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AHHOTALUMUA

BeepeHue. [Npu cTponTensCTBE OGHLEKTOB METPOMONUTEHA BbIMNOMHEHWE apXUTEKTYPHO-OTAENOYHbIX U MOHTaXHbIX paboT
HaYMHaEeTCs 40 3aBEpLUEHMS] OCHOBHbIX KOHCTPYKLMIA. B 3TO Bpemsi NoAKIoYeHne K CETAM MOCTOSIHHOIO TennocHabxeHus
OTCYTCTBYET, MO3TOMY AN COOMIOAEHMS TEXHONMOMMN NPOn3BOACTBa paboT HEOOXOAMMO NMPUMEHEHNE BPEMEHHbIX UCTOY-
HVKOB TennoTbl. OTCYTCTBME KOHKPETHBLIX CBEAEHMI MO TPeOyeMbIM MOLLHOCTSIM TakUX UCTOYHUKOB AernaeT HEBO3MOXHbIM
NPOrHo3NpoBaHne (UHAHCOBbLIX 3aTPaT, YTO SBMSAETCS CYLLEeCTBEHHbIM AN noapsayvkoB. Llenb nccnegosaHuss — onpege-
NeHvie yaenbHOW BEMUYUHBI PacXoda TEMMOBOM SHEPrUM Ha OTOMIIEHNE CTaHLMIA METPONONIUTEHA, CTPOUTENBCTBO KOTOPbIX
BbIMOHSIETCS OTKPbITbIM CMIOCOGOM, B 32aBUCHMOCTM OT pasfUyHbIX TeMMepaTyp Hapy>KHOro BO3AyXa, 3aBepPLUEHHOCTUN CTPO-
UTENbCTBA, MMYOVHbI 3arNoXeHNs CTaHUMK, a Takke CTPOUTENbHOMO obbema CTaHUMK.

MaTepuanbl U MeToAbl. TennoBble MOTOKU BbIYMCIIEHbI C MOMOLLBI MaTeEMaTUYeCKOro MOAENMPOBaHNSA CTaLMOHAPHOIO
TEMOBOro pexuma. AHanm3bl pe3ynsTaToB pacyeToB U HOPMATUBHbIX AAHHbIX BbIMOMHEHbI B COOTBETCTBUM C MOMOXEHVUSIMM
TEOPUM BEPOSITHOCTM U MaTeMaTUYeCKON CTaTUCTUKU. BblumMcneHns Koadh UMEHTOB 1 HArpy3oK NpoBeAeHb! Mo obLienpu-
HSTBIM YPaBHEHUSIM 1 3aKOHaM TennioMaccoobmeHa. KnumaTnyeckue AaHHble 1 napamMeTpbl MaTepuarnoB NPUHMMAOTCS Mo
[EeNCTBYOLLMM HOPMATUBHBIM JOKYMEHTaM.

PesynbraThbl. BbluncneHbl 3HaueHVs yaenbHO TEMMOBO XapaKTEPUCTUKUN CTaHLIMA METPOMONUTEHA, COOPYKaeMbIX OTKPbI-
TbIM CMOCOGOM, B 3aBUCMMOCTU OT 06 bEMHO-MITAHNPOBOYHbLIX M KOHCTPYKTUBHBIX PELLUEHWI, COCTaBa HapYXXHbIX Orpaxae-
HWI, a TaKKe CTaAuN 3aBepLUEHNS CTPOUTENbCTBA (B TOM YMCIE HANMWMYUSl UMW OTCYTCTBUSI 0GpaTHOW 3acbinku). PacyeTHas
HOpMa pacxofa TenroBoW 3HEPTUM HA BPEMEHHOE OTOMEHNE 3aKOHYEHHOV BYEPHE CTaHLUM METPOMOSIUTEHA, COOpYKae-
MOV OTKpPbITbIM criocobom, coctaensiet 3,87 kan/(1000 m3-mec).

BbiBogbl. MpeanoxeHbl HOPMbl Ha BpEMEHHOE OTONJIeHNe (KONMYECTBO TEMOBOW SHEPTMM) AN CTaHLMI METPONoNnnTeHa,
coopy’KaeMbiX OTKPbITbIM croco6omM. OnpeneneHbl TeNMoBble 3aTpaTbl Ha obecnevyeHne 3aaHHbIX NapamMeTpoB BO3AyXa,
OTHECEHHbIe K eauHuLEe obbeMa 1 HeobxoauMble AN NPOU3BOACTBA CTPOUTESNbHBIX Y MOHTaXHBIX paboT BHYTPY CTaHLMM
B TEYEHUE OTOMUTENBLHOrO Nepuoaa.
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ABSTRACT

Introduction. During construction of underground facilities, architectural, finishing and installation works begin before the
completion of the main structures. At that time, there is no permanent heating network connection and therefore temporary
heat sources must be used to ensure compliance with the works technology. The lack of specific information about the
required capacity of such sources makes it impossible to forecast the financial costs, which is essential for contractors.
The purpose of the study is to determine the specific value of heat energy consumption for heating underground stations,
construction of which is carried out by open method, depending on different outdoor temperatures, construction completion,
depth of station installation, as well as the construction volume of the station.

Materials and methods. Heat flows have been calculated by means of mathematical modelling of a stationary thermal
regime. Analyses of calculation results and normative data have been performed in accordance with the provisions of
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probability theory and mathematical statistics. Calculation of coefficients and loads are carried out according to generally
accepted equations and laws of heat and mass exchange. Climatic data and material parameters are taken according to
current normative documents.

Results. The values of specific thermal performance of open-cut metro stations depending on space-planning and design
solutions, composition of external envelopes, as well as the stage of construction completion (including the presence or
absence of backfill) are calculated. Estimated rate of heat energy consumption for temporary heating of open cut metro
station is 3.87 Gcal/(1,000 m3-month).

