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JOCJIIKEHHS BILIMBY CKIHUEHHO-EJJEMEHTHOI CITKH HA PO3IOJLT
TEMIIEPATYPH ITO PEBPUCTIH IIUTI ITPH MOJEJTIOBAHHI ITOXKEXI

Y cmammi O0ocniosceno eniue muny CKiH4eHHO-eleMeHMHOI CIMKU HA PO3no0il memnepamypu 8
3an1i300eMOHHUX PeOPUCUX NAUMAX NOKPUMMS N0 4ac MOOEN08aAHHs noxcexci. /[ eupiuienHs
MenjiomexHiyHoi 3a0a4i BUKOPUCMAHO Mpu munu cimok: asémomamuuny, MultiZone ma Body
Sizing. Awnaniz pesynomamie nokasas, wjo memoo Body Sizing zabe3neuye naubinbut Gizuuno
00CMOBIpHULL pO3N00il memnepamypu y OemoHi ma apmamypi, MAKCUMAIbHO HAOIUNCEHUL 00
CMAHOAPMHO20 MEMNEPAMYPHO20 PEHCUMY NONCEINHC, YHUKAIOUU HeDI3UYHUX 8I0 EMHUX 3HAYEHD
memnepamypu 6 apmamypi. 3’acoeano, wo onmumizayisi CKiHYeHHO-eleMeHmMHOI Mooeli €
KPUMUYHOIO 01 NIOBUWEHHS MOYHOCMI MOOEN08AHHs, OCKIIbKU memMnepamypa 6niueac Ha
MexauiuHi enacmueocmi mamepianie, a omoace, 1 HA B02HeCMIUKICMb KOHcmpyKyit. Ompumani
pe3yibmamu  CHpusiioms 800CKOHANIEHHIO MeMOOUK OYIHIOBAHHS DIGHS NONCENCHOI Oe3nexku Ha
00 ’ekmax, wo € 8axciusum OJisi 2apanmy8anHs be3neunoi ekcniyamayii 6yoigens.

Knrwouoei cnosa. mennomexuiuna 3a0aua, MOOENOBAHHSA NONCEMHCI, 3ani300emoHHa pebpucma
nauma, CKiH4eHHa-eiemMenma cimkd, 602HeCmilKicma.

BupoOuuui Ta ckianaceki OyiBii MOTPeOYIOTh BIAKPUTHH TPOCTIp JUIsl BIAIITYBaHHS
oOyaHaHHs, MPUJIAAIB, TOIIO a TAaKOX Y 3B’SI3Ky 13 HEOOXIIHICTIO peasli3oBYBAaTH TEXHOJIOTTUHI
nporecu B cepeauni Oyaism [1]. Ile npusBoauTh 10 MOTpeOU BialITyBaHHS OyIiBEb i3 BEIUKUM
MPOCTOpPOM Y cepenuHi. [y peamizalii Takoro Tuiy 00’ €MHO-TUIAHYBaJIbHOTO PIllIEHHS HEOOX1IH1
MOJICTIICH] TUTUTH TIOKPUTTS 3 BETMKHUMH IPOJIBOTOM, [0 MOYKJIBO BUKOHATH 3aBJISIKU PEOPUCTHM
3a1i300eToHHUM TutiTaM mokputTsa [1]. Taki KOHCTPYKIlii 3aBASKM CBOIM  OCOOJIHMBOCTAM
KoH(iryparii 3a HasIBHOCTI IONEPEYHUX Ta TMOB3JOBXKHIX pedep, SK pa3 MIAXOAATH IS
BJIAILITYBAHHS MIOKPUTTS B IPOMUCIIOBUX OYIBIISX.

OpHie 3 OCHOBHHUX 3a/ay IiJl 4ac IMPOEKTYBaHHS Oy/iBeNlb Ta CHOpPYA € 3a0e3Me4YeHHS
NOXeXKHOI Oe3rmeku [2]. YMoBU 3a0e3reucHHsT MOXKEKHOI OC3MEKH Ui TUIMT MOKPUTTS € iXHS
BOTHECTIHKICTh. ['apaHTOBaHMN KJIac BOTHECTIMKOCTI Oynab-sikoi OYIiBENbHOI KOHCTPYKIIT €
3armopyka 0e3rneyHoi eBaKyallii JIoJei MiJ 9ac TMOXKEKi, a TaKoX CHPUSHHS CTBOPCHHS YMOB JUIs
e(EeKTUBHOI'O TaCIHHS MMOKEX aBapIiHO-PATYBAIBHUMHU MIPO3/IIaMH.

