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Structures Key Equations 
Statical Determinacy Rectangular Cross-Sections 
Mechanism 𝑏 + 𝑛 < 2𝑗 

Change in Volume           Δ𝑉 = 𝜀𝑉 × 𝑉 

May be determinate 𝑏 + 𝑛 = 2𝑗  

Indeterminate 𝑏 + 𝑛 > 2𝑗  

• 𝑏 is the number of bars 

• 𝑛 is the number of reactions 

• 𝑗 the number of pins 

Stress & Strain 

Volumetric Strain 
𝜀𝑉 =

Δ𝑉

𝑉
= 𝜀𝑥 + 𝜀𝑦 + 𝜀𝑧 

Engineering Stress 
𝜎 =

𝐹

𝐴
 Bulk Modulus 𝐾 =

𝜎𝐻

𝜀𝑉
 

Engineering Strain 𝜀 =
𝑥

𝐿
 𝜀𝑥 =

1

𝐸
(𝜎𝑥 − 𝜈(𝜎𝑦 + 𝜎𝑧)) + 𝛼Δ𝑇  

𝜀𝑦 =
1

𝐸
(𝜎𝑦 − 𝜈(𝜎𝑥 + 𝜎𝑧)) + 𝛼Δ𝑇  

𝜀𝑧 =
1

𝐸
(𝜎𝑧 − 𝜈(𝜎𝑥 + 𝜎𝑦)) + 𝛼Δ𝑇 

Youngs Modulus 𝐸 =
𝜎

𝜀
 

Poisson’s Ratio 𝜀𝑦 = 𝜀𝑧 =  −𝜈𝜀𝑥 

Hydrostatic Stress 𝜎𝐻 = 𝜎𝑥 = 𝜎𝑦 = 𝜎𝑧 

Cylindrical Thin-Walled Pressure Vessels Spherical Thin-Walled Pressure Vessels 

Hoop Stress, 𝜎𝜃 
𝜎𝜃 =

𝑃𝑅𝑖

𝑡
 Hoop Stresses, 𝜎𝜃 , 𝜎𝜙 

𝜎𝜃 = 𝜎𝜙 =
𝑃𝑅𝑖

2𝑡
 

Axial Stress, 𝜎𝑧 
𝜎𝑧 =

𝜎𝜃

2
=

𝑃𝑅𝑖

2𝑡
 Hoop Strains, 𝜀𝜃, 𝜎𝜙 

𝜀𝜃 = 𝜀𝜙 =
Δ𝑟

𝑟
 

Axial strain, 𝜀𝑧 
𝜀𝑧 =

Δ𝐿

𝐿
 Volumetric Strain 

𝜀𝑉 =
Δ𝑉

𝑉
= 3𝜀𝜃 

Hoop strain, 𝜀𝜃 
𝜀𝜃 =

Δ𝑟

𝑟
 𝜀𝜃 =

1

𝐸
(𝜎𝜃 − 𝜈(𝜎𝑟 + 𝜎𝜙)) + 𝛼Δ𝑇 

𝜀𝜙 =
1

𝐸
(𝜎𝜙 − 𝜈(𝜎𝑟 + 𝜎𝜃)) + 𝛼Δ𝑇 

𝜀𝑟 =
1

𝐸
(𝜎𝑟 − 𝜈(𝜎𝜃 + 𝜎𝜙)) + 𝛼Δ𝑇 

• Take radial stresses and strains as zero 

in both spheres and cylinders. 

• Axial strain in a sphere is also zero. 

