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N UX BANSIHAE Ha [I0/ITOBEYHOCTb HaPYXXHbIX CTEH 34aHWI

3aBepytownii nabopaTopuein Tennogusnyecknx nccrnegoBannin A.6. KpyTunms;
3aBeyoLnii OTAE/I0OM Or paX[atoLWmX KOHCTPYKUMiA FO.A. PbIX/IEHOK,

PYMN «MHCTUTYT BenHUNC»;

MAagLWLING HayYHbIA coTpyaHuK B.B. flelwkeBuy,

Benopycckunii HauMOHasTbHbI TEeXHUYECKNI YHUBEPCUTET

AHHOTauus. B paboTe npeAcTaBfeHbl pesysbTalbl  3KCNEPUMEHTa/TbHBLIX — UCCeA0BaHNUi
TeNnI0PU3NYECKNX XapaKTePUCTUK aBTOK/TIaBHbIX AYEUCTbIX 6ETOHOB NAOTHOCTLI0 400 1 500 Kr/m3.

OnpepeneHbl 3aBUCMMOCTM KO3(hULIMEHTOB TEMJIONPOBOAHOCTY OT Temnepatypbl Y BI&XHOCTU.
YcTaHOB/IEHbl paHWYHbIE BIQXHOCTW, NPU KOTOPbLIX NPU OTpuUUATesIbHbIX Temnepartypax B nopax
mMaTepuasioB nef He obpasyeTcsa WM €ero KO/IMYecTBO He3HauuTeslbHO. [peasiokeH HOoBbIi Ccnocob
onpefeneHns KoaMUMeHTOB TepMOB/aronpoBOAHOCTA. YCTaAHOB/IEHO, UTO MpY  OTpuLaTesIbHbIX
Temneparypax obpasLoB S4encToro 6eToHa ¢ BaxHOCTblo 6osiee 30 % no macce OOHVM K3 OCHOBHbIX
MeXaHN3MOB NepeMeLLeHNs Bfarn ABseTc TepMoB/1aronpoBo4HOCTb.

Mo pesynbtatam  MWCMbITaHWA  SAYEUCTOr0  6GeToHa Ha  MOPO30CTOMKOCTb  BbIMOJIHEHA
NpUeAN3nTENBHAA OLEHKa BNSAHUA BMIQXXHOCTU Ha A0/ITOBEYHOCTb HAPYXHbIX CTEH.

KntoueBble  cfioBa:  sfYeWCTblli  GETOH;  TEMIONPOBOAHOCTL,  TEPMOB/AronpPOBOAHOCTD,
[O/ITOBEYHOCTb

BBepeHue

[ns 39pheKTMBHOIO MCMOMb30BaHUS TEM/I03aLMTHOTO MOTEHLUMANA CTPOUTE/bHLIX MaTepuasion
HEO6X0AMMO TakOe KOHCTPYKTMBHOE UCMOSIHEHVE HAPYXHbIX CTEH, MPY KOTOPOM OHW B TEUYEHUE KaKAOrO
FOAVMYHOTO OTOMWUTENIBHOTO Mepvoga OyayT MMETb MUHUMAJIbHbIE BJIQXHOCTUM 1, COOTBETCTBEHHO,
MVUHUMaJIbHbIE  KO3(D(IMUMEHTBI  TENIONPOBOAHOCTM. OAHAKO COKpallleHWe CPOKOB CTPOMTE/IbCTBA
30aHUIA NPUBOAMT K BO3BELAEHWID HAPYXHLIX CTEH C MaTepuasiamv, UMEKLWVMN TEXHOJIOTMYECKYHD U
CTPOMTESIbHYIO BMAXHOCTb. BO MHOMMX cflyyasix fAaHHble BKHOCTU 3HAYUTESIBHO MPEBbLILLAKT
pacyeTHble MacCOBble OTHOLUEHWsI Bfary 3TWX MaTepuasioB, MPVHUMAEMbIE MPU TEMSIOTEXHUYECKMNX
pacyeTtax.

Mopo6Hble Npob/eMbl BbISIB/IEHBI U NPU 3KCNyaTauym Hapy>XHbIX CTEH U3 AYEUCTOOETOHHbIX
6/10KOB aBTOK/IABHOTO TBEPAEHMSA HM3Kol nnoTHoctu (p = 400 m 500 kr/m3. CerogHa B Pecnyb6nuke
Benapycb B nepsble rogpl 3KCnyartauuy B 3gaHUSAX HabnwogaoTcs gedekTbl, BbI3BaHHbIE MCUYeprnaHuem
pecypca MOPO30CTOMKOCTW BCNEACTBME MOBbLILEHHOW BI&XXHOCTU SAvenctoro 6etoHa. C  uesblo
onpegeneHns AONToBEYHOCTU (34eckb U ganee Mo TEKCTY Mnof TEPMUHOM «[0J/ITOBEYHOCTb» MPUHAT CPOK
cnybbl orpaxgaroleii KOHCTPYKUMM [0 paspylleHns WM MNOBpexXAeHus ee 4acTu  BCrefacTBue
ncyepnaHus pecypca MOPO30CTOMKOCTM) HEOBXOAMMBI AaHHble KakK Mo rnokasaressM MOPO30CTONKOCTH,
Tak W No Tennopuanyecknm XxapakTepuctvkam MaTepuasioB, C MOMOLUBbH KOTOPbIX BO3MOXHO
MPOrHO3UpPOBaHME BIAXXHOCTHOIO PeXMMa HapYXHbIX CTEH 34aHWiA.

