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BU3HAYEHHS MEXI BOTHECTIHKOCTI MOHOJIITHUX 3AJI30BETOHHUX
PUT'EJIIB PO3PAXYHKOBUM METOAOM

PosrnsiHyTo BM3HAueHHS MiHIMAJIBHOI MEXKiI BOTHECTIMKOCTI MOHOINITHHX —3aJli300€TOHHHMX  pHreliB
PO3paxyHKOBUM METOJIOM 3 YpaxyBaHHSM 3MiHH iX MEXaHIYHHX XapaKTePHCTUK OETOHY i apMaTypH NpH HarpiBaHHI.
3anpornoHoBaHo Ul BU3HAYEHHS HECY4Ol 3JaTHOCTI MOHOJITHHUX 3aJli300€TOHHHMX PUTENiB BUKOPUCTOBYBATH TPETIO
CTajilo0 HaNpyXeHo-IepopMoBaHOrO cTaHy. Ha KOHKpeTHOMY NpHUKIIaAl pHUreis 3axifHoi TpUOYHH CTagioHy ApeHa
JIbBiB Oyino BM3HAYeHO 3MiHY HOro Hecy4ol 3[JaTHOCTI 3aJIe)KHO Bifl 4Yacy HarpiBaHHS Ta MiHIMQJbHY MEXY

BOTHECTIMKOCTI.

Kuio4uoBi ci1oBa: Mexxa BOTHECTINKOCTI, pUTeNb, 3aJ11300€TOH, HECy4a 3/1aTHICTh.

IlocranoBka mpobGaemu. CTBOopeHa Ha TemepiliHid yac B YKpaiHi HOpMaTUBHO-TEXHIYHA
0a3a 1040 3a0e3Me4YeHHs BOTHECTIMKOCTI OCHOBHUX OY/IBEIbHUX KOHCTPYKI[I Ta OyaiBelbHUX
BHPOOIB BPaxOBYE Cy4YaCHY KOHIICTIIIIO OIlIHIOBAHHS BOTHECTIMKOCTI, BU3HA4YeHY y TexXHIYHOMY
pernamenTi OyniBenbHUX BUPOOIB OyAUHKIB 1 criopya [1,2] BiANoOBiIae €BpONENHChKOMY MIIXOY 1
Jla€ 3MOTY IPOBOJMTH OI[IHIOBAaHHS BOTHECTIMKOCT1 Oy/IBEIbHUX KOHCTPYKIIH Ha BIAMOBIIHICTH
HOPMaTUBHHUM 3HAY€HHSM B yMOBax CTaHAApTHOTO Ta JOJATKOBUX (aJIbTEpHATUBHUX)
TEMIIEPaTYpPHUX PEKUMIB.

KamniranbHe OyIIBHMIITBO Ta PEKOHCTPYKLIS ICHYIOUMX TPOMAJICBKUX Ta HMPOMHCIOBHX
OyzaiBenb, NOB’S3aHUX 3 BUKOPHUCTAHHSAM 3al1i300€TOHHUX KOHCTPYKLIH XapaKTepHU3YHOThCS
JOCTaTHBO ~ BUCOKOIO  BOTHECTIMKiCTIO. I[ligBuIeHHS MeXi BOTHECTIMKOCTI MOHOJIITHUX
3a11300€TOHHUX HeCcyuuX OyAiBeNbHMX KOHCTPYKIIIM 3a0e3neuyeThcsi 30UIBIIEHHSAM X pO3MIpiB
MONEPEYHUX NEPEPI3iB Ta TOBIIMHU 3aXHCHOT'O TEIIO130JIF0BAJILHOTO ILIapy.

JUis po3paxyHKy BOTHECTIMKOCTI 3aji300€TOHHMX KOHCTPYKIIIM 3a HECY4YOl0 3JaTHICTIO
HEOOX1/IHO 3HATU XapakTep 3MIHU (PI3UKO-MEXaHIYHUX BJIACTUBOCTEH OETOHY Ta apMaTypH 3aJI€KHO
BiJl TEMIIEpaTypHy HarpiBaHHS LUX KOHCTPYKIIIH.

