
1.  EQUILIBRIUM:	FBDs	and	equilibrium	equations	
2.  LOAD/DEFORMATION:	Recall	sign	conventions	defined	in	lecture	book.	

	
	

3.  COMPATIBILITY:	The	compatibility	step	is	unique	for	each	problem.	Put	
a	focused	effort	in	this	step.	Be	mindful	of	sign	conventions.	

4.  SOLVE:	Solve	equations	resulting	from	Steps	1-3.	

Summary:	thermal	deformations	
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The	“four-step	plan”	for	indeterminate	structures:	Thermal effects Topic 7: 2 ME 323  

Lecture Notes 
Member elongation 
For an axially-loaded member accounting for thermal effects, we have the axial strain 
given by: 
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Therefore, for a member experiencing a resultant axial load P, length L and cross 
sectional area A, the elongation in the x-direction is found from integration of the above 
equation: 

 
  
e = u(L)− u(0) = P

EA
+αΔT

⎛
⎝⎜

⎞
⎠⎟0

L

∫ dx  

If α , P, E, A and ∆T are constant along the length of the member, then the above integral 
reduces to: 

 
 
e = PL

EA
+αΔTL  

 
Discussion 
Thermal strains can exist in the absence of stress. This is clear from the above stress-
strain relations by setting   σ x = 0 ; non-zero thermal strain in the x-direction can still 
remain. For example, consider a thin rod whose left end is fixed and right end is free. If 
the material experiences a uniform increase in temperature ∆T, the rod expands uniformly 
with a total elongation of  e = αΔTL . Since there are no external reactions to resist this 
expansion, there are no stresses developed in the rod. (To see this, make a cut through the 
rod at any point along its length, keeping the right hand side. From the FBD of the right 
side, we see that the axial force, and therefore the axial stress, in the rod is zero.) 
 

 
 
 
For this case, the rod has non-zero strain and zero stress:   ε x ≠ 0  and   σ x = 0 . 
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strain	without	stress	

Thermal effects Topic 7: 3 ME 323  

Now, reconsider the same member as above except that both ends are fixed, as seen 
below. As before, if the member is heated the material will expand. However, since the 
member is prevented from moving past the fixed walls, a compressive axial force P is 
developed in the member. Since the total elongation of the member remains zero 
(because of the fixed walls), we see that the compressive force is given by: 

 
  
e = 0 =

PL
EA

+αΔTL ⇒ P = −EAαΔT  

producing a compressive stress of 
 
σ x =

P
A
= −EαΔT . Here, the temperature change 

results in thermal stresses. 
 

 
For this case, the rod has zero strain and non-zero stress:   ε x = 0  and   σ x ≠ 0 . 
 
Reflect back on the results of these two examples. In the first, we found zero stress and 
non-zero axial strain. In the second, we found zero axial strain and non-zero stress.  
 
In summary, reactive loads are needed to produce thermal stresses from thermal strains. 
Without these, the member will experience thermal strains, but no thermal stresses. 
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