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Clarkson University 
ES222 – Strength of Materials 

Fall 2005 – Final Exam 
Tuesday, December 13, 2005 

 
 

Name:  _____________________________________  
 
Student ID No.:  _____________________________ 
 
 
Instructions: 
 
Please check now and make sure your exam is complete.  There should be 12 pages (including 
this coversheet and 4 formula sheets), with 10 problems. 
 
Read the problems carefully and plan your time so as to gain the maximum number of points.   
The exam has 4 problems and is worth 100 points.   
 
Please write neatly and clearly.  Show all your work – simply listing answers is not sufficient.  
You will be given partial credit for work that leads to a logical conclusion.  Cross out any work 
that you do not wish to be considered. 
 
The exam is closed book, closed notes.  There are important formulas provided on the last 4 
pages of the exam.  You may not use your own formula sheet. 
 
Calculators are not allowed (nor are they required). 
 
You may remove the staple and/or attach extra pages of work, but make sure that you staple all 
the exam pages and extra work pages together before turning in the exam.  Missing pages cannot 
be accepted after the exam. 
 
 
Grade: 
 

1. _________ / 5   5.   _________ / 6   9.   _________ / 18 
 

2. _________ / 6   6.   _________ / 5   10.  _________ / 18 
 
3. _________ / 4   7.   _________ / 20    

 
4. _________ / 4   8.   _________ / 15   

 
 
 
     Total:  _________ / 100 
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Problem 1. (5 points) 
 
Two external axial forces are applied at points B 
and D, as shown.  For points A, C, and E, 
determine the internal axial force.  Circle the 
correct magnitude, and circle either tension (T) or 
compression (C) if the internal force is not zero. 
 
 
 
 
 
 

i) Point A:  T   or    C ?  ii) Point C:  T   or    C ? iii) Point E:  T   or    C ? 
a) 0     a) 0    a) 0 
b) 100 lb    b) 100 lb   b) 100 lb 
c) 200 lb    c) 200 lb   c) 200 lb 
d) 300 lb    d) 300 lb   d) 300 lb 
e) 400 lb    e) 400 lb   e) 400 lb 

 
 
 
Problem 2. (6 points) 
 
A rod consisting of two portions is shown below.  The two portions are made of different 
materials.  At room temperature, the rod just barely fits between the walls with no gap.  The 
properties of the two portions are given below:  

 
A1 = A  A2 = 2A 
L1 = L  L2 = 2L 
E1 = E  E2 = 2E 
α1 = α  α2 = 2α 

  
The temperature is increased, ∆T > 0. 
 
Circle all the true statements (there are several): 
 
a) δ1 = 0  b) δT1 > 0  c) δP1 > 0 
d) δ2 = 0  e) δT1 < 0  f) δP1 < 0 
g) δ1 + δ2 = 0  h) δT2 > 0  i) δP2 > 0 
j) δ1 = δ2  k) δT2 < 0  l) δP2 < 0 
 
m) P1 = 0  n) P1 > 0   
o) P 2 = 0  p) P 1 < 0   
q) P 1 + P 2 = 0  r) P 2 > 0 
s) P 1 = P 2  t) P 2 < 0

A B C

300 lb. 100 lb.

D E

1 2

A B C
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Problem 3. (4 points) 
 
A shell of material 2 is fully bonded to a core of material 1, as shown below.  A torque, T, is 
applied to the assembly, such that twist of the assembly is φ. 
 
 J1 = J  J2 = 2J 
 G1 = G  G2 = 2G 
   
Circle the true statement: 
 
a) 1 2T T T+ =   and   1 2φ φ φ+ =  
 
b) 1 2T T T+ =   and   1 2φ φ φ= =  
 
c) 1 2T T T= =   and   1 2φ φ φ+ =  
 
d) 1 2T T T= =   and   1 2φ φ φ= =  
 
  
Problem 4. (4 points) 
 
The beam shown below is subjected to a four point bend test, such that portion BD is in pure 
bending.  The cross section is shown below and point C is the centroid. 
 
