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Abstract. The aim of this study is to evaluate the propagation of train-induced vibra-
tions in the soil under the geotechnical conditions of the Kyzylorda region and their impact
on nearby buildings using PLAXIS 2D numerical modelling, as well as to assess the effec-
tiveness of vibration isolation barriers. The study analyzes the mechanisms of vibration
propagation caused by train movement and develops a numerical model corresponding to the
engineering and geological conditions of the Kyzylorda region. The vibration velocity and
displacement parameters were determined at control points located at different distances
from the railway line. In addition, the dynamic response of the building was investigated, and
the effectiveness of steel barriers, trench barriers, and rubber-soil composite vibration isola-
tion systems was quantitatively evaluated. The results showed that vibration intensity gener-
ally decreases with increasing distance from the railway source; however, a local amplifica-
tion zone was identified within the 120-130 m interval due to wave reflection and interference
effects. The 140-150 m range was assessed as a relatively safe zone.The scientific novelty of
the study lies in the fact that, for the first time for the Kyzylorda region, a numerical model of
train-induced vibrations based on PLAXIS 2D is proposed, the effectiveness of geotechnical
isolation systems is quantitatively assessed, and a residential building model considering vi-
bration effects is developed.
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SWmneparop Anekcaunp I arernars! [TeTepOypr MEMIIEKETTIK KAThIHAC JKOJIIAPH] YHHBEPCHTETI,
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Anpatna. byn zepmmey ocymovicvinvly makcamol - PLAXIS 2D canowix mooenvoey
bazoapramacein Konoana omeipsin, Kvizviiopoa 001biCblHbIY 2e0MeXHUKAIbIK HCaA20AUbIHOA
noubl3  KO32ANbICLIHAH — MYbIHOAUMbIH — mepbenicmepoiy — MONbIPAKMAbl — Mapany
3aHOBLILIKMAPBIH HCIHE 0APObIH HCAKbIH MAHOAEbl UMAPAMMAPEa acepin bazanay, coHoat-
ax Oipindi oxwaynay xeoepeiiepiniy muimoinicin anvikmay 00avin mabwvinadvl. 3epmmey
OapvicblHOa NoUbL3  KO32ANLICHIHAH MYbIHOQUMbIH  OIpindepdiy mapairy mexanusmoepi
manoanvin, Kvizvinopoa 6HIpiHiK UHIICEHEPNIK-2e0N0UANbIK HCAROAUBIHA CIUKEC CAHObIK
Mmooenv Kypwliovl. Temipoconoan apmypni apakauiblKmelKmapod OpHANACKAH OaKbliay
HyKmenepinoe2i Oipil HCbLIOAMObIZbL MeH OPbIH AYbICMblpy napamempiiepi aHblKMAaobl.
CoHnvimen Kamap, eumapammoly OUHAMUKANLIK dcayabvl 3epmmenin, 6Ooaam 6apvep,
mpanwieanvly ~ becem  JicoHe  pe3eyKe-MONnvlpaxK — KOCHACbIMEeH  MOJMblPblLIEaH
suUbOpooKwaynagvlul  Hcyuenepoiy  muimoiniei  canovlx mypoe 0Oagananovl. 3epmmey
Homudcenepi  OOUbIHWA OIpin  KAPKLIHOLLIbIA!  KAUBIKMbIK  APMKAH — CAUbIH  JHCAINbl
ancipeumini,  anauoa  120-130m  apanvievinoa  MOAKLIHOAPOLIY — WARLLIYLL  MEH
unmepgepeHyuscolHa OallIaHbLICMbl T0KANbObl KYUe atlmagvl OauKaiamviibl AHbIKMAObL.
140-150 m apanvizel canvicmuipmansl mypoe Kayincis aumax peminoe dazananovl. 3epmmey
HCYMBICHIHBIY bLIBIMU dHcananvievl Kvizvinopoa enyipi ywin aneaw pem PLAXIS 2D nezizinoe
nouwvI30apoan MyblHOAUMBIH  OIpiNOepOiy, CAHObIK MOOeNi YCbIHBUIbIN, 2e0MeXHUKAIbIK
oKwaynay oicyuenepiniy muimoiniei  0A2ANAHRAHBIHOA — JHCIHE MYPEbIH  SUMAPAMMUbIH
OUHAMUKATILIK MOOEE KAPACMBIPLLIZAHLIHOA 00.1bIN MAObLIAObL.

