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Abstract:

The article presents the issues of a container train loading at the land intermodal terminal. This issue was considered from
the point of view of the distance covered by the loading devices and the duration of loading works, which was influenced
by the arrangement of containers on the storage yard and the configuration of pins on the wagons. The conducted research
was dictated by the small number of publications on loading an intermodal train, especially from the point of view of pin
configuration on wagons. The vast majority of the literature is devoted in this field to marine intermodal terminals, which
operating characteristics are different from inland terminals. The importance of this problem resulting from the growing
turnover of containers transported by rail transport was also pointed out. The systematic increase of this type of transport
and the depletion of the intermodal services' operating capability makes it necessary to improve the train loading process.
For the purposes of the research, the issues of containers of various sizes loading onto wagons planning with various pin
configurations were presented. A literature review was carried out in the field of train loading methods and strategies. A
mathematical model was developed for the decision situation under consideration. The equations defining the most im-
portant elements of the considered problem were presented in the general form. This model was implemented in the FlexSim
simulation environment. The constructed simulation model was used to develop 12 variants of the approach to an inter-
modal train loading. The train loading tests were performed both for the random arrangement of containers on the storage
yard and for the random arrangement of pins on the wagons. The obtained results made it possible to determine how the
knowledge of the arrangement of pins on the wagons influences the planning of train loading and increases the efficiency
of loading devices.
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1. Introduction

The starting point for considerations in this article is
intermodal transport, which is the result of the con-
tainerization developing since the mid-twentieth
century and the general increase in the mass of trans-
ported loads. In the simplest terms, intermodal
transport consists of transporting cargo in one
transport unit (e.g. a container) by various modes of
transport along the transport route. It allows to com-
bine the strengths of various modes of transport, and
thus obtain a synergy effect, manifested in the form
of increased transport efficiency and reduction of its
external costs.

The number of transported intermodal units grows
quite intensively from year to year. This entails the
need to develop linear infrastructure (railway lines)
as well as point infrastructure (interodal terminals),
which will enable transhipment in the wagon-truck
and truck-wagon relation. The reloading devices
used in intermodal terminals (gantry cranes and
reachstackers) are often unable to handle the rapidly
increasing flows of cargo. In addition to the pur-
chase of new handling equipment, one of the ways
to solve this problem is to increase the efficiency of
the devices through proper planning of their opera-
tion. Each of the reloading devices in the intermodal
terminal used for reloading of intermodal units per-
forms its work cyclically. Reduction of cycle time is
possible by reducing the distance between the inter-
modal unit and the wagon to be loaded on and by
elimination of empty cycles.

Planning the operation of a reloading device usually
consists in determining the order in which the con-
tainers are loaded onto the train (the same applies to
unloading the train). This plan includes the alloca-
tion of specific containers to specific wagons of a
given train. This plan takes into account both differ-
ent types and sizes of containers as well as different
types and lengths / capacities of container wagons
(wagons can be from 40 to 104 feet long). (Jacyna et
al., 2017). When planning the loading of the train, a
number of limitations should be taken into account.
It is important not to exceed the capacity of a given
wagon. This capacity is usually given in TEU
(twenty feet equivalent unit). An additional limita-
tion in the planning of train loading is the arrange-
ment of containers (knowing their gross weight) so
as not to exceed the axle loads of the wagons. If con-
tainers with dangerous goods are also to be trans-
ported on the train, their arrangement in relation to

other containers must be considered. Due to the rel-
atively similar height of all containers, this aspect is
also important when planning the loading (this ap-
plies to a situation when a container wagon with a
container may exceed the permissible vertical gauge
on the train run).

Moreover, the train loading plan can often be addi-
tionally determined by e.g. maximizing the use of
train capacity, the time it takes to reconfigure the pin
on a given wagon due to the loading of different
types of containers and the associated cost (pins re-
quire manual re-setting). The time and cost associ-
ated with moving the container from its place on the
yard to the wagon are also of great importance. This
involves planning the loading of containers due to
the arrangement of different types of wagons in the
train (Nehring and Jachimowski 2020). Based on the
agreed train loading plan, the loading device is as-
signed to a task consisting of taking a specific con-
tainer and putting it away on a wagon designated in
the plan.

Particular difficulties in planning the work of the
loading device and thus determining the loading
plan are created by the arrangement of the pins on
the wagons that are supposed to arrive at the inter-
modal terminal. Their configuration in the whole
train is not known to the operator of the intermodal
terminal. Therefore, in the further part of the article,
the authors focused on the intermodal train loading
planning for a situation taking into account the lack
of knowledge of the current pin configuration on the
wagons. For the purposes of this planning, a detailed
review of the literature in this area was performed.
The mathematical model was developed and then
implemented in the FLEXSIM simulation environ-
ment in order to study it for various boundary con-
ditions. The simulation research focused on the anal-
ysis of the approach to intermodal train loading plan-
ning from the point of view of the pin configuration
on the wagons and the arrangement of containers on
the storage yard.

2. Literature review

Basically, the problem of the intermodal train load-
ing, in addition to the arrangement of the containers
in the storage yard, is due to the diversity of railway
wagons and the dimensions of the intermodal con-
tainers. The unification of intermodal units allows
them to be adapted to the means of transport, but
even here a problem may arise (e.g. not all ISO
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containers will fit the pins of wagons that meet UIC
standards instead of ISO standards).

