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Anortauis. Ilocmanoeka npodnemu. ApxiTekTypHO-Oy/iBelbHE NPOEKTYBaHHSA Oy/iBeNlb 13 3aCTOCYBaHHAM
3aJ1i300€TOHY 3yMOBHJIO 3pPOCTaHHSI YMCIa OO'€KTIB 3 IHAMBIAYaIbHOIO 00'€MHO-TUIaHYBAIBHOIO CTPYKTYpOIO, 0Oararoro
pi3HOMaHITHICTIO (hacagHUX Ta 00'eMHUX pilleHb. ChOTO/HI aKTyaJbHUM CTAJIO NMUTaHHS NMPO ePEeKTUBHICTh 3aCTOCYBaHHS
IUTOCKOTO  30ipHO-MOHOJIITHOTO TIOJNICTIICHOTO TIEPEKPUTTS y 3BEACHHI 0ararormoBepXOBUX OyImiBenb 3 IHIMBITYHUMH
00'eMHO-TITAHYBaJIbHUMH Ta apXiTeKTYPHUMH PilIeHHAMH. B yMoBaX pHHKOBOi €KOHOMIKHM Pi3KO 3pic iHTEpeC 0 MUTaHHSI
PpamioHaJFHOTO BUKOPUCTaHHS PECypCiB, a caMe BUTpaT OCTOHY Ta apMaTypH B OyIIBHUIITBI, 10 OE3MMOCepeTHRO TOB'S3aHe 13
3aly4eHHsIM 1HBECTHUIIN. SIK Bimomo, mig gac mpoeKTyBaHHS OyaiBelb 31 30ipHO-MOHOJITHOTO 3a/Ti300€TOHY, Ha BiIMiHY Bij
30ipHOTO, 3'IBIETHCA BENIKa CBOOOIa B IPHUHATTI 00'€MHO-TUIAHYBAJIbHUX TIapaMeTpiB OyiBIi, a TAKOK MOXKYTh iICHYBaTH
OUTBII TIPOCTI KOHCTPYKTHBHI DIIICHHS, 30KpeMa, TepeKpHTTiB. KOHCTPYKTHBHE pIllIeHHS MEPEeKPUTTIB 3aJEKHUTHh Bil
YKCJICHHUX BHMOT, 1[0 BHCYBAIOTHCS B IIOMY 110 OyaiBIi 1 6e3mocepentso 10 nepekputts. OmnHa 3 BUMOT, IO BIUTUBAIOThH
Ha 3ayuyeHICTh IHBECTHIiH, — Maja MaTepiaJOEMHICTh TEPEeKPHUTTS MpPU 3HAYHUX [POroHaX OyiBedb PI3HUX
KOHCTPYKTHBHUX CHCTeM. E(eKTHBHE 3aCTOCYBaHHSI MOJIETHIIEHOTO MEPEKPHUTTS 31 30ipHO-MOHOJITHOTO 3aJ1i300€TOHYy 3
MyCTOTAMHU 3 TUIACTHKOBUMHU KYJISIMU Yy OYIIBHHIITBI MOTPEOy€e BCEOIYHOTO TEXHIKO-EKOHOMIUHOTO aHANI3y IHHOBAIIHHOTO
PpILIEHHS] KOHCTPYKLIT IEPeKPUTTS 31 30ipHO-MOHOJIITHOTO 3ani300eTony. Mema cmammi — BUKOHATH TEXHIKO-€KOHOMIYHE
TIOPIBHSHHS PI3HUX BapiaHTIB KOHCTPYKTMBHHUX PillIEHb IUIOCKOTO TMOJIETIIEHOTO 30ipHO-MOHOJITHOTO TEPEKPHTTSI.
Po3srasHyTOo BIIIMB MapamMeTpiB MEPEKPUTTS HA BUTpaTy OeTOHY Ta apMaTrypH. Bucnoeok. Y cTaHOBIICHO, 1110 SIK MaTepiai s
BUT'OTOBJICHHSI ITYCTOT i3 KYJISIMH y TUIOCKUX TIEPEKPUTTSIX PalliOHaIbHO BUKOPHCTOBYBATH MOPOXKHUCTI KyJIi 3 IepepoOIeHoi
BTOpCHPOBHHU. [Ipu 11bOMy BCi HOCTIIPKEHI BapiaHTH MEPEKPUTTIB 13 MpoboTaMu 6, 7, 8 M Ta po3MipaMH MyCTOT i3 KyJIb
niamerpamu 180, 315 ta 500 MM BiANOBIAFOTH BUMOTAM TIEpIIOL TA JPYTOi TPYIIH TPAHNYHHX CTaHIB.

