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Innovative method of development of building products by using of 3D printer

Abstract: The article is devoted to the importance of applied practice in the field of building
materials, products and structures. The article gives definitions of the concepts such as "solution",
"3D printer", "extrusion technology". The advantages of an innovative development method based
on the use of 3D printer and its capabilities are determined. The content of the experimental studies
and the results obtained are described in detail. The ways of using the fillers of river sand for working
with a 3D printer are determined.

Based on the definition and classification of the optimal composition of the building solution, its
mobility is also provided. The 3D printer uses extrusion technology, and every new layer of building
material made by extrusion to the previous layer, and increases its efficiency and productivity.

Keywords: 3D printer, innovative method, extrusion technology, building mixture, mixture
composition, fibrefiber.

DOI: https: //doi.org/10.32523/2616-7263-2018-125-4-29-36

A mortar is a material that is converted into an artificial stone after mixing sand and water in
the required amount of binder. The composition of mortars include additives that improve their
properties. Building solutions are grouped according to density, binders and the place of application.
The type of binder is prescribed in accordance with the use of mortar in a dry or wet place. In some
cases, due to technical or economic necessity, lime or clay is added to the cement.

One of the methods of preparation of building solutions is preparation as a solution mixture with
mobility which is ready to-use, and the second-in the form of dry mixture, that is, anhydrous binder
and a mixture of fine aggregate. Before submission of the last type of solution at the beginning of
construction, water is added and mixed again.

The purpose of the application of the mortar in line with the brand strength and properties of
the raw materials, designed the name and the mobility solution, including the nominal composition
of the solution, the selected one batch of sand mortar in 1 m3.

Testing of building solutions is carried out according to GOST 5802-86 ".

Experimental mixing of the solution mixture was tested and tested to determine its mobility, and
control samples.

Standard methods were used to study the properties of concrete mixtures with the addition
of superplasticizers. The mobility of the cement mixture in the presence of superprecipitation is
performed through a small cone in accordance with the method RICRC A. A. Gvozdeva [9]. This
method involves measuring the diameter of the distribution of the cement mixture under the influence
of gravity.

An innovative method is the use of 3D printer in the production of structures of buildings and
structures. This installation allows to optimize the construction time, to prevent errors as much
as possible, to automate manual work and to reduce the number of workers, to reduce the risk of
injuries at the enterprises and to protect the environment from construction waste.

When working with the device a 3D printer uses an extrusion (formation) technology, i.e. apa-
chetivity new layer above the printed layer. However, in this technology, the product or printed
structure will not be smooth, but for the construction industry it is not very important, since
concrete is convenient for processing after freezing.

The advantages of the development of an innovative method-allows to print hollow panels with
different complexity in production. In addition, the 3D printer device allows you to get unique
concrete objects without the use of templates or shapes and, most importantly, it significantly
reduces the cost of human labor, and accelerates the time of delivery of the object.
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The process involves - the creation of structural components by the way of compressing the

concrete from the particular nozzle (Fig. 1).
The sequence of operation of 3D printer

3D model ::> STL file ‘:'> Prepare drawing I:'>

Printing by layers

--ﬂ

Ficure 1 — a) scheme b) 3D model C) Printed copy printed with a 3D printer device.

Preparations for the printing of the 2D model of the printing products in the program, marking
the starting point coordinates X:Y:Z. Press the Start button press (Fig. 2).

5t (15 eornm U et
Bk Bmgoripmsn bymmederpass b Mica Onaspry Plge Coml_Gnpains
epsmmrs 40| PR | Vs b4 | Gomorems | arsben 4n8 | Hemreccms AT MB-5G15 531 G17 G0 521 GO0 G4 G4 G4 596 564 GAT

| RERIE iz

[A]__+0.0000
Bl __+0.0000)
c.__+0.0000}

Ficure 2 — Printing process with 3D printer device.
30



D.O.Bazarbayev, Y.B.Utepov, B.B.Taizhanova

The order of performance of works is carried out as follows:

1. General Provisions determination of the optimal composition of the mortar;

2. Determination of the required mobility of the solution;

3. Production of control samples;

4. Printing with a printing device;

5. Getting the finished products;

Experimental studies were carried at the research and production center "ENU Lab"of L. N. Gu-
milyov Eurasian National University, as well as at the laboratory workshop No. 3 of the Department
of "Bl-Lab" construction company LLP "BI-Holding".

The optimal composition of the mortar is obtained by the ratio of 1: 3. The ready-made template
scheme in the 3D printer program archive the chair is selected.

