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ME 323 Final Examination    Name ___________________________________ 

December 12, 2017 Instructor  
 
 
PROBLEM NO. 1 – 25 points max. 

The right-angle bar ABC has a circular cross section of radius r. It is fixed at wall at A, and is subject 
to a concentrated force P at location C. The elastic modulus of the bar is E and shear modulus is G. 
Using Castigliano’s theorem:  

a) Determine the deflection of the bar in the z-direction at C. 

b) Determine the deflection of the bar in the z-direction at B. 
 
Ignore the shear energy due to bending. Express your answers in terms of P, L, E, G, and r. 
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ME 323 Final Examination     SOLUTION 

December 12, 2017  
 
 
PROBLEM NO. 2 – 25 points max. 

A bracket is made up of components BC, DC and HC, all joined together at C, with BC, DC and HC 
aligned with the x-, y- and z-axes, respectively. Loads of P and 2P act at ends H and D in the negative 
y-direction and positive x-direction, respectively. Component BC has a circular cross section with an 
outer radius of r. 

a) Determine the xyz components of stress at points “a” and “b” on the cross section K of 
component BC. Express your answers in terms of, at most, L, r and P. 

b) Show these components of stress on the stress elements provided below for points “a” and “b”. 

 
 

 

 

 

 

 

 

 

 

 

Equilibrium – FBD above 

  

Fx∑ = 2P − Fx = 0 ⇒ Fx = 2P

Fy∑ = −P + Fy = 0 ⇒ Fy = P
  

   
!

M K∑ = Lî + Lk̂( )× −Pĵ( ) + Lî + Lĵ( )× 2Pî( )− Mxî − Mzk̂ = PL− Mx( ) î + −PL− 2PL+ Mz( ) k̂ =
!
0 ⇒   

   

î : Mx = PL

k̂ : Mz = 3PL
  

Using: 
  
I = π

4
r4, IP = π

2
r4 and A = πr2 , and the stress distributions above, we have: 

Point “a” Point “b” 
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PROBLEM NO. 3A – 15 points max. 
The x-y components for a state of plane stress in a machine component are shown below. The 
component is made up from a ductile material having a yield strength of   σY = 36 ksi . For this state of 
stress: 

a) Determine if the maximum-shear stress theory predicts a failure of the material. If the material 
has not failed, what is the factor of safety predicted by this theory? 

b) Determine if the maximum-distortional-energy theory predicts a failure of the material. If the 
material has not failed, what is the factor of safety predicted by this theory? 
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PROBLEM NO. 3B - 10 points max. 

A rectangular cross-section rod is made up of sections BC and CD, with each section having a constant depth 
dimension d as shown in the figures below and being made up of a material having a Young’s modulus of E. 
Section BC has a thickness that varies linearly from 2h on its left end to h on its right end at C, whereas section 
CD has a constant thickness h throughout its length. Ends B and D of the rod are connected to rigid walls. An 
axial load P acts the point C where the two sections are joined. Use a two-element finite element model to 
determine the stress experienced in section CD of the rod. Express your answer in terms of, at most, the 
variables h, d, L and E. 
 

 

 
  











P4B:		

! ! = !"
!" = !!!

10 − !!!
!

2! 	

! ! = !"
!" =

−!!!
! => !"#$%& !"#$	

@! = 0	

!(0) = 0 !(0) = !!!
!" ≠ 0 	

Simply	supported	at	! = !	
@! = !	

! ! = !!!!
10 − !!!

!

6 ≠ 0	

! ! = !!!
10 − !!!2 ≠ 0 	

Fixed	end	at	! = !	
P4C:	

! ! = !"
!" = !!!!

3 − !!!!
!

2  	

! ! = !"
!" = !!!! − !!!" => !"#$%#&'( !"#$ with ! = 0 at ! = 0 and at ! = !	

@! = 0	
!(0) = 0 !(0) = 0  
Free	end	at	! = !	

@! = !	

! ! = !!!!
12 − !!!

!

6 ≠ 0 	

! ! = !!!!
3 − !!!

!

2 ≠ 0 	

Fixed	end	at	! = !	 	