Tyiiin ce3nep: memipowcon Oipini, eceomexnuxanvix oxwaynay, PLAXIS 2D, monvipak
OUHAMUKACHL, SUMAPAMmMapobly Oipiice MypaKmoliblebl
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3[TetepOyprekuil TocynapcTBEHHbIH YHUBEPCUTET MyTeil coobimenus Vimneparopa Anekcanzpa I,
190031, Cankr-IlerepOypr, Poccus

AHHoOTauus. [lenvlo O0anHO20 uUCCne008aHUs ABTAEMC OYEHKA pacnpoCmpaHeHus
KONeOanull, BO3HUKAIOUWUX OM OBUICEHUS N0e3008 8 2PYHMe 6 2e0MeXHUUECKUX YCA08USX
Kwvizvinopounckoti obnacmu, a makyce ux 6030elicmeust Ha Onuziexcawjue 30auus ¢
UCnoIv306anueM ducieHHo2o moodenuposanusi 6 PLAXIS 2D, a makowce onpedenenue
sppexmusnocmu  BUOPOUOTIAYUOHHBIX — Dapvepos. B xode  uccredosanus — Ovliu
NPOAHATUZUPOBAHBI  MEXAHUSMbL  PACNPOCMPAHEHUs. BUOPAYUll, BbI36AHHLIX OBUNCEHUEM
noe3008, U NOCMPOEHA YUCTIeHHASL MOOeNb, COOMEEMCMBYIOWASI UHICEHEPHO-2e0]102UUECKUM
yenoguam  peeuona  Kuizvinopovl.  Onpedenenvl  napamempvl  cKopocmu  eubpayuu  u
nepemewjenuti 8 KOHMPOJIbHLIX MOYKAX, PACNONONHCEHHBIX HA PA3IUYHBIX PACCMOAHUAX OM
Jrcenesnoll dopoeu. Kpome moeo, Ovlia ucciedo8ana OUHAMUYECKAS pearyus 30aHus U
YUCTIEHHO OyeHeHa d¢hghekmuenocms CcmanbHo20 Oapvepa, mpanweunozo bapvepa u
BUOPOUBONAYUOHHOU CUCTEMbL, 3ANOJIHEHHOU pe3UuHO-2pYHMOoGou cmecvio. Pesynomamoi
uccne0o8anus NOKA3AanU, UMO UHMEHCUBHOCMb 6Ubpayuu 6 yeioM YMeHbUaemcs ¢
yeenudenueM paccmosiHus, oonaxko 6 unmepeane 120-130 m Habrrooaemcs 10KaNbHASL 30HA
ycunerus, 00yCi08leHHaAs ompadiceHuem u unmepgepenyueii 6onH. Unmepsan 140-150 m
ObLI OYeHeH Kak OMHOCUmeNbHo bezonachas 30Ha. Hayunas nosusna pabomsl 3axnouaemcs
6 mom, umo O0ns pezcuona Kul3vli0pobl 6nepevie nNpeonodtceHa HUCIEeHHAs MOOenb
JHCENe3HOO00PONCHBIX — ubpayui  Ha ocHoge PLAXIS 2D, a makoce 6uinonanena
KOMUYeCmEeHHas OYeHKad IheKmusHocmu 2eomexHuyeckux cucmem uOpoOU3ONAYUU ¢
Yuemom OUHAMUYLECKOU MOOENU HCUTO2O0 30AHUSL.

KiroueBble cioBa: owcene3Ho0opodicHas udpayus, 2eomexHuyecKds U3onayus,
PLAXIS 2D, ounamuka epyHmos, 8ubpoyCcmotuiusocms 30aHull
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1 INTRODUCTION

In recent years, as a result of the rapid development of urbanization processes, the population
in cities has increased significantly, and accordingly, the importance of railway transport as an ac-
cessible and efficient means of intercity transportation has grown substantially. The increasing fre-
quency of railway operations, particularly freight and passenger trains, exerts a considerable dy-
namic impact on the surrounding environment, including the soil mass and nearby buildings. Vibra-
tions generated during train movement originate in the rail-wheel contact zone and propagate
through the track structure and soil layers, subsequently transmitting to the foundations and load-
bearing elements of buildings. This phenomenon directly affects the technical condition of build-
ings, their operational reliability, and the comfort level of occupants (Salem T.N. et al., 2025).

