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Relationship Between E, G, and ν 



Bulk Modulus of Elasticity or Modulus of Volume 

Expansion, K 

� The bulk modulus of elasticity K is a measure of a resistance 
of a material to change in volume without change in shape 
or form. It is given as: 

� Where V is the volume and ΔV is change in volume. The 
ratio ΔV / V is called volumetric strain and can be expressed 
as 



� Problem 205 A uniform bar of length L, cross-sectional area A, and unit 
mass ρ is suspended vertically from one end. Show that its total 
elongation is δ = ρgL2 / 2E. If the total mass of the bar is M, show also 
that δ = MgL/2AE. 



� Problem 222 A solid cylinder of diameter d carries an 
axial load P. Show that its change in diameter is 4Pν / 
πEd. 



� Problem 226 A 2-in.-diameter steel tube with a wall thickness of 0.05 inch 
just fits in a rigid hole. Find the tangential stress if an axial compressive 
load of 3140 lb is applied. Assume ν = 0.30 and neglect the possibility of 
buckling. 



� Problem 228 A 6-in.-long bronze tube, with closed ends, is 3 in. in 
diameter with a wall thickness of 0.10 in. With no internal pressure, the 
tube just fits between two rigid end walls. Calculate the longitudinal 
and tangential stresses for an internal pressure of 6000 psi. Assume ν = 
1/3 and E = 12 × 106 psi. 



� Problem 233 A steel bar 50 mm in diameter and 2 m long is surrounded by 
a shell of a cast iron 5 mm thick. Compute the load that will compress the 
combined bar a total of 0.8 mm in the length of 2 m. For steel, E = 200 GPa, 
and for cast iron, E = 100 GPa. 



� Problem 234 A reinforced concrete column 200 mm in diameter is designed 
to carry an axial compressive load of 300 kN. Determine the required area of 
the reinforcing steel if the allowable stresses are 6 MPa and 120 MPa for the 
concrete and steel, respectively. Use Eco = 14 GPa and Est = 200 GPa. 



� Problem 239 The rigid platform in Fig. P-239 has negligible mass and rests on two 
steel bars, each 250.00 mm long. The center bar is aluminum and 249.90 mm long. 
Compute the stress in the aluminum bar after the center load P = 400 kN has been 
applied. For each steel bar, the area is 1200 mm2 and E = 200 GPa. For the 
aluminum bar, the area is 2400 mm2 and E = 70 GPa. 



� Problem 242 The assembly in Fig. P-242 consists of a light rigid bar AB, 
pinned at O, that is attached to the steel and aluminum rods. In the 
position shown, bar AB is horizontal and there is a gap, Δ = 5 mm, between 
the lower end of the steel rod and its pin support at C. Compute the stress 
in the aluminum rod when the lower end of the steel rod is attached to its 
support. 



� Problem 243 A homogeneous rod of constant cross section is attached to unyielding 
supports. It carries an axial load P applied as shown in Fig. P-243. Prove that the 
reactions are given by R1 = Pb/L and R2 = Pa/L. 



� Problem 247 The composite bar in Fig. P-247 is stress-free before the 
axial loads P1 and P2 are applied. Assuming that the walls are rigid, 
calculate the stress in each material if P1 = 150 kN and P2 = 90 kN.

�



� Problem 251 The two vertical rods attached to the light rigid bar in Fig. 
P-251 are identical except for length. Before the load W was attached, the 
bar was horizontal and the rods were stress-free. Determine the load in 
each rod if W = 6600 lb. 



� Problem 256 Three 
rods, each of area 250 
mm2, jointly support a 
7.5 kN load, as shown 
in Fig. P-256. Assuming 
that there was no slack 
or stress in the rods 
before the load was 
applied, find the stress 
in each rod. Use Est = 
200 GPa and Ebr = 83 200 GPa and Ebr = 83 
GPa. 



Thermal Stresses
� Temperature changes cause the body to expand or contract. 

The amount δT, is given by 

� where α is the coefficient of thermal expansion in m/m°C, 

� L is the length in meter, and Ti and Tf are the initial and final 
temperatures, respectively in °C. 

� For steel, α = 11.25 × 10–6 / °C. 

� If temperature deformation is permitted to occur freely, no load � If temperature deformation is permitted to occur freely, no load 
or stress will be induced in the structure. In some cases where 
temperature deformation is not permitted, an internal stress is 
created. The internal stress created is termed as thermal stress. 
For a homogeneous rod mounted between unyielding supports 
as shown, the thermal stress is computed as: 

� Deformation due to equivalent axial stress are  



� where σ is the thermal stress in MPa and E is the 
modulus of elasticity of the rod in MPa. 

� If the wall yields a distance of x as shown, the following 
calculations will be made:

�

� Take note that as the temperature rises above the 
normal, the rod will be in compression, and if the 
temperature drops below the normal, the rod is in 
tension. 



� Problem 261 A steel rod with a cross-sectional area of 0.25 in2 is 
stretched between two fixed points. The tensile load at 70°F is 1200 lb. 
What will be the stress at 0°F? At what temperature will the stress be 
zero? Assume �� = 6.5 × 10-6 in / (in·°F) and E = 29 × 106 psi.


