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saxelmZRvaneloSi mocemulia betonisa da armaturis fizikur–

meqanikuri maxasiaTeblebi, rkinabetonis konstruqciebis gaangariSebis 
safuZvlebi da konstruireba. ganxilulia erTsarTuliani da 
mravalsarTuliani, samrewvelo da samoqalaqo daniSnulebis Senobebis 
rkinabetonis konstruqciebis daproeqtebis principebi, maTi konstruqciuli 
sqemebi da Taviseburebebi, qvisa da duRabis fizikur–meqanikuri 
maxasiaTeblebi, qvis wyobis muSaoba sxvadasxva datvirTvisas, misi 
gaZliereba daarmaturebiT. danarTebSi moyvanilia zogierTi sacnobaro 
masala da gaangariSebis magaliTebi. 

saxelmZRvanelo gankuTvnilia umaRlesi profesiuli ganaTlebis 
studentebisaTvis. gamosadegia bakalavriatis da magistraturis 
studentebisa da doqtoranturis msmenelebisaTvis. daxmarebas gauwevs 
mSeneblobis dargSi momuSave specialistebs. 

 
 
redaqtori prof. T. xmeliZe 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sagamomcemlo saxli `teqnikuri universiteti~ 2008 w. 
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Sesavali 
 
 

rkinabetonisa da qvis konstruqciebis mSeneblobis da eqspluataciis 
gamocdileba da ganviTarebis tendenciebi aCvenebs, rom es masalebi 
momavalSic farTod iqneba gamoyenebuli Senoba–nagebobebis mSeneblobisas. 

rkinabetonis sayovelTaod cnobil upiratesobebTan erTad, 
ukanasknel xans, win gamodis rigi sakiTxebis, romlebic mniSvnelovania 
Tanamedrove mSeneblobis warmoebisaTvis: a) mcire energotevadoba. 
rkinabetonis damzadebisaTvis daxarjuli energia 10–15–jer naklebia, vidre 
foladis damzadebisaTvis; b) ukanasknel xans betonis simtkicis mkveTri 
zrdis gamo (B100 da meti klasis) SesaZlebeli gaxda rkinabetonis 
gamoyeneba iseT konstruqciebSi, sadac mxolod foladis konstruqciebi 
gamoiyeneboda (maRlivi Senobebi, gansakuTrebiT maRali anZebi, didi malis 
xidebi da sxva); g) martivdeba rkinabetonis konstruqciebis damzadebis 
teqnologia mxolod erTi klasis (B500 W) unificirebuli armaturis 
gamoyenebiT; d) rkinabetonis Semvseb masalad intensiurad gamoiyeneba 
energetikis da metalurgiuli warmoebis didi raodenobis narCenebi (wida, 
nacari), rac ekonomikur efeqtTan erTad arbilebs garemos ekologiur 
daZabulobas; e) rkinabetonisa da qvis konstruqciebi warmatebiT 
gamoiyeneba gansakuTrebul pirobebSi mSeneblobasa da eqspluataciisaTvis 
(maRali teqnologiuri temperaturis pirobebSi, agresiul garemoSi, 
miwisqveSa nagebobebsa da seismurad aqtiur raionebSi); v) izrdeba 
rkinabetonis kvlevisa da standartizaciis sakiTxebSi saerTaSoriso 
koordinacia (magaliTad, stanadartizaciis evropuli komitetis (CEN) 
Seqmna, romelic mraval samSeneblo dargobriv komitets aerTianebs), rac 
rkinabetonis gamoyenebis Semdgom gafarToebaze metyvelebs. 

umaRlesi profesiuli ganaTlebis universiteti amzadebs kadrebs 
mSeneblobis biznesis administrirebisaTvis. zemoTqmulis safuZvelze maT 
rkinabetonisa da qvis konstruqciebis Seswavla dasWirdebaT imisaTvis, rom 
aiTvison Senoba–nagebobebis mzidi konstruqciebis mravalsaxeoba, maTi 
konstruirebis Taviseburebebi, xolo gaangariSebisa da daproeqtebis 
meTodebi da magaliTebi im moculobiT, rac SeiZleba gamoiyenon Tavis 
profesiul saqmianobaSi an uSualod mSeneblobis procesSi 
monawileobisas. am mosazrebebis gaTvaliswinebiT Seiqmna aRniSnuli 
saxelmZRvanelo. 

saxelmZRvanelo Sedgeba sami nawilisagan, romlebic warmodgenilia 
12 Tavad. 

pirvel nawilSi, rkinabetonis arsis ganmartebisa da mokle istoriul 
cnobebTan erTad, mocemulia betonisa da armaturis fizikur–meqanikuri 
maxasiaTeblebi, rkinabetonis elementebis simtkicesa da deformaciebze 
(pirveli da meore jgufis zRvruli mdgomareobebi) gaangariSebis 
safuZvlebi. 

meore nawilSi ganxilulia samrewvelo da samoqalaqo daniSnulebis, 
erTsarTuliani da mravalsarTuliani Senoba–nagebobebis rkinabetonis 
mzidi konstruqciebis klasifikacia, daproeqtebis principebi da 
konstruqciuli Taviseburebebi. 

mesame nawili daTmobili aqvs bunebrivi da xelovnuri qvisa da 
duRabis simtkicis da deformaciulobis maxasiaTeblebs, qvis 
konstruqciebis da daarmaturebuli qvis wyobis (armoqvis) konstruqciebis 
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saxeobasa da simtkicis maxasiaTeblebis ganxilvasa da gaangariSebis 
safuZvlebs. 

danarTebSi moyvanilia elementebis da konstruqciebis gaangariSebis 
ramodenime magaliTi da gaangariSebisaTvis saWiro zogierTi sacnobaro 
masala. 
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nawili I 
 

rkinabetonis konstruqciebis gaangariSebis safuZvlebi 
 

1. zogadi cnobebi rkinabetonis konstruqciebis Sesaxeb 
 

1.1. rkinabetonis arsi, dadebiTi da uaryofiTi Tvisebebi 
rkinabetonSi, betoni da masSi garkveuli wesiT ganlagebuli 

foladis Reroebi (armatura) racionalurad arian SeerTebuli da qmnian 
erTian samSeneblo masalas konstruqciebis, elementebisa da nakeTobebis 
dasamzadeblad, erToblivad muSaoben gare datvirTvebisa da zemoqmedebis 
asatanad. 

betoni kargad muSaobs kumSvaze, gacilebiT uaresad (daaxloebiT 
10...20–jer) _ gaWimvaze. foladi kargad ewinaaRmdegeba, rogorc gamWimav, ise 
mkumSav Zabvebs. maTi konstruqciuli SeerTebiT iqmneba axali samSeneblo 
masala – rkinabetoni, romelSic srulad da racionalurad gamoiyeneba 
betonisa da foladis dadebiTi Tvisebebi.  

iseTi gansxvavebuli fizikur–meqanikuri Tvisebebis mqone masalebis, 
rogoric betoni da foladia, erToblivi muSaoba Semdegi mizezebiT aris 
ganpirobebuli:  

a) betonsa da armaturas Soris warmoiqmneba mniSvnelovani xaxunis 
Zalebi, gansakuTrebiT perioduli profilis armaturis naSverebze betonis 
moWidebiT. garda amisa, betoni gamyarebisas moculobaSi klebulobs da 
mWidrod Semoekvreba armaturas, cementi hidrataciisas dakristaldeba 
foladis Reroebze da `Seewebeba~ mas. amis gamoa, rom rkinabetonis 
elementi muSaobs rogorc erTiani, monoliTuri sxeuli. 

b) betonisa da foladis temperaturuli gafarToebis koeficienti 
TiTqmis erTnairia, ris gamoc eqspluataciis mTeli periodis ganmavlobaSi 
garemos temperaturis cvlilebebis Sedegad (–40 0C–dan +50 0C–mde) maTi 
monoliTuri erTianoba ar irRveva. 

g) normaluri Sedgenilobis betonis damcveli Sre (fena) (20...30 mm) 
uzrunvelyofs armaturis dacvas koroziisagan, xanmokled moqmedi maRali 
temperaturisa da meqanikuri dazianebisagan. 

rkinabetonis dadebiTi Tvisebebia: 
a) SedarebiTi siiafe, gamowveuli adgilobrivi saSeni masalis (qviSa, 

xreSi) gamoyenebiT da cementis warmoebis didi moculobiT; 
b) maRali meqanikuri simtkice, gansakuTrebiT kumSvaze; 
g) xanZarmedegoba – 3...4 saaTis ganmavlobaSi xanZris zemoqmedebis 

Sedegad simtkice umniSvnelod mcirdeba; 
d) xangamZleoba – rkinabetonis konstruqciebi saukuneze metxans Zlebs; 
e) maRali medegoba atmosferuli zemoqmedebisadmi; 
v) seismuri da sxva dinamikuri datvirTvebisadmi maRali winaRoba; 
z) mcire saeqspluatacio xarjebi; 
T) nebismieri formis konstruqciis damzadebis SesaZlebloba; 
i) damzadebis SedarebiT mcire energotevadoba. 
 

rkinabetonis uaryofiTi Tvisebebia: 
a) maRali saSualo simkvrive (maRali moculobiTi masa); 
b) maRali bgera_ da Tbogamtaroba; 
g) damzadebuli konstruqciis gadakeTebis (rekonstruqciis) sirTule; 
d) gamyarebis (ganmtkicebis) didi dro (28 dRe normebis mixedviT); 
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e) bzarebis warmoqmna, rogorc araZalismieri mizeziT (Sekleba,  
  temperaturis cvlileba), ise Zalismieri zemoqmedebisagan; 
v) garemos maRali an dabali temperaturisas damzadebis siZnele. 

 
aRniSnuli uaryofiTi Tvisebebis Serbileba xdeba saTanado 

specialuri RonisZiebebis meSveobiT: msubuqi betonis gamoyenebiT, 
winaswari daZabviT, gamyarebisas Tburi an avtoklavuri damuSavebiT da 
sxva. 

 
 
1.2. mokle istoriuli cnobebi  
rkinabetonis konstruqciebi sxva masalebisagan damzadebul 

konstruqciebTan SedarebiT (qva, liToni, xe) mxolod XIX saukunis 50–iani 
wlebidan gvxvdeba, rodesac saWiro gaxda didi raodenobis qarxnebis, 
fabrikebis, xidebis, navsadgurebisa da sxva sainJinro nagebobebis 
mSenebloba. rkinabetonis warmoSobis teqnikuri SesaZleblobebi ukve 
arsebobda – cementis warmoeba da Savi metalurgia sakmaod iyo 
ganviTarebuli. 1855 wels parizis saerTaSoriso gamofenaze warmodgenili 
iyo 1850 wels frang lambos mier damzadebuli mavTulis badiT da 
cementis xsnariT Selesili navi. pirveli patentebi rkinabetonis 
samSeneblo nakeTobebis damzadebaze 1857...1870 wlebSi miiRo moniem 
(safrangeTi). rkinabetonis farTo gavrcelebas Tan mohyva gaangariSebis 
meTodebis SemuSaveba, romlebic manamde arsebuli qvisa da Tujis 
konstruqciebisaTvis iyo gankuTvnili (konsideri, henebiki, merSi da sxva). 
1888...1896 wlebSi prof. n.bogolubskis ZalisxmeviT ruseTSi gavrcelda 
rkinabetonis konstruqciebi da 1913 wlisaTvis mSeneblobis praqtikaSi ukve 
3.5 milion m3–mde betonisa da rkinabetonis konstruqciebi iyo 
gamoyenebuli. 1930 wlebidan monoliTur rkinabetonTan erTad daiwyes 
asawyobi konstruqciebis gamoyenebac. amave wlebidan iwyeba gaangariSebis 
axali Teoriis – mrRvev ZalvaTa meTodis ZiriTadi safuZvlebis SemuSaveba 
(a. loleiti), romelic ufro marTebulad asaxavda rkinabetonis namdvil 
muSaobas, iTvaliswinebda ra muSaobis realur Tvisebebs – drekadTan 
erTad aradrekadi deformaciebis arsebobas. ukve 1938 wels gamoica 
normatiuli dokumentebi, romlebSic rkinabetonis konstruqciebis 
gaangariSebas safuZvlad daedo aRniSnuli mrRvev ZalvaTa meTodi. aq 
mniSvnelovani roli Seasrules a. gvozdevma da p. pasternakma. 

sabWoTa kavSirSi (maSasadame, saqarTveloSic) rkinabetonis Semdgom 
ganviTarebas xeli Seuwyo gaangariSebis axali Teoriis SemuSavebam – 
zRvrul mdgomareobaTa mixedviT gaangariSebis meTodma, romelic Setanili 
iyo 1955 wlis samSeneblo normebsa da wesebSi. betonis da rkinabetonis 
Semdgomi gamokvlevebis safuZvelze wlebis ganmavlobaSi xdeboda am 
meTodis dazusteba, rkinabetonis axali Tvisebebis gamovlena da kvleva, 
ramac TandaTan asaxva hpova 1962...1975, da 1984 wlebis samSeneblo normebsa 
da wesebSi. ukanasknel wlebSi SemuSavebulia evropaSi moqmedi samSeneblo 
normebi (evrokodi) da amerikis nacionaluri samSeneblo normebi. 

 saqarTvelos mSeneblobis didi tradiciebi aqvs. uZvelesi droidan 
agebulia monumenturi nagebobebi, romlebic unikalurebia, rogorc 
arqiteqturuli, ise konstruqciuli Tu mSeneblobis warmoebis 
teqnologiis TvalsazrisiT. sabWoTa periodSi samrewvelo da samoqalaqo 
masobrivi mSeneblobisaTvis aigo mravali saxlTsaSenebeli kombinati, 
qarxana, samSeneblo poligoni da a.S., sadac ZiriTadad mzaddeboda 
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rkinabetonis tipobrivi, unificirebuli asawyobi konstruqciebi. amJamad 
samoqalaqo mSeneblobaSi (umetesad monoliTurSi) farTod gamoiyeneba 
rkinabetonis konstruqciebi, romelTa gaangariSeba, konstruireba, 
mSeneblobis warmoebis teqnologia da organizacia (menejmenti) xdeba am 
dargSi uaxlesi miRwevebis gaTvaliswinebiT. 2007 wels damuSavda 
saqarTvelos samSeneblo normebi da wesebi – betonisa da rkinabetonis 
konstruqciebi (pn 03.01–07), romelic safuZveli gaxdeba saqarTveloSi 
betonisa da rkinabetonis konstruqciebis mSeneblobisaTvis. 

 
 
1.3. rkinabetonis gamoyeneba, damzadeba da ganviTarebis perspeqtiva 
rkinabetoni Sesabamisi optimaluri formiT, mSeneblobis yvela 

dargSi gamoiyeneba: erT_ da mravalsarTulian samrewvelo da samoqalaqo 
SenobebSi mzidi karkasis, sarTulSoriso gadaxurvis, sakedle panelebis, 
miwisqveSa koWebis, saZirkvlebis da sxvaTa saxiT; didi tevadobis 
samoqalaqo nagebobebSi: stadionebi, Txelkedliani rkinabetonis garsiT 
gadaxuruli sportis sasaxleebi da bazrebi; farTod gamoiyeneba 
hidroteqnikur mSeneblobaSi (eleqtrosadgurebi, kaSxlebi, sadawneo 
koSkebi, arxebi da sadawneo milebi); sainJinro nagebobebSi: xidebis, 
gvirabebis, metropolitenis, estakadebis, rezervuarebis, silosebisa da 
bunkerebis, sayrdeni kedlebis, satelevizio anZebis, sakvamle milebis, 
maRali Zabvis gadamcemi sadenebis sayrdenebis, rkinigzis Spalebisa da 
sxvaTa mSeneblobaSi; atomuri eleqtrosadgurebis mSeneblobisas ZiriTadi 
samSeneblo masala rkinabetonia. rkinabetonTan erTad farTod gamoiyeneba 
bunebrivi da xelovnuri qvis konstruqciebi: svetebSi, saZirkvlebSi, mzid 
kedlebSi, masiur sayrden kedlebSi da sxva. 

rkinabetonis elementebis agebis xerxi (asawyobi, monoliTuri da 
asawyob–monoliTuri) daproeqtebis variantebis teqnikur–ekonomikuri 
Sedarebis safuZvelze SeirCeva: saerTo Rirebulebis, energotevadobis, 
Sromatevadobis, saimedoobis, xangamZleobisa da agebis teqnologiurobis 
mixedviT. 

asawyobi rkinabetonis elementebisagan Senoba–nagebobis ageba 
industriulia, radgan elementebi specialur qarxnebSi an poligonebze 
mzaddeba, xolo montaJi meqanizebulia. SesaZlebelia konstruqciis 
damzadeba da montaJi zamTarSi; agebis Sromatevadoba 3...4–jer naklebia, 
vidre monoliTuris; mcirdeba mSeneblobis vadebi. asawyobi rkinabetonis 
konstruqciebis gamoyeneba mizanSewonilia iseT nagebobaSi, sadac 
elementebis tipebis raodenoba mcirea da Tu es elementebi gamodgeba 
sxvadasxva daniSnulebis SenobebSi. asawyobi, tipobrivi elementebis 
Sesaqmnelad saWiro gaxda konstruqciuli sqemebis, geometriuli zomebis 
da datvirTvebis tipizacia da unifikacia. 

asawyobi rkinabetonis mTavari naklia: sawarmoo bazis Sesaqmnelad, 
saWiroebis SemTxvevaSi, rekonstruqciisa da modernizaciisaTvis 
mniSvnelovani danaxarjebi, nakeTobebis mSeneblobis adgilamde mitanis 
satransporto danaxarjebi, elementebs Soris pirapirebis mowyobisa da 
Senobis sivrciTi sixistis uzrunvelyofisaTvis gaweuli damatebiTi 
xarjebi. 

zemoT moyvanili naklisagan Tavisufalia monoliTuri rkinabetoni, 
radgan monoliTuri rkinabetonis konstruqciebis agebisas adgilze xdeba 
yalibebis dayeneba, Sig armaturis karkasebis mowyoba da dabetoneba. magram 
aseTi konstruqciebi naklebad industriulia, Sromatevadi, asawyobTan 
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SedarebiT didia erTdrouli danaxarjebi yalibis, xaraCosa da ficarnagis 
mosawyobad, zamTarSi ageba Zneldeba an damatebiT xarjs moiTxovs betonis 
SesaTbobad, sakmaod didi droa saWiro betonis saproeqto simtkicis 
misaRwevad, amitom monoliTuri rkinabetoni upiratesad gamoiyeneba 
nagebobaSi, romlis danawevreba tipobriv elementebad Znelia an moeTxoveba 
gansakuTrebuli sixiste (unikaluri rTuli gegmarebis erTeuli Senobebi, 
hidroteqnikuri nageboba, dinamikuri datvirTvis qveS momuSave saZirkveli 
da sxva). aRsaniSnavia, rom ukanasknel xans moxda monoliTuri mSeneblobis 
mniSvnelovani industrializacia: iyeneben racionalur, asawyob yalibebs 
da xaraCoebs,  betoni da armaturis nakeTobebi (karkasebi, badeebi) 
mzaddeba specialur qarxnebSi da transportiT miewodeba samSeneblo 
moedanze, betonis nazavis miwodeba da Cawyoba meqanizebulia da a.S. 

asawyob – monoliTuri rkinabetonis gamoyenebisas asawyob elementebs 
utoveben armaturis naSverebs, monoliTurisagan gansxvavebiT aRar aris 
saWiro mTliani yalibebi, xdeba mxolod kvanZSi armaturis saTanadod 
SeduReba da dabetoneba. asawyobTan SedarebiT miiRweva ufro maRali 
monoliTuroba, oRond naklebad industriulia da ufro Sromatevadi. maTi 
gamoyeneba mizanSewonilia SenobebSi, sadac mosalodnelia mniSvnelovani 
sididis datvirTvebi da kvanZebs moeTxoveba ufro maRali simtkice, vidre 
asawyobSia SesaZlebeli. 

betoni da rkinabetoni aris da didi xnis ganmavlobaSi iqneba 
mniSvnelovani masala mzidi konstruqciebis mSeneblobaSi. es aisaxeba mWida 
masalebis da Semavseblebis dasamzadebeli nedleulis didi raodenobiT 
mopovebis, mZime mrewvelobis Zalian didi raodenobis narCenebis (wida, 
nacari) da Zveli nagebobebis rekonstruqciis Sedegad meoradi masalebis 
gamoyenebis SesaZleblobebiT da yvela im dadebiTi TvisebebiT, romelic 
maT axasiaTebT. 

amJamad rkinabetonis warmoebis ganviTarebisa da srulyofis ZiriTadi 
mimarTulebebia:  

a) iseTi axali konstruqciuli gadawyvetis SemuSaveba, romelic 
SesaZleblobas iZleva: Semcirdes elementis masa, ufro srulad iqnes 
gamoyenebuli masalebis fizikur–meqanikuri maxasiaTeblebi, gamoviyenoTY 
adgilobrivi masalebi, maRali klasis betoni (B100 da maRali) da maRali 
simtkicis armatura (1000 mgpa da meti), vcvaloT betonis Tvisebebi 
plastifikatorebisa da sxva danamatebiT, mza betoni gavJRinToT 
monomerebiT, davamzadoT konstruqciebi meqanizebuli da avtomatizebuli 
xerxiT; 

b) konstruqciebis xangamZleobis, saimedoobisa da teqnologiurobis 
gazrda, dayvanili xarjebis, masalatevadobis, energotevadobis, 
damzadebisa da montaJis Sromatevadobis Semcireba; 
   g) gaangariSebis axali, dazustebuli meTodebis SemuSaveba, egm–is 
gamoyenebiT gaangariSebis meTodebis dazusteba; 
   d) winaswar dasaxuli Tvisebebis mqone betonis Sedgenilobis SerCevisa 
da damzadebis meTodebis srulyofa; 
   e) betonis gamyarebis vadebis regulireba. 

zemoT CamoTvlili miznebis realizaciisaTvis saWiroa betonisa da 
rkinabetonis konstruqciebis Teoriuli da eqsperimentuli gamokvlevebis 
ganviTareba, konstruqciuli gadawyvetebis, damzadebisa da Senoba–
nagebobebis agebis teqnologiis srulyofa, rasac maRali kvalifikaciis 
mSenebelTa kadrebi dasWirdeba. 
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sakontrolo sakiTxebi 
 

1. ra aris rkinabetonis elementis muSaobis arsi. 

2. riT aris uzrunvelyofili betonisa da foladis armaturis erToblivi 

muSaoba. 

3. ra dadebiTi da uaryofiTi Tvisebebi axasiaTebs rkinabetons. 

4. rogori saxis rkinabetonis konstruqciebi mzaddeba. 

5. Semdgomi ganviTarebis ra perspeqtivebi aqvs rkinabetons. 

 
 

2. betonis, armaturisa da rkinabetonis fizikur–meqanikuri Tvisebebi 
 

2.1. betonebis klasifikacia 
betoni, romelic gamoiyeneba rkinabetonis konstruqciaSi unda iyos 

garkveuli winaswar dadgenili Tvisebebis: sakmarisi simtkicis, 
armaturasTan kargi SeWidulobis, sakmarisi simkvrivis (simWidrovis) 
koroziisagan armaturis dasacavad. nagebobis daniSnulebisa da 
eqspluataciis pirobebis mixedviT betonma agreTve unda daakmayofilos: 
yinvamedegobis, wyalSeuRwevobis, agresiuli garemosadmi medegobis da sxva 
moTxovnebi. 

betonebis klasifikacia xdeba Semdegnairad:  
a) ZiriTadi daniSnulebis mixedviT: konstruqciuli – gamoiyeneba 

mzid konstruqciaSi, specialuri – mxurvalmedegi (gamoiyeneba maRali 
teqnologiuri temperaturis pirobebSi muSaobisas), mJavamedegi (gamoiyeneba 
agresiul garemoSi eqspluataciisas), radioaqtiuri gamosxivebisagan 
damcveli, didi saSualo simkvrivis betoni da sxva.  

b) mWida masalebis saxeobis mixedviT: cementis, kiris, widis da 
specialuri daniSnulebis Semkvrelebze; 

g)  Semvsebebis mixedviT: mkvrivi Semvsebebi mZime betonebisaTvis, 
forovani Semvsebebi msubuqi betonebisaTvis da specialuri Semvsebebi 
mxurvalmedegi an qimiuri garemosadmi medegi betonebisaTvis; 

d) struqturis mixedviT: mkvrivi struqturis (Semvsebebs Soris 
sivrce mTlianad Sevsebulia gamyarebuli mWida masaliT), forovani, 
daforovnebuli, ujredovani da msxvilforovani struqturis; 

e) gamyarebis pirobebis mixedviT: bunebrivi gamyarebis, Tburi 
damuSavebis (atmosferuli wnevisas), avtoklavuri damuSavebis (maRali 
wnevisa da temperaturis pirobebSi); 

v) Semvsebebis sisxos mixedviT: Cveulebrivi betoni msxvil da wvril 
Semvsebebze da wvrilmarcvlovani, mkvrivi struqturis betoni, 
damzadebuli cementis mWida masalisa da wvrili, mkvrivi Semvsebis – qviSis 
gamoyenebiT; 

 z) saSualo simkvrivis mixedviT: zemZime – 2500 kg/m3–ze maRali 
saSualo simkvrivis, mZime – 2200... 2500 kg/m3, Semsubuqebuli – 1800... 2200 kg/m3, 
msubuqi – 500... 1800 kg/m3. 

mzidi rkinabetonis konstruqciebisaTvis gamoyenebuli betonebi 
Semoklebulad iwodeba: mZime betoni (mWida masala – cementi, Semvsebebi – 
mkvrivi struqturis damsxvreuli mTis qanebi, RorRi an mdinaris xreSi da 
kvarcis qviSa), msubuqi betoni (mWida – cementi, Semvsebebi – forovani, 
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bunebrivi (pemza, tufi, niJarqva), xelovnuri (keramziti, wida da sxva) 
msxvili da wvrili Semvsebebi. 

 
 
2.2. betonis simtkice 
betonis simtkice mraval faqtorzea damokidebuli, romelTa Soris 

ZiriTadia: xnovaneba, gamyarebis pirobebi, gamosacdeli nimuSis forma da 
geometriuli zomebi, daZabuli mdgomareobis xasiaTi (kumSva, gaWimva, Wra), 
datvirTvis moqmedebis xangrZlivoba da sxva. 

betonis simtkice izrdeba drois ganmavlobaSi. ufro intensiurad 
pirvel 28 dRes. SemdgomSi zrdas ganagrZobs wlebis ganmavlobaSi, 
SedarebiT naklebi intensiurobiT, Tu amis saTanado xelis Semwyobi 
pirobebia (sakmarisi tenianoba da temperatura). maRali temperatura da 
tenianoba mniSvnelovnad aCqarebs gamyarebis process, amitom qarxnebSi 
rkinabetonis nakeTobebi specialur Tbur da tenian garemoSi muSavdeba, 
80...90 0C temperaturisa da 90...100% tenianobis pirobebSi. SedarebiT mcire 
zomis elementebi ki – avtoklavSi, orTqlis 0,8 mgpa wnevisa da 170 0C 
temperaturis pirobebSi. ukanasknel SemTxvevaSi betonis saproeqto 
simkvrive 12 saaTis ganmavlobaSi SeiZleba miviRoT. +5 0C–ze dabal 
temperaturaze betonis gamyareba mkveTrad Seneldeba, xolo –10 0C–ze 
praqtikulad Sewydeba. 

rkinabetonis konstruqciebSi betoni ZiriTadad kumSvaze muSaobs, 
amitom betonis simtkicis ZiriTad maxasiaTeblad miRebulia simtkice 
kumSvaze. yvela sxva simtkicis maxasiaTeblebi (gaWimvaze, Wraze da 
axleCaze, Telvaze, mravaljerad, xangrZliv da swraf datvirTvisas) 
damokidebulia simtkiceze kumSvis mixedviT, gamoiTvleba empiriuli 
formulebiT (saWiroebis SemTxvevaSi specialuri nimuSebis gamocdiT) da 
mocemulia saTanado normebSi cxrilebis saxiT. 

betonis simtkiced kumSvis dros miRebulia 150X150X150 mm zomis 

betonis kubis droebiTi winaRoba, 20±25 0C gradusi temperaturisa da ara 
umciresi 90% tenianobis pirobebSi gamyarebis 28–e dRes kumSvaze 
gamocdisas. aRniSnul simtkices kuburi simtkice ewodeba, aRiniSneba R –iT 
da aris is Zabva, romelic ganviTardeba kubur nimuSSi uSualod rRvevisas.  

bA
FR = (mgpa),       (2.1) 

aq F  mrRvevi Zalaa, bA  – kubis zedapiris farTobi. 

 cdebiT dadginda, rom betonis SekumSuli nimuSi (maT Soris kubic) 
irRveva betonis gaxleCviT mkumSavi Zalis mimarTulebis marTobulad, rac 
gamowveulia betonis tanSi sicarieleebTan (forebTan) da Semvsebis mtkice 
marcvlebTan, mkumSavi da gamWimavi Zabvebis koncentraciiT. radgan betonis 
simtkice gaWimvaze mkveTrad naklebia, vidre kumSvaze amitom rRvevac 
gamWimavi Zabvebisagan xdeba da bzarebic mkumSavi Zalebis paralelurad 
viTardeba. Tu davukvirdebiT betonis kubis rRvevis sqemas (nax.1,a), aq 
bzarebi sxvanairad viTardeba, rac gamowveulia imiT, rom xaxunis Zalebi 
warmoqmnili wnexis baliSsa da kubis zedapirs Soris betons 
horizontaluri mimarTulebiT Tavisufali deformaciis saSualebas ar 
aZlevs. Tu am Zalebs kubis zedapiris gapoxviT movspobT, miviRebT rRvevis 
mosalodnel sqemas (nax.1,b). normebis mixedviT kubi gamoicdeba sapoxis 
gareSe. xaxunis Zalebis gavleniT betonis erTi da imave Sedgenilobis 
kuburi nimuSis simtkice damokidebulia mis zomebze: rac naklebia kubis 



 11

wibos zoma – metia simtkice (ufro mniSvnelovania xaxunis gavlena). amitom 
aris, rom kubis simtkice, romlis wibo 100 mm–is tolia, udris 1,12 R  –s, 
xolo kubisa, romlis wiboc 200 mm–is tolia – 0,93R –s. 

radgan realuri elementebi formiT gansxvavdeba kubisagan, kuburi 
simtkice betonis simtkices realurad ver asaxavs, amitom uSualod 
gaangariSebebSi ar ixmareba. igi etalonuri sididea da gamoiyeneba mxolod 
betonis xarisxis kontrolisaTvis. 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 1. betonis simtkicis gansazRvra: 
        1 – xaxunis Zalebi; 2 – sapoxi 

 
 
betonis prizmis kumSvaze gamocdis Sedegad dadginda, rom h  

simaRlis fuZis gverdis a  zomasTan Sefardebis gazrdiT simtkice 
klebulobs (nax.1,d). rodesac 4/ ≥ah  simtkice praqtikulad stabiluri 
xdeba da tolia 0,7...0,8R –is. es garemoeba imiT aixsneba, rom prizmis 
fuZeebTan aRZruli xaxunis Zalebi gavlenas axdenen prizmis mxolod 
boloebTan axlos, xolo Sua nawili Tavisufalia am gavlenisagan da 
irRveva Zalis paraleluri mimarTulebis bzarebiT (nax.1,g), ufro nakleb 
datvirTvaze, vidre kuburi nimuSi. standartul pirobebSi gamyarebul, 

standartuli prizmis 28–e dRes gamocdis Sedegad miRebul bR simtkices 

prizmuli simtkice ewodeba. igi aris betonis realuri simtkice, romelic 
gaangariSebebSi gamoiyeneba. 

prizmuli simtkice SeiZleba gamoiTvalos formuliTac 

RRb ϕ= , sadac 72,0001,077,0 ≥−= Rϕ ;     (2.2) 

gaWimvaze simtkice gamoiTvleba empiriuli formuliT 

 ( )RRRbt += 45/5 , an 3 25,0 RRbt = ;      (2.3) 

Wraze simtkicis formulaa 

 btbshb RRR 7,0, = , axleCaze btshb RR )2...5,1(, = ;     (2.4) 

Telvaze (adgilobriv kumSvaze) simtkice 

 bblocb RR ϕ=, ;  aq, 3
1,2, / loclocb AA=ϕ       (2.5) 

 1,locA – Telvis farTobi, 2,locA – saangariSo farTobi. 
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 mravaljer ganmeorebadi datvirTvis moqmedebisas simtkice tolia: 

kumSvisas bb R1γ , gaWimvisas btb R1γ , sadac 1bγ – mravaljer ganmeorebadi 

datvirTvis moqmedebisas muSaobis pirobebis gamTvaliswinebeli 

koeficientia ( 1bγ =0,75...1). 

 xangrZlivad moqmedi datvirTvisas (rac ZiriTadad moqmedebs 
rkinabetonis elementebze) betonSi viTardeba mniSvnelovani plastikuri 
(aradrekadi) deformaciebi (cocvadoba), icvleba struqtura da simtkice 
mcirdeba 10...20%–iT. 

swrafad moqmedi dinamikuri datvirTvisas (dartyma, afeTqeba, 
seismuri biZgi) betonSi aradrekadi deformaciebi ganviTarebas ver aswrebs, 
struqtura TiTqmis ar icvleba, muSaobs, rogorc drekadi sxeuli da 
winaRoba izrdeba 20...30%–iT, vidre standartul pirobebSi gamocdili 
betonis nimuSis simtkice. 
 

 
2.3. betonis klasi da marka 

 rkinabetonis konstruqciis daproeqtebisas, misi daniSnulebisa da 
eqspluataciis pirobebis mixedviT, normebiT dadgenilia betonis xarisxis 
maCveneblebi, romelTa Soris mTavaria: betonis klasi simtkicis mixedviT 
kumSvasa da gaWimvaze da marka: yinvamedegobis, wyalSeuRwevobis, saSualo 
simkvrivisa da TviTdaZabvis mixedviT.  
 betonis B klasi simtkicis mixedviT kumSvaze aris simtkicis is 
kontrolirebuli minimumi, romlis statistikuri albaTobis saimedooba 
aris 0,95. klasi miiReba standartuli raodenobis 150X150X150 mm zomis 

kuburi nimuSis kumSvaze gamocdiT, 20±2 0C temperaturisa da aranakleb 90% 
tenianobis pirobebSi gamtkicebis 28–e dRes. normebSi moyvanilia betonis 
klasebi B3,5–dan B60–mde, sadac ricxvi Seesabameba simtkicis 
kontrolirebul minimums kumSvaze, gamosaxuls megapaskalebiT. 
 betonis Bt klasi simtkicis mixedviT gaWimvaze ganisazRvreba 
analogiurad, oRond Sesabamisi nimuSis (nax.2) gamocdiT gaWimvaze, an 
gamoiTvleba empiriuli formulebiT. normebSi mocemulia betonis klasebi 
gaWimvaze Bt0,8–dan Bt3,2–mde. 
 
 

 
 

nax. 2. betonis gaWimvaze gamosacdeli nimuSi 
 
 

 betonis marka, rogorc zemoT aRiniSna, gansazRvravs betonis xarisxs 
sxvadasxva Tvisebis mixedviT: 

a) betonis marka yinvamedegobis mixedviT – F5–dan F500–mde. aq 
ricxvi uCvenebs gayinva–galxobis ciklebis im raodenobas, romlis Semdeg 
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betonis simtkice SedarebiT umniSvnelod mcirdeba (15%–mde). marka 
yinvamedegobis mixedviT iniSneba iseTi konstruqciisaTvis, romelic 
eqspluataciisas datenianebul mdgomareobaSi ganicdis monacvleobiT 
mravaljerad gayinva–galxobas; 

b) betonis marka wyalSeuRwevobis mixedviT – W2–dan W12–mde. 
ricxvi aris wylis hidrostatikuri dawneva kgZ/sm2–obiT, romlis drosac 
150 mm sisqis nimuSSi ar aRiniSneba wylis gaJonva. marka  wyalSeuRwevobis 
mixedviT iniSneba im SemTxvevaSi, Tu konstruqcia muSaobs wylis dawnevis 
qveS (rezervuari, sadawneo milebi da sxva); 

g) betonis marka saSualo simkvrivis mixedviT – D800 kg/m3–dan D2500 
kg/m3–mde betonis saxeobis mixedviT iniSneba im SemTxvevaSi, Tu betons sxva 
konstruqciul moTxovnebTan erTad waeyeneba Tboizolaciis moTxovnebic; 

d) betonis marka TviTdaZabvis mixedviT – Sp0,6...Sp4. aqac ricxvebi 
gamosaxavs gafarToebadi betonisagan gaWimuli armaturis mier betonSi 
aRZrul winaswari mkumSavi Zabvis sidides mgpa–obiT. es marka iniSneba 
TviTZabvad konstruqciaSi, mis mimarT wayenebuli bzarmedegobisa da 
sixistis moTxovnebis mixedviT. 

amJamad yvelaze farTo gamoyeneba aqvs mkvrivi struqturis 
Cveulebriv, mZime betons, romlis mWida masalaa cementi. igi gamoiyeneba 
praqtikulad yvela mzidi konstruqciisaTvis, Tu amas raime specialuri 
moTxovna ar ewinaaRmdegeba. SedarebiT maRali klasis msubuqi betonic 
gamoiyeneba mzid konstruqciaSi. umravles SemTxvevaSi msubuqi betoni, 
agreTve daforovnebuli da ujredovani betoni, gamoiyeneba SemomzRudav 
konstruqciaSi. 

betonis optimaluri klasis SerCeva xdeba yvela konkretul 
SemTxvevaSi teqnikur–ekonomikuri gaangariSebis  safuZvelze: konstruqciis 
tipis, damzadebis xerxis, montaJisa da eqspluataciis pirobebis 
gaTvaliswinebiT. 

mzid konstruqciaSi ZiriTadad gamoiyeneba: Cveulebriv (dauZabav) 
rkinabetonis Runvad elementebSi – betonebi B15... B30 klasis, SekumSul 
elementebSi (mag. svetebSi) – B20... B40, wamweebSi da TaRebSi – B30... B50. 
winaswardaZabul konstruqciaSi betonis klasi iniSneba gamoyenebuli 
armaturis klasis mixedviT. magaliTad, A–IV klasis armaturisaTvis ara 
umciresi B15–isa, A–VI – ara umciresi B30–isa. maRali klasis betonis 
gamoyeneba, gansakuTrebiT winaswar daZabul elementSi, ekonomikurad 
xelsayrelia.  B7,5–ze naklebi klasis mZime da wvrilmarcvlovani  betonis 
gamoyeneba mzid konstruqciaSi, normebiT ar daiSveba. 

 
 
2.4. betonis deformacia 
betonSi SeiZleba ganviTardes ori saxis deformacia: araZalismieri  

(Sekleba, temperaturisa da tenianobis cvlileba) da Zalismieri. 
araZalismieri  deformacia moculobiTia da viTardeba sxeulis yvela 
mimarTulebiT, xolo Zalismieri – ZiriTadad Zalis moqmedebis 
mimarTulebiT. Tumca, amave dros warmoiqmneba ganivi mimarTulebis mcire 
deformaciebic, romelTa Sefardeba grZiv deformaciebTan gamoisaxeba 
puasonis koeficientiT – ν =0,2. 

betoni haerze gamyarebisas moculobaSi klebulobs (Sekleba), xolo 
wyalSi gamyarebisas – matulobs (gajirjveba). Sekleba gamovlindeba ufro 
metad, rac metia cementisa da wylis raodenoba betonSi da naklebia 
tenianoba gamyarebis dros. radgan wylis aorTqleba araTanabaria 
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elementis zedapiridan da siRrmidan, amitom Seklebac araTanabaria, rac 
iwvevs damatebiTi Zabvebis warmoqmnas da xSirad – Seklebis bzarebs. 
Seklebis Sesamcireblad mimarTaven teqnologiur da konstruqciul 
zomebs: gamyarebisas – elementis zedapiris datenianebas, wyal–cementis 
Sefardebis da cementis raodenobis Semcirebas, konstruqciebSi Seklebis 
nakerebis mowyobas da sxva. mZime betonisaTvis  Seklebis  saSualo  sidide  
aiReba  2.10–4...4.10–4 farglebSi. Sekleba viTardeba betonis cocvadobasTan 
erTad xangrZlivi drois ganmavlobaSi. temperaturuli cvlilebebisas 
temperaturis gazrdiT betoni farTovdeba, SemcirebiT – piriqiT. Tu 
kveTSi temperaturis cvlileba viTardeba araTanabrad, an deformaciis 
ganviTarebaa SezRuduli, warmoiqmneba damatebiTi Zabvebi, romlebsac 
SeuZlia gamoiwvios bzarebis warmoqmna. am Zabvebis gaangariSeba xdeba 
masalaTa gamZleobis formulebiT, xolo temperaturuli gafarToebis 

koeficienti aiReba αbt=1.10–5 0C–1–is toli.  
datvirTvis moqmedebis mixedviT Zalismieri deformaciebi SeiZleba 

iyos gamowveuli: xanmokle datvirTvis erTjeradi moqmedebiT, datvirTvis 
xangrZlivi da mravaljeradi moqmedebiT. nax. 3–ze mocemulia samive saxis 

Zalismieri deformaciis `σb – εb~ grafikebi. 
 
 

 
 

nax. 3. betonis deformacia datvirTvis reJimze damokidebulebiT:  
    a–erTjeradi xanmokle datvirTva, b–xangrZlivi datvirTva,  

    g–mravaljeradi datvirTva 

 
 
 grafikebis mixedviT SegviZlia vimsjeloT, rom erTjeradi 

datvirTvisas nebismieri m wertilis Sesabamisi εb mTliani deformacia 

Sedgeba εe drekadi da plε  plastikuri deformaciebisagan. rac maRali 

sididisaa datvirTva da Sesabamisi Zabva uaxlovdeba Rb zRvrul sidides, 
miT metia plastikuri deformaciebis wili (nax. 3,a). 
 xangrZlivi datvirTvis moqmedebisas, sanam Zabva nulidan gansaxilvel 

σb  sididemde miaRwevs, grafiki iseTivea, rogorc erTjeradi xanmokle 

datvirTvisas, xolo σb –s Sesabamisi datvirTvis xangrZlivi moqmedebisagan 
gamowveuli plastikuri deformaciebi viTardeba ise, rom Zabva 



 15

praqtikulad ar icvleba da grafikic TiTqmis εb RerZis paralelurad 

viTardeba (nax.3,b). aRsaniSnavia, rom Tu datvirTvis nulidan σb –s 
sididemde zrdis siCqares SevamcirebT, Sesabamis deformaciebSi 

plastikuri deformaciis wili izrdeba, xolo σb–s Zabvis Sesabamis 
datvirTvis xangrZlivi moqmedebis deformaciebi viTardeba erTnairad. 
process, rodesac betonSi plastikuri deformaciebi viTardeba Zabvis 
sididis Seucvlelad, betonis cocvadoba ewodeba. 
 datvirTvis mravaljeradi moqmedebisas, datvirTva–gantvirTvis 
ciklebis garkveuli raodenobis Semdeg plastikuri deformaciebi, 
romlebic gantvirTvis dros Cveulebriv aRar aRdgeba, TandaTan 
amoiwureba da betoni muSaobs drekadad. YTu datvirTva–gantvirTvas 
gavagrZelebT ufro did datvirTvaze, procesi meordeba da a.S. rodesac 
mravaljeradi datvirTvis Sesabamisi Zabva meti gaxdeba betonis amtanobis 
Rr zRvarze, maSin deformaciebi mkveTrad izrdeba, mrudebi simrudis niSans 
icvlis da betoni irRveva. am dros moqmedi datvirTva naklebia erTjeradi 
datvirTvis Sesabamis zRvrul datvirTvaze (nax.3,g). 

 betonis zRvruli deformaciebi εbu kumSvasa da εbt,u gaWimvaze 
damokidebulia betonis simtkiceze, Sedgenilobaze da datvirTvis 
moqmedebis xangrZlivobaze. prizmis kumSvaze gamocdisas betonis zRvruli 

kumSvadoba εbu=(0,8...3)10–3. saSualod – εbu=2.10–3. koWis SekumSul zonaSi 
betonis zRvruli kumSvadoba metia, igi damokidebulia ganivi kveTis 
formasa da SekumSuli zonis fardobiT simaRleze da udris (2,7...4,5)10–3. 
betonis zRvruli gaWimvadoba 10...20–jer naklebia. saSualod aiReba 

εbt,u=1,5.10–4. 
 
 
 2.5. betonis drekadobisa da sruli deformaciis modulebi 
 betonis deformaciasa da Zabvas Soris analizuri kavSiris damyareba 
xdeba Eb koeficientiT, romelsac moduli ewodeba. 
 betoni idealurad drekadi sxeuli rom iyos, maSin Zabvasa da 
deformacias Soris pirdapirproporciuli damokidebulebis gamo nax. 4–ze 

gamosaxuli `σb – εb~ grafiki iqneboda wrfe da Sesabamisad drekadobis 
moduli 

bbbE εσ /= .      (2.6) 

betoni muSaobs, rogorc drekadi sxeuli mxolod mcire 

datvirTvebisas ( )bb R2,0≤σ , amitom misi Sesabamisi grafiki aris wrfe, nax.4–

ze gamosaxuli mrudis mxebi, gavlebuli koordinatTa saTaveSi. am wrfis εb 

RerZTan daxris kuTxis tangensi, anu beb Etg == εσα /0  iqneba gansaxilveli 

betonis sawyisi drekadobis moduli, romelic betonis klasTan 
damokidebulebiT gamoiTvleba empiriuli formuliT 

B
BEb +

=
270

550000
.      (2.7) 

betonis sawyisi drekadobis Eb modulis mniSvnelobebi kumSvisa da 
gaWimvisas, betonis saxeobisa da klasis mixedviT, mocemulia normebSi. 
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nax. 4. diagrama betonis drekadobisa da deformaciis  

  modulis dasadgenad 
 
 
  

rodesac betonze moqmedebs mkumSavi Zala, romlis Sesabamisi Zabva 

bb R2,0>σ –ze, σb – εb damokidebuleba xdeba arawrfivi da gamoisaxeba nax. 4–

ze mocemuli mrudis saxiT. am mrudze mdebare nebismieri m wertilis 

Sesabamisi bE′ deformaciis moduli cvladi sididea, radgan damokidebulia 

datvirTvaze da gamoisaxeba am wertilze mrudisadmi gavlebuli mxebis 

mier εb  RerZTan Sedgenili kuTxis tangensiT  
αεσ tgddE bbb ==′ /  .     (2.8) 

 calkeul kerZo SemTxvevebSi betonis deformaciis mrudis analizuri 

gamosaxuleba ar aris cnobili, amitom bE′ –is mixedviT sruli deformaciis 

gamoTvla gaZnelebulia. praqtikuli gaangariSebisas sargebloben saSualo, 

anu drekad–plastikurobis bE′ moduliT, romelic aris `σb – εb~ mrudis 

aRebul wertilidan koordinatTa saTaveSi gavlebuli mkveTis εb  RerZTan 

daxris 1α kuTxis tangensi 

1/ αεσ tgE bbb ==′ .      (2.9) 

 drekadobis sawyis Eb modulsa da drekad–plastikurobis bE′ moduls 

Soris damokidebulebis dadgena SesaZlebelia, Tu erTsa da imave Zabvas 

gamovsaxavT εe  drekadi deformaciisa da εb  sruli deformaciis saSualebiT 
(ix.nax. 4). 

bbbeb EE ′== εεσ ,   aqedan  bb
b

e
b EEE ν

ε
ε

=⋅=′ .        (2.10) 

ν  aris drekadi deformaciebis Sefardeba srul deformaciebTan da 
ewodeba betonis drekad–plastikurobis koeficienti. cdebiT dadgenilia, 
rom kumSvis dros igi icvleba 1–dan (drekadi muSaoba) 0,15–mde (rRveva), 
xolo gaWimvisas –1–dan 0,5–mde. 
 
 
 
 



 17

 2.6. armatura 
 
 2.6.1. armaturis saxeobebi, klasifikacia, gamoyeneba 
 armatura aris moqnili an xisti Reroebi, romlebic betonSi 
ganlagebulia gaangariSebis, konstruqciuli da sawarmoo moTxovnebis 
Sesabamisad. armaturad gamoiyeneba ZiriTadad foladi. SeiZleba sxva 
masalis, magaliTad minaplastikuri armaturis gamoyeneba, magram Zviria da 
SeiZleba gamoyenebuli iqnas konstruqciebSi, romlebsac waeyeneba 
koroziamedegobis, eleqtroizolatoruli Tvisebebisa da aramagniturobis 
specialuri moTxovnebi.  

rkinabetonis konstruqciebSi daniSnulebis mixedviT aris muSa da 
samontaJo (konstruqciuli) armatura. muSa armatura lagdeba gaangariSebis 
mixedviT, konstruqciaSi gamWimavi Zabvebis asatanad da SekumSuli betonis 
gasaZliereblad. igi SeiZleba iyos grZivi da ganivi. samontaJo armatura 
lagdeba konstruqciuli da teqnologiuri mosazrebis mixedviT: 
uzrunvelyofs muSa armaturis saproeqto mdebareobis dafiqsirebas, 
calkeul Reroebs Soris Zalvebis Tanabar ganawilebas, betonis  Seklebisa 
da temperaturuli cvlilebebisagan warmoqmnil, angariSiT 
gauTvaliswinebeli Zalvebis atanas da sxva.  

asawyob konstruqciebze, asawevad, transportirebisaTvis da 
asawyobad, Caetaneba samontaJo yulfebi an milebi. asawyobi elementebis 
erTmaneTTan dasakavSireblad gamoiyeneba liTonis Casatanebeli detalebi. 
mTeli armatura: muSa, samontaJo, asawevi yulfebi da Casatanebeli 
detalebi erTiandeba saarmaturo nakeTobebad (karkasebi da badeebi), 
romlebic SeiZleba iyos xeliT Sekruli an SeduRebiT damzadebuli. 

 
 

 
 

nax. 5. rkinabetonis elementebis daarmatureba: 
a–fila; b–koWi; g–sveti; 1–filis grZivi muSa armatura;  
2–konstruqciuli; 3–samontaJo; 4–koWis ganivi armatura 
(caluRi); 5–koWis grZivi muSa armatura; 6–svetis grZivi muSa 
armatura; 7–svetis ganivi armatura 

 
 
armatura SeiZleba daiyos Semdegi niSniT:  
a) damzadebis mixedviT – cxlad glinuli Rerovani armatura  

diamtriT 6...40 mm da mavTulovani armatura, miRebuli civad gamoWimviT 3...8 
mm diametriT. 10 mm da meti diametris Rerovani armatura gamodis Reroebis 
saxiT, ufro mcire diametris – 1300 kg–mde masis xveulis (buxtis) saxiT. 
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b) zedapiris profilis mixedviT – gluvi da perioduli profilis 
(nax. 6) perioduli profilis armatura ZiriTadia, radgan betonTan ukeTesi 
SeWiduloba aqvs, Tumca cikluri (mravaljer ganmeorebadi) datvirTvis 
moqmedebisas naSverebTan xdeba ZabvaTa koncentracia, ris gamoc armaturis 
winaRoba mcirdeba. 

g) gamoyenebis mixedviT – daZabuli armatura (winawar daZabul 
rkinabetonis elementSi) da dauZabavi (Cveulebriv rkinabetonSi).  

garda zemomoyvanili moqnili armaturisa, saWiroebis SemTxvevaSi 
gamoiyeneba xisti (TviTmzidi) armatura foladis glinuli sortamentis an 
mcire zomis ganivkveTis kuTxovanebiT Sekruli karkasis saxiT. 

armaturis klasifikacia xdeba agreTve klasebis mixedviT, romlebic 
aerTianeben erTnairi simtkicisa da deformirebadobis Tvisebebis 
foladebs, amasTan erTsa da imave klass SeiZleba ekuTvnodes sxvadasxva 
qimiuri Sedgenilobis (markis) foladebi. 

 
 

 
 

nax. 6. perioduli profilis armature: 
a – A–II klasis Rerovani armatura; b – A–III...A–IV klasis Rerovani 
armatura; g–maRali simtkicis Bp–II klasis mavTulovani armatura; 
d–markirebis glinuli niSnebi, romelTa Soris ganlagebuli wibos 
(naSveris) raodenoba asaxavs armaturis klass 

 
 
Rerovani armatura aRiniSneba A asoTi, xolo klasi romauli 

cifriT, rac metia cifri, miT metia armaturis simtkice: 
- A –I klasis – gluvi, cxlad glinuli, gamoiyeneba rogorc samontaJo; 
- A–II, A–III, A–IV, A–V, A–VI klasis – perioduli profilis, cxlad 

glinuli: A–II –gamoiyeneba samontaJo armaturad an Tu A–III klasis 
armaturis gamoyeneba ar aris xelsayreli – muSa armaturad; A–III – 
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muSa armaturad, mxolod dauZabav rkinabetonSi; A–IV da meti – 
iSviaTad, xeliT Sekrul karkasebSi, Cveulebriv rkinabetonSi, 
ZiriTadad ki winaswar daZabul konstruqciebSi. 

- AT–III, AT–IV,  AT–V,  AT–VI,  AT–VII klasis – perioduli profilis, 
Termulad gamtkicebuli, gamoiyeneba mxolod winaswar daZabul 
konstruqciebSi. 
Rerovani armaturis damatebiTi Tvisebebis aRsaniSnavad Semotanilia 

aRniSvnebi: `C~ aRniSnavs SeduRebadobas (AT–III C), `K~ aRniSnavs korozia–
medegobas (AT–IV K), patara `c~ aRniSnavs armaturas, romelic gamoiyeneba 
dabali temperaturis pirobebSi momuSave elementebisaTvis (AC–II). 

mavTulovani armatura aRiniSneba B asoTi da iyofa or klasad: Bp–I– 
Cveulebrivi saarmaturo mavTuli, perioduli profilis (SeWyletili an 
xveulad dakawruli), dabalnaxSirbadiani, gamoiyeneba SeduRebuli badeebis 
dasamzadeblad; B–II, Bp–II – gluvi da perioduli profilis, maRali 
simtkicis (mravaljer civad gamoWimuli) mavTuli, ZiriTadad gamoiyeneba 
winaswar daZabul konstruqciebSi. 

calkeuli mavTulebiT daarmatureba Sromatevadia da amitom isini 
gaerTianebulia (Segrexili) 1,5....5 mm diametris mavTulebiT K–7 
SvidmavTulian da K–19 cxrametmavTulian bagirebad. 

