Raised Garden Bed Construction

Directions:
Students will construct a raised bed garden using lumber and fasteners while learning mathematical concepts. Students will build a 4 feet x 8 feet x 1 foot garden bed. Students will fill bed with soil, plant vegetables (either direct seeds or transplant seedlings), care for and water crops, and, ultimately, harvest produce for cooking and consumption.

Note: A 4 ft. x 8 ft. x 1 ft. garden bed is recommended because it is cost effective. Three pieces of 2 inch x 12 inch lumber, which are 8-feet long, can be used to construct one garden bed. This is accomplished by using two pieces as 8-foot long sides and cutting the third piece in half to form two four foot end-walls.

Algebraic and Geometric Applications: 

1. Using centimeter-grid graph paper (with an x and y axis), draw a two-dimensional diagram of the rectangular bed that you will use to plant your vegetables. Use the coordinates A (0, 0), B (0, 4), C (8, 4), D (8, 0). This will show how many 1 x 1 foot rows and columns are available for planting. 

2. Complete the table below using the given scale factor. Find the perimeter, area, and coordinates of the garden bed with each new dilation.

3. Draw the corresponding garden bed sizes on grid paper with each new dilation. 

4. What is the relationship between the scale factor and the perimeter?

5. What is the relationship between the scale factor and the area?

6. What is the relationship between the scale factor and the coordinates?

7. Graph the data recorded in the table on the same graph. Let the “x” value be the scale factor and the “y” value be the perimeter and area, respectively. How do the graphs of the perimeter and area compare?

8. Do the graphs of the perimeter and area represent functions? If so, write a function rule for the rate of increase for the perimeter and area. 

9. Use the isometric dot paper to draw a three dimensional scale model that shows the volume of the garden bed. Remember, the garden bed is 4 x 8 x 1 feet.

10. Use your graph paper to draw a net of the garden bed and find the surface area.

Determine the costs of construction:

11. If one 2 inch X 12 inch X 8 feet piece of lumber cost $7.00, determine the cost of the lumber needed to construct the garden bed.

12. Based on its volume, determine the cost of soil needed in cubic feet if soil cost $25/yd3. Assume that the height of the garden bed remains constant, at 1 foot deep. 

13. Determine how many plants (seeds or transplant seedlings) can be planted in the garden bed based on how much space each plant needs.

* Enrichment/differentiation: Students could investigate how doubling and then tripling the dimensions of the volume of the 4 x 8 x 1 bed affects the volume of the bed and draw a picture of this on the isometric dot paper. 
Table 1. 

	Bed Dimensions
	Scale Factor 
	Perimeter

(2l x 2w)
	Area


	Vertices Coordinates of the rectangular garden bed
(x, y)

	Lumber Cost
	Soil Cost

	
4 x 8
	
1
	

	

	A (0, 0)
B (0, 4)
C (8, 4)
D (8, 0)
	
	

	
6 x 12
	
1.5
	

	

	A’ (, )
B’ (, )
C’ ( , )
D’ ( , )
	
	

	
8 x 16
	
2
	

	

	A’’ (, )
B’’ ( , )
C’’ ( , )
D’’ ( , )
	
	

	
10 x 20
	
2.5
	

	

	A’’’ (, )
B’’’ ( , )
C’’’ ( , )
D’’’  ( , )
	
	

	
12 x 24
	
3
	

	

	A’’’’ (, )
B’’’’ ( , )
C’’’’ ( , )
D’’’’ ( , )
	
	

	
14 x 28
	
3.5
	

	

	Av (, )
Bv ( , )
Cv ( , )
Dv ( , )
	
	

	
16 x 32
	
4
	
	

	Avi (, )
Bvi ( , )
Cvi ( , )
Dvi ( , )
	
	
















Solution Key:

1. See attachment for diagram.
2. See table below.
3. Check students’ work to ensure that the graph matches the vertices in the table. See attachment for diagram.

	Bed Dimensions
	Scale Factor 
	Perimeter

(2l x 2w)
	Area

Algorithm: 
(original area 
X 
scale factor2)
	Vertices Coordinates of the rectangle
(x, y)

	Lumber Cost ($)

Algorithm:
Perimeter/ 8 feet
	Soil Cost ($)

Assume bed height = 1 ft.

