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TVkpaincoruil Oepacasnuil ynieepcumem 3anisHUYHO20 mpancnopmy, Yrpaina
2Cymcokuii HayionanbHull azpaphuil ynieepcumem, Ykpaina

BILIVMB BUCOKOI TEMIIEPATYPHU HA MIIIHICTHh CTAJJEBETOHHUX KOJIOH
KBAJIPATHOI'O IOIIEPEYHOTI O IIEPEPI3Y 3 ®IBPOBETOHHUM AAPOM

Y emammi 3anpononosano memoouky po3paxyHky cmaneb6emoHHux KOJIOH HA MePMOCULOGULL BNIUE, 8 AKUX 8
sAKOCmi A0pa BUKOPUCMOBYEMbCs bazanbmosa ma cmanesa Qiopa. Buxoodsuu 3 ymos 00HAKo8oi ecyuoi 30amHocmi
nPOBeOeHO DPO3PAXYHKU HA MEPMOCUNOBULL GNIUE KOIOH 3 DI3HOI MOBWUHOI cmanegoi 06010HKU. Buxonawno
odocnioxcenHst Konouu 3 nonepeurum nepepizom 100x100x3 3 pisnumu sudamu 10pa 6i0 memnepamypu.

Knrouosi cnosa: ¢pibpobemon, dazaromosea ¢ibpa, cmanesa Gibpa, KonoHa, Hecyua 30aMHICMb, BUCOKA

memnepamypa.

ITocTanoBka npodiaemu

CraneOeTOHHI KOHCTPYKIii BHKOPHUCTOBYIOTH Y
pi3HOMaHITHHUX OYIBIISIX 1 COPYIaX, 30KpeMa sIK OIIOpHi
KOHCTpYKIii (komoHn). OOHEM 3 TEPCHCKTHBHUX
HanpsIMKiB  OyiBENbHUX KOHCTPYKIII € JUCIIepCHO-
apMoBaH1 OETOHH, BUKOPUCTAHHS SIKMX J03BOJISIE 3HAYHO
MOJIMIIATH  HECydy  3JaTHICTB  Ta  3HHU3UTH
pecypconoTpeOy mpu OymiBHUITBI HOBUX OO0 €KTIB Ta
mpu pekoHcTpykuii [1, 2]. Jng mporo HEoOXimHO
BUKOHYBAaTH HE TUIBKM PO3PaxyHKH Ha MILHICTb, a i
MIPOBOANTH PO3PaXyHKH Ha TEPMOCWIIOBHH BIUIMB, 3
METOI0 3a0e3MedeHHs BOTHECTIKOCTiI KoHCTpyKuii. [Ipu
po3paxyHKax Ha  CyMICHMM  BIUIMB  CHJIOBOTO
HaBaHT&KEHHS Ta BHUCOKOI TeMIIepaTypu, HEOOXiIHO
3HATH MEXaHiYHi Ta JAepOpPMaTHBHI XapaKTEPHUCTHKH
(i06poOeTOHIB, SIKi 3a3HAIN BIUIMB BUCOKUX TEMIIEPATYD.

AHaJI3 OCTAHHIX JOCTIIAKEHb i myOaikanii

ExcniepumeHTanbEHIM Ta TEOPETHIYHIM
OCTI/DKCHHSAM ~ BUKOPUCTaHHS OCTOHIB sK  sA1pa
CTaJIeOCTOHHUX KOHCTPYKITiH MPUCBATHIIA CBOT POOOTH:
Kpuman A. JI., Mensauuyk A. C., [llaxsopoctos A. 1. Ta
IHII BYeHi. Ajie He BCl NMUTaHHS JOCTATHLO BHBYCHI.
Icayroui Meromu  po3paxyHKIB HE  BPaxOBYIOTh
ocobOmmBocTi podotn  (HiOpOOETOHHNX KOHCTPYKIIH.
30kpeMa  HEIOCTAaTHHO  BHBYCHOIO €  poboTa
cTajlcOCTOHHUX  KOJIOH, sKi  3a3HajdM  BHCOKHH
TEMIEpPaTypHUH BIUIMB, KBaJIPaTHOTO IMOMEPEIYHOTO
mepepizy 3 sapom i3 ¢piopodetony [3-11].

