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JOCJIIIKEHHS BOTHECTIMKOCTI 3AJIIBOBETOHHOI PEBPUCTOI IVIUTH

YV pobomi npeocmasnenuii aneopumm npoeeoeHHs YMOUYHEHO20 PO3PAXYHKY 3
gocHecmitikocmi 3ani300emoHHOI pebpucmoi naumu 3mM00e1b08aHOI 3a MUNOM KOHCMPYKYIL
IIP  63-15. Ompumani pezyromamu  po3nooiny memnepamypu y 3MO0eib08AHOL
3anizobemonnoi peopucmoi naumu na npomsasi 60 x6. Buxopucmogyrouu memoo CKiHYeHHUX
e/leMenmie Npo8edeHi MenioOMexXaHiuHi poO3paxyHKU 3 OYIHKU 802HECMIUIKOCMI 3a1i300emOHHOL
pedpucmoi naumu npu 50%, 70% ma 100% pieni nasanmasicenus 6i0 MaKCUMAlbHO20. 3a
pe3yibmamam.  npo8edeHUx O0CHIOHNCEHb OYIHIOBAHHA B02HECMIUKOCMI 3ani300eMOHHOL
pebpucmoi’ naumu - GU3HAYEHI 3AKOHOMIDHICMb, WO BCMAHOBIIOE  3ANEHCHICMb  MIdC
NOKA3HUKAMU B02HECMIUKOCMI MA PIBHeM NPUKIAOEHO020 MEXAHIYHO20 HABAHMANCEHHSL.

Knrowuoei cnoea: ckinuenno-enemMeHmua MoOelb, MamemMamuyne MOOeN08aHHs,
CMAHOAPMHUL MeMNEPAMYPHULL PEHCUM NOHACEIHCI, MeAHCA 802HECIUKOCHIL.

Bukopucranus BUpOOHHMYHMX Ta CKJIAJCBKUX OYIiBENIb Ta CHOPYJ Mepeadadac BEIUKi
IJIOIII MPUMIIMIEHb 0€3 OMOPHHMX KOHCTPYKIIIH, IO 3MYIIye OYyIiBEIbHHKIB MPOCKTYBATH
MEPEeKPUTTSE a00 TOKPHUTTS i3 BEIMKUMHU TposiboTaMu. OJHUM 3 TUIIB KOHCTPYKIIH, IO
J03BOJISIE TICPEKPUTH BEIIMKI MPOTOHHM € 3ai300eToHHi pebpucti tmtu [1]. 3aBasku
KOHCTPYKTOPCBKUM OCOOJIMBOCTSIM, IO TIIBUIIYIOTh )KOPCTKICTh Ta HECYUY 3AaTHICTh JaHUX
KOHCTPYKI[I, a came BIAIITyBaHHS IOB3JOBXKHIX Ta MOMEPEYHHX pedep, 3a1i300€TOHHI
peOpHCTI IJIMTH CIPOMOXKHI MEPEKPUTH BEIHKI MPOJHOTH HE MEPEXOJS4d JI0 T'PAHUYHUX
ctaniB [-o1 ta II-rpym.

[ToniOHI KOHCTPYKIIi MpU3HAUEHI A COPUNUHATTSA MOCTIHHOTO HABaHTAXKEHHS Bij
BJIACHOT Baru, oOJa{HaHHS, a TAKOX JJIS TIEPIOIMYHOTO HABAaHTAXXCHHS Bijl OTIAJIIB.

