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ნაშრომის საერთო დახასიათება

ნაშრომის აქტუალობა. me-19 saukunis bolodan dRemde msoflioSi

sxvadasxva tipis aTasobiT betonis kaSxalia agebuli. maT Soris

gravitaciul kaSxlebs dominanturi pozicia uWiravT. saqarTveloSic aris

ramodenime betonis graviaciuli kaSxali agebuli, romelTaganac yvelaze

maRalia gumaTi-2 hesis kaSxali. aRniSnul kaSxlebs dRemde gansakuTrebuli

problemebi simtkicisa da mdgradobis mxriv ar SeqmniaT, Tumca

mravalwliani eqspluataciis periodSi zogierT maTganSi Tavi iCina iseTma

problemebma, romlebic betonSi mimdinare qimiur procesebs ukavSirdeba.

aseTebs miekuTvneba e.w. tute-Semavseblebis reaqcia (AAR) da tute-silikas

reaqcia (ASR), romlebic iwveven betonis lokalur zrdas moculobaSi,

rasac, Tavis mxriv, Tan sdevs misi daSla.

garda aRniSnuli problemisa, eqsploataciaSi didi xniT myof betonis

kaSxlebs gaaCniaT sxva, ufro mniSvnelovani probleba. saqme exeba maT e.w.

“eqspluataciur gadaRlas”, romelic pirdapir kavSirSia eqspluataciis

periodSi maTze moqmed gare gegmiur da gauTvaliswinebel datvirTvebTan.

gegmiur datvirTvebs miekuTvneba garkveuli kanonzomierebiT cvladi

hidrostatikuri dawneva, xolo gauTvaliswineblebs – seismuri

datvirTvebi, aranormatuli filtraciuli datvirTvebi da a.S. mravali

aTeuli wlis ganmalvlobaSi aseTi garegani datvirTvebi iwveven betonis

gadaRlas, rac pirdapir kavSirSia misi meqanikuri maxasiaTeblebis

cvlilebasTan. garda amisa, rogorc naturuli dakvirvebebi da

laboratoriuli eqsperimentebi adastureben, betonis meqanikuri

maxasiaTeblebi icvlebian droTa ganmavlobaSi. zemodmoyvanili orive es

faqtori mniSvnelovan gavlenas axdens kaSxlebis arsebul daZabul-

deformirebul mdgomareobaze da am sakiTxis Semdgomi Seswavla

aucilebelia.  problemis kompleqsurad Seswavla daiwyo jer kidev 1990-ani

wlebis bolodan [1] da dRemde aqtiurad grZeldeba. sakiTxis mniSvneloba
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imaSic gamoixateba, rom arsebuli kaSxlebis realuri daZabul-

deformirebuli mdgomareobis dadgeniT SesaZlebeli xdeba maTi samomavlo

saeqspluatacio rezervebis dadgena, rac pirdapir kavSirSia rogorc

ekonomikur rentabelobasTan, aseve konstruqciul usafrTxoebasTan.

samuSaos mizani:

1) didi xnis ganmavlobaSi eqspluataciaSi myofi da “gadaRlili” betonis

gravitaciuli kaSxlebis daZabul-deformirebuli mdgomareobis angariSi da

analizi neli statikuri cikluri datvirTvebis (wyalsacavis avseba-dacla)

da betonis asakis (eijingi) gaTvaliswinebiT;

2) analizis Sedegad kaSxlebis simtkicis rezervebis dadgena maTi momavali

usafrTxo saeqspluatacio periodis dadgenis mizniT.

aRniSnuli miznis misaRwevad dasmulia da gadawyvetilia Semdegi

amocanebi:

 betonis gravitaciuli kaSxlebis retrospeqtuli saangariSo sqemisa

da angariSis mimdevrobis dazusteba;

 betonis arawrfivi drekadi rRvevis ganmsazRvreli modelis SerCeva

brtyeli deformaciis pirobebisaTvis;

 sakontaqto zonis ganmsazRvreli modelis SerCeva;

 kaSxalis arsebuli mdgomareobis angariSi retrospeqtuli analizis

Sedegad nagebobisa da masalis modificirebuli modelis

gaTvaliswinebiT;

 eqspluataciaSi myofi realuri betonis gravitaciuli kaSxlis

angariSi.

samuSaos mecnierul siaxle:

 kaSxlis saangariSo meTodikis realizebis Tanmimdevroba:

retrospeqtuli angariSi arsebuli mdgomareobis analizi;

 kaSxlisa da fuZis sakontaqto zedapirisa da kaSxlis tanis

fenebSorisi sibrtyeebis (interfeisebi) muSaobis modelireba;

 neli statikuri cikluri datvirTvebis gavlena gravitaciuli

kaSxlis daZabul-deformirebul mdgomareobaze;



5

 betonis asakis gavlena gravitaciuli kaSxlis daZabul-deformirebul

mdgomareobaze;

 cikluri datvirTvebisa gavlena interfeisebze;

 betonis asakis gavlena interfeisebze.

ZiriTadi Sedegebis saimedoba: ganpirobebulia Teoriuli (sasruli

elementebis meTodi) da Catarebuli ricxviTi eqsperimentebis aprobirebuli

da dasabuTebuli midgomiT.

naSromis aprobacia: doqtoranturis damtkicebuli programiT

gaTvaliswinebuli pirveli meore seminarebi; 2014 wlis maisSi Catarebuli

studentTa saerTaSoriso konferencia;

publikaciebi: ori statia saqarTvelos teqnikuri universitetis

SromaTa krebulSi da erTi statia – Jurnal “energia”-Si.

samuSaos moculoba da struqtura. sadisertacio naSromi

warmodgenilia . . . gverdze (maT Soris . . . cxrili, . . . naxazi da . . .

fotoa). igi Sedgeba Sesavlis, oTxi Tavis, daskvnebisa da citirebuli

literaturisagan (. . . dasaxelebis, maT Soris . . . – ucxo enaze).

naSromis Sinaarsi

SesavalSi aRwerilia problemis mokle  istoria, naSromis saerTo

daxasiaTeba da problemis aqtualoba. miTiTebulia, rom maRali betonis

kaSxlebis faqtiuri istoria daiwyo 221 m simaRlis huveris TaRovan-

gravitaciuli kaSxlis agebiT md. koloradoze (aSS). am TaRovan-

gravitaciuli kaSxlis mSenebloba daiwyo 1932, xolo dasrulda 1936 wels.

amis Semdeg, msoflioSi sxvadasxva tipis aTasobiT betonis kaSxali aigo,

maT Soris saqarTveloSic. betonis kaSxlebis simtkicis problemebis

Teoriul SeswavlaSi, sxvebTan erTad, didi Rvawli miuZRvis qarTvel

mecnierebsac, maT Soris gansakuTrebuli aRniSvnis Rirsia: a. losaberiZe, n.

mowoneliZe, i. RuduSauri, k. xuberiani, z. gedeniZe, m. yalabegiSvili, b

abulaZe da sxv.
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miuxedavad didi gamocdilebisa, inJinrebisTvis dResac aris Riad

darCenili sakiTxebi, romlebic am kaSxlebis muSaobas ukavSirdeba da

moiTxovs gadawyvetas, raTa moxdes maTi sruli saeqspluatacio

potencialis dadgena.