Merta crarTi

Mertoro [OCHIUKEHHS € OTPUMaHHS TEOPETUYHOI
METOIMKH PpO3paxyHKy, sKa B TMOJaJbIIOMy OyJe
BeprQikoBaHa 3 EKCIIEPUMEHTAILHUMH JOCTIiJUKEHHSIMH,

JUIs BHM3HAYEHHS HECY4ol 3[aTHOCTI CTaneObeTOHHOT
KOJIOHM 3 sapoM i3 ¢iOpobeToHy, ska 3a3Hajia
TEPMOCWJIOBI ~ HaBaHTaXeHHs.  J[Is  JOCSTHEHHS
c(hopMyITHOBaHOI METH TOTPIOHO BU3HAYUTH TPU3MOBI
HanpyXeHHS (iOpoOeToHy 3 ypaxyBaHHSIM BHCOKOTO
TEMIIEpaTyPHOTO BIUIMBY, 31 CTaJIeBOIO Ta 0a3aJbTOBOIO
¢bibpamu.

BukJiax ocHOBHOro MaTtepiaay

Busnauenns Hecydoi 3maTHOCTI cTaleOETOHHUX
KOJIOH, SIKi 3a3HaJIM BHCOKHH TEMIIEpaTypHHUH BIUIUB,
BUKOHYEMO, BUKOPHCTOBYIOUHM YHi(iKOBaHMH MeTOx
[12] ma mpuknani mapHipHO-00iNEpTOi  KOJOHM
mopxuHOO 1 = 500 MM i3 po3MipaMu MONEPEYHOTO

mepepizy100x100%3 MM 3aBaHTaXKEHOIO  OCHOBUM
HaBaHTaXeHHsM (puc. 1).
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Puc. 1. [Tonepeunuii nepepi3 Koja0HHA

188

© C.IO. bepecranceka, €.1. N'anaryps



byoisnuymeo ma yusinvha indcenepisn

Hecyuy 3maTHicTh cTaneOCTOHHHX KOJOH, SKi
3a3HAJH BHCOKHIA TeMIepaTypHUAN BIUIHB,
MTOJIITOHATFHOTO TIONEPEYHOTO Tepepi3zy BU3HAYAEMO 3a
(dhopmymoro:

Ntzfssc'ASk =
= (1+0,5'ke'%§f).(fyt 'As+fctk'AC)’ M

ne fl — ysaranbHeHa MilHICTB CTaleOGETOHHMX
KOJIOH 3 ypaxyBaHHIM TEMIEPaTypHOTO BILUIUBY;

A — TIoma nepepizy crane0eTOHHOI KOJIOHH;

k., — mnpuBeneHuil KoedilieHT e(eKTUBHOCTI,
ke = kh ! kn;

kj, — xoedimieHT eeKTUBHOCTI IMycTOT (y HAIIOMY
BUIIAJKy IIyCTOT HeMae, ToMmy kj, = 1);

k, — xoedimienTt
BH3HAYaeThCs 3rigHo 3 [12], k,, = 0.33;

fyt — MeXa TEKydYOCTi CTalli, SKa 3aJCKUTh BiJ

MOJIITOHAJILHOCTI,  SKHH

TeMIIepaTypu;
A; — moma mepepily CTaleBoi
A, =11.64-107* m?;
fL — npusmoBa MinHIiCTH GETOHY, KA 3aIEKUTH
BiJ] TEMITEpaTypH;

000JIOHKH,

A, — rmmoma mepepisy OETOHHOTO  s7pa,
A, =88.36-10"*Mm?%;
t . ¢ _ AstS
&' — koedimient 3Benenns, &£ = —=.
Acfer

BukonaBmm pospaxyHku 3a ¢dopmynoo (1),
OTPUMY€EMO 3HaYEHHsI HECYUOi 3/1aTHOCTI cTane0eTOHHOT
KOJIOHH IIpY HOpMaJIbHil Temrieparypi t = 20 °C, fy20 =
220 MIa, f22 = 20 MIla, §2° = 1.24: N = 505 kH.

