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 The magazine idea was born about 6 years ago but then we had no courage to
implement it. The topics covered are mainly related to technology in a broad sense,
especially since many of our students' diploma theses win national competitions,
which is very satisfying. An example here is the engineering diploma thesis
concerning a test rig for testing belt transmission slip, the authors of which are inż.
Ryszard Kucznier and inż. Michał Zabłocki (supervisor: dr inż. Jarosław Mikołajczyk).
This thesis received a gold medal and the Belgian Polonia Award at the 17th
International Invention and Innovation Show INTARG in Katowice organized between
21-23 May 2024. During the same INTARG Show, the second diploma thesis
concerning a lab station for galvanic coating, the authors of which are inż. Mariusz
Pigulewski and inż. Tomasz Flakiewicz, won a silver medal (supervisor: dr Małgorzata
Kastelik). Following this success, dr inż. Piotr Stanowski joked that all we needed to
complete the set were platinum and diamond. The enormous amount of work put
into preparing the entire team to go and participate in the above-mentioned INTARG
Show was done by dr Marta Chudzicka-Adamczak, Head of the Department of
Mechanical Engineering at Stanisław Staszic Academy of Applied Sciences in Piła, to
whom we extend our sincere words of thanks.    
 We have agreed that the journal will be published only in electronic form once a
year. The deadline for submitting papers is the end of September each year. The
magazine will be posted and made available at our university platform. This issue is
the second edition of this journal. 
 I would like to encourage all students, including Erasmus Programme students and
those organized within Student Research Groups, to submit articles. 

Foreword

D R  I N Ż .  J A R O S Ł A W  M I K O Ł A J C Z Y K

This year, just like in 2023, the University Journal "MEBUTRA" is dedicated generally to students
and graduates of the Departments of Mechanical Engineering, Transport, Civil and Electrical
Engineering of Stanisław Staszic Academy of Applied Sciences in Piła. The name of the journal is
an abbreviation taken from the first letters of the above-mentioned departments, i.e.
MEchanics, Electrical Engineering, BUilding, and TRAnsport. 
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1. Introduction

 Road transport is the backbone of cargo transportation. According to data from the
Central Statistical Office, only in 2023 it accounted for 87.3%, leaving far behind rail
transport -  10.3% and pipeline transport -  2%. 
 As of 31 December 2023, according to the Central Register of Vehicles, the total
number of motor vehicles and truck tractors was 35.9 mill ion, and in 2022 - 34.9
mill ion. Trucks account for 3.8 mill ion, including passenger-truck vehicles, while the
number of tractor units is 567.8 thousand. All  data are higher compared to 2022, e.g.
the number of trucks – an increase of 2.5% and tractor units – 5.7%. 

How do these numbers relate to cargo transportation? 
 In 2023, 1,942.8 mill ion tons of cargo were transported. In 2023, Poland ranked first
among the 27 European Union countries in terms of the volume of cargo transported
by road, which, expressed in tonne-kilometres, accounted for 20.3% of total transport
in the European Union countries.
 Trucks deliver goods to points located in various regions of Poland. They are
accessible via national,  provincial,  district and municipal roads.
 In 2023 national roads in Poland constituted 4.5% of the road network which
amounted to 19.5 thousand km. The condition of roads managed by the General
Directorate for National Roads and Motorways at the end of 2023 was – for 58.8% –
good, for 25.1% unsatisfactory, and for 15% – was defined as poor technical condition
of the surface.
 It  should be remembered that trucks, while going on their route, also pass through
road engineering structures - such as bridges and viaducts - and they also pose a risk
to them if they are overloaded.
In 2023, the share of trucks with a load capacity not exceeding 1.5 t amounted to
80.3%, but the largest increase (by 8.4%) compared to 2022 was recorded in the group
of  vehicles with a load capacity of 20 tons and more, also 5.1% more truck semi-
trailers and 2.6% more truck trailers were registered.
 The Polish legislator in the Journal of Laws of 19 August 2024, item 1251 – in Art.  61.
1. specified that the load may not cause the permissible total weight or permissible
load capacity of the vehicle to be exceeded. The permissible total weights of vehicles
and permissible load capacities can be found in the Regulation of the Minister of
Infrastructure of 31 December 2002 on the technical conditions of vehicles and the
scope of their necessary equipment in §3.
 



Taking the above into account, the permissible values ​​of vehicle dimensions and
weights in Poland are presented in Table 1.

Table 1. Permissible dimensions and weights of vehicles in Poland [2]

*         with a container body 2.6m;
**       depending on the road category;
***     GVW- gross vehicle weight (permissible gross weight)

How to calculate the load capacity of a given means of transport?

This is the difference between the permissible own weight of the unit/vehicle (curb
weight) and the permissible gross vehicle weight. In other words, the gross vehicle
weight -  GVW - results from the vehicle's construction (this is the means of transport
without cargo) and the load capacity (this is the maximum weight of cargo that the
vehicle can transport).

           One should remember that in the Road Traffic Act,  the GVW is the total weight
of a vehicle or unit,  which, in addition to the weight of the load, also includes the
weight of the vehicle equipment, the weight of the drivers and fuel [1, 2-3].

2.   So how do you check the weight of a truck/ unit? 

Taking into account the common good – the safety of the driver and other road users,
the wear and tear of the fixed asset – such as the unit,  and the wear and tear of the
road surface – the company from Piła met everyone's needs by producing the EB+
system.

A) EB+ System

The EB+ System (Electronic Braking System) is an advanced braking system used in
trucks and trailers. Its main task is to electro-pneumatically control the trailer brakes,
which provides better control over braking, thus increasing road safety. The system
also allows of electronic load detection [4, 5].

In the trailer installed are 2 or 4 sensors and 2 or 4 modulators. Depending on the
model,  they have different functions but probably the most convenient is ISO 7638
because it controls the trailer warning device on the driver's console.
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Thanks to this solution, the driver can read his current weight, which is 20t (which
means that the unit has no load on it) :

Fig. 2.  Vehicle weight measurement record preview

B)  „Meteor” scale
This is a portable truck scale for weighing vehicles in motion.

 Fig. 3.  View of the "METEOR" type road scale used by the Road Transport Inspection 
This is an advanced device that allows to accurately measure axle loads and sum the
total weight of vehicles. 

 The “METEOR” scale set (Fig. 1) includes two measuring platforms, connecting cables,
a weighing terminal in a transport case with a built- in printer and an RS 323
communication port,  and a USB port with a pen-drive for saving data.
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Fig. 4.  Construction of the "METEOR" axle scale

1 – measuring platform (2 pieces);  2 – connecting cables (2 pieces);  3 – weighing
terminal in a transport case with a built- in printer and RS 323 communication port

The weighing platform itself (Fig. 6) is composed of,  inter alia,  mini ramps, transport
wheels, positioning markings, a built- in spirit  level and handles.

Fig. 5. Construction of the measuring platform 1 – mini ramps; 2 – transport wheel;  3 –
positioning markings; 4 – level eye; 5 – handle 

The correct wheel positioning on the measuring platform is shown in Fig. 3. The
platform spacing can be freely adjusted taking care of the connecting cables. This
ensures also the possibil ity of smaller vehicles.
 Fig. 6. Correct wheel positioning on the measuring platform

Meteor enables weighing of vehicles moving at a speed of 5 km/h. It  is most often
used by the Road Transport Inspection services.
The measurement provides information on the gross vehicle weight. It  includes,
among other things, the following data:
• user name (in this case, the Chief Road Transport Inspectorate);
• measurement date;
• measurement time;
• consecutive weighing number;
• weight of the load on individual vehicle axles, e.g. axle 1, axle 2, etc.;
• sum of individual weights on each vehicle axle;
• speed of the vehicle passing through the scale;
• data of the measuring device;
• expiry date of the measuring device legalization.• user name (in this case, the Chief
Road Transport Inspectorate);
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• measurement date;
• measurement time;
• consecutive weighing number;
• weight of the load on individual vehicle axles, e.g. axle 1, axle 2, etc.;
• sum of individual weight loads on each vehicle axle;
• speed of the vehicle passing through the scale;
• data of the measuring device;
• expiry date of the measuring device legalization.

Fig. 7. vExample printout of a BUS vehicle weight measurement 
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3. Summary

 Scales used both in trucks and on the road are a very good solution that promotes
road safety. The awareness of shippers, also freight forwarders (who take several
orders for one truck and do not pay attention to kg) and other people responsible for
transporting loads should be growing. Of course, we could expand on the subject by
writing about rates, whether then the journey of a truck would be profitable, but this
is not the main topic.
 The main issue is human life, it  has the highest value and truck scales play a key role
in ensuring road safety because, among other things:
a)     prevent overloads – overloaded vehicles can cause damage to road infrastructure
– surface, bridges, etc. ,  which in turn can pose a threat to other road users 
b)     ensure vehicle safety – overloading a loaded means of transport may affect
vehicle stabil ity,  extend braking distances and increase the risk of accidents 
c)     have impact on environmental protection – overloaded vehicles consume more
fuel and emit more pollutants, which of course has a negative impact on the
environment. 
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Abstract:   Every year a significant number of people die on the roads. This value is
decreasing from year to year, but it  is sti l l  high. To this end, all  measures should be
taken to reduce this value.
The purpose of the article is to forecast the number of road accidents in Poland
depending on weather conditions. For this purpose, annual data on the number of
road accidents in Poland according to the prevail ing weather conditions were
analyzed. Based on the data from the Police Department, a forecast was made for
2022-2040 depending on the occurrence of the criterion under study. Selected neural
network models were used for the forecast. The results of the study indicate that we
can sti l l  expect a decrease in the number of traffic accidents, and later its
stabil ization. 

Keywords:  traffic accident, pandemic, forecasting, neural networks, weather
conditions

1. Literature review

 A large number of people die in traffic accidents every year. According to WHO, about
1.3 mill ion people die each year as a result of traffic accidents. Road accidents are the
leading cause of death for minors and young people between the ages of 5 and 29
(WHO, 2018). The UN General Assembly has set a goal to halve the number of deaths
and injuries on the roads by 2030.
 We can obtain data on road accidents from a variety of sources. These include data
collected by government bodies with the help of relevant government agencies. Data
collection is done through police reports, insurance databases or hospital records.
Partial information on traffic accidents is then processed for the transportation sector
on a larger scale (Gorzelańczyk et al. ,  2020).
 In the l iterature, one can find various methods used to forecast the number of
accidents. Among the most popular of these are time series methods (Helgason, 2016;
Lavrenz, 2018) which have the disadvantages of not allowing to assess the quality of
the forecast based on outdated forecasts and frequent autocorrelation of the residual
component (Forecasting, 2022). In contrast,  Procházka et al.  (2017) used the multiple
seasonality model for forecasting, and Sunny et al.  (2018) used the Holt-Winters
exponential smoothing method. The disadvantage of this method is that exogenous
variables cannot be introduced into the model (Dudek, 2013; Szmuksta-Zawadzka and
Zawadzki,  2009).
 We can also use vector autoregressive models for forecasting, however, their
disadvantage is that they need a large number of observations of variables in order to
correctly estimate their parameters (Wojcik, 2014),  which is not always achievable, as
well  as autoregressive models (Monederoa et al. ,  2021) and regression models with
curve fitt ing (2018). These, in turn, require only simple l inear relationships (Mamczur,
2022) and autoregressive order (assuming the series is already stationary) (Pilatowska,
2012).
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 Chudy-Laskowska and Pisula in their work (2015) used the ANOVA method to forecast
the issue at hand. The disadvantage of this method is the adoption of additional
assumptions, the violation of which can lead to erroneous conclusions (Traffic Safety,
2022). Neural network models are also used to forecast the number of traffic
accidents. The disadvantage of this method is having a working knowledge of the
subject (Chudy-Laskowska and Pisula, 2017; Sparrow, 2017). In addition, the prediction
result depends on the adoption of the initial conditions of the network, as well  as the
impossibil ity of interpretation in the traditional way, since SNF is usually referred to
as a black box in which input is given and the model gives the results without
knowledge of the analysis. (StatSoft Data Mining Techniques; 2022). The latter is
addressed in the article.

2. Materials and methods

 There are many road accidents every year. In recent years, the pandemic has reduced
the number of road accidents which has significantly affected the forecast value
obtained. Despite the pandemic, the number of road accidents is sti l l  high. Therefore,
all  measures should be taken to reduce the number of road accidents depending on
the prevail ing weather conditions. In addition,  we should determine in what weather
conditions the highest number of accidents occur (chart 1).  The highest number of
road accidents occur in good weather conditions.

