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NMPOYHOCTHbIE U TEMNJIODUINYECKUE CBOMNCTBA
BETOHA C NOJIMMPOMUIEHOBOWN ®UBPOW B YCNIOBUAX
TEMMNEPATYPHOIO PEXXUMA CTAHOAPTHOIO NMOXAPA

13y4eHo BRVSHWE TeMnepaTypbl Ha MPOYHOCTHbIE U TENNOTEXHNYECKME XapaKTepUCTUKK BeToHa C fo-
0aBKoV NONMMNPOMNUIEHOBbIX BOMIOKOH. [MoNyYeHbl aHanuTnyeckie 3aBUCUMOCTU NPOYHOCTU hrbpo-
OeToHa Ha 0ceBoe CkaTue B 3aBUCUMOCTI OT TeMMepaTypbl HarpeBa. YCTaHOBIEHO, YTO MpuW NporpeBe
OMbITHbIX 06Pa3LOB NPOYHOCTL BeToHa ¢ AobaBkom hUbpbl Ha 16 % HKXKe No CpaBHEHWMIO C BETOHOM
6e3 nobasku. NpoBeeHb! IKCNepUMeEHTbI MO onpefeneHno TennohranYeckx CBOMCTB GeToHa ¢ Ao-
0aBKoV NONNMPONMUIEHOBOM DUOPbI NP OLHOCTOPOHHEM HarpeBe OrMbITHbIX 00Pa3L0B NANUT MO TeM-
nepaTypHOMY pexuMy CTaHAapTHOro noxapa. MoflydeHbl 3aBUCMMOCTM Tennohu3nYeckmx xapak-
TepUCTMK DeToHa C OTeYeCTBEHHOW M UMMOPTHOM MOAMNPONMIeHoBOW hrbpon npu pocte Temne-
paTypbl, Aalolive BO3MOXHOCTb MPOBOAWTL pacyeT MporpeBa Kene3o0eTOHHbIX KOHCTPYKUMIA C
BbIOpaHHbIM BUAOM [00aBkK. TlokazaHo, H4TO C POCTOM TemnepaTtypbl KOIDPULMEHT TEMIONPOBOA-
HOCTU OeToHa ¢ [,00aBKOW MONMMAPONUIEHOBOM GUbpLI CHUXKaeTcs Honee MHTEHCMBHO, YeM DeToHa
0e3 nobaBkn. YcTaHoOBMEHO, YTo flobaBka hMbpbl He BNMSET Ha M3MeHeHMe KohdULMeHTa Tennoem-
KocTv 6eToHa npwu Harpese. B pe3ynbTate 06paboTKy 3KCMepUMEHTabHbIX AaHHbIX MOJTyHeHbl aHau-
TUYECKME 3aBUCUMOCTU NS onpefenieHns NPoYHOCTM OeToHa Ha cxaTue U Ko3DhULMEHTOB Teno-
MPOBOLHOCTU W TENI0eMKOCTU B MHTepBane Temnepatyp 20—800 °C.

KntoueBble cnoBa: npo4yHocTb 6eToHa Ha cxaTune; hrbpobeToH; nonmnponuneHosas hubpa; Temne-
paTypa; KO3(pMUUMEHT TENNONPOBOAHOCTA; KOI(DMDULMEHT TEMNOEMKOCTU; CTaHAAPTHbIM TeMnepa-
TYPHbIN PexXumM noxapa.
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BBepeHune

Tloxxapuast omacHOCTH aBTOOPOXKHBIX TOHHETEH TTy-
OOKOI0 3aJI0KEHHUS, JKETE3HOJOPOKHBIX U IEPETOHHBIX
TOHHEJIEW MeTpOIoIuTeHa 00yCIOBIeHa BBICOKOH MH-
TEHCHUBHOCTBIO JIBM)KEHHUS, IIMPOKOW HOMEHKIATypOi
TMEPEBO3UMBIX IMOKAPOOIMACHBIX T'PY30B, OOJIBIITIM KO-
JMYCCTBOM JIIOJICH, OJHOBPEMEHHO HAXOASAIINXCS B
ToHHene. B psze ciaydaeB noxxapsl MOT'yT HOCHTB KaTa-
CTpO(HUUECKHUI XapaKTep, YTO MPUBOJUT K MacCOBOM
ruOesH JIFoeH, OONBIIMM MaTepHaAIbHBIM ITOTEPSIM, a
JUTSL UX TYIICHUS TPeOyeTCsl MPUBIICUYCHNE 3HAUUTEIIb-
HBIX cui u cpeacts [1-3].

