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Abstract

This paper presents a rheological study of agricultural product and its viscoelastic behavior, by EF through the
objective numerical simulation tool based on parameters derived from experimental tests, mainly Young's
modulus, Poisson's ratio and thermal conductivity, to study the behavior of raw potato (variety: spunta), to
perform creep and conformance at constant load and each numerical model. The times imposed in the model and
the strains recorded make it possible to determine the characteristic elastic part, the first and the second part of
the creep curve and the determination of the quantitative parameters (dynamic viscosity nl, n2, E1, E2) of this
biological material. These results which will be drawn present references to limit the maximum loads for the
resistance of the potato against damage, and to increase the yield of the fresh product in the transports, storage
and harvest also on the effect of temperature on the behavior of potatoes under the conditions encountered in its
estimated cycles.
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I.  Introduction

The damage, caused by static charges on agricultural products, is of great importance, as it affects fruits,
vegetables [1].Some types of fruits and vegetables, such as apples, potatoes, tomatoes, are quickly damaged under
such conditions given their mechanical behavior, it is important to know how these forces transmitted from fruit
to each other and can cause permanent deformations at the contact points on the crop fruit or vegetable, and cause
damage[2;3]it is very important to study this rheological phenomenon during storage, harvesting, transport and
marketing[3; 4; 5], viscoelasticity is like a combination of recoverable elastic strain and permanent viscous strain
(Figure 1). Viscous strain has been found to lead to time-dependent permanent strain (creep) under instantaneous
constant stress[6, 7]almost all biomaterials exhibit viscoelasticity to varying degrees[8; 9].Many materials, mainly
agricultural, exhibit a more complicated behavior[10; 11].Viscoelastic materials deform under a constant load or
stress or strain, following the interpretation of the creep and relaxation curve, several researchers have shown that
fruits and vegetables exhibit viscoelastic behavior of course potato[12].The deformation is measured as a function
of time. The main advantage of creep compliance testing is that analysis can be facilitated using the Burgers
model[13].

A B
Figure 1. Response to loading and unloading potatoes

The development of the viscoelastic response of a material is modelled by a combination in several forms
between spring and with a damper (figure 2), this complicated study makes it possible to highlight the two
responses of the material at the microscopic, instantaneous and delayed, and both must be described in the same
differential equation as a function of time. These relationships are a way to develop what happens in practice to
understand molecular motions[14; 15].
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Figure 2. (a) The spring represents the elastic behavior and (b) the damper represents the behaviorof
viscous material

Il.  Materials And Methods:

2-1.Theoretical Method and Formulation of the Problem
In the case of the Maxwell model, the spring and the damper undergo the same stress applied to the
whole system (o = oE = oEL), and the result the deformation e is the sum of the displacements of the
spring (elastic) and damper (viscous) (€ = EE + EEL)
[16; 17]
Behavior law

e 2.0

E n

While the De Kelvin - Voigt model (figure 3) the system undergoes the same strain (¢ = ¢€E = €EL), The

total stress of the system is the sum of the stresses ot = ¢ E + 0 EL(18)..

Ll

=

ot
Figure 3. Kelvin- Voight Model

The stress of the spring resistance:

6p = EgEg
Likewise the constraint of the resistance of the dashpot (viscosity):

_ d€g

O™

Therefore, we can write that the total load of the system can be explained by the following equation
6t = 6E + GEL

So we have;

6, = EEp + 11% with (e=ee=exL),

deg

Which give oy = &FEg + Ui
The differential equation of the total strain is therefore written:
o Ep deg;

T
o - (-=tZx)
A solution like&, = 5(1 —e\ n’/)

