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q. TbilisSi, daviT aRmaSenebelis xeivnidan-muxaTgverdisaken

gadasasvleli estakadis gamokvleva-gamocdis Sesaxeb

estakadas (gzagamtars) a.w. agvistos TveSi, nagebobis mzidunarianobis

da saeqspluatacio pirobebis dadgenis mizniT Cautarda gamokvleva-

gamocda. nagebobis gamokvleva-gamocdam aCvena damakmayofilebeli Sedegebi

(ix. gamocdis angariSi).

arsebuli estakada amave dros gzagamtaris movaleobasac asrulebs,

romlis xidqveSa gabaritSi gadis saerTaSoriso mniSvnelobis s-1 Tbilisi-

senaki-leseliZis saavtomobilo gzis monakveTi.

estakada aris ormaliani, Wrili sistemis, sqemiT 2X28.0 m. xidis

sigrZe L=73.86 m, xolo gabariti Г=10.5+2X1.0 m (nax. #1).

foto 1. xidis saerTo xedi

estakadis (gzagamtaris) malis naSenebad gamoyenebulia winaswar

daZabuli rkinabetonis 28.0 m sigrZis udiafragmo koWebi, romlebic

aRebulia tipiuri proeqtis mixedviT.

koWebis ricxvi malSi aris 7 cali (foto 2).

malis naSenis koWebi Sualeduri tipisaa, romelTa RerZebs Soris

manZilebi araTanabaria da meryeobs 1.85-:-1.98 metramde (ix. nax. #1).

gzagamtaris winaswar daZabuli rkinabetonis udiafragmo koWebi

damzadebulia gasuli saukunis 70-ian wlebSi, razedac migvaniSnebs koWebis

fasadebze maTi damzadebis welis maniSnebeli warwerebi (foto 3).
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foto 2. malis naSenis winaswar daZabuli

rkinabetonis udiafragmo koWebi

foto 3. koWebis fasadze misi damzadebis welis

maniSnebeli warwera

malis naSenis koWebis arsebuli mdgomareoba, nagebobis gamokvleva-

gamocdis Sedegebis mixedviT damakmayofilebelia. mxolod

gasaTvaliswinebelia, rom koWebis gamonoliTebis nakerebze adgili aqvs

betonis gamofitva-gamotutvebs da rig ubnebze koWebis filis Sverili

Jangmokidebuli armaturebi daufaravia (betonSi ar aris moqceuli)

foto 4, aucilebelia maTi gawmenda-gasufTaveba, Semdgom maTi moqceva
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torkret an naSxefi betonis fenaSi. gzagamtaris malis naSenebis koWebze

betonis gamotutvebis-gamofitvebis mTavari mizezi (ise rogorc sxva

mravali rkinabetonis xidebis SemTxvevaSi) aris nagebobis saval nawilze

wylis arinebis mougvarebloba, rac gasaTvaliswinebelia.

gasaTvaliswinebelia isic, rom gzagamtarze savali nawilis asfaltbetonis

fenili deformirebuli, dabzaruli da mTlianadaa mwyobridan gamosuli

(foto 5). nagebobaze ar aris mowyobili hidrosaizolacio fena da

sadeformacio nakerebi.

gzagamtaris zogierT koWze adgili aqvs winaswar daZabvis ankeridan

gamosuli Reroebis araerTgvarovnad CaWras da Reroebis betonSi ar

moqcevas, rac erTmxriv dauSvebelia da meore mxriv xels uSlis sakarade

kedlidan koWis torsis normalurad dacilebas (foto 6).

saxide gadasasvlelze (amJamad nageboba ar funqcionirebs)

gamotutuli-gamofituli ubnebis arseboba momavalSi kidev ufro

intensiurad ganviTardeba, rasac JangviTi procesebis gaaqtiureba moyveba.

aRniSnuli procesebis SeCerebis da nagebobis normaluri funqcionirebis

mizniT, aucilebelia xidze mwyobridan gamosuli savali nawilis

asfaltbetonis fenilis mTlianad aReba-gasufTaveba da Semdgom

hidrosaizolacio fenasTan da sadeformacio nakerebTan erTad axlidan

mowyoba, xidze grZivi da ganivi qanobebis sruli dacviT.