kompiuteruli teqnologiebis swrafma ganviTarebam me-20 saukunis 60-

iani wlebidan gamoiwvia betonis kaSxlebis simtkicis angariSebisadmi

midgomebSi Tvisobrivi naxtomi. win wamoiwia da TandaTanobiT dominanturi

poziciebi daiWira sasruli elementebis meTodma (sem), romelic

maTematikur ricxviT meTodebs miekuTvneba (o. zinkeviCi, r. klafi, e.

uilsoni, k. bate, v. liam fini da sxvebi sazRvargareT, a. mowoneliZe, m.

yalabegiSvili, b. abulaZe da sxvebi saqarTveloSi)

sadisertacio naSromi exeba arsebuli da “gadaRlili” betonis

gravitaciuli    kaSxlebis daZabul-deformirebuli mdgomareobis angariSs

ori mniSvnelovani faqtoris – betonis asakisa (eijingi) da neli statikuri

cikluri datvirTvebis, gaTvaliswinebiT. am ukanasknelSi igulisxmeba

wyalsacavis avseba-daclis ciklebi, romelTa raodenobac misi regulirebis

reJimzea damokidebuli. am faqtorebis gaTvaliswineba nagebobis simtkicis

resursebis dadgenis saSualebas iZleva.

pirveli Tavi mimoxilviTi xasiaTisa da eZRvneba gravitaciuli

kaSxlebis daZabul-deformirebuli mdgomareobis saangariSo meTodebis

mokle aRweras. kerZod, ganxilulia:

1) klasikuri analizuri meTodebi – masalaTa gamZlebis meTodi (misi sxva

dasaxelebebia: elementaruli meTodi, gravitaciuli meTodi) da

drekadobis Teoriis meTodi. aRniSnulia, rom maTi saimedobisa da

simartivis miuxedavad, maT ar SeuZliaT gaiTvaliswinon fuZis gavlena

kaSxlis tanSi daZabul deformirebul mdgomareobaze.

2) sakontaqto amocanebi – koWuri da naxevradanalizuri meTodebi. koWuri

meTodi, romelic miekuTvneba e.w. sakontaqto amocanebis klass,

garkveulwilad asworebs zemodaRniSnul xarvezs da iZleva

SesaZleblobas ganisazRvros gadaadgilebebi, deformaciebi da Zabvebi

kaSxlisa da kldovani fuZis sakontaqto zedapirze. naxevradanalizuri
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meTodis arsi mdgomareobs imaSi, rom saangariSo sqemidan “kaSxali-

fuZe” vardeba fuZe da misi gavlena kaSxlis daZabul-deformirebul

mdgomareobaze icvleba garkveuli kanoniT ganawilebuli ZabvebiT,

romlebic kaSxlis ZirSi miiReba rogorc sasazRvro pirobebi da

nageboba iangariSeba sasruli elementebis meTodiT. amocana or etapad

ixsneba. pirvel etapze koWuri meTodiT iangariSeba normaluri Zabvebi

sakontaqto zedapirze, xolo meore etapze iangariSeba uSualod

kaSxali sasruli elementebis meTodiT.

3) sasruli elementebis meTodi – moyvanilia gravitaciuli kaSxlebis

simtkiceze angariSi horizontaluri SreebiT TandaTanobiTi agebis

gaTvaliswinebiT (a. mowoneliZe, m. yalabegiSvili). miTiTebulia, rom

sasruli elementebis meTodis erT-erTi umniSvnelovanisi upiratesoba

gamoixateba imaSi, rom iteraciuli ciklebis saSualebiT SesaZlebelia

masalebis meqanikuri maxasiaTeblebis cvlilebebis gaTvaliswineba

daZabul-deformirebuli mdgomareobis mixedviT. faqtiurad, am

SemTxvevaSi, saangariSo sistema ganixileba rogorc arawrfivi drekadi

are. sem-is am upiratesobaze dayrdnobiT SesaZlebelia kaSxali

gaangariSebuli iqnas misi TandaTanobiTi, horizontalur Sreebad

agebis, anu mSeneblobis grafikis da procesis mxedvelobaSi miRebiT.

angariSebisadmi aseTi midgoma saSualebas iZleva gaTvaliswinebuli

iqnas agebis realuri procesi da misi gavlena dasrulebuli kaSxlis

Camoyalibebul daZabul-deformirebul mdgomareobaze. garda amisa, es

midgoma gansakuTrebiT mniSvnelovania datkepnilbetoniani kaSxlebis

gaangariSebisas, radgan is srulad Seesabameba am tipis kaSxlebis

fenobrivd datkepvnis sqemas.

4) mdgradobisa da simtkicis angariSi katastrofebis Teoriis meTodiT -

tradiciuli, deterministuli midgomis Tanaxmad, imisaTvis, rom

nagebobebSi davinaxoT mimdinare procesebi, saWiroa pirveli an meore

rigis diferencialuri gantolebebis sistemebis amoxsna. miuxedavad

amisa, daZabul-deformirebuli mdgomareobis cvlilebebis dinamikuri

procesebi xSirad naxtomiseburad viTardeba. naxtomebi ki xdeba erTi
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Tvisobrivi mdgomareobidan meoreSi gadasvlis dros. magaliTad,

kaSxlis mdgradi mdgomareobidan mdgradobis dakargva, stabiluri

daZabuli mdgomareobidan rRvevis fazaSi gadasvla da a.S. Tvisobrivi

mdgomareobis am uecar cvlilebebs kargad aRwers maTematikuri

modelirebis erT-erTi saintereso forma – katastrofebis Teoria.

moyvanilia konkretuli magaliTi - gravitaciuli kaSxlis mdgradobis

naxtomiseburi dakargvis angariSi hidrostatikuri dawnevisa da

seismuri zemoqmedebis SemTxvevaSi (a.mowoneliZe, p. joxaZe).

meore Tavi eZRvneba arsebuli betonis kaSxlebis kompleqsuri

retrospeqtuli angariSis meTodikas. arsebuli da didi xnis

eqspluataciaSi myofi betonis kaSxlebis daZabul-deformirebuli

mdgomareobis angariSis dros mxedvelobaSi unda iqnas miRebuli misi

eqsploataciis istoria.

SemoTavazebuli meTodika Sedgeba Semdegi etapebisgan:

a) betonis arawrfivi drekadi rRvevis ganmsazRvreli modelis SerCeva

brtyeli deformaciis pirobebisaTvis;

b) sakontaqto zonis ganmsazRvreli modelis SerCeva;

g) kaSxalis arsebuli mdgomareobis angariSi retrospeqtuli analizis

Sedegad nagebobisa da masalis modificirebuli modelis gaTvaliswinebiT

(mag. bzaris gaCena);

meTodikis realizebis Tanmimdevroba mocemulia cxril 2.1 – Si.

gravitaciuli kaSxlis muSaobis Sefaseba unda moxdes brtyel

deformaciaTa amocanebis farglebSi.

