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Resume

The advantages and disadvantages of using the soft containers for cargo
transportation are analyzed. The issues of the use of soft containers in
transport and technological schemes for the supply of bulk goods are
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considered. Approaches to the rational selection of parameters of soft

containers, during the transportation of bulk cargoes, taking into account
the characteristics of the transported cargoes, are defined.
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1 Introduction

Modern container technologies appeared in the
middle of the 20th century and significantly influenced
development of international trade. Their appearance
changed the nature of cargo transportation [1-3]. The
use of modern transport technologies and promising
technical solutions lead to the faster and more efficient
transportation of goods from the consignor to the
consignee, including from the point of view of the
transport process safety, [4-7].

The purpose of this article is to consider the
advantages and disadvantages of using the soft
containers in the transportation of bulk cargoes and to
determine approaches to the rational selection of these
containers parameters in transportation of the bulk
cargoes, taking into account the characteristics of the
transported cargoes.

2 Object of the research

When developing the transport and logistics systems
for the delivery of goods, special attention should be

paid to the rational choice of transport tare, which is
considered as one of the types of transport equipment.
It is an independent transport unit that ensures the
effectiveness of transportation and performance of
loading and unloading and warehouse work. This choice
is related to solution of the tasks of optimizing the
loading of rolling stock and the placement of goods in the
warehouse, automation and mechanization of loading
and unloading and transport and storage operations [8].

Currently, the cargo containers are widely used
for transportation of various cargoes [9-13]. They are
a type of transport equipment, used for transportation
and temporary storage of goods and have constant
technical characteristics and devices for mechanization
of transshipment operations.

In the global practice, the volumes of transportation
of bulk and bulk cargoes are growing increasingly.
At the same time, the requirements for technical
and environmental safety of transportation, technical
condition of the rolling stock, preservation of cargo,
convenience of the accepted transportation scheme for
the consumer are also increasing [14-16]. In addition,
from time to time there is a problem of lack of specialized
railway rolling stock and transport equipment used for
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these transports. All this stimulates the introduction of
new, effective technologies for loading, transportation
and transshipment of bulk cargoes, which can more fully
satisfy the needs of all the participants in the transport
process [17].

One of the progressive directions of improvement
of transport and logistics systems for the delivery of
goods (primarily bulk goods) is the use of soft specialized
containers (SC, Big-Bag or FIBC - Flexible Intermediate
Bulk Conteiner) for their transportation and temporary
storage, which have recently become increasingly
popular application. According to the specific costs (that
is, according to the costs of transport equipment per
unit mass of transported products), soft containers are
the most economical, especially when transporting and
temporarily storing large batches of goods [18].

A soft container (hereafter SC) is actually a large
bag with slings or loops and hooks for lifting and
a bag-like body for filling, storing and transporting
cargo. The carrying capacity of the SC usually varies
from 500 to 2000kg. Most often, the SC is made of
polypropylene and has a cylindrical or parallelepiped
shape. The length of one side of the container is usually
in the range from 500mm to 1200mm and the volume
is possible up to 3 m?3. The height of the SC can reach
2500mm, with a minimum height of 800 mm. However,
there are exceptions, for example, large-tonnage soft
containers MK-14-10 with a capacity of up to 14 tons,
which are allowed even for international transportation
of dangerous goods [10].

The soft polymer containers, according to the
parameters that determine their useful life, have the
following components: disposable containers - are used
exclusively in circulation once, then they go to disposal
and, accordingly, to recycling, SC of cyclic using - which
have the ability to be used in several cycles of their
loading/unloading and multi-turn SC - containers that
are used in chains of loading/unloading during the long
time specified in the characteristics of this container.
The frequency of the SC use in the cyclic transport
process depends on the parameters responsible for its
safety margin. Disposable SCs have a safety margin of
5:1, cyclic SCs have a safety margin of 6:1 (can be used
several times) and reusable containers have a safety
margin of 8:1. The order of the safety factor allows to use
the SC for storing products in them with the construction
of a stack with the levels of their arrangement on top of
each other up to 7 tiers.

The SCs are reliable and durable, convenient
for transportation and storage of various bulk goods,
easy to manufacture. Depending on the specifics of
the cargo, some SCs are additionally provided with
protection elements against ultraviolet radiation,
temperature changes, atmospheric moisture and static
electricity.

Undoubtedly, the soft containers cannot be as
widely used in modern transport and logistics systems of
cargo delivery as the traditional metal cargo containers.

