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Statybines konstrukcijos 

METO,ll;HKA OIJ,EHKH H 3KCITEPHMEHT AJlbHbiE 

H CCJIE,ll;OBAHH51 HAITP5J)I(EHH 0-,ll;E<DOPMHPOBAHH OfO 

COCT051HH51 PACT51HYTOfO )I(EJIE30EETOHA C yqETOM 

YCA,ll;KH H HEYITPYrHX ,ll;E<DOPMAIJ,HH 

E.,lJ;yJIHHCKac 

1. Boe.n:eHHe 

HarrpiDKeHHo-.n:e<t>opMHpOBaHHOe COCTOIDIHe paCTIDIYfOfO XeJie3o6eTOHa 3aBHCHT KaK 

OT YCJIOBHH HarpyxeHIDI H OKp}')I{8IOIIJ;eH cpe)J,bl, TaK H OT rrpe)J,HCTOpHH :3JieMeHTa )J,O 

rrpHJIOXeHIDI Harpy30K. KaK H3BeCTHO, TBep)J,eHHe 6eTOHa CBH3aHO C HapaCTaHHeM ero 

<l>H3HKo-MexaHmec:rmx xapaKTepHCTHK. O.n:HaKo o.n:HoBpeMeHHo rrporeKaeT H yca.n:Ka 

6eroHa. Yca.n;Ka 6eToHa B xene3o6eroHHOM 3JieMeHTe rrpHBO.n:HT K rro.HBJieHHIO 

HarrpiDKeHHo-.n:e<l>opMHIJOBaHHOfO COCTOIDIIDI B 6eTOHe H apMazype. CB060)J,HOMY 

coKpam;eHHIO pa3MepoB 6eroHa rrpH rrporeKaHHH yca.n:KH rrpeiDITCTByeT apMazypa. B 3TOM 

c.rryqae apMazypa C)I{HMaeTCH H B HeM IIOHBJIHIOTCH C)I{HMaiOIIJ;He HarrpiDKeHIDI. B CBOIO 

oqepe.n:b apMazypa pacniTHBaeT 6eroH. 3ToT rrpou:ecc corrpooo>IQJ;aeTCH rro.HBJieHHeM 

IIJiaCTWieCKHX .n:e<l>opMau;HH IIOJI3yqecTH, pOCTOM rrpO~OCTH H H3MeHeHHeM <l>H3HKo­

MeXaHWieCKHX xapaKTepHCTHK 6eroHa. Il03TOMY HarrpiDKeHHo-.n:e<l>opMHpOBaHHOe 

COCTOIDIHe XeJie3o6eTOHa IIOCTOHHHO MeHHeTCH. HaH60Jiee HHTeHCHBHO 3TOT rrpou;ecc 

rrpOTeKaeT B HaqaJibHbiH rrepHO)J, TBep)J,eHIDI, a B )J,aJibHeihneM 3aMe.n:nHeTCH. KaK 

H3BeCTHO, yca)J,Ka 6eTOHa B XeJie3o6eTOHHOM 3JieMeHTe rrpH 60JiblllOM rrpou;eHTe 

apMHpOBaHIDI rrpHBO)J,HT K IIOHBJieHHIO Tpem;HH. Ilo3TOMY yqeT yca.n;KH KaK B HazypHbiX 

KOHCTpyKUHHX, TaK H B 3KCIIepHMeHTaJibHbiX HCCJie)J,OBaHHHX HBJIHeTCH Ba)I{HbiM. 3TH 

BOrrpOCbl HCCJie)J,OBaJIHCb B pa60TaX (1, 2, 3, 4, 5, 6]. O.n:HaKO COBMeCTHOe HarrpiDKeHHo­

.n:e<l>opMHIJOBaHHOe COCTOIDIHe OT yca)J,KH H paCTHTHBaiOm;ero ycHJIIDI HCCJie)J,OBaHO 

He)J,OCTaTO~O. B HaCTOHIIJ;eH pa6ore rrpe.n;rrpHHHTa IIOIIbiTKa yqeTa yca.n:KH, Heyrrpyrnx 

.n:e<l>opMaU:HH, CTapeHIDI H HacJie)J,CTBeHHOCTH Ha BCeH CTa)J,HH pa6oTbl 6eTOHa B 

apMHpOBaHHOM 3JieMeHTe C yqeTOM H HHCITa.n;aiOm;eil: qacTH )J,HarpaMMbl paCTIDKeHIDI 

6eroHa. 
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2. HarrpiDKeHHo-~e$opMHpOBaHHOe COCTOHHHe XeJie3o6eTOHHOro :meMeHTa B 

rrponecce TBep~emrn H yca~KH 6eTona 

PaCCMOTpHM IIO~po6HO rrponecc HaiipHXeHHO-~e$opMHpOBaHHOfO COCTOHHIDI LJ:llil 

neHTpa.JThHO apMHpOBaHHOfO 3JieMeHTa, lBJIOXeHHhiM B [7, 8] C neJibiO ero KOHTpOllil B 

rrponecce rrpoBe~eHIDI 3KcrrepHMeHTOB na pacTHrHBaeMhiX o6pa3nax. l13Mepenne yca;:J:KH 

6eTOHHOfO H apMHpOBaHHOfO o6pa3na, a TaKXe HarrpHXeHHO-;:J:e$opMHpOBaHHOe 

COCTOHHHe XeJie306eTOHHOfO o6pa3na IIpH yca~Ke 6eTOHa IIOKa3aHhl Ha pHC. 1, a, 6 H 

pnc.2. 

a 
l'lshr 

6 t-t 
r------------r-, 

I 
I 
I 
I 

~-----------J. __ J 
l'lshr ......---

PHc. 1. ,1J,e¢opMaUHii yca)J;Kli o6pa3UOB: 

a - 6eTOHHOI'O; 6 - :lKeJie306eTOHHOI'O 

B XeJie3o6eTOHHOM o6pa3ne ~ JII06oro MOMeHTa BpeMeHH t (pHC. 1, 6) ycHJIHe B 

6eTOHe paBHO ycHJIHIO B apMaTYPe, a ;:J:e$opManHH 6eTOHa H apMaTYPhl IIpH HaJilflilrn 

cneiiJieHIDI COBMeCTHhl. 

a 

• 0 

• 

6 

PHc. 2. M3MepeHiie yca.no'IHhiX .necpopMaunu Ha OIIhiTHhiX o6pa3uax: 

a - 6eTOHHOro; 6 - )!(eJie306eTOHHOI'O 
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HanpiDKeHHO-.IJ:e<PopMHpOBaHHOe COCTOHIUie OllHCbiBaeTCH .IJ:Bywi ypaBHeHHHMH: 

N btp ( t) = N scp ( t) ; (1) 

(2) 

f.IJ:e N btp (t) H N scp(t) - COOTBeTCTBeHHO YCIDIHH paCTIDKeHHH 6eTOHa H CiiGlTHH apMaTypbl 

B JII060fl MOMeHT BpeMeHH t, 

~shr(t ), ~btp(t ), ~scp(t) COOTBeTCTBeHHO a6COJIIOTHble .IJ:e¢opMaUHH yca.IJ:IGI 

6eTOHHOfO o6pa3Ua, a TaiOKe a6COJIIOTHble .IJ:e¢opMaUHH paCTIDKeHHH 6eTOHa H CiiGlTHH 

apMaTypbl XeJie306eTOHHOfO o6pa3Ua Ha O.IJ:HHaKOBOH 6a3e H3MeHeHHH f .IJ:AA 060HX 

o6pa3UOB B MOMeHT BpeMeHH t (I10Ka3aHbl Ha pHC.2, a, 6). 

Ha OCHOBaHHH a6COJIIOTHblX .IJ:e<PopM3UHH yca,l(IGI o6pa3I~OB IlOJIYllaeM OTHOCHTeJibHble 

.IJ:e<PopMaUHH yca.IJ:IGI 6eTOHHoro o6pa3ua 

(3) 

H OTHOCHTeJibHble .IJ:e<PopMaQHH CiiGlTHH apMaTypbl HJIH yca.IJ:KY apMHpOBaHHOfO o6pa3Ua 

(4) 

Cpe.IJ:HHe pacTHrHBaiOIUHe HarrpiDKeHHH B 6eroHe 

(5) 

a scp(t) = 8scp(t) · Es(t) (6) 

YpaBHeHHe paBHOBecHH npHMeT BH.IJ:: 

(7) 

r.IJ:e As H Ab - cooTBeTcTBeHHO IIJIOIU3.IJ:H apMaTypbl H 6eToHa. YliHTbiBaH, 'ITO 

(8) 
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(9) 

Yl3 3aBHCHMOCTeH (8) H (9) nonyq:aeM, lffO 

() ()
Eb(t)l-f.ls 

Nscp t = &bcp t ·--·--. 
Es f.ls 

(10) 

C yqeTOM 3aBHCHMOCTeH 

llOJIYllaeM COOTHOilleHHe 

(11) 

BpeMH t. 

ITocJie npeo6pa30BaHHH JaBHCHMOCTH (10) nonyq:aeM HanpiDKemrn: paCTIDKeHJrn B 

6eroHe 

06o3Ha'IHB 

(13) 

OKOffllaTeJibHO llOJIYllaeM 

(14) 

B [8] npHBo,nHTCH JaBHcHMocTI> onpe,neJieHHH HanpiDKeHHit pacTIDKeHHH B 

ynpo:rn:eHHOM BH,ne: 

(15) 
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B 3aBHCHMOCTH (15) yrrporn:eHHO npHHHMaeTcH, lffO Ab =A. 

ITpH npoBe~eHH.H 3KcnepHMeHTOB B .MOMeHT Bbl,[(ep)I(IQI o6pa3JJ:OB ~o HCnhiTamlit 

HJMepHeM dshr(t) ua 6eTOHHhiX o6pa1uax H ds.shAt) = dscp(t) ua }l{eJie3o6eTOHHhiX 

o6pa3UaX. ¥13 3KCnepHMeHTaJihHhiX HCIIhiTaHJDI o6pa3UOB B MOMeHT BpeMeHH t 

onpe~eJIHeM BeJI:wiHHY MO~JIH ynpyrocTH 6eToHa EbO(t) H ~pyrHe ueo6xo~HMhie 

xapaKTepHCTHKH. PactieT uanpH}I{euuo-~e<PopMHpoBaHHoro cocTOHHHH BO BpeMH t 

IlpOBO~HTCH B CJie~rn:efi nOCJie~OBaTeJihHOCTH: 

ITo HJMepeHHhi.M BeJIJ[qHHaM dshr(t) H dscp(t) orrpe~eiDUOTCH ~e<PopMaUHH &brp(t) H 

&scp(t) no (3) H (4), ~e<PopMaUHH paCTHHYTOfO 6eroua &brp(t) no <l>OPMYJie (2). YcHJIHe 

C}l{aT.HH B apMaTYPe 

H pacTH}I{eHHH B 6eroue 

HanpH}I{eHHH pacTH}I{eHHH 6eToHa 

Tor~a K03<t><l>HUJfeHT ynpyrocTH ~e<t>opMaiiHit 6eToHa ua paCTH}I{eHHe c yqeroM 

cYMMaPHhiX (ynpyrHX H HeynpyrHX) ~e<t>opMaiiHit 6eToHa orrpe~eJIHTCH no :mBHCHMOCTH 

(16) 

KaK B~HO H3 npoBe~eHHhiX TeOpeT:wieCKHX HCCJie~OBaHHH, 3KCnepHMeHTaJihHhiH 

KOUTpOJih BeJIJ[qHH napaMeTpOB &shr(t) = &shr, &sc(t) H EbO(t) II03BOJIHeT B JII060H MOMeHT 

BpeMeHH onpe~eJIHTh HanpH}I{eHHO-~e<l>opM.HpOBaHHOe COCTOHHHe 3KCITepHMeHTaJihHhiX 

o6pa3UOB IlpH yca~Ke 6eTOHa B llpOI(ecce ero TBep~eH.HH C yqeTOM HaCJie~CTBeHHOCTH H 

HeynpyrHX ~e<PopMaiiHit. 