WccnenoBaHvst A1t MPOrHO3MPOBAHWS [0/ITOBEYHOCTU HAaPYXHbIX OrpaXAatoLLMX KOHCTPYKLWIA
BbIMO/IHEHbI BO MHOTMX paboTax, HauMHas ¢ CepefiMHbl MPOLLIOro BEKA, U BeAyTCs MO HACTOsILLEee BPeMs
[1-7 wn pgp]l. MHorouMcrieHHble  UCCMEefOBaHWsS  HanpaefeHbl Ha  U3y4eHUe  [0/ITOBEYHOCTM
TENIOU30/ISILUOHHBIX MATEPUAIOB B YC/IOBUSIX 3KCM/TyaTaumy Orpadkaatolmx KOHCTPYKLNIA.

Mo oueHke AONTOBEYHOCTU MCMNOJMb3yeMble NOAXOAbl MOXHO YC/I0BHO pa3fesivuTb Ha Tpy rpynnbl:

*  Ha OCHOBaHMW Pe3y/ibTaTOB HaTYyPHbIX 06CNEA0BaHUIA N UCTbITAHWIA;

* MO0 pe3ynbTaTaMm UCMbITaHWUI B KMMaTUYECKMX KaMepax;

°* Ha OCHOBaHWM pacyeToB MO W3BECTHbIM XapakTEPUCTMKAM MaTepuasioB C Y4eToM
MPOrHO3MPYEMOrO  TEM/IOBMIAXXHOCTHOIO  COCTOSIHUS  OrpakJatolleid  KOHCTPYKUMU — 3a
MHOrO/IETHWI NEpUoL, aKChnyaTauumu.

HecmoTpsi Ha HECOMHEHHYK LEHHOCTb M aKTyaslbHOCTb HaTypHbIX 06C/1ef0BaHU 1 UCMbITAHWIA
OrpaxzatoLnx KOHCTPYKUMIA B KIMMATUYECKMX KaMepax, MOoJlyYeHHble [aHHble He BCerga MOXHO
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PacnpoCTPaHsTb Ha CXOXME KOHCTPYKLMW, VMEIWME OT/MUNA B WCMO/b3yEMbIX MaTtepuanax. Hert
€[IMHOr0 MoAXoAa Mpu Nepexode OT Pe3yNbTaToB, MOJyYeHHbIX B KTMMaTUUECKMX Kamepax, K peasibHbiM
CpoKaMm Ao/roBeyHocTW. [poBOAMMbIE  3KCMEPUMEHTbI B KAMMATUMUYECKMX Kamepax 3adacTylo
BbIMO/IHSAOTCA C  ONPeAesieHHbIMU  BNIaXHOCTAMM  MaTepuasioB, 4TO HEe MOXET O0XBaTUTb BECb
HEoGXOAUMbIA AMana3oH UX BO3MOXHbIX 3HAUEHWI, HanpUMep, MpU OLIEHKe BUSIHUA TeXHOJI0TMYECcKol
(cTpouTenbHOR) BNarv Ha [0/ITOBEUYHOCTD.

B cBA3M C BbIWENINOXKEHHBIM [N OUEHKA [AOSTOBEYHOCTM HApPYXHbIX CTEeH 34aHuii 13
A4EencTo6eTOHHbIX 6/I0KOB aBTOK/IABHOrO TBEpPAeHWUs Hu3koi nnotHoctn (P =400 wm 500 kr/m3 B
HacTosieli paboTe 3a OCHOBY Obina npuHsATa meToguka C.B. AnekcaHApOBCKOro [3] ¢ HekoTopbiMU
He3HauUNTeNbHbIMY OTK/TIOHEHUSMMU.

[ns onpeneneHnsl AONTOBEYHOCTM HAPYXHbIX CTEH MO AAHHOW MeToAvKe HeoGXOAUMbl He TOJIbKO
[JaHHble M0 MOPO30CTOMKOCTM MaTepuasioB, HO W MPOTHO3MPOBAHWE BMAXHOCTHOTO pexuma C
onpedesnieHnemM MacCOBbIX BfI2XHOCTE MaTepuasioB B 30HE NPOMEp3aHusi KOHCTPyKUuuiA. [ns 3Toro
HY>HbI TEN/T0U3NYECKNE XapaKTEPUCTMKN MaTepuasioB, OCHOBHbIE M3 KOTOPbIX:

*  3aBUCMMOCTb  KO3dphuumeHTa  TensonpoBOAHOCTM  OT  BJIKHOCTM B 06n1actu
NOMOXWTENbHBIX Y OTPULATENIbHBIX TEMNepaTyp;

*  KO3(hPULMEHTbI NapONpPOHNLLAEMOCTH;

e rokasatenu, onpejensole ABWKEHVWE KMOKOM Bfarm B U30TEPMUYECKUX U
HEN30TEePMUYECKMX YCIOBUSIX;

*  130TepMbl copbummn MaTepuanos.

B HacToswen paboTe npuBegeHa 4YacTb SKCMEPUMEHTA/IbHbIX OAHHbLIX ANS AvencToro 6eToHa
HW3Kol nnoTHocTu (P = 400 1 500 kr/m3.

