Spreadsheet Project

Chapter 18: Growth and Form

Issues of scale play a significant role in the development of industrial sites. This exploration examines the impact of scale in the design of buildings.

1. Example: Warehouses

A shell building such as a box-like warehouse is principally comprised of floor, walls, and roof.  For a given length, width, and height the spreadsheet below computes the enclosed volume (in cubic feet), surface area (in square feet), and footprint (in square feet). Note that the larger warehouse has twice the volume, but requires less than twice the surface area, and hence is a more economical construction. 
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2. Task: 

Assume that due to coding restrictions, the building cannot be higher than 100 ft. Extend the spreadsheet to consider at least four additional sets of dimensions whose volumes are between 100,000,000 ft3 and 500,000,000 ft3.

3. Task:

Assuming that the building must be no more than 100 ft tall, find dimensions which produce a building whose volume is 100,000,000 ft3 and whose surface area is as small as possible. 

4. Task:

Suppose that the cost of the preparation of the footprint (per square foot) is about 3 times the cost of the walls and ceiling (per square foot).  Add an additional column to calculate this cost, as shown in the spreadsheet below. Now find dimensions of a building which is still no more than 100 ft tall, has a volume of 100,000,000 ft3, and whose cost is as small as possible.
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5. Exploration:

Suppose the building is rescaled so that its length, width, and height are all halved. What do you think will happen to the volume, the surface area, the footprint, and the cost? Use the spreadsheet to compute and compare these values.

6. Exploration: 

Suppose a 10 ft x 20 ft x 3 ft model is rescaled to a building with 10 times the volume. By what factor must the dimensions be scaled? To rescale to a building 100 times the volume, what factor must be used? Use the spreadsheet to explore various scalings.
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		Length (ft)		Width (ft)		Height (ft)		Footprint
(sq ft)		Sides
(sq ft)		Volume
(cubic ft)

		120		40		20		4800		6400		96000

		120		80		20		9600		8000		192000
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		Length (ft)		Width (ft)		Height (ft)		Footprint
(sq ft)		Sides
(sq ft)		Volume
(cubic ft)		Cost factor

		90		40		20		3600		5200		72000		16000

		90		80		20		7200		6800		144000		28400
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