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GOOD PRACTICES IN THE CARGO PREPARATION PROCESS IN
INTERMODAL TRANSPORT

Summary. Increasing exports of goods between countries over long distances
and increasing amounts of cargo generated by ports and transported on roads and
railways require the organization of cargo transportation using several modes of
transport, forcing the construction of places (container terminals) where it is
possible to reload them to other means of transportation. An important aspect of
cargo transportation by intermodal transport is its proper securing with the use of
properly selected packaging and a loading unit. This article shows how to properly
prepare cargo for transport. It also presents a diagram of the correct calculations of
the permissible masses that may be in the container during transport to prevent
overloading of the container and evenly distribute the load so that the reloading
devices located in container terminals are not damaged during reloading to another
mode of transport. Therefore, appropriate securing of the load against its
displacement and damage was also selected.

Keywords: intermodal transport, container, packing

! Faculty of Transport and Aviation Engineering, The Silesian University of Technology, Krasifniskiego 8 Street,
40-019 Katowice, Poland. Email: jan.warczek@polsl.pl. ORCID: https://orcid.org/0000-0002-4767-5588

2 Faculty of Transport and Aviation Engineering, The Silesian University of Technology, Krasinskiego 8 Street,
40-019 Katowice, Poland. Email: r.wojak@interia.pl. ORCID: https://orcid.org/0000-0002-2769-1732


http://sjsutst.polsl.pl/
mailto:jan.warczek@polsl.pl
mailto:r.wojak@interia.pl

194 J. Warczek, R. Wdjak

1. INTRODUCTION

Transport is one of the most important economic sectors [12, 13]. Since the implementation
of container transport technology, a steady increase in the demand for this type of transport has
been observed [4, 9]. This is supported by the several benefits related to both the organization
of transport and the reduction of the negative impact of transport on the environment. One of
the key issues of container transport is the correct selection of the container to the specification
of the transported cargo. This is because, in the organization of container transport, the price of
this service depends directly on the container used. An additional factor influencing the
importance of this issue is the significant increase in freight costs in container transport
observed in the transport markets, resulting from high demand in the phase of the market
reconstruction after the pandemic. This work aims to analyze the case of selecting a container
for a transport task for cargo preparation toward maximizing the use of cargo space. This task
seems trivial; however, according to the authors, a properly prepared container use plan allows
for reduced transport costs, not only directly but also considering the scale of transport, their
overall impact on the external environment as well. The analyzed example is related to the
authors' research on trade between Poland and Russia.

Intermodal transport is the transport of a specific load by at least two different modes of
transport without changing the load unit [10, 11, 15].

Currently, trade and transport of various products are carried out not only between
neighboring countries but also between continents (especially intermodal transport). Thanks to
packaging, effective trade is possible. Packaging ensures proper storage of products at every
stage of their transport, protecting them from the effects of degradation factors.

The modern logistics system (intermodal transport) should ensure the appropriate
implementation of logistics processes, the features of which are easy to configure, and the
diversity of its networks and supply chains. The variety of transport solutions should be based
on multi-branch transport infrastructure and efficient technical (line and point) and ICT
infrastructure. In addition, the development of intermodal transport should be based on the
simplification of customs procedures between countries by changing the law and promoting it
by the state as the best long-distance transport [8, 13, 16, 18].

2. PACKING IN INTERMODAL TRANSPORT

Each cargo intended for transport has specific physical, chemical and biological
characteristics. Knowledge of the characteristics of the transported cargo allows for the
selection of appropriate packaging [2, 20].

The correct selection of packaging is one of the important elements in the supply chain.
Given the variety of products sold and transported, packaging can be divided into:

e unit,

e collective (indirect),

e transport.

The unit packaging ensures proper seating of a product during its transport and attracts
consumers’ attention toward buying it at the final stage, for example, a case [7].

Collective packaging allows for easy sorting, storage, and order completion. Its purpose is
to place multiples of a given product in one place [7]. The most common types of collective
packaging are cardboard boxes.
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Transport packaging, in turn, is designed to facilitate the entire transport of the order to a
specific place and is a specific element of the distribution system, which enables an efficient
and quick flow of goods [6, 14, 17].

