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Abstract. Organizations and businesses need an information infrastructure that
will enable them to copewith the enormously rapid development, i.e. the process of
globalization and integration of the world economy. It allows you tomake accurate
decisions in real-time, focus on customer dissatisfaction while maintaining com-
petitiveness and profitability. The result is optimising the supply chain to integrate
processes, approaches, systems, databases, strategies between different business
partners. The consequence of e-technology is the reorganization of the enterprise’s
current information base, the calculation of implementation costs, and the con-
sideration of the marketing approach as a source of information advantage. For
logistics, it means a significant reduction in delivery times, increasing receipt and
order processing automation. High flexibility and reliability are expected, costs
do not show an increase, and the importance of planning in the chain is growing,
which must be faster and more accurate. The paper aims to monitor the loading
and unloading of goods from rail transport using a simulation program regarding
protecting employees’ health, minimizing the time required for unloading and
loading pallets with goods.
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1 Introduction

Under the term logistics system, we understand a system of transport, production and
information activities that follow each other and serve to meet customers’ needs in a
certain place and at a certain time [1]. It is done with the help of sources of raw mate-
rials, information and workforce. By using and transforming them, we can satisfy these
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needs [2]. We can also understand the logistics system as a system of tools, construc-
tions and organizations that implement supply chain flows between suppliers of material
inputs and customers of material outputs [3]. The logistics system includes all logistics
chains of the enterprise created for individual products or customers (supply, production,
distribution and trade links are a subsystem), works with logistics resources (goods, peo-
ple, information), which optimally deploys, focusing on customer needs. Also pursues
the main goal and sub-goals of the enterprise’s logistics [4, 5].

The logistics system in metallurgical enterprise can be characterized as a technical–
technological system (technicalmeans andvarious equipment, buildings, transport routes
with personnel equipment), management system (control elements), information system
(collection, processing, transmission and storage of information for the control system),
communication system (technical means and transmission equipment, automation and
computer technology), financial system (financial resources, transactions and financial
flows) [6].

Transport is an important element of the logistics system. Transport costs make
up a large part of the logistics costs. Transport logistics deals with solving logistics
tasks and measures that need to be implemented to prepare and implement transport
[7]. These are activities that are related to material flow, storage of finished products
up to the sale. We also include information related to these activities. The transport
function is irreplaceable [8]. The logistics chain from the material supplier, through the
manufacturer to the customer, consists of a large part of the transport chain’s transport
links.

The following attributes accompany the application of logistics in transport [9]:

• the ability of transport to form networks,
• ability to transport theoretically any quantity,
• degree of transport speed,
• degree of time certainty of transport performance,
• level of comfort,
• degree of traffic safety,
• degree of provision of other services,
• the amount of rising costs.

Shipment affinity is characterized by the following features [10]:

• the place of origin and termination of the transport, or the transport route if he wants
to choose it the transport user himself - the carrier,

• the usual quantity of goods transported in one consignment, expressed in weight units
or number of pieces,

• speed requirements, requirements for time security of delivery of the consignment,
which can be determined in time, an indication of when the consignment must be
delivered concerning the exact renewal period stocks based on the optimized mode of
operation of thewarehouse system, for entry shipments to the next phase of production
in the Just-in-Time system,

• the resilience of the consignment to the effects of traffic, including the protection of
the shipment by transport cover,
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• requirements for additional services,
• limits on transport costs concerning the system of circulatory processes, price goods.

Table 1 presents intelligent transport system solutions, mostly used in manufacturing
enterprises.

Table 1. Intelligent transport system solutions [11].

Intelligent transport system

Government Enterprise Public user

Traffic management and
Guidance

Vehicle schedule/Decision
support

Elaborated Geo-info service

Road planning/Law
enforcement

Accidents Real-time
alarming

Accurate traffic info service

Road prewarning/Emergency
response

Commercial data analysis Real-time vehicle info service

Bus supervision and
Management

Parking guidance service

When we start from the generally acceptable function of logistics as a cross-cutting
function, it is necessary to consider the company’s cost elements [12].

