 67.797t/m2 67.242t/m2 67.242t/m2 67.797t/m2 68.774t/m2 69.403t/m2 

68.896t/m2 68.288t/m2 67.337t/m2 66.799t/m2 66.799t/m2 67.337t/m2 68.288t/m2 68.896t/m2 

63.362t/m2 62.699t/m2 61.787t/m2 61.296t/m2 61.296t/m2 61.787t/m2 62.699t/m2 63.362t/m2 

54.986t/m2 54.232t/m2 53.433t/m2 53.053t/m2 53.053t/m2 53.433t/m2 54.232t/m2 54.986t/m2 

34.142t/m2 33.325t/m2 32.959t/m2 32.707t/m2 32.707t/m2 32.959t/m2 33.325t/m2 34.142t/m2 

30.951t/m2 30.555t/m2 30.456t/m2 30.340t/m2 30.340t/m2 30.456t/m2 30.555t/m2 30.951t/m2 

 

cxr.1 armirebuli rkinabetonis konsoluri koWis tanSi, Zveli da axali betonis 
Sepirapirebis sakontaqto zedapirze, τxz mxebi Zabvebis ganawilebis eleqtronuli 
cxrili. 
 

cxr.1-Si naCvenebia mxebi Zabvebis mniSvnelobebi Zveli da axali betonis 

Sepirapirebis sakontaqto zedapiris TiToeul sasrul elementisaTvis nax.2-is 

mixedviT. gamomdinare aqedan, SegviZlia davadginoT mxebi Zabvebis 

koncentraciis koeficienti, epoqsiduri weboebiT ganxorcielebul 

Sepirapirebis zedapirze: 

                                                                     (7) 

monoliTuri rkinabetonis konsoluri koWis sixistis modifikaciis 

gansazRvrisaTvis Catarda ricxviTi eqsperimenti sivrciTi arawrfivi (3D) 

sasruli elementebis gamoyenebiT. modelirebul iqna analogiuri monoliTuri 

rkinabetonis konsoluri koWi B25 klasis betonis gamoyenebiT. am SemTxvevaSic 

modelirebul iqna epoqsiduri webo da rkinabetonis Sepirapirebis sakontaqto 

zedapirebi. 

nax.3-ze warmodgenilia monoliTuri rkinabetonis konsoluri koWis 

sivrciTi arawrfivi modelis deformaciis sqema Zveli da axali betonis 

Sepirapirebis gaTvaliswinebiT. ufro muqi (lurji) ferebi aRniSnavs ufro did 

deformaciebs, xolo ufro Ria (cisferi) ferebi aRniSnavs ufro mcire 

deformaciebs. rogorc gaangariSebebidan Cans sivrciTi sasruli elementebiT 

modelirebuli armirebuli konsoluri koWis deformacia arawrfiv stadiaze 

gacilebiT metia koWis, rogorc Rerovani elementis gaangariSebebiT miRebul 

deformaciebTan SedarebiT. 

modelirebulma ricxviTma eqsperimentma aCvena, rom rkinabetonis 

Sepirapirebis zedapiris gaTvaliswinebiT arawrfivi deformaciebi 77%-iT 

aRemateba klasikuri angariSebiT miRebul Sedegebs da Seadgens =9.04mm-s. am 
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SemTxvevaSic, koWis konturze arsebuli muqi (mwvane) zoli aRniSnavs Zveli da 

axali betonis Sepirapirebis sakontaqto zedapirs, romelic modelirebulia 

sxvadasxva specifikaciebiT gansazRvruli drekadobis modulis, puasonis 

koeficientis, moculobiTi wonis da adgeziis maCveneblebis gaTvaliswinebiT. 

nax.3 armirebuli rkinabetonis konsoluri koWis sivrciTi arawrfivi modeli, rodesac 
koWis Sua wertilSi moxda Zveli da axali betonis Sepirapireba epoqsiduri weboTi. 
(mwvane zoli) maqsimaluri deformacia,  =9.04mm 
 
 
 Zveli da axali betonis Sepirapirebis sakontaqto zedapiris 

modelirebiT da arawrfiv stadiaze gaangariSebiT miRebuli Sedegebis Sedareba 

martivi klasikuri meTodebiT miRebul SedegebTan, saSualebas gvaZlevs 

naTlad davinaxoT yvela is Taviseburebani, rac axasiaTebs monoliTuri 

rkinabetonis im elementebs, sadac adgili aqvs Zveli da axali betonis 

Sepirapirebas. SedarebiTi analiziT miRebuli koeficientebi saSualebas 

gvaZlevs gaangariSebebi CavataroT klasikuri meTodebiT, magram 

gaviTvaliswinoT sakontaqto zedapirebis gavlena arawrfiv stadiaze. am gziT 

did daxmarebas gavuwevT damproeqteblebs. 