3. HarrpH}I{eHHO-~e<}>opMHpOB3HHOe COCTOHHHe B MeCTe TpeiiJ:HH006pa30BaHHH 

pacnii'HB310rn:JfX 6eTOHHhiX H }l{eJie3o6eTOHHhiX o6pa3UOB 

BhllllenpoBe~eHHhli'I aHaJIH3 II03BOJIHeT o6ocHoBaTh H Bhl6paTh MeTO~HKY npoBe~eHHH 

3KCIIepHMeHTOB ITO onpe~eJieHHIO HanpH}I{eHHO-~e<l>opMHpOBaHHOfO COCTOHHHH o6pa3UOB 
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K MOMeH'l:y ux HCIThiTamrn. B pe3yJihTare rrpoHBnemrn yca,D;:IGI 6eToHa, a TaiOKe pocTa 

rrpoqHOCTH 6eTOHa H IIpOTeKaHHH IIOJI3yqeCTH 6eTOHa IIpOHCXO~HT HerrpepUBHOe 

H3MeHeHHe Harrp.IDKeHHo-~e<J;>opMHpOBaHHOfO COCTOHHHH B paCTHHYTOM 6eTOHe H C:>KaTOH 

apMaTyPe. 0:U:eHKa :noro COCTOHHHH, a TaiOKe MeTO~HKa KOHTpOJIH H3JIOXeHa paHee. 

Cne~eT oTMeTHTh, qro Ha HaqaJihHoii cTa~HH rrpHJioxeHHH KpaTKonpeMeHHOfi Harpy3KH 

Harrp.IDKeHHH B C:>KaTOH apMaTyPe yMeHbiiiaiOTCH, a B paCTmyTOM 6eTOHe yneJIHqHBaiOTCH. 

ITpH 3TOM rrpHJioxeHHaH BHeiiiHHH cHJia pacTHrHBaeT TOJihKO 6eroH, a C:>KaTaH apMaTyPa 

yrrpyro BOCCTaHaBJIHBaeT CBOe HaqaJihHOe COCTOHHHe, yMeHhlliaH IIpH 3TOM 

pacTHrHBaiOI.IJ.YIO 6eTOH CHJIY, o6ycJIOBJieHHYIO yca~KOH 6eTOHa. C yneJIHqeHHeM BHeiiiiieii 

pacTHrHBaiOrn;eii CHJThl C)I{HMaiOII.J;He Harrp.IDKeHHH B apMaTyPe ~ocTHraiOT HyJIH. Tor~a 

paCTHrHBaiOII.J;ee ycHJIHe C03~aeTCH TOJihKO BHeiiiiieii CHJIOH H BOCIIpHHHMaeTCH O~HHM 

6eroHoM. .[{o ~OCTH)I{eHHH eyneBhiX Harrp.IDKeHHii B apMaTyPe CYMMapHoe pacTHrHBaiOrn;ee 

ycHJIHe B 6eTOHe C03~aBaJIOCh KaK rrpe~BapHTeJihHUM ycHJIHeM C:>KaTOH apMaTyPhl, TaK H 

BHeiiiiieii CHJIOH. B ~aJihHeiiiiieM IIpH yneJIHqeHHH BHeiiiiiero paCTHrHBaiOII.J;ero ycHJIHH 

apMaTyPa cOBMeCTHO c 6eTOHOM pa6oTaeT Ha paCTIDKeHHe. Cne~eT oTMeTHTh, ~o 

rrpo:u:ecc rrepepacrrpe~eneHHH paCTHrHBaiOmux ycHJIHii rrpoxo~HT rrpH Ha.JIHlDIH Heyrrpyrux 

~e<J;>opMa:u:Hii 6eroHa. ITpone~eM ~eTaJihHhlii aHaJIH3 Harrp.IDKeHHo-~e<J;>opMHpoBaHHoro 

COCTOHHHH o6pa3:U:a C MOMeHTa IIpOHBJieHHH yc~. CJie~eT OTMeTHTh, qro Heyrrpyrne 

~e<J;>opMaUHH 6eTOHa IIpHBO~ K ~eHHIO C)I{HMaiOrn;ux Harrp.IDKeHHii B apMaTyPe H 

yMeHbiiieHHIO ycHJIHH paCTHXeHHH 6eTOHa. 

Orrpe~eJieHHe HarrpHXeHHO-~e<J;>opMHpOBaHHOfO COCTOHHHH IIpH IIpOHBJieHHH 

yca~O~hiX ~e<J;>opMa:u:Hii CBO~HTCH K BBe~eHHIO B yrrpyrHii pacqeT cpaKTopa BpeMeHH t, 

CTapeHHH, a TaiOKe HaCJie~CTBeHHOCTH. KaK H3BeCTHO, TeOpHH yrrpyrOCTH 3TH BOIIpOChl He 

paccMaTpHBaeT [9]. Tame Ja~a~ peiiiaiOTCH B reopHHX IIJiacT~OCTH H rronJyqecTH [2, 

10). 0~HaKO ~ HH)I{eHepHhiX pacqeTOB y~06HO 3a~aqy CBeCTH K yrrpyroii HaqaJihHOH 

C)I(HMaJOrn;eii cHJie [3, 10]. ITpMeM peiiieHHe yqHThiBaeT nee rrpo:u:ecchl rrpoHBJieHHH 

IIJiaCTMeCKUX ~e<J;>opMa:U:Hii H HaCJie~CTBeHHOCTH 6eTOHa. 

CHJIY, llpHJIOXeHHYIO K XeJie3o6eTOHHOMY 3JieMeHTy, MOXHO COfJiaCHO (3, 10) 

pa3~eJIHTh Ha ~na cocTaBJIHIOmux ycHJIHH 

(17) 

r~e N el - qacTh ycHJIHH, KOr~a B 6eTOHe 6y~YT HYJieBble Harrp.IDKeHHH, a N pl -

OCTaTO~Oe HJIH rrpe~BapHTeJihHOe ycHJIHe, OTHOCHII.J;eeCH TOJihKO K apMaTyPe. 

ITpMeM rrepBYJO qacTh ycHJIHH N el MOXHO paccqHTUBaTh no yrrpyrnM 

xapaKTepHCTHKaM ceqeHHH, a BTopaH N pl yqHTunaeT Heyrrpyrne cnoiicTBa 6eToHa. llacTh 

ycHJIHH N pi 3aBHCHT OT Harrp.IDKeHHoro cocTOHHHH, H3MeHeHHH cpH3HKo-MexaHMecKux 
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xapaKTepHCTIIK, npOIDJJICHlUI IUiaCTII'ICCKHX .UC<l>opMaiJ;HH H MOJKCT KaK )'BC.JIHllHBaTbC.H, 

TaK H YMCHhii.IaTbCH. 

TaKoe pa3,UCJICHHC ycHJIHii 6hlJIO o6ocHoBaHo A.ApynoHHHoM [11]. Oo1,UHcc 

C.AJICKCaH)lpOBCKHH B CBOHX HCCJIC)lOBaHH.HX OnpC)lCJIHJI rpaHHUhl npHMCHCHH.H ,UaHHOro 

npHHIJ;HIIa, [2), H ycTaHOBHJI, lfi'O OH HC pacnpOCTpaH.HCTC.H Ha CHCTCM.bl C ynpyro­

IIO)laTJIHBhlMH CBH3HMH. AHaJiorwma.sr MCTO.UHKa npHMeHeHa H rrpH orrpe.ucJICHHH 

Hanp.HJKCHHo-.ue<t>OpMJIPOBaHHOro COCTO.HHH.H c6opHo-MOHOJIHTHhlX 3JICMCHTOB [3). 

B pcrneHH.HX H.H.TeMHoro 3a)laqa B CHCTeMe c ynpyro-rro.uaTJIHBhiMH CBH3HMH 

CBO)lHJiaCb K B03)lCHCTBHIO Ha CHCTCMY ycHJIH.H, 3aBHC.HIIICro OT <t>aKTopa BpCMCHH t. 

OpHH:u;HII pa3)lCJICHH.H ycHJIH.H B CHCTCMaX 6e3 ynpyro-rro,UaTJIHBhlX CB.H3CH H IIPH 

Ha.JIHllHH TaKOBhiX npHMCH.HJIC.H 

Hanp.HJKCHHo-.UC<l>opMJIPOBaHHOfO 

HaMH B HCCJIC)lOBaHH.HX 

COCTO.HHH.H H3)lCJIHH 

( 10) no OnpC)lCJICHHIO 

npH TCIIJI006pa60TKC, 

H3fOTOBJICHHhlX CTCH)lOBhiM CIIOC060M H B CHJIOBhiX <l>opMaX. 3Ta MCTO)lHKa npHMCHHMa H 

B HCCJIC)lOBaHH.HX paCT_HHYThlX o6pa3IJ;OB C yqeTOM B03)lCHCTBH.H yca,UKH Ha 3Tane 

TBCp)lCHH.H H Bhl)lCpiKKH o6pa3IJ;OB )lO HCIIbiTaHH.H. 

Hanp.HJKeHHo-.ue<t>opMJIPOBaHHOe cocTOHHHC JKcJie3o6eTOHHoro 3JICMCHTa rrpH yca)lKe 

6hiJio paccMoTpeHo H o:u;eHeHo 3aBHCHMOCTHMH (1) - (16). B pe3yJibTaTC perneHH.H 

npHBC)lCHHhiX 3aBHCHMOCTCH C HCnOJib30BaHHCM 3KCnepHMCHTaJibHO KOHTpOJIHPYCMhlX 

napaMCTpOB K MOMCHTY HCIIbiTaHHH t HMCCM ycHJIH.H B apMaTYPC N scp ( t), 6CTOHC N btp ( t), 

.ue<t>opMa:u;HH 6eTOHa &f;tp ( t) H apMaTYPhl &scp ( t), a TaKJKC K03<t><l>HUHCHT ynpyrocrn 

6CTOHa Yz:,t(t), yqHTbiBaiOI.I.(Hlt CJIOJKHOC Hanp.HJKCHHo-.uc<t>opMJIPOBaHHOC COCTO.HHHC C 

npo.HBJICHHCM HeynpyrHX .ue<t>opMa:u;Hii IIOJI3yqecTH 6eToHa. KpoMc 3Toro, yqHTbiBaiOTCH H 

<l>H3HKO-MCXaHJlqCCKHC xapaKTepHCTIIKH 6CTOHa HCIIbiTaHHhiX 06pa3IJ;OB. 

