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Abstract. In the Republic of Kazakhstan, a transition has been implemented to new structural
design standards, SP RK EN, which are harmonized with the Eurocodes and include National
Annexes. At present, in the field of seismic design in Kazakhstan, two regulatory documents coexist
in parallel: SP RK 2.03-30-2017* “Construction in Seismic Regions” and SP RK EN 1998-
1:2004/2012 “Design of Structures for Earthquake Resistance. Part 1: General Rules, Seismic
Actions and Rules for Buildings,” along with their respective Scientific and Technical Guidelines
(STGs). According to Clause 1.4(5) of SP RK EN 1990:2002+A1:2005/2011 (the fundamental basis
of the Eurocode system), alternative design rules differing from those specified in EN 1990 may be
applied, provided that such alternative rules comply with the fundamental principles and ensure
structural safety, serviceability, and durability at least equivalent to those required by the
Eurocodes. This study compares the results of analyses of reinforced steel moment-resisting frames
of frame-type buildings, obtained using the design provisions of SP RK 2.03-30-2017* and SP RK
EN 1998-1, in order 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 assess the compliance of the requirements of SP RK 2.03-
30-2017* with the provisions of Clause 1.4(5) of SP RK EN 1990 through a comparative analysis of
the results of three-dimensional structural analysis of steel moment-resisting frame buildings
performed in accordance with the current national design code and the new Eurocode-based
regulatory documents. The study is based on the numerical modeling of a three-dimensional steel
frame using two design approaches, namely the current national code and the newly adopted
Eurocode-based standards. A comparative evaluation of structural displacements, internal forces,
stiffness characteristics, and the principal design parameters of the load-bearing frame elements
was carried out. The obtained results make it possible to determine the degree of agreement
between the structural response predicted by SP RK 2.03-30-2017* and SP RK EN 1998-1, as well
as to evaluate the applicability of the national code as an alternative design approach for buildings
located in seismic regions. The scientific novelty of the study lies in the comprehensive comparative
assessment of the equivalence of the new regulatory framework for the three-dimensional analysis
of steel frame buildings subjected to seismic loading. The findings provide a scientific basis for the
further harmonization and updating of Kazakhstan's national seismic design standards in
accordance with the Eurocodes and contribute to the improvement of engineering practices for
earthquake-resistant structural design.
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KYPBLLIBIC HOPMAJIAPBIHA KP EJK EN 1998-1:2004/2012
"KOHE KP EXK 2.03-30-2017* COMKEC KAHKAJIBI
FUMAPATTAPABIH BOJAT KAHKAJIAPHI YIIIIH ECENTEY
HOTUKEJIEPIH CAJBICTBIPY
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720009, bumikek, Kpiprb13 Pecriydnukacht
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Amngarna. Kazaxcmarnoa eypoxoomapea yxcac, ¥immoix kocvimuwanapvl o6ap KP EXK EN ocana
KYpolavicmapobl  oicobanay CmManoapmmapvlHa Kewly dicysece  aceipuliowvl. Kazipei  yaxeimma
Kazaxcmanoa ceticmukanvix s#codanay caracvinoa exi HopmMamusmix Kyoicam Kamap HCymuic icmeiioi.
byn KP EJK 2.03-30-2017* «Ceiicmuxanvix aiimagmazel Kypulavicy owcone KP EX EN 1998-
1:2004/2012 «XKep cinkinicine me3imoi Kypulasimoaposl cobanay. I-6enim. JKannwvl epedicenep,
CelICMUKATLIK dPeKemmep JiCoHe UMApammapea apHanean epedicenep» dicone onapea FTK (evinvimu
JiCoHe MeXHUKAIbIK oKy Kypanoapwl) onapea. KP EXX EN 1990:2002+A41:2005/2011 (Eepoxoomapoviy
neeizei Kyocamut) 1.4(5) mapmasgvina caiikec EN 1990 epeoicenepinen epexuieienemin aibmepHamuemi
Jrcobanay epedicenepi, ezep arbMEPHAMUBMI epedicenep He2izel Kaudammapaa catkec Keice JiCoHe
KYPULIbIMObIK, KAYINCI30iKmi, JHCYMbICKa KAOLiemminikmi JicaHe eypoxoomapoa KapacmulpblieaHOapad
banamanvl y3ax Mep3iMOLTIKmi KamMmamacwsls emce, Koa0aHuliyvl Mymkin. By ocymvicma KP EXK 2.03-
30-2017* 1990 KP EXK EN 1990 1.4(5) mapmasvina catikecmiein mexcepy ywin KP EJK 2.03-30-2017*
gicone KP EXK EN 1998-1 oicobanay cmanoapmmapvl O0UbLIHUA AILIHEAH KAHKALLIK SUMAPAMmMapobiy
MOMEHMMIK Memanl KAHKANApblH ecenmey Hamuoicenepi CanbiCmulpuliadvl. 3epmmeyoiy makcamol
KONOAHbICIARbl YAMMbIK HOPMAmMuemix Kyscammap men Eypoxoomapea caiikecmenoipineen icana
HOpMAmMuU@miK Kyacammap OOUbIHUA OPbIHOANAH KAHKATbL 2UMapammapovly 601am MOMEeHmmiK
PAMANAPBIHBIY KeHICMIKMIK ecenmey Hamudiceaepin canvicmuipmanst manoay neeizinoe KP EXK 2.03-30-
2017* mananmapvineiy KP E)XK EN 1990 cmanoapmuinviy 1.4(5)-mapmazvina catikecmicin b6azanay.
3epmmey kenicmixmix 6o1am KaHKaAHbl KOIOAHLICTNARLL JCIHE HCAHA HOPMAMUBMIK MACinoep OoubIHA
CaHObIK Moodenvoeyee HezizoenceH. 3epmmey OapviCbiHOA KAHKAHLIY eCenmik OpblH ayblCmblpyiapbl,
IWKD  Kywmepi, KammvliblK CUNAMMAMAIAPbl JCOHe Komepeiui dneMeHmmepOiy Hezizei ecenmik
napamempiiepi canblCmuipMaivl mypoe manoanovl. Anvinzan nomuoicenep KP EXK 2.03-30-2017%* owcone
KP EJK EN 1998-1 6oibinuia aublKmani2an ecenmixk KopcemKiumepoiy CalKkecmix 0Oapedicecin
bazanayza, CcOHOQU-aK YAMMbIK HOPMALAPObl CEUCMUKATLIK ay0aHoapoa xicobanayovly 6aiamans
epedicenepi peminoe KOAOAHY MYMKIHOICIH QUKbIHOAY2a MYMKIHOIK Oepedi. JKymvicmbly vlibiMu
JHCAHATBIEBL CEUCMUKATLIK Ay0anHdapoazsl O01am KayKaivl eumMapammapobl KeHiCmikmix ecenmey it
JIcana  HOpMamuemix 6azanvly OANIAMATBLIILIZIH  KeuleHOl CATbICMblpManbl  6a2anayod dHcamolp.
3epmmey nomudicenepi Yimmulk HOPMAMuGMIK Kyscammapowi Eypoxkoomap mananmapviyven o0an api
yiilecmipy MeH OJICaHeblpmyea — eblIbIMU - He2i3  KAIbINMACMbIpuiN, — CelCMOMYPaKkmol — sHcobanay
maacipubecin sHcemindipyee biKnai emeoi.

