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V pobomi nasedeno mamepianu 3 00CRIOHCEHHST ePeKMUSBHOCMI SUKOPUCTAHHS
BUCOKOMIYHUX OemoHie npu 36e0eHHi 06a2amonoeepxoéux MOHONIMHUX KAPKACHUX
6ydigenv. Bcmanoeneno, wo GuKopucmanHs OemoMie BUCOKUX KIACIE 3aMicb
MPAOUYILIHUX ) KOTOHAX HUNCHIX NOBEPXI 00360I5€ 00epIHCamu eKOHOMII Ha Mamepianax
30 paxyHoK 3MEeHUIeHHs iX nonepeurHo2o nepepisy.

Traditionally, reinforced concrete is the most common material for constructing
multi-story civil buildings. Modern construction is characterized by a significant increase
in the number of storeys of buildings and at the same time a significant increase in the
complexity of architectural solutions. Therefore, high-strength concretes are quite popular
materials, especially in implementing ambitious architectural projects, where it is
necessary to ensure high strength and reliability of structural elements.

The issue of increasing the strength and durability of concrete has long been on
the agenda of scientists around the world. Many of them believe that the main method of
improving the physical, mechanical construction, and operational indicators of concrete
is to ensure the quality of its micro- and mesostructure, i.e., high density, impermeability,
and minimal cracking.

It has been proven that the use of high-quality aggregates, highly active cement,
and a low W/C ratio is the simplest and most economical way to obtain high-strength
concrete using traditional manufacturing technology.

Among the advantages of using high-strength concretes are higher early strength,
the possibility of early stripping (and therefore, earlier commissioning of the facility),
increased load-bearing capacity, reduced costs for formwork due to a reduction in the
cross-section of structural elements (respectively, a reduction in the weight of the latter,
and therefore, the load on the structures below). This, in turn, will contribute to a reduction
in the volumes of concrete and reinforcement, i.e., the installation mass of the elements,
and, accordingly, a reduction in transport costs for the delivery of materials. Important
advantages are also higher density, water and gas impermeability due to a reduction in
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capillary pores, increased resistance to chemically active substances; high corrosion
resistance, and therefore, protection of reinforcement; and reduced costs for formwork.

The paper studies the feasibility of using high-strength concrete for the
manufacture of vertical elements operating in compression - columns and pylons of multi-
story residential buildings.

To study the effectiveness of the use of high-strength concrete, a monolithic 13-
story frame residential building with commercial premises located on the first floor was
taken. The calculation was carried out in the MONOMAKH-SAPR PC using the finite
element method (FEM).

The study found that replacing concrete in columns of class C20/25 with concrete
of class C50/60 allowed a total economic effect of 223,693 thousand UAH due to the
reduction in the cross-sectional dimensions of the columns and the reduction in the cost of
reinforcing steel. The savings on materials amounted to 17.9%. It is also important that
the useful area of the building increased when the cross-sections of the columns were
reduced, which will also have a significant economic effect.

Therefore, we can conclude that it is economically feasible to use high-strength
concrete for columns of multi-story buildings, especially in high-rise construction.

Kniouoei cnosa: eucoxomiyni 6emonu, KOJNOHU, KAPKACHI 0VOi@Ni eKOHOMIUHA
eghexmuenicmo.

Keywords: high-strength concrete, columns, frame buildings, cost-effectiveness.

Beryn. TpagumiiiHO MPOTATOM OCTaHHIX MECATHIITh HAWTOMIMPEHIITNM
MaTepialioM JUIS 3BelEHHS 0araTomoBepXOBUX NHBITBHHX OyniBenb €
3amizo0eToH. CydacHe OyAIBHHUITBO XapaKTEPH3YEThCS 3HAYHUM POCTOM
MTOBEPXOBOCTI Oy[iBeNb 1 BOAHOYAC — CYTTEBUM IMiIBUINCHHSIM CKJIATHOCTI
apXITeKTYpHUX PillleHb. A TOMY BUCOKOMIIIHI O€TOHH € TOCHTH 3aTpeOyBaHUMU
MaTepiaraMu, 0COOIHBO — MPH peatizamii aMOITHIX apXiTeKTYPHHUX MPOEKTIB, /1€
HEOOXiHO 3a0e3NevynuTH BHCOKY MIIHICTh 1 HAJiHHICTh KOHCTPYKTHBHHX
€JIEMEHTIB.

