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Annomauyus. Cmambsi NOCBAWEHA UCCAEGOBAHUIO MPEWUHOCMOUKOCMU MACCUBHLIX JKeAe300eMOHHbIX KOHCMPYKUUl B
nepuog maepgeHusi 6emoHA € NPUMEHEeHUEM YUCAEHHbIX MemoOgoB. BbinoAneH o0030p omeuecmBEHHbIX U 3APYOEKHbIX
HOPMAMUBHO-MEXHUYECKUX JOKYMEHMOB B UACMU COJEepKAHUS MEeXHOAOIUYecKuUX mpeboBaHUU K ycmpolcmBy MACCUB-
HbIX KOHCmpyKyull. B pesyabmame o6o0uwjenust AUMepaAmMypHbIX gAHHLIX CPOPMYAUPOBAHbI MPeOOBAHUSL K BXOgHBIM Na-
pamempam, NpegHA3HAYEHHbIM gASl QUCAEHHbIX DACUemOB MEPMOHANDSIKEHHOTO COCMOSIHUSL MACCUBHBIX JKeAe300emoH-
HbIX KOHCmpyKyul. [IpegcmaBAeHbl OCHOBHbIE PE3YAbMAMbL YUCAEHHbIX UCCAEJOBAHUU, NPOBEgEHHbIX B gBA YMAnd, ¢ Nno-
MOWbIO CReyUAAU3UPOBAHHOU KoMnblomepHolU nporpammbl. CgeAaHbl BbBOGhL O MOAWUHAX NPUNOBEPXHOCMHBLIX CAOEB
06emoHa, B KOMOPBIX pearu3yemcsi OCHOBHOU meMnepamypHbll nepenag, 4 Maxxe O 3HQUEeHUsX MAKUX Nepenagos, Cno-
COOHbIX BbI3BAMbL 00PA30BAHUE HEGONYCMUMbIX MPEWUH B JKeAe300eMOHHLIX KOHCMPYKUuax. [Ipakmuueckds 3HAUU-
MOCmb UCCAEGOBAHUS 3AKAIOUAemMCst B obecneueHul BO3MOKHOCIMU NPegynpekgeHuss HAuaAbHbIX geqheKmoB B kere3o0e-
MOHHBIX KOHCMPYKUUSX, BO3HUKQIOWUX BCAegCMBUE MEMNepamypHbLIX Bo3gelicmBull Npu BblgepXXUBAHUU OemoHa, U
NpuHAMUsL COOMBEMCMBYIOWUX pelwleHull No yXogy 3a 6emOHOM, KOMOpble NO3BOASM CHU3UMb PUCK OOPA30BAHUS 3HA-
qumeAbHBIX MEeMNEePaAmypHO-yCagounblx gegpopmayul.
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Abstract. The article is devoted to the study of crack resistance of massive reinforced concrete structures during the
period of concrete hardening with the use of numerical methods. A review of Russian and foreign regulatory and
technical documents, which contain technological requirements for installation of massive structures, has been made. As
a result of generalization of literature data, the requirements for input parameters intended for performing numerical
calculations of thermally stressed state of massive reinforced concrete structures have been formulated. The main results
of numerical studies conducted in two stages with the help of a specialized computer program are presented.
Conclusions have been drawn about thicknesses of near-surface layers of concrete, in which main temperature drop is
realized, as well as about values of such drops that can cause the formation of unacceptable cracks in reinforced
concrete structures. The practical significance of the study is to ensure the possibility of preventing the occurrence of
initial defects in reinforced concrete structures that arise due to temperature influences during the curing of concrete, as
well as to make appropriate decisions on the care of concrete, which will make it possible to reduce the risk of formation
of significant temperature-shrinkage deformations.
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BBepeHue

TeepaeHve GeToHa Hepa3pbiBHO
CBA3aHO C ruapatauuei LeMeHTa B
ero obbeme. Kak U MHOXeCTBO XH-
MWUYECKMX peaKLMH, npoLecc ru-
paTtauuM KJMHKEPHbIX MWUHEpPasoB
UMeeT 3IK3OTEPMMUECKWI Xapak-
Tep. ObLiee yaenbHoe Tennosbiae-
NeHWe LEMeHTa B 3aBMCMMOCTU OT
€ro MapKuM MOXXeT COCTaBATb A0
500 k[ /kr: okono 50 % Ttenno-
Tbl BbIOENISETCA B TEUEHWe NepBbiX
1—=3 cyT, nopsigka 75 % — 3a 7 cyt
n 83—91 % — 3a 6 mec [1, 2]. Ak-
TUBHOE BbICBODOXKAEHUE  3HAYM-
TENbHOrO KOJIMYeCTBa Tenia B Ha-
yasibHbIM Nepuop TBepaeHus beto-
Ha cnocobcTeyeT BbICTPOMY Noab-
eMy ero cobcTBeHHOM TeMmnepary-
pbl B paHHEM Bo3pacTe [0
50...90 °C [3].

Pacceusanue Bbigensiemoro 6e-
TOHOM Ternna B OKPY>KaloLLyto cpe-
Oy BBUOY €ro HW3KOW Temnsjonpo-
BOAHOCTU OCYLLECTBSETCS MocTe-
NEHHO: OT BHYTPEHHWUX C/I0eB K
BHELUHWM W Janiee HapysKy, nyTem
KOHBEKTUBHOTO  TemnsionepeHoca,
MHTEHCMBHOCTb KOTOPOrO 3aBWMCHT
OT IPaHWYHbIX YC/IOBUM KOHTaKTa
Mosloforo 6eToHa CO CMEXKHbIMM
KOHCTPYKLMSAMU W OKpY>KatoLLew
cpepow. o mepe Toro, kak Hapy-
>KHble NOBEPXHOCTH HabupatoLLero
NPOYHOCTb BeToHHOro 0bbeMa,
KOHTaKTHUPYs C BHELLUHEN CPEeLoH,
TEPAIOT HEKOTOPOE  KOJIMYECTBO
Tenna, ycTaHaB/IMBAETCA TaK Ha3bi-
BaEeMbIM rpafueHT Temneparypbl
MeXay BHYTPEHHUM rOopsuuM Af-
POM W OCTbIBAIOWMMU BHELLUHUMM
cnosamu 6etoHa.

HepaBHomepHble  Temnepatyp-
Hble MONA CO3[JAlOT Harpy3Ky Ha
KPUCTa/IMUEeCKUM cKeneT Habupa-
IOLLLEro NPOYHOCTb BeTOHa, NOPOXK-
[as pacTarvsaiolie Temneparyp-
Hble HanpsiXKeHWs, CnocobHble Bbl-
3BaTb 0bpa3oBaHWe TPELLUH B Tenie
GeToHa B ero paHHeM Bo3pacTe.
Bo3HWKHOBEHHE TpeLyH B KOHCT-
PYKLUMH MPUBOAMT K YMEHbLLEHUIO
AHTUKOPPO3WOHHOM 3aLLMTbl apMa-
TYPbl, CHWUXKEHHIO >KECTKOCTU KOH-
CTPYKTMBHOrO 3/IEMEHTa, a B pame

C/lyyaeB CnocoBHO WM3MEHUTb CTa-
TUYECKYIO CXeMy paboTbl KOHCT-
pyKuui. BeposATHOCTb BO3HWKHO-
BEHWA TEMMEPATYPHbIX TPELLMH, WX
Lar 1 WMPKUHA PacKPbITUS 3aBUCAT
OT MHOIMX (haKTOPOB, K/IIOUEBbIMU
M3 KOTOPbIX ABAAKOTCA cocTas be-
TOHa, pa3mMepbl KOHCTPYKLMH, WH-
TEHCUBHOCTb TennoobmeHa uepes
ee Hapy»XHble NOBEPXHOCTHU W Ha-
JIure apMmartypbl.

