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Ilocamaercs

30 - netmro xadpenps: [I'C YI'TY u
45- neturo CeepHoro ®unmana
BHHMCTa (unine KomuHUITHcTpoit)

BBEJIEHUE

OrkpsiTHe B CeBEepHBIX paifoHax Poccuiickoift ®esepauyu OrpOMHEIX 3alacoB
IPUPOJHOrO rasa ¥ He()TH OIpeeNnseT HeoOX0AUMOCTE B CXKaThie CPOKH, IIPH HATHIHMH
PHIHOYHOM KOHKYPEHIHH CO CTOPOHH! He()TeN0OBIBAIOIMX CTPaH, AUKTYIOLIMX MEX/LY-
HapOJIHEIE IeHbl Ha He(QTh, B CIOXHBIX KIIMMATHIECKUX YCIOBHUSX, BBIIONHHTE 0OMb-
1IHe 06BEMBI CTPOUTENBHO-MOHTAXHBIX paboT, TOCTPOMTH ropojia i noceiku Ha Kpai-
HeM Cesepe u B Ilpunonspee. OHM BKIIOYAIOT NpOGIEMEBl BO3BENEHHS OCHOBAaHHMH U
(yHIaMeHTOB, TPafiloCTPOEHHS, BEIOOpa PallMOHATBHEIX THIIOB 3aHHMH, 9 deKTHBHBIX
MaTepHaJioB M KOHCTPYKIIM JUld HX BO3BENEHHs, pa3pabOTKM ONTHMANLHOH TEXHOJNO-
THH CTPOMTEJBHOTO IPOU3BOACTBA.

I'naBHBIMH (aKTOpaMH, YCIOKHIOIKUMHU U YIOPOXKAOIIMMHU: CTPOUTENBCTBO, B~
JITIOTCS CYpOBbie IIPUPOJHBIE YCIOBHS, Pa3o0IIEHHOCTh M Cl1aboe pa3BHTHE TpaHC-
NOPTHBIX CBA3eH. OCHOBHBIMH TYTAMH COKPAIIEHUS CPOKOB H CTOMMOCTH CIPOHTEIb-
CTBA CITyXarT:

- MakCHMAJBHOE CHIKEHHE MacChl KOHCTPYKIIHH H 3/1aHUA B uenom,
|- HCIONB30BAHHE MECTHBIX CHIPHEBBIX MATEPHATIOB;
.- TpHMeHeHHe 3p(EKTHBHEIX MaTePHAIOB.

Bo3senenne 065eKTOB HedTEra3o0BoOH OTPACc/H HMEET CBOIO cnerupuxy. Ctpon-

TeNbCTBO MAarHCTPAILHEIX TPYGOIPOBOZOB B Hacro;uuee BpeMs OCYIIECTBIIAETCA BBICO-

' KOMEXaHH3UPOBAHHBIMH METOJIaMH C 6OJILH10H CKOPOCTBIO npoJBIkenus $ppoHTa pa-
6oT. HasemHbIe coopyxeHus (IIOCENKH Ia30BUKOB, KOMIIPECCOPHBIE CTaHIMH, 00BEKTHI
06yCTpOMCTBA Ta30MPOMBICIIOB), B TOM 9HCIE KPYIHBIE IOPOJa-HOBOCTPONKH, TaKue
kak Haneivm, Hoeiii Ypenroi#t, CypryT, Ypa#l, YcuHCK, YXTa, CTPOHIH MeHee HHIYCT-
pHAIbHEIMA METOAAMH, UTO JacTO CITyXHJIO TOPMO30M CBOEBPEMEHHOIO BBOJA B IKC-
IUTyaTalMi0 MarucTpajbHbIX TpyGonpoBomos. Kak mpaBuiio, 3TH OOBEKTBI CTPOST B
[Ty XHX HEOOXHTHIX MECTax, IJie OTCYTCTBYET MeCTHas 6a3a CTpOHHMH/Iy CTPHH.

Ha cesepe eBponeiickoii yacti Poccuu 1 B 3anamHoii CHOHPH OTCYTCTBYIOT Me-
CTOPOXIEHMS] PUPOTHEIX KAMEHHBIX TOPOJ JUIsl H3TOTOBJEHHS M3JENHH H3 BHICOKO-
npouHsix (6onee Mapkn M300) 1 10AroBe4HbIX GETOHOB, 3@ HCKITIOYEHHUEM [0JIOMUTOB
Ha cT. YuHbsa-Bopeik Pecrry6nukn Komu u rab6po-muopuroB Ha cT. Xapn TroMeHCKoR
o6nactu CesepHoil x.J. B 3THX ycnoBuax 65110 nenecoobpasHo co3naTh H pasBUTh ba-
3y HCKYCCTBEHHBIX 3allONTHHTEJIEH W3 MECTHOTO CBIPbS, CBOMCTBA KOTOPBIX JalOT BO3-
MOXKHOCTH HE TOJIEKO 3aMEHHTH IIPHBO3HbIE CKaTbHbIE IOPOJBI U1 IPHIOTOBJIEHHS BbI-
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COKOIPOYHBIX GETOHOB, HO M TIONYUYMTh MOCJIEAHHE C MeHblIEH 06BEMHON Maccod H
yJIy4LIEHHBIMH (GH3HKO-TEXHHYECKHMHU CBOHCTBAMH IO CPABHEHHIO C TSKEJIBIMH GeTo-
HaMH, TO ecTb ¢ 6oJiee BBICOKHMH TEXHHKO-3KOHOMHYECKUMH TOKa3aTe s IMH.

