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OIJ;EHKA fipQqHOCTH H ,11;E<I»OPMATHBHOCTH IJ;EHTPH<I»YrHPOBAHHOfO 
liETOHA 

P.Ba,n.nyra, P.KJIIOnc, P.fapa.JIJIBII'IIOC 

1. Bae,ll,eHHe 

06meH3BeCTHO, 'ITO npO'IHOCTb 6eTOHa B 

pea.TibHbiX KOHCTp}'KllHSIX MO)I(eT 3Ha'IHTeJibHO OT

JIH'IaTbC.H OT npo'IHOCTH 6eTOHa KOHTpOJibHbiX o6-

pa3U:OB. 3To 6blsaeT H3-3a u:eJioro p.H,ll,a <PaKTopos. 

B BHJibHIOCCKOM TexHH'IeCKOM YHHBepcHTeTe 

(6b1BllleM HH)I(eHepHO-CTpOHTeJibHOM HHCTHTY'fe) C 

1959 ro.na nposo.Q.HTC.H HcCJie.nosaHH.H u:eHTpH$ym

posaHHoro 6eToHa, )l(eJie3o6eToHa H KOHCTpYKUHH 

H3 Hero. 3a 3TOT nepHO.Q HaKODJieHO MHOro .QaHHbiX 

0 MeXaHI{qeCKHX xapaKTepHCTHKax U:eHTpH$ympo

BaHHOfO 6eToHa. B ,naHHOH pa60Te 6oJiee .neTaJibHO 

OCTaHOBHMC.H Ha HOBbiX HCCJie.QOBaHH.HX npO'IHOCTH 

H ,ne$opMaTHBHOCTH TaKOro 6eTOHa ,nJI.H )l(eJie30-

6eTOHHbiX 3JieMeHTOB Ha pa3HbiX CT3,lUUIX HX 

3KCn.nyaTaU:HH. 

Ilpou:ecc paJpyllleHH.H 6eTOHa npH cxaTHH 

HOCHT CJIO)({HbiH xapaKTep H 3aBHCHT OT MHOfHX 

<PaKTopos. OH Ha'IHHaeTc.H c o6pa3oBaHH.H H 

Pa3BHTH.H MHKpoTpemHH H 3aKa~HBaeTc.H npeo

.noJieHHeM conpoTHBJieHH.H 6eTOHa OTpbiBY B DJIOC

KOCT.HX, pacnOJIO)I(eHHbiX napaJIJieJibHO HanpaB

JieHHIO C)({HMaiOIUeH CHJibl. IlpH 3TOM TpeiUHHbl 

OTpbiBa nO.HBJI.HIOTC.H B 3anOJIHHTeJI.HX JIH60 Me)I(.Qy 

HHMH HJIH )l(e BO BCeX KOMnOHeHTax 6eTOHa. 

liiCTHHHYIO npO'IHOCTb U:eHTpH$ympOBaHHOro 

6eTOHa Ha C)l(aTHe xapaKTepH3yeT ero KOJibU:eBa.H 

npo'IHOCTb. Ha npaKTHKe H3-3a CJIO)I(HOCTH 

H3roTOBJieHH.H H HCnbiTaHH.H Tpy6'IaTbiX o6pa3U:OB 

KOJibU:eBoro Ce'IeHH.H 3TY BeJII{qHHY cpaBHHTeJibHO 

Tpy.QHO onpe,neJIHTb .Qa)l(e ,nJI.H KOHTpOJibHbiX 

o6pa3U:OB, He rosop.H ~e o peanbHbiX )l(eJie3o-

6eTOHHbiX KOHCTPYKUH.HX. 
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2. Oco6eHBocTH ~eHTpatiJyrapoaaaaoro 6eToaa 

IJpO'IHOCTb H ,ne$opMaTHBHOCTb 6eTOHa 

HaxO,n.HTC.H B np.HMOH 3aBHCHMOCTH OT BO.QOU:e

MeHTHOfO OTHOIIIeHH.H. IlpH U:eHTpH$ympoBaHHH 

COCTaB 6eTOHa 3Ha'IHTeJibHO H3MeH.HeTC.H. lil3 

6eTOHHOH CMeCH OT)I(HMaeTC.H 20 .. .40% BO.Qbl B 

laBHCHMOCTH OT yDJioTH.HIOIUeH: CHJibl u:euTpH$y

rnposaHH.H. KpoMe Toro, KaK OTMe'IaeT npo$. 

A.Ky,n3HC [1], noCJie u;eHTpH$yrHpOBaHH.H OCTaTOK 

BO.Qbl CJIHBaeTC.H BMeCTe C HeKOTOpbiMH ,no6aBKaMH 

U:eMeHTa H 'IaCTHU:aMH JiefKOBeCHbiX 3arp.H3HeHHH 

cMecH. B 6eToue, yDJIOTHeHHOM JII06biM .npymM 

cnoco6oM, 3arp.H3HeHH.H ocTaiOTC.H, yMeHbllla.H ero 

npO'IHOCTb. lil3-3a 3THX H ,npyrHX $aKTOpOB 

npO'IHOCTb U:eHTpH$ympOBaHHOfO 6eTOHa 60Jibllle 

no cpaBHeHHIO C npO'IHOCTbiO BH6pHpOBaHHOro 

COCTaBa. IlpH 6eTOHa TOfO )l(e HCXO.QHOfO 

U:eHTpH$ympoBaHHH npO'IHOCTb 6eTOHa MOXeT 

yBeJIH'IHTbC.H .no .nsyx H 6oJiee pa3. 

CTpYKTYpa H TeKczypa BH6pHposaHuoro H 

U:eHTpH$ympoBaHHOro 6eTOHOB noJiyqaeTC.H pa3HOH. 

~ u:eHTpH$ymposauuoro 6eTOHa CBOHCTBeuua 

Heo.nuopo,nHa.H CTpYKTYPa H TeKCTYPa no TOJIIUHHe 

cTeHKH Tpy6'IaTOro 3JieMeHTa. IlpH u:eu

TPH$yrHpoBaHHH 6oJiee T.H)I(eJible COCTaBJI.HIOIUHe 

6eTOHHOH CMeCH KOHU:eHTpHpYIQTC.H y Hap~HOH 

nosepXHOCTH 3JieMeHTa, r,ne 6eTOH noJiyqaeTC.H 

6oJiee npO'IHbiM H MeHee .ne$OpMaTHBHbiM. 

3. BJIIIJIIIIIe apMHpOBIUIIIJI 

3.1. 060Uie cae,ll,eHHJI 

B )l(eJie3o6eTOHHbiX KOHCTpYKUH.HX 6Jiaro.nap.H 

CU:eDJieHHIO 6eTOH pa6oTaeT COBMeCTHO C apMa

TypOH. Hanl{qHe apMaTYPbl OTpa)l(aeTc.H Ha nose.ne

HHH 6eTOHa Ha BCeM npOT.H)I(eHHH 3KCDJIYaTaU:HH 

KOHCTpYKI.J:HH. 



