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Abstract

The culvert pipes in the railway roadbeds are an important element of the infrastructure. The pipes are subjected to
chemical and electrochemical attack, the influence of frost and groundwater. Aggressive medium causes a negative
change in a concrete structure and metal and results in pipe destruction. A glass-reinforced plastic band is proposed for
internal and external protection of the pipes. The pipe construction, known as “pipe-in-pipe”, has been obtained by the
winding of the outer fiberglass layers at an angle of 45° to the longitudinal direction of the pipe. Then the pipe samples
have been placed on a test stand to determine the presence of deformations. The experimental results showed that the
glass-reinforced plastic band possesses the necessary physical and mechanical properties. It can be used for spiral
reinforcement of the pressure concrete pipes instead of metal reinforcement. Replacement of steel reinforcement with
fiberglass allows creating a pipe design for laying in the places with increased corrosive effects of groundwater, as well
as in soils with a significant value of leakage currents and stray currents.

KEY WORDS: culvert pipe, fiberglass coating, strength, deformation

1. Introduction

Protection of railway infrastructure objects against destruction is one of the main problems in the railway
industry. Such objects are culvert pipes in the railway embankments. The pipes are subjected to the effects of various
loads and aggressive mediums. Due to corrosion, the pipe operational life is far less than the calculated one. There are
many studies are devoted to the enhancement of the metal and concrete constructions by an external layer [1-4]. To
manufacture composite pipes in [1], glass fibre is dipped into a resin solution and wound around a core pipe. Hybrid
nanoparticles, modified by epoxy resin and applicable for the filament winding process, were studied in [2]. However,
toxic vapours and low productivity under high temperature conditions are serious problems connected with the usage of
the epoxy resin. A new non-toxic composition material has been proposed in [3]. This waterproof composition contains
an acrylic polymer and a filler. More effective protection has been offered in [4]. It consists of the fibreglass plastic that
is wrapped around pipes and gives them bigger strength and corrosion resistance.

The multilayered filament wrapped composites are widely distributed for strengthening and protection of the
different constructions [5-7]. The Optimization of filament winding parameters for the design of a composite pipe is
performed in [S]. This paper presents the design stages for the selection of the optimal fiber, matrix, volume fraction,
and winding angle #. Based on analytical estimations, the authors [5] found the optimal technological parameters with
volume fraction 40% + 60% and winding angle + 44.5°< 6 < £ 52.5°. From these considerations, they suggest
a customization in the pipe production, based on the estimated axial loads in exercise. The paper [6] presents the design
optimization of filament winding composite cylindrical shell under hydrostatic pressure to maximize the critical
buckling pressure. The design variables are fiber orientation and the corresponding number of layers. Results show that
filament winding angles have a more significant effect on the critical buckling pressure than the number of layers. In
paper [7], an analytical model is proposed to calculate the winding process-induced residual stresses for the
multilayered filament wound composite parts. In the modeling the winding process, the contribution of the highest
winding tension to the residual stresses of previously wound composite layers is calculated. Then, the value of complete
residual stresses is obtained based on the principle of elastic superposition. The proposed analytical model is of high
accuracy and can be used to calculate the residual stresses due to winding tensions for the multilayered filament wound
composite parts.

Based on the winding and curing process, an analytical model of residual stresses was established in [8]. This
model can be used to analyse the stress state of a composite cylinder before and after removal of a mandrel. The degree
of shrinkage deformation and the coefficient of thermal expansion are introduced as controlled variables to develop a
model of residual stresses. The numerical simulation and slitting experiment for composite wrapped cylinder after
mandrel removal are investigated. The analysis shows that the maximum difference of radial stress between the model
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and the experiment is 0.14 MPa around the neutral axis. In this case, the maximum difference of hoop stresses is 2.6
MPa which occurs along the outer radius. In addition, the corresponding errors hoop and radial stress are 9.0%
and 7.7%, respectively. The result indicates that this model can be used to predict residual stresses and the winding
tension to guarantee that the hoop wound cylinder with an inner liner has a uniform residual hoop stress. The new high-
strength composite fibrous materials, such as fiberglass, basalt fiber reinforced polymers, carbon-filled plastics, proved
to be quite perspective in the manufacturing of multilayer products and constructions. In this study, a pipe construction
is offered which consists of an internal pipe (metal or concrete), a glass-reinforced plastic band, a heat-insulation layer
(if necessary), and a second glass-reinforced plastic band (Fig. 1). The acrylic powder-liquid type plastic is applied as
the binder to provide the adhesion strength between the pipe and the band. Powdered component (polymer) is a high-
molecular methyl methacrylate-based substance. Liquid component (hardener) of acrylic plastic is methacrylic methyl
ester (methyl methacrylate monomer). The pipe construction, known as “pipe in pipe”, has been obtained during
winding of the outer fiberglass band at an angle of 45° to the longitudinal direction of the pipe. After curing, the pipe
samples have been placed on the test stand to determine stress and deformations (Fig. 2).