BnunsiHne BNaxXHOCTW Ha KOAdhpULUMEHT TEenI0nNpoBOAHOCTH
AYencToro 6eToHa

HecmoTpa Ha TO, 4TO BOMPOC 3aBUCMMOCTW TEM/IONPOBOAHOCTA OT B/I&KHOCTU CuuTaeTca
[0CTaTOYHO U3yYeHHbIM [8-15], AaHHbIe NS A4encToro 6eToHa HU3koW MIoTHoCcTK (p = 400 1 500 kr/m3
B obnacti oTpuuatesibHbIX TemnepaTyp orpaHuyeHbl. HekoTopble AaHHble npuBedeHbl B paboTax
[8] n [14].

OKCNepuMeHTaslbHble  UCCMef0BaHUA  BbINOJIHEHbI Ha ob6pasuax, npefocTaB/IEHHbIX
OAO «¥YnpaBnswowasa komnaHusa xonauHra «3abyaosa» (fasiee - tvn 3), B besiopycckoMm HauvoHaslbHOM
TexHnyeckoM yHusepcutete (BHTY) Ha ycTaHoBKe oA naMepeHus TensonposogHocT Tuna NETZSCH
HFM 436 Lambda. 3kcnepuMeHTaslbHble [aHHble NpuBefeHbl Ha pucyHkax 1 u 2. CnenyeT OTMETUTH,
YTO MpU 60/bLUNX BNAKHOCTAX MaTepuanoB BuA rpadukoB B 06NacTv oTpuUaTesbHbIX Temneparyp
MOXET UMETb OT/IMYNA (MMETb CKA4yOK NPV BO3HWKHOBEHWMW NbAa B NMopax).

PucyHok 1. 3aBncnmocTb KoadhdhrumeHTa TEN/IONPOBOAHOCTU AHENCTOrO 6eToHa
(p = 400 kr/m3) OT TemnepaTypbl 1 MacCOBOW B/1&XXHOCTU
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PucyHok 2. 3aBUcnMoCTb KoadhpmumeHTa Ten10npoBoOAHOCTM SHENCTOro 6eToHa
(p =500 kr/m3 OT TemnepaTypbl U MacCOBOW BNaXXHOCTU

[na otpuuatesbHbIX TemnepaTyp ysBenuyeHue KosduumeHTa TEnsIonpoBOAHOCT MPOUCXOANT
MpM MaccoBOi BA@XHOCTM sA4veuctoro 6etoHa W u 20 % gna nnotHoctn p =400 kr/m3 n  6onee;
W =175% pgna nnotHoctn p = 500 Kr/mM3, 4TO CBfA3AHO C HayasloM 06pa3oBaHVA fibha B Mopax
marepuasnos.

C noHWXeHWEM TemnepaTypbl KO3(ULUMEHTbI TEMSIONPOBOAHOCTM  AYeucToro 6eToHa B
3aBMCVIMOCTM OT BJIXXHOCTM MOTYT Kak yBE/IMUMBATLCS, Tak Y YMEHbLIATLCSA. ITO MO3BOJISIET ONPEe/UTh
rpaHnuHbIE BMIAXHOCTW, NP KOTOPbIX MPU OTpULATE/IbHBIX TEMMepaTypax B fnopax MaTepuasioB fef
He 06pa3yeTcst WM ero KOMIMYECTBO HE3HAUUTESTBHO.

KoadhdpuumeHThbl N30 TEPMUYECKOl BNaronpoBoAHOCTUN AYENCTOro
6eToHa Npy NONOXUTENbHbIX M 0TPUUATE/bHLIX TemnepaTypax

ViccnepoBaHns BAWSHUS BA&XKHOCTU Ha  KO3(MULMEHT M30TEPMUYECKON B/IAronpoBOAHOCTH
AYencToro 6eToHa BbINOHANM Ha o6pasuax Tuna 3 naoTHOCTLIo p =400 1 500 Kr/m3.

O6pasupl YBIAKHAMINCL BOAON A0 BaXHOCTW, 6nm3koin k 20, 35, 45 m 60 % no macce, u
YyNakoBbIBA/MCb CO BCEX CTOPOH B MNOMSTU/IEHOBYID M/IEHKY. B Takom cocTtosHun  06pasupl
BblIEPXKMBaA/IUCL B YCMOBUAX, GMIN3KUX K M30TEPMUYECKUM, 7151 paBHOMEPHOrO NepepacnpeneneHns
XWUOKOA BnarM no ux Tonwe. Temnepatypbl 06pasyoB 4718 MPOBEAEHUSI 3KCMEPUMEHTA MNPUHSATHI
t=+20 °Cut=-5 °C.

Mocne BbIOEPXKM B M30TEPMUYECKMX YC/I0BUSIX 06pasubl C BAKHOCTbIO, 6/M3KOM MO
nokasaresisiM, CTbIKOBa/IMCb METOAOM pa3pe3HOil KOMOHKM Apyr C APYroM M CO BCEX CTOPOH
B/1Aron30/IMPOBA/INCb MOSIMATUIEHOBOW M/IEHKOR. [locne onpefeneHHon BpPEMEHHON BbIGEPXKKMA B
N30TEPMUYECKNX YCMOBUSAX AN MPUHATLIX TeMnepaTyp 06pa3uoB KOMOHKM MEpPUOAMYEcKn pasbupanu,
o6pasubl B3BelMBanM ¥ cobupanm 3aHoBO. KoathdhuuMeHTbl M30TEPMMYECKO BNaronpoBOAHOCTU AN
pa3fIMuHbIX TemMnepaTyp onpeaensam no yopmyne:

G
dw ()
dx

ew -

roe Gw- KOMMYecTBO Bnaru, Nnpoxogdiwel vyepes 1 M niowaam B 1 vac, r/(|v|2 u);
dw/dx - nepenag MaccoBOi BI&XHOCTW MO g/iMHe obpasua, %o/m.