a)
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b)

g)

foto 4. malis naSenis koWebis da gamonoliTebis

nakerebze betonis gamotutva-gamofitvebis da daufaravi

Jangmokidebuli armaturebis fragmentebi
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foto 5. gzagamtaris arsebuli savali nawilis

fragmenti

foto 6. sakarade kedlis da winaswar daZabuli

rkinabetonis koWis ankeruli Camagrebis fragmentebi

estakadaze (gzagamtarze) aseve mwyobridanaa gamosuli trotuarebis

savali nawili, rkinabetonis asawyobi parapetebi (romliTac xidis gabariti

trotuarebidanaa gamoyofili), Tujis moajirebi romlebic xidze

fragmentuladaa SemorCenili (foto 7).
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foto 7. mwyobridan gamosuli trotuaris savali

nawilis, rkinabetonis parapetis da moajiris

fragmentebi

zidis burjebi: sanapiro burjebi agebulia betonis blokebisagan,

romlebic gaerTianebulia monoliTuri rkinabetonis wamwisqvedebiT,

sakarade kedliT da ukufrTebiT (foto 8), xolo Sualedi burji

amoyvanilia ori wriuli kveTis (d=1.0 m) rkinabetonis dgarebze.

rkinabetonis dgarebi TavSi gaerTianebulia asawyob monoliTuri

rkinabetonis rigeliT (foto 9). burjebis mdgomareoba

damakmayofilebelia. mxolod gasaTvaliswinebelia, rom wamwisqvedas

baqnebze da rezinis sayrden nawilebTan dagrovilia grunti da nagavi

(foto 10) aucilebelia misi gawmenda.

a)



q. TbilisSi, daviT aRmaSeneblis xeivnidan muxaTgverdisaken gadasasvleli estakadis gamokvleva-gamocda 11

b)

foto 8. sanapiro burjebi

a)

b)

foto 9. Sualedi burjis da rigelis fragmentebi
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a)

b)

g)

foto 10. sanapiro da Sualedi burjebis wamwisqvedas

baqnebis fragmentebi
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arsebuli gzagamtari Sesrulebis da gadawyvetis mixedviT SeiZleba

iTqvas, rom sakmaod arakvalificiuradaa Sesrulebuli, rac gamowveulia

nagebobis mrudze mowyobis sirTulidan gamomdinare. am sirTulis moxsna

Tavidanve SesaZlebeli iyo, Tu Sualedi burjis rigelis nawili

moTavsebuli iqneboda mezobeli malis naSenis koWebs Soris, rac

aprobirebuli da miRebulia gzagamtaris SemTxvevaSi.

nagebobis saerTo Sefasebis mizniT COLEPBRAND  REBAR  CHECKER-is

gamoyenebiT gazomili iqna winaswar daZabuli rkinabetonis malis naSenis

koWSi karkasis armaturis damcveli fenis sisqe, xolo armaturis daJangvis

xarisxis procentuloba dadgenili iqna eleqtropotencialis gamzomi

xelsawyoTi - DIGITAL HALF-GELL TEST KIT DHC 04 (foto 11,12).

foto 11. malis naSenis koWSi armaturis
damcavi fenis dadgena

foto 12. armaturis daJangvis xarisxis
albaTobis procentulobis dadgena
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25

winaswar malis naSenis koWze movniSnavT carciT ekrans 1-1,5 m-is

zomebSi, Semdeg vyofT ekrans pirobiT 20-25 sm-is ubnebad. ubnebze xdeba

anaTvlebis aReba. anaTvlebis aRebis Semdeg vRebulobT ricxviT vels.

ricxviT velSi wreSi moTavsebuli eleqtropotencialis

mniSvnelobani gviCvenebs malis naSenis koWSi armaturis daJangvis xarisxis

albaTobis procentulobas saTanado siRrmeze, romelsac gansazRvravs

ricxviT velSi centrSi ganlagebuli ricxvebi. Jangvis albaTobis

procentuli mniSvneloba ganisazRvreba grafikidan (nax. #2). zemoT

moyvanili gamoTvlebi miaxloebiTia.

