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Linear properties
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« FEM model (ANSYS 10.0)
« Solid (3D) elements
» Orthotropic
« Bilinear in shear
* Optimization analyses
— lterative parameter study

« Correspondence (SSE)

— Numerical strain

— Experimental strain
» Modified bilinear param.
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Simulations
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Linear shear moduli (modified)

ii=LR

1600 - 1st cycle
o 1st cycle unloading
1400 4 e 2nd cycle
1200 -
=,
w 1000 4 .
e ° . o
-§ 800 - ; % * . o :
g ° .
€ 600+ . . 65 P%
© 8 e° o ©
g g " @
& 4004 .
200 A
0 L) L] L] T L] L]
250 300 350 400 450 500 550
Density [kg/m3]
60 1 [ —
U ] RT 1st cycle .
o 1st cycle unloading
e 2nd cycle
=, 40 1 o o’ . 6.0
0 e 5 °
2 H
= * ¢ ° .
o o
£ ¥ o
s 204 .
) °e
=
7]
o L] L] L] L] ) 1
250 300 350 400 450 500 550

Density [kg/m3]

www.nthu.no A

1600 - I_/ = LT 1st cycle
o 1st cycle unloading
1400 - e 2nd cycle
T 1200 A ° .
= o
» 1000
= o [}
3 800 - o0
g o9 .
= 600 - %o o .;
© ..e
2 400 - g R
200 -
O L] L] L L L] L}
250 300 350 400 450 500 550
Density [kg/m3]
1400 - -
« © Literature
N N .
1200 - - b m Experimental
1000 -
© ™
800 - 2l o 2
(@] Yo}
© ©
600 A 0
o o0}
N g
400 -
200 A
» [0}
< © o
S (a2}
= ) ) 1
GLR GLT GRT



Bilinear parameters (modified)

Tangent moduli Linear limit stress
and initial moduli and ultimate stress (nom.)
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Probabillistic parameters
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Probabilistic parameters

Ultimate Shear Stresses Distribution Plot
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Concluding remarks

Arcan shear tests works well for testing of 3 orthotropic shear types
LR, LT and TR Arcan configurations to be preferred

Need of numerical modification (reduced stiffness, increased strength)
No difference between loading and unloading except for rolling shear

Linear shear moduli significantly different (GLR > GLT >> GRT)
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Nonlinearity:
v Voce: Accurate
v Bilinear: Robust

v Linearized: Robust - inaccurate

v" Study provides shear parameters for study of
v Generalized macro level models (joints)
v Upper stress range
v Stiffness and strength (Ductility and capacity)
v

Probabilistic properties (Robustness)
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