Figure 1 :  Number of road accidents in Poland according to weather conditions from
2001 to 2021

 
Selected neural network models have been used to predict the number of road
accidents in Poland depending on weather conditions. The advantage of this method is
that it  mimics the behavior of the human brain. A neural network consists of nodes
that have inputs, weights, variances and outputs. During the study, the optimal
weights were adjusted by Statistica software. The prediction result of the neural
network method depends on the choice of the model and its parameters.

T R A N S P O R T



 The following forecast errors, determined from equations (1-5),  were used to
calculate measures of forecast excellence:

                                                                                                                             

where:
n - length of the forecast horizon,
Y - observed value of traffic accidents,
Yp - the forecast value of traffic accidents.

 Forecasting the number of traffic accidents depending on weather conditions was
done using neural network models for which the average percentage error and
average absolute percentage error were the smallest.

3. Results

 A statistical test was carried out to compare the fluctuation of the number of traffic
accidents depending on weather conditions during the analyzed period. The value of
the statistic for the analyzed non-parametric Kruskall-Wall is test is 134.55, with a test
probabil ity of p =0.0000. Therefore, it  is reasonable to reject the hypothesis of
equality of the average level of traffic accidents depending on weather conditions
during the analyzed period (Figure 2).  
 Based on the analysis of the data it  can be concluded that the highest number of
traffic accidents occurs during good weather conditions, and the lowest during strong
winds (Police Statistics, 2022).
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Figure 2.  Average number of road accidents by weather conditions from 2001 to 2021

 Polish Police data from 2001-2021 (Police Statistics, 2022) was used to predict the
number of road accidents in Poland depending on weather conditions. The study was
conducted using Statistica software, assuming two random sample sizes: 
1.teaching 70%, testing 15% and validation 15%.
2.teaching 80%, testing 10% and validation 10%,
with the following number of teaching networks: 20,40,60,80,100,200, for which the
MPE error value was minimal (Tables 1,2).

Table 1  Summary of neural network learning for the case of random sample sizes
teaching 70%, testing 15% and validation 15%.
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Table 2. Summary of neural network learning for the case of random sample sizes
teaching 80%, testing 10% and validation 10%.

 

Based on the results presented one can conclude that the number of road accidents in
Poland, regardless of weather conditions, wil l  decrease from year to year. The results
obtained depend on the selection of a random sample size. Increasing the percentage
of the learning group relative to the test and validation group maximizes the average
percentage error. For a learning group of 70%, a test group of 15% and a validation
group of 15% in proportions (70-15-15),  the error was 2.28%, while for the second
sample (80-10-10) the error was 4.67%. 
 Based on the obtained data on the projected number of traffic accidents depending
on weather conditions, it  can be concluded that a reduction in the number of traffic
accidents can sti l l  be expected in the coming years, followed by stabil ization. It  should
be added that the results obtained were affected by the pandemic.
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Fig. 3. Forecasting number of traffic accidents for 2022-2040 for the 70-15-15 test group



Fig. 4.  Forecasting number of traffic accidents for 2022-2040 for the 80-10-10 test
group

Based on the results presented one can conclude that the number of road accidents in
Poland, regardless of weather conditions, wil l  decrease from year to year. The results
obtained depend on the selection of a random sample size. Increasing the percentage
of the learning group relative to the test and validation group maximizes the average
percentage error. For a learning group of 70%, a test group of 15% and a validation
group of 15% in proportions (70-15-15),  the error was 2.28%, while for the second
sample (80-10-10) the error was 4.67%. 
 Based on the obtained data on the projected number of traffic accidents depending
on weather conditions, it  can be concluded that a reduction in the number of traffic
accidents can sti l l  be expected in the coming years, followed by stabil ization. It  should
be added that the results obtained were affected by the pandemic.

4. Conclusions

 Neural networks were used to predict the number of accidents in Poland depending
on weather conditions, and the study was conducted in the Statistica environment.
The weights used in the study were estimated by the program in such a way as to
minimize the mean absolute error and mean absolute percentage error.
 Based on the data obtained, it  can be concluded that the pandemic has caused a
reduction in traffic accidents, and we can expect a further decrease in traffic accidents
in the coming years, and stabil ization thereafter. However, further pandemic may
change the value of the obtained results. The calculated forecast errors prove the
accuracy of the models used.

 Based on the obtained forecasts, measures should be taken to further minimize the
number of traffic accidents. Such measures may include the introduction of higher
fines for traffic offenses on Polish roads from January 1, 2022. The pandemic, which
drastically changed the number of road accidents, certainly had an impact on the
disruption of the obtained research results. 
 In further studies, the authors plan to take into account more factors affecting
accident levels and use various statistical methods to determine the number of traffic
accidents. These may include traffic volume, weather conditions or the age of the
accident perpetrator, as well  as exponential methods for determining the number of
traffic accidents.
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Abstract:  This article presents an electric skateboard, built  in-house, using
components available on the market. Because the project was innovative in its nature,
it  was necessary to appropriately f it  individual subassemblies into one unit.  This was
achieved using elements printed on a 3D printer. The constructed device was tested
on an asphalt road at various riding speeds and with various loads. This skateboard
design has an electric motor driving the rear right wheel.

Key words: skateboarding, jam, hanger, heelie, jump-ramp, miniramp, McFish,
Madonna, sadplant, Puck, AES, bank, baseplate, PLA

1. Introduction

 There are many sources where we can find information about the history of a
skateboard and its origins. First constructions of a skateboard were made by hand.
However, because its popularity has been increasing, industry began to take up its
production. Currently,  there are many manufacturers on the market offering this type
of devices and also additional equipment, such as helmets, knee pads, elbow pads and
even footwear. New skateboard solutions are constantly being developed, including
electric skateboards. Safety requirements and test methods for skateboards are
covered by, inter alia,  the standard PN-EN 13613 "Roller sports equipment – ​​
Skateboards – Safety requirements and tests methods." The skateboard appears to
have originated as a combination of a surfboard and roller skates. And a surfboard
probably originated from a small ,  slender, single-sail  boat. Roller skates, on the other
hand, are derived from ice skates, and ice skates are derived from runners (sleighs
with runners).  There is a large time gap between the above-mentioned structures,
even several centuries. Currently,  commercially produced skateboards are dynamically
tested on devices that allow them to reach speeds of up to 18 km/h, ride up curbs
three times without any signs of cracking or loosening of mechanisms, and their
design allows for, among other things:

replacement of wheels;
 lubrication of bearings; 
steering adjustments.

 Speed ​​tests of classic skateboards are carried out depending on the skateboard class
(Class A and Class B) for 6 minutes or 3 minutes without a break at a nominal speed of
20 km/h ± 0.5 km/h. For this type of test,  there should be no seizing of wheel bearings
for a mass of 50 kg (for Class A) or 40 kg (for Class B)

mailto:niemczewski.filip00@gmail.com
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  The corners and edges of commercially manufactured skateboards should be
rounded and should not have any burrs or sharp or protruding edges. The ends of the
board should be rounded with a radius R of at least 10 mm (Fig. 1).  The main
components of the skateboard are shown in Fig. 2. As you can see on the streets and
squares, skateboards operate in difficult,  mainly dynamic conditions.

Fig. 2 .  The main components of a skateboard
1 – deck; 2 – rubber band; 3 – truck washer; 4 – adjustment screw; 5 – axle; 6 – wheel;
7 – truck
 The process of skateboard construction design has not ended and is sti l l  evolving [1,
2, 4].  In view of significant advances in electronics, now there are electric skateboards
available on the market. The remote control that controls the speed of the ride is
usually held by the skateboard user. The batteries and drive (front-wheel or both front
and rear wheels) are most often mounted under the board. Then, the mass of the
structure increases. Unfortunately, jumping onto curbs is diff icult for these structures
[4, 8, 9].
A skateboard is essentially composed of the following parts (Fig. 6):

deck;
wheels;
trucks (axles);
rails (plastic strips);
tailbone (also known as brake);
riserpads (pads) or cell  blocks;
griptape (l ining)

 The deck consists of several,  e.g. seven, layers of laminated wood. Most boards for
riding on ramps have a concave or sl ightly hollowed shape for your feet to rest f irmly
on them. The back of the deck, or this part which is behind the rear truck, is raised.
Later, the front of the deck, the so-called nose, was also bent upwards, which made it
much easier to perform some tricks.
 Wheels are made from different materials,  such as urethane, and have different
hardnesses measured in durometers (referred to by the letter "A").  The higher the A
value, the harder the wheels are. Typical street wheels have a hardness of 92A. The
most commonly used wheels have a hardness of 85A to 97A. Wheels with a hardness
of 90A÷92A are used for riding on asphalt.  Wheels with a hardness of 92A÷95A are
used for smoother surfaces and on ramps. Wheels with a hardness of 97A are used
primarily in pools and for freestyle skating. For street skating, people choose the
wheels hardness at their own discretion. Among the most commonly used are wheels
with a hardness of 92A÷95A. But many people prefer hard wheels (97A) to make slides
easier.
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There are two ball  bearings in the wheel and a spacer sleeve between them that
separates the ball  bearings when the nut is t ightened onto the axle core. The bearings
used must be sealed on both sides to prevent dust,  sand or other contaminants from
getting inside.
Trucks (axles, or board suspension) are usually made of aluminum. Some trucks (Fig.7)
have plastic pads that help reduce pressure on the deck.  By moving the nut (so-called
"kingpin") upwards one can adjust the skateboard's maneuverabil ity.  The
maneuverabil ity of a skateboard also depends on the hardness of the rubber bands
used. Rubbers of different hardness are used, ranging from soft for slalom skating to
hard for freestyle skating.
 A hard plastic casing (coper) is often placed underside the axle to protect the entire
truck, but also to make it easier to perform certain tricks (e.g. grind).
 Rails are plastic strips attached along the length of the deck using wood screws or
some type of T-shaped wooden screws. Such strips allow for a better grip of the board
while jumping and at the same time protect the lower part of the deck.

 
 

Fig. 6.  Bottom view of a typical skateboard [8, 13]
1 – rear wheels; 2 – deck; 3 – stiffener/reinforcement; 4 – front wheels; 5 – front truck
mount

 A tailbone, or the so-called brake, is screwed on using wood screws or special T-
shaped screws.
  The brake protects the tail ,  or back, of the deck.
               Riserpads, or cellblocks as they are sometimes called, are plastic plates
about 5 mm thick placed between the truck and deck. If  they are missing, there is a
risk of wheelbite when taking a sharp turn. One should use approximately 5÷10 mm
thick pads These pads are usually made of hard plastic.



Fig. 7. Truck components [8, 13]
 1 – coper; 2 – kingpin (nut);  3 – washer; 4 – rubber bands; 5 – nut; 6 – axle; 7 – pivot
bushing; 8 – kingpin; 9 – baseplate

Wedge pads or rad pads are wedge-shaped pads which are used in order to give the
board better maneuverabil ity when turning.
               Griptape is a sandpaper-l ike l ining that is stuck to the top of the deck to give
the feet a better grip on the board.
               Decks used for different skateboarding disciplines have different shapes.
Ramp boards are concave and wide. Freestyle boards are narrower and have hard
trucks. A slalom board is often pliable and has soft rubbers to make the trucks as
flexible as possible.

2. Construction of an electring longboard

               There are many models of electric longboards available on the market which
are a fast transport alternative, especially in the cities. But there are also users who
choose this type of transport to move between the cities as now the distance range of
this type of structures currently produced may exceed 20 km. Of course, skateboards
are most often used for sports purposes.
To build this structure, a brushless motor of 1820W with dimensions of
80.52x49.52x8mm was used as a drive unit and it was mounted from the underside of
the deck (Fig. 8).  Brushless motors are characterized by relatively small dimensions
compared to their power. They allow for precise control of speed and torque and are
quieter during operation than brushed motors.

Fig. 8. View of brushless motor 1820 W, dimensions 80.52x49.52x8 mm
1 – motor shaft;  2 – rear part of the motor housing; 3 – three-phase cables; 4 – cables
for connecting the Hall  sensor 
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Due to high power of the engine, it  was decided to build one battery consisting of
twenty individual Sony l ithium-ion cells with a capacity of 3100 mAh and nominal
voltage of 3.6V. They were connected in parallel cells to increase capacity without
changing voltage. A single cell  consists of four cells (Fig.9) connected together by a 0.1
mm thick and 7 mm wide nickel-plated tape (Fig.10).  All  cells were placed in a housing
printed on a 3D printer. The nickel-plated tape was connected to the batteries using a
spot welder (Fig. 11, Fig. 12).
               All  details -  such as covers, housings, handles, belt pulleys - were designed
on our own and printed on an Anycubic Typer 3D printer (Fig. 13).

