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𝐸𝐸𝑓𝑓 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐸𝐸𝑀𝑀𝐸𝐸 (𝑀𝑀𝑀𝑀𝐸𝐸) 
𝜎𝜎𝑓𝑓 = 𝐹𝐹𝐸𝐸𝐹𝐹𝐹𝐹𝑀𝑀𝐹𝐹𝐸𝐸𝐸𝐸 𝐸𝐸𝐸𝐸𝐹𝐹𝐹𝐹𝐸𝐸𝐸𝐸 
𝜖𝜖𝑓𝑓 = 𝐹𝐹𝐸𝐸𝐹𝐹𝐹𝐹𝑀𝑀𝐹𝐹𝐸𝐸𝐸𝐸 𝐸𝐸𝐸𝐸𝐹𝐹𝐸𝐸𝐸𝐸𝑠𝑠 
𝐿𝐿 = 𝐸𝐸𝐹𝐹𝑠𝑠𝑙𝑙𝐸𝐸ℎ 𝑀𝑀𝑜𝑜 𝑏𝑏𝐹𝐹𝐸𝐸𝑏𝑏 𝑏𝑏𝐹𝐹𝐸𝐸𝑏𝑏𝐹𝐹𝐹𝐹𝑠𝑠 𝐸𝐸𝑀𝑀𝑠𝑠𝑠𝑠𝑀𝑀𝐹𝐹𝐸𝐸𝐸𝐸 (𝑏𝑏𝑏𝑏) 
𝐿𝐿𝑖𝑖 = 𝑀𝑀𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝐹𝐹 𝑏𝑏𝐹𝐹𝐸𝐸𝑏𝑏𝐹𝐹𝐹𝐹𝑠𝑠 𝐸𝐸𝑀𝑀𝐸𝐸𝑀𝑀𝐸𝐸𝑠𝑠𝑙𝑙 𝐸𝐸𝑠𝑠𝐸𝐸𝑠𝑠 (4 − 𝑠𝑠𝑀𝑀𝐸𝐸𝑠𝑠𝐸𝐸 𝑏𝑏𝐹𝐹𝑠𝑠𝑀𝑀) 
𝑏𝑏 = 𝑏𝑏𝐸𝐸𝑀𝑀𝐸𝐸ℎ 𝑀𝑀𝑜𝑜 𝑏𝑏𝐹𝐹𝐸𝐸𝑏𝑏 (𝑏𝑏𝑏𝑏) 
𝑀𝑀 = 𝐸𝐸ℎ𝐸𝐸𝐸𝐸𝑖𝑖𝑠𝑠𝐹𝐹𝐸𝐸𝐸𝐸 𝑀𝑀𝑜𝑜 𝑏𝑏𝐹𝐹𝐸𝐸𝑏𝑏 (𝑏𝑏𝑏𝑏) 
𝐹𝐹 = 𝐸𝐸𝑀𝑀𝐸𝐸𝑀𝑀 𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝐹𝐹𝑀𝑀 (𝑁𝑁) 
𝐷𝐷 = 𝑀𝑀𝐹𝐹𝑜𝑜𝐸𝐸𝐹𝐹𝐸𝐸𝐸𝐸𝐸𝐸𝑀𝑀𝑠𝑠 𝑀𝑀𝑜𝑜 𝑏𝑏𝐹𝐹𝐸𝐸𝑏𝑏 𝐸𝐸𝐸𝐸 𝐸𝐸𝑀𝑀𝐸𝐸𝑀𝑀 (𝑏𝑏𝑏𝑏) 
𝐹𝐹 = 𝑀𝑀𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝐹𝐹 𝐸𝐸𝑏𝑏𝐸𝐸𝑎𝑎 𝑜𝑜𝐹𝐹𝑀𝑀𝑏𝑏 𝐸𝐸𝑀𝑀𝑠𝑠𝑠𝑠𝑀𝑀𝐹𝐹𝐸𝐸 

𝑏𝑏 =
𝑁𝑁
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Property Formula 
Elastic Modulus 
 

𝐸𝐸𝑓𝑓 =  
𝐿𝐿3𝑏𝑏
4𝑏𝑏𝑀𝑀3

 

 
Flexural Stress (3-point) 
 

𝜎𝜎𝑓𝑓 =  
3𝐹𝐹𝐿𝐿

2𝑏𝑏𝑀𝑀2
       𝑅𝑅𝐹𝐹𝐸𝐸𝐸𝐸𝐸𝐸𝑠𝑠𝑙𝑙𝑀𝑀𝐸𝐸𝐸𝐸𝐹𝐹 

𝜎𝜎𝑓𝑓 =  
𝐹𝐹𝐿𝐿
𝜋𝜋𝑅𝑅3

      𝐶𝐶𝐸𝐸𝐹𝐹𝐸𝐸𝑀𝑀𝐸𝐸𝐸𝐸𝐹𝐹 

 
Flexural Stress (4-point) 
 

𝜎𝜎𝑓𝑓 =  
3𝐹𝐹(𝐿𝐿 − 𝐿𝐿𝑖𝑖)

2𝑏𝑏𝑀𝑀2
 

 
Flexural Strain – outer surface (surface under 
tension) 
 

𝜖𝜖𝑓𝑓 =  
6𝐷𝐷𝑀𝑀
𝐿𝐿2

 

 

 
Bending Moment (3-point) 
 

𝑀𝑀 =  
𝐹𝐹𝐹𝐹
2

 

 

Second Moment of Area 

 
𝑀𝑀 =

𝐹𝐹𝐿𝐿
4
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