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Abstract. Kazakhstan has implemented the transition to new building design standards SR
RK EN, identical to the Eurocodes, with National Appendices. At the moment, in Kazakhstan, in the
field of seismic design, two regulatory documents coexist in parallel. These are SP RK 2.03-30-
2017* "Construction in seismic zones" and SP RK EN 1998-1:2004/2012 "Design of earthquake-
resistant structures. Part 1. General rules, seismic effects and rules for buildings" and scientific and
technical manuals for them. According to 1.4(5) SP RK EN 1990:2002+A1:2005/2011 (the main
fundamental document of the Eurocodes), alternative design rules that differ from the EN 1990
rules, may be used if the alternative rules are consistent with the fundamental principles and ensure
structural safety, serviceability and durability at least equivalent to those provided for in the
Eurocodes. This paper compares the results of calculations of moment reinforced concrete frames
of frame buildings obtained according to the design standards SP RK 2.03-30-2017* and SP RK EN
1998-1 to verify the compliance of SP RK 2.03-30-2017* with clause 1.4(5) of SP RK EN 1990. The
objective of this study is to compare the results of three-dimensional structural analyses performed
in accordance with the provisions of SP RK 2.03-30-2017* with the requirements of Clause 1.4(5)
of SP RK EN 1990, based on a comparative assessment of the calculation results for reinforced
concrete moment-resisting frame buildings designed according to the current and the new
regulatory frameworks. The calculation methodology is based on the numerical modeling of a
three-dimensional reinforced concrete frame structure, followed by a comparative analysis of
stiffness characteristics, displacements, internal forces, and design parameters of structural
elements obtained in accordance with SP RK 2.03-30-2017* and SP RK EN 1998-1. The scientific
novelty of the study lies in the comprehensive evaluation of the equivalence of the current and the
newly adopted seismic design codes as applied to reinforced concrete frame buildings. The findings
contribute to the assessment of the consistency between the existing national seismic design
provisions and the Eurocode-based regulatory framework and provide a basis for the further
improvement and harmonization of seismic design standards in the Republic of Kazakhstan.

Keywords: alternative design rules, structural safety, frame building, reliability, durability,
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KYPBLLIBIC HOPMAJIAPBIHA KP EJK EN 1998-1:2004/2012
"KOHE KP EXK 2.03-30-2017* COMKEC TEMIPEETOH
"KAKTAYJAPBI BAP KAHKAJIbI FUMAPATTAP/BIH
ECENTEY HOTUKEJEPIH CAJBICTBIPY

E.M. Ilok6apos! ® | E.B. Komees! © | V. T. Beranues?® , M. Bpecaep® ®

'Ka3ak KyphlIbIC KoHE COYIET FHUILIMU-3ePTTeY KOHE 5K00aay HHCTUTYTHI,
050046, Anmatsl, Kazakcran

2}Kep CUIKIHICIHE KapChl MHXKEHEPIIIK MaMaHIap/IbIH XaIbIKapaJIbIK KaybIM1aCThIFbI
720009, bunikek, Keipreiz PecriyOnukacer

