i
ey, ~_f,-EYPA3 A
,1’1 YﬂTT blK

14"April 2017, Astana

“&? YHVBEPCUTETI

KASAKCTAH PECNYBUKACHI
T¥HFbILW NPE3UAEHTI - ENBACBIHbIH KOPbI

«FblJ1IbIM XXSHE BIJIIM - 2017»
CTYAEHTTEP MEeH Xac fanbimaapabliH

XIl XanbikapanblK fbiNbIMU KOHEPEHUMNSACBIHbIH,
BAAHOAMAJIAP XXUHAF bl

CBEOPHUK MATEPUAINOB

Xl MexxayHapoaHON Hay4HoW KOHhepeHLum
CTYOEHTOB U MONOAbIX YYEHbIX

«HAYKA U OBPA30OBAHUE - 2017»

PROCEEDINGS

of the XII International Scientific Conference
for students and young scholars
«SCIENCE AND EDUCATION -2017»




KA3AKCTAH PECIIYBJIMKACBHI BIVIIM K9HE FblJIBIM MUHUCTPJII'T
JLH. 'YMUJIEB ATBIHJIATBI EYPA3UA YJITTBIK YHUBEPCUTETI

«FpLIbIM KoHe 0i1iM - 2017»
CTYJAEHTTEP MEeH Kac FaJbIMAAPAbIH
X1 XaapIkapaJjbIK FbLIJIBIMH KOH(pEePeHIUSs CHIHBIH
BASIHAAMAJIAP )KUHAFBI

CBOPHUK MATEPHUAJIOB
X1l Me:xxaynapoaHoii HAy4Hoil KOH(epeHunu
CTY/I€HTOB M MOJIOABIX YY€HBbIX
«Hayxka u oopa3zoBanue - 2017»

PROCEEDINGS
of the XII International Scientific Conference
for students and young scholars
«Science and education - 2017»

2017 xb1a 14 cayip

AcTaHa



VJIK 378

BBK 74.58

F 96
F 96

«FputbiM xoHE O1miM — 2017» CTyIEHTTEp MEH Kac FalIbIMJIapIbIH X1l
XanblkapanblK FbulbiMH  KoH(pepenmmscelt = The XII International Scientific

Conference for students and young scholars «Science and education - 2017» = XII
MexayHapoaHass HaydHasi KOH(pEepeHIUs CTyJICHTOB U MOJIOJBIX y4ueHbIX «Hayka u
obpaszoBanue - 2017». — Acrana: http://www.enu.kz/ru/nauka/nauka-i-obrazovanie/,
2017. — 7466 ctp. (Kazakiia, OpbICIIa, aFbUTIIBIHIIA).

ISBN 978-9965-31-827-6

KuHakka CTyIEHTTEpAiH, MAaruCTPaHTTAP/bIH, JOKTOPAHTTAP/ABIH >KOHE Kac
FAJIBIMJIAPJIBIH KAPAThUIBICTAHY-TEXHUKAIBIK KOHE TYMAHUTAPIBIK FHUIBIMAAPIBIH
©3€eKT1 Maceliesniepi 0oifbIHIIA OasHAaMaIaphbl €HI131ITeH.

The proceedings are the papers of students, undergraduates, doctoral students
and young researchers on topical issues of natural and technical sciences and
humanities.

B cOopHuk BoUUIM AOKIaAbl CTYJEHTOB, MaruCTPAaHTOB, JOKTOPAHTOB U
MOJIOABIX YYEHBIX IO aKTyaJIbHBIM BOIPOCAM €CTECTBEHHO-TEXHUYECKUX W
T'YMaHHUTApPHBIX HAyK.

