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Abstract. This study presents a numerical assessment of a 16-story cast-in-place con-
crete building in Almaty, Kazakhstan, under static and multi-component seismic actions in
accordance with SP RK EN 1998-1:2004/2012 and SP RK 2.03-30-2017. A finite-element
model was developed in LIRA-SAPR for a wall structural system with coupled shear walls on
type IB soils. The analysis explicitly accounts for both horizontal and vertical earthquake
components; modal responses are combined using the SRSS or CQC methods, considering
more than 20 vibration modes along the X, Y, and Z axes (ag = 0.487 g; avg = 0.438 g). The
cumulative modal participation masses reach 89.8% in X and Y, indicating adequate capture
of the dynamic response. Maximum interstory drifts are 5.5 mm (X) and 6.3 mm (Y), and roof
displacements are 75 mm and 85 mm, respectively — within the relevant code limits. The build-
ing satisfies stability and seismic-resistance criteria; for structures higher than 12 stories in
a 9-intensity seismic zone, the necessity of Special Technical Conditions (STU) is confirmed.
The novelty lies in a practice-oriented implementation of Eurocode provisions adapted to Ka-
zakhstan, with explicit treatment of the vertical component and multi-component spectral
analysis, improving demand estimates and the applicability of results to high-rise design in
seismically active regions.
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FbIJIbIMI MAKAJTA

EYPOKO/I 8 HOPMAJIAPbI BOMBIHIIIA
AJIMATBIIAYBI 16 KABATTbI TEMIPBETOH FUMAPATTbI
KOIIKOMITIOHEHTTI CEUCMMUKAJIBIK BAT'AJIAY

PMeic! © P.lyabu? ®

"Monocdepa Uucturytsl, 050020, Anmarsl, Kazakcran
*MyHaii s%oHe MUHepanaap skeHinzeri [larma dax yHHBEPCUTETI, Oye KoHEe FAPBIITHIK
3epTTeylepiH MoHapalbIK opTaibirel, JlaxpaH, 31261, Cayn Apabusicel

Anparna. byn sepmmeyoe KP EJK EN 1998-1:2004/2012 u KP EJK 2.03-30-2017
HopMmanapviHa calikec, Anmamoel Kanacvinoaswl 16 Kabammsl MoHOAUmMMI MmeMipbemon
UMapammoly CMAMUKAIGbIK JHCIHEe KONKOMNOHEHMMI CelCMUKANblK acepiep Kesinoeel
caHovlk  Oazanayvl  ycwiwwliean. 1B camamuinOagel  monwvlpakma — OpHANACKAH,
batinanvlcmulpvlizan Kabvipeanapvl oap Kadvipanvik macvimanroayuisbl sxcyie yuin LIRA-
SAPR 6azoapramanvly KeuieHinOe axvlpivl dnemenmmep Mmoodeni 2a3ipnendi. Tanoay
bapvicvinOa ccep CLIKIHICIHIY KONO0eHey JcoHe MIK KOMNOHeHmmepi HAKmvl ecKepinoi;
MoOanvowik peakyusnap X, Y owcone Z ocomepi (ag = 0.487 g; ave = 0.438 g) b60tivinwa 20-0an
acmam mepoenic niwinin eckepe omuvipvin, SRSS Hemece CQC adicmepi apxvlib
Oipikmipinoi. X owcone Y b6azvlmmapein0agvl HCUbIHMBIK MO0anb0blK maccanap 89,8%-ea
JicemeOi, OV OUHAMUKATLIK PeaKyusiHbly MOJbIKKAHObL KAMMBLIZAHLIH KOPCemeoi.
Kabamapanvix maxcumanowi vievicynap 5,5 um (X) orcane 6,3 mm (Y) Kypaiiosi, an wamuipoviy
KON0eHey OpblH ayblCmblpyaapul calkeciHwe 75 Mm odcone 85 mm-ce mey — Oyn
KOJLOGHbICMA&bl HOPMAAPObIH WEeKMIK MAlanmapulHan acnatovl. fumapam opubikmulibik
neH CcelicMOmYpaKmolivlK Kpumepuiiepin Kanazammanowblpaovl, 9 0anovlK CeucMUKaiblk
avimakmaewl 12 kabammarn acamvin Kypslivicmap yulin ApHaiibl mexHuKaivlk umapmmapobl
(ATLLI) a3ipney xascemminiei pacmanaovl. 3epmmeyoiy evlibimu Hcayanviebl — Kazaxcman
Jrcazoativina detiimoencen Eypokoo epedicenepin npakmukaza dazvimman eneizyoe, coHOAl -
aK CelucMUKaIvlk CYpamvlcmvl 0azanayovl dcoHe Hamudicenepoi CeucMUKanvlk OenceHoi
eyipnepoezi ouix umapammapovl H#o06anayoa Koioaryobl HcaKCapmamvlh MiKk KOMHOHEHM
neH KenKypamowvl CHeKmpaioblK maniodayovl HAKmvl eCKepyiHoe JCambip.