SMAURER SPS GmbH, 80807 Mronxen, I'epmanus

Annparna. Kasaxcmanoa eypoxkoomapea ykcac, ¥ammolx Kocvimwanapsl 6ap KP E)XX EN
JHCAHA KYPLLILICAPObL HCOOANAY CMAHOAPMMAPbIHA KOWLY Jicy3eze aculpbliovl. Kaszipel yakvimma
Kaszaxcmanoa ceticmukanvly ocodanay canacelHoa eki HOpMAmuemix KYocam Kamap HCYMbuiC
icmenoi. byn KP EJK 2.03-30-2017%* «Ceiicmuxanvix aimaxmaevl Kypwlivicy scone KP EJK EN
1998-1:2004/2012 «)Kep cinkinicine mesimoi KypwlibimMoapowvl dcobanay. 1-oenim. XKannvl
epedxcenep, CEUCMUKANBIK dPEKEeMMeED HCIHE SUMAPAMmMaped ApHANRAH epexceiepy HCoHe Oaapad
FTK (ebiivimu dicone mexHukauwlk oKy Kyparoaput) onapea. KP E)XX EN 1990:2002+A41:2005/2011
(Eeépoxoomapoviy  nezcizei kyocamot) 1.4(5) mapmasvina cavikec EN 1990 epeoicenepinen
epexuteflenemin arbmepHamuemi JHcooanay epesiceiepi, ezep albMepHAmuemi epedgicenep Hezizel
Ka2uoammapaa Caukec Keice HCoHe KYPbLIbIMObIK KAYINCI30IKmi, HCYMbICKa KAOLLemminikmi sHcone
€ypoKoomapoa  KapacmulpblieaHoapaa 0Oanamanibl Y3aK Mep3iMOLIKmi  KaMmamacels —emce,
Konoauvinyvl mMymkin. byn ocymvicma KP EJXK 2.03-30-2017% 1990 KP EXK EN 1990 1.4(5)
mapmazvina cavikecmizin mexcepy yuwin KP EJXK 2.03-30-2017%* sicone KP EXK EN 1998-1 sicobanay
cmaunoapmmapuvl OOUbIHWIA ANILIHEAH KAHKALGIK UMApammapobly MOMeHmMMmIK memipbemonovl
KaHKaiapeld ecenmey Hamudicenepi caniblCmulpbliadsl. 3epmmeyoiy Makcamovl KOIOAHbICMASbL
JiCoOHe  Jicama  Hopmamuemix  Oaszanap  OoublHWIA  HcobanaHeaH — memipbemon  KaHKAbl
uMapammapobly MOMEHMMIK pAMAIApblH KeHiCMIKMIK ecenmey Hamudxicenepit caniblCmblpMdibl
manoay Hezizinoe KP E)X 2.03-30-2017%* epeowcenepiniy KP EXK EN 1990 cmanoapmuinviy 1.4(5)-
mapmagel Maianmapsina catkecmicin oazanay. Ecenmey adicmemeci kenicmixmix memipbemon
KaHKanvl canovl modenvoeyee Hezizoenzet. 3epmmey dapuvicvinoa KP EJK 2.03-30-2017* socone KP
E)K EN 1998-1 mananmapuvlna cauxec anvlHeAH KAHKAHLIY KAMMbLILIK CUNAIMMAMALApbl, OPbIH
ayblCmulpynapel, WKi Kywmepi JiCoHe KOHCMPYKYUS 3JleMEeHmmMepPIHiY ecenmik napamempiepi
e3apa canvlcmuipbliovl. JKymvicmuly — 8bLIIMU  JCAHANBISHI 311341484  MYPAKMbL  KYPbLIbIC
CanacviHOazbl KONOAHBICHASbL HCIHE IHCAHA HOPMAMUBMIK KYHCAMMAPObIH, MeMipOemoH KaHKaibl
UMapammapea Kamvlcmvl OANAMALbLIbIEbIH KewleHOl bazanayoa xcamoelp. 3epmmey Hamudicenepi
YAMMbIK JCIHE eYPOKOOMbIK HcoDANAY MACIIOepiiy calikecmik OeHeeliiH aHblKmayed, COHOAal-axK
Kaszaxcman Pecnybauxaceitbly celicMUKALbIK H#CoOaiay HeoHiHOe2i Hopmamuemix 06azacvbii 00aH
api siceminoipyee evlibiMU He2i3 KaiblnmAacmulpyed MYMKIHOIK bepeoi.

Tyiiin ce3nep: arvmepuamusmi dxcodanay epesicenepi, KYpoliblMObIK KAYINCI30iK, pamManibly

KYPbLIbIC, CEHIMOLNIK, Y3aK Mep3imoinix, Eypoxoomap.

* ABTOP-KOPPECIIOHICHT
Yeraly Shokbarov, e-mail: eshokbarov@razniisa.kz

47
https://doi.org/10.51488/1680-080X/2026.2-03


https://doi.org/10.51488/1680-080X/2026.2-03
mailto:%20eshokbarov@razniisa.kz
https://orcid.org/0000-0003-1188-430X
https://orcid.org/0009-0008-7780-8223
https://orcid.org/0000-0002-5596-5737
https://orcid.org/0009-0001-3109-683X

Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Ne2 (100), 2026. Architecture & Construction

