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Sesavali 

 

    hidroteqnikuri gvirabebis daproeqteba da mSenebloba kldovan 

qanebSi rTuli sainJinro da, amave dros, specifikuri amocana aris. es 

specifikuroba gamoixateba imaSi, rom ZiriTad samSeneblo masalas 

gvirabebis gayvanisas warmoadgens ara betoni, aramed TviT kldovani 

qanebi. maTi fizikur-meqanikuri maxasiaTeblebi, fenaTa ganlageba, agreTve 

gruntis wylebis xasiaTi xSirad bolomde gaurkvevelia da Tavs iCens 

mxolod gvirabis gayvanisas. am gaurkvevlobebisgan gamowveuli 

problemebis gadalaxva, rogorc wesi, xdeba uSualod mSeneblobis 

procesSi. swored amitom, gvirabis gayvanisa da mokeTebis meTodebis 

swori SerCeva inJinrebis umTavresi amocanaa. 

    bunebrivia, saqarTveloSi dRemde hidroteqnikuri gvirabebis 

daproeqteba da mSenebloba mimdinareobda da dResac mimdinareobs im 

normativebis mixedviT, romlebic sabWoTa kavSirSi SemuSavda. am 

normativebis bolo versia iyo СНиП 2.06.09-84 [1].  

    xsenebul normativebSi ar aris asaxuli Tanamedrove teqnologiebiT 

agebuli gvirabebis angariSebi. kerZod, ar aris Camoyalibebuli 

axalavstriuli da norvegiuli meTodebiT agebuli hidroteqnikuri 

gvirabebis daproeqtebisadmi midgoma.  

    xsenebuli meTodebis ugulvelyofis erT-erTi mizezia am meTodebis 

gamoyenebiT asagebi nagebobebis daZabul-deformirebuli mdgomareobis 

praqtikulad Seuswavleloba. maTi usafrTxo eqspluatacia ki 

ganpirobebulia maTive simtkiciT da saimedobiT, romlebic aucileblad 

unda dasabuTdes Tanamedrove saangariSo meTodebiT. 

    proeqtis ZiriTadi mizania saqarTveloSi miwisqveSa hidroteqnikuri   

   nagebobebis mSeneblobis procesSi progresuli norvegiuli meTodis 

   gamoyenebis mizanSewonilobis dasabuTeba. xsenebuli meTodis gamoyeneba  

   saqarTvelos miwisqveSa hidromSeneblobaSi jer ar momxdara, Tumca,  

   rogorc saerTaSoriso praqtika adasturebs, is udavod yvelaze mowinavea  

   Tanamedrove hidromSeneblobaSi.  am meTodis mixedviT miwisqveSa 
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   gamonamuSevris betonireba, axalavstriuli meTodis analogiurad, xdeba 

   Sxefbetonis gamoyenebiT, magram tradiciuli betonis nacvlad gamoiyeneba  

   e.w. fibrofoladbetoni, romelSic fibrofoladis danamati faqtiurad 

   armaturis rols asrulebs. garda amisa, meTods sxva teqnologiuri  

   xasiaTis Taviseburebebic gaaCnia, romlebic agreTve iqneba  

   gaTvaliswinebuli proeqtis realizebisas. meTodis danergva saSualebas 

   mogvcems movaxdinoT kapitaldabandebis minimizeba nagebobis maRali 

   saimedobis SenarCunebiT. 

      aRniSnuli miznis misaRwevad Tanmimdevrulad iqna ganxiluli Semdegi 

   ZiriTadi amocanebi: 

  axlad gamomuSavebuli gruntis masivis daZabul-deformirebuli 

mdgomareobis analizi da Camongrevis TaRis savaraudo zonebis 

dadgena;  

  realuri hidroteqnikuri gvirabis daZabul-deformirebuli 

mdgomareobis angariSi gruntis masivTan erTad; 

  nagebobebis mokeTebis konstruqciis SerCeva maRali simtkicis 

fibrofoladiani naSxefbetonebis gamoyenebiT; 

  praqtikuli rekomendaciebis damuSaveba progresuli norvegiuli 

meTodiT agebuli gvirabebis angariSebis Casatareblad. 

         proeqtis Sedegebi saSualebas mogvcems SesamCnevad SevamciroT 

     miwisqveSa hidroteqnikuri nagebobebis mSeneblobis vadebi da 

     samuSaoebis Sromatevadoba tradiciul meTodebTan SedarebiT da, amave  

     dros, SenarCundes maRali saimedoba. 
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1. gvirabebis gayvanis axalavstriuli da norvegiuli 
  meTodebi da maTi realizeba hidroteqnikuri gvirabebis 

mSeneblobis dros 
 

 

      miwisqveSa hidroteqnikuri nagebobebi miekuTvneba samTo tipis 

hidrokvanZebis gansakuTrebulad sapasuxismgeblo obieqtebs. rogorc wesi, 

kapitaldabandebebis mniSvnelovani nawili msxvili hidrokvanZebis 

mSeneblobaSi modis swored miwisqveSa nagebobebze. amave dros, 

hidroeleqtrosadgurebis mSeneblobis xangrZlivoba praqtikulad 

ganisazRvreba miwisqveSa nagebobebis mSeneblobis xangrZlivobiT. swored 

es or faqtori (mSeneblobis Rirebuleba da vadebi), ufro sworad, maTi 

maRali maCveneblebi warmoadgens problemis arss Cvens pirobebSi. saqme 

imaSia, rom saqarTveloSi miwisqveSa nagebobebi (konkretulad gvirabebi) 

kvlavindeburad Sendeba konservatulad, qargilebis gamoyenebiT, maSin, 

rodesac jer kidev XX saukunis samociani wlebidan msoflioSi 

warmatebiT gavrcelda e.w. axalavstriuli meTodi, romelic 

iTvaliswinebs gvirabebis mosaxvas naSxefbetoniT qargilebis gareSe. am 

meTodiT mSenebloba sagrZnoblad iafdeba da sruldeba gacilebiT 

SekumSul vadebSi. axalavstriuli meTodis logikuri gagrZeleba gaxda 

e.w. progresuli norvegiuli, anu axalnorvegiuli meTodi, romelic 

iTvaliswinebs naSxef betonSi fibrofoladis damatebas armirebis efeqtis 

misaRebad da sxva teqnologiur siaxleebs. 

