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Intermodal terminals, aspects of the selection ofakign solutions

Abstract: The authors present trends of changes in intermwadasport in Poland and the
importance of the development of linear and paifriastructure to maintain favorable trends
in the growth of this segment of cargo transporh #nportant element of the point
infrastructure transport system are intermodal ileais. Appropriate selection of locations for
future transport infrastructure has a significampact on the course of the investment process
and the economic success of the project. An impbrsédage is the stage of investment
planning and development of the concept, adjusthrgy object to the anticipated cargo
protocol taking into account time factors.
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Introduction

Current trends in the transport of intermodal umtficate that this cargo segment will be in
an upward trend in the coming years. The analysistatistical data shows the scale of
development: in 2010 it was 440 thousand tons,adiad eight years, in 2018, the volume of
transported mass was already 17.02 million tons. itmber of statistical TEUs in the same
period increased from 584 thousand TEU to 1894g¢hAod TEU. The number of transported
intermodal units in the period of the eight yeass mcreased from 354 thousand UTI to 1259
thousand UTI in a year. Transport of intermodaksicbnnects individual transport branches
in supply chains using their best features. Findhley solve a number of problems in the
functioning of transport systems, which has a Iogaon the flow of streams. Optimistic
transport forecasts affect the development of teaminfrastructure, which should work in a
network system. Infrastructure development mustgue the development of transport in
relation to the needs, and thus exceed the tranhspeds. This is due to the long period of
building infrastructure. Infrastructure standaidsturn, should ensure high-quality service for
all loads, including those from the group of hapaisi materials. Like every product or
service, intermodal transport also goes throughpitsduct life cycle". It can be considered
that currently in Poland participants of the intedal market meet with the phase of dynamic
growth of their services, but this state will na@ permanent. With optimal economic and
legal conditions, it should be assumed that aéiaching a certain ceiling, both on the demand
and supply side, there should occur so-called ntatphase characterized by growth, but
with much lower dynamics or worse conditions - ewagnation. This is a dangerous
moment for entrepreneurs, because the next phatieedife cycle may be a decrease in
transport. In order to avoid this unfavorable péyi is necessary to take actions that will
enable further development of products relatedhterimodal transport. One of the important
conditions is an adaptation to the growing streamhscargo, both linear and point
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infrastructure, i.e. various types of terminalswnerganizational solutions, wagon and
traction rolling stock, and IT support technologies

