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SMTE DESIGN ACTIVITY – EMERGENCY SURVIVAL SHELTER 

Guidance for Teachers

OVERVIEW OF THIS DESIGN ACTIVITY


This activity will invite your students to undertake the design of an emergency survival shelter. It is targeted to eighth grade students who have had some previous exposure to introductory algebra. This overview provides a snapshot of the activity. Attached to this overview are student activities (knowledge and skill builders or KSBs) that will help your students gain the information and skills they need to design and build their survival shelter. 

Problem Situation: Here’s the problem situation that your students are asked to consider:

To be understood by students: You are part of a four-person team of engineers and scientists who are studying the effects of global warming in a remote area of Alaska. You have just begun your study of the region when an earthquake strikes and destroys buildings, wrecks power lines, cracks the airport runway, damages roads, and triggers a landslide. Even the tent you were using has been ripped to shreds by falling debris. You are cut off from civilization except for the battery operated radio equipment that you have brought with you. 

Design Challenge: Here is the design challenge your students are asked to undertake. It will require them to apply their science, technology, engineering, and math (STEM) skills.

To be understood by students:  Your team is 200 miles from the nearest city and the earthquake has made travel impossible. Your team must build a shelter to keep you warm during the time it will take for a rescue team to reach you. 
With temperatures below freezing, your challenge, as one of a team of earthquake victims, is to design and build a rapidly erectable structure that will provide insulation from the cold, withstand the weight of snow (snow load) and the force of wind (wind load); and be built from materials that are readily available locally. 
Here are safety rules that your students should abide by:

1. Only use tools and machines only after proper instruction.

2. Wear eye protection when using tools and cutting materials.

3. Be sure that any testing of models is done under teacher’s supervision.
Design Specifications: Please convey to students that specifications are the performance requirements that a design solution must fulfill. These are the design specifications that your students will have to meet.

To be understood by students: 

· We can assume a daytime temperature high of 65o F and that temperature will fall drastically once the sun goes down. 
· The shelter must be kept at an inside temperature of at least 45o F when the outside temperature drops to 25o F. Lower than that, hypothermia will set in even if the team members are wearing jackets.
· The only heat source available is the body heat of the four team members. 
· The shelter must be large enough for all four survivors to sleep side by side and sit up comfortably within it. 
· The shelter must sustain a 40 mile per hour wind and a snow load of 20 pounds per square foot.

Design Constraints: Constraints are often related to the kinds of materials you can use, how much time is available, and in many cases, how much money the finished design can cost. In this case (because the students are in a survival mode) cost is not as important as it might otherwise be. Here are the constraints (the limitations) that your students will have to work within.

To be understood by students: Your team may use only the materials found at the earthquake site to build the shelter. These include natural materials (such as spruce trees and boughs) and items that were stored in the team’s tent including plywood, 2 x 4s, fiberglass fishing poles, fiber glass and Styrofoam insulation, newspaper, corrugated cardboard, plastic (polyethylene) tarps, canvas, rope and twine, duct tape, hardware, and hand tools.). The team may use other materials provided by the instructor. The shelter must be built in one 10-hour day (equivalent to about fifteen 40-minute class periods), or survivors will be at risk of hypothermia.

Informed Design – The Pedagogy behind Design

Informed design, a design pedagogy developed and validated through several NSF projects conducted by the Hofstra Center for Technological Literacy, prompts research, inquiry, and analysis; fosters student and teacher discourse; and cultivates language proficiency. Students acquire knowledge to inform their understanding before they begin designing. Student design teams will clarify specifications and constraints; conduct research; generate alternatives; justify the optimal design; test, evaluate, and modify the solution; and communicate achievements in a class presentation and final design report.

 SEQ CHAPTER \h \r 1To provide the foundation for informed design activity, we engage learners in a progression of knowledge and skill builders (KSBs) – short, focused activities designed to teach salient concepts and skills. KSBs prepare students to approach the design challenge from a knowledgeable base and provide evidence for assessing understanding of important ideas and skills. As background for design activity, KSBs enable students to reach informed design solutions, as opposed to engaging in trial-and-error problem solving where conceptual closure is often not attained. In this project, KSBs have been developed to introduce students to important concepts and skills. 

PHASES OF THIS INFORMED DESIGN ACTIVITY


There are seven phases to this informed design activity. These phases will be explained on the pages that follow. They include:

1) Research and investigate

2) Generate alternative designs
3) Choose and justify the optimal solution
4) Develop a prototype
5) Test and evaluate your design
6) Redesign the solution 
7) [image: image1.wmf]Communicate your achievements. 
Phase I. Research and Investigate
Phase I of the design activity is for students to research and investigate ideas that will help them build their knowledge and skill base. Once they do so, they can approach the design challenge from a more informed perspective. During this phase, they are asked to complete a series of Knowledge and Skill Builder activities (KSBs). Completing the KSBs will take about 15 class periods. Here’s a list of the KSBs students will be expected to complete: 

Knowledge and Skill Builder I: Surface Area and Volume Calculations

Knowledge and Skill Builder II: Conductive Heat Flow 

Knowledge and Skill Builder III: Relationship between k Value and R Value

Knowledge and Skill Builder IV: Structural Design 

It is important to remember that students should refrain from starting to design their survival shelters, without first completing the KSBs. The KSBs will prepare them to approach the design challenge with more of a knowledge and skill base, and evolve better design solutions. 
Phase II: Generate Alternative Designs
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There are numerous ways in which to approach the design of an emergency shelter. It is best if students work in groups of four where there is collaborative problem solving and shared learning. Group members will assist each other in choosing the type of shelter they wish to design and model and in teams, with your help, they should think about various ways to design and make the shelter.
You might ask your students to sketch at least three possible versions of a shelter that might satisfy the design criteria and constraints. In their sketches, they should clearly illustrate the shape of the structure, show the type of frame they would use to support it, show a method for anchoring the structure so that it will not move when subjected to wind load, and identify the materials from which the shelter will be built. They should also be sure to detail the size of the shelter (the floor area and the inside volume of the shelter). 

Phase III: Choose and Justify the Optimal Solution 

After the students complete the KSBs and agree on a shelter design, they should document their thinking and decision making. They should do so by writing about the decisions they reached that guided their choice of shelter design in a design journal. They should explain why their group settled on a particular design, and note the tradeoffs their team had to make in coming to the decision that they did.

Note: Some hypothetical tradeoffs could be:

· Using materials that are readily available although they may have less structural strength than materials that have to be retrieved from a distance; 
· Using materials that are easier to work with, but have higher thermal conductivity; 
· Making a shelter from a simpler shape because it’s easier to build, but would have more surface area and higher heat loss.
· Making a shelter from a simpler / larger shape because it’s more comfortable, but would have more surface area and higher heat loss.
Phase IV: Display the Shelter Model
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After the students complete the KSBs and do their designing as a team, they should model their shelter. The model can be a full size version, or it can be a scale model. Discuss with the students whether they should attempt a full size design or a scale model. 
Phase V: Test and Evaluate

In this phase, the students will test their shelter and evaluate their success. They should prove that their shelter works by showing the heat flow calculations that indicate if the shelter indeed will maintain an interior temperature of at least 45° F when the outside temperature is 25° F. They should also show how they tested the shelter’s ability to withstand wind and snow load. KSBs 3 and 4 will prepare them to do this.

If your school is in a cold climate, you might wish to test the heat flow characteristics of the shelter outdoors. Otherwise, your students can make a model of the shelter and test its heat flow characteristics by placing it in a freezer or a refrigerator. You can simulate wind load by using fans or putting a shelter model in a wind tunnel; you can simulate snow load by placing a weight on top of the shelter. 

Phase VI: Redesign the Solution

In this phase, students should be encouraged to think about what they learned through the design and/or testing of their shelter and think about how they would make changes to the design if they were to do the activity again. Ask your students to consider what additional tradeoffs (if any) they would have to make if they were to design their shelter differently. 

Phase VII: Communicate Your Achievements


In this final phase, your students should plan and deliver a presentation about their design solution to the entire class. They should use a variety of media (PowerPoint, video, musical accompaniment, charts, photographs, etc.). It is often motivating for the students if they are asked to dress formally for their presentation. 

In their presentation, each team should explain what they learned about surface area and volume, conductive heat flow, k and R values, and structural design. They should also demonstrate how they tested their shelter design. 
INTRODUCTION FOR STUDENTS

Survival Master Activity

This activity will invite you to undertake the design of an emergency survival shelter.

