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Civil Engineering—Land Use Planning:  Metric System, Dimensional Analysis, Creative Problem Solving, Sustainable Development

Prepared by:  Pete Kaslik
Introduction to Teachers


This scenario will:



Introduce students to mathematical applications in the engineering field

Increase familiarity with metric system



Show unit conversion with dimensional analysis



Give practice in substituting into algebraic equations 



Give practice in solving algebraic equations


Provide fun opportunities for creative problem solving



Create greater awareness of community design
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Introduction


Take an objective look at the current situation faced by mankind.  We live on a tiny planet that circles one medium size star that we call our sun.  We are about 147 million kilometers from the sun, a distance that has proven ideal in that it provides enough energy to the planet to sustain life, but not too much energy so that the planet would be too hot.  Our star is one of billions of stars in our galaxy and our galaxy is one of billions of galaxies.  While many presume there is intelligent life elsewhere in the universe, at this point, we haven’t found evidence.  Therefore, for all practical purposes, the future of mankind and the other species with which we share this world are dependent upon our collective ability to solve the problems we face and to live sustainably.  Sustainable living means that we meet our own needs without destroying the ability of future generations to meet their needs. This approach was illustrated by Native Americans who traditionally considered the impact of decisions on the next 7 generations (about 140-200).    


In the year 1900, our planet sustained about 1.65 billion people.  By the year 2000, there were over 6 billion living in the same amount of space.  Presently we have over 6.8 billion people and continue growing.  All these billions of people share similar needs.  They need clean water and air, they need food, at least 1500 calories per day, and they need shelter, safety, transportation, a place to dispose of waste, both body waste and the waste of industry and commerce.  In addition, people have emotional needs, health needs, and, an insatiable curiosity that motivates a desire to learn.    

Engineering Industry
To increase chances for personal survival, early humans found it useful to create social structures, develop technology and generate currency for trading.  These societies have always counted on a special group of people to help solve the major problems of the day. These individuals have developed tremendous skills in understanding the natural world through mathematics.  We call them scientists and engineers and we owe them a debt of gratitude for the knowledge we now have and for the inventions of all the things we use.


Engineers develop farm tools that allow farmers the ability to grow more food without increasing the amount of energy required.  They design road systems so food can be transported.  Engineers develop mining techniques and metallurgical skills to improve farm instruments and transportation vehicles.  They know how to build large buildings to provide places for the growing population to live.  They also tackle how to solve the huge problem of human sewage.  Their ingenuity gave us the ability to fly and designed the technology that allows us to visit other celestial bodies, such as the moon.  The have given us computers, skyscrapers, recording and communicating equipment and medical devices. 


For those desiring a career that focuses on solving problems, particularly those affecting a population that is expanding while resources are diminishing, then there is a branch of engineering that is ideal for you.  Table 1 lists various types of engineers and the problems they solve.

	Table 1.  Engineers

	Mechanical
	Design tools and machines 

	Electrical
	Design computers, electrical appliances, robotics

	Civil
	Design highways, bridges, dams

	Structural
	Design buildings

	Environmental
	Design water treatment systems, wastewater treatment systems and methods for cleaning polluted water, air and soil.

	Aerospace
	Design airplanes and space crafts.

	Chemical
	Develops chemical processes for products and foods.

	Nuclear
	Designs and works with nuclear energy


Part 1.  Washington’s Growing Population Needs Somewhere to Live

As a student, you were unsure of what you wanted to do for a career.  Certainly you wanted to make enough money so that life wasn’t a constant struggle, but you also wanted to make a difference.  During one math class in which the topic was exponential equations, the teacher spoke about Washington State’s population.  Exponential equations are equations in which the independent variable (usually x) is an exponent.  In the example, the population for 2006 and the average annual growth rate of the prior two years was used to create a formula that could be used to estimate future populations.  The result was the equation 

y = 6,376,000(1.0167)x,

where y represents the future population,

x represents years, 

6,376,000 is the 2006 population 

1.67 is the annual growth rate so 1.0167 is the growth factor.  

Looking a mere 10 years into the future, it is estimated that there will be an additional 1.15 million more people in this state.  To put that in context, the current population of our four largest cities, Seattle (578,799), Spokane (201,600), Tacoma (199,600) and Vancouver (156,600) is about 1.14 million people.  In other words, in the next 10 years the additional requirements for  food, housing, water, transportation, schools, police, and hospitals, etc. will be equivalent to what is used in our 4 largest cities right now.  Of course, much of our society has extra capacity built in, but that doesn’t mean the impact won’t be considerable.  Besides, this is only looking ahead 10 years.  Consider the changes in the next 20, 30 or 50 years when current high school and college students will be senior citizens.