 
 
2.6.2. armaturis fizikur–meqanikuri Tvisebebi 
armaturis Tvisebebi damokidebulia foladis qimiur Sedgenilobaze, 

agreTve misi damzadebisa da damuSavebis xerxze. saarmaturo foladis 
SedgenilobaSi Sedis naxSirbadi 0,2...0,8%–mde da malegirebeli danamatebi. 
naxSirbadis raodenobis zrda iwvevs simtkicis zrdas, deformirebadobisa 
da SeduRebadobis Semcirebas. malegirebeli danamatebi mniSvnelovnad 
cvlis foladis Tvisebebs. magaliTad, manganumi da qromi zrdis simtkices 
deformaciulobis mcire SemcirebiT, kaJbadic zrdis simtkices, magram 
auaresebs SeduRebadobas da a.S. 

foladis qimiuri Sedgenilobis ganmsazRvrelia marka. magaliTad, A–
III klasis armaturis foladis 25Γ2C markaSi ricxvi `25~ aRniSnavs 

naxSirbadis Semcvelobas meased procentSi (0,25), `Γ2~– foladi 
legirebulia manganumiT 2%–mde raodenobiT, ` C~– foladi kaJbadsac 
Seicavs (radgan C–s Semdeg cifri ar aris, e.i. es nivTiereba 1%–mdea). 
foladis sxva markebSi SeiZleba iyos qromi (X), titani (T), cirkoniumi (Ц), 
nikeli (N), molibdeni (M). 

saarmaturo foladis simtkicisa da deformaciis maxasiaTeblebi 
ganisazRvreba standartuli nimuSebis gaWimvaze gamocdis Sedegad 

miRebuli `σ – ε~  diagramis mixedviT (nax. 7). 
diagramidan Cans, rom rbil folads aqvs naTlad gamoxatuli 

denadobis baqani, mtkice foladis denadoba naTlad ar aris gamoxatuli. 
saarmaturo foladis simtkicis saangariSo maxasiaTebelia Rs. rbili 

foladisaTvis es aris denadobis zRvari σs,pl, mtkice foladisaTvis – σ0,2, 
toli Zabvisa, romlis dros narCeni deformaciebi udris 0,2%. foladis 

simtkicis zRvruli sididea σsu (droebiTi winaRoba) da zRvruli 

wagrZeleba gawyvetisas εsu, romelic foladis plastikuri Tvisebebis 
gamomsaxvelia. simtkicisa da deformirebadobis garda rig SemTxvevaSi 
saWiro xdeba sxva Tvisebebis gaTvaliswinebac: SeduRebadoba, reologiuri 
Tvisebebi (foladis cocvadoba didi Zabvebis warmoqmnisas an mudmivi, 
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dafiqsirebuli sigrZis nimuSSi Zabvebis Semcireba), daRlilobiTi rRveva, 
maRali an dabali temperaturisadmi medegoba da sxva. 

 
 

 
nax. 7. saarmaturo foladis `Zabva–deformaciis~ (`σs – εs~) diagrama: 

1 – rbili foladi, 2 – mtkice foladi, 
3 – meqanikuri gamoWimviT ganmtkicebuli foladi 

 
 

Cveulebrivi, cxlad glinuli rbili saarmaturo foladis simtkicis 
gazrda SesaZlebelia Termuli ganmtkicebiT da meqanikuri gaWimviT. 
Termuli ganmtkicebisas armaturas gaaxureben 800 0C–mde da zeTSi swrafad 
gaaciveben, Semdeg isev gaaxureben 300...400 0C–mde TandaTan gacivebiT. 
meqanikuri gamoWimvisas armatura wagrZeldeba 3...5%–iT da kristaluri 
gisosis struqturuli cvlilebis gamo xdeba ganmtkiceba. 

yvela saxis saarmaturo foladis simtkicisa da deformaciis 
maxasiaTeblebi klasebisa da diametris mixedviT mocemulia saTanado 
normebSi (danarTi 12). 

 
 
2.6.3. armaturis nakeTobebi 
armatura gamoiyeneba ara marto calkeuli Reroebisa an mavTulebis 

saxiT, aramed ZiriTadad xeliT Sekruli an SeduRebuli badeebisa da 
karkasebis saxiT. am ukanasknelTa damzadebis industrializaciis 
SesaZlebloba maT did upiratesobas aniWebs. 

badeebiT daarmatureba xdeba brtyeli filebis an Txelkedliani 
sivrciTi konstruqciebisa. muSa armatura SeiZleba iyos grZivi an ganivi 
mimarTulebis, agreTve orive mimarTulebisac. muSa armaturis marTobuli 
mimarTulebiT ganlagebulia gamanawilebeli (samontaJo) Reroebi (nax.8). 
muSa armaturis diametrisa da ganlagebis mixedviT mzaddeba brtyeli 
badeebi. Tu grZivi armaturis diametri 8 mm da naklebia, mzaddeba grZeli 
badeebi, romlebsac Semdeg daaxveven rulonebad. 

armaturis karkasi gamoiyeneba Rerovani elementebis (koWi, sveti, 
CarCo, wamwe) dasaarmatureblad. monoliTur rkinabetonSi gamoiyeneba 
rogorc xeliT Sekruli sivrculi karkasi, romelic uSualod samSeneblo 
moedanze mzaddeba, aseve, brtyeli SeduRebuli karkasebi, romlebic 
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mzaddeba qarxanaSi. Semdeg, adgilze yalibebSi Cawyobisas ori, sami, an 
saWiroebis SemTxvevaSi, oTxi karkasi erTiandeba sivrciT karkasad 
ramdenime adgilas mokle Reroebis miduRebiT. karkasebSi ganivi armaturis 
diametri damokidebulia grZivi muSa armaturis d diametrze, aiReba 3...10 mm, 
ara umetesi d/3...d/4–isa. samontaJo armaturis diametri 2...10 mm–iT metia, 
vidre ganivi armaturis diametri. 

dauZabavi armaturis gadabma xdeba gadadebiT an pirapira da 
abazanuri SeduRebiT. gadadebiT SeerTeba dasaSvebia A–I, A–II da A–III 
klasis ReroebisaTvis mxolod im kveTebSi, sadac gamWimavi Zala ar 
moqmedebs, Tanac erT kveTSi SesaZlebelia gadadebiT gadaibas mTeli 
armaturis mxolod 50% (gluvi armaturisas – 25%). Reroebis gadadebis 
sigrZea 20...30 d. qarxnebSi 10 mm da meti diametris armaturis SeerTeba xdeba 
kontaqtur–pirapira   SeduRebiT   specialur   danadgarebze.   armaturis 

 
 

 

 
nax. 8. armaturis nakeTobebi: 

a–brtyeli bade; b–rulonuri bade; g–xeliT Sekruli sivrciTi 
karkasi; d–SeduRebuli karkasi 

 
 

nakeTobebis an asawyobi elementebis montaJisas kvanZebSi armaturis gadabma 

xdeba: rkaluri (d<20 mm) an abazanuri (d ≥20 mm) SeduRebiT (nax.9). 
ukanasknel xans gavrcelda armaturis xraxniani quroebiT SeerTeba. 
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nax. 9. dauZabavi armaturis SeduRebuli pirapirebi da badeebis gadabma: 

a–kontaqtur–pirapira;  b–abazanuri;  g, d–rkaluri  (ormxrivi  da  
calmxrivi flanguri nakeriT); e–badeebis gadadebiT SeerTeba gluvi da 
perioduli profilis, muSa mimarTulebiT da aramuSa mimarTulebiT 
 
 

2.7. armaturis SeWiduloba betonTan da rkinabetonis korozia 
betonisa da armaturis erToblivi muSaoba ganpirobebulia maT Soris 

SeWidulobiT, romelic uzrunvelyofilia betonis SeklebiTa da 
armaturis perioduli profilis naSverebSi betonis CaWidebiT warmoqmnili 
xaxunis ZalebiT (ix. 1.1. paragrafi). 

xaxunis Zalebi, warmoqmnili betonsa da armaturas Soris, 
araTanabrad aris ganawilebuli armaturis betonSi Camagrebis sigrZeze 
(Caankerebis lan sigrZeze). xaxunis (Camagrebis) Zabvis saSualo sidide iqneba  

    
ans

m ld
N

π
τ = ,          (2.11) 

sadac N armaturis amomgleji Zalaa; ds–armaturis diametri; lan–Camagrebis 
sigrZe. 
 normebis mixedviT dauZabavi, perioduli profilis armaturis 
gadacileba im kveTidan, romelSic igi gaiTvaliswineba mTeli saangariSo 
Rs winaRobiT, lan aiReba ara umciresi 200...250 mm–isa. Tu es SeuZlebelia, 
armaturis bolos ewyoba kauWi (gluvi armatura) an specialuri ankeri 
firfitis, qanCis sayeluris, kuTxovanis an mokle Reroebis miduRebiT. 
 rkinabetonis korozia gulisxmobs betonis korozias da rogorc 
Sedegs–armaturis korozias. 

betonis korozia damokidebulia mis simtkiceze, simkvriveze, 
cementisa da agresiuli garemos Tvisebebze. 

armaturis korozia SeiZleba gamoiwvios betonis koroziam, cementis 
arasakmarisma raodenobam, cementSi mavne nivTierebis minarevebma, bzarebis 
mniSvnelovanma gaxsnam, betonis damcveli Sris arasakmarisma sisqem. 
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 koroziis Tavidan asacileblad saWiroa garemos agresiulobis 
Semcireba, specialur Semkvrelze damzadebuli mkvrivi betonis gamoyeneba, 
betonis zedapirze specialuri damcveli dafarvis mowyoba, elementis 
bzarmedegobis gazrda, betonis damcveli Sris sakmarisi sisqis 
uzrunvelyofa. 

betonis damcveli Sre armaturis koroziisagan dasacavad grZivi, muSa 
armaturisaTvis aiReba aranaklebi armaturis Reros an bagiris diametris 
naxevrisa da ara umcires: 10 mm–sa – 100 mm da naklebi sisqis filebsa da 
kedlebSi; 150 mm–sa – 100 mm–ze meti sisqis filebSi, kedlebsa da 250 mm–ze 
naklebi simaRlis koWebSi; 20 mm–sa – 25 mm da meti simaRlis koWebSi, 
wiboebsa da svetebSi; 35 mm–sa – rkinabetonis monoliTuri saZirkvlebis 
qveda armaturisaTvis, Tu igi betonis momzadebaze (Sreze) eyrdnoba, Tu 
ara – ara umciresi 70 mm–isa. ganivi, konstruqciuli da gamanawilebeli 
armaturisaTvis betonis damcveli Sris sisqe aiReba ara umcires Sesabamisi 
armaturis diametrisa da ara umcires 10 mm–sa, rodesac h<250 mm–ze da 15 
mm–sa, rodesac h≥250 mm. elementis bolodan (torsidan) grZivi, muSa 
armaturis bolomde daSoreba aiReba 10, 15, da 20 mm, Sesabamisad 9, 12 da 12 
m–ze grZeli elementebisaTvis. winaswar daZabul elementebSi armaturis 
boloebTan (sayrdenebTan) damcveli Sre aiReba 2...3d da aranakleb 40 mm–isa. 
agresiul garemoSi, maRali teqnologiuri temperaturis an maRali 
tenianobis pirobebSi momuSave rkinabetonis konstruqciebisaTvis damcveli 
Sris sisqe izrdeba 5...15 mm–iT. 
 
 

sakontrolo sakiTxebi 
 

1. rogori betoni gamoiyeneba rkinabetonis konstruqciebSi. 

2. rogoria betonis simtkicis maxasiaTeblebi. ganmarteT kuburi da prizmuli 

simtkicis arsi. 

3. betonis xarisxis ZiriTadi maCveneblebi _ klasi da marka. maT Soris 

gansxvaveba. ris mixedviT iniSneba samSeneblo normebiT maTi mniSvnelobebi. 

4. rogoria Zabvasa da deformacias Soris damokidebulebebis grafikebi 

xanmokle erTjeradi, xangrZlivi da mravaljer ganmeorebadi datvirTvebis 

moqmedebisas. 

5. ra aris drekadobis sawyisi da drekad-plastikuri deformaciebis moduli. 

6. ra niSnix mixedviT xdeba armaturis klasifikacia. 

7. gamoxazeT rbili da mtkice armaturisaTvis Zabvasa da deformacias Soris 

damokidebulebis grafiki. 

8. armaturis klasebi da maTi gamoyeneba rkinabetonis konstruqciebSi. 

9. rogoria armaturis nakeTobebi da romel elementSi, romeli nakeToba 

gamoiyeneba. 

10. ra uzrunvelyofs betonsa da armaturas Soris SeWidulobas. 

11. rkinabetonis koroziis mizezebi da misgan dacvis xerxebi. 

12. betonis damcveli Sris mniSvneloba da normireba. 
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3. rkinabetonis konstruqciebis gaangariSebis safuZvlebi 
 

3.1. gaangariSebis meTodebi 
rkinabetoni rTuli samSeneblo masalaa, radgan Sedgeba 

erTmaneTisgan gansxvavebuli fizikur–meqanikuri Tvisebebis mqone 
masalebisagan – betonisa da foladisagan. konstruqciebis eqspluataciisas 
warmoqmnili aradrekadi (plastikuri) deformaciebis da gaWimul zonaSi 
bzarebis warmoqmnis gamo Zneldeba drekadi masalebisaTvis gankuTvnili 
gaangariSebis meTodebis gamoyeneba. amitomaa, rom rkinabetonis 
konstruqciebis gaangariSebis Tanamedrove meTodebi ZiriTadad eyrdnoba 
eqsperimentul monacemebs, myari, deformirebadi sxeulis meqanikis kanonebs 
da sxvadasxva sididis datvirTvis moqmedebis Sesabamis, elementSi aRZrul 
realur daZabul mdgomareobas. 

rkinabetonis gaangariSebis meTodebis ganviTarebisa da srulyofis 
procesi xasiaTdeba sami ZiriTadi etapiT. pirveli etapia, rodesac 
rkinabetons angariSobdnen ukve arsebuli qvisa da Tujis konstruqciebis 
analogiiT – dasaSveb ZabvaTa meTodiT. 

dasaSveb ZabvaTa meTodis gamoyenebisas, rkinabetoni warmodgenili 
iyo, rogorc drekadi sxeuli, xolo realuri kveTis nacvlad – dayvanili, 
erTgvarovani kveTi, sadac armaturisa da betonis drekadobis modulebis 

Sefardebis ( )bs EE /=α  meSveobiT armaturis nacvlad igulisxmeboda 

betonis ekvivalenturi farTobi. aseT dayvanil kveTSi, masalaTa 
gamZleobis meTodiT ganisazRvreboda saeqspluatacio datvirTvisagan 
betonsa da armaturaSi aRZruli Zabvebi, romlebic naklebi unda yofiliyo 
normebiT dasaSveb Zabvebze. es ukanaskneli, Tavis mxriv, ar iTvaliswinebda 
masalebis realur Tvisebebs da mxolod 50%–iT gamoiyenebda elementis 
SesaZleblobebs. amitom, konstruqcia gamodioda didi kveTis – 
araekonomiuri. 

mrRvev ZalvaTa meTodiT gaangariSebisas, didi raodenobis 
eqsperimentul monacemze dayrdnobiT, ganisazRvreboda is zRvruli 
Zalvebi, risi atanac SeeZlo realur konstruqcias, e.i. gamoiTvleboda 
elementis zidvis unari. saeqspluatacio datvirTvebis moqmedebisas 
aRZruli Zalvebi naklebi unda yofiliyo sidideze, romelic miiReboda 
zRvruli Zalvebis gayofiT erTian maragis koeficientze. am meTodis 
mTavari nakli is iyo, rom erTian maragis koeficientSi mxolod 
miaxloebiT iyo gaTvaliswinebuli is mravalnairi faqtorebi, romlebic 
gavlenas axdenen konstruqciis muSaobaze. droTa ganmavlobaSi elementebis 
damzadebis teqnologiis daxvewis da masalebis xarisxis amaRlebis gamo, 
simtkicis pirobis mixedviT Semcirda ganivkveTebis zomebi, e. i. Semcirda 
elementebis sixiste. aman gamoiwvia deformaciebis (CaRunva, bzaris gaxsnis 
sidide) gazrda imdenad, rom Seiqmna konstruqciebis normaluri 
eqspluataciis Seferxebis saSiSroeba. saWiro gaxda simtkicisa da 
deformaciebis gaangariSebisadmi diferencirebuli midgoma. 

1955 wlidan rkinabetonis konstruqciebis gaangariSeba xdeba zRvrul 
mdgomareobaTa meTodiT, romelic safuZvlad daedo Sesabamis samSeneblo 
normebsa da wesebs. es meTodi mrRvev ZalvaTa meTodis Semdgomi 
ganviTarebaa, sadac naTlad aris gansazRvruli is zRvruli mdgomareobebi, 
romlebic SeiZleba daudges konstruqcias. 

zRvrul mdgomareobad igulisxmeba konstruqciis iseTi 
mdgomareoba, romlis dadgomisas misi Semdgomi eqspluatacia saerTod 
SeuZlebelia an normaluri eqspluataciaa SeuZlebeli, imis gamo, rom: 
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konstruqcia irRveva, kargavs mdgradobas (zRvruli mdgomareobis pirveli 
jgufi), warmoiqmneba bzarebi, rodesac normebiT ar aris daSvebuli, 
bzarebi gaixsneba normebiT dasaSvebze metad, ganviTardeba normebiT 
dauSvebeli sididis CaRunvebi, Camagrebuli kveTis mobruneba, rxevis 
amplitudebi da sxva (meore jgufis zRvruli mdgomareobebi). rogorc 
vxedavT, dadginda zRvrul mdgomareobaTa ori jgufi: pirveli –  zidvis 
unaris mixedviT, meore – normaluri eqspluataciisadmi gamosadegadobis 
mixedviT. 

zRvrul mdgomareobaTa mixedviT konstruqciebis gaangariSeba 
garantias iZleva, rom Senobebisa da nagebobebis normaluri eqspluataciis 
periodSi, gare datvirTvebis nebismieri araxelsayreli Sexamebisas da 
masalaTa winaRobis SesaZlo cvlilebebisas, mTlianad konstruqcias da 
mis Semadgenel elementebs ar daudgebaT arc erTi zRvruli mdgomareoba. 

pirveli jgufis zRvrul mdgomareobaTa mixedviT gaangariSeba 
ZiriTadia da gamoiyeneba kveTebis SerCevisaTvis.  meore jgufis zRvruli 
mdgomareobis mixedviT gaiangariSeba is konstruqciebi, romelTa simtkice 
uzrunvelyofilia gaangariSebiT, oRond eqspluataciis specifikis 
mixedviT aucilebelia saTanado bzarmedegobisa da sixistis 
uzrunvelyofa. 

imisaTvis, rom ar daiSvas arc erTi zRvruli mdgomareoba 
SemoRebulia koeficientebis sistema, romelic iTvaliswinebs 
konstruqciaze moqmedi yvela faqtoris SesaZlo araxelsayrel gadaxras: 
datvirTvebis saimedoobis koeficientebi; betonisa da armaturis winaRobis 
saimedoobis koeficientebi; Senobebisa da nagebobebis daniSnulebis 
mixedviT pasuxismgeblobis xarisxis saimedoobis koeficienti; masalebis 
muSaobis pirobebis koeficientebi, romlebic  Seafaseben masalebis 
muSaobis iseT pirobebs, romelTa gaTvaliswineba uSualod angariSSi 
SeuZlebelia. 

 
 
3.2. datvirTvebi da zemoqmedebebi 
konstruqciebis damzadebis, transportirebis, montaJisa da 

eqspluataciis dros masze moqmedebs sxvadasxva saxis datvirTva. 
datvirTvebi moqmedebis xangrZlivobis mixedviT aris: mudmivi da 

droebiTi (xangrZlivi, xanmokle da gansakuTrebuli); 
mudmivi datvirTvebia: mzidi da Semomfargvleli konstruqciebis 

sakuTari masisagan gamowveuli datvirTva, gruntis wona da dawneva, 
winaswar momkumSavi Zala; 

droebiTi xangrZlivi datvirTvebia: stacionaruli danadgarebisa da 
manqanebis wona; siTxis, myari an fxvieri masis wona, romelic 
danadgarebSia moTavsebuli; datvirTvebi gamowveuli sawyobebSi, 
wignsacavebSi, macivrebsa da sxva msgavs nagebobebSi sarTulSoris 
gadaxurvaze dawyobili masalebisagan. 

droebiT xanmokle datvirTvebs ganekuTvneba: adamianisagan, 
Tovlisagan, qarisagan, amwe–satransporto manqanebisagan gamowveuli 
datvirTvebi. agreTve, konstruqciis montaJisa da remontisas aRZruli 
datvirTvebi. 

gansakuTrebuli datvirTvebi SeiZleba aRiZras seismuri an afeTqebis 
zemoqmedebis, agreTve teqnologiuri procesis darRvevis (avariis) Sedegad. 

CaRunvebze da bzarmedegobaze gaangariSebisas zogjer saWiro xdeba 
xanmokle droebiTi datvirTvis nawilis xangrZliv datvirTvisadmi 
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mikuTvneba. es aris 30...60% Tovli da 50...70% xidura amweebisagan 
gamowveuli datvirTva. 

zRvruli mdgomareobebis mixedviT gaangariSebisas datvirTvebi 
sididis mixedviT iyofa normatiul da saangariSo datvirTvebad. 
normatiulia Fn datvirTva, romelic nagebobis normaluri eqspluataciisas 
konstruqciaze moqmed SesaZlo datvirTvebidan saSualoa an maqsimaluri 
da Setanilia saTanado normebSi. am faqtobrivi datvirTvebis normatiuli 
mniSvnelobidan SesaZlo gadaxris gaTvaliswineba xdeba datvirTvis 

mixedviT saimedoobis γf koeficientis saSualebiT. miiReba saangariSo 

datvirTva F=γf Fn.   
 pirveli jgufis zRvrul mdgomareobaTa gaangariSebisas γf miiReba: 
mudmivi datvirTvisas – 1,1...1,3; droebiTisTvis – 1,2...1,4; Tovlis 
datvirTvisaTvis – 1,4...1,6. Tu konstruqciis masis Semcireba iwvevs misi 
muSaobis gauaresebas (magaliTad sayrdeni kedlis gadayiravebaze 

gaangariSebisas), maSin – fγ  =0,8...0,9. 
 meore jgufis zRvrul mdgomareobaTa mixedviT gaangariSebisas γf =1. 
amiT Semcirebulia am mdgomareobaTa dadgomis saSiSroeba, radgan 
gaangariSeba xdeba faqtobrivad normatiul (saeqspluatacio) datvirTvebze, 
romlebic naklebia saangariSoze. 
 Senobisa da nagebobis eqspluataciisas yvela datvirTva SeiZleba 
moqmedebdes konstruqciaze sxvadasxva SexamebiT. gaangariSeba xdeba 
datvirTvebis yvelaze araxelsayrel Sexamebaze. normebiT 
gaTvaliswinebulia ori saxis Sexameba: ZiriTadi – mudmivi, xangrZlivi da 
xanmokle datvirTvebi da gansakuTrebuli – mudmivi, xangrZlivi, xanmokle 
da erT_erTi gansakuTrebuli datvirTva. am datvirTvebis erTdroulad 
maqsimaluri sididiT moqmedebis albaTobis gaTvaliswineba xdeba Sexamebis 

ψ1 (xangrZlivi datvirTva) da ψ2 (xanmokle datvirTva) koeficientebiT. Tu 
SexamebaSi mxolod erTi droebiTi (xangrZlivi an xanmokle) datvirTvaa 

Seyvanili, maSin ψ1=ψ2=1. Tu ori da meti droebiTi datvirTvaa – ψ1=0,95 da 

ψ2=0,9.  
 
 
 3.3. betonisa da armaturis normatiuli da saangariSo winaRobebi 
 betonis simtkicis maxasiaTebelebi, misi struqturis mniSvnelovani 
araerTgvarovnebis gamo, cvalebadia. amitom konstruqciis saTanado 
saimedoobis uzrunvelsayofad gaangariSebisas unda gaviTvaliswinoT 
betonis simtkicis iseTi mniSvnelibebi, romlebic umravles SemTxvevaSi 
naklebi iqneba, vidre ganxorcielebul konstruqciaSi betonis SesaZlo 
faqtiuri simtkice. simtkicis cvalebadoba gamoisaxeba statistikuri 
mrudiT (nax.10), romelic asaxavs n raodenobis betonis kubebis gamocdis 
Sedegad miRebul simtkiceTa cvalebadobas. simtkicis saSualo mniSvneloba 
Rm  ase gamoiTvleba  

( ) nRnRnRnR kkm /...2211 +++= .     (3.1) 

aq n1,n2,...,nk kubebis raodenobaa, romelTa gamocdis Sedegad miRebulia 
Sesabamisad R1,R2,...,Rk simtkice. yvela es simtkicis maCvenebeli gadaxrilia 
simtkicis saSualo mniSvnelobis orive mxares da didi raodenobis kubebis 
gamocdisas mrudi TiTqmis simetriulia, Tanac, rac metia simtkicis 
maCveneblis gadaxra saSualodan, miT naklebia Sesabamisi simtkicis kubebis 
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nax. 10. betonis simtkicis ganawilebis mrudi 
 
 

raodenoba. simtkicis cvalebadobis daxasiaTeba xdeba saSualo 

kvadratuli gadaxris anu σ standartis saSualebiT  

k

kk

nnn
nnn

+++
Δ++Δ+Δ

=
...
...

21

22
22

2
11σ ,     (3.2) 

sadac mii RR −=Δ .  

 standartis gamoTvlis Semdeg, albaTobis Teoriis mixedviT, 
SesaZlebelia simtkicis iseTi Rmin minimaluri simtkicis gamoTvla, romlis 
albaTobis saimedooba iqneba winaswar daniSnulis toli 

( )νσσ kR
R

kRkRR m
m

mm −=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=−= 11min .   (3.3) 

mR/σν =  aris cvalebadobis koeficienti, anu variaciis koeficienti, k –
saimedoobis maCvenebeli. 

 variaciis ν koeficienti gamoiTvleba yoveli konkretuli 
qarxnisaTvis. rac naklebia koeficientis sidide, miT stabiluria betonis 
simtkice. normebis mixedviT miRebulia koeficientis saSualo mniSvneloba 

ν=0,135, romlis dros betonis xarisxi damakmayofilebelia, xolo – k =1,64, 
rac niSnavs, rom Rmin–ze nakleb simtkices kubebis mxolod 5% aCvenebs. 
aseTnairad gamoTvlili Rmin aris betonis simtkicis ZiriTadi 
maxasiaTebeli, aRiniSneba B–Ti da mas klasi ewodeba. maSasadame, klasi 
betonis simtkicis is kontrolirebuli minimumia, romlis albaTobis 
saimedooba aris 0,95. sxvanairad rom vTqvaT, 100 gamocdili kubidan 

(150X150X150 mm wiboTi, 20±2 0C  temperaturis  da ara umcires 90% 
tenianobis pirobebSi gamyarebuli betonis kubebis 28–e dReze gamocdiT) 95 
kubi iqneba aseTi da meti simtkicis, xolo 5 kubis simtkice iqneba 
kontrolirebul minimumze (klasze) naklebi. betonis klasis mniSvneloba 
Setanilia normebSi e.i. igi betonis kuburi simtkicis Rn normatiuli 
mniSvnelobaa da (3.3)–is mixedviT gamoiTvleba formuliT 
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( )ν64,11−== mn RBR .      (3.4) 

maSasadame, betonis kuburi simtkicis Rn normatiuli mniSvnelobis 
sidide ricxobrivad betonis klasis tolia. 
 rkinabetonis konstruqciis daproeqtebisas gaangariSebaSi 
sargebloben betonis prizmuli simtkicis normatiuli mniSvnelobiT. igi 
gamoiTvleba kuburi simtkicis normatiul mniSvnelobasTan 
damokidebulebiT, (2.2) formulis mixedviT 

( ) nnnnb RRRR 72,0001,077,0, ≥−= .      (3.5) 

Rb,n–is mniSvnelobebi betonis klasebis mixedviT mocemulia normebis 
saTanado cxrilebSi. 

analogiurad gamoiTvleba RerZul gaWimvaze betonis normatiuli 
winaRoba (simtkice) 

( ).64,11,, ν−= mbtnbt RR       (3.6) 

nbtR , –is mniSvnelobebi betonis klasis mixedviT mocemulia normebSi. 

 zemoganxilulidan Cans, rom betonis simtkicis cvalebadobis 
gaTvaliswineba xdeba albaTuri meTodebiT. magram realuri 
konstruqciebis damzadebisas mosalodnelia sxvadasxva faqtoris gavlena 
(magaliTad, betonis narevis gadazidva, betonis Calageba yalibSi, 
vibrireba, gamyareba), ris gamoc betonis faqtobrivi simtkice gansxvavebuli 
iqneba normatiuli mniSvnelobebisagan. SesaZlebelia agreTve, damzadebuli 
rkinabetonis elementebis faqtiuri geometriuli zomebis gansxvaveba 
daproeqtebis dros miRebulisagan. am gadaxrebis statistikuri meTodebiT 
gaTvaliswineba jer ver xerxdeba. amitom, betonis winaRobis mniSvnelobis 
SesaZlo gadaxra uSualod konstruqciaSi, gaTvaliswinebulia specialuri 

saimedoobis γb koeficientiT. betonis normatiuli winaRobis gayofiT γb 
koeficientze miiReba winaRobis is Rb saangariSo mniSvneloba, romelic 
uzrunvelyofs dasaproeqtebeli konstruqciis srul saimedoobas da 
gamoiyeneba simtkiceze gaangariSebisas:  

kumSvisas – bcbnb RR γ= ; gaWimvisas –  btnbtbt RR γ,= .    (3.6) 

 pirveli jgufis zRvrul mdgomareobaTa mixedviT konstruqciebis 

kumSvaze gaangariSebisas γbc =1,3; xolo gaWimvaze gaangariSebisas – γbt =1,5. 

meore jgufis zRvrul mdgomareobaTa mixedviT gaangariSebisas – γbc=γbt=1. 
maSasadame, deformaciebze gaangariSebisas betonis saangariSo winaRobebi 

serbR ,  da serbtR , , faqtobrivad tolia normatiuli winaRobebisa. 

 saarmaturo foladisaTvis Rs,n  normatiul winaRobad miiReba 
simtkicis is kontrolirebuli minimaluri mniSvneloba, romelic 
dadgenilia saTanado standartiT da mowmdeba qarxnis laboratoriaSi: 
Rerovani armaturisTvis, maRali simtkicis mavTulisa da saarmaturo 
bagirebisaTvis Rsn  tolia fizikuri an pirobiTi denadobis zRvris, 
Cveulebrivi mavTulovani armaturisaTvis – droebiTi winaRobis 0,75–is. 
saarmaturo foladis normatiuli winaRoba, rogorc betonisaTvis, miiReba 
albaTobis 0,95 saimedoobiT. 
 pirveli da meore jgufis zRvruli mdgomareobebisaTvis armaturis 
saangariSo Rs da Rs,ser  winaRoba  miiReba normatiuli winaRobis gayofiT 
saTanado saimedoobis koeficientze 

ssns RR γ/= .       (3.7) 

 γs–s mniSvneloba pirveli jgufis zRvruli mdgomareobebisaTvis A–I 
da A–II klasis Rerovani armaturisaTvis aris – 1,05; A–III klasis 
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armaturisaTvis diametris mixedviT – 1,07...1,1; Rerovani armaturis danarCeni 
klasebisaTvis – 1,15...1,20; mavTulovani armaturisaTvis: Bp–I – 1,1, Bp–II, B–II – 
1,20. meore jgufis zRvruli mdgomareobebisaTvis γs=1. 

 armaturis saangariSo winaRoba mravldeba muSaobis pirobebis γsi 
koeficintze, armaturis kveTSi Zabvebis araTanabari ganawilebis, 
daRlilobiT rRvevis saSiSroebisa da denadobis pirobiT zRvarze ufro 
maRali ZabvebiT armaturis SesaZlo muSaobis gasaTvaliswineblad. 
 
 

3.4. zRvrul mdgomareobaTa mixedviT gaangariSebebis  
   ZiriTadi debulebebi 
betonisa da rkinabetonis konstruqciebis gaangariSeba xdeba zidvis 

unaris mixedviT (pirveli jgufis zRvruli mdgomareobebi) da normaluri 
eqspluataciisaTvis gamosadegobis mixedviT (meore jgufis zRvruli 
mdgomareobebi). 
 konstruqciebs da maT Semadgenel elementebs zRvruli mdgomareobis 
mixedviT, rogorc wesi, gaiangariSeben damzadebis, transportirebis, agebis 
da eqspluataciis stadiebisaTvis. Tanac, saangariSo sqema yvela 
SemTxvevaSi unda Seesabamebodes konstruqciis realur daZabul 
mdgomareobas. 
 pirveli jgufis zRvrul mdgomareobaTa mixedviT gaangariSebisas 
unda Sesruldes piroba 

F ≤ Fu.       (3.8) 
 am utolobis marcxena mxares saangariSo Zalvaa ( M, N an Q), im 
SesaZlo maqsimaluri Zalvis toli, romelic gansaxilvel kveTSi aRiZvreba 
saangariSo datvirTvebis an zemoqmedebis yvelaze araxelsayreli 
Sexamebisas. saangariSo datvirTvebi miiReba normatiuli datvirTvebis 
gamravlebiT: datvirTvebis saimedoobis, Sexamebis da Senoba–nagebobebis 
daniSnulebis mixedviT saimedoobis Sesabamis koeficientebze. utolobis 
marjvena mxaresaa konstruqciis zidvis unari, anu is  Fu Sesabamisi  
maqsimaluri (saangariSo) Zalva, risi atanac SeuZlia kveTs. Fu funqciaa: 
kveTis formisa da zomebis, betonisa da armaturis saangariSo winaRobebis, 
masalaTa muSaobis pirobebis koeficientebis, romlebic konstruqciis 
damzadebisa da eqspluataciis araxelsayrel pirobebs iTvaliswineben. 
 meore jgufis zRvrul mdgomareobaTa mixedviT gaangariSebisas 
daculi unda iyos Semdegi pirobebi: 
 a) bzarebis warmoqmnis mixedviT gaangariSebisas (bzarmedegobis I 
kategoriis moTxovna) 

F ≤ Fcrc.      (3.9) 
 F saangariSo an normatiuli datvirTvebiT aRZruli Zalvaa, xolo Fcrc imave 
Zalvis is mniSvneloba, romlis moqmedebisas warmoiqmneba bzarebi; 
 b) warmoqmnili bzarebis daxurvis pirobaze gaangariSeba 
(bzarmedegobis II kategoriis moTxovna) gulisxmobs, rom rig SemTxvevebSi 
mTliani normatiuli datvirTviT gamowveuli bzarebi unda daixuros 
xanmokle datvirTvis moxsnis Semdeg. es moxdeba, Tu gaWimul zonaSi 
armatura imuSavebs drekadad, e.i. 

     sersssp R ,8,0≤+ σσ .          (3.10) 

ssp σσ ,  winaswar momkumSavi Zalisa da sruli datvirTvisagan gaWimul 

armaturaSi gamowveuli Zabvebia; 
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 g) rkinabetonis elementis grZivi RerZisadmi normalur da daxril 
kveTebSi bzaris gaxsnis sididis mixedviT gaangariSebisas (bzarmedegobis 
III kategoriis moTxovna) 

3,0...05,0, ≅≤ ucrccrc aa mm.           (3.11) 

crca  aris bzaris gaxsnis sidide normatiuli datvirTvisagan, ucrca , – 

normebiT dadgenili, bzarebis gaxsnis maqsimaluri sidide; 
 d) saerTo deformaciebis (CaRunvis) mixedviT gaangariSebisas 

600
...

200
llff u =≤ .          (3.12) 

aq f aris normatiuli datvirTviT gamowveuli CaRunva, fu – aRniSnuli 
konstruqciisaTvis normebiT dadgenili zRvruli CaRunva, l  – Runvadi 
elementis mali. 
 
 
 sakontrolo sakiTxebi 

1. romeli meTodebi uZRoda win rkinabetonis gaangariSebis Tanamedrove 

meTods. am meTodebis nakli. 

2. zRvrul mdgomareobaTa mixedviT gangariSebis safuZvlebi. zRvrul 

mdgomareobaTa jgufebi. 

3. pirveli da meore zRvrul mdgomareobaTa mixedviT gaangariSebis miznebi. 

4. konstruqciaze moqmedi datvirTvebis klasifikacia. normatiuli da 

saangariSo datvirTvebi. datvirTvebis Sexameba. 

5. rogoria datvirTvebis mixedviT saimedoobis koeficientebis mniSvnelobebi 

zRvrul mdgomareobaTa mixedviT gaangariSebisas. 

6. ra aris betonis normatiuli winaRoba. rogoria misi damokidbuleba 

simtkicis saSualo mniSvnelobasTan. 

7. rogor gamoiTvleba betonis saangariSo winaRoba zRvrul mdgomareobaTa 

pirveli da meore jgufisaTvis. 

8. risTvis SemoaqvT gaangariSebaSi betonis mixedviT simtkicis saimedoobis 

koeficienti da muSaobis pirobebis koeficientebi. 

9. rogor iniSneba sxvadasxva foladis armaturisaTvis normatiuli winaRoba. 

10. armaturis saangariSo winaRobebi. saimedoobisa da muSaobis pirobebis 

koeficientebi. 

11. CawereT zogadi saxis gamosaxulebebi, romlebic gamoricxaven pirveli da 

meore jgufis zRvrul mdgomareobaTa dadgomas. axseniT maTi arsi. 

12. CamoTvaleT rkinabetonis konstruqciebis bzarmedegobisadmi wayenebuli 

sami kategoriis moTxovna. daasabuTeT am moTxovnebis Sesruleba saTanado 

gaangariSebis principebiT. 
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4. Cveulebrivi (dauZabavi) rkinabetonis elementebis konstruireba  
da simtkiceze gaangariSeba 

 
4.1. Runvadi elementis konstruqciuli Taviseburebebi 
Runvadi elementebia fila da koWi. fila Runvadi elementia, romlis 

h1 sisqe gacilebiT mcirea l1 malze da b1 siganeze (nax.11,a). koWis ganivkveTis 
zomebi (h2 simaRle da b2 sigane) mniSvnelovnad naklebia l2  malze. 
filisaTvis h/l=1/20....1/40 da SeiZleba naklebic iyos. koWisaTvis h/l=1/8...1/20, 
xolo b/h=0,25...0,5. koWi da fila gamoiyeneba, rogorc calkeuli 
konstruqciuli elementi, ise erTmaneTTan dakavSirebuli, rodesac qmnian 
erTian, sarTulTSorisi gadaxurvis konstruqcias (nax.11,b). 

 

 
 

nax. 11. rkinabetonis Runvadi elementebi: 
1–fila, 2–koWi 

 
 
fila SeiZleba iyos koWuri da konturze dayrdnobili. Tu fila 

oTxive kidiT eyrdnoba da mimdebare gverdebis sigrZeTa Sefardeba aris 2:1 
an naklebi, maSin fila iRuneba ori mimarTulebiT da mas konturze 
dayrdnobili fila ewodeba. rodesac gverdebis sigrZeTa Sefardeba metia, 
vidre 2:1, maSin igi muSaobs (iRuneba) mxolod erTi, mokle gverdis 
mimarTulebiT da amitom mas koWuri fila ewodeba. koWuria agreTve yvela 
is fila, romelic eyrdnoba mxolod ori, erTmaneTis mopirdapire gverdiT. 
miRebulia, rom filis minimaluri sisqe monoliTur gadaxurvaSi aris 40 
mm, samoqalaqo Senobis sarTulTSoris gadaxurvaSi _ 50 mm, samrewveloSi – 
60 mm, gadaxurvis asawyob panelebSi, romlebic qarxnebSi mzaddeba filis 
sisqe SeiZleba iyos 25...30 mm. 

filebis daarmatureba xdeba upiratesad SeduRebuli rulonuri an 
brtyeli badeebiT (nax.12). muSa armatura ZiriTadad badis grZivi 
mimarTulebiT lagdeba, romelic gaangariSebiT SeirCeva.  
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nax. 12. rkinabetonis monoliTuri mravalmaliani filis daarmatureba: 
  a–rulonuri badeebi, grZivi muSa armaturiT; b–brtyeli badeebi,  
  ganivi muSa armaturiT 
 

ganivi mimarTulebiT lagdeba upiratesad gamanawilebeli armatura, 
romlis diametri da biji konstruqciuli mosazrebiT iniSneba. muSa 
armatura lagdeba gaWimul kidesTan, mRunavi epiuris Sesabamisad. Tu fila 
konturze dayrdnobilia, maSin muSa armatura Calagdeba orive 
mimarTulebiT. SeduRebuli rulonuri badeebi mzaddeba Bp–I klasis 
mavTulovani armaturisagan diametriT 3...5 mm. 6...10 mm diametris Rerovani, 
A–III klasis armatura gamoiyeneba, rogorc rulonur badeSi (muSa 
armaturis ganivi mimarTulebiT ganlageba), ise brtyel SeduRebul badeSi. 
xeliT Sekruli brtyeli bade mzaddeba A–I da A–III klasis 6...10 mm–is 
Rerovani armaturiT an sqel filebSi A–III klasis 12 mm da meti diametris 
ReroebiT. muSa Reroebs Soris daSorebaa 100...200 mm. gamanawilebeli, 3...6 mm 
diametris armatura lagdeba yovel 250...300 mm–ze, magram ara uSores 350 mm–
isa. filis daarmaturebisas, Tu es gaangariSebiT SesaZlebelia, Reroebis 
nawils (ara umetes muSa armaturis 50–60%–isa) foladis ekonomiis mizniT, 
Sewyveten malSi. betonis damcveli Sre muSa armaturisaTvis aiReba 
aranaklebi 10 mm–isa, 100 mm–ze ufro sqel filebSi – ara umcires 15 mm–sa. 

rkinabetonis koWebis ganivi kveTis forma umravles SemTxvevaSi 

marTkuTxaa, Tumca gvxvdeba T–sebri, ⊥ –sebri da trapeciis formis kveTebi 
(nax.13). koWis ganivi kveTis simaRle aiReba 50 mm–is jeradi, Tu igi 600 mm 
da naklebia, xolo Tu ufro didi simaRlisaa –100 mm–is jeradi.  
 koWebis daarmatureba xdeba grZivi muSa armaturiT, ZiriTadad A–III 
klasis foladis 12...32 mm ReroebiT, iSviaTad A–II klasis armaturiT. ganiv 
armaturad gamoiyeneba A–I, A–II an A–III klasis 6...10 mm Rerovani an Bp–I 
klasis 3...5 mm diametris mavTulovani armatura. samontaJo armaturad 
ZiriTadad aiReba 10...12 mm A–I klasis armatura. grZivi, ganivi da samontaJo 
Reroebi gaerTianebulia SeduRebul brtyel (SedarebiT iSviaTad xeliT 
Sekrul sivrciT) karkasebad. yalibSi Cawyobili ramdenime brtyeli karkasi  
mokle  Reroebis  miduRebiT   erTiandeba   sivrcul    karkasad. 
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nax. 13. koWebis ganivi kveTis saxeoba da daarmatureba: 

a–ganivi kveTis formebi; b–kveTSi grZivi armaturis ganlageba;  
g–erTmaliani rkinabetonis koWis daarmatureba; d–damatebiTi 
grZivi armatura koWis gverdiT waxnagze, rodesac h>700 mm–ze;  
1–muSa armatura; 2–samontaJo armatura; 3–ganivi Reroebi; 4–
armaturis brtyeli karkasebis SemaerTebeli Reroebi 

 
 

muSa armatura gaWimul zonaSi SeiZleba Calagdes erT an or rigad 
erTmaneTisagan iseTi daSorebiT, rom SesaZlebeli gaxdes betonis mWidro, 
Tanabari Calageba, misi armaturasTan sakmarisi SeWidulobis 
uzrunvelsayofad. amisTvis saWiroa muSa Reroebs Soris simaRleSi 
daSoreba iyos aranaklebi Reros udidesi diametrisa; dabetonebis 
gasaadvileblad  qveda armaturisaTvis – aranaklebi 25 mm–sa, zedasaTvis – 
35 mm–isa. siganeSi Reroebs Soris manZili rekomendebulia qveda 
armaturisaTvis – 25 mm, zedasTvis – 30 mm. ganivi armaturis raodenoba, 
diametri da maT Soris manZili miiReba gaangariSebiT an konstruqciuli 
mosazrebiT. koWebsa da gadaxurvis wiboebSi, rodesac ganivkveTis simaRle 

h≤150 mm, agreTve mravalsiRruian panelSi, romlis simaRle h<300 mm–ze, 
ganivi armatura SeiZleba ar moewyos. danarCen SemTxvevebSi ganivi 

armatura aucilebelia. rodesac koWis ganivkveTis simaRle  h≤450 mm ganiv 
armaturebs Soris manZili, sayrdenebidan malis 1/4¼ nawilze aiReba ara 
umetes h/2–isa, magram ara umetes 150 mm–isa; koWebisaTvis, rodesac h>450 mm–
ze – ara umetes h/3–isa, magram ara umetes 500 mm–isa. malis Sua nawilSi, 
rodesac h>300 mm–ze – ara umetes (3/4)h–isa da ara umetes 500 mm–isa. Tu 
koWis ganivi kveTis simaRle h>700 mm–ze, ganivi armaturis Tavisufali 
sigrZis Sesamcireblad simaRlis yovel 400 mm–ze lagdeba grZivi 
samontaJo Reroebi, saerTo farTobiT grZivi muSa armaturis ganivkveTebis 
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farTobis aranakleb 0,1%–isa. xeliT Sekrul sivrcul karkasebSi ganiv 
armaturas caluRebi ewodeba. 

Runvadi elementis daproeqtebisas erTi da imave zidvis unaris 
miRweva SesaZlebelia kveTis geometriuli zomebis (ZiriTadad simaRlis) 

da daarmaturebis procentis ( ) 100% 0 ⋅= bhAsμ  saTanado SerCeviT. 

ekonomikuri mosazrebis mixedviT elementis ganivi kveTis gazrdiT 
SeiZleba armaturis raodenobis (ganivkveTis jamuri farTobis) Semcireba 
da piriqiT, daarmaturebis procentis gazrdiT SeiZleba elementis ganivi 
kveTis simaRlis Semcireba. rkinabetonis konstruqciis daproeqtebisas 
gansakuTrebul mniSvnelobas iZens swori daarmatureba: dadgindes 
daarmaturebis optimaluri procenti gamomdinare im minimaluri da 
maqsimaluri mniSvnelobebidan, romelTa farglebidan gamosvla, rogorc 
teqnikurad, ise ekonomikurad gaumarTlebelia. normebis mixedviT Runvadi 
elementisaTvis muSa gaWimuli armaturiT daarmaturebis minimaluri 

procentia minμ %=0,05%. Tu gaangariSebiT gamovida am ricxvze naklebi, 
armatura mxedvelobaSi ar miiReba, e.i. iangariSeba, rogorc 
dauarmaturebeli betonis elementi. daarmaturebis maqsimaluri procenti 
damokidebulia betonis klasze, armaturis klasze, diametrze da 

mocemulia normebSi. daproeqtebis praqtikiT miRebulia, rom – maxμ %=3%–s. 

daproeqtebis gamocdilebis mixedviT filisaTvis daarmaturebis 

optimaluria optμ %=0,3...0,6%, koWisaTvis _ optμ %=1...2%. 

 
 
4.2. Runvadi elementis normaluri kveTis daZabul–deformirebul 

          mdgomareobaTa stadiebi 
datvirTvis qveS rkinabetonis konstruqciebis realuri daZabuli 

mdgomareobis dadgena SesaZlebelia mxolod cdebiT, romlis mixedviT 
Runvadi elementis TandaTanobiTi datvirTvisas, nulidan mrRvev sididemde, 
betonisa da armaturis Tvisebebis mniSvnelovani gansxvavebis gamo, 
nebismier kveTSi Zabvebi icvleba gansxvavebulad, ara marto raodenobrivad, 
aramed xarisxobrivadac. 

normaluri kveTisaTvis ganasxvaveben daZabuli mdgomareobis sam 
damaxasiaTebel stadias. 

I stadia. datvirTvis jer kidev mcire sididisas betoni da armatura 
kveTSi muSaobs drekadad (nax.14,a). stadiis bolos (nax.14,b) gaWimul 
betonSi viTardeba aradrekadi deformaciebi (marTkuTxa epiura) da Zabva 

utoldeba zRvrul sidides ( ).btbt R=σ  

 

nax. 14.  Runvadi elementis kveTis daZabuli mdgomareobis I stadia 
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II stadia. datvirTvis Semdgomi gazrdisas gaWimul betonSi 

warmoiqmna bzari e.i σbt=0.  SekumSul betonSi, SekumSul armaturasa da 
gaWimul armaturaSi (naCvenebia naxazze armaturaSi gamWimavi Zabvebis 
epiura) Zabvebs jer ar miuRwevia Tavisi zRvruli mniSvnelobisaTvis. II 
stadia aris eqspluataciis Sesabamisi daZabuli mdgomareoba. 

 
 

 
 

nax. 15. daZabuli mdgomareobis II stadia 
 

 
III stadia. es rRvevis stadiaa. mosalodnelia rRvevis ori SemTxveva: I 

SemTxvevis dros (nax.16,a) jer gaWimul armaturaSi aRwevs Zabva zRvrul 
mniSvnelobas (denadobas), xolo Semdeg, gaWimuli armaturis plastikuri 
deformaciebis gamo, SekumSul zonaSi _ betonsa da armaturaSi. rRvevis II 
SemTxveva (nax.16,b) mosalodnelia, rodesac kveTis gaWimul zonaSi 
bzarmedegobis gasazrdelad an sxva mosazrebiT Calagebulia Warbi 
raodenobis armatura. maSin Zabvebi zRvrul mniSvnelobas aRwevs jer 
SekumSul zonaSi, betonsa da armaturaSi, magram sanam Zabvebi gaWimul 
armaturaSic miaRwevdes zRvrul mniSvnelobas, SekumSuli betoni imsxvreva 
(plastikuri deformaciebis simciris gamo) da kveTic wyvets 
winaaRmdegobas. gaWimul zonaSi SesaZlebelia imdenad Warbi armatura 
aRmoCndes, rom betoni mTlianad mTel kveTSi SeikumSos. cxadia, rRvevis II 
SemTxvevis Sesabamisi daarmatureba araekonomiuria, radgan gaWimuli 
armaturis SesaZleblobebi srulad ar aris gamoyenebuli. 
 
 

 
nax. 16. Runvadi elementis kveTis daZabuli mdgomareobis III stadia 
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daZabuli mdgomareobis I stadiis dasasruli safuZvlad udevs 

gaangariSebas bzarebis warmoqmnis mixedviT (II jgufis zRvruli 
mdgomareoba). II stadia safuZvlad udevs gaangariSebas eqspluataciis 
pirobebSi bzarebis gaxsnis sididis mixedviT da CaRunvaze (II jgufis 
zRvruli mdgomareobebi). III stadiis mixedviT rkinabetonis elementis kveTi 
iangariSeba simtkiceze (pirveli jgufis zRvruli mdgomareoba). 

 
 
4.3. Runvadi elementis normaluri, marTkuTxa, calfaarmaturiani 
    kveTis gaangariSeba simtkicis mixedviT 
 rkinabetonis Runvadi elementis RerZis mimarT normalur kveTSi 

gare datvirTvebisagan aRZruli momentis moqmedeba gamoixateba gamWimavi da 
mkumSavi Zabvebis warmoqmniT. rodesac gamWimavi Zabvebis asatanad kveTis 
gaWimul mxares Calagebulia armatura, xolo SekumSul zonaSi Zabvebi 
gadaecema mxolod betons, aseT kveTs calfaarmaturiani ewodeba. 
rkinabetonisaTvis damaxasiaTebelia swored calfaarmaturiani kveTi, 
radgan xelsayrelia kumSvaze muSaobdes mxolod betoni. SekumSul zonaSi 
unda iyos mxolod samontaJo armatura, romelic iniSneba konstruqciuli 
mosazrebiT. 

rogorc 4.2 paragrafSi iyo aRniSnuli, simtkiceze gaangariSebas 
safuZvlad udevs daZabul–deformirebuli mdgomareobis III stadia. 
imisaTvis, rom miviRoT saangariSo sqema, gansaxilvel kveTs movaciloT 
elementis marjvena mxare da misi gavlena SevcvaloT saTanado Siga 
ZalebiT (nax.17). 

imis gamo, rom kveTSi Zabvebis realuri ganawileba sakmaod rTulia, 
gamoiyeneba eqsperimentulad dasabuTebuli gamartivebebi: a) SekumSul 
betonSi Zabvebis sidide zRvruli mdgomareobisas tolia Rb saangariSo 
winaRobis; b) SekumSul zonaSi ZabvaTa namdvili ganawilebis epiura 
Secvlilia marTkuTxa epiuriT anu betonis SekumSul farTobze Zabvebi 
Tanabrad aris ganawilebuli. aseTi epiuris gamoyeneba mxolod 2...8% 
cdomilebas iZleva, magram mniSvnelovnad martivdeba saangariSo 
gamosaxulebebi; g) gaWimul zonaSi bzaris Tavze arsebuli betonis 
gamWimavi Zabvebi simciris gamo mxedvelobaSi ar miiReba; d) zRvruli 
mdgomareobisas gaWimul armaturaSi Zabvebi miiReba Rs saangariSo winaRobis 
toli. 

nax. 17. Runvadi elementis calfaarmaturiani kveTis saangariSo sqema 
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elementi rRvevis win zRvrul wonasworobaSia, e.i. mis mimarT 

marTebulia wonasworobis pirobebi: ∑ = 0X , ∑ = 0Y  da ∑ = 0M . CavTvaloT 

elementis RerZi X RerZad. maSin ∑ = 0X  (X RerZze yvela Zalis gegmilebis 

jami udris nuls), pirobidan gveqneba 

0=− Ssb ARbxR , saidanac bRARx bss /= ;     (4.1) 

aq b aris marTkuTxa kveTis sigane, x–kveTis SekumSuli zonis simaRle. Tu 
kveTis Siga Zalebis momentebis jams aviRebT gaWimuli armaturis kveTis 
simZimis centris an betonis SekumSuli zonis simZimis centris mimarT, 

∑ = 0M  wonasworobis pirobidan gveqneba 

( )2/0 xhbxRM b −= ;    ( )2/0 xhARM ss −= ;    (4.2) 

SevcvaloT toloba utolobiT, miviRebT kveTis simtkicis pirobas, radgan 
Tu gare datvirTvis saangariSo M  momenti naklebia Siga saangariSo 
Zalebis momentebis jamze, kveTis simtkice uzrunvelyofilia: 

 ( )2/0 xhbxRM b −≤ ,        (4.3) 

   ( )2/0 xhARM ss −≤ .       (4.4) 

(4.1) gamosaxulebis orive mxare gavyoT h0–ze, miviRebT 

b

s

b

ss

R
R

bhR
AR

h
x μξ ===

00

,     (4.5) 

sadac 0/bhAs=μ  daarmaturebis koeficientia. Tu mas gavamravlebT 100–ze, 

miviRebT kveTis daarmaturebis procents – μ %–s; 0/ hx=ξ  aris kveTSi 

betonis SekumSuli zonis fardobiTi simaRle. daproeqtebis dros 

mosaxerxebelia ξ da μ uganzomilebo sidideebiT operireba, radgan 
SesaZlebelia maTi tabulireba da sidideTa zRvrebis dadgena. 

daarmaturebis pirobidan cnobilia, rom μmin%=0,05%, xolo μmax%=3%–s. 
daproeqtebis gamocdilebidan filisaTvis optimaluri daarmaturebis 
procenti aris 0,3...0,6%, koWisaTvis – 1...2%. SekumSuli zonis fardobiTi 
simaRle gansazRvravs Tu ramdenad racionalurad aris elementi 

daarmaturebuli da kveTis rRvevis romeli SemTxvevaa: I SemTxveva ( )Rξξ ≤ , 

rodesac kveTSi Zabvebi zRvrul mniSvnelobas aRwevs jer armaturaSi da 

Semdgom betonSi, Tu II SemTxveva ( )Rξξ > , ξ imdenad didia, rom kveTis 
rRveva iwyeba SekumSuli betonis msxvreviT da armaturis SesaZlebloba 

gamouyenebeli rCeba. ξR kveTis SekumSuli zonis sasazRvro fardobiTi 
simaRlea, romlis drosac SekumSul betonsa da gaWimul armaturaSi 
Zabvebi erTdroulad aRwevs Rb da Rs saangariSo winaRobas. eqsperimentebiT 

dadgenilia SekumSuli zonis ξ fardobiTi simaRlis damokidebuleba 
gaWimuli armaturis deformaciasTan, ris dafuZvelzec 

     

⎟
⎠

⎞
⎜
⎝

⎛ −+
=

1,1
11 ω

ωξ

sc

s
R

R
R

,      (4.6) 

sadac bR008,0−= αω  (α=0,85 mZime betonisTvis, α=0,8 – msubuqisTvis), Rb, Rs, 

Rsc saangariSo winaRobebia betonSi, gaWimul da SekumSul armaturaSi. 

