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training should not be a goal, but a condition
for learning process radically different from
subject-oriented approach realized before.
In this case a teacher has to be a technical
assistant with organizational and consultant
functions in joint labour [3].
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Abstract

The article presents the results of software implementation into education process
provided by the department of “Structural Mechanics”, TSUAB. These software
packages are intended to solve problems in the disciplines “Strength of Materials” and
“Structural mechanics”. They allow checking the correctness of manual calculations,
rapidly finding and eliminating the mis-takes being made, avoiding a great number of
typical calculations. The de-veloped software packages are characterized by advanced
interface; the ini-tial data are presented in a way that is familiar for students; the

software packages are free.
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of “bending” problems.

Modern  higher education could
hardly be imagined without application of
computing techniques. At civil construction
universities, delivery of the disciplines
related to material strength issues should be
always supported by software LIRA-SAPR,
SCAD for civil and structural engineering [1,
2]. Unfortunately, time is always required to
examine and properly apply the mentioned
and analogous software packages. In most
cases, discipline curricula do not include
time to study these software tools. In
addition, the software packages provide the
final calculation results based on the initial
data without showing the whole calculation
process. This fact impedes stage-by-stage
evaluation of students’ knowledge. Due to
the mentioned facts, a number of universities
have developed their own software packages
for problem solving within such disciplines
as “Strength of materials” and “Structural

mechanics” [3-6]. As a rule, these software
packages are available only for students of
these universities. Mathcad, Microsoft Excel
and etc. allow solving only those problems
for which solution templates have been
preliminary developed [7, 8].

Since 1995, in the Department of
Structural ~ Mechanics, TSUAB, free
educational  software for engineering
calculations and graphical design has
been developed [9-12, 14-18]. These
software packages are aimed at problem
solving within certain blocks of the above-
mentioned disciplines, therefore, students
need little time to familiarize with them; as
a rule, for this purpose an educator should
show the way initial data are prepared and
calculations are done based on the example
of one typical problem. All input data are not
different from the information studied within
the course and graphically shown including
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sizes, types and location of control network
and acting loads.

The main advantage of the software is the
possibility to evaluate students’ knowledge
at each stage. They allow quickly identifying
and correcting the mistake in complex
problems, for example, at calculating
statically indeterminate systems via the
force method or displacement approach.
Solving a number of problems, for example,
when designing a bending line of a beam,
calculating three-hinged arch or solving flat
stress problem, a student has to do a great
number of basic calculations by himself/
herself. When applying the developed
software, in the case of correct calculations
a student is provided with the calculation
results in terms of distribution diagrams,
deflections, deviation angle, etc. which
he/she can apply in further engineering
calculations and graphical design. All
software packages are designed using
Object Pascal programming language in
visual environment Borland Delphi 7 [13].

The software “GeomW” [10, c. 3-20,
14, 18] is intended to calculate geometric
characteristics of plane cross section (fig. 1).
To prepare the initial data, all sections are
divided into simple figures: rectangular box,
right triangle (left), semi-circumference,
quadrant, flanged beam, U-section, equal
angle, unequal angle (right, left). For each
figure, relevant dimensions, geodetic control
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network and deviation angle in respect to the
initial location are input. The rolled sections
are selected from gage materials provided by
the software. The geometric characteristics
of the entire section are control values and
hidden from a user. Incorrectly calculated
values are colored. In this case, a student is
able to find mistake in calculations checking
the values of geometric characteristics of
each figure. Formulas for simple figures
and gage materials of the rolled sections are
given as reference data.

The software “BeamW” [10, pp. 21-29,
18] builds distribution diagrams of bending
moments and deviation angles in statistically
determined beam (fig. 2). For calculation, the
initial parameters method is used. The initial
data are as follows: beam length; cross-
section coordinates; data on the loads acting
on a beam. The control values are reaction
of support, bending moments and transverse
forces in two selected sections; deflection
and deviation angle in one section. The
calculation results are given in the software
window if the corresponding control values
are correctly determined. If necessary,
it is possible to check the correctness of
initial data determination — deflection and
deviation angle at the central point.