2-1_1. Study Model Selection Criteria

Burger's model indicates that the behavior of agricultural materials (potato, tomato) under stress or
viscoelastic behaviors can be represented by Kelvin- VVoight Model in series with the Maxwell model, which can
also be modified [13;17;19;20]. As the complex behavior of these types produces, it is very important to fill in the
maximum of data to identify it thanks to the creep test, that is to say that the analysis can be easy with this model
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(Fig 4), larger number of rheological parameters can be estimated, the elastic, viscoelastic and viscous flow
properties can be predicted separately[20; 21; 22]. The parameters of the model can thus be correlated with the
discrete components of the tested product, in order to achieve a mechanism that reflects the changes in
microstructure, in this case our approach is based, the first step an experimental study to collect and determine
the properties ,mechanical, physical possible, we can then find the rheological properties from the finite element
resolution by means of a numerical simulation which has been correctly traced as a function of the deformation /
time [13 ;19].

=
4

Nz E.

Of
Figure 4. The Burger model consisted of the Maxwell and Kelvin - Voigt models in series.

2-1 2. Study OfThe Mechanism

Rheological models have been a useful tool for evaluating and predicting the mechanical response to the
force imposed on food (or stress-strain). The rheological properties of many solid foods have been evaluated, in
general, by creep tests, based on the behavior in compression and in tension [23].The rheological behavior of a
material in addition to its sensory properties is governed by the physical structure and biochemical composition
which determine its structural properties. In general, the combination of mechanical elements (usually springs and
damper) can be used to model the viscoelastic response of agricultural materials[24 ;25]in order to better
understand how the system reacts in the event of creep and recovery behavior we have several classical models,
but the Burgers model has been widely used to represent the behavior of these types of materials, by connecting
a Maxwell unit and a Kelvin unit in series, the Burgers model divides the creep stress of a polymer material into
three types of strain[26]:

Instantaneous deformation: &g, = Ei
E1
And plastic deformation (residual):

N1
The delayed elastic deformation of the Voigt model only:The delayed elastic deformation of the Voigt model
only:

a (—tE—z) N2
& =—(1—e' n12/) Orshearstress{ = =
E; E3
o de, E
=7y &
_ oMy dtmy )
The overall strain of the system can be described by the following equation:
g(t) = EE]_ + €1 + €2
Where the indices Ei, ni correspond to the evolution of the response of materials as a function of time, elastic,
viscoelastic and viscoplastic, this temporal function of € (t) thus, the creep behavior can be as follows:
1 t 1 (_”5_2)
&) = J[—+—+—<1—e n2 )]
EE m E
Where E1 and E2 are the modulus of elasticity of elastic elements, n1 and 12 are viscous elements in dampers, ¢
and t are respectively the applied stress and the creep time.Creep is a slow, continuous deformation of a material
under constant stress. Unlike ordinary metals, agricultural materials experience creep even at room temperature.
An instantaneous strain (€0) proportional to the applied stress is observed after the application of the stress and
this is followed by a gradual increase in the strain as shown in Figure 5.
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Figure 5.the behavior corresponding to the viscoelastic strain time of the four-element Burger model

The total strain at any time is represented by the sum of the instantaneous elastic strain and the creep
strain. The process creep of viscoelastic materials can be divided into three typical creep stages (instantaneous
strain, primary and secondary creep (Figure 5). For ideal linear viscoelastic materials, instantaneous strain
represents the elastic property of the material. Instant recovery strain is usually equal to the instantaneous creep
strain. The delayed elastic strain is produced in the primary creep, and it takes time for full recovery. Viscous flow
stress is produced in the secondary creep, which is an irreversible component of the deformation [27;28;29].
The above equation has four unknowns which can be determined from the creep curve and the following initial
conditions att=0:

o0
S(t—O)— &1 = T
&g2=&=0
WhereoO0 / E1 is the starting phase of deformation which is caused by spring 1. The creep speed at the
start t = 0 can be found by differentiating the deformation equation from the Burgers model:
de o0 o0
it i + 02 e—t/t
Determination n1 «is the slope of the creep function at infinite time (t = t1) represented (tang B) «from
the curve <the angle 3 measured to calculate n1 from:

et=tl)=¢ = ‘;—‘I = tgp
After the passage the elastic creep begins at t = 0 with a strain as a function of time, where the explanatory
parameters of this phase (curve) are found, the value of n2 can be evaluated from the following equation:
1 1
tga = 6(—+—
g (rh rlz)
It remains to determine E2 and E1 directly from the curve:

AA=2
E;

According to the four-element burger model, it is necessary to calculate the constants (E1, E2, n1, n2), here by
the graphic method to evaluate the creep, that is to say the behavior of the material studied [17; 19 ;30;31;32].

2-1-3. Numerical Method

from the experimental determination of the mechanical parameters for the numerical simulation, to arrive at the
determination of significant and exploitable results of the mechanical and rheological properties of potatoes, we
took tubers of the spunta varieties that we put between 7 and 46 ° C for 24 hours until a homogenization of the
temperature gradients is observed as shown in the following figures (figure 6) then carry out experimental tensile
tests under the same conditions for all the specimens (potato: figure 7) and with the same test bench, subsequently
this problem will be simulated by finite elements
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Figure 6: thermal homogenization of potato studied in an oven

Subsequently we determine the mechanical properties of Young's modulus, of moisture proportion which will be
useful in determining the Poisson's ratio thereafter, all these values will be used as limiting conditions for
numerical models, and of course thermal conductivity[33].

Figure 7: Fixation of the specimen and course of the tensile test

The results of the mechanical properties (tensile test) of the material are shown in Table 1, we try to minimize and
simplify as much as possible the shapes and the geometrical stresses of the test specimen which was used (a
rectangular parallelepiped).[34; 35, 36]

Table 1: Mechanical behavior of the test specimens studied
T T=7°C T=25°C T=46°C
Variety: spunta

t=24h
w: the Poisson's ratio 0,46 0,39 0,32
E(Mpa) :Young's modulus 3.2 3.8 4,2

=100 mm
K=°C+273,15 [°C=0 < °F=32]

2-2 Numerical Simulation

Solving finite element (FE) of problems using numerical simulation models is a very useful tool for
predicting how materials respond to forces and other physical effects. In the case of the potato, FE models can be
used to study the expected yields at creep loads at different temperatures.

2-2-1.Problem Analysis

This analysis must determine the parameters of calculation which will lead to determine the unknowns
in each node, this stage depends on the method followed capable of making the problem correspond to the diagram
of convergence. The main difficulty is to find a good compromise between the criteria of the problem, the analysis
of these leads to release a certain number of hypotheses, and to make choices to condition the results. After the
graphic representation, one introduces the parameters indicated in the table, then the choice of the numerical
viscoelastic model and their necessary conditions, after the phase of assembly, one imposes the boundary
conditions for the simulation of the stresses are indicated on figure 8, fixation on one side and a constant tensile
force is applied each time on the left surface, the sample surface is blocked on the other side to perform the creep
test.

Figure 8. Boundary conditions of constant stress stress simulation
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After the creation of stiff, and imposed the necessary loads each time, one modifies the force and the temperature
according to the model of study, the discretization or the mesh (simple in this case: quadrilaterals with 4 nodes)
as shown in the following figure.

figure 9. eprovette mesh

The results of the simulation are visualized by figure 10 and the measurements represented in the following curves
(figure: 11, 12, 13) whose values we take and introduce in Excel in order to be able to determine the creep
parameters each time grouped in tables (2 -3-4) , the figure 10 also explains the transformation at each phase and
gives the stress of each zone;

Figure 10. visualization of the results as a function of time, (a) start of loading, (b) intermediate stage, (c)
maximum phase of loading, (e) elimination of the free return force of the material

I11.  Result And Discussion
For constant stresses over time, and in imposed temperature (for each model) , in the absence of initial strain, the
strain in the Burger element at any time is expressed as follows:

> The first term expresses the elastic strain which appears instantaneously after loading and is cancelled
out after the removal of the load.
> The second term represents the irreversible creep strain in the element once it is subjected to constant

stress. The third term expresses the delayed elastic strain which increases under the applied stress, then recovered
once the stress has been lifted and the element maintained unloaded for an indefinite period.