B npm~ecce HCIIhlTaHH.H o6pa3:U:OB Ha pacT.HJKCHHe KOHTpOJIHPyiOTCH ycHJIH.H, 

.ue<t>opMa:u;HH 6eroHa H apMaTYPhl, no3TOMY qacTh ycHJIHil H .ue<t>opMa:u;HH rronyqaeM 

3KCIICpHMCHTaJibHO, a )lpyrHC paCCqJITbiBaCM no TCOpCTII'ICCKHM 3aBHCHMOCT.HM Ha OCHOBC 

3KCnepHMCHTaJibHhiX )laHHhiX. fpa<t>HK 3aBHCHMOCTH ycHJIHil H .UC<l>opMa:u;HH, 

yqHTbiBaiOIIUlli HaqaJibHOC Hanp.HJKCHHO-.ue<t>opMHpOBaHHOC COCTO.HHHC, Bhl3BaHHOC 

yca,UKOH B npo:u;ecce TBCp)lCHH.H 6CTOHa H CfO H3MCHCHH.H B npo:u;ecce HCIIhiTaHH.H )lO 

pa3pymeHH.H o6pa1:u;a, rroKa3aH Ha pHc.3. 

HaqaJibHOC Hanp.HJKCHHo-.ue<t>opMHpOBaHHOC COCTO.HHHC IIOKa3aHO B CHCTCMC 

KOOp)lHHaT F00 0&0 . 0HO xapaKTepH3YCTC.H .ue<t>opMa:u;H.HMH CB060)lHOH yca,UKH 6CTOHa 

&shr ( t), .ue<t>opMa:u;H.HMH paCT.HJKCHH.H 6eTOHa CJKaTOH apMaTYPOH &btp ( t), KOTOphle 

pa1)lCJiffiOTC.H Ha ynpyrHC &et H IIJiaCTII'ICCKHC & pl , .ue<t>opMaiJ;H.HMH CJKaTH.H apMaTYPhl 

&scp(t), a TaKJKC ycHJIH.HMH CJKaTH.H B apMaTYPC Nscp(t) H paCT.HJKCHH.H 6CTOHa Nbtp(t). 

-36-



F(e) 

Pwc.3. HanpiDKeHHo-,D,e¢opMwpoBaHHoe cocToJIHHe pacTJirnBaeMoro )l{eJie3o6eTOHHoro 

3JieMeHTa B MeCTe TpeiiJ;HH006pa30BaHHJI C yqeTOM yca,D,KH, Heynpyrwx ,D,e¢QpMaL(HH H 

HHcna,D,aiOrn;eil qacTH ,D,HarpaMMhi N(t)- e: 1 - KpHBaJI CYMMapHoro ycHJIHJI B cwcTeMe Koop,D,HHaT 

F(e)Olef; 2 - Ta )l{e KPHBaJI B cwcTeMe Koop,D,HHaT Fr,Or,lir, c yqeToM YMeHhiiieHHJI C)I{HMaiOrn;ero 

ycHJIHJI; 3 - npJIMaJI ycHJIHJI B apMarype; 4, 5 - HHcna,D,aiOIIJ;HH yqacTOK KpHBOH ycnJIHJI B 6eTOHe c 

pa3JIJ1qHhiM 3KCQeHTpncmeToM npHJio)l{eHHJI CHJihl F( e) 

Ha :narre TBep)J,emrn 6eToHa u: Bbl,ll,ep}l{IQ{ o6pa3l(OB )J,O HCIIhiTamrn yclf.JIIDI u: 

)J,e<l>opMal(HH, o6ycJIOBJICHHbie IIpOI(CCCOM yca)J,KH 6eTOHa, pOCTa ero IIpOliHOCTH H 

rrpommeHu:eM IIOJIJyqecTu: 6eToHa, orpaHWIHBaiOTcH o6JiaCTbiO 0 1, Or,, ~, 0 0 , 0 1. 

HaqaJibHaH TOlJKa CB060)J,HbiX )J,e<l>opMalUiii yca)J,KH 6eTOHa lishr(t) HaXO)J,HTCH B TOqKe Or,, 

a lipz 1 - XapaKTepH3YCT IIJiaCTWICCKHe )J,e<t>opMal(U:U: B 6eTOHC K MOMCHTY BpCMCHH l, 

libtp(t) - IIOJIHbiC )J,e<t>opMal(U:H paCTIDKCHHH 6eTOHa B TOT )l{C MOMCHT BpeMCHH, l'scp(t) 

xapaKTeplnyeT yca)J,oqHble C)l{HMaiOII(He ycHJIHH B apMarype. K MoMeHzy npeMeHu: t 

COBMCCTHble )J,e<l>opMal(HH )l{CJIC306CTOHHOfO '3JICMCHTa xapaKTepH3YlQTCH IIOJIO)l{CHHCM 

TOqiCH 01, a YClf.JIIDI COCTaBJimOT B 6eTOHe Nbtp(t) H apMarype Nscp(t). flpe)J,BapHTCJibHOe 

C)l{HMaiOrn;ee ycHJIHe B apMarype 

(18) 

Bxo)J,Hll(He B 3aBHCHMOCTb (18) rrapaMeTpbi oronopeHbl paHee . 
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l1c1IbiTaHIDI o6pa1ua HatiHHaiOTCH B CHCTeMe KOOP.UHHaT F(E)01Ef· PactieTHoe yciDme 

B 6eTOHC N btp ( E, t) OIIpC,UCIDICTCH B CHCTeMC KOOp,UHHaT Fr,Or. EL.. 

DpHBe,UeM ocHOBHhle pactieTHhle ycnoBIDI. DpH HCllhlTaHHH o6pa1ua oT TOtiKH 0 1 

c:>KHMaiOmee ycHJIHe B apMaTYPe rrocTOHHHO YMCHblllaeTcH H B TotiKe 0 0 .uocTHraeT eyiDI. 

YMeHblllaiOlUYIOCH tiaCTb ycHJIIDI BocrrpHHHMaeT pacTHrHBaiOIUaH cHJia F( E), KOTopaH 

pacTHrHBaeT 6eToH. YcHJIIDI B apMaTYPC rrpH HCIIhlTaHHH 

(19) 

f,UC Nscp(t) - ycHJIHe C)KaTIDl OT yca,UKH KO BpCMCHH l, Nsr(E) - CHIDKCHHC ycHJIIDI H3-3a 

yrrpyro-BOCCTaHOBHTeJibHhlX .ue<t>opMaiJ,Hil B apMaTYPC IlpH paCTIDKCHHH :>KCJIC306CTOHa 

(6eTOHa), E - OTHOCHTeJibHhlC JJ.e<t>opMaUHH apMHpOBaHHOfO o6pa3Ua, Bhl3BaHHhlC 

pacTHrnBaiOlUCH CHJIOH F( E). YMCHbliiCHHC rrpe,UBapHTeJibHOfO paCTHrHBaiOu~ero ycHJIIDI B 

apMaTYPC 

(20) 

EcJIH N scp(t) > Nsr(t), ycHJIHe B apMaTYPC Nscp(E,t) C:>KHMaeT, a IlpH N st(E) > Nscp(t) 

ycHJIHe N scp ( E, t) paCTHrnBaeT. 

OoJIHoe pacTHTHBaiOmee ycHJIHe B 6eToHe 

N bt(E,t) = N btp (t )+Nbr(E), (21) 

fJIC N btp (t) - paCTHrnBaiOlUCC YCHJIHC 6eTOHa K MOMCH'fY BpCMCHH l OT yca,UKH 6CTOHa C 

yqeTOM rrpoHBJICHIDI Heynpyrnx .ue<t>opMali,Hil. N bt (E) - ycHJIHe OT pacTIDKeHIDI cHJio:H 

F(E). 

YCJIOBIDI paBHOBCCIDl H COBMCCTHMOCTH LJ:C<l>OpMaiJ,Hil OIIpC,UCIDIIOTCH: 

(22) 

(23) 

f,UC F( E) - BHCliiHllil paCTHfHBaiOIUaH CHJia. 3TO IIOKa3biBaCT, "lJTO B 3TOH 06JiaCTH KpHBhlC 

F(E) H Nb1(E) COBIIa,UaiOT, a KOOp,UHHaTHaH CHCTeMa F(E)01Ef TpaHc<t>opMHpyeTCH 110 

OTpC3KY op0 K CHCTeMe FL.OL.EL.· KpHBaH (1), rroKa3aHHaH B CHCTeMe F(E)01Ef, He 

YlJHThlBaCT CHIDKCHIDI paCTIDKCHIDl 6CTOHa llpH paCTHTHBaiOlUJIX .ue<l>opMaUIDIX C)KaTOH 
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apMaTYPbi. ITmTOM)' Ha yqacTKe )l,eqmpMau:Hil liscp(t) KpmmH (1) 6oJiee KPYfaH. KpHBaH 

(2) MOlKeT 6blTb IIOCTpOeHa IIO (23) B CHCTeMe KOOp,ll,HHaT Fr,OyJr,. 3TO IIOKa3aHO Ha 

pHc.3. 

Ha 3TOM 3Tarre HCIIhlTaHHH )l,O )l,OCTHlKeHHH eyJieBhlX Harrp»lKeHHil B apMaTYPe 

)l,eQ:>opMaU:HH 6eTOHa 

(24) 

H apMaTYPhl 

(25) 

ITpH )l,OCTHlKeHHH eyJieBhlX Harrp»lKeHHH B apMaTYPe BHel.li.HIDl cHJia pacnmrnaeT 

TOJlbKO 6eTOH: 

(26) 

a Ns(t,e) =0. 

)J,eqmpMau:HH IlpH N st ( t ,li) = 0 COCTaBllillOT: 

(27) 

ITocJie rrepexo,ll,a ycHJIHH B apMaTYPe (KPHBaH 3) Ha )l,HarpaMMe qepe3 TOqKY 0 0 B Heft 

rrpoHBJIHeTCH pacTHI'HBaiOrn;ee ycHJIHe, Bhl3BaHHOe cHJioll. F(e). Ha ocR )l,eqmpMau:Hil 3TO 

Haql{HaeTCH C TO~ 0 0 . )J,JIH KOOp,ll,HHaTHOH CHCTeMhl Fr,Or.er. ycHJIHH B apMaTYPe 

(28) 

H 6eTOHe 

(29) 

flpHBH3Ka )l,eqmpMaU:Hil E B )l,aHHOM YCJIOBHH IlpOH3BO)l,HTCH B KOOp)l,HHaTHOH CHCTeMe 

Fr,Or, er, c yqeTOM IIJiaCTI{qeCKHX ,ll,eQ:>opMau:Hi'I e pll· 

CJie,ll,yeT OTMeTHTb, ~o B HHTepBaJie ,ll,eQ:>opMau:Hil, Haql{HaH c To~ 0 0 , apMaTYPa 

pacTHI'HBaeTcH H BocrrpHHHMaeT CHJIY pacT»lKeHHH F( e) BMecTe c 6eToHoM. IT pH 3TOM 

Heynpyrne )l,eqmpMaU:HH 6eToHa YBeJIHqHBaiOT CHJIY pacT»lKeHHH B apMaTYPe N st (e). 