dissrened s vy

Fig. 1 The pipe construction Fig. 2 The pipe testing

The aim of the test is to find out the maximum value of critical stress for the band during its pre-tensioning and
winding process. The complexity of this challenge is the definition of the stress value which depends on the loading
speed of the band. It necessitates a lot of test samples, a special test stand, stability of the test conditions, and long
testing time. We applied the rapid test method which is as follow.

2. Theoretical Study

As has been shown in [4], the increase of a pipe diameter does not lead to the corresponding increase of its
strength. The reason is the insignificant participation of external layers of concrete or steel in taking up loads. A needed
effect can be reached by multilayer winding of prestressed steel wire or strip on a cylinder. The idea to form compound
cylinder constructions is used extensively in civil engineering for manufacturing of the high-strength constructions. In
this case, a brittle construction material obtains additional strength and plastic properties in the conditions of
compressive three-dimensional stress. Using this effect, known “a hoop effect”, a number of ways to reinforce concrete
were developed: concrete in a steel wire coil, concrete in a pipe, concrete with tubular steel reinforcement, etc. High
strength properties of such constructions made it possible to decrease the proper weight of constructions and save the
construction materials (steel, cement, etc.). The developed new high-strength composite fibrous materials, such as
fiberglass, basalt fiber reinforced polymers, and carbon-filled plastics, proved to be quite promising in the
manufacturing of multilayer high-strength items and constructions.

There is an increase of deformations observed under a constant load. This increase stops when the load is below
a certain limit. In this case, elastic deformations disappear immediately after load is removed. The plastic deformations
remain. If the load is over a certain limit, the deformations grow until sample is destroyed. The maximum stress, which
does not cause sample destruction regardless of load application time, is referred to as limit of long-term resistance.
There are following principles that are applied to define the long-term resistance.

1. There is a linear dependence between a rate of the plastic deformation growing and the critical stress, which
causes plastic deformations to appear.

2. The critical rate of growth the deformation corresponds to the critical stress.

The critical stress is considered to be a constant of the material under static loading. In dynamic tests the critical
stress depends on the strain rate, the method of load application, and is not constant. The problem lies in the following
question: what can be considered to be the dynamic strength of the material, and how to predict the ultimate strength
characteristics under dynamic effects. The second problem is a stress relaxation in the glass-reinforced plastic band.
The winding of every next layer of the band leads to decrease of the stress in the layer beneath. In Fig. 3 it is shown
how the stress changes under winding of the band made of an isotropic material (nickel) and an anisotropic material
(fiberglass plastic).
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Fig. 3 The stress change under winding of the band made of an isotropic material / and an anisotropic material 2

As can be seen in Fig. 3, the decrease of the prestressing force does not occur under the winding of the isotropic
material. It means that the pressure grows in proportion to the number of layers. In opposite, this dependency becomes
nonlinear for the anisotropic material even under a small number of wraps (Fig. 3, curve 2). The fiberglass layers must
work evenly in the thickness of the band. For this, the needed prestressing force must be provided in every band layer.