Fig. 9.  View of a single battery cell  
1 – cables connecting the cells;  2 – upper part of the housing printed on a 3D printer;
3 – single 18650 cell ;  4 – lower part of the housing printed on a 3D printer

               An element which is responsible for controll ing the electric longboard is the
transmitter with the FlySky GT3C + GR3E receiver. This device is designed for remote
control of RC models. The transmitter has a large LCD display which allows to change
settings quickly and efficiently. The transmitter is powered by a battery with capacity
of 800 mAh and voltage of 3.7V (Fig. 14).
               To control the speed of the electric longboard, a Redox 80 A EVO type
controller was used.
               The body of the longboard is a commercial deck manufactured by Master
Sports Equipment, with dimensions of 1040x240 mm. It consists of eight layers of
maple wood, which allows for a load capacity of 180 kg (Fig. 16).  The elements
responsible for stabil ity,  control and proper driving are aluminum seven-inch axles,
so-called trucks, from the same manufacturer.

Fig. 10.  Places of l inking the batteries
1 – the negative of the 18650 cell ;  2 – battery cell  housing; 3 – place where the wire is
welded to the battery; 4 – the positive of the 18650 cell ;  5 – protective wrapping of the
18650 cell
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Fig. 11.  View of the spot welder 
1 – spot welder; 2 – soldering pen negative; 3 – soldering pen positive

Fig. 12.  View of the spot welder menu
1 – spot welder display; 2 – control buttons

Fig. 13.  View of the Anycubic Vyper 3D printer
1 – housing with Z axis screw; 2 – material feeding mechanism; 3 – platform with
dimensions 245x245mm; 4 – extruder head; 5 – printed element (active pulley);  6 –
touch control panel
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Fig. 14.  View of FlySky GT 3C transmitter
1 – power button; 2 – potentiometer with a trigger for accelerating or braking the
riding speed; 3 – transmitter handle; 4 – transmitter battery

 All  drive components (driving gear, passive gear, additional adapter for the
skateboard driving gear, battery housing, speed controller box housing) were designed
in the Fisiom 360 software and printed using an Anycubic Vyper 3D printer (Fig. 15).

Fig. 15.  View of the speed controller box and remote control module

Fig. 16. View of MASTER 41 longboard 
1 – longboard wheels; 2 – longboard deck
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 The drive wheel is connected to the electric motor by means of an Optibelt
transmission belt with catalogue number CT 2604736001, and number of teeth z=75,
belt thickness g=12mm, belt length l=225mm.
 The final assembly began by placing the battery embedded in the box, and speed
controllers and remote control module box next to the truck with the electric motor so
that the distance between them allowed for their free connection without tensioning
the electrical cables. The battery box was screwed to the bottom part of the deck. The
speed controller box (housing),  drive (rear) truck and front (passive) truck were
mounted in a similar manner (Fig. 17, Fig. 20).

Fig. 17.  Transfer of the electric longboard drive from the motor onto the active wheel

1 – rear truck axle; 2 – Optibelt transmission belt with catalog number CT 2604736001;
3 – passive pulley; 4 – longboard wheel (rear right);  5 – wheel mounting adapter; 6 –
motor mounting element; 7 – active pulley mounted on the electric motor shaft;  8 –
brushless electric motor

 Unfortunately, this design solution resulted in that the rear wheel diameters were
bigger than those of the front ones. Indeed, they had to be greater because the
battery box had to be put under the deck. Subsequently,  however, the front wheels
were replaced with the same diameter as the rear wheels. This ensures that the
surface of the deck is parallel to the ground.
 Figures 18 and 19 show the active and passive gears. The gear ratio of the belt
transmission is i=2.095. The driving wheel is mounted on the motor shaft,  and the
idler wheel is attached with six screws to the rear right road wheel of the skateboard.
Unfortunately, this results in the skateboard having a single-wheel drive only. If  we
transport some load in a straight l ine, then the skateboard deviates from its straight
course. However, if  it  is moved by a competitor or user, then because it is possible to
use body balance, he or she can correct the direction of riding. Of course, a much
better solution here would be to use the drive on both wheels. For this type of
construction, possible are four types of drive:
·one-wheel drive (rear right, rear left,  front right, front left) ;
·two-wheel drive (both rear, both front, or diagonally – rear right + front left and rear
left + front right, and one-sided: front right + rear right; front left + rear left) ;
·three-wheel drive;
·al l-wheel drive.
As in cars, al l-wheel drive results in higher energy consumption, but the driving
dynamics improve.
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Fig. 18. Driving gear mounted on the motor shaft.  Number of teeth z=21. Material:  PLA

  The electronic system that charges the batteries and protects them against excessive
discharge is the HXYP-C47-MA18-4S charging controller. This is a module designed for
four l ithium-ion cells.

Fig. 19. Idler gear attached to the rear right wheel of a skateboard. Number of teeth
z=44. Material:  PLA

 It is easy to see that the surface of the mounted battery box (Fig.20) relative to the
surface of the deck is about one third, maybe one fourth. This makes it  possible to
install  a much larger battery and possibly an additional motor to drive the second rear
wheel.
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Fig. 20. View of the assembled electric longboard of own design
1 – battery; 2 – speed controller with remote control module; 3 – rear truck with
electric motor and drive wheel.

Fig. 21  shows the bracket for mounting the electric motor to the truck arm. This
bracket was damaged during heavy braking tests. Then, PLA material was used, and
the element itself was made using 3D printer. Eventually,  the same piece was made
from steel,  which solved the problem.

Fig. 21.  Motor mounting bracket for truck arm. Material:  PLA

 Increasing the total battery capacity and install ing an additional motor would allow
for an increase in the electric skateboard's range and speed. Theoretically,  without
load this vehicle could reach a speed of about 100 km/h. Of course, at a much lower
speed it would be very dangerous to ride it.  This design has neither a software speed
limit nor a centrifugal clutch that would disconnect the drive when the set speed l imit
is exceeded.
 This type of construction can be used for forward, reverse or slalom riding. Jumping
onto ramps, going down stairs and similar obstacles would result in the destruction of
the device. For this type of riding it  would be necessary to protect the drive and
control system against all  types of impact and vibrations.
Construction plastic material:  PLA manufactured by Devil  Design. PLA – polylactide,
fully biodegradable, thermoplastic aliphatic polyester, made from renewable raw
materials (e.g. corn flour, sugar beets),  which is why it is relatively cheap. It  is most
often used in the plastics processing as transparent. It  has good organoleptic
properties and is suitable for contact with food. It  has good rheological properties. 
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 It  is often combined with multiple additives to better optimize its characteristics for
special applications. The melting point of PLA ranges from 150°C to 180°C (depending
on the additives used and the degree of crystall inity of the polymer).  PLA can be found
in semi-crystall ine and amorphous varieties. Amorphous PLA has better processabil ity
but worse mechanical properties compared to crystall ine PLA. When using this
material,  there is considerable complexity in setting the optimal parameters for 3D
printing. The most important variable is the relative humidity of the fi lament - this
material is hygroscopic. PLA stored in a low-humidity atmosphere can withstand
higher tensile forces. The melting point of the polymer causes water particles to boil ,
water turns into gas bubbles, and this leads to the material 's porosity and tendency to
crack. The mechanical properties of parts printed using PLA are strongly correlated
with the thickness of the printed layer. The use of ultrasonic vibration improves the
surface finish of PLA printing. Printing of reinforced PLA, e.g. using fibers,
nanomaterials,  f i l lers, graphene, etc. ,  makes it  possible to increase the strength of 3D
parts. PLA is also characterized by low processing shrinkage, so it  does not require
heating the base of the 3D printer table. The disadvantages of PLA include a low
softening temperature (45°C) [11].
 In terms of strength, a better solution would be to have gears (active and passive)
made of steel.  However, considering this device as a prototype, it  was decided to use
3D printing.
               Mounting element 6 of the electric motor (Fig. 17) which fixes the motor to
the deck was also made on a 3D printer from PLA material.  During tests, it  was
destroyed already after the seventh braking, with a user weighing approximately 100
kg. Finally,  it  was decided to make an identical element from steel using a laser cutter.
               One drawback of this design is the lack of a toothed belt drive tensioner. As
the belt lengthens or wears out, when there is greater slack in the structure, etc. ,
power may not be transferred properly to the wheel.
               An interesting solution in this type of vehicle would be to use automatically
activated direction indicators. The body weight balances, the direction of riding
changes, the turn signals activate. Of course, the indicators would be mounted on the
side edge of the deck. We have not yet encountered such a design solution on the
market.
               This design lacks a tachometer and speedometer. It  would then be necessary
to mount, for example, an encoder on one of the wheels. During the tests, the riding
speed was determined as the quotient of the distance travelled to the riding time. It  is
also possible to determine the speed of the skateboard using a smartphone.

4. Summary

The designed and built electric skateboard allows for a maximum driving speed of 27
km/h on asphalt,  with a user weight of 100 kg. The legally permitted maximum riding
speed for this type of construction is 22 km/h (in some countries 25 km/h). The
emergency braking distance at a speed of 20 km/h, for the same person operating the
skateboard, was 6.2 metres on asphalt.  Unfortunately, the drive of this skateboard is
transferred to one wheel only – onto the rear right wheel of the skateboard. A better
solution would be to use drive on both rear wheels of the skateboard [2, 3].  The use of
front wheels drive is a bit cumbersome due to their steering functions. In addition,
this design uses larger diameter skateboard wheels than standard ones due to the fact
that the deck is raised in order to put the battery housing underneath. Such a solution
was simply a necessity. Any jumps on the ramp or over obstacles with this type of
skateboard would be difficult and might be harmful to its structure because of
electronic systems.
 The steering of this type of vehicle, l ike other skateboards, is done by means of the
rider's mass balance. Of course, it  is possible to achieve much higher riding speeds
but the safety of riding is then decreased, unless the skateboard is not operated by a
human but by a machine or by itself with a load. Steering is then difficult because the
load does not perform the mass balance. Then, the rides would be performed in a
straight l ine.
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  To sum up, for sports purposes, the electric skateboard is currently inferior to the
classic skateboard in terms of resistance to all  types of damage. However, the
development of this type of construction may in the future lead to the creation of an
electric skateboard that allow for, among other things, energy recovery during
braking, al l-wheel drive, increased impact resistance and increased durabil ity of its
mechanisms.
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1. Introduction

In the engineering practice there is often a problem of stabil ity of elastically
supported structures. A classic example of this type of structure is an open truss
bridge with underpass. The stabil ity of the upper compressed chord members of this
bridge can be roughly investigated by using a model of a bar resting on elastic
supports. The stiffness of elastic supports is determined here by the stiffness of the
bridge half-frames versus horizontal displacement. The above-mentioned problem of
instabil ity of compressed truss chord members was already noticed at the end of the
19th century following numerous railway bridge disasters at that time, and a rough
solution to this problem was given by F. Engesser (1888) and F. Jasiński (1893). The
article is an attempt to analyze this problem and compare a design solution, which is
sti l l  applicable, based on the equivalent model of a bar resting on elastic supports,
providing the "exact" solution based on modern numerical analysis.

1.Stability of a bar resting on elastic supports
Given is a bar with constant bending stiffness EI,  compressed axially with a force N
and resting on l inearly elastic supports with stiffness c (Fig. 1a).  For sufficiently small
distances between elastic supports, the interaction of concentrated elastic supports
can be replaced by the interaction of a continuous elastic foundation with the value
             (Fig. 1.b).

