29

Theory of elasticity and plasticity
	Course code:
	06.4-WILŚ- BUD- TSP- RB01

	Type of course:
	compulsory

	Entry requirements:
	knowledge of mathematical analysis and vector calculus, strength of materials, statics and dynamics of structures

	Language of instruction:
	Polish

	Director of studies:
	prof. dr habil. K. Wilmanski

Department of Structural Mechanics 

	Name of lecturer:
	prof. dr habil. K. Wilmanski


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	4

	Lecture
	30
	2
	II
	Exam 
	

	Class
	15
	1
	
	Grade
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	
	
	
	
	

	Part-time studies
	

	Lecture
	
	
	II
	
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	
	
	
	
	


course contents:

Lecture
Objectives of the subject "Theory of Elasticity and Plasticity". Vectors and tensors. Analysis on tensor fields. Physical interpretation of components of the deformation tensor. Principal deformations. Compatibility equations for deformations. Euler-Cauchy stress principle. Principal stresses, the largest shear stresses. Conservation laws: mass, momentum, moment of momentum, energy. Constitutive relations: isotropic materials, Lame material, technical material parameters. Synthesis of equations of elasticity. Boundary conditions. Navier-Lame equations. Beltrami-Michell equations. Equation of virtual work. Minimum Theorem of complementary potential energy. Uniqueness of solutions. Ritz method. Elasticity equations in cylindrical coordinates. Plane problems of elasticity: plane stresses and plane strains. Classical theory of thin plates. Solution of Navier and Levy. Circular plates in polar coordinates. Elasto-plastic materials and their models. Ideal plasticity and plasticity with hardening. Yield condition. Loading and unloading conditions, Drucker postulate. Associated flow rule. Theory of small elasto-plastic deformations and theory of plastic flow. Carrying capacity of plates, yield lines.
Project

1. Three-dimensional analysis of homogeneous stresses. 3d Mohr circle 
learning outcomes:

Competence and skill to (i) understand theoretical foundations of solid mechanics in elastic and elasto-plastic ranges, (ii) formulate boundary value problems for typical membranes and plates. 

assessment criteria:

Lecture – to pass the exam.
Classes and Project – to receive a credit for the project and tests.
Recommended reading:

1. Nowacki, W.; Teoria sprezystosci, PWN, Warszawa, 1970.
2. Fung, Y. C.; Podstawy mechaniki ciala stalego, PWN, Warszawa 1969.
3. Skrzypek J.; Plastycznosc i pelzanie, PWN, Warszawa 1986.
4. Brunarski L., Kwiecinski M.: Wstep do teorii sprezystosci i plastycznosci, Wyd. PW, Warszawa 1976

5. Brunarski L., Gorecki B., Runkiewicz L.; Zbior zadan z terii sprezystosci i plastycznosci, Wyd. PW, Warszawa 1976.

6. Nowacki W.; Dzwigary powierzchniowe, PWN, Warszawa, 1979.

7. Kaczkowski Z.; Plyty – obliczenia statyczne, Arkady, Warszawa 2000.

8. Wilmanski K.; Fundamentals of Solid Mechanics, RoseSchool, Pavia 2010; http://www.mech-wilmanski.de
optional reading:

9. Krzys W, Zyczkowski M.; Sprezystosc i plastycznosc, PWN, Warszawa 1962. 
10. Girkmann K.; Dzwigary powierzchniowe, Arkady, Warszawa, 1956.

11. Timoshenko S., Woinowsky-Krieger S.; Teoria plyt i powlok, Arkady, Warszawa 1962. 
COMPUTER METHODS

	Course code:
	11.9-WILŚ- BUD- MKOM- TB02

	Type of course:
	compulsory

	Entry requirements:
	knowledge of computational methods,  strength of materials and structural mechanics, computer system and programming language

	Language of instruction:
	Polish

	Director of studies:
	dr hab. inż. Mieczysław Kuczma prof. UZ Department of Structural Mechanics 

	Name of lecturer:
	dr hab. inż. Mieczysław Kuczma prof. UZ, 

dr inż. Krzysztof Kula, dr inż. Waldemar Szajna, mgr inż. Arkadiusz Denisiewicz


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	4

	Lecture
	15
	1
	IV
	Grade 
	

	Class
	
	
	
	
	

	Laboratory 
	30
	2
	
	Grade
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	
	
	
	
	

	Part-time studies
	

	Lecture
	10
	1
	IV
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	20
	2
	
	Grade
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	
	
	
	
	


course contents:

Lecture

Minimization of the functional of total potential energy and the equation of virtual work for problems in mechanics. Approximation properties of the finite element method (FEM) for weak formulations of boundary value problems in structural mechanics – approximation error, convergence rate and adaptive FEM. Numerical analysis of plates and shells by the finite element method – conforming and non-conforming finite elements. Numerical direct and iteration methods for eigenvalue problems of structural stability and dynamics. Geometrically and physically nonlinear problems in structural mechanics. Linearization of nonlinear problems. Newton-Raphson method and its applications to nonlinear problems in mechanics (elasto-plastic). Finite difference method and numerical integration methods for equations of motion. Conditional and unconditional stability of time integration methods. Introduction to the boundary element method.