AstraWMs” and  “AstraWMp”  [15,
18] are used by students for engineering
calculations and graphical design on the
following topics “Calculation of statically

Fig. 1. Windows of software for calculating geometric characteristics of plane cross
sections
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Fig. 2. Windows of the software to calculate beam deflection
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indeterminate systems via the force method”
and “Calculation of statically indeterminate
systems via the displacement approach”. A
student is provided with an opportunity to
check the correctness of manual calculations
in terms of building distribution diagrams
showing bending moments; calculations of
canonical equation coefficients; calculations
of indeterminate values; building of final
distribution diagrams of internal forces. The
software is equipped with a wide range of
filters, zooming application, distribution
of forces based on the elements, etc. The
calculation is rooted in the finite elements
method which is a basic one in engineering
construction analysis [19].

Software “ArkaW” [10, p. 30-38, 18]
allows defining internal forces and reaction

of supports in the three-hinged arch (fig. 3).
A student manually calculates the bending
moment, traverse and longitudinal forces for
a control section of the arch; if the results
are correct, they are shown on a display
screen including data on all sections (table
of values, distribution diagrams of internal
forces).

Assessment of students’ knowledge is an
integral component of education (admission
tests, current tests, final tests). Software
TestW [16] is intended for assessing
students’” knowledge of the disciplines
related to material strength issues and is
operated in two regimes (fig. 4). The first
regime involves formulation of questions
and possible answers. To develop a test, it is
required: to provide the title of the discipline;

Fig. 3. Windows of software for calculating three-hinged arch
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to provide the title of the discipline block
and upload the question which has been
preliminary saved as PDF file. Depending
on the question type, a type of an answer
is selected (single selection answer, multiple
choice, round figure, real number, word).

The software allows editing the question,  Structural Mechanics. In addition, there is a S s s
provides a certain number of points for a  tab where the problems of various difficulty i | ‘e T P
correct answer, includes a question into the  are generated. The initial data in terms of o E m{\@ @E)
base (excludes from the base). Knowledge  section sizes, places of acting forces and o B # > /E2ES

assessment is carried out either within one
discipline block or throughout the discipline
(in this case the set number of questions
is randomly chosen from the question
base). To date, the department of Structural
Mechanics (TSUAB) has developed the test
in the following disciplines: “Engineering
Mechanics”, “Material Strength”, Material

o |
Resistance”, “Elastic Theory”, “Numerical  reference books and other teaching aid are RR———
methods  for  calculating  engineering  available in the website [18]. | p— N N
constructions”, “Nonlinear problems of Many years of experience in application :
structural mechanics”. of the developed software packages has BE %ﬁm‘%
The software “Beams_frames” [17, revealed the following: Gl ¢ ‘
18] allows checking the correctness of ™  asharp decrease in time for search and [ rnn ot
calculations of support reaction and internal correction of the mistakes made during
forces in the statistically determinant beams n;?nltja![hcaicqlqtlons, which positively # »
and frames (fig. 5). The computational attects the training process, .
algorithm of the sgoftware is based oer)the finite T €ngineering calculations and graphical —

elements method. The bending moments,
traverse and longitudinal forces are measured
at the beginning and the end of each
section. In the case of correct calculations,
distribution diagrams of internal forces with
characteristic offsets are shown on a display
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screen. The software provides students
with opportunity to create the calculating
schemes in two ways: randomly specified by
a user or set according to the requirements
of engineering calculations and graphical
design performed in the Department of

force values are randomly selected. This
generator is recommended for independent
student work, for instance, training for final
certification.