Cvens mier warmodgenili kaSxlis konstituciuri modeli eyrdnoba

hipodrekad (arawrfivi drekadi rRveva) formulirebas. es modeli kargad

aRwers mimdevrobiTad Seuqcevad Zabva-deformaciis damokidebulebas.

am midgomis mTavari upiratesoba gamoixateba imaSi, rom is martivad

miesadageba ricxviT analizs da analizisTvis aucilebeli monacemebi

Tavisuflad SeiZleba miviRoT betonis nimuSis erTRerZa kumSvaze

gamocdidan. aRniSnul models SeuZlia gaiTvaliswinos Zabva-deformaciebis

damokidebuleba pikur Zabvebamdec ki, anu gaiTvaliswinos plastikuri



9

cxrili 2.1 meTodikis realizebis Tanmimdevroba

deformac

iis

saxeoba

retrospeqtuli analizi arsebuli mdgomareobis analizi

analizis etapi analizis etapi

betoni

brtyeli

deformac

iis

pirobebSi

1. etapi R-1(1)

sawyisi monac.: betonis da

interfeisebis sixiste da simtkice

analizis meTodi: betonis arawrf.

drekadi rRvevis modeli. rRvevis
modeli interfeisisaTvis

Sedegi: kaSxlis sawyisi ddm -
(,)Initial.

5. etapi P-2(2)

sawyisi monac.: betonis

modificirebuli sixiste da simtkice

(etapidan R-4); kaSxlis

modificirebuli ddm - (, )Modified

(etapidan P-1).

Sedegi: betonis modificirebuli
sixiste da simtkice; kaSxlis

modificirebuli ddm - (, )Modified.

(1) R = retrospeqtuli analizi; (2) P = arsebuli mdgomareobis analizi;

h

Za
b
va

deform.

warsuli muSaoba

muSaoba

deform.

cikl.ricx.

deform.

Za
b
va

Za
b
va

arseb. mdgom.

warsuli

periodi

arseb. momavali

n+1 cikl.ricx.

periodi

warsuli muSaoba

arseb. mdgom.

n

warsuli arseb. momavali

n+1

dro
t0-1 t0

n

dro
t0-1 t0

0
0

0

0

0

0
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moculobiTi zrda kumSvis dros (dilatansia), romelic

damaxasiaTebelia betonisTvis rRvevis wina etapze.

konstituciuri modeli iyenebs betonis rRvevis kriteriumebs brtyeli

deformaciebis da brtyeli daZabuli mdgomareobis amocanebisTvis.

SemoTavazebuli modeli betonis orRerZovan Zabva-deformaciebis

damokidebulebas erTRerZa Zabva-deformaciebis damokidebulebebis

saSualebiT. am midgomis mixedviT deformaciis nazrdis sidide TiToeuli

mTavari mimarTulebisaTvis iangariSeba mTavari Zabvis nazrdis mixedviT

imave mimarTulebiT.

Tu gaviTvaliswinebT imas, rom brtyeli deformaciis pirobebSi betonis

gamocdis monacemebi praqtikurad ar arsebobs, zogierTi iyenebs betonis

samRerZa gamocdis monacemebs da dahyavs is orRerZa kumSvaze. Cven viyenebT

rRvevis oTxparametrian kriteriums, romelic Semdegnairad gamoisaxeba:

(2.1)

sadac

(2.2)

(2.3)

am gamosaxulebebSi arian  pikuri mdgomareobis  Sesabamisi

mTavari Zabvebi, - betonis erTRerZa simtkice kumSvaze da

parametrebi, romlebic ganisazRvrebian  eqsperimentalurad.

arawrfivobis indeqsi, romelic zemod aris aRwerili, miyvanilia

moculobiTi amocanebis klasebisTvis Semdegi formiT:

(2.4)

a
J

b
J

c d
Ip

c

p

c

p

c

p

c

2
2

2 1 1 1 0
 


 

    

I p p p p1 1 2 3    

      J p p p p p p p2 1 2

2

2 3

2

3 1

21

6
          

  1 2 3p p p 

 c a,  b,  c,  d





 i

ip

   (i = 1,2,3)
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sadac ip (i=1,2,3) aris pikuri Zabvis veqtoris Sesabamisi komponentebi.

zogadi damokidebuleba mkveTi Zabva-deformaciebis damokidebulebebis

transversalurad izotropuli (orTotropuli) masalebisaTvis mTavar

ZabvebSi Caiwereba Semdegnairad:

(2.5)

brtyeli deformaciebis amocanebisTvis am gamosaxulebaSi 3=0. am

SemTxvevaSi (2.5) gantolebis diferencialuri forma aRwers mxeb Zabva-

deformaciebis damokidebulebas brtyeli deformaciebisTvis. am SemTxvevaSi

CaiTvleba, rom masalis meqanikuri maxasiaTeblebi Ei da i (i=1,2) Cainacvlebian

Sesabamisi Eti and ti (i=1,2) mniSvnelobebiT. gantoleba (2.4)-dan ganisazRvreba ip

(2.6)

Tu CavsvavT (2.6) gamosaxulebas (2.1)-Si miviRebT:

(2.7)

saidanac SeiZleba miviRoT Semdegi gamosaxuleba -s gansazRvrisaTvis:

(2.8)

 analizis Sedegebi

analizi daiwyo Zabvebis kumSva-kumSvis formiT, rodesac . am

SemTxvevaSi betonis Zabva-deformaciis mrudi brtyeli deformaciis

SemTxvevaSi Zalian axlosaa erTRerZian kumSvis diagramasTan, Tumca





 

 

 





1

2

3

1

2

2

1

1

2

2 2

2

2

1

1

2

2 1

1

2

3

1

1

1





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simtkice kumSvaze mniSvnelovnad izrdeba brtyeli deformaciis

SemTxvevaSi, maSinac ki rodesac -s mniSvneloba dabalia.  kerZod,

simtkice kumSvaze TiTqmis orjer metia erTRerZa kumSvis Sesabamis

simtkiceze kumSvaze. -s mniSvnelobis gazrdis Sedegad  da

sidideemde simtkice kumSvaze mniSvnelovnad izrdeba. analizis dros

Cven ufro metad ar gagvizrdia -s mniSvneloba, radgan gravitaciuli

kaSxlebisTvis is imyofeba 0 – 0,2 –is farglebSi ( 0.00    0.20).

ufro mniSvnelovani aRmoCnda gaWimva-kumSvis forma, radgan aseTi

zonebi SeiZleba gaCndes gravitaciuli kaSxlis sadawneo waxnagze. nax. 2.1 –

dan Cans, rom, rodesac betonis simtkice kumSvaze brtyeli

deformaciis pirobebSi ufro maRalia, vidre brtyeli daZabuli

mdgomareobis dros, Tumca ufro naklebia vidre erTRerZa kumSvis

SemTxvevaSi. Semdegma kvlevebma aCvena, rom betonis simtkice kumSvaze

brtyeli deformaciis pirobebSi mcirdeba -s mniSvnelobis gazrdiT.