The development of railway transport is not supgabroy the decreasing number of
sidings - in 2002 there were more than 2,000 aintheurrently, it is around 1160. Due to the
large construction costs and subsequent operatfonaibvay sidings and the difficult
procedure of obtaining safety certificates, enisgs do not choose this form of transport
service. Road transport due to the much betterldpgd line infrastructure and several times
lower fees for access to it can offer a lower po€é¢he freight, and at the same time is more
flexible in organizing the transport process. Doghe current conditions resulting from the
state transport policy, including the number ofemscrates to transport infrastructure for
individual modes of transport, the economic vidpibf the unit mass of cargo transported by
road transport is several times higher than intraiisport. This dependence mainly applies to
small cargo streams. Bearing in mind the largecdsicies of drivers in transport companies
and the conditions of their work, especially onesalrday routes of cargo transport, growing
congestion, and therefore delays in the delivergarfjo, new organizational solutions are
needed. Large car transport companies should catepar the development of intermodal
transport, especially on routes with significargtances. One train consisting of 30 wagons
transporting semi-trailers, covering a distanc®@® km, can bring about 500 - 600 hours of
drivers' work savings, which is equivalent to faemployees per month. With such an
organization it is imperative that the company aggs initial and final stretch of the route a
sufficient number of tractor units. In this trangpgegment, the most universal is the transport
unit which is the container. It created a numbepadsibilities for its use thanks to an easy
method of transshipment from one means of transporanother or the possibility of
damaging it during storage. The necessity of itdespread use resulted from the need to
optimize overall costs, transport time and avaligbof larger parts loads. Optimal adaptation
to the type of cargo transport provides differenhstruction solutions for this unit. The
unified loading unit allows for the constructiondaproduction of necessary means of
transport, reloading and storage by various congsar®bserving the global tendencies of
containerized cargo flows, i.e. further dynamic elepment of containerisation in trade
between the European Union, Asia (China, India) #wedUnited States as well as Brazil - a
rapidly growing trend in the recent past, an imaotrtarea of activity is establishing business
relations in order to implementation of projectsned at servicing the flows of cargo,
especially in the aspect of creating so-called-sa# connections. Another strategic direction
is also the development of transport using theadlead New Silk Road (NSR). The streams of
intermodal units in this direction are growing atate of around 20% / year, but the scale of
these transports is several times lower than inra@aport. In 2017, the volume of intermodal
transport on all NSR routes amounted to approxiip@@0 thousand TEU, while our ports in
the same year transhipped in total 2385 thousand @&d in 2018 it was already 2834
thousand TEU. It follows that the flows of cargoaiigh Polish ports are several times greater
than those that pass through our eastern bordssings. If there are no significant economic
breakdowns, further development of intermodal fpars in Poland is inevitable. It is
expected that for the next 3 - 4 years its growilh e at the level of several percent
annually, and then the growth will stabilize andl Wwe at the level of 5-6% per annum. In our
country, this figure is at the level of 10.33% nartsport performance and 6.80% in the
volume of goods. Considering that in Western Euaopeountries, on the intercostal transport
market, on average, around 15 - 16% of intermadalsport is a factor and that this transport
segment is growing, and four pan-European transpamtidors and three EU rail freight
corridors pass through our country: 5, 8 and 1k, skegment has a good chance of further
development, however, a well-prepared line and tpwmifrastructure is needed. Without a
properly prepared infrastructure, this large floWoad will burden our roads.
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The process of preparation and implementation of itermodal terminals - selected issues
There are currently 36 intermodal terminals of @asi sizes and technical condition in
Poland. Many of them are makeshift, adapted far plirpose generally available for loading
and unloading squares. They do not provide fulViserand adequate quality of services.
Most of the intermodal terminals that meet Europetandards were made with the support of
financial support in the financial perspective 2@D06 and 2007-2013. In the current
perspective, 6 projects received financial suppamne for the construction of a new terminal
and five related to the expansion of existing teats. The basic directions of cargo streams
and the current arrangement of intermodal termiaalt$ cargo generators, which are special
economic zones, technology parks and storage seateund larger cities, allow identifying
locations where new intermodal terminals or railgerminals should be created. Criteria for
choosing a location for an intermodal terminal bardivided into several areas, however, the
most important will be organization-legal, techhicaocio-environmental and the most
important which is the market.
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1. The process of selecting the location for thermibdal terminal. Source: Own study

The high costs and long-term construction peribthe terminal infrastructure, from the
selection of the location to the completion of ihgestment, require that the process be
preceded by a series of preparations - pre-prajeotities and investment preparation phase.
The diagram below shows the course of the investprexcess.
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2. The course of the investment process of buildimgntermodal terminal.
Source: Own study

Each stage of the process is important and uléipafluences the choice of nature and
work technology, size, and parameters of the pldnokject. The concept of logistics
infrastructure network in Poland should constitatplanning document for a large operator,
showing both the so-called Optimal as well as pdesites for the creation of logistics
infrastructure, for which it is necessary to cortduore detailed analytical research. It should
illustrate the initial technical assumptions antemded use of the planned infrastructure
resulting from market needs and communication dad. The concept of the chosen
location presents an idea for the development givan area, often multi-variant with more
detailed market analyzes and technical conditioeswall as legal and organizational
locations. The choice of the target and optimalstaction model, and then the terminal
work, usually takes place at the stage of creatigisiness plan or feasibility study, as well
as a functional and operational program (PFU). &lee documents on the basis of which a
decision is made to implement the investment psydberefore they show not only the shape
of the target infrastructure but above all the @toic and financial aspects of its creation.

When developing the concept of intermodal termopration, we take into account its
technical and organizational aspects, which shbelé@dapted to the forecasted cargo flows.
The selection of the size of the storage yardss tfpsurface, length and number of tracks,
type of loading equipment, and finally the methddregionalisation the squares with their
area according to their intended use (dangeroymtdeustoms, temperature control) and the
layout of internal roads, as well as car parksndbaffect only technical conditions and the
layout of the environment, but first and foremds size and type of forecasted streams of
cargo, as well as the profitability of their semjicand thus the commercial conditions.
Elements supporting the assessment of the relafitime size of the stream in relation to the
concept of terminal management are calculated amolis of the UTI handling capacity and
the components of the facility. Since the termioajanization's handling capacity is also
influenced by the adopted organization and tradmgditions with customers, it is necessary
to consider not only the expected intensity of oasfjreams but above all the expected
average storage time of units and their generiecire (20 ', enumerating capacities and
reloading capacities of the future infrastructud€), temperature-controlled, semi-trailer)
affecting the occupancy of the square. It shoukb dbke into account the distribution of
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containers on the square due to the type of cargojsothermal, chemical, with a particularly
dangerous load, etc.

