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3Introduction

naturally grown:
e.g. wood

transversal isotropic materials

technically produced:
e.g. uniaxial-fiber-reinforced-plastics
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load bearing parts of the 
Airbus A380

pilot study of a fiber-reinforced 
cylindrical shell for external 
power rockets of Ariane V

Introduction – Classical model – Experiment – Discrete model – Cosserat model – Conclusions



6Classical continuum

homogeneous model without
directed points

Boltzmann-continuum

kinematic of points
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isotropic 
plane

constitutive stress-strain 
relationship for transversal

isotropic material



7Tension test with transversal isotropic material

tension test, plain 
strain, fibers 

inclined 45° to the 
vertical axis

finite element computation with transversal 
isotropic Boltzmann continuum

displacement in 
1-direction

macro-rotation

superelevated 
displacement in 

1-direction to 
indicate s-shape
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8Tension test with transversal isotropic material

Here clockwise 
rotation, if they 

follow the macro-
rotation!

What is the direction of the fibers in 
the deformed state?

tension test, plain 
strain, fibers 

inclined 45° to the 
vertical axis

?
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9Experimental model for microstructural behaviour

45° 55°

tension test, 
cellular rubber with 
toothpicks inclined 
45° to the vertical 

axis, good bonding 
between both 

materials

anticlockwise 
rotation of the 

toothpicks 
everywhere
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53°

tension test, discrete 
reinforcement inclined 
45° to the vertical axis 
reinforce the isotropic 

matrix material, full 
bonding between both 

materials

anticlockwise 
rotation of the 
reinforcement!

45°

Discrete reinforced FE-model
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11Discrete reinforced FE-model

53°45°

the discrete reinforced FE-model covers

experimental results for 
the reinforcement

classical results for the 
matrix material
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12Comparison of the models

transversal isotropic 
Boltzmann continuum

discrete reinforced 
Boltzmann continuum

compare stress in 2-direction
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13Comparison of the models

55°

discrete reinforced 
Boltzmann continuum

cover both results

clock-
wise

anti-
clock-
wise

clock-
wise

anti-
clock-
wise

transversal isotropic 
Boltzmann continuum

experimental model
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14Cosserat continuum

homogeneous model without
directed points

regularization (stress-concentration, 
plasticity, shear-bands …)

non-symmetric strain as known in 
dislocation theory

size-effects through strong inner structure

Boltzmann-continuum

Cosserat-continuum
constitutive

relations

homogeneous
model with

directed points

kinematic of points

extention of the
kinematic through
Cosserat-rotations

we use two Cosserat-
parameters in this work:
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15Cosserat continuum

Biot‘s model for

acts like a „direct spring“ between Cosserat- and macrorotations

fibers feel free to 
optimize their direction

acts like a spring between the fibers of the matrix

and small
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16Transversal isotropic Cosserat continuum 

as transversal isotropic Boltzmann continuum      
Cosserat rotation couples directly to the 

continuum rotation no microstructural information

macro-
rotation

Cosserat 
rotation

Biot‘s model
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17Transversal isotropic Cosserat continuum 

macro-
rotation

Cosserat 
rotation

cover classical and 
experimental results

Cosserat rotation independent to continuum rotation 
microstructural information
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macro-
rotation

Cosserat 
rotation

Transversal isotropic Cosserat continuum 

increasing s-shape
Cosserat rotation independent of macro-rotation 

microstructural effects 
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19Transversal isotropic Cosserat continuum 

Cosserat rotation independent to continuum rotation 
microstructural effects 

non-classical 
solutions appearsmall
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20Conclusions

Transversal isotropic Boltzmann continuum does not / can not 
contain information about microstructural behaviour

The discrete reinforced finite-element-model covers classical and 
experimental results

Transversal isotropic Cosserat continuum covers classical and 
experimental results

Depending on parameters the transversal isotropic Cosserat 
continuum shows non-classical microstructural solutions
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