KurouoBi cjoBa: 36ipno-mononimue Oyo0isHuymeo; 30ipHO-MOHONIMHe Nepekpumms; NI0CKe noaeculeHe
nepexpummsi; nyCmomoymeopyeay; nepekpumnisi 3 nyCmomamu; NepeKpummsi 3 nyCmomoymseoplosaiamu
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Abstract. Formulation of the problem. Architectural and construction design of buildings using reinforced
concrete has led to an increase in the number of objects with an individual space-planning structure, a rich variety of
facade and volumetric solutions. Today the question of the effectiveness of using flat prefabricated monolithic
lightweight floors in the construction of multi-storey buildings with individual space-planning and architectural
solutions is relevant. In a market economy interest in the issue of rational use of resources, namely the cost of concrete
and reinforcement in construction, has sharply increased, which is directly related to attracting investment. As it is
known, when designing buildings from prefabricated monolithic reinforced concrete, in contrast to prefabricated
concrete, there is greater freedom in adopting the space-planning parameters of the building, and there may also be
simpler design solutions, in particular for floors. The constructive solution of floors depends on numerous requirements
for the building as a whole and directly for the floor. One of the requirements that influences the attraction of
investments is a small material-intensive floor covering with significant spans of buildings of various structural
systems. The effective use of lightweight precast monolithic reinforced concrete floors with voids made of plastic balls
in construction requires a comprehensive technical and economic analysis of this innovative solution for the precast
monolithic reinforced concrete floor structure. The purpose of the article is to perform a technical and economic
comparison of various design options for a flat lightweight prefabricated monolithic floor. The influence of floor
parameters on the consumption of concrete and reinforcement is considered. Conclusion. As a result of the research, it
was established that it is rational to use hollow balls made from recycled materials as a material for making voids from
balls in flat floors. Moreover, all studied floor options with spans of 6 m, 7 m, 8 m and void sizes made of balls with
diameters of 180 mm, 315 mm and 50 Omm meet the requirements of the first and second groups of limit states.

Keywords: prefabricated monolithic construction; prefabricated monolithic floor; flat lightweight floor; void
former; floor with voids; floor with void formers

IToctanoBka mnpodjemMu. Y Cyd4acHOMY  KOHCTPYKTHUBHHMX pillleHb MEepeKpUTTiB. OnHUM
OyIIBHULTBI 0araTornoBepXOBUX  CHOPYJX 13 CHOCOOIB 3HMKEHHS Baru KOHCTPYKLIL
BapTiCTh NEpeKpHUTTiB aocsrae 30 % BapTocTi  MEPEKPUTTS OauUThCS BIAIITYBAHHS IYCTOT Y
3arajqbHOOYIIBETbHUX POOIT 1 Ha MEPEeKPUTTS  MEPEeKPUTTI, NpU [bOMY 3MEHIIYEThCS HE
npunagae g0 60 %  3aranbHUX ~ BUTpAaT  TUIBKM BUTpaTa OETOHY, a W 3arajgbHa Maca
3anmizo0eTtony. [loka3HuKM MaTepiaJOMICTKOCTI  MEPEKPUTTS, IO  CHOpUS€  3MEHIIEHHIO
NEPEeKPUTTIB BIUIMBAIOTh HA EKOHOMIYHICTh  3arajJlbHOr0 HABaHTAXKEHHS 1, SK HACIHIJOK,
yCiX KOHCTPYKIiM OyniBill, a caMe CTiH, KOJIOH,  3HI)KEHHIO BUTpPAT apMaTypu Ha apMyBaHHS
¢yHoamMeHTiB 1, B IUIOMYy, Ha 00'€eMHO-  TNEPEKPUTTS B IIOMY.

