Tabnunusa 4
BnactmsocTi BUPO6IB XyA0XHbLOT KepaMiky Nicns Bunany Ha nosiTpi

No BnactuBocTi
3paska W, % M, % Yyse., F/cm® Ocr, MMa

1 20,2 33,78 1,70 101,4

2 19,0 32,4 1,71 101,7

3 18,0 31,0 1,77 101,7
4 17,0 29,3 1,76 101,7
5 20,75 — 1,71 79,1

6 18,7 32,8 1,93 113

7 18,3 31,35 1,78 73,45
8 18,3 31,35 1,78 84,45
9 17,9 31,37 1,75 56,5
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MEXAHWN3M PASYTIPOUHEHUA TAXXEJIOI O BETOHA
MNP HAIrPEBAHNI

B cTarTi po3rnsgaroTbest npouecw, Lo BifgbyBatOTbCs Y BaXXKOMY GETOHI npw HarpiBaHHi. BuknageHo
MexaHi3M POo33MiLHeHHS.

In article the processes occurring in heavy concrete at heating have been considered. The softening mech-
anism has been stated.

MocTaHoBKa npobnemsl. Mponcxogawme B YKpanHe noxxapbl HAHOCAT 3Ha-
YMTENbHBINA yLIepO 34aHMAM U COOPY>KEHWAM, MNP 3TOM, NMPOUCXOAUT 3HAYMTE b-
HOe N3MeHeHVe (DU3NKO—MEeXaHUYECKUX CBOWCTB MaTepuasioB, U3 KOTOPbIX U3ro-
TOB/IEHbI KOHCTPYKUMW. [10 HACTOALLEro BpemeHW BOMPOC O MexaHW3Me pasy-
MPOYHeHMs 6eTOHa NPV HarpeBaHMM HOCUT MPOTUBOPEUMBBLINA XapaKTep.
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AHanuns3 nocneiHux nccnefosaHnii n nyénnkauwii. ssectHo [1, 2, 3, 4], uT0
MPU HarpeBaHUM B TSHXKE/bIX 6ETOHaX NMPOUCXOAAT MPOLECCHI, BeAYLIME K CHKe-
HUIO NoKasaTesiell Pn3nKo-MexaHUUYeCKMX CBOMCTB. ITW MPOLECChbl, B OCHOBHOM,
CBSi3aHbl C Pa3/oXKeHWeM NPOAYKTOB rumaparauumn LeEMEHTHOrO KaMHs, U3MEHEHU-
eM BbICOKOTEMMEPATYPHOIN MPOYHOCTN OCHOBHBIX K/IMHKEPHbIX MUHepasios [2].

NocTaHoBKa 3ajavn u ee pewleHune. B pabotax [1, 2, 3, 5] nokasaHo, 4TO
(h13nKO-MexaHMYeCcKme CBOMCTBA GETOHOB U PacTBOPOB MPU MHTEHCMBHOM Harpe-
Be (B YCNOBUAX MOXapa) npeTepreBatoT 3HaUNTe/bHbIe N3MeHeHNs. KavecTBeHHOe
N3MeHeHVEe PU3NKO-MeXaHNYeCKUX CBOMCTB GETOHOB M PacTBOPOB NPW BO3/AENCT-
BUWN Ha HUX BbICOKMX TeMMepaTyp NpakTUYeCcKn O4MHAKOBO, PacX0oXaeHNst HOCAT
TO/IbKO KONMMYECTBEHHbIA XapakTep.

[MoBefeHMe 6ETOHOB M PacTBOPOB MNPV HarpeBaHMU 0 BbICOKMX TemmnepaTyp
3aBUCUT OT MOBEeAEHUSA OTAE/bHBIX KOMMOHEHTOB, KOTOPbIe BXOAAT B UX COCTaB., a
TaKXKe OT XapaKTepa WX B3aUMOAENCTBMS, CKOPOCTW HarpeBaHWs matepuana u
ApYyrunx hakTopos.

[Na YyTOUHEHMS NPOLEeCccoB, NPONCXOAALLMX NPU HarpeBaHUM TAXesbIX 6eTo-
HOB Obl/IN U3roTOB/EHbI 06pa3Libl 6ETOHHbLIX Ky60B 13 G6ETOHHOW CMecu OAHOro
coctaBa. O6pasubl BblAEPXXMBAIMCH B HOPMa/IbHbIX BIXXHOCTHbLIX YC/IOBUAX 28
CYTOK, MOC/Ie Yero BbICYLUMBaIN A0 NMOCTOSAHHOW Macchbl U TepMoo6pabaTbiBanv B
nHTepBasne Temnepatyp Ao 1000 °C ¢ BbIAEPXXKOM MPW AOCTUXEHUM TeMMNepaTypbl
15 MuHyT. ocne TepMoo6paboTKM Ha OXNaXKAeHHbIX 06pa3uax onpeaensnn npe-
[eN NPOYHOCTM MPU COKaTUW, AN Yero WCMosb30Basv TMAPaBANYECKUA Mpecc
Mr-50 ¢ makcmansHbIM yeunmem 50 Tc.