Containers differ in dimensions, shape and purpose.
The basis for container dimensioning in accordance
with ISO standards is a module with a length of 40’
(12,192 mm). This module is divided into smaller so
that the spaces between the component modules are
3 inches (76 mm) long, as schematically shown in
Figure 1 (PN ISO 668-1999).

1A-40°
1B-30° 1D -10°
1C-20° 1C-20°
1C-20° 1D -10° 1D -10°

Fig. 1. Dimensional dependencies of ISO containers

Thanks to this, it is possible to transport containers
of different lengths together on consecutive wagons
or on container trailers, provided that the dimensions
of the wagons and the pins configuration correspond
to the same standards as the containers. The most

Table 1. List of containers included in ISO standards

popular containers in trade are those that meet ISO
standards. Their list is included in the Table 1 (Ja-
cynaetal., 2017).

The most frequently used in international transport
are 20' and 40' containers. In Poland, in 2020, among
various types of containers, the following were
transported: 43.1% of 40' containers, 45.8% of 20'
containers, 3.7% of 45' containers. The rest were 30',
35', 25' containers, swap bodies and semi-trailers.
As mentioned before, the large variety of containers
makes it difficult to load them onto railway wagons.
Most of the railway wagons used in Poland or in Eu-
rope have pins adapted to the transport of 10', 20",
30" and 40' containers. Examples of such wagons can
be found in Kostrzewski et al. (2018). Therefore,
further calculations are focused on containers of the
following lengths: 40', 30' and 20'. It was also as-
sumed that the most popular wagons will be used to
service these containers. Their loading length is 60
'and the pin configuration allows for loading both
40", 30" and 20' containers. The research also took
into account the possible need to change the pins
configuration on the wagons that arrived to the in-
termodal terminal and wait for loading. In fact, such
operations are performed by a designated employee
of the intermodal terminal, who usually changes the
position of these pins while walking along the train
during the loading works (although it is possible to
provide the terminal employee with prior instruc-
tions regarding the arrangement of containers on the
train and the associated configuration change.

Container Length Height Widthe Maximum gross weight
mark [mm] [ft in] [mm] [ft in] [mm] [ft in] [kg] [1b]
2AA 14953 49° 2591 86” 2595 8’6 5/32” 30480 67 200
2AAA 14953 49’ 2896 9°6” 2595 8°6” 30480 67 200

1A 12192 40’ 2438 8 2438 8 30 480 67 200
1AA 12192 40° 2591 86” 2438 8 30480 67 200
1AAA 12192 40’ 2896 9°6” 2438 8 30480 67 200
1AX 12192 40’ <2438 8 2438 8 30 480 67 200
1B 9125 29’1117 2438 8 2438 8 25 400 56 000
1BB 9125 29’111~ 2591 8°6” 2438 8 25 400 56 000
1BBB 9125 29’111~ 2896 9°6” 2438 8 25 400 56 000
1BX 9125 29’111~ <2438 8 2438 8 25 400 56 000
1C 6058 19’10 1~ 2438 8 2438 8 24 000 44 800
1CC 6058 19’10 1~ 2591 8°6” 2438 8 24 000 44 800
1CX 6058 19’101~ <2438 8 2438 8 24 000 44 800
1D 2991 9°93” 2438 8 2438 8 10 160 22 400
1DX 2991 9°93” <2438 8 2438 8 10 160 22 400
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The issue of intermodal train loading in the land in-
termodal terminal has not been widely considered so
far. Most of the publications on intermodal terminals
refer to sea terminals, the specificity of which in
some areas differs from land terminals.

Froyland et al. (2008) research can be used as a first
point to start further literature analyzes. Their re-
search focusses on wider optimization area. The
study concerns general containers operations in a
land intermodal terminal realized by gantries. The
study is based on the Port Botany terminal case.
Their algorithm focusses on the container exchange,
cranes scheduling and the allocation of the means of
transport. Efficient space-time divisioning should be
a result of the presented method. This model uses
information about container sources (import, export,
transit), time periods and transshipment equipment
efficiency. The core of the work is a thorough liter-
ature review, which was also one of the important
points when collecting information for this study.
Literature review has been made by Stahlbock and
Vof} (2008). The study is meant to present inter-
modal transport condition and perspectives for de-
velopment. Intermodal transport is a fast-developing
market branch. The study is comprehensive: it con-
siders many land intermodal yard functioning areas
(container handling equipment, human resources,
assisting systems or optimization methods) and re-
fers to the processes occurring in these areas. To
each area possible optimization methods are added.
It has also given overall look at the possible optimi-
zation methods (also to the train handling). Unfortu-
nately study does not focus strictly on the train han-
dling. Still some useful materials and information
can be find.

Another helpful wide literature research has been
presented by Caris et al. (2008). Authors in their
study confirmed the importance of intermodal
transport. This paper is more focused on optimal
planning decisions. Possible solution methods are
presented as references to the chosen scientific liter-
ature. During the optimization areas analysis the
most important factors are decision levels. The au-
thors’ approach considers decisions time horizons.
Relaying on the presented data it is visible that some
researches has been made in the area of intermodal
train handling. It seems that researches focus more
on the terminal equipment functioning. It can be
seen that many discussed approaches are based on
some simplifications.

