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Abstract: In the article is described the
modeling of  experimental researches  of
nonpressure pipes, as elements of circular cut from
steelfibreconcrete at the action disposable load by
means of programmatic complex Lyre 9.4. An
algorithm is given of calculation and comparing with
experimentally obtained data.
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INTRODUCTION

Efficiency of application of steelfibreconcrete in
building constructions can be arrived at due to the
labour cost cutting on armature works, combinations
of technological operations on preparation,
reinforcement, laying and compaction  of
steelfibreconcrete mixture, extending deadline of
exploitation of constructions and lower costs cutting
on the different types of permanent repair.
Application of it instead of the reinforced concrete
considerably reduction material capacity of
constructions at simultaneous to the increase of
operating properties, longevity, temperature stability,
watertightness.

MAIN ARTICLE

For the receipt of steelfibreconcret to concrete
mixture - matrices were added steel fibres with
anchor ends. Fiber diameter was 0.8 mm, their
length - 50 mm. General view of the test, that were
brought based on laboratory building of Lutsk NTU
presented in Figure 1.
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AHomauyisi: B cmammi onucaHo MoOerito8aHHsI
ekcriepumeHmarbHUx 0ocnioxeHb 6e3HanipHux mpyob,

K eneMeHmie Kirbuyeeoao nepepisy 3i
cmanegibpobemory npu oir 00HOpa308uUx
HagaHmMaxeHb  3a doriomoeor0  Mpo2pamHO20

komrnekcy flipa 9.4. lNodaHo aneopumm rnpPo8edeHHs
po3paxyHKy ma 30ilicHeHO MOPIBHAHHS 3
eKcriepuMeHmarnbHO OmpuMaHumMu 0aHUMU.

Knroyoei cnoea: CmanegibpobemoH, enemeHmu
Kinbyesoeo nepepisy, 6esHanipHi mpy6bu, K flipa.

BCTYN

EdekTuBHicTb 3acTocyBaHHsA cTanedibpobeToHy B
OyaiBenbHNX  KOHCTPYKUISX MOXe gocdraTucs  3a
paxyHOK 3HVKEHHS Tpy4oBUTPaT Ha apMaTypHi poboTu,
CYMILLEHHS1 TEXHOSOrMYHMX onepaLii Ha NPUroTyBaHHS,
apmyBaHHs, YKNagaHHs Ta YLWiNbHEHHS
ctanedibpobeTOHHOI CyMillli, MPOAOBXEHHS TEPMiHY
ekcnnyaTauii KOHCTPYKUIN i 3HWKEHHS BUTPAT Ha PisHi
BMAM NOTOYHOrO PEMOHTY. 3aCTOCyBaHHS MOro 3amiCTb
3ani3obeToOHy 3HAYHO 3HWXKYE MaTepianoMicTKICTb
KOHCTPYKLN npu OofiHOYacHOMY NiOBULLIEHHIO
eKkcnnyaTauinHmx BNaCTUBOCTEWN, [JOBrOBI4YHOCTI,
TemnepaTypoCTiNKOCTi, BOAOHENPOHUKHOCTI.

OCHOBHUW TEKCT CTATTI

Onsi oTpumaHHs ctanedibpobeToHy 0o GETOHHOI
cymiwi — wmaTtpuui gogaesanucsa crtanbHi  ¢ibpyn 3
aHKepHUMU KiHusimu. [iameTp i6p ctaHosus 0,8 MM,
iXHS [JoBXuWHA — 50 w~MM. 3aranbHun BUrNAg
BMNpoOYyBaHb, Wo 6ynu npueeaeHi Ha 6asi byaisensHol
nab6opartopii Nyuskoro HTY npeacrasneHo Ha puc. 1.
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Fig. 1.General view of test of elements of circular cut, authors” 1 - upper base plate press PSU-125; 2 —
dynamometer sample; 3 —jack; 4 — metallic traverse; 5 — research sample of circular cut; 6 — rubber carpet; 7
— lower base plate press PSU-125 / 3azanbHuli suensid saunpobysaHHs1 efleMeHmig Kirnbuesozo rnepepisy,
asmopcbka po3pobka: 1 — eepxHsi onopHa nnuma rnpecy MNCY-125; 2 — 3paskosuti duHamomemp; 3 — domkpam;
4 — memanesa mpasepca; 5 — 0ocniOHuUl 3pa3oK Kinblyeeoeo repepisy; 6 — aymMosull KUMUM; 7 — HUXXHSI OropHa

