ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbUJIBIM AKAJEMUSICHIHBIH

Satbayev University

XABAPIIAPDBDI

N3BECTUSI NEWS

]'IALU/IOHAHBHOﬂ AKAJIEMHWUH HAVYK | OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KA3ZAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

1 (445)

JANUARY - FEBRUARY 2021

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



[2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences 1o our community.

KasakcmaH Pecnybnukacbl ¥n1mmolK fblilbiM akademusicel "KP ¥FA Xabapnapsl. [eono2us XeHe
mexHUKansiK fbiibiMoap cepuschl” fblilbIMU JXKYyPHalblHbIH Web of Science-miH aHarnaHraH HYCcKacobl
Emerging Sources Citation Index-me uHoexkcmenyee kabbindaHFaHbiH xabapnaldsl. byn uHoekcmeny
6apsicbiHOa Clarivate Analytics KOMNaHUACH! xypHanobi odaH epi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday moceneciH
kapacmsipyda. Webof Science 3epmmeywinep, asmopinap, 6acnawbinap MeH Mekemeriepae KOHmMeHm
mepeHdiai mMeH canacbiH ycbiHalbl. KP ¥fA Xabapnapb!. [eonoz2usi XeHe MexHUKalblK FbiNbiMOap
cepusicel Emerging Sources Citation Index-ke enyi 6i30iH KoramOacmblK YWIH eH e3ekmi xsHe b6edendi
220/102U5 XOHE meXHUKanbiK fbinbiMoap boubliHWa KOHMEHMKE a20anobirbimMbi3osl 6indipedi.

HAH PK cooblwaem, 4mo Hay4HbIU XypHan «/i3gecmus HAH PK. Cepus eeoniocuu U mexHu4ecKux
Hayk» Bbin NpuHAM 018 UHOeKCUposaHus 8 Emerging Sources Citation Index, o6Ho8neHHol sepcuu Web
of Science. CodepxaHue 8 3momM UHOeKcuposaHuu vaxodumcs 8 cmaduu paccMompeHus KomnaHueu
Clarivate Analytics Ons GanesHelwez20 NpuHAMUS XypHarna 6 the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
kayecmseo U anybuHy KoHmeHma Ons uccnedosamenell, asmopos, u3lameneu Uu yupexoeHuu.
BrrioveHue Masecmus HAH PK. Cepus 2eonoauu U MexHU4eckux Hayk € Emerging Sources Citation
Index deMoHcmMpupyem Hawy npueepXeHHoCMb K Haubosiee akmyanbHOMY U 8n1uameibHoOMy KOHmMeHmy

N0 2e0/102ULU U MEXHUYECKUM Haykam Ons Haweeo coobujecmea.



bac penakTOp bl
3. f. 1., npodeccop, KP ¥FA akazemur

N.K. bentcem0eTOB

bac penakTopsiHbiH OpeIHOACapHhL

Konraes I'. K. npod., reon.-MHH. ¥. LOKTOPbL

Pepnakuusg ankacbl:

Abakanos T.JL. npod. (Kazakcran)

Aoumesa 3.C. npo@., akaieMHK (KazakcTaH)

A6canbikos B.H. npoo., kopp.-myweci (Kaszakcran)

Aradexos B.E. akagemuk (benapychb)

AaueB T. npod., akagemuk (O31pbaixaH)

Bakupos A.B. npod., (Keipreiscran)

Bykrtyxos H.C. rpod., akagemuk (KazakcraH)

Byaart A.®. npod., akagemuk (YkpanHa)

Faunes U.H. npod., akanemux (TaxikcTaH)

Mpasuc P.M. npo¢. (AKIL)

Kapmenon A.A. npod., akaieMHK (KazakcTaH)

KonropoBuu A.J. npod., akanemux (Pecen)
Kypckees A.K. npod., akagemuk (KazakcraH)

Kypuasos A.M. npod., (Peceit)

Meney A.P. npo., akaAEMHUK (KazakcTaH)

Osnoes C.M. npod., akagemuk (KasakcraH)

MMocTonaTuii B. npod., akagemuk (Monjopa)

Crenanen B.I'. npody., (I'epmanus)

L teiinep M. npod. ('epmarus)

«KP ¥FA Xa6apaapbl. ['eosorus xoHe TEXHUKAIBIK FBLIBIMAAD Cepusicbi».

ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

Mentikrenyii: «KazakcraH Pecny6iuKachiHbIH ¥ ITTBIK FbUIbIM aKaAEMHACHD) PKbB (AnMarsl K.).