Conclusions. Temporary heating norms (amount of heat energy) for open-circuit metro stations have been proposed. Heat
costs for ensuring the specified air parameters, referred to a unit volume and required for construction and installation works
inside the stations during the heating period, are determined.

KEYWORDS: thermal energy, temporary heating, thermal performance, transmission heat loss, infiltration heat loss, metro
station
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BBEJIEHUE

[Ipu cTpouTenbcTBe 0OBEKTOB METPOIIOIUTEHA
C y4eToM rpadyika CTpOUTEIHCTBA BHITIOIHEHHE apXH-
TEKTYypPHO-OTAEIOYHBIX U MOHTaKHBIX pabOT HaYNHAET-
Cs1 JI0 3aBEpIICHUS padOT MO OCHOBHBIM KOHCTPYKIHSM
U TIPU OTCYTCTBHUHM TIOAKIIIOUEHHSI K CETSAM ITOCTOSIHHOTO
TEIUIOCHAOXKEHHSI, YTO TPeOyeT NMPUMEHEHHs BPEMEH-
HBIX MCTOYHHMKOB TEIJIOTHI (TENJIOTreHepaTopsl HIIN
anekTpokaitopudepsl) B xonoauslit nepuos. [Tomyuye-
HUE yJeIbHOM BEeIMYUHBI pacxojia TEIIOBOH 3HEpPTruu
Ha BPEMEHHOE OTOIUICHHE CTAHIMI METPOIOIUTEHA,
CTPOUTENBCTBO KOTOPBIX OCYIIECTBISAETCS OTKPBITHIM
CrI0co00M, TTO3BOJIUT OTIEPATHBHO OIPEJIEISTh BETUUH-
Hy pacxojia TEeMJIOBOM YHEPTUH 3aBEPIICHHBIX BUEPHE
CTaHIIMI METPOIOJIUTEHA.

TeMa cTpouTenbCTBA METPOMOIUTEHA, HECMOTPS
Ha BBICOKHI YpOBEHb OTBETCTBEHHOCTH M CIIOKHOCTH
COOPY>KEHUI1, Ipe/ICTaBIeHa B OT€UECTBEHHBIX NEPUO-
JUYECKUX U3AAHUAX JOCTaTOYHO ckpomHO. Hanboms-
I1ee KOJIMYECTBO MyOIHMKAIUil MTOCBSIIEHO BOIIPOCaM
TeOTeXHHKH [1—5] ¥ HEKOTOPBIM MPUKJIIaJHBIM Mpo0Jie-
MaM, Kak, HalpuMmep, poTHBOieiicTBHe BHOparuu [6]
U BIIMSTHUE Ha 3acTpouiky [7, 8]. Psaa pabor packpbeiBaet
BOTPOCHI, CBA3aHHBIE C ONTUMM3AlHUEN MacCakUpoIo-
Toka [9, 10], ¢ pemenreM mpuxiIaaHbIX 3a1a4 [11-13],
a TaKke HEKOTOPbIE aCMeKThl HETEXHUYECKOTO Xapak-
tepa [14—18]. ObnacTu Teriora3oCHa0KeHHs U BEHTH-
JISIIIUH, B KOTOPBIX pacCMaTpHBAIOTCSl BOMPOCH! OPraHuU-
3aIlK BO3yX000MeHa Ha CTaHIMSIX, MOCBSIIEHO MaJlo
Tpyaos [19-21].

Lens uccnenoBanust — ompeeNeHne yaeabHON
BEJIMUMHBI PACX0/ia TEMJIOBOM SHEPTrUU Ha OTOIICHHE
CTaHIMI METPOIONHUTEHA, CTPOUTEIBCTBO KOTOPBIX
BBIIOJIHSAETCSI OTKPBITBIM CIIOCOOOM, B 3aBUCUMOCTH
0T pa3IMYHBIX TEMIIEPATyp HAPY>KHOTO BO3/yXa, 3aBep-
IIEHHOCTH CTPOMTENBCTBA, TITyOUHBI 3aJI0KEHUSI CTaH-
1M, & TAK)KE CTPOUTEIBHOTO 00beMa CTaHIUH.

3anaun:

* HCCJIe[OBaHUE KOHCTPYKTHUBHBIX 3JIEMEHTOB
CTaHLIUN METPOIOIUTEHA, CTPOUTENBCTBO KOTOPHIX BbI-
TIOJTHSIETCSI OTKPBITHIM CIIOCOO0M;

* ompeseNeHre TPAaHCMUCCHOHHBIX TEIIONOTEPh
W 3aTpaT Ha HarpeB MHQWIBTPALNOHHOTO (BEHTHIIS-
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LII/IOHHOFO) BO3ayXa B 3aBUCUMOCTHU OT TCXHUYECKOT'O
COCTOSIHUS SJIEMEHTOB HAPYKHBIX OTPAKAAFONINX KOH-
CTPYKIMI CTaHIIUH METPOIIOIUTEHA, CTPOUTEIHECTBO
KOTOPBIX BBIIOJHSETCS OTKPBITBIM CIIOCOOOM;

* YCTaHOBIIEHUE MPOHU3BOAUTEIBLHOCTH CHUCTEM
OTOIIJICHUS C YYETOM pacxoja TeIUIOTHl Ha HAaIPEeB BEH-
THIISIIMOHHOTO (MH(MIIBTPUPYIOIIETOCs) BO3YXa;

* OIpeJelieHne CTaTUCTUYECKU-aHATUTHYECKUM
METOIOM BEJIMYMHBI YAEIBHOM TEINIOBOM XapakTe-
PHUCTHKH CTAaHIIUH METPOIOIUTCHA B 3aBHCUMOCTH
OT IPUHSTON KJIaCCU(HUKAIIMY U 3a]JaHHBIX TTApPaMETPOB
BO3/IyXa;

°* pacyeThl TPAHCMHICCHOHHBIX TEIUIOBBIX TOTOKOB
C TTOMOIIBI0 MaTEMaTH4YECKOTO MOJICIIMPOBAHHS;

