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In article are considered somemethodical aspects of the practical effectiveness of application of visual aids in «Structural
Mechanics» classes at higher education institutions to improve the quality of the professional training for future civil engineers.
This paper examines using such visual aids as construction sets whenteaching the «Kinematic Analysis» module to students
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Introduction. The construction industry in the modern world is undergoing changes driven by the
implementation of new design technologies of structures, new complex architectural forms, using new
materials, and the urgent need for rapid workforce training to restore destroyed infrastructure. As the
result of these changes new requirements for education of future civil engineering specialists are
presenting. Structural mechanics is one of fundamental disciplines in training future specialists. Laws
of mechanics are often complex for students because to understand them they need to have the
preliminary mathematical background and the spatial imagination.Structural mechanics is the science
of calculating the strength, the stiffness, and the stability of engineering structures and buildings. It is
often difficult for students to understand the physical nature of deformation processes looking only at
drawings and theoretical calculationsthat they see and perform on paper or the university board.

The integration of traditionalteaching methods and innovative visual aids into the educational
process can help studentsto understand the material more easily and to learn it more effectively.
Learning through visual aids is more effective for several reasons. First, approximately 65% of the
global population are visual learners — people who interact with visual content to retain information.
Second, humans receive about 90% of all information about the world through the visual channel.
Third, bright and interesting visualaids help attract and hold attention.

Analysis of recent research and publications. In light of constant global shifts and generational
changes in education, there is the continuous search for new pedagogical methods in education,
particularly in higher engineering education. Sources [1, 2] state that not all future bachelors possess
the well-developed spatial imagination and the spatial reasoning. In [1], the author examines the
process of forming the spatial imagination and the spatial reasoning throughout the student's
engineering education at the university level. Therefore, the author deems it appropriate to utilize
specialized tasks to develop these abilities, to structure such tasks across various disciplines, and to
establish new criteria for evaluating the development of the spatial imagination and the spatial
reasoning. In [2], the author notes that forming the necessary level of spatial reasoning in students must
begin with fundamental disciplines, such as descriptive geometry and engineering graphics, through
the use of computer-aided geometric modeling. Also, the author proposes implementing full
computerization and informatization of the educational process for future engineering and technical
specialists.

Original software tools were developed by the chair of structural mechanics at the Kyiv National
University of Construction and Architecture and have been integrated into the educational process for
many years. These include: the «cASSISTANT» educational complex [3], which accommodates applied
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programs for performing calculation works in structural mechanics,alsofor analyzing planar frame
systems for statics, stability, and dynamics; the «CONTROL» software complex [3, 4] is utilized for
student knowledges assessment; the «OLYMP» software complex [3] is utilized for holding subject-
specific academic olympiads.

In [5], authors describe features of the integrated approach while teaching the structural Mechanics
course. Authors emphasize the practical orientation, the integration of theory and practice, and the use
of various interactive simulations and specialized software products. The article also argues that the
successful mastery of fundamental knowledge and the preparation of students for real-world
engineering tasks require, among other things, the implementation of modern auxiliary tools for
processing practical material and information technologies during the educational process. In [6], the
conditions for the implementation of the tutoring technology in teaching structural mechanics are
described, including theinstructor training, the development of methodical strategies for the student
support, and the creation of educational and methodical resources that promote the development of
future professional competencies.

The purpose of the article. In article are considered somemethodical aspects of the practical
effectiveness ofapplication of visual aids in «Structural Mechanics» classes at higher education
institutions to improve the quality of the professional training for future civil engineers. This paper
examines usingsuch visual aids as construction sets when teaching the «Kinematic Analysis» module
to students studying in civil engineering.