YK 691.421:662.613.13
MPHTMU 67.09.29
HAVYYHAA CTATBHA

CPABHUTEJIBHBIE PACUETHI KAPKACHBIX 3JAHUM C
AKEJE3OBETOHHBIMHU PAMAMMU 110 HOPMAM
CII PK EN 1998-1:2004/2012 U CII PK 2.03-30-2017*

E.M. lllok6apos! ® | E.B. Komees' ® , V.T. Beranmues?® , M. Bpecaep® ®

!Kazaxckuii HayuHO-HCCIIEI0BATENBCKUIT M IPOEKTHBIM HHCTUTYT CTPOUTENILCTBA M APXUTEKTYPHI,
050046, Anmartsr, Kazaxcran

’MesxTyHapoHas ACCOIMAIIHS KCIIEPTOB 10 CEHCMOCTONKOMY CTPOUTENBCTBY,

720009, bumikek, Keiproizckast Pecriyomnrika

SMAURER SPS GmbH, 80807 Miouxen, I'epmanus

AuHotamus. B Kazaxcmane ocywecmenen nepexoo Ha HOGble CMPOUMETbHbIE HOPMbl
npoexmuposanus CII PK EN, udenmuunvix Espokodam, ¢ Hayuonanonoimu npunodicenuimu. Ha
Ooannviii momenm 6 Kazaxcmane 6 obnacmu celicmMuuecko2co NpoOeKMUPOBAHUs NAPATLIETbHO
cocywgecmeyrom 0sa Hopmamuenvix ooxymenma. Omo CII PK 2.03-30-2017* « Cmpoumenvcmeo 6
cevicmuyeckux 3onaxy u CII PK EN 1998-1:2004/2012 «llpoexmuposanue ceucmocmouxkux
xoncmpykyuil. Yacme 1. Obwue npasuna, celicmuieckue 8030€liCmeus U npasuaa Oas 30aHuily u
HTII  (nayuno-mexuuueckue  nocobus) k  num. Coenacno 1.4(5) CII PK EN
1990:2002+A1:2005/201 1 (ocnosromy OCHOBONONA2AIOWEMY OOKYMEHmMYy Eepoxooos)
anrbmepHamuetble NPAsula npoekmuposanus, omaudarowuecs om npasunr EN 1990, oonyckaemcs
NPUMEHSAMb, eClu  AIbMEPHAMUGHbIe NPAGUIA COOMBEMCMBYION OCHOGHbLIM NPUHYUNAM U
obecneuusarom — KOHCMPYKMUGHYIO — Oe30NACHOCMb,  IKCHIYAMAYUOHHYIO — NPUSOOHOCbL U
00/1208€4HOCMb, KAK MUHUMYM, PABHO3HAYHble, NpedycmompeHuvim 6 Eepoxooax. B oanmoi
pabome CpagHUBAIOMCSL Pe3VIbMAmMbl PACHEMO8 MOMEHMHBIX JCele300eMOHHbIX PAM KAPKACHBIX
30anuil, noayueHHviM no Hopmam npoexkmuposanus CI1 PK 2.03-30-2017* u CII PK EN 1998-1 ons
npoeepxu coomgemcmeuss CI1 PK 2.03-30-2017* nynxmy. 1.4(5) CII PK EN 1990. []ervio
uccnedosanus SIGIAEMCsl CpagHeHUe NPOCMPAHCIBEHHBIX PACYemo8 co2aacHo ¢ nonodicerusmu CIT
PK 2.03-30-2017%* mpebosanuam nynkma 1.4(5) CII PK EN 1990 na ocnoge cpagnumenbnoeo
AHAIU3a  pe3yIbMAmos pacuema MOMEHMHbIX —JiCele300eMOHHbIX PaAM  KAPKACHbIX  30anultl,
BbINOJIHEHHBIX RO 0EUCMBYIOUUMU U HOBOU HOpMamusHoU 6azvl. Memoouka pacyema 0CHO8aHA HA
YUCTEHHOM MOOETUPOBAHUYU NPOCMPAHCMBEEHHO20 JHCENe300eMOHHO20 KAPKACA C NOCAe0YIOUUM
conocmasnenuem  JCeCmMKOCMHbIX  XAPAKMEPUCIUK, —NepeMewjeHull, 6HYMPeHHUX YCUIul U
PACHemHbIX Napamempos 3iemeHmos, nonayientvix coenacho CII PK 2.03-30-2017* u CII PK EN
1998-1. Hayunasa HoeusHa pabombl 3aKiOUAEmMcs 6 KOMHIEKCHOU OYeHKe 3KGUBANEHMHOCMU
0elicmeylowux U HOBbIX HOPM NO  CEUCMOCHMOUKOMY CMPOUMensCcmey NpUMEeHUmenbho K
JHcene300emoHHbIM KapKACHBIM 30aHUSIM.

