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Under Log sawing t i m e  (min.) the  independent var iable  D should be D SQ. 
The regression coef f ic ien t  is correct  a s  w e l l  a s  Tables 5 and 6. The SQ 
term was omitted during pr int ing.  

Under Log sawing t i m e  per Mbf. (min), the regression coef f ic ien t  f o r  the  
l a s t  independent var iable  SD > 25% is wrong. It should be 15.87645 ins tead 
of 15.51666. Therefore, Tables 8 and 10 a r e  s l i g h t l y  o f f  (see Tables 8 and 

Examples : Table 8 

d ib  Log length 
8 f e e t  12 f e e t  16 f e e t  

o ld  new old  new old  new 



Log and Tree Sawing Times 
for Hardwood Mills 

ABSTRACT 

Data on 6,850 logs and 1,181 trees were analyzed to predict saw- 
ing times. For both logs and trees, regression equations were derived 
that express (in minutes) sawing time per log or tree and per Mbf. 
For trees, merchantable height is expressed in number of logs as 
well as in feet. One of the major uses for the tables of average saw- 
ing times is as a bench mark against which individual mills can 
make comparisons. 

This publication is based on a paper originally presented at the 
27th Annual Meeting of the Forest Products Research Society, 
June 26, 1973, in Anaheim, California. 



sirrtrod~arctiorr log deck ready for the next log. Any delay of 

Most sawmill operations are centered 
around the headsaw, The headsaw is the hub, 
for all other sawmill operations are geared to 
the speed with which logs are sawn. Yet many 
mill owners and foremen do not know how 
much time i t  takes to saw logs of different di- 
mensions. Information on average log-sawing 
time allows mill owners to evaluate their pro- 
duction, to use available computer programs 
to determine the dollar worth of sawlogs, to 
evaluate the time saved by a resaw, and to de- 
t emine  the effeet of a change in average log 
size. This infomation will also be useful in 
timber appraisal. 

Profit is a major incentive for mill owners 
and i t  is directly related to cost (profit = rev- 
enue - eost); anything that reduces cost in- 
creases profits. Sawing is one of the eost 
items; therefore, reducing the average sawing 
time per log or per thousand board feet will 
increase profits. 

Sample Data 

The data on log-sawing times were collected 
during 4'7 studies conducted a t  20 different 
mills, of which 7 used circular saws and 13 
used bandsaws. Eight of the mills had resaws. 
The data cover 18 different species and 6,850 
logs. The data on tree-sawing times came from 
24 studies a t  11 mills, of which 3 used circular 
saws and 8 bandsaws. Four of the bandsaw 
mills had resaws. The sample data covered 8 
different species, 1,181 trees and 3,570 logs. 

Procedure 

20 seconds or more during the sawing of a leg 
is recorded and deducted from the sawing 
time. Sawing time is broken down into two 
categories and each is analyzed from two dif- 
ferent standpoints. The two categories are 
log-sawing time and tree-sawing time, and 
each is expressed as sawing time (in minutes) 
per log or tree and per Mbf. 

Before analysis, the sawing time data were 
split into three groups. The first group was 
used to develop the model, the second group 
to obtain the coefficients for the model, and 
the third group to test the final model. 

The factors affecting sawing time can be 
grouped into three main categories: 

1. Characteristics of the log or tree. 
2. Type of sawmill equipment. 
3. Method of sawing and thickness pattern 

used. 

Log or tree characteristics include species, 
diameter or dbh., length or merchantable 
height (either in feet or in number of logs), 
grade, volume, form class, and scalable de- 
fects. Some of these variables are expressed as 
combinations of other variables; for example, 
volume is a function of diameter, length, and 
form. 

Under type of sawmill equipment, the pri- 
mary variable was type of headsaw, band or 
circular. Other variables considered were the 
presence or absence of a debarker, a resaw, 
and a chipper. 

Sawing time, as used in this study, comm- Under the last category, method of sawing 
ences when the log is rolled oilt, onto the car- and thickness pattern, only the latter was 
riage and continues until the. log is c.omplrtely tested because all sawyers sawed for grade, 
sawn, the dog board or. i.at~t is r . t . l t~~s t~ t ,  and turning the log when the grade dropped and 
the carriage returns and stoils in Irt,rlt of Ihtx :~lso setting out taper. 
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Table 2,-Regression coeficients and associated 
T-values 

(Log sawing time) 

Independent variable T-value 

Log sauing time (rnin.) 

Intercept 
D 
D S Q x L  

SQ 
R x L 

Log sawing lime per ,%fbf. (min.) 

Intercept 14.87645 17.14" " 
l /D SG! 619.15918 2.93* * 
1/B SQ x 23624.93360 10.llx* 
I / L  SQ 844.20239 8.79" * 
R -8.18146 13.82" " 
It x 1/D SQ x -8607.90625 8.60" * 
S D  > 25% 15.51666 19.48" * 

*: Significant at the 1 percent probability level. 
Significant at "ce 5 percent probability level. 

"" Although not significant, this term is retained 
in the equation because its presence prevents the 
values at the sawing times of the 8 to 10-inch dia- 
meter logs in the 13 to 16 foot range from decreasing 
in value. 