These are:

• capital tied up in stocks and goods in the working process,
• space and area costs (warehouse, transhipment areas, transport routes),
• transport (internal, customer deliveries, express surcharges),
• trade (personnel costs, equipment),
• administration (order processing, information base),
• packaging, transport and storage units,
• consequential costs (unclear agreements, quality deficiencies, losses,
• damages, etc.) [13].

From the point of view of reducing costs, it is clear that knowledge of the factors of
its impact must be manifested in such a logistical understanding of the service [14]:

• product characteristics (diversity of components, climate, packaging, disposal),
• procurement (ordered quantity, procurement time),
• sales (sales forecast, frequency of deliveries, delivery dates, special services),
• organization of flows (information flows, responsibilities),
• circulation times, dwell time,
• spatial distribution of undertakings, transport routes,
• habitats, company, individual areas,
• environment, regulations, competition, customer wishes, disposal of packaging, etc.
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Companies force economic constraints, limited resources, competitive pressures and
requirements customers to make the most efficient and productive decisions possible
about the choice of mode of transport and the choice of carriers [15–18]. Considering
that transport affects customer service, time of the transportation of goods, reliability
of service, stocks, packaging, storage, energy consumption, pollution levels and other
factors must traffic management to create the best possible strategy of the method of
transport or selection carriers [19].

2 Work Methodology

Intelligent monitoring of individual work activities over time is used in companies where
there has been a radical change in corporate policy. The metallurgical industry is one
of the most successful and competitive industries, supplying key intermediates and end
products and the solutions themselves to virtually all other sectors. It is made possible by
high production standards, comprehensive infrastructure and tailor-made logistics with a
clear emphasis on reliability, quality and safety. The paper uses themonitoringmethod of
loading and unloading goods in metallurgical enterprise transport logistic supply chain
railway conditions concerning the ergonomic aspect using the Static strength prediction
method.

2.1 Static Strength Prediction by Loading and Unloading System

The concept consists of two basic alternatives of ergonomic and time evaluation. The first
alternative combines human labour and machine loading [20]. This alternative assesses
the worker’s load and the total time required to load the total load containing 15 pallets.
The second alternative is focused on the evaluation of pallet loading in terms of time.
The following Table 2 shows the input data for the simulations.

Table 2. Input parameters.

Employer specification

Gender Male

Height [cm] 178

Weight [kg] 81

Material specification

Size [mm] 590 × 490 × 650

Weight [kg] 10

The static force prediction method provides an approximate strength prediction for
the subsequent use of appropriate simulation tools (Fig. 1). We will use this method to
evaluate the physical work of loading and unloading goods.

Further monitoring consists (Fig. 2) of evaluating the time required to load a prede-
fined load. Loading was simulated in a combination of manual work (loading the rear
row - 5 pallets) and loading via forklift (loading the middle and front row - 10 pallets).
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Fig. 1. Static strength prediction.

The values are given in the following Table 3.
With a combination of manual loading and forklift loading, a total time of 357.05 s

was achieved, 6.79min. This time exceeds the set loading/unloading limit of up to 5min.

Fig. 2. Simulation of loading and unloading process
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Table 3. Input parameters by SSP method.

Operation Time [s]

Rear row Forklift - 5 pallets 50.15

Manual work - 5 pallets 256.85

Middle + front row Forklift - 10 pallets 100.20

Total time 407.20

3 Results and Discussion

Transport performance has the special character of activities to ensure the optimization
of the logistics chain:

• increasing demand for transport performance,
• transport performance is many times linked to the performance of different modes of
transport or services,

• transport provides decisive development impulses to economic and social entities,
• high intensity the facilities of many transport operators result in a constant supply and
a significant fixed cost structure.

The way to reduce logistics costs leads through the most reliable transport [21].
Restructuring of corporate logistics systems or concentration and centralization of the
warehouse network by a logistics distribution centre can also be performed [22]. Another
possibility is the reorientation of goods from road transport to rail or the relocation of
production plants closer to the focus of consumption. The results after simulation of
human/workers activity by loading and unloading process is presented in Fig. 3.