AHaJi3 nociaigkedb i myosaikamiii. [IutaHHs TiABUINEHHS MIITHOCTI Ta
JOBTOBIYHOCT1 OETOHIB YK€ JaBHO CTOSITh Ha MOPAAKY JCHHOMY Iepe]l BACHUMHU
BCBOTO CBiTy. baraTo 3 HHMX BBaXka€, 1[0 OCHOBHHM METOJIOM IIiJIBUILCHHS
¢hi3uKo-MexaHIYHUX 1 OyIiBeNbHO-EKCIUTyaTaliiHUX IIOKa3HUKIB OETOHy €
3a0e3nedeHH s IKOCTI HOro MiKpo- Ta ME30CTPYKTYpH, TOOTO, BUCOKA INITBHICTS,
HEMPOHUKHICTB 1 MiHIMaNbHe TpilMHOyTBOpeHHs [1, 2, 6, 7].

BHCOKOMITHUMH ~ KOHCTPYKLIMHMMHM  (B&XKUMHM Ta  HaJBa)KKUMH)
0eToHaMH BBa)XAIOTh OETOHU 3 MiIlHiCTIO Ha cTrcK 60-130 MIla [3] a00 MilHICTb
sixmx Buma 3a 6000 psi, To6To monan 41 Mlla [4].

3rifHo 3 BITYM3HSHUMH CTaHgapTtaMyd [5], 10 ajanToBaHi -0
€poneiicbkux HopM EN 206-1:2000, BucokoMinHui O€TOH BiIITOBIAA€ KIacy 3a
mimHicTio Bumie C50/60 (mo C100/115). Omxe, kybukoBa MIllHICTH OETOHY Mae
Oytu He Hix4e 60 Mlla.
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OCHOBHIMH TIepeBaraMi BHCOKOMIITHAX OETOHIB BBaXalOTh Cepex
IHIIOTO BUCOKY PaHHIO MILHICTh, SIKa JIO3BOJISIE IIBHUJIIE 3HSATH ONAIyOKy,
MiBUIIEHY  HECy4y 3JaTHICTb, MOJMJIMBICTh  3MEHIIYBaTH  Iepepizu
KOHCTPYKTUBHHX €JIEMEHTIB, a OT)Ke, 3HW)KYBAaTH BUTPaTH OCTOHY Ta apMarypH,
MarepiaiiB Ha onaryoKy. Mo>kHa TOBOPUTH TaKOX IIPO 3HUKEHHS TPAHCIIOPTHUX
BUTpaT Ha JIOCTaBKy MaTepiajiB. 3MEHIIEHI mepepi3u KOHCTPYKIiH
nepelaBaTUMyTh MEHIIE HaBaHTAKEHHS Ha HIDKYEPO3TAIIOBaHI KOHCTPYKIII,
30KpeMa, Ha GyHIAMEHTH, [0 3HOBY K TaKU JIO3BOJIUTH CYTTEBO 3¢KOHOMUTHU HA
MaTepiayax.

J10 BaXKNMBUX TIepeBar BHCOKOMIITHIX OCTOHIB HAaJT TPAIUIIIITHIMH MOKHA
BIJIHECTH BUIIY IIIJIBHICTh CTPYKTYPH, BOJO- Ta TA30HEMPOHHKHICTh — 4Yepe3
3MEHIIICHHS KamlIpHUX TOp. A Ime — TiABHINCHY XIMIYHY Ta KOpO3iiHYy
CTIHKiCTh, @ OTXKe, 3aXKCT apmatypu [1, 2, 6, 7, 9].

