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E®EKTUBHICTH BUKOPUCTAHHSA ®IBPOBETOHY SAK AAPA JJIA
CTAJIEBETOHHHUX KOJIOH KBAJAPATHOI'O ITIOIIEPEYHOI'O INIEPEPI3Y

Y emammi posensoaemocs epexkmuenicmo euxopucmarnus Qiopobemony sk s10pa 0isi cmaniebemoHHUX KOJIOH.
st yvoeo Ha nepuiomy emani npo8eOeHO Po3PAXYHOK CMANeOemMOHHOT KONOHU 3 GUKOPUCIAHHAM K A0pa nepepizy
bemony mapxu C20/25. Ha nacmynnomy emani 0oCHiodcenHs: nioiOpano nonepeyni nepepisu 3 SUKOPUCMAHHIM
@ibpobemony 3i cmanesoio ma 6azanLMosol0 Pibpamu npu Pi3HUX 3HAYEHHSIX MOSWUHU CMALe80l 0DOIOHKU.

Knrouosi cnosa: gpiopobemon, cmanebemon, KoioHa, HeCyua 30amHicme.

ITocranoBka npodsemu

CraneOeToOHHI KOHCTPYKIIT BHKOPHCTOBYIOTH Y
pI3HOMaHITHHX OYIIBIAX 1 CHOpPYyAax, 30KpeMa sK
OITOpHI KOHCTPYKIIT (KoIIOHHM). OnHum 3
HEPCIEeKTUBHUX HANPSAMKIB OyAiBelbHUX KOHCTPYKLIi €
JUCTICPCHO-apMOBaHI  OCTOHHM, BHMKOPHUCTAHHS SKHX
JI03BOJIIE 3HAYHO IIONIMIUMTH Hecydy 3JaTHICTh Ta
3HU3UTH PECYPCOCIIOKUBAHHS MPU OY/IIBHUIITBI HOBHX
00’€eKTIB Ta pu peKkoHCTpYKIii [1, 2]. V craTti mogaHo
PO3paxyHKH HECydoi 3JaTHOCTI CTajaeOeTOHHOI KOJOHH
3 BHUKOpHCTaHHSIM (iOpoOeToHy 1 craneOeTOHHOT
KOJIOHU 3 BUKOPUCTaHHIM 3BUYaHOI0 OETOHY.

AHAaJIi3 OCTAHHIX J0CTiIKeHb i myOJaikalrii

ExcriepuMeHTaIBHIM Ta TEOPETUIHHUM
JOCII/DKEHHSIM ~ BUKOPUCTAaHHS O€TOHIB  sSK  siapa
CTane0CTOHHUX KOJIOH TMPHUCBATHIM CBOI  POOOTH:

Kpuman O.JI., Mensanuyk A. C., lllaxBopoctoB A. 1,
boumapenko B.M. Ta iHmn  Bueni. [luraHHAMEH
CTBOPEHHS Ta  BHUKOpUCTaHHS  (iOpobeToHy B
KOHCTpyKisix 3aiimanucs: TanantoBa K.B., PabunoBuu
@.H., CaxBapemmumze A.B., [36am M.IO. Ta inmi BueHi.
Are He BCi NHUTAaHHSA [OCTaTHHO BHUBYEHI. IcHYyrodi
METOAM pO3pPaxyHKIB HE BpaxXxOBYIOTh OCOOIHMBOCTI
BuKopucTanHs (iOpoberoHy. 30KpeMa HEIOCTaTHBO
BUBUCHOI0O €  poOOoTa  CTaneOeTOHHHX  KOJIOH
KBAaJIPAaTHOTO IIOMEPEYHOro Iepepi3y 3 sAapoMm i3
¢i0pobeToHy. AHami3 OCTaHHIX IOCTIIKEHb IO3BOJIUB
3pOOMTH BHUCHOBOK O JIOHITBHOCTI BUKOPHCTaHHS
craneBoi Ta 6a3anpToBOI BiOpH.