    Mmokled ganvixiloT orive zemodnaxsenebi meTodi. 

 

  axalavstriuli meTodi 

 

       gvirabebis gayvanis axalavstriuli (NATM - The New Austrian Tunneling Method ) 

anu Sxef-betoniT maTi mopirkeTebis meTodi (SCL – Sprayed Concrete Lining 

Method) damuSavda gasuli saukunis 50-ani wlebis bolosa da 60-ani wlebis 

dasawyisSi profesor ladislav fon rabceviCisa (Ladislaw von Rabcewicz)  da 
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misi kolegebis leopold miuleris (Leopold Müller) da franc paCeris mier 

(Franz Pacher) [2]. gvirabis gayvanis xsenebuli meTodi gansakuTrebiT 

efeqturia susti da naxevradkldovani qanebis SemTxvevaSi.  

    meTodis arsi mdgomareobs imaSi, rom maqsimalurad iyos gamoyenebuli 

gvirabis gamonamuSevris garemomcveli qanebis bunebrivi simtkice TviT 

gvirabis dasacavad. A 

    rogorc cnobilia, samTo wneva, romelic warmoiSoba ZiriTadad gvirabis 

TaRSi da kedlebSi, gvirabis gaxsnis Semdeg pirvel xanebSi ufro 

intensiurad izrdeba, vidre Semdgom periodSi, romlis ganmavlobaSi 

xdeba misi stabilizacia.  

   am procesis xelSewyobisaTvis axalavstriuli meTodi iTvaliswinebs 

daaxloebiT 25-30 mm sisqis torkretis miSxefebas gvirabis perimetrze 

gayvanisTanave da, saWiroebisamebr, ankeruli Camagrebebis gamoyenebas. am 

miSxefebul fenas TviT l. rabceviCi “damxmare TaRs” (“Auxiliary Arch”) 

uwodebs. deformaciebis stabilizaciis Semdeg ewyoba gvirabis mokeTebis 

Siga rgoli, romelic aseve SeiZleba Sxef-betoniT gakeTdes da iyos 

saWiroebis SemTxvevaSi, armirebuli. 

      yovelive zemoTqmulidan gamomdinare, SeiZleba iTqvas, rom gvirabebis 

gayvanis axalavstriuli meTodi Semdeg principebs: 

 gvirabis garemomcveli qanebis simtkicis gamoyeneba gvirabis 

Camongrevisgan dasacavad; 

 Sxefbetonis gamoyeneba gvirabis pirvelad gasamagreblad  

 gvirabis deformaciebze mudmivi dakvirveba Tanamedrove aparaturis 

saSualebebiT; 

 pirveladi Sxefbetonis Txeli fenis gamagreba ankerWanWikebiT, 

armaturis badiT da foladis wiboebiT. 

    sainteresoa is, rom TviT “inJinrebisa da arqiteqtorebis avstriuli 

asociacia”, sadac warmoiSva es meTodi,  mis arss mokled Semdegnairad 

ayalibebs:  “axalavstriul meTodSi gvirabis garemomcveli kldovani 

qanebi an arakldovani gruntebi aRiqmeba, rogorc erTi mTliani wriuli 

formis sayrdeni konstruqcia. es daskvna eyrdnoba gvirabis garemomcveli 

http://en.wikipedia.org/wiki/Leopold_M%C3%BCller
http://en.wikipedia.org/wiki/Franz_Pacher
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qanebis daZabuli mdgomareobis analizs, romeli aCvenebs, rom am qanebs 

TviT gaaCniaT sakmarisi sawyisi simtkice imisaTvis, rom “daicvas Tavisi 

Tavi” Camongrevisagan”.  

  nax.1 da nax. 2-ze naCvenebia internetresursebidan mopovebuli ori foto, 

romelic asaxavs axalavstriuli meTodis realurad gamoyenebis process. 

 

Nnax. 1-1. gvirabis gayvana eqskavatoris saSualebiT 
 

 
 

nax. 1-2. Sxefbetonis gamoyeneba gvirabis gamagrebisas 

 

http://www.google.com/imgres?imgurl=http://montaraventures.com/blog/wp-content/2009/06/archesandconcrete.gif&imgrefurl=http://montaraventures.com/blog/2009/06/06/halfway-to-pacifica/&h=400&w=620&sz=164&tbnid=E7P5dSG4V-SdmM:&tbnh=100&tbnw=155&prev=/search%3Fq%3Dnew%2Baustrian%2Btunneling%2Bmethod%2Bphoto%26tbm%3Disch%26tbo%3Du&zoom=1&q=new+austrian+tunneling+method+photo&docid=OOY9Lg7AA0YJTM&hl=en&sa=X&ei=sg62TsCgC9DRsgbyzuC7Aw&sqi=2&ved=0CCYQ9QEwAA&dur=110
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    axalavstriuli meTodiT meTodiT, garda satransporto gvirabebisa, 

bevri hidroteqnikuri gvirabia ganxorcielebuli. magaliTisTvis SeiZleba 

moviyvanoT avstriaSi kaunertalis (Kaunertal) hidroenergetikul sqemiT 

ganxorcielebuli 70 m sigrZis da daaxloebiT 4 m diametris sadawneo 

hidroteqnikuri gvirabi, romelic ukve TiTqmis 50 welia Seuferxeblad 

funqcionirebs. ramodenime hidroteqnikuri gvirabi aqvs ganxorcielebuli 

avstriaSive kompania “tiroler vaserkraft”-s (Tiroler Wasserkraft A.G. Prutz-

Imst). axalavstriuli meTodiT aris gayvanili lodano-mosanio (Lodano-

Mosagno) hidroteqnikuri gvirabi md. magiaze (Maggia) SveicariaSi da a.S. 

amJamad CineTSi Sendeba 200 km sigrZis da 4,8 m diametric pinglus udawneo 

gvirabi (Pinglu Tunnel) Zalian susti gruntebis pirobebSi. 

