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Viscoelasticity

Elastic materials deform with stress and quickly return to their
original state if the stress is removed due to the bond stretching along
crystallographic planes in an ordered solid

Viscous materials, like honey, resist shear flow and strain with time
when a stress is applied due to the diffusion of atoms or molecules
Inside an amorphous material.

Viscoelasticity is the property of materials that exhibit both viscosity
and elasticity during deformation and time-dependent strain.
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Phenomenon of Viscoelastic Materials

Stress Relaxation Creep Hysteresis

Constant strain Constant stress

[ [

> > Energy Loss
A t A t

Stress relaxation Creep
- €

> »

t t

 |f the stress is held constant, the strain increases with time (creep)
 |If the strain is held constant, the stress decreases with time (stress relaxation)

« [facyclic loading is applied, hysteresis occurs, leading to a dissipation of

mechanical energy ¢ ade
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Constitutive models for
linear viscoelasticity

o=0o(t) &e=¢g()

Since Its viscous component,
the stress-strain relation of viscoelastic materials Is

time-dependent!
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Constitutive models for
linear viscoelasticity

Viscoelasticity can be divided to elastic components and
viscous components. We can model viscoelastic materials
as linear combinations of springs and dashpots.

E n
O——/THss—0O O O
The springs represent the The dashpots represent the
elastic components. Vviscous components.
de .
o=Ee¢ o=1n—=né
dt
where E is the elastic where 7 1s the viscosity of the
modulus of the material. material and de/dt is the strain rate.
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Maxwell Model

A purely viscous damper
and purely elastic spring
connected In series.
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Maxwell Model  z—p 15 2.9

Stress Relaxation Creep
(e = const. (€ = 0)) (o0 = const. (6 = 0))
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In creep, actual strain rate

decreases with time!
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Voigt-Kelvin (V-K) Model

E

/00000 E=¢E, =& O0=0,+10,
o4 n O _
T o,=kE-¢ o,=n-¢

A purely viscous damper . B .
and purely elastic spring O = Gs T Gd — Eg T i

connected in parallel.
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V-K Model

Stress Relaxation
(¢ = const. (€ = 0))
G(t) A
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Relaxation Modulus G(t)
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Actual stress 1s not constant
In viscoelastic materials.

o=o0,+0,=Eec+ne

Creep
(o0 = const. (6 = 0))
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Creep Compliance Function J(t)
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Standard Linear Solid(Zener) Model

£,0;
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£,,0, E3,0,
A Maxwell model and a purely
elastic spring connected in parallel

(three-parameter standard model)

n(E,+E,)e+EE,e=noc+E,o
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SLS Model [#(E +E)é+EE,e=nc+E,o

Stress applied al ;) Creep Compliance Function J(t)
{3![95‘5 removed at t=t;
_ H Elastic recovery J (t) _ i 1— E2 e_%t
s o E.\" E+E,
/ Creep under | Viscous recovery
/ constant ‘x
stress \
L~ Relaxation Modulus G(t)
o . L
Time (1) >
Creep and recovery response GSLS (t) = E1 + E2 e
It matches well to real linear viscoelastic behaviors!
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Comparison of Several Models

Model Creep compliance function J(t) Relaxation modulus G(t)
1 E :
Maxwell —(1+ —t] Eeg 7'
EL 7
. . 1 —Et
Voigt-Kelvin E(1—e 7 ) E +7no(t)
Standard Linear 1 E, &% _E
T 1_ e n(E1+E2) P
Solid (Zener) E, [ E,+E, ] E, +E,€
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Comparison of Several Models
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Figure 2.11:3 Creep functions of (a) a Maxwell. (b) a Voigt, and (c) a standard linear
solid. A negative phase is superposed at the time of unloading.
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Figure 2.11:4 Relaxation functions of (a) a Maxwell, (b) a Voigt, and (c) a standard
linear solid.
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