All software packages are registered in
the Record of Software Applications and
available as EXE files [18]. In addition,
software instructions, lectures, presentations,

design performed via software packages
significantly increase the interest of
students in the studied discipline,
which, in its turn, contributes to
better understanding of theoretical
knowledge and acquisition of practical
skills;

Fig. 4. Windows of software to design tests and students’ knowledge assessment
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Fig. 5. Windows of software for solving problems of defining internal bending
forces
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B the developed software packages are
particularly useful for e-learning as an
effective tool of students’ independent
work;

B students acquire skills (calculation
scheme design, preparation of initial
data followed by obligatory monitoring,

analysis of obtained results, search
for mistakes and their correction)
which are necessary for further work
with software packages intended for
engineering construction calculations
during course paper and final paper
design.

= [ (=) [Be e | T TestW: Pexam konTpona swanus 2016 [T
®aiin  [lo6aeus  Cepewc Bug O nporpamme
TecTpoBaHHe | WHTpyxuws
| BEE -

BuiGpartan tema: MaruG"

= | & nnl_1.pel =5 E 1/1 @@ 9% - o 4

Eawcreenoietn v

Haiirn

pa— TipaBinbrsii orost

- U@

136 137




EDUCATION

138

ORGANIZATION AND TECHNOLOGY OF ENGINEERING EDUCATION

REFERENCES

1.

2.

10.

11.

Gorodetskii, A.S., et al. Komp'yuternoe modelirovanie v zadachakh stroitel'noi mekhani-
ki [Computer modelling in structural mechanics problems]. Moscow: ACB, 2016. 338 p.
Konstantinov, I.A., et al. Stroitel'naya mekhanika [Structural mechanics]. Moscow: Pros-
pect, KNORUS, 2010. 432 p.

Mkrtychev, O.V. Soprotivlenie materialov. Obuchayushchii pro-grammnyi kompleks
na CD-ROM [Strength of materials. Educational software on CR-ROM]. M: ACB, 2005.
102 p.

Ignat'ev, V.A., et al. Obuchayushchie programmy. Kompleks programm EDMARCO
[Elektronnyi resurs] [Educational software. Software package EDMARCO]. Available at:
http://vgasu.ru/education/sc-programms, free. (accessed: 12.12.2016).

Programmy dlya EVM po stroitel'noi mekhanike [Elektronnyi resurs] [Structural mechan-
ics software]. Available at: http:/smsk.spb.ru/programmy-dlya-evm-po-stroitelnoy-m,
free (accessed: 12.12.2016).

Ignatyuk, V.I. O razrabotke uchebnykh komp'yuternykh programm dlya resheniya zad-
ach stroitel'noi mekhaniki [Elektronnyi resurs] [On development of educational software
for problem solving in Structural Mechanics]. Problemy inzhenerno-pedagogicheskogo
obrazovanija v Respublike Belarus' [Problems of engineering-pedagogical education in
the Republic of Belarus] Part. 1. Minsk: BNTU, 2013. pp. 88-95. Available at: http://rep.
bntu.by/handle/data/10700, free. (accessed date: 12.12.2016).

Makarov, E.G. Soprotivlenie materialov na baze Mathcad [Strength of materials on the
basis of Mathcad]. Saint-Petersburg: BXV-Petersburg, 2004. 512 p.

Korgin, A.V. Soprotivlenie materialov s primerami reshenija zadach v sisteme Microsoft
Excel [Strength of materials with problem solution examples in Microsoft Excel]. Mos-
cow: INFRA-M, 2013. 389 p.

Tukhfatullin, B.A. Reshenie zadach soprotivleniya materialov, stroitel'noi mekhaniki i
teorii uprugosti na personal'nom komp'yutere [Solving problems in material strength,
structural emchanics and elastic theory via PC]. Tomsk: Ofset.lab TSUAB, 1997. 29 p.
Tukhfatullin, B.A. Programmy dlya resheniya zadach po distsipli-nam «Teoriya uprugo-
sti», «Stroitel'naya mekhanika», «Soprotiv-lenie materialov».. Ch. 1. Metodicheskie uka-
zanija [Software packages for solving problems of Elastic Theory, Structural Mechanics,
Strength of Materials. Part 1. Methodical guidance]. Tomsk: Publ. TSUAB, 2012. 42 p.
Tukhfatullin, B.A Opyt razrabotki i ispol'zovanija v TGASU uchebnyh komp'juternyh
programm pri prepodavanii discipliny “Optimal'noe proektirovanie konstrukcij” [Expe-
rience in development and implementation of educational software when delivering the
discipline “Optimal design of constructions”] Problemy optimal'nogo proektirovanija
sooruzhenij: sb. dokl. 3 Vseros. konf. [Problems of optimal construction design: proceed-
ings of 3 All-Russian conference]. Novosibirsk: NGASU (Sibstrin), 2014. pp. 417-423.