B noCJie.zume ro.n:bl B xeJieJo6eTOHHbiX 

KOHCTp}'KUIDIX IIIHpOKO IlpHMeWieTCH TepMH'!eCKH 

ynpo'!HeHHIDI apMazypa KJiaccoa AT-IV, AT-V. B 

cxaTbiX 3JieMeHTax, apMHpOBaHHbiX npo.u:oJibHOH 

BbiCOKonpo'IHOH crepxHeaoii apMazypoii KJiaccoa A

V, AT-V H Bbiiiie, npH HaJIH'IHH .u:ocTaTO'!Horo 

nonepe'!HOfO apMHpOBaHIDI B CTaJibHbiX CTep:>KWIX 

IIJiaCTH'!eCKHe .n:e<PopMai.J;HH He B03HHKalOT nO'ITH 

.U:O MOMeHTa Pa3.U:p06JieHIDI 6eTOHa, 'ITO cnoco6-

CTByeT .n:e<t>opMHpoBaHHIO 6eTOHa Ha HHCXOMIUeM 

yqacTKe ero pa6oqeif .U:HarpaMMbl cr b - Eb (pHc. 1). 

a) 
N,----------------------------, 

Nb,max Rb 
f-------'-----=----o-----

·---... __ 

6) 
N,---------------------------~ 

Pu:c. 1. 3aBHCHMocTb Me:l!QlY rrpo,ll;OJibHbiMH ycHJIWIMH, 
BOCIIpHHHMaeMbiMH :lKeJie3o6eTOHHbiM 3JieMeHTOM ( 1), ero 

6eTOHOM (2) H npo,ll;OJibHOH BbiCOKOrrpO'IHOH apMazypoH 
(3), H rrpO,ll;OJibHbiMH ,!J;e<l>opMaUWIMH 6eTOHa rrpH 

KPaTKOBpeMeHHOM oceBOM cxarnu: 6eroHHOro (a) H 
xeJie306eTOHHOro (6) 3JieMeHTa 

Fig. 1. Relatioship between longitudinal forces taken 
by reinforced concrete member (1), its concrete (2) 

and longitudinal high-strength reinforcement (3), and 
between longitudinal deformation due short- time 
axial compression of concrete (a) and reinforced 

concrete (b) member 
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llpH ueHTpH<i>yrnpoaaHHH npo.n:oJibHIDI H 

nonepe'IHIDI apMazypa OKaJbiBaeT HeKoTopoe 

oTpHuaTeJibHOe BJIIDIHHe Ha ycJioBIDI YIIJIOTHeHIDI H 

TBep.n:eHIDI 6eTOHHOH CMeCH. 3TO CKaJbiBaeTCH Ha 

CTPYKTYPe H <l>HJHKo-MexaHH'!ecKHX xapaKTepHc

THKax 6eTOHa. J1J-3a CTeCHeHHbiX apMazypoif 

YCa.IJ:O'IHbiX .n:e<i>opMai.J;HH TBep.n:eJOII.J;ero 6eTOHa B 

HeM BOJHHKalOT HanpHXeHIDI pacTH:>KeHIDI. B 

peaJibHbiX HeCYJUHX KOHCTPYKUIDIX OHH CIIOC06CT

BYIOT o6paJOBaHHIO H pa3BHTHIO MHKpOTpeii.J;HH B 

6eTOHe, 'ITO OTpHI.J;aTeJibHO BJIIDieT Ha ero 

IIpO'IHOCTb H HalJ:aJibHbiH MO.IJ:YJib .n:e<i>opMai.J;HH. 

C .U:PYfOH CTOpOHbl, IIPO.IJ:OJibHOe H IIOIIepe'IHOe 

apMMpoaaHHe cnoco6cTayeT nepepacnpe.n:eJieHHIO 

ycHJIHH Me:JK.IJ:y CTaJibHOH apMazypoif H 6eTOHOM, 

YJIY'!IlliDI pa6ozy IIOCJie.U:Hero Ha HHCXOMIUeM 

yqacTKe pa6oqeif .IIHarpaMMbi cxaTIDI cr b - Eb . llpH 

3TOM YMeHbilleHHe mara nonepe'IHOH apMazypbl 

(cnHpaJIH) ae.n:eT K 6oJiee BblpaxeHHOMY o6'beM

HOMY HanpH:>KeHHOMY COCTOHHHIO BHYTPeHHeH lJ:aCTH 

CTeHKH H 3THM KaK 6bl yaeJIH'IHBaeT conpOTHBJieHHe 

6eToHa BHYTPeHHeii qacTH cTeHKH 

ueHTpH<l>yrnpoBaHHoro 3JieMeHTa. KpoMe Toro, 

6Jiaro.u:apn cueiiJieHHIO npo.IIOJibHIDI apMazypa 

cnoco6cTayeT 6oJiee paaHoMepHOMY pacnpe.u:eJieHHIO 

HanpH:>KeHHH no TOJIIUHHe CTeHKH KOJibi.J;eBOfO 

CelJ:eHIDI 3JieMeHTOB H HeCKOJibKO IIOBbiillaeT 

O,liHOpO,liHOCTb .n:e<t>opMauHH C:>KaTOro 6eTOHa. 

B Jia6opaTopHH CTPOHTeJibHbiX KOHCTPYKUHH 

BHJibHIOCCKoro TexHH'!ecKoro YHHBepcHTeTa npo

BO.IIHJIHCb HCCJie,liOBaHIDI no H3YlJ:eHHIO BJIIDIHIDI 

IIpO,liOJibHOfO H nonepe'IHOfO apMHpOBaHIDI Ha 

OCHOBHble MeXaHH'IeCKHe CBOHCTBa ueHTPH<i>Y-

mpoaaHHoro 6eTOHa 

Rb =30 ... 60 Mlla npH KpaTKoapeMeHHOM oceaoM 

cxaTHH [2-6]. 

06paJI.J;bl, BHeillHHH .U:HaMeTP KOTOpbiX 260 HJIH 

500 MM, BbiCOTa 400 ... 800 MM H TOJIIUHHa CTeHKH 

35 ... 80 MM, H3fOTOBJIHJIHCb MeTO.IJ:OM O.IJ:HOCJIOHHOfO 

ueHTPH<i>YfHPOBaHIDI. B Ka'!eCTBe npo.u:oJibHOH 

apMazypbl IIpHMeHHJiaCb BbiCOKOIIpO'IHIDI 

cTepxHeBIDI apMazypa KJiacca AT-V .U:HaMeTPoM 10, 

12 H 14 MM. CnHpaJibHIDI apMazypa 6bma HJ 

npoBOJIOKH KJiacca Bp-I .IIHaMeTPOM 4 H 5 MM. 

Ko3<l><l>HuHeHT npo.IIOJibHOro apMHpoaaHIDI 1-l s 



BapbHpOBa.Jie.SI OT 1,5 ,no 6%, a K03<J:><J:>HUHeHT no

nepe'IHOfO apMHpOBaHH.SI flcir - OT 0,2 .D:O 1,2%, 

'leM}' eOOTBeTeTBOBa.JI mar enHpa.JIH OT 40 ,no 100 

MM. 

3.2. BJIHJIHHe npo,AoJILnoro apMHJIOBaHIIJI 

MeCJJe,AoaaHH.SI noKa3a.JIH, 'ITO poeT npoueHTa 

npo,noJibHoro apMHpoBaHH.SI npH yaeJIH'IeHHH 

KOJI~eeTBa npo,nOJibHbiX apMaTYPHbiX eTep:)JCHeit 

3Ha'IHTeJibHO (,no 20%) eHIDKaeT KOJibUeByro 

rrpo'IHOeTb Rb, s H Ha'la.JibHblit MO.D:YJib Eb. s 

,ne<J:>opMaUHit 6eTOHa (2]. 3TO eHIDKeHHe MO)J{eT 

6b1Tb oueHeHo no <J:>opM}'JiaM: 

(1) 

as, 2 = Eb,s I Eb = 1 - 6(y - 0,4)f.l 5 , (2) 

r.ne p = 0 ... 3 H y ~ 0,4 - K03<J:><J:>HUHeHTbl, 

3aBHe.SIIUHe OT npO'IHOeTH 6eTOHa H KpyrrHOeTH 

3anoJIHHTeJieit (rpaHHTHOfO IUe6H.SI) (2]. 

3.3. BJIBJIHHe nonepe"llloro apMHpO&amDI 

OnbiTaMH A.KB.SI..llapaea [5] H HaiiiHMH [6] 

yeTaHOBJieHO, 'ITO Ha MeXaH~eeKHe eBOiteTBa 

UeHTpH<J:>yrnpoBaHHOrO 6eTOHa, KpoMe npo,nOJib-

HOfO, OKa3biBaeT BJIH.SIHHe H nonepeqHoe 

apMHpOBaHHe. 