Kaszakcran Pecny6iMkacklHblH AKnapar >oHe KOFaMIbIK AaMy MAHUCTPAINIHIH  AKMapar KOMUTETIHAE
29.07.2020 x. 6epinren Ne KZ39VPY00025420 Mep3iMAaiK 6achiibiM TIpKEYIHE KOHbULY TYpajlbl KYaJilK.

TakbIPbINTHIK 0AFbITbI: 2€0/102UA JICAHE MEXHUKATbIK 2OILIMOAp DOULIHULG MAKANANAP
Jcapusnay.

Mep3iMainiri: xbiibiHa 6 peT.
Tupaxsi: 300 naHa.

PenakuusHblH MEKEHIKAUBDI: 050010, Aamathl K., LlleBueHKO KoL, 28, 219, 220 Gen.,
ten.: 272-13-19, 272-13-18,

T e — T T

ol _ﬂ — T e A— e oS e S e — e — p— -ﬂ_— S —_ T —— T e R S -

© Kasakcran Pecny0inKacbiHbIH Y ITThIK FblbIM akaaemusicsl, 2021

TunorparstibiH vexerdkaiibl: «NurNaz GRACE», AfiMaThl K., Prickynos ke, 103.

3




N E W S of the Academy of Sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
[SSN 2224-5278

Volume I, Number 445 (2021), 58 — 65 https://doi.org/10.32014/2021.2518-170X.9

UDC 678.4:539.3
IRSTI67.11.59

A. F. Bulat', A. S. Kobets?, V. 1. Dyrda', V. A. Lapin®, S. M. Grebenyuk®,
M. . Lysytsia', M. H. Marienkov®, H. M. Ahaltsov', Ye. V. Kalhankov?

'Institute of Geotechnical Mechanics named by N. Poljakov
of National Academy of Sciences of Ukraine, Dnipro, Ukraine;
Dnipro State Agrarian and Economic University, Dnipro, Ukraine;
3K azakh Research and Design Institute of Construction and Architecture, Almaty, Kazakhstan:
4Zaporizhzhya National University, Zaporizhzhya, Ukraine;
SState Enterprise “State Research Institute of Building Constructions”, Kyiv, Ukraine.
E-mail: gtm.bulat@gmail.com, info@dsau.ua, vita.igtm@gmail.com, lapin_1956@list.ru, gsm12] 2(@ukr.net,
lisitsa.n.i@gmail.com, n.maryenkov@ndibk.gov.ua, ag.gena@gmail.com, kalhankov.ye.v@dsau.dp.ua

VIBROSEISMIC PROTECTION OF BUILDINGS AND STRUCTURES
AGAINST NATURAL AND TECHNOGENEOUS DYNAMIC IMPACTS

Abstract. In this article, the authors analyze results of their long-term researches on protection of buildings and

structures against dynamic loads caused by the nature and/or human activities. They also give the grounds for
necessity to provide vibration insulation of buildings, and show how to choose and calculate proper parameters for

rubber vibroseismic insulators. Specifics of finite element method applied for static calculating the vibroseismic
insulators is also described. In order to take into account weak compressibility of rubber, a moment finite element
scheme was used, which assumes a triple approximation of the displacement vector components consisting of stramn
tensor and volume change function. Stress-strain state of the shock absorbers was determined tor different standard
sizes and diameters. The authors also describe two variants of calculation depending on the method of fixing the
nsulator’s ends. In the first case, the ends are vulcanized to the metal plates. In the second variant, the ends are free
and can move in a horizontal plane. Influence of ratio of the shock absorber height and radius to the strain state ot a
structure was also analyzed. In order to determine factual levels of the soil and pile vibration (in two horizontal and
one vertical directions), vibrodynamic studies were carried out. The obtained vibration signals were registered by the
one-component vibration transducers 731A (vibration sensors) produced by the Wilcoxon Research company (the
USA). Then, the vibration records were processed by the specialized program “Seismic Monitoring”. Based on the

results of these studies, numerical calculations were performed in order to determine whether the predicted levels of

the residential building vibrations are in compliance with the existing sanitary standards when exposed to real
technogeneous loads. Vibrodynamic tests on vibration acceleration levels of the vibration-insulated reinforced
concrete slabs and floors in residential building confirmed high effectiveness of the used vibroseismic insulation
system with the rubber elements: the registered vibration acceleration levels in the residential building on all floors

did not exceed acceptable levels set by the sanitary standards, and ensured comfortable living conditions under

different dynamic impacts. The results of this work make it possible to design buildings with anti-seismic protection
by using the designed rubber elements in accordance with the local conditions of the city of Almaty.
Key words: shock absorber, vibroseismic isolation, finite element method, sanitary standards.

