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Abstract. This study addresses the growing need for reliable seismic verification
of high-rise monolithic reinforced concrete buildings in Almaty, Kazakhstan, where
intensive vertical development is taking place in a high-hazard seismic environment.
To improve the realism of structural response prediction, the building performance is
evaluated using instrumental earthquake acceleration records and compared with the
conventional response spectrum approach commonly applied in design practice. A 22-
storey monolithic building is analyzed in the LIRA-SAPR environment by two
independent procedures: (i) response spectrum analysis under the design spectrum and
(ii) time-history analysis using selected three-component accelerograms representing
strong ground motions (including recorded and artificial events). The comparison is
performed for a representative structural element at the upper levels (a reinforced
concrete wall along Axis 1/B at elevation 74.25 m), where higher-mode effects may be
significant. The results indicate that peak lateral displacements are strongly record-
dependent. For the EI Centro (1940) input, time-history displacements are practically
consistent with the spectrum-based estimates, whereas for the Kern County (1952),
Baysorun (1990), and the artificial record, time-history responses are noticeably lower
than those obtained by the response spectrum method, confirming the conservative
nature of spectrum-based design. The observed discrepancies are primarily attributed
to differences in frequency content and duration of ground motion. The findings support
the combined use of response spectrum analysis for routine design and time-history
analysis for enhanced verification of high-rise buildings, especially in regions with
pronounced regional ground-motion features. The study also substantiates the value of
engineering seismometric monitoring for refining local seismic inputs and improving
assessment reliability.
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PEAKLUSICHI
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Aunnarna. byn 3epmmey Animamel KaAlacvlHOA CEUCMUKANLIK Kayinminiei
JHCORAPLL  AUMAKMA  KAPKLIHObL OAMbBIN  HCAMKAH OUIK MOHOIUMMI memipbemon
eumapammapowvly CeUCMUKANbIK OPHBLIKMBLILIZbIH  0azanay 02710i2iH  apmmulpy2a
apuanean. Kananvlk aymakma 60c scepOiy wiekmeyii 001ybl HCaHe COHbL HCbLIOAPbl
KenKkabammul — KYpolLIbiCmbly KobOelol Hakmel Jicep CLIKIHICI  acepi  Ke3iHOe
UMapammapobvly Hcayan peakyuscvlH ceHimol 0ondicayovl manan emeodi. Ocbl
makcamma O0acmypii xcobanay madxcipubecinoe ke KOaIOAHbLIAMbIH CHeKMPIIK 20ic
Homuoicenepi arcep CLIKIHICMEpIHIY acnanmolk yoey JHcazoanapvina
(akcenepoepammanapea)  HecizoelceH — YakblmmulKk — Maiday — HamudicelepimeH
canvlcmulpuliovl. 3epmmey HblcaHbl peminde 22 Kabammul MOHOAUMMI memMipbemon
eumapam xapacmoipolivin, JIMPA-CAIIP 6az0apnamanvly opmacelHoa eki mayeicis
maciimen ecen Jcypeizindi: (1) scobanvlk sxayan cnekmpi OotiviHwa ecen dcane (2)
YUIKOMIOHEHMMI aKcenepocpamMmanap HCUbIHMbuIRbIH NauoaiaHa Oomslpbln mikenet
OUHAMUKANBIK, YaAKbIMMbIK ecen (Hakmul dcaHe dcacanovl dxcazoanap). Canvicmvipy
Ouix oicytienepoe xno2apvl mepoenic opmanapvlHbly acepi Kyueroi MyMKIH 001amulH
OeHeetioe OPHANACKAH CUNAMMmMAamaibl Komepeiut diemMernm yulin opbinoanovlt — 1/5 oci
ootivinoaewl 74,25 m beneicinoesi memipbemon Kabwvipea. Homuoicenep makcumanowi
KONO0eHeH OpblH ayblCMbPYIapObly KOAOAHBLIZAH H#a30a2a aUKblH Mayenoi eKeHiH
kepcemmi. El Centro (1940) oacepi ke3ziHOe YyaxblmmuvlK manoay Hamudicerepi
cnekmpiik ecennet ic Jcy3inoe catikec kenedi, an Kern County (1952), Bbaiicopyu
(1990) ocone oicacanowvl ncazba yulin yakelmmoslk ecen OpblH AyblCMbIPYIapObl
memenipex bOepedi, Oyn cnekmpiik 20iCmiy KOHCEp8Amuemi CUNAmvii pacmatiowl.
Avvipmawviilkmap — HeciziHen  Jicep  MepOeniCiHiY  JHCUINIKMIK — KYpambl MeH
Y3aKMbleblHOASbL epeKulenikmepmer mycinoipiniedi. AnviHean KOPbIMbIHObLIAD OUIK
umapammapowbl Hobanayoa cnekmpiix a0icmi ne2izei Kypai peminoe, ai yaKblmmblk
manoayovl HAKMbLIAHEAH MmeKcepy peminde 0Oipee KOLOaHYOblY OpbIHObL eKeHiH
Oanendeudi. CouvbiMeH Kamap  UHMICEHEPNiK-CeUCMOMEMPUSILIK — MOHUMOPUHS
Jrcepeinikmi  acepnepOi HAKMbLAAY JHCIHe 0a2anay CeHiMOLNiciH apmmulpy VliH
Maybl30bl eKeHi Kepceminoi.