Laboratory 

2. Analysis of elastic plates by the finite element method.

3. Elasto-plastic analysis of two-dimensional structures (plate or frame) by the finite element method.

learning outcomes:

Competence and skill to understand and use (i) the finite element approximation and modelling of systems of any geometry, (ii) the FEM algorithms for advanced structural problems, (iii) contemporary computer methods in engineering practice, and (IV) advanced computer programs for engineering calculations.   

assessment criteria:

Lecture – to receive a credit for final test.
Project – to receive a credit for all projects and tests.
Recommended reading:

12. Rakowski G., Kacprzyk Z.: Metoda elementów skończonych w mechanice konstrukcji, Wyd. PW, Warszawa 2005.
13. Zienkiewicz O.C., Metoda elementów skończonych. Arkady, Warszawa 1972.

14. Praca zbiorowa, Mechanika budowli: ujecie komputerowe, t. 2 , t. 3, Arkady,  

Warszawa 1992, 1995

15. Łodygowski T., Kąkol W., Metoda elementów skończonych. Politechnika 

Poznańska, Poznań 1994.

16. Rajche J., Pryputniewicz S., Bryś G., Projektowanie wspomagane  komputerem. Cz. II: Metoda elementów skończonych. WSInż., Zielona Góra 1991.

17. Piecha, Programowanie w języku Fortran 90 i 95. Politechnika Warszawska, 

Warszawa 2000.

optional reading:

18. Kleiber M. (red.), Komputerowe metody mechaniki ciał stałych. PWN, Warszawa 1995.

19. Zienkiewicz O.C., Taylor R., The Finite Element Method. Vol. 1: The Basis, Vol. 2: Solid Mechanics. Oxford : Butterworth-Heinemann, 2000   

20. Wriggers P., Nichtlineare Finite-Element-Methoden. Springer, Berlin 2001. 

21. Dahlquist G., Bjoerck A., Numerical methods in Scientific Computing. vol. I, SIAM, Philadelphia 2008.
Compound meTal structures I

	Course code:
	06.4-WILŚ- BUD- ZKM1- RB03

	Type of course:
	compulsory

	Entry requirements:
	Courses of the first level of education (BSc)

	Language of instruction:
	polish

	Director of studies:
	Team of Building Structures

dr hab. inż. Jakub Marcinowski, prof. UZ

	Name of lecturer:
	dr hab. inż. Jakub Marcinowski, prof. UZ,
dr inż. Gerard Bryś,
dr inż. Elżbieta Grochowska, 
dr inż. Joanna Kaliszuk


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	7

	Lecture
	30
	2
	I
	Pass/Fail
	

	Class
	
	
	
	
	

	Laboratory 
	15
	1
	
	Pass/Fail
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	30
	2
	
	Pass/Fail
	

	Part-time studies
	

	Lecture
	20
	1
	I
	Pass/Fail
	

	Class
	
	
	
	
	

	Laboratory 
	10
	1
	
	Pass/Fail
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	20
	2
	
	Pass/Fail
	


course contents:

Lecture

Structural roofs: flat and curved structures, orthogonal and diagonal systems, rods, joints, determination of internal forces, dimensioning, supports, assembly.

Masts and towers: loadings, wind load, ice load, masts with tie rods, simplified calculation scheme, truss shaft of mast.

Frame high buildings: horizontal and vertical structural systems, bracing systems, columns in frame buildings, effective length of column (buckling). Second order effects, floors, foundations.

Computer laboratory

Calculation of space truss, structural systems, masts of truss shafts and frame structures of high buildings.

Project

Project no 1: Flat structural roof over rectangular projection.

Project no 2: Mast of truss shaft with tie rods.

learning outcomes:

Skills and competences: designing of space frame and truss structures.

assessment criteria:

Lecture

Positive mark from exam.

Computer laboratory

Performing of static calculations to both projects.

Project

Positive evaluation of both projects.
1. Recommended reading:

2. Łubiński M., Filipowicz A., Żółtowski W.: Konstrukcje metalowe. Część I. Podstawy projektowania, Wydawnictwo Arkady, 2005.

3. Łubiński M., Żółtowski W.: Konstrukcje metalowe. Część II. Obiekty budowlane, Wydawnictwo Arkady, 2004.

4. Biegus A.: Stalowe budynki halowe, Wydawnictwo Arkady, 2004.

5. Biegus A.: Nośność graniczna konstrukcji prętowych, Wyd. Naukowe PWN, Warszawa – Wrocław 1997.

6. Boretti Z., Bogucki W., Gajowniczek S., Hryniewiecka W.: Przykłady obliczeń konstrukcji stalowych, Wyd. III, Arkady, Warszawa 1975.

7. Bródka J.: Stalowe konstrukcje hal i budynków wysokich, t.1 i 2, Wyd. Politechniki Łódzkiej, Łódź 1994.

8. Łubiński M., Filipowicz A., Żółtowski W.: Konstrukcje metalowe. Część I. Podstawy projektowania, Wydawnictwo Arkady, 2005.

9. Łubiński M., Żółtowski W.: Konstrukcje metalowe. Część II. Obiekty budowlane, Wydawnictwo Arkady, 2004.
10. Biegus A.: Stalowe budynki halowe, Wydawnictwo Arkady, 2004

11. Biegus A.: Nośność graniczna konstrukcji prętowych, Wyd. Naukowe PWN, Warszawa – Wrocław 1997.

12. Boretti Z., Bogucki W., Gajowniczek S., Hryniewiecka W.: Przykłady obliczeń konstrukcji stalowych, Wyd. III, Arkady, Warszawa 1975.

13. Bródka J.: Stalowe konstrukcje hal i budynków wysokich, t.1 i 2, Wyd. Politechniki Łódzkiej, Łódź 1994.

14. Bródka J., Goczek J.: Podstawy konstrukcji metalowych, t. 1, Wyd. Politechniki Łódzkiej, Łódź 1993.

15. Bródka J., Kozłowski A.: Sztywność i nośność węzłów podatnych, Politechnika Białostocka, Oficyna Wydawnicza Politechniki Rzeszowskiej, Białystok – Rzeszów 1996.