Fig. 1.  Example of a bar supported elastically:  a) bar on elastic supports, 
b) bar on elastic foundation

The differential equation for a bar resting on an elastic support has the well-known
form:
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The buckling form of the bar, i .e. the number of waves and their length, depends on
the ratio        For a big value of this ratio the number of buckling waves is small ,  and
for a small value of        this number is big.
The solution of equation (1) has the form:

where m  is the number of buckling half-waves.
Further differential equations (2) lead to the following result:

After inserting (2) and (3) into (1) we get:

Formula (5) defines the crit ical force as a function of an unknown argument m of the
number of half-waves of the sine curve according to which the bar is bent and is
therefore somewhat inconvenient to use. The value      may be determined from (5) for
instance by trial method, replacing m with subsequent natural numbers (m=1,2,3,. . . )
and checking for which m  value obtained is the lowest value of crit ical force. This
solution method is discussed in detail  in [9].
Another method of solving equation (5) – discussed in [8] – was given in 1888 by              
F.  Engesser. The number m of buckling half-waves of a bar is determined in this
method from the relation:

from where

Putting (7) into (5) we get:

or after some transformations

Formula (9) is very simple in practical applications because it al lows to determine the
value of crit ical force in a direct way. It  follows from formula (9) that the value of this
force does not depend on the length of the compressed bar and that the change in the
critical force value is influenced to the same extent by the change in the stiffness of
bar EI and change in the stiffness ofelastic foundation    
It  can be shown that formula (9) usually gives sl ightly smaller values ​​of the crit ical
force than formula (5).  This difference is influenced by the fact that the number of
half-waves m calculated from relation (4) is generally not a natural number. From a
practical point of view, however, these differences are not significant, especially in the
case of a higher value of m .
The buckling length of a bar member   can be easily calculated by comparing the
critical force (9) with the Eulerian crit ical force, i .e.:
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 from where

Knowing the value calculated from formula (11) we can easily carry out dimensioning
of the bar in accordance with the current standard [10]. However, the buckling length
of the bar member determined on the basis of the relation (11) must meet the
condition [8]:
 

Failure to meet condition (12) means that the distances between elastic supports are
too large in a given case, and replacing such supports with an "equivalent" elastic
foundation would be an oversimplif ication.  
In the case of real elastic supports with stiffness c and spacing a, formula (11) can be
presented in the form:

where:

and

A graphical relationship between the buckling length factor     and the parameter 
is presented in Fig. 2. This relation is valid for the number of spans being at least 4.

Fig. 2. Relationship between the buckling length factor and parameter value 
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As mentioned earlier,  the lower l imit for the application of formula (14) is generally
assumed to be the value of the buckling length coefficient                         For smaller
values     the use of formula (14) is burdened with too big an error and then,
therefore, one should adopt the real model of the bar member resting on elastic
supports. Alternatively, the dependence on the value of the coefficient     in the
considered interval           can be expressed, with a sufficient approximation for
practical purposes, by a l inear function. Numerical value of the point on axis     
through which a straight l ine goes can be taken from the l imit stiffness condition of
flexible supports for which the crit ical force of the bar resting on elastic supports
does not differ from the crit ical force of thepin joint-supported bar                      
This occurs when the stiffness of the flexible supports meets the condition [9]:

 
Using this condition, after simple transformations, we obtain the equation of the
sought l ine in the form (Fig. 2):

3.Stability of compressed chord members of open bridges

According to the recommendations of Eurocode [11],  the compressed chords of the
main girders of open truss bridges (Fig. 3) should be treated as elastically supported
members. In the case of analysis of stabil ity of upper compressed chord member of a
girder in elastic buckling out of the truss plane, these codes are generally based on
the model of a member resting on elastic supports. The stiffness c  of these supports is
determined on the basis of the stiffness per unit displacement u  of the open bridge
half-frames (Fig. 3b).

Fig. 3. Example of an open truss bridge: a) view, b) cross-section

This stiffness can be expressed by the formula:

in which:

 
h  -  theoretical height of the truss post,
b  -  theoretical span of the cross member,
    -  reduced height of the post measured from the center of gravity of the metal plate

stiffening the connection between the post and cross member to the axis of the
compressed chord,

     -moment of inertia of the post cross-section relative to its axis of gravity 
       parallel to the chord axis,

-moment of inertia of the section of the cross member relative to its horizontal axis.
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According to the Eurocode recommendations [11],  the compressed chords of open
bridge girders are modeled with a bar resting on elastic supports. The stiffness of
these supports should be determined based on relationships (18) or (19).  The crit ical
force causing buckling of the upper chord of the bridge truss and the buckling length
of the chord corresponding to this force can be determined in this case using, for
example, an appropriate computer program. 

 

Fig. 5.  Forms of stabil ity loss of the bridge cross-section:
a) local stabil ity loss, b) global stabil itby loss (torsional buckling)

The stiffness of the "equivalent" elastic foundation     determined on the basis of
relations (18) or (19),  al lows for easy calculation, e.g. from formulas (9) and (11),  of
the value of the crit ical force    and the buckling length of the member    .  One can
notice that the standard method [11] discussed here for assessing the safety of
compressed truss chords does not depend on the length of these chords (the length of
the bridge). Any buckling of the chords is therefore a result of local loss of stabil ity of
the bridge cross-section (Fig. 5a).  However, for some geometric features affecting the
small cross-section value        ,a global f lexural-torsional loss of stabil ity (torsional
buckling) of the entire bridge may occur (Fig. 5b),  and this type of crit ical bridge load
may be smaller than the previously discussed critical load causing buckling of the
compressed truss chords. The possibil ity of global f lexural-torsional loss of bridge
stabil ity is not taken into account in Eurocode [11],  according to which the compressed
chords of open bridge girders are modelled by a single bar separated from the
structure and resting on elastic supports. 

4.Analysis of open truss bridge stability

In the considered numerical example, the subject of analysis is the stabil ity of an open
truss bridge whose static diagram and the assumed cross-sectional characteristics of
members are shown in Fig. 6. For further considerations, additional assumptions were
made:

the chords members are continuous and have a constant cross-section along the
length of the bridge,
the cross members and truss and wind deflection bars are connected to the chords
in a rigid ( jointless) manner.

Values ​​of the crit ical bridge loads and corresponding forms of the loss of stabil ity of
compressed bridge truss chords ( in top view) are shown in Fig. 7. The solutions given
in this f igure take into account three types of cross-sectional characteristics of the
bridge elements:
The solution shown in Fig. 7a was obtained by assuming the cross-sections of the
bridge elements in accordance with Fig. 6. The crit ical bridge load             produces
here a maximum critical force in the compressed chord member of the value of 
which corresponds to the buckling length                       The form of the loss of bridge
stabil ity is related to the symmetrical deformation of the cross-section (Fig. 5a).  The
stiffness of the elastic supports calculated using formula (19) is in this case
and the value of the crit ical force in the chord member determined using formula (9)
is equal to                   which corresponds to the buckling length                       
The “exact” solution resulted in a crit ical force in the chord member that was almost
50% higher. 
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Fig.6 .  Static diagram of bridge and cross-sectional characteristics of elements
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2. The difference in values ​​of both critical forces is effected by two factors. First, formula (19)
does not take into account the stiffness of the diagonals, and second, formula (9) was derived
assuming a constant compressive force in the member. 
2. In the second solution variant, much stiffer cross members (HEB-600                    ) were taken,
leaving other data unchanged. The solution results for this case are shown in Fig. 7b.



 

Fig. 7. Buckling modes of compressed truss chords corresponding to the lowest critical bridge
loads: a) IPN-400 I-bar bridge cross members, b) HEB-600 I-bar bridge cross bembers, c) HEB-
600 I-bar bridge cross bembers and significantly reduced cross-sections of the compressed
chords members.
What is worth noting here is the antisymmetric form of the cross-section deformation (Fig. 5b),
characteristic of the flexural-torsional loss of stability (torsional buckling) of the entire bridge. In
this case – due to high stiffness of the elastic supports – the first thing that occurs is a global
loss of stability of the entire bridge. This type of stability loss cannot be examined using
formula (9).
3. The third variant of the solution (Fig. 7c) differs from the second one in that it takes into
account a very small                     cross-section of the compressedchords members (the moment
of inertia of the chord cross-section was left unchanged). Here, the buckling of the entire bridge
is also a characteristic form of stability loss but this occurs under a much smaller critical load.
According to the author, the reduction of critical load is caused by the fact that the moment of
inertia     of the bridge cross-section decreases. It is also worth noting that in this case using the
recommendations of the standard [11] leads to a quite significant error putting safety at risk.
The stiffness of elastic supports calculated using formula (19) is         2870kN/m 
which corresponds to the critical force in the chord member equal to         18638kN                  
 The value of this force is 40% greater than the “exact” solution obtained from the analysis of
stability of the entire bridge.

MEBUTRA   |  34 ARTYKUŁ 4

B U D O W N I C T W O



4.Summary

The stabil ity analysis of an open truss bridge conducted in this article is more
qualitative than quantitative. The crit ical load of the bridge depends on a very large
number of factors which makes it  very difficult to draw conclusions or make detailed
recommendations useful in each individual case. Therefore, it  seems that with the
development of more and more effective methods of analyzing structural stabil ity it  is
necessary to depart from the recommendations of the standard [11] (such a departure
is permitted by the standard)
 and base calculations on more accurate methods, which wil l  contribute to more
economical design of bridge structures.
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Abstract:   The main goal of this paper is to present Sustainable Development Goal 11.
This goal focuses on the development of cit ies and communities by integrating
polit ical,  economic, and social activit ies while maintaining ecological balance and
sustainabil ity of fundamental natural processes. The objective is to ensure the abil ity
to meet the basic needs of individual communities for both the present and future
generations.

Sustainable development of cities and communities in the European Union - key
challenges

Abstract:  This paper aims at presenting the 11th Sustainable Development Goal.  This
goal concerns the development of cit ies and communities through the integration of
polit ical,  economic and social activit ies with the preservation of natural balance and
sustainabil ity of basic natural processes in order to guarantee the possibil ity of
meeting the basic needs of individual communities of both the present day and future
generations.

1. Introduction
  Cities are centres of culture, science, industry and productivity. As hubs of human
activity they act as places to l ive and work. They are a source of new ideas, innovation
and progress. In cit ies, diverse cultures, communities and perspectives intersect,
which is conducive to creating an inspiring environment for generating new thoughts.
Urban infrastructure, including universities, research laboratories and cultural
centres, promotes interaction between people with different points of view. Cities
attract thinkers, researchers, artists and entrepreneurs who are looking for
opportunities to cooperate and exchange knowledge. It  is in such an environment that
innovative ideas are born that have the potential to transform society.
However, rapid urbanization, despite the economic benefits,  has numerous negative
ecological and social effects. The expansion of cit ies leads to deforestation, disruption
of natural ecosystems and loss of valuable green areas, which negatively affects
biodiversity and ecological balance. The increase in production, consumption and
transport in cit ies results in the increased use of energy, water and natural resources
and waste generation. The increasing number of residents generates problems related
to overcrowding, leading to increased social tension, congestion, noise, air pollution
and l imited access to recreational places.
 The main objective of this study is to present indicators monitoring the EU's progress
towards Sustainable Development Goal 11, in improving the quality of l ife in cit ies and
communities, promoting sustainable mobil ity and improving environmental impact.

mailto:m.kozlowska@ainw-spatium.pl
mailto:kozuzia04@gmail.com


MEBUTRA   |  37ARTYKUŁ 5

N A U K I  S P O Ł E C Z N E

2.The place of cities and communities in the concept of sustainable development

 Sustainable development is a fundamental element of the debate about the future of
our planet. It  is a comprehensive approach to growth that integrates social,  economic
and environmental aspects, trying to meet the needs of both current and future
generations. Cities have a decisive role in achieving sustainable goals. On the one
hand, they are centres of innovation, economic development and social progress. On
the other hand, they face urbanization challenges such as environmental degradation,
social inequalit ies, and difficulties in accessing basic services. Each city has unique
advantages, ambitions, potentials and opportunities but at the same time it has to
face a variety of problems. Among the challenges faced by cities around the world are
climate change, air pollution, exploitation of natural resources, economic crises,
unemployment, and recently also the COVID-19 pandemic.
 Modern cities strive for intell igent and sustainable development, harmonizing
ecological,  economic and social aspects. In the course of this dynamic process,
existing structures are transformed into more advanced and perfect forms. The
prevail ing opinion in the l iterature is that in order to talk about a “sustainable city” it
is necessary to meet the needs of all  people, both those l iving within and outside the
city l imits,  and both present and future generations. It  is also necessary to reduce the
use of certain resources and increase the abil ity of the environment to absorb and
neutralize the negative effects of human activit ies at the local,  regional and global
levels. A key element of sustainable urban development is the integration of activit ies
around major challenges, such as quality of l ife,  innovative and low-carbon economy,
resource efficiency and adaptation to cl imate change. Comprehensive planning and
design of urban policy, with the participation of all  city users, especially in the field of
public transport and mobil ity,  efficient management and protection of biodiversity in
cities, are becoming crucial.
 This document contains 17 Sustainable Development Goals and 169 related activit ies
to be implemented by all  stakeholders - national governments, international
organizations, non-governmental organizations, the science and business sector, as
well  as cit izens. In l ine with Goal 11, cit ies should become safe, stable, sustainable and
inclusive. To make this plan a reality,  you need to[1]:

By 2030, ensure that all  people have access to adequate, safe and affordable
housing and basic services, as well  as improve l iving conditions in slums.

