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I. INTRODUCTION 

Cubic foot sca1iC has not been used extensively as a practical 

scaling rrthod in the United States to date. However, there has been 

much agitation on the part of foresters and research men to replace the 

board foot with the cubic foot as the standard unit for measuring log 

volume. The lumber industry in the United States has used the board 

foot almost exclusively for more than one hundred years. They have rdo 

little attempt to change their standard unit of measure, so, apparently, 

it must be satisfactory for their needs. If the foresters are to ac- 

coinplish the change to the cubic foot unit, they will have to convince 

the lumber industry that the cubic foot is a more advantageous and 

practical unit than the board foot. The foresters and research men 

have built up a good case against the use of the board foot, but its 

use has become such a custom that the change will be a difficult one to 

nke. The problem of the cubic foot unit advocates is similar to that 

of the scientists recommending the change from the British system of 

measurements to the metric system. Here, as in the cubic foot - board 

foot problem, custom seems to be stronger than reason. 

In cases where all of the logs are to be cut into lumber, the 

board foot is a fairly accurate unit. Usually, mest board foot rules 

under-estimate the amount of wood in the log by not considering the 

taper of the log. This underestimate is corrected somewhat through the 

large loss of wood in cutting out the lumber. Thus, the board foot 

rules give a fairly accurate picture of log volume depending upon the 

factors which determine the amount of waste in sawing. 
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The board foot is a satisfactory unit of nasurenent when the final 

produc1 of the log is o be luriber. In case the log is to be converted 

into a product other than lumber, the board foot loses its meaning and 

becomes an unsatisfactory unit of measure. For asuring log volumes in 

terms of bulk products, such as pulp, excelsior, or extractive products, 

the board foot is obviously a poor unit to use. The use of the board 

foot unit for measuring the amount of veneer in a log is another caso to 

which the board foot is not adapted. However, the board foot has been 

used and is still being used to determine the amount of such products 

contained in logs. In such cases, the error in using the board foot 

unit is increased greatly because in producing veneer or pulp there is 

no waste as in sawing lumber. Producers of these products are not con- 

cerned with the number of board feet that can be cut from the log. 

Their rin interest is in what the log will yield in solid wood volume 

for conversion into pulp or veneer. It is in the measurement of logs 

used for these products that the cubic foot is better adapted than the 

board foot unit. 

The change to the cubic foot unit for scaling logs will most 

likely corne first in scaling logs for pulpwood, veneer, and other bulk 

products. The fact that an increasing amount of wood is being used for 

such products ny bring about the change to the cubic foot unit in the 

near future. This will dennd the development of an accurate and 

practical rule for obtaining cubic foot volume. Already, several cubic 

foot rules have been proposed òy mon advocating the change to the 

cubic foot unit. There has been little work done in checking the 

accuracies of the proposed rules when applied to actual logs. The 

purpose of this report is to compare the errors of the proposed rules 
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in scaling second growth Douglas-fir logs. 

The data used in comparing the various rules were obtained from 

actual log measurements of 23 second growth Douglas-fir trees in the 

McDonald Forest. A log of 32 feet vs used as a standard for the 

conutations. Measurements of the diameter inside bark were taken every 

16 feet of length to a top of approximately 6 inches. Taking diameter 

measurements every 16 feet of length gave diameters inside bark for the 

butt, middle and top of each 32 foot log. The 23 trees yielded 50 logs 

of 32 feet which were considered sufficient to test the accuracies of 

the proposed iiiles. 

II. CUBIC FOOT RUlES TESTED 

The cubic foot rules tested in this study are: Newton's, Huber's, 

Srnalian's, Rapraegor's, and Sorensen's rules. The cubic foot volume by 

each rule was compared with the volume by Newton's formula which was 

assumed to be the most accurate of the rules. A basic formula for the 

cross-sectional area of each diameter measurement was sot up to get the 

cubic foot volumes by the Huber, Smalian, Rapraoger and Newton rules. 