Merta crarri

MeTor0 [IOCHI/UKEHHS € OTPUMAaHHS METOIUKH
pO3paxyHKy Ul BH3HAYSHHS HECydol 3JaTHOCTI
cranebeToHHOI KONOHM 3 siapoM i3 (ibpobeToHy Ta
OIiHKa EKOHOMIYHOCTI Horo 3acrocyBaHHS. Jlis
JOCSTHEHHS ~ c()OPMYJTBOBAHOI ~ METH  IMOTPiOHO:
BHU3HAYMTH TIPU3MOBI HampyxkeHHS (idpodeTony 3i
CTaJIeBOIO Ta 0a3aIbTOBOIO (hidpamuL.

BuxkJiiag ocHOBHOro Mmarepiany

Bu3HayeHHs Hecy4ol 3IaTHOCTI cTaeOeTOHHUX
KOJIOH BHMKOHYEMO, BHKOPHCTOBYIOUM YHI(iKOBaHHI
Mmeroq [3] Ha mpHKIaai KOJIoHU a0BxkuHOMI | = 500 MM
i3 pos3mipamu nonepedHoro nepepizy 100x100%x3 mm

(puc. 1).
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Puc. 1. IToniepeunnit nepepi3 KOTOHH

Hecysa  3maTHicTh CcTasIe0ETOHHUX
MOJITOHAJIFHOTO TOMEPEYHOro mepepizy 3rimHo 3 [3]

BH3HAYAETHCS 32 (POPMYIIOIO:

KOJIOH

N ;:]gk “Age =
:(1+0,5'ke'm)'(fy'As'i'fck'Ac)' )

I€ fo) — y3arajJbHEHa MIIHICTh CTaTIeOETOHHUX KOJIOH;
Ay, — TTora mepepizy craae0eTOHHOI KOIOHH;

k., — npuBenenuii koeditient edpexTuBHOCTI, k, = k),
k.

k, — xoedimieHT edpexkTuBHOCTI MyCTOT (y HANIOMY
BUIIA]IKY IICTOT HeMae, Tomy kj, = 1);

k,, — xoedimieHT MONITOHATBHOCTI, SIKMH BU3HAYAETHCS
sriguo 3 [3], k,, = 0.33;

fy —Mexa TekydocTi crani, f, = 220 MIla;
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A, — moma nepepizy craneBoi 000NOHKH,

A, =11.64-107*m?;

fer — mpu3MoBa MiLHICTh OeTony, f,, = 20 MIla;
A, — mrnoma nepepizy 6eTOHHOTO si7pa,

A, =88.36-10"*m?;

. . A .
& — koedimient 3BeneHus, & = Aty

o & =1.81.
BukonaBmm pospaxyHkn 3a Qopmynoro (1),
OTPUMAEMO 3HAYCHHS HECYUOi 31aTHOCTI CTaneOeTOHHOT
xononu: N = 464 kH.
3Har0uYM BUpa3H JUIsl BU3HAYCHHS ILUIOM] OETOHHOTO
siIpa Ta crajeBoi 00ooHKH (2, 3), MOXHA MOOYTyBaTH
rpadik 3amexHocti mwiom A, Ta A; BiA TOBIIUHU

a)
A, M2

0,012 Cranea ¢ibpa
0,01
0,008
0,006
0,004

0,002 As

0

craneBoro ymcta § (puc. 2). Lle mo3Bossie mpu Bigomii
TOBII[MHI CTaJCBOTO JIUCTA BH3HAYATH IUIONIY CTAJICBOL
00OJIOHKH Ta IIIONTY OSTOHHOTO SIIpa.