Tyiiin ce3nep: oOuix sumapam, celcMUKaIblK Mo3iMOLNIK, KONKYPAMOblL CEUCMUKATBIK
arcayan, axvipisl snemenmmep 20ici, LIRA-SAPR, Eurocode 8, Anmamuol
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HAVYHAS CTATBSI

MHOTI'OKOMITIOHEHTHASI CEUCMHYECKAS OLIEHKA 16-
ITAYKHOI'O KEJIE3OBETOHHOI'O 3IAHUSA B AJIMATHDI 10
HOPMAM EBPOKO/ 8

PMeic! © P.lyabu? ®

"NMucruryr Nonocdepsr, 050020, Anmartel, Kazaxcran

2YHuBepcuTeT HeTH U MUHEPAIoB UMeHH Kopous daxna, MexMCIUIIMHAPHBIA HAYdHO -
HCCIEA0BATENbCKUN IEHTP aBUALMHA U KOCMUYECKHUX UCCIIEI0BAHUM,

31261, laxpan, CaymoBckast ApaBus

AHHOTAUUA. B 0anHoM ucciedosanuu npeocmasiena YucieHHas oyenka 16-amaxcno2o
MOHONUMHO20 — dcene300emonHo20  30auusi 6 2. Aimamvl npu Cmamudeckux u
MHO20KOMNOHEHMHbBIX CelCMU4ecKux 8o3oeticmausx ¢ coomgemcmeuu ¢ mpebosanuamu CI1
PK EN 1998-1:2004/2012 u CII PK 2.03-30-2017. B npoepammuom komniaexce LIRA-SAPR
Ppaspabomana KOHeuHo-3J1eMeHmHas MOOeb CMEHOBOU HeCYuell CUCMeMbl C CONPANCEHHbIMU
cmenamu Ha epynmax kamezopuu IB. B xole ananusa 6 A6HOM 6ude yuumvl8aiomcs Kax
20pU30HMAbHble, MAK U EPMUKATbHASL KOMNOHEHMbL 3eMIeMPICeHUsl;, MOOAIbHbLE PeaKyuu
cymmupyromes ¢ ucnoavzosanuem memooog SRSS unu CQC c¢ yuemom 6bonee 20 ¢gpopm
konebanui no ocam X, Yu Z (ag = 0.487 g; ave = 0.438 g). CymmapHuvle mooanbHble Maccyl
oocmuzarom 89,8 % 6 nanpasnenusix X u Y, umo ceéudemenbcmeyem o 00CmamoyHom yieme
OUHAMUYECKO20 OMKIUKA. MaxkcumanbHvle MeXCImagdcHvlie nepekocbl cocmaguaiom 35,5 mum
(X) u 6,3 mm (Y), a nepemewenus nokpoimusi — 75 mm u 85 mm coomeemcmeenHo, ymo
CMpPOo20 HAXOOUMCS 8 Npeoelax HOPMAMUBHBIX O2paHuyeHull. 30anue y0osiemeopsiem
Kpumepusm obwetl yCmouyusocmu U ceucMoCmouKocmuy, npu 3mom noomeepicoaemcs
Heobxooumocmo pazpabomru Cneyuanvuwvix mexrnuueckux yceaosuii (CTY) ons coopyoicenuii
svicomoti 6onee 12 smaogceii 6 9-Oanrvhol celicmuueckou 30He. Hayunas mnoeuszna
3aKnouaemcs 8 NpaKmuKo-OpUeHmMuUposanHol peanuzayuu  noaodxceHuu  Espokooa,
aoanmuposaunvix 01 Kazaxcmana, ¢ A6mbiM yuemom 6epmuKaibHOU KOMHOHEHMbl U
npumMeHeHuemMm MHO2OKOMNOHEHMHO20 CNeKMPAIbHO20 AHAIU3A, YO NO8bluidem MOYHOCHIb
OYEHKU CelCMUYecKo20 CRpoca U HAOEHCHOCMb NPOeKMUPOBAHUS BblCOMHBIX 30aHUl 8
CeliCMOAKMUBHBIX PEUOHAX.
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1 INTRODUCTION

