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BASIC STRESS-STRAIN BEHAVIOR

DEFINITIONS:

STRESS: Force per unit area.
- t=F/A

STRAIN: The magnitude of deformation
relative to sample length
(geometry).

LS

SHEAR STRESS / STRAIN TENSILE STRESS - STRAIN

F force
'V velocity

Stress: t=F / A
Stram: Y= AX/ Ay = AX/H Strvess . 5=F /A
Strain Rate: y=V /H Strain: e = AL / L0
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LINEAR AND NON-LINEAR
STRESS-STRAIN
BEHAVIOR OF SOLIDS

N
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DYNAMIC MECHANICAL TESTING
éﬁ:&gﬁ\"" ' pessure
K T orrees | APPLIED STRESS
. (TORQUE)

MEASURED STRAIN

- OPTICAL ENCODER

SAMPLE -

0] '
<~._ STRAIN

STRESS
TIME—>
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DYNAMIC MECHANICAL ANALYSIS

Sinusoidal stress applied to sample:

+1, §
| e
\/ t
—, ¥
? Stress
T()=1,5iN@1L)
e plidude | k
Material Response: - %
~ Elastic Response |  Viscous Response

} Ve - P /T
VT Y ’C/X>Z/

\
’Y 4
L T=n Y1)
T= % “{(t)' = 'yOCOS(a)’C)
=G, sin(wt) - Py sin(ei+w2)

* Stress and strain in phase for elastic material
=
% Stress leads strain by 90° (7/2 rad) for ideal fluid

- Rheometric
74 Scientific-




VISCOELASTIC MATERTAL

(;éﬂé"/ﬂﬁ(o
0

v =7, SN (ol) T=17,51N (mt ¥ o)

A mﬂe trig: T=1,[ sin (©l) c0s(8) + cos(ml) sin(d)]

LY

. P .
This can be bréken-up into two stresses:

A1_f1 elastic SU"GSS in phase T =1T,CO0S 3
with the strain

A‘v1scous stress n phase = %Sq ne
with the strain rate

|

o0

‘c” . 'C / .

\

This quantifies the degreé: of elastic and viscous behavior.

Note: these stresses are frequently expressed in the form of complex
values: T =T +iT" (wherei= V-1) as a mathematical conmence

QC#G«
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DYNAMIC MECHANICAL TESTING

Frequently Used Variables

Complex Mbduius:

G'X‘,-“:- "C*/’Y = \)\&/ZWL Q,Mz""

Elastic Mgdhlus:
Vi %’ﬁ fﬁ/é Y

Viscous Modulus:

ef A
"oos

Complex Viscosity:

Loss Tangent:

G'=1/v = «;(ﬁc*/ y) CO0S &

T/ y = (t*/y)sin &

Q)
I

nx=G*/ o

tan 8= G" / G’
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Dynamic Frequency Sweep for Greamy Peanut Butter
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Structure w«mmxaos\: St

Stress increased from 50 to 100 Pa

Stress decreased from

100 to 50 Pa
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o - TEMPERATURE STEP
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Dynamic Tempeiature Ramp of Ol
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MATERIAL RESPON SE TC
STEP CHANGE IN STRAIN RATE

* STRAIN A STHA!N RATE

&

T Y

ty t, TIME

VISCOELASTIC RESPONSE
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MATE

IAL RESPONSE TO STEP
HANGE IN STRESS

A
tress
T -
L5
ti T2 S
time —
Elastic Response Viscous' ' Viscoelastic
| Response Respomnse
4 A | A
! v /K.
U . . | g
t1 t2 L1 t2 ti t2
time - time — time —
%Smenhﬁc’-m |




ST P STRESS ”CR@EP TEST

MORE VISCOUS

/ MORE ELASTIC
CREEP ZONE
¥ 7 TIME
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Creep and Recpvery 1 est of Vaseline Cream
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COMMANDED
SHEAR RATE

TIME

)
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Epoxy Resin, Shear Rate Ramp Test (Thixotropic Loop)
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COMMANDED SHEAR RATE
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Polymer Solution, Step Shear Rate Test
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STEP STRESS (CREEP). TEST
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Figure 3.1.3.

Stress relaxation data for a-
polydimethylsiloxane sample.
As in Figure 3.1.2a, shear
strain is stepped nearly in-
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stantly to a constant value. T v log G
(&) Shear stress jumps and o

then decays exponentially.

(b) When a log of the time- AN

dependent shear modulus,
G(t) = 1(t)/y, is plotted ver-
sus log time, all the data at
smalil strain fall on the same
curve.,
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siparison of experimental
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Figure 1.2 Low (left) and high (right) magnifications of scanning electron micrographs of moz-

zatella cheese samples. The protein fibers have an orientation roughly parallel to the stretch direction.