Ilocmanosxka npoéaemu. OCHOBHUMHU TPUHIUIIAMH CY4acHOTO OyHiBHHIITBA €
rapaHTyBaHHA O€3MeKH JIOASM, IO IJIaHYIOTh BUKOPHCTOBYBAaTH OydiBEeNbHI CHOPYIU Ta
OyniBni Ha mpoTs3i HeoOXimHOro TtepmiHy [2]. Ilpu ToMy HeoOXimHO 3abe3neuyBaTtu i
KoM(opT, nependadyou sK MOXKHa HalpalioHaJdbHI (piHAHCOBI BUTpPATH Ha peaji3alliio
BIIMOBIAHUX OYAIBENIbHUX MPOEKTiB. OHUM 3 BUPIIATHHUX HAMPSIMKIB, III0JI0 TAPAHTYBaHHS
Oe3MeKu JIOASAM IIiJ Yac BUHUKHEHHS IMOKEXKI € 3MEHIIEHHS pPHU3UKY 3arpo3 IMiJ uac
MPOBEJICHHS €BaKyallii 10 HACTaHHS KPUTHYHUX MOKAa3HUKIB HEOE3MEYHNX YMHHHKIB MOKEXKI.
JlJis MOCSATHEHHS JTAHOTO acTeKTy HeOOXIIHO TapaHTyBaTH poOOTY OCOOIMBO BiAMOBITAIbHUX
KOHCTPYKI[ii IEBHHUI Yac MPHU TEIUIOBOMY BILIMBY MOKEXKi 3 MIHIMATILHUMU PU3HKAMHU, 11010
3arpo3u JKUTTIO Ta 3JI0POB’I0 JIOAWHH. Peainizallisi JaHOTO acleKTy MependadyacTbecsi B TOMY
YHCIl NMPH MPOBEJICHHI OI[IHKM BOTHECTIMKOCTI OyniBEeIbHMX KOHCTPYKUiH. IcHye nekinbka
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METOJIB 1010 MPOBEACHHS OLIHKKA BOTHECTIHKOCTI KOHCTPYKTHBHHX €JIEMEHTIB OyIiBENb.
[TpuHIMIYM TaHUX METOJIIB MOJSATA0Th Y BU3HAYCHHI Yacy BijJ TOYATKY TEIIOBOTO BILTUBY 3a
CTaHJIAPTHUM TEMIICPATYPHUM PEKHMOM ITOXKEXKI 10 HACTAHHS OJHOTO 3 TPAHUYHHX CTaHIB 3
BOTHECTIMKOCTI. MOXKIMBOCTI HAaTYpHUX Ta EKCIIEPUMEHTAIBHUX BUIIPOOYBaHb OOMEXKEHI
BJIAIITYBAaHHSIM HEOOXITHUX KOHQIrypamiii medeid aisi MPOBEACHHS IMOAIOHUX IOCITIHKEHb
[3,4]. IIpu oMy BapTIiCTh Ta TPYAOMICTKICTh JAHUX POOIT B HOPIBHSHHI 3 PO3PaXyHKOBUMHU
METOJIAMHA CYTTEBO TIEPECBUINYIOTHCS Ta MAlOTh HETATUBHUN BIUIMB HAa HABKOJIHIITHE
CepeIoBUIIIE.

OTxe BUKOHAHHS JOCTIUKEHb WIOJO0 IIPOBEICHHS OIHIOBAaHHS BOTHECTIHKOCTI
3ai300€TOHHUX PEOPUCTHX IUIMT 3a JOTMOMOTOI0 KOMITFOTEPHOTO MOJICIIOBAHHS €
aKTyaJIbHUM.

Ananiz ocmannix oocazuenv i nyonixayin. Po3paxyHKOBHUIM METOJ 3a JOTIOMOTOIO
KOMIT IOTEPHOTO MOJIEJIIOBAHHS, HAJJa€ MOKJIMBICTh BIATBOPUTU YMOBHU POOOTH OYAIBENIbHOI
KOHCTPYKITII TIPH TOXKEXK1 y TOBHOMY 00cs31 [5, 6]. JlaHuit BapiaHT npoBeAeHHS JOCITIIKEHb
nepeadadae 3acTOCYBaHHS PI3HUX T€OMETPHUYHHUX ITapaMeTpiB KOHCTPYKIIHA, TpPUKIaJaHHS
OyIb-sIKOTO PIBHS HAaBAHTAXEHHS, BUKOPUCTOBYIOUM PI3HOMAHITHI TEOpii MIIHOCTI PI3HUX
MarepiaiiB, IO CYTTEBO PO3KPUBAE MOMJIMBOCTI OOYHCIIOBAIBHUX EKCIIEPUMEHTIB.
BinnoBigHO 0O0’€KTHBHICTH pE3yNbTaTiB, I0J0 BU3HAYEHHS BOTHECTIHKOCTI OyIBETBHUX
KOHCTPYKIlid, OTpPUMaHUX 3a JIOTIOMOTOI0 MaTeMaTHYHOTO MOJICIIOBAHHS  CKJIAJHO
MIEPEOLIIHUTH.

BuzHaueHHs BOTHECTIMKOCTI1 3a1i300€TOHHUX PEOPUCTUX TUTHT MIEPEKPUTTIB OyaiBENb Ta
CIIOPY/ MPOBOJUTHCS 3a JOTIOMOTOI0 pO3paxyHKoBOro meronay [7 — 9], me mpencrasieHi 3
METOJIU: TAOJUYHUHN, CIPOIIICHUH Ta YTOUHCHHH.

