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xeli Semiwyves. momces saSualeba memuSava da bolomde 

mimeyvana Cemi dawyebuli saqme. 
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რეზიუმე 

 

betoni metad gavrcelebul samSeneblo masalas 
warmoadgens, igi farTod gamoiyeneba samrewvelo, samoqalaqo, 
hidroteqnikur da satransporto mSenelobaSi. 

miwisqveSa nagebobebis praqtikaSi mudmivi samagris 
masalisaTvis farTod gamoiyeneba betonis sxvadasxva 
modifikaciebi (mZime monoliTuri betoni, betonis krebadi 
konstruqciebi, dawnexili betoni, naSxefbetoni da sxva). 

amJamad saqarTveloSi ZiriTadad gamoiyeneba mZime betoni, 
rac Seexeba msubuq betons, romlis gamoyenebis tradicias 
safuZveli Caeyara jer kidev gasuli saukunis 30 wlebSi, man 
dRemde ver hpova farTo gavrceleba, miuxedavad imisa, rom igi 
amcirebs konstruqciis Rirebulebas da satransporto xarjebs. 

ZiriTadi mizezia msubuqi betonis da misi nedleulis 
samSeneblo-teqnikuri Tvisebebis Sesaxeb arsebuli mwiri 
monacemebi da mudmivi samagris gaangariSebis adekvaturi xerxi. 

adgilobrivi masalis gamoyeneba warmoadgens mSeneblobis 
dargis erT-erT aqtualur problemas. swored am problemas 
gvirabmSeneblobis sferoSi exeba winamdebare naSromis erTi 
nawili. kerZod, masSi, gamokvleulia saqarTvelos pirobebSi 
satransporto gvirabebis mSeneblobaSi adgilobriv bunebriv 
forovan Semavsebebze damzadebuli betonebis gamoyenebis 
SesaZlebloba. 

miwisqveSa satransporto nagebobebis samagris saerTo 
mdgomareobis ZiriTad maxasiaTeblebs warmoadgens 
wyalgaumtaroba, Wimvadoba, cocvadoba, seismomedegoba. 
Sesrulebulma kvlevebma daasabuTa, rom msubuqi betonis 
wyalgaumtaroba ZiriTadad ganisazRvreba cementis qvis da ara 
Semvseblis gamtarobiT. forovani Semavseblis marcvlebis 
garSemo warmoiqmneba cementis qvis gamkvrivebuli garsi, ris 
Sedegad aRikveTeba wylis filtracia forovani Semavseblis 
gavliT. magaliTad, keramzito betonis kargi wyalgaumtaroba 
aixsneba misi Caketili forebis struqturiT, forebSi arsebuli 
haeris CanarTebiT. haeris buStukebi xvdebian ra forebSi, 
romelTa gavliT SesaZlebelia wylis cirkulacia, iWedebian maT 
kedlebSi da qmnian sacobebs. betonSi wylis SeRwevis kvalobaze 
izrdeba haeris ukuwneva da mcirdeba wylis filtracia. 
kvlevebma aCvena, rom keramzitobetonis wyalgaumtarobis xarisxi 
ufro maRalia, vidre granitis Semvsebze damzadebuli imave 
simtkicis mqone betonisaTvis. 

miwisqveSa nagebobis statikuri muSaobis TvalsazrisiT 
didi mniSvneloba aqvs misi masalis Wimvadobas. msubuqi betonis 
Wimvadoba orjer metia vidre Cveulebrivi betonis da gamWimavi 
Zabvebis moqmedebisas maT ufro metad SeuZliaT deformireba 
bzarebis warmoqmnis gareSe. 

mniSvnelovania am Tvisebis gamovlineba rkinabetonSi. p 
wulukiZis monacemebiT armireba xels uwyobs zRvruli 
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Wimvadobis donis zrdas Zalvebis ufro Tanabari gadanawilebisa 
da betonis araTanabari struqturis gasaSualebis xarjze. amis 
Sedegad izrdeba betonis bzarmedegoba. 

monoliTuri betonis miwisqveSa nagebobebi muSaoben 
aracentraluri kumSvis pirobebSi. rogorc wesi, sagvirabo TaRis 
klitisa da quslebis zonaSi adgili aqvs aracentralur kumSvas 
didi eqscentrisitetiT, rodesac kveTis nawilSi warmoiqmneba 
gamWimavi Zabvebi. cxadia aseT pirobebSi betonis Wimvadobis 
xarisxs didi mniSvneloba aqvs. 

mZime betonTan SedarebiT msubuqi betonis gazrdili 
cocvadoba auaresebs Runvaze momuSave konstruqciis statikuri 
muSaobis pirobebs, xels uwyobs ra maTi CaRunvebis zrdas. 
uaryofiTad moqmedebs es faqtori winaswar daZabuli 
rkinabetonis konstruqciebis muSaobazec, iwvevs ra winaswari 
daZabvis kargvebis zrdas. 

miwisqveSa konstruqciebisaTvis, gamomdinare maTi 
statikuri muSaobebis Taviseburebebidan gruntTan erToblivi 
muSaobis pirobebSi, deformaciebis zrda aumjobesebs 
konstruqciasa da grunts Soris aqtiuri urTierTqmedebis 
gadanawilebas, xels uwyobs ra uSualod konstruqciis daZabuli 
mdgomareobis xarisxis daqveiTebas. aqedan gamomdinare, msubuqi 
betoni am SemTxvevaSi upirates mdgomareobaSi aris mZime 
betonTan SedarebiT. 

samTo satransporto gvirabebis daproeqtebisas seismuri 
zemoqmedebis gaTvaliswinebis Tanamedrove meTodebi saSualebas 
iZleva gakeTdes daskvna imis Sesaxeb, rom seismuri zemoqmedebiT 
gamowveuli damatebiTi daZabuli mdgomareoba mZime betonis 
samagrebSi mniSvnelovnad metia, vidre adgilobriv forovan 
Semavseblebze damzadebuli msubuqi betonis samagrebSi. seismur 
zemoqmedebaze satransporto gvirabebis gaangariSebebis 
Sedegebis analizidan Cans, rom betonis drekadobis modulis 
Semcirebis kvalobaze mcirdeba kontaqturi Zabvebisa da Sinagani 
Zalvebis saangariSo mniSvnelobebi. 

amrigad, satransporto gvirabebis samagrebis masalad 
bunebrivi forovani SemavseblebiT damzadebuli msubuqi betonis 
gamoyeneba saSualebas iZleva aigos mravalferovani miwisqveSa 
nagebobebi ukeTesi teqnikur-ekonomikuri maCveneblebiT, vidre 
tradiciuli mZime betonis gamoyenebisas. 

amJamad drekadi amocanebis gadawyvetisas mudmiv samagrze 
samTo wnevis (kontaqturi Zabvebis) dadgenisas gvirabi rogorc 
wesi ganixileba rogorc usasrulo grZeli, e. i. ar 
iTvaliswineben sangrevis gavlenas da ganixileba brtyeli 
amocana. amgvari warmodgena marTebulia, roca samagri aigeba 
sangrevidan didi CamorCeniT (daaxloebiT ganivi kveTis 5-6 zomis 
manzilze). im SemTxvevaSi roca samagri amoiyvaneba uSualod 
sangrevTan, maSin drekadi da plastiuri deformaciebi samagris 
amoyvanis kveTSi ver aswreben ganviTarebas, radgan kavdebian 
sangreviT. 
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SemdegSi sangrevis gadaadgilebis gamo es deformaciebi 
viTardeba da xdeba samagris datvirTva. 

brtyeli amocanebi am garemoebas ver iTvaliswineben, 
amitom saWiroa rTuli samganzomilebiani amocanis amoxsna. rac 
xSirad dakavSirebulia gadaulaxav maTematikuri xasiaTis 
siZneleebTan. 

naSromSi es amocana gadawyvetilia drekadobis Teoriis 
Sesabamisi brtyeli amocanis amoxsnis sangrevis gavlenis 
funqciaze gamravlebiT. 

damuSavebulia sangrevis gavlenis funqciis gamoyenebis 
adekvaturi xerxi. miwisqveSa nagebobis meqanikis amocanis 
gadawyvetisas sangrevis gavlenis funqcias sxvadasxvanairad 
iyeneben. am funqciis gamoyenebis xerxs didi mniSvneloba aqvs, 
radgan am garemoebas da TviT funqciis warmodgenis saxes 
gadamwyveti mniSvneloba aqvs gaangariSebis sizustisa da misi 
miaxloebisaTvis konstruqciis realur muSaobasTan. 

rig naSromebSi sangrevis gavlenis funqcia gamoiyeneba 
masivis wertilebis sawyisi gadaadgilebis gansazRvrisaTvis. 
aseT midgomas iTvaliswinebs e. w. teqnologiuri RreCo da 
SeiZleba gamoiTvalos datvirTvis saboloo mniSvneloba. magram 
datvirTvis Sualeduri mniSvneloba aseT SemTxvevaSi miiReba 
Semcirebuli mniSvnelobiT. sxva naSromebSi SemoTavazebulia 
sangrevis winsvlis gavlena samagris datvirTvis procesze. 
magram maTSi ar aris gaTvaliswinebuli samagris amoyvanis 
adgili, ris gamoc am gziT moRebuli mzardi datvirTva 
faqtobrivs gautoldeba mxolod maSin, rodesac sangrevi 
gadaadgildeba usasrulobaSi. 

aRniSnuli xarvezi Cven Tavidan avicileT sangrevis 
gavlenis funqciis ori qvefunqciis SetaniT, ukve masivis 
modelis damuSavebis procesSi. 

samuSaoSi gadaWrilia ori mniSvnelovani problema:  
_ damuSavebulia msubuqi betonis mudmivi samagris 

gaangariSebis xerxi gvirabis agebis teqnologiis 
gaTvaliswinebiT; 

_ dadgenilia mudmivi samagris deformirebadobis 
(sixistis) gavlena mis daZabul mdgomareobaze. 
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Abstract 

 

Concrete represents a very common building material; it is widely used in 

industrial, civil, hydraulic engineering and transport construction.  

In the underground facilities practice for permanent support material are 

widely applied various modifications of concrete (heavy monolithic concrete, precast 

reinforced concrete structures, pressed concrete, foam concrete and others).  

Currently in Georgia is mainly used the heavy concrete, as a light concrete, for 

that application tradition was founded still in  30-ies of the last century, it has not yet 

found wide distribution, despite the fact that it reduces the cost of construction and 

transportation costs.  

The main cause of this is the lack of data on light concrete and its raw 

materials construction - technical properties and of adequate method for permanent 

support analysis. 

The application of local material in the construction industry field represents 

an urgent problem. Exactly for this problem is concerned in the tunnel construction 

field one part of the present work. In particular, in it is investigated under the transport 

tunnels construction conditions possibility of application of concrete made with the 

application of local natural foam fillers.  

As the basic characteristics of underground transport facilities support general 

state are presented water resistance, stretchability, creeping, seismic stability. The 

carried out tests proved that the light concrete water resistance is mainly determined 

due the cement stone, but not the aggregate conductivity. porous aggregate grains 

around is formed a compacted shell of cement stone, as a result is avoided the water 

filtration through the porous aggregate. For example, the good water resistance of 

ceramsite concrete is explained by the closed pores structure with air inclusions in the 

pores. The air bubbles penetrate in pores, through that water would be circulated, 

hangs on its walls and create corks. Due the water penetration into the concrete is 

increasing air back pressure and decreases the water filtration. Studies have shown 

that level of ceramsite concrete water resistance is higher than for made from granite 

aggregate concrete. 

From the static behavior of underground facilities great importance have the 

material stretchability. The stretchability of lightweight concrete is two times more 
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than routine concrete and under the impact of tensile forces they are more capable of 

deformation without cracks generating.  

It is important to reveal these characteristics in reinforced concrete. By P. 

Tsulukidze data the reinforcement supports to increase the level of limit stretchability 

due more equal distribution and concrete inhomogeneous structure averaging. As a 

result is increasing concrete crack resistance.  

Monolithic reinforced concrete’s underground structures are operating in 

eccentric compressive conditions. As a rule, in the areas of tunnel arch key and heel 

occurs eccentric compressive with large eccentricity, when in the part of cross-section 

are arising tensile forces. It is obvious that in such conditions the great importance has 

the quality of concrete’s stretchability.  

In comparison with heavy concrete in light concrete increased creeping 

deteriorate static operating conditions of structures under bending and promotes of 

their deflections increasing. These factors are negatively affecting the pre-stressed 

reinforcement concrete structures behavior that causes the increase pre-stressing 

losses.  

For underground structures, depending on their static behavior features in the 

combined behavior with ground the deformations growth improves the active 

interactions distribution between structure and ground, it helps to decrease the quality 

of the structure’s stress mode. Therefore, lightweight concrete in this case is in a 

privileged position compared to the heavy concrete.  

At mining transport tunnels design modern methods of seismic impact 

consideration gives the possibility to make conclusions on the caused by seismic 

impact additional stress mode in the heavy concrete supports is significantly more 

than in the made from local porous aggregates lightweight concrete. From the analysis 

of transport tunnels seismic impact results is obvious that the due the reducing of 

concrete modulus of elasticity also decreases the design values of contact stresses and 

internal forces.  

Thus, the application of lightweight concrete made from natural porous 

aggregates as the transport tunnels supports material gives the possibility to construct 

variety of underground structures with better technical - economic indicators, than at 

application of the traditional heavy concrete.  

Now to solve the elastic problem at underground pressure (constant stresses) 

definition in permanent support pressure the tunnel is usually considered as having 
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infinite length, i.e.  is not taken into account the excavation impact and is considered 

the planar problem. This expression is true, when the supports are constructed with 

large delay from supports (about the 5-6 times more value of cross-section size). In 

the case when the support is constructed directly from excavation then elastic and 

plastic deformations in the supports cross-sections aren’t yet developed, because they 

are stopped by excavation. 

Further due the excavation displacement these deformations are developed and 

become a support loading.  

The planar problems didn’t taking into account these circumstances, so is 

required a solution of complex three-dimensional problem that is often the connected 

with the mathematical nature insurmountable difficulties. 

In the work this task is solved according to the theory of elasticity of the 

function by multiplying on the excavation influence function. 

An excavation influence function adequate method is developed. At solution 

of underground structures mechanics problem the excavation influence function is 

differently applied. The method of this function application has great importance, 

because in this circumstance and the function itself expression kind has decisive 

importance for the calculation accuracy and its approximation of the structure real 

behavior.  

In lot of papers the excavation influence function is applied to identify the 

array point’s initial displacements. This approach takes into account the so called 

technological clearance and would be calculated the final value of load. But the 

intermediate value of load in this case is assumed by reduced values. In other works 

are proposed the excavation progress influence on support loading process. But there 

are not considered the support construction place, due that applied in such manner 

increased loading is equal to the actual loading, when the excavation is moved to 

infinity.  

These shortcomings are avoided by introducing the excavation influence 

function’s two sub-functions, already in the array model development process. 

In the working are solved two of the most important problem: 

Is developed a light concrete permanent support calculating method by taking 

into account the tunnel construction  technology; 

Is defined the permanent support deformability(stiffness) influence on its 

stress mode. 
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შესავალი 

 

satransporto mSeneblobisa da eqsploataciis dros 
gamoiyeneba farTo asortimentis bunebrivi da xelovnuri 
masalebi. bunebrivi masalis damuSaveba adgilze warmoebs 
usistemod, xSirad ar mowmdeba misi xarisxi, yuradReba ar eqceva 
samuSaos warmoebis teqnologias. 

cxadia, rom masalebisa da nedleulis miReba unda moxdes 
kvalificiuri personalis mier. mSeneblobaze masalis miRebis 
dros Semowmdes misi xarisxi. adgilze masalis mopovebisa da 
gadamuSavebis pirobebSi unda xdebodes nedleulis masalis 
Tvisebebis dadgena (msubuqi betonis Semadgenloba, simtkicisa da 
deformaciuli maCveneblebi, koroziuli medegoba, yinvadoba, 
wyalgaumtaroba, Wimvadoba da sxva).  

miwisqveSa nagebobebis statikuri muSaobis TvalsazrisiT 
didi mniSvneloba aqvs misi masalis Wimvadobas. msubuqi 
betonebis Wimvadoba orjer metia vidre Cveulebrivi betonebis 
da gamWimavi Zabvebis moqmedebisas maT ufro metad SeuZliaT 
deformireba bzarebis warmoqmnis gareSe. 

mniSvnelovania am Tvisebis gamovlineba rkinabetonSi. 
wulukiZis monacemebiT armireba xels uwyobs zRvruli 
Wimvadobis donis zrdas Zalvebis ufro Tanabari gadanawilebisa 
da betonis araTanabari struqturis gasaSualebis xarjze. amis 
Sedegad izrdeba betonis bzarmedegoba. 

monoliTuri betonis miwisqveSa nagebobebi muSaoben 
aracentraluri kumSvis pirobebSi. rogorc wesi, sagvirabo TaRis 
klitisa da quslis zonaSi adgili aqvs aracentralur kumSvas 
didi eqscentrisitetiT, rodesac kveTis nawilSi warmoiqmneba 
gamWimavi Zabvebi. cxadia aseT pirobebSi betonis Wimvadobis 
xarisxs didi mniSvneloba aqvs.  

mZime betonebTan SedarebiT msubuqi betonebis gazrdili 
cocvadoba auaresebs Runvaze momuSave konstruqciis statikuri 
muSaobis pirobebs, xels uwyobs ra maTi CaRunvebis zrdas. es 
faqtori uaryofiTad moqmedebs winaswardaZabuli rkinabetonis 
konstruqciebis muSaobazec, iwvevs ra winaswari daZabvis 
kargvebis zrdas.  

miwisqveSa konstruqciebisaTvis, gamomdinare maTi 
statikuri muSaobis Taviseburebebidan gruntTan erToblivi 
muSaobis pirobebSi, deformaciebis zrda aumjobesebs 
konstruqciasa da grunts Soris aqtiuri urTierTqmedebis 
gadanawilebas, xels uwyobs ra uSualod konstruqciis daZabuli 
mdgomareobis xarisxis daqveiTebas. aqedan gamomdinare, msubuqi 
betonebi am SemTxvevaSi upirates mdgomareobaSi arian mZime 
betonebTan SedarebiT. 

samTo satransporto gvirabebis daproeqtebisas seismuri 
zemoqmedebis gaTvaliswinebis Tanamedrove meTodebi saSualebas 
iZleva gakeTdes daskvna imis Sesaxeb, rom seismuri zemoqmedebiT 
gamowveuli damatebiTi daZabuli mdgomareoba mZime betonis 
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samagrebSi mniSvnelovnad metia, vidre adgilobriv forovan 
Semavseblebze damzadebuli msubuqi betonis samagrebSi. seismur 
zemoqmedebaze satransporto gvirabebis gaangariSebebis 
Sedegebis analizidan Cans, rom betonis drekadobis modulis 
Semcirebis kvalobaze mcirdeba kontaqturi Zabvebisa da Sinagani 
Zalvebis saangariSo mniSvnelobebi. 

amgvarad, satransporto gvirabebis samagris masalad 
bunebrivi forovani SemavseblebiT damzadebuli msubuqi 
betonebis gamoyeneba saSualebas iZleva aigos mravalferovani 
miwisqveSa nagebobebi ukeTesi teqnikur-ekonomikuri maCveneble-
biT, vidre tradiciuli mZime betonis gamoyenebisas. 

samagris qanTa masivis urTierTqmedebis da gvirabis agebis 
teqnologiis gavlena samagrze datvirTvis procesebze datvirTva 
ganisazRvreba drekadobis Teoriis brtyeli kontaqturi amocanis 
amoxsnis safuZvelze. vinaidan gamonamuSevris gaxsnidan samagris 
amoyvanamde (muSaobaSi CarTvamde) gamonamuSevris konturi 
aswrebs garkveul deformacias. saWiroa am faqtoris 
gaTvaliswineba sivrculi amocanis amoxsnis saSualebiT. 

amocanis sivrculi amoxsna saWiroa agreTve samagris 
datvirTvaze sangrevis gavlenis gasaTvaliswineblad. radgan 
sangrevis Subli Semaferxebel gavlenas axdens gamonamuSevris 
garemomcvel masivSi drekadi da plastikuri deformaciebis 
ganviTarebaze sangrevis mimdinare zonaSi. 

sangrevis gavlenis zonaSi amocanis sivrculi xasiaTis ama 
Tu im saxiT gaTvaliswineblobis aucilebloba daasabuTa jer 
kidev i. libermanma 1958 w. Tumca raime raodenobrivi Sefaseba 
maSin mas ar miucia. amgvari xasiaTis pirvel seriozul naSroms 
warmoadgens k. rupeneitis, i. libermanisa da i. pesliakis 
publikacia. dReisaTvis amgvari ramodenime amoxsna arsebobs 
ZiriTadad Sesabamisi brtyeli amocanis saxiT. sangrevis 
miaxloebaSi ki analogiuri amoxsnis miReba dakavSirebulia 
drekadobis Teoriis sakmaod rTul samganzomilebiani amocanis 
amoxsnasTan. 

naSromSi mocemulia Cvens mier xsenebuli amocanis 
originaluri sainJinro gadawyveta. amocana gadawyvetilia 
analizuri miaxloebiTi meTodis gamoyenebiT. 
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1. ლიტერატურის მიმოხილვა 
 