* BBISIBJICHHEC 3HAUCHUS y}:[eﬂbHOﬁ TEIJIOBOM Xa-
PaKTEePUCTUKHN CTaHIUN METPOMOIUTECHA, CTPOUTENb-
CTBO KOTOPBIX OCYIIECTBISICTCS OTKPBITBIM CIIOCOOOM,
B 3aBUCHUMOCTH OT OOBEMHO-TNIAHUPOBOYHBIX M KOH-
CTPYKTHUBHBIX PEHICHHH, a TaKKe COCTaBa Hapy>KHBIX
OTPaXIAOIMNUX KOHCTPYKIHH, CTaIUN 3aBEPIICHUS
CTPOUTENBCTBA (B TOM YHCIIE HAJIMYHS WIIH OTCYTCTBHS
00paTHO# 3aCBINKN) U CTPOUTEILHOIO 00beMa 00bEKTa;

* OmpeneneHne HOPMBI Ha BPEMEHHOE OTOTICHHEC
(KOTMYECTBO TEMJIOBOW M JIEKTPUYECKON DHEPTHH)
CTaHIll/Iﬁ METPOIIOJIUTCHA OT BPEMCHHBIX UICTOYHUKOB
OTOTICHUS B 3aBUCHMOCTH OT 00BEMHO-TUTAHUPOBOY-
HBIX ¥ KOHCTPYKTHUBHBIX PEIICHUN M 3aJJaHHBIX Iapa-
METPOB BO3/yXa;

* OIpe/IeJIeHHE 3aTpaT TeIJIOBOM YHEPTUH Ha 00e-
CTIiedeHHE 3aJaHHbIX MTapaMeTPOB BO3IyXa AJIS IPOU3-
BOJICTBA BHYTPH COOPY)KEHUH CTPOUTEIHHBIX U MOH-
TaXXHBIX pa0dOT B TEYCHHE OTOMUTEILHOTO MMEPHOJIA C
10 oktsi6pst mo 10 ampesns, OTHECEHHBIX K EIUHUIIES
CTPOHTEIBHOTO 00beMa.

[To pacnoioKeHnI0 OTHOCUTEIBHO YPOBHS 3eMIIH
CTaHIIMM METPOIOJIMTEHA MO/IPA3ACISIOTCS Ha dCTa-
KaJHbIe, Ha3eMHEBIe, moa3eMHble. [lon3eMHbIe cTaH-
LIMOHHBIC KOMIUIEKCHI MOTYT COOPYKaTbCsl OTKPBITHIM
CIoco0oM B KOTJIOBaHax [22], MOTY3aKPBITHIM CITOCO-
60M 0e3 BCKPBITHS THEBHOM MMOBEPXHOCTH TpyHTa [23],
3aKpBITEIM CTIOCO00M padoT [24].

B pamkax Hay4HO-TEXHHYECKOTO COIPOBOXKJICHHUS
MIPOEKTUPOBAHUSA U CTPOUTEIHCTBA MOCKOBCKOTO Me-
TporonuTeHa [25] Ha o0bexTe «BOCTOUHBIN ydacTok
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TpeTsero nmepecagodHoro KoHTypa ctanuus «Kammp-
ckas” — crannua “KapagapoBo™» mpemycmarpuBaioch
OIIpPEACIICHUC HOpMaTI/IBHOi/’I BCJIMYMHBI HA BPpEMEHHOC
OTOIUICHUEC OT BPEMEHHBIX UCTOYHHUKOB TC]'IJ'[OCHa6)Ke-
HHUA 3aKOHYCHHBIX BUCPHE CTaHHI/Iﬁ METPOITOJINTEHA, CO-
OPYKCHUE KOTOPBIX BBITIOJIHACTCA OTKPBITHIM CHOCO60M.

MATEPHAJIBI U METO/JAbI

KOHCTpYKTUBHBIE 3IEMEHTHI CTAaHIIUI METPOTIOH-
TEHa, COOPYKEHHE KOTOPHIX BBIMOIHAETCS OTKPBITHIM
Croco0oM, pasJielieHbl Ha YeThIPE IPYIIIbL: IIOKPHITHE —
BEpXHEE NMEePEKPBITHE CTAHIIUN METPOIIOIUTEHA; CTEHBI;
IOJI 110 TPYHTY; KOJOHHBI. OCHOBHON KOHCTPYKIIMOH-
HBII Marepuas — xejae300eToH. Pacyer Temionorepsb
yepe3 OTpakaaronine KOHCTPYKIUHU (CTEHBI U T0JM)
B IPYHTE IIPOBOJUTCS B COOTBETCTBHM C HOPMAaTUBHOM
nuteparypoit [1]. TemionpoBOAHOCTh TPyHTA km, rpa-
HUYaIero ¢ GyHAaMEeHTOM CTaHI[MH METPOIOINTEHA,
B pacyerax npuHsita pasuoit 1,6 Br/(m-K) (6a3oBas
pacdeTHas TEIIONPOBOAHOCTh rpyHTa). OnpeneneHue
BEJMYMUH TPAHCMHMCCHOHHBIX M MH(HUIBTPALMOHHBIX
(BEHTWISIIMOHHBIX) TEIJIONOTEPh OCYILECTBIIACTCS IS
XapaKTEepHOH CTaHIIMKM METPOIOJUTEHA, BHIOPAHHOM
Ha OCHOBaHUM OOOOILICHHBIX apXUTEKTYPHBIX JJAHHBIX
[IPOCKTUPYEMBIX U JEHCTBYIOIIUX CTAHLUN METPOIO-
nuteHa. Ha puc. 1 npejcTaBieH momnepeyHsiil pazpes
XapaKTEepHOH CTAHI[MKU METPOIOIUTEHA.

