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AHHOTALUMNA

BBepeHue. AkTyanbHOCTb MCCedoBaHWA MO BbIOOPY orpaxaatoLeit KOHCTPYKUMW AN YBENMYEHUs TENOBOW 3alumnThbl 30a-
HVS B YCIIOBMSIX CypOBOTO KNMMaTa CBsidaHa CoO CHUXKEHWEM 3aTpaT Ha oTonneHne. 3To, B CBOK O4epe/b, BIMSAET Ha yryYlleHne
9KOMOrM4eckolri 06CTaHOBKM B PETVIOHAX, Pa3BUTUE CTPOUTENbHOW UHAYCTPYMN NPY PE3KOM YBENUYEHWM LIEH Ha SHEepropecypchbl
1 HeobxoauMOoCTK cobntofeHns TpeboBaHNI aHepreTuyeckor aPeKTBHOCTH, CMOCOOCTBYET MOBLILLEHUIO NHTEpEeca K TeX-
HonornsimM, Kotopble MoryT obecneunTts 6onee achMEKTUBHYIO TEMMOBYHO 3aLUUTY 30aHWNA.

MaTepuanbl 1 MeToAbl. VI3y4yeHbl NpUMeEHSeMble NPUEMbI HAPY>KHbIX OrpaXAatoLLMX KOHCTPYKLMIA MOHOMUTHO-KapKaCHbIX
XUNbIX 30aHWN 1 BblIOpaHbl Havbornee paunoHarbHble C TOYKM 3peHUs TEMMOBOW 3alMThl PELLeHNs AN NPOEeKTUPOBaHNS
B YCIOBWSIX CypOBOrO KnvMmara.

PesynbraThl. VccnenoBaHbl Cnonb3yemMble orpaxaatoLiye KOHCTPYKUUM B 34aHUSX C KapKacHOW KOHCTPYKTUBHOW CUCTe-
MO, paccMoTpeHa HeobXoAMMOCTb MOBbILLEHWS TENNOBOW 3alumThl 30aHui B Pecnybnuke Caxa (SAKyTus), nsyveHa cbipbe-
Bas 6asa Ans cTpouTenbCcTBa Ha Tepputopumn AKYyTUW. BbINONHEHbI aHanusa KNMMaTuyecknx ycroBun, pacyeT Tennodusm-
YeCKNX CBOMCTB KOHCTPYKLMIA, SKOHOMUYECKU aHanu3 CTOMMOCTU CTPOUTENbHBIX MaTepuarnoB U 3aTpaTr Ha BO3BefdeHve
orpaxgatoLLmx KOHCTPYKLUNA.

BbiBoabl. Vicxoaa n3 pesynbratoB MCCNefoBaHWs, COCTaBlIEH MepeyveHb paccMaTpuBaeMblX KOHCTPYKLMIA, paccuuTaHbl
Tennousnyeckne 1 TEXHUKO-3KOHOMUYECKME MokasaTeny ANs OrpaxaatoLnx KOHCTPYKUMIA UMbl 3gaHuin. Onvpasich
Ha norny4eHHble pesynbraTbl, BblbpaH HaunyyLLni BapMaHT HapyXHOW OrpaxaatoLert KOHCTPYKLMM C TOYKW 3peHuns Tenso-
BOW 3aLUUTbl 30aHUN.
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ABSTRACT

Introduction. The relevance of research on the choice of enclosing structures to increase the thermal protection of the build-
ing in harsh climates is associated with the reduction of heating costs. However, that affects the improvement of the envi-
ronmental situation in the regions, the development of the construction industry in conditions of a sharp increase in energy
prices and the need to comply with the requirements of energy efficiency, contributes to increased interest in technologies
that can provide a more effective thermal protection of buildings.
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Materials and methods. Types of enclosing structures of monolithic frame residential buildings are studied and the most
rational solutions in terms of thermal protection for designing in harsh climate conditions are selected.

Results. Enclosing structures in buildings with frame structural system were studied, the necessity of increasing thermal
protection of buildings in the Republic of Sakha was considered, the resource base for construction in Yakutia was studied.
The climatic conditions were analyzed, calculation of thermophysical properties of structures, economic analysis of the cost
of construction materials and the cost of building envelopes were made.

Conclusions. Based on the results of the study, a list of considered structures is compiled, thermophysical and technical
and economic indicators for the enclosing structures of residential buildings are calculated. Obtained results led to the selec-
tion of the best type of enclosing structure with thermal protection.

KEYWORDS: thermal protection of buildings, energy efficiency, external enclosing structures, harsh climatic conditions,
thermal calculation, local raw materials
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BBEJIEHUE

BonbmMHCTBO UCTOIB3YEMBIX IHEPTETUUECKUX
pecypcoB — HEBO300HOBIsIEMbIE, CIIEIOBATEIbHO,
HEOOXOIMMO MPUMEHSITh TEIUIOBYIO YHEPTHIO Palno-
HAJIGHO W MIPUHUMATHh MEPBHI 110 YMEHBIICHUIO SHEPro-
noTpediaeHuss 0e3 yXyALIeHUs JKCIUTyaTalMOHHBIX
rokaszaTesiell BO3BOAMMBIX 3JaHUM U COOPYKEHUU.
Ha suepromorpebneHue B MepHoj dKCIUTyaTallly 37a-
Hust puxoautest 90 % ot ob1ero sHepronoTpeOIeHNs
CTPOUTENBHON OTpacibpio, OONbIIAs YacTh U3 3TOTO
o0beMa YXOIUT Ha Kuible 3nanus — 50-55 % [1].

OmHUM 13 crTOCOOOB COKpAIICHUS PAcXo/1a TETUIo-
BOM DHEPIrHU SIBJISIETCS UCTIONb30BaHUE d(D(HEKTHUBHBIX
OrpaKJaIINX KOHCTpYKUU. [Ipyu npoexkrupoBanuu
9HEpro3GpPEKTUBHOIN HAPYKHOW OTrpa)Iarolield KOH-
CTPYKIUH IPUMEHSIOT KOHCTPYKIIUH C BBIPAXKEHHBIM
TEIUIOU30JISIMOHHBIM ciioeM. [Tomumo 3toro, TpeOye-
MBI YPOBEHb TETIOBOH 3((PEKTUBHOCTH JOCTUTACTCS
HCXOJS U3 PAlMOHAIBHOTO pa3MEIleHus TEeII0U30sI-
IIMOHHBIX CJIOEB B COCTaBE KOHCTPYKIMH U YBEITUUCHHUS
OTHOPOIHOCTH KOHCTPYKIHUH [2].

B paborax [3—11] nmpoaHaim3upOBaHbl IPEUMY-
IIECTBAa U HEJOCTATKNU COBPEMEHHBIX OI'PaXAa0LINX
KOHCTPYKIUI, UIMEIOLINX B CBOEM COCTaBE Pa3IUUHbIE
CTPOUTEIbHBIE MAaTEPHAIIbI.

B Hacrosmiee BpeMsi HanOoublIee pacnpocTpaHe-
HUE TOJYYHIIH JIBE KOHCTPYKTHBHBIE CHCTEMBI MHOTO-
CIOMHBIX OrpakJaloIMX KOHCTPYKIUII — cucreMa
C BEHTUJIMPYEMOW BO3YIIHON IPOCIONKON U cuctemMa
HITYKaTypHOTO yTeruieHHoro ¢acana. biaronaps Bo3-
JIYLTHOMY 3a30py TOSIBIISIETCS BO3MOKHOCTD YaJICHHS
BJIaTW, KOHJICHCUPYIOIIEHCS B CIOE yTEeIUTUTENs U He-
cyei crensl. HeoOxoammas mMprHa poCcIONKH 3aBH-
CHUT OT PAcCTOSTHUSA MEXIY BEHTHJIAIIMOHHBIMHU OTBEp-
CTHSIMH, UX JJIUHBI, PA3HULBI TEMIIEPATYP U INIOTHOCTH
Bo3ayxa. CoracHO TeOpuM TEPMOAMHAMHUKH MHUHH-
MajbHas BeJIWYMHA BO3AYLIHOTO 3a30pa JIOJXKHA CO-
craBiaTh 40 mm [12].

MATEPHUAJIBI U METO/bI

PaccMoTpuM 0OMUIIOBOYHYIO CHCTEMY C HaBeC-
HBIM BEHTHIIMpYeMbIM (acagom. Crcrema IpeacTaBis-

eT co00# KOHCTPYKIHNIO, COCTOSIIYIO U3 KPOHIITEHHOB,
BEPTUKAJIBHBIX /WM TOPU3OHTAIBHBIX NMPOQIIICH,
TEIJIOU30JISIIIUOHHOTO CJIOSl U OOJUIIOBOYHOTO CIIOA
U3 pa3UYHBIX MaTepuanoB. B GompmmHCTBE Ciryda-
€B IIPUMEHSEeTCS Hecylasi HOACUCTEMA U3 aIFOMUHUS
n cranu. HemocraTok cucteMbl — HU3KOE 3HAYCHUE
KO3 PULHEeHTa TETUIOTEXHMYECKOW OXHOPOIHOCTH
3a CUET MCIOJIb30BAHUS OOJBIIOTO KOJIMYECTBA METa-
JUYECKUX BKIIOUYEHUH. [JIsT yMEHBIICHUS TEMIOBBIX
MOTEPh Yepe3 METAUINYECKUE BKIIIOUCHHS B CHCTEME
BEHTHJIMPYEMOTO HaBECHOTO (hacaa IPUMEHSIOT JIBOI-
HOH CJION yTEIUICHNS, TaKasi KOHCTPYKIHUS yBEINYNBACT
TEIUIOTEXHUYECKYIO OHOPOJHOCTH BCIICACTBHUE TIEpe-
KpBIBaHMsI IIBOB BEPXHUM ClI0eM yTerurens [13].

[IpenMyiecTBaMM BEHTHIIPYEMBIX (DAacagoB MOXK-
HO Ha3BaThb!

* CIIOCOOHOCTH 0OECIIeUNBaTh 3AIIUTY CTPOUTEIb-
HBIX KOHCTPYKIMH OT MOBPEKACHNH U aTMOC(HEpHBIX
BO3/ICHCTBHI NP COXPAHEHUH XOPOIIEH BEHTHIISIIUN
thacana;

* MOHT@XX KOHCTPYKIIMM MOYXHO IIPOBOJANTH BHE
3aBUCHMOCTH OT CE30Ha;

* BO3MOXXHOCTB 3aMEHbI OOJIMIIOBOYHOTO M TEIIO-
M30JIILIMOHHOTO MaTEepPHaoB,;

* BO3MOXKHOCTB BBIOOpa pasziIMYHBIX OOIHMIIOBOY-
HBIX MaTepHajoB.

