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To select and use a dental material one must
understand its properties. Knowledge of the
properties of the material predicts its behavior,
functioning in the mouth and longevity.

Accordingly one can optimize design and
techniques in order to get the best out of a

particular material.

Various properties
dental materials are:

important to

1. Mechanical properties
2. Physical properties

3. Chemical properties
4. Thermal properties

5. Optical properties

lolas) dal e Aol sl pallad agd e AN
LS sl il 8 5ald) ailiad 48 e aclud Y clgaladind
e san g caill Gana Lgidila

Jaandl Jal pe sl ) ailiadl Ko ool (6,
B 3ile (e 5 Jaadl e
il o) galf dalgl) (ailail] (po Litedf da 47

A alladl ]
Al yal el 2
BBl ol B
)l pailasll 4

B el gaflaal 5

ioo )5l dmel

2 g dogn N 5 a5 s a3

4‘33\».&‘/'1*0.;.}



Js ¥ Jed PR CIP] Ampa 3 s Sl

iemilenll 4L

Mechanical Properties

iolll 3 el sl g R Ny b3l ko o dlas o001



Js ¥ Jed

s Blied|

..t' - f‘... iﬂ. 3\‘y

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.

STRESS

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.
” Forco s F

Stress= =—
Area A

The internal resistance to force (stress) is
impractical to measure. The convenient way is to
measure the external force applied to the cross-
sectional area.

Area over which the force acts is an important
factor especially in dental restorations in which
areas over which the forces applied often are
extremely small.

Stress at a constant force is inversely proportional
to the area—the smaller the area, the larger the
stress and vice versa.

Types of Stresses
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» . Tensile stress
+ . Compressive stress

¢ . Shear stress

Tensile stress

Results in a body when it is subjected to two sets
of forces that are directed away from each other in
the same straight line.

The load tends to stretch or elongate a body.

A4 aga o
Laall aga %

oalll ga 9
«— —> Al ya

Olaxid 5 sl (e Gfic gans () 4e sad die auad) iy
?‘MW ba c}“‘ OL""A}:‘S} LG-*"-"U ) e

i anall a0 Jeall iy

ioo )5l dmel

A g ipane 31 e 51 gl s o

453\&;‘/'1)«.;;\



Js ¥ Jed

s Blied|

“t’ - V.... iﬂ. 3\‘y

Compressive stress

Results when the body is subjected to two sets of
forces in the same straight line but directed
towards each other.

The load tends to or shortens a body.

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.

If the stress (internal resistance) produced is not
sufficient to withstand the external force (load)
the body undergoes
(deformation).

a change in shape

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

The deformation resulting from a tension, or
pulling force, produces an elongation of a body,
whereas a compression, or pushing force, causes
compression or shortening of the body.

Deformation or changeinlength E

Strain=
Original length L

Strain is expressed as change in length per unit
length of the body when a stress is applied.It is a
dimensionless quantity and may be elastic or
plastic or a combination of the two.

Complex stresses

It is difficult to induce just a single type of stress
in a body. Whenever force is applied over a body,
complex or multiple stresses are produced.

These may be a combination of tensile, shear or
compressive stresses (Fig. 7).

Figure 1: Complex stresses produced by a three-point
loading of a beam.
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These multiple stresses are called complex
stresses.

For example, when a wire is stretched, the
predominant stress is tensile, but shearing and
compressive stresses will also be present because
the wire is getting thinner (compressed in cross-
section) as it elongates.

Poisson’s ratio

If we take a cylinder and subject it to a tensile
stress or compressive stress, there is simultaneous
axial and lateral strain. Within the elastic range,
the ratio of the lateral to the axial strain is called
Poisson’s ratio.

Proportional limit

A tensile load is applied to a wire in small
increments until it breaks. If each stress is plotted
on a vertical coordinate and the corresponding
strain (change in length) is plotted on the
horizontal coordinate, a curve is obtained.

This is known as stress-strain curve (Fig. 2).
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yield strength, S-offset.

It is useful to study some of the mechanical
properties. The stress-strain curve is a straight
line up to point ‘P’ after which it curves.
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The point ‘P’ is the proportional limit, i.e., up to
point ‘P’ the stress is proportional to strain
(Hooke’s Law).

Beyond ‘P’ the strain is no longer elastic and so
stress is no longer proportional to strain.