Tyiiin ce3nep: Ouix sumapam, CeUCMUKANBIK PeaKyus, MAKCUMANObl ecenmik
JKcep CIIKIHICI, akcenepospamma, yaKblmmoly mauoay; OpblH ayblCmulpyiap.
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CEMCMUYECKAS PEAKIHMSA 22-9TAKHOIO
MOHOJIMTHOTO 3JAHUSI HA OCHOBE
MHCTPYMEHTAJIbHBIX 3AIIUCER YCKOPEHUI
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2Mexk TyHapOHbIH YHUBEPCUTET MHHOBALMOHHBIX TeXHonoruit, 720005, bumkek, Kelpreizcran
Kazaxckuil HaydHO-HCCIIEA0BATEIbCKUI U IPOEKTHBINA NHCTUTYT CTPOUTENIBCTBA U
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AHHoOTauus. Hacmoswee uccredoganue noceaujeno akmyaibHoU 3a0aye
nosvluleHUss 00CMOBEPHOCMU OYEHKU CeUCMUYEeCKOU YCMOUYUBOCU BblCOMHbBIX
MOHOTUMHBIX JHceNe300eMOHHbIX 30anuil 8 2. Aamamvi, 20e Ha pone Odeghuyuma
meppumoputi  akmu@HO  PA38UBAEMCs  BbICOMHASL  3ACMPOUKA 8  YCI08USX
SHAYUMENbHOU CcelicMuyecKol onacHocmu. [[ns ymouHeHus NpocHO3d OMKIUKA
COOPYIHCEHUU BbINOJIHEHO CONOCMABIEHUe pPAaciemos No CNeKmpaibHOMY Memooy,
WUPOKO NPUMEHAEMOMY 6 NPOEeKMHOU NpaKkmuke, ¢ pacuemamiu 60 8PeMeHHOU
obracmu Ha OCHO8e UHCMPYMEHMANbHLIX 3anucell YCKOPEeHUl 3eMiempsceHuti
(axcenepoepamm). Obvexmom ucciedo8anus a6aaemcs 22-5maxicHoe MOHOIUMHOE
30anue, pacuem KOmopoz2o 6binoiner 6 npoepammuoul cpede JIMPA-CAIIP osyms
He3zasucumvimMu nooxooamu: (1) pacuem no npoekmuomy cnekmpy omrauxa u (2)
NPAMOU OUHAMUYECKULl pacuem C UCNOIb308AHUEM HAOOPA MPexKOMHOHEHMHbIX
akcenepocpamm, XapaKxmepusyrouwux CiuibHble celicmuyeckue 8030eticmaus (Kno4as
peanvhble U uckyccmeeHnuvie 3zanucu). CpasHumenbHulll AHAIU3 GbINOIHEH OJis
XapaxkmepHo20 Hecyuje2o 1eMeHma GepxHell Yacmu 30aHus — dHcene300emoHHOouU
cmenvl no ocu 1/b na ommemxe 74,25 m, 20e 6k1ao evicuiux opm xorebanutl
Modicem Ovimb cyujecmeeHuwviM. [lokazano, umo MaxkcumanivbHbvle 20pU30OHMANbHBLE
nepemeujenus 3a8Ucsam om KOHKpemHoll 3anucu 3emnempscenus. /s 6ozoeticmeus
El Centro (1940) pesynbmamer 6pementoco anaiuza npakmuyecku co8nadarom co
cnekmpanvHuiMu oyeHkamu, mozoa kax ons Kern County (1952), Baticopynckoeo
(1990) u ucxyccmeeHHOU aKcenepocpammvl BPEMEHHOU aHAIU3 Odem MeHbUlUe
nepemeujenuss, Ymo noomeepicoaenm KOHCEepP8amueHOCMy CNEKMPAIbHO20 Memood.
Buiasnennvie paznuuus 00bACHAIOMCA pa3uduAMU 68 YACMOMHOM Ccocmage U
onumenvHocmu Konebanuti epynma. Ilonyuennvie pe3yromamsl 000CHOBbIBAIOM
4enecoobpasHoCmb  COBMECMHO20 NPUMEHEHUs CNeKMpAlbHO20 Memooda O
PYMUHHO20 NPOEKMUPOBAHUSL U BDEMEHH020 AHANU3a O/ YMOUHAOWeEU Npo8epKu
8bICOMHBIX 30AHULL 8 PECUOHAX C BbIPANCEHHBIMU PE2UOHATbHBIMU OCOOEHHOCMAMU
celicMuyecko2o 6030elicmaus. J{ononHumenbHo noomeepicoeHa NpaKmuieckas
SHAYUMOCMb  UHHCEHEPHO-CelICMOMEMPUYECKO20 MOHUMOPUHea Ol HAKONIEHUS
OAHHBIX U COBEPUIEHCTNBOBAHUSL UCXOOHBIX 8030€UCMBUI.

