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Tennoduanyeckme xapakTepPUCTUKN aBTOKMNABHbIX SYENCTbIX
GETOHOB HU3KNX MIOTHOCTEMN
N UX BUSIHNE Ha OONrOBEYHOCTb HAPYXKHbIX CTEH 30aHUM
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AHHoTaumAa. B pabote npenctaBneHbl pe3ynbTaTbhl SKCNEPMMEHTarNbHbIX  MCCeaoBaHWN
TENNOPUINYECKMX XapaKTEPUCTUK aBTOKMABHbIX S4YENCTbIX 6eTOHOB NnoTHocTbio 400 1 500 Kr/M°.

OnpegeneHbl 3aBUCUMOCTU KO3 MULMEHTOB TEMMONPOBOAHOCTM OT TEMNepaTypbl U BNaXHOCTU.
YCTaHOBMEHbl paHWYHblE BNAXHOCTU, MPU KOTOPbLIX NPW OTpuuaTenbHbIX Temnepartypax B nopax
MaTepuanoB neg He obpasyeTcsa wnyM ero KonmyecTBO He3HauuTenbHo. [lpeanoxeH HOBbI CMOCO6
onpegeneHnss koddUUNEHTOB TEpMOBNAronpoBOAHOCTM. YCTaHOBMEHO, YTO MpU OTpuuaTernbHbIX
TemnepaTtypax obpasuoB syencToro 6etoHa ¢ BnaxHocTblo 6onee 30 % No mMacce OAHMM U3 OCHOBHbIX
MeXaHM3MOB NepeMeLLEHMS BNarn siBnsieTcs TepMoBnaronpoBOAHOCTb.

Mo pesynbTatam ucCnbITaHUA  a4veuctoro 6GeToHa Ha  MOPO3OCTOMKOCTb  BbIMOSTHEHA
NpMGnM3NTENbHas oLeHKa BIUSAHMS BIIAXXHOCTU Ha AONTOBEYHOCTb HAPYXHbIX CTEH.

KnioueBble cnoBa: A4YEencCTbIn 0eToH; TENNONpPoOBOAHOCTb, TEPMOBJ1aronpoBogHOCTb,
AOJNTrToOBEYHOCTb

BeedeHue

[ns addeKTMBHOrO MCNonbL30BaHNWA TEMMO3alUMTHOrO MoTeHumMana CTPOUTENbHbIX MaTepuanos
HeoBbX0AMMO Takoe KOHCTPYKTUBHOE MCMNOMHEHUE HAPYXHbIX CTEH, NPY KOTOPOM OHU B TEYEHME Kaxdoro
roAMYHOr0 OTONUTENbLHOro nepuoga OyayT MMETb MUHWMAarbHbIE BMAAXHOCTU W, COOTBETCTBEHHO,
MUHUMarnbHbIe KO3(PUUMEHTbI TennonpoBogHocT. OAHako CcoKpalleHue CPOKOB CTPOUTENbCTBA
30aHUA NPUBOOMUT K BO3BEOEHUI0 HApPYXHbIX CTEH C MaTepuanamu, UMELMMU TEXHOMOrMYECKY U
CTPOUTENbHYIO BIaXHOCTb. BO MHOMMX cnyyasx [daHHble BIaXHOCTUM 3HAYUTENbHO MpeBbIWAOT
pacyeTHble MaccOoBble OTHOLUEHMS BriarM 3TMX MaTepuanoB, NPYHUMaemble NpU TEMNOTEXHUYECKNX
pacyeTax.

MopobHble Npo6nemMbl BbISIBMEHbI U NPU 3KCMyaTauuu HapyXHbIX CTEH U3 A4EUCTOBETOHHbIX
6IIOKOB aBTOKIABHOTO TBEPAEHWUS! HWU3KOW NMOTHOCTM (p = 400 u 500 kr/m®). CerogHst B Pecny6nuke
Benapycbk B nepBble rogpl aKcnnyataumMmn B 30aHnsx HabnwogaTcs AedekTbl, Bbi3BaHHbIE MCYEpNaHUEM
pecypca MOPO30CTOWMKOCTW BCREACTBME TMOBBILEHHOW BRaXHOCTU syeucToro GeToHa. C  uenbio
onpeaeneHns AONroBeYHOCTM (34eckb M Janee no TeKCTy Noja TEPMUHOM «AONTOBEYHOCTbY MPUHSAT CPOK
cnyObl orpaxgatoLlen KOHCTPYKUMU [0 paspyLueHUs WnvM MNOBpeXOdeHus ee 4YacTu BcrnencTeue
ncyepnaHmsa pecypca MOpPO30CTOMKOCTM) HEOBXOAUMBI AaHHbIE Kak MO MokaszaTensM MOPO30CTOMKOCTH,
Tak M Nno Tennodusn4eckMM XxapakTepucTMkaM MaTepuarnoB, C MOMOLLbK KOTOPbIX BO3MOXHO
NPOrHO3VMpoBaHWe BNa)XHOCTHOTO pPeXmMMa HapyXXHbIX CTEH 34aHUNA.

