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Mechanical properties of materials 2. 
Plasticity

Problems:
Chapter 4.:
26, 27, 29, 30, 32, 

33, 34, 36

Physical Foundations of Dental Materials Science
8.

Kiemelt témák:
v Strength, plasticity and tougness
v Mechanism of plastic deformation in crystals
v Fractures
v Hardness

E-book
chapter 16, 17.
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Stress (s)

strain (e)

Young’s modulus

Resilience
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Stress - strain diagram
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Plastic behavior

yield limit, sy (Pa)

strength, ss (Pa)

plasticity, es - ey (%)

• tensile,
• compressive,
• bending,
• shear, 
• torsional

ss (Pa)
strength strongweak

(elastic limit or
yield strength)
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Strength of some dental
materials
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Examples:
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Engeeniering 
curve!

A decreases

pl. Metals, some 
polymers
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Toughness

9

vagy energy absorbed until 
fracture (ws)

strength « toughness:

ws (J/m3)
toughness tough

not tough 
(brittle if not 
plastic too)
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Examples:
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st
re

ss

strain

- Stiff
- Brittle
- Strong - elastic

- strong
- tough

- ductile
- Modertely strong
- tough

- ductile
- Weak
- Low toughness
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Mechanism of plastic deformation in crystals:

In case of amorphous
materials: viscous flow 
only!

„slip”
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Movement of disclocations
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Quantities of plastic range 
(sy, es, ss, ws),

and hardness

Are very sensitive to lattice 
defects.

„slip”

Similar reason:
Brittleness of ceramics
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decreasing grain size (d)

Changening the strength and plastic properties of metals

Cold-work
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Alloying
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Ni concentration (mass %)

Ni concentration (mass %) Ni concentration (mass %)

Cu - Ni alloy Cu - Ni alloy

Cu - Ni alloy
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Fracture

18
Increasing stress

Plastic deformation plastic fracture

Brittle material: no plastic deformation britle fracture

Mechanism:
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Fracture types

plastic (tough)
brittle

Steel wire 
we broke 
last Monday
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Phases of fracture in a ductile material
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Fatigue, 
fatigue fracture

Persistant, repetitive load (stress)

→ structursl changes

→ strength decreases

Crack
formation!

Types of loads:

s = 0
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Fatigue curve:
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Hardness

Mohs-scale:

Resistance against plastic deformation

24



7

Hardness measurement
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Brinell: Vickers: Knoop:

Methods of microhardness measurement

HB HV HK

(Pa)  
A
FH =

Tungsten-
carbid diamond

Hardness measurement
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Connections with strength: Hardness of dental materials:
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Charpy test

Impact energy = The loss of 
the hammer’s potential energy
(J)

Specific impact energy= 
impact energy / cross

sectional area of test specimen 
(J/m2)
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