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J1O0 BUSHAUYEHHSA MEXI BOTHECTIMKOCTI METAJIEBUX HE3AXUIIIE-
HHUX KOJIOH 3 YPAXYBAHHSM 3MIHU MEXAHIYHUX XAPAKTEPUCTHUK
METAJIY IIPU HAT'PIBAHHI

VY cTarTi pO3IJITHYTOMETON BU3HAYCHHS MEKI BOTHECTIHKOCTI HE3aXWIICHUX METAJICBHUX KOJIOH
HABaHTKCHUX I[CHTPAIbHO-CTUCKAIOUOIO CHJIOO 3 BPaxXyBaHHs 3MIHH MEXaHIYHUX XapaKTCPUCTUK MeTa-
JIy TIPU HArpiBaHHi.3alpOITOHOBAHO JJIs BU3HAYCHHS KOe(iIli€eHTa MO3I0BKHBOTO 3TMHY BHKOPHCTATH
METOJ MTOCTITOBHIX HaOmmwkeHb. Ha KOHKpeTHOMY MPHUKIaai Oya0 MOKa3aHo, IO MeKa BOTHECTIHKOCTI
METaJICBUX HE3aXMIIICHUX KOJIOH € JICII[0 MEHIIIO HiXK MEXa BOTHECTIHKOCTI, BU3HAYCHA 0e3 BpaXyBaHHS
TEeMIIepaTypy HAarpiBy KOJOHH.

Knrouosi cnosa: MexaBOTHECTIHKOCTI, KOJIOHA, IIEHTPAJILHINA CTHCK, HECYUa 3[aTHICTh, THYUKICTh,
KOe(illiEHT MOB3/I0BXKHBOTO 3THHY.

IlocTranoBka nmpodJiemu. MeTtanu € HecnaJlMMUMM MaTepiajlaMy, ajieé MaloTh BHCOKY Tell-
JIOTPOBIIHICT Ta JAOCTAaTHHO BEIMKUI KOE(DIIEHT JIHIMHOTO PO3LINPEHHS, 1110 00YMOBIIIOE BEJIHUKI
negopmMarlii npu HarpiBaHHi 1, SIK HaCJIi10K, Majdy MeXy BOIHECTIMKOCTI. MeTaneBi KOHCTPYKIIi B
yMOBaxX MOEeX1 BHACIIJOK 3HAYHOI TEIIONPOBIIHOCTI Ta MaJIOi TEIJIOEMHOCTI IIBUJKO IpOTpiBa-
I0TbCA 10 KPUTHUHUX TeMIepaTyp, 110 COPUUYMHAE iX pyilHyBaHHs. [lepeBakHO Taki pylHYBaHHS
HE 00MEXYIOThCSl MICIIEM BUHUKHEHHS MOXEXI, a MOUIMPIOIOTHCS Ha 3HAYHI1 IO, 10 MiJCHIIIOE
HEeraTuBH1 HacaiIKu noxexi. Oco0auBo HeOEe3MeYH1 YMOBU JJIsl METaJIeBUX KOHCTPYKIIIM BUHHKA-
I0Th TOJI1, KOJIM BOHU 0€3M0CepeIHbO KOHTAKTYIOTh 3 TOPIOYMMH MaTepiajaMu.

AHaJi3 ocTaHHIX Aoc/igxkeHb Ta myOJikauii.llpy Bu3HaueHH1 rpaHuIll BOTHECTIMKOCT1
OyzaiBeNbHUX KOHCTPYKIIH (cTaTu4Ha, a00 TEIUIOTEXHIYHA 3a/1a4i) poOJIsATh TaKl MPUITYILEHHS:

— PpO3paxOBYEThCS OKPEMO B3STUH KOHCTPYKTUBHUN eleMEHT 0e3 BpaxyBaHHS
3B’SI3KIB 3 IHIIUMU KOHCTPYKI[ISIMU;

— KOHCTPYKTHBHI €JIEMEHTH B YMOBaX I10KEK1 HArpiBatOThCs 0JHAKOBO MO BUCOTI;

