
 Method to extract  
Stress-Strain functions  

from pure torsion/bending 
 experimental tests. 

 

N. Connesson1, G. Anthérieu1, D. Favier1 

 

1 Université de Grenoble Alpes,UMR 5525 TIMC-IMAG, 
Grenoble, France 04/02/2019 



2 

Introduction 

Extract 

Stress-strain behaviors  

Tensile 
Compressive  
Shear 

   
X 
X 

• Pure Bending  
• Torsion 

Copper wire ( D=0.59 mm) 
NiTi (D=0.6 mm) 
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Introduction 

• Torsion 

Shear  
gradient 

Tensile to compressive 
gradient  

• Pure Bending  

Extract these Stress-strain behaviors ?  

  

  

Perform such experiments ?  
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Introduction • Pure Bending  

No load transmitted but one moment 

 
Only one angle imposed to the 

specimen (Hyperstatic h=1) 
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Introduction • Pure Bending  

Toward pure Bending mechanism 



The specimen decides the system 
position (isostatic) 

* One free rotation of the black shaft 
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Introduction • Pure Bending  

Toward pure Bending mechanism 



Isostatic system 
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Introduction • Pure Bending  

Pure Bending mechanism 

Counterweight 

Universal Joint Universal Joint 

Only one angle imposed to the 
specimen (Hyperstatic h=1) 
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Uniform local curvature  

   

Pure Bending +  

Homogeneous material +  

Identical cross section 
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Introduction 

Tensile to compressive 
gradient  

• Torsion • Pure Bending  

Shear gradient 

Extract these Stress-strain behaviors ?  

  

Copper wire ( D=0,59 mm) 



Outline :  

I. Extraction method (Torsion) 

II. Application to experiments (Torsion) 

III. Application to experiments (Bending) 

IV. Conclusion 
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I. Extraction method (Torsion) 

 Tensile to compressive gradient  

• Torsion • Pure Bending  

 Shear gradient 

Stress-strain behaviors  



I. Extraction method (Torsion) 
• Torsion 

 Shear gradient 

Sk Spline familly 



I. Extraction method (Torsion) 
• Torsion 

 Shear gradient 

Sk Spline familly 



I. Extraction method (Torsion) 
• Torsion 

Minimize with conditions : 

Sk Spline familly 



Outline :  

I. Extraction method (Torsion) 

II. Application to experiments (Torsion) 

III. Application to experiments (Bending) 

IV. Conclusion 
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Sk Spline familly (5) 

II. Application to experiments (Torsion) 
• Torsion 

Identified Shear function 

Copper wire ( D=0,59 mm) 
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Identified Shear function 
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II. Application to experiments (Torsion) 
Copper wire ( D=0,59 mm) 



• Torsion Sk Spline familly (10) 

Identified Shear function 

II. Application to experiments (Torsion) 

G= 49 GPa) 

Copper wire ( D=0,59 mm) 



• Torsion 

Identified Shear function 

II. Application to experiments (Torsion) 

 Sk Base choice importance 
 Criterion on the difference :  

 

G= 49 GPa) 



Outline :  

I. Extraction method (Torsion) 

II. Application to experiments (Torsion) 

III. Application to experiments (Bending) 

IV. Conclusion 
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III. Application to experiments (Bending) 

Tensile to compressive gradient  

• Pure Bending  



28 

Lois en compression 

 

NiTi 
HT 250°C 

D=0.5 
mm 

III. Application to experiments (Bending) 
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III. Application to experiments (Bending) 

NiTi 
HT 250°C 

D=0.5 
mm 
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• Bending
  

• Tensile  

• Compressive
  

Copper wire ( D=0.59 mm) 
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IV. Conclusion 

 Tensile to compressive gradient  

• Torsion • Pure Bending
  

 Shear gradient 

Stress-strain behaviors  
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Traction 

Compression 

NiTi 
HT 

250°C 

III. Application to experiments (Bending) 
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II. Application to experiments (Bending) 
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Introduction • Pure Bending  



The specimen decides the system 
position (isostatic) 
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