ITomy4eHrne BBICOKONPOYHBIX  JIETKHX HIH obNIerdeHHBIX GETOHOB KIIACCOB
B30...50 u BeImE BO3MOXHO NPH HAJIWYHH HCKYCCTBEHHOIO 3aIIOJHHUTENS C MPOYHO-
CTBIO IpH CHAaBIHBaHUM B MIHHAPe He MeHee 8...10 MIla. B nacTosmee BpeMs B Ha-
1€l CTpaHe MPaKTHYECKH OTCYTCTBYET 3HaUMTEbHBIH MPOMBIIUIEHHBIH BBIITYCK BBICO-
KOMPOYHBIX UCKYCCTBEHHBIX 3aMONHHUTENEH, 32 HCKIIOYEHHEM KepaMIopa ¥ KepaMIIuTa
B JIOPOXKHOM M 9HEPTeTHYECKOM CTPOHTENBCTBE. [TONMBITKH MOBRILIEHHS IPOYHOCTH Ke-
PAM3MTOBOTO TPABHS 33 CHET CHIKEHHs TeMIIEPaTyphl 06Xura, IpeKpalieH s BBOJIa B
muXTy A06aBOK W TOBBIUEHHUS NP 3TOM HACHIIHON IUIOTHOCTH 3allOJHHTENS 1O
'800...1000 kr/M>, WMMeBILIME MECTO HA OTJAENBHBIX TPEANPHATHAX, HE NOCTHIIH Tpe-
OyeMBbIX pe3yJbTaToB, Tak Kak He Oblia pa3paboTaHa TEXHOJIOTHS IPOM3BOJCTBA U He
YUYHUTHIBATHCH YCIOBHSA pabOThl KEPAM3UTOBOTO IPaBHs B BLICOKOIIPOYHOM GETOHE mpH-
MEHHTENBHO K ero e(OPMAaTUBHBEIM M YIIPYTHM CBOMCTBAM.

PeKkOMeH/IyeMbli HaMU Ty Th AOCTHXEHUS IQHEKTHBHBIX HH3UKO-MEXaHUIECKUX
roKasaTelleil CBOMCTB KepaMHU4eCKOro 3aloiHUTeNs TpaBuenofobHol GopMbl, aHano-
[MYHOTO KEpPaM3HTOBOMY IPABHIO, COCTOMT B IONYYEHHH TDAHYJ C MPOYHOH BBICOKO-
MOJIy/IbHO# IOBEPXHOCTHOH 060JI09KOM TONMMHOM 2-3 MM, KOTOpasi UrPaeT pollb KOM-
[eHCATOpa HaNpsDKEHHH B 00J1aCTH MX KOHLEHTPALWH B OETOHE U CITOCOOCTBYET NOBBI-
[IEHHUIO ero MPOYHOCTH. TaKoH 3aNoHUTENs XapaKTepU3yeTCsl HACKIITHOM ILUIOTHOCTBIO
800...900 kr/M* _u, B coorBercTBUH ¢ T OCT 9757-90 «1"paauﬁ, mebeHb U TeCOK HC-
KYCCTBEHHbIE TIOPUCTBIE. TeXHUYECKHE YCIOBUS», He MOXET OBITH Ha3BaH KepaM3HTO-
BEIM IpaBueM. [109TOMy OH Ha3BaH HaMH KepaMH4eckuM 3anonHuteneM [41]. Tlocnen-
HUH MOJyYeH 33 CYET COYETAHHUS JIBYX TEXHOJNOIHYECKUX (haKTOpPOB: BBeJIeHHS B COCTAB
IIHXTHl MHHEPaTbHOH N06aBKH — GOKCHTA HITH XeNe3HCThIX HOKCHTOBBIX MOPOA B KO-
nudectse 5...20%, cnocoOGCTBYIOLMX IIOBBILIEHHIO POYHOCTH MEXIIOPOBBIX NEPEro-
POZOK MEJIKOSIEHCTON YaCTH 3ePHa, U CIIELHAIBHOTO PeXHMa TepMHIecKoH 06paboTku
nmocnenuero, cornacHo aBT. cBuh. CCCP Ne313813 «Macca 11 U3roTOBJIEHHS KepaM-
suta» ¥ Nel1188131 «CripseBasi cMech Ui M3rOTOBNIEHHS KepaM3uTa». Bmecte ¢ Tem
6bUtH  c11ab0 H3Y9YEHBI TEOPETHYECKHE OCHOBBI OIEHKH HCTIONb30BaHH HEKOHIHUIIHOH-
HOro, NepeyBIaXXHEHHOTO INIMHHCTOTO ChIPhs IS MPOM3BOACTBA KEPAMHUYECKHX MaTe-
PHAJIOB H H3/1eNTHiH, 06J1aJalOIKX ITOBEIIEHHOH MOPO30CTORKOCTBIO H JOJTOBEYHOCTHIO
B ycnoBusax KpaitHero Cesepa. OnHoii U3 3a1a4 KepaMH4eCKO# MPOMBIIIIEHHOCTH SB-
‘nseTcs pa3paboTKa U COBEPIIEHCTBOBAHHME TEXHOJIOMHYECKUX MPOLIECCOB, IPHMEHEHHE
CPEACTB MEXaHM3allud M aBTOMaTH3alliH, TOBBIIIEHHE MPOU3BOAMTEIBLHOCTH TpYJa.
IlpeccoBanye W rUIIEpIpecCOBaHKe KEPaMHYECKUX H3IENHi U3 MONyCYyXHX Macc Ha oc-
HOBE paCHBUIMTENIBHOTO TOPOIIKA M3 aMOMOCUIIMKATHOIO CHIPBS SIBIAETCS MepCrek-
THBHEIM CMIOCOO0M (OPMOBaHHS, TO3BONAIOIIMM NOJYYHTh TOYHOCTh Pa3MEpPOB, BEICO-
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KKe T0Ka3aTeJH (pU3HKO-MEeXaHHYECKUX CBOHCTB, KaXKYIIENCs [IIOTHOCTH M MPOYHOCTH
cbipria. CKOPOCTHBIE PEXXHUMBI CYLIKH W OGKHUra 00eCreuyrBaroT Pe3Koe CHUKEHNe Mo-
PUCTOCTH 060OKEHHBIX 31N, HOBBILIEHHE MOPO30CTOMKOCTH.

Bornpioe 3Ha9eHNe TPUIAETCS CO3NaHMIO TEXHOJIOTUM MPOH3BOLCTBA TELIOM30-
JISILIMOHHBIX ¥ KOMITO3ULIMOHHBIX MATE€PHAJIOB U U3JeNHil HA OCHOBE MHHEPANIBHBIX BO-
JIOKOH K3 0a3albTOBbIX FOPHBIX NMOPOJ ¥ TEXHOI€HHBIX OTXOLOB Ha TeppuTopuu Pec-
my6auky KoMy ¢ UCTIoNb30BaHNEM HHIYKIHOHHBIX TUIABHIBHBIX YCTAHOBOK.

