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Abstract: The article considers the issues of the construction of high-rise
monolithic buildings in Almaty. High-rise construction has received significant
development in the territory of the metropolis - more than several dozen buildings
more than 20 stories high have been built. Experimental studies of the proper
dynamic characteristics of high-rise buildings (periods and forms of natural
oscillations, oscillation decrement) and verification of the correctness of the
calculation assumptions adopted during their design are relevant. The influence
of height on the proper dynamic characteristics of high-rise monolithic buildings
constructed in Almaty is analyzed. Data are provided on determining the dynamic
characteristics of a 22-storey monolithic building using the building pull-out
method with the subsequent abrupt release of the applied load. The results are
compared with the data on the proper dynamic characteristics of four high-rise
buildings (more than 20 stories high) obtained as a result of vibration tests: - 25-
storey Kazakhstan Hotel; - 35-storey building on Al Farabi Street (Nurly-Tau
district); - 22-storey building of the Stolichny Tsentr residential complex; -26-
storey building of the residential complex "Megatowers". The results of the work
can be used in the design of high-rise monolithic buildings.
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AHaaTna. Anmamel KaniacvlHOa OUIK MOHOIUMMI UMApammap cany
Macenenepi  Kapacmulpbliyod. buikmik Kypulibicbl Me2anonuc aymavlHoa
avumapavikmail  oamwvlovi-ouixmici 20 xabamman acamvli OipHeuie OHOARAH
eumapammap  canviHovl.  buix  eumapammapovly — 63iHOIK  OUHAMUKAILIK
CUNAMmMamaiapvlH IKCnepuMenmmix 3epmmey (MeHwikmi mepbenicmepoin
Kezenoepi MeH ghopmanapwl, mepoenicmepoiy 0expemi) JHcane onapovl Hobaiay
Ke3iHOe KAObLIOAHAH eCeNnMiK anblulapmmapobly OYPbiCIMbleblH MeKcepy 03eKmi
bonvln  mabwiiadsvl. Aimamel  KAiacelHOA — CANbIHEAH — OUIK  MOHOAUMMI
aumapammapOovly 03iHOIK OUHAMUKAILIK CUNAMMAMALAPLIHA OUIKMIKMIY acepi
manoanaovl. 22  Kabammvl  MOHOIUMMI — SUMAPAMMbLY — OUHAMUKALBIK
CUNAMMAaMANApbiy  UMAPaAmmyvl  mMapmy 20iCiMeH aHbIKMay, COOaH KeliH
KOJLOQHBLIAMbIH HCYKMEMeHT Kypm 6ocamy mypaivl Maimemmep KelmipiieeH.
Homuoicenep 0ipinoi cvinay nomudicecinoe anviHean mepm OUIK 2UMaApammvly
(6buikmiei 20 kabamman acamviti) 63IiHOIK OUHAMUKAILIK CUNAMMAMANADBIHbIY
Odepexmepimer canvicmulpuliadsl: - "Kaszaxcman" 25 kabammul Konax yili;, - Oi-
Dapabu xeweci botivinoazvl 35 kabammul eumapam ("Hypawt - Tay" ayoanwl), -
"Acmananviy opmanviy” TK 22 xabammoer eumapamol,; - "Meeamayspc"TK 26
Kabammul eumapamol. JKymvlc Hamudicenepin Ken Kabammvl MOHOIUMMI
aumapammapowvl KHcobanay Kezinoe natoaianyea 601aobi.
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AHHOTAUMS. Paccmampugaromes 6onpochl  Cmpoumenscmea 6 2opode  Anmambl
BbICOMHBIX MOHOIUMHBIX 30aHUll. Bbicomuoe cmpoumeibcmeo HOIYYUTIO 3HAYUMETbHOE
passumue Ha MEPPUMOPUL Me2anoaUca - NOCMPOEHO CBblUie HeCKONIbKUX 0eCsIMKO8 30aHUll
svicomoti 6onee 20 smaoiceil. AkKmMyanbHbIMU AGITIOMCSL IKCNEPUMEHMATbHBIE UCCTE008AHUS
COOCMBEHHBIX OUHAMUYECKUX XAPAKMEPUCTHUK BbICOMHBIX 30aHutl (nepuodsvl u ¢hopmoi
cobcmeenHvlx  Konebanuil, Oekpemenm Koiebauuil) u NpPoepKa  KOPPeKmHOCMmU
PAcUemHbIX PeONnoChbLIOK, NPUHAMBIX HPU UX NPOEKMUPOBAHUU. AHANUZUPYEMCS GIUAHUS
8bICOMBI HA COOCMBEHHbIE OUHAMUYECKUe XAPAKMEPUCTIUKU BLICOMHBIX MOHOIUTNHBIX
30aHull, nocmpoeHnvix 6 2. Anmamel. [lpusoodsmcsi OanHble NO ONpPedeeHUNO
OUHAMUYECKUX XAPAKMEPUCMUK  22-0mancHo20 MOHOIUMHO20 30aHUs MemoooM
OMMANCKY  30aHUSL € NOCIeOVIOWUM DPE3KUM COPOCOM NPUNONCEHHOU HAZPY3KU.
Peszynomamul cpasnusaromesi ¢ OaHHbIMU COOCMBEHHBIX OUHAMUYECKUX XAPAKMEPUCTIUK
uemuvlpex 6blCOmMubIX 30anuil (6bicomotl 6onee 20 smavjicell), NOLYYEHHBIX 68 pe3yabimame
BUOPAYUOHHBIX UcnbImanull. - 25 smadsxcuas eocmunuya «Kazaxcmany, - 35 amascroe
30anue no ynuye Anv @apadbu (pavion «Hypnvt - Tayy);, - 22 smascnozo 30anus KK
«Cmonuunviti yenmpy, -26-mu smagcnoe 30anue KK «Mezamayspcy. Pesynrbmamol
pabomvl mocym ObimMb UCNONL30BAHbBI NPU NPOEKMUPOBAHUU BbICOMHBIX MOHOIUNMHBIX
30aHull
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1 INTRODUCTION