3a TaONMMYHMM METOJIOM TIIepeBipKa BIAMOBIMHOCTI KJIacy BOTHECTIMKOCTI JaHUX
KOHCTPYKI[I BUKOHYETHCS JIMIIIE 32 IIHPUHOIO pedpa, TOBIIUHU CaMOi TUTUTH Ta MiHIMaIbHUX
BijicTaHel 70 Bici apmatypu [9]. BiamoBigHO pe3ynbTaTh OTpHMaHi 3a JaHUM METOJOM HeE
BPaxOBYIOTh BHCOTY TE€pepi3y OCHOBHHX KOMIIOHEHTIB IIi€i IIWTH, KiIacy OETOHY Ta
apMaTtypu, a TaKoX OJMH 3 OCHOBHHUX KpUTEpiiB, SKUH JyKe€ CYTTEBO BIUIMBAE Ha
BOTHECTIHKicTh — 1e piBeHb HaBaHTaxeHHs [10]. Ilpu npomy icHye OOMEXKEHICTh
3aCTOCYBaHHS JIaHOTO METOJy 32 T€OMETPUYHUMU IapaMeTpaMu JTaHUX KOHCTPYKIIIH, a came,
JUIS TIepeBIPKU MOKa3HUKA BOTHECTIMKOCTI 3a TAOJIMYHUM METOJIOM HIMPUHA MO30BKHBOTO
pebpa Ta TOBIIMHA TMOJMII TUIMTH TOBMHHI Oyru He MeHme HDK 80 wmMm. Omxke
CIIOCTEPIraeThCs Aeska 0OOMEKEHICTh 3aCTOCYBaHHSI IaHOTO METO1y MPHU LIbOMY B IMOKa3HUKAX
3aKjIa/IeHl BeJMKI Koe(dillieHTH 3amacy, 10 HE HaJa€ MOXKJIMBICTH OTPUMATH HaWOUIbII
JIOCTOBIpHI JJaHH1 32 TAOJTUYHUM METOJIOM.

BuxopuctanHs 30HHOTO METOJy NEpPeBIPKM MOKA3HUKIB BOTHECTIHKOCTI peOpHCTHX
3ali300€TOHHUX TUIMT B3araji He MepeadadacThCsl MOXIMBHM, Yy 3B’A3KYy 13 pI3HUM
XapaKTepoM TeIIoBoro BIUMBY mokexi [9]. Omke mo3moBxkHI peOpa OTPUMYIOTH BILIHB
MOKEeX1 3 JBOX OOKIB TomepeuyHi pedpa, IO 3HAXOMATHCS MO KpasxX 3 JBOX OOKIB Ta B
CepelrHl 3 TPhOX TPbOX OOKIB, a MOJUII IUIMTH 3 OJHOTO 00Ky (puc. 2). Takum yuHOM,
BIJIMOBiIHA CXe€Ma TEIJIOBOTO BIUIMBY BiJl MOKEXi JI0 3a1i300€TOHHUX PEOPUCTHUX TIIUTaX HE
Jla€ MOYKJIMBICTh BU3HAYUTH SIKUM YHHOM OyJIe PO3MOIUIATUCH TeMIIepaTypa 1Mo JaHOMY THITY
KOHCTPYKI[I{, 110 YHEMO>JIMBIIIOE 3aCTOCYBAaHHS 30HHOTO METOJY OI[IHKM BOTHECTIMKOCTI
3aJ11300€TOHHUX peOpUCTUX MIHT [9].

YTouHeHU MeTOJ Mae CYTTEBY IepeBary Haja TaOIMYHUM Ta 30HHUM METOJaMU Y
3B’SI3KY 13 MOXJIMBICTIO 3aCTOCYBaHHS JO 3a/1I300€TOHHUX IUIUT 3 PI3HUMHU T€OMETPHUUYHUMU
napaMeTpamMi, THUIAMH HaBaHTa)XEHb, MarTepialliB Ta TPaHUYHHX YMOB, OJIHAK €
HAWCKJIQJHIIINM 32 3aCTOCYBaHHSIM Ta MOTpeOye BHUKOPUCTAHHS MOTY)XKHHX MPOTPaMHUX

KOMHJ’ICKCiB NpuaaTHUX IO0 pOSB,HSaHHSI HeHiHiﬁHI/IX TCHHOTCXHi‘-IHI/IX Ta MCXaHiLIHI/IX 3a1a4
[11, 12].
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Taxkum YMHOM, IPOBEACHHS EKCIIEPUMEHTATBHUX 0OYUCITIOBAIBHUX JOCIIIKEHb 1010
OILIIHKM BOTHECTIMKOCTI 3113006 TOHHUX PEOPUCTUX TUIUT, 3a JIOTIOMOTOI0 METOTy CKIHUEHHHUX
€JIEMEHTIB € aKTyaJIbHUM.

