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Forest Industry has always struggled with how to calculate the amount of lumber a tree will produce.  The various systems require consideration of the quality of the tree: size, straightness, fire or disease damage, double top, taper, etc.  You will assume that you are working with an exceptional stand of timber: trees that are straight, uniform taper, no damage, perfectly round, cones.  

In the mid 18th century the Biltmore Stick was designed to quickly estimate tree height and diameter.  The stick (about the size of a meter stick) is marked on one side for measuring the height of a tree by holding the stick straight up and down at an arms length from the eye.  The user stands 100 feet from the tree.  The experienced user has learned to consistently hold the stick 25 inches from their eye.  The stick is then marked for each 4 feet of tree height.  Assume the average user’s eye is 5.5 feet from the ground.

1. Calculate the distance between the zero mark and the 60 foot mark on the Biltmore Stick.

To use the other side of the stick, it is held horizontally against the tree, 25 inches from the user’s eye (with the other eye closed).  The zero mark is lined up with one side of the tree.  Without moving, the user notices where the other side of the tree lines up with the Biltmore Stick.  The stick is marked for each one inch increment in the tree’s diameter.  

2. Calculate the distance from the zero mark to the 20” diameter mark on the Biltmore Stick.
3. Give a formula for calculating the distance from the zero mark to the marks on the stick representing the various diameters.
Suppose that someone used the Biltmore Stick and determined the diameter of a tree to be 20 inches at a point 4.5 feet above the eventual stump height (one foot). They also determined the height of the tree to be 100 feet from the ground.  Assume the trunk is a perfect cone.

4. Calculate the volume in cubic feet of the tree trunk from the height where it is cut off to the top of the tree.
(Continued on the back)

Scribner Decimal Scale

The Greatest Integral Value Less Than the Diameter (in Inches) of the Small End of the Log
Board Feet of Dimensional Lumber from an Eight Foot Log
Board Feet of Dimensional Lumber from a Sixteen Foot Log
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30
60

11
30
70

12
40
80

13
50
100

14
60
110

15
70
140

16
80
160

17
90
180

18
110
210

19
120
240

20
140
280

The Scribner Decimal Scale is one of the several methods for estimating the number of board feet of dimensional lumber that can actually be sawed from the round log.  At the saw mill, the largest 16 foot log from the tree trunk described in problem #4 could be cut into two 8 foot lengths.  (One board foot is a board 1 inch by 12 inches by 12 inches.  That means that 12 board feet is one cubic foot.)

5-6.  Use the Scribner Decimal Scale to:

5. Determine the total number of board feet of 16 foot dimensional lumber that could be sawed from the largest 16-foot log obtained from the tree in problem #4.

6. Determine the total number of board feet of dimensional lumber that could be sawed from the 16-foot log in problem #5 if the log were cut into two 8 foot logs.

7. The lumber cut from a 16-foot log is worth 5% more because of its length.  The extra cost for sawing two eight foot logs is 10% of the eight foot lumber’s value.  Would it be worth more to cut the 16 foot log in problem #5 into two 8 foot logs than leaving it as one sixteen foot log?  Explain your reasoning.

Be sure to show all the important steps of your calculations and organize your work so that it is easy to follow.  All of your responses must fit on the front of side of your answer page and only one answer page will be collected.
Scoring Rubric Summarized

You will be scored as follows:
Understands and Applies Mathematical Concepts and Procedures

· Number Sense:
3 pt -
Uses appropriate number skills accurately

· Measurement
2 pt -
Determines volume appropriately

· Geometric Sense
7 pt -
Uses geometric understanding appropriately

· Algebraic Sense
3 pt -
Uses algebraic procedures appropriately

Solves Problems - 2 pt

· Uses appropriate procedures

Reasons Logically - 2 pt

· Reaches a valid conclusion

· Explains reasoning and supports conclusion by comparing values

Communicates Understanding - 9 pt

· Accurately and appropriately extracts information from a chart

· Presentation is clear, organized, and easy to follow; appropriate labels are included

 Total Points - 28 possible

Tree Scaling- Rubric for Scorers

Note:  On 2-point items: 2 - meets given criteria, 1-partially meets given criteria, 0-meets none.