3aBMCUMOCTM  KO3CHCHMLIMEHTOB  M30TEPMMUYECKO/  B/IArornpoBOAHOCTM B 3aBUCUMOCTW  OT
BNKHOCTU /151 pas3/iMyHbIX TEMNEPATYpP NPUBEAEHb! HA pUCyHKax 3 U 4.
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PesynbTatbl 3KCNEpPUMEHTA/IbHbIX NUCCNEA0BaHUI N30TEPMMYECKOI BNaronpoBOAHOCTA SAYENCTOrO
6eToHa nokasanu, 4YTo Mpy OTpULATENbHBIX TeMNepaTypax Takke UMeeTcsa MepemMelleHne Bnarv uns-3a
HasMumsl Helamepsweld BoAbl B Mopax MarepuasioB. [ns 065acTv NOMOXUTEbHBIX Temnepatyp
nepemelleHne BoApl B obpasuax Habmwogaetca npu BnaxHocTax W > 17 % no macce Ans S4encToro
6eTtoHa nnoTHocTM p =500 kr/mM3 1 npu W >20 % no macce Ans SA4YeUcToro 6GeToHa M/I0THOCTK
p =400 kr/m3. [Ona o6nactm oTpuuaTefibHbIX TemnepaTyp MepemelleHne BoAbl B o6Gpasuax
Habnogaetca npu BnaxHoctn W > 37 % no macce As1a aveuctoro 6etoHa nnotHoctu p =500 kr/m3 n
W >45% no macce pna adeuctoro 6etoHa nnotHocTm p = 400 kr/m3. Pe3ynbTaTbl MokasblBatoT
3HauMTE/IbHOE BAWSHME TemnepaTypbl WU MNAOTHOCTM MaTepuasia Ha KO3IMULUMEHT WM30TEPMUYECKON
BNaronpoBoAHOCTMH.

PucyHok 3. KoadhthmumeHTbl n3oTepMmyeckoii BNaronpoBOAHOCTN SYENCTOro 6eToHa
(p = 400 kr/m3) B 3aBUCUMOCTU OT BJI&XKHOCTU

PucyHok 4. KoadhpmumeHTbl n3oTepMmnYyeckol BNaronpoBOAHOCTU A4YencToro 6eTtoHa
(p =500 kr/m3 B 3aBUCMMOCTU OT B/IXKHOCTHU
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OnpeaeneHne KoaggmuMeHTOB TEPMOB/IAronpoBoAHOCTY B 06pasLax
aYyencToro 6eToHa

|_|pl/l KCnnyartaunun HapyXHblX CTEH C MOBbILLEHHON B/IXXHOCTbIO A4YenCcToro 6eToHa npn Ha/iM4vynn
rpagneHTa TemMmnepatypbl BO3MOXHO TaKXe ABMXeHMe Bnarn no cCce4YeHuto CTeHbl 3a CYET MeXaHu3ma
TepmMoB/iaronpoBoaHOCTH.

BrnepBble gaHHblii MeXaHn3M ABWXKEeHUs Bnarn yctaHoswua A.B. JlbikoB [16] B cepeauHe npoLioro
Beka. lMccnepoBaHusA MO U3YYEHUIO 3TOTO MeXaHu3ma BesiCb MPEeUMYLLECTBEHHO B 06M1acTU CyLUKU
MaTepuanoB BCMEACTBME Ha/MUUA NPU NPOTEKaHMM AaHHbIX NPOLIECCOB 3HAYUTESIbHbLIX PaAueHTOB
Temnepatypbl. OnpegeneHve TepMOrpagMeHTHbIX KO3MMULUUEHTOB CTPOUTESIbHLIX MaTepuasioB
NMpon3BOAW/IOCH MPEUMYLLLECTBEHHO COBETCKMMM YYeHbIMM A0 KOHua 1990-x rogos. [aHHble Mo ux
BE/IMYMHAM, a TakkKe MWCCMefoBaHus UX 3aBUCMMOCTEN AN AYEeUCTbIX GETOHOB HU3KUX M/IOTHOCTEN
orpaHuyeHbl, a gnsa oTpuuaTenbHbIX TemnepaTyp 06pasuoB He HalifeHbl.

OnpegeneHne TepMOrpPagMeHTHbIX KO3(hMUMEHTOB npeanarasocb pPasnnyHbIMU - criocobamu,
0630p KOTOpbIX MpuBeAeH B pabote [17]. BbigensoT craymoHapHble MEeTOApbl, 3ak/ryarwmecs B
BbIZIEPXXKE B/1aroM3osIMpoBaHHOr0 obpasua Mexay AByMs TepmocTatamy Ao YCTaHOB/IEHMSI MOMEHTa
CTauMoHapHOro TemMnepaTypHOro M BM@XHOCTHOTO COCTOSIHWS, MOC/Ie YEero Mo KpuBbIM pacnpeneseHunst
B/larocoepXaHnsa 1 TemnepaTypbl N0 AnMHe obpasua  paccyuTbiBalOT  TEPMOrpagueHTHbI
KoapchuumeHT. HepocTtaTok cTauvoHapHbIX METOAOB - AJ/IMTENIbHOCTb NPOBEAEHWS WCMbITaHWA, MNpw
KOTOpPbIX MOCTOSHHO HEOOXOAMMO NPOM3BOAWNTL MOHTaX M AEMOHTaX 06pa3uoB. HecTaunoHapHble
MeToAbl onpedenieHnss TepMorpaguMeHTHOro KoadhduUMEeHTa, Kak MpaBuio, TPe6yT chneunasnbHo
paspaboTaHHOro 060pyAOBaHUSA, HO MNPOBOAATCSA 3HAUUTENbHO ObIiCTpee. Pa3paboTaHHble MeToApbl
1CNosb30BaINCh NPENUMYLLEECTBEHHO B 06/1aCTU MOJIOXUTENbHBIX TEMMNEPATYP 06pasLoB.

