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PROBLEM #1 (15 points) 
The cantilever beam shown below is subject to a couple at mid-span and supported by a spring at the 
left end.  Using superposition method (tables shown on page 3), determine the force in the spring; leave 
your answer in terms of E, I, Mo, L, and K.  Spring constant K is known.   
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Method II –  using singularity function

( )
2

( )
2

( )
2

( )
2 2

( )
6 2 2

( ) 0 ( ) ( ) 0
2 2

s o

s o

s o

s
o

s o

s s
o

Lp x F x M x

LV x F x M x

LM x F x M x

F LEIv x x M x C

F M LEIv x x x C x C

F L Fv x L L M C C

− −

−

= < > − < − >

= < > − < − >

= < > − < − >

= < > − < − > +

= < > − < − > + +

= = → − + = → = −
2

23

1 2

1 2
3 2

2

3 2 3 2

2

3

2 2

( ) 0 0
6 2 4

Substituting for C  and solving for C , we obtain;
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Solving for spring force, we have,
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PROBLEM #3 (30 points) 
Circular pipe AD has a length of L, an outer diameter of 3d and an inner diameter of d, and is made of 
a material having a shear modulus G and Young’s modulus E.  The pipe is pinned to ground at A, and 
is supported by the rigid, L-shaped bar BH, as shown below. Use the following in your analysis:
E = 70GPa , G = 26GPa , , ,  and .  

1. Determine the reactions on pipe AD at A and B. 
2. Construct plots of the internal shear modulus V vs. x, and the internal bending moment M vs. x 

on the axes shown below. 
3. Determine the bending stress at location “a” on a cross section of the pipe at location C. 
4. Determine the shear stress at location “b” on a cross section of the pipe at location C. 
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Bar BH:  
  

M H∑ = 0.4L( )Bx − 0.3L( )By = 0 ⇒ Bx =
3
4

By  

Pipe AD:   

  

M A∑ = −0.3p0L 0.15L( ) + By 0.3L( ) + PL + M0 = 0 ⇒

By =
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3 3( )− 10

3
6
1
= −29.4kN

Bx =
3
4 −29.4( ) = −22.05kN

 

  
Fy∑ = Ay + By − 0.3p0L + P = 0 ⇒

 

  
Ay = −By + 0.3p0L − P = −(−29.4) + 0.3(4)(1) − 3 = 27.6kN  

Fx∑ = Ax + Bx = 0 ⇒ Ax = −Bx = 22.05kN  
 
Segment AB: 

Fy∑ = Ay − p0x −V = 0 ⇒ V (x) = Ay − p0x = 27.6 − 4x
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Segment BD: 
Fy∑ = V + P = 0 ⇒ V = −P = −3kN ⇒ VC = −3kN  

MD∑ = −V (L − x) + M0 − M = 0 ⇒ M = −V (L − x) + M0 = −(−3)(L − x) + 6 = 9 − 3x
 ⇒ MC = M (0.5L) = 7.5kN ⋅m  
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PROBLEM #4 (15 points) 
A thin walled cylindrical pressure vessel has a diameter of 12 inches and length of 48 inches.  The 
internal pressure in the vessel is 400 psi.  The pressure vessel is fabricated by butt-welding a series of 
plates along helical arcs as shown in figure below.  Determine: 

1. The axial and hoop stresses  
2. The normal stress perpendicular to the weld line 
3. The shear stress along the weld line 
4. The pressure vessel thickness, if the allowable normal and shear stresses perpendicular and 

along the weld line is 1200 and 500 psi respectively. 
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PROBLEM #5 (10 points) 
Consider the simply-supported beam loaded as shown below. 

 
 
PART A – 2 points 
Consider two situations. One, where the beam is made from steel, having a Young’s modulus of Est . 
Two, where the beam is made from aluminum, having a Young’s modulus of Eal , where Est > Eal . 
Let σmax( )st  and σmax( )al  denote the absolute values of the maximum normal stress on the cross 
section at location H for the steel and aluminum beams, respectively. Circle the correct statement 
below related to the relative sizes of σmax( )st  and σmax( )al : 

a) σmax( )st < σmax( )al  

b) σmax( )st = σmax( )al  - This is the answer 

c) σmax( )st > σmax( )al  
 
 
PART B – 2 points 
The beam pictured above has the I-beam cross-section shown below. Let σmax( )A  and σmax( )D  
denote the absolute values of the maximum normal stress on the cross section at location H for points 
A and D, respectively. Circle the correct statement below related to the relative sizes of σmax( )A  and 

σmax( )D : 

a) σmax( )A < σmax( )D  

b) σmax( )A = σmax( )D - This is the answer 

c) σmax( )A > σmax( )D  
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PROBLEM #5 - continued 
 
PART C – 2 points 
The beam pictured above has the T-beam cross-section shown below. Let σmax( )A  and σmax( )D  
denote the absolute values of the maximum normal stress on the cross section at location H for points 
A and D, respectively. Circle the correct statement below related to the relative sizes of σmax( )A  and 

σmax( )D : 

a) σmax( )A < σmax( )D  - This is the answer 

b) σmax( )A = σmax( )D  

c) σmax( )A > σmax( )D  
 
 
 
 
 
 
PART D – 4 points 
The beam pictured above has the cross-section shown below. All wall thicknesses of the beam cross-
section are 30 mm . Let τA denote the shear stress at point A on the cross-section of the beam at 

location D. Recall that the shear stress due to bending in a beam is given by τ =
VQ
It

. For the shear 

stress at A, τA , what is the numerical value of “t” to be used in this equation? 
 
 
The answer is 90 mm. 
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