 I SemTxveva ( )Rξξ ≤ . 
 praqtikuli gaangariSebis gamartivebisaTvis (4.3) da (4.4) formulebSi 
SemoRebulia uganzomilebo parametrebi. magaliTad, (4.3) formulaSi Tu 

gaviTvaliswinebT, rom 0hx ξ=  da frCxilebs gareT gavitanT 0h –s, miviRebT 
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    ( ) 2
0

2
0 5,01 bhRbhRM bmb αξξ =−= ,     (4.7) 

sadac ( )ξξα 5,01−=m ; mαξ 211 −−= ; ( )bRMh bmα/0 = . 

 analogiurad, (4.4) formulis gardaqmniT miviRebT 

    ( ) ςξ 00 5,01 hARhARM ssss =−= ,     (4.8) 

aq ξς 5,01−= . (4.8)–dan 0/ hRMA ss ς= .       (4.9) 

miRebuli formulebi samarTliania, Tu sruldeba piroba 

( ) ( )RRRm ξξαξξα 5,015,01 −=≤−= .                   (4.10) 

maqsimaluri momenti risi atanac SeuZlia calfaarmaturian kveTs 

    2
0max bhRM bRα= .            (4.11) 

ξ , mα ,ς  uganzomilebo sidideebi urTierTkavSirSia da sakmarisia 

gaviangariSoT an davniSnoT erT–erTi, rom danarCeni cnobilia 
specialurad Sedgenili cxrilis mixedviT (danarTi 13).  

miRebuli formulebiT sxvadasxva parametris gaangariSebis blok–
sqemebi da ricxviTi magaliTebi mocemulia 1-el, me-2 da me-3 danarTebSi. 

II SemTxveva – ( )Rξξ > . saangariSo formulebi igivea, rac I 

SemTxvevisas, oRond, radgan gaWimul armaturaSi Zabva ver aRwevs Rs 

winaRobas, saangariSo formulaSi mis nacvlad Caismeba σs : 

   ( )2/0 xhbxRM b −≤ ;               (4.12) 
   ( )2/0 xhAM ss −≤ σ ;               (4.13) 
   bxRA bss =σ ;  bRAx bss /σ= .              (4.14) 
rodesac rkinabetonis elementis betonis klasia B30 da naklebi, 

xolo armatura A–III da naklebi klasisaa, σs  gamoiTvleba empiriuli 
formuliT 

   s
R

s R⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−
−

= 1
1
12

ξ
ξσ .           (4.15) 

praqtikuli gaangariSebisas SekumSuli zonis fardobiT simaRles 

iReben Rξ  sasazRvro sididis tols. maSin momenti, romelsac aitans kveTi, 
iqneba 

( ) 2
0

2
0 5,01 bhRbhRM bRRRb αξξ =−= .         (4.16) 

SevadarebT mas gare saangariSo datvirTvisagan warmoqmnil M moments da 

Tu piroba MM ≤ daculia, kveTis simtkice uzrunvelyofilia. 
 
 

4.4. Runvadi elementis normaluri, marTkuTxa, orfaarmaturiani  
kveTis gaangariSeba simtkicis mixedviT 

orfaarmaturiania kveTi, rodesac muSa armatura ganlagebulia, 
rogorc gaWimul, ise SekumSul zonaSi. Tu davuSvebT, rom SekumSul 
zonaSi saangariSo armaturis farTobi nulis tolia, maSin gveqneba 
calfaarmaturiani kveTi. rkinabetonisaTvis ufro damaxasiaTebelia 
calfaarmaturiani kveTi, radgan kumSvaze xelsayrelia muSaobdes mxolod 
betoni. SekumSul zonaSi unda iyos mxolod samontaJo armatura, romelic 
iniSneba konstruqciuli mosazrebiT. 

Tu calfaarmaturian kveTs ar ZaluZs aitanos gare datvirTvisagan 
aRZruli momenti imis gamo, rom SekumSuli betoni ver uZlebs Sesabamis 
mkumSav Zalas, maSin mosalodnelia kveTis rRveva SekumSuli betonis 
msxvrevis gamo (rRvevis II SemTxveva). es SesaZlebelia moxdes SekumSuli 



 39

betonis dabali simtkicis, ganivkveTis mcire geometriuli zomebis an 
gaWimuli armaturis didi raodenobis (Warbarmaturiani kveTi) Sedegad. es 
umravles SemTxvevaSi sasurveli ar aris konstruqciuli da ekonomikuri 
mosazrebiT, amitom mimarTaven SekumSuli zonis gaZlierebas: ufro mtkice 
betonis gamoyenebiT, kveTis zomebis gazrdiT (izrdeba SekumSuli zonis 
farTobi – mcirdeba mkumSavi Zabva) an muSa armaturis CalagebiT SekumSul 
zonaSi. im SemTxvevaSi, rodesac gamoyenebuli betonis simtkice normebiT 
rekomendebuls Seesabameba, an raime mizeziT ar SeiZleba gazrda, xolo 
konstruqciis ganivkveTis zomebis Secvla arqiteqturuli an 
konstruqciuli mosazrebiT SeuZlebelia, maSin rCeba mxolod muSa 
armaturis Calageba   SekumSul zonaSi, e.i. viRebT orfaarmaturian kveTs. 
orfaarmaturiani kveTi araekonomiuria: 1) SekumSul zonaSi saWiroa ufro 
Zviri muSa armaturis klasi – A–III, maSin, rodesac konstruqciuli 
armaturisaTvis A–I–ic sakmarisia; 2) muSa armaturis raodenoba da 
diametri SeiZleba konstruqciulze meti aRmoCndes; 3) ganivi armatura 
SekumSul zonaSi unda Calagdes ufro xSirad (biji 15d xeliT Sekrul 
karkasSi da 20d – SeduRebulSi), rom SekumSul muSa armaturas ar mieces 
amoburcvis saSualeba. 

aRsaniSnavia is garemoeba, rom armaturis gamoyeneba SekumSul zonaSi 
SezRudulia betonis mcire deformirebadobis gamo, radgan Rerovani 
armatura betonis rRvevis Semdeg kumSvaze damoukideblad ver imuSavebs – 

mxolod aiRuneba. betonis saSualo zRvruli fardobiTi deformacia buε = 

0,002–s. am dros armaturaSic ganviTardeba imave sididis sε  deformacia, 

radgan igi betonTan erTad ikumSeba. gamovTvaloT Sesabamisi scσ Zabva 

armaturaSi 

400102002,0 5 =⋅×=×== sbusssc EE εεσ mgpa.        (4.16) 

gamoTvlis Sedegad Cans, Tu SekumSul zonaSi CavalagebT iseT armaturas, 
romlis winaRoba naklebia an toli 400 mgpa–ze (A–II,  A–III–klasi), maSin 
misi SesaZleblobebi, mTlianad gamoiyeneba. Tu A–IV–klasis armaturas 
gamoviyenebT – maSin nawilobriv. xangrZlivi datvirTvis moqmedebisas, 

rodesac bγ <1, maSin buε =0,0025. cxadia am dros maqsimalurad SesaZlebeli 

Zabva SekumSul armaturaSi scσ = 500 mgpa–s. 

saangariSo sqema orfaarmaturiani marTkuTxa kveTisaTvis mocemulia 
me-18 naxazze. simtkicis saangariSo formula (simtkicis piroba) Caiwereba 

∑ = 0M  wonasworobis pirobidan 

( ) ( )ahARbhRahARxhbxRMMM sscbmsscbsb ′−′+=′−′+⎟
⎠
⎞

⎜
⎝
⎛ −=′+≤ 0

2
000 2

α  .    (4.17) 

aq  bM  aris momenti, romlis atana SeuZlia SekumSul betons da mis 

Sesabamis gaWimul armaturas;  
′

sM – momenti, romlis atana SeuZlia SekumSul armaturas da 

gaWimuli armaturis darCenil nawils. 

 pirobidan  ∑ = 0X , gamovTvliT betonis SekumSuli zonis simaRles 

sssscb ARARbxR =′+ ,  

saidanac    
bR

ARARx
b

scss ′−
= .          (4.18) 
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nax. 18. Runvadi elementis orfaarmaturiani kveTis saangariSo sqema 
 
 

 orfaarmaturiani kveTis simtkiceze gaangariSebisas SeiZleba 
Segvxvdes ori tipis amocana: 1. SekumSulma betonma amowura Tavisi 
SesaZleblobebi anu betons gadaecema mkumSavi Zalebis is nawili, risi 
atanac mas SeuZlia, xolo danarCeni Zalebis asatanad lagdeba SekumSuli 
armatura, romlis raodenoba ucnobia da unda gamovTvaloT; 2. SekumSul 
zonaSi Calagebuli armaturis raodenoba winaswar aris daniSnuli 
konstruqciuli mosazrebiT an imis gamo, rom moqmedebs elementze cvladi 
niSnis mRunavi momentebi.  

 pirveli tipis amocanis gadawyvetisaTvis cnobilia, rom  Rξξ = , e.i. 

Rm αα = ,  maSin Siga da gare momentebis tolobidan gvaqvs 

   2
0

2
00 )( bhRMbhRMMMahARM bRbmbsscs αα −=−=−=′−′=′ ,   

saidanac                  
)( 0

2
0

ahR
bhRMA

sc

bR
s ′−

−
=′ α

.          (4.19) 

 Tu gaviTvaliswinebT, rom 0hxx RR ξ== , maSin pirobidan ∑ = 0X  

(formula 4.18) ganvsazRvravT gaWimuli armaturis sA  farTobs 

       
s

Rbssc
s R

hbRARA 0ξ+′
= ;        (4.20) 

 meore tipis amocanis amoxsnisaTvis, rodesac cnobilia sA′ , pirobidan 

∑ = 0M , ganvsazRvravT mα –s (formula 4.17). 

( )
2
0

0

bhR
ahARM

b

ssc
m

′−′−
=α .                          (4.21) 

mα –is mixedviT saTanado cxrilidan (danarTi 13) movZebniT Sesabamis ξ–s, 
gaviTvaliswinebT, rom 0hx ξ= , SevitanT (4.18) gamosaxulebaSi da 

ganvsazRvravT gaWimuli armaturis farTobs 

s

bssc
s R

hbRARA 0ξ+′
= .        (4.22) 

es amocanac amoxsnilia. 
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 gaangariSebis blok–sqemebi da ricxviTi magaliTebi mocemulia me_4 
da me_5 danarTebSi. 
 
 
 4.5. T–sebri kveTis elementebi 

T–sebri ganivi kveTis elementebi farTod gamoiyeneba mSeneblobaSi 
calkeuli koWis (nax.19,a), panelis saxiT an rogorc monoliTuri 
sarTulTSorisi gadaxurvis Semadgeneli nawili (nax.19,b). cdebiT 
dadgenilia,  
 
 

 
nax. 19. T–sebri kveTis Runvadi elementebi: 

1– wibo; 2 – Taro 
 
 

rom wibosagan daSorebul Taros  boWkoebSi mkumSavi Zabvebi mcirdeba. 
amitom normebi zRudavs Taros Sverilebis sidides wibodan orive mxares. 

igi unda iyos ara umetesi malis 1/6–isa da ara umetesi: a) Tu hhf 1,0≥′ – 

wiboebs Soris manZilis naxevrisa (nax.19,b), b) Tu ff hhh ′−<′ 61,0 –isa. 

 calkeul T–sebri ganivkveTis koWebSi Taros konsoluri Sverilebis 

da fb′  siganis sidide aiReba: a) Tu ff hhh ′−≥′ 61,0 ; ff hbb ′+=′ 12 ; b) Tu hhf 05,0<′  

Taros Sverilebi mxedvelobaSi ar miiReba da ganixileba rogorc b siganis 
sworkuTxa kveTi.  
 T–sebri ganivkveTis koWis simtkiceze gaangariSebisas ganixilaven or 

SemTxvevas: SekumSuli zona Taros farglebSia ( )fhx ′≤  (nax.20,a,b,g), an 

moicavs wibos nawilsac ( )fhx ′>  (nax. 20,d). 

 SemTxveva 1 ( )fhx ′≤  gvxvdeba, rodesac Taros sisqe sakmarisia gare 

datvirTvisagan aRZruli mkumSavi Zabvebis asatanad. am SemTxvevis 
dasadgenad unda Sesruldes piroba 

    ( )2/0 xhhbRMM ffbhx f
−′′=≤ ′= . 

 aseTi tipis T–sebri kveTi iangariSeba, rogorc calfaarmaturiani 

marTkuTxa kveTi, romlis zomebia hbf ×′ . 
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nax. 20 saangariSo sqemebi T–sebri kveTis gasaangariSeblad 
 
 

 SemTxveva 2 ( )fhx ′>  gveqneba Tu zemoT moyvanili piroba ar Sesrulda. 

maSin saangariSo sqema iyofa or nawilad (nax.20,e,v). simtkicis piroba iqneba 

21 MMM +≤ . TiToeuli iangariSeba, rogorc marTkuTxa ganivi kveTis 

Runvadi elementi: 1. 1M -is SemTxvevaSi SekumSuli zona aris Taros 

Sverilebis farTobi ( ) ff hbb ′⋅−′ , kveTis simaRlea h. ganisazRvreba Sesabamisi 

zRvruli 1M  momenti da armaturis 1sA  farTobi. 2. 2M -is gamoTvlisas 

SekumSuli zonis farTobia xb ⋅ , kveTis simaRle – h. aqac ganisazRvreba 
Sesabamisi zRvruli 2M  momenti da armaturis 2sA  farTobi. cxadia, T–sebri 
kveTis gaWimuli, muSa armaturis ganivi kveTis jamuri farTobi iqneba 

1sA + 2sA . 

 gaangariSebis Sesabamisi blok–sqema da ricxviTi magaliTi mocemulia 
me-6 danarTSi. 
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4.6. Runvadi elementis daxrili kveTis gaangariSeba simtkicis 
mixedviT 

 
 4.6.1. ZiriTadi saangariSo debulebebi 
 Runvad elementSi sayrdenebTan ganivi Zalisa da mRunavi momentis 
erToblivi moqmedebiT warmoiqmneba mTavari gamWimavi da mTavari mkumSavi 
Zabvebi 

    
( ) 2

2

42 xy
yxyx

mc
mt τ

σσσσ
σ −

−
±

+
= .         (4.23) 

aq xσ  da yσ   x  da y RerZebis mimarTulebis mimarT normaluri Zabvebia;  

 xyτ – mxebi Zabvebi (x  RerZi, imave elementis grZivi RerZia). 

 elementSi mosalodnelia daxrili bzaris warmoqmna, xolo 
arasakmarisi armaturis SemTxvevaSi – rRveva, Tu mTavari gamWimavi 

mtσ Zabvebi miaRwevs zRvrul btR –s mniSvnelobas. Tu mTavari mkumSavi 

mcσ Zabvebi miaRwevs zRvrul bR  sidides, maSin daxril bzarebs DSoris 

moTavsebuli betonis zoli dairRveva kumSvisagan. 
marTalia, daxrili bzari warmoiqmneba M momentisa da Q ganivi Zalis 

erToblivi moqmedebiT, magram daxrili kveTis gaangariSeba simtkiceze 
xdeba calke ganivi Zalisa da calke mRunavi momentis moqmedebaze. 

daxril bzarebs Soris betonis zolis simtkice mTavari mkumSavi 
Zabvebis mixedviT uzrunvelyofilia Tu daculia Semdegi piroba 

0113,0 bhRQ bbw ϕϕ≤ .          (4.24) 

1wϕ  koeficienti iTvaliswinebs sakidebis gavlenas, 1bϕ  koeficienti – 

betonis simtkicis gavlenas, orive ki gamoiTvleba normebis mixedviT. Tu 
zemoT moyvanili piroba ar sruldeba, maSin saWiroa elementis ganivkveTis 
geometriuli zomebis gazrda. 
 daxril bzarze elementis simtkice M momentis moqmedebis gamo 
uzrunvelyofilia, Tu daxrili bzaris dasawyisSi grZivi muSa armatura 
sakmarisia uSualod aq gavlebul normalur kveTSi moqmedi mRunavi 
momentis asatanad, amave dros, es armatura sayrdenze saimedod aris 
Caankerebuli (Camagrebuli) normebis saTanado konstruqciuli 
rekomendaciebis gaTvaliswinebiT. 
 
 

4.6.2. marTkuTxakveTiani elementis daxrili kveTis gaangariSeba 
 simtkiceze ganivi Zalis mixedviT  

daxrili bzari elementSi ar warmoiqmneba Tu daculia piroba 

serbtbmt R ,3γσ ≤  .        (4.25) 

aq mZime betonisaTvis 3bγ =0,6, msubuqi betonisaTvis – 3bγ =0,4. igi 

iTvaliswinebs daxril kveTSi betonis orRerZa datvirTvis gavlenas mis 
bzarmedegobaze. marTlac, Tu gaWimul elements meore mimarTulebiT 
SevkumSavT, igi aRmoCndeba orRerZa datvirTvis qveS (gaWimva–kumSva, iseve, 
rogorc daxril kveTSia mTavari gamWimavi da mTavari mkumSavi Zabvebis 
erTdrouli moqmedebiT). viciT, rom mkumSavi Zalebi Tavisi moqmedebis 
marTobi mimarTulebiT iwvevs gaWimvis deformaciebs, e.i. gamWimav Zabvebs, 
romlebic emateba uSualod gamWimavi Zalisagan warmoqmnil gamWimav Zabvebs 
da kveTSi aRiZvreba ufro meti gamWimavi Zabva, vidre mxolod gaWimvis 
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(erTRerZa datvirTvis) dros iyo mosalodneli; serbtR ,  betonis saangariSo 

winaRobaa gaWimvaze, rodesac saimedoobis koeficienti  1=btγ , e.i. 

faqtobrivad normatiuli winaRobaa. 
 zemoT moyvanili (4.25.) piroba Tu ar Sesrulda, maSin gaCndeba 
daxrili bzari da saWiroa masze gamavali daxrili kveTis gaangariSeba 
simtkiceze. daxril kveTSi imdeni armatura unda Calagdes, iseTi bijiT, 
rom uzrunvelyofili iqnas misi simtkice. 
 ganvixiloT daxrili kveTis saangariSo sqema, iseve rogorc es iyo 
normaluri kveTis dros: gavkveToT elementi daxril bzarze, movdoT 
Sesabamisi Zalebi da ganvixiloT marcxena mxaris (nawilis) wonasworoba. 

pirobidan  ∑ = 0y  (y RerZi elementis grZivi x RerZis marTobia) gveqneba 

∑∑ ++=++≤ bincsswswswbincssw QARARQQQQ θsin,, .       (4.26) 

 aq Q gare saangariSo datvirTvisagan aRZruli maqsimaluri ganivi 
Zalaa daxrili kveTis farglebSi; 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 21. Runvadi elementis daxrili kveTis saangariSo sqema 

 
 

swQ  da incsQ ,  ganivi Zalebia, romelTa atana SeuZlia ganiv da aRunul 

armaturebs;  Qb aris ganivi Zala, risi atanac SeuZlia SekumSul betons 
daxril kveTSi. empiriuli gamokvleviT marTkuTxa  kveTisa da mZime 
betonisaTvis 

    
c
bhRQ bt

b

2
02

= ;         (4.27) 

c daxrili bzaris proeqciaa elementis RerZze; swA  da incsA ,  ganivi 

armaturis da aRunuli Reroebis ganivkveTis farTobebia ganivi armaturis 
ganlagebis erT sibrtyesa da aRunvis erT sibrtyeSi; θ  aRunuli Reros 

daxris kuTxea elementis RrZTan; ssw RR 8,0=  aris ganivi armaturisa da 

aRunuli Reroebis saSualo saangariSo winaRoba daxril bzarSi. saqme 
isaa, rom daxrili bzaris gaxsnis sidide elementis gaWimul kidedan  
bzaris wverosaken TandaTan mcirdeba. maSasadame, daxril bzarSi 
ganlagebul armaturebSi Zabvebi araTanabrad aris ganawilebuli. am 
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uTanabrobis gasaTvaliswineblad SemoRebulia  ssw RR 8,0=  saSualo 

winaRoba. 
sabolood, daxrili kveTis gaangariSebis mizania SeirCes im 

raodenobis (ganivkveTis farTobis) ganivi armatura da saWiroebis 
SemTxvevaSi aRunuli Reroebi, rac betonTan erTad uzrunvelyofs 
elementis simtkices daxril kveTSi.  

daxrili kveTis simtkiceze gaangariSebis blok–sqema da ricxviTi 
magaliTi moyvanilia me_7 danarTSi. 

 
 
4.7. garecentrulad SekumSuli elementebis simtkiceze gaangariSebis 

safuZvlebi 
garecentrulad ikumSeba rkinabetonis elementi, rodesac mkumSavi 

Zala modebulia kveTis simZimis centrze gamavali RerZis gareT, garkveuli 
e0 manZiliT, romelsac eqscentrisiteti ewodeba. magaliTad, samrewvelo 
Senobis sveti xidura amwis zemoqmedebis qveS (nax.22,a). gare datvirTvisagan 
Tu elementSi erTdroulad aRiZvreba N grZivi Zala da M mRunavi momenti, 
es ekvivalenturia garecentruli kumSvisa. magaliTad, sveti, romelsac 
gadaecema N mkumSavi Zala saxuravis mzidi elementisagan da q qaris 
datvirTva, romelic iwvevs svetis gaRunvas (nax.22,b), an miwisqveSa 
oTxkuTxa rezervuaris kedeli, romelzec erTdroulad moqmedebs gruntis 
vertikaluri da horizontaluri dawola. garecentrulad SekumSulia 
agreTve TaRi, CarCos sveti, uiribano wamwis zeda sartyeli da a.S. (nax. 
22,g,d). 

 
 

 
nax. 22. garecentrulad SekumSuli elementebi 

 
 
im SemTxvevaSi, rodesac N Zalis modebis wertili emTxveva ganivi 

kveTis simZimis centrs, maSin gvaqvs `centraluri kumSva~. faqtobrivad aqac 
aris raRac ea  eqscentrisiteti, gamowveuli: SemTxveviTi horizontaluri 
ZalebiT, elementis sawyisi simrudiT (damzadebis uzustoba), montaJis 
uzustobiT, kveTSi betonis araerTgvarobiT, armaturis ganlagebis 
uzustobiT, Tanabrad ganawilebuli datvirTvis uTanabrobiT, ris gamoc 
tolqmedi  N mkumSavi  Zala ar aris zustad centrSi modebuli (nax.23,a). 
radgan ea_s gamoTvla ver xerxdeba mas uwodeben `SemTxveviT 
eqscentrisitets~ da aiReba udidesi Semdegi mniSvnelobidan: ea=l/600; ea=h/30, 
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sadac l elementis sigrZea, xolo h _ ganivi kveTis simaRle. statikurad 
rkvevadi konstruqciis gaangariSebisas jamdeba e0 saangariSo da ea 
SemTxveviTi eqscentrisitetebi. statikurad urkvev konstruqciebSi ea 
mxedvelobaSi ar miiReba ZalvaTa gadanawilebis gamo. 
 

 
nax. 23. garecentrulad SekumSuli elementebis saangariSo sqemebi: 
  a–SemTxveviTi, b–didi, g–mcire eqscentrisitetebis SemTxveva 
 
 
SemTxveviTi eqscentrisitetiT SekumSuli elementis kveTis 

daarmatureba xdeba simetriulad, A–I, A–II, A–III da AT–III klasebis armaturiT 
(nax.23,a).  

 
 
 
4.7.1. SemTxveviTi eqscentrisitetiT SekumSuli elementis simtkiceze 
     gaangariSebis safuZvlebi 

im SemTxvevaSi, rodesac elementis saangariSo sigrZe hl 200 ≤  (h ganivi 
kveTis simaRlea), aseTi elementis kveTis simtkiceze gaangariSeba xdeba 
Semdegi formuliT: 

( )[ ]ssscbb AARARN ′++≤ηϕ ,                   (4.28) 

sadac  N saangariSo grZivi mkumSavi Zalaa; 0bhAb =  – ganivi kveTis farTobi; 

η – koeficienti (rodesac 200≤h mm – η =0,9; Tu 200>h mm – η =1); ϕ  

koeficienti iTvaliswinebs elementis moqnilobas, datvirTvis 
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xangrZlivobas, daarmaturebis saxeobas da gamoiTvleba normebSi  

mocemuli empiriuli formuliT: ( ) ( )
sb

bb

sssc
bsbb AR

AAR ϕϕϕϕϕ ≤
′+

−+= 2 . 

bϕ  da sbϕ aiReba saTanado cxrilebidan (cxr. 6.1 [5]). 

Tu ganivi kveTis zomebi daniSnulia, maSin gaiangariSeba armaturis 
jamuri farTobi 

sc

bb

sc
s R

RA
R

NAA −=′+
ηϕ

.         (4.29) 

 Tu saWiroa elementis ganivi kveTis  b da h zomebis gansazRvra, maSin 
winaswar daniSnaven ϕ =η =1 da μ %=1%. imis gamo, rom 

bss AAA μ=′+ ganisazRvreba ganivi kveTis Ab farTobi (4.28)–dan 

    
scb

b RR
NA
μ+

=  ,          (4.30) 

Semdeg konstruqciuli mosazrebiT daniSnaven b–s an h–s da Ab–s mixedviT 
SearCeven ganivkveTis meore zomas. am zomebisaTvis SeirCeva l0/h, ϕ , η  da ise 

ganisazRvreba armaturis jamuri ( )ss AA ′+  farTobi (4.29)–is mixedviT. 

  Tu daarmaturebis procenti gamovida μ %=1...2%, kveTi SerCeulia 

damakmayofileblad, Tu ara, saWiroa ganivi kveTis b da h sidideebis 
koreqtireba (Semcireba an gazrda). 

me_9 danarTSi mocemulia ea SemTxveviT eqscentrisitetiani SekumSuli 
elementis gaangariSebis blok–sqema da ricxviTi magaliTi. 

 
 
4.7.2. saangariSo eo eqscentrisitetiT SekumSuli elementis simtkiceze 
     gaangariSebis safuZvlebi 
cdebiT dadgenilia, rom garecentrulad SekumSuli elementebi, 

daZabul–deformirebuli mdgomareobis III stadiaze normalur kveTze 
irRveva ornairad, imis mixedviT, rogor aris daarmaturebuli gaWimuli da 
SekumSuli zona da ra sididisaa grZivi mkumSavi Zalis eo eqscentrisiteti. 

I SemTxvevaa, rodesac gvaqvs didi eqscentrisiteti, xolo gaWimul 
zonaSi Calagebulia normaluri raodenobis armatura (ar gvaqvs 
Warbarmaturiani kveTi bzarmedegobis gasazrdelad). am dros mRunavi 
momentis gavlena ufro mniSvnelovania, vidre mkumSavi Zalisa da kveTi 
irRveva ise, rogorc Runvad elementSi: jer gaWimul armaturaSi Zabva 
aRwevs zRvrul mniSvnelobas (denadobas), Semdeg SekumSul betonSi, ris 
gamoc igi imsxvreva (nax. 23,b); 

II SemTxvevisas eqscentrisiteti aris mcire da mkumSavi Zalis gavlena 
kveTis daZabul–deformirebul mdgomareobaze ufro mniSvnelovania, vidre 
mRunavi momentia. aqac mosalodnelia ori varianti: Tu Zala kveTis gulis 
SigniT aris modebuli, maSin mTeli kveTi ikumSeba araTanabrad, xolo Tu 
eqscentrisiteti metia da mkumSavi Zala modebulia kveTis gulis gareT, 
maSin Zalis modebis wertilidan kveTis ufro moSorebul kideze 
warmoiqmneba gamWimavi Zabvebi (mniSvnelovnad naklebi Rs saangariSo 
sidideze). garecentruli kumSvis meore SemTxvevis dros elementis rRveva 
xdeba kveTis SekumSul (an, metad SekumSul) nawilSi betonsa da 
armaturaSi Zabvebis saangariSo mniSvnelobis miRweviT da rogorc Sedegi, 
betonis damsxvreviT. am dros kveTis gaWimul (an, naklebad SekumSul) 
nawilSi ganlagebuli armatura ganicdis gaWimvas, an kumSvas oRond 
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Zabvebi, rogorc wesi, ver aRwevs Tavis saangariSo zRvrul mniSvnelobas 
(nax. 23,g).  

garecentrulad SekumSuli elementebis kveTis daZabul–
deformirebuli mdgomareoba simtkiceze gaangariSebebisas analogiuria 
Runvadi elementebis kveTis daZabul–deformirebuli mdgomareobis III 
stadiisa, amitom gaangariSebac simtkiceze warmoebs Runvadi 
orfaarmaturiani kveTis analogiurad, sadac gare datvirTvis mier 
aRZruli momenti eNM ⋅= . e  manZilia N  mkumSavi Zalidan im wertilamde, 

romlis mimarTac aiReba momentebis jami – ∑ = 0M . umravles SemTxvevaSi 

es wertilia gaWimuli an SekumSuli armaturis ganivkveTis simZimis centri. 
aseve, Runvadi elementis analogiurad, kveTis SekumSuli zonis fardobiTi 
simaRlis mixedviT SeiZleba dadgindes garecentruli kumSvis pirveli da 
meore SemTxveva: 

garecentruli kumSvis I SemTxvevaa (didi eqscentrisitetis SemTxveva), 

rodesac SekumSuli zonis fardobiTi simaRle Rξξ ≤ ; 
garecentruli kumSvis II SemTxvevaa (mcire eqscentrisitetis 

SemTxveva), rodesac SekumSuli zonis fardobiTi simaRle Rξξ > ; 
garecentruli kumSvis I SemTxvevis saangariSo sqema mocemulia nax. 

23,b–ze. elementis marTkuTxa kveTis simtkicis piroba Caiwereba 
Semdegnairad:  

( ) ( )ahARxhbxRMMeN sscbsb ′−′+−=′+≤⋅ 02/ ,        (4.31) 

sadac Mb aris momenti, romelsac aitans SekumSuli zonis betoni, 

sM ′ –momenti, romelsac aitans SekumSuli armatura.  e=e0+h/2–a manZilia N 
grZivi Zalidan samomento wertilamde (am SemTxvevaSi gaWimuli armaturis 
kveTis simZimis centramde). 

kveTis SekumSuli zonis x simaRle ganisazRvreba ∑ = 0x  

wonasworobis pirobidan (elementze moqmedi yvela Zalis proeqciebis jami 
x RerZze udris nuls). 

sssscbssb ARARbxRNNNN −′+=−′+= .         (4.32) 

amis Semdeg gaangariSeba analogiuria Runvadi orfaarmaturiani kveTis 
gaangariSebisa. 
 garecentruli kumSvis II SemTxvevisas (nax.23,g), kveTis simtkicis 
piroba gamoiTvleba (4.31)–is mixedviT, xolo betonis SekumSuli zonis 

simaRle – ∑ = 0x  wonasworobis pirobidan 

    sssscb AARbxRN σ−′+= .         (4.33) 

aq gaWimul armaturaSi sσ Zabva naklebia sR zRvrul mniSvnelobaze da 

gamoiTvleba empiriuli formuliT 

    
( )
( ) s

R
s R⎥

⎦

⎤
⎢
⎣

⎡
−

−
−

= 1
1
12

ξ
ξσ .       

normebiT dasaSvebia, rom garecentruli kumSvis II SemTxveva 

gamoviangariSoT I SemTxvevisaTvis gamoyenebuli formulebiT, oRond ξ 
unda Seicvalos ξR–iT. 
 moqnili SekumSuli elementebi garecentrulad modebuli grZivi 
Zalis moqmedebiT iRuneba da sawyisi e0 eqscentrisiteti datvirTvis 
procesSi izrdeba, ris gamoc izrdeba gare datvirTvisagan warmoqmnili 

0eNM ⋅=  mRunavi momenti. normebis mixedviT moqnilobis gaTvaliswineba 
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xdeba sawyisi e0 eqscentrisitetis η  koeficientze gamravlebiT, romelic 
gamoiTvleba formuliT 

    
crNN /1

1
−

=η .          (4.34) 

aq N  aris garecentrulad mkumSavi Zala; crN – pirobiTi kritikuli Zala, 

romlis moqmedebisas mosalodnelia SekumSuli elementis mdgradobis 
dakargva. igi gamoiTvleba normebSi [1] moyvanili formuliT. 

 Tu moqniloba 14/0 ≤= iliλ  (marTkuTxa kveTisTvis 4/0 ≤= hliλ ), maSin 

η =1. im SemTxvevaSi, rodesac ( )414 >> hi λλ , saangariSo eqscentrisiteti 

ηη ⋅= 00 ee . Tu (4.34)–iT gamoTvlili η >2,5, saWiroa SekumSuli elementis 

ganivi kveTis zomebis gazrda.  
garecentrulad SekumSuli elementis gaangariSebis blok–sqema da 

ricxviTi magaliTi moyvanilia danarT 8–Si. 
 
 
 4.8. gaWimuli elementis simtkiceze gaangariSebis safuZvlebi 
 elementi SeiZleba gaWimuli iyos centralurad an garecentrulad, 
rasac gamWimavi Zalis mdebareoba aCvenebs kveTSi: ganivi kveTis centrSia 
modebuli, Tu  raime e0 eqscentrisitetiT. 
 centralurad gaWimulia iribnebiani wamwis qveda sartyeli da 
zogierTi iribana, TaRis SemkoWi, wriuli kveTis rezervuari da sxva (nax. 
24,a,b). garecentrulad gaWimulia miwiszeda marTkuTxa kveTis rezervuaris 
kedlebi Sig moTavsebuli siTxis hidrostatikuri dawolis gamo (nax.24,g), 
wamwis qveda sartyeli da TaRis SemkoWi, rodesac maTze moqmedebs kvanZebs 
Soris modebuli vertikaluri datvirTva. 

 
 

nax. 24. garecentrulad gaWimuli elementebi 
 
 

4.8.1. centralurad gaWimuli elementebis simtkiceze gaangariSebis  
     safuZvlebi 
centralurad gaWimuli elementis saangariSo sqemis (nax.25,a) 

mixedviT, simtkice uzrunvelyofilia, Tu sruldeba piroba:  

dauZabavi elementisaTvis ss ARN ≤ ; 

winaswar daZabuli elementisaTvis ssspsps ARARN +≤ 6γ . 

6sγ maRali simtkicis armaturis muSaobis pirobebis koeficientia. 
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4.8.2. garecentrulad gaWimuli elementebis simtkiceze gaangariSebis  
     safuZvlebi 
rogorc 24-e naxazidan Cans garecentruli gaWimva aris centralurad 

gamWimavi Zalisa da mRunavi momentis erTdrouli moqmedebis Sedegi, iseve, 
rogorc garecentruli kumSvisas – centraluri mkumSavi Zalisa da mRunavi 
momentis erTdrouli moqmedeba. 

garecentruli  gaWimvis drosac aris daZabuli mdgomareobis ori 
SemTxveva: I SemTxveva, rodesac gamWimavi Zala modebulia elementis kveTSi 
Calagebul armaturis simZimis centrebs Soris da II SemTxveva – gareT.  

garecentruli gaWimvis I SemTxvevis dros mTeli kveTi iWimeba, oRond 
araTanabrad, xolo II SemTxvevisas, kveTis daZabuli mdgomareoba 
analogiuria garecentruli kumSvis I SemTxvevisa, im gansxvavebiT, rom 
gamWimavi Zala aq modebulia kveTis meore mxares da  moqmedebs  
sawinaaRmdego  mimarTulebiT.   

 

 
 
nax. 25. gaWimuli elementebis saangariSo sqemebi: 
 a-centraluri gaWimva; b-garecentruli gaWimvis 
 I SemTxveva; g- garecentruli gaWimvis II SemTxveva 
  

 
SemTxveva I (nax.25,b). kveTis simtkicis piroba miiReba, Tu Siga Zalebis 

momentebis jams aviRebT  As da A's armaturis ganivkveTis simZimis centris 
mimarT 

( ) ( )'';'' 00 ahAReNahAReN ssss −≤⋅−≤⋅ .        (4.35) 

 es formulebi gamoiyeneba kveTis zidvis unaris Sesamowmeblad, 
rodesac armaturis ganivkveTis farTobi raime mosazrebiT daniSnulia. im 
SemTxvevaSi, rodesac saWiroa armaturis As da A's farTobis gamoTvla 
kveTis simtkicis pirobidan, (4.35) utolobebidan gveqneba 

   ( ) ( ) .
'

'';
'

'

00 ahR
eNA

ahR
eNA

s
s

s
s −

⋅
=

−
⋅

=         (4.36) 

SemTxveva II (nax.25,g). kveTis simtkicis piroba Caiwereba gare 
saangariSo M momentis da Siga Zalebis zRvruli momentebis jamis 
SedarebiT. Siga Zalebis momentebi aiReba gaWimuli armaturis ganivkveTis 
simZimis centris mimarT. 

( ) ( )''2/ 00 ahARxhbxRMMeN sscbsb −+−=′+≤⋅ .       (4.37) 

 orfaarmaturiani Runvadi elementis analogiurad (4.37) gadaiwereba 
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( )'' 0
2
0 ahARbhRNe sscbm −+≤ α .                  (4.38) 

 betonis SekumSuli zonis x simaRle ganisazRvreba ΣX=0 pirobidan 
    .0' =−++ sssscb ARARbxRN                   (4.39) 

 kveTis zidvis unaris Semowmebisas (4.38)-dan ganisazRvreba x-is sidide 
da Caismeba (4.37)-Si. 
 armaturis ganivkveTis farTobis gansazRvrisas, imisaTvis, rom 
armaturis jamuri (As+A's) farTobi iyos minimaluri, unda aviRoT SekumSuli 

zonis maqsimaluri simaRle e.i. x= xR= ξRh0, xolo αm=αR. maSin (4.38)-dan 
ganisazRvreba SekumSuli  A's  armaturis farTobi 

( ) .
'

'
0

2
0

ahR
bhRNe

A
sc

bR
s −

−
=

α
                        (4.40) 

 gaWimuli As armaturis farTobi gamoiTvleba (4.39) gamosaxulebidan 

s

ssc

s

Rb

s
s R

AR
R

hbR
R
NA

'0 ++=
ξ

.        (4.41) 

 Tu aRmoCnda, rom angariSiT SekumSuli armatura saWiro ar aris 

(A's≤0), an misi raodenoba sakmarisi ar aris konstruqciuli mosazrebiT 

(A's≤μminbh0), maSin aiReba A's=μminbh0. miRebuli A's-is mixedviT gamoiTvleba 

Sesabamisi αm (4.38)-dan 

2
0

0 )'('
bhR

ahAReN

b

ssc
m

−−⋅
=α .                      (4.42) 

 cxrilidan (danarTi 13) ganisazRvreba Sesabamisi ξ da (4.41)-is 
analogiiT 

s

ssc

s

b

s
s R

AR
R

hbR
R
NA

'0 ++=
ξ

.                           (4.43) 

bzarmedegobis uzrunvelsayofad  centralurad  da garecentrulad 
(I SemTxveva) gaWimuli elementebi mzaddeba winaswar daZabuli 
rkinabetonisagan.  

 
 
sakontrolo sakiTxebi 
 

1. rogoria Runvadi elementebis konstruqciuli Taviseburebebi. 

2. filebis daarmatureba brtyeli da rulonuri badeebiT. 

3. rogoria koWebis ganivkveTis formebi. 

4. rogor xdeba koWebis daarmatureba grZivi da ganivi armaturiT. 

5. rogoria Runvadi elementis normaluri kveTis daZabul-deformirebul 

mdgomareobaTa stadiebi gare datvirTvis cvlilebisas nulidan mrRvev 

sididemde. 

6. daZabul-deformirebis romeli stadia udevs safuZvlad gaangariSebas 

bzarmedegobaze, CaRunvasa da simtkiceze. 

7. rogor SeiZleba dairRves Runvadi elementi normalur kveTze. rRvevis 

pirveli da meore SemTxveva. 

8. gansazRvreT rogoria calfaarmaturiani kveTi. 
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9. daxazeT calfaarmaturiani kveTis saangariSo sqema. 

10. ra daSvebebia SemoRebuli kveTis simtkiceze gaangariSebis gasamartiveblad. 

11. dawereT calfaarmaturiani kveTis simtkicis pirobebi. 

12. ganmarteT kveTis SekumSuli zonis fardobiTi ξR simaRlis arsi da CawereT 

misi gamomsaxveli formula. 

13. calfaarmaturiani kveTis daZabuli mdgomareobis aRwera, rodesac ξ≤ξR. 

simtkicis gaangariSebis formulebi uganzomilebo sidideebis SemotaniT. 

14. ganixileT SemTxveva, rodesac ξ>ξR. gamomwvevi mizezebi. am SemTxvevis 

gaangariSebis safuZvlebi. 

15. ganmarteT Runvadi elementis orfaarmaturiani kveTi. ra SemTxvevaSia 

saWiro muSa armaturis Calageba SekumSul zonaSi. 

16. daxazeT orfaarmaturiani kveTis saangariSo sqema. 

17. ramdeni tipis amocana gvxvdeba orfaarmaturiani kveTis gaangariSebisas. 

18. romel konstruqciebs axasiaTebs ganivi kveTis T–sebri forma. 

19. rogoria T–sebri kveTis geometriuli maxasiaTeblebi. 

20. rogoria T–sebri kveTis gaangariSebis principebi. I da II SemTxveva. 

21. ra SemTxvevaSi SeiZleba Runvadi elementi dairRves daxril kveTze. 

22. ra piroba unda Sesruldes, rom daxrili bzari ar warmoiqmnas. 

23. daxazeT daxrili kveTis saangariSo sqema. 

24. dawereT daxrili kveTis simtkicis piroba Q ganivi Zalis moqmedebisas. 

25. ganmarteT garecentruli kumSvis SemTxvevebi. ra aris e0  eqscentrisiteti. 

26. romel SemTxvevaSi ikumSeba elementi SemTxveviTi eqscentrisitetiT. 

dawereT saangariSo utoloba. 

27. garecentruli kumSvis ramdeni SemTxvevaa da razea damokidebuli. 

28. daxazeT garecentruli kumSvis saangariSo sqemebi. 

29. dawereT garecentruli kumSvis I SemTxvevis saangariSo utoloba. 

30. rogoria garecentrul kumSvaze gaangariSebis pirobebi. 

31. ras niSnavs garecentruli kumSvis dros elementis moqnilobis gavlena da 

rogor xdeba misi gaTvaliswineba gaangariSebaSi. 

32. gaWimvaze momuSave elementebis daxasiaTeba da gamosaxva. 

33. gaWimvis ramdeni SemTxveva SeiZleba Segvxvdes simtkiceze gaangariSebisas. 

34. daxazeT gaWimuli elementebis saangariSo sqemebi. 

35. dawereT centralurad gaWimuli elementis simtkicis saangariSo formula. 

36. dawereT saangariSo utolobebi garecentruli gaWimvis I SemTxvevisaTvis. 

37. dawereT saangariSo utolobebi garecentruli gaWimvis II SemTxvevisaTvis. 
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5. winaswar daZabuli rkinabetonis konstruqciebis  

daproeqtebis Taviseburebebi 
 

5.1. winaswar daZabvis arsi, dadebiTi Tvisebebi 
 winaswar daZabulia rkinabetonis konstruqcia, romelSic winaswar 
eqspluataciamde, xelovnurad Seqmnilia gaangariSebiT dadgenili sididis 
sawyisi Zabvebi mxolod gaWimul an mTlianad, yvela armaturaSi, ris gamoc  
kveTSi betoni mokumSulia nawilobriv an mTlianad.  
 winaswar daZabul rkinabetonis elementSi betonis mokumSva winaswar 

dadgenili bpσ sididiT xorcieldeba maRali simtkicis armaturis winaswari 

gaWimviT, romelsac betonis gamyarebis Semdeg (an ukve gamyarebul betonze 
Camagrebis Semdeg) damWimavi mowyobilobidan gauSveben. igi cdilobs 
daubrundes pirvandel mdgomareobas (armatura daWimulia drekadobis 
farglebSi) da kumSavs betons. armaturis betonSi gasxletas 
ewinaaRmdegeba an maTi urTierTSeWidulobis Zalebi, an SeWidulobis 
arasakmarisobis SemTxvevaSi, armaturis boloebis sxvadasxva xerxiT 
daankereba (damagreba).  
 winaswar daZabuli konstruqciebis upiratesoba dauZabavTan 
SedarebiT Semdegia:  
1. izrdeba elementis bzarmedegoba (winaswari daZabvis upiratesi mizezi). 

Tu elementSi bzaris warmoqmna ar aris normebis mier nebadarTuli, 
maSin betonSi winaswar aRZruli momkumSavi Zabvebi, yvela danakargis 
gaTvaliswinebiT unda iyos meti gare datvirTvisagan gamowveul 
gamWimav Zabvebze. Tu bzarebis SezRuduli siganiT gaxsna dasaSvebia – 
es mxolod datvirTvebis SedarebiT didi mniSvnelobisas; 

2. iqmneba maRali simtkicis armaturis gamoyenebis SesaZlebloba. 
Cveulebriv, rkinabetonSi bzarebis mniSvnelovani sididiT (normebiT 
dasaSvebze meti) gaxsnis saSiSroebis gamo muSa armaturad gamoiyeneba 
mxolod cxlad glinuli, rbili foladis, SedarebiT dabali simtkicis 
A–II da A–III klasis armatura, romelTa Zabva da Sesabamisad, 
deformacia saeqspluatacio datvirTvebis moqmdebisas iseTia, rom 
betonSi bzarebis gaxsnis sidide ar aRemateba normebiT dasaSvebs. 
winaswar daZabul elementSi, didi bzarmedegobis gamo es SezRudva 
aRar aris. maRali simtkicis armaturis gamoyeneba ekonomikurad 
xelsayrelia, radgan simtkicis zrdasTan erTad misi Rirebuleba ufro 
naklebi intensiurobiT izrdeba, amitom rac metia armaturis simtkice, 
misi xvedriTi Rirebuleba mcirdeba. amis gamoa, rom maRali simtkicis 
armaturis gamoyenebiT 50%–mde mcirdeba armaturis xarji, Sesabamisad 
mcirdeba Rirebulebac. 

3. winaswari daZabviT izrdeba elementis sixiste, maSasadame mcirdeba 
CaRunvac (daaxloebiT oTxjer);  

4. izrdeba konstruqciis amtanoba mravalgzis ganmeorebadi datvirTvis 
zemoqmedebisas. ris gamoc warmatebiT gamoiyeneba dinamikuri 
datvirTvebis asatanad da seismur raionebSi mSeneblobisas; 

5. maRali bzarmedegobis gamo izrdeba misi eqspluataciis xangrZlivoba, 
gansakuTrebiT agresiul garemoSi; 

6. maRali klasis armaturis gamoyeneba maRali klasis betonis gamoyenebis 
saSualebas iZleva: SesaZlebeli xdeba elementis ganivkveTis zomebis 
Semcireba (amas xels uwyobs sixistis gazrdac). amiT mcirdeba betonis 
xarji da rac mTavaria, mcirdeba konstruqciis masa; 
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7. farTovdeba rkinabetonis gamoyenebis SesaZlebloba iq, sadac ZiriTadad 
gamoiyeneba deficituri liToni an xe. magaliTad, sadawneo milsadenebi, 
rezervuarebi, rkinigzis Spalebi da a.S. 

CamoTvlili Rirsebebi imdenad mniSvnelovania, rom miuxedavad 
damzadebis procesis Sromatevadobisa, yalibis konstruqciis garTulebisa, 
winaswari mokumSvis dros betonis damsxvrevis saSiSroebisa, betonSi 
armaturis SesaZlo dasxletisa, winaswar daZabuli konstruqciis 
gamoyeneba xelsayrelia, rogorc konstruqciuli, ise ekonomikuri 
mosazrebiT. 

 
 
5.2. winaswari daZabvis xerxebi 
rkinabetonis konstruqciebis daZabva xdeba ZiriTadad sami xerxiT: a) 

armaturis daWimva sabjenebze, b) armaturis daWimva mza, sustad 
daarmaturebul betonze da g) TviTdaZabva gafarToebadi betonis 
gamoyenebiT. 

daZabva sabjenebze ufro gavrcelebulia da gamoiyeneba mcire da 
saSualo zomis konstruqciebis winaswar dasaZabavad. maRali simtkicis  

armaturas Caalageben yalibSi da daWimaven yalibis gareT 
moTavsebul stacionarul sabjenebze (nax.26,a). dabetonebisa da betonis 
mier saproeqto simtkicis 50%–is miRwevis Semdeg armaturas auSveben 
sabjenebidan, igi cdilobs daubrundes pirvandel mdgomareobas da 
betonTan SeWidulobis Zalebis an specialuri saankero mowyobilobebis 
meSveobiT kumSavs betons. 
 

    
nax. 26. rkinabetonis elementebis winaswari daZabvis xerxebi: 

  a–sabjenebze daZabva; b–daZabva betonze 
 

betonze daZabvisas (nax.26,b) didi zomis konstruqciebs amzadeben 
betonis an sustad daarmaturebuli elementebiT, toveben maTSi xvrelebs 
an arxebs. Semdeg am xvrelebSi gaatareben maRali simtkicis Rerovan 
armaturas, mavTulis konebs an bagirebs, daZabaven uSualod mza betonis 
elementze da Caamagreben boloebs specialuri saankero mowyobilobiT, 
radgan armaturasa da betons Soris araviTari SeWiduloba ar aris. bolos 
xvrelebs amoavseben maRali simtkicis cementis xsnariT, armaturis 
koroziisagan dasacavad. 

sabjenebze armaturas gaWimaven meqanikuri, eleqtroTermuli an 
eleqtroTermomeqanikuri xerxiT. betonze daZabvisas ki iyeneben mxolod 
meqanikur xerxs. 

elementebis TviTdaZabva ZiriTadad xdeba sivrculi, Txelkedliani 
konstruqciebisaTvis. saTanado yalibSi  Tavsdeba armaturis bade da 
Caisxmeba   gafarToebad cementze damzadebuli betoni. gamyarebisas betoni 
farTovdeba da gaWimavs badis mavTulebs. gamyarebis Semdeg betonisagan 
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winaswar gaWimuli armatura cdilobs daubrundes Tavis pirvandel 
mdgomareobas da kumSavs betons. aq daZabva xdeba konstruqciis ori 
urTierTmarTobuli mimarTulebiT, e.i. xdeba sivrculi daZabva. 

 
 
5.3. winaswari Zabvebis danakargebi 
winaswar daZabul konstruqciaSi Zabvebi ar rCeba mudmivi sididis. 

damzadebisa da eqspluataciis procesSi ikargeba Zabvebis 30%–mde. 
danakargebi elementis damzadebisa da mokumSvisas, pirveladi danakargebia, 
betonis mokumSvis Semdeg danakargebi ki _ meoradia.  

ZabvaTa danakargebis gamomwvevi mizezebia: 

1. σ1 – sabjenebze daZabvis dros armaturaSi Zabvebis relaqsaciiT; 

2. σ2 – Termuli gamoorTqvlisas armaturasa da ankerebSi temperaturuli 
deformaciebis sxvaobiT; 

3. σ3 – ankerebis elementebis moTelvis, deformaciis da Zvris gamo; 

4. σ4 – armaturis xaxuniT xvrelis (arxebis) kedlebTan damWimavi manqanis 
lilvTan; 

5. σ5 – foladis yalibis deformaciis gamo; 

6. σ6 – betonis swrafdenadi cocvadobiT mokumSvis procesSi; 

7. σ7 – armaturaSi Zabvebis relaqsaciiT betonze daZabvisas; 

8. σ8 – betonis gamyarebis dros SeklebiT gamowveuli danakargebi; 

9. σ9 – betonis xangrZlivi cocvadobiT gamowveuli danakargebi; 

10. σ10 – wriuli an spiraluri armaturis qveS betonis moTelviT, wriuli 
kveTis betonis elementebze (rezervuari, milsadeni) winaswar damZabavi 
armaturis daxvevisas; 

11. σ11 – konstruqciis calkeuli elementebiT awyobisas pirapirebSi 
betonis moTelviT. 

  yvela am danakargs normebSi Seesabameba saTanado sidide an formula, 
romlis mixedviTac iangariSeba danakargis ricxviTi mniSvneloba. 
 sabjenebze daZabvisas gaangariSebaSi iTvaliswineben: 

pirvelad danakargebad _ 6543211, σσσσσσσ +++++=loss ; 

meorad danakargebad _ 982, σσσ +=loss . 

 betonze daZabvis dros: 

pirveladi danakargia  431, σσσ +=loss ; 

meoradi danakargia  11109872, σσσσσσ ++++=loss . 

 orive SemTxvevaSi sruli danakargebi 2,1, losslossloss σσσ += . 

 aRsaniSnavia, rom winaswari daZabvisas gaangariSebiT Tavidan aris 
gansazRvruli momavali Zabvebi, rogorc armaturaSi, ise betonSi. 
mocemulia am Zabvebis sidideTa dasaSvebi sazRvrebi anu maqsimumi da 
minimumi, saTanado danakargebis gaTvaliswinebiT. 
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5.4 winaswar daZabuli Runvadi konstruqciis normaluri kveTis 
    daZabul–deformirebul mdgomareobaTa mimdevroba (etapebi) 
sabjenebze daZabul Runvad elementebSi, armaturis daWimvidan 

elementis rRvevamde, Zabvebi armaturasa da betonSi icvleba 27-e  naxazze 
mocemuli mimdevrobiT.  

 

 
 

nax. 27. winaswar daZabuli rkinabetonis Runvadi elementis kveTis  
  daZabuli mdgomareobis etapebi 

 
 
 27-e naxazze Cans, rom winaswari daZabvisas armaturaSi jer 
sakontrolo sididis Zabvebi warmoiqmneba (I etapi), Semdg iwyeba jer 
pirveladi, Semdeg meoradi danakargebi, romlebic gamoakldeba pirvandel 

sakontrolo spσ Zabvas (II etapi). III da IV etapze armaturaSi arsebul 

Zabvebs akldeba betonis kumSvis deformaciis Sesabamisi spασ da 1spασ  

Zabvebi. V etapze Runvad elementze modebulia im sididis gare datvirTva, 
romlis mier aRZruli gamWimavi Zabva gaWimuli armaturis doneze, 
winaswari mokumSvisagan betonSi aRZruli SemkumSavi Zabvis tolia. e.i. 
gaWimul zonaSi winaswari daZabva gabaTildeba. VI etapze, datvirTvis 
momatebiT muSaobas iwyebs gaWimuli betonic, romelSic Zabva aRwevs Tavis 

zRvrul serbtR ,  mniSvnelobas. bolo, VII etapze, gaWimul zonaSi Cndeba 

bzarebi, gaWimul armaturaSi Zabva xdeba zRvruli – sR , amasobaSi 

SekumSul betonSic Zabvebi utoldeba zRvrul bR  sidides, xolo 

SekumSul armaturaSi – spscsc R σσ ′−=  da elementi irRveva. 

 27-e naxazze isic naTlad Cans, rom I–dan VI etapis CaTvliT 
mdgomareoba Seesabameba kveTis daZabul–deformirebuli mdgomareobis I 
stadias, romlis drosac ubzarod momuSave elementebi iangariSeba II 
jgufis zRvrul mdgomareobaTa mixedviT. VII etapis dasawyisi, rodesac 
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bzarebi warmoiqmneba, magram Zabvebs armaturasa da betonSi jer ar 
miuRweviaT zRvruli mniSvnelobisaTvis – Seesabameba II stadias anu 
saeqspluatacio stadias, romlis drosac xdeba bzarebiT momuSave 
elementebis gaangariSeba II jgufis zRvrul mdgomareobaTa mixedviT. VII 
etapis bolo, rodesac Zabvebi betonSic da armaturaSic zRvrul 
mniSvnelobas aRwevs – Seesabameba III stadias anu rRvevis stadias, romlis 
drosac winaswar daZabul rkinabetonis elementebs angariSoben I jgufis 
zRvrul mdgomareobaTa mixedviT, kerZod, simtkiceze. 
 