Some studies presents overall state of knowledge
about the intermodal units handling in the yards. In
Boysen et al. (2011) authors analyzed factors influ-
encing handling process. The elaboration has a re-
view character and refers to trends on intermodal
market, terminals layouts or processes occurring.
Pins configuration is presented as the one of the fac-
tors influencing load/unload process. It got an im-
pact on train loading plan, time needed and the pos-
sibility of the container handling (concerning con-
tainers sizes and pin settings). One of the mentioned
method of load planning is creating matrix defining
which container can be assigned to which wagon. It
allows to minimize number of wagons needed (Feo
and Gonzalez-Velarde, 1995). Second approach
considers another priority: time costs. It persues to
pin re-setting operation limitation in order to mini-
mize handling time (Bruns and Knust, 2010). In or-
der to build realistic intermodal train handling model
also other factors occurring need to be considered.
Heggen et al. (2018) published another study on
multi-objective approach for the intermodal train
planning. The aim of this research is, similarly to
others, to utilize the train loading capacity, length,
weight etc. Model focuses on intermodal operations.
This time authors decided to build static and multi-
objective model. As the problem solution optimal
work schedule shall be obtained. Parameters consid-
ered in the study are ITUs’ and wagons’ types, num-
ber of wagons, weight restrictions, units’ weight and
dimensions etc. Vide range of factors has been taken
into consideration. This study is based on Bruns and
Knust (2010) research. However, it differs from
Bruns and Knust’s approach as the main factor is not
the fixation type but the unit size.

One of the more recent studies analyzing aspects of
modal terminal operation is Li et al. (2019) that
again addresses the problem of crane scheduling (in
both single-crane and multiple-crane yards). As it
has already been mentioned, this issue is directly re-
lated to the one discussed in this article. Compared
to other studies, a slightly more modern approach to
the issue was used and dynamic programming meth-
ods were applied: an algorithm of conduct during
train service and elements of the mathematical
model were applied. For the purposes of our re-
search, references to single-crane terminals will be
particularly important.

More theoretical approach has been presented in lit-
erature revive by Crainic et al. (2018). Their study
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can be used as a source of general knowledge about
the intermodal transport. The types of mathematical
models are described (static or dynamic, stochastic
or deterministic). It can be used in order to expand
knowledge on the intermodal transport functioning
and it can have an indirect influence on the survey.
Another interesting study has been made by Am-
brosino and Siri (2014). Authors consider problems
connected strictly with the topic considered in our
article i.e. train loading and planning of this process.
Despite the fact that study focus on maritime con-
tainer terminals, some useful information can be
find. Again view on internal operation of terminal is
expanded: the issue of reducing the number of un-
necessary gantry movements or container reshuf-
fling is presented. In case of maritime terminals des-
tination of the trains issue can be skipped as it is sup-
posed that all the trains are going to inland terminals.
It is otherwise in the same inland terminals where
train destination is more important and complex
problem- in real-life study it shall be considered.
Authors consider factors such as weight restrictions
and possible slots for container placement on the
wagon. Also ‘costs’ of operations are added to con-
sideration. Mathematical model based on binary val-
ues is constructed. Its aim is to minimize costs of
train loading operation. In other case also time (or
any other factor) can be considered as mentioned
‘cost’. Authors decided to use computer method
based on programming which is slightly different
that the planned approach.

One of the studies focusing on the considered prob-
lem is the one made by Bruns and Knust (2012). The
authors’ aim is to indicate best practices while inter-
modal train handling. Weight restrictions are consid-
ered. The mathematical model is based on the three
linear programming formulations. Factors included
and the most important model presumptions in the
study are presented in the Table 2.

Table 2. Factors considered by Bruns and Knust
(2012)
No. Factor

place of train handling

number of handling wagons

types of wagons and ITUs

weight limits and restrictions

intermodal load units’ types

AN | B W] —

storage area capacity

Bruns and Knust (2012) consider three main optimi-
zation mathematical models. First linear model as-
sumes discrete weight distribution and that one load
unit length-type fits onto one slot. The second ap-
proach also is based on discrete weight distribution.
It also concerns the load unit fixation type. Last one
uses continuous model of the weight restrictions.
Unit length is considered too. What’s more im-
portant, authors also discuss aspect important from
view of this study: wagon pins configuration. Publi-
cation includes mathematical model and computer
simulations which considers again train load plan-
ning. Publication can be very useful as it is one of
the few studies that presents a holistic approach.
What’s more important, authors also discuss aspect
important from view of this study: wagon pins con-
figuration. Publication includes mathematical model
and computer simulations which considers again
train load planning. Publication can be very useful
as it is one of the few studies that presents a holistic
approach.

Interesting approach has been presented by Dotoli
and Epicoco (2015). Main criterium is a train com-
mercial value, but also very important is the con-
tainer layout and order on the wagons. The train
planning process has been divided into two steps.
First step leads to increasing the train commercial
value (max number of ITUs, number of wagons, cus-
tomer importance, transported goods etc.). Second
step is containers shuffling on the train. In this step
recommended position for each container is consid-
ered (head or tail of the train). Despite the fact that
the pins are not mentioned, the elaboration presents
strategies that can be used while formulating vari-
ants of the constructed model.