A, =b2—4-5(b-0), 2
Ag=4-6(b—9), 3)
ne A, — wioma ¢pidpodbeToHHOrO sIpa,
A, — molna nepepisy craneBoi 000IOHKH,
§ — TOBIIMHA CTIHKH 000iMHU,
b—  po3Mip  MOMEPEYHOTO  Mepepidy  KOJOHH.
0)
A, M2
0,014 BazansroBa hidpa
0,012
0,01
0,008 Ac
0,006
0,004
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0 01 2 3 4 5

Puc. 2 3anexHicTp 1oLl 6eTOHHOTO siIpa A, Ta oLl cTajgeBol 00010HKH Ag Bijl TOBIIMHU CTAJIEBOI OOOJIIOHKH &'
a) — craznesa ¢ibpa, 6) — 6azanbTOBa (idpa.

Y  TemepimHi  uWac  JIUCHEpPCHO-apMOBaHI
MaTepiald 3a3HAIOTh ILIMPOKOIO  PO3MOBCIOKEHHS
3aBISIKM TPUMIPHOMY 3MIIIHEHHIO OETOHHOI MAaTpHII.
ToMmy BBakaeMO MOLIJIBHUM BHUKOPHCTAHHS TaKHX
MaTepiajiB B SIKOCTI OETOHHOrO siipa CTaJleOEeTOHHOT
KOJOHM.  MexaHi4Hi  BJIAaCTUBOCTI  KOMIIO3MTHHX
MaTepiajiB, apMOBaHUX PI3HUMH BOJIOKHAMH, 3aJI€XKATh
BiJ psify (aktopiB: Bumy camoi ¢idpwu, KinbkocTi Gidopu
Ha OJIMHUIIIO MacH 4u 00’ eMy, po3mipy iOpu (IoBKHHA
Ta momepedHuii po3mip), Tomo. Y [1, 2, 4] posristHyTO
pizHi Buau (Gibp i 3p00IEHO BUCHOBOK O JOIILHOCTI
BUKOPHUCTAaHHS cTaieBoi Ta Oa3ampToBOi (hiOpm st
HECYYHX KOHCTPYKIIiH,3aIIPOIIOHOBAHO ONTUMAIBHIHA
BMICT Ta pO3Mip CTaJieBoi Ta 0a3ambToBOi iodp.

Jns  BU3HAYEHHA  EKOHOMIYHOIO  e(deKTy
MTOPIBHAEMO KOJIOHH 3 OIHAKOBOIO HECYUOIO 3AaTHICTIO,
BHKOHaHI 3 OCTOHHUM SIPOM i3 3BHYAHHOTO OETOHY,
¢ibpobetony 3i cranmeBoro (ibporo, Ta pidpodeToHy 3
6a3zanpToBOIO PiOporo. [l mopiBHAHHS 3yMTHAMOCH Ha
6eroni mapku C20/25. beToHHa cyMil Malia HACTYITHHA
ckianx: nopriaaauemedT M 400 — 437.5 Kr/M° , mebiHb
¢paxuii 5-10 MM — 1158.12 kr/m%, micox piunmii -
552.6 kr/M%, Boma 210 /M3, BomoemHicTh
BH3Ha4anach 1o rpadiky MipoHoBa. Came Takuii CKIIaf
O6eToHHOi cyMminni OyB po3paxOBaHMH BHXOISIYH 3

pyxomocti OetoHHOI cymimi 5 cm [5]. V [2, 4, 6]
MOKa3aHO  paIliOHaJbHI XapaKTePUCTUKH TSt
6azapToBOi 1 crameBoi  ¢ibp. 3okpema, A

BCTaHOBJICHHA HpI/IBMOBO'f MiIIHOCTi BUKOPUCTOBYBAJIACh

craneBa ¢idbpa «YinsaOinka», ska
pospaxyHky  32.536 xr/M®  Gerony
BCTAHOBJICHHS ~ MPU3MOBOI ~ MIIIHOCTI ~ O€TOHYy 3
0azanpToBOO  (DiOpOKO, BHKOpHCTOBYBajach (hiOpa
JOBXHHOIO 12 MM, 1 monaBanacek y kinbkocti 0.2% Bif
MacH nemeHnry [7].