Volumetric Strain 
𝜀𝑉 =

Δ𝑉

𝑉
= 2𝜀𝜃 + 𝜀𝑧 

𝜀𝑧 =
1

𝐸
(𝜎𝑧 − 𝜈(𝜎𝜃 + 𝜎𝑟)) + 𝛼Δ𝑇 

𝜀𝜃 =
1

𝐸
(𝜎𝜃 − 𝜈(𝜎𝑟 + 𝜎𝑧)) + 𝛼Δ𝑇 

𝜀𝑟 =
1

𝐸
(𝜎𝑟 − 𝜈(𝜎𝜃 + 𝜎𝑧)) + 𝛼Δ𝑇 
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Second Moment of Area  

𝐼 =
𝑏𝑑3

12
 𝐼 =

𝜋𝑟4

4
 

𝑦̅(𝐴𝑡𝑜𝑡𝑎𝑙) = 𝑦1(𝐴1) + 𝑦2(𝐴2) 

𝐼𝑥𝑥 = [𝐼1 + 𝐴1(𝑦1 − 𝑦̅)2] + [𝐼2 + 𝐴2(𝑦̅ − 𝑦2)2] 

Beam Theory 

 

 
Key Relation 𝜎

𝑦
=

𝑀

𝐼
=

𝐸

𝑅
 Slope Angle 𝑑𝑣

𝑑𝑥
=

1

𝐸𝐼
∫ 𝑀 𝑑𝑥 

Radius & Moment 
𝑅 =

𝑑2𝑣

𝑑𝑥2
=

1

𝐸𝐼
𝑀 

Deflection 
𝑣 =

1

𝐸𝐼
∬ 𝑀  𝑑𝑥 

Torsion in Thin-Walled Shafts 

  

Key Relation 𝜏

𝑟
=

𝑇

𝐽
=

𝐺𝜃

𝐿
 Torsional Stiffness, 𝐾𝑇 

𝐾𝑇 =
𝑇

𝜃
=

𝐽𝐺

𝐿
 

Shear Stress & Strain 𝛾 =
𝜏

𝐺
  1

𝐾𝑇,𝑡𝑜𝑡𝑎𝑙
=

1

𝐾𝑇1
+

1

𝐾𝑇2
… 

Shear Modulus 
𝐺 =

𝐸

2(1 + 𝜈)
   

Torsion in Thin-Walled Shafts Torsion in Solid & Hollow Shafts 
Shear Strain 

𝛾 =
𝐺𝑅0

𝐿
 Shear Strain 

𝛾(𝑟) =
𝑟𝜃

𝐿
 

Shear Stress 
𝜏 =

𝐺𝑅0𝜃

𝐿
 Shear Stress 

𝜏 =
𝐺𝑟𝜃

𝐿
 

 
𝜏 =

𝑇

2𝜋𝑅0
2𝑡

 Torque 
𝑇 =

𝐺𝜃𝐽

𝐿
 

  2nd Polar Moment of 

Area 
𝐽 =

𝜋𝐷4

32
 

Standard Slope & Deflection of Beams 

 

Simply Supported with Point Mass  Simply Supported with Distributed Load  

End Slope Central Deflection End Slope Central Deflection 

𝑊𝐿2

16𝐸𝐼
 

𝑊𝐿3

48𝐸𝐼
 

𝑤𝐿3

24𝐸𝐼
 

5𝑤𝐿4

384𝐸𝐼
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Moment Supported  Cantilever with Moment  

End Slope Central Deflection End Slope End Deflection 
𝑀𝐿

2𝐸𝐼
 𝑀𝐿2

8𝐸𝐼
 

𝑀𝐿

𝐸𝐼
 𝑀𝐿2

2𝐸𝐼
 

Cantilever with Point Load  Cantilever with Distributed Load  

End Slope End Deflection End Slope End Deflection 

𝑊𝐿2

2𝐸𝐼
 

𝑊𝐿3

3𝐸𝐼
 

𝑤𝐿3

6𝐸𝐼
 

𝑤𝐿4

8𝐸𝐼
 

Built in at Both Ends with Central Point Load  Built in at Both Ends with Distributed Load  

End Moment Central Deflection End Moment Central Deflection 
𝑊𝐿

8
 𝑊𝐿3

192𝐸𝐼
 

𝑤𝐿2

12
 

𝑤𝐿4

384𝐸𝐼
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