Names of students on your design team                Class and Period__________ Date: _________
______________________________________
______________________________________


______________________________________

______________________________________

Problem Situation: Here’s the problem situation:

You are part of a four-person team of engineers and scientists who are studying the effects of global warming in a remote area of Alaska. You have just begun your study of the region when an earthquake strikes and destroys buildings, wrecks power lines, cracks the airport runway, damages roads, and triggers a landslide. Even the tent you were using has been ripped to shreds by falling debris. You are cut off from civilization except for the battery operated radio equipment that you have brought with you. 
Design Challenge: Here is the design challenge you are asked to undertake. It should be pretty interesting for you and you’ll need to use your science, technology, engineering, and math skills.

Your team is 200 miles from the nearest city and the earthquake has made travel impossible. Your team must build a shelter to keep you warm during the time it will take for a rescue team to reach you. With temperatures below freezing, your challenge, as one of a team of earthquake victims, is to design and build a rapidly erectable structure that will provide insulation from the cold, withstand snow-load and wind load, and be built from materials that are readily available locally.
Design Specifications: Specifications are the performance requirements that a design solution must fulfill. These are the design specifications you will have to meet.

· We can assume a daytime temperature high of 65o F and that temperature will fall drastically once the sun goes down. 
· The shelter must be kept at an inside temperature of at least 45o F when the outside temperature drops to 25o F. Lower than that, hypothermia will set in even if the team members are wearing jackets.
· The only heat source available is the body heat of the four team members. 
· The shelter must be large enough for all four survivors to sleep side by side and sit up comfortably within it. 
· The shelter must sustain a 40 mph wind and a snow load of 20 pounds per square foot.

Design Constraints: Constraints are often related to the kinds of materials you can use, how much time is available, and in many cases, how much money the finished design can cost. Because you’re in a survival mode, cost is not as important as it might otherwise be. Here are the constraints (the limitations) that you have to work within.

· The shelter must be built in one 13-hour day (equivalent to about twenty 40-minute class periods), or survivors will be at risk of hypothermia.

· Your team may use only the materials found at the earthquake site to build the shelter including:

· Natural materials (such as spruce trees and boughs) 
· Items that were stored in the team’s tent including 
· Plywood, 1 x 2s, and 2 x 4s

· Fiberglass fishing poles
· Fiber glass and Styrofoam insulation
· Newspaper
· Corrugated cardboard
· Plastic (polyethylene) tarps
· Canvas
· Rope and twine
· Duct tape
· Assorted hardware, and hand tools
· Any other materials provided by the instructor.
STUDENT ACTIVITY GUIDE

This Guide is provided to help you design your emergency survival shelter in a structured and logical way. In order to better complete the design challenge, you need to first gather information to help you build a knowledge base. You will do so by completing a series of Knowledge and Skill Builders (KSBs). Doing so will help you design a functional survival shelter. 
First, restate the design challenge in your own words:

____________________________________________________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________

What are the specifications and constraints that you have to consider in designing the shelter?
Specifications:________________________________________________________________________________________________________________________________________________ ____________________________________________________________________________________________________________________________________________________________

Constraints:__________________________________________________________________________________________________________________________________________________ ____________________________________________________________________________________________________________________________________________________________
Now Please Complete Knowledge and Skill Builders 1 – 4.
KNOWLEDGE AND SKILL BUILDER 1:

SURFACE AREA AND VOLUME CALCULATIONS
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(Please be sure to attach all your drawings and your calculations to this booklet after the last page.) 

To design a survival shelter, you must decide first how much room you need to accommodate the surviving team members. Think about how tall and how wide (from shoulder to shoulder) your team members are. Your teacher may want you to take some shoulder-to-shoulder measurements of your team members, or your teacher may provide you with a set of average measurements that you might use instead. 

Figure out how much floor area you will need so that all four can sleep side by side and sit up comfortably. 

The minimum floor area of your shelter will need to be at least: ____________________ square feet. 

[image: image5.png]41— CYLINDRICAL WATER TANK

-«

wiHD LoaD
-«

|

/ ‘

|

|

coLumn —» |

TvPICAL
BRACING —

N T—

SOIL PRESSURE

‘\lx

~ PLATFORM

-

. WIND LOAD TRIES TO OVERTURK STRUCTURE
AROUND POINT A

THE WEIGHT OF TANK, WATER,

__ TOWER, CONCRETE FOUNDATION
AND EARTH WILL STABILIZE TOWER
AGAINST OVERTURHING.

—— oo
|
| «— coLumm
~ ANCHOR BOLTS
GRaDE
bz
4|+~ FOUNDATION PIERS (WITH REINFORCING STEEL)
o FEWFORCED

¥ FOUNDATION SLAB

FRICTION O BOTTOM RESISTS
HORIZONTAL MOVEMENT

BRACED TOWER





Shelter Shape

Now decide what shape you want to make your shelter. The shape matters. Some shapes have more surface area than other shapes even though they can contain the same volume. 
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HERE IS SOME GUIDANCE FOR YOU: Think about volume as a measure of filling an object and surface area as a measure of wrapping an object. 
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In designing your shelter, you want to be able to house your four team members, but at the same time, minimize the surface area
[image: image11.jpg]
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In designing your shelter, investigate four different possible shapes: A cube, a cylinder, a sphere (actually a hemisphere), and a square-based pyramid. Your investigation will involve calculating the volume and the surface area of each of the shapes once you are given their dimensions. After you do these investigations, you’ll decide on the shelter shape.
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Here are formulas that you may need to use to do your volume and surface area calculations.
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Cube: Volume (V) of a cube is V=s3. 
Surface area (SA) of a cube is SA = 6*s2
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Cylinder: Volume of a cylinder is V= π r2h. 
Surface area of a cylinder is SA = 2πr2 + 2πrh. 
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 Sphere: Volume of a sphere is V= 4/3 π r3. 
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Surface area of a sphere is SA = 4 π r2.
Hemisphere: Volume of a hemisphere (half a sphere) is SA= 2/3 π r3. 
Surface area of the hemisphere is: SA hemisphere = 2 π r2 + π r2 = 3 π r2
[image: image18.png]


Square-based pyramid: The formula for the volume of a pyramid is V = (1/3) l*w*h. Surface area of the square-based pyramid = 2bh+ b2. 
Math at Work: Surface area and volume of a cube
First practice finding the surface area and volume of a cube. Perhaps you may have learned these formulas in your math class. Here’s a chance to apply them to a practical design problem (your shelter design). 

The formula for the volume (V) of a cube is V=s3, where s stands for the length of any of the sides. The formula for the surface area (SA) of a cube is SA = 6s2.

Here is an example: A cube has a side length of 7 inches. To find the volume, use the formula V=s3. Substitute 6 for s, and therefore V= 7 x 7 x 7= 343 cubic inches. To find the surface area of the cube, use the formula SA = 6s2. Substitute 7 for s, and therefore SA = 6x7x7= 294 square inches.
Check your understanding: If a cube has a side length of 24”, figure out what the volume and the surface area are. You can use a calculator.
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V = _____________________    SA = ______________________
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Math at Work: Surface area and volume of a cylinder
Now practice finding the surface area and volume of a cylinder. The formula for the volume of a cylinder is V= π r2h, where r stands for the radius of the cylinder and h stands for its height. The formula for the surface area of a cylinder is SA = 2πr2 + 2πrh. 


Here is an example: A cylinder has a radius of 5 inches and a height of 10 inches. To find the volume, use the formula V= π r2h. Substitute 5 for r and 10 for h. Therefore V= π x 5 x 5 x 10 = 250 π cubic inches. 

To find the surface area of the cylinder, use the formula SA = 2πr2 + 2πrh. Again substitute 5 for r and 10 for h. Therefore, SA = 2π x 5 x 5 + 2π x 5 x 10 =50π + 100 π = 150 π square inches.
Check your understanding: If a cylinder has radius of 12.1” and a height of 3”, figure out what the volume and the surface area are. You can use a calculator.

V = _____________________    SA = ______________________
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This diagram shows you what a cylinder looks like when it’s cut and stretched out. 
Can you visualize that when the rectangle is rolled up from bottom to top, it will reform the cylinder? The circles will close off the cylinder’s top and the bottom.

Math at Work: Surface area and volume of a sphere and hemisphere
Now practice finding the surface area and volume of a sphere and a hemisphere. First, let’s do the sphere. The formula for the volume of a sphere is V= 4/3 π r3, where r stands for the radius of the sphere. The formula for the surface area of a sphere is SA = 4 π r2. 
Here is an example: A sphere has a radius of 4 inches. To find the volume, use the formula V= 4/3 π r3. Substitute 4 for r. Therefore V= 4/3 π x 4 x 4 = 21.33 π cubic inches. 

