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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 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 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. 

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 

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.
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amgvarad, satransporto gvirabebis samagris masalad bunebrivi 

forovani SemavseblebiT damzadebuli msubuqi betonis gamoyeneba 

saSualebas iZleva aigos mravalferovani miwisqveSa nagebobebi ukeTesi 

teqnikur_ekonomikuri maCveneblebiT, vidre tradiciuli mZime betonis 

gamoyenebisas.

samSeneblo nomrebiT reglamentirebulia, rom gvirabis samagris 

saangariSo modelebi unda Seesabamebodnen samagris agebis teqnologias. 

amisaTvis saWiroa sangrevis gavlenis zonaSi samagris sivrculi xasiaTis 

gaTvaliswineba.

Temis aqtualoba. gvirabis mudmivi samagri warmoadgens yvelaze ufro 

materialur da Zvir elements.

misi ageba metad rTuli procesia da Seadgens saerTo sagvirabo-

samSeneblo samuSaoebis 20-50 %-s. miwisqveSa nagebobebis konstruqciebis 

agebis Rirebuleba Seadgens nagebobis saerTo Rirebulebis 50-60 %. 

maSasadame, miwisqveSa nagebobebis konstruqciebis srulyofa unda 

ganvixiloT rogorc erT-erTi generaluri mimarTuleba miwisqveSa 

mSeneblobis Semdgomi ganviTarebisa.

miwisqveSa konstruqciebis srulyofis RonisZiebebis efeqturoba 

mniSvnelovnad damokidebulia maTTvis masalebis sworad da mniSvnelovan 

SerCevaze.

Cveni qveynis mTel rig regionebSi arsebobs bunebrivi forovani samTo 

qanebis sabadoebi, romlebic marTalia ar miekuTvnebian mtkice masalas, 

magram saSualebas iZlevian miviRoT saSualo da maRali markis 

konstruqciuli betoni, amave dros am regionebSi rogorc wesi SeimCneva 

mkvrivi Semavseblis mzardi deficiti. 

bunebrivia, rom am pirobebSi wina planze dgeba sakiTxi miwisqveSa 

mSeneblobaSi samagris betonSi bunebrivi forovani Semvsebebis gamoyenebis 

SesaZleblobisa.

es betoni mniSvnelovnad gansxvavdeba tradiciuli mZime betonisagan. 

maT gaaCniaT SedarebiT naklebi saSualo simkvrive da maRali 

deformatiuloba. miwisqveSa betonis da rkinabetonis nagebobebi 

warmoadgenen statikurad urkvev sistemas, ris gamoc maTi daZabuli 

mdgomareoba mniSvnelovnad damokidebulia masalis da konstruqciis 

deformaciul Tvisebebze. is Tu ra gavlenas axdenen isini gvirabis 

samagris mzidunarianobaze saWiroebs Sesabamis kvlevas.

vinaidan sangrevis gavlenis zonaSi mudmivi samagris muSaoba atarebs 

sivrcul xasiaTs, saWiroa adekvaturi xasiaTis gaangariSebis sainJinro 

meTodikis damuSaveba. radganac, drekadobis Teoriis samganzomilebi 

amocanis amoxsna analizuri xerxiT dakavSirebulia gadaulaxav 

maTematikur sirTuleebTan, ricxviTi modelebis gamoyenebisas saWiroa 

datvirTvebis dagegmva drekad-plastikur zonaSi.
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aRniSnuli sakiTxebi ganxilulia sadisertacio naSromSi, rac 

ganapirobebs mis aqtualobas.

kvlevis ZiriTadi mizania. satransporto gvirabis msubuqi betonis 

statikuri gaangariSebis Teoriuli bazis srulyofa gvirabis gayvanis 

teqnologiis gaTvaliswinebiT da sangrevis winsvlis Sedegad misi 

datvirTvis procesis asaxva. 

kvlevis ZiriTadi amocanebi.

