
MIE 609 Mechanical Properties of Materials Spring 2019 Final Exam 

Instruction: 

The exam will be available to be picked up at Prof. Ping’s office (LSL S507) after class on May 
1st (Wednesday).  

There will be a login sheet at the place where you will pick up the exam. Make sure to write 
down the time when you pick up the exam and deliver the solution.  

The exam needs to be finished within 48 hrs. The latest time to deliver the answer sheets is 4:00 
pm 05/08 (Wednesday).  

If the delivery time is in after-hours when LSL is not accessible, electronic submission of 
scanned solution is also acceptable but the original solution still needs to be delivered by the 
deadline.  

Write your answers on letter-sized papers. 

Work on the exam independently (group discussion is not allowed) but feel free to use notes 
or/and references. 

  



1.  (15 pts) Nonlinear Viscoelasticity. A viscous dashpot 𝜀̇ = 𝜇𝜎 is connected in series 
with a non-linear spring 𝜎 = 𝐸𝜀 − (𝑎𝜀)+ where 𝜇, 𝑎, and 𝐸 are constants. Determine the 
relaxation behavior for the model (𝜀 as a function of 𝜎). Draw the relaxation behavior for 
the non-linear model and corresponding linear model (when 𝑎 = 0) on the same plot. 

 

2. (15 pts) Elastic-Plastic Bending of Beams. Derive expressions for the fully elastic and 
fully plastic moments (𝑀. and 𝑀/) and determine the shape factor 𝑄 = 𝑀/ 𝑀.⁄  for the 
beam cross-section shown below. 

 
 

3. (30 pts) Shaft Yielding. A solid circular shaft with 125 mm diameter rotates in bearings 
at 30 rad/s. Transverse loadings produce a maximum bending moment of 10 kNm. (For 
the meaning of transverse loading see the image below.) Given the tensile yield strength 
of the shaft material as 300 MPa, find the power this shaft can transmit according to the 
Tresca and von Mises yield criteria. Hint: You may need to use Engineer’s Theory of 
Bending (ETB) to find the bending stress from the bending moment. 

  
 

4. (30 pts) I-Section Yielding. For the I-section beam shown below (unit: mm), find the 
bending moment (in terms of Y) to cause yielding (1) throughout the depth of the flanges 
and (2) throughout the whole section. (Calculate the bending moment for each case.) 
Also calculate the plastic penetration depth for an applied moment of 850 kNm when Y = 
278 MPa. 

 
 

5. (10 pts) Write down your comments and suggestions to this course. 