However, for transporting a number of loads, they are
almost an ideal solution. Such cargoes include, first of
all, bulk cargoes, for example, powdery materials (flour,
cement), granular (salt, sugar, grain, mineral fertilizers,
various chemical products), as well as small-, medium-
and large lumpy cargoes (construction materials,
ferroalloys, concentrates). In addition to bulk products,
the SC can also be used for transportation and storage of
bulk and bulk cargoes, agricultural and forest products

[14].

In recent decades, the soft containers have proven
themselves as a universal type of transport equipment,
as they can be structurally adapted to any loading
and unloading mechanisms and various loading and
unloading stations [19]. Their use in developed countries
today has practically supplanted traditional means of
transporting the bulk cargo, such as circulating metal
containers, dumpcars truck and completely replaced
plywood drums and barrels [20-21].

With the advent of SC, it became possible to
solve many technological problems quite simply and
effectively. So, for example, can store products in open
areas for a long time. Costs for loading and unloading
operations and cargo losses at various stages of their
circulation also decreased. The analysis of the available
information regarding the technologies of using the soft
containers in the transportation of bulk cargo allows to
note the following advantages of these technologies over
traditional ones [14]:

* lack of need for scarce specialized rolling stock;

* absence of physical losses of transported goods;

* maintaining the quality and cleanliness of
transported goods;

* protection of rolling stock and the surrounding
environment from the negative impact of transported
goods;

* noneed to clean the body of the rolling stock after
transporting the bulk cargo;

* simple mechanisms for introduction into the
technological process during the SC loading/
unloading;

* the possibility of temporary storage of cargo during
transshipment at open port sites, which allows
saving working capital for the construction of
warehouses;

* improvement of the quality of working conditions of
workers, including from the point of view of sanitary
and hygienic conditions.

Taking into account these significant advantages,
the rail transportation of bulk cargo using SC has
recently become widespread.

In the technical conditions (TU) for loading and
fastening cargo in an open rolling stock [22] there are
recommended schemes for loading the soft containers
in semi-wagons only for several of their standard sizes,
which have a cross section of the bag in the form of a
circle. However, the analysis of scientific and technical
information and Internet data shows that several dozens
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of SC standard sizes are actually used for the bulk cargo
transportation.

When planning transportation and choosing the
necessary SC parameters, the transport characteristics
of the bulk cargo should be taken into account. For
example, the full use of the cargo capacity and capacity
of the wagons with certain parameters of the soft
containers depends significantly on the bulk weight of
the cargo. At present, this issue receives relatively little
attention. For example, work [23] analyzed options for
transporting bulk goods in bags and in soft containers.
Options for calculating the placement of cargo in the
wagon were considered and a technical and economic
calculation of the efficiency of transportation was carried
out. Further, the other factors, which appear during
transportation, such as movement of transport means
(wagons, containers, cargo etc.), have to be considered,
as well, [24-25]. That influences the running properties
of a train-set, safety of transportation, dynamics of
individual vehicles in a train-set, braking distances and
other factors, which relate with the investigated issue
[26-29].

Taking into account the modern capabilities and
existing technologies for production of the SCs, it is
possible to manufacture them in almost any shape with
a fairly wide range of basic parameters (width, height,
load capacity). At the same time, use of the SCs, which
have a square cross section, is promising, as they allow
the most complete use of the useful floor area of the
cargo room of the rolling stock. Therefore, the purpose of
the this work is to determine approaches to the rational
selection of parameters of such soft containers during
the transportation of a bulk cargo, taking into account
the characteristics of the transported cargo.

3 Research methodology

Next is considered the issue of choosing the rational
parameters of SCs that have a square cross-section, in
accordance with the bulk mass of the transported cargo.
At the same time, several conditions must be met:
¢ loading the wagon G, with cargo should be as

complete as possible (of course, not exceeding its

stenciled carrying capacity GI™,

* the number of used soft containers K should be
minimal: K - Kuin,

* the strength of SC at the required load capacity is
provided technologically.

The combination of the two main parameters will be
considered - width b, and height %, - as the ij - standard
size of a soft container, which has a square cross-section.

The number of containers K, of the ij - standard size
that can be placed in a gondola car can be calculated as
follows

Ki= Ny M;-Zj, (1)

where:
N, - the number of containers of the jj-th standard size
that can be loaded across the width of a gondola car;
M, - the number of containers of the jj-th standard size
that can be loaded along the length of a gondola car;
Z, - the number of loading tiers of containers of the jj-th
standard size in a gondola car.

The working volume of one such container will be
Vi = b3+ h; and its mass is Gy = Vi * Y&, where 7
is the bulk mass of bulk cargo.

If the internal dimensions of the gondola car body
are known (B - width, L - length, H - height), it can be
recorded:

Ny ={(B—x)/b:)
M ={L—x)/b:) , (2)
Zij={(H— A)/hy)

where:

x - allowance for gaps when installing the SC in the body,
A - the height to which regulatory documents allow
containers of the upper tier to protrude above the side of
an open rolling stock in height.