16. Bródka J., Ledzion-Trojanowska Z.: Przykłady obliczania konstrukcji stalowych, Wyd. Politechniki Łódzkiej, Łódź 1992.

17. Bryś G., Matysiak A.: Budownictwo stalowe. Belki. Słupy. Kratownice, Wydawnictwo Wyższej Szkoły Inżynierskiej w Zielonej Górze, Zielona Góra, 1995.

18. Krzyśpiak T.: Konstrukcje stalowe hal, Arkady, Warszawa 1980.

19. Ziółko J.: Utrzymanie i modernizacja konstrukcji stalowych, Arkady, Warszawa 1991.

20. Ziółko J., Włodarczyk W., Mendera Z., Włodarczyk S.: Stalowe konstrukcje specjalne, Arkady, Warszawa 1995.

21. Poradnik projektanta konstrukcji metalowych (praca zbiorowa), Arkady, Warszawa 1980.

22. Bogucki W., Żyburtowicz M.: Tablice do projektowania konstrukcji stalowych, Arkady, Warszawa 1996.

23. PN-90/B-03200. Konstrukcje stalowe. Obliczenia statyczne i projektowanie.

24. PN-ISO 5261?Ak. Rysunek techniczny dla konstrukcji metalowych (arkusz krajowy, 1994).

25. PN-98/B-03215. Konstrukcje stalowe. Połączenia z fundamentami. Projektowanie i wykonanie.

26. PN-97/B-06200. Konstrukcje stalowe budowlane. Wymagania i badania techniczne przy odbiorze.
optional reading:

1. Żmuda J.: Podstawy projektowania konstrukcji metalowych, Wydawnictwo TiT, Opole, 1992.

2. Niewiadomski J., Głąbik J., Kazek M., Zamorowski J.: Obliczanie konstrukcji stalowych wg PN-90/B-03200, Wydawnictwo naukowe PWN, Warszawa, 2002. W przypadku, gdy nie podaje się innych uwag skasuj cały tekst (razem z tekstem ukrytym: „W przypadku, gdy …”.
MANAGEMENT OF BUILDING PROJECTS

	Course code:
	04.0-WILŚ- BUD- ZPB- KB05

	Type of course:
	compulsory

	Entry requirements:
	Knowledge of the basic principles of civil engineering marketing, decision theory, civil engineering economics

	Language of instruction:
	Polish

	Director of studies:
	Eng. Jacek Przybylski, PhD.,  professor of the University of Zielona Góra

Department of Technology and Building Organization

	Name of lecturer:
	Eng. Jacek Przybylski, PhD.,  professor of the University of Zielona Góra; Artur Frątczak, MSc.


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	3

	Lecture
	15
	1
	III
	Exam 
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	15
	1
	
	Grade
	

	Part-time studies
	

	Lecture
	10
	1
	III
	Exam
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	10
	1
	
	Grade
	


course contents:

A model of an investment-building process (project) structure. Potential of investment staff. Technical structure of an investment. Subject of a building investment. Manner of implementation of an investment-building process. Organization of an investment-building process. Economic effectiveness of invested funds. Management of an investment-building process as its optimal course. Choice of the manner of investing, contractors, correction of implementation deadlines, correction of the scope of work, performance of investment supervision to monitor the course of implementation of a building project.
learning outcomes:

Skills and competence within the scope of monitoring and control of a building project in line with design assumptions.
assessment criteria:

Lecture – the credit is conditioned by a positive grade on the test.

Project – a positive grade on project classes

Recommended reading:

1. Cieszyński K.: Zarządzanie w budownictwie. Wydawnictwo FEMB, Warszawa 2006.

2. Czupiał J.: Wprowadzenie do zarządzania firmą w gospodarce rynkowej. Wydawnictwo AE we Wrocławiu, Wrocław 2004.
3. Czekała M.: Analiza fundamentalna i techniczna. Wydawnictwo AE we Wrocławiu, Wrocław 1997.
optional reading:

1. Chauvet A.: Metody zarządzania. Wydawnictwo Poltext, Warszawa 1997.
2. Waters D.: Zarządzanie operacyjne. Wydawnictwo PWN, Warszawa 2001
BUILDING RENOVATION
	Course code:
	06.4-WILŚ- BUD- UIA- RC02

	Type of course:
	compulsory

	Entry requirements:
	History of Architecture

	Language of instruction:
	Polish

	Director of studies:
	Dr hab. inż. Wojciech Eckert 

Department of Building and Architecture

	Name of lecturer:
	Dr hab. inż. Wojciech Eckert


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	4

	Lecture
	30
	2
	I
	Grade, Exam
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	30
	2
	
	Grade
	

	Part-time studies
	

	Lecture
	20
	2
	I
	Grade, Exam
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	20
	2
	
	Grade
	


course contents:

Spatial-structural protection of masonry buildings in the historic period. Doctrines and theories of historic monuments. Trends and directions in the design of restoration. Major events and technological developments in construction in the contemporary period. Important events and dates in the history of the brick building on Polish soil.
learning outcomes:

Study efects. Skills and competence in the knowledge of the spatial-structural properties of masonry buildings in the historic period, the doctrines of maintenance, architectural styles, the history of European architecture and Polish.
assessment criteria:

Lecture: The pass mark for the lecture is to provide a positive assessment of the test. 