 
   5.5. winaswar daZabuli Runvadi elementis kveTis  
          gaangariSeba simtkiceze 

gaangariSeba simtkiceze analogiuria orfaarmaturiani kveTis 
gaangariSebisa, oRond wonasworobis pirobidan daweril simtkicis 
pirobaSi Caemateba axali wevrebi – gaWimuli da SekumSuli zonis winaswar 
daZabul armaturaSi aRZruli Zalvebi. saangariSo sqemas aqvs Semdegi saxe 
(nax. 28). 

nax. 28. winaswar daZabuli Runvadi elementis simtkiceze saangariSo sqema 
 
 

wonasworobis pirobidan ∑ = 0M , gveqneba 

( ) ( )spspscsscb ahAahARxhbxRM ′−′′+′−′+⎟
⎠
⎞

⎜
⎝
⎛ −≤ 000 2

σ .    (5.1) 

Zabva SekumSul zonaSi ganlagebul daZabul armaturaSi spspscsc R σγσ ′−=′ .  

spγ  armaturis winaswari daZabvis sizustis koeficientia, aiReba normebidan; 

6sγ – muSaobis pirobebis koeficienti daZabuli armaturisaTvis, aiReba 

normebidan [1].  

wonasworobis pirobidan ∑ = 0X , gveqneba 

06 =′′−′−−+ spscsscbspssss AARbxRARAR σγ ,     (5.2) 

 (5.2)–dan gveqneba 

   
bR

AARARAR
x

b

spscsscspssss ′′−′−+
=

σγ 6 .     (5.3) 

 gaangariSebis blok–sqema da ricxviTi magaliTi mocemulia me-10 
danarTSi.  
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sakontrolo sakiTxebi 
 

1. ra aris rkinabetonis elementis winaswari daZabva da risTvis sruldeba. 

2. ra upiratesobebi aqvs winaswar daZabul elementebs. 

3. rogoria winaswari daZabvis xerxebi da romeli rodis gamoiyeneba. 

4. ra iwvevs winaswar aRZruli Zabvebis danakargebs. CamoTvaleT. 

5. daxazeT da daaxasiaTeT winaswar daZabuli Runvadi elementis normaluri 

kveTis daZabul-deformirebuli mdgomareobebis mimdevroba (etapebi). 

6. ganmarteT, zogadad rkinabetonis Runvadi elementis kveTis daZabul-

deformirebuli mdgomareobis romel stadiebs Seesabameba winaswar 

daZabuli elementis kveTis daZabuli mdgomareobis etapebi. 

7. daxazeT winaswar daZabuli Runvadi elementis simtkiceze saangariSo sqema. 

8. dawereT kveTis simtkicis pirobebi. aRniSneT gansxvaveba dauZabavi 

elementis simtkicis pirobebTan SedarebiT. 

 
 
 

6. rkinabetonis konstruqciebis II jgufis zRvrul mdgomareobaTa 
mixedviT gaangariSebis safuZvlebi 

 
II jgufis zRvrul mdgomareobaTa mixedviT gaangariSeba xdeba 

bzarmedegobasa da CaRunvaze. 
bzarmedegobis mixedviT winaswar daZabul konstruqciebs waeyenebaT 

sami kategoriis moTxovna: 
I kategoriis moTxovna waeyenebaT im konstruqciebs, romlebSic 

bzaris warmoqmna dauSvebelia; 
II kategoriis moTxovna – rodesac mTliani (sruli) datvirTvisagan 

bzaris gaxsna dasaSvebia, magram xanmokle datvirTvis moxsnisas unda 
daixuros; 

III kategoriis moTxovnaa, rodesac bzarebis gaxsna dasaSvebia, magram 
ara umetes normebiT nebadarTuli sididisa. igive moTxovna waeyeneba 
dauZabav rkinabetonsac. 

 
 
 
 
6.1. gaangariSeba bzarebis warmoqmnis mixedviT: 

a) gaWimuli elementebi – ( ) PAARNN sbserbtcrc ++=≤ α2, ;    (6.1) 

b) Runvadi elementebi – ( )opplserbtcrc erPWRMM ++=≤ , .    (6.2) 

aq, ;
5,0

2
b

s

bt

s

E
E

E
E

==
ν

α  075,1 WWpl = ;       (6.3) 

 P  winaswar momkumSavi Zalaa. Cveulebrivi rkinabetonis elementebis 

gaangariSebisas P =0; ope – P  Zalis eqscentrisitetia; r  – manZili 

dayvanili kveTis simZimis centridan kveTis gulis uSores wertilamde; 
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crccrc MN , – Sesabamisad, gamWimavi Zalis da mRunavi momentis is sidide, 

romlis drosac elementis gaWimul zonaSi warmoiSveba bzari. 
 
 

6.2. gaangariSeba bzarebis daxurvis mixedviT  
bzarmedegobis II kategoriis moTxovna rom Sesruldes, sruli 

datvirTvisagan armaturaSi unda aRiZras mxolod drekadi deformaciebi. es 

SesaZlebelia, Tu winaswari mokumSisagan aRZrul spσ  Zabvisa da sruli 

gare datvirTvisagan aRZrul sσ  Zabvis jamisaTvis Sesruldeba piroba 

sersssp R ,8,0≤+ σσ .      (6.4) 

bzaris daxurvis Semdeg masSi unda SenarCundes mkumSavi Zabva aranaklebi 
0,5 mgpa–sa. 
 
 

6.3. gaangariSeba bzarebis gaxsnis mixedviT  
unda Sesruldes piroba 

3,0...05,0, =≤ ucrccrc aa  mm; 

crca  aris normatiuli datvirTvisagan bzaris gaxsnis sigane; 

ucrca , – bzaris gaxsnis normebiT daSvebuli sidide; 

( ) 31005,320 d
E

a
s

s
lcrc

σηδϕμ−= .    (6.5) 

μ  daarmaturebis koeficientia; δ  iTvaliswinebs elementis muSaobas 

Runvaze, garecentrul kumSvasa an gaWimvaze; lϕ  – datvirTvebis 

xangrZlivobis gavlenas; η–armaturis profils; sσ  bzarian kveTSi gaWimul 

armaturaSi aRZruli Zabvaa. igi gamoiTvleba: 

dauZabav elementebSi: gaWimvisas ss AN /=σ ; Runvisas zAM ss /=σ ; 

daZabul elementebSi: gaWimvisas ( ) ( )ssps AAPN +−= /σ ;  

Runvisas 
( )

( )zAA
ezPM

ssp

sp
s +

−−
=σ . 

z  aris kveTSi Siga wyvilZalis mxari; spe – momkumSavi Zalis daSoreba 

daZabuli armaturis kveTis simZimis centramde; P  _ momkumSave Zala, N –
gare gamWimavi Zala; M – mRunavi momenti. 
 
 

6.4. gaangariSeba CaRunvaze 
    unda Sesruldes piroba 

600/...200/ llff u =≤ .      (6.6) 

CaRunvis sidide       dx
r

Mf
x

l

x∫ ⎟
⎠
⎞

⎜
⎝
⎛=

0

1
,       (6.7) 

an, gamartivebulad    2
0

1 l
r

f m ⎟
⎠
⎞

⎜
⎝
⎛= ϕ .        (6.8) 

Tu elementi muSaobs bzarebis gareSe, simrude 
redb

b

IE
M

r 85,0
1 2ϕ

= ,   (6.9) 
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bzarebiT muSaobisas – ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

bb

b

ss

s

AEAEzh
M

r ν
ψψ

0

1
.          (6.10) 

zemoT moyvanil formulebSi: xM  erTeuli Zalisagan gamowveuli momentia 

gansaxilvel x  kveTSi; ssms σσψ /= , bbmb σσψ /=  koeficientebi iTvaliswinebs 

elementis RerZis gaswvriv ZabvaTa uTanabrobas gaWimul armaturasa da 

SekumSul betonSi. smσ  da bmσ  saSualo Zabvebia gaWimul armaturasa da 

SekumSul betonSi. mϕ  koeficienti iTvaliswinebs datvirTvis saxeobis 

gavlenas CaRunvaze. or sayrdenze Tavisuflad dayrdnobili koWis 
gaangariSebis dros: Tanabrad ganawilebuli datvirTvis moqmedebisas – 

ϕm=5/48; Seyursuli datvirTvis malis SuaSi moqmedebisas – ϕm=1/12; koWis 

boloebze toli sididis momentebis moqmedebisas – ϕm=1/8. 2bϕ – betonis 

xangrZlivi cocvadobis gavlena simrudeze; 0,85 koeficienti iTvaliswinebs 
mikrobzarebis da xanmokle cocvadobis gavlenas sixisteze. 

 sruli CaRunva 4321 fffff −+−= .                     (6.11) 

sadac 1f  xanmokle CaRunvaa sruli datvirTvisagan; 

  2f  da 3f  – xanmokle da xangrZlivi CaRunvebi xangrZlivi         

datvirTvisagan; 

  4f – aRunva winaswari daZabvisagan. 

Cveulebriv (winaswar dauZabav) rkinabetonis konstruqciebis 

CaRunvaze gaangariSebisas, 4f =0. 
 
 

 sakontrolo sakiTxebi 
 

1. raze xdeba rkinabetonis elementebis gaangariSeba II jgufis zRvrul 

mdgomareobaTa mixedviT. bzarmedegobis sami kategoriis moTxovna. 

2. dawereT gaWimuli elementis bzarmedegobis piroba bzarebis warmoqmnis 

mixedviT. 

3. dawereT Runvadi elementis bzarmedegobis piroba bzarebis warmoqmnis 

mixedviT. 

4. ra piroba unda Sesruldes, rom dakmayofildes bzarmedegobis II 

kategoriis moTxovna. 

5. rogoria bzarebis gaxsnis mixedviT gaangariSebis piroba da bzaris gaxsnis 

sididis empiriuli gamosaxuleba. 

6. rogoria CaRunvaze gaangariSebis piroba, CaRunvis saangariSo formulebi. 

7. elementis simrudis gansazRvra ubzarod da bzarebiT momuSave 

elementebisaTvis. 

8. sruli CaRunvis zogadi formula. ganmarteT TiToeuli wevris Sinaarsi. 
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nawili II 
Senobebisa da nagebobebis rkinabetonis konstruqciebi 

 
7. rkinabetonis konstruqciebis daproeqteba 

 
7.1 Senobebisa da nagebobebis rkinabetonis konstruqciebis 
    daproeqtebis zogadi principebi 

 nebismieri obieqtis (samrewvelo, samoqalaqo da sxva daniSnulebis) 
proeqtis damuSaveba xdeba SemkveTis mier Sedgenili daproeqtebis 
mocemulobis safuZvelze da Sedgeba: obieqtis brtyeli da moculobiTi 
dagegmarebisa da konstruqciuli gadawyvetisagan, misi statikuri 
(saWiroebis SemTxvevaSi – dinamikuri) gaangariSebisagan, calkeuli 
elementebis kveTis SerCevisa da konstruirebisagan. 

racionaluri gadawyvetilebis miReba xdeba daproeqtebis ramdenime 
SesaZlo variantis Sedarebis safuZvelze: ekonomikuri, masalatevadobis, 
Sromis danaxarjebis, energetikuli da sxva resursebis xarjvisa da 
mSeneblobis industrializaciis xarisxis maCveneblebis mixedviT. 

statikuri gaangariSebisas xdeba: saangariSo sqemebis daniSvna, 
romelic unda Seesabamebodes konstruqciis realur muSaobas; gare 
datvirTvebis sididisa da mdebareobis dadgena da  M, N, Q Siga Zalvebis  
gansazRvra konstruqciis damaxasiaTebel da saSiS kveTebSi. 

elementebis kveTebis SerCeva da gaangariSeba aris: normaluri ganivi 
kveTis racionaluri formis, betonisa da armaturis optimaluri klasis 
SerCeva, muSa armaturis ganivkveTis farTobis gaangariSeba, normebis 
moTxovnis Sesabamisad simtkicis, bzarmedegobisa da sixistis mixedviT. 

konstruireba gulisxmobs: elementSi da calkeul ganivkveTebSi muSa 
da samontaJo (konstruqciuli) armaturis ganlagebas, mTlianad 
konstruqciis da misi calkeuli elementebis daarmaturebis, elementebis 
SeerTebis kvanZebis muSa naxazebis damuSavebasa da gamoxazvas. 

daproeqtebis praqtikuli gamocdilebis analizma aCvena, rom asawyobi 
rkinabetonis elementebis Rirebulebis struqtura procentebiT Semdegia: 
masalebis Rirebuleba 55%–mde, energetikuli danaxarjebi (sawvavis 
CaTvliT) – 3%, muSa–mosamsaxureTa xelfasi – 10%, saerTo saqarxno 
danaxarjebi – 29% da sxva mosalodneli danaxarjebi 3%. rogorc vxedavT 
masalebze gaweuli danaxarjebi elementis Rirebulebis naxevarze mets 
Seadgens da misi wili kidev gaizrdeba warmoebis meqanizaciis donis 
gazrdasTan erTad. 

monoliTuri rkinabetonis konstruqciebis Rirebulebis struqtura 
gansxvavebulia, da radgan mSeneblobis warmoeba xdeba uSualod adgilze –  
gansxvavebuli punqtebisagan Sedgeba. asawyobi da monoliTuri rkinabetonis 
konstruqciebis Rirebulebis Sedareba adasturebs, rom asawyobi 
konstruqciebi Rirebulebis mixedviT xelsayrelia mxolod im SemTxvevaSi, 
Tu maTi damzadeba xdeba minimaluri tipozomebiT, didi raodenobiT da 
maRali donis meqanizirebul qarxnebSi. asawyobi konstruqciebis 
rentabelobis mTavari pirobaa elementebis unifikacia da tipizacia, rac 
Tanamedrove samSeneblo daproeqtebis zogadi principia. 
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7.2. Senoba–nagebobebis da maTi elementebis unifikacia da tipizacia 
unifikacia aris nagebobebis ZiriTadi zomebis, asawyobi elementebis 

gabarituli zomebis, dakvalvis sakoordinato RerZebTan maTi mibmis, 
elementebis SeduRebis kvanZebis, agreTve datvirTvebis erTnair sqemaze 
dayvana.  unifikaciis safuZveli aris erTiani samodulo sistema, romelic 
zomebis gradaciis ZiriTad modulad (erTeulad) 100 mm–s miiCnevs. aris 
gamsxvilebuli modulebi, Tavis mxriv 100 mm–is jeradi. magaliTad, 
erTsarTuliani samrewvelo Senobebis malisa da svetebis bijis modulia 6 
m (mali –  18, 24, 30 m da meti, biji – 6, 12, 18 m); simaRle iatakidan mzidi 
konstruqciis qveda kidemde jeradia 0,6 m–is; samoqalaqo SenobebSi 
svetebis badis zomebis gamsxvilebuli modelia 0,2 m, xolo sarTulis 
simaRlis –  0,3 m. 

konstruqciebis asawyob elementebad dayofa xdeba Semdegi 
moTxovnebis gaTvaliswinebiT: a) elementebis damzadebis teqnologiuroba 
da konkretuli pirobebisaTvis gadazidvis transportabeloba; b) SesaZlo 
maqsimaluri zomebis SezRudva damzadebis, transportirebisa da montaJisas 
gamoyenebuli manqanebisa da meqanizmebis tvirTamweobis mixedviT; g) 
montaJis teqnologiis simartive da montaJis dros SeduRebis da nakerebis 
damonoliTebis minimumamde dayvana. magaliTad, mravalsarTuliani Senobis 
dayofa xdeba ise, rom calkeuli elementis masa ar aRematebodes 3...5 t–s 
(nax. 29). 

 

 
 
nax. 29. mravalsarTuliani Senobis karkasis dayofa asawyob  
        elementebad: 

               1–sveti; 2–rigeli; 3–grZivi mimarTulebis svetebSorisi fila;  
               4–gadaxurvis paneli; 5–xazovani Wris sveti; 6–sveti gamoSverili 
               konsolebiT 
 
 
 Senoba–nagebobebis gabarituli zomebis Sesabamisad unificirebulia 
calkeuli elementebis geometriuli zomebi, romlebic miRebulia, rogorc 
tipobrivi, SemdgomSi masobrivi qarxnuli damzadebisaTvis. zidvis unaris 
cvlileba xorcieldeba betonis klasisa da kveTis daarmaturebis 
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procentis cvlilebiT. sxvadasxva tipis unificirebuli elementi 
gaerTianebulia saxelmwifo standartebSi da katalogis saxiT 
gamoSvebulia damamzadebeli qarxnis mier.  unifikacia da tipizacia 
vrceldeba agreTve mTlianad Senobebisa da nagebobebis daproeqtebaze. 
aseTi tipobrivi proeqtis gamoyenebisas aRar aris saWiro damatebiTi 
gaangariSeba. sakmarisia misi mibma konkretul pirobebTan.  

tipobrivi konstruqciebis urTierTdasakavSireblad normebiT 
gaTvaliswinebulia zomebis sami kategoria: nominaluri, konstruqciuli da 
realuri (naturuli). nominaluria dakvalvis RerZebs Soris manZili (nax. 
30), konstruqciuli – nominalurs gamoklebuli RreCoebis an nakerebis 
sigane, realuria zoma, romelic gansxvavdeba konstruqciulisagan 
damzadebisas daSvebuli uzustobiT. ukanasknels ewodeba daSveba, igi 
normirebulia (3...10 mm). 

 

 
 
nax. 30. asawyobi elementebis nominaluri da konstruqciuli zomebi: 
        a–fila; b–rigeli; 1–RreCo 30 mm; 2–xsnariT Sevseba; 3–RreCo 15 mm 
 
 

 asawyob konstruqciebs unifikaciisa da tipizaciis garda moeTxoveba 
teqnologiuroba, romelic rig SemTxvevaSi konstruqciis tipis SerCevisas 
gadamwyvetia. magaliTad, mravalsarTuliani karkasis calkeul elementebad 
danawevrebisas mudmivkveTiani svetebi ufro misaRebia damzadebis 
simartivis gamo, vidre svetebi konsolebiT (nax.29), Tumca ukanaskneli 
ufro Seesabameba karkasis statikuri muSaobis pirobas. montaJis 
gasaadvileblad svetebis pirapirebi ewyoba iatakidan 60–70 sm–ze 
miuxedavad imisa, rom karkasis statikuri muSaobis pirobis mixedviT ufro 
racionaluria igi moewyos sarTulis simaRlis SuaSi, sadac mRunavi 
momentis sidide minimaluria. 
 rkinabetonis asawyobi konstruqciebis daproeqtebis Taviseburebaa 
maTi gaangariSeba awevis, Senaxvis (dasawyobebis) da montaJisas. am 
SemTxvevaSi saangariSo sqema SesaZlebelia mniSvnelovnad gansxvavdebodes 
eqspluataciisas miRebul saangariSo sqemisagan. maSasadame, daZabuli 
mdgomareobac gansxvavebuli iqneba, ris ugulebelyofam SesaZlebelia 
elementisaTvis romelime zRvruli mdgomareobis dadgoma gamoiwvios. 
Sesabamisi saangariSo sqemidan gamomdinare, samontaJo maryuJebis, asawevi 
naxvretebisa da dasawyobebisas sxvadasxva sadebis mdebareobac 
ganisazRvreba gaangariSebiT sakuTari masisagan gamowveul datvirTvaze, 
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dinamikurobis koeficientis gaTvaliswinebiT, romelic tolia 
transportirebisas 1,6–is, awevisa da montaJisas – 1,4–is. 
 
 

7.3. racionaluri da optimaluri konstruqciebis daproeqteba 
racionaluri ewodeba konstruqciebs an maT elementebs, romlebic 

pasuxoben yvela normatiul moTxovnas da min)(xf miznobrivi funqciis 

minimalur mniSvnelobas erTi da imave saxeobisa da klasis masalebisaTvis, 
ganivkveTis yvela SesaZlo formisa da geometriuli zomis 
gaTvaliswinebiT. 

optimaluria iseTi konstruqcia, romelic, agreTve pasuxobs yvela 

normatiul moTxovnebs da min)(xf miznobrivi funqciis minimalur 

mniSvnelobas. igi SeirCeva sxvadasxva saxis da klasis masalebisagan 
damzadebuli yvela tipis racionaluri konstruqciebis analizis 
safuZvelze.  

optimizaciis kriteriumebi SeiZleba iyos sxvadasxva: saerTo 
sameurneo danaxarjebi, Sromatevadoba, masalatevadoba, energotevadoba da 
a.S. optimizaciis kriteriumebis erTdrouli gaTvaliswineba, romelTa 
moTxovnebi urTierTsawinaaRmdegoc SeiZleba aRmoCndes, rTuli 
maTematikuri amocanaa Tanamedrove gamoTvliTi teqnikis gamoyenebis 
SemTxvevaSic. amitom mizanSewonilia optimizaciis mxolod erTi 
parametris, magaliTad, saerTo–sameurneo danaxarjebis gaTvaliswineba. am 
SemTxvevaSi amocana martivdeba, Tu optimalurobis kriteriumad aiReba 
fuladi danaxarjebis miznobrivi funqcia, romlis parametrebis SerCevis 
gziT miiRweva funqciis minimizacia 

.min=+ ii kEC r       (7.1) 

iC  aris konstruqciis Rirebuleba ,,saqmeSi” da saeqspluatacio 

danaxarjebi; 

ik –  samSeneblo bazis Sesaqmneli erTdrouli danaxarjebi; 

rE –  dargis rentabelobis koeficienti. 

 cxadia, miznobrivi funqciis minimizaciis mTavari parametria 
konstruqciis Rirebuleba `saqmeSi~ 

( ) .HkCCkCCC Δ++++= zgamonsawtkks      (7.2) 

.tkTk δα ⋅⋅= CC        (7.3) 

aq kC    konstruqciis damzadebis sruli Rirebulebaa, anu saqarxno 

Rirebuleba; 

tC –  samSeneblo moednamde transpirtirebis danaxarjebi; 

monC – montaJis Rirebuleba; 

gaC – adgilze gamsxvilebuli awyobis danaxarjebi, sawk , zk  da HΔ  
iTvaliswinebs momzadeba – dasawyobebis, zamTris periodSi 
damonoliTebis samuSaoebis gaZvirebisa da cvalebad zednadeb 

xarjebs. α  da tδ  iTvaliswinebs realizaciis danaxarjebs da 

nakeTobis teritoriul gaZvirebas; kTC  aris konstruqciis 

TviTRirebuleba. 
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aqac SesaZlebelia yvela parametris dafiqsireba, garda konstruqciis 

kTC  TviTRirebulebisa, romlis Semadgeneli parametrebis cvlilebiT xdeba 

nakeTobis minimaluri TviTRirebulebis dadgena. 

qTbydabddaCCddaafolbnkT CCCCCCCCCCCC ++++++++++=   (7.4) 

aq  bnC   betonis nazavis Rirebulebaa; 

folC – yovelgvari foladis nawarmis (armatura, Casatanebeli 

detalebi) Rirebuleba; 

aC – dauZabavi armaturis badeebisa da karkasebis damzadebis 

danaxarjebi; 

daC –  daZabuli armaturis nakeToebebis damzadebis danaxarjebi; 

CdC –  Casatanebeli detalebis damzadebis Rirebuleba; 

aCC – dauZabavi armaturisa da Casatanebeli detalebis yalibSi 

Calagebis Rirebuleba; 

ddC –  daZabuli armaturis winaswari daWimvis danaxarjebi; 

dabC –  nakeTobis dabetonebis danaxarjebi; 

yC –  yalibebis eqspluataciisa da Senaxvis danaxarjebi; 

TbC –  nakeTobis Tburi damuSavebis (gamoorTqvlis) Rirebuleba;   

qC – qarxnuli mzadyofnis (gamsxvilebuli awyoba, mopirkeTeba) 

danaxarjebi. 
yvela zemoT moyvanili danaxarji iangariSeba saTanado formulebiT 

an moiZebneba moqmed oficialur cnobarebsa da katalogebSi. 
rodesac vangariSobT (7.4) formulis Semadgenel wevrebs, cxadi xdeba, 

rom rkinabetonis elementis minimaluri Rirebulebis dasadgenad 
miznobrivi funqciis minimizaciis praqtikuli amocanis gadawyvetisas 
saWiroa Semdegi faqtorebis mniSvnelobaTa varireba: A– ganivi kveTis 
zomebi da armaturis ganivi kveTis farTobi; S – muSa armaturis monacemebi 
(klasi, marka, saxeoba); B –betonis klasi; L –elementis sigrZe; V – betonisa 
da armaturis maxasiaTeblebis Rirebuleba; M – damzadebisa da montaJis 
teqnologiuri meTodi; T –transportireba. maSasadame SegviZlia davweroT 

( ).,,,,,, TMVLBSAC ϕ=      (7.5) 

SeiZleba CaiTvalos, rom L  da V  faqtorebi ar icvleba. M  da T  
faqtorebidan, variantebis simciris gamo, SeiZleba TiToeulis dafiqsireba 
da minimizaciis procesis ise ganxilva. faqtiurad darCa A , S  da B  
faqtorebi, romelTa varirebiT xdeba elementis minimaluri Rirebulebis 
dadgena. 
 gasaTvaliswinebelia is garemoeba, rom A , S  da B  faqtorebis 
sidideebi SezRudulia rkinabetonis konstruqciebis daproeqtebis 

samSeneblo normebiT, radgan elementis  damzadebis, montaJisa da 
eqspluataciisas ar unda iqnes daSvebuli arc erTi zRvruli mdgomareobis 
dadgoma. amitom unda Sesruldes simtkicis, bzarmedegobisa da sixistis 
uzrunvelyofis yvela piroba. amas emateba daproeqtebis gamocdilebis 
mixedviT dadgenili SezRudva betonis SekumSuli zonis simaRlis, 
daarmaturebis procentis, geometriuli zomebis garkveul farglebSi 
cvlilebebis Sesaxeb. 
 zogadi SemTxvevisaTvis, rodesac gaviTvaliswinebT yvela SezRudvas, 
(7.5) miznobrivi funqcia gamodis sakmaod didi da mouxerxebeli praqtikuli 
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gamoyenebisaTvis. amitom elementis minimaluri Rirebulebis dadgena yvela 
zemoT moyvanili pirobebis gaTvaliswinebiT SesaZlebelia ricxviTi 
meTodebiT damoukidebeli cvladebis diskretuli mniSvnelobebisaTvis.  

magaliTad, ⊥ –sebri profilis Runvadi elementisaTvis (nax.31) 
miznobrivi funqcia (7.5) warmogvidgeba mxolod oTxi damoukidebeli 
cvladis funqciis saxiT 

( ).,,, BSbhC f′= ϕ       (7.6) 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

nax. 31. ⊥ –sebri kveTis geometriuli parametrebi 
 
 

 ⊥ –sebri kveTis danarCeni parametrebi fh′ , fh , b , fb , spA , spσ , rogorc 

pirveli, ise meore jgufis zRvrul mdgomareobaTa mixedviT 
gaangariSebisas damokidebulia zemoT moyvanil parametrebze. rac Seexeba 
zogierT parametrs, rogoricaa magaliTad, konstruqciuli armatura, 
winaswar daZabul elementSi TiTqmis ar aris damokidebuli ganivkveTis 
zomebze da amitom SeiZleba davuSvaT, rogorc ucvleli sididea, romelic 
ar axdens gavlenas optimalur gadawyvetaze. 
 konstruqciis an misi elementebis Rirebulebis (7.6) funqciis 
mixedviT optimizaciis amocanis gadawyvetisas, jer pirveli variantisaTvis 

fiqsirdeba armaturis monacemebis erToblioba 1S (klasi, marka, daZabvis 

xerxi, simtkicis, deformaciisa da Rirebulebis maxasiaTeblebi), Semdeg 

rigrigobiT dainiSneba betonis 321 ,, BBB ... klasebis Sesabamisi 

monacemebis kompleqsebi da yvela SemTxvevisaTvis miiReba ⊥ –sebri kveTis 
elementebi, romlebic pasuxoben zRvrul mdgomareobaTa gaangariSebis 
pirobebs da gamoiTvleba maTi saangariSo Rirebulebebi kveTis h  simaRlis 

damokidebulebiT SekumSuli Taros siganis ( ) ( ) ( ) ...,,
321 fff bbb ′′′  fiqsirebuli 

sidideebisaTvis. h  da fb′  iniSneba gansazRvruli mimdevrobiT da winaswar 

daniSnuli bijiT, sanam ar gamovlindeba Rirebulebis minimumi. 
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gamoTvlebis Sedegebi SeiZleba gamoisaxos grafikulad momvlebi mrudebiT. 

( );; 11 BSC ( );; 21 BSC ( )31; BSC ... Semdeg aiReba meore variantisaTvis armaturis 2S  

monacemebi da analogiuri gamoTvlebiT miiReba mrudebi 

( );; 12 BSC ( );; 22 BSC ( )32;BSC ... aseve ganixileba mesame da Semdegi variantebi. 

winaswar daniSnuli variantebis ganxilvis Semdeg xdeba TiToeuli 
variantis Sesabamisi minimaluri Rirebulebis Sejereba da gamovlindeba 

yvelaze mcire (minimumi) Rirebuleba estC , romelsac Seesabameba estfb ,′ , esth , 

estS , estB  parametrebis optimaluri mniSvneloba (nax. 32). 

 

 
 

nax. 32. ⊥ –sebri kveTis Runvadi elementis Rirebulebis  

    damokidebuleba kveTis simaRleze, fb′ , S  da B –s 

    cvlilebebis Sesabamisad 
 
 Tu saWiro gaxda minimaluri Rirebulebis elementis nacvlad 
SevarCioT sxva samodulo sistemis Sesabamisi parametrebis mqone elementi 
(magaliTad, kveTis unificirebuli zomiT), zemoT moyvanili grafikebidan 

advilad moiZebneba Sesabamisi 1E  wertili da saTanado 1EC  Rirebuleba. 
ramdenad Zviria Cven mier SerCeuli varianti minimaluri Rirebulebis 

konstruqciasTan SedarebiT, dadgindeba ( )estE CC −1  sxvaobiT. 

 rkinabetonis konstruqciebis minimaluri TviTRirebulebis dadgena 
zemomoyvanili gamartivebuli meTodiT, praqtikuli SemTxvevebisaTvis 
sakmarisia. 

mas Semdeg, rac dadginda konstruqciis TviTRirebuleba da SeirCa 

saangariSo minimaluri Rirebulebis ( 1EC ) mqone konstruqcia, romelic 
minimaluri gaZvirebisas pasuxobs agreTve unifikaciisa da 
standartizaciis moTxovnebs, SesaZlebeli xdeba gamoiTvalos 
konstruqciis saangariSo Rirebuleba `saqmeSi~ (7.2)–is mixedviT. 
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analogiurad SeiZleba gadawydes elementebis optimizaciis amocanebi 
sxva kriteriumebis mixedviTac: Sromatevadobis minimizacia, minimaluri 
masis konstruqciis daproeqteba da sxva. aRniSnuli meTodika mTlianad 
gamodgeba rkinabetonis SekumSuli da gaWimuli konstruqciebisaTvisac. 

 
 
7.4. deformaciuli nakerebi 
rkinabetonis konstruqciebi gare datvirTviT gamowveuli 

deformaciebis garda ganicdian araZalismier deformaciebs, gamowveuls 
garemos temperaturisa da tenianobis zemoqmedebisagan. temperaturis zrdis 
an Semcirebis Sedegad elementi farTovdeba an ikumSeba. haerze 
gamyarebisas betoni moculobaSi klebulobs da ufro metad, Tu haeris 
tenianoba mcirea. garda amisa, Tu nageboba dayrdnobilia araerTgvarovan 
an dajdomad gruntze, an sarTulianoba, maSasadame datvirTva gruntze, 
gansxvavebulia erTi Senobis farglebSi, maSin xdeba saZirkvlis fuZis 
araTanabari dajdoma da Senobis nawilebi erTmaneTis mimarT daiZvris. 
radgan rkinabetonis konstruqciebi umravles SemTxvevaSi statikurad 
urkvevia, zemoT CamoTvlili deformaciebis gamo warmoiqmneba damatebiTi 
Zabvebi, romlebic xSirad bzarebis mniSvnelovani gaxsnis an sulac 
dazianebis mizezic SeiZleba gaxdes. am Zabvebis Sesamcireblad didi zomis 
an gansxvavebuli sarTulianobis Senobebi daiyofa sigrZesa da siganeSi 
calkeul blokebad temperaturul –  Seklebis da dajdomis nakerebiT (nax. 
33,a). seismurad aqtiur raionSi agebuli Senobebic gegmaSi rTuli 
moxazulobis an gansxvavebuli sarTulianobis SemTxvevaSi, daiyofa 
SeZlebisdagvarad erTnairi sixistisa da masis blokebad antiseismuri 
nakerebiT, romlebic umravles SemTxvevaSi temperaturul an dajdomis 
nakerebs emTxveva.  

 

 
nax. 33. deformaciuli nakerebi: 

  a–rTuli formis da gansxvavebuli sarTulianobis SenobebSi 
  deformaciuli nakerebis ganlageba; b, g, d–nakerebis ganxorcieleba 
  Sewyvilebuli svetebiT. 1–nakeri; 2–deformaciuli bloki 
 

 
temperaturul–Seklebis nakerebi, romelTa sigane 2...3sm–ia, ZiriTadad 

sruldeba Sewyvilebuli svetebiT, romlebic saerTo saZirkvels eyrdnoba 
(nax.33,b). dajdomis nakerebic Sewyvilebuli svetebiT ewyoba, oRond cal–

d g 
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calke saZirkvelze dayrdnobiT (nax.33,g). daproeqtebis praqtikaSi 
gamoiyeneba dajdomis nakerad iseTi konstruqciuli gadawyvetac, romelic 
mocemulia nax. 33,d–ze. 

 
 
7.5. rkinabetonis konstruqciebis gaZliereba–rekonstruqcia 
samrewvelo Senobis daproeqtebisas Cveulebriv iTvaliswineben 

sawarmoo teqnologiis SesaZlo cvlilebas da Sesabamis rekonstruqcias. 
magram, praqtika aCvenebs, rom sawarmoos eqspluataciis periodSi 
SeuZlebelia yvela SesaZlo cvlilebebis gaTvaliswineba. xSirad 
danadgaris Secvlisas mzid konstruqcias gadaecema damatebiTi, proeqtSi 
gauTvaliswinebeli datvirTva. saWiro xdeba Senobis arsebuli elementebis 
gaZliereba. 

rkinabetonis konstruqciis gaZlierebis samuSao SeiZleba davyoT or 
jgufad: pirvels ganekuTvneba samuSao, romelic iTvaliswinebs axali 
ganmtvirTavi an Semcvleli konstruqciis agebas, romelic nawilobriv an 
mTlianad muSaobs damatebiT datvirTvaze da muSaobidan mTlianad an 
nawilobriv gamorTavs arasaimedo elements. Semcvleli konstruqcia 
SeiZleba iyos damatebiTi sayrdeni an koWebis sistema (xSirad liTonis), 
romelic iRebs axal, gazrdil datvirTvas da sayrdenebiT gadascems im 
arsebul konstruqcias, romlis zidvis unari sakmarisia (nax.34,a,b). Tu 
aseTi elementi ar aris, maSin datvirTva gadaecema uSualod arsebul 
saZirkvels an axlad agebul konstruqcias (nax.34,g,d). 

 

 
 
nax. 34. rkinabetonis gantvirTvis xerxebi: 

  a–nawilobrivi gantvirTva; b–mTliani gantvirTva; g–gantvirTva 
  damatebiTi sayrdenebiT. 1–meorexarisxovani ganmtvirTavi elementi; 
  2–axali danadgari; 3–karkasis sveti; 4–mTavari ganmtvirTavi 
  elementi; 5–RreCo ganmtvirTav elementebs Soris; 6–arsebuli  
  gadaxurva; 7–axali sveti an gambjeni 

 
rekonstruqciis aseTi xerxi martivia, magram arcTu racionaluri, 

radgan arsebuli konstruqciebis SesaZlebloba arasrulad gamoiyeneba, 
xolo axalis ageba xSirad amcirebs sawarmoo farTobs. 
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meore saxis rekonstruqciis samuSaoebisas xdeba arsebuli 
konstruqciebis zidvis unaris gazrda anu gaZliereba. 

sawyisi zidvis unaris gazrda sasurvelia konstruqciis muSaobis 
saangariSo sqemis Seucvlelad, mxolod ganivi kveTis zomebis gazrdiT, 
risi miRwevac SesaZlebelia garsakris (nax.35) saSualebiT, erTdroulad 
muSa armaturis (zogjer caluRebisa da badis) damatebiT. ar aris 
gamoricxuli, rom kveTis gaZlierebisas saWiro gaxdes elementis muSaobis 
konstruqciuli sqemis Secvla. 

 
 

 
 
nax. 35. damatebuli armaturis CawyobiT da Semdgomi dabetonebiT 
        gaZlierebuli kveTebi: 

  1–gasaZlierebeli kveTi, 2–axali betoni, 3–muSa armatura,  
  4–caluRi 

 
 

garsakris mowyobamde gasaZlierebel elementebs winaswar amzadeben: 
iq, sadac axali, damatebiTi armatura unda Calagdes, betonis Sres 
Semoaclian, xolo caluRisa da badis dayenebis adgilas kveTis gverdebs 
naWdevebi ukeTdeba. Camongreuli  da  naWdevi  zedapirebi  sufTavdeba  
wylis WavliT, Calagdeba saTanado armatura, damagrdeba garsakris 
Semoficvra da dabetondeba aucilebeli vibrirebiT. axali betonis sisqe 
aiReba aranakleb 6sm–isa. Tu betonis damateba gasaZlierebel elementze 
torkretirebiT (SefrqveviT) xdeba, axali betonis sisqea 3sm. 
gamaZlierebeli, muSa armaturis diametri unda iyos 12...28 mm, ganivi 
armaturisa _ 10...25 mm. gaZlierebuli elementis gaangariSeba xdeba, rogorc 
axali monacemebis mTliani konstruqciis. 

Runvadi elementebis gaZliereba SesaZlebelia winaswar daZabuli 
horizontaluri da Sprengeluri SemkoWebiT (nax.36,a,d). gaZlierebis am 
meTodiT SeiZleba koWis zidvis unaris TiTqmis orjer gazrda. 

nax. 36,b...z–ze mocemulia gadaxurvis, koWis, svetebis gaZliereba da 
samrewvelo Senobis rekonstruqciis variantebi. 
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nax. 36. rkinabetonis elementebis gaZliereba: 

  a, d – gaZliereba winaswar daZabuli mWimiT; b, g, e – gadaxurvis, 
  koWisa da svetis gaZliereba; v, z – erTsarTuliani samrewvelo 
  Senobis rekonstruqcia 

 
 
SemkoWi armatura (damWimi, romlis diametri aiReba aranaklebi 16 mm– 

isa) koWze damagrebis, axali betonis gamyarebisa da saankero 
mowyobilobis cementis xsnariT amovsebis Semdeg, winaswar daiZabeba 
SemkoWis calkeuli Reroebis moWeriT (nax.36,a) specialuri damWimi 
WanWikisa da qanCis saSualebiT. daZabvis damTavrebis Semdeg qanCi WanWiks 
mieduReba. 

winaswar daZabuli SemkoWebis upiratesobaa: konstruqciis gaZliereba 
SeiZleba ganxorcieldes sawarmoo procesis SeuCereblad da gaZlierebis 
Semdeg ar rCeba araferi, rac Senobis gabaritebis an sawarmoo farTobis 
SezRudvas gamoiwvevs. 

 
 
sakontrolo sakiTxebi 

 
1. rogoria Senobebisa da nagebobebis daproeqtebis zogadi principebi. 

2. ra mizniT xdeba Senobebisa da maTi elementebis unifikacia da tipizacia. 

3. ras aris racionaluri da optimaluri konstruqciebi da ra mizans 

emsaxureba maTi daproeqteba. 

4. ra xarjebzea damokidebuli konstruqciis saerTo Rirebuleba. 

5. romeli parametrebis mniSvnelobaTa varirebiT xdeba minimaluri 

Rirebulebis konstruqciis daproeqteba. 

6. ras emsaxureba sadefarmacio nakerebi da rogor xdeba maTi ganxorcieleba. 

7. rkinabetonis konstruqciebis rekonstruqciisa da gaZlierebis ra ZiriTadi 

xerxebi iciT. 
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8. brtyeli sarTulTSorisi gadaxurvebi 
 

sacxovrebel, sazogadoebriv da sawarmoo SenobebSi sarTulTSorisi 
gadaxurva ZiriTadad rkinabetonis konstruqciebiT xorcieldeba. agebis 
xerxis mixedviT rkinabetonis gadaxurvebia: monoliTuri, asawyobi da 
asawyob–monoliTuri. konstruqciuli sqemis mixedviT – koWovani da ukoWo. 

konstruqciuli sqemisa da agebis xerxis mixedviT rkinabetonis 
sarTulTSorisi brtyeli gadaxurvebis klasifikacia Semdegia: wibovani 
(koWovani) monoliTuri gadaxurva koWuri filebiT; wibovani monoliTuri 
gadaxurva konturze dayrdnobili filebiT; koWovani asawyobi paneluri 
gadaxurva; koWovani asawyob– monoliTuri gadaxurva; monoliTuri ukoWo 
gadaxurva; asawyobi ukoWo gadaxurva. 

 
 8.1. monoliTuri wibovani gadaxurva koWuri filebiT 
 gadaxurva Sedgeba erTi mimarTulebiT (ufro ganivi mimarTulebiT) 
svetebze da gare kedlebze dayrdnobili mTavari koWebisagan, romlebzec 
meore mimarTulebiT dayrdnobilia damxmare (meorexarisxovani) koWebi, 
xolo am orive mimarTulebis koWebze dabetonebulia mTliani fila, 
romelic koWebTan erTad qmnis erTian, mTlian monoliTur konstruqcias 
(nax. 37). 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
nax. 37. monoliTuri wibovani sarTulTSorisi gadaxurva koWuri 
        filebiT: 

  1– fila; 2– damxmare koWi; 3– mTavari koWi; 4– sveti 
 
 

 mTavari koWis mali pl =5...8m, ganivi kveTis simaRle ( ) pp lh 15/1...10/1= , 

damxmare koWis mali 7...4=ml m, kveTis simaRle ( ) mm lh 20/1...12/1= , orive 

mimarTulebis koWebis ganivkveTis sigane ( )hb 5,0...3,0= . monoliTuri filis 
sisqe aiReba betonisa da armaturis minimaluri xarjis pirobidan, magram 
ara umciresi: saxuravisaTvis 40 mm, samoqalaqo daniSnulebis Senobebis 
sarTulTSoris gadaxurvaSi – 50 mm, samrewvelo nagebobebSi – 60 mm. 
 mTavari da damxmare koWebis ganlageba, mali da ganivi kveTis zomebi 
dainiSneba teqnologiuri, ekonomikuri, arqiteqturuli da konstruqciuli 
moTxovnebis Sesabamisad. 
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 gadaxurvas ewodeba `wibovani~, radgan gadaxurvis mTliani 
filisaTvis koWebi warmoadgens sixistis wiboebs, romlebic Tavis Tavze 
iReben mTeli sarTulTSorisi gadaxurvis datvirTvas, xolo filebi 
`koWuria~, radgan wiboebze dayrdnobis farglebSi filis gverdebis 

sidideTa Sefardeba 2/ 12 >ll  da Runvaze muSaobs, mxolod mokle gverdis 
mimarTulebiT, rogorc koWi (nax.38,a). grZeli gverdis mimarTulebiT 
aRZruli momenti imdenad mcirea, rom igi mxedvelobaSi ar miiReba. Tu 

gverdebis Sefardeba 2/ 12 ≤ll , maSin fila Runvaze muSaobs orive gverdis 
mimarTulebiT (nax. 38,b) da filas ewodeba `konturze dayrdnobili~, xolo 
gadaxurva iqneba monoliTuri wibovani gadaxurva konturze dayrdnobili 
filebiT. 
 
 

 
 

nax. 38 Runvaze momuSave filebis sqemebi: 
  a–koWuri fila; b–konturze dayrdnobili fila 

 
 
 filis gaangariSebisaTvis  gamoiyofa 1 m siganis zoli mTels 
gadaxurvaze (nax. 37), mimarTuli damxmare koWebis marTobulad, romlebic 
am filis sayrdenebs warmoadgens da mas ganixilaven, rogorc 
mravalmalian koWs, romelzec moqmedebs Tanabrad ganawilebuli g  mudmivi 

da V droebiTi datvirTva. zRvruli wonasworobis meTodiT, saSiS kveTebSi 
gamoiTvleba maqsimaluri Zalvebi (M  da Q ), romelTa mixedviT simtkicis 
pirobidan SeirCeva muSa armatura. 
 filis daarmatureba xdeba SeduRebuli rulonuri an brtyeli 

badeebiT, sadac muSa armaturaa A–III klasis, xolo gamanawilebeli pB – I 

klasis. arastandartuli zomebis an rTuli konfiguraciis gadaxurva 
SeiZleba Sesruldes xeliT Sekruli badeebiTac. rulonuri badeebiT 
daarmatureba xdeba uwyvetad, sadac bade (grZivi muSa armaturiT) gaiSleba 
damxmare koWebis marTobulad (nax. 39,a). brtyeli badeebiT daarmaturebisas 
badeebi (ganivi muSa armaturiT) cal–calke Calagdeba damxmare koWebis 
gaswvriv, malSi da sayrdenebze (nax. 39,b). 
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nax. 39. filebis daarmatureba: 
  a–rulonuri badeebiT; b–brtyeli badeebiT 

 
 

damxmare koWebi, rogorc sayrdenebi, filasTan erTad qmnian erTian, 
monoliTur konstruqcias, amitom maTi ganivi kveTi T–sebria, sadac fila 

warmoadgens Taroebs siganiT fb′ –s (nax. 37).  
damxmare koWi, iseve, rogorc fila, warmoadgens mravalmalian uWr 

koWs, romelic eyrdnoba mTavar koWebs. mas fb′  siganis filis zolisa da 

sakuTari masisagan gadaecema Tanabrad ganawilebuli datvirTva. mRunavi 
momentisa da ganivi Zalis gansazRvra koWis yvelaze metad daZabul 
kveTebSi xdeba aseve zRvruli wonasworobis meTodiT ZalvaTa 
gadanawilebis gaTvaliswinebiT. am Zalvebis mixedviT simtkicis pirobidan 
xdeba saTanado grZivi da ganivi muSa armaturis SerCeva. 
damxmare koWebi daarmaturdeba SeduRebuli karkasebiTa da badeebiT. 
iSviaTad – calkeuli ReroebiT (xeliT Sekruli karkasebi) (nax.40). 
brtyeli karkasebi ramdenime mokle Reros miduRebiT Seikvreba sivrcul 
karkasad da Calagdeba malSi. grZivi muSa armatura gaWimul zonaSi, xolo 
sayrdenis (mTavari koWi) Tavze – mokle karkasi an viwro (b =400...600 mm) 
bade grZivi muSa armaturiT. karkasSi grZivi muSa da samontaJo armatura 
aiReba  A– II, A– III klasis, diametriT ara umciresi 10 mm–sa. ganivi Reroebi 
an caluRebi – A-I, A– II, Bp– I klasis, diametriT 5...12 mm. 
 mTavari koWi gaiangariSeba da daproeqtdeba damxmare koWis 
analogiurad, sul mcire gansxvavebiT: a) mTavar koWze, rogorc uWr 
konstruqciaze moqmedebs damxmare koWebisagan gadmocemuli Seyursuli 
Zalebi da sakuTari masisagan Tanabrad ganawilebeuli datvirTva. b) 
daarmatureba xdeba mxolod karkasiT, rogorc malSi, ise sayrdenebis 
(svetebis) Tavze.  
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nax. 40. damxmare koWis daarmatureba: 

1–damxmare koWi; 2–badeebi sayrdenze; 3–armaturis karkasebi;  
4–betonis SekumSuli zona; 5– ganivi Reroebi 

 
 
 
 8.2. monoliTuri wibovani gadaxurva konturze dayrdnobili filebiT 
 wibovani gadaxurva konturze dayrdnobili filebiT (nax. 41) Sedgeba 
urTierTgadamkveTi koWebisagan, romlebic uSualod eyrdnobian svetebsa da 
kedlebs. am koWebze dayrdnobilia da maTTan monoliTuradaa mierTebuli 
mTliani fila. aseTi gadaxurva gamoiyeneba ZiriTadad arqiteqturuli 
mosazrebiT, magaliTad, vestibiulis, darbazis gadasaxuravad, Tumca 
monoliTur, koWovani filebiT gadaxurvasTan SedarebiT naklebad 
ekonomiuria.  

orive mimarTulebis koWebs aqvs ganivkveTis erTnairi simaRle da 
malebi – 4...6 m. filis sisqe damokidebulia calkeuli filebis malze 
(koWebs Soris manZili) da datvirTvis sidideze, aiReba 8...14sm. Tu saWiroa 
gadaxurva moewyos Sualeduri svetebis gareSe (magaliTad sastumros 
vestibiuli), maSin koWebs Soris manZili orive mimarTulebiT aiReba 2 m–ze 
naklebi. aseT gadaxurvas kesonuri gadaxurva ewodeba (nax. 41,b). 
 radgan aseT gadaxurvebSi sakuTriv filis gverdebis Sefardeba 

2/ 12 ≤ll  (Cveulebriv iReben 5,1...1/ 12 =ll ), amitom gare datvirTvisagan filaSi 
aRZruli orive mimarTulebis momentebis sidide erTi rigisaa da filis 
zidvis unarze erTnairad axdenen gavlenas, e.i. fila muSaobs orive 
mimarTulebiT, rogorc konturze dayrdnobili fila. aseTi filebis 
rRvevis damaxasiaTebeli sqema, Tanabrad ganawilebuli datvirTvis 
moqmedebisas, dadgenili eqsperimentebiT, naCvenebia  nax. 41,g da d–ze. 
filis qveda sibrtyeze bzarebi mimarTulia kuTxis biseqtrisis gaswvriv 

da erTdeba an centrSi (Tu filis gverdebis Sefardeba 1/ 12 =ll ) an grZeli 
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gverdis paraleluri mimarTulebis bzariT (kexiT). filis zeda sibrtyeze, 
Tu konturze xistad aris Camagrebuli (Sua filebi), bzari gahyveba 
sayrdenebs da Seikvreba, oRond kuTxeebSi mas aqvs biseqtrisis marTobuli 
momrgvaleba. filis im kideze, romelic Tavisuflad aris dayrdnobili 
kedelze (ganapira filebi), cxadia, kveTis Tavisuflad mobrunebis 
SesaZleblobis gamo, bzari ar gaCndeba. aRniSnuli bzarebi, rodesac 
gadaiqceva plastikur saxsrebad, miviRebT filis rRvevis sqemas, e.i. fila 
aRmoCndeba zRvruli wonasworobis mdgomareobaSi. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 41. monoliTuri, wibovani gadaxurva konturze dayrdnobili  

filebiT: 
a–svetebis arsebobisas; b–usveto, kesonuri gadaxurva; g–filis 
rRvevis sqema; d–konturze dayrdnobili filis saangariSo sqema; e– 
filis daarmatureba (qveda da zeda badeebi) 
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 filis gaangariSeba simtkiceze xdeba zRvruli wonasworobis 
meTodiT. gaangariSebis Sesabamisi muSa armatura ganlagdeba rRvevis sqemis 
Sesabamisad: malis armatura (bade orive mimarTulebis muSa armaturiT) 
lagdeba filis qveda nawilSi, xolo sayrdenebTan (koWebis Tavze) – zeda 
nawilSi (nax. 41,e,v). Tu filis mali 2,5 m–ze metia malis daarmatureba 
xdeba ori erTnairi badiT. ekonomiisaTvis erTi bade moyvanilia 

sayrdenamde, xolo meore wydeba sayrdenidan 4/1l  manZilze Tu fila 

sayrdenze Camagrebulia da 8/1l –ze – Tu filis kide Tavisuflad aris 
dayrdnobili. koWebis (sayrdenebis) Tavze moTavsebul badis muSa 
armaturis Reroebi mimarTulia koWebis marTobulad da yoveli meore 

gadadis malSi 4/1l  an 6/1l  manZilze. 

 koWebi gaiangariSeba, rogorc mravalmaliani uWri koWi zRvruli 
wonasworobis meTodiT. mas gadaecema: filisagan, samkuTxa da trapeciuli 
datvirTva rRvevis sqemis Sesabamis blokebis farTobidan, Tanabrad 
ganawilebuli – sakuTari masisagan da gadaxurvaze mosuli im 
datvirTvisagan, romelic uSualod koWzea ganlagebuli (nax. 42). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      nax. 42. datvirTvis ganawileba gadaxurvis koWebze 
   

  
daarmatureba iseTivea, rogorc mTavari koWis, koWurfilebian monoliTur 
wibovan gadaxurvaSi. 
 
  

8.3. asawyobi koWovan–paneluri gadaxurva 
 asawyobi koWovan–paneluri gadaxurva Sedgeba gadaxurvis asawyob 
mTliankveTiani, Rrutaniani an wibovani panelebisagan, romlebic eyrdnobian 
Senobis ganivad an grZivad ganlagebul rigelebs (koWebs). rigelebi Tavis 
mxriv eyrdnoba svetebs (sruli karkasis SemTxvevaSi) an Siga svetebsa da 
gare (konturis) kedlebs (arasruli karkasi) (nax. 43). 
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nax. 43. asawyobi koWuri gadaxurvis konstruqciuli sqemebi: 

         a, g – rigelebis ganivi ganlageba; b – rigelebis grZivi 
              ganlageba; 1–gadaxurvis panelebi; 2–rigeli; 3–svetebi 
 
 
 gadaxurvis daproeqteba gulisxmobs Senobis teqnologiuri 
daniSnulebis mixedviT, gadaxurvis gaerTmTlianebas (svetebis bijis, 
rigelebis mimarTulebis, rigelebisa da panelebis tipis SerCeva da maTi 
urTierTkavSiri), rigelebisa da panelebis gaangariSebas da konstruirebas 
(daarmaturebas).  

svetebis bijis SerCevisas xelmZRvaneloben asawyobi elementebis 
tipizaciis da unifikaciis principebiT. rigelebis ganivi ganlageba ufro 
xelsayrelia, vidre Senobis grZivi mimarTulebiT, radgan am dros Senobis 
sixiste ganivi mimarTulebiT izrdeba, rac mniSvnelovania 
mravalsarTuliani Senobebis mSeneblobisas, gansakuTrebiT seismur 
raionebSi. gadaxurvis konstruqciuli sqemis dadgenisaTvis unda 
damuSavdes ramdenime varianti, xolo Semdeg ekonomikuri maCveneblebis 
mixedviT SeirCeva optimaluri. 
 mTeli gadaxurvebis Rirebulebis 65% modis panelebze, amitom maT 
racionalur gadawyvetas didi mniSvneloba eniWeba. 

gadaxurvis asawyobi panelebi eyrdnoba rigelebs da muSaobs Runvaze. 
masalebis xarjis Sesamcireblad daproeqtdeba mTliani, Rrutaniani da 
wibovani panelebi (nax. 49). 