KiroueBble cjioBa:  @vicomHoe  30aHue;  celicMUuecKds — peakyus;
MAKCUMATIbHOE pAcyemHoe 3eMilempsceHue; aKcenepocpamma, OUHAMUYECKULl
pacyem, nepemeujeHusl.
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1 INTRODUCTION

In recent decades, Almaty has experienced a significant increase in the number and height of
high-rise buildings constructed in a seismically active region. This trend is driven by contemporary
urban development requirements and the limited availability of free land in large metropolitan areas.
Similar tendencies are observed in many major cities worldwide, where vertical expansion has
become a strategic solution to urban densification.

The seismic safety of high-rise monolithic reinforced concrete buildings is therefore a critical
engineering problem. The primary objective of earthquake-resistant design is to ensure acceptable
levels of structural displacements, accelerations, and internal forces under maximum design
earthquake (MDE) conditions. Reliable prediction of structural response is especially important for
buildings exceeding 20 storeys, where higher-mode effects and dynamic interaction with ground
motion become more pronounced.

In the former Soviet Union, one of the tallest buildings located in a 9-point seismic zone was
the 25-storey “Kazakhstan” Hotel in Almaty. Instrumental monitoring of its dynamic behavior has
been conducted for over 40 years. Observations indicate that the fundamental vibration period of the
structure has changed by approximately 30% due to structural modifications and functional
alterations over time. This example highlights the importance of long-term dynamic assessment and
the need for accurate analytical tools.

Since 2005, both national and international construction companies have erected dozens of 20—
35-storey monolithic buildings in Almaty. The evaluation of their seismic performance requires
advanced analytical approaches capable of accounting for real ground motion characteristics.

Two principal methods are commonly applied in engineering practice to assess seismic
response: the response spectrum method and time-history analysis based on instrumental
accelerograms. While the response spectrum approach provides conservative and computationally
efficient estimates of peak structural response, it does not fully capture phase relationships and
frequency content variations of actual earthquakes. Conversely, time-history analysis enables detailed
evaluation of structural behavior under recorded or synthetic accelerograms, including nonlinear
effects and temporal characteristics of ground motion.

The present study investigates the seismic response of a 22-storey monolithic building in
Almaty using instrumental acceleration records and compares the results with those obtained by the
response spectrum method, aiming to assess their consistency and applicability for high-rise design
in seismic regions.