Ilocmanoseka 3aeédanna. Meta IOCHDKEHHS TMIOJIATa€ y BHUBYCHHI MOBEAIHKU
3aii300eToHHOi pebpucroi Tt Ty 1P 63-15 mpu moxexki 3a yMOBaMU MEXaHIYHOTO
HaBaHTaxeHHs Ha 50%, 70% Ta 100% Bix po3paxXyHKOBOTO PIiBHS HABAHTAXKEHHS 32 HECYYOIO
3IATHICTIO KOHCTPYKITi.

J1Jist BUpIIIEHHST METH JIOCITI/DKCHHSI TIOCTaBJICHHI HACTYITHI 3a1a4i:

- BIITBOPUTH T€OMETPHUYHY MOJENb 3ali300eTOHHOI pedpucTtoi muutu tumy [1P
63-15 y BiAMOBIIHOCTI 10 peaTbHUX PO3MIPIB 13 BpaxyBaHHSIM BiJIIOBIIHOTO apMyBaHHS IS
MOJAJIBIIOTO il BUKOPUCTAHHS y IPOBEIEHH1 00UHMCITIOBAIbHUX €KCIIEPUMEHTIB;

- CTBOPUTH OOYMCIIOBAIBHY MOJENb Ui PO3B’SI3aHHS  TEIJIOTEXHIYHOT
HENIHIMHOI 3a7a4l po3NOJUTy TEMIIEpaTypu MO JOCHIIKYBaHIA KOHCTPYKIi 3a JOIOMOTIOI0
CKIHYEHHO-EJIEMEHTHOI CITKH 3 BUKOPUCTAHHSM IeKcaeIpalbHUX CKIHYEHHUX €JIEMEHTIB;

- CTBOPUTU MaTeMaTU4YH1 MOJIENI, 1010 BUPIIIEHHS CYMICHOT TEMJIOMEXaHIYHO1
3a1a4l JUIsl TPOBEIEHHS JOCHIDKEHb HAIpPYKEHO-1e(OopMOBAHOTO CTaHy 3aji300€TOHHOI
peOpUCTOi MIIUTH TPU BIUIMBI TOXEXK1 13 BUKOPUCTAHHSM HETIHIMHOT MOJENI TMOBEIIHKY
oerony Jlpykepa — [Iparepa;

- 3a pe3yJbTaTaMU MPOBEJACHUX OOYHMCIIOBATHHIX EKCIIEPUMEHTIB 1010 OIIHIOBAHHS
BOTHECTIMKOCTI 3MO/IEJIbOBAHOT 3a/11300€TOHHOT peOpHUCTOT IIUTH 32 YMOBAaMHU HaBaHTaKEHHS
Ha 50%, 70% Ta 100% Bim po3paxyHKOBOTO DPIBHS HABAHTAXKEHHS 32 HECYUOIO 3/IaTHICTIO,
moOyaAyBaTH JiarpaMu MPOTUHY KOHCTPYKIIIT;

- BCTAHOBUTH 3aJIEKHICTE MDK IIOKa3HHKAMHA BOTHECTIMKOCTI 3MOJEIBOBAHOI
3a11300€TOHHOT PEOPUCTOT IIUTH Ta PIBHEM MPHUKIAJACHOTO MEXaHIYHOTO HAaBAaHTAKEHHS Ta
o0y yBaTH BIIIOBIIHY Aiarpamy.

Buknao ocnoeénozo mamepiany 00Cni0MHCeHHA 3 NOGHUM  OOIPYHMYBAHHAM
ompumanux pesyavmamie. 3 METOI BHUBYEHHS HENIHIMHOT MOBEMIHKH 3a711300€TOHHOI
peOpUCTOl TUIMTH TIPH MEXaHIYHOMY HaBaHTa)XEHHI Ta 32 YMOBaMHU TEIJIOBOTO BIUIMBY Bij
CTaHJIaPTHOTO TEMIIEPaTypPHOTO PEKUMY MOKEXK1 3MOJIeNIbOBaHA 1ICHTUYHA KOHCTPYKIis, 110
MOBHICTIO BIAMNOBIZA€ KOHCTPYKTMBHUM Ta TI'€OMETPUYHHUM IapaMerpaM 3ajli300eTOHHOI
pebpucroi tuTH cepiitHoro Ttumy [IP 63-15. T'eomerpuyHa Mozenab JOCHIIKYBaHOT
KOHCTPYKIII IpeicTaBiIeHa Ha puc. 1.