KioueBble CJI0Ba.  aibmepHAmMueHvle NpAsUla  NPOeKmMuposanus, KOHCMPYKMUGHAS.
be3onacHocms, KapKachHoe 30anue, HA0eHCHOCHb, 001208e4HOCHb, E8poKoOb.
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1 INTRODUCTION

According to the Concept for the reform of the regulatory framework in the construction
sector of the Republic of Kazakhstan, approved by the Decree of the Government of the Republic of
Kazakhstan dated December 31, 2013 No. 1509, from 2015 to 2020, a period of "coexistence" of
the current and new regulatory frameworks is envisaged. Thus, starting from July 1, 2015, the codes
of SP RK EN, identical to the Eurocodes, were put into effect for parallel application with the
current standards for the calculation and design of structures of buildings and structures.

The improvement of the regulatory framework of the construction industry in Kazakhstan
provided for moving away from the prescriptive method of building rationing to the progressive
parametric method. The parametric method of rationing, in contrast to the strict prescriptive one on
which the Soviet SNiPs are based, provides freedom in choosing design solutions, building
materials and technologies, without limiting designers and builders. The introduction of the
Eurocode system and the updating of the regulatory framework of the construction industry in
Kazakhstan has certainly allowed for more active and widespread use of innovative technologies
and materials in design and construction. In conditions of increased seismic activity in some regions
of Kazakhstan, ensuring seismic safety and stability of buildings and structures is one of the key
tasks for designers and builders. Monolithic design and construction of frame buildings with
reinforced concrete diaphragms are widely used in the construction market of Kazakhstan. As part
of the reform of the regulatory framework of the construction industry of the Republic of
Kazakhstan, it was assumed to switch to the European standards of SP RK EN 1990-1999 identical
to the Eurocodes. In 2017, based on the developed sets of maps, new standards for earthquake-
resistant construction and design of SPs of the Republic of Kazakhstan were developed. 2.03-30-
2017* "Construction in seismic zones", interacting with the existing standards of the SNIP at that
time. This document significantly facilitated the transition to Eurocode standards, as it contained
many additional parameters from them [1]. Codes of rules of SP RK EN 1998-1 and SP RK 2.03-
30-2017* They have fundamentally different scientific and methodological foundations. Design of
buildings and structures in accordance with the provisions of the SP of the Republic of Kazakhstan
2.03-30-2017* It is carried out in compliance with the condition of equal strength of all elements of
the structural system involved in the perception of seismic loads. When designing buildings and
structures in accordance with the provisions of the SP RK EN 1998-1 and its normative and
technical manuals, the rules of the method of additive design are followed, which provides for the
planning of damage zones of structural systems during seismic impacts [2]. After the complete
transition to the SP RK EN identical to the Eurocodes of the fundamental documents on loads, load
impact combinatorics, calculations of reinforced concrete structural elements, it became necessary
to verify the relevance of the SP RK 2.03-30-2017* . In addition, in the SP RK 2.03-30-2017*
There are still many references in the text to the coefficients of the already canceled snips, which
were missing from the Eurocodes [3].

In this regard, it is an urgent task to carry out comparative calculations of frame buildings
with reinforced concrete frames according to the standards of the SP RK EN 1998-1:2004/2012 and
the SP RK 2.03-30-2017* . Such an analysis makes it possible to identify the relevance in the
calculated parameters, to assess the degree of regulatory approaches of the SP RK 2.03-30-2017*
and determine the scope of its application.

2 MATERIALS AND METHODS

In this work, the method of comparative-system analysis is used according to the old current
design standards of the SP of the Republic of Kazakhstan. 2.03-30-2017* and the new regulatory
framework of the SP RK EN 1998-1 for calculations of momentary reinforced concrete frames of
frame buildings. As the empirical basis of the study, the calculation is based on the finite element
method using the main unknown displacements and rotations of the nodes of the calculation scheme
carried out by KazNIISA JSC specialists before the introduction of the new regulatory framework.

