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Abstract. The article is devoted to the study of the effectiveness of multifunctional snow and
noise protection structures designed to improve road safety and protect roadside areas in conditions
of intense snow transfer and increased noise load. The relevance of the work is due to the need to
develop engineering solutions that simultaneously reduce traffic noise and prevent the formation of
snowdrifts on highways and in the urban environment. An analysis of existing research has revealed
three main areas: numerical CFD modeling of snow protection, experimental tests in wind tunnels,
and the study of turbulent two-phase flows. At the same time, a comprehensive assessment of the
effectiveness of screens based on the integration of aerodynamic modeling, PIV visualization and
route visibility analysis remain insufficiently investigated. The purpose of the study is to determine
the optimal parameters for the placement and design of road screens based on an analysis of the
aerodynamic characteristics of air and snow flows and visibility conditions. The scientific novelty
consists in obtaining new data by the PIV method on the distribution of velocity fields and the
structure of turbulent zones near various types of snow protection structures. For the first time, a
quantitative assessment of the influence of geometric parameters of screens on snow retention
processes and roadway visibility has been performed. Experimental studies were carried out in an
open-type wind tunnel using a snow model based on activated clay. Four schemes for the placement
of fences with a height of 3-5 m are considered. The method of optical anemometry based on particle
images was used to analyze the air flow. It was found that traditional structures with a height of 5 m
contribute to the flight of the stream and the accumulation of snow masses on the right side of the
road, impairing visibility. The most effective fence is 4 m high, located at a distance of 1.5 m _from the
curb. This design reduces turbulence, prevents snow accumulation on the roadway and ensures
adequate visibility conditions. The results obtained can be used in the design and modernization of
highway engineering protection systems.
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snowdrifts and visibility on the road.

*Corresponding author
Ivan Sergeevich Bondar, e-mail: ivan_sergeevich_08@mail.ru

347
https://doi.org/10.51488/1680-080X/2026.2-20


https://doi.org/10.51488/1680-080X/2026.2-20
mailto:ivan_sergeevich_08@mail.ru
https://orcid.org/0000-0001-7376-5643
https://orcid.org/0000-0002-3399-2275
https://orcid.org/0009-0002-4914-717Х
https://orcid.org/0009-0006-5621-9695
https://orcid.org/0009-0005-4399-0563
https://orcid.org/0000-0003-0261-4738

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

00X 624. 625.768.5
FTAMP 67.07.11
F'bIJIbIMH MAKAJIA

JKEJI TYHHEJIIHJETT CBIHAKTAPFA
HETI3EJITEH KAPIAH KOPFAUTBIH KOPILIAY
MOJEJIHIH AMHAJIACBIHJAFBI BOPAH AFBIHBIH TAJIIAY

U. Bonnapn' © , K. HypaxmeTosa® ® , E. Jlzxekcen6aen? ® ’
B. Kypmames? © | H. Hyrymanos’ @ | sI. Ony¢pist @

J1.B. Tonuapos areraaars! Kazak aBToMOOMIB-)01 HHCTUTYTH, 050061, Anvarsl, Kasakcran
2ALT Myxamemxan Thinblmnaes arbinaars yausepeutet, 050012, Anmarsl, Kasakcran
SIsirsic Kasakcran obmbicsl, AXK «HYFYMAHOB H.C.», 070014, ©Ockemen, Kazakcran