nax. #2
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Elkometer 181 CaquCis (foto 13) gamoyenebiT (romelic damzadebulia

evrokavSirSi) dadgenili iqna: saxide gadasasvlelis samalo nagebobis

koWebis, filis, gamonoliTebis nakerebis, fermqveSa baqnis da rigelis

betonis klasi (marka). Sedegebi mocemulia gamokvleva-gamocdis angariSis

danarTSi.

foto 13. Elkometer 181 CaquCiT
betonis klasis (marka) dadgena

gamoTvlis Sedegebi gviCvenebs, rom betonis klasi (marka) kargia da

samalo nagebobaze JangviTi procesi normis farglebSia.
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malis naSenis gamocda statikur datvirTvaze

q. TbilisSi, daviT aRmaSeneblis xeivnidan muxaTgverdisaken

gadasasvleli estakadas Cautarda gamocda statikur datvirTvaze. xidi

aris ormaliani, Wril koWovani sistemis, sqemiT 2X28.0 malis naSenebad

gamoyenebuli 28.0 metriani sigrZis winaswar daZabuli rkinabetonis

udiafragmo koWebi. koWebis ricxvi malSi aris 7 cali. xidis gabariti

Г=10.50+2X1.0 m.

nagebobis gamocdisaTvis SerCeuli iqna #2 mali. malis naSenis

koWebis CaRunvis gansazRvrisaTvis gamoyenebuli iqna indikatoruli tipis

meqanikuri CaRunvmzomebi, romlTa danayofis fasi aris 0.01mm. CaRunvmzomebi

dayenebuli iqna malis SuaSi (nax. #3, foto 14). malis naSenis gamocda

Catarda datvirTvis sami sqemis mixedviT (foto 15). miRebuli Sedegebis

mixedviT mTeli yuradReba gadatanili iqna #1 da #2 datvirTvis sqemebze

(nax. #4, #5, foto 15 a,b).

sacdeli datvirTvebisaTvis gamoyenebuli iqna КамАЗ-is markis

manqanebi, romelTa maxasiaTeblebi mocemulia cx. #1-Si.

cxrili #1

# manqanis marka

mTliani

wona,

kn(tZ)

datvirTvis ganawileba RerZebze

wina

RerZze,

kn(tZ)

Sua

RerZze,

kn(tZ)

ukana

RerZze,

kn(tZ)

1

КамАЗ
QOQ – 027
SWS – 172
LOL – 547
RAV – 515
AAU – 215

WMW – 856

189.20

(18.92)

44.70

(4.47)

72.25

(7.225)

72.25

(7.225)
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foto 14. CaRunvmzomebis ganlageba

a)

b)
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g)

foto 15. saavtomobilo datvirTvebi

statikuri gamocdis Sedegebis analizi

malis naSenis koWebis drekadi CaRunvebi, gamowveuli droebiTi

moZravi vertikaluri datvirTvebisagan warmodgenilia cxril @#2-Si da

gamosaxulia grafikis saxiT, nax. #6-ze.

CaRunvebis sidideebi mocemulia santimetrebSi.

cxrili #2

malis naSenis koWebis faqtiuri CaRunvebi gamowveuli sacdeli

datvirTvebisagan malis SuaSi, saSualebas iZleva gansazRvruli iqnas

ganivi dadgmis (dayenebis) koeficientis (g.d.k.) namdvili mnSvneloba (1)

formuliT

f

f
C i

i 


.g.d.k
,    (1)

datvirTva
malis naSenis koWebi

1 2 3 4 5 6 7

sqema I 1.13 1.10 1.03 0.75 0.45 0.22 0.05

sqema II 1.33 1.74 1.35 1.04 0.65 0.30 0.15
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sadac:
.g.d.kC i
- ganivi dadgmis koeficientii–uri koWisaTvis;

f
i
-i-uri koWisaTvis gazomviT miRebuli CaRunvis mniSvneloba;

f - CaRunvis jamuri mniSvneloba.

cxrili #2-dan datvirTvis pirveli sqemisaTvis

f = f 1
+ f 2

+ f 3
+ f 4

+ f 5
+ f 6

+ f 7
= 1.13+1.10+1.03+0.75+

+0.45+0.22+0.05=4.73 sm

239.0
4.73
1.13

1 C ; 233.0
4.73

10.1
2 C ; 218.0

4.73
03.1

3 C ; 159.0
4.73

75.0
4 C ;