CucreMmsl (pacagHbie TENJIOU30IAIUOHHbIE
kommno3utHbie (CPTK)

HMeroT MHOTOCIONHHYIO CTPYKTYPY, K OCHOBAHUIO
CTEHBI CJIOH YTETIUTEIISI KPETTUTCS C TOMOIIBIO KJICEBOTO-
MITYKaTypHOTO PacTBOpa COBMECTHO C TapelbyaThl-
MU aHKepaMH, Jajiee Ha TEeIIOU3ONIAIIUOHHOE M3/IeIHe
HAHOCHUTCS 0a30BBIA CIIOW IITYKaTypKH C apMHPOBa-
HUEM CETKOW, OTICIIOYHBIM CIIOEM CIYXKHT JCKOPATHB-
Has IITyKaTypKa PasiWYHBIX BHIOB C ITOCIETYIOIINM
OKpamnBaHueM min 0e3 Hero. IIpenMyriecTBO KOH-
CTPYKIIMH 3aKJIIOYAETCs B €€ OJHOPOIHOCTH, 3HAYCHHE
KOJIMYECTBA TEIUIONMPOBOAHBIX BKIIOYCHUH — OFHO
W3 CaMBIX HaWMEHBIIUX CPEIUd MHOTOCIOWHBIX KOH-
CTpyKUMH. BbICOKNI noka3arenab OXHOPOAHOCTH MOKHO
OTHECTH M K HEJOCTATKy KOHCTPYKIIHH, TaK KaK B CITy-
yae BBIXOZA W3 CTPOSI MM HEOOXOAMMOCTH 3aMEHBI

7

(LG) € HOALIIGY "G WO GFi5eresian v ene



rarITOnLCTRe: Ty 15, BhInyck 3 (57)

J1.K0. MHeduHa

cucreMsbl pazpymarTrcs Bce cion COTK. TIpoBoauth
paboTtsl o yerpoiictey COTK tpebyercs npu Temmepa-
Type He MeHee +5 °C MHaue MOHMKACTCS are3nOHHAs
U yIapHas MPOYHOCTh MITYKaTypHBIX COCTAaBOB. [1pu He-
00XOIMMOCTH CO3/IaHMs INTYKaTYPHOTO CJIOS B YCIIOBUSIX
¢ Oosree HU3KMMH HAPYKHBIMH TEMIIEPaTypaMH ClIeyeT
MPUMCHATh CIICHHUAJIN3UPOBAHHBIC HITYKAaTYPHBIEC Ma-
TepHasl ¢ MOIU(PHUINPYIOIUMHE T00aBKaMH, TTOHIKA-
IOIIHE BO3MOXKHYIO TEMIIEPaTypy MPOBEACHUS padoT
mo —10 °C [14].

OO0UIOBKA U3 KUPIUYHON KJIAIKH

[IpumeHeHNE OOTUIIOBKH KHUPITAIOM B MHOTOITaXK-
HBIX 3JIaHUSIX C OMUPAHUEM HA MEXKITAKHOE NEPEKPHI-
THE HE JI0MycKaeTcs P BeIcOTe dTaxa 3,6 M. [1pu uc-
MOJIb30BAHUU JIMIIEBOTO KUpIIN4Ya CTOUT YyCTpauBaTh
BEPTUKAJIbHBIE M TOPU3OHTAIbHBIE Te(OopMalliOHHbIE
IIBBI, a0Bl M30eXKaTh aBapUHHON CUTYaIlH TPU BO3-
HUKHOBEHHH TEMIIEPaTYpPHO-BIAXHOCTHBIX YCHINAN
M3-3a TeMIIEpaTypHBIX MEPEnaoB, a TAKKE MPUMEHSITh
AHTHKOPPO3UIHBIC THOKKE CBSI3U JUTsl 00CCIICUCHHUS T1C-
JIOCTHOCTU KOHCTPYKIUU. [t coOroneH st Heo0Xoau-
MOTO BIaKHOCTHOTO COCTOSIHUSI KOHCTPYKIIUH CIIEAYET
YCTpanBaTh BO3AYIIHYIO MPOCIONKY MEXKITY JINIIEBBIM
KUPIIAYOM W TCIUIOU3OIAIHOHHBIM CIIOEM, TTIOMHMO
9TOTO MOJAraeTCs MPeAyCcMaTpuBaTh MPOAYXH B KIIaJKe
JUTSL IAPKYJSIUK Bo3ayxa. K mpenMyiiecTBaM JaHHOTO
BUIa 06.HI/II_[OBKI/I MOXXHO OTHECTH:

* JIOCTYITHOCTh CTPOUTEIHHBIX MaTEPHUAIIOB,;

* BBICOKUI YPOBEHb OTHECTOMKOCTH;

* YCTOWYHMBOCTH K aTMOC(EPHBIM BO3ICHCTBUAM;

* JKOJIOTUYHOCTb.

Henocrarku cuctemsi:

¢ TPYAOEMKOCTL BO3BCIACHHUA U HeO6X0[[I/IMOCTI>
B BBICOKOKBaTH(DUIIMPOBAHHBIX CIICIIHATNCTAX;

* OTpaHHYCHHUE aPXUTEKTYPHOTO pa3HOOOpa3us;

* HU3KUH KOAPPHUINCHT TEIUIOTEXHIYECKOM OHO-
POIHOCTH BCICCTBUC IPUMEHECHUS Pa3IMIHBIX THOKUX
CBsI3eH M OETOHHBIX BKJIIOUEHUI;

* Oomblast Harpy3Ka Ha (yH/IaMEHT;

* WCIIOJIb30BaHUE MAaTEPHANOB JJIs BHYTPEHHE-
TO CJI0S1 KOHCTPYKITMH, OTIUYHBIX OT KHPIHYa, MOXKET
MIOBIICYh HE3aBUCHUMBIC NIe(hOPMAIIHH MEXKTY JINIEBBIM
CJIO€M U BHYTPEHHEH KOHCTPYKLHUEH.

Hcxonst U3 mupoKoro BIOOpa MaTepHasioB U 3aBH-
CUMOCTH TETIJIOTEXHUYECKUX XapaKTePUCTHK OTpak/a-
FOIINX KOHCTPYKIAH OT PACHONOKEHHUS CIIOEB B MACCHBE
CTCH, BO3HUKAET MHO)KECTBO PA3NMUYHBIX KOHCTPYKIIHN
C YHHUKAJIBHBIMH TETUIOTEXHUYSCKUMH ITapaMeTpaMu.
Knumarnyeckue yciaoBusi, a TakyKe JIOKALIMOHHAs J10-
CTYITHOCTH CHIPBSI BIIMSIIOT HA BBIOOpP MaTepHaia, COCTaB
U TOJIIMHY OrpakJarouiell KOHCTPYKIuU. [l HaXxox-
JleHus1 HanboJiee palMoOHAIBHOTO BUAA OTPpaXkIatonei
KOHCTPYKIINH, COOTBETCTBYIOIICH TPEOOBAHUSAM TEILIO-
BOM 3aIIUTHI 3AaHUS, IIeTIECO00Pa3HO IMPOBECTH UCCIIC-
JIOBaHHUE LEJIOr0 KOMILIEKCa KOHCTPYKLUI U ONPENIeNIUTh
HauboJiee ONTUMANIEHBIC BAPUAHTHI UCXOMS U3 TCILIO-
(hU3UYCCKUX CBOMCTB M SKOHOMHUYECKHX ITOKa3aTeseH.
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Heo0xonnmMocTh NOBbILICHUS
Hepro3(¢eKTHBHOCTH OrPaskAaoIei
KOHCTPYKIMHU Ha TeppuTopun CeBepa

U, B YaCTHOCTH, B Pecnybiinke Caxa (SIkyTus)

Onupasich Ha CXeMaTHYECKyl KapTy paloHH-
POBaHUS CEBEPHOW CTPOUTENBHOM KIMMATUYECKOU
30ubI Poccnn, mpencrasnennoit B CIT 131.13330.2020
«CtpouTenpHas KIIMMAaToIOTHsi»', Tepputopuu Pecry6-
mukn Caxa HaXoAsTCsl B HanOOJIee CypOBBIX KINMATH-
YECKUX YCIOBHUSAX.

SIKyTHsl CTOUT Ha MEPBOM MecCTe IO KOJUYECTBY
00X 3a11acoB NPUPOIHBIX pecypcoB B Poccun, Ha ee
TeppUTOpHHU pactionoxkero 2959 yurennbix [ocbanan-
COM MecTopokaeHHH 1o 59 Bunam ceipbs Ha 2020 T
JIns ymyunieHus 5KOHOMUKH Halllel cTpaHbl Pa3BUTHE
CTPATETUYECKN 3HAYMMBIX CYOBEKTOB SIBISICTCS NPH-
opuTeTHOM 3anadeil. HecMoTps Ha CyllieCTBEHHBIN
SKOHOMMYECKHUN MOTEeHIHAaJ, TUIOTHOCTh HAaceJIeHUs
HeBenuka 1 cocrasiser Ha 2021 1. 0,32 uen/xkm? — 310
OJIMH U3 CaMbIX HU3KHX MMOKa3zarenen no Bcer Poccun.
SIxyTus pacnosnaraercs B eHTpe Bocrounoit Cubupw,
JUIUTEIBHOCTh 3UMHEr0 Mepuoja B pasbl MPEBbIIIAET
netHui. Knumar ominyaeTcsi 3HaYUTENbHON pa3HULEel
TEMIIEpaTyp B XOJIOAHOE ¥ TETLIOE BPEMsI T0/1a, HEOOIIb-
IIMM KOJIWYECTBOM OCAJIKOB U CIAOBIMH BETPaMHU.

C nenbio 3aMHTEPECOBAHHOCTH HACEJICHUS U YITyY-
IICHUS] SKOHOMHUYECKOM cHTyannu HeoOXOIUMO Co3/a-
BaTh OJATONPHUATHBIC YCIOBUS JUIS SKCIUTyaTallly 31a-
HUH M COOPY)KEHHUIA, & TAKXKE CICAUTH 32 3PPEKTUBHBIM
HCIOJIb30BAaHUEM TEMJIOBON HEPTHH U MOBBIIICHUEM
sHepro3dpexruBHOCTH 3naHui. CornacHo [locTanos-
nenuto [IpaBurensctBa Pecrybmmkn Caxa (SIxyTws)
«O mpoexte CTpaTernu COLMATBHO-3KOHOMUYECKOTO
paszButust Pecnyonuku Caxa (SIxytus) mo 2030 roga
¢ ompeneneHueM uenesoro BuaeHus ao 2050 roma»
JUTSL COLMATIBHO-9KOHOMHYECKOTO PAa3BUTHSI pecITyOuu-
KW ¥ TIOBBIIICHUS YPOBHS KU3HU OJHUM U3 CTPaTerH-
YECKHMX MMPHOPHUTETOB SIBISIETCS CO3/1aHHe KoM(OpTHON
1 0e30macHO cpelibl MPOKUBAHUS JUIS YETIOBEKA.