nnuma nipecy MNCY-125

At this stage of development of science and
technology, and taking into account all-embracing
computerization of most productive processes,
actual is a question of realization in parallel with the
model ( a stand) tests of building constructions of
computer design of work of these constructions, and
research of them by means of the application
programs. One of basic methods on the basis of that
most application programs are written for realization
of corresponding researches there is a method of
finite elements. This method is used during the
calculation of linear and nonlinear tasks in the
different areas of science of technical direction.

To date created and used by a significant
number of software based on the finite element

method, namely: ANSYS, PLAXIS, Code_Aster,
DSM FEM, Dealll, Elmer FEM solver, Femap,
Comsol, FreeFEM++, GetDP, Impact, LibMesh,

LSDYNA, MatLab, MicroFe, Nastran, QForm 2D/3D,
RFEM, SCAD, Zebulon, JINPA.

Presently most scientists and researchers of our
state, that engage in a study and improvement of
building to the construction draw on a programmatic
complex (PC) JIMPA, that purchased high
popularization. In particular this matter was dealt
with Babich, E.M. [5], Pasternak, I.M. [11], Kinash,
R. [9], Grigorchuk, AB [8], Marienkov, NG [10]. The
author considers the problems of this issue in
papers [1, 2, 3, 4].

For calculations used a programmatic complex
Lyre 9.4 developments of NDIASB, Kyiv. Simulation
of research sample (elements of circular cut) was
conducted physically by nonlinear finitel by volume
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Ha paHomy eTani po3BUTKY Hayku Ta TexXHiku, Ta
BPaxoBYO4M BCEOXOMIO0YY KoMN’toTepu3adiiio
OinblwocTi  BUPOBHUYMX MNPOLECIB, akTyanbHUM €
NUTaHHA MPOBEAEHHA MapanenbHo 3 HaTypHUMU
(cTrenpoBumMK) BMNPOGYBaHHAMM OyniBenbHMX
KOHCTPYKLN KOMM'IOTEPHOrO MOAENoBaHHA poboTn
OaHVX KOHCTPYKLiA, Ta OOCAIQKEHHS iX 3a 4OMOMOrow
npuknagHux nporpam. OOHMM i3 OCHOBHUX METOZIB Ha
OCHOBI SIKOr0 HanMcaHi 6inbLICTb NPUKNaAHMX Nporpam
Ona nNpoBeAeHHs BIiAMOBIAHWX OOCHILKEHb € MeToa
CKIHYEHHUX eneMeHTiB. [JaHui mMeTon 3aCcTOCOBYETHCS
nig Yac pospaxyHKy MiHIMHWX Ta HemniHinHWX 3ajay B
Pi3HMX ranyssix HaykM TEXHIYHOIO HarnpsIMKy.

Ha CbOrOAHILUHIN OeHb CTBOpPEHO Ta
BMKOPUCTOBYETBCA  3HAYyHa KiNbKiCTb  MPOrpamHoro
3abe3neyeHHs, Lo OCHOBaHe Ha METOAdi CKiHYEeHHMX
enemeHTiB, a came: ANSYS, PLAXIS, Code_ Aster,
DSM FEM, Deal.ll, EImer FEM solver, Femap, Comsol,
FreeFEM++, GetDP, Impact, LibMesh, LSDYNA,
MatLab, MicroFe, Nastran, QForm 2D/3D, RFEM,
SCAD, Zebulon, JIUPA.