One thing is already clear: more houses are needed.  As someone who likes looking at houses and different types of architecture, you decide that developing residential communities would be a good career for you.  You have some definite opinions on what you like and don’t like in communities.  You don’t like the communities in which overly large houses are placed next to each other on land with all the trees cut down.  You much prefer the more relaxed atmosphere that exists in mountain communities where houses are surrounded by trees so that they are barely visible.  You don’t like lawns because the use of fertilizers to encourage their growth creates pollution, as does the exhaust from mowing them with gasoline-powered machines.   Trees, on the other hand, as recent windstorms have shown, can damage houses when they fall.

A recent discovery you made in an architectural journal gave you the solution to this problems.  Never before had you heard of a type of construction called thin-shelled concrete domes. When you saw pictures of some, you were fascinated by the artistic style they possessed, but when you researched them and found they were incredibly strong and energy efficient you knew you wanted to build a community of them.  This type of dome uses half the energy for heating that a conventional house of the same size uses and they are so strong that in communities being evacuated because of hurricanes, owners of dome homes remain behind to enjoy hurricane parties, knowing their homes will not be damaged.  Trees have been known to fall on these homes, but while a tree may shatter upon impact, this type of dome home remains unscathed.  
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You now decide to build an entire community of domed homes in Pierce County and when a 100 acre farm is put up for sale, you buy it and begin the process for rezoning the land.  You also begin your association with several engineering firms.


Your first stop is with a civil engineer.  The civil engineer will design the community, including the roads, utilities, fresh water and wastewater systems.  You explain that you want each house to be on only a fourth of an acre of land.  Properties will not be able to have lawns, but instead, once the houses have been built, trees will be planted in all the available space.  Besides the aesthetic and calming benefits of trees, they will serve as a mechanism for removing some of the carbon dioxide from the air, thus making a small contribution to the removal of one of the greenhouse gases.  A two-acre grass field will be placed near the middle of the community to provide an opportunity for recreation.  The community will also need a small wastewater treatment facility that will require 2 acres.


One possible design is shown below.  
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1.  Below is the 100 acre property.  The square at the right represents one acre.  Design the community so that all properties are approximately ¼ acre, roads allow everyone to reach their house and there is a two acre field for recreation.   Allow two acres for wastewater treatment. Be creative.  Think beyond the rectangular grid shown in the example.
	



One of the present concerns in a community is flooding.  Part of the reason flooding occurs is because of the reduction of areas where water can soak into the soil.  Impervious surfaces (such as roads and houses) prevent water from percolating to aquifers but instead, force the water to run off.  When there is too much runoff, flooding occurs.  Using the following estimates, calculate the amount of impervious surface and the percentage of impervious surface within the community.  

Size of entire property:  2090 feet x 2090 feet = 4,368,100 square feet

Average size of a dome:  1500 square feet 

Number of homes: 368

Average width of roads:   25 feet across (to include a bicycle lane)

Average length of roads:  2090 feet long

Acre:  43,560 ft2
There are 9 North-South roads and 9 East-West roads.  Since each road is 25 x 2090 feet, then each road takes up 52,250 square feet.  There are a total of 18 roads. Thus the total area of the roads is 18 x 52,250 ft2 = 940,500 ft2.    

This number can be decreased slightly because there are 81 intersections that don’t get paved in both the N-S direction and the E-W direction.  They get paved in one direction and then the road in the other direction only needs to be paved until it meets the intersections.  There are 81 intersections that have dimensions of 25 x 25 ft or 625 ft2, which can be subtracted from the total of 940,500 ft2 to get total area taken by the roads.  940,500 – 81·625 = 889,875 ft2.   

Converting to acres gives:  
[image: image3.wmf]acres

ft

acre

ft

4

.

20

560

,

43

1

875

,

889

2

2

=

÷

÷

ø

ö

ç

ç

è

æ

.

The total impervious area created by the homes is 368 x 1500 ft2 = 552,000.  
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The total impervious area due to roads and homes is 889,875 ft2 + 552,000 ft2 = 1,441,875 ft2 or about 33 acres.  The percent of land in this development that will be changed from pervious to impervious surface is 1,441,875/4,368,100 x 100 = 33%, about a third of the property.

2.  Using your own community design, along with the assumptions below, determine the amount and percentage of impervious surfaces.  You will need to make most of the assumptions.

Size of entire property:  2090 feet x 2090 feet = 4,368,100

Average size of a dome:  ? 

Number of homes: ?

Average width of roads:   ?

Average length of roads:  ?

Acre:  43,560 ft2
Besides roads it is necessary to design the water and wastewater systems.  Both water and wastewater lines will be buried at the edge of all 9 internal east-west roads, with one North-South main wastewater line that connects all the East-West lines to the water treatment facility.  The amount of pipe that is needed for the wastewater lines is the sum of the length of the 9 E-W lines and the 1 N-S line.  Thus there are 10 lines that will be 2090 feet long, so 20,900 feet of pipe is needed for the water lines and for the wastewater lines.  

3.  Draw the water and wastewater lines on your community design then find the length of pipe needed for each.

Single family homes have an average wastewater flow rate of 55 gal/(capita·d)
.  Using a safety factor of 1.5, we would plan the wastewater treatment system to handle 82.5 gal/(capita·d).  If we assume that the average household will have 4 people, what capacity should the wastewater treatment facility be able to accommodate?