1.

By 2030, ensure that everyone has access to safe, affordable and sustainable
transport systems, increasing the level of road safety, especially by developing
public transport. Particular attention should be paid to the needs of vulnerable
groups, women, children, people with disabil it ies and the elderly.

2.

By 2030, increase the degree of inclusivity,  ensure sustainable urbanization and
participation in integrated and sustainable planning and management of human
settlements in all  countries.

3.

Strengthen efforts to protect and secure the world's cultural and natural heritage.4.
By 2030, significantly reduce the number of deaths as a result of natural disasters,
including floods, and reduce the number of people affected by them; significantly
reduce the direct economic losses in relation to global GDP incurred as a result of
disasters, focusing on the protection of the poor and vulnerable groups.

5.

By 2030, reduce the unfavourable indicator of the negative impact of the city on
the environment per capita, paying special attention to air quality and management
of municipal waste and other pollutants.

6.

By 2030, provide easy and universal access to safe and inclusive green areas and
public spaces, especially for women, children, the elderly and people with
disabil it ies.

7.

Support economically,  socially and environmentally beneficial connections betwee8.

[1] https://www.gov.pl/web/rozwoj-technologia/cele-zrownowazonego-rozwoju (access: 10/01/2024)
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9.    By 2020, significantly increase the number of cities and human settlements benefiting from            
       development and implementing integrated policies and plans aimed at increasing inclusivity and  
       efficiency of resource use, mitigation and adaptation to climate change, and resilience to disasters.
       Comprehensive disaster risk management at all levels should be developed and implemented, in  
       accordance with the Disaster Risk Reduction Framework for 2015–2030[1].
10.  Support the least developed countries through financial and technical assistance in building
       sustainable and resilient buildings, using local materials.

 The continuation of global efforts for sustainable urban development, launched in Agenda 2030, was
reflected in the adoption of the New Urban Agenda at the UN Habitat III conference in Quito, 
21 October 2016. This document directly refers to the 2030 Agenda, while extending its scope to
include the vision and priorities of urban development for the next two decades[2].
 The New Urban Agenda emphasizes the need to face the current and future challenges facing cities
and settlements by promoting sustainable and inclusive economic development. The priority of the
document is proper planning and management in cities to ensure high quality of life, health, safety and
economic development. The agenda promotes sustainable urban mobility, social participation and the
concept of smart city[4].

3.      Sustainable cities and communities in European Union policies

 The European Union plays a key role in promoting sustainable development. Over the past four
decades it has introduced some of the most stringent environmental standards in the world
implementing an ambitious climate policy and supporting the Paris Agreement. The EU is also a model
for the rest of the world in achieving the goals set out in the 2030 Agenda[5]. In response to Goal 11, in
2016 the Urban Agenda for the EU was created, initiated by signing the "Amsterdam Pact" by member
states. The aim of the Urban Agenda for the EU is to solve the problems of cities by creating
partnerships between the European Commission, EU organizations, national governments, local
authorities and other entities such as non-governmental organizations. It strives to create better
regulations, facilitate access to finance and exchange knowledge on issues relevant to cities[6].  The
document identifies priority action areas including air quality, circular economy, adaptation to climate
change, digital transformation, energy transformation, housing, social integration of migrants and
refugees, innovative and responsible public procurement, jobs and skills in the local economy,
sustainable land use and natural resource solutions, urban mobility and the fight against urban
poverty. 
 The Urban Agenda for the EU has been incorporated into the work of the European Commission and is
a reference point in many key programming documents. The European Union, while monitoring
progress in sustainable urban development, focuses on environmental protection, social and cultural
equality and improving the quality of life of residents, mobility and recycling of municipal waste and
wastewater. This makes it possible to evaluate, compare and analyse the effectiveness of actions taken
at the European level. The main indicators include air pollution, safe mobility, housing conditions and
recycling of municipal waste.

[2]Sendai Framework for Disaster Risk Reduction 2015 -2030, https://www.undrr.org/news/sendai-framework-6th-
anniversary-if-only-early-warning-had-led-early-action (access: 10/01/2024).
[3]A. Augustyn, Zrównoważony Rozwój Miast w świetle idei Smart City, Wydawnictwo Uniwersytetu w Białymstoku, Białystok
2020, p. 43.
[4]A. Szpak, Nowa Agenda Miejska – wizja rozwoju miast na przyszłe 20 lat,
https://obserwatormiedzynarodowy.pl/2016/12/02/nowa-agenda-miejska-wizja-rozwoju-miast-na-przyszle-20-lat/ (access:
20/01/2024).
[5] M. Kozłowska, Efekty ekonomiczne realizacji strategii zrównoważonego rozwoju transportu w Unii Europejskiej, SPATIUM,
Radom 2022.
[6] https://commission.europa.eu/eu-regional-and-urban-development/topics/cities-and-urban-development/urban-agenda-
eu_pl (access: 21/01/2024).
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https://commission.europa.eu/eu-regional-and-urban-development/topics/cities-and-urban-development/urban-agenda-eu_pl
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 The Action Plan Towards a “Zero Pollution for Air, Water and Soil” includes the target of reducing the
health impacts due to air pollution by 55 % by 2030, compared with 2005. The monitoring framework
for the 8th Environment Action Program uses number of premature deaths as a headline indicator with
the target to reduce the number of premature deaths due to PM2.5 by 55 % by 2030, compared with
2005[7].
The indicator of monitoring progress in the field of road safety results from the assumptions of Vision
Zero - an ambitious initiative aimed at completely eliminating fatal  accidents and serious injuries by
2050. Vision Zero emphasizes that every life is priceless and no victim of a road accident is acceptable.
Sustainable cities, in which the Vision Zero principles are implemented, become not only more friendly
to life, but also safer, which directly translates into improving the health and well-being of their
inhabitants.
 Housing deprivation is a measure of poor amenities and is calculated by referring to those households
with a leaking roof, no bath/shower and no indoor toilet, or a dwelling considered too dark[8].
Recycling includes material recycling, composting and anaerobic digestion, and reuse[9].

1.Evaluation of the implementation of 11SDG in the EU 
           About 325 million people, or almost three quarters of the EU population, live in urban areas -
cities, towns and suburbs. About 40% of this number lives exclusively in cities. Forecasts suggest that
by 2050 the share of the urban population in Europe will increase to over 80%. Therefore, sustainable
cities, towns and suburbs are crucial for the well-being and quality of life of citizens. Overall, the EU has
made moderate progress in implementing SDG 11 in recent years. The improvement in the quality of
life in cities and communities is noticeable, however, trends for some indicators are less clear.
           The first of the mentioned indicatorsestimates the number of premature deaths attributable to
long-term exposure to concentrations of PM2.5 above 5µg/m3 (the World Health Organization's
guideline level). PM2.5 are particulates whose diameter is less than 2.5 micrometres and which can be
carried deep into the lungs where they can cause inflammation and exacerbate the condition of people
suffering heart and lung diseases[10]. The number of premature deaths, per 100 000 people is shown
in Fig. 1 and 2.

Fig. 1 Change in the number of premature deaths per 100,000 inhabitants in the EU between 2005 and
2021 
Source: Own study based on:
https://ec.europa.eu/eurostat/databrowser/view/sdg_11_52/default/table?lang=en (access: 14/06/2024)

[7]https://ec.europa.eu/eurostat/cache/metadata/en/sdg_11_52_esmsip2.htm (dostęp: 14/06/2024).
[8]https://ec.europa.eu/eurostat/databrowser/view/sdg_11_60/default/table?lang=en(dostęp: 14/06/2024).
[9]Ibidem.
[10]https://ec.europa.eu/eurostat/web/products-eurostat-news/w/edn-20231009-1(dostęp: 14/06/2024).
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Fig. 2 Change in the number of premature deaths per 100,000 inhabitants in EU countries in 2005 and
2021
Source: Own study based on:
https://ec.europa.eu/eurostat/databrowser/view/sdg_11_52/default/table?lang=en (access: 14/06/2024)

Looking at data published in public statistics one can notice that since 2005 the number of premature
deaths caused by air pollution with small solid particles has been gradually decreasing. This indicator,
in the analysed period, fell from 99 people in 2005 to 57 people in 2021, i.e. by 42%. Poland is the only
country in the EU-27 in which the indicator increased in the analysed period and ranked second to last
for mortality caused by particulate emissions in the country. In 2021, this value was 125 people, with
the European average - 57 people.
              Next indicator measures the number of fatalities caused by road accidents, including drivers
and passengers of motorized vehicles and pedal cycles as well as pedestrians. Persons dying on road
accidents up to 30 days after the occurrence of the accident are counted as road accident fatalities.
After these 30 days, the reason for dying might be declared differently. For Member States not using
this definition, corrective factors are applied. The average population of the reference year (calculated
as the arithmetic mean of the population on 1st January of two consecutive years) is used as
denominator (per 100 000 persons). The change in the road fatality rate is presented in Figures 3 and 4.

Fig. 3 Change in the number of road fatalities per 100,000 EU population between 2000 and 2022
Source: Own study based on:
https://ec.europa.eu/eurostat/databrowser/view/sdg_11_40/default/table?lang=en (access:
14/06/2024).
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Fig. 4 Change in the number of road fatalities per 100,000 EU inhabitants in 2000 and 2022
Source: Own study based on:
https://ec.europa.eu/eurostat/databrowser/view/sdg_11_40/default/table?lang=en (access:
14/06/2024).

           From the data presented in Fig. 3 one can conclude that in 2022, about 55 people a day lost their
lives on EU roads. This corresponds to just over 19,900 people throughout the year - losses equivalent
to the size of an average city. Nevertheless, the EU has made significant progress on this issue
compared to 2000 when the number of road fatalities was 12.5 per 100,000 people.
              In recent years, the number of road fatalities has undergone some fluctuations, explained in
part by significant changes in traffic volumes caused by the COVID-19 pandemic. In the period between
2019 and 2020, there was an unprecedented decrease in the analyzed indicator by as much as 18%.
Although in the following years this number increased by 6%, however, the general trend, in relation to
the level before the pandemic is still downward. The downward trend is visible in all EU countries,
however, the number of fatal road accidents varies significantly between EU countries (cf. 4).
              Severe housing deprivation rate is defined as the percentage of population living in the
dwelling which is considered as overcrowded, while also exhibiting at least one of the housing
deprivation measures.

Fig. 5 Percentage of EU residents experiencing severe housing deprivation in 2010 and 2019
Source: Own study based on:
https://ec.europa.eu/eurostat/databrowser/view/sdg_11_11/default/table?lang=en (access: 14/06/2024)
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In 2019, the highest percentage of the analysed indicator was recorded in Romania (14.2%) and
Lithuania (12.7%). Countries in which this indicator deviates significantly from the European average of
4% are also Bulgaria (8.9%), Poland (7.9) and Lithuania and Hungary (7.8%). The lowest degree of
housing exclusion remains unchanged in Finland (0.7%) and in Ireland, Malta, Cyprus, the Netherlands,
Spain and Belgium (1.2% - 1.9%).
              The last analysed indicator measures the tonnage recycled from municipal waste divided by the
total municipal waste arising. Recycling includes material recycling, composting and anaerobic
digestion, and reuse. Municipal waste consists mostly of waste generated by households but may also
include similar waste generated by small businesses and public institutions and collected by the
municipality. The waste recycling rate in EU Member States in 2007 and 2020 is presented in Fig. 6

Fig. 6 Percentage of municipal waste recycling in EU cities in 2007 and 2020
Source: Own study based on:
https://ec.europa.eu/eurostat/databrowser/view/sdg_11_60/default/table?lang=en (access:
14/06/2024).