OcHOBHas 11eJIb 3aLUThl TOHHEJIEH COCTOUT B TOM,
9TOOBI COXPAHSTh HECYIIYIO CITOCOOHOCTh KOHCTPYK-
LU TOHHEJ BO BpeMs U IOCie noxapa. B cBs3u ¢
STUM IIPU €r0 CTPOUTENIBCTBE CJIEAYeT MCIOIb30BATh
TaK1e KOHCTPYKIMH, KOTOPbIE IIO3BOJIAT B Cllydae Io-
’Kapa BOCCTAHOBUTH IKCILTyaTallMOHHbBIE BO3MOKHOCTH

TOHHEJIS 32 MHHUMAJIBHOE BPEMs M ¢ HAWMCHBITIMU
TEeXHUIESCKUMH ¥ (PMHAHCOBBIMU 3aTparamu. Pactymme
TEMIIbI CTPOUTEIHCTBA TOHHEJICH 00YCIIaBIMBAFOT IIIH-
poKoe pUMCEHEHHE B 00JeTIKax TOHHENeH kene300e-
TOHHBIX TIOOMHIOB 3aBOJICKOTO U3TOTOBJICHHUS.

B otrume ot jkene300e TOHHBIX KOHCTPYKITHI HaJl-
3EMHBIX 37[aHUH 1 COOPY>KEHHI OTPAXKTAOIIHE KETEe30-
OETOHHBIE OJIOKH TOHHEILHBIX 001EI0K HUMEIOT ITOBLI-
HICHHYIO BIaKHOCTH (Oomee 3,5 %), 94T0 mpH BO3HUK-
HOBCHUHU I1OXKapa Ha paHHUX CTAAUAX MOXKET IIPUBECTU
K XpYIIKOMY (B3pbIBOOOPA3HOMY) pa3pyLICHUIO OETOHA
[4-6] u mpexxaeBpeMeHHON MoTepe UX HEeCyIIel cro-
COOHOCTH.

J1 yMeHblIeHNs TOCIEACTBUM OT XPYIIKOIO pa3py-
HIeHUs OETOHA B 3aLIUTHOM CJIO€ CTPOUTEIbHBIX KOH-
CTPYKIHH YCTaHABJIMBAIOT MPOTUBOOTKOIBHBIC CETKU
1100 MCIOIB3YIOT OTHE3AIUTHBIC TOKPBITHUS JJISI CHH-
JKCHUSI MHTEHCHBHOCTU HarpeBa O0eTOHa IpH MoKape
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[7-9]. Onnako coBpeMeHHbIE HCCIEIOBAHUS MTOKA3AIH,
4T0 HanOomnee 3PPEeKTUBHBIM CTIOCOOOM 3aIIUTHI OETO-
Ha OT XPYTIKOTO Pa3pyLICHHUS C TOUKHU 3PCHUS TPYIOCM-
KOCTH M MaTepHUabHBIX 3aTpar SBJseTCs BBEICHHUE B
OCTOHHYIO CMeCh JI0OABKH B BH/IE TIOJTUIIPOITHICHOBOM
(pubpsl. PexoMeHanuu mo NpuMEHEHUIO OETOHOB C I10-
JUIPOIHIICHOBOM (pubpoii comepskarcs B EN 1992-1-2
u psizie 3apyOexHbIX myOnukaruii [10, 11]. /lobaBka B Oe-
TOH TOJTAIPOITHIICHOBO# GUOPBI B KomuuecTBe 1—2 Kr/m®
MI03BOJISICT CHU3UTB BEPOSITHOCTh B3PBIBOOOPA3HOTO pa3-
PYLICHUS KeNe300€TOHHBIX KOHCTPYKITHNA, HMEIOIINX
MOBBIIICHHYO BJIAKHOCTb.

HcciienoBanne OrHECTOMKOCTH JKEI€300€TOHHBIX
KOHCTPYKLHUH TOHHEIbHBIX HECYIIHUX U OTPAXKIAAIOIINX
KOHCTPYKIIUH ¢ TOOABKOW B OETOHHYIO CMECh MOJIHITPO-
MUIEHOBOMU (hUOPHI ABIISETCS BaKHOM 3a1auei B o0Jac-
TH TIOBBIIICHUS ITO’KapHON 6€30IT1aCHOCTH TOHHEIBHBIX
HECYIIUX U OIPa)KIaloluX KOHCTPYKLHUH, TaK KaK 3TO
MO3BOJISIET CHU3UTH BEPOSTHOCTH B3PBIBOOOPA3HOTO
pa3pyLICHUs KeJIe300€TOHHBIX KOHCTPYKIIH, UMEI0-
NIMX TOBBIIIEHHYIO BlaxHOCTh. Bo BHUUIIO Obin
MIPOBEACHBI dKcriepuMeHTsl [ 12, 13] no onpenenenuto
(haKTHUECKUX MPEETIOB OTHECTOMKOCTH IBYX BHIIOB TIO-
OMHIOB ¥ BIMAHHUS Ha OTHECTOMKOCTH JOOABKH IOJH-
MIPOMTMIICHOBOW (PUOPBI B OETOHHYIO CMECH.