3aBIsKM BUKOPUCTAHHIO BHCOKOSIKICHUX OCTOHIB HOBOTI'O IOKOJIHHS,
CTIIKUX 70 BIUIMBY MOPCHKOI BOIH, CBIT MMOOAYMB 332 OCTAHHI JCCATHIITTS
yuMaio yHikadpHEX TpoekTiB MocTiB. Cepen nux — Akashi Kaikyo Bridge
(Slmowist) — omuH i3 HAWIOBIIMX MIiABICHUX MOCTiB y cBiti, Erasmusbrug
(Porrepaam, Tomanmis), Runyang Changjiang Dagiao (KynesiHChKHI MicT,
Kuraii), 3amizamunuii mict Iluama (Tonkonr, Kwurtail), wmicr-akBenyk
(Marnebypr, Himeuunna) [8].

Bigomi xmapouocu Burj Khalifa ([{y6aii), Shanghai Tower (Illanxaii),
PETRONAS (Kyana-Jlymnyp, Cinramyp), AbOpamx ame-beiir  (Mekka,
CayniBcbka Apasis), Taipei 101 (Taiibeit), Two Prudential Plaza (Yukaro,
CIIA) 3BemeHi 3 BUKOPHUCTAHHSM BHCOKOMIIIHHX OCTOHIB I 3a0e3ledeHHs
CTIMKOCTI 10 CHJIBHUX BITpiB 1 3eMuieTpycis [8].

B YkpaiHi Tex 3B0sTh BUCOTHI OyaiBiIi, Ha choroaHi ix 31 (20 — BucoToro
Bix 100 mo 125 M, 9 — Big 125 mo 150 m, 2 — monan 200 m). 3aranom y Kuesi
30y/I0BaHO MOHAJ THUCSIYY OyIiBEIb BUCOTOIO MOHAM 35 M, 1€ JO3BOJISE CTOJHIL
3aiiMaTH BOCBME Micme y cBiToBoMy peiituury (micms Hero-Hopka (6097),
ToponTo (2393), Hy6as (1574), Toxio (1319), I'onkonry (1293), Hlauxas (1234)
i Yukaro (1233) [10]. Tomy TemMa BHKOPHCTaHHS BHCOKOMIIIHUX OCTOHIB €
aKTYaJIbHOIO.

Meta po6oTH — 10CTIIUTH €PEKTUBHICTH BUKOPUCTAHHS BUCOKOMIIHUX
OETOHIB /111 BUTOTOBJICHHSI BEPTUKAJIBLHUX €JIEMEHTIB, 1110 MPAIIOI0Th Ha CTHUCK,
— KOJIOH 1 IMIJIOHIB 6araTornoBepXOBUX JKUTIOBUX Oy/IiBEIb.

Bukian ocHoBHOro marepiaay. Y JOCTIDKEHHI OYJIO pO3TISIHYTO
MOHOIIITHY 13-TH TOBEpXOBY KapKacHY >KUTJIOBY OyIiBIIO 3 KOMEpUiHHMMH
MpUMIIIEHHAMH Ha TepmoMy mnoBepci. PospaxyHok BukonyBamum y IIK
MOHOMAX-CAIIP metonom ckinuennux enementiB (MCE). Po3paxyHkoBa
MO HaBeIeHa Ha puc. 1.

Bynisiro po3paxoByBaJid Ha BCi JiF04i HaBaHTaXXCHHsI: TOCTiliHE — Bif
BJIAaCHOI BarM KOHCTPYKLiH (NpH LbOMY HaBaHTAXEHHS BiJ] IEPEropoaOK
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3a]aBalli HABAHTAKCHHAM HA IUIATY), 3MIHHC — KOPHCHE Ha ICPEKPHTTH,
KOPOTKOYACHI — CHIrOBE Ha MOKPUTTS i BiTpoBe 3rigno 3 [11].