WccnepoBaHnsa Onsi NpOrHO3MpoOBaHUS OONTOBEYHOCTU HapYXHbIX Orpaxaatolmx KOHCTPYKLUNA
BbINOSIHEHbI BO MHOMMX paboTax, HaunHasa ¢ cepeanHbl NPOLUIIOro Beka, U BEAYTCA MO HacTosiee BpeMs
[1-7 wn gp]. MHorouvMcneHHble UcCcrnefoBaHWs  HanpaeneHbl Ha  U3yYeHue  [OnroBevYHOCTU
TENNOM30NSALMOHHBIX MaTepmarnoB B YCIOBUSIX SKCMTyaTaLmny OrpaxaatoLmnx KOHCTPYKLMA.

Mo oueHke [ONroBEYHOCTH ncnosibdyemMbie Noaxoabl MOXXHO YCJIT0OBHO pa3fesinTb Ha TpU rpynnbl:

e Ha OCHOBaHWW pesynbTaToB HATYPHbLIX 06CNeaoBaHWUI U NCMLITAHUR;
no pesynbTaTam UCMbITAHUIA B KNMMAaTUYECKUX KaMepax;
Ha OCHOBaHMM pacyeToB MO M3BECTHbIM XapaKTepucTukam MaTepuanoB C Y4YeToM
MPOrHO3MPYEMOro  TEMMOBMAXHOCTHOMO COCTOSIHUSA — OrpaK4alollen  KOHCTPYKUuKM  3a
MHOrofNeTHWUI Nepuog, aKcnyaTauuu.

HecmoTpsi Ha HECOMHEHHYHO LIEHHOCTb U aKTyarbHOCTb HaTypHbIX 06CrefoBaHuii U UCMbITaHWM
OrpakgatoLMX KOHCTPYKUMIA B KIMMaTUYECKMX Kamepax, MOSlyYeHHble [aHHble He Bcerga MOXHO
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pacnpocTpaHsiTb Ha CXOXWEe KOHCTPYKUMM, UMENLIME OTNMYMSA B UCMONb3yembix MaTepuanax. Her
€[MHOro nogxoda npu nepexone OT pe3yrbTaToB, MOSYYEHHbIX B KITMMATUYECKUX KaMepax, K peanbHbIM
cpokam gonroBevyHocTW. [lpoBoaMMblE  SKCNEPUMEHTbI B KIIMMaTUYECKMX Kamepax 3ayacTyto
BbINOSHAOTCA C OMNpeAeneHHbIMA  BIIAXHOCTAMM  MaTepuanoB, 4YTO HE MOXEeT OXBaTUTb BeCb
Heo6Xo4MMbIN AMana3oH UX BO3MOXHbIX 3HAYEHWI, Hanpumep, Npu oueHKe BAUSIHUS TEXHONMOrMYecKomn
(cTpouTensHoM) BNaru Ha A4ONroBe4YHOCTb.

B cBA3M C BbIWEN3NOXEHHbIM AN OLUEHKM [ONITOBEYHOCTU HAapPYXHbIX CTEeH 34aHun U3
A4encTobEeTOHHbIX OMnoKoB aBTOKNMABHOIO TBepAeHus Huakon nnoTtHoctn (p =400 wn 500 Kr/M3) B
HacTosilen paboTe 3a ocHoBy Obina npuHsaTa metoguka C.B. AnekcaHgpoBckoro [3] ¢ HeKOTopbIMU
He3HaunTeNbHbIMN OTKITOHEHNSMMU.

[na onpeaeneHnst OONTOBEYHOCTM HAPYXHbIX CTEH MO AaHHON MeToaMKe HEOOXOAUMbI HE TOJbKO
AaHHble MO0 MOPO30CTOMKOCTM MaTepuanoB, HO W MPOrHO3UPOBAHME BAXXHOCTHOTO peXuma ¢
onpedesieHnemM MacCOBbIX BIaXHOCTEN MaTepuarnoB B 30HE NPOMEpP3aHusi KOHCTpyKuuid. [na atoro
HY>KHbI TEMNOMU3NYECKNE XapaKTEPUCTUKM MaTepUarnos, OCHOBHbLIE U3 KOTOPbIX:

e 3aBUCMMOCTb  KO3(hpuumeHTa  TennonpoBOOHOCTM  OT  BRA@XHOCTM B obnactu
NONOXUTENbHbLIX U OTpULATENBHBLIX Temnepartyp;

o k03P PULMNEHTLI NAPONPOHNLAEMOCTMH;

e rokasatenu, OnpedensiolimMe [OBWKEHUE XKuOKOW Bnarm B U3OTEPMUYECKMX U
HEeN30TEPMUNYECKNX YCITOBUSIX;

*  N30TepMbl copbLUUKn maTepuanos.

B HacToswen paboTe npvBedeHa YacTb 3IKCMEpUMEHTanbHbIX AaHHbIX Ans sveuctoro 6eToHa
HK13komn nnoTHocTH (p = 400 n 500 KF/M3).