ITonepeunslii pa3pe3 XapaKTepHOU CTaHLIUM Me-
TPOTIOJIUTEHA, BBIIOIHAEMON OTKPBITBIM CIOCOOOM
0e3 00paTHOI 3achINKH, MTOKa3aH Ha puc. 2. Ha puc. 3
IIPUBE/CH NIOIEPEUHBIN pa3pe3 XapaKTEePHOU CTaHLIUU
METPOIIOJIUTEHA, BHIITOJIHIEMOW OTKPBITBIM CIIOCOOOM
paboT ¢ 00paTHOI 3aChINKOI IPyHTA.

Pacuer Benmuun TPAaHCMUCCHUOHHBIX TECIJIONIOTEPD,
HaOII0IaeMbIX Ha IEPBOM dTarle CTPOUTEIHCTBA B XO-
JIOTHBIH TIEPHOJ, TTPU MTPOBEACHUH aAPXUTEKTYPHO-OT/IE-
JIOYHBIX ¥ MOHTQKHBIX Pa0OT KOHIIA 2-TO U Hadaia 3-To
roza (puc. 2) B HOCTPOCHHBIX MOMEIICHHUSIX CTAHINH
METPOTIONHUTEHA C OTKPBITHIM criocoOoM 6e3 oOpaTHOH
3aCBIIKH, IPEJICTaBICH B Ta0Jl. 1. AHaJIOTHYHBIN pacyeT
JUIsl BTOPOTO 3Tara CTPOUTEIHCTBA B XOJIOAHBIN MEPUOJL
IIPU BBIIIOJIHEHUH apXUTEKTYPHO-OTAEIOYHBIX U MOH-
Ta)XXHBIX Pa0OT KOHIIA 2-T0 U Hayaia 3-ro rona (puc. 3),
HO yXe ¢ 00paTHO# 3achIIKOW, MPUBEACH B Tabm. 2.
Ha ocHOBaHNY BBIITOJTHEHHBIX PACUCTOB TPAHCMHCCH-
OHHBIX TCIUIONOTEPh ONPECACIININ BEJINYNHY cpeﬂHeﬁ
YACIBHOM TEIIOBOM XapaKTEPUCTHKN CTAHIHH:

G = (90 +d100) /2= (4,59 +1,4) = 2,995 Br/n’. (1)

Juia pacueTa BEHTHISIUOHHBIX (MH(UIBTpAIH-
OHHBIX) TEIUIONOTEPH CIEAYET YCTAaHOBUTH YaCOBOU
pacxol MOCTYIAIOIET0 HApY)KHOTO BO3yXa B CTpPOS-
HIYIOCS OTKPBITBIM CIIOCOOOM CTAaHIUIO METPOIIOIH-
TeHa. BeHTUWISIIMOHHBIN BO3AyX MOCTyHaeT Ha CTaH-
[UIO Yepe3 NEePUOJUYECKH OTKPBIBAIOIIMECS IBEPH,
BOPOTA, MMPOEMBI U HEIUIOTHOCTH B HAPY>KHBIX OIpax-
JeHuax. Yepes BO3AYXONPOHHUIIAEMbIE KOHCTPYKIIHH
(TEeHTOBBIE KOHCTPYKIIUH, COOPY’KAaEMBbIE TI0 TOPIIOBBIM
y4acTKaM CTaHIMH) BO3AYX IPOHHMKAET WHUIBTpa-
nueit. [To pesynpraram ananusa OOJIBIIOTO KOJWYE-
CTBa CTAHLUHU CleIaH BBIBOJ O TOM, YTO HE3aBHUCHUMO
OT 00beMa CTAHINH, IUIOMAAN TEXHHIECKUX MTPOEMOB,
NEPUOJMYECKN OTKPBIBAIOIIUXCS IBEPEH, a TAKXKe ILIO0-
II1a]T1 BO3LyXOMPOHHUIIAEMBIX KOHCTPYKITHH (TCHTOBBIC
KOHCTPYKIIMH) OCTAIOTCSI OTHOCUTENBHO MTOCTOSIHHBIMU
BEIMYMHAMU.
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Ta6u. 1. TpanCMHUCCHOHHBIE TEIUIONOTEPH CTAHIMU METPOIIOIUTEHA C OTKPBITHIM CIIOCOO0M paboT 6e3 00paTHOI 3aChITKI

Tum orpakaeHusI R, M*°C/Bt A, M2 A/R, Bt/m? At, °C QTP, Br
ITokpsiTHE 0,44 20,9 47,5 14,7 698,25
Cmena 6 epynme
1-s1 30Ha 1,05 4 3,81 14,7 56,00
2-5 30Ha 1,9 4 2,1 14,7 30,95
3-s1 30Ha 2,6 4 1,54 14,7 22,62
4-51 30Ha 3,85 7,3 1.9 14,7 27,87
Ilon no epynmy
1-51 30Ha 2,1 4 1,9 14,7 28,00
2-51 30Ha 3.8 4 1,05 14,7 15,47
3-51 30Ha 52 4 0,77 14,7 11,31
4-s1 30HA 7,7 18,55 2.4 14,7 35,41
Hroro - - 2925,88
VienbHast XapaKTepUCTUKA q,= X0V q,= 4,59 Br/w’

Taou. 2. TpaHCMHUCCHOHHBIE TEIUIONOTEPU CTAHIIMU METPOIIONUTEHA C OTKPBITBIM CITOCOOOM PaboT ¢ 0OpaTHOI 3aCHITKOI

Tumn orpaskcHus R, M>*°C/Bt A, m? A/R, Br/m? At, °C QTp, Br
[ToxpbiTHE 13,11 20,9 2,9 14,7 23,59
Cmena 6 epynme
1-s1 30Ha 1,05 0 0 14,7 0
2-51 30Ha 1,9 0 0 14,7 0
3-51 30Ha 2,6 0 0 14,7 0
4-5 30Ha 3,85 40,2 10,44 14,7 153,49
Ilon no epynmy
1-s1 30HA 2,1 4 1,9 14,7 28,00
2-51 30Ha 3,8 4 1,05 14,7 15,47
3-s1 30Ha 5,2 4 0,77 14,7 11,31
4-51 30Ha 7,7 26,8 3,48 14,7 51,16
Uroro — — - — 283,02
VYnensHas XapakTepuCTHKA G0 =20V = 1.4 Br/™’

