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1. A solid circular shaft of outside
radius c and length L is made of
a perfectly plastic ductile metal of

B

(c) Derive a formula for the fully plastic torque Te.

(d) Determine and plot the residual stresses that remain after the fully
plastic torque has been unloaded.

(e) Determine the shape factor k = Tp I Ty.

(f) What does the shape factor indicate ? Compare your result from (e) with
the shape factor of a solid circular beam in bending:1.7. Explain the
cause and significance of the difference.
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(a) Describe the ways in which
tl:e mechanics of shafts is
analogous to the mechanics T
of beams.

(b) Using that analory, derive a formula for the
maximum torque Tv that the shaft can
support without any material yielding.
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2. A hollow steel column 30mm OD and 26rnrrr
ID is supported by stiff guy-wires, as shown
in the diagram. There are four guy wires
equally spaced at 9O" intervals at each level
(only trro wires at each level are shown, the
other two are in the plane "out of the
paper"). The column is built-in at the base
and each span between guy wire
connections is 1.5m. For the steel, E: 2lO
GPa, v : O.3, ov = 25O MPa. You are asked
to determine the forces within the guy-wires
that will cause the column to buckle along
its entire iength. (Hint: the gug-wires preuent
sidewags displacements onlg, not rotations.)

(a) Comment on the significant issues that
need to be considered in this question.

(b) Describe the computational procedure
you plan to use.

(c) Implement your method described in
(b) and determine the required guy-wire
forces.
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An engineer, mass 8O kg, sits at
point C on the S75 x 8.5 steel 1

beam shown in the diagram.
The beam is pinned at A and 6(X)

supported by a 4mm diameter mm

steel wire at B. You are asked
to determine how much point C i

moves downwards under load.

(a) Comment on the
significant issues that need
to be considered in this
question.

(b) Describe the computational procedure you plan to use. Explain the thought
process your used to make this plan.

{c) Implement your method described ih (b) and determine the required
downward displacement.

(d) Examine your result, is it reasonable ? Explain your conclusion.
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4.

(a) Explain the theoretical basis for the integration method for determining beam
deflections.
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(b) Expiain why the Macaulay method is used for beam deflection derivations and
describe how it works.
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Mechanics of Materials Formula and Data Sheet 

Some Engineering Material Properties: 

Property Steel Aluminum Brass 
Young’s Modulus, E 210 GPa  (30 psi x 106) 70 GPa  (10 psi x 106) 105 GPa  (15 psi x 106) 

Shear Modulus, G 81 GPa  (11.6 psi x 106) 26 GPa  (3.7 psi x 106) 39 GPa  (5.6 psi x 106) 

Poisson’s Ratio, ν 0.30 0.33 0.35 

Thermal Expansion, α 11x10-6 /ºC (6x10-6 º/F) 22x10-6 /ºC (12x10-6 º/F) 20x10-6 /ºC (11x10-6 º/F) 

Density, ρ 7850 kg/m3 (0.28 lb/in3) 2720 kg/m3 (0.10 lb/in3) 8410 kg/m3 (0.30 lb/in3) 

Moments of Area for Common Shapes: 

Shape Cross-section A Ix Iy J = Ix + Iy

solid circle π c2 π c4 / 4 π c4 / 4 π c4 / 2 

thin-wall circle 2 π t c π t c3 π t c3 2 π t c3

solid rectangle b h b h3 / 12 h b3 / 12 b h (b2 + h2) / 12 

Elastic relationships: 

T     
E

     
E

     
E

      zyx
x ∆α+

σ
ν−

σ
ν−

σ
=ε          

G
      τ

=γ           
)2(1

E    G
ν+

=           
)2-3(1

E    K
ν

=  

Failure Criteria:      (for principal stresses  σ1  ≥  σ2  ≥  σ3) 
Tresca:  σ1 – σ3  = σY      Mises:  (σ1 – σ2)2 + (σ2 – σ3)2 + (σ3 – σ1)2  =  2σY2     Mohr:  σ1/σUT – σ3/σUC  =  1 

Thin-Walled Pressure Vessels: 

 0          
t2
R p          

t
R p        :Cylinder ra ≈σ=σ=σθ         0          

 t2
R p            :Sphere ra ≈σ=σ=σθ  

Shaft Torsion: Beam Bending: Parallel Axis Theorem: 

 
L

G       
J
T      

r
φ

==
τ

  
R
E      

I
M      

Y
==

−
σ

  2
0 dA     I        I(d) +=

Power Transmission: 

c
 J f 2π      P maxτ

=  watts  (metric units)          
c

 J rpm 1015.87      P max
-6 τ×

=  h.p.   (lb.in units) 

Beam Formulas: 

 xd
M d      V =           

 xd
V d      w =         

EI
M      

dx
yd
2

2
=         ∫=== dAy      Q       where

I
Q V      

I
yVA      q  

< x – a >    =    ( x – a )   if  x – a  >  0,      =   0   if  x – a  ≤  0 
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Some Typical I-Beams: 
 
 
 
 
 
 
 

 

 

 

Mohr’s Circle: τ σy, τ

σx, τxy

yx

σ 

σy

τxy

σx 

τyx
 
 
 
 
 
 
 
 
 
 

Use sign convention “in the kitchen, the clock is above and the counter is below” 
for the shear stresses.  Then, rotations in the Mohr’s circle have the same direction and 
double the rotation angle of the physical stresses.  For Mohr’s circle of strain, use ε and 
γ/2 in place of σ and τ.   

Column Buckling: 

     2
e

2

2
e

2

CR )r/(L
EA         

L
EI        P π

=
π

=        where:    Le = L  (pinned-pinned)           Le = 2 L (free-fixed) 
               Le = 0.7 L  (pinned-fixed)       Le = 0.5 L (sliding-fixed) 
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P   P
P a    y  :curvature Initial
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=  

I  =  A r2        For “short” steel columns (Johnson):    
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Strain Energy: 

dx  
2EA
P          U:rod

2

∫=             dx  
2EI
M          U:beam
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