3apy6exHbiMn 1uccnegoBatensamy 3a nocnefHie 20 feT BbINOSHEHbI UCC/IEA0BAHNSA MO BAWSHUKO
rpafMeHToB TeMnepaTypbl Ha NepeHoC Bnaru yepe3 mMatepuansl [18, 19] npenmylLlecTBEHHO B 06/1acTh
MX COPOLUMOHHOTO YBN&XHEHUS. PaboTbl Bbi3Ba/IM  HEOJHO3HAYHYH) peakuuo MO  KOPPEKTHOCTU
BbINOJTHEHHbIX 3KCNEPUMEHTasIbHbIX UCCMEfOBaHWA U HEOOXOAMMOCTU yyeTa rpagveHTa Temneparypbl
Ha nepeHoc Bnarm uyepes3 (B) Marepuanbl NpY MPOrHO3MPOBAHUM BIXKHOCTHOTO PeXuma HapyXHbIX
OrpaxgarLLmx KOHCTpyKumii [20, 21].

PesynbTatbl uccnefoBaHuii  3apyGexHbix aBTOpoB [16-25], a Tawke paboTel K.®. dokmHa,
B.H. borocnosckoro, B.W. JlykbsiHoBa, B.I. larapyHa un Apyrx uccnegosaTenein npegnonaraioT
pasnnyHble Mogenu [ANns MPOrHO3MPOBAHUS B/IXHOCTHOIO PEXMMA OrpPaxAatoLmx KOHCTPYKUMA W,
COOTBETCTBEHHO, pas/iMyHble Crnocobbl A48 onpefesieHnsa KoadULMEHTOB nepeHoca Bnaru yepes (B)
KanunnsapHo-nopucTble Tena.

Mpn pa3genbHOM yyeTe OCHOBHbIX MEXaHW3MOB MepeHoca Bfar B MOAeNV NpPOrHo3upoBaHus
B/I@KHOCTHOTO  peXxuMa  HapyXHbIX  OrpaXKAalolWmMx  KOHCTPYKUMIA — npepfnaraetcs  BMECTO
TepPMOrpagneHTHOro koaddpmumeHTa onpeaensite KOarLMeHT TePMOBIAronpoBOAHOCTM (N0 aHanornm
C KoatpduumeHToM BNaronpoBOAHOCTN):

B, = g—
t @
dx
roe Gf - Kko/;vMuecTBO  BnaryW, npoxopgswlein depes 1M  nowagm 3a 1 4yac 3a  cuer

TepMoB/iaronpoBogHocTy, r/(M24); dt/dx - nepenag Temnepatypsbl no g/vHe obpasua, °C/m.

MpoBeneHbl 3KCMEepPUMEHTLI Ha COCTbIKOBaHHbIX obpasuax (paspesHas KOJIOHKa) C pasHbIMU, HO
6M3KUMM MO  BE/IMYMHE MACCOBbIMM  BNAXHOCTAMU. [NA  co3gaHus  «Tennioi» U «XONOAHOM»
NOBEPXHOCTEl MCNOMb30BaHa YCTaHOBKA A1 3MepeHns TensonposogHocTh Tuna "NETZSCH HFM 436
Lambda" B BHTY.

Mepen CTbIKOBKOWA 06pasiubl SYEUCTOr0 GEeTOHa C pas/IMYHbIMK BMAXKHOCTAMM YNakoBbIBA/IN B
NONMITUNEHOBYIO M/IEHKY W BbIAEPXKMBA/IM HE MeHee [ABYX Hedenb B YCNOBUSIX, O/IM3KMX K
n30TepMmYeckum. Mocne BbIAEPKKN COCTaBAS/IN KOMOHKKW, KOTOPbIE CO BCEX CTOPOH B/1aron3osiMpoBaiun
NOSIN3TUIEHOBOW M/IEHKON N yCTaHaBNMBann B 060iMy 13 9KCTPY3MOHHOIO NOAMCTUPONA.