1]

I
i
nodpsz

Puc. 1. Po3paxyHkoBa cxema THIIOBOTO oBepXy Ta 3D-monens Oyaisii

OcCKUIbKM HaOLIbII 3aBaHTRXKEHUMH B 0araToloOBEPXOBUX OYyIIBISX €
KOJIOHH Ta MUJIOHU HIDKHIX MOBEPXIB, TO OYEBHJHO, 110 CaMe B IUX €JIeMEeHTax
Oyne  MakcuMalbHa  KUIBKICT — MmimiOpaHoi — mporpaMor  apmarypu.
KoHCTpyrOBaHHS €IeMEHTIB BUKOHYETHCSI TIPOrpamMoro 3rixuo 3 [12, 13].

[Tpu npoBeneHHI AOCTIKEHHs! y MepUIOMY BapiaHTi Uil BEpTHKAIbHUX
KOHCTpyKIii OyxiBii Oyio 3agano 6eroH xiacy C20/25. Ipu npomy B epiomy
HaOJIMKEHHI pO3MIpH Iepepizy KOJIOH He (ikcyBanu. Y pe3ynbTaTi OTpUMallid
migiOpaHuii mMporpamMolo mepepi3 cepepHiX KojoH nepioro nosepxy 450x450 i
500x500 MM i kpaitHix — 400x400 MM.

JHaii kmac 6eroHy koyioH Oyno 3MiHeHo Ha C50/60 i 3HOBY HpoOBeIEHO
PO3paxyHOK y MepIoMy HaOJNMXKeHHI, 0e3 dikcalii po3MipiB mepepiziB KOJOH.
Pe3ynbpraToM 1IbOTO pO3paxyHKy CTal Hii0paHi mporpamMoro repepizu cepenHix
KOJIOH riepiroro nosepxy 350x350 1 400x400 mwm i kpaitnix — 300x300 Mm.

[Micnst geranbHOTO aHaNizy OTPUMaHUX PE3YJbTATiB 3MIHH Iepepi3iB
KOJIOH 3 BHCOTOI0, OyJI0 BUKOHaHO (ikcaliifo 1 yHidikaiio po3mipiB nepepisis i
3aHOBO BHKOHAHO po3paxyHKH. IIpu ripoMy Opaiut 10 yBaru 3MiHy mepepisiB 1o
BUCOTI U1l KOkHOTO BapianTa. Tak, st nepioro (C20/25) Ha HIDKHIX TPbOX
MOBEPXax CepelHi KOJIOHW HpuifHATO mnepepizom 500x500 mm, a xpaiini —
400x400 mwm. TlouywHarO4M 3 YETBEPTOrO, PO3MIPH MEpPEpi3y 3MEHIICHO 0
450x450 mm 1 350x350 MM, BiAmoBimHO. 3 CHOMOrO MEpEpi3u 3MCHIICHI 10
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400x400 MM 1 300x300 mMm. 3 gecaroro — mo 300x300 mm 1 250x250 mm,
BIZIIOBITHO.

Jnst apyroro BapiaHTy 3 ypaxyBaHHSIM OINTHMAJILHOTO BUKOPHCTAaHHS
BucokoMinHoro oerony (C50/60) Ha HMXKHIX TPHOX MOBEPXaxX CEpPelHI KOJIOHU
npuitaaTo nepepizom 400x400 mwm, a kpaitHi — 300x300 mwm. [lounnarouu 3
YETBEPTOTO TIOBEPXY, pPO3MipH mepepidy 3MmeHmeHo a0 350x350 MM i
300x300 MM, BigmoBimHO. 3 cbomoro mepepisu 3menmieHi o 300x300 mm i
250x250 mmM i ximac 6erony mpuitHaTo C20/25. 3 neB’aToro moBepxy mepepizu
BCIX KOJIOH CTaHOBUTHMYTH 250x250 MM (kiac 6etory — C20/25).