Tyiiin ce3nep: anvmepnamusmi scobanay epedxcenepi, KYpPbLIbIMObIK KAVINCi3oiK, paMaiblk
KYPbLIbIC, CEHIMOINIK, Y3aK mep3imoinix, Eypoxoomap.
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AnHoTamus. B Kazaxcmane ocywecmenen nepexoo Ha HOGble CMPOUMETbHbIE HOPMbl
npoexmuposanus CII PK EN, uoenmuunvix Eepoxooam, ¢ Hayuonanonvimu npunoscenusimu. Ha
Ooannviii momenm 6 Kazaxcmane 6 obnacmu celcmMuuecko2o NpoOeKMUPOBAHUs NAPATIETbHO
cocywgecmeyrom 0sa Hopmamuenvix ooxymenma. Omo CII PK 2.03-30-2017* « Cmpoumenvcmeo 6
cevicmuyeckux 3onaxy u CII PK EN 1998-1:2004/2012 «llpoexmuposanue ceticmMoCmouKux
rxoucmpyxkyutl. Yacme 1. Obwue npasuna, celicmuueckue 8030eUcCmeuUs U npasua Ois 30aHuily u
HTII  (nayuno-mexuuueckue  nocobus) «k  num. Coenacno 1.4(5) CII PK EN
1990:2002+A41:2005/201 1 (ocrosnomy ocHosonoNa2aUeMy 0oKyMeHmy Eeporooos)
anrbmepHamuetble NPAsULA NPoekmuposanus, omaudarowuecs om npasuir EN 1990, donyckaemcs
NpUMeHAmb, eclu albMepHamueHbie HNpPAULd COOMBEMCHEYIOM OCHOBHbIM NPUHYUNAM U
obecneuusarom — KOHCMPYKMUGHYIO — OE30NACHOCHb,  IKCHIYAMAYUOHHYIO — NPUSOOHOCMb U
00/1208€4HOCMb, KAK MUHUMYM, PABHO3HAYMble, NpedycmompenuviM 6 Espokoodax. B oanmoii
pabome cpasHUBAIOMCA pe3YAbMaAmbl pAcyemos MOMEHMHbLIX MeMAIIUYeCKUX pamM KAPKACHbIX
30anuil, noayueHHviM no Hopmam npoexkmuposanus CI1 PK 2.03-30-2017* u CI1 PK EN 1998-1 ons
npoeepxu coomeemcmeuss CII PK 2.03-30-2017* nyuxmy. 1.4(5) CII PK EN 1990. I[lem
uccredosanus 3axmodaemcs 8 oyenke coomsememeusi mpebosanuii CII PK 2.03-30-2017* nynkma
1.4(5) CII PK EN 1990 na ocrose cpasHumenbHo20 AHAIU3A pe3yibmamos npoCmpaHCmeeHH020
paciuema MOMEHMHbIX CIMANbHbIX PAM KAPKACHLIX 30QHUL, BbINOJIHEHHO020 NO OelcmYIouwum U
HOBbIM HOPMAMUBHLIM OOKYMeHmam udeHmuynvix Eepoxodam. Hccnedosanue ocHosano Ha
YUCTIEHHOM MOOENUPOBAHUY NPOCPAHCIMBEHHO20 CMAILHO20 KAPKACA C UCNHONIb30BAHUEM O08YX
(Oeticmsyrowuti U HOB0U) HOPMAMUBHBIX HOOX0008. BvinonneHo conocmasgnenue pacyemHubix
nepemeweHull, 8HYMPEHHUX YCUNUL, HCECMKOCMHBIX XAPAKMEPUCTMUK U OCHOBHBIX NAPAMEMpPOs
Hecywux snemeHmog Kapkaca. Ilonyuennvle pe3yriomamvl NO38048M  YCMAHOBUMb CHENeHb
coomeemcmsus paciemuuvlx noxkazameieti, onpeoensiemvix no CIl PK 2.03-30-2017* u CII PK EN
1998-1, u oyenumv  BO3MOINCHOCHbL  NPUMEHEHUS HAYUOHANbHLIX HOPM 8  Kauecmee
AbMEPHAMUBHBIX NPABUL NPOEKMUPOBAHUS 8 celicMudeckux 30Hax. Hayumas Hosusna pabomoi
3aKM0YaAemcsi 8 KOMNIEKCHOU CPABHUMENbHOU OYeHKe IKBUBAIEHMHOCMU HOB0U HOPMAMUBHOU
ba3zvl 011 RPOCMPAHCINBEHHO20 PACHEMA CMATbHBIX KAPKACHBIX 30aHULL 8 CEUCMUYECKUX 30HAX, YMO
co30aem HAYYHYIO OCHO8Y 0/ OdnbHeliulell aKkmyaiu3ayuu HayuoHAIbHbIX HOPM ¢ Mpebo8aHUsMU
Eepoxooos u cosepuiencmeosanusi npakmuku ceticMocmouKo20 npoeKmupo8aHus.

