
















Fig. 3. The thickness of oxides layer formed on the steel examined: a – opposite fire wall – LM,
b – fire wall – LM

The chemical analysis (EDS) (Fig. 4) comparison with XRD analysis on the
fire side have shown that on the outside there are such deposits as: CaSiO2,
Al2SiO5 and CaSO4. Fe2O3 and Fe3O4 oxides exist under this layer. Similar
oxides were observed on the counter-fire side.

Fig. 4. EDS point microanalysis: a – opposite fire wall, b – fire wall

The size of Fe2O3 crystallites was determined for the (104) plane, while for
Fe3O4 for the (311) plane. A layers of oxide 78 μm and 200 μm thick were
studied (after polishing deposits), then the surface of the formed layer was
polished in 11, 11, 9 and 15 cycles for Fe2O3 – opposite fire wall, Fe3O4

– opposite fire wall, Fe2O3 – fire wall, Fe3O4 – fire wall, respectively. One cycle
consisted of polishing the layer to the depth of 2 μm (Fe2O3 – opposite fire wall),
5 μm (Fe3O4 – opposite fire wall), 5 μm (Fe2O3 – fire wall), 10 μm (Fe3O4 – fire
wall). The exemplary of examine of XRD measurements has been shown in
Figure 5.
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Fig. 5. X-ray diffraction patterns from the oxides layer obtained by means of XRD technique, after
polishing: a – opposite fire wall, b – fire wall

Fig. 6. Determination of crystallite size Dhkl

For the counter-fire side the size of hematite crystallites shows a downward
trend after the next removal of the layer (Fig. 6). Fe2O3 crystallites at the depth
of 10 μm are 45 nm in size. Instead, on the fire side the hematite peaks occur at
the depth of 540 μm (Fig. 6). At this depth crystallites are 20 nm in size.
A consecutive removal of the layer shows crystallites larger by 10 units, and
the next two already by 15 units larger than in the previous polishing.
At the depth of 560 μm the crystallites size is 30 nm. Instead, at the depth of
570–580 μm it is less than 20 nm. For magnetite in both cases (on the
counter-fire as well as on the fire side) the crystallites size has a similar nature
reaching the maximum of 35 nm (Fig. 6).
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Summary

The paper contains assessment of hematite (Fe2O3) and magnetite (Fe3O4)
formed on 10CrMo9-10 steel operated at the temperature of 525oC during
200,000 hours on the tube wall outside. Studies were carried out both for the
fire and the counter-fire side. The obtained results of studies have shown that
directly on the flue gas inflow side deposits are formed based on Al, Si and Ca.
According paper (GAWRON, DANISZ 2012, GWOŹDZIK 2013) it has been found
Al2SiO5 and CaCO3.

The surface of deposits/oxides layer is more developed on the fire side. The
deposits layer on the fire side is 539 μm thick, while on the counter-fire side
only 10 μm. In both cases iron oxides Fe2O3 and Fe3O4 exist under the deposits
layer. The size of hematite crystallites on the fire side at the maximum of its
occurrence is Dhkl = 47 nm, while for the counter-fire side it is smaller by
2 units. Magnetite crystallites are smaller than those of hematite and in both
cases (fire and counter-fire side) their size oscillates around 35 nm. The paper
(GWOŹDZIK 2016) presents results of studies on oxides formed on the 10CrMo9-
10 steel (on the flowing medium side (inside tube wall). Examinations carried
out have shown that the formed layer is thicker and more degraded on the fire
side. The size of crystallites on the fire side shows much larger dimensions both
for hematite and magnetite. Instead, comparing the size of hematite and
magnetite crystallites it is possible to state that in both cases (fire and
counter-fire side) Dhkl is larger for hematite.
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A b s t r a c t

The article presents the use of BIM design method in geotechnical issues. BIM was used in the
modeling of high building “Mogilska Tower” in Cracow. The object, as one of the few in Cracow, will
have three underground storeys. High building with underground levels requires checking the impact
of the implementation of a deep excavation on existing buildings. Analysis of settlement impact
caused by deep excavation and the planned load of the building is based on the guidelines contained in
the ITB (KOTLICKI, WYSOKIŃSKI 2002) standards by the simplified method and detailed method
determined on the basis of numerical analysis. The article presents the results of the vertical
deformation of ground adjacent to the existing object. The results of the calculations were compared
with the limit values shown in ITB and PN-81/B-03020 (1985). Numerical analysis was performed in
the spatial state of stress and strain model. It takes into account the spatial layout of the geotechnical
subgrade and the terrain shape obtained by the measurement of terrestrial laser scanner. Subgrade
was modeled elastic-plastic model of Mohr-Coulomb with linear condition of plasticity. Identified the
influence and range of deep excavation and loads of the planned high building on existing
development.
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Introductions