06IIJ;He Heynpyrne ,ll,eQ:>opMaU:HH 6eToHa B HHTepBaJie c HaqaJia rrpHJiolKeHHH Harpy3KH )l,O 

)l,OCTHlKeHHH MaKCHMaJibHOH IlpO~OCTH 6eTOHa Ha paCTHlKeHHe: 
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II MOJYf 6biTh JierKO orrpe~eJieHhi rryreM B~eJieHJrn 113 H:UX ynpyroH: qacTII ,LVrn 113BeCTHOH 

~oJIH yc11mrn F(s). 

TioJIHaH ~llarpaMMa paCTIDKeHHH 6eTOHa (KpiiBaH 4) B )l(eJie3o6eTOHHOM 3JieMeHTe C 

yqeTOM HarrpiDKeHHO-~e¢opMHpOBaHHOI'O COCTOHHHH, Bhi3BaHHOI'O yca~KOH 6eTOHa, 

113MeHeHIIeM ero xapaKTepiiCTHK B rrpon:ecce TBep~eHHH, Heynpyr:ux ~ecpopMan::uH, 

rrpon:ecca TPeiD:IIHoo6pa30BaHHH rrp11 pacriDKeHIIII, noKa3aHa B CIICTeMe Koop,nMHaT 

Fy:,Or,&r,. YcHJIHe B apMazype xapaKTepll3yeTCH npHMOH 3, ee noJIO)I(eHIIe xapaKTepii3YJOT 

napaMeTPhi Pc II &shr(t). 

KpHBaH (4) nonyqeHa no 3aBIICHMOCTII (29). To~a nepeceqeH:HH KpHBhiX (2) 11 (3) 

xapaKTepll3)'eT noJIHoe IICKJIIOqeHIIe 6eroHa 113 pa6oThl B }KeJie3o6eTOHHOM ::meMeHTe, ro 

ecTh HOPMaJihHaH TPern:HHa noJIHOCThiO nepeceKJia ceqeHIIe. Tipe~eJihH.ble ~e¢opMan::u:u 

pacriDKeHHH 6eroHa rrp11 ,noCTJI}KeH:u:u MaKCHMaJihHOro ycHJIHH N btu = Ru = Fu cocraBJIHIOT 

&btu. Ha KpHBOH 4 HMeeTCH 11 HIICXO.nHrn:aH qacTh ~llarpaMMhi, KOTOpaH no BeJIH"llliHe 

orpaHHtiHBaeTCH TO~OH nepeceqeHHH KpHBOH (4) C OChiO Er,. 

B cnyqae ~eaJihHoro npHJio)l(eHHH pacTHrHBaiOrn:eH: cJIJihi rrp11 eyJieBOM 

3Kcn:eHTPHCJITeTe TPern:HHa ,noJI}I{Ha IIOHBHThCH no BCeM)' ceqeHHIO, a KpHBaH (4) He 

~o~eT ~0 OCH Er,. O,nnaKO Ha CaMoM ~eJie nOHBJIHeTCH 3KCU:eHTPHCJITeT, II CHJia F(s), a 

TaK}Ke paCTHrHBaiOin:aH N bt (c) IlpHJIO}KeH.bi BHen:eHTPeHHO. <DH3H"l!eCKaH HeJIHHeHHOCTh 

(aHH30TPOIIHOCTh) CBOHCTB 6eTOHa no ceqeHHIO 3JieMeHTa B OCHOBHOM o6ycJiaBJIHBaeT 

3Kcn:eHTPHCJITeT pacrHrHBarorn:eH: cJIJihi. KpoMe ::~roro, Ha 3Kcn:eHTPIICJITeT BmrneT 11 

B03MO}KHOe OTKJIOHeHHe reoMeTPH"lleCKHX pa3MepoB, a TaK}Ke pacnOJIOXeH:HH apMaTypbl B 

rrpe~eJiaX ,UOJIYCKOB ,neHCTB)'IOin:HX CTaH,napTOB (7). TI03TOM)' nepeJIOM B HHCIIa~aiOin:eH 

qacTH ,n:uarpaMMbi (KpHBaH 5) XapaKTepll3)'eT nOHBJieHHe HOpMaJihHOH TPern:HH.bi, a 

~aJihHeihrraH noJioraH ee qacTb orrpe,neJIHeT H poCT IIIMpHHhi HOpMaJihHOH TPern:HH.bi ~0 

noJIHoro o6pb1Ba 6eroHa rrpH BHen:eHTPeHHOM rrpHJioxeH:u:u CJIJihi. OTMeTHM, "liTo 

IlpOHBJieHIIe 3TOH HHCna~arorn:eH: qacTH oqeHh 3aBIICHT OT noCTOHHCTBa CKOpOCTH 

~ecpopMan::u:u dsjdr= const, me ds - rrp:uparn:eHHe ~ecpopMan::ull, dr - rrp:uparn:eHIIe 

BpeMeHH. TipH OTKJIOHeH:U:U OT 3T:UX )'CJIOBHH HHCnMaiOrn:aH qacTb ~HarpaMMbi MO)I(eT He 

npOHBHThCH (KpHBaH 4). 

EcJIII ~orrycTHTh, "liTO 6eToH He o6Jia~aeT HeyrrpyrHMH .ne¢opMan:HHMH, a JIHlllb 

yca,nKOH, TOf~a ~:uarpaMMa ~e¢opMHpOBaHHH TaKOI'O MaTepHaJia IlpH IICIIhiTaHHH (6e3 

pa3pb1Ba) BO BpeMH t = t1 noKa3aHa Ha piiC.4. 0603HaqeHHe rpacpHKOB )'CHJIHH H 

~e¢opMan::uii TO )l(e, qro H Ha pHc.3. fpacpHKH Ha 3TOM piiCyHKe n03BOJIHIOT Jiyqiiie 
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ITOIDITb IIpOIJ,CCC BHYfPCHHCfO nepepacnpe,neJICHIUI YCIDillli Ha ,l(HarpaMMe IIpli CIUDKCHlili 

c:>KHMarom:ero ycJfJIIDI B apMaTYPe c ,naJibHeiblrnM npHJioxeHHeM BHenrnero 

pacnmrnarom:ero ycJfJIIDI F(&). 

Puc.4. llarrpH)J(eHHo-.[(e¢opMuposaHHoe cocToHmre pacTHrimaeMoro 6eTOHHoro o6pa3ua, 

He o6JiaMIOmero rro;nyqecTbiO, HO c yqeToM yca.[(o'IHhiX .[(e¢QpMauuii: 1 - rpa¢uK pacTHrnBaiOmeii 

cuJihi F( &) s cucTeMe Koop.[(IIHaT F( & )01 & f; 2 - TO )Ke c yqeToM fMeHbiiieHHH pacTHnmaiOmero 

ycHJIHH B apMarype; 3 - rpa¢uK pacTHmBaiOmero ycumm B 6eToHe; 4 - rpa¢uK ycumm B 

Heo6eTOHllpOBaHHOH apMarype 

,lJ)rn OllliCaHIUI IIpOU:CCCa HaiipiDK.CHHO-,ne<PopMHpOBaHHOfO COCTOHHIDI llpliMCHHIDTCH 

paHCC aHaJili3lipOBaHHbiC 3aBHCliMOCTli, TOJibKO C K03<P<PHIJ,liCHTOM yrrpyrOCTli Vbt = 1. 

KaK yxe OTMeqaJIOCh, B 6eTOHe npoHBJIHIOTCH HeyrrpyrHe .ne<PopMalJ,lili KaK npH yca,nKe 

6eTOHa, TaK li IIpli ,l(aJibHCHiliCM liCllbiTaHlili o6pa3IJ,a paCTHfHBaiDlU:CH CliJIOH na 

paCTIDKCHliC ,!(0 ITOHBJICHIDI HOpMaJibHOH TpClUIDibl li o6pblBa 6CTOHa. 

0IJ,CHKY Heyrrpyrnx ,ne<PopMaiJ,Hi.f. 6eTOHa MO)I{HO npOli'3BO,l(liTh C ITOMOII(hiD 

K03<P<PHIJ,liCHTa yrrpyrOCTli 6eTOHa Ha JII060i.f. CTa,l(lili HanpiDKCHHOfO COCTOHHIDI, OJJ.HaKO 
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HC06XO)J,HMO HMCTh lJCTKOe pa3)J,eJieHHe ynpyrnx H IUiaCTHlJCCKHX )J,e<l>opMaiJ,lfH C YlJCTOM 

HX HapacTaHJUI 3a BCCh rrpo~ecc pOCTa IlpOlJHOCTH, npmiBJICHIDI yca)J,Kif H paCTIDKCHIDI 

IlpH HCIIhiTaHUH o6pa3~a. 

TaKOe pa3)J,eJieHHe )J,e<:);>opMa~ 6hlBaeT BCChMa 3aTPYJJ.HMTCJihHhlM H nOJIHOCThiO KaK 

:JKcnepHMeHTaJihHO, TaK H reopeTWiecKH ue Bcer)J,a yJJ.aeTCH. OcTaHOBHMCH ua ueKOTOphlx 

oco6eHHOCTHX pa3)J,eJieHIDI yrrpyrnx H ueyrrpyrnx JJ.e<l>opMa~uif. 

4. Orrpe)J,eJICHHe HanpiDKCHHO-)J,e<:);>opMHpOBaHHOfO COCTOHHIDI Ha OCHOBe rrpHH~lfiiOB 

TeOpHH nOJI3YlJCCTH 

CorJiacuo HaMH rrpoBe)J,eHHhlM HccJie)J,oBaHIDIM [ 10], a TaiOKe HCCJie)J,oBaHIDIM JJ.pyrnx 

aBTOpOB (3] 3a)J,alJa onpe)J,eJieHIDI HarrpiDKCHHO-)J,e<l>opMJiPOBaHHOfO COCTOHHIDI 

>KeJie3o6eToHa yrrpomaeTcH 6Jiaro)J,apH pa3)J,eJieHHIO ycHJIIDI ua ynpyroe H IUiaCTWiecKoe 

COCTaBJIHIOinlfC no 3aBHCHMOCTH (16). 

PeliDIM Ja)J,aqy )J,JIH npm~ecca ycaJJ.KH 6eToHa K MOMCHTY HCIThiTaHIDI o6pa3I~a t1 rryreM 

BBe)J,CHIDI K03<t><:J:>~eHTOB, xapaKTepH3YJOinHX KOMn03~0HHYJO CHTeMY "6eTOu­

apMazypa". ,[{JIH aHaJIH3a BOCIIOJih3yeMCH yrrpomeHHOH 3aBHCHMOCTh10 onpe)J,eJieHIDI 

uanpiDKeHlfif B 6eTOHe. 