Rrutaniani panelebi ZiriTadad gamoiyeneba samoqalaqo daniSnulebis 
SenobebSi, radgan brtyeli Weris mowyobaa SesaZlebeli. farTo gamoyeneba 
hpova wriulsiRrueebianma panelma siganiT 1,4...2,4 m da kveTis simaRliT 
20...24 sm. ovalursiRrueebiani paneli masalebis xarjis mixedviT ufro 
xelsayrelia, magram naklebad teqnologiuria da amitom iSviaTad iyeneben. 

mTliani sisqis panelebi ZiriTadad gvxvdeba sacxovrebel da sxva 
samoqalaqo daniSnulebis SenobebSi. gamoiyeneba ZiriTadad orSriani, 
sisqiT 8...16 sm. gegmaSi 6,0x3,2 m, panelebis masaa 5000...6000 kg. SesaZlebelia 
gadixuros mTlianad oTaxi. masalebis xarjisa da sakuTari masis mixedviT 
naklebad ekonomikuria.  

wibovani panelebi ZiriTadad gamoiyeneba samrewvelo SenobebSi, 
radgan brtyeli Weris mowyoba aucilebeli ar aris, xolo am SenobebSi 
mosalodnel didi datvirTvebis asatanad panelis ganivkveTis simaRle 
SeiZleba gaizardos 35...45 sm–mde. amwe meqanizmebisa da satransporto 
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saSualebebis SesaZleblobebis gaTvaliswinebiT, gamoiyeneba panelebi 
zomiT: (1,2; 1,5; 3,0)x6 m da (1,2; 1,5; 3,0)x12 m. 12_metriani paneli sruldeba 
winaswar daZabuli, sadac gamoiyeneba maRali simtkicis armatura (Bp–II, A–
IV, A–V, AT–VI, K–7 klasis) da betoni (B20, B30 klasis), rac masalebis 
ekonomiis damatebiT SesaZleblobas iZleva. 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
nax. 44. wibovani da Rrutaniani panelis zomebi da daarmatureba: 
 a–wibovani paneli; b–Rrutaniani paneli 
 
panelebis gaangariSeba xdeba, rogorc or sayrdenze Tavisuflad 

dayrdnobili, T–sebri (wibovani panelebi), ⊥ –sebri (Rru panelebi) kveTis 
koWis, Tanabrad ganawilebul datvirTvaze. 
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mravalsarTulian, karkasul SenobebSi rigelebi CarCovani 
konstruqciis elementebia da maTSi Zalvebi (M, N da Q) gamoiTvleba CarCos 
gaangariSebis Sedegad. rigelis ganivkveTis forma SeiZleba iyos 
marTkuTxa, T–sebri (TaroTi zeviT an qveviT) (nax. 45,a). arasruli karkasis 
SemTxvevaSi, rodesac ganapira malSi rigeli Tavisuflad eyrdnoba mzid 
kedels, malebis sigrZeebis gansxvaveba ar aRemateba 20%_s da droebiTi 
datvirTva ar aris didi, maSin rigeli SeiZleba ganvixiloT, rogorc 
mravalmaliani uWri koWi. daarmaturebac Sesabamisi iqneba, oRond saWiroa 
gaangariSebis safuZvelze uzrunvelyofili iqnes kvanZebSi rigelebisa da 
svetebis saTanado urTierTkavSiri (nax. 45,b,g). 

 
 

 
nax. 45. rigelis ganivkveTis formebi da rigelis svetTan SeerTebis 

  konstruqcia: 
  a–rigelis ganivkveTebi; b–xisti SeerTeba konsolebze;  
  g–xisti SeerTeba konsolebis gareSe 

 
 
8.4. rkinabetonis ukoWo gadaxurva 
rkinabetonis ukoWo sarTulTSorisi gadaxurva aris fila, romelic 

eyrdnoba uSualod svetis gafarToebul bolos – kapitels. kapiteli 
amcirebs filis saangariSo mals, filasTan erTad ewinaaRmdegeba 
sayrdenTan aRZrul ganiv Zalas da uzrunvelyofs filis svetTan xist 
SeerTebas.  

ukoWo gadaxurvis upiratesoba koWovanTan aris is, rom gadaxurvis 
sisqis konstruqciuli simcire SesaZleblobas iZleva Semcirdes 
mravalsarTuliani Senobis simaRle. es seismur raionSi mSeneblobisas 
xelsayrelia seismuri zemoqmedebis Sesamcireblad; mcirdeba kedlebis 
simaRle e.i. mcirdeba masalis xarji; ukoWo gadaxurvas ara aqvs naSverebi, 
rac Senobis ukeT ganaTebisa da ventilaciisaTvis mniSvnelovania; 
advildeba komunikaciebis gayvana da Tboizolaciis mowyoba; ukoWo 
gadaxurva 6...9 m malisa da 10 kn/m2–mde sasargeblo datvirTvisas ufro 
ekonomiuria saerTo danaxarjebis mixedviT, vidre koWovani gadaxurva. 
amitom aseTi gadaxurva farTod gamoiyeneba macivris, avtogaraJis, 
mravalsarTuliani sawyobis, rezervuaris, sastumros vestibiulis, Teatris 
foies da sxva msgavsi Senobebis mSeneblobisas. 
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monoliTuri ukoWo gadaxurva warmoadgens gadaxurvis mTlian filas, 
romelic monoliTurad aris dakavSirebuli svetis kapitelTan (nax. 46). 

filis sisqe aiReba (1/32...1/35) l . kapiteli SeiZleba iyos sami saxis: I 
tipi, rodesac datvirTva 10 kn/m2–mdea (nax. 46,a), II da III tipis 10 kn/m2–ze 
meti datvirTvisas (nax. 46,b,g). 

kapiteli iangariSeba CaWyletaze svetze filebidan gadmocemul 
datvirTvaze. filisaTvis yvelaze saSiSia malis gaswvriv zolze moqmedi 
datvirTva. simtkiceze gaiangariSeba zRvruli wonasworobis mixedviT, 
eqsperimentebiT dadgenili rRvevis sqemis mixedviT. 

 

 
 
 
nax. 46. monoliTuri ukoWo gadaxurva: 

a,b,g – kapitelis tipebi; b–filis CaWraze gaangariSebisaTvis;  
1–fila; 2–kapiteli; 3–sveti 

 
 
gadaxurvis filis daarmatureba xdeba rulonuri an brtyeli 

SeduRebuli badeebiT, mRunavi momentebis epiurebis mixedviT. malis 
momentebis asatanad badeebi lagdeba filis qveda kidesTan, xolo sayrdeni 
momentebisa – filis zeda kidesTan. (47-e naxazze naCvenebia badeebis 
mxolod muSa armaturebis ganlageba). 
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nax. 47. monoliTuri ukoWo gadaxurvis daarmatureba: 
 a–badeebi filis zeda zonaSi; b–badeebi filis qveda zonaSi 
 
asawyobi ukoWo gadaxurva Sedgeba orive mimarTulebiT ganlagebul 

kapitelszeda filebis, malis filebisa da svetebisagan, romlis Tavze 
moTavsebulia asawyobi kapiteli (nax. 48). 

 
 

 
 
nax. 48. asawyobi ukoWo gadaxurva: 

1–kapitelszeda fila; 2–malis fila; 3–sveti; 4–asawyobi 
Rru kapiteli; 5–damonoliTebis betoni 
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 filebi SeiZleba iyos wibovani an Rrutaniani. kapiteli warmoadgens 
gegmaSi kvadratuli formis Rru wakveTil piramidas svetis Tavze 
wamosacmeli naxvretiT. kapitelszeda fila kapitels ukavSirdeba xistad 
filidan gamoSverili armaturis miduRebiT kapitelis Casatanebeli 
detalis firfitasTan. malis filebi kapitelszeda filebs eyrdnoba 
Tavisuflad (saxsrulad). kapiteli eyrdnoba svetis Tavze mowyobil mokle 
konsols da Casatanebeli detalebis miduRebiT damagrdeba. 
 asawyobi ukoWo gadaxurvebi iangariSeba orive mimarTulebiT, rogorc 
mravalsarTuliani Senobis CarCovani sistema. sadac, rigelebs warmoadgens 
kapitelszeda fila, dgarebs – svetebi kapitelTan erTad. daarmaturebac 
Sesabamisad xdeba, rogorc CarCos rigelis, mRunavi momentebisa da ganivi 
Zalebis moqmedebis Sesabamisad. malis fila (Sua filebi) Tavisuflad 
eyrdnoba orive mimarTulebis kapitelszeda filebs da iangariSeba, 
rogorc konturze dayrdnobili fila zRvruli wonasworobis meTodiT. 
daarmatureba xdeba filis qveda kidesTan Calagebuli brtyeli badeebiT, 
romlebSic muSa armatura orive mimarTulebiTaa ganlagebuli.  
 
 
 8.5. asawyob–monoliTuri koWovani gadaxurva 
  asawyob–monoliTur konstruqciaSi gaerTianebulia asawyobi da 
monoliTuri rkinabetonis dadebiTi Tvisebebi. asawyobi elementebisagan 
agebuli gadaxurva warmoadgens yalibs Semdgom mSeneblobis adgilze 
damatebiT Calagebul armaturasa da betonisaTvis. monoliTuri betonis 
gamyarebis Semdeg konstruqcia muSaobs, rogorc erTiani.  
 asawyob–monoliTuri konstruqciebi gamoiyeneba, rogorc axlad 
asageb SenobebSi, rodesac tipobrivi, standartuli asawyobi elementebis 
zidvis unari sakmarisi ar aris da eqspluataciaSi myof nagebobebSi, 
rodesac rekonstruqciisas saWiroa calkeuli arsebuli elemetebis zidvis 
unaris gazrda.  
 asawyob–monoliTuri gadaxurva xSir SemTxvevaSi ekonomiuric aris 
asawyob an monoliTur gadaxurvasTan SedarebiT: ar saWiroebs specialur 
yalibebs, qargilebs da xaraCoebs; advilad aris SesaZlebeli monoliTuri 
nawilis winaswari daZabva; sayrdenebTan armaturis naSverebis urTierT- 
miduRebiT martivad xdeba asawyobi mzidi elementebis mTlian, uWr 
konstruqciad gardaqmna. 
 asawyobi da monoliTuri rkinabetonis urTierTSexamebis mixedviT 
gamoiyeneba gadaxurvebi: a) asawyobi konstruqciebi mTlianad aitanen 
samontaJo datvirTvebs da monoliTuri rkinabetonis masis datvirTvas. 
amitom saWiro aRar aris yalibebisa da droebiTi sayrdenebis mowyoba (nax. 
49,a,b) asawyob elementebs SeuZlia aitanon montaJisa da monoliTuri 
rkinabetonis masisagan gadmocemuli datvirTvis mxolod nawili, amitom 
saWiroa agebis procesSi droebiTi sayrdenebis mowyoba. aseT gadaxurvebSi 
sasurvelia iseTi konstruireba, rom Zabvis mixedviT neitraluri RerZi 
moxvdes monoliTur nawilSi (nax. 49,b,g); g) asawyobi elementebi mxolod 
muSa armaturis rols asrulebs. maSin monoliTuri rkinabetoni kveTis 
mTel simaRlezea. agebisas saWiroa yalibebisa da droebiTi sayrdenebis 
mowyoba (nax. 49,d). 
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nax. 49. koWovani asawyob–monoliTuri gadaxurva: 

1, 2–asawyobi elementebi (koWis Ziri, koWebi, wibovani fila); 
3–sayrdenszeda SeerTebis armaturis karkasi;  
4–damonoliTebis betoni 

 
 

 asawyob–monoliTuri gadaxurvis asawyobi elementebi, romlebic 
yalibad gamoiyeneba, gaiangariSeba samontaJo datvirTvebze, monoliTuri 
rkinabetonisa da sakuTar masaze, rogorc Tavisuflad dayrdnobili 
koWebi. am datvirTvebis asatanad Calagebul armaturasTan erTad asawyob 
elementebSi lagdeba ZiriTadi muSa da konstruqciuli armatura, romelic 
eqspluataciisas uzrunvelyofs mTeli konstruqciis zidvis unars.  
 eqspluataciis stadiaSi gadaxurvis zidvis unaris gaangariSeba xdeba 
zRvruli wonasworobis meTodiT, rogorc erTiani, statikurad urkvevi 
konstruqciisa.  
 
 

sakontrolo sakiTxebi 
1. rkinabetonis brtyeli sarTulTSorisi gadaxurvis klasifikacia muSaobis 

konstruqciuli sqemisa da agebis xerxis mixedviT. 

2. rogoria monoliTuri wibovani koWurfilebiani gadaxurvis konstruqciuli 

Semadgenloba.  

3. koWurfilebiani monoliTuri gadaxurvis gaangariSebis principebi da 

daarmatureba. 

4. rogoria monoliTuri wibovani, konturze dayrdnobili filebiani 

gadaxurvis Semadgenloba. 

5. konturze dayrdnobili filis da misi sayrdeni koWebis gaangariSebis 

principebi da daarmatureba. 
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6. rogoria asawyobi koWovan-paneluri gadaxurvis konstruqciuli 

Semadgenloba. 

7. rogoria gadaxurvis asawyobi panelebis saxeobebi da gamoyenebis 

magaliTebi. 

8. rkinabetonis panelebis da koWebis (rigelebis) gaangariSebis principebi da 

daarmatureba. 

9. ra upiratesobebi aqvs ukoWo gadaxurvas da sad gamoiyeneba upiratesad. 

10. rogoria monoliTuri da asawyobi ukoWo gadaxurvis Semadgenloba. 

11. asawyob-monoliTuri gadaxurvis Semadgenloba da upiratesobebi. 

 

9. rkinabetonis saZirkvlebi 
 

 saZirkveli Senobisa da nagebobis miwisqveSa konstruqciaa, romlis 
meSveobiT nagebobaze mosuli mTliani datvirTva gadaecema grunts 
(saZirkvlis fuZes).  
 Senobis kedlidan an svetidan gadacemuli datvirTva gruntSi 
vrceldeba garkveuli α  kuTxiT (nax. 50). am daxrili sibrtyeebiT gruntis 
horizontalur sibrtyeze Semofargluli farTobi, toli saZirkvlis fuZis 
gaangariSebiT miRebuli farTobisa, gansazRvravs Cveulebrivi betonis an 

yorebetonis saZirkvlis bd  CaRrmavebas, radgan betonis saZirkveli muSaobs 

mxolod kumSvaze. rkinabetonis saZirkvlis upiratesobaa is, rom misi 

miwyoba SesaZlebelia mcire sbd  CaRrmavebiT, radgan SeuZlia imuSaos 

gruntis reaqtiuli ZalebiT gamowveul Runvaze. radgan saZirkvlis 
mowyoba mTeli Senobis Rirebulebis 4...6%–s Seadgens, mniSvnelovania is 
ekonomikuri efeqti, romelic rkinabetonis saZirkvlis mowyobiT SeiZleba 
iqnes miRweuli: naklebia miwis samuSaoebi, naklebia betonis danaxarji da 
SesaZlebelia miwisqveSa samuSaoebi (nulovani cikli) dasruldes mTlianad 
(gruntis qvabulSi ukan CayriT) svetebis montaJis an kedlebis amoyvanis 
samuSaoebis dawyebamde. rkinabetonis saZirkvlis racionaluri gadawyveta 
damokidebulia saZirkvlis tipisa da agebis teqnologiuri xerxis 
SerCevaze. 
 

 
 

 nax. 50. betonisa da rkinabetonis saZrkvlebis Sedareba: 
  1–sveti; 2–svetsqveda bloki; 3–rkinabetonis saZirkveli;  

4–betonis saZirkveli 
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 mcire CaRrmavebis rkinabetonis saZirkveli SeiZleba iyo sami tipis: a) 
calkeuli (nax. 51) – TiToeuli svetis qveS; b) lenturi (nax. 52,a,b,g) – 
Senobis erTi an orive mimarTulebiT, svetebis SedarebiT xSiri rigis da 
kedlis qveS, gansakuTrebiT, rodesac didi datvirTvebia an gruntia 
araerTgvarovani; g) mTliani (nax. 52,d) – Senobis qveS mTliani filis 
saxiT, susti gruntis SemTxvevaSi. 
 

           
 nax. 51. calkeuli, centralurad datvirTuli rkinabetonis  

  saZirkvlebi: 
a–monoliTuri saZirkveli asawyobi svetis qveS; b–asawyobi 
saZirkveli asawyobi svetis qveS; g–monoliTuri saZirkveli 
monoliTuri svetis qveS 
 

 
 nax. 52. lenturi da mTliani rkinabetonis saZirkvlebi: 

a–monoliTuri jvaredini lenturi saZirkveli svetebis qveS;  
b–asawyobi lenturi saZirkvlebi (RreCoebis gareSe) kedlis qveS; 
g–asawyobi lenturi saZirkvlebi RreCoebiT; 
d–mTliani monoliTuri saZirkveli svetebis qveS 
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 9.1. rkinabetonis calkeuli saZirkvlebi  
 calkeuli saZirkvlebi ewyoba svetebis sakmaod daSorebiT 
ganlagebisas, rodesac svetze mosuli datvirTva ar aris gansakuTrebiT 
didi, xolo gruntis simtkice sakmarisia. svetisagan gadmocemuli 
datvirTvis ganlagebis mixedviT SeiZleba iyos centralurad an 
garecentrulad datvirTuli. centralurad datvirTuli saZirkveli 
Cveulebriv sruldeba gegmaSi kvadratuli formis, Tu sxva miwisqveSa 
konstruqcia ar uSlis xels, xolo garecentrulad datvirTuli 
saZirkveli gegmaSi marTkuTxaa, momentis moqmedebis sibrtyis paraleluri 
mimarTulebiT ufro didi gverdiT. am SemTxvevaSi gverdebis Sefardeba 
aiReba 0,6...0,8 farglebSi. 
 calkeuli saZirkvlebi sruldeba safexuriani an piramiduli (nax. 51, 
a,b). piramiduli ufro ekonomiuria, magram damzadebis simartivis gamo 
gavrcelebulia safexuriani: igi SeiZleba eyrdnobodes uSualod grunts, 
an betonis, RorRis, qviSis winaswar momzadebul 10 sm–ian fenas. 
 damzadebis xerxis mixedviT saZirkveli aris monoliTuri an asawyobi. 
teqnikur–ekonomikuri maCveneblebis mixedviT monoliTuri saZirkvlis 
Rirebuleba naklebia asawyobze. asawyobis gamoyeneba mizanSewonilia: im 
mSeneblobaze, romelic mTlianad asawyobi konstruqciebiT xorcieldeba, 
Tanac Tu sakmaod didi raodenobis saZirkvelia saWiro; Tu mSeneblobis 
vadebia SezRuduli; zamTris periodSi an rTul hidrogeologiur 
pirobebSi mSeneblobisas. asawyobi saZirkveli gamoiyeneba mxolod asawyobi 
svetebis qveS, monoliTuri – rogorc asawyobi, ise monoliTuri svetebisas. 
asawyobi sveti xistad uerTdeba saZirkvels specialur budeSi (Wiqa) 
CadgmiT da SemdgomSi cementis xsnariT CamagrebiT. Wiqis kedlebi SeiZleba 
ar daarmaturdes, Tu saZirkvlis TavSi misi sisqe metia 200 mm–ze da Wiqis 
siRrmis 0,7 m–ze. Tu ara – Wiqis kedlebi unda daarmaturdes (nax. 53,b). 
 monoliTuri saZirkvlis SeerTeba monoliTur svetTan sruldeba 
svetis grZivi muSa armaturis SeduRebiT an gadadebiT SeerTebiT 
saZirkvlidan specialurad datovebul armaturis naSverebTan, romelTa 
ganivkveTis jamuri farTobi (sasurvelia calkeuli Reroebis diametric) 
iseTivea, rac svetSi (nax. 51,g). 
 calkeuli saZirkvlebis gaangariSeba xdeba or etapad: 1) dayrdnobis 
(fuZis) farTobis gansazRvra gamomdinare gruntis saangariSo winaRobis 
mixedviT.  es niSnavs, rom saZirkvlis fuZeze moqmedi datvirTvisagan 
(svetisagan gadmocemuli N  Zala da saZirkvlisa da mis safexurze 
dayrili gruntis masa) aRZruli saSualo Zabva naklebi unda iyos gruntis 
saangariSo R  winaRobaze. 2) TviT saZirkvlis tanis gaangariSeba betonisa 
da armaturis simtkicis mixedviT (saZirkvlis simaRlis da safexurebis 
zomebis dadgena, gaangariSebuli gaWimuli armaturis farTobis mixedviT 
armaturis Reroebis raodenobisa da diametris SerCeva). saZirkvlis 
simaRlis dadgena xdeba svetisagan gadmocemuli N  ZaliT betonis tanis 
CaWris pirobidan, xolo armatura SeirCeva saZirkvlis fuZidan 
saZirkvelze, rogorc konsolze gruntis reaqtiuli datvirTvisagan 
aRZruli momentis mixedviT. saangariSo sqema mocemulia 53-e naxazze. 
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9.2. lenturi saZirkveli 
lenturi saZirkveli daproeqtdeba, rogorc monoliTuri, ise    

asawyobi. am ukanasknels mzidi kedlebis qveS eniWeba upiratesoba. asawyobi 
lenturi saZirkvlis calkeuli  blokebi  SeiZleba  iyos  trapeciuli 
(nax. 52,b,g) an marTkuTxa ganivi kveTis, mTliani, wibovani an sicarieleebiT. 
mzidi kedlebis qveS lenturi saZirkvlis sigane iangariSeba kedlisagan 
gadmocemuli normatiuli datvirTvisagan aRZruli Zabvis, gruntis R  
winaRobasTan SedarebiT. Tu gaangariSebiT miRebuli sigane naklebia vidre 
tipobrivi konstruqciebis katalogidan aRebuli asawyobi saZirkvlis 
blokis sigane, aiReben ukanasknels, magram maTi ganlageba kedlebis qveS 
xdeba erTmaneTisagan garkveuli daSorebiT (nax. 52,g). 

 
 

 
 
nax. 53. calkeuli saZirkvlebis saangariSo sqemebi: 
 a – centaralurad datvirTuli; 
 b – garecentrulad datvirTuli; 

g, d, e – saZirkvlis kideebis gruntze dawolis ZabvaTa epiurebi. 

     Sesabamisad: g – xidura amwis tvirTamweoba ≥75 t; 
    d – xidura amwis tvirTamweoba <75 t; 
    e – xidura amwis gareSe; 
 v – saZirkvelze datvirTvis eqscentrisitetis Semcireba svetis 
          mimarT saZirkvlis gverdze gaweviT 
 
 
saZirkvlis bloki gaiangariSeba simtkiceze mxolod ganivi 

mimarTulebiT, rogorc konsoli, romelzec moqmedebs gruntis Tanabrad 
ganawilebuli reaqtiuli Zala. daarmatureba xdeba SeduRebuli badeebiT, 
romlis muSa armatura ganlagebulia blokis ganivi mimarTulebiT. blokis 
simaRle iniSneba pirobidan, rom ganivi Zala unda aitanos mxolod betonma. 
aiReba ara umciresi 200 mm–isa.  
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xSirad ganlagebuli svetebis qveS lenturi saZirkveli ZiriTadad 
sruldeba monoliTuri (nax.52,a). ganivi mimarTulebiT saZirkveli 
iangariSeba, rogorc asawyobi saZirkvlis konsoluri bloki, xolo grZivi 
mimarTulebiT, rogorc drekad fuZeze mdebare mravalmaliani uWri koWi, 
romelzec moqmedebs svetebisagan gadmocemuli Seyursuli Zalebis sistema 
da sawinaaRmdego mimarTulebis gruntis Tanabrad ganawilebuli 
reaqtiuli datvirTva. Tu saZirkvlis kveTis zomebi mniSvnelovani 
sididisaa, xolo svetebi erTmaneTTan axlosaa ganlagebuli, saZirkveli 
SeiZleba ganvixiloT, rogorc absoluturad xisti elementi. gamoTvlili 
M mRunavi momentebisa da Q ganivi Zalebis mixedviT gaiangariSeba lenturi 
saZirkveli rogorc ⊥ –sebri kveTiani koWi normaluri da daxrili kveTis 
simtkiceze. SerCeuli sruli grZivi muSa armaturis 60...70% Calagdeba 
wiboSi, xolo 30...40% – Taros SverilebSi. 

 
 
9.3. mTliani saZirkveli  
mTliani saZirkveli Senobis qveS gamoiyeneba im SemTxvevaSi, Tu 

gruntis dabali simtkicis gamo calkeuli an lenturi saZirkvlebis 
dayrdnobis farToebebi erTmaneTs gadakveTs. mTliani saZirkvlis fila, 
sarTulTSorisi gadaxurvis analogiurad, SeiZleba iyos wibovani koWuri 
filebiT, wibovani konturze dayrdnobili filebiT da ukoWo (nax.52,d). 
wibovan saZirkvlebSi wiboebi ganlagebulia mTliani filis Tavze, xolo 
fila eyrdnoba grunts. svetebi eyrdnoba wiboebis gadakveTaze ( nax. 52,a–ze 
gamoxazuli lenturi saZirkvlebis qveS mTliani fila, rom 
warmovidginoT). 

samSeneblo praqtikaSi ufro metad gavrcelebulia ukoWo mTliani 
fila, romelzec svetebi eyrdnoba ara uSualod filas, aramed marTkuTxa 
an trapeciul kapitelis msgavs rkinabetonis qvesagebs. filis sisqe aiReba 
svetebs Soris manZilis 1/6. aseTi saZirkveli rekomendebulia, rodesac 
svetze mosuli datvirTva ar aRemateba 10 mgn–s. 

nebismieri tipis mTliani saZirkveli miaxloebiT SeiZleba 
warmovidginoT, rogorc gadmobrunebuli rkinabetonis sarTulTSorisi 
gadaxurva, sadac svetebi an kedlebi warmodgenilia, rogorc sayrdenebi, 
xolo saZirkvlis elementebi (wibo, fila) ganicdian Runvas, qvevidan 
moqmedi gruntis Tanabrad ganawilebuli reaqtiuli dawolisagan. 
araerTgvarovani gruntis SemTxvevaSi, mTliani saZirkveli SedarebiT 
zustad gaiangariSeba, rogorc drekad fuZeze mdebare fila saTanado 
sagebis koeficientiT. SedarebiT zusti, Tu miaxloebiTi, inJinruli 
gaangariSebisas, gamoiTvleba saZirkvelSi aRZruli Zalvebi (M mRunavi 
momentebi da Q ganivi Zalebi) da saSiS kveTebSi ganisazRvreba armaturis 
farTobi. daarmatureba xdeba SeduRebuli badeebiT da karkasebiT mRunavi 
momentebisa da ganivi Zalebis moqmedebis mimarTulebisa da sididis 
Sesabamisad, rogorc rkinabetonis wibovan an ukoWo sarTulTSoris 
gadaxurvebSi. 

 
 
sakontrolo sakiTxebi 
 

1. rogoria mSeneblobaSi gamoyenebuli rkinabetonis saZirkvlebis 

klasifikacia. 
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2. ra upiratesoba aqvs rkinabetonis saZirkvels masiur betonis an 

yorebetonis saZirkvlebTan SedarebiT. 

3. gamoxazeT calkeuli rkinabetonis saZirkvlebi da CamoTvaleT maTi 

SesaZlo variantebi. 

4. ra gansxvaveba centralurad da garecentrulad datvirTul calkeul 

saZirkvlebs Soris. romeli, rodis gamoiyeneba. 

5. sad gamoiyeneba lenturi saZirkveli da rogoria misi konstruqciuli 

Taviseburebebi. 

6. rodis gamoiyeneba mTliani saZirkveli. rogori tipis mTliani saZirkvelia 

praqtikaSi gavrcelebuli. misi gaangariSebis principi. 

 

 

10. erTsarTuliani samrewvelo Senobebi 
 

erTsarTuliani samrewvelo Senobebi farTod aris gavrcelebuli 
metalurgiul, manqanaTmSeneblobis da mrewvelobis sxva dargebSi, sadac 
saWiroa mZime da didgabaritiani danadgarebi, romelTa ganTavseba 
mravalsarTulian SenobaSi araekonomiuria, rogorc saSeni masalebis 
xarjis, ise sawarmoo teqnologiuri procesis warmarTvis TvalsazrisiTac. 
aseTi Senobebi SeiZleba iyos: erTmaliani da mravalmaliani, xidura da 
Sekiduli amweebiT; farniTa da ufarnod.  

sasurvelia erTsarTuliani samrewvelo Senoba daproeqtdes gegmaSi 
marTkuTxa, erTnairi simaRlis, erTnairi malebiT. mzidi karkasi ZiriTadad 
aigeba aswyobi rkinabetonisagan, radgan igi ekonomikurad xelsayrelia. 
liTonis karkasi gamoiyeneba gansakuTrebiT didi malebis SemTxvevaSi, 18 m– 
ze maRal SenobebSi da didi tvirTamweobis xidura amweebis arsebobisas. 
SesaZlebelia svetebi iyos rkinabetonis, xolo gadaxurvis (sanivnivo) da 
amwisqveSa koWis konstruqciebi – liTonis. 

erTsarTuliani samrewvelo Senobis konstruqciuli sqemaa mzidi 
karkasi, romelic Sedgeba brtyeli elementebisagan: saZirkvelSi xistad 
Camagrebuli svetebi, maTze dayrdnobili gadaxurvis elementebi (koWi, 
wamwe, TaRi), romlebzec, Tavis mxriv, eyrdnoba daxurvis panelebi. 
gadaxurvis elementi SeiZleba iyos sivrciTi konstruqciac (magaliTad, 
cilindruli garsi). igi ekonomikurad xelsayrelia: gadaixureba didi 
sivrce, betoni da armatura 30%–iT naklebi ixarjeba, magram 
dasamzadeblad rTulia da amitom upiratesoba eniWeba karkass Sedgenils 
brtyeli, koWuri sqemiT momuSave elementebisagan.  

garemos temperaturuli cvlilebebis Sedegad karkasSi aRZruli 
damatebiTi Zabvebis Sesamcireblad Senobas yofen temperaturul blokebad. 
blokis maqsimaluri zomaa: gamTbar SenobaSi – 72 m, xolo Tu Senoba ar 
Tbeba – 48 m. xSirad xelsayrelia ufro didi bloki. maSin karkasi 
iangariSeba temperaturul zemoqmedebaze. temperaturuli nakeri sruldeba 
Sewyvilebuli svetebiT maTi dakvalvis RerZTan saTanado mibmiT. 
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10.1. Senobis konstruqciuli sqemis gaerTmTlianeba 
konstruqciuli sqemis gaerTmTlianeba iwyeba gegmaSi svetebis badis 

SerCeviT da Senobis Siga gabaritebis dadgeniT. radgan Senoba asawyobi 
rkinabetonisagan aigeba, amitom saWiroa visargebloT saxelmwifo 
standartebiT. tipozomebis minimaluri raodenobisa da tipobrivi 
elementebis gamoyenebis moTxovnebis Sesasruleblad xelsayrelia svetebis 
badis Semdegi unificirebuli zomebi: xidura amwis gareSe momuSave 
elementebSi LxB=12x6; 18x12; 24x12 m, simaRle (manZili saZirkvlis Tavidan 
daxurvis mzidi, sanivnivo konstruqciis Ziramde) H=3,6...14,4 m, (1,2 m jeradi); 
SenobaSi, romelSic xidura amwe muSaobs: 18x12; 24x12; 30x12 m; simaRle 
H=8,4...18m. praqtikaSi gavrcelebuli sawarmoo procesebis mixedviT 
ZiriTadad gamoiyeneba 18x12 da 24x12 m; simaRliT – 10,8 m. svetebis 
ganlagebis ufro gamsxvilebuili bade gamarTlebulia sawarmoo farTobis 
gazrdis mizniT an sxva specialuri teqnologiuri moTxovnebiT. torsis 
kedelTan, sadac karkasis svetebs Soris manZili 12 m da metia, kedlis 6_ 
metriani panelebisa da alayafis karebis alaTebis dasamagreblad, yovel 6 
m–ze gamoiyeneba e.w. faxverkis dgarebi, romlebic dayrdnobilia 
damoukidebel calkeul saZirkvlebze. igi SeiZleba iyos SedarebiT mcire 
ganivkveTis rkinabetonis sveti an liTonis sortamenti. 

 

 
 
nax. 54. erTsarTuliani samrewvelo Senobebis konstruqciuli sqema: 
 1–horizontaluri kavSirebi; 2–torsis faxverkis dgarebi; 
 3–sveti; 4–kedlis panelebi; 5–sanivnivo konstruqcia  

(orqanobiani koWi); 6–daxurvis panelebi; 7– vertikaluri kavSirebi 
gadaxurvis koWebSi; 8–ganbjeni; 9–svetebis vertikaluri kavSirebi 
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 elementebis maqsimaluri tipizaciisaTvis miRebulia Senobis 
dakvalvis grZiv da ganiv RerZebTan karkasis Semdegnairi mibma: ganapira 
svetebi dakvalvis grZiv RerZebTan (nax. 55,a): a) nulovani (dakvalvis RerZi 
emTxveva svetis gareTa kides), rodesac svetebis biji B=6...12 m da xidura 
amwe ar aris, an xidura amwe aris, magram svetebis biji B=6 m, xolo 
Senobis simaRle  ≤H 16,2 m da amwis tvirTamweoba ≤Q 30 t; b) 250 mm–iani 
mibma (dakvalvis RerZi svetis gare kidedan SigniT aris Semoweuli 250 mm–
iT), rodesac svetebis biji B=6 m,xolo H >16 m–ze da Q>30 t, an nebismieri 

H  da Q–sTvis, Tu svetebis biji B=12 m (nax. 55,b); g) ganivi mimarTulebis 
dakvalvis RerZTan ganapira sveti orientirebulia 500 mm–iani mibmiT 
(svetis RerZsa da dakvalvis RerZs Soris manZili 500 mm–ia) (nax. 55,g). Sua 
svetis RerZi emTxveva dakvalvis RerZs. igivea temperaturul nakerSi 
wyvili svetis mibma ganiv dakvalvis RerZTan; 
 
 
 

 
 
 
nax. 55. svetebis mibma dakvalvis RerZebTan: 

  1–grZivi rigis RerZi; 2–faxverkis dgari; 3–ganivi rigis RerZi 
 
 
 
 Senobis simaRle damokidebulia sawarmos teqnologiur procesze da 

iangariSeba amwis relsis Tavis winaswar daniSnuli crH –is mixedviT (sxva 

zomebi simaRlis mixedviT mocemulia nax. 55,d–ze). 

211 ; ahhHHahhHH cbrcrtcbrb +++=+−−= . 
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  tb HHH += . 

 garda amisa, Senobis srul H  simaRles gansazRvravs tipobrivi 
sakedle panelebisa da fanjris alaTebis ganlageba simaRlis mixedviT. 
 brtyeli gadaxurva ZiriTadad ewyoba karkasis rigelebze 
ganlagebuli daxurvis panelebiT, romlebzec maTi damonoliTebis Semdgom 
sruldeba hidrosaizolacio samuSaoebi. rigelebi SeiZleba iyos sanivnivo 
koWebi (18 m–mde malis SemTxvevaSi. iSviaTad 24 m–ze), sanivnivo wamweebi 
(18...24 m. dasaSvebia 30 m–ze) da sanivnivo TaRebi (30...36 m da meti 
malisaTvis). maTi ganlageba SeiZleba iyos Senobis ganivi an grZivi 
mimarTulebiT. ganivi ganlageba ufro xelsayrelia Senobis ganivi sixistis 
uzrunvelsayofad. Tu svetebis biji 6 an 12 m–ia, rigelebi uSualod 
svetebze eyrdnoba, maSasadame, maTze grZivi mimarTulebiT dayrdnobili 
daxurvis panelebis mali Sesabamisad iqneba 6 an 12 m. Tu svetebis bijia 12 
an 18 m, maSin svetebze grZivi mimarTulebiT lagdeba 12 an 18 m malis 
nivnivqveSa konstruqcia (koWi an wamwe), romelzec Semdeg eyrdnoba 
sanivnivo konstruqcia. amiT SesaZlebloba iqmneba gamoyenebul iqnes 6 da 9 
m–iani daxurvis panelebi. aris SemTxveva, rodesac ganapira svetebis bijia 
6 m, xolo Sua svetebisa – 12 m an 18 m. 12 m–ian svetebis bijis SemTxvevaSi 
nivnivqveSa konstruqcia gamoiyeneba mxolod maSin, Tu Sekiduli 
transportia an Sekiduli Weris mowyobaa saWiro. 18 m bijis SemTxvevaSi, 
rogorc wesi, gamoiyeneba nivnivqveSa konstruqciebi. 
 erTsarTulian samrewvelo Senobaze, garda vertikalurisa, moqmedebs 
horizontaluri datvirTva (qari, seismuri zemoqmedeba). am datvirTvam 
mniSvnelovani deformacia, rom ar gamoiwvios saWiroa Senobis sivrculi 
sixistis uzrunvelyofa. ganivi mimarTulebiT sixiste ganisazRvreba 
gaangariSebiT da ganivi CarCos saTanado konstruqciuli mowyobiT: svetebi 
xistad aris Camagrebuli saZirkvelSi, xolo TviT svetis ganivi kveTis 
saTanadod SerCeuli zomebi uzrunvelyofs mis sakmaris sixistes Runvaze. 
amitom ganivi mimarTulebiT specialuri kavSirebis mowyoba saWiro ar 
aris. grZivi  mimarTulebiT sixistis aseTi uzrunvelyofa xelsayreli ar 
aris. ukeTesia am mimarTulebiT Semcirdes svetebis ganivi kveTis zomebi, 
xolo saerTo sixistis gasazrdelad gamoyenebuli iqnes vertikaluri 
kavSirebi, risTvisac Senobis temperaturuli blokis SuaSi grZivi 
mimarTulebiT ganapira rigis ori mezobeli svetis liTonis Casatanebel 
detalebze mieduReba kuTxovanebisagan Sedgenili jvaredini wamwe (nax. 54), 
xolo svetebis Sua rigSi da ganapira rigis 12 m–iani bijisas – portaluri 
wamwe (nax. 56,a). 

mTeli karkasis sivrciTi sixistis uzrunvelyofasTan erTad 
aucilebelia rigelebisa da farnis mTliani sixistis uzrunvelyofa, maTi 
muSaobis sibrtyis marTobuli mimarTulebiT, rac, agreTve, sruldeba 
vertikaluri kavSirebis saSualebiT (nax.56,a). rigelisa da farnis 
calkeuli SekumSuli da gaWimuli elementebis sixistis uzrunvelyofa ki 
xdeba liTonis kuTxovanebisagan Sedgenili horizontaluri kavSirebis 
saSualebiT (nax. 56,b,g,d). 
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nax. 56. daxurvis kavSirebis sqemebi: 
a–vertikaluri kavSirebi; b–horizontaluri kavSirebi 
rigelis qveda sartylis doneze; g–horizontaluri kavSirebi 
rigelis zeda sartylis doneze; d–kavSirebi faranze 

 
  

10.2. ganivi CarCos gaangariSebis safuZvlebi 
 ganivi CarCos statikuri gaangariSebis mizania gare datvirTvebisagan 
mis elementebSi aRZruli Zalvebisa da gadaadgilebebis gansazRvra. 
daxurvis filebi, romlebic eyrdnoba rigelebs, masTan Casatanebeli 
detalebis miduRebiT da filebs Soris nakerebis damonoliTebiT,  qmnis 
erTian xist diafragmas, akavSireben erTmaneTTan calkeul CarCoebs da 
gadaaqcevs erTian sivrciT konstruqciad. Tu datvirTva moqmedebs 
erTdroulad Senobis (temperaturuli blokis) yvela ganiv CarCoze 
(sakuTari masis, qaris, Tovlis datvirTva), maSin ganivi CarCoebi SeiZleba 
viangariSoT erTmaneTisagan damoukideblad, rogorc brtyeli CarCovani 
konstruqcia. Tu datvirTva moqmedebs mxolod erT ganiv CarCoze (amwisagan 
gadacemuli datvirTva), maSin, radgan mezobeli CarCoebic iRebs 
monawileobas aRniSnuli datvirTvis asatanad, gaangariSebaSi mxedvelobaSi 
unda iqnes miRebuli karkasis sivrciTi muSaoba. 
 erTsarTuliani samrewvelo Senobis ganivi CarCo iangariSeba Semdegi 
datvirTvebis zemoqmedebaze: a) mudmivi – daxurvis filebis, masze 
mowyobili hidroizolaciis, gadaxurvis sanivnive konstruqciis, farnis, 
svetebze Sekiduli sakedle panelebis, amwisqveSa koWebis, svetebis da a.S. 
e.i. mTeli karkasis sakuTari masisagan gamowveuli datvirTva;  b) droebiTi 
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(xangrZlivi da xanmokle). xangrZliv droebiT datvirTvas ganekuTvneba: 
stacionaruli danadgarebis da erTi xidura amwis (0,6 koeficientiT) masa, 
Tovlis datvirTvis nawili (im regionebSi mSeneblobisas, sadac 
xangrZlivi zamTari icis). xanmokle droebiT datvirTvad iTvleba: ori 
erTmaneTTan miaxlovebuli xidura amwisagan gadmocemuli datvirTva, 
Tovlis mTliani an nawilis datvirTva da qaris datvirTva. saWiroebis 
SemTxvevaSi CarCos gaangariSebisas mxedvelobaSi iReben gansakuTrebul 
datvirTvebsac: seismuri (miwisZvris Sedegad gamowveuli), teqnologiuri 
danadgaris SesaZlo avariisagan, saZirkvlis fuZis qveS gruntis CajdomiT 
da a.S. rogorc vxedavT gaangariSeba xdeba datvirTvebis ZiriTad da 
gansakuTrebul Sexamebaze. normebis mixedviT ZiriTadi Sexamebis dros 
erTdroulad moqmedebs: mudmivi, droebiTi xangrZlivi da erTi (Sexamebis 
1–is toli koeficientiT) an ori da meti (Sexamebis 0,9 koeficientiT) 
xanmokle datvirTva. gansakuTrebuli Sexamebis dros am datvirTvebs 
emateba gansakuTrebuli datvirTva gamravlebuli 0,8 Sexamebis 
koeficientze. 
 CarCos statikuri gaangariSebisaTvis gamoiyeneba samSeneblo meqanikis 
erT_erTi meTodi. Tu gaviTvaliswinebT im garemoebas, rom umravles 
SemTxvevebSi sanivnive konstruqciebi (koWi, wamwe, TaRi) erT donezea 
ganlagebuli, xolo maTi sixiste muSaobis sibrtyeSi mniSvnelovnad didia 
svetebis sixisteze, maSin CarCos gaangariSeba xelsayrelia moxdes 
gadaadgilebis meTodiT. saTanado ZiriTadi saangariSo sistema iqneba 
ganivi CarCo, sadac saZirkvelSi xistad Camagrebul svetebze saxsrulad 
dakavSirebulia usasrulod didi sixistis mqone rigelebi, xolo 
horizontaluri mimarTulebiT gadaadgilebis SesazRudavad Semotanilia 
horizontaluri bma saxsruli sayrdenis saxiT. ZiriTad sistemaSi 
horizontaluri reaqciis gamoTvlis Semdeg igi gadanawildeba calkeul 
svetebSi maTi sixisteebis proporciulad da gaangariSeba dadis calkeul 
svetebSi M, N da Q Zalvebis gansazRvraze, rogorc saZirkvelSi xistad 
Camagrebul konsolSi, romelzec moqmedebs masze mosuli gare datvirTva 
da mTeli ganivi CarCos reaqciuli Zalis nawili. Zalvebis miRebuli 
sidideebi svetebis damaxasiaTebeli kveTebisaTvis (svetis TavTan, svetze 
amwiswveSa koWis dayrdnobis kveTi da svetis saZirkvelTan Camagrebis 
kveTi) Caiwereba cxrilis saxiT da aRniSnul kveTebSi Zalvebis (M,  N, Q) 
saangariSo Sexamebis (ZiriTadi an gansakuTrebuli) Sesabamisi sididis 
Zalvebis mixedviT simtkicis pirobidan SeirCeva saTanado armatura, 
rogorc garecentrulad SekumSul elementSi. 
 praqtikuli gaangariSebisas armaturis SesarCevad sakmarisia 
ganisazRvros N da M Zalvebis Semdegi yvelaze araxelsayreli Sexameba: a) 
yvelaze didi dadebiTi mRunavi momenti Mmax da Sesabamisi grZivi N Zalva; 
b) yvelaze didi absoluturi mniSvnelobis uaryofiTi mRunavi momenti Mmin 
da Sesabamisi N mkumSavi Zalva; g) yvelaze didi mniSvnelobis N mkumSavi 
Zalva da misi Sesabamisi M mRunavi momenti. yvela am Sexamebisas 
gamoiTvleba Sesabamisi Q ganivi Zalva. 
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10.3. daxurvis rkinabetonis panelebi 
 erTsarTulian samrewvelo SenobebSi daxurvis panelebad ZiriTadad 
gamoiyeneba tipobrivi wibovani panelebi (nax. 57,a) 6 da 12 m maliT. sigane 3 
m (farniani daxurvisas – Casamatebeli paneli 1,5 m siganis). wiboebi 
ganlagebulia grZivi da ganivi mimarTulebiT. grZivi wiboebis zomebia 
100x450 mm. ganivi wiboebis –  40x50 mm, Taros sisqe 25...30 mm. tipobrivi 
wibovani panelebi sruldeba winaswar daZabuli rkinabetonis. winaswar 
daZabuli armatura (calkeuli maRali klasis foladis Reroebi an 
bagirebi) Calagebulia grZiv wiboebSi. ganivi wibos daarmatureba xdeba 
SeduRebuli karkasebiT, xolo Tarosi – SeduRebuli rulonuri badeebiT. 
betoni aiReba B22,5...B30 klasis. panelis sakuTari masis 25%–mde 

Sesamcireblad rekomendebulia msubuqi betonis ( mρ =1800 kg/m3) gamoyeneba. 

 

 
  

 
nax. 57. gadaxurvis panelebis konstruqciebi: 

   1–samontaJo maryuJebi; 2–daZabuli armatura 
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 paneli simtkiceze iangariSeba, rogorc or sayrdenze Tavisuflad 
dayrdnobili T–sebri ganivkveTis koWi, romelzedac moqmedebs mudmivi 
(panelis masa hidroizolaciasTan erTad) da droebiTi (Tovli) datvirTva. 
ganivi wiboebis erTmaneTTan daSorebis mixedviT Taro iangariSeba, rogorc 
koWuri an, rogorc konturze dayrdnobili fila. 
 orkonsoliani filebi mzaddeba 3x6 m da 3x12 m zomiT, rigelebis 
ganivi ganlagebisas an,  3x18 m da 3x24 m – rigelebis grZivi ganlagebisas. 
paneli Sedgeba erTmaneTTan 1,5 m daSorebuli ori grZivi wibosa da Taros 
konsoluri Sverilebisagan (nax. 57,b). ganivi mimarTulebiT mRunavi momentis 
Semcirebis gamo ganivi wibo ar ukeTdeba, rac damzadebas aadvilebs. 12 m 
malis SemTxvevisas, winaswar daZabuli grZivi wiboebi calke mzaddeba B40 
klasis betonisagan, Semdeg dabetondeba Taro, romlis wiboebTan kavSiri 
xorcieldeba wiboebidan armaturis naSverebiT da betonis SeWidulobiT. 
cal–calke dabetonebisas TaroSi SesaZlebelia, ufro iafi B15 klasis 
betonis gamoyeneba. 3x6 m zomis paneli mzaddeba, rogorc cal–calke, 
agreTve erTiani dabetonebiT. grZivi, winaswar daZabuli armatura lagdeba 
wiboebSi, xolo Taros daarmatureba xdeba badeebiT. grZivi mimarTulebiT 
paneli iangariSeba, rogorc or sayrdenze Tavisuflad dayrdnobili T–
sebri ganivkveTis koWi. ganivi mimarTulebiT gaangariSebisas mxedvelobaSi 
miiReba konsolebis ganmtvirTavi gavlena. 
 msxvilgabaritiani rkinabetonis kamariseburi paneli warmoadgens 
mokle cilindrul garss grZivi, winaswar daZabuli segmenturi 
moxazulobis wiboebiT (diafragmebiT) (nax. 57,g). garsis sisqea 30...50 mm. 
gegmaSi zomebia 3x18 m da 3x24 m. gamoiyeneba rigelebis grZivad ganlagebis 
SemTxvevaSi. diafragmebis kedlis minimaluri sisqea 40 mm da 
gaZlierebulia vertikaluri sixistis wiboebiT. grZivi, winaswar daZabuli 
armatura moTavsebulia diafragmebis qveda, gaWimul nawilSi. diafragmis 
kedlis daarmatureba xdeba mxolod dayrdnobis mimdebare zonaSi, 
Sedurebuli karkasebiT. sixistis wiboebSi alageben calkeul Reroebs, 
xolo garsi daarmaturdeba angariSiT miRebuli SeduRebuli badeebiT. 
kamariseburi paneli ekonomiuria, SedarebiT advilad dasamzadebeli. 
naklia mrudxazovan zedapirze burulis (hidroizolaciis) mowyobis 
Sromatevadoba. 

 naklebad qanobiani gadaxurva xorcieldeba ∏–s tipis paneliT, zomiT 
3x18 m da 3x24 m (nax. 57.d). misi upiretesoba kamarisebur panelTan aris 
burulis SedarebiT advili mowyoba. saerTo danaxarjebisa da damzadebis 
Sromatevadobis mixedviT es panelebi erTnairia. 
 
 
 
 10.4. rkinabetonis sanivnivo konstruqciebi 
 erTsarTulian samrewvelo SenobebSi, malebis zrdis mixedviT, 
sanivnivo konstruqciebad gamoiyeneba koWebi, wamweebi da TaRebi. nivnivqveSa 
konstruqciebad – koWebi da wamweebi. TiToeuli sanivnivo konstruqciis 
gamoyenebis mizanSewoniloba damokidebulia teqnikur–ekonomikur analizze. 
imis gamo, rom erTsarTulian samrewvelo Senoba ZiriTadad aigeba asawyobi 
konstruqciebiT da geometriuli zomebi eqvemdebareba erTian samodulo 
sistemas, sanivnivo konstruqcia SeirCeva tipobrivi konstruqciebis 
saTanado katalogebidan. 
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10.4.1. sanivnivo koWebi 
sanivnivo koWebi gamoiyeneba 6, 9, 12 da 18 m malis gadasaxuravad. imis 

mixedviT, Tu rogoria saxuravis gadawyveta koWebi SeiZleba iyos mudmivi 
kveTis (paraleluri zeda da qveda TaroebiT), erTqanobiani, orqanobiani: 
mTliankedliani an kedelSi RiobebiT (komunikaciebis gasatareblad). 
paralelurTaroebiani koWis upiratesoobaa is, rom martivia 
dasamzadeblad. gamoiyeneba horizontaluri gadaxurvisas. erTqanobiani 
koWebi ZiriTadad 6 an 9 m malis SemTxvevaSi gamoiyeneba, isic ZiriTadad, 
Senobaze miSenebuli nagebobis gadasaxuravad. koWebi texili an 
mrudxazovani zeda TaroTi ekonomiurobis miuxedavad ar aris 
gavrcelebuli, damzadebis rTuli teqnologiis gamo. 
 yvelaze gavrcelebulia gadaxurvis sanivnivo konstruqcia – 
orqanobiani koWi. zeda Taros Suidan sayrdenebisaken daxraa 1:12. Tu mcire 
daxris saxuravia saWiro – 1:30. miuxedavad imisa, rom saWiroa armaturis 
cvladi kveTis karkasis gamoyeneba, orqanobiani koWi masalebis xarjvis 
mixedviT yvelaze ekonomiuria 18 m malis gadasaxuravad. 12 m–iani 
orqanobiani koWebi gamoiyeneba rogorc ganivi, ise grZivi mimarTulebiT. 18 
m–iani koWi – Senobis ganivi mimarTulebiT, romlebzec ewyoba  3x6 m an 3x12 
m zomis daxurvis panelebi. 
 
 

 
 
nax. 58. a...z – gadaxurvis sanivnivo koWebi; T – orqanobiani  

koWis gaangariSebisas armaturis saangariSo farTobi malSi: 
1–daZabuli armatura; 2–armaturis karkasi sayrdenTan;  
3–Casatanebeli detalis ankerebi; 4–sayrdenTan ganlagebuli 
vertikaluri badeebi 
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 masalis ekonomiisaTvis koWebis kveTia T–sebri (l=6; 9 m) da ⊥ –sebri 
(l=12; 18 m). zeda Taros sigane aiReba masze daxurvis panelis dayrdnobis,  
transportirebisa da montaJis dros mdgradobis pirobidan – (1/50...1/60)l. es 
daaxloebiT 200...400 mm– ia. qveda Taros sigane (200...300 mm) aiReba masSi muSa 
armaturis ganlagebis, winaswari daZabvisas aRZruli mkumSavi Zabvebis 
atanisa da svetze dayrdnobis pirobidan. koWis vertikaluri kedlis sisqe 
aiReba 60...80 mm damzadebis siadvilisa da ganivi armaturis ganlagebis 
pirobidan. sayrdenebTan koWis vertikaluri kedeli (wibo) sqeldeba qveda 
Taros siganemde sayrdeni reaqciis asatanad da winaswar daZabuli 
armaturisagan saankero zonis simtkicisa da bzarmedegobis 
uzrunvelsayofad. betoni aiReba B22,5... B40 klasis.  

sanivnivo koWebi iangariSeba, rogorc or sayrdenze Tavisuflad 
dayrdnobili T–sebri kveTis koWebi, daxurvis filebisagan gadmocemuli 
Seyursuli da sakuTari masiT gamowveuli Tanabrad ganawilebuli 
datvirTvis zemoqmedebaze. gasaTvaliswinebelia is garemoeba, rom 
miuxedavad malis SuaSi maqsimaluri mRunavi momentis moqmedebisa saSiSi 
kveTi, sadac meti armaturaa saWiro, mdebareobs saxuravis 1:12 daxrisas 
sayrdenidan 0,37 l manZilze. es gamowveulia imiT, rom malis Suidan 
sayrdenebisaken kveTis simaRle ufro intensiurad mcirdeba, vidre mRunavi 
momenti. 

 
 
10.4.2. sanivnivo wamweebi 
rkinabetonis sanivnivo wamweebi, rogorc rigelebi gamoiyeneba 

samrewvelo da sazogadoebrivi daniSnulebis SenobebSi 18, 24, 30 m malis 
gadasaxuravad, 6 da 12 m bijiT. ufro didi malis gadasaxuravad wamweebi 
araekonomikuria, rogorc masalis xarjis, ise transportirebisa da 
montaJis TvalsazrisiT. 

sanivnivo wamwis moxazuloba daxurvis saxeobaze da mTeli Senobis 
gaerTmTlianebis principzea damokidebuli. ZiriTadad gamoiyeneba wamweebis 
tipobrivi saxeobebi, Tumca aratipobrivi nagebobebisaTvis SeiZleba 
damzddes wamwis aratipobrivi konstruqcia (nax. 59).  

59-e naxazze naCvenebia segmenturi iribnebiani wamwe texili zeda 
sartyliT, zeda sartylis TaRuri moxazulobis uiribano wamwe, brtyeli 
gadaxurvisaTvis paralelursartylebiani iribnebiani wamwe, aratipobrivi 
gadawyvetisaTvis, TaRuri wamwe Semcirebuli raodenobis iribnebiT, 
poligonuri, samkuTxa, qveda texili sartyliT.  

statikuri muSaobis TvalsazrisiT yvelaze xelsayrelia segmenturi 
da TaRuri iribnebiani wamweebi, radgan malis gaswvriv sartylebSi Zalvebi 
mcired icvleba, xolo dgarebsa da iribnebSi umniSvnelo sididisaa. Tumca 
TviT konstruqciis damzadeba da daxrili saxuravis mowyoba sakmaod 
Sromatevadia. am mxriv ufro xelsayrelia TaRovani moxazulobis uiribano 
wamwe, romelic garda imisa, rom advilia dasamzadeblad, xelsayrelia 
wamweebs Soris sivrcis komunikaciebis gansaTavseblad da teqnikuri 
sarTulis mosawyobad (paralelursartylebiani uiribano wamwe). aseTi 
wamweebis uaryofiTi mxarea is, rom dgarebsa da sartylebSi warmoiqmneba 
mniSvnelovani sididis mRunavi momentebi, romelTa asatanad saWiro xdeba 
kvanZebSi damatebiTi armaturis Calageba. 

rkinabetonis wamweebis dabetoneba xdeba erTianad (uiribano da mcire 
malis iribnebiani wamweebi) da winaswar damzadebuli iribnebiTa da 
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dgarebiT, romlebic Caidgmeba yalibebSi armaturis naSverebiT da Semdeg 
xdeba zeda da qveda sartylebis daarmatureba da dabetoneba.  

