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OueHKa CXOAMMOCTHU pe3yAbTaTOB 3KCNEepPUMEHTAAbHbIX
MCCAeAOBaHUU OFTHECTOUKOCTU CXKaTbIX XKeAe3006eTOHHbIX
3N\€MEHTOB C MOBbILEHHbIM NPOLEHTOM apMUPOBaHUA

C YUCAEHHbIMHU pacueTamMu

Amutpuit ArekcaHapoBuu KopoabueHko =, EBreHuit AAeKCaHAPOBUY ApTeMbeB

HauunoHanbHbIM MCCAEAOBATEABCKUI MOCKOBCKUI FOCYAGPCTBEHHbIN CTPOUTEABHBIN YHUBEPCUTET, . MockBa, Poccus

AHHOTALMUA

BBepeHUe. AOCTAaTOUHO CAOXHBIM U HAYKOEMKWM CAyYaeM PacyeTHOro 060CHOBaHUA KOMMAEKCHOM, MexaHWue-
CKOW W noxapHown 6e30MacHOCTH 3AaHUI 1 COOPYXEHUIM SIBASIETCSI OLIEHKa GaKTUUECKOM OrHECTOMKOCTU UX HeCy-
LUMX CTPOUTEABHBIX KOHCTPYKLMM, BbIMOAHEHHbIX M3 Pa3AMUHbLIX MaTePUANOB W, B YACTHOCTU, U3 XeAe306eToHa.
CyLuiecTBytoLME METOANUYECKME MOAXOAbI K PACYETY OFHECTOMKOCTU XEeAe300ETOHHbIX KOHCTPYKLMI HE YUUThIBAKOT
TENAOTEXHUUYECKME XapaKTEPUCTUKN apMUPOBAHUSA, UTO MO3BOASIET MOAYUYATb COMAACYIOLLME C pe3yAbTaTaMu IKcne-
PVYMEHTOB 3HAUYEHUS NPeAena OFHECTOMKOCTH KOHCTPYKLIMIA TOABKO NPpU pacyeTe BETOHHbIX KOHCTPYKLMIA U Xene30-

6ETOHHbIX KOHCTPYKLIMIA NPOLLEHTOM apMUpoBaHua Ao 3,5 %.

Lienb paboTbl. Anpobaums METOAMKM NPOBEAEHUS TMOPUAHOTO KCMEPUMEHTA M OLEHKA CXOAMMOCTU PE3YALTaTOB
3KCMEePUMEHTAAbHbIX AABOPATOPHbIX UCCAEAOBAHWUIA OFHECTOMKOCTU CXaTbiX XEAE300ETOHHbIX IAEMEHTOB C MO-
BbILUEHHbIM NPOLEHTOM apMUPOBaHWUA C TEOPETUUECKUMU AQHHBIMU U YUCAEHHBIMU pacyeTaMu. BbiAn peLueHbl

CAepyoumMe 3apadn:

* B COOTBETCTBUU C paspaﬁoTaHHoPl METOAMKOM MPOBEAEHbI aHAAUTUUECKUE, IKCMEPUMEHTAABHbBIE /\a60paTop—
Hble U UYACAEHHblE UCCAEAOBAHWUA OFHECTOMKOCTU CXaTbiX BETOHHbLIX U XeAe300ETOHHbIX INEMEHTOB (B TOM

YMCAE C NOBbILIEHHLIMW NPOLEHTaMWU apMUPOBaHUS);
* BbINOAHEHA OLEHKA CXOAMMOCTH MOAYUYEHHbIX PE3YALTATOB;
¢ pa3paboTaHbl BbIBOAbI N0 paccMaTpMBaeMbIM Bonpocam.

MeToabl UccAepoBaHUA. TeopeTUyecKue AaHHbIE AASI COMOCTABAEHUSI BbIAM MOAyYEHbl aHAAMTUUYECKUM MyTem
(no dpopmyram 1 Homorpammam Cl 468.1325800.2019), a skCnepMMEHTaAbHbIE U pacyeTHblE — B XOAE Napan-
AEAbHbIX 3KCMEPUMEHTAAbHbIX UCCAEAOBaHUI B orHeBoW Anabopatopun HUY MICY U UUCAEHHBbIX UCCAEAOBAHUIA
B nporpaMmmHom komnaekce MK Abaqus. B xope nabopaTopHOro akcneprmeHTa Ha NpPeccoBoM 060pyAOBaHMU
onpeAensinacb NMPOYHOCTb BETOHA KOHTPOAbHbLIX KyOOB, C WCMOAL30BAHWEM Pa3PbIBHON MallWHbl — GU3UKO-
MexaHWYeCKMe XapaKTePUCTUKU apMaTypHOM CTanu. Aanee U3roTaBAMBAAMCb KOHTPOAbHbIE BETOHHbIE U XEAe30-
6eToHHble 06pa3Libl ¢ 3aAaHHLIMU XapaKTePUCTUKAMM, MOCAE YETO ONPEAEAIAUC TEMMEPATYPHbIE NOAA B BETOHHbIX
1 XeNe300ETOHHBIX MOMEPEYHbIX CeYEHUSAX 06pa3LOB Ha OCHOBAHWM A@HHbIX TEpPMOMNap, a Takke WCMbITbIBaAUCH
LieHTPaAbHO CXaTble 6eTOHHbIe U Xene306eTOHHble 0bpa3Libl B OTHEBOM Kamepe Npu CTaHAAPTHOM Temnepartype
noxapa. BbIMOAHSIAOCb MOAEAMPOBAHUE UCCAEAYEMBIX BETOHHBIX U XeAe300eTOHHbIX 06pa3LoB C UCMOAL30OBa-
HWEM 06BEMHbIX KOHEUYHbIX AIAEMEHTOB C pa3mepoM A0 10 MM U C UICNOAb30BaHWEM BCTPOEHHOTO peluatens «Heat
transfer» (TenAno0bMeH), MPOBOAMACA pacuyeT pacnpeAeAeHUst TeMMepaTypHbIX MOAEH MpU CTaHAAPTHOM Temne-
paTtype noxapa B 6ETOHHbIX U XeAe300ETOHHbIX INEMEHTAX, a TakKe pacyeTbl OrHECTOMKOCTU XeAe300ETOHHbIX

3AEMEHTOB NPU CTAHAAPTHOM TEMMEPATYPHOM noxape.
PesyAbTaTbl U UX 06CYyXAEHHWe. B pesyAabTate MCCAEAOBaHMUIA YCTAHOBAEHDI:

* nNpUemMAeMas AASt MPAKTUYECKUX LLEeAer CXOAMMOCTb 3HAYEHUM TemMneparyp B KOHTPOAbHbIX TOYKax (Mo Tepmo-
napam) B 6ETOHHbIX oépasuax, MOAYYEHHbIX NMPU 3KCNEPUMEHTaAbHbIX /\aﬁopaToprlx MCCAEAOBaHUAX U NPKU

pacuete Mo AEMCTBYHOLLMM HOPMaM, YTO NOKa3blBAET KOPPEKTHOCTb MPOBEAEHUS KCMNEPUMEHTA;