Assumptions:  368 households  

4 people per household

82.5 gal/(capita·d)
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4.  What capacity is needed at the wastewater treatment system in the community you designed?

While the civil engineer was designing the community, you visit a structural engineer and dome designer to design sample plans.  Domes can be a variety of shapes, but often are circular or elliptical.  Combinations of these can produce interesting results.  One architectural adage is that form follows function, so before designing the house, decide what is needed.  In this example, we will make the following assumptions.

1. Three bedrooms

2. Two bathrooms

3. Kitchen

4. Living room (not formal)/ recreation room

5. Laundry room

6. Office space

7. Garage

8. Special Considerations

a. When hot water tanks are located far from the sinks and showers, a lot of heat energy is wasted in the pipes and a lot of water is wasted waiting for the hot water to arrive.  Design the house so this waste is minimized.

b. Assume the two children are older, so their bedroom does not need to be near the master bedroom.

9. Total Square footage = 1500

10. Formulas:  Area of a circle = πr2
11. Formula:  Area of an ellipse = πab  Where a, the semi-major axis, is half the length of the longest diameter and b, the semi-,minor axis, is half the length of the shortest diameter.




For a 1500 square foot house, a circle would have a radius of 21.8 feet (diameter – 43.6 feet).  Since this house will be an ellipse, then b will be less than 21.8 and a will be greater than 21.8.

Scale:  1 mm = 1 foot

Set b = 18 feet, then a = 26.5 feet

Diameter of scaled drawing = 36 mm x 53 mm

 







1. Three bedrooms (1a Master Bedroom, 1b and 1c, kids bedrooms)

2. Two bathrooms (2a  Master bath 70 ft2, 2b  family bath 49 ft2)   

3. Kitchen

4. Living room (not formal)/ recreation room

5. Laundry room  (80 ft2, contains hot water tank, washer/dryer pantry)

6. Office space (49 ft2)   

7. Garage 

5. Design a home that represents the average size planned for your community.  First, decide what rooms you want and list any special characteristics you’d like, and then find an appropriate scale.  Graph paper may prove useful.  Be creative when solving problems.  For example, houses can consist of several circles attached to each other.  
Part 2.  Share Your House and Community Designs with Your Classmates
Part 3.  Supplemental Problems


The formulas for the area of a circle and the area of an ellipse are similar.  In the case of an ellipse when a = b, then the ellipse is actually a circle.  In building a house, more energy can be conserved by having less outer wall surface area.  Thus, if two houses have the same area, the house with the smallest perimeter will lose the least amount of heat, all else being equal.  Also, the smaller the perimeter, the less building material that is needed, thereby reducing the cost of construction.  

The perimeter of a circle, otherwise known as its circumference, is found with the formula c = 2πr.  The perimeter of an ellipse is not found so simply.  In fact, a variety of formulas have been presented that are only estimations, while some exact formulas require knowledge of calculus.  To simplify matters, we will use a formula devised by the Indian mathematician Srinivasa Ramanujan 1887 – 1920
.  
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Use the formula for the perimeter of an ellipse and the formula for the perimeter of a rectangle (P = 2L + 2W) to calculate the perimeters of each of the following ellipses and rectangles.  Note, when a=b for an ellipse, then the ellipse is a circle.  When L=W for a rectangle, the rectangle is a square. 

	Area
	1500
	
	
	
	
	

	a
	b
	Perimeter of Ellipse
	
	L
	W
	Perimeter of Rectangle

	21.9
	21.9
	137.3
	
	38.7
	38.7
	154.9

	22
	21.7
	137.3
	
	39
	38.5
	154.9

	23
	20.8
	137.6
	
	40
	37.5
	155.0

	24
	19.9
	138.2
	
	41
	36.6
	155.2

	25
	19.1
	139.2
	
	42
	35.7
	155.4

	26
	18.4
	140.4
	
	43
	34.9
	155.8

	27
	17.7
	141.9
	
	44
	34.1
	156.2

	28
	17.1
	143.6
	
	45
	33.3
	156.7

	29
	16.5
	145.6
	
	46
	32.6
	157.2

	30
	15.9
	147.7
	
	47
	31.9
	157.8

	31
	15.4
	149.9
	
	48
	31.3
	158.5

	32
	14.9
	152.3
	
	49
	30.6
	159.2

	33
	14.5
	154.9
	
	50
	30.0
	160.0


What can you conclude about the shape that will produce the minimum perimeter and consequently provide for the least loss of heat?

Ranch style houses are rectangular in shape.  What can you conclude about the wisdom of that, with regard to energy loss?  
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� Metcalf and Eddy p 1019


� http://home.att.net/~numericana/answer/ellipse.htm#elliptic


http://en.wikipedia.org/wiki/Eccentricity_%28mathematics%29
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