gamomdinare gazrdili deformaciebidan gamovTvaloT sixistis 

modifikaciis koeficienti monoliTuri rkinabetonis konsoluri koWisaTvis 

Sepirapirebis zonebis gaTvalisinebiT: 

                                                                                      (8) 

 
naSromSi  agreTve ganvixileT 6000mm-is sigrZis da 400X500mm ganivkveTis 

or sayrdenze xistad Camagrebuli rkinabetonis koWi, romelSic gamoyenebulia 
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B25 klasis betoni da garda sakuTari wonisa, masze zemoqmedebs aramzidi 

konstruqciuli elementebiT gamowveuli datvirTva 6t/m. B25 klasis mZime 

betonis saSualo moculobiT wonad miviReT ρ=2.5t/m3. analogiuri meTodebiT 

gaangariSebis safuZvelze mxebi Zabvebis koncentraciis koeficientis 

mniSvnelobad miCneul iqna – 1.4; xolo sixistis modifikaciis koeficientis 

mniSvnelobad – 0.86; 

gaanalizebulia Zveli da axali betonis Sepirapirebis sakontaqto 

zedapirebis gavlena mravalsarTuliani rkinabetonis Senobebis seismur 

gaangariSebaze. SedarebisaTvis gaviangariSeT erTi da igive Senobis ori 

pirobiTi modeli, pirveli SemTxveva, rodesac erTianad moxda betonis Casxma, 

xolo meore SemTxveva, rodesac Senobis sarTulSua gadaxurvis filebSi 

ramodenime adgilas moxda Zveli da axali betonis Sepirapireba. movaxdinoT 

orive SemTxvevisaTvis miRebuli Sedegebis Sedareba. 

seismuri gaanagariSebisaTvis ganvixiloT 14-sarTuliani Senobis modeli. 

Senobis zomebi RerZebSi Seadgens 25.5X22.0m mimarTulebebis Sesabamisad. Senobis 

simaRlea 49.5m. Senobis maqsimaluri malis zoma aris 7.0m. Senobis mzid 

elementebs warmoadgenen monoliTuri rkinabetonis saZirkvelis fila (90sm), 

monoliTuri rkinabetonis svetebi (70X70sm da 50X50sm), monoliTuri 

rkinabetonis brtyeli urigelo sarTulSua gadaxurvis filebi (20sm) da 

monoliTuri rkinabetonis diafragmuli kedlebi (30sm.) (nax.4) 

SenobisaTvis gamoyenebulia B35 klasis betoni, romlis drekadobis 

moduli tolia: E=3500000t/m2, xolo saangariSo winaRoba kumSvaze tolia: 

Rk.=1990t/m2 . 

 gansaxilvel Senobaze moqmedebs: 

1) sakuTari wonisgan gamowveuli mudmivi datvirTva – 0.55 t/m2 

2) aramzidi konstruqciebiT gamowveuli droebiTi xangrZlivi  

datvirTva – 0.25 t/m2 

3) eqsploataciisgan gamowveuli droebiTi xanmokle datvirTva – 0.20 t/m2 

4) X-mimarTulebaze moqmedi 0.17g aCqarebis gamomwvevi horizontaluri seismuri 

datvirTva.   

5) Y-mimarTulebaze moqmedi 0.17g aCqarebis gamomwvevi horizontaluri seismuri 

datvirTva.  

seismuri gaangariSebebis Sedegebi gvaCvenebs, rom Tu Zveli da axali 

betonis Sepirapirebas, ZiriTadad sarTulSua gadaxurvis filebSi, eqneba 

masiuri xasiaTi, maSin is mcire masStabebiT, magram garkveulwilad mainc 

axdens gavlenas Senobis superstruqturis daZabul-deformirebul 

mdgomareobaze da sistemis periodze (1%-is farglebSi.) Tumca, Tu betonis 
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Sepirapireba moxdeba kidev ufro met ubanze da farTobze, nacvlad angariSSi 

ganxiluli 4 ubnisa, maSin SesaZloa kidev ufro didi gavlena iqonios betonis 

Sepirapirebam Senobis mTliani superstruqturis muSaobaze. 

 Sedegebis saboloo Sejameba warmodgenilia cxr.5-Si. 