1.  (3 points)


Geometric Sense:

Communication:
1 pt – Uses similar triangles or other appropriate methods

1 pt – Determines distance is 15

1 pt – Labels answer with appropriate units 

2.  (4 points)


Solving Problems:

Alg/Geo. Sense: 

Communication:
2 pt – Uses appropriate procedure to determine distance from 0 mark to 20” mark

1 pt – Determines distance is 15.56

1 pt – Labels answer with appropriate units

3.  (2 points)


Algebraic Sense:
2 pt – Determines a function that describes the relationship between the diameter of a tree and the markings on the stick 

4.  (4 points)


Geometric Sense:

Measurement:

Communication:
1 pt – Uses similar triangles or other appropriate methods

1 pt – Uses formula for volume of a cone (or equivalent)

1 pt – Determines volume is 79

1 pt – Labels volume as cubic feet

5.  (4 points)


Geometric Sense:

Communication:
1 pt – Uses similar triangles or other appropriate methods

1 pt – Determines the larger 8’ log’s small end diameter is 17.6 (inches)

1 pt – Uses Scribner Scale to convert from diameter to board feet – 180

1 pt – Labels answer as board feet

6.  (4 points)


Geometric Sense:

Communication::
1 pt – Uses similar triangles, averages, or other appropriate method

1 pt – Determines the small end diameter is 19.3 (inches)

1 pt – Uses Scribner Scale to determine total board feet, 90 + 120 = 210

1 pt – Labels answer as board feet

7.  (5 points)


Number Sense:

Reasons Logically
1 pt – Calculates percentages correctly

1 pt – Uses the 5% with 180

1 pt – Uses the 10% with 210

1 pt – States it is not worth more to cut two 8’ logs - or an appropriate conclusion based on their results

1 pt – Explains their reasoning by comparing the relative values of the 16’ log to the two 8’ logs

Overall.  (2 points)


Communication:

2 pt – Work is organized and easy to follow






Total Points
28 possible




Support all your work with clear and convincing information and calculations.  Only answers on the front of this page will be scored.

Sample Solutions


1.  x/25” = 60’/100’  so x=15”
2.  tan(x) = 10/35  so x = tan-1(2/7)







x= 15.94°







M=25 tan(2x)=25tan(31.89°)







    =15.56”






3.  M=25 tan(2tan-1(D/(D+50)))  where D is 








the diameter.

4. B/99 = 20/94.5  so B = 20.95”

(1/3)π(20.95/24)2(99) = 78.99 cubic feet

(If 20” is incorrectly used as the base of the tree, the volume would be (1/3)π(20/24)2(99) = 71.99 cubic feet)

5. 20/x = 94.5/83 so x= 17.56”

Using the table for a 17” diameter log 16’ long the yield is 180 board feet.  (If the diameter is incorrectly rounded up, the yield is 210 board feet.)

6. The small end of the larger piece would be the average of ‘B’ and ‘x’ which is 19.255”.

Therefore from the larger piece the table gives 120 board feet and the smaller gives 90 board feet for a total of 210 board feet.



7. There is no advantage in cutting the 16 foot log into two 8’ logs.

Here are two ways to reason this: 

If there is a 5% increase in value for 16’ logs, that would be like having 1.05(180 bf)=189 bf.  If the 8’ logs produce 210 bf but 10% is “lost” in extra sawing costs, that would leave an equivalent value of 0.9(210 board feet)=189 board feet.  This means the net values are the same and there is no advantage in cutting the log into 8’ pieces.


The value of the 8’ lumber is V.  The value of the 16’ lumber is 1.05 (180V/210)=0.9V.  Since 10% of V is lost to sawing costs for 8’ logs, 8’ logs have a net value of 0.9V.  Therefore both results are 0.9V which makes the results the same.
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This figure shows a top view demonstrating the use of the Biltmore Stick in measuring the diameter of a tree.





Zero Mark





This figure shows a person using the Biltmore Stick to measure the height of a tree.
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