OnHaKO 3KCIIEPUMEHTATBHBIC HUCCIICIOBAHUS OTHE-
CTOWKOCTH TIOOMHIOB IOBOJIBHO TPYJIOEMKH U CBSA3aHBI
¢ OOJBIINME MaTepPHAIbHBIMHU 3aTPATaMHU, a [0 PE3YIIb-
TaTaMm SKCIEPHUMEHTOB HEBO3MOXKHO OLICHUTh OTHECTOM-
KOCTb KOHCTPYKLHUH NPU N3MEHEHUH TaKUX (PaKTopoB,
Kak paszMmep, Harpy3Ka, kjacc 0€ToHa, KJIacc apMaTypsl
UT I

B Hacrosmiee Bpemst pa3zpaboTaH MeEToJ pacdera
(haKTHYECKHX MPEJICIIOB OTHECTOMKOCTH KeJIe300€TOH-
HBIX KOHCTPYKIUH, KOTOPBIM COCTOUT U3 TEIJIOTEXHU-
YECKOM M CTaTHYECKON JacTed. B TernorexHudeckon
YacTH MIPH pacueTe TeMIIepaTyphl 0 CEUSHUIO KOHCT-
PYKIUHU HEOOXOIMMO IMETh JaHHBIE IO TeTuTo(pu3nde-
CKUM CBOHCTBaM OcToHa. B crarmueckoil wactu mpu
pacdere HecyIiel CrioCOOHOCTH KOHCTPYKIIUHU HCIIONb-
3YIOT JIAaHHBIE TI0 M3MEHEHHUIO MMPOYHOCTH OETOHA MPHU
Harpese. TakuM 00pa3oMm, st OLCHKH OTHECTOUKOCTH
JKeJIe300€TOHHBIX KOHCTPYKINH 13 pudpodeToHa pac-
YETHBIMH METONAMH HEOOXOIMMO MUMETh JaHHBIC 10
MIPOYHOCTHBIM U TEIUIO(PUZNIECKUM CBOMCTBaM OETO-
Ha C TIOJIMIPONIICHOBOH (puOpoii Ipu HarpeBe.

C 5T0 HeabIo AJIs TOJTYYeHHUS UCXOAHBIX JTAHHBIX
JUTS pacdeTa Iperesia OrHeCTOUKOCTH KeIe300e TOHHBIX
KOHCTPYKIUI M3 JaHHOTO BHJA (pubpobeToHa ObLIH
MPOBECHEI HCCICOBAHMS IT0 OMPEACICHUIO TPOYHO-
CTHBIX U TEIJIO(QU3MUYECKUX XapaKTEPUCTUK OETOHA C
JI00ABKOM MOJIMTTPONTMIICHOBOW (PHOPBI TIpH BO3JICHCT-
BUU TEMIIEPaTypPHBIX PEKUMOB MOXKapa.

MaTepmanbl n MeToguka
nposeaeHus 3KcnepuMeHToB

[l mpoBeeHUs SKCIIEPUMEHTOB 110 OIPENEIIEHUIO
MPOYHOCTHBIX 1 TEIUTO(PH3NICCKIX XaPaKTEPUCTHK Ha
3aBoge OAO “Mocnpomikesre300eTOH”” U3rOTaBIMBAITN
00pasIipl B BUJIC KYOMKOB ¥ TUTUT M3 OETOHA HA OCHOBE
noptinananementa 11 [-500-H, menxoro 3amonnunTe-
JI1 — KBapleBOI'0 IeCKa, KPYMHOTO 3alOJHUTENS —
rpaHuTHOrO meOHs (515 Mm) u utactudukaropa Gle-
nium 51. B 6eToHHYI0 cCMeCh, TOMUMO BBILIETIPUBECH-
HBIX WHTPEAMEHTOB, NO0OABJISUINA MOJUIPOIHIECHOBYIO
(hubpy B komuuectse | K/,

HccnenoBanus MpoBOAMIM C OTEYECTBEHHON U M-
[IOPTHOH MOJHITPOTTMIICHOBOH (prudpoit. BoiokHa nmenn
Juametp 18 MKM U ITTMHY COOTBETCTBEHHO 12 11 6 MM.

g uccnenoBaHus rpeesa NPOYHOCTH Ha CHKaTHe
Oerona 6e3 100aBKH U ¢ J00aBKOM MOJIHUITPOITHIICHOBOM
(uOpHI OBUIH M3TOTOBJIEHBI 0OPA3IBI B BHIC KyOHKOB
pa3zmepom 100x100x100 mm. MccaenoBanus npoyHo-
cTH OETOHA C MOJIUITPONIIICHOBOU (huOpol Ha oceBOE
CKaTue MpHU BBICOKUX TeMIlepaTrypax HarpeBa MpoBO-
JWIKCH IO pa3paboTaHHoi Metoauke ¢ yuetom [OCT
10180-2012.

