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Abstract. On January 23, 2024, an earthquake of magnitude My =7.27 occurred in
China. In Almaty city, it was registered by stations of the engineering and seismometric ser-
vice of “KazRDICA” JSC and seismic stations of the National Scientific Center for Seismo-
logical Observations and Research. What is new is the analysis of instrumental data from
seismic stations and the consequences for city buildings based on the results of sample sur-
veys of 188 construction sites. It is established that the intensity of the seismic impact is not
less than 5 points. There is no discernible effect of the presence of tectonic faults on the
instrumental characteristics of seismic motion in the basement of the building (stations No.
17 ‘Novaya Ploshchad’ and No. 16 ‘Hotel’). At Station No. 3 “School”, abnormally high
acceleration values of 88.46 cm/s? and 81.89 cm/s? were recorded at floor level. It was found
that the horizontal components of the seismic response have a significant long-period com-
ponent. There is a peak in the spectral curve at a period of approximately 0.9-1.0 seconds.
Even with such an intensity of impact, non-load-bearing structural elements of the building
were damaged, which leads to the need to incur financial costs for cosmetic repairs of build-
ings. An algorithm for carrying out repair and restoration work is presented. It has been
established that this type of seismic impact poses a risk to high-rise buildings. Consequently,
the earthquake was felt by residents of high-rise and multi-storey buildings. A detailed survey
is recommended for a number of buildings, which entails additional costs. The results of the
work are useful for understanding ways to solve the problems of earthquake-resistant con-
struction using the results of an analysis of the effects of local earthquakes. It is shown that
even with 5-6 magnitude earthquakes, the damage can be significant.
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FbIUJIbLIMU MAKAJIA

2024 JKBLJIFBI 23 KAHTAPIAFBI CEUCMUKAJIBIK OKUT A
HKOHE AJIMATHI FUMAPATTAPBIHA CAJIIAPBI JKAWJIBI
TAJIAY

E.C. Annaxos' ©  B.A. JTanun 2+ © C.J. Annaxos! ® xH Mosgamyparos? e,
K.A. Typekyaosa?® | A.®. Pamazanos?® , C. Cazandaes? @ , B. Mpsarex* ©

"Kaszak KypbUibIc 5K0HE CoyleT FhUILIMU-3ePTTEY JKoHe kKobanay HHCTUTYThI, 050046, Anmarsl,
Kazakcran

2CeificMONOrHANBIK OaiiKayIap MEH 3epTTeyNepiH YITTHIK FUIBIME OpTanbirsl, 050060, AnmaTsl,
Kazakcran

3XansIkapanslk 6i1imM 6epy xopropauuscel, 050043, Anmartel, Kazakcran

+KelryB TexHUKANBIK yHUBEpcUTETI, 35-959, Kemrys, Mosbma

Angarna. 2024 scvinger 23 kaymapoa Keimaii aymazvinoa My = 7.27 mazHumyoansl sxcep
cinkinici 60106,  Aamamul  Kanacvimbly —aymaviioa  ouvl  Kazf3KU AK  unocenepnix-
CeUCMOMEeMPUSTLIK  KblzMem cmanyusnapsl dcane CelcMonousnvlk OaKbliay JicoHe 3epmmey
YAMmulK ~ bLILIMU — OPMATbIRbIHGIY — CeUCMUKANbIK — cmanyusiapsl  mipkeoi.  CelicMUKanbvlk
CMAHYUAIAPOLIY KYPAT-CAUMAHObIK OepeKkmepin dicane 188 Kypuvlivic Hbicanbin ipikmemeni 3epmmey
Homuoicenepi He2iziHoe Kaia suMapammapuvl Yuwin caidapvli maioday Heayanvlk 00avin madwvliaobl.
Ceticmukanvlk acepOiy KapKblHObLIbIZbL KeMiHOe 5 6ann ekeHi aHblKmanowl. Fumapammoly He2izinoeei
(17-wi «Hoeas I[lnowaosy owcone 16-wwi «Hotely cmanyusnapsl) ceiicMuxanvly KO32AIblCHbIH
acnanmulk CUNAMMAMALAPLIHA MEKMOHUKANBIK JICAPLIKMAPOLIY Oap OOIYbIHbIY QUKbIH 2cepi
batkaimaiosl. 3-cmanyusoa “Llkona” eden Oeneeiiinoe 88,46 cm/c? oswcone 81,89 cm/c?
wamacviHoagvl epexute KHco2apvl yoey Mandepi mipkendi. CelicMUuKanvly dcayanmoly KoJIOeHeH
KOMNnoHeHmmepinoe Y3ax Nepuoomvl MAaybl30bl Kypamuibl 6ap ekeHi anvikmanovl. Cnekmpiik
xucvikma wamamen 0,9-1,0 cexynomuolx nepuooma wwly 6ap. Ocepoiy KapKblHObLIbIEbIHbIY O3IHOE
euMapam KOHCMPYKYUSLIAPLIHbIY KOMepMelumin d1eMeHmmepi 3aKblMOan0bl, OY1 aumapammapobl
KOCMEMUKAIBIK HCOHOY YULIH KAPHCHLIBIK WUbIELIHOAPObI OPLIHOAY Kaxcemminicine akenedi. JKonoey
JHCOHE KAINBIHA KeImipy JHCYMbICMAPbIH JHCYpei3y  anecopummi ycolHvliean. byn munmeei
celticMUuKanvlK, acepdiy Ouix umapammapea Kayin menoipemini anvikmanovl. Homuowcecinoe sicep
CITKIHICIH ~ OUIK  JlcoHe KonKabammul — eumapammapovly —mypeviHoapul ce30i.  Bipkamap
SUMAPAMmMapea e2xceli-me2oxcelini mexkcepy Hcypeizy YColHbliObl, OYIl KOCLIMULA WbIRbIHOAPEAd IKeN
cokmulpaosl. Kymvic Homudicenepi oicepeinikmi dicep CIAKIHICMEPIHIY canldaprapbli manoay
HomudicenepiH mapma OMmulPbIN, CEUCMUKANBIK MO3IMOI KYPbLIbIC MIHOeMMePIH weuty Hcoloapbit
myciny ywin naioanol. Tinmi 5-6 6annovix dicep cinkinicmepi Kkesinoe 0e 3usiH eneyii 601ybl MYMKiH
eKeHI KOpCemineeH.
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CEHCMUWYECKOE COBBITHUE 23 STHBAPSI 2024 oA U AHA-
JIN3 NOCJIEACTBUSA JJIsA 3JIAHUU AJIMATDBI
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'Kaszaxckuii Hay4HO-MCCIIeI0BATENbCKUI U MPOEKTHBINA HHCTHTYT CTPOUTENILCTBA H APXUTEKTYPHI,
050046, Anmatsl, Ka3zaxcran