* «JIbBOB HOJIUTEXHUKACKD) YITTHIK YHUBEPCHTETI, JIbBOB, YKpanHa

Aunarna. Maxana xapovly ken macvbimManoanysl dicane LIy dcykmemeciniy dHco2apuliaybl
AHCAROAUBIHOA JICONI KO3LANBICLL KAYINCI30I2IH apmmulpyed JHCoHe HCON OOUbIHOASbl AyMAKmapobl
KOpeayea apHanzan KON@DYHKYUOHANObI KAp MeH WYOAH KOpEay KYpblibiCMApbIHbIY MUIMOLIIeiH
3epmmeyee apuanean. Kymvicmoly o63ekminici KONK WYbIHbIY OeHeellin MoMeHOemyee JHCoHe
ABMOMOOUIL HCONOAPLL MEH KALANBIK OpMada Kapobly nauoa 60IYbIHA HCON GEpMeumin UHNCEHEePIIK
wewimoepdi aszipney Kaosicemminicine oOauranvicmol. Kondanvicmazel 3epmmeynepoi manoay yul
Hezi3el bablmmbul aublIKMaowvl. KapoaH Kopeayosiy canovik CED modenvoeyi, scen mynuenvoepinoeai
9KCNepUMEHmMMmIK CbIHAKMap dicone mypoOynenmmi exi gasanvt a2vinoapovi 3epmmey. CoHnviMeH
Kamap, aspoouHamuxaivly mooenvoey, PlV-suzyanuzayus oicone dHconowiy KOPIHYiH manoay
UHmMezpayusAcsl Hezizinoe 3KpaHOapObly MUiMOiNiciH KeuleHOi 6a2anay HcemKiiikmi 3epmmenmeseH
KYUiHOe Kaaibln omulp. 3epmmeyoiy MaKcamvl-aya-Kap  AeblHOAPbIHbIY — A3POOUHAMUKAILIK
CUNAMMAMANAPLIH HCIHE KOPIHY HCAR0AUNAPLIH MANOAY He2i3iHOe HCONl IKPAHOAPLIHbIY OPHALACY b
MeH Ou3auHbIMbIY OHMAUAbLl napamempiepin anvikmay. Foubimu ocayanuix-PIV  20icimen
AHCHLIOAMOBIK, OPICMEPIHIK MAPATYbl HCIHE KAPOAH KOPRAUMbIH KYPbLILIMOAPOblY JpMYPLi myprepite
HCAKLIH MYpOYIeHMmi auMakmapowly KYpulIbIMbl MYpasl dHcawa maiimemmep any. Aneawt pem
IKPAHOAPObIY 2eOMeMPUANLIK napamempiepiniy Kap ycmay npoyecmepine JHcoHe HCON MOoCeMiniy
KOPIHYiHe acepin canovlk bazanay Jcypizindi. Ixcnepumenmmik sepmmeyinep Oeicendipineen cazea
Heziz0eNeeH Kap MOOeiH KOLOAHA OMbIPbIN, AUbIK MUnmezi dicesl myHHeninoe xcypeisindi. buikmizi 3-
5 M Kopwaynapowl opranacmuipyouvly mepm cXemacsl Kapacmulpulieat. Aya agblHbli manoay yuin
boauekmepoiy cypemmepiner ONMUKAanIblK aHemomempust 20ici Konoauwliowl. buikmizei 5 M bonramuin
Oacmypili KYpblibMOAp A2bIHHbIY YULYbIHA HCIHE HCONObIY OH HCAZLIHOA KAPObIH HCUHATYbIHA bIKNATL
emin, KepiHyOi HAWAPAAMAmvIHbLl aHLIKMAR0bl. Ey muimoici-ocon scueeinen 1,5 m xawwikmoixma
opHanackar buikmiei 4 m Kopway. byn ouzatin mypoyrenmminikmi azaumaowl, H#coi 60UbIHOA KapOobly
HCUHATYbIH  OONOBIPMALIObL JCIHE KOPIHYOIH HOPMAMUBMIK HCAROAUNAPLIH KAMMAMACHL3 emeoi.
Anvinean nomudicenep asmomoOUNb HCONOAPIH UHNCEHEPNIK KOpaay icylenepin dcobanay dtcane
Jrcanapmy Ke3inoe natdaiaHbLLybl MYMKIH.