ToMy mpoBeneHHS AOCTIHKEHb, TOB’A3aHUX 13 PO3MOAUIOM TeMIepaTypu y peOpUCTHX
IUTUTaX MOKPUTTS, € aKTyaJdbHUM, OCKUIbKH PO3B’sI3aHHS TEIJIOTEXHIYHOT 3a7adi € MepeyMOBOIO
BHU3HAYEHHS JOCTOBIPHUX 3HAUY€Hb BOTHECTIMKOCT TAKMX KOHCTPYKIIIH.

Ananiz nimepamypuHux OaHuUX ma NOCMAHOGKA npodaemu. [0 TIUT TOKPUTTA
OCHOBHMMH TPAaHUYHMMU CTaHaAMH 3 BOTHECTIMKOCTI  3a SIKUMH TPOBOJUTHCS OILIHIOBAHHSA
BOTHECTIMKOCTI € HecyJa 37aTHICTh Ta HuTicHicTh Tabn. 1 [3]. BimmorimHo no [4] nepenbauaerbes
OI[IHIOBaHHS BOTHECTIHKOCTI 3a JIOTIOMOTOI0 MPOBEJECHHS BOTHEBUX BHUIIPOOYBAaHb Y CIEIIATbHHUX
BOTHEBHX Ieyax abo mpoBeneHHs po3paxyHKy. Ilimx dac mpoBeneHHS BOTHEBUX BUIPOOYBaHBb
(dparMeHTy KOHCTpyKIii ab0 B MOBHOMY ii po3Mipy BiACTIIKYBaTH BTpaTy HeCy4doil 3/JaTHOCTI
nependavaeThCsl MOKIIMBUM 32 paXyHOK BU3HAYEHHSI HACTAHHS KPUTUYHOTO MPOTHHY KOHCTPYKIIii



B 3aJEKHOCTI Bl TPOJBOTY Ta BUCOTH mepepidy KoHCTpykuii [5, 6]. Opnak nposecTH
ieHTH(DIKAI[iF0 YTBOPEHHS TPIIIMH BIAMOBITHUX KPUTHYHHX Po3MipiB [5, 6], ckpi3b siKi MOXKIUBE
MOIIUPEHHST HeOEe3MeYHNX YUHHUKIB TOXKEXKI CYTTEBO YCKIATHIOETHCS, OCKUIBKM HEOOIirpiBHA
MOBEPXHS IUIUTH MOKPUBAETHCS BAaHTAXKaMH JUI BIITBOPEHHS YMOB MEXaHIYHOTO HABaHTAKECHHS
[7]. Takum umHOM, 3adhiKCyBaTH O3HAKM HACTAHHS FPAHMYHOTO CTaHy BTPATH IUTICHOCTI B MICLISX
Jie BCTAaHOBJICHE HABAHTAXXCHHS CTa€ HEMOXUJIMBUM. Y poOoTi [8] mpoBeneHo aHami3 TemioBoi il
BOTHIO Ha 3ai300€TOHHI IUIUTH Ha OCHOBI iXHBOTO HArpiBaHHS 3a CTAHAAPTHHUM ITOKEKHHUM
TEMIIEPATYPHUM PEKUMOM B MAJIOTa0apUTHIN YCTAHOBIII JJIsl TOCI{KEHHS TEIIOBOI Jii BOTHIO Ha
OymiBeNbHI KOHCTPYKIIil. be3yMOBHO, 3acTOCOBaHA METOMKA y [8] CYTTEBO CHpOIIY€E MPOBEICHHS
eKCIIEpUMEHTAIBHAX JOCHTI[DKeHb Ha BIAMIHY BiIl TNpOBEeNEHHS MacmTaOHUX BOTHEBHUX
BUIIPOOOBYBaHb y Ta0apUTHHX YCTAHOBKAaX, ajie INJ Yac IMPOBEJCHHS TaKUX JOCIIIKEHb HE
BpPaxOBY€TbCA TPOIECH TOB’SI3aHI 3 YTBOPEHHSAM TPIIIMH Yy OETOHI, IO HE Ja€ MOMJIUBICTH
11eHTU(IKYBaTH HACTaHHA TPAHUYHOTO CTaHy BTpPAaTH MUIICHOCTI IMiJ 4Yac OI[IHIOBaHHS Ha
BOTHECTINKICTb.

