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INTRODUCTION
The Course Training Program of the academic discipline "Metals and Welding in

Construction™ was developed on the basis of the "Methodological recommendations for the devel-
opment and execution of the syllabus of educational discipline of full-time and part-time forms of
training", approved by rector’s order No. 249/roz. of 29.04.2021 and relevant regulatory documents.

1. EXPLANATORY NOTE

1.1. Role, goal and objectives of the academic discipline

The discipline has an independent meaning and is one of the main disciplines forming a special-
ist in the field of industrial construction. On the basis of the knowledge and skills acquired by students
while studying the discipline, the future specialist, in the case of working in design organizations, will
design part of the projects related to the design of load-bearing metal structures of industrial buildings.

The goal of teaching the discipline is to provide the future specialist with knowledge in the field
of calculation and construction of welded metal structures of industrial buildings, taking into account
the requirements of the manufacturability of the production of structural elements, their transportation,
installation and technical operation.

The objectives of the educational discipline is to improve the student's knowledge in the field of
choosing the optimal structural building materials, the choice of rational structural systems of the con-
struction objects being designed; acquiring skills in designing and calculating the load-bearing struc-
tures of the frame of a one-story industrial building; the student's acquisition of knowledge of the rules
for designing metal structures in accordance with current standards; mastering the rules of construction
and calculation of the nodes of the connection of structures in the building, taking into account the
conditions of production, installation and technical operation of industrial buildings.

1.2. Educational outcomes of the academic discipline

As a result of studying the discipline, the specialist should know calculation methods and rules for
designing the load-bearing structures of one-story industrial buildings, taking into account the pecu-
liarities of the physical and mechanical properties of steels; algorithms for calculating structures with
welded joints; technological possibilities of factory production of steel structures, rules of transporta-
tion, installation and technical operation of building structures. PLO9 — Design building structures,
buildings, structures and engineering networks, taking into account engineering and resource-saving
measures, legal, social, environmental, technical and economic indicators, scientific and ethical as-
pects, and modern requirements of regulatory documentation in the field of architecture and construc-
tion, environmental protection and labor safety. PLO14 — Ensure reliable and safe operation of build-
ing constructions, structures and engineering networks.

1.3. Competencies obtained through the academic discipline

As a result of studying the discipline, the higher education seeker should be able to determine
the dimensions of the industrial building transverse frame, determine the loads that act on structural
elements of the frame, determine the efforts in the elements of the frame and carry out computer calcu-
lations of metal structures, as well as the entire structure as a whole, design the load-bearing elements
of buildings and structures and nodes of their connections, as well as evaluate the technical and eco-
nomic efficiency of the adopted constructive decision.

General competences: GC2 — Knowledge and understanding of the subject area and profession-
al activity. GC6 — Ability to independently acquire knowledge by searching, processing and analyzing
in-formation from various sources.

Professional competences: PC3 — Ability to design building structures, buildings, structures and
engineering networks (according to specialization), taking into account engineering and resource-
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saving measures, legal, social, environmental, technical and economic indicators, scientific and ethical
aspects, and modern requirements of regulatory documentation in the field of architecture and con-
struction, environmental protection and labor safety. PC6 — Ability to perform engineering activities in
the field of construction, compilation and use of technical documentation.

1.4. Interdisciplinary links
This discipline is based on the knowledge of such disciplines as "Structural Mechanics"”, "Ar-
chitecture of Buildings and Structures”, "Metal Structures™ and is the basis for studying further discip-
lines, namely: "Construction Economics”, "Organization of Construction”, "Foundation Engineering",
and also performance of Qualification Paper.

PROGRAM OF THE ACADEMIC DISCIPLINE

2.1. Content of the academic discipline

The educational material of the discipline is structured according to the modular basis and con-
sists of two educational modules, namely:

- educational module 1 ""Constructive forms of metal structures'’;

- educational module 2 ""Metal frameworks of single-story industrial buildings™, each of
which is a logically completed, relatively independent, integral part of the educational discipline, mas-
tering which involves a modular test and results analysis.

