METHOD OF JOINTS EXAMPLES

Following are examples of the Method of Joints solutions.  The examples are based on the free body diagram below.  You might recognize this as our manila file folder bridge with the book load on the top chord.

The students only need to know what is in each example.  Any prior solutions for forces are given at the top of the example.  These examples will give them the techniques to solve any Method of Joints problem from a statically determinate truss structure.  The second half of the bridge is not in these examples because they have been solved due to symmetry.  



Example 1)

Node 'A' is isolated with reaction RA and two bridge members, 

AB and AI.

	Force Name
	RA
	FAB
	FAI

	x-component
	0
	+FAB
	+FAI cosθ

	y-component
	+RA
	0
	+FAI sinθ


First solve the y-component equilibrium equation because it has only one variable, FAI.

ΣFY = 
0 = RA + FAI sin(θ)


0 = 12.3N + FAI (12.5m/16m)


(-12.3N/0.78) = FAI


-15.7N = FAI
The negative means the initial assumption that FAI is in tension is incorrect.  

Bridge member AI has an internal force (FAI) of 15.7N in compression.

Now solve for the x-component, knowing variable FAI is –15.7N.

ΣFX =
0 = FAB + FAI cos(θ)


0 = FAB + (-15.7N)(10m/16m)


(15.7N)(10m/16m) = FAB

9.8N = FAB
The positive sign means the initial assumption that FAB is in tension is correct.  

Bridge member AB has an internal force (FAB) of 9.8N in tension.

The following table summarizes the findings from the Method of Joints.  

	Member ID
	Magnitude of Internal Force
	Compression or Tension

	AB
	9.8N
	Tension

	AI
	15.7N
	Compression


Example 2)  Before you analyze this joint, you already know the following

FAB = 9.8N 

FAI = -15.7N.


Node 'B' is isolated with three bridge members, 

AB, BI, and BC.

	Force Name
	FAB
	FBI
	FBC

	x-component
	- FAB
	0
	+FBC

	y-component
	0
	+FBI
	0


First solve the y-component equilibrium equation because it has only one variable.

ΣFY = 
0 = FBI 

This interesting calculation can be verified with your constructed bridge.  Put a single book load on the top and touch the members.  They will be very loose and under no tension.

Now solve the x-component equilibrium equation.

ΣFX = 
0 = (–FAB) + FBC

FAB = FBC

From the previous solution, we know variable FAB = 9.8N, therefore FBC = 9.8N

The following table summarizes the cumulative findings from the Method of Joints. 

	Member ID
	Magnitude of Internal Force
	Compression or Tension

	AB, BC
	9.8N
	Tension

	AI
	15.7N
	Compression

	BI
	0N
	


Example 3)  Before you analyze this joint, you already know the following


FAB = FBC = 9.8N

FAI = -15.7N

FBI = 0N

Node 'I' is isolated with four bridge members, 

AI, BI, CI, and IJ.

	Force Name
	FAI
	FBI
	FCI
	FIJ

	x-component
	-FAI sinθ1
	0
	+FCI sinθ2
	+FIJ

	y-component
	-FAI cosθ1
	-FBI
	-FCI cosθ2
	0


First solve the y-component equilibrium equation because it has only one unknown variable.

ΣFY = 
0 = (-(FAI cosθ1)) + (-FBI ) + (-FCI cos θ2)


0 = (-(-15.7N)(12.5m/16m)) + (-0N) + (-FCI (12.5m/16m))


FCI (12.5m/16m) = 12.3N


FCI = 12.3N (16m/12.5m)


FCI = 15.7N

The positive means the initial assumption that FCI is in tension is correct.  

Bridge member CI has an internal force (FCI) of 15.7N in tension.

Now solve for the x-component.

ΣFX =
0 = (-(FAI sinθ1)) + FCI sinθ2 + FIJ

0 = (-(-15.7N)(10m/16m)) + (15.7N(10m/16m)) + FIJ

-9.8N – 9.8N = FIJ

-19.6N = FIJ
The negative sign means the initial assumption that FIJ is in tension is incorrect.  

Bridge member IJ has an internal force (FIJ) of 19.6N in compression.

The following table summarizes the cumulative findings from the Method of Joints. 

	Member ID
	Magnitude of Internal Force
	Compression or Tension

	AB, BC
	9.8N
	Tension

	AI
	15.7N
	Compression

	BI
	0N
	

	CI
	15.7N
	Tension

	IJ
	19.6N
	Compression


Example 4)  Before you analyze this joint, you already know the following


FAB = FBC = 9.8N

FAI = -15.7N

FBI = 0N

FCI = 15.7N 

FIJ = -19.6N

Node 'C' is isolated with four bridge members, BC, CI, CJ, and CD.

