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Lightweight structures are civil engineering objects which
distinguish themselves from similar structures erected up till
now by a relatively small amount of construction material and
extremely high design parameters such as large spans of roofs
or bridges without middle supports, the considerable height of
buildings, towers or masts, and extremely large useful surface
or free volume of buildings, tanks, or reservoirs. Typical ex-
amples of structures fitting this definition include spatial lattice
structures, plate and shell structures, domes and membranes,
high-rise buildings, towers, reservoirs, bridges, and thin-walled,
tension, cable and pneumatic structures.

It could be argued that methods and measures designed to
develop lightweight structures will always be widely required
in the construction industry. Several issues drive these develop-
ments forward. The first one is the economy and general costs
related to the erection of a building structure. Given that costs
are primarily determined by the weight of the structure and the
amount of building material, the optimization of the use of ma-
terials will never cease to be the subject of research and im-
plementation activities. One example is steel structures whose
weight is the main quantity subject to optimization. Similar
considerations are also given to structures made of concrete,
reinforced concrete, or wood. In addition to this main topic,
there are ongoing efforts to improve the construction processes
that are particularly important as far as lightweight structures
are concerned. Other engineering and scientific studies aim at
finding new materials that are highly robust and meet certain
performance requirements at the same time.

The second driver for developments in lightweight structures
relates to their durability and long-term usability. Design or ma-
terial solutions are not considered successful if they make it
possible to erect a lightweight structure, but its functional prop-
erties quickly deteriorate. A large number of well-documented
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solutions failed to satisfy the durability requirement in the pe-
riod expected from engineering structures (50 years) due to is-
sues such as inadequate resistance to corrosion, excess vibra-
tions, and fatigue.

The third subject widely addressed in engineering stud-
ies concerns the reinforcement of existing structures mean-
ing an upgrade activity designed to effectively improve their
durability or load-carrying capacity of their structural ele-
ments. When such measures are implemented, considerable
emphasis is given to providing solutions that are both cor-
rect in terms of technology on the one hand and inexpen-
sive on the other. A rather common opinion is that it is of-
ten more difficult to design and implement a reinforcement
for an existing structure than to construct a new one. This
results from several factors such as limited access to all el-
ements, inability to do welding work, or inadequately devel-
oped approaches to calculation-based analyses that should pro-
duce a valid estimation of load-carrying capacities of rein-
forced elements. Another quite simple consideration should
also be taken into account: structures meeting the require-
ments imposed on lightweight structures are generally subject
to considerable effort, so any attempt to increase the load ex-
erted on such a structure necessitates its reinforcement. A con-
temporary example of such a measure is the installation of
photovoltaic panels on roofs of lightweight steel hall struc-
tures.

This Special Section of the “Bulletin of the Polish Academy
of Sciences: Technical Sciences” is devoted to different aspects
of lightweight structures in civil engineering. Notably, papers in
this section do not address only the application of widely used
materials in “lightweight structures”, such as steel. Papers in-
cluded dealing with the condition survey of existing structures,
determining complex types of actions, the use of probabilis-
tic estimation in soil mechanics, and more. This Special Sec-
tion will contain selected extended versions of papers that were
presented at the International Conference of Lightweight Struc-
tures on Civil Engineering in 2021. The LSCE 2021 conference
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held in Łódź on 2 and 3 December was a tribute to honor the
achievements and work of Professor Jan B. Obrębski. The Con-
ference is a part of research activities of the Polish Chapters of
the International Association for Shell and Spatial Structures.

The papers included in this issue of the Bulletin represent the
research activities mentioned above.

Paper [1] co-authored by A. Knitter-Piątkowska, O. Kawa,
and M. Guminiak is dedicated to structural damage localiza-
tion. The authors used the wavelet transform method (in dis-
crete form), which makes it possible to extract the desired de-
tailed information from a big set of data representing the global
response of a defective structure. The efficiency of the method
was tested through a series of numerical examples, where the
real flat truss girder is simulated by a parameterized finite el-
ement model. Welded joints were introduced in the girder and
classic code loads were applied. Static vertical deflections and
rotation angles of the steel truss structure were taken into con-
sideration, and structural response signals were also computed
at discrete points uniformly distributed along the upper or lower
chord. In the authors’ opinion, the analyses performed proved
that the application of the discrete wavelet transforms to de-
compose structural response signals is very effective in deter-
mining the location of a defect. Evident disturbances of the
transformed signals, including high peaks, were expected as an
indicator showing that the defect is present in the structure. An-
other very significant fact is that in the proposed approach there
is no need to build an FE model of the real structure. It is suffi-
cient to obtain a structural response signal and analyze it in the
proposed way.