Y pobGoti [9] mnpoBOAMIHMCH JOCTDKEHHS pPO3MOAUTY TEMIeparypu 1o pedpHcTiit
3aJ1i300€TOHHIA TUIMTH T 9ac MOJENIOBAaHHS IMOKexi B mporpamHomy komruiekci ANSYS WB.
Opnax y uii po6oti Oyno Bukopuctano 1 200 000 oiMHUIE CKIHYCHHUX €JIEMEHTIB ISl CTBOPEHHS
MaTeMaTHYHOI MOJEN, MO (OpMye HAIMIPHO BEIHUKY PO3pPaXyHKOBY OOJACTh 3 TOYKH 30Dy
MPOIYyKTUBHOCTI. Lle, cBO€I0 4eproro, CTBOPIOE YMOBH, K1 MPU3BOJATH A0 MpobieM 13 30DKHICTIO
IIpU pO3B's3aHHI CTaTUYHOI 3a7a4dl. KpiM TOro, BUKOpUCTaHHS HABITh TaKOi KUIbKOCTI CKIHUYEHHUX
€JIEMEHTIB 13 TeTpaifaibHOIO (OPMOIO HE TapaHTye JTOCTOBIPHOCTI PE3yJbTaTiB, SIKI OMHCYIOTh
¢b13UYHy MOBEIHKY KOHCTPYKIIIl B YMOBaX MOXKEXKI.

VY 3B’A3Ky 3 LIMM, JOCTIKEHHS BIUIMBY MapaMeTpiB CKIHYEHHO-EJIEMEHTHOI CITKH Ha
pe3ynbTaTH MAaTEeMaTHYHOTO MOJICIIOBAHHS PO3MOJIUTY TEMIEPATypH B 3alli300€TOHHIN peOpUCTii
IJTUTI B YMOBAax TIIOXEXI € aKTyaJbHOK HAayKOBO-TEXHIYHOIO 3ajJauero, IO Ma€ 3HAYHUIN
MPaKTUYHUN 1HTEpEC.

Ilocmanoska 3aedanna.Mera pPoOOOTH TNOJATa€ y BU3HAYEHHI 3@JIEKHOCTI BIUIUBY
CKIHUEHHO-EJIEMEHTHOT CITKM Ha PO3MOAUT TeMIlepaTypu MO 3ali300€TOHHIA PeOPUCTUH  TUIHTI
MOKPUTTS TIiJ] Yac PO3B’sA3aHHS TEIJIOTEXHIYHOT 3a/1a4i.

Jlst nocsarHeHHs MeTH ¢c(popMOBaH1 HACTYITHI 3aa4i:

1. B obunciroBansHoMy Moy Transient Thermal mporpamuoro kommiekcy ANSYS WB
pPO3B’s3aTH TEIUIOTEXHIUHY 3aJady pO3IMOJUTY TeMmIepaTypu 1o (parMeHTy 3ami300eTOHHII
peOpucTii mIUTI B YMOBAaxX BIUIMBY CTaHJAPTHOIO TEMIIEPATYpHOTO PEXHUMY HOKEXI,
BUKOPUCTOBYIOYHM 3 TUIIM CKIHYEHHO-EJIEMEHTHOI MOJIeJl KOHCTPYKIIIi, 30Kpema:

- 1-i Tun: aBTOMaTHYHA 33 3aMOBYEHHSM HAJAIUTYBaHb 13 BUKOPUCTAHHAM TeTpailalbHUX
CKIHYEHHHUX €JIEMEHTIB;

- 2-ii Ttum: 3a jgomomoroi meroxy MultiZone i3 BHKOpHCTaHHSM TETpailalbHUX Ta
reKcae/palbHUX CKIHYEHHUX €JIEMEHTIB;

- 3-ii tum: 3a gomomororo Meroxy Body Syzing i3 BuUKOpHCTaHHSM TreKcaeApaTbHHUX
CKIHYEHHUX €JIEMEHTIB.