The main part. In Ukrainian schools at the primary level the training using construction sets is
introduced. They are used for development of mental abilities, intellect and creative thinking of the
younger generation.The New Ukrainian School is based, among other things, on fundamentals of
STEM-education (S — Science, T — Technology, E — Engineering, M — Mathematics). The effective
tool of STEM- education is using LEGO construction sets [7]. Authors argue that such the practice-
oriented approach allows students to achieve the practical implementation of their knowledge with
future ability to apply it in real-world scenarios. In [8], educational models of LEGO Education
construction sets are described, which can be applied at various stages of physics lessons. The
construction set is presented in the manual as the pedagogical system for modeling the real world and
as the subject-play environment for teaching children and providing basic physics education.

There is the opportunity to utilize construction sets in higher civil engineering education,
particularly within structural mechanics.The learning engineering disciplines with using models
assembled from construction sets can improve the development ofthe students’ spatial imagination.In
the education activity construction sets can help students to understand how various elements are
combined in one complex system andinteract with each other.This understanding futurespecialists may
need in their professional activities when performing real projects.

Construction sets can assist students in gaining the better understanding methods ofconnecting
disks and joints into geometrically stableanalyticalmodel, as well as the exceptions to these methods, in
the structural mechanics course, specifically within the «Kinematic Analysis» module. Students
typically observe examples of disk and joints connections through 2D-diagrams on paper in the
traditional structural mechanics instruction.

Analogous models assembled from construction sets can help the instructor:

— demonstrate these methods using simple examples directly within the classroom;

— explain why the specific number of connecting devices is the minimum requirement for connecting
the certain number of disks;

— explain why specific links arrangements cause the system to become instantaneously unstable;

— explain the relationship between real and virtual hinges;

— explain interconnections between disk connection methods when representing certain elements of

the analytical model as others [9].

Consider the «dyad» method as the example. Figure la illustrates the scheme for this method.
According to this method, the simple disk (D;) can be connected with thesimple joint (J;) into
thegeometrically stable system using two kinematic links (L;, L), provided their axes are not collinear.
Figure 1b displays the photograph of the model assembled from the construction set, featuring
analogous components (the disk, the joint, and two links). In cases where these two kinematic links
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share the common axis — the system
4 O p— becomes instantaneously unstable
h = (Fig. 1c, Fig. 1d), allowing the joint J; to
displace along the line perpendicular to
the axis of links L; and L, (Fig. le,
Fig. 11).

With the physical model in hands, the
instructor can demonstrate the process of
connecting elements into the enlarged disk
and  visually illustrate  potential
displacements within the instantaneously
unstable system (Fig. le, Fig. 1f). This
provides the clear rationale for why such
schemes are inadmissible in real-world
structures. Besides, using these visual
aids, the instructor can show how change
of the placement of one connecting device
can transform the instantaneously unstable
system (Fig. 1d) into a geometrically
stable one (Fig. 1b).

When representing one or two
kinematic links as disks, the «dyad»
method may transform into the Polonceau
method (Fig. 2a, Fig.2b) or the hinged
triangle method (Fig.2c, Fig. 2d),
respectively. By using elements of the
construction set, the instructor can
perform the appropriate replacement,
visually demonstrating to students the
relationships  between  methods  of
connecting disks and joints.

To demonstrate the Shukhov method
of the disk’s connection (Fig.2a), the
. i model composed of two disks and three
C\-h--i W~ kin.ematic links can be utilized (Fig. 2b).
This example illustrates that two
kinematic links are insufficient to form the
geometrically stable system, becausethe
- system becomes instantaneously unstable,
P allowing for potential point displacements
© ' ' @ (Fig. 2c). The scheme in the Figure 2c

also helps to explain the concept of
Fig. 2. Illustration of Polonceau andhinged triangle methods thevirtual hinge located at the intersection
of axes of two kinematic links. Much like
the real hinge (Fig. 2d), it permits angular displacements of disks relative to each other.