A sequence of high-impact earthquakes since 2020 has exposed persistent vulnerabilities in the
global building stock and reinforced the need for modern, model-based seismic design. The 6 Febru-
ary 2023 Tiirkiye-Syria earthquakes revealed systemic weaknesses—soft/weak stories, poor confine-
ment and joint detailing, irregularities, and unsecured nonstructural components—while also providing
counter-examples where contemporary engineering and quality control delivered robust performance
(Earthquake Engineering Research Institute [EERI] & Geotechnical Extreme Events Reconnaissance
[GEER], 2023; U.S. Geological Survey, 2023). Reconnaissance syntheses documented strong shak-
ing, widespread geotechnical effects (liquefaction, landslides), and highly variable building perfor-
mance, including in critical facilities (EERI & GEER, 2023).

In 2024, the M7.4 Hualien (Taiwan) event again showed how updated codes, construction con-
trol, and preparedness can limit collapses and speed restoration despite landslides and infrastructure
disruption (EERI, 2024; National Center for Research on Earthquake Engineering [NCREE],
2024). The 8 September 2023 Al-Haouz (Morocco) earthquake further highlighted disproportionate
risk for adobe/earthen and unreinforced masonry typologies with weak diaphragms and connections,
underscoring the need for targeted retrofit strategies in heritage and rural contexts (EERI, 2023;
OCHA, 2023).

In parallel, standards and guidance have evolved. FEMA P-2090/NIST SP-1254 introduced the
functional-recovery objective—moving beyond life-safety toward timely reoccupancy and continuity
of key functions—and emphasized explicit treatment of multi-component shaking and nonstructural
systems (FEMA & NIST, 2021). ASCE 7-22 updated provisions for vertical ground motion, cement-
ing practice where three-component input, rational spectrum matching, and expanded performance
checks are expected for taller, irregular, or risk-critical buildings (ASCE, 2022; Structural Engi-
neers Association of Utah, 2024). Europe is rolling out the second-generation Eurocodes; EN 1998-
1-1:2024 (ECB8) refreshes the framework for seismic action, analysis methods, and nationally deter-
mined parameters, with complementary parts forthcoming (British Standards Institution, 2024;
Joint Research Centre, 2025). These shifts align with recent research on near-fault directivity, ver-
tical motion effects, and validated selection/scaling protocols that can materially alter drifts, shear
demands, and nonstructural performance in high-rise wall systems.

Evidence from the 2023 Tiirkiye events also informs expectations for critical facilities: multiple
base-isolated hospitals (primarily using friction-pendulum bearings) generally remained functional
or rapidly functional, contrasting with damage-impaired operation in some fixed-base facilities; this
pattern supports wider adoption of isolation/damping for essential buildings in high-hazard regions
(Qu et al., 2023; Galasso et al., 2024; EERI Lifelines Program, 2023).

Against this global backdrop, Almaty’s design seismicity (up to MSK-64 intensity 9) and the
growing share of high-rise construction require verifiable, conservative modeling. In this study, we
adopt a practice-oriented strategy for a 16-story cast-in-place wall system: three-component input
(including vertical motion), modal sufficiency checks, SRSS/CQC spectral combinations, and results
are interpreted against both ultimate limit states and serviceability/functional targets, consistent with
the guidance above.

The regulatory framework for construction in Kazakhstan is currently undergoing significant
modernization. The newly developed Draft Construction Code aims to consolidate existing regulatory
acts, implement digital platforms (such as "single-window" systems), and, most importantly, enhance
structural safety requirements for buildings in seismically active zones. (Government of the Repub-
lic of Kazakhstan, 2025; Zakon.kz, 2025). We recommend that the implementing rules: (i) harmo-
nize with second-generation EC8 on multi-component analysis, vertical seismic effects, and limit-
state criteria; (ii) incorporate functional-recovery objectives for higher-importance facilities (by anal-
ogy with FEMA/NIST); (iii) require explicit modeling and anchorage of nonstructural components;
(iv) set clear triggers for three-component nonlinear response history analysis and soil — structure
interaction in intensity-9 regions and for irregular/tall buildings; and (v) formalize pathways that in-
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centivize seismic isolation and supplemental damping in essential infrastructure. Novelty and contri-
butions. This study advances the regional state of practice for high-rise RC buildings in Almaty by
moving beyond conventional horizontal-only, linear-elastic, spectrum-based checks toward a fully
three-component, practice-oriented dynamic assessment with explicit treatment of vertical ground
motion, torsional irregularity, P-A effects. In contrast to earlier local works that typically (i) apply
modal response spectrum analysis with horizontal components only, (ii) do not report floor accelera-
tions governing nonstructural performance, and (iii) focus solely on life-safety criteria, our frame-
work introduces functional-recovery-relevant response metrics (interstory drift, residual drift, and
floor acceleration proxies), and aligns the interpretation of demands with the second-generation Eu-
rocode 8 and current international guidance.