KomoHkM BbiaepXmnBasii Mpy nepenage Temneparypbl Mexay navtamu yctaHosku At n 15 °C. TMNpu
NMpoBefEeHUN 3KCNEepUMEHTa KOJIOHKM MNepuoauyeckn pasdupany, ob6pasubl B3BELUMBA/IM U KOOHKU
cobupanin 3aHOBO A1 ONpefieNIeHNs YCTaHOBKBLLEroCcs NoToKa Brarv mexay obpasuamu. Bpems mexay
B3BELUMBaHUAMMN COCTaB/IANIO HE MeHee CYTOK, a 06LLee BpeMs 3KCMepUMEHTA - He MEHee TpeX CyTOK.
Kpytunui A.B., PoixneHok HO. A., Nlewkesny B.B. Tennogusnyeckue xapakTepucTUKM aBTOK/MABHbIX AYEUCTbIX
6ETOHOB HU3KMX NSIOTHOCTEN W NX BMAHUE HA JO/TOBEYHOCTb HapYXXHbIX CTEH 3[aHUI
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OnpegenexHve nepenagos Temnepatyp Mo A/IMHE pPa3pe3HOi KOMOHKU BbINOHANOCH METOAOM
nocsefoBaTesibHOro NPUOSIMIKEHUS MO M3BECTHbIM MAaCCOBbIM BJIXHOCTAM 06pasLoB UM WU3BECTHbIM
TemnepaTypaMm Ha «Tenon» W «XOM04HOW» MaMTax npubopa. KoathdumumeHTbl TenaonpoBogHOCTU
06pasLoB AYENCTOro 6eToHa KOMOHKM PacCUUTbIBA/IN B 3aBUCMMOCTM OT WX CPegHel Temnepatypbl v
Br1axxHocTM (cm. puc. 1 m 2). Konnuectso Bnarv 3a c4et TepMOBNaronpoBOAHOCTY ONpeaensiv, Bblaenss
13 0OLLEero NoToka Bfaru NoTOKW 3a CYeT B/aronpoBOAHOCTM U NaponpOHULAEMOCTH.

PesynbTarhl 3KCMepPUMEHTANbHbIX nccnenoBaHuii 3aBMCMMOCTH KoadppmumeHToB
TEPMOB/aronpoBOAHOCTN SAYEUCTOr0 GeToHa OT BMAXKHOCTM MpU cpefdHeli Temnepartype o06pasLoB
tn -5 °C npuseneHbl Ha pucyHkax 5 1 6.

VI3 aKCnepuMeHTa/IbHbIX 3aBUCUMOCTEN BUAHO, YTO A5 Pas3HbIX 3HAYEHUI MIOTHOCTM MaTtepuana
3HauNTeNIbHOE YBe/iMyeHne KoapuUMeHTOB TEpPMOB/aronpoBOAHOCTM MPOUCXOAUT NPU BNAXKHOCTH,
npesbiwatowein 30 % no macce. MNpyu BRaxHOCTM MeHee 20 % MOTOK BfarM 4Yepes eaviHuuy nowagn
mMatepvasia ConocTtaBMM C MOTOKOM BOASHOrO napa A1 YCMOBUIA BbINOSIHEHWA 3KcnepuMeHTa. [pu
BI@XHOCTM MaTtepuasia 6onee 40 % no wmacce W cpegHeii Temnepatype o6pasuoB tu -5 °C
KO3gphMumeHTbl TEPMOB/IAronpoOBOAHOCTU Ha MOPSAOK MPEBbLIWAKT KO3(MMUMEHTBI N30TEPMUYECKONA
BNaronpoBoAHOCTMH.

PucyHok 5. KoaththmuyeHTbl TepMOBIaronpoBogHOCTU 4encToro 6etoHa (p = 400 kr/m3)
B 3aBMICMMOCTU OT B/I&KHOCTW NPWU CpefHei Temnepatype obpasuyoBtu -5 °C

PucyHok 6. KoadhdomumeHTbl TepMOBIaronpoBoAHOCTU a4encToro 6etoHa (p = 500 kr/m3
B 3aBVICMMOCTW OT B/I&XHOCTW MNpu cpeaHel TemnepaType obpasuostu -5 °C

Kpytunui A.B., PeixneHok HO. A., Jlewkesny B.B. Tennogu3nyeckne XapakTepucTUKN aBTOKMNABHbIX AYEUCTbIX
6ETOHOB HU3KMX NOTHOCTEN W NX BAIMSIHWE HA [O/TOBEYHOCTb HapYXXHbIX CTEH 34aHUIA
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BnvsHne BnaXHOCTW Ha AONTOBEYHOCTb AYEUCT bIX 6eTOHOB

[N OLUEHKM [0/TOBEYHOCT OrpadkdaloliMX KOHCTPYKUMIA U3 SIUEUCTbIX GETOHOB MPUHSATO
UCnonb3oBaTb MOHATME «Mapka MO MOPO30CTOMKOCTW», KOTOpOe ONpefensieTcss  MchblTaHueM
npeaBapuTesisHO  BOAOHACBILEHHbIX 00pasLOB  LMKIaMKM  MOMEPEMEHHOT0  3aMOpPaXMBaHWS U
oTTamBaHus. Mpyu 3TOM LMK/bl MOMEPEMEHHOTO 3aMOPaXMBAHUA W OTTaMBaHWs 06pasLOB SYEUCTOro
6eToHa NPOVCXOAAT MpWU onpeaesieHHol BNAXHOCTM sSiYencToro 6eToHa, KoTopas Npu M3MepeHun ero
Mapkn Mo MOPO30CTOWKOCTM, Kak MpaBusio, HEBaXHA. B TO e Bpems OCTaeTcs OTKPbITbIM BOMPOC O
BO3MOXHOCTM MCUEpnaHusi LIMK/IOB MOPO30CTOMKOCTM SAYEUCTOro GeToHa Mpu  3KChayaTauun CTeH,
BO3Be/EHHbIX U3 AYENCTOBETOHHbIX 6/IOKOB C MEHbLLEl B/TAXHOCTbHO.