This basic formula in terms of the diameter inside bark at each diameter 

measurement was: -' 2 
A- D 

14 X 

Where A The area of the cross-section in square feet 

D : Diameter inside bark in inches 

11414 : Converting factor changing square inches to square feet 

All diameter measurements used in this study wore taken inside bark and 

the log length used vs 32 foot. 
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Newton' s Pule 

Newton's rule is based on an engineering formula for calculating 

volumes of earthwork. This f orim.üa has been adapted to the measuring 

of log volumes .n cubic feet. This rule treats the log as a frustrun 

of a solid having curvilinear form. It requires three diameter measure- 

ments: top, bottom, and middle diameters of the log. According to the 

formula, the middle diameter is weighted four times as heavy as either 

the top or the bottom diameter. This f orrmila as developed from the 

basic cross-sectional area formula is: 

llxL x (D 4. 14D + D 
) V: tfVi11T ___ ____ 

3.1)46 x 32 X (n 4. LD 4. D 
) 

- Lx]J4 

V 0.02909 X (ng 4. 14D f D 
) 

Where V = Volume in cubic feet 

Diameter (inside bark) at bottom of log in inches 

Dm = Diameter (inside bark) at middle of log in inches 

Dt = Diameter (inside bark) at top of log in inches 

L Log length in feet 

lLiLi. Converting factor changing square inches to square feet. 

This rule, most nearly, gives the absolute volume of a log, and for this 

reason was used as the basis for determining the errors in the other rules. 

Under actual scaling conditions, the three measurements required by this 

rulo would nke it very impractical. 
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The Ilubor Rule 

Huber' s rule considers the log as a cylinder with a diameter equal 

to the middle diameter of the log. The formula for the Huber rule 

developed from the basic cross-sectional area formula is: 

2 
y- llxD xL 

- )4x]J4i. 

v !LJ XD 
L. x iL 

V: X D2 
in 

V O. 17L1.528 X D 

Where V Voluz in cubic feet 

Dm Diameter (inside bark) at middle of log in inches 

L : Length of log in feet 

1144 = Converting factor changing square inches to square feet 

This rule has the advantage of requiring only one diameter measurement. 

The need for only one diameter measurement is an advantage, depending 

upon where the logs are to be scaled. In scaling decked logs, it is 

impossible to get the imiddle diameters directly. Thus, this rule would 

be impractical under such conditions. If the logs were to be scaled 

in a pond, obtaining the diameter inside bark would make the application 

of Huber's rule very difficult. However, the logs might be scaled 

before reaching the pond, or deck, and Huber's rule could be used to 

advantage. 



The Smalian Rule 

The Srrialian rule gives the log a volume equal to a cylinder of 

the same length. It takes the average of the basal areas of the two 

ends of the log in square feet, multiplied by the length in feet to 

give the cubic foot voltino of the log. The Smalian formula as developed 

from the basic formula for cross-sectional area is: 

V: llxD2 XL 
L. x 1L44 

V !2_ D 1. D 

Li.xiLa4 2 

V j. D 

V : 0.08726)4 X D j. 

Where V 
: 

Volume in cubic feet 

Diameter (inside bark) at bottom of log in inches 

Dt Diameter (inside bark) at top of iog in inches 

L : Log length in feet 

1)4)4 : Converting factor changing square inches to square feet 

The Smalian rule requires diameter measurements inside bark at both ends 

of the log. This fact makes the rule somewhat undesirable, when compared 

to the requireme:t of only one diameter measurement for the Huber rule. 

The Snialian rule has advantages over the Huber rule in situations whore 

the logs are decked or in a pond, and the middle diameter inside bark 

is difficult to measure. 
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The Rapraeger Rule (i in 8 Rule) 

The Rapraeger rule, iciown also as the 1 in 8 rule, is a modified 

version of either Huber' s or Smalian' s rule. It uses a taper allowance 

from the top of the log of 1 inch in 8 feet of length to get the butt, 

or the middle diameter, depending on the modification used. In this 

study, the modified Huber formula is tested. The formula developed from 

the basic cross-sectional area formula for this modification is: 

2 
V: llxD XL 

14 X 

V: llxL 
X(Dt f 2)2 

14x11414 

V : 3.11416 x 32 X (D f 2)2 

14 1)414 

V 0.1714528 x (Dt + 
2)2 

(here V : Volume in cubic feet 

Dt 
: 

Diartter (inside bark) at top of log in inches 

L Log length in feet 

Converting factor changing square inches to square feet 

Rapraeger's rule requires only a top diameter moasurement inside bark. 