VJIK 378
BBK 74.58

ISBN 978-9965-31-827-6 ©JILH. Tymunes arsiHgarsl  Eypasus
VITTBIK yHUBepcureTi, 2017


http://www.enu.kz/ru/nauka/nauka-i-obrazovanie/

Cexnus 11. APXUTEKTYPA U CTPOUTEJIBCTBO
IHoacexuus 11.1 «CtponTteabcTBo»
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ABSTRACT: This article describes the study that focuses on researching the possibility of
modification the traditional frame systems, widely used in design and construction, and the further
possibility of substituition of such systems with frameless covers. The main area of application is
the building structures used in agriculture. The reduced quantity and weight of the structural
elements in a building with frameless covers allows the reduction of material consumption,
manufacturing labour costs, transportation and installation costs. The optimization of technical
parameters was done with analysis of the stress-strain state of the structural elements of frameless
covers.

Keywords: frameless covers, stress-strain state, material consumption, optimization.

1 INTRODUCTION

The material and energy costs for manufacturing, transportation and construction should be
reduced in the design and construction of modern buildings to implement the strategy of "green
economy”. Efficiency of frameless buildings from wooden panels is reached with the lack of
traditional frame (columns, beams and frames). This reduces the quantity and weight of the
structural elements [1]. The building is constructed only with prefabricated panels, which do not
require heavy construction lifting equipment. The combination of bearing and protecting functions
in frameless covers allows to reduce material consumption from 25 to 50%. The manufacturing
labour costs, installation and transportation costs can be reduced by two to three times. The amount
of cost reduction depends on the optimization of technical parameters of frameless covers and their
further improvement.

Technical parameters of frameless structures determine the appearance of the building, its
construction and operation costs. This research study analyzes the ways to optimize the technical
parameters of the existing frameless covers. One of the main factors affecting the resource
consumption for frameless covers is the stress-strain state of its structural elements. Therefore, the
study of regulation methods of stress-strain state of the frameless covers’ structural elements will
lead to the creation of the control mechanisms for material consumption and conditions for optimal
design.

2 METHODOLOGY AND RESULTS OF TECHNICAL PARAMETERS
OPTIMIZATION FOR FRAMELESS COVERS

Figure 1 demonstrates the constructed models that were used to conduct the study on the
optimization of the technical parameters of frameless covers made from wood. The development of
new types of design (Figure 1) was carried out taking into account the several directions. The first
direction is reduction of material consumption. This reduction in construction material consumption
was achieved with closer convergence of design schemes with their real work [2]. Another way to
reduce the material consumption was a combination of bearing and protecting functions of
structural elements in one design: simplification of structural connections with the subsequent
reduction of their manufacturing complexity and finding an optimal combination of materials in
structural elements.
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Figure 1. Frameless cover models.

The search for new types of structural design principles for frameless covers made it
possible to regulate the internal forces and to regulate the material consumption as well.

One of the methods of reducing the material consumption during design was the creation
of conditions to regulate the internal forces in the sections of structural elements. One method of
internal force regulation was implemented in the compressed and bent structural elements. This
method is used widely and only for the design of the upper zones of truss, when the stress-strain
state of structure can be controlled with eccentricity of axial force application. The implementation
of this method was performed by creating a moment from axial force, which is exactly the same,
but with opposite sign, as the moment from the shear forces. The extended use of the noted method
for the bracing structural elements, which are related to the compressed and bent elements, may also
create the possibility to regulate the internal forces.

The tensest area of the cross-section for frameless covers was appeared to be the cornice
section. The cornice section is a node, where the destruction of bearing cover slab is occurring due
to the impact of maximum moment or maximum shear force under different design schemes of
loading as shown in Figure 2.
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Figure 2. Scheme of
loading and moment diagrams for frameless covers.

Figure 2 displays the internal force diagrams for the bracing structural elements. It can be seen
that regulation of the internal force values could be done in several ways. The first way was to
change the level of cornice node, which depends on the functional purpose of any building. The
shortest height of the cornice node was taken as 2 meters. It was concluded that the moment varies
with the increasing height of the building according to the following equation depending on the
applied load [1]:

M=M0*Hio— AM[(H — H,) * K] (1)

where My — the bending moment at the cornice height of 2 meters, My=33.03kN*m,
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AM — correction bending moment, AM=4kN*m,
H- cornice height of the frameless cover,
Ho - minimum height of cornice node - 2 meters,

k — conversion factor, k=2.2m™.

