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AnHotamusi. PuOpoOEeTOH — TO NMPUHIMNHUAIBHO HOBBIM BHJI OETOHA, KOTOPHIH MMEET IIMPOKUE IEePCHEKTUBHI B OymylIeM.
JucnepcHoe apMupoBanue (GUOPO 1aeT BO3ZMOXKHOCTh HE TOJBKO KOMIIEHCHPOBATh HEAOCTAaTKU OeTOHAa (HM3KYIO MPOYHOCTH NP
PacTsHKEHHH W XPYIKOCTB), HO M HAIEIUTh €ro HOBBIMH CBOMCTBaMM, a YTO €LIe Ba)KHEE — CAENATh INPOLECC IPOM3BOJACTBA
ApMHUPOBAHHBIX KOHCTPYKILMH aBTOMaTH3upoBaHHbIM (3D mneuats 3manuii). I]ens. HopMmaTHBHBIM IOKYMEHT IO pacyery M
npoektupoBanuio cranedudpobderonupix (CDOB) koHCTpyKUuMiA cogepkuT oblue yciaoBus mnpoBepku mnpounoctd COB, npu stom
MpsIMBIX  (OpMyIT Ui mogdopa TpeOyeMbIx Kod(pGHUNEHTOB (UOPOBOrO apMHPOBAaHUS M TONIMIMHBI IUIUT HET. llenmpro maHHBIX
HCCIIEIOBaHUI OBLTO pa3paboTaTh OMpEAETICHHBIH alIrOPUTM IMOUCKA ONTHUMAJIBHBIX K03(QUIHEeHTOB GUOPOBOro apMHUpPOBAaHUS U
TOJIIMHBI IUTAT U3 YCJIOBHSI MUHUMAaJIBHON CTOMMOCTH MaTepuanoB. Memoouka. B xadecTBe KOHCTPYKIUH [UISl HCCIIEOBaHUS ObUIa
BEIOpaHa IUIMTa Ha YNPYyroM OCHOBaHMM. Ha OCHOBe moJOXXEHMII HOPMAaTHBHOTO JOKyMEeHTa OblIa pa3paboTaHa (opMyia Uit
HETOCPEACTBEHHOTO IIOMCKA MPEASIbHOrO U3rubdaroniero MoMenTa. HeusBecTHEIME B (hOpMyJie SIBISIFOTCSI HCKOMBIE KO3 dUIneHT
(uOpPOBOro apMUPOBAHMS M TONIIMHA IUIMTHL. TakuM o0pa3oM, HpenesbHBIH MOMEHT SBISIeTCS (YHKLHEH STHX JBYX BEJIMYHH.
I'padux dyHKIMK npeacTaBiseT coboii TOBepXHOCTh. Pe3ynbmamut. J{iis ueneBoit GyHKUNH, KOTOpPAst SBIISETCS OO CTONMOCTBIO
MaTepuasoB, BBHIIIONHEH IMOUCK ONTHMAIbHBIX MapaMeTpoB miuThl. Haydnas HoBusHa. Paszpa®oTaH mpsiMoif anropuTM mHoHCKa
ontuManbHbIX mapamerpoB COB mmuter Ha ympyrom ocHoBanmu. I[IpakTmueckas 3Ha4MMOCTb. [IpeAnioKEHHBIN aNTOPUTM MOXKET
OBITH HEMOCPEICTBEHHO UCIONB30BaH MpU pa3paboTKe NPOrpaMMHOIO oOOecredeHusl A aBTOMAaTU3MPOBAHHOTO Moadopa
onTHMaIbHEIX napameTpoB COB MpoMBINUICHHBIX ITOJIOB.
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YIPYrOM OCHOBAHUH
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AHoTtanisi. Pi6pobeToH — 11e TPUHIUTIOBO HOBUII BUA OCTOHY, SKWII Ma€ BENHKI HMEPCIEKTUBH y OyIiBHHLTBI MaiOyTHBHOTO.
JucnepcHe apmyBaHHS (iOpoI0 ae 3MOTy HE TUIBKHM KOMIICHCYBAaTH HEHOJIKH OeTOHY (HH3bKY MIIHICTH P PO3TATY i KPUXKICTB),
ajle ¥ JomaTu Marepially HOBHX BIIACTHBOCTEH, a IO IIe BaXKJIMBINIe — 3pOOHTH Ipoliec BUPOOHMIITBA apMOBAaHUX KOHCTPYKIIH
aBroMatn3oBauuM (3D npyk OyniBens). Mema. HopmaTuBHMI HOKyMEHT 3 mpoekTyBaHHsS cranediopoberonnux (CDB)
KOHCTPYKIiH MICTHTh 3arajbHi yMoBH nepeBipku minHocti COB, nmpu upoMy npsamux GopMyst 1uist migdopy NoTpiGHUX KoedilieHTiB
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apMyBaHHs Ta TOBIIMHH IUIMT HeMae. MeToro A0CIikeHb OyJIo MOCTaBIEHO PO3POOMTH IEBHUH aJrOPUTM IOLIYKY ONTUMAJIBHUX
koedirieHTiB GiOpoBOro apMyBaHHS Ta TOBIIMH IUIMTH 3 YMOBH MiHiManbHOI BapTocTi MarepianiB. Memoouka. B sxocrti
KOHCTPYKIIT A7t ociipkeHHs Oyina obpana CDb minra Ha npykHii ocHOBI. Ha 0CHOBI 10I0’keHh HOPMATHBHOTO TOKYMEHTY OYJI0
po3pobiieHo QopMmymy s 0e3MocepeHBOr0 IMOIMYKY TPAaHHYHOTO 3THHAIBHOTO MOMEHTY. HeBimommmu y ¢dopmyni € mrykasi
koedimieHT GibpoBOro apMyBaHHS Ta TOBIIMHA INTHTH. OTXKE, TPAaHUIHUH MOMEHT € (DYHKIII€I0 IIUX JBOX BesM4uH. ['padix yHkmil
npescTaBisie cobot0 moBepxHIO. Pesyasmamu. s 1inboBoi (yHKIIT, Ska € 3araJbHOI0 BapTICTIO MaTrepiajliB, BUKOHAHO ITOLIYK
ONTHMAaJBHUX NapamerpiB wintH. Haykoea nosusna. Po3pobieHuil mpsMuii anropuTM IOIIYyKy onTHMaibHUX napamerpiB CDb
IUTUTU Ha TIPYXHiH ocHOBI. IIpakmuuna 3nauumicme. 3aNpONIOHOBAHMH aNTOPUTM MOXKe OyTH Oe3rocepeJHhO BUKOPHCTAHUH MPU
Po3po0IIi mporpaMHOro 3abe3nedeH s sl aBTOMaTH30BaHOI0 MMiI00py onTuMaibHuX napamerpis COb npoMucioBUX miajior.