3. Experimental Study

To solve this problem the following approach has been applied. Based on the experimental results with samples
that have different rates of deformation, dependence can be found between the critical stress and the rate of increase of
the elastic deformation, which is simultaneously the growth rate of the plastic deformations. Three groups of the
fiberglass band have been tested under the following deformation rates: 0.75-10° s, 1.25:10° s7', 1.75 -10° s, The
band was stretched until broken. The experimental results are shown in Fig. 4. The stress increases linearly until a
certain value. Then, increase slows down a bit while the destruction process develops in the sample. According to Fig.
4, the critical stress o; have been determined which corresponds to the transfer from elastic deformation to the plastic
one for each of the three deformation rates. After that, the diagram has been plotted to show the dependency between
the critical stress and the rate of its growth (Fig. 5). The critical deformation value & is represented by dark dots.
Tangents to respective curves are drawn for each dot. These dots correspond to the critical stress o;. These tangents
cross an axis of abscissas at angles «, o, o3, respectively. The slope of each tangent is equal to the rate of the growth
of the critical elastic strain that corresponds to the found critical stress.

o, MPa =103

1200 3
/ / +1
25 2

1000

800

0.5 s
0 . ‘ ; % (\a
o (24
0 2 4 6 8 0 \ 2 2
0 60 120

&1073 180 240

Time, s

Fig. 4 Stress - deformation variation curve for defor- Fig. 5 Deformation - time variation curve for defor-
mation rates: / — 0.75-10°° s_l; 2-1.2510" s'l; mation rates: / — 0.75-10° s_l; 2 - 125107 s_l;
3-175.107s" 3-175-107s"

The next step is to plot a graph which shows a dependence between the critical stress oy and the critical rate v,
(Fig. 6, line 7). To find out the limit of long-term resistance, a straight line is drawn through the obtained points o;. This
line is drawn until it intersects the y-axis. The point of intersection is the value of critical stress when the rate of growth
of elastic strain is equal to zero (Fig. 6, line 2). This point is the value of the limit of long-term resistance sought for the
fiberglass band. These test curves (Fig. 4 and Fig. 5) are obtained in experiments with the strain rate that varies from
experiment to experiment. So, they are reference curves for a mathematical model of the dynamic deformation of
materials. Based on this method, software will be developed for calculation of the critical stress.
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Fig. 6 Critical stress — critical rate dependency

At this critical stress of 400 MPa, the reinforcement band must be winded to provide the necessary compression
stress in the pipe. Also, the plastic deformations will not appear under any winding rate at this critical stress. The critical
stress is referred to as an important characteristic along with such parameters as the winding rate, a step and angle of an
over-wrap, the tension force, etc. The change of the over-wrap direction, relative positions of the wrap, and the
fiberglass tension has been made the management of the anisotropic properties for the building products and
constructions possible.

4. Conclusions

Experimental data show that the stresses in the fiberglass coating depend on the winding rate. Also, it has been
observed that the decrease of the prestressing tension happens due to stress relaxation and plastic strains. To prevent the
appearance of plastic deformations, the critical stress value has been determined to be 400 MPa. This critical stress
value is used to create prestressing tension of the glass-reinforced plastic band at any winding rate without the
appearance of plastic deformations. It is a technological base for directed reinforcement of the products and
constructions with the usage of the continuous filament winding method. This method allows:

- to create the effective type of the non-metal reinforcement;

- to execute biaxial and triaxial compression of the elements;

- to obtain the reinforcement that corresponds to an operational stress state;

- to develop a continuous reinforcement method for the constructions of any shape;

- to wrap a required number of layers for protection against corrosion.

According to physical and mechanical properties, the developed fiberglass plastic coating is a potential
protective and strengthening material which allows creating the corrosion-resistant and durable materials.

References

1. Choo-ongsakul, T.; Smithmaitrie, P. 2019. Determination of Filament Winding Path on a Composite Elbow Pipe
for the Automatic Winding Machine, The Journal of King Mongkut’s University of Technology North Bangkok
29(2).

2. Di, C.; Yu, J.; Wang, B.; Lau, A. K. T.; Zhu, B.; Qiao, K. 2019. Study of Hybrid Nanoparticles Modified Epoxy
Resin Used in Filament Winding Composite, Materials 12(23): 38-53.