B pe3synbtate 6bI1M NONyYeHbl pe3ynbTaTbl Pa3ynpovyHeHUss GETOHHbIX 06-
pasLoB NPW HarpeeaHuW, MpefcTaB/ieHHble Ha puc. 1. 3amMeTHO, YTO B UHTEpBasIE
Temnepatyp 4o 200 °C NpOYHOCTHbIe NoKasaTe/n 6eTOHHbIX TepMO06paboTaHHbIX
06pa3uoB nosbiwatoTcA. C AanbHENLINM XKe YBeIMYeHeM TemnepaTypbl npouc-
XOAUT CHUXEHME MEXaHWYeCKUX XapaKTepUCTUK MX, YTO He MPOTMBOPEYUUT [aH-
HbIM, U3/10XeHHbIM B [2].

[na 06bACHEHNA NOMYYEeHHbIX AaHHbIX NapaiieibHO C ONpeaesieHnem npe-
[lena NPoYHOCTU GETOHHBLIX 06pa3LoB Oblia orpefeneHa MX CpedHsAs MAOTHOCTb
(puc. 2), a TaKKe NPoBefeHbI TEPMOrPaBNUOMETPUYECKME NCCNEL0BaHWS.

Kak Obl10 yCTaHOB/IEHO, HEKOTOPOE MOBbILEHNe MPOYHOCTU (puc. 1) Ao
200 — 300 °C cBsizaHO C MOBbILLIEHNEM CpPefHeit NIOTHOCTK 06pasua, a Tak ke
npoweccamu, NPONCXOAALLMMI B Mopax obpasua.

B 3tom nHTepBasie Temnepatyp MPOTEKalT OLHOBPEMEHHO [Ba MPOTMBOMO-
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NOXHbIX npouecca. C OfIHOW CTOPOHbI, 3TO MPOLLECC MOCTENEHHOro PaspyLLEHNs
MaTepuana, a c ApYroii — NPOLIECC ero YKPeneHus.
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Puc. 1. 3aBMCMMOCTb Npeena NPoYHOCTN GETOHHbIX 06pa3sLoB
OT TemrnepaTypbl TEpMO0OPabOTKU
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Puc. 2. 3aBUCUMOCTb CpeAHEN MNOTHOCTM GETOHHbLIX 06pa3L0B OT TeMMepaTypbl
TEepMo0o6paboTKM

O6a 3TMx npouecca CBA3aHbl BAUAHMEM (HAaKTOPOB TeM/0B1aronepeHoca:
rpagvieHTa TemMnepaTypsbl, AaBneHNUs napa npyv UHTEHCUBHOM MUCMapeHun u3nye-
CKMN CBA3aHHOWN BOAbI, HAXOAALLEINCA B Mopax LEeMEHTHOIo0 KaMH$, Blarocogepxa-
HUS.

[encTBre OTMeYeHHbIX (haKTOPOB TersioB/iaronepeHoca MOXET MPUBECTU K
BPbIBOOOPA3HOMY paspyLUeHnto 6eToHa [6].
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O[LHOBPEMEHHO C 3TVMM MPOLECCOM HarpOMOXAEHUSA CTPYKTYP AEACTBYIOT U
MPoLEecChbl YNPOYHEHNA. DTOMY CMOCOOCTBYET, BO—MEPBbIX, OCBOOGOXAEHME Nop
6eToHa OT (JM3NYECKMN CBA3AHHOW BOfAbl. [1py 3TOM, CHUMAIOTCS BHYTPEHHUE Ha-
NPSHKEHNS B CTPYKTYpe 6eTOHA OT KanuAPHbIX CUM MOBEPXHOCTHOIO HaTSXKEHUA
B/lary B nopax marepuana.

Bo-BTOpbIX, NPOLECCHl TEMI0BAAronepeHoca CO HEKOTOPble MPOMEXYTKU
BPEMEHW CO34al0T YCN0BMA A4/19 aKTMBM3aL MU NPOLLeCCOB rmapartaumny Henpopea-
rMpPOoBaBLLMX C BOLOW YacTuL, MOpTIaHALEeMEeHTa.