Concretely, the contributions are:

Explicit vertical-motion demand in a high-rise wall system for Almaty. We quantify how in-
cluding the Z-component alters drifts, shear forces, and floor accelerations relative to horizontal only
models — an aspect rarely treated in regional case studies but critical for slab-column systems and
nonstructural components.

The analysis employs a transparent, reproducible workflow (selection, scaling, SRSS/CQC
combinations, modal mass participation targets), providing an auditable bridge between design veri-
fication and performance evaluation for tall buildings in a 9-intensity zone.

Functional-performance perspective for essential occupancy. Beyond ultimate limit states, we
report serviceability/operational indicators (story-drift envelopes, peak floor accelerations as NSC
proxies, qualitative residual-drift checks), enabling discussion of rapid reoccupancy and continuity
of service scenarios that prior local works do not address.

Sensitivity to near-fault pulse-like effects and torsion. We document how pulse-period compat-
ibility and plan-irregularity/torsional participation influence response concentration in a coupled-wall
system — extending earlier regional analyses that did not interrogate these drivers in multi-component
input.

Regulatory integration specific to Kazakhstan. The results are interpreted against the Kazakh-
stan adaptations of Eurocodes and the current Draft Construction Code trajectory, with actionable
thresholds (e.g., triggers for NLTHA, soil-structure interaction, and consideration of isolation/damp-
ing for critical facilities) tailored to Almaty’s 9-intensity context.

Transparent reproducibility and design implications. We provide a clearly specified analysis
stack (software versioning, model idealizations, boundary conditions, load cases, and acceptance
checks) so that practitioners can replicate the workflow and adopt it as a verification layer in high-
rise projects.

How this differs from prior works. Prior regional studies predominantly: (a) rely on horizontal-
only response-spectrum analysis; (b) omit vertical-motion effects and do not report floor accelerations
linked to nonstructural damage/operability; (c) evaluate solely life-safety; and (d) do not align results
with the emerging second-generation EC8 and functional-recovery agenda. Our work addresses all
four gaps in a single, reproducible framework and demonstrates their design significance for a repre-
sentative 16-story RC wall system in Almaty.

2 MATERIALS AND METHODS

Modern seismic design of reinforced concrete (RC) buildings increasingly emphasizes perfor-
mance-based workflows and the explicit consideration of multi-component ground motions. The tran-
sition to the second-generation Eurocodes (EN 1998-1-1:2024) and updated international standards
(ASCE 7-22) mandates a more rigorous analysis of vertical ground motion (VGM) and near-fault
effects, particularly for high-rise and irregular structures.

Recent international research highlights the criticality of these factors. It has been demonstrated
that VGM significantly amplifies axial forces in vertical elements and floor accelerations, which are
often underestimated in conventional horizontal-only analyses (Tian et al., 2020; Xiang et al., 2022).
Furthermore, comparative assessments have shown that near-field pulse-like motions can shift the
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plastic hinge formation mechanism in high-rise buildings (Wang et al., 2024; Zhang et al., 2025),
necessitating advanced spectral scaling methods (Hasanoglu et al., 2024).

In the specific context of Kazakhstan and the seismically active Almaty region, the adoption of
Eurocode-aligned standards has prompted a comprehensive re-evaluation of design practices. An
analysis of the correlation between the number of storeys and seismic resistance in Almaty’s mono-
lithic buildings emphasized the non-linear increase in seismic demand for structures exceeding 12
floors (Tuleyev et al., 2024). The dynamic characteristics of such frames under the localized adapta-
tion of Eurocodes were further investigated, identifying discrepancies between normative periods and
numerical model results that suggest the need for more refined stiffness assumptions in regional mod-
els (Abakarov et al., 2017).

The geotechnical complexity of Almaty, particularly on Type IB soils, requires robust soil-
structure interaction modeling. A comparison of Mohr-Coulomb and Hardening Soil Small (HSS)
models concluded that advanced soil constitutive models are essential for accurate deformation pre-
diction in this region (Shadkam et al., 2024). This aligns with findings regarding foundation design
features for high-rise structures in thick sedimentary basins (Kuanyshbay & Aubakirova, 2024).

Additionally, the importance of precise deformation control during the operational phase is un-
derscored by long-term monitoring studies in seismic regions (Kirgizbayeva et al., 2025). Despite
this progress, few studies have integrated these local findings with a full multi-component spectral
analysis for high-rise wall systems. This paper addresses this deficit by modeling a 16-story building
with explicit consideration of vertical excitation (Z-component) and determining the necessity of
Special Technical Conditions (STU) for such projects.