* MpUEMAEMAs AAA NMPAKTUUECKUX LIeAeH CXOAMMOCTb 3HaUEHWIM TeMnepaTtyp B KOHTPOAbHbIX Toukax (Mo TepmMo-
napam) B 6ETOHHbIX M XEAe300€TOHHbIX 06pa3sLax B XOAE IKCNEPUMEHTaAbHbIX AaBOPaTOPHbIX UCCAEAOBAHUSIX
M NPU UYUCAEHHOM pacyeTe, UTO YKa3biBAeT Ha KOPPEKTHOCTb MPEAAOXEHHOW METOAMKM TMOPUAHOIO akcne-

PUMEHTa U AOCTOBEPHOCTb NPOBEAEHHbIX WUCCAEAOBAHUW;

* 3HauuTeAbHas, HEOBX0AMMAS K YUETY, Pa3HULA PE3YALTATOB MEXAY IKCNEPUMEHTaAbHbIMWU U aHAAUTUUECKUMMU
3HAYEHWUAMU OFHECTOMKOCTU XENe30HETOHHbIX aneMeHTOB coctaBaseT oT 10 Ao 30 % (B CpeAHEM AAA Tpynnbl
06pa3uoB — 19,3 %), UTO NOATBEPXAAET I'MNOTE3Y O CHWXKEHWU TEMMEPATYPbl NPorpeBa 6ETOHHOM YacTU Xenes3o-

6ETOHHOrO ceveHus npu yyete TENAOTEXHUUECKOIo BAUAHNA apMaTtypbl;

* npuemMAeMast AN MPaKTUYECKUX LLeAer CXOAMMOCTb PE3YALTAaTOB MEXAY IKCMepPUMEHTaAbHbIMU U UUCAEHHBIMU
3HAYEHUAMMU OTHECTOMKOCTM XEeNe306ETOHHbIX INEMEHTOB (pa3Huua coctaBaseT oT 7 A0 10 %), uto AoKkasbl-
BaeT NPMMEHUMOCTb pa3paboTaHHON METOAMKM TMOPUAHOIO 3KCNEPUMEHTa C YUYETOM BbIABUHYTOM rMnotesbl

06 ymeHblleHWn nporpesa 6eToHa 3a CUeT yueTa TEMNAOTEXHUUECKOTO BAUSHUA apMaTypbl.
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BbiBoAbI. [TOATBEPXAEHA FUMOTE3A O CHUXEHWU TEMMNEePaTypbl NporpeBa 6ETOHHOM YacTH XeAe306eTOHHOrO ceve-
HUA C BbICOKMM MPOLIEHTOM apMupoBaHusa (boree 3,5 %) Npu yueTe TEMAOTEXHUUECKOTO BAUSHWUS apMatypbl.
CAeACTBMEM 3AECH ABASIOTCA 3aHWXXEHHbIE 3HAUEHUSI OTHECTOMKOCTU XEeNe300ETOHHbIX 3AEMEHTOB, OMPEAENEH-
Hble B COOTBETCTBMU C HOPMUPYEMbIM MOAXOAOM. Takxe AOKasaHa MPUMEHUMOCTb pas3paboTaHHON METOAMKM
TMOPUAHOTO IKCTIEPUMEHTA C YUETOM BbIABMHYTOM rMMoTe3bl 06 yMeHblleHUU nporpeBa 6eToHa 3a cuet yyeTa
TENAOTEXHUUYECKOTO BAMSIHUSE apMaTypbl.
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Evaluating convergence between results of experimental
studies on fire resistance of compressed reinforced concrete
elements, having a higher percentage of reinforcement,

and results of numerical calculations
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ABSTRACT

Introduction. Evaluation of actual fire resistance of load-bearing building structures made of various materials and
reinforced concrete, in particular, encompasses a rather complex and research-intensive case of analysis of inte-
grated, mechanical and fire safety of buildings and structures. Current methods of analyzing the fire resistance of
reinforced concrete structures do not take into account any thermal characteristics of reinforcement. Hence, values
of the fire resistance limit of structures can only be consistent with experimental results only if the percentage of
reinforcement in analyzed concrete structures and reinforced concrete structures is below 3.5 %.

The purpose of the work. Is (1) the pilot testing of a hybrid experiment method and (2) evaluation of convergence

between (a) results of experimental laboratory studies on fire resistance of compressed reinforced concrete

elements with a higher percentage of reinforcement, (b) theoretical data and (c) numerical calculations. The fol-
lowing tasks were solved:

¢ in accordance with the developed method, analytical, experimental laboratory and numerical studies of fire
resistance of compressed concrete and reinforced concrete elements (including those that have a higher
percentage of reinforcement) were carried out;

* convergence between the obtained results was evaluated;

* conclusions were made about the issues under consideration.

Research methods. Theoretical data, applied for comparison purposes, were obtained analytically (using formulas and

nomograms of SP (Construction Regulations) 468.1325800.2019), experimental and calculated data were obtained

in the course of concurrent experimental studies conducted at the fire testing laboratory of NRU MGSU, and numerical
studies were obtained using the Abaqus PC software package. In the course of a laboratory experiment made using
the loading equipment, the strength of reference concrete templates was identified, using the tensile machine to find
the physical and mechanical characteristics of reinforcing steel. Next, reference concrete and reinforced concrete
specimens with pre-set characteristics were made. Then temperature fields in concrete and cross sections of speci-
mens, containing reinforced concrete, were identified using the thermocouple data. Centrally compressed concrete
and reinforced concrete specimens were tested in a fire chamber at a standard fire temperature. The behaviour of
concrete and reinforced concrete specimens was simulated using volumetric finite elements, having the size of up to

10 mm, and a built-in Heat Transfer Solver (Heat transfer). Temperature field distribution and fire resistance of rein-

forced concrete elements were analyzed at a standard fire temperature in concrete and reinforced concrete elements.

Results and their discussion. The following knowledge was gained by means of this research project:

* convergence between temperature values at control points in concrete specimens (according to thermocouples),
acceptable for practical purposes. These values were obtained in the course of experimental laboratory studies
and calculations made according to current standards, which confirms the validity of the experiment;

* convergence between temperature values at control points in concrete specimens (according to thermocouples),
acceptable for practical purposes. These values were obtained in the course of experimental laboratory studies
and calculations made according to current standards, which confirms the validity of the proposed hybrid experi-
ment method and the trustworthiness of the research;

* a great difference reaching 10 to 30 % (19.3 % on average for a group of specimens) between experimental
and analytical values of fire resistance of reinforced concrete elements, which proves the hypothesis about
a reduction in the heating temperature of concrete in a reinforced concrete section if the thermal influence of
reinforcement is taken into account;
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* convergence between fire resistance values (the difference is 7 to 10 %) in reinforced concrete specimens,
which is acceptable for practical purposes. These values were obtained in the course of experimental labo-
ratory studies and calculations, and their convergence proves the applicability of the proposed hybrid experi-
ment method with account taken of the hypothesis about less intensive heating of concrete, if the thermal

impact of reinforcement is taken into account.

Conclusions. The hypothesis about a reduction in the heating temperature of concrete in the reinforced concrete
section that has a high percentage of reinforcement (more than 3.5 %) was proven, taking into account the ther-
mal influence of reinforcement. The consequence is the underestimated values of fire resistance of reinforced
concrete elements, identified in accordance with a standardized approach. The applicability of the proposed
hybrid experiment technique is also proven, taking into account the hypothesis about a reduction in concrete

heating due to the thermal influence of reinforcement.