A large number of factors affect terminal handlgapacity. its equipment and technical
solutions, interdependent and separately calculbyedn algorithm developed using Excel.
These include internal conditions, such as the rrrabd type of reloading devices, the speed
of their operation, the specificity of the termisalvork, the size of storage areas (by
destination), length and number of transshipmextks, terminal operation time and external
factors forecasted, i.e. the number of individuahtainer types ( dangerous, temperature-
controlled, semitrailers, 20 ', 40") and the resgltoccupancy of the square and method of
storage, type, quantity and structure of the reguservices with an average time of their
performance (reloading wagon - wagon, wagon -\wagon - square - car), storage time of
units, as well as the proximity and type of statgerving the station and its size. The
arrangement of roads leading to the terminal is etgortant.

Calculating the reloading capacity of the desigobpbct is usually associated with the
determination of its module, which has the smallestughput capacity, so-called bottleneck
or according to Adamiecki's theory - a "cylinderitwthe smallest throughput capacity in the
rolling mill, at which the terminal is no longerlalio reload. This module limits the reloading
capacity of other elements. The estimated numbesuslly the maximum terminal handling
capacity, and if you want to increase it, you needompensate for a particular obstacle, e.g.
by setting up a larger number of handling equipmentreasing the length of the
transshipment front, or the number of tracks fading and unloading. The parameters of the
designed terminal for a given reloading forecagtt@ 10 years) should provide a minimum
10-20% buffer capacity of each of the elementscéfig the reloading capacity of the
terminal. When planning transhipment equipmenis ihecessary to take into account what
character the terminal will have, whether it is@tgerminal, inside the country or on our
eastern border. When choosing between the craneeacti stacker, first of all, the planned
transhipment technology and dimensions as welhasshape of the yards should be taken
into account. In the case of the transshipmenbh®ftagon - wagon and wagon - square, with
narrow squares, it is most economical to choosérigan whereas the wider the square, the
more profitable is the purchase of "reach stackd@rs& main reason for this approach is the
price and operating costs of both types of equigmeéne costs of using cranes are much
lower than the reach stackers' exploitation cdsis,this also translates into the purchase
price, which is several times higher, and as trendmetween the supports increases and the
need for additional boom equipment, the purchage pmcreases significantly. Constructions
of reloading devices are modernized - new, better more efficient construction solutions
appear. Increasingly, at the terminals, cranes Ritic wheels are used, the span of which
currently extends up to 33 meters. Such a craneesom concrete runways of adequate load
capacity. It is adapted to the possibility of chaggthe roadway, so it can handle a wider
area. It replaces RMG classic overhead cranesitbge along the crane rails. However, this
solution is much more expensive. Overhead cranéisi®type can have a much greater span
between supports up to 50 meters and, additionsitie extensions up to 1/3 of the span
between supports. However, the construction cddtseocrane and rail tracks are high due to
the existing loads. In the case of large termintils, solution allowing the optimization of
outlays and costs of subsequent operation may éetinchase of tractors, in addition to
overhead cranes and reach stackers, that enabldidtroution of intermodal units into
various areas of the plots. For the handling of tgngontainers, the best device is a
lightweight "reach stacker or so-called a stacttes,purchase price of which is lower by half,
and in operation, it is much cheaper than the hrestackers”.

A very important element in the design of termsne the selection of the type of its
surface. An example of a solution can be reinfofzgdoncrete pavements. The selection of
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the type, as well as thickness, and hence thefgpstiength of the surface (resulting from
the number of possible calculation axes a day)edép primarily on the planned intensity of
traffic on the square, which in turn is correlatedh the projected flow of cargo passing
through the facility as well as, importantly, theed reloading devices.