To find the surface area of the sphere, use the formula SA = SA = 4 π r2. Again substitute 4 for r.. Therefore, SA = 4 π x 4 x 4 = 64 π square inches.
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Check your understanding: If a sphere has a radius of 12”, figure out what the volume and the surface area are. You can use a calculator.

V = _____________________    SA = ______________________
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Now think about how you’d calculate the volume and the surface area of a hemisphere. The volume is simply half of the sphere’s volume. Therefore, the formula for the volume of a hemisphere (half a sphere) is SA= 2/3 π r3. 

Check your understanding: If a hemisphere has a radius of 12”, figure out what the volume is. You can use a calculator.      V = _____________________________

How would you calculate the surface area of the hemisphere? When you calculate the formula for a hemisphere, it’s NOT just half of the SA of a sphere (not just half of 4 π r2). Remember, we have to add in the area of the circular base. 

The surface area of the hemisphere therefore is: SA hemisphere = 2 π r2 + π r2 = 3 π r2
Check your understanding: If a hemisphere has a radius of 12” figure out what the surface area is. You can use a calculator.      SA = ______________________
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Math at Work: Surface area and volume of a square-based pyramid
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Now practice finding the surface area and volume of a square-based pyramid. The volume of a pyramid is 1/3 the volume of a rectangular prism having the same base and the same height.  

The formula for the volume of a pyramid is V = (1/3) l*w*h. 
The surface area of the square-based pyramid =2bh+ b2. 

Here’s an explanation of how we calculate the surface area of a square-based pyramid.

The total surface area = the base area (b2) + the surface area of the four triangular faces. 
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Check your understanding: If a square-based pyramid has a height of 24”, a base side of 24”, and a slant height of 26.83”, figure out what the volume and the surface area are. You can use a calculator.
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V = _____________________    SA = ______________________
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Your Conclusions

Now that you’ve investigated possible shelter shapes, what shape do you want to use for your shelter? __________________________   Why have you chosen this shape? __________________

_______________________________________________________________________________  

_______________________________________________________________________________
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What is your shelter’s volume? (Include units.) 

_______________________________________

What is your shelter’s surface area? (Include units.) 
________________________________________
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Are there tradeoffs that prompted you to choose the shape you did, other than a different shape[image: image35.png]6
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 that you might have liked even better? Please explain your thinking.

_______________________________________________________________________________  

_______________________________________________________________________________
_______________________________________________________________________________  

_______________________________________________________________________________
_______________________________________________________________________________  

FOLDING NETS 
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Print out this page, cut out the shape and fold the drawing up to see how the “net” or “stretch out” can reform the original geometric figures.
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Great! You’ve completed KSB 1. Make sure you attach all your sketches and calculations at the end of this packet. 
Now go on to KSB2, Conductive Heat Flow.

KNOWLEDGE AND SKILL BUILDER 2: CONDUCTIVE HEAT FLOW

In this KSB, you will learn how heat flows through a material by conduction. In doing so, you will learn how to design your shelter to limit the heat that flows from the warm area inside, to the cold area outside. KSB 2 should take you two to three periods of class time. 
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(Please be sure to attach all your drawings and your calculations after the last page.)
Now let’s look at each of these key ideas in more detail:

KSB 2a: Heat (Q) flows from hot (Th) to cold (Tc) through a material by conduction. 

Note: Heat flow is represented by the letter (Q).The temperature difference ΔT between hot and cold temperature (Th -Tc) is referred to as the change in temperature, and is often written as ΔT.
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Since you are building a survival shelter and the outside temperature is very cold, you will have to design the shelter to keep the heat from flowing from the warm inside areas, to the colder outside area. 

This diagram shows how heat flows from hot to cold through a wall. Your shelter will have to do a good job of keeping the heat inside.

The heat travels through the wall by conduction. Conduction refers to the transfer of heat energy through matter (in this case, the wall). It occurs when one side is warmer and one side is cooler. 

How Does Conduction Happen?
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As you probably know from your study of science, all matter is made up of atomic particles. Atomic particles all vibrate to some extent. Heat energy makes the particles vibrate faster. At the warmer side of an object, the particles vibrate more rapidly. These rapidly vibrating particles collide with other nearby particles and cause them to vibrate faster too. In this way, heat energy is transferred from warm areas to nearby cooler areas (which then also become warmer). The heat transfer continues until both sides are at the same temperature. 

Click on the link below to see an animation that shows how heat flows from warm to cold. See http://www.phy.cuhk.edu.hk/contextual/heat/hea/condu/conduction_e.html
Here are some examples that you will be familiar with: 

(1) When you use a stove to heat food in a metal pot, the bottom of the pot is in contact with the heat source. The atomic particles in the bottom of the pot begin to vibrate faster. Their increased energy is transferred to the neighboring atoms ultimately heating the inside of the pot. The heat energy from the inside of the pot is transferred, in a similar way, to the food that is being cooked, as the food too conducts heat (although not as well as the metal pot). 
(2) When you hold a cup of hot liquid in your hand, you feel the heat that is transferred from the hot liquid to the cup, and then from the cup to your hand. Again, this occurs through the transfer of energy from warm areas to colder areas. 
Let’s think about how this relates to your shelter design. Clearly, if heat is transferred from the inside of a shelter where it’s warm, to the cold outside, it could get pretty uncomfortable for people in the shelter who want to stay warm. It’s really important, therefore, to make sure that the shelter is designed to minimize the heat loss to the outside. 

HERE IS SOME GUIDANCE FOR YOU: Heat flow is represented by the letter (Q). 

The temperature difference (ΔT) between hot and cold temperature is Th -Tc. Don’t let these symbols confuse you; it’s really quite simple. Remember that Th is the hot temperature and Tc is the cold temperature.

If the temperature inside the shelter (Th) is 70o F and the temperature outside (Tc) 30o F, the temperature difference (ΔT) is 40o. That’s all there is to it. 

Check your understanding: Figure out ΔT for each set of temperatures in the table below.

	T hot
	T cold
	ΔT        (Th -Tc)

	Th = 200o F
	Tc = 70o F
	

	Th = 100o F
	Tc = 60o F
	

	Th = 68o F
	Tc = 32o F
	

	Th = 60o F
	Tc = -10o F
	


Math at Work: Q ∝ ΔT.
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Q is proportional to ΔT. Heat flow is directly proportional to the temperature difference between hot and cold areas. When ΔT is great, the rate of heat flow is faster. If ΔT is small, the rate of heat flow is slower. No matter what the rate, heat continues to flow from warm areas to cold areas until both areas are at the same temperature. This graph shows heat flow through a 1” thick piece of fiberglass that has a 1 ft x 1 ft cross sectional area.
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---------------------------------------------------------------------------------------------------------------------

KSB 2b: Since heat is transferred from hot (Th) to cold (Tc) through a flat surface area (like a wall) reducing the amount of surface area reduces heat transfer.
--------------------------------------------------------------------------------------------------------------------- 

Think about what happens when you go out into the cold. Your body heat is transferred from your inner core to the outside air through your skin (your body’s surface). You will have to design your shelter to keep the heat from flowing from the warmth inside to the cold outside. 

The rate of heat flow from the warm area inside the shelter to the cold areas outside has a lot to do with the surface area of the shelter. If the shelter has a large surface area, the rate of heat loss is faster. If the surface area is smaller, the rate of heat loss is slower.
Remember, from KSB 1 that the shape matters. Some shapes have more surface area than other shapes even though they can contain the same volume. In designing a shelter, you want to be able to house the four team members, but at the same time, minimize the surface area of the shelter.

Math at Work: Q ∝  A 

Q is proportional to A. Heat flow is directly proportional to the surface area of a structure. That means if A goes up, Q goes up; if A goes down, Q goes down. If you want to minimize Q, design your shelter with the smallest surface area possible. 