IMTomyTHBIE OTXO/IbI IPOMBIILIEHHOTO IPOH3BOACTBA SIBJISIOTCS HA/IEXHOM ChIpbe-
BOW 6a30# 11 pasnMYHBIX CTPOMTENBHBIX MaTepuanoB [7]. MIx Beimyck B Gnuxaiiiuve
rozsl OyaeT HpoxoIKaTh pa3BUBATECA Ha 6ase 3THX OPOJ, BKIIFOYAIOIIHX BCKPHILHbIC
MOPOJIbI, 307bl, XBOCTBl OTXONOB, LIIAKH, HnaMbl. OHH YacTO COAEPXKAT aTIOMHHHMA-,
TUTAH- U MarHuicoepxaiiie MUHEpabl, YTO NOYEPKUBAET HAYYHOE U IPAKTHYECKOE
3HAYEHHE MaTepHalloB B MpobieMe KOMIUIEKCHOTO HCHONB30BaHUS MHHEPAJILHOTO Chl-
pbsi ¥ LIBETHBIX METAJLJIOB.

B npennaraemoii ynTaTe o MOHOrpaduu yJeneHo BHUMaHHE NpobiieMe anoMo-
CUIIMKATOB U KPEMHUITHTAHATOB — HOBOM ChIpbeBOH Gase MPOU3BOJICTBA BBICOKOKAve-
CTBEHHBIX CTPOHTENBHBIX MaTepUasoB, B TOM YHC/e NOPHCTBIX 3aIlOHHUTENCH, NeTKHX
0eTOHOB, KEPaMHUKH H HEKOTOPBIX APYruX. [IppMeHeHne HOBOrO BH/IA CHIPhS 103BOJIUT
PACIIHPHTH CHIPbEBYIO 633y, YMEHBLIHTE CE6ECTOMMOCT MPOIYKIHH H Yy UIIHT KO-
Joruyeckyto o6cTaHoBKy Ha ceBepe Poccuu.

CremyeTr OTMETHTb, UTO B IPOLECCE MEPECTPONKH B TSHKEITYIO CHUTYALMIO MO
6O/BIIMHCTBO KEPaM3HUTOBBIX 3aBOJIOB CTPaHBI, B TOM YHCIIE W B Haiuei pecmy6iuke.
OtpuLaTenbHOe 3HAYeHHe UMEJIO PellIeHHe M0 MPUMEHEHHUIO TUIUT U3 BCTIEHEHHOTO 110-
nuypetaHa 1 noauctupona. OHo 6bLI0 He Beera 0O0CHOBAHO B DKOJIOTHYECKOM U KO-
HOMHYECKOM acreKTax. B CBA3M ¢ 3THM B HOBBIX PIHOYHBIX OTHOILEHUSX BO3HUKAIOT
BOIIPOCHI 110 MOBBIIMIEHHIO KaueCTBa KEPaM3UTOBOIO IpaBUsi HA BOCCTAHABIIMBAEMBIX 3a-
BOJAX: 33 CUET CHIDKEHHS HACHITHOM IIOTHOCTH, yBEIWYEHHs [IPOYHOCTH M OJHOPOL-
HOCTH, [yTeM YJY4IIeHHs nepepaboTKH ChIpbs, HCIONB30BAHUS OPraHUYECKHX U MHU-
HepalbHBIX BCIYYHBAIOLWIMX N00aBOK, NMPHMEHEHHs 3((MEKTHBHBIX MaTEpHANOB s
oIy IpuBaHus noiydabpukara ¢ Henblo cTabunu3anny pexxuMa obxura. Bcee 310 1o-
3BONMMT NOOWBaTBhCS BBINyCKa Ha pexoucrpynpyeme NPEANPHATHAX KEpaM3HTa C Ha-
CHIMHOM MmI0THOCTBIO 300...400 Kr/M™.

H3naraioTes pe3yIbTaThl HCCNeJOBaHHMH, BBITIOMHEHHBIX 3a MocieaHue 25 ner B
CesepHoM ®unnane Bcecoro3HOro Hay4HO-HCCIENOBATENECKOTO HHCTUTYTA MO CTPOH-
TE/IbCTBY MATMCTPAibHBIX TPYOONpPOBONOB (I.YXTa) MOA HAy4YHBIM PyKOBOACTBOM
KaH/.TEXH.HayK y nponomkeHdelx Ha kadenpe IMI'C YI'TY npu
HAaydHOM  KOHCYNIbTHDOBaHMM MOKT.TEXH.HaykK, npocdeccopa B.B.Ilpokodresoit
(CII6GI'ACY).
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I'JIABA 1. HEKOTOPBIE UCCJIEJOBAHUA CTPYKTYPOOBPA3OBAHMA

U CBO¥YICTB KOHCTPYKTUBHOT'O JIETKOIO BETOHA HA MTOPHCTBIX
3ANTIOJTHMTEJIAX

KepaM3uToBBIil rpaBuil BBIyCKaJCS NPEANPUATHAMA B MOAOTPACITH OPHCTHIX
sarionuutenei 6piBiuero Coserckoro Corosza Ha 345 KepaM3UTOBBIX 3aBOAAX B 00beMe
51,5 MiH. M® NOPHUCTHIX 3anonHuTenei 3a 1988 r., B 1.4. 37,6 MITH. M’ KepaM3HTOBOIO
rpaBusi, coriiacHo JaHHbeIM Koopmunaumonuoro cosera HMMKepamsura mo Bompocy
«CocrosiHue e ¢ BHEJPEHHEM HOBOTO 000pYIOBaHUS B KEPaM3HTOBOM TPOM3BOJICT-
Be» oT 12.09.89 r. OH nmpuMeHsics, B OCHOBHOM, KaK 3allOJHHATENb IIPH U3TOTOBJIEHHH
W3NENMA W3 TEMIOU3ONALHOHHO-KOHCTPYKTHBHOrO Kepam3utoberona M50...100 ana
KUJIMILHOTO ¥ FPaXKJAHCKOTO CTPOUTEITBCTBA.