Teruodu3uyeckue xapakTeprucTUKU GruOpodeToHa
OIpeIeTIsuId METOAOM PEeLIeHHs] 00paTHOM 3a1a4u He-
cTanoHapHoil TertonpoBoaHocTH [3]. Koadduunen-
ThI TEIUIONPOBOJHOCTH A, U TEIJIOEMKOCTH ¢, yCTaHAB-
JUBAJIM ITyTEM COMOCTABIEHUS YKCIIEPUMEHTAIILHBIX U
pacdyeTHBIX KPUBBIX MPOrpeBa IUIUT U3 GpudpoOeToHa.
DKcIeprMeHTaJIbHbIE JJAHHBIC 110 MPOrPEBY IUIMT TO-
Jy4aJd B Pe3ylIbTaTe OTHEBBIX UCIIBITAHUN B COOTBET-
cteun ¢ OCT 30247.0-94.

MpouHocTb pubpobeToHa
Ha oceBOe CXaTue Npu Harpeee

OKCHEepUMEHTHI TI0 OMPEACTICHUIO TIPOYHOCTH Ky-
OMKOB OETOHA HAa 0CEBOE CIKATHE MPHU HArpeBe MPOBO-
v B Axkagemun ['TIC MUC Poccuu. [lepen ucnibita-
HUEM 00pas3Ibl IPOTPEBAIH B AWAIa30HE TEMIEpaTyp
20-800 °C. 3areM HarpeTbie 00Opa3ibl HArpyxaju C
MTOCTOSIHHON CKOPOCTBIO Ha THIPABIMICCKOM Ipecce
JI0 pa3pyILICHUs.

[Ipu mpoBereHUH KCIIEPUMEHTOB BBISBIICH XapaK-
Tep pa3pymeHHst OETOHHBIX 00pa3oB 6e3 100aBKH U ¢
JI00ABKO MOJIUITPOMTMIICHOBOK (DUOPBI. YCTaHOBJICHO,
4T0 B quamna3one remmeparyp 20-200 °C s obpasna
Oerona 0e3 100aBKku (HUOPBI XapaKTEPHO pa3pyLICHUE
C XJIONKOM, OTKaJIbIBAHUEM COCTaBHBIX KOMIIOHEHTOB
U paszneToMm ux Ha 2—3 M (puc. 1,a). Paspymenue xe Oe-
TOHHBIX 00Pa3LOB C 100aBKOH (HPUOPBI B TaHHOM UHTEP-
Bajie Temreparyp ObLIO TUIACTHYHBIM, MPAKTHYECKH
6e3 n3meHeHus Gpopmsl (puc. 1,6).

[Tpu mporpese OETOHHBIX KyOHKOB € 100aBKO# (hrod-
pbl 1 6e3 nodasku B quanazone 300-800 °C mox Bo3-
JeicTBHEM HArpy3KH 00pasIibl pa3pyIananuch C pacChl-
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Puc. 1. Buzx o6pasnos 6etona 6e3 1o6aBk (a) u ¢ 1odaBkoit Gpud-
pbI (6) TOCIIEe IPOBEICHUSI IKCIIEPUMEHTA

[TaHUEM COCTAaBHBIX KOMIIOHEHTOB OeToHa. BO3MOXKHO,
9TO MPOMCXOIMIO BCICACTBHE YMEHBIICHHUS CIIETIIe-
HUS MEX/Ty KOMIIOHEHTaMHU OETOHA B Pe3yJIbTare mpo-
rpeBa 00pasIoB J0 BEICOKUX TeMIieparyp. Pe3ynbrarsl
HCCIIEIOBAHNS BIIMSHUS HarpeBa Ha IPOYHOCTH OETOH-
HBIX 00pa3oB 0e3 100aBKH U ¢ 100aBKO# (HUOPHI MoKa-
3aHbI Ha pHC. 2.

H3meHeHe mpovYHOCTH OETOHA C YBEITMUCHHEM TeM-
TEpaTyphbl XapaKTepU3yeTcs KOOPOUIUEHTOM Yy, 1,0

Yb,tenz = Rtem /RZO,

rae R,,,,— BPEMEHHOE CONPOTUBIICHHE OETOHA CHKATHIO

TP COOTBETCTRYIONIEH Temneparype Harpea, MI1a;

R, — BpPEeMEHHOE COIIPOTHUBIICHNE OETOHA CKATUIO

npu Temneparype 20 °C, MIla.