HarmoHaabHbIi HAYYHBIN LIEHTP ceCMOIOTHYecCKUX HabmoneHui u uccienoBanuit, 050060, An-
matbl, Ka3zaxcran

SMexynaponHas obpasoparenbHas kopropamus, 050043, Anmarsl, Kazaxcran

KeuryBckuii TexHuueckuil yausepeurer, 35-959, Kemrys, IMosbma

Annoramus. 23 sueapa 2024 200a Ha meppumopuu Kumas npousouiio 3emiempsceHue
maznumyoou My =7.27. Ha meppumopuu 2opooa Anmamst oHo 06110 3ape2ucmpuposano CmaHyusmu
uHdcenepHo-ceticmomempudeckou  cayoucovr AO KasHUUCA u  celicmuyecKumy CmManyusmu
Hayuonanvnoco mayumoco yenmpa ceticmono2udeckux HaOaooeHutl u ucciedosanui. Hoewviu
AGNAMCA AHANU3 UHCIPYMEHMATLHBIX OAHHBIX CeUCMUYECKUX CIMAHYUL U NOCIe0CMEUll 05l 30aHULl
20p00a Ha OCHOBAHUU pe3YNbMmamos Gbloopounblx obdcredosanuti 188 cmpoumenvuvlx 00BHEKMOS.
Yemanoeneno, umo unmencusnocme celicmuiecko2o 6030eticmeust He menee 5 bannog. Omcymemeyem
3aMemHoe GIUAHUE HATUYUA MEKMOHUYECKUX PA3I0MO8 HA UHCHPYMEHMANbHbIE XAPAKMEPUCTIUKY
ceticMuteck020 8030eliCmeust 8 NOO8AIbHOU Yacmu 30anus (cmanyuu Nel7 «Hosas niowadvy u Ne 16
«'ocmunuyay. Ha cmanyuu Ne 3 “Ilxona’ eviaenenvt aHOMANbHO GbICOKUE 8EAUYUHBL YCKOPEHUU 6
ypoene noxpoimus 88.46 cm/c’ u 81.89 cm/c’. Boiaeneno, umo 20puzsonmanbHble KOMNOHEHMbL
celicMuyecko20 6030eliCMEUs UMeIOm 3HAYUMENbHYI0 OTUHHONEPUOOHYI0 cocmasnsiowyio. Mmveemcsa
NUK CNeKmMpaibHoU Kpusoli Ha nepuode npumepro 0.9-1.0 cex. [ladxxce npu maxou unmeHCU8HOCMU
6030€LiCMBUsT NOYHUIU NOBPEIHCOEHUS He HeCyuue dIeMenmbl KOHCMPYKYUL 30aHUsL, YO HPUBOOUM
K HeoOXo0uMocmu GbINOIHEHUs (YUHAHCOBLIX 3ampam OJid KOCMeMU4ecko2o pemMOoHma 30aHull.
IIpuseden ancopumm vinonHeHUs PeMOHMHO-80CCMANOBUMENbHBIX pabom. Buisaeneno, umo makozo
muna ceucmuieckoe 6030eucmeue onacHo Oasi GblcomHuIX 30auuti. llosmomy 3emaempscenue
OWYUWANIOCH HCUTLYAMU BbICOMHBIX 30AHUL U 30AHUL NOSBIUEHHOU dMaxcHocmu. J{is psaoa 30aHui
PEKOMeH008aHO nposedenue 0emanbHo20 00C1e008anUs, 4mo erevem 3a coOol OONOIHUMENbHblE
sampamul. Pe3ynemamosi pabomul none3nst 0151 NOHUMAHUS NYmell peuleHus 3a0ay ceticMOCmouKo2o
CMPOUMeEnbCmea ¢ NpueieyeHuem pe3yrbmamos aHaiu3a noCIe0CmeUll MeCmHblX 3eMAempsACceHull.
Ilokaszano, umo dadice npu 5-6 6ANTLHBIX 3eMIEMPACEHUAX YWepO MOdHcem Oblmb 3HAYUMENbHBIM.

KiroueBble ciioBa: axcenepocpamma, obciedosanue, ycunenue, 6aul, MASHUMYOd, 6030eli-
cmaue.
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1 INTRODUCTION

According to the operational data of the Seismic Information Collection and Processing Center
of the Institute of Geophysical Research of the National Nuclear Center of the Republic of Kazakhstan
(IGR NNC RK), an earthquake occurred in China on January 23, 2024 at 00 h. 09 min. Astana time
(January 22 at 18 h. 09 min. GMT).