6 28 0

Pucynox 1. I'eomeTpruHa MoJiesib JOCTIDKYBAHOI 3a1i300€TOHHOT peOpHUCTOT MITUTH
3a pe3ynpTaTaMu IMIIOPTOBAHOI MeOMETPIi JOCTIIKYBaHOT KOHCTPYKIii moO0yaoBaHa

CKIHUEHHO-€JIEMEHTHAa MOJIeNIb 13 3aCTOCYBaHHAM CKIHYEHHUX €JIeMEHTIB y dopmi
rekcaiinepis (puc. 2).
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Pucynok 2. CkiH4eHHO-€JI€MEHTHa MOJIeNIb Ta CXEMHU BOTHEBOI'O BIUIMBY IOXKEXKI Ha
OCHOBHI KOHCTPYKTHBHI KOMIIOHEHTH 3aJ11300€TOHHOT peOPUCTOI IUIUTH: & — HOB3J0BXKHBOTO
pebpa, 6 — nmonepeyHux pedep, 6 — MOTHIIST

3aranpHa KUIBKICTH CKIHYEHHHX elleMeHTIB cxiamae moHax 13000 oauHUIE.

3acrocoByBaiuch Matepianu 0etony kiaacy C 30/35 ta craneBoi apmatypu A400.

[Ipu mpoBeneHH1 OOYMCTIOBAIBPHUX EKCIEPUMEHTIB, IIOJO0 BIUIMBY CTaHIAPTHOTO
TEMIIEPATYPHOTO PEXHUMY IMOXKEXK1 MPUNHHATI TEITOQI3UYHI XapaKTEPUCTUKH MO0 Marepiaiax
JOCIIKYBAHOT KOHCTPYKIIiT OETOHY Ta CTaJieBOi apMarypa y BiamoBigHoCTi 10 Bumor [9].

Jlnst po3B’si3aHHS BUKOPUCTOBYBaJIach Teopii MimHOCTI Oetony J[lpykepa-Ilparepa
KpuTepii sikoi HaBeeH1 y Tabnui 1.

Ta6muus 1. Kputepii Teopii mirtHocTi 6eTony Jpykepa-IIparepa

No | Temmeparypa, | OmgHoocboBa MiliHICTh | OMHOOCKOBA MIIHICTH | J[BOBiCHA MIITHICTH
0, °C Ha CTHUCK, 6.1, MIIa Ha po3Tsr, 6s1, MIIa | Ha cTuCK, 6.2, MIIa

1 0 30 3 45

2 100 30 3 45

3 500 18 1,8 27

4 600 13,5 1,35 20,25

5 800 45 0,45 7,25

6 900 2,4 0,24 3,6

3a pe3ynbTaraMy TEIJIOTEXHIYHOTO PO3PaxXyHKY,

moao BIUIMBY CTaHAApPTHOI'O

TEMIIEPATYPHOTO PEXUMY MOKEXKI OTPUMAaH1 pe3yibTaTd, L0 NPEICTABICHO Ha puC. 3.
TepMiH TemI0BOro BIUIMBY MOXKeX1 NPUIHATHI 1 roauHa.

944,33 Max
906,99
869,66
832,32
794,99
757,65
72031
682,98
645,64
60831
570,97
533,63
496,3

458,96
16
384,29
346,95
309,62
272,28
23494
197,61
16027
122,94
85,509
48,263 Min

[  meEaEEEEr NN |

Pucynoxk 3. Po3noain TemmnepaTypu y 3MOIeIbOBaHiii 3a1i300€TOHHINA peOPUCTHIA TUINTI
IIPU MOXKEX1 TepMiHOM 60 XB
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OOuuncIIOBaNbHI ©KCIIEPUMEHTH IIOJO0 OI[IHKM BOTHECTIMKOCTI 3alli300€TOHHOT
pebpuctoi MmIUTH TMpoBeACHI 3a ymoBamH HaBaHTaxkeHHs Ha 50% 70% ta 100% Bix
PO3pPaxyHKOBOTO pPIiBHS HABaHTA)XXCHHS 32 HECYYOIO 3[aTHICTIO KOHCTPYKIIi, IO CKJIAJaE:
2550 ITa, 3570 I1a, Ta 5100 I1a BigmoBigHO

BpaxoByroun CKIQJHICTh TPOBEACHHS HENHIMHUX MEXaHIYHHX pPO3paxyHKIB IpH
BIUIMBI CTaHIAPTHOTO TEMIIEPATYPHOTO PEXUMY TOXKEXKi, HABaHTAKEHHS MPUKIAJATIOCH
MMOKPOKOBE 3a 15 KpokiB Ha MpOTsI3i 5 XBWIKMH 70 HACTAHHS TEIIJIOBOTO BIUIMBY BiJl IIOMKEXKI.