B panuii yac GinblicTb HaykoBUIB Ta AOCMiQHMKIB
HaWoi AepXxaBu, WO 3aMMalTbCs BUBYEHHAM Ta
NOKpaLLLeHHAM OyaiBenbHMX KOHCTPYKUii
BUKOpUCTOBYIOTb nporpamuuin komnnekc (MK) JIUPA,
wo Habys Bucokoi nonynsapusauii. 3okpema uUuUM
MUTaHHAM 3anMmanuncb Babwuu, E.M. [5,6],
MacTepHak, I.M. [11], Kinaw, P. [9], Mpuropyyk, A.B. [8],
MapbeHkoB, H.I'.  [10]. ABTOpPOM  pO3MSAHYTO
npobnemaTtuky gaHoro nuTaHHs y pobotax [1, 2, 3, 4].

[na pospaxyHkiB BMKOPUCTOBYBABCHA MNPOrpamHUn
komnnekc Jlipa 9.4 pospobkn HAOIACB, M. Kuis.
MogentoBaHHA po0OTU AoCnigHUX 3paskiB (eNemeHTIB
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elements Ne 236 (universal spatial
isoparametric CE).

To this end the design of element of circular cut
is executed with the set sizes (fig. 2).

Triangulation is conducted on eventual elements
coming from terms:

— the wall of pipe on a thickness is broken up on
four layers (at tss= 40 mm the thickness of one layer
will present tsp= 10 mm. Within the limits of one layer
accepted, that one finite element is in thick
accordinglyt= 10 mm;

— length of circle on the axial radius of element of
circular cut presents I, = 107 cm. It is broken up on
finite elements with length of side for I, = 10 mm.
Be 107 finite elements on an axial radius.

— the length of elements of circular cut of | = 290
mm (in the first series) and | = 200 mm (in the
second series). On length of pipe breakdown on
finite elements is executed with a condition, that
length of every finite element of | = 10 mm (that
finite elements will have a cube geometrical form).
29 eventual elements (for the first series) and 20
eventual elements (for  the second series) will be
accommodated in direction of length of element of
circular cut.

After modeling element and partitioning it into
finite  elements - asked mechanical
characteristics,that answer the real properties of
materials from that it is made with the using of
physical nonlinearity.

8-angular

KinbLeBoro nepepisy) nposoaunocs di3nyHO
HEMiHINHUMW CKIHYeHHNUMN 0B6’eMHMMKN enemeHTamu Ne
236 (yHiBepcanbHUMW MNPOCTOPOBMMM  8-KyTOBMMM
isonapametpuyHumm KE).

3 Uielo MeToK BMKOHAHO MOAEMIOBAHHA efneMeHTa
KinbLEeBOro nepepisy 3 3agaHMmMu poamipamu (puc. 2).

lMpoBedeHO TpiaHrynAauito Ha KiHUEBi enemeHTu
BMXOOSAYN 3 YMOB:

— CTiHKa Tpybum Mo TOBLUMHI Ppo3bMBaETLCA Ha
YoTupm wapm (Npu tem = 40 MM TOBLUMHA OOHOTO LUAPY
ctaHoButuUME ty, = 10 mm). B mexax opgHoro Lapy
NPUAMaETbCH, WO 3HaAXoOUTbCA OAMH  CKiHYEHHWI
eNeMeHT TOBLLMHOI BiAMOBIAHO t= 10 MMm;

— [OBXMWHa Kona Mo OCbOBOMY pafiycy enemeHTa
KinbLueBoro nepepisy craHoButb I = 107 cm. BoHa
pO3OMBAETLCA HA CKIHYEHHI enemMeHTU 3 [OOBXWHOK
ctopoHn no lee = 10 mm. byge 107 ckiHY4eHHMX
eremMeHTIB N0 OCbOBOMY pafiycy.