BnusiHue enaxHocmu Ha KoaghgbuyueHm menornpoeodHocmu
f4eucmoeo bemoHa

HecmoTpa Ha TO, 4TO BOMPOC 3aBUCUMMOCTM TEMIIONPOBOAHOCTM OT BIIAXHOCTUM CYMTaeTcs
OO0CTaToOYHO U3y4veHHbIM [8—15], AaHHbIe ANs s;’dencToro 6eToHa HM3konm nNnoTHocTy (p = 400 n 500 KF/M3)
B obractu oTpuuaTtenbHbiX TemnepaTyp OorpaHudeHbl. HekoTopble AaHHble MnpvBedeHbl B paboTax
[8] n [14].

OKcnepumeHTanbHble  UCCredoBaHUs  BbIMOMHEHbl  Ha  obpasuax, npeaocTaBneHHbIX
OAO «YnpaBnstoLias komnaHusi xonauHra «3abygosa» (ganee — tun 3), B benopycckom HaunoHanbsHOM
TexHu4yeckom yHusepcuteTe (BHTY) Ha ycTaHoBke ans namepeHus TennonposogHoctu tuna NETZSCH
HFM 436 Lambda. SkcnepumeHTanbHble JaHHbIe NpUBEAeHbl Ha pucyHkax 1 n 2. CnegyeT oTMeTUTb,
4YTO Npu BoNbLUMX BNAXHOCTAX MaTepuanos Bug rpadukoB B obnactn oTpuuaTenbHbIX TemnepaTyp
MOXeT MMETb OTNNYUA (MMETb CKa4OK NPy BO3HUKHOBEHUM fbAa B Nopax).
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PucyHok 1. 3aBucMMOCTb Ko3dppuLmeHTa TeNSIONPOBOAHOCTU A4YEeUCToro 6eToHa
(p =400 KrlM3) OT TemnepaTypbl U MACCOBOMN BJIAXXHOCTHU
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PucyHok 2. 3aBucMMOCTb Ko3dhcpuLmeHTa TeNSIONPOBOAHOCTU AYEeUCTOro 6eToHa
(p =500 KrlM3) OT TeMnepaTtypbl U MacCOBOM BNAXXHOCTU

Onsa oTpuuatenbHbIX TemnepaTtyp yBenuyeHne koddpuumeHTa TennonpoBOOHOCTM MPOUCXOaNT
npyM MaccoBOW BnaXxHocTn s4yeuctoro 6etoHa W =~ 20 % pgna nnotHoctn p =400 kr/m® 1 oonee;
W =17,5% pana nnotHoctn p = 500 Kr/M>, 4TO CBSI3aHO C Hayanom obpasoBaHus Nbaa B nopax
MaTepuarnos.

C noHwxeHueM TemnepaTypbl KkO3(DPUUMEHTEI TEMNMONpPOBOAHOCTU Avenuctoro 6eToHa B
3aBVMCMMOCTU OT BMAXXHOCTM MOTYT KaK YBENMYMBaTLCS, Tak M YMeHbLUATbCs. DTO NO3BOJISIET ONpeaenuTb
rPaHUYHbIE BIIAXXHOCTW, MPU KOTOPLIX MPU OTpMUATENbHBLIX TEMMepaTypax B Mopax MatepuarnoB ref
He oBGpasyeTcst UMM ero KoNMYecTBO He3HAYUTENBLHO.

KoagpgbuyueHmsi usomepmuyeckou 8/1a20rnpo8odHOCMU 14eucmoz20
6emoHa rpu nosIoxXumMesibHbIX U ompuyamersibHbIX memriepamypax

WccnepoBaHus BAWSHUS BIaXHOCTU Ha KO3MMMUUMEHT WN30TEPMUYECKOW BNaronpoBOgHOCTU
Avenctoro 6eToHa BbINOMHANKM Ha obpasuax Tnna 3 nnoTHocTbio p = 400 1 500 Kr/m®.

OO6pasubl yBNaxHANUCb BOAOW OO0 BriaxHoctu, Gnmskon k 20, 35, 45 n 60 % no macce, u
yrnakoBbIBaNMCb CO BCEX CTOPOH B MNOMM3TUIIEHOBYIO TNNeHKy. B Takom cocTosiHumM obpasLbl
BblAEPXUBANUCb B YCMOBUSAX, ONU3KUX K M30TEPMUYECKUM, AN paBHOMEPHOro nepepacrpeneneHns
XKUOKOW Brarm no ux Tonuwe. TemnepaTypbl 00pasUOB Afis1 NMPOBEAEHMSI 3KCMEPMMEHTA MPUHSATDI
t=+20°Cunt=-5°C.

Mocne BbIOEPXKKM B WN3OTEPMUYECKUX YCHOBUSX 0Opasubl C BRA&XHOCTbIO, 6nmMskon Mo
nokasartensam, CTblKOBanMCb METOAOM pa3pe3HOW KOMOHKWM Apyr € APYroM W CO BCEX CTOPOH
BMarou3onuMpoBanucb MOMMITUNEHOBOW MneHkon. [locne onpeaeneHHOW BpPEMEHHOW BbIAEPXKN B
N30TEPMUYECKMNX YCNOBUAX ANS NPUHATBIX TemnepaTyp obpasLoB KOMOHKM Nepuoamdeckn pasbupan,
0o6pasupl B3BewmBanu n cobupanu 3aHoBo. KoaddumumneHTbl n3oTepmmyeckort BNaronpoBogHOCTN ANd
pasnuyHbIX TemnepaTyp onpeaensanu no hopmyne:

_Gw
aw’ (™
dx

roe Gy — KONMYECTBO Braru, npoxoasiien yepes 1 M2 nnowaaw B 1 vac, I’/(Mz"-l);
dw/dx — nepenag MaccoBOW BIIaXXHOCTM No AnvHe obpasua, %/M.