IUTaHyBaJIbHI piteHHs Oyaisess [1]. Y npoMy JIOCHIDKEHHI PO3TISIAETHCS

[Tutoma Bara HOBOOYJOB 13 MOHOJITHOTO  30ipHO-MOHOJIITHE 3aJ1i300€TOHHE MEPEKPUTTS 3
3a11300€TOHY B HHU3IIl BEJIMKUX MICT 3pociia 10  IMyCTOTaMU 13 IUIACTUKOBUMH KYyJISIMM, 32
25-30%. Ilpm 1bOMy TEpEeKpUTTS YACTO  JOMNOMOTOK SKHX MOXHA 3HAYHO 3HHU3HUTHU
BUKOHYIOTh 13 0€30aJIKOBUMHU IUTUTAaMU, SKI ~ BUTpaTH OETOHy, ajie TpH IbOMY OymiBIIsI
MaloTh MaKCUMallbHY MaTepiajoMicTKicTb. Lle  3a10BONbHATMME BUMOTHM LIOJO0 HaAIHHOCTI Ta
3YMOBJICHO THM, II0 CBOTOJHI  OOCST  JIOBIOBIYHOCTI.
3aCTOCYBaHHS HOBHUX KOHCTPYKTUBHHUX PILIEHb Takox y AaHOMy NEpEeKpUTTI NPHUIHATO
MEPEeKPUTTIB 13 MOHONITHOro abo 30ipHO-  pilIEHHS BUKOHAHHS YMOBHUX Oanok, uis
MOHOJIITHOTO ~ O€TOHy 3  BUKOPUCTaHHAM  OyJIBHHMIITBA SKMX He TpeOa BUKOPUCTOBYBATU
MyCTOTOYTBOPIOBAYiB  JIOCUTh Malldif, 1[I0  JOJAaTKOBY  ONAIyOKy,  3aBISIKH  YOMY
BUKJIMKAE 30UIbIICHHST BUTpaTH ctajii a0 50 % 3MEHIIUTHCS TEPMiH OYIBHHUIITBA Ta 3HU3UTHCS
MOpIBHSHO 3  TOMMPEHUMH  30ipHUMH  TPYAOMICTKICTB. [IpoGnema  parmioHaJbHOTO
MONEPEHBO HAMPYKEHUMH KOHCTPYKLISMU  BHUKOPUCTaHHS OyJAiBENbHOI CHpPOBMHU Ta

MIEPEKPUTTIB. 3/leIeBIeHHs OyAIBHMLITBA B HaIll KpaiHi
SIKio, BapTICTh HEPEeKPUTTS CTAHOBUTh  Jy)Ke Ba)IJIMBA Ta aKTyaJbHA.

30% Bim 3arampHOi BapTOCTi  OYMiBIIi, 3anpornoHoBaHe IUIOCKE 301PHO-MOHOJIITHE

HEOOXIAHO MPUIIIATH yBary po3poOJIEHHIO Ta  TMEPEKPUTTS SBIs€ COOOI0 IUIMTY ONalyOKy,

BUKOPHUCTAHHIO OUIBII €KOHOMIYHUX  PO3TallOBaHy IOHMU3Y IUIUTH HEPEKPUTTH,
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MOBEPX SKO1 BKIIAAAIOTHCS ITyCTOTOYTBOPIOBAUi
y BUTTISAL Kynb (puc. 1), a MOTIM BUKOHY€ETHCS
3arajibHE 3aMOHOJIIYEHHSI BCi€l KOHCTPYKIIi
nepekputts [2].

-

Puc. 1. [Inuma nepexpumms 3 po3amiujeHuMu 6cepeouHi
NOPOACHUCIMUMU NAACTMUKOBUMU KVAAMU

[TyctoTn B JTAaHOMY HEePeKPUTTI
BUTOTOBJISIOTHCS LIUIIXOM YKJIQJaHHS B O€TOH
HOJINPONiIEHOBUX MOPOKHUCTUX KyJlb
BHUCOKOi MIUTBHOCTI, M0 PO3TAIIOBYIOTHCS

3TIIHO 3 TMPOEKTOM 1 PO3MIILYIOTBECA MIXK
apMyBaJIbHUMH CITKaMH. Marepian
MMyCTOTOYTBOPIOBAYiB HE BCTYMA€ B XIMIYHY
peakiiro 3 6eToHOM abo apMarypor, HE Mae
MMOPHUCTOCTI, JOCTATHBO JKOPCTKICTUH 1 MIITHUH,
mo0 CHOpuiiMaTh HABAHTAKEHHS, TaKi SK
3aJIMBKa OETOHHOI cyMmitii (puc. 2).