[lopiBHSHHS TOTOYHMX 3HA4YE€Hb TMEpPEMIleHb 1 IIBHIKOCTEH 3 TPAHUYHO
JOIMyCTUMHUMH, [0 BU3HAYAIOTHCS 32 (hOpMyIaMu BH3HAUSHHs rpaHndHuX nedopmanii (1) Ta
rpaHMYHE 3HAYCHHS IIBUIKOCTI HapocTaHHs nedopmarii (2) [13]:

f = 12/(400h) (1)
dt = 12/(9000h), )

ne | — moBKuHa MPOTLOTY IIUTH, MM,
h — BucoTa mepepi3y mo3A0BKHBOTO pedpa IIHUTH, MM

3a CTPYKTYpPHOIO CXEMOIO, OONMHMpaHHS KOHCTPYKIIii BUKOHYETHCS Ha IOB3J0BXKHIX
pebpax npotspkHicTIO 300 MM 3 ycix OokiB. OTxe, KpUTUYHUI NPOTUH NpUHHATHNA 268,853
MM (1), a rpaHWYHEe 3HAYEHHS MIBUIKOCTI HapoctaHHs aedopmarii 11,949 mm (2). 3a
pe3ynbTaTaMu MPOBEACHUX PO3PAXYHKIB, MO0 OI[IHIOBAHHS BOTHECTIMKOCTI 3aJ11300€TOHHO1
pebpucToi mIuTH moOyaoBaHa Jiarpama, 1o HaBeJeHa Ha puc. 4.

3HauyeHHsA NPOruHiB 3aNi306eTOHHOIT pebpucToi NANTK 3a
Pi3HUMMU PiBHAMM HABAHTAXKEHHA, MM

0,00E+00 -

q

-5,00E+01 9§

-1,00E+02

-1,50E+02 == 2,55 Kla

-2,00E+02 == 3,57 Kla

MporuHn, mm

-2,50E+02 5,1kMa

-3,00E+02

-3,50E+02
Yac, ¢

Pucynok 4. Ilporunu 3ami300€TOHHOI peOpUCTOT TUIUTH MPH MOXKEXKI 32 PIBHAMU
HaBanTaxkeHHs 2,55 klla, 3,57 klla, 5,1 klla

OTtpumaHi pe3ynbTaTH BKa3ylOTh, 1II0 HACTAHHS I'PAaHUYHOT'O CTaHY BOTHECTIMKOCTI 3a
BTPATOI0 HECY4Oi 3JaTHOCTI 3al1i300€TOHHOT pedpucToi MiauTH, 1m0 HaBaHTaxkeHa 5,1 klla
crnioctepiraetbes Ha 43,9 xB (puc. 4), Ipu4oMy IIBUAKICTE HApOCTaHHS AedopMariii Takox
3aikcoBaHO B TOM e yac Ha 2634,4 ¢ ta ckinano 18,41 mm/xB. Ha puc. 5 mpencrasineHi
NPOTMHU JIOCHIDKYBaHOI 3ali300€TOHHOI IUIMTH 3a PI3HUMHM pIBHAMH MPUKIIAJICHOTO
HaBaHTAXCHHSL.
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26,963 Max
I 3,004

1014
16401

-187,88
2,75
-235,62

E3

= -28337

-307,24

REIRN

-354,98

-37885

-402,72 Min
i

28,936 Max
4,6864
-19,563
-43,813
-65,063
-92,313
-116,56
-140,81
-165,06
-189,31
B 71356
L 23781
-262,06
-286,31
-310,56
-334,81
-350,06
-383,31
-407,56 Min

| EEEE

22,755 Max
5,5035
11,748
-28999
-46,251
-63,502
-80,753
-98,005
1 -115,26
132,51
L 14976
167,01
184,26
-201,51
21876
-236,02
253,27

-27052
287,77 Min

8

Pucynok 5. Ilporunu 3ani300eTOHHIN peOPUCTHI TUTMTH IIPH MOXKEXKI] 33 PIBHIMHU
HaBaHTaxeHH: (a - 2,55 kIla; 6 - 3,57kIla; B - 5,1 xl1a)