Bw

3aBMCMMOCTN  KO3(PPMLMEHTOB M30TEPMMYECKOM BrAronpoBOAHOCTM B 3aBMCMMOCTU  OT
BMaXXHOCTW ANS pasnuyHbIX TemnepaTyp NpMBeAeHbl Ha pUCyHkax 3 u 4.
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Pe3ynbTathl aKCNepuUMeHTanbHbIX UCCreqoBaHUn M30TEePMUYECKOW BaronpoBOAHOCTU SHEUCTOro
GeToHa nokasanu, YTo Mpu oTpUUAaTENbHbIX TEMMepaTypax Takke UMEeTCsi NepemMelleHe Bnaru us-3a
Hannyua Heaamepsmeﬁ BOAbl B MNopax mMatepunarnos. ,El]'lﬂ obnacTu nonoXuTenbHbIX TeMnepartyp
nepemelleHve Boabl B obpasuax Habnwogaetca npu BnaxHoctax W > 17 % no macce ansa si4encroro
6eTtoHa nnotHoctn p =500 kM 1 npu W>20% no macce pgna dadeumctoro 6eTtoHa MNIIOTHOCTU
p =400 k/m°. [Ona  o6nactu oTpuuaTenbHbIX TemnepaTtyp nepemelleHne Bodbl B 0Opasuax
HabnogaeTca npu BnaxHoctn W > 37 % no macce gns duyeuctoro 6etoHa nnotHoctu p = 500 kr/m> m
W >45% no macce gna sdeuctoro 6etoHa nnotHoctn p = 400 kr/m®. PesynbTatbl nokasbiBaloT
3HayMTeNbHOE BrMSHWE TemnepaTypbl U MMAOTHOCTM MaTtepuana Ha KoadMUUMEHT M30TEPMUYECKON
BnaronpoBoaHOCTH.
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PucyHok 3. KoadhdmumneHTbl M30TepmMmyeckon BNaronpoBOAHOCTU AYEUCTOro 6eToHa
(p =400 Kr/M3) B 3aBMCUMOCTU OT BIIAXKHOCTU
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PucyHok 4. KoacdhdmumneHTbl 130TepMrMyecKkon BNaronpoBOAHOCTU AYEUCTOro 6eToHa
(p =500 KI'/M3) B 3aBUCUMOCTU OT BINAXXHOCTU
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OnpedeneHue KoaghuuueHmos8 mepmosriazornposodHocmu 8 obpasuax
s4eucmozo 6emoHa

I'Ip|/| KcnnyatTauun HapyXHbIX CTE€H C NOBbLILLEHHOWM BIAXXHOCTbLIO A4encToro 6eToHa npun Hann4mnn
rpagneHTa TemMmnepaTtypbl BOSMOXHO TakKXe ABWXEeHWEe BIarn rno ce4eHumr CTeHbl 3a CHeT MeXaHu3mMa
TEPMOBJ1aronpoBogHOCTW.

BnepBble AaHHbIN MexaHu3M ABuvxkeHus Bnaru yctaHosun A.B. JlbikoB [16] B cepeauHe npoLunoro
Beka. MccrnegoBaHusA Mo M3YYEHUIO STOrO0 MexaHu3Ma Benucb MPeuMyLLEeCTBEHHO B OOMacTu CyLUKK
MaTepuanoB BCNeACTBME HaNUuMsi MpU NPOTEKaHUMM AaHHbIX MPOLECCOB 3HAYUTESbHbIX FPagueHTOB
Temnepatypbl. OnpegeneHve TepMOrpagneHTHbIX KO3(MUUMEHTOB CTPOUTENbHBIX MaTepuarnoB
NPOn3BOAMIIOCH MPEVMMYLLIECTBEHHO COBETCKMMM YyeHbiMn [0 KoHua 1990-x rogoB. [aHHble No MX
BENMUYMHAM, a TaKkKe WUCCrNedoBaHUs UX 3aBUCUMOCTEN ONsl SYEUCTbIX GETOHOB HU3KMX MIIOTHOCTEN
OrpaHuYeHbl, a Anga oTpuuaTtenbHbiX TemnepaTtyp 00pasLoB He HaladeHbI.

