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4STRUCTURE IS ¥


Presenter
Presentation Notes
Replace our name with yours in the text box

“Hello and welcome, my name is xxx and today I’m here to present a fun activity and talk about engineering and Crossrail. Today we’re going to be looking at how important a structure’s shape is when it has a specific purpose”
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Who am I?

» From Korea, have lived in UK
and Brazil

» American Engineering
Student — WPI

@ Electrical Computer
Engineering



Presenter
Presentation Notes
*Customize this slide to fit your personal details*

Your introduction and profession
What is your job title?
What do you do for work/who do you work with? 
What is your educational and professional background?
You are a real person, just like them! Share a challenge you’ve overcome to get where you are now or ask them if they share any of your favorite hobbies

“Right now I am a University student studying Electrical Computer Engineering. This is the study of analogue and digital circuitry involved in electrical, computing devices. 

“I would work with companies doing Application Specific Integrated Circuits, which means creating certain chips and circuitry to match specific functions. My work also involves a lot of Computer Programming, or coding, where I write code for computing devices to perform certain tasks.”

“The people I usually work with are fellow computer engineers and computer scientists like me. I enjoy their company, and we get along well.”

“When I was your age I wanted to build things and invent new devices that could change peoples lives. After getting more interested in maths and sciences, I realized computer engineering would allow me a lot of freedom to create new devices and new applications for real world use.

“To get to where I am now, I had to work really hard with computer programming, and problem solving has become a habit. But the difficult path has rewarded with me a career that I like and an area of work that I am constantly interested in.

This slide has many objectives. Some of them may stand out to you as more important than others. Remember that you have a strict time constraint, so try to include as much information as you can, but mind the time limit.
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Who is an engineer?

» An engineeris...
€ Engineers work with machines
@ Play ‘Who is an Engineer?’



Presenter
Presentation Notes
*You can edit this activity as you wish to better fit your interests, as long as the people you talk about have engineering degrees or backgrounds, regardless of their better-known professions (Ex: Actor Ashton Kutcher has a degree in Biomedical Engineering). Remember to include engineers of both genders*

Engage your audience early in the presentation.
Engineers come in all shapes and sizes, both men and women.

“Now that you guys have seen that I am an engineer, what types of people are engineers anyhow? In the pictures here, which of these people do you think are engineers?”
“In reality, though, they’re all engineers. Leena Gade on the left is a race engineer; Rowan Atkinson, the actor who played Mr. Bean, has degrees in electrical engineering; Leonardo da Vinci was the engineer of his time, filling entire notebooks with inventions; and last, Emily Warren Roebling became an engineer to replace her husband in the building of the Brooklyn Bridge in New York City.”

Example of ‘Who is an Engineer?’:
A: “In 2012, Leena Gade, a British-born engineer for Audi,  became the first female race engineer to win the Le Mans 24 Hours sports car race. Race engineering is a combination of a lot of other types of engineering that helps to monitor race cars and decide what changes to make to the cars, helping the drivers go faster and win races.”
B: “You may know him as Mr. Bean, but comedian Rowan Atkinson actually has degrees in Electrical Engineering.”
C: “Leonardo Da Vinci was not only a great artist (though he did forget to give the Mona Lisa eyebrows), but was also a great engineer. In his notebooks, he designed hundreds of inventions. One of his inventions is a flying machine that works like a helicopter.”
D: “Emily Warren Roebling was essentially the Chief Site Engineer during the construction of the Brooklyn Bridge in New York City. She taught herself Civil Engineering to help build the bridge after her husband, the Chief Engineer on the project, became paralyzed.”



http://en.wikipedia.org/wiki/File:Brooklyn_Museum_-_Portrait_of_Emily_Warren_Roebling_-_Charles-%C3%89mile-Auguste_Carolus-Duran.jpg

What do engineers do?

Food
Biomedical


Presenter
Presentation Notes
*There are animations on this slide correlating to the progression of the script*
*This slide is also customizable to your own preferences on pictures, information, etc.*

What do engineers do?
Engineers solve problems
There are a variety of engineering disciplines
These disciplines all work together
Engineers do these things to help people

“Engineers have a variety of professions, from mechanical to environmental to biomedical. What you’ll see here are examples of engineering works, like railroads that mechanical engineers work on or chocolate that a chemical engineer would help develop. What you’ll also see is that engineers work together to do these things, so in this last picture you have a prosthetic leg. Both biomedical and robotics engineers would work together on these things.”
“But why do engineers do the things they do? Because they solve problems to help people.”
Engage your audience: “In the picture on the above right with the prosthetic leg, how are they helping people?” (improved/restored mobility)




http://en.wikipedia.org/wiki/File:Chocolate.jpg
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Presenter
Presentation Notes
Crossrail
It’s a big transportation project
It will benefit everyone
Faster travel
More people
It has many opportunities for engineering students

“Here are some facts about Crossrail:
Started in 2009, will finish in 2019 
Will increase London rail capacity by 10% 
Will reach 40 stations, including 10 new 
Budget: £14.8b”
“In general, Crossrail was started because the tube is really busy and it could be better. So the project will help you and millions of others get to more places faster.”