KonuuecTBo mocrymnaromnero Bo3uyxa B 00beM co-
OpYKEHHUSI METPOTIOINTEHA, CTPOSIIIIETOCS OTKPBITHIM CIIO-
Cc000M, OCTAETCST OTHOCUTEIIHLHO ITOCTOSIHHOM BEJIMYMHOMN.
KparaocTh Bo3ayx000MeHa — CaHHTapHBII ITOKA3aTelb
COCTOSIHHSI BO3IYIITHOM Macchl B romenieHuu. OT 3Toro
rapameTpa 3aBUCHT 0€3011aCHOCTh U KoM(OPT Jtoneii.
JlomycTumble 3HaYEHUsI pErYIUPYOTCS B CBOAAX IIPABUII
(CII), cannTapusix npaBwiax 1 HopMax (CanlluH) n
T'OCTax. Ha ocHOBaHHMH a’dpOIUHAMUYECKHX XapaKTe-
PHCTHK BEHTHJIATOPOB, MPUHSTHIX HA CTAIUU CTPOUTCITb-
HO-MOHT2XKHBIX Pa0OT, CPEITHISI BEIIIYMHA CYMMapHOTO
pacxomia Bo3myxa (L, M*/4) mpu Hariope P= 2600 I1a coctas-
mster L= 6 m3/c = 21 600 m*/u. [IpemycMaTpuBaroTcs aBa
BEHTHJIATOpA JUTS OPTaHNU3aIMU OOIIET0 BO3TyX000MeHa
CTaHIIMH, CJICA0BATENBHO, PACXO/] IPUTOYHOTO BO3/IyXa
ymamBaercst L =21 600 - 2 =43 200 m*/u.

VYepenHeHHBI 00BeM CTAHIIMH METPOMOIUTEHA
Ha MEPBOM 3Tare CTPOUTEIbCTBA, BO3BOIUMBIX OTKPBI-
TBIM CIIOCOOOM B I. MockBe, cocTasisieT V' = 54 145 m°.
BenmunHa KpaTHOCTH BO3yX00OMEHA OTPEIENAETCS KaK:
1=£=43400=0,8 - @)

V. 54145
VYcepenHeHHBIH 00beM CTAaHITMH METPOIOIUTEHA
Ha BTOPOM 3Tare CTPOUTEIbCTBA, BO3BOAUMBIX OT-
KPBITBIM CIIOCOOOM padoT, B I. MOCKBE COCTaBIsIET
V' =81 285 m>. TIpu 3TOM KpaTHOCTH BO3IyX00OMEHa

OIIPEACISIETCSI CIIETYIOLIMM 00pa3oM:

k, = L = 43200 =0,534"". 3)

V. 81285
3HaueHHe cpeaHeld BEeNWYMHBI KPaTHOCTH BO3-
JTyXooOMeHa CTaHIMU METPOIOJIUTEHa, BO3BOJIUMON
OTKPBITBIM CIIOCOOOM, OTIpeIeNsieTcs Kak cpeaHeapud-
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METHYECKasi BEJIMUYMHA KPATHOCTH BO31yXOOOMEHOB
MIEPBOTO U BTOPOTO 3TAIMOB CTPOUTENHCTRA!
_k+k, 0,8+0,53
o >
KonnuecTBo TemaoThl, HEOOXOMUMOE JJIsl Harpe-
Ba BEHTHIAIMOHHOTO (MH(MIBTPAIIHOHHOT0) BO3IyXa,
paccuuThIBaeTCs TaK:

=0,66 a . )

1,2-C
==——1L,. At, kBr, 5
©=7600 Lo )
rme C = 1,005 xJ[x/(xr-°C) — TEIIOEMKOCTh BO3LYXa;
Ly = 133,06 M’/1 — pacxon BO3/yXa [Is KPaTHOCTH

0,66 1/u; At =t - b = 12 - (-2,7) = 14,7 °C — pasz-
HUIA TEMIICPATyp MEXIY CPEIHEH TeMIlepaTypoil Ha-
PY’KHOTO BO3/TyXa OTOIMTEIBHOTO MEPUOMIA £, 1 TEMITE-
patypoi BHYTPEHHETO BO3IyXa /.

Pesynbrarel pacuera BEHTHISSLUOHHBIX (MHQUIb-
TPAIMOHHBIX ) TEIUIONOTEPh CTAHIIUN METPOTIOIHUTEHA,
BO3BOJHMMBIX OTKPBITHIM CIIOCOOOM, IPEICTABICHBI
B TaoOI. 3.

TemmoBass MOIIHOCTh HAa HATPEB BHOCUMBIX Ma-
TEPHAJIOB Ha CTAHIIMIO METPOIIOJIUTEHA OMPEIeISICTCS
o hopmyrre:

0= M’ kB, (6)
T
IJie /m — Macca BHOCHMOTO MaTepHaia, Kr; ¢, — Macco-
Basl TEIUIOEMKOCTh BHOCHUMOTO Marepuana, J[x/(xr-K);
WHICKC «1» — HavyanpHas TeMIIepaTypa MaTepuana;
WHJICKC «2» — KOHEYHAs TeMIIepaTypa MaTeprana; T —
BpeMsI HarpeBa MaTepuana, C.

B Tabn. 4 mpuBeaeHB! MPUOTU3UTEIHLHBIC MACCHI
OCHOBHBIX CTPOHTEIBHBIX MaTEpPUATIOB, 3aHOCHMBIX
Ha CTAaHIIUIO METPOIIOIIUTCHA, CTPOSIITYIOCS OTKPBITHIM
c1oco0oM, B TeueHue 24 gacos.