The coordinates of the epicenter are 41.23 degrees north latitude, 78.59 degrees east longitude.
Magnitude Mp=7.27. The earthquake occurred 260 km south-east of Almaty city. The depth is 13 km
(Figure 1).

The earthquake was felt in Central Asian countries (Kyrgyzstan, Kazakhstan, Uzbekistan, Turk-
menistan, Tajikistan), Azerbaijan, India, and Russia.

In Almaty city, the earthquake was felt with an intensity of at least 5 points.
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Figure 1 - Location of the earthquake on January 23, 2024 (according to the Data Center of the IGR NNC RK
[https://kndc.kz/index.php/home-ru/kndcnews/227-operativnaya-informatsiya-o-proizoshedshem-zemletryasenii-23-01-
2024-g]

Aftershock 1. According to the operational data of the Data Center of the IGR NNC RK on
January 23, 2024 at 00 h. 42 min. Astana time (January 22 at 18 h. 42 min. GMT), an aftershock
occurred. The coordinates of the epicenter are: 41.20 degrees north latitude, 78.81 degrees east lon-
gitude. Magnitude My, =6.34.

Aftershock 2. According to the operational data of the Data Center of the IGR NNC RK on
January 23, 2024 at 01 h. 36 min. Astana time (January 22 at 19 h. 36 min. GMT), an aftershock
occurred. Coordinates of the epicenter: 40.95 degrees north latitude, 78.68 degrees east longitude.
Magnitude My =5.86

Aftershock 3. According to the operational data of the Data Center of the IGR NNC RK on
January 23, 2024 at 02 h. 29 min. Astana time (January 22 at 20 h. 29 min GMT) an aftershock
occurred. Coordinates of the epicenter: 40.92 degrees north latitude, 78.78 degrees east longitude.
Magnitude My =5.34.

The Chinese earthquake of January 23, 2024 was felt by almost all residents of Almaty city,
both in multi-storey and individual residential buildings. Many people felt the shaking of buildings.
Hanging objects were swinging in the apartments. Panic began among the population, and many peo-
ple began to leave the buildings and the city. Traffic jams have formed in the underground car parks
of apartment buildings and the main streets of Almaty city. There were queues at gas stations.

The tragic consequences of the devastating earthquakes in Turkey in February 2023 played an
important role in people’s panic.

https://doi.org/10.51488/1680-080X/2026.3-18
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The intensity of the earthquake on January 23, 2024 in Almaty on the MSK-64 (K) scale [1]
was:

—based on people’s reactions - 5 points;

—based on instrumental data from acceleration recordings of the KNDC seismometric station
of the IGR NNC RK - 5 points;

—based on the instrumental data of the acceleration records of the seismometric stations of
“KazSRDICEA” JSC - 5 points (at least).

Thus, it can be concluded that the intensity of the Chinese earthquake effect on January 23,
2024 in Almaty city on the MSK-64 (K) scale [1] was at least 5 points.

1.1 An overview of 5-6 point seismic events in Almaty city. Suusamyr earthquake on August 9, 1992

The Suusamyr earthquake occurred on August 9, 1992 at 08 h. 04 min. 36 sec. local time
(UTC+6) in Kyrgyzstan, in Panfilov district of Chui region, the magnitude is M=7.5 with an intensity
at the epicenter of 9.5-10 points on the MSK-64 scale. This event, in terms of the size of the source
and the released energy, became one of the strongest, along with the Chatkal earthquake of 1946 M
=7.5, for the entire period of instrumental observations in Kyrgyzstan. The earthquake was felt
throughout Kyrgyzstan and neighboring countries - Tajikistan, Uzbekistan and Kazakhstan.

The earthquake started with a strong underground rumble, as if an explosion had occurred. The
hum, noise, and cracking were so strong that household items, chimneys, stoves, and walls and roofs
of houses could not be heard falling. The concussion tossed people sitting on the ground, but people
who got to their feet could not stand on their feet. According to residents, at the time of the earthquake,
“waves” ran through the ground, as if the surface of the soil became bumpy and then straightened.
Cracks appeared on the earth’s surface in the epicentral zone, and massive landslides, rockfalls, and
landslides were observed in the mountains. Rock “shots” were also observed here, after which holes
with a diameter of up to 0.5 m remained on the surface, framed by an annular shaft of crushed rocks.
The terrain has changed significantly. A large sinkhole up to 50 m wide has appeared at the bottom
of the valley, which is bounded by undulating uplifts from the south. The height of the lifts is up to
2.7 m, the length is up to 500 m. The ramparts, crossing the riverbed in the west, partially blocked it
and formed a new channel of the Suusamyr River.

In the cities of Almaty, Taraz, and Tashkent, the intensity of the Suusamyr earthquake on August
9, 1992 ranged from 5 to 6 points on the MSK-64(K) scale, 5 points in Shymkent city, and 4 to 5
points in Talgar city.

1.2 Lugovskoe earthquake on May 23, 2003

The Lugovskoe earthquake of May 23, 2003 occurred in the southern part of the territory of the
Republic of Kazakhstan, 350 km west of Almaty city, 100 km east of Taraz city, at Lugovoi station
of Turar Ryskulov district of Zhambyl region, at coordinates 430 00" north latitude, 720 44’ east lon-
gitude [2,3].

The magnitude of the earthquake was 5.4 with a depth of (according to various estimates) from
4 to 8 km.

The intensity of the earthquake manifestation in the macroseismic epicenter ranged from 7 to 8
points (according to the macroseismic part of the MSK-64 scale [1]).