1.1. სატრანსპორტო გვირაბების მშენებლობა საზღვარგარეთ და 

საქართველოში 

 

transportis mosalodneli ganviTareba, mosaxleobis zrda 

da mobilurobis faqtori TandaTanobiT sul ufro socialur 

politikur aspeqtad gvevlineba da amitom saWiroa yvela 

SesaZlo RonisZiebebis gatareba infrastruqturis mdgomareobis 

gaumjobesebaSi. gvirabmSeneblobas udavod gaaCnia amis yvela 

saSualeba. mas didi wvlili Seaqvs satransporto procesebis 

daCqarebaSi, garemos da landSaftis dacvaSi. uaxloes momavalSi 

evropaSi mosalodnelia 2100 km saerTo sigrZis gvirabebis 

aSeneba. maT Soris: germaniaSi _ 400 km; avstriaSi _ 260 km; ibe-

riis naxevarkunZulze _ 300 km; safrangeTSi _ 150 km; skandinaviis 

qveynebSi _ 500 km. 

imis gaTvaliswinebiT rom, ukanasknel periodSi saqarTve-

loSi sagzao infrastruqturis ganviTareba prioritetuli gaxda, 

axlo momavalSi dagegmilia q. Tbilisis SemovliTi or 

liandagiani rkinigzis mSenebloba, aseve rkinigzis mSenebloba 

baqo-Tbilisi-yarsis magistralze, saavtomobilo gvirabi rikoTis 

da gomboris uReltexilebze da cxra gvirabi Tbilisi-baTumis 

magistralur xazze [10].  

didi mniSvneloba eniWeba gvirabis samagrebisaTvis 

efeqturi samSeneblo masalis SerCevas. am mxriv msubuqi betonis 

maxasiaTeblebis kvleva dReisaTvis metad aqtualuria, radganac 

miwisqveSa nagebobebis Rirebulebis 30% modis samagris 

Rirebulebaze. am problemis simZafre sul ufro izrdeba imasTan 

dakavSirebiT, rom saqarTveloSi bolo droisaTvis 

ganviTarebuli movlenebiT saxelmwifoebrivi mniSvneloba eniWeba 

mSeneblobebs SezRuduli finansuri, materialuri da Sromis 

danaxarjebiT. aseT situaciaSi gansakuTrebulad mniSvnelovania 

gvirabis samagrisaTvis samSeneblo masalis rac SeiZleba 
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efeqturi SerCeva, amitomac betonSi msubuqi bunebrivi 

Semavseblis gamoyeneba mZime betonisgan gansxvavebiT, miwisqveSa 

nagebobebSi aris metad mniSvnelovani da aqtualuri sakiTxi. [1, 

3, 8, 31, 39, 42, 43, 55] 

amasTanave miwisqveSa nagebobebis rTul pirobebSi 

mSeneblobisas Sesaswavlia msubuqi betonis muSaobis pirobebi. 

unda iqnas gamokvleuli misi deformaciebis maxasiaTeblebi, 

koroziis mimarT medegobis da simtkicis xarisxi.  

kavkasiaSi satransporto hidroteqnikur mSeneblobaSi 

msubuqi betonis gamoyeneba daiwyo gasuli saukunis 30-ian 

wlebSi. amave periodSi gamoCnda msubuqi betonis gamoyenebis 

mizanSewonilobaze prof. p. wuleiskiris naSromi. Tu ki msubuqma 

betonma samrewvelo-samoqalaqo mSeneblobaSi da aseve xidebSi 

didi xnis win pova gamoyeneba, igi miwisqveSa nagebobebSi 

pirvelad gamoiyenes erevnis metropolitenisa da amave periodSi 

TbilisSi mTeli rigi miwisqveSa hidroteqnikuri nagebobebis 

mSeneblobaSi. [31] 

erevnis metropolitenis samTaRiani didi CaRrmavebis 

kolonuri tipis sadguris, metropolitenis gadasarbenis 

samagris, sevanis saavtomobilo gvirabis, idJevanis, axkixanis, 

megradzoris sarkinigzo gvirabebis kvlevam aCvena ocdaaTwliani 

eqsploataciis Semdegac samagris msubuqi betonis saimedooba da 

xanmedegoba. [23, 24] 

samagrebidan gamoburRuli iqna ,,kernebi” (nimuSebi). am 

kernebis gamocdam daamowma armbetonmSenis mier miwisqveSa 

nagebobebSi gamoyenebuli msubuqi Semavsebliani betonis sakmaod 

kargi simtkice da yvela maxasiaTeblebis damakmayofilebeli 

sidide. 
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1.2. ბუნებრივ ფოროვან შემვსებზე დამზადებული ბეტონის 

გამოყენების ეფექტურობა 

 

amJamad satransporto gvirabebSi samagrad tradiciulad 

gamoiyeneboda mZime betoni. rac Seexeba msubuq betons man jer 

ver hpova gavrceleba miuxedavad imisa, rom igi amcirebs 

konstruqciis Rirebulebas da satransporto xarjebs. 

saqarTveloSi msubuqi betonis gamoyenebis tradicias 

safuZveli Caeyara jer kidev gasuli saukunis 30 wlebSi 

akademikos k. zavrievis mier, romelmac Teoriulad daamuSava 

msubuqi betonis xiduri kamaris statikuri gaangariSebis 

sakiTxebi. samTo reliefis pirobebSi xisti armaturis mqone 

xidebis mSeneblobis sakiTxebi msubuqi betoniT damuSavebulia n. 

slovinskis mier.  Cvens qveyanaSi msubuqi rkina betoni pirvelad 

gamoyenebuli iqna 1932 wels Tbilisis macivris Senobis 

gadaxurvisas. Uukve 1933 wlidan daiwyo msubuqi rkina betonis 

farTo gamoyeneba iseT mSeneblobaSi rogoricaa ИМЭЛ – 

Tbilisis filiali, mTavrobis sasaxle, dinamos stadioni, 

trikotaJisa da fexsacmlis fabrika TbilisSi da samkervalo 

fabrika baTumSi. 

satransporto mSeneblobaSi da kerZod xidmSeneblobaSi 

1938-1958 wlebSi dasavleT saqarTveloSi msubuqi betoniT 

aSenebuli iqna 20-ze meti xidi, 4  30 m-is malebiT sxvadasxva 

gansxvavebuli konstruqciis: CarCovani, koWur-konsoluri, 

kamarovani da winaswardaZabuli. Semavseblad gamoiyeneba 

bunebrivi forovani samTo qanebi: pemza, tufi, tufolava, msubuqi 

kirqva, spongeliti, keramziti. ZiriTadad gamoiyeneba dabali 

markis msubuqi betoni; or xidSi gamoyenebuli iqna betoni 

markiT 50; oTx xidSi markiT _70; sam xidSi markiT _90 da danar-

CenSi erTSi markiT 110, 4-Si markiT 140, erTSi markiT _170 da 

orSi markiT _200. 

saqarTveloSi vulkanuri widis maragi romlis gamoyeneba 

SesaZlebelia 350-400 markis msubuqi betonisaTvis Seadgens 200 m3 



20 

 

milionze mets. warsulSi maTi gamoyeneba iafi satransporto 

saSualebebis ar arsebobis gamo iyo gaZnelebuli. Mmarabda-

axalqalaqis sarkinigzo xazis mSeneblobam, romelic akavSirebs 

saqarTvelos CrdiloeT raionebs (sadac ZiriTadad aris 

vulkanuri widis sabadoebi) danarCen raionebTan mniSvnelovnad 

gaaiola am masalebis transportireba momxmareblamde. 

yovelive aman xeli Seuwyo msubuqi betonis farTo 

gamoyenebas samoqalaqo-samrewvelo, satransporto da 

hidroteqnikuri nagebobebis mSeneblobaSi da ganapiroba msubuqi 

betonis sakvlev-samecniero samuSaoebis ganviTareba. 

analogiurad msubuqma betonma farTo gamoyeneba hpova 

ucxoeTSic. Ees yvelaferi miuTiTebs mis maRal efeqturobas. [3, 

8, 24, 37, 42] 

Mmsubuq betons mTeli rigi upiratesobebi gaaCnia sxva 

samSeneblo masalebTan SedarebiT. rTuli sainJinro 

nagebobebisaTvis gansakuTrebiT samSeneblo masalis erT-erT 

universalur maCveneblad iTvleba simtkicisa da moculobiTi 

wonis Tanafardoba. Pprofesori  smirnovi samSeneblo masalebis 

SedarebebisaTvis iyenebda konstruqciuli xarisxis koeficients, 

romelic warmoadgens masalis kumSvaze zRvruli simtkicisa da 

masalis moculobiT Tanafardobas. 

es koeficienti gamoxatavs mocemuli masalis svetis 

simaRles metrebSi, romlis fuZeSi sakuTari wonidan gamowveuli 

Zabva tolia masalis kumSvaze zRvruli simtkicisa. xis 

masalisaTvis aseTi koeficienti tolia 3640 m-is. aguris 

wyobisaTvis 139 m-is. foladisaTvis 5290 m. mZime betonisaTvis _ 

600-dan 2500m-mde. Mmsubuqi betonisaTvis markiT 75-500 mde 

Sesabamisad 750-5090 m.  

am koeficientebis SedarebiT naTelia rom, mZime betonisgan 

gansxvavebiT msubuqi betoniT miiRweva maRali simtkice bevrad 

ufro maRali sakuTari wonisas. am upiratesobam ganapiroba 

msubuqi betonis farTo gamoyeneba xidmSeneblobaSi, miuxedavad 



21 

 

imisa rom drekadobis moduli msubuqi betonisa dabalia vidre 

mZime betonis. 

xidmSeneblobaSi msubuqi betonis dabali drekadobis 

moduli aris erT-erTi uaryofiTi maxasiaTebeli. gvirabmSeneb-

lobaSi ki piriqiT, es maxasiaTebeli aris erT-erTi upiratesoba.  

rogorc kvlevebma gviCvena msubuqi betonis gvirabis 

samagris momatebuli deformireba uzrunvelyofs, rom irgvliv 

mdebare garemo intensiurad CaerTos samagris muSaobaSi. 

garemos rolis gaaqtiureba iwvevs samagrSi Zabvebis 

sidideebis Semcirebas, an normaluri Zalis gazrdas da mRunavi 

momentis Semcirebas. e. i. wnevis mrudis miaxloebas samagris 

RerZTan, anu izrdeba aracentralur kumSvaze momuSave miwisqveSa 

konstruqciis mzidunarianoba. amasTanave Cndeba SesaZlebloba 

daixvewos samagris konstrucia, raTa miRweuli iqnas saWiro 

teqno-ekonomikuri efeqti. ase rom udavoa msubuqi betonis 

gamoyeneba miwisqveSa nagebobebSi. mxedvelobaSi unda miviRoT 

rom mTel rig SemTxvevebSi mSenebare gvirabebis maxloblad 

xSirad gvxvdeba forovani qanebi, romlebic gamoiyeneba msubuqi 

betonis Semavseblad da maTi Rirebuleba sagrZnoblad dabalia 

vidre xreSisa, romelic saWiroebs transportirebas. 

imis gaTvaliswinebiT rom, mZime betonis Semavseblebi sul 

ufro deficituri xdeba, msubuqi betonis gamoyenebas miwisqveSa 

nagebobebSi bevrad didi upiratesoba aqvs, Tanac miiRweva ufro 

maRali teqno-ekonomiuri efeqti. 

bevri specialistis azriT hidroteqnikuri gvirabebis 

samagrebisaTvis mizanSewonilia msubuqi betonis gamoyeneba. jer 

kidev 1956 w. p. wulukiZis azriT msubuqi betonis  Tvisebebidan 

aRsaniSnavia dabali drekadobis moduli, ris gamoc ver miiRo 

man farTo gamoyeneba konstruqciebSi, samagierod aseTi betonis 

gamoyeneba metad efeqturi aRmoCnda miwisqveSa hidroteqnikuri 

nagebobebisTvis. 

gamokvlevebma aCvena rom msubuq betons aqvs mTeli rigi 

upiratesobebi satransporto gvirabebis mSeneblobaSi. aseT 
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gvirabebSi samagri xSir SemTxvevebSi keTdeba asawyobi, sadac 

montaJisas udidesi mniSvneloba aqvs blokebis wonas. 

prof. p. d. Aastvacaturovis mtkicebiT satransporto 

gvirabebis agebisas upiratesoba eniWeba msubuqi betonis da 

rkina-betonisgan asawyobi didi zomis blokebis gamoyenebas. aseve 

aRsaniSnavia rom, msubuq betons aqvs dabali drekadobis moduli, 

romelic amcirebs konstruqciaSi bzarebis warmoSobas da 

uzrunvelyofs mis xanmedegobas.  

prof. m. p. iakuboviCi werda: msubuqi betonis SedarebiT 

maRali plastikuroba uzrunvelyofs mis bzarmedegobas, 

amitomac es masala didi upiratesobiT gamoiyeneba 

hidroteqnikuri nagebobebis mSeneblobaSi. dabali drekadobis 

modulis gamo gansakuTrebiT efeqturia msubuqi betonis 

gamoyeneba sadawnevo gvirabebis agebisas. mizanSewonilia aseve 

msubuqi betonis gamoyeneba sarkinigzo da saavtomobilo 

gvirabebSi. gvirabis asაwyobi samagris montaJisas udidesi 

mniSvneloba eniWeba konstruqciis elementebis wonas. msubuqi 

betoniT asakrebi elementebis zomebis gazrda amcirebs 

samontaJo elementebis raodenobas. samontaJo samuSaoebis 

odenobis Semcireba ufro nayofiers xdis mSeneblobis process. 

miuxedavad imisa, rom arsebobs ukve sakmao gamocdileba 

forovani bunebrivi Semavsebliani msubuqi betonis gamoyenebisa 

hidroteqnikur da satransporto gvirabebSi, farTod mainc ar 

gamoiyeneba mSeneblobaSi, radgan jer kidev ar aris sakmaod 

dadasturebuli msubuqi betonis zogierTi saWiro maxasiaTeblis 

upiratesobebi. aseve laparakia masze dausabuTebeli zogierT 

uaryofiT Tvisebebze. amitomac aucilebelia satransporto 

mSeneblobaSi bunebriv forovani Semavsebliani betonis farTo 

gamoyenebisaTvis Seswavla da gamokvlevebis Catareba mecnierul 

doneze. 
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1.3. სამთო სატრანსპორტო გვირაბების კონსტრუქციების და 

მასალების თავისებურებანი 

 

samTo gvirabis mudmivi samagris konstruqcia SeiZleba iyos 

xokeruli an aweuli moxazulobis TaRiT, swori kedliT an 

qanisken kedlebis mrude moxazulobiT, Tu ki gvirabi sust 

qanSia maSin ukuTaRic. tipiuri samagris moxazulobaSi samagris 

sisqe izrdeba klitidan samagris quslamde, SemdgomSi kedlis 

fuZemde. aseTi samagris statikuri muSaobis gamokvlevebma aCvena 

rom samagris konstruqciis RerZis gadaxra wnevis mrudisagan 

aRiniSneba klitis an quslis kveTebSi. swored am ubnebSi 

normaluri Zalebis gazrdili eqscentrisitetebis gamo gvirabis 

kveTebSi warmoiSveba gamWimavi Zabvebi. satransporto gvirabebi 

xSirad igeba monoliTuri betonisgan _ anu masalisgan, romelic 

kargad muSaobs kumSvaze da mniSvnelovnad cudad gaWimvaze. 

gvirabis samagris kliteSi kveTis mzidunarianoba ganisazRvreba 

betonis muSaobiT gamWimav Zabvebze. am mxriv yvelaze 

araxelsayrel pirobebSi imyofeba klitis kveTi. sxva 

SemTxvevebSi samagris RerZi miaxloebulia wnevis mrudis 

moxazulobasTan da zogierT SemTxvevaSi iseTi sididea, rom 

samagri muSaobs aracentralur kumSvaze minimaluri 

eqscentrisitetiT. gazrdili mzidunarianoba saSualebas 

gvaZlevs Semcirebuli iqnas kedlis kveTi kedlis gare 

moxazulobis miaxloebiT kedlis Sida moxazulobasTan. Aase rom 

mcirdeba gvirabis gamonamuSevaris kveTis farTobi da 

Sesabamisad dasamuSavebeli gruntis moculoba. 

krebadi konstruqciebi ar ganixileba Semdegi mosazrebebis 

gamo. asawyob konstruqciebs aqvT mTeli rigi upiratesobebi. 

isini mzaddeba ra qarxnuli wesiT rkinabetonisgan ufro meti 

simtkiciTa da naklebi ganikveTiT. es konstruqciebi 

montaJisTanave Tavis Tavze iRebs mTel datvirTvas. aseve, 

gvirabis agebisas krebadi konstruqciebis gamoyeneba saSualebas 

gvaZlevs amaRldes samuSaoTa meqanizaciis done da mkveTrad 
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Semcirdes mSeneblobis vadebi. amavdroulad susti qanebis da 

mZime geologiuri pirobebis dros krebadi konstruqciebis 

gamoyeneba ganapirobebs qanebis meqanizirebul damuSavebas da 

krebadi samagris agebas, xels uwyobs gvirabis gayvanis siCqaris 

zrdas. 

Cveulebriv pirobebSi samTo xerxiT gvirabis mSeneblobis 

dros miRebulia monoliTuri betoni. radganac krebadi samagris 

gamoyeneba moiTxovs Seiqmnas droebiTi Sesabamisi baza 

mSeneblobis siaxloves, sadac moxdeba krebadi konstruqciis 

damzadeba qarxnuli wesiT, rac xSir SemTxvevaSi damokidebulia 

adgilis reliefze, romelic xSirad moiTxovs didi samuSaoebis 

Catarebas, aseve did materialur xarjebs, agreTve sxvadasxva 

droebiTi nagebobebis mSeneblobas: samSeneblo moednebi, 

misasvleli saavtomobilo gzebi, sawyobebi da sxva. amavdroulad 

betonis qarxnebis moSorebiT arsebobis SemTxvevaSi adgili 

SeiZleba hqondes gadazidvisas konstruqciebis dazianebas da 

transportirebis zedmet xarjebs. samagris konstruqcias 

rogorc wesi aqvs wriuli kveTi ris gamoc xdeba nalisebur 

kveTTan SedarebiT ganivi kveTis zedmetoba 25 %-mde. garda amisa 

krebadi samagris gamoyeneba iwvevs iseTi deficituri masalis 

xarjs, rogoric aris metali, imitom rom betonis armireba 

aucilebelia misi transportirebisa da montaJis pirobebidan 

gamomdinare. amasTan erTad monoliTuri betoni praqtikulad 

gamoricxavs miwisqveSa konstruqciebSi nakerebs. amasTan 

dabetonebis procesis Tanamedrove saSualebani uzrunvelyofs am 

samuSaoebis mTlian meqanizacias, rogorc narevis 

transportirebisas ise dabetonebis procesSi liTonis 

inventaruli qargilebis gamoyenebiT. riTac miiRweva samagris 

Sida zedapiris maRali xarisxi da moxazulobis sizuste. 

monoliTuri betonis gamoyenebis umniSvnelovanes Tvisebad 

iTvleba is rom, am dros gamoiyeneba adgilobrivi masalebi. 

samTo gvirabis agebisas erT-erT aqtualur sakiTxad 

iTvleba adgilobrivi masalebis gamoyeneba, rac amierkavkasiis 
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mTagorian pirobebSi uxvad aris da forovani samTo qanebi 

problemas ar warmoadgens.  

miwisqveSa nagebobebSi gamoyenebuli samagri unda 

akmayofilebdes wyalgaumtarobis, yinvamedegobis da 

xanZarsawinaaRmdego moTxovnebs. sxvadasxva danamatebis 

gamoyenebiT SeiZleba nebismieri agresiuli garemos gamZle 

betonis miRebac. satransporto gvirabebis betons ZiriTad 

moTxovnad waeyeneba moTxovna xanmedegobaze.  

amJamad tipiur samagrebSi gamoiyeneba mZime betoni B-200 

klasis.   

monoliTuri konstruqciebis agebisaTvis sul ufro farTo 

gamoyenebas poulobs iseTi masalebi, rogoricaa naSxefbetoni, 

wnexbetoni, polimerbetoni, TviTdaZabuli betoni da sxva.Ees 

masalebi gamoirCevian mTeli rigi upiratesobebiT, amitomac 

tardeba mTeli rigi samecniero, kvleviTi samuSaoebi am 

masalebis miwisqveSa nagebobebSi gamoyenebisaTvis. gansakuTrebiT 

upiratesoba eniWeba gvirabebis konstruqciebSi naSxefbetonisa 

da wnexbetonis gamoyenebis danergvas. 

Aam masalebTan erTad miwisqveSa nagebobebis 

konstruqciebSi erT-erT perspeqtiul masalad moiazreba msubuqi 

betoni, damzadebuli adgilobrivi SemvsebiT. 

dReisaTvis msubuqi betoni, romelSic gamoiyeneba 

miwisqveSa samuSaoebis dros warmoqmnili forovani qanebi, sul 

ufro farTod inergeba gvirabmSeneblobaSi. naxazebze 1, 2, 3, 

moyvanilia msubuqi betonisgan ukve agebuli gvirabebis 

konstruqciebi, romlebic aranairad ar Camouvardeba Cveulebriv 

betonisgan agebuls. 

Tavisi TvisebebiT msubuqi betoni axlosaa mZime betonTan, 

Tumca aqvs mTeli rigi gansxvavebuli Tvisebebic, romelTa 

mecnieruli kvleva aucilebelia am masalis miwisqveSa 

nagebobebSi SemdgomSi farTod gamoyenebisaTvis. 
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1.4. სატრანსპორტო გვირაბების მუდმივი სამაგრის სტატიკური 

გაანგარიშება დეფორმირებად გარემოში 

 

satransporto gvirabebis mudmivi samagris gaangariSebis 

TeoriaSi SeiZleba gamoiyos ramodenime etapi [18, 19]. 

I etapi (1881 wlamde). TaRis gasaangariSeblad gamoiyofoda 

solebis statikuri wonasworobis xerxi (igulisxmeboda, rom 

TaRi Sedgeboda xisti solebisagan). 