49
https://doi.org/10.51488/1680-080X/2026.2-03


https://doi.org/10.51488/1680-080X/2026.2-03

Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Ne2 (100), 2026. Architecture & Construction

The research methodology also includes the use of modern spectral calculation methods and
probabilistic approaches to seismic hazard assessment, taking into account the requirements of the
new regulatory framework identical to the Eurocodes. The research materials were the current
regulatory documents of the SP of the Republic of Kazakhstan 2.03-30-2017* and SP RK EN 1998-
1:2004/2012 and NTP (scientific and technical manuals) [5].

The comparative analysis was performed according to the following key criteria and
parameters:
values of calculated seismic loads and shapes of response spectra;
behavior coefficients and reliability coefficients;
requirements for plasticity and structural classes;
maximum displacement and deformation restrictions;
efforts in the elements;
requirements for reinforcement and structural elements of nodes;
rules for accounting for nonlinear effects and redistribution of efforts;
approaches to load combinations and combination coefficients.
The results of comparative calculations are aimed at quantifying and qualitatively assessing
the differences between regulatory approaches, identifying critical discrepancies, as well as
improving and updating existing regulatory documents with the requirements of the new regulatory
framework for earthquake-resistant construction.

AN N N N NN

3 RESULTS AND DISCUSSION

General information.

The structural scheme of the facility is a framed reinforced concrete frame with hard disks of
floors and coatings in the form of a reinforced concrete monolithic slab.

The dimensions of the building in the plan are 24.0 x 12 m. The building has 5 floors with a
height of 3.0 m each.

The pitch of the structure between the axes in the longitudinal and transverse directions is 6.0
m.

The rigidity of the frame in the transverse direction is ensured by the rigid pinching of the
main columns of the frame in the foundation.

The spatial immutability of the frame elements is ensured by a system of longitudinal and
transverse metal beams and monolithic reinforced concrete slabs 200 mm thick made of concrete of
class C20/25.

Reinforced concrete columns 450x450 mm in size.

Reinforced concrete beams measuring 400x600(h) mm. Floor slabs and coatings with a
thickness of 200 mm.

Calculation scheme.

General characteristics of the calculation scheme.

The calculation was performed in a spatial setting with elastic stiffness characteristics of
materials for the action of basic and special combinations of loads.

The calculation scheme was created and all calculations were performed using the LIRA-
CAD 2022 R2 software package.2.

The calculation is based on the finite element method using the main unknown displacements
and rotations of the nodes of the calculation scheme.

In this regard, the idealization of the design is made in a form adapted to the use of this
method, namely: the system is represented as a set of standard-type bodies (rods, plates, shells,
etc.), called end elements and attached to the nodes of the design scheme.

The calculation scheme includes structures whose operation is essential and decisive for this
system; all other structures that have little effect on the scheme of the system and its operation are
excluded from the calculation scheme.
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For a more correct inclusion of metal beams in the work when transmitting the calculated
effects of impacts from loads, the bending stiffness of reinforced concrete slabs has been reduced
without changing the shear stiffness.

The angular end elements of the floor slabs are also calculated to exclude the transfer of
residual bending moments from them for a more correct influence of the frame beams on the

columns [6] (Figure 1).
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Figure 1 - Design scheme of the building. [Authors’ material]

In this way, the direct transmission of bending moments from the floor slabs to the frame
columns is minimized. When creating the finite element model, the finite element "Type 10 -
universal spatial core CE", "Type 44 - universal quadrangular CE" was used.

The bearing capacity of the cross-sections in terms of the strength of reinforced concrete
elements was determined in accordance with SP RK EN 1992-1-1:2004/2011.

The calculated load combinations are the same as when calculating the metal frame.

The design combinations of loads (RSN) are performed in accordance with SP RK EN
1990:1002+A1:2005/2011 and NP to SP RK EN 1990:2002+A1:2005/2011.The calculated
combinations of loads (RSN) were performed according to Table "B" using the formulas (6.10a)
and (6.10b) as amended by the NP dated 12/30/2021. Additional coefficients 1.3 for column
moments were applied only for calculations according to SP RK EN 1998-1 [7].