ATOT Mpouecc uvallle BCEero npeBaiMpyeT Haf npoueccamy paspyLUeHuns
CTPYKTYpbl Matepuana, 4To B UTOre NPMBOAMUT K HEKOTOPOMY MOBbLILLEHWUIO MPOY-
HOCTV 6eTOHa B OTMEUYEHHOM MHTepBa/le TemrepaTyp ero HarpeBaHus.

YpaneHvie (M3NYecKn CBsi3aHHOW BOAbl HA KpmBo DTA oTMmeuaeTcs 3HAO0-
TepMuyeckmmu adgpektamum npy Temneparypax 90 — 110 °C (puc. 3).

Mpn panbHeriwem nosbieHU Temnepatypbl (cBbiwe 300 °C) MPOYHOCTb
OETOHOB 1 PACcTBOPOB CHWKAETCA B pe3ysnibTaTe NpPOTeKaHUs Crefyrowmnx OCHOB-
HbIX MPOLECCOB:

- gerngpataumn B nHTepsane temnepatyp 250 — 800 °C ruapoatoMmMHaTOB 1
rmapodeppuToB  KasbUmsa, rUAPOCUINKATOB KaslbLUMA, TUAPOKCUAOB KasbLus,
a/IlOMUHUS 1 XKenesa, a Tak XXe auccoumauneit (B uHTepsane Temnepatyp 800 —
1000 °C) kapboHaTa KanbLus, KOTOpbIA 06pa3yeTcst B pesynbTaTe B3aUMOAENCT-
BUA TMAPOKCUAA KanbLMA C YIIEKUC/IbIM ra30M BO3AyXa.
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Puc. 3. AnddepeHumansHO-TepMUYECKas KpuBast HarpeBaHns LIEMEHTHOTO KaMHS
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Ha KpvBbIX TepMOrpaBMMETPMYECKOr0 aHamMs3a 3TW NPOLECChl 0TMevaroTCA
3HAO0TEPMUMYECKMMIN MpoLieccamn ¢ makcumymamu npu 200, 420, 530, 650, 850,
970 °C (puc. 3).

[ToMMMO 3TOro, Y4MTbIBasA, YTO XapaKTep XMMUYECKM CBS3aHHOW BOfbl, BXO-
JALLEA B CTPYKTYPY IMAPaTHbIX COEAMHEHMI LLleMEHTHOr0 KaMHS, HOCUT HeLeo-
NNTHBIA XapakKTep, pasnoXKeHne KPUCTa/IoOrMapaToB NPUBOAMT K M3MEHEHMIO Na-
pameTpoB KPUCTA/I/INYECKON PELLETKN MOCNeLHUX, YTO CO34aeT 3HaUMTE/IbHbIE Ha-
NPSHXKEHMS B MaKPOCTPYKTYpPe LEMEHTHOrO KamHA W MPUBOAUT K 3HAYUTE/bHbI
CHVDKEHWNAM CpefiHei NNOTHOCTN 1 NPOYHOCTM 6eTOHHOMO obpasua (puc. 1 un 2).

Mpuuem npoueccbl gerngparaumm n aekapboHm3aumMm nNpoTeKkaroT Mo cre-
AYHOLLER CXeMme:

Ca,Sio, -nH,0——Ca,Si0, +mH,0+Ca(OH ), ;
Ca,AlLO, -6H,0—>Ca,AlO, +6H,0;
Ca,Fe,O, -6H,0—— Ca,Fe,O, + 6H,0;

Ca(OH )2 —»Ca0+H,0;
CaCO,——Ca0+CO,;

- OT/IMYaOLMXCA Aedhopmauyii reneBngHON YacT LeMEHTHOIO KaMHS, Kpu-
CT/I/INYECKNX CPOCTKOB WM HEruapaTMpoBaHHbIX 3epeH MOpTAaHALeMeHTa, KOTo-
pble NpeTepneBatoT cBOOOLHOE TeMNepaTypHOE pacLLMPEHME, CONPOBOXatoLLeecs
BO3HVMKHOBEHWEM TeMMepaTypHbIX HANPSHXKEHNA B LLEMEHTHOM KaMHe U CHUXXEHU-
eM ero fnpoYHoCTY;

- BO3HVWKHOBEHMEM TeMrepaTypHbIX HamnpsyXeHWd BCNeACTBUE PaCcXOXAeHUs
AedopmMaunii LLeMEHTHOrO KaMHS U 3ano/iHuTens. 3TU Be/IMYUHBI MOTYT OT/U-
4aTbCA KaK Mo BeIMUMHE, TaK M MO Hampas/eHNIO;

- NONMMOP(HLIM MpPeBpaLLEHNAMMN KBapLa B ME/SIKOM 3arofiHUTese npu Tem-
nepatypax 575 m 670 °C (puc. 3), 4TO OTMe4YaeTcAd Ha AuddepeHunanbHO-
TEePMMYECKOIN KPMBOI HarpeBaHMs 3K30TeEPMUYECKMMU IPdeKTaMm ¢ MaKCUMYMOM
npu Temnepatypax 560 n 680 °C (puc. 3).