Some published models extend the issue of train ser-
vice in intermodal terminals (Ambrosino et al.,
2016). Additional specific service factors such as the
presence of two gantries are considered. Unfortu-
nately majority of the studies focus only on the sea-
port intermodal terminals whose functioning and
specificity of the processes carried out differ slightly
from those in the inland terminals. Despite this fact
study is still very interesting as it presents multi-ob-
jective approach. Two main groups of variables with
binary values were used. In addition, numerous fac-
tors such as number of wagons, number of train
slots, weight restrictions, container size, weight, and
value etc. were considered. Which, however, is im-
portant from the point of view of our research pin
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configuration and the need to rearrange them were
highlighted and considered as a separate factor.
Therefore, the time of additional operations that are
extremely important for the purpose of this study is
also taken into account. Also optimization methods
and computer test are included.

In Ambrosino et al. (2011) authors also decided to
base their study on mathematical model. Point of in-
terests is again intermodal train handling (in partic-
ular train loading plan). Similarly to mentioned pre-
viously publication aim of the constructed model
and mathematical formulations is to assign contain-
ers of different sizes and weight to the wagons of the
intermodal train reducing number of operations and
maximizing train utilization. However, the publica-
tion focuses on the maritime terminal and not the
land terminal. As with some of the other models dis-
cussed below, it is based on binary values that de-
scribe the condition of a given container and wagon.
Study includes algorithm which might be also help-
ful while problem analyzing.

Very important observation about the intermodal
transport market is that a lot of attention is paid to
seaport terminals and aspects of inland intermodal
terminals are often skip. One of the authors that also
perceived this dependence was Dotoli et al. (2013).
The elaboration took up the problem of optimizing
the loading of an intermodal train in inland terminal
taking into account it ‘commercial value’ and all the
priorities for the chosen transportation task. In addi-
tion to the literature review, the article includes a
mathematical model characteristic of the planning of
intermodal train service in the terminal: a collection
of wagons and containers to be loaded on them was
distinguished. Each of the elements of these sets has
specific parameters (weight, length, type etc.). The
less obvious fact is that the authors take into account
the destination of the containers or the degree of
their filling (empty or loaded). A case study was also
carried out using the MATLAB model and real data
and terminal software from existing intermodal ter-
minal.

Another publication considering train load planning
optimization was Corry and Kozan (2008). Again
train loading is presented as a complex process on
which many factors have got influence. Aim of the
process optimization shall be maximizing utilization
of wagon capacity, reducing number of wagons
needed, and time minimization. Loading process
shall be well planned in order to be efficient. Main

point of the study are mathematical model varia-
tions: base model and dynamic model adaptation.
Each considers many container sizes. Authors also
carried out series of computer simulations in order
to explore the problem deeper. Despite the fact that
the results are very analytical (no visualization of the
process), they give a picture of what factors affect
the loading of the train and what factors should be
followed when planning it.

In Lai et al. (2008) authors decided to study the spe-
cific topic connected with intermodal train handling
i.e. aerodynamical aspects of forming intermodal
train. The argumentation of this study is supported
by achieving energy savings, fuel efficiency and cost
reduction thanks to optimized ITUs’ layout on the
intermodal train. Study uses integer-programing in
order to support terminal operators. Similarly to
some other mentioned mathematical models, this
model assigns values ‘1’ or ‘0’ depending on the
considered unit and wagon state. A dense unit layout
on the intermodal train can lower the aerodynamic
force. This the premise can be used when building a
model for this publication.

Despite the fact that pin configuration is not a main
point and factor considered by Corry and Kozan
(2006), the study mentions this factor and also pre-
sents interesting approach to container assignment to
wagon. Study considers inland intermodal terminal
(ITUs flow between road and rail transport) and is
based on mathematical model. Model assigns ‘1’ to
a container if it is matched to a wagon slot in a spe-
cific time or ‘0’ if not. Every container parameters
are identified. Pins are not a main point of the study
but this approach can be very useful during model
construction.

Study by Powell and Carvalho (1998) differs from
the others presented. The study takes into account
only intermodal flatcars and is based on dynamic
math model (dynamic units’ assignment to the wag-
ons). The authors tries to improve intermodal termi-
nals performance. This model concerns possible
ITUs possible layouts on the wagon (also double
stacking or mixing trailers and containers). Wagons
parameters as length, capacity and number of axes
can also vary according to study. The model tries to
adjust train loading plan to the task.

It is expected that some of the problems considered
by Boysen and Fliedner (2014) will affect the results
of this study. The authors focused on determining
crane working areas and considered factors
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influencing its efficiency (eg. number of tracks,
number of gantries). As the results researchers ob-
tained a view on how does the intermodal yard par-
tition impacts the train handling. Our elaboration
does not consider same elements/factors (such as
more than one track). However it is expected the in-
fluence of different container set-ups and train un-
loading strategies can . In connection with the results
of Boysen and Fliedner (2014) study it can give a
wider view on intermodal train unloading time opti-
mization.

Some general premises about train loading process
can be found in many publications. They give an
overview of the recommendations for the formation
of an intermodal train. E.g. Li et al. (2017) focused
on aerodynamical efficiency of the loaded train. The
test results (illustrating, inter alia, the increase in the
action of aerodynamic drag along with the increase
in the distance between the containers on the wag-
ons), can be used in this study. Broaden view on the
process leads to considering not only time of train
loading process as a priority but also allows to think
about other aspects of optimizing load operation.
Many elaborations can indirectly influence approach
to the problem considered. Even if the pin configu-
ration is not mentioned, often ITUs layout on the
train, which is dependent on wagon capacity and
spacing, is considered. Even if the publication fo-
cuses on empty container flow (Kuzmicz and Pesch,
2019) or analyses container load/unload process in
general (Zajac and Swieboda, 2015) it might be
helpful while information research or model prepa-
ration.

