Bulletin of Kazakh Automobile and Road Institute. Ne2 (10) 2025 ISSN 3005-4974, E-ISBN 3005-4966

Technical Sciences. Architecture and Construction

DOI: https://doi.org/10.63377/3005-4966.2-2025-03
UDC: 624.131.32
IRSTI: 73.31.13

Comparative Analysis of the Damping Properties of Soil-Rubber Geomaterials for Seismic
Isolation of Road Structures

“Nietbay S.

ILLP «International Educational Corporation» Almaty, Republic of Kazakhstan
*Corresponding author email: sayat 90@inbox.ru

Abstract
Received: The article focuses on the investigation of the effectiveness of
12 April2024 soil-rubber composites used as damping layers for geotechnical
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itx;%’egfm minimize the adverse impact of seismic waves on infrastructure
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the natural soil base and the foundation of the structure. This
innovative approach aims to enhance the seismic resilience of
transport systems, especially in earthquake-prone regions.
Laboratory experiments were conducted using accelerometric
analysis methods to measure the amplitude and frequency of
vibrations transmitted through natural soil and soil modified with
rubber crumb. The results demonstrated that the inclusion of
rubber particles significantly improves the damping properties of
the soil. Specifically, the soil-rubber layer reduced peak ground
acceleration by approximately 33% compared to unmodified
natural soil. This confirmed the composite material’s ability to
absorb and dissipate seismic energy effectively.

Additionally, the study emphasizes the environmental benefits of
using rubber crumb derived from recycled tires. This approach
not only provides a technically efficient solution for seismic
isolation but also contributes to sustainable waste management
by reusing non-biodegradable materials that would otherwise
pose environmental hazards.

The developed methodology offers a practical and cost-effective
strategy for improving the reliability and safety of road structures
in seismically active areas. The experimental data support the
implementation of soil-rubber composite technology in
engineering practice as an innovative solution that combines
structural performance with environmental sustainability.
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Tyiingeme

Makana KOJ KYPBUIBICTaphbI YILiH Ie0TEXHUKAIIBIK

CEMCMOM3OIIAIIHSIIA KOJITAaHBUIATHIH TOTIBIPAK-PE3CHKE
Maxara xenni: KOMITO3UTTEPIHIH THIMIUIIIH 3€pTTeyre apHajifaH. 3epTTeyAiH
g;zﬁz;gi;l orri: HET13I1 MakcaThl — KYPbUIBIMHBIH 1pretacbl MEH TaOWUFH TOMbBIPAK
14 mambip 2024 HET131 apachlHAAaFbl YHEPTHUSHbI CIHIPETIH apaliblK KaOaTThl €HII3y
KaGbinnanaer: apKBUIbI CEHCMMKAIBIK TOJIKBIHAAPBIH HH(PAKYPBUIBIMFA 9CEPiH

12 mringe 2024 o . . - .
a3anTy. B¥J'I HWHHOBAIUAJIBIK TICLI 3CIPECC CECUCMUKAJIBIK 66HC€HI[1

alimMakTapia KeJiK O KYHeNlepiHIH CEeWCMHUSIIBIK —TO3IMAUIIrH
apTThIpyFa OarbITTaJIFaH.

JlabopaTtopusiblK ~ TOKIpUOENIep aKCeIepOMETPHUSUIBIK — Talaay
omicTepl apKbUIbI XKYPri3iiai, Oy TaOWFU TONBIPAK TEH PE3EHKE
TYHIpIIIKTEpi  KOCBUIFAH  TOMBIPAK  apKbUIbl  OepineriH
TepOeNIiCTepIiH aMIUTUTYIaChl MEH JKUUIITIH eJIIeyre MyMKIHIIK
Oepai. Hotmxenep peseHke OeeKTepaiH KOCBUTYBl TOMBIPAKTHIH
neMIiepiik KacHeTTEpiH €19yip apTThIPaThIHBIH KOPCETTi. ATam
aliTKaHIa, TOMbIpAaK-PEe3eHKE KadaThl MINNHIAI YACyAl TaOuru
TOMBIPAKIEH caJbICThIpFaHia mamMaMeH 33%-Fa a3alTTel, Oy
MaTepHAIABIH CEHCMHUKAIBIK YHEPTUSHBI THUIMAL CIHIpIM, ceHinTy
KaOlJIeTIH IoIeIIeH 1.