Thus, proportional stress can be defined as the
greatest stress that may be produced in a material
such that the stress is directly proportional to
strain.

ELASTIC LIMIT

Below the proportional limit (point ‘P’), a
material is elastic in nature, that is, if the load is
removed, the material will return to its original
shape.

Thus, elastic limit may be defined as the
maximum stress that a material will withstand
without permanent deformation (change in
shape).

For all practical purposes, the elastic limit and the
proportional limit represent the same stress.

However, the fundamental concept is different,
one describes the elastic behavior of the material
whereas the other deals with proportionality of
strain to stress in the structure.

Yield strength

Very few materials follow Hooke’s law perfectly
and some permanent change may be seen in the
tested material.

A small amount of permanent strain is tolerable.
The limit of tolerable permanent strain is the yield
strength. Thus, yield strength is defined as the
stress at which a material exhibits a specified
limiting deviation from proportionality of stress to
strain.

Determination of yield strength
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How much of permanent deformation can be
tolerated?

This varies from material to material and is
determined by selecting an offset.
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An offset is an arbitrary value put for a material.
It represents the percent of total permanent
deformation that is acceptable for the material.

In dentistry 0.1% (1% offset) and 0.2% (2%
offset) are most commonly used.

The yield strength is determined by selecting the
desired offset and drawing a line parallel to the
linear region of the stress-strain curve (Fig. 2).

The point on the stress-strain curve where the
offset meets is the yield strength (point X).

MODULUS OF ELASTICITY

It is also referred to as ‘elastic modulus’ or
“Young’s modulus’.

It represents the relative stiffness or rigidity of the
material within the elastic range.

Young’s modulus is the ratio of stress to strain.
Since stress is proportional to strain (up to the
proportional limit), the stress to strain ratio would
be constant.

Modulus of elasticity
or
Young's modulus

_Stress F/A_FL
" Strain E/L EA

It, therefore, follows that the less the strain for a
given stress, the greater will be the stiffness, e.g.
if a wire 1s difficult to bend, considerable stress
must be placed before a notable strain or
deformation results. Such a material would
possess a comparatively high modulus of
elasticity.

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.

FLEXIBILITY

Generally, in dental practice, the material used as
a restoration should withstand high stresses and
show minimum deformation.
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However, there are instances where a large strain
is needed with a moderate or slight stress. For
example, in an orthodontic appliance, a spring is
often bent at a large distance with a small stress.
In such a case the material is said to be flexible.

The ‘maximal flexibility’ is defined as the strain
that occurs when the material is stressed to its
proportional limit.

The relation between the maximum flexibility, the
proportional limit and the modulus of elasticity
may be expressed as

Proportional limit (P)
Modulus of elasticity (E)

Maximum flexibility (EM) =

Application

It is useful to know the flexibility of elastic
impression materials to determine how easily they
may be withdrawn over undercuts in the mouth.

Resilience

Resilience can be defined as the amount of energy
absorbed by a structure when it is stressed not to
exceed its proportional limit.

For example, when an acrobat falls on a trapeze
net the energy of his fall is absorbed by the
resilience of the net, and when this energy is
released, the acrobat is again thrown into the air.

The resilience of a material is measured in terms
of its modulus of resilience, which is the amount
of energy stored in a body, when a unit volume of
a material is stressed to its proportional limit.

P? (Proportional limit)

R (Modulus of Resilience)=
( ) 2E (Modulus of elasticity)

Resilience is also measured by the area under the
straight-line portion of the stress-strain curve

(Fig. 3).
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Figure :3 Area of resilience in a stress-strain curve.

IMPACT

It is the reaction of a stationary object to a
collision with a moving object.

Depending upon the resilience of the object,
energy is stored in the body without causing
deformation or with deformation.

The ability of a body to resist impact without
permanent deformation is represented by the
formula—KVR

where, K = Constant of proportionality
V = Volume
R = Modulus of resilience

But we know R = P2/2E

= § o——

2

impact resistance =
Therefore

From the above formula, we can conclude

Impact resistance will be decreased with an
increase in the modulus of elasticity, which means
that stiffer materials will have less impact
resistance.

Resilient materials will have better impact
resistance (however, a high stiffness is also
necessary to provide rigidity to a material under
static loads, e.g. a cement base should be able to
support an amalgam restoration).