II etapi (1881-1912 w.). prof. x. golovinma gamoaqveyna 

samecniero namuSevari, romelmac pirvelma warmoadgina mrudi 

Zelis drekadi gaangariSeba. am etapze garemomcveli qanis 

zemoqmedeba samagrze ganixileboda mxolod datvirTvis saxiT.   

 

1

2

1

23 3

a) b)

 

nax. 1. miwisqveSa nagebobebze moqmedi datvirTvebi: a _ 
monoliTuri samagri; b _ anakrebi samagri; 1 – vertikaluri    
wneva; 2 – gverdiTi wneva; 3 – vertikaluri wnevis gamawonaswore-
beli wneva gamonamuSevris fuZidan. 
 

es meTodi prof. l. nikolaim gamoiyena suramis gvirabis 

gasaangariSeblad. 

III etapi. me-20 saukunis pirvel naxevarSi  miwisqveSa 

nagebobebis gaangariSebis sferoSi gamoqveynda o. komerelis, s. 

rozanovis, i. hiuitis naSromebi. maT naSromebSi siaxle 
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mdgomareobda garemomcveli qanis gavlenis gaTvaliswinebaSi, 

rogorc garemosi, romelic aumjobesebs konstruqciis muSaobas. 

kerZod gaTvaliswinebuli iyo qanis ukuwneva, romelic 

warmoiSveba qanisken samagris gadadgilebis Sedegad. 



R

Q

x

S1

H

hx

Q=Rsin

G

y

y

hy

x



 

 

nax. 2. kedlisa da TaRis saangariSo sqema. qanis ukuwneva 
modebulia kedlis Sua nawilSi. 1 – xisti sayrdenebi. 

 



R

H

Q=Rsin

S2



x

S1

H0

hx

hy

hy



x1

Q0

 

 

nax. 3. kedlis da TaRis saangariSo sistema. qanis pasiuri 
ukuwneva modebulia kedlis mTel simaRleze. 
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naxsenebi xerxebis ZiriTadi nakli mdgomareobs kedlisa da 

TaRis erToblivi deformaciis gauTvaliswineblobaSi.  

IV etapi 1934-1935w. prof. s. davidovma pirvelad daamuSava 

monoliTuri miwisqveSa konstruqciis gaangariSebis xerxi, 

rogorc erTiani statikurad urkvevi sistema. 

 







K1

K2

K3

Kn

Q3

H2

M1

 

nax. 4. monoliTuri miwisqveSa konstruqciis saangariSo sistema 
vinkleri fusis hipoTezis gamoyenebiT. 

 

1936 w. metroproeqtis inJinrebma z. bodrova, gorelikma da 

materim daamuSaves wriuli moxazulobis samagris gaangariSebis 

xerxi, romelic dResac farTod gamoiyeneba sangariSo 

praqtikaSi.  

am meTodis safuZvelze SemdgomSi damuSavda statikuri 

gaangariSebis mravali modifikaciebi. erT-erTi maTgani iyo prof. 

a. dauSvili, romelmac daamuSava mudmivi samagris gaangariSebis 

meTodi matriculi formiT, romelic gamoaqveyna 1972 w.  

o. bugaiovam daamuSava wriuli moxazulobis samagris 

saangariSo meTodi. am meTodSi ukuwnevis epiura ganisazRvreba 

xuTi wertiliT. 

analogiuri meTodi xaxunis Zalebis gamoyenebiT 

damuSavebulia n. burZglas mier. 
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2

1



2

a) b)

 

nax. 5. wriuli moxazulobis samagris saangariSo sqema 
a – bodrov gorelikis xerxi; b – bodrov materis xerxi. 

 

 



  K

K

K

 

nax. 6. o. bugaiovas saangariSo sistema wriuli moxazulobis  
mudmivi samagrisaTvis. 
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aRsaniSnavia g. WumburiZis hidroteqnikuri da satranspor-

to gvirabebis gaangariSebis meTodi zRvruli mdgomareobiT. 

me-20 saukunis bolomde, zemoT aRniSnuli meTodebi 

farTod gamoiyeneboda miwisqveSa nagebobebis saangariSo 

praqtikaSi. am meTodebiT gaangariSeba sam stadiad xdeba: 

- gare datvirTvebis gansazRvra; 

- Siga Zalvebis (Zabvebis) gansazRvra; 

- kveTis simtkicis Semowmeba. 

vinaidan, TviT miwisqveSa konstruqciis gaangariSeba (Sida 

Zalvebis gansazRvra, kveTis simtkicis Semowmeba) did 

sirTuleebs ar warmoadgens, amitom mudmivi samagris 

gaangariSeba gaigivebuli iyo datvirTvis gansazRvrasTan 

(prognozTan). varaudobdnen, rom Seiswavlidnen samagris 

datvirTvis kanonzomierebas da amgvarad gadawyvetdnen mudmivi 

samagris daproeqtebis da gaangariSebis problemas.  

aTeuli wlebis ganmavlobaSi samagrze datvirTvebis 

problemis gansazRvriT dakavebulia eqsperimentaluri da samTo 

qanebis Teoriuli meqanika (geomeqanika). SemoTavazebuli iyo 

samTo wnevis mravali Teoria (hipoTezebi): filebis, koWebis, 

wnevis TaRis, Camoqcevis TaRis da sxva. 

2b


R

F

a)

2b



6x

6z

b) g)

nax. 7. horizontalur gvirabebSi TaRis warmoSvebis sqemebi: 
a – birbaumeris mixedviT (1913); b – riteris mixedviT (1879);  

g – engeseris mixedviT (1882); d –protodiakonovis mixedviT (1908);  
e – gantvirTavi TaRis warmoSvebis savaraudo meqanizmi. 
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miTiTebuli hipoTezebis avtorebi arian cnobili 

mecnierebi: a. birbaumeri, riteri, engeseri, protodiakonovi, v. 

slesarevi, p. cimbareviCi. 

mudmivi samagris muSaobis tradiciuli meTodebis 

gamokvlevis procesSi Caisaxa axali warmodgenebi, romlebic 

maTTan SeuTavsebeli iyvnen, magram garkveul donemde erTad 

Tanaarsebobdnen. aseT cnebebs miekuTvnebian ,,sistema masivi-

samagri”, ,,samagris urTierTqmedeba masivTan”. 

samTo meqanikis ganviTarebam saSualeba mogvca erTi friad 

mniSvnelovani daskvnis gakeTebisa, romelmac cxadyo, rom gare 

datvirTvebis gansazRvris problemis gadaWra samagris 

konkretuli konstruqciis konkretuli masivis ganxilvis gareSe 

SeuZlebelia. samagrisa da masivis urTierTqmedebis da maTi 

erToblivi deformirebis gamo principialurad SeuZlebelia 

samagris deformirebis calke ganxilva. amgvari daskvna Zalian 

mniSvnelovani iyo, vinaidan cxadi gaxda mecnieruli poziciebis 

gadafasebisa da problemis gadaWris axali gzebis Zieba. 

axali gzebis Ziebam SesaZlebeli gaxada akad. g. savinis 

mier Tavis droze SemoTavazebuli sqemis masivTan samagris 

konstruqciuli urTierTmoqmedeba, romelSic masivi da samagri 

ganixileba rogorc erTiani deformirebadi sistemis axleburad 

Sefaseba. 

axal saangariSo sqemaze gadasvla warmoadgenda xarisxovan 

naxtoms miwisqveSa nagebobebis gaangariSebis TeoriaSi. 

arsebiTad Seicvala cneba ,,datvirTva samagrze”, romelic 

TandaTanobiT kargavs Tavis mniSvnelobas da Seicvala axali 

cnebiT ,,Zabvebi masivisa da samagris kontaqtze” an mokled 

,,sakontaqto Zabvebi”. 

datvirTvebi samagrze _ sakontaqto Zabvebi aRar ganixileba 

rogorc sawyisi monacemebi, aramed ganixileba rogorc masivisa 

da samagris erToblivi muSaobis Sedegi da ganisazRvreba 

erTiani gaangariSebis safuZvelze samagrSi Siga Zalvebis 

(Zabvebis) gansazRvriT. 
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axal saangariSo sqemaze gadasvlam wina adglze wamowia 

rTuli Teoriuli problemebi. tradiciuli saangariSo sqemebis 

gamoyenebisas saqme gvqonda elementarul statikur urkvev 

sistemebTan: CarCo, Rerovani sistemebi an odnav rTul 

sistemasTan drekad fuZeze, romelTa gaangariSeba principialur 

sirTules ar warmoadgens. 

gansxvavebiT gaangariSebis tradiciuli sqemebidan masivisa 

da samagris urTierTqmedebis koncefciis gamoyenebis SemTxvevaSi 

saqme gvaqvs myari tanis meqanikis sakontaqto amocanebTan 

(kompleqsuri cvladis analizuri funqcia, komforuli 

gardasaxvis meTodi, koSi tipis integralis Tvisebebis 

gamoyeneba), bevrad rTul maTematikur aparatTan. e. i. SeiZleba 

gavakeToT daskvna, rom meoce saukunis bolos satransporto 

gvirabebis miwisqveSa nagebobebis gaangariSebis TeoriaSi Seiqmna 

axali mimarTuleba _ miwisqveSa nagebobebis meqanika cnobili 

mecnierebis: S. aitalievis, J. erJanovis, g. krupenikovis, k. 

rupeneitis, n. buliCevis, n. fotievas, vixuras, zitcis da sxvaTa 

naSromebis safuZvelze. am mimarTulebis ganviTarebaSi Tavisi 

wvlili Seitanes qarTvelma mecnierebma: l. jafariZem, T. 

xvadagianma, v. TarxniSvilma, T. WuraZem da sxva. [12, 18, 49, 50] 

 miwisqveSa meqanikis amocanebSi samTo masivi ganixileba 

rogorc naxevarsibrtye, romlis sawyisi daZabuli mdgomareoba 

ganisazRvreba misi Semadgeneli samTo qanebis sakuTari woniT. 

garemomcveli qanebis woniT samagrSi warmoSobili Zabvebi 

SeiZleba ganisazRvros drekadobis Teoriis im brtyeli 

kontaqturi amocanis amoxsnis safuZvelze, romelic ganixilavs 

wonad garemoSi Casmuli rgolis wonasworobas, rodesac 

rgolisa da garemos deformaciuli Tvisebebi gansxvavebulia. 

amgvarad dasmuli amocanis amoxsniT napovni, rgolSi moqmedi 

Zabvebis sidide, ramdenadme aRemateba maT faqtobriv 

mniSvnelobas, radgan samagris kveTis gare konturze mocemuli 

pirobebi Uk=Um  da Vk=Vm , romlebic asaxaven samagris gare 

konturisa da misi mimdebare masivis wertilebis gadaadgilebaTa 
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srul Tanxvedras, Seesabameba wonad garemoSi rgolis myisier 

moTavsebas da rgolisa da garemos erTobliv muSaobas uSualod 

xvrelis wrmoqmnis momentidan. 

sakiTxis aseTi dayeneba ase Tu ise misaRebia mxolod im 

SemTxvevaSi, rodesac samagris amoyvana xdeba sangrevis uSualo 

siaxloves. gamonamuSevris gayvanis procesSi sangrevidan 

samagris amoyvanis adgilis CamorCenisas, im droSi, rac gadis 

qanis damuSavebidan samagris amoyvanamde (muSaobaSi CarTvamde), 

gamonamuSevris konturi aswrebs garkveulad deformirebas, ris 

gamoc masividan samagrze gadacemuli gadaadgilebebis sidide da 

Sesabamisad samagrze ganviTarebuli dawola, anu masSi 

ganviTarebuli Zabvebi mcirdeba. 

am SemTxvevaSic SesaZlebelia garemoSi myisierad Casmuli 

rgolis Sesabamisi amocanis ganxilva. magram samagris amoyvanis 

CamorCenis faqtoris gasaTvaliswineblad saWiroa gvirabis 

garemomcveli samTo qanebis wona, anu samagrze moqmedi dawola 

miviRoT ara Um(da Vm( toli, aramed naklebi. konkretulad 

Um(U0 da Vm(V0, sadac U0  da V0 gamonamuSevris konturis 

wertilebis gadaadgilebebia, romlebic ganviTarda muSaobaSi 

samagris CarTvamde. sazogadod U0  da V0  sidideebi unda 

ganisazRvros sivrculi amocanis amoxsnis saSualebiT. 

amocanis  sivrculi amoxsna saWiroa agreTve samagris 

datvirTvaze sangrevis gavlenis gasaTvaliswineblad, radgan 

sangrevis Subli Semaferxebel gavlenas axdens gamonamuSevris 

garemomcvel masivSi drekadi da plastikuri deformaciebis 

ganviTarebaze sangrevis mimdebare zonaSi (nax. 8).  

sangrevis gavlenis zonaSi amocanis sivrculi xasiaTis ama 

Tu im saxiT gaTvaliswinebis aucilebloba daasabuTa jer kidev 

i. libermanma 1958 w. [27]. Tumca raime raodenobrivi Sefaseba 

maSin ar miucia. amgvari xasiaTis pirvel seriozul naSroms 

warmoadgens k. rupeneitis, i. libermanis da i. pesliakis 

publikacia (1962 w.). 
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D

sangrevis ukana gavlenis zona (5_6D)

sangrevis wina gavlenis zona

nax.8
 

nax. 8. gamonamuSevris forma grZiv kveTSi 

 

marTalia, am naSromSi ganxiluli iyo Sveuli Wauris 

samagris gaangariSeba, magram naSromSi damuSavebuli meTodi 

SeiZleba gamoyenebul iqnas Tarazuli gamonamuSevrebisaTvisac, 

rodesac gverdiTi ganmbrjenis koeficienti erTis tolia. 

naSromSi amocana Semdegnairadaa dayenebuli. samTo masivi 

ganixileba rogorc naxevarsibrtye, romlis sawyisi daZabuli 

mdgomareoba ganpirobebulia mxolod sakuTari woniT. 

naxevarsibrtyis Semadgeneli masala mcire Zabvebis SemTxvevaSi 

xasiaTdeba drekadi TvisebebiT, xolo Zabvis gazrdisas masSi 

viTardeba plastikuri deformaciebi (Tixebis SemTxvevaSi), an igi 

myifed irRveva (qviSaqvebi, fiqalebi da a. S.). garda amisa masivis 

masalas aqvs cocvadobis Tviseba, anu axasiaTebs geologiuri 

deformaciebi. 

gvirabis mSeneblobisas qanis masivSi xdeba cilindruli 

gamonamuSevris gayvana, romelSic gayvanis kvalobaze sangrevidan 

garkveul manZilze ayeneben samagrs, muSaobaSi samagris CarTvis 

momentisaTvis im kveTSi, sadac yendeba samagri, ukve 

ganviTarebulia gamonamuSevris konturis gadaadgilebebi, rom-

lebsac sawyisi gadaadgilebebi ewodeba da aRiniSneba U0. 

samagris dayenebisa da muSaobaSi misi CarTvis Semdeg igi 

ewinaaRmdegeba gamonamuSevris konturis gadaadgilebebs, Tumca 
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samagris garkveul damyolobasTan dakavSirebiT, konturis 

gadaadgilebebi raRac sididiT kidev matulobs. es mateba 

gamowveulia sangrevis Sublis winsvliT samagris amoyvanis 

adgilTan mimarTebaSi da qanis cocvadobiT. Tavis mxriv samagri 

deformirdeba masze gadacemuli masivis p dawolis Sedegad 

raRac U(p) sidideze. sakmaod didi drois Semdeg gamonamuSevris 

konturze myardeba gadaadgilebis saboloo mniSvneloba U(p). 

radgan samagris reaqciis yovel konkretul mniSvnelobas 

Seesabameba saboloo gadaadgilebis savsebiT garkveuli 

mniSvneloba. amitom 

U(p) - U0= U(p)                               (1) 

gadaadgilebaTa erTobliobis pirobis es gantoleba 

warmoadgens samagrze gadacemuli dawolis ZiriTad gantolebas. 

Tavisi formiT igi analogiuria i. rodinis Sesabamisi 

gantolebisa. magram i. rodini ganixilavs brtyel amocanas da 

miuxedavad amisa Tvlis rom samagri srulad iTvisebs masivis 

gadaadgilebebs, romlebic warmoiqmneba gamonamuSevris 

gayvanisas. naSromSi naCvenebia aseTi midgomis naklovanebebi. 

gantolebis (1) analogiuri gantoleba ganixila f. Belaen-

kom (1955 w), magram igi U0  sidides iRebs rogorc srul sawyis 

drekad gadaadgilebas anu ar iTvaliswinebs gadadgilebebis im 

nawils, romelic imoqmedebs samagrze, Tu es ukanaskneli 

dayenebuli iqneba sangrevis maxloblad. 

amocanis moyvanil gadawyvetaSi sawyisi gadaadgileba U0  

ganisazRvreba rogorc sangrevidan samagris dayenebis dacilebis 

manZilis da im drois funqcia, rac gadis gamonamuSevris 

gaxsnidan samagris muSaobaSi CarTvamde. Sesabamisi sivrculi 

amocanis gadawyvetis sirTulis gamo SemoTavazebulia amocanis 

miaxloebiTi gadawyveta, romelsac sakmao sizuste gaaCnia. sawyis 

gadaadgilebas aqvs saxe [27]: 
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                                   (2) 
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sadac 0r  _ samagris Suaxazis radiusia; 

      0R _ gamonamuSevris radiusia; 

    l  _ gamonamuSevris gaumagrebeli nawilis sigrZea; 

    E  _ qanis drekadobis modulia;. 

rogorc formulidan Cans, gadaadgileba ganisazRvreba ori 

mamravliT, erTi _ 








E

Hr05,1 
 warmoadgens brtyeli amocanis 

Cveulebriv drekad gadaadgilebas (rodesac 5,0 xolo meore 

_ 










02R

l
f  iTvaliswinebs am gadaadgilebis Semcirebas sangrevis 

gavlenis Sedegad. aqve moviyvanoT am mamravlis zogierTi 

mniSvneloba [27]  mixedviT (cxrili 1). 

cxrili 1 

sangrevis gavlenis funqciis mniSvnelobebi [27] 

 

02R
l  0,25 0,50 1,00 2,00 4,00 6,00 












02R

l
f  0,148 0,306 0,541 0,760 0,880 0,906 

 

cxrilSi moyvanili sidideebis analizidan Cans, rom 

samagris dayenebis momentisaTvis sangrevidan gamonamuSevris 

erTi diametris manZilze ganviTarda drekadi gadaadgilebebis 

mxolod naxevarze cota meti, danarCeni gadaadgileba ki 

zemoqmedebas moaxdens samagrze. 

wriuli moxazulobis gamonamuSevriT Sesustebuli qanis 

masivis muSaobis calganzomilebiani analizi masivis 

modelirebisas sxvadasxva garemoTi (meqanikuri modelebiT), 

saWiroa masivisa da samagris urTierTqmedebis kanonzomierebaTa 

dasadgenad. calganzomilebiani analizi da wonasworobis 

mdgomareobebis diagrama iZleva saerTo cxad warmodgenas 

samagrsa da qanis masivs Soris urTierTqmedebaze, gamonamuSevris 

gayvanisa da samagris agebis teqnologiiT ganpirobebuli 
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samagrisa da masivis kontaqtze moqmedi p dawolis 

damokidebulebaze samagris sixistisagan da samagris muSaobaSi 

CarTvamde ganviTarebuli qanebis U0 gadaadgilebebze. 

Tu warmovidgenT samagrs, rogorc wriuli moxazulobis 

Txelkedlian drekad rgols (nax. 9), Zneli ar aris davrwmundeT, 

rom p gare dawolasa da U gadaadgilebebs Soris 

damokidebulebas aqvs saxe [20] 

                U

R

t
Ep

2

0

                                          (3) 
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nax. 9 qanis gadanacvlebebisadmi samagris winaRobis saangariSo 
sqema (a) da samagris winaRobis diagrama (b).  

samagris sixiste tgE   

 

sadac E  _ samagris masalis drekadobis modulia; 

       t  _ samagris sisqea; 

       0R  _ gamonamuSevris radiusia. 

magram calganzomilebiani analizi ar iZleva samagris 

uSualo daproeqtebasa da gaangariSebaze gadasvlis saSualebas 

(garda Sveuli Wauris kerZo SemTxvevisa), radgan am dros 

SeuZlebelia masivSi moqmedi araTanabarkomponentiani ZabvaTa 

velisa da gamonamuSevris kveTis arawriuli zogad SemTxvevaSi 

moxazulobis mxedvelobaSi miReba. Sesabamisad, saWiroa iseTi 
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saangariSo sqema, romelic SesaZlebels gaxdida aRniSnuli 

faqtorebis gaTvaliswinebas. 

miwisqveSa nagebobebis meqanikaSi samagri ganixileba 

rogorc erTiani deformirebuli sistemis ,,samagri_masivi” 

elementi. samagris saangariSo sqema warmoadgens deformirebad 

masivTan samagris konstruqciis urTierTqmedebis sqemas (nax. 10). 

sistemaze ,,samagri_masivi” moqmedi ZiriTadi zemoqmedebebi 

Semdegia: qanis sakuTari wona (samTo wneva), sawyisi Zabvebis 

teqtonikuri veli, miwisqveSa wylebis hidrostatikuri wneva, 

Sida wneva (hidroteqnikuri gvirabebisaTvis), seismuri Zalebi. 