[MpumeHeHHe KEPAM3UTOBOTO PaBUsl KaK 3allOHHTENs KOHCTPYKTUBHEIX JIETKHX
GETOHOB [10KA He MOJIYYHUIIO MacCOBOTO pacNpoCTpaHeHus. Bce MEeponpHsTHs, Harnpas-
JIEHHBIE Ha TOJy4eHHe KePaM3UuTOBOI0 I'paBUs ¢ MIPOYHOCTHIO TP CIABIMBAaHMHU B IIpe-
nenax 8...10 MTTa, BemonHsnuCh 6€3 ydera ero paboTel B 6eTOHE NPUMEHUTENTBHO K
nedopMaTHBHEIM CBOFicTBaM. B cBeTe mocneaHuX uccnenoBaHui no 6€TOHy 3Ta B3au-
MOCBSI3b UIPaeT PelIalolIyl0 POJib B TEXHOJIOTHWH IMPOM3BOJACTBA M3JEIMH, XapaKTepH-
3yIOIIMXCS BHICOKOH CTETIEHBIO HAXKHOCTH B KOHCTPYKIHAX. JIIs 5THX Lenei JOKHBI
GBITH AETANTBHO PACCMOTPEHB! OCOOEHHOCTH TEXHOJOTHH MOPHCTHIX 3arionHuTENEl, Ta-
KHe, KaK B3aUMOCBA3b MEXAY NPOYHOCTBIO 3AMOJHUTENA H IPOYHOCTHIO KOHCTPYKTUB-
HOro 6eTOHa, H3yUeHHe PasIHYHBIX (PAKTOPOB, BIMSIOIMX HA MOBBIIIEHHE MPOYHOCTH
3aMOJTHUTENS H T. 1. '

1.1. TeopeTnyeckHe OCHOBBI TEXHOJIOTHH POU3BOACTBA
KOHCTPYKTHBHBIX JIEFKHX 0eTOHOB

BHepeHre B CTPOUTENIBCTBO HU3JE/HU U3 KepaM3UTOOETOHa BBICOKOH IpPOYHO-
cTH, 00eCIIeYHBarOIIEE ero HaJJeXHY0 paboTy B pa3IM4HbIX KIMMAaTHYECKUX YCIOBHSX,
npuBnekaeT Bce 6onbliiee BHUMaHUE. B psjie cirydyaeB UX H3TOTOBJIEHHE SBJSETCA €AUH-
CTBEHHO 3()(EKTHBHBIM CIIOCOOOM IIPOU3BOJCTBA. DTO BAXHO JUI TaKHX PaiOHOB, Iie
OTCYTCTBYIOT MECTOPOXKAEHUSI KAMEHHBIX MaTepHaJloB U He0OXOJUMO IIHMPOKO pa3BH-
BaTh [IPOM3BO/ICTBO IIPE/IBAPUTEILHO-HAIIPSKEHHBIX KOHCTPYKIiA [28].

Hccnenosanus mo npou3BOACTBY JIETKOro O€TOHa, H3y4EHHIO €r0 CBOWCTB W BO3-
MOXHOCTH MPUMEHEHHS B CTPOUTENILCTBE KOHCTPYKIHMIA U3 KepaM3UTOOETOHA TPOBOIU-
au coserckue yudennle: H.A. [lomos, M.H. Axsepnos, I0.M. Baxenos, O.5. bepr,
10.M.ByT, A.A. I'Bo3zies, M.3. CumoHOB 1 1ip. [3, 6, 9, 11, 30]. H.A. Tlonos 0606mmn B
cBoMX paboTax OMBIT HCclenoBaHuil no kepamsutoberony B CCCP u 3a py6exom, on-
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penenun o61acTh €ro NPUMEHEHHs, BBISBUN OOLIMe 3aKOHOMEPHOCTH, BIIUSIONINE Ha
CBOMCTBAa Ke€paM3HUTOOETOHa, W Mojy4un OeToH ¢ npo4yHocthio 20 MITa [81]. 3naun-
TeIbHOE KOJIMYECTBO PaboT MO TEXHOJOTHH KepaM3HTOXee300eTOHa INpOBENEHO B
HWIKBe npod. C.A. MupoHnosbiM, I'.A. Byxesuuem, M.A. KopHeseim, A.A. Kyapss-
uessM [15, 16, 68].

Honroe BpeMs CyLIECTBOBANO MHEHHE O TOM, YTO JIeTKHe GETOHBI MOTYT ObITh
TIONTy4Y€HB! JIMIIb CO CPaBHUTENBHO HU3KOH MPOYHOCTBIO. DTO MHEHHME OCHOBBIBAIOCH
Ha peanoxernHo B 1933 r. npod. b.I'. CkpamraeBriM «O6061EHHOI TEOPHH IPOYHO-
ctu GeToHa», COrnacHO KOTOPOH IPOYHOCTh HMCIOJIB3yeMOro ieGHs A0/KHA COCTaB-
n41h He MeHee 120% ot 3anaHHO# Mapku Getona [87].