Also Anghinolfi et. al. (2012) or Mantovani et. al.
(2018) decided to broaden the scope of their research
on the issue of intermodal train loading. First study
focus on multiple train handling in the terminal. It
also includes simple mathematical model. Unfortu-
nately study is not very complex. Second study is
more advanced. It considers very interesting area of
rail intermodal transport i.e. double stacking of
ITUs. Study is based on mathematic and computa-
tional model. However, this should be taken into ac-
count However, it should be taken into account that
the system of such transport has a marginal applica-
tion in Europe, the area of which is considered in this
study. Elements of individual publications may be
indirectly used in this study despite the fact that the
considered train handling conditions is slightly

different in our publication (i.e. single train, single
crane at intermodal terminal).

Unfortunately it has been indicated that the lack of
current researches make it difficult to work on the
optimization of processes taking place in intermodal
transport and reduce the possibility of referring to
the actual market. The 2018 report of International
Union of Railways states that the last wide research
in this area has been made in 2009 (UIC, 2018).
The conducted analysis of the literature showed that
the intermodal train loading in a land terminal may
significantly affect the effectiveness of the entire
process of passing an intermodal unit through the
terminal. A detailed analysis of this effectiveness re-
quires an approach to this issue taking into account
many boundary conditions. One of the ways to study
the behavior of transshipment processes over time is
to conduct a discrete simulation. It was found that
the research conducted so far in the literature on the
subject did not address the issue of simulation anal-
ysis of intermodal train loading. The literature does
not take into account the time necessary to change
the pins configuration in a situation where the tem-
porary arrangement of the pins on the wagons makes
it impossible to load the containers intended for
transport (e.g. most wagons have pins for 30' con-
tainers, while only a small part of them is intended
for loading - the vast majority are e.g. 20' or 40' con-
tainers.

3. Methodology
3.1. Mathematical model
The mathematical model is based on the container
and wagon categorization. Its aim is to minimize the
amount of work necessary to complete the entire
process of loading the ITUs waiting in the terminal
onto the intermodal train wagons. Main considered
criteria and parameters impacting the process are:

— number of wagons available and number of
units to load;

— wagons length (each wagon can handle a total
containers of 60ft length);

— loading units sizes (container types distin-
guished by their size. We consider three main
size-types of containers: 20ft, 30ft and 40ft as
the most popular types of containers);

— the initial pin configuration on the wagons (i.e.
a configuration that can accommodate a total of
60ft containers. It means that possible basic
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configurations are 20ft/201t/20ft, 40ft/20ft,
20ft/40ft, 30t/30ft).
Additionally, changes in the position of individual
sizes of containers on the wagon are treated as a sep-
arate configurations i.e. 40ft/20ft is not equal to
201t/40ft as changing from one configuration to an-
other is associated with incurring an additional effort
to move the container (each slot has a specific loca-
tion assigned to each container in the storage yard)
or change the pin layout.
In this model the configurations of the wagons are
determined by matching the given types of container

to the arrangement of corner hooks on the wagon (i.e.
wagon configuration or the initial pin configuration).

The configurations are used to model the setup costs
for the changes of wagons, but do not exactly deter-
mine if a load unit fits onto a certain slot. The addi-
tional cost is zero if the container matches the given
pin configuration on the wagon. Otherwise, the ar-
rangement of the taps must be changed, which is as-
sociated with the aforementioned costs. If the con-
tainer does not fit to the initial pin configuration, the
configuration can be changed. In this case additional
time and effort cost is added. The situation of chang-
ing the configuration of the pin settings takes place
when a unit of a given size must be loaded to a cer-
tain slot but the slot is prepared for the unit of other
size. This situation will take place especially at the
end of the process, when, after filling the matching
slots, several containers will be left for which the re-
configuration of the pins will be required (difference
in the sizes of the containers arriving at the terminal
and the ones in shipment).
We assume that the train is long enough to accom-
modate all the containers assigned to the loading. It
is possible that after reconfiguring the pin pattern,
the selected slot may remain empty. However, it
should be remembered that the model is aimed at
minimizing the time and effort necessary to carry out
the loading, and for this reason, the aim will be to:
—  shortening the distance covered by the crane
during container transport (matching the con-
tainer to the closest matching slot);
— reduction of the number of pin reconfiguration
operations to a minimum.
In perfect conditions reconfiguration will not occur.
In fact, their occurrence must be taken into account.
Needed for the mathematical model parameters are:
I —number of containers;
J — number of wagons;

I={1,...,1,...., I} —set of containers;
J={1,...,j,.....,J} —set of wagons;
L={1,...,0,p, ...L} —set of containers and slots
lengths;

I — i-th container length;

L; — j-th wagon length;

C;-) — initial pin configuration of j-th wagon;

s; — slot on the j-th wagon;

Sj = {s1, 52, 8j3. ... }— set of slots on j-th wagon;

Is — type of slot (sot length) suitable for container
with / length;

djjs — time (cost) of transporting container i to the sjx
slot on the wagon j;

top — time (cost) of slot reconfiguration operation
from o to p configuration (length).