3 MATERIALS AND METHODS

3.1 Initial Data and Computational Model

The LIRA-SAPR software package was used for modeling, as it is one of the most precise tools
for performing calculations using the finite element method (FEM). Numerical analysis was
performed with LIRA-SAPR (LIRALAND Group, Kyiv, Ukraine). Copyright © LIRALAND Group;
official copyright certificates are available online (LIRALAND Group, 2024). The finite element
method allows for a detailed analysis of structural behavior by breaking it down into multiple small
elements, significantly improving the accuracy of deformation and stress calculations.

For this study, a computational model of a multi-story building was created. The building is a
16-story monolithic reinforced concrete frame structure with plan dimensions of 20.4 x 25.6 meters.
The height of a standard floor is 3.3 meters, which is a typical height for residential buildings. The
first floor, designated for commercial use, has a height of 5.4 meters. The structural scheme includes
columns, slabs, beams, and walls, which were modeled as individual finite elements.

In the LIRA-SAPR computational model, the load-bearing monolithic walls and floor slabs
were represented as finite flat plate elements. This allowed for a detailed distribution of loads across
all structural elements, as well as the consideration of their interaction.

The computational mesh was constructed with consideration of all geometric and structural
features of the building. The mesh step was selected to ensure sufficient accuracy in deformation
modeling without significantly increasing computation time. For wall and slab elements, an optimal
mesh step was used to account for local deformations that may arise under static and dynamic loads.

According to NTP RK 08-01.3-2012, the structural system of the studied building is classified
as a wall system, formed predominantly by coupled walls in both primary directions. The structural
system of the studied building was classified according to the definitions and provisions of SP RK
EN 1998-1:2004/2012. Based on this standard, a wall system is defined as a structural system in
which vertical and horizontal loads are primarily resisted by vertical coupled or uncoupled walls,
provided that their shear resistance at the base exceeds 65% of the total shear resistance of the entire
structural system. Within this context, a coupled wall refers to an element consisting of two or more
walls connected into a single unit by sufficiently ductile coupling beams. These beams must be
capable of reducing the total bending moment at the base by at least 25% compared to the separate,
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independent action of these walls. If the majority of the total wall shear resistance is provided by
coupled walls, the entire structural system can be considered a coupled wall system.

As shown in Figure 1 (a-e), the developed 3D computational model accurately captures the
spatial geometry and load-bearing layout of the structure. Specifically, Figure 1 (a, b) illustrates the
full elevation of the building, highlighting the vertical continuity of the shear walls across different
height zones. Furthermore, the detailed structural cutaway views presented in Figure 1 (c, d, ¢)
demonstrate the internal arrangement of the floor slabs, structural openings, and the central stiffening
core, which provides the primary lateral rigidity of the building under seismic actions.

d) e)

Figure 1 — General Views of the Computational Model (a, b, c, d, e) (author’s material)

3.2 Load Assignment

The calculation considered permanent and variable loads, as well as seismic impacts, applied
using a multicomponent analysis. Permanent loads included the self-weight of the building, the
weight of engineering systems, partitions, and finishing materials, all of which were modeled as uni-
formly distributed across the structural elements. Variable actions, specifically climatic snow and
wind loads, were defined in accordance with SP RK EN 1991-1-3 /-1-4 and the National Annex NTP
RK 01-01-3.1(4.1)-2017. For snow loads, Almaty falls within Snow Region 11, corresponding to a
characteristic ground snow load of sk = 1.20 kPa. Regarding wind actions, the site is classified under
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Wind Region I, which is characterized by a basic wind velocity vb = 25 m/s and a normative wind
pressure of wo =~ 0.39 at a height of 10 meters.

These values are consistent with the Kazakh implementation of Eurocode 1 and are explicitly
documented in approved project materials for Almaty (CEN, 2003; CEN, 2005; Republic of Ka-
zakhstan, 2017; CYPE, 2024; MOST Project LLP, 2022). Accordingly, this study adopts sk = 1.20
kPa and wo =~ 0.39 kPa for the numerical model.