_ ZiriTadi faqtorebis dadgena, romelic ZiriTad gavlenas axdenen 

satransporto gvirabebis monoliTuri msubuqi mudmivi samagris daZabul 

mdgomareobaze;

_ mZime da msubuqi monoliTuri betonis samagris normaluri Zalis 

mniSvnelobaze moqmedi faqtorebis dadgena;

_ didi CaRrmavebis metropolitenis sadguris da miwisqveSa sxva 

konstruqciebis racionaluri formis dadgena;

_ monoliTuri msubuqi betonis mudmivi samagris gaangariSeba gvirabis 

agebis teqnologiis gaTvaliswinebiT;

_ bunebriv forovan Semvsebze damzadebuli msubuqi betonis gamokvleva 

koroziamedegobaze, filtraciaze, cveTaze.

naSromis mecnieruli siaxle

_ Seswavlilia da kritikulad Sefasebulia msubuqi betonis drekadobis 

modulis gavlena mudmivi samagris daZabul mdgomareobaze da mis 

mzidunarianobaze;

_ rekomendirebulia saSualo simagris qanebisaTvis didi CaRrmavebis 

erTTaRiani konstruqcia vertikaluri kedlebis gareSe;

_ damuSavebulia wriuli moxazulobis mudmivi samagris statikuri 

muSaobis sainJinro meTodika: amoxsnilia drekadobis Teoriis Sesabamisi 

brtyeli amocana. sangrevis gavlenis zonaSi samagris sivrculi xasiaTis 

muSaobis gaTvaliswineba xdeba sangrevis gavlenis funqciis saSualebiT;

_ damuSavebuli meTodikis gamoyenebiT Teoriulad damtkicda 

satransporto gvirabebis samagrebisaTvis mZime betonis nacvlad msubuqi 

betonis gamoyenebis racionaluroba.

M mecnieruli debulebis utyuaroba da safuZvlianoba. mecnieruli 

debulebis utyuaroba da safuZvlianoba emyareba damuSavebuli Teoriuli 

modeliT miRebuli Sedegebis SeTavsebadobas arsebuli standartuli 

meTodikiT Sesrulebuli eqsperimentaluri kvlevebis SedegebTan. TviT 

gaangariSebas safuZvlad udevs drekadobis Teoriis (kerZod miwisqveSa 

nagebobebis meqanikis) principebi.
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naSromis struqtura da moculoba. sadisertacio naSromi Sedgeba 

Sesavlis, ori Tavis daskvnebis da gamoyenebuli literaturis nusxisagan. 

Sromis saerTo moculoba Seadgens nabeWdi teqstis 118 gverds, 43 naxazs, 

da 20 cxrils.

naSromis aprobacia.

disertaciis masalebi moxsenebuli iqna:

_ saqarTvelos teqnikuri universitetis ,,xidebisa da gvirabebis” 

mimarTulebis seminarze;

_ saqarTvelos teqnikuri universitetis satransporto da 

manqanaTmSeneblobis fakultetis sadisertacio sabWos or seminarze;

_ saerTaSoriso samecniero konferenciaze ,,saavtomobilo transportisa da 

avtosagzao infrastruqturis ganviTarebis problemebi, Tbilisi 2009 wlis 

20-21 marti;

D disertaciis ZiriTadi Sedegebi da zogadi daskvnebi:

pirvel TavSi ganxilulia sazRvargareT da saqarTveloSi msubuqi 

betonis gamoyenebis magaliTebi. agreTve gaanalizebulia satransporto 

gvirabebis mudmivi samagris statikuri gaangariSebis meTodebi 

deformirebad garemoSi. moyvanilia sangrevis gavlenis funqciebi (nax.1).

.

Nnax. 1. 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. baudendistili; 7 _ i. zavslavski; 8 _ denad-blanti modeli;
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meore TavSi ,,Sedegebi da maTi gansja” warmodgenilia wriuli 

moxazulobis gvirabis mudmivi samagris gaangariSebis Tanamedrove modeli, 

romelic iTvaliswinebs misi agebis teqnologias.

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                                                                                                                                 (1)

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 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 gasaTvaliswineblad

saWiroa sivrculi xasiaTis amocanis gadawyveta, rac xSirad dakavSire-

bulia mTel rig gadaulaxav maTematikur sirTuleebTan.

Cvens mier SemuSavebuli gaangariSebis analizuri meTodi, romelic 

iTvaliswinebs gvirabis gayvanis teqnologias, igi emyareba myari tanis da 

miwisqveSa nagebobis meqanikis brtyel amocanas (nax. 2), xolo gvirabis 
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sangrevis gavlenis zonaSi amocanis moculobiTi faqtoris gaTvaliswineba 

xdeba sangrevis gavlenis funqciis saSualebiT(nax. 1). amocanis amosaxsne-

lad pirvel rigSi saWiroa masivisa da samagris maxasiaTeblebis 

gansazRvra.