— BTpaTaMu TeIia B TOPUAX KOHCTPYKLII HEXTYIOTh;

— TeMIlepaTypHi Hamlpy>KeHHsI, K1 BUHUKAIOTh B KOHCTPYKLISAX B pe3yJbTaTl HEpi-
BHOMIPHOTI'O IIPOTPIBY, HE BPaXOBYIOThCS;

— IpU po3paxyHKax I'paHUIll MIIHOCTI Ta TeKy4ocTi Oy/iBeJIbHUX MaTepiaiiB Ta-
KHMH X SIK HOPMaTUBHI OTIOPH LIUX MaTepialis.

Mesxa BOrHECTIMKOCTI METaJIEBUX KOHCTPYKIIIM MOe OyTH BU3HAU€HA PO3PAXyHKOBUM Me-
TOZOM JUIsl IBOX TPAaHMYHUX CTaHIB: BTPATH HECYYOi 3/1aTHOCTI - R Ta BTpaTUTEII0130JI0BATILHOT
31aTHOCTI — 1 .

B 3aranbHOMY BUIaJKy IpU BU3HAUYEHHI MEK1 BOTHECTIMKOCT1 METaJIeBUX KOHCTPYKLIN He-
00X1/IHO BUKOHATH:

® TEIUIOTEXHIYHUI PO3PaxyHOK TEMIIEpaTypu NpOrpiBy Iepepi3iB METaTOKOHCTPYKLIA B
YMOBax CTaHJapTHOTO TEMIIEPATYPHOTO PEKUMY;

PO3paxyHOK Ha MILHICTh 32 HECYYOIO 3aTHICTIO METAJIEBUX KOHCTPYKIIIM B yMOBax CTaHja-
PTHOTO TEMIIEPATYPHOTO PEKUMY.

Po3paxyHok Hecydoi 3/1aTHOCTI METaleBUX KOHCTPYKLINA 3 BpaxXyBaHHSIM Jiii BUCOKHX TEM-
neparyp 3BOJUTHCS A0 BU3HAYEHHS 3HAUEHHSI KpPUTUYHOI TEMIIEpaTypH HArpiBaHHsS €JEMEHTY Mpu

noxexi 7, Ifr , IpY sIK1i1 HOTO Hecyya 3/1aTHICTh 3HU3UTHCS IO BEIMUYMHU JIIOYUX HAa HHOTO HaBaHTa-

KEHb (BU3HAUYEHHS MEX1 BOTHECTIMKOCTI 3a 03HaKowo R ). BinnoBinHo, myKkaHe 3Ha4eHHs (pakTHy-

70 36ipnux nayxoeux npays JIIY BXI]



HOI Me1 BOHECTIMKOCTI BU3HAYAETHCA YaCOM BIUIMBY HOXKEXI T =T, , IPH AKOMY TeMIIepaTypa

HarpiBy €JIEMEHTY METaJIOKOHCTPYKIIIi B YMOBaX MOXKEX1 Tp( ) mocsirie BeanauHu T, Ifr .

Mesxa BOTHECTIMKOCT1 CTATUYHO BU3HAYHUX KOHCTPYKIIIM BU3HAYAETHCS MIHIMAIBHOIO Me-
€0 BOTHECTINKOCTI 1X €JIEMEHTIB.

[Ipu po3paxyHkax Ha BTpaTy HECY4oi 3/JaTHOCTI KOHCTPYKII B yMOBaX MOXeX1 pEeKOMEH-
NYEThCSl BpPaXOBYBATH BC1 MOCTINHI Ta TUMYAaCOBI HABaHTAXKEHHsI HA MIEPEKPUTTS KUTIOBUX Ta Ipo-
MaJICbKUX OyZiBeNb, IPUMMAIOUU MPU LbOMY KOE(]ILI€HT NepeBaHTaKEeHb PIBHUM OJuHUILI. B mpo-
MUCJIOBHUX OY/IBJISX BiJi MOCTOBUX Ta MIIBICHUX KPaHIB BPaXOBYIOTh TUIbKH BEPTHKAIbHI CKJIa/10B1
BiJl BJIAaCHOI Baru.