 

 
 
nax. 59. rkinabetonis sanivnivo wamweebis konstruqciebi: 
 1–sayrdeni kveTis ganivi armatura; 2–konturis Reroebi; 3–damatebiTi 

bade; 4–daZabuli armatura; 5–sayrdenTan ganlagebuli vertikaluri 
badeebi; 6–dgarebi, brtyeli gadaxurvis mosawyobad 

 
 

wamwis simaRle malis SuaSi aiReba (1/6...1/10) l. zeda sartylis 
ganivkveTis sigane filebis dayrdnobisa da montaJis, aseve gadazidvis 
dros Tavisi sibrtyidan mdgradobis pirobidan aiReba (1/70...1/80) l. qveda 
sartylis kveTis sigane igivea rac zeda sartylisa. kveTis simaRle aiReba 
grZivi muSa armaturis ganlagebis pirobidan. iribnebisa da dgarebis 
ganivkveTis zomebi da daarmatureba SeirCeva gaangariSebiT, oRond 
horizontaluri dabetonebis gasaadvileblad, kveTis sigane aiReba zeda da 
qveda sartylebis siganis toli. 

wamwe mzaddeba B22,5... B50 klasis betonisagan. qveda, winaswar daZabul 
sartyelSi gamoiyeneba A–IV, A–V, A–VI, AT–IV, AT–V klasis Rerovani armatura 
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da K–7 klasis bagirebi. zeda sartyelSi da gisosis elementebSi ki_ 
Cveulebrivi A–II da A–III klasis Rerovani armaturisagan damzadebuli 
SeduRebuli karkasebi.  

wamwe, rogorc statikurad rkvevadi (iribnebiani wamweebi), ise 
statikurad urkvevi (uiribno wamweebi) iangariSeba saeqspluatacio 
datvirTvaze da Zalvebze, romlebic warmoiqmneba trasportirebisa da 
montaJisas. datvirTva burulisagan, daxurvis panelisagan, sakuTari masisa 
da Tovlisagan, modebulia wamwis zeda sartylis iribnebTan da dgarebTan 
SeerTebis kvanZebSi, rogorc Seyursuli Zalebis sistema. Sekiduli Weris 
an Sekiduli amwis datvirTva modebulia qveda sartylis kvanZebSi. 

statikuri gaangariSebiT gamoiTvleba wamwis elementebSi aRZruli 
Zalvebi, romelTa mixedviT xdeba am elementebSi kveTebis gaangariSeba. 
zeda sartyeli iangariSeba, rogorc garecentrulad SekumSuli elementi, 
SemTxveviTi an saangariSo eqscentrisitetiT, qveda sartyeli, rogorc 
centralurad gaWimuli, xolo dgarebi da iribnebi – kumSvaze an gaWimvaze. 
wamweebis gasaangariSeblad egm–isTvis Sedgenilia programebi, romelTa 
gamoyenebiT SesaZlebelia konstruqciis optimaluri variantis SerCeva. 

 
 
10.4.3. sanivnivo TaRebi 
rkinabetonis sanivnivo TaRi warmoadgens mrudwirul ganbjenian 

konstruqcias, romlis sayrdenebis gadaadgileba SezRudulia rkinabetonis 
an liTonis SemkoWiT. SemkoWSi warmoiqmneba ganmbjeni Zalva (gamWimavi 
Zala), romelic uzrunvelyofs TaRis garecentrul kumSvaze muSaobas. 
usaxsro TaRis gamoyenebisas ganmbjeni Zalva ZiriTadad gadaecema 
specialur saZirkvlebs. 

erTsarTulian samrewvelo SenobaSi rkinabetonis TaRebi gamoiyeneba 

saSualo da didi malebis gadasaxuravad (l≥30 m). mSeneblobis praqtikaSi 
cnobilia angarebis an sportuli daniSnulebis nagebobebis 100 m–ze meti 
sididis malebis gadaxurvis magaliTebi. 

rkinabetonis TaRi SeiZleba iyos samsaxsriani, orsaxsriani da 
usaxsro. ZiriTadad gamoiyeneba orsaxsriani TaRi SemkoWiT. TaRis 
moxazuloba sasurvelia emTxveodes datvirTvis wnevis wirs, radgan aseT 
TaRSi aRZruli momentebi minimaluri sididisaa. praqtikaSi gamoiyeneba 
wriuli moxazulobis TaRi, romelic dasamzadeblad advilia da 
Semadgeneli elementebis minimaluri raodenobis tipozomebia saWiro. TaRi 
mzaddeba asawyobi an monoliTuri. ZiriTadad gamoiyeneba asawyobi TaRebi 
(nax. 60,a), romelTa awevis isari f = (1/5...1/8)l, ganivi kveTis simaRle 
h=(1/30...1/50)l, xolo sigane b=(0,4...0,5)h. gamoiyeneba marTkuTxa an ⊥ –sebri 

kveTis, simetriulad daarmaturebuli. ⊥ –sebri elementis kedelSi 
SeiZleba moewyos Riobi komunikaciebis gasatareblad. asawyobi TaRebis 
calkeuli elementebi 6 m sigrZisaa. isini erTmaneTs ukavSirdeba armaturis 
naSverebis abazanuri SeduRebiT, nakerebis Semdgomi damonoliTebiT. 
TaRebze daewyoba da Casatanebeli detalebiT miduRdeba 6...12 m malis 
daxurvis panelebi, romlebic amave dros horizontalur kavSirsac 
warmoadgens. rkinabetonis SemkoWebi sruldeba winaswar daZabuli. SemkoWis 
Cazneqis Sesamcireblad malis yovel 6 m–ze ewyoba liTonis sakidebi.  
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       nax. 60. rkinabetonis orsaxsriani TaRi SemkoWiT 
 
 
TaRebis dasamzadeblad gamoiyeneba B22,5...B40 klasis betoni. muSa 

armatura A–III klasis, SemkoWi – winaswar daZabuli A–IV da maRali klasis 
Rerovani armaturisagan. gamoiyeneba agreTve, mavTulovani armatura BP–II 
klasis da bagirebi – K– 7, K– 19.   

TaRSi aRZruli Zalvebi iangariSeba samSeneblo meqanikis meTodebiT, 
rogorc statikurad rkvevadi (samsaxsriani TaRi) da urkvevi (orsaxsriani 
da usaxsro) konstruqciebi. datvirTva: sakuTari masis, daxurvis panelebis, 
burulis masis da Tovlis ganawilebuli datvirTva, Sekiduli amwisagan 
datvirTva TaRs gadaecema Seyursuli Zalis saxiT. 

sxvadasxva datvirTvisagan TaRis calkeul kveTebSi aRZruli Zalvebi 
Caiwereba cxrilis saxiT da datvirTvebis yvelaze araxelsayreli 
SexamebisaTvis dadgindeba Zalvebis absoluturi mniSvnelobis maqsimaluri 
sidide. am Zalvebis mixedviT TaRSi, rogorc garecentrulad SekumSul 
elementSi, xolo SemkoWSi, rogorc centralurad gaWimul elementSi 
(SemkoWSi aRZruli momenti simciris gamo mxedvelobaSi ar miiReba), 
simtkicis pirobidan SeirCeva saTanado armatura. SemkoWi gainagariSeba 
bzarmedegobazec. TaRis daarmatureba mocemulia nax. 60,b–ze. 

 
 
10.4.4. nivnivqveSa konstruqciebi 
nivnivqveSa konstruqciebi lagdeba Senobis grZivi mimarTulebiT 

svetebze da warmoadgens Sualeduri sanivnive konstruqciis an didi zomis 
daxurvis panelis sayrdens. aseTi konstruqciebis mali tolia svetebis 
bijis – 12 an 18 m. ZiriTadad gamoiyeneba koWi an  wamwe (nax. 61).  nivnivqveSa  
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nax. 61. nivnivqveSa koWi da wamwe: 
1–sanivnivo koWebis reaqcia; 2–sanivnivo wamweebis reaqcia;  
3–dgarebi gadaxurvis panelebis dasayrdnobad 

  
 

konstruqciebis gaangariSeba, konstruireba, gamoyenebuli masalebi 
sanivnivo koWisa da wamwis analogiuria. 
 

 
10.5. rkinabetonis amwisqveSa koWi. 
erTsarTulian samrewvelo SenobebSi amwisqveSa koWi, romelzedac 

mowyobilia xidura amwis savali gza (relsi), eyrdnoba svetebis mokle 
konsolebs (svetis gaganierebul nawils). rkinabetonis amwisqveSa koWi 
liTonis xarjis mixedviT ekonomikuria foladis koWTan SedarebiT (50%– 
mde).  gamoiyeneba  mxolod saSualo da msubuqi reJimis (tvirTamweoba 

≤Q 30 t) xidura amweebisaTvis. saSualo da mZime reJimis amweebis dros, 

rodesac >Q 30 t–ze, gamoiyeneba liTonis (foladis) amwisqveSa koWi. 
rkinabetonis amwisqveSa koWi, misi montaJis gasaadvileblad, 

mzaddeba, rogorc or sayrdenze Tavisuflad dayrdnobili mudmivkveTiani 
koWi  (nax. 62).  koWis  mali  tolia  svetebis  bijisa – 6  an  12 m.    

 
nax. 62. amwisqveSa koWis konstruqcia: 
1– daZabuli armatura; 2– saangariSo ganivi kveTi 
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kveTis simaRlea (1/8...1/10)l. 6 m malis koWis ganivkveTis forma T–sebria. 12 m 
malisas, gaWimuli, winaswar daZabuli armaturis ganlagebis pirobebis 
mixedviT saWiro xdeba gaWimuli zonis gaganiereba da amitom gamoiyeneba 

⊥ –sebri kveTi. zeda, siganeSi ganviTarebuli Taro garda imisa, rom 
muSaobs kumSvaze, zrdis koWis sixistes horizontaluri mimarTulebiT 
amwis urikis damuxruWebis Zalis asatanad da advili xdeba amwis savali 
gzis montaJi, umjobesdeba xidura amwis eqspluataciis pirobebi. zeda 

Taros sisqe aiReba ( )hhf 8/1...7/1=′ , sigane – ( ) 650...50020/1...10/1 ==′ lbf mm. koWebi 

mzaddeba winaswar daZabuli. gamoiyeneba betoni B22,5...B40 klasis. armatura 
maRali klasis Rerovani (A–IV da meti), mavTulovani BP–II klasis da bagiri 
– K– 7.  

koWis damagreba svetze xdeba koWis sayrdenze Catanebuli foladis 
firfitis naxvretebSi gatarebuli WanWikebis meSveobiT, qanCis da 
sayeluris Semdgomi miduRebiT. amwis damuxruWebis Zalebis svetze 
gadacema xorcieldeba sixistis wiboebiT (foladis firfita), romlebic 
svetisa da amwisqveSa koWis liTonis Casatanebel detalebze mieduReba. 
amwis savali gzis (relsis) koWis zeda TarosTan damagreba xdeba 
specialuri foladis zesadebebiT da TaroSi arsebul naxvretebSi 
gatarebuli WanWikebiT. 

amwisqveSa koWze moqmedebs koWis sakuTari masa (relsis masasTan 
erTad) da xidura amwis Tvlebis vertikaluri dawola. horizontaluri 
mimarTulebiT moqmedebs damuxruWebis horizontaluri Zala, romelic 
realurad modebulia relsis Tavze, magram saangariSo sqemaSi igulisxmeba 
modebuli koWis zeda Taros sisqis SuaSi. gaiangariSeba koWi simtkiceze 
da gamZleobaze (moZravi amwis mravaljeradi dinamikuri zemoqmedebis gamo), 
agreTve bzarmedegobasa da deformaciaze. vertikalur datvirTvaze 

saangariSo kveTia T–sebri an ⊥ –sebri. damuxruWebis Zalaze iangariSeba 
koWis mxolod zeda Taro, horizontaluri mimarTulebiT, rogorc or 
mezobel svetze miyrdnobili koWi. amwisagan amwisqveSa koWze gadmocemuli 
moZravi datvirTvisagan aRZruli mRunavi momentisa da ganivi Zalis 
gamosaTvlelad aigeba moZravi erTeuli Zalis gavlenis wirebi da ori 
erTmaneTze midebuli amwis Tvlebis araxelsayreli mdebareobisaTvis 
gamoiTvleba saTanado M  da Q. 

amwisqveSa koWis daarmatureba xdeba iseve, rogorc nebismieri ⊥ –
sebri kveTis winaswar daZabuli koWis. 
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10.6. erTsarTuliani samrewvelo Senobis rkinabetonis svetebi 
erTsarTulian samrewvelo SenobebSi rkinabetonis asawyobi, 

tipobrivi konstruqciis svetebi gamoiyeneba, rogorc ganivi CarCos dgarebi, 
im SemTxvevaSi, Tu Senobis simaRle 18≤h  m, svetebis biji 12≤b  m da amwis 
tvirTamweoba 50≤Q  t. aRniSnuli parametrebis ufro didi mniSvnelobisas 
gamoiyeneba foladis Sedgenili svetebi. erTsarTuliani samrewvelo 
Senobis karkasis svetebi SeiZleba iyos mTliankveTiani da ortota (nax. 63, 
a,b). ortota svetebi masalebis xarjis mixedviT ufro ekonomiuria, magram_ 
SedarebiT rTulad dasamzadebeli. gamoiyeneba ZiriTadad mTliani, 
marTkuTxa kveTis moklekonsolebiani svetebi. damzadebis teqnologiis 

srulyofis SemTxvevaSi perspeqtiulia ⊥ –sebri kveTis svetebis gamoyeneba. 
mTliankveTiani svetebi gamoyeneba, rodesac 8,10≤H  m, 12<B  m da 

30≤Q  t. ortota sveti xelsayrelia, rodesac  H >10,8 m, B ≥12 m da Q>30 t, 
agreTve, mTliankveTiani svetis qveda nawilis (ganieri nawilis) ganivkveTis, 
gaangariSebiT miRebuli, simaRle metia 1 m–ze. Tu SenobaSi xidura amwe ar 
aris, svetebi miiReba mudmivi kveTis mTel simaRleze. svetebis sayalibe 
naxazi da daarmatureba mocemulia 63-e naxazze. tipobriv mTliankveTian 
svetebSi kveTis zomebi miiReba simtkiceze da sixisteze gaangariSebiT da 
svetebis bijis (6 an 12 m) mixedviT. ganapira svetis amwiszeda nawilis 
kveTis simaRle h2=360 an 600 mm; Sua svetebSi –  h2=500 an 600 mm. svetebis 
ganivkveTis sigane yvelgan erTnairia da b=400, 500 an 600 mm. mokle_ 
konsolebiani svetis amwisqveda nawilis kveTis simaRle, zidvis unarisa da 
sixistis mixedviT, aiReba  h1=(1/10...1/14)H1. ortota ganapira svetis amwiszeda 
nawili iseTivea, rogorc mTliankveTian svetSi. qveda nawilis kveTis 
simaRle  simtkicesa  da  sixisteze  gaangariSebis   mixedviT: ganapira 
svetSi h1=1000...1300 mm, Sua svetSi – h1=1200...1600 mm. kveTis sigane yvelgan 
erTnairia b=500...600 mm, garda amisa, unda akmayofilebdes pirobas 
b=(1/25...1/30)H.  

 erTsarTuliani samrewvelo Senobis svetebi, rogorc wesi, 
saZirkvelSi xistad aris Camagrebuli, svetis konstruqciis Sesabamisi 
xerxiT. 

svetebis gaangariSeba xdeba ganivi CarCos sibrtyeSi, rogorc 
saZirkvelSi xistad Camagrebul Rerosi (mTliankveTiani sveti) an 
mravalsarTuliani CarCosi (ortota svetis qveda nawili). svetebi 
gaiangariSeba agreTve CarCos muSaobis sibrtyis marTobuli 
mimarTulebiTac Nmax  grZivi Zalis SemTxveviTi eqscentrisitetiT 
moqmedebaze.  

erTsarTuliani samrewvelo Senobis svetebis qveS ewyoba 
rkinabetonis saZirkvlebi, romlebic daproeqtdebian, rogorc 
garecentrulad datvirTuli calkeuli saZirkvlebi. 
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nax. 63. erTsarTuliani samrewvelo Senobis svetebi: 
 a– mTliankveTiani sveti; b– ortota sveti; g–mTliankveTiani 
 svetis daarmatureba; d– ortota svetis daarmatureba 
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10.7. erTsarTuliani samrewvelo Senobis monoliTuri karkasi 
erTsarTuliani samrewvelo Senoba rkinabetonis monoliTuri mzidi 

karkasiT SedarebiT iSviaTad (ZiriTadad arastandartuli zomebisa an 
datvirTvebis SemTxvevaSi) gamoiyeneba. 
 

 
nax. 64. erTsarTuliani Senobis monoliTuri ganivi CarCo: 

a–monoliTuri CarCos variantebi racionaluri konstruqciis 
SerCevisaTvis; b–CarCos daarmatureba; g–kvanZebis daarmatureba;  
d–svetis saZirkvelSi saxsruli Camagrebis variantebi 

 
 
aseT SenobebSi ZiriTadi mzidi konstruqciaa ganivi CarCo (nax. 64). 

mzidi, ganivi CarCo wrfivi rigeliT gamoiyeneba 12...15 m malebisas, texili 
rigeli SemkoWis gareSe – 15...18 m malis SemTxvevaSi, xolo, rodesac mali 

24≥L m – SemkoWiT. CarCo texili rigeliT xelsayrelia Txelkedliani 
sivrciTi gadaxurvebisas (ZiriTadad mokle cilindruli garsebi), rogorc 
diafragma. SemkoWi, ewinaaRmdegeba dgarebis Tavis horizontalur 
gadaadgilebas, riTac amcirebs dgarebsa da rigelebSi momentebisa da 
ganivi Zalebis sidides. Sesabamisad, mcirdeba am Zalvebis zemoqmedeba 
saZirkvelze.  

ganivi CarCos saZirkvelTan SeerTeba SeiZleba iyos xisti da 
saxsruli. ZiriTadad mimarTaven xist SeerTebas, magram Tu dgarebSi 
aRiZvreba mniSvnelovani sididis Zalvebi, xolo grunti SedarebiT sustia, 
jobia saxsruli SeerTebis mowyoba.  

mzidi CarCos konstruirebisas gansakuTrebuli yuradReba eTmoba 
kvanZebis daarmaturebas da svetis saZirkvelSi Camagrebis mowyobas.  
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sakontrolo sakiTxebi 
 

1. ra pirobebSi xdeba erTsarTuliani samrewvelo Senobis gamoyeneba. 

2. ra da ra saxis erTsarTuliani samrewvelo Senoba iciT.. 

3. romeli elementebisagan Sedgeba erTsarTuliani Senobis karkasi. ganivi da 

grZivi CarCoebi. 

4. erTsarTuliani samrewvelo Senobis konstruqciuli sqemis gaerTmTlianeba, 

svetebis rogori badeebi gamoiyeneba da razea damokidebuli Senobis 

simaRle. 

5. rogoria svetebis mibma dakvalvis RerZebTan. 

6. rogor xdeba karkasis sivrciTi sixistis uzrunvelyofa ganivi da grZivi 

mimarTulebiT. kavSirebis sistema. 

7. romeli datvirTvebi moqmedebs erTsarTuliani Senobis karkasze.  

8. ganivi CarCos gaangariSebis safuZvlebi. rodis aris saWiro karkasis 

sivrciTi muSaobis gaTvaliswineba saTanado koeficientiT. 

9. ras warmoadgens daxurvis rkinabetonis paneli. misi saxeobebi da 

gaangariSebis principebi. gamoxazeT wibovani panelis daarmatureba. 

10. rogoria sanivnivo konstruqciebi. maTi rekomendebuli malebi. 

11. daaxasiaTeT sanivnivo koWebi, maTi konstruqciuli Taviseburebani da 

gaangariSebis principebi. 

12. daaxasiaTeT sanivnivo wamweebi, maTi saxeobebi, konstruqciuli 

Taviseburebani da gaangariSebis principebi. 

13. sanivnive TaRebis saxeobebi, konstruqciuli Taviseburebani da 

gaangariSebis principebi. 

14. nivnivqveSa konstruqciebi. maTi saWiroebis dasabuTeba, saxeobebi da 

ganlageba karkasSi. 

15. rodis gamoiyeneba rkinabetonis amwisqveSa koWebi, rogoria ganivi 

kveTis formebi, maTze mosuli datvirTvisa da Zalvebis gamoTvlis 

specifika. 

16. erTsarTuliani samrewvelo Senobis svetebis saxeobebi, maTi 

konstruireba da gaangariSebis principebi. 

17. daaxasiaTeT erTsarTuliani Senobis monoliTuri karkasi. maTi 

gamoyenebis dasabuTeba. 
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11. mravalsarTuliani karkasuli da paneluri Senobebis 
konstruqciebi 

 
 

did qalaqebSi mosaxleobis mkveTri zrdis gamo aucilebelia 
samoqalaqo, sazogadoebrivi da samrewvelo daniSnulebis Senobebis 
sarTulianobis gazrda. magram, Senobis sarTulebis raodenoba unda 
dainiSnos teqnikur–ekonomikuri analizisa da qalaqis perspeqtiuli 
ganviTarebis gegmis mixedviT. mravalsarTuliani Senobebi pirobiTad iyofa 
Semdeg kategoriebad: I – 9...16 sarTuli (saerTo simaRle H <50 m), II – 17...25 
sarTuli (50<H <75 m), III – 26...40 sarTuli (75<H <100 m) da maRlivi Senobebi 
– 40 sarTulze meti (H >100 m). msoflios did qalaqebSi sakmao raodenobis 
100..150 _ sarTuliani maRlivi Senoba aSenda. maRlivi Senobebis mSenebloba 
(magaliTad, 100 _ sarTulianis) TiTqmis 10–jer ufro Zviria, vidre 8_ 
sarTulianis, rac gamowveulia konstruqciuli gadawyvetebisa da 
eqspluataciis garTulebiT, komunikaciebis ganTavsebis sirTuliT 
(salifte meurneoba, wyalmomarageba, ventilacia, energouzrunvelyofa da 
a.S.). aseTi Senobebi xels uSlis quCebis ganiavebas, maRalia 
xanZarsaSiSroeba da sxva, magram, miwis gaZvirebisa da adgilis simciris 
gamo mainc Sendeba. 

 
 
11.1. mravalsarTuliani Senobebis konstruqciuli sqemebi 
mravalsarTuliani Senobebi konstruqciuli sqemis mixedviT SeiZleba 

daiyos karkasul, panelur, moculobiT – blokur da kombinirebul 
Senobebad (nax.65). nebismieri tipi SeirCeva Senobis funqciuri 
daniSnulebis, industriuli bazis arsebobis, SesaZlo sarTulianobis, 
ekonomikis da mSeneblobis warmoebis pirobebis mixedviT. 

karkasuli Senobebi gamoiyeneba, rodesac saWiroa didi farTobis 
saTavsebis Seqmna, gadaxurvaSi teqnologiuri Riobebis mowyoba da 
seismurad aqtiur zonaSi sawarmoo, sazogadoebrivi da adminiostraciuli 
daniSnulebis Senobebis mSenebloba. karkasuli Senobis mzidi konstruqciaa 
rkinabetonis karkasi (maRliv SenobaSi – foladis. ukanasknel xans, 
gansakuTrebiT maRali simtkicis betonis gamoyenebiT – rkinabetonis). 
nagebobaze moqmedi mTeli datvirTva gadaecema mzid karkass, romelic 
uzrunvelyofs Senobis simtkicesa da mdgradobas masze moqmedi nebismieri 
datvirTvis zemoqmedebisas. rkinabetonis karkasi Sedgeba svetebis, 
rigelebis, sixistis vertikaluri elementebis, diafragmebis da 
sarTulTSoris gadaxurvisagan (nax. 65,a).  

sacxovrebel saxlebSi, sastumroebSi saWiroa Siga kedlebis xSiri 
ganlageba. Siga kedlebi uzrunvelyofen saTanado bgeraizolacias, xolo 
gare kedlebs garemosagan SemomzRudavi funqcia aqvs. aseTi kedlebi, 
mzaddeba ZiriTadad rkinabetonis panelebis saxiT. specialurad 
datovebuli armaturis ReroebiT ukavSirdeba erTmaneTs, damonoliTdeba 
wvrilmarcvlovani betoniT da warmoiqmneba sivrciTi sistema, romelic 
gaTvlilia Senobaze moqmedi horizontaluri da vertikaluri 
datvirTvebis asatanad. aseT Senobebs paneluri ewodeba (nax.65,b). 20  
sarTulamde simaRlis SenobebSi  maTi gamoyeneba SedarebiT ekonomikuria, 
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nax. 65. mravalsarTuliani Senobebis konstruqciuli sqemebi: 

1–sveti, 2–rigeli, 3–sarTulTSorisi gadaxurva, 4, 5–ganivi 
da grZivi diafragmebi 

  
magram SezRudulia arqiteqturuli gamomsaxvelobis mixedviT, radgan 
nageboba gamodis erTferovani da usaxo. 20 sarTulze maRal SenobebSi 
ufro xelsayrelia karkasis gamoyeneba an damatebiTi, monoliTuri 
sixistis birTvis (liftebis Saxtebis, kibis ujredebis) gamoyeneba, 
romelic daproeqtdeba horizontaluri datvirTvebis (qari, seismuri 
zemoqmedeba) asatanad. 
 paneluri Senobebis Semdgomi ganviTarebis Sedegia moculobiTi 
blokebi, damzadebuli oTaxis an binis moculobis (nax.65,g) da 
kombinirebuli konstruqciebi (pirveli erTi an ori sarTuli karkasi, 
xolo Semdegi paneluri konstruqciis sarTulebi). aseTma konstruqciebma 
ver pova gavrceleba, maT Soris verc saqarTveloSi arqiteqturul– 
gegmarebiTi SesaZleblobis SezRudulobisa da Zvirad Rirebuli, 
specialuri saqarxno bazis, satransporto da samontaJo meqanizmebis 
saWiroebis gamo. 
 
 
 11.2. mravalsarTuliani samrewvelo Senobebis konstruqciebi  

mravalsarTuliani samrewvelo Senobebi gamoiyeneba iseTi 
sawarmoebisaTvis, sadac mosaxerxebelia vertikaluri sawarmoo procesebi 
da mcire masisa da gabaritebis danadgarebia: kvebis da qimiuri 
mrewvelobis, xelsawyoTmSeneblobis, laboratoriuli da sawarmoTa 
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administraciuli korpusebi da sxva. samrewvelo Senobebis saerTo 
raodenobis meoTxedi mravalsarTuliania.  

teqnologiuri procesis Sesabamisad aseTi Senobebi 3...7_ sarTuliania. 
saTanado konstruqciuli uzrunveloyofisa da ekonomikuri gaangariSebis 
safuZvelze SesaZlebelia 8...10_ sarTulianis mSenebloba. Senoba ZiriTadad 
karkasulia, sadac Senobis ganivi mimarTulebiT simtkicesa da mdgradobas 
uzrunvelyofs ganivi CarCo xisti kvanZebiT, xolo grZivi mimarTulebiT – 
svetebze mowyobili liTonis vertikaluri kavSirebi an svetebTan xistad 
Camagrebuli grZivi mimarTulebis rigelebi (nax.66). elementebis 
unifikaciis da standartizaciis moTxovnebis mixedviT svetebis bade 
gegmaSi aiReba: 6x6, 9x6, 12x6 m. mTliani Senobis siganea 12...60 m. sarTulis 
simaRle aiReba 1,2 m–is jeradi, teqnologiuri procesis saWiroebis 
mixedviT. 

mravalsarTuliani asawyobi CarCoebis danawevreba xdeba 
sxvadasxvanairad. ufro metad gavrcelebulia swor da jvarisebr 
elementebad danawevreba (nax. 66,d), rodesac svetisa da rigelis pirapirebi 
gamotanilia kvanZidan minimaluri momentis moqmedebis kveTebTan. 
xelsayrelia danawevreba, rodesac asawyobi konstruqciis tipi minimaluria 
(nax. 66,e). meore varianti seismur zonaSi mSeneblobisas ufro xelsayrelia, 
magram SedarebiT rTuli dasamzadebeli da gadasazidia.  

asawyobi svetebi SeiZleba iyos erTi, ori an sami sarTulis simaRlis. 
pirapirebi ewyoba xisti, muSa armaturis naSverebis abazanuri SeduRebis da 
SemdgomSi damonoliTebiT. svetis ganivkveTis zomebia 400x400 da 600x600 mm. 
betoni – B20... B50 klasis. 

asawyobi rigelebi mzaddeba marTkuTxa an ⊥ –sebri ganivi kveTiT. 
marTkuTxa rigelze gadaxurvis panelebi ewyoba zevidan, ⊥ –sebri kveTis 
rigelze – Taroze dayrdnobiT (nax.66,v,z). rigelebi maliT 6 m mzaddeba 
winaswardauZabavi an daZabuli. Sesabamisad, betonis klasia B15... B25, 
rigelebi maliT 9 da 12 – mxolod winaswar daZabuli, betoni B20, B30, B40 
klasis. gadaxurvis gavrcelebuli elementia 1500 mm siganis wibovani 
paneli, ZiriTadad, winaswar daZabuli. panelebi damonoliTebis Semdeg 
qmnian erTian xist diskos, gadascemen grZiv Zalebs kavSirebs da amave 
dros TiTonac uzrunvelyofen sivrciTi karkasis mdgradobas grZivi 
mimarTulebiT. 

im SemTxvevaSi, rodesac teqnologiuri procesis pirobebis mixedviT, 
saWiroa gegmaSi svetebis didi zomebis bade (magaliTad, univermaRis 
savaWro darbazi, sagamofeno darbazi da sxva), maSin Senoba daproeqtdeba 
erTi an ramdenime wamwesSiga sarTuliT (nax. 66,T). aq rigelad gamoiyeneba 
uiribano wamwe paraleluri sartyelebiT, romelic svetebTan xistad aris 
dakavSirebuli. wamwesSiga sarTuli gamoiyeneba sawyobad (magaliTad, 
univermaRSi) an sawarmoo saTavsod. mravalsarTulian samrewvelo 
SenobebSi, sadac ganTavsebulia xorckombinati, rZis produqtebis da 
Tevzis gadamamuSavebeli sawarmoebi, macivrebi, garaJebi da a.S., sadac 
saWiroa brtyeli Weri temperaturisa da haeris Tanabrad gasanawileblad, 
koWovani gadaxurvis nacvlad gamoiyeneba ukoWo gadaxurva. 
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nax. 66. mravalsarTuliani samrewvelo Senobebis konstruqciebi: 

1–ganivi CarCos rigeli; 2–gadaxurvis filebi; 3–grZivi, vertikaluri 
kavSirebi; 4–grZivi rigelebi; 5–parelelursartyelebiani uiribano 
wamweebi 

 
 
 11.3. mravalsarTuliani samoqalaqo Senobebis konstruqciebi 

samoqalaqo mSeneblobaSi mravalsarTuliani Senobebi gamoiyeneba 
savaWro dawesebulebebis (univermaRi), sastumroebis, administraciuli, 
sacxovrebeli saxlebis da a.S. mSeneblobisas.  konstruqciuli gadawyveta 
ZiriTadad karkasulia. Cveulebriv, es aris CarCovani an CarCovan– 
kavSirebiani sistema. vertikaluri mzidi elementi aq aris sveti, diafragma 
da sixistis birTvi. es ori ukanaskneli kavSirebis rolsac asrulebs.  

svetebad gamoiyeneba unificirebuli, tipobrivi konstruqcia 
ganivkveTis zomebiT 400x400 mm (nax.67,a). radgan qveda sarTulebis svetebze 
datvirTva ufro didia, amitom maTi zidvis unaris gasazrdelad 
gamoiyeneba maRali klasis betoni (B50...B60) da daarmaturebis maRali 

procenti (μ%=15%–mde) (nax.67,b,g). Tu sarTulebis raodenoba 16–ze metia, 
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SeiZleba xisti armaturis (Sveleri, ⊥ –sebri sortamentis) gamoiyeneba, an 
mTeli svetis simaRleze horizontaluri caluRebis nacvlad – iribi 
daaramtureba (nax.67,d). asawyobi svetis simaRle SeiZleba 4 sarTulis 
simaRlis iyos, maSin transportirebis, montaJisa da eqspluataciisas 
sixistis gasazrdelad mas winaswar Zabaven. svetebis SeerTeba xdeba 
armaturis Reroebis  naSverebis abazanuri SeduRebiT (nax. 67,e). 

 
 

 
 
nax. 67. mravalsarTuliani samoqalaqo Senobis karkasis 

  konstruqciebi: 
1–liTonis zolovani furceli; 2–macentrebeli sadebi; 3–maRali 
simtkicis armaturis gulagi; 4–abazanuri SeduReba; 5–damatebiTi 
caluRi; 6–svetebTan damakavSirebeli Casatanebeli detali, 
romelic muSaobs Zvraze; 7–winaswar daZabuli armatura 

 
 
diafragmebi, romlebic ZiriTadad horizontalur datvirTvaze 

muSaoben, mzaddeba 140...180 mm sisqis rkinabetonis panelebis saxiT (nax. 
67,v,z), Tavsdeba svetebs Soris da ukavSirdeba maT Casatanebeli detalebis 
miduRebiT. diafragmebia brtyeli da orkonsoliani. pirveli lagdeba 
sivrculi CarCos grZivi mimarTulebiT, gadaxurvis panelebis RerZebis 
paralelurad, xolo orkonsoliani – ganivi mimarTulebiT da uTavsdeba 
rigels. diafragmis svtebTan mierTebis nakerebis damonoliTeba xdeba 
cementis duRabiT (vertikaluri nakeri) da wvrilmarcvlovani betoniT 
(horizontaluri nakeri). sarTulebis mixedviT erTrigad ganlagebuli 
diafragmebi mTlianad muSaobs, rogorc monoliTuri svetebi. diafragmebis 
sistema uzrunvelyofs mTeli Senobis simtkices da sivrcul sixistes, 
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seismuri zemoqmedebis dros ewinaaRmdegeba grexas. diafragma ZiriTadad 
ganicdis kumSvas, magram mniSvnelovani sididis horizontaluri 
datvirTvisas SeiZleba diafragmis nawili gaiWimos, maSin mas winaswar 
Zabaven (nax. 67,T). 

sixistis birTvi SeiZleba iyos monoliTuri (ZiriTadad) an asawyobi. 
es aris kolofisebri kveTis, horizontalur datvirTvaze gaangariSebuli 
rkinabetonis vertikaluri konstruqcia (liftebis Saxta an kibis ujredi), 
romelTan saxsrulad aris dakavSirebuli CarCos rigelebi. es ukanaskneli 
muSaobs mxolod vertikalur datvirTvebze. gegmaSi rTuli moxazulobis 
an didi sigrZis SenobaSi SeiZleba iyos ramdenime sixistis birTvi. 

CarCos rigelebi da maTze dawyobili panelebi qmnian asawyob, koWovan 
sarTulTSoris gadaxurvas. ZiriTadad gamoiyeneba mravalsiRruiani 
panelebi, sisqiT 220 mm. damonoliTebis Semdeg Zvraze saimedod 
muSaobisaTvis, panelebis kideebze datovebulia Rrmulebi, romlebSic 
dasamonoliTeblad Casxmuli wvrilmarcvlovani betoni gamyarebis Semdeg 
muSaobs, rogorc sogmani. 

CarCovan–kavSirebian karkasSi grZivi mimarTulebis svetebs Soris 
ewyoba winaswar daZabuli brtyeli panelebi, romlebic naSverebiT 
eyrdnobian ganivi mimarTulebis rigelebs da asruleben kavSirebis rols.  

sacxovrebeli saxlebis konstruqcia, rodesac saWiroa xSirad 
ganlagebuli ganivi da grZivi mimarTulebis kedlebi, sruldeba 
rkinabetonis panelebisagan, romlebic saimedo nakerebis mowyobiT qmnian 
xist sivrcul sistemas, romelsac SeuZlia aitanos Senobaze mosuli 
datvirTvebi. aseTi Senobebi sruldeba ukarkasod. 

panelur SenobebSi SeiZleba iyos ganivi, grZivi, an orive 
mimarTulebis mzidi panelebi. ganivi mimarTulebis mzidi kedlebi ufro 
xelsayrelia, radgan maTze eyrdnoba sarTulTSua gadaxurvis paneli. am 
SemTxvevaSi grZivi mimarTulebis gareTa kedlebi asruleben mxolod 
garemosagan SemomzRudav funqcias, amitom rekomendebulia msubuqi betonis 
gamoyeneba. Siga mzidi kedlis panelebi (nax. 68) sruldeba B15 klasis mZime 
betonisagan, erTfenovani. panelis sisqe miiReba simtkicis, bgeraizolaciisa 
da xanZarmedegobis pirobidan. daarmatureba xdeba badeebiT, panelis orive 
sibrtyesTan, konstruqciuli armaturiT, romlis ganivkveTis jamuri 
farTobi panelis kveTis 1 grZiv metrze  0,2 sm2-is tolia. gare aramzidi 
sakedle panelebi mzaddeba erTfenovani, msubuqi betonisagan, xolo mzidi 
gareTa paneli – orfenovani an samfenovani, romlis erTi fena mzidia da 
mzaddeba mZime betonisagan, sxva fenebi bgera da Tbosaizolacioa. 
gadaxurvis panelebi mravalsiRruiania. kedlis mzidi panelebis 
ganlagebisa da maTze dayrdnobis mixedviT, gadaxurvis panelebi 
iangariSeba oTx, sam an or sayrdenze Tavisuflad dayrdnobili filebi. 68-
e naxazze mocemulia kedlis panelebisa da gadaxurvis filebis SeerTeba.  
SeerTebis saimedooba uzrunvelyofs Senobis simtkices da sivrcul 
sixistes. 
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nax. 68. paneluri Senobebis konstruqciebi: 

a–Siga mzidi sakedle paneli; b–gare orfa da samfa mzidi sakedle 
panelis kveTi; g–Siga da gare sakedle panelebis da gadaxurvis 
panelebis pirapirebi; 1–armaturis vertikaluri karkasi; 2–karkasi – 
zRudari; 3–armaturis naSverebi mezobel panelTan SeduRebiT 
SesaerTeblad; 4–mZime betonis fena; 5–Tbosaizolacio fena;  
6–mopirkeTebis fena; 7–gadaxurvis  panelebi; 8–kedlis panelebi;  
9–cementis xsnari 

 
 
11.4. mravalsarTuliani Senobis gaangariSebis safuZvlebi 
Tanamedrove mravalsarTuliani Senoba warmoadgens rTul sivrcul 

sistemas, romelic Sedegeba sxvadasxva elementisa da SeerTebisagan, 
romelTa parametrebi (sixiste, deformaciebi, Zabvebi da sxva) icvleba 
datvirTvis procesSi. aseTi Senobebis gaangariSeba yvela konstruqciuli 
Taviseburebis, datvirTvisa da zemoqmedebis xasiaTis gaTvaliswinebiT 
rTuli amocanaa. amitom realuri nageboba gaangariSebisaTvis icvleba 
SesaZlod miaxloebuli idealizebuli sqemiT. daproeqtebisas 
deformirebis mxolod ZiriTadi Taviseburebebis gaTvaliswinebisasac ki, 
gaangariSebisaTvis saWiroa gamoTvliTi teqnika. mTel rig konkretul 
SemTxvevebSi gamoiyeneben SesaZlod gamartivebul saangariSo sqemebs. 
magaliTad, Senobis sivrcul sistemas dayofen Semadgenel nawilebad da 
TiToeuls angariSoben erTmaneTisagan damoukideblad, uSualod maTze 
mosul datvirTvaze, rogorc brtyel sistemas. am SemTxvevaSi, 
gaangariSebis dros damproeqtebels SesaZlebloba eZleva gamoiyenos 
kargad cnobili inJinruli meTodebi da damxmare cxrilebi. aseTi midgoma 
xSirad nayofieria konstruqciebSi aRZruli Zalvebis winaswari, 
miaxloebiTi SefasebisaTvis.  

mravalsarTuliani Senobebis konstruqciebi iangariSeba datvirTvebis 
ZiriTad da gansakuTrebul Sexamebaze. amasTan, saWiroa mxedvelobaSi 
viqonioT, rom 40 m–ze maRali Senobis gaangariSebisas qaris statikur 
datvirTvasTan erTad gasaTvaliswinebelia amave datvirTvis dinamikuri 
zemoqmedebac. anlogiurad xdeba seismuri datvirTvis dinamikuri efeqtis 
gaTvaliswineba.  
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11.4.1. CarCovani karkasis gaangariSeba  
CarCovani sistemis karkasis inJinruli gaangariSeba xdeba Semdegi 

TanmimdevrobiT: analogiuri konstruqciebis daproeqtebis gamocdilebis 
safuZvelze winaswar dainiSneba elementebis kveTis geometriuli zomebi. 
ganisazRvreba yvela is datvirTva, rac Senobaze moqmedebs: sarTulTSoris 
gadaxurvaze moqmedi vertikaluri, mudmivi da droebiTi datvirTvebi, 
rogorc zedapirze Tanabrad ganawilebuli, xolo qaris da seismuri 
datvirTva, rogorc horizontaluri, sarTulTSorisi gadaxurvis doneze 
modebuli Seyursuli Zalebis saxiT. rigelisa da svetebis ganivkveTebis 
adre daniSnuli geometriuli zomebis Semowmeba SeiZleba miaxloebiTi 
angariSiT. magaliTad, rigelis kveTs gansazRvraven sayrdeni momentis 
mixedviT 

( ) ( ) .8/;7,0...6,0 2
000 lvgMMM +==  

aq 0M , or sayrdenze Tavisuflad dayrdnobil koWSi aRZruli 

maqsimaluri momentia; 
g  da v – mudmivi da droebiTi saangariSo datvirTva rigelis 1 grZiv 

metrze; 

0l – rigelis saangariSo mali; 

kveTis 0h  muSa simaRle da b  sigane ganisazRvreba formuliT 

  ( )bRMh b/8,10 = ;   ( )hb 4,0...3,0= . 

svetis kveTis farTobi iqneba 

( ) bcol RNA /5,1...2,1= ; 

koeficienti 1,2...1,5 iTvaliswinebs svetSi mRunavi momentis gavlenas; N , 
grZivi Zalaa, gadmocemuli svetze gadaxurvis Sesabamisi farTobidan. 
 gaangariSebis safuZvelze miRebul svetisa da rigelis geometriul 
zomebs daiyvanen unificirebul zomebze da SeuTanxmeben erTmaneTs 
gamomdinare kvanZis konstruqciis mowyobis SesaZleblobidan. Semdeg 
iangariSeba rigelisa da svetebis grZivi sixiste, rogorc betonis 
elementebisaTvis. miRebuli Sedegebi SehyavT kompiuteris saTanado 
programaSi da kvanZebis damyolobis Tu sxva faqtorebis gaTvaliswinebiT 
gamoiTvleba rkinabetonis karkasis elementebSi aRZruli Zalvebi. am 
Zalvebis mixedviT elementis simtkicisa da sixistis pirobidan xdeba muSa 
armaturis ganivkveTis farTobis gansazRvra da konstruqciis saTanado 
daarmatureba. 

miaxloebiTi inJinruli meTodiT sivrciTi CarCovani karkasis 
gaangariSebisas, mas yofen calkeul brtyel CarCoebad da angariSoben 
uSualod maTze mosul vertikalur da horizontalur datvirTvebze. 
 vertikalur datvirTvaze gaangariSebisas, Tu karkasuli Senobis 
mravalsarTulian da mravalmalian CarCoebs aqvT toli sididis malebi (an 
gansxvavebuli 20%–mde), sarTulebis erTnairi simaRle da erTnairi 
datvirTva sarTulebze (rac umravles SemTxvevaSi asea), maSin aseTi 
CarCoebis yvela kvanZi ganlagebuli erT vertikalze ganicdis daaxloebiT 
erTnairi kuTxiT Semobrunebas, ris gamoc warmoiqmneba erTnairi kvanZuri 
momentebi, xolo momentebis epiuris nulovani wertilebi iqneba sarTulis 
simaRlis SuaSi (nax.69,a). am SemTxvevaSi mravalsarTuliani CarCo SeiZleba 
daiyos sami tipis erTsarTulian CarCoebad (nax.69,b): zeda, Sua da qveda 
sarTulisa. TiToeuli am CarCos gaangariSeba SeiZleba cxrilebis [2] 
daxmarebiT mudmivi da droebiTi datvirTvis yvelaze araxelsayreli 
SexamebisaTvis. 
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CarCos rigelebSi sayrdenebze mRunavi momentebi gamoiTvleba 
formuliT 

    ( ) 2lVgM βα += , 

sadac α  da β  cxrilebSi mocemuli koeficientebia Seasabamisad g   

mudmivi da V  droebiTi datvirTvisaTvis, damokidebuli malebis 
raodenobaze, datvirTvis sqemasa da rigelisa da svetis sixisteebis 
Sefardebaze; l –rigelis malis nominaluri zomaa (svetebis RerZebs Soris 
manZili). 
 rigelis malSi momentebi ganisazRvreba, rogorc or sayrdenze 
Tavisuflad dayrdnobil koWSi, romelzedac garda gare mudmivi da 
droebiTi datvirTvisa, boloebze miRebulia ukve gansazRvruli sayrdeni 
momentebi. datvirTvis ganlagebis sxvadasxva SesaZlo variantebisaTvis 
ganisazRvreba mRunavi momentebisa da ganivi Zalebis momvlebi epiurebi da 
maTi maqsimaluri sidideebis mixedviT, simtkicis pirobidan, gaiangariSeba 
Sesabamisi kveTebi. 
 svetebSi mRunavi momentis sidideebi ganisazRvreba, rogorc kvanZSi 
rigelebis sayrdeni momentebis sxvaoba, ganawilebuli svetebis grZivi 
sixisteebis proporciulad. Semdeg N  grZivi Zalisa da M  mRunavi 
momentis mixedviT ganapira da Sua svetebi iangariSeba, rogorc 
garecentrulad SekumSuli elementebi. 
 
 

 
 

 nax. 69. mravalsarTuliani karkasis, rogorc CarCos 
 gaangariSebisaTvis: vertikalur (a, b) da horizontalur (g, d) 
 datvirTvaze. M  momentisa da Q ganivi Zalis epiurebi 
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 horizontalur datvirTvaze CarCos inJinruli gaangariSeba xdeba 
Semdegnairad: erT brtyel CarCoze moqmedi qaris ganawilebuli datvirTva  

icvleba ekvivalenturi Seyursuli iW  ZalebiT, romlebic gamoTvlilia, 

rogorc i –uri sarTulTSorisi gadaxurvis zeviT da qveviT, naxevari 
sarTulebiT da marjvniv da marcxniv, naxevari bijebiT, Semofarglul 
farTobze moqmedi, ganawilebuli qaris datvirTvis tolqmedi da 
modebulia yoveli sarTulTSorisi gadaxurvis doneze (nax.68,g).  am 
SemTxvevaSi yvela sarTulis svetebSi, garda pirveli sarTulisa, mRunavi 
momentis epiuris nulovani wertilebi miaxloebiT iTvleba ganlagebulad 
sarTulis simaRlis SuaSi. pirveli sarTulis svetebSi ki, viTvaliswinebT 
im garemoebas, rom svetebi saZirkvlebSi Camagrebulia xistad da mRunavi 
momentis epiuris nulovani wertilebi ganlagebulia Camagrebis kveTidan 
(2/3) h  manZilze (nax. 68,d). 

nebismieri i –ur sarTulze CarCoSi aRZruli iQ  ganivi Zala aris mis 

zemoT ganlagebuli, Cven mier ukve gamoTvlili, horizontaluri Zalebis 
jami 

   ,... 11 nniii WWWWQ ++++= −+  

igi nawildeba sarTulis (iarusis) svetebs Soris maTi sixisteebis 
proporciulad 

     ∑=
m

iicol BBQQ
1

/ . 

aq ,B i –uri sarTulis gansaxilveli svetis sixistea; m  –  i –ur sarTulze 

svetebis raodenoba, xolo iB  – i –ur sarTulze ganlagebuli yvela, m  

raodenobis, svetis jamuri sixiste. 
CarCos ganapira svetebis kvanZebSi Camagreba ufro dabali xarisxisaa, 

vidre Sua svetebisa, amitom maTze modis mTels sarTulze aRZruli iQ  

ganivi Zalis naklebi wili, rac gaTvaliswinebulia specialuri 1<β   
koeficientiT [2]. 

gamoTvlili colQ  ganivi Zalebi modebulia svetebis mRunavi momentis 

epiuris nulovan wertilebSi, amitom yvela sarTulis svetSi, garda 
pirveli sarTulisa, gamoiTvleba mRunavi momentis sidide svetis 
sarTulTSoris gadaxurvasTan SeerTebis zeda da qveda kveTSi 

    .2/hQM colcol ⋅=  

pirveli sarTulis svetebis zeda kveTSi  1colM  da qveda kveTSi 2colM  

iqneba 

;3/1 hQM colcol ⋅=  .3/221 hQM colcol ⋅=  

amis Semdeg qaris horizontaluri dawnevisagan rigelebSi aRZruli 
sayrdeni momentebi iangariSeba kvanZebis wonasworobis pirobidan. 

analogiurad gamoTvleba mravalsarTuliani Senoba seismur 
zemoqmedebaze. jer davTvliT yoveli sarTulis gadaxurvis doneze masebis 
jamur sidides da Senobas warmovadgenT, rogorc saZirkvelSi xistad 
Camagrebul konsolur Reros sarTulTSorisi gadaxurvebis doneze 
Seyursuli masebiT. am masebis Sesabamisi seismuri Zalebis gamoTvlis 
Semdeg iseve, rogorc qaris datvirTvaze gaangariSebisas, maT Seyursuli 
Zalebis saxiT movdebT CarCos sarTulTSorisi gadaxurvis doneze da 
vangariSobT Sesabamis Zalvebs. imis mixedviT, Tu am ori saxis 
horizontaluri datvirTvidan (qaris da seismuri zemoqmedebis), romelic 
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iZleva ufro met Zalvebs, mas SevitanT saerTo datvirTvebis cxrilSi da 
am Zalvebis araxelsayreli SexamebiT, gamovTvliT maqsimalur Zalvebs. 

saTanado maqsimaluri Zalvebis mixedviT rigeli, rogorc Runvadi 
elementi gaiangariSeba M  da Q  Zalvaze normaluri da daxrili kveTebis 
simtkicis mixedviT, xolo svetebi, rogorc garecentrulad SekumSuli 
elementebi mRunavi M  momentisa da Sesabamisi grZivi N  Zalis moqmedebaze. 
 
 
 

sakontrolo sakiTxebi 
 

1. rogoria mravalsarTuliani Senobebis gamoyenebis mizezebi. ra uaryofiTi 

Tvisebebi axasiaTebs aseT Senobebs. 

2. rogoria mravalsarTuliani Senobebis konstruqciuli sqemebi. maTi 

gamoyenebis sferoebi. 

3. mravalsarTuliani samrewvelo Senobebi, svetebis bade, mzidi karkasi da 

misi danawevrebis variantebi. 

4. mravalsarTuliani samoqalaqo Senobebis mzidi konstruqciebi, maTi 

konstruqciuli gadawyvetis saxeobebi. 

5. diafragmebi da sixistis birTvebi, rogorc mravalsarTuliani karkasis 

sixistis uzrunvelyofis elementebi. 

6. ra upiratesoba da nakli aqvs panelur samoqalaqo Senobebs. Semadgenloba. 

7. mravalsarTuliani Senobebis mzidi karkasebis da maTi calkeuli 

elementebis inJinruli gaangariSebis principebi vertikaluri da 

horizontaluri datvirTvebis moqmedebaze. 
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nawili III 
qvisa da armoqvis konstruqciebi 

 
12. qvis wyobis fizikur–meqanikuri maxasiaTeblebi 

 
 12.1. zogadi cnobebi 

qvis konstruqciebi (qvis wyoba) Sedgeba bunebrivi an xelovnuri 
qvebisagan, romlebic duRabis meSveobiT gaerTianebulia erTian, 
monoliTur sxeulad. 

qvis konstruqcia mravali saukunis manZilze erT–erTi mTavari 
samSeneblo masalaa. saqarTveloSi dRemde moRweulia mniSvnelovani 
nagebobebi: taZrebi, Tavdacvis cixeebi, xidebi da sxva, romlebic agebulia 
kiris duRabze bunebrivi qvis wyobiT, romelTac dRemde ar daukargavs 
saTanado simtkice. aguris, keramikuli qvisa da betonis blokebis 
industriuli wesiT damzadebam SesaZlebeli gaxada xelovnuri qvis wyobiT 
agebuliyo samoqalaqo da samrewvelo daniSnulebis nagebobebi.  

qvis konstruqciis dadebiTi Tvisebebia: cecxlmedegoba, xangamZleoba, 
kargi Tbo – da bgeraizolacia da mcire saeqspluatacio xarjebi; qvis 
masalebi ZiriTadad adgilobrivad moipoveba da mzaddeba. uaryofiT 
Tvisebebs miewereba: didi sakuTari masa da mSeneblobisas xeliT Sromis 
mniSvnelovani danaxarjebi. am ukanasknelis nawilobrivi gamosworeba 
SeiZleba qvis msxvili blokebis an gamsxvilebuli panelebis gamoyenebiT, 
romelTa adgilze dalageba xdeba saTanado meqanizmebis saSualebiT. 

im SemTxvevaSi, rodesac saWiroa qvis konstruqciis zidvis unaris 
gazrda, gamoiyeneba wyobis daarmaturebis meSveobiT gaZlierebis sxvadasxva 
meTodi. daarmaturebul wyobas ewodeba armoqvis konstruqcia. qvis wyobis 
daarmaturebiT SesaZlebeli xdeba mSeneblobaSi gafarTovdes qvis 
konstruqciebis gamoyenebis sfero.  

 
 
12.2. qvisa da armoqvis konstruqciebis masalebi 
qvis masalebi. wyobisaTvis gamoiyeneba bunebrivi qvis calkeuli 

swori formis blokebi da uformo yoreqva, romelTa masa 40 kg–mdea da 
xelovnuri calobiTi qva da qvis nakeTobebi (aguri, keramikuli qvebi, 
betonis blokebi) damzadebuli saqarxno pirobebSi, romelTa masa 
SezRudulia satransporto da samontaJo mowyobilobebis 
SesaZleblobebiT. 

qvis masalebis klasifikacia xdeba: 1) warmoSobis mixedviT; a) 
bunebrivi qvebi, romlebic moipoveba qvis karierebSi, rodesac swori 
formis blokebi gamoixerxeba mTis an danaleqi mtkice qanebis masivebidan; 
yoreqva – am masivebis afeTqebis Sedegad an swori formis qvebis 
daxerxvisas narCenebis saxiT; b) xelovnuri qvebi formebSi dawnexili 
Tixis gamowviT (aguri, keramikuli qvebi) da gamowvis gareSe damzadebuli 
(silikaturi da widisagan damzadebuli agurebi, betonis blokebi 
damzadebuli mZime da msubuqi betonisagan); 2) struqturis mixedviT gvaqvs: 
a) mTliani aguri da qvis blokebi; b) Rru aguri da keramikuli qva, 
siRrueTa sxvadasxva formiT (nax. 70). 

mZime, bunebrivi qanebis (kirqva, qviSaqva, graniti, bazalti, marmarilo) 
blokebi ZiriTadad gamoiyeneba kedlebis mosapirkeTeblad. mZime, didi 
zomis blokebi gamoiyeneba lentur saZirkvlebSi, xolo msubuqi qanebis 
blokebi (tufi, kirqva, niJarqva) – mzid da tixris kedlebSi. nebismieri 
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qanis yoreqva gamoiyeneba saZirkvlebSi an zogjer, arasapasuxismgeblo 
Senobebis kedlis wyobaSic. 

mzid kedlebsa da boZebSi gamoiyeneba ZiriTadad aguri. aguri 
SeiZleba iyos Cveulebrivi Tixis, mTliani an Rru, silikaturi, diatomitis 
an trepelis, plastikuri an naxevrad mSrali dawnexiT damzadebuli da 
keramikulis Semdgomi gamowviT. 