In the first 7 hours after the earthquake, 75 aftershocks with an intensity of 2 to 4 points occurred
in the epicentral zone. By May 26, the number of aftershocks decreased to 27 per day. The strongest
aftershock was recorded on May 26, 2003 with an intensity of 4 points.

Lugovskoe earthquake was local in nature and noticeable damage to buildings (up to destruc-
tion) was observed mainly within the territory of T. Ryskulov district of Zhambyl region.

The earthquake caused light, moderate and severe damage to buildings (including 9707 resi-
dential buildings) in an area of at least 1000 km2 with an average radius of at least 20 km. In the area
most affected by the earthquake, there are seven rural districts, in which 42 869 people lived. As a
result of the earthquake, 3 people died and 26 were injured. All the victims were children of school
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and preschool age.

The economic damage caused by the earthquake amounted to 15,6 billion tenge, or about $105
million. Kazakhstan has independently dealt with the aftermath of the earthquake.

In Almaty city, the intensity of the Lugovskoe earthquake on 23.05.2003 ranged from 3 to 4
points on the MSK-64(K) scale.

1.3 Kapshagai earthquake 2011

On May 1, 2011, at 08 h. 31 min. local time, residents of Almaty city felt an earthquake, the
intensity of which in the city was 4-5 points [4,5]. The epicenter of the earthquake was located south
of the Kapshagai reservoir. This earthquake was felt by the majority of the city’s population. The
peculiarity of the earthquake on May 1 was that after it, during the whole day and the subsequent
night, tangible tremors of low intensity were repeatedly repeated, which, of course, increased the
anxious state of people. So, already 34 minutes after the first shock, the vibrations were repeated with
an intensity of 2-3 points, six hours later with an intensity of 3-4 points. By the evening of May 1,
residents felt at least 6 vibrations from the earthquakes.

Parameters of the Kapshagai earthquake on May 1, 2011 (according to the data of the IGR NNC
RK [4)):

—time in the hearth To = 2 h. 31 min. 28 sec. (UTC+6);

—epicenter coordinates: 43.62 degrees north latitude, 77.70 degrees east longitude;

—magnitude My = 5.6;

—depth is 22 km.

With an earthquake intensity of up to 6 points, noticeable fluctuations in the territory of Almaty
city last for several seconds (rarely up to 20 seconds). Most often, such earthquakes manifest them-
selves in the form of a fairly strong and sharp shock.

1.4 Global earthquakes

The earthquake of February 6, 2023 in Turkey was one of the most devastating earthquakes of
the century due to the extensive structural damage and large-scale destruction observed in southeast-
ern Turkey. The large-scale destruction, including the complete collapse of numerous structures, is
explained by several factors: the seismotectonic features of the region [6], the complex mechanism
of the earthquake source, successive major shocks, shortcomings in earthquake-resistant design, poor-
quality building materials and unfavorable geotechnical conditions. These factors acted both individ-
ually and in combination, significantly enhancing the overall effect [7,8].

There are numerous instrumental recordings of this earthquake both on the free surface of the
Earth’s crust and on buildings. One of the most notable features of the earthquake in Pazarchik on
February 6 was the exceptionally high values of vertical acceleration recorded by numerous research-
ers [9].

In paper [10], the engineering characteristics of strong seismic vibrations obtained during these
earthquakes are analyzed. The study systematically reveals the effect of amplification of spectral ac-
celeration near faults in the earthquake sequence, explains the characteristics of the effects of super-
thrust ground vibrations, reveals a significant feature of the amplification of response spectrum values
caused by acceleration pulses associated with the direction of sub-thrust ruptures, and simultaneously
reveals the nonlinear characteristics and evolution of soil liquefaction in typical areas.

The causes of damage in reinforced concrete buildings were analyzed in [11] in terms of the
quality of materials, structural solutions of buildings and details of reinforcement units. The standards
of earthquake-resistant construction in Turkey, adopted in 1975, 1998, 2007 and 2018, which apply
to a significant part of the country’s buildings, are considered. The damaged buildings were assessed
for compliance with earthquake-resistant standards in Turkey. Field observations have shown that
these standards, in particular with regard to fittings, were ignored. In addition, designers should avoid
such design errors as the creation of gaps in the frames, the location of the main axis of strength of
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vertical elements mainly in one direction, insufficient support of stairs and the influence of neighbor-
ing buildings.

2 MATERIALS AND METHODS

The main materials of this work are instrumental recordings of stations of the engineering seis-
mometric service of “KazRDICA” JSC and seismic stations of the National Scientific Center for
Seismological Observations and Research.

The key methods are methods of processing instrumental records of seismic stations of the
above-mentioned organizations. It is assumed that the spectra of reactions will be constructed. A com-
parison is performed with the results of the analysis of previous earthquakes of the same intensity.

In this case, the mathematical packages SCILAB (freely distributed) version scilab-
2026.1.0.bin.x64.

3 RESULTS AND DISCUSSION
Data from the engineering and seismometric service of “KAZRDICA” JSC

A network of digital and analog seismometric stations is located in the buildings of the engi-
neering and seismometric service of “KazRDICA” JSC in Almaty city.

Tables 1, 2, and 3 show the peak acceleration values for three digital stations of the engineering
and seismometric service of “KazRDICA™ JSC. The ground conditions at the three stations are aver-
age. The “INSTITUTE” station is located in a 5-storey frame building with a reinforced concrete
frame, and the “ABAI” station is located in an 11-storey building with a steel frame. The “HOTEL”
station is installed in a 25-storey building with the rigidity core of the “Kazakhstan” Hotel. The sta-
tions are equipped with digital instrumentation and measuring systems.