OnpegeneHne TepMmorpagmeHTHbIX KoadhduumeHToB npegnaranocb pasnuyHbIMK  cnocobamu,
0630p KoTOpbIX npuBedeH B pabote [17]. BbigensawT cTauMoHapHble MeToAbl, 3akni4varlmecs B
BblAEpXKKe BMnaronsonupoBaHHOro obpasua Mexay ABYMS TepMocTatamu [0 YCTaHOBIEHUS MOMEHTa
CTauuoHapHOro TemnepaTypHOro U BIIaXXHOCTHOIO COCTOSIHUSA, MOCME Yero no KPMBbLIM pacnpeneneHnst
BMarocogepxaHvuss U1 TemnepaTypbl no AnvHe obpasua paccyvTbiBalOT  TEPMOrpagveHTHbIN
KoacbduumeHT. HegocTaTtok CTauMOHapHbIX METOAOB — AMNUTENbHOCTb NMPOBEAEHMS UCMbITaHWA, Mpu
KOTOPbIX MOCTOSIHHO HEeobXoAMMO MNPOM3BOAMTbL MOHTaX M OeMOHTax obpasuoB. HectauuoHapHbie
MeToAbl onpefdeneHnss TepMOrpagueHTHoro koaduumeHTa, kak npaBuno, TpebylT chneumansHo
pa3paboTaHHOro 00OpYAOBaHUSA, HO MPOBOAATCHA 3HAYMTENbHO ObicTpee. PaspaboTaHHble MeToabl
NCNOMb30BanNnCh NPENMYLLIECTBEHHO B 061aCTV NONOXUTENBbHbIX TEMNepaTyp obpasLoB.

3apybexHbiMu uccrniegoeatenamu 3a nocrnegHue 20 neT BbINOMHEHbI UCCIEA0BaHUA MO BINSAHUIO
rpagvMeHToB TeMnepaTtypbl Ha nepeHoc Bnaru Yepes matepuansl [18, 19] npemmyLecTBeHHO B obnacTtu
Ux COpOLMOHHOIO YyBnaxHeHus. PaboTbl Bbi3BanM HEOOHO3HAYHYK peakuuMio MO  KOPPEKTHOCTU
BbIMOMHEHHbIX 3KCMEpPUMEHTanbHbLIX UCCrefoBaHUn M HEOBXOOUMOCTU yyYeTa rpagvMeHTa TemnepaTtypbl
Ha nepeHoC Bnary Yepe3 (B) mMartepuanbl Npyv NPOrHO3MPOBAHUWU BIIAXHOCTHOTO PeEXMMa HapyXHbIX
orpaxgaroLmnx KoHCTpykumi [20, 21].

PesynbTatbl uccnegoBaHuin 3apybexHbix aBTopoB [16—25], a Takke pabotel K.®. ®okuHa,
B.H. bBorocnosckoro, B.W. llykbaHoBa, B.[. [arapyHa wn apyrnx uccrnegosaTenein npegnonarawT
pasnuyHble MoAenW Ans NPOrHO3MPOBaHUS BIIAXXHOCTHOTO PEXMMA OrpakOaltoLMX KOHCTPYKUUA W,
COOTBETCTBEHHO, pasnuyHble cnocobbl AnA onpegeneHvs koadduUMeHTOB nepeHoca Bnarm yepes (B)
KanunnspHo-nopucTble Tena.

Mpun pasgenbHOM yyeTe OCHOBHbIX MEXaHM3MOB MepeHoca Brarv B MOAENW NPOrHO3MpOBaHWA
BMaXHOCTHOrO  pexuMMa  HapyXHbIX  Oorpaxgalowmx  KOHCTPYKUMW  npegrnaraetca  BMECTO
TepMOrpagmMeHTHOro koaduumeHTa onpeaensaTb KO3aMULNEHT TEPMOBNAronpoOBOAHOCTM (MO aHanormm
C K03 PUUNEHTOM BNAronpoBOAHOCTH):

G,
,Bt :E' 2)
dx
rme G; — KONWYECTBO BRarM, npoxoaswieir uyepes 1Mm> nrmowaan 3a 1 uyac 3a cyeT

TEPMOBAronpoBOAHOCTMH, r/(MZ-q); dt/dx — nepenag Temnepartypbl No AnvHe obpasua, °C/m.

MpoBeaeHbl 3KCNEPUMEHTbLI HAa COCTbIKOBaHHbIX obpasuax (paspe3Hasi KOnoHka) C pasHbIMU, HO
OnNU3KUMKM N0  BENMYMHE MACCOBbIMWM BRAXHOCTAMW. [N co3gaHus  «TENOW» M «XONOAHOM»
NMOBEPXHOCTEN MCMNOSb30BaHa yCTaHOBKa Ansl uaMepeHus TennonposogHoctu Tuna "NETZSCH HFM 436
Lambda" B BHTY.

Mepen cTbikoBKOWM 0OpasLubl S4encToro 6eToHa ¢ pasfnuyHbIMK BAXHOCTSMW ynakoBblBanu B
MONMaTUIEHOBYKD MNEHKY W BblAEPXMBANM He MeHee [ABYX Hedenb B yCrnoBusiX, ONU3kux K
nsotepmuyecknm. MNocne BblgepXKKM COCTaBNSANM KOMOHKM, KOTOpble CO BCEX CTOPOH BraronsonvpoBanu
NONMaTUIEHOBOW MIEHKOM U yCTaHaBNMBanu B 060MMy U3 3KCTPY3MOHHOIO MonucTupona.

