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HCCJIE,[(OBAHHE rD,[(PO<I>OiiD3A~DH r A30CDJIDKA TA IIJIOTHOCTbiO 300-450 
Kr/M

3 

1. Boe.z.euue 

Hapw c noJIO)I(Ifl"eJILHI>IMH cBOii:cTBaMH Jl'leHCThiM 

6eTOHaM, O,ltHaKO, CBOHCTBCHHO H cprunnrreJILHO BbiCOKoe 

BO,ZJ,OllOrJIOIIl:eHHe, a B CBJI3H C 3THM H He,ZJ,OCTaTO'IHa.JI 

.ll.OJITOBe'IHOCTb. Bo.z.onomom:eHHe Jl'leHCTbiX 6erouos 

33MeTHO CHIDKaeT HX llOBepXHOCTHCUI HJIH OODeMHa.JI 

fH.z.po<}Jo6H3aUIUI. IlOBepXHOCTHa.JI rH.z.po<J>o6H3aUIUI 

H'leHCToro 6eroua HaH6oJiee pacnpocrpaueua. B pa6oTax 

[1, 2j npHBe,ZJ,eHbl pe3yJihTaTbl HCCJie,ZJ,OBaHHii: 

noBepXHOCTHOH rH.z.pocj>o6H3aUHH Jl'leHCTOfO 6eroua 

nJIOTHOCTbiO 850 KrfM3 KpeMHeopraHH'IecKHMH 

)I(H,l),KOCTHMH- riOK-10, riOK-11, rK>K-94. BcJie.Z.CTBHe 

rH.z.po<}lo6H3aUHH BO,ZJ,onomom:eHHe '1epe3 60 'lacos 

YMeHI>maeTCH B 10-15 pa3. 

,l(OJifOBe'IHOCTb Jl'leHCTOOeTOHHbiX H3.Z.eJIHii: MOiKHO 

TaiOKe llOBbiCHTb nyTeM 0Kp3CKH HX llOBepXHOCTH. 

110K3.3aHO (3), 'ITO 3KpHJIOBble Kp3CKH HBJIHIOTCH 

,ZJ,OJifOBC'IHbiMH, B TO BpeMH KaK llOJIHBHHHJialleT3THI>Ie 

uecroii:KH K B03,ZJ,eii:CTBHIO YJILTPa<IJHOJieTOBhiX JIY'Ieii:. 

He,ZJ,OCTaTKOM nosepxuocruoii: rH.z.po<IJo6H3allHH 

Jl'leHCTbiX 6eToHOB HBJIHeTCH CJIOiKHOCTb 

TeXHOJIOfH'IeCKOfO nponecca, T3K KaK H3,ZJ,eJIHH 

He06XO,ZJ,HMO BblcynnmaTb ,ZJ,O H llOCJie rH.z.po<IJo6H33llHH. 

KpoMe roro, rH.z.po<}lo6H3allHH ero MO)f(eT 6hiTb 

CJIY'Iae nospe)l(.lJ.eHHH HX nosepXHOCTH. ,l(JIH 

npoH3BO,ZJ,CTBa fH.z.po<}lo6H3HpOBaHHOfO 

TenJIOH30JIHllHOHHOfO Jl'leHCTOfO 6eroua peKOMeH.lJ.YeTCH 

[4] HcnoJIL30BaTb 6myMHhle 3MYJILCHH. B pa6ore 

npHBO.ll.HTCH ,ZJ,aHHble TeXHOJIOrH'IecKoro nponecca 

rH.z.po<J>o6H3aUHH Jl'leHCTOfO 6eroua nJIOTHOCTbiO 300-

450 Kr/M
3 

6HTYMHI>IMH 3MYJILCHHMH H HeKOTOphle 

<IJH3HKO-MexauH'IecKHe cBOii:CTBa TaKHX H3,ZJ,eJIHii:. 

2. MeTO.ll.HKa ucCJie,ZJ,ooauuii 

3MYJILCHIO B 

Jia6opaTOpHOH yCTaHOBKe, KOTOpCUI Dpe,ZJ,CTaBJIHeT cOOoH 

,ZJ,Ba o6orpeBaCMbiX 6aKa, O,ZJ,HH H3 KOTOpbiX 

llpe.ll.Ha3Ha'leH .lJ.JlH paCTBOpa 3MYJILraropa, BTOpoH - .lJ.JlH 

6myMa. PacnJiaBJieHHblii: 6myM H paCTBOp 3MYJILraropa 

O,ZJ,HHaKOBbiMH ,ZJ,03aMH llO,ZJ,aBaJIH B CMeCHTeJIL ,lJ,JIH 

3MYJILrHp0BaHHH - 6aK C ,ZJ,BOii:ubiMH CTeHKaMH, Me)f(,ll)' 

KOTOpbiMH npoJIO)I(eHbl CnHpaJIH ,ZJ,JIH o6orpesa, CKOpoCTb 

spam:eHHH Jionacruoro BaJia - 3000 o6./MHH. CMeCHTeJIL 

,ZJ,JIH 3MYJibfHpOB3HHH llO,ZJ,OrpeBaJICH, 'fTo6hl TeMneparypa 

llOJIY'IeHHOH 3MYJILCHH 6hiJI3 He HH)I(e 80-85 °C. 

B Ka'lecrse 3MYJILraropa 6hlcrpopacna,ZJ,aiOm:eii:cH 

3MYJILCHH (BpeMH pacna,ZJ,a ,ZJ,O 5 MHH) HCllOJIL30BaJIH 

cyrrh<IJaTHoe MbiJIO H OCH,ZJ,OJI MbiJIOHa<IJT (3f11K-3), ,lJ,JIH 

nospe)l(.lJ.eua npH TPaucnOJlTHpOBaHHH H MOHT3)1(e cpe,ZJ,HepacnMaiOm:encH 3MYJILCHH (BpeMH pacna,ZJ,a- 5-10 

Jl'leHCTOOeroHHbiX H3,ZJ,emrll:. 

BbiiDeCKa33HHOf0 cJie,ZJ,yeT, 'ITO 

rH,ZJ,po<}lo6H3allHIO H'leHcroro 6cToua neJiecoo6pa3no 

npoBO,ZJ,HTb o6oeMHhiM cnoco6oM, T. e. sse,ZJ,eHHeM 

rH.lJ.PO<IJOOH3HpYIQm:HX ,ZJ,003BOK B <IJopMOBOlfHYIO CMeCb. 