AHaJii3 ocTaHHIX JocaifxkeHb Ta myOaikaniii. Ha ocHOBI mpoBeieHOT0 aHalli3y OCHOBHMX
METO/IMK IPOBEICHHSI BUIPOOYBaHb HA BOTHECTIMKICTh MOKHA CTBEPKYBAaTH, 110 BUKOPUCTAHHS
CTAaHJAPTHOTO TEMIIEPATYPHOTO PEXUMY J1a€ HaWOUIBII TOYHI PE3YJNbTaTH Yy JOCIIHKEHHI
BOTHECTIMKOCTI KOHCTPYKI[1l, OJTHAK Taki BUIPOOOBYBaHHS OOMEXEH1 po3MipaMHU KOHCTPYKIIIH Ta

BEJIMYMHAMHU 30BHIIIHIX HaBaHTaXC€Hb, IO )IiIOTB Ha HUX. TOMy HC MOXIIUMBO IPOBOAUTHU



BUNPOOyBaHHS Oy/IBEIbHUX KOHCTPYKLIM BEIUMKHUX PO3MIpIB B YMOBax [ii Ha HHUX BEJIHUKHX
HABaHTAXCHb.

Binomi Ha CcbOrojHI METOJIUKHA PO3PAaXyHKY BOTHECTIMKOCTI OYIIBENbHMX KOHCTPYKIIIH
MOXKHA MOAUTUTH Ha TPU TPYNH - TaOJIMYHI METOJH, CHPOILEHI METOIM PO3PAXyHKY Ta YTOUHEHI
METO/IU PO3PaXyHKY

I1i MmeToau pexoMeHAyeTbcst 3acTocoByBaTH 3rifHO 3 EN 1992-1-2:2004 Eurocode 2 [2].

Bubip mertomy po3paxyHKy KOHCTPYKIlI NMpUHMAaeThcs 3rigHO 3 Tabia. 1 Ha OCHOBI aHamizy ii
peanbHO1 poOOTH Yy CKJIa/al BCIE€T KOHCTPYKTUBHOI CHCTEMH.
B 3aranpHOMYy BUIAAKYy I pO3pPaxyHKy MeX1 BOTHECTIMKOCTI OETOHHHUX Ta
32113006 TOHHUX KOHCTPYKI[ii HEOOX1IHO:

- IPOBECTHU TENJIOTEXHIUHUI pO3paxyHOK TeMIIepaTyp NpOrpiBy nepepi3iB OETOHHUX Ta
32113006 TOHHUX KOHCTPYKIIIM NMPU CTaHIAPTHOMY TEMIIEPATYPHOMY PEXUMI;

- BUKOHAaTH pO3PaxyHOK 3a HECY4YOK 3JaTHICTIO OCTOHHUX Ta 3a1i300€TOHHHX
KOHCTPYKLI1H IpU CTaHIapTHOMY TEMIIEPATYPHOMY PEXUMI.

MoMEHT Yacy BINIMBY IOXEXK1 7, IPH SKOMY HeECyda CIPOMOXKHICTb KOHCTPYKII

JNOPIBHIOBAaTUME BEJIMYHMHI J1I0YOr0 HOPMATHUBHOTO HABaHTaXXEHHS Oyle (aKTUYHOIO MEXEI0
BOTHECTINKOCT1 KOHCTPYKIIi 3@ BTpaTOIO ii HECy40oi cHpoMOKHOCTI R.

Meta poOoTH moJsTaE y BH3HAYEHHI MIHIMQJIBHOT MEX1 BOTHECTIMKOCTI MOHOJIITHHUX
3a11300€TOHHUX PUTENIIB PO3PAaXyHKOBMM METOJOM 3 BpaxyBaHHSIM 3MIHM MEXaHIYHUX
XapaKTepUCTUK OETOHY 1 apMaTypH IPU HarpiBaHHI.