The waste recycling rate in European cities in 2020 was 48.7%, an increase of 13.5 p.p. compared to
2007. (35.2%). The highest level of this indicator was recorded in Germany (70.3%) and Austria (62.3%).
Countries where the level of waste recycling was higher than the European average are also: Belgium,
Italy, Luxembourg, the Netherlands and Slovenia. At the same time, the largest increase in the waste
recycling rate was recorded in Slovakia (38.7 p.p.), Slovakia (37.4 p.p.), Poland (31 p.p.), Lithuania (37.8
p.p.), Latvia (34.7 p.p.) and the Czech Republic 30.4 p.p.). In three countries, there was a decrease in the
analysed indicator, i.e. in Sweden by 8.4 p.p. to 38.3%, in Belgium by 5.4 p.p. to 51.4% and in Greece by
1.9 p.p. to 18.1%.

Conclusions
 Sustainable cities and communities in the European Union are a key element of a sustainable
development strategy, reflecting the desire to harmoniously combine economic, social and
environmental development. The EU, as a leader in promoting sustainable development, has adopted
many initiatives and documents that emphasize the creation of safe, green, inclusive and climate-
resilient urban spaces.
 The indicators which monitor progress in this area show positive changes and indicate consistent EU
action to create more sustainable and safe cities and improve the quality of life of residents. It should
be emphasized, however, that the level of sustainable development of cities and communities in
individual EU Member States is not equal. This shows the great role of national governments in shaping
local policies and implementing initiatives that support the achievement of sustainable development
goals.
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1. Introduction
  Construction is one of the key pil lars of social and economic development; it  is an
important field of engineering that aims at creating durable and safe structures.
Despite technological progress tragic occurrences related to construction disasters
sti l l  occur. And they have serious social and economic consequences. Therefore, to
understand the causes and mechanisms of these disasters is of utmost importance for
engineers to effectively design, build and maintain structures, minimizing the risk of
their collapse. This paper presents various aspects related to construction disasters; it
covers both design and uti l ization aspects. Real disaster cases were analysed based on
available materials,  which allowed conclusions to be drawn regarding weaknesses in
the design, construction and maintenance of facil it ies. Modern society, with its
dynamic infrastructure development and growing demand for modern construction, is
exposed to various challenges related to the safety and stabil ity of structures. One of
the most serious aspects that determine the stabil ity of buildings are construction
disasters. These dangerous occurrences, which can lead to serious damage to
structures or even their complete destruction, pose a threat to human life, the
surrounding environment and the economy. Therefore, an important engineering issue
is the analysis,  understanding and prevention of construction disasters. Construction
disasters cover a wide range of occurrences such as the collapse of buildings, bridges
or tunnels, structural failures and other situations that lead to potential threats to
public safety. The increasing complexity of structures, the materials used and the
changing environmental conditions present engineers with greater challenges and,
consequently,  more stringent regulations and rules. Analysed are some selected
examples of construction disasters from Poland and around the world which
influenced subsequent construction standards preserved to this day.
 According to Article 73 of the Construction Law Act [3]:  Construction disaster – an
unintentional,  violent destruction of a building or its parts, as well  as structural
elements of scaffolding, formwork elements, sheet pile walls and steening.
Annual reports on construction disasters are available on the website of the General
Office of Building Supervision. The register has been kept since 1995, and
electronically since 2008. One can read in the report on construction disasters in 2022
[4] that the use of the terms "unintentional" and "violent" by the legislator indicates
that these are unplanned, unexpected and quick occurrences. This means that, for
example, a gradual destruction of abuilding that has not been renovated on an
ongoing basis cannot be considered a construction disaster. An aswer to the question:
"what else is not a construction disaster?" is given in the provision of Article 73 (2) of
the Construction Law Act. According to this provision damage to a component
incorporated into a building object that can be repaired or replaced, damage to or
destruction of construction devices attached to buildings and failure of installations
do not qualify as a construction disaster. One can notice that the Construction Law
specifically indicates what is and what is not a construction disaster, and yet doubts
arise in the interpretation of which occurrences can be classified into this category.
The answer is obvious. 
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 Terms with similar meaning may be interpreted differently,  although they are not
identical,  such as the term "building failure", which is often confused with the term
"construction disaster". Therefore, a clear definition of a given concept and its
consistent application are of crucial importance both in everyday understanding and
in the context of the existence of similar but separate legal definitions. For example,
according to Article 3 (1) points 2 and 3 of the Act on the State of Natural Disaster [1]:
·a natural disaster is understood as an event related to the action of natural forces, in
particular atmospheric discharges, seismic shocks, strong winds, heavy atmospheric
precipitation, prolonged occurrence of extreme temperatures, landslides, f ires,
droughts, f loods, ice phenomena on rivers and the sea as well  as lakes and reservoirs,
mass occurrence of pests, plant or animal diseases or infectious diseases of humans,
or the action of another element,
·technical failure means sudden, unforeseen damage or destruction of a building,
technical device or a system of technical devices causing an interruption in their use
or loss of their properties.
Going further in the interpretation of various concepts, attention was also drawn to
the term "building object" appearing in the definition of a construction disaster. What
is it  according to the law? This term is also defined in the Act. Article 3 of the
Construction Law [2] states that, in accordance with the provisions of the Construction
Law which define the meaning of terms used in the Act,  a building object includes a
building, structure or small architectural object together with installations enabling its
use in accordance with its intended purpose, constructed using construction products.
Below is a graphical presentation of this definition.
When it comes to a building, it  is an enclosed structure that is permanently attached
to the ground, has a roof and foundations. A structure is any object that is not a
building or a small architectural object,  for example tanks, monuments or wind farms.
Small architectural objects include small objects such as garbage sheds, f igures or
swings. Correct classification of a planned construction project is of great importance
- the required procedures and criteria to be met depend on it.  For example, the
provisions of the regulation of the Minister of Infrastructure regarding the technical
conditions that buildings and their location must meet apply only to buildings and
selected structures. However, the provision regarding the minimum distance from the
plot boundary applies only in the context of buildings. The Act further outlines in
detail  what exactly is considered as a building object. An important aspect is that in
order for something to be considered a building object it  must be constructed using
construction products. This is also further defined but in the Construction Products
Act. In addition, the Act indicates that installations on a structure that enable a proper
use of the object as per its intended purpose are an integral part of it  and, therefore,
they are also defined as a building object. Thus, the knowledge of definitions of
similar concepts determine what is and what is not a construction disaster. There is
also room for different interpretations of the two most important aspects for
something to be classified as a construction disaster. These include a lack of intent to
destroy the object,  and a rapid course of deterioration. For example, incidents
involving gas explosions were under scrutiny. Not all  such incidents can be classified
as a construction disaster. If  experts during the investigation find out that the incident
was caused by human action – for example, someone turned on a gas cylinder and
used fire – then this event cannot be called a construction disaster. In the book
"Building Disasters" author Jacek Szer gives the example of the gas explosion in
Gdańsk in 1995. As a result of this situation, 22 people died and 12 were injured. The
explosion completely destroyed three floors of the skyscraper, and then a decision
was made to blow up the rest of the building – this incident cannot be classified as a
construction disaster because its cause, as determined by the prosecutor's office, was
a deliberate human action [5].  In the case of the criterion of the incident’s rapid
course, the case when the building is destroyed but this destruction is spread out over
time raises doubts. Obviously this is also a problem in the examination of incidents.



MEBUTRA   |  46ARTYKUŁ 6

B U D O W N I C T W O

2. Division of construction disasters
 
 Construction disasters can be divided into several categories depending on various
factors such as causes, stage of the construction process, type of element fail ing,
entity having control over the facil ity,  type of structure, type of facil ity or scale of
destruction.
a) due to causes:
- construction errors resulting from defects in the building design, such as incorrect
structural calculations, errors in the construction geometry or underestimation of
loads,
- wrong materials -  the use of inappropriate or defective building materials can lead to
a loss of structural stabil ity,
-  errors during construction, for example, insufficient quality control – the lack of
appropriate quality control procedures during the construction process can lead to
serious errors in construction; in addition, there may be errors in assembly, i .e.
improper assembly of structural elements, for example, too loose connections or
improper anchoring may threaten the stabil ity of the building,
- violation of building regulations – ignoring building regulations and standards may
lead to a situation in which the building does not meet structural safety requirements, 
-  uti l ization errors related to improper use or negligence in the maintenance and
upkeep of the building,
- natural factors; earthquake-prone areas may experience building disasters due to
improperly designed or constructed buildings; buildings located in flood-prone areas,
especially if  they are not properly secured, may be destroyed,
- insufficient maintenance and upkeep – lack of regular inspections, as a result of
which early signs of damage cannot be detected and repaired; neglect of maintenance
– lack of regular maintenance, especially in the case of old structures, can lead to their
gradual deterioration,
- human error and project management – ​​inadequate planning and supervision of a
construction project can lead to problems such as delays, excessive costs and errors in
implementation; inexperienced staff – lack of experience or improper training of staff
can lead to errors during construction,
- external factors – sabotage and terrorist attacks; in extreme cases, acts of vandalism,
sabotage or terrorist attacks may lead to construction disasters.
 In this paper, disasters are divided into two categories – incidents not resulting from
and incidents resulting from fortuitous or random causes. The cause of the first ones
is mostly the human factor. As for the second case, we are talking mainly about the
forces of nature over which we have no control [15].

3. Types of building disasters by type of construction based on the causes of their
occurrence

 The division of construction disasters by type of structure designs takes into account
different types of building objects and their specific risks. Below presented is a
division of construction disasters by type of design:
1.Residential buildings:
Structure failure: Wrong design or construction can lead to disaster, especially under
conditions of wind, snow or earthquakes.
Gas leaks or fires: Accidents involving gas leaks, explosions or fires in residential
buildings can lead to structural destruction or collapse.
2.Public buildings:
Roof collapse: Structures of big public buildings, such as sports halls or shopping
centres, may be at risk of roof collapse due to snow, rain or wind loads.
Dangers resulting from human overload: Large crowds in public buildings can lead to
crisis situations in the event of evacuations or incidents.
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3.Bridges and bridge structures:
Load capacity failure: Design, construction or execution errors can lead to loss of
load-bearing capacity of bridges, which may result in their collapse or damage.
Coll isions and accidents: Vehicle coll isions, explosions or natural disasters (e.g.
floods) can lead to catastrophic damage to bridges.
4.Tunnels:
Fires: Fires in tunnels can lead to structural hazards and also make evacuation
difficult.
Toxic substance leaks: Leaks of toxic substances in tunnels can pose a threat to
structures and human health.
5.Industrial installations:
Explosions and fires: In the chemical,  refining or energy industries, disasters can
result from explosions, f ires or leaks of hazardous substances.
Structural collapse: Neglect in maintenance or improper management of industrial
installations can lead to structural failures.
6.Road infrastructure:
Landslides: On slopes or in areas prone to erosion, roads may be damaged by
landslides.
Collapse of road bridges: Damage or poor maintenance of road bridges can lead to
their collapse.

4. Types of construction disasters divided into causes of their occurrence

a)Building collapse:
It may be the result of faulty design, poor workmanship or improper maintenance. It  is
often associated with low quality building materials or improper use.
b)Construction accident:
Applies to situations where construction machinery, cranes, scaffolding or other
equipment used during construction falls or overturns.
c)Building fire:
Fire can be caused by electrical short circuits,  overloaded electrical systems, gas leaks,
improper use or deliberate arson.
d)Landslide:
This applies to situations in which the ground beneath a building subsides, leading to
the destruction of the building's foundations and structure.
e)Structural damage related to earthquakes:
Earthquakes can cause significant structural damage to buildings, bridges and tunnels.
a)Water related disasters:
Flooding, undermining or erosion can cause foundation damage, weakened structures
and other water-related problems.
b)Bridge or tunnel collapse:
It may result from faulty design, over-use, improper maintenance or human activity
such as a terrorist attack.
c)Retaining wall  collapse:
This applies to structures such as dams or retaining walls that have failed due to
improper construction, erosion, or extreme weather conditions.
d)Gas explosions:
They result from gas leakage and subsequent ignition, which leads to structural
damage around the explosion site.
e)Terrorist attack:
Sabotage, bombing or other act of terrorism can cause structural disasters leading to
significant destruction.
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5. Construction disasters in Poland

 A building disaster that took place at Katowice International Fair on 28 January 2006
(Photo 1) during the national exhibition of carrier pigeons was a tragic event that
shocked not only the inhabitants of Katowice, but also the entire country. This
incident resulted in enormous material destruction and loss of human life. The causes
of the disaster were multi-faceted. The main factor contributing to the tragedy was a
flaw in the design of the exhibition hall  roof; the roof failed to withstand the load of
snow and ice. It  turned out that the direct and main cause was an incorrect executive
design of the building, significantly different from the correct construction design.
This change was intended to reduce construction costs. In addition, there was some
negligence in the regular inspection of the technical condition of the building and
deficiencies in its maintenance. As a result of the collapse of the roof of the exhibition
hall  several dozen people died and dozens were injured. Rescuers immediately began
their rescue operation and search trying to find and evacuate the injured from under
the rubble as quickly as possible. As a result of the incident, 65 people died and over
170 were injured. Local residents and emergency services from across the country also
offered help to the victims. The disaster also had a huge social and polit ical impact. It
sparked off a debate on construction safety and the need to comply with rigorous
standards in this area. This disaster also led to an acceleration of inspection activit ies
towards other facil it ies with similar purposes, both in Katowice and throughout
Poland. After this tragedy a number of actions were taken to prevent similar accidents
in the future. A thorough analysis of the causes of the disaster was carried out and
new regulations governing safety standards in construction were introduced. In
addition, steps were taken to modernise existing exhibition facil it ies and increase
their resistance to snow loads and other weather factors. The lessons learned from
this tragic disaster led to increased public awareness of the need to comply with
building safety standards and take actions to improve the condition of the existing
exhibition infrastructure. And the memory of the victims of this tragedy remains a
lasting reminder of the need to exercise caution and ensure safety in every area of ​​
human activity. It  is the largest construction disaster of this type in contemporary
Poland. 