Surface Area in Use

Graphics cards in computers can use the same power as that of a 150 Watt lamp. With so much power running through today's integrated circuits, enormous amounts of heat are created. This heat can kill these devices and likely cause your computer to crash if they are not properly cooled. Cooling can require noisy parts, like fans, or it can be done using materials that dissipate the heat quietly such as the heatsink in the accompanying photograph. A heatsink lowers the temperature of whatever it is attached to by increasing the total surface area, which in turn boosts the devices' ability to dissipate heat. Heatsinks typically do this with fins. Each fin has its own surface area and all the fins together have a lot of surface area through which heat can dissipate.
From: Don Woligroski, “Graphics Beginners' Guide, Part 1: Graphics Cards” (07/24/2006) http://www.tomshardware.com/reviews/graphics-beginners,1288.html, copyright 2006, Used by permission of Bestofmedia Group LLC USA; page 6, “Cooling Devices.” http://www.tomshardware.com/reviews/graphics-beginners,1288-html)

KSB2c: Different materials conduct heat at different rates depending upon their thermal conductivity (k).   
You learned (in KSB 2a) that heat energy is transferred from warm areas to cooler areas when rapidly vibrating particles in hot areas collide with other nearby cooler particles. The increased thermal energy causes the cooler particles to vibrate faster too and become warmer. 
From your own experience, put a check next to the materials in the following list that you think are good or poor conductors of heat. Give an example that justifies your decision.

	Material
	Good Conductor
	Poor Conductor
	Example from your Own Experience

	Steel
	
	
	

	Aluminum
	
	
	

	Wood
	
	
	

	Plastic (e.g., Styrofoam)
	
	
	

	Air
	
	
	

	Ceramics (glass, clay)
	
	
	

	Paper
	
	
	


HERE IS SOME GUIDANCE FOR YOU: As you know from your own experience, some materials are better heat conductors than others. Thermal conductivity is a property of a material that indicates its ability to allow heat to flow through it. The thermal conductivity of a material is referred to as its k value. 

	Table of k Values of Some Common Materials

(Thermal Conductivities in BTU/hour-ft-deg F )

	Material
	k Value
	Material
	k Value



	Air
	0.014
	Paper
	0.029

	Aluminum 
	144.5
	Polyethylene
	0.24

	Brass 
	62.99
	Polystyrene (expanded) (StyrofoamTM)
	0.017

	Brick 
	0.39
	Polyvinylchloride (PVC)
	0.11

	Cellulose (loose fill  made from newspaper)
	0.023
	Rubber 
	0.09

	Concrete 
	0.24
	Silver  
	247.91

	Cotton
	0.017
	Steel 
	26.58

	Copper 
	236.9
	Urethane foam
	0.012

	Fiberglass
	0.023
	Wood (balsa)
	0.023

	Glass 
	0.61
	Wood (pine)
	0.075

	Gold 
	183.2
	Wood (plywood)
	0.075

	Iron (Cast) 
	31.78
	Wood (oak)
	0.098

	Newspaper (cellulose)
	0.023
	Wool


	0.04

	Nylon
	0.14
	Zinc 
	67.04


A material’s thermal conductivity depends upon what the material is made from. As examples, a piece of aluminum always has the same thermal conductivity as another piece of aluminum and a piece of glass always has the same thermal conductivity as another piece of the same kind of glass. The same is true for every material. 

Better heat conductors have high thermal conductivities (high k values) and good heat insulators have low thermal conductivities (low k values). For example fiberglass (a poor heat conductor) has a low k value (0.23) while aluminum (a good heat conductor) has a high k value (250). 

The accompanying table shows some examples of common materials and their k values. You can see that metals have much higher k values than non-metallic materials. 

The materials with the lowest k values make the poorest conductors of heat, and therefore are used as insulation to prevent heat loss. Some excellent insulators are cellulose, fiberglass, and expanded polystyrene (commonly called StyrofoamTM). The best heat insulator on the list is air (not surprisingly – it’s a gas with very low density); and one reason cellulose, fiberglass, and StyrofoamTM are such good insulators is that they contain many pockets of air mixed in with their core material. 
Math at Work: Q ∝ k 

Q is proportional to k. Heat flow is directly proportional to the thermal conductivity of a material. That means if k goes up, Q goes up; if k goes down, Q goes down. If you want to minimize Q, design your shelter using materials with the lowest k values possible. 
Since some materials are better heat insulators (have lower thermal conductivities) than others, think about which materials can be used as insulation in construction projects. Identify structural insulation materials (those that are self supporting); and non-structural materials (those that are used only as fill).  





Thermal Conductivity in Use

For a great example of how the thermal conductivity of a material is used to cool computer graphics cards, click on: http://img.tomshardware.com/us/2006/07/24/graphics_beginners_guide/heatpipe.gif.

Some devices like graphics processor and memory chips in computers are so small that a bulky heatsink will not work properly as there is not much heat conductive material touching the electronic device. In such cases, a heat pipe helps to transfer heat from a hot spot to a more substantial heat sink. 
Typically, a heat conductive metal plate is placed onto the graphics chip. The heat pipe is directly attached to this metal plate and transfers heat to a heat sink at the other end of the pipe, where the heat can be dissipated easily.
From: Don Woligroski, “Graphics Beginners' Guide, Part 1: Graphics Cards” (07/24/2006) http://www.tomshardware.com/reviews/graphics-beginners,1288.html, copyright 2006, Used by permission of Bestofmedia Group LLC USA; page 6, “Cooling Devices.” http://www.tomshardware.com/reviews/graphics-beginners,1288-html)
KSB 2d: Heat flow decreases with increasing thickness.

When you wear a jacket to keep you warm in cold weather, the jacket likely has insulation designed into its construction. A ski jacket is a good example. Insulation in the jacket can be made from wool, goose down, or a synthetic fiber like Gortex TM. The thickness of the insulation determines how well it minimizes heat transfer from your body to the outside air. The greater the thickness of the insulation, the better job the jacket does in keeping you warm. The same is true when you use a sleeping bag. Thicker amounts of insulation will limit your body’s heat loss. The ideal insulation would be a fairly thick piece of material that has a low k value. 
HERE IS SOME GUIDANCE FOR YOU: When calculating heat flow, the thickness of a material is symbolized by the letter (L).

Math at Work: Q ∝ 1/L 

Q is indirectly proportional to L, the thickness of a material. That means if L goes up, Q goes down; if L goes down, Q goes up. If you want to minimize Q, design your shelter using thicker insulation materials.

To Recap: 

Q symbolizes heat flow; k symbolizes thermal conductivity; A symbolizes surface area; 

ΔT symbolizes the change in temperature from hot to cold; L stands for a material’s thickness. 

KSB 2e: The formula that relates heat flow (Q) to its determining factors is Q = kA (ΔT) / L.

Let’s put together what we’ve learned so far in this KSB. Recall that there were four relationships that we studied: 

Q is proportional to ΔT: Heat flow is directly proportional to temperature difference.
Q is proportional to A: Heat flow is directly proportional to the surface area of a structure.

Q is proportional to k: Heat flow is directly proportional to the thermal conductivity of a material
Q is indirectly proportional to L: Heat flow is indirectly proportional to the thickness of a material.
The formula for conductive heat flow is a simple algebraic equation that enables you to determine if the shelter you design to provide refuge from the cold, will provide an inside temperature that allows the inhabitants to be comfortable. Don’t let the algebra scare you! The math involves ONLY simple multiplication and division once you substitute numbers for letters. 

Math at Work: Calculating Heat Flow.
Using the heat flow formula, find the number of Btu/hour that will be necessary to maintain  an inside temperature of 70o F if the outside temperature is 25o F. Assume a cubic structure 6’ on each side and that the structure is made of plywood that is 1” thick.
HOWEVER, since the bottom of the structure rests on the ground, most of the heat flow is through the five other sides (the four walls and the top). So, for our purposes, we will neglect the heat flow through the bottom. The effective SA of the cubic shelter is calculated by multiplying five sides x the surface area of one side, or 5 x 62 = 180 ft2.

1. Start off with the formula Q = kA (ΔT) / L
2. Substitute numbers for letters. 
a. From the table of k values in KSB 2c, you know that the k value for plywood is 0.075.

b. From KSB 1, you will remember that the formula for the surface area (SA) of a cube is SA = 6s2 but for our cubic structure, we will only consider the heat loss from the four sides and the top; so, the SA = 5 x 62 = 180 ft2. 
SA = 5 x 62 
= 5 x 36 

c.                              SA = 180 ft2.
d. ΔT = Th – Tc 
      
= 70 – 25 

                              ΔT = 45o F.

e. Also be sure to remember that thickness, L, is measured in feet, not inches; so, a 1” thickness of plywood equals 1/12 foot or about 0.083 feet.