2 LITERATURE REVIEW

Extensive research has been devoted to the modeling of seismic impacts and the assessment of
structural reliability under earthquake loading. Probabilistic approaches and stochastic
representations of seismic processes form the theoretical basis of modern seismic engineering (V.
Lapin, Yerzhanov, Kassenoyv, et al., 2022).

A non-canonical spectral representation of random processes for simulating seismic impacts in
structural calculations was proposed (V. Lapin, Shokhbarov, et al., 2024). The method enables
efficient generation of artificial accelerograms with minimal computational effort. Further
developments of this approach have been applied to reliability assessment of buildings (V. Lapin,
Yerzhanov, & Makish, 2022) and to the evaluation of seismic risk based on passportization data
(Hare, 2019). The probabilistic framework for seismic risk evaluation has also been discussed in
earlier works (V. Lapin, Kim, et al., 2024).

The reliability-based perspective in seismic design has been further developed, including
formulations that account for both random and bounded uncertainties in reinforced concrete structures
(Fathi-Fazl et al., 2018). Rapid assessment methodologies for existing buildings in seismic regions
have been proposed. International studies also emphasize the importance of regional seismic
characteristics in risk assessment (Liu & Wang, 2018).
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In the context of Kazakhstan, particular attention has been given to seismic performance of
high-rise buildings in Almaty. The influence of the number of storeys on the seismic resistance of
monolithic buildings has been investigated (Tuleyev et al., 2023). A macro-seismic assessment of
residential buildings constructed during the Soviet era in Almaty has been performed, highlighting
regional vulnerability patterns (Rashid et al., 2023).

Advances in ground motion modeling have contributed significantly to improving seismic input
representation. The updated ground motion prediction model incorporates magnitude, source-to-site
distance, fault mechanism, and local soil conditions, enabling more accurate estimation of expected
ground motions (Chiou & Youngs, 2014). Regional modeling approaches and artificial accelerogram
generation techniques have also been proposed (Devdas & Sengupta, 2007; Rashid et al., 2023).

Recent studies emphasize the necessity of time-history analysis when evaluating innovative
seismic isolation systems (Hadjian, 1993), as realistic ground motion records are essential for
assessing dynamic performance. Spectral characteristics of local earthquakes in Almaty demonstrate
that distant events are typically dominated by low-frequency components, whereas near-field
earthquakes exhibit high-frequency content (Huang et al., 2022). Such distinctions are crucial
because flexible buildings are more vulnerable to low-frequency excitations, while stiff structures are
sensitive to high-frequency ground motions (Chonratana & Chatpattananan, 2023).

Despite the significant body of research on seismic modeling and reliability assessment,
comparative studies examining the response of high-rise monolithic buildings using both instrumental
accelerograms and the conventional response spectrum method remain limited for the Almaty region.
This gap justifies the need for the present investigation (Wang et al., 2024).

3 MATERIALS AND METHODS

The rapid growth of high-rise construction in large urban agglomerations makes the reliable
evaluation of seismic performance of tall buildings a priority in structural engineering. In this study,
instrumental earthquake acceleration records (accelerograms) are used to compute the maximum
lateral displacements of a 22-storey monolithic reinforced concrete building in Almaty, Kazakhstan,
and to compare these results with those obtained using the conventional response spectrum method.
The comparison is intended to assess the consistency and practical applicability of both approaches
for high-rise design in a high-hazard seismic region (Dzhinchvelashvili et al., 2018).

Although each earthquake is characterized by unique amplitude-frequency content and
duration, the use of recorded or scenario-based accelerograms for structural analysis is widely
adopted in international practice. Modern research emphasizes that time-history analysis based on
instrumental records can capture essential features of ground motion (phase relations, frequency
content, and nonstationary behavior) that may not be fully represented by spectrum-based procedures
(V. A. Lapin et al., 2020). Probabilistic and stochastic approaches to seismic input representation are
also increasingly applied in risk and reliability frameworks (Dostanova et al., 2025).