                        
nax.4 ganxiluli Senobis monoliTuri rkinabetonis brtyeli urigelo 

sarTulSua gadaxurvis fila. tipiuri sarTuli, niSnuli: +22.600m. 
 

daarmaturebis TvalsazrisiT ufro mniSvnelovani sxvaobebi iqna 

dafiqsirebuli. nax. 5-ze naCvenebia monoliTuri rkinabetonis karkasuli 

Senobis tipiuri sarTulSua gadaxurvis brtyeli urigelo filis qveda Sris 

daarmaturebis sqema X-mimaTulebaze, Zveli da axali  betonis Sepirapirebis 

gaTvaliswinebiT. armirebis saSualo maCvenebeli Seadgens: 10.1sm2/m, rac 

ekvivalenturia Ø16 A-III b.200mm daarmaturebis. 
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muqi (narinjisferi) feriT naCvenebia daarmaturebis maRali procentis 

mqone ubnebi, xolo ufro Ria (yviTeli) feriT naCvenebia daarmaturebis mcire 

procentis mqone ubnebi. 

rkinabetonis filis Sua malis qveda SreSi ufro didi  daarmatureba 

betonis Sepirapirebis gareSe arsebul SemTxvevasTan mimarTebaSi gamowveulia 

deformaciebis da Zabvebis zrdiT Zveli da axali betonis Sepirapirebis 

sakontaqto zedapirze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 5 monoliTuri rkinabetonis karkasuli Senoba. monoliTuri rkinabetonis 
brtyeli urigelo tipiuri sarTulSoris gadaxurvis fila. (betonis Sepirapirebis 
gaTvaliswinebiT) ganaTebuli feradi feriT naCvenebia kvlevis ubani. 

 
 

sadisertacio naSromSi ganxilulia betonis Sepirapirebis sxva 

SemTxvevebic. damontaJebul anakreb filebs Soris, winaswardaZabuli bagirovani 

armaturis rkinabetonis filebis damonoliTebis Semdeg, SenobebSi, mSeneblobis  

procesSi warmoiqmneba anakreb-monoliTuri gadaxurvis konstruqcia, sadac 

adgili aqvs Zveli da axali betonis Sepirapirebas. eqsploataciis stadiaSi 

vertikaluri datvirTvebis nawils, sakuTar Tavze Rebulobs SeerTebis kvanZebi, 

xolo danarCen nawils ki monoliTuri ubnebi. anakrebi filebidan datvirTvis 

gadacema winaswardaZabuli bagirovani armaturis monoliTuri filebisaTvis, 

xdeba kavSirebis saSualebiT, romlebic uzurunvelyofen anakrebi filis da 

monoliTuri ubnis erTdroul muSaobas. am kavSirebis rols anxorcieleben 

gadaxurvis konturze arsebuli sogmanuri SeerTebebi. 
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sogmanuri SeerTebebis meSveobiT Zveli da axali betonis Sepirapirebis 

gamokvlevas safuZvlad davudeT l.balanCivaZis sadisertacio naSromSi 

Catarebuli praqtikuli eqsperimenti, sadac Catarda koWebis nimuSebis gamocda, 

rac warmoadgenda gadaxurvis filis imitacias anakrebi filis konturze. misi 

damzadebisas mowyobil iqna sogmanebi.  

nax. 6 anakreb-monoliTuri konstruqciis CaRunvebis mniSvnelobebi, gamomdinare 
praqtikuli eqsperimentis, ricxviTi eqsperimentis da analizuri meTodiT gaangariSebis 
Sedegebidan. 

nax. 6-ze grafikuli saxiT warmodgenilia anakreb-monoliTuri koWis 

CaRunvebis mniSvnelobebi sxvadasxva monacemebze da gaangariSebis meTodebze 

dayrdnobiT. analogiurad ganisazRvra sixistis modifikaciis koeficienti, 

Zveli da axali betonis Sepirapirebis gaTvaliswinebiT arawrfiv stadiaze, 

romlis mniSvnelobad anakreb-monoliTuri koWisTvis miRebul iqna – 0.75; 

naSromSi ganxilulia arsebuli sakiTxis kidev erTi kerZo SemTxveva 

monoliTuri rkinabetonis brtyeli filis magaliTze, betonis Sepirapirebis 

zonis gaTvaliswinebiT. miRebulia eqsperimentaluri Sedegebi (Sps ‘Georgian 

Contemporary Construction’-is muSaobis farglebSi) da gazomilia arsebuli 

deformaciebi q. baTumSi mSenebare “hiltonis” sastumros Senobaze. (proeqtis 

saxelwodeba: ‘Black Sea Hotel & Residences’)  Sesrulebulia gaangariSebebi 
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,,evrokodi 2”-Si warmodgenili ekvivalentur CarCoTa meTodiT, mis safuZvelzeve 

