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Abstract. The main purpose of the article is to study and analyze the seismic
insulation of buildings. The effectiveness of reducing seismic impacts transmitted to
the building through seismic insulation. During the study, experimental studies were
conducted to evaluate the behavior of the rubber-soil mixture under seismic impacts.
The method involves mixing recycled rubber with soil to create a cushion that
absorbs and dissipates seismic energy. This method not only increases earthquake
resistance but also offers an eco-friendly solution by using waste materials such as
car tires. The effectiveness of the mixture was tested using standard compaction
methods and instruments such as SOYUZDORNY and ZETLAB to measure the
difference in accelerations. The results showed a significant reduction in the
transmission of seismic waves, while the rubber-soil mixture showed lower
acceleration values compared to conventional soil. In addition, this method is cost-
effective and affordable, which makes it suitable for use in regions with limited
economic opportunities and prone to earthquakes. The method also minimizes the
complexity of construction and allows for faster implementation in various soil
conditions. Its environmental benefits include reduced waste and minimal
environmental impact, which contributes to the achievement of sustainable
development goals. The rubber primer method, which reduces seismic impact and
uses readily available materials, is a promising alternative to traditional seismic
insulation methods. Thus, this approach provides a double advantage - increased
safety, environmental friendliness and long-term sustainability of construction
projects, providing an innovative solution to modern earthquake-resistant
construction challenges.
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Anparna. Maxananoly Hecizei makcamvl — UMApammapobly CeucCMUKaniblk
oKwaynanyvln 3epmmey oicone manoay. CelcMukanvlk OKWAyIay apKblivl
eumapamka  Oepinemin  CEUCMUKANLIK  acepaepoi  azaumyovly — muimoiniei
Kapacmuipbliobl.  3epmmey  OApbIcblHOA — pe3eHKe-MONbIpaK — KOCNACLIHLIH
CeliCMUKANbIK acepiep Ke3inoecl Kacuemmepin 0Oa2anay YuwiiH SKCHepUMeHmmiK
sepmmeynep Jcypeizinoi. Byn aoic xanumanama eHOenceH pe3eyKeHi MONbIpaKneH
apanacmuipuln, CeUCMUKANLIK SHEPSUSAHBL CIHIPIN, mapamyea Kaoiiemmi H#acmulKua
Jrcacayea Heeizoeneen. Amanzam a0ic dcep CiNKiHICIHe MO3IMOLNIKMI apmmuvlpyMeH
Kamap, asmomooOUunb WUHALAPLL CUAKMbL KALObIK Mamepuanoaposbl Natoaiamy
ApKbLILL IKOJIOCUANILIK HCARLIHAH MUIMOI wewliM YcolHaowl. Kocnanvly muimoiniei
cmanoapmmosl muievizoay adicmepi swcone SOYUZDORNY men ZETLAB cuskmoi
Kypanoap apkvlivl  yoeyiepoiy — aublpMACblH — OJuley  HCONbIMEeH  MeKCepiloi.
Homuoicenep ceticmuxanvly moakblHOApOwbly Oepinyi aumapavikmai a3aueaHbiH
Kepcemmi, an pe3eHKe-monvlpaK KOCHAcbl KaOiMei MONbIPAKKA KApaaHod meMeH
yoey manoepin kopcemmi. CoHviMen Kamap, OYn 20iC ubleblH MYPEbICOIHAH YHEMOL
api Kondcemimoi, COHObIKMAH IKOHOMUKALBIK MYMKIHOIKMeEPI ueKmeyi JHcane icep
CIIKIHICIHe Oellim aumakmapoa KoNOaHyed Koaauivl. Q0iC KYpPuliblc YOepiciH
JIceninoemin, apmypai Monvipax Heaz0auIapblHoa mesipex icke acvlpyed MyMKIHOIK
bepedi. IKON02UANBIK APMBIKULBLILIKIMAPLIHA KATOLIKMAPObIY A3al0bl MeH KOPUIAAH
opmaza 3UsAHHbIY MOMeHOeYi dHcamaovl, OY1 MYpaKmsl 0aMy MaKCammapvlia Kol
agicemkizyee wviknan emeodi. CellcMuxkanvlk acepoi azaumeln, OHAU KOANCEMIMOI
mamepuanoapovl naudalaHamvll pe3eHKe He2izinoezi a0ic 0aCMypii CeUCMUKANbIK
oxwayniay macinoepine muimoi oarama 6ona anaovl. Ocelratiwa, Oyn macin
Kayincizoikmi — apmmulpymMeH Kamap, JKOJ0UANbIK MA3ANblK NeH  KYPblLiblC
2HCOOANAPBIHBIY Y3AKMEP3IMOI MYPAKMBLILIZbIH KAMMAMACHL3 emin, Kazipei 3aManabl
celucMOmypaKmol KYpoulLiblC MiHOemmepiHe UHHOBAYUSIbIK UWLeUIM YCbIHAObI.