Tyiiin ce3nep: owcen mynneni, sxcen mynueni, KapoaH KOpeaumvlH KOPUWAyLap, Kapovl a3anmy
JICoHeE JIC0N0AZbL KOPIHY acepaepi.
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Annomayus. Cmamus nocéaueHa ucciedo8anuio dPHexmueHocmu MHO2ODYHKYUOHATLHBIX
CHe20- U UWYMO3AUUMHBIX COOPYIHCEHUl, NPEeOHASHAYEHHbIX O NOoBbleHus 0e30nacHocmu
O00POIACHO20 OBUIICEHUS U 3AUUMBL  NPUOOPOICHBIX MEPPUMOPULL 8 YCAOBUAX UHMEHCUBHOO
CHez2onepeHoca U MNOBBIUEHHOU WYMOB0U HAepy3Ku. AxkmyansHocmes pabomul 00yciosieHa
HeobX00UMOCMbIO paA3PaAdOMKU UHIICEHEPHBIX DeuleHUll, NO38OJAIOWUX OOHOBPEMEHHO CHUINCAMb
VpOGeHb MPAHCNOPMHO20 WYMA U NPeoomepaujams 00pa308aHue CHENCHbIX 3AHOCO8 HA
A8MOMOOUNLHBIX O0PO2AX U 8 20POOCKOU cpede. AHanu3 cywecmayowux Uccie008aHull 8bIAGUIL MPU
ocHo6HbIX Hanpasnenus: duciennoe CFD-moolenuposanue chezo3awumvl, dKCHEPUMEHMANbHbIE
UCNBIMANUA 8 A2POOUHAMUYECKUX MPYOax u uzyueHue mypOYIeHMHbIX 08YXQA3HbIX NOMOKOS.
Bmecme ¢ mem HedoCmamoyHo uccie008aHHOU OCMAemcs: KOMIIEKCHAS OYeHKA I pexmusrHocmu
9KPAHO8 HA OCHOBE UHMEZPaYUU a3POOUHAMULECKO20 Modenuposanus, PIV-eusyanusayuu u ananusa
suoumocmu mpaccul. Llenv uccne0o8anus 3axnouaemcs  onpedeienuy OnMUMAaIbHblX Napamempos
pasmewjenusi U KOHCMPYKYUU OOPONCHLIX OIKPAHOB HA OCHOBE AHAIU3A  AIPOOUHAMUYECKUX
Xapaxkmepucmux 6030YUHO-CHEHCHBIX NOMOKO8 U YCa08ull euoumocmu. Hayunas nHosusna cocmoum
6 noayuenuu memooom PIV noswix oammnvix o pacnpedenenuu noiei ckopocmeu u cmpyKmype
mypOyIeHmMHbIX 301 ONU3U PASIUYHBIX MUNOE CHE203AWUMHBIX COOpYJcenull. Bnepavie evinonnena
KOMUYEeCMBEHHASL OYEHKA GIUAHUA 2eOMempU4ecKux napamempos 3KpAHO8 HA  NpoYeccyl
CHe203a0epoicanus U BUOUMOCHL OOPOINCHO20 NONOMHA. IDKCHEPUMEHMANbHbIE UCCIe008aHUS
npogedenvl 8 aspoOUHAMUYECKOU mpybe He3aMKHYMO20 MUNA ¢ UCNOIb308AHUEM MOOeNU che2d Ha
OCHOBe AKMUBUPOBAHHOU 2UHbL. Paccmompennl uemuipe cxemul pazmewyenus 0epa)coeHutl 6b1comoul
3-5 m. [lna ananuza 8030YWHO20 NOMOKA UCHONb308AH MEMOO ONMUYECKOU aHeMOMEempuu no
uzobpadcenusamM uacmuy. Ycmanognieno, 4mo mpaouyuoOHHble KOHCMPYKYUU GblCOMOU 5 M
cnocobcmeyiom nepenemy NOMOKA U HAKONAEHUIO CHENCHLIX MACC HA Npagoli CMopoHe 00pocu,
yxyowas suoumocms. Haubonee aghpexmuenvim sgnsemces 3a060p 661comotl 4 M, pacnonodlceHHvlll Ha
paccmoanuu 1,5 m om ob6ouunvl. Takas KOHCMpYKYus —cHudcaem — mypOyIeHMHOCMDb,
npedomepawaem HAKONJIeHue cHeea Ha npoe3xcell yacmu u obecneuusaem HOpMamugHvle yCilo8us
suoumocmu. Ilonyuenuvie pesyrvmamvl MO2ym OblMb UCHOILIOBAHLL NPU HPOSKMUPOBAHUU U
MOOEPHU3AYUU CUCEM UHIICCHEPHOU 3ALUMbl ABMOMOOUTLHBIX 00PO2.