Seqmnili G01 sainJinro kalkulatoriT da ricxviTi meTodebiT, sivrciTi 

arawrfivi sasruli elementebiT, kompiuteruli saangariSo kompleqsis LIRA 9.6 

R6-is gamoyenebiT. ricxviTi eqsperimentiT miRebuli Sedegebi Sedarebulia 

praqtikuli eqsperimentiT dadgenil realur mniSvnelobebTan. dadgenilia 

sixistis modifikaciis koeficienti Zveli da axali betonis Sepirapirebis da 

arawrfivi deformaciebis gaTvaliswinebiT.  

ganvixiloT 9000X9000mm-is gabarituli zomebisa da 325mm-is sisqis mqone 

monoliTuri rkinabetonis  urigelo gadaxurvis brtyeli fila, romelSic 

gamoyenebulia B35 klasis betoni. masze zemoqmedebs sakuTari woniT gamowveuli 

datvirTva. B35 klasis mZime betonis saSualo moculobiT wonad miviRoT 

ρ=2.5t/m3. B35 klasis betonis drekadobis moduli tolia: E=3500000t/m2. monacemebi 

aRebulia  “hiltonis” sastumros Senobidan, q. baTumi. (‘Black Sea Hotel & 

Residences’). 

 

 
 

 
 
 
 
 
nax. 7 dadebiTi da uaryofiTi momentebis gadanawilebis vizualizacia `svetis 

zolebis~ da `Sualeduri zolebis~ mixedviT.  
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nax. 8 rkinabetonis brtyeli filis saangariSo sqema 
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maqsimaluri deformacia miiRebs mniSvnelobas:  

        (9) 

monoliTuri rkinabetonis brtyeli urigelo filis deformaciaze 

gaangariSebis mizniT, sagangebod am naSromisaTvis  Microsoft Excel-is bazaze 

Sedgenil iqna sainJinro kalkulatori (G01), romlis meSveobiTac Catarebul 

iqna zemoaRniSnuli filis gaangariSeba. (nax.9) sainJinro kalkulatoris 

programuli meTodikac dafuZnebulia brtyeli urigelo filis gaangariSebis 

ekvivalentur CarCoTa meTodze, rac warmodgenilia ,,evrokodi 2”-Si. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

nax. 9 monoliTuri rkinabetonis brtyeli fila. Black Sea Hotel & Residences. 
saangariSo monacemebi sainJinro kalkulatorisTvis. maqsimaluri deformacia 

mm. 
 

Sedarebis mizniT Catarda igive filis wrfivi gaangariSeba brtyeli 

sasruli elementebis safuZvelze. miRebuli Sedegebi 10%-is sizustiT daemTxva 

sainJinro kalkulatoriT miRebul Sedegebs da Seadgina 3.06mm.  
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ufro srulyofili analizisaTvis Catarda ricxviTi eqsperimenti imave 

filasTan (9000X9000mm)  mimarTebaSi. (‘Black Sea Hotel & Residences’).  amjeradac 

gamoyenebul iqna sivrciTi arawrfivi (3D) sasruli elementebi, magram 

modelirebul iqna betonis Sepirapirebis zona, zustad imis analogiurad 

rogorc Sesrulda proeqtSi – gamomdinare dasabetonebeli rkinabetonis filis 

Zalian didi moculobidan (2800m3) da farTobidan (8600m3) rac SeuZlebels 

xdida erTian dabetonebas. (nax. 10 da 11) 

nax. 10 monoliTuri rkinabetonis brtyeli fila. arawrfivi angariSis msvleloba. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 11 monoliTuri rkinabetonis brtyeli fila. saangariSo modeli sivrciTi 
arawrfivi (3D) sasruli elementebiT, sakontaqto zedapiris gaTvaliswinebiT. 
maqsimaluri deformacia mm. 
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ganmeorebiTma, ufro farTo da srulyofilma ricxviTma eqsperimentma 

aCvena, rom aRebuli SemTxvevisaTvis, betonis Sepirapirebis sakontaqto 

zedapirebis gaTvaliswinebiT, arawrfivi deformaciebi 30%-iT aRemateba 

standartuli, bryeli wrfivi sasruli elementebiT miRebul Sedegebs da 44%-

iT aRemateba sainJinro kalkulatoriT (G01) miRebul Sedegebs.  

garda kompleqsuri ricxviTi eqsperimentebisa, Catarda praqtikuli 

eqsperimentebi, Sps ‘Georgian Contemporary Construction’-is muSaobis farglebSi. 