Design accelerograms should reflect the seismic features that are most critical for the
investigated structural system, including the expected intensity, frequency content, and duration of
ground motion. In practice, several approaches are commonly used to define input accelerograms:

1. selection of real records from global databases based on magnitude, source distance, focal
depth, fault mechanism, and site conditions;
2. generation of synthetic accelerograms from generalized parameters of the source and site
response;
transformation (re-targeting) of a real strong-motion record from the recording site to the
construction site;
stochastic nonstationary random-process representations;
stationary process representations;
delta-correlated and Markov process models;
series of uncorrelated impulses.

(98]
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Efficient methods for artificial accelerogram generation and seismic input modeling, including
non-canonical representations of random processes, have been proposed and validated for
engineering applications (Yerzhanov & Lapin, 2021). Such approaches have been further used in
reliability calculations and seismic risk assessment based on building passportization results
(Zhamek et al., 2025).

For the present study, the chosen strategy corresponds to the use of instrumental records
applicable to Almaty conditions, supported by the availability of a broad set of strong-motion records
(including local events). This choice is also consistent with the importance of regional ground-motion
features: near-field earthquakes tend to contain higher-frequency components, while distant events
are often dominated by lower-frequency content, which can differently affect stiff versus flexible
structures (Tsiavos et al., 2020).

The dataset includes three-component accelerograms with magnitudes approximately M = 6.3—
7.4 and hypocentral distances R = 19-89 km. Accelerograms are applied without preliminary
normalization, since such procedures can distort the frequency spectrum of motion and may bias the
response comparison, especially for high-rise systems sensitive to spectral content (Lapin et al.,
2024). The mean amplitude of the horizontal components is 432.24 cm/s* with a standard deviation
of 247.08 cm/s?, corresponding to high seismic intensity (approximately 9 points by local intensity
scales). The selected three-component accelerograms used in the numerical analyses are summarized
in Table 1.

Table 1
Selected Three-Component Earthquake Accelerograms Used in the Analysis
Record Earthquake (Date, PGA . Time Step Scale
Group Record ID Source Parameters) (cm/s?) Component Units (s) Factor
Kern County,
1 Aks.24 21.07.1952; R =41 km; 152.7 X mm/s? 0.02 1.0
M=72
Kern County,
Aks.25 21.07.1952; R =41 km; 175.9 Y mm/s? 0.02 1.0
M=72
Kern County,
Aks.26 21.07.1952; R =41 km; 102.9 Z mm/s? 0.02 1.0
M=72
El Centro, 18.05.1940; R )
2 Aks.7 — 31 km: M =6.5 341.7 SO0E mm/s 0.02 1.0
El Centro, 18.05.1940; R )
Aks.8 — 31 km: M= 6.5 210.1 SOOW mm/s 0.02 1.0
El Centro, 18.05.1940; R )
Aks.9 — 31 km:M=6.5 206.3 Z mm/s 0.02 1.0
Baysorun, 12.11.1990; D
3 Aks.190 =35km; H=20 km; M 699.2 N-S cm/s? 0.008 1.0
=6.3
Baysorun, 12.11.1990; D
Aks.191 =35km; H=20 km; M 437.0 E-W cm/s? 0.008 1.0
=6.3
Baysorun, 12.11.1990; D
Aks.200 =35km; H=20 km; M 665.98 Z cm/s? 0.008 1.0
=6.3
4 Aks.201 Artificial record;, M=7.4  460.15 (0).¢ cm/s? 0.0064 1.0
Aks.202 Artificial record; M = 7.4 674.91 (004 cm/s? 0.0064 1.0
Aks.203 Artificial record; M =7.4  438.21 Z cm/s? 0.0064 1.0
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Seismic analyses were performed using the LIRA-SAPR 2024 structural analysis software
package, utilizing the implemented Module 29 for time-history analysis with accelerogram input. The
structural model was developed using standard modeling rules adopted in LIRA-SAPR, consistent
with dynamic analysis practice.

For time-history computations, the following key parameters were specified:

- Damping ratio (&): 0.05 (5% of critical), adopted for reinforced concrete structures;

— Scale factor for the accelerogram (used to convert input units to m/s*> and, when required, to
scale the acceleration amplitudes);

-~ Time step and duration were taken directly from each record based on its digitization
parameters;

- Direction cosines were not applied; horizontal components were assigned along the principal
structural axes.