Before starting the calculations, it is necessary to
have a list of slots for each j-th wagon (S)) with the
Is parameter (length) assigned to each slot.

First decision variable x;; have an interpretation of

the wagon's container allocation (1):

1, if container i is allocated to a Sj
Xijs = slot on the j wagon @)
0, otherwise

Second decision variable y;;s verifies if the initial
slot configuration of j-th wagon Cj0 is suitable for
containers allocated to a wagon (2):

0, if s; slot suitable for container i

(charaterized by [; length)
occurs on a wagon j

Yijs = Yop top» if the slot does not occurs @
and pin configuration needs
to be changed

Where:

Yop top — Summary time (cost) of operations on slots
while reconfiguring them from the o to p type.

It must be also considered that usually one operation
of changing the pin configuration results in another
operation within a given wagon. This is the reason
why not only ¢, is considered but the sum of the
time costs.

The criterion function (2) has the interpretation of
minimizing the time needed for the overall train
loading operation concerning containers transporta-
tion operations and all needed reconfiguration oper-
ations on the wagons:
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F(XY) = Z Z Z dyjexys +

iel jeJ se§ (3)

+Zzz;yijs—>min

iel jeJ se§

The constraints imposed on the values of decision

variables are as follows:

—  Every container can be allocated to at most one
wagon and one slot:

Viel :E: :E:'xﬁs <1 (4)
jeJ se§

—  Total length of containers on the given wagon
cannot excide the wagon length:

iel se§

—  Total length of slots located on the wagon can-
not excide the wagon length:

iel se§

—  Length of the slot must complies with the as-
signed container:

Vj€e]J Viel VseS§ ;=1 @)
—  Variable x;j5 can have only binary values:
Vje] Viel VseS x;,={0,1} ®)

—  Variable yjs can only have positive values
greater than zero:

VjE] Viel VseSs yUSZO (9)

—  Costs djjs can only have positive values greater
than zero:

\fi € ] Viel VseSs tlUS =0 (10)
The developed model is general, and its purpose is

primarily to present the characteristics of the deci-
sion problem. Depending on the needs, it can be

specified to study specific phenomena or support in
a particular decision problem.

Next paragraph presents model construction in the
virtual simulation environment. For the model crea-
tion FlexSim software has been used. Similarly to
the mathematical model, the virtual model’s aim is
to minimize time needed for the train loading oper-
ation realization. Additionally, the energy aspect of
the operation was considered. Given examples con-
sider three simulation variants- each under a differ-
ent conditions and limitations (described in the next
paragraph.

3.2. Simulation model

In recent years in order to improve logistics pro-
cesses and transport means, scientists very often use
simulation tools and advanced algorithms, see (Ja-
cyna et al. 2014), (Lewczuk 2015), (Klodawski et al.
2018). This is due to the stochastic nature of the in-
put data (Jacyna and Semenov 2020) to the problems
and the need to implement transport and handling
processes in real time, see (Jacyna-Gotda et al 2014).
Usually, simulation methods are used to analyze the
performance of the intermodal terminal in terms of
the location of the terminal’s functional areas or the
efficiency assessment of the handling equipment
(Szczepanski et al. 2021). The simulation is used to
test optimization methods and algorithms before
they are implemented in intermodal transport units
flow management and control systems in the termi-
nal. Simulation models of'the selected processes per-
formed in the intermodal terminal were formulated
by Veeke et al. (1999), Duinkerken et al. (2000).
Most of the literature regarding simulation research
focuses on AGV usage in the marine intermodal ter-
minals.

Simulation models addressing the implementation
of containers operations at land intermodal terminals
have been developed recently. In Jachimowski et al.
(2018), the authors, using a simulation model in
FlexSim, investigated the impact of various strate-
gies of placing containers on a storage yard on the
loading time of an intermodal train and energy con-
sumption by transshipment devices. In turn, in Ja-
cyna et al. (2020), the authors used a simulation
model, also developed in the FlexSim environment,
to sequence road vehicles picking up containers
from an intermodal terminal.

In this article, the authors consider the problem of an
intermodal train loading. We focus on the study of
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various approaches to container loading in a simula-
tion model from the point of view of the pins con-
figuration on intermodal wagons. The practice of
containers loading shows that the intermodal termi-
nal operator doesn’t know the pins configuration on
the wagons before the arrival of the intermodal train.
Hence, a container stored in the vicinity of a railway
wagon, in the event of an incorrect pin configuration,
must be loaded onto a wagon with the correct con-
figuration, and at the same time positioned at a fur-
ther distance from the container. The solution to this
problem is a longer loading cycles of devices (result-
ing from the need to cover longer distances), or the
need for manual reconfiguration of pins on the wag-
ons by terminal employees. It is also possible to
check the pin configuration in advance by the rail-
way carrier and notify that to the terminal operator.
Thanks to that the terminal operator is able to pre-
pare a loading plan for the reloading device. Any de-
viation from the loading plan resulting from incor-
rect information and pin configuration, or even ig-
norance of it, extend the duration of loading opera-
tions, extend loading cycles and, consequently, costs.

The use of the simulation tool made it possible to

study the characteristics relating to the train loading

(loading cycles duration, time of pins configuration

change) as a function of the arrangement of contain-

ers on the storage yard.