3TO BJIH.SIHHe aHa.JIOfHliHO BJIH.SIHHIO, 0Ka3bl· 

aaeMOMY Ha 6eTOH .SI,.llpa, 3aKJIIO'IeHHoro BHYTPH 

o6oit:Mbl KOJIOHH e KOeBeHHbiM apMHpOBaHHeM. 

Bbi.SIBJieHo, 'ITO YMeHbiiieHHe mara enHpa.rrH (npH 

npoueHTe nonepeqHoro apMHpoaaHH.SI flcir = 0,25 

... 1,25%) npHBO.D:HT K yaeJIH'IeHHIO KOHeTpyKUHOH

HOit npO'IHOeTH 6eTOHa (npe,neJia eonpOTHBJieHH.SI 

6eToHa e)J{aTH.SI) .no 20% [6] (eM. Ta6JI. 1). TaKoe 

epaBHHTeJibHO He3Ha'IHTeJibHOe BJIH.SIHHe enHpa.JIH 

Ha KOHeTpYKUHOHHyro npO'IHOeTb UeHTpH<J:>yrHpO

BaHHOfO 6eTOHa MO)J{HO 06"b.SieHHTb TeM, 'ITO 

Hanp.SI)J{eHHO ,ne<J:>opMHpOBaHHOe eoeTO.SIHHe Tpy6-

qaToro o6pa3Ua 6oJiee 6JIH3KO K IIJIOeKOM}', qeM K 

ofi"beMHOM}'. I13BeeTHO (5], 'ITO ,nJI.S1 6eTOHa 

.nayxoeeaoe IIJioeKoe e)J{aTHe npaKTH'IeeKH He 

BJIH.SieT Ha ero npO'IHOeTb. 0Ha 6JIH3Ka K ero 

npH3MeHHOit (KOJibUeBoit) npO'IHOeTH. 
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B pa6oTe [6] npe,n:JIO)J{eHo BJIH.SIHHe enHpa.Jib

Horo apMHpOBaHH.SI (flcir=0,25 ... 1,25%) Ha KOJibUe-

BYIO npO'IHOeTb H Ha'la.JibHbiit MO.D:YJib ,ne<J:>opMaUHit 

ueHTpH<J:>ympoaaHHoro 6eToHa oueHHBaTb no 

<J:>opMyJiaM: 

2 
acir, 1 = Rb,cirs I Rb = 0,.81 + 0,9 flcir - 0,6 llcir ,(3) 

(4) 

TaKHM o6pa30M, onbiTaMH yeTaHOBJieHo, 'ITO 

HHTeHeHBHOeTb enHpa.JibHOfO apMHpoBaHH.SI npaK

TH'IeeKH He OKa3biBaeT BJIH.SIHH.SI Ha Ha'la.JibHblit 

MO.D:YJib ,ne<J:>opMaUHit UeHTpH<J:>yrHpOBaHHOro 6eTO

Ha. 3TO o6"b.SieH.SieTe.SI TeM, 'ITO B Ha'laJibHOit eTa.D:HH 

Harp~eHH.SI (B KOTOpoit onpe,neJI.SieTe.SI Ha'laJibHblit 

MO.D:YJib ,ne<J:>opMauHit), T. e. npH epaBHHTeJibHO 

MaJibiX Hanp.SI)J{eHH.SIX, apMHpOBaHHe He OKa3biBaeT 

3aMeTHOfO BJIH.SIHH.SI Ha <J:>H3HKO-MeXaH~eeKHe 

xapaKTepHeTHKH 6eTOHa, He HMeiOIUero MHKpOTpe

IUHH. 

3.4. CoaMecmoe BJIHJIHHe npo,AoJILuoro a 

nonepe"llloro apMHJIOBaHIIJI 

113 BbiiiieH3JIO)J{eHHOro CJJe,nyeT, 'ITO BJIH.SIHHe 

nonepe'IHOit H npo,AOJibHOit apMaTYPbl Ha eonpo

THBJieHHe H Ha'la.JibHblit MO.D:YJib ,ne<J:>opMauHit 

UeHTpH<J:>yrnpOBaHHOfO 6eTOHa 3a eqeT H3MeHeHH.SI 

yeJIOBHit H3fOTOBJieHH.SI, TBep.n;eHH.SI H B03HHKHO

BeHH.SI 3<J:><J:>eKTa o6oit:Mbl .D:JI.SI )J{eJie3o6eTOHHbiX 

3JieMeHTOB KOJibUeBoro eeqeHH.SI MO)J{eT 6b1Tb KaK 

nOJIO)J{HTeJibHbiM, TaK H OTpHUaTeJibHbiM. 

B pa6oTe [4] npe,n:Jiara.rroeb eoaMeemoe 

BJIH.SIHHe npo,noJibHoro H nonepeqHoro apMHpo

BaHH.SI Ha npO'IHOeTb H Ha'la.JibHblit MO.D:YJib 

.ne<J:>opMaUHit ueHTpH<J:>yrHpOBaHHoro 6eToHa oue

HHBaTb no <J:>opM}'JiaM: 

al = Rb,siRb = 1- co(f.1 5 - (0,1-s)l2):::;;1,(5) 

a 2 = Eb,s I Eb = 0,78-s-fls +0,002Rb:::;; 1.(6) 

3,neeb CO = 1...2,5 - K03<J:><J:>HUHeHT, BeJI~HHa 

KOToporo JaBHeHT OT npoqHoeTH 6eToHa Rb H 

Ko3<J:><I>HUHeHTa npo,noJibHoro apMHpoaaHH.SI fl s ; s 

- IIIar enHpa.JIH B M . 



I n6.Joma. CooTHoiiieHIDI MexaHiwecKHX xapaKTepu:cTHK apMHposaHHoro TOJI&Ko crmpMbiO H HeapMu:poBaHHoro 
u;eHTPH<}lyrllpOBaHHOTO 6eTOHa 

Table 1. Ratios of mechanical characteristics of spun concrete with spiral reinforcement only and with no 
reinforcement 

Kon&u;esrur 

XapaKTepllCTllKa o6pll3IJ;OB 
KoJIH- ITpO'IHOCTb 

CooTHOIIIeHIDI 
tJ:eCTBO 

K03<}J<}JHu;HeHT IIIar ,n:HaMeTP o6pa3- Mo.n:yn& 
ITpO'IHOCTll MO.li:YIDI 

nonepetJ:Horo CITllpaJill cnu:paJibHOH U:OB .n:e<}lopMau;Hif .n:e<}lopMau;u:H: 

apMHpOBaHIDI npOBOJIOKH 
(Rb)m ( Rb,cir) 

K03<}J<}JH-
( Eb,cir) 

Ko3<}l<}JH-

(llcir )m u;u:eHT u;u:eHT s dcir (Eb}m x 10-4 (Rb)m m (Eb)m m sapu:au;u:H sapu:au;HH 

% MM MM Mila % % 
0,44 100 3 1,073 1,2 0,988 1,8 
0,63 70 5 3 30.2 1,169 0,8 0,976 1,3 
1,09 40 3 2,563 1,091 0,5 0,958 0,6 
0,28 100 3 1,028 2,9 0,995 1,5 
0,43 70 4 5 50.0 1,070 1,8 1,009 1,5 
0,75 40 4 3,085 1,130 1,6 0,988 1,7 
0,44 100 3 1,086 2,9 1,014 2,8 
0,64 70 5 5 50.0 1,164 1,5 1,004 2,8 
1,17 40 6 3,ll4 1,060 2,5 0,980 1,2 

B HaiiiHX 

1{3 

u:eeJie,UoBaHIDIX .ll)UI 

6eTOHa KOJib:UeBoH 

Tpy6qaThiX 

ITpD'IHOeTH o6pa3UOB 

Rb =30 ... 60 

( lls =1...6%) 

Mila, apMHpoBllHHhiX ITpo,noJibHoH 

H IToiTepe'IHOH apMazypoH: ( llcir = 

=0,25 ... 1,25%) ITpH mare eiTHpaJIH S = 0,04 ... 0,1 M 

3TO BJIIDIHHe ITpOIIB.JUIJIOeb B CJie.uyrom;eM (eM. Ta6JI. 

