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ME 323 – Mechanics of Materials 
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November 3rd, 2021 

Name (Print) ______________________________________________ 
(Last)                                   (First)        

PROBLEM # 3 (25 points) 

A beam BCD of length 2L is pinned at B and is connected to a member CE at a distance L from B. The 
length of CE is L. The beam and the member are all made of the same material with Young’s modulus, 
E. The beam is uniform with a second moment of the area of I, while the cross-sectional area of CE is 
A. The beam is subjected to a uniform distributed load of w between C and D and a concentrated force 
of P.

Use Castigliano’s second theorem to calculate the vertical deflection of the beam at D. Neglect the 
strain energy due to shear forces. 
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PROBLEM # 3 (cont.) 
 
  

EgmigIIIIIFE P 24 0

s

By
F t W L t P Z P E W L t WL t P

WL z

state dÉÉEE
3 sections

see m ti
E M K

M WX E P x O

Im cx Px w

sectioned
fifty

m

EMy M z By
0

ByM z ByX

Replace By from
2

Mzlx P I y



ME 323 – Mechanics of Materials 
Examination #1 
November 3rd, 2021  

 
 

Name (Print) ______________________________________________   
                (Last)                                   (First)          

 
PROBLEM # 3 (cont.) 
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PROBLEM # 4 (25 points total – partial credit will not be granted) 
 
Part 4A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The shear force/bending moment diagrams for a loaded beam are shown above.  
 
4.A.1 - 2 points:  If the beam has the circular cross-section shown to the 
right, identify the xy-components of the location of a point on the beam 
having the maximum magnitude shear stress. 
 
		x = _____________ and y = _____________   
 
 
4.A.2 - 2 points:  If the beam has the triangular cross-section shown to the right, identify the xy-
components of the location of a point on the beam having the maximum 
compressive normal stress. 
 
		x = _____________ and y = _____________  
 
 
4.A.3 - 2 points:  If the beam has the triangular cross-section shown to the 
right, identify the xy-components of the location of a point on the beam 
having the maximum tensile normal stress. 
 
		x = _____________ and y = _____________   
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Part 4B - 3 points 

 
The bending moment 	

M x( )  in a cantilevered beam is shown above. (Note that the actual loading on 

the beam is not known.) Circle the plot of 	
v x( )  below that most closely represents the deflection of 

this cantilevered beam. 
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Part 4C 
 
 
 
 
 
 
 
 
 
A cantilevered beam is loaded by a concentrated couple 		M0  at end C. Consider three possible cross-
sections for this beam shown below: 

 
4.C.1 - 2 points: Which cross-section above produces the largest maximum magnitude normal stress in 
the beam? Circle your response below. 

a) Cross-section (a) 

b) Cross-section (b) 
c) Cross-section (c) 

d) All three cross-sections produce the same maximum magnitude normal stress. 
 
 
4.C.2 - 2 points: Which cross-section above produces the smallest maximum normal stress in the 
beam? Circle your response below. 

a) Cross-section (a) 

b) Cross-section (b) 
c) Cross-section (c) 

d) All three cross-sections produce the same maximum magnitude normal stress. 
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Part 4D 
 
 
 
 
 
 
 
 
 
 
 
 
A propped-cantilevered beam is loaded with a point load 		P0  at end D. Let 	

V x( ) , 	
M x( )  and 	

v x( )  
represent the shear force, bending moment and deflection, respectively, along the length of the beam.  
 
4.D.1 - 2 points: Which of the following are zero at 		x =0? Circle your responses. 
 

		
V 0( )=

?
0 ; M 0( )=

?
0 ; dv

dx
0( )=

?
0 ; v 0( )=

?
0 ;  

 
 
 
4.D.2 - 2 points: Which of the following are zero at 	x = a? Circle your responses. 
 

		
V a( )=

?
0 ; M a( )=

?
0 ; dv

dx
a( )=

?
0 ; v a( )=

?
0 ;  

 
 
 
4.D.3 - 2 points: Which of the following are zero at 		x =2a ? Circle your responses. 
 

		
V 2a( )=

?
0 ; M 2a( )=

?
0 ; dv

dx
2a( )=

?
0 ; v 2a( )=

?
0 ;  
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Part 4E 
 
 
 
 
 
 
It is desired to determine the reactions acting on the indetermintate beam above using the principle 
of superposition. 
 
4.E.1 - 1 point:  TRUE or FALSE, the following set of three beam problems can be used with 
superposition to solve the problem above. 
 
 
 
 
 
 
 
4.E.2 - 1 point:  TRUE or FALSE, the following set of two beam problems can be used with 
superposition to solve the problem above. 
 
 
 
 
 
 
 
4.E.3 - 1 point:  TRUE or FALSE, the following set of three beam problems can be used with 
superposition to solve the problem above. 
 
 
 
 
 
 
 
4.E.4 - 1 point:  TRUE or FALSE, the following set of two beam problems can be used with 
superposition to solve the problem above. 
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Part 4F – 2 point 
 
 
 
 
 
 
It is desired to use Castigliano’s method to determine the vertical displacement of the beam at location 
D as a result of the applied loading shown. With this approach, a strain energy function for the beam 
needs to be developed. Which of the loading systems below is needed for establishing this strain 
energy? 

a) loading system (a) 
b) loading system (b) 

c) loading system (c) 
d) the original loading system above 
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