magaliTad, rodesac , betonis simtkice kumSvaze brtyeli

deformaciis pirobebSi TiTqmis tolia analogiuri sidideze brtyeli

daZabuli mdgomareobis dros. rodesac , betonis simtkice kumSvaze

brtyeli deformaciis pirobebSi naklebia analogiuri sidideze brtyeli

daZabuli mdgomareobis dros.

analizidan gamomdinare dgindeba, rom brtyeli deformacia auaresebs

betonis muSaobas gaWimva-kumSvis zonaSi gravitaciuli kaSxlis sadawneo

waxnagis siaxloves, sadac mosalodnelia gamWimavi bzarebis warmoSoba da

gavrceleba kaSxlis tanSi. aqedan gamomdinare, aucilebelia gravitaciuli

kaSxlebis angariSi brtyeli deformaciebis pirobebSi, raTa moxdes bzaris

SesaZlo warmoSobis swori gansazRvra.
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nax. 2.2 erTRerZa kumSvis, brtyeli daZabuli da brtyeli deformaciebis pirobebSi
miRebuli Sedegebis urTierTSedareba gaWimva-kumSvis farglebSi, rodesac



konstituciuri modeli interfeisebisaTvis (sakontaqto

zedapirebisaTvis). fuZis gavlenas Seswavlas kaSxlis daZabul-

deformirebul mdgomareobaze didi praqtikuli mniSvneloba aqvs, radganac
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es gavlena vrceldeba fuZidan kaSxlis simaRlis TiTqmis erT mesamedze.

klasikur sasruli elementebis angariSSi fuZe da kaSxali erTian

saangariSo sistemaSi ganixileba. es modeli arc ise zustad aRwers im

procesebs, romlebic sakontaqto zedapirze xdeba, anu ar xdeba sakontaqto

zedapirze urTiergadaadgilebebis dafiqsireba, radgan es kontaqti xistad

Camagrebuli sqemis tolfasia. am problemis gadasaWrelad saWiroa

damodelirdes uSualod interfeisi. amisaTvis gamoiyeneba specialuri

sakontaqto elementebi, romlebic, analogiuri elementebi SeiZleba

gamoyenebuli iqnas ara marto kaSxlisa da fuZis sakontaqto zedapirze,

aramed kaSxlis fenebs Soris kontaqtis dasamodelireblad.

zogadad, interfeisis muSaoba misi mosazRvre masalebis Tvisebebzea

damokidebuli. interfeisis muSaoba arawrfivia, amitom aucilebelia iseTi

modelis damuSaveba, romelic am arawrfivobas aRwers.

konstituciuri damokidebuleba interfeisebisebisaTvis efuZneba

hipodrekad (arawrfivi drekadi rRveva) models. am midgomis saSualebiT

SesaZlebelia Zvris cdebidan miRebuli mxebi Zabvebis – fardobiTi

gadaadgilebebis mrudis simulireba pikur mxeb Zabvebamdec ki, romlis

drosac warmoiSoba dilatansiis efeqti kvanZebs Soris.

interfeisis elementebis arawrfivi damokidebuleba SeiZleba Caiweros

diferencialuri formiT:

(2.9)

sadac da aris interfeisis sixistis matricis mZvreli da normaluri

komponentebi da maTi mniSvnelobebi zogadad damokidebulia arsebul

ZabviT mdgomareobaze.

Zvris moduli ZabviTi mdgomareobis nebismier safexurze ( )

Caiwereba Semdegnairad:
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sadac

k k A As
s

s
c  ( )1 1

2 2 (2.11)

(2.13)

A
A A

1
2

2


 ( )
(2.14)

am gantolebebSi Semavali mxebi Zabvis parametri  analogiuria

arawrfivobis  parametris da is Semdegnairad Caiwereba:

(2.15)

sadac c aris interfeisis simtkice Zvraze. modelis ucnobi sidideebi,

romlebic unda ganisazRvron, arian: Zvris sixistis sawyisi koeficienti ,

interfeisis simtkice Zvraze c da uganzomilebo parametric A, romelic

erTmaneTTan akavSirebs sawyis Zvris sixistes da Zvris sixistis mkveT

mniSvnelobas rRvevis momentSi. yvela es parametri damokidebulia normal

Zabvebze da SeiZleba ganzogadnen interfeisSi normaluri Zabvebis

mniSvnelobebTan SesabamisobaSi,

normaluri Zabva-deformaciebis damokidebuleba arawrfivia. miuxedavad

amisa, uSveben, rom es damokidebuleba zRvrul mkumSav da gamWimav rRvevebs

Soris aris wrfivi, e.i. normaluri sixiste iTvleba mudmiv sidided: kn=const.

daSvebulia, rom interfeisebs kaSxalsa da fuZes Soris, agreTve kaSxlis

dagebul fenebs Soris, SeuZlia miiRon garkveuli sididis gamWimavi Zabvebi.

magaliTad, Upper Stillwater-is datkepnilbetoniani gravitaciuli kaSxali

daproeqtebuli iyo 1,24 mpa sididis minimalur simtkiceze gaWimvaze betonis

fenebs Soris.

gamWimavi Zabva gavlenas axdens interfeisis wertilebis urTierT

fardobiT gadaadgilebebze, rodesac simtkice gaWimvaze interfeisSi

k
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miaRwevs Tavis zRvrul mniSvnelobas, e.i. rodesac . amis Semdeg

interfeiss aRar SeuZlia winaaRmdegoba gauwios gamWimav Zabvebs da is

gaixsneba, e.i. Zabvebi daecema nulamde. Zvraze da normaluri sixistis

koeficientebis sawyisi mniSvnelobebi uaxlovdeba nuls. Zabvebi

gadanawildeba gauxsnel kontaqtebSi. igive principi vrceldeba kumSvis

zonebSic.

interfeisis zemod aRwerili modelis bazaze miRebuli Sedegebi

Sedarebuli iqna naturaSi Zvraze xiurunis mier Catarebuli cdebis

Sedegebs (1981) betonsa da kldes Soris. Teoriuli da eqsperimentuli

Sedegebis Sedarebis Sedegad dadginda, rom am or mruds Soris garkveuli

sxvaoba gamowveuli iyo interfeisSi Zvraze simtkicis Teoriul da realur

sidideebs Soris sxvaobiT. miuxedavad amisa, SeiZleba davaskvnaT, rom (2.10 –

2.11) gamosaxulebebi kargad aRweren mxebi Zabvebi-fardobiTi

gadaadgilebebis realur (natural) mruds. analizis Semdeg etapebze moxda

Teoriuli mrudebisTvis A parametris cvladi mniSvnelobebis aReba.

garkveuli sxvaoba Teoriul da eqsperimentul mrudebs Soris, romelic

gamowveuli iyo Zvraze simtkicis Teoriul da realur sidideebs Soris

sxvaobiT, dafiqsirda im SemTxvevisTvis, rodesac n = 3.08 kg/sm2 da n = 8.01

kg/sm2, maSin, rodesac sakmaod kargi korelacia dafiqsirda im

SemTxvevisTvis, rodesac n = 11.89 kg/sm2.

