
Fundamental Mechanics of Materials Equations
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Six rules for constructing shear-force 
and bending-moment diagrams
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Beam defl ections
Elastic curve relations between w, V, M, θ, and v for 

constant EI
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𝜀𝑡𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠𝑒 =  
𝛥𝑑
𝑑  𝑜𝑟 

𝛥𝑤
𝑤  𝑜𝑟 

𝛥𝑡
𝑡  

𝛾 = 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑎𝑛𝑔𝑙𝑒 𝑓𝑟𝑜𝑚 90° 

 

𝑤𝑎𝑡𝑡𝑠 = 𝑁𝑚/𝑠 
ℎ𝑝 = 6600 𝑖𝑛 ∙ 𝑙𝑏/𝑠 

 

𝑟2𝑇1 = 𝑟1𝑇2 
𝑟1𝜔1 = 𝑟2𝜔2 

 

 

𝑤ℎ𝑒𝑟𝑒 𝑄 = ∑𝑦�𝑖𝐴𝑖 
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𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑏𝑒𝑎𝑚𝑠 
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Plane stress transformations
Normal and shear stresses on an arbitrary plane
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Plane strain transformations
Normal and shear strain in arbitrary directions
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Generalized Hooke’s Law
Normal stress/normal strain relationships
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Pressure vessels
Axial stress in spherical pressure vessel
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Failure theories
Mises equivalent stress for plane stress
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Column buckling
Euler buckling load
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𝜎𝑛 =
𝜎𝑥 + 𝜎𝑦

2 +
𝜎𝑥 − 𝜎𝑦

2 cos 2𝜃 + 𝜏𝑥𝑦 sin 2𝜃 

𝜎𝑡 =
𝜎𝑥 + 𝜎𝑦

2 −
𝜎𝑥 − 𝜎𝑦

2 cos 2𝜃 − 𝜏𝑥𝑦 sin 2𝜃 

𝜏𝑛𝑡 = −
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𝜎𝑟𝑎𝑑𝑖𝑎𝑙−𝑜𝑢𝑡𝑠𝑖𝑑𝑒 = 0 
𝜎𝑟𝑎𝑑𝑖𝑎𝑙−𝑖𝑛𝑠𝑖𝑑𝑒 = −𝑝 

 

𝛾𝑥𝑦
2 sin 2𝜃  

𝛾𝑥𝑦
2 sin 2𝜃 



1. Rectangle 6. Circle

2. Right Triangle 7. Hollow Circle

3. Triangle 8. Parabola

4. Trapezoid 9. Parabolic Spandrel

5. Semicircle 10. General Spandrel
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Table A.1 Properties of Plane Figures
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SIMPLY SUPPORTED BEAMS 
Beam Slope Deflection Elastic Curve 
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CANTILEVER BEAMS 
Beam Slope Deflection Elastic Curve 
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