Kniouosi cnosa: cranedidpoOeToH; IPOMHCIIOBI MiyIory; KoediuieHT GiOpoBOro apMyBaHHs;; ONTHMI3allis; IUIMTA HA MPYKHIN
OCHOBI
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Annotation. . Fibre reinforced concrete has been successfully used in Civil Engineering applications: such as industrial floors, roads,
airports, pile supported floors, hydraulic structures, foundation slabs, architectural panels, precast products, shotcrete, structures in
seismic regions etc. This composite material is one of the concrete of the new generation. It consists from concrete matrix and short
randomly distributed fibres (steel, glass, various polymers and others.). But the strongest is steel fibre. fibre can be with curved ends
or wavy for better anchoring in a concrete matrix. Fibre allows compensating such weakness of concrete as low growth resistance,
high shrinkage cracking, low durability, etc. Steel fibre reinforced concrete (SFRC) has the ability of excellent tensile strength,
flexural strength, shock resistance, fatigue resistance, ductility and crack arrest. So the steel fibre reinforced concrete (SFRC) is very
efficient in comparison with conventional reinforced concrete. As a rule during the design SFRC industrial floor we face a problem:
to determine necessary thickness of floor and fibre reinforcement ratio. However, according to national rules of design SFRC
structures the main characteristics of materials depend on unknown thickness and fibre reinforcement ratio. Purpose. The purpose of
the article is to develop optimal parameters algorithm for fiber reinforced concrete plate on the elastic foundation by known value of
bending moment of the plate. Thickness of plate and fiber reinforcement ratio were considered as parameters. Methodology. Fiber
reinforced concrete plate with ultimate bending moment 100 kH-m was chosen for study. The formula for bending moment was
transformed in such way that bending moment is a function. Findings. The diagram of the function is a surface. Each point on this
surface is a possible solution of optimization problem. Equating the bending moment to maximal value and using the software
Mathcad 14 we have received the line on the surface that is thickness/reinforcement ratio curve. Search for an optimum must be
carrying out for the function of purpose which is the total cost of materials for 1 m? of the floor. Originality. The new modified
formula for bending moment was worked out. Thickness of plate and fiber reinforcement ratio were unknown in this formula.
Practical value Proposed algorithm may be practiced during soft-ware engineering for optimization of SFRC floors.