2. llpoananizyBaTH MOKAa3HUKU PO3MOJALTY TeMIleparypu mo (parMeHTy 3aii300eTOHHIN
peOpucTuil miauTi, 3a pe3yabTaTaMu HPOBEIEHHX PO3PAaXyHKIB 13 BUKOPHCTAHHSIM TpPbOX THIIIB
CKIHUEHHO-€JIEMEHTHHUX CITOK, Ta BU3HAUUTH HAWOUIbII ONTHUMAJbHY 3 HHUX, U IOJAJIBLIOTO
BUKOPHUCTAHHS MiJ] 4ac BUPILIEHHS CTATHYHO1 3a/1a41.

Buknao ocnoénozo mamepiany 00cniodHceHHs 3 NOGHUM OOIPYHMYEAHHAM OMPUMAHUX
pesynomamie. OnHUM 13 KIIOYOBUX HANpPSMKIB Yy MaTeMaTHYHOMY MOJETIOBaHHI OyIb-SKHUX
IpoIieciB € crpolieHHs Moeni. Lle 3abe3neuye nmigBUIIEHHS MPOYKTUBHOCTI OOUUCIIEHb 1 3HUXKYE
HMOBIPHICTh BUHUKHEHHsI MpOOJeM 13 HE30DKHICTIO po3B'sa3yBada. OTKe 3 METOI 3MEHIICHHS
PO3paxyHKOBOi 00JIACTI MiJ] Yac MPOBEAEHHS PO3paxyHKIB y F€OMETPUYHOMY MOJYINi MOOYA0BaHO
¢dparmeHT Y4 3a5i300€TOHHOT peOPUCTOT IUIMTH Y TPUBUMIPHOMY MPOCTOPI, 3MEHIIEHY YABIUl Y
MOB3/IOBKHBOMY Ta IIOTIEPEYHOMY HampsiMkax (puc. 1). B ToBHOMY po3Mipi KOHCTpYKIIis
npexacrasiena y [9].
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Pucynok 1. 3anizobeTorHa pedpucTa mmTa I pO3B’I3aHHS TEIUIOTEXHIYHOT 3a/1a9i.

Ha puc. 2 BijmoOpaxeHi oOpaHi TpH THIH CKIHYCHHO-CIIEMEHTHUX MOJIENI 3aJ1i300€TOHHO1
peOpuCTOi TUIMTH, MO0 BHUKOPHCTAHO ITiJ] 4Yac BHPIMICHHS TEIIOTEXHIYHOI 3amadi. CKiHYeHHO-
€JIEeMEHTHA MOJEIh JOCIIKYBAHO IUTUTH, 1110 HaBEJCHA Ha pUC. 2-a, 3reHepOBaHa aBTOMATHYHO i3
BUKOPHCTAaHHSM TETPAiNaIbHUX CKIHUYCHHHX eneMeHTiB. Ha puc. 2-6 300paxxeHa CKiHYEHHO-
eIEMEHTHAa MOJIeNIb, M0 3reHepOBaHa 3a JOMOMOrorw Metoxy MultiZone i3 BuKOpUCTaHHSM
TeTpaijaIbHUX Ta TeKcaelpalbHUX CKIHUEHHUX ejeMeHTiB. Ha puc. 2-6 HaBeneHa CKIHUYEHHO-
€JIeMEHTHA MOJeJb, L0 3reHepoBaHa 3a JOMOMOT0I0 METOAY 13 BUKOPHUCTAaHHSM reKcaeApalbHUX
CKIHYEHHUX €JIEMEHTIB.