3. Now, plug in the numbers and solve: Q= (.075) (180)  (45) / .083
4. So, Q = 7319 BTU/hour. That means that every hour, the shelter loses 7319 BTU (when ΔT = 45o F). So in order to ensure that the temperature inside the shelter does not fall below 70F, we need in internal heat source that generates at least 7,319 BTU.
Now, you try one:

Figure out how much heat is lost through the walls of a cabin shaped like a cube. It is made from oak boards that are 2” thick with surfaces that measure 10 ft. x 10 ft. The inside temperature of the cabin is 68o F and the outside temperature is 15o F. (Remember to look up the k value for oak, and to convert the thickness to feet.) The answer you should get is 15582 Btu/hour. 

SHOW YOUR WORK IN THE SPACE BELOW.


Great! You’ve completed KSB 2. Make sure you attach all your sketches and calculations at the end of this packet. Now go on to KSB3, the Relationship between k Value and R Value.
KSB 3 – RELATIONSHIP BETWEEN K VALUE AND R VALUE


Key Ideas:
1.  k value and R value are both measures of a material's resistance to heat flow. k value relates only to the material where R value also takes into account the material's thickness.

2.  The total R value (Rt) of a system of materials is the sum of each of the individual R values (Rt = R1+ R2+ R3 +R....).

In the prior KSB, you learned that the formula that you use to calculate the rate of heat transfer from hot to cold is Q = kA (ΔT) / L. You remember that one of the factors that influences the rate of heat flow is the thermal conductivity of the material that is being used as a conductor or an insulator of heat. Normally, the outside surfaces of our houses or apartment buildings are made from more than one type of material. A wall, for example, can be made from sheetrock (plasterboard) on the inside, brick and plywood on the outside, and some kind of insulation, perhaps fiberglass between the inside and outside surfaces.

In the case where several different materials are used in combination to limit heat transfer from the warm inside to the cold outside, we would have to figure out what the k value of the combination of materials is. That is not a trivial problem.

However, there is an easy solution. When you buy insulating materials at a home center or hardware store, you don’t ask for a material by its k value. Remember the k value relates to the type of materials, like Styrofoam, or fiberglass. It has nothing to do with the material’s thickness. A thick piece of fiberglass has exactly the same k value as a thinner piece. But we specify thickness when we buy materials: a 3 ½ inch batt of fiberglass; a sheet of Styrofoam 1 inch thick.

You know that thickness makes a big difference with regard to heat transfer. The heat transfer formula tells you that the greater the thickness (remember, L is in the denominator of the formula) the smaller is Q (the lower the rate of heat flow). And doesn’t that make sense? A building made from very thick walls will retain internal heat better than a building made from very thin walls of the same material. 


Now watch what happens to our heat flow formula: 

We start with: Q = kA (ΔT) / L.

We have a k/L term in our formula. Remember that R = L/k; therefore, 1/R=k/L (invert both terms).

Since 1/R = k/L, just substitute 1/R for k/L and now our formula becomes simpler: 

Q =    kA (ΔT)            1A (ΔT)           

                               =   

                L                      R                         

Now, Q simply becomes     Q = A (ΔT) / R

Now, no matter how many materials we place in combination, one on top of the other, we just add their individual R values. We don’t have to worry about the thickness or the k value if we know the R value of the material we buy.

The total R value (Rt) of a system of materials is the sum of each of the individual R values (Rt = R1+ R2+ R3 +R....)
	Figure out the Rt of the following combinations of materials

	Material 1
	R1
	Material 2
	R2
	Material 3
	R3
	Total R value

	1” Polyurethane Foam
	6.9
	Styrofoam
	4.9
	Cork
	2.08
	

	Cardboard
	0.64
	Polyethylene Foam
	2.33
	Straw
	1.6
	

	Cork
	2.08
	Cardboard
	0.64
	Styrofoam
	4.9
	


Math at Work: Heat flow through a wall

In this diagram of a wall section, the total R value of the wall would be the R values of the exterior sheathing, the foam core insulation and the interior sheathing all added together. If the sheathing is made from ½” plywood (R=0.62) and the core is made from 1” of rigid Styrofoam (R=4.39) the total R value of the wall system would be: 0.62 + 4.39 +0.62 =5.63.

In using the heat flow formula to calculate heat flow through the wall (Q = A (ΔT) / R), you’d use 5.63 as the value for R in the denominator.
Let’s do some simple calculations: If you know the k value of a material and you know its thickness, let’s find the R value. 
Remember, R=L/k (and don’t forget that L, thickness, is in feet, not inches).

One inch = 1/12 foot or 0.8333 feet.

	Material
	Thickness in inches
	Thickness in Feet (L)
	k value
	Calculate R Value (use L/k)

	Aluminum
	¼ ”
	0.25/12 = 0.02
	144
	

	Brick
	4 ”
	4/12 = 0.333 
	0.41
	

	Fiberglass Batt
	3.5 ”
	3.5/12 =0.29
	0.019
	

	Stone
	4 ”
	4/12 = 0.333
	1.04
	


Of these materials with given thickness, which has the highest R value? ________________

Would ½” aluminum have the same R value as ¼” aluminum? ________Yes     ________No

Would ½” aluminum have the same k value as ¼” aluminum? ________Yes     ________No

Great! You’ve completed KSB 3. Now go on to KSB 4, Structural Design.

KSB4 – STRUCTURAL DESIGN

In this KSB, you will learn how to design a structure so that it stands up under its own weight and under external loads. The structure that you design will be a water tower. The ideas you learn in designing the water tower will provide you with background you need to design your survival shelter so that it too, stands up under load. 

You will need the following materials and equipment to do these KSBs:


Access to the Internet

About 30 drinking straws, ¼” diameter, about 10-12” long

A block of modeling clay about 8” long x 8” wide x 4” high.


Hot glue gun and glue sticks


Safety goggles


A square of corrugated cardboard, about 6” on a side

An electric fan

Safety Notes:


You are going to be working with a hot glue gun and hot glue. Hot glue when used doesn’t look hot, but it is. Be really careful. Don’t touch the hot glue or the glue gun once it gets hot. 


Be sure to wear safety goggles whenever you are working with hot materials.

INTRODUCTION

Early in human history, people had no permanent structures to live in. They lived a nomadic life and moved from place to place. They lived in caves or under a bush. They didn’t have the technology to build structures that would shelter them from the weather or from dangerous animals. 
As people began to roam away from their own territory to hunt for food, they developed the need to build shelters. The first type of building construction was probably a simple shelter to protect people from rain and wind. Teepees made from animal hides stretched over a wooden frame were in use as long ago as 20,000 BCE. These homes were moveable and people could take them along as they searched for new sources of food. 

As people began to settle in villages, they needed more permanent houses. Natural materials like wood, stone, and mud were used. Later, bricks made from straw and mud were used to construct houses. At present, we find many kinds of structures in the built environment. Some are still quite simple like those built by the Bedouins who still live semi-nomadic lives.

As technology evolved, great pyramids built from blocks of limestone were built by the Egyptians as early as 3000 BCE. The Romans were great engineers. They built cities and roads, and erected bridges in the first century CE. Structures include bridges, buildings, dams, harbors, roads, towers, and tunnels. Each of these structures requires special construction techniques that have been learned through centuries of experience. Today, we combine that past experience with engineering data and knowledge about the properties of materials and about how they will act under conditions of stress. 
Since you are building a survival shelter, you will have to use proper techniques and knowledge to make sure that the shelter keeps your team members safe and reasonably comfortable until the rescue team can reach you. Take a look at some very simple shelter designs at http://www.solareagle.com/PREP/SHELTER.HTM. 

---------------------------------------------------------------------------------------------------------------------

KSB 4a: Dead loads and live loads are among those that have to be taken into consideration when designing a structure.
---------------------------------------------------------------------------------------------------------------------
The dead load is the weight of the structure itself and permanent fixtures. 

Dead loads are loads which are always fixed in position, and of unchanging magnitude. Dead loads always act vertically. Examples would be:

· the weight of materials from which the structure is built
· the weight of permanent equipment, such as water or gas pipes, electric cables, etc. 
Live loads are loads that that are temporary or moving and can vary in magnitude. Examples would be: 
· goods stored on a floor
· furniture, file cabinets, or moveable objects in an office
· people in a building
· cars or trains on a bridge
Notice that some live loads move (cars, trucks, trains, etc.) and some are moveable (goods, furniture, file cabinets, etc.). 

Wind and snow loads are a special case of live loads, but since they can create other effects (for example, wind can create a vacuum effect on a roof), engineers consider them separately.

When you design your shelter, you must design it so that it stands up under dead load and any live load.


