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Shear tests
• G fraction of E
• Steel plate config• Steel plate config.
• Notched shear block
• Plate twist test• Plate twist test

• Torsion• Torsion
• Off-axis
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Arcan shear test
F

Arcan shear test

F

Fult

0.4Fult
Reloading

Unloading

F
t

Loading



44

Arcan specimensArcan specimens
• 6 different configurations 
• all material planesall material planes
• ~ 30 + 30 + 30 specimens 
• on-axis

ij = RL ij = LR ij = RT ij = TR ij = LT ij = TL
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Video extensometryVideo extensometry
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Test resultsTest results
ij = RL

ij = RT

ij = RTij = TL
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Li tiLinear properties

LR
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Nonlinear propertiesNonlinear properties
Voce modelVoce model
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SimulationsSimulations
• FEM model (ANSYS 10.0)
• Solid (3D) elementsSolid (3D) elements
• Orthotropic
• Bilinear in shear
• Optimization analyses

→ Iterative parameter study
• Correspondence (SSE)Correspondence (SSE)

– Numerical strain
– Experimental strain

• Modified bilinear paramModified bilinear param.

SSE lin
ijσ T

ijG
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Simulations

RL RT
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Linear shear moduli (modified)( )
ij = LR ij = LT

ij = RT
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Bilinear parameters (modified)

Tangent moduli 
and initial moduli

Linear limit stress
and ultimate stress (nom )and initial moduli and ultimate stress (nom.)
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Shear strengths (modified)Shear strengths (modified)

L

Max

R

LR-config.

Nominal: 6.06 MPa Max: 7.04 MPa Tsai-Wu: 7.06 MPa



1414

Probabilistic parametersp
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Probabilistic parameters
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Concluding remarksConcluding remarksgg
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)

Nonlinearity:  
Voce: Accurate

Bilinear: Robust

Linearized: Robust - inaccurate

Study provides shear parameters for study of
Generalized macro level models (joints)

Upper stress range

Stiffness and strength (Ductility and capacity)Stiffness and strength (Ductility and capacity)

Probabilistic properties (Robustness)
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