Preface. The considered system of vibroseismic insulation consists of non-linear elements with high
dissipative propetrties; it includes structures, which limit drift of the upper part of the building, and Is
resistant to wind loads.

The vibroseismic insulation significantly reduces not only dynamic loads, but also horizontal
interstorey drift (wraps), and, therefore, significantly diminishes damage of the building supporting
structures, cuts economic losses and provides comfortable living conditions for people. As a rule, all these
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advantages are provided at the design stage in accordance with national regulations. For example,
according to the Ukrainian norms [1], when designing buildings with vibroseismic insulation, in addition
to spectral calculation, it is also necessary to calculate dynamics by accelerograms obtained at the
construction site. Similar provisions are fixed in the building codes of the Republic of Kazakhstan, which
are also based on the European standards.

The authors of this work were among those who developed a lot of national regulatory documents
among which is the National Construction Standard IbH B.1-12:2014 “Construction in Seismic Regions
of Ukraine”, which is harmonized with Eurocode 8 “Design of Structures for Earthquake Resistance (EN
1998—1: 2004 Eurocode 8). These documents include the section “Design of Seismoinsulation Systems”
enabling to design vibroseismic-resistant structures with a specified level of safety.

The purpose of this work was to calculate and validaté parameters of the vibration insulation system
for buildings and structures under dynamic effects caused by the nature and human activities. For the
conditions of the city of Almaty, this technical solution of seismic insulation based on the rubber elements
1S Innovative.

Grounds for necessity in vibroseismic protection of buildings under natural and technogencous
dynamic impacts. Let's consider vibroseismic insulation of a residential complex in the city of Lviv
(Ukraine) at the address: Pid Dubom street, 26, located in a zone with dynamic impact of freight and
passenger trains. This residential complex consists of three sections (0, 10 and 13 floors), each section 1s
built on its own vibration-proof pile foundation. In order to resist to the dynamic impacts of the ratlway
trains, foundations of the buildings were made in the form of monolithic reinforced concrete grillages on a
pile foundation (cross section of the piles is 350350 mm); thickness of the pile foundation grillages in the
six-storey section is 600 mm and 800 mm in the rest sections.

Results of the full-scale dynamic studies at the construction site at a distance of 15-22 m from the
railway showed the following: in case of no anti-vibration protection system, predicted excess of
permissible vibration acceleration levels of the building floors was from 6 dB to 12 dB (2-4 times higher
than the sanitary standards) in the octaves of 8 Hz, 16 Hz, 31.5 Hz, 63 Hz. In order to ensure comfortable
living of people, normalization of vibration acceleration levels is given in the norms described in [1].

For reducing vibration levels of the buildings, an anti-vibration protection system was installed: a
‘ubber vibroseismic insulator with diameter of 340 mm and thickness of 50 mm was installed on the head
of each pile before concreting the slab of the grillage. In order to protect the structures of the grillage and
cellars of the buildings against horizontal and vertical vibrations of soil, the designed system for vibration
insulation consisting of polystyrene plates with thickness of 100 mm is installed between the external
surfaces of the foundation slab, walls of the underground storeys and backfill soil.

These innovative anti-vibration systems are very effective for buildings: the calculated frequency of
the building intrinsic vertical vibrations is 3.8-4.7 Hz, which is 3-12 times less than the frequency of the
soil forced oscillations (15-80 Hz) when exposed to effects of the railway trains; levels of the floor
vibration do not exceed permissible sanitary norms for the residential buildings [1] under seismic
overloads (determined at 6 points); the calculated safety factor against overturning of the buildings is from
5.4 to 16.5, and at wind loads, the safety factor is from 101.6 to 196.6.

Experimental studies and calculation of elements for anti-vibration protection of buildings and
structures. The solid cylindrical rubber elements made of natural caoutchouc were used as components of
the system for anti-vibration and anti-seismic protection of buildings and structures. In view of practical
use, calculations were performed, design and method of the elements installation were patented, design
documentation was developed, and four types of samples — with diameter of 340 mm, 400 mm, 420 mm
and 500 mm and height of 50 mm — were manufactured and tested. The following tests were carried out:
static testing of their compressive and shear stifiness at various loads: and dynamic testing of stiffness and
dissipative characteristics. The test procedure is presented in details in [2].

Both analytical and numerical methods are used for calculating the vibroseismic insulators. Among
the numerical methods, method of finite element stands out due to its universality and adequale accuracy.