KonoHku Bbligepxusanu npu nepenage temnepartypbl Mexay nnutamu ycraHosku At = 15 °C. MNpu
npoBedeHUN 3KCNepUMeHTa KOMOHKM nepuoamnyeckn pasbupany, obpasubl B3BewMBanM W KOMOHKM
cobupanu 3aHOBO Ans onpefeneHns yCTaHOBMBLLUEroCcs NOTOKa Bnarn mexay obpasuamu. Bpemsa mexay
B3BELLUMBaHNSAMUN COCTaBIANO HE MEeHee CyTOK, a obLlee Bpems IKCNepUMEHTa — He MeHee TpeX CYTOK.
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OnpepgeneHne nepenagoB TemnepaTyp MO AIMHE Pa3pe3HOW KOMOHKW BbIMOMHANOCL METOoAO0M
nocrnefosaTensHOro NpuBNMXeHNs no M3BECTHbIM MAaCCOBbIM BNAXHOCTAM 06pa3uoB M M3BECTHbLIM
TemnepaTypam Ha «Tennom» N «XxonogHow» nnutax npubopa. KoadduuueHTbl TennonpoBogHOCTU
o6pasLoB s4encToro B6eToHa KOMOHKM paccyuTbiBanu B 3aBUCUMOCTW OT UX CpedHen Temnepatypbl 1
BNaxHocTu (cM. puc. 1 n 2). KonvyecTso Bnarn 3a c4eT TepMOBIaronpoBOAHOCTY ONpeaensnu, Bolgenss
13 obLLero NoToka Bnaru NOTOKM 3a CYET BNAronpoBOAHOCTM U NaponpOHNLLIAEMOCTH.

PesynbTathl 3KCnepMeHTanbHbIX nccnegoBaHum 3aBUCUMOCTU KoadhpuumeHToB
TEPMOBMAronpoBOAHOCTU SYeUcToro OeToHa OT BMaXHOCTM MpWU cpegHen Temnepatype oO6pasLoB
t ~ -5 °C npuBeaeHbl Ha pUcyHKax 5 n 6.

V3 akcnepumeHTarnbHbIX 3aBUCUMOCTEN BUOHO, YTO A pasHblX 3HAYEHWI MIOTHOCTM Matepuana
3HauMTeNbHOE YyBENMYEHUE KO3(MPULMEHTOB TEPMOBArONPOBOAHOCTN MPOUCXOAMT MPU BIAXKHOCTMW,
npesbiwatowen 30 % no macce. Npu BnaxHoctn meHee 20 % MNOTOK BNarv 4epes eguHuly nnoLwiagm
mMaTepuana CornocTaBMM C MOTOKOM BOOSAHOrO napa Afs YCrOBUW BbIMOSNIHEHMS 3kcnepumeHTa. [pu
BNaXHocTn maTtepuana 6Gonee 40 % no macce u cpegHen Temnepatype obpasuoB tx~-5°C
KO3dhPMUMEHTbI TEPMOBNAronpoOBOAHOCTM Ha MNOPSLOK NPEBbILAKT KO3MMPUUNEHTBI U30TEPMUYECKON
BMaronpoBOAHOCTH.

B¢, r/(Meye°C)
0,25 1

0,2 1

0,1 1
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PucyHok 5. KoacdhchmumeHTbl TEpMOBNaronpoBogHOCTU A4encToro 6etoHa (p = 400 Kr/MS)
B 3aBMCUMOCTU OT BNAXHOCTU NpU cpeaHen TemnepaTtype ob6pasuoB t~ -5 °C
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PucyHok 6. KoadhdpmumeHTbl TepMOBNaronpoBogHOCTU siuenctoro 6etoHa (p = 500 KI'/M3)
B 3aBUCUMOCTM OT BNaXXHOCTU Npu cpegHen Temneparype obpasuoB t~ -5 °C
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BnusiHue enaxHocmu Ha 00/1208€4HOCMb ss4eucmbix 6emoHo8

[0ns oueHKn [ONroBe4YHOCTU orpaxgatrLwmnx KOHCprKLI,VIIZ M3 S4YeucTbix OETOHOB NMPUHATO
MCcnonb3oBaTb TMMOHATUE «MapkKa no MOpO3OCTOIZKOCTI/I», KOTOpOEe onpenendeTca UChNblTaHNEM
npegBapuTesibHO  BOAOHACbLILLEHHbIX O6pa3LI,OB UuKnamMmm nonepemMeHHoro 3amMopaxumBaHnAaA W
OTTanBaHUA. rlpl/l 9TOM UMKINbl nonepemMeHHOro 3amMopaxumBaHUA N OTTamBaHUA 06pa3LI,OB A4YENCTOro
GeToHa nponcxoaAaTt npu OﬂpeﬂeﬂeHHOVI BNaXXHOCTU A4veunctoro GeToHa, KOTOpasa npu namMmepeHmn ero
Mapku no MOpO3OCTOI7IKOCTVI, KaK npaBuio, HeBaXHa. B 10 xe BpemMA OCTaeTCA OTKpbITbIM BOMPOC O
BO3MOXHOCTMN WuMc4yepnaHna LUUKINoB MOpOSOCTOVIKOCTVI sa4yencToro GeToHa npun JaKcnnyatauun CTeH,
BO3BEEHHbIX U3 S4ENCTOBETOHHBLIX OTOKOB C MEHbLLEN BITAXXHOCTbLIO.