Building Information Modeling assumptions

The use of Building Information Modeling (BIM) in the construction
industry, is currently the fastest growing new concept of obtaining and
collecting data at every stage of design, modeling and implementation of
buildings. The resulting data is used to update the assumptions during the
construction projects. A new feature of the approach, assumptions using BIM
methods, is another way of collecting data. The data are collected not only from
the cycle of design and construction of the object, but also after its construction
and during the exploitation until the decommissioning of buildings (TOMALA

2016). It means that, data set in the conceptof the method of BIM relate to each
object lifecycle. These are not only parametric data model elements, taking into
account the design, material and geometry of a particular item, for example
characteristic of 3D modeling reinforced concrete beam. Also, it may be data on
time execution of individual tasks on a construction site related by the stages of
the object (4D models). BIM models allow to take into account cost manage-
ment object (5D models). In the concept of BIM methods, deserve attention the
information provided directly from the construction site (6D models), or
during exploitation of a building (7D models) (TOMALA 2016). BIM is a compre-
hensive set of information about the building. Its containing a huge amount of
data. They are made available to the various participants in the construction
process: designers, engineers, managers, and contractors. The large number of
entities involved in the provision of data to the model, must be based on
common standards of design. This allows combine partial models developed by
specialists of specific industries in a global model. The condition is compatibil-
ity model files to each other. It is important a common format for data storage,
which allows the same interpretation of the models supplied by the various
participants of a construction project. IFC is the basic standard for the
recording format. Its used in the modeling project using BIM methods.

Building Information Modeling in geotechnical projects

Building Information Modeling is a record model in the form of elements in
combination, represented in a parametric way of a specific identification
number (ID). This allows explicit assignment of the properties the geometric
elements, strength parameters, or material (TOMALA 2016).

In the cycle of collecting and transmitting data to the global database BIM
model, data from the geotechnical industry are made available to the planning
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stage. These include geotechnical data layers of soil, the soil strength par-
ameters: the angle of interior friction and cohesion. Geometric data related to
course of geotechnical layers, developed on the basis of profiles of the research
and prepared geotechnical sections. Application of BIM enables the acquisition
of terrain data to project. It is obtained terrestrial laser scanning. Comprehen-
sive data on the terrain shape and the course of geotechnical layers, are used to
calculate the behavior of a building in the next stages of its implementation
(ZHANG et al 2016). BIM data collection does not end at the design stage, but
also includes, for example, data obtained from construction site. This allows
update the assumptions made at the design stage.

In current practice of engineering, geotechnical project had closed source
data. Modeling of the object using the assumptions of the BIM method enables
connection geotechnical data and their use over the lifecycle of a building. The
use of geotechnical data as part of the project BIM reduces the risk of the
project, in the form of unexpected costs or extend the investment execution.
Geotechnical data in the concept of BIM are not a new issue. In 1989 AGS
(Association of Geotechnical and Geoenvironmental Specialists) created a data
format for processing and use in other industries construction. Despite the
many advantages implemented standard has not been widely used. The
fundamental drawback was the inability to interpretation of the data, in the
form of eg. surface course of geotechnical layers (MORIN et al. 2014). BIM
solves problem with the interpretation of spatial geotechnical data. Adjust-
ment of spatial geological models for use in the construction industry creates
huge opportunities to take into account the behavior of complex object.
Currently, the practice of engineering is based on the assumption that the
layout of geotechnical layers is uniform along length and is not substantially
changed. Hence, most of the analysis is based on the assumption of plane
strain and stress state of geotechnical models. Application of BIM method in
geotechnical design is necessary. Research conducted by HM Government
(KESSLER et al. 2015) have shown that the construction sector, in 2025 will be
dominated by the new approach BIM in 70%. In addition, in the UK since 2016
all investments in the system of public procurement (Industrial Strategy
2012), have to be aligned with existing standards BIM. Implementing BIM in
the construction industry has the largest share in the US. Projects executed in
this method, account for over 70% of the total number of ongoing contracts
(Value of BIM in North America 2012). In Europe, the largest share of use BIM
in the design focuses on three countries: Germany, France and UK. It
represents a total of approximately 35% of all projects (KIVINIEMI 2010). The
legal status of BIM adapting in the world is as follows (DI GIACOMO 2015):

a) Great Britain – required BIM technology in government projects. Pro-
jects implemented at BIM represent 39% of all;
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b) Norway, Finland – Introduced regulations that allow BIM design;
c) Central and Southern European countries 14% of BIM projects, 60% of

designers do not use this technology to design;
d) China – 5% implementation of BIM, a big upward trend;
e) Japan – almost 5% of BIM use in construction, 80% of participants in the

construction process are aware of the use of this technology;
f) Austria – strong BIM adoption;
g) Singapore – 50% use BIM in construction;
h) US – largest share of the discussed technology. Special legal regulations:

BIM standards, GSA & US Army BIM mandates.
In Polish conditions use of BIM method is not widely used. There are no

legal solutions or standards precisely specifying the framework and extent of
BIM method used in the construction industry (Building Information
Modeling. BIM in Poland 2016).

The use of geoengineering in BIM is usually taken into account in the form
of a load of pressure coming from the geotechnical layers layout. Often objects
are modeled on the ground elastic behaviour. This assumptions omitting
plastic properties of ground. This causes multiple errors at the stage of project
design. Research conducted in the UK (KESSLER et al. 2015) have shown that
more than 70% of investments in the public procurement system have ex-
ceeded the budget. The reason was poor recognition of geotechnical layers
property. The article focuses on showing the use of BIM design method in
geotechnical engineering. The use of that method will be presented in the
context of the impact of a tall building “Mogilska Tower” in Cracow on existing
buildings located in the vicinity of the planned investment. Building model was
developed using Midas nGEN software based on the concept of BIM. In order
to evaluate the impact of an object on the neighboring buildings, used data of
geotechnical parameters (e.g strength parameters or the course of geotechnical
layers). In addition, used terrestrial laser scanner in order to reflect the actual
terrain shape. The resulting data were used to generate a numerical model of
the area. In model used the loads results obtained from a model based on the
BIM. The results were used to evaluate the influence of high building on
neighboring buildings as specified (KOTLICKI, WYSOKIŃSKI 2002).

Materials and methods

Numerical analysis of high building model was carried out in the CAE/CAD
Midas nGEN. Parametric building model consisted of 15 storeys above ground
and 3 underground storeys. The total height of the building is equal 45 m. The
object was fixed at a depth of -10 m below ground level. The building was
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realized in the frame construction, made of reinforced concrete load-bearing
walls and partition walls from silicate blocks (PILECKA, SZWARKOWSKI 2017).
Slabs, balconies, stairs were modeled as reinforced concrete elements. Figure
1 shows the visualization of the object (SEMACO INVESTMENT GROUP).
The following assumptions for modeling tall building:

– the dimensions of the building plan: length: 51 m, width: 19.5 m;
– the dimensions of the underground building plan: length: 51 m, width:

19.5 m;
– the thickness of the monolithic elements, slabs and stairs: 15 cm;
– bearing walls of reinforced concrete with a thickness: 15 cm, 20 cm, 30

cm, 60 cm;
– thickness walls of silicate blocks: 10 cm and 15 cm.

Fig. 1. The concept of high building “Mogilska Tower” in Cracow
Source: www.semaco-ig.pl

Loads has been selected on the basis of standard (LENDUSZKO 2014).
Adopted use loads for residential rooms, category A, equal to 2.0 kN m–2 for
stairs 4.0 kN m–2 and balconies 2.0 kN/m2. Material parameter of construction
components and filling selected in standards (LENDUSZKO 2014). To determine
the characteristic snow load on the model used standard (PAWŁOSKI, CAŁA

2013). Assumed load value equal to 0.96 kN/m2. Detailed calculations of the
load given in article (PIECKA, SZWARKOWSKI 2017). Figure 2 shows the pressure
peaks of wind speed, together with the distribution of external pressure cpe,10
for high building.

Structural factor determined on the based on the logarithmic formula (EN
1991-1-4 2008) and the algorithm calculations presented in the article (ŻURA-

WSKI, GACZEK 2010). For building was chosen category 4 of the urban area.
Logarithmic decrement of damping was equal to δ = 0.10 for analyzed object.
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Fig. 2. Pressure peaks of wind speed, together with the distribution of external pressure cpe,10

Source: PILECKA, SZWARKOWSKI (2017).

Eigenvalues determined in the article (PILECKA, SZWARKOWSKI 2017) were
equal: for first the form of vibration f1 = 2.70 Hz, for the second form of
vibration f2 = 3.01 Hz. Numerical model adopted on the level of detail LOD300
(TOMALA 2016). Numerical analysis was conducted based on flat finite el-
ements. The mesh size was set equal to 0.5 m. Adopted unmovable boundary
conditions at the base of the model. Numerical analysis was used to generate
the reaction forces of the base model for next stages of raising the object. The
individual values of the reaction forces used in the numerical model of the
subgrade. It allowed to determine the impact of the implementation object to
the existing buildings.

