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Abstract

Introduction. This study looks at the urgent problem of ensuring the seismic resistance of buildings and structures in
areas with increased seismic activity. The aim of the study is a comprehensive analysis of existing methods of protection
against seismic impacts and the development of innovative design solutions in order to increase the stability of buildings.
The study is relevant due to the growing need to protect the population and infrastructure in seismically active regions
around the globe.

Materials and Methods. Two major approaches to increasing seismic resistance were considered: the traditional method of
increasing structural cross-sections and a special method of reducing load by means of changing the dynamic scheme of the
structure. Special attention is paid to the development and analysis of the operation of the fastening unit of the frame using
a curved thin-walled plate. Modern methods of mathematical modeling and computer analysis were employed.

Research Results. Architectural, planning and constructive solutions for increasing the earthquake resistance of buildings
were analyzed. The principles of designing earthquake-resistant buildings to minimize earthquake damage were
formulated. The plastic properties of steel as an effective method of absorbing seismic energy were studied. Energy-
absorbing devices are classified into five main types: rod-type, annular, tubular, beam-type and shear-type. The design
features of energy absorbers, their advantages and disadvantages were thoroughly investigated.

Discussion and Conclusion. A finite element analysis of the stress-strain state of the fastening unit was conducted by means
of the Stark ES software package. The results of the analysis enabled us to evaluate the efficiency of the suggested
constructive solution. The practical importance of the study lies in the possibility of applying the developed solutions in the
design and construction of earthquake-resistant buildings in areas of increased seismic activity. The suggested methods and
designs make it possible to increase the stability of buildings, reduce metal consumption, and easy to replace elements if
needed. The developed solutions can be scaled for use in different types of building structures and climatic conditions.
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AHHOTAIINA

Beeoenue. Hacrosimas paboTta mocBsiiieHa akTyaJlbHOH npobieme obecriedeHus! CeHCMOCTOMKOCTH 3/1aHUH U COOpYKe-
HUI B 30HaX C MOBBIIIEHHON CEHCMUUECKON aKTUBHOCTBIO. Llenbo nccliefoBaHus SIBISETCS KOMIUIEKCHBIN aHaIN3 Cylle-
CTBYIOILIMX METOOB 3aIIUTHI OT CEHCMUUECKIX BO3JICHCTBUH M pa3pab0oTKka MHHOBAIIMOHHBIX KOHCTPYKTHUBHBIX PEIICHUI
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JUISl TIOBBIIICHHS YCTOWYNBOCTH 3JaHUH. AKTYaJbHOCTh MCCIEIOBaHMs OOyCJIOBJICHA PACTyIIEH HEOOXOAMMOCTBIO 3a-
IIATHI HACEIICHUS X MHQPACTPYKTYPhI B CEHCMHYIECKH aKTUBHBIX PETHOHAX MUPA.

Mamepuanst u menoost. B xo1ie HCCIEN0BaHNA PACCMOTPEHBI J1Ba OCHOBHBIX IOAXO0/1a K MTOBBIIICHUIO CEIICMOCTOMKOCTH:
TpaJIuLMOHHBII METO/| yBEITUUEHHSI CEYEHNI KOHCTPYKIUH U CIIENUANIbHBINA METON CHU)KEHHUS HATPY3KU Yepe3 H3MEHEHHE
TUHAMHAYECKOM CXeMBI paboThI coopykeHHs. Ocoboe BHUMaHHE YACIeHO pa3padoTKe U aHAIN3y paOOTHI y371a KperIeHNs
CBSI3M KapKaca C MCIONb30BaHUEM (DaCOHKH M3 THYTOW TOHKOCTEHHOM IJIACTHHBI. J{JIs MPOBENECHNUS HCCIEAOBAHUS TIPH-
MEHSUIUCh COBPEMEHHBIE METO (bl MaTeMaTH4E€CKOTO MOAETUPOBAHNUS U KOMIIBIOTEPHOTO aHAJIN3a.