Filler

When working with the printer, we used river sand filler. River sand is sand obtained from the
river bed, characterized by a high level of purification and the absence of external penetrations, clay
impurities and debris. At the initial stage the sand was strainys through a sieve diameter of 2.5
mm, the remains were divided into separate and waste lattice of the required diameter (Fig. 3).

Ficure 3 — River sand. a-river sand passing through a sieve; b-river sand passing through a sieve.

Binding agent

Cement PC 400 D20 was used as a binder.

This brand of cement contains active mineral additives. It is for this reason that this type PC
400-D20 cement are put in special bags and large bags in the package and is used in low-layer
construction and repair works (table.1).

TABLE 1 — The technical characteristics of cement PC 400 D20

Name Portland cement with addi-
tives
Grade of compressive strength after | 400

28 days

Solidification rate

Normal solidification

Clinker content rate

Abnormal

Regulatory document

GOST 10178-85

The type and amount of mineral

20% active mineral supple-

mixture ments
Compressive strength in 3 days Not normalized
Compressive strength in 28 days 39,2

Start of solidification (min) 45

28-day bending strength 5,4

Superplasticizer-Master Glenium
The MasterGlenium product line, represented by BASF Master Builders Solutions, is a new
generation of plasticizing mixtures based on special polycarboxylate esters
31
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MasterGlenium in the production of ready-mix concrete provides: the ability to supply concrete
with high performance at any time of the year to construction sites; production of concrete with
a low water-cement ratio without loss of performance; uniform material for the production of con-
crete mixes; a simpler procedure for laying concrete and a quicker set of strength; improving the
appearance of concrete surfaces; obtaining high quality concrete having a long service life. Water

Water used for curing the concrete mixture and watering the concrete should not contain harmful
impurities which excludes the installation and fastening of the binder. The need for water is the
most important technological characteristic of the unit.

Total grains absorb water and water is absorbed to the surface, so to ensure the necessary operation
of the concrete mix, it is necessary to adjust the amount of mixing water taking into account the
"moisture" of the unit.

Polypropylene fiber

Polypropylene is used as a synthetic fiber, and often as a dispersion-reinforcement component of
concrete; it is deformed with a low value of the modulus of elasticity. For this reason, polypropylene
fibers are not effective load reinforcement in concrete and are used as an additional structural
reinforcement element (for installation purposes-prevention of damage during transportation and
installation of products, as well as increase fragility and wear resistance).

After determining the composition of the mixture, the mobility of the mixture was tested. To
work with the printer, the mobility of the mixture should be no more than M4. That is, when each
layer is printed, the mortar must withstand its weight. For this purpose, mobility was checked in the
laboratories of laboratory work of the Eurasian National University with the help of the necessary
equipment (shown in Fig.4).

FIGURE 4 — Sample preperation

Mixing process is involved after production of necessary raw materials. Firstly, mixing the dry
components and adding water to it, we got a mixture of the desired properties. The timing of the
receipt of the finished mixture through the device technical viscosimeter depending on the time when
receiving a load from its own weight is identified(Fig. 5).

The mass of the solution in the volume of 3 litres are poured within 6 minutes. This indicator is
the best indicator for the 3D printer device.

There should be 20 layer hight of mortar mix. Raw material consumption required for printing
20 layers is given as follows:

Cement-21 kg
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Ficure 5 — Determination of the mobility of the sample

River sand-63 kg

Water-17 1

Superplasticizer (0,21 kg

Polypropylene fibers-1.1 kg

Glue-0.25 kg (to prevent the concentration of polypropylene fibers in one place)

After preparing the materials required for printing by the 3D printer device (shown in Fig.6), All
the components are mixed, the solution is printed out by the device (figures 7-8).

Fi1curE 6 — The process of preparation of the solution

a-river sand with a sieve fraction of 2.5 mm; b - grade cement binder PC-400 D-20; C-BASF
mixture; c-mixing of dry components with a concrete mixer; d-preparation of the finished solution
with the addition of water; e) loading the solution into the printing device
After obtaining the shape of its strength, cutting work and leveling and filling the inner cavity
with a concrete mixture were carried out (Fig.9-10).
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Fi1curE 9 — The process of manufacturing the product

a-the double vision of the product; b-cutting of reinforcement mesh in size; cutting of reinforce-
ment; — reinforcement of the product (installation of the reinforcement mesh) ; d-installation of
rebar; e-concreting;

Methods of using fibre are very simple, since its use as a reinforcing material (instead of expensive
metal gratings) is considered to be very effective.