KiaroueBble ciioBa: anvmepHamusHvle NpAsUld NPOEKMUPOBAHUS, KOHCMPYKMUBHAS
be3onacHocms, KapKacrHoe 30anue, Ha0eldCHOCMb, 001208e4HOCb, E8poKoobi.
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1 INTRODUCTION

As you know, the 49th step of the "National Plan — 100 concrete steps to implement five
institutional reforms" provides for the introduction of a system of Eurocodes to replace outdated
building codes applied since the Soviet period.

The implementation of European standards is conditioned by the tasks of comprehensively
improving the quality of buildings and structures under construction, manufactured materials and
structures, increasing their competitiveness in domestic and foreign markets while optimizing the
consumption of labor, material, energy and financial resources.

In order to integrate internationally and increase the competitiveness of domestic specialists,
as well as introduce innovations and advanced technologies, work began on reforming the
regulatory framework of the construction industry in 2010 on behalf of the Government of the
Republic of Kazakhstan. In the Republic of Kazakhstan, the codes of rules of the SP RK EN,
identical to the Eurocodes, have been harmonized with the development of National Annexes and
Regulatory and Technical Manuals, which have been in force since July 2015. 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. 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 the SP RK EN 1990-1999 identical to the Eurocodes.

Some regions of Kazakhstan are in high seismic activity, for which ensuring the stability and
seismic safety of buildings and structures is one of the key tasks facing science. Frame structures
with reinforced concrete diaphragms are widely used in the construction of civil and industrial
buildings. In 2017, based on the developed sets of maps, new standards for earthquake-resistant
construction and design of the SP 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 [1].
This document significantly facilitated the transition to Eurocode standards, as it contained many
additional parameters from them. Codes of rules of the SP of the Republic of Kazakhstan 2.03-30-
2017* and the SP RK EN 1998-1 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. After the
complete transition to the European Standards of the fundamental documents on loads,
combinatorics of load effects, calculations of metal structural elements, it became necessary to
verify the relevance of the document of the SP of the Republic of Kazakhstan 2.03-30-2017* [2,3].
In addition, in the SP of the Republic of Kazakhstan 2.03-30-2017* There are many references in
the text to the coefficients of the already canceled snips, which were missing from the Eurocodes. In
this regard, it is an urgent task to carry out comparative calculations of frame buildings with metal
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,
assess the degree of regulatory approaches and determine the scope of application of the SP of the
Republic of Kazakhstan. 2.03-30-2017*.

2 MATERIALS AND METHODS

In this work, the method of comparative-system analysis according to the current design
standards of the SP of the Republic of Kazakhstan is used. 2.03-30-2017* and the new regulatory
framework of the SP RK EN 1998-1 for calculations of momentary metal frames of frame buildings

[4].
Unlike similar studies for reinforced concrete structures, in this work special attention is paid
to the specifics of the work of steel frames, including increased sensitivity to loss of stability of the
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elements, the peculiarities of the formation of plastic joints, as well as the effects of stiffness and
dissipative capacity of nodal joints.

The empirical basis of the study is the finite element method, in which the movements and
rotations of the nodes of the computational scheme are assumed to be the main unknowns. The
calculations were performed using models that implement physical and geometric nonlinearity,
which makes it possible to take into account second—order effects (P-A) and the general loss of
stability of elements characteristic of steel structures. The calculation models are based on the
approaches used by KazNIISA JSC specialists in accordance with the requirements of current
regulations [5].

The research methodology includes:

» Spectral method of calculation for seismic impacts;

» Probabilistic approach to seismic hazard assessment;

» consideration of behavior coefficients and plasticity classes regulated by the SP RK EN
1998-1;

» analysis of the dissipative capacity of structures, taking into account the requirements for
the strength of the elements (capacity design).

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 RK 08-01.1-2012, NTP RK
08-01.2-2021, NTP RK 08-01.5-2013 [6].

The comparative analysis was performed according to the following parameters and criteria:

> values of calculated seismic loads (base acceleration, reliability coefficients);

> the shape and parameters of the reaction spectra (periods, gain coefficients, characteristic
spectral regions);

> values of internal forces in the frame elements (bending moments, transverse forces,
longitudinal forces);

» Horizontal movements and floor - to - floor misalignments;

> requirements for limit conditions (load-bearing capacity and operational suitability);

> requirements for structural parts and assemblies (rigidity, strength, stability);

> indicators of earthquake resistance and reliability of structures;

The results of comparative calculations are aimed at evaluating, improving and updating
existing regulatory documents with the requirements of the new regulatory framework for
earthquake-resistant construction [7].

3 RESULTS AND DISCUSSION

Input calculated data.

Data from seismic impacts on the building.