 

 

nax. 10. samagris saangariSo sqema miwisqveSa nagebobebis  
meqanikis mixedviT 

 

SevCerdeT cnebaze samTo wneva. amJamad es cneba sul ufro 

iSviaTad gamoiyeneba. amis ori mizezi SeiZleba dasaxeldes. jer 

erTi, TviT cnebis garkveuli ganuzRvreloba, radgan igi 

tradiciuliad aRniSnavs rogorc samagrze mosul dawolas 

(viwro gagebiT), ise qanis daZabul mdgomareobas (farTo gagebiT), 

da meorec, bolo aTwleulebSi samTo disciplinebSi, pirvel 

rigSi ki samTo qanebis meqanikaSi, farTo gavrceleba hpova 

deformirebadi myari tanis meqanikis meTodebma da, Sesabamisad, 
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misTvis damaxasiaTebelia garkveviT formulirebuli klasikuri 

terminebis da cnebebis farTo gavrceleba.  

amJamad cneba ,,samTo wneva” umetes SemTxvevaSi gagebulia 

rogorc zemomdebare fenis dawola, rac warmoadgens qanebSi 

gadaadgilebebis deformaciebisa da rRvevis mizezs samTo 

gamonamuSevris gayvanisas. es Sinaarsia Cadebuli samTo qanebis 

meqanikis saerTaSoriso biuros mier SemoTavazebul 

ganmartebaSic: ,,samTo wneva krebsiTi cnebaa yvela im proce-

sisTvis (movlenisaTvis), romelic viTardeba samTo qanebis 

masivis wonasworobis darRvevis Sedegad masSi samTo 

gamonamuSevrebis mowyobis (gayvanis) gamo”. 

igive azria  Cadebuli gamoTqmaSi ,,gaangariSeba samTo 

wnevaze”, gansxvavebiT sxva saxis datvirTvebsa da zemoqmedebaze 

gaangariSebisagan. 

samTo gamonamuSevrebis gayvanisas deformaciebi da 

gadaadgilebebi daZabul masivSi viTardeba ukve qanis 

gaSiSvlebis procesSi, samagris dayenebamde. qanis sawyisi 

gadaadgilebebi U0 , romelTa gaTvaliswineba calganzomilebiani 

analizisas SedarebiT martivia. qmnian sakmaod mniSvnelovan 

sirTuleebs sawyisi Zabvebis araTanabarkomponentiani velis 

SemTxvevaSi ( 1 ), rom araferi iTqvas gamonamuSevris wriuli 

moxazulobis samagris SemTxvevisaTvis. am sirTuleebis 

gadalaxva SeiZleba qvemoT mocemuli gziT. 

ganvixiloT masivis wonasworobis mdgomareobis diagrama 

(mrudi 1, nax. 11). sawyisi gadaadgilebebis U0  mniSvnelobisas 

qanTan kontaqtSi Sedis samagri maxasiaTebliT 2. gadakveTis 

wertili axasiaTebs sistemis ,,samagri-masivi” damyarebuli 

wonasworobis mdgomareobas.  

 gadavitanoT koordinatTa saTave O1 wertilSi. 

koordinatTa axal sistemaSi (U, P) sawyisi gadaadgilebebi aRar 

aris. xolo wertili B axasiaTebs fiqtiur (saangariSo) sawyis 
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Zabvebs masivSi H


, romlebic gansxvavdeba namdvilisagan 

 mamravliT (zogad SemTxvevaSi  ≤1)1. 

 

P

U
O

O1

U0 U1

B

P

A

2

1

*

*

 

 

Nnax. 11. Qqanis masivisa da samagris urTierTqmedebis 
diagrama 

 

 mamravlis, 


 fizikuri arsis dadgena SeiZleba Tu 

ganvixilavT gamonamuSevris konturis gadadgilebebs sangrevis 

mimdebare zonaSi (nax. 12). radialuri gadaadgilebebi iwyeba jer 

sangrevis Sublis win, sangrevis ukan mimdebare zonaSi 

intensiurad viTardeba, xolo sangrevidan (1-3)D manZilze (D-

gamonamuSevris diametria) maTi ganviTareba wydeba 

 
1. g. xesinis monografiSi aRwerilia wriuli moxazulobis gvirabis samagris 
daZabuli mdgomareobis eqsperimentuli gamokvleva gvirabis etapobrivi 
gayvanisa da gamagrebisas. modelirebis Sedegebis mixedviT gakeTebulia 

daskvna rom koeficienti 
romelic iTvaliswinebs samagris amoyvanis 

adgilis CamorCenas sangrevidan, ar aris erTis toli maSinac ki, Tu samagris 
amoyvana xdeba uSualod sangrevSi (l=0). 
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sangrevidan l0DmanZilze gamonamuSevris konturis radialu-
ri gadaadgilebebis sidide tolia  

         0UUU  



                                        (4)  

sadac U _ gamonamuSevris konturis sruli gadaadgilebebia; 

       0U  _ gamonamuSevris konturis gadaadgilebebia sangrevis 

Sublidan l0DmanZilze. 
gardavqmnaT es gamosaxuleba Semdegnairad 

         















U

U
UU 01                                      (5) 
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nax. 12 gamonamuSevris konturis gadaadgilebis sqema  
sangrevis mimdebare zonaSi 

        konturis gadaadgileba gaumagrebel sangrevSi. 
 konturis gadaadgileba dayenebuli samagris zonaSi. 

 
 

frCxilebSi mocemuli gamosaxuleba warmoadgens 

 mamravls da Sesabamisad  

         



 UU                                            (6) 

 amgvarad, Tu gamonamuSevris konturis U gadaadgilebebi 

gamowveulia sawyisi ZabvebiT H 0 , gadanacvlebebs 


U iwvevs 

saangariSo sawyisi Zabvebi 

         H


0                                           (7) 

mamravlis 


 sidide SeiZleba ganisazRvros calganzomi-

lebiani analizis Sedegad. 
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2. შედეგები და მათი განსჯა 
 

2.1. საღამოს კარიერის ვულკანური შლაკის მასალის გამოკვლევა, 

როგორც სატრანსპორტო გვირაბების სამაგრის მასალა 

 

 gamokvleuli iqna msubuqi betoni damzadebuli saRamos 

sabados Semvsebze, romelic javaxeTis mTianeTis yvelaze didi 

widuri konusia saqarTveloSi. vulkanuri widebi warmodgenilia 

ori nairsaxeobiT mura-wiTeliT da muqi-ruxi feriT. Slakebis 

orive nairsaxeoba gamosadegia Semavseblad msubuqi betonisaTvis. 

vulkanuri Slaki warmoadgens mowiTalo-moyavisfro, muqi-ruxi 

da moyviTalo-ruxi ferebis forovani struqturis granulovan 

lavas. ZiriTadi masa aris vulkanuri mina SeRebili mowiTalo-

wablisfer ferad ganpirovnebuli rkinis Jangeulis mier, 

romlebic nawilobriv Cakristalebulia, iSviaT SemTxvevaSi ki 

xasiaTdebian gamWvirvalobiT. Semadgenlobis mixedviT qanebi 

miekuTvnebian andezit-bazaltis forovan nairsaxeobas. 

gamokvleuli vulkanuri Slakis fiziko-meqanikuri 

maxasiaTeblebi mocemulia cxrilSi 2. 

cxrili 2 

vulkanuri widis fiziko-meqanikuri Tvisebebi 

 

widis 
daxasiaTeba 

Semvsebis sisqe, mm 

qviSa 0-5 mm-is 
sisqiT 

RorRis sisqe, mm 

5-10 10-20 

fxvieri simkvrive, 
kg/m3 

1150 1005 980 

RorRis simtkice, 
mpa 

_ 6,7 5,7 

marcvals Soris 
sicariele, % 

_ 42 46 

masis mixedviT 
wyalSTanTqva, % 

_ 12 13 

 

gamokvleuli iqna B15 da B25 klasis msubuqi betonebi 

damzadebuli 400 markis portlandcementze. gamokvlevis Sedegebi 

mocemulia cxrilSi 3. nimuSebis yvela seriisaTvis mzaddeboda 
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kubebi zomiT 15X15X15 sm da prizmebi 10X10X40 sm da Zelebi 

4X4X16 sm. dabetoneba da datkepna mitvirTviT xorcieldeboda 

vibromagidaze. erT dReSi ganqargilebis Semdeg nimuSebis nawili 

Tavsdeboda wyliT Sevsebul abazanaSi, nawili ki laborato-

riul SenobaSi da gamoicdeboda erTTvian da eqvsTvian asakSi. 

  

cxrili 3 

msubuqi betonis Semadgenloba 

 

seria 
Bbetonis 

klasi 

1 m3 betonis Semadgenloba, kg 

cementi 

sila 

sisqiT  

0-5 mm  

RorRi sisqiT, mm 

wyali 
5-10 10-20 

I B15 255 660 335 435 235 

II B25 410 550 320 485 270 

 

Hhaerze gamSrali nimuSebis deformacia ganisazRvreboda 50 

mm winaRobis bazis mqone gadamwodebiT, xolo wyalSi 

SenaxulebisaTvis _ tenzometrebiT 100 mm baziT. 

betonis simtkicis da saSualo simkvrivis maCveneblebi 

mocemulia cxrilSi 4. aq moyvanili Sedegebidan Cans, rom haerze 

gamSrali da wyalSi moTavsebuli 28 dRis asakis nimuSebis 

simtkice TiTqmis ar gansxvavdeba erTmaneTisagan, magram 180 dRis 

ganmavlobaSi yvela SemTxvevisTvis adgili aqvs betonis 

simtkicis zrdas. betonis drekadobis moduli 28 dRis 

ganmavlobaSi aris damokidebuli nimuSebis Senaxvis pirobebze. 

analogiuri suraTia 180 dRis asakis betonis nimuSebisaTvis. 

 cement-qviSis satamponaJo xsnarebis SedarebiTi koroziuli 

medegobis gansasazRvravad sulfatur garemoSi damzadebuli iqna 

1X1X2sm zomis nimuSebi. gamoyenebuli iqna kaspis pucolanuri 

cementi, saRamos karieris vulkanuri wida da kvarcovani qviSa. 
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cxrili 4 

msubuqi betonis simtkicisa da deformirebadobis  
  maxasiaTeblebi  

 

seria Senaxva 

Bbetonis 

asaki 

dRe 

b 

t/m3 

R 

mpa 

Rb 

mpa 

Rbt 

mpa 

Rb.10
-3 

mpa 

I 

Hhaerze 

gamSrali 

28 

180 

1,72 

1,76 

21,3 

23,6 

16,1 

18,3 

1,22 

1,45 

12,9 

13,1 

wyalSi 
28 

180 

1,73 

1,75 

20,9 

22,8 

16,1 

18,3 

2,24 

1,26 

12,6 

12,8 

II 

Hhaerze 

gamSrali 

28 

180 

1,80 

1,83 

31,1 

33,9 

25,2 

27,3 

1,88 

2,06 

14,9 

15,1 

wyalSi 
28 

180 

1,84 

1,86 

29,3 

35,1 

23,7 

28,6 

1,85 

2,10 

14,8 

15,2 

 

ris Semdegac nimuSebi 6 Tvis ganmavlobaSi inaxeboda Na2SO4 10 %-

ian xsnarSi da mtknar wyalSi. amis Semdeg ganisazRvreboda 

koroziuli medegobis koeficienti KC6, romelic mocemulia 

cxrilSi 5.  

vulkanur widaze da kvarcovan silaze cement-qviSis 

xsnaris SedarebiTi koroziuli medegobis gamokvlevam gvaCvena, 

koroziuli medegobis koeficienti TiTqmis ar gansxvavdeba 

erTmaneTisagan. e. i. miwisqvesa mSeneblobaSi sulfaturi agresiis 

garemoSi SesaZlebelia gamoviyenoT saRamos karieris vulkanuri 

widis msubuqi Semvsebi. 

seriebis mixedviT wyalSTanTqvam Seadgina: I _ 1-6%; II _ 5-

6%. 

betonis wyalSeRwevadobis xarisxi Sefasebuli iqna 

filtraciis koeficientis saSualebiT Semdegi formulis 

gamoyenebiT: 

t
R

HF

Q
K

б )(
f                              (8) 
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 sadac Q _ t droSi sm3 betonSi gafiltruli wyalia; H _ 

wylis wneva, sm; R _ nimuSis simaRle, sm; Fб _ nimuSis ganivi 

kveTis farTi, sm2. 

cxrili 5 

kvarciani silisa da vulkanur widaze damzadebuli qviSa-
cementis xsnaris SedarebiTi koroziuli medegoba 

 

xsnaris dasaxeleba 

nimuSebis simtkice Runvaze 

KC6 Mmtknar wyalSi 
10 %-iani 

xsnari 

28 dRe 6 Tve 6 Tve 

kaspis pucolanuri 

portlandcementi+ 

kvarciani sila 

5,3 6,4 6,2 0,99 

kaspis pucolanuri 

portlandcementi+ 

vulkanuri wida 

4,6 5,7 5,4 0,96 

 

filtraciis koeficientis gasaSualebuli mniSvnelobebi I 

da II seriisaTvis  da agreTve SedarebisaTvis moyvanili sxva 

avtorebis monacemebi mocemulia nax. 13-ze.  

rogorc naxazidan Cans Seswavlili msubuqi betonebi 

wyalSeRwevadobis mimarTebaSi akmayofileben hidroteqnikuri 

betonis mimarT wayenebul moTxovnebs, sadac Kf  imyofeba 1
. 107  _ 

10-11 farglebSi.  

cveTaze nimuSebis gamocda Cvens mier Catarebuli iqna 

saqarTvelos energetikis institutSi v. gorenbeinis meTodikiT. 

Sesabamis xelsawyoSi Tavsdeboda sami nimuSi. cveTis saerTo 

farTi Seadgenda 2310 sm2. gamocdamde 10 dRiT adre nimuSebi 

jerdeboda wyliT, iwoneboda da Tavsdeboda xelsawyos 

garsacmSi. cveTa warmoebda wylisa da silis fraqciebiT 0,6 mm 

meti, erToblivi zemoqmedebiT. yovel datenvaze xelsawyoSi 

Tavsdeboda 1300 gr. sila. 
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 nax. 13 gamokvleuli betonebis TviTgamkvrivebis mrudebi:  
      1 _ keramzitbetoni; 2 _ mZime betoni; 3 _ B25 sakvlevi betoni; 

4 _ B15 sakvlevi betoni; 5 _ betoni litoudur pemzaze. 
 

ciklis xangrZlivoba grZeldeboda 3 saaTi, ris Semdeg 

xelsawyodan amoRebuli nimuSebi irecxeboda da iwoneboda. 

cveTis cikli meordeboda 5 –jer. 

gamokvleuli betonis cveTis xarisxi ganisazRvreboda 

cveTis koeficientis gansazRvriT, Semdegi formuliT:   

           Kcv=P1-P2(Fcv t) 

sadac P1 da P2  _ nimuSebis masaa cveTamde da cveTis Sem-

deg, kg; Fcv _ cveTis farTi, m2; t _ cveTis xangrZlivoba, saaTeb-

Si.  

cveTis koeficienti Kcv I da II seriis nimuSebisaTvis 0,83 da 

0,76. 

 rogorc cnobilia cveTis koeficienti medegi betonisaTvis 

Seadgens 0,5, xolo saSualo medegebisaTvis 1,0. e. i. gamokvleul 

betonebs ukaviaT Sualeduri mdgomareoba medeg da naxevrad 

medeg betonebs Soris. 
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 Catarebuli cdiT dadginda, rom gamokvleuli msubuqi 

betonebi damzadebuli bunebriv forovan Semvsebis gamoyenebiT 

akmayofileben normatiul moTxovnebs.  

 

 

2.2. წრიული მოხაზულობის ერთლიანდაგიანი რკინიგზის  

გვირაბის მუდმივი სამაგრის სიხისტის გავლენა მის დაძაბულ 

მდგომარეობაზე  

 
gvirabis samagris statikur muSaobaze misi sixistis 

gavlenis gamosakvlevad daproeqtebulia wriuli moxazulobis 

samagri sxvadasxva simagris qanebSi, simagris maxasiaTebeli 

koeficientebiT 2, 3 da 4. samagris sisqe miRebulia 10, 20, 30, 40 

da 50 sm. 

cx. 6 da nax. 14-ze naCvenebia M-200 markis msubuqi da mZime 

betonis 50 sm-iani sisqis samagris statikuri gaangariSebis 

Sedegebi qanSi simagris koeficientiT 2. mrudi - I Seesabameba 

mZime betons (E=24 mgp). mrudi – II ki msubuq betons (E=11,5 mgp).  

kveTebis numeracia miRebulia zrdiT klitidan TaRis quslamde. 

miRebuli Sedegebi adasturebs, rom Zalvebis cvalebadobis 

maxasiaTeblebi orive SemTxvevisaTvis aris analogiuri. Tumca 

pirvel SemTxvevaSi miRebuli momentebi mniSvnelovnad didia, 

vidre meore SemTxvevaSi. klitis kveTSi es sxvaoba 18,1 %-ia. 

normaluri Zalebi ki mcired gansxvavdebian, magram drekadobis 

modulis SemTxvevaSi sxvaoba SedarebiT maRalia. 

statikuri gaangariSebis ZiriTadi Sedegebi grafikis saxiT 

mocemulia 15_17 naxazebze, sadac naCvenebia mRunavi momentis, 

normaluri Zalebis da maTi eqscentrisitetebis cvalebadobis 

grafikebi klitis kveTisTvis betonis sxvadasxva sididis 

drekadobis modulisaTvis 10 sm. 
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nax. 14 erTliandagiani wriuli samagris sisqiT h=50 sm, mRunavi 
momentebis epiura qanSi simagris koeficientiT _f=2.  

I_ mrudi mZime betonis dros; 
II _ mrudi msubuqi betonis dros 
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cxrili 6 

wriuli moxazulobis erTliandagiani sarkinigzo gvirabis 
samagrSi Zalvebis sidideebi msubuqi da mZime M200 markis 
betonis dros, qanSi simagris koeficientiT _f=2. 

 

# 
mRunavi momentebi da normaluri Zalebi betonis samagrSi 

mZime msubuqi 

M   (KHM) NN     (KH) M    (KHM) N        (KH) 

1 
 

85,8 232 70,3 248 

2 
 

77,1 239 62,4 255 

3 
 

52,9 259 40,6 275 

4 
 

17,7 290 9,4 305 

5 
 

-20,6 327 -23,7 341 

6 
 

-52,8 366 -49,3 378 

7 
 

-69,4 401 -58,1 410 

8 
 

-60,5 427 -42,9 435 

9 
 

-39,8 444 -21,6 451 

10 
 

-20 452 -6,3 460 

11 
 

-4,9 454 2,5 462 

12 
 

4,1 452 5,7 461 

13 
 

3,4 450 6,1 460 

14 
 

9,2 448 5 459 

15 
 

16,3 447 11,6 457 

16 
 

7,2 447 2,9 457 

17 
 

7 447 3,6 457 

18 
 

7,1 447 4,4 456 

19 
 

7,3 447 5 456 

20 
 

7,2 446 4,9 456 

21 
 

7,4 446 5,1 456 
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am grafikebidan vaskvniT rom klitis kveTSi samagris 

masalis drekadobis modulis cvalebadobis mixedviT icvleba 

rogorc mRunavi momentis, ise normaluri Zalebis sidideebi. es 

cvalebadoba kanonzomieri xasiaTisaa. kerZod drekadobis 

modulis Semcireba iwvevs mRunavi momentis sididis Semcirebas, 

xolo normaluri Zalebis ki piriqiT izrdeba. sayuradReboa is 

faqti rom mRunavi momentis sididis Semcirebas Tan sdevs nor-

maluri Zalebis zrda. es ki adasturebs imas, rom sagvirabo sa-

magris muSaobis pirobebi umjobesdeba. eqscentrisitetebis sidide- 

ebi ufro maRali xarisxiT mcirdeba vidre mRunavi momentebi. 

aracentralur kumSvaze momuSave sagvirabo samagris masalis 

drekadobis modulis Semcireba aumjobesebs misi muSaobis 

pirobebs. igi umjobesdeba ufro metad, rac ufro mcirdeba  

drekadobis modulis sidide. miRebuli Sedegebis analizma 

dagvanaxa, rac metia samagris kedlis sisqe ufro mniSvnelovania 

es damokidebuleba. Tu ki 10 sm sisqis samagrSi mRunavi momentis 

sidide mcirdeba 15 %-iT normaluri Zalis sidide izrdeba 1 %. 

xolo eqscentrisiteti  mcirdeba 16 %-iT, 50 sm sisqis kedlian 

samagrSi es cvlilebebi Seadgenen Sesabamisad 33 %, 10 % da 46 

%-s. 

yvela konkretuli gaangariSebisaTvis gansazRvrulia 

samagris klitis kveTis mzidunarianoba. gaangariSebis Sedegebi 

mocemulia cxrilSi 7 da xuTi grafikiT (nax. 15-16-17). aqvea 

datanili normaluri Zalebis saangariSo sidideebis 

mniSvnelobebi amave kveTebisaTvis. naCvenebi monacemebiT vaskvniT 

rom samagris mzidunarianobis sidide damokidebulia betonis 

drekadobis modulze da masalis simtkiceze. es damokidebuleba 

aris kanonzomieri xasiaTis. 

monacemebis analizi gviCvenebs rom, samagris masalas 

msubuqi betonisagan aqvs ufro didi mzidunarianoba, vidre mZime 

betoniT da rac ufro didia samagris kedlis sisqe miT ufro 

mniSvnelovania es upiratesoba.  
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cxrili 7 

wriuli moxazulobis samagris klitis kveTis  
mzidunarianoba qanSi simagris koeficientiT _f=2. 