Currently, Almaty tends to sharply increase the height (number of floors) of buildings erected
in conditions of high seismicity (Yerzhanov et al., 2020). This trend is due to two main factors:
modern urban planning requirements and an acute shortage of free territory in large cities. This trend
is inherent in many large cities around the world.

If at the end of the twentieth century, the tallest building located in the 9-point districts of the
CIS countries was the 25-story hotel "Kazakhstan", built in Almaty, then starting in 2005,
Kazakhstani and foreign construction companies began to erect dozens of 20-35-story high-rise
monolithic buildings in Almaty (Yerzhanov et al., 2020).

The design and construction of high-rise buildings in seismic areas is a complex engineering
task, the correct solution of which is possible only if there is an appropriate regulatory framework, as
well as special logistical and technological support (Farzaliyev & Guluzadeh, 2022).

During the certification of 2023-2024, 32 houses with several floors above 18 floors were
identified out of 1777 surveyed houses. Among the 322 (approximately 2,100 houses) multi-story
residential complexes built over the past 15-20 years, high-rise buildings (over 18 floors) account for
about 3%.

The building regulations of the Republic of Kazakhstan, as well as similar norms of other CIS
countries, do not contain provisions regulating the rules and construction of high-rise buildings in due
volume.

Therefore, there is a significant amount of experimental research devoted to the study of the
dynamic characteristics of high-rise buildings, and comparing their results with computational
studies. Numerous experimental data and classification of high-rise buildings in regulatory
documents of various countries (Farzaliyev, 2018).

Numerous studies (Farzaliyev & Pahomov, 2022) have noted the effects of building
configuration on seismic resistance (plan dimensions, height, flexibility, symmetry, etc.)
(Gaidzhurov & Volodin, 2023).

At first glance, an increase in building height may seem equivalent to a rise in the span of a
cantilever beam. But this is not the case. With an increase in a building's height, the value of its period
of natural vibrations usually increases, and a change in the period of vibrations means a change (in
the upper or lower level) in the building's responses and the magnitude of the corresponding efforts
(Ereiz et al., 2021).

It is unlikely that an earthquake can cause intense ground movements with high acceleration
and a period of basic vibrations equal to 2 seconds; usually, for observed earthquakes, this value was
no more than 0.5 seconds. Under high-intensity seismic effects, high-frequency ground vibrations are
predicted for the city of Almaty.