The spatial model of geotechnical layers of area in the vicinity of the
planned building, made on the basis of geological engineering documentation
(LENDUSZKO 2014). Linear change the course of geotechnical layers was
adopted between the research profiles.

Subgrade of consider area is characterized by a complex geological struc-
ture. Anthropogenic soils occur below a depth of 1.6 m from ground level.
Layer of gravel is from -1.6 m to -12 m below the ground level. Miocene clays
are located at a depth of -13.3 m to -14.8 m. The numerical model of the
subgrade takes into account the three layers of geotechnical. Table 1 shows the
parameters of the layers included in the numerical model (SZWARKOWSKI 2017).

Geotechnical layers modeled elastic-plastic model of Mohr-Coulomb with
linear plasticity condition. Area of land numerical model was generated based
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Table 1
Geotechnical parameters of layers adopted in numerical modeling

Soil name Φ [o] c [kPa] γ [kN/m3] E0 [MPa] ν [–]* IL/ID

Ia1(saclSi) 13.00 13.50 20.50 16.50 0.25 0.30
IIa (MSa) 30.50 0.00 19.00 50.00 0.25 0.55
IIc (Gr saGr) 39.00 0.00 20.50 146.00 0.25 0.55
IIIa (Cl) 13.00 60.00 21.50 22.00 0.25 0.00

* information from CAŁA and FLISIAK (2000), GRIFFITHS and LANE (1999).

on the measurement of terrastrial laser scanning. Terrain model was created
by combining triangular elements for point cloud. The cloud consists of several
dozen millions of points obtained as a result of the measurement the laser
beam. A detailed description of the research procedure using terrestrial laser
scanning to generate the surface of the terrain for the numerical models are
included in the article (SZWARKOWSKI, ZIĘBA 2017). A similar use of laser
scanner in BIM was used in the modeling of a historic building in city Sondrio
of Italy (BARAZZETTI et al. 2015).

Evaluation of the impact of high building “Mogilska Tower” in Cracow on
existing buildings, in the context of the use BIM methods in geotechnical
engineering, is based on the following stages of modeling:

– Stage I: Initial analysis model before executing the excavation. Linear
static analysis;

– Stage II: Driving steel sheet piles to a depth of 16m below ground level to
layer Miocene clays. Nonlinear static analysis;

– Stage III: Execution of a deep excavation to a depth of 10 m below ground
level, along with the installed HP320 profiles. Nonlinear static analysis.
Details in the article (SZWARKOWSKI 2017);

– Stage IV: Comparison of the results of vertical displacements obtained
from numerical modeling of deep excavation with deformations obtained from
measurements of terrestrial laser scanner and geodesic measurements
(PILECKA, SZWARKOWSKI 2015);

– Stage V: Execution of underground storeys. Load implementation from
the model of the building, to the level of the bottom of excavation. Nonlinear
static analysis;

– Stage VI: The underground storeys backfilled with soil. Nonlinear static
analysis;

– Stage VII: Execution of 6 floors above ground building. Nonlinear static
analysis;

– Stage VIII: The loads from the self weight of the building model includes
all 14 floors above ground. Nonlinear static analysis;

– Stage IX: Full load building model: loads: self weight, use load, weight of
snow, wind pressure. Nonlinear static analysis;

BIM Technology in Geotechnical Engineering... 303

Technical Sciences 20(3) 2017



– Stage X: Comparison of the results of vertical displacements in the
vicinity of the existing building with the limit values set out in the specifica-
tions ITB (KOTLICKI, WYSOKIŃSKI 2002, PN-81/B-03020 1985).

Numerical model of the subgrade located in a deep excavation. It was
modeled hexagonal finite elements of size 1 m. Subgrade close to excavation
divided of finite elements mesh of size 2 m. Steel sheet, constituting the casing
of excavation was modeled quadrangular finite elements of type shell. The size
of shell elements is 1 m. Elements for the top beam and steel profiles matched
the size of the finite elements of type beam equal to 1 m. Movements of the soil
model is blocked at the horizontal direction, allowing freedom of displacement
in the vertical direction. The basis of the model immobilized in three direc-
tions. Between elements of shell casing excavation and subgrade modeled
contact, based on the Coulomb law (SZWARKOWSKI 2017). Results of vertical
displacements, compared with the limit values for existing buildings situated
in the vicinity of a deep excavation (KOTLICKI, WYSOKIŃSKI 2002). On the basis
of the guidelines drawn up zone of direct influence of deep excavation on
existing buildings and the zone of secondary impact, including the maximum
range of influence of deep excavation. Figure 3 shows the range of impact zones
of deep excavation on the existing building. Zone SI refers to the immediate
effect of deep excavation on the existing development building and its range is
7 m. SII zone is associated with a secondary impact of the deep excavation and
the proposed high building on the existing construction. Its range is not more
than 20 m from the edge of the excavation.