Pe3yabTaTH aociaigxeHHst

VY tabnumi 1 HaBeIeHI pe3yNbTaTH aHANI3y 3arajlbHUX BUTpPAT OCTOHY Ta
apMaTypu 3a 000Ma BapiaHTaMH JJIs 3BEJICHHS KOJIOH 0araTormoBepXoBOi Oy IiBITi.
Bapticte marepianiB (0eTOHY Ta apMaTypH) po3paxoBaHa 3a I[iHAMH 3aBOJiB-
BUpoOHUKiB [14, 15].

Tabuuns 1
OO0uncIIeHHsI EKOHOMIYHOTO e()eKTy 3aCTOCYBaHHS BUCOKOMIIIHOTO OETOHY ISt
KOJIOH
Bap-t | Butpa- | Baprt. It O0’em [ina 1mM® | Cymapna | ExoHoM.
po3p. ™ apma- GeTony, 0eToHy, | BapTICTh edexr,
apma- TYpHU M TPH. Mmarepia- | THC. IpH.
Typu, T | AS500C, TiB, %
TPH. THC. TPH.
1 20,453 31849 188,98 3150 1246,694 -
(C20/25)
2 16,309 31849 45,26 3150
(C20/25) | 1023,001 | 1246,694
71,46 5042 17,9%
(C50/60)

AHanizyoun ofepkaHi pe3yabTaTH, poOUMO BUCHOBOK PO Te, IO 3aMiHa
6erony koo kiacy C20/25 na 6eton C50/60 mo3Bonmia oaepKaTtu CyMapHUN
€KOHOMIUHUHN edekT y po3Mipi 223,693 Tuc. rpH., 3a paxyHOK 3MEHIICHHS
PO3MipiB OMEPEUHOTO TepePi3y KOJIOH i 3HWKEHHsI BUTPAT apMaTypHOI CTali.

VY pesynbTaTi 3MEHIICHHS PO3MipiB MOMEPEYHUX Mepepi3iB (3a paxyHOK
BukopuctanHs Oetony C50/60) cepeqHix KOJIOH HIDKHIX TPhOX IOBEPXIB 3
500x500 MM 1o 400x400 MM i kpaiiHix koioH 3 400x400 MM 1o 300x300 Mmm, 3
YETBEPTOro 1Mo NIOCTUH noBepX — 3 450x450 MM 10 350x350 mm i 3 350x350 Mm
1o 300x300 mM, BiAmoBimHO, a 3 cbkoMoro a0 nes’storo (6eron C20/25) — 3
400x400 mm mo 300x300 i 3 300x300 MM mo 250x250 MM, eKOHOMIsT Ha
Marepianax ckiaana 17,9%. BaxmBuM € i ToW ¢akT, M0 NpH 3MEHIIEHHI
TepepiziB KOJOH 30UIbIIMIACE KOPUCHA IUIOMIA OYAiBNi, IO TEX MaTHME
€KOHOMIUHUH eeKT.
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OTxe, MOXHa 3pOOWUTH BHCHOBOK IIPO EKOHOMIYHY JOMUIBHICTH
BUKOPHCTAaHHS BUCOKOMIITHOTO OETOHY JUIsl KOJIOH 0araTornoBepXoBUX Oy1iBelb,
0CO0JIMBO TIPY BUCOTHOMY OY/IBHUIITBI.

[Ipore KOMIUIEKCHA OLIHKa €KOHOMIYHOI €()eKTUBHOCTI BUKOPHCTaHHS
BHUCOKOMIITHUX OETOHIB BUMAarae ypaxyBaHHS HHM3KH (aKTOpiB, TakuX, SK:
MOXJIMBI JIOJATKOBI BUTPAaTH Ha IMPOEKTYBaHHS KOHCTPYKLil, HEOOXiAHICTH
cHeuiaJibHOro oOJIaZHaHHS 1 KBai(hiKOBAaHOTO IEpCOHANY, pPETeNbHIIINN
KOHTPOJIb IKOCTI 3@ TEXHOJIOTI€I0 BUTOTOBIICHHS Ta YKJIaAaHHS TOIIO.