BBe)J,eM noHHTHe CHJihl rrpe)J,BapHTeJihHoro o6>KaTHH apMazyphl rrpu: yca)J,Ke 6eTOHa 

(30) 

f)J,e &slzr(t) = &slzr(tl) = &slzrl - )J,e<:);>opMai.WH CB060)J,HOH yca)J,KH 6eTOHa K JII060MY MOMCH'fY 

BpeMeHH t HJIH KO BpeMeHH HCIThiTaHlfif t = t1; OCTaJihHhle napaMCTPhl nOHCHCHhl paHee. 

Tor)J,a uarrpiDKeHIDI B 6eToHe no (15): 

(31) 

r)J,e ape= a"s~zAt1 )Es - uarrpiDKeHIDI npe)J,BapHTeJihHoro c>KaTIDI apMazyphl. 

no ynpYfOMY perneHHIO C Bhi)J,CJICHHCM yrrpyroif )J,e<t>opMa~ HanpiDKCHIDI B 6eTOHe 

(32) 

(33) 
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"pl - yrrpyran: qacTb JJ:e<);>opMaU:HH "shr(t1). 

DpMpanmrnan: (30) K (31), nocJie npeo6pa3oBaHHII no.JI}"'aeM 3HaiieHHe 

(34) 

Kor,[(a HeyrrpyrHe ,[(e<f>opMaU:HH 6eTOHa OTCYfCTBytOT, Vbt(tt)=1, a &pt=&shr(tl)=&shrl· 

B 3TOM CJI}"'ae 6eTOH H CHCTeMa "6eTOH-apMaT)'Pa" ,[(e<);>opMHpytOTCH 6e3 Heyrrpyrnx 

,[(e<);>opMaJ.Ulli. Ko3<f><f>HU:HCHT yrrpyrocTH CHCTCMbl 

(35) 

B JaBHCHMOCTH (34) Be.JlliliiDia vp(t1) onpe,[(eJIHeTcH c yqeToM H3MeHeHHH 

xapaKTepMCTHK 6eTOHa as(t1), HeyrrpyrHX ,[(e<);>opMaJ.Ulli J.tt(t1) H fiPOU:CHTa apMHpOBaHHH 

f-ls. KaK H3BCCTHO, K03<t><I>MUHCHT yrrpyrOCTH 6eTOHa MO)f{HO BblpR3HTb TaK: 

(36) 

(37) 

Ko3<t><PHUHeHT yrrpyrocTH CHCTeMbl (}l{eJie3o6eToHa) 

(38) 

3,[(CCb HH,[(CKC '1' 03Ha'laeT, 'ITO ,[(e<);>opMaUHH paccMaTpHBalOTCH K MOMCH1)' BpeMCHH 

t = tl. 

PaciieThi ITOKa3hiBaiOT, 'ITO co6JIIO,[(aeTcH paBeHCTBo 

(39) 

,[(JIH fiPHHHTbiX 3Ha'leHHH J.t1(t)= !1;r(t1), KOTOpoe MO}I{CT 6biTb onpe,[(CJICHO H ITO 

3KCITCpHMCHTaJThHhlM ,[(aHHhiM yca,[(KH 6eTOHa H }I{CJIC306CTOHa . 
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IloCJIC OTipC.l(CJICHJ.UI HeyrrpyrHX ,l(e<l.JopMaU:HJ1 K MOMCH1'y- BpCMCHH t1 J].HarpaMMa F- & 

MOiKCT 6b1Tb y-TOqHeHa. 3a ee naqaJIO MOiKHO llpHH51Tb TOqKy, COOTBCTCTBYJOIIzyiO &pf B 

KOOpJJ.HHaTHOM CHCTCMC Fy:,02_sr,. IlpH 3TOM CJICJJ:YCT yqccTb, qro JJ.HarpaMMa paCT.IDKCIBUI 

6eTOHa B 3TOI1 06JiaCTH JJ.C<j}OpMal(HM IIOJiyqaCTCH Jl.llil CTa.l(HH pa1rpy1KH, TO CCTb 6e1 

yqeTa HCyrrpyrHX ,l(e<j}opMau:Hfi 6erona. JJ:IDI IIOJiyqeHHH B 3TOM o6JiaCTH J].C<j}opMaiJ:Hil 

JJ.HarpaMMbl KpHBOM KpaTKOBpeMeHHOI'O '3arpy-iKCHHH CJie.l(yeT Bbl,l(eJIHTb H3 nee 

,l(e<j}opMaU:HH IIOJI3yqecTH 6CTOHa C yqeTOM HaCJICJJ.CTBCHHOCTH K MOMCHTY BpeMeHH t = t1. 

IlpH pacT.IDK.eHHH o6pa1u:a CHJioil F( s) .l(O JJ.OCTHiKCHHH HYJICBhiX nanp.IDKCHHil B 

CiKaToil apMazype ycJIOBHe ( 19) narrp.IDK.eHHH 6eTona MOfYT 6biTh onpeneJieHbl: 

(40) 

rne (41) 

npH yqeTe llOJIHhiX JJ.C<j}opMainlli H 

(42) 

npH yqeTe yrrpyrHX .l(e<j}opMaU:HM (pa3rpy3KH). 

J.-h YCJIOBHH (40) K03<j}<j}HIJ:HeHT yrrpyrOCTH 6CTOHa COCTaBlliiCT 

(43) 

JJ:IDI IfYJICBbiX nanp.IDKCHIDI B apMazype Nsp(t1, s) = 0, a KOJ<P<j}HIJ;:HCHT yrrpyroCTH 

(44) 

I'J].C £I. onpe.l(elliiCTCH no (41) HJIH (42) . 

.D:e<PopMaHHH apMazyphi, Korna nanpSiiKeHHSI B neil O"sr(tl,s) =O"scp(tl,s) =0, cocTaBJIRCT 

(45) 

C J].aJibiiCfiiiiHM nOBhiJIJCHHCM Harpy1KH CHJia F( s) paCTSII'HBaCT 6CTOH H apMaTYPy, 

TOI',l(a Haiip.IDKCHHH B apMazype no (28) COCTaBJUIKJf 
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(46) 

Tor.ua ycJIOBHe (40) rrpHHHMaeT BH,U: 

(47) 

r.ue Nsr(t1,t:) - pacnrrHBarom:ee ycHJIHe B apMarype nocJie norarnemrn ycHJIIDI 

rrpe,n:BapHTeJThHoro C:>KaTIDI, Bhl3BaHHoro yca,n:Koit 6eToHa. ITpH 3TOM BeJIHliHHa 

,n:e<l>opMaiJ.HH &>&so. :Vb ycJIOBIDI (47) IIpH &>&so K03<t><I>HIJ.HCHT yrrpyrOCTH 6eTOHa 

(48) 

Pa6oTa 6eTOHa Ha paCTIDKCHHC B HHCIIa,UaiOil{CH qacrn ,UHarpaMMbi 3aKaHqJt:BaCTCH, 

KOr,Ua F(c.-)=Nsr(t1,t:), TO CCTb BCC ycHJIHe F(t:) y:>KC BOCIIpHHHMaCT pacniH)'T'dH apMarypa. 

BxoJJ:Hll{He B 3aBHCHMOCTb (48) rrapaMeTpbi oroBopeHbi paHee. C yBCJIHqeHHeM 

paCTHrHBaiOil{CH CHJibl F(t:) CHH:>KaCTCH BeJIHliHHa K03<l><l>HIJ.HCHTa yrrpyrocrn 1-bt(tl,t:) H B 

TO~e MaKCJt:MYMa ,UHarpaMMbl Nbtu = Nbtu(tbt:) ,UOCTHraCT BCJIHliHHbl 1-btu(t1,t:). 

ITpo~oCTb 6eroHa Ha pacTIDKCHHe 

(49) 

EcJIH YCJIOBIDI HCllbiTaHIDI o6eciieqJt:BaJOT IIOCTOHHHYJO CKOpOCTb H3MCHCHIDI 

.Ue<l>opMaiJ.Hi.f: B 6eTOHC 3a BpeMH /:lt ( d&j dt = const), Ha6JIIO,UaCTCH HHCXO,UHil{aH qacTh 

,n:HarpaMMbi. 

ITpoBe,n:eHHbiH aHaJIH3 H rronyqeHHaH ,n:HaipaMMa paCTIDKCHIDI 6eToHa c yqeToM 

HHCIIa,UaiOil{CH qacrn xapaKTepH3YJOT HaiipiDKCHHo-,n:e<l>opMHpOBaHHOC COCTOHHHC B MCCTC 

o6pa30BaHIDI HOpMaJThHOH TpCil{HHhl. 

5. HarrpiDKCHHo-,n:e<t><>pMlfPOBaHHOC COCTOHHHC paCTHrHBaCMOfO apMHpOBaHHOfO 

JKCJIC306CTOHa Ha yqaCTKC MCJKJJ:Y TpCil{HHaMH 

Ha ,UpyrHX yqaCTKaX paCTHrHBaeMoro 3JICMCHTa 6eTOH pa6oTaeT COBMCCTHO C 

apMarypoi.f:. HarrpiDKCHHo-,n:e<l>opMHpOBaHHOe COCTOHHHC B HOpMaJThHOM CC£ICHHH 

paCTHrHBaCMOfO JKCJIC306CTOHH0f0 3JICMCHTa Ha yqacTKC 6e3 TpClli,HH, C yqeTOM yca,UKH, 

HeyrrpyrHX .ue<t>opMaiJ.Hi.f: H HHcrra.uarom:efi qacTH ,UHarpaMhl Nbr(t )- & rroKa·mHo Ha pHc.5 . 
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PHc.5. HanpmKeHHo-~e<PopMMpoBaHHoe cocTOHHHe pacTHrnBaeMoro xeJie3o6eTOHHoro 

3JICMCHTa B 30HC yqaCTK.a C TpCIUHHOM C Y'JCTOM yea~, Heynpyrnx ~e<l>opMal(Hll l1 HHCTia)J,aiOmeii 

tiaCTif Jl:HarpaMMhl N(t)- &: 1 - K.pHBaH cyMMapHoro ycHJIHH B CHCTeMe Koop,mmaT F(e)Ol&f; 2 -

Ta XC K.pHBaH B CHCTCMC KOOpJl:HHaT Fr,Or, &r, C ytiCTOM YMCHhiiiCHHH CXHMaiOmero ycHJIHH; 3 -

npHMaH ycHJIHH B apMaTYPe; 4 - HHCTiaJl:aiOIUHM yqacTOK ycHJIHH B 6eTOHC C pa3JIH'IHhlM 

3KCQempHcHTeToM npHJIO)I{CHHH CHJihi F( e), Y'JHThiBaiOmHii ~e<l>opMaQHH pacK.phiTHH HOpMaJibHhiX 

B 3TOM c.rryqae .D.e<}>opMarurn n;eJiecoo6pa3HO H3MepHTb Ha 6oJibrneii 6a3e, 

OXBaTbiBaiOm:eii yqaCTOK c HOpMaJibHOH Tpem:HHOH. B03MO)I{JJ0 H3MepeHHe )J.e<}>opMaJJ;Hii H 

Ha MeHbllieH 6a3e 6e3 HOpMaJibHbiX Tpem:HH. flpH 3TOM CJie,nyeT yqHTbiBaTh, 'ITO 

HanpiDKeHHOe COCTOHHHe B)J,OJib )J,JIHHhl 3JieMeHTa MeiDieTC$1 B 3aBHCHMOCTH OT CJJ;eiUieHH$1 

apMa'fYPhl. c 6eTOHOM H HX COBMeCTHOH pa6oThl. TaK, B 30He, 6JIH3KOH K HOpMaJibHOH 

TpeiD:HHe, COBMeCTHaR pa6oTa 6eTOHa C apMa'fYPOH HapyrnaeTCR, a B MeCTe rrepeceqeHH$1 

ceqeHH$1 TpeiD:HHoii pa6oTaeT TOJibKO apMa'fYPa. 