Increase in volume leads to an increase in impact
resistance.
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Impact strength

It is the energy required to fracture a material
under an impact force.

A Charpy type impact tester is used (Figure 4).

A . a
Figures 4: Charpy’s tester.

It has a heavy pendulum which swings down to
fracture the specimen.

Another instrument called Izod impact tester can
also be used.

Application

Dentures should have a high impact strength to
prevent it from breaking if accidentally dropped
by the patient.

Permanent deformation

Once the elastic limit of a material is crossed by a
specific amount of stress, the further increase in
strain is called permanent deformation, i.e., the
resulting change in dimension is permanent.

Application

An elastic impression material deforms as it is
removed from the mouth. However due to its
elastic nature, it recovers its shape and little
permanent deformation occurs.
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Some materials are more elastic than others. Thus,
permanent deformation is higher in hydrocolloids
than in elastomers.

Strength

Strength of a material is its resistance to fracture.
It is measured by measuring the maximal stress
required to fracture a structure.

The three types of strength are
* . Tensile strength
+ . Compressive strength

* . Shear strength

Tensile Strength

Tensile strength is determined by subjecting a rod,
wire or dumbbell shaped specimen to a tensile
loading (a unilateral tension test). Tensile strength
is defined as the maximal stress the structure will
withstand before rupture.

Tensile strength of brittle materials

Brittle materials are difficult to test using the
unilateral tension test. Instead, an indirect tensile
test called ‘diametral compression test’ (or
Brazilian test) is used (Fig. 5).
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Figure 5 Diametral compression test.
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In this method, a compressive load is placed on
the diameter of a short cylindrical specimen.

The tensile stress is directly proportional to the
load applied as shown in the formula.

P . (load)
nxDxT m(diameterxthickness)

Tensile-stress =

Compressive Strength
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Compressive strength or ‘crushing strength’ is
determined by subjecting a cylindrical specimen
to a compressive load.

The strength value is obtained from the cross-
sectional area and force applied.

Though the load is compressive in nature, the
failure is due to complex stresses.

Shear Strength
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Shear strength is the maximum stress that a
material can withstand before failure in a shear
mode of loading.

It is tested using the punch or pushout method.

The formula is as follows.

Shear Strength = B
nDH
Where, F is the force

D is punch diameter
H is the thickness of the specimen
Application

Used to study the interface between two materials,
e.g. porcelain fused to metal.

Transverse or Flexural Strength
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Transverse strength or modulus of rupture, or
bend strength, or fracture strength is obtained
when a load is applied in the middle of a beam
supported at each end.

Three types of flexural tests are used
1. Three-point flexural test

2. Four-point flexural test
3. Biaxial flexural test
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Three-point flexural test

This test is also called a three-point bending test
(3PB) (Figs. o).

Laladl) A ¢ i) La)
(6 Jsall) (3PB) Ll (336 sl Lyl e

O Point of fracture

aa8n

Figures 2.11A to C Flexural testing. A) Repsentation
of 3-point flexure testing. (B) 3-point flexure tester. (C)
4-point flexure tester.

The flexure strength may be represented by the

formula below.

Flexural Strength of = 3P|‘?
2

where, P = fracture load in Newtons
w = width of the specimen
t = thickness of the specimen

Four-point flexural test

The addition of a 4th bearing brings a much larger
portion of the beam to the maximum stress.

This difference is of prime importance when
studying brittle materials, where the number and
severity of flaws exposed to the maximum stress
is directly related to the flexural strength and
crack initiation.

Formula for the four-point flexural test is shown
below.

3PL
Flexural Strength of = =
4wt
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Biaxial flexural test

This test is used to avoid the problem of edge
fractures which can occur with the other flexural
tests.

Disc-shaped specimens are used of 12 mm
diameter and 1.2 mm thickness (Fig. 7).

12 mm
Figure 7: Biaxial flexural test.

The disc is supported by 3 balls (3.2 mm
diameter). The load is applied by a round ended
piston.

Application

Used to test materials like porcelain.

Weibull statistics

Weibull analysis

Waloddi  Weibull invented the Weibull
distribution in 1937 and delivered his hallmark
paper on this subject in 1951. It is also known as
‘life data analysis’.

The primary advantage of Weibull analysis is the
ability to provide reasonably accurate failure
analysis and failure forecasts.