Pucynok 2. 3reHepoBaHi CKIHYEHHO-EJIEMEHTHI MOJIeITi 3113006 TOHHOT peOpUCTOT IITUTH: a —
aBTOMaTH4Ha, 6 — 3a jgornomoroio meroay MultiZone, 6 — 3a qomomororo metoay Body Sizing.

3arajibHa KUIBKICTh €JI€MEHTIB Ta BY3JIB 3 KOXKHOI'O THIy CKIHUEHHOI CITKM HaBelEHI B
Tabm. 1.

Tabmuus 1 — CraTucTUYHI MOKA3HUKHU CKIHUEHHO-EJIEMEHTHUX CITOK

Ne |  Tun 3renepoBanoi | ['eomerpuuna Kinpkicts KinbkicTs By37iB
3/m CKIHUEHHO- ¢dopma CKIHUEHHHX (ox.)
€JIEMEHTHOT CITKM | CKIHUEHHOTO eneMeHTIB (0]1.)

€JIEMEHTY
1 | ABromaTnuHa TerpainanpHa 3374 7073
2 | Merox MultiZone TerpainaibHa 3426 18766

Ta

reKce/IpalibHa

3 | Meron Body Sizing | I'ekcenpanbHa 3390 17610

AHaNi3yl04M OTPUMaHI CKIHYEHHO-EJIEMEHTHI MOJIeNli MOXHa NOOauyuTH, 110 MEepeTUHAHHS

BY3JIIB CITOK 31 CTQJI€BUMHU CTPUKHAMHU apMaTypu CHOCTEPIraloThCs JIMIIE Yy 3TreHepOBaHOi MOeNi



npu BUKOpHCcTaHHI Merony Body Sizing, mo nepenbauae otpumaHHs OUTbII TOYHHX PE3YIIbTATIB,
Ha BiZIMiHY BiJl CTBOPCHHUX CITOK aBTOMaTHYHO Ta 3a J0NoMoror meroxy MultiZone.

Jlnst po3B’si3aHHS TEIUIOTEXHIYHOI 3a7adi pO3MOAUTy TEeMIEepaTypH IO 3ai300eTOHHII
MOPOYKHUCTIN TJIMTH MiJ 4Yac BIUIMBY CTaHJAPTHOTO TEMIEPATYPHOTO PEKUMY IOKEXKi CTBOPEHO
MOJIeli MaTepialliB OETOHY Ta apMaTypH i3 TETIOPI3UIHIUMH XapaKTePUCTHKAMHU, 0 3MIHIOIOTHCS
MiJ Yac 3MIHU Temreparypu 3a pekomenaamisimu [10, 11].

[lpuknaganHs TpaHWMYHUX YMOB TEIUIOOOMIHY JOCHIDKYBaHOT pPEOpUCTOi IUMTH 3
MPUMIIIEHHSM, 1€ BIITBOPIOETHCS CTAaHIAPTHUHN TEMIIEpAaTypHHUI PEKUM MOXKEX1, HaBEICHI Ha PUC.

3.

[] convection: 945,34 °C, 25, W/m*°C

[[] convection 2: 20, °c, 9, wym*=C

Pucynox 3. IlpuknanaHHs I'paHUYHMX YMOB TEIUIOOOMIHY JIOCHLIKYBAaHOI 3a1i300€TOHHOL
MOPOYKHUCTOT IUIMTH MiJ YaC HPUKIAJAHHS CTaHAAPTHOTO TEMIIEPATYPHOTO PEXUMY HMOXKEXi: a —
KOHBEKLIMHUNA TEemIooOMiH OOIrpiBHOI MOBEPXHI IUIMTH; 6 — KOHBEKUIMHMHA TEIIooOMiH Yy
HeoOIrpiBHINM MOBEPXHI IUIUTH; ¢ — pajiallifHUi TemI000MiH 00IrpiBHOT HOBEPXHI IIUTH.

HominanbHuN TEMJIOBMHA BIUIMB CTAaHJAPTHOIO TEMIIEPATYPHOTO PEKUMY  MOXKEXKI
NPUKIIAJICHO 10 HWKHBOT MOBEPXHI JOCIIKYBaHOT KOHCTPYKILIi 32 pekoMeHnamnismu [ 5, 6]:

© =345lg (8t+1)+20 (1)
ne t — yac, 10 BiIpaxoBYEThCSA Bijl MOYATKY BUIIPOOYBaHHS, XB;
© — temnepatypa, sika Binnosinae yacy ¢, °C.