rogorc gviCvenebs betonis kaSxlebze mravalwliani naturuli

dakvirvebebis, aseve laboratoruli eqsperimentebis Sedegebi, betonis

cocvadobis Tvisebas da daRlilobas mniSvnelovani gavlena aqvs TviT

nagebobis daZabul-deformirebul mdgomareobaze. imisaTvis, rom saangariSo

meTodikaSi gaTvaliswinebuli iqnas betonis cocvadobis procesi, saWiroa

vicodeT saangariSo sistemis (kaSxali – fuZe) sawyisi daZabul-

deformirebuli mdgomareoba da masalis sawyisi meqanikuri maxasiaTeblebi.

angariSebi tardeba sam etapad: etapi 1 – iangariSeba sistema “kaSxali –

fuZis” sawyisi daZabul-deformirebul mdgomareoba; etapi 2 – sistema

“kaSxali – fuZe” iangariSeba im periodisTvis, rodesac kaSxalis betonis

 n n
t
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simtkice miaRwevs Tavis pikur mniSvnelobas. es, umravles SemTxvevaSi, xdeba

betonis Casxmidan 8-10 wlis Semdeg. miRebulia, rom am droisaTvis betonSi

cocvadobis procesi damTavrebulia. Tu kaSxlis tanSi warmoiSoba bzarebi,

saWiroa Catardes angariSebi bzarwarmoqmnisa da cocvadobis procesis

mxedvelobaSi miRebiT; etapi 3 – iangariSeba sistemis arsebuli (an

momavali) daZabul-deformirebuli mdgomareoba. betonis meqanikuri

maxasiaTeblebi zustdeba datvirTva-gantvirTvis n ciklebis da

eqspluataciis t periodis gaTvaliswinebiT. im SemTxvevaSi Tu aRmoCnda

bzarebi, maSin CaiTvleba, rom cocvadobis procesi grZeldeba bzaris

wveroebSi.

mesame Tavi eZRvneba neli statikuri cikluri datvirTvebisa da

betonis asakis gavlenis Seswavlas gravitaciuli kaSxlebis daZabul-

deformirebul mdgomareobaze.

garda ZiriTadi SeTanwyobisa da SesaZlo gansakuTrebuli SeTanwyobis

Zalebisa, arsebuli kaSxlebis DdaZabul-deformirebul mdgomareobaze

SesamCnev gavlenas axdens nagebobis asaki da hidrostatikuri dawnevis

sididis perioduli cvlileba nagebobis eqspluataciis istoriis

ganmavlobaSi. am ukanasknelSi igulisxmeba wyalsacavis regulirebis

grafiki, romlis mixedviTac wyalsacavi garkveuli periodulobiT ivseba

da icleba. bunebrivia es problema dgas maregulirebeli wyalsacavebis

SemTxvevaSi. hidrostatikuri dawnevis cvlilebis gavlena kaSxlebis

muSaobaze miT ufro SesamCnevia, rac ufro maRalia kaSxali.

qvemoT moyvanilia brtyeli deformaciis pirobebSi betonis

ganmsazRvreli modelis modificirebis sqema, romlis Sedegad

SesaZlebelia gaTvaliswinebuli iqnas neli statikuri cikluri

datvirTvebis da betonis asakis (eijingi) gavlena gravitaciuli kaSxlis

daZabul-deformirebul mdgomareobaze. yuradReba ZiriTadaT

gamaxvilebulia betonis meqanikuri maxasiaTeblebis mniSvnelobebis

damokidebulebaze zemod aRniSnul procesebze.

es midgoma saSualebas iZleva mxedvelobaSi miviRoT betonis simtkicis

Semcirebis efeqti (daRliloba) cikluri datvirTvebis dros, agreTve
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asakis efeqti betonis simtkiceze. konkretulad, betonis simtkice erTRerZa

kumSvis dros c 2.1 da misgan gamomdinare gantolebebSi SeiZleba

Seicvalos betonis simtkiciT, romelic modificirebulia datvirTva-

gantvirTvis n ciklebisa da kaSxlis eqspluataciis t periodis

gaTvaliswinebiT:

 c =  c (n, t) (3.1)

fardobiTi c deformaciis mniSvneloba, romelic Seesabameba betonis

maqsimalur normalur mkumSav Zabvas, SeiZleba modificirdes datvirTva-

gantvirTvis n ciklebisa da kaSxlis eqspluataciis periodis t Sesabamisad:

 с =  с (n, t) (3.2)

cnobilia agreTve, rom cikluri datvirTva iwvevs betonis sixistis

Semcirebas. amave dros, droTa ganmavlobaSi drekadobis moduli izrdeba.

es ori efeqti miiReba mxedvelobaSi SemoTavazebul midgomaSi betonis

sawyisi drekadobis modulis modificirebiT datvirTva-gantvirTvis n

ciklebis kaSxlis eqspluataciis periodis t Sesabamisad:

E0 = E0 (n, t) (3.3)

cikluri datvirTva iwvevs nagebobis mniSvnelovan arawrfiv muSaobas da

masalis meqanikuri maxasiaTeblebis sagrZnob cvlilebas. Sedegad

vRebulobT imas, rom datvirTva-gantvirTvis (wyalsacavis avseba-

wyalsacavis dacla) ciklebis ricxvis gazrdis Sedegad sagrZnoblad

mcirdeba betonis meqanikuri maxasieTebeli – drekadobis moduli.

veyrdnobiT im empirikul damokidebulebebs, romlebic miRebuli iyo

eqsperimentuli kvlevebis Sedegad da gamoqveynebulia osiZisa da xoferias

mier (1987). eqsperimentebi Catarda enguris TaRovani kaSxlidan amoRebul

betonis nimuSebze, romlebic periodulad itvirTeboda da ganitvirTeboda

neli cikluri mkumSavi datvirTvebiT. cdebis Sedegebis interpolirebis

Semdeg Sedga qvemod moyvanili damokidebulebebi, romlebic aRweren

betonis maxasiaTeblebis gauaresebis process datvirTva-gantvirTvis

ciklebTan damokidebulebaSi.
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(3.4)

sadac n
E

n aa , da na parametrebi aRweren betonis maxasiaTeblebis gauaresebis

process cikluri datvirTvebis dros. n aris datvirTva-gantvirTvis

ciklebis raodenoba, romelic Seesabameba kaSxlis eqspluataciis periodSi

wyalsacavis avseba-daclis ciklebis raodenobas.

gamokvlevebma aCvena, rom zemod moyvanili parametrebis mniSvnelobebi

SeiZleba icvlebodes garkveul farglebSi betonis sxvadasxva klasisaTvis

da maTi konkretuli mniSvnelobebi SeiZleba miRebuli iqnas mxolod

betonis nimuSebis ciklur datvirTvebze gamocdis Sedegad. konkretulad,

xsenebuli parametrebis mniSvnelobebi icvleba Semdeg diapazonebSi:
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
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n

n
E

n
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a

a
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(3.5)

sainteresoa aRiniSnos, rom masalis parametrebis gauaresebis

maCvenebeli da betonis simtkice pirdapir damokidebulia ZabviT

mdgomareobaze, e.i. betonis nimuSis datvirTvis sidideze. magaliTad,

betonis nimuSis drekadobis modulis mniSvneloba Semcirda 51,5% -iT (39780-

dan 19300 mpa-de) 150 datvirTva-gantvirTvis ciklis modebis Semdeg, rodesac

modebuli Zalisgan gamowveuli Zabva toli iyo 0.2c –is, sadac c aris

betonis simtkice erTRerZa kumSvis dros.