When carrying out transport of large quantities of loads, it is advisable to use load units
suited to the types of packaging used. The container is the most popular loading unit in
intermodal transport. It is a durable structure that enables multiple use. The container loading
unit has design solutions for the transport of goods by multiple means of transport without the
need to reload the goods in the container. One of the design solutions is handling grooves. They
are located in the lower part of the container and enable reloading in container terminals to
other modes of transport using, for example, a gantry car.

The construction of containers enables easy, quick and efficient filling and emptying of the
transported goods. Additionally, containers are equipped with elements that ensure efficient
handling during reloading from one means of transport to another [1, 17].

2.1. Functions of packaging in intermodal transport

The basic functions of transport packaging include:

e protective function - enables protection of the product against external factors,
logistic function - affects the efficiency of handling activities in container terminals,
information function - informs about the weight, capacity or use of the container,
economic function - shows the costs of producing the packaging,

ecological - meets the environmental needs of transport packaging [14].

The above functions can also be applied to unit packages and collective packages. However,
in intermodal transport, they are less important than transport packaging because the load is
placed in the transport packaging and is not reloaded, and only the loading unit is transferred to
another mode of transport.

3. METHOD OF PACKING AND PREPARATION FOR TRANSPORT OF
A SELECTED CARGO

The appropriate packaging should be selected with the correct specification for the product
being transported. The appropriate method of packaging should protect the goods against
damage and will protect them against external factors, for example, excessive sunlight.

3.1. Product selection

The product of choice is bar soap. The product was selected based on research conducted by
the authors and published in the article “Analysis of the potential of intermodal transport in
trade between Poland and Russia”, where the export of the above product between Poland and
Russia is one of the largest regarding loading weight.
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Fig. 1. Bars of soap - side view

The soap bars provided by the manufacturer were wrapped in a protective foil and contain
12 pieces of soap in one package (Figure 1).

3.2. Getting to know the card of the transported product

After choosing the product to be transported, in this case, the bar soap, it is indicated in the
product card. The product sheet is a collection of all the information about a given product. It
contains, among others, information on the chemical composition of the product and identifies
the risks that the product poses to human health and life or the environment. It is issued by the
manufacturer.

Based on the product sheet, the following information is read and established:

chemical composition of the product,

whether it poses a threat to humans and the environment,

emergency first aid,

product handling and its storage conditions,

any contraindications regarding its transport by selected modes of transport (the
information mainly concerns intermodal transport).

Bar soap is a product with no contraindications for transport by various modes of transport
and is harmless to humans and the environment in the event of an accident. However, the
product must be transported at a low constant temperature and not be exposed to direct sunlight.

3.3. Selection of collective packaging

A cardboard box with the following specification was selected as the collective packaging:

external dimensions: 400x400x400 [mm],
internal dimensions: 398x398x398 [mm],
cardboard weight: 465 [g],

cardboard thickness: 2 [mm].
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To load the goods into the collective packaging, its measurements must be taken.

Subsequently, the following dimensions were established:
e length (after pressing the protective foil): 198 [mm],
e width (after pressing the protective foil): 78 [mm],
e height (after pressing the protective foil): 78 [mm].

Figures 2 and 3 below show the dimensions obtained.
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Fig. 2. Front view of the soap packet
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Fig. 3. Right side view of the soap packet
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The calculations considered the weight of a single soap bar package when packing the goods.
The weight of a single bar of soap is 90 grams.

p=kxm (1

where: k - number of pieces of soap in a single package [-], m - mass of a single bar of soap

[a].

Based on formula 1, it was found that the weight of a single soap package is 1080 grams,
that is, 1,08 kg.

The soap packets will be packed in a carton with the specifications shown in subsection 3.1
above, which is about the external dimensions: 400x400x400 [mm].

The number of soap packages a single carton could hold was determined based on the
formulas below.

Number of soap packages in a single carton:

pk=axb (2)

where: a - number of soap packets in a single layer [-], b - the number of levels of soap packets
contained in a carton [-].

After calculations, it was found that a single carton is capable of holding 50 soap packages.
Visualizations of the packed cardboard are shown in Figures 4 and 5.
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Fig. 4. Front view of the packed cardboard
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Fig. 5. Right view of the packed cardboard box

In addition, 10 and 5 mm handling clearance on each side of the carton was considered for
the cardboard cover. This allows the load a little freedom and the possibility of movement
during transport or reloading of the load unit. The collective packaging in which handling
clearance is not kept may lead to its tearing, and consequently, damage to the cargo.