Keywords: steel fibre reinforced concrete (SFRC); industrial floors, fiber reinforcement ratio, optimization, plate on the elastic
foundation

Beryn BOJIOKHUCTHUI HaIllOBHIOBAY, PIBHOMIPHO PO3MOAUICHUH Y

Bce wacrime B cBiTOBiM mpakThui Oy/IiBHHITBa Tini OeroHy (B OeToHHi MaTpuui). 7Sl BUTOTOBIICHHS
3aCTOCOBYIOThCSI OCTOHM HOBOTO MOKOJIIHHS, OJHUM 3 ¢$iOpu  3aCTOCOBYIOTH pi3HI MaTepiajgu: CTaib, CKIIO,
sxux € (iopoderon (Fiber Reinforced Concrete, FRC). B 0azaipT, pi3Hi MoJiMepH Ta iHII. Ase HaHOLIBII MIIJHOIO
mepeknami 3 aHriiiicekoi  «¢ibpa» (Fiber) o3mauae € craneBa (¢iObpa. Bona mpexacraisie cobor Biapi3ku
«BOJIOKHOY». DiOpoOeTOH (AMCTIEpCHO apMOBaHU OETOH) JpOTy, AKI MOXYTb OyTH NIpSMHUMH, a00 AJIsI KpaIioro
— TPUHLUIOBO HOBUM Bux OeroHy. BiH, sk i aHKepyBaHHsS B OCTOHHIM MaTpumi MOXYTh OyTH 3
TpanuIiiHuN 0eToH, MIPEICTABIISE co0oro IUTIOIIIEHUMH ~ KiHISIMH, 3 3arHYyTUMH KIHIIMH = 9H

KOMIO3WILIAHUNA Marepiaj, M0 JJOJAaTKOBO MiCTHTh
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0a3aJbT, pi3Hi HOMIMEPH Ta iHII. AJie HAWOUIBIIT MIITHOIO
e cranmeBa (iOpa. Bona mpexacramise co0Ow0 Biapi3Ku
JPOTY, sIKIi MOXYTh OyTH NPSIMUMH, a00 JJIsl KpPalioro
aHKepyBaHHsS B OCTOHHIM MaTpulli MOXYTb OyTH 3
IUTIONIEHUMH  KIHISIMH, 3 3arHyTUMH KIHISIMH Y1
xwienoniOni. Ha pwuc.l mpencrasnena ¢iOpa, sxy
BurotoBisie [TAT «/InempomeTus».
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Puc. 1.3acanvnuii euensio cmanesux Qiop /
General view of steel fibers

PiBHOMIipHMIA po3TOALT ¢bi6pu 3a0e3meuye
TPUBMMIPHE apMyBaHHSA IO BChOMY 00’€My OETOHHOL
MaTpuni.  JlucmepcHe — apMyBaHHS ~ J1a€  3MOTY
KOMIICHCYBAaTH TOJOBHI HEHONIKA OETOHYy — HH3bKY
MIIHICTh Ha po3TAr 1 Kpuxkicte. DiOpobeToH Mae B
JIeKiJbKa pa3iB BUIY MIIHICTh Ha CTHCK, PO3TSTr, 3THH,
3pi3, yAapHY MIIHICTh, BUTPUBAJICTb, TPIIIMHOCTIHKICTH
Ta yIapHy B’S3KiCTh, 3SMEHIIYETHCS YCaKa.

CranediOpobeToH € EeKOHOMIUHO e(EKTUBHOIO
aJbTEpHATUBOIO TPaIULiHHOMY 3aji300eToHy. BiH Bike
3HAWIIOB 3aCTOCYBaHHS NPU BUTOTOBJICHHI aBTOAOPIT,
3IITHO-TIOCAJKOBUX CMYT Ta MPOMHUCIOBUX IIiJUIOT,
rigpocnopya, GyHIaMEHTIB, CTiH, 30ipHUX KOHCTPYKIIiM.
Moxxe OyTH 3acTOCOBaHHM IIpH 3Be/leHHI OymiBelab B
CeCMIYHUX perioHax.

