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AHotamia. [lis  ywyacti 'y  MDKHapOJHHX
3Maranb Ha OCTOHHHUX KaHOE cepell CTYACHTIB Ha
kadenpi 3aJ11300€ TOHHUX Ta KaM’SHUX
koHcTpykuii KHYBA Oyna 3ampoekroBana Ta
BUTOTOBJIGHa  OETOHHAa  KaHOe,  apMoOBaHa
KOMIIO3UTHOIO apmaryporo. KoHcTpykuis kaHoe
Oyna 3MonenboBana Ta po3paxoBana y [IK «JIIPA-
CAIIP».

Kurouogi ciioBa. Kanoe, 6a3ansrodiopodeToH,
0azanpTOBa apMmarypa, MIHOMOJICTHPOI, METOX
CKIHYECHHUX €JIEMEHTIB.

[NOCTAHOBKA TIPOBJIEMU

[IpobnemaTnka maHOi CTATTi TOJNATAE Y
BU3HAYEHHI ONTHUMAaJIbHOI TOBIIMHM CTIHOK KaHOE,
ckiaany — 0OazampTodiOpoOeToHYy  Ta  cXeMH
apMyBaHHS KaHOe IJisi 3a0e3MmedyeHHs ii MIITHOCTI
Ta TPIMUHOCTIHKOCTI, a TaKOX JOCTAaTHHOI
miaBydocti. JlJis MOCSATHEHHS MiHIMAajdbHOI Baru
KaHO€ TPUHHATO BUKOPUCTATH HE METAJIeBe
apMyBaHHSI.

KOHCTPYKIIIS TA PO3PAXYHOK
BETOHHOT KAHOE

st mpoekty OeTOHHOI KaHoe Oynu MPHHHATI
rabapuTHi pO3MIpH BiJ JAepeB’sHOI KaHOe, sKa
mokasana Ha pwuc. 1. B mmami kaHoe wMae
niH3ononiony ¢opmy. 3arambHa JOBXKHHA KaHOE
ckinagae 4,3 M, MakcuManbHa mupuHa — 900 mm.
MinimanibHa BHcoTa Oopra cTaHOBUTH 400 MM.
3rifHO TPHUWHATOI TEXHOJOTIi BUTOTOBJICHHS
CTIHKM Ta JHHIIE KaHOE MAalOTh TPHOXIIAPOBY
KOHCTPYKITifO, SIKa CKJIQJA€ThCSA 13 BHYTPINTHHOTO
Ta 30BHIIIHBOTO Mmapy 0a3aibTohiOpodeTOHY
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OnekcaHap XXypaBCbKuUi
3aBigyBay kadenpu 3anizo0eToH-
HUX Ta KaM’sTHUX KOHCTPYKLIN
K.T.H., Aou,.
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BnagucnaB Tumoluyk
acnipaHT kadheapw 3anisao6eTOHHUX
Ta KaM’AHUX KOHCTPYKLin

) - OmuTtpo XypaBcbkumn
= ctyaeHT rp. MLB-21 6yaiensHoro
bakynbTeTy
b o
e (37 - SR

TOBITMHOIO 3...5 MM Ta BHYTPIIIHBOTO IHApy
miHomoJictuposry  ToBmuHOIO 10 MMm.  [ns
MiACWICHHS HaWOIIBII HANpy)KEHUX 30H B
30BHIITHBOMY mapi bazanbprodiopodeToHy
BIIAIITOBaHI KapOOHOBI CITKH. Y TONMEPEUHOMY
HampsIMKYy ~ BJAIUITOBaHI  momepedHi  pebpa
(TIIma"TroyTH) 3 IMHOMOJICTHPONY TOBIIMHOIO 20
MM Ta BucoTor0 20...30 mMm. B3moBxk BepxHIX
rpaHeii OOpTiB, B3AOBXK KieBOro pedpa Ta B3AOBXK
mmaHroyTiB ~ Oyima  BjamrToBaHa — 0a3anbToBa
apMmaTtypa miaMmeTpoMm 6 MM (TI0 2 CTepIKHS).
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Puc. 1. Buxigai po3mipu nepeB’ssHOT ABOMICHOT KaHOE, sIKI OyJIn B35TI JIsl O€TOHHOT KaHOe
Fig. 1. The original dimensions of the wooden double canoe that were taken for the concrete canoe

Jlis po3paxyHKy KaHoe Oyna pospobnena ii Y  BiAmoBigHOCTI 3 JaHUMH  BUPOOHUKA
po3paxynkoBa Mmozeinb B IIK <«JIIPA-CAIIP» (Kommnanis «TEXHOBA3AJIbT-IHBECT»)
(puc. 2). Mogens kaHOe BUKOHAHA Yy BHUIJISAL MOIYyJdb  MPYKHOCTI  CTEpXKHEBOI  apMarypH
O00OJIOHKM 13 TUIOCKUX TPUKYTHUX CKIHYCHUX cranoButh 70-10° MIla, a TuUMYacoBuii omip
eneMeHTiB. Takok Oyno moOaBiIeHO IiHIMHI pospuBy — 1100 MIla, mimericTs -1,9 /M.
€JeMEHTH, U1I0  MOJENIOBAIM  apMyBaHHA BbazanbroBa (iOpa mpuiiHsaTa TOBIIMHOIO 20 MKM
OazanbeToBOIO apmaryporo (puc. 3). JliHiliHI Ta Ta JOBXKUHOI 50 MM,

IUTOCKI €NIEMEHTH 3’ €JIHaHI y By3JIaX dKOPCTKO.