BuzHauumo po3Mmipu  momepeyHoro  mepepisy,
oty (iOpoOETOHHOro sipa Ta CTaNeBOi OOOIOHKH,
BUXOJSIYM 3 YMOBH OJJHAKOBOI HECY4oi 3/IaTHOCTI IpU
pi3HIi TOBIMHI cTaneBoi OOONOHKW. 3a BiANpaBHY
Hecydy 3maTHicTh  BizbMemMo N = 464 kH, sky
OTpUMaHO Ha TOYaTKy crartTi. Jusg mporo y dopmymi
(1), nns pidOpobeToHy MPU3MOBY MILHICTH OeToHy fg)
HEOOXiTHO 3aMiHUTH Ha TpPUBEACHY NPU3MOBY
MILHICTD, 5Ky OYJIO BH3HAUYEHO EKCIIEPUMEHTAIBHO Y
[5] mnst craneBoi Ta GasanbroBoi (hibpu. Tak mpuzmoBa
MIIHICTE (i0poOeTOHY 31 cTaneBoo (iOpOI0 CTAaHOBHUTH
R.=30.1 MIla, 3 O©6asamproBOr0 (ibporo R, =
26.2 MIla.

Pesymbratin po3paxyHKiB 3BereHO y TaOmumi 1 i
Tabmumi 2.

Ha mizxcrasi gocimkens, mpoBeneHnx y Tadm. 1 ta
2, MOXKHa 3pOOWTH HACTYIHI BUCHOBKU. 3aCTOCYBaHHS
(iOpobeToHy B SIKOCTI simpa CTaneOETOHHOI KOJOHH
NPSMOKYTHOTO ~ TIOTIEPEYHOr0  Mepepily  3HAYHO
NONINIIye LUTAH psAx  XapakTepucTuk. Tak, mpH
OJTHAKOBIM HeCywil 37aTHOCTI 1 TOBHIMHI OOOJOHKH,
BapTICTh KONOHU 3 sapoM, i3 craiedidbpodeTony

BBOAWJIACH 3

[7]. Hns
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3MeHIIyeThest Ha 15%, Bara Ha 26%, posmip
morepeyHoro mepepizy Ha 13%, y TOpiBHSHHA 3
O6eroHom Oe3 (iOpu. BapTicTe KomoHH 3 sapoM, i3
6a3zanpTo(ibpodeToHy 3MeHIIyeThess Ha 12%, Bara Ha
21%, po3mip monepedHoro nepepizy 9%, y mopiBHIHHS
3 GetoHOM 0e3 ¢idpu.

[Ipu 30ibIICHHI TOBIIMHU CTaJICBOI OOOJIOHKH,
3HAYHO 3pOCTa€ BapTiCTh KOJOHH 3aBISIKH BapTOCTI
MeTairy 000JIOHKHU. AJie, 301TBIIICHHS TOBIUHA CTAJICBOI
O0OJIOHKH 3HAYHO 3MEHIIYE PO3MIpH MOMEPEYHOro
nepepizy. Tak, mIs8 KOJIOHM 3  sSAPOM i3
cranediOpoOCTOHY MpPHU TOBHIMHI OOONOHKH &=1 MM,
po3Mmip komonu cknagae 106 mm, Bapricte 78.26 rpH,
Bara 14.65 kr. A mpH TOBIIUHI OOOJIOHKH &=5 MM,

pO3Mip KOJOHM ckiianae 73 MM, BapTicth 213.54 rpH,
Bara 10.04 kr. ToOro, mpuM 3MiHCHHI TOBIIVMHH
obomorkn 3 6=1 MM 10 O0=5 MM, pO3Mip KOJOHH
3meHInyeTbest Ha 31 %, Bara Ha 26 %, aje BapTicTh
3poctae Ha 173 %. Jlng KomoHM 3 sAapoM i3
6azaneTo(hiOpOoOETOHY TIPU TOBIIMHI 000JOHKH 0=1MM,
po3Mmip KkomoHu ckianmae 113 mm, Bapricts 82.6 TpH,
Bara 16.28 TpH. A TpH TOBIIMHI OOOJOHKH O=5 MM,
po3Mip KonoHH ckiagae 75 mwm, Bapticth 219.17 rpH,
Bara 10.04 xr. ToOTo, mpu 3MIHCHHI TOBIIUHH
obomoHkn 3 6=1 MM 10 O0=5 MM, pO3Mip KOJOHHU
3MmeHInyeTbest Ha 34 %, Bara Ha 38 %, aje BapTicTh
3poctae Ha 118 %.