Kniouesvie cnosa:  aspoounamuueckas — mpyba, — a’poounamuyeckue  UCHbIMAHUA,
CHez2o3auumuble 3a60pol, P Pexmvl ymenvbieHus cyepob0os u BUOUMOCHU HA 0opoze.
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1 INTRODUCTION

We can say that roads are the most important line of life, occupying a prominent place in our
everyday life. Snow-proof fences protect roads from damage caused by severe snows and winds [1].
Improving the effectiveness of snow protection of highways is a priority task [2; 3]. Created on the
basis of the application of careful research and scientific developments, important data from
aerodynamic and field tests, snow protection fences are the fruits of technologies that protect our lives
[4].

The use of snow and noise shields in road transport infrastructure. Current trends in
urbanization and expansion of transport networks require the introduction of effective engineering
solutions to minimize the anthropogenic impact on the environment and ensure road safety. One of
the key elements of roadside construction is snow and noise protection screens. These structures are
specialized acoustic and wind damping structures installed along highways, railway tracks and along
the perimeter of industrial zones.

The main function of noise shields is to reduce the sound pressure level penetrating from traffic
flows into adjacent residential and recreational areas. Their principle of operation is based on the
processes of reflection, absorption or diffraction of sound waves. The effectiveness of properly
designed and installed acoustic barriers reduces the level of urban noise by 15-25 dB. This ensures
the achievement of regulatory sanitary and hygienic indicators in residential areas, significantly
improving the quality of life of the population and reducing the risks of diseases associated with
constant acoustic stress.

In parallel with acoustic protection in regions with difficult climatic conditions, snow protection
structures play a critical role. Their integration into the roadside infrastructure is aimed at changing
the aerodynamic profile of the air flow. By reducing the wind speed in the surface layer, the screens
contribute to the controlled deposition of blizzard snow on the approaches to the ground. This
prevents the formation of snowdrifts and snow drifts directly on the roadway, which radically
increases traffic safety, preserves the required highway capacity and minimizes the economic costs
of winter road maintenance.

Thus, snow and noise protection screens are a comprehensive tool for engineering protection.
Their design requires strict consideration of the route geometry, landscape features, climatic factors
and acoustic parameters of the traffic flow, which makes them an indispensable component of the
sustainable development of modern transport infrastructure.

Snow barriers are also installed in urban environments, where there is a large wind component
in the foothill area. In such megacities, it is necessary to consider these fences as architectural
structures that carry not only design and futuristic objects, forming the landscape and spatial
organization of memorial parks in terms of their psycho-emotional perception, but also protective
functions [5; 6].

Let's take the example of Riken Kogyo Co., Ltd., where the development of snow protection
technologies took place in Japan. Riken Kogyo Co., Ltd., having achieved success in developing the
first steel snow fences 50 years ago, contributed to improving traffic safety in winter and supporting
the economy of Hokkaido, as well as the Tohoku and Hokuriku regions through snow protection
measures for roads from snowstorms and snow drifts [7].

From 1989 to 2013, the following developments were underway: a fully folding snow
protection fence, created taking into account the surrounding landscapes; a rising and falling snow
protection fence; a multifunctional snow protection fence to protect against headwinds; a
multifunctional noise protection fence and methods for automatic vertical folding of already built
snow protection fences in the NETIS information system for new technologies [7].

In the research laboratory of snow and ice technologies, in order to study and investigate
measures to protect against snow damage, an installation (camera) reproducing the conditions of a
snowstorm for aerodynamic tests has been created (Fig. 1) [7].
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Figure 1 — Aerodynamic testing facility [7]

An analysis of modern research shows that the tasks of snow transfer and snow protection are
considered using different approaches. The first group of works is devoted to engineering tasks of
protecting highways from snow drifts. For example, CFD modeling is used [8-11] to evaluate snow
transfer processes and justify the placement of snow protection structures. The main focus of these
studies is on flow aerodynamics and the selection of optimal protective device designs.