Pe3yabTaTn gocaigxeHb. 3 METOI0 BU3HAUEHHS MEXI BOTHECTIMKOCTI 3a1i300€TOHHHUX
KOHCTPYKIIM, Kl HpPalol0Th Ha 3TMH B pO3paxyHKAaX Ha BHU3HAYEHHS IX HECydoi 3/1aTHOCTI
BHKOPHUCTAEMO TPETIO CTaAil0 HampyXeHO-AePOpMOBaHOTO CTaHy 3aiizobetony. lle cramis
pylinyBaHHs. [Ipu nojanpimomy 30UTbLIEHH] HABAHTAKEHHS HANPYXKEHHS B apMaTypl JOCSATalOTh
¢131yHOT @00 YMOBHOI IpaHMIll TEKY4OCTl, @ B OETOHI — THMYacOBOI'O ONOPY OCHOBOMY CTHUCKY.
KpuBoniHiliHICTh €MIOPH HANPYXEHb B CTUCHYTIM 30H1 O€TOHY Ma€ YiTKO BUPAKEHUHN XapakTep.

[Ipu po3paxyHKax Ha MIIHICTb 32 HOPMaJbHUMH I€pepizaMu, sIK OCHOBY mpuiimMarors 11
CTaJlil0 HaMpyXeHO-1e(OPMOBAHOTO CTaHYy Ta BBOASTH TaKl MpUIyLieHHs [3]:

* HaIpyXeHHs B OETOHI1 CTUCHYTOI 30HU JOPIBHIOIOTH PO3PaXyHKOBOMY omnopy (o, = R, );

* KPUBOJIHIMHY €Niopy HamnpyKeHb B OETOH1 CTUCHYTOT 30HH 3aMIHIOIOTh Ha MPSMOKYTHY

(puc. 1);

B PO3TATHYTIM 30H1 OeTOH He npairoe (o, = 0), a mpanroe TUIbKU apMaTypa.
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Puc. 1. Pospaxynkoea mooensb HanpysceHo-0eghopmosano2o cmauy

3ani300eMoHy npu 32UHi

Hecyua 3parHicTh purens  BHU3HAYaeTbCsl 3 YMOBHU pIBHOBarM 3O0BHIMIHIX Ta

BHYTPIIIHIX CHJIOBHUX (hakTOPiB 3a hopmynoro:

M :st,i'Vst,i'Zi'As,i (1)
ne: Rg, —3ycuiuid B i-TOMY apMaTypHOMY CTEP3KHI; Z, — BIJICTaHb BiJl i-TOT'O apPMaTypHOIO CTEPKHS
JI0 LEHTPa Baru €MIOPY HAalpYXKeHb B CTUCHYTIH 30HI; ¥, — KOE(DILIEHT yMOB poOOTH apMaTypu

M7 Yac MOXKEeXI.
Po3paxynku OyneMo BHUKOHYBATH Ul HallOUIbII HEOE3NMEHYHOro mepepidy purens 3axigHoi
TpuOyHH cTaiony ApeHa JIbBIB.

Purens noexxuHoto /() m BUTOTOBIEHHWM 13 Baxkkoro 0etony B25, Ha rpanitHOMy 1ie6eHi

Ke
I'YCTHHOK P = 2350?, npusMoBa MinHicte 6eroHy: R, =14,5 MIla, Bonoricte w=1,0%, 3

TaKMUMH TEIJIOTEXHIYHUMU XapaKTePUCTUKAMU:
- TEIUIONPOBIIHICTE: A =1,2 — 0,00035 - 450 =1,0425 Bm/m - K
- TemoeMHICTB: C = 0,71+ 0,00083 - 450 =1,0835 /o /ke - K
- Koe(iLieHT TeMIepaTyponpoOBIIHOCTI:

362 ~ 3,6 -1,0425
(C+0,05w)-p (10835 +0,05-1,0)- 2350

=0,00141 ;

ared
Apmatypa 4322 AS00C , 4932 AS00C, 2016 AS00C Ta 4012 AS00C 3 po3paxyHKOBOIO
MilmicTio Ha  postar:  R°¥? =450 MIla, Tta twomamu nepepisie 477 =1520 cu’;

AP? =3217 en® | A7 =4,02em?: AP =452 cm?