Tab6n. 3. BentuisiuonHbie (MHGUIBTPALIMOHHbIE) TEILIO-
HOTEPH CTAHIIUM METPOINOIUTEHA, BO3BOJUMONH OTKPBITHIM
crocooom

[Tapamerp 3HaueHHe
YcnoBHas KPaTHOCTH BO3AyX00o0MeHa & , 1/4 0,66
P’
Pacxonx npurounoro Bo3ayxa an, M /4 133,06
PacyeTHas IJIOTHOCTH BO3/yXa p, , KI/M’ 1,2
MaccoBas TemnoeMkocTs Bo3ayxa C,
1,005
kJx/(xr-K)

KoadpunmenT rernoytinnszanun 1.00
BEHTHJISILIMOHHBIX yCTaHOBOK K, 6/p ’
Temneparypa napysknoro Bosayxa ¢ , °C 2,7
Temneparypa BHyTpeHHero Bo3ayxa ¢, °C 12,0
Benrunsuuonnsie remtonorepu O, Bt 655,23

VienbHast TEIUIOBas XapaKTEPUCTHKA ¢,
3 3,25
Br/m

OrnpezneneHsl 3HaUCHUS yAEIbHOM TEIJIOBOU Xa-
PAKTePUCTHUKH CTAHIIMA METPOTIOIUTEHA, COOpyXkKae-
MBIX OTKPBITBIM CIIOCOOOM, B 3aBUCHMOCTH OT 00b-
E€MHO-IJIAHUPOBOYHBIX U KOHCTPYKTUBHBIX PCHICHUN,
COCTaBa HapyKHBIX OTPaKICHUH, a TaK)Ke CTaINH 3a-
BEPILCHUS CTPOUTEIILCTBA (B TOM YHCIIC HATHYHUS WITH
OTCYTCTBUSI 00pPATHOM 3aCHITIKH).

[IpenmoxeHB! HOPMBI HA OTOIICHUE OT BPEMEH-
HBIX HCTOYHHKOB (KOJHMYCCTBO TCIIJIOBON IHEPTUHU)
CTaHIIUH METPOMOJHUTCHA, BO3BOIUMBIX OTKPBITHIM
CITOCOOOM, B 3aBUCHMOCTH OT 00BEMHO-TIIAHUPOBOY-
HBIX U KOHCTPYKTHBHBIX PCIICHHUH, a TAKKE 33 JaHHBIX
mapaMeTpOB BO3IyXa.

Taou. 4. Marepuansl, 3aHOCUMbIE Ha CTPOSLIYIOCS CTAHLUIO METPOIOIUTEHA B TeUeHUE 24 yacoB

MaccoBas Bpewmst HarpeBa TemnoBas
Marepuas Macea, kr TEIUI0EMKOCTh JI0 TEMIIEPaTyphbl MOIIHOCTh
Marepuaia, BHYTPEHHETO Ha Harpes
JIx/(xr-°C) BO3J1yXa, 4 Marepuaja, Br
LlemeHTHO-TIECUaHBII paCTBOP 20 000 840 24 2761
Cranp 15000 482 24 1188
Hroro 35000 - - 3949

PE3YJIBTATHI HCCJIEJOBAHHUA

VYienbHble BETUYMHBI pacxo/ia TeTNIOBOM SHEPTUU
Ha BPEMEHHOE OTOIIEHHE 3aKOHYEHHBIX BUEPHE COOPY-
J)KEHMM CTaHLMHU METPOIOJIUTEHA, BBIOJIHSIEMON OT-
KPBITBIM CTIOCOOOM, TIPENICTABICHBI B Ta0M. 5.

SJAK/IIOYEHUE U OBCYXJAEHUE

HccnenoBanbl KOHCTPYKTUBHBIC 3JIEMEHTBI Xapak-
TEPHOTO COOPYKEHHSI METPOIOIUTEHA, COOPYIKAEMOTO
OTKPBITBIM CITOCOOOM.
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Ta6u. 5. Pacxon TenaoBoi SHEPTUM Ha BPEMEHHOE OTOILIE-
HHUE 3aKOHYCHHBIX BUCPHE CTAHIIUI METPOIOIUTEHA, BO3BO-
JTIUMBIX OTKPBITBIM CITOCOOOM

TTapametp Br/m? T'xan/(1000 m*-mec)
TpancMuccHOHHBIE 3 1.86
TEIIONOTEPH
Tennonorepu Ha
HarpeB BHOCHMBIX 0,0025 0,00186
MaTepHaoB
BentmsunonHsle 325 2.01
TEIIONOTEPH
Uroro 6,25 3,87



PacxoA TENAOBOM aHEPTrUM Ha BPEMEHHOE OTOMAEHME 3aKOHUEHHbIX BYEPHE CTaHLmi meTporioamteHa €. 117-130

Omnpe/ienieHbl TEIUTOBBIE 3aTPaThl Ha 00ecreueHre
3aIaHHBIX TIAPAMETPOB BO3AyXa ISl IPOM3BOJICTBA
BHYTPH COOPY/KEHHU CTPOUTEIBHBIX ¥ MOHTaKHBIX pa-
00T B TeueHHE OTOIMHUTEIBHOTO MEPHO/IA, OTHECCHHBIE
K €IMHHIIE 00bEMA.

CpaBHUTENBHBIN aHAINU3 PE3yNbTAaTOB MPEABAPH-
TEIBHOTO pacueTa B HECTAIIMOHAPHOM M CTAIIHOHAPHOM

PEKUMAxX MOKA3asl JOCTATOYHO BBICOKYIO KOPPEJIALHUIO
YIEIbHBIX XapaKTEPUCTHK.