Mmasivis Zalovani maxasiaTeblis gansazRvra SesaZlebelia gadaadgi-

lebis Teoriis ZiriTadi gantolebis (2) gamoyenebiT.

Um=U1-U0                                                                                                                (2)

sadac U1 _ gaumagrebeli konturis SesaZlo maqsimaluri gadaadgi-

lebaa, realizebuli gamokvlevis momentisaTvis;

U0 _ gaumagrebeli gamonamuSevris konturis gadaadgilebaa, realize-

buli samagris amoyvanamde.

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. 2). 



9

nax. 2. saangariSo sqema

CavweroT J. erJanovis cnobili formula, romelic gansazRvravs 

gamonamuSevris konturis sawyis gadaadgilebas. igi realizebulia samag-

rTan urTierTobis gareSe:

U0=1,5R0 E                                        (3)

imis gaTvaliswinebiT rom, 1,5=(1+�da n gantoleba SeiZleba 

CavweroT Semdegnairad:

U0= 0

1
R

Ε

μ
n

                                                                                                (4)

sadac _ masivis masalis gverdiTi wnevis koeficientia;

_ masivis masalis moculobiTi wona;

 _ gamonamuSevris centris CaRrmaveba miwis zedapiridan;

 _ masivis masalis drekadobis moduli;

 n_ sawyisi (bunebrivi) Zabvebi masivSi;

 R0 _ gamonamuSevris radiusi.

R1 
R0
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gaumagrebeli konturis maqsimalurad SesaZlo gadaadgilebis (U1) 

gansazRvris saSualebas gvaZlevs drekad modelSi Zalebis damoukideblad 

moqmedebis (superpoziciis) principi.

.

nax. 3. datvirTul masivSi gamonamuSevris gayvanis sruli (a) Zabvebis gansazRvris 

sqema, rogorc sawyisi (b) da damatebiTi (moxsnadi) (g) Zabvebis jami. A

am principis Sesabamisad Zabvebi gamonamuSevriT dasustebul masivSi 

(nax. 3 a) SeiZleba ganvixiloT rogorc sawyisi (nax. 3 b) da damatebiTi 

(moxsnadi) Zabvebis (nax. 3 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.

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
                                                                             (5)

L

o
y

x

a b

L

oy

x
L

o
y

x

g
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sadac moxsnadi Zabvebia.

amocanis moculobiTi xasiaTis gaTvaliswinebis mizniT saWiroa (3) da 

(5) gantolebebSi Semavali sidideebi gavamravloT sangrevis gavlenis 

romelime funqciaze (nax. 3), romelTac aqvT Semdegi saerTo saxe:

f(x)= (1-e-nl/2R 0 )                                                                                             (6)

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 Cvens maTematikuri modelirebisas masivis 

maxasiaTebelSi SeviyvaneT ori funqcia, romelTaganac erTi gamosaxavs 

masivis gadaadgilebas, gamowveuls garegani datvirTvebiT, meore ki asaxavs 

samagris reaqciiT gamowveul masivis gadaadgilebas.

konstruqciaze mosuli gare radialuri datvirTva SeiZleba dadgin-

des Txelkedliani rgolis radialuri gadaadgilebis ganmsazRvreli 

dE

R
U 1




'

2
0

sam


m                                          (7)

sadac  _ konstruqciaze moqmedi gare radialuri datvirTvaa;

E _ mudmivi samagris dayvanili drekadobis modulia,

       
2

'

1 sam

sam
sam 


E

E                                           (8)

(7)-e gantolebis (2)-e gantolebasTan erToblivi amoxsniT, am 

ukanasknelSi Semavali sidideebis mniSvnelobis mxedvelobaSi miRebiT da 

amocanis sivrciTi xasiaTis gaTvaliswinebiT miRebuli Sedegis 

gamravlebiT sangrevis gavlenis funqciaze miviRebT: 
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_ prof. T. WuraZisa da v. TarxniSvilis sangrevis funqciis 

gamoyenebis SemTxvevaSi (nax. 1)

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

)55,0(2
0

01

/

/

1 Rnl

Rnl

eddR

deH








                           (9)

_ m. baudendistelis sangrevis gavlenis funqciis gamoyenebis 

SemTxvevaSi (nax. 1)

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

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

001

/75,1

/75,1/75,1

1 Rl

RlRl

eddR

deeH










                     (10)

cnobilia, rom samagris kveTSi moqmedi mRunavi momenti Semdeg

kavSirSia rgolis RerZis gadaadgilebasTan [4]:

samsam IE

M
U

d

Ud 2

2

2 
 

                                             (11)

sadac U _ rgolis RerZis deformaciaa;

 _kuTxe radius-veqtorsa da samagris vertikalur RerZs Soris;

 _ rgolis RerZis radiusi.

