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FOR TRANSPORTING TIMBER AND CONTAINERS

Summary. Analyses of cargo transport in 2021 show that despite the increased volume
of cargo transported by all types of transport compared to 2020, road transport is still
dominant compared to rail transport. Therefore, all actions aimed at improving these
unfavorable relations (rail transport vs. road transport) in transport, particularly cargo
transport, should be considered purposeful and justified. One such activity is the ongoing
work on the design and construction of freight wagons for specialized transport. Unlike
universal wagons, specialized wagons are characterized by a limited ability to transport a
wide range of material groups. An example is the transport of timber. However, the
development of new transport technologies, and above all, technical and organizational
progress, force the organizers of these transport modes to look for new logistic and rolling
stock solutions. The aforementioned transport of timber is an example of this. The transport
of wood does not constitute a large volume of transport, but taking into account its transport
issues (transport with large truck tractors, high axle loads, and high risks for other road
users), it is a classic example of the fact that it should not be carried out by road over long
distances. Therefore, all actions aimed at reducing these issues and improving efficiency
by using rail transport are desirable and even necessary. The article presents an innovative
design solution in the form of a stanchion basket installed on flat wagons, allowing the use
of standard wagons of this type to transport both containers and timber as well as loads
such as beams and pipes. Such a solution will allow the use of empty runs of these wagons
after unloading wood at the destination station for further transport of containers and vice
versa. The considerations described in the article show the research process at the
construction stage and testing the prototype of the built basket and the wagon with the
stanchion basket structure placed on it.

1. INTRODUCTION

In 2021, 2,253.4 million tonnes of freight were transported by all modes (2.4% more than before
2021), and freight work of 491.4 billion tonne-kilometers will be performed (3.6% more than in the
previous year) [1]. There was an increase in freight transport in almost every mode, with the exception
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of pipeline transport. Although rail transport carried 8.9% more freight in the period under review than
in 2020, this is still only almost 11% of the total tonnage carried. Obviously, the dominant role in this
transport is still played by road transport, which carries 86.6% of all freight. Therefore, all actions aimed
at improving this unfavorable relationship (rail vs. road) in transport and especially in freight should be
considered purposeful and justified. One such activity is the ongoing work in the field of construction
and design of freight wagons for specialized transport [2, 17-19]. Ongoing research concerns not only
new body designs but also susceptible systems, which is important considering the loads on sets and
bogies when transporting unusual materials [20-22]. In the case of specialized wagons, which belong to
the group of atypical wagons, research has been carried out using simulation analysis methods to assess
the behavior of such a wagon in the case of tracks with different states of maintenance and geometry
[23, 24]. Analyses and numerical studies carried out at the construction stage have been performed using
specialized packages such as Matlab, Medina, and Adams [25-27]. Specialized wagons, unlike universal
wagons, are characterized by their limited ability to transport a wide range of material groups. An
example is the carriage of timber. The design of such wagons is sophisticated considering the equipment
and instrumentation involved, as well as their adaptation to the carriage of specific loads and user
requirements. However, the development of new haulage technologies and, above all, technical and
organizational advances are forcing the organizers of these transport modes to act in search of new
solutions, both logistical and rolling stock [3]. The transport of timber mentioned earlier is an example
of this [4]. The transport of timber (sixth freight group in rail transport), considering domestic and
international transport work, is only 0.1 billion ton-km in domestic and 0.5 billion ton-km in
international transport [5]. This does not constitute a quantitatively large transport volume but
considering its transport inconvenience (transport with large truck tractors, high axle loads, and serious
danger for other road users), it is a classic example that it should not be transported by road over longer
distances. Therefore, any action to reduce its inconvenience and improve its efficiency using rail
transport is desirable and even necessary [28-31].

This paper presents an innovative design solution in the form of a stanchion basket, allowing the use
of standard timber wagons and the transport of containers, which would allow the use of empty runs of
these wagons after the timber has been unloaded at the destination station.