The next calculations are made based on the following formulas 3, 4 and 5 to determine the
gross weight of a single carton to be able to form it on the transport packaging.

Formula 3 allows the calculation of the number of individual pieces of soap contained in a
carton:

i =k *pk 3)

where: k - number of pieces of soap in a single package [-], pk - number of soap packages
contained in a single carton [-].

Based on formula 3, it was found that the number of pieces of soap in a single carton is 600.

Formula 4 allows calculating the weight of the soap packages in the carton. While, formula
5 summarizes the final gross weight of the collective packaging, that is, the cardboard box with
the load.

n =p *xpk 4)

where: p - weight of a single package [g], pk - number of soap packages contained in a single
carton [-].
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Based on formula 4 above, it was found that the weight of the soap packages in a single
carton is 54 kg.

b=n+t (5)

where: n - mass of soap packets contained in a single carton [kg], t - weight of an empty
cardboard box [Kkg].

After making calculations based on formula 5, it was found that the gross weight of a single
box is 54,465 kg. However, due to health and safety regulations, it is not possible to manually
move the boxes and place them on transport packaging. Therefore, attention should be given to
solutions for the automation of work.

This article focuses mainly on the best use of the selected collective packaging.

3.4. Selection of transport packaging

The selected transport packaging is the EUR pallet. It is a universal logistic carrier with
standard dimensions, characterized by universal access and is used for transporting various
loads, including collective packaging. The standard dimensions of the EUR pallet are shown in
Figure 6 below.
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Fig. 6. EUR pallet — dimensions

The weight of a single empty EUR pallet is 25 kg. Its permissible load is 1000 kg in the case
of uneven load distribution. However, in the case of even load distribution, its permissible load
may be 1500 kg.

The first layer contains six cartons, and each pallet has two levels of cartons, so there will
be 12 cartons on each pallet. Calculations of the gross weight of a single EUR pallet are
presented based on formulas 6 and 7. An important aspect to consider when making calculations
Is not exceeding the permissible load capacity of the loading unit.

e=1lxb (6)
where: | - the number of all cartons on the pallet [-], b - gross weight of a single carton [kg].

bp =e+w (7)
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where: e - gross weight of all cartons on a single EUR pallet [kg], w - weight of a single pallet
[kal.

Based on formulas 6 and 7, it was found that the gross weight of the pallet with load is
678,58 kg. The calculation of this mass will be used to verify the selection of an appropriate
loading unit.

Figure 7 below presents a diagram summarizing stage 1 regarding the choice of cargo and
the method of its packaging.
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Fig. 7. The process for selecting the load and how it is packaged (part 1)
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4. SELECTION OF THE LOADING UNIT

A properly selected loading unit should protect the cargo against damage due to the transport
of cargo by various modes of transport and reloading at container terminals. The most popular
loading unit in intermodal transport, that is, a container, was selected for the transport of the
soap bars.

Bar soap is a product that does not endanger human life, health and the environment.
Therefore, the container does not need to have additional ADR type markings, and its transport
is possible by all modes of transport. When selecting a container, it is necessary to determine
which group of loads the transported goods belong to - whether they are general cargo or bulk
cargo. Groupage loads include goods on pallets, and bulk cargo can be called sand. In this case,
it is a general cargo.

It is also necessary to determine the size of the container to fill it to the best percentage
possible and determine whether the container does not need additional aggregates that will
maintain a constant temperature inside it for the transported cargo.

For soap bars, due to the need to maintain a constantly low temperature during transport and
non-exposure of the product to sunlight, a refrigerated container with special units for
maintaining a constant temperature inside was selected.

Next, a calculation is made to obtain the best possible use of the container percentage of
transport potential. The choice will be made based on four container sizes, that is, 10 ', 20", 40
‘and 40" HC (elevated container) by MT CONTAINER. Their characteristics are presented
below (Table 1).

