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Abstract:

The object of research is an external wall panel made of cold-bonded fly ash aggregate concrete.
The purpose of this work is to study thermal performance of the external wall panel made of cold-bonded
fly ash aggregate based on fly ash from Novosibirskaya GRES Thermal Power Plant. Method. The panel
under study consists of three layers: an inner layer of concrete with cold-bonded fly ash aggregate, an
intermediate layer of extruded polystyrene, and an outer layer of heavy concrete. For the thermotechnical
calculation of the external wall panel, the thermal conductivity coefficient of cold-bonded fly ash
aggregate concrete was experimentally determined using the thermal conductivity meter ITS-1 "150".
Specimens were made in the form of plates with dimensions of 150x150x30 mm. Demoulding was carried
out on the second day after the specimens were made. Subsequently, the samples were stored under
normal conditions at a temperature of 20 + 2 °C and a relative air humidity of at least 60%. After that, the
thickness of the insulation was calculated for the panel under study. The thermal performance of the
studied external wall panel was compared with a typical three-layer reinforced concrete panel. Results.
The thermal conductivity coefficient of cold-bonded fly ash aggregate concrete was experimentally
determined, which amounted to 0.94 W/(m-°C). It is shown that in terms of thermal performance, the
external wall panel made of cold-bonded fly ash aggregate concrete is not inferior to the well-known
three-layer reinforced concrete wall panel. With the same thermal characteristics of the studied external
wall panel, a heat-insulating layer of extruded polystyrene of a smaller thickness is required - 90 mm
instead of 100 mm for a three-layer reinforced concrete panel.

1 Introduction / BBegeHue

BeToHHbIe 1 Xene3obeToHHbIe CTEHOBbIE NaHeny NpeacTaBnNAlnT cobon KOHCTPYKLUMM 3aBOACKOrO
N3roTOBMEHNA C BbICOKOM CTENEHbK OTAENOYHOM rotoBHOCTU [1]. OBnacTtb NnpuMeHeHUst BETOHHbIX Y
Xene3obeTOHHbIX CTEHOBbIX NMaHeNen OXBaTblBaET pasfuyHble BUAbl 34aHWUIN: XWUnble 30aHUa cpeaHen
3TaXXHOCTU N MHOTO3TaXHble, NHOANBUAYaANbLHOE CTPOUTENBLCTBO, NPOMbILWMEHHbIE 3aaHna u T.4. [2], [3],
[4].

TpexcriorHble CTEHOBbIE NAHENV UCMOMb3YTCA B KaYecTBe orpaxaaloLmx KoHCTpykumi [5], [6].
B TakMx naHenax BHELWHWW U BHYTPEHHWA CIOW BbIMNOMHAKTCA M3 6eTOoHa, a NPOMEXYTOYHbIN CRon
ABMSAETCA TENNon3oNAUNOHHbIM [7]. O KOHCTPYKTUBHOMY pELUEeHUIO HapyXHble CTEHOBblE MNaHenu
pas3genuTb Ha TPy OCHOBHbIE TPYMNbI: ryXas NaHesb, NaHesb C NPOEMOM NOA OKOHHbINM BNoK 1 naHenb
¢ npoemMoMm nop 6ankoHHbI 6rok (Puc. 1-3).
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Puc. 1 - Cxema rnyxou Hapy>KHOW CTeHOBOMW NaHenu
Fig. 1 - Scheme of blank external wall panel
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Puc. 2 - Cxema Hapy>HOW CTeHOBOM NaHEesNM ¢ OKOHHbIM MPOEMOM
Fig. 2 - Scheme of external wall panel with window opening
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Puc. 3 - Cxema Hapy>KHOW CTeHOBOM NaHenu ¢ NpoemMoMm nop 6ankoHHbIN 6ok
Fig. 3 - Scheme of external wall panel with balcony opening