HanpiDKeHHO-)J.e<}>opMHJ>OBaHHOe COCTORHHe ceqeHHH 6e3 TpeiD:HH xapaKTepH3yeTC$1 

TeM, ~ B ceqeHHH pa6oTaeT 6eTOH, a OTHOCHTeJibHble )J.e<}>opMaJJ;HH MCHbllie, qeM B 

ceqeHHH C TpeiD:HH006pa30BaHHeM HJIH II0$1BHBilieilcR Tpem:HHOH. 

fpa<}>HKH KpHBhlX ycJL1H$1- .D.e<}>opMau.u.u (p.uc.5) xapaKTepH3YJOT cpe.D.HHe )J.e<}>opMarurn 

yqacTKa TpCIUHHOo6pa30BaHH$1 H IIORBHBiliCHC$1 TpeiD:HHhl. TaKaH MeTO)J,HKa OIWHKH 

HanpiDKeliHO-)J.e<}>opMHpOBaHHOfO COCTOHHH$1 IlpHHHTa B EnpOKO,!Je [12). 0TMeTHM, 'ITO 
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HHcrra,n:aiOII~He yqacnrn KpHBbiX 1 H 2 He rrepeceKaiOT rrpHM)'IO ycrunrn B 

Heo6eTOHHpoBaHHo:ll apMazype. CMemeHHe 3THX KpHBhlX xapaKTepn3yeT pa6ozy 

pacnmyroro 6emHa. HHcrra,n:aiOma» qacTI> ~narpaMMDI pacTHHymro 6eToHa TaiOKe He 

rrepeceKaeT ocb ~e¢opMann:H Or, sr,. Tio.rryqeHHoe ycHJme Fu, Ru orrpe~eiDieTCH ceqeHHeM 

C IlpOH:BlliiiOmlfMCH: TpemHH006pa30BaHHeM, a ~aHHhlH yqaCTOK CHIDKaeT ~e¢opMaUHH ITO 

cpaBHeHHIO C ceqeHHeM, r~e IIOHBHTCH TpemHHa. 

Oco6o cJie~eT oTMCTHTb rrepepacrrpe~eJieHHe KaK JIOKaJibHhlX, TaK H o6mm 

rrpo~OJibHhlX ~e<PopMann:H B~OJib pacTH:rHBaeMoro 3JieMeHTa. O~HOBpeMeHHO MeHH:eTCH H 

<l>H31fqeCKHH 3KCUeHTpHCHTeT rrpO~OJibHOH CHJihl. 3TH BOIIpOChl Tpe6YIOT OT~CJibHOfO 

aHaJIH3a H B ~aHHOH pa6oTe He paccMaTpHBaiOTCH. 

Hncrra,u:aiOmne yqacTKH rpa<PHKoB KpHBhlX 1, 2 H 4 xapaKTepH3YIOT H rrpouecc 

paCKphlTHH HOpMaJII>HhlX TpemHH. 

Tipe~JIOJKeHHaH: MeTO,U:HKa orrpe,u:eJieHHH: HarrpH:XeHHo-~e¢opMHpOBaHHOfO COCTOH:HHH 

o6pa3Ua rrpH ero HCIIhlTaHHH:X Ha paCTHJKeHHe C yqeTOM IlpOH:BJieHHH: yca,U:KH H HeyrrpyrHX 

~e¢opMannH ~0 3arpyxeHHH: II03BOIDieT OUCHHTb ~HarpaMMY paCTHJKeHHH: 6eTOHa C 

yqemM HHcrra,n:aiOme:H qaCTif H rrpouecca TpemHHoo6pa3oBaHHH. TipH 3TOM qacTh yqacTKa 

HHcxo,u:Hme:ll ~narpaMMhl xapaKTepH3yeT H rrpouecc o6pa3oBaHHH H pacKphlTHH 

HOpMaJII>HbiX TpemHH IlpH pa3JilfqHOM 3KCUeHTpHCHTeTe paCTH:rHBaiOme:ll CHJihl. 

Tipe,!(JIO:.KeHHaH: MeTO,u:HKa 6Wia TipHM:eHeHa B 3KCITepHMeHTaJibHbiX HCCJie~OBaHlUI:X 

HarrpH:XeHHo-~e<PopMlfPOBaHHOfO COCTOHHHH 6eTOHHhlX H JKeJie3o6eTOHHhlX o6pa3UOB C 

yqeTOM HX rrpe~biCTOpHH ~0 3arpYJKeHHH:. 

6. Pe3ynTaThl 3KcrrepHMeHTaJII>HhlX HccJie,u:oBaHIDi: 

Ha pacTH:XeHHe 6biJIH HCIIhlTaHhl TpH cepHH 6eTOHHhlX H xeJie3o6emHHhlX o6pa3UOB. 

Ha pHc.6, a, 6 rroKa3aHhl HaH6oJiee xapaKTepHI>Ie pe3yJibTaThl HarrpH:XeHHo­

~e¢opMHpoBaHHoro cocTOHHHH o6pa3ua rrpn pacTHJKeHHH, Koma rrpoueHT apMHpoBaHHH 

1!=0.218% (o6pa3Uhl AI H A2) H Ha pnc.6, B ll-=0.54% (o6pa3eu A3), a TaiOKe pnc.6, r-

6eTOHHhlH o6pa3eU A4 . .[{aHHhle HCCJie~oBaHH:il IlpHBe~eHbl H B pa6oTe [ 13). 

MeTO,u:HKa o6pa6oTKH pe3yJibTaTOB HCCJie~OBaHHH H3JIOJKeHa B pa3~eJiaX 2 ... 5. TipH 

3TOM )"'TeHhl rrpouecchl yca,u:m, HapacTaHHe <PH3HKo-MexaHnqecKHX xapaKTepHCTHK 

6emHa H Heyrrpyrne ~e¢opMaUHH ~IDI Ka~oro o6pa3ua. 

fpa<PHKH KpHBhlX ycHJIHH-~e¢opMaUHif (pHc.6, a, 6) xapaKTepH3YIOT cpe~HHe 

~e<PopMaUHif yqaCTKa TpemHHoo6pa3oBaHHH H rroH:BHBIIIe:llcn TpemHRhl. TaKa» MeTo,u:HKa 

OUeHKH HarrpH:XeHHo-,u:e¢opMHpOBaHHOfO COCTOHHHH: IIpHHH:Ta B [12]. 0TMeTHM, qro 

HHcrra~aiOmne qacTH KpHBhlX 1 H 2 (pnc.6, 6) He rrepeceKaiOT rrpHM)'IO ycHJIHH: B 

Heo6eTOHHpOBaHHOH apMazype. CMemeHHe 3THX KpHBhlX xapaKTepH3yeT pa6ozy 

pacTH:HyToro 6eToHa H pacKphlBaiOmlfXCH TpemHH. 
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KpHBble Hanp~xeHHo-.ne¢opMHpOBaHHoro COCTO~HIDI 

pacT~rnsaeMbiX xeJie3o6eToHHhiX o6pa3UOB a- Al, 6- A1 npu npoueme apMuposaHH~ J..L=2,18% H 

B- A3 npu J..L=0,54%, a TaiOKe 6eTOHHoro o6pa3ua r- A4 B MecTe TPeli(HHoo6pa3oBaHIDI c yqeToM 

yca,zurn, Heynpyrnx ,ne¢opMaUHff H HHcna.nmoli(eil '!aCTH .nuarpaMMhi N bt ( t)- &: 1 - KpHBa~ 

C}'MMapHOI'O YCHJIIDI B CHCTeMe KOOp.l(HHaT F(&)0!&f; 2 - Ta Xe KpHBa~ B CHCTeMe KOOp)UmaT 

Fr,Or, &r,, c yqeTOM C)I{HMaroli(ero ycHJIIDI oT yca,zurn; 3 - np~Ma~ ycHJIIDI B apMarype; 4 -

HHcna.l(aiOII(HM yqaCTOK YCHJIH~ B 6eTOHe C pa3JIHqHhiM 3KCUeHTpHCHTeTOM llpHJIOXeHIDI CHJibl 

F( &), yqHThiBaiOII(HM .ne¢opMaUHH pacKphiTIDI HopMaJibHOH Tpell{UHhi 
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HHCIIaJJ:aiOIIl,aJI qacTb .D:HarpaMMbl KpHBaJI 4 TRIOKe He rrepeceKaeT OCb HyJieBbiX ycHJIHi.f:. 

no~eHHoe ycHJIHe Nbtu onpeJJ:eJIJieTCJI ceqeHHeM c IlpOJIBJIJIIOIIl,JfMCJI 

Tpelll,JfH006pa30BaHHeM, npH 3TOM JJ:e<t>opMaiJ;HH JJ:aHHOfO yqaCTKa MeHbllle 110 cpaBHeHHIO 

c .D:e<PopMan;HHMH Toro yqacTKa, r.D:e noJIBJIJIIOTCH CKB03Hble Tpelll,JfHbl. HHcna.D:aiOIIl,Jfe 

yqacTKH rpa<l>HKOB KpHBbiX 4 Ha pHc. 6, a H 6 xapaKTepH3YJOT H rrpon:ecc pacKpbiTHH 

HOpMaJibHbiX Tpelll,JfH. 

Ha rpa<t>HKax pHc.6, a, 6, n xapaKTepHo Bbi.D:eJIJieTcJI roqKa 3aBepiiieHHJI npon:ecca 

Tpelll,JfH006pa30BaHHJI Ha KpHBOH 2 (TO~ B Ha pHC.3). 0.D:HaKO OHa MeHee 3aMeTHa IIpH 

YMeHbiiieHHH apMHpoBaHHH (pHc.6, n) H .D:JIJI 6eTOHHbiX o6pa3U:OB (pHc.6, I'). 

AHaJIOflfqHble pe3yJibTaTbl rro~eHbl H B JJ:PyrHX 3KcrrepHMeHTaJibHbiX H reopeT}fqeCKHX 

HCCJie.D:OBaHHJIX (1, 14). 