— OOBXWHA eneMeHTIB KinbLeBoro nepepisy | = 290
MM (B nepuwin cepid) Ta | = 200 mm (B apyrin cepii). Mo
OOBXMWHI TpyOou po3buBKA Ha CKIHYEHHI enemeHTu
BMKOHYETbCA 3 YMOBOK, LO [OBXMHA KOXHOMo
CKiHyeHHoro enemeHta | = 10 MM (TOGTO CKiHYEHHI
ernemMeHTn MatumyTb KybBiuHy reomeTpuuHy dopmy). B
HanpsMKy [OOBXWHW enemeHTa KinbLeBoro nepepisy
Oyne po3miweHo 29 CKiHYEHHUX enemeHTiB (4ns
nepwoi cepii) Ta 20 CKIHYEHHUX enemMeHTiB (ons

Apyroi cepii).
Micna mogentoBaHHA enemMeHTa Ta po3bMBKM MOro
Ha CKIHYEHHI enemMeHTU - 3aJalTbCA MexaHidHi

XapaKkTepucTvMkM, WO  BiAMOBiAalTb  peanbHUM
BMacTMBOCTAM MaTepianiB 3 AKUX BiH BUTOTOBMSAETLCS 3
BMKOPUCTaHHAM (Pi3NYHOT HENIHIMHOCTI.

a) b)

c) first

second

second

Fig. 2. Numerical model of elements of circular cut, authors” a — projection YOZ (front view); b —
projection XOY and XOZ (a side view and top); ¢ — isometric projection / HYucrnosa modenb enemeHmis
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KiflbUe8oeo rnepepisy, asmopcbka pospobka: a — npoekuiss YOZ (suensid criepedy); 6 — npoekyis XOY ma
XOZ (suensad 360Ky ma 38epxy); 8 — i3oMempuYHa rnpoeKyis

Loading on the model of element circular cut is
applied from own weight of this element circular cut
and from an action equipartition loading which is
applied along an axis in direction of vertical
diameter. Evenly distributed load is given by a
simple stepper method of calculation with uniform
steps (accepted uniform steps 10 with 300 each
iteration of these steps). Before the start of
calculation process for the elements of circular cut
from steelfibreconcrete given by the 14th law of
nonlinear deformation ( "Piecewise linear
deformation law"). Process of calculation of
steelfibreconcrete elements circular cut by means of
programmatic complex Lyre 9.4 it is shown on
figure 3.

Analysis of izopoliv of bending moments, that got
in the consequence of calculation by means of the
PC Lyre shows that most dangerous in relative
values emerging moments and according to
development of process of crack-formation - is the
inner zone of vertical cuts, and an external zone of
horizontal (in accordance with occ, that indicated on
fig. 4) — tensile zone.

Value of moments (on the basis of analysis of
izopoliv) in the external zone of vertical cut and the
inner area of horizontal (compression zone) indicate
a significant margin of the strength elements circular
cut from steelfibreconcrete in these zones- fig. 5.

HaBaHTaxxeHHs Ha MoAenb eneMeHTY KinbLeBoro
nepepisy npvknagaeTbCcs Big BracHoi BarM JaHoro
ernemeHTa KinbLeBOro nepepisy Ta Big Ail piBHOMIpHO
pO3MNOAINEeHOI HaBaHTaXeHHS, WO MpUKNagaeTbcs
B3[OBX OCi B HanpsiMKy BepTUKanbHOro pAiametpa.
PiBHOMIpHO po3nogineHe HaBaHTaXXeHHS 3a4aeTbeCs 3a
OOMOMOro MPOCTOro KPOKOBOro MEeToAy PO3paxyHKy 3
PiBHOMIPHUMU Kpokamu (piBHOMipHUX KpOKiB
npuimaetbca 10-Tb 3 300-Mu iTepauisMu B KOXHOMY 3
umx KkpokiB). [lepeg 3anyckoM po3paxyHKOBOrO
npouecy pAns enemeHTiB KinbLEeBOro nepepisy 3i
ctanedibpobeToHy 3ajaeTbCcs 14-un 3aKOH
HeniHiHoro  AedopMyBaHHA  («KYCOYHO-NTUHENHbIN
3aKOH [edOpPMMPOBaHUNAY). Mpouec pospaxyHKy
cTtanedibpobeTOHHMX eneMeHTIB KinbLeBoro nepepisy
3a pgonomorow nporpamHoro komnnekcy Jlipa 9.4
nokasaHo Ha puc. 3.