K HacToswemy BpemMeHu uccrieqoBaTensiMyv BbINOSIHEHO GONbLUOE KONMMYECTBO pa3paboTok B
obnactm mMcnonb3oBaHMA pasnUYHbIX BUOOB GETOHOB ANA MPOM3BOACTBA TPEXCMOWMHBLIX HaPYXHbIX
CTEHOBbIX NaHenen. Yaiwe Bcero ucnonb3yeTcs Xenes3obeToH, Taxenble Buabl 6eToHa wnu
KOHCTPYKLIMOHHbIN  KepamanTo6eToH NnoTHocTbio  1600...1800 «kr/m® [8]. Mpu wucnonb3oBaHUM
nepevYncrieHHbIX MaTepuanoB TOMWMHA  KOHCTpyKuuMuM coctaensgeT okorno 300 wmm[9], wu
cooTBeTcTBYOLWMI Bec ~ 500 kr Ha M2 nnowaamn cteHbl [10]. YToBbl CHU3UTL Harpysky Ha yHOaMEHT
Heo6X0OUMO YMEHbBLUNTbL BEC CTEHOBbLIX NAHENEN, HO MPU 3TOM NPOYHOCTHbIE XapaKTEPUCTUKM NaHenu
He OOIMKHbI yxyawntbcs. OaHMM 13 nyTen pelleHns 3Ton npobnembl ABMsSeTCs 3ameHa NpUpOAHOro
KpynHOro 3anonHutensa (LwebHa unuv rpaeBus) Ha bonee nerkme 3anosiHMTeNu, K KOTOpbIM MOXHO OTHECTH
arnonopur [11], [12], kepamaunT [13], [14], [15] 0GxuroBbIn 1 6€306KMroBbIN 30MNbHLIN rpaBui [16], [17],
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[18]. TMMocrnegHwnini K3 nepeyvYncrieHHbIX WMEeeT CaMyl TMPOCTYI TEXHOMOMMK WU3roTOBNEHUs u,
crnegoBaTeNbHO, ABMASIETCA 9KOHOMUYECKN Bonee BbIroAHbIM.

Be306xnroBbii 30MbHbLIN rpaBuii 06nagaeT XOPOLUMMW MEXAHWYECKMMU XapaKTepucTukamun u
MOXeT ObITb UCNonb3oBaH Ana 6eToHoB cpeaHern npovHocTu [19]. ABTopbl [20] Nokasanu BO3MOXHOCTb
NCNoNb30BaHMs 30S1bHOMO rpaBusa AN yMeHbLueHus ycagku 6etoHa. Kpome Toro, ucnonb3oBaHmne 3Toro
3anonHUTeNnd BMeCTO NPUPOOHOro No3BONSAeT YBENMYMTb NMPOYHOCTb Ha pacTsKeHue, cxaTue u cpes
[21]. Tarke BO3MOXHO MCMONb30BaHWE 30MILHOMO rpaBmsa B GeTOHax, NOABEPXKEHHbIX BO3OENCTBUIO
BbICOKOW TemrnepaTypbl [22]. He cMOTps Ha BCe JOCTOMHCTBA JAaHHOro MaTtepuana, 30fbHblA rpaBui,
NOJSTYYEHHBbIN U3 30S1bl YHOCA PasnNUYHbIX TEMMOBLIX CTAHUMIN, UMEET pasfnyHble (PU3nKo-MmexaHndeckme
N TennoTexHU4Yeckme CBOMCTBA.

Llenbto aaHHOM paboTbl SIBNSETCA MCCNeAoBaHNE TEMMOTEXHUYECKUX XapaKTePUCTUK Hapy>XHOM
CTEHOBOW naHenu w3 6eToHa C 6e306XUroBbIM 305bHBIM FPaBMEM Ha OCHOBE 30fbl-yHOCA
HoBocubupckon TOLL-5.