Let’s consider specific aspects of applying this method for static calculation of the vibroseismic
insulators. In order to take into account the rubber weak compressibility and to eliminate some other
disadvantages of the traditional finite element method, a moment finite element scheme was _proposgd fqr
weakly compressible materials [3]. Its ~ffectiveness for calculating rubber shock absorbers is shown 1n [4].
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Let’s consider a spatial hexagonal finite element with a linear approximation of displacements.
According to the moment scheme for weakly compressible material, stiffness matrix for each separate

Oz

element will be represented in the global Cartesian coordinate system 9243 in the form of [5]:
(k¥ ) =[ k& |+ k2], (Km'=1,...,3)

where we have shearing component (1)
(kb =LA T [ L YL o
and spherical component of the stiftness matrix
(ki =LA FF ] [ F]LA) 5

where matrices of elastic constants, which take into account metric of finite element and describe shearing

and bulk properties of the material, are determined, respectively, as:
| |

» = ng* g™ {w} {w}y gdxdx,dx;,
(H# )= [[[2ng™e” {w} {w}gdxdr,d
-]=1=] (4)

11|
T
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where {W} = {1, %y, X5, X1 X3, X3, X1 X3, X2X3, X1 X2X3} is vector of power functions, g’ and g are
components and determinant of metric tensor of the finite element coordinate system OxqXx,X3,

(i,j =1,..,3), and y, A are the Lame constants.

Let's determine matrix [4] in the relations (2) and (3) by using various representations of the
displacement vector components in the global coordinate system. On the one hand, according to the
moment scheme, we have the expansion of displacements in a series of power functions:

Uy Z{W}{mk'}r = (6)

000 100 010 110 001 101 011 111)) . .
where [mk:}z{mf{, ),mf{, ),wi, ),w}(c, ),wi, ),wf(, ),mi, ),wi, )} is vector of displacement

expansion coefficients.
On the other hand, displacements of any point of the body are determined through the shape functions

and values of nodal displacements:

_ !
Uy _{NL}{“k'} = (7)
here [ui,] = {uﬁ),uﬁ),uS),ugj),uﬁ),uiﬁ),ug),ufﬁ),} ic  vector of nodal displacements,

{N,} = (Nq, Ny, N3, Ny, Ns, Ng, N,, Ng) is vector of shape functions. The shape functions for the hexagonal

oite element are described in the local coordinate system by the relations:

1
NL(x,, X x3)=—(1+x,x{‘)(l+x2x§‘)(1+x3x§‘),

. (8)
where xf is the i-th coordinate of the L-th node in the coordinate system of the finite element; i= 1, 2, 3;

L=1,...38 | N
By comparing expressions (6) and (7) with allowance for (8), we can express matrix of transition [A4]

from power functions {y} to the shape functions {N, }, so that the following relation can be realized:

T

(o) =[] {u). (9)
Matrix F,;’j—f should be formed in such a way that, when constructing the stiffness matrix (2),
components of the strain tensor can be represented as an expansion in a power series in the following

form:

3
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p
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where e, jare the coefficients of deformation decomposition determined by mﬁfm).

& f . . L * ' " [
Matrix F'ek , Which 1s part of the (3), is formed in a similar way. According to the moment scheme, the
volume change function ts determined by the relation:

(pqr)

T
where expansion coefficients of the vector {£} are determined
(ct+p+y) if
EJ(H'BY) _ 0 Y Sif_gj#
ox, )" (ox, ) (8x, )"
(@) (6x) (@), ... -

through the strain expansion coefficients
(afy) _ S(aby) 11 (aBy) j22 | (aBy) 33
& =g, 8 tey g tey g (13)
In the end, we can represent vector {£} through the vector of displacement expansion coefficients w,/:

(e} =1F* Ho,}. (14)

Based on the described approach, a study of the stress-strain state of a number of sizes of shock
absorbers of different diameters was performed.

Dimensions of the shock absorbers were: height A=0.05m, radius R=0.17m; 0.20 m; 0.21 m;
0.25 m; mechanical characteristics of rubber: elastic modulus £ = 5.38 MPa, Poisson’s ratio v = 0.49.
Subsidence for all shock absorbers was accepted as A =0.005 m. Here, two calculation options are
presented depending on the method of fixing the absorber’s ends. In the first case, the ends are vulcanized
to the metal plates. In the second variant, the ends are free and can move in a horizontal plane.