MO’KHO TTPEATIONOKHTE, 9TO T0OABICHHE TTOIHITPO-
ITHIICHOBOIT PHOPHI B 6eTOH B KolmdecTse 1 Kr/M° mpH-
BOJUT K BEITECHEHHIO 3 HETO TAKOT'0 YK€ KOJTMIECTBa I1e-
MEHTA 1 MEJIKOTO HAITOJTHUTEIIS U, KaK CJICJICTBHIE, K CHH-
JKEHUIO €ro MIPOYHOCTHU PU HOPMAITBHOM TeMITepaType.
ITpu Harpese g0 200-300 °C npeaen npouHoCTH O6€TO-
Ha Ha cxxartue 6e3 100aBKu pUOPEI U ¢ J0OABKON yBEIH-
YHUBAETCsI OJ1arofapst yIiIOTHEHUIO CTPYKTYPBI IEMEHT-
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Puc. 2. OtHocurenbHast poYHOCTH OeToHa 6e3 1obaBku (/) u ¢
00aBKOH 0TeuecTBEHHOH (2) 1 UMIOPTHOH (3) moaumponuie-
HOBOH (puOpsI

HOTO KaMHsI, KOTOPOE IPOUCXOIUT BCIICICTBHE yIaje-
HUS BOJIBI U3 I'eJis IBYXKaIbLIMEBOTO CUIINKATa, U IUIaB-
JICHUIO TIOJIUIPOIHICHOBOH (PHOPHI ITpU TeMIIepaType
140-160 °C.

ITpu remmieparype cBoimre 300 °C nmpoucxoaut pes-
KO€ CHIDKCHHUE IIpefelia IPOYHOCTH OMBITHBIX 00pa3-
noB OeToHa Ha cxkarre. OCHOBHOM NMPHYUHOM 3TOTO B
JAHHOM cJy4ae SIBJSIeTCs pa3jinyue TeMIlepaTypHBIX
nedopmaluii B IEMEHTHOM KaMHE U B 3aIlOJHUTENAX
10J1 BO3/ICHCTBUEM BBICOKHX TeMIIEparyp.

B pesynbraTe 00paboTKH SKCIIEPUMEHTATBHBIX JaH-
HBIX METOJIOM PErPEeCCHOHHOTO aHAIIM3a ITOTyYCHBI
AQHAJIMTUYECKUE 3aBUCUMOCTH IS OIpeesIeHUs KOdd-
(unmenrta Y b tem DHISL Oerona 0e3 100aBKU U ¢ J0OaBKOM
(hubpsr:

e 0e3 nobaBku (HUOPHIL:

Vosem = —0,00000243147 + 0,00108008817 + 1,00359;

e ¢ N00aBKOH OTEYCCTBEHHOHN MOJIHIIPOIIICHOBON
(hubpsr:

Vbsem = —0,0000023626¢° + 0,00093184¢ + 1,0131;
e ¢ 100aBKOM IMIIOPTHOI HOIUITPONIIIEHOBOI (PHOPHI:
Yisem = —0,0000025617* + 0,0011462¢ + 1,004413,

rae t — Temneparypa o6erona, °C.

AHaJH3 MOJTyYCHHBIX SKCIICPUMEHTAIBHBIX JAHHBIX
roKasail, 4To J00aBKa MOJUIPONHICHOBOU (hUOPBI CHU-
JKaeT IPOYHOCTb OETOHA Ha CXKaTHe B cpejHEM Ha 16 %
KaK IpU HOPMaJIbHOH Temrmeparype, Tak U MPH MOBbI-
IICHHOM.

B xoze uccnenoBanuii cpaBHUBAIKCH JBa BUjIa Oc-
TOHA, C 100aBKOH OT€YECTBEHHOIN U UMITIOPTHOM MOJIH-
nponuieHoBoit ¢pubpsl. Tak, B quanazone 20-300 °C
MIPOYHOCTH HA 0CEBOE CxKaThe OeToHa ¢ 100aBKO oTe-
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YECTBEHHOM MOJIATIPOITUIICHOBOM (PMOPBI BBIIIIE IO CPaB-
HeHuto ¢ umnoptHoi Ha 12 %. B quanazone 300-800 °C
0ETOH ¢ J0OABKOW OTEUECTBEHHOW TTOJIMIPOITAICHOBOM
(bUOpPBI 110 IPOYHOCTH YCTYyIMAeT OETOHY ¢ TOOABKOH NM-
MOPTHOH (UOPEIL.

TenAonpoBOAHOCTb U TENMAOEMKOCTb
dubpobeToHa npu Harpese

st vcciienoBaHus TEIUIO(PH3MICCKUX XapaKTepH-
cTHK OeToHa 6e3 10OaBKH U ¢ T0OABKOH ONUIIPOIIHIC-
HOBO (puOpBI OBUTM U3TOTOBIICHBI OIBITHBIC 00Pa3IIbI
B BUIe OETOHHBIX IUTHT M3 TOTO K€ COCTaBa OETOHA, YTO
u Kyouku, pazmepoM 110x110 cm u TonmuHoi 11 cm.