Puc. 2. Po3paxynkoBa mojens 6etonHoi kanoe B [IK «JIIPA-CAIIPy»
Fig. 2. Calculation model of concrete canoe in PC «LIRA-SAPR»
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Puc. 3. Cxema po3minieHHst 6a3aabTOBOI apMaTypu
Fig. 3. Scheme of placement of basalt reinforcement

VY sikocTi 6€TOHHOT MaTpUIll BUKOPUCTAHO
JBOKOMITOHEHTHHMH TiAPOI30JAIIMHAN PO3YUH
SILTEK V-33/E-33. KinbkicTh 6a3a1bTOBOT
¢i6pu  cranoBuna 3%. Jlng BuU3HAYEHHS
XapakTepuCTUK 0OazanbToibpodbeTony Oynu
BUTOTOBJICHI JIOCTIIHI 3pa3ku KyOw 3 peOpom
75 MM Ta 3pa3KHU-«BICIMKH». Y pe3ynbTaTi
BUIIPOOYBaHHSA BCTAHOBJIEHA MIIHICTb
6azanpTodi0podeTony Ha cTtuck 8,4 Mlla, a Ha
ocboBuil po3Tsr — 1,8 Mlla.

OTpumaHi pO3paxyHKOBI XapaKTEPUCTHUKU
OyJIM BHKOPHCTaHI IPU BBEJECHI KOPCTKOCTEH
CKIHYEHHX €JIeMEHTIB.

HaBaHTa)XeHHsI Ha KaHOE TPUKIIAAATIOCh Bij
BJIACHO1 Baru, Baru ABOX rpeodmiB mo 80 kr ta
T1IPOCTATUYHOTO TUCKY BOIH.

VY pesynbTaTi po3paxyHKy Oynw OTpHUMaHi
Mo3aiku HampyxeHb (puc. 4 Tta 5). Bonu
MOKa3aly  HAWOUIBII HAmpyXeH1 30HHU, SKI
Oynu mijicuieHi KapOOHOBUMH CITKaMHU.

Puc. 4. Mo3aika HarpyxeHb 1o Mx (KI‘*M/MZ)
Fig. 4. Mosaic of stresses by Mx (kg*m/m?)

ByniBenbHi koHCTPyKUii. Teopis i npakTnka+05/2019
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Puc. 5. Mo3aika HanpyxeHb 110 My (KF*M/M2)
Fig. 5. Mosaic of stresses by My (kg*m/m?)

BUI'OTOBJIEHHA KAHOE

BukonaHuil po3paxyHOK II0Ka3aB
MPaBUJIBHICTh IPUHHATHX KOHCTPYKTHBHHUX
pimens. [licast Hporo moyanoch BUTOTOBICHHS
KaHOE.

CrnouaTky OyJa BUTOTOBJIEHAa OCHOBA KaHOE
13 JINCTIB MIHOMOJICTUPOIY TOBIKUHOW 10 MM
3 TUMYaCOBUMH TONEPEYHUMH Ta MO3/10BXKHIM
pedpOM 3 TIIHOTIOICTUPOITY TOBIIMHOIO 20 MM.
Jani Oynu BcTaHOBIEHI 0a3aJbTOBI CTEPKHI.
[Ticns goro kanoe Oyio MepeBepHyTE BBEPX

JHOM 1 BHMKOHaHE HAHECEHHS 30BHIIIHBOTO
mapy 0a3anpTodiOpoObeToHy Ta KapOOHOBOI
citku (puc. 6). Ilicna ButpumMku npotsrom 14
ni0 1 HabOpy MIIHOCTI 30BHINIHBOTO APy

0azanbTo(hiOpodeTOHy KaHOe Oymno
NepeBepHYTe HA JHUIIC Ta HAHECCHUH
BHYTpilIHIA  map  6a3ambToiOpodeTony.

[Ticns HaGopy MIIHOCTI BHYTPIIIHHOTO Iapy
Oyl0 BHKOHAHE 3aYMINCHHS IOBEPXOHb BIJ
HepiBHOCTEH Ta 037100eHHs KaHoe (puc. 7). B
[[IJIOMy TEpMiH BUTOTOBJICHHS CTaHOBUB
omm3eko0 40 qHiB.

