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Mechanical Properties definition (?):

Characteristics that indicate the elastic or inelastic behavior of a material under pressure
(force), such as bending, brittleness, elongation, hardness, and tensile strength.
http://www.businessdictionary.com/definition/mechanical-properties.html

Definition. Mechanical properties are physical properties that a material exhibits upon the
application of forces. Examples of mechanical properties are the modulus of elasticity,
tensile strength, elongation, hardness and fatigue limit.
https://www.nature.com/subjects/mechanical-properties

The mechanical properties of a material are those properties that involve a reaction to an
applied load. The mechanical properties of metals determine the range of usefulness of a
material and establish the service life that can be expected. Mechanical properties are also
used to help classify and identify material. The most common properties considered are
strength, ductility, hardness, impact resistance, and fracture toughness.
https://www.nde-ed.org/EducationResources/CommunityCollege/Materials/Mechanical/Mechanical.htm

http://www.businessdictionary.com/definition/mechanical-properties.html
https://www.nature.com/subjects/mechanical-properties
https://www.nde-ed.org/EducationResources/CommunityCollege/Materials/Mechanical/Mechanical.htm
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Mechanical Tests and Specimens
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Tensile Test



PMR 5251

Izabel Machado – machadoi@usp.br 10

Tensile Test
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Tensile Test
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Tensile Test
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Tensile Test
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Tensile Test
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Impact Test
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Impact Test
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Hardness Test

Vickers hardness
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Fatigue Test
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Fatigue Test



PMR 5251

Izabel Machado – machadoi@usp.br 20

Materials Selection in 
Mechanical Design Third
Edition- Ashby
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Materials Selection in 
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Materials Design
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Size Scales



PMR 5251

Izabel Machado – machadoi@usp.br 24

Size Scales: 
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There exist 6 structural levels of matter down to the final elementary particles (Fig. 1) . Microstructure is

the Material Science is concerned with the relation be- term used here for the level between phases

(crystals

tween structure and macroscopic properties. There and glasses) and macroscopic structures. 

Microstructure

Acta metall Vol. 32, No. 5. pp. 615-627, 1984
E. HORNBOGEN - ON THE MICROSTRUCTURE OF ALLOYS

A molecule is an electrically neutral group of two or

more atoms held together by chemical bonds. Molecules

are distinguished from ions by their lack of electrical 

charge.

Atom is (Physics) the smallest component of an element

having the chemical properties of the element, consisting

of a nucleus containing combinations of neutrons and

protons and one or more electrons bound to the nucleus

by electrical attraction; the number of protons determines 

the identity of the element.

https://en.wikipedia.org/wiki/Electrically
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Chemical_bond
https://en.wikipedia.org/wiki/Ion
https://en.wikipedia.org/wiki/Electrical_charge
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“The term microstructure is still often reserved to objects which are visible by the methods of light 

microscopy. Its quantitative description has achieved a high degree of perfection. Advances of electron

microscopy (TEM, SEM) and more recently field ion microscopy (FIM), however, have expanded our

horizon so that it seems on time to extend the definition of microstructure. and to realise that its 

importance is comparable to that of other levels of structure “  

Microstructure

Acta metall Vol. 32, No. 5. pp. 615-627, 
1984
E. HORNBOGEN - ON THE 
MICROSTRUCTURE OF ALLOYS
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Mechanical Behavior and Microstructural Features
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Mechanical Behavior and Microstructural Features



PMR 5251

Izabel Machado – machadoi@usp.br 29

Mechanical Behavior and Microstructural Features
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Mechanical Behavior and Microstructural Features
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Mechanical Behavior and Microstructural Features



PMR 5251

Izabel Machado – machadoi@usp.br 32

Microstructure’s  Features
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Microstructure’s  
Features
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Microstructure’s  Features
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Microstructure’s  
Features
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Microstructure’s  
Features
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Phase Diagram

Fe-C
System

Thermodynamics
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Fe-C
System

Kinetics

TTT and CRC diagrams 
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Fe-C
System

Kinetics
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Fe-C
System

Kinetics
Stable and 
Metastable 

phases
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Mechanical behavior 
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Mechanical Behavior
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Mechanical Behavior
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Manufacturing :

Requirements and influence
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Mechanical behavior 
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Mechanical behavior 
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Mechanical behavior 
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Mechanical Behavior and Microstructural Features
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