Meta po00oTH MOJISiTaE YCTBOPEHHI METOAY PO3paxyHKy METaJIeBUX HE3aXMILIEHHUX THYYKHUX
LEHTPATbHO-CTUCHYTHUX KOJIOH 3 BpaxXyBaHHSAM 3MIHM iX MEXaHIYHUX XapaKTEPUCTUK MPU HArpIBaHHI.

PesyabTaTh nociigkenb.3HaueHHs Koe]illieHTa yMOB pOOOTH IIPH MOKEK1 BUBHAYAETHCS
3a GopMyIIOI0:

NH

V1= o (D)
’ q)TAbRyn

ne: ¢, — KoeQilieHT MO3I0BKHBOTO 3THHY, SIKMH 3aJISKUTh BII THYYKOCTI A Ta TeMIepaTypH Harpi-
BY B yMOBax Okexi T, A, — IUIOIIa IONEPEIHOTO TIEPEPi3y METANEBOTO EIEMENTY, OPYTTO, M’ .
['Hy4KicTh KOJIOHM BU3HAYAETHCS 32 BIIOMOIO (popmysioro [5]:

,1:/"_'1, (2)

ne: g — Koe(dilieHT NMPUBENCHHS JOBXKHUHHU, SIKUN 3aI€KUTh Bl CIOCO0Y 3aKpIIUICHHS KIHII CTep-

KHsI, [ . — MIHIMaJIBHHHA pajiiyc iHepIii mepepizy KoJIOHH, / - BUCOTA KOJOHHU.

mim

B npaxTuii OyaiBHULITBAa HallyacTille BUKOPUCTOBYIOTh TaKl CXEMHU 3aKpINJIEHHS CTEpPXK-
HiB (puc.l):

i =

- f;‘: T

Puc. 1. Cnocobu 3akpiniienns CmepicHie ma 3SHa4eHHs: NpUBeoeHux KoepiyicHmie npueeoeHoi
008#CUHU

3HavyeHHs Koe(ilieHTa MO3A0BKHBOTO 3THHY MOKHA BU3SHAYUTH 32 TAKUMHU EMITIPUIHUMHU
dbopmynamu [4]:

SKIITO Azh, @ =07/, F (3)
A<i, @ =1-03/wa,F, (4)

lie A, — FpaHMYHA THYYKICTb, BU3HAYAETHCS 38 GOPMYIIOLO:
2, =By 1077, R, ), (5)

Tyt E,, — MOZYJb IPY’KHOCTI cTani npu Temmneparypi 7 °C , BU3Ha4aeThes 3a GopMyIIoro:
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_ R, E
R, +E-K-(T-20)"

red (6)
1ie E — MOJTyIlTb IPY’KHOCTI CTasTi Ipu HopManbHuX yMoBax, MITa, K =4-107 — ms enementis 6e3
BorHe3axucty Ta K = 6-10” 1y1s1 e1eMenTiB i3 BOTHE3aXHCTOM.

OpHak BU3HAYUTHU KOEQILIEHT MO3/I0BXHBOIO 3TUHY @ 3a popmynamu 5,4 abo 3 He BIAETh-
Csl, OCKUTHKM KUIBKICTh HEBIIOMHUX B IIUX PIBHAHHSIX € OUIBIIOI, HDK KUIBKICTh CAaMHX DPIBHSHbB.
Tomy 175 BU3BHaUEHHS KOEQIIIEHTA MTO3/I0BKHBOTO 3rUHY IPONOHYETHCA

BUKOPHUCTATH METOJ| MOCHiI0BHUX HabmmkeHb (puc.2). KoedinieHT NOB310BXKHBOTO 3TUHY
[5] 3axoauTbes B Mexkax 0< ¢ <1.

o
0 o 0—o0 o 1

Puc. 2 Jlo susnauennsn koegiyicHma no8300824CHb020 32UHY MEMOOOM NOCIO0BHUX HAOIUNCEHD.