3. Trykez, L.; Kamchatnaya, S.; Pustovoitova, O.; Atynian, A.; Saiapin O. 2019. Effective Waterproofing of
Railway Culvert Pipes, The Baltic Journal of Road and Bridge Engineering 14(4): 473-483.

4. Trykoz, L.; Kamchatnaya, S.; Pustovoitova, O.; Atynian, A. 2018. Reinforcement of composite pipelines for
multipurpose transportation, Transport Problems 13(1): 69-79.

5. Colombo, C.; Vergani, L. 2018. Optimization of filament winding parameters for the design of a composite pipe,
Composites Part B: Engineering 148: 207-216.

6. Ke Chun, S.; Guang, P. 2018. Optimizing the buckling strength of filament winding composite cylinders under
hydrostatic pressure, Journal of Reinforced Plastics and Composites 37(13): 892-904.

7. Liu, C.; Shi, Y. 2019. Analytical model for the winding process-induced residual stresses of the multilayered
filament wound cylindrical composite parts, Materials Research Express 6(10): 105354.

8. Kang, C.; Shi, Y.; Deng, B.; Yu, T.; Sun, P. 2018. Determination of Residual Stress and Design of Process
Parameters for Composite Cylinder in Filament Winding, Advances in Materials Science and
Engineering 2018: 1-11.



531

Contents
Preface

D. Szpica, M. Dziewiatkowski. Analysis of Selected Functional Parameters of the Gas Supply System
During NEDC and WLTC Cycles

K. Babojeli¢, L. Novacko, B. Abramovi¢, T. Fratrovi¢, Analysis of Trip Generation Parameters Comparing
Different Household Survey Samples Size

S. Himmetoglu, U.E. Yildirim, T. Ozturk. Vehicle Structure Related Design Criteria and Restraint
Performance for Vans in Full-Width Frontal Impacts

G. Prokudin, I. Lebid, N. Luzhanska, O. Chupaylenko. Logistics Approach to the Organization of
Unbalanced Freight Transportation in Transport Networks

M. Chrzan. Analysis of Access to Mobile LTE Services for Polish Rail Passengers on the Example of a
Selected Section of the Railway Line

T. Corejova, R. Chinoracky, A. Valicové. Analysis of International Trade in Transport Services in Selected
EU Countries

Y. Krykavskyi, O. Shandrivska, N. Shynkarenko. Services of River Passenger Transport in Ukraine in the
Trend of Behavioral Economy

T. Kucera. Calculation of Personnel Logistics Costs of Warehousing

A. Massel, A. Soczowka. Evolution of High-Quality Express Passenger Train Services in Poland in 1989-
2019

B. Leitner. The Procedure of Operational Risks Management in Railway Companies

J. Murasov, T. Paulauskiene, J. Uebe, V. Semaskaite. Investigation of Liquefied Natural Gas Ageing and
Boil-off Gas Management at Klaipeda LNG Reloading Station

M. Blatnicky, J. Dizo. FEM Analysis of a Variant Solution of a Quick Clamping Device of Attachments for
a Skid-Steer Loader

S. Stoilova. Study of Criteria for Evaluating the Development of Intermodal Services of the Type “Car on
the Train” by Applying SWOT Analysis and Best-Worst Method

J. Moczarski. Modeling and Simulation in the Research of Automatic Wagon Shunting Control Systems

R. Hruska, T. Kucera, J. Chochola¢. Modelling of Selected Logistic Process in Logistic Centre Using
Dynamic Simulation

V. Soltés, A. Velas, M. Pefiagka. Possibilities of Reduction Theft of Motor Vehicles in the Selected Region

M. Gorbunov, V. Nozhenko, M. Kovtanets, O. Porkuyan. Innovative Risks of Introducing Advanced
Technical Solutions in Transport

P. Kaczmarzyk, D. Matozig¢, L. Warguta, K. J. Walus. Comparison of the Degree of Flammability of
Upholstery Selected Models of Cars

V.0. Pylyov, O. Linkov, D. Samoilenko, S.O. Kravchenko, V.V. Pylyov, I. Mordivintseva, S. Lykov. The
Influence of Load Modes on the Resource Reliability of Engine Parts of Agricultural Machinery