The results of static analysis of frameless covers with span of 15 meters and bending moments
values defined with Equation 1 are shown in Table 1. Table 1 shows, that with an increase of
building height up to 1.941 times the value of the bending moment increases to 1.36 times.

Table 1. The effect of building height on the value of the maximum bending moment.

The ratio of H/Hy 1 1.2 1.4 1 1.9

35 70 .706 41
Value of Myeng according 3 37. 40. 4 45,

to a finite element analysis, KN*m | 3.03 07 22 2.83 01
Value of Myeng according 3 36. 39. 4 46.

to Equation 1, kN*m 3.03 39 71 3.10 40
The error percentage,% - 1.7 1.2 0 2.9

.6

The next way to regulate the internal force values was to create a moment from the axial force
at the ridged node as shown in Figure 3. This moment is equal to the moment from the shear force
with opposite sign for the bracing structural elements. The method of creating the moment from the
axial force gave a positive effect for the whole structural entity of frameless covers. This moment
reduced the value of maximum bending moment at the cornice node. Creation of the moment from
the axial force in real life is possible with the installation of a ceiling window in the ridged node
(Figure 3). Calculations revealed that the creation of the eccentricity within the ridged node section
do not significantly affect the value of the bending moment in the cornice node. The internal forces
regulation will be more effective by increasing the magnitude of the eccentricity using the cover in
the form of the ridged tent (Figure 3).

The following Equation 2 demonstrates the relationship between the changing value of the
bending moment and the magnitude of the eccentricity:

M =M, — AM[(H — H,) = k] (2)
where My — the bending moment at the cornice height of 2 meters, My=33.03 kN*m,
AM — correction bending moment, AM =2 KN*m,
H - cornice height of the frameless cover,
Ho - minimum height of cornice node - 2 meters,
k — conversion factor, k=3.7m™

The results of static analysis of frameless covers with span of 15 meters, Hp=2,1 meters and
bending moments values defined with Equation 2 are shown in Table 2. Table 2 shows, that with an
increase of the tent height up to 1.5 meters, the value of the bending moment was reduced by 1.478
times.

Table 2. Influence of the ridged eccentricity on the value of the maximum bending moment.

The ratio of H/Hy 0 0 0. 0. 1. 1
.25 50 75 00 .25
Value of Mbpend 33 3 2 27 2 2
according to a finite element | .03 0.78 9.07 40 5.73 4.05
analysis, KN*m
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Value of  Mypeng 33 3 2 27 2 2
according to Equation 2,|.03 1.90 9.30 45 5.60 3.75
KN*m

The error - 3 0. 0. 0. 1
percentage,% .60 80 20 56 .20

Figure 3. Creation of the axial force eccentricity at the ridged node.

Incorporating the ridged tent into the design of frameless covers benefits to solve the problem
of internal forces regulation and functions as a light or ventilation opening (Figure 3).

Significant reduction of the maximum bending moment values in the cornie node could be
achieved with a steel bracing tightening at the cornice node as shown in Figure 4. As maximum
bending moment in the cornice node reduces, the span moment value increases. In this case, the
bending moment values adjustment can be regulated with the magnitude of the eccentricity, located
within the element’s cross-section height.

T

Figure 4. Steel bracing tightening in the frameless cover bracing elements.

It is also possible to control the internal forces with changing the angle of inclination for the
structural elements of the frameless covers. The most well-known and widely used slope is i = 1/4
for the frame structures. Modifications for this slope were not considered yet. Modifications of the
inclination angles of structural elements for frameless covers can lead to the creation of entirely
new types of frameless covers.

3 CONCLUSIONS

It can be concluded that the multifactorial method of modeling the frameless covers allowed to
determine joint influence of all factors affecting the magnitude of the bending moments at the
cornice node and to determine the optimal parameters for the design implementation. Obtaining the
regression model for the relationship between the maximum bending moment and all the affecting
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main factors will allow to monitor optimally the internal force values at the cross-sections of all
structural elements of frameless covers and to monitor optimally the material consumption.