Thus, it is used to estimate important life
characteristics of a product such as reliability or
probability of failure at a specific time, the mean
life for the product and failure rate.

Although manufacturers provide data on strength
values.
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This typically represents the mean value of a
specific test. This may not correlate with its
strength and survival probability under clinical
situations because in the mouth the restorations
experience cyclic loading conditions.

It would be more useful to know the 95% stress
level. This is the stress level below which 95% of
the specimens would survive the stress test.

Dental application

Many restorative materials in dentistry are brittle
materials like resins and ceramics.

These materials do not exhibit a normal or
symmetric distribution of strength values.

The failure probability of brittle materials like
resins and ceramics is best described using
Weibull analysis which is based on the concept of
the weakest link.

Weibull modulus
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The Weibull modulus represents the distribution
of flaws in a brittle material or the distribution of
strength determined from the fracture probability
versus failure test.

Significance

1. A low Weibull modulus indicates a material
which is inconsistent in strength, has a wide
variation of fracture force and, therefore, has low
reliability as a restorative material, e.g. Weibull
modulus for ceramics range from 5-15.

2. A higher Weibull modulus indicates a material
with greater reliability as a structural material, e.g.
Metals which are ductile have Weibull modulus
above 20.

Stress Concentration

A stress concentration (often called stress raisers)
is a location in an object where stress is
concentrated.
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Causes of stress concentration

gy 38 5 il

Knowledge of the causes and effects of stress
concentration is important in dental restorations to
prevent early failure.

Stress concentrations occur due to
1. Structural defects

2. Improper design

An object is strongest when force is evenly
distributed over its area, so a reduction in area, €.g.
caused by a crack, results in a localized increase
in stress.

A material can fail, via a propagating crack, when
a concentrated stress exceeds the material’s
theoretical cohesive strength.

The real fracture strength of a material is always
lower than the theoretical value because most
materials contain small cracks or contaminants
(especially foreign particles) that concentrate
stress.

A structure should be designed in such a way that
stress is evenly distributed.

An example of a stress concentration design is a
narrow post with supporting a large core.

The weakest point of this structure is at the
junction of the post and core. When occlusal
forces are applied, stress concentration at this
point can lead to a fracture.

Slight alteration of design can reduce stress
concentration. In this case increasing the diameter
of the post and increasing the bulk of the metal at
the junction of the post to the core so that the
transition is gradual rather than abrupt.

A structure subjected to repeated or cyclic stresses
below its proportional limit can produce abrupt
failure of the structure. This type of failure is
called fatigue.
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Fatigue behavior is determined by subjecting a
material to a cyclic stress of a known value and
determining the number of cycles that are required
to produce failure.

The stresses used in fatigue testing are usually
very low. However, the repeated application
causes failure.

Application

Restorations in the mouth are often subjected to
cyclic forces of mastication. In order to last, these
restorations should be able to resist fatigue.

Static Fatigue
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It is a phenomenon exhibited by some ceramic
materials. These materials support a high static
load for a long period of time and then fail
abruptly.

This type of failure occurs only when the
materials are stored in a wet environment and this
property is related to the effect of water on the
highly stressed surface of the material.

TOUGHNESS

It is defined as the energy required to fracture a
material.

It is a property of the material which describes
how difficult the material would be to break.

Toughness is also measured as the total area under
the stress-strain curve (Fig. 8).

Stress
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Toughness

Figure 8: Area of toughness in the stress-strain curve.

Strain

Agal-gall Aala B Alial) dablia 3(8 JSd))

ioo )5l dmel

A g ipane 31 e 51 gl s o

4\33\%9‘/'1)«.;;\



JoA Jadl
BRITTLENESS

A brittle material fractures at or near its
proportional limit.

Brittleness is the opposite of toughness, e.g. glass
is brittle at room temperature. It will not bend
appreciably without breaking.

It should not be wrongly understood that a brittle
material lacks strength.

From the above example of glass, we see that its
shear strength is low, but its tensile strength is
very high. If glass is drawn into a fiber, its tensile
strength may be as high as 2800 MPa.

Application

Many dental materials are brittle, e.g. porcelain,
cements, dental stone, etc.

It is the ability of a material to withstand
permanent deformation under a tensile load
without rupture.

A metal that can be drawn readily into a wire is
said to be ductile.