Ha 2019 r. xommgecTBO aBapuiiHOTO XMIbs B Pe-
ciyosrke Caxa cocTaBuiio 3629 MHOTOKBAPTHPHBIX J10-
MOB, BCJIEJICTBUE YEro CYIIECTBYET OCTpasi HEOOXO/H-
MOCTb B IIPOEKTHPOBAHUU M CTPOUTEIBCTBE OOJIBIIOTO
KOJIMYECTBA JKWIIBIX 3JaHUMH.

B xmMaTHuecKuX yCcIoBUSAX ¢ HU3KUMHU TeMIIepa-
Typamu (OTOMUTEIBHBIN IEPHON B I. SIKyTcke — 252 1Hs
JUTS KWJTBIX 311QHMIH) yBEITMYMBAETCS ITOTPEOJICHIE SHEPTO-
pecypcoB, MO3TOMY U3YUEHHUE, aHATIN3 U pa3padoTKa Me-
PONPUATHI IO COXPAHEHHUIO U PALOHATIBHOMY HCTIOJb-
30BAHUIO MOCTYMAIOIIETO TEIIa B 31aHNs — aKTyaJbHas
3a/1a4a.

Bce BbIIecka3aHHOE yKa3bIBAET HA HEOOXOIMMOCTh
HCCIIETIOBAHUS BOIIPOCOB PALMOHATIBHOTO MPOSKTHPOBA-
HUS DHEProd(PPEKTUBHBIX OrPAXKIAIOIINX KOHCTPYKIIHHA

"' CIT 131.13330.2020. CrpoutenbHas kiumaroiorus. M. :
Crannmaptuagopm, 2021. 153 c.



Bbl60p OI'pa)KAaiOLLLeﬁ KOHCTPYKLUMNUN ANA XKUABIX 3AaHUN B YCAOBUSX CYPOBOIro KAmmara

C. 6-23

3[aHUI1, B YaCTHOCTH, HA TEPPUTOPUH C CYPOBBIM KIIUMa-
TOM, a IMeHHO B PecryOnmnke Caxa.

CrIpbeBasi 6a3a 1J151 CTPOMTEIbCTBA
Ha TeppuTopuu Pecydiaukn Caxa (SIkyTns)

B cBs31 ¢ CypOBBIMH KIIMMAaTHYECKHUMH yCIOBHSI-
MH TPAHCTIOPTUPOBKA MAaTEPUAIOB UMEET PsiJL CIOKHO-
CTeﬁ, TaKUX Kak OOJIbIIast eHa U JJIMTCJIbHBIC CPOKU
MEPEeBO3KHU, UYTO BEJAET K YBEIMUYEHUIO CPOKOB CTPOU-
TEIHCTBA M TOBBIIIEHUIO CE0ECTOMMOCTH OOBEKTOB.
Hcnonp3oBanue CTPOUTECJIbHBIX MaT€pUajloB MECTHOI'O
MPOU3BOACTBA MOXKET PEIIUTh BO3ZHUKHOBEHHE HTHUX
IpOOJIEM M TTOBBICUTH SKOHOMHYECKYIO () (EKTHUBHOCTh
CTPOUTEIHCTBA.

Ha teppurtopuu pecrnyOiIuKud HaXOIUTCS CyIIe-
CTBEHHOE KOJINYECTBO CHIPhsl, KOTOPOE MOXKET OBITh HC-
MIOJTB30BAHO JUIS IPOU3BOICTBA CTPOUTEIBHBIX MaTEPH-
asnoB. Tepputopus SIkyTun 6orara IIIUHSHBIM CBIPHEM,
KOTOPOE BO3MOYKHO MPUMEHSTH JUIsl IPOU3BOACTBA U3-
nenui u3 kepamsura. M3sectHo 43 MecTOpOXIAEHUS
KEPaM3HUTOBOTO CBHIPhsI HA TEPPUTOPUHN pecITyOnuKu, 24
U3 KOTOPBIX HE YYTEHBI CBOJHBIM OaJIaHCOM 3aIlacoB.
Ha naHHbIIl MOMEHT 3KCILTyaTHUPYIOTCS TOJIbKO 4 Me-
cropokaenus. CormacHo uccienoBanmsiM [15], Ha Tep-
puTOpUM SIKyTUM €CTh MECTOPOXKIEHUS [VIMH, KOTOPbIE
MOYKHO UCHOJIb30BaTh sl IPOU3BOACTBA JIETKOTO U BbI-
COKOTIPOYHOTO KepaM3UTOOETOHA Il CTPOUTEIHCTBA
37aHUN Pa3IUYHON BBICOTHI. 3aJI€KU TITUHSHOTO ChI-
PBbsl, PACHIOJIOKEHHBIE B SIKyTUH, BO3ZMOXKHO IPUMEHSTh
HE TOJIGKO JUUIsI IPOU3BOICTBA M3/ICIHH N3 KepaM3uTa,
a TaxKe JUIsl MOJyYSHHUS JINIIEBOTO KUPITHYa, OTBEYar0-
miero TpedoBanusm 'OCT 530-2012 [16-18].

Taodu. 1. Tums! orpaxxIaromux KOHCTPYKIHN

Ha ocHoBe aHanmi3a HayYHO-TEXHHYECKUX UCCIIe-
JIOBaHWM YCTAHOBJIEHA BO3MOKHOCTbH HMPOU3BOACTBA
neHobetroHa npoekTHoi Mapku D600 ¢ ncnoab3oBa-
HUeM nopTiananemMenTHoro kiaumakepa AO T10 «SkyT-
LEMEHT» ¥ MUHEPAJILHOTO ChIpbsl SIKyTHH. B kauecTBe
MHHEPAIbHBIX 100aBOK JUIS M3TOTOBICHNUS IEHOOETOHA
MOXHO MIPUMEHSTH PUPOAHBII 1eonnT CyHTapcKOro
palioHa u KBapIeBbli mecok Jlenckoro 6accelina. bio-
K1 13 IeHOOEeTOHa, MPOM3BEAECHHOTO C UCTIOIb30BAHNEM
MECTHOTI'O CBhIPbA, TOAXOIAT JJI1 BO3BCACHUA HAPYKHBIX
CaMOHECYIIMX CTEH MOHOJMTHO-KapKAaCHBIX 3/1aHUN
[19, 20].

Wnarnmuackoe Mectopoxenne B Hepronrpunckom
paiione PecriyOninku Caxa (SIkyTHsi) — eAMHCTBEHHAs
ceIpbeBas 0a3a BepMukynuTa Ha JlampHeMm Bocrtoke
Poccun. BenydyeHHbIH BEpMUKYIUT — 3KOJIOTMUYECKU
0e30MacHbII MaTepual, KOTOPHIH 3a CIET CBOUX TETLIO-
W30JISIIIMOHHBIX CBOWCTB M CPAaBHHUTEIIFHO HEOOIBIIIOTO
BECa MOXKET IMPUMEHATHCS Ul TPOU3BOACTBA MITyKa-
TYPHBIX CMECEeH JUIsl Hapy»KHOW 1 BHYTPEHHEH OT/IEIIKH.

bnaronmapst Takoit 6oraroit ceIpheBoOi 0aze Ha Tep-
PUTOPUU PECIyOINKH MMEETCSI BOBMOKHOCTD CTPOH-
TCJIbCTBA U3 PA3JIMYHBIX CTPOUTECIbHBIX MAaTCPHUATIOB:
KEepaMHUYECKUH KUPITHY, TeIUION30JSIIMOHHbIE H3IEITHs
Ha OCHOBE KE€paM3HTa U sIMEHUCTOro OETOHA, BEPMHKYIIHU-
TOBBIE MaTePHAbI JUIS OIITyKaTypuBaHus cTeH [21, 22].
Jaist nanbHeHIero neeieioBaHus IPUHUMAIOTCSI HAPY K-
HBIEC OTPAKAAIOIINE KOHCTPYKIIUH, TIOA00paHHbBIE HCXOAS
U3 KOHCTPYKTUBHOM CHCTEMBI paCCMaTpUBAEMBbIX 3/[aHUN
(xapkacHas), ¢ y4eTOM HanOoiIee pacipoCTPaHEHHBIX
KOHCTPYKTHBHBIX pELIEHUH Hapy>KHBIX cTeH (Taom. 1).

ILtoTHOCTH

HanmenoBanue marepuana 5
Py KI/M

Tonmmua
3, MM

TermonpoBOIHOCTb
A, B1/(M-°C)

TTaponpoHHIIaeMOCTh
w, mr/(m-g-I1a)

Tpexcrounasn koncmpyrkyusi cmenvt no COTK ¢ ucnonvzosanuem 6epmuKyiumoso wmykamypku

1.1 Tun KoHCTpYKIMU

ITykarypka BEpMUKYIUTOBAS 1000 30 0.15 0.07
IUTSL Hapy>KHBIX padoT F50
IInuTel MUHEpasiOBaTHBIE 120 150 0,042 0,32
IITykartypHO-KIIeeBasi CMeCh
JUISL MUHEPAJIBHBIX TUTUT, IPUMEHEHHE 5 0,76 0,035
B XOJIOJTHBIX YCIIOBHSIX
Kepam3urobeToHHble 610KU ¢ 3-psHOM
nycteiHHOCTRIO D600; B2,5; F35 600 390 0,2 0,26
LlemeHTHO-TIECUaHAasT IITyKaTypKa 1800 20 0.76 0.09
IS BHYTPEHHHUX PadoT

1.2 Tun xoHCTpyKIHUU
ITykarypka BEpMUKYIUTOBAS 1000 30 0.15 0.12
JUISL Hapy>XHBIX paboT F50
[TuThl MUHEpaIOBAaTHBIE 120 130 0,042 0,32
ItykarypHO-KieeBas cMeCh 5 076 0.035
JUIS. MUHEPAJIbHBIX TUTUT
ITenobeTonusie O0:110ku D600 Ha KiIeeBOM
pactBope, 400 x 200 mm B2,5; F25 600 300 0,14 0,17
IlemeHTHO-TIeCUaHast INTyKaTypKa 1800 20 0.76 0,09
IUTS BHYTPEHHHX PaboT
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Oxonvanue maon. 1

IInotHOCTH

Hammenosanme marepuana ;
Py KI/M

Tommuaa
o, MM

TeHJ’IOHpOBOZ[HO CThb
A, Br/(M-°C)

[Taporiponunaemoctsb
W, mr/(m-4-Ila)