CoHbBIMEH KaTap, 3epTTey KaiTa eHJIeNreH IWHATapIaH aJlbIHFaH
pe3eHKe TyHipHIikTepin naiaananyJIbiH SKOJIOTHSITBIK
apTHIKIIBUIBIKTAPBIH KOpceTedi. byl oic TEeXHUKANBIK JKaFbIHAH
TUIMIII FaHa eMec, COHBIMEH Karap KalTa ©HJeIMEWTiH
KJIBIKTApIbl KOJIJAaHY apKbUIBI JKOJOTHSIIBIK TYPAKTBUIBIKTHI
apTThIpyFa bIKIAI €TE/i.

3eprTey OapbIChIHIA JKacajFaH OJICTEME CEHCMHUKABIK KAyimTi
alilMaKkTapJarbl KON  KYPBUIBIMJIAPBIHBIH ~ CEHIMJIUIINT  MEH
Kayilci3AiriH apTThIpy YINIH THIMII opi YHeMIi ImemiM Ooja
amanel. AJIBIHFAaH JIEPEeKTep TOMBIPAK-PE3€HKE KOMIO3UTTIK
TEXHOJIOTHSICHIH HMHXKEHEPIIK TokKipuOene KoJigaHyFa YCBIHYFa
Heri3 oepei.

Tyiiin ce3aep: ceficMHKaNbIK OKIIAyay, AeMI(epiik KadaT, ko
KYPBUIBICTaphl, aKCEIEPOMETPHSIIBIK TaJay.
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CpaBHHUTeIbHBIN aHATN3 AeMI(HPYIOIINX CBONCTB IPYHTO-PE3HHOBBIX IeOMAaTePHAIOB s
celicMHUYeCKOH M30/IILMHU I0POKHBIX COOPYKEHU I
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AHHOTANUA
Cratesi TOCBSIIEHa  HCCIAEAOBAaHUIO  A()(PEKTUBHOCTH  MOYBEHHO-
PE3MHOBBIX KOMITO3UTOB, HCIIOJIB3YEMBIX B KadyeCTBE ACMI(UPYIONINX

o CJIOEB JJIA T €OTEXHUUYCCKOMH CCﬁCMOH3OHHHHH AOPOIKHBIX COOPY)I(CHI/Iﬁ.
OCTyIUJIA:

12 anpenst 2024 OCHOBHOﬁ OCIIbKO ABISICTCA CHHIXKCHHEC HEIraTUBHOI'O BO3)1€I>1CTBPI5[
PerensnpoBanye: CelicMMYeCKMX  BOJIH Ha  HMH(PACTPyKTypy  IyTéM  BBEJICHUS
11'11 r::éojieqam IPOMEKYTOUHOI'0, TOIJIOMAIONIEr0 YHEPTHIO CIOS MEXKIY €CTECTBEHHLIM
12 moms 2024 IPYHTOBBIM  OCHOBaHMEM U  (DYHJAMEHTOM  COOPYXEHHSA.  DTOT

MHHOBAIIMOHHBIM TOJXOJ HAIpaBJieH Ha IMOBBIIIEHHWE CEHCMOCTOMKOCTH
TPAHCHOPTHBIX CUCTEM, OCOOCHHO B CEIICMOAKTUBHBIX paliOHAX.
JlaGopaTopHble HKCIEPUMEHTHI OBLIM TPOBEACHBI C HCIOJIH30BAHUEM
METOJIOB aKCEJIEPOMETPUUYECKOT0 aHAJIM3a AJI1 U3MEPEHUS aMILIUTYIbl U
4acTOThI KoJieOaHU, epealoXcs Yepe3 IPUPOIHBIN IPYHT U TPYHT C
No0aBJIEHUEM  PE3MHOBOM  KpOWIKW. Pe3ymbTaThl  MOKa3anid, 4YTO
BKJIFOUEHHUE PE3UHOBBIX YACTHUI[ CYIIECTBEHHO YIy4IlaeT AeMI(pUPYIOLIIe
CBOMCTBa MOYBHI. B yacTHOCTH, €JI0W MOYBEHHO-PE3NHOBOIO KOMIIO3UTA
CHIDKAJI MMKOBOE ycKopeHue Ha ~33 % 1mo cpaBHEHUIO ¢ HEOOpaOOTaHHBIM
IPYHTOM, YTO MOJATBEPAWIO CIOCOOHOCTh MaTepuana 3(pdexTuBHO
MOTJIONIaTh U paccenBaTh CEHCMUYECKYIO SHEPTHUIO.