 

norvegiuli meTodi 

 

    gvirabebis gayvanis norvegiuli meTodi (NMT), romelsac xSirad 

progresul norvegiul an axalnorvegiul meTods uwodeben, principulad ar 

gansxvavdeba axalavstriuli meTodisagan. es meTodi, rogorc gansazRvravs 

TviT norvegiis gvirabmSenTa asociacia, aris sistema, romelic efuZvneba 

codnas, gamocdilebas, moqnil gadawyvetilebebs da riskis 

urTierTganawilebas. norvegiuli meTodi, gansxvavebiT axalavstriuli 

meTodisagan, SxefbetonebSi iyenebs fibrofoladis danamatebs, romlebic 

SesamCnevad aumjobesebs betonis Tvisebebs, gansakuTrebiT gaWimul 

zonebSi (nax. 1-3). 

    Tanamedrove praqtika mianiSnebs imaze, rom gamagrebuli (boWkoebiT an 

foladiT armirebuli) naSxef-betonis sartyelebs (RRS) SeuZliaT 

Caanacvlon gvirabis tradiciuli mokeTebani gansakuTrebulad susti 

kldovani qanebis SemTxvevaSi. es mtkicdeba aseulobiT praqtikuli 

magaliTiT. bolo 15 wlis ganmavlobaSi norvegiul gvirabebSi 

tradiciuli Camosxmuli betonis nacvlad bevr SemTxvevaSi gakeTda 

boCkoebiT an foladiT armirebuli naSxef-betonis sartyelebi. 
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        gvirabebis gayvanis norvegiul meTodi gamoirCeva Tanamedrove 

teqnologiebis da manqana-danadgarebis farTo gamoyenebiT. magaliTad, am 

meTodiT gvirabis gayvanisas gamoiyeneba operatoris mier marTuli 

robotebi, romlebic axdenen betonis miSxefvas gamonamuSevris zedapirze.  

 

 

 

 

 

 

  

 

 

 

 

 

Nnax. 1-3. fibrofoladis nimuSebi da betonis nimuSebi fibrofoladis 

danamatebiT 

  

    fibrodanamatebis gamoyenebiT sakmarisi xdeba mxolod erTi fena 

torkretis gamoyeneba, rac tradiciuli betonis TaRis Rirebulebis 

mxolod or mesameds Seadgens. 

http://www.google.com/imgres?imgurl=http://image.tradevv.com/2010/09/08/namkosteel_1509302_600/construction-material-steel-fiber-for-reinforcement-concrete.jpg&imgrefurl=http://www.tradevv.com/chinasuppliers/namkosteel_p_1707b6/china-Construction-material-Steel-fiber-for-reinforcement-concrete.html&h=500&w=500&sz=54&tbnid=OF3AITyWUqGXSM:&tbnh=92&tbnw=92&prev=/search%3Fq%3Dsteel%2Bfiber%2Bconcrete%2Bphoto%26tbm%3Disch%26tbo%3Du&zoom=1&q=steel+fiber+concrete+photo&docid=ueNbeyTkp7xgwM&sa=X&ei=iU-3TquzAY6h-QaZvImFBg&ved=0CFsQ9QEwBw&dur=6875
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    norvegiis gvirabmSenTa asociaciis monacemebiT naSxefbetonebiT 

gvirabebis mokeTeba, tradiciul monoliTur rkinabetonis mokeTebasTan 

SedarebiT, saSualebas iZleva samuSaoTa Sesrulebis vadebi Semcirdes 

daaxloebiT orjer, xolo samuSaoTa Rirebuleba 20-dan 50%0de. 

magaliTisTvis SeiZleba moviyvanoT hidrokvanZi indoeTSi md. Teestaze q. 

siqimTan axlos, sadac gaTvaliswinebuli iyo sadawneo gvirabis (L=17km, 

D=9,5m) mopirkrTeba tradiciuli meTodiT 30 sm sisqis rkinabetonis 

konstruqciiT. norvegiuli meTodis gamoyenebiT gvirabis mokeTeba 

Sesrulda ZiriTadaT naSxefbetonis gamoyenebiT. kerZod, gvirabis sigrZis 

56% mokeTebuli iqna minimaluri sisqis (50 mm) naSxefbetoniT, 17% 

ankeruli gamagrebiT da (50-90) mm naSxefbetoniT, 22% ki (100-150) mm 

fibronaSxefbetoniT da mxolod 5% tradiciuli meTodiT. 

    cxr. 1-Si moyvanilia kidev arTi magaliTi norvegiuli meTodis 

upiratesobisa. masSi mocemulia rkinabetoniT tradiciuli mokeTebisa da 

foladis boWkoebiT armirebuli naSxefbetoniT mokeTebis danaxarjebis 

Sedareba vanjunhuis (Wanjunhui) sarkinigzo gvirabis gagaliTze (erTi 

grZivi metri) 

cxrili 1 

 

 

mokeTebis 

tipi 

Ggruntis 

gamoReba 

mudmivi 
samagri 

droebiTi 
samagri 

sayali
bo 

samuSao 

ankerebiT 
gamagreba 

 

jamuri 

Rirebule

ba 

USD 

M 

moc. 