2): 

YMeHbmeHHe mara eiTHpaJIH yseJiu:qu:BaeT 

eoiTpoTHBJieHHe exaTHIO 6eToHa Rb, s TOJibKO 

.no 10%; 

- yseJII{qeHHe ITpoueHTa ITpo,noJibHoro apMHpoBaHIDI 

J.l s ITpHBO,UHT K eHHXeHHIO K03<J><J>HUHeHTa a. 1 

ITO (5), O:UeHHBaiOm;ero BJIIDIHHe apMHpoBaHIDI 

Ha ITpo'IHOeTb 6eToHa, .no 10 %; 

- YMeHbmeHHe mara eiTHpaJIH (B HaiiiHX OIThiTax OT 

100 .UO 40 MM) eHHXaeT OITbiTHbiH 

Ko3<J><J>HUHeHT a.2 ITO (6), ou;eHHBaiOIIJ;HH 

BJIIDIHHe apMHpoBaHIDI Ha Ha'IaJibHhiH MO.UYJib 

,ne<J>opMa:UHH 6eToHa, JIHIIIb .UO 5%. IlpH 3TOM 

.n;HaMeTp ITpoBoJioKH eiTHPaJIH ITpaKTH'IeeKH He 

BJIIDieT Ha Ha'IaJibHhiH MO,UyJib ,ne<J>opMa:UHH 

apMHpoBaHHoro 6eToHa Eb ; 
's 

- yseJiu:qeHHe ITpou;eHTa ITpo.noJibHoro apMHpoBaHIDI 

e 1,5 )1;0 5,6%, tieMY eooTBeTeTByeT yseJIH'IeHHe 

'IHeJia ITpO,UOJibHhiX apMazypHbiX eTepXHeH e 6 )1;0 

12, YMeHbmaeT Ha'IaJibHhiH Mo.nyJib .ne<l>opMa:UHH 

apMHpoBaHHoro 6eToHa Eb Ha 8 .. .10% (eM. 
's 

Ta6JI. 2); 

- Ko3<J><J>HUHeHT a. 2 ITO (6), ou;eHHBaiOIIJ;HH BJIIDI-

HHe apMHpOBaHIDI Ha Ha'IaJibHhiH MO,UyJib ,Ue

<J>opMaU:HH u:eHTpH<J>ympoBaHHoro 6eToHa, 

3aBHeHT TaKXe OTero ITpO'IHOeTH (eM. Ta6JI. 2). 

CJie.nyeT OTMeTHTb, 'ITo TeKezypHbie H3MeHeHIDI 

6eToHa, Bhl3hiBaeMhle HaJIH'IHeM ITpO,UOJibHOH H 

IToiTepe'IHOH apMazyphl, 6oJiee 3Ha'IHTeJibHo eHH

xaiOT Ha'IaJibHhiH MO.UYJib ,ne<J>opMa:UHH, HeXeJIH 

ITpo'IHoeTb 6eToHa Tpy6'IaToro exaTOro o6pasu:a. 

3TO eHHXeHHe ,UOeTHraeT eoOTBeTeTBeHHO 20 H 

10%. 

IIpoBe,neHHhle 3KeiTepHMeHTaJibHhle HeeJie,no

BaHIDI ITOKa3aJIH, 'ITO B eTa,UHH, 6JIH3KOH K 

paspyrneHHIO exaTOro u:eHTpH<J>ympoBaHHoro 3Jie

MeHTa, 6eTOH pa6oTaeT Ha HHeXO,ZUIIIJ;eM yqaeTKe 

,UHarpaMMhl cr b - e b . fipH 3TOM ,ne<J>opMaU:HH 

apMHpoBaHHOfO 6eToHa e bs, l , eooTBeTeTBYJOiu;He 

KOJibU:eBoH ITPO'IHoeTH Rb, s , ITpeBhlmaiOT aHano

ru:qHhle BeJIH'IHHhl Bbl HeapMHpoBaHHOfO 6eToHa. 
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2 Ta6JJH._a. CooTHOIIIeHHe MexaHWiecKHX xapaKTepHCTHK apMHpoBaHHOro H HeapMHpoBaHHoro ueHTPH<I>yrn:poBaHHoro 

6eroHa 

Table 2. Ratios of mechanical characteristics of reinforced and non-reinforced spun concrete 

KoJibUeBaH 

XapaKTepHCTHKa o6pa3UOB 
IlpO'IHOCTb CooTHoiiieHf!H 

K03<l><I>H- IIIar .!lf!aMerp KoJIH- MO.!lYJlb MO)lyJIH 

Uf!eHT CIIf!PaJif! crmpanbHOH 'IeCTBO .!le<l>opMaUHH IIpO'IHOCTf! 
.!le<l>opMauHi1: 

IlpO)lOJib- IIpOBOJIOKf! o6pa3UOB 

HOfO 

apMHpo- (Rb)m ( Rb,s ) 
K03<l><I>H-

( Eb,cir) 
K03<l><I>H-

BaHf!H Uf!eHT Uf!eHT 

(f.Lcir)m (Eb)m x 10-4 (Rb)m m BapHaUf!f! (Eb)m m BapHaUf!f! 

s dcir 

% MM MM Mila % % 

100 3 0,964 2,8 0,953 3,9 

1,56 70 5 3 37.2 0,973 2,1 0,913 2,9 

40 3 3,310 1,018 20 0,910 2,3 

100 3 0,979 1,4 0,990 0,5 

1,56 70 5 3 59.8 0,998 2,6 0,970 2,4 

40 3 4,080 1,012 24 0,951 2,7 

100 4 0,956 2,1 0,900 3,0 

3,11 70 4 4 38.1 0,968 2,6 0,882 2,9 

40 4 3,045 0,994 2,4 0,855 4,1 

100 6 0,976 4,3 0,950 4,2 

3,03 70 4 8 48.3 0,970 4,1 0,913 3,8 

40 6 3,279 1,015 38 0,901 3,4 

100 3 0,923 2,4 0,858 3,2 

3,10 70 5 3 33.8 0,938 2,6 0,830 2,8 

40 3 2,750 0 953 2,3 0,812 2,5 

100 5 0,923 3,6 0,889 3,2 

3,18 70 5 5 40.9 0,963 2,8 0,880 2,9 

40 5 2 927 0 985 32 0,846 3,0 

100 5 0,978 3,0 0,929 3,1 

3,01 70 5 7 50.2 0,987 4,2 0,926 2,8 

40 5 3,171 0 983 28 0,906 3,2 

100 3 0,881 1,4 0,846 2,3 

5,67 70 5 3 31.6 0,909 1,8 0,834 2,1 

40 3 2,910 0,941 26 0,799 2,8 

100 3 0,909 2,4 0,881 2,0 

5,39 70 5 3 41.3 0,935 2,1 0,847 2,4 

40 3 3,490 0 960 2,2 0,843 2,8 

100 3 0,932 2,9 0,915 2,4 

5,61 70 5 3 51.0 0,953 3,6 0,897 1,8 

40 3 3,540 0,972 3,1 0,880 3,0 
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3 Tll6.Jnma, flOKa3llTeJIH C)KHMaeMOCTH IJ;eHT}JHcpyrnpoBaHHOfO 6eTOHa npH OCeBOM C:lKaTHH 

Table 3. Compressibility characteristics of spun concrete in axial compression 

Ko3clJcpHn:HeHT 
rrpo.noJibHoro IIIar LI;HaMeTP KoJIH'Iecrno 
apMHPOBaHIDI cnHpaJIH rrpOBOJIOKH o6paJU:OB 

J.ls' s' dcir • n 

% mm mm 

0 - - 86 

1,56 5 6 

3,07 40 4 10 

3,10 5 13 

5 56 5 9 

1,56 5 6 

3,10 70 4 12 

5,56 5 15 

1,56 5 9 

1,56 5 6 

3,07 100 4 10 

3,10 5 13 

5,56 5 9 

Cpe.u;HHe 3Ha'leHIDI H K03cPcPHUHeHThl BapH

auHH cTaTHCTH'IecKoro pacrrpe~eneHIDI rrpe~enbHOH 

~eq,opMauHH Hccne~oBaHHoro HaMH cxaToro 

n;eJITpHcPyrHPOBaHHOro 6eTOHa rrpHBe~eHbl B Ta6n. 