Kpim TOTO, cranediopodeToH JTO3BOJISIE:
peanizoByBaTH €(QEKTUBHI KOHCTPYKTHUBHI pillIEHHS,
HAIPHKJIaJ, TOHKOCTIHHI KOHCTpYKIii 0€3 CTpHKHEBOI
a0o ciT4acTol pO3MOIIIBEYOI apMaTypH; 3HU3UTU BUTPATH
mpaimi Ha apMarypHi poOOTH 1 MiJBUINUATH CTYIIiHb
MexaHizamii Ta aBToMaTH3allii BUPOOHUIITBA apPMOBAaHUX
koHcTpyKuil (3D apyk Oynisens). [1, 4, 6]

Ane X OTpUMAaTH HEOOXiJHYy HeCcydy 3JaTHICTh
KOHCTPYKIIiH, BHCOKI EKCIUTyaTalliliHi BJIACTHBOCTI 1
€KOHOMIYHUI e(eKT BiJ 3HIKEHHS BUTPAT MartepialiB i
€KOHOMIl Yacy MOXXHa JIMIIE 32 YMOBH HPaBHIBHOTO
MPOEKTYBAaHHS KOHCTPYKIii. Ha choromHi OCHOBHHM
HOPMAaTHBHUM  JIOKyMEHTOM  TIIpH  IPOEKTYBaHHI
KOHCTpYKIIi# 3 (ibpoderony € ICTVY [3].

MeTa nociaigkeHb

pospaxynky COB  mimioru

BUHUKAE€ TaKa 3ajada: IpU
3TUHAJIBLHOTO MOMEHTY

3a3Buuaii
IIPOMHUCIIOBOI
B1JIOMOMY

max {M

pu
OymiBi
3HAaYEHHI

M

y,max B1Jl 30BHIIIHIX HAaBaHTAXXCHb

X, max >
BU3HAYUTH HEOOXigHI TOBUIMHY A IuTH 1 KoedilieHT
(bi6poBOro apMyBaHHS MUy

3rigio 3 JICTY [3] po3paxyHOK 3a MIiIIHICTIO
nepepiziB  3rMHHUX cTanediOpOOETOHHUX —EIEeMEHTIB
MIPOBOJISATH 3 YMOBH:

M<M

ult>
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ne M, - TpaHWYHUM 3TUHAIBHUA MOMEHT, SIKUM
MOXe OYyTH CIIpUHHSATHH TIepepi3oM eleMeHTa.
J71s1 elleMeHTiB MPSIMOKYTHOTO TIPOQ1iJTIo

0,5-R;, Ry, -b-h’
Rﬁ,+Rﬁ”

ult (1)
1e Ry, — pospaxyHkoBuii onip ¢i6poOeTOHY Ha CTHCK,

Ry, — po3paxyHKoBUii onip Gpi6poOETOHY Ha pO3THT,

h - TOBIIWHA TITUTH,

b=1m.

Ockinpku JICTY [3] HaOyB umuHOCTI y 2009 p.,
MO3HAYEHHSI XapaKTEPUCTHK MIITHOCTI MaTepialiB e He
Bi/INIOB11AIOTH HOBUM HOpMaM MIPOEKTYBaHHSI
3aJ1i300€TOHHUX KOHCTPYKLiH [2].

Ane x mpoOiema monArae B TOMY, IO 3TiTHO 3
JACTY [3] Rp i Rpe B cBOWO uepry 3anexarth Bif
IykaHoro koedirieHTa GpiobpoBoro apMyBaHHs M.

TakuM 4YMHOM, TOCTa€e 3agada PO3pPOOKH IEBHOTO
NrOpUTMYy TIOUIYKY onTuMaibHux mnapamerpie COb
Ty (ToBIIMHY & 1 KoedinieHTa GpidOpoBoro apmyBaHHs
My.) TIDU BIZJOMOMY 3HA4€HHI 3TMHAIBHOTO MOMEHTY B
TUTATI.

MeTonuka Ta pe3yJabTaTH 10CTiTKeHb

B sikocTi KOHCTpYKIIT A7t mociipKeHHs Oyna oOpaHa
C®b mura Ha npyxHid ocHOBI. Ha ocHOBI moioxkeHb
JCTY [3] popmyna (1) O6yna TpanchopMOBaHA TaKHUM
YMHOM, IO HeBioMMMH Yy ¢opMyai € IIyKaHi
KoediIieHT GpiOpoBOro apMyBaHHS Ta TOBIIWHA ILIUTH.

AJNTOpUTM pO3paxyHKY MpeACTaBIeHUH Ha puc. 2.

