
1.  EQUILIBRIUM:	FBDs	and	equilibrium	equations	
	
	

2.  LOAD/DEFORMATION:		Recall	sign	conventions	defined	in	lecture	book	
	
	
	

3.  COMPATIBILITY*:	Enforce	the	fixed	displacement	BCs	at	B	and	D:	
	

4.  SOLVE:	Solve	equations	(1)-(4)	for	the	internal	loads	F1	and	F2.	

Lecture	7	summary:	axial	deformation	-	indeterminate	

me	323-	cmk	

  

2( ) e1 =
F1L1
E1A1

3( ) e2 =
F2L2
E2 A2

Axial deformation  Chapter 6: 10  ME 323  

Motivating Example 
An axial load P acts at connector C on a rod. Determine the loads carried by components 
(1) and (2) of the rod. The rod has a cross-sectional area of A with a Young’s modulus of 
E. Answer the following questions: 

Q1: Why is this problem indeterminate if considering the rod as a rigid member? 

Q2: How does a consideration of strain (deformation) allow you to solve for the 
reactions? 

Q3: Which component, (1) or (2), carries the largest reaction load? Defend your 
answer with a physical argument. 

 

 
 
Answers 

 
 
A1: Considering the equilibrium equation for connector C, we know that 

  F2 = F1 − P . This is single equation in terms of two knowns (  F1 and   F2 ). The 
problem is indeterminate. 

A2: We know that the magnitudes of the elongations of components (1) and (2) must 
be the same   

e1 = e2( )  since each is equal to the displacement of connector C. 
Also, recall that the elongations of (1) and (2) are related back to their axial 
loads   F1 and   F2  through:   e1 = F1 2a( ) / EA   and   e2 = F2a / EA . Therefore we 
see the relationship between the axial loads is determined through these 
elongation equations. 

A3: Solving the equations in A3, we have: 

 
  

2a F1
EA

=
a F2
EA

⇒
F2

F1
= 2  

Therefore, we see that component (2) carries more load than does component 
(1) by a factor of 2. Physically, (2) carries more load because it is “stiffer” than 
(1) – for the same deformation, (2) will then carry more load. 
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  F1   F2  F1   F1   F2   F2  1( ) C : Fx∑ = F2 + P − F1 = 0

  4( ) uD = e1 + e2 = 0

The	“four-step	plan”	for	indeterminate	structures	(to	be	used	throughout	the	
course):	

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