The formula for the magnitude of the maximum normal stress due to bending is: /Mc Iσ = . 
 
For the distances from C, shown below, the following is true: y a b d e h< < < < < . 
 
What is the proper value for c needed to determine the maximum tensile value of the normal 
stress? 
 

a) a  b) b 
 
c) y   d) d 
 
e) e  f)  h 
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Problem 5. (6 points) 
 
A vertical shear force is applied to the end of the 
cantilever beam of rectangular cross section, 
shown to the right.  Point 1 is on the top surface, 
point 3 at the centroid axis, point 5 is on the 
bottom surface, and points 2 and 4 are in 
between, as shown.   
 
For point 1 and point 4, a small element of material, centered around each point, is shown below.  
Draw the normal stresses and shear stresses on each element of material.  Make the length of 
each stress arrow approximately proportional to the magnitude of the stress. 
 
 

 
Problem 6. (4 points) 
 
Four pieces of wood are glued together to form a beam, show below.  This beam is then 
subjected to a vertical shear force, V, which is slowly increased. 
 
Circle the true statement:  
 
a) Glue joint A will fail before glue joint B 
 
b) Glue joint B will fail before glue joint A 
 
c) Glue joints A and B will fail at the same time 
 
d) There is insufficient information to decide 
 

x

y

1 4

Fixed
to wall V y

zx

1

2
3

5

4

8 in2 in 2 in

8 in

2 in

2 in

A

B
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Problem 7. (20 points) 
 
For the beam shown below, determine: 
 
a) The reaction at B, RB. 
 
b) The deflection at point C, yC. 
 

w

L

A B C

L/2



 

Page 6 

Problem 8. (15 points) 
 
The truss shown below is loaded with a vertical force, P, at point B. The truss is to be composed 
of rods with rectangular cross section of 1 in. by 3/2 in., also shown below, and E = 2 × 106 psi. 
 
Considering only the condition for failure by buckling of rod BC, what is the maximum 
allowable load, P, which can be safely applied to the structure, if the factor of safety of 2 is 
required? 

 
 
 
 
 

A

C

B

P

4 ft.

3 ft.

5 ft.

1 in.

3/2 in.
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Problem 9. (18 points) 
 
The cylindrical pressure vessel, shown below, is fixed to the floor.  The internal pressure is p.  A 
force, of magnitude F, is applied at point A, which is a distance a from the centroid axis of the 
vessel.  Another force, of the same magnitude F, is applied at point B, which is a distance b from 
the centroid axis of the vessel.  The dimensions of the pressure vessel are: ro is the outer radius, ri 
is the inner radius, and t is the thickness.  We are interested in two points, H and K, which are 
located on the outer surface of the pressure vessel, at a distance of L from the end of the vessel. 
 
a) Determine the stresses at point K in terms of the appropriate parameters: p, F, a, b, L, ro, ri, 

and t. 
b) Determine the stresses at point H in terms of the appropriate parameters: p, F, a, b, L, ro, ri, 

and t. 
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Problem 10. (18 points) 
 
A solid cylindrical rod, of radius c, is fixed to the wall, as shown below.  A torque, T, and force, 
P, are applied at the free end of the rod.  We are interested in the stresses at points H and K, 
which are located on the outer surface of the rod, at a distance of d from the free end of the rod. 
 
a) Determine the shear stress at point K in terms of the appropriate parameters, T, P, d, and c.   
b) Determine the shear stress at point H in terms of the appropriate parameters, T, P, d, and c.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P

T
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z
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K

d
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Clarkson University – ES222, Strength of Materials 
Final Exam – Formula Sheet 

 
Axial Loading 

Normal Stress:  P
A

σ =  Splice joint:  ave
F
A

τ =   Single shear:  ave
F
A

τ =  

   Double shear:  
2ave
F
A

τ =  Bearing stress:  b
P
td

σ =  

 

   2cos , sin cos
o o

P P
A A

σ θ τ θ θ= =  

 

Factor of Safety = F.S. = ultimate load
allowable load

 