rodesac modebuli Zalisgan gamowveuli Zabva toli iyo 0.5c –is

betonis nimuSis drekadobis modulis mniSvneloba Semcirda 29,3% -iT (33390-

dan 23620 mpa-de) 150 datvirTva-gantvirTvis ciklis modebis Semdeg da

rodesac modebuli Zalisgan gamowveuli Zabva toli iyo 0.8c –is betonis

nimuSis drekadobis modulis mniSvneloba Semcirda 20,9% -iT (28390-dan

22500 mpa-de) igive raodenobis datvirTva-gantvirTvis ciklis modebis

Semdeg.
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naSromSi gamoyenebulia zemod moyvanili koeficientebis

gasaSualoebuli mniSvnelobebi, romlebis kargad aRweren nagebobis

realur muSaobas cikluri datvirTvebis dros.

aqve unda aRiniSnos, rom masalis maxasiaTeblebis da betonis simtkicis

gauaresebis xarisxi statikuri cikluri datvirTvebis dros damokidebulia

agreTve gamosacdeli betonis nimuSis asakze. magaliTad, 28 dRis asakis

betonis nimuSis drekadobis modulis mniSvneloba Semcirda 51,5%-iT (39780-

dan 19300 mpa-de) 150 datvirTva-gantvirTvis ciklis modebis Semdeg da

rodesac modebuli Zalisgan gamowveuli Zabva toli iyo 0.2c –is. amave

dros, 365 dRis (1 weliwadi) asakis betonis nimuSis drekadobis modulis

mniSvneloba Semcirda 49,0%-iT (39830-dan 21750 mpa-de) 150 datvirTva-

gantvirTvis ciklis modebis Semdeg da rodesac modebuli Zalisgan

gamowveuli Zabva toli iyo 0.2c –is. 1825 dRis (5 weliwadi) asakis betonis

nimuSis drekadobis modulis mniSvneloba Semcirda 42,0%-iT (42460-dan 20310

mpa-de) igive raodenobis datvirTva-gantvirTvis ciklis modebis Semdeg da

rodesac modebuli Zalisgan gamowveuli Zabva toli iyo 0.2c –is. es

monacemebi miuTiTebs sxvaoba ar aris mniSvnelovani da praqtikuli

miznebisaTvis es SeiZleba ignorirebuli iyos.

analogiuri midgoma iqna gamoyenebuli betonis asakis gavlenis

Sesaswavlad gravitaciuli kaSxlis daZabul-deformirebul mdgomareobaze.

betonis meqanikuri maxasiaTeblebis droSi cvlilebis dasadgenad kvlav

gamoyenebuli iqna logariTmuli funqcia. es damokidebulebebi SeiZleba

Semdegnairad Caiweros:
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(3.6)

sadac t
E

t aa , da ta parametrebi aRweren betonis maxasiaTeblebis cvlilebis

process betonis asakTan damokidebulebaSi. t aris wlebis raodenoba,

romelic Seesabameba kaSxlis eqspluataciis periods.
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zemod moyvanili parametrebis mniSvnelobebi SeiZleba icvlebodes

garkveul farglebSi betonis sxvadasxva klasisaTvis da maTi konkretuli

mniSvnelobebi SeiZleba miRebuli iqnas mxolod arsebuli nagebobidan

sxvadasxva asakis betonis nimuSebis gamocdis Sedegad. konkretulad,

xsenebuli parametrebis mniSvnelobebi icvleba Semdeg diapazonebSi:
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t
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a
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(3.7)

kargad Cans, rom t
E

t aa , da ta parametrebis mniSvnelobebi zogadad

naklebia n
E

n aa , da na - mniSvnelobebze. es miuTiTebs imaze, rom asakis

gavlena betonis Zabva-deformaciebis mrudze ufro naklebia, vidre

cikluri datvirTvebis. miuxedavad amisa, aRsaniSnavia, rom SesaZlebelia

arsebobdes eqspluataciis wlebis da ciklebis raodenobis sxvadasxva

kombinaciebi. magaliTad, eqspluataciis periodSi wyalsacavi icleba da

ivseba weliwadSi erTxe, maSin ciklebis raodenoba emTxveva eqsoluataciis

wlebis raodenobas (n=t), magram, Tu cikli weliwadSi orjer xdeba, maSin

ciklebis raodenoba eqsoluataciis wlebze orjer metia (n=2t).

betonis zemod moyvanili meqanikuri maxasiaTeblebi Seyvanilia (2.1)

gantolebaSi cikluri datvirTvebisa da asakis gavlenis Sesaswavlad.

statikuri cikluri datvirTebis Sedegad interfeisebSi Zvris simtkicis

vardna SeiZleba gaTvaliswinebuli iqnas c SeWidulobis sididis

modificirebiT ZiriTad gamosaxulebaSi. Zvris simtkicis vardna datvirTva-

gantvirTvis n ciklebTan damokidebulebSi SeiZleba ganisazRvros Semdegi

empirikuli damokidebulebidan:

  tan)lg1( n
n

c nac  (3.8)
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sadac:

na - parametri, romelic aRwers SeWidulobis sididis vardnas statikuri

cikluri datvirTebis dros;

zemod naxsenebi koeficientebi icvleba Semdeg farglebSi:
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betonis asaki gaTvaliswinebuli iqna analogiuri gziT. kerZod,

nulovan normalur ZabvasTan asocirebuli sawyisi Zvris sixistis sididis

vardnis ganisazRvreba Semdegi gamosaxulebiT:
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 (3.10)

interfeisebSi Zvris simtkiceze asakis gavlena ganisazRvreba Semdegi

formuliT:

  tan)tlga1(c n
t

c (3.11)

Sesabamisi koeficientebis mniSvnelobebi icvleba Semdeg farglebSi:
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angariSebis erT-erTi Sedegi mocemulia nax. 3.1-ze. cxadad Cans, rom

cikluri datvirTvebi iwveven sakontaqto kavSirebis masalis

maxasiaTeblebis mniSvnelovan vardnas.
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nax. 3.1 betonsa da kldes Soris interfeisSi mxebi Zabva-fardobiTi gadaadgilebis
mrudebi cvalebadi A parametris SemTxvevebSi n datvirTva-gantvirTvis ciklebis

raodenobasTan da t betonis asakTan kavSirSi
meoTxe TavSi warmodgenilia eqspluataciaSi myofi greisis (Sveicaria)

gravitaciuli kaSxlis retrospeqtuli angariSis Sedegebi wina TavebSi

aRwerili midgomiT. kaSxali mdebareobs obergomis kantonSi (nax. 4.1 da 4.2).