2 Materials and Methods / MaTepuanbi u meToAabl

21 Marepuansl

[nsa nsrotosneHnst 6eToHa MCNONb30BaNUChL crneayoLwme matepmansl:

Uement LIEMI1425H npoussoactBa Heidelbergcement «CnaHueBCKM LEMEHTHbIN 3aBOA
«Llecna» c cogepxaHnem BcnoMoraTesibHbIX KOMMNOHEHTOB He 6onee 5 %, yaenbHON NOBEPXHOCTbIO MO
BneiiHy 400 M?/Kr, cpefiHEN aKTUBHOCTLIO B BO3pacTe 2 CyTok 26,2 MIa, HopmanbHom ryctoTtomn 24,6 %.

Mecok mectopoxaeHua «OctpoBckoe» (noctaBwmk OO0 «LleMeHTHO-GEeTOHHbIE M3genusa» n.
Ceptonoso JleHo6nactn), ¢ Mx=2,17 1 UCTUHHOI NMOTHOCTLIO 2,79 r/cm®. CoaepxaHue nbinesaTbix 1
rMUHNCTBIX YacTul He bonee 2,0 %.

Be306XXUroBbiM 30NbHbLIN rpaBUU Ha OCHOBE 305bl yHoca Hosocubupckon TOU-5. Mpaswui
nMeeT cepbivi LBET, OKPYrnyr opmy U wepoxoBaTyto noBepxHocTb (puc.1). Cogepxumt oo 99,5 %
rpaHyn cppakumm 5-20 MM, XxapaktepuayeTtcs Mmapkon no nrnotHoctn M900, no npoyHocTu — M1200.

Bopa 3aTBopeHus. Boga ygosnetsopsna Tpebosanusam TOCT 23732-2011 «Boga ansa 6eTtoHoB
N pacTBOpPOB. TEXHNYECKME YCIOBUSAY.

Ho6aBku. C uenbto obecneyeHna HeoOXOAMMON NOABUXKHOCTUA N XKN3HECNOCOOHOCTM BETOHHOM
CMecK, Mpu MUHUMAnNbHO JONYCTUMbIX pacxofax MnopTnaHAueMeHTa TMpMMEHEHaA XuMudeckas
cynepnnactuduumpytowas gobaska MC-PowerFlow 2695 npoussoactea OO0 «3OM-Cn Bayxemmy.

Mopbop coctaBa ocywectenanca cornacHo FOCT 27006-2019 “BeTtowbl. lNMpaBuna nogbopa
coctaBa”. 3 nepeymcneHHbIX MaTepranoB AMs 3KCNnepuMeHTanbLHOro onpegeneHnsa koagduumeeHTa
TennonpoBogHOCTU GeToHa ¢ 6e300XMroBbIM 3051bHBIM rpaBMeMm Obil MPUrOTOBIIEH COCTaB CMECU
(Tabnuua 1). MNMpeaBapuTenbHO pacdeTHbIM NyTemM ObiNM BblMMCNEHbI NapameTpbl cocTaBa GeToHa.
3atem nonyyeHHble NapameTpbl KOPPEKTMPOBANNCHL NyTEM NPOGHbLIX 3aMeCOB.

Ta6nuua 1. CoctaB 6eTOHHOW cMecH
Table 1. Composition of concrete mixture

Matepuansl Pacxogbl MaTepuanos B Kr/m®

LlemeHT 360
Mecok 720
Be306XnroBblIvi 3051bHbIN rPaBUN 780
Bonoa 160
Cynepnnactucpukatop MC-PowerFlow 2695 2

Ntoro 2022
B/L], oTHOWEHNE 0,44

2.2 Mopenb uccnengoBaHus

B kayecTBe Mogenu uccrieqoBaHWUS WUCMNOSb30BaHa HapyXHas CTeHOBasl MaHerb C OKOHHbIM
6nokom (Puc.2). CteHoBasi naHenb COCTOMT U3 TPeX COEB: BHYTPEHHETO - HECYLLErO, MPOMEXYTOYHOIO
- TEeNNIoN30NSALUMOHHOro, BHeLlHero - 3awuTHoro. CoctaB naHenn n ee TeNnoTexHU4Yeckne rnokasaTtenmu
npenacraeneHsbl B Tabnuvue 2.
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Tabnuua 2. TennoTexHn4yeckue rnokasaresiv HapyXHOU CTEHOBOW NaHenu
Table 2. Thermal performance of external wall panel