3. l-13 ~aHHbiX Ta6nHI.U>I BMHO, 'ITO rrpo~ORbHble 

~e$opMaUHH eb,sl H eb,s2 6eTOHa ITOBbiiiiaiOTC.H C 

rrpo~onbHoro 

apMHPOBaHIDI J.1 s , YMeHbiiieHHeM IIIara crrHpaJIH s 

H rrpo'IHOCTH 6eToHa Rb . IlpH 3TOM K03cPcPHUHeHT 

BapHaUHH v( E b, sZ) ~aHHOH ~e$opMaUHH, KaK H 

cne~OBaJIO OXMaTb, ~ 6eTOHHbiX 3ReMeHTOB 

rronyqaeTC.H 6onbiiiHM, 'leM ~ apMHpOBaHHbiX 

o6pa3UOB. 

ComacHo rrpoBe~eHHOMY Koppen.HUHOHHo-

perpeccHOHHOMY aHaJIH3y, OITbiTHa.H ~eq,opMaUIDI 

( 7 ) 

me ebl - rrpo~onbHa.H ~eq,opMaUIDI (-2,2qi0-3), 

y E K034>4>HUHeHT, yqHTbiBaiOIUHH BniDIHHe 

apMHpOBaHIDI H rrpO'IHOCTH 6eTOHa Ha ero 

~eq,opMaTHBHOCTb, onpe~en.HeMbiH no q,opMYne 

y E = (1,3 - 3s) (1 + J.1 s) (1,15- 0,0025Rb,s) ~ 1. (8) 

Ko3cpcpHn;HeHTbl 

Cpe.nHIDI .necpopMarurn BapHaiJ;HH 

(eb,sl)m X 103 
(8b,sz)m X 103 v(eb,si) v(eb,s2) 

2.17 - 12.56 -
2 61 2 91 2,35 3,46 

2,73 3,39 4,22 6,22 

2,86 3,71 5,98 12,15 

2,89 4,15 6 53 7,95 

2 45 2,65 1 88 4,50 

2,70 3 18 4,10 5,95 

2,64 3,16 3,82 9,43 

2,66 3,61 2 95 10,67 

2,21 2,34 4,71 3,47 

2,33 2,65 6,65 7,61 

2,38 2,78 6,53 10,86 

2,44 3,16 4,57 11,30 

4. H3MeneHHe MeX31111'1ecKBX xapaKTepaCTHK c 

Te'leHHeM apeMeHH 

06meH3BeCTHO, 'ITO C Te'leHHeM BpeMeHH 

llpO'IHOCTh H ~eq,opMaTHBHOCTb 6eTOHa MeH.HIOTC.H. 

3TO H3MeHeHHe CB.H3aHO CO MHOfHMH «PaKTopaMH. 

O~HHM H3 HHX .HBn.HeTc.H BM H ypoBeHb Hanp.H

)[(eHHo-~eq,opMHpoBaHHoro cocTO.HHIDI. MHome 

HCCne~OBaTenH 3aMeTHnH, 'ITO )])IHTeRbHOe C)[(aTHe 

ycHniDIMH, He Bbi3biBaiOIUHMH MHKpOpa3pyrneHIDI 

( o6pa3oBaHIDI MHKpOTpemHH) 6eToHa, cnoco6cTByeT 

IIOBbiiiieHHIO ero llpO'IHOCTH H 

~eq,opMaUHH. 

B 1980-1984 ro~ax B na6opaTOpHH 

crpoHTenbHbiX KOHCTpyKUHH BTY npoBo~HnHCb 

3KCrrepHMeHTanbHbie HCcne~OBaHIDI 3TOfO .HBneHIDI 

C 3ReMeHTaMH H3 UeHrpHq,ympOBaHHOfO 6eTOHa [7). 

Hccne~oBaJIHCb apMHpOBaHHble 

Hanp.HraeMOH H HeHarrp.HraeMOH apMarypoH. 

Ilpe~BapHTeRbHble Hallp.H)[(eHIDI 6eTOHa 3ReMeHTOB 

COCTaBHnH cr b, p = (0, 15 ... 0,45) Rb, s H 6blnH KaK 

HH:lKe, TaK H HeCKORbKO Bbiiiie HH)[(HeH rpaHHUbi 

MHKporpemHHoo6pa3oBaHIDI Rr, 0 . 
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CrrycTH 100 cyroK npolfHOCTb H HalfaJibHbiH 

MO,IzyJib .ne<tJopMai.J.HH o6xaTOro ueHTpn<iJyrnpo

BaHHoro 6eTOHa yseJIHlfHJIHCb COOTBeTCTBeHHO Ha 

10 .. .15% H 10 ... 20% no cpaBHeHHIO c Heo6xaTbiM. 

YBeJIHlfeHHe npolfHOCTH H HalfaJibHOro MO.IlYAA 

)le<iJopMai.J.HH I.J.eHTpH<iJyrnpoBaHHOro 6eTOHa 

BCJie)lCTBHe )lJIHTeJibHOfO 06XaTHH o6"bHCHHeTCH 

MHOfHMH npHlfHHaMH, H3 KOTOpbiX CJie)lyeT 

Bbl)leJIHTb (7]: 

- )lOnOJIHHTeJibHYJO rn.npaTai.J.HIO reJIH H3-3a 

OTIKaTHH "CB060)lHOH BO)lbl", 

YIIJIOTHeHHe CTPYKTYPbl 6eToHa HJ-Ja 

Bbi)({HMaHHH reM B nopbl H B MHKPOTPeii.J.HHbl 

I.J.eMeHTHOfO KaMHH, lfTO npHBO)lHT K caM03a

JielfHBaHHIO nocJie)lHHX. 

IlpH paclfeTe KOHCTPYKI.J.HH no HecymeH 

cnoco6HOCTH H no .ne<iJopMai.J.HHM 3TO o6cTo-

HTeJibCTBO npe)lJiaraeTCH YlfHTbiBaTb nyreM 

YMHOXeHHH HOpMaTHBHbiX 3HalfeHHH npH3MeHHOH 

npolfHOCTH Rb H MO.zzyJIH .ne<iJopMai.J.HH 6eToHa E b 

COOTBeTCTBeHHO Ha K03<iJ<iJHI.J.HeHTbl (7]: 

(9) 

~ 2 = Eb,s(•dl Eb(•o) = 
2 3 

=1+1,69,0 -6,04110 + 7,75,0 , 
(10) 

f)le 11o - HalfaJibHaH HHTeHCHBHOCTb )lJIHTeJibHOro 

cxaTHH 6eToHa. B 3THX onbiTax oHa KOJie6aJiacb B 

npe.nenax 0, 15 ... 0,45. 

~ npaKTHlfeCKHX paclfeTOB npe)lJioXeHo c 

o6ecnelfeHHOCTbiO ~95% npHHHTb K03<lJ<iJHI.J.HeHTbl 

~ 1 = ~ 2 = 1,15 [7]. 