Pezynomamut uccnedosanus. BeIoIHEH aHAINU3 apXUTEKTYPHO-IJIAHUPOBOYHBIX U KOHCTPYKTUBHBIX PELICHUH, HalpaB-
JICHHBIX Ha MOBBIILICHHE CeHCMOCTONKOCTH 31aHui. CHOpMYITMpOBaHbI IPUHIIUIIBI TIPOSKTHPOBAHUS CEHCMOCTOMKHUX 312~
HU, 00ecTeynBalOINX MUHUMHU3ALHUIO yiiepoa ot 3emiierpsicenuii. [IpoBeaeHo nccinenoBaHue MIACTHYECKUX CBOWCTB
cTaimy Kak 3 peKkTHBHOTO criocoda MomIoIIeHHs ceiicMideckor sHepruu. [Ipeacrasnena kinaccuuKanys SHEpromnonio-
IIAOIIKX YCTPOWCTB 110 ISITH OCHOBHBIM THIIaM: CTEPIKHEBBIC, KONBIIEBbIE, TPyOUaThie, 0IOYHOTO THIA U paboTaromue
Ha CABHI. JleTanbHO U3y4eHB! KOHCTPYKTUBHBIE 0COOCHHOCTH YHEPTOMOIIOTHTEINCH, MX MPEUMYILECTBA M HEJOCTATKH.
Oécyrcoenue u 3akniouenue. IIpoBeeH KOHEUHO-3IEMEHTHBIM aHANIN3 HANPSHKEHHO-IE()OPMHUPOBAHHOTO COCTOSTHHUS
y3J1a KpEeIUIeHHsI ¢ HCIOIb30BaHIeM IporpaMMHoro komrurekca Stark ES. Pesynbrarsr aHanmza mo3BOJIHIN OLEHHATH d(]-
(hEeKTUBHOCTD MPEIOKEHHOTO KOHCTPYKTHBHOTO pemeHus. [IpakTudeckas 3HaUMMOCTb MCCIIEA0BAHUS 3aKII09acTCs B
BO3MOYKHOCTH ITPUMEHEHHS pa3paOd0TaHHbIX PELICHUH IPH IPOEKTHPOBAHUH U CTPOUTEIIHCTBE CEHCMOCTONKHX 3/IaHUI B
30HaX MOBBIIICHHONW CECMUYECKON aKTUBHOCTH. IIpeioskeHHbIe METOABI U KOHCTPYKLUY I103BOJISIFOT IIOBBICUTDH yCTOH-
YHBOCTH 3/IaHHUH, CHU3UTh METAJUIOEMKOCTh U 00ECIIEUNTh POCTOTY 3aMEHBI 3JIEMEHTOB IIPU HeoOxoaumocTH. Pa3pabo-
TaHHBIC PCIICHUA MOT'YT OBITh MaCIHTa6I/IpOBaHLI JJIA IPUMCHEHUS B PA3JIMYHBIX TUIIAX CTPOUTCIBHBIX KOHCprKHHﬁ u
KIIMMAaTUYCCKUX YCIIOBUAX.

KiroueBnle ciioBa: CeﬁCMOCTOﬁKOCTL, SHCPIOMOTIIOTUTCIIN, cericMHuIecKoe BOSﬂeﬁCTBHC, KOHCTPYKTHBHbBIC PCHICHUS,
IIPOCKTUPOBAHUC 3HaHPII>i, aKTHUBHas ceﬁCM03amnTa, CHUCTEMBI CeﬁCMOHSOJ’IHHHH, Z[eMl'I(I)PIpOBaHI/Ie, racuTciin KOJI€6aHI/II>‘I,
KOHCTPYKTHUBHBIC PCHICHUSA

s uurupoBanus. Koreako M.II., CxaukoB C.B. DHepromormomaromue GpacoHKH CBsA3el cTaabHOro Kapkaca. Cogpe-
MeHHble MeHOeHyuUu 6 cmpoumenbcmee, 2cpadocmpoumenscemee u nianuposke meppumoputi. 2025;4(3):18-24.
https://doi.org/10.23947/2949-1835-2025-4-3-18-24

Introduction. Earthquakes are among the most destructive natural phenomena causing massive damage to buildings
and structures, particularly in areas with increased seismic activity. Ensuring the earthquake resistance of buildings is a
key task facing modern architecture and engineering in order to protect human life and health, as well as to preserve
material assets.

With earthquakes occurring frequently, it is critical to develop and implement innovative design solutions to minimize
damage and ensure the safety of buildings. One of the urgent issues is designing constructive methods in order to increase
the overall earthquake resistance of buildings and their individual elements.

The main aim of the research is a comprehensive study of existing methods of protecting buildings from seismic
effects, as well as the development and calculation of an effective attachment point for the building frame.

The study looks at two major approaches to improving earthquake resistance:

— a traditional method involving increasing the cross-sections of structures;

— a special method for reducing the load by changing the dynamic scheme of the structure.

Special attention is paid to architectural, planning and structural solutions that make it possible to increase the earth-
quake resistance of buildings. Different types of energy absorbers are also studied that efficiently absorb the energy of
seismic vibrations preventing the destruction of load-bearing structures.

The analysis of typical earthquake damage enables ways and methods for increasing the earthquake resistance of a
building to be formulated:

— reduction of inertial loads during seismic action due to the use of lightweight and efficient building materials;

— uniform and symmetrical distribution of stiffness and mass relative to building axes;

— location of butt joints outside the areas of greatest effort;

— ensuring the plastic operation of structures to absorb the energy of seismic impacts.

Foundations and underground structures
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The study also examines modern active seismic protection systems, including seismic insulation, adaptive systems,
damping and vibration dampers.

Special attention is paid to the development and analysis of the attachment point of the frame using a curved thin-
walled plate. This solution makes it possible to effectively transfer forces from seismic impacts and ensure high earth-
quake resistance of the building.

Hence this study seeks to develop innovative design solutions increasing the reliability of buildings and structures, to
create conditions for reducing possible damage including that to load-bearing structures.