095.0
4.73

45.0
5 C ; 046.0

4.73
22.0

6 C ; 010.0
4.73

05.0
7 C ;

cxrili #2-dan datvirTvis meore sqemisaTvis

f = f 1
+ f 2

+ f 3
+ f 4

+ f 5
+ f 6

+ f 7
= 1.33+1.74+1.35+1.04+

+0.65+0.30+0.15=6.56 sm

203.0
6.56
1.33

1 C ; 265.0
6.56

74.1
2 C ; 206.0

6.56
35.1

3 C ; 159.0
6.56

04.1
4 C ;

099.0
6.56

65.0
5 C ; 046.0

6.56
30.0

6 C ; 022.0
6.56

15.0
7 C ;

ganivi dadgmis (dayenebis) koeficientis (g.d.k) mniSvneloba malis

naSenis koWebisaTvis mocemulia cxril #3-Si da gamoxazulia grafikis

saxiT nax. #7 -ze.

cxrili #3

datvirTva
malis naSenis koWebi

1 2 3 4 5 6 7

sqema I 0.239 0.233 0.218 0.159 0.095 0.046 0.010

sqema II 0.203 0.265 0.206 0.159 0.099 0.046 0.022
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cxrili #3-dan Cans, rom ganivi dadgmis koeficientis udidesi

mniSvneloba modis datvirTvis pirveli sqemis dros #1 koWze ( )239.0.1 C

Mmalis naSenis mzidunarianobis dadgenis mizniT vaxdenT sacdeli

datvirTvisagan gamowveuli mRunavi momentis mniSvnelobis Sedarebas,

saangariSo mRunavi momentis Teoriul mniSvnelobasTan. Nnax. #8 -dan

Ra
.L–P1

.0.48–P2
.3.32–P2

.4.64–2P1
.7.74–2P2

.10.58–2P2
.11.90–2P2

.15.50–2P2
.16.82–

–2P1
.19.66–P2

.22.76–P2
.24.08–P1

.26.92=0

Ra
.L=P1(0.48+2.7.74+2.19.66+26.92)+P2(3.32+4.64+10.58.2+2.11.90+

+2.15.50 +2.16.82+22.76+24.08)

Ra
.27.40=4.47.82.20+7.225.16.40 =1555.224 tZ.m

Ra= Rb=56.76 tZ.

mRunavi momentis saangariSo mniSvneloba malis SuaSi moZravi

droebiTi saavtomobilo datvirTvebisagan iqneba (nax. #8-dan):


a

RM
L/2

L/2– 2P2
.1.80 – 2P2

.3.12 –2P1
.5.96–P2

.9.06 – P2
.10.38– P1

.13.22


L/2

M 56.76.13.70– P1(2.5.96+13.22) – P2(2.1.80 + 2.3.12+9.06+ 10.38)


L/2

M 777.612–4.47.25.14+7.225.29.28=453.69 tZ.m

viTvaliswinebT ra ganivi dadgmis koeficientis maqsimalur

mniSvnelobas cxrili #3-dan, maSin mRunavi momentis faqtiuri sidide

malis SuaSi iqneba:

  L/2L/2 MCM
1

f 0.265.453.69=120.23 tZ.m

imisaTvis, rom SevafasoT datvirTvis sididis moqmedeba, saWiroa

gansazRvruli iqnas ganivi dadgmis koeficientis (g.d.k) mniSvneloba

miRebuli saangariSo sqemidan (nax. 5, 8).
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xidze aris ori kolona usafrTxoebis zolis dakavebiT, xalxis

gareSe. ganivi dadgmis koeficients (g.d.k) vsazRvravT e.w. aracentraluri

kumSvis formulidan:

;3

1

2






i

i

i

a

ae

n

1C (2)

sadac: e - manZili tolqmedidan malis naSenis RerZamde;

n-koWebis raodenoba malis naSenSi (n=7 cali);

a1 – a3 - manZili simetriuli koWebis RerZebs Soris

2

3

2

2

2

1

3

1

2 aaaa
i

i



=11.54

2
+7.71

2
+3.95

2
=32.49+3.61=208.22 m

2

(g.d.k.)-is mniSvneloba #1 koWisaTvis–(pirveli kolonisaTvis)