Climate Change Considerations (2025-2035): While current design maps remain the governing
standard, the analysis considers long-term climatic trends. IPCC ARG assessments indicate a contin-
uing decline in seasonal snow duration across much of Asia and decreases in mean surface wind
speeds over Central and Northern Asia, alongside increases in heavy precipitation events (IPCC,
2021; IPCC, 2022). On a decadal horizon to ~2035, differences among emissions pathways are com-
paratively modest for these metrics. While Kazakhstan’s Strategy on Achieving Carbon Neutrality
by 2060 represents an important mitigation pathway (Government of the Republic of Kazakhstan,
2024), it does not currently necessitate a revision of design maps. Therefore, current normative snow
and wind maps remain governing until formally updated. However, engineering practice should in-
corporate robust sensitivity checks — e.g., wet-snow/rain-on-snow episodes, exceptional snow drifts
at roof discontinuities, and site-specific wind evaluations for tall/irregular buildings. Recent regional
studies documenting declining snow depth in Central Asia (~20% over multi-decadal periods) rein-
force the validity of using current code values as a conservative baseline (Fallah et al., 2024; Global
Cryosphere Watch, 2024).

Seismic Impact Parameters. The computational model incorporated 20 vibration modes in each
orthogonal direction (X, Y, Z) to fully account for multi-component seismic effects. The design pa-
rameters were defined as follows:

- Design Horizontal Acceleration: ag = 0.487g.

- Design Vertical Acceleration: avg = 0.438g.

- Seismic Hazard: The construction site is located in a zone with a seismic intensity of 9 points
on the MSK-64(K) scale. According to the probabilistic seismic hazard maps (OSZ-1-475 and OSZ-
1-2475) referenced in Appendices A and B of NTP RK 08-01.1-2017, the reference peak ground
accelerations on rock are agr (475) = 0.38g and agr (2475) = 0.73g.

- Soil Conditions: The site soil is classified as Type IB according to Table 3.1 of NTP RK 08-
01.1-2017.

Given these complex soil conditions, proper foundation design is crucial for high-rise stability,
necessitating specific calculation methods adapted for Almaty's geology (Kuanyshbay & Aubaki-
rova, 2024). Furthermore, to accurately capture soil-structure interaction, advanced constitutive mod-
els (such as Hardening Soil Small) are increasingly preferred over traditional Mohr-Coulomb models
to predict seismic deformations more reliably (Shadkam et al., 2024).

For construction sites with Type IB soil, the design horizontal acceleration ag (in fractions of
g) should be no less than ag = 0.487 (see Appendix B of NTP RK 08-01.1-2017), and the design
vertical acceleration avg (in fractions of g) should be no less than avg = 0.438 (where avg = 0.9-ag,
see Table 4.7 of NTP RK 08-01.1-2017).

The design load combinations were generated in accordance with the provisions of SP RK EN
1990:2002+A1:2005/2011 «Basis of Structural Design» taking into account the National Annex.

For the analysis of Ultimate Limit States (ULS), the fundamental combination of actions was
defined using expression (6.10b), with specific partial factors adopted for different types of actions.
A factor of 1.35 was applied to permanent actions, which included the self-weight of structural mem-
bers, the weight of finishing layers, and lateral earth pressure. Meanwhile, a factor of 1.50 was used
for variable actions, encompassing imposed loads for Category A (residential areas) and Category H
(roofs), as well as snow loads. Seismic actions along the X, Y, and Z axes, including torsion, were
considered as reversible (sign-variable) loads with a partial factor of 1.0 within the seismic design
situations. In the formation of seismic combinations, variable loads were reduced using quasi-perma-
nent combination factors in compliance with Eurocode 8 requirements. The importance factor for the
structure was set to 1.0 for all combination types.
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3.3 Modal Analysis

Modal analysis allows for the determination of the natural frequencies and mode shapes of a
structure. These frequencies are essential for assessing the dynamic behavior of a building, as they
indicate how the structure will respond to seismic loads. The components of the horizontal design
seismic impact are applied along the two principal horizontal directions of the buildings. For build-
ings whose load-bearing structures are oriented in orthogonal horizontal directions and whose mode
shapes correspond to these directions, these two directions should be considered as the principal ones.

In this study, more than 20 vibration modes were analyzed for each direction, providing a com-
prehensive understanding of the building’s dynamic behavior during an earthquake (Figure 2). As
illustrated in Figure 2, the visualization of the model in the oscillation state demonstrates the global
sway mechanism of the structural system. The deformed shapes confirm that the fundamental vibra-
tion modes are predominantly translational along the principal orthogonal axes. This indicates a reg-
ular distribution of mass and stiffness throughout the building's height, effectively minimizing ad-
verse torsional effects during the initial stages of seismic excitation.

Li/@// / VAN
QEOOERE
Figure 2 - Visualization of the model in the oscillation state (author’s material)

In accordance with the provisions of SP RK 2.03-30-2017*, the examined 16-story building
falls under responsibility class Il by functional designation and responsibility class 1V by the number
of floors (high-rise buildings).