Classes: The pass mark is to obtain a positive assessment of the set design exercises
Recommended reading:

[1]
Borusiewicz W.: Konserwacja zabytków budownictwa murowanego. Arkady, Warszawa 1985

[2]
Charytonow E.: Historia architektury. PWN, Warszawa 1980

[3] 
Kadłuczka A.: Ochrona zabytków architektury. Rozwój doktryn i teorii. Wydawnictwo Politechniki Krakowskiej, Kraków 1999.

[4]
Małachowicz E.: Konserwacja i rewaloryzacja architektury w zespołach i krajobrazie. Oficyna Wydawnicza Politechniki Wrocławskiej, Wrocław 1994

optional reading:

Borusiewicz W.: Budownictwo murowane w Polsce. PWN, Warszawa 1985

Zin W. praca zbiorowa: Zabytki urbanistyki i architektury w Polsce . Odbudowa i konserwacja. Arkady, Warszawa 1986.

Inżynieryjne Problemy Odnowy Staromiejskich Zespołów Zabytkowych,  Konferencja Naukowo-Techniczna, Kraków,  Politechnika Krakowska.

Czasopismo Renowacje

remarks:

ENGINEERING Preservation
	Course code:
	06.4-WILŚ- BUD- IKO- RC05

	Type of course:
	compulsory

	Entry requirements:
	History of architecture, Building engineering, Building materials, Technology and structural repair

	Language of instruction:
	Polish

	Director of studies:
	Dr inż. Beata Nowogońska 

Department of Building and Architecture

	Name of lecturer:
	Dr hab. inż. Wojciech Eckert,

Dr inż. Beata Nowogońska 


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	5

	Lecture
	30
	2
	I
	Grade, Exam
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	30
	2
	
	Grade
	

	Part-time studies
	

	Lecture
	20
	2
	I
	Grade, Exam
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	20
	2
	
	Grade
	


course contents:

Methodology of conservation. Research program. Preparatory work - documentation of inventory, opinions, evaluations, expert. Scientific research - archival research, field studies. Historical documentation - the object of restoration. Applications conservation. 
Building materials past and today.
The principles of conservation work in construction. Land and foundations. The walls and pillars. Insulation. Floors and ceilings. Timber structures. Roofing. Carpentry, ironwork. Plasters. Floors and floors. The walls in historic buildings. Test methods.
The principle of conservation of the walls of brick and stone architectural details. Methods and means used in the maintenance of the walls of brick and stone architectural details. 
Maintenance and preservation of wooden elements.
Maintenance of the ruins. 
The stages of the proceedings in the protection of the ruins. Terms of survival. The Building and maintenance of monuments. Working with conservation departments. Legal and technical rules for the premises demanding cultural heritage preservation.

learning outcomes:

Skills and competence in the knowledge of the design and execution of conservation works in construction.
assessment criteria:

Lecture: The pass mark for the lecture is to provide a positive assessment of the test. 

Classes: The pass mark is to obtain a positive assessment of the set design exercises
Recommended reading:

[1]
Borusiewicz W.: Konserwacja zabytków budownictwa murowanego. Arkady, Warszawa 1985

[2]
Kadłuczka A.: Konserwacja zabytków i architektoniczne projektowanie konserwatorskie Wydawnictwo Politechniki Krakowskiej, Kraków 1999.

 [3] Kadłuczka A.: Ochrona zabytków architektury. Rozwój doktryn i teorii. Wydawnictwo Politechniki Krakowskiej, Kraków 1999.

[4]
Kowalski T. Rekonstrukcja zabytków architektury. Teoria a praktyka. Wydawnictwa PKZ, Warszawa 1985.

[5]
Małachowicz E.: Konserwacja i rewaloryzacja architektury w zespołach i krajobrazie. Oficyna Wydawnicza Politechniki Wrocławskiej, Wrocław 1994
[6]
Zin W. praca zbiorowa Zabytki urbanistyki i architektury w Polsce . Odbudowa i konserwacja. Arkady, Warszawa 1986.

[7]
Materiały konferencyjne VII Forum Konserwatorów „Konserwacja Architektury ceglanej i kamiennego detalu architektonicznego” Toruń 2004.
optional reading:

Borusiewicz W.: Budownictwo murowane w Polsce. PWN, Warszawa 1985

Zin W. praca zbiorowa: Zabytki urbanistyki i architektury w Polsce . Odbudowa i konserwacja. Arkady, Warszawa 1986.

Inżynieryjne Problemy Odnowy Staromiejskich Zespołów Zabytkowych,  Konferencja Naukowo-Techniczna, Kraków,  Politechnika Krakowska.

Czasopismo Renowacje
remarks:

ARCHITECTURAL DETAIL
	Course code:
	06.4-WILŚ- BUD- DIBU- RC11

	Type of course:
	optional

	Entry requirements:
	History of Architecture

	Language of instruction:
	Polish

	Director of studies:
	Dr hab. inż. Wojciech Eckert 

Department of Building and Architecture

	Name of lecturer:
	Dr hab. inż. Wojciech Eckert,

Dr inż. Beata Nowogońska


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	2

	Lecture
	15
	1
	I
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	15
	1
	
	Grade
	

	Part-time studies
	

	Lecture
	10
	1
	I
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	10
	1
	
	Grade
	


course contents:

Detail of the ancient architecture, Gothic, Renaissance, Baroque, nineteenth-century, the twentieth century. 
Conservation, repair and strengthen elements of architectural detail. 
Color in architecture. 
Traditional materials and finishes. 
Window and door frames.
learning outcomes:

Skills and competence in the knowledge of architectural styles, history, architecture, European and Polish ways and methods of building in different historical periods.
assessment criteria:

Lecture: The pass mark for the lecture is to provide a positive assessment of the test. 