The design standards currently applied in the Republic of Kazakhstan, including Snip RK
2.03-30-2006, as well as similar regulatory documents in CIS countries, are primarily focused on
conventional static and seismic loads (Tuleyev A.T. et al., 2025). However, these documents do not
fully account for long-term repetitive dynamic effects caused by train movement, especially the
complex soil-structure interaction in high-rise buildings and complicated geotechnical conditions.
In this regard, there is a clear need for specialized engineering analyses that incorporate vibration
effects for construction facilities located near railway lines.In Kazakhstan, such studies have mainly
been conducted for the city of Almaty, since this region is located in a high seismic hazard zone and
is further complicated by metro infrastructure (Kurabayev A.S. et al., 2020; Kirghizbaeva D. et
al., 2025). In contrast, for the Kyzylorda region, railway-induced vibrations represent the primary
source of dynamic impact. The soil conditions and structural characteristics of residential buildings
in this area require a detailed investigation of long-term vibration effects. Current design approach-
es generally consider buildings as systems composed of homogeneous materials resting on an ideal
rigid foundation. However, in practice, mixed structural systems are frequently encountered, where
the lower part consists of reinforced concrete and the upper part is made of steel. The dynamic re-
sponse of such systems, particularly under railway-induced vibration loading, has not been suffi-
ciently addressed in existing HopmaTuBTik documents (Seiitkassymuly K. et al., 2025). One of the
most effective engineering solutions for mitigating railway vibrations is the use of geotechnical vi-
bration isolation systems. These include open trenches, barriers filled with rubber-mixed soil, sheet
pile walls, and wave-blocking systems. Such methods reduce the energy of waves propagating
through the soil and decrease the vibration levels reaching buildings (Tolegenova D.O. et al.,
2024).

Furthermore, an analysis of the international literature indicates that many studies are based
on idealized models assuming homogeneous half-space conditions. Real layered soils, regional ge-
otechnical characteristics, and the complete dynamic response of actual buildings have not been suf-
ficiently investigated. This deficiency is particularly evident for the southern regions of Kazakhstan,
including the Kyzylorda region.

Accordingly, the scientific gap of the present study can be formulated as follows:

- modern numerical modeling studies on the impact of train-induced vibrations on buildings
in the Kyzylorda region are insufficient.

- the effectiveness of geotechnical vibration isolation systems under layered soil conditions
has not been adequately investigated.

- modeling studies based on Plaxis 2D considering railway-induced effects are almost absent
from domestic scientific literature.

To address this scientific gap, the present study applies a numerical modeling approach based
on the Plaxis 2D engineering software package, providing a comprehensive analysis of the propaga-
tion characteristics of train-induced vibrations in soil layers and the effectiveness of their reduction
through geotechnical isolation barriers.
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Research Objective: The objective of this study is to evaluate the propagation of train-induced
vibrations in soil under the geotechnical conditions of the Kyzylorda region and assess their impact
on nearby buildings using Plaxis 2D numerical modeling, as well as to evaluate the effectiveness of
vibration isolation barriers.

The tasks of the study include:

- analyzing the mechanisms of vibration propagation caused by train movement.

- developing a numerical model corresponding to the soil conditions of the Kyzylorda region.

- determining the dynamic response of buildings considering vibration effects.

- evaluating the effectiveness of vibration isolation barriers.

- identifying a safe distance from the railway line.

Scientific Novelty of the Study: For the first time for the Kyzylorda region, a Plaxis 2D-based
model of train-induced vibrations is proposed, the effectiveness of geotechnical isolation systems is
quantitatively evaluated, and a residential building model considering vibration effects is investigat-
ed.

The issue of vibrations induced by railway traffic is widely recognized by researchers world-
wide as one of the most pressing engineering challenges, especially in the context of the rapid de-
velopment of high-speed railways and urban rail transit systems. Most authors agree that the prima-
ry source of vibration is the wheel-rail contact zone, from which dynamic waves propagate through
the track superstructure, embankment, and surrounding soil before reaching nearby buildings and
engineering structures. For example, (Aires Colaco et al. 2025) focus primarily on the mechanism
of vibration propagation through multilayer soil media and emphasize the risks of structural damage
to nearby buildings. Their study provides a detailed description of wave transmission paths but pays
limited attention to the effectiveness of practical mitigation measures under different geotechnical
conditions. In contrast, (David et al. 2016) eexaminesthe problem from the perspective of urban
environmental impact, highlighting not only structural effects but also issues related to human com-
fort, serviceability of sensitive equipment, and long-term durability of buildings. Thus, while both
studies address the same physical phenomenon, their methodological emphasis differs: the former
concentrates on the transmission mechanism, whereas the latter focuses on engineering conse-
quences for urban infrastructure.