“In addition, Crossrail also has a lot of educational and employment opportunities for students interested in engineering and areas of transportation. We have Apprenticeship programmes, a Work Experience Programme, and the Tunnelling and Underground Construction Academy (TUCA). These programmes allow you to get experience in a professional setting with more hands-on experience than the University route.”
http://www.crossrail.co.uk/benefits/crossrail-in-numbers



TAKE A LOOK AROUND



Presenter
Presentation Notes
 Stations of Crossrail
	Various designs, different requirements, and sizes.
	Both above and under the ground, which requires a lot of careful design and planning.

“Because we are building  9 new stations for the Crossrail Project, station construction plays a major part.”
“A London tube station like Waterloo has 82 million passengers each year. That is over 5 million tons of people each year, and over 14000 tons of people each day. We need to make stations that can keep up with that weight and capacity.”


4 What are the most stag
structures like?


Presenter
Presentation Notes
Explain things Civil Engineers need to consider, especially for structures that need to withstand a lot of weight.

“Today we’re going to be working on an activity that asks you to build your own structures. The structures will be using weak materials, but still manage to accomplish important tasks, just thanks to the way you form them.”
“Lets see what kind of structural designs are used to create strong structures that can take a lot of force, or go as tall as the sky.”


From Your Neighborhood to the Sky



Presenter
Presentation Notes
Show that Civil Engineers are responsible for creating many impressive buildings.
Show that Civil Engineers work with designing buildings based on material strength and structures.
Civil Engineering has been around for a long time.


“Various structures throughout history are designed and constructed through careful engineering”
Engage your audience: “Can anyone tell me what the structures in these pictures are?”
“Old structures like Stonehenge, and more recent constructions like Tower Bridge, the Shard, Westminster Clock Tower, and Big Ben, are all a result of architecture and civil engineering.”
“They are carefully designed, considering materials and shape. Its how they stay standing straight and can support weight.”

Engage your audience: “Do you know what and where the building on the right is?” 
“Burj Khalifa Building, Dubai. 828 meters. Is the world’s tallest building. So tall that you can watch the sun set twice, once on the ground and again by riding the elevator up and then watching it again.”
“There is actually another building that is going up in Saudi Arabia, Kingdom Tower, which will be 1.1km high”
“Now imagine how much weight the ground floor of that building needs to hold up. “
“This is made possible through using the right materials and structures.”
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Presenter
Presentation Notes
Many industrial structures and  building materials already use various shapes to balance forces.

“Various shapes are used with strong materials to build massive resistance and strength”.
“Material shapes are also adapted from structures in nature”
“Such designs have been used for thousands of years, and still exist for us to observe and use today”
“These structure shapes allow force to be distributed along the structure.”

Honeycomb-Hexagon (Iron plate supports)			 Rectangular/Square (Beams)  
Triangular (Skeletal Beams of Canary Wharf Station)		 Cylindrical (Coliseum)

Engage Your Audience “This kind of honeycomb design comes from nature itself, where have you seen it before?” (bees)

“Rectangular structures as shown on the top right are common.”
“In a triangular structure, the pillars equally push against each other to support the overall structure. This allows a mesh to be built, to support other elements of the structure, like the roof of Canary Wharf Station in the picture on the bottom left.”

Engage Your Audience   “What is this famous Roman Building?”   (Coliseum)
“This Coliseum is a cylindrical structure, whose circular shape allow the forces bending the structure to balance out.”


, >
BECAUSE WE DON'T HAVE MAGIC

= Force Distribution

= Flexural Stiffness

.
f

= Resist Bending


Presenter
Presentation Notes
Structural design needs careful thinking of various principles.

“Structural Design does not happen by accident”
“The Weaslys, building the Burrow in Harry Potter, were obviously masters of structural design and balance… or .. They just cheated with magic.
“Keep in mind three things, especially for today’s activity that we’ll talk more about coming up: Force Distribution, Flexural Stiffness, Resisting bending”





—
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Force Distribution



Presenter
Presentation Notes
Force distribution allows a large load to be divided equally among multiple objects.
Gravity applies a force to anything that has mass.


“Force distribution is a basic, crucial concept that is utilized in structural design.”
“With the supporting pillars strong enough, any weight could be properly supported.”
“Force distribution must be carefully done. An unequal distribution can result in an uneven or biased stress, damaging one part of 
the structure.”
“It’s important to consider that structures not only need to withstand external forces, but their own weight as well.”

