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S2 : Stadium Roof Design – Emirates Structural Analysis

Cut-Out-Model
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1. Locate the slots marked with number 1.
2. Cut around the black line of these pieces, leaving the triangular slots till last.
3. Cut the triangular slits as shown in the diagram below (NB the smallest slots do NOT need to be cut in this way) .
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4. Using the following pictures as a guide slot the pieces together.
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5. The outer ring is assembled by slotting numbers 33 and 34 together and stapling the overlapping joint to fix the shape.
6. Set the assembly inside the outer ring, starting with an end of a primary girder and work round, slotting the other girders in place one after the other. You may need to go round the model twice as some may pop out while the outer ring changes shape. 
	Types of Load


Tension
· How would you exert a Tension or “Pull” Force to a ruler?

· How would you draw a Tension force on the following ruler? 
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· How does the ruler behave under this Tensile force? 
· What do you think would happen if the ruler was made out of a different material?
· How would you exert a Tension or “Pull” Force to a piece of string and what happens?
· Look at a piece of string’s cross-section, how is it made?
· If you apply a tensile force to a single strand what happens? What has changed? 
· Summarise the relationship between Tension Force, Material Property and Cross-Sectional Area:-
Tension Force = 

Compression

· How would you exert a Compression or “Push” Force to a ruler?

· How would you draw a Compression force on the following ruler? 

[image: image4.jpg]



· What does the ruler do when you compress it? 
· Try compressing a 30cm metre and then a 15cm ruler, what do you notice?
Moments

· What is a moment? 
Place a ruler on the edge of a table and apply a force to the tip of the overhanging edge.
· What does the ruler do? 

· Where is the pivot? 

· What is the perpendicular distance?

Now place a hand on the part of the ruler that is in contact with the table and reapply this moment.
· How does the ruler behave differently?

· Where is the greatest moment?

Increase the force you apply to the tip.
· What changes?

Increase the amount of ruler you have overhanging the table and reapply the same force.
· What is the subsequent behaviour? 

· What two elements do you need to be able to apply a moment and how are they related?

Moment = 

Lay the ruler flat on the table.
· Using just two fingers of either hand how can you get the ruler to rotate while remaining flat on the table?
Fix the centre of the ruler with a friend’s hand and reapply the rotating forces.
· What happens?

· How would you calculate this moment?

Couple = 



	Loading in the Roof


The tertiary girders (T1 – T8) carry the weight of the roof covering, light and sound fixtures and any wind, rain or snow loads. 
The value of this load is 65kN per metre of tertiary girder or 65 x 103 N/m. The scale of the model is 1cm : 12.2m (If using the A4 version of the model) or 1cm : 8.85m (if using the A3 version of the model).
To calculate the loads on the roof;
1. Measure the length of girders T1-T8 in cm

2. Convert this length into metres using the scaling factor 12.2 or 8.85.

3. Calculate the Total Force from the girder by multiplying the length by the force per metre.
4. Calculate the force from the secondary girder.

Worked Example (A4 size model):-

Tertiary girder T1 has a length of 2.25cm which means it has a scaled up length of 2.25 multiplied by 12.2,

2.25 cm x 12.2m/cm = 27.45m
The force, F, it will transfer to the primary girder is this length multiplied by the load per metre of 65kN/m.

F = 27.45 x 65 x 103 = 1780 x 103 N

	Tertiary girder
	Length (cm)
	Scaling factor (m/cm)
	Length (m)
	Force per metre (N/m)
	Total Force (N)
	

	T1
	2.25
	12.2
	27.45
	65 x 103
	1780 x 103
	

	T2
	
	
	
	
	
	

	T3
	
	
	
	
	
	

	T4
	
	
	
	
	
	

	T5
	
	
	
	
	
	Force from Secondary Girder

	T6
	
	
	
	
	
	

	T7
	
	
	
	
	
	

	T8
	
	
	
	
	
	


	Free body diagram of Primary Beam


Now we can draw a free body diagram of the Primary girder. Use your model to find the correct location for the forces and complete the free body diagram below. 

	Force from Tertiary girder
	 R
	
	
	
	
	
	
	
	
	
	
	     R

	Force from Secondary girder
	
	
	
	
	

	Total Force
	
	
	
	
	
	
	
	
	
	
	
	


From this free body diagram how can we calculate a value for R?
R = 

	Cutting the Beam


So we now know all the external forces acting on the girder. But we are interested in the value of the internal forces. 
Where do you think the greatest internal forces are likely to be? 
· If the structure is “cut” at this point what forces are required to “stick” the two halves back together? 
Draw the missing force on the following free body diagram of half of the girder;

[image: image5]
· How do you calculate this missing force?

	
	Force (N)
	Perpendicular Lever arm (m)
	Moment at middle of girder (Nm)
	Clockwise or Anti-Clockwise

	T1 + Secondary
	1780 x 103
	67.5
	695100000
	Anti-Clockwise

	T2
	
	
	
	

	T3
	
	
	
	

	T4
	
	
	
	

	T5
	
	
	
	

	R
	
	
	
	

	M
	
	



M =  

	Turn into internal forces


The girder will be made of two Steel tubes a distance d apart, as shown below. Steel tubes can only take Tension or Compression Forces.

[image: image6]
· How can the moment M be converted into either tension or compression forces? 

· Calculate the value of the tension and compression force.

T = 





C = 
· Which way round to the Tension and Compression forces act? 

Draw them on the following diagram
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	Design Tension Girder


· How can you calculate the required area for the bottom girder in tension if it is made from steel with a yield strength σy = 325N/mm²? 
· The information which the Engineers will need to pass onto the manufacturers are the dimensions of the cross-sectional. Assuming that the tubes are made with 40mm thick Steel, what will be their diameter? 
Diameter = 

	Design Compression Girder


· How is the compression girder on the top likely to fail?
· How could this be prevented?[image: image8.emf] 
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