Keywords: fire impact; fire resistance of building structures; theoretical data; laboratory studies of fire resistance;

numerical studies; mathematical modelling
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BBeaeHue

Bce 31aHus 1 COOPYXKEHUS JOIKHBI COOTBETCTBOBATh
OTIPENCICHHBIM TPeOOBaHUAM: (DYHKIIMOHATIBHBIM,
9KCIUTYaTalHOHHBIM, CTOMMOCTHBIM U T.I. OgHHM
U3 TJIABHBIX TPEOOBaHUH, IPEABIBISIEMBIX K 30aHUASIM
U COOPY)XEHHSIM JIF0OOT0 Ha3HaueHUs, SIBISETCS UX
MeXaHH4YeCKasl U MoKapHast 0e30MacHOCTb'.

ba3oBble U MEPCHEKTUBHBIE METOABI PACUETHOTO
000CHOBaHMSI MEXaHUYECKOH 0e30MacHOCTU 3MaHUI
U COOPY>KEHMH B LIEJIOM, a TaKXKE MX OTAENbHBIX HECY-
IIUX CTPOUTETBHBIX KOHCTPYKLUII pa3paboTaHbl, anpo-
OMpOBaHBI M 3aKPETUICHBI B HOPMaX IPOSKTHPOBAHMU™ >.
ITpu 3TOM JOCTaTOYHO CIOKHBIM U HAYKOEMKHUM CIIyda-
€M pacyeTHOTO 00O0CHOBAaHUS KOMIUICKCHOM, MEXaHH-
YeCKOW M MOKapHOW 0e30MacHOCTH 3JaHHi B COOpy-
JKEHUH ABJISETCS OLeHKa (PaKTHUEeCKOW OIrHECTOMKOCTH
UX HECYIIUX CTPOUTENIbHBIX KOHCTPYKLUIL, BBINOTHEH-
HBIX M3 Pa3IMYHBIX MaTepuanoB. PsaioM crenuanuctoB
Y YUEHBIX B 00JIACTH TIOXKAPHOM 6€30I1ACHOCTH, & UMEHHO:
B.A. TTuenunuessim [1, 2], 3.®. IlanokoBsiM [3],
WN.T". PomanenkoBbM [4], A.E. Ceranossim [5], A.B. 3abe-
raeseiM, B.M. Poiitmanom [6, 7], A.I. Tampazsaom
[8-10], B.C. ®enmopoBem [11], O.A. Koponsuerko
[12, 13], K. Harada [14], D.D. Capua [15], M.C. McVay
[16], A. Gibson [17], Duc Toan Pham [18], M.S. Abrams
[19], P. Pimienta [20], J.Y. Kim [21] u ap., 6111 coe-
JIaHbI OIpe/eNeHHbIE Pa3padOTKH, MO3BOJISIOIIUE OlLle-
HUTh HECYIYIO CIIOCOOHOCTH XKeJIe300€TOHHBIX KOH-
CTPYKLUH, NTOABEPKEHHBIX OTHEBOMY BO3JE€HCTBHUIO.
C TOUKM 3peHHs aBTOPOB, HANOOJBIINN TEOPETHUCCKHI
UHTEpEC U NPAKTUYECKYIO 3HAUUMOCTb IIPEICTABISAIOT

! ®enepanbhplii 3aKkoH «TeXHUUECKUI pernaMeHT o0 6e30MacHOCTH
3naHuit U coopyxenuin» ot 30.12.2009 Ne 384-D3.

2 CII 468.1325800.2019. BeToHHBIE U KENE300ETOHHBIE KOHCTPYK-
. [IpaBuia obecrieueHHs OTHECTOMKOCTH U OTHECOXPAHHOCTH.

3 CTO 36554501-006-2006. [paBuia Mo 06ECIICICHIEO OTHECTONKO-
CTH M OTHECOXPAHHOCTH JKeJ1€300€TOHHBIX KOHCTPYKIHH.

pacueThl OTHECTOMKOCTH JKeJIe300€ TOHHBIX KOHCTPYKIIUH
KaK 3aHUMAIOIIUX JUIUPYIOIIUE TO3ULUU 0 00beMaM
NPUMEHEHUS B COBPEMEHHOM CTpOHUTeNbeTBe. Kitrode-
BBIMHU 3JIeMEeHTaMH (HanboJiee WHTEHCHBHO paboTa-
IOIIMMH 1 UMEFOIUMU HauOOJbIIHiA TpeOyeMblii pesies
orHectorkoctu No 123-O3 «TexHuueckuid pernamMeHT
0 TpeOOBaHUAX MOXKAPHOU OE30MACHOCTH) SBISIOTCS
BEpTHKAJIBGHBIC HECYITHE DJICMEHTHI, B TICPBYIO OUepenb
KOJIOHHBI U TTHJIOHBI.

ITonpoOHbIit aHaMU3 CcHeUanbHOM JIHUTEpaTypshl
no Teme uccienoBanus [22—26] mo3BoOIMI clenaTh
BBEIBOJI, UTO CYIIECTBYIOIIHE METOAUICCKUE TTOIXOIBI
K PacdeTy OrHECTOMKOCTH JKeJIe300eTOHHBIX KOHCTPYK-
U HE YYUTHIBAIOT TEIIOTEXHUYECKUE XapaKTePHCTHKI
apmupoBanus. IIpu pacdere GETOHHBIX KOHCTPYKIMH
U KeJIe300€TOHHBIX KOHCTPYKIHUH € MPOIEHTOM apMH-
poBanwmst A0 3,5 % € UCIIONIb30BAaHUEM CYIIECTBYIOLTNX
METOJUK M TIOIXOJ0B IOJTydaeMble 3HAYCHHUS Mpejeria
OTHECTOMKOCTU KOHCTPYKIHUH COMIACYIOTCS C pe3yibTa-
TaMU SKCIIEPUMEHTAIILHBIX uccienoBanui [12, 27, 28].
B maHHBIX ciiydasx pacdeThl Ha OTHECTOUKOCTD BBITION-
HSFOTCSI TI0 OETOHHOMY CEUCHHIO 0€3 yueTa TeIIOTeXHH-
YEeCKUX XapaAKTEPUCTUK apMUPOBAHHUSI.