IlpeHMYmeCTBaMH 3TOfO cnoco6a HBJIHIOTCH 

TeXHOJIOfH'IHOCTb, paBHOMepuoe paCnpe,ZJ,eJieHHe 

rH.lJ.Po<IJo6H3HpYIQmero MaTepHaJia no sceMY o6oeMY 

wieHCToro 6e-roua, HCKJIIOlfenHe ys.Jia)l(uenHH H3,ZJ,errHH: s 

MHH) - I}'.lJ.POH, a ,ZJ,JIH Me,ZJ,JieHHO pacna,ZJ,aiOm;eHCH 

3MYJibCHH (speMH pacna,ZJ,a 6oJiee 10 MHH) - CCE 

(cyJib<IJHTHO- CUHpTOBCUI 6ap,ZJ,3). 

COCT3Bbl HCllOJIL30BaHHbiX 6myMHbiX 3MYJILCHH: 

6HTYM MapKH EH,l(-60/90 47,6%; 

BO,ZJ,3 

3MYJibf3TOp 

TPHllOJIH<IJoc<IJaTH3TPHH 

70%-oe X03HHCTBeHHOe MbiJIO -

47,6%; 

3,45-3,81%; 

0,95-0,60%; 

0,40-0,29%. 
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Cxopocn. paciia,D;a 6myMHhlX 3M)'JihCHH 

onpe,LJ;eiDIJIH no speMeHH xoary.JVII(HH 6myMa s 

6myMHOH 3M)'JlbCHH DpH CMCWHBaHHH ee C 

TOHKOMOJIOTbiM HHCpnlhiM 3allOJIHHTeJICM. 

COCTaBbl «<K>PMOBO'IllblX CMeceii: 

co,LJ;ep:lKa.IIlHe aKTHBHhle CaO H MgO - 22%; 

BO,LI;OTBep,LJ;oe OTHOmeHHe - 0,6; 

paCXO,LJ; aJDOMHHHCBOH ny,LJ;pbl -0,25% OT MaCChi 

C)'XHX MarepHaJIOB; 

6myMHrul 3M)'JlbCIDI - 1, 3, 5, 10% OT MaCChi 

cyxHX MarepHaJIOB (s nepecqere no Macce 

6myMa). 

Pemw Ilf,!QX)1'ePMaJibHOH o6pa60TKH o6pa:n~os -

1,5+8+ 1,5 q, ,mumeHHe napa HJOTePM~ecxoro 

Bbl,LI;Cp>KHBaiiiDI - 0,8 Mila. 

<l>aJOBJaiH COCTaB HOsoOOpa30BaHHH raJOCHJIHKaTa 

HCCJIC,LJ;OBa.JIH repMorpa<lJ~ecKHM, peHTreHOBCKHM H 

XHM~ecKHM MeTO,LJ;aMH aHaJIH30B. TepMorpa<lJ~ecKHii 

aHaJIH3 DpOBO,ZJ;HJUI Ha ,LI;epHBarorpa<lJe CHCTeMbl 

<I>.llayJIHK, H. llayJIHK H JI.3p,LJ;eu, peHTreHoscKHii - Ha 

,LI;H<lJpaxroMerpe YPC-5011, XHM~ecKHii 

CTaH,LJ;apnlhiMH MeTO,LI;aMH H nO MeTO,LJ;HKC (5). 

Bo,LJ;onomom,eHHe o6pa3uos onpe,LJ;eiDIJIH 

CTaH,LJ;apnlhiM MeTO,LJ;OM npH nOJIHOM nOrpY'fCCHHH HX B 

BO.lzy H DpH HCicyccrBeHHOM ,LJ;O)f(,LI;C (HHTeHCHBHOCTh 

Bbliia,D;CHIDI BOJJ;bl - 1,5 - 2 MMfMHH (COOTBeTCTsyeT 

CHJibHOM)' ,LJ;OliC,!I;IO ). 

3. PeJyJILT8TLI acCJie.z.oaauuH a ux oficyxmeune 

Bse,LJ;eHHe 6myMHblX 3M)'J!bCHH s «<K>PMOBO'IlfYIO 

CMech .ll'fCHCTOfO 6eroHa BJIIDieT Ha ee KOHCHCTeHUHIO, 

DpO,LJ;OJDKHTeJibHOCTh BCnyqHBaHIDI H MaKCHMa.'lbH)'IO 

reMneparypy. H3MeHeHHe HaqaJibHOH KOHCHCTeHUHH 

«iK>PMOBOqsOH CMecH B OCHOBHOM 3aBHCHT OT KOJI~eCTBa 

BBe,LJ;CHHOro 6myMa, BH,LJ;OB 6KI)'MHOH 3M)'JihCHH H 

3M)'JihraTOpa, DpHMCIDICMOfO AJUI ee H3rOTOBJICHIDI 

(pHC. 1). 

llpH cpaBHCHHH 3, 4, 5 KpHBblX (pHC. 1) BH,LJ;HO, 'ITO 

DpH O.z.HHaKOBOM paCXO,LI;C 6myMa KOHCHCTeHUIDI 

«<K>pMOBOqsOH CMCCH MCIDieTCH B 3aBHCHMOCTH OT BH,LJ;a 

3M)'J!braTOpa, DpHMCIDICMOfO AJUI npHrOTOBJICHIDI 

3M)'JihCHH. HanpHMep, C BBC,LJ;CHHCM 6myMa B BH,LJ;C 

3M)'JibCHH, npHroTOBJICHHOH Ha cyJ!b<lJaTHOM MblJIC (pHC. 