 

fasi 

 

Mmoc

. 

K 

 

fasi 

 

moc. 

 

fasi 

 

fasi 

 

raoden

oba 

 

fasi 

 
tradiciuli 

 

98.4 

 

2232 

 

14.0

5 

 

1367 

 

1.81 

 

93 

 

47 
 

68.63 

 

72 

 

3811 

naSxef 

betoni 
84.1 1906 4.15 635 0   

 
183.52 193 2734 

      

      rogorc vxedavT, am SemTxvevaSi, norvegiuli meTodis gamoyeneba 

daaxloebiT 1000 dolariT amcirebs 1 grZivi metri gvirabis Rirebulebas 

tradiciul meTodTan SedarebiT. 
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    Ggarda amisa, foladis boWkoebiT armirebuli naSxefbetoni aumjobesebs 

tradiciul betonis Semdeg Tvisebebs [3]: 

 sawyisi simtkice                          ↑ 50 %  

 simtkice kumSvaze                         ↑ 20 % 

 simtkice gaWimvaze                        ↑ 30 % 

 simtkice gaWimvaze Runvis dros          ↑ 100 % 

 simtkice gaWimvaze xleCvis dros         ↑ 65 % 

 dinamikuri simtkice                         ↑ 2000 % 

    Nnorvegiuli meTodis farTod gavrcelebaSi Tavisi roli Seasrula 

kldovani qanebis klasifikatorma, anu  e.w. Q – sistemam, romelic Seqmnes 

norvegiis geoteqnikuri institutis specialistebma [4]. es sistema exmareba 

inJinrebs zustad amoirCion kldovani qanebis gamagrebis tipi da xarisxi 

yoveli konkretuli proeqtisaTvis konkretul geologiur pirobebSi. 

swored xsenebuli Q – sistema da fibrofoladis torkreti warmoadgens im 

Taviseburebas, romelic norvegiul meTods ganasxvavebs axalavstriuli 

meTodisagan. 

 

2. mtkvari hesis sadawneo derivaciuli gvirabi 

 

    proeqtis ZiriTadi miznis misaRwevad, Sesaswavl obieqtad aRebuli iqna 

mSenebare mtkvari hesis L=9,6 km sigrZis sadawneo derivaciuli gvirabi, 

romlis saproeqto diametri d=5,0 m. TviT mtkvari hesis kompleqsis 

sqematuri gegma mocemulia nax. 2-1-ze, xolo grZivi kveTi sadawneo traqtis 

RerZze ki nax. 2-2 - ze 

    winaswar Catarebuli sainJinro-geologiuri gamokvlevebis analizis 

safuZvelze dadgenilia, rom gvirabis ganlagebis zoli agebulia Sua da 

zeda eocenis kldovani da naxevradkldovani gruntebiT, andezitebiT, 

qviSaqvebiT, tufebiT da argilitebiT. sainJinro-geologiuri gamokvlevebis 

detaluri analizis safuZvelze dadgenilia, rom gvirabis trasa 

ganlagebulia sust, saSualo da mdgrad qanebSi. 
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    daZabul-deformirebuli mdgomareobis saangariSod SerCeuli iqna 

gvirabis ganivi kveTi garemomcvel qanebTan erTad, gamTanabrebeli 

rezervuaris uSualo siaxloves. moukeTebeli (axalgayvanili) gvirabis 

saproeqto variantis diametria 570.0 sm., xolo mokeTebuli gvirabis – 500.0 

sm. mokeTebis sisqe aris 28.0 sm. gvirabis ZirSi orive mxares mokeTebis sisqe 

TiTqmis ormagdeba. mokeTebis Sida zedapiridan 10.0 sm-is siRrmeze proeqtiT 

gaTvaliswinebulia wriuli armireba 150.0 sm-iani badis bijiT. mokeTebisTvis 

dagegmilia B22.5 markis betonis gamoyeneba, xolo Sida zedapirze liTonis 

mopirkeTebaa gaTvaliswinebuli. kveTis geometriuli zomebi, arsebuli 

proeqtis mixedviT, mocemulia nax. 2-3 – ze.  
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nax. 2-1. mtkvari hesis kompleqsis sqematuri gegma [5] 



 

 

 

 

 

nax. 2-2. grZivi kveTi mtkvari hesis sadawneo traqtze 

 



 

 

    

 

nax. 2-3. mtkvari hesis sadawneo gvirabis ganivikveTi gamTanabrebel 
rezervuarTan 
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gvirabis kveTis zonaSi aris mwvane masiuri saSualo- da msxvlfraqciani 

tufebi – 54%, romelSic Ria nacrisferi da nacrisferi wvrilfraqciani 

qviSaqvebis CarTvebi da linzebi – 34%, agreTve nacrisferi da yavisfer-

nacrisferi argilitebis Txeli (1.0 - 15sm) fenebis (12%) da nacrisferi 

wvrili da saSualofraqciuli qviSaqvebis paketebia (0.1 – 2.0 m). simagris 

koeficienti f = 4.1. 