Cveulebriv, uSveben 250x120x65 mm zomebis keramikul (Tixis) agurs, 
modulurs ki _ 250x120x88 mm. Cveulebrivi aguri aris mTlianic da 
siRrueebianic. moduluri – mxolod siRrueebiania (nax.70,a,b,g). wyobis 
xeliT Sesasruleblad gamoiyeneba agreTve, 250x120x138mm zomebis keramikuli 
qvebi. 

 

 
 
nax. 70. Rru aguri da keramikuli qvebi: 
 a–aguri Cveulebrivi, naxevrad mSrali dawnexvis, aragamWoli 

siRrueebiT; b–keramikuli aguri plastikuri dawnexis, mrgvali 
siRrueebiT; g–igive, RreCosebri siRrueebiT; d–keramikuli qva ganivi 
siRrueebiT; e–keramikuli qva grZivi siRrueebiT 

 
 
ganivi an grZivi siRrueebiT (nax.70,d,e), betonis mTliani an Rru blokebi, 
zomiT 390x190x188 mm, romlebic mzaddeba, rogorc mZime, ise msubuqi 
betonisagan. mZime betonisagan damzadebul msxvil blokebs, zomiT 
2380x400x580 mm iyeneben ZiriTadad sakedle wyobisaTvis. 
 mzid konstruqciaSi gamoyenebuli qvis ZiriTadi maxasiaTebelia 
simtkice, romelic warmoadgens nimuSebis droebiT winaRobas kumSvaze 
(kgZ/sm2). garda amisa, zogjer saWiroa ganisazRvros qvis simtkice gaWimvaze 
Runvis dros. wyobaSi gamoiyeneba qvebi markiT 4–dan 1000 kgZ/sm2 (0,4...100 
mgpa). wyobaSi gamoiyeneba B3,5... B30 klasis betonis blokebi. iTvleba, rom 
qvebi markiT 4...50 mcire simtkicisaa, markiT 75...200 – saSualo simtkicis, 
xolo markiT 250...1000 – maRali simtkicis. qvis markis an betonis klasis 
SerCeva xdeba qvis konstruqciis simtkicis pirobidan. 
 qvis masalebs garda simtkicisa moeTxoveba yinvamedegoba, 
wyaluJonadoba, simkvrive, siRrueTa garkveuli procenti da sxva. 

 
duRabi (xsnari). duRabi Sedgeba aqtiuri mWida masalisagan (cementi, 

kiri, cement–kiri, cement–Tixa) da inertuli (Semvsebi) qviSisagan. 
garkveuli raodenobis wyalia saWiro, rom mWida masalam daiwyos 
gamkvriveba (hidratacia), xolo moxmarebis (wyobis Sesrulebis) dros iyos 
sakmarisad plastikuri. duRabi calkeul qvebs kravs erT mTlian 
monoliTad (wyobad), gadascems ra gare datvirTvisagan aRZrul Zalvebs 
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erTi qvidan meoreze. qvebs Soris nakerebis SevsebiT igi uzrunvelyofs 
wyobis mTlianobas da icavs Senobas atmosferuli zemoqmedebis (qari, 
wvima) SigniT SeRwevisagan. cementiani duRabi moiTxovs mWida masalis 
SedarebiT met xarjs, radgan mcire raodenobis cementis dros duRabi 
xistia da wyobisaTvis Znelad mosaxmari. aseT duRabs ZiriTadad moixmaren 
saZirkvlebSi da gruntis wylebis donis dabla moTavsebul 
konstruqciebSi. duRabis advilad moxmarebisaTvis igi unda iyos 
plasatikuri, rom gaiSalos wyobaSi Txel, Tanabari sisqis fenad, dafaros 
wyobis uswormasworo zedapiri, rac zrdis wyobis xarisxs da kalatozis 
mwarmoeblobas. duRabis plastikurobisaTvis rekomendebulia masSi 
garkveuli raodenobis plastifikatoris (kiri, Tixa, specialuri 
plastifikatori) Seyvana. samwuxarod, xSirad duRabis plastikurobas 
zedmeti wylis meSveobiT aRweven, rac amcirebs duRabis simtkices. es ki 
seismur raionebSi mSeneblobis dros dauSvebelia. 

simtkicis mixedviT ganasxvaveben: mZime (simkvrive mSral 
mdgomareobaSi 1500kg/m3 da meti) da msubuq (simkvrive mSral mdgomareobaSi 
1500kg/m3 naklebi) duRabebs. mZime duRabisaTvis Semvsebad ixmareba kvarcis 
da kirqvis qviSebi, xolo msubuqisaTvis – tufisa da pemzis qviSa. 

gamyarebis Semdeg duRabi unda iyos winaswar daniSnuli simtkicis da 
garemos zemoqmedebis mimarT medegi. duRabis simtkice xasiaTdeba markiT – 
droebiTi winaRobiT kumSvaze (kgZ/sm2) kubebisa, romelTa gverdebis zomaa 
70x70x70 mm, gamyarebis vada 28 dRe. normebiT dadgenilia duRabis markebi 
4...200 kgZ/sm2 (0,4...20 mgpa). 

duRabis markis daniSvna xdeba nagebobis xanmedegobis, simtkicisa da 
eqspluataciis pirobebis gaTvaliswinebiT. SenobaTa kedlebis wyobaSi 
ufro xSirad gamoiyeneba 10...100 markis duRabebi. daarmaturebul (armoqvis) 
konstruqciebSi da SenobebSi, romlebic seismurad aqtiur raionSi Sendeba, 
gamoiyeneba duRabi aranaklebi 25 markisa. axlad dagebuli an gayinvis 
Semdeg galRobili duRabis simtkice praqtikulad nulis tolia. 

 
armatura. qvis konstruqciis dasaarmatureblad (armoqvis 

konstruqciebi) gamoiyeneba: badeebiT wyobis ganivi mimarTulebiT 
daarmaturebisas – cxlad glinuli  gluvi zedapiris, Rerovani A–I klasis 
armatura (d=6...8 mm) an perioduli profilis, Bp–I klasis saarmature 
mavTuli (d=3...8 mm). wyobis grZivi mimarTulebiT karkasebiT daarmaturebisas 
– grZiv muSa da ganiv konstruqciul armaturad gamoiyeneba Rerovani  A–I 
da A–II klasis armatura da Bp–I klasis mavTulovani armatura diametriT 
5...8 mm. Casatanebeli detalebi, foladis garsakri saWiroa damzaddes 
foladis glinuli furclebisa da sortamentisagan. 

 
12.3. agurisa da qvis blokebis wyoba 
Siga da gare kedlebis qvis wyobis tipi da masala SeirCeva 

mSeneblobis raionis klimaturi pirobebisa da adgilobrivi qvis masalis 
arsebobis mixedviT, agreTve Senobis daniSnulebisa da saTavsebis 
temperaturul–tenianobis reJimis mixedviT. 

struqturis mixedviT kedlis wyoba gansxvavdeba: qvis erTi masaliT 
Sesrulebuli mTliani wyoba; mravalfenovani, romelic Sedgeba ori an meti 
fenisagan da sruldeba erTi an sxvadasxva qvis masalisagan; Semsubuqebuli 
wyoba, sadac mzidi kedlis nawili Secvlilia izolaciis filebiT – 
msubuqi an ujredovani betonis blokebiT. aguris mTliani wyoba sruldeba 
gadabmis erTriga an mravalriga sistemiT (nax.71,a,b,g,d). keramikuli, betonis 
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da bunebrivi qvis wyobis gadabma naCvenebia nax. 71,e,v–ze; Semsubuqebuli 
wyobis erT–erTi tipi – nax. 71,z–ze.  

 

 
 
nax. 71. aguris, xelovnuri da bunebrivi qvis wyoba: 

a–wyoba Cveulebrivi aguris jaWvuri gadabmiT; b–igive 88 mm sisqis 
agurisagan; g–wyoba Cveulebrivi aguris mravalriga gadabmiT;  
d–igive 88 mm sisqis agurisagan; e–wyoba Rru keramikuli qvisagan;  
v–bunebrivi qvis an betonis blokis wyoba; z–Semsubuqebuli wyoba.  
1–aguri; 2–damaTbunebeli masalis fila; 3–sicariele 
 

 
msxvili blokebiT Sesrulebuli kedlebis Wra damokidebulia 

sarTulis simaRleze, fanjris Riobebis zomasa da mSeneblobaze arsebuli 
amwe–meqanizmebis tvirTamweobaze. orriga Wra (nax.72,a) ZiriTadi gadawyvetaa 
gare mzidi kedlis wyobisaTvis. orblokiani (lenturi) Wra (nax.72,b) 
gamoiyeneba TviTmzid gare kedlebSi. sam da oTxriga Wra (nax.72,a–punqtiri) 
gamoiyeneba mzid da TviTmzid gare da Siga kedlebSi aguris, bunebrivi 
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qvis an mcire zomis silikaturi blokebisagan gamsxvilebuli panelebis 
SemTxvevaSi.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 72. msxvili blokebiT agebuli Senobis fasadis fragmenti: 
    a–orriga Wra; b–orblokiani (lenturi) Wra. 
    1–Suakedlisis bloki; 2–fanjrisqveSa bloki; 3–zRudaris bloki 

 
 
12.4. dauarmaturebeli wyobis simtkice da deformacia 
qvis wyobis simtkice damokidebulia qvisa da duRabis simtkicesa da 

deformirebadobaze, qvis zomasa da formaze, duRabis plastikurobaze, 
horizontaluri da vertikaluri nakerebis Sevsebis xarisxze, duRabis 
qvasTan SeWidulobaze, wyobaSi qvebis gadabmis saxeobasa da xarisxze, 
kalatozis kvalifikaciasa da sxva faqtorebze. 

cdebiT dadgenilia, rom calkeuli agurebi (qvis bloki), 
centralurad SekumSul wyobaSic ki, ar eyrdnoba meore aguris zedapirs 
mTeli farTobiT, radgan arc agurs aqvs idealurad swori zedapiri da 
arc duRabia horizontalur nakerSi erTnairi sisqisa da simkvrivis. amis 
Sedegia, rom aguris (qvis) zeda da qveda zedapirze dawneva araTanabrad 
aris ganawilebuli da igi ganicdis Runvas, garecentrul kumSvas an 
axleCas, ris gamoc aRiZvreba gamWimavi Zabvebi. radgan horizontalur 
nakerSi duRabis cocvadobisagan gamowveuli ganivi deformaciebi 
mniSvnelovnad aRemateba qvis ganiv deformaciebs, amitom qvaSi warmoiqmneba 
damatebiTi gamWimavi Zabvebi, rac ufro metad amcirebs wyobis simtkices. 
horizontalur nakerSi duRabis sisqis gazrdiT SeiZleba miRweuli iqnes 
aguridan agurze datvirTvis Tanabari gadacema, magram sqeli fenis duRabi 
iwyebs damoukideblad kumSvaze muSaobas da misi SedarebiT naklebi 
simtkicis gamo, mcirdeba wyobis simtkicec. amitom nakeris optimalur 
sisqed iReben 10...12 mm–s. aguris wyobaSi warmoqmnili rTuli daZabuli 
mdgomareobis gamo wyobis simtkice susti duRabis gamoyenebisas Seadgens 
aguris simtkicis 10...15%–s, xolo mtkice duRabisas – 30...40%–s. wyobis 
vibrirebis SesaZleblobis SemTxvevaSi xdeba nakerebis duRabiT Sevseba, 
izrdeba wyobis xarisxi da simtkice (1,5...2–jer). 
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wyobis simtkicesa da deformaciaze msjeloba efuZneba 
mravalricxovani cdebis monacemebs. normebiT, wyobis simtkicis ZiriTad 
maxasiaTeblebad miRebulia: Ru droebiTi winaRoba kumSvaze (simtkicis 
zRvris saSualo sidide); R saangariSo winaRoba RerZul kumSvaze; Rt 
saangariSo winaRoba RerZul gaWimvaze; Rtb saangariSo winaRoba gaWimvaze 
Runvis dros (igivea, rac mTavari gamWimavi Zabva Rbw); Rsq saangariSo 
winaRoba Wraze. 

Ru droebiTi winaRoba kumSvaze miiReba qvisa da duRabis sxvadasxva 
maxasiaTebliani, didi raodenobis wyobis standartuli nimuSebis kumSvaze 
gamocdiT. R saangariSo winaRoba RerZul kumSvaze miiReba Ru droebiTi 
winaRobis usafrTxoebis k koeficientze gayofiT (R= Ru/k). yvela saxis 
wyobisaTvis k=2. 

qvisa da duRabis markis (simtkicis) mixedviT wyobis R saangariSo 
winaRoba RerZul kumSvaze mgpa–obiT, mocemulia me-15 danarTSi. 

qvis sxvadasxva konstruqciis gaangariSebisas wyobis saangariSo 

winaRoba, saWiroebis SemTxvevaSi, mravldeba muSaobis pirobebis γc 
koeficientze, romelic damokidebulia konstruqciis saxeobaze, qvis 
masalaze, duRabis gamyarebis pirobebze da sxva. magaliTad, mcire 

farTobis kveTis boZebisa da zRudarebisaTvis, rodesac 3,0≤A m2 – γc=0,8, 

xolo msxvili blokebisa da qvebisaTvis, romlebic damzadebulia mZime 

betonisagan – γc=1,1. 
saangariSo winaRobebi gaWimvaze – Rt, gaWimvaze Runvisas – Rtb(Rtw) da 

Wraze – Rsq, damokidebulia imaze, Tu rogoria wyobis rRvevis sqema. wyobis 
gaWimvaze muSaobisas gamWimavi Zalis moqmedebis mixedviT mosalodnelia 
rRvevis ori SemTxveva: rRveva gadaubmel kveTze anu wyobis horizontalur 
nakerze da gadabmul kveTze, vertikaluri nakeris gaswvriv (nax.73).  

 
 

 
nax. 73. wyobis rRvevis sqema gaWimvisas: 

a–gadaubmel nakerze; b–gadabmul nakerze (I–I – rRveva duRabze;  
II–II – rRveva qvaze) 

 
 
meore saxis rRvevis SemTxvevisas wyobis rRveva SeiZleba moxdes 

duRabze (I–I) an qvaze (II–II). gadaubmel nakerze wyobis simtkice 
damokidebulia duRabis qvasTan SeWidulobaze da igi naklebia vidre 
gadabmuli kveTis simtkice, romelsac gansazRvravs duRabis an qvis 
simtkice.  

gaWimvaze an gaWimvaze Runvisas qvis wyoba muSaobs Sesabamisad: 
siTxis cilindrul rezervuarSi, garecentrulad SekumSul kedlebsa da 
boZebSi, xolo Wraze (Zvraze) – sayrdeni kedlis kontrforsebSi, ganapira 
zRudarebSi da sxva.  
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wyobis deformaciis suraTs iZleva σ Zabvisa da ε fardobiT 
deformacias Soris damokidebulebis grafiki (nax. 74), sadac Cans, rom 

wyoba warmoadgens drekad–plastikur sxeuls, radgan garkveuli  σ Zabvis 
Sesabamisi ε1 sruli deformacia aris εel drekadi da εpl aradrekadi 
(plastikuri) deformaciebis jami, e.i. 

ε1 = εel + εpl. 

`σ–ε~ diagramis mixedviT wyoba mxolod mcire sididis datvirTvisas 
(0,2 Ru–mde) muSaobs drekadad (grafikis Sesabamisi monakveTi uaxlovdeba 
wrfes). datvirTvis Semdgomi gazrdisas grafiki mruddeba, e.i. gamovlindeba 
aradrekadi anu plastikuri deformaciebi, rac ZiriTadad gamowveulia 
nakerebSi duRabis cocvadobiT. 

 
 

 
nax. 74. aguris wyobis kumSvisas Zabvasa da deformacias Soris 
        damokidebuleba 
 
 
drekadi deformaciis maxasiTebelia drekadobis sawyisi moduli 

εσ /0 =E , romelic geometriulad gamoisaxeba, rogorc 00 ϕtgE = . cdebiT 

dadgenilia, rom  uRE α=0 , sadac α wyobis drekadi Tvisebebis 

gamTvaliswinebeli koeficientia. igi damokidebulia duRabis markasa da 
wyobis saxeze da icvleba 350...1000–is farglebSi. datvirTvis zrdasTan 

erTad moduli mcirdeba, rac Cans nebismieri σ1 _isa da ε1–is magaliTze: 
igi damokidebuli xdeba datvirTvaze da udris εσϕ ddtgE /== . gamoTvlebis 
gamartivebisaTvis deformaciis modulad iReben deformaciis mrudis 
gansaxilvel m da koordinatTa saTavis O wertilebze gatarebuli wrfis 

mier abscisaTa RerZTan Seqmnili kuTxis tangenss e.i. 111 / ϕεσ tgE == . wyobis 

simtkiceze praqtikuli gaangariSebisas 05,0 EE = . grZivi da ganivi Zalebis 

moqmedebisas deformaciaze gaangariSebisaTvis an qvis konstruqciebis 

rxevis periodis gamoTvlisaTvis 08,0 EE = . wyobis fardobiTi deformacia 

gamoiTvleba formuliT  
E/νσε = . 

aq σ  aris ε –is Sesabamisi Zabva; ν – wyobaSi cocvadobis gavlenis 
gamTvaliswinebeli koeficienti. aguris wyobisaTvis ν =2,2. 
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12.5. qvis wyobis konstruqciebis gaangariSeba zRvrul mdgomareobaTa 
    mixedviT 
qvisa da armoqvis konstruqciebis gaangariSeba xdeba ori jgufis 

zRvrul mdgomareobaTa mixedviT: pirveli – simtkicisa da mdgradobis, 
meore – bzarmedegobis (bzarebis warmoqmna da gaxsna) da saerTo 
deformaciebis mixedviT. pirveli jgufis zRvrul mdgomareobaTa mixedviT 
gaangariSeba savaldebuloa yovelTvis, yvela saxis konstruqciisaTvis. 
meore jgufis mixedviT xdeba im konstruqciebis gaangariSeba, sadac ar 
daiSveba bzarebis warmoqmna (rezervuarebis mopirkeTeba) an dasaSvebia 
bzarebis gaxsna mxolod SezRuduli sididiT (didi eqscentrisitetiT 
momuSave garecentrulad SekumSuli elementebi). Tu deformaciebis sidide 
SezRudulia erTad momuSave konstruqciebis erToblivi muSaobis 
pirobidan (karkasuli Senobis TviTmzidi kedlebiT Sevseba), maSin angariSi 
warmoebs saerTo deformaciebis (CaRunvis) mixedviT. gaangariSebis mizania 
konstruqciis saTanado kveTis SerCeva an mocemuli kveTebis simtkicis 
Semowmeba. gamoTvlili Zabvebi, deformaciebi da bzaris gaxsnis sidide ar 
unda aWarbebdnen normebiT daSvebul zRvrul sidideebs.  

 
 
12.5.1. centraluri kumSva 
iTvleba, rom centraluri kumSvisas Zabvebi elementis kveTSi 

ganawilebulia Tanabrad. aseTi elementebis rRveva damokidebulia mis 
moqnilobazec: mokle elementebi irRveva wyobis simtkicis amowurvis 

Sedegad ( uR=σ ), grZeli (moqnili) elementebi – mdgradobis dakargviT, 

rodesac kritikuli Zabvebi naklebia wyobis zRvrul winaRobaze ( ucr R<σ ). 

centralurad SekumSuli elementebis simtkiceze gaangariSeba xdeba 
formuliT 

,RAmN gϕ≤           (12.1) 

sadac N saangariSo grZivi mkumSavi Zalaa; mg – wyobis zidvis unarze 
datvirTvis xangrZlivi moqmedebis Sedegad gamowveuli gaRunvis gavlenis 
koeficienti, romelic faqtiurad asaxavs duRabis cocvadobis gavlenas; R 
– wyobis kumSvaze saangariSo winaRoba; A – elementis ganivi kveTis 

farTobi; ϕ – grZivi Runvis koeficienti, damokidebuli wyobis drekadobis 

maxasiaTebelze da elementis moqnilobaze ( );/0 hlh =λ  mg da λh sidideebi 

ganisazRvreba normebis saTanado cxrilebis mixedviT.  
centralurad SekumSuli dauarmaturebeli elementebis kveTebis 

SerCeva xdeba TandaTanobiT miaxloebiT. dainiSneba normebis Sesabamisad 
qvisa da duRabis saxeoba, marka, me-15 danarTis mixedviT moinaxeba wyobis 

saangariSo simtkice kumSvaze. pirveli miaxloebiT dainiSneba mg=1 da ϕ=0,9 
da simtkicis (12.1) formulidan ganisazRvreba kedlis an boZis ganivi 
kveTis zomebi. dadgenili geometriuli zomebis mixedviT gaiangariSeba 

elementis moqniloba, Sesabamisi cxrilis meSveobiT dazustdeba mg da ϕ–s 
mniSvneloba da gaangariSeba Catardeba xelmeored. wyobis parametrebis 
winaswar daniSnuli sidideebi praqtikuli gaangariSebis gamocdilebis 
Sedegad aiReba, amitom meore miaxloeba ZiriTadad damakmayofilebel 
Sedegs iZleva. 
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12.5.2. garecentruli kumSva 
garecentrul kumSvaze muSaobs qvis konstruqcia, rodesac grZivi 

mkumSavi Zala modebulia kveTis simZimis centris gareT. cdebiT 
dadgenilia, rom kveTis daZabuli mdgomareoba damokidebulia grZivi Zalis 
centridan daSorebis (e0 eqscentrisitetis) sidideze. mcire 
eqscentrisitetisas mTeli kveTi SekumSulia, magram Zabvebi ganawilebulia 
araTanabrad. eqscentrisitetis gazrdiT naklebad SekumSul kidesTan 
SeiZleba aRiZras gamWimavi Zabvebi, rasac mohyveba t siRrmis bzaris 
warmoqmna da kumSvaze muSaobs kveTis mxolod h–t nawili (nax. 75,g). 

 

 
 
nax. 75. garecentruli kumSvisas ZabvaTa epiurebi da saangariSo sqema: 
   a, b, g – Zabvis epiuris cvlileba eqscentrisitetis zrdisas; 
   d – kveTis saangariSo sqema 
 
 
rodesac kveTSi Zabvebi araTanabrad aris ganawilebuli, wyobaSi 

Zabvebi droebiT winaRobas miaRwevs pirvelad metad daZabul kideze, magram 
zidvis unari amiT ar amoiwureba, radgan duRabis cocvadobisagan 
ganviTardeba mniSvnelovani plastikuri deformaciebi, ris gamoc daZabuli 
kidedan Zabvebi gadanawildeba naklebad daZabuli kidisaken da kveTis 
muSaoba uaxlovdeba centralur kumSvas. es niSnavs, rom kveTis zidvis 

unari izrdeba.  es  zrda  gamoixateba  ω  koeficientiT. aguris 

wyobisaTvis ω=1+ e0/h≤1,45. centraluri kumSvis dros  ω=1.  
garecentrul kumSvaze wyobis simtkicis gaangariSebisas, kveTis 

daZabuli mdgomareobis sirTulis gamo, sargebloben empiriuli formuliT, 
Semdegi daSvebebis gaTvaliswinebiT: gaWimuli zona (Tu igi arsebobs) ar 
miiReba mxedvelobaSi; SekumSul zonaSi Zabvebi iTvleba Tanabrad 

ganawilebulad da misi simZimis centri emTxveva Ν grZivi Zalis modebis 
wertils (nax.75,d). simtkicis piroba Semdegnairad gamoisaxeba: 

ωϕ cg RAmN 1≤ .         (12.2) 

aq mg igivea, rac centraluri kumSvisas igi xangrZlivi datvirTvisa da 
duRabis cocvadobis gamTvaliswinebeli koeficientia. Tu ganivi 
kveTis zoma metia 30 sm–ze,  mg=1; 

   Ν aris grZivi saangariSo Zalva; 

   ϕ1,  grZivi Runvis koeficientia garecentruli kumSvisas. gamoiTvleba, 

rogorc mTeli kveTis mixedviT grZivi Runvis ϕ koeficientisa da 
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kveTis mxolod SekumSuli nawilis Sesabamisi ϕc grZivi Runvis 

koeficientis saSualo ariTmetikuli sidide – ϕ1=(ϕ+ϕc)/2;  

   ( )heAAc /21 0−=  kveTis SekumSuli nawilis farTobia. 

 rodesac elementis sisqe 250 mm da naklebia, maSin e0 eqscentrisitets 
emateba ea SemTxveviTi eqscentrisiteti, romelic wyobis vertikalidan 
gadaxris an datvirTvis modebis wertilis arazusti dafiqsirebis Sedegad 
warmoiqmneba. maSasadame, 

     aeNMe += /0 . 

mzidi kedlisaTvis ea=2 sm–s, TviTmzidi kedlisaTvis  ea=1 sm–s.  
 bzaris gaxsnis sigane da siRrme wyobaSi normebiT SezRudulia. 
radgan bzarebis warmoqmna e0 eqscentrisitetis sididezea damokidebuli, 
amitom normebiT dadgenilia misi zRvruli mniSvnelobebi: datvirTvebis 

ZiriTadi Sexamebisas  ,9,00 ye ≤  xolo gansakuTrebuli SexamebisaTvis 

ye 95,00 ≤  (y manZilia kveTis simZimis centridan kveTis metad SekumSul 

kidemde). rodesac ,7,00 ye ≤  garecentrulad SekumSul elementebs 

angariSoben mxolod simtkiceze, Tu es piroba ar sruldeba, saWiroa 
gaWimuli zonis gaangariSeba wyobis horizontalur nakerebSi bzaris 
gaxsnis sididezec. 
 
 
 12.5.3. adgilobrivi kumSva (Telva) 
 rodesac konstruqcia (koWi, sveti da sxva) eyrdnoba qvis wyobis 
kveTis mxolod nawils, gvaqvs adgilobrivi kumSva. am SemTxvevaSi wyobis 
winaRoba ufro didia, vidre RerZuli kumSvis dros (rodesac datvirTulia 
mTeli ganivkveTi), radgan garda im farTobisa, romelzedac datvirTva 
uSualod moqmedebs, deformacias ganicdis mosazRvre farTobic, e.i. isic 
iRebs monawileobas muSaobaSi. am SemTxvevaSi wyobis simtkice mowmdeba 
gamosaxulebiT  

,loclocloc AkRN ψ≤          (12/3) 

sadac locN   adgilobrivi kumSvisas grZivi mkumSavi Zalaa; 

ψ  aris koeficienti, romelic iTvaliswinebs adgilobrivi kumSvis 

dawnevis epiuris saxes: Tanabrad ganawilebuli dawnevisas 
datvirTva wyobas gadaecema gamanawilebeli filis meSveobiT da 
ψ =1. rodesac datvirTva gadaecema duRabis fenis meSveobiT, 

dawnevis epiura samkuTxaa da ψ =0,5–s; 

k  koeficienti iTvaliswinebs masalis plastikur Tvisebebs; 

RRloc ξ=  aris adgilobrivi kumSvisas wyobis winaRoba. 

aq  R  RerZul kumSvaze wyobis winaRobaa; 3 / locAA=ξ . 

 
 

 
nax. 76. adgilobrivi kumSvisagan wyobis daZabuli farTobi 
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Tu adgilobriv datvirTvasTan (koWis, wamwis sayrdeni reaqciebi) 
erTad wyobaze moqmedebs kveTis mTel farTobze ganawilebuli datvirTvac 
(zemoT mdebare wyobis masisagan da am wyobaze gadacemuli gare datvirTva), 
maSin gaangariSeba Telvaze tardeba cal–calke: jer mxolod adgilobriv 
datvirTvaze, Semdeg adgilobrivi da mTliani datvirTvis jamze. 

 
 
12.5.4. Runva 
Runvaze muSaobs mravalsarTuliani Senobebis gare kedlebi qaris 

zemoqmedebaze, wylis hidrostatikur dawnevaze – kontrforsebiani sayrdeni 
kedlis gareTa filebi da oTxkuTxa auzis kedlebi. qvis konstruqciebi, 
romlebic ganicdian Runvas, rogorc wesi, aigeba gadabmuli nakerebiT. 

mRunavi momentisa da ganivi Zalis mixedviT simtkicis piroba 
Caiwereba, rogorc drekadad momuSave konstruqciisaTvis 

,; bzRQWRM tbtb ≤≤           (12.4) 

aq  M da Q saangariSo mRunavi momenti da ganivi Zalaa; 
    Rtb wyobis saangariSo winaRobaa gaWimvaze Runvis dros, gadabmuli 

kveTis mixedviT; 
    W – kveTis `drekadi~ winaRobis momenti; 

z – Siga wyvilZalis mxari – kveTis gaWimuli da SekumSuli zonis 
simZimis centrze modebul gamWimav da mkumSav Zalebs Soris 
manZili. marTkuTxa kveTisaTvis z=(2/3) h; 

       b da h kveTis zomebia. 
 
 

12.5.5. gaWimva da Wra 
cilindruli rezervuaris, silosis da sxva msgavsi konstruqciebis 

kedeli, romelic ganicdis RerZul gaWimvas, simtkiceze gaiangariSeba 
formuliT 

       nt ARN ≤ ,          (12.5) 

sadac N  gaWimvis dros saangariSo RerZuli gamWimavi Zalaa;  
Rt – wyobis saangariSo winaRoba gaWimvaze; 
An – kveTis saangariSo farTobi `neto~ anu qvaSi sicarieleebis 

farTobis gamoklebiT. 
RerZulad gaWimuli qvis konstruqciebis daproeqteba xdeba mxolod 

gadabmuli nakerebiT.  
qvis wyoba Wraze muSaobs, rodesac masze moqmedebs iseTi tipis 

datvirTva, rogoric aris, magaliTad, TaRis ganmbjeni, romelic moqmedebs 
horizontalurad da igi qvis wyobam unda aitanos, gadaubmeli 
horizontaluri nakeris winaRobis meSveobiT. es winaRoba Sedgeba: TviT 
nakeris Wraze winaRobisagan da xaxunis Zalisagan, romelic warmoiqmneba 
nakerSi qvasa da duRabs Soris. gaangariSeba xdeba formuliT 

( ) ,8,0 0 AnfRQ sq σ+≤           (12.6) 

aq Q wyobaze moqmedi gadamWreli Zalaa; 
      Rsq – wyobis Wraze saangariSo winaRoba; 

n  koeficienti iTvaliswinebs wyobaSi sicarieleebs: mTliani 
aguris an qvis dros n=1, sicarielebis arsebobisas, n=0,5; 

f aris xaxunis koeficienti wyobis nakerSi. swori formis qvis an 
aguris SemTxvevaSi – f =0,7; 
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   σ0  mkumSavi Zabvis saSualo sididea wyobaSi, romelic Seesabameba 
grZivi Zalis umcires saangariSo sidides; 

      A  aris kveTis saangariSo farTobi; 
   0,8 koeficienti iTvaliswinebs xaxunisadmi winaRobis SesaZlo 

SemTxveviT Semcirebas. 
 
 
12.5.6. wyobis gaangariSeba meore jgufis zRvrul mdgomareobaTa 
      mixedviT 
wyobis nakerebSi bzarebis warmoqmnaze, bzarebis gaxsnis sididis 

mixedviT da saerTo deformaciebze gaiangariSeba garecentrulad 

SekumSuli elementebi, rodesac grZivi Zalis eqscentrisiteti ye 7,00 > , an 

is elementebi, romlebSic bzarebis warmoqmna ar daiSveba, an bzarebis 
gaxsnis sidide SezRudulia eqspluataciis pirobebiT. 

gaangariSeba bzarmedegobaze (bzaris warmoqmna da gaxsna) warmoebs 
masalebis drekadi muSaobis pirobebisaTvis. zogad SemTxvevaSi 
gaangariSebis mizania, rom garedan moqmedi datvirTvisagan warmoqmnili 
gamWimavi Zabva elementis kveTis gaWimul kideSi ar aRematebodes wyobis 

saangariSo Rtb winaRobas gaWimvaze Runvisas, gamravlebuls rγ  muSaobis 

pirobebis koeficientze 

tbr RW
M

A
N γ≤±−          (12.7) 

Tu am formulaSi gaviTvaliswinebT, rom 0eNM ⋅=  da W winaRobis moments 

gamovsaxavT I inerciis momentis saSualebiT, miviRebT garecentrulad 
SekumSuli elementebis bzarmedegobaze gasaangariSebel formulas 

( ) ,
10
⎥⎦
⎤

⎢⎣
⎡ −

−
≤

I
eyhA
ARN tbrγ

        (12.8) 

sadac N da M Sesabamisad grZivi Zala da momentia normatiuli 
datvirTvebis ZiriTadi SexamebisaTvis; 

 A, W, I  aris kveTis farTobi, winaRobis da inerciis momentebi; 

      rγ  – muSaobis pirobebis koeficienti damokidebuli eqspluataciis 

          vadaze da wyobis maxasiaTeblebsa da muSaobis pirobebze; 
      y –  manZili kveTis simZimis centridan SekumSul kidemde; 
      e0   – grZivi Zalis eqscentrisiteti. 
 qvis konstruqcia sadac eqspluataciis pirobebis mixedviT ar 
daiSveba bzarebis warmoqmna mopirkeTebul, Selesil an sxvagvarad 
dafarul zedapirze, saWiroa gaangariSebul iqnes gaWimuli zedapiris 
deformaciis mixedviT (gaangariSeba deformaciis mixedviT): 

 RerZuli gaWimvisas            uEAN ε< ;               (12.9) 

 Runvisas                       
yh

EIM u

−
≤

ε
;        (12.10) 

 garecentruli kumSvisa da 

gaWimvisas                      ( ) .
10
⎥⎦
⎤

⎢⎣
⎡ −

≤
μ

I
eyhA

EA
N uε

                 (12.11) 

aq   N da M grZivi Zala da mRunavi momentia normatiuli datvirTvisagan; 
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     08,0 EE = – wyobis deformaciis moduli ( 0E – drekadobis modulia); 

      uε  wyobis gaWimvis zRvruli dasaSvebi fardobiTi deformaciaa, 

iniSneba Selesvis an mopirkeTebis mixedviT. magaliTad, siTxis 
hidrostatikuri dawnevis qveS momuSave konstruqciaSi, kedlis 

cementis xsnariT hidrosaizolacio Selesvisas  4108,0 −⋅=uε . 

 Tu zemoT moyvanili pirobebi ar sruldeba, maSin saWiroa kveTis 
zomebi Seicvalos an gamoyenebuli iqnas ufro mtkice masalebi.  
 
 
 12.6. daarmaturebuli qvis wyobis (armoqvis) konstruqciebi 
 qvis konstruqciebis zidvis unaris gasazrdelad iyeneben gaZlierebis 
Semdeg xerxebs: ganivi daarmatureba – armaturis badeebis ganlagebiT 
wyobis horizontalur nakerebSi (nax. 77); grZivi daarmatureba – armaturis 
Reroebis ganlagebiT wyobis garedan, an wyobis SigniT, elementis grZivi 
mimarTulebiT (nax.78); wyobaSi rkinabetonis CarTva – e.w. kompleqsuri 
konstruqciebi (nax.79); wyobis gaZliereba, misi rkinabetonisagan an liTonis 
kuTxovanebisagan ganxorcielebul garsakrSi (salteSi) CasmiT (nax.80). 
 
 

 
 
nax. 77. qvis konstruqciis ganivi daarmatureba: 

1–marTkuTxa bade; 2–armaturis badis naSverebi, misi ganlagebis 
gakontrolebisaTvis; 3–`zigzagis~ tipis bade 

 

 
nax. 78. qvis konstruqciis grZivi daarmatureba: 

a–armaturis wyobis gareT ganlageba; b– armaturis wyobis SigniT 
ganlageba; 1–ganivi armatura (caluRebi); 2–grZivi muSa armatura 
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nax. 79. kompleqsuri konstruqciis ganivi kveTis sqemebi: 

a–rkinabetonis calmxrivi ganlageba; 
b–rkinabetonis wyobis SigniT ganlageba 
 

 
 
nax. 80. boZebisa da kedlis saltiT gaZlierebis sqema: 

a–liTonis salte; b–rkinabetonis salte; g–kedlis gaZliereba 
rkinabetonis saltiT. 1–liTonis Tamasa; 2–SeduReba; 3–ganivi 

armatura ∅4...10 mm; 4–muSa armatura ∅5...12 mm; 5–betoni B7,5... B15 
klasis; 6–armaturis bade; 7–grZivi armatura; 8–kedlis wyoba 

 
 

12.6.1. badeebiT daarmaturebuli wyoba 
badeebiT daarmatureba (nax.76) gamoiyeneba mcire moqnilobis 

15/0 ≤= hlhλ , Zlierad datvirTul boZebsa an zRudarebSi, rodesac grZivi 

Zala moqmedebs mcire eqscentrisitetiT da misi modebis wertili ar 

gamodis kveTis gulis gareT (marTkuTxa kveTisaTvis .17,00 he ≤ ). Tu zemoT 

moyvanili pirobebi ar sruldeba, maSin kveTSi warmoiqmneba gamWimavi Zabva, 
risi atanac horizontalur bades ar SeuZlia, e.i. igi ver gaaZlierebs 
wyobas. 

badeebiT daarmaturebuli qvis wyobis zidvis unaris gazrda xdeba 
imis gamo, rom badis armaturis Reroebi CaerTveba gaWimvaze muSaobaSi, 
ewinaaRmdegeba wyobis ganivi mimarTulebiT gafarToebas anu vertikaluri 
bzarebis warmoqmnas da rRvevas. 

badeebi armaturis diametris mixedviT SeiZleba iyos marTkuTxa, 
jvaredinad ganlagebuli ReroebiT, diametriT 3...6 mm, bijiT ara umetes 12 
sm–sa da ara umcires 3 sm–is. am SemTxvevaSi armaturis diametris sididis 
SezRudva gamowveulia wyobis nakeris sisqis SezRudviT (10...12 mm). saWiroa, 
rom bade dafaruli iyos duRabis ara naklebi 4 mm SriT.  
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badeebi zigzagiseburad ganlagebuli ReroebiT mzaddeba 3...8 mm 
diametris armaturisagan, romelic badeSi orientirebulia mxolod erTi 
mimarTulebiT. amitom badeebi lagdeba or mezobel horizontalur nakerSi, 
Reroebis sapirispiro mimarTulebis dacviT. qvis wyoba badeebiT 
daarmaturdeba yovel 40 sm–ze, an Cveulebrivi aguris wyobaSi, yoveli 
xuTi rigis Semdeg. badeebSi gamoiyeneba A–I da Bp–I klasis armatura. 

wyobis badeebiT daarmaturebis minimaluri procentia  μ=0,1%, xolo 
maqsimaluri – ara umetes 1%–isa. duRabis marka aiReba ara umcires 50–isa. 

badeebiT daarmaturebuli wyobis saangariSo winaRoba Rsk 
damokidebulia duRabis markaze, armaturis Rs winaRobaze, dauarmaturebeli 

qvis wyobis kumSvis R saangariSo winaRobaze, μ daarmaturebis procentsa 
da garecentruli kumSvisas grZivi Zalis e0 eqscentrisitetze. centraluri 
kumSvisas 50 da meti markis duRabebisaTvis igi gamoiTvleba formuliT 

;2
100
2 RRRR s

sk ≤+=
μ

         (12.12) 

garecentrulad SekumSuli, armirebuli wyobis saangariSo winaRoba 
imave markis duRabebisaTvis gamoiTvleba formuliT 

R
y
eR

RR s
sk 2

2
1

100
2 0 ≤⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−+=

μ
.        (12.13) 

aq y manZilia kveTis simZimis centridan SekumSuli zonis kidemde. 
 badeebiT daarmaturebuli centralurad da mcire eqscentrisitetiT 
garecentrulad SekumSuli elementebis simtkiceze gaangariSeba xdeba 
dauarmaturebeli wyobis analogiuri formulebis saSualebiT, oRond qvis 
wyobis R saangariSo winaRobis nacvlad Casmulia daarmaturebuli wyobis 
Rsk saangariSo winaRoba. 
 
 
 12.6.2. grZivi ReroebiT daarmaturebuli wyoba 
 grZivi daarmatureba (nax. 77) gamoiyeneba ZiriTadad didi moqnilobis 

( )15/0 >= hlhλ , Zlierad datvirTul boZebsa da zRudarebSi, agreTve didi 

eqscentrisitetiT momuSave garecentrulad SekumSul elementebSi. grZivi 
armatura lagdeba wyobis gareT cementis xsnariT Selesvis qveS, aseve 
wyobis SigniT specialur RarebSi, romlebic Semdeg ivseba duRabiT. 
gamoiyeneba A–I, A–II da Bp–I klasis armatura ara naklebi 3 mm diametris 
gaWimul zonaSi da aranaklebi 8 mm–isa – SekumSul zonaSi. wyobisa da 
grZivi Reroebis erToblivi muSaoba uzrunvelyofilia A–I klasis 
armaturis an Bp–I klasis 3...6 mm diametris civad Wimuli mavTulis ganivi 
sakidebiT (caluRebiT). sakidebs Soris manZili aiReba ara umetes 15d–si 
grZivi armaturis wyobis garedan moTavsebisas da ara umetes 20 d–si, 
rodesac grZivi armatura wyobis SigniT aris ganlagebuli. grZivi 
armaturiT daarmaturebis minimaluri procentia: 0,1% SekumSulis da 0,05% 
– gaWimulis. armaturis koroziisagan dasacavad iyeneben duRabis markas 
ara nakleb 50–isa. 
 grZivad daarmaturebuli, garecentrulad SekumSuli armoqvis 
konstruqcia iseve muSaobs, rogorc rkinabetonis, amitom maTi 
gaangariSebis meTodikac iseTivea. 
 centralurad SekumSul da Runvad elementebSi, im dros, rodesac 
armaturaSi Zabvebi miaRwevs denadobis zRvars (saangariSo winaRoba) wyobis 
winaRoba gamoyenebulia mxolod 85%–iT, ris Semdegac armaturisa da 
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wyobis erToblivi muSaoba wydeba da elementi irRveva. es garemoeba 
centralurad SekumSuli elementebis simtkiceze gaangariSebis formulaSi, 
romelic analogiuria SemTxveviTi eqscentrisitetiT SekumSuli 
rkinabetonis elementis gaangariSebis formulisa, aisaxeba qvis wyobis 
saaangariSo winaRobis win 0,85 koeficientis SemotaniT 

( )sscg ARRAmN ′+≤ 85,0ϕ .        (12.14) 

aq    N saangariSo grZivi Zalaa; 
 R, Rsc – wyobisa da SekumSuli armaturis saangariSo winaRoba; 
 A, A's – wyobisa da SekumSuli armaturis ganivkveTis farTobi; 

 mg , ϕ – igive koeficientebia, rac dauarmaturebeli wyobisaTvis. 
 aRsaniSnavia, rom centralurad SekumSul elementSi grZiv 
daarmaturebas mimarTaven gamonaklis SemTxvevebSi wyobis zidvis unaris 
gasazrdelad. am dros xelasayrelia da ufro martivi, gaizardos wyobis 
ganivkveTis zomebi an moxdes badeebiT ganivi daarmatureba. 
 
 
 12.6.3. kompleqsurad daarmaturebuli wyoba 

kompleqsuria konstruqcia, rodesac qvis wyobaSi CarTulia 
rkinabetonis elementi (nax.78), romelic muSaobs wyobasTan erTad. Runvad 
da garecentrulad SekumSul elementebSi rekomendebulia rkinabetonis 
elementis mowyoba  wyobis garedan, gaWimul mxares. betonis Casxmis 
xarisxis Semowmebac ase ufro advilia.  
 kompleqsuri daarmatureba gamoiyeneba, rodesac saWiroa qvis wyobis 
zidvis unaris mniSvnelovani gazrda, Zlierad datvirTul centralurad 
da garecentrulad SekumSul elemementSi, ganivi kveTis zomebis 
Sesamcireblad. 
 kompleqsur konstruqciaSi gamoiyeneba betoni ara umetes B15 klasisa, 
A–II, A–III klasis grZivi armatura, romlis ganivkveTis farTobi aiReba 
betonis farTobis aranakleb 0,2% da ara umetes 1,5%–isa. 
 kompleqsuri konstruqciis gaangariSeba analogiuria grZivad 
daarmaturebuli armoqvis konstruqciebisa. magaliTad, centralurad 
SekumSuli elementebis simtkice iangariSeba formuliT 

].')(85,0[ sscbbg ARARRAmN ++≤ ϕ        (12.15) 

 radgan kompleqsuri konstruqciis ageba sakmaod Sromatevadia, mas 
iyeneben iSviaTad, ZiriTadad seismur raionebSi mSeneblobisas. 
  
 

12.6.4. garsakraviT gaZlierebuli wyoba 
qvis wyobis zidvis unaris gazrdis yvelaze efeqturi meTodia misi 

rkinabetonis an liTonis garsakravSi (salteSi) Casma (nax. 80). garsakravi 
ewinaaRmdegeba wyobis ganivi mimarTulebiT gafarToebas, rac mkveTrad 
zrdis mis winaRobas grZivi Zalis moqmedebis mimarT. 

rkinabetonis garsakravi sruldeba B15, B20  klasis betonisa da grZivi 
(vertikaluri) armaturisagan. ganivi armatura grZivs ukavSirdeba 
SeduRebiT yovel 6...10 sm–is daSorebiT. aseTi armaturis karkasi betonis 
nacvlad SeiZleba daifaros garedan cementis duRabiTac. 

liTonis garsakravi Sedgeba kuTxovanebisagan, romlebic 
vertikalurad dayenebulia boZis an zRudaris kideebze da Tamasebisagan 
(liTonis firfitebi), romlebic ganivad mieduReba kuTxovanebs. Tamasebs 
Soris manZili aiReba ara umetes 50 sm–sa. garsakravi, dayenebis Semdeg, 
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koroziisagan dasacavad daifareba 50...75 markis duRabis 25...30 mm sisqis 
feniT. 

garsakraviT gaZlierebuli centralurad da garecentrulad (mcire 
eqscentrisitetiT) SekumSuli konstruqciebis zidvis unari Semowmdeba 
Semdegi formulebiT: 

rkinabetonis garsakravis SemTxvevaSi 

  ⎥
⎦

⎤
⎢
⎣

⎡
′++⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

+≤ sscbbb
sw

kg ARARmA
R

RmmN
1001

3
μ

μηψϕ ,      (12.16) 

foladis garsakravis dros 

  ⎥
⎦

⎤
⎢
⎣

⎡
′+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

+≤ ssc
sw

kg ARA
R

RmmN
1005,21

5,2
μ

μηψϕ ,            (12.17) 

sadac  N  grZivi Zalaa; ψ, η – koeficientebi, centraluri kumSvisas cal–

calke udris erTs, ϕ – grZivi Runvis koeficienti; mg – 
koeficienti, iTvaliswinebs datvirTvis xangrZlivobis gavlenas; 
mk, mb  wyobisa da betonis muSaobis pirobebis koeficientebia; Rsw – 
Tamasis an ganivi armaturis (caluRis) saangariSo winaRoba; Rsc – 
kuTxovanebis an grZivi armaturis saangariSo winaRoba kumSvisas; 
A's – grZivi kuTxovanebis an armaturis Reroebis ganivkveTis 

farTobebi; Ab – betonis kveTis farTobi; 
( )

hbs
bhAsw +

=
2

μ – elementis 

ganivi TamasebiT an caluRebiT daarmaturebis procenti. 
rodesac garecentrulad SekumSul elementSi eqscentrisiteti 

gamodis kveTis gulis farglebs gareT, maSin wyobis gaZliereba 
garsakraviT naklebad efeqturia. 

 
 
sakontrolo sakiTxebi 

 
1. rogoria qvis konstruqciis Sedgeniloba. dadebiTi da uaryofiTi Tvisebebi. 

2. qvis konstruqciis da misi Semadgeneli masalis – bunebrivi da xelovnuri 

qvis fizikur-meqanikuri maxasiaTeblebi (simtkice, yinvamedegoba da a.S.). 

3. ra aris duRabi. daniSnuleba, Sedgeniloba, duRabis marka, plastikuroba. 

4. rogori saxis agurisa da qvis wyobebia. qvis gadabmis saxeobebi da rRvevis 

SesaZlo sqemebi. 

5. rogor ganisazRvreba qvis wyobis simtkice, razea damokidebuli. 

6. qvis wyobis deformacia. drekadi da aradrekadi deformaciebis 

maxasiaTeblebi (modulebi). 

7. daaxasiaTeT wyobis muSaoba centralur da garecentrul kumSvaze. 

simtkiceze gaangariSebis ZiriTadi principebi. 

8. wyobis muSaobis Tavisebureba adgilobrivi kumSvisas (Telva). 

9. rogor xdeba wyobis simtkicis Semowmeba Runvaze, gaWimvasa da Wraze. 

10. raze iangariSeba qvis konstruqciebi meore jgufis zRvrul mdgomareobaTa 

mixedviT. 
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11. ra SemTxvevaSi xdeba qvis wyobis daarmatureba. daarmaturebis xerxebi.  

12. ra SemTxvevaSi xdeba qvis wyobis badeebiT daarmatureba. konstruireba da 

gaangariSebis principebi. 

13. rodis xdeba qvis konstruqciis armaturis grZivi ReroebiT daarmatureba. 

aseTi konatruqciis centralur kumSvaze gaangariSebis formula. 

14. ras warmoadgens kompleqsurad daarmaturebuli qvis wyoba. rogor 

CairTveba rkinabetonis elementi qvis wyobaSi da rogor muSaobs. 

centralur kumSvaze saangariSo formula. 

15. rogoria garsakraviT gaZlierebuli qvis wyobis konstruqciebi. 

centralurad da garecentrulad SekumSuli elementebis gaangariSeba. 
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danarTebi 
danarTi 1 

 
Runvadi elementis normaluri, marTkuTxa calfaarmaturiani kveTis 

simtkiceze Semowmebis blok-sqema.   
 

 
magaliTi 1. mocemulia: M=550 kn.m=550⋅106 n.mm; h=800 mm; b=300 mm; a=70 mm. 

betoni mZime, B25 klasis: γb2=0,9; Rb=14,5 mgpa. armatura A–III klasis, As=2945 

mm2(6∅ 25 A–III). SevamowmoT kveTis simtkice blok-sqemis mixedviT. 
1. h0=800-70=730 mm; 
2. ω=0,85-0,008⋅0,9⋅14,5=0,746;   
3. γb2=0,9<1; 

4. ;6,0

1,1
745,01

500
3651

745,0
=

⎟
⎠

⎞
⎜
⎝

⎛
−+

=Rξ  

5. xR=0,6⋅730=438 mm; 

6. 5,274
3005,149,0

2945365
=

⋅⋅
⋅

=x  mm; 

7. x=274,5<xR=438 mm; 
8. Mu=365 ⋅2945(730-274/2)=637⋅106 n.mm>M=550⋅106 n.mm. 

kveTis simtkice uzrunvelyofilia. 

mocemulia: M, h, b, a, As, RS, Rb, γb2

h0=h-a ( )[ ]400/1,1/11/ ωωξ −+= sR R  xR=ξRh0 

kveTis simtkice 
uzrunvelyofilia 

ω=0,85-0,008γb2Rb 

Mu=RsAs(h0-xR/2) 

kveTis simtkice 
ar aris 

uzrunvelyofi
Mu=RsAs(h0-x/2) 

x=RsAs  /(γbRbb) 

( )[ ]500/1,1/11/ ωωξ −+= sR R  γb2≥1 

x≤xR

M≤Mu

1 4' 5

3
2

8' 7

4

6

8

diax 

diax

ara 

ara 

ara

diax 

9
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danarTi 2 
Runvadi elementis normaluri, marTkuTxa calfaarmaturiani kveTis 

simtkicis pirobidan grZivi, muSa armaturis ganivi kveTis farTobis 
gansazRvris blok-sqema.   
 

 
 

magaliTi 2. mocemulia: M=250 kn.m=250⋅106 n.mm; h=600 mm; b=300 mm; a=40 
mm., betoni mZime, B20 klasis: γb2=0,9; Rb=11,5 mgpa. armatura A–III klasis, d>10 
mm, Rs=365 mgp. μmin=0,0005 (μmin%=0,05%). ganvsazRvroT armaturis ganivkveTis 
farTobi blok-sqemis mixedviT. 
 

1. h0=600-40=560 mm; 

2. ;256,0
5603005,119,0

10250
2

6

=
⋅⋅⋅

⋅
=mα  

3. danarTi 13-is mixedviT movnaxavT ξ=0,315; 
4. ω=0,85-0,008⋅0,9⋅11,5=0,767;   
5. γb2=0,9<1; 

6. ;628,0

1,1
767,01

500
3651

765,0
=

⎟
⎠

⎞
⎜
⎝

⎛
−+

=Rξ  

7. ξ=0,315≤0,628; 

mocemulia: M, h, b, a, Rb,γb2,  RS, μmin  

h0=h-a 

( )[ ]400/1,1/11/ ωωξ −+= sR R  

mαξ 211 −−= an danarTi 13-dan 

SeirCeva armaturis diametri da raodenoba 
sortamentis mixedviT. danarTi 14 

 

ω=0,85-0,008γb2Rb 

saWiroa h da b–s, 
an betonis klasis 
gazrda, an 
orfaarmaturiani 
kveTis daproeqteba 

As =μminbh0 

( )[ ]500/1,1/11/ ωωξ −+= sR R  γb2≥1 

ξ≤ξR

μ≤μmin

1 2
3

56

7

4

6' diax
ara 

ara

( )2
02/ bhRM bbm γα =  

ζ=1-0,5ξ, an dan.13-dan 

8 diax 

As1=M/(Rsζh0) M=As1(bh0) 

9

ara 

10 

11

As= As1 

12 diax 
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8. danarTi 13-is mixedviT movnaxavT ζ=0,843; 

9. 1450
560843,0365

10250 6

1 =
⋅⋅

⋅
=sA  mm2; 

10. μ=1450/(300⋅560)=0,0086; 
11. μ=0,0086>μmin=0,0005; 
12. As=As1. 

sortamentis (danarTi 14) mixedviT SeirCeva armatura 4∅22 A–III, 
As=1520 mm2. 

 
 

danarTi 3 
 

Runvadi elementis normaluri, marTkuTxa calfaarmaturiani kveTis 
simtkicis pirobidan ganivi kveTis h da b zomebis da grZivi muSa armaturis 
ganivi kveTis farTobis gansazRvris blok-sqema.   

 

 
 

magaliTi 3. mocemulia: M=600 kn.m=600⋅106 n.mm; betoni mZime, B30 klasis; 

γb2=0,9; Rb=17 mgpa. armatura A–III klasis, Rs= 365 mgpa. ganvsazRvroT b, h, As 
blok-sqemis mixedviT. 