TepMmiH mpuKIaZaHHS TEMIIEPATypHOTO PEXKUMY MOXKeXi ckianae 60 XB, OCKUIBKH s
TaKUX TUIIB KOHCTPYKIIi HaliBUIIMI Ki1ac BorHecTiiikocTi ckiagae RE 60.

[TokazHUKK  PO3MOJUTY TeMIlepaTypu MO pPeOpPHUCTi 3ami300eTOHHIA IUIMTH B yMOBax
BIUIMBY CTaHJAPTHOIO TEMIEPAaTYpHOTO PEXHMY MOXKEeXI MpoTsAroM 60 XB i3 BHUKOPHCTAHHIM
PI3HUX CKIHUYEHO-EJIeMEHTHHUX CITOK HaBeJleH1 Ha puc. 4.
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Pucynok 4. Po3noxin temmeparypu mo OETOHY 3aii300€TOHHIA peOpPUCTOT TJIMTH i 4ac
BIUIMBY CTaHIAPTHOTO TEMIEPATYPHOTO PEXHUMY TMOXKEXi MmpoTsroM 60 XB i3 BHUKOPHCTAHHIM
PI3HUX CKIHYEHHO-EJICMEHTHHUX CITOK: ¢ — aBTOMAaTu4Ha, 6 — 3a J0rmoMoroio meroay MultiZone, 6 —
3a gomoMororo meroay Body Sizing.

6

AHai3yroun OTpUMaHi pe3yJabTaTh, HaBeICHI Ha PUC. 4, CIOCTEPIracThCs TCHACHITISA
3MEHIIICHHS MaKCUMAJIBHOI TeEMITepaTypu OETOHY Ha OOIrpiBHINM MOBEPXHI IUTUTH B 3QJIKHOCTI Bif
00paHOro MeToy MOOYA0BH CKIHUEHHO-EJIEMEHTHOI CiTkM: aBToMatuunuii — 967,96 °C, MultiZone
— 956,15 °C ta Body Sizing — 944,26 °C, 110 M0>kHa I00aYUTH 3 TPAIi€HTIB TEMIICPATYP.

Ha puc. 5 BimoOpaxxeHul pO3MOJUT TEMIIEpaTypy MO apMaTypi 3a1i300eTOHHOI peOpucToi
TUTATH.
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Pucynok 4. Po3noain temnepatypu o apMarypi 3aii300€TOHHINA peOpucToi IUIMTH MiJ Yac
BIUIUBY CTAHJAPTHOTO TEMIIEPATYpHOTO PEXHUMY MOXKEXK1 MpoTaroM 60 XB 13 BUKOPUCTaHHSAM
PI3HUX CKIHYEHHO-EJIEMEHTHHUX CITOK: ¢ — aBTOMAaTH4Ha, 6 — 3a J0moMoroio metoay MultiZone, 6 —
3a jjornomoroto Metoay Body Sizing.

AHani3yloud OTpUMaHI pe3yiabTaTH, IO HABEIEHO Ha PHUC. 5, CIOCTEPIracThCs TaKa XK
TEHJICHIIIs] 3MEHIIEeHHS] MaKCUMAJIbHO1 TEMIIEpaTypu apMaTypu sk 1y OeToHy (puc. 4) B 3aJI€KHOCTI
Bl 00paHOTO0 METOIy MOOYIOBH CKIHYEHHO-CJIIEMEHTHOI CITKH: aBToMatuuHuii — 936,52 °C,
MultiZone — 897,44 °C Ta Body Sizing — 887,49 °C, mio MoxHa MmoOA4YuTH 3 TPATIEHTIB
TEeMITepaTyp.