KoadhpmupmeHnt
Ne crios Cnon. Matepuan TonwuHa, MM | TENNIONPOBOOHOCTU A,
B1/(m-°C)
1 BHyTpeHHWI cnon. BeToH ¢ 6e306XX1roBbIM 30S1bHBIM 120 0,94 (cm. n. 3.1)
rpasvem (2000 kr/m®)
2 QKCTPyaAMpOBaHHbIN neHononucTupon (35 kr/m®) no pacyety 0,034
3 BHewwHun cnon. Tsxxenbint 6eToH (2300 kr/m®) 65 1,41

2.3 MeTtoabl

[na TennoTexHW4Yeckoro pacyeTa HapyXHOW CTeHOBOW naHenu (Puc. 2) akcnepuMeHTanbHbIM
nytem Obin onpegeneH kodgdUUMEHT BHYTPEHHEW TennonpoBogHOCTU 6eToHa ¢ 6e306XmMrosbiM
30nbHbIM rpaenem. McnbitaHme npoBeaeHo B cootBeTcTBUM ¢ TOCT 7076-99 «Matepuansl u nsgenus
cTpouTenbHble. MeTog onpegeneHns TennonpoBOAHOCTM W TEPMUYECKOro COMpOTUMBIIEHUS MpuU
CTaLMOHAPHOM TEMNIOBOM peXnMe» C NOMOLLbI0 nameputens TennonposogHoctn UTC-1 «150».

O6pasubl Ana ucnbiTaHMs Ha TEennonpoBOAHOCTb WM3rOTOBNSANWCH B BUAE NNAWT pasmepamu
150x150x30 mm. ®opmbl gns obpasuoB 3anvMBanncb B BepTMKaNbHOM nonoxeHun. Pacnanybka
npovsBoaunach Ha 2 CyTKM nocrne u3rotosneHmsa obpasuyos. MNocneaytowee Bpems 06pasubl XpaHUICb
B HOpMarbHbIX ycrioBusax npu temnepatype 2012 °C 1 OTHOCUMTENBHOM BNAXXHOCTW BO3Ayxa He Huxe 60
%. [lo 1 nocne ucnbiTaHma obpasLbl B3BELUMBASIUCD.

Ha Puc. 4 npeactaeneH obpasel, yCTaHOBMEHHbIV B U3MepUTENb TENIONPOBOAHOCTY.

Puc. 4 - Obpaseu nepen Ha4yanom UCNbITaHUA
Fig. 4 - Specimen before testing

3 Results and Discussion / PeaynbTaTtbl n obcyxaeHue

3.1  TennoTtexHUYeckne XapakKTepucTUK1U HapyXHOW CTEHOBOMW NaHesnun ¢
6€306X1MroBbIM 30J1bHbIM rpaBueM
KoadpduumeHT TennonposogHocT 6eToHa ¢ 6€306XXMroBbIM 30fbHBIM rPaBUEM MCMONb30Barics
COCTaB, ykasaHHbIn B Tabnuue 1. Pe3ynbTathl UcnbiTaHun 6eToHa npeactaenexsl B Tabnuue 3.