Classes: The pass mark is to obtain a positive assessment of the set design exercises
Recommended reading:

[1]
Borusiewicz W.: Konserwacja zabytków budownictwa murowanego. Arkady, Warszawa 1985

[2]
Charytonow E.: Historia architektury. PWN, Warszawa 1980

[4]
Małachowicz E.: Konserwacja i rewaloryzacja architektury w zespołach i krajobrazie. Oficyna Wydawnicza Politechniki Wrocławskiej, Wrocław 1994

optional reading:

Borusiewicz W.: Budownictwo murowane w Polsce. PWN, Warszawa 1985

Zin W. praca zbiorowa: Zabytki urbanistyki i architektury w Polsce . Odbudowa i konserwacja. Arkady, Warszawa 1986.

Inżynieryjne Problemy Odnowy Staromiejskich Zespołów Zabytkowych,  Konferencja Naukowo-Techniczna, Kraków,  Politechnika Krakowska.

Czasopismo Renowacje

remarks:

BUILDING DIAGNOSTICS

	Course code:
	06.4-WILŚ- BUD- DIBU- RC11

	Type of course:
	optional

	Entry requirements:
	Building engineering, Building Materials, Reinforced concrete structures, Metalware, Timber structures, Strength of materials, Structural mechanics. Soil Mechanics

	Language of instruction:
	Polish

	Director of studies:
	Dr inż. Beata Nowogońska

Department of Building and Architecture

	Name of lecturer:
	Dr hab. inż. Wojciech Eckert,

Dr inż. Beata Nowogońska


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	2

	Lecture
	15
	1
	I
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	15
	1
	
	Grade
	

	Part-time studies
	

	Lecture
	10
	1
	VI
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	10
	1
	
	Grade
	


course contents:

Documentation range. Ratings, reviews, expert opinion. Types of pre-work. Works inventory. 
Symptoms of damage. 
Causes of damage and destruction.

Diagnostics damage of buildings constructed in traditional technology. 
Analysis of cracks and fractures. 
Durability of the building. 
The possibilities of repair and reinforcement. Determination of allowable loads of the building. Criteria for assessing the technical efficiency of the building components. 
Technical and legal rules for proper use of the building.
learning outcomes:

Skills and competence in the diagnosis of building defects.
assessment criteria:

Lecture: The pass mark for the lecture is to provide a positive assessment of the test. 

Classes: The pass mark is to obtain positive evaluations of the projects involved, and the test.
Recommended reading:

Arendarski J. Trwałość i niezawodność budynków mieszkalnych. Arkady, Warszawa 1978.

Kalinowska H. Wybrane zagadnienia eksploatacji i napraw elementów budowlanych w budynkach mieszkalnych zrealizowanych metodami uprzemysłowionymi. Centrum Informacji i Wydawnictw Inwestprojekt, Łódź 1999.

Linczowski Cz. Trwałość, ochrona i eksploatacja budowli. Wydawnictwo Politechniki Częstochowskiej, Częstochowa 1992.

Linczowski Cz., Stelmaszczyk G. Zabezpieczenie eksploatacyjne, remonty i modernizacje obiektów budowlanych. Wydawnictwo Politechniki Świętokrzyskiej, Kielce, 2004.

Łempicki J. Ekspertyzy konstrukcji budowlanych. Arkady, Warszawa 1972.

Mikoś J. Wybrane problemy diagnostyki i prognozowania trwałości tworzyw i obiektów budowlanych. Politechnika Warszawska, Warszawa 1998.

Ściślewski Z. Trwałość budowli. Wydawnictwo Politechniki Świętokrzyskiej 1995.

optional reading:

Niziński S. Elementy diagnostyki obiektów technicznych. Wydawnictwo Uniwersytetu Warmińsko-Mazurskiego, Olsztyn 2001.

Runkiewicz L. Zasady kontroli i oceny jakości remontów i wzmocnień konstrukcji budowlanych. Zeszyt Naukowy Politechniki Wrocławskiej Nr 71, Wrocław 1998.

Awarie budowlane: badania - diagnostyka - naprawy - rekonstrukcje, Konferencja Naukowo-Techniczna, Szczecin,  Politechnika Szczecińska
remarks:

TRADITIONAL BUILDING
	Course code:
	06.4-WILŚ- BUD- BUTR- RC11

	Type of course:
	optional

	Entry requirements:
	Building engineering, Building materials

	Language of instruction:
	Polish

	Director of studies:
	Dr  hab. inż. Wojciech Eckert

Department of Building and Architecture

	Name of lecturer:
	Dr hab. inż. Wojciech Eckert,

Dr inż. Beata Nowogońska 


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	2

	Lecture
	15
	1
	I
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	15
	1
	
	Grade
	

	Part-time studies
	

	Lecture
	10
	1
	I
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	10
	1
	
	Grade
	


course contents:

Foundation of buildings. Ground and foundations. 
The walls of stone and brick. Technical requirements and methods of construction. 
Design of masonry structures. Design considerations. Methods of calculating the unreinforced masonry structures. 
Wooden ceilings. 
Vaults ceramic.
Lintels traditional. 
Bows fears. 
Interior stairs - wooden, Klein, stone. 
Technical requirements and rules for constructing stairs. External stairs - stone, brick. Technical requirements and rules for constructing stairs. 
Prefab wooden structures. 
Roof, carpenter. 
Coverings, roofing and cupola. 
Finishing elements. Plaster and coverings, bedspreads, stucco. Joinery. Fixtures and fittings. Floors. The texture and painting.
learning outcomes:

Skills and competence in the design, construction and maintenance of constructed in the traditional technology
assessment criteria:

Lecture: The pass mark for the lecture is to provide a positive assessment of the test. 