gazomilia Cvens mier gaangariSebul filaze realurad arsebuli deformaciebi 

betonis Sepirapirebis ubanze q. baTumSi mSenebare ,,hiltonis” sastumros 

Senobaze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

nax. 12 betonis Sepirapirebis zona. “hiltonis” sastumro. q. baTumi. 
proeqtis saxelwodeba: ‘Black Sea Hotel & Residences’ 
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nax. 13 eqsperimentaluri monacemebi 
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nax. 14 betonis Sepirapirebis zona dabetonebis Semdeg.  
“hiltonis” sastumro. q. baTumi. 

proeqtis saxelwodeba: ‘Black Sea Hotel & Residences’ 

 

praqtikuli eqsperimentiT (nax. 14) miRebuli deformaciis sidide 

mm. maRali sizustiT ricxviTi eqsperimentiT miRebul sidides. 

gamomdinare praqtikuli eqsperimentidan gamovTvaloT sixistis modifikaciis 

koeficienti rkinabetonis filis SepirapirebisaTvis: 

                                                                  (10)  

                                                                 (11)  

                                                                   (12)  

 

ganxiluli rkinabetonis brtyeli filis Sepirapirebis ricxviTi da 

praqtikuli eqsperimentaluri. monacemebis safuZvelze. gansazRvrulia sixistis 

modifikaciis koeficientebi deformaciebis zusti mniSvnelobebis misaRebad. 

miRebuli Teoriuli da eqsperimentuli Sedegebi cxadyofs, rom aRniSnuli 

meTodebiT gaangariSebuli betonis Sepirapirebis kvanZebi akmayofilebs 

simtkicis da deformaciis pirobebs. 
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naSromis meoTxe TavSi (daskvna) gamotanilia daskvnebi da SemuSavebulia 

rekomendaciebi damproeqteblebisaTvis.  

naSromSi Catarebulia mravalmxrivi gaangariSebebi da ricxviTi 

eqsperimentebi rkinabetonis konsoluri koWisaTvis (1), or sayrdenze xistad 

Camagrebuli koWisaTvis (2), marTkuTxa brtyeli urigelo gadaxurvis 

filisaTvis (3), mravalsarTuliani Senobis karkasisaTvis (4), anakreb-

monoliTuri koWisaTvis (5), da kvadratuli brtyeli urigelo gadaxurvis 

filisaTvis (6). gamoyenebulia: ,,klasikuri” gaangariSebis meTodebi, 

ekvivalentur CarCoTa meTodi, sasrul elementTa meTodi, rogorc brtyeli, 

aseve sivrciTi (3D) elementebis gamoyenebiT wrfiv da arawrfiv stadiaze. 

miRebuli Sedegebi Sedarebulia eqsperimentul monacemebTan. miRebuli Sedegebi 

gamoiyureba Semdegnairad: 

 

 

 

1. rkinabetonis konsoluri koWi. (cxr.2) 

№ meTodi Sedegi SeniSvna 

1 ,,klasikuri” gaangariSebis meTodi 5.095mm deformacia 

2 
sivrciTi wrfivi sasruli elementebis 

gamoyenebiT 
4.06mm deformacia 

3 

sivrciTi wrfivi sasruli elementebis 

gamoyenebiT, betonis Sepirapirebis 

gaTvaliswinebiT 

4.29mm deformacia 

5 

sivrciTi arawrfivi sasruli elementebis 

gamoyenebiT, betonis Sepirapirebis 

gaTvaliswinebiT 

9.04mm deformacia 

6 ,,klasikuri” gaangariSebis meTodi 48.75t/m2 mxebi Zabva 

7 

sivrciTi wrfivi sasruli elementebis 

gamoyenebiT, betonis Sepirapirebis 

gaTvaliswinebiT 

69.40t/m2 mxebi Zabva 
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2. or sayrdenze xistad Camagrebuli koWi. (cxr.3) 

№ meTodi Sedegi SeniSvna 

1 ,,klasikuri” gaangariSebis meTodi 1.70mm deformacia 

2 
sivrciTi wrfivi sasruli elementebis 

gamoyenebiT 
1.41mm deformacia 

3 

 

 

 

sivrciTi wrfivi sasruli elementebis 

gamoyenebiT, betonis Sepirapirebis 

gaTvaliswinebiT 
1.63mm deformacia 

 

4 

 

sivrciTi arawrfivi sasruli elementebis gamoyenebiT, 

betonis Sepirapirebis gaTvaliswinebiT 

 

1.96mm 

 

deformacia 

5 ,,klasikuri” gaangariSebis meTodi 0t/m2 mxebi Zabva 

6 

sivrciTi wrfivi sasruli elementebis 

gamoyenebiT, betonis Sepirapirebis 

gaTvaliswinebiT 

5.51t/m2 mxebi Zabva 

 