Considering the typical earthquake damage, buildings and structures in regions with seismic activity of 8, 9, and 10
points should be designed so that the impact of seismic force is kept to a minimum. The aim of the study is to investigate
the existing options for protecting buildings from seismic effects, as well as to calculate a possible attachment point for
the building frame.

Materials and Methods. There are two ways to increase seismic resistance: traditional one— by increasing the cross-
sections of structures and a special one — by reducing the load by means of changing the dynamic scheme of the structure [1].

The major ways of increasing the earthquake resistance of buildings are architectural planning and design solutions?,
as well as a range of energy-absorbers.

Based on the results of an engineering analysis of the effects of earthquakes, the following principles of earthquake-
resistant buildings design were obtained [2]:

— reduction of seismic forces due to the use of lighter and more efficient building materials, thereby reducing the
mass of structures;

— optimization of bending stiffness, the location of nodal masses equally distant, including symmetrically, in the
most dangerous directions of seismic load;

— positioning / butt joints outside the area of greatest effort;

— ensuring the plastic operation of structures.

The standards for the design of steel structures allow the use of plastic properties. These properties can also be used
for reducing the energy transferred to structures during seismic action. Such special elements are called energy absorbers.
At the same time, additional design solutions to, e.g., increase rigidity, strength, and stability will not be required. If the
yield point is exceeded, the energy absorbers can be replaced with no loss of structural performance [3, 4].

There are a few major types of energy absorbers in the literature. These include rods or plates used in frame systems
characterized by low energy consumption; rings or pipes — as a rule — typically installed in connections to transfer
stretching and compression forces through braces, bolted joints are used; beams are used instead of diagonal connections,
energy absorption is provided due to the bending or torsional rigidity of the element; structures providing shift are char-
acterized by a relatively high specific energy consumption.

In order to eliminate stress concentrations, structural elements should not include sudden changes in cross-sections
for increasing cyclic strength and durability [5].

The issue of developing active seismic protection systems is relevant. The basic principles of such systems are the
overall self-isolation of buildings or individual elements adaptive systems with variable characteristics, dampers and vi-
bration dampers are used for [6].

Research Results. The simplest and most effective example of such an energy absorber can be a shape made of a bent
thin-walled plate installed in the junction of the bond with the column with an offset relative to the axis of the bond. At
the same time, the shape enables a transfer the forces from the seismic impact within the elastic operation of the material.

Fig. 1 shows a diagram of the attachment point of the frame bond, Fig. 2 shows section 1-1.

1 SP 14.13330.2014 Construction in Seismic Areas. Updated Edition of SNiP 11-7-81*. Moscow: Standartinform; 2018. 114 p.
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Fig. 1. Diagram of the attachment point of the frame bond
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Fig. 2. Section 1-1

1. Acoupling element 3 is attached to the column of the frame 1 having a shape 2. Fastening of the coupling element 2 to
the column 1 is provided using factory welds 5. Fastening of the coupling element 4 of the bond 3 to the shape 2 is
provided using bolts and mounting welding 6. Fastening of the coupling element 4 is provided through the plug 7 of the
coupling element 3 from a closed bent-welded the profile.

2. Forces from the coupling element 3 to the column 1 are transferred through the shape 4 attached with an offset
relative to the axis of the coupling 3. The node operates as follows: the shape 4 perceives the forces from the coupling
element 3, while elastically deforming, due to ductility reduces the internal forces transmitted to the column 1. The oper-
ation in the elastic area does not lead to residual deformations and ensures sufficient reliability of the attachment point of
the bond with the column.

3. While exposed to a horizontal seismic load, there are elastic deformations in the profile 4 at the junctions of the
bond 3 with the column 1, due to which a significant part of the vibrations is absorbed increasing the seismic stability of
the building.

4. A finite element analysis of the stress-strain of the shape under a compressive force has been performed via the
Stark ES software package. The main stresses and deformations in the element are identified. The calculation scheme is
shown in Fig. 3, the voltage distribution is shown in Fig. 4. The essence of the finite element method is that the calculated
structure is divided into a number of small but finite elements, which, depending on the type of structure and the nature
of its deformation, might have different shapes. An example of calculation using this method is discussed in [7], where
the research model is a freely supported single-span beam made of a thin-walled profile with a channel section. Isotropic
plates with a thickness of 1.2 mm are used as the finite elements.
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Fig. 3. Calculation scheme

reduces metal consumption, provides high seismic stability, and is

Fig. 4. Main stresses in the gusset

5. The frame structure is easy to manufacture,
easily replaced with a new one allowing quick complete restoration of the bearing capacity of the frame.
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Discussion and Conclusion. As a result of the study, innovative design solutions have been set forth in order to
increase the earthquake resistance of buildings. These include the use of energy-absorbing shapes made of bent thin-
walled plates in the attachment points of the frame bonds.

The application of the suggested constructive solutions allows one:

— to reduce the metal consumption of structures;

— to ensure easy replacement of elements if needed;

— to scale the solutions for different types of building structures and climatic conditions.

Therefore the resulting solutions are a critical contribution to the development of earthquake-resistant construction

and can be successfully applied in a wide range of regions experiencing an increased seismic activity.
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