ORGANIZATION AND TECHNOLOGY OF ENGINEERING EDUCATION

12.

13.

14.

15.

16.

17.

18.

19.

Tukhfatullin, B.A., Puteeva, L.E., Krasina, F.A.Programma ContW dlya rascheta geomet-
richeskikh kharakteristik se-cheniya, obrazovannogo neskol'kimi konturami [Software
ContW for calculating geometric characterisitcs of the cross-sections formed by sever-
al contours]. Informacionno-vychislitel'nye tehnologii i ih prilozhenija: sb. XIX Mezh-
dunar. nauch.-prakt. konf. [Information-calculation technologies and their applications:
proceedings of XIX International scientific-practical conference]. Penza: Publish. PSBA,
2015. pp. 58-63.

Arkhangel'skii, A.Ya. Programmirovanie v Delphi 7 [Programming in Delphi 7]. Moscow:
OOO Binom-Press, 2003. 1152 p.

Puteeva, L.E., et al. Programma dlya rascheta geometricheskikh kharakteri-stik « GeomW»
i ee ispol'zovanie v uchebnom protsesse kafedry stroitel'noi mekhaniki [Software GeomW
for calculating geometric characteristics and its implementation in education in the de-
partment of Structural Mechanics]. Problemy inzhenernogo obrazovanija: materialy re-
gion. nauch.-metod. konf. [Problems of engineering education: proceedings of scientif-
ic-methodological conference]. Tomsk: Publ. TSUAB, 2010. pp. 112-114.

Tukhfatullin, B.A. Uchebnye programmy dlya rascheta staticheski neopredelimykh sistem
metodom sil i peremeshchenii [Educational software for calculating statistically indeter-
minate systems via force method and displacement apporach]. Stroitel'naja industrija:
vchera, segodnja, zavtra: materialy Il Vseros. nauch.-prakt. konf. [Building industry: yes-
terday, today, tomorrow: proceedings of Ill All-Russian scientific-practical conference].
Penza: RIO PGMHA, 2012. pp. 89-93.

Tukhfatullin, B.A., et al. Programma dlya testirovaniya znanii studen-tov po distsiplinam
prochnostnogo tsikla [Software for assessing students’ knowledge in the disciplines of
the Materials Strength block]. Testirovanie v sfere obrazovanija: problemy i perspektivy
raz-vitija: materialy VII Vseros. nauch.-prakt. konf. [Testing in education: problems and
perspectives of development: proceedings of VII All-Russian scientific-practical confer-
encel. Krasnoyarsk: SibSTU, 2014. pp. 109-116.

Tukhfatullin, B.A., Puteeva, L.E. Beams_frames: certificate of official registration of the
software for PC Ne 2016660522 the Russian Federation; rights holder — federal state bud-
getary education institution of higher education “Tomsk State University of Architecture
and Building” (TSUAB). Ne 2016617871; application date 19.07.2016; registration in the
record of software for PC 16.09.2016; published 20.10.2016; Ne 10. [1] p.

Balki_ramy [Jelektronnyj resurs] [Beams and frames]. Stroitel'naja mehanika [Structural
mechanics]. Available at: https://stroymeh.tom.ru/programmy/balki_ramy, free (accessed
date: 12.12.2016).

Trushin, S.I. Metod konechnyh jelementov. Teorija i zadachi [Finite elements method].
Moscow: Publ. ACB, 2008. 256 p.

EDUCATION

139