 

 

3. marTkuTxa brtyeli urigelo gadaxurvis fila. (cxr.4) 

№ meTodi Sedegi SeniSvna 

1 ekvivalentur CarCoTa meTodi 5.57/6.09mm deformacia 

2 
brtyeli wrfivi sasruli elementebis 

gamoyenebiT 
6.58mm deformacia 

3 

sivrciTi wrfivi sasruli elementebis 

gamoyenebiT, betonis Sepirapirebis 

gaTvaliswinebiT 

5.56mm deformacia 

4 

sivrciTi arawrfivi sasruli elementebis 

gamoyenebiT, betonis Sepirapirebis 

gaTvaliswinebiT 

8.85mm deformacia 

5 

sivrciTi wrfivi sasruli elementebis 

gamoyenebiT, betonis Sepirapirebis 

gaTvaliswinebiT 

15.5t/m2 mxebi Zabva 

 

 

 



26 
 

4. mravalsarTuliani Senobis karkasi (cxr.5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. anakreb-monoliTuri koWi. (cxr.6) 

№ meTodi Sedegi SeniSvna 

1 ,,klasikuri” gaangariSebis meTodi 23.50mm deformacia 

2 
sivrciTi wrfivi sasruli elementebis 

gamoyenebiT 
11.30mm deformacia 

3 
adgilze gazomili eqsperimentaluri 

monacemi anakrebi elementisaTvis 
19.50mm deformacia 

4 
adgilze gazomili eqsperimentaluri 

monacemi monoliTuri ubnisaTvis 
21.00mm deformacia 

5 

sivrciTi arawrfivi sasruli elementebis 

gamoyenebiT, betonis Sepirapirebis 

gaTvaliswinebiT 

30.60mm deformacia 

 

 

 

 

maxasiaTebeli betonis erTianad 

Casxmis SemTxveva 

(Sepirapirebis 

gareSe) 

betonis Sepirapirebis 

gaTvaliswinebiT 

gadaadgileba 

X-mimarTulebiT 
80.6mm 81.0mm 

gadaadgileba 

Y-mimarTulebiT 
83.8mm 84.2mm 

sakuTari rxevis 

T1 periodi 
2.175wm 2.182wm 

sakuTari rxevis 

T2 periodi 
1.446wm 1.457wm 

sakuTari rxevis 

T3 periodi 
0.930wm 0.940wm 

daarmatureba 

qveda SreSi 
5.66sm2 (0.56%) 10.10sm2 (1.10%) 
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6. kvadratuli brtyeli urigelo gadaxurvis fila. (cxr.7) 

№ meTodi Sedegi SeniSvna 

1 ekvivalentur CarCoTa meTodi 2.80mm deformacia 

2 sainJinro kalkulatori 2.77mm deformacia 

3 

brtyeli wrfivi sasruli elementebis 

gamoyenebiT, betonis Sepirapirebis 

gaTvaliswinebis gareSe 

3.06mm deformacia 

4 

sivrciTi arawrfivi sasruli elementebis 

gamoyenebiT, betonis Sepirapirebis 

gaTvaliswinebis gareSe 

3.54mm deformacia 

5 

sivrciTi arawrfivi sasruli elementebis 

gamoyenebiT, betonis Sepirapirebis 

gaTvaliswinebiT 

3.98mm deformacia 

6 
adgilze gazomili eqsperimentaluri 

monacemi gadaxurvis filisaTvis 
4.00mm deformacia 

 

miRebuli Sedegebis safuZvelze SeiniSneba tendencia, rom Zveli da 

axali betonis Sepirapirebis SemTxvevaSi deformaciebi matulobs, 

gansakuTrebiT arawrfiv stadiaze, amitom praqtikuli daproeqtebis 

gamartivebis mizniT, ricxviTi da praqtikuli (empiriuli) eqsperimentebis 

safuZvelze dadginda sixistis modifikaciis koeficientebis mniSvnelobebi, rac 

saSualebas iZleva gaangariSeba CavataroT wrfiv stadiaze, betonis 

Sepirapirebis sakontaqto zedapirebis sivrciTi modelirebis gareSe, magram 

maTi kompensacia movaxdinoT saproeqto sixistis modifikaciiT aRniSnuli 

koeficientebis gamoyenebiT. 

garda amisa ricxviTi eqsperimentebi iZleva safuZvels, rom Zveli da 

axali betonis Sepirapirebis sakontaqto zedapirebze mxebi Zabva ramdenadme 

aRemateba mis gasaSualebul mniSvnelobas, gamomdinare rkinabetonis elementis 

formidan da betonis SepirapirebisaTvis gamoyenebuli saSualebidan. 