This is an advantage, since this single measurement can be obtained 

easily under practically all scaling conditions. The rule has a 

serious disadvantage, however, in that the taper allowance used is 

accurate only when the measured logs have the assumed taper. 



The Sorensen Rule (i in 10 Rule) 

The Sorensen , or 1 in ten rule, coraparos the volume of the log 

to the volume of a cone frustum of the same length. The top diameter 

inside bark is taken and a taper allowance of 1 inch in 10 feet of length 

is used to obtain the bottom diameter of the log. The formula for 

Sorensen's rule developed from the formula for the volume of a cone 

frustum is: 

(A j. 4 + \1:;:;T-;) h 

V= (flD 11D 

3.IJ-.16 x (D f D 
) 3x)4x ]J)4 

J-1414 

L Xll) 

f. (D xDb) 

V: 0.05817 x (D 4. D ) 
i. (Dt x Db ) 

Where A1 : Top basal area of frustum in square inches 

A2 Bottom basal area of frustum in square inches 

h :L 
V Volume in cubic feet 

Dt Top diameter (inside bark) of log in inches 

Db Bottom diameter (inside bark) of log in inches 

L : Ig length in feet 

1)44 : Converting factor changing square inches to square feet 

This rule is similar to the Rapraoger rule in its advantages and 

disadvantages. It requires only a top diameter measurement, as the 

bottom diameter is obtained by applying the taper allowance of 1 inch 



q 

in 10 feet of length. The fact that this rule requires only the one 

diameter measurement allows this rule to be used on logs in almost any 

location belween the stump and the mill. As in the Rapraeger rule, the 

taper allowance used will be accurate only where the measured logs have 

the assumed taper of one inch per ten feet of length. 

Ii:t. CO'UARISON OF THE ERRORS IN CUBIC FOOT VOLUIJflS 
BY T1VTOUS RTThETESTED 

The cubic foot volume of each of the 50 logs measured was computed 

by the five rulos, giving a total of 250 log voluns. The total error 

in each rule was determined by comparing the total volume of the logs by 

Newton's rule to the total volume of the logs by each rule tested. 

Table I shows the total cubic volume of butt, intermediate, top, and all 

log groups combined for each of the five rules tested. Table II gives 

the error for the total cubic foot volume of each log group when compared 

to the total cubic foot volume of each log group by Newthn's rule. The 

total error of each log group, represented as a percentage of the total 

cubic foot volume of each log group by Newton's rule, is shown in 

Table III. In Table III the relative value of each of the proposed 

rules for scaling is also available. 

The Huber Rule 

Huber' s rule scales the 23 butt logs ).9% low. The iiddle 

diameter is the only diater measurement used in this rule. Thus, 

in the case of butt logs, the Huber rule would not measure the extra 

volume caused by butt swell. 

In the intermediate log group, the Huber rule is 0.8 low for 

the 9 logs measured. 

In the top log group of 18 logs, it is higher than the Newton 
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volume by o.6. For all log groups combined, the Huber rule is 2.9 

low. This is probably due to the greater number of butt logs used, 

compared to the other log groups. The Huber rule varied the least of 

the rules tested, over all the log groups. 

The Smalian Rule 

The Sni1ian rule scales the 23 butt logs 9.9 too high. The fact 

that the Smalian rule is based on both the butt and top diameters would 

explain this rule scaling, too high, logs with butt swell. 

This rule is i.6 too high for the 9 logs of the intermediate 

group, and it is l.L too low for the 18 logs of the top log group. 

For all log groups combined, Smalian's rule is 5.8 high, which 

is exactly twice the error by Huber's rule but in the opposite direction. 

The fact that all the errors in cubic foot volumes by Smalian's rule 

are twice those of Huber's rule and of opposite sign, has been proved 

algebraically and sho'm in Preece's study of cubic foot scaling. 

The Rapraoger Rule (1 in 8 Rulo) 

The Hapraegor rule is 0.l low for the 23 butt logs; 6.2 low 

for the 9 logs of the intermediate group, and l6.3 low for the 18 

top logs scaled. The error in this rule for all the groups combined 

is a -!4..7. This results from the large number of butt logs measured 

and the very small error found in the butt log volumes. 