 
Stress and Strain – Axial Loading 

Normal strain:  
L
δε =   Normal stress:  Eσ ε=  Shear stress:  Gτ γ=  

Elongation:  PL
AE

δ =   Rods in series:  i i

i i i

PL
A E

δ =∑   

Thermal elongation:  ( )T T Lδ α= ∆   Thermal strain:  ( )T Tε α= ∆  

Poisson’s ratio:  lateral strain
axial strain

ν = −  

Generalized Hooke’s Law: yx z
x E E E

νσσ νσε = − −  

    yx z
y E E E

σνσ νσε = − + −  

    yx z
z E E E

νσνσ σε = − − +  

    , ,xy yz xz
xy yz xzG G G

τ τ τγ γ γ= = =  

 
Units: k = 103  M = 106 G = 109 Pa = N/m2 psi = lb/in2 ksi = 103 lb/in2 

 

Coordinates of the Centroid:   i ii

ii

x A
x

A
=∑
∑

  i ii

ii

y A
y

A
=∑
∑

 

Parallel Axis Theorem:  2
'x xI I Ad= +  , where d is the distance from the x–axis to the x’–axis 
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31
12zI bh=  

31
12yI hb=      

 
 
Torsion: 

L
ρφγ =  max L

cφγ =  

T
J
ρτ =  max

Tc
J

τ =   Gτ γ=  

TL
JG

φ =  solid rod:  41
2J cπ=  

hollow rod:  ( )4 41
2 o iJ c cπ= −  

Rods in Series:  i i

i i i

T L
J G

φ =∑  

 
Pure Bending: 
 

x
My
I

σ = −   max
Mc M
I S

σ = =  

x
yε
ρ

= −   y z xε ε νε= = −   Eσ ε=  1 M
EIρ

=  

ρ =  radius of curvature 
 
General Eccentric Loading: 
 

yz
x

z y

M zP M y
A I I

σ = − +  

 
z yM d P= ×
!! !

  y zM d P= ×
!! !

 
 
 
Shear and Bending Moment Diagrams 
 

 
 
 
 
 

T

y

z

b

h

x

y

MM

x

y

z
C

P
P

dy

dz
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d

c

x

D C x

dV w V V wdx
dx

= − → − = − = −∫ (area under load curve between C and D)   

  
d

c

x

D C x

dM V M M Vdx
dx

= → − = =∫ +(area under shear curve between C and D)  

 
Shear Stress in Beams 
 

ave
VQ
It

τ =   VQq
I

= = shear force per unit length  Q Ay=  

 
Stress Transformation 
 

Principal stresses: ( )
2

2

max,min 2 2
x y x y

xy

σ σ σ σ
σ τ

+ − = ± + 
 

 

Principal planes: 
2

tan 2 xy
p

x y

τ
θ

σ σ
=

−
 

Planes of maximum in-plane shear stress: tan 2
2
x y

s
xy

σ σ
θ

τ
−

= −  

Maximum in-plane shear stress: ( )
2

2

max 2
x y

xy R
σ σ

τ τ
− = + = 

 
 

Corresponding normal stress:  '
2

x y
ave

σ σ
σ σ

+
= =  

 
 
 
 
 
 
 
Thin Walled Pressure Vessels 
 

Cylindrical: Hoop stress = 1
pr
t

σ =   Longitudinal stress = 2 2
pr
t

σ =  

  Maximum shear stress (out of plane) = max 2 2
pr
t

τ σ= =  

Spherical: Principal stresses = 1 2 2
pr
t

σ σ= =  

  Maximum shear stress (out of plane) = 2
max 2 4

pr
t

στ = =  
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Deflections of Beams 
( ) 2

2

1 M x d y
EI dxρ

= =   slope = ( ) ( )
1

M xdyx dx C
dx EI

θ = = +∫  

    deflection = ( ) ( ) 2y x x dx Cθ= +∫  = elastic curve 
 
Columns 
 

2

2cr
e

EIP
L

π=  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For x > a, 
replace x with 
(L-x) and 
interchange a 
with b. 
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