	
4 x 8
	
1
	
24
	
32
	A (0, 0)
B (0, 4)
C (8, 4)
D (8, 0)
	
(7 x 3) 
= 21.00
	
25(32/27) = 29.63

	
6 x 12
	
1.5
	
36
	
72
	A’ (0, 0)
B’ (0, 6)
C’ (12, 6)
D’ (12, 0)
	
(7 x 4.5) 
= 31.50
	
25(72/27)
= 66.67

	
8 x 16
	
2
	
48
	
128
	A’’ (0, 0)
B’’ (0, 8)
C’’ (16, 8)
D’’ (16, 0)
	
(7 x 6) 
= 42.00
	
25(128/27) = 118.52

	
10 x 20
	
2.5
	
60
	
200
	A’’’ (0, 0)
B’’’ (0, 10)
C’’’ (20, 10)
D’’’  (20, 0)
	
(7 x 7.5) 
= 52.50
	
25(200/27) = 185.19

	
12 x 24
	
3
	
72
	
288
	A’’’’ (0, 0)
B’’’’ (0, 12)
C’’’’ (24, 12)
D’’’’ (24, 0)
	
(7 x 9) 
= 63.00 
	
25(288/27) = 266.67

	
14 x 28
	
3.5
	
84
	
392
	Av (0, 0)
Bv (0, 14)
Cv (28, 14)
Dv (28, 0)
	
(7 x 10.5) = 73.50
	
25(392/27) = 362.96

	
16 x 32
	
4
	
96
	
512
	Avi (0, 0)
Bvi (0, 16)
Cvi (32, 16)
Dvi (32, 0)
	
(7 x 12) 
= 84.00
	
25(512/27) = 474.07



4. What is the relationship between the scale factor and the perimeter?

· Multiplying the original perimeter (24) by the scale factor produces the new perimeter.
· This is a linear relationship; as the scale factor increases by half a unit (i.e., 0.5), the perimeter increases by 12. 

5. What is the relationship between the scale factor and the area?

· Multiplying the original area (32) by the scale factor squared produces the new (subsequent) area. 
· This is an exponential relationship; although there is a pattern, there is not a constant rate of change.

6. What is the relationship between the scale factor and the coordinates?

· Multiple the original coordinates by the scale factor to get the new coordinates of the enlarged, dilated image of the garden bed.

7. Graph the data recorded in the table on the same graph. Let the “x” value represent the scale factor and the “y” value represent the perimeter and area, respectively. How do the graphs of the perimeter and area compare?

· For the graph, the perimeter is linear growth whereas the area is exponential growth.

· As the scale factor increases by 0.5, the perimeter increases by 12. The area increases by the original area—in this case, “32”—multiplied by the scale factor squared, so the formula is: [original area(scale factor)2 ]. For example, 32(1.5)2 = 72.

· See attachment for an example of what the graph could look like.

8. Yes, both graphs are functions. The function rule for the perimeter is y = 24x (which is a direct variation). The function rule for the area is y = 32(x)2.

9. Check students’ work on the isometric dot paper. See example on the attached isometric solution page.

10. The surface area for a 4 x 8 x 1 garden bed = 88 ft2. See image below.

11. If one 2 inch X 12 inch X 8 feet piece of lumber cost $7.00, determine the cost of the lumber needed to construct the garden bed.

· See solution table above.

12. Based on its volume, determine the cost of soil needed in cubic feet if soil cost $25/yd3. 

· See solution table above. Hint: 3 feet = 1 yard. 1 cubic yard = 27 cubic ft. 

13. Determine how many plants (seeds or transplant seedlings) can be planted in the garden bed based on how much space each plant needs.

· It depends on the actual plant chosen, and its respective spacing needs. Students can refer to the directions on the seed package. If using transplant seedlings, then students can consider what the space needs are for that particular plant. In a 4 x 8 x 1 bed, if a plant needs one square foot of growing space, then the bed can hold 32 plants. 

* Enrichment/differentiation: 
To find the volume after doubling the dimensions, students would have to multiply the original volume by the scale factor cubed. The original bed dimensions were 4 x 8 x 1 with a volume of 32 ft3. After doubling, the dimensions are 8 x 16 x 2 and the scale factor is 2, so new volume would be 256 ft3, because 23 = 8, so 32(8) = 256 ft3. Students could then continue this pattern for tripling the dimensions and draw the related isometric images to foster their understanding. When tripling, the scale factor would be 3 and 33 = 27, so 32(27) = 864 ft3. 
Students could also determine the cost of the soil needed to fill these beds. Cost for doubling = $25(256/27) and tripling = $25(864/27). Students could also determine this for each incremental increase by a scale factor of 1.5, as listed in the table.
Solution to Question #10

[bookmark: _GoBack]Students should draw the net on graph or grid paper in order to see that the surface area = 88 units.


l = 8
w = 4
h = 1
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