 
3. axlad gamomuSavebuli gruntis masivis daZabul- 

deformirebuli mdgomareobis analizi 
 
 
    SemoTavazebuli gvirabis daZabul-deformirebuli mdgomareobis 

saangariSo sqema ramdenime safexuriania. maTi Tanmimdevroba zustad asaxavs 

mSeneblobis realur process gvirabis gayvanidan eqspluataciaSi Sesvlis 

CaTvliT. 

    analizis pirvel safexurze iangariSeba gruntis masivi gayvanili 

gvirabis garSemo (mokeTebis gareSe). angariSis mizania dadgindes ramdenad 

aris SesaZlebeli gvirabis garemomcveli qanebis mdgradobis dakargva 

naSxefbetoniT gamagrebamde.  

    angariSebi Catarda programuli komleqsi LISA –s saSualebiT, romlis 

Teoriuli algoriTmi efuZvneba sasruli elementebis meTods.  

    saangariSo sqema mocemulia nax. 3-1-ze. is warmoadgens sworkuTxeds, 

romlis SuaSi aris gayvanili gvirabis Sesabamisi diametris (d=5,7 m) 

sicariele. sworkuTxedis zomebia 40X40 m. sqema dayofilia 384 sworkuTxa 

elementad, romlebic erTmaneTTan gaerTianebulia 432 kvanZis saSualebiT. 

gvirabis RerZis donidan gruntis Tavisufal zedapiramde manZili 85 metria 

( 1030.00 -  945.00). 

    sasaZRvro pirobebi Semdegnairia: marcxnidan da marjvnidan sqemis 

sazRvrebSi ganlagebuli 24-ve kvanZis gadaadgilebebi  SezRudulia (xistad 

aris Camagrebuli) X RerZis mimarTulebiT, xolo fuZeSi ganlagebuli 13 

kvanZis gadaadgilebebi ki SezRudulia orive, X da Y RerZebis 

mimarTulebebiT. sqemis zeda sazRvris 11-ve kvanZi Tavisufalia.  
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    saangariSo sqema datvirTulia mxolod gvirabis garemomcveli 

gruntebis woniT. maTi (masiuri saSualo- da msxvlfraqciani tufebi 

qviSaqvebis CanarTvebiT da linzebiT) saangariSo fizikur-meqanikuri 

maxasiaTeblebad Semdegi sidideebia aRebuli: drekadobis moduli – E = 

2.850.000 t/m2; puasonis koeficienti   = 0,2, moculobiTi wona   = 2,4 t/m3. 

 

nax. 3-1. gvirabis garemomcveli masivis saangariSo sqema mokeTebis gareSe 
(kvanZebis ricxvi M =432, elementebis ricxvi N =384) 

 

    nax. 3-2 dan nax. 3-9 –is CaTvliT mocemulia angariSis Sedegebi, kerZod, 

sakvanZo wertilebis gadaadgilebis magnitudebi, horizontaluri da 

vertikaluri gadaadgilebebi, Zabvebis komponentebi da mTavari Zabvebi.      
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nax. 3-2. gvirabis garemomcveli qanebis gadaadgilebaTa magnitudebis  
        izozonebi (gadaadgilebebis mniSvnelobebi mocemulia metrebSi) 
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nax. 3-3. gvirabis garemomcveli qanebis horizontalur (X mimarTulebiT)  
          gadaadgilebaTa izozonebi (gadaadgilebebis mniSvnelobebi mocemulia 

metrebSi)



 

 

 

 

nax. 3-4. gvirabis garemomcveli qanebis horizontalur (Y mimarTulebiT) 
          gadaadgilebaTa izozonebi (gadaadgilebebis mniSvnelobebi mocemulia 

metrebSi)



 

 

 

 

 

nax. 3-5. gvirabis garemomcveli qanebSi x  Zabvebis izozonebi (Zabvebis 

mniSvnelobebi mocemulia t/m2 – Si)



 

 

 

 

 

nax. 3-6. gvirabis garemomcveli qanebSi y  Zabvebis izozonebi (Zabvebis 

mniSvnelobebi mocemulia t/m2 – Si)



 

 

 

 

 

 

 

nax. 3-7. gvirabis garemomcveli qanebSi xy  Zabvebis izozonebi (Zabvebis 

mniSvnelobebi mocemulia t/m2 – Si)



 

 

 

 

 

 

nax. 3-8. gvirabis garemomcveli qanebSi mTavari 
1  Zabvebis izozonebi 

(Zabvebis mniSvnelobebi mocemulia t/m2 – Si)



 

 

 

nax. 3-9. gvirabis garemomcveli qanebSi mTavari 
2  Zabvebis izozonebi 

(Zabvebis mniSvnelobebi mocemulia t/m2 – Si) 
 

    miRebuli Sedegebis analizma aCvena, rom gvirabis garemomcveli qanebis 

arcerT zonaSi Zabvebis mniSvnelobebi ar aWarbebs saSualo- da 

msxvlfraqciani tufebis simtkicis zRvars arc kumSvaze, arc gaWimvaze (Rk = 

~ - 410 kg/sm2 (4100 t/m2)  da Rg= ~ 40 kg/sm2 (400 t/m2)). gvirabis konturze da mis 

uSualo siaxloves ar dafiqsirda gamWimavi normaluri da mTavari Zabvebi, 

garda mcire monakveTisa gvirabis fuZis centrSi da mis siaxloves: 
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horizontaluri normaluri Zabva x =8,0 – 19,0 kg/sm2  da mTavari Zabva 
1 =7,7 

÷ 19,5 kg/sm2 (nax. 3-5 da 3-8). TavisTavad, gaWimvis es zona imyofeba gvirabis 

fuZeSi da CamongrevisaTvis araviTar saSiSroebas ar warmoadgens. gvirabis 

danarCeni perimetri da misi siaxlove mTlianad mkumSav zonaSi imyofeba. 

maqsimalur mniSvnelobebs isini aRweven gvirabis orive mxars Sua nawilSi: 

y = -74,9 ÷ -110,9 kg/sm2 da 
2 = -75,9 ÷ -112.4 kg/sm2 (nax. 3-6 da 3-9). maqsimaluri 

CaRunvebi, rogorc mosalodneli iyo, Tavs iCens zustad gvirabis TaRis 

klitis zonaSi: daaxloebiT 0,66 sm (nax. 3-2 da 3-4), rac ar gamoiwvevs 

gvirabis Camongrevas, radgan es zona ZiriTadaT mkumSavi Zabvebis zonas 

warmoadgens. 