Classes: The pass mark is to obtain a positive assessment of the set design exercises
Recommended reading:

[1]
Lewicki B., Jarmontowicz R., Kubica J. Podstawy projektowania niezbrojonych konstrukcji murowych. Wydawnictwa ITB, Warszawa, 2001.

[2]
Matysek P., Seruga A. Konstrukcje murowe. Wydawnictwo Politechniki Krakowskiej, Kraków, 2006.
[3]
Panas J. Nowy poradnik majstra budowlanego. Arkady, Warszawa, 2005.

[4]
Pierzchlewicz J., Jarmontowicz R. Budynki murowane materiały i konstrukcje. Arkady, Warszawa 1993.

[5]
Pliszka E. Vademecum budowlane Arkady, Warszawa, 2001.

[6]
Stefańczyk B. Budownictwo ogólne Arkady, Warszawa, 2005.

[7]
Żenczykowski W. Budownictwo ogólne. Elementy i konstrukcje budowlane, tom 2/1. Arkady, Warszawa, 1990.

optional reading:

Kotwica J. Konstrukcje drewniane w budownictwie tradycyjnym. Arkady, Warszawa, 2005.

Romanowski J. Nadproża: projektowanie i obliczenia. WACETOB, Warszawa, 2001.

remarks:

structural optimization

	Course code:
	06.4-WILŚ- BUD- OPKO- RC12

	Type of course:
	optional

	Entry requirements:
	knowledge of computational methods,  strength of materials and structural mechanics

	Language of instruction:
	Polish

	Director of studies:
	dr hab. inż. Mieczysław Kuczma prof. UZ Department of Structural Mechanics 

	Name of lecturer:
	dr hab. inż. Mieczysław Kuczma prof. UZ,

prof. dr hab. Inż. Romuald Świtka


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	1

	Lecture
	15
	1
	II
	Grade 
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	15
	1
	
	Grade 
	

	Part-time studies
	

	Lecture
	10
	1
	II
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	10
	1
	
	Grade
	


course contents:

Lecture

Foundations of technical design. Measures of reliability and safety of structures. Criteria of structural optimization. Optimal shaping of columns and arches of uniform strength. Linear programming problem (LPP). Dual problem of LPP. Simplex method for LPP. Optimal design of trusses, beams and frames by limit load theory. Quadratic programming problem (QPP). Extremum of a function on a convex set and necessary conditions for an optimal solution. Karush-Kuhn-Tucker conditions for elasto-plastic problems. The method of Lagrange multipliers. 
Project

Design of an optimal beam and frame for their load carrying capacity.  

learning outcomes:

Competence and skill to understand and use (i) principles of optimal design of structures, concerning their shape and load carrying capacity, and (ii) methods and algorithms of mathematical optimization for advanced problems in engineering practice. 

assessment criteria:

Lecture – to receive a credit for final test.
Recommended reading:

1. Brandt A.M. (red.), Kryteria i metody optymalizacji konstrukcji. PWN, Warszawa 1977. 

2. Brandt A.M. (red.), Podstawy optymalizacji elementów budowlanych. PWN, Warszawa 1978. 

3. Majid K.I., Optymalne projektowanie konstrukcji. PWN, Warszawa 1981.

4. Szymczak C., Elementy teorii projektowania. PWN, Warszawa 1998.

5. Wasiutyński Z., Pisma, tom II: O zagadnieniach optymalizacji konstrukcyj 
i o rozwijaniu tych zagadnień. PWN, Warszawa 1978.

optional reading:

1. Borkowski A., Statyczna analiza układów prętowych w zakresach sprężystym 
i plastycznym. IPPT PAN, Warszawa – Poznań 1985.

2. Findeisen W., Szymanowski J., Wierzbicki A., Teoria i metody obliczeniowe optymalizacji. PWN, Warszawa 1980.

3. Rakowski G., Kacprzyk Z.: Metoda elementów skończonych w mechanice konstrukcji. Wyd. PW, Warszawa 2005.

Structural dynamics
	Course code:
	06.4-WILŚ- BUD- DYKO- RC12

	Type of course:
	optional

	Entry requirements:
	knowledge of mathematical analysis and structural mechanics – statics, foundation of computer mechanics

	Language of instruction:
	Polish

	Director of studies:
	prof. dr habil. K. Wilmanski

Department of Structural Mechanics 

	Name of lecturer:
	prof. dr habil. K. Wilmanski


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	4

	Lecture
	15
	1
	II
	Grade 
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	15
	1
	
	Grade
	

	Part-time studies
	

	Lecture
	10
	1
	II
	Grade 
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	10
	1
	
	Grade
	


course contents:

Lecture

Objectives of the subject "Structural Mechanics". Dynamical degrees of freedom, foundations of Lagrangian mechanics, dynamics of rigid body. Systems with one degree of freedom: free vibrations, resonance, forced vibrations, damping. Systems with n degrees of freedom: mass granulation (non-objective!), example – system with two degrees of freedom, stiffness matrix, damping matrix, Lagrange equations of the second type, free vibrations, eigenvectors, principal variables, eigen-transformation, harmonic and anharmonic forced vibrations, vibrations of trusses, beams and frames. Continuous systems. Longitudinal vibrations: wave equation, d’Alambert solution, the method of separation of variables, transformation relations. Transversal vibrations: eigen-functions, free vibrations, forced vibrations, transformation relations. Method of Finite Elements: equation of motion of a rod element, global equations of motion. Waves in elastic media. Elements of stability analysis of frames. Introduction to the method of limit analysis. 