kaSxlis mSenebloba damTavrda 1965 wels da is TiTqmis 50 weli

eqspluataciaSia.
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nax. 4.1 greisis kaSxali da ganivi Wrilebi

nax. 4.2 greisis kaSxlis gegma da xedi qveda biefidan (blokebis numeraciiT)

kaSxlissimaRlea 60 m, Txemis sigrZe - 400 m, sigane 5 m. kaSxlis sigane

fuZesTan daaxloebiT 50 m-ia.

greisis kaSxali qmnis sezonuri regulirebis wyalsacavs, romlis sruli

moculoba Seadgens 18.6 mln. m3, xolo sarkis zedapiris farTobi – 0.5 km2.

wyalsacavis avseba-dacla weliwadSi erTxel xdeba. Cvens xelT arsebuli

monacemebis mixedviT, avseba-daclis ciklebis raodenoba n = 48. kaSxlis

betonis sawyisi (saproeqto) fizikur-meqanikuri maxasiaTeblebia:
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drekadobis moduli Es = 2,0*104 mpa, puasonis koeficienti 2,0 da

simkvrive 55,2 t/m3.

damuSavebul meTodikaze dayrdnobiT sistema “greisis kaSxali – fuZe –

wyalsacavis” angariSi Catarda programa LISA 7.7 da LISA 8.0.0. – is

gamoyenebiT. saangariSo sqemaSi samkuTxa elementebis raodenoba aris 17022,

xolo kvanZebis – 8790. saangariSo sqema mocemulia nax. 4.3 – ze.

nax. 4.3 sistema “greisis kaSxali – fuZe – wyalsacavis” saangariSo sqema
sasruli elementebis meTodiT

Catarda sistemis daZabul-deformirebuli mdgomareobis angariSi Semdegi

saangariSo SemTxvevebisaTvis: daangariSebul iqnaSemdegi SemTxvevebi:

 sistemaze moqmedebs mxolod kaSxlis sakuTari wona;

 sistemaze moqmedebs sakuTariwona da hidrostatikuri datvirTva

kaSxalis sadawneo waxnagze;
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 sistemaze moqmedebs sakuTariwona,  hidrostatikuri dawnevakaSxalze da

vertikaluri hidrostatikuri dawneva wyalsacavis fuZeze;

 sistemaze moqmedebs sakuTariwona,  hidrostatikuri dawneva kaSxalze da

vertikaluri hidrostatikuri dawneva wyalsacavis fuZeze – betonis

axali meqanikuri maxasiaTebeliT (drekadobis moduli), romelic

iTvaliswinebs cikluri datvirTvebis gavlenas betonis Tvisebebze;

 sistemaze moqmedebs sakuTariwona, hidrostatikuri dawneva kaSxalze da

vertikaluri hidrostatikuri dawneva wyalsacavis fuZeze – betonis

axali meqanikuri maxasiaTebeliT (drekadobis moduli), romelic

iTvaliswinebs asakis gavlenas betonis Tvisebebze;

nax. 4.4 – ze moyvanilia is horizontaluri kveTebi, romlebSic

gaanalizda kaSxlis daZabul-deformirebuli mdgomareoba.

nax. 4.4 horizontaluri kveTebi, romlebSic gaanalizda kaSxlis daZabul-
deformirebuli mdgomareoba

nax. 4.5, nax. 4.6 da 4.7 – ze mocemulia kaSxlisa qveda sam horizontalur

kveTSi y vertikaluri normaluri Zabvebis ganawilebis epiurebi urTierT

Sedarebis mizniT.
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nax. 4.5 kaSxlis me-9 horizontalur kveTSi y vertikaluri normaluri

Zabvebis ganawilebis epiurebi: uwyveti xazi – saproeqto (sawyisi) varianti,
cisferi samkuTxedi – 48 cikluri datvirTvis gaTvaliswinebiT, mwvane

samkuTxedi – betonis 48-wliani asakis gaTvaliswinebiT.

nax. 4.6 kaSxlis me-10 horizontalur kveTSi y vertikaluri normaluri

Zabvebis ganawilebis epiurebi: uwyveti xazi – saproeqto (sawyisi) varianti,
cisferi samkuTxedi – 48 cikluri datvirTvis gaTvaliswinebiT, mwvane

samkuTxedi – betonis 48-wliani asakis gaTvaliswinebiT.
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nax. 4.5 kaSxlis me-9 horizontalur kveTSi y vertikaluri normaluri

Zabvebis ganawilebis epiurebi: uwyveti xazi – saproeqto (sawyisi) varianti,
cisferi samkuTxedi – 48 cikluri datvirTvis gaTvaliswinebiT, mwvane

samkuTxedi – betonis 48-wliani asakis gaTvaliswinebiT.

nax. 4.6 kaSxlis me-10 horizontalur kveTSi y vertikaluri normaluri

Zabvebis ganawilebis epiurebi: uwyveti xazi – saproeqto (sawyisi) varianti,
cisferi samkuTxedi – 48 cikluri datvirTvis gaTvaliswinebiT, mwvane
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nax. 4.5 kaSxlis me-9 horizontalur kveTSi y vertikaluri normaluri

Zabvebis ganawilebis epiurebi: uwyveti xazi – saproeqto (sawyisi) varianti,
cisferi samkuTxedi – 48 cikluri datvirTvis gaTvaliswinebiT, mwvane

samkuTxedi – betonis 48-wliani asakis gaTvaliswinebiT.

nax. 4.6 kaSxlis me-10 horizontalur kveTSi y vertikaluri normaluri

Zabvebis ganawilebis epiurebi: uwyveti xazi – saproeqto (sawyisi) varianti,
cisferi samkuTxedi – 48 cikluri datvirTvis gaTvaliswinebiT, mwvane

samkuTxedi – betonis 48-wliani asakis gaTvaliswinebiT.
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nax. 4.6 kaSxlis me-11 horizontalur kveTSi (interfeisSi) y vertikaluri

normaluri Zabvebis ganawilebis epiurebi: uwyveti xazi – saproeqto
(sawyisi) varianti, cisferi samkuTxedi – 48 cikluri datvirTvis
gaTvaliswinebiT, mwvane samkuTxedi – betonis 48-wliani asakis

gaTvaliswinebiT.

angariSebis Sedegad dafiqsirda sakmaod didi sxvaoba Zabvebis

mniSvnelobebSi Semdegi ori: fuZeze wyalsacavis vertikaluri dawnevis

gaTvaliswinebisa da argaiTvaliswinebis SemTxvevebSi. garda amisa,

gamoikveTa neli statikuri ciklebisa da asakis mniSvnelovani gavlena

kaSxlis daZabul-deformirebul mdgomareobaze, gansakuTrebiT kaSxlis

qveda mesamedSi, rac miuTiTebs imaze, rom arsebuli, eqspluataciaSi myofi,

kaSxlebis angariSi aucileblad unda Catardes am ori faqtoris

gaTvaliswinebiT. es iZleva maTi saeqspluatacio rezervebis dadgenis

saSualebas.

