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MECHANICAL PROPERTIES OF
DENTAL MATERIAL




INTRODUCTION

In the oral environment, restorations are subjected
to heavy masticatory forces. These forces act on
teeth and/ or material producing different
reactions that lead to deformation, which can

ultimately compromise their durability over time.

It is important to introduce some concepts that are
extremely relevant to understand the performance
presented by such materials under specific test

conditions.



Property of the material is the key term which
helps us to identify the characteristics of
material and utilize it in application to get
most out of it with minimum efforts. Just like
length, width and height, of an object, a
material also possesses certain characteristics
which make them different from another. Here
is the list of some basic definition of
mechanical properties of materials.
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MECHANICAL PROPERTIES OF
DENTAL MATERIAL




DEFINITION

Mechanical properties are subset of physical
properties that are based on the laws of
mechanics that is the physical science that
deals with energy and forces and their effects

on the bodies.

These properties are expressed most often in
units of stress and strain.



Mechanical Properties of Dental Material

* A mechanical property is the behavior of the

material when it’s linked to the application of
force.

 The mechanical properties of a material
describe how it will react to physical forces.

One of the most important properties of dental
materials is the ability to withstand the various
mechanical forces placed on them during use as
restoration, impression , models, appliances and tools.



Elastic solids may be stiff or flexible, hard or
soft, brittle or ductile, and fragile or tough.
However, these are qualitative mechanical
properties that do not describe how similar or
dissimilar dental materials of the same type
may be. Mechanical properties are defined by
the laws of mechanics—that is, the physical
science dealing with forces that act on bodies
and the resultant motion, deformation, or
stresses that those bodies experience.
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* When a force acts on the body, tending to produce

deformation, a resistance is developed within the body to
this external force. The internal resistance of the body to
the external force is called stress. Stress is equal and
opposite in direction to the force (external) applied. This
external force is also known as load. Since both applied
force and internal resistance (stress) are distributed over
a given area of the body, the stress in a structure is
designated as a force per unit area.

47— FORCE

Force  F .
Siress = N

Area A




stress : 3¢
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TYPES OF STRESS

Depending on the type of force applied,
following stresses are produced

Axial (Tensile and Compressive )

Shear (sliding)
Flexural



Types of Stress : 25l ¢ 5
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A4l aga-Tensile stress

It is the force per unit area induced in the body
in response to externally applied force which
tends to elongate or stretch the body, it is

accompanied by tensile strain.
(two sets of forces directed away from each

tensile stress.
Tensile Strength




hlna) a-compressive stress

It is the force per unit area induced in the body
in response to externally applied force which
tends to compress or shorten the body, it is
accompanied by compressive strain.
Investment materials, restorative materials and
models should have high compressive strength

Compressive Strength
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SHEAR STRESS

Shear stress is a result of two forces directed
parallel to each other. A stress that tends to
resist a twisting motion, or a sliding of one
portion of a body over another is a shear or
shearing stress

One portion of the material is forced slide

by another portion . [_—&ﬁ




Shear stress*

e It is produced by a twisting or torsional action on a
material.

e A shear stress tends to resist the sliding on a portion of
a body over another

e Shear stress is calculated by dividing the force by the
area parallel to the force of direction

i
*PHILLIPS Jl







COMPLEX STRESSES

Tensile and compressive stresses along

with shear, are the three simple

examples of stress which form the basis

of all other more complex stress
patterns. "
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Flexural Strength ( ildaai¥l)sUady) aga

Also called as bending stress.

Produced by bending forces over the dental
appliance b))

Flexural Stress

CONMECTORS
Flexural Strength

ABUTMENTS




FLEXURAL STRESS
.
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Complex stresses produced by a three-point loading of a beam.




» The application of an external force to a body
results in a change in dimension of that body.
The magnitude of which depends on the applied
force and the properties of the material.
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» Strain = Change in length/Original length.=AL/L
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STRESS-STRAIN RELATIONSHIP

Each type of stress is capable of producing a
corresponding deformation in the body.

Therefore, stress and strain are not
independent and unrelated properties, but
they are closely related and may be seen as
cause and effect.

The relationship of stress and strain is often
used to characterize the mechanical properties
of materials



Experience shows that any material subjected
to a load may either deform, yield or break,
depending upon the , The Magnitude of load,
Nature of the material , Cross sectional dime.
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The strength of a material is its capacity to
withstand destruction under the action of
external loads. It determines the ability of a
material to withstand stress without failure.
The maximum stress that any material will
destruction is called ultimate withstand before




Strength is power & stress is
weakness....