 
4.  gvirabis daZabul-deformirebuli mdgomareobis analizi 

samTo wnevisa da mokeTebis sakuTari wonis gaTvaliswinebiT 
 

 
    analizis meore safexurze Catarda gvirabisa da garemomcveli qanebis 

daZabul-deformirebuli mdgomareobis angariSi samTo wnevisa da mokeTebis 

sakuTari wonis gaTvaliswinebiT. amave dros, mokeTebis saproeqto B22.5 

betonis nacvlad, angariSebSi gamoyenebuli iqna fibrodanamatebiani betonis 

(norvegiuli varianti) fizikur-meqanikuri maxasiaTeblebi.  

    analizis dawyebamde gaangariSebuli iqna uSualod samTo wnevebis 

sidideebi, romlebic moqmedeben gvirabis mokeTebis TaRze da gverdebze. 

angariSi Catarda m. protodiakonovis meTodiT [1,6,7]. 

 

gvirabze vertikaluri samTo wnevis angariSi. 

 

    pirvel rigSi tardeba vertikaluri samTo wnevis angariSi gvirabis 

brtyel gadaxurvze (sworkuTxa formis gvirabis SemTxveva) da Semdeg xdeba 

miRebuli Sedegis gadayvana TaRuri formis gadaxurvaze. 

    vertikaluri samTo wneva gvirabis brtyel gadaxurvaze iangariSeba 

Semdegi formuliT: 
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sadac 
1  aris gruntis 

moculobiTi wona;  

                                   
1 =2,4 t/m3 

       b  - sworkuTxa formis gvirabis sigane, romelsac vuSvebT realuri  

         (saproeqto) gvirabis diametris (d) tolad. radgan mopirkeTebuli  

         gvirabis diametri tolia 5,0 m-is, xolo mopirkeTebis sisqe –  

         0,35 m-is, maSin  

                                   b = 5,7 m.   

    kf  - gruntis simagre. saproeqto monacemebiT kf  = 4,1. 

    Tu CavsvavT aRniSnul monacemebs samTo wnevis sididis gamosaxulebaSi, 

miviRebT: 

234,6
1,43

7,5
4,2

2
' 

x
Q V  t 

TaRovani gadaxurvis, anu wriuli kveTis gvirabis SemTxvevaSi 

36,4234,67,07,0 '  xQQ VV t 

Camongrevis TaRis simaRle: 

70,0
1,42

7,5

2


xf

b
h

k

m 

gvirabze horizontaluri (gverdiTi) samTo wnevis angariSi. 

 

horizontaluri samTo wneva sworkuTxa gvirabze iangariSeba Semdegi 

formuliT: 

  









2
452

2

1 02

0100

' k

H tghqhE


 , 
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1
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kk arctgf  

Tu CavsvsvT kf  = 4,1 k -s gamosaxuulebaSi, miviRebT: 

'04276k , xolo 01325,0
2

4276
45

'0
02 








tg  

7,50  bh m 

CavsvaT yvela cnobili mniSvneloba 0q -is gamosaxulebaSi: 

  21,201325,07,57,54,2
1,43

2
0  xx

x
q  

CavsvaT gamoTvlili mniSvnelobebi '

HE -is gamosaxulebaSi da miviRebT: 

  675,001325,07,54,221,227,5
2

1'  xxxxEH
t 

wriuli kveTis gvirabis SemTxvevaSi, horizontaluri samTo wneva 

iangariSeba formuliT; 

'7,0 HH EE   

Tu CavsvavT '

HE -is mniSvnelobas, miviRebT: 

473,0675,07,0  xEH
t 

    viangariSeT ra vertikaluri VQ  da horizontaluri 
HE  samTo wnevebi, 

isini unda movdoT saangariSo sqemaSi gvirabis mopirkeTebis gare 

perimetris Sesabamis wertilebSi da Sesabamisi mimarTulebebiT. 

    gvirabis mosaxvaze moqmedi samTo wnevis grafikuli gamosaxuleba 

naCvenebia nax. 4-1 – ze. 

    gvirabis mosaxvis daZabul-deformirebuli mdgomareobis saangariSod 

unda davazustoT norvegiul meTodSi gamoyebad fibrodanamatebiani betonis 

drekadobis moduli. rac Seexeba puasonis koeficients, is praqtikulad ar 

icvleba da tolia tradiciuli betonis Sesabamisi mniSvnelobis. 

drekadobis modulis mniSvnelobebi ki icvleba (2,0 ÷ 2,2) x 106 t/m2-de [8]. 

saangariSod aviReT gasaSualebuli mniSvneloba – 2,1 x 106 t/m2. 

   samTo wnevebisa da mokeTebis sakuTari wonis gaTvaliswinebiT, gvirabis 

daZabul-deformirebuli mdgomareobis saangariSo sqema mocemulia nax. 4-2-
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ze. is warmoadgens sworkuTxeds, romlis SuaSi aris gayvanili 

fibrobetoniT mokeTebuli gvirabi diametriT d=5,0 m. sworkuTxedis zomebia 

40X40 m. sqema dayofilia 480 sworkuTxa elementad, romlebic erTmaneTTan 

gaerTianebulia 528 kvanZis saSualebiT. gvirabis RerZis donidan gruntis 

Tavisufal zedapiramde manZili 85 metria ( 1030.00 -  945.00). 

    sasazRvro pirobebi Semdegnairia: marcxnidan da marjvnidan sqemis 

sazRvrebSi ganlagebuli 24-ve kvanZis gadaadgilebebi  SezRudulia (xistad 

aris Camagrebuli) X RerZis mimarTulebiT, xolo fuZeSi ganlagebuli 13 

kvanZis gadaadgilebebi ki SezRudulia orive, X da Y RerZebis 

mimarTulebebiT. sqemis zeda sazRvris 11-ve kvanZi Tavisufalia.  

    miRebuli Sedegebi warmodgenilia nax. 4-3 -dan nax. 4-10 – is CaTvliT. Tu 

miviRebT mxedvelobaSi imas, rom fibrobetonis simtkice gaWimvaze tolia 250 

– 330 kg/sm2 (2500 – 3300 t/m2)-isa [8], gvirabis mokeTebis arcerTi monakveTi ar 

ganicdis saxifaTo, arc gamWimavi da arc mkumSavi, Zabvebis zemoqmedebas. 