T. Kucera. Selection of Handling Equipment in Warehouse Using Multi-Criteria Decision-Making

M. Szatmari, B. Leitner. Threat Assessment of Railway Stations as a Tool for Increasing of Soft Targets
Security Level

11

16

22

27

32

38

44

49

57

63

69

75

81

85

91

97

102

107

114

119



532

M. Kaminski, M. Korbut, D. Szpica. Piston Pneumatic Engine — Preliminary Research

H. Holub, I. Kulbovskyi, P. Skok, O.Melnychenko, V. Kharuta, O. Bambura, Y. Tretynychenko. System
Model of Information Flows in Networks of the Electric Supply System in Transport Infrastructure Projects

P. Jilek, J. Cerman. Design of Sliding Frame System for Two-Wheeled Vehicle

M. Hudékova, P. Lahuta, M. Masér. Personnel Risks and Their Impact on Business in the Transport Sector
in Slovakia

S. Yavuz, S. Himmetoglu. Neck Protection in Autonomous Car Crashes

V. Kuznetsov, P. V. Hubskyi, V. G. Sychenko, E. M. Kosarev, O. Papakhov, P. Bekh. Optimization of
Traction Power Supply System with Variation of Train Flow Sizes

T. Kubac, P. Danko, M. Kelemen. The Impact of Temperature and Wear on Li-Po Accumulators Discharge
Characteristics

E. Wawrzyn, G. Stencel. Future Stations Solutions within IN2STEMPO Project of Shift2Rail

D. Sommerauerova, T. Kucera, J. Chochola¢. Strategy of Selected Cities of the Czech Republic in the Field
of Transport from the Perspective of City Logistics: Qualitative Comparative Analysis

O. levsieieva, 1. Pidoprygora, A. levsieiev. Monitoring of Service Management of Transport Enterprises of
Urban Agglomerations

O. Strelko, H. Kyrychenko, Yu. Berdnychenko, O. Petrykovets, L. Soloviova. Enhancement of the
Technology for the Distribution of Gondola Railcars for Loading in a Competitive Environment

A. Patlins, A. Hnatov, Shch. Arhun, H. Hnatova, N. Kunicina. Development of a Complex for Laboratory
and Practical Works Based on a Solar Charging Station for Electric Vehicles

M. Materna, A. Novak, A. Novak-Sedla¢kova. Economic Impact and Current Position of Zilina Airport
Within its Catchment Area

M. Zachar, J. Furch, J. Jelinek. Properties Changes Evaluation of Engine Oils Modified by E-beam
A. David, A. Galierikova, V. Stupalo, P. Piala. Cargo Throughput of Spanish Maritime Ports
S. Mitkow. Operational Capabilities as a Part of National Defence Potential

M. Ballay, E. Sventekova, P. Prievoznik. Comprehensive Risk Assessment of Railway Crossings in Slovak
Republic

M. Krajnak, V. Meier. Influence of the Day and Time on the Transport Capacity on the Selected Long-
distance Railway Transport Line in the Czech Republic

0. Koshel, S. Sapronova, D. Bulich, V. Tkachenko. Determination of the Load-Bearing Metal Structures
Residual Operation Time of the Ukraine Railwa

V. Dubra. Remarks on the Safe Navigation Conditions in the Port of Klaipéda

A. Biaton, V. Kuznetsov, P. Hubskyi, O. Ostapchuk. Proposals for the Use of Renewable Energy Sources
for Traffic Control Devices Power Supply

A. Birkavs, R. Smigins. Variation in Diesel Engine Glow Plug Heat-up Parameters Depending on Duration
of Use

V. Sukalova. The Impact of Legislation on the Human Resources Management of Freight Transport
Companies

126

132

136

142

147

153

159

165

170

176

182

187

193

198

204

209

214

222

228

233

238

243

248



533

J. Furch, J. Glos. Utilization of Tribodiagnostics for the Evaluation of Technical Condition of Mechanical
Gearboxes

M. Kaniewski, V. Kuznetsov, P. Hubskyi, V. Sychenko, A. Antonov. Modeling the Quality of Current
Collection Under the Conditions of a Growing Speed of Rolling Stock