Tpexcnotinas KOHCMPYKYUs ¢ 6EHMUTUPYEMBIM 3A30POM € 0ONUYOBKOU KUPNUYOM

2.1 Tun KoHCTpyKIUU

Kepamuueckuit kupnuy JuneBon
IyCTOTENbIA YTOJIIEHHBIN

T'OCT 530-2012 M100; F75; 1600 120 0,58 014

Ha IIeMeHTHOM pactBope M 100

Boznyunsiii 3a30p - 40 - -

[lnuTer MEHEpaTOBaTHBIE 120 200 0,042 0,32

Kepam3zurobeToHHbIe OJI0KH ¢ 3-psiaHON

nycThiHHOCTRIO D600; B2,5 600 390 0.2 0,26

IlemenTHO-TIeCyaHas MTyKaTypka

U BHYTPEHHHX PaboT 1800 20 0,76 0,09
2.2 Tun KOHCTPYKIMU

Kepamuueckuii kuprnuy J1uneBoi

IyCTOTENBINA YTOJIIIEHHBIN

T'OCT 530-2012 M100; F75; 1600 120 0,58 0,14

Ha IIeMeHTHOM pactBope M 100

Bo3nymisslii 3a30p — 40 —

IInuTel MUHEpasiOBaTHBIE 120 180 0,042 0,32

ITenoGeronHbIe Oioku D600 Ha Ki1eeBoM

pactBope, 400 x 200 mm B2,5; F25 600 300 0,14 0,17

IlemenTHO-TIeCYaHas MTyKaTypka 1800 20 0.76 0,09

JUISL BHYTPEHHUX paboT

Tpexcnotinas KOHCMPYKYUsi CMeHbL ¢ GeHMUTUPYEMbLM 3A30POM HO CUCeMe HABeCHOU eermunupyembiil pacad (HBD)

3.1 Tum KoHCTpyKLUU

Komrmo3utHbie muThl 1o cucteme HBD 7000 2 48
Boszmymnstit 3a30p - 60 -
IInuTel MUHEpasIOBaTHBIE 120 200 0,042 0,32
KepamzutobeTonnsie 6:10ku ¢ 3-psaHOM
nycrhiHHOCTRIO D600; B2,5 600 390 0.2 0,26
IleMeHTHO-TIeCUaHasl IITyKaTypKa 1800 20 0.76 0.09
VIS BHYTPEHHHX PaboT

3.2 Tum KOHCTPYKIHH
Kommo3utHele muTh 1o cucteme HBD 7000 2 48 -
Bozaymnstit 3a30p - 60 -
[TnuTel MUHEpATIOBATHBIE 120 200 0,042 0,32
[Teno6eronnsie 610k D600 Ha KileeBOM
pactBope, 400 x 200 mm B2,5; F25 600 300 0,14 0,17
IlemeHTHO-TIECYaHAasT MITYKaTypKa 1800 20 0.76 0,09

JUISL BHYTPEHHUX paboT

TeniorexHu4yeckuii pacuer

IIpu BBINOJHEHUHU TEIIOTEXHUYECKOTO pacuera
OBLIH YYTCHBI MaTEPHAIIBI, H3JIOXKCHHBIC B cTaThe [23].

TennoTexHUYECKUi pacyeT NpPOU3BOAUTCS ISl KU~
JIOTO MHOTO3TA)KHOTO 3[JaHUSl HA TEPPUTOPUH T. SKyT-
cka. It mpoBeIeHUs pacueToOB Ha COOIIONCHUE TTO-
aeMeHTHOTO TpeboBanms cormacHo CIT 50.13330.2012
«TerutoBas 3aIUTa 3MaHUI»? PACCMATPUBACTCS TIIyXas

2 CII 50.13330.2012. Tennosas 3amura 31aauid. M. : Mun-
peruon Poccun, 2012. 100 c.

10

YaCTh CTEHbI KAPKACHO-MOHOJIUTHOTO 3[aHUsI Pa3MEPOM
1000 x 1000 mM. B xauecTBe TOYCUHBIX BKIIIOYCHHNA
paccMaTpUBarOTCA TETUIO3ALIUTHBIC JIEMEHTHI, PEKO-
MEHIOBaHHbIE JJIs1 COOTBETCTBYIOIINX BH/IOB CTEHOBBIX
korCcTpykiuit CIT 230.1325800.2015 «KoucTpykunn
OorpakJarouine 3AaHUNH. XapaKTepUCTUKN TEIUIOTEXHU-
YECKHUX HEOMHOPOIHOCTEH .

3 CIT 230.1325800.2015. KOHCTPYKIMH OrpakIarolye 3/1a-
HHMI. XapaKTepUCTHUKU TEIUIOTEXHUYECKUX HEOJHOPOJHO-
ctei. M. : Munctpoit Pocenn, 2015. 72 c.
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VicxonHble maHHBIE U pacueTa MpeAcTaBICHBI
B Ta0JI. 2, HAa UX OCHOBE MOJIyYCHbI PaCUETHBIE MTOKa3a-
TEeJH AJ1s pailoHa CTPOUTEIbCTBa (Tab. 3).

J1st TpeXCIOMHBIX KOHCTPYKITHIA CTEH ¢ OOTUIIOB-
kol mo COTK ¢ HapyKHBIMU INITYKaTypPHBIMH CIIOSIMU
B Ka4€CTBE TOYCYHBIX HEOIHOPOTHOCTEH MPUHUMAIOT-
sl TapebuaThle aHKEPHI C 3arIyIIKOH, 00ecneunBaro-
el TuApo- U TEIUIOU30JSLHUI0 U3 MOPO30CTOMKOro
[OJIM3TUIIEHA, CTAJIbHON PAaCHOPHBIA 3JIEMEHT UMEET
AHTUKOPpO3UiiHOE NOKpbITHE. [Ipy BO3BENEHUH TpEX-
CJIOMHOM CTEHBI ¢ OOJNIIOBOYHBIM CIOEM M3 JIUIIEBOTO
KHPIIMYa UCIOJIB3YIOTCS THOKUE CBSI3H METAITMUECKHE
13 KOPPO3HOHHOCTOWKOW CTaJH C TapelsdaThiM TF00e-
jeM, obecIrieunBalonie Co3aHne BeHTHISIIIHOHHOTO
3a30pa TonmuHou 40 MM. JIJ1s KpemieHus: CHCTEMBbI Ha-
BECHOTO BEHTIJIMPYEMOTO (hacazia NCIONIb3YIOTCSl KPOH-
HITEHHBI AIIOMUHHUEBBIE, YCUIIEHHBIE BEICOTON 150 MM

u mupuHoi 55 mM. Kpennenue kpoHIITEHHOB TPOU3-
BOJMTCS K MEKAITAXKHBIM MEPEKPBITUSIM.

YnenpHbIe TOTEPH TEIIIOTHI Yepe3 TOUECUHBIE BKITIO-
uenus x,, Br/°C, u ux konuuectso Ha 1 M* n,, mm/m?,
JUISL PA3JIMYHBIX TUIIOB KOHCTPYKIIMN YKa3aHbI B Ta0I. 4,
JIaHHBIC OBLIM OIPEJIeNICHBI, ONUPAsICh Ha TEXHUYECKYIO
JOKyMEHTAIMIO TIPON3BOANTENCH M HOPMATHBHYIO J10-
kymenranuio CIT 230.1325800.2015 «Konctpykunu
OrpakJarouiue 3AaHUNH. XapaKTepUCTUKU TEIUIOTEXHU-
YECKUX HEOAHOPOIHOCTENN.

Jast coOmnroneHust HOAJIEeMEHTHOTO TPeOOBaHUS He-
00X0MMO, YTOOBI BETMUMHA MPUBECHHOTO COTPOTHB-
JICHUS Teruionepenade pparMenTa TeIIo3aluTHOH 000-
nouku R ', (M*-°C)/Br, Gbi1a 60s1bIe HOPMHPYEMOTO
3Hayenus R "™, (m*-°C)/Br (CII 50).

[prBeneHHOE CONPOTUBIICHHUE TerIonepenaye (par-
MEHTa TETUIO3AIUTHOW 000JI04KN 03 yueTa JIMHEHHBIX

Taou. 2. VicxonHble aHHBIC IS IPOBEICHUS TEIUIOTEXHUUECKOTO pacueTa

PacuerHslii napameTp

PacueTHOe 3HaueHUE
mo CIT 50.13330.2012

BnaxxnocTHbI pexxum HopmaiibHblii*
OtHocuTeNbHAs BIKHOCTL BO3AyXa BHYTPH 31aHUA @, Y0 55 (o CII 50)
YenoBus 3KCIUTyaTalluyl KOHCTPYKLIUH A (mmo CIT 50)

Temneparypa Bo3ayxa Hanbosee X0JI0AHON MATHAHEBKH obecniedeHHoCcThI0 0,92 ¢ , °C
H

52 (no CII 131)

TIpomomKUTEIFHOCTE OTOITUTENIFHOTO NEPHO/Ia CO CPEAHEH CyTOUHOI TeMmepaTypoit

HapyXHOTO BO3Tyxa He bonee 8 °C Z , cyT

252 (mo CIT 131)

CpeZ[HHSI TEMIIEpaTypa HApYyKHOI'0 BO3AyXa Jisd repuoaa co cpez[Heﬁ CyTO‘{HOfI

TeMIepaTypoi Hapy»KHOTo Bo3ayxa He 6omee 8 °C ¢, °C

—20,6 (mo CIT 131)

Pacuernas Cpe€aHss TeMIIEpaTypa BHYTPEHHEIO BO3LyXa l'[OMeIJ.[eHI/Iﬁ 3AaHUA

IJTSL TEMO3aIUThI £, °C

21

KoaddunmenTs! Teruootnaun:
* BHYTPEHHEH MOBEPXHOCTH KOHCTPYKIWii o, Br/(m?*-°C);

* HapY’)KHOH MOBEPXHOCTH KOHCTPYKIUH C BO3YIIHBIM 3a30poM o, , B/(m*-°C);
* Hapy’)KHOH MOBEPXHOCTH KOHCTPYKIMi 6e3 BO3aynIHOTO 3a30pa o, , B/(M*-°C)

Tab.1. 3. PacueTHble noka3aresu Uil paiioHa CTPOUTENILCTBA

8,7 (o CII 50)
12 (o CII 50)
23 (nio CII 50)

PacueTHblii mapameTp PacuetHoe 3HaueHUE
I'pamgyco-cytku oronurensHoro nepuoaa (I'COIN), °C-cyt/rox 10 483,2
Hopmupyemoe 3HaueHNE TPHBEACHHOTO COMPOTHUBIICHHUS TETIONEPEIady Orpaxaromeit
KOHCTpYKIH R "™, m*-°C/Bt 3,069
BazoBoe 3HaueHne TpeOyeMOoro CONPOTHBIICHHUS TEIIONEepeiade Orpaxaomeit