The sign (...) here indicates the whole part of the
result of division of the corresponding expression with
rounding down.

The total loading of the wagon with loose cargo of
a bulk mass y, using K, soft containers will add up to:

Gl = Ky Gy = Ny My - Zij+ b7 = hj - Y. @)

A rational choice of the soft containers parameters
(b;and ), inaccordance with the transport characteristics
of the cargo being transported (first of all, in accordance
with the given value of the bulk mass y) and the
available means of transport, will allow to reduce the
costs of containerization of railway transportation of a
bulk cargo while obtaining all the known advantages
of container transportation. At the same time, it is
necessary to solve an optimization problem, which can
be formulated as an integer optimization problem. One
of the variants of the objective function for solving such
a problem can be written in the form

Kij = ANy, My, Zii,v+) ~ min, 4)

where:
Nij = flbi,x), My = f(bi,x), Zij = f(hj, A).

When formulating the system of limitations of the
problem, one should take into account the internal
geometric dimensions of the body of a gondola car, the
technological possibilities of the SC production and the
requirements of the Technical conditions of loading [22],
which forbid that the containers of the upper tier, when
loaded into a semi-car, protrude above its side by more
than 1/3 of their height (and generally no more than
400 mm).
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In addition, several safety conditions of the
transport process must be met, namely: the mass Gz
of the loaded container with the bulk cargo must not
exceed its maximum carrying capacity Gue; loading
G}, of the wagon with K;; bulk cargo containers should
be as complete as possible (of course, not exceeding its
stenciled carrying capacity Gy ).

Taking this into account, the system of constraints
of a problem is formulated as follows:

b;mn < bi < b;_nax; h}nm < h] < h;_nax;

L = 5)
Gzyk - Grlr,tax; Gz;k < Gmax-

4 Results and discussion

For example, Figures 1 and 2 show some
results of optimization of the dependency
K; :f(M‘j,M'j,Zﬁ,Y}e) - min with variable
SC parameters. Solving the problem of discrete
optimization was carried out using the optimization
block of the MS Excel package.

In the calculations, the following is accepted: the

vehicle is an all-metal gondola car model 12-295 with a
carrying capacity of 71 tons with internal dimensions of
the body V =2.89m, L = 12.69m, H = 2.05m; bulk mass
of cargo y, = 0.7 to 1.8 t/m?% Gmax = 70t; Guax = 1.5t

After analyzing the graphs of the indicated
dependencies, it is possible to choose a rational ratio
of the soft containers’ parameters with a square cross-
section (namely, their width b, and height %), which
achieves the maximum use of the wagon’s carrying
capacity for a set value of the bulk mass of the
transported bulk cargo.

At the same time, the minimum number of such
soft containers is used for transportation. Thus, for
example, for the selected type of rolling stock and the
bulk mass of the cargo y, = 1.5 t/m? according to Figures
1 and 2, the optimum, from the point of view of the
efficiency of loading the car body with bulk cargo in SC
with the minimum number of containers, will be the
soft containers with the parameters ' ~ 1m and
h =~ 1m.

The authors believe that the method proposed in the
paper for determining the rational parameters of flexible
containers, which considers the characteristics of the
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transported cargo and the geometric parameters of the
cargo space of a vehicle, is quite simple and boils down to
formulating and solving a discrete optimization problem.
The objective function and the system of constraints of
the problem in the reviewed work, in authors’ opinion,
are presented in full details. The graphs given in the
work are presented only to illustrate how the proposed
method can be used in practice. Those graphs are
constructed based on solving the integer optimization
problem for a specific bulk density of a bulk cargo and
given geometric parameters of the vehicle cargo space.
The solution of the discrete optimization problem, for
the case under consideration, was carried out using
the optimization block of the MS Excel package. Other
mathematical programs can also be used to solve similar
problems.

5 Conclusions

1. When developing the transport and logistics
systems for delivery of goods, special attention
should be paid to the rational choice of the transport
equipment used. One of the progressive directions
for improving the bulk cargo delivery systems
is the use of soft specialized containers (SC) for
the transportation and temporary storage of such
a cargo.

2. Modern technological capabilities for production of
the SC allow their production of almost any shape
with a fairly wide range of basic parameters (width,
height, load capacity).

3. It seems promising to use the SCs, which have
the shape of a square in their cross section. With
a rational selection of their parameters, such
containers would allow the most complete use of the
usable area of the cargo space of vehicles.

4. The paper proposes a method for selecting the
rational parameters of soft containers having
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