Therefore, a building with a height of more than 20 floors with a main oscillation period of
more than 1 s will experience less mass acceleration than a building with a height of 5-10 floors with
a period of 0.5 s.

The period of natural oscillations (Furtado et al., 2023) of buildings is a function not only of
height but also of flexibility, floor height, type of structural system, building material used, and mass
distribution. Therefore, a change in the size of a building can simultaneously cause a change in the
periods of its oscillations, which accordingly contributes to an increase or decrease in the magnitude
of seismic loads.

2 LITERATURE REVIEW

Earthquake resistance of buildings is one of the key tasks of modern construction, especially in
earthquake-prone regions. High-rise monolithic buildings, as a rule, have characteristics that affect
their resistance to earthquakes. This review examines the main aspects of the influence of several
stories on the seismic resistance of such structures (Gioffré et al., 2022).
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The seismic resistance of buildings is determined by the ability of the structure to withstand
dynamic loads arising from earthquakes. The main factors affecting earthquake resistance include:

Geometric characteristics (height, shape);

Materials and their properties;

Structural elements (frame, stiffness systems);

Basic calculation and design methods.

The aim was to determine the main dynamic characteristics of a high-rise monolithic building
in Almaty of a frame-wall structural system and verify the correctness of the design assumptions
adopted during its design, and the reliability of the results obtained during computational studies.
However, numerous studies show that often the experimental oscillation period does not coincide
with the calculated value of the specified parameter (Pascua et al., 2023).

Therefore, the purpose of the work is to:

- by pulling off the building and relieving the load, determine the value of the oscillation period
along two orthogonal axes oriented in longitudinal and transverse directions;

- to determine the characteristics of energy dissipation during free vibrations of the building.
This is the logarithmic decrement of the oscillation;

-to compare the results of determining the dynamic characteristics of the building by
calculation with their experimental values;

- analysis of the effect of height on the intrinsic dynamic characteristics of high-rise monolithic
buildings constructed and subjected to vibration tests in Almaty.

3 MATERIALS AND METHODS

The dynamic characteristics of a 22-storey building are investigated. The building was erected
on a site with a seismicity of 9 points. The category of soils according to seismic properties is I. The
conditions complicating the seismological or engineering-geological conditions of the construction
site have not been identified. The building is designed with 3 underground floors, one basement, 21
above-ground residential floors, and an upper technical floor.

The basic design spatial planning and structural solutions of the test object are shown in Figure
1-2. The building has a Y-shaped shape in plan and is separated from adjacent objects by antiseismic
seams. The design height of the building from the top of the foundation plate to the top of the
monolithic coating is about 85.700 m.

MnaH sTaxa Ha 0TM.-8.100

r [ 2900_] mn*mo 3900_|

z !
J I ¥

HanpaBneHue oTTAXKN ¢ TPOCOM

Figure 1 - General view of the building (author's Figure 2 - Object plan (author's materials)
materials)
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Structurally, the object under study (Polimeno et al., 2018) is a spatial frame-wall system. The
cellar, basement, and 21 above-ground floors of the building are made of reinforced concrete
structures, and the technical floor is made of steel structures. The thickness of the main reinforced
concrete walls of the building in question is assumed to be variable in height — from 600...500mm in
the levels of the lower floors to 400mm in the levels of the upper floors. In case of horizontal impacts,
the joint work of reinforced concrete walls is ensured by horizontal floor discs. The floors of the
building are made of monolithic reinforced concrete and have a thickness of 200 mm. The foundation
plate has a thickness of 2000mm. The design strength of the concrete foundation plate is accepted in
25, walls: to m. 11,450m — B45, from m. 11,450 to 31,250 — B40, from m. 31,250 to m. 51.050 —
B35, from m. 51.050 to m. 70,850 — B30. The walls of the basement, elevator shafts, and floor slabs
are made of concrete B25.