(7)-e formulis Sesabamisi gardaqmnis safuZvelze, rac mocemulia 

statiis erT-erTi avtoris naSromSi, miRebulia mRunavi momentebisa da 

normaluri Zalebis ganmsazRvreli Semdegi formula: 

mRunavi momentisaTvis

)]64,01)(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

ee

edEER

HRIE
M













sammasmassam
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        (12) 

normaluri ZalisaTvis 

_ T. WuraZe _ v. TarxniSvilis funqciis gamoyenebiT

)55,01()1()1(

)55,055,0)(1)(sin(cos
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        (13)

_ m. baudendistelis funqciis gamoyenebiT

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

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

)55,055,0)(1)(sin(cos
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qvemoT moyvanilia gaangariSebis magaliTi Cvens mier damuSavebuli 

meTodikis mixedviT.

sawyisi monacemebia:

gvirabis Siga da gare diametri pirobiTad miviRoT erTmaneTis toli 

D=7,5 m; mudmivi samagris masalis drekadobis moduli Esam=2,65·107 kn/m2; 

mudmivi samagris masalis puasonis koeficienti sam=0,25; mudmivi samagris 

masalis moculobiTi wona sam =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 (8) da (9) sangrevis gavlenis zonaSi gansazRvruli 

mkumSavi Zabvebis cvlis amsaxveli mrudebi l1 manZilis sxvadasxva 

sidideebisaTvis warmodgenilia 4 naxazze.

Cvens mier Catarebuli kvlevebis SedegebiT, rac warmodgenilia me-4

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. 
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nax. 4. 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

aRniSnuli mowmobs miRebuli Sedegebis krebadobas. Mme-5 naxazi cxad-

yofs, 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. 
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nax. 5. mRunavi momentebis da normaluri Zalebis damokidebuleba betonis 

drekadobis modulze 1_ T. WuraZis da v. TarxniSvilis, 2_ baudendistelis mier 

miRebuli sangrevis funqciis gamoyenebis SemTxvevaSi.

rac imas mowmobs, rom 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 

miRebuli sxvadasxva avtoris mier.

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.
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satransporto gvirabis, erTliandagiani, orliandagiani rkinigzis 

gvirabis samagris statikuri gaangariSebebi (nax. 6) warmodgenili sqemebiT 

adastureben, 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.

60
0

R
20

70
0

R 5600

50
0

B=12.54

R 8278

h=
11

.0

nax. 6 samagris saangariSo sqema

statikuri gaangariSebis ZiriTadi Sedegebi grafikis saxiT mocemulia 

naxazebze 7-10. sadac naCvenebia mRunavi momentis, normaluri Zalebis da 

maTi eqscentrisitetebis cvalebadobis grafikebi klitis kveTisTvis 

betonis sxvadasxva sididis drekadobis modulisaTvis 10 sm.

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 Zalebi ki piri_
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nax. 7 erTliandagiani wriuli samagris sisqiT h=50 sm, mRunavi 

momentebis epiura qanSi simagris koeficientiT _2.

I_ mrudi mZime betonis dros;

II _ mrudi msubuqi betonis dros
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qiT izrdeba. sayuradReboa is faqti rom mRunavi momentis sididis 

Semcirebas Tan sdevs normaluri Zalebis zrda. es ki adasturebs imas, rom 

sagvirabo samagris muSaobis pirobebi umjobesdeba. eqscentrisitetebis 

sidideebi 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.

statikuri gaangariSebis Sedegebis analiziT SegviZlia vimsjeloT 

garemomcveli qanebis daZabulobis mdgomareobaze samagris sxvadasxva 

sixistis dros. nax. 8-ze naCvenebia qanis ukubjenis sididis samagris 

betonis drekadobis modulze damokidebulebis grafikebi sxvadasxva sisqis 

samagrebisaTvis. es grafikebi agebulia samagris sxvadasxva simaRlis 

wertilebisaTvis. wertili 6 mdebareobs vertikalidan 450 –is 

mimarTulebiT, wertili 7 _ 540 –iani mimarTulebiT, xolo wertili 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, 
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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. 8 da nax. 9-ze naCvenebia mRunavi momentebis da maTi eqscentri-

