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SURVEYING: Area of a Triangle
· Objectives 

· To demonstrate the calculation of the area of a triangle

· To show how this is used by engineers in design calculations 

· Background 
A general trigonometric rule states:

The area of a triangle is equal to one-half the product of any two of its sides and the angle interior to the two sides:
Area = 0.5 ab cos C = 0.5 ac cos B = 0.5 bc cos A



(1)

For the triangles shown in Figure 1, the area can be computed if any two sides and the angle interior to those two sides are known.


Looking at Figure 1, it should be evident that the height of the triangle is h and that h = a sin C. Therefore the first part of Eq. 1 can be re-written as:



Area = 0.5 ab sin C = 0.5 b (a sin C) = 0.5 bh

Similarly, using the angle A, then h = c sin A and the third expression in Eq. 1 is: 



Area = 0.5 bc sin A = 0.5 b (c sin A) = 0.5 bh

Therefore, we can generally conclude that the area of a triangle is 0.5 * base * height.
· Pre-Laboratory Questions 
1. If the area of the rectangle (ABCD) shown is b*h, what is the area of the two triangles (ABD and BCD)?

2. If the area of rectangle ACDE is bh, show that the area of the triangle BDE is

0.5 bh.

3. Which of the two triangles (ABD or BCD) has the larger area?

4. THE TRIANGLE GAME 

Objective: Learn the types of triangles 

Equilateral:  Three equal sides, three equal angles (60°)

Isosceles:  Two sides are equal 

Acute:  All angles less than 90°

Right:  One angle equal to 90°

Oblique:  One angle greater than 90°

Materials:  Game board 

Number cube 

Score sheet for each player 

Coins for each player to mark their positions

Directions:

1. Each player rolls the number cube in sequence and moves the number of spaces equal to the number of pips shown. Each move must cross a side of one triangle, not one of the vertices.
2. Identify the type of triangle defined by the space on which a player lands. Record the number of points and the type of triangle.
3. The game ends at the end of the round in which one or more players returns to the START space.

4. A bonus of 5 points is awarded to a player who has at least one of each of the five types of triangle (no more than one bonus per person per game).
5. The person with the highest number of points is declared the winner (regardless of who completes one cycle).
Area  = 0.5 ab sin C = 0.5 ac sin B = 0.5 bc sin A

FIGURE 1

FIGURE 2. Basin Layout for Design Project

	THE TRIANGLE GAME
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· Preparation 
1. Obtain a transit and a rod (see SURVEYING: Horizontal Angles).
2. Tape a piece of paper (22 in. x 17 in.) to a table top, preferably with the long side very near one side/end of the table.

· Procedure
Question:
What does a cos C represent in the triangle of Figure 1?

1. Place two points on the paper approximately 45 cm apart and along the side near the edge of the table. Mark these vertices A and C. This is side b. Measure the actual distance and record the distance on Worksheet A.
2. Place the transit on corner A and site the transit to corner C. With the rod held at C, record the transit reading on Worksheet A.

3. Add 55° to the reading of step 2 to get the sighting for side c. Turn the tube through this angle and locate two points, one about 10 cm from point A and one about 20 cm from point A. Draw a line from point A through these two points to form side c.

4. Measure a length of about 20 cm from point A along the line of step 3 and indicate the third corner of the triangle as point B.
5. Measure the actual length of side c (i.e., the distance between corners A and B). Record the length on Worksheet A.

6. Measure the length of side a (i.e., the distance between B and C.). Record the length on Worksheet A.
7. Place the transit at point C. Site on the rod placed on point A. Record the transit reading on Worksheet A. Turn the tube and site on the rod placed at point B. Record the transit reading on Worksheet A. Compute angle C.

8. Place the transit at point B. Site on the rod placed on point A. Record the transit reading on Worksheet A. Turn the tube and site on the rod placed at point C. Record the transit reading on Worksheet A. Compute angle B.
· Computations 

1. Using the angle and length measurements recorded on Worksheet A, compute the area of the triangle using each part of Eq. 1.
2. Compute the error in the close of the angles.

3. Compute the error in the three estimates of the area of the triangle.

· Post-Laboratory Questions 

1. What is the ratio of the area of triangle ABC to the area of  triangle ACD?
2. Justify your response to Pre-Laboratory Question #3.

3. A surveyor lays out a field by identifying the five corners. What is the area of the plot?

4. An environmental engineer finds a triangular field is heavily polluted. All of the soil to a depth of 2.3 m will be excavated and cleansed of the pollutant. The dimensions of the field are shown below. What volume of soil will need to be cleansed?
· DESIGN PROJECT 
1. A surveyor is hired to layout a stormwater detention basin along side of a highway to collect flood runoff from the highway (see Figure 2). The required surface area is 2000 m2, with the sides that are not adjacent to the highway equal in length. Topography will set the interior angle C to 35°. What is the length of the basin (h in Fig. 2)? What are the three interior angles of the triangular basin? What is the length of the basin (distance AB in Fig. 2) adjacent to the highway? 
Solution:


Area = 0.5 a b sin C = 0.5 a2 sin C
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2. A project to widen a roadway is undertaken by an engineering firm. The roadway is adjacent to a 320-m long hill that has a slope of 18° (see Figure  ). Part of the hill will be excavated such that the hill will have a slope of 30° after the road is widened. What volume of material will need to be trucked away disposal? If each truck can haul 8 m3, how many truckloads will be needed?

Solution:
The height of the hill (BC) is 
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Therefore S = 0.5(
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Area ABD = 
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Therefore, the volume is area * length = 82.96(320) = 26548 m3. At 8 m3 per truckload, 3319 loads will be required.
WORKSHEET A:
Area of a Triangle
b = __________
cm = length of side b

A1 = _________
degrees = protractor reading from A to C
A2 = _________
degrees = A1 + 55°

A =         55       
degrees 

c = __________
cm = length of side c 

a = __________
cm = length of side a
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_________
cm2 = 0.5 bc sin A = estimated area
D = [S(S-a)(S-b)(S-c)]0.5 = ________cm2 = computed area 
error = 
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 = ________cm2
relative error = error/D = ___________
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