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Mechanics of Solids Formula Sheet 

 

Yield Criterion 

Principal Stresses: Tresca: von Mises: 

𝜎! > 𝜎" > 𝜎# 𝜎$ = 𝜎! − 𝜎# 2𝜎$" = (𝜎! − 𝜎")" + (𝜎" − 𝜎#)" + (𝜎# − 𝜎!)" 

 

 

Tension/Compression (Elastic) 

𝜎 =
𝐹
𝐴

 𝜀 =
∆𝐿
𝐿

 𝜎 = 𝐸𝜀 

 

Generalised Hooke’s Law: 

𝜀% =
1
𝐸
0𝜎% − 𝜈2𝜎$ + 𝜎&34 𝜀$ =

1
𝐸
0𝜎$ − 𝜈(𝜎% + 𝜎&)4 𝜀& =

1
𝐸
0𝜎& − 𝜈2𝜎% + 𝜎$34 

 

 

Bending (Elastic) 

𝑀
𝐼
=
𝜎
𝑦
=
𝐸
𝑅

 𝐸𝐼
𝑑"𝑦
𝑑𝑥"

= 𝑀 

𝑀 = ; 𝑦𝜎𝑑𝐴
'

 

 

 

Torsion (Elastic) 

𝑇
𝐽
=
𝜏
𝑟
=
𝐺𝜃
𝐿

 𝜏 = 𝐺𝛾 

𝑇 = ; 𝑟𝜏𝑑𝐴
'

= 2𝜋; 𝜏𝑟"𝑑𝐴
(

)
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Second Moment of Area 

General form: Rectangle: Circle: 

𝐼%% = ; 𝑦"𝑑𝐴
'

 

𝐼 =
𝑏𝑑#

12
 𝐼 =

𝜋𝐷*

64
 

𝐼$$ = ; 𝑥"𝑑𝐴
'

 

 

Product Moment of Area: 

𝐼%$ = ; 𝑥𝑦𝑑𝐴
'

 

 

Parallel Axis Theorem: 

𝐼%!%! = 𝐼%% + 𝐴𝑏" 𝐼$!$! = 𝐼$$ + 𝐴𝑎" 𝐼%!$! = 𝐼%$ + 𝐴𝑎𝑏 

 

 

Polar Second Moment of Area 

General form: Circle: 

𝐽 = 𝐼%% + 𝐼$$ 𝐽 = ; 𝑟"𝑑𝐴
'

 𝐽 =
𝜋𝐷*

32
 

 

 

Shear Stresses 

Transverse Shear Stress: Horizontal Shear Stress: Shear Force: 

𝜏 =
𝑆
𝐼𝑧
; 𝑦𝑑𝐴
'

=
𝑆
𝐼𝑧
𝐴𝑦L 𝜏 =

𝑆
𝐼𝑧
; 𝑦𝑑𝐴
'

=
𝑆
𝐼𝑧
𝐴𝑦L 𝑆 = ; 𝜏𝑑𝐴

'
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Buckling 

𝑃+ =
𝜋"𝐸𝐼
𝐿,--"

 

End Condition Effective Length, 𝑳𝒆𝒇𝒇 

Pinned – Pinned 𝐿 

Pinned – Pinned (with initial curvature) 𝐿 

Fixed – Free 2𝐿 

Fixed – Pinned 0.7𝐿 

Fixed – Fixed 𝐿
2R  

 

 

Thermal Stress & Strain 

General: 

𝜀012(3'4 = 𝛼𝑇 𝛾 =
𝜏
𝐺

 

 

Beams: Thin Discs: Cylinders: 

𝜀% = 𝜀̅ +
𝑦
𝑅
=
𝜎%
𝐸
+ 𝛼𝑇 

𝜎% = 𝐸 U𝜀̅ +
𝑦
𝑅
− 𝛼𝑇V 

𝑃 = ; 𝜎%𝑑𝐴
'

= 𝐸𝜀�̅� − 𝐸𝛼 ; 𝑇𝑑𝐴
'

 

𝑀 = ; 𝑦𝜎%𝑑𝐴
'

=
𝐸𝐼
𝑅
− 𝐸𝛼 ; 𝑇𝑦𝑑𝐴

'

 