Jlnist BU3HaYeHHS Hecydoi 3/[aTHOCTI CTajae0eTOHHOT
KOJIOHM 3 sapoM i3 ¢iOpobeToHy, ska 3a3Hajia
TEPMOCHJIOBI HaBaHTAXXCHHS HEOOXIZHO po3paxyBaTH
3aJIEXKHICTh MEXI1 TeKy4OCTi CTalli BiJ TeMIIepaTypu fyf3a

(dhopmymoro:

fy =nh? 2

ne, f/®=220MIla - mexa TekydocTi cTami mpu
temnepartypi 20 °C,

t - Temmeparypa, °C,

Yy — KOC(IIi€HT, SKUi BUOUpaeThCs 3rigHo Tadm. 1 [13].

Tabmums 1
3anexHiCTh Koe]illieHTa Y, Bijl TEMIEpaTypy

Koedi-| 3nauenns xoediuienry npu temneparypi, °C
uient (20| 100 | 200 | 400 | 500 | 600 | 700 | 750
Yy |1]095]109]08]07]05]025)| 0

MexaHi4Hi BIaCTUBOCTI KOMIIO3UTHUX MaTepiais,
apMOBaHMX PI3HUMH BOJIOKHAMH, 3aJieKaTb Bif psmy
¢axTopiB: BHOy camoi ¢iOpum, Kigbkocti ¢ibpu Ha
OJIMHHIIIO MacH 4M 00’ eMy, po3Mipy (iOpu (zoBxuHa Ta
moriepeyHuii po3mip), Tormo. Y [1, 2, 14] posrisHyTO
pi3Hi Buam ¢idp i 3po0iIeHO BUCHOBOK O JOLLIBHOCTI

BUKOpHCTaHHS cTajeBoi Ta OaszanbroBoi ¢ibpm s
HECyYMX KOHCTPYKIiH, 3allpOIIOHOBAHO ONTHUMAaTbHUH
BMICT Ta po3Mip cTajieBoi Ta 6a3anbToBOi Bidp.

Jonst BU3HAYCHHS MIPU3MOBOL MIIIHOCT1
¢ibpoGetony  Bin  BHCOKOi  Temmepatypu [
BUKOPHCTOBYEMO JoCHipKeHHs [15] y skomy momaHO
3aJIeKHOCTI PO3PAaXyHKOBOTrO oropy (idpoOeToHiB s
craneBoi Ta 06a3ansToBO1 (iOp Bix Temmeparypu ( TaoOII.
2), ne [IOb — Oeron 6e3 ¢iobpu, [IBb — Geron 3
nofaBaHHsIM OaszanmbroBoi  (hibpu, IICB — OGeron 3
JTOJTAaBaHHSIM CTaJIeBOi (iOpH.

Tabmrs 2
3asneXHicTh MPU3MOBOI MIITHOCTI OETOHY Ta
¢i6pobeToHy Bix TEMMEpaTypH

Temmeparypa, I[pu3mMoBa MilHICTB, fJ,
°C OB, | IIbb, | IICB,
MIla | MIla MIla
20 23.4 30.1 26.2
60 15.2 23.7 24.2
90 18.4 28.7 23.8
120 21 29.7 22.7
200 23 29.8 24.2
400 20 26.19 23
600 11 12.7 13.9
800 2.15 3.2 59
B skocTi mOCHimHUX ~ 3pa3KiB  PO3TIISIHYTO

(iOpoOETOHHI KOJOHM 31 CTaJeBOI0 Ta 0a3albTOBOIO
¢ibporo npu Hecydiil 3maTtHOCTI Onm3bkoi 1o 505 kH i
qoexuHoo 1 = 0.5 M [16], Ta 0e3 BpaxyBaHHS
KoeillieHTY apMyBaHHS Ha eTali TEOPEeTHYHHX
JIOCHI/KeHb. Pe3ynbTaTi po3paxyHKiB, BUKOHaHUX 3a
JTAaHOIO METOJMKOI0, HABEACHO B TaOHII 3 ISl KOJIOH 3
spoM 3 6a3a1pTOBOIO (hiOporo Ta B TabiuIi 4 1711 KOJIOH
3 SPOM 3i cTasieBoro Gidporo.