POINTS TO PONDER: Disasters Caused by Structural Design Errors


Dead load disaster. An example of a disaster that occurred because the structural design engineer made a serious error in calculating dead load was the Hotel New World disaster that occurred in March 1986. Click on the links below and read about this disaster.

http://en.wikipedia.org/wiki/Hotel_New_World_disaster 
http://www.911myths.com/html/progressive_collapse.html
http://covertoperations.blogspot.com/2009/05/actual-gravitational-collapse-singapore.html
Live load disaster. On July 17, 1981, approximately 2,000 people had gathered on hotel walkways at the Hyatt Regency hotel in Kansas City to watch a dance contest down below. Because the design of the walkway was flawed, it collapsed under the additional live load. The walkways came crashing down and 114 people were killed. Read about this disaster at http://en.wikipedia.org/wiki/Hyatt_Regency_walkway_collapse. 
Wind load disaster. The Tacoma Narrows Bridge collapsed in November 1940 due to wind loads that caused enormous vibrations in the bridge. Read about this bridge collapse at http://en.wikipedia.org/wiki/Tacoma_Narrows_Bridge_(1940) and see the amazing video of the collapse at http://www.youtube.com/watch?v=HxTZ446tbzE.

Read about bridge failures caused by wind at http://www.tfhrc.gov/structur/pubs/04098/11.htm
In the next section, you will be asked to identify the live and dead loads that act on a water tower. 

	Specify whether each of the following loads is a dead load or a live load 

by putting a check in the appropriate box.

	Load
	Dead Load
	Live Load

	Water tank itself
	
	

	The tower itself
	
	

	Wind
	
	

	Water sloshing around in the tank
	
	


---------------------------------------------------------------------------------------------------------------------

KSB 4b: Structural integrity refers to the ability of individual structural members that comprise the structure (and their connections) to perform their functions under loads.

---------------------------------------------------------------------------------------------------------------------

Make some predictions. 

Water weighs about 8.33 pounds per gallon. If the water tank on top of the tower shown below holds 500 gallons of water, the weight of the water in the tank = 8.33 x 500 or about 4165 pounds. When the tank is filled, this tower has to support a substantial dead load.

What do you think would happen to the vertical columns if the water tank was filled with 500 gallons of water and the tower columns were very thin?

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

What effect do you think that bracing the columns horizontally would have? _____________________________________________________________
_____________________________________________________________

_____________________________________________________________ 
_____________________________________________________________ 
_____________________________________________________________ 
_____________________________________________________________ 
_____________________________________________________________
Now you’ll have a chance to test your predictions.

1. Build a model and test your predictions.

One easy way to do this is to build a model using four 1/4” diameter drinking straws that are about 10”-12” long and a platform made from a 6” x 6” square of corrugated cardboard. Attach the straws to the platform close to the corners with glue. You can use a hot glue gun, but the drinking straws will melt if the glue temperature is too high. Build the model upside down. Squeeze a bit of glue on to the cardboard and allow it to cool for about three seconds. Then hold the end of the straw so that it sits in the glue while it cools. Be careful that you don’t touch the hot glue. Now, put books on top of the tower, one at a time. What happens to the “columns?” __________________________________________________________________________________________________________________________________________

_____________________________________________________________________

2. Now make another model, but this time, add horizontal bracing as shown. 
You can make the bracing from another set of drinking straws, or you can use strips of balsa wood. Glue them to the center of the columns. Again, place books on the tower platform. Does the braced tower support more weight than the unbraced tower? Write down your observations. What effect did the horizontal bracing have? ___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________ .

What conclusions have you reached about what will provide your tower with structural integrity – that is, to improve the ability of individual structural members that comprise the structure (and their connections) to perform their functions under loads._________________ 
___________________________________________________________________________
___________________________________________________________________________ 
__________________________________________________________________________.

--------------------------------------------------------------------------------------------------------------------- KSB 4c: Selecting materials involves making tradeoffs between qualities 

---------------------------------------------------------------------------------------------------------------------

What do you think would happen to strength of the tower if you used metal for the columns instead of drinking straws?


Take the model you’ve made and insert a 3/16” diameter, 10” long steel rod into each of the straw columns. 


What do you notice about the ability of the tower to support more weight? ___________ 

____________________________________________________________________________ .

----------------------------------------------------------------------------------------------------------------KSB 4d: The overall stability of a structure and its foundation refers to its ability to resist overturning and lateral (sideways) movement under load.

-----------------------------------------------------------------------------------------------------------------

1. Obtain a fan from your teacher and add wind load to your tower. 



Describe what happens to your tower when the wind blows ______________________________
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________.

2. Now make a foundation for your tower. An easy way to do this is to use a large block of modeling clay and stick the straws 3” into the clay. Turn the fan on and watch what happens. 


Under wind load, does the tower stand up or does it try to overturn? Explain what you see. _____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________.




This tower known as the Leaning Tower of Pisa in Italy was built in 1173. The reason that the tower leans is that the foundation was not strong enough to resist overturning. It was made from soil, rather than rock.

http://funphysics.jpl.nasa.gov/story/leu-demo.html
Now add cross bracing to your tower. Again, you can make the cross bracing from drinking straws or balsa wood strips or any other material your teacher suggests. 


Turn on the fan again, and describe the effect of adding cross bracing to your tower. Does the tower stand up or does it try to overturn? Explain exactly what you see ____________________

______________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________.
Finally, place a load on top of the tower platform (use a book or a couple of books) and again turn on the fan. Does the tower become more or less stable with a weight on the top? _________
____________________________________________________________________________ . 



Why do you think this is so? _____________________________________________________ 

____________________________________________________________________________ .
Check your understanding: 

Do you think a water tower is more or less stable when the water tank is filled or empty? Explain your answer. _________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ .
Look at these towers. Notice the geometric shapes of the water tanks.





---------------------------------------------------------------------------------------------------------------- KSB 4e: Structural design is influenced by climate and location, function, appearance, and cost.
-----------------------------------------------------------------------------------------------------------------

Structures are built for a wide variety of purposes. Bridges, buildings, dams, harbors, roads, towers, and tunnels are all projects that are constructed. Structures are built to be appropriate for their climate and location, their function, cost limitations, and appearance. 
Climate and location influence structural design. Structures that are built in deserts need different kinds of anchoring systems and foundations than structures built on rocky ground. You might be interested in the article about temporary desert structures at http://wps.com/BM/bluetarp_files/bluetarp.htm.

In areas where earthquakes are likely, buildings are strengthened using special construction techniques. These include framing made from steel, using cross bracing techniques, and using rubber pads to cushion the structure when it shakes. When there are very large earthquakes that cause a high death toll, it’s usually buildings that collapse that cause the most deaths. The 49-story Transamerica Pyramid office building in San Francisco, built to withstand earthquakes, swayed more than 1 foot but was not damaged in a major California earthquake in 1989, 
Buildings on higher mountainous elevations are regulated by building codes because tall buildings on mountains can be a danger to air navigation, are subject to high winds, and could detract from the natural beauty of the mountains. In rural mountainous areas, transport of materials is much more complicated than in more accessible areas, so in those hard-to-reach areas, construction relies on locally available materials. 

Because the cost of land in cities is so expensive, skyscrapers are built as apartment and office buildings. Not surprisingly, all of the world’s tallest buildings are in cities. To see them, visit http://aibek.nomadlife.org/uploaded_images/tall_buildings-784313.jpg. The tallest building in the world in 2010 is in Dubai in the United Arab Emirates. It is over 800 meters (2625 feet) high. 

A Japanese construction company is considering building even a taller building. Their idea is to construct a building that would be 13,123 feet high and overshadow Mount Fuji. It would be taller than nine Empire State Buildings and is envisioned to be able to house 1,000,000 people on 800 floors. To read about it, go to http://inventorspot.com/articles/worlds_tallest_building_be_talle_6398.
Permafrost is frozen soil. People in places like Barrow, Alaska about 350 miles north of the Arctic Circle must build their homes on stilts to prevent the heat from within the home melting the permafrost soil which would cause their homes to sink into the earth.

For a set of additional images of houses on stilts, visit the following Website: 
http://images.google.com/images?q=houses+on+stilts&hl=en&rls=com.microsoft:en-US&um=1&ie=UTF-8&ei=LOeeS9yMIIG78gaNqcXtCw&sa=X&oi=image_result_group&ct=title&resnum=1&ved=0CBQQsAQwAA.