[Tepen GeToHMpPOBaHMEM OTBITHBIX 00PA3IIOB B Ola-
nyOKy yCTaHaBIUBAJIN paMKH-Jiepxareiu (puc. 3) ¢ 3a-
KPETUICHHBIMU Ha HUX TEPMOAJICKTPUICCKAMH TIPEO0-
pasoBarensimu — tepmorapamu (TI1). O6muit By uc-
CIIeyeMbIX 00pa3I0B IUTUT MPEACTABICH Ha puUC. 4.

Ilepen mpoBeneHHEM OTHEBBIX HCIBITAHHUM IIOT-
HOCTh OETOHA COCTaBIISLIA!

e 0e3 mobasku — 2405 Kr/M3;

e C 100aBKOH OTEYECTBEHHOH MOIUIIPOMHICHOBON
puGpsr — 2365 Kr/m’;

e ¢ 100aBKOM IMIOPTHOM ITOJUIIPOITUICHOBOH (Hhrb-
pol — 2380 Kr/nm’.

Becopas Bi1a)xHOCTh OETOHA B OIIBITHBIX 00pasnax
TIUT cocTaBmiia B cpeineM 4 %. Vcnpiranus mpoBou-
JIUCH B MAJION TOPU30HTAILHON OTHEBOM ME€YH 110 CTAH-
JapTHOMY TEMIICPATYPHOMY PEKUMY, KOTOPHIH OTHCHI-
BACTCS CIIAYIONICH 3aBHCHMOCTBIO!

t, = 3451g (0,1337 + 1) + 1,,

e ¢, — TeMIIepaTypa B OTHEBOH KaMepe IeUH, COOT-

BETCTBYIOIAst BpeMeHu T, °C;

¢, — HavalbHas TeMIIepaTypa OKpy>Karolei cpe-

Iel, °C;

T — BpeMs Harpesa o0Opa3siia, c.

Bo BpeMst OTHEBBIX UCTIBITAHUH TEMIIEPaTypa B ILIU-
Tax 3aMepsuIach ¢ IOMOIIBIO TPEX TEPMOIIAp, YCTAHOB-
JICHHBIX Ha paccTosHUM 25, 55 u 85 MM 0T oborpesa-
€MOH MOBEPXHOCTH, U TPEX TEPMOMap — Ha HE00O-
rpeBaeMoi MOBEpXHOCTH. Pe3ynbprarsl mporpesa miuT
MIpeICTaBIEHbI HA pHUC. 5. VI3 pucyHKa BUHO, YTO IIPHU
noctmwxkennn temreparypsl 100 °C kpuBble nmporpesa
MMEIOT SIBHO BBIPAXKCHHBIM TOJOTHUH y4acToOK (IL10-
[aJIKy BBITAPUBAHHMS), & CKOPOCTh ITPOrpeBa OETOHA C
JI00ABKOM TIOJIUITPONTUIICHOBOM (hUOPBI CHUXKACTCS 110
CpaBHEHHUIO ¢ OeToHOM 0e3 100aBKu. Bo3aMoxkHO, pu
IIPOTPEBE OIBITHBIX 00PA3II0B ¢ J00aBKOW (GPUOPHI ITPO-
HCXOJUT IUIABJICHUE ITOJUIIPOIMICHA U €T0 BBIIIApHBa-
HHUE U3 COCTaBa OETOHA COBMECTHO ¢ BOAOH. B pe3yinb-
TaTe MOPUCTOCTh MaTepuala yBeInunBaeTcs. B mopax
0eToHa MoOcie 3TOr0 Mpoliecca OCTACTCS BO3LYILIHOE
IPOCTPAHCTBO, YTO MPUBOIUT K CHIDKCHHIO TEIUIOIE-
peadun B €ro CTPYKTypeE.

Ji TII3

TII2

Puc. 3. Cxema (a) n o01muii Bua (6) paMKu-JepsKaTens A1 TEpMO-
nap: / — MeTajuinueckas pamka; 2 — MeTaJllIndecKast IpOBOJIO-
Ka; 3 — TepMorapbl

Puc. 4. TInuter 1u1s uccneqoBaHMs TEIIOPU3NIECKUX XapaKTe-
PHCTHK

Ecnu npoananusuposars rpaduku mporpesa 0eTo-
HOB C J00aBKOH MMIIOPTHOM M OTEYECTBEHHOMN MOJIU-
MIPONIIICHOBON (PUOPHI, TO MOXKHO YBHIICTH, YTO OETOH
¢ 100aBKOi UMIIOPTHOW (pUOPHI TporpeBaeTcs Ooiee
WHTEHCUBHO, Ye€M C OTEYECTBEHHOH. B 1aHHOM cityuae
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Puc. 5. Pacuernsie ( ) ¥ 9KCIIEpUMEHTAJIbHbIE (— — —) KpH-

BbI€ MIPOrpeBa OSTOHHBIX IUIUT 0e3 100aBKu (a) U ¢ 100aBKOit

OTEeUYeCTBEHHO (6) M IMITOPTHOH (6) GUOPHI: /-3 — TeMnepary-
pa B MecTax yCTaHOBKU TepMmonap coorsercTBeHHo TI11-TII3

OCHOBHOC€ BJIMSTHUC HA PA3HUITLY B IPOTI'PEBEC OKA3bIBAIOT
pasMepbl BOJIOKOH (hUOpHkI. J[MHa BOJOKOH OTEYecT-
BEeHHOU (pUOPHI OoJIbIIe, YeM UMIIOPTHOM, YTO yBEIH-
YHBAaeT pa3Mep MOp U UX KOJIHYECTBO B OSTOHE.