1. davniSnoT b=300 mm, ξ=0,35; 
2. danarTi 13-is mixedviT, rodesac ξ=0,35, am=0,289; 

3. 672
300179,0289,0

10600 6

01 =
⋅⋅⋅

⋅
=h mm; 

h01= ( )bRM bbm 2/ γα  

mocemulia: M, Rb,γb2,  RS  

winaswar vniSnavT b da  ξ -s 
ξ=0,1...0,2 – filebisaTvis 
ξ=0,3...0,4 - koWebisaTvis 

am=ξ(1-0,5)ξ, 
an danarTi 

13-dan 

h1= h01+a dainiSnos 
unificirebuli 

h da b 
h0=h-a 

ζ=1-0,5 ξ, an 
danarTi 
13-dan 

As=M/(Rs⋅ζ⋅h0) ,211 mαξ −−=  
an danarTi 

13-dan 

( )2
02/ hbRM bbm ⋅⋅⋅= γα  

sortamentis mixedviT SeirCeva armaturis 
diametri da Reroebis raodenoba. danarTi 14.



 141

4. davniSnoT a=60 mm, maSin h1=672+60=732 mm; 
5. unifikaciis mixedviT davniSnoT h=800 mm, b=300 mm; 
6. h0=800-60=740 mm; 

7. ;24,0
740300179,0

10600
2

6

=
⋅⋅⋅

⋅
=mα  

8. danarTi 13-dan, rodesac am=0,24 movnaxavT ζ =0,86; 

9. 2020
74086,0365

10600 6

=
⋅⋅

⋅
=sA  mm2; 

 

sortamentis (danarTi 14) mixedviT SeirCeva - 6∅22 A–III, As=2291 mm2. 
 
 

 
 

danarTi 4 
 

Runvadi elementis normaluri, marTkuTxa orfaarmaturiani kveTis 
simtkicis pirobidan grZivi muSa armaturis ganivi kveTis farTobis 
gansazRvris blok-sqema.   

 

 
 

mocemulia: M, h, b, a ,a', Rb, γb2,  Rs, Rsc , μmin 

h0=h-a ( )[ ]400/1,1/11/ ωωξ −+= sR R  

ω=0,85-0,008γb2Rb 

SekumSuli armatura 
angariSiT ar aris 
saWiro. As gamoiTvleba 
danarT 2-is blok-sqemiT 

As =μminbh0 

( )[ ]500/1,1/11/ ωωξ −+= sR R  γb2≥1 

αm ≤αR  

μ'≤μmi

1 4'

3
2

7

4

11'

diax

ara

ara

8 

diax 

sortamentis (danarTi 14) mixedviT SeirCeva armaturis 
diametri da Reroebis raodenoba

9

ara 

10 11
A's= A's1 

12

αR=ξ R (1-0,5ξ R) 

αm=M/(γb2Rbbh0
2) A's=(M-αRγb2Rbbh0

2)/Rsc(h0-a') 

( )2
01 / bhAs′=′μ  

sRbbsSscs RbhRRARA // 02 ξγ+′=  

5

6
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magaliTi 4. mocemulia: M=800 kn.m=800⋅106 n.mm; h=800 mm; b=300 mm; a=60 
mm., a'=40 mm. betoni mZime, B20 klasis: γb2=0,9; Rb=11,5 mgpa. armatura A–III 

klasis, Rs=Rsc=365 mgpa. μmin=0,0005 (μmin%=0,05%). ganvsazRvroT grZivi muSa 
armaturis ganivi kveTis farTobi blok-sqemis mixedviT. 
 
1. h0=800-60=740 mm; 
2. ω=0,85-0,008⋅0,9⋅11,5=0,767;   
3. γb2=0,9<1; 

4. ;628,0

1,1
767,01

500
3651

767,0
=

⎟
⎠

⎞
⎜
⎝

⎛
−+

=Rξ  

5. αR=0,628(1-0,5⋅0,628)=0,43; 

6. ;471,0
7403005,119,0

10800
2

6

=
⋅⋅⋅

⋅
=mα  

7. ;43,0471,0 =>= Rm αα  

8. 270
)40740(365

7403005,119,043,010800 26

1 =
−

⋅⋅⋅⋅−⋅
=′sA  mm2; 

9. μ′=270/(300⋅740)=0,0012; 
10. 'μ′=0,0012>μmin=0,0005; 
11. 2701 =′=′ ss AA  mm2; 

12. 2976
365

74030043,05,119,0
365

270365
=

⋅⋅⋅⋅
+

⋅
=sA  mm2. 

 

sortamentis (danarTi 14) mixedviT SevarCevT armaturas 6∅25 A–III, 

AAs=2945 mm2, 3∅12 A–III, AA's=339 mm2. 
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danarTi 5 
 

Runvadi elementis normaluri, marTkuTxa orfaarmaturiani kveTis 
simtkicis pirobidan gaWimuli armaturis ganivi kveTis farTobis 
gansazRvris blok-sqema, roca SekumSuli armatura winaswar aris 
daniSnuli.   

 

 
 

magaliTi 5. mocemulia: M=140 kn.m=140⋅106 n.mm; h=500 mm; b=200 mm; a=a'=40 
mm. betoni mZime, B20 klasis, γb2=0,9; Rb=11,5 mgpa. armatura A–III klasis, 

Rs=Rsc=365 mgpa. A's=402 mm2 (2∅16). ganvsazRvroT gaWimuli muSa armaturis 
ganivi kveTis As farTobi blok-sqemis mixedviT. 
 
1. h0=500-40=460 mm; 
2. ω=0,85-0,008⋅0,9⋅11,5=0,767;   
3. γb2=0,9<1; 

4. ;628,0

1,1
767,01

500
3651

767,0
=

⎟
⎠

⎞
⎜
⎝

⎛
−+

=Rξ  

5. αR=0,628(1-0,5⋅0,628)=0,43; 

6. ;18,0
4602005,119,0

)40460(40236510140
2

6

=
⋅⋅⋅

−⋅−⋅
=mα  

7. ;43,018,0 =<= Rm αα  

mocemulia: M, h, b, a ,a', Rb, γb2,  A's, ,  Rs, Rsc  

h0=h-a ( )[ ]400/1,1/11/ ωωξ −+= sR R  

ω=0,85-0,008γb2Rb ( )[ ]500/1,1/11/ ωωξ −+= sR R  γb2≥1 

αm ≤αR  

1 4'

3
2

7

4

diax

ara

5 

diax 

sortamentis (danarTi 14) mixedviT SeirCeva armaturis 
diametri da raodenoba

ara 

αR=ξ R (1-0,5ξ R) 

αm=[M-RscA's(h0-a'])/(γb2Rbbh0
2) 

sbbsSscs RbhRRARA // 02 ξγ+′=  

winaswar 
daniSnuli  A's 
armatura 
sakmarisi ar  
aris. saWiroa 
mocemulobis 
Secvla 

,211 mαξ −−=  
an danarTi 13-dan 

6
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8. ;2,018,0211 =⋅−−=ξ  

9. 922
365

460202,05,119,0
365

402365
=

⋅⋅⋅⋅
+

⋅
=sA  mm2. 

 

sortamentis (danarTi 14) mixedviT SeirCeva armaturas 2∅25, AAs=982 mm2. 
 

 
danarTi 6 

 
Runvadi elementis normaluri, T-sebri kveTis simtkicis pirobidan 

gaWimuli, muSa armaturis ganivi kveTis farTobis gansazRvris blok-sqema.   
 

 
 

mocemulia: M, h, b, b'f,  h'f, a , Rb,γb2,  Rs 

h0=h-a ( )[ ]400/1,1/11/ ωωξ −+= sR R  

ω=0,85-0,008γb2Rb 

elementi gaiangariSeba, rogorc calfa-
armaturiani marTkuTxa kveTi zomebiT b'fxh, 
danarT 2-is blok-sqemis mixedviT 

( )[ ]500/1,1/11/ ωωξ −+= sR R  γb2≥1 

fhxMM ′=≤

αm≤αR

1 4'

3
2

7

4

diax

ara

ara

8 

diax 

9

ara 

10 

As= As1+ As2 

12

αR=ξ R (1-0,5ξ R) 

5

( ) ( )fffbb hhhbbRM ′−′−′= 5,0021 γ  ( )fffbbhx hhhbRM
f

′−′′=′= 5,002γ  

[ ])5,0(/ 011 fss hhRMA ′−=  

12 MMM −=  

αm= 2M /(γb2Rbbh0
2) 

11 

kveTis zomebia gasazrdeli 

,211 mαξ −−=  
an danarTi 13-dan 

sortamentis (danarTi 14) mixedviT SeirCeva  
armaturis diametri da Reroebis raodenoba

ζ=1-0,5 ξ,  
an danarTi 13-dan 

As2= 2M  /(Rs⋅ζ⋅h0) 

diax

6
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magaliTi 6. mocemulia: M=260 kn.m=260⋅106 n.mm; h=500 mm; b=250 mm; b'f=800 
mm; h'f=50 mm; a=50 mm. betoni mZime, B20 klasis, γb2=0,9; Rb=11,5 mgpa, armatura 
A–III klasis, Rs= 365 mgpa. ganvsazRvroT gaWimuli muSa armaturis farTobi 
blok-sqemis mixedviT. 
 
1. h0=500-50=450 mm; 
2. ω=0,85-0,008⋅0,9⋅11,5=0,767;   
3. γb2=0,9<1; 

4. ;628,0

1,1
767,01

500
3651

767,0
=

⎟
⎠

⎞
⎜
⎝

⎛
−+

=Rξ  

5. αR=0,628(1-0,5⋅0,628)=0,43; 
6. ( ) 6

' 10175505,0450508005,119,0 ⋅=⋅−⋅⋅⋅== fhxM n.mm; 

7. 66
' 1026010175 ⋅=<⋅== MM fhx  n.mm; 

8. ( ) 6
1 10120505,045050)250800(5,119,0 ⋅=⋅−⋅−⋅⋅=M n.mm; 

9. ( ) 844
505,0450365

10120 6

1 =
⋅−

⋅
=sA  mm2; 

10. 666
2 101401012010260 ⋅=⋅−⋅=M n.mm; 

11. ;267,0
4502505,119,0

10140
2

6

=
⋅⋅⋅

⋅
=mα  

12. ;43,0267,0 =<= Rm αα  

13. 14.  danarT 13-dan 267,0=mα -s mixedviT ζ=0,855; 

 15. 997
450855,0365

10140 6

2 =
⋅⋅

⋅
=sA  mm2; 

 16. 1841997844 =+=sA  mm2. 

 

sortamentis (danarTi 14) mixedviT SeirCeva 4∅25 A–III, AAs=1963 mm2.  
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danarTi 7 
 
 

Tanabrad datvirTuli, RerZis gaswvriv mudmivi simaRlis marTkuTxa 
kveTian Runvad elementSi ganivi Zalis moqmedebaze daxrili kveTis 
simtkicis Semowmebis blok-sqema. 

 

 
 

 
 

μ w=Asw/(bs) α=Es/Eb ϕb1=1-0,001Rb h0=h-a 

ϕw1=1-5α μ w 

s
aW

ir
o
a 

g
ai
z
ar

d
o
s
 

 k
ve
T
is

 
z
o
me
b
i 

an
 

b
et

o
ni

s
 k
l
as

i 

Q≤0,3ϕwϕb1Rbbh0 Q≤ϕb3Rbtb h0 

daxrili bzari 
ar warmoiqmneba. 
ganivi armatura 
SeirCeva 
konstruqciuli 
mosazrebiT 

Smax=0,75ϕb2Rbtbh0
2/Q 

S≤Smax S=Smax 

qsw=RswAsw/s 

C=Cmax=ϕb2h0/ϕb3 

c≤ l/4 c=l/4 

swbtb qbhRc /2
020 ϕ=  

c0≤ c c0= c 

c≤ 2h0 c0= 2h0 

c0= h0 c>h0 

Q≤ϕb2Rbtbh0
2/c+qswc0 

saWiroa 
gaizardos 
Asw  an 
betonis 
klasi 

simtkice uzrunvelyofilia 

ara 

ara

ara

ara

ara
ara

diax 

diax

diax

ara

diax

diax

diax

ara 

diax 

diax 

1 

9 

2

3 

4 

6 

5

14

16

18

20

15 

17 

19 

7 

10 

11 

13 

8 

mocemulia: Q, h, b, a, kb, γb2, Asw, ϕb2, ϕb3, Eb, Es 
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magaliTi 7. mocemulia: Q=2⋅105 n; h=600 mm; b=250 mm; a=40 mm, l=6000 mm. 
betoni mZime, B15 klasis, γb2=1,0; Rb=8,7 mgpa. ganivi armatura A–III klasis, 

Rsw= 285 mgpa. 2∅8, Asw=106 mm2,  S=200 mm. ϕb2=2, ϕb3=0,6,  Eb=2,3 ⋅104 mgpa,  Es=2 ⋅105 
mgpa. gaviangariSoT daxrili kveTis simtkice ganivi Zalis moqmedebaze. 
 
1. h0=600-40=560 mm; 
2. ϕb1=1-0,01⋅8,7=0,913; 

3. ;085,1
200250

106
103,2

10251 4

5

1 =
⋅

⋅
⋅

⋅
+=wϕ    

4. Q=2⋅105<0,3⋅1,085⋅0,913⋅8,7⋅250⋅560=3,62⋅ 105 n; 
5. Q=2⋅105>0,6⋅1,795⋅250⋅560=0,667⋅ 105 n; 

6. 467
102

560250795,0275,0 5

2

max =
⋅

⋅⋅
⋅=S  mm; 

7. S=200<Smax=467 mm; 
 9.   qsw=285⋅106/200=143,3 n/mm; 
10.  C=2⋅560/0,6=1860 mm; 
11.  C =1860>l/4=6000/4=1500 mm; 
12.  C=1500 mm; 

13.  830
3,143

560250795,02 2

0 =
⋅⋅⋅

=C  mm; 

14.  C0=830<C=1500 mm; 
16.  C0=830<2⋅560=1120 mm; 
18.  C0=830>560 mm; 

sabolood miviRebT C0=830 mm. 

20. 5
2

5 1011,28303,143
1500

560250795,02102 ⋅=⋅+
⋅⋅

<⋅  n. 

 daxrili kveTis simtkice ganivi Zalis moqmedebis mixedviT 
uzrunvelyofilia. 
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danarTi 8 
arasimetriulad daarmaturebuli, marTkuTxa kveTis garecentrulad 

SekumSuli elementis muSa armaturis ganivi kveTis farTobis gansazRvris 
blok-sqema.   

 

 
 

magaliTi 8. mocemulia: N= 700 kn=700⋅103 n; h=500 mm; b=400 mm; a=a'=40 mm, 
e0=300 mm. betoni mZime, B25 klasis, γb2=0,9; Rb=14,5 mgpa. armatura A–III klasis, 

Rs= Rsc=365 mgpa. μmin =0,001, η=1,30. ganvsazRvroT armaturis farTobi. 
 

mocemulia: N, h, b, a,  a' ,e0, η,   Rb,γb2,  Rs, Rsc, μmin, μ'min  

h0=h-a 

( )[ ]400/1,1/11/ ωωξ −+= sR R  

ω=0,85-0,008γb2Rb 

( )[ ]500/1,1/11/ ωωξ −+= sR R  

γb2≤1 

A's≥μminbh0 

1

5'

32

7

4

diax

ara

8

diax 

9
ara 

10 

As=(Rbγb2 ξbh0+ Rsc A's-N)/R 

12

αR=ξ R (1-0,5ξ R) 

5

A's=(Ne-αR Rbγb2 bh0
2)/[Rsc (h0-a')] A's=μminbh0 

αm=Mb/(Rbγb2bh0
2) 

11 

mαξ 211 −−=

μ-s miRebuli mniSvneloba unda 
SevudaroT – Ncr-is [1] 
gansazRvrisas aRebuls. 
mniSvnelovani gansxvavebisas 

iReben axal η-s da gaangariSeba 
xdeba Tavidan. mcire 
gansxvavebisas (<5%) sortamentis 
mixedviT SeirCeva A's da As 
farTobis Sesabamisi 
armaturis diametri da Reroebis 
raodenoba. 

e=ηe0+0,5h-a 

μ= As /bh0 

As=(Rbγb2 ξRbh0+ Rsc A's-N)/Rs μ=( As+ A's) /bh0 

Mb=Ne- Rsc A's (h0-a') 

14 13 

15

16 

6
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1. h0=500-40=460 mm; 
2. e=1,3⋅300+0,5⋅500-40=680 mm; 
3. ω=0,85-0,008⋅0,9⋅14,5=0,746;   
4. γb2=0,9<1; 

5. 6,0

1,1
746,01

500
3601

746,0
=

⎟
⎠

⎞
⎜
⎝

⎛
−+

=Rξ ; 

6. αR=0,6(1-0,5⋅0,6)=0,42; 

7. 92
)40460(365

4604009,05,1442,068010700 23

=
−

⋅⋅⋅⋅−⋅⋅
=′sA  mm; 

8. 184460400001,092 0min =⋅⋅=<=′ bhAs μ  mm2. 
9. 184=′sA mm2. sortamentis (danarTi 14) mixedviT aviRebT SekumSul 

armaturas 2∅12 A-III, 226=′sA  mm2. 
gadavdivarT gaWimuli armaturis gansazRvraze 

12.  Mb=700⋅103⋅680-365⋅226(460-40)=441⋅106 n.mm; 

13. ;4,0
4604009,05,14

10441
2

6

=
⋅⋅⋅

⋅
=mα  

14. .553,04,0211 =⋅−−=ξ  

15. 1932
365

700000
365

226365
365

460400553,09,05,14
=−

⋅
+

⋅⋅⋅⋅
=sA  mm2; 

16. μ=1932/(400⋅460)≈0,01. 
 

miRebuli μ–s sidide axlosaa Ncr–s gamoTvlisas aRebul μ–sTan, 
amitom sortamentidan (danarTi 14) sabolood SevarCevT SekumSul da 

gaWimul armaturis farTobs: 2∅12 A-III, 226=′sA  mm2; 4∅28 A-III, sA =1963 mm2. 
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danarTi 9 

marTkuTxa profilis, SemTxveviTi eqscentrisitetiT SekumSuli elementis 
kveTSi Calagebuli muSa armaturis farTobis gansazRvris blok-sqema. 
 

 
magaliTi 9. mocemulia: N=2200 kn. Nl=1000 kn. b=h=400 mm. Ab= b h=16⋅104 mm2. 

betoni mZime, B20 klasis; Rb=11,5 mgpa, γb2=0,9. armatura A–III klasis, Rsc=365 
mgpa. μmin =0,0005, l0=5600 mm. ganvsazRvroT muSa armaturis farTobi. 
 

1. l0/ h=5600/400=14<20; 
2. ϕ=1 (pirveli miaxloeba); 

3. (As+A's)1= 1490
365

1600009,05,112200000
=

⋅⋅−  mm2; 

4. (As+A's)1=1490>μmin Ab=0,0005⋅160000=80 mm2; 
5. SevarCioT sortamentiT 8∅20 A–III, (As+A's)=2513 mm2;  

l0/h≤20 gaangariSeba unda moxdes me-8 
danarTis blok-sqemis mixedviT. 

ϕ=1 

(As+A's)=μminAb

sortamentis (danarTi 14) mixedviT 
SeirCeva armaturis diametri da 
Reroebis raodenoba 

ϕ≤ϕb

(As+A's)i+1=(N/(ϕ Rsc)- Rbγb2 Ab)/ Rsc 

(As+A's)=μmin Ab 

ϕ=ϕsb 

 (As+A's)1=(N- Rbγb2 Ab)/ Rsc 

cxr.6.1 [5]-dan aiReba ϕb 

da ϕsb, l0/h, Nl/N  da  Asi-is  
mixedviT  

ϕ=ϕb+2(ϕsb-ϕb)Rsc(As+A's)/Rbγb2 Ab  

sortamentis mixedviT SeirCeva armaturis dazustebuli diametri

( ) ( )
( ) μΔ<

′+

′+−′+ +

1

1

ss

ississ

AA
AAAA

diax 

ara

6 

ara

diax

1 

2 

3 
4 

5 7 

8 9 

12 

10 

11 

mocemulia: N, Ab, Rb,γb2, Rsc,μmin, l0/h, Nl/N, Δμ 

diax

ara

ara

diax 
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   7. rodesac l0/ h=14, Nl/ N=1000/2200=0,45 cxrili 6.1 [5]-dan ϕb=0,855, ϕsb=0,875; 

 8.   ϕ=0,855+2(0,875-0,855).365
1600009,05,11

2513
⋅⋅

=0,877; 

9.  ϕ=0,877>ϕsb=0,875; 
   10.  ϕ=0,875; 

   11.  (As+A's)2=2200000/0,875⋅365- 2352
365

1600009,05,11
=

⋅⋅   mm2; 

 12. Δμ=(2352-2513)/2513=0,065≅ 0,05, anu meore miaxloeba sakmarisia, e.i. 
SegviZlia davtovoT ukve SerCeuli armaturis diametri da Reroebis 

raodenoba - 8∅20 A–III, (As+A's)=2513 mm2. 
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danarTi 10 

Runvadi elementis normaluri, marTkuTxa kveTis simtkicis pirobidan 
winaswar daZabuli armaturis farTobis gansazRvris blok-sqema.   

 
 

 
     magaliTi 10. mocemulia: M=300 kn.m=300⋅106 n.mm, h=600 mm, b=250 mm, a=50 mm. 
betoni mZime, B30 klasis; Rb=17 mgpa, γb2=0,9. dauZabavi armatura A–III klasis 

2∅12, As=226 mm2, Rs=365 mgpa, daZabuli armatura A-V klasis, Rsp=680 mgp, 

σsp=500 mgpa. μmin =0,0005, η=1,15.  ganvsazRvroT grZivi daZabuli armaturis 
ganivi kveTis farTobi. 

 

mocemulia: M, h, b, a , As,   Rb,γb2,  RS, ,μmin, Rsp, σsp, η 

h0=h-a ( )[ ]400/1,1/11/ ωσωξ −+= sRR  

ω=0,85-0,008γb2Rb 

saWiroa gaizardos ganivi 
kveTis zomebi, an betonis 
klasi, an SekumSul zonaSi 
CavawyoT muSa armatura. 

( )[ ]500/1,1/11/ ωσωξ −+= sRR  γb2≥1 

αm≤αR

1 5'

3
2

7

5

diax 

ara

ara

8

diax 

9
12 

Asp=μmin bh0-As 

14

αR=ξ R (1-0,5ξ R) 

6

γs6=η-(η-1)(2ξ/ξR-1) 

13 

,211 mαξ −−=  
an danarTi 13-dan 

sortamentis (danarTi 14) mixedviT SeirCeva  
armaturis diametri da Reroebis raodenoba

ζ=1-0,5 ξ  

γs6=η 

diax

spssR R σσ −+= 400

αm=Mb/(Rbγb2bh0
2) 

μ ≤μmin 
Asp= Asp1 

( ) ( )01 / bhAA ssp +=μ  ( ) ( )0601 / hRhARMA spssssp ςγς−=  

γs6=η 
ara

11 
10 

diax

ara

4
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1. h0=600-50=550 mm; 
2. ω=0,85-0,008⋅0,9⋅17=0,728;   
3. σsR=680+400-500=580  mgpa. 
4. γb2=0,9<1; 

5. 523,0

1,1
728,01

500
5801

728,0
=

⎟
⎠

⎞
⎜
⎝

⎛
−+

=Rξ ; 

6. αR=0,523(1-0,5⋅0,523)=0,387; 

7. ;26,0
550250179,0

10300
2

6

=
⋅⋅⋅

⋅
=mα  

8. ;387,026,0 =<= Rm αα  

9. ;31,026,0211 =⋅−−=ξ  

10. ;12,11
523,0

31,02)115,1(15,16 =⎟
⎠

⎞
⎜
⎝

⎛
−

⋅
−−=sγ  

11. ;15,112,16 =<= ηγ s  

13. 1130
550845,068012,1

550845,022636510300 6

1 =
⋅⋅⋅

⋅⋅⋅−⋅
=spA  mm2; 

15. ;01,0
550250
2261130

=
⋅
+

=μ  

16. ;0005,001,0 min =>= μμ  
17. Asp1= Asp=1130 mm2; 
 
sortamentis (danarTi 14) mixedviT SeirCeva daZabuli grZivi armatura 

2∅28 A-V, Asp=1234 mm2. 
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danarTi 11 
betonis saangariSo winaRobebi Rb da Rbt, klasebis mixedviT 

 
betonis klasi kumSvis mixedviT winaRobis 

saxeoba 
betoni 

B3,5 B5 B7,5 B10 B12,5 B15 B20 B25 B30 B35 B40 B45 B50 B55 B60 
RerZuli kumSva 
(prizmuli 
simtkice) Rb 

mZime da wvril-
marcvlovani 
msubuqi 
ujredovani 

 
2,1 
2,1 
2,2 

 
2,80 
2,80 
3,10 

 
4,50 
4,50 
4,50 

 
6,00 
6,00 
6,00 

 
7,50 
7,50 
7,00 

 
8,50
8,50
7,70

 
11,5 
11,5 
- 

 
14,5
14,5
- 

 
17,0
17,0
- 

 
19,5
19,5
- 

 
22,0
22,0
- 

 
25,0
- 
- 

 
27,5
- 
- 

 
30 
- 
- 

 
33 
- 
- 

RerZuli 
gaWimva Rbt 

mZime  
wvrilmarcvlovani
jgufebis: 
          a. 
          b. 
          g. 
msubuqi wvrili 
SemvsebiT: 
mWidro 
forovani 
ujredovani  
 

0,260
 
 

0,260
0,170
- 
 
 

0,260
0,260
0,180

0,370
 
 

0,370
0,270
- 
 
 

0,370
0,370
0,240

0,480
 
 

0,480
0,40 
- 
 
 

0,480
0,480
0,28 

0,570
 
 

0,570
0,45 
- 
 
 

0,570
0,570
0,39 

0,660 
 
 

0,660 
0,57 
- 
 
 

0,660 
0,660 
0,44 

0,75
 
 

0,75
0,64
0,75
 
 

0,75
0,74
0,46

0,90
 
 

0,90
0,77
0,90
 
 

0,90
0,80
- 

1,05
 
 

1,05
0,90
1,05
 
 

1,05
0,90
- 

1,20
 
 

1,20
1,00
1,20
 
 

1,20
1,00
- 

1,30
 
 

1,30
- 

1,30
 
 

1,30
1,10 
- 

1,40
 
 

1,40
- 

1,40
 
 

1,40
1,20
- 

1,45
 
 
- 
- 

1,45
 
 
- 
- 
- 

1,55
 
 
- 
- 

1,55
 
 
- 
- 
- 

1,60 
 
 
- 
- 

1,60 
 
 
- 
- 
- 

1,65 
 
 
- 
- 

1,65 
 
 
- 
- 
- 
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danarTi 12 
armaturis normatiuli da saangariSo winaRobebi, drekadobis moduli, mgpa. 
 

saangariSo winaRoba pirveli 
jgufis zRvruli 
mdgomareobisaTvis 
gaWimva 

 
 
 
armaturis 
klasi 

 
 
 
dia- 
metri 
 
 
 
 
 d mm 

normatiuli Rsn 
da saangariSo 
winaRoba Rs,ser 
meore jgufis 
zRvrul 
mdgomareobaTa 
mixedviT 
gaangariSebisas 

grZivi. 
ganivi, 
daxrili 
kveTis M 
momentze 
gaangari-
Sebisas  
       Rs 

ganivi, 
daxrili 
kveTis Q 
ganiv 
Zalaze 
gaangari-
Sebisas  

     Rsw 

 
 
 
kumSva 
 
 
 
Rsc 

 
 
 
 
 
drekadobis 
moduli 
 
 
 

 
Es 

Rerovani 

A-I 
A-II 
A-III 
A-III 
A-IIIB 

kontroliT: 
wagrZelebaze 

 
Zabvasa da 

wagrZelebaze 
A-IV 
A-V 
A-VI 

6...22 
10...32 
6...8 
10...40 

 
 

20...40 
 

20...40 
 

10...32 
10...32 
10...32 

235 
295 
390 
390 
 
 

540 
 

540 
 

590 
785 
980 

225 
280 
355 
365 
 
 

490 
 

450 
 

510 
680 
815 

175 
225 
285* 
290* 
 
 

390 
 

360 
 

405 
545 
650 

225 
280 
355 
365 
 
 

200 
 

200 
 

400 
400 
400 

2,1.105 
2,1.105 
2.105 
2.105 
 
 

1,8.105 

 
1,8.105 

 
1,9.105 
1,9.105 
1,9.105 

mavTulovani 
Bp-I 

 
 

B-II 
 
 
 
 
 

Bp-II 
 

3 
4 
5 
3 
4 
5 
6 
7 
8 
3 
4 
5 
6 
7 
8 

410 
405 
395 
1490 
1410 
1335 
1255 
1175 
1100 
1460 
1370 
1250 
1175 
1100 
1020 

375 
365 
360 
1240 
1180 
1110 
1050 
980 
915 
1215 
1145 
1045 
980 
915 
850 

270(300**) 
265(296**) 
260(290**) 

990 
940 
890 
835 
785 
730 
970 
915 
835 
785 
730 
680 

375 
365 
360 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

1,7.105 

1,7.105 

1,7.105 
2.105 
2.105 
2.105 
2.105 
2.105 
2.105 
2.105 
2.105 
2.105 
2.105 
2.105 
2.105 

bagirebi 
K-7 

 
 
 

K-19 

6 
9 
12 
15 
14 

1450 
1370 
1335 
1295 
1410 

1210 
1145 
1110 
1080 
1175 

965 
915 
890 
865 
940 

400 
400 
400 
400 
400 

1,8.105 
1,5.105 
1,5.105 
1,5.105 
1,5.105 

 
* - SeduRebul karkasebSi A-III klasis armaturis caluRebisaTvis, romelTa 

diametri naklebia grZivi armaturis diametris 1/3-ze, Rsw=255 mgpa. 
** - armaturis xeliT Sekrul karkasebSi gamoyenebisas. 
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danarTi 13 

ξ, ζ da αm koeficientebis cxrili rkinabetonis Runvadi elementebis  
simtkiceze gasaangariSeblad 

 

ξ=x/h0 
 

ζ αm ξ=x/h0 ζ αm 

0,01 
0,02 
0,03 
0,04 
0,05 
0,06 
0,07 
0,08 
0,09 
0,1 
0,11 
0,12 
0,13 
0,14 
0,15 
0,16 
0,17 
0,18 
0,19 
0,20 
0,22 
0,24 
0,26 
0,28 
0,30 
0,32 
0,34 

0,995 
0,99 
0,98 
0,985 
0,975 
0,97 
0,965 
0,96 
0,955 
0,95 
0,945 
0,94 
0,935 
0,93 
0,925 
0,92 
0,915 
0,91 
0,905 
0,9 
0,89 
0,88 
0,87 
0,86 
0,85 
0,84 
0,83 

0,01 
0,02 
0,03 
0,039 
0,048 
0,058 
0,067 
0,077 
0,085 
0,095 
0,104 
0,113 
0,121 
0,13 
0,139 
0,147 
0,155 
0,164 
0,172 
0,8 
0,196 
0,211 
0,226 
0,241 
0,255 
0,269 
0,282 

0,35 
0,37 
0,38 
0,39 
0,4 
0,41 
0,42 
0,43 
0,44 
0,45 
0,46 
0,47 
0,48 
0,49 
0,5 
0,51 
0,52 
0,53 
0,54 
0,55 
0,57 
0,59 
0,61 
0,63 
0,65 
0,67 
0,69 

0,82 
0,815 
0,81 
0,805 
0,8 
0,75 
0,79 
0,785 
0,78 
0,775 
0,77 
0,765 
0,76 
0,755 
0,75 
0,745 
0,74 
0,735 
0,73 
0,725 
0,715 
0,705 
0,695 
0,685 
0,675 
0,665 
0,655 

0,295 
0,301 
0,309 
0,314 
0,32 
0,211 
0,332 
0,337 
0,343 
0,349 
0,354 
0,359 
0,365 
0,37 
0,375 
0,38 
0,385 
0,39 
0,394 
0,399 
0,408 
0, 416 
0,424 
0,432 
0,439 
0,446 
0,452 
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danarTi 14 
Rerovani da mavTulovani armaturis sortamenti 

 
ganivi kveTis farTobi, sm2, Reroebis raodenobis 

mixedviT 
armatura 

Rerovani mavTulovani 

d
ia
me
t
r
i,
 

mm 1 2 3 4 5 6 7 8 9 

 
Reros 
1 m 
masa 
kg 

A-I A-II A-III A-IV A-V A-VI Bp-I B-II Bp-II 

3 
4 
5 
6 
7 
8 
10 
12 
14 
16 
18 
20 
22 
25 
28 
32 
36 
40 

0,071 
0,126 
0,196 
0,283 
0,385 
0,503 
0,780 
1,131 
1,539 
2,011 
2,545 
3,142 
3,801 
4,909 
6,158 
8,042 
10,18 
12,560 

0,14 
0,25 
0,39 
0,57 
0,77 
1,01 
1,57 
2,26 
3,08 
4,02 
5,09 
6,28 
7,60 
9,82 
12,32
16,08
20,36
25,12

0,21 
0,36 
0,59 
0,89 
1,15 
1,51 
2,36 
3,39 
4,63 
6,03 
7,63 
9,41 
11,40 
14,73 
18,47 
24,13 
30,54 
37,68 

0,28 
0,50 
0,79 
1,13 
1,54 
2,01 
3,14 
4,52 
6,16 
8,04 
10,18 
12,56 
15,20 
19,63 
24,63 
32,17 
40,72 
50,24 

0,35 
0,63 
0,98 
1,42 
1,92 
2,51 
3,93 
5,65 
7,69 
10,05
12,72
15,71
19,0 
24,54
30,79
40,21
50,90
62,80

0,42 
0,76 
1,18 
1,7 
2,31 
3,02 
4,71 
6,79 
9,23 
12,06 
15,27 
18,85 
22,81 
29,45 
36,95 
48,25 
61,08 
75,36 

0,49 
0,88 
1,37 
1,98 
2,69 
3,52 
5,5 
7,92 
10,77 
14,07 
17,81 
21,99 
26,61 
34,36 
43,10 
56,30 
71,26 
87,36 

0,57 
1,01 
1,57 
2,26 
3,08 
4,02 
6,28 
9,05 
12,31 
16,08 
20,36 
25,14 
30,41 
39,27 
49,26 
64,34 
81,44 
87,92 

0,64 
1,13 
1,77 
2,55 
3,46 
4,53 
7,07 
10,18 
13,85 
18,1 
22,9 
28,28 
34,21 
44,13 
55,42 
72,38 
91,62 
100,48 

0,055 
0,099 
0,154 
0,222 
0,302 
0,395 
0,617 
0,888 
1,208 
1,578 
1,998 
2,466 
2,984 
3,84 
4,83 
6,31 
7,99 
9,805 

- 
- 
- 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
- 
+ 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 
- 

- 
- 
- 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

- 
- 
- 
- 
- 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 
- 

- 
- 
- 
- 
- 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 
- 

- 
- 
- 
- 
- 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 
- 

+ 
+ 
+ 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

+ 
+ 
+ 
+ 
+ 
+ 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

+ 
+ 
+ 
+ 
+ 
+ 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

 
 

SeniSvna: niSani `+~-iT aRniSnulia im diametris armatura, romelsac warmoeba uSvebs 
 

 
 
 



danarTi 15 
 

a. yvela saxis agurisa da keramikuli qvis wyobis R (mgpa) saangariSo 
winaRoba kumSvaze 

 
 

duRabis marka 
duRabis 
simtkice  

mgpa 
aguris an 
qvis marka 

200   150   100    75    50    25   10     4    0,2   0 
300 
250 
200 
150 
125 
100 
75 
50 
35 

  

3,9 3,6 3,3 3,0 2,8 2,5 2,2 1,8 
3,6 3,3 3,0 2,8 2,5 2,2 1,9 1,6 
3,2 3,0 2,7 2,5 2,2 1,8 1,6 1,4 
2,6 2,4 2,2 2,0 1,8 1,5 1,3 1,2 
 2,2 2,0 1,9 1,7 1,4 1,2 1,1 
 2,0 1,8 1,7 1,5 1,3 1,0 0,9 
  1,5 1,4 1,3 1,1 0,9 0,7 
   1,1 1,0 0,9 0,7 0,6 
   0,9 0,8 0,7 0,6 0,45 

1,7   1,5 
1,5   1,3  
1,3   1,0 
1,0   0,8 
0,9   0,7 
0,8   0,6 
0,6   0,5 
0,5   0,35 
0,4   0,25 

 
 
 

b. agurisa da swori formis qvebis wyobis saangariSo winaRoba (mgpa), 
wyobis gaWimvaze, Wraze an Runvaze gaangariSebisas, rodesac rRvevis 

bzari gadis agurze an qvaze 
 

qvis marka daZabuli mdgomareoba 
200   150   100    75    50    35    25   15    10 

RerZuli gaWimva  
Rt 

0,25   0,2   0,18   0,13   0,1   0,08  0,06  0,06  0,03 

gaWimva Runvisas da mTavari  
gamWimavi Zabvebi 

Rtb, Rbw 

 
0,4    0,3   0,25   0,2   0,16   0,12  0,1  0,07  0,05 

Wra Rsq 0,1    0,8   0,65   0,55   0,4   0,3   0,2  0,14  0,09 

  
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
                                    158 
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danarTi 16 

rkinabetonis monoliTuri, wibovani, koWuri filebiT sarTulTSorisi 
gadaxurvis simtkiceze gaangariSeba da konstruireba 

 

 dasaproeqtebelia rkinabetonis sarTulTSorisi gadaxurva Senobis, 
romlis gegmaSi dakvalvis RerZebs Soris manZilia 18x38 m (nax.1,a). kedlebi 
mzidia, aguris. dakvalvis RerZebi gadis kedlis Siga kididan 20 sm-is 
daSorebiT. gadaxurvaze mosuli sasargeblo, droebiTi normatiuli 
datvirTva V=2000 pa-s, sadac xanmokle datvirTvaa 700 pa. datvirTvis 

mixedviT saimedoobis koeficientia γf=1,2. Senoba pasuxismgeblobis xarisxis 
mixedviT ganekuTvneba I klass, amitom Senobis daniSnulebis mixedviT 

saimedoobis koeficienti γn =1. 
 

 
 nax. 81. monoliTuri sarTulTSorisi wibovani, koWuri filebiT 

 gadaxurvis gaangariSebisaTvis: 
    a-gadaxurvis konstruqciuli gaerTmTlianeba; b-koWuri filis 

 konstruqciuli da saangariSo sqema; g-koWuri filis 
 daarmatureba; 1-mTavari koWi; 2-damxmare koWi; 3-fila; 4-sveti 
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 betoni mZime, B15 klasis (γb2=0,9, Rb=0,9.8,5=7,65 mgpa, Rbt=0,9⋅0,75=0,68 mgpa, 
Eb=2,3⋅104 mgpa). fila daarmaturebulia SeduRebuli, rulonuri badeebiT. 

grZivi armaturaa Bp–I klasis (∅3, Rs=375 mgpa; ∅4, Rs=365 mgpa; ∅5, Rs=360 mgpa); 
koWebis daarmatureba: SeduRebuli karkasebiT  A-III klasis grZivi muSa 

armaturiT (Rs=365 mgpa), ganivi armatura Bp–I klasis (Rsw=260 mgpa, Es=1,7⋅105 

mgpa) da A-III klasis (Rsw=285 mgpa, Es=2⋅105 mgpa). (masalebis saangariSo 
maxasiaTeblebi aRebulia danarT 11 da 12-dan). 

  

gadaxurvis gaerTmTlianeba 
sarTulTSoris gadaxurvaSi mizanSewonilia svetebis bade 

kvadratuli iyos l1xl2=6x6 m. mTavari koWebi ganvalagoT svetebze gegmis 
ganivi mimarTulebiT, xolo damxmare koWebi mTavar koWebze – grZivi 
mimarTulebiT, yovel 2 m-ze. amrigad,  mTavari da damxmare koWebis 
nominaluri malia l1=l2=6 m, filisa – lf=2 m. mTavari koWi 3_maliania, 
damxmare _ 5 _ maliani, fila – 9 _ maliani. 

 

filis gaangariSeba 
radgan `sufTa~ filis gverdebis Sefardeba l2/lf=6/2=3> 2, amitom filas 

vangariSobT mokle gverdis mimarTulebiT, nominaluri maliT lf=2 m. 
saangariSo sqema mocemulia 81_e,b naxazze. filis sisqe aRebulia hf=6 sm. 

winaswar davniSnoT gadaxurvis sxva elementebis ganivkveTis zomebi: 
damxmare koWi – hdk=l2/15=600/15=40 sm; bdk=0,5 hdk=40/2=20 sm; 
mTavari koWi  – hmk=l1/12=600/12=50 sm;  bmk=0,5 hmk=50/2=25 sm. 
 damxmare koWis miRebuli siganis gaTvaliswinebiT filis saangariSo 
malis zoma  iqneba: Sua  malis – l02=200-20=180  sm;  ganapira  malis - l01=200-

20-0,5.2--
3
1
12=174 sm. 

gaangariSebisaTvis gamovyoT 1 m siganis fila (nax. 81,a_daStrixuli). 
maSin 1 grZiv metrze mosuli datvirTva 1 m2-ze datvirTvis toli iqneba. 

 
filis 1 m2-ze mosuli datvirTvis gaangariSeba 
 

datvirTvis saxeoba normatiuli 
datvirTva, 

pa 

datvirTvis 
mixedviT 

saimedoobis 
koeficienti 

γf 

saangariSo 
datvirTva, 

pa 

 
1000 
1500 

 
1,3 
1,1 

 
1300 
1650 

mudmivi (gadaxurvis masisagan) 
1. iataki 
2. rkinabetonis fila 

0,06X25X1000               
jami

droebiTi datvirTva 

2500 
2000 

- 
1,2 

2950 
2400 

sul 4500 - 5350 
 
mRunavi momentebi filaSi ganisazRvreba ZalvaTa gadanawilebis 

gaTvaliswinebiT. ganapira malSi da pirvel Sualedur sayrdenze 
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47,1
11

74,135,5
11

22
01 ±=

⋅
=±=

qlM kn.m. Sua malSi da Sualedur sayrdenebze 

08,1
16

8,135,5
16

22
01 ±=

⋅
=±=

qlM kn.m. 

daarmaturebisaTvis aviRoT: mavTuli ∅4 mm, xolo filis kveTis muSa 
simaRle h0=6-1-0,5.0,4=4,8 sm. maSin b=1 m siganis filaSi muSa armaturis 
farTobi gamoiTvleba Semdegnairad: 

ganapira malSi da pirvel Sualedur sayrdenze 

;083,0
048,011065,7

47,1
232

0

=
⋅⋅⋅

==
bhR
M

b
mα  danarT 13-dan ξ=0,088. 

9,0
365

65,78,4100088,00 =⋅⋅==
s

b
s R

RbhA ξ  sm2. 

Sua malSi da Sua sayrdenebze 

,061,0
048,011065,7

08,1
23 =

⋅⋅⋅
=mα  ξ=0,063. 

63,0
365

65,78,4100063,0 =⋅⋅=sA  sm2. 

filis daarmatureba xdeba uwyveti rulonuri badiT (b-1) 

1040
2503
2004

−−
−−

IB
IB

p

p . 1 m siganis zolSi lagdeba 5∅4  Bp–I bijiT 200 mm. As=0,63 

sm2. ganapira malebSi da kedlidan pirvel Sua sayrdenebze saWiro 
armaturis farTobi As=0,63 sm2. e.i. b-1 ar yofnis. amitom ganapira malebSi 
ewyoba imave markis damatebiTi badeebi b-2 (ix.nax.81,g). 

 

damxmare koWis gaangariSeba. 
winaswar daniSnuli geometriuli zomebis Tanaxmad damxmare koWis 

saangariSo mali iqneba (nax. 82,a,b). 

- ganapira malebSi 580255,0255,02060001 =⋅+⋅−−=l sm, 

- Sua malebSi  5752560002 =−=l sm. 

 datvirTva koWis 1 grZiv metrze iqneba 

mudmivi ( ) 77,71,12506,04,02,0295,2 =⋅−+⋅=g kn/m; 

droebiTi 8,424,2 =⋅=v kn/m. 
 mRunavi momenti ganapira malSi 

 
( ) 44,38

11
8,58,477,7

11
)( 22

01 =
⋅+

=
+

=
lvg

M kn.m 

pirvel Sualedur sayrdenze 
( ) ( ) 2,30

14
8,58,477,7

14

22
01 −=

⋅+
−=

⋅+
−=

lvg
M kn.m. 

Sua malebSi da Sua sayrdenebze 
( ) ( ) 97,25

16
75,58,477,7

16

22
02 ±=

⋅+
±=

⋅+
±=

lvg
M kn.m. 

ganivi Zala: 

ganapira sayrdenze ( ) ( ) 16,298,58,477,74,04,0 01 =⋅+=⋅+= lvgQA kn. 

pirvel Sualedur sayrdenze marcxnidan 

  ( ) ( ) 74,438,58,477,76,06,0 011 −=⋅+−=⋅+−= lvgQB kn. 

pirvel Sualedur sayrdenze marjvnidan da yvela Sua sayrdenze 

  ( ) ( ) 14,3675,58,477,75,05,0 022 ±=⋅+±=⋅+±= lvgQB kn. 
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nax. 82. damxmare koWis gaangariSebisaTvis: 
 a-sayalibe naxazi; b-saangariSo sqema; g-daarmatureba 

 
SevamowmoT piroba, romlis mixedviT mowmdeba koWis ganivi kveTis zomebis 
sakmarisoba 

;3,0 011 bhRQ bbw ϕϕ ⋅≤   39,7
103,2
107,1

4

5

=
⋅
⋅

==
b

s

E
E

α . 

davuSvaT, rom ganivi armaturis diametria 5 mm, xolo biji – 15 sm. 

kveTSi Calagebulia ori karkasi, maSin ;0026,0
1520
196,02

=
⋅

⋅
=wμ  

;09,10026,039,75151 =⋅⋅+=+= ww αμϕ  .92,065,701,0111 =⋅−=−= bb Rβϕ  

davuSvaT, rom grZivi muSa armaturis diametria 20 mm, maSin damxmare koWis 

ganivi kveTis muSa simaRle iqneba 3725,0240
20 =⋅−−=−−=
dahh sm. 

miRebuli sidideebi CavsvaT kveTis zomebis sakmarisobis pirobaSi 

43740=Q n<0,3⋅1,09⋅0,92⋅7,65⋅20⋅37⋅100=170306 n. piroba daculia, maSasadame koWis 

ganivi kveTis zomebi sakmarisia. 
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koWis normaluri kveTis gaangariSeba. 
damxmare koWis ganivi kveTi T–sebria. dadebiT momentebze 

gaangariSebisas Taros sigane aiReba bf–is toli. radgan h'f=6 sm>0,1h=0,1⋅.40=4 
sm, b'f-is sidide miiReba umciresi Semdegi ori sidididan: 

2112075,5
6
12

6
12 02 =+⋅⋅=+⋅⋅=′ blb f  sm da b'f=200 sm. e.i. b'f=200 sm. 

gamovTvaloT grZivi muSa armaturis saWiro farTobi 

1) ganapira malSi: 018,0
37,021065,7

44,38
232

0

=
⋅⋅⋅

=
⋅⋅

=
hbR

M

fb
mα . 

me-13 danarTidan 16,0
37
6018,0

0

==
′

<=
h
h fξ  e.i. neitraluri RerZi gadis 

Taros farglebSi. maSin grZivi armaturis farTobi 

79,2
365

018,03720065,70 =
⋅⋅⋅

==
s

b
s R

bhR
A

ξ
 sm2. daarmaturebis minimaluri 

procentis μ=0,05%-is mixedviT miiReba 37,037200005,0min, =⋅⋅=sA sm2. 

miviRoT 2∅14 A–III, As=3,08 sm2. 
 

2) Sua malSi ;012,0
37,021065,7

97,25
23 =

⋅⋅⋅
=mα  ξ=0,012. 

86,1
365

012,03720065,7
=

⋅⋅⋅
=sA  sm2. miviRoT 2∅12 A–III, As=2,26 sm2. 

3) pirvel Sualedur sayrdenze (kveTis saangariSo zomebia bxh=20x40 sm). 
 

;44,1
37,02,01065,7

2,30
23 =

⋅⋅⋅
=mα  Sesabamisi ξ=0,157. 

armaturis farTobi 44,2
365

157,0372065,7
=

⋅⋅⋅
=sA  sm2. 

miviRoT bade 2940
1505
2504

⋅
−−

−−

IB
IB

p

p
. Sesabamisi As=2,61 sm2. 

4) Sua sayrdenebze ;124,0
37,02,01065,7

97,25
23 =

⋅⋅⋅
=mα  Sesabamisi ξ=0,134. 

08,2
365

134,0372065,7
=

⋅⋅⋅
=sA  sm2. 

miviRoT igive bade rac pirvel Sua sayrdenze.  
 

koWis daxrili kveTis gaangariSeba. 
daxril kveTSi bzari ar warmoiqmneba Tu daculia piroba:  

43740;6,0 =≤ QbhRQ bt n>0,6⋅0,68⋅102⋅20⋅37=30200n, e.i. daxrili bzari 

warmoiqmneba da gaangariSeba ganiv Zalaze saWiroa.  

 miviRoT ganivi armatura mavTulovani ∅5.Bp-I, ortota - n=2. (radgan 
koWSi Calagebulia ori brtyeli karkasi), bijiT 15 sm. maSin 

  676
15

1039,0260 2

=
⋅⋅

==
S
AR

q swsw
sw  n/sm. 

gamovTvaloT saSiSi daxrili kveTis proeqcia 
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  2,78
676

37201068,02 222
0

0 =
⋅⋅⋅⋅

=
⋅⋅

=
sw

bt

q
bhRn

c sm. 

radgan C0=78,2 sm>2 h0=2⋅37=74 sm. amitom ganivi Zala, romelsac aitans ganivi 
armatura da betoni iqneba 

  +⋅=
⋅

+=+=+= 74676
2
02

00 c
bhR

cq
c

M
cqQQQ btb

sw
b

swbswsb
ϕ

   

  102879
2,78

37201068,02 22

=
⋅⋅⋅⋅

+ n =102,88 kn>Q=43,74 kn. 

 rogorc vxedavT yvelaze saSiSi daxrili kveTis zidvis unari 
uzrunvelyofilia. maSasadame sayrdenebTan axlos (l/4 nawilze) 
konstruqciuli mosazrebiT Calagebuli ganivi armatura sakmarisia. 

 koWis malebis Sua nawilSi ∅5.Bp-I armaturis bijs aviRebT 

   3040
4
3

4
3

=⋅⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛= hS sm. 

 koWis daarmatureba mocemulia 82,g naxazze. 
 
 

danarTi 17 
badeebiT daarmaturebuli aguris boZis zidvis 

unaris gaangariSeba 
 gaviangariSoT aguris daarmaturebuli boZis zidvis unari, romlis 
gegmaSi zomebia bxh=51x64 sm, saangariSo simaRle H=3 m. grZivi saangariSo 
Zala N=800 kn, romelic modebulia boZze eqscentrisitetiT e0=5 sm, kveTis 
simaRlis mimarTulebiT. boZis wyoba Sesrulebulia Tixis, 100 markis 
agurisagan da 75 markis duRabisagan. 

 boZis ganivi kveTis farTobi A=0,51⋅0,64=0,3264 m2. wyobis drekadobis 

maxasiaTebeli α =1000 ([5], cxr. 11.3). grZivi Runvis koeficienti ϕ=0,98 ([5], 
cxr. 11.4). grZivi Runvis koeficienti kveTis mxolod SekumSuli nawilis 

CaTvliT ϕ1=0,97. wyobis saangariSo winaRoba R=1,7 mgpa (danarTi 15). 
 garecentrulad SekumSuli dauarmaturebuli aguris wyobis zidvis 
unari gamovTvaloT (12.2) formuliT 

8,48810078,1275,07,197,01 3
1 =⋅⋅⋅⋅⋅=⋅⋅⋅≤ ωϕ cg ARmN kn<N=800 kn. 

aq 275,084,03264,0
64,0

05,0213264,0)/21( 0 =⋅=⎟
⎠

⎞
⎜
⎝

⎛ ⋅
−=−= heAAc m2; 

ϕ1=0,97;  ω=1+e0/h=1+0,05/0,64=1,078; mg=1 (h>30 sm-ze). 
 boZis saangariSo zidvis unari aRmoCnda 1,64-jer naklebi, vidre masze 
moqmedi saangariSo N grZivi Zala. maSasadame, saWiroa boZis aguris wyobis 
gaZliereba badeebiT daarmaturebiT. 

badeebiT daarmaturebuli boZis saWiro simtkice iqneba 

  Rskb=1,7⋅1,64=2,8 mgpa. 
 badeebisaTvis aviRoT mavTulovani armatura ∅4 Bp-I, romlis winaRoba 

wyobaSi Rcs=Rs⋅γcs=365.0,6=219 mgpa. sadac Rs - Bp-I klasis mavTulovani 

armaturis saangariSo winaRobaa (danarTi 15), xolo γcs=0,6 - wyobaSi badis 
muSaobis pirobebis koeficienti. 

boZis badeebiT daarmaturebis procenti gamovTvaloT [5], (13.4) 
formulidan 
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( ) ( ) %37,0100
32,0/05,0212192

7,18,2100
/212 0

=⋅
⋅−⋅
−

=⋅
−

−
=

yeR
RR

s

skbμ  

 [5]-s formula (13.8)-dan. 

2,5
100

37,0243227,1
100

2
=

⋅⋅
+⋅=+=

μcsn
usku

R
RR  mgpa, 

sadac RRu 2=  wyobis droebiTi winaRobaa kumSvaze; 

   2436,0405 =⋅=⋅= cssncsn RR γ mgpa _ wyobaSi armaturis normatiuli 

winaRoba. 
 badeebis daarmaturebuli wyobis drekadi maxasiaTebeli [5]-is 
mixedviT gamoiTvleba formuliT 

.654
2,5
4,31000 =⋅==

sku

u
sk R

R
αα  

 boZis moqniloba .7,464,0/3/ === hlchλ  [5]-is 11.4 cxrilidan 

interpolaciiT movnaxavT ϕ=0,98 da ϕ1=0,97. 
 [5]-is (13.4) formulis mixedviT 

 8,2
32,0

05,021
100

21937,027,1
2

1
100
2 0 =⎟

⎠

⎞
⎜
⎝

⎛ ⋅
−

⋅⋅
+=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−+=

y
eR

RR s
skb

μ
 mgpa<2R=3,4 mgpa. 

 SevamowmoT daarmaturebuli boZis, rogorc garecentrulad 
SekumSuli elementis, zidvis unari [5] (13.6) formuliT 

 ( ) 5,80610078,1844,03264,08,297,01/21 3
01 =⋅⋅⋅⋅⋅⋅=−≤ ωϕ heARmN skbg kn>N=800 kn. 

SevamowmoT boZis simtkice centralur kumSvaze ganivkveTis b gverdis 
mimarTulebiT [5]-is (13.2) formuliT 

 32,3
100

21937,027,1
100

2
=

⋅⋅
+=+= s

sk
R

RR
μ

<2R=3,4 mgpa. 

 aviRoT skR =3,32 mgpa. radgan λ=3/0,51=5,9 [5]-is 11.4 cxrilidan - ϕ=0,96. 
 simtkicis piroba centraluri kumSvisas 

 1040103264,032,396,01 3 =⋅⋅⋅⋅=⋅⋅⋅≤ ARmN skg ϕ kn>N=800 kn, 
 e.i. μ=0,37%. badeebiT daarmaturebuli boZis simtkice sakmarisia. 
 badis mavTulis diametri d=4 mm. badeebi ganvalagoT yoveli ori 

rigis Semdeg. maSin μ=0,37%-is mixedviT saTanado cxrilidan SeirCeva 
badeebi ujredebiT 4,5x4,5 sm. badis Reroebi boZis kididan daSorebulia 
a=1,5 sm-iT (damcveli fena). 
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