Tabmmns 1

[TopiBHSHHS BapTOCTI 1 XapaKTEPUCTUK (hiOPOOSTOHHOT KOJIOHU 3i CTalIeBOIO (hiOPOr0 IpH HeCcydilt 34aTHOCTI
N = 464 kH i nopxunoro | = 0.5 u B 3a71eKHOCTI Bl TOBITUHU CTAJICBOI 00OJIOHKHU &

TogmmHa 000JIOHKH &, MM 3Buyaiina
1 2 3 4 5 KOJIOHA
Ee‘;y}‘l‘a HATHICTE, 462.3 464.7 463.7 468.5 463 464
1‘;‘;43“1’ KOJIOHM, D, 106 96 87 80 73 100
[lnoma Getonnoro | 40516 0.008464 0.006561 0.005184 0.003969 | 0.008836
anpa, A.M
Mnowa — cranesoi | g 5049 0.000752 0.001008 0.001216 0.00136 0.001164
000110HKH, AgM
Bapricth K0J10HH, TPH 78.26 126.13 162.91 193.03 213.54 191.74
] k
1];3’;‘5“0“’ Oerony 13.89 10.87 8.42 6.66 5.09 13.34
] *
1];3’;5“0“’ obosonk 64.37 115.26 154.49 186.37 208.45 178.4
Bara xosioHu, Kr 14.56 13.05 11.77 10.93 10.04 16.02
Tabmurs 2

[MopiBHsIHHS BapTOCTI 1 XapakTepucTUK (HiOpoOETOHHOT KOJIOHU 13 6a3aibTOBOKO (DiOpOIO MpH HeCcydiit 3MaTHOCTI

N = 464 xH i nosxunoro | = 0.5 M B 3aJI€)KHOCTI BiJi TOBILMHY CTajeBOl OO0I0HKH &

TompHA 000TOHKH O, MM 3Buyaiina

1 2 3 4 5 KOJIOHA
Ee‘;{y;a 3AATHICTE, 466 465.4 466.3 462.3 463.7 464
Posuip xonomd, b, 113 101 01 82 75 100
[lnoma - beronmoro | 419359 0.009409 0.007225 0.005476 0.004225 | 0.008836
spa, A .M
Tnowa ~— cranesoi | 5448 0.000792 0.001056 0.001248 0.0014 0.001164
o0omoHKH, AgM
Bapricth KOJIOHH, TPH 82.06 131.61 169.71 197.24 219.17 191.74
?;If“m’ ocrony® | 434 10.23 7.86 5.96 4.59 13.34
?;If“m’ oboronku* | g0 5g 121.38 161.85 191.28 214,578 178.4
Bara xoJIOHH KT. 16.28 14.18 12.64 11.32 10.44 16.02

* 1inu B3sTO 3 Mepexi inTepHer cranoMm Ha 04.04.2024p.

Skmo 3a KpWUTepi B3ATH BapTiCTh KOJOHI, TO
HaWOIMBII EKOHOMIYHOIO € KOJOHa 3 SApOM i3
craneiOpobeToHy Npu TOBHIMHI 000NOHKH 6=1 MM.

Skmo BaxiauBHM (PAKTOPOM € PO3MIpH KOJIOHH, TO
HaWOITBII paIliOHABHOIO € KOJOHAa 3 SIIPOM 13

39
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cranediOpoOETOHY TIpH TOBIIMHI OOOTOHKH 0=5 MM,
[IPY IIbOMY TaKa KOJIOHA MA€ HAWMEHIITY Bary.