Project

4. Free and forced vibrations of a beam in bending with a finite number of degrees of freedom. 
learning outcomes:

Competence and skill to (i) calculate frequencies of free vibrations (eigen-frequencies) and amplitudes of forced vibrations for systems with a discrete distribution of mass, (ii) understand the damping in such systems, (iii) calculate frequencies of rods and frames in free longitudinal and transversal vibrations understand the damping by means of transformation relations, (iv) analyze vibrations by FEM, (v) find critical loading for frames by means of transformation relations of the method of displacements, (vi) analyze limit states of simple frames.

assessment criteria:

Lecture – to pass the exam.
Classes and Project – to receive a credit for the project and tests.
Recommended reading:

22. Ciesielski R. i inni; Mechanika budowli – ujecie komputerowe, tom 2, Arkady, Warszawa, 1992.
23. Nowacki, W.; Mechanika Budowli, PWN, Warszawa, 1974.
24. Rakowski G., Kacprzyk, Z.; Metoda elementow skonczonych w mechanice konstrukcji, Oficyna Wydawn. Polit. Warsz., Warszawa 1993.

25. Kucharski T.; Drgania mechaniczne, rozwiazywanie zagadnien z MATHCAD-em, WNT, Warszawa 2004. 

optional reading:
26. Wilmanski, K.; Dynamika budowli – notatki do wykladow, skrypt UZ, http://www.mech-wilmanski.de  
Soil Improvement and Foundations Strengthening

	Course code:
	C12.3

	Type of course:
	optional

	Entry requirements:
	Strength of materials, Soil mechanics, Foundation engineering, Computer methods

	Language of instruction:
	Polish

	Director of studies:
	Waldemar Szajna, PhD

	Name of lecturer:
	Waldemar Szajna, PhD


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	2

	Lecture
	15
	1
	I
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	15
	1
	
	Grade
	

	Part-time studies
	

	Lecture
	9
	1
	III
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	9
	1
	
	Grade
	


course contents:

Subsoil testing. Changes of  soil stiffness, strength and load capacity during excavations. Methods of soil improvement, Replacement, soil compaction and initial consolidation, and soil reinforcement. Criteria for methods selection. Mehtods of foundation  strengthening..

learning outcomes:

Skills and competences in: elaboration of soil improvements and foundation strengthening; selection of strengthening and soil improvement methods

assessment criteria:

Lecture – positive grade
Project – positive grade

Recommended reading:

27. Biernatowski K. (1989) Fundamentowanie cz. II, Wyd. Polit. Wrocławskiej.

28. Masłowski E., Spiżewska D.: Wzmacnianie konstrukcji budowlanych, Arkady, Warszawa 2000.

29. Rossiński B. et al.: Fundamenty. Projektowanie i wykonawstwo, Arkady, Warszawa 1976. 

30. Runkiewicz L. et al.: Błędy i uszkodzenia budowlane oraz ich usuwanie, Wyd. Informacji Zawodowej WEKA, Warszawa 2001.

optional reading:

1. Bowles J.E.: Foundation analysis and design, McGraw-Hill, N.Y 1988.

STRENGTHENING STRUCTURES
	Course code:
	06.4-WILŚ- BUD- WZK- RC10

	Type of course:
	optional

	Entry requirements:
	Building engineering, Building Materials, Reinforced concrete structures, Metalware, Timber structures, Strength of materials, Structural mechanics

	Language of instruction:
	Polish

	Director of studies:
	Dr inż. Beata Nowogońska

Department of Building and Architecture

	Name of lecturer:
	Dr hab. inż. Wojciech Eckert,

Dr inż. Beata Nowogońska


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	2

	Lecture
	15
	1
	III
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	15
	1
	
	Grade
	

	Part-time studies
	

	Lecture
	10
	1
	III
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	10
	1
	
	Grade
	


course contents:

Causes damage to buildings and their components. 
The possibilities of repair and reinforcement. Determination of allowable loads of the building. 
Stronger soil. 
Strengthening the foundations.
Insulation and drainage walls. 
Removing damage and strengthen the walls and columns. Injections. Reinforcement of walls and pillars. 
Strengthening of lintels. 
Reinforcing wooden ceilings. 
Reinforcing steel floors of ceramic and concrete. 
Strengthening the construction of wooden rafter framing. 
Maintenance and repair. The scope and possibilities of construction and materials.
learning outcomes:

Skills and competence in the design and execution of repairing and strengthening the building structure.
assessment criteria:

Lecture: The pass mark for the lecture is to provide a positive assessment of the test. 

Classes: The pass mark is to obtain positive evaluations of the projects involved, and the test.
Recommended reading:

Arendarski J. Trwałość i niezawodność budynków mieszkalnych. Arkady, Warszawa 1978.

Linczowski Cz. Trwałość, ochrona i eksploatacja budowli. Wydawnictwo Politechniki Częstochowskiej, Częstochowa 1992.

Łempicki J. Ekspertyzy konstrukcji budowlanych. Arkady, Warszawa 1972.
Runkiewicz L. Zasady kontroli i oceny jakości remontów i wzmocnień konstrukcji budowlanych. Zeszyt Naukowy Politechniki Wrocławskiej Nr 71, Wrocław 1998.