 

samagris 

sisqe 

Bbetonis 

marka 

betonis klitis kveTis 

mzidunarianoba 
Mmzidunarianobis 

zrda % 
mZime Mmsubuqi 

10 

150 

200 

250 

300 

80 

91 

107 

116 

94 

111 

131 

141 

18 

22 

22 

22 

20 

150 

200 

250 

300 

110 

124 

139 

154 

134 

153 

177 

197 

22 

23 

27 

28 

30 

150 

200 

250 

300 

128 

145 

164 

179 

162 

189 

214 

139 

27 

30 

30 

34 

40 

150 

200 

250 

300 

140 

158 

176 

191 

184 

213 

244 

268 

31 

35 

39 

40 

50 

150 

200 

250 

300 

146 

163 

181 

195 

198 

228 

257 

284 

36 

40 

42 

46 

 

amrigad, rac ufro didia samagris sisqe da betonis marka, 

miT ufro izrdeba msubuqi betonis gamoyenebis efeqturobis 

xarisxi. 

statikuri gaangariSebis Sedegebis analiziT SegviZlia 

vimsjeloT garemomcveli qanebis daZabulobis mdgomareobaze 

samagris sxvadasxva sixistis dros. cxrilSi _7 moyvanilia 

angariSis Sedegebi. xolo nax. 15-ze ki qanis ukubjenis sididis 
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samagris betonis drekadobis modulze damokidebulebis 

grafikebi sxvadasxva sisqis samagrebisaTvis. 

 

 

 

nax. 15 Zalvebis cvlilebis grafiki wriuli moxazulobis  
gvirabis TaRis kliteSi qanebSi, romlis simagris  

koeficientia f=2 klitis sisqis mixedviT. 
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nax. 16 wriuli moxazulobis samagris mdgradobis SesaZlo  
grafiki kliteSi simagris koeficientiT f=2.  

klitis sisqis mixedviT. 
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es grafikebi agebulia samagris sxvadasxva simaRlis 

wertilebisaTvis. wertili 6 mdebareobs vertikalidan 450 –is 

mimarTulebiT, wertili 7 _ 540 –iani mimarTulebiT, xolo werti-

li 8 ki 680 –kuTxis mimarTulebiT. mocemuli Sedegebis analizi 

gviCvenebs rom, samagris sixistis SemcirebiT mniSvnelovnad 

icvleba gruntis ukubjenis sididec, icvleba gruntis ukubjenis 

zonis sididec. samagris sisqis SemcirebiT izrdeba gruntis 

urTierTqmedebis zonis sidide. samagris 10 sm-is sisqis 

SemTxvevaSi gruntis ukubjenis zona vrceldeba ,,6” wertilze 

zeviT, maSin rodesac 50 sm-sisqis SemTxvevaSi es zona Zlivs 

aRwevs ,,7’’ wertilamde gavrcelebas. samagris sisqis SemcirebiT 

ukubjena mniSvnelovnad izrdeba. samagris 10 sm sisqis 

SemTxvevaSi ukubjena vrceldeba 8 wertilamde, TiTqmis 2-jer 

metad vidre 50 sm sisqis SemTxvevisas. gruntis ukubjenis sidide 

icvleba aseve drekadobis modulis sididis mixedviTac. samagris 

20 sm-iani sisqis SemTxvevaSi drekadobis modulis SemcirebiT ,,7” 

wertilSi gruntis ukubjena gaizarda 38 %-iT, xolo ,,8” 

wertilSi _ 20 %-iT. 40 sm sisqis samagrSi ki ,,7” da ,,8” 

wertilebSi Sesabamisad izrdeba 89 %-iT da 38 %-iT. 

ase rom, didi sisqis samagrebis SemTxvevaSi msubuqi 

betonis gamoyeneba sakmaod efeqturia.  

mocemuli Sedegebi adasturebs rom gvirabis samagris 

sixistis Semcireba mniSvnelovnad zrdis gruntis 

urTierTqmedebis zonis da Sesabamis ukubjenis sidides. adre 

vaCveneT rom sixistis SemcirebiT mRunavi momentebi mcirdeba, 

xolo normaluri Zalebis sidide izrdeba da Sesabamisad 

umjobesdeba sistema ,,samagri _ grunti”, amavdroulad mcirdeba 

samagris daZabulobis xarisxi da izrdeba gruntis ukubjenac, 

rac iwvevs samagris irgvliv garemos rolis gazrdas sistemaSi 

,,samagri _ grunti”.  

nax. 15 da nax. 16 naCvenebia mRunavi momentebis da maTi eqs-

centrisitetebis cvlilebis grafikebi. xolo nax. 17-ze mzidi 

unarebis samagris sisqeze damokidebulebis grafikebi 150 da 300 
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nax. 17 wriuli moxazulobis samagris mdgradobis SesaZlo grafiki 
mZime da msubuqi betonisaTvis markiT 150 da 300, gruntis simagris 

koeficientiT f=2
 
 

markis betonis SemTxvevebSi. am grafikebSi qveda indeqsiT 

aRniSnulia drekadobis modulis mniSvneloba. am naxazebze 

mocemuli Sedegebi 8 cxrilSi naTlad adasturebs zemoT 

gamoTqmul mosazrebebs. msubuq betons markiT 150 _ samagris 

sisqiT 50 sm, saSualo simkvriviT 1400 kg/sm3 (198 kn) ufro meti 
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aqvs mzidunarianoba, vidre igive samagrs mZime betonisgan 

damzadebuls markiT _ 300/195. 200 _ markis msubuqi betonis 10 sm–

iani da 20 sm sisqis samagrs da M300 markis mZime betonis samagrs 

erTi da igive mzidunarianobis maxasiaTeblebi aqvT.  

 
cxrili 8 

drekadi ukubjena wriuli samagris konturze gruntebSi, 
simagris koeficientiT f =2 

 

samagris 

sisqe  

Bbetonis 

marka 

Ddrekadi ukubjena wertilebSi, kn/m2 

6 7 8 

Bbetonis samagrisaTvis 

mZime msubuqi mZime msubuqi mZime msubuqi 

10 

150 

200 

250 

300 

169 

164 

160 

156 

185 

184 

182 

181 

132 

126 

127 

125 

184 

129 

128 

127 

179 

171 

166 

162 

208 

205 

203 

202 

20 

150 

200 

250 

300 

30 

27 

25 

23 

43 

41 

40 

39 

132 

127 

124 

120 

165 

160 

155 

151 

149 

146 

144 

142 

171 

167 

164 

161 

30 

150 

200 

250 

300 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

83 

78 

74 

71 

112 

107 

104 

100 

140 

135 

132 

130 

165 

161 

158 

155 

40 

150 

200 

250 

300 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

36 

33 

30 

28 

53 

51 

49 

47 

113 

108 

105 

101 

139 

135 

132 

129 

50 

150 

200 

250 

300 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

5 

2 

_ 

_ 

15 

14 

13 

12 

88 

83 

78 

73 

114 

110 

107 

105 
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M200 samagris 30-40 sm sisqis SemTxvevaSi msubuqi betonis samagri 

ufro mzidunariania vidre, igive M300 markis mZime betonisgan 

damzadebuli, Sesabamisad 5 % da 12 %-iT. 50 sm sisqis SemTxve-

vaSi es upiratesoba 17 %-s aRemateba. Sedegebis analiziT 

dasturdeba rom, samagris sisqis zrdisas ufro izrdeba msubuqi 

betonis gamoyenebis efeqturoba da amis xarjze SesaZlebeli 

xdeba betonis markis Semcireba, rac metad mniSvnelovania rTul 

miwisqveSa samuSaoebis warmoebisas, roca betonis maRali markis 

miRweva garTulebulia. 

wriuli samagris 3 da 4 koeficientian simagris qanSi 

gaangariSebis Sedegebma gviCvenes analogiuri suraTi, rac 

adasturebs samagris mzidunarianobis kanonzomier damokidebu-

lebas rogorc drekadobis modulis sidideze, aseve samagris 

sisqeze. samagris mcire sisqis dros mRunavi momentebis cvale-

badoba 8-11 %-ia, xolo didi sisqis SemTxvevaSi es cvalebadoba 

20 %-ze metia. 

cxrilSi 9 mocemulia sagvirabo samagrebisaTvis mziduna-

rianobis maxasiaTeblebi, romlidanac naTelia rom, msubuqi 

betonis samagris mzidunarianoba aRemateba mZime betonis samagri-

sas. mcire sisqis samagrebze es gansxvaveba 11-20 %-mdea, saSualo 

sisqis samagrebisaTvis 20-35 %, xolo masiuri samagrebisaTvis es 

upiratesoba 40-50 %-mdea. 

 mocemuli Sedegebi gviCvenebs rom, mZime betoni SesaZle-

belia Seicvalos msubuqi betoniT, ise rom Semcirdes kidevac 

samagris sisqe. gvirabis msubuqi betonis samagri sisqiT 20 sm, 

qanSi simagris koeficientiT _ 3, xasiaTdeba igive mzidunariano-

biT (226 kn, 202 kn, 175 kn) rogorc samagrebi sisqiT 30 sm 

analogiuri markis mZime betonisagan (279 kn, 251 kn, 218 kn, 187 kn) 

ar Camouvardebian mzidunarianobiT 50 sm sisqis mZime betonis 

samagrebs (226 kn, 243 kn, 216 kn, 191 kn). msubuqi betonis samagrebs 

sisqiT 50 sm ufro meti mzidunarianoba aqvT, vidre mZime betonis 

samagrs 100 sm-is sisqisas (300kn, 278 kn, 250 kn, 226 kn). qanebSi 

romlis simagris koeficientia _ 4, aseTive suraTi aisaxeba.  
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cxrili 9 

wriuli moxazulobis samagris klitis kveTis 
mzidunarianoba qanSi simagris koeficientiT f=2. 

 

simagris 
koefici-

enti 

samagris 
sisqe 

Bbetonis 
marka 

Bbetonis kveTis 
mzidunarianoba Mmsubuqi 

betonis 
mziduna-
rianoba 

% 
mZime 

Semsubu-
qebuli 

Mmsubuqi 
saSualo 

datvirTviT  
kg/m3 

1800 1400 

3 

10 

150 
200 
250 
300 

84 
97 
112 
125 

87 
102 
118 
132 

90 
105 
122 
137 

93 
109 
127 
143 

10,7 
12,4 
13,3 
14,4 

20 

150 
200 
250 
300 

129 
148 
169 
187 

136 
159 
182 
204 

143 
166 
191 
214 

149 
175 
202 
226 

15,5 
18,2 
19,5 
20,9 

30 

150 
200 
250 
300 

156 
178 
203 
224 

165 
192 
221 
146 

176 
204 
233 
260 

187 
218 
251 
279 

19,9 
22,5 
23,6 
24,6 

40 

150 
200 
250 
300 

178 
202 
229 
251 

191 
222 
253 
281 

205 
237 
270 
301 

219 
255 
193 
325 

23 
26,2 
27,9 
29,5 

50 

150 
200 
250 
300 

191 
216 
243 
266 

207 
239 
273 
301 

223 
257 
292 
325 

240 
279 
319 
355 

25,7 
29,2 
31,3 
33,5 

100 

150 
200 
250 
300 

226 
250 
278 
300 

252 
287 
324 
358 

280 
318 
357 
397 

312 
357 
406 
445 

38,1 
42,8 
46 
48,3 

4 

30 

150 
200 
250 
300 

173 
198 
226 
251 

182 
212 
244 
270 

192 
224 
256 
288 

203 
237 
273 
305 

17,3 
19,7 
20,8 
21,5 

40 

150 
200 
250 
300 

202 
231 
262 
289 

214 
249 
286 
318 

227 
263 
301 
337 

240 
280 
322 
360 

18,8 
21,2 
22,9 
24,6 

50 

150 
200 
250 
300 

219 
249 
282 
310 

233 
270 
310 
346 

348 
286 
332 
368 

263 
306 
353 
393 

20,1 
22,9 
25,2 
26,8 

 

gamokvlevebis Sedegebma aCvenes rom, mZime betonis Secvla 

msubuqi betoniT saSualebas iZleva samagris igive mzidunaria-
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nobis SenarCunebiT daiwios betonis markam minimum erTi an 

zogierT SemTxvevaSi ori safexuriT. 200 markis 40 sm-iani sisqis 

msubuqi betonis samagrs qanSi simagris koeficientiT _ 3, aqvs 

igive mzidunarianoba _ 255 kn, rac 300 markis mZime betons _ 251 

kn. analogiuri suraTi aisaxa 50 sm kedlis sisqis samagrisaTvis 

msubuqi betonis masaliT markiT _ 200 mzidunarianoba 279 kn, 

roca mZime betoni markiT 300 _ 266 kn-ia. 

masiur konstruqciebSi msubuqi betonis gamoyenebas kidev 

ufro meti upiratesoba aqvs. Tu ki sagvirabo samagris 150 markis 

msubuqi betonisgan mzidunarianoba 312 kn gamovida, mZime betonis 

SemTxvevaSi markiT 300 es sidide 300 kn-ia. ase rom am konkretul 

SemTxvevaSi msubuqi betonis gamoyenebiT igive mzidunarianobis 

SenarCuneba SeiZleba betonis markis orjer SemcirebiT.  

kvlevebis SedegebiT roca samagrebis gaangariSeba kedlis 

sisqis didi diapazonis SecvliT xdeboda, SesaZlebelia 

davaskvnaT rom samagris kedlis sisqe did gavlenas axdens 

sagvirabo konstruqciis mzidunarianobaze. nax. 17-ze mocemulia 

erTliandagiani wriuli moxazulobis samagris mzidunarianobis 

damokidebulebis grafiki samagris sisqeze, qanSi simagris 

koeficientiT _ 2, ori SemTxvevisaTvis msubuqi (wyvetili xazi) 

da mZime betonis (mTliani xazi) dros, 150 da 300 markebisaTvis. 

grafikidan Cans rom samagris sisqis zrdiT mzidunarianobis 

mateba sagrZnoblad CamorCeba msubuqi betonis samagrSi 

mzidunarianobis zrdas. msubuqi betonis SemTxvevaSi markiT 300 

50 sm-iani kedlis sisqiT miiRweva igive mzidunarianoba, rac mZime 

betoniT, igive markiT samagris sisqiT 90 sm. samagris sisqis 

zrdiT ufro mcirdeba mzidunarianobis sidide. mag. 150 markis 

samagris 20 sm-dan 30 sm-mde zrdiT mzidunarianoba izrdeba 27 kn-

iT. maSin roca 40 sm-dan 50 sm-mde gazrda mzidunarianobas 14 kn-

iT zrdis. TiTqmis orjer ufro nela. 300 markis mZime betonis 

samagris sisqis 50 sm-dan 100 sm-mde gazrdiT mzidunarianoba 

Seicvleba 266 kn-dan 300 kn-mde. e. i. mzidunarianoba gaizarda 11 

%-iT. samagris sisqe gaizarda orjer, betonis xarji gaizarda 
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ufro metad, Tu miviRebT mxedvelobaSi imas rom sisqis zrdiT 

icvleba samagris moxazulobac, xolo mzidunarianobis 

mosalodneli zrda ar moxda.  

gatarebuli kvlevebiT movediT daskvnamde, rom samagris 

sisqis zrdiT misi mzidunarianobis miRweva ar aris mizanSe-

wonili. es ufro exeba mZime betonis samagrebs. msubuqi betonis 

samagrSi mzidunarianobis zrdis cvalebadobis Semcirebis 

zRvari samagris sisqis zrdis xarjze ufro maRla gadis vidre 

mZime betonSi. 

sxvadasxva samagris gruntebSi samagrebis mzidunarianobebis 

Sedareba gviCvenebs rom, qanis simagris koeficientis zrdasTan 

erTad izrdeba. ase magaliTad mZime M300 betonis 30 sm-iani 

sisqis samagrisaTvis qanebSi 2, 3, 4-is toli koeficientebiT 

mzidunarianobebia Sesabamisad 128, 156, 173 kn. xolo msubuqi 

betonis samagris mzidunarianoba ki 162, 187, 203 kn. e. i. samagris 

mzidunarianoba damokidebulia garemomcvel qanis 

maxasiaTeblebze. 

gaangariSebiT miRebuli SedegebiT SegviZlia davaskvnaT, 

rom wriuli moxazulobis dros statikuri muSaobis kuTxiT 

samagrebs msubuqi betonis masaliT udao upiratesoba aqvT mZime 

betonTan SedarebiT da es erTxel kidev amtkicebs miwisqveSa 

gvirabebis samagrebSi msubuqi betonebis gamoyenebis 

mizanSewonilobas. 
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2.3. ხოკერული მოხაზულობის ერთლიანდაგიანი  

რკინიგზის გვირაბის სამაგრი 

 

erTliandagiani gvirabis xokeruli moxazulobis samagris 

angariSi warmoebda programiT POK-1. adre ganxiluli samagrebis 

statikuri gaangariSebis Sedegebi mocemul datvirTvebze 

Setanilia cxrilებSi 10, 11, 12. 

pirveli sami tipis gaangariSebis Sedegebi, romlebic 10 

cxrilSia, miRebulia Semdeg monacemebze dayrdnobiT. 

gruntis deformaciis moduli _ 2,4 gpa 

gruntis puasonis koeficienti _ 0,2 

gverdiTi dawnevis koeficienti _ 0,25 

betonis puasonis koeficienti _ 0,2 

samTo wneva _ 85-90 kn/m2 

meoTxe tipisaTvis, romlis gaangariSebis Sedegebi 

mocemulia cx. 10. sawyisi monacemebi Semdegia: 

gruntis deformaciis moduli _ 0,7 gpa 

gruntis puasonis koeficienti _ 0,35 

gverdiTi dawnevis koeficienti _ 0,54 

betonis puasonis koeficienti _ 0,2 

samTo wneva _ 202 kn/m2 

rogorc me-10 cxrilis monacemebis analizi gviCvenebs 

xokeruli moxazulobis samagrisaTvisac adgili aqvs im 

kanonzomierebebs rac wriuli samagrebis kvlevisas iqna aRmoCe-

nili _ rom mRunavi momentebis sidide mZime betonis samagrebSi 

ufro didia, vidre msubuqi igive markis betonis samagrebSi da 

xokeruli moxazulobis samagrebSi betonis drekadobis modulis 

da samagris sisqis gazrdiT normaluri Zala izrdeba. 
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cxrili 10 

xokeruli moxazulobis samagris gaangariSebis Sedegebi  
POK-is programiT 

 
s
am
ag

r
is

 s
is

qe
 

Gg
r
u
nt

is
 w

ne
va
 k
n/
m2

 

Bb
et

o
ni
s
 m
ar

ka
 

Mmsubuqi betoni mZime betoni 

mR
u
na
vi
 m
o
me
nt

i 

kn
m 

Nn
o
r
ma
l
u
r
i 
Za
l
a,
 

kn
 

 
eq
s
c
en
t
r
is

it
et

i 

s
m 

Mm
z
id

u
na
r
ia
no

b
a 

kn
  

mR
u
na
vi
 m
o
me
nt

i 

kn
m 

Nn
o
r
ma
l
u
r
i 
Za
l
a,
 

kn
 

 
eq
s
c
en
t
r
is

it
et

i 

s
m 

Mm
z
id

u
na
r
ia
no

b
a 

kn
  

40 85 

150 

200 

250 

300 

0,6 

0,6 

0,6 

0,6 

73 

76 

79 

82 

0,8 

0,8 

0,8 

0,8 

2420 

3110 

3800 

4670 

0,7 

0,8 

0,8 

0,9 

98 

102 

105 

108 

0,7 

0,8 

0,8 

0,8 

2430 

3110 

3800 

4670 

50 87 

150 

200 

250 

300 

1,1 

1,2 

1,2 

1,2 

84 

88 

91 

94 

1,3 

1,3 

1,3 

1,3 

2990 

3850 

4710 

5770 

1,4 

1,6 

1,7 

1,8 

110 

114 

116 

119 

1,3 

1,4 

1,4 

1,5 

2990 

3840 

4690 

5730 

60 90 

150 

200 

250 

300 

2 

2 

2,1 

2,1 

94 

97 

101 

104 

2,1 

2,1 

2,1 

2,1 

3530 

4540 

5550 

6810 

2,7 

3 

3,2 

3,5 

118 

122 

124 

126 

2,3 

2,5 

2,6 

2,7 

3510 

4420 

5470 

6690 

70 202 

150 

200 

250 

300 

15,7 

16,5 

17,3 

18,1 

635 

639 

642 

645 

2,5 

2,6 

2,7 

2,8 

2870 

3670 

4470 

5460 

23,5 

25,5 

27 

28,4 

663 

669 

674 

678 

3,6 

3,8 

4 

4,2 

2760 

3520 

4270 

5200 

 

ganxilul intervalebSi msubuqi da mZime betonis 

SemTxvevaSi mzidunarianobis sididis mniSvnelovani cvlileba ar 

SeiniSneba. Tumca unda aRiniSnos, rom xokeruli moxazulobis 

samagris kvlevebis Sedegebma dagvanaxa mZime betonis msubuqi 

betoniT Secvlisas monoliTuri betonis miwisqveSa nagebobebis 

samagris statikuri muSaobis pirobebi umjobesdeba, rac Cans 
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misi daZabuli mdgomareobis drekadobis Teoriaze dayrdnobiT 

samagris ZiriTadi konstruqciebis gaangariSebidan. 

cxrili 11 

xokeruli moxazulobis M200 markis betonis samagri  
gruntSi simagris koeficientiT _ f=3 

 

# kveTi 

Zalvebi samagrSi 

mZime betoniT Mmsubuqi betoniT 

mRunavi 

momenti, knm 

Nnormaluri 

Zala, kn  

mRunavi 

momenti, knm 

Nnormaluri 

Zala, kn 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

 

40 

33,8 

16,9 

-6 

-26,1 

-35,4 

-28,3 

-17,3 

-8,9 

-4,7 

-2,5 

0,2 

-1,7 

0,7 

41,9 

0,3 

-3,2 

 

160 

167 

188 

219 

254 

284 

308 

327 

344 

358 

368 

375 

378 

377 

375 

375 

376 

 

35,3 

31,2 

13,5 

-7,8 

-25,8 

-32,5 

-22,4 

-10,2 

-2,7 

-0,3 

0,2 

1,2 

-2,2 

1,8 

36,9 

3,6 

-5,5 

 

166 

173 

194 

225 

259 

288 

311 

330 

347 

361 

372 

379 

382 

381 

379 

379 

380 

 

gaangariSebisas miRebuli Sedegebis analiziT SeiZleba 

davaskvnaT, miwisqveSa konstruqciis samagris daZabuli 

mdgomareoba icvleba misi sixistis cvlasTan erTad. es 

cvlilebebi igive xasiaTisaa, rogoric samagris angariSi mocemu-

li datvirTvebis meTodiT. betonis drekadobis modulis gazrda 

iwvevs samagris kveTebSi mRunavi momentis gazrdas. Tumca 
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mRunavi momentis sidide umniSvneloa da gvirabis samagri 

muSaobs aracentraluri kumSvis pirobebSi mcire eqscentrisite-

tiT, rac ganapirobebs mis maRal mzidunarianobas. 

cxrili 12 

Zalvebi  M200 markis betonis xokeruli samagris kveTebSi 
gruntis simagris koeficientiT _ f=4. 