One of exception tothe Shukhov's method, where all three kinematic links are parallel to each
other, is illustrated in Figure 2e. In such the system, point displacements can occur, therefore it is
instantaneously unstable. These deformations can be demonstrated to students (Fig. 2f, Fig. 2g) to
explain the necessary modifications to the analytical model — such as altering the axis of one of the
kinematic links (Fig. 2b)— to ensure it becomes geometricaly stable.

Construction setscan help students in independently assembling enlarged disks from components of
analytical models during practical sessions (Fig. 4). Such skills to build complex schemes from small
parts will additionally contribute to the development of professional skills of future civil engineers.
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Fig. 4. Examples of the qualitative stage of kinematic analysis using construction sets

Conclusion.Construction sets during learning the kinematic analysis within the structural
mechanics can be considered as visual aids for modeling that can be useful for students and instructors.
Their application into the educational process can: improve the student’ spatial imagination; facilitate
students understand how various connecting devices work in theanalytical model; facilitate students
understand methods ofconnecting discs and joints and their interconnections among themselves;
transform schemesfrom paper drawings into visual models; promotethe understanding principles of
combining various elements into the complex construction structure.

Application of Al: the Al tool «Google Gemini» was used to translate the article into English.
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Kapa I.[]., Anopicecvruii B.I1.
METOJUYHI ACHEKTHU BUKOPUCTAHHS HAOUYHUX MATEPIAJIIB 1T YAC BUKJIAJAHHSA MOYJISA
«KITHEMATHYHU AHAJII3» 111 CTYAEHTIB BYIIBEJIbHUX CIHEHIAJTBHOCTEM

ByniBenbHa MexaHika € oziHi€l0 3 (QyHIAMEHTAIbHUX JUCHMIUIIH IPH MiArOTOBLI MaiOyTHIX (axiBuiB. 3aKOHM MEXaHIKH
JuIs 3700yBadiB 4acTO € CKJIAQJAHUMHU, OCKUIBKM JUIi X PO3YyMIHHS HOTPIOHO MAaTH IMONEPEIHI0 MAaTeMaTH4HY HiIrOTOBKY i
MpocTOpoBy ysiBy. CTyAI€HTAM 4acTO CKJIAHO 3pO3YMITH (i3MuHMI 3MICT mpoleciB Jedopmaltii, TUBISYUCH HA JHIIE PUCYHKH
Ta TEOPETUYHI PO3PAXyHKH, 5K BOHM 0auaTh i BUKOHYIOTh Ha Marepi 4d yHIBEpCUTETChbKiM momui. [HTerpamis Tpaauiiinmux
METOJ[IB HAaBYaHHS Ta IHHOBALIMHMX HAOYHUX MaTepiasliB y HaBYAJIbHUH IPOLEC MOXE JIOMOMOITH 3]00yBayaM Jeriie
cnpuiiMati 1 eQeKTUBHIlLIE 3acBOIOBaTH Marepias. B il crarTi ONMMCYIOTBCS J€sAKi METOAMYHI ACMEKTH IPAKTHYHOT
e(eKTUBHOCTI 3aCTOCYBAHHS TaKMX HAOYHUX MaTepialliB SK KOHCTPYKTOPH Ha 3aHATTAX 3 OylNiBeJbHOT MEXaHIKH IpH
MPOXOLKEHHI Moayiis «KiHeMaTHuHui aHani3z» 3100yBayamMu OyniBeNbHUX crelianbHocTeld. KOHCTPYKTOPH MOJKHA PO3TIIsaTH
SIK HAOYHI MaTepiay JJIsl MOJENIOBAHHS, SIKI MOXYTh OyTH KOpHCHUMH 3700yBadaM i BukIagadaM. CKiaieHi 3 KOHCTPYKTOPIB
CXEMHU MOXYTh JIONOMOITH BHUKJIQJlauy: NOSICHUTH CIOCOOM 00’€IHAHHS JUCKIB Ha NPOCTUX MpPUKIAAaX O0e3nocepesHbo B
ayaMTOpii; MOSICHUTH, 4YOMY JUld O0’€JHAHHS MEBHOI KiJbKOCTI AMCKIB MIHIMAaJbHO HEOOXiJHOI € BH3HA4Y€Ha KUIbKICTh
3’€[HyBaJIbHUX MPHUCTPOIB; MOSCHUTH, YOMY IPHM IEBHOMY pPO3TAlllyBaHHI B’A3¢if CHCTEeMa MEPETBOPIOETHCS Ha MHTTEBO
3MIHIOBaHY; MOSCHUTH 3B 30K MDK JIMICHUMH 1 YSIBHUMHM IIapHIpaMu; MOSCHUTH 3B SI3KM MDK CrocodaMu 00’eJHAHHS JIMCKIB
TIPY NIPE/ICTABJICHHI OJIHUX €JIEMEHTIB PO3PAXyHKOBHX CXeM SK iHIIi. BUB4EeHHs KiHEMaTHYHOro aHanizy B Oy/iBebHii MexaHili
i3 3aCTOCYBaHHSAM KOHCTPYKTODIB MOXE HOMOMaraTd 37400yBayaM: PO3BHBATH IIPOCTOPOBY YSBY;IONOMAraTd 3m00yBadam
3pO3yMITH OCHOBM POOOTH Di3HUX 3’€IHYBAJbHUX NPUCTPOIB B PO3PaxXyHKOBiil cxemi; qomomaratu 3700yBauaM 3pO3yMiTH
crocoOu 00’€HaHHS JUCKIB 1 BY3JB, X 3B’SI3KM MDK CO0OI0; NEPETBOPIOBATH CXEMH 3 HAlepOBUX PHCYHKIB Ha Bi3yasbHi
MOJI€Ji; CIIPUSATH PO3YMIHHIO IPHHIMIIIB 00’ €JHAHHA PI3HUX KOHCTPYKIIH B OJIHY CKJIaZHYy OY/AiBEJIbHY CHOPYILY.