Ductility is dependent on tensile strength.
Ductility decreases as the temperature is raised.
Ductility may be measured by three methods

. By measuring the percentage elongation after
fracture.

* . By measuring reduction in cross-sectional area
of fractured ends in comparison to the original
area of the wire or rod and the method is called
reduction in area method.

* . By using the cold bend test.

MALLEABILITY

It is the ability of the material to withstand rupture
under compression, as in hammering or rolling
into a sheet.

It is not dependent on strength as is ductility.

s Blied|

“U’ - V.... iﬂ. 3\‘y

e Al f Leanl aa die dacadll salall s

S Aaoy Caad zla) Sl il e 2l
S (50 (e Bsale JS (g shaiy Gl g (Al 2

B sall g ddeadll sl of o A JSa agis of G Y

23l 3 g8 oK) chcaddie el 358 o (55 ¢l Jld) (b
GVl s 8 Juat 8 Gl ) a5l caa ied aa dlle
cJaSilae 2800

s il
oaall cabinan) e Al 1 e (daal duadl o sall e daal)
1.%_)5:;} ‘qu.d\

) Z\,,\.‘,i\é

O 28 Jaead Gt Al o gl daglia e sald) 3 )08
334

ccmall 48 Al el (e dms (S 3 anddl e J
Ladd ’Bﬁé& ) AE adiad
EJ\JQ\QAJA&MJ\@M\@GL)AM

- ABLY ol Ll i 15y

Sl 3ay G 2 il el S DR (e @

S Sl Ay jal) dalid) paliasl Glf DA e @
=05 il Gl AL aY) Aalud) ae 4l
Aalud) 3 (mleaiy) 48yl 43 k) o2

oL B las) DA e @

lei sl die Jaiall a3 el Aaglia o sald) 58 s

Al

ccand) AL Ay Jlal) sa LS 3 e acini Y 4

ioo )5l dmel

A g ipane 31 e 51 gl s o

4:35\&‘/'1*9.;.9\



Js ¥ Jed

s Blied|

..t' - f‘... iﬂ. 3\‘y

Malleability increases with rise in temperature.

Toughness of a material is dependent upon the
ductility (or malleability) of the material than
upon the flexibility or elastic modulus.

Application of malleability and ductility

Gold is the most ductile and malleable metal. This
property enables manufacturers to beat it into thin
foils. Silver is second.

Among other metals, platinum ranks third in
ductility and copper ranks third in malleability.

Hardness

Hardness is difficult to define specifically.

There are numerous factors which influence the
hardness of a material such as strength,
proportional limit, ductility, malleability, etc.

In mineralogy the hardness is described as the
ability of a material to resist scratching.

In metallurgy and in most other fields, the
resistance to indentation is taken as the measure
of hardness.

There are many surface hardness tests (Fig. 9).
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Figrues 9: (A) Knoop and Vickers hardness tester with
microscope. (B) Various hardness tests.

Brinell
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The Brinell hardness scale was developed by a
Swedish engineer named Johan August Brinell in
1900.

The Brinell test utilizes a 10 mm diameter steel
ball as an indenter, applying a uniform 3000 kgf
(29 kN) force.
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A smaller amount of force is used on softer
materials and a tungsten carbide ball is used for
harder materials.

The diameter of the indentation left in the test
material is measured with a low powered
microscope.

The load is divided by the area of the surface of
the indentation and the quotient is referred to as
Brinell Hardness Number (BHN).

Application

Used for measuring hardness of metals and
metallic materials.

Rockwell Hardness Number (RHN)
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Like the BH test, a steel ball or a conical diamond
point is used. However, instead of measuring the
diameter of the impression, the depth is measured
directly by a dial gauge on the instrument.

Application

The Rockwell test has a wider application for
materials, since Brinell test is unsuitable for brittle
materials as well as plastic materials.

Vickers Hardness Test (VHN)
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This is also similar to the Brinell test, however,
instead of a steel ball, a diamond in the shape of a
square pyramid is used (Fig. 9).

Although the impression is square instead of
round.

The load is divided by the area of indentation. The
length of the diagonals of the indentation (sides of
the diamond) are measured and averaged.

Application

Vickers test is used in the ADA for dental casting
golds. This test is suitable for brittle materials and
so is used for measuring hardness of tooth
structure.
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The indentation is narrower and more elongated.

