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Orthotropic Material

On-ari3

co~ovdiygles

- 2 perpendicular lines of reflection symmetry (2d)
- 3 perpendicular planes of reflection symmetry (3d)

- Shear stresses are not linked to normal strains
. Normal stresses are not linked to shear strains

- Shear strains are not linked to normal stresses
- Normal strains are not linked to shear stresses

Compliance Matrix — 9 independent components
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Why are shear stresses not linked to normal strains, etc?

Any reflections wrt a symmetry plane changes the sign of one co-ordinate (or displacement)

1
s,
=> Normal strains and stresses invariant in symmetry transformations @4'4') - P

\

\3“4'

S Earat (n

=> Shear strains and stresses change sign in symmetry transformations

(€)' = 2% o -3
¥ )(ﬂ' ) KQ’
=> Stiffnesses and compliances linking shear and normal strains/stresses should change sign

in symmetry transformations. The only constant being equal to its negative is zero — this of
course applies also to material constants!

= -~ 24,1.-



Orthotropic Material, continued .
(13)
Why are shear stresses o not linked to shear strains o?

Reflection wrt symmetry plane (j,k) changes the sign of the co-ordinate (or displacement) i.

Thus oj changes sign, but o does not. The only material constant equal to its negative is
again zero...
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Off-axis mechanical behavior of orthotropic materials

Off-axis stresses known — determine off-axis strains
1/ Stress transformation to on-axis

2/ Use on-axis compliance matrix to determine on-axis strains

3/ Negative transformation of strain to off-axis

Off-axis strains known — determine off-axis stresses
1/ Strain transformation to on-axis

2/ Use on-axis stiffness matrix to determine on-axis stresses

3/ Negative transformation of stress to off-axis

This cannot be done using the Engineering constants!

Co-ordinate transformation of stress (W0
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Co-ordinate transformation of strain in two dimensions : .
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Co-ordinate transformation of strain in two dimensions L o
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Co-ordinate transformation of Compliance

1/ Transform stress to on-axis

2/ Use on-axis compliance to compute strain

3/ Transform strain to off-axis

4/ Identify off-axis Compliance components — they are given as polynomials of on-axis
compliance components!

Co-ordinate transformation of Stiffness

1/ Transform strain to on-axis

2/ Use on-axis stiffness to compute stress

3/ Transform stress to off-axis

4/ Identify off-axis Stiffness components —they are given as polynomials of on-axis stiffness

components!



How do we determine Compliance Matrix experimentally?

Once we know Compliance Matrix, how do we get to know Stiffness Matrix?
If we know Stiffness Matrix, how do we get to know Compliance Matrix?
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What is the Young's Modulus of Water? @
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Time-dependent Mechanical Behavior — Linear Viscoelasticity
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What kind of a function is the Creep Compliance?
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What kind of a function is the Relaxation Modulus?
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Amorphous Polymers:
1/ Large-deformation Equilibrium properties
2/ Small-deformation nonequilibrium properties (viscoelastic)

3/ Large-deformation time-dependent properties
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1/ Large-deformation Equilibrium properties

From kinetic theory:
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How to approach this behavior?

- increase time
= reduce straining rate
- speed up relaxation (temperature, moisture, ...)
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Time-Temperature Equivalency
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- All characteristic times similarly affected by temperature change
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So, we have a plasticity model.

But the madel is isotropic: the stress has the same effect regardless of the material
direction.

How could we treat an anisotropic material?

Let us denote the isotropic stress space as IPE: Isotropic Plasticity Equivalent.

And let us transform the anisotropic stress space into IPE by a particular mapping matrix:
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Energy Criterion by Griffith (1921): @
po Lendm | Solution for the crack effect on the Potential Energy by Inglis (1913): @
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Solution for the crack effect on the Potential Energy by Inglis (1913): @
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How do these two approaches differ?
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