The second group of studies is related to experimental modeling [12]. Aerodynamic tests in
pipes are considered to determine the parameters of snow loads on structures. Unlike numerical
methods, experimental studies allow obtaining data close to real conditions, but require significant
time and resources.

The third direction is represented by fundamental research of turbulent flows and particle
transport [13-16]. These works develop the mathematical apparatus for modeling two-phase flows
and turbulence, but they are not directly focused on the design tasks of snow protection structures.

A significant amount of modern foreign research is devoted to regional and landscape modeling
of snow transfer, redistribution and melting of snow cover [17-28]. Such models take into account
the influence of terrain, climate, wind conditions, and physical properties of snow, ensuring high
accuracy in predicting snow cover over large areas. However, their main purpose is related to
hydrological and climate research, and not to evaluate the effectiveness of road snow protection
devices.

Thus, existing studies either consider the aerodynamic processes of snow transport without a
detailed analysis of the operation of specific snow protection structures, or focus on regional modeling
of snow cover. The issue of a comprehensive assessment of the effectiveness of snow protection
fences based on a combination of aerodynamic modeling, modern flow visualization (PIV) methods
and analysis of visibility conditions on highways remains insufficiently studied. This scientific gap is
the subject of this study.
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2 MATERIALS AND METHODS

Design and research: design of various snow protection and wind protection fences and snow
protection structures; preliminary research and study of snow storms, snow drifts and visual range
interference, verification of effectiveness through numerical modeling and wind tunnel tests; rental
of equipment for meteorological observations, experimental analysis and observations.

The Riken Koke aerodynamic testing equipment allows you to reproduce the conditions of a
snowstorm by creating a vortex flow of air from artificial snow in a wind tunnel.

Table 1 - Main Characteristics of the Wind Tunnel [7]

Parameter Specification
Model Open-Circuit Wind Tunnel
Wind Speed 0-7 m/s (inverter-controlled)
Motor Power 22 kW x 4 units
Air Flow Rate 435 m*/min
Air Pressure 125 mm H.0
Test Section Dimensions Height (H) 750 mm x Width (W) 1000 mm X Length (L) 5700 mm
Nozzle Dimensions 2050 x 1800 mm
Snow Drift Simulation Device Pressure-spray type blizzard generation apparatus
Artificial Snow Material Activated clay (particle supply Hfzt;) 1 mm/10 min; feed rate: 0.11
Artificial Snow Collection Method Rear filter system (116 m? filter area)
Snow Discharge Method (Pulsating) Air-jet diaphragm system (0—60 s pulse interval)
Rear Filter Dimensions Height 4000 mm x Width 4700 mm % Length 2250 mm
Rotary Airlock Capacity 0.279 m?

By creating reduced models of snow protection fences and terrain, visually reproducing
damage, snow drifts and conditions during a snowstorm, it is possible to identify the most effective
snow protection measures. Photographs of the experimental model in a wind tunnel (snow deposition
experiment) are shown in Fig. 2. The scale of the model is: snow deposition experiment: 1/100;
visualization experiment: 1/50. The scale of the sedimentation experiment focused on the
phenomenon of snowdrift and compared with snow particles or activated clay. Various experiments
using activated clay: visualization experiments, drift experiments, measurement of wind velocity
distribution, Taft experiment: 1) Reproduction of a phenomenon similar to a natural snowstorm by
spraying a snow model; 2) Analysis of the places of occurrence of drifts and the mechanism of
occurrence of snowdrifts; 3) Modeling the assessment of the performance characteristics of snow
protection equipment.

Figure 2 — Models of snow protection fences in a wind tunnel [7]
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The PIV method (particle image anemometry) is an optical method for measuring a fluid, which
can be used to obtain the instantaneous velocity of multiple points in a flow without contact. By taking
slow-motion images of rapid processes with a high-speed camera (Fig. 3, a), due to digitization on a
computer, it is possible to quickly and accurately analyze the flow of a snowstorm around a snow
fence (Fig. 3, b).