Kpome  Toro, UCCIIEIOBaHKE MOMUYEPKUBAET  DKOJIOTHYECKUE
MPEUMYIIECTBA HCIOJIb30BaHUS PE3UHOBOW KPOILIKH, MOJYyYEHHOU U3
nepepaboTaHHBIX MIUH. DTOT MOJIXOJA SBISAETCS HE TOJIBKO TEXHHUYECKH
3¢ (PEeKTUBHBIM peIIeHuEM ISl CEHCMOM3OJSAIMN, HO M CIOCOOCTBYET
YCTOWYMBOMY  YIPAaBIEHUIO  OTXOAAMH,  IOBTOPHO  HCIOJb3YyS
TpyJIHOpa3JaraeMble MaTepHalbl.

PazpaGoranHass MeTonuka TpeACTaBiIsieT Cco0OW  MPAaKTUYHYIO U
HSKOHOMUYECKH BBITOJHYIO CTPAaTErHio MOBBIIECHUS HAAEKHOCTH U
0€30MacHOCTH JIOPOXKHBIX KOHCTPYKIMH B CEHCMOOMACHBIX 30HAX.
[TorydyeHHbIe JaHHbIE TOJEPKUBAIOT BHEJIPEHUE TEXHOJIOTUU ITOYBEHHO-
PE3NHOBBIX KOMIIO3UTOB B MH)KEHEPHYIO NMPAKTUKY KaK MHHOBALMOHHOTO
pEIIeHHsI, COYETAIONIETO CTPYKTYPHYIO 3P (HEKTUBHOCT M SKOJIOTHIECKYIO
YCTOMYHBOCTb.

KuroueBblie cjioBa: ceiicMOn30msus, AeMIPUPYIOLUINI CI0M, TOpOKHbIE
COOPYKEHMsI, AKCEIEPOMETPUUECKUIN aHAJIN3.
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Introduction

Intense seismic activity poses a serious threat to transport infrastructure, especially in
regions with high seismicity. In the Republic of Kazakhstan, a significant portion of the territory is
located in seismically hazardous zones, particularly the southern and southeastern regions.
Historical earthquakes (Almaty 1911, Tashkent 1966, Zhambyl Region 2003, among others) have
demonstrated the vulnerability of engineering structures built using traditional technologies.
Damage and destruction of road bridges, overpasses, viaducts, and other elements of the transport
network during strong earthquakes lead to severe socio-economic consequences. Even when
construction standards are followed, conventional design solutions may prove insufficient.
Common problems include low density and strength of the subgrade, soil heterogeneity, high
groundwater levels, poor drainage, and resonance effects between seismic waves and the natural
vibrations of the structure. Statistics show that a significant proportion of structural damage is
concentrated in the "soil-foundation” interface. Therefore, it is highly relevant to develop solutions
capable of mitigating seismic impacts before the vibrations are transmitted to the superstructure.

The concept of geotechnical seismic isolation offers a fundamentally different approach to
seismic protection compared to traditional methods of structural reinforcement. The core idea lies in
creating a special damping layer between the building foundation and the natural subgrade, which
partially absorbs and dissipates the energy of incoming seismic waves. Such a layer can be
composed of soil mixtures with materials possessing enhanced damping properties—such as soil-
rubber, soil-bitumen, soil-silicate, soil-cement, and other composite geomaterials. Their
effectiveness is ensured by a combination of a low shear modulus (allowing the layer to deform and
cushion seismic vibrations) and high internal friction (promoting rapid attenuation of the wave
within the layer). As a result, the peak accelerations transmitted to the structure are significantly
reduced, thereby limiting horizontal displacements and dynamic loads on the superstructure [1].