Estimated accelerations at the construction site in fractions of g: 0.42 g:

Type of soil according to seismic properties: IA;

Horizontal coefficient of behavior: 4.0;

Vertical behavior coefficient: 1.5;

The coefficient of the lower limit of the spectrum; 0.2;

The structural scheme of the object - the building being calculated is a framed metal frame
with hard disks of floors and coatings in the form of a reinforced concrete monolithic slab. The 5-
storey building measures 24x12 m in plan along the axes, 3 m high, and the pitch of the transverse
and longitudinal frames along the axis is 6 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 class B25
concrete.

Columns made of 260x14 composite box along the outer contour and 360x14 composite box
along the inner contour. Beams from I-beams 2551 and 3562 STO ASChM 20-93 [8].
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Figure 1 - Design scheme of the building. [Authors’ material]

3.1. 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 R2.2 software package.

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 [9].

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.

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 their 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.

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
FE", "Type 44 - universal quadrangular FE" was used.

The loads were collected according to SP RK EN 1991-1-1:2002/2011 EN 1991-1-1:2002 for
all calculation options.

The following downloads were used in the calculation:

1- Constant 1 (net weight of structures);
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2- Constant 2 (weight of the floor structure);

3- Constant 3 (weight of the coating structure);

4- Constant 4 (weight of the exterior fence structure);

5- Constant 5 (weight of the parapet);

6- Temporary 1 (weight of internal partitions);

7- Temporary 2 (useful);

8- Temporary 3(snow);

9- Temporary 3(snow emergency);

10- Seismic in the X direction;

11- Seismic in the Y direction;

12- Seismic in the X direction with an eccentricity;

13- Seismic in the Y direction with an eccentricity;

The bearing capacity of the cross sections in terms of strength of metal structures was
determined in accordance with SP RK EN 1993-1-1:2005/2011.

The stability of the metal frames was determined by applying the design lengths to the
column elements in accordance with clause 5.2.2(8) of SP RK EN 1993-1-1:2005/2011.

The estimated column lengths were calculated using the ESPRI 2020 program. The design
combinations of loads (RSN) are performed in accordance with SP RK EN
1990:1002+A1:2005/2011 and NA to SP RK EN 1990:2002+A1:2005/2011 [10].

The calculated combinations of loads (RSN) were performed according to Table "B" using the
formulas (6.10a) and (6.10b) with amendments to the NA dated 12/30/2021 for all calculation
options [11].

3.2. The results of a comparison of the calculated data obtained for ntp rk 08-01.5-2013, performed
in two versions of the acceptance of the yield strength of steel fy and the coefficient of reserve
strength »ov.

The calculation was performed in two variants of the acceptance of the yield strength of steel
fy and the coefficient of reserve strength jov:

1. In accordance with paragraph 2.2.2.1 [6.2(3)] a) we accept for dissipative zones (beams)
fy = 245 MPa and for non-dissipative zones (columns) fy = 345 MPa at v = 1.25.

2. In accordance with2.2.2.1 [6.2(3)] b) we accept for dissipative zones (beams) fy = 345
MPa and for non-dissipative zones (columns) fy = 345 Mpa at yv = 1.0.

In SP RK EN 1998-1:2004/2012 and NTP RK 08-01.5-2013, there is also a third method for
assigning the yield strength of steel fy and the strength reserve coefficient v — this is an alternative
to c), where the actual yield strength of steel fy in each dissipative zone is determined by
measurement results, and the strength reserve coefficient v is calculated for each dissipative zone.

The third condition is possible in a limited number of situations, for example, when
evaluating existing buildings and is not included in the scope of this work [12].

A general mosaic of the test results for the percentage of use of the assigned ULS (load-
bearing capacity) sections of the building, calculated according to the standards of the NTP RK 08-
01.5-2013 with a yield strength of steel for columns fy = 345 MPa, with a yield strength of steel for
beams fy = 245 MPa, and a strength reserve coefficient yv = 1.25 are shown in Figure 2.

A mosaic of the building's ULS (load-bearing capacity) results calculated according to the
standards of the NTP RK 08-01.5-2013 with a yield strength of steel for columns fy = 345 MPa,
with a yield strength of steel for beams fy = 345 MPa, and a strength reserve coefficient yov = 1.0 are
shown in Figure 3.
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Figure 3 - General mosaic of verification results. [Authors’ material ]
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Mosaics of the test results for the percentage of use of the assigned column sections according
to the ULS (load-bearing capacity) of the building, calculated according to the standards of the NTP
RK 08-01.5-2013 with a yield strength of steel for columns fy = 345 MPa, with a yield strength of
steel for beams fy = 245 MPa, and a strength reserve coefficient yv = 1.25 are shown in Figure 4.

The results of the ULS (load-bearing capacity) test of the building, calculated according to the
standards of NTP RK 08-01.5-2013 with a yield strength of steel for columns f, = 345 MPa, with a
yield strength of steel for beams fy, = 345 MPa, and a strength reserve coefficient v = 1.0, are
shown in Figure 5 [13].

Analysis of the calculation results obtained for two variants, although the difference is
insignificant for columns, preference should still be given to option 1 with a yield strength of steel
for columns fy = 345 MPa, with a yield strength of steel for beams fy, = 245 MPa, and a strength
reserve coefficient yv = 1.25, shown in Fig.3.

Moreover, the use of a reduced yield strength of steel for beams creates fewer problems when
designing beam-column assemblies. The comparative results of the two calculations are shown in
Table 1.

Table 1 - Comparative results of two calculations according to NTP RK 08-01.5-2013, in Figures 4, 5.
[Authors’ material]

Floor Naming of axes  Result according to NTP RK Result according to NTP Difference of

Ne number 08-01.5-2013 in %, option 1 RK 08-01.5-2013 in %, results
option 2

1 1 «1, b» 59.6% 59.6% 0%.