The errors in the volumes of the intermediate and top log 

groups show that the taper allowance is too small for logs of these 

groups. However, the error in the butt log group by this rule 

indicates that the taper allovjance of 1 inch in 8 feet of length is 

very close to the actual taper of these logs. 
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The Sorensen Rule (i in 10 Rule) 

The Sorensen rule gives volumes too low for the butt log 

group; i0.62 too low for the intermediate log group, and 22.1 low 

for the top log group. This rule is 9.L low in considering the 

volume of all the log groups combined. Thus, it is the least accurate, 

on this basis, of all the rules tested. The fact that all of the log 

group volumes scaled by this rule are lower than the Newton volumes, 

shows that the taper allowance is not sufficient in any of the log 

groups. 

IV. RESULTS 0F PREVIOUS STUDIES 

There has been much research done and nny articles written on 

the subject of cubic foot scaling. Foresters, such as Belyea and 

Sheldon(1), Rapraeger(2) (3) 
and tger, are advocates of this 

method of scaling. They have covered practically all the phases of 

the subject in articles urging the change from the board foot to the 

cubic foot system of scaling. Anyone wishing detailed information on 

the problem of cubic foot scaling should consult articles by these men. 

Other studies have been made of the errors in cubic foot scaling, 

using the five rulos tested in this report. These studies were made 

by Proece6 and Griffith Preece's study was made on Western 

Hemlock logs, while Griffith investigated the errors in the five rules 

using Ponderosa Pine logs. 

Preece found that Huber's rule was the most consistent over all 

the log groups, but that the Rapraoger, or 1 in 8 rule, was the most 

accurate in the butt and intermediate log groups. The errors by 

Snlian's rule were found to be twice as large and opposite in si 
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to those of the log groups scaled by Huber's rule. Preece reported the 

Sorensen or 1 in 10 rule as the most inaccurate of all those tested, as 

it had the largest error over all the log groups conthined. 

Griffith's results, using Ponderosa Pine logs, shovd the Huber 

and Sinalian rules as being the most accurate rules tested. The error, 

by Huber's rule for all log groups conthined, was by Smalian's 

rule + 9.l, by the Rapraeger rule -11.0%, and by the Sorenson rulo 

-13.7%. Griffith states that the Rapraeger and Sorensen rules should not 

be considered accurate rules, unless the taper of the logs being 

scaled nearly equals the taper allowance of the rule used. 

V. CONCLUSIONS AI'D RECOLT1DATI0NS 

Of the rulos studied, the Huber rule is the most accurate, con- 

sidering all log groups combined, However, frein a practical standpoint, 

Huber's rule has the disadvantage of not being applicable under most 

scaling conditions. The other rules, although less accurate, can be 

applied to logs under almost any conditions. The Sinalian rule is very 

accurato, except in the butt log group, while the Rapraeger rule is 

accurate only in the butt log group. The Sorensen rule is very low 

in accuracy over all the log groups combined. Thus, it should be 

disregarded as an accurate rule to use. The Rapraeger and Sorensen 

rules would have possibilities, if the taper allowance used corresponded 

more closely with the taper of the logs to be scaled. 

In future studies of errors in scaling by various cubic foot 

rules, it is reconmiended that the Smalian version of the Rapraeger 

rule be tested. Another method that might be checked in a future 

study is the use of the formula for the frustum of a cone for getting 
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cubic foot volumes. It is suggested that some investigation be made 

to determine the correct taper to use with the Sorensen and Rapraeger 

rules, where they are in error. 
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TABI2 I 

TOTAL CUBIC FOOT VOUThES BY LOG GROUPS 

No. of 
Log Group Logs Newton Huber Sn.lian i in 8 1 in lo 

Butt 23 1,152.9 1,096,3 1,266.7 1,151.6 l,OOl,Ii. 
Intermediate 9 1423.h 1420,1 Li.30.2 397.1 378.7 
Top 18 14.07.2 b09.8 Lj.Oi.6 314.0.8 317.3 

Total 50 1,983.5 1,926.2 2,098.5 1,889.5 i,697,b 

TABlE II 

ERRORS IN CUBIC FOOT VOLIThES BY LOG GROUPS 

No. of 

Log Grou Logs Huber Siìialian 1 in 8 1 in 10 

Butt 23 -56,6 4. 113.8 -1,3 -51.5 
Intermediate 9 - 3.3 + 6.8 -26.3 
Top 18 42.6 5.6 -66.b -89.9 