In recent years, geotechnical seismic isolation has undergone successful testing in both
laboratory and field conditions. Vibration table experiments and numerical modeling have shown
that the inclusion of soil-rubber mixture layers can reduce the transmission of seismic energy to the
building superstructure by 30-60% [2]. International implementation of such systems already
includes real-world projects: for example, damping cushions made of glass beads and sand, gravel—
rubber filtering layers beneath foundations, and deformable bases applied in Japan, Italy, China,
New Zealand, and South Korea [3-6]. It has been noted that the use of geosynthetic layers, pile
rows, and other barrier elements is also effective in attenuating seismic waves within the soil [5, 6].
Recent studies confirm that geotechnical seismic isolation can enhance the seismic resistance of
both new and existing structures while remaining economically viable due to the availability of
local materials and reduced repair costs [4].

Particular interest lies in the use of recycled materials, such as rubber crumb from used tires,
in damping layers. This approach addresses two key issues: first, it enhances the seismic protection
of structures; second, it facilitates waste utilization, thereby reducing environmental impact. Crumb
rubber derived from worn-out vehicle tires is characterized by low density and high damping
capacity, making it an ideal component for seismic isolation layers [7]. According to research, the
use of such tire-derived aggregate (TDA) layers can significantly reduce dynamic forces. For
example, in numerical models of tunnels backfilled with tire crumb, reductions in deformations and
internal forces of 50-75% were achieved [7]. Other studies have noted that an optimal crumb
content of 30% in soil mixtures provides the highest seismic energy absorption. Thus, the
incorporation of tire waste into seismic protection not only addresses the challenge of disposal but
also delivers substantial benefits for ensuring structural reliability, aligning with the principles of
sustainable development in construction.

Despite the obvious advantages, the widespread implementation of geotechnical seismic
isolation in Kazakhstan is currently hindered by the lack of regulatory frameworks and standardized
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solutions adapted to local soil conditions. Nevertheless, the increasing seismic risks and limited
budgets for structural reinforcement underscore the need for cost-effective and efficient seismic
protection technologies. The geotechnical soil-rubber layer is one such technology: it is
inexpensive, easy to implement, and compatible with existing design practices. The aim of this
study is to experimentally assess the damping capacity of a soil-rubber layer in reducing seismic
impacts on the foundations of road structures. To achieve this goal, a laboratory methodology based
on accelerometric analysis was developed and applied to evaluate vibration transmission through
soil foundation models with different additive compositions. The study emphasizes both the
scientific novelty (the use of accelerometric methods and innovative materials) and the practical
relevance of the obtained results for seismic-prone regions.

Methods

The object of the study is the soil foundations of road structures that are subject to dynamic
loads during seismic events. The subject of the study is the damping properties of a composite
geomaterial based on soil and rubber crumb, used as an intermediate layer between the natural
subgrade and the foundation structure. The experimental part of the research was carried out under
laboratory conditions using tools for vibrational dynamic analysis.

A composite mixture was prepared using natural soil (representing the mineral composition
of the foundation) and rubber crumb derived from recycled automobile tires. The component ratio
was set at 80% soil and 20% rubber additive by weight. This proportion was selected based on
literature recommendations and technological considerations to ensure sufficient workability of the
mixture and a pronounced damping effect. For control testing, additional specimens made of pure
soil without additives (natural soil) were also prepared to enable comparative analysis with the soil—
rubber mixture.

The prepared components were thoroughly mixed until a homogeneous composition was
achieved (Figure 1). The resulting mixture was then placed into a standard cylindrical mold in
layers. Each layer had a thickness of approximately 50-60 mm. Compaction was performed using
the standard Proctor method with the laboratory unit UG-F: 40 blows were applied to the surface of
each layer using a special tamping weight (2.5 kg) dropped from a height of 300 mm. After
compacting a layer, its surface was slightly loosened to ensure bonding with the subsequent layer,
which was then added on top. This procedure was repeated until the mold was filled; the top layer
was leveled flush with the mold's rim. This method of mechanical compaction allowed the
modeling of dense soil and soil-rubber states that closely resemble real foundation conditions.