Fig. 3. The development plan with marked zones of influence of deep excavation
Source: SZWARKOWSKI (2017).
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Maximum allowable settlement for the existing building structure should
not exceed 8 cm, according to norm PN-81/B-03020 (1985). Figure 4 shows the
procedure for assessing the impact of a tall building on existing development.

Fig. 4. Algorithm for determination of the impact the execution deep excavation on settlement
neighboring building

Source: SZWARKOWSKI (2017).

Results and discussion

The impact of high building “Mogilska Tower” in Krakow was determined
on the basis of numerical analysis of the subsoil, made of deep excavation in the
neighbor of the existing buildings. The numerical model determined areas
corresponding to the zone of direct impact of building settlements SI, and to
change the vertical displacements in the area SII of secondary impact on
building development. The analysis took into account total loads of building
model in fundation level of excavation. Figure 5 and Figure 6 shows the
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vertical displacements obtained in step IX with marked zones of influence of SI

and SII. Displacements determined using the simplified method given in the
specification ITB (KOTLICKI, WYSOKIŃSKI 2002). Vertical displacements deter-
mined for 18 measuring points spaced every 4 m (Fig. 5).

Fig. 5. Vertical displacements in the vicinity of the existing building for stage IX of numerical analysis
Source: SZWARKOWSKI (2017).

Fig. 6. Vertical displacements in the vicinity of the existing building in deep excavation section; stage
IX numerical analysis

Source: SZWARKOWSKI (2017).
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Fig. 7. Vertical displacements in zones of influence the planned object on existing building develop-
ment

Source: SZWARKOWSKI (2017).

Fig. 8. Plasticity zones of ground in the vicinity of deep excavation
Source: SZWARKOWSKI (2017).

Displacement obtained for each affected zones of high building on neigh-
boring buildings, for the last numerical analysis (stage IX), are equal: zone SI

direct impact of deep excavation for building SI = 12 mm, zone SII is equal to
almost 6 mm. The largest displacements are located at distance no greater than
4 m from the edge of excavation. Beginning edge of the building is located
8 m from the edge excavation. It corresponds to the vertical displacements of
the order of 4–6 mm. For the building portion, it located in the zone of vertical
deformation SII and not exceed 3 mm. The remaining part of the building is
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sited on area where not required simplified analysis. The maximum displace-
ment does not exceed 1 mm. Figure 8 shows a plastic deformation area of
ground in the vicinity of deep excavation.

Figure 8 shows regions exceeding the maximum soil shear strength give
rise the formation of zones plasticity of ground, according to Mohr-Coulomb
model with linear plasticity condition. Maximum effects of the impact of the
deep excavation loaded with forces of the planned building on existing building
development shows in Figure 8.

Conslusions

The values obtained for the maximum deformation numerical model of the
subgrade subjected to the influence of a deep excavation loaded high building,
showed that the vertical displacements do not exceed the limit specified in the
specification ITB and standard PN-81/B-03020. Displacement values do not
exceed the limit values 8cm. The deep excavation with a planned investment in
the form of a 15-storeys high building “Mogilska Tower” will not adversely
affect the work of construction of the existing building. Measurement conduc-
ted using terrestrial laser scanning and geodesic measurements showed dis-
placements of the building equal 3 mm. In article summarizes the results of
soils deformation only due execution of deep excavation. The obtained data
have been developed for the typical model of the soil based on the Mohr-
Coulomb hypothesis with linear plasticity condition. The proximity of the
location of the object with the existing buildings would require to carry out
detailed numerical calculations, taking into account the full model the plastic
behavior of ground, eg. using a model Cam-Clay for layers of Miocene clays.
However, this requires additional, time-consuming laboratory tests using
triaxial or oedometer apparatures. This is related to a problem to increase
spending on geotechnical researches and a better recognition of the subsoil.
Obtained additional parameters can be used to model the soil, taking into
account the full plasticity of the considered medium (eg. mentioned earlier
Cam Clay model or Modified Mohr-Coulomb model). This is particularly
important for modeling the behavior of plastic soils: clays, silits. As mentioned
in the introduction of article, the better recognition and numerical analysis
with the use of numerical modeling based on the method of BIM enables
probably reduce the negative effects, which may occur during implementation
of the investment. They can have an impact on the increase in investment
costs. BIM technology in geotechnical engineering, use of complex data from
field studies, laboratory and numerical modeling of the planned investments,
allows more accurate way to predict the behavior of the planned investments
and reduce costs.
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Guide for Autors