Pe3ynbTaThl 3KCIIEpUMEHTAIbHBIX U PACUETHO-
AHATUTHICCKIX MCCICIOBAHMI KeJIe300eTOHHBIX KOH-
CTPYKIMH C BEICOKMM IIPOIICHTOM apMUpoBaHus (Ooiee
3,5 %), B TOM 4HCIIE C )KECTKUM apMHpPOBaHUEM (IIpe-
UMYIIECTBEHHO — KOJIOHHBI), TOAPOOHO HE OCBEIIEHBI
B CIICIHAFHON TEXHUYECKOW M HAayIHOH JuTepaType.
[Tpu 5TOM IIpeACTaBIAETCS IEIeCO0OPa3HBIM yUeT BO3-
MOKHOTO M3MEHECHHS TeMIIepaTypHbIX IOJIei mporpesa
0eToHa IIpU HAJTUYUU apMaTyphl B CEUCHUH. YKa3aHHOE
TEOPETHUYECKH TOJDKHO MPHUBECTH K Iepepacipeaese-
HUIO TEMIIEpaTypsl ¢ OETOHA Ha apMarypy, HEKOTOPOMY
YBEIUYCHUIO HECyIlel CIIOCOOHOCTH KOHCTPYKLHN
Ha KaXJIOM U3 BPEMEHHBIX 3TanoB mnoxapa (pakrude-
CKU — K YBEJIMUCHHUIO IpeieNia OTHECTOMKOCTH) U, KaK
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CJIEJICTBHE, K BOSMOKHOCTH 00JIe€ SKOHOMUYHOTO MPO-
€KTUPOBAHUs KOHCTPYKIUI.

st mpoBepku NaHHON TMIOTE3bl aBTOpaMu pas-
paboTaHa METONUKA W BBITOJHEH THOPUIHBIA JKCIIE-
PUMEHT, T.€. KOMIUIEKC aHAIUTUYECKUX, SKCIIEPHUMEH-
TaJIbHBIX J'Ia60paT0pHI:IX 1 YHUCIICHHBIX I/ICCJIe}IOBaHI/Iﬁ
OTHECTOMKOCTH C)KAaTBIX KEJIC300CTOHHBIX IEMEHTOB
C MOBBIILIEHHBIM MPOLEHTOM apMupoBaHus (Ooiee
3,5 %). [Ipenmy1iecTBa TakOro MOAXO/A 3aKIIIOYAIOTCS
B BOBMO)KHOCTH 000CHOBAaHHONH MHHHMHU3AIMH TIPOIOIT-
JKUTEIBHBIX U TOPOTOCTOSIINX JIAOOPATOPHBIX UCCIEHO-
BaHUW OTHECTOMKOCTH KOHCTpykuuil. [locnennee Bo3-
MOYKHO JIMIIb B CIIy4Yac O6eCHequI/I${ HpHeMHeMOﬁ JIISA
MPAKTUYECKUX LeJIeH CXOAUMOCTH PE3YyNbTaToB Mapail-
JIENTbHBIX UCCIIEA0BAHU ISl XapaKTEePHBIX CIy4aes.

MaTepuanbl U MeTOAbI

B nacrosieii craree ocBellieHa METOIMKA ITPOBEJIe-
HUS THOPUIHOTO SKCIIEPUMEHTA U MPEICTABICHbI JaH-
HBIC TIO OIICHKE CXOIUMOCTH PE3yJbTaTOB DKCIIEPUMEH-
TaJBHBIX JJA0OPATOPHBIX UCCIICIOBAHNI OTHECTOHKOCTH
CKAThIX KeJe300€TOHHBIX AIEMEHTOB C MOBBIILIEHHBIM
MPOIICHTOM apPMHUPOBAHUSI C TEOPETUIECKUMH TaHHBIMHU
U YUCJICHHBIMU pacueTaMu. TeopeTHueckue NaHHbIE
IUTSL COTIOCTABJICHHSI OBLTH MONXYYEeHBI aHATUTHICCKUM
nyteMm (1o ¢popMynam u HoMorpammam [2]), a skcrie-
pPUMEHTAJIbHBIC M PACUETHBIE — B XOJI€ MapauIeIbHBIX
AKCIIEPUMEHTAIILHBIX UCCIICIOBAaHUI B OTHEBOW J1a00-
patopun HUY MI'CY u 4yucieHHBIX HCCIIeTOBaHUM
B nporpamMMHoM Komiuiekce IIK Abaqus. Ha ocHoBa-
HUY TIOTYYEHHBIX TaHHBIX CPOPMYITHPOBAHBI OCHOBHBIC
BBIBOZIBI [I0 paccMaTpUBaeMbIM BonpocaM. B kauecTse
06vexma uccredosanus ObLTN BEIOPAHbI CKaTble OETOH-
HBIC U KeJIe300€TOHHBIC JIEMEHTHI B YCIIOBUSAX OTHE-
BBIX BO3ACUCTBUU. [Ipedmemom ucciedosanus siBIs-
JIUCh TaKUE€ UCKOMBIE TTapaMETPhl U UX CXOAUMOCTbD IS
AHAIUTUYECKHX, SKCIIEPUMEHTAIBHBIX J1a00PaTOPHBIX
W YUCJICHHBIX UCCIICJIOBAHUH, KaK TEMIIEpaTypHbIE
IOJIS TTOTIEPEYHOT0 CEUCHUST KOHTPOIBHBIX OCTOHHBIX
U KeJe300€TOHHBIX 00pa3loB, OrHECTORKOCTh 00pa3-
1noB. Takxe B mpolecce UCCleI0BaHUN OLlEHUBAJICS
SKOHOMHYECKHH 3P(HEKT OT BHEIPEHUS B MPAKTUKY
MIPOEKTUPOBAHHUS PE3YJBTATOB UCCIIEIOBAHMS.

Lens uccnenoBaHus — amnpoOamus METOIUKHU
MPOBENICHUSI TUOPUIHOTO SKCIIEPUMEHTa U OICHKA
CXOOMMOCTH PE3YJIBTaTOB dKCIIEPUMEHTANBHBIX J1a00-
PaTOPHBIX MCCIEAOBAHUN OTHECTOMKOCTH CHKATBIX
JKeNIe300€TOHHBIX 3JIEMEHTOB C MOBBIIICHHBIM MTPOIIEH-
TOM apMHUPOBaHUA C TEOPETUUECKUMHU AAHHBIMU U YHC-
JICHHBIMH PacyeTaMHU.

Jns nocTuxkeHUs HaMEYeHHOH IeJlu aBTopam
MOTPEeOOBATIOCH PEIIUTD CIISAYIOIIIE OCHOBHBIC 33/1a4H:

1. B cooTBercTBHM ¢ pa3pabOTaHHOW METOTUKOM
MPOBECTH aHATUTHYECKHE, IKCIIEPUMEHTAaJIbHbIE 1a00-
paTopHbIE 1 YHCIIEHHBIE HCCIIEJOBAaHUS OTHECTOMKOCTH

CXKaTBHIX OCTOHHBIX M JKEJIC300CTOHHBIX JJIEMEHTOB
(B T.4. C TOBBIICHHBIMH MTPOIICHTAMH apMHUPOBAHH).
2. BBIMOJHUTE OIIEHKY CXOAMMOCTH MOJIYYCHHBIX
PE3yIBTaToB.
3. Pa3paboraTh BBIBOJHI IO paccMaTpUBaeMbIM
BOIIPOCAaM.

Memoouxa npogedenus: IKCnepUMeHmMaIbHbIX

a6OPAMOPHBIX UCCTIE008AHUIL

Kak y>xe 6bU10 OTMEYEHO, IPUHLUITHAIBHBIM OTIIH-
YHeM MpeIIaraeMoro aBTOpaMH ITOJX0/a SBISETCS yIeT
IIPH TIPOBEJCHUN PACUETOB HA OTHECTOMKOCTH TEILIO-
TEXHUYCCKHX XaPaKTCPUCTHK apMHPOBAHUS KeJe30-
OETOHHOTO CeUeHUs — apMaTYPHBIX CTEPIKHEU H/uin
MPOKATHBIX CTAJIbHBIX mpoduieil. s o6ocHoBaHUS
MPUMEHUMOCTH MPEANIAraeMoro Mmoaxona ObUIH MPo-
BE/ICHBI MapauIeIbHBIC aHATUTHICCKUE, SKCIICPUMEH-
TaJbHBIC TAOOPaTOPHEIC U YHCIICHHBIC HCCIICTOBAHUSL.