. . +1 . .
B sxocrti nepioro HaOIMKEHHS NPUIMAEMO @, = - =0,5 1 1A NpUUHATOrO 3HAYEHHS

00uYnCITI0EMO BCl HEOOX1IH1 3HAYEHHS BEJIMYMH, Ta 3HAXOIMMO JIMCHE 3HAYCHHS KOe(IIi€HTa 103~
JOBXHBOTO 3TUHY . SIKIIO mpuiHATE 3HAY€HHs KOoeQill€HTa MO3J0BKHBOIO 3TMHY (9 3HA4YHO

BIIPI3HAETBCS BIA JIMCHOTO 3HA4€HHA ¢, TO pO3PaXyHOK IIPOJOBKYEMO HPUHAMAIOYH

+ . . . o . ..
, = % 70 TUX Tip, NOKU PI3HULS MDK HNPUUHATUM 1 OTPUMAHUM 3HAUEHHSAM KoeQilieHTa
He Oyzie MEHIIO0 BiJ Hamepe 3a1aH01 BETUYHUHU:
O =Py |, (7)

1€ € — BEIWYUHA JOMYCTUMO1 IOXUOKHU.
Kputnuny temnepatypy T,, A CTACH 3 TPAHULECI TEKYYOCTI ¢ =230 — 330 Mlla ,fKI

HalyacTille BUKOPUCTOBYIOThCS B OYIBHULITBI, MOYKHA BU3HAYUTH 3a JONOMOro0 Tadmuis [4] 3a-
JIEKHO Bi KoediIieHTa YMOB POOOTH M1 Yac MOXKEXKI.

Taonuys 1
3anescnicms KpumuuHoi memnepamypu npoepiey Memaiy 6i0 Koegiyicuma ymo8 pooomu npu nOX*Cex#ci
t,°C T,K Yr t,°C T,K Yr
20 293 1,00 400 673 0,70
100 373 0,99 450 723 0,65
150 423 0,93 500 773 0,58
200 473 0,85 550 823 0,45
150 523 0,81 600 873 0,34
300 573 0,77 650 923 0,22
350 623 0,74 700 973 0,11

BuzHauaioTe mpuBeeHy TOBIIMHY METaTy,Ta 3T1IHO purc.3, 3HaUYeHHs (PaKTHYHOI MEXK1 BOT-
HECTIAKOCTI:

A
0, =—, 8
.= ®)

TyT I — niepuMeTp KOJIOHH, SIKUI 00IrpiBa€ThCsl.
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Puc. 3. 3anescnicmo medxnci 602HeCMIUKOCMI He3aXUUeHUX MEeMAle8UX KOHCMPYKYIU 810 36e0eHOi
MOBWUHU MA KPUMUYHOI memnepamypu npozpiey

B sxocTi mpukiiagy BU3SHaUMMO MEXY BOTHECTIMKOCT1 KOJIOHW BUKOHAHOI 3 ITyCTOTLION TPY-
6m 159x8MM HaBaHTaXKEHOI 30CEPEIHIKEHOI0 PO3PAaXyHKOBOIO cuilor0 N =180 xH , BUCOTa KOJIOHU

1=6,0 m, matepiai ctanb B Ctrc 6-2, koedilieHTH NPUBEICHHS TOBKHUHU :

Bunaaok 1 p =0,7 ,Ta p, =0,7;

Bunagok 2 u =10 ,Ta p, =10.

3rigHo 3 rpadikom(puc. 3) mpu §,, = 0,76 cu Ta KDUTUYHIA TeMIIepaTypi porpiBy
T =605°C daxTruHa Mexa BOTHECTIMKOCTI Oasku HacTHITy Oyne - R12,1.