2.2. Module structure and integrated requirements for each module

Module Nel “Constructive forms of metal structures”
Integrated requirements for module 1: to know:

- calculation methods and rules for designing load-bearing structures of buildings and struc-
tures, taking into account the peculiarities of the physical and mechanical properties of
steels and aluminum alloys, their chemical composition;

- algorithms for calculating structures with welded joints;

- technological possibilities of factory production of steel structures, rules of transportation,
installation and technical operation of construction structures;

be able:

- independently choose the optimal grades of steel and aluminum alloys for building struc-
tures, calculate and assign the parameters of the cross-sections of the load-bearing elements
of the structures;

- to assign the type of connections of separate structural elements, to design the nodes of
structural connections in the building depending on the specific conditions of their opera-
tion;

- carry out an assessment of the technical and economic efficiency of the adopted construc-
tive decision.

Topic 1. Constructive forms. Progressive directions of metal structures development

Formation of structural forms from separate elements - beams, columns, trusses, arches, slabs,
membranes, etc. Constructive forms of the building frame, tank, tower, bridge, transverse frame of the
skeleton, crane beam, column, truss.

Distribution of constructive forms by type and static work. The main criteria that determine the
structural form. Modern ideas of forming a constructive form. Modern structural forms, which include
frame and arch frames, vaults, domes and structural roof system.

Topic 2. General characteristics of industrial buildings

An industrial building as a complex of building structures, which takes up static and dynamic
loads induced from its own weight, as well as from climatic and technological influences. Features of
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the technological process and conditions of its normal functioning. The basis of the frame of the indus-
trial building. Providing the rigidity and stability of the frame in the longitudinal direction by the sys-
tem of braces in the roof plane and vertical braces between columns.

Topic 3. The main load-bearing elements of the industrial buildings frame

The main load-bearing elements of the frame, which are part of the transverse frame, take up
the load and transfer it to the foundation.

Steel columns of constant cross-section by the height or stepped of the building transverse
frame. Trusses of industrial buildings with parallel chords, trapezoidal and triangular.

Topic 4. Roof structures of industrial buildings

Roof structures of industrial buildings with or without purlins. A solution with reinforced con-
crete ribbed slabs, which act as load-bearing elements of space-enclosing structures. Typical trusses
with parallel chords. Roof covering from rolled or mastic materials. Design decisions for light roof co-
verings with purlins.

Module Ne2 «Metal frameworks of single-story industrial buildings»

Integrated requirements for module 2: to know:

- rules for the layout of the building transverse frame;

- rules for determining the load acting on the transverse frame;

- rules for drawing up schemes of structural elements of the transverse frame;
be able:

- determine the dimensions of the building transverse frame;

- independently determine the loads acting on load-bearing elements of the frame;

- independently determine the efforts in the frame load-bearing structural elements;

- independently carry out computer calculations of metal structures, as well as the entire
building as a whole, design the load-bearing elements of buildings and structures and their
connection nodes, optimize structural solutions in their proposals.

Topic 1. Types of single-story industrial buildings frames

The basis of the frames of industrial single-story buildings is made of plane transverse frames,
which are formed by columns and girders. Transverse frames that ensure geometric stability and stiff-
ness of the skeleton in the transverse direction. Classification of frames depending on the presence and
type of crane equipment and depending on the number of columns in the transverse direction.

Topic 2. Layout of the transverse frame of the workshop

Determination of vertical dimensions, based on the dimensions of the crane equipment and the
given height of the building. Determining overall dimensions of crane equipment. Determination of the
length of the upper over-crane part and the length of the lower (under-crane) part of the column.

Determination of horizontal dimensions, which depends on the columns snapping to the longi-
tudinal axes, as well as on the mode of operation of the crane equipment.

Topic 3. Braces of the building framework. Calculation of building frame vertical and lat-
eral braces

Braces functions that work in conjunction with structural elements of the framework. Schemes
of the braces’ arrangement in the bottom and top chords of the trusses. Vertical braces between the
columns of the framework.

Selection of cross-sections of braces elements according to ultimate flexibility (according to
SBN B.2.6-198-2014).

Selection of X-shaped braces cross-sections cross as tensioned elements. Checking the flexibili-
ty of tensioned elements only in the vertical plane and the absence of dynamic loads.
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Selection of braces cross-sections (with the exception of cross tie braces) as compressed ele-
ments. Determination of the rating length of brace elements based on the assumption of the presence of
hinges in all nodes.