[na vccnegoBaHWii BbIOpaHbl 06pasubl ABYX TWMMOB: Tuna 3 1 tuna . O6pasubl M3rOTOB/IEHbI B
Buae Kybos pasmepamm 100x100x100 mm ¢ nnoTHOCTBLIO p = 400 kr/m3un p = 500 kr/m3.

3aBMCMMOCTM LIMK/IOB MOPO30CTOMKOCTU OT BA@XHOCTWU ANsi 06pasLoB S4encToro 6etoHa tvna I
nokasaHbl Ha pUCyHke 7, Asi 06pasuoB A4encToro 6etoHa Tuna 3 - Ha pucyHke 8. CnegyeT OTMETUTD,
YTO Ha pUCYHKe 8 TOuKWM, 06BefleHHble KPacCHbIMU KPYXKamu, MoJlyYeHbl He Ha OCHOBaHWW OrMbITOB
(no pesynbTatam [ABYX/IETHEro 3KCMepUMEHTa OHW He MNOoTepsaM  NPOYHOCTM UM Macchbl), a
aKCTpanofsumen ¢ yyetom pesynbTartoB OMbITOB MO obpasuam Tuna . BepTuKasibHbIMU MYHKTUPHBIMUA
JIVHUAMW  NOKa3aHbl rpaHWyHble BJIXKHOCTW  MarepuasioB, MNpU  KOTOPbIX MNpU  OTpULATENbHbIX
TemnepaTypax B nopax nef He obpasyeTcs WM ero KOJM4yecTBO He3HAUUTeNbHO (U3 3KCnepuMeHTa Mo
onpegeneHnio KoahuLMEHTOB TENI0NPOBOAHOCTY B 3aBUCUMOCTM OT B/I&XXHOCTU Y TeMnepartypbl).

a) 6)

PrCyHOK 7. 3aBMCUMOCTb KOMIMYECTBa LIMK/I0B MOPO30CTOMKOCTM OT BECOBOW BI@XXHOCTU
06pa3yoB A4vencToro 6etoHa Tuna I: a) p = 400 kr/m3; 6) p = 500 kr/m3

a) 6)

PuncyHoK 8. 3aBMCMMOCTb KOMYeCTBa LIMKI0B MOPO30CTOMKOCTM OT BECOBOW B@XHOCTU
06pas3yoB svencToro 6etoHa Tuna 3: a) p = 400 kr/m3; 6) p = 500 Kr/m3

KpytunmH A.B., PbixneHok HO. A., Jlewkesny B.B. Tennothusnyeckme XapakTepUCTUKMA aBTOKNABHbIX AYEUCTbIX
6ETOHOB HWU3KMX MNIOTHOCTEN U UX BNMSIHWE Ha JONTOBEYHOCTb HAPYXKHbIX CTEH 3LaHUI
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CpaBHeHe o06pa3uoB Tuna 3 M [ nokasasio 3HauYWTe/lbHOE pasnMumMe B MokasaTensx
MOPO30CTOMKOCTM  MaTepuasioB OAMHAKOBOM MfoTHOCTW. O6pasubl 060MX TWUNOB  MNAIOTHOCTBHO
p =500 kr/M3 umeloT 6osiee BbICOKME MOKasaTenM MOPO30CTOMKOCTM B CPaBHEHUM C Obpasuamu
NAOTHOCTLIO p = 400 Kr/m3.

Mo pesynbTataM MWCMbITaHUA B 3aBMCMMOCTM OT MAaCCOBO/  B/I@QXHOCTW  onpegeneHa
[OITOBEYHOCTb AN1A KAMMaTUYeCcKMX ycnoBuii Pecny6nvkn Benapycb B YCMOBHbIX rofax aKcrnayaTaumu
(em. puc. 9, 10). Mpu 3TOM NPUHATbI ONpefesnieHHble (6M3KME K XYALUMM) YCOBUSA 3KChyaTaumu
AYencToro 6eToHa:;

e AYenCTbIn 6GETOH B Mpouecce 3Kcnayaraumu CTeH 34aHuii He W3MEHSeT BJIaXXHOCTb
(B peasibHbIX KOHCTPYKLMAX BNAXKHOCTb N3MEHSAETCA C pa3HON MHTEHCUBHOCTbLIO);

*  KO3(hULUMEHTbI NIbAUCTOCTU NPUHATLI paBHbiMK ~(t) = 1,0;

e OTAeNnka KIafKn CHapyXu BbINOJIHEHA TOHKOC/IOMHLIMY LUTYKATYPHBIMU MOKPLITUAMU C
HU3KUM TepMmuyeckum conpotusneHnem (R < 0,2 (m2°C)/BT));

*  KO/MMYeCTBO nepexofos uvepe3 0 °C Kak MakcumasibHoe M3 06nacTeil gns KIMMaTUyecKnx
ycnosuin Pecnybnvkn Benapychb.

a) 6)

PucyHok 9. OpneHTUPOBOYHOE KO/IMYECTBO JIET 3KCryaTaumm CTeH U3 AYENCTOro 6eToHa
Tnna I B 3aBMCUMOCTM OT BECOBOV BNaXHOCTU: &) p = 400 kr/m3; 6) p = 500 kr/m3

a) 6)