[na nccneposaHuii BeibpaHbl obpasubl AByx Tvnos: Tuna 3 n Tuna . O6pasuybl U3roTOBMEHLI B
Buae kybos pasmepamm 100x100x100 mm ¢ nnoTHoOCTLO p = 400 kr/m® m p =500 kr/m®.

3aBUCUMOCTU LMKITOB MOPO3OCTOMKOCTU OT BNaXHOCTU Ans obpasuosB syenctoro 6etoHa tuna [
nokasaHbl Ha pucyHke 7, onsa obpasuos syenctoro 6etoHa Tuna 3 — Ha pucyHke 8. CnegyeTt OoTMETUTD,
YTO Ha PUCYHKe 8 Touku, OBBedeHHble KPaCHbIMU KpYXKamu, MOfy4YeHbl HE Ha OCHOBaHUW OMbITOB
(no pesynbTatam [ABYXMETHEro SKCNEepUMEHTa OHW He MoTepsnyd NPOYHOCTM M Macchl), a
3KCTpanonsumen ¢ y4eTomMm pesynbTaToB ONbITOB Mo obpa3uam Tuna . BepTukanbHbIMU NYyHKTUPHBIMA
NVHUAMW  NOKa3aHbl PaHWYHble BraXHOCTW MaTepuarnoB, Mpu  KOTOPbIX MNpuU  oTpuuaTernbHbIX
TemnepaTtypax B nopax nef He obpasyeTcs Unun ero KonmMyecTBO He3HaunTenbHO (M3 aKCnepumeHTa Mo
onpeaeneHnto K03 OULMEHTOB TENNONPOBOAHOCTY B 3aBMCUMOCTM OT BMAXHOCTU U TeMnepaTypbl).

a) 6)
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PucyHok 7. 3aBUCMMOCTb KOJIM4YecTBa LIMKIIOB MOPO3OCTOMKOCTU OT BECOBOM BIAXXHOCTU
06pa3LoB AuYencToro 6eToHa Tuna I': a) p = 400 kr/m®; 6) p = 500 krim®
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PucyHok 8. 3aBUCMMOCTb KONMYecTBa LIMKITIOB MOPO30OCTOMKOCTU OT BECOBOMN BNAaXXHOCTH
06pasLoB AyencToro 6eToHa TMNa 3: a) p = 400 kr/m’; 6) p = 500 kr/m’
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CpaBHeHue obpasuoB Tmna 3 M [ nokasano 3HaunTeNlbHOE pasnuune B MoKasaTensax
MOPO30CTOMKOCTM MaTepuanoB oguHakoBon mnnoTHoctu. O6pasubl 06omMx TWMNOB MNNOTHOCTBIO
p =500 k/M> umeloT Gonee BbLICOKME MOKa3aTeNM MOPO30OCTOMKOCTN B CpaBHEHUMM C obpasuamu
MAOTHOCTBIO p = 400 Kr/m®.

Mo pesynbTataMm wUCMbITaHUW B 3aBUCMMOCTM OT MACCOBOM BII@XHOCTU onpegenieHa
OOMNrOBEYHOCTb ANS KNuMaTuyeckmx ycnosun Pecnybnukvu Benapycb B yCroBHbIX rogax aKkcnnyatauuu
(cm. puc. 9, 10). MNpu aTOM NPUHATLI onpedeneHHble (bnuskue K XydwuMm) YCrnoBWUs SKCnnyaTaumm
AYemncToro beToHa:

e dyeucTbln GETOH B MpoLEecce 3IKchnyaTauuyM CTEH 30aHWA He U3MEHSIeT BIaXHOCTb
(B peanbHbIX KOHCTPYKUMSIX BNAXHOCTb N3MEHSIETCS C Pa3HON MHTEHCUBHOCTBHO);

®  KO3(DUUMEHTBI NBAUCTOCTU NPUHATLI paBHbIiMK &(t) = 1,0;

e oOTAernka Knagku CHapyXw BbIMONHEHA TOHKOCMOMHBIMW LUTYKaTypPHbIMU MOKPbLITUSMU C
HU3KMM TepMmnyeckum conpoTtuenerHmnem (R < 0,2 (M2'°C)/BT));

e Konm4yecTBO nepexonoB Yepes 0 °C kak MakcumanbHoe M3 obracTtern Ans KnMmaTu4eckmx
ycnosui Pecny6nuku Benapycb.
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PucyHok 9. OpMeHTMPOBOYHOE KONIMYECTBO JIET IKCNIlyaTauumn CTeEH U3 siYemcToro 6eToHa
Tuna [ B 3aBUCUMOCTU OT BECOBOIA BNAXHOCTH: a) p = 400 kr/m>; 6) p = 500 kr/m®

a) 6)
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PucyHok 10. OpveHTMPOBO4YHOE KONMYECTBO NeT 3KCcnyaTaLuu CTeH U3 s4yemcToro 6eToHa
TMna 3 B 3aBMCUMOCTH OT BECOBOIA BMaXHOCTH: a) p = 400 kr/m>; 6) p = 500 kr/m’
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N3 rpacdumkoB BMAHO, YTO NPW MacCOBOM BNaXHOCTU MeHee 25 % no macce uvaeT peskoe
yBenM4eHne OONTOBEYHOCTU HAapYXHbIX CTEeH M3 A4encrtoro 6eToHa He3aBMCMMO OT €ero Mapku no
Mopo3ocTonkocTn. ObpasLbl C nyyllen Mapkon N0 MOPO3OCTOMKOCTM (06pasubl TUNa 3) MMEKT nydwme
nokasatenu B npegenax maccoson snaxHocTtn 30 ... 35 %.