Hccnenosanuio posii Kepam3uTa B (GOPMHPOBAHUHM MPOYHOCTH KEPaM3UTOOETOHA
nocpsmieHsl pa6oTel npod. A.M. BaraHoBa, BbISIBUBILIETO OCHOBbI TE€OPHH MPOYHOCTH
KepaM3MTOOETOHa U MONy4YHBIIEro kepam3utoberon Mapku M400 [17]. MM Gbisio ycra-
HOBIIEHO, 9TO O0OOCHOBAHME THIIOTE3, ONMpPENEIAIONIMX XapakTep pa3pylieHHs 6eToHa
CpelHe# ¥ BBICOKOH MPOYHOCTH, IPH CPaBHEHHH TIPOYHOCTEH 3aMOJIHHTENIS M PACTBOPA,
cleyeT pacCMaTpuBaTh HEJOCTATOYHBIM, TaK KaK OJHOW W3 NPUYKMH paspylleHHs sB-
JSOTCS NpelelbHble neGopManuu ckenera u 3anoiuutelis. OHO MPOMCXOAHUT JIHGO 110
cKkeneTy, Mu6o MO 3amoTHUTENO, B 3aBUCHMOCTH OT TOTO, Kakas M3 COCTaBISIOIIHUX
HMeeT HaMMEHBIIYIO0 TIPeJIeNIbHYI0 PACTSIKUMOCTb. g

K gucimy oCHOBHEIX (PaKTOpOB, ONpEAENAIOMUX MPOYHOCTH KepaM3uTo6eToHa,
A. BaraHOB OTHOCHT BHJ KEPaM3HTOBOTO TPaBHsl, ero coiepxanne B | M’ GeToHa,
NPOYHOCTH PAcTBOPHOHM 4acTH HE3aBHCHMO OT TOTO, 3a CYET Yero OHa JOCTHIHYTa:
cuwxenueM B/Ll; yBenuuenrem pacxola HeMeHTa, TIOBBILIEHHEM ero. aKTUBHOCTH. [1pu
3TOM BEeJIMYHMHA MpPENENbHON NPOYHOCTH GETOHA ONpeNeNnsieTcs UCKIIOYUTENBHO CBOM-
CTBaM# KepPaM3HTOBOro rpabus. MM nosryueHa npoyHocTs kepam3utoberona B 50 MIa
npu 06seMHO# Macce 3epeH B Kycke 1400 Kkr/M’. YuuThIBas TOT $akT, uTo. Gosee Tsxe-
JIOMY KEPaM3HTYy COOTBETCTBYET 60.bIIasi MPOYHOCTh M GoNbluas BeJIMYHHA Ipeeb-
HOH 1eOPMATUBHOCTH, IPEATIONOXKEHO, YTO MOBHIIIEHHE IPOYHOCTH KEPAM3MTa CIO-
coOCTBYeT MOBBIMIEHUIO IPOYHOCTH KEPAM3UTOOETOHA.

C.M. HMuxosuy, uccnenys NoBeJeHue NOPUCTOTO 3aMONHUTENS B 6ETOHE, BRISIBUI
HEKOTOpBIE M3 NMPHUYMH, 32 CYET KOTOPBIX JTOCTHIAeTCs JOCTATOYHasi MPOYHOCTh GeTo-
HOB, yYHTBIBask IIPH 3TOM, 4TO 60jiee IPOYHBIE 3aITONHUTEIH YACTO 061aJaI0T Xy AUIUM
CHeIUIeHHeM ¢ pacTBopoM  [59].

Bonbnioe 3HavyeHWe 111 BHENPEHHA BBICOKONPOYHOIO KEPaM3UTOOETOHaA
M300..400 mpy CTPOHTENBCTBE MOCTOB HMMENH PE3yIbTaThl HCCIENOBaHHN mpod.
WN.I MiBaroBa-/IAT/10Ba, B KOTOPBIX MOATBEPXX/EHO MONOXKUTENLHOE AEWCTBHE Mpoliecca
€aMOBaKyyMHpPOBaHUS B (HOPMHPOBAHHH CBOMCTB Jierkoro GetoHa. M BEHISABIEHO, 9TO
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paspylleHHe MPOUCXOIMT He 110 MOBEPXHOCTH KOHTAaKTa, a 10 3€pHY, KOTOpOoe paboTaeT
BHYTpPH pacTBOpa KaK BCECTOPOHHE 00)KaToe TeJO ¢ MOBBILIEHHOH paCueTHOH IPOYHO-
crbio [58]. M3-3a aTOr0 K039 duLHEHT ycnoBUil paboTe Kepam3HTa B GeTOHE IpPHHH-
MaroT paBHbIM 2,5-3,0.

3Ha4uTe/1bHBI 00beM paboT Mo TeopuH neOPMATHBHOCTH 3ePEH 3aMOTHUTENS
UL KOHCTPYKTHBHOTO Kepam3uToOeToHa BbionHeHsl mpo¢. H.A.MBaHOBEIM H
H.M.Makpununeiv [57]. CornacHo HHCTPYKUKHM MO W3TOTOBIEHHIO M3AETHHA H3 HOBBIX
BU/IOB JIETKMX GETOHOB, B TOM YMCJIe KOHCTPYKTHBHBIX, IPOYHOCTE IIPH CAABINBAaHUHU B
unnunape sanonautens no FOCT 9759-71 mns Gerona mapku 500 noykHa Oblia co-
craBiiTh He MeHee 7,0 MIla. Dtu TpeboBaHMs MOATBEPXKAAIOTCS pe3yibTaTaMH MHOTO-
YHUCJICHHBIX HccnenoBaHui [29]. TeopeTH4ecKuM NpeanochlIkaM BO3MOXKHOCTH MOy -
4eHHMA JIerKHX OeTOHOB BBICOKOH MPOYHOCTH, MOCBAIEHH PaboThl mpood.
M.3.CuMOHOBa, YCTAaHOBHUBILIETO, YTO 3€pHA 3allOJHUTENEl B GETOHE WMIPAlOT pOJb
MHKPOHaCOCOB, OTCAChIBAIOIUX Biary u3 6etona [88].

Ocoboe 3HaueHHe HMEET NOCTATOYHAs OXHOPOMHOCTH 3aloJIHUTENeH, Kak Io
NPOYHOCTH, TakK U 10 00beMHOH Macce. bonee Bbicokue TpeGOBaHUs K KEPAM3UTY UL
BBICOKOIPOYHBIX OETOHOB JIOJDKHBI IIPEBSIBIATHCSA 110 KOd(PULUHEHTY HOPMEI, KOIH-
9eCTBY pa3pylIEHHBIX 3epeH H T.1. [foBepxHOCTHas KOpKa rpaHyJlbl HTPaeT CyIIEeCTBEeH-
HYIO poik B HOPMHMPOBAaHHH HPOYHOCTHBIX M Je()OPMATHBHEIX XapaKTEPUCTHK 3aIoi-
nutens. Hapymenune BepxHeit 000/104KH TIPHBOJIUT K YMEHBIUICHHAIO [PEIEbHOM MPoY-
HOCTH Ha 25%, poCTy BOJIONOITIOIIEHHUs 3€PEH M CHIYKEHUIO UX MOpo3ocToiKkoeTH [58].