Figure 3 — Images of rapid snowstorm processes around a snow protection fence [7]

To study the structure of the air flow, the PIV (Particle Image Velocimetry, particle image
anemometry) method was used, which makes it possible to determine instantaneous velocity fields in
a large number of points in the study area without contact. The method is based on recording a
sequence of images of tracer particles moving with the air flow, and subsequent digital processing of
frames using correlation analysis. The survey was carried out with a high-speed camera, which made
it possible to record fast-flowing snow transfer processes and obtain detailed information about the
flow structure near snow protection structures. Image processing and calculation of velocity vector
fields were performed using specialized PIV analysis software.

The experimental studies were carried out in an open-type wind tunnel equipped with a blizzard
flow reproduction system. The air flow velocity was controlled by an inverter control in the range
from 0 to 7 m/s. The ventilation system included four electric motors with a capacity of 22 kW each,
providing an air flow rate of up to 435 m3/min at a pressure of 125 mm of water.

The working measuring section of the wind tunnel measured 1000x750x5700 mm (width x
height x length), the nozzle dimensions were 2050%1800 mm. A pressure-spray type device forming
an artificial snowstorm was used to simulate snow transfer. Activated clay with a feed rate of about
0.11 m3/h was used as a snow model. The model snow was collected through a 116 m2 filtration
system, and the material was discharged by a pulsating air-jet device with an adjustable cycle of 0-
60 s.

To analyze the structure of the air flow, the PIV (Particle Image Velocimetry) method was used,
which makes it possible to determine instantaneous velocity fields from a sequence of images of
particle tracers. The data obtained were used to evaluate the aerodynamic characteristics of various
snow protection structures and to analyze the processes of snow drift formation in the roadside area.

In aerodynamic studies of snow transport, parameters of the following order are often found:
flow velocity: 5-15 m/s; model scale: 1:20-1:100; shooting frequency: 250-1000 fps; resolution:
1024x1024 or 1920x1080 pixels; PIV correlation window: 32x32 or 64x64 pixels; velocity
measurement error: 2-5%.

Experimental studies were carried out in a wind tunnel on four options for the placement of
snow protection structures in order to assess their impact on the distribution of air flows, the formation
of snow drifts and areas of limited visibility.:

— scheme No. 1 - traditional snow protection fence with a height of 5 m with a distance from
the embankment slope of about 5 m;

— scheme No. 2 - high-performance snow protection fence with a height of 5 m, installed at a
distance of up to 5 m from the curb;
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— scheme No. 3 is a high-performance snow protection fence with a height of 4 m, located at a
distance of about 1.5 m from the curb;

— Scheme No. 4 is a 3 m high highly efficient snow protection fence located directly at the curb.

For each scheme, the fields of air flow velocities, the nature of vortex formation, and the
conditions for the formation of snow deposits in the roadside area were analyzed.

3 RESULTS AND DISCUSSION

The results of the aerodynamic tests made it possible to compare the effectiveness of four snow
protection schemes according to the criteria of snow tolerance and visibility. For conditions
corresponding to the formation of a 20 mm thick snow cover in the model (equivalent to about 2 m
in field conditions), there were no significant differences in the depth of snow deposits between the
left and right lanes of traffic. The lowest depth of snow accumulation on the right side of the road
was observed when using a highly efficient 4 m high snow fence installed at a distance of 1.5 m from
the curb, as well as a 3 m high fence located directly at the curb.

The analysis showed that schemes No. 1 and No. 2 (the height of the fence is 5 m, the distance
from the embankment is about 5 m) are characterized by the transfer of snow flow through the fence,
followed by snow deposition on the right side of the road, which leads to the formation of snow
accumulation zones near the carriageway. For the scheme with a 3 m high fence, an increased
accumulation of snow near the fence was noted due to insufficient snow collection space. According
to the totality of indicators, the scheme with a 4 m high fence installed at a distance of 1.5 m from the
curb turned out to be the most effective.

The flow visualization results (Fig. 4) showed that in Schemes No. 1 and No. 2, the airflow flies
over the fence and shifts to the right side of the road. At the same time, a conventional snow barrier
demonstrates lower efficiency compared to an improved design, which can lead to reduced visibility
on the roadway.