When planning to use only gantry cranes, it issgis to use a thinner foundation and a
concrete pavement with lower strength, while usiegich stackers” or gantry cranes on PTG
tires it is necessary to choose a stronger sudésguares. Currently, more often instead of
the traditional reinforcement of the terminal boandde of reinforcing steel bars, dispersed
reinforcement of steel or polymer fibers is useavieeer, it should be borne in mind that the
smaller the thickness of the last top layer of timeninal board, the thicker the foundation
must be from the aggregate. The aggregate foumdaticesponsible for taking over the main
load.

Another solution may be the use of precast coasktbs. Their characteristics are low
costs and the ability to quickly assemble and heeiever, the strength of the squares created
is small, so this solution is used at temporargteals or in storage areas and depots.

A very interesting and cheap technology for maksigrage yards was used at the
terminal in Wroctaw at Krakowska Street. The sterggrds are made of an aggregate, while
the paths on which the reach stackers move are wfas®dified surface hardened asphalt.
The terminal is currently unoperated. The termisahn example of the correct creation of
logistic infrastructure in Mataszewicze. Alreadythe stage of the logistics infrastructure
network concept, it was one of the most importacations where the investment process
should be started first. In 2009, PKP Cargo S.Angleted the first stage of modernization
and expansion of the intermodal terminal in Matasezee co-financed from the resources of
the Sectoral Operational Program Transport, untler European Regional Development
Fund. As a result of the implementation of two m@saef this project, a modern intermodal
terminal was obtained with storage and handlinglyalong roads with an area of 19100 m
and four reloading tracks with a total length of724m. The handling capacity is currently
around 190,000 TEU per year, while the areas ofstheares allow components of approx.
1310 TEU. In the current financial perspective, tineninal has received funding for further
expansion.

Terminal slab construction
An important element in the design of terminalthis selection of an appropriate location and
selection of the type of pavement of the handling storage yard. We must bear in mind that
this is the most expensive element of the projed & should be made in the right
technology. Currently, the most commonly used tetgy of its implementation is a
concrete slab. The selection of the type, as welthe thickness, and hence the specific
strength of the surface (resulting from the sizéhefworkload and the pressure of the stacked
container layers), depends on the planned intensityaffic on the square, which in turn is
correlated with the projected flow of cargo pasdimgugh the facility , as well as what is
important - the transhipment devices used. Othearpaters should be characterized by the
surface of the square, where self-propelled pitelsirs work, and other plots where only
gantries are employed, as well as other yardstéoing empty containers. The solution that
meets the requirements for the work of all the noeeid devices and the universality of the
reloading plate itself is the plate carrying loadsording to class E600, and in the case of
access roads, internal roads, parking lots, thiaseircorresponding to the classes KR-5 and
KR-3. Unfortunately, this technology is not the apest.

Sample constructional cross-sections of squares:
» cement concrete surface B-40 dowelled- reinforicetthe area of the bottom mesh bars 16
mm with a mesh of 12x12 a thickness of 25 - 32 cm,
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* geotextile with a weight of 400 g / m2,

» concrete foundation made of B20 concrete, 10r@Qtuck,

* a layer of lean concrete with Rm = 6-9 Mpa, D -cm thick,

 auxiliary foundation made of crushed aggrega&3 Ghm mechanically stabilized with a
thickness of 20 - 40 cm,

Total about 92 cm.

It is a solution in the most durable and, at theeséime, expensive technology.

Surface KR-5:

* layer wearing course with SMA o. 0/12.8 mm, abéwm thick, with SMA o. 0/12.8 mm,
about 4 cm thick,

* binding layer with BA o uz. 0/20 mm, about 9 dmck,

* layer of the main foundation of BA 0. 0/25 mmpab18 cm thick,

« auxiliary foundation made of broken aggregate medcally stabilized with 0/63 20 cm,

« frost-resistant ward, approximately 20 cm thick,

* soil stabilized with cement Rm = 2.50-5.0 MPgrapimately 15 cm thick,

* bring the substrate to the load class G-1.

Total about 91 cm.

Surface KR-3:

» wearing layer course with SMA 0. 0/ 12.8 mm, atbé cm thick,

* binding layer with BA o uz. 0/20 mm, about 7 dmtk,

* layer of the main foundation of BA 0. 0/25 mmpab7 cm thick,

« auxiliary foundation made of broken aggregate medcally stabilized with 0/63 20 cm,
» frost-resistant ward, approximately 20 cm thick,

* soil stabilized with cement Rm = 2.50-5.0 MPgrapimately 15 cm thick,

* bring the substrate to the load class G-1.