Force distribution is a key element in building a sturdy structure. With a platform that is sturdy enough, the applied force from above, which would consist of the weight of any above floors, can be distributed among carefully positioned pillars.

F=ma, where force is a product of acceleration and mass. The gravitational acceleration on the surface of the earth is approximately 9.8m/s^2.
The force from gravity on an object ends up being weight. 



:—
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FLEXURAL STIFFNESS

¥
208

COMPRESSION BENDING



Presenter
Presentation Notes
Structures suffer from bending and compressing forces.

“Even hard construction materials such as rigid pillars and beams bend and compress as you see here”
“This bending and compression can be cancelled out with other pillars and beams supporting within the structure”
“Remember the honeycomb structure, where each wall of each hexagon supports the next.
“Too much bending and compression results in cracking, for less flexible materials.”


When an object receives a certain amount of force, depending on how forces are applied, the object is morphed differently. 

For example, on a pillar, if force is equally distributed on its surface area, the inner portion will be compressed while its sides will expand. 
If the force is distributed towards one side, the focused portion will compress and the less focused portion will expand, resulting in a bending motion for the pillar. The pillar needs to be flexible enough to suffer small changes like this, but be strong enough to withstand it, or it will break and the structure will collapse.



Resist Bending

A 2 348
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Presenter
Presentation Notes
Beams withstand loads by resisting bending.

“One thing that shows how a rigid object can resist weight is beams, especially ‘I’ beams shown on the bottom left in this slide.”

“If a long object is placed across two platforms, and force is applied, it will be forced to bend like you see in the top left picture”

“Beams are construction objects designed to withstand this load, by resisting the bending force. This makes them excellent supporting structures.”

“This is accomplished by the rigid web of the beam, which is rigid enough to withstand any forces pushing down, while the flange distributes forces equally and prevents horizontal forces.”


With I beams. The second moment of area of the beam is increased,  and increases the stiffness for specific directions of applied force. The flange acts against rotational stress, preventing  the beam from bending sideways, while the web acts against shear stress. Preventing the beam from bending vertically.

http://en.wikipedia.org/wiki/Beam_(structure)
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Keep in Mind



Presenter
Presentation Notes
Structures need to withstand various forces. 

Engage Your Audience: “Now that we have focused on weight, what other forces need to be considered?” (physical forces are applied from wind, earthquakes, snow, and rainfall)
“Although this is not what we are focusing on today, materials also need to be considered regarding chemical influences like the weather.”
“Moisture, from rain and snow, accelerates the rusting process of steel which weakens the material.”

Physical impact on structures comes from various sources, besides just gravity. Buildings are effected by footsteps and the weight of people inside them. Sound, both from inside and outside the building, causes vibrations and can collectively shift structures. Elements of weather, such as wind, rainfall, and snowfall can weaken structures with physical force. Buildings also need to be built considering natural disasters, such as earthquakes. Japan’s buildings are designed in a way that withstands the shaking forces of their major earthquakes.
Other considerations include: water which accelerates rusting, acid rain that corrodes material,  and animals eating certain materials (termites on wood).




What Could go Wrong?



Presenter
Presentation Notes
Structural design is for safety. 
Civil Engineers do a lot of careful planning to keep people safe and prevent disasters.
Structures collapse because of material weakening, poor planning, and unanticipated circumstances.

Upper left
“The Kent Station collapse in Cork City, Ireland, resulted from severe weather conditions, trapping an entire train under the collapsed roof. Thankfully no one was injured”

Upper Right
“This is a subway station cavern collapse in Sao Paulo, Brazil, 2007”
“This engineering accident took the lives of seven people.”
“It resulted from unexpected weathered earth conditions and failure to support this earth when it collapsed.”

Bottom
“Last the Savar building in Bangladesh collapsed in 2013, killing 1129 people. This is the highest death toll in history from a building collapse.”
“There were many problems, and examples of bad engineering principles. The upper floors were built without a permit, building was designed for shops and offices, but was used as a factory which has heavy machinery, with weight and more vibration than it was planned to accommodate.”
“This is a reminder than accidents happen everywhere, and we should keep safety and security in mind”
“We do not know when and what might happen to our buildings. There are cases of bad engineering, but other cases, the unpredicted happens.”
“It was not always that the buildings were poorly designed. The materials could have weakened over time, and unexpected things happen. It is up to the civil engineers to anticipate this and prevent this as much as possible. This is why we need good engineers who are capable of planning secure buildings.”

http://en.wikipedia.org/wiki/2013_Savar_building_collapse
http://en.wikipedia.org/wiki/List_of_structural_failures_and_collapses
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4 Engineering Challenge:
Build a structure that withstands
weight

................................................................................................................
.................................................................................................................
.................................................................................................................
.................................................................................................................