2. TIMBER AND CONTAINER MARKET

There are 7,500 companies operating in the Polish wood market, which generate 11% of the revenue
in industrial processing (i.e., almost PLN 30 billion) annually. The sector includes furniture companies,
wood panel manufacturers, pulp and paper combiners, and producers of sawn timber, pallets, wooden
floors, and wooden houses. Poland is the EU’s largest producer of wooden floors, HDF (High Density
Fibreboard) / MDF (Medium Density Fibreboard) boards, and garden equipment; the fourth-largest
furniture producer; the second-largest particle board producer; and the eighth-largest sawn timber
producer. It is also the third-largest exporter of furniture in the world and the largest exporter of joinery
in Europe [6, CSO]. With such developed production, the demand for wood among producers scattered
all over the country is significant and cannot be met by road transport alone. As many as 95% of the
7,500 companies in this industry are small and very small units, processing up to 10,000 m® of
roundwood/year. Companies processing from 100,000 m® in a year to several million m?® of timber
constitute only 0.48% of all companies, of which only eight entities buy more than 500,000 m* of timber.
The raw material these companies purchased, representing a potential cargo for domestic rail transport,
is 14.6 million m’, i.e., about 10.95 million tonnes [7].

Because of the decrease in the supply of wood in the domestic market and the increasing difficulty
in its acquisition due to the changing legislative conditions, the significance of imported wood and, thus,
the significance of rail transport in these transports is increasing [8]. It is estimated that the deficit of
wood raw material in Poland is about 4 million m*. More than 1.5 million m* of raw material is exported,
and the same amount is imported [6], which indicates a demand for the transport of 7 million m® of
wood (about 5.25 million tonnes) per year in international traffic. The demand for wood will increase
due to environmental issues, most notably the negative impact of plastic on the environment and the
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trend towards replacing it with natural raw materials. These figures show that all measures for a better,
more efficient use of rail transport for timber are desirable and necessary. One possibility is to eliminate
empty runs of wagons transporting timber to companies that process this raw material after unloading
and use them to transport the final products of these companies. The problem, however, is the specific
design of these specialized wagons, which does not allow direct loading, for example, of pallets or crates
of finished products. The present study proposes a structural solution in the form of a special basket
directly placed on the platform of a specialized timber wagon, enabling the transport of containers in
accordance with current railway regulations.

Containers are the main loading units in intermodal transport, which is one of the most dynamically
developing supply areas in Poland. In 2020, intermodal transport in Poland carried 23.8 million tonnes
of cargo, an increase of 22% year-on-year. Significantly, the growth dynamics are sustainable. Over the
last decade, the weight of freight transported has been continuously increasing, reaching an increase,
compared to 2010, of over 440% in 2020 [9].

Containers accounted for more than 95% of the carriage. The largest number of 20- and 40-foot
containers were carried, accounting for 37.3% and 53.2% of the total number of units, respectively.
Semi-trailers and car trailers in intermodal transport account for 2.4% of the units used, and swap bodies
represent only 1%.

The structure of the rolling stock is influenced by the increasing share of private carriers. Currently,
Polish rail carriers have 3,650 electric and diesel locomotives and over 91,100 wagons (covered, coal,
platform, tank, and special wagons) at their disposal. Compared to 2018, the number of locomotives on
the Polish market has increased, while the number of wagons has decreased. The average age of wagons
is 30 years, and the average age of locomotives is 36 years. The commercial speed of intermodal trains
is 31.69 km/h.

Despite the significant growth of container transport in Poland, intermodal transport by rail accounts
for only 10% of freight transport, while it is 29% in Germany and 23% in the EU on average.

3. TIMBER ROLLING STOCK

There have been a number of developments in the rail freight market in recent years, particularly in
the context of the growing share of private operators. This affects the structure of the rolling stock used
for freight. The services offered by companies leasing or holding rolling stock are increasingly being
used by licensed private haulers, but there are also haulers operating in the timber market who are aiming
to have their own specialized rolling stock. In this case, it is important that the rolling stock is
multifunctional (i.e., able to carry not only timber but also other cargo units, such as containers). The
structure of the traction vehicles and wagons of Polish freight operators in 2011-2019 is shown in Table
1 [10]. Timber can be transported by freight wagons of the following types: boxcars, platform wagons,
and covered wagons, but in a very limited freight assortment. On the other hand, platform wagons
(though not of every type) and special wagons, which cannot be used directly for the carriage of logs,
can be used for the carriage of containers.

The most numerous group of freight wagons are platform wagons, which are designed to carry
concentrated loads, logs, vehicles, and piece goods. Platform wagons are distinguished by their
construction and number of axles. Platform wagons of normal construction on the axles and bogies may
be fitted with sideboards and stanchions to immobilize the goods resting on the wagon. Some of these
wagons also have pins for securing containers. Special-purpose platform wagons with axles and bogies
have additional equipment for containers, swap bodies, vehicles, or coils. Of the platform wagons, only
about one-third are designed to carry containers. These wagons can also be fitted with sliding side walls
(similar to special-purpose covered wagons) or tarpaulins to protect the load.