L KpHBaH 5), pacnnhm no tUUIHH,LJ;f)Y Cyrrap,LJ;a 

yMCHhUiaCTCH OT 30,3 CM )lO 14 Clll, B TO BpeMH Fal.l. IIpH 

PHc. 1. 3aBHCHMOCTb KOHCHCTeHUHH lPOPMOBO'IHOa CMecH OT 

KO!IH'IecTBa BBe.D;eHHoro 6KI)'M!l: I - Me,wieHHo 
pacna,li;!U01QaHCSI JM)'JihCHSI Ha CCE; 2 -KOHrpO~ (6e3 

,ll;OOaBKH); 3 - 6biCTpO pacna,li;!U01QaHCSI JM)'JihCHSI Ha OCH,LJ;OJI 

MbiJIOHa<PTe (3f11K-3); 4- Cpe.D;HepaCna,li;!U01QaHCSI JM)'llbCHSI 

Ha ry.zqxme; 5 - 6biCTpO pacna,li;!UOLUaHCSI JM)'llbCHSI Ha 

cyrrh«<JaTHOM MbiJie 
Fig. 1. Formation mortar fluidity (consistency) dependency on 
bitumen amount: I - slowly decomposing emulsions 
(emulsifYing agent - sulphite liquor residues); 2- control 
sample; 3 - rapidly decomposing emulsion (emulsifYing agent -
naphthenate soap); 4 - medially decomposing emulsion 
(emulsifYing agent - crude residue from petroleum emulsion 
refming); 5 - rapidly decomposing emulsion (emulsifYing 
decomposing emulsion (emulsifYing agent sulphate soap) 

~ B CMecH TaKOfO )f(C KO~ecTBa 6myMa B BH,LI;C 

3M)'JlbCHH 3rHK-3 (Ha OCH,LJ;OJI MblJIOHa<lJre) paCDJibiB 

YMCHbUiaeTCH OT 33 ,LJ;O 26 CM (pHC. 1, KpHBaH 3). 

Bse,LJ;eHHe Me,LJ;JieHHo pacna,LJ;aiOm,eiicH 6myMHOH 

3M)'JlbCHH, H3roTOBJICHHOH Ha CCE, HC3Ha~JibHO 

yBeJI~eT paCDJlblB (pHC. 1, KpHBblC 1, 2). 

O,LJ;HaKO ,LJ;o6asxa 6myMa s sH,LJ;e 3M)'JlbCHH Ha CCE 

3aMC,LJ;JUieT npouecc BCnyqHBaHIDI «iK>pMOBOqsOif CMecH 

(pHC. 2, KpHBblC 2, 4 ). C UCJibJO yCKOpeHIDI npouecca 

scnyqHBaHHJI HaqaJibH)'IO TCMneparypy «<K>pMOBO'IHOH 

CMCCH CJIC.lzyeT nO,LJ;HHTh ,LJ;O 36 °C, HCnOJ!bJyH AJUI ee 

DpHfOTOBJICHIDI nO,LJ;OrpeTyiO BO,LJ;y (pHC. 2, KpHBblC 3, 5). 

EhiCTpO H cpe,LI;Hepacna,LJ;aJOm.aHCH 6myMHhle 

3M)'JlhCHH HC3Ha~JibHO 3aMC,LI;JIHJOT HaqaJIO 

scnyqHBaHIDI «<K>PMOBOqsOH cMecH H YMCHbmaJOT 

KpaTHOCTh BCnyqHBaHIDI. HanpHMep, CCJIH KpaTHOCTh 

BCnyqHBaHIDI CMCCH 6e3 ,LJ;OOasKH (Bff=0,6, paCXO,LJ; 

aJDOMHHHCBOH ny,LJ;pbl - 0,3% OT MaCCbl cyxHX 

KOMnOHCHTOB) COCTaBJISIJla 4,76, TO DpH BBe,LI;CHHH B Hee 

3% 6myMa B BH,LJ;C 6myMHOH 3M)'JibCHH Ha cyJ!b<lJaTHOM 

MhiJIC- 3,6 (pHC. 3, KpHBaH 3). 

fH.Zq>O<lJOOH3aTOphi B BH,LJ;C 6myMHblX 3M)'JlbCHH 

B.'IIDUOT HC TOJ!bKO Ha DpOUCCC o6pa30BaHIDI DOpHCTOH 
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Plfc. 2. 3aBRCllMOCTh rrpo,nOJDIGITeJihHOCTif BCfiY'lliBaHIDI OT 

KO.JllillecTBa BBe,neHHOfO 6IIT)IMH R Ha'laJihHOH TeMIIepaT)'Pbl 

<l>opMOBO'IHOH CMecR: 1 - KOffiPOJibHbli!: (6e3 ,no6aBKR), 26 °C; 
2 - 3% 6IIT)IMH, 26 °C; 3 - 3% 6IIT)IMH, 36 °C; 4- 5% filfl)'Ma, 

26 °C; 5 - 5% 6IIT)IMH, 36 °C 
Fig. 2. Mass blowing rate dependency on ammmt of bitumen 
and initial mortar temperature: 1 - control sample, 26 °C; 2 -
3%, 26 °C; 3 - bitumen, 36 oc; 4 - 5% bitumen, 26 °C; 5 - 5% 

bitumen, 36 oc 

CTpyKTypbl, HO U Ha $1130Bb!H COCTaB HOBoo6pa30BaHJrH, 

a TCM CaMbiM U Ha $U3HKO-MexaHH'IecKHe CBOHCTBa 

umeJIHil. Pe3yJibTaThl XHMH'IecKoro (Ta6JI. 2), 

repMH'IecKoro (puc. 4) a peHTreHOBCKoro (puc. 5) 

aHa.JIH30B DOKa3aJIH, 'ITO C BBe,!l.eHHeM 5-10% 6myMa 

3Ha'IH'J'eJibHO MeHJieTCJI $a30BbrH COCTaB 

ueMeHTUpyromero semecrsa. B cocrase 

HOso00pa30BaHHH KOIITpOJibHhLX 00pa3UOB (6e3 6myMa) 

npeo6na.mn<rr HH3KOOCHOBHbiH fu.zq>OCHJIHKaT CSH(I) u 

ro6epMopHT. HamNHe CSH(I) no,!I.TBep)K.ll.aeT 

3K30TepMH'IecKHil 3$$eKT npu TeMneparype 800°C Ha 

TepMOrpaMMe (pUC. 4, KpHBaJI 1), a To6epMOpHTa -

.li.H$PaKUHOHHble DOJIOCbl C Me)I(OJIOCKOCTHbiMU 

paccroJIHHJIMu 0,184, 0,281, 0,297, 0,540 nm Ha 

peHTreuorpaMMe o6pa3ua (puc. 5, xpuBaJI 1). 