Presenter
Presentation Notes
Make students aware of activity expectations.
Make students aware that the knowledge they have acquired in the lesson will help them with the activity.

“Today we’re going to create our own structures out of paper.”
“We have looked at multiple ways structures manage to stay up and support weights. We will be working on two kinds of structures that fulfil the same task in a different setting.”



:—
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Now it is your turn

@®Part 1: Build a platform that we can
place 1kg of weight on.
<The platform must be at least 8cm tall.

@®Part 2: Build a bridge that lies across
a 15cm gap.

{Weights must be placed above the gap, and
not on the supporting sides.

<The team that can withstand the most
weights wins a prize!


Presenter
Presentation Notes
Requirements and restrictions

“Today you’re going to team up in small groups and build two different kinds of structures. Both will be required to withstand a certain amount of weight.”
“For each structure, you will be only allowed to use the given fixed amount of materials. Keep in mind, you will be supplied with more paper if your original paper is damaged, but the new paper must be exchanged for the old paper by the exact amount.
“If you look at your student sheet you will notice that task 1 has a fixed requirement, while task 2 will allow you to compete among teams.”

“For task one the platform must be 8cm tall, and be able to support the 1kg of weight with no assistance.”

“For task 2 the bridge must lie across a 15cm gap. To measure how much weight your bridge can hold, you are free to place weights however you like, but the weights have to be within the 15cm gap, and not over the supporting edges.”

“You are allowed to pursue any design you like, but you should keep in mind that modelling the structures we have learnt today will get you the best results.”

If students appear to be having trouble designing, slide 25 has been created for your use.


:—
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Crossrall

WHAT WORKS?



Presenter
Presentation Notes
Show as an example for effective structures that can support loads.

“Remember what we covered today with these shapes about how to build a strong structure.”
“Take from other things you’ve seen in real life too, when you think about how strong structures are built.”


:—
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TIPS

» KEEP IN MIND

@®Take 5 to 10 minutes to plan your design
before you start building.

@®Build with caution. You are working with
fragile materials!

®Don’t be afraid to test your structure, you
are aillowed replacement paper!


Presenter
Presentation Notes
Emphasize that thinking about the design before building will help each group get to a better design.
Emphasize the need to be careful.
Emphasize that testing is crucial for a better product.

“Think about the design before you start building.”
“When building, be careful. Because paper is fragile, one wrong fold or bend could prevent the paper from being strong enough to accomplish each task.”
“The more attempts will get better results. Try out different designs. You have a good supply of paper, just a limitation for the amount you can sue for each structure.”
“Hint: You may not need to use everything we give you.”



Crossroi

4 DISCUSSION AND PRESENTATION


Presenter
Presentation Notes
*Move on to this slide if each student group has managed to reach a working structure for each of the tasks and has no more attempts running. If not all groups are done, wait for the 40 minute mark and asK the class to finish up.*

Engage the students in reflection, discussion, and presentation.
“Alright students, now that enough time has passed, lets look at what you came up with!”


>
| Crossral

Crossrail

» What design did you use?

» What principles learnt in the lesson were
applied?

» Did your design work? Could it be improved?
How?


Presenter
Presentation Notes
Engage the students in individual discussion.
Provide students with prompts for class discussion. 
The groups should stand up and talk about their structure with respect to the provided prompts.


“Take some time to discuss among yourselves how the structures worked out.”
“Think about your structure, how you approached the design, what it was based on. What elements of the lesson were applied?”
“When you present, explain why you ended up designing the structures that way.”
“Did you go through testing and discussion to realize that that structure worked best? How well did it go?”
“If this is a later design, why did you change it? Did the original design not work? Why do you think so?”

(After 5-10minutes, move on to presentations)
“Now, could you please stand up group by group to explain your design.”


—
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Additional activity time

» Lets make this a bit more challenging

HOW LOW CAN YOU GO



Presenter
Presentation Notes
*This is an optional slide if time permits. Present if time is left over after discussion and presentation*

Demonstrate that the materials were more that enough to create supporting structures for the required weights.
Demonstrate that shape indeed defines the supporting strength of a structure, even with weak materials such as paper.


“Try reducing the number of sheets you used for task 1, with the same requirements. How far can you go?”
“One eighth of A4 is actually capable of keeping 1 kg up, and still be more than 8cm tall. A second sheet may be needed, just to balance the weights.”

*CLICK “HOW LOW CAN YOU GO” text box to make the 1 cylinder example appear*

“Yes paper is weak, but if used right can do this much. Imagine what concrete, steel beams, and bricks can manage if their structures are applied correctly.”
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