Ta6nuua 3. Pe3ynbTathl onpeaeneHnsa TennonpoBoaHOCTU 6eToHa
Table 3. Results of determining thermal conductivity of concrete

Ne o6pasua KoadbdmumeHT TennonposogHoctu A, B1/(m-°C)
1 0,937
2 0,915
3 0,981

CpeaHee 3HayeHue 0,944

Mo pe3ynbTatam UcnbiTaHNn KOIMPULMEHT TenrnonpoBoaHOCTM 6eToHa coctasun 0,94 B1/(m-°C),
4YTO HaxoOouTCA MeXAy aHamnorMyHbIMW 3HAYEHUSIMWU Ofst NMIIOTHOTO Kepam3nTobeToHa U TSKenoro
GeToHa.
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TennoBas 3aliMTa OCHOBHbIX CTPOUTEMbHbLIX 3MNEMEHTOB W  KOHCTPYKUMA paccynTaHa B
COOTBETCTBMM HOPMaTUBHOW OOKyMeHTauuu [23], [24], [25]. KnumaTudeckne n MmUKpoKnMMaTudeckme
ycnosua anga Caxkr-MNeTtepbypra cornacHo [23]:

MpoaomKUTENBHOCTL OTOMNUTESNLHOIO NEpMoaa Zor = 211 gHen.
CpenHas TemnepaTtypa Hapy>KHOro Bo3gyxa OTonuTensHoro nepuoaa fom=-1,2°C.
30Ha BMaXXHOCTHOrO pexuma - 1 (BnaxHas).
PacdeTHasa TemnepaTtypa HapyXHOro Bo3gyxa B XOnogHbIv nepuoA roga, °C, npuHuMmaemas
paBHOW cpeaHen Temnepatype Hanbonee xonoaHom nNATuaHeBkn obecneyeHHocTbio 0,92 —
«MUHYC» 24.
5. Ycnous akcnnyaTaumum orpaxgarolmx KOHCTPYKUMi - b.
6. Temnepatypa BHyTpu nomeLLeHun (kunoe 3aaHue) - t=+20 °C ([24]).
OnpepeneHune rpagyco-CyToK OTONUTENbHOro nepunoaa [25]:

TCOI = (t, — ty)Zor = (20 + 1,2) X 211 = 4673,2 °C - cyT (1)

HopmaTuBHOe 3HaveHue NpuMBedeHHOro CONpoTUBNEHNS Tennonepedade criegayeT NpUHUMaTh He
MeHee HOopMUpYeMbIX 3Ha4YeHWn, onpedendembix Mo [25] B 3aBUCUMMOCTU OT rpagyco-CyTOK panoHa
cTpouTensbcTBa:

BN~

Ry™= a-FCOM+b =0,00035 x 4673,2 + 1,4 = 2,966 M*°C/BT (2)

3 npuBeaeHHbIX Bbile BblYMCEHMIN 3a Tpebyemoe conpoTuBEHME Tennonepegaym n3 ycnosus
aHeprocbepexeHus Bbibupaem R, = 2,966 m? - °C/BT.

[na kaxgoro cnos 3agaHHOM CTeHbl HEOBX0AMMO paccymMTaTb TePMUYECKOe CONPOTUMBIIEHNE MO
dopmyrne:

o 0 (3)
| Al

roe 6; - TOMNWWHa cros, M;
A; - pacyeTHbI kK03ahPMLUMEHT TENONPOBOAHOCTM MaTepuana cnos, B1/(m °C)
Pac4yeT TepmMn4eckoro conpoTMBIEHNS NO NEPBOMY CIOHO:

_012 0,13 m2°C/B

1= 09z~ 013 M7°C/Br.

Pacqu TEPMMNYECKOIo conpoTumerieHnsa no TpeTbeMy CIoRo:
R, = 0,065 _ 0,05 m2°C/B

3= a1 - 005 MTC/Br

Tepmuyeckoe cConpoTMBIIEHNE yHacTKa CTEHbI onpeaensem no opmyne:
1 1 4
Ro=— +ZRi+—, “)

B H

roe ds = 8,7 BT/(M? -°C) koatbhVLMEHT TEnnooTaaun BHYTPEHHEN MOBEPXHOCTU orpaxaatoLlei
KOHCTPYKLMK, BT/(M? -°C), npuHMMaemsIn cornacHo [25];

ay= 23 BT/(M?-°C) KO3(MULUMEHT TENnooTAaunm HapyXHONW MOBEPXHOCTW orpaxaaroLue
KOHCTPYKLMK, BT/(M? -°C), npuHMMaemsIn cornacHo [25];

Bes yueta yrennutens Tepmuyeckoe ConpoTMUBIIEHNE CTEHbI PABHO!