Modern practice is directed to find new ideas, knowledge and scientific breakthroughs. The
new search begins with the partial negation of old ideas and this process requires a critical
understanding of the theory and practice of the preceding scientific stages. Weak side of the frame
structures is seen obviously in excessive duplication of structural functions between the various
structural elements of the frame systems. Therefore, there is a need for the modification of the
traditional frame systems.
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1. Beenenue

Hapsiny ¢ TexHOJOrMsIMM ycTpoWCTBa CBalHBIX (YHIAMEHTOB pa3BUBAIOTCS U METOJbI
OLIEHKHU MOTPY>KEHUS U pabOThl CBaM, MO3BOJISAIONINE TPOU3BOANUTE OLIEHKY KauecTBa U3TOTOBJICHUS
cBalfHOro (yHJaMEHTa M ONpPEAEIATh €ro HECYIUe XapaKTEPUCTHKU C BBHICOKOW TOYHOCTBIO U 3a
kopotkue cpoku. B Kaszaxcrane m crpanax CHI' OCHOBHBIMM MeETOJaMHM OLICHKM KaudecTBa
W3TOTOBJICHUS CBail U ONpeAeNeHUus] UX HECYyIled CIOCOOHOCTH CUUTAIOTCS UCHBITAaHUS CBail Ha
CTaTHUYECKYIO0 HAarpys3Ky, pe3ylbTaTbl KOTOPBIX CUMUTAIOTCS ATAJOHHBIMH, a TAaK K€ MCIBITAHMS
OuHamMuueckoi Harpyskoi, onucanubsle B ['OCT 5686-94 I'pyHTbl. MeTObI MONEBBIX HCIBITAHUM
cBasimu [4, 5]. OnHaKo, KaKk MMOKa3bIBAET MIPAKTHKA, Y 3TUX METOJIOB CYLIECTBYET psiJl HEAOCTATKOB,
KOTOpBIE OTHOCSTCSI KaK K TPYIOEMKOCTH IPOBEAEHUS MOJAOOHBIX MCHBITAHUM, TaK U K KAa4ECTBY
IIOJIYYEHHBIX pe3ylbTaTOB. BMecTe ¢ TeM BO MHOIMX IEPENOBBIX CTpaHaX, TaKUX Kak SmoHusd,
CIIIA, Kanana u crpanbsl EBponsl, Hapsay CO CTaTHYECKMMH MCIBITAHUSMH MCIOJIB3YIOTCSI HOBBIE
METOZBl UCIBITAHUN CBad, KOTOPBIC IIOKA3bIBAIOT XOPOLIME pEe3yJbTaTbl, COMOCTABUMBIE C
pe3yibTaTaMyu CTaTUYECKHUX MCIIBITAHUM, a TaK K€ UMEIOT P IPEUMYIIECTB MePe]l STUM METOAOM.
ITonoGHbIe TexHOMOrMK B KazaxcraHe Tak e sSBISIOTCS BOCTPEOOBaHHBIMH.

2. METOJ PDA (Pile Dynamic Analyze)

WcnbiTanus cBait meronoM PDA sBIsiIOTCS HOBBIM HAaIlpaBlI€HHEM JUIS CTPOUTEIHHOTO
priHka Kazaxcrana [6]. IHOCTpaHHBIE U OT€UECTBEHHbIE KPYIIHbIE CTPOUTEIbHBIE KOMIIAHUH, YK€
JIaBHO 3aMHTEPECOBAHBI B MPOBEJCHUU MOJAOOHOTO BUJA UCHBITAHUHN, T.K. OHU 3aPEKOMEH]IOBAJIN
ce0s BO BCEM MHUpPE KaK XOpOLIMI aHajJor CTAaTUYECKUM UCHBITAHUSAM C TOYKU 3pEHUS
COIIOCTaBUMOCTH PE3YJIbTaTOB, CKOPOCTH U CTOMMOCTH IPOBENEHNS UCIIBITAHUH (CM. PUCYHOK 1).
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