Paper [2] co-authored by M. Łasecka-Plura, Z. Pawlak, and
M. Żak-Sawiak presents an analysis concerning arch structures
that were modeled using curved finite elements. The main as-
pect here is the finite element modeling of flexible structural
joints. The method proposed by the authors makes it possible
to take into account not only the influence of shear and axial
forces but also the influence of the rotational flexibility of joints.
Calculations of the considered arch structures proved that there
are certain positions of the elastic joints for which static or dy-
namic results are almost constant, regardless of the value of the
rotational stiffness coefficient of a joint.

Paper [3] by J. Szafran, A. Matusiak, K. Rzeszut, and
I. Jankowiak is a report from the experimental activities of the
researchers from two independent universities: the Lodz Uni-
versity of Technology and Poznan University of Technology.
Results taken during the tests are part of the scientific project
called “Polyurea coatings as a possible structural reinforcement
system”, which explores possible applications of polyurea coat-
ings for improving structural performance (including steel, con-
crete, wooden, and other structures used in the construction in-
dustry). The paper focuses on evaluating the performance of
bent reinforced concrete (RC) beams covered with a polyurea
coating system. The results cover the bending strength, perfor-
mance, and cracking patterns of the coated RC beams. In addi-
tion, a theoretical model was developed to predict the impact of
the polyurea coating on the bending strength of the RC beams.

On this basis, the effect of the coating on the bending strength
and the performance of the coated beams at the ultimate limit
state (ULS) was examined and analyzed. The results showed
that the use of the polyurea coating has a positive impact on the
cracking state of the RC beams subject to bending with a little
effect on their bending strength.

Paper [4] co-authored by A. Padewska-Jurczak, P. Szczepa-
niak, and R. Walentyński deals with an extremely important as-
pect of civil engineering, i.e. estimation of the wind load on two
lightweight cylinders angled to the direction of the wind. The
purpose of the analyses was to determine aerodynamic force
coefficients for the airflow around two smooth or rough cylin-
ders positioned at different angles with respect to the direction
of wind velocity. Such systems, for instance, may become a part
of a tubular water slide. The determined aerodynamic forces of
the cylinder systems were compared using two independent re-
search methods: experimental tests carried out in a wind tunnel
and computational fluid dynamics simulations. As one of the
conclusions, the authors declared that the flow around a pair of
smooth cylinders is quite different from that for the rough ones,
because during the experiment the first one falls into the critical
flow regime, while the second one has supercritical characteris-
tics.

Paper [5] by J. Bęc, E. Błazik-Borowa, and J. Szer studies
dynamic aspects of scaffolding structures. Without any doubt,
we can consider these special structures as lightweight ones.
Moreover, one of the characteristics of scaffolds is that they
are used many times during their lifetime. A scaffolding struc-
ture of medium size is analyzed in this paper. The structure
FEM model was loaded with a single harmonic excitation force
with various frequencies ranging from 1 Hz to 12 Hz and ap-
plied at several selected points on the scaffolding façade. The
biggest amplitudes of vibrations displacements occurred in the
horizontal direction perpendicular to the façade when the sinu-
soidal force in the same direction was applied. However, these
vibrations are limited to the same deck level as the point where
the excitation force was applied. The most propagated vibra-
tions are the ones produced with the horizontal force along the
façade, and the component of displacements in the same direc-
tion is also visible at large areas of the scaffolding façade.

Probabilistic estimation of the impact of diverse soil con-
ditions on tank deformation is the main subject of paper [6]
prepared by J. Górski and K. Żyliński. The authors performed
probabilistic calculations of a vertical-axis, floating-roof cylin-
drical shell of a tank with a capacity of 50 000 m3 placed on
stratified soil with heterogeneous material parameters. The im-
pact of a random subsoil description was estimated using the
point estimation method. The conducted tests show that the
structure exhibits slight deformation due to subsoil stiffness
degradation. However, the impact of the non-uniform tank set-
tlements on the locking of the guides of a floating roof or failure
of the tank equipment can only be fully assessed after a com-
prehensive analysis of the tank shell deformation.

Paper [7] by M. Solovei, P. Obara, and J. Tomasik presents
tensegrity structures. The main goal of the paper is to prove
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that only tensegrity domes with mechanisms are sensitive to the
change of the level of initial prestress. Two tensegrity domes
(Geiger and Levy dome) were considered. In addition, a stan-
dard single-layer dome was taken into account for comparison.
The analysis was carried out in two stages. The analysis demon-
strates that for a dome with mechanisms, the adjustment of pre-
stressing forces influences the static properties. It was found
that the stiffness depends not only on the geometry and prop-
erties of the material but also on the initial pre-stress level and
the external load. When there are no mechanisms, structures are
insensitive to the initial prestress level. As the main conclusion,
the authors underline that tensegrities offer many advantages
and are a better alternative to domes without mechanisms that
can only be used as avant-garde architectural designs.
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