Bse.u.eHHe B $opMOB0'-1HyiO cMeCb 6uryMHbiX 

3MYJibCHH 0Ka3b!BaeT BJIHJIHUe Ha DJIOTHOCTb U3,!1.eJIUH 

(Ta6n. 1). 

J.h pe3yJibTaTOB UCCJIC,!I.OBaHUH (Ta6Jl. 1) CJIC,!J.YeT, 

'iTO C BBe,!l.eHHeM 6myMa DJIOTHOCTb Jl'ieUCTOfO 6eTOHa 

yseJIHl{HBaeTCJI. 3To MO)f(HO o61>JICHHTh yMeHhweuueM 

KpaTHOCTR BCny'-IHBaHJIJI $opMOBO'iHOH CMCCU. fl03TOMY 

,!I.JIJI DOJIY'ieHJIJI fa30CUJIUKaTa C 3a,!l.aHHOH DJIOTHOCTblO 

HeOOXO,!J.HMO TO'IHO peryJIHpOBaTh BO,!I.OTBep,!l.oe 

COOTHOWCHHe $opMOBO'IHOH CMCCU U paCXO,!I. 

aJIIOMHHHeBOH ny.u.pbl. flpu BBC,!J.CHHR } % 6uryMa 

$a30BbiH COCTaB HOB006pa30BaHHH UeMeHTHpyJOIUCfO 

BeiUCCTBa fa30CHJIUKaTa $aKTH'IeCKH He MeHlleTCll. flpH 

Pltc. 3. ITpo,noJI)!GffeJihHOCTb BCfiY'lliBaHIDI H reMIIeparypa 

CMeCH DpR BBe,neHHH 6IIT)IMH B BH,ne filfl)'MHOH 3MYJibCHH C 

3MYJihfaTOpoM - CYJih<l>aTHhiM MbiJIOM: 1 - KOHrpOJihHbli!: (6e3 

,no6aBm); 2 - 1 % 6uryMa; 3 - 3 % 6IIT)IMH 

Fig. 3. Mass blowing duration and temperature dependency 
with bitumen emulsions (emulsifYing agent - sulphate soap): 
I - control sample; 2 - 1% bitumen; 3 - 2% bitumen 

HaJIH'IHU B cMecu 3-5 % 6myMa YMeHbmaeTCJI 

KOJIHl{eCTBO CBJI3aHHOro B ru.u.pocHJIHKaThl Si02, a TCM 

CaMbiM OCHOBHOCTb (CIS) 

HOBoo6pa30BaHHH U CHIDKaeTCJI o6mee KOJIHl{eCTBO 

ueMeHTupyromero semecrsa (Ta6JI. 2). 

Ha TepMOrpaMMax fa30CHJIHKaTa C .U.OOaBKOH 1-10% 

6myMa DOJIBJIJieTCJI 3K30TepMH'ICCKHH 3$$eKT npu 380° 

C. CBJI3aHHbrn co cropaHHeM 6myMa. flpu sse.u.eHHH 5-

10 % 6myMa 3aMeTHO MeHlleTCJI $1130BhiH COCTaB 

ueMeHTUpyromero semecrsa, T. e. uapw c 

fu.zq>OCHJIHKaTOM CSH(I) u ro6epMOpHTOM o6pa3yeTCJI 

.li.ByXOCHOBHbrH ru.u.pocHJIHKaT·rH.u.paT a.-C2S, Ha 'ITO 

yxa3biBaJOT 3H.li.OTCPMH'!ecKHil 3$$eKT ero .u.erH,!I.paTauuu 

npu 455-470°C Ha TepMOrpaMMC (puc. 4., KpHBble 4, 5) U 

HaJIH'!Ue .li.H$paKUHOHHbiX DOJIOC C Me)I(OJIOCKOCTHbiMU 

paCCTOJIHHJIMU 0,242, 0,353, 0,421 nm Ha 

peHTreHorpaMMe (puc. 5, KpHBbie 4, 5) fll30CHJIHKaTHbiX 

o6pa3UOB. IJ;eMeHTupyromee semeCTBO ra30CHJIHKaTa c 

10% 6myMa CO,!I.ep)l(}ff DOBbiWCHHoe KOJIHl{CCTBO 

fH,!I.paTa a.-CzS, 'iTO DO,!I.TBCp)K.ll.aeT OOJiee l!pKO 

BblpmKCHHbiH 3H,!I.OTepMH'ICCKHH 3$$eKT ero 

.u.erH,!I.paTaUHH npu 470°C (puc. 4, KpHBall 5) u 3aMCTHoe 

ysenu'ieHue 3Ha'-leHHll cooTHoweHJIJI C/S (Ta6n. 2) 

o6pa3osaswHxCJI rH,!I.pOCHJIUKaTOB. YseJIHl{eHHe 

COOTHOWCHHJI C/S HOB006pa30BaHHH UeMCHTHpyiOmero 

BemeCTBa OOyCJIOBJICHO TCM, 'iTO npu BBC,!I.CHHH 6myMa 

yMeHLwaeTCll KO.TIH'Iecrso Si02, CBH3aHHoro B 

rH,!I.pOCUJIHKaTbl (Ta6JI. 2). 

• 35. 



TafiJiuna 1. IJJJomoCTb raJOCHJIHKaTa c J(OOaBKoii 6uryMuoii JM)'JibCHH 

Table 1. Porous silicate concrete density with bitumen emulsion 

B~~.n 3M)'JlhCmt: KoJIHllecmo 6HI)'Ma, Brr <PopMoBo'IHoH: Pacxo,n amoMHHHcBoii IlrrO'IHOCTh, K.r/,.fl 

% CMCCH rry .lq)bl, % 

Ehlcrpo paclllWliOIIUlSICll Ha 0 0,6 0,3 320 

cym,<t>aTHOM MhlllC 3 0.6 0,3 347,2 

5 0,6 0,3 450 

CpeAHepacilll,'¥1JOIJ.I!UICll na 0 0,6 0,35 311 

fY.lq)OHC 3 0,6 0,35 359,2 

5 0,6 0,35 386,9 

TafiJiuua 2. Coomomeune CIS If oomee KO.iiH'IeCTBO r~~.npoCHJIHKBTOB raJOCHJIHKBTa c ,llOOaBKOH fiHTYMa 