When you a going through a problem and you
think on it again and again its — STRESS

WHEN YOU OVERCOME YOUR PROBLEM ITS

STRENGTH



strength

Your strength is the physical energy that you
have, which gives you the ability to perform
various actions, such as lifting or moving things.



elasticity is the resistance of a material to
deformation and to return to its original shape
and size when the load is removed.
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ELASTICITY

The property of material by virtue of which
deformation caused by applied load disappears
upon removal of load. Elasticity of a material is
the power of coming back to its original
position after deformation when the stress or
removed.  Elastic means reversible load is

Elastic means reversible



The plasticity of a material is its ability to
undergo some degree of permanent
deformation without rupture or failure. Plastic
deformation will take only after the elastic limit

is exceeded. It increases with inc
ftemneratiire

Plastic means permanent




NOTE

Elastic deformation - Bonds stretched—> No
permanent damage

Plastic deformation = Bonds broken->
Permanent damage



Resilience is the energy absorbed by a
material to regain its original shape



Resilient-dac ¢ )\l

As adjectives the difference between resilient
and elastic is that resilient is able to endure
tribulation without cracking while elastic
is capable of stretching; particularly,
capable of stretching so as to return to an
original shape or size when force is
released




has particular importance in the evaluation
of orthodontic wires . It determines the magnitude of
the force that can be applied to the tooth and how far
the tooth can move before the spring is no longer
effective.




Elastomeric soft liners absorb considerable

amounts of energy resilient without being
permanently distorted when stressed and the
energy stored is released when the material
springs back to its original shape after removal
of the applied stress. Therefore, these materials
act as cushion between the hard denture base
and soft tissues to reduce magh

transmitted by prosthesis to t
tissues.




The resistance of a material to elastic
deformation or deflection is called stiffness or
rigidity. A material which suffers slight
deformation under load has a high degree of
stiffness or rigidity. E.g. Steel beam is more
stiffer or more rigid than aluminum bream.

Unit of stiffness is Newton per meter.




Stiffness

is the tendency of a material to react with a
small deformation when the material is stressed.
It is measured with Young's Modulus, which is
the angular coefficient, or slope, of the linear
stress-strain curve. This property depends
directly on the bond type between the atoms.
The stronger the bond, the higher the modulus
(or the stiffness).



stiffness : 4oLl
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Clinical application

The metal frame of a metal-ceramic bridge
should have a high stiffness. If the metal flexes,
the porcelain veneer on it might crack or
separate. Such a material would possess a
comparative high modulus of elasticity.

A polyether material have greater stiffness
than all other elastomeric impression materials.
Thus a greater force is heeded to remove a
impression tray from undercuts in mouth



FLEXIBILITY

It is the maximum elastic
(recoverable) strain that occurs
when a material is stressed to
proportional limit.

Therefore, it follows that greater
the strain for a given stress in a
material, greater will be it’s
flexibility.

o

RESILIENCE

It indicates the amount of energy
necessary to deform a material to
proportional limit. OR it is amount of
energy absorbed by a structure, when
it is stressed to proportional limit.

Resilience is measured by the area
under the elastic portion of stress
strain curve
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the ability to be bend with out
breaking
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Restorative materials should withstand high
stresses and show minimum distortion or
should have minimum flexibility.

Impression materials should have large
flexibility or elastic deformation to withdraw
through severe undercuts without permanent
deformation.

Maxillofacial materials and soft denture relines
should have high flexibility



toughness is the ability of a material to absorb
energy and plastically deform without fracturing.

material toughness is the amount of energy per

unit volume that a material can absorb before
rupturing.

It is also defined as a material's resistance to
fracture when stressed.



TOUGHNESS
(fragile opposite of tough)

Materials known to be very tough are stainless
steels and titanium alloys. Materials known to
be very fragile are ceramics such as glasses or
porcelain. The reason a ceramic plate shatters
when dropped while your spoon will maybe only
bend, is the difference in toughness between

the two materials. ‘ '
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Toughness = FIGURE 3- Areas indicating resilience (A) and toughne
ofa
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4l)-Toughness
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SCALE TO MEASURE
DEPTH OF IMPACT

MATERIAL
SPECIMEN




Toughness usually goes in the opposite direction
of hardness, that is if a material is very hard it is
usually very fragile. Diamonds are fragile even
though they are hard. Aluminum is tough but
not hard at all. The goal of every metallurgist
would be to obtain a tough yet hard material. It

is the most sought upon dream of structural
materials

cccccc



Difference between resilience and toughness

®»Toughness is the total amount of energy a material can absorb up to the
point of fracture.