[SeniSvna: gadaadgilebebi mocemulia metrebSi (m), xolo Zabvebis mniSvnelobebi - 

niutoni/m2 (N/m2) – Si. 1 niutoni (N) = 0,0001 t. magaliTisTvis, -1.053E+05N/m2 = -10.53 

t/m2 = -1.053 kg/sm2 = -0.1053 mpa]. 
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nax. 4-1. გvirabze moqmedi samTo wnevis grafikuli gamosaxuleba 
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nax. 4-2. mokeTebuli gvirabisa da garemomcveli masivis saangariSo sqema 
(kvanZebis ricxvi M =528, elementebis ricxvi N =480) 
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nax. 4-3. gvirabis mokeTebisa da garemomcveli masivis gadaadgilebaTa 
           magnitudebis izozonebi (gadaadgilebebis mniSvnelobebi mocemulia 

metrebSi) 
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nax. 4-4. gvirabis mokeTebisa da garemomcveli masivis horizontalur (X 
       mimarTulebiT) gadaadgilebaTa izozonebi (gadaadgilebebis 

mniSvnelobebi mocemulia metrebSi) 
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nax. 4-5. gvirabis mokeTebisa da garemomcveli masivis vertikalur (YY  
       mimarTulebiT) gadaadgilebaTa izozonebi (gadaadgilebebis 

mniSvnelobebi mocemulia metrebSi) 
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nax. 4-6. gvirabis mokeTebasa da garemomcvel masivSi horizontaluri x  

Zabvebis izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si)



 

 

 

 

 

 

nax. 4-7. gvirabis mokeTebasa da garemomcvel masivSi vertikalur y  Zabvebis 

izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
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nax. 4-8. gvirabis mokeTebasa da garemomcvel masivSi mxebi xy  Zabvebis 

izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
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nax. 4-9. gvirabis mokeTebasa da garemomcvel masivSi mTavari 
1  Zabvebis 

izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
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nax. 4-10. gvirabis mokeTebasa da garemomcvel masivSi mTavari 
2  Zabvebis 

izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
 

5.  gvirabis daZabul-deformirebuli mdgomareobis analizi 
mokeTebis sakuTari wonisa da hidrostatikuri wnevis 

gaTvaliswinebiT 
 

    analizis mesame safexurze Catarda gvirabisa da garemomcveli qanebis 

daZabul-deformirebuli mdgomareobis angariSi mxolod sakuTari wonisa da 

gvirabis Siga perimetrze hidrostatikuri dawnevis moqmedebis SemTxvevaSi. 
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am dawnevis sidide aRebuli iqna 70.0 m-is toli. es aris sxvaoba wyalsacavis 

normalur Setboril donesa da gamTanabrebel rezerveuarTan aRebul 

saangariSo kveTSi gvirabis RerZis niSnuli: ( 1015.00 -  945.00). saangariSo 

sqema mocemulia nax.5-1-ze. 

    miRebuli Sedegebi warmodgenilia nax. 5-2-dan nax. 5-9–is CaTvliT. 

 

nax. 5-1. mokeTebuli gvirabisa da garemomcveli masivis saangariSo sqema 
mokeTebis sakuTari wonisa da hidrostatikuri wnevis 

           gaTvaliswinebiT(kvanZebis ricxvi M =528, elementebis ricxvi N 

=480) 
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nax. 5-2. gvirabis mokeTebisa da garemomcveli masivis gadaadgilebaTa  
          magnitudebis izozonebi (gadaadgilebebis mniSvnelobebi mocemulia 

metrebSi) 
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nax. 5-3. gvirabis mokeTebisa da garemomcveli masivis horizontalur (X 
      mimarTulebiT) gadaadgilebaTa izozonebi (gadaadgilebebis 

mniSvnelobebi mocemulia metrebSi) 
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nax. 5-4. gvirabis mokeTebisa da garemomcveli masivis vertikalur (YY 

           mimarTulebiT) gadaadgilebaTa izozonebi (gadaadgilebebis 
mniSvnelobebi mocemulia metrebSi) 
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nax. 5-5. gvirabis mokeTebasa da garemomcvel masivSi horizontaluri x   

    Zabvebis izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
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nax. 5-6. gvirabis mokeTebasa da garemomcvel masivSi vertikalur y  Zabvebis 

izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
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nax. 5-7. gvirabis mokeTebasa da garemomcvel masivSi mxebi xy  Zabvebis 

izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
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nax. 5-8. gvirabis mokeTebasa da garemomcvel masivSi mTavari 
1  Zabvebis 

izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
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nax. 5-9. gvirabis mokeTebasa da garemomcvel masivSi mTavari 
2  Zabvebis 

izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
 

   Sedegebis analizma aCvena, rom gvirabis mokeTebis arcerTi monakveTi, 

mocemul saangariSo SemTxvevaSic, ar ganicdis saxifaTo, arc gamWimavi da 

arc mkumSavi, Zabvebis zemoqmedebas. [SeniSvna: gadaadgilebebi mocemulia 

metrebSi (m), xolo Zabvebis mniSvnelobebi - niutoni/m2 (N/m2) – Si. 1 niutoni (N) = 

0,0001 t. magaliTisTvis, -1.053E+05N/m2 = -10.53 t/m2 = -1.053 kg/sm2 = -0.1053 mpa]. 
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6. gvirabis daZabul-deformirebuli mdgomareobis analizi 
datvirTvebis sruli kompleqsis (samTo wnevebi, mokeTebis  

sakuTari wona da hidrostatikuri dawneva) gaTvaliswinebiT 

 

    analizis meoTxe safexurze Catarda gvirabisa da garemomcveli qanebis 

daZabul-deformirebuli mdgomareobis angariSi samTo wnevebis, sakuTari 

wonisa da gvirabis Siga perimetrze hidrostatikuri dawnevis moqmedebis 

SemTxvevaSi. am dawnevis sidide aRebuli iqna 70.0 m-is toli. 

