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   EQUATIONS 

 

Principal stresses for plane stress state 

𝜎1, 𝜎2  =
𝜎𝑥 + 𝜎𝑦

2
± √(

𝜎𝑥 − 𝜎𝑦

2
)

2

+ 𝜏𝑥𝑦
2  

Extreme-value shear stresses for plane stress state 

𝜏1, 𝜏2  = ±√(
𝜎𝑥 − 𝜎𝑦

2
)

2

+ 𝜏𝑥𝑦
2  

Plane-stress transformation equations 

𝜎 =
𝜎𝑥 + 𝜎𝑦

2
+

𝜎𝑥 − 𝜎𝑦

2
cos 2𝜙 + 𝜏𝑥𝑦 sin 2𝜙 

𝜏 = −
𝜎𝑥 − 𝜎𝑦

2
sin 2𝜙 + 𝜏𝑥𝑦 cos 2𝜙 

Axial stress 

𝜎 =
𝐹

𝐴
 

Normal stress for beam in bending 

𝜎 =
𝑀𝑐

𝐼
 

Second-area moment  

• for rectangular cross-section 

𝐼 =
𝑏ℎ3

12
 

• for circular cross-section 

𝐼 =
𝜋𝑟4

4
=

𝜋𝑑4

64
 

• for hollow round cross-section 

𝐼 =
𝜋

4
(𝑟𝑜

4 − 𝑟𝑖
4) =

𝜋

64
(𝑑𝑜

4 − 𝑑𝑖
4) 

Maximum transverse shear stress 

• for rectangular cross-section 

𝜏max =
3𝑉

2𝐴
 

• for circular cross-section 

𝜏max =
4𝑉

3𝐴
 

• for hollow, thin-walled round cross-section 

𝜏max =
2𝑉

𝐴
 

• for thin-walled I-beam 

𝜏max ≈
𝑉

𝐴web
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EQUATIONS (continued) 

 

Shear stress due to torsion 

𝜏 =
𝑇𝜌

𝐽
 

𝜏max =
𝑇𝑟

𝐽
 

Polar second moment of area 

• for circular cross-section 

𝐽 =
𝜋𝑟4

2
=

𝜋𝑑4

32
 

• for hollow round cross-section 

𝐽 =
𝜋

2
(𝑟𝑜

4 − 𝑟𝑖
4) =

𝜋

32
(𝑑𝑜

4 − 𝑑𝑖
4) 

 

Ductile Coulomb-Mohr (DCM) theory 

1

𝑛
=

𝜎1

𝑆𝑦𝑡

−
𝜎3

𝑆𝑦𝑐

 

Maximum shear stress (MSS) theory for ductile materials 

𝑛 =
𝑆𝑦

2𝜏max

=
𝑆𝑦

𝜎1 − 𝜎3

 

Distortion energy (DE) theory for ductile materials 

𝑛 =
𝑆𝑦

𝜎′
 

𝜎′ = √
(𝜎1 − 𝜎2)2 + (𝜎2 − 𝜎3)2 + (𝜎1 − 𝜎3)2

2
 

𝜎′ = √(𝜎𝑥 − 𝜎𝑦)
2

+ (𝜎𝑦 − 𝜎𝑧)
2

+ (𝜎𝑥 − 𝜎𝑧)2 + 6(𝜏𝑥𝑦
2 + 𝜏𝑦𝑧

2 + 𝜏𝑥𝑧
2 )

2
 

Brittle Coulomb-Mohr (BCM) theory 

1

𝑛
=

𝜎1

𝑆𝑢𝑡

−
𝜎3

𝑆𝑢𝑐

 

Modified Mohr (MM) theory for brittle materials (plane stress) 

𝑛 =
𝑆𝑢𝑡

𝜎𝐴

 for 𝜎𝐴 ≥ 𝜎𝐵 ≥ 0 and for 𝜎𝐴 ≥ 0 ≥ 𝜎𝐵 where |
𝜎𝐵

𝜎𝐴
| ≤ 1 

1

𝑛
=

(𝑆𝑢𝑐 − 𝑆𝑢𝑡)𝜎𝐴

𝑆𝑢𝑐𝑆𝑢𝑡

−
𝜎𝐵

𝑆𝑢𝑐

 for 𝜎𝐴 ≥ 0 ≥ 𝜎𝐵 where |
𝜎𝐵

𝜎𝐴
| > 1 

𝑛 = −
𝑆𝑢𝑐

𝜎𝐵

 
for 0 ≥ 𝜎𝐴 ≥ 𝜎𝐵 

Stress intensity factor 

𝐾𝐼 = 𝛽𝜎√𝜋𝑎 

Factor of safety against sudden fracture 

𝑛 =
𝐾𝐼𝑐

𝐾𝐼

 

Approximations for steels 

𝑆𝑢 ≈ 0.5 𝐻𝐵 ksi 

𝑆𝑢 ≈ 3.4 𝐻𝐵 MPa 

 