Figure 1. Preparation of the soil-rubber mixture [author's material]

The compacted specimen was carefully removed and placed into a larger-diameter testing
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container simulating a structural foundation. An accelerometer (BC111, standard ICP, sensitivity 10
mV/g, operating frequency range 0.5-15,000 Hz) was installed at the base of the container (beneath
the specimen). The sensor was mounted in such a way as to capture vibrations transmitted through
the specimen to the foundation.

To induce oscillations, an impact pulse was applied: a 469 g weight was dropped from a
height of 250 mm onto the top surface of the specimen. The falling weight generated a short-
duration impulse analogous to a seismic wave propagating downward through the foundation
model. The accelerometer positioned below the specimen recorded the transmitted signal (Figure 2).

Figure 2. General view of the experimental setup [author's material]

Signals from the sensor were transmitted to a multi-channel spectrum analyzer ZET 017-U8
(dynamic range: 80 dB, frequency range up to 20 kHz), which was connected to a computer running
ZetLab software. The recording parameters were selected to reliably capture the entire vibration
process—from the moment of impact to the complete attenuation of oscillations. The duration of
each impact recording was 1.0 second, including approximately 0.5 seconds before the impact
(background and impact moment) and 0.5 seconds after the impact to capture the decaying
vibrations. As a result, each experiment produced an accelerogram—a time-history plot of
acceleration—reflecting the response of the foundation model to the impact load.

To improve the reliability of the results, each configuration was tested through a series of
repeated trials. Specifically, three independent tests were conducted for the natural soil (three
weight drops from the same height and mass), and similarly, three tests for the soil-rubber mixture.
Before each repeated impact, the specimen was reinstalled, and the system was reset, or a newly
prepared identical specimen was used to eliminate the influence of structural changes or damage
accumulation from previous impacts. In total, six experiments were conducted under identical
conditions (three for soil, three for soil-rubber). For each series, the average peak acceleration
recorded by the accelerometer was calculated. Data processing and averaging were performed using
ZetLab software with built-in statistical analysis tools. Reproducibility of the accelerogram
waveform was also monitored—they showed high similarity within each set of three trials,
confirming the reliability of the testing methodology.

The obtained accelerograms (Figures 3—8) were displayed on the computer screen and saved
for subsequent analysis (examples of oscillograms are provided in Appendix 1 of the source
materials). The primary parameter used for comparison was the peak acceleration amplitude—the
maximum acceleration value transmitted through the specimen. This parameter characterizes the
proportion of seismic impact energy that the damping layer transfers to the foundation: a lower
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amplitude indicates more effective vibration attenuation. Additionally, the nature of vibration decay
(the rate of amplitude decrease on the accelerogram) was analyzed; however, the present article
focuses primarily on comparing peak acceleration values for different materials.

e i
Figure 3. Accelerogram of natural soil Figure 4. Accelerogram of natural soil
without additives. Experiment 1 without additives. Experiment 2
by \
[HEEE |:I .\_/‘—\‘-\‘\v, iy ‘II‘J
“ "“""*k“".‘r-‘" N EAaan™
Figure 5. Accelerogram of natural soil Figure 6. Accelerogram of soil-rubber
without additives. Experiment 3 mixture. Experiment 1
l
ELT e R s
|I
|
|
Figure 7. Accelerogram of soil-rubber Figure 8. Accelerogram of soil-rubber
mixture. Experiment 2 mixture. Experiment 3

Results

Table 1 presents the measured peak vibration amplitudes recorded by the accelerometer
beneath the specimens made of natural soil and soil-rubber composite under three repeated impact
tests. It is evident that in all cases, the model with the soil-rubber layer transmitted significantly less
vibration than the model consisting of pure soil. For example, in Experiment No. 1, the peak
acceleration through natural soil was 5.91 (in arbitrary acceleration units, close to m/s?), while for
the soil-rubber layer it was only 3.78. In Experiment No. 2, the values were 7.00 and 4.04,
respectively, and in No. 3 — 7.47 and 3.91. On average, the amplitude reduction due to the addition
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of rubber crumb was approximately 33-34% compared to the control soil. These data clearly
confirm the pronounced damping effect of the soil-rubber composite: the addition of 20% rubber
results in only two-thirds of the seismic energy being transmitted to the foundation compared to
conventional soil.