Introduction
Technical Sciences is a peer-reviewed research Journal published in English by the

Publishing House of the University of Warmia and Mazury in Olsztyn (Poland). Journal
is published continually since 1998. Until 2010 Journal was published as a yearbook, in
2011 and 2012 it was published semiyearly. From 2013, the Journal is published
quarterly in the spring, summer, fall, and winter.

The Journal covers basic and applied researches in the field of engineering and the
physical sciences that represent advances in understanding or modeling of the perform-
ance of technical and/or biological systems. The Journal covers most branches of
engineering science including biosystems engineering, civil engineering, environmental
engineering, food engineering, geodesy and cartography, information technology, mech-
anical engineering, materials science, production engineering etc.

Papers may report the results of experiments, theoretical analyses, design of
machines and mechanization systems, processes or processing methods, new materials,
new measurements methods or new ideas in information technology.

The submitted manuscripts should have clear science content in methodology,
results and discussion. Appropriate scientific and statistically sound experimental
designs must be included in methodology and statistics must be employed in analyzing
data to discuss the impact of test variables. Moreover there should be clear evidence
provided on how the given results advance the area of engineering science. Mere
confirmation of existing published data is not acceptable. Manuscripts should present
results of completed works.

There are three types of papers: a) research papers (full length articles); b) short
communications; c) review papers.

The Journal is published in the printed and electronic version. The electronic version
is published on the website ahead of printed version of Technical Sciences.

Technical Sciences does not charge submission or page fees.

Types of paper
The following articles are accepted for publication:

Reviews
Reviews should present a focused aspect on a topic of current interest in the area of

biosystems engineering, civil engineering, environmental engineering, food engineering,
geodesy and cartography, information technology, mechanical engineering, materials
science, production engineering etc. They should include all major findings and bring
together reports from a number of sources. These critical reviews should draw out
comparisons and conflicts between work, and provide an overview of the ’state of the
art’. They should give objective assessments of the topic by citing relevant published
work, and not merely present the opinions of individual authors or summarize only work
carried out by the authors or by those with whom the authors agree. Undue speculations
should also be avoided. Reviews generally should not exceed 6,000 words.

Research Papers
Research Papers are reports of complete, scientifically sound, original research

which contributes new knowledge to its field. Papers should not exceed 5,000 words,
including figures and tables.
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Short Communications
Short Communications are research papers constituting a concise description of

a limited investigation. They should be completely documented, both by reference list,
and description of the experimental procedures. Short Communications should not
occupy more than 2,000 words, including figures and tables.

Letters to the Editor
Letters to the Editor should concern with issues raised by articles recently published

in scientific journals or by recent developments in the engineering area.

Contact details for submission
The paper should be sent to the Editorial Office, as a Microsoft Word file, by e-mail:

techsci@uwm.edu.pl

Referees
Author/authors should suggest, the names, addresses and e-mail addresses of at least

three potential referees. The editor retains the sole right to decide whether or not the
suggested reviewers are used.

Submission declaration
After final acceptance of the manuscript, the corresponding author should send to

the Editorial Office the author’s declaration. Submission of an article implies that the
work has not been published previously (except in the form of an abstract or as part of
a published lecture or academic thesis or as an electronic preprint), that it is not under
consideration for publication elsewhere, that publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and
that, if accepted, it will not be published elsewhere in the same form, in English or in any
other language.

To prevent cases of ghostwriting and guest authorship, the author/authors of
manuscripts is/are obliged to: (i) disclose the input of each author to the text (specifying
their affiliations and contributions, i.e. who is the author of the concept, assumptions,
methods, protocol, etc. used during the preparation of the text); (ii) disclose information
about the funding sources for the article, the contribution of research institutions,
associations and other entities.

Language
Authors should prepare the full manuscript i.e. title, abstract and the main text in

English (American or British usage is accepted). Polish version of the manuscript is not
required.

The file type
Text should be prepared in a word processor and saved in doc or docx file (MS Office).