Jlis onipeneneHust KOAQGUIIMEHTOB TEIIIOMPOBOI-
HOCTH A, U TEIFIOEMKOCTH C, HCIIOJIb30BaJIN IIPSIMOJIH-
HeWHbIC 3aBUCUMOCTH OT TEeMIICPaTyphI £:

M=A+Bt; ¢,=C+Dt.

Hauanbabie KO3QQUIHEHTHI TETIONPOBOAHOCTH A
u TerioeMKocTu C, COOTBETCTBYIOIIME TaHHOW IJIOT-

HOCTH OETOHA, B3STHI U3 COOTBETCTBYFOIICH CIIPABOYHOMN
murepatypsl. [Ipn HanuIun SKCTIepuMEHTaTBHBIX JaH-
HBIX ITyTEM pPEIIeHHsT 00paTHOH 3aauH TEeTIIOMPOBO/-
HOCTH C IOMOIIBIO paHee pa3padoTaHHON KOMITBIOTEP-
HOH ITpOrpaMMBI OBLTH OITPEIEIICHBI TEIUIO(PH3HICCKIE
XapaKTePUCTUKH (K0 () (PUIIHEHTHI TEIUIOIPOBOIHOCTH
H TEII0eMKOCTH) (PHOPOOETOHA IPH MOBBILIEHHBIX TEM-
neparypax.

B pesynbrare uccne1oBaHUA NOTyUYEHBI CIETYIOINE
3aBUCUMOCTH:
e Juis1 OeToHa 6e3 100aBKu GUOPHL:

Ae=1,3-0,0005¢; ¢, =481+0,9¢;

e 7151 OeToHA ¢ JOOABKOW OTEUECTBEHHON M UMITOPT-
HOW TTOJUTPOTIHIICHOBOH (HOPHI:

A= 1,3-0,0006¢; c, =481 +0,92¢.

[oygeHHBIC 3aBUCIMOCTH HAIYISITHO ITOKA3EIBAIOT,
YTO TIPH BBEICHUU B COCTaB OETOHA ITOJUTIPOITUICHO-
BOH (pUOPHI Tpy HarpeBe HaOIOMACTCS OOJIee UHTCH-
CHBHOE CHIKEHUE K03 (DUITHEHTA TEILUIOPOBOTHOCTH
A, pubpodeToHa 1o cpaBHEHHIO ¢ GeTOHOM Oe3 100aB-
ku. B TO jxe Bpemsi Ipu HarpeBe yBeTuueHHe Kodpdu-
LUEHTA TEIUIOEMKOCTU ¢, (puOpoOeTOHa MPOUCXOAUT
0oJ1e€ BBICOKMM TEMIIOM 110 CPaBHEHHIO ¢ 6eTOHOM 0e3
J00aBKH.

3aknoyeHue

YcTaHOBIIEHO BIMSHUE HAarpeBa B MHTEPBAJIEC TEM-
nepatyp 20—800 °C Ha MPOYHOCTHBIE U TEIUIO(pU3NYE-
CKHE XapaKTepUCTUKH OCTOHA C J0OABKOM OTEUECTBEH-
HOW M IMITOPTHOMN MOJTUIPOTTHIICHOBOH (GUOPHI B KOJHU-
gecTBe | Kr/Mm.

B pesynbrare 00paboTKH SKCIIEpUMEHTAIBHBIX J1aH-
HBIX METOJOM PErpEeCCHOHHOTO aHAIIN3a ITOTyYeHBI
AHAJTUTHYCCKIE 3aBHCUMOCTH TSI OTIPEICIICHUS IIPOY-
HOCTHBIX XapaKTEePHUCTHUK HCCIIeayeMoro hudpodeTona
Ha 0CEeBOE CXKaTHe MPU BO3AEHCTBUH BBICOKHX TEMIIe-
paryp.