Figure 4 — Visualization result using the smoke method in a wind tunnel experiment [7]

As can be seen in Fig. 5, the flow around the high-performance snow barrier has a smoother
structure compared to the traditional design. This is due to the action of the guide and perforated
plates, which contribute to the displacement of vortices from the edge of the fence and reduce the
intensity of turbulence near the road.

According to the experimental results, the length of the visibility degradation zone for a
traditional snow protection fence is about 4H, while for a highly efficient structure it reaches 7H
(where H is the height of the fence). When the fence is placed at a distance of 1.5 H from the ledge
of a high embankment, the point of attachment of the air flow is shifted outside the carriageway (Fig.
5).
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Schemes No. 3 and No. 4, providing for the installation of fences near the curb, demonstrated
higher efficiency in reducing the snow-bearing capacity of the road compared to schemes No. 1 and
No. 2. However, for scheme No. 4 (fence height 3 m), significant accumulation of snow in front of
the fence was detected due to insufficient snow collection area.

Figure 5 — Visualization result of an experiment on visualization when installing a fence at a distance of 1.5H against
the wind from the ledge of a high embankment [7]

The best results were obtained for scheme No. 3, which includes a 4 m high snow protection
fence located at a distance of 1.5 m from the embankment shoulder. This scheme is characterized by
minimal accumulation of snow on the roadway, reduced turbulence and the most favorable visibility
conditions. The results of visualization using the PIV method confirm that the effectiveness of snow
protection structures is determined not only by the height of the fence, but also by its location relative
to the embankment, as well as by the features of the aerodynamic structure (Fig. 5).

It was found that when the fence is moved from the slope ledge to the windward side, the area
of reduced obstructed visibility decreases. For conventional and high-performance models, it is more
efficient to move closer to the shoulder. In this case, it can be seen that the restricted visibility zone
on the roadway is secured. The visibility reduction zone for high-performance snow intakes whose
height is=4 m — 4 x 7 =28 m, and for fence height=3m — 3 x7=21 m.

However, the required range for reducing visibility is: at fence height = 4m, shoulder ~ 1.5m
apart: =30m + 1.5m = 31.5m; and at fence height =3 m. At the curb: = 30 m. Therefore, the visibility
reduction zone will be insufficient.

Based on the results of experiments conducted, according to which the effect of an explosion
in high bulk structures is about 2.5 hours, the visibility reduction zone is for high-performance snow
intakes with a fence height of 4 m. — (4 x 7) + (4 % 2,5) = 38 m, and for fences with height =3 m —
(B3 x7)+(3x2,5)=28,5M.

Based on the above results, the improvement plan, which provides a 30 m wide visibility
reduction zone, looks like this: high-performance snow intake (fence height = 4 m, slope shoulder ~
1.5 m apart).

Table 2 - Summary of the results of the experiments [Authors’ material]

No. Snow Fence Type Snow Deposition (Snow Visibility
Drift Accumulation) Conditions

Scheme 1 Conventional snow-control fence (fence height = Present Reduced visibility
5 m; setback distance = 5 m from shoulder) observed

Scheme 2 High-efficiency snow fence (fence height =5 m; Reduced Improved visibility

setback distance = 5 m from shoulder)

Scheme 3 High-performance snow fence (fence height =4 Absent Excellent visibility
m; setback distance = 1.5 m from shoulder)

Scheme 4 High-performance snow fence (fence height =3 Absent Good visibility

m; located adjacent to the shoulder)
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Note: All data is based on an analysis of published catalogs, official manuals, and evaluation literature by RIKEN
KOGYO Inc. as 0f 2026, and does not represent an independent comparative analysis conducted by the authors. The main
documentary sources are Japan [7].