Total 50 -57.3 4. 115.0 -9b.O -186.1 

TABlE III 

TOTAL CUBIC FOOT VOIJJNE ERRORS IN PERCENTAGES 

No. of 
Lo Group Logs Huber Snialian i in 8 1 in 10 

Butt 23 -14.9 + 9.92 -0.1% -14.5% 
Intermediate 9 -0.8% . 1.6% -6.2% -10.6% 
Top 18 i. 0.6% - 1.14% -16.3% -22.1% 

Total 50 -2.9% p 5.8% -b.7% 

- 



15 

LITERATURE CITED 

1. Belyoa, H. C. and Sheldon, T. R., tt50p Anomalies in the Board Foot 
Measurement of LosTt, Journal of Forestry, Vol. 36, No. 10, 

pp. 963-969 (1938). 

2. Rapraeger, E. F. '1The Cubic Foot as a National Log Scaling Standard" 
Northern Rocky Mountain Forest and Range Experinnt Station, 
1Iissoula, Ilontana (l9L0,. 

3. Rapraoger, E. F. "Log Scaling and Grading Practice in the Douglas- 
Fir Region", Pacific Northwest Forest Experiment Station, 
Portland, Oregon (1932). 

14. Munger, T. T. "Some Advantages of the Cubic Foot Unit as a 
Measurement of Logs", The West Coast Lumberman, (January 1929). 

5. Sorensen, C. J., "Cubic Content Log Scale", 

The Timborrrìan, (Juno 19h0). 

6. Preece, P. "Errors in Detorrüning Cubic Foot Volumes of Western 
Hemlock Logs by Various Rules", Thesis, Oregon State College 
(June 19L.5). 

7. Griffith, c. C. "Study of Errors Involved Using Proposed Cubic 
Foot Rules in Scaling Ponderosa Pine", Thesis, Oregon State 
College (December l9L6). 



16 

A P P E N D I X 
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CUBIC FOOT LOG VOLIThiS BY LOG GROUPS 
FOR THE RULES TESTED 

BUTT LOGS 

Nevr;on i in 10 Error i in 8 Error Sn1ian Error Huber Error 

56.2 56.1 - i 58.5 + 2.3 61.7 - 5.5 53.5 - 2,7 
111,7 110.1 - 1.6 113,8 # 2,]. 123.5 - 11,8 105.8 - 5.9 
21.6 20.5 - 1.1 21.9 - 0.3 20.9 - 0.7 21,9 .. 0.3 
L3.8 38,3 - 5.5 - 3.Li. 53.0 . 9.2 39,3 - 
28.7 19.8 - 8.9 21.1 - 7.6 37.6 . 8,9 2Lj..3 - 
)47.5 f 1.9 51.6 f L.i L.9.8 i. 2,3 Li6.L. - 1.1 
11.6 13,1 + 1.5 1L..2 + 2,6 ii.L. - 0.2 11,7 f 0.1 
52,7 5L.2 # 1.5 56.6 - 3.9 57.2 # h.5 50.5 - 2,2 
26.6 29.6 f 3.0 31.L. - L.8 26.1 - 0,5 26.8 #. 0,2 

130.0 116.3 -13.7 120.0 -10.0 1L11.j.7 .1. lLi.7 122,7 - 7,3 
38.2 38.3 + 0.1 L.0.3 - 2,1 !2.3 . L.,i 36,2 - 2,0 
31.7 37.3 i, 5,6 39.3 - 7.6 31j..)4 2,7 30,14 _ 1.3 
3L..6 36.L. + 1.8 38.2 - 3.6 35.3 4 0.7 31i..2 - 0.)-i- 
26.2 29.6 3.)-i- 31.b + 5.2 28j.. + 2.2 25,1 - 1.1 
25.3 28,7 4. 3.L. 30,5 .. 5,2 25.7 j. o.1 25.1 - 0,2 
31.2 33.!i. + 2,2 35.2 ' L.o 32,7 # 1.5 3O.1 - 0,8 
67.2 56.1 -11.1 58,6 - 8.6 71.5 