The values of PGA accelerations in the basement parts of the building characterize the intensity
of the seismic impact. Figure 2-4 shows spectral curves for accelerograms of the “INSTITUTE” sta-
tion. The spectral curves were calculated using the SCILAB mathematical system based on the ex-
plicit Runge-Kutta method of 4-5 orders of accuracy.

According to the MSK-64(K) seismic scale, acceleration values of 12-18 cm/s? mainly corre-
spond to the intensity of the seismic impact of 4 points [1]. However, the acceleration value of 17.92
cm/s? falls within the acceleration range corresponding to the intensity of 5 points (16-35 cm/s?). In
addition, it is necessary to take into account the significant effective duration of seismic action in
excess of 50 seconds - usually for 4-5 magnitude earthquakes, the effective duration does not exceed
10 seconds. Therefore, the intensity of the seismic impact should be estimated as 5 points, which
corresponds to the intensity of the impact on the descriptive part of the scale according to the reaction
of people and their environment.

Another way to estimate the seismic intensity is to use the macroseismic field equation from
the MSK-64(K) scale or empirical dependencies linking the kinematic characteristics of the impact
with the scores.

The equation of the macroseismic field has the form

I = 1.5M,, — 4lg/(h% + A2)+4 (1)

where I - is the calculated seismicity in points at a point (rounded up in points at a point during
calculations),

ML - the magnitude of surface waves, usually determined by the horizontal component of the
surface wave on medium-period equipment,

h - the depth of the hearth in kilometers, A - the epicentral distance in kilometers.

There is a relationship between MLy and Mw
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My = -2 2595 )

0.696
here Mw is the moment magnitude [12]. Relation (2) is taken from [13].

Accepted Mw=7.0, h=13 km, A=260 km. According to formula (1), the intensity value [=5.454
points. However, the significant duration of the earthquake is not taken into account here.

There is also an empirical relation of F. F. Aptikaev [14], written down to estimate the lower
limit of the intensity value

i = 2.5log(pga) + 1.25log(d,10) + 1.05 — s 3)

The use of formula (3) seems logical due to the fact that the MSK 64(K) scale is based on the
results of F. F. Aptikaev.

Here d - the effective duration, PGA - the peak accelerations from Tables 1-3, s - a parameter
that takes into account the variation of empirical data. At d=30 sec, s=0.5 and PGA=17.92 cm/s?
(Table 1) the earthquake intensity i=5.53 points or rounding up exactly 5.5 points. This is a bottom-
up estimate - the lower bound. Note that the intensity estimates calculated using formulas (1) and (3).
Thus, the earthquake intensity in the city can reasonably be estimated as at least five points, or rather
5-6 points.

It should be noted that the region where the epicenter of the earthquake is located has the ability
to generate earthquakes with a magnitude of up to 8. With such an earthquake magnitude, the intensity
of ground vibrations can exceed 7 points. Given the spectral characteristics of such earthquakes, they
can be dangerous for high-rise buildings with an oscillation period of 1 second or more.

3.1 Earthquake intensity by acceleration values at digital stations

The values of the vertical components of the impact in the basement parts of the building prac-
tically coincide and do not exceed the values of the horizontal components of the seismic impact,
which corresponds to global patterns (Figure 2,3).

The values of horizontal accelerations in the roof levels at the No 1 “INSTITUTE” station are
118.52-99.52 cm/s?, which are 5.55-9.71 times higher than the acceleration values in the basement.

The accelerograms in the basement level show the presence of two groups of seismic waves.
Moreover, the second group of waves corresponds to a greater magnitude of accelerations. Therefore,
the spectral curves in the basement level are characterized by two acceleration maxima.

It should be noted that there have been no significant earthquakes in Almaty city for 6 years.

These instrumental recordings can be used to build models of remote high-intensity earth-
quakes.

Table 1 - Acceleration PGA at the No 1 “INSTITUTE” station, cm/s? [Author's material]

Direction Basement Roof
0X 12.21 118.52
oY 17.92 99.52
(0V4 7.76 10.63

Table 2 - Acceleration PGA at the No 11 “ABAI” station, cm/s?> [Author's material]

Direction Basement Roof
OX 9.78 23.80
(0)' 11.75 40.04
(0V4 7.21 13.28

Table 3 - PGA acceleration at the station No 6 “HOTEL”, cm/s> [Author's material]
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Direction Basement 2nd floor 6th floor 18th floor 21st floor 25th floor
0X 13.25 21.81 21.60 13.69 41.40 60.25
oY 0.94 15.55 31.01 13.38 50.44 62.92
(0Y4 18.75
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Figure 2- Spectral curve of the accelerogram at the No. 1 “INSTITUTE” station, OX, basement [Author's material]
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Figure 3 - Spectral curve of the accelerogram at the No. 1 “INSTITUTE” station, OY, basement [Author's material]

https://doi.org/10.51488/1680-080X/2026.3-18


https://doi.org/10.51488/1680-080X/ХХХХ.Х-ХХ

Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Ne3 (101), 2026. Architecture & Construction

spectral curve

26 T T T

-

acceleration cm/s

tl’ | - A ' & A A
6

0 02 04 0 08 1 12

period
Figure 4 - Spectral curve of the accelerogram at the No. 1 “INSTITUTE” station, OZ, basement [ Author's material]
3.2 Earthquake intensity based on instrumental information at analog stations

At stations equipped with analog equipment, displacement values are measured by LDV sen-
sors, and displacement values are measured by OSP sensors. This is sufficient, since in the MSK-
64(K) seismic scale, since in the MSK-64(K) seismic scale there are intensity scales in points accord-
ing to the specified kinematic parameters.