Tab. 1
Container specification
Specification Parameter Containe Containe Containe Containe
S S r10° r20° r40° r40° HC
External Length 3050 6058 12192 12192
dimensions Width 2438 2438 2436 2438
[mm] Height 2591 2591 2591 2896
Internal Length 2383 5456 11577 11550
dimensions Width 2190 2294 2294 2290
[mm] Height 2291 2263 2110 2545
(_:urb 2250 2900 3900 4660
weight
Weight [kg] Capacity 7910 27600 28600 29340
Total 10160 30480 32500 34000
mass

Volume [m®] 12 28,4 59,8 67,5

Group type code RT RT RT RT

Type code R1 R1 R1 R1

The amount of a given cargo in the container can be selected using mathematical formulas
relating to the stowage factor of the cargo and the stowage factor of the container. After making
these calculations, the rule of selecting the container, whether its load-bearing capacity or
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capacity of the container is used. However, this rule can only apply to loads where the stowage
loss is known [19].

The stowage loss is the free space (handling clearances) that should be used during the
transported goods. However, the stevedoring loss, in this case, is unknown. Therefore, in the
calculations, it should be assumed that each item of cargo is treated as a cuboid, and the way of
positioning the cargo in the container along the length of the container and its width should be
checked. Formula 8 shows the dependence of the load orientation along the length of the
container, while formula 9 shows the relationship of load orientation along the width of the

container.
w =[]+l ®

where: L - internal length of the container [m], I - cargo length [m], B - internal width of the
container [m], b - cargo width [m], H - container height [m], h - load height [m].

e =[5] - [7] [ ©

where: L - internal length of the container [m], | - cargo length [m], B - internal width of the
container [m], b - cargo width [m], H - container height [m], h - load height [m].

When making calculations, each obtained quotient is rounded up to a whole number, always
down. The number of possible items of cargo for transport after completion is presented in
Table 2.

Tab. 2
Calculation results for the maximum number of pallets in the containers

Container size N1 [szt.] N2 [szt.]
10° 4 4
20 16 12
40° 36 28
40 HC 36 28

Based on the above calculations, it was found that the 40 'container and the 40" HC container
can accommodate the largest amount of cargo. Both containers obtained identical results. The
load should be placed along their length. However, it is also worth paying attention to whether
it is possible to use a mixed setting or not, that is, some pallets will be placed along the length
of the container, and some along its width. With the mixed setting, the 40" and 40" HC container
can accommodate 46 EUR pallets.

Additionally, when selecting the appropriate amount of cargo in the container, calculations
should be made regarding the gross weight of the transported cargo so as not to exceed the load
capacity of the container and the degree of its filling. The container for the transport of a given
load is selected based on the highest degree of filling.

Exceeding the permissible load capacity of a container has serious consequences. This
phenomenon should be counteracted at the initial stage, that is, before loading. Therefore,
appropriate cargo calculations need to be made, and the results must be compared with the
permissible load capacity of the container.
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An overloaded container may cause:

e damage to fixed or mobile handling equipment,

e damage to the reloading equipment, for example, slings,
e damage to means of transport during transportation.

Following the above, the container that has been reloaded should be put in a safe place and
should not be handled or transported until it is reformed. In intermodal transport, it is of great
importance due to reloading at the container terminals and the transport of containers through
various means of transport.

Usually, reloading of containers takes place because of an incorrect reading of the
information on the cargo or the container door. In intermodal transport, the weight information
is given in kg and Ibs units. Incorrect reading of the appropriate unit causes overloading of
containers in terminals. Therefore, one should always make sure of the unit type the weight of
the load is given and the units of weight related to the container.

Transport of 46 EUR pallets placed in two layers will not be possible due to the exceeded
load capacity of both containers. Therefore, the 40 'container will be able to accommodate 42
EUR pallets, and the 40' HC container will be able to accommodate 43 EUR pallets.

Further, if the pallets are properly positioned in the 20 ‘container, it will be possible to
transport 18 EUR pallets arranged in two layers.

To make the above calculations, the following formulas and relationships should be used.
Formula 10 and relationship 11 concern calculations related to the permissible gross weight of
the cargo, formula 12 calculates the internal volume of the container, formula 13 calculates the
volume of a single EUR pallet of cargo, and formula 14 calculates the volume of all the pallets
in the container. However, the degree of filling the container is calculated from the proportion,
that is, the ratio of the total internal volume of the container to the volume of all the pallets in
the container.

k=d=xbp (10)

where: d - number of pallets in the container during transport [-], bp - gross weight of a single
EUR pallet [kg].

k<M (11)
where: gross weight of all the pallets in the container [kg], M - container load capacity [kg].

