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Recommended teaching texts
Theory:

M. Sochor: Strength of materials I

Czech  Technical University Prague
M. Sochor: Strength of materials II

Czech  Technical University Prague
Theory and examples:

A.P. Boresi, R.J. Schmidt, O.M. Sidebottom: 

Advanced Mechanics of Materials. 
John Wiley and Sons, New York, 1993.
A.C. Ugural, S.K. Fenster: 

Advanced Strength and Applied Elasticity.

Prentice Hall, New Jersey, 2003. 

Objectives of the course 

in Strength of materials II
The course enlarges and completes the knowledge acquired in Strength of materials I
1. Enlargement the knowledge on ways of failure (limit states)
2. Solution and evaluation of multiaxial stress states
3. Analytical solutions of stress-strain states in some axisymmetric bodies 
4. Overview of the frequently used computational methods, especially FEM
5. Overview of possibilities of experimental mechanics
Main applications of experimental mechanics
1. Acquiring input data for computational modelling
· operational conditions (acting loads)

· material data

2. verification of the results of computational modelling 
· verification of the principle of the computational theory  

· verification of the applicability of computational modelling for a specific technical product (using the product itself or its physical model)
3. replacement of calculations
4. monitoring and diagnostics 

5. gaining new pieces of knowledge 

Assumptions used in the stress analysis
Assumptions:
A. on elasticity
B. on failure conditions
C. on calculations
1. ad A:

2. small strains (ε<0.01)
3. isolation of the free body in the undeformed state –small distortion (displacements negligible in comparison with the dimensions of the body)
4. static behaviour
5. supports not influenced by deformations
6. isotropic material meets Hooke’s law
7. the body keeps continuous deformability up to a crack initiation 

8. body fixed to the frame (not moving as a whole) 
9. initial state is undeformed and stress-free
10. primary loads independent of the body deformation 
ad B:

1. crack propagation without branching 
2. plastic deformation occurs in the near surroundings of the crack root
3. fatigue fracture occurs after more than 107 loading cycles
ad C:

1. availability of all material parameters needed 
2. the mathematical solution can be 
a. in the form of an explicite analytical formula
b. in the form of complex equations or their systems – solved using a mathematical software 
c. in the numerical form under use of a special software, FEA being the most frequent (ANSYS)

Computational model consists of the following partial models:

1. Model of geometry
2. Model of material behaviour
3. Model of body supports

4. Model of loads
These four models represent a complete system of input data for forward problems. 

Attention! FEM and other computer methods are not able to solve backward (inverse) problems; i.e. they cannot start calculations without having defined all the above input data!

Outputs of a forward problem: displacements field, strains and stresses in the body in question. 
To evaluate the safety factor (risk of failure), we need some failure criteria – theory of limit states (ways of failure).  
Plasticity criteria (Tresca, Mises) are based on shear stresses (explanation in the figure below), while fracture (crack propagation) is more dependent on normal components of stresses.
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Brittle fracture – failure of a body without any macroscopic crack 
Brittle strength = a special case of brittle fracture with a body load monotounnously increasing. 
· Brittle fracture: ε < 0.001

· Quasi-brittle
· Quasi-ductile
· Ductile fracture: ε > 0.05

For a multiaxial stress state, the failure is described by criteria of brittle fracture, which can be valid if 
· there is no initial macroscopic crack in the body
· the load is monotonnously increasing
· initiation and propagation of the crack are instantaneously followed by fracture – fast fracture process
· the crack propagation in unstable and cannot be influenced by any changes in loads
· the stress state is homogeneous – otherwise an approximate validity only, because the conditions are changing during the crack propagation
How to avoid the brittle fracture?

· Choice of material with transition temperature of brittle fracture being below the operating temperatures 
· Production technology – without macroscopic cracks
Summary of experimental results – internal factors influencing the occurence of the brittle fracture in a given material are as follows:
· Uniform part of the stress tensor (hydrostatic stress)  
· Sign of principal stresses – positive values are more dangerous
· Occurence of some small plastic deformation
· Magnitude of shear stress τρ and of normal stress σρ in a certain characteristic section ρ.

Mathematical description
of criteria of the brittle fracture 

· Maximum principal stress criterion
The occurence of the brittle fracture under the above conditions is given by the value of maximum principal stress of the stress state in question:
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where σRt means  ultimate stress (strength) in tension.
This criterion is valid (corresponds to experimental results) only if all the three principal stress values are positive (multiaxial tension).

· Mohr’s criterion

The occurence of the brittle fracture under the above conditions is given by the values of normal and shear stresses in the section, where the maximum shear stress is acting. The mathematical formulation of this criterion can be expressed in the following shape:
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where σRt and σRd mean  ultimate stresses (strengths) in tension and in compression, respectively. Their ratio χ meets always the unequality 

χ < 1. 
This criterion is valid (corresponds to experimental results) only if at least one of the three principal stress values is negative.

· MOS criterion 
This criterion is the only one, which is valid generally, independetly of the stress state type and the signs of the stresses. It represents a combination of the previous two criteria and can be formulated mathematically as follows:
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Note: Reduced stress σred is a fictitious value of a uniaxial tension stress giving the same safety factor value against the judged limit state with the multiaxial stress state in question. As it simplifies the tensor into an only one numerical value, it can be valid for a certain failure criterion only (and for one type of failure, particulary here for MOS criterion of brittle fracture) and it is necessary to distinguish between various types of reduced stresses.

Graphical representation
of the criteria of brittle fracture
 Maximum principal stress criterion 
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Mohr’s criterion
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MOS criterion
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