OCHOBHBIE dTarnbl 1a60paTOPHOTO HKCIIEPUMEHTA!
® U3TOTOBJICHUE JIKCIEPUMEHTAIbHBIX OETOHHBIX

U XKeNe300€TOHHBIX 00pa3LOB-NIPU3M C pa3MepaMu

100x100x400 MM oOmmM KonuyecTBOM 21 miT.,

C 3aJaHHBIMH XapaKTCPUCTUKAMH, a TaKXKe KOHT-

posbHBIX O6eTOoHHBIX KyOOB (100x100%x100 MM,

8 wt.) u mpu3m (100x100x400 mmM, 6 wT.);
® HCIBITaHUS KOHTPOJIbHBIX KyOOB M MPHU3M Ha Ipec-

COBOM O0OPYIOBaHHHU ISl OMPEAEICHUS IPOIHO-

ctu 0eToHa, omnpeneicHue HU3UKO-MEXaHUISCKUX

XapaKTEpUCTUK apMaTypHOU CTaJld Ha pa3pbIBHOMI

MallluHE;

e ompenereHNe TEMIEPATYPHBIX MO B OETOHHBIX
1 JKeJIe300€TOHHBIX MTOTEPEYHBIX CEUSHISIX 00pas-
IIOB Ha OCHOBaHWHM JAHHBIX TepMorap (1o 6 6eToH-
HBIX | XKele300eTOHHBIX 00pa3IoB);

® JCHBITaHUE IIEHTPAITBHO CXKAThIX OETOHHBIX U JKeJe30-
0eTOHHBIX 00pa3LOB B OTHEBOM Kamepe MpH CTaH-
JapTHOW TemIiepaTtype noxkapa (3 OETOHHBIX 00pasia
1 6 KeIe300eTOHHBIX 00Pa3IioB).

[TpuHsATEIE XapaKTePUCTHKH HCIIBITHIBAEMBIX 00pa3-
LOB-TIPU3M: KJIacC OeTOHa MO MPOYHOCTH Ha CKaThe
Ist Bcex oOpasznoB — B40, npomonbHOE apMupoBa-
HHE KeJIe300eTOHHBIX 00pa3ioB — 416 knacca AS500,
As = 8,04 cm? (1 = 8,04 %), morepevuHOe ApMUPOBAHUE —
3aMKHYTBIE XOMYTHI TMamMeTpoM 6 MM kiacca A240.

B xone skcriepuMeHTa OETOHHBIC U Kele300eTOH-
HBIC 00pa3IbI-IPU3MbI OBIIIH 3aMapKHUPOBAHBI C UCTIONb-
30BaHHEM CJICAYIOIIETO TOAX0/a!
® [epBblii KOMIIOHEHT B MapKUPOBKE OMperesser

i obpasna: «b» — 6eTonHbIH, « KBy — kerne3o-

OCTOHHBIN;
® BTOPOH KOMIIOHEHT B MapKHPOBKE YKa3bIBaeT THII

ucnbITanuii: « T» — nccnegoBaHne TeMIEpaTypHBIX

noset, «O» — HUCIbITaHUs Ha OTHECTOMKOCTH;

® TpeTHil KOMIOHEHT B MApKUPOBKE YKa3bIBaET HOMEP
o0pasIia COOTBETCTBYIOIIETO THUIIA UCTILITAHMH.
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Puc. 1. Cxema pacronoxeHus TepMonap B 5ke1e300eTOHHOM (a)
u G6eToHHOM (b) ceuenusx: I, 2, 3 — HOMepa TepMoIap

Fig. 1. Layout of thermocouples in reinforced concrete (a) and
concrete (b) sections: /, 2, 3 — thermocouple numbers

Hampumep, mapkupoBka «Kb-T-2» o3HayaeT, 4To
HCIIBITHIBAJICS BTOPOH W3 TPYIIBI kKee300€ TOHHBIX
00pas3IoB IpU HCCICIOBAHUN TEMIEPATYPHBIX IOJIeH
MIONIEPEYHOTO CEUEHHS DIICMEHTA.

[Ipu npoBeneHNH KCIIEPUMEHTAIBHBIX JTabopaTop-
HBIX UCCIICIOBaHUI TeMIEPaTypHBIX IOJIeH OCTOHHBIX
1 Kele300eTOHHBIX 2JIEMEHTOB ObLIa IMPUHSTA CIIeIY-
FOIIast HOCIEAOBATEIBHOCTD:
® YCTaHOBKAa TEPMOIIEKTPHUECKHAX KAaOCTHHBIX Ipe-

obpasosareneii (Tepmonap) TTIK 005 B u3roToBieH-

HbIe 00pasisl (puc. 1);
® ycTaHOBKa 00pa3moB (1o 6 mT.) B Majorabapur-

HYIO II€Yb Ha PaBHOYIAJCHHOM PACCTOSHHUH IPYT

OT ZIpyra, YKpBITHE 00pa3IOB CBEPXY OTHE3AIIHT-

HBIM MaTepHalioM — KepaMOBOJIOKHOM (pHc. 2);
® [ONy4YeHHUE B XOIE HCIBITAaHUN (PaKTHISCKUX TEMITE-

patyp B KOHTPOJBHBIX TOUKaX OCTOHHBIX U JKeJIe30-

OeTOHHBIX 00pasIoB. B mporecce ucnbITaHus GUK-

CHpOBaJIaCh TEMIEpaTypa B HCCICTYEMBIX TOUKAX

7 CONOCTAaBIIIIACH C MPOJOJDKUTEIBHOCTHIO OTHE-

BOI'O BO3JEHCTBHA.

OKCHepUMEHTaIbHBIE MCCIeT0BaHU OETOHHBIX
M KeJIe300€TOHHBIX 00pa3IoB Ha OTHECTOHKOCTD MPO-
BOJWJIM B CIICITYTOLIIEM TIOPSIKE:
® yCTaHOBKa JOOOPHOH KOJIOHHBI, yCTaAHOBKA 00pasia

B TOPH30HTAJILHYIO 1€YB;
® 3aKpBITHE TMEYH TEXHOJIOTUYECKOW KPBIIIKOHM, MMe-

FoITIei OTBepCTHE TS THAPOIMITMHpPA Ipecca (puc. 3);
® 3arpyxeHue o0pasiia pacieTHON Harpy3Koi, KOTO-

pas He YBEJIMYMBAETCS B IPOIIECCE OTHEBOTO BO3-

JeCcTBUS (UCTIBITaHuU);
® ucHeITaHHE 00pasna OrHEBBIM BO3IEHCTBHEM IO

CTaHJApPTHOMY M3MEHEHHUIO TEMIIEPaTypHl IMoXKapa

JIO JIOCTHXKEHUSI pa3pylieHus oopasna, ¢ pukcarmen

BPEMEHH OTHEBOTO BO3ACHCTBHAL.