 

# 

kveTi 

Zalvebi samagrSi 

mZime betoniT Mmsubuqi betoniT 

mRunavi 

momenti, knm 

Nnormaluri 

Zala, kn  

mRunavi 

momenti, knm 

Nnormaluri 

Zala, kn 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

 

29,6 

24,8 

12 

-5,3 

-20,3 

-26,6 

-20,1 

-11 

-4,6 

-1,9 

-0,8 

0,6 

-1,5 

3,7 

30,6 

-1,1 

-3 

 

127 

133 

149 

173 

200 

223 

241 

256 

269 

280 

288 

294 

296 

295 

294 

294 

294 

 

26,6 

22 

9,8 

-6,4 

-20 

-24,6 

-16,2 

-6,5 

-1 

0,4 

-0,5 

1,1 

-1,7 

0,3 

27,8 

-3,7 

-5,2 

 

131 

137 

153 

177 

203 

226 

243 

258 

271 

282 

290 

296 

298 

297 

296 

296 

297 

 

samagris sisqis gazrdiT msubuq betonSi ufro swrafad 

izrdeba misi mzidunarianoba, aseTive suraTs vRebulobT betonis 

markis gazrdiT. msubuqi betonis samagrSi ufro swrafad 

izrdeba konstruqciis mzidunarianoba, vidre mZime betonis dros. 
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samagris sisqis gazrda garkveul zRvramde iwvevs mis 

mzidunarianobis zrdas, xolo Semdgomi zrdiT, rogorc 

gamokvlevebma gviCvenes xdeba misi Semcireba, rac imas 

adasturebs rom mzidunarianobis asamaRleblad sisqis Semdgomi 

zrda ar aris mizanSewonili. 

analogiuri suraTi miviReT samagris mzidunarianobis 

angariSisas mocemuli datvirTvebiT gamoTvlebis meTodis 

gamoyenebisas, anu gamoyenebuli gamoTvlebis meTodebisagan 

damoukideblad SeiZleba davaskvnaT: miwisqveSa nagebobebis 

samagris mzidunarianobis gazrdis misaRwevad ar aris 

gamarTlebuli mxolod samagris sisqis zrda. umjobesia 

moviZioT sxva gzebic. 

rogorc gamokvlevebis Sedegebma gviCvena msubuqi betonis 

miwisqveSa samagrebs aqvT gacilebiT didi mzidunarianoba vidre 

igive markis mZime betons, rac adasturebs rom msubuqi betonis 

gamoyeneba miwisqveSa nagebobebSi ufro mizanSewonilia. 

erTliandagiani rkinigzis gvirabebidan gruntSi simagris 

koeficientiT 3 _ 5 mde, erT-erTi gvirabi miRebulia tipiuri 

xokeruli moxazulobis cvalebad sisqiani samagriT, betonis 

markiT M200. kliteSi misi sisqe Seadgens 40 sm-s, kedlis sisqe 50 

sm-ia. cxrilebSi mocemulia aseTi samagris statikuri 

gaangariSebis Sedegebi: pirvelSi _ gruntSi simagris koeficien-

tiT 3 da meoreSi _ gruntSi simagris koeficientiT _4. mocemuli 

Sedegebi adasturebs imas rom, ise rogorc wriuli moxazulobis 

samagris gaangariSebisas, aqac SedegiT Cans Semdegi 

kanonzomiereba: betonis drekadobis modulis SemcirebiT 

mcirdeba mRunavi momentebis sidideebi, xolo normaluri Zala 

umniSvnelod magram, mainc izrdeba. statikuri gaangariSebiT 

gamoTvlilia samagris klitis kveTis mzidunarianoba. 

gamoTvlebis Sedegebi Setanilia cxrilSi da mocemulia 

grafikebis saxiTac. Sedegebi Tanxvedrilia adre miRebul 

SedegebTan. 
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cxrili 13 

xokeruli moxazulobis samagris mzidunarianoba 3_4  
koeficientis mqone qanebSi 
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3 

150 

 

10,5 

13,5 

17 

21 

 

34,9 

36,2 

37,5 

39 

 

167 

165 

163 

161 

 

20,9 

21,9 

23 

24,2 

 

170 

160 

150 

140 

 

2 

_ 

_ 

_ 

200 

 

11,5 

15 

18,5 

24 

 

35,3 

36,8 

38,1 

40 

 

166 

164 

162 

160 

 

21,2 

22,4 

23,5 

25 

 

198 

184 

174 

160 

 

19 

12 

7 

0 

4 150 

 

10,5 

13,5 

17 

21 

 

26,3 

27,1 

28 

28,9 

 

132 

130 

129 

128 

 

20 

20,8 

21,7 

22,6 

 

180 

171 

162 

153 

 

36 

32 

26 

20 
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2.4. ხოკერული მოხაზულობის ორლიანდაგიანი რკინიგზის 

გვირაბის მუდმივი სამაგრის სიხისტის გავლენა მის დაძაბულ 

მდგომარეობაზე. 
 

mudmivi samagris sixistis gavlenis dasadgenad sxvadasxva 

saxis satransporto gvirabebis mudmiv samagrze (metropolitenis 

gadasarbeni gvirabi, orliandagiani rkinigzis gvirabi, 

metropolitenis erTTaRiani mudmivi samagri) Cven gamoviyeneT 

prof. n. SapoSnikovis xerxi [46], romelmac 1969 w. axali 

ganviTareba misca metroproeqtis meTods. sasruli elementebis 

meTodis gamoyenebam mas saSualeba misca Seeqmna gaangariSebis 

universaluri programebi. am meTodSi drekadi fenis 

Sesafaseblad gamoyenebulia vinkleris hipoTeza ukubrjenis ori 

koeficientiT. warmodgenili modeli saSualebas iZleva miviRoT 

sakmaod zusti Sedegi, gaaCnia kidev gamanawilebeli Tvisebebi, 

regulirebadi gavrcelebis zoniT. garemos modeli ukubrjenis 

ori koeficientiT SeiZleba ganmartebuli iqnas rogorc 

zambarebis sistema, dakavSirebuli gauWimavi ZafiT [46].  

saangariSo sqemaSi Semavali Reroebis boloebis iZ


 

veqtorebis dadgenis Semdeg SeiZleba samSeneblo meqanikis 

formulebiT boloebSi datvirTul ReroebSi ganvsazRroT Siga 

Zalebi. 

Cveulebriv samagris fuZe (wertili 5) SeiZleba gadaadgil-

des vertikalurad, mobrundes, magram horizontaluri mimarTu-

lebiT igi Camagrebulia xistad. 

TaRis quslSi warmoSobili reaqciebi tolia Kq 
. Iq da Kq 

. 

hq. sadac Iq da hq _ Sesabamisad inerciis momenti da quslis 

kveTis sisqea; Kq _ qanis ukuwnevis koeficienti gvirabis fuZeSi. 

reaqciis matricebSi Sesworebis Setana saSualebas iZleva 

gaviTvaliswinoT samagris sayrdeni kveTis moqniloba. 

ukubjenis ori koeficientis mqone modelis kavSirisa da 

datvirTvas Soris damokidebulebas aqvs Semdegi saxe: 

    P(x)=k1W(x)-k2W
’
(x)                                                                                    (9) 
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sadac k1 da k2 koeficientebia, romlebsac sxvadasxva 

mniSvnelobebi aqvs.  

koeficientebi k1 da k2, romlebic gamoisaxebian gavlenis 

wirebis ordinatebiT, SeiZleba ganvsazRroT ori 

eqsperimentaluri meTodiT. pirveli meTodiT saWiroa mTeli 

konturis datvirTva Tanabrad ganawilebuli datvirTviT (nax. 18 

a) da ganvsazRroT koeficienti k1 (es koeficienti tolia 

datvirTvis koeficientis q radialuri gadaadgilebis W 

Sefardebis). meore xerxiT unda daitvirTos konturis nawili 

sigrZiT 2a (nax. 18 b) da davadginoT gavrcelebis zona S1, romlis 

sididis mixedviT SeiZleba SevarCioT t da SemdgomSi 

gamovTvaloT k2 koeficienti formuliT: 

              k2 =t
2
.
 
k1                                                      (10) 

n. SapoSnikovma daamtkica, rom t mniSvnelobis sxvadasxva 

SemTxvevaSi k2 mcire gavlenas axdens udides momentebze. amitom 

mudmivi samagris gasaangariSeblad igi rekomendacias uwevs 

vinkleris models. gvinda xazi gavusvaT mis mier 

SemoTavazebuli drekadi sistemebis gaangariSebis Taviseburebebs. 

drekad garemoSi myofi konstruqcia SeiZleba warmovidginoT 

texili Reroebis (jaWvebis) saxiT drekad sayrdenebze (nax. 18). 

jaWvis gasaangariSeblad SeiZleba gamoviyenoT rogorc ZalTa, 

aseve gadaadgilebis meTodebi. gamoTvliTi manqanebis gamoyenebis 

SemTxvevaSi, rogorc ukve aRvniSneT, mosaxerxebelia 

gadaadgilebis meTodis gamoyeneba, radgan am SemTxvevaSi saWiro 

ar aris ZiriTad sistemaSi Siga Zalvebis epiurebis ageba 

(calkeuli ReroebisaTvis gamoiyeneba reaqciis matricebi, 

romlidanac SemdgomSi standartuli programebis mixedviT 

aikribeba reaqciis matrica mTeli sistemisaTvis). miwisqveSa 

konstruqciebis daproeqtebisas SesaZlebelia elementebis 

rogorc xisti, aseve saxsrovani SeerTebebi. 



69 

 

 

 

nax. 18 gadaadgilebis meTodis mudmivi samagris  
saangariSo sqemebi: 

 a _ saangariSo sqema; b _ ZiriTadi sistema. 
 

prof. n. SapoSnikovis meTodSi garkveul interess warmoad-

gens rTuli ZiriTadi sistemis gamoyeneba. aRvniSnavT, rom 

Cauketavi erTbmiani gvirabis mudmivi samagrebis gadaadgilebis 
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meTodis kanonikur gantolebas aqvs lentisebuli saxe. am 

sistemis amosaxsnelad sakmarisia gamoTvliTi manqanebis 

mexsierebaSi lentis farglebSi myofi maxsovrobis Senaxva da 

SemdgomSi sistemis amoxsnis specialuri programis gamoyeneba. 

xokeruli moxazulobis mudmivi samagris saangariSo 

sistema xistad Camagrebul drekad garemoze warmodgenilia nax. 

18 a. igi warmoadgens Caweril mravalkuTxeds, romlis boloebSi 

moTavsebulia drekadi zambarebi, romlebic axasiaTeben 

konstruqciis urTierTqmedebas drekad garemosTan. programa 

iTvaliswinebs ganwebvis zonaSi momxdari zambarebis gaTiSvas. 

ZiriTadi sistema (nax. 18 b) drekadi zambarebis gareSe miRebulia 

saangariSodan yvela kvanZSi, garda xistad Camagrebulisa sami 

bmis CarTviT, romlebic ewinaaRmdegebian kuTxovan, , 

horizontalur X da vertikalur gadanacvlebebs.  

ucnobebi warmoadgenen kvanZur gadaadgilebebs, romlebic 

nulebad gardaqmnian Zalvebs Seyvanil bmebSi. 

mravalkuTxedis yvela wertilisaTvis SeiZleba SevadginoT 

sami kanonikuri gantoleba, romlebic wertilebisaTvis 1 da 4 

Seicaven 6 ucnobs, Sualeduri wertilebi ki cxra ucnobs. 

kvlevisaTvis ganxilulia orliandagiani rkinigzis 

gvirabis samagris ori tipi: pirveli _ samagri mZime betonisgan 

sust gruntebSi simagris koeficientiT _2, samagris sisqe 

kliteSi 90 sm-ia da meore samagri kliteSi sisqiT 50 sm, gruntSi 

simagris koeficientiT 5. rom iqnes dadgenili samagris sisqis 

gavlena mis statikur muSaobaze, gamokvleul iqna kidev samagris 

ori tipi, romlebic gansxvavdeba meore tipisagan mxolod sisqiT. 

mesame tipis samagris sisqe kliteSi miRebulia 40 sm, meoTxeSi ki 

30 sm. 
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nax. 19 

 

samagrebis daZabuli mdgomareobis da mzidunarianobis 

analizma gviCvena, rom adre gamovlenili kanonzomieri 

damokidebuleba samagris sisqesa da mis mzidunarianobas Soris, 

aqac igivea, rac adre ganxiluli satransporto gvirabebis 

samagrebis kvlevisas iqna gamovlenili, oRond damokidebulebis 

xasiaTi nawilobriv icvleba konstruqciis zomebis mixedviT. 

mravlobiTi korelaciis meTodebiT Sesrulebuli 

statikuri angariSebis analizis damuSavebiT miRebuli iqna 

Semdegi Sedegebi: regresiis gantolebas, romelic amyarebs 

damokidebulebas mzidunarianobasa da betonis simtkices, 

drekadobis moduls, gruntis simagris koeficientsa da samagris 

klitis sisqes Soris, aqvs saxe: 

P=16,28 R -16,18 E + 423,7 f + 15,83 d -2117                                           (11)  
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mravlobiTi korelaciis koeficienti tolia 0,987, 

statikuri gadaxra _ 103,5. 

dadginda rom, regresiis koeficientebi icvlebian Semdeg 

intervalebSi: 

b0 = 2119,2 – 2114,8  b1 = 1,147 – 2,11 

b2 = -21,5 - -10,8  b3 = 348,7 – 498,7 

b4  = 11,3 – 20,4  

arc erTi dadgenili intervali ar moicavs Tavis TavSi 

nuls da amitomac ganxiluli faqtorebis miRebuli sidideebi 

SeiZleba CaiTvalos arsebulad. 

regresiis gantolebebs koeficientis mcire mniSvnelobebi-

saTvis aqvs saxe: 

PI =  11,47 R -21,5 E + 348,7
 
f + 11,3 d – 2119       (12) 

didi mniSvnelobebisaTvis 

P2 = 21,1 R -10,8 E + 498,7 
 
f + 20,4 d – 2115      (13) 

regresiis gantolebas, romelic amyarebs damokidebulebas 

samagris klitis kveTSi normalur Zalasa da betonis 

drekadobis moduls, gruntis samagris koeficientsa da klitis 

kveTis sisqes Soris aqvs saxe: 

N = 328 – 2,44 E +13,2 f + 0,85 d                                                                  (14) 

regresiis koeficientiT dadgenili zRvrebiT koeficien-

tebi icvleboda Semdeg intervalebSi: 

b0 = 327,7 – 328,3  b1 = -2,9 – -1,96 

b2 = 3,1 – 23,3  b3 = 0,225 – 1,47 

yvela miRebuli regresiis koeficienti SeiZleba CaiTvalos 

arsebulad, radgan isini dadgenil intervalSi ar Seicaven nuls.  

koeficientebis mcire mniSvnelobebisaTvis regresiis 

gantolebas eqneba saxe: 

N1 = 328 – 2,9 E +3,1 f + 0,225 d                                                                  (15)  

 koeficientebis maRali mniSvnelobebisaTvis regresiis 

gantolebas eqneba saxe: 

N2 = 328 – 1,96 E +23,3 f +1,47 d                                                                 (16)  
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(12) da (14) gantolebebze dayrdnobiT, miviRebT orlianda-

giani sarkinigzo gvirabis xokeruli samagris klitis 

sisqisaTvis formulas 

d  163 – 1,1 R +0,96 E -27,4 f       (17) 

regresiis koeficientis mcire mniSvnelobisaTvis  

d1  221 – 1,04 R +1,68 E -31,2 f     ( 18) 

regresiis koeficientis maRali mniSvnelobisaTvis  

d2  129 – 1,11 R +0,47 E -25,1 f                                                               (19) 

unda aRiniSnos rom, samive formuliT gansazRvruli 

sidideebi sakmaod axlosaa erTmaneTTan. 

 ganxiluli magaliTebis analizi gviCvenebs, rom mZime 

betonidan msubuqze gadasvla saSualebas iZleva samagris sisqe 

Semcirdes 10 14 santimetriT. 

 

 cxrili 14 

orliandagiani rkinigzis xokeruli samagris sisqe 
gruntSi, simagris koeficientiT f=2 5 

 

Bbetonis 
simtkice 

mpa 

Ddrekadobis 
moduli 

gpa 

samagris sisqe kliteSi, sm,  

2 3 4 5 

15 

10,5 
13,5 
17 
21 

102 
105 
108 
112 

74 
77 
81 
85 

47 
50 
53 
57 

20 
23 
26 
30 

20 

11,5 
15 
18,5 
24 

97 
101 
104 
109 

70 
73 
77 
82 

42 
46 
49 
54 

15 
18 
22 
27 

25 

12,5 
16,5 
20 
26,5 

93 
97 
100 
106 

65 
69 
73 
79 

38 
42 
45 
51 

11 
14 
18 
24 

30 

13,5 
17,5 
21,5 
29 

88 
92 
96 
103 

61 
65 
68 
76 

33 
37 
41 
48 

6 
10 
14 
21 
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nax. 20. orliandagiani sarkinigzo gvirabis xokeruli  
samagris sisqe  

1 _ mZime betonisaTvis, 2 _ msubuqi betonisaTvis markiT 150, 
gruntebSi simagris koeficientiT f=2  5.  

 

Tu SevadarebT erTnairi sisqis samagrebs, msubuqi betonis 

gamoyenebisas, betonis simtkice 10  15 mgpa _iT mcirea, vidre 

samagri mZime betonis gamoyenebisas. mZime betons simtkiciT 30 mgp 

samagrs unda hqondes sisqe Sesabamisad 102, 74, 47 da 20 sm. 25 mgp 

simtkicis mZime betonis samagrs unda hqondes sisqe Sesabamisad 

106, 79, 51 da 24 sm. e. i. Tu ki samagris sayalibe zomebs 

SevinarCunebT, mZime betonidan msubuqze gadasvlisas saSualeba 

gveqneba SevamciroT betonis marka 2-3 safexuriT. 
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nax. 21. orliandagiani sarkinigzo gvirabis xokeruli samagris 
sisqe gruntis simagris koeficientiT  

f=2 (mrudi 1, 2), f=3 (mrudi 3, 4), f=4 (mrudi 5, 6), f=5 (mrudi 7, 8) 
mZime betonisaTvis (mrudi 1, 3, 5, 7) da msubuqi betonisaTvis  

(mrudi 2, 4, 6, 8).  
 

samagrSi betonis simtkicis gazrdiT miRweuli Sedegi 

ufro efeqturia msubuqi betonis SemTxvevaSi. mag. betonis 
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simtkicis 15 mgp _dan 30 mgp _mde gazrdisas samagris sisqe 

msubuq betonSi mcirdeba 14 sm-iT, xolo mZime betonis 

SemTxvevaSi 9 sm-iT. aRsaniSnavia rom analogiuri maCveneblebi 

pirvel SemTxvevaSi Seadgenda 32 da 27_s, xolo meore 

SemTxvevaSi Sesabamisad 23 _15 sm. 

unda aRiniSnos, rom betonis simtkicis gazrdiT TiTqmis 

orjer mcirdeba zogierTi betonis samuSaoebis moculobebi, 

Tumca amavdroulad, aucilebeli xdeba betonis Cawyobis 

samuSaoTa teqnologiuri procesebis xarisxze kontrolis 

gamkacreba, magram es gaZnelebulia miwisqveSa samuSaoebis 

Sesrulebis sirTuleebidan gamomdinare. ufro maRali markis 

betonidan dabali simtkicis betonze gadasvla ki praqtikulad 

betonis samuSaoTa moculobaze ar aisaxeba. martivdeba 

samuSaoTa teqnologiuri procesebi, mcirdeba cementis 

raodenoba da betonis markis dawevis xarjze maRldeba 

teqno_ekonomiuri efeqti. betonis samuSaoebis meqanizacias 

sWirdeba rac SeiZleba plastikuri da sulac advilad 

Casasxmeli betoni. 

q. Tbilisis SemovliTi rkinigzis xazze daproeqtebulia 

xuTi orliandagiani gvirabi, saerTo sigrZiT 3400 m. gvirabebi 

ganlagebulia qanebSi simagris koeficientiT 2-4, daproeqtebulia 

msubuqi monoliTuri 200 markis betonisagan. Sesabamisi sainJinro 

geologiuri pirobebisaTvis TaRi cvalebadi sisqisaa. kliteSi 

misi sisqe Seadgens 55-75 sm, kedlebis sisqe miRebulia 50 sm. 

naxazebze 22_27 moyvanilia orliandagiani gvirabis 

samagris tipebi sainJinro-geologiuri pirobebis Sesabamisad. 
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nax. 22 samagris I tipi  
(aramdgrad, susti simagris Zlierbzarovan 

qanebSi da portalur ubnebze, sworze) 
 

1 – monoliTuri beton/rkinabetoni;  
             2 – naSxefbetoni;  
            3 – hidroizolacia; 
                    4 – nagebobaTa miaxloebis gabariti C sworze. 
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nax. 23 samagris Ia tipi  
(magar da saSualo simagris  
ubzaro qanebSi, mrudze) 

 
1 – monoliTuri betoni/rkinabetoni;  
2 – naSxefbetoni;  
3 – hidroizolacia; 

         4 – nagebobaTa miaxloebis gabariti C mrudze 
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nax. 24 samagris II tipi  
(sust da saSualo simagris  

Zlier bzarovan qanebSi, sworze) 
 

1 – monoliTuri betoni/rkinabetoni;  
2 – naSxefbetoni;  
3 – hidroizolacia; 

           4 – nagebobaTa miaxloebis gabariti C sworze .
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nax. 25 samagris IIa tipi  
(sust da saSualo simagris  

Zlier bzarovan qanebSi, mrudze) 
 

1 – monoliTuri betoni/rkinabetoni;  
2 – naSxefbetoni;  
3 – hidroizolacia; 

              4 – nagebobaTa miaxloebis gabariti C mrudze. 
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nax. 26 samagris III tipi  
(saSualo simagris ubzaro da 

magar qanebSi, sworze) 
 

1 – monoliTuri betoni/rkinabetoni;  
2 – naSxefbetoni;  
3 – hidroizolacia; 

             4 – nagebobaTa miaxloebis gabariti C sworze. 
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nax. 27 samagris IIIa tipi  
(saSualo simagris ubzaro da 

magar qanebSi, mrudze) 
 
1 – monoliTuri betoni/rkinabetoni;  
2 – naSxefbetoni;  
3 – hidroizolacia; 

              4 – nagebobaTa miaxloebis gabariti C mrudze. 
 