sadisertacio naSromSi gansazRvruli koeficientebi Rebuloben Semdeg 

mniSvnelobebs: 
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mimdinare naSromSi gansazRvruli da rekomendebuli  

koeficientebis CamonaTvali. (cxr.8) 

koeficienti             
koeficientis 

mniSvneloba 

gansazRvris 

saxe 

konsoluri koWis sixistis 

modifikaciis koeficienti 
0.6 

ricxviTi 

eqsperimenti 

konsoluri koWis mxebi Zabvis 

koncentraciis koeficienti 
1.4 

ricxviTi 

eqsperimenti 

or sayrdenze xistad 

Camagrebuli koWis sixistis 

modifikaciis koeficienti 

0.86 
ricxviTi 

eqsperimenti 

or sayrdenze xistad 

Camagrebuli koWis mxebi Zabvis 

koncentraciis koeficienti 

1.4 
ricxviTi 

eqsperimenti 

marTkuTxa brtyeli urigelo 

gadaxurvis filis sixistis 

modifikaciis koeficienti 

0.7 

ricxviTi 

eqsperimenti 

anakreb-monoliTuri koWis 

sixistis modifikaciis 

koeficienti 

0.75 

praqtikuli 

eqsperimenti 

(empiriuli) 

kvadratuli brtyeli urigelo 

gadaxurvis filis sixistis 

modifikaciis koeficienti 

0.7 

praqtikuli 

eqsperimenti 

(empiriuli) 

 

 miRebuli Sedegebidan gamomdinare viZleviT mkacr rekomendacias, 

rom rkinabetonis im elementebisaTvis, romlis farglebSic xdeba 

Zveli da axali betonis Sepirapireba,  daproeqtebisas moxdes 

sixistis mniSvnelovnad Semcireba. saangariSo modificirebuli 

sixistis misaRebad rekomendirebulia gamoiyenoT cxr. 8-Si 

warmodgenili koeficientebi. gasaangariSebeli kveTis inerciis 

momentis an Sesabamisi masalis sawyisi drekadobis modulis 

gamravleba sixistis modifikaciis koeficientze mogvcems 

Semcirebul sixistes, rac saSualebas mogvcems, rom gaangariSeba 

CavataroT Cveulebrivi personaluri kompiuteris saSualebiT, 

wrfiv stadiaze, 2-ganzomilebiani sasruli elementebiT, xolo 

miRebuli Sedegebi maqsimalurad axlos iqneba betonis 



29 
 

Sepirapirebis gaTvaliswinebiT, arawrfivi gaangariSebebiT miRebul 

SedegebTan, rac aCvena Cvens mier Catarebulma eqsperimentulma 

kvlevebma. 

 gansakuTrebiT didi malebis (>10m) da gansakuTrebiT didi 

konsolebis SemTxvevaSi (>4m) aucilebelia, rom Sesruldes 

Sepirapirebis sakontaqto zedapirebis da Sepirapirebis 

saSualebebis modelireba, gaangariSeba ki Catardes arawrfiv 

stadiaze, raTa maRali sizustiT aRiweros Sesabamisi elementis 

daZabul-deformirebuli mdgomareoba.   

 daarmaturebis TvalsazrisiT, gansakuTrebiT seismur zonebSi, 

rekomendebulia, rom Zveli da axali betonis Sepirapirebis zonaSi 

armirebis procentuli maCvenebeli gaizardos 2-jer an moxdes 

sakontaqto zedapirebis sivrciTi arawrfivi sasruli  elementebiT 

gaangariSeba da mxolod amis Semdeg Sesabamisi daarmatureba. 

 Zveli da axali betonis drekadobis modulis da simtkicis 

modelirebisaTvis gamoyenebul iqnas (1) da (3) formulebi. 

 gamomdinare ricxviTi eqsperimentebidan da konkretuli sivrciTi 

modelebidan, Zveli da axali betonis SepirapirebisaTvis 

gamosayenebeli epoqsiduri webosTvis, rekomendacias viZleviT, rom 

drekadobis moduli ganisazRvros aranakleb E=250.000t/m2, xolo 

puasonis koeficienti araumetes V=0.4; praqtikuli Sesrulebisas 

Sepirapirebis zedapiri aucileblad CamoiWras marTi kuTxiT, xolo 

epoqsiduri webos sisqe ganisazRvros: 7-20mm-iT.  