B niporiecce 1a60paTOpHBIX HCIIBITAHUH B ITe4H ObLT
CO3/7]aH CTaHIAPTHBIM TEMIIEPATYPHBIA PEKUM, Xapak-
TEPU3yEMBIH CIIEAYIONIEN 3aBUCUMOCTBIO:

T=3451g(8t+ 1)+ T,

rne 7 — Temreparypa B II€4H, COOTBETCTBYIOMIAS Bpe-
menn £,°C;

Puc. 2. O0mwmii Bu MaaorabapuTHON MEYH C yCTaHOBICHHBIMHU
obpasiamu 1epes; NCIbITaHuEM

Fig. 2. General view of a small-sized furnace with specimens
installed inside before testing

Puc. 3. Texnonoruueckoe OTBEPCTUE CBEPXY TOPH3OHTAIBHOM
€4 JJIsl Harpy>KeHHs IIPECCOM BO BPEMSI OTHEBOTO BO3/IEHCTBHS

Fig. 3. Service opening on top of a horizontal furnace for
the application of loading during fire exposure

{ — BpeMs HarpeBa, MHH;
T, — TeMIeparypa B [I€4H J0 Havaja TEIJIOBOIO
Bo3aercTBus, °C.

Memooduka nposedenus yucieHHbIX UCCIe008aHUT

[Ipu BBIMOTHEHUH YUCIICHHBIX UCCIIEIOBAHUA TeM-
MepaTypHBIX MOJIeH CeYeHNH W OTHECTOMKOCTH OETOH-
HBIX M KeJIe300€TOHHBIX 3JE€MEHTOB HCIIOIb30BaJICA
ITIK Abaqus xak 3pQeKTHBHBI HHCTPYMEHT PEIICHUS
IJIs1 CaMBIX CJIOKHBIX 3a7ad B HEJIHHEHMHOM mHocCTa-
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Puc. 4. Teomerpuieckasi MOJIEJIb U CETKa 0OBEMHBIX KOHEYHBIX
2JIEMCHTOB B OCTOHHOM (@) M KeIe300eTOHHOM (b) ceueHHIX

Fig. 4. Geometric model and mesh of volumetric finite elements
in concrete (@) and reinforced concrete (b) sections
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Puc. 5. Pacuernas nuarpamma nedopmuposanust 6erona B [IK
Abaqus

Fig. 5. Calculating diagram of concrete deformation in Abaqus
software package

HOBKE, B TOM YHCIIC IPU IEPEMEHHBIX XapaKTePHCTHKAX
TETUIONPOBOIHOCTH U TEIUIOEMKOCTH.

Ilpu MomenupoBaHWHM HUCCIEAYEMBIX OCTOHHBIX
1 ’KeJIe300€TOHHBIX 00Pa3IloB MCIIOIb30BAIICE 00bEM-
HbIC KOHEUHBIE AJIEMEHTHI ¢ pazMepoM 70 10 MM (puc. 4).

Huns pelieHNs 3a71a1, CBA3HBIX C BHIGOKOTEMIIEPa-
TYpPHBIMH HAarpeBaMH, HCIIONH30BAJICS BCTPOCHHBIM
peuratens «Heat transfer» (TermooOMmeHn), B cBolicTBax
KOTOPOTO 3a/1aBaJIKCh MIEPUOJ] BPEMEHH PEIICHUS U 1Iar
MpUpPAIICHHUS] WHTETPUPOBAHHUS, MapAMETPhl TEILIO-
IIPOBOAHOCTH M YACTHHON TETTIOEMKOCTH IJIST KaXKIOTO
Marepuana.

[Ipu MonenmupoBanun paboTHl OETOHA HCIIOIH30Ba-
Jach HeNMMHEWHAs MONENb MOBEACHUS Ha PAaCTsDKCHHE
u cxarue (Concrete damage plasticity), kotopas y4u-
ThIBaeT 00pa3oBaHUe W pa3BuTHe TpeuinH. OnucaHue
CBOMCTB JIe(hOpMUPOBaHUsI OETOHA 3a]1aBaJIOCh JHAarpaM-
MO, TIPUBEICHHOM Ha puC. 5.

[Ipu MonmeaMpoBaHUU apMaTypbl HCIIOJIB30BaIach
Mozenb miacThaHocTH (Plastic). [l onrcaHus CBOMCTB
neGopMHUpOBaHNE apMaTypBsl TIPH OTHOOCHOM pacTsiKe-
HUU/CKATUH 33/1aBaJiOCh TUArpaMMO, MPUBEICHHON
Ha puc. 6.

B nporpammuOoM KomIuiekce Abaqus OBIITH BBITIOI-
HEHBI YHCIICHHBIC PACUYCTHI, HICHTHYHBIC aIrOPUTMY

650 = Gsl

c,=0,950,

Hanpspxkenue o, MIla
Tension o, MPa

SSO 8&2 €

OTHOCHTENBHBIE JIe(POpPMAITHN
Relative deformations

Puc. 6. Pacuernas nuarpamma neopMUpOBaHHs apMaTypsl
B [1K Abaqus

Fig. 6. Calculating diagram of reinforcement deformation in

Abaqus software package

MPOBEJCHUS SKCIEPUMEHTAILHBIX J1a00pPaTOPHBIX

KCCJICIOBAaHUI, a8 UMEHHO:

® pacuer pacrpeaeIeHus] TEMIIEPATYPHBIX MOJIEi MpH
CTaHIapTHOU TeMIeparype moxkapa B OETOHHBIX
1 KeJIe300€ TOHHBIX OJICMCHTAax,

® PpacyeThl OTI'HECTOMKOCTH JKEIE300€ TOHHBIX dJIEMEH-
TOB IIPH CTAHAAPTHOM TEMIIEPATypHOM IOXKape.

Pe3yAbTaTthbl U UX o6cy)|(AeHue

OyeHKa cxo0uMoCcmu pe3ynbmamos
IKCHEPUMEHMANbHBIX 1AD0PAMOPHBIX UCCAE008AHUL
memnepamyp npocpedos NonepeyHbvlx cedeHull

¢ peynomamamu yucienHvix pacuemos 6 IIK Abaqus
B tabn. 1 npencraBieHbl 3HaYCHUS U PE3YNbTaThl

CPaBHUTEIHHOTO aHANHW3a TEMIIEPaTyp B KOHTPOIb-

HBIX TOYKaX MOIMEPEYHbIX CEYeHHH Keae300€TOHHBIX

1 OETOHHBIX 00PAa3IOB, MONYYEHHBIX IPH MPOBEICHUN

JKCIIEPUMEHTATBHBIX UCCICHOBAHUN M YHCICHHBIX

pacuetoB B [IK Abaqus npu 60 MUH OTHEBOTO BO3JICH-

CTBHL.

Ha ocHoBanuu ananusa JaHHBIX TaOn. 1 crenaHsl

CIIEYIOIIUE BHIBOIIBL:

1. Pa3Hulla NOIyYeHHBIX PE3YJIBTATOB MEXKIY SKCIIEPH-
MEHTAIBHBIMH U YHCICHHBIMY 3HAaUCHUSAMH TEMIIe-
patyp B KOHTPOJBHBIX TOYKaX >KEJIe300€TOHHBIX
ceueHni cocraBiseT ot 3,2 10 3,7 %.