AHania i3ononiB  3rMHaK4MX MOMEHTIB, L0
oTpUManu B Hacrnigok po3paxyHky 3a gonomoroto [MK
Jlipa nokasye, wWo Hanbinbw Hebe3neyHnMn BiAHOCHO
BEMUYMHN  BUHMKAKOYMX MOMEHTIB i  BignoBigHO
PO3BUTKY NPOLECY TPILLMHO-YTBOPEHHSA - € BHYTPILLUHA
30Ha BepTMKANbHUX CideHb, Ta 30BHILIHA 30Ha
ropu3oHTanbHUX (BiANOBIAHO OO Ocr, WO BKa3aHi Ha
puc. 4) — 30HW po3TArYy.

3HayeHHs MOMEHTIB (Ha OCHOBI aHani3y izononis) B
30BHILLHIN 30Hi BEPTMKanNbHWUX Ci4E€Hb Ta BHYTPILLHINA
30Hi rOpPU3OHTanbHUX (30HW CTUCKY) CBig4YaTb Mpo
CyTTEBUMW 3anac MIUHOCTI eneMeHTiB  KifbLeBoro
nepepisy 3i cranedidopobeToHy B LMX 30HaxX — puc. 5.

Fig. 3. Process of calculation of elements of circular cut from steelfibreconcrete in the PC Lyre 9.4,
authors” a — a calculation is on the second step; b — a calculation is on a ninth step / llpouec po3paxyHKy
ernleMeHmig Kinbyesozo nepepisy 3i cmanegi6pobemony 8 K Jlipa 9.4, asmopcbka po3pobka: a —
po3paxyHOK Ha 2-My Kpoui; 6 —po3paxyHOK Ha 9-My Kpoui
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Fig. 4. Chart of placing of cracks in the elements of circular cut (a) and moving of cuts in horizontal (Alr) and
vertical (Aly) direction (6) during application loading, authors’/ Cxema po3miwieHHs mpilyuH 8 ernemeHmax
Kinbyeeoeo nepepisy (a) ma nepemiujeHHs nepepisie 8 copusoHmarnsHomy (Aln) ma eepmukansHomy (Aly)

HanpsmKy (6) nid yac npuknadaHHs HaBaHMaXXeHHs, agBmopchbka po3pobka

s

Fig. 5. Change of values of izopoliv moments of M, in the element of circular cut from steelfibreconcrete of Il
series at the increase of loading from F = 4 kH (a) to F = 8 kH (6); izopolya tensions of N, on an isometric
projection (b), authors’/ S3miHa 3Ha4YeHb i3orornie momeHmie M, 8 enemeHmI Kinbuyegoego nepepisy 3i
cmaneghibpobemory ll-oi cepii npu 3pocmaHHi HagaHmMaxeHHs1 i3 F = 4 kH (a) do F = 8 kH (6); i3onons
HanpyxeHb N, Ha i3oMempuYHil nNpoekuii (8), aemopcbka po3pobka

Convergence of values of bending moments 30ikHiCTb  3HaYeHb  3rMHanbHUX  MOMEHTIB
obtained by means of the PC LYRE and theoretical oTpumaHux 3a gonomoroto MK JIIPA Tta TeopeTnyHoro
calculation is within the limits 18 ... 20 %. The po3paxyHKy 3HaxoguTbcs B Mexax 18 ... 20 %.
values of moments in vertical and lateral longitudinal 3HayeHHA MOMEHTIB B BepTUKanbHUX Ta OOKOBKX
cuts are got in the consequence of this calculation it NO3O0BXHIX MNepepizax OTpMMaHi B Hacnigok AaHoro
is given in a table. 1. For comparison in a table. 1 po3paxyHKy nogaHo B Tabn. 1. [ns nopiBHAHHsS B Tabn.
the also given values of bending moments at the 1 TakoX MofaHi 3HAYEHHS1 3rMHANbHMX MOMEHTIB B
elements of circular cut are certain in theory and by eneMeHTIB KinbLeBoro nepepisy BU3Ha4yeHi TeopeTuyHoO
means of programmatic complex LYRE. i 3a gonomoroto nporpamHoro komnnekcy J1IPA.