daskvnebi

1. dazustda arsebuli da didi xnis ganmavlobaSi eqspluataciaSi myofi

gravitaciuli kaSxlebis daZabul-deformirebuli mdgomareobis

saangariSo meTodika wyalsacavis regulirebisgan gamowveuli cvladi
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hidrostatikuri dawnevis (statikuri cikluri datvirTva)

gaTvaliswinebiT;

2. damaSavda brtyeli deformaciis pirobebSi betonis ganmsazRvreli

modelis modificirebis sqema, romlis gamoyenebiT SesaZlebelia

gaTvaliswinebuli iqnas neli statikuri cikluri datvirTvebis da

betonis asakis (eijingi) gavlena gravitaciuli kaSxlis daZabul-

deformirebul mdgomareobaze;

3. ufro detalurad damuSavda eqspluataciaSi myofi gravitaciuli

kaSxlebis simtkicis analizis meTodika betonis asakis gaTvaliswinebiT;

4. damuSavda didi xnis ganmavlobaSi eqspluataciaSi myofi gravitaciuli

kaSxlebis da fuZis sakontaqto zedapiris (interfeisi) daZabul-

deformirebuli mdgomareobis saangariSo meTodika wyalsacavis

regulirebisgan gamowveuli cvladi hidrostatikuri dawnevis

(statikuri cikluri datvirTva) gaTvaliswinebiT;

5. damuSavda eqspluataciaSi myofi gravitaciuli kaSxlebis da fuZis

sakontaqto zedapiris (interfeisi) simtkicis analizis meTodika betonis

asakis gaTvaliswinebiT;

6. sasruli elementebis meTodiT sistema “kaSxali – fuZe” –s saangariSo

sqemaSi gaTvaliswinebulia vertikaluri hidrostatikuri dawneva

wyalsacavis fuZeze;

7. damuSavebul meTodikiT Catarda sistema “greisis kaSxali – fuZe –

wyalsacavis” daZabul-deformirebuli mdgomareobis angariSi programa

LISA 7.7 da LISA 8.0.0. – is gamoyenebiT.

8. konkretuli obieqtis angariSebma aCvena betonis asakis da neli

statikuri dawnevis mniSvnelovani gavlena kaSxlis daZabul-

deformirebuli mdgomareobaze;

9. angariSebma aCvena wyalsacavis fskerze vertikaluri hidrostatikuri

datvirTvis mniSvnelovani gavlena kaSxlis daZabul-deformirebuli

mdgomareobaze.
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Effect of Static Cyclic Loading and Ageing of Concrete on the Strength of

Existing Gravity Dams

Abstract

A technique for complex static retrospective analysis of old concrete gravity dams is presented, in

which an attempt is made to match as closely as possible the material model of a dam with its actual

operation history. The proposed technique consists of: a) A hypoelastic (Nonlinear-Elastic Fracture)

constitutive model for concrete in the Plane Strain condition; b) Constitutive model for interfaces; c)

Cyclic-induced degradation of stiffness and strength for concrete (fatigue of concrete) and aging-

induced change of stiffness and strength for concrete (aging of concrete); d) Analysis of the present

state of the dam taking into account the modified material and structural (e.g. crack occurrence)

model, obtained as a result of performing the retrospective analysis;

For the analysis of gravity dams, constitutive relationship for concrete subject to a plane strain

condition is used. It is based on the hypoelastic (nonlinear-elastic fracture) formulation, which

approximates a path-dependent irreversible stress-strain relationship. This constitutive model for

concrete in plane strain condition is modified in order to take into account the effect of material

fatigue under slow static cyclic loading and the effect of ageing of concrete. Particular emphasis is

placed on material response, simulating a realistic behavior of a dam under actual operating

conditions. This approach allows us to account for the effect of the degradation of concrete strength

(fatigue) under cyclic loading and also for the effect of ageing of concrete. To this end, the value of



31

uniaxial compressive strength of concrete c in the constitutive model can be substituted by the

value of the strength of concrete which has been appropriately modified in accordance with the

number of loading/unloading cycle n and the time-period of the operation of a dam t:  tncc ,  .

Cycling loading exhibits significant nonlinear behavior and drastic changes in material properties

of concrete. The result is a considerable degradation of material properties of concrete as the number

of applied loading/unloading cycles increases. In the present work, the empirical relationships based

on the experimental findings on cyclic behavior reported elsewhere (Osidze & Khoperia 1987) are

adopted. Following the tests carried out on the concrete specimens of Enguri arch dam, which were

subjected to slow static cyclic compressive loading, the following relationships were established to

define the degradation of the material properties of concrete in relation to loading/unloading cycles:
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where parameters aσ
n, aE

n and aε
n define the degradation of the material properties of concrete under

slow static cyclic loading; and n is the number of loading/unloading cycles in accordance with the

operation history of a gravity dam (it corresponds to the number of discharges/filling up cycles of

the reservoir during the operation of the dam).

The specific values of these parameters may only be determined by carrying out cyclic tests on

concrete specimens.

It is also interesting to note that, in general, the rate of degradation of material parameters and the

strength of concrete under static cyclic loading primarily depends on the level of stresses (i.e. the

level of loading imposed on the specimen). For example, in tests,the value of modulus of elasticity

for a concrete specimen was found to have been reduced by 51.5% (from 39780 MPa to 19300

MPa) after applying 150 loading/unloading cycles when the level of applied stresses was equal to

0.2 c , where c is the uniaxial compressive strength of concrete. When subjected to the same

number of loading/unloading cycles (i.e. 150), with the level of applied stresses set equal to 0.5 c

and 0.8 c , the corresponding values of moduli of elasticity for the concrete specimen were found to

have been reduced by 29.3% (from 33390 MPa to 23620 MPa), and 20.9% (from 28390 MPa to

22500 MPa), respectively (Osidze & Khoperia 1987). In the present work, average values of the

above-defined coefficients (which seem to provide reasonable approximation of an actual behavior

of concrete under cyclic loading) were adopted, although, it should be noted that, in general, it is,
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indeed, possible to define the relationship between the parameters aσ
n, aE

n, aε
n and the level of

stresses.

Another point, which needs a mention, is that the rate of degradation of material parameters and

the strength of concrete under slow static cyclic loading also depends on the age of the test

specimen. For example, the value of modulus of elasticity for a 28 days old concrete specimen was

found to have been reduced by 51.5% (from 39780 MPa to 19300 MPa) after applying 150

loading/unloading cycles when the level of applied stresses was equal to 0.2 c , while the value of

modulus of elasticity for the corresponding 365 days  (1 year) and 1825 days (five year) old concrete

specimens (subjected to the same levels of applied stresses 0.2 c )  were found to have been

reduced by 49.0% (from 39830 MPa to 21750 MPa) and  42.0% (from 42460 MPa to 20310 MPa),

respectively, after applying the same number of loading/unloading cycles (i.e. 150) to each

specimen. These figures, however, suggest that such differences are not practically significant and

may reasonably be ignored.

The same approach can be used to describe the change in material properties of concrete due to

ageing of the material.