The maximum buckling of the shock absorber’s lateral surface 1s shown in figure |. While analyzing
this characteristic, one can see manifestation of the rubber weak compressibility. With a greater A/R ratto,

axial strain is compensated by radial deformation, the maximum value of which 1s greater in the case of

the fixed ends than with free ends. In case of the free ends, shape of the deformed lateral surtace is close
to cylinder, and with the fixed ends it takes a barrel-like shape. This is true for any A/R ratios; though, in
the second case, the less is this ratio the more pronounced is the barrel-like shape.

u, m |
0,0125 * -
0,0100 —
T T e e " A—————
0,0050 * -
0,15 0,18 0,21 0,24 0,27
R, m
fixed ends, =------ — free ends

Figure | — Buckling of the shock absorber’s lateral surface

Technical solution and installation of the VSB. The designed vibroseismic insulating blocks are
made in the form of solid or hollow rubber or rubber-metal elements, usually, base of the rubber is natural
caoutchouc. In Ukraine, the VSB with diameter from 340 mm to 500 mm and height of 40-50 mm are
used. In this research, their geometric parameters, as well as compressive and shear stiffness, were
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determined by the results of the calculation of the vibroseismically-insulated buiiding. Rubber with
maximum damping characteristics was chosen; when analyzing the rubber compounding, special
ingredients were used (protective groups, antiagers, modifiers, etc.), which increase the VSB resistance to
aging.

There are two ways for insulating buildings from vibration: to install the VSB at the level of the pile
arillage (figure 2); or to install them in the basement of the building. In both cases, the upper part of the
building, being under dynamic loads of natural and technogeneous character, is separated from the soil by
the vibration insulators.
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Figure 2 — Installation of the VSB at the level of pile grillage

One of the variants of the VSB installation on the pile is shown in figure 2: [ — rubber VSB mounted
on top of the pile head; 2 — a layer of expanded polystyrene; 3 — steel pipe; 4 — O-type rubber inserts
placed between the reinforcing bars and the pipe: they improve damping characteristics of the
vibroinsulation system and facilitate the grillage plate to drift relative to the pile.

This system for vibroseismic insulation of buildings and structures [6] has a number of important
advantages: no resonance vibrations of the buildings are occurred during earthquakes or dynamic impacts
of technogeneous character with spread or narrow-band acceleration spectrum; dynamic loads on the
building are double less and even more; upper part of the building is protected from uneven subsidence of
the foundation: natural frequency of the building’s vibrations is 5-7 Hz at vertical oscillations and less
than 1.0 Hz at horizontal ones; high damping ability of the protection system makes it possible to filter
harmful vibrations in the wide frequency range; installation of vibroinsulators at the grillage level does not
require additional fire protection and creates favorable conditions for making process of the rubber aging

essentially longer.
Future trends of constructing buildings and structures with anti-vibration protection system.

The main reasons for growing use of seismic insulation in the high-rise buildings is the necessity to reduce
seismic loads (up to twice, i.e., by one point by the Ukrainian and EU seismic scales), to minimize relative
horizontal interstorey drifting (wraps of the storey slabs) and, as consequences, to reduce consumption of
materials, extent of structural damages and economic losses and to provide comfortable conditions for
people during the earthquakes or under the effects of surface and underground transport (railway, subway,

vehicles, vibrointensive equipment, etc.).
These factors present significant interest for investors and customers. According to the calculated

data of departments for seismic resistance and economic researches in the State enterprise “State research
institute of building constructions”, it is possible to save from 35 thousand to 50 thousand US dollars per

multi-storey (9-27 floors) residential house equipped with the seismic insulation due to the less

consumption of concrete and reinforcement steel. |
According to the State enterprise “State research institute of building constructions” and other literary

sources, vibro- and seismic insulation allows to: |
— prevent destruction of buildings and structures during earthquakes and under industrial impacts;

_ cut the estimated costs of construction by 3-6 %;
_ reduce material consumption for buildings and structures up to 10 %,
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— reduce labour-intensiveness of construction by 4-6 %;

— expand the scope of typical series through developing regions with high seismic risk and increase
height of the buildings with using the same structures.

In Ukraine, sixteen buildings were built and commissioned, including in Kiev: a ten-storey complex
in Kikvidze street consisting of ten buildings with the system of vibroseismic protection against the
impacts of trains of shallow-bedded underground railway, and complex of three twenty-storey buildings
with the system of vibroseismic protection against the impacts of underground trains and surface transport
in the Obolonskiy avenue (figure 7); in Lviv: a complex of three buildings with vibroseismic protection
against railway transport in the Pid Dubom street. Construction of two 27-storey buildings with protection
against the earthquakes has launched in Odessa, in the Genoese street (Odessa is located in the prone-to-
earthquake zone due to the proximity to the Vrancea zone in.-Romania).

The test results indicate that the system of the building’s vibroseismic protection against vertical
vibrations in the whole and horizontal vibrations (at the level of the pile grillage) provides comfortable
living conditions under dynamic impacts of subway trains, wind loads and microseismic vibrations. The
results of this research can be used for designing high-rise buildings in the city of Nur-Sultan to protect
them against excessive wind effects, and in designs of high-rise buildings in the city of Almaty with
location near tectonic faults. For calculating seismically insulated systems with considering regional
specificity, the calculation method [7,8] can be used. It is also recommended to arrange stations of
engineering-seismometric service in the high-rise buildings [9,10].

