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ABSTRACT: Introduction. Human safety during sport activities depends mostly on the technical states of sport facilities. Ac-
cording to current legislation, every school and higher education institution with sport facilities must meet nationwide standards
for safety requirements. Sports facilities with existing codes and GOSTR are inspected by a special committee, which is required
for accreditation, and which has been applied for several decades. This study offers more accurate and up-to-date methods for
inspection of these sport facilities, specifically three-dimensional laser scanning. The technology of three-dimensional laser
scanning is used mainly to obtain high precision and detailed measurements of any object. The authors analyzed the methods of
application of three-dimensional laser scanning to assure human safety during sport activities at schools and higher educational
institutions. Materials and methods. The objects analyzed were running tracks at the stadium at Kuban State Technological
University. The main research method is an empirical one, namely field measurements. Scanning of racetracks was performed
with the Leica ScanStation C10 from six stations. After field measurements were taken, point cloud was imported into special
software to process the results of the laser scanning by the Leica Cyclone. After measurements were taken, all the critical points
of the racetracks were classified by the height. According to existing standards for racetracks at athletic stadiums, the allow-
able value of roughness is 10 mm. Results and discussion. Classification of points revealed that the limit value for roughness
of University’s racetrack was 9 mm (which meets existing safety requirements for racetracks). Thus, racetracks of Kuban State
Technological University underwent the accreditation process performed by the research group from the Department of Ca-
daster and Geo-Engineering. Conclusion. The conclusion of the paper detertmined that, in fact, laser scanning can be applied
to control safety of race tracks.
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INTRODUCTION

hysical fitness is an activity aimed at strengthening
human health and development of their physical abili-
ties. It has been already proven that physical exercise har-
monically develop body and allow improving health for
many years to come. Physical fitness comprises a wide

range of exercises and activities, starting from games and
sports (football, basketball, volleyball, tennis) and ending
with weightlifting. It is obvious that most physical exercises
can cause injuries activities, and to participate successfully,
physical well-being is needed. One should also note that an
important role in the process of physical activity belongs to
sport facilities at which a person does participate.

© Gura D.A., Bespyatchuk D.A., Samarin S.V.,, Kiryunikova N.M., Lesovaya E.D., 2021

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0002-2748-9622
https://orcid.org/0000-0001-6711-385X
https://orcid.org/0000-0001-5431-7351
https://orcid.org/0000-0002-8020-768X
https://orcid.org/0000-0002-4383-4828

2021;13 (4):
259-263

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobuli

SAFETY OF BUILDINGS AND FACILITIES

A sports facility is a special open or closed structure
in which it is possible to hold training and competition
of different sports etc. The quality and the state of such
structures strongly affect the safety of a person when
training as the negative condition may considerably rise
the risk of being injured in a certain degree. Therefore, to
monitor the state of such structures is of great importance.

One should mark, the course “Physical Fitness” is an
obligatory discipline at schools and higher educational
institutions in many countries, including Russia. Today
there are about forty thousand schools and seven hun-
dred forty-two universities in our country. According
to the Construction Code 278.1325800.2016 “Build-
ings of higher educational organization. Design codes”
and Construction Code 251.1325800.2016 “Buildings of
regular educational organizations. Design codes” every
higher educational institution and every school must be
equipped with sport structures which are safe for physi-
cal training. Unfortunately, some of educational institu-
tions, especially schools, take responsibility lightly with
respect to these requirements, a fact is proven by the
following statistics: in 2020 about 20% of all Russian
schools and their facilities need to be renovated. At this,
1.5% of schools in Russia need major repairs, including
their sport facilities [3].

As for higher educational institutions, according to
Federal State Statistic Service’s data, the condition of
almost all sport facilities at universities is sub-standard.
Safety of these facilities must be considered as the stu-
dents’ exercises, when doing sport, are more complex
than those of school pupils.

At present, a special committee performs inspection of
sport facilities in Russia. Such inspection is periodic and
takes place once every several years. For several decades,
this approach has been obligatory and a constant method
for accreditation of sport objects. This study proposes
another, more accurate method to control safety of sport
facilities: three-dimensional laser scanning.