(From Sharkasi and Kilara, MRS Bulletin, July 1994, p-47, reprinted with permission.)

Figure 1-1 Mayonnaise (eft, x 100) isa sxispe’n‘éion of oil droplets in water. The tenciency of oil .
and water to phase-separate (top right) i suppressed in mayonnaise by lecithin molecules from egg
yoke that coat the oil droplets. Lecithin is a natur

Y : o] surfactant that can dissolve in either oil or water.
(From Kurti and This-Benckhard 1994, with permission.)
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.pressure (Beckett et al. 1994). This process transforms the chocolate from a brittle 7 E »

golid to 2 plastic, malleable one that can be reshaped at will. This plastic state lasts for YJ ag °n

several minutes, after which the chocolate reverts to its britfle form, possibly because of ﬂ/—‘\
stallization of sugars that had been melted under the stresses of extrusion. Not only )

doas solid chocolate become plasticized under flow, but molten chocolate can be solidified

by electric fields (Browne 1996)! In the high-temperature molten state, chocolate is an

emulsion, the he _droplets of which line up inte-columns-undes-an.eleciric field, producing
L

angid structure. Fiuids that are solidified by electric fields are called electrorheological

Jluids: their structure and properties are described in Chapter 8. For more on food rheology,
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see Dickenson (1991). .
" Figure 1.3 The “tumbling” motion of a red blood cell (right) as it f-@—) tké}‘t
. . e www.. 1issheared in a Poisenille flow down a tube at shear rates < 20 sec-!
_ is similar to that of a rigid disk (left). The tumbling. rate is slowest %
- . &\S in location 3. (From Goldsmith 1986, reprinted with permission from
@\ ) Academic Press.) @
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1.3 Rheological Meésuremems and Properties 11

. \ ’
_...«> (@ Coordinates
. - T B S
. -
Sliding plates y g _ x y z
£

? (Couette fiow)

Cone and plate % ¢ @ r
6

) ¢ '

r 3 6 ‘

Paralle] disks @ , , i
(torsional flow) . 8 z

= (/P"“\“\

ressure Flo®

f Concentric cylinders gn% , 0 r z
1V8

e eSS i e PN

s Py i 2 e

i Capillary .
{(Poiseuille tlow) x r 8
" |
' Slit flow
x y 4
Axial annulus flow N P r,
i LY I X x r 8

Figore1.5 Geometries for producing shearing flows. (Adapted from Macosko, Rheology Principles,
Measurements, and Applications, Copyright © 1994. Reprinted by permission from John Wiley &
Sons.)
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INEVV: Essenftidal inrformanon anda
state-of-the-art measurement techniques

Cheese ]

CONTENTS

Cheesemaking — An Overview
Fundamental Rheological

Methods
Uniaxial Testing of Cheese
Fracture Properties of Cheese
Linear Viscoelasticity of Cheese

Nonlinear Viscoelasticity of
Cheese

Cheese Texiure

Measuring Cheese Melt and
Flow Properties
Measuring Cheese Stretchability

Factors Affecting Functional
Properties of Cheese

University of Wisconsin, Madison, USA

Sundaram Gunasekaran, Ph.D. | M. Me,hmei' Ak, Ph.D.

Biological Systems Engineering, Department of Food Engineering,

Cheese Rheology and Texture is the first reference to bring together
the essential information on the rheological and textural properties of
cheese and state-of-the-art measurement techniques.

This comprehensive resource begins with an overview of cheesemaking
technology and detailed descriptions of fundamental rheological test
methods. Then it presents uniaxial testing and fracture mechanics, the
theory and applications of linear viscoelastic methods (dynamic festing],
and the nonlinear viscoelasticity of cheeses. The book focuses on mechan-
ics in its examination of cheese texture, while it emphasizes measurement
methods in its discussion of cheese meltability and stretchability. Finally
it addresses the effects of various factors, such as the properties of milk,
cheesemaking procedures, and postmanufacturing processes, on the
functional properties of cheese.

Summarizing the vast literature available on the subject, Cheese
Rheology and Texture helps those in the dairy industry and in acade-
mia choose the proper technique to measure properties that directly relate
to food applications and ensure that cheese in their formulations will
function as intended.

see reverse for other titles of interest and ordering information

!_st,qnbu‘/‘ Technicql University, Turkey

cheeses

rheometry

 FEATURES

» Includes data on texture and rheology for speéific
e Presents techniques for measuring different
rheological, textural, and functional properties

e Discusses major developments in the field of

¢ Relates new techniques fo fundamental principles

~ of theology

for studying food rheology in general and cheese
in parficular =~ ' L

~® Serves as a tool for choosing the proper
technique for a specific application

-e Confains »‘défdiled descriptions of seyerdi ‘methods
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Figure 7.2 Effect of pH on cheese texture
(after Lawrence et al., 1991)