KOHCTpyKuuH R ™, M*-°C/Bt 3,069

Taou. 4. PacueTHble OKa3aTeIn A7 palioHa CTPOUTEIBCTBA
Tun xoHCTpyKIMU Tun ToYeyHbIX BKIIIOUCHUH n,, mr/m? X, B1/°C

1.1 TapenbuaTble aHKEPbI 6,7 0,001

1.2 TapenbsuaTble aHKEPHI 6,7 0,001

2.1 T'ubkwue cBsizu 9,0 0,006

2.2 T'ubkwue cBsi3u 7,0 0,006

Kponurreitnst 0,56 0,079

31 TapenbuaTble aHKEPbI 6,94 0,001

30 Kponurreitas 0,56 0,080

TapenbsuaTbie aHKEPHI 6,94 0,001

11
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Taba. 5. CpaBHUTENBHBIN aHAIN3 KOHCTPYKIUH

Tun R;]f R;g R [1nocKkoCTh yBIaXKHEHUS
KOHCTPYKIIUH "
1.1 0,671 2,446 2,334
1.2 0,666 2,869 2,536
Croii yrerumrens (IUTUTHl MUHEPAJIOBaTHBIC)
2.2 2,160 1,752 2,549
32 0,000 1,600 2,612

anemenToB R ", (m*-°C)/Bt onpenensercs mo dopmysie
(CIT 50):

RIP 1 :
1/Rgcn + anXk

(1

rjie R’ — oCpesHEHHOE MO TUIOIAN YCIOBHOE CO-
MIPOTHUBIICHNE TEIUIoNepeade (hparMeHTa orpakaaro-
et koHeTpykimu, (mM?-°C)/BT.

KoadduimenTt oqHopoaHoCTH paccuuTat 1o ¢pop-
myie (CIT 50):

r= RIP/RY". @)

Pacuer KOHCTPYKIUH HA 3aIUTY
OT TMepeyBJIaKHEHHST

Heo0xoauMo poBepHuTh KOHCTPYKIIMIO Ha 3allly-
Ty OT IIEPEYBIAKHCHUS, YTOOBI ONPECIUTH, OYIET JIH
BEITNIA/IaTh KOHACHCAT B Toiie koHcTpykiwmu (CIT 50).
J1yist oGecrieueHus 3TOro TpeOOBaHMs HEOOXOAUMO, YTO-
OBl KOHCTPYKIHS ObLIa 3aIPOCKTUPOBAHA C COMPOTHB-
JICHUEM ITapOIPOHUIIAHHIO BHYTPEHHHX CJIOEB (OT BHY-
TPEHHEH MOBEPXHOCTH JI0 IJIOCKOCTH MaKCUMaJIbHOTO
yBiaxHenus) R , (M*-u-Tla)/mr, He MeHee HauboIbIIEro
u3 TpeOyeMbIX 3HaUCHUH maponpoHunanuto R P, R,
(M?-g-Tla)/mr, T.e. cmemyeT 00ecnednTh COOMIOICHIE
tpedoBanuii (CII 50):

R,>R';

nl >
Tp
R, >R,

T
rie R P — tpebyeMoe ConpoTHBIICHHE NapONPOHHIIA-
HUIO U3 YCJIOBHSI HEJIOMYCTUMOCTH HAKOIIJICHUS BIIArU
B OTPaXK/IAIOIIEH KOHCTPYKIIUH 3a TOJJOBOM MEPUOJT IKC-
. T

jyaranuu; R5 — tpebyemoe conpoTusieHne napo-
MPOHUIIAHUIO U3 YCIIOBHSI OTPAHUUYCHUS BIIATU B OIPaXK-
JIArOIEeil KOHCTPYKIIUH 3a TIEPUOJL C OTPHUIIATEIbHBIME
CPEIHUMHU MECSUYHBIMU TEMIIEPATypaMu HAPYKHOTO
Bo3ayxa (CIT 50).

Pacyer 3xoHOMHUYECKHX NTOKa3aTenei
OrpaKIAIMINX KOHCTPYKIM

Tpebyercst paccyuTarh ce0ECTOMMOCTE U OOIIYTO
CMETHYIO CTOMMOCTH BO3BEACHUS OrPaskAAIONINX KOH-
CTPYKIHIA.

12

Vcronb3yem aisi: OnpeieeHus pacieHOK Ha Ma-
tepuansl uaeke K = 10,994 pacienok Ha sKcrutyara-
MO MAIWH U MEXaHU3MOB K| = 18,34%; ycranoBieHus
pacueHok Ha omnary Tpyaa K, = 65,38°.

ITonnas cMeTHas CTOMMOCTb CKJIa/IbIBAETCS U3 IPS-
MBIX 3aTpart, HaKJIaJHBIX PACXOIOB ¥ CMETHOM MPUOBLIH.
CremyeT y4ecTb 3aTpaThl OT yIUIaThl Hajora Ha J00aB-
nernyio crommocts (HIC). Pasmep H/IC cocraBmser
20 % OT CMETHOW CTOUMOCTH.

Bo16op nHau6oJiee 3ppexTUBHOI orpaxaaronei
KOHCTPYKLMH /IS 00ecriedeHHs1 TeNJIOBOM 3alUThI
30aHMSA B YCJIOBHUSIX CYPOBOI0 KJIMMATA

Jnst mpoBeeHUsT OKOHYATEIbHOTO CPAaBHUTEIb-
HOTO aHaju3a OblUIa paccunuTaHa Harpyska ot 1 mor. M
CTEHOBOM KOHCTPYKLIUU HA IUIUTY IepeKpbITus. Pesynb-
TaTHI MPOBEACHHBIX PACYETOB YKa3aHBI B Ta0I. 5.

Koncrpyknunu 3.2 ymoBieTBopsieT 00g3aTenbHOE
MO3JIEMEHTHOE TPeOOBaHIE, MPOXOAUT IIPOBEPKY HA 3a-
IIUTY OT MEPEyBIAXHEHUs, TOJIIIMHA KOHCTPYKIUU
SBIIIETCS] HIDKE CpeHEel B CpaBHEHUHU C paccMaTpH-
BaeMbIMH B paboTre THUIaMH KOHCTpyKuuii. Harpyska
Ha NEPEKPBITHSL, OKa3blBacMasi HAPYKHOW CTEHOU, IOY-
TH BJBOC MEHBIIIEC B CPABHEHUH C KOHCTPYKITHSIMHA C 00-
JIMOBOYHBIM CJIOEM U3 KEPAMHUYECKOTO KUPIUYA.

PE3VYJIBTATHI HCCJIEJOBAHUA

PesynbraThl TEIIOTEXHIYECKOTO pacueTa paccma-
TPUBAEMBIX KOHCTPYKIIUII TPECTABICHBI B TA0. 6.

Ha ocHOBaHMM pacdyeTOB MOYHO ClIejaTh BBIBOI,
YTO KOHCTPYKIHUS 2.1 ¢ KOHCTPYKTHUBHO-TETUION30JIs-
IIMOHHBIM CJIOEM H3 KepaM3UTOOCTOHA W OOJUIIOBKON
U3 JIMIEBOr0 KUPIHUYa UMEET HAUOOIBIIYIO TOJIHHY
KOHCTPYKIIMH ¥ BEJIMYUHY YTCILTUTEIS BEIIIE CPETHETO

4 00 yTBepkaeHNH METOAMKH ONpPEe/eNeHHsI CMETHBIX L[eH Ha
MaTepHaJIbl, H3/IeHs, KOHCTPYKINH, 000pPYIOBAHNE U IIeH YCIyT
Ha MepeBO3Ky I'py30B Julsi cTpouTtenseTsa : [Ipukaz Munucrep-
CTBA CTPOMTEIHCTBA U KIIHITHO-KOMMYHAIILHOTO X035 CTBa
Poccuiickoit deneparmn ot 20.12.2016 Ne 1001/mp.

5 PacCLieHKH Ha 9KCIUTYaTalMI0 CTPOUTENIBHBIX MAIIMH U aBTO-
TpaHCTIOPTHBIX cpencTB : [Ipukaz MunucTepcTBa CTpOUTEND-
CTBA M JKUJIMIIHO-KOMMYHaJIBHOTO X03sicTBa Poccuiickoit
Denepannu ot 26.12.2019 Ne 876/mp.

% O6 yTBepkaAeHUH METOIMKH ONPEAEICHHs CMETHBIX LICH
Ha 3aTpaThl TPyla paOOTHUKOB B CTPOUTENLCTBE : [Ipmka3
MuHHCTEpCTBA CTPOUTENBCTBA M KHUIHAIIHO-KOMMYHAIEHOTO
xo3siictBa Poccuiickoit @enepannu ot 01.07.2022 Ne 534/mp.



Bbl60p OI'pa)KAaiOLLLeﬁ KOHCTPYKLUMNUN ANA XKUABIX 3AaHUN B YCAOBUSX CYPOBOIro KAmmara

C. 6-23

Taou. 6. Pe3yabTarhl TEIUIOTEXHUYECKOTO pacyeTa

Tonmuna Tonuuna Koadpunnent onqaoponHocty,
Tun R, M2-°C/Bt o
KOHCTPYKIIHH 8 , MM | YTCTUIHTENs 8, MM o> YUUTBIBAIOLIMI TOUCYHbIE BKIFOUCHUS

1.1 595 150 5,687 0,96

1.2 485 130 5,425 0,96

2.1 730 200 5,225 0,72

2.2 640 180 5,424 0,78

3.1 592 200 5,105 0,73

32 522 200 5,323 0,74

3HaueHus B 1,23 u 1,13 pa3 cOOTBETCTBEHHO, TIPU 3TOM
MIPUBEACHHOE 3HAYCHUE COMPOTHUBIICHHUS TETUIONIEepe/a-
YU C YIETOM TOYCYHBIX BKITFOUCHHH SBIISCTCS HANMCHB-
muM. Konetpyknus 3.1 Takske UMeeT TONIMIUHY YTElI -
TeJlsl BbIlIe CpeaHero 3HaueHus B 1,13 pas, npu sTom
MPUBEICHHOE 3HAYEHUE COMPOTUBICHUS TEIIomnepe-
Jladyu HauMEHbIIIee U3 pacCMaTPUBAEMBIX KOHCTPYK-
1uii. Ha 0a3e nmpoBeICHHOIO aHalin3a MOKHO CKa3arh,
YTO CTCHOBBIE KOHCTPYKIIMH U3 KePaM3UTOOCTOHHBIX
OJIOKOB C BO3AYIIHBIM 33a30POM M OOIUITOBKOW JIHIIE-
BBIM KHPITMYOM, a TaKXKe OOIHMIIOBKOW IO HABECHOW
(acamHOI cuCTeMEe KOMIO3UTHBIMH ILUTUTAMU HE pe-
KOMEH]TyeTCsl IPUMEHSTh B PACCMOTPEHHBIX YCIOBUSIX
¢ cypoBbIM KiimMaroM. Onupasich Ha JJaHHbIE Ta0l. S,
MOXHO yOeauThcs, uto KoHCTpykuuu no COTK umeror
HanMeHbIIIee KOJTMYECTBO TOYSUHBIX TEIIOMPOBOIHBIX
BKITIOUEHUH, KOHCTPYKIIMK HANOO0JIee OTHOPOIHEI.