BaxHbiM <iJaKTopoM, OKaJbiBaiOII.J.HM BJIHHHHe 

Ha npOlfHOCTb I.J.eHTpH<iJyrnpoBaHHOfO 6eTOHa, 

HBJIHeTCH B03pacT 6eTOHa. A.M.HeBHJib (8] 

yrsep)({)laeT, lfTO B B03pacTe 6oJibllle o.nHoro ro.na 

6eToH 6naro.napH rn.npaTai.J.HH npe)({)le Hern.npaTH

poBaHHoro I.J.eMeHTa H, B03MOXHO, TaKXe B pe-

3YJibTaTe Kap60HH3ai.J.HH eme Ha6HpaeT npOlfHOCTb. 

B 1970 ro.ny no.nsepraJIHcb ncnbiTaHHIO 

6eTOHHble o6pa3I.J.bl KOJibi.J.eBoro CelfeHHH C BHelll

HHM )lHaMeTPOM 260 MM, TOJIII.J.HHOH CTeHKH 30 .. .40 

MM H BbiCOTOH 260 MM, H3fOTOBJieHHble MeTO)lOM 

O)lHOCJIOHHOro I.J.eHTpH<iJyrnpoBaHHH Ha pOJIHKOBOH 

ueHTpn<iJyre [9]. EeTOHHaH cMecb npnroToBJIHJiacb 

Ha nopTJiaH)li.J.eMeHTe. IlpH H3fOTOBJieHHH o6pa3I.J.bl 

nO)lBepraJIHCb TeiiJIOBJia)({HOCTHOH o6pa60TKe B 

TelfeHHe O)lHHX C)'TOK. 

IlpolfHOCTb Ha cxaTHe H pacTHXeHHe npona

peHHoro ueHTPH<iJyrnpoBaHHoro 6eToHa onpe)leJIH

nacb B B03pacTe 14, 120, 240 H 360 cyroK npHMhiM 

CXaTHeM H paCTHXeHHeM o6pa3I.J.OB KOJibi.J.eBOfO 

celfeHHH. PeJyJibTaTbl nccne.nosaHHH npHBe)leHhl B 

Ta6JI. 4. 

qacTb o6paJI.J.OB KOJibi.J.eBoro celfeHHH 6b1Jla 

HCnhiTaHa CrryCTH 26 JieT (9600 C)'TOK) xpaHeHHH B 

HopMWibHO-BJiaxHOCTHbiX ycJIOBHHX. HcnbiTaHHH 

npoBO)lHJIHCb Ha ocesoe cxaTHe H pacKaJihiBaHHe. 

BBH.IlY Taro, lfTO nocne )lJIHTeJibHoro xpaHeHHH 

o6pa3I.J.OB 6biJIO MaJIO, HCnhiTaHHIO Ha CXaTHe H 

pacKaJibiBaHHe no.nsepraJIHcb He uenble ueHTPH

<iJyrnpoBaHHble o6paJI.J.hl KOJibi.J.eBoro celfeHHH, a HX 

qacTH B BH)le npH3M. ITo peJyJibTaTaM ncnhiTaHHH 

Ha paCKaJibiBaHHe OpHeHTHpOBOlfHO MOXHO CY)lHTb 0 

npOlfHOCTH 6eTOHa Ha paCTHXeHHe (10,11]. 

PeJyJibTaTbl 3KcnepHMeHTaJibHhiX HCCJie)loBaHHH 

npHBe)leHbl lfaCTHlfHO B Ta6JI. 4 H no)lp06Hee B Ta6JI. 

5 H 6. 

4 Ta6JJJIQll. PoeT rrpo'IHOCTH Ha C)KllTHe H pacTIDKeHHe u;eHTpH<lJyrHpOBaHHoro 6eroHa 

Table 4. Increase in compression and tension strength of spun concrete 

BOJpacT IlpO'IHOCTb Ko3«lJ4m- KoJIH'IeCTBO IlpHpOCT IlpO'IHOCTb Ha Ko3«lJ«lJH- KonH'Ie- Ilpi1:pOCT 
o6paJUOB Ha CX<:aTHe, I.J;HeHT o6paJUOB, rrpo'IHOCTH, pacTIDKeHHe, I.J;HeHT CTBO IIPO'IHOCTH, 
B CYTKax BapHai.J;HH, BapHai.J;HH. o6pa3I.J;OB 

Mila % % % Mila % % 

14 39 10 6 36 - 1 92 92 18 -
120 44 83 36 11,8 2,27 113 18 18 2 
240 47 9,1 18 20,3 2,53 96 9 31 8 
360 51 8 2 18 30,8 2,60 108 9 35 4 

9600 69** 13.4 77 4 3 08* 96 60,4* 

* BeJIH'IHHa IIOJIY'IeHa c HCIIOJib30BaHHeM «lJopMyJihl (12) 
** flo pe3yJibTaTaM HCIIbiTaHWI KOJieU H IIpH3M (CM. Ta6JI. 6) 
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BBH.nY Toro, qTQ o6pas:uoB 6biJio Ma.Jio H OHH 

6biJIH cpaBHHTeJibHO KOpOTKH, He 6biJIO B03-

MO:XCHOCTH npoBeCTH npHMOe HCnbiTaHHe Ha 

paCTg)KeHHe. ,lLiu!: cpaBHHTeJibHOit O:QeHKH BJIHHHHH 

B03pacTa 6eToHa Ha ero npoqHocTb npH pacTg:xceHHH 

BOCnOJib30Ba.JIHCb pe3yJibTaTaMH HCnbiTaHHit TaKOfO 

6eToHa Ha pacKa.JibiBaHHe. CamacHo CTaH,ZJ;apzy [11] 

npe.n:en npoqHoCTH 6eToHa Ha oceBoe pacTg:xceHHe 

peKOMeH.D:YeTCH BblqHCJigTb no cPOPMYJiaM npH 

HCnbiTaHHH Ha paCKa.JibiBaHHe: 

UHJIHH.D:pOB 

KY6oB 

2F 
7rA 

F o,637A, 

5 Ta6mlna. PeJyJILTaTbl HcnblTaHIDI Ha pacKaJibiBaHHe 
UeHTPH<l>ympoBaHHbiX 6eTOHHbiX o6pa3UOB 

Table 5. Results of splitting tests on spun concrete 
samples 

(11) 

(12) 

Pa3pywaiOmrur Pa3Mepbl ce'leHIDI HanpiDKeHIDI 
CHJia pacKaJibiBaHIDI pacKaJibiBaHIDI 

F hxd R 

kN em Mila 

100,0 26x6,6 5,83 

45,0 26x3,3 5,24 

50,2 26x3,3 5,83 

19,2 8,7x3,3 6,69 

18,0 8,3x3,3 6,57 

18,9 8, 1x3,3 7,07 

120,0 26x8,0 5,77 

60,0 26x4,0 5,77 

58,0 26x4,0 5,58 

18,3 8,3x4,0 5,51 

18,8 7,9x4,0 5,93 

19,8 8,9x4,0 5,55 

110,0 26x7,2 5,88 

50,0 26x3,6 5,34 

58,0 26x3,6 6,20 

22,9 8,4x3,8 7,17 

17,2 8,3x3,7 5,59 

16,8 8,2x3,8 5,38 

Cpe.uHee JHa'leHHe (R}m, Mila 5,94 

Ko3<l><t>HUHeHT BapHaUHH v, % 9,56 

Cpe.uHee KBa.upaTH'IecKoe 0,568 
oTKJioHeHHe cr, Mila 
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B 3THX cPOPMYJiax F - paspyrnaiOmM cHJia npH 

CKa.JibiBaHHH, A - IIJIOUlll..llb ceqeHHH pacKa.JibiBaHHH. 

TeopeTHqecKH npoqHoCTb 6eToHa oceBOMY 

pacTg:xceHHIO MO:xcHO onpe,n:eJIHTb no 3MnHpHqecKOit 

cPOPMYJie <l>epe (Ferret): 

3/"2 
Rb.t = 0,233 V R~, 

r.n:e R - npoqHoCTb Ha c:xcaTHe 6eToHa. 