HactaHnHsi KpUTUYHOTO MPOTHHY Y JOCIIIPKYBAaHOI KOHCTPYKILii, 10 HABaHTa)kKeHA Ha
50% Ta 70 % cnocrepiraeTbess Ha S1xB Ta 57 xB BimmosigHO. IIIBUAKICT, HapOCTaHHS
nedopmarntii 'y JaHMX BapiaHTaX HABAaHTaXXCHHS KOHCTPYKIii JI0 BKa3aHOTO 4Yacy He
criocTepiratotbcsi. Po3paxyHKHM OIIIHKM BOTHECTIHKOCTI TMPOBOJMIIMCH 32 HACTaHHSIM
TPaHUYHOTO CTaHy 33 BTPATOIO HECY4Oi 3AaTHOCTI, 0€3 BpaXyBaHb YTBOPEHHSI TPILIKH.

MakcuMaibHl HalpyKeHHs, L0 YTBOPIOIOThCS IMiA 4ac Aedopmaiiii 3a pi3HUMH
PIBHSAMHM HaBaHTaKEHHsS CIOCTEPIraloThCs y BEpXHIM YacTHHI MO3J0BXKHIX pedep Ta
nepesuitytorb 30 Mlla (puc. 6), m0 € KpUTHYHMM A1 OETOHY, TaK SK y MOJEIIOBaHHI
3actocoBaHuii 6eToH kiacy C30/35.

3a pesynbraTaMd OOYHCIIOBAIBHHUX EKCIIEPHUMEHTIB MO0 TMPOBEACHHI OI[IHKU
BOTHECTIHKOCTI 3ali300€TOHHOI TUIMTH BCTAHOBJIEHA, 3aKOHOMIPHICTH, IO BCTAHOBIIIOE
3aNIeKHICTh MDK TOKa3HUKAMH BOTHECTIMKOCTI Ta pIBHEM MPUKIAICHOTO MEXaHIYHOTO
HaBaHTaxeHHs (puc. 7).
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30,336 Max
28,742
27,149
25,555
23,961
22,367
20,773
19,18

17,586
15,992
14,398

30,583 Max
29,055
27,526
25,998
24,47
22,942
21414
19,886
18358
16,820
15,301
13,773
12,245
10,717
9,1888
7,6607
! 61326
4,6044

3,0763
1,5482
0.02005 Min

8

Pucynok 6. ITokazHUKHM PO3MOMLTY HAMpPYKEHb IO 3aTi300€TOHHIA PEOPUCTHI TUIUTI
MIPH TIOKEXK1 3a pIBHSIMU HaBaHTaKeHHs (a — 2,55 klla; 6 — 3,57kI1a; B — 5,1 kIla)

3anexHicTb mexi BorHecTinKocTi (c)
3ani306eToHHOT pebpucToi NAnTH Big, piBHA
< HaBaHTaXKEHHA
‘5 4000
/
$ 3000 T —
T
‘= 2000
0
T 1000
o 0 T T 1
2]
; 1 0,7 0,5
g PiBeHb HaBaHTa}XeHHA Bif, MaKCMMaNbHOIO
3HAYeHHA

Pucynok 7 — 3anexHicTh MDK NMOKa3HHMKaMHM BOTHECTIHKOCTI Ta piBHEM MEXaHIYHOTO
HaBaHTAKEHHs 3aJ11300€TOHHIM peOpucTuil mautu

Buxonsuu 3 oTpuMaHHUX JaHUX, MOKEMO 3pOOUTH HACTYITHI BUCHOBKH.

Bucnosku. BUKOPUCTOBYIOUHM METO]I CKIHUEHHUX €JIEeMEHTIB MPH 3aCTOCYBaHHI TeOpil
mirtHocTi pykepa-IIparepa Oyino npoBeaeHHs TOCTIKEHHST BOTHECTIHKOCTI 3a11300€TOHHOT
pebpuctoi muth. 3a pe3yapTaTaMu 1aHo1 poOOTH OyI0 OTPUMAHO:

223



«Haozeuuaiini cumyayii: nonepedxcenns ma nixgioayisy, Tom 7T Ne 2 (2023)

1. 3 MeTroro OTpuMaHHS HaWOUIBII JOCTOBIPHHMX pE3YNIbTATiB NpPU NPOBEACHHI
OOYMCITIOBAILHUX EKCIIEPUMEHTaX 3MOJEeNbOBaHA T€OMETPHUYHA MOJIENb 3ali300€TOHHOT
pebpucroi ity Ty [IP 63 — 15 y BiAMOBIAHOCTI 10 peaabHUX PO3MIPIB i3 BpaxyBaHHIM
BIJIOBITHOTO apMYBaHHS.