VY Bumnajxy HeBpaxyBaHHs 3MIHU MEXaHIYHUX XapaKTEPUCTHK METaly IIpU HarpiBaHH1 Mexa
BOTHECTIMKOCTI TaKO1 KOJIOHH CTaHOBHTHME — R15,6

3rigHo 3 rpadikom(puc. 3) mpu §,, = 0,76 cu Ta KDUTUYHIA TeMIIepaTypi porpiBy

T =586°C ¢akTuuHa MeKa BOTHECTIMKOCTI OaJiki HacTHiTy Oyne - R11,3.

VY Bumajaky HeBpaxyBaHHs 3MIHM MEXaHIYHHUX XapaKTEPUCTHK METaly IIPU HarpiBaHHI Meka
BOTHECTIMKOCTI TaAKO1 KOJIOHH CTaHOBUTHME — R14,2

BucnoBok

Mesxa BOrHECTIMKOCTI HE3aXUIEHOI METaneBOi KOJOHM BHU3HAY€HA 3 BPaxyBaHHSAM 3MIHU
MEXaHIYHUX XapaKTEpPUCTUK METally IIPH HarpiBaHH1 MeHIa Ha 21% He3aJIexHO BiJ THYYKOCT1 KO-
JIOHM, HDK IMpH ii BU3HAUEHH1 0€3 BpaxyBaHHS 3MIH MEXaHIYHHUX XapaKTEPUCTHK METaly, TOMY B
peaJIbHUX YMOBaX MOXKEX1 1€ He0O0X1THO BpaxOBYBaTH.
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10. B. I'yuyynak, B.B. Apmemenxo, C. A. Boex, A.M. Kosans

K ONMPEJAEJIEHUIO IIPEJEJIA OTHECTOMKOCTHU METAJJIMYECKHUX
HE3AIIUINEHHBIX KOJTOHH C YYETOM U3MEHEHUSA MEXAHUYECKHUX
XAPAKTEPUCTHUK METAJUJIA ITPU HAT'PEBE

B craThe paccMOTpeH METOJ onpesiesieHus Mpeiesia OTHECTOMKOCTH HE3alIUIIEHHbIX Me-
TAJUTMYECKUX KOJIOHH HArPYKEHHBIX LEHTPATbHO-CKUMAIOIIECH CHJIOW C YYeTOM H3MEHEHUS Me-
XaHUYECKUX XapaKTePUCTUK MeTajlla MpH HarpeBaHuu. [Ipeminoxxeno mis ompexaenenus: kodddu-
[IUEHTA MPOJOJIBHOT0 M3rnba HMCIO0JIb30BaTh METOJI MOCJIEN0BATEeIbHBIX NpuoOmmkennii. Ha xoH-
KPETHOM NpumMepe ObUIO MOKA3aHO, YTO MPEAesl OTHECTOMKOCTH METAUIMYECKHX HE3alUIEHHBIX
KOJIOHH HECKOJIbKO MEHbIIE IpeJiesia OTHECTOMKOCTH OINpeAeNieHHOro 0e3 yyera U3MEHEHUs TeM-
nepaTypbl HarpeBa KOJOHHEI.

Knrouesvie cnoga: nipenen orHecTOMKOCTH, KOJIOHHA, LIEHTPAJIbHOE CKaTue, HeCylas CIo-
COOHOCTB, THOKOCTh, KOAPPUIIUESHT MPOJOJIBHOTO H3rKoa.

Yu.V.Hutsulyak., V.V. Artemenko, S.Y.Vovk, O.M. Koval

DETERMINING UNPROTECTED METAL COLUMN FIRE RESISTANCE LIMIT WITH
CONSIDERING CHANGES OF MECHANICAL METAL PROPERTIES UNDER
HEATING

The article deals with a method determining fire resistance of unprotected steel columns
loaded centrally by compressive strength with considering changes of the heated metal mechanical
characteristics. Using the method of successive approximations it is suggested to determine the
lengthwise flexion indexes. The example shows that the fire resistance of unprotected steel
columns is less then fire resistance determined without considering column heat temperature.

Key words: fire resistance, column, central compression, load capacity, flexibility,
lengthwise flexion index.
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