The test was carried out using the method of pulling off the building, followed by a sharp release
of the applied load resulting in free vibrations. The length of the cable was approximately 90 meters.
The point of application of the load is the floor slab of the 20th floor. The vibrations were recorded
by the RSM digital measuring complex, equipped with AT1105 digital accelerometers and SM-3
seismic receivers. Seismic receivers were installed (Wang et al., 2022) on the floor slabs on the 9th,
15th, and 17th and on the core of the 19th floor. The accelerometers AT1105 ¢ are phased relative to
each other. Figure 3-4 shows digital accelerometers, as well as a photo of a digital instrumentation
and measurement system.

The instantaneous discharge was created by the breakage of special inserts made of class A240
reinforcing steel with a diameter of 6 and 8mm with a force of 1.5-2.5 tc. The insert connected a cable
fixed at the bottom level of the last floor (covering) of the building to the power plant (car) shown in
Figure 5-6.

Figure 3- Photo of digital sensors (author's materials) Figure 4 - Photo of the digital instrument panel-
measuring system (author's materials)

Figure 5 - Cable attachment to building structures Figure 6 - Insertion of a cable connection with a power
(author's materials) plant (car) (author's materials)
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4 RESULTS AND DISCUSSIONS

The table shows (Table 1-2) the dynamic characteristics of the building during the drawback
tests.

Table 1
Initial dynamic parameters of high-rise monolithic buildings (author's materials)

Experimental periods of free ~ Estimated periods of free

Ne in . oscillations, s fluctuations, s
order Name of the objects Test methods in the longitudinal direction in the longitudinal
along the Y axis direction along the Y axis
1 2 3 4 5
in the longitudinal
| direction along the Y axis, By means of a 0.9 1.08
a 22-storey residential cable tie ’ ’
building in Almaty
Table 2
Initial dynamic parameters of high-rise monolithic buildings (author's materials)
Experimental logarithmic Coefficient & (in % of
Noin . decrements of oscillations . critical V'alue?)
order Name of the objects Test methods in the longitudinal direction in the longitudinal

direction along the Y

along the Y axis .
axis

1 2 3 4 5
) 22-.st0'rey 'remdentlal By means of a cable 0,114-0,268 1.82-4.27
building in Almaty tie

Theoretical estimates of the oscillation periods of the building were carried out using a
computer complex. The periods of natural oscillations in the first form, determined by calculation
(T:1= 1.08 s), the differences in the calculated and experimental oscillation periods are due to the
failure to consider partitions and other non-constructive elements in the work of the building
structures.

In general, the calculated and experimental measurement results are not contradictory.

4.1 ENGINEERING ANALYSIS OF THE EFFECT OF HEIGHT ON THE INTRINSIC
DYNAMIC CHARACTERISTICS OF HIGH-RISE MONOLITHIC BUILDINGS
CONSTRUCTED AND SUBJECTED TO VIBRATION TESTS IN ALMATY

Structural solutions of high-rise monolithic buildings (Table 3) represent a complex
engineering task that requires taking into account many factors such as seismicity, wind loads,
geological conditions, etc. The choice of the optimal design depends on the specific construction
conditions and building requirements.

Table 3
The main design solutions of the considered high-rise monolithic buildings constructed and subjected to vibration tests in
Almaty (author's materials)

Ne The purpose of the The design The. Foundation, .. External wall
. . Floor shape in walls and Partitions
in order object scheme o fences
the plan ceilings
1 2 3 4 5 6 7 8
Monolithic, .
Office Complex Frame and . Thermal Stained glass
1 22 Y reinforced .
«Nurly-Tau» wall blocks windows
concrete
Monolithic, .
Office Complex Frame and X Thermal Stained glass
2 35 Y reinforced .
«Nurly-Tauy» wall concrete blocks windows
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Residential complex Frame and quOhthlc’ Thermal Stained glass
3 . 22 Y reinforced .
« Stolichny Tsentr » wall blocks windows
concrete
. . Monolithic, .
Residential complex Rectangu . Thermal Stained glass
4 26 The wall reinforced .
«Mega Towers» lar blocks windows
concrete
Monolithic, .
5 Hotel «Kazakhstan» 25 .Barrel Ellipsoid reinforced - Stalped glass
diaphragm concrete windows

An assessment of the dynamic characteristics of high-rise monolithic buildings (Table 4) is a
prerequisite for ensuring their safety and reliability.

