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Bioen 326 2014 MIDTERM  

Covers: Weeks 1-4, FBD, stress/strain, stress analysis, rods and beams (not deflections). 

Rules:   Closed Book Exam: Please put away all notes and electronic devices 

Reminders: 
• Show equations you use to answer questions. Even if your final answer is wrong, we give partial credit 

for the various steps needed to solve a problem, but we can’t do this if you don’t write the equations 
you used.  

• We give extra credit if you realize your final answer is wrong and explain why, even if you do not have 
time to go back and find and fix the error. Since this can partially or fully make up for the mistake 
(depending on the type of mistake), I advise that you don’t go back to fix until you finish the rest of the 
exam. Even then, don’t erase what you have, but use the extra sheet and then cross out the first once 
you finish successfully, or you may run out of time and have erased your points. 

Equations Provided on the Exam: 
The following equations are provided on this cover sheet for the exam. It is your responsibility to known how 
to use them.  

o 𝐹𝑅 = ∫𝐹𝑑(𝑥)𝑑𝑥 or 𝐹𝑅 = ∫𝐹𝑑(�⃑�)𝑑�⃑� 
o 𝑥𝑅 = ∫𝑥𝐹𝑑(𝑥)𝑑𝑥

𝐹𝑅
, or 𝑥𝑅 = ∫𝑥𝐹𝑑(�⃑�)𝑑�⃑�

𝐹𝑅
 

o 𝑦𝐶𝑂𝑀 = 
o 𝜎𝑎𝑣 = 𝜎𝑥+𝜎𝑦

2
  

o 𝑅 = ��𝜎𝑥−𝜎𝑦
2

�
2

+ 𝜏2 

o 𝜎𝑥𝜃 = 𝜎𝑎𝑣 + 𝜎𝑥−𝜎𝑦
2

cos(2𝜃) + 𝜏sin (2𝜃) 
o 𝜏𝜃 = −𝜎𝑥−𝜎𝑦

2
sin(2𝜃) + 𝜏cos (2𝜃) 

o 𝜎1,2 = 𝜎𝑎𝑣 ± 𝑅 
o 𝜏𝑀𝐴𝑋 = 𝑅  
o 𝜖𝑥 = 1

𝐸
𝜎𝑥 −

𝜈
𝐸
𝜎𝑦 −

𝜈
𝐸
𝜎𝑧 

o 𝛾𝑥𝑦 = 1
𝐺
𝜏𝑥𝑦 = 2(1+𝜈)

𝐸
𝜏𝑥𝑦 

o 𝜎𝑥 = 𝐸
(1+𝜈)(1−2𝜈) ((1 − 𝑣)𝜖𝑥 + 𝜈𝜖𝑦 + 𝜈𝜖𝑧) 

o 𝜏𝑥𝑦 = 𝐺𝛾𝑥𝑦 = 𝐸
2(1+𝜈)𝛾𝑥𝑦 

o 𝑒 = Δ𝑉
𝑉0

= 𝜖𝑥 + 𝜖𝑦 + 𝜖𝑧 

o  𝑒 = 1−2𝜈
𝐸

�𝜎𝑥 + 𝜎𝑦 + 𝜎𝑧� 

o 𝛿 = ∫ 𝑁(𝑥)
𝐸(𝑥)𝐴(𝑥)

𝑑𝑥𝐿
0   

o 𝑘𝑎 = 𝐸𝐴
𝐿

; 𝐹 = 𝑘𝑎𝛿 

o 𝑘𝑡 = 𝐺𝐼𝑝
𝐿

; 𝑇 = 𝑘𝑡𝜙 

o ∫ 𝑦2𝑑𝐴 = 𝐼𝐴  
o 𝐼 = 𝜋

4
𝑟4  

o 𝐼 = 𝐻3𝑊
12

  

o 𝐼 = 𝐻3𝑊
36

, (neutral plane is at H/3 from flat edge). 

o ∫ 𝑟2𝑑𝐴 = 𝐼𝑝𝐴  
o 𝐼𝑝 = 𝜋

2
𝑟4 

o 𝜅 = 𝑀/𝐸𝐼 
o 𝜎𝑥 = 𝑁/𝐴 
o 𝜏(𝑟) = 𝑇

𝐼𝑝
(𝑟) 

o 𝜎𝑥(𝑥,𝑦) = −𝑀(𝑥)
𝐼
𝑦 

o 𝜏𝑥𝑦(𝑥,𝑦) = 𝑉(𝑥)
2𝐼

�𝐻
2

4
− 𝑦2�, max �𝜏𝑥𝑦(𝑥)� = 3𝑉(𝑥)

2𝐴
 

o max �𝜏𝑥𝑦(𝑥)� = 4𝑉(𝑥)
3𝐴

 

o max �𝜏𝑥𝑦(𝑥)� = 4𝑉(𝑥)
3𝐴

�𝑟22+𝑟2𝑟1+𝑟12�
𝑟22+𝑟12
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