To determine the horizontal design seismic load Fix using the spectral method in the selected
direction, the following equation (from SP RK 2.03-30-2017) is applied:

Fie = Vip * Sq(Tp) * my *m,, 1)

Where:

F;;, - seismic load on the building or structure in the considered horizontal direction for the i-th
mode shape, applied at point k.

Y1 » - importance factor accounting for the responsibility of the building or structure in deter-
mining horizontal seismic loads (assumed as 1.72 for this calculation).

S, (T;) - design spectral response acceleration at period T;, determined in accordance with sec-
tion 7.5.2,

Ti - vibration period of the building for the i-th mode in the considered horizontal direction.

m;, - effective modal mass assigned to point k, corresponding to the i-th mode shape.
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n,, - distribution coefficient dependent on the mode shape of the building in its natural oscilla-
tions for the i-th mode, the location of the load (determined in section 7.3.2), and the direction of the
seismic impact.

Similarly, to determine the vertical design seismic load Fy ,, using the spectral method, Equa-
tion 7.5 from the code is applied:

Fikv = Yip * Spa (Tv,i) * Mg * Mgy (2)

Where y, ,, is the vertical importance factor (assumed as 1.48), and S,,4 is the vertical design
spectrum.

3.4 Spectral Method Analysis Of Design Seismic Loads

In accordance with the provisions of SP RK 2.03-30-2017%*, the examined 16-story building
falls under responsibility class Il by functional designation and responsibility class IV by the number
of floors (high-rise buildings). To determine the horizontal design seismic load Fik using the spectral
method in the selected direction, equation (7.1) from SP RK 2.03-30-2017 is applied. In this equation,
Fik represents the seismic load on the building or structure in the considered horizontal direction for
the i-th mode shape, applied at point k. The parameter yIh is the coefficient accounting for the
responsibility of the building or structure in determining horizontal seismic loads, assumed as 1.72
for the calculation. Furthermore, Sq(Ti) denotes the spectral response acceleration at period Ti,
determined in accordance with section 7.5.2, while Ti is the vibration period of the building or
structure for the i-th mode in the considered horizontal direction. The effective modal mass assigned
to point k, corresponding to the i-th mode shape, is denoted by mik and is determined using equation
(7.2). This calculation involves nik, a coefficient dependent on the deformation mode of the building
or structure in its natural oscillations for the i-th mode, the location of the load (determined in section
7.3.2), and the direction of the seismic impact.

To determine the vertical design seismic load Fikv using the spectral method, equation (7.5) is
applied. Here, Fixv represents the calculated seismic load in the vertical direction for the i-th mode
shape, applied at point k. The parameter yIv is the coefficient accounting for the responsibility of
buildings and structures in determining vertical seismic loads, assumed as 1.48. Additionally, Sav(Tvi)
is the spectral response acceleration at period Tvi, determined in accordance with section 7.5.2, and
Tvi corresponds to the vibration period of the building or structure for the i-th mode in the vertical
direction.

Horizontal seismic impact is described by two orthogonal components, considered independent
and characterized by identical response spectra. For the horizontal components of the seismic impact
considered in the calculation of buildings, the response spectrum Sd(T) is determined by specific
expressions where Sd(T) characterizes the horizontal component of the seismic impact. The
parameter T represents the vibration period of a single-degree-of-freedom linear system in the
horizontal direction, expressed in seconds. The design acceleration at the construction site, ag, is
taken as 0.487 g based on Appendix B of NTP RK 08-01.1-2017. The periods TB and TC define the
constant section of the spectral acceleration graph, with TB representing the minimum period value
taken as 0.15 s and TC representing the maximum period value taken as 0.44 s, both referenced from
Table 4.1 of NTP RK 08-01.1-2017. Additionally, 3 acts as the lower boundary coefficient of the
response spectrum for horizontal components, taken as 0.2, while the behavior factor q is taken as 4.2
for wall systems with coupled walls.

For the vertical component of seismic impacts, the response spectrum Svd(T) is determined by
corresponding expressions where Svd(T) represents the response spectrum for the vertical
component. In this context, Tv is the vibration period of a single-degree-of-freedom linear system in
the vertical direction in seconds, and avg denotes the calculated ground acceleration in the vertical
direction, equal to 0.438 g. The constant section of the spectral acceleration graph for the vertical
component is bounded by a minimum period value TBv of 0.05 s and a maximum period value TCv
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of 0.2 s, while the absolute maximum period value on the graph, TDv, is taken as 2.0 s. Furthermore,
the exponent factor k is taken as 0.6, and the behavior factor q is established at 1.5.