> The results are used in the tables where one determines each time all the parameters of this model in four
test steps and especially the dynamic viscosities of the first and secondary creep which will be the parameters to
calculate each time the creep performance, which is represented by the creep conformity, J (t) which is defined as
the ratio between the creep strain € (t) and the applied stress (o) as follows in each phase: J (t) =f (E1, E2, 11, 2,
o) =(€(t)/o.[37].
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Figure 11. Creep and potato recovery for a Burgers model (T =7 ° C)

Table 2: Material constant determined from the creep simulation test curve. (T =7 ° C)

Equation The test Parameter Result
piece 10N ‘ 15N | 20N
Ept
—8 48 46 4 o7
g(t)_51+n1+b'z 1—-e m)
OA=(60 /E1) E1 MPa 3,2
AA=(60 /E2)
tg B==(6 /n1) T=7°C N1 MPas-1 6,80E+02
2,64E+04 7,45E+03
tga=6 (1 /n1)+(1/n2) N2 MPa s-1 8,80E403 1,91 E+04 1,81 E+04
E2 MPa 51 4,64 4,56
JE-08 A
6E-08 g —
SE-(8 1
E w08 | 10M
E / 15N
% 20N
2 3E-08 -
=
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Figure 12. Creep and potato recovery for a Burgers model (T = 25° C)
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Table 3: Material constant determined from the creep simulation test curve. (T = 25 ° C)

Equation The test piece Parameter Result
10N | 15N | 20N
Ext
60 . 60 , 69 -2z
t) =20 420 420 (1~
e(t) El+"ll+52( e mz)
OA=(60 /E1) E1 MPa 3,8
AA=(60 /E2)
tg B= (6 /n1) T=25°C N1 MpPas-1
4,34E+04 5,67E+04 7,56E+04
tga=6 * (1 /n1)+(1/n2) N2 MPa s-1 5,05E+03 4,37E+03
5,93E+03
E2 MPa 6,31 6, 38
5,57
g,00E-05
T=45°C
7,00E-05
6,00E-05

5,00E-05

/ —15N
20N
4,00E-05

Deformation

A

3,00E05 //
T \\\

1,00E-05 ——
Temps (s)
0,00E+00 - . . . . . , , .
0,00E+00 1,00E403 2,00E4+03 3,00E+03 4,00E+03 5,00E+03 6,00E4+03 7,00E403 8,00E403

Figure 13. Creep and potato recovery for a Burgers model (T =45 ° C)

Table 4: Material constant determined from the creep simulation test curve. (T =45 ° C)

Equation The test piece Parameter Result
10N | 15N | 20N
60 , 6o 69 -t
S(t)—E—l +; +E_2 (1—6 nz )
OA=(60 /E1)
AA=(60 /E2) E1 MPa 4,2
tg B==(6/n1) N1 MPas-1 8,69E+04
T=45°C
7,59E+04
5,97E+04
tga=6 (1 /n1)+(1/n2) N2 MPa s-1 5,26E+03 3,76E+03
7,56E+03
E2 MPa 6,14 6,03
7,44

The creep compliance equation is evaluated according to the four elements of the Burger model, with the equation:

© = o+ (1-el)) 4+
=0|l=—+=|1—e' m —
) ) ) Ey ) E, RIE )

The analysis of static forces has an important role in the study of the resistance of the potato to avoid the threshold
of mechanical damage by permanent deformation, it is, therefore, necessary to manage the loads well and avoid
creating waste. In this study, the required experiments and parameters of potato samples (Spunta) and simulation

by the finite element method gave the dynamic properties of creep, pressure and viscosity at each step.
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The simulation results showed that the stress increases when the load increases, but also from the curves one can
clearly observe the effect of the temperature on the viscosity (11, 112) which is inversely proportional or two Young
moduli ( E1, E2) of this product which means that the material becomes more viscous (Fig. 15) It should therefore
be kept away from high temperatures.