Vi
=L*xBx*xH (12)

where: L - internal length of the container [m], B - internal width of the container [m],
H - internal height of the container [m].

V,=1l*xbxh (13)

where: | - length of the pallet with load [m], b - width of the pallet with load [m], h - height of
the pallet with load [m].
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Vo=V, +d

(14)

where: Vp - volume of a single EUR pallet with cargo [m®], d - number of pallets during

transport [-].

Table 3 presents the collective results for all types of containers.

Tab 3.
Calculation of the degree of filling of the containers
Number of The volume
. . Gross weight of | ofasingle | Volume of
Container possible . The degree of
: the transported palletin a all the o
size pallets to be . 3 filling [%]
cargo [kg] container | pallets [m°]
loaded [szt.] [m°]
10° 4 2147,32 0,90 3,62 30,21
20° 18 12214,44 0,90 16,31 57,44
40 42 28500,36 0,90 38,06 67,93
By 43 29178,94 0,90 38,97 57,73

Based on Table 3, it was found that the 40" container has the highest degree of filling and,
therefore, the best for the soap load being transported. Figure 9 below shows the arrangement

of the pallets in the container.
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Fig. 8. Pallet arrangement in a 40' container with stevedoring material

Figure 8 also includes dunnage material, which is to prevent the cargo from shifting during
transport. Dunnage cushions with the following dimensions were selected as the stowage

material:

e  90x294 mm:; liczba sztuk: 10,
e 90x253 mm; liczba sztuk: 2.

The following Figure 9 presents a summary in the form of a diagram, the selection of the
loading unit and the sequence of calculations related to it.
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PART 2 '/

Selection of cargo
units
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oes the cargo require a
constant temperature?

BSelection of cooling,
refrigeneration,
isothermal container

(Choise of universal
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The load carrying [The container load Load along the
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container capacity is used container
END

Explanation of markings:

SFC - transit cofficient of container

SFP - cargo stave coefficient

N1 - load along the lenght of the container
N2 - load along container width

Fig. 9. Selection of the loading unit (part 2)

END
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Figure 10 presents a summary diagram, starting from the choice of cargo, through the proper
selection of packaging and loading units, to its arrangement in the container.

NO

Fig. 10. Summary of the container selection process
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5. CONCLUSION

Transport packaging is an important element of the distribution system, which determines
the efficient and quick flow of goods from the producer to the recipient.

To facilitate the reloading of loading units such as containers, they have been standardized
and adapted to increase the efficiency of the transport process while minimizing the transport
time during the activities related to the reloading of integrated loading units.

The selection of the container requires knowledge of the properties of the transported cargo.
The product sheet provided by the manufacturer helps in this. It contains recommendations and
restrictions related to its storage and transport with the use of various modes of transport. In
addition, it should be used to determine the type of container to be used during transport. An
isothermal container was used when organizing the transport of an exemplary load due to the
information in the product sheet on the conditions of storage at a temperature below 30°C and
avoiding sunlight.

The rule for selecting the size of the container is based on the calculation of the cargo
stowage coefficient and the stowage coefficient of the container. Their values should be equal
then the load capacity and capacity of the container are used at the same time. In this work, the
stevedoring loss was not known; therefore, it was necessary to make calculations related to the
maximum number of pallets that could be placed in the container. After making the appropriate
calculations and receiving their results, it was found that the selected 40" container, when
properly arranged, can accommodate 46 pallets with cargo. However, the maximum load
capacity of the container was exceeded; therefore, 4 EUR pallets had to be subtracted from the
contents of the container.

An important element when forming the container is the use of dunnage material, which is
designed to fill empty surfaces and ensure the safety of the cargo so that it does not shift during
transport. Dunnage bags were used in the container when the soap bars were transported. The
dimensions of the bags and the degree of their safety to the allowable pressure that may exist
in them must be adapted to intermodal transport. Their application is to ensure safety during
reloading operations related to the container at the container terminal.

When filling the container with pallets, it is advised that the load on the pallet be properly
secured, for example, with the use of tapes and heat-shrinkable foil. Moreover, when two rows
of pallets are formed, a free cargo space inside the container should be left. On the other hand,
the stacking of pallets depends on their dimensions and the permissible load on the pallet in the
first layer. Due to the height of the container used, the pallets were loaded in two layers.
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