
ME323: Mechanics of Materials 

Exam 1 – Equation sheet 

USEFUL EQUATIONS 

𝜎𝑎𝑣𝑔 =
𝐹𝑁

𝐴
 

𝜏𝑎𝑣𝑔 =
𝑉

𝐴
 

Generalized Hooke’s Law 

𝜀𝑥 = (
1

𝐸
) [𝜎𝑥 − 𝜈(𝜎𝑦 + 𝜎𝑧)] + 𝛼𝛥𝑇  

𝜀𝑦 = (
1

𝐸
) [𝜎𝑦 − 𝜈(𝜎𝑥 + 𝜎𝑧)] + 𝛼𝛥𝑇   

𝜀𝑧 = (
1

𝐸
) [𝜎𝑧 − 𝜈(𝜎𝑥 + 𝜎𝑦)] + 𝛼𝛥𝑇   

 

𝛾𝑥𝑦 = (
1

𝐺
) 𝜏𝑥𝑦  𝛾𝑥𝑧 = (

1

𝐺
) 𝜏𝑥𝑧    𝛾𝑦𝑧 = (

1

𝐺
) 𝜏𝑦𝑧 

 𝐺 =
𝐸

2(1+𝜈)
 

 

Axial Deformations 

𝑒𝐴𝐵 = 𝑢𝐵 − 𝑢𝐴   𝑒 =  ∫
𝐹(𝑥)

𝐸(𝑥)𝐴(𝑥)
𝑑𝑥 + ∫ 𝛼𝛥𝑇 𝑑𝑥

𝐿

0

𝐿

0
  𝑒 =

𝐹𝐿

𝐸𝐴
+ 𝛼𝛥𝑇𝐿 

𝑒 = 𝑢 𝑐𝑜𝑠(𝜃) + 𝑣 𝑠𝑖𝑛(𝜃)  
 

Torsional Deformations 

 

𝜙𝐴𝐵 = 𝜙𝐵 − 𝜙𝐴  𝜙 = ∫
𝑇(𝑥)

𝐺(𝑥)𝐼𝑝(𝑥)
𝑑𝑥

𝐿

0
  𝜙 =

𝑇𝐿

𝐺𝐼𝑝
 

 𝛾 = 𝜌
𝑑𝜙

𝑑𝑥
 𝜏 = 𝐺𝜌

𝑑𝜙

𝑑𝑥
 𝛾 =

𝑇𝜌

𝐺𝐼𝑝
 𝜏 =

𝑇𝜌

𝐼𝑝
 

with  𝐼𝑝 = ∫ 𝜌2𝑑𝐴
𝐴

  𝐼𝑝 =
𝜋𝑟4

2
 (solid) 𝐼𝑝 =

𝜋

2
(𝑟𝑜

4 − 𝑟𝑖
4) (hollow) 

 

Flexural and Shear Stress 

𝜎(𝑥, 𝑦) =  −
𝐸𝑦

𝜌
= −

𝑀𝑧𝑧𝑦

𝐼𝑧𝑧
          𝐼𝑧𝑧 =

𝑏ℎ3

12
 (rectangle)         𝐼𝑧𝑧 =

𝜋

4
𝑅4 (circle) 

 

𝜏(𝑥, 𝑦) =
𝑉𝑄

𝐼𝑧𝑧𝑡
=

𝑉𝐴∗𝑦∗

𝐼𝑧𝑧𝑡
           𝐼𝑧𝑧 =

𝑏ℎ3

36
 (triangle)         𝐼𝑧𝑧 = (

𝜋

8
−

8

9𝜋
)𝑅4 (semi-circle) 

 

𝜏𝑚𝑎𝑥 =
3𝑉

2𝐴
  (rectangle) 

 

𝜏𝑚𝑎𝑥 =
4𝑉

3𝐴
  (circle)  

 

 