Table 1. Results of Experimental Studies. Peak Vibration Amplitude

Experiment Natural Soil Soil-Rubber Composite
1 591 3,78
2 7 4,04
3 7,47 391

Data analysis (Figure 9) shows that natural soil exhibits significantly higher vibration
amplitude values compared to the soil-rubber composite. In the first experiment, the amplitude for
natural soil was 5.91, in the second — 7.00, and in the third — 7.47. In contrast, the amplitude values
for the soil-rubber mixture were noticeably lower: 3.78, 4.04, and 3.91, respectively.

Comparison of vibration amplitudes for natural soil and soil—
rubber composite

8 7 7,47
% ! Sfl/‘—'
= 6
>5 378 4,04 391
S 4
=
=3
o
e 2
<3

0

1 2 3

Ne Experiment Number

Figure 9. Comparison of Vibration Amplitudes for Natural Soil and Soil-Rubber Composite:
red line — natural soil, red line — soil-rubber composite [author's material]

Thus, it is evident that the addition of rubber crumb to the soil structure effectively reduces
the amplitude of seismic waves. On average, the soil-rubber composite reduces the amplitude by
more than 33% compared to natural soil, confirming its damping properties and applicability in
geotechnical seismic isolation for protecting road structures.

The presented data are consistent with previously obtained results, further confirming that
soil-rubber mixtures exhibit a stable damping effect and significantly reduce the level of vibrational
impact on structures.

Discussion

Analysis of the obtained accelerograms shows that, in addition to reducing the peak
acceleration value, the soil-rubber layer also alters the vibration behavior. A noticeably faster
attenuation of vibrations over time was observed: oscillations in the soil-rubber specimen
diminished earlier than in the pure soil sample (the amplitude dropped to negligible levels over a
shorter time period). This indicates increased energy dissipation in the rubber-containing mixture,
which corresponds to the well-known properties of polymeric materials—their ability to effectively
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disperse deformation energy as heat due to internal friction and viscoelastic characteristics. In
contrast, vibrations in the natural mineral soil persist longer, as dry, dense soil possesses lower
internal damping capacity.

The obtained experimental results are consistent with findings from other studies. Previous
research has reported that the use of rubber crumb in soil layers can reduce seismic accelerations
and structural deformations by several tens of percent. For example, in the works of Tsang et al. [8]
and Ranjbar et al. [9], shake table tests showed that the structural response was reduced by 30-60%
due to the addition of 10-30% rubber into sand. In the present study, the observed 33% reduction
falls within this same range, confirming the effectiveness of the selected composition. Variations in
the magnitude of the effect may be attributed to differences in rubber grain size distribution and
content, the properties of the base soil, as well as the scaling factor of the laboratory model.
Nonetheless, the qualitative conclusion remains consistent: the rubber component significantly
reduces the transmission of seismic energy through the soil.

The inclusion of a rubber fraction affects the dynamic properties of the soil in a complex
manner. First, the effective shear modulus of the composite is reduced: rubber is significantly softer
than mineral particles, so the mixture deforms more easily under dynamic loading, allowing larger
shear displacements at lower forces. As a result, part of the energy is dissipated in harmless
deformations of the layer (similar to a spring damper) and is not transmitted upward into the
structure. Second, internal friction and dissipative losses increase: the "soil-rubber" interfaces and
the rubber material itself absorb vibrational energy, converting it into heat. The results demonstrate
that due to these mechanisms, the soil-rubber composite acts as a seismic wave filter, blocking the
most hazardous peak oscillations. Notably, even a relatively small rubber content (20%) resulted in
a one-third reduction in amplitude. It can be expected that increasing the rubber crumb content to an
optimal level (e.g., 30% by weight) could further enhance the damping effect, as reported in
international studies [8, 9]. However, an excessive proportion of the soft phase may compromise the
strength and stiffness of the foundation, thus requiring a balanced approach and further research to
determine the optimal composition.