sitetebis cvlilebis grafikebi. Ees grafikebi da sxva saxis gaangariSebebi 

naTlad adastureben Semdegs: msubuqi betoni markiT 150 _ samagris siqiT 50 

sm, saSualo simkvriviT 1400 kg/sm3 (198 kn) ufro meti aqvs mzidunarianoba, 

vidre igive samagrs mZime betonisgan damzadebuls markiT _ 300/195. 200 _ 

markis msubuqi betonis 10 sm –iani da 20 sm sisqis samagrs da  300 markis 

mZime betonis samagrs erTidaigive mzidunarianobis maxasiaTeblebi aqvT. M 

200 samagris 30-40 sm sisqis SemTxvevaSi msubuqi betonis samagri ufro 

mzidunariania vidre, igive 300 markis mZime betonisgan damzadebuli, 

Sesabamisad 5 % da 12 %-iT. 50 sm sisqis SemTxvevaSi 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.
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nax. 8 Zalvebis cvlilebis grafiki wriuli moxazulobis gvirabis 

TaRis kliteSi qanebSi simagris koeficientiT

f=2 klitis sisqis mixedviT.

nax. 9 wriuli moxazulobis samagris mdgradobis SesaZlo grafiki kliteSi 

simagris koeficientiT f=2. klitis sisqis mixedviT
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nax. 10 wriuli moxazulobis samagris mdgradobis SesaZlo grafiki 

mZime da msubuqi betonisaTvis markiT 150 da 300, gruntis simagris 

koeficientiT f=2

danaleq kldovan qanebSi miwisqveSa sivrcis aTvisebisas umTavresad 

gamoiyeneba erTTaRiani konstruqciebi.
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metropolitenis erTTaRiani sadguri Tbilisis pirobebSi 

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

maSin garkveuli mizezebiT ar iqna ganxorcielebuli. TbilisSi pirveli 

erTTaRiani sadguri aSenda mogvianebiT _ politeqnikuri instituti (nax. 11)

nax. 11. 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 da metropolitenebis kaTedraze 

eqvivalenturi masalebis meTodiT modelirebis Sedegebma TvalnaTliv 

aCvena q. TbilisSi erTTaRiani sadgurebis SesaZlebloba da mizanSe-

woniloba.

vinaidan momavalSi q. TbilisSi gansazRvrulia 4-5 didi CaRrmavebis 

metropolitenis da sxva daniSnulebis miwisqveSa nagebobebis erTTaRiani 

konstruqciebi, Cvens mier gaanalizebuli iqna naxazebze 11-14 erTTaRiani 

konstruqciebis daZabuli mdgomareoba. cxrilebSi 1-2 gaangariSebis 



23

Sedegebi mowmoben, rom mcire aweulobis TaRis uSualod qanze 

dayrdnobili konstruqciebis mdgomareoba (nax. 12-14) xelsayrelad 

gamoirCeva kedelze dayrdnobili konstruqciisagan (nax. 11). magaliTad 

qanebSi qanis simagris koeficientiT protodiakonovis mixedviT f =3 kliteSi 

kveTis simaRliT 80 sm mRunavi momentebi imdenad mcirea, rom normaluri 

Zalebis maqsimaluri eqcentrisiteti ar aRemateba 12-1 sm. 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.

nax. 12. samagri qanze dayrdnobili TaRiT (varianti 1)
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nax. 13. samagri qanze dayrdnobili TaRiT (varianti 2)

nax. 14. samagri qanze dayrdnobili TaRiT (varianti 3)



25

cxrilSi 1 moyvanilia mRunavi momentebis mniSvnelobebi erTTaRiani 

sadguris sxvadasxva konstruqciuli formebisaTvis. statikuri 

gaangariSebebi Sesrulebulia sami sxvadasxva mniSvnelobis qanis ukubjenis 

koeficientisTvis: sust bzarovani, saSualo bzarovani (es mniSvneloba 

Semcirebulia 25 %-iT) da Zlier bzarovani.

                                                   cxrili 1

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 2)

                                                 cxrili 2

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
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Catarebulma Teoriuli kvlevebis Sedegebma ganapiroba saqarTveloSi 

arsebuli msubuqi Semavseblebis Tvisebebis gamokvleva maTi satransporto 

gvirabebis samagris masalad gamoyenebisaTvis.