Puc. 2. Bemonyesanns nepexpummsi
3 NYCMOMOYMEOPI08auamu 3 NIACMUKOBUX Kyilb

[Tonermene 30ipHO-MOHOJIITHE IEPEKPUTTS
3 MyCTOTaMH 3 IJIACTUKOBUMH KYJISIMH Ma€ Taki
nepesaru [3]:

— MEHIIIa Bara MEepeKpUTTs, MOPIBHIHO i3
CYUUIPHUMH  TUTUTaMH,  3aBISIKH  4OMY
3MEHIIYEThCSA KUIBKICTh a00 po3Mip HECHHUX
KOHCTPYKIIii Oy1iBIi Ta PyHIaMEHTIB,;
3HWKCHHST HAaBaHTAXXCHHS Ha HECHI
KOHCTPYKIIii MOJETIIEHOTO MePEKPUTTS;
MEHIII ~ BUTpaTH  MarepiajiB
MEPEKPUTTS;
30IBIIEHAS  YKOPCTKOCTI
MOPIBHSIHO 31 30ipHUM MEPEKPUTTIM;
30iiplIeHa BHCOTA TMEpepizy mpu
MEHIIMX BUTpaTax Marepialy, [0 MiJABHIIYE
KOPCTKICTh TOJIETIIEHUX ePEKPHTTIB;

Ha

TUTATH,
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— 3HIDKEHHSI TPAHCIIOPTYBAJIBHUX BUTPAT
KOHCTPYKLIi  TEepKPUTTS  TOPIBHAHO 31
30ipHUMU.

— TIOJIMNIICHa 3BYKOI30JIALISl y 3aKpUTHX
CTEITbOBHX IMOPOKHUHAX.

Mera crarTi BUOIp paliOHANIbHUX
napamMeTpiB  301pHO-MOHOJIITHMX  IUIOCKHUX
HNEPEeKPUTTIB 13 MyCTOTaMH 3 IUIACTUKOBUMHU
KYJISIMU TIPH 3aJIaHUX XapaKTEePUCTHKaX OCTOHY
Ta apMmaTtypu. PO3IIsIHyTO BIUIMB IapaMeTpiB
NEPEKPHUTTS Ha BUTPATy OCTOHY Ta apMaTypH.

PesyabTraT pocaigkensn. [ yncioBoro
aHaJizy Hampy»XeHO-Ie(OPMOBAHOTO  CTaHy
KOHCTPYKIIii 301pHO-MOHOITHOTO TEPEKPUTTS
3 MYyCTOTaMU 3 IUIACTUKOBHUMH KYJISIMH Ta
OLIIHEHHS BUTpaT OETOHy Ta apMaTypu Ha
NEPEeKPUTTS. CTBOPEHO DPO3PAXYHKOBY MOJIEINb
HEePEeKPUTTS 3 ImycToTamu [4], mo omepri 3a
KOHTYPOM Ha YMOBHI OaJKH, IIsl pO3paxyHKy B
nporpamMHomMy kKomiutekci «Jlipa» (muB. crarTio
B 1bOMY 30IpHHUKY). Y IbOMY KOMIUICKCI
BUKOHAHO PO3paxyHOK CTBOPEHOI MoOJei
NEPEeKPUTTS 3a NEpHIOI0 Ta JPYTro0 TPYIOI0
I'PAaHUYHUX CTAHIB.

OTpuMaHO TO3JOBXKHI Ta TOMEPEYHi
Hanpyru Nx Ta Ny y KOHCTPYKIIT IEpeKpUTTSL.

3a OTpUMaHUMH pe3yJbTaTaMHU HANPYTH
BUKOHAHO MiAlip apmarypu Ais  IUTUT
NEPEKPHUTTS 3 JJOBKUHOIO IPONILOTY 6, 718 M, 3
PI3HUMU JllaMeTpaMHu MycToToyTBOproBaya 180,
315 Ta 500 MM i KOpUCHE XapaKTEPUCTHUHE
HaBauTtaxxenud 1,5 xIla.