The maximum acceleration in the basement of the building at station No. 24 “Mynbayev” has
14.6 cm/s2 and at station No. 3 “School” - 17.71 cm/s2. Therefore, the intensity in terms of acceler-
ation values is 5 points, which fully corresponds to the instrumental recordings of digital stations. It
should also be noted that according to the instrumental data of the Institute of Geophysical Research
of the National Nuclear Center at the “KNDC” station, the peak acceleration value was 19.8 cm/s2,
which fully corresponds to the instrumental data of the stations of the engineering and seismometric
service of “KazRDICA” JSC, where the maximum was 17.92 cm/s2 (station No. 1 “INSTITUTE”).

The amount of displacement in the basement of the building also characterizes the intensity of
the seismic impact in points. The intensity of 5 points corresponds to an interval of 0.08-0.32 cm, and
6 points - 0.32-1.25 cm. At station 11 “ABAI”, the displacement in the basement is 1.56 cm and 0.5
cm, which corresponds to an intensity of 6 points.

Table 4 - Results of processing of analog earthquake recordings [Author's material]

Maximum oscillation amplitude

Station number, build- Tvpe of seis- Installation lo-
ing structure, own pe- m};line ter and cation and ori- Period of Speed Acceleration
riod, soil at the base of entation of the  fluctuations  Offset, cm peed, ’
o galvanometer . cm/sec cm/sec2
the building seismometer
1 2 3 4 5 6 7
Station 1 “Institute”
4-storey, frame build- Basement-X 0,73 0.016
ing. LDV+GBIII
Precast reinf;orced con- Basement-Y 0.5 0.0625
crete
10
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Tx =05 sec Roof-X 0,6 0.29
Boulders
Roof-Y 0.61 0.42
Basement-X 0,37 12.96
Basement-Y 0.65 13.39
EMD-+GBIIIL
Roof-X 0.5 46.66
Roof-Y 0.6 53.22
Station 3 "SCHOOL" Basement-Y 0.7 0.2
4-storey, frame rein- ’ ’
forced concrete LDV+MO12 Roof-X 0,5 0,53
Tx =0,5 sec P e
Ty =0,18 sec Roof-Y 0. 0.57
Pebbles with layers of Basement-Y 0.68 17.71
sand and loam.
OSP+MO005 Roof-X 0.4 88.46
Roof-X 0,68 81.89
1st floor-X 0,72 1.6
Station 7 “Tulebayev” [ pv+M012 9th floor-X 0.78 6.97
9-storey, frame rein-
forced concrete series 9th floor-Y 0,78 5.24
SZHKU
T1=0,48; T2 =0,15
T3 =0,08 OSP+M005 1st floor-Y 0,47 19.35
Boulders
Basement-X 1.28 1.56
LDV+MO012 Basement-VY 0.97 0.5
Station 11 “Abai ave.” 12th floor-X 1.12 53
11-storey, steel frame 12th floor-Y 1.3 6.25
Tx =0,9 sec
Ty =0,3 sec Basement-X 0.4 10.89
Boulders Basement-Y 0.82 13.53
OSP+MO005
12th floor-X 1 30.3
12th floor-Y 1.15 29.73
Rock-Y 0.6 9.25
Station 15 “Kapshagai Workshop-Y 0.3 4.87
HPP”
1-storey frame indus- Dam-X 0.32 11.53
trial building, steel. The OSP+MO005
dam is bulk. Fractured
rocky ground.
Basement-X 0,8 0,1
+
Station 17 «New LDV+MO12 Basement-VY 0,77 0,093
Square» 17¢h floor-Y 1.3 0.33
16-storey residential
building. A building 17th floor-y 0.75 25.08
with well-developed
traverses and a rigid
core in the form of a OSP+M005
space-core structure.
11
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9th floor-X 0.4 0.213
LDV+MO012
9th floor-Y 0.48 0.279
Station 20 “Analog Basement-Y 1 11.25
House”
9-storey large-panel re- 4th floor-X 0.45 31.08
inforced concrete series 4th floor-Y 0.43 2528
158.
single-storey block sec- ~ OSP+MO005 7th floor-X 0.45 54.22
tion. 7th floor-Y 0.43 36.47
Ribbon foundation
9th floor-X 0.45 70.0
9th floor-Y 0.4 48.46
Station 21 “House of Basement-X 1 0,32
CF”
9-storey, large-panel re- Basement- 0,9 0,15
inforced concrete series 1st floor-X 1 0.3
158.
single-entrance block LDV+MO12 st floor-Y 0.86 025
section with seismic in- 9th floor-X 0.95 0.418
sulation.
9th floor-X
The foundation is in the oor 0.68 0.351
form of kinematic sup- 9th floor-Y 0.9 0.258
1tS.
ports 9th floor-Y 0.51 0.218
Basement-Y 1 8.01
1st floor-Y 0.48 15.48
4th floor-Y 0.53 19.64
OSP+MO005
7th floor-Y 0.53 33.89
9th floor-X 0.5 55.74
9th floor-Y 0.48 35.27
Station 22 “House of Basement-X  0,78(1.7))  0.11(1.01)
FT?’
A 9-storey large-panel Basement-Y 0,7 0,117
apartment building. 1st floor-X 0.95(1.7)  0.11(0.68)
Series 158. Single-en- LDV+MO012
trance block section Lst floor-Y 045 0.065
with earthquake-insulat- 9th floor-X 0.4 0.27
ing foundation. Sliding h
supports with 9th floor-Y 0.45 0.32
fluoroplast gaskets Basement-y 0.66 13.41
1st floor-X 0.66 11.63
OSP+MO005 4th floor-Y 0.43 28.57
9th floor-X 0.43 79.78
9th floor-y 0.45 54.62
Basement-VY 0.38 14.6
tation 24 “M ”
2 ation 24 “"Mynbayey Roof-X 0.33 69.58
-storey building, rein- OSP+MO005
forced concrete frame Roof-Y 0.35 67.19

Boulders

It is interesting to compare the results of registration of kinematic parameters at stations of the
engineering seismometric service on buildings during earthquakes of the same intensity.