Biamosinao mo (1) makcumanpHa TemIiepaTypa BIUIMBY CTaHIAPTHOTO TEMIIEPaTypHOTO
pexuMy BiamoBigae Temmneparypi 945,34°C, mo BimoOpaxeHO TP MPHUKIAJIaHHI TPAHUYHUX YMOB
Ha puc. 3-a,6. TakuM YMHOM MaKcHMallbHa TemIepaTypa y OeToHI He NMOBHUHHA MEpPEBUIIYBAaTH
BKa3aHE 3HAYCHHS, OJIHAK BIAMOBIIHO /10 OTPUMAHUX Pe3yJbTaTiB, 10 BiqoOpaxeHo Ha puc. 4-a, 6
CIIOCTEPIra€ThCSl TEMIIEpaTypa OUIbINA 32 TEMIIEPATypy MOXKEXi, Mpu aBToMaTuIHOMY — 967,96 °C,
ta MultiZone - 956,15 °C BigmoBigno. Ile Bkasye Ha Hedi3WYHHN PO3MOILI TEMIEPATypu Y
JOCIIIJKYBaHIA  3a1i300€TOHHIA peOpUCTH ITUIMTI TpH BUKOPUCTAaHHI TakuX citok. Ilpu
3actocyBanHi Metony Body Sizing misi cTBOpeHHS CKIHUEHHO-EJIEMEHTHOI CITKH TeMIleparypa B
OetoHi ckinamgae 944,26 °C, mo myxe HaOJMMKEHO JI0 TEMIEPATypPH CTaHJIAPTHOTO TEMIIEPAaTYpPHOTO
PEXKUMY TIOKEXKI Ta € JOTTYHUM. AHAII3YIOUM PO3MOAUT MIHIMAJILHOT TEMIIEpaTypu apMaTypu (puc.
5), cmocrepiraerbcsi TEHAEHIIS 3MEHIICHHS TEeMIIepaTypyd HIDKYE MOYaTKOBOI. 30Kpema, IMpu
BUKOPUCTaHHI aBTOMATUYHOIO METOJYy IMOOYJOBH CKIHYEHHO-EJIEMEHTHOI CITKM MaKCHMallbHa
Bi’eMHa TeMriiepatypa ckianae —26,493 °C, 3a metromom MultiZone —1,5186 °C. Bognouac, npu
3acrocyBanHi MeTony Body Sizing Taka TeHIEHI[IS HE CIOCTEPIraeThes, U0 MIATBEPKYE (IZUIHUI
XapakTep po3MouTy TeMIEpaTypy B apMaTypi B yMOBaxX BIUIUBY MOKEXK1 32 IUM METOOM.
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Puc. 5. Po3nozin MiHIManbHOT TeMIlepaTypy B apMarypi 3aii300€TOHHOT peOpUCTOi MIUTH 13
BUKOPUCTAHHSIM DPI3HUX CKIHUEHHO-EJIEMEHTHHX CITOK: g — aBTOMaTu4yHa, 0 — 3a JOMNOMOTIOI0
meToy MultiZone, ¢ — 3a moomororo metoay Body Sizing.

BuznauenHs po3noiny TeMneparypu o 0eToHy Ta apMaTypy BIUTMBAIOTh HA IOCTOBIPHICTH
pe3ynbpTaTiB  MiJg dYac PO3B’SI3aHHS CTATUYHOI 3a/adi, OCKUIbKM 3MCHIICHHS MEXaHIIHHUX
BJIACTHBOCTEH LMX MaTepialiB B 3aJ€KHOCTI Bi TeMIepaTypd BIUIMBAIOTh HA MOKAa3HUKH
BOTHECTIMKOCTI Oy1b-K01 OyAiBEIbHOT KOHCTPYKIIii.

TakuMm 4YWHOM, MOCITIDKEHHS BIUIMBY PI3HUX CKIHYCHHO-CJIIEMEHTHHX CITOK Ha PO3MOJLT
TeMIEpaTypH B 3a1i300€TOHHINA PEOPUCTIN TIUTI B yMOBaX MOXKEX1 MOKA3aJI0 BAKIUBICTE BHOOPY
ONTUMAIBHOT METOAWKHA TOOYAOBH CKIHYCHHO-EJIEeMENHTHOI Mojeni. [IOpIBHSAHHS TphOX THIIIB
citok (aBromatuyHoi, MultiZone Tta Body Sizing) BusBWIO CyTT€BI BIAMIHHOCTI B TOYHOCTI
pe3ynbTaTIB TEMJIOTEXHIYHOTO MOICITIOBAHHS.