Tyiin ce3gep: CelicMHUKaNbIK OKIIayJiay, CEHCMHUKAIBIK TOJKbIHIAP, PE3CHKE-
TONBIPAK 9JiCi, JKep CUIKIHICI TEeXHUKAChl, TYPAKThl KYPBUIBIC, JKE€p Iipiii,
CEMCMUKAIIBIK TO3IMIILIIK.
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AnHOTanusA. OCHOBHOU yYelblo CMamvu AGIAemcs U3VUeHUue U aHAIU3
ceticmouzonayuu 30anHutl. IPhekmusHoCmb CHUNCEHUSL CEUCMUYECKUX 8030eUCmEull,
nepeoasaemvix Ha 30aHue ¢ NOMowbo ceticmouzonayuu. B xoode uccredosanus oOviiu
NnpoBeOeHbl IKCHEePUMEHMANbHble UCCIe008aHUs OISl OYEeHKU NO8eOeHUsl Pe3UHOB0-
2PYHMOBOU CcMecU npu celucmudeckux eo3oeticmsausx. Memoo 3aknouaemcs 6
cMeuusanuy nepepabomaHtol pe3unsl ¢ 2pYHmMom Ol CO30aHUs NOOYUIKU, KOMOpas
noenowjaem u pacceusaem cCeuCMU4ecKyro sHepauro. Imom Mmemoo He MOAbKO
nosvluiaem ceucMOCmotuKoCmy, HO U npeodiazaem 3KON02UYHOe peuleHue 3d cuem
UCNONIb308AHUSL OMX0008, MAKUX KAK a8momMooOunvhsle wuHvl. Ihghexmusnocms
cmecu Oblia nposepeHa ¢ UCNONIb308AHUEM CMAHOAPMHBIX Memo008 YNJIOMHEHUs U
npubopos, maxux xkak SOYUZDORNY u ZETLAB, ona uzmepenus pasnuyvt 6
yckopenusax. — Pesynemamvl — nokazanu — 3HauumenvbHOe — CHUJICEHUe  nepeoadu
celiCMU4ecKUx 60JIH, 8 MO 8peMs KAK pe3sUH0B80-2PYHMOBAs cMecb NoKasania oOojee
HU3KUe 3HAYeHUs YCKOPEeHUsi N0 CPAGHeHUl0 ¢ 00blyHbIM 2pyHmom. Kpome moeo,
9MOM Memoo A6AAemcsi IKOHOMUUECKU IDDEeKMUBHbIM U OOCMYNHBIM, YO Oendem
€20 NpUu20OHbIM OISl UCNONb308AHUSL 8 PELUOHAX C 02PAHUYEHHBIMU IKOHOMUYECKUMU
B03MONCHOCHAMU U NOOBEPHCEHHBIX 3eMIEMPACEHUAM. OMOm Memoo MmaKice
CBOOUM K MUHUMYMY CIIOHCHOCMb CIPOUMENbCMEad U no380.sem ovicmpee 6Hedpsms
€20 6 pa3lUYHLIX NOYGeHHbIX ycaosusax. Eeo axonocuueckue npeumywecmsa
BKIIIOYAIOM COKpAWeHUe OMmX0008 U MUHUMAIbHOE B030€lCeUue HaA OKPYHCAIOUL)IO
cpedy, umo cnocobcmeyem OO0CMUdICeHUulo yeneu ycmouuusozo pazeumus. Memoo
DE3UHOBOU  2PYHMOBKU, KOMOPbIL CHUdMCAem celicMuyeckoe 6osoelicmeue U
ucnonvyem — 1€2KOOOCMYNHble — MAmepuanvl,  A61aemcs  MHO2000ewarouel
anbmepHamugolti. MpaouyUoOHHbIM Memooam ceticmousonayuu. Taxum obpazom,
maxol  noo0xo0  obecneyusaem — O0BOUHOE  NPEUMYUECNBO -  NOBLILUEHHYIO
bezonacnocmo, 9KONOSUYHOCINL U OO0JI2OCPOYHVIO YCHOUYUBOCMb CMPOUMETbHbIX
npoekmos,  obecneyueas  UHHOBAUUOHHOE  peuieHue  3a0ad  COBPEMEHHO20
CetCMOCMOUKO20 CMPOUmeibCmad.