Although platform wagons were commonly used in freight transport, the containerization of transport
has strengthened their role in rail transport. Increased investment in intermodal transport has led to an
increase in rolling stock in recent years, including the number of platform wagons at the disposal of rail
operators and wagons adapted for intermodal transport (Fig. 1) [10].
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Table 1
Structure of traction vehicles and wagons of Polish freight operators from 2011-2019 [10]

Years

traction vehicles 504 " To015 7 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019

locomotives 3682 | 3625 3657 | 3483 3596 | 3632 3451 | 3506 3655

electric 1456 1431 1491 1388 1475 1502 1419 1445 1509
exhaust 2226 2194 2166 2095 2121 2130 2032 2061 2146
wagons
coal trucks 62444 | 60530 | 60234 | 59270 | 59641 | 61919 | 59432 | 61677 | 61477
normal structure E | 46320 45501 45365 45111 45446 46752 45173 46990 46757
special structure F 16124 15029 14869 14159 14195 15167 14259 14687 14720
covered wagons | 4927 | 4659 | 4493 | 4160 | 4100 | 3976 | 3897 | 2075 | 2065
normal structure G 3028 2761 2595 2264 2207 2084 2006 171 148
special structure H 1899 1898 1898 1896 1893 1892 1891 1904 1917
platforms 11588 | 11144 | 11190 | 11668 | 11603 | 11541 | 12551 | 12973 | 13453
on the axles
normal structure K 798 612 608 592 590 578 570 555 602
special structure R 30 30 138 212 14 20 58 100 20
on the bogies
normal structure L 5649 5391 5258 5214 5261 5029 5125 5362 5768
special structure S 5111 5111 5186 5650 5738 5914 6798 6956 7063
other 22158 | 22800 | 22200 | 11531 | 15562 | 14902 | 15249 | 14624 | 14159
with an opening roof | T 1197 1282 1220 1226 1256 1273 1289 1596 1555
special U 6339 5747 5980 6147 6124 6291 6347 5393 4348
tank wagons z 13224 14371 14129 3887 7602 6768 7068 7086 7232
working, social 1398 1400 871 271 580 570 545 549 1024

There were almost 2,000 more platform wagons at the carriers’ disposal at the end of 2019 than in
2011. In 2019, 70 new platform wagons adapted for the carriage of containers and 83 wagons for the
carriage of military vehicles were introduced into service on the Polish railway network. It should be
borne in mind that from the EU’s current financial perspective, as part of the implementation of
investment projects for intermodal transport, the market will be retrofitted with around 3,400 new
platform wagons by 2023, which will affect the average age of platform wagons at the disposal of
railway operators but will not change the unfavorable trends in this case. Fig. 2 shows the average age
of platform wagons in 2019 and 2018.

The second most numerous group of wagons to be transported are coal wagons. They are mainly
designed to transport loose materials that are not sensitive to weather conditions, but they can and are
also used to transport medium-sized timber, the so-called rollers measuring between 0.5 m and 2.6 m.
While the number of aggregate transports has been declining in recent years, the number of these wagons
at the disposal of freight operators has remained at a similar level. The decline in the carriage of energy
raw materials recorded in 2019 has influenced further decisions on investment plans. Wagons are being
used less frequently to transport general cargo, piece cargo, and mail. The number of these wagons has
fallen by almost 60% [10].

The third group of wagons that can be used directly for the transport of containers are platform
wagons on special construction bogies (type S), the number of which is considerable (4,348 units in
2019) and most of which could also be used for the transport of timber after appropriate modernization.
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Fig. 2. Average age of freight operators’ platform wagons in 2018 and 2019

The above analyses show that the growth rate of intermodal transport in which the container is the
basic load unit is not keeping pace with the growth rate of platform wagons adapted to carry containers.
However, platform wagons on special-purpose bogies designed to carry containers (e.g., the Sgs series)
cannot be used to carry logs, which makes it impossible to use them to reduce the so-called empty
mileage and thus improve the economic efficiency of timber transport.

Various measures are therefore being taken to improve this relationship. One possibility is to adapt
a platform wagon of the special type for the carriage of containers by placing an interchangeable basket
structure on it, which would also make it possible to eliminate empty runs of such wagons, using the
platform to carry timber in the basket. This will be considered in the next section.