𝜎5 + 𝑟
𝑑𝜎5
𝑑𝑟

− 𝜎6 = 0 

𝑑𝜎5
𝑑𝑟

+
𝜎5 − 𝜎6

𝑟
= 0 

𝑑
𝑑𝑟
W
1
𝑟
𝑑(𝑢5)
𝑑𝑟

Y = (1 + 𝜈)𝛼
𝑑2𝑇(𝑟)3
𝑑𝑟

 

𝜀6 =
𝑢
𝑟

 

𝜀5 =
𝑑𝑢
𝑑𝑟

 

𝜎5 =
𝐸

1 − 𝜈"
Z𝜀5 + 𝜈𝜀5 − (1 + 𝜈)𝛼2𝑇(𝑟)3[ 

𝜎6 =
𝐸

1 − 𝜈"
Z𝜀6 + 𝜈𝜀5 − (1 + 𝜈)𝛼2𝑇(𝑟)3[ 

𝑢 = (1 + 𝜈)
𝛼
𝑟
;2𝑇(𝑟)3𝑟𝑑𝑟 + 𝐶!𝑟 +

𝐶"
𝑟

5

)

 

𝜎5 = 0 

𝜀6 =
1
𝐸
(𝜎6 − 𝜈𝜎&) + 𝛼𝑇 

𝜀& =
1
𝐸
(𝜎& − 𝜈𝜎6) + 𝛼𝑇 

Compatibility: 

𝜀6 = 𝜀& = 0 

𝜎6 = 𝜎& =
𝐸𝛼(Δ𝑇)
(1 − 𝜈)

0
𝑦
𝑡
4 
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Strain Energy 

Tension/Compression: Bending: Torsion: 

𝑈 = ;
𝑃"

2𝐴𝐸

4

)

𝑑𝑥 𝑈 = ;
𝑀"

2𝐸𝐼

4

)

𝑑𝑥 𝑈 = ;
𝑇"

2𝐺𝐽

4

)

𝑑𝑥 

 

Castigliano’s Theorem: 

𝑢 =
𝜕𝑈
𝜕𝑃

 

 

 

Cylinders 

Thin-Walled: Thick-Walled: 

𝜎5 = 𝜏5& = 𝜏56 = 0 

𝜎6 =
𝑃𝑅3
𝑡

 

𝜎& =
𝑃𝑅3
2𝑡

 

𝜎5 = 𝐴 −
𝐵
𝑟"

 

𝜎6 = 𝐴 +
𝐵
𝑟"

 

𝜎& =
𝑅7"𝑝7 − 𝑅8"𝑝8
2𝑅8" − 𝑅7"3

 

𝜀6 =
𝑢
𝑟

 

𝜀& =
Δ𝐿
𝐿

 

 

 

Thick-walled rotating discs 

𝜎5 = 𝐴 −
𝐵
𝑟"
−
3 + 𝜈
8

𝜌𝜔"𝑟" 𝜎6 = 𝐴 +
𝐵
𝑟"
−
1 + 3𝜈
8

𝜌𝜔"𝑟" 
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Fracture 

𝐾9 = 𝑌𝜎√𝜋𝑎 
𝑑𝑎
𝑑𝑁

= 𝐶(Δ𝐾): 

 

 

Finite Element Analysis 

{𝐹} = [𝐾]{𝑢} 

 

Principle of Virtual Work: 

𝛿𝑊2;0 + 𝛿𝑊9<0 = 0 

 

Element Stiffness Matrices for Direct Stiffness Method: 

1D Spring Element: 2D truss element (in the global co-ordinate system): 

[𝐾,] = p 𝑘 −𝑘
−𝑘 𝑘 r 

[𝐾,]= = s
𝐴𝐸
𝐿 t

u
cos" 𝜃 cos 𝜃 sin 𝜃

cos 𝜃 sin 𝜃 sin" 𝜃
−cos" 𝜃 −cos 𝜃 sin 𝜃

− cos 𝜃 sin 𝜃 − sin" 𝜃
−cos" 𝜃 −cos 𝜃 sin 𝜃

− cos 𝜃 sin 𝜃 − sin" 𝜃
cos" 𝜃 cos 𝜃 sin 𝜃

cos 𝜃 sin 𝜃 sin" 𝜃

{ 

where 𝑘 = '2
4

 