If the digitized record is provided in units other than m/s? (e.g., mm/s? or a/g), the scale factor
is applied to ensure consistent units. The same scaling option may be used when a record is provided
in normalized form.

The studied building is located on a site with seismicity intensity of 9 points. The site soil
category according to local seismic properties corresponds to Category I. No site conditions
complicating seismic or engineering-geological behavior were identified (Moldamuratov et al.,
2025).

The building has three underground storeys, one semi-basement level, 21 above-ground
residential storeys, and a top technical storey. The plan has a Y-shaped configuration and is separated
from adjacent structures by seismic gaps. The design height from the top of the foundation slab to the
top of the monolithic roof structure is approximately 85.7 m. Structurally, the building represents a
spatial frame-wall (dual) system, typical for monolithic reinforced concrete high-rise construction.

General views and plan fragments of the building are presented in Figures 1-2.

Figure 1 — General view of the building Figure 2 — Fragment of the building plan
(author’s material) (author’s material)

Time-history analyses employed three-component (North—South, East—West, and vertical Z)
accelerograms corresponding to the selected set of earthquakes (including historical and local records,
as well as an artificial/synthetic record). The study uses representative records such as Kern County
(1952), El Centro (1940), Baysorun (1990) and an artificial record (Table 1). Sample plots of selected
horizontal components (e.g., Aks.7, Aks.24, Aks.190) are shown in Figures 3-5.
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Figure 3 - Horizontal component (X-direction) of the El Centro earthquake accelerogram (18 May 1940; M =6.5; R =
31 km), record Aks.7 (author’s material)
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Figure 4 — Horizontal acceleration time history (X-component) of the Kern County earthquake (21 July 1952; M =7.2;
R =41 km), accelerogram Aks.24 (author’s material)

JrE—— Graph1

Figure 5 - Horizontal acceleration time history (X-component) of the Baysorun earthquake (12 November 1990; M =
6.3; D =35 km; H =20 km), accelerogram Aks.190 (author’s material)
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4 RESULTS AND DISCUSSION

For the comparative assessment of structural response, a reinforced concrete wall located along
axis 1/B at elevation 74.25 m was selected as a representative structural element (Figure 6). This
level corresponds to the upper part of the building, where dynamic effects and higher-mode
contributions become significant in high-rise systems.

1133
=

7423
-

Figure 6 — Reinforced concrete wall along Axis 1/B at elevation 74.25 m (author’s material)

Two independent analyses were performed using the LIRA-SAPR software package (Module
29 for time-history analysis and the standard dynamic module for response spectrum analysis). The
response spectrum analysis was carried out in accordance with national seismic design provisions
(SNiP), while the time-history analysis employed the selected sets of instrumental accelerograms with
a scale factor equal to 1.0.

Maximum horizontal displacements of the wall along the X and Y directions obtained using the
response spectrum method are shown in Figures 7 and 8. Corresponding displacement contour plot
obtained using instrumental accelerograms (e.g., Aks.7 and Aks.8) are presented in Figures 9 and
10.

15% 15% SUOR I 0%
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Units: mm

77.53
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2 — @

Figure 7 — Displacement contour plot in the X-direction obtained using the response spectrum method
(author’s material)
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Figure 8 — Displacement contour plot in the Y-direction obtained using the response spectrum method
(author’s material)
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Figure 9 — Displacement contour plot in the X-direction obtained using instrumental accelerogram Aks.7
(time-history analysis) (author’s material)
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Figure 10 — Displacement contour plot in the Y-direction obtained using instrumental accelerogram Aks.8
(time-history analysis) (author’s material)
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Table 2 summarizes the maximum nodal displacements of the selected wall for both calculation
approaches.