BucnoBxku

VY crarti nmpoBeIeHO pO3paxyHOK cTaedeTOHHOI
kostoru po3mipamu 100x100x3 mm, moBxkuHOKO 500 MM
3 BUKOPHCTAHHSAM SK sjipa mepepisy OeTOHYy MapKu
C20/25. TlokazaHO 3aJeXHICTh IUIONMII OSTOHHOTO si/Ipa
A, Ta momi craneBoi OOONOHKHM Ag BiJl TOBIIUHU
craneBoi oOomoHku 6. BusHaueHo TOpIBHAHHI
XapaKTEePUCTUKH Ta BapTICTh i (PiOpOOETOHHNX KOJIOH 3i
craneBoro (ibporo Ta OazanproBOlO (iOpamMu TIpH
Hecyuiit 3natHocTi N = 464 kH 1 noexunoto | = 0.5 m
B 3QJISKHOCTI BiJl TOBIIMHHM CTaleBOl OOOJIOHKH O .
[MokazaHo, MO0 TpH OJHAKOBiM Hecywiil 3maTHOCTI i
TOBIIMHI OOOJIOHKH, BapTICTh KOJOHH 3 SJpOM, i3
cranediopobeToHy 3MeHITyeThcs Ha 15%, Bara Ha 26%,

po3Mip monepeyHoro rmepepizy Ha 13%. Bapticth
KOJIOHM 3  sapoM, i3 0OazanbrohiOpodeToHy
3MeHIIyeTeest Ha 12%, Bara Ha 21%, posmip

nornepeyHoro rmepepizy 9%. 3MIHIOIOYM TOBIIMHY
cTaieBoi OOOJIOHKM MO)XKHA TakoX BIUIMBAaTH Ha
XapaKTepPUCTUKH  KOJIOHH, 30KpeMa  3MEHIIYBaTH
PO3MIpH TOIIEPEYHOro nepepily i Bary. Ajie npH HbOMY
301IBIIYETHCSI BAPTICTH KOJIOHHU.
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EFFICIENCY OF USING FIBER CONCRETE AS CORE FOR STEEL CONCRETE COLUMNS OF
SQUARE CROSS SECTION
S. Berestianskaya, E. Galagurya, M. Kovalov,. L. Kravtsiv, O. Opanasenko
Ukrainian State University of Railway Transport

The article examines the effectiveness of using fiber concrete as a core for reinforced concrete columns with a
square cross-section. For this, at the first stage, the calculation of a steel-concrete column with dimensions of
100x100x3 mm, length of 500 mm was carried out using as a core a cross-section of concrete grade C20/25. At the
next stage of the research, based on the conditions of the same bearing capacity of the columns, cross-sections were
selected using fiber concrete with steel and basalt fibers at different values of the thickness of the steel shell. Steel
fiber "Chilyabinka" was used, which was introduced at the rate of 32,536 kg/m?® of concrete. Basalt fiber was used
with a length of 12 mm, and was added in the amount of 0.2% of the mass of cement. The dependence of the area of
the concrete core and the area of the steel shell on the thickness of the steel shell is plotted. A comparison of the cost
and characteristics of reinforced concrete columns with the use of ordinary concrete and fiber concrete with two
types of fibers as a core cross-section was also carried out: steel and basalt. Based on research, the following
conclusions can be drawn that the use of fiber concrete as the core of a steel concrete column of rectangular cross-
section significantly improves a number of characteristics. Thus, with the same bearing capacity and thickness of the
shell, the cost of a column with a core made of steel fiber concrete is reduced by 15%, weight by 26%, cross-
sectional size by 13% compared to concrete without fiber. The cost of a column with a core made of basalt fiber
concrete is reduced by 12%, weight by 21%, cross-sectional size by 9% compared to concrete without fiber. By
changing the thickness of the steel shell, you can also influence the characteristics of the column, in particular,
reduce the cross-sectional dimensions and weight. But at the same time, the cost of the column increases.
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