Photo 1.  Katowice International Fair after the roof collapse [7]
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 The gas explosion in Rotunda in Warsaw which took place on 15 February 1979 (Photo
2) was one of the most tragic incidents in the history of post-war Poland. The Rotunda,
one of the characteristic landmarks of Warsaw, became the site of this terrible
catastrophe. The Rotunda is located in the centre of Warsaw, at Dmowskiego
Roundabout. It  is a round building designed by architect Jerzy Gieysztoras and was
originally intended to serve as an exhibition pavil ion during the International
Construction Exhibition in 1953. After the exhibition, the Rotunda remained as a
representative building that was used for various purposes, including as a venue for
conferences and meetings. On 15 February 1979, at approximately 2:30 p.m., there
was a gas explosion in the Rotunda basement. The cause of the explosion was gas
leaking from one of the gas pipes. The explosion was so powerful that it  caused
significant damage to the building causing its partial collapse. Glass collapsed onto
the sidewalks and street, the storey collapsed all  the way to the archives, and even
neighbouring buildings were damaged as a result of the incident. 
 As a result of this explosion 49 people died and over 100 were injured. Rescuers
worked for many hours to rescue people trapped under the rubble. It  was one of the
most tragic incidents of this type in Polish history.  What led to this tragic incident was
a poor maintenance of the installation and lack of appropriate safety procedures.
Interestingly enough, the Rotunda building did not have any gas installation. So how
did the explosion happen? The answer to this question was provided by the broadcast
of the first episode of the documentary series "Black Series" on 4 September 2000
[14]. The producers of the series managed to find the employee who was probably
responsible for the tragedy. When doing maintenance work he put too much force to
tighten the orif ice screw fastening the gas valve.  Due to low temperatures caused by
the ‘winter of the century’  in 1979 what happened was a thermal contraction. The
valve orif ice which was tightened too hard and the ground movements caused by
nearby public transport caused the cracking of valve. A 77 cm crack was formed [13,
14],  and snow prevented the gas from reaching the surface.
 Due to a coincidence, the gas, deprived of its odour marker, penetrated into the
parallel ,  12-hole casing of the telecommunications installation cables and from there
into the interior of the building [13]. The disaster may have been caused by a short
circuit in the electrical system. The gas explosion in Rotunda caused a huge social
outcry and grief throughout Poland. It  was a time of national mourning, and the
tragedy prompted the authorities to take measures to improve safety standards in gas
installations and other aspects of building safety. The gas explosion in Rotunda had
long-lasting effects on Warsaw and Poland. The repair of buildings lasted many years
after the disaster, and the Rotunda building itself was rebuilt and renovated. However,
this tragic disaster remains an important point in Warsaw's history and serves as a
reminder of the need to take care of building safety and adhere to appropriate
standards.

Photo 2.  PKO Bank Rotunda in Warsaw after the gas explosion [13]
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 On 22 March 1966, during construction works on the premises of the Agricultural
University in Wrocław, a construction disaster occurred (Photo 3).  The causes of this
tragedy could have been various - from design errors, through bad weather
conditions, to human errors in the construction process. The disaster was the result of
rushing and not following the appropriate technological schedule of works.
Construction workers were forced to work at a fast pace due to polit ical pressure from
the then PZPR activists,  for whom the propaganda "growth" of the building was
important [9].  The construction management, yielding to this pressure, ordered the
construction of subsequent floor elements without simultaneous masonry works,
which would ensure the stabil ity of the structure. The lack of parallel masonry work on
individual f loors meant that the structure was not adequately stiffened. As a result of
the wind, which was particularly strong, the structure of the building collapsed. The
building under construction, or rather its architectural skeleton, could not withstand
the gusts of strong wind, the whole thing swayed and collapsed, turning into a pile of
destroyed building materials [6].  As a result of the disaster, the construction
supervisor and nine workers died, and many people were injured. This tragic event
shows how polit ical pressure and haste can lead to negligence in the construction
process, which in turn can have catastrophic consequences. It  is also a warning that
safety and proper construction procedures should always be a priority to avoid similar
tragedies in the future.

Photo 3. Plac Grunwaldzki – the building of the Faculty of Land Reclamation at the
Agricultural University in Wrocław collapsed [6]

 The tenement house disaster in Świebodzice, which took place on 8 April  2017, was a
tragic event (Photo 4) that shocked the local community and all  of Poland. The
tenement house was located at 27 Kościuszki Street in Świebodzice, a small town in
the Lower Silesia Voivodeship. In the morning, the residents of Świebodzice heard a
huge bang. A pre-war tenement house in which six families l ived collapsed. The rescue
operation lasted almost 24 hours. Six people died, including two children, and four
people were injured. A special commission led by the construction supervision took
steps to investigate the causes of the incident. The initial investigation indicated a gas
explosion, which was confirmed by witnesses to the crash. There was a distinct smell
of gas, a loud bang, and a flash. The multiple burns on one of the victims also indicate
that the cause was a gas explosion. The discovery of a training grenade in the rubble
of the building added confusion to the investigation. The hypothesis that explosives
stored by one of the residents were the cause of the incident was quickly rebutted.
Apart from fragments of the grenade, nothing suspicious was found. The age and
technical condition of the building also had an impact. The archaic construction of the
tenement house allowed the entire building to collapse as a result of the explosion.
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Photo 4.  Collapsed tenement house in Świebodzice [18]

 The skyscraper disaster in Gdańsk (Photo 5),  which took place on 17 April  1995, was
one of the most tragic construction accidents in Polish history. The incident involved
the residential building "Wieżowiec na Węglowej" in the Wrzeszcz district of Gdańsk.
The skyscraper on Węglowa was one of the tallest residential buildings in Poland at
that time, with a height of over 90 meters. However, its construction was burdened
with numerous controversies and technical problems from the moment the
construction began in the 1970s. The construction works were interrupted and
resumed many times, which affected the quality of workmanship. On 17 April  1995,
during renovation work on one of the floors, a gas explosion occurred. The explosion
caused a series of explosions that had catastrophic consequences. As a result of the
explosion, part of the building completely collapsed, and the rest was seriously
damaged. This tragedy resulted in the death of 22 people, also over 100 people were
injured. The cause of the explosion was probably a gas leak from the gas installation
in one of the apartments. This leak could have been caused by errors in the
installation or improper use of gas appliances. Additionally,  the construction
controversy surrounding the skyscraper, including shortcomings in the structure and
materials used during its construction, could also have contributed to the tragedy. The
skyscraper disaster in Gdańsk on 17 April  1995 was a great shock to the local
community and the entire country. This tragic story is a reminder of the need to
comply with the highest safety standards in construction and regular inspection and
maintenance of gas installations to prevent similar disasters in the future.

Photo 5. The skyscraper on Węglowa Street after the explosion [16]
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  6. Construction Disasters in the World
 
 On the outskirts of Dhaka, the capital of Bangladesh, in Savar there was an eight-
story building - Rana Plaza, housing mainly clothing factories, but also retail  stores,
businesses and banks. On 24 April  2013 the world heard the sad news of one of the
most tragic industrial disasters (Photo 6).According to press articles that day Rana
Plaza workers refused to start work because of the cracks they had noticed in the
walls of the building. The management did not give in to the workers' requests and
refused to stop work.
During the day, there was a power outage, and it was nothing unusual because in
these areas power cut is quite a common occurrence. In order to avoid any downtime
in production it was decided to start generators. Generators cause vibrations during
operation. As a result of the vibrations, the structure collapsed, causing one of the
greatest construction and industrial disasters in history. And this is considered the
direct cause of the disaster. This situation was also influenced by numerous
deficiencies in the field of construction safety, overloading the building through
repeated and i l legal structural modifications. As a result of this terrible event, more
than 1,100 people died and more than 2,500 were injured. This event caused a wave of
outrage around the world, forcing the international community to reflect on the ethics
of the clothing business. The clothing companies whose products were manufactured
in Rana Plaza came under fire. This tragedy exposed painful aspects of working
conditions in garment factories and sparked a global discussion about ethics in the
clothing industry and the responsibil ity of corporations for the safety of their workers.

Photo 6. Rana Plaza disaster 24.04.2013  [23]

 The Rana Plaza tragedy sparked a global debate about ethics in the garment supply
chain. Companies began to raise issues of social responsibil ity,  and consumers
demanded higher levels of transparency in the supply chain. NGOs and social
movements demanded better working conditions, raising awareness of the toll
workers were taking on in garment production. After the tragedy, Bangladeshi
governments took steps to tighten building safety and working conditions regulations.
Garment companies introduced audit programs and initiatives to improve safety in
supplier factories. Sti l l ,  the problem persists,  and certain watchdogs are of an opinion
that more remains to be done. 
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   Ponte Morandi was built in the years 1963-67. The designer is the Italian engineer
Riccardo Morandi. A huge structure reaching 1182 meters in length with the height of
pylons reaching 90 meters. Due to the width, which was only 18 meters, there were
only two lanes of traffic in each direction. And so it  functioned for over 50 years. The
engineer did not foresee such a rapid development in the field of transport. The Ponte
Morandi disaster (Photo 7) is a tragic event that took place on 14 August 2018 in
Genoa, Italy. It  was then that the Morandi motorway bridge, which connected the
districts of Sampierdarena and Cornigliano and was part of the A10 motorway,
collapsed. The bridge was a key element of the region's communication infrastructure,
and its collapse had serious consequences. Ponte Morandi,  built  in the 1960s, also
known as the "Viadotto Polcevera", was a key part of Italy's motorway network. It  did
not take long between the construction being put into service and the first cracks
appearing. The maintenance was only a temporary aid. The only major renovation that
was done was the replacement of the suspension cables with new ones [11]. On the
day of the disaster, a section of the bridge, approximately 200 meters long, collapsed,
causing vehicles to fall  and destroying nearby buildings. The causes of the disaster
were multiple, but the main role was played by problems related to the construction
and maintenance of the bridge.