Puc. 6. IIporec BUroTOBIICHHSI OETOHHOT KaHOE
Fig. 6. The process of making concrete canoe
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Puc. 7. 'otoBa GeToHHA KaHOE
Fig. 7. Concrete canoe ready

[Ticng cmycky KaHOoe Ha BOJXY BOHO
MOKa3ajo TMPUCTOMHY TutaBydicTh. Ocaaka
CyJlHA TIPY TIOBHOMY 3aBaHTa)XEHHI CTAaHOBUIIA

10...12 cm (puc. 8). [Ticns 3BaxyBaHHS HAIIol
KaHoe ii Bara craHoBuja 84 Kr.

Puc. 8. Komanna KHYFBA miguac 3marasb
Fig. 8. KNUBA team during the competition

BMCHOBKMU I ITEPCITEKTHUBU ITIOJIA-
JIbHINX JOCIIIIKEHbB

[Ticns mpoBeAeHHsS eKCIePUMEHTAIbHUX Ta
YUCEeNBbHUX JOCHIDKeHb MU TPUNALIUIA 10
BHCHOBKY, HEMETaJIEeBY KOMIIO3UTHY apMarypy

ByniBenbHi koHCTPyKUii. Teopis i npakTnka+05/2019

MOJKJIMBO BUKOPUCTOBYBATH TP CIIOPYIKCHHI
JETKUX KOHCTPYKTUBHUX eJeMeHTiB. Taki
KOHCTPYKIlIi aOCOJMIOTHO HE  MiAJar0ThCA
BIUIMBY Koposii. B mopanbmomy HEoOXiTHO
JIOCITIDKYBAaTH KOHCTPYKTUBHI €JIEMEHTH, SKi
EKCIUTYaTyIOThCS Y BOJHOMY CEPEIOBUIII, TaKi
SK TIOHTOHH, TuIaTGopmMu st OyIWUHKIB Ha
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Design of concrete canoe reinforced with
composite reinforcement

Oleksandr Zhuravskyi, Viadyslav Tymoshchuk,
Dmytro Zhuravskyi

Summary. To participate in international
competitions on concrete canoe among students at
the Department of concrete and masonry structures
KNUBA has been designed and manufactured
concrete canoe reinforced composite
reinforcement. The design of the canoe was
modeled and calculated in the PC «LIRA-
SAPR».The problem of this article is to determine
the optimal thickness of the walls of the canoe, the
composition of basalt fiber and the scheme of
reinforcement of the canoe to ensure its strength
and crack resistance, as well as sufficient
buoyancy. To achieve the minimum weight of the
canoe it is customary to use non-metal
reinforcement.

The dimensions of the wooden canoe were
accepted for the concrete canoe project. In terms of
canoeing has a lenticular shape. The total canoe
length is 4,3 m and maximum width is 900 mm.
The minimum height of the board is 400 mm.
According to the accepted manufacturing
technology, the walls and canoe bottom have a
three-layer construction, consisting of an inner and
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outer layer of basalt fiber concrete 3... 5 mm thick
and an inner layer of expanded polystyrene foam
10 mm thick. To strengthen the most intense zones
in the outer layer of basalt fiber reinforced carbon
mesh. In the transverse direction, transverse ribs
(frames) made of expanded polystyrene 20 mm
thick and 20... 30 mm high are arranged. Along
the upper sides of the sides, along the keel rib and
along the frames, basalt reinforcement with a
diameter of 6 mm (2 rods) was installed.

To calculate the canoe, its calculation model
was developed in the LIRA-CAD PC. The canoe
model is made in the form of a shell made of flat
triangular finite elements. Linear elements were
also added to model the basalt reinforcement.
Linear and flat elements are rigidly connected at
the nodes.

According to the manufacturer, the modulus of
elasticity of the rod reinforcement is 70-10° MPa,
and the temporary tear resistance - 1100 MPa,
density -1,9 g/m’. The basalt fiber was adopted
with a thickness of 20 mkm and a length of 50 mm.

Two-component waterproofing solution
SILTEK V-33/E-33 was used as the concrete
matrix. The amount of basalt fiber was 3%. To
determine the characteristics of basalt fiber
concrete test cubes with an edge of 75 mm and
samples-"eight" were made. As a result of the test,
the tensile strength of basalt fiber was compressed
at 8.4 MPa and the axial tensile strength was 1.8
MPa.

The obtained design characteristics were used
to introduce finite element stiffnesses.

Canoe loading was applied on its own weight,
the weight of two 80 kg paddles and hydrostatic
water pressure.

As a result of the calculation, mosaics of
stresses were obtained. They showed the most
intense zones, which were reinforced with carbon
mesh.

After experimental and numerical studies, we
came to the conclusion that non-metallic composite
reinforcement can be used in the construction of
light structural elements. Such structures are
absolutely not susceptible to corrosion. In the
future, it is necessary to investigate structural
elements that are used in the aquatic environment,
such as pontoons, platforms for waterfront homes
and more.

Keywords.
reinforcement,
element method.

basalt
finite

Canoeing, basalt fiber,
expanded polystyrene,
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