TTpencraBieHbl HOPMBI PACX0a TEILIOBON SHEPIUH
Ha BPEMEHHOE OTOIICHUE 3aKOHUEHHBIX BUEPHE COOPY-
YKCHUN METPOIOJINTEHA, COOPYKAEMBIX OTKPBITHIM CII0-
cobom, B I'ka/1000 M B Mecsin (3,87 I'Kan/1000 M- Mec).
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INTRODUCTION

During construction of metro facilities taking
into account construction schedule, execution
of architectural and finishing and installation works
starts before completion of works on basic structures
and in the absence of connection to the permanent
heat supply networks, which requires application
of temporary heat sources (heat generators or electric air
heaters) during the cold period. Obtaining the specific
value of heat energy consumption for temporary heating
of metro stations, construction of which is carried out
by the open method, will allow to promptly determine
the value of heat energy consumption of metro stations
completed in the outline.

The topic of underground construction, despite
the high level of responsibility and complexity of struc-
tures, is presented in domestic periodicals rather mod-
estly. The greatest number of publications is devoted to
geotechnical issues [1-5] and some applied problems,
such as vibration counteraction [6] and impact on build-
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ing development [7, 8]. A number of works reveal is-
sues related to passenger flow optimization [9, 10], to
solving application problems [11-13], as well as some
aspects of non-technical nature [14—18]. Few works are
devoted to the area of heat and gas supply and venti-
lation, which deals with the issues of air exchange in
stations [19-21].

The aim of the study is to determine the specific
value of heat consumption for heating underground sta-
tions, which are constructed by the open method, de-
pending on different outdoor temperatures, construction
completion, station depth, as well as the construction
volume of the station.

Objectives:

* the study of the structural elements of underground
stations constructed by the open-pit method;

* determination of transmission heat losses and
costs for heating of infiltration (ventilation) air de-
pending on the technical condition of the elements
of the outer building envelopes of metro stations, which
are constructed using the open air method,;
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* the heating system performance is based
on the heat consumption for heating the ventilation
(infiltrating) air;

 determination of the specific thermal perfor-
mance of a metro station, depending on the adopted
classification and given air parameters, by a statistical-
analytical method;

* calculations of transmission heat flows using
mathematical modelling;

* identification of values of specific thermal
performance of metro stations constructed by open-cut
method depending on space planning and construction
solutions, as well as composition of external envelope
structures, stage of construction completion (including
presence or absence of backfill) and construction
volume of the object;

* definition of temporary heating norms (amount
of heat and electric energy) for metro stations from
temporary heating sources, depending on space-
planning and construction solutions and given air
parameters;

* the heating energy consumption for indoor air
for construction and installation work during the heat-
ing period from 10 October to 10 April per unit of build-
ing volume.

Underground stations are subdivided into elevated,
above-ground, and underground according to their
location relative to ground level. Underground station
complexes can be constructed by open-cut method in
excavations [22], by semi-enclosed method without
opening the day surface of the ground [23], by closed
works method [24].

Within the framework of scientific and technical
support of design and construction of the Moscow Met-
ro [25] at the site “Eastern section of the Third inter-
change circuit «Kashirskaya» station — «Karacharovo»
station” included determination of the standard value
for temporary heating from temporary sources of heat
supply of the completed underground stations, con-
struction of which is carried out by open method.

MATERIALS AND METHODS

The structural elements of underground stations
constructed by open-cut method are divided into four
groups: covering — top slab of underground station;
walls; floor on the ground; columns. The main con-
struction material is reinforced concrete. Calculation
of heat loss through the enclosing structures (walls and
floor) in the ground is carried out in accordance with
the regulatory literature [1]. The thermal conductivity
of the ground X bordering the underground station
foundation is assumed to be 1.6 W/(m-K) (the basic
design thermal conductivity of the ground). Determina-
tion of values of transmission and infiltration (ventila-
tion) heat losses is performed for a typical metro station
selected on the basis of generalized architectural data
of designed and operating metro stations. Fig. 1 shows
a cross section of a typical metro station.

A cross section of a typical open-cut underground
station without backfill is shown in Fig. 2. Fig. 3 is
a cross section of a typical open-cut and backfilled un-
derground station.

Calculation of the values of transmission heat losses
observed during the first stage of construction in the cold
period, during architectural and finishing and installation

m(\l mﬁ <1§a
N~ -
<Q.
) Q
q' q
< <— jk <
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Fig. 1. Cross-section of a characteristic metro station: D, — depth of embedment from ground level to floor level; D, — depth

of trench; H, — distance from ground level to ceiling; H, — depth of ground backfill; B, — height from floor to ceiling; B, —

height of structure; 4, 4, — width; V, — heated volume
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Fig. 3. Cross-section of a characteristic underground station performed by open-cut backfill method
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works of the end of the 2nd and beginning of the 3rd
year (Fig. 2) in the constructed premises of the metro sta-
tion with open method without backfilling is presented
in Table 1. A similar calculation for the second stage
of construction in the cold period during architectural
and installation works of the end of the 2nd and begin-
ning of the 3rd year (Fig. 3), but with backfill, is given in
Table 2. Based on the transmission heat loss calculations
performed, the value of the average specific heat charac-
teristic of the plant was determined:

Goia = (90 + G100 )/ 2= (4.59+1.4)=2.995 W/m’. (1)

To calculate ventilation (infiltration) heat loss,
the hourly rate of incoming outside air into an open-
circuit metro station under construction should be
determined. Ventilation air enters the station through
periodically opening doors, gates, openings and gaps

in external envelopes. Through the air-permeable
structures (awnings constructed along the end sections
of the station) air enters by infiltration. From the analysis
of a large number of stations, it is concluded that
regardless of the station volume, the areas of technical
openings, periodically opening doors, and areas of air-
permeable structures (tent structures) remain relatively
constant values.