Knoop hardness value is independent of the
ductility of the material and values for both
exceedingly hard and soft materials can be
obtained from this test.

The Knoop and Vickers tests are classified as
microhardness tests.

The Brinell and Rockwell tests are classified as
macrohardness tests.

The Shore and the Barcol
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The Shore and the Barcol

These are less sophisticated tests. They are
compact portable units (Figs. 2.15A and B).

:

Figures 10: (A) Shoré tester. (B) Barcol tester.
A metal indenter that is spring loaded is used.

The hardness number is based on depth of
penetration and is read directly from a gauge.

Applications

Used for measuring the hardness of rubber and
plastics.

ABRASION RESISTANCE

Like hardness, abrasion is influenced by a number
of factors.

Hardness has often been used to indicate the
ability of a material to resist abrasion.
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Applications

It is useful for comparing materials in the same
class, e.g. one brand of cement is compared to
another and their abrasion resistance is quoted in
comparison to one another.

However, it may not be useful for comparing
materials of different classes like metals and
plastics.

The only reliable test for abrasion is a test
procedure which simulates the conditions which
the material will eventually be subjected to, e.g.
toothbrush abrasion tests.
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RHEOLOGY

Sl ale

Rheology is the study of flow of matter.

In dentistry, study of rheology is necessary
because many dental materials are liquids at some
stage of their use, e.g. molten alloy and freshly
mixed impression materials and cements.

Other materials appear to be solids but flow over
a period of time.

Terms and Properties in Rheology

Viscosity
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Viscosity is the resistance offered by a liquid
when placed in motion, e.g. honey is more viscous
than water.

It is measured in poise or centipoise (1 cp = 100
D).

Creep
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Time dependent plastic deformation or change of
shape that occurs when a metal is subjected to a
constant load near its melting point is known as
creep. This may be static or dynamic in nature.

Static creep is a time dependent deformation
produced in a completely set solid subjected to a
constant stress.

Dynamic creep produced when the applied stress
is fluctuating, such as in fatigue type test.

Importance

Dental amalgam has components with melting
points that are slightly above room temperature
and the creep produced can be very destructive to
the restoration, e.g. glass tube fractures under a
sudden blow but bends gradually if leaned against
a wall.

Flow
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It is somewhat similar to creep.

In dentistry, the term flow is used instead of creep
to describe rheology of amorphous substances,
e.g. waxes.
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Although creep or flow may be measured under
any type of stress, compression is usually
employed for testing of dental materials.

Thixotropic
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These materials exhibit a different viscosity after
it is deformed,

e.g. latex paints for ceilings show lower viscosity
after it is stirred vigorously.

Zinc oxide eugenol cements show reduced
viscosity after vigorous mixing.

Relaxation
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Every element in nature makes an attempt to
remain in a stable form.

If an element is changed from its equilibrium or
stable form by either physical or chemical means,
it tries to come back to its original form.

When substances are deformed, internal stresses
get trapped because of the displacement of the
atoms. The condition is unstable and the atoms try
to return to their original positions.

This results in a change in shape or contour in the
solid as atoms or molecules rearrange themselves.

This change in shape due to release of stresses is
known as relaxation.

The material is said to warp or distort.

Examples, Waxes and other thermoplastic
materials like compound undergo relaxation after
they are manipulated.

Shear stress and shear strain rate
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A liquid is placed between two plates and the
upper plate is moved to the right. The stress
required to move the plate is called shear stress (=
F/A or force applied/ area of plate).

The change produced is called shear strain rate (=
V/d or velocity of plate/distance covered).
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Newtonian
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Shear stress and shear strain rate can be plotted.

An ideal fluid shows a shear strain rate that is
proportional to shear stress. This behavior is
called Newtonian (Fig. 11).

Shear stress
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Figure 11: Shear diagrams of pseudoplastic,Newtonian
and dilatant liquids.

Pseudoplastic
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If a material viscosity decreases with increase in
shear rate, it is said to exhibit pseudoplastic
behavior,

e.g. elastomeric impression materials when
loaded into a tray shows a higher viscosity,
whereas the same material when extruded under
pressure through a syringe tip shows more fluidity
(Fig. 11).

Dilatant
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These are liquids that show higher viscosity as
shear rate increases,

e.g. fluid denture base resins (Fig. 11).
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