JI5st BBITIOTHEHUS JalIbHEUIIIEr0 MCCIIeIOBaHUS
KOHCTpYKUMH TUN 2.1 1 3.1 crenyer UCKIIIOUUTh U3 CITU-
CKa paccMaTpuBaeMbIX. Pe3ynbraTsl pacueTra Ha 3alIuTy
OT TICPEYBIIAXHCHUS TIPUBCIICHBI B Ta0I. 7.

Koncrpyxkiuu ¢ ortaenkoii mo COTK ne npoxoast
MPOBEPKY Ha 3aIUTy OT MEPEeyBIKHEHUS U HE yIOB-

Tab.. 7. Pe3ynbrarsl pacyeTa Ha 3alIUTy OT NEpeyBIaKHEHUS

JETBOPSAIOT TPeOOBAHUSAM I10 MApPONPOHHUIIAEMOCTH,
CJIE/IOBATEIBHO, B ATUX KOHCTPYKIMAX OyIeT HaKaruTu-
BaThCs Bilara. 30Ha MaKCUMaJIbHOTO YBJIaKHEHUS Ha-
XOIUTCA B CJIO€ yTEIUINTENs: MuHepanabHast Bata IDK,
3a CYET IepeyBIaKHEHNS 3KCIUTyaTal[HOHHBIE U TEILIO-
M30JSIIMOHHBIC CBOMCTBA YyTEIUTUTENSI M IITYKAaTyPHOU
OOJUIIOBKY OyIyT 3HAYUTEIHEHO CHIDKCHBI, YTO MOXKET
MPHUBECTH K CO3JaHHUIO HEOJIaroNmpHUsTHBIX yCIOBUU
JUIs TIpeObIBaHUS YEJIOBEKA U MOBBIIICHUIO TEIIOBBIX
MOTEph Uepe3 KOHCTPYKIIUIO. Y UUTHIBAs PE3yNbTaTHl,
KOHCTPYKIIMH HE MOTYT OBITh HCIIOJIb30BAHBI ISl IKC-
IUTyaTalluy B 3@HUAX M COOPYKeHHsX. [ nanpHei-
IIETO UCCIeJOBaHNs KOHCTpyKuuu thmna 1.1, 1.2 e Oy-
JyT UCTIOJIb30BAHBL.

Pe3synbrarel 110 pacyeTy CMETHOM CTOMMOCTH CTPOU-
TENIBCTBA PACCMATPUBAEMBIX KOHCTPYKIIHI CTE€H YKa3aHbI
B TaOm. 8.

VYeTpoMCTBO €l10d OTIAENKU U3 KEPAMUUECKOIrO
kuprnya Ha 21,7 % s dexTuBHee, 4eM yCTpOWCTBO CH-
CTEMbI HABECHOT'O BEHTHJINpyeMOro (acaaa coriacHo
JIOKaJIbHOM CMETe.

Tun RP R R TIIOCKOCTh YBIAKHEHHUS
KOHCTPYKIIUH
1.1 0,671 2,446 2,334
12 0,666 2,869 2,536 Croit yreruutens (TUIMThl MUHEPAIOBATHBIC)
2.2 2,160 1,752 2,549
32 0,000 1,600 2,612

Tadu. 8. Pe3ynbrarsl cMETHOTO pacuera Ha | m?

HanmenoBanue 3arpar CuerHas cTonmocTs B basncrom CMeTHasi CTOMMOCTb B TEKYIIIEM YPOBHE LieH, pyO.
YPOBHE IICH, pYO.

Hroro mpsMele 3aTparsl 16 504 66 021
HWroro donx orarsr Tpyna (OPOT) 388,62 25408
Wtoro HakmaHble pacxobl 436,86 28 562
Htoro cmetHast npulObLUIb 245,02 16 019

Hroro nmo xoHcTpykuu Trmna 3.2 ¢ yuerom H/IC 132 724
HWToro mpsiMere 3aTpatsl 17 227,43 53 143,85
Hroro ®OT 517,14 33 811
Wroro HakiaHbie pacxo/sl 555,26 36 303
Htoro cmetHast npubbUIb 275,69 18 024

Hroro no xoHcTpykiuu trmna 4.2 ¢ yuerom H/IC 169 541
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J1.K0. MHeduHa

3AKJTIOYEHHUE U OBCYXJIEHHUE

B xo1e HayuHO-HCCIIEI0BATENECKOW paObOTHI BbI-
SIBJICHO, YTO HAWJIYYIIUM BAPUAHTOM KOHCTPYKIIHH
IUIST IPOCKTUPOBAHUS C TOYKHM 3PEHUS TEIIOBOU 3a-
IIUTHI 3]JaHAS B YCIOBHUSAX CYPOBOTO KIIFIMaTa SBIISCTCS
KOHCTPYKITUS M3 IEHOOETOHHBIX 0710k0B D600 TOMITH-
HO¥ 300 MM C TEIUIOMU3OIAIMOHHBIM CIIOEM M3 MHHE-
panoBarroro yremnutens [DK120 tommuaoi 200 Mmm
C IPUMEHEHUEM HaBECHOMU (acaHOM CHCTEMBI C OTHEC-
KOW KOMITO3UTHBIMH MAHEIIIMU U CUCTEMOU KPETIJICHUS
K MEXKITaXKHOMY ITEPEKPBITHIO.

KoHCTpyKIUs ¢ 0OIUIIOBOYHBIM CIIOEM U3 JIHIIC-
BOTO KHpITUYa UMeeT OONBIINi Bec U TonmuHy. KoH-
CTPYKIHUS U3 TIEHOOETOHHBIX 0110K0B D600 TommuHON’
300 MM ¢ TETTOM3OJSIIMOHHBIM CIIOEM W3 MHHEPAIO-
BatHoro yreruutenst [DK120 tommunaoin 180 MM 1 mu-
I[EBBIM CJIO€M M3 KEPaMUYCCKOTO KUPIHYA C YCTPOW-

CTBOM BEHTHJIMPYEMOTO 3a30pa Ha 22 % sddexTuBHee
KOHCTPYKIUH 3.2 TI0 5KOHOMHUYIECKHUM TTOKA3aTeIsIM, UC-
XOJISI U3 ATOTO PEKOMEHIOBAHO IPOIODKUTE H3yUCHUE
BO3MOYKHOCTH HCIIONB30BAHMS JAHHOTO TUITa KOHCTPYK-
IIUH JIUTSE MaJIODTAXKHBIX JKHIIBIX 3aHUH B YCIOBHUSX CY-
POBOTO KJIMMaTa.

KoHcTpyKImu ¢ mpruMeHeHHeM ITeHOOETOHHBIX 0J10-
KOB M KEpaMHUUECKHX M3/IENTHI BOZMOYKHO HCIIOIb30BaTh
JUISL CTPOMUTENILCTBA d(PEKTUBHBIX OrPaXKIAI0MINX KOH-
CTPYKIIMH, TAKMUM 00pa30oM PEKOMEHI0BaHO POJIOIKUTh
N3YUYCHUC MPUMEHCHUA MCCTHBIX pECYPCOB IJIA IMPOU3-
BOJICTBA yKa3aHHBIX MAaTE€PHAJOB C LEJIBIO yBeIHye-
HUS SKOHOMHYECKOH 3(()EKTUBHOCTH KOHCTPYKIIHMA.
CrepxuBaromuM (pakTOpoM CITy’KUT HU3Kas KyJIbTypa
NPOM3BOACTBA MEHOOCTOHHBIX OJIOKOB U, KaK CIIel-
CTBHE, HEYCTOIUHMBBIC TEIUIOTEXHUUECKUE U IIPOYHOCT-
HBIC XapaKTEPUCTUKH OJIOKOB J1aXke B Mpezesax OXHOU
HapTHH.
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INTRODUCTION

Most of the energy resources used are non-renewable,
therefore, it is necessary to use thermal energy rationally
and take measures to reduce energy consumption without
deteriorating the performance of the buildings and struc-
tures constructed. Energy consumption during the building
operation period accounts for 90 % of the total energy con-
sumption by the construction industry, most of this amount
is spent on residential buildings — 50-55 % [1].

One of the ways to reduce heat energy consump-
tion is the use of efficient building envelopes. When de-
signing an energy-efficient exterior envelope, structures
with a pronounced thermal insulation layer are used.
In addition, the required level of thermal efficiency is
achieved based on the rational placement of thermal
insulation layers in the structure and increasing the ho-
mogeneity of the structure [2].

The works [3—11] analyze the advantages and dis-
advantages of modern building envelopes with different
building materials.

Currently, two structural systems of multilayer
building envelopes are the most widespread: the system
with a ventilated air gap and the system of plaster insu-
lated facade. Thanks to the air gap, moisture condens-
ing in the insulation layer and the load-bearing wall can
be removed. The required width of the air gap depends
on the distance between the ventilation openings, their
length, temperature difference and air density. Accord-
ing to the theory of thermodynamics, the minimum
value of the air gap should be 40 mm [12].

MATERIALS AND METHODS

Consider a cladding system with a curtain-type
ventilated facade. The system is a structure consisting
of brackets, vertical and/or horizontal profiles, a ther-
mal insulation layer and a cladding layer made of vari-
ous materials. In most cases, a supporting sub-system
made of aluminium and steel is used. The disadvan-
tage of the system is the low value of the coefficient
of thermal homogeneity due to the use of a large num-
ber of metal inclusions. In order to reduce heat losses
through metal inclusions in the ventilated curtain facade
system, a double layer of insulation is used; this design
increases the thermal homogeneity due to the overlap-
ping of joints with the upper layer of insulation [13].

The advantages of ventilated facades are:

* the ability to provide protection of building struc-
tures from damage and weathering while maintaining
good ventilation of the facade;

* installation of the structure can be carried out re-
gardless of the season;

* the possibility of replacing cladding and thermal
insulation materials;

* the possibility of choosing different cladding
materials.