[na npepoTspalleHrs obpaso-
BaHWA Takoro pofa TPeLMH Wiu
OrpaHHyeH1s NPOrHO3HOM LIMPHHDI
MX PacKpbiTUA B pamKax pa3paba-
TbIBAEMbIX MPOEKTOB MPOW3BOLCT-
Ba (TEXHONOrMUECKWUX pernameH-
TOB) GeToHHbIX paboT cnepyer
npeaycMaTpueatb KOMMIEKC KOH-
CTPYKTUBHbIX PELUEHWI W TEXHONO-
FMYECKUX MEepONpUsATUH, Hanpas-
NEHHbIX HA CHWXKEHWE BHYTPEHHWX
TeMMepaTypHbIX Hanps>keHul B Oe-
TOHE Ha CTaflu1 ero TBepAeHHA.

K KOHCTPYKTWMBHbIM peLleHUsM
OTHOCHT:

o pa3bueHue Ha 3axBaTKu C opra-
HU3auMen paboumx LBOB HETOHMU-
pOBaHMs;

o obecneueHne  Heobxogumoro
apMUPOBaHWA MPHUNOBEPXHOCTHbIX
C/IOEB, PACMOJIOXKEHHbIX Y Hapy»K-
HbIX OCTbIBAIOLMX MOBEPXHOCTEM
KOHCTPYKLMHM.

TexHonoruueckue MeponpUsTUs
npeaycmaTpuBaloT:

» nogbop cocrasa GetoHa (npu-
MEHEHWe LLeMEHTOB C HU3KOM 3K30-
TEPMHEN U MHWHUMAJIbHO BO3MOMX-
HbIM WX pacxofoM, obecneunsato-
WM COOTBETCTBUE MOJYUYEHHOrO
6eToHa NPOEKTHbIM XapaKTepHUCTH-
Kam);

e Ha3HaueHWe Hauas/lbHOM TeMmne-
paTypbl 6ETOHHOW CMecH;

o perynMpoBaHWe TemneparypHo-
BNI@YKHOCTHOTO PeXKUMa  Y/IOXKeH-
Horo H6eToHa (NpefoTBpaLLeHHe 1c-
napeH1s Baru C NOBEPXHOCTEN, UX
3alMTa OT MHTEHCHMBHOIO OXNadK-
[eHUs), NOCTUraeMoe NPUMEHEHH-
em yTennutenen u obecneyeHuem
GnaronpusTHOM cpepbl BOIM3U OC-
TbIBAIOLLMX MOBEPXHOCTEN B NepH-
o TBepaeHus BGeToHa.
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Lns  konuyecTBeHHOM oOLEHKH
B/IMSIHUSA NMPUHATbIX Mep Ha Hanpsi-
YKEHHO-AePOPMUPOBAHHOE COCTO-
AHWE KOHCTPYKLMH B Nepuog, TBep-
oeHus GeToHa npeaHasHaueHbl
pacyeTbl UX TePMOHanpPsXXEHHOro
coctosiHua. OcobeHHO aKTyasibHbl
TaKWe pacyeTbl A1 MAaCCHUBHbIX He-
TOHHbIX U >KES1€300ETOHHbIX KOHCT-
PYKLUMH, 0BNafaolMx HHTEHCHUB-
HbIM TEMN/IOBbIAE/IEHUEM W OrpPaHH-
UEHHOW NJoWAablO MOBEPXHOCTH
NS TENIOOTAAYM.

OteyecTBEHHDbIMHU W 3apYOEXKHbI-
MW HOPMAaTUBHO-TEXHUYECKUMHU [1O-
KYMEHTAMUW MPUHATbI  Pas/iuHble
KPUTEPUW MaCCUBHOCTU KOHCTPYK-
T

CornacHo CIM 435.1325800.2018
«KoHCTpyKUuMK BeToHHbIE W Kene-
306eToHHble MOHONUTHbIE. [pasu-
Nla NPOU3BOACTBA W MPUEMKH pa-
60T» 3a KPUTEPUHU MACCHMBHOCTH
6eToHa (KOHCTPYKLMH) MPUHAT ee
MUWHWUMabHbIN reoMeTpHUYECKHH
pa3mep, coctaensaowmi 0,8 M u
Honee. B 10 ke BpeMs B TexHUuec-
KMX [OKYMEHTaxX TPaHCMOPTHbIX
arertcte CLLUA 310 3HaueHue Bapb-
npyetcs ot 0,6 po 2 m [4].

B CIN 63.13330.2018 «CHuI1
52-01-2003 BetoHHble W >keneso-
GeToHHble KOHCTpYKuMHU. OcHOoB-
Hble  MOJIOXKEHUSA»  MPUBOAUTCA
MHOM KPWUTEPWUN: MaCCHBHOW NpH-
3HAEeTCA KOHCTPYKUMS C MoAy/ieMm
NOBEPXHOCTHU, PaBHbIM WU MeHb-
wum 2. Takum obpasom, TouHoe
onpefefieHne KpUTEPUEB MACCHB-
HOCTM KOHCTPYKLUMM — COXKHas
3ajlaua, NOCKOJIbKY Pa3BUTHE TeM-
nepaTtypHbIX HanpsXeHWM CBS3aHO
He TOJIbKO C pa3mepamu U (hOpMOoHM
KOHCTPYKLMH, HO U C MHOXECTBOM
OPYyrMX  3HauMMbiX  hakTOpOB,
BK/IlOYAs BHELUHWE OrpaHuyeHUs
nepemMeLL,eHU U BHYTPEHHUE orpa-
HUUEHWUs1 COBCTBEHHbIX AedopMa-
uum [4, 5].

BosBpalasicb K Bonpocy onpe-
LeNeH1s MeTodOB pacyeta TepMo-
HanNPSXEHHOro COCTOSIHUA OeToH-
HbIX U >K€N1e300eTOHHbIX KOHCTPYK-
UM 1 TpeboBaHUM K NOPALKY ero
BbINOJIHEHUSA, C/leLyeT OTMETUTD,
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e

YTO B MOJIOXKEHWUAX HOPMATUBHO-
TEXHUYECKMX [OKyMeHToB Poccum
3TU CBefeHWUs NpefcTaB/ieHbl pas-
PO3HEHHO M HEAOCTaTOUYHO MOA-
pObHO.

0630p oTeuecTBEHHbIX
M 3apy6e>KHbIX HOPMaTUBHO-
TeXHUYECKUX AOKYMEHTOB

Csogpbl npasun CIT 63.13330 u
CIM 70.13330.2012 «CHwuI 3.03.01- 87
Hecywime v orpaxkpatoliue KOHCT-
PYKLMU» cofepyKaT npsimoe Tpebo-
BaHME O HeoOXOAMMOCTU ydeTa M
CHWXXEHWSI BJIMSIHWS TeMnepaTypHO-
B/I2YKHOCTHBIX MOJMIeN HanpsiXKeHWH
B MaCCHUBHbIX MOHOJIUTHbIX KOHCT-
PYKUMSIX, OJHAKO He NPWBOAATCA
KOHKpeTHble cnocobbl No NPorHo-
3UPOBAHUIO W YMPAB/IEHUIO WMMU.
Kpome Toro, B CI 70.13330 Hepo-
CTaeT yKasaHuW O nopspke opra-
HW3aLMW MOHWUTOPWHra TeMmnepa-
Typbl 6eTOHa B nepyog ero Teepae-
HHS U O ee NpeaesibHbIX 3HAUEHUSX
N8 npoussoacTea paboT npu no-
JIO>KUTENIbHOM TeMnepartype.