Function. Form follows function is a principle associated with modern architecture and industrial design in the 20th century. The principle means that the shape of an object will naturally be based upon its intended function or purpose. A great example is if the function of a building is to hold many, many people at a low square foot construction cost, the form that evolves is a skyscraper. Another example is how the form of a suspension bridge has evolved based on its function of spanning a very wide area. 

Check your understanding

1) In the space below, explain how climate and location influence structural design. 
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2) Find two examples on the Web or other sources of structures of any type that were built for specific climates or locations. Copy and paste pictures of these structures here and describe the environment for which they were built. 




Cost is a very important consideration when designing and building structures. When architectural and engineering firms are asked to build a structure for a client, they are invited to submit bids. A bid is an offer to build the structure for a specific amount of money within a specified time period with a guarantee that the structure meets all the design specifications.

Companies submit competitive bids to the client who then chooses the company that will build the desired structure to specifications, at the lowest cost. Normally, when a structure is designed, tradeoffs are made. Remember that a tradeoff is giving up one thing to get something else. Sometimes, cost-benefit tradeoffs are made. For example, a building might be designed to withstand very strong earthquake forces, but costs would be higher. The client might decide to tradeoff strength for cost. Or, an emergency shelter could be made so that it would withstand a heavy snow load but that might require more construction time. Designers and engineers have to consider these tradeoffs constantly and make the best decision that strikes a balance between all the variables. Making decisions that balance all the variables is called optimization.  


Appearance is another factor that often drives design decisions. Well-designed structures are often extremely beautiful to look at. Homes, office buildings, airport terminals, and other constructed environments will be more appealing to prospective tenants and purchasers if their exteriors and interiors are attractive to look at. 


The appearance of a structure is often a function of its color, shape, proportions, its “character” (that is, whether it looks modern or medieval, simple or magnificent, sleek or sprawling), and how well it blends into its environment. 
This bamboo structure has an aesthetic appeal and blends into the natural environment.
http://www.bamboo-inspiration.com/bamboo-construction.html

Sir Ronald Storrs (the first British military governor of Jerusalem) enacted a bylaw in 1918 requiring that all new buildings use (or are faced with) Jerusalem Stone, to preserve the city’s architectural style.
http://www.geopassage.com/Israel/city/Jerusalem.htm


Summary Questions (possible post-test questions)
1. What types of loads have to be taken into consideration when designing a structure?
___________________________________________________________________ 
___________________________________________________________________
2. Why are water tanks made in a spherical or cylindrical shape rather than a different geometric shape such as a rectangular prism, a square-based pyramid?

___________________________________________________________________ 
___________________________________________________________________
3. What function does a foundation serve?
___________________________________________________________________ 
___________________________________________________________________
4. What design element principally provides a structure with the stability to resist overturning when it is subjected to wind load? __________________________________ 
________________________________________________________________________
5. In the adjacent diagram, what loads did the engineer have to consider when designing the tower?  __________________ 
____________________________________  
____________________________________  
____________________________________ 
6. Give an example of a tradeoff that a structural engineer might have to make when selecting materials to be used in constructing a water tower.________________________ 

____________________________________ 

____________________________________
7. Explain how structural design is influenced by cost and climate/location._____________ 

________________________________________________________________________ 
� EMBED PBrush ���


Once the students complete the first KSB (Surface area and Volume Calculations) they will be prepared to make design decisions about the shelter’s size and shape. After completing KSB 2 (Conductive Heat Flow), your students will be familiar with the way heat flows from hot to cold through a material’s surface, and how a material’s composition (its thermal conductivity or k value) and thickness affect the rate of heat flow. The concept of R value and its relationship to a material’s thermal conductivity and thickness is the focus of KSB 3; and in KSB 4, students will learn about how to design a structure to ensure its stability and structural integrity. 





Whatever you and your students decide, the shelter must actually work to limit the heat flow from inside the shelter to the outside environment and stand up under load. When the students display their finished model, they should be sure to show all the calculations and drawings that they did while designing their shelter. 





Key Ideas: In this KSB, you will learn that volume is a measure of filling an object and surface area is a measure of wrapping an object. You will also learn about the surface area and volume of different geometric shapes (a cube, sphere, cylinder, and square-based pyramid) that you might wish to use for your shelter design. KSB1 should take you one period of class time.





POINTS TO PONDER:  Next, decide how tall you will make your shelter. You may want to make the shelter tall enough for people to stand upright. That’s your choice – but realize that if you make it taller than absolutely necessary, it may have more surface area, may be more difficult to construct, may require more materials, and may require more construction time. However, it will likely be more comfortable. So, how tall will you make your shelter? 








The shelter will be at least ___________ feet tall.





Here is an interesting example. These two shapes have exactly the same volume. They both contain 300 cubic feet of space. HOWEVER, this cube has a surface area of 269 ft2 while this particular pyramid has a surface area of 466 ft2. Quite a difference. The SHAPE MATTERS!!  





Base side length = 4 ft.


Slant height = 56.29 ft.


Height = 56.25 ft.





Length of each side = 6.7 ft.





WHY DO WE EVEN CARE about minimizing the surface area of the shelter? What do you think the reasons are? Here are some possible reasons. Circle those that you think make sense. 


The force on the shelter due to wind will be smaller if the surface area is smaller.


Shelters with smaller surface areas have a nicer appearance.


Heat will flow out of the shelter more slowly if the walls have a smaller surface area.


Minimizing the surface area of a shelter will allow the inhabitants to work together more easily.





It’s important that you understand the importance of minimizing the surface area of the shelter. Discuss these choices with your team members and your teacher.





Formulas for shelter design











This diagram shows you what a cube looks like when it is cut and stretched out. In math, this kind of drawing is referred to as a “net.” In technology classes, it is often called a “stretch out” or a “development drawing.” 


Can you visualize that when the figure is folded along the dotted lines, it reforms the cube?





	





This diagram shows you what a sphere looks like when it is cut up and stretched out. Can you visualize that if these shapes were bent around so that the last shape touched the first, this would approximate a sphere?





If we know the dimensions of the sides of the base, we can easily figure out the surface area of the base (b2). 


If we know the slant height (h) of the faces, we can also figure out the area of each of the lateral triangular faces (simply the area of a triangle = ½ bh). 


The surface area, then, equals the surface area of the four triangles (4 x ½ bh or 2 bh) plus the base area (b2). 





So, the surface area of the square-based pyramid =2bh+ b2. 





Notice that this pyramid has two heights: One is the altitude, a; the other is called the “slant height,” h. 


Do you see the difference?





This diagram shows you what a square-based pyramid looks like when it is cut and stretched out. Can you visualize that if this shape were folded on the dotted lines, the resulting shape would reform the square-based pyramid?





Please show your work here.





Please draw your shelter shape here.





Be sure to include all your sketches and calculations. Attach them at the end of this packet.





Cylinder





Cube





Square-based Pyramid





Sphere





In this KSB, each of the following key ideas will be explained clearly; 


for now, just read them over briefly. 





KSB 2a: Heat flows from hot to cold through a material by conduction. 


KSB 2b: Since heat is transferred from a hot temperature (Th) to a cold temperature (Tc) through a flat surface, reducing the amount of surface area reduces heat transfer.


KSB 2c: Different materials conduct heat at different rates depending upon their thermal conductivity. Thermal conductivity is symbolized by the letter (k).    


KSB 2d: As the thickness of a material increases, the heat flow through it decreases.




















-------------------------------------------------------------------------------------------------------------------


There is one more key idea (KSB 2e) to learn. It puts all the other key ideas together in a mathematical relationship (a formula). Don’t worry about the use of symbols; they will all be explained. And look – the formula just involves simple multiplication and division. You’ll have a chance to use this formula to calculate the heat flow through your shelter’s walls with your teacher’s help. 





KSB 2e: The formula that relates heat flow (Q) to its determining factors is Q = kA (Th -Tc)/L


This formula will be explained well. Don’t let the symbols bother you.





— Stop here for a minute and read the following notes —


Note 1: Heat flow is represented by the letter (Q).


Note 2: The temperature difference between hot and cold temperature (Th -Tc) is often referred to as the change in temperature, and is written as ΔT





THINK LIKE AN ENGINEER: People are pretty good heat generators. An average adult, doing little or no work, generates about 100 Watts just as a result of normal body functioning.  (To get an idea of that amount of heat, think about the heat generated by a 100-Watt light bulb.) 100 Watts equates to about 340 BTU per hour. One BTU (British thermal unit) is the amount of heat needed to raise one pound of water one degree Fahrenheit. .