PucyHok 10. OpMeHTUPOBOYHOE KOSIMYECTBO JIET IKCMN/TyaTauum CTEH U3 AUENCTOro GeToHa
Tna 3 B 3aBUCUMMOCTM OT BECOBOW BMaxHoCTU: a) p 400 kr/m3; 6) p = 500 kr/m3

KpytunmH A.B., PbixneHok HO. A., Jlelwkesny B.B. Tennou3nyeckne XapakTepuCTUKN aBTOKMaBHNIX AYEUCTbIX
6ETOHOB HWU3KMX NAOTHOCTEN W UX B/IMSIHWE Ha JO/ITOBEYHOCTb HapYXXHMIX CTeH 34aHui
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V3 rpadvkoB BMAHO, 4TO MNpY MacCOBON BNaXHOCTU MeHee 25 % MO macce WAET peskoe
yBeJ/IMYeHNe [O0/ITOBEYHOCTM HapYXHbIX CTEH U3 A4Yenctoro 6eToHa He3aBWCMMO OT €ero Mapkui Mo
MOPO30CTONKOCTN. Ob6pasubl C SyHLeldl MapKoi Mo MOPO30CTONKOCTK (06pasupl Tuna 3) MMEKT Ny4lume
nokasarenu B npegesax MaccoBoii BnaxHoctn 30 ... 35 %.

Mpn GonbluMX BraxHOCTsAX (6onee 50 %) AO/TOBEYHOCTL SYEUCTOTO0 GETOHA PE3KO CHIDKAETCS.
OnpegenstowymM (akTopoM B TakOM C/lyyae CTaHOBWTCS Mapka Mo MOPO30CTOWKOCTW. Tak, Hamnpumep,
npy BRaxkHocT Gonee 50 % Mo Macce sUENCThI G6eToH Twna [ paspylaeTcs MeHee Yem 3a 2 roga
aKcnsyataumu, ssYencTblii 6eToH Thna 3 - MeHee Yem 3a 4 rofa aKcnayatauun cteH. Crefyet OTMETUTD,
YTO B 3aBWCUMOCTW OT BUAA HAPYXHOW OTAE/IKM CTEHbl U3 AYeMcToro 6eToHa 6yayT UMETb Pas/INyHbIi
TEN/IOBMAKHOCTHLIN pexum [26, 27] 1, COOTBETCTBEHHO, OT/INYHbIE OT MPYBEAEHHBLIX B AAHHON paboTte
rnokasarte/in [0/ITOBEYHOCTU .

3ak/oyeHne

1. 3KcnepMMeEHTa/IbHbIMW UCCNEAOBAHMSAMU YCTAHOB/IEHO BMSHME TeMnepaTtypbl U BI&XXHOCTU Ha
KO3p(hmMumeHT TEnsIoNPOBOAHOCTN A4veucToro 6etoHa Tuna 3 naoTHocTbio 400 m 500 kr/m3. Ha
OCHOBaHUM MOMNYYEHHbIX OAHHbIX MNpeanaraeTcsa OnpefenaTb rPaHUYHble 3HAYEHWs BIAKHOCTW, NPy
KOTOpbIX NpY OTpuULaTeslbHbIX Temnepatypax fief B nopax MarepuasioB He o6pasyetcsa wim ero
KONMYECTBO HE3HAUNTENBHO.

2. YCTaHOBMEHO, 4TO MNpWY OTpMUATENbHLIX TemnepaTtypax o06pasuUoB S4YeucToro 6GeToHa C
B/1aXXHOCTbO 60siee 30 % Mo Macce OfHMM M3 OCHOBHbIX MEXaHW3MOB MepeMEeLLEHNs Bary siBNsieTcs
TEPMOB/AronpPoBOAHOCTb. B peanbHbIX YCNOBUAX 3KCNyaTauumy HapyXHbIX CTEH 3AaHWS, BbINOSTHEHHbIX
K1agKoh M3 S4ENCTOBETOHHbIX G/IOKOB C BNaXHOCTbO 60nee 30 %, B 3UMHUIA Nepuog, roga BO3MOXHO
3HAUNTENIbHOE YBENIMYEHME BNAXHOCTU MaTepuasioB HapyXHbIX 3alMTHO-OTAENOUYHbIX C/IOEB U
CHWXEHME [ONTOBEYHOCTM 3a CUYET 60/1ee MHTEHCUBHOMO McUepnaHnsl pecypca MOpPO30CTONKOCTM.

3. PesynbTatbl uccnefoBaHWii MOPO30CTOWKOCTM SYEUCTOro GeToHa Mokasann, YTO KOMYEeCTBO
LMK/IOB 3aMOpaXuBaHUs - OTTaMBaHWA 3aBMCUT OT MNJIOTHOCTU W BA&XHOCTU 06pasuos. lMpu 60abLwnX
BNaxHocTsax (6onee 50 % no macce) AOMTOBEYHOCTb CTEH M3 AYENCTOrO0 GETOHA PEe3KO CHIDKaeTCs.
Onpegensiowm  hakTopoM  An18 AaHHbIX  BfI&XKHOCTE  martepuana CTaHOBMTCA  Mapka o
MOPO30CTONKOCTU AYENCTOro 6eToHa. MpyM MaccoBbIX B@XHOCTAX MeHee 25 % no macce uaeT peskoe
yBeJ/IMYeHNe [O0/ITOBEYHOCTU HAaPYXHbIX CTEH W3 AYencToro 6eToHa He3aBWCMMO OT €ro Mapku Mo
MOPO30CTONKOCTM.
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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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