KoHCTpyKTHBHA cXeMa IUTUTH TEPEKPUTTS
3 MIPOroHaMH 6X6 M Ta MyCTOTOYTBOPIOBAYaMHU
nmiametpom 180 MM HaBeneHa Ha PUCYHKY 3.
[Tpu 1poMy Ui PO3IIIAHYTOT KOHCTPYKTHBHOT
CXEMHU TEPEeKPUTTS TPHUHMAINCI OIHAKOBI
BIICTAaHI MDK  IyCTOTOYTBOpIOBaYaMH 1
MOBEPXHSAMHU IUIUTH BUXOISYH 3 MiHIMAIbHUX
KOHCTPYKTUBHUX BUMOT.

Po3paxyHOK apMyBaHHS B TEPEKpPUTTI
BUKOHAHUN 3 YMOBH CHPHUHHATTSA apMaTyporo
BCIX  Hampyr  po3Tiry,  OINOPHUMH 1
IPOTOHOBUMH NONEPEUHUMH NTepepizaMu 0alok
1 TIONEepEeYHUM TMEepepi3oM IUIUTH MEPEKPUTTS.
[Totim 3a migiOpaHuMU AiaMeTpamMu apMaTypu
BUKOHAHO PO3KJIAJKy CITOK Yy TEpPeKpPHTTI

(puc. 4).
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Puc. 3. Koncmpyxmuena cxema naumu nepekpumms
3 HYCMomamut 3 RAACMUKOSUMYU KYJIAMU
a — naam po3mauly8arnHs KOHCMpPYKMUGHUX eleMenmis,
0 — nepepis niumu nepekpumms
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Puc. 4. Cxema posmawysanna cimok
UMY NepeKpummsi
v PO3paxyHKOBHX dbparmeHTax

MOHOJIITHOTO MEPEKPUTTS 3 IyCTOTaMH 3MiHa
K JIOBXMHU TIPOTOHY KOHCTPYKIii, Tak i
BEJIMYMHM IyCTOTOYTBOpyBada, a came 1
TOBIIMHY KOHCTPYKIIi1 Bilirpae 3HA4Hy POJIb:

1) 3HAYHO 30LIBLIYIOTHCSI BUTPATH OCTOHY
npu  30UTBIIEHHI  IYCTOTEYTBOpyBada  Ta
3MEHUIYIOTbCSI TpU  301IbIIEHHI BEIUYHHU
NPOroHy KOHCTPYKIIi (Tadu. 1).
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Tabauys 1

Burpatu 6eToHY Ha nepeKpUTTs, M/M?

Bapiant 1 (@180 mm, | = 6 m) 0,182
Bapiant 2 (@ 180 mm, | =7 m) 0,171
Bapiant 3 (@ 180 mm, | = 8 m) 0,169
Bapiant 4 (@ 315 mm, | = 6 m) 0,246
BapiauT 5 (@ 315 mm, | =7 m) 0,238
Bapiaur 6 (@ 315 mm, | =8 m) 0,246
Bapiant 7 (@ 500 mm, | = 6 m) 0,454
BapianT 8 (@ 500 mm, | =7 m) 0,439
Bapiant 9 (@ 500 mm, | = 8 m) 0,428

2) Brpatu apmaTypu 30UIBLIYIOTBCS IpU

30UTBIIIEHH] BEJIMYMHU MIPOTOHY Ta

3MEHILYIOTHCS npu 301IbIICHH]

yCTOTOYTBOPYBava KOHCTPYKIIii (Tab. 2).
Tabauys 2

BuTpaTu apMaTypH Ha IEPeKPHTTSI, M°/M?

Bapiant 1 (@180 mm, | = 6 m) 17,55
Bapiant 2 (@ 180 mm, | =7 m) 13,98
Bapiant 3 (@ 180 mm, | =8 m) 14,92
BapianaT 4 (@ 315 mm, | =6 m) 14,2
Bapianat 5 (@ 315 mm, | =7 m) 14,36
Bapiant 6 (@ 315 mm, | =8 m) 16,2
Bapiant 7 (@ 500 mm, | = 6 m) 4,88
Bapiant 8 (@ 500 mm, | =7 m) 3,86
Bapiant 9 (@ 500 mm, | =8 m) 4,17

3) BapricTe MarepianiB Ha yJAIITyBaHHS
1 m?