(13) 

B Ta6JI. 7 npHBe,n:eHbl onbiTHble H pacqeTHble 

BeJIHqHHbl npe,n:eJia npoqHOCTH l.l;eHTpHcPyrHPO

BaHHOI'O 6eTOHa npH OCeBOM C:XCaTHH H paCTg)KeHHH. 

B TexHHqecKoit JIHTepaTYPe co,n:ep:xcaTCSI cBe,n:eHHH o 

TOM, qTo rrpoqHOCTb, OIIpe,n:eJISieMaH nyTeM 

paCKa.JibiBaHHSI KY6oB HJIH UHJIHH.D:pOB, 3aBHCHT OT 

pMa cl>aKTopoB (,n:HaMeTpa npHMeHSieMbiX 

6 Ta6Juma. PeJyJibTaTbl HCITblTaHIDI Ha OCeBOe C:lKaTHe 
UeHTPH<l>yrnpOBaHHbiX 6eTOHHbiX o6pa3UOB (npHJM) 

Table 6. Results of axial compression test on spun 
concrete samples (prisms) 

Pa3pywa- IlJIOIUallb 8biCOTa KoJibUeBaSI 
IOIUaSI nonepe'IHoro o6paJua ITpO'IHOCTb 
cHJia ce'leHIDI 6eroHa 

F A h Rb 

MN cm2 Mila 

1,649 239,0* 26 69,0* 

0,425 59,4 26 71,5 

0,415 54,4 26 76,5 

0,483 56,1 26 86,1 

0,195 28,3 8,7 68,9 

0,225 31,6 8,4 71,2 

0,211 30,3 8,3 69,6 

0,370 68 26 54,4 

0,350 64 26 54,7 

0,330 56 26 58,9 

0,261 36,8 7,9 70,9 

0,304 38,4 7,9 79,1 

0,480 70,3 26 68,3 

0,410 60,8 26 66,9 

0,265 32,3 8,35 81,6 

0,199 32,6 8,4 61,0 

Cpe.uHee JHa'leHHe ( Rb} m , Mila 69,2 

Ko3<l><l>HUHeHT sapHaUHH v, % 134 
Cpe.uHee KBa.upaTH'IecKoe 9,287 
OTKJIOHeHHe cr, Mila 

* PeJyJibTaTbi HCITbiTaHIDI UeJioro KOJibUa 



,lL1IJI paCKaJibiBaHIDI CTaJibHhlX CTep:xmeil:, MaCWTa6-

HOfO $aKTOpa, CKOpOCTH Harpy;KeHIDI H T. ,ll;.). 

Bcrre,ll;cTBHe Heo,li;Hopo.li:HOCTH CTpYKTYPhl 6eToHa 

<t>opM)'Jia (13) He Bcer,ll;a ,ll;aeT .li:OCTOBepHbie 

BeJIHqHHhl Rb, t. 113 Ta6JI. 7 BH.li:HO, qTo BeJIHqHHhl 

Rb, 1 , noJiyqeHHhle npHMbiM ucnhlTaHHeM o6pa3UOB 

B B03pacTe .li:O O.li:Horo ro,ll;a, JHaquTeJibHO oTJIHqa

IOTCH OT pacqeTHbiX BeJIHqHH, nonyqeHHbiX no 

$opM)'Jie (13). llo pe3yJibTaTaM npHMbiX HCnhlTaHHH 

npoqHOCTH Ha c:x<:aTHe H paCTIDKeHHe 

UeHTpH$yrnpoBaHHOfO 6eTOHa B B03pacTe .!1:0 

O.li:HOro ro,ll;a (eM. Ta6JI. 4) <t>opM)'Jia <l>epe ,lL1IJI :nora 

6eTOHa MO)I(eT 6biTb npe,ll;cTaBJieHa HeCKOJibKO 

H3MeHeHHOH: 

(14) 

AnnpOKCHMHpyH $opM)'JIY (14) ,lL1IJI TOrO )l(e 

6eTOHa B B03pacTe 26 JieT, nonyqaeM BeJIHqHHY 

Rb, t = 3,09 Mlla, qTQ npaKTuqecKH coBna,ll;aeT c 

onhlTHhlM 3HaqeHHeM Rb, 1 , nonyqeHHhlM c uc-

nOJib30BaHHeM $opM)'J1bl (12) (Ta6JI. 4 H 7). 

Pe3yJibTaTbl nycTb HeMHoroqucJieHHbiX H 

qaCTJilqHO KOCBeHHbiX HCllbiTaHHH noKaJaJIH, qTo C 

TeqeHHeM BpeMeHH UeHTpH$yrnpOBaHHbiH 6eTOH 

Ha6HpaeT npoqHOCTb KaK Ha C)l(aTHe, TaK H Ha 

pacTIDKeHHe. YcTaHoBJieHo, ~o B TeqeHHe ro,ll;a 

npoqHQCTb 6eTOHa yseJiuqHJiaCb npHMepHO Ha 30%, 

a cnycTH 26 JieT- 6oJiee qeM Ha 60%. 
TeH.ll:eHUIDI HapacTaHIDI npoqHoCTH Ha C)l(aTue 

UeHTpH$yrnpoBaHHOrO 6eTOHa C TeqeHHeM BpeMeHH 

3aMeqeHa H B ,ll;pyroil: Haweil: pa6oTe [12]. B 

3THX OnbiTax B03paCT ueHTpH$yrHpoBaHHOrO 

6eTOHa ,li;OCTHra.n: 1,5 ro,ll;a. 

6. BWBO~ 

1. llpo,ll;oJibHOe H nonepeqHoe apMupoBaHHe 

UeHTpH$ympoBaHHhlX KOJibUeBoro 

ceqeHIDI HeCKOJibKO yxy,li;WaeT YCITOBIDI ynJIOTHeHIDI 

H TBep,ll;eHIDI 6eToHa. BcJie,li;CTBHe 3Toro Haqa.n:bHhlH 

MO.li:YJib H KOJibUeBaH npoqHQCTb 6eTOHa apMHpO

BaHHbiX 3JieMeHTOB HeCKOJibKO CHH)I(aiOTCH no 

cpaBHeHHIO c HeapMHpoBaHHhlMH. O.li:HaKo yseJIH

qeHHe HHTeHCHBHOCTH nonepeqHoro apMHpOBaHIDI 

HeCKOJibKO yseJIHqHBaeT conpOTHBJieHHe C)l(aTHIO 

6eTOHa, JaKJIIOqeHHOrO BHYTpH CnHpaJIH. 3TO qac

THqHO KOMneHCHpyeT noTepH npoqHOCTH 6eTOHa. 

2. .[(JIHTeJibHOe oceBoe o6)1(aTHe, He Bhl3bi

BaiOillee 3HaquTeJibHbiX MHKPOpa3pyweHHH, OKa-

3b1BaeT nOJIO)I(HTeJibHOe BJIIDIHHe Ha HaqaJibHbiH 

MO.li:YJib ,ll;e$opMaUHH H npoqHOCTb UeHTpH$yrn

poBaHHOro 6eTOHa, qTQ CJie,ll;yeT )"'HTbiBaTb B 

pacqeTax KOHCTpYKUlifH no HeCYilleH cnoco6HOCTH H 

.ll:e<t>opMauiDIM. 

3. HapacTaHHe rrpoqHoCTH KaK Ha C)l(aTHe, TaK 

H Ha paCTIDKeHHe UeHTpH$yrnpoBaHHOro 6eTOHa 

npOHCXO,li;HT B TeqeHHe ,li;OBOJibHO npO,li;OJI)I(HTeJib

HOfO BpeMeHH. 3TO HBJieHHe MO)I(eT o6'bHCHHTbCH 

.li:JlHTeJibHOH rH.li:PaTauueil: ueMeHTHoro KaMHH. Ha 

3TO 06CTOHTeJ1bCTBO CJie,ll;yeT o6pamaTb BHHMaHHe 

npH OUeHKe HeCYilleH cnoco6HOCTH H ~HTeJibHOH 

6e3onaCHOCTH KOHCTpYKI.(HH B JaBHCHMOCTH OT 

ycJIOBHH 3KCIIJIYaTaUHH. 