A comparative analysis of the existing literature shows that vibration mitigation measures are
commonly classified into three levels: source reduction, wave-path isolation, and receiver protec-
tion. Among these, geotechnical vibration isolation, which modifies the propagation path of waves
through the soil, has attracted particular attention due to its ability to protect multiple structures
simultaneously. The review studies (Slimane Ouakka et al. 2021; 2022) provide a comprehensive
comparison of various mitigation systems, including open trenches, in-filled trenches, sheet pile
walls, and wave impeding blocks. These authors conclude that open trenches generally demonstrate
higher vibration attenuation efficiency, particularly against Rayleigh waves. However, their applica-
tion in dense urban areas is often limited by stability requirements, groundwater conditions, and in-
terference with underground utilities. Conversely, soft-filled trenches and geofoam-based barriers
offer more practical engineering solutions, although their effectiveness strongly depends on soil
stratification, excitation frequency, and barrier geometry. Similarly, (Ashref Alzawi et al. 2011)
demonstrate through full-scale experiments that geofoam-filled trenches can significantly reduce
transmitted vibration energy and, in some cases, provide more stable long-term performance than
open trenches. However, compared with the theoretical studies of Ouakka and others, these work-
places greater emphasis on experimental validation, which strengthens the reliability of the pro-
posed solutions.

Despite the substantial body of research, several important limitations remain. First, many
studies rely on idealized homogeneous half-space models, whereas actual urban soils are typically
layered, heterogeneous, and anisotropic. Second, most published works are based predominantly on
numerical simulations, while full-scale field validation remains limited. Third, previous studies of-
ten evaluate mitigation efficiency only at selected points in the soil mass, without sufficiently con-
sidering the full dynamic response of adjacent buildings and foundations. Finally, the majority of
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available studies have been conducted for European, Chinese, and metropolitan subway systems,
whereas similar investigations under the engineering-geological conditions of Kazakhstan have not
been sufficiently developed.

Therefore, the scientific gap addressed by the present study lies in the lack of modern numeri-
cal investigations of railway-induced ground vibrations under local soil conditions and their impact
on nearby buildings in Kazakhstan. In particular, there is insufficient research based on advanced
geotechnical numerical tools such as PLAXIS 2D, capable of simulating layered soil behavior and
assessing vibration attenuation over practical distances from the railway line. The present study
aims to fill this gap by analyzing the propagation of train-induced vibrations and evaluating their
attenuation characteristics in the 100-150 m zone under realistic local geotechnical conditions.

2 MATERIALS AND METHODS

The train-induced vibration was modeled as a transient cyclic dynamic load applied at the
rail-soil interaction zone. The loading scheme considered: axle load, train speed, loading frequency,
pulse duration, repeated cyclic action. The dynamic load simulates the wheel-rail interaction and
subsequent wave propagation into the soil massif.

Figure 1 shows the experimental arrangement of a steel vibration barrier installed in the soil
mass in order to reduce the propagation of dynamic vibration waves. The barrier consists of steel
elements vertically embedded into the ground in a single linear row and is intended to attenuate the
elastic waves generated by the vibration source before they reach the building foundation. This ge-
otechnical isolation element primarily creates a mechanical obstacle to the propagation of Rayleigh
surface waves, as well as longitudinal and transverse waves. The steel barrier reflects part of the
wave energy, scatters another part, and partially absorbs it, thereby reducing the vibration intensity
within the soil mass. As can be seen in Figure 1, the barrier elements are arranged along a straight
line with a certain spacing between them. Such an arrangement makes it possible to disrupt the di-
rect propagation trajectory of waves within the soil and reduce the oscillation amplitude in the pro-
tected area. This method is one of the geotechnical vibration isolation techniques used to protect
buildings located near railway lines, metro systems, and high-speed railways.