 

gvirabis samagrebis tipebis gaangariSebebi Sesrulebulia 

Sveuli da Tarazuli samTo wnevis mocemuli datvirTvebis 

mixedviT TaRwarmoqmnis pirobebSi. 

gaangariSeba sruldeba gadaadgilebaTa meTodiT prof. n. 

SapoSnikovis mier damuSavebuli МИИТ-is programiT. programa 
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iTvaliswinebs gvirabis konstruqciis aRweras rogorc Rerovani 

sistemisa zomiT 200 kvanZamde da Reromde. gaTvalisiwnebulia 

gruntis ukubjena samagris perimetrze ganwebvis zonebis 

koreqtirebiT. 

samagris erT-erTi tipisTvis (tipi IIa) naxazze (nax. 28) 

moyvanilia saangariSo sqema.  

 

60
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R
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70
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R 5600
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R 8278
h=

11
.0

 

 
nax. 28 samagris saangariSo sqema 

(tipi IIa) 
 

samagrisa da gare datvirTvis simetriulobis gamo 

saangariSo sqema warmoadgens Caketili brtyel-Rerovani sistemis 

naxevars da Sedgeba 18 kvanZisa da 17 Rerosagan. kvanZebSi 

modebulia Seyursuli Zalebi samagris sakuTari wonisagan, 

ReroebSi _ Tanabrad ganawilebuli Sveuli da Tarazuli 

datvirTva samTo wnevisagan. vinkleris Teoriis Tanaxmad, 

gaangariSebaSi gruntis drekadi ukubjenis koeficientis SeyvaniT 
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xdeba garemomcvel masivTan samagris urTierTqmedebis 

gaTvaliswineba. 

gaangariSeba sruldeba samagris sami ZiriTadi tipisTvis 

(gruntebSi simagris koeficientiT protodiakonovis mixedviT 

f=1,5-2; 3 da 4). betonis klasi ZiriTadi samagrisaTvis miRebulia 

B22,5 (marka M300). gaangariSeba xdeba gvirabis erTi grZivi 

metrisTvis. 

gruntebisaTvis simagris koeficientiT f=1,5-2 miRebulia 

gruntis Semdegi maxasiaTeblebi: 

- gruntis moculobiTi wona 2,0 tm3; 

- Siga xaxunis kuTxe   0; 

- kuTri drekadi ukubjenis koeficienti  100 000 t/m3; 

- puasonis koeficienti  0,32. 

miRebulia samagrze datvirTvis Semdegi saangariSo 

sidideebi: 

- Sveuli Tanabradganawilebuli datvirTva samTo wnevisagan 

q=18,4 t/m; 

- Tarazuli Tanabradganawilebuli datvirTva samTo wnevisagan 

p=18,4 t/m; 

- datvirTva sakuTari wonisagan kveTebSi icvleba g=1.9-3.2 t 

farglebSi. 

gruntebisaTvis simagris koeficientiT f=3 miRebulia 

gruntis Semdegi maxasiaTeblebi: 

- gruntis moculobiTi wona   2,5 tm3; 

- Siga xaxunis kuTxe  0; 

- kuTri drekadi ukubjenis koeficienti  275 000 t/m3; 

- puasonis koeficienti   0,27. 

- Sveuli Tanabradganawilebuli datvirTva samTo wnevisagan 

q=10,3 t/m; 

- Tarazuli Tanabradganawilebuli datvirTva samTo wnevisagan 

p=0,2 t/m; 

datvirTva 
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-  datvirTva sakuTari wonisagan kveTebSi icvleba g=1.6-2.7 t 

farglebSi. 

gruntebisaTvis simagris koeficientiT f=4 miRebulia 

gruntis Semdegi maxasiaTeblebi: 

- gruntis moculobiTi wona   2,8 tm3; 

- Siga xaxunis kuTxe 0;   

- kuTri drekadi ukubjenis koeficienti   400 000 t/m3; 

- puasonis koeficienti   0,25. 

- Sveuli Tanabradganawilebuli datvirTva samTo wnevisagan q=8,6 

t/m; 

- Tarazuli Tanabradganawilebuli datvirTva samTo wnevisagan 

p=0,0 t/m; 

datvirTva 

-  datvirTva sakuTari wonisagan kveTebSi icvleba g=1.32.2 t 

farglebSi. 

winaswari statikuri gaangariSebis Sedegebi naCvenebia 

naxazze (nax. 29.) mRunavi momentebisa da normaluri Zalebis epi 

 
a)                                              b). 

 
 

nax. 29 Sinagani Zalvebis epiurebi: 
a)  mRunavi momentebi;  b)  normaluri Zalvebi 
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urebi, xolo Sinagani Zalvebis mniSvnelobebi yvelaze 

datvirTuli kveTebisaTvis (kveTi 1, 6, 13 da 18) _ 15 cxrilSi. 

 

cxrili 15 

Sinagani Zalvebis mniSvnelobebi yvelaze daZabul kveTebSi 
 

kveTi 

# 

mRunavi momentebi, tm normaluri Zalebi, t 

simagris 

koefic. 

f=1.5-2 

simagris 

koefic. 

f=3 

simagris 

koefic. 

f=4 

simagris 

koefic. 

f=1.5-2 

simagris 

koefic. 

f=3 

simagris 

koefic. 

f=4 

1 34.7 12.5 7.2 64.8 44.0 39.5 

6 27.3 10.0 6.0 111.0 69.0 59.4 

13 52.8 22.5 14.5 145.0 90.2 75.4 

18 24.6 3.5 0.4 131.6 84.3 71.0 

  

muSa naxazebis Sedgenisas statikuri gaangariSebis 

dazustebuli Sedegebis mixedviT unda Semowmdes samagris 

kveTebis mzidunarianoba da SeirCes armatura. 

 moyvanili monacemebi mowmoben, rom ise rogorc wriuli 

moxazulobis samagris SemTxvevaSi, msubuqi betonis gamoyeneba 

ganapirobebs mRunavi momentebis Semcirebas da normaluri 

Zalebis umniSvnelo zrdas. 

 

 

 

 

2.5. დიდი ჩაღრმავების მეტროპოლიტენის  

ერთთაღიანი სადგური 

 

Rrmad ganlagebuli erTTaRiani metropolitenis sadguris 

samagris statikuri muSaobis kvleva-Ziebam gviCvena igive 

kanonzomiereba da damokidebuleba, rogorsac adgili hqonda 

winamdebare SemTxvevebSi. 
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samagri daproeqtebulia im saxis qanebisaTvis romelTa 

simagris koeficienti aris _ 6, imis gaTvaliswinebiT rom 

SesaZlebelia misi ageba ori sqemiT. pirveli sqema irCevs 

gvirabis agebas dayrdnobili TaRis xerxiT. meore sqema 

iTvaliswinebs TaRis agebas winaswar agebul da dabetonebul 

kedlebze dayrdnobiT. gaangariSebis dros irkveoda 

SesaZlebloba rom samagris masalad gamoyenebuli yofiliyo 

betoni 150 da 200 markis rogorc mZime betoni, ise forovani 

SemavseblebiT anu msubuqi betoni. TaRis mali 16,54 metri, awevis 

simaRle 4,52 metri, kedlebis simaRle 4,35 metri. TaRis sisqe 

meryeobs 50 sm_dan 90 sm_mde. zeda TaRis quslebiT qanze 

dayrdnobili samagris gaangariSebis Sedegebi moyvanilia 

cxrilSi 16 da TaRis dayrdnoba betonis kedlebze _ cxrilSi 17. 

am cxrilebSi moyvanili monacemebis ganxilva gviCvenebs rom am 

SemTxvevaSi msubuqi betonis upiratesoba gamoiyeneba didi 

efeqturobiT. ase magaliTad. mRunavi momenti TaRis kveTSi 

mcirdeba 16,3 - 22 %_iT, quslis kveTSi 20,9 - 38,5 %_iT, kedlebSi 

18,6 %_iT. aqedan gamomdinare miwisqveSa nagebobaTa zomebis 

gadidebiT izrdeba forovan Semavseblebze damzadebuli betonis 

gamoyeneba.  

 erTTaRiani sadguris samagris amtanunarianobis 

gamokvlevam gviCvena rom forovan Semavsebelze damzadebuli 

betoni cvlis mis daZabulobis xasiaTs. cxrilSi 18 da 30 da 31 

suraTebze moyvanilia maCveneblebi, saidanac irkveva, rom msubuqi 

betonis samagri muSaobs aracentralur kumSvaze mcire eqscen-

trisitetebiT da gamWimavi Zabva betonSi gamoricxulia. amis gamo 

samagris mzidunarianoba mkveTrad izrdeba. ნახ. 31 grafiki 

aSkarad gviCvenebs rom msubuqi betonis samagrebs aqvT ufro 

meti maragi mzidunarianobisa. am pirobebSi SesaZlebelia 

realurad Semcireba TaRis sisqisa. 
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cxrili 16 

erTTaRiani metropolitenis sadguris samagrSi Zabva  
gvirabis TaRis qanze dayrdnobis dros 

 

# 
kveTi 

samagri 200 markis betoniT 
mZime betoni  Mmsubuqi betoni 

mRunavi 
momenti, knm 

Nnormaluri 
Zala, kn 

mRunavi 
momenti, knm 

Nnormaluri 
Zala, kn 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

 

79 

77 

64 

44 

16 

-9 

-36 

-82 

-113 

-132 

-156 

-166 

-156 

-108 

27 

 

616 

618 

624 

634 

648 

666 

686 

709 

736 

764 

792 

821 

847 

863 

810 

 

61 

60 

50 

33 

10 

-9 

-27 

-65 

-85 

-93 

-104 

-102 

-96 

-72 

32 

 

647 

649 

655 

664 

678 

695 

714 

736 

762 

788 

816 

843 

869 

890 

846 

 

interess iwvevs metropolitenis erTTaRiani sadguris 

samagris deformaciis maCveneblebi, romlebic moyvanilia 18 

cxrilis bolo svetSi. TaRis Runvis sidide ar aRemateba 6,1 mm, 

rac naklebia TaRis malis sigrZis 1/2500 da gacilebiT naklebia 

normiT dasaSvebze. 
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erTTaRiani metropolitenis sadguris agebis meTodi 

araviTar gavlenas ar axdens gvirabis TaRis nawilis daZabul 

mdgomareobaze. 

 

cxrili 17 

erTTaRiani metropolitenis sadguris samagrSi Zabva gvirabis 
TaRis qanze dayrdnobis dros winaswar dabetonebul kedlebze 

 

# 
kveTi 

samagri 200 markis betoniT 
mZime betoni  msubuqi betoni 

mRunavi 
momenti, knm 

Nnormaluri 
Zala, kn 

mRunavi 
momenti, knm 

Nnormaluri 
Zala, kn 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

 

77 

75 

64 

45 

18 

-5 

-29 

-73 

-101 

-117 

-137 

-126 

-82 

-42 

-6 

14 

44 

90 

122 

102 

24 

 

625 

627 

633 

643 

657 

674 

694 

718 

744 

771 

799 

825 

845 

865 

884 

901 

912 

920 

933 

953 

965 

 

65 

63 

53 

36 

13 

-7 

-27 

-86 

-87 

-96 

-109 

-88 

-44 

-13 

-8 

14 

31 

69 

99 

85 

16 

 

643 

645 

651 

661 

675 

692 

711 

734 

760 

787 

814 

837 

857 

877 

899 

918 

931 

940 

955 

973 

986 
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cxrili 18 

Zalva, mzidunarianoba da Runva TaRis kliteSi metropolitenis 
erTTaRian sadgurSi  
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nax. 30. erTTaRian metropolitenis sadguris samagrSi TaRis kliteSi 
betonis drekadobis modulTan Zalvebis, eqscentrisitetis, normaluri 

Zalis kavSiris grafiki 
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nax. 31 erTTaRian metropolitenis sadguris TaRovan kveTSi 150 da 200 
markis betonis drekadobis modulis mixedviT samagris 

mzidunarianobis cvlilebis grafiki. 
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2.6. დანალექ კლდოვანი ქანებისათვის მეტროპოლიტენის 

ერთთაღიანი სადგურის რაციონალური კონსტრუქცია 
 

Tbilisis metropolitenis trasa, ZiriTadad gadakveTs 

danaleq kldovan qanebs, qanis simagris koeficientiT prof. m. 

protodiakonovis mixedviT f =34. amgvari pirobebisaTvis 

msoflioSi erT-erT racionalur konstruqciad miiCneven erTTa-

Rian sadgurebs (nax. 32). 

metropolitenis erTTaRiani sadguri Tbilisis pirobebSi 

daproeqtebuli iyo jer kidev 1967 wels (sadguri 300 aragveli). 

magram igi maSin garkveuli mizezebiT ar iqna ganxorcielebuli. 

 

 

 
nax. 32. sadguri ,,politeqnikuri institutis” konstruqcia 

 

am sadguris mSeneblobisas saqarTvelos politeqnikuri 

institutis xidebisa da gvirabebis kaTedris TanamSromlebis 

mier Seiswavleboda gvirabis gayvanis teqnologiis sakiTxi samTo 

wnevis formirebaze. am sadguris warmatebulma mSeneblobam da 

sankpeterburgis rkinigzis transportis institutis gvirabebis 
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da metropolitenebis kaTedraze eqvivalenturi masalebis 

meTodiT modelirebis Sedegebma TvalnaTliv aCvena q. TbilisSi 

erTTaRiani sadgurebis SesaZlebloba da mizanSewoniloba. 

 

 

 

nax. 33. sadgur ,,rkinigzis sadguri-2” konstruqcia 
 

 

 

nax. 34. sadgri ,,universiteti” 
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dadga garRveva. q. TbilisSi erTTaRianma sadgurebma miiRo 

,,mwvane Suqi”. amJamad TbilisSi eqsploataciaSi imyofeba eqvsi 

erTTaRiani sadguri, maTgan xuTi didi CaRrmavebisaa (nax. 32 da 

33). damTavrebis stadiaSia meeqvse. aRsaniSnavia, rom mesame xazis 

yvela xuTi sadguri daproeqtebulia erTTaRianis saxiT (nax. 35).  

amJamad, Tbilisis metropolitenis erTTaRiani sadgurebis 

mSeneblobaSi dadga axali etapi _ optimizaciis etapi.  

Catarebulma gamokvlevebma cxadyo, rom Tbilisis 

metropolitenis erTTaRiani sadguris konstruqciebi imyofebian 

rTul daZabul pirobebSi, rac gamowveulia kedlebis arsebobiT. 

 

 

nax. 35. ,,saarbriukenis moedani” 
 

nax. 36, 37 da 38 moyvanilia didi CaRrmavebis metropoli-

tenis sxvadasxva aweulobis mqone qanze dayrdnobili TaRis 

konstruqciebi. 

mcire aweulobis TaRis uSualod qanze dayrdnobili 

konstruqciis mdgomareoba xelsayrelad gamoirCeva arsebuli 

konstruqciebisagan. magaliTad qanebSi qanis simagris 

koeficientiT protodiakonovis mixedviT f =3 kliteSi kveTis 
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simaRliT 80 sm mRunavi momentebi imdenad mcirea, rom 

normaluri Zalebis maqsimaluri eqcentrisiteti ar aRemateba 12-1 

sm. 

 

 

 

nax. 36. samagri qanze dayrdnobili TaRiT (varianti 1) 
 

e. i. yvelaze daZabuli kveTebic ki muSaobs aracentralur 

kumSvaze mcire eqscentrisitetiT. 25 m malis arc erT kveTSi ar 

warmoiSveba gamWimavi Zabvebi. betoni muSaobs mxolod kumSvaze 

da TaRis yvela kveTi akmayofilebs mzidunarianobis moTxovnis 

pirobas. amasTanave SesaZlebelia TaRqveSa gverdiTi nawilebis 

samsaxurebrivi miznebisaTvis gamoyeneba.  
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nax. 37. samagri qanze dayrdnobili TaRiT (varianti 2) 
 

 

 

 

nax. 38. samagri qanze dayrdnobili TaRiT (varianti 3) 
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cxrilSi 19 moyvanilia mRunavi momentebis mniSvnelobebi 

erTTaRiani sadguris sxvadasxva konstruqciuli formebisaTvis. 

statikuri gaangariSebebi Sesrulebulia sami sxvadasxva qanis 

ukubjenis koeficientis mniSvnelobisaTvis: sust bzarovani, 

saSualo bzarovani (es mniSvneloba Semcirebulia 25 %-iT) da 

Zlier bzarovani. 

                                                   cxrili 19 

Qqanis saxe 

TaRSi maqsimaluri mRunavi momenti, tm 

Kkedlis simaRle, m 

0 2,4 3,6 4,8 

sust bzarovani 48,96 63,55 77,79 89,05 

saSualo bzarovani 51,85 66,24 73,95 84,12 

Zlier bzarovani 56,94 68,3 78,3 86,79 

 

sainteresoa aRiniSnos, rom qanebis deformireba 

umniSvnelo gavlenas axdens samagris mzidunarianobaze (cxrili 

20) 

                                                 cxrili 20 

Qqanis saxe 

mzidunarianoba 

kliteSi quslSi 

Kkedlis simaRle, m Kkedlis simaRle, m 

0 2,4 3,6 4,8 0 2,4 3,6 4,8 

sust 

bzarovani 
480 454 450 444 600 454 430 133 

saSualo 

bzarovani 
477 453 446 440 602 463 438 149 

Zlier 

bzarovani 
462 452 443 436 600 467 444 166 

 

cxrili 20-is monacemebi mowmoben, rom mzidunarianoba 

TaRSi icvleba 0,43,9 % quslSi. rogorc mosalodneli iyo 

kedlis simaRlis zrdasTan erTad mcirdeba konstruqciis 

mzidunarianoba, gansakuTrebiT msubuqi betonis SemTxvevaSi.  
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moyvanili gamokvlevebis Sedegebi mowmoben q. Tbilisis 

didi CaRrmavebis metropolitenis sadgurebisaTvis da aseve did 

qalaqebSi miwisqveSa sivrcis aTvisebisas qanze dayrdnobili 

mcire amaRlebis TaRis gamoyenebis SesaZleblobas da mizanSewo-

nilobas msubuqi betonis gamoyenebis SemTxvevaSi. 