B na6opatopuu nerkux 6eronoB HUMXXBa B Teuenue psina JeT NpOBOJMIA HC-
CIIE[IOBaHHUs 1O BBICOKOMPOYHBIM JIETKUM O€TOHaM, M3rOTOBNEHHBIM Ha BBICOKOIPOY-
HoM kepamsuTe. OgHa U3 paGoT NOCBALEHa H3YYEHHIO CBOWCTB KepaM3UTOOETOHa KII.
B25...40. Ananusupys neopMaTHBHbIE XapaKTEPUCTHKH STUX GETOHOB, aBTOPHI NPH-
XOJAT K BBIBOJY, YTO Ha 3TH CBO#CTBa OONBIIOE BIUSHUE OKa3bIBAIOT COCTaB OeTOHa U
yCJI0BHs €ro TBEpAEHHs. [ 1aBHBIM, 4TO ONpenesseT IPOYHOCTh OETOHA, SABMSIETCS MIOT-
HOCTb CTPYKTYpPBl. MOp0O30CTONKOCTE KOHCTPYKTHBHOTO KEpaM3UTOOETOHA 1O TaHHBIM
S1.1.Kapnukosoit n K.M.Kar Haxomurcs B npenenax 400...500 uniioB, 4TO MO3BOJIIET
CUHUTATh Er0 MOPO30CTOMKUM MaTEePHAIOM.

M3 nepeurcienHoro o63opa nuTepaTyphbl BUIHO, YTO HCCIENOBATENsIMH HE H3Y-
vanuck 6eTOHBI, paboTalollMe B KOHCTPYKIMSX, KAKMMHU SBIISIOTCS HANIOPHBIE TPYObI 1
He M3y4YeHbl CBOWCTBA KepaM3HTOOETOHA, YIIOTHAEMOr0 BUOPHPOBaHHEM U IPECCOBa-
HueM. Bocnonuss sror npoben, B Kyit6simesckom UCHU B 1969-73 rr. npoBeseHs! Hc-
CIIC/IOBAaHHUS ¥ ITPOU3BOICTBEHHbIE UCTIBITAHUS KepaM3uTOOeTOHa B BAOPOrHIPONpecco-
BaHHBIX HANOPHBIX Tpy6ax. YcraHoBiIeHO, 4TO AasjieHus B 2,8...3,5 MIla no3sonsior
10/1y4uTh Haubonmbmui 3¢dekT oT mpeccoBaHus KepaM3uToGeToHHON cMecu. [1pou-
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HOCTb KepaM3uTOOETOHA, YTIOTHEHHOTO BUOponpeccoBaHueM, Ha 25...30% npesima-
€T NMPOYHOCTh OETOHA, YIIOTHEHHOIO TONbKO BUOPHPOBaHUEM.

K. Banen u I'. Bamepe otmeyaroT, 4o 3a py6exom, ocobenno B CILA u Kanage,
MMEET MECTO IIPEUMYILECTBEHHOE HCIOMb30BaHHE KOHCTPYKTHBHOTO KEPAM3UTOOETOHA
Npy BO3BEEHHH MHOTOITAXHBIX 3aHHH U3 JIETKHX GOJNBIIENIPONIETHEIX KOHCTPYKLMIA,
4TO Je/NaeT 3JKOHOMUYHBIM HX NpuMeHerne. K HacTosemy Bpemenu B CILIA u Kanane
umeerca 250 3aBOJOB, BBINyCKalOmMUX  IOpHCThle 3anosuuteny [18]. IMo nan-
HeiM T.YuTeHkepa, B KaUeCTBE CHIPbA [JIsl TPOM3BONCTBA 3aNOJIHUTENEH IPH-
MEHSIOT IJIaCTHYHYI0 W CIaHUEBYIO TIMHMCTBIE MOPO/B] HIIM TIMHUCTHIH cnanen. [pu-
4eM J[Ba NOCNENHUX BUJIA CBIPBs Oonee NpeNoUTHTENbHb! G1aroaps OTCYy TCTBHIO He-
00X0JMMOCTH B UX TILATEIFHOM H3MEIbYEHUH H MPaHyIHPOBAHHH.

B Jlanuu, Hopsernu, @unnsguaun, Yexuu npuMensercs 3anonuutens «Lecay,
XapaKTepH3yIOIIMKCSA HU3KOH HACBIMHOW TIIOTHOCTHIO. Ha nanHoM 3anmonHuTene u3 Ge-
TOHa ¢ PO4HOCTEIO 110-30 MITa 1 cpejmHeit mioTHoCTHIO 10 2000 KI/M® H3rOTaBIMBAIOT Pa3iny-
Hbl€ KOHCTPYKIMH. VIMeeTcs s ANOHCKMX MAaTEHTOB, CBA3aHHBIX C pa3paboOTKOi Tex-
HOJIOTHHM TIOJyYEHHsT BHICOKOIPOUHEIX 3anonHuTeneil. B HortiHremckom yHuBepcHTe-
Te BenukoOpHTaHWH HCCHE0BaHbI CBOMCTBA H BO3MOXHOCTH IIPUMEHEHH S [10JTy 4aeMO-
ro U3 JOMEHHOTO LLlaKa IOPUCTOro 3anonHuTens «Pellite» B KOHCTPyKLHOHHOM 6eTo-
He. IIpoBe/ieHHBIE 9KCIEPUMEHTBI ITO3BOMMIIH YCTaHOBUTE, YTO IPOYHOCTH Ha CXKaTHe
6erona Ha 3anonuuTene «Pellite» B Bospacte 28 cyTok coctasnser 65...70 MI1a [102].