Table 2. Porous silicete concrete with bitumen emulsions CIS and general amount of calcium hydrosilicate 

N!! KoJIHlleCTBo KoJIHlleCTBo CBll3aHO B m;qx>CHJIHKaTbl KWibl.lHll, % COOTHOIIICHHC KOJIHllecmo 

6HI)'M8,% C~,% 

CaO 

1 - 5,21 20,16 

2 I 5,10 20,27 

3 3 5,05 20,22 

4 5 4,96 20,32 

5 10 5,07 20,25 

::no c~HHe MO)J(HO OO'b.llCHHTh TCM, 'ITO npu 

sse.u;eHHH 6Hl)'Ma '13CTJll.(bl K.Bapua noKpLJBaJOTCH 

IIJICHKOH 6H"I)'M3. npenHTCTsyJOW:CH paCTBOpeHIOO 

K.BapQa H ero CB.ll3LIBaHIOO B fu;:q>OCHJIHK8Thl K3.ilbQIDl. 

fuMCHCHHC llla3oBOro COCTaB8 HOB006pa30BaHHH H 

}'MCHbiiiCHHC o6w:ero HX KOJIH'ICCTBa IlpHBO.LniT K 

CHIDKCHIOO DpOqHOCTH IlpH C"A<3THH JI'ICHCTOro 6eroHa C 

.n;o6aBKoli 6H'I)'Ma · (pHc. 6). Pc3)'JJbT'dTbl uccne.n;oBaHHii 

llOKa3aJIH, 'ITO C BBe,L(CHHeM 3-5% 6H"I)'M3 DpC,ZJ;CJI 

DpO'lllOCTH npH OKaTHH B '3aBHCHMOCTH OT BH,ll,a 

3M)'JlbCHH cHIDKaCTCll n cpe)JJI.eM Ha 27-55%. EoJThiiie 

BCero npo'IHOCTL }'MCHbiiiaCTCH rrpn C)f(3Tlfn 

ntlOCH.JIHKaTa, CO,ZJ;Cp)f(3W:Cro 3M)'.'lbCiOO IG.I OCHOBC 

OCH,iJ,OJI MbiJIOHa!fna. Hpo'IHOCTI, npn cx<aTHII 

ra30CH.JIHI<aTa C ;J06aBKOH 1% 5HT)'Ma TOJibKO Ha 17-22% 

IDL'lKe DpO'fROCTH KOHTj)O.ifbllbiX o6pa3I{OB (pnc. 6. 

Iq)IffibiC 2, 3). 

Pe3yJihTaT.bl onpeAe.TJeHnH Bo.uonomow:emrn 

nmpocpo6n3HpoBaHHbiX 6Mcrpo pacna.uruow:eiic,. 

6H"I)':•fHOii 3M)'JlbCHCH Ha I)')..qlOHC 1'330CHJIIJKaTHh!X 

o6pa3U01! llJIOTHOC'fhJO 295-300 KrfM
3 

npe,I\CTaBJII!Hbi Ha 

puc. 7. 

Hpnse.u;eRHhle ,mtHHhie nOKa'3I>JBctffiT, 'ITO c 

CIS rn,zq>OCHJIHKaTOB 

Si~ H20 KWiblnm,% 

20,50 6,62 1,045 47,28 

20,48 6,49 1,06 47,24 

19,30 6,42 1,13 45,94 

18,73 6,60 1,16 45,65 

17,65 6,45 1,23 44,35 

sse.u;eHHeM 1% 6H"I)'Ma B su.u;e 6blcrpo pacna,.mnom:eiicH 

3M)'JlbCHH oo.u;onomom:eHHe ra30CHJIHI<aTHhiX o6pa3uos 

YMCHbiiiaCTCH B cpe.n;HCM B 2,6-3,0 pa3a (pHC. 7; a, 6, 

KpHBble 1, 2). Bo.u;onomomeHHe o6pa3uos, co.u;ep~ 

3-5% ,L(OOaBKH, B 3,0-4,0 pa33 IOOKC, "'CM KOHrpOJihH~ 
(puc. 7,a, 6, KpHBble 3, 4). KpoMe roro, c sse.u;eHHe 

6H"I)'M3 B BH.u;C 6biCTpO paCIIM3K>W:CHC.ll 3M)'JihCHH 

' 

~ 2_--'t _:__ 
~ Jt-=---5~6-o ___ ___,l 

~ 8Ns3oj 
455 560 __J ro-

,----'---'3 o 560 -4fo I 
160 860 
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TeMIIeparypa, °C 

PH.c. 4. TepMorpa~-:MLI o6pa3UOB c ,nooaBKOH 6Irryl\moit 
3'dym,cmt (B % no 6P.1)'M)'): 1 - 6e3 )lo6amrn; 2 - 1 %; 3 - 3 
%; 4 - 5 %; 5 - lO % 
Fig. 4. Thennograms of samples with bitumen emulsions: 1 -
control sam ph:; 2 · 1 %; 3 - 3%; 4 - 5°1o; 5 - 10 
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PHc. 5. PeH1TeHorpaMMhl o6pa:n.toB c .1.\00aBKOH 6IIT)'MHOH 
3M)'JibCHH (B% no 6IIT)'MY): 1 - 6e3 ).lo6aBKH; 2 - 1 %; 3 - 3%; 4 
- 5%; 5-10% 
Fig. 5. Rentgenograms of samples with bitumen emulsions: 1 -
control sample; 2- 1%; 3- 3%; 4- 5%; 5- 10% 

3aMeTHO HHTeHCHBHOCTb npm.tecca 

BO)];OllOfnOll(eHHH. HanpHMep, He3aBHCHMO OT MeTO)];a 

Hccne)];osamdt: KOHrpOJibHhle o6pa3I.U>I nocrre l-qacosoro 

HCllbiTaHIDI llOrJIOll(aiOT MaKCHMaJihHoe KOJI~eCTBO 

BO)];bl, B TO BpeMH KaK nuq>O<I><>6H3HpOBaHHbie - TOJlbKO 

20-40% o6mero ee Korr~ecrsa. 113MeHeHHe cnoco6a 

BO)];OllOfnOll(eHHH He OKa3biBaeT OIIzyTHMOrO BJIHHHIDI Ha 

KOJI~eCTBO nornomaeMOR o6pa3UaMH BO,'J;hl. 