Table 2
Comparative analysis of wall displacements (Axis 1/B, elevation 74.25 m)
Earthquake / D R Time-Hi Module 2
Record Node esponse Spectrum (mm) ime-History (Module 29) (mm)
X Y X Y
Kern County 184573 57.71 98.30 11.43 19.15
(1952), M=17.2 179756 56.89 97.29 11.27 18.95
(Aks.24-26) 178057 55.69 95.75 11.03 18.65
El Centro 184573 57.71 98.30 58.08 97.84
(1940), M=6.5 179756 56.89 97.29 57.25 96.83
(Aks.7-9) 178057 55.69 95.75 56.04 95.29
184573 57.71 98.30 20.46 33.42
Baysorun
(1990), M=6.3 179756 56.89 97.29 20.17 33.08
(Aks.190-200) 178057 55.69 95.75 19.74 32.55
Artificial record, 184573 57.71 98.30 18.11 34.78
M=74 179756 56.89 97.29 17.85 34.42
(Aks.201-203) 178057 55.69 95.75 17.48 33.88

Note: Vertical (Z-direction) displacements are not included, since the primary seismic analysis for the 22-storey
building considered horizontal seismic actions along the X and Y axes.

The results demonstrate a substantial variation in maximum displacements depending on the
applied calculation method and the specific accelerogram used.

For the Kern County, Baysorun, and artificial records, the displacements obtained from time-
history analysis are significantly lower than those predicted by the response spectrum method. This
indicates the conservative nature of the spectrum-based approach, which is consistent with established
reliability-oriented design philosophy.

In contrast, the El Centro record produces displacement values that are nearly identical to those
obtained using the response spectrum method. This suggests that the frequency content and amplitude
characteristics of the El Centro accelerogram are well aligned with the design spectrum adopted in
the normative method.

These observations confirm that the structural response of high-rise monolithic systems is
highly sensitive to the spectral composition and duration of ground motion. As shown in previous
studies, near-field events with specific frequency characteristics may lead to amplification effects not
fully captured by simplified spectral representations.

From an engineering perspective, these findings emphasize that reliance on a single calculation
approach may not fully reflect the possible range of structural response under different seismic
scenarios. While the response spectrum method ensures normative safety margins, it may not always
represent record-specific dynamic effects associated with real ground motions. Conversely, time-
history analysis provides a more detailed insight into structural behavior, especially for upper-storey
elements where higher-mode contributions become significant. Therefore, integrated application of
both methods improves the robustness and reliability of seismic performance assessment for high-
rise monolithic buildings.

The comparison highlights two important conclusions:

1. The response spectrum method provides stable and conservative displacement estimates
suitable for routine design practice.
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2. Time-history analysis using instrumental accelerograms enables more realistic assessment of

structural behavior and allows identification of record-dependent effects.
For high-rise buildings located in seismically active regions such as Almaty, the combined use

of both approaches is recommended, especially for structures of increased responsibility or when
advanced seismic protection systems are implemented.

5 CONCLUSIONS

Based on the performed comparative analysis of the horizontal displacements of the load-

bearing reinforced concrete wall (Axis 1/B, elevation 74.25 m) of the 22-storey monolithic building,
the following conclusions were drawn:

1.

A high level of agreement was identified between the response spectrum method and the time-
history analysis based on instrumental accelerograms in predicting maximum horizontal
displacements.

The El Centro earthquake record (18 May 1940; M = 6.5) produced displacement values that
were practically identical to those obtained using the response spectrum method, indicating
consistency between the spectral characteristics of this record and the adopted design spectrum.
For the Kern County (1952), Baysorun (1990), and artificial accelerograms, the maximum
displacements obtained from time-history analysis were lower than those predicted by the
response spectrum method, confirming the conservative nature of the spectral approach
commonly used in engineering practice.

The observed differences between the two calculation methods are primarily attributed to
variations in the frequency content of ground motion during different earthquakes,
demonstrating the sensitivity of high-rise monolithic structures to spectral characteristics of
seismic excitation.

The absence of displacement exceedances relative to the design spectral values indicates that
the investigated building satisfies seismic performance requirements under the considered
ground-motion scenarios.

Direct dynamic analysis using carefully selected instrumental accelerograms is a valuable tool
for predicting structural behavior under realistic earthquake conditions and enhances the
reliability of seismic performance assessment for high-rise buildings located in high-hazard
regions.

The installation of engineering seismometric monitoring stations on high-rise buildings is
recommended to accumulate real structural response data, refine regional ground-motion
models, and use basement-level instrumental records as representative input for future
structural analyses.
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