Mpu 6onblmx BnaxHoctax (bonee 50 %) [ONTOBEYHOCTb AYEUCTOro GETOHa PEe3Ko CHMKAETCS.
Onpegensiowmm (pakTopom B TakOM Criydyae CTaHOBUTCS Mapka no MOPO30CTOMKOCTU. Tak, Hanpumep,
npu BnaxHoctn 6onee 50 % no macce siHencTbini 6eTOH Twuna [ paspylwaeTca MeHee 4Yem 3a 2 roga
3KCnnyaTaumm, a4eucTbii 6eToH TMnNa 3 — MeHee YeMm 3a 4 rofa akcnnyaTtaumm cteH. CrnefyeT OTMETUTD,
YTO B 3aBUCUMOCTW OT BuAa HAPY>KHOW OTAENIKM CTEHbl U3 A4encToro 6eToHa OyayT MMEeTb pas3nunyHbIN
TENOBMAXHOCTHbIN pexnm [26, 27] u, COOTBETCTBEHHO, OTIIMYHbIE OT NMPUBEAEHHLIX B AaHHOW paboTe
nokasaTtenu JofIrOBEeYHOCTMU.

3akmnoveHue

1. SkcnepnMeHTanbHLIMU UCCNESOBaHUAMM YCTAHOBIEHO BNUSHWE TeMMepaTypbl U BNAXHOCTN Ha
Ko3(bhMLMEHT TENNONPOBOAHOCTU sAdenctoro GetoHa Tuna 3 nnotHocTbio 400 m 500 kr/m°. Ha
OCHOBaHWWN MOMNyYeHHbIX AaHHbIX MpeanaraeTca onpefensiTb rpaHWyHble 3HAYEHUA BRAXHOCTWU, Npwu
KOTOpbIX MpW OTpuuaTenbHbIX TemnepaTypax feg B Mopax maTepuanoB He obpasyeTca wnu ero
KONMMYECTBO HE3HAYUTENBHO.

2. YcTaHOBMEHO, 4YTO MNpu oTpuuaTtefibHblX TemnepaTypax o00pasuoB s4venmctoro 6eToHa ¢
BnaxHocTbto 6onee 30 % nNo macce OAHMM U3 OCHOBHbIX MEXAHW3MOB MEepeMEeLLEeHUs Bnarn sBnsieTcst
TepPMOBaronpoBOAHOCTb. B peanbHbIX YCNOBUSIX SKCNNyaTaumMm Hapy»KHbIX CTEH 34aHusl, BbINONHEHHbIX
Knagkov u3 sidenctobeToHHbIX 6MoKoB ¢ BriaxHocTbio bonee 30 %, B 3MMHWUIA nepuog roga BO3MOXHO
3Ha4YnTenbHOEe YyBelnn4yeHne BNaXXHOCTU MaTepuarnioB HapyXHbIX 3alMUTHO-OTAENIOYHbIX CrioeB WU
CHWXXEHMEe JONToBEYHOCTU 3a cyHeT 6onee MHTEHCUBHOIO UCYepnaHusl pecypca MOpO30CTONKOCTM.

3. PesynbTaTtbl nccrnegoBaHnii MOPO30CTOMKOCTM S4EUCTOro GeToHa mnokasanu, YTO KOnM4ecTBO
LMKIOB 3aMOpaXMBaHUSi — OTTaMBaHWs 3aBUCUT OT MIOTHOCTM M BNaxHoOCTM o6pasuos. Mpu 6onbLumx
BnaxHocTax (bornee 50 % no macce) QONrOBEYHOCTb CTEH M3 sYenctoro 6eToHa pes3ko CHUXKaeTcs.
OnpegensiowiuMm  akTopoM  AnS AaHHbIX  BMAXHOCTEW MaTepuana CTaHOBMTCA Mapka Mo
MOPO30CTONKOCTM suencToro 6etoHa. [Npn MaccoBbix BnaHoCTaX MeHee 25 % no macce uget peskoe
yBenuyeHne [AOMroBEYHOCTU HAaPYXKHbIX CTeH U3 fyeuctoro 6eToHa He3aBMCMMO OT ero Mapku Mo
MOPO30CTOMNKOCTW.
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Abstract

The paper presents the results of experimental studies of thermophysical characteristics of
autoclaved aerated concrete with density of 400 and 500 kg/m3.

The dependence of thermal conductivity on temperature and humidity was determined. The
boundary humidities were set for which ice is either not formed or its amount is negligible in the pores of
the materials at the temperature below zero. The new method of non-isothermal liquid transport
coefficient determination was suggested. It was found that one of the basic mechanisms of moving water
for cellular concrete samples with a moisture content over 30 % by weight is non-isothermal liquid
transport.

The effect of humidity on durability of exterior walls is estimated according to cellular concrete
frost-resistance tests.
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