Tabmuus 3
3aJIeXHICTh HeCy4oi 34aTHOCTI KOJIOHH 3 SIIPOM 13
6azaipToBoro (hidpodeToHy Bix TEeMIepaTypu

Hecyuya 3matricts xononu N, kH B

1 3aJIKHOCTI BiJl pO3MIipy CTaJICBOi

g 000JIOHKH

> —_ ~

= > % o < %)

o, o) o - > =

15) — e o < Vo)

= — — o)) ] o~

S o < < 4 =

S ) [Sa) < Q
20 | 501,22 | 502,10 | 504,63 | 501,92 | 504,19
100 | 477,50 | 478,02 | 480,19 | 477,43 | 479,45
200 | 485,70 [ 478,45 | 474,68 | 467,38 | 465,94
400 | 427,92 | 422,36 | 419,68 | 413,72 | 412,82
500 |330,04 | 335,49 | 340,90 | 341,93 | 345,62
600 |220,60 | 228,02 | 234,53 | 237,39 | 241,55
700 | 130,73 | 129,69 | 129,37 | 127,94 | 127,96
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3a manumu TabmmIe 3 Ta 4 MOXKHA TOOYIyBaTH
rpadiku 3aeXHOCTI Hecyuoi 3aaTHOCTI GidpodeToHHOT
KOJIOHM 3 sApoM 3 0a3anbToOCTOHY pHcC. 2. Ta
cTanebeToHy puc. 3., BiJl BUCOKOI TEMIIEpaTypH.

3a moOynoBanuMu rpadikamu 0Oadmmo, IO
XapakTepHe 3MEHILICHHS HECYUOi 37aTHOCTI KOJIOHH TIPH
t = 100°C, sixe BinOyBa€eThCs 32 paXyHOK BHITAPIOBaHHS
BUTBHOI BOJM 3 OCTOHY, BiJICYTHE, SKIIO SIIPO KOJOHU
BHKOHaHO 3 OeroHy 3 pgomaBaHHAM (QiOpu. Lle
BIZTHOCUTBCA SIK 110 0a3aabpToBO1 (hidpH, TaK 1 10 cTaeBoi.
ITpu remneparypi t = 100°C, Hecyya 34aTHICTH KOJIOH 3
OJIHAKOBOIO TOBIIMHOIO OOOJOHKH 3 JIOJIaBaHHIM
6azanpToBOi (Pibpu Oimbie Ha 7.8%, a 3 mMOmaBaHHIM
craineBoi ¢idopu Ha 5.8%, BIAIOBITHO 10 KOJOHH 3 SIPOM
6e3 nmonasanus (idpu. Ilicns mocsruenns t = 400°C,
BiOyBa€TbCSl pi3Ke 3MEHIIEHHS HECydoi 3aTHOCTI
KOJIOHH K 3 0a3aJbTOBOIO, TaK i 3i cTaleBor (idporo.
Ile BimOyBaeThcs 3a paxyHOK BHITApIOBaHHS XiMI4HO
3B’s13aHOI BOJIH.

Tabumis 4
3aJeXHICTh HeCydoi 34aTHOCTI KOJIOHH 3 SIIPOM 13
craseBoro (ibpoOeToHy Bix TeMIepaTypH

. Hecyua 3nathicts komonu N, kH

é B 3QJISKHOCTI BiJl pO3Mipy CTajeBoi 000JIOHKH
§ SIS > o < "
=l 8§ | g8 | 2| 2 | &
3 % % ) % %
= Q g > 5 A
20 | 501,33 | 500,72 | 506,07 | 503,88 | 504,06
100 | 460,57 | 463,90 | 471,74 | 471,88 | 473,67
200 | 460,12 | 457,36 | 460,60 | 457,36 | 456,61
400 | 430,44 | 422,64 | 421,75 | 415,84 | 412,961
500 | 352,51 | 351,69 | 355,16 | 353,40 | 353,37
600 | 262,18 | 259,01 | 259,66 | 256,93 | 255,84
700 | 173,57 | 161,41 | 154,26 | 146,88 | 141,96
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600 \\\
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Puc. 2. 3anexxHicTs HeCy4oi 31aTHOCTI KOJIOHH 3 SIPOM
i3 6azanpTOBOTrO (PiOPOOETOHY BijJ TEMIEpaTypy B
3aJIEXKHOCTI BiJl pO3Mipy 000JIOHKH:

1 —115x115x1 mm, 2 — 103x103x2 mm, 3 — 93x93x3 MM,
4 — 84x84x4 mm, 5 — 77x77x5 mm, 6 — 100x100x3 mm 3
SIPOM 31 3BUYAHHOTO OETOHY

[Ipn mnopiBHSHHI HeCy4oi 3IaTHOCTI KOJIOH 3
moriepeyHnM tiepepizom 100x100x3 3 pisHUME BHIAMHU
sapa Bix Bucokoi Ttemmepatypu (puc. 4) HaHOiIbII
JIOUUTEHUM € BUKOPHUCTaHHS 0a3anbpToBol (iopH.

o°C
700
600

500 a4 3
400 ///2 !
300

200
100

0100 150 200 250 300 350 400 450 500  N,xH
Puc. 3. 3anexxHicTs HeCy4oi 31aTHOCTI KOJIOHH 3 SIPOM
i3 craneBoro GiOpoOeTOHy BiJ TeMIepaTypy B
3aJIEXKHOCTI B1Jl pO3Mipy 000JIOHKH:

1 —122x122x1 mm, 2 — 108x108x2 mm, 3 — 97x97x3 MM,
4 — 87x87x4 mm, 5 — 79x79x5 mm, 6 — 100x100x3 mm 3
SIPOM 31 3BUYAHHOTO OETOHY

°C
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Puc. 4. 3anexxHicTh HeCy401 31aTHOCTI KOJIOH 3
nonepedHuM nepepizom 100x100x3 mm Big
TEMIIEpaTypu 3 pi3HUMH BUAAMHU sIpa:

1 — sapo 31 3BU4aitHoro O6eToHy, 2 — Aapo 3 OCTOHY 3
craneBoro (idpoto, 3 — sapo 3 OeToHy 3 6a3aIbTOBOIO
¢ibporo

PesynbraTi po3paxyHKiB HaBeAeHO B Tabiwmmi 5.
IMpn Temneparypi t = 400°C, kosoHa 3 sAapoM i3
6azanbTOOETOHY Mae Hecydy 3JaTHICTh Ha 6.5% Buile
HiX 3 cTanbHOIo (hidpoto, Ta Ha 13% BuIue, UM s1po 6e3
nmomaBaHHs (iOpu. Komona 3 momaBaHHSIM CTajeBOi
¢ibpu B s111po, Mae Hecydy 34aTHICTh Ha 6.2% BuIIE, HIX
kosoHa Oe3 pomaanHs (iopu. Ilpum mnonmampmomy
IiIBUIIEHHI TeMIepaTypy Hecyda 3JIaTHICTb KOJIOH 3
pisauMu Bugamu ¢iOp moumHaroTh 30iratmce. Lle
MOSICHIOEThCS. ~ 3HAYHMUM  HArpiBaHHSAM  CTaJleBOi
00OJIOHKH, 1 SIK CIIJICTBO, 3HIDKEHHS MEXI TEKy4OCTi
MeTay.

Tabmms 5
3aJeXHiCTh HeCydoi 34aTHOCTI KOJIOH 3 ONEPeYHUM
niepepizom 100x100x3 Bix TemrepaTypu 3 pi3HUMHA
BUJIAMU sJIpa

Temneparypa, Hecyua 3natnicts kononu N, kH
°C 1Ok I16b I1ICbh
20 505,10 564,30 529,84
100 446,00 537,01 493,71
200 471,73 531,81 482,33
400 415,39 470,08 441,89
500 345,79 380,61 371,86
600 246,36 261,38 271,99
700 132,64 144,83 162,06
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BucHoBku