B CM 250.1325800.2016 «3pa-
HAS U COOpY)KeHWs. 3aliuTa OT
NMOA3eMHbIX BOA»  OOO3HaYeHbI
KOHCTPYKTUBHbIE MEPOMNPUATUSA MO
NEPBUYHOM 3alLMTE MPU MPOEKTH-
POBaHWK CTPOMTESIbHBIX KOHCTPYK-
LMK, a TakXKe TexHOJIorMieckue
MeponpUATUSA NO 0BECneveH o UX
TPELMHOCTONKOCTH,  HeoOXomu-
MOCTb KOTOpbIX 0OycnoBsieHa 3K-
30TepMuen W nporpesomM HetoHa B
npouecce ero TeepaeHus. B kaue-
CTBe OrnpefenisieMbiXx pacyetamu
TEXHOJIOTMYECKUX  MEPOTPUSATHH,
Mep MO PeryaMpoBaHUIio TeMmnepa-
TYPHOIO peXkuma TBepAeHHUsI MOHO-
JUTHBIX KOHCTPYKLMWH, Npeasioxe-
HO WCMNOJ/Ib30BaHWe LEMEHTOB C
HU3KOW 3K30TepMHEN U MUHUMaJIb-
HO BO3MOXHbIM WX PaCcXOAOoM, YK-
nagKka OeTOHHOM CMecuM C MWHM-
ManbHOM Temnepatypor no FOCT
7473—2010 «Cmecu 6GeTOHHbIE».
Kpome Toro, Heobxoanmo nogaep-
>KaHWe CKOPOCTH OCTbIBaHWs BeTo-
Ha KOHCTpYKuui He Bbiwe 5 °C B
CYTKM Nocfie OOCTUXKEHWUS ero MaK-
CMMasibHOM TemnepaTtypbl, a nepe-
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nag tTemMmneparypbl MexXay noBepx-
HOCTbIO KOHCTPYKUHUKU U HapPy>XHbIM
BO34yXOM B MOMEHT OKOHYaHWA

TEXHO/IOTMYECKUX  MEPONPUATUIH
OO/DKEH COCTaBNsaTb He Oonee
20 °C.

B CMN 430.1325800.2018 «Mo-
HOJIUTHbIE KOHCTPYKTUBHbIE CUCTE-
mbl. [MpaBuna npoeKTUPOBaHUS»
npuseaeHbl TpeboBaHWA K pacuety
MOHOJIUTHBIX KOHCTPYKTHBHbIX CUC-
TEM, B TOM UMC/le Ha CTagMM WX
BO3BeLEHUsI C YUETOM TeMreparyp-
HO-yCafouHbIX Aedopmauui beto-
Ha B Mpouecce ero TBEPAEHWUs C
uenblo  asbHedllen pa3paboTku
KOHCTPYKTUBHbIX WM TEXHOJIOrMYeC-
KWX MEPONPHUATHIA NO peryMposa-
HAIO  TEMMNEPATYpHOro  pexkuMa
KOHCTPYKLMi. Pesynbratbl pacyeta
KOHCTPYKLMH, BblpaXKeHHble B [e-
(POPMaLMOHHbIX XapaKTepUCTUKaXx
BTOPOM rPynMbl MPeAenbHbIX CO-
CTOSIHMM, ClieayeT CONoCTaBNATb C
WX NPeAesbHbIMU 3HAYEHUSIMU COT-
nacHo CIM 63.13330.

CN 357.1325800.2017 «KoHct-
PYKUMH BETOHHbIE MMAPOTEXHHUYEC-
KUX coopy>xeHui. lNpasuna npoums-
BOJLCTBA W NpUEMKM paboT» copep-
YXWUT nopgpobHble TpebosaHus no
BbIMOJIHEHUIO PAcYeTOB TeMrepa-
TYPHbIX Nnonerl GeToHa MaCCHBHbIX
KOHCTPYKLMH, a TaKXe mnepeyeHb
HEOBXOAUMbBIX (PU3UKO-MEXaHHYE-
CKMX U TENNOPUINUECKHUX XapaKTe-
PUCTHK, CBEAEHUS O MexaHW3max
YNpaefeHUsi  TePMOHANPSXKEHHbIM
COCTOSIHWEM MPH MOMOLLM KOHCTPY-
KTMBHbIX PELUEHUM U TeXHOMOorude-
CKMX CpeacTB. 34ECh XKe npuBeae-
Hbl MaKCMMaJlbHble 3HAUYEHWs pa3-
HOCTU TeMmnepatyp GeToHa Mexxay
XapaKTEPHbIMU 30HAMU KOHCTPYK-
UMM B pas/iMuHble Nepuopbl TBEp-
neHus beToHa.

[JaHHbIl  poKymeHT Haubonee
noapobHO onucbiBaeT TpeboBaHWS
MO KOHTPOJIO W YNPAB/EHHIO Tep-
MOHAMPSXKEHHbIM COCTOsSIHUEM Oe-
TOHa, B HEM MPUBOASATCA KOHKpPET-
Hble 3HaueHWs LOMyCKaeMblX rpa-
OMEHTOB TeMnepaTyp MeXXAay BHYT-
PEHHUM W  HapyXXHbIMWU CJIOSAMM
MacCHMBHbIX OETOHHbIX KOHCTPYK-

UMK TMAPOTEXHUUYECKHX COOpPYXKe-
HUN.

B CIM 435.1325800 npuBepeHbl
TpeboBaHWs K TEXHONIOrMUYECKUM
pernamMeHTam, Ccofep’KalluMm Ten-
NOTEXHUUECKUM pacyeT Ha nepyom
3K30TepMUYECKOro pasorpesa be-
TOHa A/ YCTaHOB/NEHUS MopsaKa
yxofa 3a HUM BO BPEMS ero TBep-
JEHUA C LeNbio NpeaoTBpaLleHuUs
TPeLMUHOOBPa30BaHNUsl U HEPABHO-
MepHbIX TemnepaTypHbix aedop-
MauuMk BCNeACTBUE  pafMeHTOB
Temneparyp B sgponepedepUiHbIX
30Hax KOHCTpyKUui. B ceope npa-
BUJ1 YTOYHEHbI OCHOBHbIE MapaMeT-
pbl, BAMSIOLLME HA TeMnepaTypHble
HanpPs>KEHWUs1 B KOHCTPYKLMSX: CKO-
pOCTb Harpesa W OCTbiBaHWsi HeTo-
Ha, nepenag Temneparypbl No ero
CeYeHWIO, pa3HOCTb Temneparyp
Hapy>KHOro BO3ayxa WM BeToHa npu
pacnanybke. Kpome Toro, onpege-
NneHbl TpeboBaHWA MO KOHTPOJIO
TemnepaTtypbl GeToHa B 30Hax ero
HanMbOo/bLUEro OX/NAXKAEHHUSI U Hau-
BonblLUero Harpesa, YTOYHeHbIl Cro-
cobbl, cpeacTsa U NEPUOUUYHOCTb
npoBeneHUs TepMometpun. B po-
KyMeHTe TakKe npueogaatca Tpebo-
BaHUSA W YC/IOBUSA MO YKPbITHIO MO-
BEPXHOCTEN MOHOJIUTHBIX OeToH-
HbIX U K€Ne300eTOHHbIX KOHCTPYK-
UMK TMAPO- WU TENOU30JIALUOHHDI-
MU MaTepHasiaMu No OKOHYaHWU
OETOHUPOBAHHMSA, a TaKXKe MPU WX
pacnanybavMBaHuu.