Bucnoeku. Pe3ynbTatu NOCHIDKEHHS MIITBEPAMUIIU, IO METOJ CTBOPEHHS CKIHYEHHO-
enemeHTHO1 Mojeli Body Sizing € HallonTUMaIBHIIIMM IS 33724 TEIUIOTEXHIYHOTO MOJICITFOBAHHS
3113006 TOHHUX PEOPHUCTHX TIJIUT, OCKUTBKHU 3a0€31euy€e BUCOKY TOUHICTb.

1. 3a pesynpTaTamu po3B’s3aHOI TEIUIOTEXHIYHOI 3a7ayi PO3IMOJALLY TeMIlepaTypu IO
(dbparMeHTy 3aJ11300€TOHHOT peOpUCTOT MIIMTU B yMOBaX BIUIMBY CTaHJAPTHOTO TEMIIEPaTypHOTO
pPEXKUMY TOKEXKI BCTAHOBJICHO: MaKCUMajlbHa TeMIepaTrypa y OCTOHI Ta apMarypi ckiagae 967,96
°C Tta 936,52 °C 3a aBromMatnuHuUM MetoqoM, 956,15 °C Ta 897,44 °C 3a merogom MultiZone, a
takox 944,26 °C ta 887,49 °C 3a metonom Body Sizing BinnmoBiaHo.

2. Merox Body Sizing 13 BHUKOPUCTaHHSM TeKCACAPUYHUX CKIHYCHHUX €JIEMEHTIB
3abe3neyye HaWOUIbII (HI3UYHO AOCTOBIPHUN PO3MOAUT TeMieparypu B OeroHi (944,26 °C), mo
BIJIMIOBIIa€ CTAaHJAPTHOMY TeMIlepaTypHOMY pexumy mnoxkexi (1). Posmomin temmeparypu B
apMarypi pu LbOMY METOJ1 TaKOXK IEMOHCTPYE HAHOUIBII TOYHI PE3yAbTaTH, OCKUTBKU Bill’€MHUX
TEeMIIepaTyp, XapaKTEpHUX JAJIsl aBTOMAaTUYHOTO MeToay Ta MultiZone, He ciocTepiraeTbes.
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The article investigates the influence of finite element mesh type on the temperature
distribution in reinforced concrete ribbed slabs during fire modeling. The thermal task was solved
using three mesh generation methods: Automatic, MultiZone, and Body Sizing. The results revealed
significant differences in the accuracy of temperature modeling depending on the mesh type. The
Body Sizing method demonstrated the most physically accurate temperature distribution in concrete
and reinforcement, closely aligning with the standard fire temperature regime. Unlike the other
methods, it avoided non-physical negative temperature values in the reinforcement, which were
observed with Automatic and MultiZone meshes.

Key findings indicate that mesh optimization is critical for improving the reliability of
thermal modeling results. A correct temperature distribution model ensures a more accurate
representation of material properties, particularly their mechanical behavior under fire conditions.
For instance, the maximum concrete temperature observed with the Body Sizing method was 944.26
°C, which is consistent with the standard temperature regime, compared to 967.96 °C and 956.15
°C for the Automatic and MultiZone methods, respectively. Similarly, reinforcement temperatures
followed the same trend: 887.49 °C for Body Sizing versus 936.52 °C for Automatic and 897.44 °C
for MultiZone.

The study emphasizes the importance of selecting an optimal finite element model to
evaluate fire resistance accurately. This research contributes to improving fire safety assessments
by enabling more precise predictions of the thermal behavior of reinforced concrete structures.
Such findings are essential for designing safe and efficient structural systems, ensuring compliance
with fire resistance standards, and enhancing the performance of building components under fire
exposure.

The results are valuable for professionals involved in structural design and fire safety
engineering, offering a foundation for developing advanced modeling techniques to predict and
improve the fire resistance of ribbed slabs and similar constructions.
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