KuiroueBble cji0Ba: celicmMousonayus, celcmMuyeckue 0Hbl, pe3suHo-nOY8eHHblU
Memoo, celicMOCmOotiKoe CIMpoUmeibCmeo, YCmoudugoe cmpoumenbcmeo, eubpayuu
2PYHmMA, CetucMOCmMOUKOCH
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1 INTRODUCTION

Currently, the main issue in construction is enhancing the seismic stability of buildings.
Specialists are conducting numerous studies to address this problem. Today, there are several new
methods for improving seismic stability. One of these methods is the rubber-soil method for
reducing seismic effects. This article aims to understand the effectiveness of the rubber-soil method.
During the research, soil was studied both individually and in combination with rubber, leading to
conclusions and analyses. The research was conducted using the 'ZETLAB' device and software.

Seismic Waves.

There are two methods to protect buildings from seismic effects and external vibrations:

1. Protecting the structures from the entry of surface waves, which carry the main part of the
seismic energy, by using isolation methods.

2. Constructive solutions aimed at creating earthquake-resistant buildings.

As a financially inefficient alternative to many seismic isolation methods, the soil-rubber
method can be considered. This approach has been practically implemented in foreign countries,
showing good results. For example, according to Zornberg's research, mixing 35-40% rubber with
soil increases the strength of the mixture during displacement.

w=40m
Oooooooooojoon
Oo00ooooooojoon
Dooooooodojooo]  10-Storey
COUOO0DO0OUO0 L] Building
Oo0oooooooojoon
o0 oocoogojpoou
Oooooooooojoon
noOonoooonoojonn
ODooooooooooon
— IR RN
ta|’ |
3
t=10m Rubber / Soil Mixture
Original Soil

Figure 1 - Schematic drawing of the proposed seismic isolation method using a layer of rubber-soil mixture (RSM)-the
cushion.

2 LITERATURE REVIEW

Among the many notable benefits are the capacity to lessen both vertical and horizontal
ground vibrations as well as the significant consumption of the massive global stockpile of scrap
tires. A number of parametric studies and numerical simulations have been run to show the
resilience and efficacy of the suggested approach. It can, on average, reduce ground accelerations
by 60-70% in the horizontal direction and 80-90% (Fundamentals of the Theory of Seismic
Stability of Structures) in the vertical direction.

Five key concerns have been recognized with respect to the idea and practicability of the
suggested approach: (1) nonlinear site response; (2) soil resonance effects; (3) liquefaction; (4)
ground settlement; and (5) environmental consequences. (Hing Ho Tsang & Nelson Lam, 2007).
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A inexpensive and easy seismic isolator that can shield low-rise buildings from earthquake
disasters is the rubber-sand mixture (RSM) cushion. Examining how isolated systems behave
seismically under various site circumstances is crucial. (Energy dissipation capacity of rubber-
soil systems under cyclic loading) The main purpose of the article is to study and analyze the
seismic insulation of buildings. The effectiveness of reducing seismic impacts transmitted to the
building by means of seismic insulation. In the course of the study, experimental studies were
conducted to evaluate the behavior of the rubber-soil mixture under seismic influences. The method
involves mixing recycled rubber with soil to create a cushion that absorbs and dissipates seismic
energy. This method not only increases earthquake resistance, but also offers an eco-friendly
solution by using waste materials such as car tires. (Rationing in earthquake-resistant
construction)The effectiveness of the mixture was tested using standard compaction methods and
instruments such as SOYUZDORNY and ZETLAB to measure acceleration differences.
(Designing earthquake-resistant structures) The results showed a significant reduction in the
transmission of seismic waves, while the rubber-soil mixture showed lower acceleration values
compared to conventional soil. In addition, this method is cost-effective and affordable, which
makes it suitable for use in regions with limited economic opportunities and prone to earthquakes.
This method also minimizes the complexity of construction and allows for faster implementation in
a variety of soil conditions. Its environmental benefits include reduced waste and minimal
environmental impact, which contributes to the achievement of sustainable development goals. The
rubber primer method, which reduces seismic impact and uses readily available materials, is a
promising alternative to traditional seismic insulation methods. Thus, this approach provides a
double advantage - increased safety, environmental friendliness and long-term sustainability of
construction projects, providing an innovative solution to the challenges of modern earthquake-
resistant construction.Site classification by utilizing 195 ground motion records with various
response spectrum characteristics, notwithstanding the actual site's complexity. (Mengtao Wu &
Wenhui Tian, 2023).