The results of comparing the calculated data obtained

Mosaics of the results of checking the percentage of reinforcement of the assigned column
cross-sections according to the ULS (load-bearing capacity) of the building, calculated according to
the standards of the SP of the Republic of Kazakhstan 2.03-30-2017* shown in Figure 2.

Mosaics of the results of checking the percentage of reinforcement reinforcement of the
assigned column sections according to the ULS (load-bearing capacity) of the building, calculated
according to the standards of the SP RK EN 1998-1 are shown in the figure 3 [8].
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Figure 2 - Mosaics of the results of checking the percentage of reinforcement of column reinforcement according to the
SP of the Republic of Kazakhstan 2.03-30-2017*. [Authors’ material |
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Figure 3 - Mosaics of the results of checking the percentage of reinforcement of column reinforcement according to SP
RK EN 1998-1. [ Authors’ material]
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As can be seen from the comparative results, the difference in the percentage of column
reinforcement is also quite large [9]. Even if we take only the most loaded columns of the 1st and
2nd floors, the difference reaches its maximum on the 2nd floor and amounts to 18.728% for the
outermost columns and 14.839% for the inner columns, shown in Table 1.

Table 1 - Comparative results of column reinforcement percentage. [Authors’ material]

No Floor Naming of axes The result of the SP RK EN  The result of the SP of the Difference in

number 1998-1, in % Republic of Kazakhstan results
2.03-30-2017* , in %.
1 1 «1, b» 2.36 %. 2 %. 15.254 %.
2 2 «1, b» 2.83 %. 2.3 %. 18.728 %.
3 3 «1, b» 2.31 %. 1.86 %. 19.481 %.
4 4 «1, b» 1.68 %. 1.31 %. 22.024 %.
5 5 «1, b» 1.1 %. 0.846 %. 23.091 %.
6 1 «3, b» 2.43 %, 2.37 %. 2.469 %.
7 2 «3, b» 3.1 %. 2.64 %. 14.839 %.
8 3 «3, b» 2.42 %, 1.98 %. 18.182 %.
9 4 «3, b» 1.56 %. 1.25 %. 19.872 %.
10 5 «3, b» 0.776 %. 0.575 %. 25.902 %.

The biggest difference is obtained on the columns of the upper floors [10]. For the extreme
columns of the 4th floor it is 22.024%, for the middle column it is 19.872%. And for the extreme
columns of the 5th floor it is 23.091%, for the middle column it is 25.902%.

The results of checking the complete reinforcement of columns AS1, AS2, AS3, AS4 of
column sections according to the ULS (load-bearing capacity) of the building, calculated according
to the standards of the SP of the Republic of Kazakhstan 2.03-30-2017* shown in Figure 4. Mosaics
of the results of checking the complete reinforcement of columns AS1, AS2, AS3, AS4 of column
sections according to the ULS (load-bearing capacity) of the building calculated according to the
standards of the SP RK EN 1998-1 are shown in Figure 5.
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Figure 4 - Mosaics of the results of checking the reinforcement of columns AS1, AS2, AS3, AS4, according to the SP
of the Republic of Kazakhstan 2.03-30-2017*. [ Authors’ material]
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Figure 5 - Mosaics of the results of the inspection of columns AS1, AS2, AS3, AS4, according to SP RK EN 1998-1.
[Authors’ material]

Comparative results show that the difference in the percentage of column reinforcement is
also quite large.

If we take only the most loaded columns of the 1st and 2nd floors, then the difference reaches
a maximum on the 2nd floor for the outermost columns is 18.706%, for the inner columns 14.833%.
There is a big difference on the columns of the upper floors.

For the extreme column of the 4th floor, it is 22.287%, for the middle column it is 19.683%.

The results are shown in Table 2.

For the extreme column of the 5th floor, it is 22.973%, for the middle column 24.841%. The
difference data in Table 2 is almost identical to Table 1.