The designed seismic insulation can also be used for reconstruction and reinforcement of buildings
and historical and architectural monuments located in seismic hazard zones. In this case, the following
advantages are obvious:

Use of the seismic insulation in the basement of the building preserves appearance of the building
without destroying its architectural features,

Volume of works on reinforcing the upper isolated part of the building is significantly reduced: just
the minimum design measures are to be performed in the aboveground part of the building, according to
the requirements of the standard DBN B.1.1-12:2014;

When exposed to a calculated earthquake, reliability of the seismically insulated building is much
higher than of buildings with traditional reinforcement: this is due to the fact that seismically insulated
building stands significant deformation without structural damages during the seismic impact, while n
building with traditional reinforcement, it is impossible to avoid crack formation and structural damages.

The designed vibration and seismic insulation is also recommended for repairing and restoration of
historical monuments, hospitals, banks and other critical structures erected ages ago [11].

A. ®. Bynar', A. C. KoGeu?, B. . dpipaa', B. A. Jlanuw®, C. H. I'pebeniox?,
H. WU. JIucuua', H. T. Mapbenkon®, I'. H. Aranbuos', E. B. Kaarankos?

'VkpanHa ¥ATTbIK FhUTbIM aKaAEMHSChIHbIH ["'€0TEXHUKATIBIK MEXaHUKA HHCTHTYTH, lHenp, YkpavHa,
2JIHENP MEMJIEKETTIK arpapliblK-3KOHOMHUKaIbIK ynusepcureti, inernp, YikpauHa;
Y«Kasak KypbiibIC XXOHE CIYJIET FbIJIBIMU-3EPTTEY JKIHE wobanay uHetutyTe AK, Anmarsl, Kasakcran;
43an0poKbE YIITTbIK YHUBEPCHTETI, 3anopoxse, Y KpauHa;
Sy PhIAbIC KYPhINbIMAAPD] MeMIeKeTTiK FhlibiMu-3epTTey HHeruTyTh» PMKK, Kues, YkpanHa

FUMAPATTAP MEH KYPBUIBICTAPAbI AIPLJIL CEUCMUKAJIBIK TAB_H'F N KIHE
TEXHOTEHIIK CUNTATTAFbl JMHAMUKAJIbIK OCEPJEH KOPFAY

AnnoTauusi. Makanana FuMapartap MeH KypblibiCTapibl TaDUFH XKIHE TeXHOreH 1K CUNaTTarbl AWHAMHKHKaNLIK
KYKTEMENEPAEH KOPFay >KOHIHIET! KOMmXbIIABIK 3epTTEyNepiiH HATHXKENEP! KapacTbIpbITAALI. Fumaparrapiibii
Nipif OKLIayay KaXeTTimiriHIN HEri3JeMeci, napameTpiepal Tanuay JKoHe pe3eHKE AIpll OKILIAyIaFbILITAPbIH €CEn-
tey yebikbLiran, JLipini CeHCMUKANbIK U30JIATOpNIAp/bl CTATHKATIBIK ecernTey YUIiH aKbipiibl 31EMEHT UCIHH KOJIIANY
epeKLIENikTepi KeNTIpiired. Pe3uHaHbiH 97ICI3 KbICBIYbIH €CKEpPY YLI.Iil:I WTAMM TEH30PbI MCH KONIEMHIH 03repy
(DYHKLMSICHLIH KypaiThiH OpblH aybICTbIDY BEKTOPbIHAIH Kypamaac GesiKTEPiH Yl €Ce HKAKbIHAATYAN TYPaThiH
AKbIPIbl NEMEHTTIH MOMEHT CXEMAChl KOJAAHbI b, Typsii AMaMeTpaeri aMopTH3aTopnapibl Gipkarap cCTaHIapTTbl

onieMAEPIHIH KepHeyi-AepopMalnaiaHfaH xyiii aubikranapl. Llerrepin Gexity afliciHE BaNWIaHbICTBl €K1 ECENTey