®»Whereas resilience represents the energy required to stress a material to
it’s proportional limit OR The maximum amount of energy a material can

absorb without undergoing permanent deformation.

Proportional limit




It is the property of a material which enables it
to draw out into thin wires. E.g., Mild steel is a
ductile material. The percent elongation and

the reduction in area in tension is often used as

empirical measures of ductility.

Tungston Carbide Die

o

Copper bar is pulled
through the die and

it's ciameter s reduced
to make thin wire

Emadl Posmt

Figure 23:2: Ductility Test



Ductility

Definition: @

The ability to be drawn into thin wires

Example: Copper is used to make wires
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®» Materials that experience a large amount of permanent
deformation are said to be ductile.

®» Materials that undergo little or no plastic behavior are said to be

brittle. A brittle material fractures at or near its proportional limit.

Ductile i
Brittle



®» Importance of ductility in dentistry:

®» Clasps can be adjusted, orthodontics appliances can be
prepared, crowns or inlays can be burnished if they are

prepared frorT\ AllAavie Af hiach vinliiac AF norcentage

A. Openmargin B. Denting
Burnishing
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C. Bending D. Finishing




. DEFINITION %] iU Balall 291913

* The ability of a material to sustain considerable permanent
deformation without rupture under compression, as in

hammering or rolling into a sheet, is termed malleability.

®» Gold is most ductile and malleable and silver stands the

second.

®» Platinum is third most ductile and copper is third most

malleable. —
(Metal hammered /
into thin >
B e ’ sheets) g
() - - + e i
b i
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L m Gold 1s the most malleable metal.




Malleability 48 g skl -

Definition: The ability to be pounded into thin
sheets

Example:
Aluminum can be nounded flat to make

aluminum foil
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48Ladll
BRITTLENESS
It is the opposite of ductility, it requires lack of
plasticity 408 sl

Brittle

Ductile LA; palal)
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Ductility of metals in decreasing Malleability metals in

order decreasing order
Gold Gold
Silver Silver
Platinum Aluminum
lron Copper
Nickel Tin
Copper Platinum
Aluminum Lead
Zinc Zinc
Tin iron




Brittle-4axadll 2 gl

zaol LA Maa Jadig Adall) ) gal) e
) dibial lglpag Gualiy . aally
2 Al 2 Bgale S (o) Q94 (e
OsSh cild) g Adla Al Jia dda 31 gall
Nga) Ahie lgud & dgal
A Y sl Jhe Adgh 2 gal) | el
@m&&m&z&gmx s
il ¢ jaaa daf Adgyal) dilaia gad
BaleY lgamand (Say Ad) A Adigll BaLal)
Giiny O o P (bl Balal) gl
(ia Aaldaall  3) gall uﬁ LaS  3das
£ OsSom Bale 3 gall odgd Jladil slgal!
ok

-




13-Hardness-5 sludll

is the measurement of how much a material resists to penetration from a
semi-static force. It is tested for with an indenter hardness machine usually
(but not solely) by measuring the size of the indentation after releasing the
load.

The most well known of the hard materials is diamond. It is so hard it is
usually used as the penetration material (for the Vickers Hardness, for
example). A typically soft material is aluminum metal, or any plastic.

Hardness correlates well with scratch proof ability meaning that harder
materials are harder to scratch. It also correlates well with the yield strength
(oy, that is the value of stress after which is deforms permanently) or the
ultimate tensile strength of the material (that is the maximum load it can
bear in a tensile test) through the empirical equation Hv=0y/3. So harder
materials are also stronger materials.



Opposite of soft

square based —-
pyramidal indenter

<

Impression

sample /

(a) Vickers indentation {b) measurement of impression
diagonals



conclusion

Mechanical properties are very important in
understanding and predicting a materials behavior
under various conditions ,therefore it helps in
diagnosis of clinical failure, whether they are
caused by material deficiencies or human error ore
patient factors thus it help in understanding the
design modification that will improve the fracture
resistance of restoration and longevity



Setting Time

Setting Time

It is the time from the beginning of mixing the
until the material hardens. Setting time of
gypsum products are often measured in term of
their ability to resist penetration and divided
into: Mixing time from addition of powder to
the water until a homogeneous mix.



Working time

Working time or initial setting time is the
length of time from the start of the mix until
the setting mass reaches a semi-hard stage. It
represents the available time for manipulating
the product, and it indicates partial progress of
the setting reaction



The Fatigue-(JSl) =il

Fatigue can be explained as the weakening of a
material due to the application of fluctuating
loads that result in damage to the material’s
structure and eventual failure. The damage
starts locally and builds up over time and can
end in a catastrophe.



The Fatigue-(JSl) =il
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