Table 2 - Comparative results of reinforcement AS1, AS2, AS3, AS4 column reinforcement. [Authors’ material]

Ne Floor Naming of The result of the SP The result of the SP of the Republic of Difference in

number axes RK EN 1998-1, in % Kazakhstan 2.03-30-2017* , in %. results
1 1 «1, b» 47.8 40.6 15.063 %.
2 2 «1, b» 57.2 46.5 18.706 %.
3 3 «1, b» 46.7 37.7 19.272 %.
4 4 «1, b» 34.1 26.5 22.287 %.
5 5 «1, b» 22.2 17.1 22.973 %.
6 1 «3, b» 49.3 47.9 2.84 %.
7 2 «3, b» 62.7 53.4 14.833 %.
8 3 «3, b» 48.9 40.2 17.791 %.
9 4 «3, b» 315 25.3 19.683 %.
10 5 «3, b» 15.7 11.8 24.841 %.

When taking the column size of 400x400 mm, it can be seen that we are slightly exceeding
the permissible percentage of column reinforcement, equal to 4%.
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Figure 6 - Mosaics of the results of checking the percentage of reinforcement of column reinforcement according to the
SP of the Republic of Kazakhstan 2.03-30-2017*. [Authors’ material]
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Figure 7 - Mosaics of the results of checking the percentage of reinforcement of column reinforcement according to SP
RK EN 1998-1. [Authors’ material]
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However, Figures 6, 7 and Table 3 show the comparative results of these calculations [11].

Comparative results show a fairly large difference in the percentage of column reinforcement.
Even if we take only the most loaded columns of the 1st and 2nd floors, the difference reaches its
maximum on the 2nd floor, for the outermost columns it is 17.422%, for the inner columns
21.253%, are shown in Table 3.

The difference is greatest in the columns of the upper floors. For the extreme column of the
4th floor, it is 21.429%, for the middle column 18.056%. The extreme columns of the 5th floor are
23.649%, for the middle column 22.051% [12].

When comparing the results in Tables 1, 2 and 3, although there is a slight variation in the
calculated parameters, there is a general trend in the differences in calculations according to SP RK
EN 1998-1 and SP RK 2.03-30-2017* saved.

Table 3 - Comparative results of column reinforcement percentage according to SP RK EN 1998-1. [Authors’ material ]

Floor Naming of The result of the SP The result of the SP of the Republic of Difference in

" number axes RK EN 1998-1, in % Kazakhstan 2.03-30-2017* , in %. results
1 1 «1, b» 3.63 %. 3.02 %. 16.804 %.
2 2 «1, b» 4.19 %. 3.46 %. 17.422 %.
3 3 «1, b» 3.34 %. 2.7 %. 19.162 %.
4 4 «l, b» 2.38 %. 1.87 %. 21.429 %.
5 5 «1, b» 1.48 %. 1.13 %. 23.649 %.
6 1 «3, b» 4.22 %. 3.79 %. 10.19 %.
7 2 «3, b» 4.47 %. 3.52 %. 21.253 %.
8 3 «3, b» 3.24 %. 2.81 %. 13.272 %.
9 4 «3, b» 2.16 %. 1.77 %. 18.056 %.
10 5 «3, b» 0.975 %. 0.76 %. 22.051 %.

Analysis of comparative calculations of reinforced concrete frame

When calculating the SP of the Republic of Kazakhstan 2.03-30-2017* the conditions of
equal strength of all elements of the structural system involved in the perception of seismic loads
were observed. This technique was inherited from previous SNiP documents as in the assignment of
external loads to the structure (effects of impacts) This is also the case when calculating the cross-
sections of the elements of this structure [13].

When designing buildings and structures in accordance with the provisions of the SP RK EN
1998-1 and its normative and technical manuals, the rules of the method of additive design are
followed, which provides for the planning of damage zones of structural systems during seismic
impacts.

Several methods are used to create plastic joints in beams (the strong column-weak beam
concept) in the SP RK EN 1998-1 and regulatory and technical manuals.

1. Application of formula (4.29) according to SP RK EN 1998-1 or formula (7.3) according to
NTP RK 08-01.2-2021 (XMRc > 1.3 EMRb). When applying these formulas, the sum of the
calculated values of the moments of resistance of columns in the zones of nodal joints should
exceed the sum of the calculated values of the moments of resistance of beams in the zones of nodal
joints by 1.3 times [14].