= £3




N E W S of the Academy of Sciences of the Republic of Kazakhstan

Q/IC! YChiHbUIFAH. bipiHWI aFganaa, yiurapbl METaNN TIMTaNapra Byjikauusauusanadrad. Exiswinen, ywraps 60o¢
MCOHE KOMACHEH MA3bIKThIKTA KO3FANIYybl MYMKIH. AMOPTH3ATOPAbIH OUIKTITE MEH OHbIH PajJiMyCbIHbIH apaKaTbiHachl
KYPbIBIMHBIH Ae(popMalMsiaiFad KYHIHE acepl TangaHaasl. Tonbipak rMeH KamanapAblH HaKTbl AP JEHIEHIH
aHbIKTaY YLWIH (EKI KenJaeHEH >XaHe O1p Tik OarbiTTa) BUOpOoAHHAMUKANILIK 3epTTeyiep xyprizinal. ipun curnan-
napsid Tipkeynl « Wilcoxon Research» (AKLL) komrnanuscsiHan 73 1A mapkanbl 61p KOMIOHEHTTI AIPIAAETKILITED
(mipin paruukTepl) xkyprizal. Hipin skasbanapbi MamaHgangbipblirad «CeHCMOHOMOHUTOPHUHTY DarfapiiaMachiH
navjaanany apksiibi eHaenal. Ocol 3eprreyiepiiH HaTHXeNnep! OOMHbIHLLA HAKTLI TEXHOTEHIIK WYKTEMENEP dCEPIHEN
TYPFbIH YH-)Kainapaarbl omkaMib! 4ipit AGHIEHIHIH KOMAAHbBICTAFbl CAHUTAPJILIK HOpMasiapra CONKECTINIH aHbIKTay
YINTH caHabIK ecenTey »yprisuial. dipinmMen okiuaynadrad TeMIpOETOH MIMTACKI MEH TYPFbIH YH €AEHAEPIHIH AIpif-
YAETKIl ChbiHAManapbl pe3eHKe SJEMEHTTEPIH KOJaHa OTLIPBIN, AIpiNi-CEACMUKaNbIK OKlIaynay XYHECHHIH THIM-
JNITIH Janenaeii: Typii kabarrapiaarbl TYpPrbiH YH-XaWaapAarsl TIpKENreH JIpin YACYIHIH ASHIell KaOXKETTI ACHEit-
[IeH acranabl, Oy AMHAMHUKANBIK dcepiiH Oomybl »KarAarblHAA aknbl emip cypyal kamTamachis ereai. Xymbic
HITHXKENEPE AJIMAThl KaNachiHbIH KEPriJIKTI XaraahbiHa OaWNaHbICTbl PE3IEHKE INEMEHTTEPIH KOJIAaHA OThIPbIL,
CEelCMUKaJIbIK OKLIayiaHFaH FUMapaTTap/bl xkobanayra MyMKIHAIK 6epexl.
Ty#in coznep: amopTU3aTOpP, AIPUIAL OKLIAYSIAY, AKbIPJIbI SNEMEHT 3ICI, CAHUTAPALIK HOpManap

A. ®. Byaar', A. C. Ko6eu?, B. U. Asipua’, B. A. Jlanuu?, C. H. I'pedentox®,
H. U. Jlucuua', H. . Mapsenxos®, I'. H. Araasnos', E. B. Kanrankos?

'MHcTuTYT reorexnnueckoi MexaHuki Hauronanbioi akaaemMuun Hayk YkpauHsel, Juenp, Ykpauna,
2 JIHENPOBCKUH rOCYAAPCTBEHHLIH arpapHo-3KOHOMUUYECKUH yHUBEpeuTeT, duerp, Ykpaunna,
SAkuuonepHoe obwecTso «Kasaxckuit HayuHO-UCCNEeNOBATENbCKU
W MPOEKTHBIA HHCTUTYT CTPOMTENLCTBA U apXUTEKTYPbI», AniMathl, Kasaxcran;
3anopoXkcKki HallMOHANbHbIA YHUBEPCHUTET, 3aM0OpOKbLE, YKpPanHa,
T"ocynapcTBeHHOE NipeanpusaTHe «ocy1apcTBEHHbIA HAYHHO-HUCCIEN0BATENBCKUH HHCTUTYT
CTPOUTENbHLIX KOHCTPYKLUHY, Kues, YkpauHa