For example, [15,16] shows the results of station registration of the 5-6 magnitude earthquake
of the Sarakamysh earthquake in Kyrgyzstan on June 5, 1970. The magnitude of the earthquake is

12
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6.5, the energy class is 15, the intensity at the epicenter is 8 points, and the distance from Almaty city
is 150 km. Compared to the earthquake on January 23, 2024, the magnitude is lower, but the earth-
quake is 110 km closer. The shaking of the ground in the buildings of Almaty city was felt for 1 min.,
and the most intense part was 10-15 sec.

The earthquake was recorded by 6 seismic stations [15] No. 1 “Institute”, No. 2“4 floor KPD”,
No. 3 “School”, No. 4 “Residential building”, No. 8 “Rahat”, equipped with analog equipment and
located in the central part of Almaty city. Stations 1, 2, 3, 4, and 8 are on buildings whose bases are
composed of hard boulder-pebble rocks, and station 8 “Rahat” is on soft loamy soils. Stations No. 3
and No. 8 were located near tectonic faults.

Of the six mentioned stations, only station No. 1 “Institute” and No. 3 “School” are currently
preserved. At station No. 1, along with analog devices, there are also digital devices. Therefore, in a
separate table 5, we will present the results of the registration of the Sarakamysh earthquake by station
No. 1 and in Table 6, the magnitude of displacements and accelerations at station No. 3. No data was
provided on the OY axis for the “SCHOOL” station.

Table 5 - “INSTITUTE” station acceleration PGA, cm/s? [Author's material]

Direction Basement Roof
0X 10.0 30.0
oY - 40.0

Table 6 - Acceleration and displacement at the “SCHOOL” station, cm/s> [Author's material]

Direction Basement, cm - movement Roof, cm/s2 -accelerations
0OX 0.088 30.5
(0)' -

The peak values of displacements and accelerations during the earthquake 05.06.70 in the base-
ment and roof levels are lower than during the earthquake 23.01.24. This does not apply to the
“Rakhat” station, located at the corner of Rayymbek and Nazarbayev avenues near a powerful tec-
tonic fault. The acceleration at the basement level is quite anomalous, 25 cm/s%. No such acceleration
was recorded during the earthquake on 23.01.24. Apparently, the most reasonable explanation here
is the effect of a tectonic fault on the reaction of the building.

It should be noted that during the 5-6-point Zhalanash-Tyup earthquake of 1978, the accelera-
tion on the free soil surface reached 35 cm/s? [17].

3.3 Engineering analysis of the consequences of the earthquake on January 23, 2024

A total of 118 budget-owned facilities and 70 commercial facilities were surveyed.

No earthquake damage was detected in the load-bearing structures of the surveyed facilities,
and according to the Code of Rules of the Republic of Kazakhstan, 1.04-110-2017* [18], it can be
assessed as serviceable structures.

The following damage was detected in the curtain structures of the surveyed facilities as a result
of the earthquake:

— cracks in the sealing of antiseismic seams;

— vertical and horizontal cracks at the junctions of the partitions with the load-bearing struc-
tures;

— inclined and vertical cracks with an opening width of up to 0,3 mm from the corners of the
doorways and in the “blind” sections of individual partitions;

— peeling of plaster layers.

Cracks in the sealing of antiseismic seams, cracks along the perimeter of partitions correspond
to the operation of independent dynamic compartments of the surveyed objects during seismic im-
pacts, and their occurrence does not contradict the requirements of the Code of Rules of the Republic
of Kazakhstan 2.03-30-2017* [19].
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Damage in the form of cracks in the sealing of antiseismic seams and along the perimeter of
partitions is classified according to the MSK-64 (K) seismic scale [1] as damage of the 1st degree,
and requires routine repairs. Even with this degree of damage, cosmetic repairs are required. Accord-
ing to the existing damage scales for construction projects, the cost of repairs can reach up to 7.5%
of the original estimated cost of the building.

The inclined and vertical cracks obtained as a result of the earthquake from the corners of the
doorways and in the “blind” sections of individual partitions of the surveyed objects show that these
partitions were made with a construction defect, without antiseismic measures. These partitions do
not meet the requirements of subsection 9.4 of the Code of Rules of the Republic of Kazakhstan
according to their design solutions. 2.03-30-2017* [19], and by the nature of the damage, they are
treated according to the Code of Rules of the Republic of Kazakhstan. 1.04-110-2017* [18] to the
limited-use constructions of the 1% category. These partitions are subject to seismic reinforcement,
and the volume of construction work is determined according to defective certificates drawn up by
the construction contractor.

According to the results of the operational survey, individual facilities require a detailed exam-
ination.

Partitions classified, based on the nature of the damage, as Category 1 structures with limited
serviceability in accordance with the Code of Regulations of the Republic of Kazakhstan 1.04-110-
2017* [18] must be reinforced in accordance with the following recommendations::

1. Remove the old plaster from the partition surfaces.

2. Clean the horizontal and vertical seams of the masonry walls to a depth of 15 mm.

3. Dirill through holes in the partitions for the Z-shaped anchors. The holes should be stag-
gered in increments of no more than 600 mm. The Z-shaped anchors are made of &J6 mm class A240
reinforcing rods.