Cneunamucramn dupmel «Norsk Leca» (Hoperust) paccMOTpeHBI CBOHCTBa
KJIHHKepHOTo 3anmojHuTens «Leca» (kepamsur) ¢ mpouHoctsio 8 MIla u cpenHei mioT-
HOCThIO 750 Kr/M*. Jlerkue GETOHBI IPUMEHSIIOT [TPH H3TOTOBJIEHWM MOHOJIHTHBIX KOH-
CTPYKLMH, B YaCTHOCTH, MOPCKHX ITaTGopM i HeTeR00bIYH, COOPHBIX 3JEMEHTOB
ans nomoctpoennus [103]. @upma «Laterlite» (Mtanus) mpoussoaut kepam3ut «Lecay ¢
IPOYHOCTbIO Ha CkatHe 1,2...4,9 MIla, KOTOPBI#i MCIIONB3YIOT KaK 3alOJHHTENb JIer-
xoro GeToHa co cpefiHel mIoTHOCThIO MeHee 900 kr/m*® [104, 106, 107].

PaccmarpuBas cTpyKTypy 3epeH kepam3uTa, ucnonssyemoro B CILIA s momy-
4eHHs] KOHCTPYKTHBHOI'O JIETKOro 6€TOoHa, ClIeyeT OTMETHTD, YTO OHH UMEIOT CHEepH-
4ecKyro HopMy € MIOTHOH 060104KOM, a B H3TOME — CTPYKTYPY C paBHOMEPHBIME Mell-
kumu niopamu [108, 112].

B BenukoOpuTaHHM OPOM3BOAAT TP BHAA MCKYCCTBEHHBIX MOPHCTBIX 3aIONHH-
Tenel: kepams3ut «Lecan, arnonopur «Aglite» Ha OCHOBe INIMH 1 aronopuT «Lytag» Ha
OCHOBE 30JIbl yHOCA. ATJIONOpUT «Aglite» MPUMEHSIOT [JIsl IOy YeHHs. KOHCTPY KTHBHO-
ro Jierkoro 6eToHa ¢ MPOYHOCTHIO Ha cxarHe 10 SO MIla npu cpenneit wiotHocTH 1700
kr/m® [109, 110].
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B ®PI 3aBoxbl paboTaoT o crocody «Leca» ¥ BBITYCKalOT KepaM3UT C HacChIll-
Hoii mmoTHocTho OT 300 10 700 kr/m°. Ha ero ocHOBE BO3MOKHO M3rOTOBJIEHHE KOHCT-
PYKTHBHOTO GeTOHa ¢ POYHOCTHIO Ha cikatue 10 40 MITa npu o6bemHol Macce He Go-
nee 1600 kr/m*. Bplia U3roTOBIEHA apoyHas INpeBapuUTeNIbHO-HANPsHKEHHAs KOHCT-
pykuus nponerom 30 M u3 Getona k1. B25 o6beMHo# Maccoi 1600 kr/m® [111, 113].

AHanu3 nepevyncIIeHHBIX paboT [103BOJIIET OTMETHTh, YTO KOHCTPYKTHBHBIH Jier-
KHii GETOH, M3rOTOBJEHHBI Ha HCKYCCTBEHHBIX IIOPHCTBIX 3allOIHMTENSAX C MaKCH-
MaJIbHBIM pa3MepoM 3epHa 10 19 MM, TOMUMO OHHM>KEHHOH HACBIITHON IJIOTHOCTH, Xa-
paKkTepu3yeTcsl YIOBIETBOPUTEIbHBIMYI BOJIONPOHUIIAEMOCTBIO, MOPO30- U OIHECTOM-
KoCThIO. Bee 3T0 obecrieqrBaeT HOBblE MYyTH B Pa3BUTHM IPOTPECCHBHOIO CTPOUTEINb-
cTBa Ha Ga3e obier4eHHbIX GETOHOB.

1.2. B3aumocBs3b NPOYHOCTH KOHCTPYKTHBHOIO 0eTOHA ¢ NPOYHOCTHLIMH
U 1epopMATHBHBIMH CBOHCTBAMH KOMIOHEHTOB

HecmoTps Ha TO, YTO BONPOCH! NMOBHIIICHUsI Ka4eCTBa KEPAM3HTOBOIO IpaBHs B
TEXHOJIOTHH €ro NMPOU3BOJCTBA PELIAIOTCA HECKOIBKO AECATKOB JIET, HAYMHasl OT Iep-
Buix pabot I'. [hxekcona, E. Opronn, X. Crenes [105],a B CCCP ~ ILM. I'ankuHa,
WU.A. I'epBunca [22], TeXHONOrHs IPOM3BOJCTBA BBICOKOIPOYHOIO KepaM3uTa JO Mo-
CJIE{HETO BpeMeHH He Obula IOBeIeHa 0 IPOMBIIIEHHOTO BHEJPEHHUS.

H3BecTHBIE TEXHOJIOTHYECKHE ITyTH NOBBIIIEHHSI MPOYHOCTH KEPAM3HTOBOTIO Ipa-
BHsL CBOSATCSA K IBYM HallpaBJICHUSIM:!

- TNOBBILIEHHE IPOYHOCTH MaTepHalla MEXIIOPOBBIX NEPEropofoK IpaHyJl 3a CYeT

BBEJIEHHs B LIMXTY MHHEpalbHbIX 100aBOK (C HE3HAYMTEIBHBIM MOBBIUIEHHEM

i 6e3 NoBbIIIeHHs 00BeMHOH Macchl);

- CHIKEHHE IIOPHCTOCTH 3€PEH 3a CUET TEMIIEPATyPHOrO peXuMa (CONPOBOXKAAET-
csl yBenM4eHHeM 00beMHON Macchl).

Psn aBTOpOB OTMEYaeT, 4To /Il IPOU3BOJCTBA BBICOKONIPOYHOI0 KEPAM3HUTOBOIO
rpaBusi ZODKHBI IPUMEHSTECS PhIXJIble INIMHHCThIE IOPOJBI C YMEPEHHBIM CONEPIKaHHU-
eM MecyaHbIX (paKiuii, MpuyeM cBOOOIHBINH KBAPLl JODKEH OBITH MPEJCTaBlIeH 3€pHa-
mu meree 0,25 MM B konudectBe He Gonee 10% npu obuem copepxanuu SiO, He 6o-
nee 57% u Al, O, - He menee 16% [78].