R.=1/8,7+(0,13+0,05)+1/23=0,338 m? -°C/BT.

Takum obpa3om TepMMYEeCKOe COMPOTMBIEHME CIOsi TEMIOM30MSAUNN OOMMKHO ObITb HE MeHee
R,™- R, = 2,966 - 0,338 =2,628 (M%-°C)/BT. Toraa MMHUManbHas TOMLWMHA TeNnnon3onsumMmn AomkHa
ObITh:

6menn 2 R - Amenn =2,628 - 0,034=0,089 M.

rlpVIHI/IMaeM TOJNLWMHY SKCTPYOMPOBAHHOIO neHonosfinctnpona 90 mMm.
Torga npuneBegeHHoe ConpoTmnBIiiEeHNE Tennonepenayvye paBHO:

Rrp=1/8,7+(0,13+0,05+2,64)+1/23=3,06 m* -°C/BT.

3 nonyyeHHoro pesynbTata MOXHO caenartb BblBOA, YTO Rqp=3,06 (M2°C/BT)>R,"= 2,966 (M2°C/
BT), cnepgoBaTenbHO, TOMNLWMHA yTennutens nogobpaHa npasuribHO.
O6wasn TonwmHa cTeHbl B JaHHOM criyqae 6ygeT paBHa 275 MmMm.
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3.2 CpaBHeHMe TeNNOTEeXHUYECKNX XapaKTepPUCTUK UCCcreayemMon Hapy>XHOW
CTEHOBOW NMaHesnun ¢ TUNOBOMW TPEXCIIOMHOMN Xene306eTOHHOW NaHesnbio

Bnvxanwmm aHanorom naHenn n3 6etoHa ¢ 6e306XXMroBbIM 30MbHbIM PaBUEM HABMSETCS
TpexcrnonHas >xenes3obeToHHas naHenb. OTO M3genue, Kak U uccriegyemMoe, COCTOUT M3 TPeX Croes:
BHYTPEHHEro ene3obeToHHOro Ccnos, BHelWHero 6eTOHHOro WnuM xene3obeTOHHOro crnos wu
NMPOMEXYTOYHOIO TENIION3ONALMOHHOIO Cros, TOSLMHA KOTOPbIX BapbupyeTcs B AnanasoHax 65 M -
100 mm, 50 mm - 200 mm, 120 mm - 200 MM, cOOTBETCTBEHHO. [1119 CpaBHEHUSA C UCCriefyeMomn NaHenbo
6bina BblIbpaHa KOHCTPYKUMS MaHenu, OThM4YyalroLlasca TOMNbKO MaTepuarioM BHYTPEHHEro HecyLiero
cnosi. CoctaB KOHCTPYKLMM HapYXXHOW CTEHOBOW NaHenu npeactasneHa B Tabnuvue 4.

Tabnuua 4. TennoTexHUYeCKue nokKasaTenum TPexXcrionHomn Kerne3o6eTOHHOM NaHenm
Table 4. Thermal performance of three-layer reinforced concrete panel

KoadhpmupmeHnt
Ne cnos Cnon. Matepuan TonwuHa, MM | TENNIONPOBOOHOCTU A,
B1/(m-°C)
1 BHyTpeHHU crion. XKeneso6eToH (2500 kr/m®) 120 2,04
2 QKCTPYANPOBaHHbIN neHononucTupon (35 kr/m®) no pacyety 0,034
3 BHewwHun cnion. Tsxenbint 6eToH (2300 kr/m®) 65 1,41
Pac4yeT TepmMn4eckoro conpoTMBIIEHNS NO NEPBOMY CIOHO:
R —0'12—006 2°C/B
1= 508 - 006 M7C/Br
Pac4yeT TepmMn4eckoro conpoTMBIEHNS NO TPETLEMY CIIOHO:
_ 0065 _ 0,05 M2°C/B
3= a1 - 005 MTC/Br

Bes yyeTa yrennutensi Tepmmyeckoe CornpoTUBIIEHNE CTEHbI PAaBHO:
R.=1/8,7+(0,06+0,05)+1/23=0,268 m? -°C/BT.