OrteuecTBeHHble TEXHUYECKHE pe-
KOMeHZaUmMK W pykosogcTea [2, 6],
copepKalime MHopMaLmio O Tep-
MMWYECKOW TPELLUHOCTOWKOCTU MO-
nojgoro 6GetoHa B npouecce ero
TBEPAEHHS, B OCHOBHOM MOCBSALLE-
Hbl PacCMOTPEHWIO [AHHOro BOM-
poca NPUMEHHUTENIbHO K NPOU3BO/I-
cTBy paboT B 3WMMHUX YC/IOBUSIX.
Npu 3TOM NpUBEfEHHbIE B HUX 3M-
NUPUYECKUE [laHHble NpPenCTaB/Is-
0T BO/IbLUYIO LLEEHHOCTb, MOCKO/IbKY
MOryT 6bITb MCNO/Ib30BaHbl M MpH
OLleHKe TPELLMHOCTOMKOCTU BeTo-
Ha, TBEPAEIOWEro MNP MOJSIOXKU-
TeslbHOM Temnepatype. Kpome To-
ro, Hesb3si He OTMETUTb elle OAMH
[LOKYMEHT — BEJOMCTBEHHbIE CTPO-
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uTenbHble HopMbl [7], paspaboTaH-
Hble B 060bLeHre Horatoro ote-
UECTBEHHOTO OfbiTa CTPOMTE/IbCTBA
MaCCHMBHbIX KOHCTPYKUMH rMapo-
TEXHUYECKUX COOPY>KEHWH, KOTO-
pble Takxe comepx<art B cebe o0b-
wue TpeboBaHUS K TEXHOMOMMM
NPo13BoacTBa OETOHHbIX paboT ¢
y4ETOM 3K30TEPMUMK B DeToHe.

Monoxenuss cranmaptra CLUA
ACI 301-10 [8] orpaHuumBaioT ma-
KCUMasibHylO Temnepatypy B LieHT-
pe MaccuBHOro HeToHa 3HaueHWeM
70 °C, a MaKcMManbHbIM AeKnapu-
pyembli  OOKYMEHTOM  nepenag
Temnepatypbl coctasnsetr 20 °C.
[Lnst KOHTPONSA 3TUX BE/IMUMH HEOO-
XOAWMO YCTaHOBUTb HEe MeHee ABYX
DATYMKOB W3MEpPEeHUs Temnepary-
pbl B LLEHTPe MacCHBHOro GeToHa, a
TaK)Ke fABa JartuMka Ha rnybuHe
5 c™m o1 BamsKaiiLuen Hapy>KHOWM no-
BEPXHOCTH, MPU MOMOLLU KOTOPbIX
MOXHO CHUMaTb MOKa3aHWsi exxe-
YaCHO C MOMEHTa Hayana YKI1aaKu
6eToHa ¥ [0 Tex nop, NoKa pasHu-
La MeXkay BHYTPeHHeW Temnepary-
poh 6eToHa W CpPeAHECYTOUYHOM
TEMNepaTypor OKpy»KatoLLlen cpe-
Obl HEe CTaHeT CHWXKaTbCsi OTHOCH-
Te/IlbHO CBOEro  MaKCHMaJlbHOro
3HaYEeHWs, COOTBETCTBYIOLLETO JOC-
TUXKEHWIO TEMMEPATYPHOrO MN1Ka.

CornacHo npuBefeHHbIM B pa-
6ote [9] maHHbIM, B CcTanmapTax
Kuras, Benukobputanun u BoetHa-
Ma MaKCHMasibHble [OMNyCTUMble
nepenafbl TemMnepatypbl MeXay
LleHTpa/IbHOM 30HOM W MOBEPXHO-
CTblO MAaCCUBHbIX BETOHHbIX KOHCT-
PYKUMH  COCTaB/SIlOT  NpUB/In3u-
tenbHo 20 °C. Takum obpasom, no-
JIOXKEHUs! BCEX PAaCCMOTPEHHBIX 3a-
PYOEXHbIX CTaHAAPTOB CBOAATCS K
3TOMy TpeboBaHHIo.

UcxopHble faHHble Ana pacyera
TepMOHanNps>KeHHOro COCTOSAHUA
MaCCHBHbIX KOHCTPYKLHUM

TpebosaHna K cocTaBy WCXOp-
HbIX AaHHbIX NS BbINONHEHUS pac-
yeTa TEPMOHAMNPSKEHHOro COCTOS-
HUSA MaCCHBHbIX BETOHHbIX U >Kene-
300€TOHHbBIX KOHCTPYKLMIA MOryT
6bITb CCHOPMYIMPOBaHbI Ha OCHO-

BaHWW OLEHKM (PaKTOPOB, OKasbl-
BalOLLMX 3HAYMMOE B/IUSIHWE HA WH-
TEHCUBHOCTb W XapaKTep Ten/oBbl-
LeneHus v TennonepeHoca B 6eto-
He, TeNJI0oTAauy Mo ero NOBepPXHO-
CTAM, a TaKXKe C Y4eToM W3MeHe-
HUS MPOYHOCTHbIX W AedhopMaLy-
OHHbIX CBOWCTB BGeToHa (>keneso-
6eToHa) B NepUOf ero TBEpAEHUS.

OcHOBHbIMK haKTOpamMM, BAWs-
IOLMMU Ha WMHTEHCMBHOCTb TEmn/Io-
Bblae/NeHWUs1 BeToHa, ABNAIOTCSA KO-
/IMYECTBO, TWUM W aKTMBHOCTb Lie-
MeHTa, HadyaslbHas TeMmneparypa
6eToHHOM cMecH [2, 5]. YuuTbiBas,
YTO KOJIMYECTBO BbIAENSAEMON Ten-
JIOTbl He NPAMO NPONOPLUOHANBHO
BPEMEHW, [daHHas 3aBMCMMOCTb
[O/KHa yCTaHaB/MBaTbCs B BUAE
rpadmka. Hanbonee TouHo rpacmk
MO>KeT ObITb NONYYEH HenocpecT-
BEHHbIMH WCTbITAHUAMW B KaJlIopH-
metpe no FOCT 24316—80 «beto-
Hbl. MeToq, onpeaeneHus Tennosbi-
LeNeHus Npy TBepaeHun». B kyco-
UHO-/IMHEMHOM BWAE 3TOT rpadomk
MOXHO MOCTPOUTb Ha OCHOBAHWM
CMPaBOYHbIX [aHHbIX, MpPeacTaBs-
nenHbix B [2]. C aton ke uenbto
UCMOJIb3YIOT MOMENIU Ten/oBblae-
NeHus BeToHa, YYMTbIBAIOLME B[
¥ MapKy LieMEHTa, ero KOJIMYecTBO
B GETOHe, a TaKXXe KOJIMYECTBO M
TennogU3nyecKkue XapaKTepUcCTH-
KW OCTaJIbHbIX €r0 KOMMOHEHTOB.

MprMepom nociefHero Cay>kKuT
MoAeNb CPOACTBa ruaparaumu, ba-
30BOE ypaBHEHHE KOTOPOMW Bbipa-
YKaeT XUMWYECKOe CPOACTBO A,s
(c’') B 3aBMCHMOCTH OT CcTeneHu ru-
gpataumu uementa o € (0...1) Bo
BPeMeHU 1.

~ oo
Aye = —.
25 = 5

AHazMTHYecKoe onucaHue Benu-
unHbl Ay [10], BoipadkatoLLee M30-
TEPMUYECKYIO TMApaTaumio LeMeH-
Ta npy Temnepartype 25 °C, umeer
BUA:

4}

~ B
Ays = B, 72+0€(0too—0€)>< (2)
G’OO
_ o
xexp| -n— |,

o0
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rae By (c') u By (-) — kanubpoBoyHbie Ko-
3pPULMEHTbI; O, — MaKCMMabHasa CTe-
neHb ruapaTtaumu uemeHTa (-); T — MUKpoO-
ondbdpyans ceoboaHOM Boabl Yepes obpa-
30BaHHble rugparbl (-).