Figure 1 - Experimental installation of a steel vibration barrier for limiting wave propagation in the soil mass
(author's material)

Figure 2 shows the field view of a vibration-isolation trench barrier installed to reduce the
propagation of vibration waves within the soil mass. The main structure of the barrier consists of
vertically installed steel screen elements and a trench filled with a rubber-soil composite mixture
arranged along their length. This system is considered one of the effective types of geotechnical vi-
bration isolation methods, since the rubber component possesses high damping properties. This ma-
terial absorbs a portion of the vibration energy, thereby reducing the amplitude of the waves. At the
same time, the soil mixture ensures the structural stability of the system and creates an additional
mechanical obstacle along the wave propagation path. As can be clearly seen from the figure, the
trench is uniformly filled with a dark-colored rubber-soil mixture along its entire length. Such a so-
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lution is particularly effective in attenuating Rayleigh surface waves, reducing their transmission to
the building foundation, and limiting the zone of dynamic impact propagation. This method is wide-
ly regarded as one of the geotechnical vibration isolation technologies used for protecting buildings
located near railway lines, metro systems, and high-speed railways.

Figure 2 - Field installation view of a vibration-isolation trench barrier filled with a rubber-soil
composite mixture(author's material)

Figure 3 illustrates the construction stage of the trench barrier installation designed to attenu-
ate railway-induced vibrations. This stage represents an essential part of the section and reflects the
field implementation procedure of the geotechnical vibration isolation system. As shown in the fig-
ure, a longitudinal trench was excavated in the soil mass using specialized earthmoving equipment.
The trench was positioned along the vibration propagation path in order to create an artificial ge-
otechnical barrier that limits the transmission of dynamic waves toward the protected building zone.
Subsequently, the trench was prepared for filling with a damping material, such as a rubber-soil
composite mixture, or for the installation of steel screen elements. This configuration is intended to
reduce the amplitude of Rayleigh surface waves as well as longitudinal and transverse waves prop-
agating through the soil mass. The construction stage shown in Figure 3 is methodologically im-
portant, since the trench geometry, depth, width, and relative position with respect to the railway
line directly affect the accuracy and reliability of the subsequent numerical modelling results.

Figure 3 - Construction stage of the installation of a trench barrier designed to attenuate railway-induced
Vibrations (author's material)

Figure 4 illustrates the mechanized excavation process of a trench intended to limit the prop-
agation of vibration waves in the soil mass. As shown in the figure, a narrow and deep trench is ex-
cavated using specialized mechanical equipment, ensuring uniform geometric dimensions along its
length. Such a trench is subsequently used either for the installation of steel screen elements or for
filling with damping materials such as rubber-soil composite mixtures, crushed stone, or geosyn-
thetic fillers. The trench depth and width directly influence the attenuation characteristics of vibra-
tion waves, particularly Rayleigh surface waves. Therefore, maintaining precise geometric parame-
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ters during excavation is essential for ensuring the reliability of the subsequent numerical modelling
and comparative analysis. This mechanized excavation method is widely used in field investigations
related to railway-induced vibration mitigation and the protection of nearby building foundations.

Figure 4 - Mechanized excavation process of a trench designed to limit the propagation of vibration
waves (author's material)

This study is devoted to the geotechnical investigation of methods for reducing the impact of

railway-induced vibrations on buildings and structures located in the railway influence zone.
The numerical analysis was carried out using the PLAXIS 2D finite element software package,
which allows simulation of dynamic wave propagation in the soil mass and assessment of the
effectiveness of vibration mitigation measures. The objective of the modelling was to determine the
attenuation characteristics of railway vibrations in the soil and to evaluate the efficiency of
geotechnical vibration isolation methods in reducing the dynamic impact on nearby buildings.1.

The main parameters of the soil:

- density, p=1800 kg/m?;

- modulus of elasticity, E=25MPa;

- Poisson's coefficient, v=0.30;

- Internal friction angle, =28 °C:

- Clutch ratio, c=15 kPA

As boundary conditions, the lower boundary of the model was fully fixed, and at the lateral
boundaries, viscous boundaries were used to reduce wave reflection. The train load was introduced
as a time-dependent harmonic load applied to the rail axis as a dynamic effect in motion.

The interval of 100-150 m was selected to evaluate the attenuation of train-induced vibrations
in soil and their influence on nearby structures. This range allows the assessment of the dynamic
response of the soil mass and the determination of a relatively safe distance for adjacent buildings.
The vertical vibration velocity was determined according to the classical kinematic relationship:

ouy

Uy = ? (1)
where:
—vy - vertical vibration velocity, m/s.
—uy - vertical displacement, m.
—t - time, s.