327.0184.0143.0
22.208

54.11325.3
7
11

1



C

meore kolonisaTvis

164.0021.0143.0
22.208

54.11375.0
7
12

1



C

mRunavi momentis saangariSo mniSvneloba malis SuaSi, roca xidze

ori kolonaa usafrTxoebis zolis dakavebiT, iangariSeba (3) formuliT

    



 





 





   2

11
2
111

1
1

5,021
1

5,0 CSCCC vyyPM fvfp  , (3)

sadac1+μ- dinamikurobis koeficientia

135
-4511 

  ;130.1.
135

27.40-451 

 gavlenis xazis datvirTvis sigrZe m-Si( 40.27 m.);

 fp saimedoobis koeficientiAKdatvirTvis urikasaTvis, da mis

mniSvnelobas viRebT interpolaciiT,radgan 30 m-ze.

(ixileT 3.p.2.23cx. #14) - fp =1.29

P=9,81K, urikis RerZze mosuli dawolaAKdatvirTvisagan;

K-KdatvirTvis klasi, Tanaxmad [3,p.2.12]-s.

P=9,81.K=9,81. 11=110kn (11 tZ);
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20.1fv saimedoobiskoeficientiAKdatvirTvis ganawilebuli

nawilisaTvis;

V - AKdatvirTvisagan gamowveuli Tanabarganawilebuli zolovani

datvirTvis intensiuroba (V=0,98K=0,98. 11=11kn/m; 1,1 tZ/m),

,1Y Y 2
- xidis malSi gavlenis wiris ordinatebi (nax. #9)

m85.6
4
40.27

41 
L

Y ; m10.6
2

50.170.13
2

5.12/
2








L

Y ;

5,0 -mRunavi momentis gavlenis wiris farTobi (
2

m  845.93240.27125.0125.0 2
5,0 l );

1S -zolovnobis koeficienti, Tanaxmad [3,p.2.14]-sa 1S =0.6.

cnobili sidideebi SevitanoT (3) formulaSi, miviRebT:

0,5M =1.13. [1.226 . 11.(0.327+0.164)(6.85+6.10)+

+1.20 . 1.1 .93.845(0.327+0.6.0.164)]=156.45 tZ.m

rom movaxdinoT datvirTvis intensiurobis Sefaseba malis naSenze,

saWiroa sacdeli datvirTvisagan (manqanebisagan) gamowveuli mRunavi

momentis faqtiuri mniSvneloba SevafardoT (3) formuliT miRebul

saangariSo mRunavi momentis mniSvnelobasTan, maSasadame gveqneba

,%77100
45.156
23.120 

0.5

L/2

M
M f

maSasadame samanqano datvirTva xidis gamocdisas

SeadgendasaangariSo datvirTvis 77%-s.

malis naSenis CaRunvis sididis Sefaseba
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LL
L

f

400
1

1207
127.2

2740


SuamalSi CaRunva #2 koWisaTvis gamovida 1.75 sm,  rac miRebuli iqna

im SemTxvevaSi, roca samanqano datvirTva xidis gamocdisas Seadgenda

saangariSo datvirTvis 77%-s. maSin faqtiuri CaRunva, romelic Seesabameba

saangariSo datvirTvas, toli iqneba:

miRebuli Sedegebidan gamomdinare [3] normebis moTxovna

dakmayofilebulia.

daskvna

sm.27.2
77.0
75.1 f
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q. TbilisSi, daviT aRmaSeneblis xeivnidan musaTgverdisaken

gadasasvleli estakadis gamokvleva-gamocdis Sesaxeb

estakadis Sesaxeb analizi mocemulia gamokvleva-gamocdis

angariSSi.

estakadis statikur datvirTvebze gamocdis dros sagamocdo

datvirTvam Seadgina 77%, maSin roca normebiT [2] igi unda iyos ara

naklebi 75%-isa, Sesabamisad piroba dakmayofilebulia.

nagebobis statikur datvirTvebze gamocdam (gamocda Catarda [2], [3]

normebis moTxovnebis sruli dacviT) gviCvena, rom estakada

mzidunarianobis mixedviT uzrunvelyofs A 11, HK-80 saangariSo

datvirTvebis gatarebas.