Korma rugpartauusi npoTekaet
NpM NEepemMeHHOW TeMmnepatype,
NPUHLMN 3penocTu 6eToHa, Bbipa-
>KEHHbIN 4epe3 ypaBHeHWe Appe-
HWyCca, MacliTabupyeTr CpoOACTBO
A0 NPOW3BOJIbHOW TEMMeparypbl T

np1 NoMoLLK KoadpduupeHTa Ay:

Ar = Ays x 3)
Eof 1 1
R\273,15+25 T)

roe E, = 40 x[>x/monb; R — rasosas no-
cTosiHHas, pasHas 8314,41 Ik /(kmonb-K);
T — temneparypa, K.

X EXP|

CornacHo uccnepoBaHuam [5],
OCHOBHbIMU  TEMNNODUIUUECKUMU
XapaKTepucTukamu betoHa, Heob-
XOOUMbIMW A1 peLleHus 3adad Te-
njaomMaccornepeHoca, SBAAOTCS:

e KO3(hpMLMEHTbI TenaonpoBosa-
HocTu A, Bt/(M-°C) u Temnepary-
PONPOBOAHOCTH O, M2/, XapaK-
TepuaytoLe COOTBETCTBEHHO CTa-
UMOHapHble W  HecTauMoHapHble
npouecchl nepefauyu Tenna B 6eto-
He;

e ynenbHaa Tennoemkoctb  C,
Ik /(kr-°C), paBHass KosMuecTBy
Tenna, HeoGXOAMMOro ANS MNOBbl-
LeHWss  TeMmnepaTtypbl  eauHWLpbI
maccbl Ha 1 °C;

e KO3pPULHUEHT TennooThaum
NOBEPXHOCTH  BeToHa Oy,
Bt/(M2u-°C), xapaKTepH3yloLLHi
CyMMapHbIii TennoobmeH Ha no-
BEPXHOCTW Tena, rnasHbIM obpa-
30M 3a CYET KOHBEKLIMH.

Kak otmeueHo B pabore [5], Te-
NIONPOBOAHOCTb OeToHa  3Hauu-
Te/IbHO 3aBMCHT OT BMAA U KPYMHO-
CTH 3aroJ/IHUTENA U B MeHblLeH cTe-
NeHW — OT BOAOLEMEHTHOrO OTHO-
weHus. Temnepartypa 6eToHa Tak-
YKE OKasblBaeT 3aMeTHOe BJIUsIHWE
Ha ero TenJonpPoBOAHOCTL: C POC-
TOM TemnepaTtypbl 3TOT NoKasare/ib
yBesMuMBaeTcs. TennoemkocTb bHe-
TOHa He3HaUYUTeNIbHO W3MEHSIeTCS
npyM BapvauWu BOLOLEMEHTHOrO

9
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e

OTHOLLUEHUA Y MUHEepPasIorMyecKoro
COCTaBa KPYMHOro 3anosHWUTENS,
HO CYLLECTBEHHO 3aBWCWT OT TeM-
nepatypbl 6etoHa (no 20 %). Ko-
3PPULMEHT O,\; TNABHBIM 0OPa3OM
3aBWUCHUT OT TeMMepaTypbl U CKOPO-
CTM BeTpa OKpYy)Kalolleh cpeapl,
HaJIMYMS YKPbIBHbIX MaTepUasioB M
MOXET BapbUPOBATLCS B LUMPOKHX
AManasoHax.

C yuyeToM pe3synbTatoB 3Kcne-
pUMeHTasIbHbIX MCCNefoBaHWM [3,
9—12], K HasBaHHbIM KJIOUYEBbIM
BE/IMYMHAM MOXHO f0OaBWTb Ten-
NIOTEXHUUECKUE  XAPAKTEPUCTHUKM
OCHOBaHHSI, a TaK)Xe MeHee 3Hauu-
Mbl€ MapameTpbl — TOJLMHY U MUC-
TOPUIO YK/IAAKWU CNOeB OETOHHOM
CMecH, Ha/lMiMe MOCTUKOB Temnsa
U3 Maccuea GeToHa B BUAE ryCTO
PaCro/IOXKEHHbBIX apPMAaTypPHbIX Bbl-
MyCKOB.

Lns oueHKW BAUSHWUA TeMmne-
paTypHbIX MOJEN Ha Hanps>KeH-
HO-0e()OPMUPOBAHHOE  COCTOSI-
HWUEe MaCCHMBHbIX KOHCTPYKLMWH He-
06X0OMMbI CBEAEHWUA O KUHETHKE
M3MEHEHWM MPOYHOCTHbIX W Aae-
(popMaLMOHHbIX CBOWCTB GeToHa
B TeYeHWe pacyeTHOro nepuoma
BPEMEHH, a UMEHHO:

e MOZy/b YNPYrocTi U MPOYHOCTb
GeToHa NPU PaCTSXKEHUU U CHKATHH,
B TOM YMC/IE C YUETOM 3aBUCUMOCTH
[AaHHbIX MapaMeTpoB OT Temmepa-
TYPHbIX YC/IOBUM €ro TBEPAEHHS;

e MON3y4ecTb U YycafouHble Je-
cdopmauuu 6eToHa;

* Ha/JMuMe apMHUPOBAHWS MpPMIIO-
BEPXHOCTHbIX C/I0EB KOHCTPYKLMH;
e COOTHOLUEHWE MOAYJIEN ynpyro-
cT1 BeToHa U OCHOBaHHSI.

O6ob6uias Ko4eBble napamer-
pbl, Tpebyemble A/ pacueTa Tep-
MOHAMpPS>KEHHOrO COCTOSIHUSI KOH-
CTPYKLMHK B nepuos TeepaeHus be-
TOHa, MOXXHO BbIAENWUTb Clefyto-
Lye TpU rpynnbi.

Tenaogpusuyeckue xapakme-
pucmuku 6emona
e TEnonpoBogHoCTb A, BT /(m-°C);
o tennoemkoctb C, Ik /(kr-°C);

* KOJIMYECTBO TEM/OTbl, BblAesie-
mMoe 6etoHOM npu TBepaeHuu, O,

K>k /Kr;
10

* NNOTHOCTb p, Kr/m3,

Mexaruyeckue cBolicmBa 6e-
moHa:

e MPOYHOCTb NpHU oXKatun R, (1),

Ma;

* POYHOCTb

Ry, (2), MMa;

e mopaynb ynpyroctu E,(7), MMa.
lTapamemper OKpyxcarouiel

cpeodbi:

e KO3(P(PULMEHT TEMNOOTAAUM NO-

BEPXHOCTH BeToHa Ou,,r, BT /(M2-u-°C);

e TENNOMNPOBOAHOCTb YTEMIUTENS

W/uvnu nokpbitht A, Bt /(m-°C);

e HauyasibHas Temneparypa GeToH-

How cmecu Tp, °C;

e TeMmnepaTtypa OKpy>KaloLLen cpe-

abl T, °C.