Bo)];onornomeHHe npH .li:O)l(,LleBaHHH ra30CHJIHKaTHhiX 

o6pa3UOB BCeX COCTaBOB HeCKOJibKO (.!1:0 10%) Bhiiiie, qeM 

npH norpy)l(eHHH. 

PHc. 6. 3aBHCHMOCTb npo'IHOCTH npH c)KaTHH li'JeHcroro 
6eToHa OT KOJlHqecTBa BBe).leHHoro 6IIT)'Mil: 1 - Me.ll)leHHo 
pacna,naJOJUaHCH 3M)'llbCHH Ha CCE; 2 - cpe.I.\Hepacna.nruomaxcg 
3M)'JihCHH Ha ry;zqxme; 3 - 6bicrpo pacna.naromaxcg 3M)'JlbCHH 
Ha OCH).\OJI MbiJIOHacl>Te 

Fig. 6. Porous silicate concrete sample compression strength 
dependency on amount of bitumen: 1 - slowly decomposing 
emulsions (emulsifying agent - sulphite liquor residue); 2-
medially decomposing emulsions (emulsifying agent - crude 
residue from petroleum refming); 3 - rapidly decomposing 
emulsions (emulsifying agent - nephthenate soap) 

PeJyrrhTaThl onpe)];erreHHH BO.li:OnorrromeHHH 

MeAJieHHO pacna,moomeiiCH 6myMHOR 3MYJlbCHeii 

rH)];p0<1><>6H3HpOBaHHhiX ra30CHJIHKaTHbiX 00pa3UOB 

npe.li:CTaBJieHhl Ha pHc. 8, a cpe.li:Hepacna.moomeiicH 

6HT)'MHOR 3MYJlbCHeii- Ha pHC. 9. 

113 pe3yJibTaTOB, npHBe)];eHHhiX Ha pHC. 8 H 9, 

BH)];HO, qro BO.li:OnorrromeHHe raJOCHJIHKaTa, 

rH.li:PO<I><>6H3HpOBaHHOro MeMeHHo HJIH 

cpe.li:Hepacna.moomeiicH 6myMHOii 3MYJlbCHeii, B cpe,!UieM 

B 2,1-2,8 pa3a HH)I(C BO)];OllOfnOll(eHHH KOHrpOJibHbiX 

o6pa3UOB. IJpH BBeJJ.eHHH TaKHX )];OOaBOK 3aMeTHee 

(2,5-2,8 pa3a) yMeHhiiiaeTCH BO)];onornomeHHe npH 

)];O)l(,LleBaHHH (pHC. 8 H 9, KpHBhle 2). C yBe~eHHeM 

KOJI~eCTBa )];OOaBKH OT 1 )];0 3% BO)];OllOfnOll(eHHe 

ra30CHJIHKaTa npaKT~eCKH He MeHHeTCH (pHC. 8 H pHC. 

9, KpHBhle 1, 2). 

Pe3yJibTaThl HCCJie)];OBaHHU ITOKa3aJIH, qTQ 

6HT)'MHhie 3MYJlbCHH HBJUDOTCH 3$<1>eKTHBHbiMH 

rH,!lJ)O$o6H3aTOpaMH ra30CHJIHKaTa, npH BBC)];eHHH 

KOTOpbiX BO)];OllOrJIOll(eHHe o6pa3UOB YMeHbiDaeTCH B 2-3 

pa3a. HaH6orree J$<1>eKTHBHO CH~eT BO.li:OnorrromeHHe 

,'J;06aBKa, BBO.li:HMaH B BH.ll:e 6biCTpO pacna.moomeiicH 

3MYJibCHH, H006XO)];HMoe ee KOJI~eCTBO B CMCCH- OKOJIO 

lo/o 6Hl)'Ma. 
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PHc. 7. 3aBHCHMOCTb BO.l(onornomeHIDI raJOCH.JIHI<aTa, rHJq>Ocpo6H3HpOBa.HHoro 6blcrpo pac~meitcg 3M}'JibCHeit, OT 

KOJIHllecTBa BBe,l(eHHOfO 6H'I)'M8 ( a - HCIIbiTilHHe IIpH norpyx<eHHH; 6 - HCDhiTIIHHe IIpH .l(O'liC,lleBaHHH): 1 - KOKipOJILHLie (6el 

.l(OOaBKH); 2 - 1 %; 3 - 3 %; 4 - 5 % 6H'I)'M8 
Fig. 7. Porous silicate concrete sample waterproofed with rapidly decomposing emulsion, water absorption dependency on amount 
of bitumen ( a- samples immersed iii water, b- sample under artificial rain): 1 - control sample; 2 - 1 %; 3 - 3%; 4 - 5% 

06'beMHO rH,!Q)Octx>6H3HJJOBaHHidif 6H1)'MHhiMH 

3MYJn.CIDIMH ra30CH.JIHKaT DJIOTHOCTI>IO 450 KI'IM3 6hiJI 

Hcnom.30BaH npH crpmrre.JlbCTBC 7 O.llH03TIDKHI>IX 

3KcnepHMell'I'3JlhHidX >KH.lildX .l(OMOB s BWThHJOCe, 

TpaiciuicxoM H IllaJn,'IHHHIIKCKOM paiimmx H nOJIHOC'ThiO 

ce6ll OnpaB.lUIJI. 

4. BLIBO.l(hl 

1. ,ll.rul OO'beMHOH ~H3al(HH f330CH.JIHK3Ta 

DJIOTHOC'ThiO 300-450 KI'/M
3 

uenecoo6p33HO 

HCDOJU>30BaTh 6tnyMHhle 3MYJn.CHH pa3JIH'UIOH CKOpocrH 

paciia,!laHHll. KoJIK'Iecrso .l(OOaBKH cne.nyeT orpaHH'IHTh 

1% 6tnyMa B CMecH. 

