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Introduction

Adequate computational models is required for

engineering applications (Expensive physical testing)
Marterials display fime dependent deterioration
Viscoelastic behavior: Elastic + viscous properties
Damage growth: Continuum damage mechanics

Viscoelastic behavior and damage growth effects
combined
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Viscoelastic model

 Modelis phenomenological: no related to chemical
composition or molecular structure

« Material experience Creep, Stress relaxation,
Recovery
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Viscoelastic model

* Prony series:

* Material modulus expressed in the Prony Series form leads to @
generalization of the Maxwell model
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Viscoelastic model

« Some materials display viscoelastic behavior on the shear
component only,

o = o + g% = 3K tr(e) + 2G(t)e?°V (1)

t
and 2G(t)e?e?(¢t) = 2[ G(t — 1) (1) dt
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Damage model

« Progressive deterioration of material preceding the failure due to
accumulation of voids and micro-cracks
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Fig.. Isofropic damage in uniaxial tension (concept of effective stress).

No cracks present in the material

Damage evolution fully phenomenological

Degree of damage is quantified into the parameter D (0 < D < 1)
Damage might be anisotropic
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Damage model

=T
Kachanov-Rabotnov uniaxial creep damage 4 = g 61

(1 — d)ke

Hayhurst's (1972) equivalent stress measure
r=aé®+ B 31 ., +(1-a-p)I,
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where

Murakami & Ohno (1981), Murakami (1983), Murakami (1988)
D =By {Tr[(L-D)*(¢® ® N[~ y)1+7£Y @]

Simplifying for isotropic damage,

D=g ()()T B, k, v = Material parameters

(1 — D)k X = Hayhurst's equiv. stress



Viscoelastic damage implementation

« Current stress, o,,41: vol | dev

Un+1 - Un+1 + Un+1

"' = (1 —D,,,1)3K Tr(¢)

{uoeﬁ.‘iﬁ + zul 0"+ M ]}]

ﬁ‘f‘i=(1—Dn

where,




Viscoelastic damage implementation

« Damage time integration by explicit forward Euler method

* |nitial conditions:

« For the current time step, t,,+1 :

1. From previous time step:

2. Strain computation:

3. Effective stress:

4. Damage update:

5. Approxim. Stiffness, K,,,1:

t=0, D=0
tn+1 == tn + At
t = tn: g(tn) = gn/ D(tn) = Dn

vol dev

Unt+1 —  &n41 T Ent1 T &t
~dev __ i i ~dev _.dev

On+1 — f(hn'Ah yEn+1r€n )

~ — =~vol ~dev

Ont+1 = Opy1 + 0Opi1

Dn+1 = f(5n+1) —

Dyn+1 =Dy + ADpyq

do do 0D
do =—du +— du
ou ou

ADpyq = At Dn+1
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Applications and Results

e Parameters calibration:

o Constrained Opftimization ,
Vi € [0,n],u; >0

n
Ho"‘z pi =1
i=1

k == k1+k29
B == Bl+32®

o Damage Parameters

Where, k4, k, and B;,B, are material parameters from linear fitting
and 8 and © have components of g, € or €

« Civil Engineering applications:
o Polycrystalline Ice
o Asphalt concrete
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Polycrystalline Ice

* Finite Elements implementation: FEAP user element
* Values at central node, Plane Stress
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Figure. Plane Stress Time, h

« Tensile creep (Mahrenholtz, W. Z. 1992)
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Strain, ¢

Polycrystalline Ice

Parameters selected
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Asphalt Concrete

« Unconfined compression:

§=4.2x%x107°,
§=1.7x%x1075,
§=1.7x%x107%

Strain rates applied

e=1.7

X 1073,

. Expenmen’rol do’ro (KOTSUKI D. & Guherrez Iv\., 201 ])

Axial stress, o [MPa]
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Asphalt Concrete

Results
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Conclusions

Material viscoelastic deterioration can be predicted with
simple implementation with proper material selection

Prediction of material behavior under tension and
compression can be calibrated

Semi-analytical time infegration of the constitutive
equation and explicit Forward Euler for damage results in
fast and accurate prediction of material behavior

Optimization of the material parameter required careful
selection of initial values. Global optimization method
could be beneficial

In the finite elements implementation, the model
displayed mesh sensitivity

Conclusions el7
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Viscoelastic model

« Springs and dashpots models:

 Elastic behavior (Hook's law)
» Viscous behavior (Newton's Law)

«  Maxwell model:

o =EFEe¢
o =T1n¢

« Represent relaxation very well but not creep or recovery
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« Kelvin-Voigt model:

o= FEe, =né;

=g +¢,

¢
- —— =
’ ey
| n  Edt

« Creep andrecovery are well represented but not relaxation

-

oc=0,+t0,=Ee+ne

E=¢g,=¢,

- —> 0 =

d
E+na £

‘(5!5-20

T