1,00E+05
5,00E+04

‘f-—_.__-.'
B,00E+04
7,00E+04 /
/

—10m1 1

6,00E+04
5, 00E+04 / —— —10N/n2
[ 4.00e+04 j/ — 15N/l

-

3,00E+04 ,.-/ 15M/ 12
2,00E+04 L/_..—— _zumfnl
1,00E+04 2

f 20n/ 12
0,00E+00 i

270 280 290 300 310 320
T=

Figurel5. Effect of temperature on the variation of viscosities

Effect of temperature on the delayed creep of the potato, we notice that the deformation and the viscosities increase
significantly with the temperature (Fig. 15).

Itis necessary to avoid stacking more tubers in uncontrolled climatic conditions for a long time, which can increase
the indicated pressure beyond the valve that leads to the concentration of stresses, of course, these parameters
must be taken into account in the storage cases, which have notable effects.

In general, knowledge of the behaviour of potatoes subjected to moderate heating is an important aspect of a large
number of applications, and of particular interest. Indeed, the increase in temperature is accompanied by a decrease
in mechanical properties (hardness, resistance, etc.) due to the physicochemical effect caused by the effects linked
to stresses, temperature and pressure.

IV.  Conclusion
The results indicated that the methods useful for studying the rheological behaviour of raw potato tissue by
numerical simulation such as the effect of the strain imposed by the constant load.
It has been shown that by modifying the parameters of the mechanical creep model (Berger's model) it becomes
possible to ensure good control of the properties sought by the results and by the calculations of the creep
properties and the viscoelastic properties over a wide range of stresses, where the effect of temperature on the
response of materials can be verified and this relationship is translated into a curve.
we can draw that under a constant load of 20N and temperature of 45 ° C 1 can go to 8.69 E + 04 MPa.s-1 and
n2 same condition 3.76E + 03 MPa.s-1, also for all models the results of viscosity and young modulus is inversely
proportional.
The instantaneous compliance values (j (t) = € (t) / 60) or (Jo) were greater than that of delayed compliance (Jr).
Indeed, the Jo represents the elastic component, while the Jr is a combination of viscous and elastic components.
As the creep and recovery behaviors are highly dependent on the molecular chain structure. At the end of the
curve it is clear that there is a delayed elastic deformation which is conducive to the lengthening of the molecular
chain and the remaining point is conducive to sliding explains that the material never regains its initial shape
(remove the elasticity for the plastic field).

References

[1]. Singh, F., Katiyar, V. K And Singh, B. P. (2014). Analytical Study Of Turgor Pressure In Apple And Potato Tissues. Postharvest
Biology And Technology, 89, 44-48.

[2]. Abbott, J. A (1999). Quality Measurement Of Fruits And Vegetables. Postharvest Biology And Technology, 15(3), 207-225.

[3]. Shahgholi, G., Latifi, M., Imani, B And Farrokhi, N. (2020). Determination Of The Creep Behavior Of Potato Tubers During Storage
Period By Means Of Uniaxial And Triaxial Creep Tests. Food Science & Nutrition, 8(4), 1857-1863.

[4]. Krokida, M. K ,Kiranoudis, C. T And Maroulis, Z. B. (1999). Viscoelastic BehaviourOf Dehydrated Products During
Rehydration. Journal Of Food Engineering, 40(4), 269-277.

[5]. Kubo, M. T., Rojas, M. L., Miano, A. C And Augusto, P. E. (2019). Rheological Properties Of Tomato Products.