In its work, the 3D printer uses extrusion technology, where each layer of new building material is
issued by extrusion method on the front floor of the printer. This installation allows to optimize the
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— 4
B

F1cure 10 — Finished product

construction time, to prevent errors as much as possible, to automate manual work, to reduce the
number of workers, to reduce the risk of injuries at the enterprises and to protect the environment
from construction waste. In this case, there is no need to talk about high resolution printing, which
is not very important for construction, since concrete is convenient for processing after solidification.
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BosMoxkHOCTeH. [TonpobHo onmcano cosepKanne SKCIEPUMEHTAIBHBIX UCCIIEIOBAHMUI U IOy YeHHBIX Pe3yJbTaToB. OnpeeneHnbt
IIyTU MCIIOJIb30BAHNSI HAIIOJHUTEJIEH PEYHOrO IecKa st paboTs! ¢ 3D-npunTepom.

Ha ocHoBe ompejiesiennsi u KjiaacCuUKAIUU ONTUMAJIBHOIO COCTaBa CTPOUTEJIBHOIO PEIIEeHHs IIOKa3aHa €ro IOABUKHOCTb.
3D-npuHTEp HCHOJIB3yeT TEXHOJOTHIO SKCTPY3UH, KaXK/bIil HOBBIA CJIOH CTPOUTEIBHOIO MaTepHaJia BbIIABINBAETCS METOIOM
SKCTPY3UU Ha MPEJBIIYIIUNA CJION, YTO HOBLIIIAET €ro 3MDPEKTUBHOCTD U IPOU3BOIUTEHHOCTD.

KuaroueBbie cioBa: 3D-npunTep, WHHOBAIMOHHBIN METOJN, TEXHOJIOI'HMS SKCTPY3HH, CTPOUTEJIbHBIA DPAacTBOP, COCTaB

pacTBopa, PUOPOBOJIOKHO.
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MakaJjiaHbl paciMaey YJIrici
MPHTMN 27.25.19
A K. XKy6ansmmesa !, H. Temupranues ?, A.B. Yrecos 3

L Hnemumym meopemuneckoti mamemamuru u nayunss evucienuts Eepasutickozo
HAUUOHAALHO20 YyHusepcumema umenu JI. H. [ymunesa, Acmana, Kasaxcman
2 Axmiobuncruti pezuonasvioni 2ocydapemeennviti yrusepcumem umenu K. XKybanoea,
Axmobe, Kazaxcman
(Email:azaulezh@mail.ru, ntmath10@mail.ru,adilzhan_ 71@mail.Tu)

Yucnennoe nuddepennupoBanne pyHKIMil B KoHTeKcTe KoMnbioTepHOTo
(BBIYMCIINTEIHHOTO) HOIIEPEYHUKA

AHHOTaMA: B pamMKax KOMIBIOTEDHOIO (BBIYMCJIUTENHHOIO) IOMNEPEYHUKA  IIOJHOCTHIO
perena 3amada npubmkennoro muddepeniiupoanns (HYHKINN, TPUHAIIEKAINX KIACCAM
CoboJieBa 110 HETOYHON WHQOPMAIUN, IIOJIYYEHHO! OT IIPOU3BOJIBHOIO KOHEYHOI'O MHOXKECTBA

Tpuronomerpuyeckux koaddunuenro Pypwe-Jlebera muddepennupyemoit dyukium... [100-200
CJIOB].

KuaroueBbie cioBa npubiimkennoe mgudepeHnupoBanne, BOCCTAHOBJICHUE [0 HETOYHO

uHbOpMALUH, [peJe/bHAs OTPEITHOCTh, KOMIIBIOTEPHbINH (BBIYUCUTENBHBIN) HOIepevHuK. [6-8
CJIOB/ cJt0BOCOYETAHUI]|.

Bsegeune

TekcT BBEIEHUSI. ..

AmTopam He ciiejlyeT MCHOJIb30BaTh HecTaHgapTHble nakerbl LaTeX (ucmosbdyiite ux Jjnimb B
cilydae KpaiiHeil HeoGX0MMOCTH )

3aroJjioBoK ceKnuun

1.1 3arojioBOK moaceKnuu
OkpykeHwus.

Teopema 1. ...

Jlemma 1. ...

IIpennoxkenue 1.

Onpenenenne 1. ...

Caencrsue 1. ...

3ameuanwue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemot.

,H oKas3aTeJabcTBo. Tekcr JOKa3aTeJIbCTBa.