Facade thermal insulation composite
systems (FTCS)

They have a multilayer structure, the insulation
layer is fixed to the wall base with the help of adhe-
sive-plastering mortar together with disc anchors, then
the base layer of plaster with mesh reinforcement is ap-
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plied to the heat-insulating product, the finishing layer
is decorative plaster of various types with or without
subsequent painting. The advantage of the construction
lies in its homogeneity, the value of the number of ther-
mal conductive inclusions is one of the lowest among
multilayer constructions. The high homogeneity index
can also be attributed to the disadvantage of the con-
struction, because in case of failure or the need to re-
place the system, all layers of FTCS are destroyed.
It is necessary to carry out works on the device FTCS
at a temperature of at least +5 © C otherwise the adhe-
sion and impact strength of plaster compositions de-
creases. If it is necessary to create a plaster layer in con-
ditions with lower outside temperatures, it is necessary
to use specialized plastering materials with modifying
additives that reduce the possible temperature of works
down to —10 °C [14].

Brickwork cladding

The use of brick cladding in multi-storey build-
ings resting on the floor slab is not permitted at a storey
height of 3.6 m. When using face bricks, it is necessary
to make vertical horizontal expansion joints in order to
avoid an emergency situation in case of temperature and
humidity forces due to temperature fluctuations, and to
use anti-corrosion flexible bonds to ensure the integ-
rity of the structure. In order to maintain the required
humidity state of the structure, an air gap should be
created between the face brick and the thermal insula-
tion layer, in addition to this it is necessary to provide
vents in the masonry for air circulation. The advantages
of this type of cladding include:

* availability of construction materials;

* high level of fire resistance;

* resistance to atmospheric influences;

* environmental friendliness.

Disadvantages of the system:

* labour-intensive erection and the need for highly
qualified specialists;

* limitation of architectural diversity;

* low coefficient of thermal homogeneity due to
the use of various flexible links and concrete inclusions;

* high load on the foundation;

* the use of materials for the inner layer of the struc-
ture other than bricks may entail independent deforma-
tions between the face layer and the inner structure.

Based on the wide choice of materials and the de-
pendence of the thermal performance of the envelope
on the arrangement of layers in the wall mass, many dif-
ferent structures with unique thermal performance pa-
rameters arise. Climatic conditions as well as the local
availability of raw materials influence the choice of mate-
rial, composition and thickness of the envelope. In order
to find the most rational type of envelope structure that
meets the requirements of thermal protection of the build-
ing, it is advisable to conduct a study of a whole complex
of structures and determine the most optimal options based
on thermophysical properties and economic indicators.

16

The need to improve the energy efficiency
of the building envelope in the North and,
in particular, in the Republic of Sakha (Yakutia)

Based on the schematic map of zoning of the north-
ern construction climatic zone of Russia, presented
in CP 131.13330.2020 “Construction Climatology”’,
the territory of the Republic of Sakha is located in
the most severe climatic conditions. The territories
of the Republic of Sakha are located in the most severe
climatic conditions.

Yakutia ranks first in the number of total reserves
of natural resources in Russia, with 2959 deposits of
59 types of raw materials accounted for by the State
Balance for 2020. To improve the economy of our
country, the development of strategically important sub-
jects is a priority task. Despite its significant economic
potential, the population density is low and amounts
to 0.32 people/km? in 2021, one of the lowest figures
in the whole of Russia. Yakutia is located in the centre
of Eastern Siberia, and the winter period is many times
longer than the summer period. The climate is charac-
terized by a significant temperature difference between
cold and warm seasons, low precipitation and weak
winds.

In order to keep the population interested and im-
prove the economic situation, it is necessary to cre-
ate favourable conditions for the operation of build-
ings and structures, as well as to monitor the efficient
use of heat energy and increase the energy efficiency
of buildings. According to the Resolution of the Gov-
ernment of the Republic of Sakha (Yakutia) “The Draft
Strategy of Socio-Economic Development of the Re-
public of Sakha (Yakutia) until 2030 with the definition
of the target vision until 2050, one of the strategic pri-
orities for socio-economic development of the Republic
and improvement of living standards is to create a com-
fortable and safe living environment for people.

As of 2019, the number of emergency housing in
the Republic of Sakha totaled 3,629 apartment buildings,
as a result of which there is an urgent need to design and
construct a large number of residential buildings.

In climatic conditions with low temperatures
(the heating period in Yakutsk is 252 days for residen-
tial buildings), the consumption of energy resources in-
creases, so the study, analysis and development of mea-
sures to preserve and rationally use the incoming heat in
buildings is an urgent task.

All of the above points to the need to study the is-
sues of rational design of energy-efficient building en-
velopes, in particular, in the territory with a harsh cli-
mate, namely, in the Republic of Sakha.

Raw material base for construction in the Republic
of Sakha (Yakutia)

Due to harsh climatic conditions, transportation
of materials has a number of difficulties, such as high

' CP 131.13330.2020. Construction climatology. Moscow,
Standardinform, 2021; 153.
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price and long transport times, which leads to longer
construction periods and higher costs of construction
projects. The use of locally produced construction ma-
terials can solve these problems and increase the eco-
nomic efficiency of construction.

There is a significant amount of raw materials on
the territory of the Republic that can be used for the pro-
duction of construction materials. The territory of Yakutia
is rich in clay raw materials that can be used for the pro-
duction of expanded clay products. There are 43 known
deposits of expanded clay raw materials on the territory
of the republic, 24 of which are not included in the con-
solidated balance of reserves. At the moment only 4 de-
posits are exploited. According to studies [15], there are
clay deposits on the territory of Yakutia, which can be used
for the production of light and high-strength expanded
clay concrete for the construction of buildings of various
heights. Deposits of clay raw materials located in Yakutia
can be used not only for the production of expanded clay
products, but also for the production of face bricks that
meet the requirements of GOST 530-2012 [16-18].

Based on the analysis of scientific and technical
research, the possibility of producing foam concrete
of the design grade D600 using Portland cement clinker

Table 1. Types of envelope structures

of JSC PO “Yakutcement” and mineral raw materials
of Yakutia has been established. Natural zeolite from
Suntar district and quartz sand from Lena basin can
be used as mineral additives for foamed concrete pro-
duction. Blocks made of foam concrete produced with
the use of local raw materials are suitable for the con-
struction of external self-supporting walls of monolithic
frame buildings [19, 20].

Inaglinskoye deposit in Neryungri district of the Re-
public of Sakha (Yakutia) is the only raw material base
of vermiculite in the Far East of Russia. Uplifted vermic-
ulite is an environmentally safe material, which due to its
thermal insulation properties and relatively low weight
can be used for the production of plaster mixtures for ex-
terior and interior finishing.

Due to such a rich raw material base on the territory
of the republic there is a possibility of construction from
various building materials: ceramic bricks, heat insulating
products based on expanded clay and cellular concrete,
vermiculite materials for wall plastering [21, 22]. For
further research, the external envelope structures selected
on the basis of the structural system of the buildings under
consideration (frame), taking into account the most com-
mon design solutions of external walls (Table 1).

. Density Thickness Thermal conductivity Vapour permeability
Name of material p,» ke/m® 8, mm A, W/(m-°C) w, mg/(m-h-Pa)
Three-layer wall construction on FTCS using vermiculite plaster

1.1 Type of construction
Vermiculite plaster for exterior works 1,000 30 0.15 0.07
F50
Mineral wool boards 120 150 0.042 0.32
Plastering and adhesive mix for
mineral boards, application in cold 5 5 0.76 0.035
conditions
Clay concrete blocks with 3-row
desert D600; B2.5; F35 600 390 0.2 0.26
Cement-sand plaster for interior 1,800 20 0.76 0.09
works

1.2 Type of construction
Vermiculite plaster for exterior works 1,000 30 015 0.12
F50
Mineral wool boards 120 130 0.042 0.32
Plgstermg and adhesive mix for 5 5 0.76 0.035
mineral boards
Foam concrete blocks D600 on glue
mortar, 400 x 200 mm B2.5; F25 600 300 0.14 0.17
Cement-sand plaster for interior 1,800 20 076 0.09
works

Three-layer construction with ventilated gap with brick cladding

2.1 Type of construction
Ceramic brick face hollow thickened
GOST 530-2012 M100; F75; 1,600 120 0.58 0.14
on cement mortar M100
Air gap - 40 -
Mineral wool boards 120 200 0.042 0.32
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End of the Table 1
. Density Thickness Thermal conductivity Vapour permeability
Name of material P,y kg/m’ 8, mm A, W/(m-°C) w, mg/(m-h-Pa)
Three-layer construction with ventilated gap with brick cladding

2.1 Type of construction
Clay concrete blocks with 3-row
desert D600; B2.5 600 390 0.2 0.26
Cement-sand plaster for interior 1,800 20 076 0.09
works

2.2 Type of construction
Ceramic brick face hollow thickened
GOST 530-2012 M100; F75; 1,600 120 0.58 0.14
on cement mortar M100
Air gap - 40 - -
Mineral wool boards 120 180 0.042 0.32
Foam concrete blocks D600 on glue
mortar, 400 x 200 mm B2.5; F25 600 300 0.14 0.17
Cement-sand plaster for interior 1,800 20 0.76 0.09
works

Three-layer wall construction with a ventilated gap using a curtain-type ventilated facade (CVF) system

3.1 Type of construction

Composite slabs using the CVF 7,000 5 48 B
system
Air gap - 60 - -
Mineral wool boards 120 200 0.042 0.32
Clay concrete blocks with 3-row
desert D600: B2.5 600 390 0.2 0.26
Cement-sand plaster for interior 1,800 20 076 0.09
works

3.2 Type of construction
Composite slabs using the CVF 7,000 ) 48 3
system
Air gap - 60 - -
Mineral wool boards 120 200 0.042 0.32
Foam concrete blocks D600 on glue
mortar, 400 x 200 mm B2.5; F25 600 300 0.14 0.17
Cement-sand plaster for interior 1,800 20 076 0.09
works

Thermal calculation

When performing the thermal calculation, the ma-
terials described in the article [23] were taken into ac-
count.

Thermal calculation is performed for a residential
multi-storey building in Yakutsk. To perform calcula-
tions for compliance with the element-by-element re-
quirement according to CP 50.13330.2012 “Thermal
Protection of Buildings™ the blind part of the wall
of a frame-monolithic building with the size of 1,000 x
x 1,000 mm is considered. As point inclusions we
consider thermal protection elements recommend-
ed for the corresponding types of wall structures CP

2 CP 50.13330.2012. Thermal protection of buildings. Mos-
cow, Ministry of Regional Development of Russia, 2012; 100.
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230.1325800.2015 “Building envelope structures. Char-
acteristics of thermal inhomogeneities™.

The initial data for the calculation are presented
in Table 2, and on their basis the design indicators for
the construction area are obtained (Table 3).