 

 

 

 

   

2.7.  წრიულო მოხაზულობის გვირაბის მუდმივი სამაგრის გაანგარიშების 

თანამედროვე პერსპექტიული მოდელი 
 

miwisqveSa nagebobebis gaangariSebis TeoriaSi gamoiyofa 

sami ZiriTadi mimarTuleba: 

1. gaangariSeba mocemuli datvirTvis mixedviT; 

2. gaangariSeba ukubjenis gaTvaliswinebiT; 

3. gaangariSeba samagrisa da qanis erToblivi deformaciis 

gaTvaliswinebiT, rodesac daculia piroba: 

Um=Us                                                                                                     (20) 

sadac Um _ gamonamuSevris konturis radialuri gadaadgilebaa 

samagrTan urTierTqmedebis procesSi; 

Us _ samagris rgolis konturis radialuri gadaadgilebaa. 

pirveli mimarTulebis Teoriis gamoyeneba Zlier 

SezRudulia da Semoifargleba susti qanebis sferoTi. 

meore mimarTuleba amJamad farTod gamoiyeneba miwisqveSa 

nagebobebis daproeqtebis praqtikaSi da sainJinro saangariSo 

modelebis umetesi nawili swored am mimarTulebas miekuTvneba. 

miwisqveSa nagebobebis mSeneblobis Tanamedrove 

teqnologiebma gamoavlines konstruqciebis mzidunarianobis 

mniSvnelovani rezervebi, dakavSirebuli ama Tu im saxis 

teqnologiebTan. vinaidan meore mimarTulebis statikuri 

gaangariSebis meTodebiT ver xerxdeba konkretuli teqnologiis 
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Taviseburebis gaTvaliswineba, amitom dResdReobiT sul ufro 

xSirad mimarTaven mesame mimarTulebis meTodebs, romlebic 

saSualebas iZleva gaTvaliswinebuli iqnas gvirabis gayvanis 

teqnologiis gavlena samagris datvirTvis procesze. 

miwisqveSa konstruqciis agebis teqnologiis gaTvalis-

wineba moiTxovs sakiTxis gadawyvetas myari tanis meqanikis 

moculobiTi amocanis farglebSi, romlis analizuri gadawyveta 

xSirad dakavSirebulia mTel rig gadaulaxav maTematikur 

sirTuleebTan, amitom rogorc wesi, mimarTaven ricxviT 

meTodebs. 

amocanis analizuri gadawyveta yovelTvis iyo da didxans 

CaiTvleba xelovnebad da warmoadgens mZlavr saSualebas 

sainJinro amocanebis farTo klasis amosaxsnelad. amasTan 

dakavSirebiT Cven SevimuSaveT wriuli moxazulobis samagris 

gaangariSebis miaxloebiTi analizuri meTodi gvirabis agebis 

teqnologiis gaTvaliswinebiT. meTodi emyareba myari tanis 

meqanikis brtyel amocanas, xolo gvirabis sangrevis gavlenis 

zonaSi amocanis moculobiTi faqtoris gaTvaliswineba xdeba 

sangrevis gavlenis funqciis saSualebiT, romlis gansazRvra 

emyareba miwisqveSa nagebobebis meqanikis fuZemdeblur princips, 

warmodgenils (20) formuliT. 

Mmasivis Zalovani maxasiaTeblis gansazRvra SesaZlebelia 

gadaadgilebis Teoriis ZiriTadi gantolebis (20) gamoyenebiT. 

                           Um=U1-U0                                                                                         (21) 

sadac U1  _ gaumagrebeli konturis SesaZlo maqsimaluri gadaad-

gilebaa, realizebuli gamokvlevis momentisaTvis; 

U0  _ gaumagrebeli gamonamuSevris konturis gadaadgilebaa, 

realizebuli samagris amoyvanamde. 
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nax. 39. saangariSo sqema 

 

sidideebis U1  da U0 gansazRvris mizniT ganvixiloT masivis 

modeli drekadi sibrtyis saxiT orive mxridan Tanabrad 

ganawilebuli datvirTviT. sibrtyeze datvirTvis gadacemis 

Semdeg sibrtyeSi iqmneba wriuli xvreli da gadaadgilebis 

garkveuli sididiT ganviTarebis Semdeg, romlis sididec 

damokidebulia sangrevis sibrtyis daSorebaze sakvlevi 

wertilidan, Caismeba drekadi rgoli (nax. 39).  

CavweroT J. erJanovis cnobili formula, romelic 

gansazRvravs gamonamuSevris konturis sawyis gadaadgilebas. igi 

realizebulia samagrTan urTierTobis gareSe: 

U0=1,5R0 /E                                                                                               (22) 

imis gaTvaliswinebiT rom, 1,5=(1+ da n egantoleba 

SeiZleba CavweroT Semdegnairad: 

R1  

 


 

R0 
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          U0= 0

1
R

Ε

μ
n


                                                                                                (23) 

sadac _ masivis masalis gverdiTi wnevis koeficientia; 

 _ masivis masalis moculobiTi wonaa; 

 _ gamonamuSevris centris CaRrmavebaa miwis zedapiridan; 

 _ masivis masalis drekadobis modulia; 

 n_ sawyisi (bunebrivi) Zabvebi masivSi; 

 R0 _ gamonamuSevris radiusia. 

 gaumagrebeli konturis maqsimalurad SesaZlo gadaadgilebis 

(U1) gansazRvris saSualebas gvaZlevs drekad modelSi Zalebis 

damoukideblad moqmedebis (superpoziciis) principi. 

Aam principis Sesabamisad Zabvebi gamonamuSevriT 

dasustebul masivSi (nax. 40 a) SeiZleba ganvixiloT rogorc 

sawyisi (nax. 40 b) da damatebiTi (moxsnadi) Zabvebis (nax. 40 g) 

jami. 

cneba moxsnadi Zabvebi SemoRebulia i. rodinis mier 

daZabul masivSi gamonamuSevris warmoqmnis modelirebis mizniT. 

sinamdvileSi ras niSnavs gamonamuSevris warmoqmna daZabul 

sibrtyeSi? gamonamuSevris warmoqmna gulisxmobs xvrelis 

konturidan masze arsebuli radialuri da mxebi Zabvebis 

moxsnas, vinaidan xvrelis konturi Tavisufalia Zabvebisagan. 

 

 

nax. 40. datvirTul masivSi gamonamuSevris gayvanis sruli (a)  
Zabvebis gansazRvris sqema, rogorc sawyisi (b)  

da damatebiTi (moxsnadi) (g) Zabvebis jami  

L 

 
o 

 

y 

 

x 

 

a 
 

b 
 

L 

 

o 

 
y 

 

x 

 L 

 

o 

 

y 

 

x 

 

g 
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drekad modelSi am operaciis ganxorcieleba SeiZleba 

Zabvebis sawyis velze uwonado sibrtyeSi xvrelis konturze 

moqmedi moxsnadi Zabvebis damatebiT. cxadia, rom moxsnadi 

Zabvebi sididiT tolia sawyisisa da sawinaaRmdegoa niSniT. Ee. i. 

gamonamuSevris gayvanis Sedegad masivSi warmoqmnil 

deformaciebs da gadaadgilebebs iwvevs moxsnadi Zabvebi.  

zemoT aRniSnulidan gamomdinare, Siga konturis 

radialuri gadaadgilebisaTvis SeiZleba Caiweros: 

U0= )(
1

10  


nR
Ε

μ
                                                                                  (24) 

sadac moxsnadi Zabvebia. 

amocanis moculobiTi xasiaTis gaTvaliswinebis mizniT 

saWiroa (22) da (24) gantolebebSi Semavali sidideebi gavamrav-

loT sangrevis gavlenis romelime funqciaze (nax. 41), romelTac 

aqvT Semdegi saerTo saxe:   

            f(x)= (1-e
-nl/2R 0 )                                                                                             (25) 

sadac n _ eqsponentis koeficientia; 

l _ manZilia sangrevis sibrtyidan masivis gamosakvlev 

wertilamde; 

R0 _ gamonamuSevris radiusia. 

gansakuTrebiT aRsaniSnavia, rom amJamad arsebuli 

sangrevis funqciis gamoyenebis xerxebi  saSualebas iZleva 

ganisazRvros samagrze mosuli saboloo datvirTvebi, magram 

maTi saSualebiT SeuZlebelia davadginoT sangrevis winsvlaze 

damokidebuli samagris datvirTvis procesi. 

am procesis dadgena sistemis “masivi _ samagri” muSaobis 

Zalian mniSvnelovani faqtoria, amitom Cveni maTematikuri 

modelirebisas masivis maxasiaTebelSi SeviyvaneT ori funqcia, 

romelTaganac erTi gamosaxavs masivis gadaadgilebas, 

gamowveuls garegani datvirTvebiT, meore ki asaxavs samagris 

reaqciiT gamowveul masivis gadaadgilebas. 
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Nnax. 41. sangrevis gavlenis funqcia miRebuli sxvadasxva avtorebis 
mier: 1 _ i. libermani; 2 _ n. fotieva; 3 _ T. WuraZe-v. TarxniSvili; 4 _ 
g. krupenikovi; 5 _ b. amusini; 6 _ m. baudendisteli; 7 _ i. zavslavski;  

8 _ denad-blanti modeli;  
 

konstruqciaze mosuli gare radialuri datvirTva SeiZle-

ba dadgindes Txelkedliani rgolis radialuri gadaadgilebis 

ganmsazRvreli  

  
dE

R
U 1




'

2

0

sam


 m                                              (26)   

sadac  _ konstruqciaze moqmedi gare radialuri datvirTvaa; 

E _ mudmivi samagris dayvanili drekadobis modulia, 

            
2

'

1 sam

sam
sam




E
E                                          (27) 

(26)-e gantolebis (21)-e gantolebasTan erToblivi amoxsniT, 

am ukanasknelSi Semavali sidideebis mniSvnelobis mxedvelobaSi 

miRebiT da amocanis sivrciTi xasiaTis gaTvaliswinebiT miRebu-

li Sedegis gamravlebiT sangrevis gavlenis funqciaze miviRebT:  

 _ prof. T. WuraZisa da v. TarxniSvilis sangrevis funqciis 

gamoyenebis SemTxvevaSi (nax. 41) 

 
)55,01(2)1)(2(

)55,0(2
0

01

/

/

1 Rnl

Rnl

eddR

deH










                  (28) 

i l/R 

i f 3 

I 0,8 

I 0,6 

I 0,4 

I 0,2 

I 0,0 

I 0,5 I 1,0 I 1,5 I 2,0 I 2,5 I 3,0 I 3,5 I 4,0 I 4,5 I 5,0 I 5,5 I 6,0 

2 

5 

3 

1 7 

4 

8 

6 



105 

 

 _ m. baudendistelis sangrevis gavlenis funqciis 

gamoyenebis SemTxvevaSi (nax. 41) 

      
)]64,01(1[2)1)(2(

)]64,01()64,01[(2
0

001

/75,1

/75,1/75,1

1 Rl

RlRl

eddR

deeH












                (29) 

cnobilia, rom samagris kveTSi moqmedi mRunavi momenti 

Semdeg kavSirSia rgolis RerZis gadaadgilebasTan [4]: 

 
samsam IE

M
U

d

Ud 2

2

2






                             (30) 

sadac U _ rgolis RerZis deformaciaa; 

   _kuTxea radius-veqtorsa da samagris vertikalur RerZs 

Soris; 

   _ rgolis RerZis radiusia. 

 (26)-e formulis Sesabamisi gardaqmnis safuZvelze, rac 

mocemulia statiis erT-erTi avtoris naSromSi [5], miRebulia 

mRunavi momentebisa da normaluri Zalebis ganmsazRvreli 

Semdegi formula:  

 

mRunavi momentisaTvis 

)]46,01)(64,01[(

)64,01()1()1(

)1)(1(]cos)21(sin)2[(2

001

0

/75,1/75,1

/75,12

0

2

0

222

RlRl

RH

eme

edEER

HRIE
M













sammasmassam

massamsamsam





        (31)  

 

normaluri ZalisaTvis  

_ T. WuraZe _ v. TarxniSvilis funqciis gamoyenebiT 

)55,01()1()1(

)55,055,0)(1)(sin(cos
0
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0
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        (32) 

 

_ m. baudendistelis funqciis gamoyenebiT 

)]64,01()64,01[(

)]64,01(1[)1()1(

)55,055,0)(1)(sin(cos

001

0

001
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0
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RlRl

Rl
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edEER

eeHdE
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massam






     (33) 

qvemoT moyvanilia gaangariSebis magaliTi Cvens mier 

damuSavebuli meTodikis mixedviT. 
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sawyisi monacemebia: 

gvirabis Siga da gare diametri pirobiTad miviRoT 

erTmaneTis toli D=7,5 m; mudmivi samagris masalis drekadobis 

moduli Esan=2,65·10
7
 kn/m2; mudmivi samagris masalis puasonis 

koeficienti san =0,25; mudmivi samagris masalis moculobiTi 

wona san =24 kn/m3; qanis masivi _ bunebrivi tenianobis Tixovani 

fiqalebi; masivis qanebis puasonis koeficienti  mas=0,2; masivis 

qanebis moculobiTi  wona maskn/m
3; gvirabis CaRrmaveba H=30 m. 

manZilebi sangrevis Sublidan saangariSo kveTamde (l) da 

sangrevis Sublidan statikur muSaobaSi kveTis CarTvamde (l1) 

cvalebadia. 

formulebiT (27) da (28) sangrevis gavlenis zonaSi gansaz-

Rvruli mkumSavi Zabvebis cvlis amsaxveli mrudebi l1 manZilis 

sxvadasxva sidideebisaTvis warmodgenilia 42 naxazze. 

 

 nax. 42. damokidebuleba sangrevis gavlenis zonaSi samagris 
datvirTvis processa da sangrevis winsvlas Soris: 

a) roca l=0; l1=2,0 m; b) roca l=0; l1=40 m 
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Cvens mier Catarebuli kvlevebis SedegebiT, rac 

warmodgenilia 42-e naxazze, ise rogorc naturuli da sem-iT 

Catarebuli kvlevebi, TvalnaTliv mowmoben, rom sangrevis 

gavlena samagris datvirTvis procesze vrceldeba (2-3)D 

manZilze. SemdgomSi xdeba datvirTvis procesis stabilizacia.  

aRniSnuli mowmobs miRebuli Sedegebis krebadobas. 43-e 

naxazi cxadyofs, rom mudmivi samagris drekadobis moduli (Esam) 

did gavlenas axdens mRunavi momentebis da normaluri Zalebis 

mniSvnelobaze. ase magaliTad, drekadobis modulis zrdisas 

mZime betonis SemTxvevaSi mRunavi momentebis da normaluri 

Zalis mniSvnelobebi mkveTrad icvleba, maSin  rodesac msubuqi 

betonis SemTxvevaSi es cvalebadoba umniSvneloa.  

 

 

 

 

nax. 43. mRunavi momentebis da normaluri Zalebis damokidebuleba 

betonis drekadobis modulze: 28-e formulis mixedviT; 29-e formulis 

mixedviT 
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gamomdinare mudmivi samagris muSaobis statikuri 

pirobebidan ufro racionaluria gvirabis mudmivi 

samagrebisaTvis msubuqi betonis gamoyeneba, romlebsac erTsa da 

igive simtkicis mniSvnelobebisaTvis gaaCniaT drekadobis 

modulis (Esam) ufro dabali mniSvneloba da aqedan gamomdinare, 

mRunavi momentebis (M) da normaluri Zalebis (N) naklebi 

mniSvnelobebi. miRebuli Teoriuli Sedegebi dasturdeba 

satransporto gvirabebis naturuli gamokvlevebiT [8]. 

 maSasadame, Teoriulad mtkicdeba satransporto gvirabebis 

mudmiv samagrebSi dabalmoduliani betonis gamoyenebis 

xelsayreloba nacvlad mZimisa da kerZod, iseTi msubuqi 

konstruqciis gamoyeneba, romlis drekadobis moduli saSualod 

Seadgens mZime betonis drekadobis modulis 50-70%-s. 

 Catarebuli Teoriuli gamokvlevebis Sedegad SeiZleba 

gavakeToT Semdegi daskvnebi: 

1. damuSavebulia wriuli moxazulobis mudmivi samagris 

statikuri muSaobis sainJinro meTodika sangrevis moZraobis 

gaTvaliswinebiT; amocanis sivrculi xasiaTis gaTvaliswineba 

xdeba sangrevis gavlenis funqciis saSualebiT. 

2. damuSavebuli maTodikis gamoyenebiT Teoriulad damtkicda 

satransporto gvirabebis samagrebisaTvis mZime betonis 

nacvlad msubuqi betonis gamoyenebis racionaluroba. 
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3. დასკვნა 
 
Catarebuli gamokvlevebis Sedegad gakeTebulia Semdegi 

ZiriTadi daskvnebi: 

1. bunebriv forovan Semvsebze damzadebuli betonis gamoyeneba  

rekomendirebulia metropolitenis miwisqveSa nagebobebSi 

(sadgurebi, gadasarbeni gvirabebi da sxva), rkinigzis, avtogzis 

da sxva satransporto gvirabebSi pirvel rigSi im regionebSi, 

romlebsac gaaCniaT konstruqciuli betonisaTvis gamosayenebeli 

forovani samTo qanebis sabadoebi. maTi gamoyeneba mizanSewo-

nilia monoliTur samagrebSi, romlebSic dauSvebelia bzarebis 

warmoSoba, roca gvirabi ganlagebulia dawylovanebul samTo 

masivSi. 

bunebrivi forovani masalebis gamoyenebiT betonis mudmivi 

samagris efeqturoba izrdeba gvirabis sust qanebSi gayvanis 

SemTxvevaSi ganivi kveTis zomebis da samagris sisqis zrdasTan 

erTad. bunebriv forovan Semvsebze betonis gamoyeneba 

monoliTur rkinabetonis samagrebSi zrdis armaturis efeqturo-

bis gamoyenebas, amcirebs mis xarjs da uzrunvelyofs masalebze 

danaxarjebis ekonomias 20_30 % farglebSi. 

2. ZiriTad faqtorebad romlebic gavlenas axdenen 

satransporto gvirabebis monoliTuri betonis mudmivi samagris 

daZabul mdgomareobaze iTvlebian: misi sisqe, gruntis 

drekadobis koeficienti da betonis drekadobis moduli. 

 msubuqi betonis drekadobis modulis Semcireba 

ganapirobebs samagrSi mRunavi momentebis mniSvnelovan Semci-

rebas (20_25 %) da masSi normaluri Zalebis umniSvnelo zrdas 

(2_3 %), Zalvebis amgvari ganawilebis SemTxvevaSi normaluri 

Zalis eqscentrisitetis Semcireba mRunav momentTan SedarebiT 

xarisxobrivad ufro metia. 

3. samagris damyolobis da gruntisken mimarTuli misi 

deformaciis gazrdis Sedegad samTo masivSi matulobs ukubjena. 

mZime betonidan msubuqze gadasvlis Sedegad sistemaSi ,,samagri-
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masivi’’ xdeba xelsayreli xasiaTis cvlilebebi, roca 

gadanawilebis Sedegad mcirdeba samagris daZabuli mdgomareoba 

da maRldeba gvirabis garSemo qanis roli. es garemoeba 

ganapirobebs rom mZime betonis sagvirabo konstruqciebTan 

SedarebiT, miviRoT ufro racionaluri da ekonomiuri 

konstruqciebi.  

4. monoliTuri betonis samagris mzidunarianoba, normaluri 

Zalis zRvruli mniSvneloba damokidebulia misi sisqeze, qanis 

simagris koeficientze, simtkiceze,  drekadobis modulze, 

betonis saSualo simkvriveze da xsnovanebaze. msubuqi betonis 

samagrebisaTvis igi mniSvnelovnad maRalia, vinaidan gadasvla 

mZime betonidan msubuqze normaluri Zalis eqscentrisitetis 

mniSvnelobis didad Semcirebis gamo iwvevs samagris 

mzidunarianobis gazrdas. mzidunarianoba izrdeba betonis 

simtkicis da xandazmulobis, samagris sisqis da qanis drekadi 

ukubrjenis zrdasTan erTad. drekadobis modulis gazrdis 

SemTxvevaSi samagris mzidunarianoba mcirdeba. mZime betonidan 

msubuqze gadasvla betonis markis Semcirebis saSualebas iZleva. 

tipiur proeqtebSi miRebuli mZime betonis 200 marka msubuqze 

gadasvlisas SeiZleba Seicvalos 150 markiT. 

5. mZime betonidan msubuqze gadasvla  saSualebas iZleva 

SevamciroT gvirabis samagris sisqe.  

 samagris sisqis gansazRvra damokidebulia gruntis simagris 

koeficientze, betonis simtkiceze da drekadobis modulze. igi 

diddeba betonis drekadobis modulis zrdasTan erTad da 

klebulobs gruntis simagris zrdis SemTxvevaSi. samagris 

adekvaturi SerCeviT regulirdeba miwisqveSa konstruqciis 

urTierToba samTo masivTan, rac uzrunvelyofs masivsa da 

samagrs Soris moqmedi kontaqturi Zabvebis xelsayrel 

ganawilebas da masivis gruntis fiziko-meqanikuri Tvisebebis 

maqsimalur gamoyenebas da misi rolis amaRlebas sistemaSi _ 

,,masivi-samagri”, rac uzrunvelyofs sagvirabo konstruqciebis 

racionalur da ekonomiur gamoyenebas 
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6.  didi CaRrmavebis metropolitenis sxvadasxva oTxi formis 

konstruqciis kvlevis Sedegad dadginda, rom:  

_ qanis deformatuloba umniSvnelod moqmedebs samagris 

mzidunarianobaze; 

_ kedlis simaRlis zrdasTan erTad sagrZnoblad mcirdeba 

samagris mzidunarianoba; 

_ q. TbilisSi didi CaRrmavebis metropolitenisaTvis da 

didi qalaqebis miwisqveSa sivrcis aTvisebisas ekonomiuri da 

mizanSewonilia qanze dayrdnobili damreci TaRis gamoyeneba. 

7. damuSavebulia wriuli moxazulobis miwisqveSa konstruq-

ciebis gaangariSebis sainJinro meTodika sangrevis zonaSi misi 

sivrculi muSaobis xasiaTis gaTvaliswinebiT. amocanis 

sivrculi xasiaTis gaTvaliswineba xdeba sangrevis funqciis 

saSualebiT. 

8. damuSavebuli sainJinro meTodika iZleva monoliTuri 

betonis mudmivi samagris gaangariSebis saSualebas, gvirabis 

agebis teqnologiis gaTvaliswinebas da samagris datvirTvis 

procesze sangrevis winsvlis Sedegad misi datvirTvis dadgenas.  

9. bunebriv forovan Semvsebze damzadebuli gamokvleuli 

msubuqi betonebi akmayofileben normatiul moTxovnebs korozia-

medegobaze (Seadgens KC6=0,96 _ 0,99), wylis SeRwevadobaze 

(filtraciis koeficienti Seadgens Kf=10-7 _ 10-11, rac hidro-

teqnikur betonsac ki akmayofilebs) da cveTaze (Kc=0,76 _ 0,83, 

rasac saSualo adgili ukavia cveTa medeg da naxevrad medeg 

betonebs Soris).  
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