Photo 7. Ponte Morandi motorway bridge before the disaster. The part marked in red
collapsed [11]

  In particular, corrosion of the supporting structures was identified, as well  as
improper management and maintenance. In addition, diff icult weather conditions
prevailed on that day, which could have affected the condition of the structure. As a
result of the disaster, 43 people died and many were injured. This event sparked a
wide discussion on the state of infrastructure in Italy and the need to review and
repair other similar structures. In addition, the Ponte Morandi disaster had an impact
on infrastructure policy in Italy,  drawing attention to the need to invest in the
maintenance and modernization of key elements of the country's infrastructure.
 Did this event actually influence the change of management of the Italian authorities?
The bridge was demolished a year after the tragic event. A moment later, the
construction of a new infrastructure facil ity began. It  was to be just as colossal as its
predecessor. Besides, nothing small could be built in this place, since the route of the
bridge leads over the river, railway tracks and apartment blocks [11]. The bridge was
built very quickly, to the surprise of all  interested parties. The structure was to be
prepared for heavy transit traffic.  The bridge was to be solid. Doubts were raised by
the quick construction, which would not indicate the solidity and durabil ity of the
structure at all ,  and certainly leaves a certain margin of confidence. At the moment, it
is known that, l ike its predecessor, it  has two lanes in one direction, which means that
during 'rush hours' the bridge wil l  accumulate traffic jams, which in turn wil l  be a
significant burden for the structure.
Tacoma Narrows Bridge Disaster (Photo 8) took place on 7 November 1940. The
Tacoma Narrows Bridge was a suspension bridge over the Tacoma Narrows in
Washington State, USA. The disaster was one of the most spectacular bridge failures in
history. The bridge, designed by engineer Leonid P. Moisseiff ,  had an unusual design
for the time with a delicate cross-section, giving it  the appearance of an "accordion
bridge." It  was made in the Art Deco style. However, this construction contributed to
the tragedy. This bridge is an example of a structure that was not prepared for the
impact of wind. The main span was 840 meters long and 12 meters wide. During
construction, workers felt how fragile and l ight the bridge was. After opening, it
became a tourist attraction. The construction of this bridge is a perfect example of a
structure that is extremely vulnerable to the impact of wind.
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   The main span, with a length of 840 m, was only 12 m wide. The l ight bridge was too
wobbly and its structure "caught" the wind. The tall  and narrow towers created air
turbulence around them. Even during construction, the undulations of the entire
structure were a problem for the workers [24]. On the day of the disaster, winds of
about 64 km/h hit the bridge, causing it  to vibrate in a characteristic way. The
structure began to twist with a deflection of up to 8.5 m and a turn of up to 45
degrees. After 30 minutes of such wind, the first elements began to break off,  and
after an hour the deck collapsed. This shaking caused instabil ity of the structure and
led to the disaster. Ultimately, the bridge collapsed and fell  into the strait.  It  is worth
noting that there were no fatalit ies as a result of this disaster, as rescue teams had
managed to  evacuate the area before the bridge collapsed. However, the disaster was
a significant event in the field of engineering, leading to deeper research into the
stabil ity of bridges and the effects of wind on such structures.

Photo 8.  On 7 November 1940 - Tacoma bridge disaster [24]

 In Italy,  the city of Pavia was known as the city of a hundred towers. The Torre Civica,
or City Tower, was one of the characteristic features of the city of Pavia in the Middle
Ages. Rising close to the cathedral,  the monumental structure was a symbol of the
city's power and prestige. Originally built  in the 11th century from brick and stone, it
reached an impressive height of 72 meters. Over the centuries, the tower was
expanded, adapting it  to changing needs and architectural styles. Its f inal form, which
it took in the 16th century, emphasized its importance as the administrative and social
centre of the city.
However, in 1989, an unexpected disaster occurred that demolished the tower (Photo
9). In the morning hours of 18 March bricks suddenly began to fall  from the tower, and
then the entire structure collapsed. Four people died and 15 were injured in this
disaster. The details of this event may vary, but it  could have been the result of the
weakening of the tower's structure due to the passage of time, errors in maintenance
or other external factors, such as an earthquake or storm. This disaster certainly had
a profound effect on the inhabitants of Pavia and on the historical and cultural
heritage of the city. It  was also a turning point in the context of taking action to
rebuild or secure other historic buildings in the city and throughout Italy. As it  turned
out, this disaster motivated the Italian authorities to undertake work to secure the
Leaning Tower of Pisa. The monument was sl ightly straightened and solidly reinforced.
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Photo 9.  Torre Civica after the disaster [22]

 On 4 June 1979, a disaster occurred at the Kemper Arena in Kansas City when a large
portion of the roof collapsed (Fig. 10).  The arena was empty at the time, which was a
fortunate circumstance as potential casualties from this incident were avoided. The
cause of the roof collapse was a severe storm that passed through the area.
Investigative analysis showed that the roof structure was designed to allow rainwater
to drain off the roof slowly and with a delay, in order to avoid overflowing the local
sewer system. According to the designers, the temporary ponding of water was to be
acceptable. Unfortunately, this project had an unexpected consequence, as the
downpour was so heavy that a l iteral lake formed on the roof. Additionally,  the poor
quality bolts used in the construction were insufficient to support the water load on
the roof during the storm. As it  turned out, some of the bolts were incorrectly
calculated in the design. This in turn caused a significant portion of the roof structure
to collapse, causing massive damage to the arena. As a result of this disaster, the
building that is now known as Hy-Vee Arena was closed and then rebuilt a year later.
The reconstruction work included improving the roof structure and using more
durable materials to prevent similar incidents in the future. This tragic situation had
an impact on the design and safety of sports arenas, as well  as awareness of the need
to properly design and maintain such structures.

Photo 10.  Kemper Arena in Kansas City a week after the disaster[21]
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In March 2024, an unexpected tragedy occurred in Baltimore (Photo 11).  The
Singaporean container ship Dali  crashed into the structure of the Key Bridge, or more
precisely, into a pylon [27]. This caused the structure to collapse immediately. To
avoid the tragedy, the ship's crew tried to slow down the speed by throwing out the
anchor, but this did not bring the expected results. Unfortunately, this event could not
be avoided. Many vehicles fell  into the water, but before impact a power failure on
board was reported which allowed for a quick reaction - closing the passage for cars.
There is a recording of the port dispatcher's conversation in which rescue workers can
be heard asking if  construction workers were on the Key Bridge when police tried to
stop traffic moments before the structure collapsed. "The whole bridge just
collapsed," the dispatcher is heard saying a few seconds later.[26] Unfortunately, it
turned out that 6 road workers who were repairing the road surface at the time of the
accident were missing in the disaster. They are presumed dead at this time. The Key
Bridge route was used by about 30,000 people daily,  and the blocked port handles the
largest import and export of cars and trucks in the United States. This port is the
centre of the East Coast economy. Its destruction and the halt of traffic on it wil l
certainly affect the economy and functioning of the region. The disaster has been
classified as a "mass disaster." This indicates the scale of the tragedy and how serious
its effects can be. Considering the fact that the Port of Baltimore has suspended work
indefinitely as a result of the destruction of the bridge, it  can be expected that this
wil l  have a huge impact on the flow of trade in the USA. The initial l ist of causes of the
container ship hitting the bridge was very long and even included suspicions of a
terrorist attack. However, the investigation and evidence collected so far indicate that
it was an accident. It  turns out that this is not the first accident of this container ship.
In July 2016, the same ship, while leaving the terminal,  caused an accident in Antwerp,
Belgium, hitting a stone quay. No one was hurt. Investigations into the case showed
that the cause of the coll ision was the captain's and pilot's error. The container ship
suffered significant damage to its hull .  After the accident, the ship was left in the local
port,  where it  was supposed to undergo repairs. A few months later, the repaired Dali
ends up in the hands of a Singaporean company. As you can see, the incident in
Baltimore should be investigated in many ways. For example, containers are being
examined because there is a suspicion that they contain hazardous substances. It  is
also intriguing that the Key Bridge collapsed so quickly. According to the authorities,
the significant aspect is the momentum with which the ship crashed into the structure.
The fact that the crew assured that at the time of the disaster the ship had a speed of
8 knots casts doubts. However, the specific design of the bridge is key in this matter.
It  is a three-span bridge. It  is as safe as possible as long as the regulations are
complied with and the calculations are carried out well ,  as well  as the design and
construction are carried out in accordance with the art of construction. Every bridge is
supposed to be resistant to ship impacts to some extent. If  we draw this situation, it  is
clearly visible that when one of the supports is removed, the distribution of forces
acting on the bridge changes. However, the theory that it  was simply an accident is
confirmed.

Photo 11.  Key Bridge after the disaster [28]
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 7. Summary
 
This work on construction disasters presents various types of disasters, including
collapses of buildings, bridges, towers and other engineering structures. The most
frequently cited causes include design errors, poor quality materials,  negligence
during construction, inadequate maintenance and those resulting from random
causes, i .e. unpredictable natural phenomena such as strong winds or floods.
However, the key element of analysis is the human factor, which most often turns out
to be the main culprit in construction disasters. This is the most disappointing
element. One of the most important elements influencing the safety of structures is
the design stage. Design errors may result from various reasons, for example, from
the lack of experience of engineers, insufficient knowledge of the latest construction
norms and standards, as well  as from calculation errors. Also, making mistakes in the
selection of materials or not taking into account ground and water conditions.
Sometimes, designers may be pressed for time or cost; this leads to missing key
analyses and simulations that could prevent disaster. Engineers and architects who do
not pay enough attention to detail  can create design flaws that can cause disasters
and tragedies in the future. The use of low-quality building materials is another factor
leading to disasters. These materials may be cheaper, but they do not meet the
required strength and durabil ity standards, leading to  weakened structures.
Sometimes, contractors choose cheaper options to reduce construction costs, which in
the long run leads to structural degradation and potential fai lures. In conditions of
l imited budgets, developers and contractors opt for cheaper materials to reduce
construction costs. These solutions generate higher profits for them, which
overshadows safety aspects. Such a compromise, however, often ends in disaster
when savings on materials lead to serious structural defects. The economic argument
is therefore short-sighted and does not take into account the long-term costs
associated with repairs, compensation and, most importantly,  potential human losses.
During the construction process itself ,  there may be much negligence that has a direct
impact on the overall  technical condition of the structure. Negligence during
construction can include various aspects, such as improper foundation construction,
incorrect concrete reinforcement, lack of proper engineering supervision, and rushing
and not adhering to the work schedule, which eventually lead to tragedy. For example,
incorrect concrete reinforcement or improper welded joints can result in the structure
not being able to withstand the expected loads. Each of these factors can lead to a
weakening of the structure and an increased risk of collapse. Some may argue that
negligence is inevitable in large construction projects due to their complexity and
scale. They point out that human error is an inherent part of any process and that it  is
impossible to completely eliminate it.  However, while errors are inevitable, their
number and impact can and should be minimized through proper procedures, training
and inspections. This argument is therefore short-sighted and fails to take into
account the possibil ity of implementing effective preventive measures. Construction of
any type requires regular maintenance to maintain its structural integrity. Regular
inspections, repairs and upgrades are crucial to preventing disasters. Some
construction disasters are the result of natural phenomena such as earthquakes,
floods or hurricanes. Although these factors are often unpredictable, proper design
and construction can significantly reduce the risk of collapse. The use of technologies
and materials resistant to extreme weather and seismic conditions is essential in
regions exposed to such phenomena. 
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  Analysis of construction disasters indicates that the most important factor leading to
such events is the human factor. Design errors, poor quality of materials,  negligence
during construction and inadequate maintenance are most often the result of human
negligence, incompetence or deliberate cost reduction. Some may argue that
technology and automation can minimize the impact of human factors on building
safety. Modern design software and advanced construction technologies can help
eliminate errors that were once inevitable. However, technology alone is not the
answer to all  problems. It  sti l l  requires human supervision and interpretation of data,
and human errors can occur at any stage. Even entering data so that software can
calculate loads is subject to error. The key conclusion is the need to constantly
improve the skil ls and knowledge of engineers, designers and contractors. The
introduction of more rigorous educational and certif ication standards can help
minimize design errors. Strengthening construction supervision systems is extremely
important. As observed, most disasters occur in facil it ies managed by an individual.
First of all ,  it  is necessary to create a procedure for greater supervision and control
over such facil it ies. Regular and detailed quality checks at every stage of construction
can prevent the use of low-quality materials and detect potential negligence.
Increasing legal l iabil ity for individuals and companies responsible for the design,
construction and maintenance of buildings can act as a warning against potential
negligence and fraud. Supporting scientif ic research into new materials and
construction technologies that are more durable and resistant to natural phenomena
is key to improving the safety of buildings.
 
 
 
 To sum up, although construction disasters can have many causes, it  is the human
factor that most often fails,  leading to tragic events. It  is necessary to implement strict
procedures and standards at all  stages of the construction process. Regular training
for construction workers, engineers and architects can help improve work quality and
risk awareness. It  is also a good idea to verify knowledge by introducing periodic
exams. Knowledge of current regulations is a very important aspect in every job
position. Quality checks should be carried out at every stage of construction, and all
irregularities must be corrected immediately. Hiring appropriately qualif ied staff is
also crucial.  The problem in this case may be the niche on the labour market when it
comes to manual workers. A blind eye is often turned to various omissions, and this
has a direct impact on the safety of employees and the whole structure. In addition,
the introduction of quality management systems, effective project management and
investor supervision are key to ensuring that all  stages of construction are carried out
in accordance with requirements and standards. Lack of proper supervision, as well  as
corruption and negligence of officials,  can lead to serious consequences. Improving
education, supervision, accountabil ity,  and investing in modern technologies can
significantly reduce the risk of such disasters in the future.
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