Topic 4. Mechanical loads applied on transverse frame of a single-story industrial build-
ing

Determination of the load from the dead weight of the roof and roof covering structures per
1m?; linear evenly distributed load on the frame roof girder from the self-weight of the roof covering;
bearing reaction of the frame girder; dead weight of the column; rating total load on the over-crane and
under-crane parts of the column from the own weight of the column and the wall panels, taking into
account the coefficient reliability on the purpose.

Topic 5. Snow load applied on transverse frame

Determination of the limit rating snow load per 1 sq. meter of the area of the roof covering ho-
rizontal projection in accordance with the design standards.

Static calculation according to rating schemes with a conditional solid girder loaded from
snow, as well as from its own weight, is assumed to be evenly distributed along the length of the span.

Topic 6. Loads from overhead travelling cranes

Determination of the load from overhead travelling cranes, which is transmitted directly to the
rails in the places of contact with the running wheels and is vertical and horizontal in its direction.

Topic 7. Wind load applied on transverse frame

Determination of the limit rating value of the static component of wind active and back pres-
sure applied perpendicular to the exterior surface of the building or its element.

Taking into account the wind load acting above the bottom chord of the roof truss, according to
the calculation scheme as concentrated force.

Topic 8. Static calculation of transverse frames

Determination of forces in elements of a frame by static calculation for each load separately.

Replacement when calculating frames using simplified calculation schemes of a open-web roof
truss with a solid one equivalent to it in terms of stiffness.

Application of construction mechanics methods (the method of displacements) in manual cal-
culations. Design of diagrams to determine the bearing reactions of columns of solid and stepped
Cross-sections.

Topic 9. Determination rating combinations of loads acting in cross-sections of an open-
web column

Determination of rating efforts in the elements of the transverse frame of the industrial building
skeleton. Rating combinations of bending moments, longitudinal and transverse forces, which assume
in according to the requirements for the main combinations of loads. The first group of basic combina-
tions of loads, which includes a constant and one short-term load. Inclusion in the calculation of two or
more short-term loads according to the second group of rating combinations.

Main cross-sections for columns, in which rating combinations of efforts should be compose.

Topic 10. Calculation and design of an open-web column of a single-story industrial
building frame

Designing the shaft of an open-web columns of industrial buildings from two pieces connected
by a triangular lattice of single angles.

Checking the bearing capacity - the stability of a separate piece as a central compressed ele-
ment and the stability of a column as a single open-web eccentrically compressed element.

Checking the pieces of open-web columns for stability both in the plane of the frame, which is
parallel to the plane of the connecting lattice, and out of plane.

Topic 11. Calculation and design of a crane beam

The statical work of under-crane structures is in difficult conditions, which are characterized by
the presence of a mobile load and the dynamic nature of the application of vertical and horizontal
forces from these cranes.
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Calculation of crane beams when no more than two overhead travelling cranes are placed on
them in an unfavorable position, in which the largest bending moment and transverse force occur.

Checking the normal stresses in the section where the maximum bending moment acts. Check-
ing the tangential stresses in the section where the maximum transverse force acts. Checking local
stresses in the compressed zone of the beam web at the place of application of the concentrated pres-
sure of the crane wheel. Checking the combined stresses in the web where normal, tangential and local
stresses are acting at the same time. Checking the general stability of the beam and deflections (stiff-
ness).

Topic 12. Calculation and design of a single-story industrial building roof truss

Calculation of the roof truss when it’s loaded by constant load (own weight of the load-bearing
roof structures and roof covering with insulation) and temporary (from suspended equipment, snow
and wind) loads. Determination of the load on the trusses in the form of concentrated forces applied at
the nodes.

2.3. Thematic plan

Academic hours
Full-time Part-time

. Topic study study

© = %) ] < =) » >

= 8] o 1 +—J 8] o 1

clals|gle|3l3|%
1 | 2 | 3] 4] 5] 6] 78] 9]10

Module Nel «Constructive forms of metal structures»

1.1 | Structural forms. Progressive directions of 7 Semester 7 Semester
metal structures development. 6 5 5 5 - - - -
Materials for metal structures. Metals in con-

. 4 - 2 2
struction. Assortments.
1.2 | General characteristics of industrial buildings. - - - -
. 6 2 2 2
The main fundamentals of the metal struc- 4 i 5 5

tures calculation

1.3 | The main load-bearing elements of the indus- - - - -
trial building’s framework.
Calculation of welded joints. Calculation and

Ul
=
N
)

construction of butt joints. 4 i 2 2
Calculation and construction of fillet welds.
1.4 | Roof structures of industrial buildings. - - - -
o . 5 1 2 2
Limit states and calculation of centrally com- 3 i 1 5
pressed elements.
1.5 | Module test Nel 3 - 1 2 - - - -

Total for Module Nel | 40 6 16 | 18

Module Ne2 «Metal frameworks of single-story industrial buildings»

2.1 | Types of a single-story industrial buildings’ 4 1 i 3 - - - -
steel frames.