DKCHEePUMEHTBI 110 OTPEIENICHHIO TeIIOYH3NUECKIX
CBOMCTB (KO3 (PHUIIMEHTHI TEIIONPOBOAHOCTH U TETLIO-
emMKocTh) (pudpobeToHa MPOBOIUIN IPH OHOCTOPOH-
HEM HarpeBe OINBITHBIX 00PA3I0B IUTUT IO TeMIIepaTyp-
HOMY PEeXHMY CTaHJapTHOro mnoxkapa. [loiyueHHbie
3aBUCHMOCTH TETIO(PH3UICCKUX XaPAKTEPHCTHK OeTo-
Ha C OTEUECTBEHHOW W MMIIOPTHOH IOJIMIIPONUIIEHO-
BOH (huOpOi TIpH pocTe TeMIepaTyphbl AT BO3MOXK-
HOCTh TIPOBOJANTH PACUETHI MPOTPEBa JKEIE300€TOH-
HBIX KOHCTPYKIIUI ¢ BRIOpaHHBIM BUAOM JOOABKH IPH
TEMIIePaTyPHOM PEXHME CTaHAapPTHOTO ITOKapa.

[IpoBeneHHbIC HCCIICTOBAHUS BISTHAS TEMIICPATy-
PBI Ha TPOYHOCTHEIE U TEIUIO(U3NUECKUE CBOICTBA Oe-
TOHA C J00aBKOW MOJHUIIPONIICHOBONW (HUOPBI MOTYT
OBITH MCIIOIB30BAHBI TIPH pacyeTe Ipejea OrHeCToH-
KOCTH HECYIIHMX U OTPAXKAAIOMINX KOHCTPYKIUH, U3r0-
TOBJICHHBIX U3 JIAHHOTO BHa pUOpoOeToHa.
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ABSTRACT

The paper discusses the problems of protection of reinforced concrete tunnel structures from brittle
(explosive) destruction of concrete tubbing lining of the tunnel. The relevance of the research is
attributed to increasing pace of construction of deep-level tunnels. Fires in such facilities could be
catastrophic, often resulting in massive loss of life and great material losses, and their suppression
requires involvement of considerable forces and assets.

During the construction and operation of road and subway tunnels, the protecting structures —
reinforced concrete lining blocks have a higher moisture content, which in the event of fire in the early
stages can lead to brittle failure of concrete tubing and the premature loss of their load-bearing
capacity.

To reduce the effects of brittle fracture of concrete in the protective layer of concrete structures
anti-spall mesh is installed, or fire retardant coating is used which reduces the intensity of heating of
concrete during fire. However, recent studies have shown that the most effective way of protecting
against brittle fracture of concrete from the point of view of labor and material cost is the use of
additives in the concrete mixture in the form of polypropylene fibers. Earlier, experiments were
carried out in VNIIPO to determine the actual limits of fire resistance of tunnel tubing and the in-
fluence of polypropylene fibers additives in concrete mix on the likelihood of brittle fracture of
concrete. However it seems impossible to assess the fire resistance of similar structures using
numerical methods due to the lack of baseline data on the strength and thermo-physical properties of
concrete with polypropylene fibers.

To achieve this goal, studies were conducted of concrete strength under axial compression with
the addition of polypropylene fibers in the amount of 1 kg/m® and experimental data of thermal
characteristics of fiber-reinforced concrete at high temperatures were obtained. The paper presents
the results of experiments on the samples of fiber concrete under axial compression when exposed to
temperature in the range 20—-800 °C. Graphics show the process of the strength change of concrete
with and without additives during heating.

Analytical dependencies for determination of strength of concrete under compression were
obtained with two types of polypropylene fibers at high temperatures.A comparison of the strength
properties of the investigated concrete mixtures was carried out. It was established experimentally
that when using the polypropylene fibers, the strength characteristics of fiber-concrete are reduced on
average by 16 %, compared to the concrete without fiber additives, both at normal and high tempe-
ratures. As a result of processing of the experimental data by regression analysis the analytical
dependencies were obtained for determination of strength characteristics of concrete under axial
compression with the addition of domestic and imported fibers when exposed to high temperatures.

Experiments to determine the thermal properties of concrete with the addition of polypropylene
fibers, were conducted during one-sided heating of board samples on the temperature regime of
“standard fire”.

In the presence of experimental data, by solving the inverse heat conduction problem using
the previously developed computer program, the thermophysical characteristics (thermal conducti-
vity and heat capacity) of fiber-reinforced concrete at elevated temperatures were defined. With
increasing temperature, the thermal conductivity decrease is more intensive in concrete with added
polypropylene fibers than that of concrete without additives. At the same time, the addition of fiber
does not affect the intensity of increase of the heat capacity of concrete. The obtained dependences of
thermophysical properties of concrete with domestic and imported polypropylene fibers on tempe-
rature increase make it possible to carry out calculations of heating of concrete structures with
selected additives on a temperature regime of “standard fire”.

The conducted studies on the effect of temperature on the strength and thermal properties of
concrete with addition of polypropylene fiber reinforcement can be used in calculation of the fire
resistance of load-bearing and enclosing structures made of this type of fiber-reinforced concrete.
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