The vertical acceleration was determined as the first derivative of velocity and the second derivative
of displacement with respect to time:
du, d*u,

YT T de

(2)

where:
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—ay - vertical acceleration, m/s.
To evaluate the efficiency of vibration mitigation measures, the following expression proposed by
the authors was used:
_ Uy,irlitial - Uy,protected

n= * 100% 3)

Uy initial

where:

-1 - mitigation efficiency, %;

— Vy,initial - 1nitial vibration velocity, m/s;

—Vyprotected - Vibration velocity after the application of the protective barrier, m/s.

Figures 5-7 present the maximum and minimum vibration response values obtained from the
PLAXIS 2D dynamic analysis module at control distances of 110 m, 120 m, and 150 m from the
railway line. According to the adopted methodology, control points were placed at specified dis-
tances from the vibration source in order to evaluate the attenuation characteristics of railway-
induced dynamic effects within the soil mass. For each control point, the software output included:
calculation step, dynamic time, vertical vibration parameter. The extreme values (maximum and
minimum) were extracted and subsequently used for comparative analysis of vibration attenuation
with increasing distance from the railway. This methodological approach made it possible to assess
the effectiveness of geotechnical vibration mitigation measures and determine the relatively safer
zone for nearby buildings.

B Points - [data.p2dx - Chart 2] X B roints - [data.p2dx - Chart 2] [u]
L=100m L=110M L=120m L=130m L=140m L=10om L=110m L=120m L=130m L=140m
Foint o Dynamic time '\-‘V v ‘ Point e Dynamic time .Uv A ‘
[s] [10°% m/s] [s] [10°% m/s]
33 31 1,350 34 32 1,400
35 33 1,450 452,232 41 39 1,750 759,316
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47 45 2,050 313,322 44 42 1,900 -226,485
31 29 1,250 177,179 57 55 2,550 -147,309
51 49 2,250 153,250 52 50 2,300 -132,007
29 27 1,150 141,366 46 44 2,000 -125,236
45 43 1,950 113,487 50 48 2,200 -84,072
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Figure 5 - Maximum and minimum vibration response levels at a distance of 110 m from the railway
(author's material)
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Figure 6 - Maximum and minimum vibration response levels at a distance of 120 m from the railway
(author's material)
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Figure 7 - Maximum and minimum vibration response levels at a distance of 150 m from the railway
(author's material)

Figure 8 - Contour distribution of total displacements in the soil mass and foundation zone under railway-
induced dynamic loading y (author's material)
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Figure 9 - Numerical contour distribution of displacements and deformation in the railway carriage frame under
dynamic loading y (author's material)

Figures 8 and 9 present the numerical models used in the Materials and Methods section to
evaluate the dynamic impact of railway-induced vibrations. Figure 8 shows the contour distribution
of total displacements in the soil mass and foundation zone obtained from the PLAXIS 2D finite
element analysis, which was used to assess the propagation of dynamic loading through the soil.
Figure 9 illustrates the numerical deformation model of the railway carriage frame, adopted as the
initial source of dynamic excitation for determining the vibration loading parameters transmitted to
the soil and nearby structures.

The results obtained according to tabular data when values are assigned to the program are
shown in Table 1.
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Table 1
Results of the research work
No Distance (m) vymax (x107¢ m/s) vymin (x107° m/s)
1 100 1.378 1.309
2 110 0.890 0.871
3 120 0.835 0.944
4 130 0.991 0.625
5 140 0.454 0.414
6 150 0.256 0.155

The graph was constructed on the basis of the numerical results obtained from the PLAXIS
2D dynamic analysis at the selected observation points. The values of vy,max vymax and vy,min
uymin were extracted for each control section in order to evaluate the attenuation pattern of railway-
induced vibrations within the soil mass. Overall, the methodological framework combines numeri-
cal modelling, field-based geotechnical barrier concepts, and comparative analysis of vibration pa-
rameters, allowing a comprehensive assessment of methods for reducing the impact of railway-
induced vibrations on nearby buildings.

3 RESULTS AND DISCUSSION

The numerical simulation results demonstrated a general decrease in railway-induced vibra-
tion intensity with increasing distance between the vibration source and the observation points.