4. THE STANCHION BASKET PROTOTYPE AS AN INNOVATIVE AND VERSATILE
SOLUTION

With the aim of improving the indicators characterizing the profitability of timber transport, among
other things, a project proposal was prepared under the Intelligent Development Operational Programme
2014-2020 to develop an innovative timber transport service based on a multipurpose stanchion basket
[4]. When embarking on the design of the basket, the following basic assumptions were made:

1. The modular stanchion basket is designed to transport timber, long products (e.g., pipes, rods), as
well as containers and palletized products in various configurations.
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2. The stanchion basket will be adapted to sit directly on existing wagon platforms equipped with
container pins, so no special assembly is required. Examples of rail wagons with which the stanchion
basket should work:

— platform wagon of a type designed to carry containers with a total length of 40 feet,
— platform wagon of a type designed to carry containers with a total length of 80 feet, and
— platform wagon of a type designed to carry containers with a total length of 90 feet.

3. In the basic version, the stanchion basket will consist of three modules: a central and two side
modules. The side modules will be their mirror image.

4. Cargo can be transported in a variety of configurations:

— three 3x20' twenty-foot containers,
— two containers in a 40'+20' or 20'+40' configuration,
— 20' container + bulk wood at the same time,
— 40' container + bulk wood at the same time, and
— two 2x20' containers + bulk wood at the same time.
Changing the configuration of the containers should be simple, should not require moving the
stanchions or the entire basket, and should be possible using typical tools.

5. For reasons related to structural strength, the stanchion basket must comply with the requirements of
EN 12663 and the container strength regulations. The geometry of the attachment points of the
stanchion basket to the wagon platform is compatible with 20' and 40' container wagons in
accordance with ISO-668, ISO-3874, and ISO-1161. The stanchion basket, together with the railway
wagon on which the basket is installed, must comply with EN 15273 so that the permissible
geometrical dimensions of the railway gauge are not exceeded. The assumed profile of the railway
gauge is GBI.

5. SIMULATION ANALYSES OF THE BASKET MODEL

Given the assumptions, the existing container platform wagons in service, and the possibility of the
foundation of the basket, the following wagon types were adopted for the analyses: Sgmmns 40', Sgns(s)
60', Sggrs(s) 80', and Sggmrss 90'.

The analysis included the feasibility of obtaining a suitable load length with different basket
arrangements and log loads of different lengths. The analysis was carried out on CAD models. For
example, Figs. 3 a and b show a Sggmrss wagon with side and center baskets in place.

)

Fig. 3b. Sggmrss type wagon with baskets and a 2-m log load
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The design and construction of the prototype basket followed the generally accepted principles for
the construction or modernization of rail vehicles or their components [11]. A 3D model of the basket
was made using Autodesk Inventor 2019. An example of a basket end module for unfolded and folded
stanchions is shown in Figs. 4 a and b.

Fig. 4. End basket module: a) stanchions unfolded and b) stanchions folded

A structural design of the stanchion basket was made for the assumptions and verified by strength
calculations. The calculations carried out for static and fatigue strength conditions at the characteristic
points of the nodes, and the points of attachment of the stanchions to the basket frame and the load
support points showed that the stanchion basket designs met the adopted strength criteria for the load
cases considered. A linear finite element model was used in the calculations. The calculation procedure
followed PN-EN 12663-1+A1:2015-1 and PN-EN 12663-2:2010 “Railway applications - Structural and
strength requirements for railway vehicle bodies, part 1 and part 2”.

For the simulation calculations, 11 extraordinary load cases and 10 fatigue load scenarios were
defined. For the fatigue analyses, the Huber-von Mises criterion of not exceeding a reduced stress value
of 143 MPa and a safety factor of 1.1 (steel S355) were applied.

The computational models were made in Altair HyperMesh 2017, and the calculations were
performed in Altair OptiStruct Analysis 2017 environment using the quasi-static calculation algorithm.
The analysis and presentation of the computational results were performed in Altair Hyper View 2017.
FEM models of the extreme and middle bins were developed assuming a linear-elastic material, and
small displacement theory was adopted for the analysis. The structure was modeled using shell elements
with an average dimension of 12 mm. An example FEM model of the extreme and middle basket is
shown in Figs. 5 a and b.

Simulation analyses of fatigue loading on basket structures and fixings were performed for the cases
of container loading and a load of wooden logs.