2.2 | The determination of the transverse frame 4 i 9 5
dimensions
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2.3 | Braces of the building framework. 4 1 i 3 - - - -
Calculation of building frame vertical and lat- 4 i 5 5
eral braces
2.4 | The loading on the transverse frame of a sin- - - - -
. X o 4 1 - 3
gle-story industrial building.
Determination of the constant load on the
transverse frame of a single-story industrial | 4 - 2 2

building.

2.5 | Determination of the snow load on the trans- - - - -
verse frame of a single-story industrial build- | 7 1 2 4

ing

2.6 | Determination of the crane load on the trans- - - - -
verse frame of a single-story industrial build- 1 2 4

ing

2.7 | Determination of the wind load on the trans- - - - -
verse frame of a single-story industrial build- | 7 1 2 4

ing

2.8 | Statical calculation of transverse frames 4 1 - 3

2.9 | Determination rating combinations of the ef-
forts, which are acting to cross sections of the | 7 1 2 4
column

2.10 | Calculation and design of open-web column

of the single-story industrial building frame.
Calculation and design of the connection of
the above-crane and under-crane parts of the
column, the base of the column

RN

2.11 | Calculation and design of crane beams 6 1 - 5

2.12 | Calculation and design of frame girder (truss) 6 1 1 4
of the one-story industrial building

2.13 | Module test Ne2 4 - 1 3 - - - -

Total for Module Ne2) 80 | 11 | 18 | 51

Total for Academic Discipling 120 | 17 | 34 | 69

3. TRAINING MATERIALS FOR THE DISCIPLINE
3.1. Teaching Methods

When studying the discipline, the following teaching methods are used:
- explanatory-illustrative method;
- method of problem statement;
- reproductive method.
The implementation of these methods is carried out during lectures, demonstrations, independent
work, work with educational literature, solving problems in civil engineering
3.2. Recommended literature
Basic literature
3.2.1. bapabamr M.C., Kosznos C.B., Menseaenko /J[.B. Komm’torepHi TeXHOJOTI MPOEKTYBaHHS
MeTaneBux KoHCTpykuiil. — Kuis: HAY, 2012. — 572 c.
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3.2.2. Tlepmsxkos B.O., Hintos O.0., llumanoBcekuit O.B. 1 ap. Metanesi koHcTpykiii: [Tinpyanuk /
[Tix 3aransHO0 penakimieo B.O. Ilepmskosa Tta O.B. Illumanoscekoro. — K.: BugaBHHIITBO
«Cranby», 2008. — 812 c.

3.2.3. Metal Structures. Metal and welding in Construction : manual / A.O. Bielyatynskyi, V.N.
Pershakov, O. I. Pylypenko and other. — K.: NAU, 2013. — 208 p.

3.2.4. Kmumenko @.€., bapabam B.M., CropoxxenkoJl.I. MeraneBi korctpykii. —JIpBiB: CBit, 2002.

—313c.
3.2.5. IBH B.2.6-198-2014. CraneBi koHcTpykuii Hopmu mpoexryBannsa. —K.: MinOyn Yxkpainwu,
2014. -190 c.

Additional literature
3.2.6. ICTY b B.1.2.-3:2006. Ilpormam Ta mepeminieHHs. Bumoru mnpoekrtyBanus. —K.: MiHOyn
VYkpainu, 2006. —11c.
3.2.7. ABH B.1.2-2:2006. HaBantaxenns i BmmuBu. Hopmu mpoextyBanus. —K.: Minbyn Ykpainwu,
2006. —60 c.
3.2.8. T'opbaros B.C., [lepmakoB B.M., Tkauenko C.I. Meranu i 3Bapka B OyaiBHUITBI: HaBuanpHMA
nocioHuK (aHrmidcbkoo MoBo). —K.:HAY, 2005. —184c.
3.2.9. Koznor C.B., Koctupa H.O. Mertanu 1 3BaproBaHHsi B OyaiBHUIITBL. MeTOu4H1 peKoMeHaaIii
10 BUKOHaHHS KypcoBoro mpoekty. — K.: Bua-so Ham. Asian. yu-ty «HAY-n1pyk», K.: HAY, 2010 —
76 c.