 Senoba-nagebobebis rekonstruqciis SemTxvevaSi an SeCerebuli 

mSeneblobis ganaxlebisas, sadac adgili aqvs Zveli da axali 

betonis Sepirapirebis uamrav SemTxvevas, aucilebelia, rom mTeli 

Senobis modelireba da gaangariSeba Sesruldes sivrciTi 

arawrfivi sasruli elementebiT, ukidures SemTxvevaSi ki 

analogiuri meTodebiT ganisazRvros sixistis modifikaciis 

koeficientebi konkretul geometriul zomebsa da arsebuli 

masalis fizikur-meqanikur Tvisebebze dayrdnobiT da mxolod amis 

Semdeg unda moxdes konstruqciis gaangariSeba wrfiv stadiaze.  
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Summary 

 
Theoretical and experimental research of monolithic reinforced 

concrete beam and slab bonding zone including the 

contact surface specificities. 
 
In this dissertation thesis discussed computer modeling problems in old and new concrete 

bonding zone for monolithic reinforced concrete beams and slabs including the contact (bonding) surface 

analysis,  described stress-strained state in structural elements in old and new concrete bonding zone, 

determined contact surface shear stress concentration coefficient and bending stiffness modification 

coefficient by numerical and practical experments, worked out recommendations for designers.  

Discussed bonding contact surfaces and their influence to stressed-strained state in reinforced 

concrete cantilever beam, reinforced concrete beam fixed at both ends, precast-monolithic beam and 

monolithic reinforced concrete flat slab. Also provided seismic calculation of monolithic reinforced 

concrete framework building including the old and new concrete bonding in floor slabs and studied 

building seismic behavior. 

Analyzed old and new concrete bonding methodology, calculation and computer modeling 

specifications based on modern American, European and also Russian scientific literature. There are 

qutations and methods in the thesis from Eurocode, Florida University (USA), Penn University (USA), 

Porto University (Portugal) and other articles from western magazines, also from Russian electronic 

literature. 

In the thesis completed complex calculations within: ‘classic method’, equivalent frame method 

introduced in Eurocode-2, engineering calculator (G01) created for this thesis on the Microsoft Excel 

basis, numerical methods including flat linear and spatial solid  (3D) nonlinear finite elements of LIRA 

9.6 R6 software.  

Experiment is provided for this dissertation thesis during the project ‘Black Sea Hotel & 

Residences’, apart from it, there is used C.T.S. L. Balanchivadze dissertation thesis experimental data. 

Determined stiffness modification coefficient gives us opportunity to set up and provide linear 

analysis of building superstructure, separate structural element or bonding model but with reduced 

stiffness, so that final result will practically coincide to results of nonlinear analysis including the 

concrete bonding influence to monolithic reinforced concrete structural element deflections. The contact 

surface shear stress concentration coefficient gives us opportunity to define precisely the maximum value 

of shear stresses on the contact surface and consequently chose epoxy adhesive or other bonding medium 

properties and safely design the element in the bonding zone. Moreover, stiffness modification coefficient 

and stress concentration coefficient definition for the structural elements in the concrete bonding zone 

allows us to achieve highly precise results with simple ways in practical design. 

On the basis of received results, it is strongly recommended to reduce the stiffness during design 

for concrete members where old and new concrete bonding takes place. It is recommended to use the 

coefficients defined in this thesis to find design modified stiffness values that allows us to provide 
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calculations by ordinary personal computer at linear stage; And the received results will be very close to 

the results of nonlinear calculations as it is shown in our experimental research. In case of extremely long 

spans (>10m) and extremely long cantilever (>4m) structures, it is very important to model bonding 

contact surface and bonding medium and calculations to be provided at nonlinear stage to describe the 

stressed-strained state of appropriate element. In shear calculations of reinforced concrete bonding contact 

surface, it is recommended to use shear stress concentration coefficient and in case of concrete         

connectors – the formulas presented in this thesis. 

It is recommended especially for seismic hazard zones to increase 2 times reinforcement 

percentage in old and new concrete bonding zone or to provide contact surface modeling and calculation 

by spatial solid nonlinear finite elements and reinforcing only after this kind of analysis.   

Consequently from the numerical experiments and spatial solid models provided for this thesis, it 

is recommended for old and new concrete bonding epoxy adhesives to have elasticity modulus not less 

than E=250.000t/m
2
 and poisson’s ratio not more than V=0.4; 

In case of reconstruction or renewing of stopped construction where many cases of old and new 

concrete bonding take place, its is recommended to calculate the whole structure by using spatial solid 

nonlinear finite elements, for worse case the stiffness modification coefficients have to be determined in 

the same way based on specific geometric dimensions and existing material physical-mechanical 

properties and linear analysis have to be provided only after it.  

 

 

 