Table 4
Initial dynamic parameters of high-rise monolithic buildings (author's materials)

Experimental periods of Estimated periods of free

Ne in . free oscillations, s fluctuations, s
order Name of the objects Test methods in the longitudinal in the longitudinal
direction along the Y axis  direction along the Y axis
1 2 3 4 5
I Office Complex Nurly-Tauwy 11 drawback 0.85-0,95 1,08
method
2 Office Complex «Nurly-Tau» Vibration test 1,31/1,48 1,38
3 Residential complex «Stolichny gy oo et 0,944/1,152 1,510
Tsentr»
4  Residential complex «Mega Vibration test 1,03/1,18 1,55
Towersy»
5 Hotel «Kazakhstany Vibration test 1,05/1,10 1,55

Note — The experimental values of the oscillation periods given in the numerator correspond to
the initial stages of the tests and in the denominator to the final stage of the tests.

The dynamic characteristics of high-rise monolithic buildings (Table 5) are the most important
factor determining their resistance to various types of impacts, such as seismic vibrations, wind, and
other dynamic loads.

Table 5
Initial dynamic parameters of high-rise monolithic buildings (author's materials)

Experimental logarithmic
decrements of oscillations

Coefficient & (in % of

Ne in critical value)

order Name of the objects Test methods in the longitudinal in the longitudinal
direction along the Y axis  direction along the Y axis
1 2 3 4 5
I Office Complex «Nurly-Tauy 1 1¢ drawback 0,114-0,268 1,82-4,27
method

2 Office Complex «Nurly-Tauy Vibration test 0,08 1,27
Residential complex « .

3 Stolichny Tsentr » Vibration test 0,09 1,43

4 Residential complex «Mega Vibration test 0.11 175
Towers»

5 Hotel «Kazakhstany Vibration test 0,10 1.59

The period of natural vibrations of a building depends on: the dimensions in the plan, height,
area, and mechanical properties of the walls, the characteristics of the foundation soils, the supporting
structure of the structure, and others (Atabekyan et al., 2022). In the practice of designing
earthquake-resistant buildings with a rigid structural scheme, empirical formulas are usually used to
determine the value of the period T, the first form of natural oscillations:
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T=a-'n

where

n - the number of floors;

a - a coefficient depending on the structures of buildings and the type of foundation a =
0.04....0.09.

Research experience has shown that in many cases such a simplified approach without proper
analysis (Nemchinov et al., 2015) of a specific situation can lead to serious errors, which, however,
go into "reserve" (Khalikova et al., 2021). They may underestimate the assessment of the condition
of'a completely sound building, but not vice versa. Therefore, it is more reliable in modern conditions
to analyze and compare the natural oscillation frequencies of real objects and their ideal model
(Khazov, 2022). In this regard, experimental studies of facilities built in the city of Almaty with load-
bearing walls made of monolithic reinforced concrete with the same types of soil conditions (I-first)
and seismicity of the construction site (9 points) make it possible to clarify the empirical dependence
of the value of the period T, the first form of natural oscillations on the number of floors of high-rise
buildings.

Based on the statistical processing of the data obtained from the tests, the coefficient a in the
empirical formula (1) is recommended to be equal to 0.04.

5 CONCLUSIONS

1. The value of the oscillation period of a 22-storey residential building of a frame-wall
structural system fluctuates within 0.87 — 0.95 seconds.

2. The value of the logarithmic decrement of oscillations varies between 0.11-0.27 (1.8-4.27%
of the critical value).

3. Based on the analysis of experimental tests, the coefficient a — coefficient (formula 1), equal
to 0.04 for wall structural systems with types of ground conditions (I-first) and seismicity of the
construction site, has been clarified and recommended (9 points) for the conditions of Almaty.

4. The difference between the experimental and calculated values of the oscillation period in
the first form is up to 27%. The reason is the lack of consideration of non-structural elements of the
building (for example, partitions) and enclosing structures.

5. Testing at home by the method of load relief (drawback) is quite informative. The method
allows you to accurately determine the period of its oscillations in the basic form and the initial
decrement of the oscillation.
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