Po3paxyHkoBuil 3ruHaJIbHUN MOMEHT B IPOJIbOTI purens CTaHOBUTH - M =438 kH - m,
a HOpMaTHBHUI 3ruHATBHUN MOMeHT: M " = M - 0,85 =438-0,85=372,3 xHwm .

Po3paxyHkoBa cxema nepepizy pureis Uil BUSHAYEHHS TEMIIEpaTypu MpPOTpIBY apMarypu

MoKa3zaHa Ha puc.2.
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Puc. 2. Pospaxynkoea cxema nepepizy 015 6U3HAUEHHS meMnepamypu npozpisy apmamypu

PospaxoByemo Temmeparypy mporpiBy Ta KOe]illleHTH yMOB poOOTH MpH HArpiBaHHI s

II’SITH TOYOK (pHC. 2) Ha TPbOX MOBEPXHSX, K1 00IrpiBatoThed [S], Ta BU3Ha4a€EMO KOe(illiEeHTH YMOB

po6otu [5]
£=1220-1200 1= (-5, + (1=, ¥ [ - 0= )] )
xi +§0] ’ ared 135
e 1, = ——————— Xj— KOOpANHATa apMaTypH, TeMIIepaTypH B sKiii BU3HaA4aeMO (IHB. puc. 2).
0,2a,,,7
. Yac MosKesKi 32 CTAHAAPTHUM TEMIEPATYPHUM PERUMOM ¢ = 30 X6 :

- 0eTOH y CTUCHYTIH 30H1 Mae T, = 20°C, y,, =1;
- apMarypa Ha MOBEpXHi cTepxkHiB Mae Ty, =244°C, y =1, T, =244°C, v, =1;

Tss = 426°C, Va3 =0975; Ts, = 244°C, Yaa =15 Tss= 20°C, Yas =1 $;

L4 yac moKexi 3a CTAHAAPTHHUM TEMIICPATYPHUM PEKUMOM ¢ = 60 x6 -

— ©OeroH y cTHCHYTIH 30H1 Mae T, =20°C, 7, =1;
— apmarypa Ha ToBepxHi crepxHis Mae Ty, =450°C, y,,, =0,95; T, =450°C, y,,, =095;
Te,=725"C, y,,=0125; T;,=450°C, y,,=095; T35=20°C, y, s=1;

o Yyac MoxesKi 3a CTAaHAAPTHUM TeMIepaTypPHUM peskumMoM ¢ =90 xg;

— ©OerToH y cTHCHYTIH 30H1 Mae T, =20°C, 7, =1;



— apmarypa Ha IOBEPXHI CTEPKHIB MaE Ty, =562°Csy,, =057 Ts,=562°C, y,, =057

st,1

T, =859°C,y,, =005 Ty, =562°C,y,,=0575 Tg5=20°C,y,s=1.

st,3
BpaxoByroun oTpumaHi 3HadeHHs Koe(imieHTiB yMOB poOOTH apMarypu, 3a
dbopmynamu (1) Ta (2) BU3HaA4a€MO HECy4y 37aTHICTh PHUTENS ISl TBOX BUMAJKIB MPUHHATHUX

MPUIYIIEHb, PE3yJbTaTH 3BOAUMO B Ta0I.1.

Yac narpiBanns t=0 xs6 t=30 xs6 t =60 xs t=90 xe

Hecyua 3natHicTh

635,3 632,7 520 330,5
purens xH - m.