2. Pa3znuIia mMomy4eHHBIX PE3yIbTaTOB MEXIY IKCIIEPH-
MEHTANBHBIMU M YHCJICHHBIMY 3HAYCHUSAMH TEMIIe-
patyp B KOHTPOJIBHBIX TOYKaX OCTOHHBIX CEUCHUI
cocraBisgeT ot 2 110 2,2 %.

3. BrInosiHEHHOE CpaBHEHUE MOJYYEHHBIX TEMIIepa-
TYp IPOTPEBOB B XOJI€ IKCIIEPUMEHTAIBHBIX J1a00-
PaTOPHBIX UCCIEAOBAHUA U TIPU YHCIICHHOM pacyeTe
MIO0KA3aJI0 PUEMIIEMYIO JUISI IPAKTHIECKHUX IeNeit
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Ta6auna 1. 3HaueHHs U pe3ybTaThl CPABHUTEIHFHOTO aHAJIHM3a
TeMIIepaTyp B KOHTPOJIBHBIX TOYKaX MONEPEUHBIX CEUCHUH OETOH-
HBIX U KeJIe300eTOHHBIX 00pa3iioB mpu 60 MIUH OTHEBOTO BO3JICH-
CTBUS (3KCTIEPUMEHTAJIBHBIC TAHHBIC M YUCIICHHBIE PACUCTHI)

Table 1. Values and results of comparative analysis of tempera-
tures at control points of cross sections of concrete and reinforced
concrete specimens after 60 minutes’ fire exposure (experimental
data and numerical calculations)

S S
° 55
<L =a
= |5 -
SRS =
==|g2
= E EE NS
O6paszen Iapamerp SE|E&5|=.°.
. =Nt} 5 o =
Specimen Parameter 22|l g25|%2
= 0| E
5o 2 .2
Zo|E 2
= Z
S
Kemnezo- Temmeparypa B Tepmo- | 790 | 816 | 3,2
OeTOHHBII mapax Ne 1/Ne 3
obpasery Temperature in thermo-
Reinforced | couples No. 1/No. 3
concrete
gpecilnen TeMHepaTypa B TEPMO- 698 725 3,7
mape Ne 2
Temperature in thermo-
couple No. 2
beronnsrit Temmneparypa B Tepmo- | 823 | 839 2
obpaszern napax Ne 1/Ne 3
Concrete Temperature in thermo-
specimen couples No. 1/No. 3
Temneparypa B Tepmo- | 731 | 763 | 2,2
nape Ne 2
Temperature in thermo-
couple No. 2

CXOIMMOCTh PE3yJbTaTOB, YTO yKa3bIBaeT Ha KOp-
PEKTHOCTH MPEIOKEHHOW METOUKH THOPHUTHOTO
JKCIIEPUMEHTA U JOCTOBEPHOCTh NMPOBEICHHBIX
HUCCIIETOBAHUN.

Ouyenka cxooumMocmu 3HaA4eHull 02HeCmouKOCmu
Jicene300emoHHbIX 00PA3Y08, NOTYUEHHBIX 8 X00e
IKCHEPUMEHMATILHBIX IAOOPAMOPHBIX, AHATUMUYECKUX
U YUCTEHHbIX UCCAe00B8AHULL

BBHIy JNTUTENEHOCTH MPOBECHHUS SKCIICPUMEHTATb-
HBIX MCCJICIOBaHUI Ha OTHEBOE BO3ICHCTBHE, XapaKTe-
PH3YIOIIEHCS CIOXKHOCTBIO MOATOTOBKH K KaXKIOMY
WCTIBITAHUIO, MIEPEOCHACTKON, a TaK)Ke OrpaHUYCHUEM
TEXHUYECKUX XapaKTePUCTHK J1ab0paTOpHOro mpecca
(100 ToHH) pacueTHOE BpeMs MOATBEPKACHUS OTHeE-
CTOMKOCTH TPH MOCTOSHHOM TPHJIOKEHUU HArpy3KH
418,79 xH npunsito 25 mun (1500 c).

B Tabn. 2 u Ha puc. 7 NMpeacTaBICHBl 3HAYCHUS
U pe3yJIbTaThl CPABHUTEIHHOTO aHAIN3a OTHECTOUKOCTH
JKeJIe300eTOHHBIX 00PAa3I0B, MOJYYESHHBIX MPH MPOBE-

Ta6auuna 2. 3HaueHus ¥ pe3yabTaThl CPAaBHUTEIHHOTO aHaIH3a
OTHECTOWKOCTH KeIe300€TOHHBIX 00pa3IoB

Table 2. Values and results of comparative analysis of fire resis-
tance of reinforced concrete specimens

OrnecroiikocTs / Fire resistance ?paBHe_ger
Comparison
Tun Skere- | CTO [3] Yric-
06pe}311a PUMEHT | fcro, MHH | JICHHBIH

Specimen t,, MUH Corpo- | pacyer tyy | t/tcto | &/ tane

type Experi- | rate stan- | Numerical | t/f,s | tJ/tyum

ment 7,, | dard[3], | calculation
min t. ¢ MIN o

KB-0O-1 32,5 25 29,5 1,3 1,10
RC-O-1
KBb-0-2 31,5 1,26 | 1,07
RC-0O-2
KB-0-3 28 1,12 | 0,95
RC-0O-3
KB-0-4 29 1,16 | 0,98
RC-0O-4
KB-O-5 27,5 1,1 0,93
RC-0O-5
KB-0-6 30,5 1,22 | 1,03
RC-0-6

JIEHUH SKCIIEPUMEHTANIBHBIX UCCIIEIOBAHUN U OTIpeie-
JICHHBIX B XOJI¢ aHAIMTHYECKUX M YUCIICHHBIX PAaCYETOB.

Ha puc. 7 npeacraBneHs! rpapuuecKkiue 3aBUCHMO-
ctu Buaa «Harpyska—Bpems» npu ucnbslTaHUM Ha OTHE-
CTOHKOCTB 7KeJIe300€TOHHBIX 00Pa3II0B.

Ha ocHoBanum aHanu3a JaHHBIX TaON. 2 ¥ puc. 7
CZIeTaHBI CIIETYTOMTHE BBIBOIBL:

1. Pa3Huna nomy4eHHBIX pe3yABTaTOB MEKIY IKCIIe-
PUMEHTATHHBIMU ¥ aHANUTUYECKUMH 3HAYCHUSIMH
OTHECTOMKOCTH keJ1e300€TOHHBIX AJIEMEHTOB COCTaB-
nsiet ot 10 no 30 % (B cpegHeM juisi TpynIbl 00pas-
oB — 19,3 %). Takum 0OpazoM, BBISIBIIEHA 3HAYUTEIb-
Hasi, HeoOXoJMMasl K y4eTy pa3Hulla pe3yJIbTaToB, YTO
MOATBEPKJAET TUIIOTE3y O CHIDKCHHH TeMIIepaTypbl
mporpeBa OETOHHON YacTH Kele300€TOHHOTO CEeUSHUS
MPU y4eTe TEIUIOTEXHUYECKOTO BIUSHHUS apMaTypBhl.
CriezicTBUEM 3/1eCh SBIISIOTCS 3aHMKCHHBIC 3HAYCHUS
OTHECTOMKOCTH XKeNe300€TOHHBIX 3JIEMEHTOB, OIpe-
JETICHHBIC B COOTBETCTBHH C HOPMHUPYEMBIM TIOIXOIOM.