For three-layer wall constructions with FTCS
cladding with external plaster layers as point heteroge-
neities, disc anchors with a plug providing hydro- and
thermal insulation made of frost-resistant polyethyl-
ene are accepted, the steel spacer element has an anti-
corrosion coating. When erecting a three-layer wall
with a facing layer of face brick, flexible metal links

3 CP 230.1325800.2015. Building envelope structures. Char-
acteristics of thermal inhomogeneities. Moscow, Ministry
of Construction of Russia, 2015; 72.
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Table 2. Initial data for heat engineering calculation

Calculation parameter Estimated value by
CP 50.13330.2012
Humidity regime Normal?
Relative humidity of air inside the building ¢,, % 55 (according to CP 50)
Operating conditions of the structure A (according to CP 50)

Air temperature of the coldest five-day period with a probability

0f0.92 ¢, °C

—52 (according to CP 131)

Duration of the heating period with average daily outside air temperature

not exceeding 8 °C ¢,, days

252 (according to CP 131)

Average outdoor air temperature for the period with average daily

outdoor air temperature not exceeding 8§ °C ¢ , °C

out®

—20.6 (according to CP 131)

Estimated average indoor air temperature of the building premises

for thermal protection ¢, , °C

21

Heat transfer coefficients:

« internal surface of structures o, , W/(m*-°C);

» external surface of structures with air gap a, , W/(m?-°C);

« external surface of structures without air gap o, . W/(m?-°C)

out®

Table 3. Estimates for the construction area

8.7 (according to CP 50)
12 (according to CP 50)
23 (according to CP 50)

Calculation parameter Estimated value
Heating period degree-days (HPDD), °C-days/year 10,483.2
Normative value of the reduced heat transfer resistance of the enclosing structure R ", m*-°C/W 5.069
Basic value of the required heat transfer resistance of the envelope R ¢, m*-°C/W 5.069

made of corrosion-resistant steel with a disc dowel are
used to create a 40 mm thick ventilation gap. Alumini-
um reinforced brackets 150 mm high and 55 mm wide
are used for fixing the curtain-type ventilated facade
system. The brackets are fastened to the floor slabs.

Specific heat losses through point inclusions y,,
W/°C, and their number per 1 m* n,, pcs/m?, for differ-
ent types of construction are shown in Table 4, the data
were determined based on the manufacturers’ tech-
nical documentation and normative documentation
CP 230.1325800.2015 “Building envelope structures.
Characteristics of thermal inhomogeneities”.

To comply with the itemized requirement, the re-
duced heat transfer resistance of the heat shield frag-
ment R "¢, (m*-°C)/W, must be greater than the standard
value R "™, (m*-°C)/W (CP 50).

The reduced heat transfer resistance of a frag-
ment of the heat-shielding shell without taking into ac-

Table 4. Estimated values for the construction area

count linear elements R ¢, (m*-°C)/W is determined by
the formula (CP 50):

1
R'ed — -
¢ I/Rgel+znkxk (1)
where R ' is the average conditional heat transfer resis-
tance of a fragment of the enclosing structure, (m?-°C)/W.
The uniformity coefficient is calculated using
the formula (CP 50):

r=RIYRT ©)
Calculation of the structure for protection against
overwatering

It is necessary to test the structure against over-
watering to determine whether condensation will occur
within the structure (CP 50). To ensure this requirement,
the structure must be designed with a vapour permeabil-

Type of construction Type of point inclusions n,, pcs/m? X W/°C

1.1 Disc anchors 6.7 0.001

1.2 Disc anchors 6.7 0.001

2.1 Flexible links 9.0 0.006

2.2 Flexible links 7.0 0.006
Brackets 0.56 0.079

31 Disc anchors 6.94 0.001

3 Brackets 0.56 0.080

Disc anchors 6.94 0.001
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ity resistance of the internal layers (from the internal sur-
face to the plane of maximum wetting) R , (m’-h-Pa)/mg,
not less than the highest of the required vapour perme-
ability values R){?, R,57, (m?-h-Pa)/mg, i.e. the require-
ments of (CP 50) must be met:

req .
R, >R ",

req
R, > an s

where R{? — the required resistance to vapour perme-
ability from the condition of inadmissibility of moisture
accumulation in the building envelope for the annual pe-
riod of operation; R 5" — the required resistance to va-
pour permeability from the condition of moisture limita-
tion in the building envelope for the period with negative

average monthly outdoor temperatures (CP 50).

Calculation of economic indicators of building
envelopes

It is required to calculate the cost of production
and total estimated cost of building envelopes.

We use for: determining the rates for materials in-
dex K =10,99% rates for the operation of machines and
mechanisms K == 18,34%; establishing rates for labour
costs K = 65,38°.

4 Approval of the Methodology for Determination of Estimated
Prices for Materials, Products, Structures, Equipment and Ser-
vice Prices for Cargo Transportation for Construction : Order
of the Ministry of Construction and Housing and Communal
Services of the Russian Federation of 20.12.2016 No. 1001/pr.
5 Cost rates for the operation of construction machinery and
motor vehicles : Order of the Ministry of Construction and Hou-
sing and Communal Services of the Russian Federation from
26.12.2019 No. 876/pr.

¢ Approval of the Methodology for Determination of Estimated
Prices for Labour Costs of Employees in Construction : Order
of the Ministry of Construction and Housing and Communal
Services of the Russian Federation from 01.07.2022 Ne 534/pr.

Table 5. Comparative analysis of designs

The total estimated cost consists of direct costs,
overheads and estimated profit. It is necessary to take into
account expenses from payment of the value added tax
(VAT). The amount of VAT is 20 % of the estimated cost.

Selection of the most efficient building envelope
to ensure thermal protection of the building
in a harsh climate condition
For the final comparative analysis, the load from
1 r. m. of the wall structure on the floor slab was calculat-
ed. The results of the calculations are shown in Table 5.
Structure 3.2 fulfils the mandatory element-by-
element requirement, passes the test for protection
against overwatering, the thickness of the structure is
below average compared to the types of structures con-
sidered in this work. The load on the floor slabs exerted
by the external wall is almost halved compared to struc-
tures with a ceramic brick facing layer.

RESEARCH RESULTS

The results of the thermal calculation of the con-
sidered structures are presented in Table 6.

Based on the calculations, it can be concluded that
construction 2.1 with a structural and thermal insulation
layer of expanded clay concrete and face brick cladding
has the greatest thickness of the structure and the value
of insulation above the average value by a factor of 1.23
and 1.13, respectively, with the present value of heat
transfer resistance taking into account point inclusions
being the smallest. Construction 3.1 also has a thickness
of insulation above the average value of 1.13 times,
and the reduced value of heat transfer resistance is
the smallest of the considered constructions. On the ba-
sis of the analysis we can say that wall constructions
made of expanded clay concrete blocks with air gap and
facing with face brick, as well as facing with compos-
ite slabs on the curtain facade system are not recom-
mended to be used in the considered conditions with

Type of req req . .
construction R, R R Moistening plane
1.1 0.671 2.446 2.334
1.2 0.666 2.869 2.536
Insulation layer (mineral wool slabs)
22 2.160 1.752 2.549
32 0.000 1.600 2.612

Table 6. Results of thermal calculation

Thickness of Insulation
Type | the structure §,, | thickness 3, R, (m*°C)/W Homogeneity coefficient for point inclusions r
mm mm
1.1 595 150 5.687 0.96
1.2 485 130 5.425 0.96
2.1 730 200 5.225 0.72
2.2 640 180 5.424 0.78
3.1 592 200 5.105 0.73
32 522 200 5.323 0.74
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Table 7. Calculation results for overwatering protection

Type of req req —
construction R, R,> R, Moistening plane
1.1 0.671 2.446 2.334
1.2 0.666 2.869 2.536
Insulation layer (mineral wool slabs)
22 2.160 1.752 2.549
32 0.000 1.600 2.612

Table 8. Results of estimated calculation per 1 m?

Name of expenditure Estimated cost in base price level, rub. | Estimated cost at current price level, rub.
Total direct costs 16,504 66,021
glf;zl(llajgcgr compensation 388.62 25408
Total overheads 436.86 28,562
Total estimated profit 245.02 16,019
Total for construction type 3.2 including VAT 132,724
Total direct costs 17,227.43 53,143.85
Total LCF 517.14 33,811
Total overheads 555.26 36,303
Total estimated profit 275.69 18,024
Total for construction type 4.2 including VAT 169,541

severe climate. Based on the data in Table 5, it can be
seen that the FTCS structures have the smallest number
of point thermal conductive inclusions, the structures
are the most homogeneous.

In order to carry out further research, the construc-
tions of type 2.1 and 3.1 should be excluded from the list
of considered constructions. The results of the calculation
for protection against overmoistening are given in Table 7.

Structures with FTCS finishes are not tested for
protection against overwatering and do not fulfil the re-
quirements for vapour permeability, therefore, moisture
will accumulate in these structures. The zone of maxi-
mum wetting is in the layer of insulation: mineral wool
HR, due to over-wetting the performance and thermal
insulation properties of the insulation and plaster lin-
ing will be significantly reduced, which can lead to
unfavourable conditions for human occupancy and
increased heat losses through the structure. Consider-
ing the results, the structures cannot be used for opera-
tion in buildings and structures. For further research
the constructions of type 1.1, 1.2 will not be used.

The results of calculation of the estimated cost
of construction of the considered wall constructions are
shown in Table 8.

The installation of a ceramic brick finishing layer
is 21.7 % more efficient than the installation of a cur-
tain-type ventilated facade system according to the lo-
cal estimate.

CONCLUSION AND DISCUSSION

In the course of research work it was revealed
that the best variant of construction for design from
the point of view of thermal protection of the building in
the conditions of severe climate is the construction from
foam concrete blocks D600 with thickness of 300 mm
with heat-insulating layer from mineral wool insula-
tion HR120 with thickness of 200 mm with application
of hinged facade system with finishing with composite
panels and system of fastening to the inter-floor ceiling.

The construction with a facing layer of facing bricks
has a higher weight and thickness. The construction from
foam concrete blocks D600 with thickness of 300 mm
with a thermal insulation layer of mineral wool insula-
tion HR120 with thickness of 180 mm and a facing layer
of ceramic bricks with a ventilated gap is 22 % more ef-
ficient than the construction 3.2 in terms of economic
indicators, on this basis it is recommended to continue
studying the possibility of using this type of construction
for low-rise residential buildings in harsh climates.

Structures with foam concrete blocks and ceramic
products can be used for construction of efficient build-
ing envelopes, thus it is recommended to continue
studying the use of local resources for the production
of these materials in order to increase the economic
efficiency of structures. The limiting factor is the low
culture of production of foam concrete blocks and, as
a consequence, unstable thermal and strength character-
istics of blocks even within one batch.
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