Structural Mechanics I

CE  203

Summary of lectures 9-11: Axial Deformations (Mechanical & Thermal)


Axial Deformation:  it may be elongation (+ve) or contractions (-ve), and is always accompanied by

lateral deformations (-ve or +ve). Axial deformation is designated as a and lateral deformation is designated as  l. The deformations are mechanical and/or thermal.
Mechanical Displacements and Deformations: Displacements (u+du) and (u) will give axial deformation d(lthe difference du. The axial strain du/dx0.
uf  = u0 + ∫xdx=∫x)/[A(x).E(x)] dx

     = uo + NL/AE.

is valid for a uniform bar segment with all values constant.

Otherwise,  lmech =uf  - u0 = Ni Li/Ai Ei. 
Thermal Deformations: lther= lwhereis a coefficient of thermal expansion for a given material.

Total Deformations: ltot = lmech + lther.=NsLs/AsEs + ls
Axial Deformations: Combined Mechanical/Thermal Problems 

The solution is based on using a FBD and the method of superposition (linear addition) such that for: 

· Statically determinate problems:

1. Use the equations of statics equilibrium to determine the normal force Ns in each segment.

2. The equation of deformation is written such that: TOTAL axial deformation at a point = mechanical deformation + thermal deformation.

· Statically in-determinate problems:

1. Write the equations of statics equilibrium to determine the normal forces. The equations are not enough to determine the unknowns.

2. Assume a FINAL position of deformation that does NOT violate the conditions of the problem supports and geometry.

3. Write the equation of deformation in terms of the normal forces and based on the initial and final position assumed. The equation is called the “ compatibility Equation”.

4. Solve the equations from steps 1 and 3 simultaneously to obtain all Ns, all reactions and all deformations.

· Typical Problem With Mechanical and Thermal Effects: Due to temperature rise T and applied load P. If supports are rigid: l tot = l mech + l ther = 0.  The bar will be studied using two uniform segments of lengths L1, and L2.
Equilibrium equation:  AX + BX = 100 kN   … (1) 
Compatibility equation:
l tot = l mech + l ther = 0

(N1L1/A1E1)+ (N2L2/A2E2)

+ l1+l2=0.
 … (2)

Solve equations 1 and 2 simultaneously...

The following examples illustrate the procedure of solving statically determinate or indeterminate problems of axially loaded bars with or without thermal effects.
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Note: Here the problem does not have applied forces P, but after the gap closes there will N forces caused by rigid support reactions. Therefore Ns = NA = Bx = - 
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Determine T that leads to sa ksi if right support can move only gmm
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