As a result, different strategies for the arrangement

of the pins the train and the containers in the yard

were analyzed:

—  The containers intended for loading onto an in-
termodal train are placed on the storage yard
along the loading tracks in the same order as the
pin configuration on subsequent wagons of the
intermodal train (in the further part of the arti-
cle marked as the S1 strategy).

—  The containers intended for loading onto the in-
termodal train are placed in the storage yard
along the loading tracks in a random order that
does not correspond to the random pin config-
uration on the wagons. This strategy assumes
that the pins configuration throughout the train
corresponds to the number / dimensions of the
containers intended for loading, so that chang-
ing their configuration is not necessary (in the
further part of the article marked as the S2 strat-

egy).

—  The containers intended for loading onto the in-
termodal train are placed in the storage yard
along the loading tracks in a random order that
does not correspond to the random pin config-
uration on the wagons. This strategy assumes
that the configuration of the hitch pins does not
correspond to the dimensions / number of con-
tainers, therefore it will be necessary to change
the configuration of the pins by an employee of
the transshipment terminal (in the further part
of the article marked as the S3 strategy).

An important issue for the above-mentioned strate-

gies is to establish the way in which the containers

are allocated to the wagons. This method directly af-
fects the distance traveled by the loading device. The
article considers the following ways:

—  For each of the containers prepared on the stor-
age yard along the loading tracks (counting
from the beginning of the storage yard), railway
wagons are assigned one by one (counting from
the beginning of the train composition), in the
further part of the article marked as the W1
strategy).

—  For each of the following wagons (counting
from the beginning of the train), containers pre-
pared in the storage yard along the loading
tracks are allocated one after the other (count-
ing from the beginning of the storage yard), in
the further part of the article marked as the W2
strategy).

—  For each wagon (counting from the beginning
of the train), containers are assigned (placed on
the storage yard counting from its beginning),
which correspond to the pin configuration on
the wagon and are closest to a given wagon, in
the further part of the article marked as the W3
strategy).

Considering the problem of the distance covered by

the loading device (gantry crane), the total train

loading time as well as the necessity to change pin
configuration above containers distribution strate-
gies well analyzed together with the assignment to
wagons strategies. Moreover we assumed that there
can be just one person, who is 1 o 2 people respon-
sible for the pin configuration change. As a result,

12 variants were obtained, which were analyzed us-

ing a simulation tool. These variants are summarized

in the Table 3.
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Table 3. Variants numbers depending on the containers distribution strategy and number of workers changing

the pin configuration

Variant number 1 2 3 4 5 6 7 8 9 10 11 12
Strategy No. S1, S2, S3 1 1 2 2 3 3 3 3 3 3
No. of workers for pin change - - - - - - 1 1 1 2
Strategy No. W1, W2, W3 1 2 3 1 2 3 1 2 3 2

For the purposes of the research, a simulation model

of containers transshipment process from the storage

yard to train was developed. The model was built in

FlexSim environment. It is a software that allows for

intuitive mapping and optimization of any transport

processes, regardless of their scale. Thanks to the ex-
tensive library of 3D objects, it is possible to repro-

duce the analyzed process (eg the movement of a

container through an intermodal terminal). In addi-

tion, the ability to visualize the process allows for
even more accurate mapping and analysis.

To conduct analyzes, the following assumptions

were necessary:

—  Containers ISO 1A, 1B and 1C were the subject
of the research. In the study 65 containers were
loaded on the wagons.

—  The trains consists of rail 30 cars. Every car is
19,9 m long and has 3 TEU capacity.

—  Containers were stored in one layer in the first
row of the storage block.

—  The distance between the wagons and the stor-
age yard was 10 m.

—  Konecranes RTG gantry crane was used as a
loading device. This choice was dictated by the
quite common use of this type of gantry at rail-
road intermodal terminals. Its technical param-
eters relevant to the covered distance are shown
in table 3.

—  Wagons are loaded starting from the first car at
the head of in the train

— Loading was carried out by a single gantry
crane powered by electricity.

—  The average time of container capture was 15s.

—  The average time of container release was 25s.

—  The pin configuration time for a single con-
tainer is 40s (depending on the situation, a
given wagon may require the pin change for
max 3 containers).

Technical parameters of the chosen for the model

gantry has been presented in Table 4. Schematically,

a fragment of the constructed simulation model is

presented in Figure 2.

Table 4. Technical parameters of the Konecranes

RTG crane
Parameter Value m/s
Lifting/ lowering speed 0,43
Trolley speed 1,16
Gantry speed 2,16

Fig. 2. A fragment of the simulation model prepared
in the FlexSim tool

4. Results of the simulation

Due to the random distribution of containers on the
storage yard as well as a random pin configuration
on wagons in some variants, computational experi-
ments were performed for 5 random samples. The
results of the obtained calculations are shown in Ta-
ble 5. Crane working time, pin change time and train
loading time are given in seconds. Crane distance is
given in meters.

In Table 6 as well as in Figures 3-6, the average val-
ues of characteristics from the Table 5 are presented.
The minimum value of the distance covered by the
crane (see figure 3) was obtained for variant 1. This
is obvious situation, because in that case the contain-
ers distribution on the storage yard was equal to the
pin configuration on the wagons. Changes made to
strategies W1, W2 and W3 in variants 2 and 3 had
no significant influence on the crane distance. A sig-
nificant extension of the distance traveled by the
crane can be noticed in the case of the random
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arrangement of the containers on the storage yard
and the random configuration of pin on the wagons.
In this situation, the distance covered by the gantry
crane increases three times in variant 3 and 4 and
four times in variant 5. It follows that the prior
knowledge of the pin configuration on the wagons is
of great importance for planning the work of the
loading device. Employing workers whose task is to
change the pin configuration in accordance with the
order in which the containers prepared for loading
are placed allows the distance covered by the crane
to be shortened to the values obtained in vari-
ants 1-3.