2 2 «1, by 84.1% 87.1% 3.444%.
3 3 «1, b» 70.6% 73.2% 3.552%.
4 4 «1, b» 60.9% 62.5% 2.56%.
5 5 «1, b» 65.8% 57.9% 12.006%.
6 1 «3, b» 64.9% 64.9% 0%.

7 2 «3, b» 71.7% 74.9% 4.272%.
8 3 «3, b» 65.3% 68.3% 4.392%.
9 4 «3, b» 58.6% 56.5% 3.584%.
10 5 «3, b» 51.4% 42% 18.288%.

3.3. The results of comparing the calculated data obtained for the sp of the republic of kazakhstan
2.03-30-2017* , executed in two versions of the acceptance of the work conditions coefficient y-.

When calculating the SP of the Republic of Kazakhstan 2.03-30-2017* p. 8.2 requires that
when calculating structures for strength and stability, in addition to the coefficients of working
conditions adopted in accordance with other regulatory documents, additional coefficients of
working conditions should be introduced, determined according to Table 8.1.

This coefficient of working conditions y. = 1.3 for elements made of C235, C245, C255 steels
and y. = 1.2 for elements made of other steels [14].

The use of these coefficients has been going on since the time when SNiIP Il was used in
calculations-7-81*.

There it had the designation m., and had the same parameters. SNiP 11-7-81* as well as SP
RK 2.03-30-2017* The SNIP Il documents were assumed to be used in the calculation of metal
structures-23-81* Steel Structures and SP of the Republic of Kazakhstan 5.04-23-2002 "Steel
structures and design standards".

In these documents, the coefficients of the working condition were multiplied by the yield
strength Ry.

In section 2, the Regulatory references of the SP of the Republic of Kazakhstan 2.03-30-
2017* The note says that if the reference document is replaced (changed), then when using this
standard, the replaced (changed) document should be guided. SNIP 11-23-81* It was replaced by the
document SP RK EN 1993-1-1:2005/2011 "Design of steel structures. Part 1-1. General rules and
regulations for buildings."
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In SP RK EN 1993-1-1:2005/2011 there is no concept of coefficients of working conditions,
as SP RK 5.04-23-2002.

Since this coefficient is used in calculation formulas for strength and stability calculations in
the SP of the Republic of Kazakhstan 5.04-23-2002 If the yield strength of steel increases, then in
SP RK EN 1993-1-1:2005/2011 it is possible to introduce it as an additional coefficient of the
inverse value to the particular safety coefficients ymo, ym1, ym2 [15].

A general mosaic of the test results based on the percentage of use of the assigned ULS (load-
bearing capacity) sections of the building, calculated according to the standards of the SP of the
Republic of Kazakhstan 2.03-30-2017* with a yield strength of steel for columns fy = 345 Mpa with
safety coefficients ymo, ym1, ym2 (0.833, 0.833, 1.04) and with a yield strength of The steels for
beams fy = 245 MPa, with safety coefficients ymo, ym1, ym2 (0.769, 0.769, 0.961) are shown in
Figure 6.

Mosaic of the results of checking the columns 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* with a yield strength of steel for columns fy = 345 MPa, with a yield strength of steel for
beams fy = 245 MPa, with safety coefficients ymo, ym1, ym2 (0.769, 0.769, 0.961) adjusted to the
strength reserve coefficient yv = 1.25 are shown in Figure 7.

Checks on the percentage of use of the assigned 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* with a yield strength of steel for columns fy, = 345 MPa, with a yield
strength of steel for beams fy = 345 MPa, with safety coefficients ymo, ym1, ym2 (0.833, 0.833, 1.04)
are shown in Figure 9.

There is no difference for the columns compared to the results obtained for calculating the
columns according to the two options, and it is impossible to give preference to any option. This
may be relevant when calculating beams, since an increased value of the yield strength of steel fy
can reduce the metal consumption of beams. The comparative results of the two calculations are
shown in Table 2 [16].

Table 2 - Comparative results of two calculations for the SP of the Republic of Kazakhstan 2.03-30-2017%*, in Figures
8, 9. [Authors’ material]

Floor Naming of axes Result of the SP of the Result for the SP of the Difference of
Ne number Republic of Kazakhstan Republic of Kazakhstan results
2.03-30-2017* in %, 2.03-30-2017* in %,
Option 1 option 2
1 1 «1, by 50.8% 50.8% 0%.
2 2 «1, by 50.2% 50.2% 0%.
3 3 «1, by 41.5% 41.5% 0%.
4 4 «1, by 32.5% 32.5% 0%.
5 5 «1, by 30.3% 30.3% 0%.
6 1 «3, b» 55.4% 55.4% 0%.
7 2 «3, b» 43.8% 43.8% 0%.
8 3 «3, b» 40% 40% 0%.
9 4 «3, b» 36% 36% 0%.
10 5 «3, b» 30.5% 30.5% 0%.
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Figure 6 - General mosaic of verification results. [Authors’ material]
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3.4. Comparisons of the calculation results of metal moment frame frames made according to NTP
RK 08-01.5-2013 and according to SP RK 2.03-30-2017* (using the coefficient of working
conditions y, = 1.3)

Next, we check the difference in the bearing capacity of the most loaded columns in the
calculations according to NTP RK 08-01.5-2013 and SP RK 2.03-30-2017* .

Mosaics of the test results for the percentage of use of the assigned column sections according
to the ULS (load-bearing capacity) of the building, calculated according to the standards of the NTP
RK 08-01.5-2013 with a yield strength of steel for columns fy = 345 MPa, with a yield strength of
steel for beams fy = 245 MPa, and a strength reserve coefficient yv = 1.25 shown in Figure 10.

