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SYLLABUS
Elective module __
"Mechanics of structural elements"

3-nd year master students «6M050603-Mechanics»,  

Fall semester, 3 credits
Lecturer/Labs Teacher: Tulegen Kunakbaev, Candidate of  Physical and Mathematical Sciences, Associate Professor of the Department of Mechanics
Office phone:  8 (727) 377-32-50 
Office #: 133
e-mail : kutulegen@mail.ru
Aim of the course. To provide simple and practical methods and techniques for the calculation of structural elements on the strength, stiffness and resistance to a wide range of engineering applications.
Objectives of the course. To enable those skilled university profile to apply knowledge of the subject for the formulation and solution of various engineering and technical problems.
Subject specific competences (Learning outcomes). 
As a result of studying the course, students should: 

- Have an understanding of the methods and techniques of calculation of structural elements for strength, rigidity and stability under the conditions of their durability and cost-effectiveness; on the distribution of forces and stresses in the working elements of the designs; 

- Know the basic concepts, assumptions, and the ratio of the course; solving methodology of strength, stiffness and stability of various structural elements; basic mechanical properties of structural materials; 

- Be able to choose a design scheme and the method of calculation and solve real problems of strength, stiffness and stability, to analyze the results of theoretical and experimental studies.

Prerequisites: differential and integral calculus, differential and analytical geometry; physics; theoretical mechanics and models of continuum mechanics.
Post requisites: solid mechanics. Discipline and laboratory expertise. Coursework and final works.
STRUCTURE AND CONTENT OF THE SUBJECT
	Week
	Title of the topic
	Number of hours
	The maximum score

	Module 1

	1
	Lecture 1. Mechanics of structural elements as the basis for engineering methods and techniques for the calculation of structural elements on the strength, stiffness and stability in terms of their durability and efficiency. Objectives and course content. The purpose of the subject. The place and role of the course in the mechanical cycle of disciplines, the relationship with the theory of elasticity and plasticity. Brief historical information.
Lecture 2. The main hypotheses and design scheme. The principle of the initial size.
	1
1
	3

	
	Practical session 1. The equilibrium conditions for rod systems.Determination of reactions of connections.
	1
	1

	
	IWST 1. External and internal forces. Elasticity and plasticity.Friability and hardness. Types of solids. Statically indeterminate system.
	
	

	2
	Lecture 3.  Basic concepts. Movements and deformations. Internal forces in the section of the rod and the method of sections. The concept of stress. Voltage vector. Tensor of stresses and strains.
Lecture 4. The principle of superposition and Hooke's law for the body and the point. Basic principles of structural analysis.
	1
1
	2

	
	Ranking practical lesson 2 statically indeterminate problems.
	1
	1

	
	IWST 2: Tests of materials. Mechanical characteristics of the materials.
	1
	1

	Module 2

	3
	Lecture 5: Determination of longitudinal forces and stresses in the cross-sections of straight bars for longitudinal loading.
Lecture 6: Determination of deformations and displacements in the cross sections of straight bars for longitudinal loading. Hooke's law.Temperature deformation.
	1
1
	2

	
	Practical session  3. Building of longitudinal forces diagrams, the definition of stress and strain in the cross-sections of straight bars.
	1
	1

	
	IWST 3. Stress and strain state in tension-compression straight bars.
	1
	1

	4
	Lecture 7. Law of Pairs of shear stresses. Mechanical characteristics of the materials.
Lecture 8. Factor. General principles for design of structural elements and the strength condition.
	1
1
	2

	
	Practical session 4. Solving problems arising from the condition of strength.
	1
	1

	
	IWST 4. Accounting action of its own weight when the longitudinal strain.
	1
	1

	5
	Lecture 9. Net shift. Hooke's law in shear. Torsion of circular rods.Building diagrams torques.
Lecture 10. The geometric characteristics of the cross sections.Examples and problems.
	1
1
	2

	
	Practical session  5: Determination of geometric characteristics of the cross-sections.
	1
	1

	
	IWST 5: Determination of geometric characteristics of the cross-sections parallel transfer and rotation axes ..
	1
	2

	6
	Lecture 11. Bernoulli's principle - the hypothesis of plane sections.Determination of stresses and displacements in torsion of round bars.
Lecture 12. The potential energy of the longitudinal strain and torsional strain.
	1
1
	2

	
	Practical session  6: Determination of stresses and displacements in torsion of round bars.
	1
	1

	
	IWST 6. Effect of temperature and time factor on the mechanical characteristics of the material.
	1
	1

	Module 3

	7
	Lecture 13. The concept of bending strain. Flat bend. Definitions.Clean and lateral bending. Internal force factors in bending.Construction of the bending moment and shear forces.
Lecture 14. Rule choice of the sign of the transverse forces. Rule for determining the magnitude of the bending moments. Typically the choice of sign of bending moments. Differential relationship between the bending moments, shear force and the intensity of the external load.
	1
1
	2

	
	Practical session  7. Construction of diagrams of bending moments and shear forces.
	1
	1

	
	IWST 7. Torsion rod with circular cross-section
	1
	1

	
	1st Boundary control
	
	30

	8
	Lecture 15. The hypothesis of plane sections. Determination of normal stress in pure bending.
Lecture 16. Determination of normal and tangential stresses in transverse bending. Formula Zhuravskoye.
	1
1
	2