The crane operation time presented in figure 4 does
not increase in variants 4-6 as fast as the distance
covered by the crane. This is due to the quite signif-
icant accelerations and speeds achieved by the gan-
try. In addition, the container pick-up and release

times also quite significantly affect the time of a sin-
gle crane cycle. The characteristics showing the time
of changing the pin configuration (see figure 5) in-
dicate that the use of 2 workers does not reduce the
total time of this operation by half.

Particularly important for the considerations in this
article is the characteristic showing the total duration
of a train loading (see figure 6). This characteristic
shows that the change in the configuration of pins by
the terminal employees (variants 7-12) does not re-
sult in a reduction of the total duration of the inter-
modal train loading operation, even in the event of a
random distribution of containers on the storage
yard and a random configuration of the pins. Only in
variant 6, where the W3 strategy of allocation of
containers to wagons was used, the total loading
time of an intermodal train is longer than in variants
7-12.

Table 5. Simulation results obtained in FlexSim environment

Variant No. 1 2 3 4 5 6 7 8 9 10 11 12
Crane distance Iteration 1 1925 2009 2002 7201 5662 6049 2245 2086 1975 2017 2010 2168
Crane distance it. 2 1982 1910 1945 4778 5139 9481 1971 2049 2058 2149 2106 2150
Crane distance it. 3 1943 2006 2034 6177 6499 8130 2017 2190 2113 2020 1943 2146
Crane distance it. 4 1938 1932 1925 5450 5104 8504 2114 2089 2009 2192 2155 2043
Crane distance it. 5 1888 1991 2076 6338 5908 14760 2016 2071 2148 1885 2110 2036
Crane working time it. 1 4881 5004 4803 6579 5883 6239 5305 4891 4689 4789 4801 5008
Crane working time it. 2 4854 4762 4752 5691 5642 7736 4782 4808 5030 5031 4947 5136
Crane working time it. 3 4808 4936 4961 6234 6573 7207 4881 5064 4813 4848 4645 4950
Crane working time it. 4 4897 4759 4747 6049 5589 7409 5016 4987 4699 5217 5062 4848
Crane working time it. 5 4637 4935 4879 6508 6224 10099 4850 4815 5016 4591 5092 4985
Pin change time it. 1 - - - - - - 2176 1724 1851 1151 1115 1155
Pin change time it. 2 - - - - - - 1935 2092 2055 1154 1037 1118
Pin change time it. 3 - - - - - - 2061 1927 2015 1191 1114 1276
Pin change time it. 4 - - - - - - 1818 2055 1935 1279 1140 989
Pin change time it. 5 - - - - - - 2180 2020 2059 1151 1074 995
Train loading time it. | 4881 5004 4803 6579 5883 6239 7482 6615 6540 5940 5916 6162
Train loading time it. 2 4854 4762 4752 5691 5642 7736 6717 6899 7085 6186 5984 6254
Train loading time it. 3 4808 4936 4961 6234 6573 7207 6942 6992 6828 6039 5758 6226
Train loading time it. 4 4897 4759 4747 6049 5589 7409 6834 7042 6634 6496 6201 5837
Train loading time it. 5 4637 4935 4879 6508 6224 10099 7029 6835 7075 5742 6166 5980
Table 6. Average values of the simulation results
Variant No. 1 2 3 4 5 6 7 8 9 10 11 12

Avg. crane distance 1935 1970 1996 5989 5662 9385 2073 2097 2061 2053 2065 2109
Avg. crane working time 4815 4879 4828 6212 5982 7738 4967 4913 4849 4895 4909 4985
Avg. pin change time 0 0 0 0 0 0 2034 1964 1983 1185 1096 1106
Avg. train loading time 4815 4879 4828 6212 5982 7738 7001 6877 6832 6081 6005 6092
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5. Summary

The research carried out in the article using a simu-
lation model in the FlexSim environment and their
results indicate the need for a structured planning of
the intermodal train loading process. The presented
characteristics of the crane's operation indicate that
the prior knowledge of the pin configuration on con-
tainer wagons that are to arrive at the intermodal ter-
minal is of great importance for the train loading
planning process. The knowledge of this arrange-
ment simulated in variants 1-3 allows the terminal
operator to properly prepare the containers for load-
ing onto the train. As shown in particular by the
characteristics of the distance traveled by the crane,
the knowledge of the pin configuration on the wag-
ons or the change of their configuration just after the
arrival of an empty intermodal train allows to reduce
the distance covered by the loading device several
times. This does not significantly reduce the train
loading time. However, taking into account the
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Fig. 4. Crane working time

Train loading time
10000

8000

6000
4000

o““‘||||“‘
123

2000
5 6 7 8 9101112

Vdrldnt number

Fig. 6. Total train loading time

operation of the gantry and the associated costs,
minimizing the distances covered by the gantry can
successfully increase the economic efficiency of the
transshipment terminal. As a result, it also improves
the economic efficiency of the entire intermodal
transport process.
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