VY craTTi 3anpoINOHOBAHO TEOPETUYHY METOIUKY,
sKa B mojanelioMy Oyzme  BepudikoBaHa 3
eKCTIEPUMEHTAIBHAMH  TOCHIDKEHHSAMH, PO3PAXyHKY
CTaje0ETOHHUX KOJIOH, HA TEPMOCHJIOBHH BIUTUB, B IKHX
B SKOCTI sf1pa BUKOPHUCTOBYEThCS  (hiOpoOEToH.
[IpoBeneHo  JOCHi/DKEHHS KOJIOH 3 SiIpOM 13
0a3abTOBOIO Ta CTAJIEBOIO (PiOpamMM Ha Ail0 BHCOKHX
TEeMIepaTyp. 3a OCHOBY TNPHHWHATO pIBHOMIIHICHI
KOJIOHM 3 PI3HOIO TOBIIMHOIO CTaJIEBOi OOOJIOHKH.
Po3paxynku nokasanu, mo npu temmeparypi t = 100°C,
Hecyda 3JaTHICTh KOJOH 3 OJHAKOBOIO TOBIIMHOIO
000JIOHKH Ta 3 JOAAaBaHHAM 0a3anbToBOI (hiOpH Oisble
Ha 7.8%, a 3 momaBaHHsAM crtaneBoi (idpu Ha 5.8%,
BIJITIOBITHO JI0 KOJIOHH 3 siipoM Oe3 momaBaHHs (iOpw.
PosrinyTo  BTpary  Hecy4oi  34aTHOCTI  KOJIOH
moriepeynnM tiepepizom 100x100x3 3 pisHUME BHIAMHU
sipa BiJ BUCOKOT TemriepaTypu. HaiOumbI foninbHuM €
BUKOpHCTaHHS 0azanbToBOi (hiOpHM, MIIHICTH SIKOi Ha
6.5% BuIIIEe HIX KOJIOHA 3 JI0JJaBaHHIM cTayieBoi (idpwu,
Ta Ha 13% BUIIE, HiXk KOJOHA Oe3 idpu.
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EFFECT OF HIGH TEMPERATURE ON THE STRENGTH OF STEEL CONCRETE COLUMNS OF
SQUARE CROSS-SECTION WITH FIBRE-REINFORCED CONCRETE CORE
S. Berestianskaya!, E. Galagurya'*?
'Ukrainian State University of Railway Transport
2Sumy National Agrarian University

The article proposes a methodology for calculating steel concrete columns for thermal force effects, in which
basalt and steel fibre are used as a core. For this purpose, it is necessary to determine the prismatic stresses of fibre-
reinforced concrete with steel and basalt fibres, considering the temperature effect. A column with a transverse
dimension of 100x100x3 mm with a core of ordinary concrete 500 mm long and a bearing capacity of 505 kN was
selected as a control sample. Based on the conditions of the same bearing capacity, calculations were made for the
thermal force effect of columns with different thicknesses of steel shells with cores of concrete with steel and basalt
fibres. Graphs of the bearing capacity of a fibre-reinforced concrete column with a core of basalt concrete and steel
concrete were constructed as a function of temperature. The graphs show that the characteristic decrease in the
bearing capacity of the column at t=100°C, which occurs due to the evaporation of free water from concrete, is absent
if the column core is made of concrete with the addition of fibre. This applies to both basalt fibre and steel fibre. At a
temperature of t = 100°C, the bearing capacity of columns with the same shell thickness with the addition of basalt
fibre is 7.8% higher, and with the addition of steel fibre by 5.8%, respectively, compared to a column with a core
without fibre. A column with a cross-section of 100x100x3 with different types of cores was studied as a function of
temperature. At a temperature of t=400°C, the column with a basalt concrete core has a bearing capacity 6.5% higher
than that with steel fibre, and 13% higher than that without fibre addition. A column with steel fibre in the core has a
bearing capacity 6.2% higher than a column without fibre. With a further increase in temperature, the bearing
capacity of the columns with different types of fibres begins to converge. This is due to the significant heating of the
steel shell and, as a result, a decrease in the strength of the metal.

Keywords: fibre concrete, basalt fibre, steel fibre, column, bearing capacity
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