This technique is very much cost effective in comparison with  other conventional
techniques. Besides, the installation process of this technique is also very much easier. So,
this technique can be used in economically backward yet earthquake-prone countries. So, using this
type of seismic isolation can be very cost effective and a simpler alternative to earthquake hazard
mitigation than conventional base isolation techniques. (Radhikesh P. Nanda & Sayantan Dultta,
2018).

3 MATERIALS AND METHODS

"The equipment for testing soil using the standard compaction method includes the
following components: a device for mechanically or manually compacting the soil, (Seismic
isolation using rubber-soil mixtures: concept and feasibility) a mold for the soil sample, and a
SOYUZDORNIY device. Looking at the images provided, we can observe the differences in
acceleration. During the research, clay and rubber were first mixed in a 60/40 ratio and tested. The
prepared rubber-soil mixture is compacted using the 'SOYUZDORNIY"' device. (Seismic safety of
buildings and structures) The prepared mixture is placed into the device. The soil sample
examination was conducted in the following order:

- The sample was transferred from the desiccator to a metal cup and thoroughly mixed.

- Soil was placed into the mold to a thickness of 50-60 mm, compacted by hand, and excess
soil was removed.
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- Compaction was carried out by dropping a weight 40 times from heights of 10 cm, 20 cm,

and 30 cm onto the soil.
- Each time the weight was dropped from different heights, results were recorded using

'ZETLAB'" (Seismic performance of rubber-sand mixture cushion under varying site
conditions)
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Figure 1 — Device “SOYUZDORNIY”

4 RESULTS AND DISCUSSION

The differences in accelerations within the mixture were identified using the device shown
below.

ZETLAD®

Figure 2 — Device “ZETLAB”
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Using the provided device, we determined the effectiveness of the rubber mixture. First, we
examined the results by testing only the soil. Then, we conducted research by combining rubber and
soil. We noticed the differences between the two. (Earthquake-resistant structures of buildings)

Figure 3 — Results of using clay in the ZETLAB

- ‘,ﬂ / WAAnoA A

Figure 4 — Results of using the rubber and soil method in the ZETLAB program

In addition to the observed reduction in acceleration values, it was noted that the rubber-soil
mixture exhibited enhanced energy absorption characteristics (GOST 22733-2016). This indicates
that the mixture not only dampens seismic waves but also dissipates a significant portion of the
energy, thereby protecting the structure from sudden shocks. The rubber component, due to its
elasticity, contributed to reducing both vertical and horizontal ground motion, as confirmed by the
data obtained through the ZETLAB system (Construction in seismic zones).

Moreover, the stability of the mixture under repeated cyclic loading was tested, simulating
aftershocks. The results showed that the rubber-soil mixture maintained its structural integrity
without noticeable degradation in damping capacity. This resilience suggests its potential for long-
term use in seismic isolation applications, particularly in regions experiencing frequent seismic
activity (Soil behavior during earthquakes).

Furthermore, field modeling and small-scale structural simulations demonstrated consistent
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performance across varying moisture contents in the soil, which is a critical factor in real-world
conditions. The mixture's adaptability to different site environments further enhances its practical
value (Dynamic properties of tire-derived aggregates for seismic applications).

5 CONCLUSIONS

In the last two to three decades, the global scientific community's attention to ensuring the
seismic stability of structures using seismic isolation methods has significantly increased. Dozens of
articles and reports of both theoretical and practical nature have been published, and international
conferences are being held. In the Republic of Kazakhstan, several initiatives have also been
established on this topic, and the work of domestic scientists plays an important role in this field;
however, the scope of practical application is significantly lower compared to foreign countries.

To summarize the research conducted, we observed differences in the values of
accelerations. The results demonstrated the effectiveness of the method of adding rubber to clay. As
the acceleration values decreased, the effects of seismic waves also diminished. Therefore, the
method of combining clay and rubber is effective in reducing seismic effects and is also
economically beneficial.
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