Full-fledged engineering analysis and scientifically based dependencies:

Table 3 - Comparison of four investigated schemes of snow-retaining fences [Authors’ material]

Height, Distance from .. o Overall
Scheme Fence type m shoulder Snow deposition Visibility assessment

1 Conventional 5 5m High Poor Low

2 High- 5 5m Moderate Good Medium
performance

3 High- 1.5m None Excellent Best
performance

4 High- 3 0m None on roadway, Good High
performance accumulation before fence

Comparison of the zones of reduced visibility:
The calculated dependences are given in the article:
1) ordinary screen L = 4H;
2) high-efficiency screen L = 7H.
where H is the height of the screen; L is the length of the visibility impairment zone.

Table 4 - Comparison of zones of reduced visibility of snow-retaining fences [Authors’ material]

Height Conventional High-Performance
3m 12m 2l m
4 m 16 m 28 m
Sm 20m 35m

= Conventional (L = 4H)
= High-performance (L = 7H)

50
E 40 Linear Equations
~
Qc; L = 4H (Conventional)
rﬁ 30 R? =1.000
-‘(_.3 o L = 7H (High-performance)
3 R?=1.000
o
>
= 10
Q
§ High-performance
0
1 2 Conventional H - Fence Height (m)
3 4 L - Visibility Reduction Zone (m)
Fence Height, H (m) 5}

6

Both relationships are linear with perfect correlation (R? = 1.000)

Linear relationships: L = 4H (Conventional), L = 7H (High-performance)
Figure 6 — Visibility reduction zone depending on the height of the fence

[Authors’ material]
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Performance analysis:
Increased efficiency

=100
1 4
n=75%

That is, the new design increases the length of the controlled aerodynamic zone by almost
75%.

Comparison of the calculated zone:

The article shows: for a screen of 4 m — 4x7=28 m, after taking into account the additional
effect of 4x2.5 =10 m, a total of 38 m.

For a 3 m — 3x7=21 m screen, the additional effect is 3x2.5=7.5 m, for a total of 8.5 m.

The resulting equation:
From the results, you can write

L=H(k+0) (1)

where

for the new construction k=7;

additional effect o =2.5.

then, the estimated total impact area of the structure:

L=9.5H 2)

Scientific explanation of the coefficients:

The coefficient k = 4 is typical for conventional snow shields.

Coefficient k=7 - characterizes a more efficient redistribution of the air flow due to the guide
plates.

Coefficient 2.5 - takes into account the additional aerodynamic effect of the propagation of
the impact zone.

Thus, equation (2) describes the total working aerodynamic area of the new design.

Table 5 - Engineering comparison of snow-retaining fences [ Authors’ material]

IMokazarenn Scheme 1 Scheme 2 Scheme 3 Scheme 4
Snow deposition 3 2 0 1
Visibility 1 2 4 3
Aerodynamic stability 1 3 5 4
Overall efficiency 1 3 5 4

4 CONCLUSIONS

Based on the results of the conducted experimental studies, the following conclusions were
formulated:

1. Aerodynamic tests have confirmed the significant influence of the design parameters of snow
protection structures and their location relative to the embankment on the processes of snow transfer,
snow-bearing capacity of the road and visibility conditions.

2. It has been established that traditional snow barriers are characterized by a more pronounced
transfer of air flow through the upper edge of the structure, which contributes to the formation of
secondary snow transfer zones and reduced visibility on the roadway.
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3. The most effective scheme considered turned out to be a high-performance snow protection
fence with a height of 4 m, located at a distance of about 1.5 m from the embankment shoulder. This
design ensures minimal accumulation of snow on the roadway, reduces turbulence and improves
visibility conditions.

4. Additional equipment of snow protection structures with guiding lighting equipment makes
it possible to increase road safety in conditions of snowstorms and limited visibility by visually
marking the boundaries of the road, roadsides and sections of changing the direction of the highway.

The scientific novelty of the study lies in the experimental assessment of the aerodynamic
features of various snow protection structures using the PIV method, which made it possible to
identify patterns in the formation of snow transfer zones, turbulence and reduced visibility near
highways.

The practical significance of the work is to substantiate the rational design and layout of a snow
protection fence to reduce the snow-bearing capacity of highways and improve traffic safety. The
results obtained can be used in the design and modernization of snow protection systems on highways
located in areas with intense blizzard processes.
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