Oco6o cJieJJ:YeT oTMeTHTb nepepacnpe.D:eJieHHe KaK JIOKaJibHbiX, TaK H o6IIl,JfX 

IlpOJJ:OJibHbiX .D:e<l>opMaUJfit BJJ:OJib paCTJiflffiaeMOfO 3JieMeHTa. 0JJ:HOBpeMeHHO Jf3MeHJieTCJI 

If <l>H3JfqeCKJfit 3KCIJ;eHTpHCHTeT llpOJJ:OJibHOH CHJibl. 3TH BOnpOCbl Tpe6YJOT OTJJ:eJibHOfO 

aHaJIHJa H B .D:aHHoit pa6ore He paccMaTpHBaiOTCH. 

ITpe.D:JioxeHHaJI H 3KcnepHMeHTaJibHO npoBepeHHaJI MeTO.D:HKa II03BOJIJieT on:eHHTb 

HaiipJIX{eHHO-JJ:e<l>opMifPOBaHHOe COCTOJIHHe paCTJIHYTOfO XeJie306eTOHa C yqeTOM yca.D:KH 

If HeynpyrHX .D:e<l>opMaUJfit If Bbl)J,eJIHTb HHCXO.D:JIIIl,yiO qaCTb JJ:HarpaMMbl paCTJIX{eHHJI 

6eTOHa COBMeCTHO C IIpOJIBJieHHeM If paCKpbiTJfeM HOpMaJibHOH Tpelll,JfHbl. flpH 3TOM 

.D:JIHHa yqacTKa HHCXO.D:JIIIl,eit qacTH .D:HarpaMMbl H ee xapaKTep 3aBHCHT OT 

3KCIJ;eHTpHCHTeTa IlpHJIOXeHHJI paCTJiflffiaeMOH CHJibl. 

7. ITpHMeHeHHe pe3yJibT3TOB HCCJie.D:oBaHHit B npa.KTHXe npoe.KTHpOBaHHH H 

CTpOHTeJibCTBa H3TYPHb1X KOHCTpYKUJfit If coopyxeHJfit 

MeTOJJ:HKa yqeTa yca.D:KH, HeynpyrHX .D:e<t>opMaUJfit H npon:eccoB H3MepeHHJI <l>H3HKo­

MexaH}fqeCKHX xapaKTepHCTHK 6eToHa 6biJia npHMeHeHa B npaKTHKe npoeKTHpOBaHHH H 

CTpOHTeJibCTBa KaYHaCCKHX Oq}fCTHbiX coopyxeHHit .D:JIJI KaHaJIH3aiJ;HOHHbiX CTOKOB ( 15, 

16, 17, 18, 19, 20]. TaK .D:JIJI MeTaHTaHKOB eMKOCTbiO 10000 ~ (pHc. 7) 6biJIH pa3pa6oTaHbi 

CnpHMeHeHHeM pe3yJibTaTOB HaCTOJIIIl,JfX HCCJie.D:OBaHHH KOHCTpYKUJfH c6opHo­

MOHOJIHTHOfO xeJie3o6eTOHHoro IIOKpbiTHJI. ITpH 3TOM yqHTbiBaJiacb pa3JIHqHaJI yca.D:Ka 

.D:JIJI C60pHOfO If MOHOJIHTHOro 6eTOHa. DoJiee IIOJJ:p06Hble CBeJJ:eHHJI 0 KOHCTpYKUJfH 3T0f0 

IIOKpbiTHJI IIpHBe.D:eHbl B ( 16, 19). IT pH npoeKTHpOBaHHH KOHCTpYKUJfH IIOKpbiTHJI 6biJIO 

Heo6XO.D:HMO o6ecrreq}fTh Tpe6yeMYIO Tpelll,JfHOCTOitKocTh MOHOJIHTHoro 6eToHa. B 

pacqeTaX YC3JJ:Ka MOJJ:eJIHpOBaJiaCb OTpHn;aTeJibHbiMH TeMIIepaTypHbiMH IIOJIJIMH, ~O 

II03BOJIHJio npHMeHJITh HMeiOIIl,JfecJI nporpaMMbl, onpeJJ:eJIJIIOIIl,Jfe HanpJIX{eHHo­

.D:e<PopMifPoBaHHoe COCTOJIHHe MeTOJJ:OM KOHeqflOfO 3JieMeHTa. KOHCTpYKUHJI c6opHOfO 
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3JieMeiiTa TaKOfO IIOKphiTIDl H ceqeHHe IIOKphiTIDl C MOHOJIHTHhiM 6eTOHOM IIOKa3aHhi Ha 

pHC.8 H 9. 

Puc.7 06muii BJm MOHTax<a noKphiTIDI MeTaHTaHKa eMKOCThiO 10000 M3 

Puc.8. C6opHa.H ruiUTa c6opHo-MoHOJIUTHoro noKphiTH.H MeTaHTaHKa: 1, 5 - apMarypa IJJIIIThi, 2 -

apMarypa 6amrn:, 3 - s6eToHnpoBaHHhie neTJIH, 4 - 3aKJia.l(Hbie .n;eTaJiu 
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PHc.9. ApMHpoBaHHe MOHomrrHoro 6eToHa H CThiK c6opHhiX nmrr: a - o6mHll: mm; 6 -

apMa-rypa pe6pa npH 6eTOHHpoBaHHH c6opHOH llJIHThl H llOCJie OTI116a; l - C60pHa.H llJIHTa, 2 -

MOHOJIHTHbiH 6eTOH, 3 - YJIOXeHHa.H llO c6opHOH llJIHTe H aHKepoBaHHa.H B MOHOJIHTe apMa1]'Pa, 

3aMeH.HIOIQa.H CThiKOBKY H o6ecnetiHBaiOIQa.H pa6ory apMa'IJ'Pbi B C60pHOM 3JieMeHTe 

CJie,JzyeT o6paTliTb BHHMamle Ha Op.liTHHaJibHOCTh pa3pa60TaHHOH KOHCTp)'KlUDf 

c6opuo-MOHOJIHTHOfO nOKpbiTIDI, n03BOJUIIOll(eH no IIpO,ll;OJibHhiM rpaiDIM CThiKyeMbiX 

c6opHhiX IIJIHT He CThiKOBaTb pa,n;HaJIDlfYIO apMaTYPY c6opuoro ::meMeHTa. CThiKOBaHHe 

pa,li;HaJibHOH apMa'fYPhl, pacnoJIO.>KeHHOH B c6opHOM 3JieMeHTe, IIpOH3BO,li;HTCH YKJia,li;KOH 

,ll;OnOJIHHTeJibHOH apMa'fYPbl 60JIDIIIeft IIJIOll(a)J;H no KOHTaKTHOH nonepXHOCTH c6opHOfO H 

MOHOJIHTHOfO 6eTOHa H aHKepoBaHHOH B MOHOJIHTHOM 6eTOHe. TaKOe peiiieHHe CThiKa 

o6ecneq}IJIO Ha,n;e.>KHyro pa60TY nOKphiTIDI H yrrpOCTHJIO TeXHOJIOfHIO H3fOTOBJieHIDI KaK 

C60pHhiX IIJIHT, TaK H C60pHO-MOHOJIHTHOfO nOKphiTIDI. 

C6opHble 3JieMeHThl noKphiTIDI OIIHpaiOTCH Ha CTeHbl MeTaHTaHKa H n;eHTpaJIDHyro 

MOHTa.>KHyro KOJIOHHy, a C60pHhle IIJIHThl O,ll;HOBpeMeHHO CJIY.>KaT ona.rry6KOH H HeCym:HM 

3JieMeHTOM npH YKJia,ll;Ke MOHOJIHTHOfO 6eTOHa (pHc.lO). B rrpon;ecce TBep,n;eHIDI B 

MOHOJIHTHOM 6eTOHe H3-3a CTeCHeHHOH yca,n;KH MOryT nOHBHTbCH Tpell(HHhl. 003TOMY 

He06XO,ll;HMO 3arpY.>KeHHe nepeKpbiTIDI H 06.>KaTHe MOHOJIHTHOfO 6eTOHa rryTeM orryCKaHIDI 

onopHbiX qacreil MOHTa.>KHOH KOJIOHHhl. 0pH 3TOM MOHOJIHTHhiH 6eTOH ,ll;OJI)I{eH HMeTb 

,ll;OCTaTO~ IIpOqfiOCTb. 

PacqeTbl n03BOJIHJIH Orrpe,n;eJIHTb HaqaJIO Tpell(HHoo6pa30BaHIDI B MOHOJIHTHOM 6eTOHe 

H YCTaHOBHTb BpeMH BKJIIOqeHIDI ero B pa60TY nOKphiTliH, ~0 n03BOJIHJIO H'36e.>KaTh 

nOHBJieHIDI Tpell(HH. 
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PHc.l 0 06:mnii BH.n nmq>hiTIDI MeTamaHKa npM Momaxe c6opHhiX TIJIHT 

Pe3yJThTaThl HCCJie,li,OBaHidi npHMeiDIJIHCb TIUOKe B KOHCTp)'KTHBHOM o60CHOBaHHH 

npHHRTOH TeXHOJIOrKH CTpOHTeJThHHX pa60T npH 6eTOHHpOBaHHH pa,li,HaJIDHHX 

OTCTOitHHKOB 60JThiiiHX ra6apHTOB (,li,HaMeTpOM ,li,O 50 M) H yqaCTKOB MamcTpaJIDHHX 

KaHaJIOB c pa3MepaMH nporrycKHoro oTBepCTIDI .uo 3x3 M [17, 18, 20). B 3THX 

COOp}'}KeHIDIX yqHThiBaJiaCb He TOJThKO yca,li,Ka B pa3JIWlliOe BpeMH 6eTOHHpOBaHHHX 

1JaCTeH KOHCTpyKIUIH, HO H TpeHHe ,li,HHII(a no paHee 3a6eTOHHpOBaHHOMY OCHOBaHHIO. 

Oo npHHRTOH TeXHOJIOrKH 6eTOHHpOBaHIDI yqaCTKOB MamCTpaJThHHX KaHaJIOB BHalJaJie 

yKJia,ll,biBaJICH no,ll,fOTOBHTeJibHbiH CJIOH, 3aTeM 6eTOHHpOBaJIOCb ,li,HHII(e H .JIHllib nocJie 

3TOfO MOHTHpOBaJiaCb apMaTYPa H 6eTOHHpOBaJiaCb BepXHHH 0-o6pa3HaH 1JaCTb KaHaJia 

(pHc.11). 

