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The Elastic Moduli 
- Young’s modulus: 

𝐸 ≔
𝜎

𝜀
=
𝐹 𝐴⁄

∆𝐿 𝐿⁄
   or   

𝐹

𝐴
= 𝐸 ∙

∆𝐿

𝐿
 

Typical 𝐸 ≈ 100 GPa 

for 

metals 
 10 GPa bone, woods 

 1 GPa proteins, plastics 
 1 − 100 MPa rubber, soft polymers 

 1 − 1000 kPa tissue 
 0.1 − 10 kPa single cells 

 

- Shear modulus: 

𝐺 ≔
𝜏

𝛾
=
𝐹 𝐴⁄

∆𝑥 𝐿⁄⏟  
tan𝜃≈𝜃

 

Typically 𝐸 ≈ 2…3 ∙ 𝐺 

 

- Bulk modulus: 

𝐾 ≔ −
𝑃

∆𝑉 𝑉⁄
 

 

 

- Three moduli are related by   𝐸 = 2(1 + 𝜈) ∙ 𝐺 = 3(1 − 2𝜈) ∙ 𝐾 

with Poisson ratio (“Querkontraktionszahl”)   𝜈 = −
∆𝑑 𝑑⁄

∆𝑙 𝑙⁄
 

typically 0.2 < 𝜈 < 0.5 (= incompressible) 

 

Second Moment of Area 
(“Flächenträgheitsmoment”) for selected cross sections: 
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