2. IlpH BBe,!(eHHH cpe,!lHe HJIH 

pacna,!(aiOm;eiicJI 6myMHOii 3MYJn.CHH 

KOHCHC'reHUH.II 4>opM0BO'IHOH CMeCH - yMeHhDiaeTCll ee 

pacDJlhiB (no Cyrrap.ny), CHIDIGleTCll KpaTHOC'Th 

BCny'IHBaHHJI, yBeJIK'IHBaeTC.II DJIOTHOCTh ra30CHJIHKaTa. 

C Hcnom.30BaHHeM MeMeHHo pacna,!(aiOm;eiicll 

3MY m.cHH Ha CCE pacDJihiB CMecH yseJIK'IHBaercJI H 

3aMe,!(Jl.lleTC.II npouecc BCIJY'IHBaHH.II, D03TOMY ,!(Jl.ll 

DpHI'OTOBJieHH.II !lx>pMOBO'IHOH CMeCH C TaKOH .l(OOaBKOH 

HeOOXO.l(HMO npHMeH.IITh DO.l(OrpeTyiO BO.Icy. C uem.IO 

CHIDKeHHJI DJIOTHOC'I'H ra30CHJIHKaTa cne.nyer yBeJIH':IHTh 

BO.l(OTBep.l(oe COOTHOWeHHe CMecH H yBeJIK'IHTh paCXO.l( 

aJIIOMHHHeBOH ny,!(phl. 

3. Bse.l(eHHe s 4x>PMOB01.fHYJO cMec~> raJOCHJIHKaTa 

.1(0 3% 6HzyMa He OK33hlBaeT OwyrHMOI'O BJIH.11HH.11 Ha 

$l30Bhlii COCTaB HOso00p330BaHHH. IlpH HaJIH'IHH B 

CMCCH 5-10% 6tnyMa B I.(CMCHTHpYJOIU;CM BeiiJ;ecTBe 

HapJI.ny c TOOepMOpHTOM, rH,!Q)OCHJIHKaTOM CSH(I) 

o6p33yeTC.11 .l(ByxOCHOBHhlii rH,!(paT a.-C2S H ClfiDIQleTC.II 

o6m;ee KOJIK'IecTBO HOBOo6pa30BaHHii. HJMeHeHHe 

$l3osoro COCTaBa H KOJIK'Iecma ueMeHTHPYJOm;ero 

sem;ecTBa o6ycnoBJieHhl reM, 1.fTO 6HzyMHaJI DJieHKa, 

noKphlBaiOIIJ;aJI l.faC'I'HUhl xsapua, npellli'I'CTBYer ero 

paCTBOpeHHIO H CB.II3hlBaHHIO B rH,!Q)OCHJIHKaThl Ka.!U>UHJI. 

4. IlpH OO'beMHOH ~H33UHH ra30CHJIHKaTa 

6H1)'MHhiMH 3MYJn.CIDIMH DpO'IHOCTh DpH DKaTHH 

o6p33uos CHIDIGleTC.II. YMeHJ>weHHe DpOl.fHOC'I'H 

o6ycnosneHo H3MeHeHHeM ycnosHii o6pa30BaHHJI 

DOpHC'I'OH crpyxryphl, yMCHhWCHHeM o6m;ero KOJIK'IecTBa 

ueMeHTHpYJOm;ero sem;ecrsa H H3MeHeHHeM ero 

<I>330BOI'O COCTaBa. IlpH BBe.l(CHHH OKOJIO 1% 6myMa 

npe.n;eJI Dp01.fHOC'I'H DpH C)l(llTHH ra30CHJIHKaTa CHIDIGleTC.II 

Ha 17-22%. 

5. EmyMHhle 3MYJn.CHH JIBJI.IIIOTCJI aKTHBHhiMH 

m.n;po<l>o6H3aTOpaMH ra30CHJIHKaTa. C BBe,li;CHHCM OKOJIO 

1% 6myMa BO,!(ODOI'JIOIIJ;CHHC ra30CHJIHKaTa B 

3aBHCHMOCTH OT BH.l(a HCDOJU>JyeMOI'O 3MYJU>r3TOpa H 

MeTOM HCCJIC,li;OBaHHH YMCHhDiaeTC.II B 2-3 pa3a. 

I. B. I1. HoBropo.l(cKHit, 0. B. IlpHHH3eHKHH8. 0T.l(eJII(a H 

3aiUHTa CTpoHTeJILHJ>IX H3,l(eJIHil: H3 MaTepHaJIOB aBTOKJiaBHOI'O 

TBep.l(eHIDI. M., 1972, c. 30-36. 
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PRe. 8. 3aBHCHMOCTh Bo.uorrorrrom;eHIDI ra30CHJIHKaTa, 
rn.upo<l>o6HJHp<>BaHHoro Me,wJeHHo pacrra.uwomeil:cll 
3M}'JihCHeil:, OT KOlll1'1ecTBa BBe.ueHHoro 6wryMa 
(IIpO,UOJDKHTeJThHOCTh HCilhiTaHHH - 24 q): 1 - rrpH IIOJIHOM 
rrorpyx<eHHH; 2 - rrpH .uo)l(,l(eBaHHH 
Fig. 8. Porous silicate concrete samples, waterproofed with 
slowly decomposing bitumen emulsions, water absorption 
dependency on amount ofbitumen (duration- 24 h): 1 -sample 
immersed in water; 2 - samples under artificial rain 
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300-450 kglm3 TANKIO DUJV SILIKA TBETONIO 
HIDROFOBIZACIJOS TYRIMAI 

A. Laukaitis, A. Dudik 

Santrauka 

Nagrinejama dujq silikatbetonio turine hidrofobizacija 
bitumo emulsijomis. IStirta formavimo misinio 
konsistencijos priklausomybe nuo bitumo emulsijos bei 
naudoto emulsiklio rusiq. Nustatyta bitumo emulsijq itaka 
formavimo misinio issiputimui ir mases temperaturai. 
ISnagrineta bitumo kiekio itaka fazinei kalcio hidrosilikatq 
sudeciai, gaminiq tankiui ir jq stipriui gniuzdant. 
Nustatyta, kad I% bitumo priedas 2-3 kart us sumaZina 
dujq silikatbetonio vandens igeriamum(\_, kad bitumines 
emulsijos yra efektyvus dujq silikatbetonio 
hidrofobizatoriai. 

