
Mechanical Properties of 
Ceramics



Mechanical Properties

Properties obtain from a response or 
deformation due to an applied load or 

force.

Example: Strength, hardness, toughness, 
elasticity, plasticity, brittleness, and 

ductility and malleability



Stress and Strain Diagram: Brittle 

material

•Materials that fail in tension 
at relatively low values of 
strain are classified
as brittle materials.

• Examples are concrete, 
stone, cast iron, glass, ceramic 
materials, and
many common metallic alloys.





Factors affecting the mechanical properties of ceramics









Ductile fracture Brittle fracture
•Plastic deformation •Small/ no plastic deformation

•High energy absorption before fracture •Low energy absorption before fracture

•Characterized by slow crack
propagation

•Characterized by rapid crack
propagation

•Detectable failure •Unexpected failure

•Eg: Metals, polymers •Eg: Ceramics, polymers

What are the differences between ductile 

fracture & brittle fracture?
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•  3-point bend test to measure room-T flexural strength.

Adapted from Fig. 14.9, 

Callister & Rethwisch 9e.

Flexural Tests – Measurement of Flexural Strength
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•  Flexural strength: •  Typical values:

Data from Table 14.1, Callister & Rethwisch 9e.
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•  Room T behavior is usually elastic, with brittle failure.

•  3-Point Bend Testing often used.
-- tensile tests are difficult for brittle materials.

Adapted from Fig. 14.9, 

Callister & Rethwisch 9e.

Flexural Tests – Measurement of Elastic Modulus
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•  Determine elastic modulus according to:
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CLASS ASSIGNMENT 



* Modulus elastic (E) of glass is 69 GPa



• It is the extent to which a material can withstand shocks.
• Material’s resistance to fracture when crack is present. 
• Approximate by the area under the stress-strain curve.

smaller toughness- 
unreinforced 
polymers

Engineering tensile strain, 

Engineering 

tensile 

stress, 

smaller toughness (ceramics)

larger toughness 
(metals, PMCs)

TOUGHNESS



Look at the graph below and 
discuss.

High strength,reasonable 
ductility, high toughness



Ability of material to resist fracture when a crack is present

The general factors, affecting the fracture toughness of a material are:
1) Temperature
2) strain rate
3) presence of structure defects
4) presence of stress concentration (notch) on the specimen surface.

Stress-intensity Factor (K)
Quantitative parameter of fracture toughness determining a maximum value of
stress which may be applied to a specimen containing a crack (notch) of a certain
length.

Fracture toughness



Depending on the direction of the specimen loading and the specimen thickness,
four types of stress-intensity factors are used: KC, KIC, KIIC, KIIIC :

1) KC– stress-intensity factor of a specimen, thickness < critical value.

2) KC depends on the specimen thickness -plane stress.

3) KIC,KIIC, KIIIC– stress-intensity factors, relating to the specimens, thickness >
critical value therefore the values of KIC, KIIC, KIIIC do not depend on the specimen
thickness - plane strain.

4) KIIC and KIIIC – stress-intensity factors relating to the fracture modes in which the
loading direction is parallel to the crack plane. These factors are rarely used for
metallic materials and are not used for ceramics;

5) KIC – plane strain stress-intensity factor relating to the fracture modes in which
the loading direction is normal to the crack plane. This factor is widely used for
both metallic and ceramic materials.

http://www.substech.com/dokuwiki/doku.php?id=metals
http://www.substech.com/dokuwiki/doku.php?id=ceramics


KIC is used for estimation critical stress applied to a specimen with a given crack
length:

KIC – stress-intensity factor, measured in MPa*m½;
σC– the critical stress applied to the specimen;
a – the crack length for edge crack or half crack length for internal crack;
Y – geometry factor.

Two test methods are used for measuring fracture toughness parameter (stress-
intensity factor) of ceramic materials:
1) Flexure Test
2) Indentation Fracture Test









Hardness test

Hardness - resistance of material to Plastic deformation caused by indentation.

Sometimes hardness refers to resistance of material to scratching or abrasion.

Hardness may be measured from a small sample of material without destroying it.

There are hardness methods, allowing to measure hardness onsite.

Principle of any hardness test method

forcing an indenter into the sample surface followed by measuring dimensions of the 
indentation (depth or actual surface area of the indentation).

Hardness is not fundamental property and its value depends on the combination of yield 
strength, tensile test and modulus of elasticity.

http://www.substech.com/dokuwiki/doku.php?id=plastic_deformation
http://www.substech.com/dokuwiki/doku.php?id=tensile_test_and_stress-strain_diagram
http://www.substech.com/dokuwiki/doku.php?id=tensile_test_and_stress-strain_diagram
http://www.substech.com/dokuwiki/doku.php?id=tensile_test_and_stress-strain_diagram