The load models shown in Fig. 6 were adopted in the case of the analysis of log impacts on the basket
stanchions or the end wall and in the case of container loading.

Simulations were carried out for 24 scenarios, taking into account the following cases: end bin, mid-
bin, container load, cargo load, and concentrated, distributed constant, or variable forces resulting from
the acceleration field. The figures show example simulation results for container loading (Fig. 7) and
load loading (Fig. 8).

The results of simulation calculations of stresses and displacements for the case of steady-state loads
showed that the resulting stresses did not exceed the allowable stresses for the assumed safety factor of
1.15, 329 MPa< R. = 355 MPa, while in the case of ad hoc loads, for some scenarios and points in the
basket model, there was a slight exceeding of this value but not exceeding the yield point of the material,
reaching a value of the utilization factor U of 1.07 (U=0./d40p). It follows from this that the safety factor
is ~ 1.08, less than 1.15, which is also very small, and we recommend choosing it a bit greater.

For all fatigue load cases, the determined utilization factors U take values less than 1. As for the
utilization factor, it is always selected less than 1.

The results were used to assess the effect of the load on the basket structure in a conservative manner,
as it is difficult to assess the behavior of the load under actual operating conditions, given the range of
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loads generated and their dependence on actual friction coefficients. As the prototype structure will be
subjected to experimental tests, these values will be verified in real load conditions.

In terms of the ad hoc and fatigue loads tested, the design of the baskets in the extreme and central
configurations meets the requirements of the standards [12, 13].

Ryl
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Rz15

Ry15

L

y a -

Fig. 6. Bin load models: a) log load and b) container load

. a ’ b
Fig. 8. Simulation result of a loaded basket, (a) displacements under lateral forces, (b) stresses with the indication
of local exceedance of critical values
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6. TESTING A PROTOTYPE STANCHION BASKET

Tests of the prototype were carried out on the test stands of the Railway Institute, and the results are
included in the report [14]. The prototype of the basket was placed on the Rgmms series wagon with the
number 31 51 3966, 1, which is operated by PKP CARGO. The tests were performed for a basket loaded
with timber and a 40' type container. According to the developed test scenario, the following tests were
performed:

1. Measurements of the torsional rigidity of the body Ct* of a wagon loaded with and without a
stanchion basket.
According to UIC leaflet 530-2, the value of body torsional stiffness Ct* should be in the range of

2
(0.2 t0 25.0) x 10" [kKNmm /rad].
The torsional stiffness of the body of the Rgmms series platform wagon equipped with stanchion

0 2
baskets determined during the measurements was Cwx * =2.336 x 101 [kNmm /rad]. In the case without
10 2
stanchion baskets, it was C;w * =1.607 x 10 [kNmm /rad].

2. Driving safety research on an allocated track.

Tests were carried out according to method no. 1 described in EN 14363 - Section 6.1.5.1 for the
passage of a Rgmms series platform wagon through a curve with a radius of 150 m at a speed of less
than 10 km/h, recording the elevation of the wheel from Amax on 10 measuring sections. The maximum
value of lift should not exceed Azmax <Azlim= Smm. An example of wheel lift for one of the runs is

shown in Fig. 9.

Wheel lift [mm)]

0 10 20 30 40 50 60 70 80

Time [sec]

Fig. 9. Lifting of the platform guide wheel during passage 3 through an arc with radius R = 150 m

During the runs of the test wagon loaded with empty baskets, the recorded wheel lift did not exceed
the permissible value of Azmax = 5 mm.

3. Strength tests of stanchion baskets in empty and loaded conditions during collisions on the
Research Run-up Hill.

The BGR test bench enables tests to be carried out on the behavior of railway vehicles in the event
of a collision (strength tests on the construction of freight and passenger wagons and their components).
Four-axle Eas series standard coal wagons, corresponding to type 1 according to UIC 571-2 [16], were
used as the impact wagons (ram) and the shielding wagon. On the tested stanchion basket wagon, a strain
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gauge system connected to the measuring system was mounted at selected points of the basket. Fig. 10
shows the stanchion basket on the Rgmms platform with the strain gauges mounted, while Fig. 11 shows
an example of a strain-gauge plot during the crash test recorded with a strain gauge stuck on the
stanchion basket loaded with wooden logs.