estakada misi arsebuli mdgomareobidan gamomdinare (nagebobasTan

misasvleli yrilis SeuRlebebi, savali nawilis asfaltbetonis fenili,

moajirebi da sxva konstruqciuli elementebi mwyobridanaa gamosuli)

didi xania mitovebulia da ar funqcionirebs.

estakadaze Seqmnili mdgomareobidan gamomdinare, imisaTvis, rom man

Seasrulos Tavisi funqcionaluri daniSnuleba, rogorc mudmivma

sainJinro nagebobam, aucilebelia gamokvleva-gamocdis dros gamovlenili

defeqtebis, darRvevebis da dazianebebis gamosworeba, saTanadod

damuSavebuli proeqtis mixedviT. winaaRmdeg SemTxvevaSi nagebobis

arsebuli saxiT eqspluataciaSi CarTva ar SeiZleba.



q. TbilisSi, daviT aRmaSeneblis xeivnidan muxaTgverdisaken  gadasasvleli estakadis gamokvleva-gamocda 32

d a n a r T i

rkinabetonis koWebis, filis, gamonoliTebis nakerebis,

fermqveSa baqnis da rigelis betonis klasis (markis) dadgena
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betonis klasis dadgenas vaxdenT Elkometer 181 –is CaquCis saSualebiT.

amisaTvis vadgenT saTanado cxrils. instrumentze dafiqsirebuli

anaTvlebis safuZvelze – diagramis gamoyenebiT (ix. diagrama) vadgenT

betonis klass.

rkinabetonis malis naSenis koWebze

winaswar daZabuli rkinabetonis

##
anaTvali

instrumentze

betonis

klasi

(B), mg.pa

betonis

marka,

kgZ/sm2

1 38 ≈B30 380

2 40 ≈B30 410

3 37 ≈B27.5 360

4 38 ≈B30 380

5 37 ≈B27.5 360

6 38 ≈B30 380

7 37 ≈B27.5 360

8 35 ≈B25 320

9 38 ≈B30 380

10 40 ≈B30 410
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malis naSenis koWebis filaze

malis naSenis winaswar daZabuli rkinabetonis

##
anaTvali

instrumentze

betonis

klasi

(B), mg.pa

betonis

marka,

kgZ/sm2

1 45 ≈B35 440

2 44 ≈B30 420

3 45 ≈B35 440

4 43 ≈B30 400

5 45 ≈B35 440

6 44 ≈B30 420

7 43 ≈B30 400

8 44 ≈B30 420

9 45 ≈B35 440

10 44 ≈B30 420
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koWebis gamonoliTebis nakerebze

##
anaTvali

instrumentze

betonis

klasi

(B), mg.pa

betonis

marka,

kgZ/sm2

1 40 ≈B25 320

2 42 ≈B30 380

3 41 ≈B27.5 360

4 40 ≈B25 320

5 42 ≈B30 380

6 41 ≈B27.5 360

7 42 ≈B30 380

8 41 ≈B27.5 360

9 40 ≈B25 320

10 38 ≈B25 310



q. TbilisSi, daviT aRmaSeneblis xeivnidan muxaTgverdisaken  gadasasvleli estakadis gamokvleva-gamocda 36

fermqveSa baqanze

rigelze

##
anaTvali

instrumentze

betonis

klasi

(B), mg.pa

betonis

marka,

kgZ/sm2

1 32 ≈B22.5 280

2 33 ≈B22.5 290

3 32 ≈B22.5 280

4 33 ≈B22.5 290

5 34 ≈B22.5 305

6 32 ≈B22.5 280

7 33 ≈B22.5 290

8 34 ≈B22.5 305

9 32 ≈B22.5 280

10 33 ≈B22.5 290
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gamoyenebuli literatura

##
anaTvali

instrumentze

betonis

klasi

(B), mg.pa

betonis

marka,

kgZ/sm2

1 40 ≈B30 410

2 38 ≈B30 385

3 39 ≈B30 390

4 40 ≈B30 410

5 38 ≈B30 385

6 39 ≈B30 390

7 38 ≈B30 385

8 40 ≈B30 410

9 39 ≈B30 390

10 38 ≈B30 385
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