BUBPOCENCMO3ALINTA 3JAHUNA U COOPYKEHUHU OT ANHAMUUYECKOI'O
BO3JAENCTBUSI MPUPOJHOTO U TEXHOTEHHOI'O XAPAKTEPA

AHHoTalMn. B cTaThe paccMOTPEHbl PE3yJIbTaThl MHOTOJIETHUX UCCAEN0BAHKH M0 3aULWTe 31aHHH U COOPYIKE-
HUIT OT HMHAMMUECKHUX HArpy30K MpUPOAHOro u TexHoreHHoro xapaktepa. [lpexncrasnedo obocHoBanue HEoOXO-
IMMOCTH BHMOpOCENCMOM30NALIMKM 34aHKUMH, BbIOOp napaMeTpoB K pacuér Pe3MHOBLIX BUOPOCEHCMOM3OIISITOPOR.
[peacraBaeHbl 0COBEHHOCTH NPUMEHEHUS METOAA KOHEUHBIX JIEMEHTOB JJisi CTATUYECKOTO pacuéra BUOPOCEHCMO-
uzonsrTopos. na yuéra cnaboit cxuMmaeMOCTH pe3uHbl UCNOJIb30BANACh MOMEHTHAA CXEMa KOHEHHOID JNEMEHTA,
KOTOpas 3aK/OYAETCS B TPOMHOW annpokCMMaLUKW KOMIOHEHTOB BEKTOPA MEPEMEIUEHHUH, COCTABNIAIONIMX TEH30pA
nedopmaLuit 1 PyHKUMK U3MEHEHUS 06bEMaA. OnpeneneHo HanpsXKeHHo-1e()OPMUPOBAHHOE COCTOAHHUE PALA THTIO-
Pa3MEPOB aMOPTH3aTOPOB pazfinuHbIX AramMerpos. [TpeacTasneHo ABa BapHaHTa pactera B 3aBHCUMOCTH OT cnocoba
3aKkpenieHuns Topios. B niepBoM cryuyae TOpLbl NMPKHBYJIKAHW3UPOBAHbI K METAJIMYECKHUM TJIACTUHAM. Bo sTopom
TOPUB! CBOBOAHBLI W MOTYT MEPEMEILATLCA B FOPH3OHTANLHOM rutockocTd. [1poananiu3npoBaHo BAHSHHE COOTHOLIC-
HUS MENCLY BbICOTOH amopTu3aropa M ero paauycoM Ha ne(opMHpOBaHHOE COCTOAHHE KOHCTPYKIIHK. Ilna onpene-
neHus (pakTHHECKHX ypoBHeH BWOpalLMii noysel W cBaik (N0 ABYM TFOPU3OHTAJIbLHLIM W OJLHOMY BEPTHKAIILHOMY
HarpaBneHusiM) Obiau rpoBeneHsl BUOPOAMHAMUYECKHE HcclieoBaHus. Perucrpaums BUOpOCUTHANOB OCYLLE-
CTBIAANACH ONHOKOMTIOHEHTHbIMM BHOponpeobpazoBarenamy (HaTurkn Bubpauun) mapkn 731A pupmbl «Wilcoxon
research»y (CLLIA). O6paborka 3anuceil konebaHud npoBoAMNacbL C WCMOJIb30BAHUEM cneunannanp?mrmoﬁ
nporpamMmbl «CelicMOMOHUTOPUHM. [1o pesynbTaraM 3THX HCCNENOBAHWI BbIMOMHEHL! YUCIEHHBIE PacuCThl IS
ONpeAeneHus COOTBETCTBHSI TIPOTHO3UPYEMbIX YPOBHEH BUOpaLIMK B KUMBIX MOMELUEHUSAX CYLIECTBYIOLNM CaHHTap-
HbIM HOPMaM MpPU BO3ACHCTBMU PEabHbIX TEXHOMEHHbIX Harpysok. BubpoanHaMUUECKHE HCIbITAHWUSA YPORHEH
BUGpoyckopeHnii BUOPOU30IMPOBAHHON HKENE300ETOHHONW TUIMTbI H NepeKkpbITUI KWIOro [0Ma MOATBEPILNIIH
3 PEKTUBHOCTH cUCTEMbI BUOPOCEHCMOM3OJISILMKM C NPUMEHEHWEM PE3UHOBBLIX 3JIEMEHTOB. 3aPErUCTPHPOBAHHIC
yPOBHM BUOPOYCKOPEHWH B MIIbIX MOMEWEHUAX Ha Pa3HbLIX 3TaXaxX HE TMPEBLILIAIOT NOMYCTUMbIX ypPOBHEH IO
CAHMTAPHBIM HOpMam, uTo obecrneunBaeT KOM(OPTHbIE YCIOBHA NPOXMUBAHUA NpU  HaJWHWI AUHAMHUYECKHX
Bo3cHcTBMIA. Pesynbrartel paboTbl M103BOJIAIOT MPOEKTUPOBATDH CEMCMOM30JIMPOBAHHbLIE 3llaHWUS C TMPUMEHEHHEM

DE3MHOBBIX 2JIEMEHTOB NMPUMEHHTENBHO K MECTHBIM YCIIOBUAM rOPOAa AnMarbl.
Ki1oueRbie ¢JI0BA: aMOPTH3aTOP, BUOpOCEHCMOU30IAUMS, METOA KOHEYHBIX JIEMEHTOB, CAHHTAPHAIC HOPMDL.
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