Fig. 10. Wagon and stanchion basket on Rgmms platform: (a) strain gauge installation fitted and (b) a wagon with
baskets on the test bed
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Fig. 11. Strain waveform recorded on the strain gauge. Visible waveform before, during, and after impact

4.  Testing the strength of the basket structure. Measurements of stresses _from the load.

The tests were static and consisted of recording stresses at selected points in the basket during
loading. The basket was loaded with 38.8 t of timber.

Fig. 12 shows the loading of stanchion baskets on a platform wagon.

No cracks or ruptures of structural components occurred on the stanchion baskets after static load
tests. There were no visible permanent deformations, and no residual values (deformations) were
recorded at the strain gauge points tested. Therefore, the test object complies with the requirements
according to clause 5.2.3.1 of EN 12633-2:2010.

5. Static strength testing of stanchions and headwall.

The strength tests of the stanchions consist of applying a torque measuring the forces and stresses at
the point of attachment of the stanchion at a designated point in the transverse direction. The same
procedure was followed for the end wall as for the stanchion. Fig. 13 shows the test rig used to measure
the force and stresses of the stanchion.
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Fig. 13. Standoff force and stress measurement station

During the tests, the allowable stress value was not exceeded for the S460 steel used for the
stanchions and the end wall at the selected measuring locations. The recorded residual stresses can be
considered negligible.

6. Investigating the effect of stanchion basket interaction on wagon driving dynamics.

The study comprised measurements of accelerations at selected points on the body and bogies of a
wagon with an unloaded basket on it on the route for a speed of 120 km/h on straight sections. The test
methodology and criteria for assessing parameters that determine driving safety were in accordance with
the procedure developed based on the requirements of PN-EN 14363. Examples of transverse
acceleration waveforms measured on the body with the basket at its two ends are shown in Fig. 14. The
blue line is the limiting value of acceleration for the assessment of driving safety.

The results show that the tested stanchion basket wagon tested in the unload condition meets the
requirements of the standard in terms of driving safety, dynamic properties of the running system, and
track interaction.
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7. Testing the attachment of stanchion basket equipment during runs.

The test consisted of assessing the fixing of the container pins with which the stanchion baskets are
equipped and which are used to fix the container to the stanchion basket during the run-up (i.e., the
overrun of the test wagon with baskets on a free-standing loaded wagon). The tests were carried out on
the “Research Run-up Hill” at the Railway Institute in accordance with Instruction Ch-6 of PKP
CARGO.

No permanent deformation or damage to the wagon, stanchion basket, or container structure was
found after subsequent run-in tests.

8. Analysis of gauge calculations.

Based on the requirements of EN 15273-2, calculations were performed for the gauge of Sggmrss
(90", Sggrss (80"), and Rgmms (40") wagons with stanchion baskets. The results indicate that the tested
vehicle-stanchion basket systems meet the requirements of the mentioned standard regarding the
possibility of passing through the kinematic gauge GB1.

The measurements described above and the analysis of the results obtained were carried out in
accordance with the WAG TSI using the methodology given in EN 14363, EN 15839, and EN 15273,
as well as the ERRI B12 DT 135 report and UIC 530-2.

The results of the prototype testing allowed the rectification of the errors noted and improvements to
the basket design. They also allow the preparation of the documentation necessary to obtain a certificate
of release for operation to proceed.

7. CONCLUSIONS

This paper aims to reduce the unfavorable disproportion in freight transport between road and rail
by proposing a solution for innovative technology for transporting loads such as timber, pipes, beams,
and containers on one type of wagon based on the use of a special structure, called a stanchion basket,
mounted on a platform wagon. The developed basket design was used to build a prototype. Both at the
design and construction stage and after the construction of the prototype, a number of tests were carried
out to verify the assumptions made, bearing in mind the fatigue-strength parameters of the individual
elements of the basket, which are decisive for the safety of transport and compliance with the provisions
of documents such as DTR and DSU. These tests and the results are included in the article. Particular
attention was paid to strength analyses and fatigue assessments of the baskets’ construction and, in the
case of a basket located on a platform, the fulfillment of requirements related to the maintenance of the
gauge. According to the results, the structure of the basket meets the requirements outlined in the
standards for railway vehicles.

Tests were also carried out under real operating conditions of the platform wagon system with a
prototype basket installed on it. These tests made it possible to improve the design with a view to its
operational utility and safety. The results, in the form of a prototype and technical and operational
documentation of the basket, were used to prepare an application for a certificate of release for operation.
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The authors did not conduct a comparative analysis of theoretical, numerical, or natural experiments
due to the limited scope of the study.
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