2. Pa3HHIa TOTYYCHHBIX PE3yIBTaTOB MEXKIY IKC-
MePUMEHTAIFHBIMHI U YHCICHHBIMH 3HAYCHUSIMA OTHE-
CTOUKOCTH JKEJIe300€TOHHBIX 3JIEMEHTOB COCTABIISCT
ot 7 o 10 %. J{st rpymmsl o6pasnos XKb-O-1, XKb-O-2
u JXKBb-O-6 ycTaHOBIIEHO MPEBBIILIEHUE OCPEAHEHHOTO
SKCIIEPUMEHTAIBHOTO 3HaYeHUS! OTHECTOMKOCTH Haj
OCpEIHEHHBIM YHCIEHHBIM Ha ~6,5 %, a U1 Tpynmbl
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’KB-041 (32,5 mumn)

RC-O-[l (32.5 min)

KB-0+2 (31,5 muHn)
RC-O-2 (31.5 min)
’KB-O-3 (28 mun)
RC-O-3 (28 min)
KB-0-4 (29 muH)
RC-O-4 (29 min)

KB-045 (27,5 mun)
RC-O-5 (27.5, min)

430

Harpyska, kH / Loading, kN

2KB-0-6 (30,5 mun)
RC-O-p (30.5 min)

Ornecroiikocts 1o CTO (25 mMun)
Fire resistance according to corporate
standard (25 min)
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UncneHHbIN pacyeT Ha OFHECTOMKOCTh
(29,5 mMun)
Numerical calculation of fire resistance
29.5 min
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Puc. 7. 3aBucumoctu Buna «Harpyszka—Bpems» mpu ucIbITaHUN Ha OTHECTOMKOCTD

Fig. 7. Loading to time dependences during the fire resistance test

o6pasznoB XKb-O-3, )Kb-O-4 u KB-O-5 — npeBbI-
LIEHWE OCPEIHEHHOTO YMCIEHHOTO 3HAu€HHS OTHe-
CTOMKOCTH HaJl OCPEIHCHHBIM 3KCIIEPUMEHTAIbHBIM
Ha ~4,5 %. Takum oOpa3zoM, yCTaHOBIIEHA ITpHEMIIEMast
JUTSL TIPAKTUIECKUX TIENIe CXOAUMOCTh Pe3yJIbTaToB, YTO
JOKA3bIBACT MMPUMEHUMOCTE Pa3padOTaHHON METOIUKA
THOPHTHOTO AKCIIEPUMEHTA C YIETOM BBIIBUHYTOM THITO-
Te3bI 00 YMCHBIIICHUH MIPOTrpeBa OETOHA 3a CUeT ydera
TETUIOTEXHUYECKOTO BIIMSIHUS apPMaTyPBl.

3. J10OTHUTENBHBIM TTIOATBEPKACHUEM IIeecoo0pas-
HOCTH y4eTa TEeIUIOTEXHUYECKUX ITapaMeTPOB apMaTyp-
HBIX BKJIIOYCHHH SIBILSIFOTCSI YHCIICHHBIC HCCIICOBAHNS,
MO pe3ylibTaTaM KOTOPBIX OTHECTOMKOCTh aHAJIOTHYHBIX
HaTyPHBIM HUCCIIEZ0BAHHSM 00pasIoB COCTARISIET 29,5 MUH.

BbiBoAbI

Bech KOMITIEKC BBITIOIHEHHBIX SKCIIEPHMEHTATBHBIX
T1a0OpaTOPHBIX, AHAJIMTHICSCKUX M YHCIICHHBIX HCCIIEI0Ba-
HUI OTHECTOMKOCTH OETOHHBIX U HKEJIe300€TOHHBIX 00pa3-
I10B, a TAKXKE OLIEHKA CXOMMOCTH ITOJTYYECHHBIX Pe3yJbTa-
TOB MO3BOJIJIM C/ACNATH CJICAYIOIINE OCHOBHBIC BHIBOJIBL:

1. BeimonHeHHOE CpaBHEHHUE MONYYECHHBIX TeMIIe-
paryp MpOrpeBOB B KOHTPOJBHBIX TOUKAaX OETOHHBIX
1 KeJIe300€TOHHBIX 00pa3IoB B XOJIE DKCIIEPUMEHTAIb-
HBIX J1a0OpaTOPHBIX UCCACIOBAHUIX M MPH YHUCICHHOM

pacueTe MoKa3ajao MPUEMIIEMYIO A MPAKTUICCKUX
TeTiel CXOAMMOCTE Pe3YJIBTaTOB, YTO YKa3hIBAaCT Ha KOp-
PEKTHOCTb MPEIOKEHHOH METOIMKH THOPHIHOTO 3KCIIe-
pPUMEHTA U JOCTOBEPHOCTH IIPOBEICHHBIX UCCIIEJOBAHUM.

2. Pa3Hu1a nony4eHHbIX Pe3yIbTaTOB MEXAY dKCIIe-
PUMEHTATHHBIMU ¥ aHAJTUTUYECKAMH 3HAYCHUSIMH
OTHECTOMKOCTH KeJIe300€TOHHBIX 3JIEMEHTOB COCTaB-
asiet ot 10 mo 30 % (B cpemHeM mis rpynmsl 00pas-
0B — 19,3 %). Takum 00pa3oMm, BEIIBICHA 3HAUNTEIb-
Hasl, HeoOXoAuMas K y4eTy pa3HHUIIa Pe3yJbTaToB, YTo
[IOATBEPKIAAET TUMOTE3Y O CHUIKEHMHU TEMIIEPATYPhl
porpeBa OETOHHOW YaCTH JKEJIe300eTOHHOTO CEYCHUS
IpHU yUYEeTe TEIIOTEXHHUYECKOTO BIMSHUS apMaTypHl.
CrenctBueM 37ech SBISIOTCS 3aHMKCHHbIC 3HAUCHHS
OTHECTOMKOCTHU KeNe300€TOHHBIX 3JIEMEHTOB, OIpe-
JICTICHHBIC B COOTBETCTBUH C HOPMHUPYEMBIM TIOIXOIOM.

3. Pa3HuIa NONy4YEeHHBIX PE3yabTaTOB MEXIY JKC-
[IEPUMCHTAIFHBIME M YUCJICHHBIMHU 3HAYCHUSIMH OTHE-
CTOMKOCTH JKelIe300€TOHHBIX 3JIEMEHTOB COCTABISAET
ot 7 1o 10 %. Takum 0Opa3oM, yCTaHOBIIEHA MIPHEMIIE-
Mast TS IPAKTHIECKUX IeJIed CXOMUMOCTh PE3yNbTaToB,
YTO JTOKA3bIBAET MPHUMEHIMOCTH Pa3pabOTaHHOW METO-
JIMKY THOPUTHOTO SKCTIEPUMEHTA C YUETOM BBIBUHYTOM
TUTIOTE3bl 00 YMEHBIIIEHUH MIPOrpeBa OETOHA 3a CYeT
ydeTa TeIIOTEXHHIECKOTO BIHSHIS apMaTyphIL.
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