AT npeBpaLleHns NPUBOAAT K YBEIMUYEHUIO MapamMeTpoB KPUCTaIMyYecKoin
PeLeTKN KBapLa, CONpoBOXAAroLLEecs yBe/IMyeHneM 06beMa U BO3HUKHOBEHMIO
BHYTPEHHUX TEPMUYECKMX HaMNpPsyKeHWA, 4YTO NOATBEPXKAAeTCA pesy/nbrartamu
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PEHTIeHO(a30BOro U PEHTreHOCTPYKTYPHOIO aHa/n30B, NPOBEeLHHbIMWU Ha YyCTa-
HoBke [IPOH-3M.

BmecTe €O CHMXeHMEM NPOYHOCTU OTMEYEHHbIe NPOLIECCH! MPUBOAAT K 3Ha-
YMUTESIbHOW CMeHe YNpyro—niacTUYecKux CBOMCTB BETOHHbIX 06pasLoB, YTO MPo-
AB/NAETCA B CHVDKEHUW MUX MOAYNA YNPYrocTu v HapacTaHWUKO MNacTUYecKux fe-
(hopmauumii nonsydectu. MNpu 3TOM, YeM BbILLIE BEMYMHA PaboYein Harpysku, npu-
NOXEHHOMN K GETOHHON KOHCTPYKLMMW, TEM UHTEHCMBHEE pacTyT AeopMaumm non-
3y4yecTu 6eTOHa.

BbiBogbl. TakuM 06pa3om, B pe3ysibTaTe NPOBeLeHHON paboTbl YCTaHOB/EHO,
4TO MPWU HarpeBaHMN 6eTOHa OCHOBHLIMY NPUYNHAMM Er0 PasynpoYHEHUs ABNSET-
CAl U3MEHEHWNE CBOWCTB BCEX ero MakpoC OCTaB/IANOLWMX: KPYMHOro 1 MeSIKoro 3a-
MOMHUTENEN, LLEMEHTHOIO KamHS.

[MoBbILLEHME NPOYHOCTN GeTOHA B MHTepBasie Temnepatyp Ao 250 °C cssA3aHO
C npoueccamu yrnaoTHeHNs 6eToHa. 310, 0O0BACHAETCH, NPEXAe BCEro, yaaneHneMm
(hM3nYeCcKn CBA3AHHON BOAbI U3 KaNUINAPHBIX MOP LEMEHTHOIO KaMHs, YnioTHe-
HYEM CTPYKTYpbI, a TaKXe peakuusammn rugpartaumy HernpopaermpoBasLLMX YacTuy
LIeMeHTa BCNeCTBUE BO3HUKHOBEHMA aBTOK/IAaBHOMO 3(hpeKTa B Kanuniapax.

Mpwn panbHerweM noBblweHMn Temnepatypbl (250 — 900 °C) CHWXeHue
MPOYHOCTN MPOUCXOAUT BCMEACTBME Pa3OXeHUs rnapatMpoBaHHbIX MUHepasioB
NOpTNaHALEMEHTHOIO KAMHKepa (rMApOCUIMKATOB, MMAPOa/IlOMUHATOB U TAPO-
(beppuTOB KasibLms, TMOPOKCUAOB aIOMUHUA, XXKefesa U Kanibuus, kapboHarta
Ka/ibLins), NOIMMOPHBLIX NpeBpaLleHnii KBapua, BXOASALLErO B COCTaB KPYMHOro u
MEJIKOro 3anofiHuTenein. 3TN NpPoLecchl CONPOBOXAAKTCA 3HAYMTENbHbIMU N3Me-
HEHMSAMU B MaKpOCTPYKType 6eTOHa, BO3HMKAKOT 3HAYMTe/IbHble TEMMNEpPaTypHble
HanpsKeHWs, OTPULATENIbHO BMAIOLLME HA (PU3NKO-MEXaHWYeCKne CBOWCTBA TH-
Xenoro 6eToHa.
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