[6]. Drescher, A., Kim, J. R And Newcomb, D. E (1993). Permanent Deformation In Asphalt Concrete. Journal Of Materials In Civil
Engineering, 5(1), 112-128.

DOI: 10.9790/2380-1410010817 www.iosrjournals.org 16 | Page



Numerical Modeling of the Viscoelastic Behavior of Potatoes

[7].
(8l.

(9.

[10].
[11].
[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].
[21].
[22].
[23].
[24].
[25].
[26].
[27].
[28].
[29].
[30].

[31].

[32].
[33].
[34].
[35].
[36].

[37].

Soldatos, K. P. (2021). Generalised Viscoelastic Fibre At Small Strain. Journal Of Engineering Mathematics, 127(1), 1-22.

Shaw, T., Winston, M., Rupp, C. J., Klapper, | AndStoodley, P (2004). Commonality Of Elastic Relaxation Times In
Biofilms. Physical Review Letters, 93(9), 098102.

Gautieri, A., Vesentini, S., Redaelli, A And Buehler, M. J. (2012). Viscoelastic Properties Of Model Segments Of Collagen
Molecules. Matrix Biology, 31(2), 141-149.

Miranda, M. L. And Aguilera, J. M (2006). Structure And Texture Properties Of Fried Potato Products. Food Reviews
International, 22(2), 173-201.

Bentini, M., Caprara, C AndMartelli, R. (2009). Physico-Mechanical Properties Of Potato Tubers During Cold Storage. Biosystems
Engineering, 104(1), 25-32.

Singh, J., Kaur, L And Rao, M. A. (2016). Textural Characteristics Of Raw And Cooked Potatoes. In Advances In Potato Chemistry
And Technology (Pp. 475-501). Academic Press.

Alvarez, M. D., Canet, W., Cuesta, F And Lamua, M. (1998). Viscoelastic Characterization Of Solid Foods From Creep Compliance
Data: Application To Potato Tissues. ZeitschriftFurLebensmitteluntersuchung Und-Forschung A, 207(5), 356-362.

Park S. W (2001). Analytical Modeling Of Viscoelastic Dampers For Structural And Vibration Control. International Journal Of
Solids And Structures, 38(44-45), 8065-8092.

Myhan, R., Biatobrzewski, I AndMarkowski, M. (2012). An Approach To Modeling The Rheological Properties Of Food
Materials. Journal Of Food Engineering, 111(2), 351-359.

Weinerowska-Bords, K (2006). Viscoelastic Model OfWaterhammer In Single Pipeline-Problems And Questions. Archives Of
Hydro-Engineering And Environmental Mechanics, 53(4), 331-351

Dey, A AndBasudhar, P. K. (2010). Applicability Of Burger Model In Predicting The Response Of Viscoelastic Soil Beds. Geoflorida
2010: Advances In Analysis, Modeling & Design, 2611-2620.

Yannas, | And Spector, M. (2004). Hst. 523j/2.785 J/3.97 J/20.411 J Cell-Matrix Mechanics, Spring 2004

El-Maksoud, A., Gamea, G. R And Am, A. E. G. (2009). Rheological Constants Of The Four Elements Burgers Model For Potato
Tubers Affected By Various Fixed Loads Under Different Storage Conditions. Misr Journal Of Agricultural Engineering, 26(1), 359-
384.

Albaloushi, N. S (2012). Rheological Behavior Of Tomato Fruits Affected By Various Loads Under Storage Conditions. American
Journal Of Engineering Research, 2(3), 36-43.

Purkayastha, S., Peleg, M., Johnson, E. A And Normand, M. D. (1985). A Computer Aided Characterization Of The Compressive
Creep Behavior Of Potato And Cheddar Cheese. Journal Of Food Science, 50(1), 45-50.

Hernandez-Estrada, Z. J., Figueroa, J. D. C., Rayas-Duarte, P And Pefia, R. J. (2012). Viscoelastic Characterization OfGlutenins In
Wheat Kernels Measured By Creep Tests. Journal Of Food Engineering, 113(1), 19-26.