	Force Name
	FBC
	FCI
	FCJ
	FCD

	x-component
	-FBC
	-FCI cosθ
	0
	+FCD

	y-component
	0
	+FCI sinθ
	+FCJ
	0


First solve the y-component equilibrium equation because it has only one unknown variable.

ΣFY = 
0 = (FCI sinθ) + FCJ

0 = (15.7N)(12.5m/16m) + FCJ
-12.3N = FCJ
The negative sign means the initial assumption that FCJ is in tension is incorrect.  

Bridge member CJ has an internal force (FCJ) of 12.3N in compression.

ΣFX =
0 = (-FBC) + (-FCI cosθ) + FCD

0 = -(9.8N) + (-15.7N(10m/16m)) + FCD

19.6N = FCD 

The positive sign means the initial assumption that FCJ is in tension is correct.  

Bridge member CD has an internal force (FCD) of 19.6N in tension.

The following table summarizes the cumulative findings from the Method of Joints. 

	Member ID
	Magnitude of Internal Force
	Compression or Tension

	AB, BC
	9.8N
	Tension

	AI
	15.7N
	Compression

	BI
	0N
	

	CI
	15.7N
	Tension

	CJ
	12.3N
	Compression

	CD
	19.6N
	Tension

	IJ
	19.6N
	Compression


Example 5)  Before you analyze this joint, you already know the following


FAB = FBC = 9.8N

FAI = -15.7N

FBI = 0N

FCD = 19.6N

FCI = 15.7N

FCJ = -12.3N

FIJ = -19.6N

Node 'J' is isolated with four bridge members and one force, CJ, DJ, IJ, JK, and F

	Force Name
	F
	FCJ
	FDJ
	FIJ
	FJK

	x-component
	0
	0
	+FDJ cosθ
	-FIJ
	+FJK

	y-component
	-F
	-FCJ
	-FDJ sinθ
	0
	0


First solve the y-component equilibrium equation because it has only one unknown variable.

ΣFY = 
0 = (-F) + (-(FCJ )) + (-FDJ sinθ)


FDJ (12.5m/16m) = (-(8.2N) + (-(-12.3N))


FDJ = 5.2N

The positive sign means the initial assumption that FDJ is in tension is correct.  

Bridge member DJ has an internal force (FDJ) of 5.2N in tension.

ΣFX =
0 = FDJ cosθ + -(FIJ) + FJK 


0 = 5.2N(10m/16m) + 19.6N + FJK 


-22.8N = FJK 

The negative sign means the initial assumption that FJK is in tension is incorrect.  

Bridge member JK has an internal force (FJK) of 22.8N in compression.

The following table summarizes the cumulative findings from the Method of Joints. 

	Member ID
	Magnitude of Internal Force
	Compression or Tension

	AB, BC
	9.8N
	Tension

	AI
	15.7N
	Compression

	BI
	0N
	

	CD
	19.6N
	Tension

	CI
	15.7N
	Tension

	CJ
	12.3N
	Compression

	DJ
	5.2N
	Tension

	IJ
	19.6N
	Compression

	JK
	22.8N
	Compression


Example 6)  Before you analyze this joint, you already know the following


FAB = FBC = 9.8N

FAI = -15.7N

FBI = 0N

FCD = 19.6N

FCI = 15.7N

FCJ = -4.1N

FDJ = 5.2N

FIJ = -19.6N

FJK = -22.8N

Node 'K' is isolated with three bridge members and one force, DK, JK, KL, and F

	Force Name
	F
	FDK
	FJK
	FKL

	x-component
	0
	0
	-FJK
	+FKL

	y-component
	-F
	-FDK
	0
	0


First solve the y-component equilibrium equation because it has only one unknown variable.

ΣFY = 
0 = (-F) + (-FDK )


FDK = -8.2N

The negative sign means the initial assumption that FDK is in tension is incorrect.  

Bridge member DK has an internal force (FDK) of 8.2N in compression.

ΣFX =
0 = -FJK + FKL 


FJK = FKL

-22.8N = FKL 

The negative sign means the initial assumption that FJK is in tension is incorrect.  

Bridge member JK has an internal force (FJK) of 22.8N in compression.

The following table summarizes the cumulative findings from the Method of Joints. 

	Member ID
	Magnitude of Internal Force
	Compression or Tension

	AB, BC
	9.8N
	Tension

	AI
	15.7N
	Compression

	BI
	0N
	

	CD
	19.6N
	Tension

	CI
	15.7N
	Tension

	CJ
	12.3N
	Compression

	DJ
	5.2N
	Tension

	DK
	8.2N
	Compression

	IJ
	19.6N
	Compression

	JK, KL
	22.8N
	Compression
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