Article structure
Suggested structure of the manuscript is as follows:
Title
Authors and affiliations
Corresponding author
Abstract
Keywords
Introduction
Material and Methods
Results and Discussion
Conclusions
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Acknowledgements (optional)
References
Tables
Figures

Subdivision – numbered sections
Text should be organized into clearly defined and numbered sections and subsec-

tions (optionally). Sections and subsections should be numbered as 1. 2. 3. then 1.1 1.2
1.3 (then 1.1.1, 1.1.2, ...). The abstract should not be included in numbering section.
A brief heading may be given to any subsection. Each heading should appear on its own
separate line. A single line should separate paragraphs. Indentation should be used in
each paragraph.

Font guidelines are as follows:
– Title: 14 pt. Times New Roman, bold, centered, with caps
– Author names and affiliations:12 pt. Times New Roman, bold, centered, italic, two

blank line above
– Abstract: 10 pt. Times New Roman, full justified, one and a half space. Abstract should

begin with the word Abstract immediately following the title block with one blank line
in between. The word Abstract: 10 pt. Times New Roman, centered, indentation
should be used

– Section Headings: Not numbered, 12 pt. Times New Roman, bold, centered; one blank
line above

– Section Sub-headings: Numbered, 12 pt. Times New Roman, bold, italic, centered; one
blank line above

– Regular text: 12 pt. Times New Roman, one and a half space,full justified, indentation
should be used in each paragraph

Title page information
The following information should be placed at the first page:

Title
Concise and informative. If possible, authors should not use abbreviations and

formulae.

Authors and affiliations
Author/authors’ names should be presented below the title. The authors’ affiliation

addresses (department or college; university or company; city, state and zip code,
country) should be placed below the names. Authors with the same affiliation must be
grouped together on the same line with affiliation information following in a single block.
Authors should indicate all affiliations with a lower-case superscript letter immediately
after the author’s name and in front of the appropriate address.

Corresponding author
It should be clearly indicated who will handle correspondence at all stages of

refereeing and publication, also post-publication process. The e-mail address should be
provided (footer, first page). Contact details must be kept up to date by the correspond-
ing author.

Abstract
The abstract should have up to 100-150 words in length. A concise abstract is

required. The abstract should state briefly the aim of the research, the principal results
and major conclusions. Abstract must be able to stand alone. Only abbreviations firmly
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established in the field may be eligible. Non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Keywords
Immediately after the abstract, author/authors should provide a maximum of

6 keywords avoiding general, plural terms and multiple concepts (avoid, for example,
‘and’, ‘of’). Author/authors should be sparing with abbreviations: only abbreviations
firmly established in the field may be eligible.

Abbreviations
Author/authors should define abbreviations that are not standard in this field.

Abbreviations must be defined at their first mention there. Author/authors should
ensure consistency of abbreviations throughout the article.

Units
All units used in the paper should be consistent with the SI system of measurement.

If other units are mentioned, author/authors should give their equivalent in SI.

Introduction
Literature sources should be appropriately selected and cited. A literature review

should discuss published information in a particular subject area. Introduction should
identify, describe and analyze related research that has already been done and summar-
ize the state of art in the topic area. Author/authors should state clearly the objectives of
the work and provide an adequate background.

Material and Methods
Author/authors should provide sufficient details to allow the work to be reproduced

by other researchers. Methods already published should be indicated by a reference.
A theory should extend, not repeat, the background to the article already dealt within
the Introduction and lay the foundation for further work. Calculations should represent
a practical development from a theoretical basis.

Results and Discussion
Results should be clear and concise. Discussion should explore the significance of the

results of the work, not repeat them. A combined Results and Discussion section is often
appropriate.

Conclusions
The main conclusions of the study may be presented in a Conclusions section, which

may stand alone or form a subsection of a Results and Discussion section.

Acknowledgements
Author/authors should include acknowledgements in a separate section at the end of

the manuscript before the references. Author/authors should not include them on the
title page, as a footnote to the title or otherwise. Individuals who provided help during
the research study should be listed in this section.