Because the evaluated work position is - the employee’s orientation in the forward
bend, the evaluation was supplemented by a fourth analysis - Lower Back Analysis. This
analysis estimates the spinal compression and shear forces acting on the worker’s lower
back. Transport logistics is of great importance within the entire logistics system.

It takes place in three basic stages of the reproductive process [23–25].

• in production: satisfying the needs caused by production technology, division of
activities, cooperation of individual phases, etc.

• in circulation: relocation necessary for the implementation of economic circulation.
• in consumption: relocation of products that have already entered the consumption of
tangible goods.

Transport logistics is a transport system that is suitable for the logistics management
of circulation processes [26]. It is a control system which, in addition to managing the
technological operations of individual activities of the circulatory process, optimizes the
overall effect of the circulatory process with the help of all related information.

The technological capacity of transport logistics is affected by:
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Fig. 3. Simulation of human activity by loading and unloading process.

• the capacity of stable means used by transport logistics: transport routes, transport
nodes of the transport system, transport nodes in connection with the user, transport
nodes in contact with different types of transport or transport systems,

• the capacity of means of transport,
• capacity compliance transport routes, transport hubs and means of transportation,
• optimal transport process technologies using a certain technical basis [27–29].

The moment distribution, muscle tensions and human forces are presented in the
Fig. 4.
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Fig. 4. The ergonomic specification.

The low back compression force of 1969.00 is below the Back Compression Action
Limit of 3400 N, representing a nominal risk of low back injury for most health workers.
The following Table 4 shows the overall evaluation of the loading time.

Table 4. Final operation time.

Operation Time [s]

The arrival of the forklift to the carriage - 5 pallets 50.15

Loading with a manual forklift - 5 pallets 208.37

Loading with forklift - 10 pallets 110.40

Total time 368.92

As can be seen from the scoreboard for the second alternative, the time required
to load 10 pallets with a combination of manual forklift and forklift also exceeded the
required value.

Supply chain management integrates business processes from the end-user to the
primary suppliers, who provide products, services and information that add value [30].
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Key strategies include customer relationship management, customer service manage-
ment, demand management, order fulfilment, production management, procurement,
product development and commercialization, return channels [31]. Therefore, supply
chain management represents a systemic approach that is interactive and complex and
simultaneously requires a simultaneous assessment of a set of different links [32]. It
crosses the boundaries of one company, includes links within the organization and links
between organizations, where stocks are maintained andwhere it is necessary to perform
individual parts.

4 Conclusion

The monitoring of transport logistics processes raises mainly these transport require-
ments, maximum flexibility in capacity and specialization, the greatest possible com-
bination possibilities and a smooth transition of transport packaging, means of loading
between different transport systems, versatile usability of means of transport, the short-
est possible availability or immediate access to vehicles and objects of transport. Trans-
portation needs to be managed in the logistics system in terms of the optimal division of
labour between the various modes of transport in the logistics chain, the optimal quality
of transportation and the minimization of costs for the actual relocation process and
overall circulation processes. In addition to minimizing costs and increasing or optimiz-
ing the enterprise’s performance, the most important goal of logistics is the maximum
satisfaction of customer requirements. It is reflected in the quality of the product, the
price of the product and the delivery service. The customer is the most important link in
the whole chain. It provides information on the requirements for securing the supply of
goods and related other services. The customer also ends the logistics chain, ensuring
the movement of material and goods. Strengthening the enterprise´s market position is
the main objective to which the sub-objectives are subject. These are powerful, that is,
delivering the right goods, to the right place, at the right time, in quantity and quality,
and economical, that is, doing it at the right cost. The future direction of our research is
focused on the monitoring and evaluation of automatic loading and unloading systems
bywhichwill beminimized human errors.We can improveworking timewith the impact
of health and environmental protection.
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