PRe. 9. 3aBHCHMOCTh Bo.uorrornom;eHID! raJOCHJIHKaTa, 
rH,UpO<Po6HJHp<>BaHHoro cpe,UHepacrra.uruomeil:cl! 6JiTYMHoil: 
3M}'JihCHeH, OT KOJll1'1eCTBa BBe,UeHHOfO 6JiTYMa 
(rrpo,UOJDKHTeJibHOCTh HCilhiTaHHH - 24 '!): 1 - IIpH IIOJIHOM 
rrorpyx<eHHH; 2 - rrpH .uo)l(,l(eBaHHH 
Fig. 9. Porous silicate concrete samples, waterproofed with 
medially decomposing bitumen emulsions, water absorption 
dependency on amount ofbitumen (duration- 24 h): 1 -sample 
immersed in water; 2 - samples under artificial rain 

WATER-REPELLING INVESTIGATION OF 300-450 
kglm3 DENSITY POROUS SILICATE CONCRETE 

A. Laukaitis, A. Dudik 

Summary 

This paper deals with porous silicate convert voluminous water 
- repellence treatment technological parameters and properties 
using bitumen emulsions. Bitumen emulsions were prepared 
using laboratory equipment made up of two electrically heated 
tanks for bitumen and emulsifier. The melted bitumen solution 
was added at an even rate to a mixer (3000 rpm). The bitumen 
emulsion temperature was 80-85 °C. The emulsifying agent 
used for rapidly decomposing emulsions (decomposition up to 
5 min) was sulphate soap and naphthenate soap EGIK-3, for 
medially decomposition after 5-10 min) - crude residue from 
petroleum refining, slowly decomposing emulsions 
(decomposition after move than 10 min) - sulphite liquor 
residues. 

Composition of bitumen emulsions: 
bitumen BND 60190 47,9 %, 
water 47,6 %, 
emulsifier 3,45-3,81 %, 
trisodium polyphosphate 0,95-0,60 %, 
washing soap (70%) 0,40-0,29 %. 

The bitumen emulsion decomposition time was 
determined by mixing it with finely milled inert filler until the 
bitumen forms a "ball". 

Formation mixture composition: 
activation degree- 22 %, 
water I solids ratio V/K- 0,6, 
amount of aluminium powder- 0,25 %based on solids, 
bitumen emulsion- 1, 3, 5, 10% based on solids and 
calculated as bitumen mass, 
hydrothermic treatment conditions 1 ,5+8+ I ,5 h at 
0,8 MPa vapour pressure. 

-39-



Water absorption was determined using standard methods 
by immersing samples in water and using artificial rain 
(1,5- 2 rnrnlmin). 

Bitumen emulsion additives have an influence on the 
formation mixture consistency and maximum mass 
temperature. The formation mixture consistency also depends 
on the nature of the emulsifYing agent used (Fig. 1) slowly 
decomposing emulsions, made with sulphite liquor residue, 
slow down the formation mixture blowing and that is why it is 
necessary to heat water to increase the mortar temperature to 
36 oc (Fig. 2). Medially and rapidly decomposing bitumen 
emulsions do not greatly decrease the mass blowing (Fig. 3, 
curve 3) and correspondingly increase the sample density 
(Table 1). Bitumen emulsion additive has also an effect on 
calcium hydrosilicate phase composition. 

Sample chemical (Table 2), thermic and roentgenogram 
analysis indicate that the control sample cementation material 
is CSH(I) (Fig. 4, curve I). 1 % bitumen addition does not 
change the calcium hydrosilicate phase composition. A 3-5 % 
bitumen addition in porous silicate concrete samples lower the 
amount of Si~ combined into calcium hydrosilicates and at 
the same time the C/S ratio increases, while there is a decrease 
in the general amount of cementation materials (Table 2). A 5-
10 % bitumen addition changes the phase composition of 
cementation materials radically, alongside CSH(I) and a.-C2S 
appears, which is showed by endothermic peak at 455- 470 oc 
(Fig. 4, curve 4, 5) and diffractive lines 0,242, 0,353, 0,421 nm 
(Fig. 5, curves 4, 5). The decrease in cementation material is 
explained by the quartz granule and hampers the Si~ reaction 
with CaO. For this reason there is a decrease in sample 
compression of bitumen lower the compression strength only 
by 17-22%. 

Water absorption data in Fig. 7 was determined using a 
rapidly decomposing water-proofmg bitumen emulsion. 

I% absorption addition lowers the sample's water 
absorption by 2,6 - 3,0 times (Fig. 7 a, b curves I, 2). A 3 -
5% bitumen addition decreases water absorption by 3,0 - 4,0 
times (Fig. 7 a, b curves 3, 4). 

The use of bitumen emulsion changes the nature of water 
absorption. If control samples after I h absorbed all the water 
amount, the samples with bitumen additive absorb only 20 -
40 % of the amount. When slowly and medially decomposing 

bitumen emulsions are used, the water absorption is the same 
(Fig. 8, 9). On the average, bitumen emulsions decrease the 
water absorption by 2 - 3 times. An increase in bitumen over 
1 % is not favourable, because water absorption changes 
insignificantly. Investigations using artificial rain give lower 
sample water absorption (Fig. 8, 9 curves I, 2). 

Water-proofed 450 kg/m3 porous silicate concrete with 
bitumen emulsion were used during construction of 7 one
storey houses in Vilnius, Trakai and Salcininkai districts, 
where this porous concrete approved itself fully. 

It was determined, that 300 - 450 kg/m3 porous silicate 
concrete water-proofmg with bitumen emulsion is purposeful. 
When medially and rapidly decomposing bitumen emulsions 
are used, the silicate mortar fluidity increases and the blowing 
decreases and that is why heated water needs to be used for 
mixing. 

Bitumen additives up to 3% do not have any influence on 
calcium hydrosilicate phase composition. When larger amounts 
of bitumen ( 5 - 1 0 %) are present, alongside CSH(I), a.-C2S is 
formed and the total amount of calcium hydrosilicate 
decreases. In this case the bitumen forms a film which covers 
the quartz grains. 1 % bitumen addition decreases the sample 
strength by 17 - 22 %, but bitumen emulsions are efficient 
additions and lower the porous silicate concrete sample water 
absorption by I - 3 times. 
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