The results of checking 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* with a yield strength of
steel for columns fy = 345 MPa, with a yield strength of steel for beams fy = 245 MPa, with safety
coefficients ymo, ym1, ym2 (0.833, 0.833, 1.04) shown in Figure 11.

Checks on the percentage of use of the assigned column sections according to the ULS (load-
bearing capacity) of the building, calculated according to the standards of the NTP RK 08-01.5-
2013 with a yield strength of steel for columns fy, = 345 MPa, with a yield strength of steel for
beams fy = 345 MPa, and a strength reserve coefficient yv = 1.0 shown in Figure 12,

The results of the ULS (load-bearing capacity) inspection of the building, calculated
according to the standards of the SP of the Republic of Kazakhstan 2.03-30-2017* with a yield
strength of steel for columns fy = 345 MPa, with a yield strength of steel for beams fy, = 345 MPa,
with safety coefficients ymo, ym1, ym2 (0.833, 0.833, 1.04) shown in Figure 13.

The comparative results of the two calculations are shown in Table 3.

As can be seen from the comparative results, the difference in the bearing capacity of the
columns is quite large [17]. 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 40.309% for the outermost
columns and 38.912% for the inner columns.

Table 3 - Comparative calculation results for NTP RK 08-01.5-2013 and SP RK 2.03-30-2017* , in Figures 10, 11.
[Authors’ material]

Floor Naming of axes Result according to NTP  Result according to SP RK Difference of
Ne number RK 08-01.5-2013, 2.03-30-2017*, results
in % in %
1 1 «1, by 59.6% 50.8% 14.765%.
2 2 «1, by 84.1% 50.2% 40.309%.
3 3 «1, by 70.6% 41.5% 41.218%.
4 4 «1, by 60.9% 33.5% 44.992%.
5 5 «1, by 65.8% 30.3% 53.951%.
6 1 «3, b» 64.9% 55.4% 14.638%.
7 2 «3, b» 71.7% 43.8% 38.912%
8 3 «3, b» 65.3% 40% 38.744%.
9 4 «3, b» 58.6% 36% 38.567%.
10 5 «3, b» 51.4% 30.5% 41.634%.
74

https://doi.org/10.51488/1680-080X/2026.2-04


https://doi.org/10.51488/1680-080X/2026.2-04

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

61.5 67.2 72.8 78.4 84.1

39 6l.4 @ 58.9 @ 60.9 @ 38.9 @
402 s82|" 57.8]" 57.8|" 202|’ f:
65.8 sis| sia| si3| 656| E
15 47.6 78.8 773 78.4 475 y
—= 60.9 56.6 | 586 56.5| 60.8 | y
R 569114 ;’H 82389 ;’H 8089 ;f 81389 ;” 56.8 ff”’
—— 70.6 64.5 65.3 64.4 70.5 K
9 40.2 43.573-% 57%’*‘-3 56.-'17‘-3 ssftﬂ-% 43.6| -
—= 84.1 /1711 717 ! 7| 84 ’
47.6 78.8 77.3 78.4 475 S
6 ; / / J /
— 59.6| 66.4| 64.9| 66.3| 59.4| ,
56.9 82.2 80.6 © 818 56.8
O B T B e R ®
" £ £ £ s &
o 437 7 575 56.1| ./ 56.9| ./ 43.6| ./
ra r r s i
O T ®
4 A A £ s

Figure 10 - Mosaic according to NTP RK 08-01.5-2013. [Authors’ material]
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Figure 11 - Mosaic on the SP of the Republic of Kazakhstan 2.03-30-2017*. [Authors’ material]
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Figure 12 - Mosaic according to NTP RK 08-01.5-2013. [Authors’ material]
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Figure 13 - Mosaic on the SP of the Republic of Kazakhstan 2.03-30-2017*. [Authors’ material]
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As can be seen from the comparative results, the difference in the bearing capacity of the columns is
quite large [18]. 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 46.728% for the outermost
columns and 41.522% for the inner columns. The comparative results of the two calculations are
shown in Table 4.

Table 4 - Comparative calculation results for NTP RK 08-01.5-2013 and SP RK 2.03-30-2017* , in Figures 12, 13.
[Authors’ material]

Ne Floor Naming of axes Result according to NTP  Result according to SP RK Difference of
number RK 08-01.5-2013, 2.03-30-2017*, results
in % in %

1 1 «1, b» 59.6% 46.9% 14.765%.
2 2 «1, b» 87.1% 46.4% 42.365%.
3 3 «1, b» 73.2% 38.3% 43.306%.
4 4 «1, b» 62.5% 30% 48%.

5 5 «1, b» 57.9% 29.9% 47.668%.
6 1 «3, b» 64.9% 52.1% 14.638%.
7 2 «3, b» 74.9% 43.8% 41.522%.
8 3 «3, b» 68.3% 40% 41.435%.
9 4 «3, b» 56.5% 36% 36.283%.
10 5 «3, b» 42% 30.5% 28.571%.

3.5. Comparisons of the calculation results of metal moment frame frames made according to NTP
RK 08-01.5-2013 and according to SP RK 2.03-30-2017* (without applying the coefficient of
working conditions y; = 1.3).

Let's see what a comparison of calculations according to the norms of NTP RK 08-01.5-2013
and SP RK will show. 2.03-30-2017* without applying the coefficient y. = 1.3, although this
contradicts the instructions of the SP of the Republic of Kazakhstan 2.03-30-2017*.

A general mosaic of the test results based on the percentage of use of the assigned ULS (load-
bearing capacity) sections of the building, calculated according to the standards of the SP of the
Republic of Kazakhstan 2.03-30-2017* with a yield strength of steel for columns fy = 345 MPa,
with a yield strength of steel for beams f, = 245 MPa, with safety coefficients ymo, ym1, ym2 (1.0,
1.0, 1.25) are shown in Figure 14.