Olthoff, L. W., Van Der Bilt, A., De Boer, A And Bosman, F. (1986). Comparison Of Force-Deformation Characteristics Of Artificial
And Several Natural Foods For Chewing Experiments. Journal Of Texture Studies, 17(3), 275-289.

Morrow, C. T AndMohsenin .N. N (1966). Consideration Of Selected Agricultural Products As Viscoelastic Materials. Journal Of
Food Science, 31(5), 686-698.

Stropek, Z AndGolacki, K. (2018). Viscoelastic Response Of Apple Flesh In A Wide Range Of Mechanical Loading
Rates. International Agrophysics, 32(3).

Costa, | And Barros, J. (2015). Tensile Creep Of A Structural Epoxy Adhesive: Experimental And Analytical
Characterization. International Journal Of Adhesion And Adhesives, 59, 115-124.

Majda, P AndSkrodzewicz, J. (2009). A Modified Creep Model Of Epoxy Adhesive At Ambient Temperature. International Journal
Of Adhesion And Adhesives, 29(4), 396-404.

Dogan, M., Kayacier, A., Toker, O. S., Yilmaz, M. T AndKaraman, S. (2013). Steady, Dynamic, Creep, And Recovery Analysis Of
Ice Cream Mixes Added With Different Concentrations Of Xanthan Gum. Food And Bioprocess Technology, 6(6), 1420-1433.
Silva, P. M., Sena-Cruz, J., Azenha, M AndEscusa, G. G. (2015). Experimental Investigation On Creep Behaviour Of An Epoxy
Adhesive.

Challoob, S., Resan, K And Ibrahim, Y. (2015). Stress Relaxation And Creep Effect On Polypropylene Below Knee Prosthetic
Socket. Journal Of The Japanese Society For Experimental Mechanics, 15(Special_Issue), S93-S98

Eroglu, A., Bayrambas, K., Eroglu, Z., Toker, O. S., Yilmaz, M. T., Karaman, S AndDogan, M (2016). Steady, Dynamic,
Creep/Recovery, And Textural Properties Of Yoghurt/Molasses Blends: Temperature Sweep Tests And Applicability Of Cox—Merz
Rule. Food Science And Technology International, 22(1), 31-46.

Papanicolaou, G. C AndZaoutsos, S. P. (2019). Viscoelastic Constitutive Modeling Of Creep And Stress Relaxation In Polymers And
Polymer Matrix Composites. In Creep And Fatigue In Polymer Matrix Composites (Pp. 3-59). Woodhead Publishing.

Lammari, L., Sana B.K.H And Kharroubi H (2020). Experimental Study Of Heat Propagation Characteristics In
Potatos. Sylwan, 164(6).

Bourne, M. C (1982). Texture, Viscosity And Food. Food Texture And Viscosity, 1-23.

Luyten, H (1988). The Rheological And Fracture Properties Of Gouda Cheese (Doctoral Dissertation, Luyten).

Canet, W., Fernandez, C And Alvarez, M. D. (2009). Some Objective Instrumental Methods For Evaluating The Texture Of Solid
Potato Tissue (Solanum Tuberosum L.). Potato lii. Food 3 (Special Issue 1), 1-12

Pérez, C. J., Alvarez, V. A And Vazquez, A. (2008). Creep BehaviourOf Layered Silicate/Starch—Polycaprolactone Blends
Nanocomposites. Materials Science And Engineering: A, 480(1-2), 259-265.

| Ltaief Lammari, et. al. “ Numerical Modeling of the Viscoelastic Behavior of Potatoes.” IOSR
. Journal of Agriculture and Veterinary Science (IOSR-JAVS), 14(10), 2021, pp. 08-17.
|

DOI: 10.9790/2380-1410010817 www.iosrjournals.org 17 | Page



