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Spring and dashpot

Elastic model

 Elastic materials obey
Hooke’s law.

o=FEe¢

 Elastic materials retain their original
shape once load is removed.

Creep Stress relaxation
E 4 O 4
€ =0y/E o=Eg,

A A v
\ 4

to t, ¢t to t, t

v
v

Viscous model

 Elastic materials obey
Newton’s law of viscosity.

o =ne
 Viscous materials undergo

permanent deformation when
the load is removed.
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Maxwell model

Time domain | Frequency domain
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Kelvin-Voigt model

o(t) = os(t) + op(t)
‘ os(t) = Ee(t)
op(t) = ne(t)
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Basic of visco-elasticity
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Generalized Maxwell model
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Pr()ny Series Shear modulus Bulk modulus
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Material Behaviors

Material Behaviors :
Elastic

Shear modulus

Viscoelastic
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Temperature Effects

Shear modulus
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ar is the shift factor

The shift function can be defined by the Williams-Landel-Ferry (WLF) approximation, which takes the form:
(T —Tp)
¢z + (T —To)

logar = —

where T is the reference temperature at which the relaxation data are given; T is the temperature of interest;
and c,, ¢, are calibration constants obtained at this temperature. If T < T — ¢,, deformation changes will be
elastic, based on the instantaneous moduli.



S t an d ard lin ear mo d el https://github.com/Dr-Ning-An/standard-linear-viscoelastic-model
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https://github.com/Dr-Ning-An/standard-linear-viscoelastic-model

Standard linear model with temperature effects
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Both time and temperature have a similar effect on the linear viscoelastic properties of polymers.
The long-time relaxation process of a polymer at low temperatures is somehow equivalent to the short-

time relaxation process at high temperatures. Time Temperature Equivalence.