 

nax. 6-1. mokeTebuli gvirabisa da garemomcveli masivis saangariSo sqema  
         mokeTebis sakuTari wonis, hidrostatikuri dawnevisa da samTo 
          wnevis gaTvaliswinebiT (kvanZebis ricxvi M =528, elementebis 

ricxvi N =480) 
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    saangariSo sqema mocemulia nax. 6-1-ze. miRebuli Sedegebi warmodgenilia 

nax. 6-2-dan nax. 6-9–is CaTvliT. 

 

 

 

 

nax. 6-2. gvirabis mokeTebisa da garemomcveli masivis gadaadgilebaTa 
           magnitudebis izozonebi (gadaadgilebebis mniSvnelobebi mocemulia 

metrebSi) 
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nax. 6-3. gvirabis mokeTebisa da garemomcveli masivis horizontalur (X  
       mimarTulebiT) gadaadgilebaTa izozonebi (gadaadgilebebis 

mniSvnelobebi mocemulia metrebSi) 
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nax. 6-4. gvirabis mokeTebisa da garemomcveli masivis vertikalur (YY  
       mimarTulebiT) gadaadgilebaTa izozonebi (gadaadgilebebis 

mniSvnelobebi mocemulia metrebSi) 
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nax. 6-5. gvirabis mokeTebasa da garemomcvel masivSi horizontaluri x  

     Zabvebis izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
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nax. 6-6. gvirabis mokeTebasa da garemomcvel masivSi vertikalur y  Zabvebis 

izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
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nax. 6-7. gvirabis mokeTebasa da garemomcvel masivSi mxebi xy  Zabvebis 

izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
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nax. 6-8. gvirabis mokeTebasa da garemomcvel masivSi mTavari 
1  Zabvebis 

izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
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nax. 6-9. gvirabis mokeTebasa da garemomcvel masivSi mTavari 
2  Zabvebis 

izozonebi (Zabvebis mniSvnelobebi mocemulia N/m2 – Si) 
 

    meoTxe safexuris Sedegebis analizmac naTlad aCvena, rom gvirabis 

mokeTebis arcerTi monakveTi, ar ganicdis saxifaTo, arc gamWimavi da arc 

mkumSavi, Zabvebis zemoqmedebas. [SeniSvna: gadaadgilebebi mocemulia metrebSi 

(m), xolo Zabvebis mniSvnelobebi - niutoni/m2 (N/m2) – Si. 1 niutoni (N) = 0,0001 t. 

magaliTisTvis, -1.053E+05N/m2 = -10.53 t/m2 = -1.053 kg/sm2 = -0.1053 mpa]. 
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daskvnebi 

 

1. gvirabebis gayvanis norvegiuli meTodi (progresuli norvegiuli, 

axalnorvegiuli), romelic warmoadgens axalavstriuli meTodis 

nairsaxeobas, gamoirCeva maRali saimedobiT da procesis maRali 

avtomatizebiT. maRali saimedoba ganpirobebulia mokeTebis betonSi 

fibroelementebis (ZiriTadaT fibrofoladebis) damatebiT, romlebic 

sagrZnoblad zrdian betonis simtkicis maxasiaTeblebs; 

2. gvirabisa da misi garemomcveli qanebis daZabul-deformirebuli 

mdgomareobis angariSi SemoTavazebuli meTodikiT (angariSebSi 

gvirabis gayvanis yvela etapis modelireba misi gayvanidan 

eqspluataciaSi Sesvlis CaTvliT) Catarda mSenebare mtkvari hesis 

sadawneo derivaciuli gvirabis magaliTze; 

3. gvirabisa da misi garemomcveli qanebis daZabul-deformirebuli 

mdgomareobis angariSi Catarda programul komleqs LISA –s 

saSualebiT, romlis Teoriuli algoriTmi efuZvneba sasruli 

elementebis meTods;  

4. gvirabis mokeTebisa da garemomcveli qanebis daZabul-deformirebuli 

mdgomareobis angariSma samTo wnevaze da mokeTebis sakuTari wonaze 

aCvena, rom gvirabis mokeTebis arcerTi monakveTi ar ganicdis 

saxifaTo gamWimavi da mkumSavi Zabvebis zemoqmedebas. es  ganapiroba 

mokeTebaSi gamoyenebuli fibrobetonis simtkicis maRalma 

maCveneblebma, gansakuTrebiT ki gaWimvaze gazrdilma simtkicis 

zRvarma (250 – 330 kg/sm2); 

5. gvirabis mokeTebisa da garemomcveli qanebis daZabul-deformirebuli 

mdgomareobis angariSma datvirTvis srul kompleqsze (mokeTebis 

sakuTari wona, samTo wneva da hidrostatikuri dawneva) naTlad aCvena, 

rom gvirabis mokeTebis arcerTi monakveTi ar ganicdis saxifaTo 

gamWimavi da mkumSavi Zabvebis zemoqmedebas; 
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6. Catarebuli kvlevebis Sedegebma daadastura gvirabebis gayvanis 

norvegiuli meTodis saimedoba da misi gamoyenebis mizanSewonileba 

saqarTvelos pirobebSi. 
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