Total about 73 cm.

The type and structure of the terrain on whichsitoeing built are of significance for the
thickness of individual layers on the terminal lwhaso it is advisable to conduct geological
tests before proceeding with its construction.

An important element in the construction of thert@al board is the implementation of
proper drainage that meets the requirements ofetineinal operation itself (longitudinal and
transversal falls, water collectors, etc.), as vl environmental protection by building
capture devices such as settling tanks and sepanatth coalescing inserts. Depending on
the reloading technology, rainwater can be disattgrough street rain drains and/or linear
drainage. Fire-fighting water network should méet tequirements for fire protection for this
type of facilities and capacity of 30 I/s.

When designing and then implementing the investniels necessary to separate storage
and handling yards for containers with hazardouterias of fire hazard class I, 1l and Ill.
The method of storage should also take into accthetdivision into areas of preventing
water as an extinguishing agent and determiningxient of use of foam. Due to the fact that
containers may also contain highly flammable ligumthich are both toxic and corrosive, it is
necessary to determine the risk category for aogerindustrial accident, therefore the
classification of the plant should be reportedh® Provincial Headquarters of the State Fire
Service:

- full safety report
- internal emergency plan,
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and implement the security system as an integralgbdaerminal management.

As previously indicated, when planning the userdydrack cranes, it is possible to use a
thinner foundation and a concrete pavement withetostrength, while using self-propelled
loading equipment it is necessary to choose agtosurface of squares.

Another solution can be the use of dedicated priefated concrete slabs. Their
characteristic features are low costs and the piiggiof quick assembly and use, however,
the strength of the resulting squares is low, whsckvhy this solution is used at temporary
terminals, or in sidings and depots. This technplagrks well when using an overhead
crane, while in the case of heavy self-propelleddhiag equipment (70-80 tons) by adding
the weight of a loaded container we get a totagimeof about 120 tons, the period of site
strength is significantly reduced. An example tebgy of making panels is making it from
B-52 pressed concrete 15 - 20 cm thick reinforcéd &mesh with 8 mm or 10 mm rods. To
avoid corrosion, the boards are surface grounde&uh side wall, gaps are made in which
connecting clamps are placed. The panels can Ipeadited - it is estimated that about 10-
15% of the panels may be damaged during dismanthiogvever, this makes it possible to
recover a significant part of them and use a newmitel for construction. Such technology
was used at the intermodal terminal in Stawkdw iarttie now-closed terminal in Sosnowiec.
A 10 cm thick cement cube made of B-40 concretdge used to build the terminal. In this
technology, e.g. the terminal plate in Wels in Aiasts made, but due to frequent cases of
impact with heavy containers on the ankle, numeooasks can be seen.

It should be borne in mind, however, that the $enahe thickness of the last upper layer
of the terminal board, the thicker the aggregatmdéation must be.

Conclusions

All activities aimed at the development of terminafrastructure working in a network
system, and in the field of promotion affecting teehnological development of intermodal
transport are the elements needed to maintain tbetly rate in the coming years. The
intermodal supply chain is associated with theiggétion of several market participants,
therefore increasing the market attractivenesh@frthole should be associated with activities
enabling better information flow or effective coogigon in the loading unit's transport
processes. The modernization of the line infrastinec which is currently carried out on a
very large scale, without point infrastructure, @is also intermodal terminals that act as
traffic generators, will not bring the expectedeett in the form of a modal shift of loads
from roads to rail. An important direction of adtigs is the continuous increase of public
awareness of the advantages of this branch ofpoaneelated to ecological aspects, the
safety of transported goods or the economic ptafitg of logistics chains with the dominant
share of rail transport. The state's transportcga of major importance in the development
of intermodal transport. There are many areas bau for this form of transport, but one of
the directions is the need to equalize opportwife curbing rail and road transport by
balancing the costs of access to infrastructurecaeating regulations that reduce the cost of
transporting intermodal units to and from the terahion the principles of the last mile.
Creating optimal logistics chains and at the same tprofitable for logistics industry
companies in which ecological rail will play a derant role is an important direction in
reducing the adverse environmental impact of trarisprocesses in a dynamically
developing economy.
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