Three-dimensional laser scanning is a fieldwork sys-
tem which measures with high accuracy distances, vertical
and horizontal angles. The result of three-dimensional
laser scanning is a point cloud, using which different ob-
jects are rendered [7]. Three-dimensional laser scanning
by the type of applied equipment is classified into three
classes: air, which is performed mainly with drone aircraft,
ground and mobile [1-2, 6]. Three-dimensional laser
scanning is employed in many fields of human activities
and quite often is used in:

— Monitoring of deformations in buildings and struc-
tures;

— Geotechnical surveys;

— Survey tracking of drill and explosive works;

— Recording of car accidents, crime sites, etc. [9—11].

Laser scanners are also used in construction of sport
facilities and structures, but the present work studies the

perspective on the potential of applying laser scanners to
monitor the state of racetracks at the athletic stadiums
[4-8].

The scope of the study is to analyze the perspective on
the potential of applying three-dimensional laser scan-
ning in monitoring to check the state of race tracks at the
athletic stadiums.

The tasks of the study:

1. Based on statistic data to analyze the safety level
of sport facilities situated at the territory of educational
organizations.

2. To investigate existing method of accreditation of
sport facilities.

3. To apply laser scanning to a certain sport facility to
reveal compliance or incompliance of the given facility
characteristics with existing safety codes valid for sport
facilities.

4. To make conclusions on the potential of applying
three-dimensional laser scanning to provide safety for
sport facilities.

METHODS AND MATERIALS

To inspect safety of racetracks, the athletic stadium of
Kuban State Technological University (KubSTU), which
location is Krasnodar, Moskovskaya str., bld. 2, has been
chosen. The photography of it is in Fig. 1.

Fig. 1. The athletic stadium of Kuban State
Technological University

Scanning was performed with the laser scanner Leica
ScanStation C10. The photography of the scanner is in
Fig. 2.

The research group set following parameters when
scanning athletic stadium of Kuban State Technological
University: discretion 10x10 cm, exposure time 64 sec,
resolution 1920x1920 pixels, scanning coverage was
360x270°, scanning process ran from 6 stations. After
scanning, point cloud was imported into special software
Leica Cyclone to render objects.
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Fig. 3. Point cloud
Processed in software
Leica Cyclone

Fig. 4. Rendered
cloud, which points
were classified by the
height in software
Leica Cyclone

RESULTS AND DISCUSSION

Rendered stadium in software Leica Cyclone is in
Fig. 3.

Having rendered the stadium, the points of racetrack
were classified by height. Each height value was assigned
color. An array of points with colors corresponding to
their height is presented in Fig. 4.

One should note that colors correspond to the follow-
ing height values:

— green — 0—2 mm;
— blue — 2—3 mm;

— yellow — 3—5 mm;
— orange — 5—7 mm;
— red — 7—-8 mm;

— black — 8—9 mm.

According to GOST R 55529-2013 «Sport facilities.
Requirements to safety during sport and training activities.
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Table 1
Comparison of scanning results and requirements of GOST R 55529-2013
. If the requirements
Point colour Value of roughness, mm of GOST R 55 5‘;9_201 3 were met
Green 0-2 YES
Blue 2-3 YES
Yellow 3-5 YES
Orange 5-7 YES
Red 7-8 YES
Black 8-9 YES

Testing methods», the value of roughness on racetracks
must not exceed 10 mm. Comparison of the scanning re-
sults and mentioned above code is presented in the table 1.
On the basis of information obtained in analysis of
scanning results and requirements of the mentioned above
code (table 1), one can conclude that the values of rough-
ness found at the KubSTU’s stadium meet requirements
of GOST R 55529-2013, and thus, this sport facility is
considered to be safe for doing physical exercises.

CONCLUSION

This study found that the method used to analyze the
state of sport facilities by means of three-dimensional
scanning is rather promising and efficient. Scanning
makes it possible to perform area survey for different
objects with significant rate and to perform huge mea-
surements with high accuracy and descriptiveness within
a short time.

This paper considered application of ground laser
scanning system as one of the methods to monitor de-
formations and to control the state of sport facilities;
the process to perform field survey at KubSTU’s athletic
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