2. ®opmyibl, TAOJIUIIBI, PUCYHKU

. _ P . (V)
On(en; DN)y = 0n(en; T5 F; DN )y = (Z(N>71wrjlvi")eDN ON (8N, (l 780N>>Y, (1.1)
e On (en; (1M, on))y = on(en; T F; (1) on ) )y =
= s [T O e (10 () WD () +00)
feF Y

()

|7N <1(r=1,...,N)

Tabsurbl, pUCYHKH HEOOXOIUMO pacoJiararh mocje ynomuHanus. C KaxKJo# WLTIocTpanueil moiKHa
cJIeJ0BaTh HAJIINACh.

3. Ccbuiku u 6ubauorpadus
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Tasnuua 2 — Hazsanue Tabiuibt

IIpoctrie He npocteie
2,3,5,7,11, 13, 17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

PucvHok 4 — HazBanue pucyska

Jtst cChITOK Ha yTBEp2KJeHusi, (POPMYJIBI U T. 1. MOYXKHO HCIIOJIL30BATh MeTKu. Hampumep, Teopema 2,
Dopmyana (1.1)

s pykosojcrBa o IATEX u B KadecTBe mpuMepa opopMIeHNsT CCBLIOK, CM., HanpuMmep, JIpBockuii C.M.
Habop u Bepctka B makere ITEX. Mocksa: Kocmocurdopm, 1994.

Crmcok JuTepaTypbl OQOPMIISIETCS CJIELYIONUM 0OPA30M.

Crucok snreparypbl
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anamuse // Becruuk Espasuiickoro Hanmonasssoro yausepcurera umenu JI.H. I'ymuesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (upu HASIMYINN) - CTATHS

3 2Kybanbrmesa A.2K., A6ukenosa I1I. O HopMmax npon3BonHbBIX DYHKIUH C HYJIEBBIMY 3HAYCHUSIMI 3aJaHHOTO Habopa
JMHEAHBIX (DYHKIMOHAJIOB W WX NMPUMEHEHHs] K TONEPEIHUKOBBIM 3agadaM // PyHKIMOHATIBHBIE MPOCTPAHCTBA
u Teopus npubsmkennsa dynknuit: Tesucsl mokmanoB Mexaynaponuoit kondepeHuy, nocssiierras 110-geTuio
co must poxaenusi akagemuka C.M.Hukonbckoro, Mocksa, Poccusi, 2015. — Mocksa, 2015. —C.141-142. - Tpyasl
KoH(epeHInit

4 KypmykoB A.A. AHrHOIIPOTEKTOpHAS ¥ MIIOJIUIUIEMIYecKasi aKTUBHOCTE JieykomusuHa. —Aamarsr: Bacray, 2007.
—C. 3-5 - raszeTHbI€ CTATHU

5 Kpipos B.A., Muxaitmmaenko I'\I. Ananutudaecknii MeTO| BIOKEHHsT CUMILIEKTHIECKOH reomerpun // Cubupckue
SJIEKTPOHHBIE MareMmaTudeckne mspecrust —2017. —T.14. —C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenus: 08.01.2017). - 3JIeKTPOHHBINA >KypPHAJ

A.2K. »Ky6anbimesa ! , H. Temiprammes ! , A.B. Yrecos 2

1 JL.H.ymunes amuvindazo, Bypasus yammols yrueepcumeminiy, meopusivolk MAMeMamuKa HCone eoLivlmy ecenmeyiep
uncmumymot, Acmana, Kasarxeman
2 K.2Ky6anos amvmdaev. Axmebe onipaix memaexemmin yrnusepcumemi, Axmobe, Kasaxcman

Kowmnsbiorepaik (ecenreyim) auamerp MoHMaTiHIHAe DyHKUMANAAPABLI caHABIK AuddepeHnuanaay

Ansoranus: Komnbiorepnik (ecenteyim) guamerp monMmoTiHinge Co6oJieB KIAChIHIA YKATATHIH (DYHKIUIADIBI OJIAPIbIH,
Tpuronomerpusiablk, Pypoe-Jleber koadbdurmenTTEpiHiy aKBIPIIbI >KUBIHBIHAH AJbIHFAH [9JI €MeC aKIIapaT OOMBIHINA JKYBIKTaY
ecebi TosbirpiMer 1emisai [100-200 cesznep.

Tyitin ce3mep: »xyvikran nuddepeHnuanmay, 4o eMeC aklIapaT OOHBIHINA KYBIKTAy, IIEKTiK kKaremik, Kommbiorepiik
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A.Zh.Zhubanysheva ! , N. Temirgaliyev ! , A.B. Utesov 2

1 Institute of theoretical mathematics and scientific computations of L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan
2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200 words|

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical) di-
ameter, massive limiting error. [6-8 words/word combinations|
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