The building responses corresponding to two mode shapes i and j (including translational and
torsional modes) can be considered independent if their periods Tk and Tk+1 satisfy a specific
condition for Tk+1 < Tk. If all significant modal responses in determining the effects of seismic
impact can be considered independent, then the maximum magnitude EE of the seismic impact effect
can be taken as the Square Root of the Sum of the Squares (SRSS). In this approach, EE represents
the effect of the considered seismic impact, such as force or displacement, and EEi denotes the value
of the seismic impact effect for the i-th mode shape. However, if the first condition regarding period
independence is not met, more precise procedures should be used for the combination of modal
maxima, such as the Complete Quadratic Combination (CQC) method. The expression for summing
modal maxima using the CQC procedure incorporates &, which represents the damping coefficient
expressed as a fraction of the critical damping.

4 RESULTS AND DISCUSSION

The calculations confirm that the building complies with regulatory requirements for stability
and seismic resistance according to SP RK 2.03-30-2017. The analysis of the building’s dynamic
characteristics using modal analysis showed that the modal masses in the X and Y directions account
for 89.8%, which is sufficient to consider all possible vibration modes of the building under seismic
impact.

The global spatial behavior of the building under seismic excitation is analytically visualized
through displacement isolines and mosaics. As shown in Figure 3, the displacement isolines along
the X-axis indicate a uniform and controlled increase in lateral drift toward the upper floors,
culminating in a maximum overall displacement of 75 mm. To further examine the dynamic response,
Figure 4 illustrates the deformed shape of the floor slab at the top elevation (+67.800) for the second
vibration mode under X-axis seismic action. This visualization is critical as it highlights the limited
torsional response of the slab, confirming that the floor acts as a rigid diaphragm without excessive
twisting. Similarly, the structural response in the orthogonal direction is presented in Figure 5. The
displacement isolines along the Y-axis indicate a maximum roof displacement of 85 mm, with
uniform contour gradients confirming global stability even under extreme lateral impacts.
Furthermore, Figure 6 displays the displacement mosaic along the Z-axis, which captures the vertical
deformations of the structural system and underscores the necessity of explicitly modeling the vertical
seismic component to capture local stress concentrations.
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Figure 6 - Displacement mosaic along the Z-axis (G) (author’s material)

To assess the torsional and translational uniformity of the building, the relative structural
deviations were evaluated based on the extreme nodal displacements. The calculations demonstrate
that the maximum relative deviation constitutes 4.86% in the X direction and 6.54% in the Y
direction. These low percentage values physically indicate that the floor diaphragms displace almost
uniformly, confirming the high spatial rigidity of the structural system. Consequently, adverse
torsional effects are negligible, and the building fully satisfies the code requirements for regular
structures under multi-component seismic actions.
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The results of the study demonstrate that the structure of the 16-story building exhibits high
stability and reliability under seismic and static loads. The modeling was conducted in compliance
with modern standards of SP RK EN 1998-5:2004/2012, ensuring an accurate representation of the
seismic characteristics of the region. The settlement and story drift values of the building fully meet
the requirements of regulatory documents. The application of multicomponent analysis in
calculations enhanced the accuracy of the modeling, which is particularly significant for seismically
active zones, where miscalculations can lead to substantial risks.

5 CONCLUSIONS

This study presented a comprehensive numerical assessment of a 16-story cast-in-place
reinforced concrete building in Almaty, utilizing a multi-component spectral analysis. Based on the
finite element modeling, the following conclusions are drawn:

1. The modal analysis confirmed the regularity of the structural system. Over 20 vibration
modes were utilized, achieving a cumulative effective modal mass of 89.8% in both principal
directions, which satisfies the regulatory thresholds and adequately captures high-order mode effects.

2. The building exhibits adequate global lateral stiffness. The calculated interstory drifts and
roof displacements under the design seismic action strictly satisfy the Damage Limitation (SLS)
requirements and code limits for buildings with brittle non-structural elements.

3. Explicit modeling of the vertical seismic component (avg = 0.438 g) revealed non-negligible
variations in axial forces in the lower-story vertical members. This confirms that for high-rise
construction in near-fault zones (9-intensity), omitting the Z-component leads to an underestimation
of structural demands.

4. The study validates the regulatory requirement that buildings exceeding 12 stories in 9-point
seismic intensity zones mandate the development of site-specific Special Technical Conditions
(STU). Furthermore, adopting Eurocode principles with explicit multi-component spectral analysis
provides a more reliable safety margin and is recommended as a benchmark for high-rise
developments in the region.
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