B kauectBe BcnomoraresibHbIX
JaHHbIX O/ Ha3HaYeHWsl yKasaH-
HbIX MapameTpoB MOryT ObITb MC-
MoJIb30BaHbl UCTOYHKKH [2, 6, 7].

npyu  pacTa>KeHuu

MeToabl aHanusa U TpeGoBaHUs
K pacuyeTy TepMOHaNpPsA>XeHHOro
COCTOAHMUA MaCCllBHbIX
KOHCTPYKLUHUH

CyLuecTBylolwme Metogpl pelue-
HUA TeMnepaTypHbIX 3afa4 MOYXHO
pa3fennTb Ha TPU TUMNa: aHaMTH-
yeckue, aHasIoroBble U YUC/EHHbIE.
O630p faHHbIX METOHOB WM MX CO-
NnocTaB/ieHWe NpeacTas/ieHbl B pa-
6orte [3], roe caenaH BbIBOA O Hau-
Bonee 3heKTUBHOM noaxope K
aHa/IM3y TEPMOHANPSYKEHHOrO CO-
CcTOAHMS BETOHHbIX W >Kenesobe-
TOHHbIX KOHCTPYKLUMH Ha nepuop
TBepAeHuss 6eToHa B NONb3y
KOHEUYHO-3/IEMEHTHOIO MOJEIMPO-
BaHUSA C NPUMEHEHWEM COBPEMEH-
HOrO KOMMbIOTEPHOrO MNPOrpamm-
Horo obecneuenus. K nocnegHemy
MOXHO OTHECTM Takue chneLuau-
3UpOBaHHble  Mporpammbl,  Kak
ANSYS, ABAQUS, ATENA wu
MIDAS. B 60bluMHCTBE M3 TakWx
nporpaMM pacuyeTHasi MeToAWKa
nogpasymesaeT [Ba aJTana: Tenso-
TEXHUYECKMA U NPOYHOCTHOM pac-
yeT KOHCTPYKLIMH.

Ha nepBom smane pacuera B
pesy/ibTate pPeLIeHWUsi HecTauuo-
HapHOM 3aJlauu TEMNJIONPOBOAHOCTH
onpenensioT pacnpenesneHue Tem-
neparypbl N0 06beMy KOHCTPYKLMU

B nepuon TeepaeHus betoHa. Mpw
3TOM B pacyeTe Y4YWTbIBAIOT:

e KOH(pWrypaumio KOHCTPYKLHUWU B
pacyeTHble WHTEpBasibl BPEMEHH,
COOTBETCTBYIOLLIME NPEAYCMOTPEH-
HOM NocC/efoBaTe/IbBHOCTH U Npo-
LOJKUTENBHOCTH BETOHUPOBaHMUS;
* TennouanYeckue cBOMCTBa Oe-
TOHa;

e rPaHWuHble YC/IOBUS, ONpenens-
lolLLlMEe TEMJIOBOM MOTOK 4yepes Ha-
py>KHble MOBEPXHOCTH KOHCTPYK-
UMM MPU KOHTAKTE C OCHOBAHHWEM,
CMEXHbIMU KOHCTPYKLMAMU WU OK-
py>KaloLLen cpenom B 3aBUCUMOCTH
OT TeMmnepatypbl U CKOPOCTU ABH-
YKEHUSI HAPY>KHOIO BO3Ayxa, Halu-
Uus apMaTypHbIX BbINYCKOB, Teno-
(p13NYECKMX CBOMCTB OCHOBaHMS,
CMEXHbIX CTPOMTEJIbHbIX KOHCT-
PYKUHMH W/WNK YKPbIBHBIX TEMIO-
U30/JISILMOHHBIX MaTeEPHUasOoB.

Ha Bmopom smane, npuHumas
TemnepatypHble Harpy3ku Ha KOH-
CTPYKLMIO M3 MepBOro atana pac-
yeTa, B pe3ysibTaTe peLleHus npou-
HOCTHOW 3aa4yu OnpefenstoT pac-
npegeneHue HanpsixkeHuk no obe-
MYy KOHCTPYKLMMW B pacueTHble ne-
puoabl BPEMEHW TBepheHus Gerto-
Ha. lpu aTom B pacueTe yuWTbiBa-
IOT: M3MEHSIOWMECS C BO3PacTOM
OeToHa ero NPOYHOCTHbIE CBOMCT-
Ba, MOAY/Ib YNPYroctu U Ko3adhdu-
umeHT lyaccoHa, a Tak)ke Koagp-
(PMLMEHT apMHUPOBaHUA W rpaHKu-
Hble YC/IOBMS, Onpepensiolime yc-
JIOBWSI KOHTaKTa MoJIogoro H6etoHa
CO CMEXHbIMU KOHCTPYKLMSMU U
OCHOBaHHWeM.

Pesynbrat pacyeta — nporHosu-
pyemMoe TepMoOHanpsiKeHHoe Cco-
CTOSIHWE MacCHMBHOM KOHCTPYKLMH
NpyY 3afaHHbIX YC/OBUSX TBEpAe-
Hua 6GeToHa. [pu HECOOTBETCTBUM
0XXMJ,aeMOro TepPMOHaNpPs>KEHHOro
COCTOSIHUSI KOHCTPYKLMU NpenbsiB-
nsieMbIM K Hel TpeboaHuaM (no
KPHUTEPUAM MPOYHOCTH U TPELLUHO-
CTOMKOCTH) CriepyeT CKOppeKTUPO-
BaTb MPUHATbIE KOHCTPYKTHUBHbIE
peLEHUsT U TEXHOJIOTMYECKHe Me-
POMNpPUATUS U MOBTOPUTbL pPacyer.

Lns koHTpona adpdpeKkTUBHOCTH
Ha3Ha4YeHHbIX pacyeToM Mep Mo

MPOMBILLUIEHHOE U TPAXOAHCKOE CTPOUTE/ILCTBO 4/2022
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BUILDING STRUCTURES, BUILDINGS AND FACILITIES

CHWXKEHUIO TEMMEPATYPHbIX Hanpsi-
YKEeHWW B MonopoMm OeToHe npu
NPOWU3BOACTBE BETOHHbIX PaboT Ha
CTPOMTENIbHOM N/IOLWAaAKe HeobXo-
OMMO MPOMU3BOAMUTb KOHTPOJIb 3a
BO3HWKAIOLWMMK TEMMEePaTypHbIMM
nepenagamu B KOHCTPYKUMsiX. Mo-
HUTOPUHI  TemnepaTtypbl  GeToHa
NPOU3BOASAT COrNlacHO TpeboBaHW-
am n. 10.23 CIN 435.1325800.

UucneHHble HccnefoBaHuUs
TepMOHanNps>KeHHOro COCTOSAHHUA
MaCCHBHbIX KOHCTPYKLHUM

YncneHHble UccnefoBaHUs Tep-
MOHAarnpPs>KEHHOro COCTOSIHUSA Mac-
CUBHbIX »e/1Ie300€TOHHbBIX KOHCT-
PYKUMH COCTOSIM M3 [OBYX 3Ta-
MOB — WCC/Ee[OBaHUA rpaHuL, pac-
npeneneHust BHYTPEHHUX Temnepa-
Typ B nepuog TeephaeHuss 6etoHa u
onpeneneHus WX TemnepaTypHou
TPELMHOCTOMKOCTU B 3aBUCUMOCTH
OT BO3pacTa W Kjacca betoHa no
NPoYHOCTH. PacueTbl BbINOAHSAANUCD
C WCMOJIb30BaHWEM  MPOrpammbl
Advanced Tool for Engineering
Nonlinear Analysis (ATENA).

UucneHHble Mogenu npencras-
nanu cobom aByMepHble dparMeH-
Tbl BETOHHbIX (DYHAAMEHTHbIX MJIUT
LNMHOW 6 M, TBepAeloWmx npwu
TemnepaTtype Hapy>KHOro Bo3payxa
+5 °C u cpenHen ckopoctu ero
asmxenus 1 m/c.