Table 1

A value of bending moments is in the element of 2SFPK , authors’ | 3Ha4eHHs1 32uHanbHUX MOMEHMIE 8
enemeHmi 2COBK, asmopcbka po3pobka

In vertical In of vertical
Force, F/ longitudinal cuts / B longitudinal cuts / B Theoretical
Cuna, F BEPTUKAIbHUX OOKOBHX aty =0,25/
MO3I0BXKHIX Hepepizax HO3I0BXKHIX nepepizax | Teopernune
pPC Theoretical PC Theoretical mpu vy =0,25
kH | xH/™m
LYRE | aty,,=0,318 | LYRE | aty;3=0,182
1 5 0,230 0,270 0,199 0,155 0,213
2 10 0,458 0,541 0,398 0,310 0,425
3 15 0,687 0,811 0,596 0,464 0,638
4 20 0,916 1,081 0,794 0,619 0,850
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5 25 1,146 1,352 0,995 0,774 1,063
6 30 1,375 1,622 1,193 0,928 1,275
7 35 1,603 1,892 1,392 1,083 1,488
8 40 1,832 2,162 1,589 1,237 1,700
9 45 2,061 2,433 1,796 1,392 1,913

It is needed to mark that bending moments in a
vertical and lateral cut by PC LYRE 9.4 are in
relation to each other in more narrow range as
compared to in theory certain bending moments.

CONCLUSIONS

A programmatic complex Lyre gives an
opportunity to determine the numerical values of
bending moments that arise up in the elements
circular cut from steelfibreconcrete by the action of
the known loading. After realization of calculation of
bearing strength of cutting elements of circular cut
from steelfibreconcrete we will get the value of
boundary moments at that it is possible to exploit
these elements from steelfibreconcrete. Comparing
these sizes it is possible to define boundary
operating conditions for data elements of
steelfibreconcrete elements circular cut.

The article describes possibility of the use in
the calculation of elements of circular cut from
ctanedibpobeTtoHy of programmatic complex the
PC Lyre that works on the basis of algorithms of
method of eventual elements.

Convergence of values of bending moments
obtained by means of the PC LYRE and theoretical
calculation is within the limits 18...29 %, and
theoretical calculation is in limits 6 ... 7 %.
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BUCHOBKU

MporpamHuii  komnnekc Jlipa pae MOXMUBICTb
BM3HAYaTU YUCNOBI 3HAYEHHS 3rMHANbHUX MOMEHTIB,
IO BWMHMKAKOTb B €rneMeHTax KinbLeBoro nepepisy 3i
crtanegibpobeToHy Big Ail Ha HUX Hanepea BiAOMMX
HaBaHTaxeHb. [licnsa npoBegeHHs po3paxyHKy Hecy4ol
30aTHOCTI CiYeHHs1 eneMmeHTIB KinbLeBoro nepepisy 3i
ctanedibpobeToHy MM OTPUMAEMO  3HAYEeHHS
rPaHNYHMX MOMEHTIB MPU AKUX MOXHAa eKkcrnryaTyBaTh
OaHi enemeHTU 3i ctanedibpobeToHy. MopiBHIOKYM Ui
BEMUYMHM  MOXHA  BWU3HAYUTU  TPAHUYHI  YMOBWU
ekcnnyataudii  gna  gaHux  ctanedibpobeToHHMX
erneMeHTIB KinbLeBoro nepepiay.

B cratTi onmMcaHo MOXNMBICTb BMKOPUCTaHHSA nig
Yac po3paxyHKy enemeHTIB KinbLeBoro nepepisy 3i
ctanedibpobeToHy nporpamHoro komnnekcy MK Iipa,
O Mpautoe Ha OCHOBI anropuTMiB METOAY CKIHYEHHMX
eneMeHTiB.

36iKHICTb  3HAYeHb  3rMHANbHUX  MOMEHTIB
oTpumaHux 3a gonomoroto [K JIIPA Ta TeopeTnyHoro
po3paxyHKy Ta 3HaxoauTbca B mexax 18...29 %, a
TEOPETUYHOrO PO3PaxyHKy 3HAXOAUTLCS B Mexax 6 ...
7 %.
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