2. Jlns BU3HAUEHHS pO3MOJUTY TeMIepaTypd Yy MAOCHIIKYBaHOI 3aii300eTOHHOI
peOpPUCTOi IUTUTH B yMOBAxX IMOKEXi CTBOPEHI CKIHUEHHO-CIIEMEHTHI MOJIENI 32 JIONIOMOTO0
CKIHUEHHHX €JIEMEHTIB TeKcaeapaibHOi (OpMH, IIO BiATBOPIOIOTH TEIUIOMACOOOMIH TMpH
MPOBEACHHI BOTHEBUX BUIPOOYBaHb y CHEIiaIbHUAX IeYax.

3. IloOynoBaHi MaTeMaTH4HI MOJEII 32 JOMOMOTOK METOJy CKIHUCHHHMX €JIEMEHTIB
JUTsL BUPIIIEHHSI CYMICHOT TEIUIOMEXaHI4HO1 3a/1a4i MPH MPOBEICHHI JOCII/KEHb HAMPYKEHO -
ne(pOpMOBAaHOTO CTaHy 3al1300€TOHHOI peOpPUCTOI IUJIMTH MNpPU  BIUIMBI MOXKEX1 13
BUKOPHUCTAHHSIM HENIHIMHOT Moieni moBeiHKYy O6eTony Jpykepa — [Iparepa.

4. 3a pe3ynbpTaTramMy MPOBEICHUX OOYNCITIOBAIbHUX €KCTIEPUMEHTIB 11010 OI[IHFOBAHHS
BOTHECTIMKOCTI  3aJli300€TOHHOT peOpucToi MIUTH MNOoOynoBaHI JlarpaMud  MPOTUHY
JOCTIKYBaHOT KOHCTPYKIIII, 32 PI3HUMH PIBHSAMH HaBaHTaXEHHs Bi MakcumaibHoro 50%,
70% ta 100% Ta BU3HaYeHa MeXa X BOTHECTIHKOCTI: 57 XxB, 51 xB Ta 43,9 XB BiAMOBIAHO.

5. 3a pe3ynpTaTaMu MPOBEACHUX JOCIIKEHb OIIHKH BOTHECTIMKOCTI 3a11300€TOHHOT
pedpUCTOi IITMTH BU3HAYCHI 3aKOHOMIPHICTD, 110 BCTAHOBIIIOE 3aJI€)KHICTh MDK TTOKa3HUKAMH
BOTHECTIMKOCTI Ta pIBHEM MPUKIIAJEHOTO0 MEXaHIYHOTO HABAaHTAXKEHHSI.
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STUDY OF THE FIRE RESISTANCE OF A REINFORCED CONCRETE SLAB

The work presents an algorithm for carrying out a refined method of calculating the
fire resistance of a reinforced concrete ribbed slab modeled according to the design type PR
63-15 when using the finite element method. The parameters of the Drucker—Prager theory of
concrete strength were used in the calculations. The finite-element model consisted of more
than 13,000 finite elements of hexahedral shape.

To solve the thermal problem, the thermophysical characteristics of concrete and steel
reinforcement were used, which correspond to the temperature dependences recommended by the
second part of Eurocode 2. To reproduce the heat exchange during the influence of the standard
temperature regime of the fire, an unsteady two-dimensional quasi-linear equation of thermal
conductivity is used, assuming that the stress-strain state does not affect the temperature
distribution. Boundary conditions of the IlIrd kind are given, which is also recommended for the
second part of Eurocode 2. The results of the temperature distribution in the simulated reinforced
concrete ribbed slab during 60 min are obtained. The temperature indicators were used in solving
the compatible thermomechanical problem of evaluating the fire resistance of the studied
reinforced concrete ribbed slab at 50%, 70% and 100% load level from the maximum. The fire
resistance of the board was evaluated according to the limit state of the loss of load-bearing
capacity (R) without taking into account the formation of cracks or through defects. The
maximum stresses in the concrete of the studied structure, which are formed during deformations
at different load levels, are observed in the upper part of the longitudinal ribs and exceed 30
MPa, which is critical for concrete with such compressive strength.

Based on the results of the research, a regularity was determined that establishes the
relationship between fire resistance indicators and the level of applied mechanical load.

Keywords: finite-element model, mathematical modeling, standard fire temperature
regime, fire resistance limit.
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