From an engineering practice perspective, the obtained results are of high importance for the
seismic isolation of road structures. A 30% reduction in accelerations transmitted to the foundation
implies an equally significant decrease in inertial forces acting on bridge supports, abutments,
retaining walls, and other structural elements during an earthquake. This can prevent the attainment
of ultimate limit states and reduce the development of cracks and plastic deformations in structural
materials. In other words, the soil-rubber damping layer is capable of absorbing part of the
destructive energy, thus protecting the superstructure from overloads. This is especially relevant for
regions of Kazakhstan where strong seismic events are a real threat, and many existing structures
lack sufficient safety margins. The proposed technology is relatively low-cost and technologically
feasible: the required rubber crumb is available from local sources (tire recycling), and its
placement and mixing do not require complex equipment. According to the literature, such systems
are economically efficient and pay off through reduced post-earthquake repair costs [2, 3].
Moreover, the use of waste materials in construction aligns with the principles of “green”
engineering and the priorities of sustainable development [10]. Instead of being landfilled, millions
of tons of worn-out tires can be given a "second life" as seismic protection elements, providing
tangible societal benefits.

Geotechnical seismic isolation using damping layers is not the only method for protecting
structures from seismic waves, but it is one of the most versatile and cost-effective. Alternatives
include, for example, specialized designs such as pile barriers or wave-blocking screens installed
around a structure to deflect seismic energy [5]. Other approaches involve reinforcing foundations
with geogrids and geotextiles to enhance the bearing capacity and stability of soil under vibration.
However, most of these measures entail substantial costs and complex construction processes. In
contrast, a soil-rubber damping layer can be integrated into the construction of a new structure with
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minimal alterations to the design scheme: it is sufficient to place a layer of the mixture of a
specified thickness beneath the foundation or within the fill base. For the reconstruction of existing
facilities, this method is also applicable—for example, by introducing thin damping layers during
embankment widening or strengthening. Thanks to its implementation simplicity and adaptability to
locally available materials, the soil-rubber layer technology appears attractive for large-scale
adoption [2, 7]. Naturally, broader application requires further research and the development of
regulatory guidelines tailored to regional conditions (e.g., soil types, seismicity, etc.) [11].
Nonetheless, it is already clear that this technology holds strong potential for enhancing the seismic
resilience of transport infrastructure both in Kazakhstan and beyond.

Conclusions

The conducted study confirmed the high effectiveness of soil-rubber damping layers within
the foundations of road structures for protection against seismic loads. The main findings are
summarized below:

— Damping efficiency. Laboratory tests showed that adding approximately 20 % rubber crumb to
soil reduces the peak amplitude of transmitted seismic vibrations by about 33 % compared with
plain soil. This indicates a significant damping effect of the soil-rubber composite, enabling a
reduction in seismic forces acting on structures.

— Measurement methodology. A method for accelerometric analysis of the damping properties of
soil composites was developed and successfully applied. Impact excitation combined with
accelerogram recording demonstrated the ability to quantitatively assess vibration reduction as
waves pass through different layers. This approach can be used in further studies to compare
new materials and layer configurations.

— Use of secondary materials. The results confirm the feasibility of employing recycled tire
rubber crumb as an effective seismic-isolation material. A soil-rubber layer not only enhances
the seismic resilience of structures but also addresses the environmental challenge of waste
utilization, thus lowering anthropogenic pressure on the environment. The technology therefore
combines engineering reliability with the principles of sustainable construction.

— Simplicity and practicality. Soil-rubber technology is economically attractive and easy to
implement: the materials are inexpensive, and the layer can be installed with standard earth-
compaction equipment. This makes the method suitable for large-scale deployment in
seismically active regions without substantially increasing construction costs. The layer can
also be installed in the field under properly organized construction procedures.

Thus, geotechnical seismic isolation based on soil-rubber layers can be considered an
effective and innovative solution to improve the seismic safety and durability of highways, bridges,
and other transport infrastructure. The results of this study lay a scientific and practical foundation
for further development of this approach. They may be taken into account in the development of
new regulatory documents and methodological guidelines for seismic protection design in
Kazakhstan’s road construction sector.

Future research is planned to expand by conducting numerical simulations of structural
dynamic behavior with damping layers under various earthquake scenarios, as well as experimental
comparisons of soil-rubber mixtures with other damping materials (such as soil-bitumen, soil-
silicate, and soil-cement). Additionally, it would be advisable to organize full-scale field trials on
test sections of roads or viaducts in seismically active regions to verify the technology’s
effectiveness under real-world conditions. These steps will help confirm the long-term reliability
and durability of soil-rubber damping layers and optimize their use in engineering practice.
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