KuarouoBi ciioBa: OyiBesibHa MexaHika, Oy/iBesbHa OCBiTa, HAOUHI MaTepiaiu, po3paxyHKOBa CXeMa, KOHCTPYKTOP.

Kara 1.D., Andriievskyi V.P.
METHODICAL ASPECTS OF APPLICATION OF VISUAL AIDS WHEN TEACHING THE «KINEMATIC
ANALYSIS» MODULE TO ENGINEERING STUDENTS

Structural mechanics is one of fundamental disciplines in training future specialists. Laws of mechanics are often complex
for students because to understand them they need to have the preliminary mathematical background and the spatial imagination.
It is often difficult for students to understand the physical nature of deformation processes looking only at drawings and
theoretical calculations that they see and perform on paper or the university board. The integration of traditional teaching
methods and innovative visual aids into the educational process can help students to understand the material more easily and to
learn it more effectively. This paper examines some methodical aspects of the practical effectiveness of application of such
visual aids as construction sets in «Structural Mechanics» classes at higher education institutionswhen teaching the «Kinematic
Analysis» module to students studying in civil engineering. Construction sets can be considered as visual aids for modeling that
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can be useful students and instructors. Models assembled from construction sets can help the instructor:demonstrate methods of
connecting disks using simple examples directly within the classroom; explain why the specific number of connecting devices is
the minimum requirement for connecting the certain number of disks; explain why specific links arrangements cause the system
to become instantaneously unstable; explain the relationship between real and virtual hinges; explain interconnections between
disk connection methods when representing certain elements of the analytical model as others. Learning the kinematic analysis
within the structural mechanics with application of construction sets can help students: to improve the spatial imagination; to
understand how various connecting devices work in the analytical model; to understand methods of connecting discs and joints
and their interconnections among themselves; to transform schemes from paper drawings into visual models; to promote the
understanding principles of combining various elements into the complex construction structure.
Keywords: structural mechanics, engineering education, visual aids, analytical model, construction set.
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