Mosaic of the test results based on the percentage of use of the assigned ULS (load-bearing
capacity) sections of the building, calculated according to the standards of the SP of the Republic of
Kazakhstan 2.03-30-2017* with a yield strength of steel for columns fy, = 345 MPa, with a yield
strength of steel for beams fy, = 345 MPa, with safety coefficients ymo, ym1, ym2 (1.0, 1.0, 1.25) are
shown in Figure 15.

The non-passage of the beams in terms of bearing capacity by 9% can be ignored, since it is
less than 10%.

It also does not affect the effect of gravitational and seismic loads on the columns.

Building ULS (load-bearing capacity) checks, calculated according to the standards of the SP
of the Republic of Kazakhstan 2.03-30-2017* with a yield strength of steel for columns fy = 345
Mpa with safety coefficients ymo, ym1, ym2 (1.0, 1.0, 1.25) and with a yield strength of steel for
beams fy = 245 MPa, the safety coefficients ymo, ym1, ym2 (1.0, 1.0, 1.25) are shown in Figure 16.

Results on 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* with a yield strength of steel for
columns fy = 345 MPa, with a yield strength of steel for beams fy = 345 MPa, with safety
coefficients ymo, ym1, ym2 (1.0, 1.0, 1.25) shown in Figure 17.
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There is no difference for the columns from the comparison of the results obtained for
calculating the columns according to the two options, and it is impossible to give preference to any
option.

This may be relevant when calculating beams, since an increased value of the yield strength
of steel fy can reduce the metal consumption of beams. The comparative results of the two
calculations are shown in Table 5.

Table 5 - Comparative results of calculations of variants 1 and 2 for the SP of the Republic of Kazakhstan 2.03-30-
2017*, in Figures 16, 17. [Authors’ material]

Floor Naming of axes Result of the SP of the Result for the SP of the Difference of
Ne  number Republic of Kazakhstan Republic of Kazakhstan results
2.03-30-2017* in %, 2.03-30-2017* in %,
Option 1 option 2
1 1 «1, b» 60.9% 60.9% 0%.
2 2 «1, b» 60.3% 60.3% 0%.
3 3 «1, by 49.8% 49.8% 0%.
4 4 «1, b» 39.1% 39.1% 0%.
5 5 «1, by 36.4% 36.4% 0%.
6 1 «3, by 66.5% 66.5% 0%.
7 2 «3, b» 48.1% 48.1% 0%.
8 3 «3, b» 40.1% 40.1% 0%.
9 4 «3, b» 36% 36% 0%.
10 5 «3,b» 30.5% 30.5% 0%.

Building ULS (load-bearing capacity) checks calculated according to the standards of NTP
RK 08-01.5-2013 with a yield strength of steel for columns fy = 345 MPa, with a yield strength of
steel for beams fy = 245 MPa, and a strength reserve coefficient yv = 1.25 shown in Fig.18.

The results of columns for ULS (load-bearing capacity) buildings designed according to the
standards of the SP of the Republic of Kazakhstan 2.03-30-2017* with a yield strength of steel for
columns fy = 345 MPa, with a yield strength of steel for beams fy = 245 MPa, with safety
coefficients ymo, ym1, ym2 (1.0, 1.0, 1.25) shown in Fig.19.

As can be seen from the comparative results, the difference in the bearing capacity of the
columns is quite large.

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 30.769% for the outermost columns and 35.781% for
the inner columns.%.
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Figure 19 - Mosaic on the SP of the Republic of Kazakhstan 2.03-30-2017*. [Authors’ material]
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Figure 20 - Mosaic according to NTP RK 08-01.5-2013. [Authors’ material]
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Figure 21 - Mosaic on the SP of the Republic of Kazakhstan 2.03-30-2017*. [Authors’ material]
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The percentage of use of the assigned column sections according to the ULS (load-bearing
capacity) of the building, calculated according to the standards of the NTP RK 08-01.5-2013 with a
yield strength of steel for columns fy = 345 MPa, with a yield strength of steel for beams fy, = 345
MPa, and a strength reserve coefficient yv = 1.25 shown in Fig.20.

The results of the verification of the percentage of use of the assigned 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* with a yield strength of steel for columns fy
= 345 MPa, with a yield strength of steel for beams fy = 345 MPa, with safety coefficients ymo, ym1,
ymz (1.0, 1.0, 1.25) shown in Fig.21.

The comparative results of the two calculations are shown in Table 6.

Table 6 - Comparative results of column calculations according to NTP RK 08-01.5-2013 and SP RK 2.03-30-2017*,
in Figures 20, 21. [Authors’ material]

Ne Floor Naming of axes Result according to NTP Result according to SP Difference of
number RK 08-01.5-2013, RK 2.03-30-2017%, results
in % in %
1 1 «1, B» 59.6% 60.9% 2.135%.
2 2 «1, b» 87.1% 60.3% 30.769%.
3 3 «1, b» 73.2% 49.8% 31.967%.
4 4 «1, B» 62.5% 39.1% 37.44%.
5 5 «1, by 57.9% 36.4% 37.133%.
6 1 «3, b» 64.9% 66.5% 2.406%.
7 2 «3, b» 74.9% 48.1% 35.781%.
8 3 «3, b» 68.3% 40.1% 41.288%.
9 4 «3, b» 56.5% 36% 36.283%.
10 5 «3, b» 42% 30.5% 13.333%.

3.6. Analyses of comparative calculations of the metal 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 (impact effects) This is also the case when calculating the cross-
sections of the elements of this structure.

With this technique, seismic impacts were considered to be very short-term effects, as a result
of which the mcr operating condition coefficient was additionally applied to the calculated
resistance of the metal, increasing the calculated resistance of the metal. In the SP of the Republic
of Kazakhstan 2.03-30-2017* it has been replaced by the coefficient y-.