This increases the rigidity of the columns in the areas of nodal joints and makes it possible to
form plastic joints in the joints of the beams with the columns, i.e. in the beams, not in the columns.

2. The use of various additional structural reinforcement methods for columns and beams for
the favorable formation of plastic joints.

From the obtained comparative calculations of column cross-sections according to ULS (load-
bearing capacity), calculated according to the standards of SP RK EN 1998-1 and SP RK 2.03-30-
2017* (Tables 1 and 2) it can be seen that the difference in the results in terms of the percentage of
reinforcement and full reinforcement in ULS (1PS) sections for columns of the 1st and 2nd floors is
from 2.469% to 18.728%.
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Results for the SP of the Republic of Kazakhstan 2.03-30-2017* lower than according to SP
RK EN 1998-1, which means that when calculating for SP RK 2.03-30-2017* less reinforcement of
columns can be obtained than according to SP RK EN 1998-1 and its regulatory and technical
manuals [15].

This difference in the calculation results indicates that the reliability of the accepted cross-
sections calculated according to the SP RK 2.03-30-2017* lower than those calculated according to
the SP RK EN 1998-1 and its regulatory and technical manuals.

The revealed differences indicate the need to verify the compliance of the considered
approaches with the requirements of paragraph 1.4(5) of the SP RK EN 1990:2002+A1:2005/2011,
which stipulates that alternative design rules should ensure a level of safety, serviceability and
durability not lower than that established in accordance with the requirements of the SP RK EN,
identical to the Eurocodes [16, 17].

The difference in the results when calculating columns with a smaller cross-section (Table 3)
also has a similar trend (from 10.19% to 21.253%).

This is the difference in the calculations of column cross-sections according to ULS,
calculated according to the standards of SP RK EN 1998-1 and SP RK 2.03-30-2017* due to the
fact that in the SP of the Republic of Kazakhstan 2.03-30-2017* there is no increase in column
moments by 1.3 times in relation to beams, as in SP RK EN 1998-1 and regulatory specifications

There are no allowances for it, and there is no increase in the coefficient o.. from 0.85 to 1.0
with seismic effects on structures. The coefficient o takes into account the effect of long-term
processes on compressive strength and adverse effects as a result of the method of applying the load
[18].

Another important difference between these design standards is the difference in the
anchoring of the beam reinforcement in the body of the middle columns. Based on P.5.6.2.2(1),
p.5.6.2.2 and formulas (5.50a) and (5.50b) of SP RK EN 1998-1 it turns out that if the beams have
longitudinal fittings with a diameter above 16 mm, then an increase in the column cross-section
over 40x40 cm is required. (depending on the diameter of the longitudinal bars of the beam) [19].
These conditions of the SP RK EN 1998-1 further increase the reliability of reinforced concrete
momentary frame structures in relation to the SP RK 2.03-30-2017* [20].

4 CONCLUSIONS

1. Analysis of the performed comparative calculations of frame buildings with reinforced
concrete frames according to the requirements of the norms of the SP of the Republic of Kazakhstan
2.03-30-2017* and SP RK EN 1998-1:2004/2012 shows that the regulatory documents under
consideration, with a general focus on ensuring the seismic resistance of buildings, implement
various methodological approaches to determining calculated seismic impacts and evaluating the
work of structures.

2. It has been established that with comparable initial impacts, calculations for the SP of the
Republic of Kazakhstan 2.03-30-2017* In some cases, they lead to the adoption of smaller column
cross-sections compared to the results obtained according to NTP RK 08-01.5-2013. This
discrepancy indicates differences in the level of conservativeness of the calculation approaches and
requires additional assessment in the context of reliability requirements regulated by the SP RK EN
1990:2002+A1:2005/2011.

3. The results of the comparative calculation analysis show the need for further updating of
the provisions of the SP of the Republic of Kazakhstan 2.03-30-2017* "Construction in seismic
zones" in order to ensure a comparable or higher level of reliability in relation to the requirements
of the NTP RK 08-01.5-2013, as well as alignment with the principles laid down in the SP RK EN,
identical to the Eurocodes.

4. The results obtained indicate the need for further clarification of the scope and individual
design provisions of the SP of the Republic of Kazakhstan 2.03-30-2017* , in order to ensure

consistency of calculation results and increase comparability with alternative regulatory approaches.
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