V. Aftaniuk, D. Danylenko, A. Aftaniuk. The Simulation Model of Ventilation Systems for Ship’s
Enclosed Spaces

A. Velas, F. Lenko, R. Kuffa, M. Penaska. SMART Technologies for Control the Entry and Exit of
Vehicles to Logistics Centers

S. Himmetoglu, T. Balci, M. Aydogan. Validation of a Simple Multi-Body Head-and-Neck Model for
Efficient Rear Impact Simulations

Z. Zabirov, A. Zabirov, V. Shestakov. Error Formation in a Human Operator Decision-Making Process in
Flight

M. Bazant, J. Buli¢ek. Assessment of Partial Double-Tracked Railway Lines with Focus on Capacity
E. Valionien¢, B. Placiené. Evaluation Methodology of Seaport Governance and Maritime Transport

Attractiveness Dependence Based on Comparison of Seaports Governance on the Eastern Coast of Baltic
Sea

L. Cicmanec, P. Kalvoda. Preventive Measures to Gain Optimal Surface Quality to Mitigate the Outcomes
of Runway Excursions

G. Kubica, P. Marzec. Challenges and Development of Gas Fuel Storage Systems in Means of Transport

M. Blatnicky, J. DiZo, D. Barta, P. Drozdziel. Streamlining Assembly of a Compressor to a Car Chassis
with an Air Suspension System

O. Kiris, B. Garagula, V. Aftaniuk. Research of the Flow Around the Steam Turbines Blades of Biconvex
Profile

I. Bartusevicieng, E. Valioniené. Meeting Digitalization Challenges to Future Specialists: Development of
Educational Environment at Lithuanian Maritime Academy to Ensure Effectiveness of Studies in Shipping
and Logistics Information Systems

M. Urbaha, I. Lebedevs, V. Turko, V. Feofanovs. Effect of Current-Conducting Coating of Copper and
Titanium Alloy on the Service Durability of a Composite Material

E. Mikhailov, S. Semenov, J. Dizo, M. Blatnicky, S. Kliuiev, M. Kovtanets. The Issue of Improving of the
Design of a Railway Wheelset

M. Gryglas, P. Wontorski. Standardization of Selected Interfaces of Railway Traffic Control Equipment
and Systems — the General Information

J. Kreicbergs, V. Feldmanis, A. Grislis. Car Harsh and Emergency Braking Intensity Perception by Novice
Drivers

M. Gorbunov, O. Prosvirova, M. Kovtanets. Experimental Study of Temperature Stabilization Process in
Tribological Contact of Brake Friction Pairs Under the Impact of Forced Cooling

J. Siroky. The Technological and Economic Operating Conditions of the Innofreight Container Transport
System

D. Stachova, J. Mihokova Jakubéekova, J. Handrikova. Vehicle Trajectories on Road with Disturbed Road
Surface

A. Torun , K. Biatek, P. Wetoszka. Communications-Based Train Control System —EMC Testing
Disturbance Emission Generated by on-Board rmCBTC System

255

260

265

269

273

278

283

289

295

301

307

311

316

322

327

333

339

345

349

355

362



534

1. Bartusevi¢iené. Maritime Education and Training as a Tool to Ensure Safety at Sea in the Process of
Introduction of Maritime Autonomous Surface Ships in Shipping

A. Patlins. Quality of Service in Transport Systems: Wireless Communications Under Weather-Based
Disruptions

M. Gorbunov, M. Kovtanets, T. Kovtanets. Experimental Study of the Limit-Maximum Adhesion
Coefficient

J. Jaros, K. Hrudkay, K. Valaskova, P. Kudela. Mitigating of Negative Environmental Impact of Transport
on the Level of Smaller Municipalities

J. Kiaulakis. Study of air Pollution Reduction Possibilities of Post-Panamax Containerships in the Port of
Klaipeda

A. Seidlova, M. Ledvinova. The Influence of Local Conditions on the Use of Cargo Bikes for Last Mile
Delivery

V. Sencila, I. Jurgelane-Kaldava. Analysis of Maritime Transport Activity Factors Influencing Global
Warming

M. Kornaszewski, R. Pniewski. Training of Specialists in the Field of Railway Signalling using Modern
Railway Devices Simulators

