Due Date: see course website


ENGR100:  MICROSOFT EXCEL – BRIDGE ANALYSIS
GROUP ASSIGNMENT:  Before you turn this in, please make sure everyone on your team understands the answers.

The purpose of this exercise is to become familiar with Microsoft Excel by analyzing a simple truss structure. The truss structure has an applied force and support forces as shown. The joints are constructed with a 1/2” overlap.  Therefore assume joints in tension will break at 75 lbs and joints in compression will fail at 5 lbs (based on estimates from the component test results).  Your task is to determine the force in each member as the applied force is varied.  
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DELIVERABLES: 

1. A spreadsheet of your work.

2. A graph of Fde vs. Fapplied with titles and units.

3. Answer to question: What significance do the arrows have in the free-body diagrams?

4. Label the members on the truss above with T (tension) and C (compression).

5. Determine the maximum force that can be applied before failure by assuming tension members fail at 75 lbs and compression members fail under 5 lbs.

6. Answer to question: What difference would putting in additional members as shown make?  Are these additional members in tension or compression?




PROCEDURE:  

When analyzing a truss two common methods are used, method of joints and method of sections. For this assignment we will use method of joints. The idea is to isolate the forces immediately surrounding each joint and then to apply Newton’s second law – force = mass x acceleration. In this case our truss is not moving so acceleration is zero. Thus, the sum of forces on each joint is zero, i.e. (F=0 and the torques on each joint sum to zero, i.e. (M=0. We want to do a summation of forces in the x-direction and y-direction.  The first step is to determine the reaction forces.  To do this consider the truss as a whole and don’t look at individual joints yet. We will first sum the torques around point A. Then we will apply a summation of forces in the y-direction. 
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Intuitively you would expect that each reaction force would be one half the applied force.

Next, we have to determine the force in members AB, AD, CE, CB, DE, BD, and BE. 

Let’s start with a free-body diagram of joint A now that we know what Ra is.  


              Fad

                   60o   Fab  

   A             

           Ra

[image: image3.wmf](

)

(

)

2

0

60

cos

3

0

60

sin

F

ad

F

ab

F

ad

F

ab

F

x

F

applied

F

ad

F

ad

R

a

F

y

=

Þ

=

-

=

å

=

Þ

=

-

=

å

o

o

   
   (equations 1 and 2) 
      

Now we know the equations for the forces in member AD and AB.  Similarly, the equations for the forces in members CE and CB are:

                     Fce
               60o
                                C
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                    (equations 3 and 4)

We still have to determine the equations for the forces in members DE, BD, and BE.  Look at a free-body diagram of joint D.
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(equations 5 and 6)
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Now look at a free-body diagram of joint E. We need an equation only for Fbe.
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                       (equation 7)

We now have 7 equations for 7 unknowns. Don’t worry if you didn’t follow all of this. What we want you to get from this exercise is to become familiar with Excel. It would be very easy to solve all of these equations by “hand” using direct substitution, but instead we will use Microsoft Excel to illustrate how it can be used. 

Microsoft Excel is a spreadsheet application that not only has the ability to analyze data but has graphing capabilities as well. When you open the application you will first see columns labeled by letters, and rows labeled by numbers. You can create formulas by beginning an entry in a cell with an equals symbol, ‘=’.  Let’s see how this works with a simple formula. 


	
	A
	B

	1
	2
	4

	2
	4
	8

	3
	6
	12

	4
	8
	16



What we have just done is create the function y=2x.  Column A is where the x-values reside and column B holds the y-values.  Notice how we referenced the values in column A to obtain values in column B. The value 2 is known as A1 and 4 as A2, etc. If you want to graph this function you do the following.


	
	A
	B

	1
	2
	4

	2
	4
	8

	3
	6
	12

	4
	8
	16



Now let’s get started with our seven equations and seven unknowns. 


	
	A
	B
	C

	1
	Fapplied (units)
	Fad

(units)
	Fab

(units)

	2
	
	
	

	3
	
	
	

	4
	
	
	

	
	
	
	



This is a very simple truss to analyze. As the number of members increase as do the number of equations. You can see how computers can become very useful. “Real” structures are much more complicated, especially if material properties and joint structure are taken into account. You should be aware that there are very sophisticated software applications such as ANSYS capable of such analysis. Further in your studies you may choose to take a course to learn how to use just such an application.

This should help you get started. Microsoft Excel has many other features to explore. The most helpful thing you can do is to explore on your own.  Don’t be afraid to experiment and make use of its help feature. It is definitely an application that will be useful to you further in your education. 

EVALUATION TABLE – BRIDGE EXCEL EXERCISE
	Category
	Possible
	SCORE

	Spreadsheet
	5
	

	Graph Fde vs. Fapplied
	5
	

	Labels for tension and compression
	5
	

	Finding maximum Fapplied
	5
	

	Answers to questions (items 3 and 6).
	5
	

	TOTAL
	25
	


This column is created by entering the following:





In cell B1 enter 


=2*A1





Then center the pointer over the bottom right square on cell B1. The square will turn into a cross. Then drag down to row 4. 





Enter values in column A – i.e. 2,4,6,8








Click on the icon for chart wizard – looks like a bar chart.





�





A window will come up which will ask a series of questions. The first asks  what type of chart you would like. For this function an xy-scatter chart is desirable. To enter the data range you highlight the 


x-data first then type in a comma, and then highlight the y-values. You can add titles, legends, grid lines, etc. as further options in the series of questions.








Put titles for each column.





In this column enter values for Fapplied.  Start at zero and in increments of 10. Go up to a value which will ensure that the maximum allowable force has been attained in a member of the truss. The maximum allowable force was found from your component testing (see 1st pg).  





Newtons or pounds?





Enter the remaining members in adjacent columns.





In cell B2 enter:


=A2/(3^0.5)


Then center pointer over lower, right square to get a cross and drag down column to fill remaining values. 
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