As a result, the resulting cross-sections of the calculated structures decreased. Savings in
metal consumption were achieved, but at the same time the reliability of the structures decreased.

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 [19].

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 (4.1) according

to NTP RK 08-01.5-2013 (XMRc¢ > 1.3 £MRb). When applying these formulas, the sum of the
calculated values of the moments of resistance of the columns in the zones of nodal joints should
exceed the sum of the calculated values of the moments of resistance of the beams in the zones of
nodal joints by 1.3 times. 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.
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2. The use of class S235 steels (calm and semi-calm) in beam elements and class S325 steels
in column elements with a strength reserve coefficient of 1.25. With this use of steels, it is assumed
that during an earthquake, plastic deformation of dissipative zones will occur earlier than in other
zones in which deformations remain in the elastic range (according to 6.2 (2)R SP RK EN 1998-1
and 2.2.2.1 NTP RK 08-01.5-2013).

3. Application of formulas (6.6) for SP RK EN 1998-1 and (4.6) for NTP RK 08-01.5-2013

Ned= Nedc + 1,1 - yov- Q - NEdE 1)
Med= MedG + 1,1 - yov- Q2 - MEdE (2)
Ved=VEdGc+ 1,1 - yov- Q - VEdE, 3)

it makes it possible to increase the effects of seismic impacts on the columns (Nede, MedE u
VEedg) additionally by the product of the coefficients 1,1 - yov - €, this contributes to an increase in
the cross-section of the columns and a more favorable formation of plastic joints in the beams,
rather than in the columns.

Also, the coefficient Q (Qi = Mpirdi/MEdi) IS a "safety device” in case a large beam cross-
section is not justified.

From the obtained comparative calculations of column cross-sections according to ULS (load-
bearing capacity), calculated according to the standards of NTP RK 08-01.5-2013 and SP RK 2.03-
30-2017* using steel C245 for beams and C345 for columns with a strength reserve coefficient yv =
1.25 (Table.4) it can be seen that the difference in the results in terms of the percentage of use of the
ULS section (1PS) for columns of the 1st and 2nd floors ranges from 38.912% to 40.309%.

Results for the SP of the Republic of Kazakhstan 2.03-30-2017* lower than according to
NTP RK 08-01.5-2013, which means that when calculating the SP RK 2.03-30-2017* sections
smaller than according to NTP RK 08-01.5-2013 can be accepted.

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 calculated according to NTP
RK 08-01.5-2013.

The results obtained require additional assessment for compliance with the provisions of
paragraph 1.4(5) of the SP RK EN 1990:2002+A1:2005/2011, which states that alternative
calculation methods can be used provided that a level of safety, serviceability and durability
comparable to the requirements of the Eurocodes is ensured.

When used in the calculations of column cross-sections according to ULS (load-bearing
capacity), calculated according to the standards of NTP RK 08-01.5-2013 and SP RK 2.03-30-
2017* using C345 steel for beams and columns with a strength reserve coefficient v = 1.0
(Table.5) it can be seen that the difference in the results in terms of the percentage of use of the
ULS section (1PS) for columns of the 1st and 2nd floors ranges from 41.522% to 46.728%.

The general trend in the difference in the calculation results is observed in both tables.

When comparing the calculation results for NTP RK 08-01.5-2013 and SP RK 2.03-30-2017*
without applying the coefficient y. = 1.3 (Table. 7 and Table.8) although the difference is smaller, it
ranges from 28.3% to 35.781%.

This difference is in the calculations of column cross-sections according to ULS (load-bearing
capacity), calculated according to the standards of NTP RK 08-01.5-2013 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, as in NTP RK 08-01.5-2013, and there is no increment of
the effects of seismic impacts by the product of the coefficients 1,1 - yov- Q.

Although there is a difference in the spectra of calculated reactions of seismic impacts
according to the standards of NTP RK 08-01.5-2013 and SP RK 2.03-30-2017* there is a very
small difference in the results obtained when designing in compliance with the conditions of equal
strength of all elements of the structural system involved in the perception of seismic loads (SP RK
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2.03-30-2017*) and compliance The rules of the method of additive design (NTP RK 08-01.5-2013)
are quite large [20].

4 CONCLUSIONS

1. Analysis of the results of comparative calculations of frame buildings with metal moment
frames, made according to the requirements of the SP of the Republic of Kazakhstan 2.03-30-2017*
and SP RK EN 1998-1:2004/2012, shows that with the overall goal of ensuring seismic resistance,
these regulatory documents are based on various methodological approaches to determining
calculated seismic impacts and assessing the stress-strain state of structures.

2. Under the same effects on metal frame buildings with momentary frames, calculation
according to the norms of the SP of the Republic of Kazakhstan 2.03-30-2017* This leads to the
adoption of smaller column cross-sections than in the calculation according to NTP RK 08-01.5-
2013, which reduces the reliability of the building structure and contradicts clause 1.4(5) of the SP
RK EN 1990:2002 A1:2005/2011 (the main founding document of the Eurocodes).

3. The results of the comparative analysis indicate the expediency of further updating the
provisions of the SP of the Republic of Kazakhstan 2.03-30-2017* "Construction in seismic zones"
in order to ensure a comparable level of reliability with the requirements of the NTP RK 08-01.5-
2013, as well as harmonization with the principles and calculation approaches of the regulatory
framework of the SP RK EN, identical to the Eurocodes.

4. Taking into account the identified differences, it seems reasonable to clarify the scope and
individual calculation provisions of the SP of the Republic of Kazakhstan 2.03-30-2017*, aimed at
improving the consistency of calculation results and ensuring the required level of structural safety.
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