B uncneHHbix Mopensix Bapbu-
poBa/IMCb CneaytoLue napamerTpbi:
e TO/WMHA MJIUT, NPUHATaS B WH-
Tepsane [0,4; 1] c warom 0,2 ™M, u B
uHtepsasne [2; 3] c warom 1 wm;

e HOMWHa/bHbIM cocTaB HeToHa C
pa3/siMuHbIM  PacXoAoM LeMeHTa
mapku LUEM 42,5H, cootsetctsy-
IOLLIMIM MPOEKTHbIM Knaccam beTo-
Ha MO MPOYHOCTH NpPU CXKATWUM
B20...B50;

e KO3h(PULMEHT TENOOTAAUYU Oy
uepe3 NoBepxHOCTH 6eToHa, rpa-
HUYaLLMEe C OKpY>KatloLLen cpenoMu.
MNpu OTCYTCTBMM  YKpbIBAIOLLErO
C/OSi Ha MOBEPXHOCTHU KOHCTPYK-
LMW B TEUeHWe BCEro nepuoma
TBepaeHus GeToHa o1 = 3,88
Bt/(m-°C), npu ykpbitum Ha 1 cyT
TENNOU30SALMOHHBIM MaTeEPUAIOM

Temper.
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0.0000653
= 0.0000812
= 0.0000525

H3onons memnepamypel (a) u wupursl packpeimus mpewur (6) 6emoHa
knacca B30 das yucnenrolx modened 8 Bospacme 2 cym, mBepoeowux

6e3 ykpoimus Bepxxel eparnu 6emona ymenaumenem

U3 MEHOMONUCTUPONA TOJILLMHOM
50 MM — oy 2 = 0,66 Bt /(m-°C).
3akoH TensioBblaeneHus bGetoHa
npyv ero TBEPAEHUHU OMUCaH C WC-
nosib30BaHWEM MOJENU CPOACTBa
ruopataumMu Ois KakKOoro M3 co-
craBoB GetoHa. HauanbHas Temne-
patypa 6etoHa coctasnset +10 °C.
B kauectBe ocHOBaHWS chparmeH-
TOB MJIMT MPHUHAT TFPYHT C Tenso-
npoeogHoctbio A = 0,8 Bt/ (Mm-°C)
u Tennoemkoctelo C = 1,6-106
Dox/(m3.°C). HauanbHas cpepHsis
Temneparypa rpyHta +5 °C.

Ha pucyvke a npepctaBneHbl
TemnepatypHble W30Mons Ans ce-
pyM 0bpa3uos U3 BeToHa NPoeKT-
HOro Knacca no npoyHocty B30 B
BOo3pacTe 2 cyT, TBepaetoLero 6e3
YKPbITUSI BEPXHEW rPaHH Ten0M30-
NAUMOHHbIM MaTepuanoMm. Peanu-
30BaHHbIM [1S OAHHbIX Mogenen
TemnepatypHbIi nepenag, B yKasaH-
HbIM nepuog coctasun ot 9,1 po
24 °C.

B pesynbrate pelueHus HecTa-
LMOHapPHbIX 334ady TenjaonpoBOS-
HOCTU [OJi1  MOAE/Nel MOJyYeHbl
[aHHble O nepenagax TemMrneparypbi
B MosiofoM GeToHe B ero pasnuu-
HOM Bo3pacTe. B aTtol cBsisu cpe-
NaHbl cnefytoLiue BbIBOIbI.

1. Mpu Habope npouHOCTH BeTo-
Ha B MACCUBHbIX KOHCTPYKLMSX MO-
>KHO BblOENUTb ABe 30Hbl. [lep-
Bas — TaK Ha3blBaemoe A4p0, TeM-

4/2022 TTPOMbILUIEHHOE N TPAXOAHCKOE CTPOUTE/ILCTBO

neparypa B KOTOPOM [OCTWUraet
MaKCHMaJIbHbIX 3HaYeHWM W He3Ha-
UMTENIbHO M3MeHsIeETCA B €ero npe-
Ienax. Bropas 3oHa — pacnono-
YKEHHble MeXXay rpaHvlen sgpa u
HapPY>XHbIMW MOBEPXHOCTAMU KOHCT-
PYKUWK  sigponepuddepriHble  (Npu-
NOBEPXHOCTHbIE) C/IoM 6eToHa, no
BbICOTE KOTOPbIX peanu3yercsl oc-
HOBHOW TeMnepaTtypHbIi nepenag.

2. MuHUManbHas TOJLMHA NAKUT-
HOWM KOHCTPYKLMHK M3 BeToHa Knac-
cos B20...B50, 6Gonee koTopoW
OHa MOXKET CUMTATbCS MACCHMBHbIM
BeToHOM, cocTaBnsieT nopsaka
0,6 M (Npy MeHbLLEN TONLLMHE KOH-
CTPYKUMH Tennootaada betoHa ad-
doeKTHBHA).

3. Bbicota npunoBepPXHOCTHbIX
cnoeB GETOHa 3aBUCUT OT MHOXKe-
CTBa (paKTOPOB: ero cocrtasa (Tvn u
KOJIMYECTBO BSKYLLEro, A00aBKH-
3aMef/IMTeNny TBEPAEHHUS), Hauasb-
HOW Temnepatypbl HGeTOHHOW cMe-
CH, TeMnepaTypbl U CKOPOCTU OBH-
YKEHUS Hapy>XHOro BO3ayxa, Koad-
do1umeHTa o,y B Pa3MUHbIE NEPUO-
bl BpeMeHW B TeudeHWe CpoKa
TBEpAeHuUs BeToHa, Bo3pacTa 6eTo-
Ha WM OOLLEN TOJLLMHBI KOHCTPYK-
UMK, @ TaKXKe OT TEXHOJIOrMUYECKMUX
ocobeHHOCTEN yKNnagku 6eToHa W
ap. [Ina paccMOTpeHHbIX BapuaH-
TOB COYeTaHUs ITUX (PaKTOPOB Bbl-
CoTa YKa3aHHOro €108 ANSi KOHCT-
pyKuu# TonwmHorn 0,6—3 M cocTa-

11



CTPOWUTEJIBHBIE KOHCTPYKUWW, 3AAHUA N COOPYXEHWN

e

Bnsiet cootserctBeHHo: 0,3—0,5 m
Ha nepeble cyTku, 0,3—0,7 M — Ha
Bropble cytkd, 0,4—0,9 m — Ha
TpeTtbu cyTku 1 0,4—1,1 M — Ha ng-
Tble CYTKM.

4. Hanbonee onacHom, ¢ TOUKM
3peHUsi TeMnepaTypHOU TpeLuHO-
CTOMKOCTH, SIBNSIETCA peav3auus
6onblUMX Nepenagos TemnepaTtypsbl
B BeToHe B Bo3pacte 1—5 cyr.

B pamkax BTOporo 3atamna uwc-
NEHHbIX MCCnefoBaHUK Gbina npo-
aHa/IM3upoBaHa MPOYHOCTb M Tpe-
LUMHOCTOMKOCTb paHee pPaccMoT-
peHHbIX Mopenek cdparmeHTos He-
TOHHbIX MJIMT NPH OEUCTBUM Ha HUX
Harpy3oK OT TeMmnepaTypHbIX Mo-
Nlel, YCTaHOBJMIEHHbIX HA MEPBOM
3Tane YMC/eHHbIX UCCefoBaHUI.

MpouHocTHble cBoMcTBa HeToHa
mMogzenen 6bin 3aaHbl ¢ UCMOb-
30BaHWEM HOPMATHBHbIX 3HaUEHWW
XapPaKTePUCTHK C YUETOM HX U3Me-
HEHUS [0/ KaXKOOro WHTepsasa
BpemeHu. KuneTtrka pocra npouHo-
CTM BeToHa MpW CXKaTUKM WU pacTs-
YKEHWM, a TaK>Ke HayasIbHOro Mogy-
ns  ynpyroctu 6eToHa npuHWUMa-
JIUCb B COOTBETCTBUM C [HOaHHbIMU
[2] onsa cpenHer Temnepatypbl be-
toHa +30 °C, ycraHoBneHHOM MO
pesynbtataM  NpenBapUTeSbHbIX
pacuetoB. Y Hapy»HbIX OCTbIBalO-
LMX rpaHer BeToHa Momenen npe-
LYCMOTPEHO apMHUpPOBaHHE.