Artwork
General points

– Make sure you use uniform lettering and sizing of your original artwork
– Embed the used fonts if the application provides that option
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– Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol

– Number equations, tables and figures according to their sequence in the text
– Size the illustrations close to the desired dimensions of the printed version

Formats
If your electronic artwork is created in a Microsoft Office application (Word,

PowerPoint, Excel) then please supply ‘as is’ in the native document format
Regardless of the application used other than Microsoft Office, when your electronic

artwork is finalized, please ‘Save as’ or convert the images to one of the following
formats (note the resolution requirements given below):

EPS (or PDF): Vector drawings, embed all used fonts
JPEG: Color or grayscale photographs (halftones), keep to a minimum of 300 dpi
JPEG: Bitmapped (pure black & white pixels) line drawings, keep to a minimum of

1000 dpi or combinations bitmapped line/half-tone (color or grayscale), keep to a mini-
mum of 500 dpi

Please do not:
– Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these

typically have a low number of pixels and limited set of colors
– Supply files that are too low in resolution
– Submit graphics that are disproportionately large for the content

Color artwork
Author/authors should make sure that artwork files are in an acceptable format

(JPEG, EPS PDF, or MS Office files) and with the correct resolution. If, together with
manuscript, author/authors submit color figures then Technical Sciences will ensure
that these figures will appear in color on the web as well as in the printed version at no
additional charge.

Tables, figures, and equations
Tables, figures, and equations/formulae should be identified and numbered consecu-

tively in accordance with their appearance in the text.
Equations/mathematical and physical formulae should be presented in the main

text, while tables and figures should be presented at the end of file (after References
section). Mathematical and physical formulae should be presented in the MS Word
formula editor.

All types of figures can be black/white or color. Author/authors should ensure that
each figure is numbered and has a caption. A caption should be placed below the figure.
Figure must be able to stand alone (explanation of all symbols and abbreviations used in
figure is required). Units must be always included. It is noted that figure and table
numbering should be independent.

Tables should be numbered consecutively in accordance with their appearance in the
text. Table caption should be placed above the table. Footnotes to tables should be placed
below the table body and indicated with superscript lowercase letters. Vertical rules
should be avoided. Author/authors should ensure that the data presented in tables do not
duplicate results described in figures, diagrams, schemes, etc. Table must be able to
stand alone (explanation of all symbols and abbreviations used in table is required).
Units must be always included. As above, figure and table numbering should be
independent.
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References
References: All publications cited in the text should be presented in a list of

references following the text of the manuscript. The manuscript should be carefully
checked to ensure that the spelling of authors’ names and dates of publications are
exactly the same in the text as in the reference list. Authors should ensure that each
reference cited in the text is also present in the reference list (and vice versa).

Citations may be made directly (or parenthetically). All citations in the text should
refer to:

1. Single author
The author’s name (without initials, with caps, unless there is ambiguity) and the

year of publication should appear in the text
2. Two authors
Both authors’ names (without initials, with caps) and the year of publication should

appear in the text
3. Three or more authors
First author’s name followed by et al. and the year of publication should appear in

the text
Groups of references should be listed first alphabetically, then chronologically.
Examples:
“... have been reported recently (ALLAN, 1996a, 1996b, 1999; ALLAN and JONES, 1995).
KRAMER et al. (2000) have recently shown...”
The list of references should be arranged alphabetically by authors’ names, then

further sorted chronologically if necessary. More than once reference from the same
author(s) in the same year must be identified by the letters “a”, “b”, “c” etc., placed after
the year of publication.

References should be given in the following form:
KUMBHAR B.K., AGARVAL R.S., DAS K. 1981. Thermal properties of fresh and frozen

fish. International Journal of Refrigeration, 4(3), 143–146.
MACHADO M.F., OLIVEIRA F.A.R., GEKAS V. 1997. Modelling water uptake and soluble

solids losses by puffed breakfast cereal immersed in water or milk. In Proceedings of the
Seventh International Congress on Engineering and Food, Brighton, UK.

NETER J., KUTNER M.H., NACHTSCHEIM C.J., WASSERMAN W. 1966. Applied linear
statistical models (4th ed., pp. 1289–1293). Irwin, Chicago.

THOMSON F.M. 1984. Storage of particulate solids. In M. E. Fayed, L. Otten (Eds.),
Handbook of Powder Science and Technology (pp. 365–463). Van Nostrand Reinhold,
New York.

Citation of a reference as ‘in press’ implies that the item has been accepted for
publication.

Note that the full names of Journals should appear in reference list.

Submission checklist
The following list will be useful during the final checking of an article prior to the

submission. Before sending the manuscript to the Journal for review, author/authors
should ensure that the following items are present:

– Text is prepared with a word processor and saved in DOC or DOCX file (MS
Office). One author has been designated as the corresponding author with contact
details: e-mail address

– Manuscript has been ’spell-checked’ and ’grammar-checked’
– References are in the correct format for this Journal
– All references mentioned in the Reference list are cited in the text, and vice versa
– Author/authors does/do not supply files that are too low in resolution
– Author/authors does/do not submit graphics that are disproportionately large for

the content
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