	
	Practical session  8: Determination of normal stress in pure bending.
	1
	1

	
	IWST 8 The mechanism of formation of deformation.
	1
	1

	9
	Lecture 17. The differential equation of the bent axis of the beam and its integration. Examples.
Lecture 18. Calculations on the strength and flexural rigidity beams.Examples.
	1
1
	2

	
	Practical session  9: Determination of normal and tangential stresses in transverse bending.
	1
	1

	
	IWST 9.
	1
	1

	Module 4

	10
	Lecture 19. The potential energy of the rod at an arbitrary loading.Application of the principle of virtual displacements to the deformable systems.
Lecture 20. Determination of displacements in the core systems.Castigliano theorem. Disadvantages of its use. Examples.
	1
1
	2

	
	Hands-on Lab 10 Calculations of strength and flexural rigidity of the beam.
	1
	1

	
	IWST 10 Building diagrams internal force factors in the farm.
	1
	1

	11
	Lecture 21. Theorems on reciprocity works and movements.Examples.
Lecture 22. Determination of displacements in the core systems.Integral movement Maxwell-Mohr. Method Vereshchagin.
	1
1
	1

	
	Practical session  11. Determination of displacements in the core systems. Integral movement Maxwell-Mohr.
	1
	1

	
	IWST 11. Application method Vereshchagin.
	1
	1

	Module 5

	12
	Lecture 23. Communication imposed on the rod system. The degree of redundancy rod systems. Frames and trusses.
Lecture 24. The choice of the basic system of the force method.Examples.
	1
1
	1

	
	Practical session 12. Construction diagrams internal force factors in the frames.
	1
	1

	
	IWST 12. Using the symmetry properties of the disclosure of redundancy.
	1
	1

	13
	Lecture 25. Canonical equations of the force method. Examples.
Lecture 26 The concept of the method of moving. Examples.
	1
1
	2

	
	Practical session  13. Method forces.
	1
	1

	
	IWST 13. Determination of displacements and strains using the reciprocity theorem works and movements.
	1
	1

	Module 6

	14
	Lecture 27. The concept of sustainability. Determination of critical loads. Euler problem.
Lecture 28. The dependence of the critical force of the rod fixing conditions.
	1
1
	2

	
	Practical session  14. Problem of Euler. Determination of critical loads.
	1
	1

	
	IWST 14. Ways to determine the dependence of the critical force of the rod fixing conditions.
	1
	1

	15
	Lecture 29. Energy method for determining critical loads. Euler elastica.
Lecture 30. On the limits of applicability of Euler's formula.Practical methods for solving Euler.
	1
1
	2

	
	Practical session  15. Practical methods for solving Euler.
	1
	1

	
	IWST 15. Discussion of the basic concepts of the subject.
	1
	1

	
	2nd Boundary control
	
	30

	
	Exam
	
	40

	
	TOTAL
	
	100


LIST OF LITERATURE
Main:
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3.Качурин В.К. и др. Сборник задач по сопротивлению материалов. М., 1975.

Additional:
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2. Качанов Л.М. Основы теории пластичности. М.,

3. Искакбаев А.И. Задачи по механике деформируемого твердого тела. Алматы, 2001.

4. Миролюбов И.Н. и др. Пособие к решению задач по сопротивлению материалов. М., 1985.

Guidlines

All the assignments must be completed until due date. Students, who could not earn 50% out of 100% during first or second midterm and final, will be able to work off during an additional term. Late assignment is not accepted except for extenuating circumstances (e.g. field trip, hospitalization). Student, who failed to meet all kinds of work, is not allowed for passing an exam. In addition, the assessment takes into account the activity and attendance of students during class.

Be tolerant and respect other people's opinions. The objections should be formulated in a correct manner. Plagiarism and other forms of cheating are not allowed. Cheating is not accepted during  independent work of student (IWS), midterm and final exam, copying solved problems from others, passing the exam to another student are not allowed also. Student convicted of falsifying any information about the course, any unauthorized upload to the “Intranet” using cheat sheets, will be graded with a final grade «F». For advice on the implementation of IWS, submitting and defending, as well as additional information on the studied material and all the other issues that arose upon studying the course, contact the instructor during his office hours.

	Letter grade
	Numerical equivalency
	% (percentage)
	Grading in a traditional way

	А
	4,0
	95-100
	Excellent

	А-
	3,67
	90-94
	

	В+
	3,33
	85-89
	Good

	В
	3,0
	80-84
	

	В-
	2,67
	75-79
	

	С+
	2,33
	70-74
	Satisfactory

	С
	2,0
	65-69
	

	С-
	1,67
	60-64
	

	D+
	1,33
	55-59
	

	D-
	1,0
	50-54
	

	F
	0
	0-49
	Unsatisfactory

	I
(Incomplete)
	-
	-
	«The course is incomplete»

(this isn’t taken into account when calculating the GPA)

	P

(Pass)
	-
	-
	«Passed»

(this isn’t taken into account when calculating the GPA)

	NP
(No Рass)
	-
	-
	«Not passed»

(this isn’t taken into account when calculating the GPA)

	W
(Withdrawal)
	-
	-
	«the course is withdrawn»

(this isn’t taken into account when calculating the GPA)

	AW
(Academic Withdrawal)
	
	
	Withdrawn because of academic issues

(this isn’t taken into account when calculating the GPA)

	AU

(Audit)
	-
	-
	«Audit»

(this isn’t taken into account when calculating the GPA)

	Att.
	
	30-60

50-100
	Attested

	Not att.
	
	0-29

0-49
	Not attested

	R (Retake)
	-
	-
	Retaking the course
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