BHCHOBKH Ta nepcreKTUBU NOAATBIINX 0CTiZKeHb

Ha mpuxmazi 13-Ti moBepXxoBoi MOHOTITHOI KapKacHOI KUTIIOBOT Oy miBiIi
OyJl0 BUKOHaHO PO3PaxyHOK BHTpaT OETOHY Ta apMaTypH A KOJOH y JIBOX
BapiaHTaX — i3 BUKOPHUCTaHHSAM TPATUIIIITHOTO BaXXKoro OeToHy kimacy C20/25 i
BHcOKoMinHOTO — Kiacy C50/60. BcraHOBIEHO, IO BHCOKOMIITHHNA OETOH
JI03BOJISIE 3MEHILIUTH Tepepi3u KOJIOH. Y pe3ysbTaTi 3aMiHM Kilacy OeToHy Ha
C50/60 kinbkicTh apMaTypH KOJIOH 3MeHIIMiach Ha 4,144 T y NOpIBHSHHI 3
MepIIUM BapiaHTOM. 3MEHIICHHS Mepepi3iB KOJIOH JO3BOJIMIIO 3HU3UTU BUTPATH
GeToHy Ha 72,26 M3, 3MEHIIMBIUM MM HABAaHTaXXEHHS Ha (yHJIAMEHTHY ILIATY
Ha 180,65 TonH. ExoHOMI4HMIT eheKT BiJy BUKOPUCTAHHS BUCOKOMIITHOTO OETOHY
JMIIe 3a Marepiasamu KoJjioH (OeroH+apmarypa) cknaB 1246,694 tuc. rpH.
(17,9%). Boanouac, 3MEHIIIEHHS MepePi3iB KOJIOH JO3BOJISIE 301IBIITUTH KOPUCHY
IUTOIY MPHUMIMICHB, IO TEK MAaTUME CYTTEBUH €KOHOMIYHHH e(heKT, 0COOINBO
JUTsL 0araToOMOBEPXOBUX OYIiBEIb.

BucokoMinamii 6eToH 3a0€3MEYNTh MiNBUIICHY MIIHICTh KOHCTPYKIIiH,
o0 0COONHMBO BAXIJMBO U HIDKHIX TOBEPXiB, SKI CIIPHUAMAIOTh HAHOLIBIII
HaBaHTAKEHHS, Ta CEUCMOCTIHKICTh Oy/IIBII, IO 3MEHIINTh PU3UKH PyHHYBaHHS
Ta 3MEHILYE BUTPATH Ha BIJIHOBJICHHSI ITiCJISl 3eMJIETPYCIB.

[Ipore mpu BU3HAYEHHI €KOHOMIYHOI €(EKTHBHOCTI Bijl 3aCTOCYBAaHHS
BHCOKOMIITHUX OETOHIB IIOTPIOHO ITPOBECTH KOMIUIEKCHY OL[IHKY 13 YpaxXyBaHHIM
HU3KKA (akTopiB. 30Kpema, TOW (hakT, MO BHUCOKOMIIHHHA OETOH BUMArae
PETENBHIMIOr0 KOHTPOMIO SKOCTi, JOTPUMAHHS TEXHOJOTii BHUPOOHHUITBA Ta
yKJIaJIlaHHs, CIIELiaJIbHOTO 00JaJHaHHA Ta KBali(hikOBaHOTO INEPCOHAIY, MOXKE
30UTBIIUTH BUTPATH HA OYAIBHUITBO. MOXIIHMBI TaKOX JOJATKOBI BUTPATH Ha
pPO3paxyHOK 1 NPOEKTYBaHHS KOHCTpykKmid. J{is onTumizauii BUTpaT BapTo
3aCTOCOBYBATH CIIEI[iaJli30BaHE IPOrpaMHe 3a0e3IeYeHHS.
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