0,li,HaKO H3-3a CTeCHeHHOH yca,li,KH B pa3HOe BpeMH 6eTOHHpOBaHHHX 1JaCTeH, TpeHHH 

,li,HHII(a KaHaJia 0 6eTOHH)'IO nO,ll,fOTOBKY, Ce30HHOfO H3MeHeHIDI TeMnepaTYPbl H ee 

rpa.uHeHTa no celleHmo noHBJIHJIHCb HOpMaJibHble Tpell(HHbl. DbiJIO Heo6xo.uHMo 

pacclJHTaTh pammHaJibHble ,UJIHHbl yqacTKoB 6eroHHpOBaHIDI H no.uo6paTh apMaTYPy, 

o6ecneliHlllUOIIzyiO Tpe6yeM)'IO Tpell(HHOCTOHKOCTb H IllHpHffY paCK:pbiTIDI 

TeXHOJIOfH:lieCKHX IIIBOB H Tpell(HH. HanpiDKeHHo-.ue<}lopMHpOBaHHOe COCTOHHHe KaHaJia 

npH pa3HOM BpeMeHH 6eTOHHpOBaHHH ero qacTeH noKa3aHo Ha pHc.ll. HanpiDKeHIDI 

CT4, CT3 H CT1 - C}KHMaiOIUlfe, a CTz- paCTHmBaiOm:ee. )l;aHHble no 3THM HCCJie,li,OBaHHHM 

npHBe,ll,eHbl B pa60Tax [15, 17, 18]. 
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PHc.ll. llonepeqHoe ceqeHHe KaHaJia (a) 11 3lliOpa HanpiDKeHHII no HopMaJihHOMY ceqeHHIO 

113-3a pa3JI~HOH yca.znrn 6eTOHa ll-o6pa3HOH qacTH H ,n;IiHIUa KaHaJia (6): 0 - ~eHTp TIDKecTeH 

ceqeHJUI KaHaJia; 01- ~eHTp TIDKeCTU ,lUiHIUa; ~- ~eHTp TIDKeCTH ll-o6pa3HOH qacTU KaHaJia 

BJiaro,ll;apH pe3yJibTaTOB HaCTOIDI(HX HCCJIC,li;OBaHHH, CTa.JI B03MOJKHhiM yt!CT 

HallpiDKCHHO-,ll;eQ:>opMHpOBaHHOro COCTOHHHH OT B03.l(CifcTBHH TaKHX <t>aKTOpOB, KaK 

yca,li;Ka, Heynpyrne ,ll;eQ:>opMau;mt:, H3MCHCHHC <l>H3HKO-MCXaHJiliCCKHX xapaK.TepHCTHK, 

H3MCHCHHC H rpa,li;HCHT TeMIIepaTYPhl no ceqeHJDO· 3JICMCHTa, a TaiOKe TpCHHC ,li;HHIIJ;a 

KOHCTp}'KIUfi1: no YJIOXCHHOMY OCHOBaHJDO, llpH rapaHTHH llpC.lJ:YCMOTpCHHOH B (7) 

Tpeunrnocroii:KOCTH, a TaiOKe lliHpHHhl paCKpbiTHH TeXHOJIOr:HqCCKHX lliBOB H Tpeunrn. 

8. BlilBO,ll;hl 

1. TipoBe,ll;eH aHa.JIH3 OllpC,li;CJICHHH HanpiDKCHHO-.lJ:C<!>OpMHpOBaHHOro COCTOHHHH 

)J{CJIC306CTOHH0f0 3JICMCHTa npH llpOHBJICHHH yca,l(KH H H3MCHCHHH <l>H3HKO­

MCXaHJiliCCKHX xapaK.TepHCTHK B npon;ecce TBCp,li;CHHH 6CTOHa. 

2. Pa3pa6oTaHa MCTO.lJ:HKa onpe,l(eJieHHH 3KcnepHMeHTaJibHo-TeopeTJillecKHM rryreM 

HanpiDKCHHO-,ll;eQ:>opMHpOBaHHOfO COCTOHHHH pacTHr:HBaeMoro apMHpoBaHHoro 

3JICMCHTa C yt!CTOM yca,li;KH, Heynpyrnx ,li;CQ:>opMaU:Hfi H H3MCHCHHH <l>H3HKO­

MeXaHJiliCCKHX xapaKTCpHCTHK 6eTOHa. 

3. 3KcnepHMCHTaJibHhiM rryreM C llpHMCHCHHCM pa3pa6oTaHHOH MCTO,li;HKH HCCJIC,li;OBaHO 

HanpiDKCHHO-,li;CQ:>opMHpOBaHHOe COCTOHHHC 6eTOHHbiX H apMHpOBaHHbiX o6pa3U:OB llpH 

paCTIDKCHHH. 

4. On;eHCHO HaiipiDKeHHOe COCTOHHHC B apMHpOBaHHOM H HeapMHpoBaHHOM 3JICMCHTC B 

MCCTC Tpeunrnoo6pa30BaHHH H Ha yqaCTKaX MC)IQ)y TpeunrnaMH H nOJiyq:CHa ,li;HarpaMMa 

paCTIDKCHHH 6CTOHa C yt!CTOM HHCX0,1WII1;CH qaCTH, llpH 3TOM yqTCHa IIpC,ll;biCTOpHH 
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3arpyx<:emri1, a TaiOKe BJIIDIHHe TaKHX <}:laKTopoB KaK yca)J,Ka, neynpyrHe JJ,e<}:lopMaiJ.HH H 

H3MeHeHHe <}:>H3HKO-MeXaHJflleCKHX xapaKTepHCTHK 6erona B rrpOI~ecce TBep)J,eHIDI. 

5. MeTO)J,HKa H pe3yJihTaThi HccJie)J,oBamrn. rrpHMeHeHhi rrpH ou:enKe narrpiDKenno­

JJ,e<}:lopMHpoBannoro COCTOSIHIDI B rrpou;ecce rrpoeKTHpOBaHIDI H CTPOHTeJlhCTBe 

KaynaCCKHX OqHCTHhiX COOpyx<:emlli )J,JUI KaHaJIH3aU:HOHHhiX CTOKOB. 

6. MeTO)J,HKa H rronyqeHHhie pe3yJihTaThi II03BOJIHJIH pacc~Th narrpiDKenno-

JJ,e<}:lopMHpoBannoe cocTOHHHe c6opno-MOHOJIHTHOH }l{eJie3o6eToHnoit KOHCTPYKUHH 

IIOKphiTIDI MeTaHTaHKa IIpH pa3JllfliHOH yca)J,KC c6opnoro H MOHOJIHTHOfO 6eTOHa H 

orrpeJJ,eJIHTh BpeMH BKJIIOqeniDI B pa6ory MOHOJIHTHoro 6eTona, o6ecrreq:HBaroru:ee ero 

TPeiUHHOCTOHKOCTh. 

7. Pe3yJihTaThi HccJie)J,oBaHHil 6hiJIH HCIIOJih30Banhi rrpH pa3pa6oTKe H KOHCTPYKTHBHOM 

pacqere rropHJJ,Ka, TeXHOJIOmH H pa3MepoB 6eron:HpyeMhiX yqacTKoB Kpyrrnora6apHTHhiX 

KaHaJIOB, a TaiOKe paJJ,HaJihHhiX OTCTOHHHKOB )J,HaMeTPOM )J,O 50 M, a TaiOKe II03BOJIHJIH 

o6ecrreq:HTh TPe6yeMYIO TPeiiJ.HHOcToiiKocTh H IIIHpHHY pacKphiTHH TeXHOJIOflflleCKHX 

IIIBOB H TPeiUHH. 

8. flpaKT:HKa CTPOHTeJihCTBa coopyx<:eHHH H3 MOHOJIHTHOfO 6eTOHa IIOKa3aJia, qro 

pa3pa6oTaHHaH MeTO)J,HKa H pe3yJihTaThi HCCJie)J,OBaHHH MOryT 6biTh IIpHMeHeHbi IIpH 

peiiieHHH 3a)J,aq HarrpiDKeHHO-)J,e<}:lopMHpOBaHHOfO COCTOSIHIDI Kpyrrnora6apHTHhiX 

MOHO.JlliTHhiX H c6opno-MOHOJIJiiTHhiX KOHCTPyKIJ.Hil H I!03BOJIHT o6eciieq:HTb J<aqeCTBO 

coopyx<:eHHH rrpH )J,03KCIIJIYaTaiJ.HOHHhiX B03)J,eHCTBHHX H 060CHOBaTb TeXHOJIOfHIO 

crpOHTeJlhHhiX pa6oT C yqeTOM BCero pa3H006pa3HH )J,eHCTBYIOIUHX <}:laKTopoB rrpH 

paiJ.HOHaJihHOM apMHpoBaHHH. 
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TEMPIAMO GELZBETONIO fi'EMPIMQ-DEFORMACUQ BfJVIO, .(VERTINANT 
SUSITRAUKIMJ\ IR NETAMPRIAS DEFORMACUAS, SKAICIAVIMO IR 
EKSPERilVIENTINIO TYRIMO METODIKA 

E.Dulinskas. 

Santrauka 

Straipsnyje analizuojamas armuoto gelZbetonio pradinis itempimq-deformacijq buvis betono kietejimo 

metu, ivertinant betono fiziniq-mechaniniq rodikliq padidejimll, susitraukimll ir netamprias deformacijas. 

Sukurta skaiciavimo metodika, kuri ivertina pradini buvi, nustatant trumpalaike apkrova tempiamo elemento 

betono ir armatt1ros jtempimus bei deformacijas. Taikant sill metodikll eksperimentiniu-teoriniu budu 

nustatomas itempimq-deformacijq buvis ir iSskiriama tempiamo betono itempimq-deformacijq cr-E pilna 

diagrama, iskaitant ir jos zemyn krentancill daJi. Panaudojant eksperimentiniq tyrimq rezultatus, nustatytos 

tempiamo nearmuoto ir armuoto betono pilnos diagramos, gautas pakankamas teoriniq ir eksperimentiniq 

rezultatq patikimumas. Sukurta metodika ir tyrimo rezultatai pritaikyti projektuojant ir statant monolitinio ir 

surenkamojo-monolitinio gelZbetonio valymo ifenginiq statiniq konstrukcijas. Taikant sill metodikll, buvo 

nustatytas konstrukcijq itempimq-deformacijq buvis ikieksploatacineje bei eksploatacineje stadijose ir 

rekomenduota statybos darbq technologija, uztikrinanti reikiamll konstrukcijq kokybl(, esant jvairiems 

poveikiams. 
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ESTIMATION METHOD AND EXPERIMENTAL INVESTIGATION OF STRESS-STRAIN 
STATE FOR TENSILE RC INCLUDING ASSESSMENT OF SHRINKAGE AND NON-LINEAR 
STRAINS 

E.Dulinskas 

Summary 

In this paper, a stress-strain state is analysed for hardening reinforced concrete due shrinkage, increase of 

physical parameters and non-linear strains of concrete. A method has been developed for assessment of initial 

stress-strain for reinforced concrete specimens subjected to short-term loading. Stresses and strains in reinforcement 

and concrete are estimated by experimental-theoretical method and cr - e diagram for tensile concrete including the 

descending branch is defmed. 

Experimental investigations of tensile reinforced and non-reinforced members have been carried out for 

defming the descending part of cr - e diagram. Sufficient agreement of experimental and predicted data have been 

achieved. 

The method and results of these investigations have been applied for design and building of water cleaning 

equipment made from cast-in-situ and pre-cast concrete. Stress-strain state of structures has been determined for 

different stages of construction and each of them the required technology has been chosen. 

Careful examination of structures of the buildings built allows to conclude that the above method can used for 

calculation and design of cast-in-situ and pre-cast reinforced concrete structures. 
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