Takum obpa3om TepMMYEeCKOoe COMPOTMBIEHME CIOsi TEMSOM30MSAUNN OOMKHO ObITb HE MeHee
R.™- R, = 2,966 - 0,268 =2,698 (M? - °C)/BT. Torga MMHUManbHas TOMLMHA TENNOWU3ONALUMA J0MKHa
ObITh:

6menn 2 R - Amenn =2,698 - 0,034=0,092 M.

MpuHMMaeM TONLWMHY 3KCTPyaupoBaHHOro neHononuctupona 100 mm.
Torga npuBefeHHOe CONPOTUBIIEHME Tennonepeaaye paBHoO:

Rr,=1/8,7+(0,06+0,05+2,94)+1/23=3,316 m? -°C/BT.

M3 nomnydyeHHOro pesynbTaTa MOXHO caenatb BbiBOA, YTO Rqp=3,316 (M%2°C/BT)>R, "=
2,966 (M%°C/BT), cnegoBaTesibHO, TOMWMHA yTENNMTENs nogobpaHa npaBunbHo.

O6Lwwas TonwuHa cTeHbl B AaHHOM cny4vae byaeTt pasHa 285 MMm.

Mo TennoTeXHWYECKUM XapakTepuCTMKaM HapyxHasi CTeHoBas naHenb w3 6eToHa C
6€e306XXMroBbIM 30MbHbIM FpaBMEM He YCTynaeT U3BECTHOMN TPEXCIIOWMHON Xene3ob6eTOHHOW CTEHOBOW
naHenu. MNpu oOMHAKOBbLIX TEMNMOTEXHUYECKUX XapaKTepUCTUKaxX UccrneayemMon HapyXHOW CTEeHOBOW
naHenn TpebyeTcs Tennou3oNnsAUMOHHBLIA CMON U3 SKCTPYOUPOBAHHOIO MEHOMOMMUCTUPONa MEHbLUEN
ToNwWMHbI - 90 Mm BmecTo 100 MM AN TPEXCMNOMHOM XXene3obeTOHHOW NaHenu.

4 Conclusions / 3aknoyeHue

B pesynbTtaTe nccnenoBaHus TEMNOTEXHUYECKMX CBOMCTB HAPY>KHOW CTEHOBOW NaHenn n3 6eToHa
¢ 6e306XMroBbiM 3051bHBIM rPaBMEM, MOXXHO caenaTh CreayoLlime BbiBOAbI:

1. OnpeaeneH akcnepMMeHTanbHO KO3MUUMEHT TEMIONPOBOAHOCTM GeToHa ¢ 6e300XXMroBLIM
305bHbIM rpaBmnemMm, koTopbii coctasun 0,94 Bt/(m-°C).

2. Moka3aHo, YTO NO TEMNOTEXHUYECKMM XapaKTEpUCTMKaM Hapy>KHasa CTeHOBas naHenb 13 6eToHa
¢ 6e306XMroBbIM 30f1bHbIM rPaBMEM He yCTynaeT N3BECTHOW TPEXCIONHON ene3obeToOHHON CTEHOBON
naHenu. MNMpu OOMHAKOBBIX TEMMOTEXHUYECKNX XapaKTEPUCTUKAX UCCIeayeMOn HapyXHOM CTEHOBOW
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naHenu TpebyeTca TEennoM3ONsIUMOHHbIA CMOM U3 IKCTPYAUPOBAHHOIO MEHOMONMMCTUPONA MEHbLUEN
ToNwwmHbI - 90 Mm BmecTo 100 MM AN TPEXCIOMHOM XXene3obeTOHHOW NaHenu.
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