When you build your shelter, you’ll have to make sure that the total heat generated by the body heat of your four team members is greater than or equal to the heat that is lost through the walls (conductive heat transfer) when the inside temperature is 45F and the outside temperature is 25F. If total body heat is less than the heat lost through the walls at this critical point, the temperature inside your shelter will continue to fall and hypothermia will result.


 





In this KSB, you learned about the relationship between heat flow and the temperature difference between hot and cold areas. In the next KSB, you will learn about the relationship between heat flow and the surface area of a structure.





POINTS TO PONDER: In 1877, Joel Allen observed that the length of arms and legs in warm-blooded animals relates to the temperature of their environment. Members of the same species (for example humans) who live in warm climates tend to have longer limbs than members of that species who live in colder climates. This rule, called Allen's rule, is based on heat flow. Longer limbs offer more surface area and lose heat more easily than shorter limbs which have less surface area and are more effective in maintaining heat. Why do you think that the Inuit people, who live in cold northern climates, tend to have stockier bodies with shorter limbs than the Masai people who live in warm African climates and tend to have longer limbs and be taller? 














POINTS TO PONDER: The speed of the transfer of heat energy depends on how tightly packed the atomic particles are in a particular material (the density of the material). Because metals have high densities, they are good conductors of heat; other materials (wood, for example), are less dense and are not such good conductors of heat. Why do you think liquids are generally not good heat conductors and why are gasses (like air) among the worst conductors of heat. ___________________________________________________________


___________________________________________________________________________


___________________________________________________________________________.





THINK LIKE AN ENGINEER: Name six good insulation materials. Circle those that are structural materials and put a rectangle around those that are non-structural.


1.   ________________________________ 4. ________________________________     


2.    ________________________________ 5. ________________________________


3.    ________________________________ 6. ________________________________





POINTS TO PONDER: Remember what you’ve learned about fractions: if the numerator of a fraction stays the same but the denominator of that fraction gets larger, the value of the fraction decreases. If you have 1/2 a pizza, you have a lot more to eat than if you have 1/8 of a pizza. If the numerator stays the same, the amount you have to eat is indirectly proportional to the denominator of the fraction of the pizza that you have to eat. Look at these fractions:


                     1/2       1/3       1/4        1/5         1/6       1/7       1/8         1/9         1/10


You can see that as denominators get larger, the value of the fractions get smaller.


The relationship between heat flow and the thickness of a material is similar: they are also indirectly related. 





SOLVING FOR CONDUCTIVE HEAT FLOW REQUIRES USING THIS EQUATION:


Q = kA (ΔT) / L. The formula shows exactly what we’ve learned – and puts the relationships together in one neat mathematical expression. Look at the formula and you can see that Q is directly proportional to k, A, and ΔT, and indirectly proportional to L. In the formula:


Q= Heat flow (in BTU/hour); 


k = Thermal conductivity of the material.


A = Area of surface through which heat is conducted (in square feet);


ΔT = Temperature difference between hot and cold (in degrees F);	


L = Thickness of insulation material (in feet). (Note that thickness is measured in feet, not inches.) 





THINK LIKE AN ENGINEER: Remember that in KSB2a, you learned that a human being generates about 100 watts, or 340 Btu/hour. Your four team members would then generate 


4(340) or 1360 Btu/hour. If the heat loss that you just calculated in the first sample problem is 7319 Btu/hour, your team will freeze! (Since the heat loss exceeds the heat generated.)


What are several things you might do to reduce the heat loss in order to survive?


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________


______________________________________________________________________________________________________________________________________________________











THINK LIKE AN ENGINEER: R Value


Life is getting easier. Let’s introduce R value. R value is a measure of how well a piece of material resists the flow of heat through it. k value and R value are both measures of a material's resistance to heat flow. k value relates only to the type of material where R value also takes into account the material's thickness.


If you buy insulation, you will see insulation materials rated by their R-value. For example, a 3 ½” batt of fiberglass has an R value of 13. A one-inch thick piece of Styrofoam has an R value of 5. 


R value of a material equals the thickness of that piece of material (L) divided by the material’s thermal conductivity (k) or R= L/k. 














There are five parts to KSB 4 (parts a-e). Each part has some Key Ideas to learn.


Each of these Key Ideas will be explained clearly; for now, just read them over briefly.


KSB 4a: Dead loads, live loads, and wind loads are among those that have to be taken into consideration when designing a structure (one period of class time).


KSB 4b: Structural integrity refers to the ability of individual structural members that comprise the structure (and their connections) to perform their functions under loads (one period of class time).


KSB 4c: Selecting materials involves making tradeoffs between qualities (one-half period of class time).


KSB 4d: The overall stability of a structure and its foundation refers to its ability to resist overturning (toppling over) and lateral movement (sliding) under load (two periods of class time).


KSB 4e: Structural design is influenced by function, appearance, cost, and climate/location (one half period of class time).


KSB 4 should take you five periods of class time.








Simple Structures built by Bedouins in 2007





The Roman Colosseum completed in 80 CE





Check your understanding:


Define Dead Load and give some examples


______________________________________________________________________________�______________________________________________________________________________


______________________________________________________________________________





Define Live Load and give some examples


______________________________________________________________________________�______________________________________________________________________________


______________________________________________________________________________











�HYPERLINK "http://www.scdf.gov.sg/General/Information/Local_Major_Incidents/collapse_hotel_new_world.html"�http://www.scdf.gov.sg/General/Information/Local_�Major_Incidents/collapse_hotel_new_world.html�














Dr. Lee Lowery, Jr., P.E.


Photo in public domain


�HYPERLINK�� �HYPERLINK "http://ethics.tamu.edu/ethics/hyatt/hyatt2.htm"�http://ethics.tamu.edu/ethics/hyatt/hyatt2.htm�





(Image from �HYPERLINK "http://www.cflhd.gov/agm/images/fig64.jpg"�www.cflhd.gov/agm/images/fig64.jpg�)





POINTS TO PONDER: Look carefully at the drawing of the water tower, below. The tower is supporting a water tank. Identify the live loads and the dead loads shown in the drawing.





POINTS TO PONDER


A tradeoff is giving up one thing to get something else, normally an improvement. In making this improvement to the column, what tradeoffs did you make? (What did you gain, what did you lose?)


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________.





If you had used a metal platform instead of corrugated cardboard, what tradeoffs would you have made? (What did you gain, what did you lose?) __________________________________________________________________________ 


___________________________________________________________________________


__________________________________________________________________________ .














#1.�HYPERLINK "%20http:/www.ventnorradar.co.uk/graphics/Watertowers.jpg"� http://www.ventnorradar.co.uk/graphics/Watertowers.jpg�





#2. � HYPERLINK "http://www.texasescapes.com/SouthTexasTowns/CharlotteTexas" �www.texasescapes.com/SouthTexasTowns/CharlotteTexas


/CharlotteTxWaterTowerl1206BarclayGibson.jpg�





#3.�HYPERLINK "http://photopostsblog.com/wp-content/uploads/2009/02/creative-water-towers11.jpg"� http://photopostsblog.com/wp-content/uploads/2009/02/creative-water-towers11.jpg�





#4. �HYPERLINK "http://www.water-towers.com/LodiTower2.html"�http://www.water-towers.com/LodiTower2.html�





THINK LIKE AN ENGINEER: 





From what you learned in KSB 1 about surface area and volume of various geometric shapes, which of the above water tank shapes (1, 2, 3, or 4) would create the least wind load assuming they all contained the same volume of water? __________ The most? ___________ .


Why? _______________________________________________________________________   _____________________________________________________________________________. 





� HYPERLINK "http://quake.usgs.gov/prepare/factsheets/" �http://quake.usgs.gov/prepare/factsheets/


SaferStructures/TransAmBldg.gif�





Environment for which structure 1 was built


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 


____________________________________________________________________________________________________________


________________________________________________________________________





Environment for which structure 2 was built


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 


____________________________________________________________________________________________________________


____________________________________________________________________________________________________________





Structure 1.





Structure 2.








THINK LIKE AN ENGINEER:





Since you are designing and building an emergency shelter, some design considerations are going to be much more important than others. In the table below, list the most important factors and also list those that are not important and might even be disregarded. In doing so, think about the main purpose of your shelter and the design specifications that you were given.


Critical Design Features for your Shelter�
Explain Why this Feature is Critical�
�
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Shelter Design Features that are not Critical�
Explain Why this Feature is not Critical�
�
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