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 Cakristalizirebulia, iSviaT SemTxvevaSi ki 

xasiaTdebian gamWvirvalobiT. Semadgenlobis mixedviT qanebi miekuTvnebian 

andezit-bazaltis forovan nairsaxeobas. gamokvleuli vulkanuri Slakis 

fiziko-meqanikuri maxasiaTeblebi mocemulia cxrilSi 3.

cxrili 3

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 kubebi zomiT 15X15X15 sm da 

prizmebi 10X10X40 sm da Zelebi 4X4X16 sm. dabetoneba da datkepna 
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mitvirTviT xorcieldeboda vibromagidaze. erT dReSi ganqargilebis

Semdeg nimuSebis nawili Tavsdeboda wyliT Sevsebul abazanaSi, nawili ki 

laboratoriul SenobaSi da gamoicdeboda erTTvian da eqvsTvian asakSi. 

cxrili 4

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 5. 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 modeli 28 dRis 

ganmavlobaSi aris damokidebuli nimuSebis Senaxvis pirobebze. analogiuri 

suraTia 180 dRis asakis betonis nimuSebisaTvis.
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cxrili 5

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

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. ris Semdegac nimuSebi 6 Tvis 

ganmavlobaSi inaxeboda Na2SO4 10 %-ian xsnarSi da mtknar wyalSi. amis 

Semdeg ganisazRvreboda koroziuli medegobis koeficienti KC6, romelic 

mocemulia cxrilSi 6. 

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:
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tR
HF

Q
K

б )(
f                                               (8)

sadac Q _ t droSi sm3 betonSi gafiltruli wyalia; H _ wylis wneva, 

sm; R _ nimuSis simaRle, sm; Fб_ nimuSis ganivi kveTis farTi, sm2.

cxrili 6

kvarciani silisa da vulkanur widaze damzadebuli qviSa-cementis 

xsnaris SedarebiTi koroziuli medegoba

xsnaris dasaxeleba

nimuSebis simtkice Runvaze

KC6Mmtknar wyalSi
10 %-iani 

xsnari

28 dRe 6 Tve 6 Tve

Kkaspis pucolanuri portland-

cementi+kvarciani sila
5,3 6,4 6,2 0,99

Kkaspis pucolanuri portland-

cementi+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.

Catarebuli cdebiT dadginda, rom gamokvleuli msubuqi betonebi 

damzadebuli bunebriv forovan Semvsebis gamoyenebiT akmayofileben 

normatiul moTxovnebs

Ddaskvnebi.

  Catarebuli gamokvlevebis Sedegad gakeTebulia Semdegi ZiriTadi 

daskvnebi:

1. bunebriv forovan Semvsebze damzadebuli betonis gamoyeneba  

rekomendirebulia metropolitenis miwisqveSa nagebobebSi (sadgurebi, 
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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 mizanSewonilia 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 efeqturobis 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.

samagris damyolobis da gruntisken mimarTuli misi deformaciis 

gazrdis Sedegad samTo masivSi matulobs ukubjena. mZime betonidan 

msubuqze gadasvlis Sedegad sistemaSi ,,samagri-masivi’’ xdeba xelsayreli 

xasiaTis cvlilebebi, roca gadanawilebis Sedegad mcirdeba samagris 

daZabuli mdgomareoba da maRldeba gvirabis garSemo qanis roli. es 

garemoeba ganapirobebs mZime betonisagan sagvirabo konstruqciebTan 

SedarebiT, miviRoT ufro racionaluri da ekonomiuri konstruqciebi. 

3. monoliTuri betonis samagris mzidunarianoba, normaluri Zalis 

zRvruli mniSvneloba damokidebulia mis sisqeze, qanis simagris 

koeficientze, simtkiceze,  drekadobis modulze, betonis saSualo 

simkvriveze da xnovanebaze. 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 
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mzidunarianoba mcirdeba. mZime betonidan msubuqze gadasvla betonis markis 

Semcirebis saSualebas iZleva. tipiur proeqtebSi miRebuli mZime betonis 

200 marka msubuqze gadasvlisas SeiZleba Seicvalos 150 markiT.

4. mZime betonidan msubuqze gadasvla saSualebas iZleva SevamciroT 

gvirabis samagris sisqe.

samagris sisqis gansazRvra 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

6. didi CaRrmavebis metropolitenis sxvadasxva oTxi formis 

konstruqciis kvlevis Sedegad dadginda, rom: 

_ qanis deformaciuloba 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 konstruqciebis 

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.
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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 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. 
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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 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.
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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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