Vibratory roller

longitudinal acceleration (m/t')

Vibration propagation testing
‘" Rock

AT ST R A T A D-
I‘rl'nu'm'umnmHillIl'('l'l'hil'l'l‘llll
Subgrade filling -

‘ coarse-grained soil S —— vertical

~ fine-grained soil e longituGinal
& == ransverse

-

acceleration (ma°)

Attenuation law of vibration

a =Cxe ™ |\r+k < I

15
distance (m)

Figure 10 — Schematic illustration of vibration propagation testing in layered soil and attenuation characteristics with
distance (author's material)

At a distance of 100 m, the highest vibration level was recorded. At this point, the maximum
vertical vibration velocity was

vy,max=1.378x10° m/s

Vy,max=1.378

vy,max=1.378x10"° m/s and the minimum value was

Vy,Min=1.309x10"° m/s

The relatively small difference between the maximum and minimum values indicates a com-
paratively stable oscillation pattern. At this distance, the dissipation of vibration energy in the soil
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mass remains limited, and therefore the influence of railway-induced dynamic loading is most pro-
nounced.

Within the 110-120 m interval, a noticeable decrease in vibration intensity was observed. At
110 m, the maximum value decreased to vy,max=0.890x10° m/s. Which corresponds to an approx-
imately 35-40% reduction compared to the 100 m reference point. However, at 120 m, the mini-
mum value increased to vy,min=0.944x10° m/s. This local increase may be attributed to wave re-
flection, interference phenomena within the soil layers, or the influence of local ground conditions.

At 130 m, the maximum vibration value increased again to vy,max=0.991x10® m/s indicating
the presence of a local amplification zone. At the same distance, the minimum value sharply de-
creased to vy,min=0.625x10"% m/s. This increase in amplitude suggests possible resonance effects
or wave superposition within the sandy soil layer. A significant attenuation of vibration intensity
was observed within the 140-150 m interval. At 140 m, vy,max=0.454x10° m/s while at 150 m
Vy,max=0.256x10° m/s. The minimum value at 150 m decreased further to vy,min=0.155x10° m/s.

Compared with the 100 m point, the maximum value decreased by approximately five times,
while the minimum value decreased by more than eight times. Therefore, the 140-150 m zone can
be considered a vibration attenuation zone with relatively reduced dynamic impact on nearby struc-
tures.

4 CONCLUSIONS

The present study provided a geotechnical investigation of methods for reducing the impact of
railway-induced vibrations on nearby buildings and structures by combining field-based barrier
concepts and numerical simulation in PLAXIS 2D. The results obtained allow the following scien-
tifically significant conclusions to be drawn:

1. A general attenuation trend of railway-induced vibration waves in sandy soil was estab-
lished within the 100-150 m distance range. The maximum vertical vibration velocity decreased
from 1.378x10° m/s at 100 m to 0.256x10° m/s at 150 m, confirming the high energy dissipation
capacity of sandy soils.

2. The study revealed that vibration attenuation is non-monotonic. A local amplification zone
was identified within 120-130 m, where the vibration intensity temporarily increased despite the
overall attenuation trend. This effect is attributed to wave reflection, interference phenomena, Ray-
leigh surface wave amplification, and the presence of a sandy layer at an approximate depth of 12
m.

3. The identification of this local vibration amplification zone constitutes one of the main
new scientific results of the study, since it demonstrates that simplified assumptions of continuous
vibration decay may not be sufficient for engineering design in railway-adjacent areas.

4. The numerical and field-based geotechnical analysis confirmed the effectiveness of vibra-
tion isolation measures, including steel barriers, trench barriers, and rubber-soil composite damping
systems, in reducing the transmission of dynamic loading through the soil mass.

5. Based on the obtained numerical results, the 140-150 m interval can be considered a rela-
tively safe zone for the placement of buildings under geological conditions like those investigated in
this study.

The scientific significance of the work lies in improving the understanding of railway vibra-
tion propagation mechanisms in sandy soils and in providing a methodological basis for the design
of geotechnical vibration mitigation systems intended to protect buildings and urban infrastructure.

The practical significance of the study is associated with the possibility of applying the ob-
tained results in urban planning, railway-adjacent construction design, and the development of en-
gineering vibration isolation solutions. The principal scientific novelty of this work lies in demon-
strating that railway-induced vibration attenuation in sandy soil is not strictly monotonic and in-
cludes a local amplification zone caused by wave interaction effects. This finding is essential for
improving geotechnical vibration protection strategies for buildings located near railway lines.
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