Thierry J., Zaleski S. Remonty budynków i wzmacnianie konstrukcji. Arkady, Warszawa 1982.
optional reading:

Konecki W., Sitkowski J., Ulatowski A. Remonty budynków mieszkalnych. Arkady, Warszawa 1978.

Lenkiewicz W. Naprawy i modernizacja obiektów budowlanych. Wydawnictwo Politechniki Warszawskiej 1998.

Awarie budowlane: badania - diagnostyka - naprawy - rekonstrukcje, Konferencja Naukowo-Techniczna, Szczecin,  Politechnika Szczecińska
remarks:

TECHNOLOGY OF REPAIR AND MODERNIZATION WORK
	Course code:
	06.4-WILŚ- BUD- TRMO- RC08

	Type of course:
	compulsory

	Entry requirements:
	Rudiments of construction work technology, knowledge of civil engineering

	Language of instruction:
	Polish

	Director of studies:
	Eng. Paweł Urbański, PhD, Department of Technology and Building Organization

	Name of lecturer:
	Eng. Paweł Urbański, PhD, Artur Frątczak, MSc.


	Form of instruction
	Number of teaching hours per semester 
	Number of teaching hours per week
	Semester
	Form of receiving a credit 

for a course
	Number of ECTS credits allocated   

	Full-time studies
	3

	Lecture
	15
	1
	I
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	15
	1
	
	Grade
	

	Part-time studies
	

	Lecture
	10
	1
	II
	Grade
	

	Class
	
	
	
	
	

	Laboratory 
	
	
	
	
	

	Seminar
	
	
	
	
	

	Workshop 
	
	
	
	
	

	Project 
	10
	1
	
	Grade
	


course contents:

Criteria of durability of elements and facilities. Diagnostics and causes of damages. Technical, functional and environmental wear – principles of defining. Types and causes of damages in facilities. Facilities books and principles of their running. Planning and preparation of repair works. Organization and implementation of repairs. Basic notions of repair works. Manifestations of damages (scratches, cracks, displacements, etc.) Causes and types of damages of structures. Damages caused by movements of the subsoil(and their removal). Ground strengthening technology. Technology of repairs and reinforcement of foundations. Technology of repairs and workmanship of new damp insulation and thermal insulation of walls and floors in existing buildings. Types of damages and reinforcement technology of load-bearing walls of buildings. Types and causes of damages of floors, slab roofs and lintels, and technology of repairs of same. Damages and methods of repairs of roof structures. Damages and methods of repairs of various types of roofing (including flashings). anti-fungi and anti-insect proofing of wooden parts of buildings. Fire protection. Technology of repairs and reinforcement of steel structures. Technology of repairs of concrete and reinforced concrete elements – system technologies. Technology of repairs and reinforcement of woodwork and furnishings. Thermal insulation work technology – lagging systems (advantages and disadvantages, economic analysis of the methods). Technology of disassembly and demolition works. Works in winter. Repairs and replacement of installations.
learning outcomes:

Skills and competence within the scope of diagnostics of technical condition of buildings, performance of periodical inspections of technical condition of buildings, determining places and causes of damages of buildings and capability to choose and solve problems with damages of structural elements and furnishing of buildings, calculation of reinforcements and repairs of damages structural and protection elements, disassembly and demolition work projects and their organization.
assessment criteria:

Lecture – positive grade on the test.

Project – positive grades on project classes included in the curriculum.
Recommended reading:

1. Małyszko L., Orłowicz R.,  Konstrukcje murowe. Zarysowania i naprawy Wydawnictwo Uniwersytetu Warmińsko - Mazurskiego w Olsztynie, Olsztyn 2000
2. Praca zbiorowa pod kierunkiem Leonarda Runkiewicza, Błędy i uszkodzenia budowlane oraz ich usuwanie, Wydawnictwo Informacji Zawodowej WEKA. 
3. Masłowski E., Spiżewska D., Wzmacnianie konstrukcji budowlanych, Arkady, Warszawa 2002
4. Praca zbiorowa pod redakcją J. Ważnego i J. Karysia, Ochrona budynków przed korozją biologiczną, Arkady, Warszawa 2001
5. Linczowski Cz., Naprawy, remonty i modernizacje budynków, Wydawnictwo Politechniki Świętokrzyskiej, Kielce 1997
6. Łempicki J., Ekspertyzy konstrukcji budowlanych. Arkady, Warszawa 1972
7. Borusiewicz W., Konserwacja zabytków budownictwa murowanego, Arkady, Warszawa 1985
8. Runkiewicz L., Raport o awariach i katastrofach konstrukcji budowlanych. ITB, Warszawa 1994
9. Kobiak J., Błędy w konstrukcjach w żelbetowych, Arkady, Warszawa 1971
10. Thierry J., Zalewski S., Remonty budynków i wzmacnianie konstrukcji. Arkady, Warszawa 1982.
optional reading:

1. Michalak H., Pyrak S., Domy jednorodzinne. Konstruowanie i obliczanie Arkady, Warszawa 2000

2. Romanowski J., Nadproża : projektowanie i obliczenia, WACETOB Sp. z o.o., Warszawa 2001

3. Rossiński B., Błędy w rozwiązaniach geotechnicznych. Wydawnictwa geologiczne, Warszawa 1978

4. Mitzel A., Stachurski W., Suwalski J., Awarie konstrukcji betonowych i murowanych, Arkady, Warszawa 1982

5. Polskie i Europejskie Normy dotyczące obciążeń oraz obliczania konstrukcji

	Faculty of Civil and Environmental Engineering

	Subject area of studies: Building Engineering