. 
L1..3 65.1 - 2.1 

67.6 61.2 - 6.L. 63.9 - 3.7 75.b 7,8 3.7 - 3.9 
96.1 75.7 -20,1± 78.5 -17.6 98.8 ' 2.7 914.8 - 1.3 
69.14 59.2 -10.2 61.8 - 7.6 85.9 ,' 16.5 61.1 - 8.3 
17.14 19.8 4 2,14 21,2 - 3.8 20.1 .p 2,7 16.1 - 1,3 
72,5 70.1 - 2,14 72.7 f 0.2 77.8 

. 5,3 69,s - 2.7 
145.1 143,2 t 3.1 50.5 - 5.14 52.5 1 7.14 141,14 - 3,7 

1152.9 1001,14L5)1151,6 - 1.3 1266,7 f113.8 1096.3 -56.6 



TOP LOGS 

!!iwton i iii 10 Error i in 8 Error Srnalian Error Huber Error 

37.11. 22.L. -15.0 23.9 -13.5 31.h -6.0 +3.0 
30.5 lL..3 -16.2 l5J. -15.1 30.7 +0.2 3O,! -0.]. 
10.0 8.7 - 1.3 9.6 - 0.Lj. 9.9 -0.1 10.0 0,0 
l8.L. 114.0 - h.b 15.1 - 3.3 18.1 -0,3 18.5 O.l 
20.9 16,9 - L..0 18.2 - 2.7 22,0 *1.1 20.L. -0,5 
38.Li. 14,5 

4. 3,]. L3.6 f. 5,2 38.9 +0.5 38.2 -0.2 
16.7 1L,9 - 1.8 16.1 - 0.6 l6,L -0.3 16.8 iO.]. 
22.7 16.9 - 5.8 18.2 - L..5 21.0 -1.7 23.5 *0.8 
22.6 18,3 - Li.3 19.7 - 2,9 21.2 -i.L. 23.1 #0,5 
21..8 26,0 

.. 1.2 27.7 . 2,9 2L.l -0.7 25,2 to,b 
16.5 16.8 0.3 18.2 

f. 
1.7 17.2 +0.7 16,1 -o,L. 

16.2 16.2 0.0 17.5 I. 1.3 16.5 *0.3 16,). -0.1 
18,3 16.2 - 2.1 17.5 - 0,8 18.6 4.0.3 18.2 -0.1 
32.14 22.8 - 9,6 214.14 - 8.0 31.6 -0.8 32.8 o,14 

17.5 12.5 - 5,0 13.5 - 14.0 17,6 40.1 17.5 0.0 
18.1 12.2 - 5.9 13.2 - 14.9 17.8 -0.3 18,2 .i.0.1 
17.3 13.0 - 14,3 114,2 - 3.1 16.8 -0,5 17.5 4.0.2 

28.5 13.7 -114.8 114,8 -13,7 31.8 *3.3 26.9 -16 

1407.2 317.3 -89,9 3140.8 -66.14 14.01.6 -5.6 1409.8 
fr2,6 
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IERLDIATE LOGS 

Newton 1 in 10 Error i in 8 Error Sn.1ian Error Huber Error 

70.3 62.0 - 8.3 61.1 - 5.9 7L.J. 
' 
3.8 68.5 - 1.8 

39.9 31..3 - 5,6 36.2 - 3,7 33.6 - 6,3 3)4.2 - 5,7 
38.L1. 11.o.L 

. 2.0 !j2,5 + ti..i L1.3.7 
f. 5.3 35,8 - 2.6 

78.5 65.2 -13,3 67.9 -10.6 78.5 0.0 78.ti. - 0.1 
3)4,0 3)4,8 + 0.8 36,8 * 2.8 39.1 t 5.1 )4O.3 i. 6,3 
L11.5 314.8 - 9,7 36.8 - 7.7 11.5.2 0,7 LILI..2 - 0,3 
38.7 35,L. - 3,3 36.8 - 1.9 38.5 - 0,2 38.8 4 0.1 
11)4.9 39.14 - 5.5 141.5 - 3.L. 145.3 4 o.)4 ).i11..7 - 0.2 
3)4,2 32,14 - 1,8 3)4,2 0.0 32.2 - 2.0 35,2 t 1.0 

1123.14 378.7 -14)4,7 397,1 -26.3 1430.2 + 6.8 112Ó,1 - 3.3 