1. Kulbovskyi, H. Holub, V. Kyiashko, I. Skliarenko, O. Sorochynska, O. Gurenkova, V. Kharuta.
Investigation of the Model of Functioning of Production and Technological Potential of Subway Power
Supply Departments

N. Chornopyska, K. Stasiuk. Logistics Potential of the Railway as a Key for Sustainable and Secure
Transport Development

M. Rubach, K. J. Walus. Conceptual Design to Reduce Slush Accumulation in the Wheel Arches of
Passenger Cars

S. Briediené. Perspectives on Small and Medium-Sized Enterprises’ Participation in Public Procurements
of Innovation in Klaipéda Port

W. Nowakowski, T. Ciszewski, Z. Lukasik. Analysis of the Impact of Human Factors on the Occurrence of
Rail Accidents

L. Trykoz, O. Pustovoitova, S. Kamchatnaya, V. Semenova-Kulish. Fiberglass Coating of Railway Culvert
Pipes

O. Tiutkin, R. Kersys, L. Neduzha. Research of the Strained State in the "Subgrade — Base" System at the
Variation of Deformation Parameters

J. Pokorny, L. Brumarova, H. Gondek, S. Krocova, M. Tomaskova, V. Vlcek. Importance of Fire Safety
Equipment for Ensuring Safety in Road Tunnels

P. Marzec. Impact of LPG and DME Blends Composition on Fuel Consumption and Overall Efficiency
Over the Full Range of SI Engine Loads

O. Ischuka, D. Lomotko, J. Eiduks. Modelling of Technology of Disassembling and Assembling of Freight
Trains at Marshalling Yard

M. Kurhan, D. Kurhan, M. Husak, N. Hmelevska. The Advisability of Using Dual Gauge for Expansion of
the International Traffic

P. Paplauskas, A. Vaitkus. Evaluation of the Main Roads Network Pavement Condition Index with a 3D
Laser Scanner System

368

375

382

386

392

398

403

410

416

421

426

432

437

442

446

452

458

463

469

475



535

J. Kaspérek, P. Pokorny, L. Zeizinger, M. Skopan. Problems of the Central Joint in an Articulated Frame

P. Krawiec, G. Szymanski, .. Warguta. Assessment of Vibration of Transport Belts of a Strand-Type
Transmission

J. Nosek, S. Pleninger. ACAS Hybrid Surveillance as a Compensation Means to 1090 MHz Band Load in
View of New European ADS-B Requirements

Yu. Zelenko, A. Kersys, L. Neduzha. Enhancement of Operational Reliability of Elements in the Diesel
Engine Cooling System of Locomotives

V. Paulauskas, L. Filina-Dawidowicz, D. Paulauskas, G. Pridotkas. Small and Medium Sized Ports
Digitalization Level Evaluation and Benchmarking

Z. Dvorak, P. Durech, Z. Cekerevac, N. Gergova. Safety Culture and Quality Culture as a Tool for
Transport Infrastructure Protection

W. Nowakowski, P. Bojarczak, Z. Lukasik. Identification of Axle Counting System Failures Based on
Diagnostic Matrices

M. Benda, J. Sobotka. MS Temporary Bridge Damage at Chrastava
R. Markul, O. Hubar, M. Arbuzov, V. Andrieiev, O. Tiutkin, V. Savyts’kyy, R. Ganich. Investigation of

the Operation of the Railway Track with Reinforced Concrete Sleepers in Curved Sections with Radius
R<350 m

481

485

491

496

502

507

511

516

520



Proceedings of 24" International Scientific Conference Transport Means
ISSN 1822 296 X (print)
ISSN 2351-7034 (online)

Design by Rasa Dziaugiené, Rolandas Makaras, Robertas Kersys, Saulé Kvietkaité

Cover Design by Publishing House ,,Technologija“

SL 344.2020-10-21. 67 printer‘s sheets (Part I). Edition 34 copies. Order No. 234
Publisher Kaunas University of Technology, K. Donelaicio st. 73, LT-44029 Kaunas
Printing House “Technologija”, Studenty st. 54, LT 51424 Kaunas