R, — po3paxyHKoBui omip OETOHY Ha CTHCK, 3a
TIEPILIOI0 TPYIOI0 TPaHIMYHUX CTaHIB

R, — pospaxyHKOBUI omip cTagi Ha po3TAr, 3a
TIEPILIOI0 TPYIOI0 TPaHIMYHUX CTaHIB

Ry, — pO3paxyHKOBHI omip OETOHY Ha CTHCK, 3a
JIPYT'OI0 TPYIIO TPaHUYHUX CTaHiB

Ry, — pO3paxyHKOBUH oOIlip cTami Ha pPO3TAT, 3a

JIPYT'OI0 TPYIIO TPaHUYHUX CTaHIB

I, — noexuHa ibpu (Bix 3aBOa-BUPOOHHKA)

1y — KoedillieHT, 10 BpPaxoBye aHKepyBaHHA ¢ibp,
npuiiMaeTbes 3a Tao. 1.

Tabnuys 1
3HayeHHs Koe(illieHTa, 10 BPaXOBY€E
aHkepyBaHHA (i0py B 3ajesxkHocTi Bin il ¢popmu / The
value of the coefficient, which takes into account the
anchoring of the fiber depending on its shape

DopmMma ¢idpn Ny
[psma (IT) 1,00
3 IUIIONIEHUMH KiHIIMH 0,70
L
3 3arHyTUMH KiHIsAMU (3) 0,90
XBuenoioHa (X) 0,85

dfreq npuBeneHud  giamerp ¢iOpu, MM, MO
BHUKOPHCTOBYETHCS

k,. — KoedillieHT, IO BpaxoBye opieHTalio ¢iop B
00’eMi eleMEeHTa B 3aJIEKHOCTI BiJ CITiBBIIHOIICHHS
pO3MipiB Tepepidy eneMeHTa 1 JIOBKUHH  (hiOpwH,
npuiiMaetbess 3a JICTY [3] Tab6a. 6.1. (Ockinbku
TOBIIMHA IUIMTH A OCTATOYHO HEBigOMa, MOXKHA

NpuiiMaTH ocepeHeHe 3HaYeHHs! K, )
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Puc. 2. Brok-cxema / Block-scheme

k, - xoedilieHt, M0 BpaxoBye poboty (idp y mepepisi,
MEPIEHANKYIIPHOMY 10  HAmpsMKy  30BHIIIHBOT'O
CTHCKaJILHOTO 3yciuis, puiimaetses 3a JJICTY [3] tabu.
6.2. (OCKINIbKM TOBIIWHA IUTMTU /I OCTATOYHO HEBIIOMA,
MOXKHA TIPUMMATH OCepeHeHe 3HaYeHHs k,,)

b=1 m.

_ nf 'df,red 'Rf,ser
Rb,ser

OTke, TpaHUYHUA MOMEHT € (YHKIIE IBOX
BenuuuH: Myu(h, ug).

ITincrasisaroun B makeri MathCAD 3a3Haudeni Buiie
BUXiMHI JaHi I8 JgiamasoHy  u5=0,005...0,018;
h=30...200 MM, orpumyemo Tpadik, TKUH MpeaCTaBIIsIE
coboro moBepxH0. KokHa TOYKa MOBEPXHI € MOXKIIMBUM
PO3B’SI3KOM 3aj1aui.

f.an 2

.o

“.F""“JUIH-.'J_[N-; :,mulﬂ":'-

Puc. 3. I'paghix mooicnusux poss s3xie 3aoavi /
Diagram of possible solutions of the problem

2

e My max, My mex — MAKCHUMAJIbHI 3HAUEHHS 3TUHAIBHHUX
MOMEHTIB B KOHCTPYKIIii BilIIOBIZIHO B HampsMKax ocei
X, y, OTPUMYEMO Ha MOBEpXHI JiHilO, a came rpadik

Ipupisurotoun M, (h, ,va) = max{Mx’maX 7 —

sanekHocti i — g, (puc.4).
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xoegiyiecuma apmysanusi / Thickness/fibre reinforcement
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Koediniear Gpidbposoro apMysasns

— saranbha BapTicts ¥k8.M COFB nnury, rpu.
588 BapTicTh 6eTOHY, MPH.
»36¢ BapTiCTs b H, TPH.

Puc. 5.Ipagpix sanexcnocmi eapmocmi 1 m° nnumu 6io
roegiyiecuma apmysanusi / The total cost of
materias/fibre reinforced ratio curve for 1 m’ of the plate

IMomyk ONTUMAIBLHOIO PO3B’SA3KY CIIiJ BUKOHYBATH
s winpoBoi  Qymkmii  C (,u fv,h), sKa MPEICTaBIIE
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