Buznauaemo ¢gakTtuyHy MEKy BOTHECTIMKOCTI pUTENIS B TIEPEPi3i a-a MmocepeanHi MpoaboTy
METO/IOM IHTEPHOJIALIH.
Hecyua cnpomoxnicte purens npu 7 =90 xB craHoBuTh — 338,48 kHwm, npu 7 =060

nopisHo€ 519,98 kHm, a npu HaBaHTaxkeHH1 M ,, =372,8 kHwm:

7 =60+

519,98 -372,3 (90 3 60) — 83,3 x6,
519,98 -330,48
BOHA CTaHOBUTH 83,3 XB, TOOTO MeXa BOTHECTIMKOCTI 3aJ11300€TOHHOIO pUTeNis 3a BTPATOI HECYUOi
cpoMoxHOCTI R60, a mexa nmommupenHs BorHo MO 1 3rigHo tadn. 4 JIBH B.1.1-7-2002 purens
Mae | cTymiHb BOTHECTIHKOCTI.
BucHoBok

1. HeoOxinHa Mmexa BorHectiiikocti R60 st boro nepepizy 3a6e3neuyeTbest.

2. Ha 60-if xB cTaHgapTHOI MOXEX1 TeMmIeparypa Ha IOBEPXHI JBOX CHUMETPUYHO
PO3MIILIEHUX POOOUNX apMaTypHUX CTEPXKHIB (T. 2) MEPEBUIIYE IPAHUYHO JAOMYCTUMY TEMIIEpaTypy
500°C.
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OIIPEJEJIEHUE IPEJEJA OTHECTOMKOCTHA MOHOJIMTHBIX
JKEJIE3OBETOHHBIX PUTEJIE PACYUETHBIM METOJIOM

Paccmotpeno ompeneneHne MHHUMAJIBHOTO Tpejeina OTHECTOMKOCTH MOHOJHUTHBIX
KENe300€TOHHBIX pUTENe pPAacCUYeTHBIM METOJAOM C YyYe€TOM M3MCHEHHUS MEXaHWUYECKHX
XapaKTEePUCTUK OETOHA M apMaTyphbl NMpU HarpeBaHuu. [IpemyioxeHo Ui ompeaeeHus: HeCylen
CIIOCOOHOCTM  MOHOJUTHBIX  JKEJIE300€TOHHBIX PHUTEIIEH HCIO0JIb30BaTh TPETHIO  CTAIHUIO
HaNpsLKEHHO-1€(OPMUPOBAHHOIO cocTOosiHMA. Ha KOHKpeTHOM mpuMepe purens 3amnajaHoil
TpuOyHBI cTamuoHa ApeHbl JIbBOB ObUIO OMNpEeIeHO M3MEHEHHME €r0 HEeCyIIed CIoCOOHOCTH B
3aBUCHUMOCTHU OT BpECMCHU HAarpCBaHus 1 MHUHUMAJIbHEIN npeaci OTHECTONKOCTH.

Knrouegwle cnosa: npenen orHECTOMKOCTH, PUTEITh, )KEJIE300€TOH, HECYIasi CHIOCOOHOCTb.

Yu.V. Hutsulyak., V.V. Artemenko, S.Y. Vovk

FIRE RESISTANCE OF MONOLITHIC REINFORCED CONCRETE BEAM
DEFINITION BY CALCULATION METHOD

The article deals with the definition of minimum fire resistance of monolithic reinforced
concrete beams calculated by taking into account the change of mechanical characteristics of
concrete and rebar when heated. Proposed to determine the bearing capacity of monolithic
reinforced concrete beams using third stage of the stress - strain state. In a specific example
crossbar western stands of the stadium Lviv - Arena were identified change its bearing capacity
depending on the heating time and the minimum limit of fire resistance.

Key words: fire resistance, beam, zhelezobeton, nesuschaya abilities.