The amount of air entering the volume of an open-
plan underground structure remains a relatively con-
stant value. The air exchange rate is a sanitary indica-
tor of the condition of the indoor air mass. The safety
and comfort of people depends on this parameter.
The admissible values are regulated in regulations, san-
itary rules and standards (SanPiN) and GOSTs. Based
on the aerodynamic characteristics of fans adopted
at the stage of construction works, the average value
of total air flow (L, m*h) at the head of P =2,600 Pa is

Table 1. Transmission heat losses of an underground station with open-pit method without backfill

Fence type R, m?-°C/W A, m? A/R, W/m? At, °C 0,W
Coverage 0.44 20.9 47.5 14.7 698.25
A wall in the ground
1 zone 1.05 4 3.81 14.7 56.00
2 zone 1.9 4 2.1 14.7 30.95
3 zone 2.6 4 1.54 14.7 22.62
4 zone 3.85 7.3 1.9 14.7 27.87
Ground floor
1 zone 2.1 4 1.9 14.7 28.00
2 zone 3.8 4 1.05 14.7 15.47
3 zone 52 4 0.77 14.7 11.31
4 zone 7.7 18.55 24 14.7 35.41
Total - - - - 2925.88
Specific characteristic q, =20V q,=4.59 Wm*
Table 2. Transmission heat losses of an underground station with open backfill method
Fence type R, m?-°C/W A, m? A/R, W/m? At, °C 0,W
Coverage 13.11 20.9 2.9 14.7 23.59
A wall in the ground
1 zone 1.05 0 0 14.7 0
2 zone 1.9 0 0 14.7 0
3 zone 2.6 0 0 14.7 0
4 zone 3.85 40.2 10.44 14.7 153.49
Ground floor
1 zone 2.1 4 1.9 14.7 28.00
2 zone 3.8 4 1.05 14.7 15.47
3 zone 5.2 4 0.77 14.7 11.31
4 zone 7.7 26.8 3.48 14.7 51.16
Total - - - - 3283.02
Specific characteristic G0 = 20V G = 1.4 W/m?
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L =6 m%s = 21,600 m*h. Two fans are envisaged for
a total air exchange of the plant, so the supply air flow
rate is doubled to L = 21,600 - 2 = 43,200 m*/h.

The average volume of underground stations in
the first phase of open-cut construction in Moscow is
V= 54,145 m’. The air exchange ratio is defined as:
L 43,400

Vo 54,145

The average volume of open-cut underground
stations in Moscow during the second construction
phase is ¥ = 81,285 m®. The air exchange rate is
determined as follows:

L 43,200
v 81,285

The average air exchange rate for an open-plan
underground station is determined as the arithmetic
mean of the air exchange rates of the first and second
construction phases:

_k+k, 08+0.53
2 2

Table 3. Ventilation (infiltration) heat loss of an open-cut

=0.8 hour™". )

1

=0.53 hour™. 3)

k,., =0.66 hour'.  (4)

metro station

Parameter Value
Conditional air exchange ratio kp, 1/h 0.66
Supply air flow L, m’/h 133.06
Calculated air density p, , kg/m? 1.2
Mass heat capacity of air C, kJ/(kg-K) 1.005
Air handling unit heat recovery coefficient
1.00
C, wir
Outdoor temperature 7, , °C 2.7
Internal air temperature ¢, , °C 12.0
Ventilation heat loss O, W 655.23
Specific heat characteristic ¢, W/m?3 3.25

The amount of heat required to heat the ventilation
(infiltration) air is calculated as follows:

0 :;;26—0%L0,66 -At, kW, (5)
where C = 1.005 kJ/(kg-°C) — heat capacity
of air; L, = 133.06 m’/h — air flow rate for the ratio
of 0.66 1/h; At =1t —t =12 —-(-2.7)=14.7°C —
temperature difference between the average outside
temperature of the heating period ¢ and the inside
temperature 7, .

The results of calculation of ventilation (infiltra-
tion) heat losses of open-cut underground stations are
presented in Table 3.

The heat capacity for heating the inputs to the un-
derground station is determined by the formula:

m-c, -(t1 —tz)
0= T
where: m — mass of material to be introduced, kg;
¢, — mass heat capacity of material to be introduced,
J/(kg'K); index “1” — initial material temperature; in-
dex “2” — final material temperature; T — time of ma-
terial heating, s.
Table 4 shows the approximate weights of the main
construction materials brought into an open-cut under-
ground station over a 24-hour period.

b kW’ (6)

RESEARCH RESULTS

Specific values of heat energy consumption for
temporary heating of the completed structures of the open-
cut underground station are presented in Table 5.

CONCLUSION AND DISCUSSION

The structural elements of a characteristic open-
cut underground structure are investigated.

The values of specific heat characteristic of open-
cut metro stations depending on space-planning and

Table 4. Materials brought into the metro station under construction within 24 hours

. . Mass heat capacity of Heating time to Heat output for
Material from Weight, ke material, J/(kg-°C) indoor temperature, h | material heating, W
Cement-sand mortar 20,000 840 24 2,761
Steel 15,000 482 24 1,188
Total 35,000 — 3,949

Table 5. Heat consumption for temporary heating of open cut underground stations

Parameter W/m? Geal/(1,000 m/month? )
Transmission heat losses 3 1.86
Heat loss due to heating of input materials 0.0025 0.00186
Ventilation heat loss 3.25 2.01
Total 6.25 3.87
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constructive solutions, composition of external envelopes
and stage of construction completion (including presence
or absence of backfill) are determined.

The norms for heating from temporary sources
(amount of heat energy) of underground stations erected
by the open method, depending on the space-planning
and construction solutions, as well as specified air
parameters, are proposed.

The thermal costs of providing the specified air
parameters for construction and installation work

inside the buildings during the heating period, related
to the unit volume, have been determined.

A comparative analysis of the pre-calculation
results in non-stationary and stationary modes
showed a sufficiently high correlation of the specific
characteristics.

The norms of heat energy consumption for temporary
heating of open-cut underground constructions completed
in Geal/1,000 m* per month (3.87 Geal/1,000 m* month)
are presented.
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