NEPEeKPUTT  30UIBIIYIOTBCS  TIPHU
30UIBIIIEHHI BEJIMYMHU MPOJILOTY Ta HpHU
301IBIICHH] %) IIyCTOTOYyTBOpYyBayua
KOHCTpyKIii (Tadm. 3).

Tabauys 3

BapricTh MaTepianiB Ha yJamITyBaHHS
1 m? mepeKpuUTTS, IPH

Bapiant 1 (@180 mm, | = 6 m) 936,0
Bapianr 2 (@ 180 mm, | =7 m) 804,15
Bapiant 3 (@ 180 mm, | =8 m) 827,9
Bapiaur 4 (3 315 mm, | =6 m) 979,5
Bapiant 5 (@ 315 mm, | =7 m) 966,3
Bapiant 6 (@ 315 mm, | =8 m) 1113,3
Bapiant 7 (@ 500 mm, | = 6 m) 1167,9
Bapiaur 8 (@ 500 mm, | =7 m) 1081,05
Bapiaut 9 (@ 500 mm, | = 8 m) 1088,1
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s BHU3HAYEHHS pamioHaJIbHUX ~ 3MiHAa MPOTOHY KOHCTPYKIIi TpHU TOCTIHHIN
napaMeTpiB KOHCTPYKIIi BpaxOBYeTbCS SK  TOBIIMHI  KOHCTpyKUii (@  MmycTOTOYTBO-
BUTpaTa MarepiaiiB, Tak 1 iX BapTicTb. 3a  proBaua). [Ipn 301UIBIIEHH] IIPOTOHY

MOTOYHUMH PO3IiHKaMu Ha cideHb 2024 poky  KOHCTPYKIi 3 6 10 8§ M BHUTpaTa apMmarypu
cepemHs BapTicth 1 M° Getony kmacy C20/25  36imbmryerscs.

craHoBuTh — 2 250 rpH; cepenHs BapTicTh 1 T 3. Jlna  BuUABIEHHS  ONTHUMAJbHUX
apmarypu ckimagae 30000 rpa. 3rimHo 3 mapaMmeTpiB KOHCTPYKIIi 30ipHO-MOHOJIITHOTO
BapTiCTIO MaTepialiB Ha ynamrTyBaHHs | M?  HepeKpUTTS 3 MycTOTaMM 3 ILIACTMKOBHMU

MEPEKPUTTS  HAHOUIBII  ONTUMAJIBHHM €  KYJSIMH BpPaxOBYEThCS HE JIMIIE BUTpATa, a U
MEePEeKPUTTS 3  NPOroHaMM  7X7M  Ta  BapTICTh MaTepiaiis.

mycToTOyTBOproBaueM ¢ 180 mm. [Ipu  30inbIICHHI  TOBIIMHU  IUIUTH
(O nycrtoroyTBOproBavya) UM  301IBIICHHI
BucnoBkn NPOroOHy KOHCTPYKWii 3 6 10 8 M

crocTepiraeTbesl 30inplIeHHS BapTocTi 1 M2

30ipHO-MOHOJITHOTO MEPEKPUTTH.

4. 3rigHO 3 BapTICTIO MaTepialiB Ha
ynamrtyBaHHs 1 M? TepeKpUTTsS HaiOimbI
ONTUMAJIBHUM € TEPEeKPUTTS 3 MPOrOHAMHU
7x7 M Ta myctotoyTBOproBaueM ¢ 180 mm.

1. YV pospaxyHKax TMEpPEKPUTTS IIOJ0
BUTpATH apMaTypH 3HA4YHY POJIb BiAirpae 3miHa
() myCTOTOYTBOPIOBada, TOOTO TOBIIMHU TLTUTH
MpU TOCTIHHOMY TPOTOHI KOHCTpyKIi. [Ipu
30impmienHi @ Bim 180 go 500 MM
CIIOCTEPITaeThCsl SMEHIIICHHSI BUTPAT apMaTypH.

2. Y po3paxyHKax TMEpPEeKPUTTS IIOJ0
BUTPATH apMaTypH BaKIMBY pOJIb Bijirpae
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