4. Install Z-shaped anchors in the drilled holes.

5. Clean the surface of reinforced partitions with compressed air.

6. Install reinforcement grids made of reinforcement rods @5 mm of class Bp-I or @8 mm of
class A400 with mesh sizes of 150x150 mm along the partitions and attach them to the partitions
using Z-shaped anchors.

7. Reinforcement grids should be placed at a distance of at least 10 mm from the surface of
reinforced structures. In the corners and intersections of the partitions, the nets should be bent and
brought around the corner by at least 1,0 m. It is not allowed to dock end-to-end in such places of the
grid. Install all vertical and horizontal overlapping grids in the seams (overlap length of at least 150
mm or at least one cell). The rods of adjacent grids should be connected to each other and to Z-shaped
anchors with knitting wire.

8. Along the inner perimeter of the door openings in the partitions, install flat reinforcement
frames made of two 12 mm A400 class rods with &10 mm A400 class transverse rods. The pitch
of the transverse rods should be 150 mm. Flat reinforcement frames should be fixed to the walls using
L-shaped anchors @6 mm class A240, installed in pre-drilled holes 250 mm deep in 300 mm incre-
ments. Reinforcing mesh reinforcement of partitions should be connected with flat frames of mono-
lithic reinforced concrete framing of doorways using knitting wire. The joints of the reinforcing grids
should be removed from the corners of the openings by at least 1,0 m.

9. After installing reinforcement grids, flat frames, L-shaped and Z-shaped anchors, make
holes in the partitions with a hard, high-quality mortar.

10. Fill the flat doorway reinforcement frames with concrete of class C20/25 (B25) with a
thickness of at least 80,0 mm. Reinforcement grids should be plastered 3-4 times with a cement-sand
mortar of at least M150 grade and at least 40 mm thick.

When carrying out work to strengthen the partitions, follow these recommendations and the
“Manual on strengthening the load-bearing structures of buildings and structures, reconstructed en-
terprises located in the II and III zones of Almaty city”.

Construction work must be carried out in strict compliance with safety regulations according to
[21].
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4 CONCLUSIONS

1. The intensity of the seismic impact of the earthquake on 23.01.24, taking into account the
duration, can be estimated as 5-6 points. All instrumental data were obtained on average seismic
properties of soils - boulders, pebbles [20].

2. There is no noticeable effect of the presence of tectonic faults on the instrumental character-
istics of the seismic impact in the basement of the building (stations No. 17 “New Square” and No.
16 “Hotel”. At station No. 3 “School”, abnormally high accelerations were detected in the coverage
level of 88.46 cm/s? and 81.89 cm/s?. These anomalies may indicate the influence of a nearby tectonic
fault on the reaction of the building.

3. The vertical component of the seismic impact at all stations in the basement is less than the
horizontal ones. Vertical accelerations have a higher spectral frequency than horizontal accelerations.

4. Instrumental recordings of accelerations in the basements of buildings show that the accel-
erograms are formed by two groups of waves. The former lead to fluctuations in the base with a period
of up to 0.4 sec, and the latter - up to 1 sec. This is the first earthquake in the territory of Almaty city,
which lead to low-frequency ground vibrations.

5. The instrumental data from the stations of “KazRDICA” JSC and the Data Center of the IGR
NNC RK on the acceleration values in the basement and in the ground are almost identical.

6. On the territory of the Kapshagai HPP, the earthquake intensity does not exceed 4 points.

7. The network of stations of the engineering and seismometric service of “KazRDICA” JSC
is in working condition. All stations provided instrumental information.

8. All stations are located on medium-sized seismic soils. This impoverishes the information
obtained during earthquakes and distorts intensity estimates. Therefore, it is necessary to install sta-
tions on soils of Sh-IV categories according to the Eurocode 8 classification as soon as possible.

There are only 3 stations No. 3 "SCHOOL", No. 17 «New Square» and No. 16 «Hotel» located
near tectonic faults. There is a need to create new ISS stations near all identified tectonic faults in
the city.

9. Abnormally high accelerations were recorded on the roof of the building at station No. 3
“School”, and in two axes 81-88 cm/s?. The station is located near a tectonic fault on Rayymbek ave.
It seems reasonable to assume that the sides of the fault may move during earthquakes.

10. Instrumental records of accelerations and displacements were obtained at the seismic iso-
lation site of stations No. 20-22. It has been reliably established that the seismic insulation system of
the building on kinematic foundations reduced the seismic load by up to 30%. With an increase in the
intensity of the seismic impact, the effect of seismic insulation will be higher. It has been scientifically
proven that the seismic isolation system reduces the seismic load even in low-frequency earthquakes.

11. No earthquake damage was detected in the load-bearing structures of the surveyed facili-
ties.

12. The load-bearing structures of the surveyed objects can be assessed according to the Code
of Rules of the Republic of Kazakhstan 1.04-110-2017* [18], as serviceable structures.

13. Damage to non-load-bearing structures resulting from an earthquake is classified on the
MSK-64 (K) scale [1] as minor damage of the 1st degree, and requires routine repairs.

14. To further address the issue of ensuring the seismic safety of the population of Almaty, the
following studies-which focus on the specific seismological conditions of the city-may prove useful:
local ground conditions [22]; the selection of instrumental earthquake records for assessing the re-
sponse of buildings [23]; the determination of the dynamic characteristics of buildings of various
storeys [24], the effect of frequent ground motions on the response of buildings [25], and methods for
reinforcing strip foundations [26].
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  I = 1 . 5   M  L H − 4 l g   (  h 2 +  ∆ 2 )


    M  L H =     M  w  0 . 696  


  i = 2 . 5  log ⁡   ( p g a ) + 1 . 25  log ⁡   ( d , 10 ) + 1 . 05 − s