B HacTosIIlee BpeMs IO IIepBOi CXxeMe H3Y4eHO BIHSHHE BBEJCHHs! B TIMHHCThIE
NOPOIbl TAKMX MMHEPATIBHEIX 106aBOK, KaK aTyHUT, Mepnut [13, 14], Tyronnaskue He-
BemyuuBatomuecs: rmusbl [70], 3oner TOC, BynkaHuueckuit nemesn, 6a3anbTOBBIE 3a-
TPaBKH, MPOMBIIIIEHHbIE OTXOME! B Ipolecce MepepabOTKH ayHHTOB Ha TJIMHO3EM H

ap.
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C uenpro paclIMpeHUs MeCTHOH chIpbeBod 6a3pr A.A. Kpynun u b.C. 3aiinen-
Gepr peUIoKUIN HCTIONB30BaTh TMAaTOMHUTHI U Tperenbl. Ha HX OCHOBE BO3MOXHO 11O~
ny4eHue 3aroJHUTeNeH NMOBhINIEHHON HachimHOH mioTHocTH (800...1000 xr/m*), Hc-
NOJIb3yeMBIX IJIS NPOU3BOACTBA U3eNnii u3 nerkux 6erono M200...500 ¢ o6bemHOI
macco# 1600 kr/M* ¥ Ha3BaHHbIX BIIOCIEACTBHH TEPMOJIHTOBBIM IPABHEM.

CormnacHo BTOpOW TEXHOJIOIMYECKOH cXeMe Ha OCHOBe paboT, NMPOBENEHHHIX B
HHMKepaM3uTe, NpeanoXKeHbl peKOMEHJal|K IpH BEIOOpE peskuMa 00XXKHra KepaM3u-
TOBOT'O I'PABHsl NIOBBIIIEHHOH IPOYHOCTH:

- ylydlleHHe nepepaboTKy U MapoyBIaXXHEHUs! IJTMHOMACcCHl, a TakXkKe yMeHblle-

HHe pa3mepa rpanyi ¢ 20 1o 10 mm;

- MOACYUIKa rpaHyJl B CYIIMIbHOM OapabaHe 10 OCTaTOYHOMN BJIAXXHOCTH 5...6%);
- ycTaHOBIIeHHe uyKciia 000pOTOB NedH, obecrneynBaroee OO0 MPOAOIDKHTENb-

HOCTb TIipeObIBaHKs B Hel MaTepuana B TedyeHue 50...55 MuUH.;

- noxbop ONTHMAIBHOIO pexuma o0Xura B 3aBUCHMOCTH OT CBOWCTB ChIPbS C

IPHMEHEHHEM JIBYX IOpeJIoK WIH (POPCYHOK;

- yCTaHOBKa MOAHNOPHOro ¢uiaHlla Ha ropsyeM KOHIE BpallaloOLeHcs Meuy ams

CO3[aHMs MATKOrO PEXXHMa B 30HE OXJaXKAEHHS.

B paGorax C.I1. OHankoro mpuBOJATCS CIEYIOUIME PEKOMEHAALUH 10 TIPOH3-
BOJACTBY KepaM3HTa I KOHCTPYKTHBHBIX O€TOHOB: TIaTebHas nepepaboTka U romo-
reHU3aLHsl TJIHHUCTOTO CHIPhA C PABHOMEPHBIM paclipe/ie/leHHeM B HeM XHMHYECKHX H
MUHEpaJIbHBIX 100aBOK; IPUIOTOBIEHHE CHIPLOBLIX I'paHyn pazMepom 8-12 mMm; Gosee
MKW peXHM HX TeIIOBOH 00paboTKH 1JIA NpeOTBpalleHHs TPEeMIHHO00pa3oBaHus;
3aMeTeHHBIN pesKuM 00XKHra U OXJIXISHHUS rPaHyJl C H30TePMUYECKOH BBIIEPIKKON B
Teyenue 15-25 mun B unTepsaie 900-700°C w1 co3TaHUSA MaKCHMAIBHOTO KOTHYECT-
B4 MEJIKOKDHUCTAILIMYECKOH (ha3sl B pactifiaBe MTMHHCTBIX NOpoJ. B kadectBe MuHe-
panpHBIX 100aBOK Ul TIOBBILIEHHS NPOYHOCTH KepamM3UTa PEKOMEHIYETCA MCIIOJb30-
BaTh Cy/Ib(HI XKenesa, pyTiil, JOMEHHble LUTaki | T.4. [78, 14]. Ilpu 3ToM NpoYHOCTH
KepaM3UTOBOro IpaBusi IO JTaHHBIM 3THX aBTOPOB Bo3pactaeT B 1,5-2,0 pasa. ITo aroii
)K€ TEXHOJIOTHYECKOH cxeMe B NociiefiHee BpeMs pa3paboTaHa TEXHOJIOrHs MPOH3BOJ-
CTBa KEPaMHYECKOTO 3allOJIHUTENS — KepaMIopa ¥ KepaMJIMTa U3 IJIMH PasiH4HOro XHU-
MHKO-MHHEpaJIoruueckoro cocrasa [21]. Mix momy4aroT myTeM BEICOKOTEMIIEPATYPHO-
ro ob)kura B OIMH WX IBa nukia. Ha ocHoBe kepamaopa GbUT MOMydYeH KOHCTPYKTHB-
Hblil 6eToH co cpenHedt MIoTHOCTBIO 2100...2200 KI/M’ M MPOYHOCTBIO MPH CKATUH B
npenenax 35...40 MIla. Ha xepamnurte Mapku 1o npodHocTd 1400 Gbu1 H3roTOBNIEH
kepaminroberon M700, B8, F300. IIpu atom 6BUIO MOTYy4YeHO COKpamieHHe pacxoja
uemenTa Ha 15...20% mo cpaBHeHHIO ¢ OOBIYHBIM OeTOHOM Ha Ie6OHe. Hanuuue y 3epen
KepamyiiTa aKTHBHOH 00OJIOYKHM 3a CYeT ONyIPHBAaHHS CHIPLOBBIX I'PAHYJ CBIPHEBO#