3a KpuTepui TpelmHoobpaso-
BaHWA MPUHUMANOCb AOCTHXKEHUE
3HaueHWW HanpsXkeHWh B HeToHe
KOHCTPYKLIMHU, PaBHbIX CYMME HOp-
MaTMBHOIO COMPOTHBNEHUSI BeToHa
pacTskeHuio R, , B COOTBETCTBUM
C ero BO3pacToM B paccMarpuBae-
MbIi MOMEHT BPEMEHM, COr/iacHO
JaHHbIM [2], a TakyKe HanpsKeHWH
O - llg, MPUXOASALLMXCSA Ha apMaTy-
py, B 3aBUCUMOCTH OT KO3ppHLU-
€HTa apMHPOBaHHA LL; Mo chopmyne

HsOy = Hge bt ult Es ’ (4)

rae ey, = 1,5-10% E = 2,0-10% MNa
cornacHo CI163.1330.

OueHka obOpa3oBaHMs MW pac-
KPbITUSI TPELLMH B BETOHe Npou3-
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BoAunacb 6e3 yueta gecopmauui
€ro ycagKv B YMC/IEHHbIX MOAENSAX
Mo YeTbipPeM CTaAusIM TepMOHanpsi-
YKEHHOrO COCTOSIHWUS BeToHa B Co-
OTBETCTBUW CO CNIEAYIOLLUMU KPU-
TepusiMK (HapacTatoLLUM UTOroM):

o obpa3oBaHue TPELMH C LIMPU-
HoW packpbita 0 mm < g, <
0,05 mm;

® pacKpbiTUE TPELLMH LIWPUHOM
0,05 mm<a,, <0,1mm;

e TOXe, 0,1 MM < a,, <0,2 Mm;
e TO Xe, a,, > 0,2 Mm.

Ha pucyHke 6 npepcraBneHbl
M30MOJISA LUMPHHBI PACKPbITUS Tpe-
LWMH A5 cepyn 0bpasLos U3 beto-
Ha MPOEKTHOro Kaacca no Npo4YHO-
ctv B30 B Bo3pacTe 2 cyT, TBepae-
towero 6e3 yKpbITUS BEPXHEHW rpa-
HU yTenuTenem.

AHanus pesynbTaToB BTOPOro
aTana UMCNEHHbIX WCCenoBaHUM
nokasan crefyioLlee.

1. TemnepatypHble nepenagpl
6onee 7 °C, peanuayemble B >Kese-
300ETOHHbIX KOHCTPYKLMAX Ha Ha-
yasibHbIX 3Tanax TeepaeHus GetoHa
B Bo3pacTte 1—2 cyT BHE 3aBUCUMO-
CTU OT €ro NpOEeKTHOro KJacca,
CnocobHbl BbI3BaTb OOpasoBaHWe
MUKPOTPELUMH LIMPUHOW pPacKpbi-
™ma po 0,05 mm, pacnpocTpaHsto-
LLIMXCA OT OCTbIBAIOLLEN HapPY>KHOM
NoBEpXHOCTH B rybb Tena 6etoHa
B Npegenax TOJLMHbI 3aLUTHOrO
Cnos apmarypsl.

2. Tlocnepytouwee yBenuyeHHe
TeMnepaTtypHoro nepenaga fo 3Ha-
yeHu cebiwe 15 °C B BO3pacTe
1—1,5 cyt cnocobHo Bbi3BaTbh pac-
npocTpaHeH1e TPeLmH B rybb Te-
na 6eToHa C LUMPUHOM MX PacKpbl-
THs y noBepxHocTh o 0,1 mm.

3. To e, cebiwe 20 °C B BO3-
pacte 1,5—2 cyT MOXeT Bbi3bIBaTb
obpa3oBaHWe TPELIMH  LUMPHUHOM
PaCKpPbITHUS Y HAPY>KHOW NOBEPXHO-
cv go 0,2 mm, a cebiwe 37 °C B
Bo3pacte 2—7 CyT — LWWPHUHOM
packpbitvs 0,2 MM 1 Bonee.

B pesynbtate npoBeneHWst uuc-
JIEHHbIX UCCNefOBaHWM yCTaHOB/e-
HO, UTO TepMOHanpPs>KEHHOE CO-

CTOSIHUE MAaCCHBHbIX >Kese306e-
TOHHbIX KOHCTPYKUMM B nepuos
TBEpAEHUS BETOHa 3aBUCHUT OT CO-
ueTaHUA MHOXKECTBA  MCXO[HbIX
napameTpoB KOHKPETHOW 3ajauu,
UTO B COBOKYMHOCTHU C OTCYTCTBMW-
€M YHWBepCasibHbIX (e4uHbIX ONs
BCEX KOHCTPYKLMH) TpeboBaHWi
CMn 63.13330 1 CIM 70.13330 B yac-
TW npefenbHbIX 3HaUYeHWH aedop-
MaLMOHHbIX XapaKTEPUCTHK 3aKOH-
UeHHbIX OETOHHbIX W >Kene3obe-
TOHHbIX MOHOJIUTHBIX KOHCTPYKLMH
3HAUYUTENIbHO OC/IOXKHSAET HOPMMU-
pOBaHWe KOHKPETHbIX AOMYyCTUMbIX
(KpUTHUeCcKKX) TemMnepaTypHbIX ne-
penanos B 6etoHe. B cBasu ¢ atum
TEPMOHaMNpPsXKEHHOE  COCTOsIHWE
pekoMeHAyeTcs onpenensaTb MNpu
MOMOLLW UHAWMBULYASIbHBIX YMCIIEH-
HbIX PacyeToB.

BoiBOp

Ha ocHoBaHWM 006006LLEeHMsA MO-
JIYUYEHHbIX AaHHbIX CAOPMYIUPO-
BaHbl TpeboBaHUsA K pacyeTty Tep-
MOHarpPsXXEHHOTO COCTOSIHUA Mac-
CUBHbIX KOHCTPYKLUMWH B nepuopg,
TBEpAEHUS BeTOHa, a TaKKe peKo-
MeHJaumMu no yxomy 3a GeToHOM,
NPemnoXeHHble A/ BK/IOYEHUs B
Cn 70.13330 v CN 430.1325800.
BHecenune paspaboTaHHbix nosno-
YKEHWH B [jaHHble HOPMATHBHO-TEX-
HUUYECKHEe [IOKYMEHTbI CnocoOCTBy-
eT BHEOPEHWIO B NPAKTWUKY CTPOM-
TeNbHOro npoekTupoBaHus Poc-
cuiickon  (Mepepaumu  nporpec-
CUBHbIX TEXHOJIOTMUYHbIX METOJ[IOB
NPOrHO3UPOBaHUA  TENJI00OMEH-
HbIX MPOLECCOB, MPOTEKAIOLIUX B
mononom GeToHe npu ero Teepe-
HWM, @ TaK)KE TEPMOHAMNPSXKEHHOrO
COCTOSIHWUSI KOHCTPYKLIMH B 3TOT ne-
pyoa.

MNpakThueckass 3Ha4YUMOCTb HO-
BOBBeeHUM — obecneuyeHue BO3-
MOXHOCTH  NpeaynpeXxaeH1s |
CHUXKEHWS] PUCKAa BO3HWUKHOBEHWS
HauyasibHbIX [OEeEKTOB B MacCHB-
HbIX KOHCTPYKLMAX, BO3HWUKAIOLLMUX
BC/IEACTBME TemnepaTypHbiX 3d-
beKTOB Npu TBEPAEHUHM BeToHa.

MPOMBILLUIEHHOE U TPAXOAHCKOE CTPOUTE/ILCTBO 4/2022
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