3.3. Internet information resources

3.3.1 Kadenpa xomm’roTepHUX TEXHOJOTIM OyMIBHUIITBA Ta PEKOHCTPYKIIi aepomopTiB //
PenosuTtopiii HamionansHoro aBiaIifHOTO YHIBEPCHUTETY : BeO-CaiT.
URL.: https://er.nau.edu.ua/handle/NAU/9121

3.3.2 HaykoBo-TexHiuHa 610m10Teka HAY // HaykoBo-TexHiuHa 6i6mi0Teka HAY: BeO-caiT.
URL: http://www.lib.nau.edu.ua/main/3.3.2. https://www.minregion.gov.ua/about/

3.3.3 Penosutopiii HamionansHoro AsiamiiiHoro YHiBepcutety //  Pemosurtopiii
HarmionanpHoro AsiamiiitHoro YHiBepcuteTy : BeO-caiiT. URL: https://er.nau.edu.ua/

3.3.4. JlepxaBHa HayKoBa apxiTeKTypHO-OyaiBenbpHa 6i10mi0Teka iMeHi B. I'. 3aGomoTHoro //
Jlep>kaBHAa HayKoBa apxXiTEKTypHO-OyniBenbHa Oi0Omiorexa imeHi B. I'. 3abomotHoro : BeO-
caiit. URL: http://www.dnabb.org/

3.3.5. HamionansHa O6iOmioreka Ykpainm imeni B. 1. Bepmaacekoro // HamionanbpHa
oi0mioreka Ykpainu imeni B. I. Bepuaacekoro : Be6-caiit. URL: http://www.nbuv.gov.ua/

3.3.6 MinicTepcTBO pO3BUTKY rpoMajl Ta TepUTopit Ykpainu // Odimiiinuii Be6-caift
MinictepcTBa https://www.minregion.gov.ua/about/
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4. RATING SYSTEM OF KNOWLEDGE AND SKILLS ASSESSMENT

4.1. Evaluation of certain types of work done by students of the points made in accordance with

Table. 4.1.
Table 4.1.
Maximum Grade Maximum Grade
Kind of Academic _ Part-time Kind of Academic _ Part-time
Activities Full-time | study Activities Full-time study
study study
7 Semester

Module Ne 1 «Constructive forms of metal
structuresy»

Module Ne 2 «Metal frameworks of single-story indus-
trial buildings»

Carrying out and defend-

Carrying out and defending the

ing the task of the labora- 20 task of the laboratory classes 40
tory classes
Carrying out the control
(home) work
For carrying out a mod- For carrying out a module
ule test 1 a student must 12 — | test 2 a student must receive 24 -
receive not less than not less than
Carrying out a module Carrying out a module test Ne2| o _
test Nel 20
Total for modules Nel 40 — Total for modules Ne2 60 -
Total for modules Nel, Ne2 100 -

Total for academic discipline

100

A Semester Grade is determined (in points and in the National Scale) as a result of performing
all kinds of educational work during the semester.
4.2. A student is considered to have passed the module if both his/her Current Module Grade
and Module Test Grade are positive.

4.3. The Semester Module Grade is calculated as the sum of the Total Module Grades.

4.4. The Semester Module Grade and the Graded Test together make up a Total Semester
Grade which is calculated according to the National Scale and the ECTS Scale.

4.5. The Total Semester Grade in points, the National Scale and the ECTS Scale is written into
a student’s record book, for example: 92/Ex/A, 87/Good/B, 79/Good/C, 68/Sat/D, 65/Sat./E, etc.

4.6. The Total Semester Grade of the subject is determined as the arithmetic average grade of
the total semester grades in points (for the second semester for this subject) with its further transfer
into the National Scale and ECTS Scale. The indicated Total Semester Grade of the subject is entered
in the Diploma Supplement.
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