7 Ta6mtQa. ConocTaBJiemre OIIbiTHhiX H pacqeTHbiX BeJII{qHH rrpoqHocrn ueHTpH!I>yrnposaHHoro 6emHa rrpH pacTIDKeHHH 

. Table 7. Ratios of observed and calculated tension strength values of spun concrete 

PacqeTHble JHaqeHHH CooTHOIIIeHHH 

BoJpacT OrrbiTHbre BeJII{qHHbi rrpoqHOCTH Ha pacTIDKeHHe 
( Rb, t Lbs 1 ( Rb, t tal o6paJUOB B ( Rb, t) cal no !I>OPMYJiaM 

no 

cyrKax !I>OPMYJiaM 

Ha C:lKaTHe Ha pacTIDKeHHe 

(Rb}obs (Rb, t Lbs ( 13 ) ( 14) ( 13 ) ( 14) 

Mlla Mlla Mlla Mlla 

14 39 1,92 2,67 2,11 0,72 0,91 

120 44 2,27 2,90 2,27 0,78 1,00 

240 47 2,53 3,04 2,38 0,83 1,06 
360 51 2,60 3,20 2,52 0,81 1,03 

9600 69 3,08* 3,92 3,09 0,79 1,00 

* BeJII{qHHa rro.rryqeHa c HCIIOJibJOBaHHeM !l>opMyJibi (12) 
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CENTRIFUGUOTOJO BETONO STIPRUMO IR 
DEFORMATYVUMO VERTINIMAS 

R. Vadliiga, R. Kliukas, R. Garalevicius 

Santrauka 

Nagrinejama keleto veiksniq: isilgines stipriosios 
armatiiros, skersines ( spiralines) armatiiros, isankstinio 
apgniuZdymo bei betono amziaus itaka centrifuguotojo 
betono mechaninems savybems. 

Eksperimentais nustatyta, kad isilgine ir skersine 
( spiraline) armatiira blogina centrifuguotojo betono 

tankinimo ir kietejimo s'llygas. TaCiau spiraline armatiira 
ma:lina gniuzdomq centrifuguotq ziedinio skerspjiivio 
elementq skersines deformacijas ir taip padidina betono 
stiprum'l. 

Eksperimentq metu centriniam gniuZdymui buvo 
bandomi centrifuguoti ziedinio skerspjiivio elementai, kuriq 
isorinis diametras lygus 260 ir 500 mm, aukStis 400 arba 800 
mm, sieneles storis 35 ... 80 mm. Bandiniai buvo armuoti 
isilginiais 10, 12, 14 mm skersmens strypais ir 4 ar 5 mm 

skersmens spirale. ISilginio armavimo koeficientas I! s 

keitesi nuo 1,5 iki 6%, skersinio l!cir - nuo 0,25 iki 1,25%, 

spirales zingsnis s kito nuo 40 iki 100 mm. 
Bandant ziedus, jq betono stiprumas gniuzdant Rb 

buvo 30 ... 60 MPa. Minetq eksperimentq rezultatai pateikti 
1, 2 ir 3 lentelese. Armavimo itak'l tokio betono 
mechaninems savybems realiq konstrukcijq elementuose 
siiiloma vertinti (5) ir (6) formulemis. 

Straipsnyje aptariamos centrifuguotojo betono stiprio 
ir pradinio deformacijq modulio priklausomybes (9) ir (10) 
nuo isankstinio apgniuzdymo intensyvumo. 

Pateikiami naujausi eksperimentiniai duomenys apie 
betono gniuzdomojo ir tempiamojo stiprio priklausomybcr 
nuo jo am:liaus. Nustatyta, kad cementinio akmens 
hidratacija vyksta pakankamai ilg'l laik<i ir centrifuguotojo 
betono gniuzdomasis ir tempiamasis stipris dideja. 

Si stiprio prieaugi iliustruoja 4 lenteleje pateikti 
eksperimentq rezultatai. Centrifuguotojo betono stipris 14, 
120, 240 ir 360 parq am:liuje buvo nustatytas tiesiogiai 
gniu:ldant ir tempiant Ziedus (4 1entele). Po 9600 parq (26 
metq) del riboto bandiniq (betoniniq ziedq) kiekio 
gniuzdomasis betono stiprumas buvo nustatytas bandant ne 
ziedus, o is jq iskirptas prizmes. Tempiamasis stiprumas 
buvo nustatytas netiesioginiu biidu - kerpant minetas 
prizm;s, kaip rekomenduoja standartas [11] pagal formulcr 
(12). Siq bandymq rezultatai pateikti 5 ir 6lentelese. 

Teorinis ry8ys tarp tempiamojo ir gniuzdomojo betono 
stiprumo gali biiti apra8ytas Fere (Ferret) formule (13), 
kuri'l centrifuguotojo betono atveju mes siiilome siek tiek 
pakoreguot'l, t.y. (14). 

Lyginamieji skaiciavimai parode, kad pagal (14) 
formulcr nustatytas centrifuguotojo betono skaiciuojamasis 
stipris atitinka tiesioginiq bandymq rezultatus (7lentele). 

STRENGTH AND DEFORMABILITY ESTIMATION OF 
CENTRIFUGED CONCRETE 

R. Vadliiga, R. Kliukas, R. Garalevicius 

Summary 

Influence of several factors, namely high strength 
longitudinal reinforcement, transverse (spiral) reinfor
cement, precompression level and concrete age, on 
mechanical properties of centrifuged concrete is 
investigated. 

It has been established by tests that longitudinal and 
transverse (spiral) reinforcement make worse compaction, 
casting and hardening conditions of centrifuged concrete. 
But the spiral reinforcement reduces transverse 
deformations of compressed centrifuged members of ring 
cross-section and hence increases concrete strength. During 
the experiments for central compression, centrifuged 
concrete members of a ring cross-section were investigated . 
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The parameters of these members: diameter 260 and 500 
mm, height 400 and 800 mm, web thickness 35 ... 80 mm. 
The specimens were reinforced by longitudinal bars of 10, 
12, 14 mm diameter and 4 or 5 mm cross-section spirals. 
Coefficient of longitudinal reinforcement Jl s varied from 

1,5 to 6%, coefficient of transverse reinforcement 11 • -rczr 
from 0,25 to 1,25%, lead of spirals- from 40 to 100 mm. 

During testing the ring concrete compressive strength 
Rb was 30 ... 60 MPa. The results of the above-mentioned 

experiments are presented in Tables 1, 2 and 3. It is 
recommended to evaluate the reinforcement influence 
on mechanical properties of such concrete in members of 
real constructions by formulas (5) and (6). 

Relationships of concrete strength, initial modulus of 
deformation and intensity of precompression (9) and (10) 
are discussed in this article. 

The latest test results on relationship between concrete 
compression, tension strength and concrete age are 
presented. It is established, that hydration of cement takes 
quite a long time and compression and tension strength of 
centrifuged concrete increases. 

This increase in strength is given in Table 4. The 
strength of centrifuged concrete of 14, 120, 240 and 360 
days was determined by direct compression and tension of 
concrete rings (Table 4). After 9,600 days (26 years) due to 
a limited number of specimens (concrete rings) the 
compressive strength was determined by testing prisms cut 
from the rings. The tensile strength was determined 
indirectly - by cutting these prisms, as it is recommended by 
a standard (11] according to formula (12). The results of 
these tests are presented in Tables 5 and 6. 

Theoretical connection between tensile and 
compressive strength may be described by Ferret formula 
(13), which we propose to use in a slightly changed form, i. 
e. as (14). 

Comparative calculations showed that the centrifuged 
concrete strength calculated according formula (14) 
corresponds to the results of direct testing (Table 7). 
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