The data selected for developing the model 
were analyzed using the least-squares principle 
for fitting a multiple linear regression model. 
The initial selection of independent variables 
was made by compiling two simple correlation 
matrices, one for the log data and one for the 
tree data. These matrices were made up of the 
log, tree and mill characteristics (table I) ,  
Some of the variabf es are transformations and 
combinations of other variables and others are 
dummy variables. Also all the interaction 
terms between the dummy variable and all 
other variables were used. With the correla- 
tion matrix as a guide, the variables to be used 
in the model searching were selected. A step- 
wise regression fitting procedure was used to 
select those independent variables that had a 
significant effect on the dependent variable, 
sawing time. In the tree sawing time models, 
equations were developed using merchantable 
height both in feet and in number of logs, 

The variables found to be significant, their 
regression coefficients, and the associated T- 
values are given in tables 2 and 3. 

Some of the more important factors that 
add variation that cannot be accounted for ad- 
equately are : 

1. DiAFerences among the 20 mills. 

Table 3.-Regression coefficients and associated I-values 

(Tree sawing time) 

Merchantable height in no. of logs Merchantable height in feet 

Independent variable Regression 
coefficient 

Regression 
coefficient 

Intercept 
DBH S 0  
DBH SQ x NL (FT) 
1/DBH SQ x NL (FT) - 
IZ x DBH SQ 
R x NL (FT) 

Intercept 
1IDBP-I SQ 

Tree sawing time (min.) 

Tree sawing time per N b f .  (min.) 

* * Significant a t  the 1 percent probability level. 

3 



2. Differences among the one to three dif- Sawing "e"ie~bcs! Resullt~, 
ferent sawyers per mill. Tests, and Discussion 

3, Diflerent capacities of mills. 

4. Vastly different power plants, some up 
t o  standard and others way below. 

5. Differences in maintenance: some mills 
have good preventive maintenance and 
others wait until a breakdown occurs be- 
fore making repairs. 

6, Frequency of changing or sharpening 
saws. 

Thickness pattern was found to be signifi- 
cant brat was not used in the analysis. Using 
dummy variables and plots of the residuals 
showed a clear break when a mill was cutting 
25 percent or more of 6/4 and thicker sawn 
lumber or timbers. Using this breakdown 

The equations predict sawing time per log 
or tree better than sawing time per Mbf. In  
the log sawing time equations, the adjusted 
R2s are .7'2 and .54, respectively, and for 
tree-sawing time, they are .82 and .69 (table 
4). The variance ratio test was used to test for 
differences in the two sets of observations. 
The test is: 

where: nl = number of observations in 
first sample 

n2 = number of observations in 
test sample 

p = number of parameters 
seemed logical, but the logs that fell in this $, = sum of squared residuals for category were all sawn a t  bandsaw mills with pooled first and second sample 
a resaw and, therefore, this dummy variable A I  = sum of squared residuals for 
was highly correlated with the dummy varia- first sample 
ble for resaw. In the regression analysis, once 

$ = sum of squared residuals for 
the variable for resaw entered the equation, test sample 
then the variable for 6/4 > 25 percent be- 
came nonsignificant. There were two problems 
with running these data separately: First, The statistic F has an F distribution with nl 

there were not enough data for a separate run, n2 and P degrees of if the observa- 

and second, they applied only to a bandsaw tions are normally distributed. 

mill with a resaw. Therefore, this variable was If the F-value is nonsignificant, then the hy- 
dropped. pothesis that the parameters of the first and 

Table 4.-Relevant statistics for  the four sawing-time predict ion models 

Log sawing time Tree sawing time 
Statistic 

Per Jog Per Mbf. Per tree Per Mbf. 

Standard error of estimate .78 

S.T. { Fzn 
Diam. 
or { E a n  

dbh 

Length Fzn 
No. of logs { 
No. of observations 6629 



test data are the same is accepted, and the 
equation for the combined data is used. 

The F-values for all equations are: 

Tree-sawing time ........................... .1.36 
Tree-sawing time per Mbf. ........... 2.55 
Log-sawing time ........................... .8.65* * 
Log-sawing time per Mbf. ............ 0.013 

*'* Significant a t  the 1 percent probability level. 

The F-statistic for three of the tests is non- 
significant, but for log sawing time, the F-sta- 
tistic is significant because the $,. is small 
(0.6105), so that the difference between coef- 
ficients of the first and test sample are large 
relative to $,. Therefore, tables of predicted 
values were developed using the coefficients of 
the three groups. The developing data table 
varied an average of 1 percent from the com- 
bined data table and the test data table varied 
an average of 7 percent. Therefore, even 
though the F-statistic was significant, the 
table is accepted because of the small differ- 
ences among the three tables. 

Tables 5 to 16 (Appendix) were produced 
using the models developed. The tables show 
in minutes the average time required to saw 
logs or trees grouped according to the follow- 
ing criteria: diameter inside bark, small end 
(dib) , diameter breast height (dbh) , length in 
feet, height by number of logs, presence or ab- 
sence of a resaw, and scaling deduction greater 
than 25 percent in the tables showing saying 
time per Mbf. 

Tables 14 and 16, for tree-sawing time per 
Mbf with scaling deductions greater than 25 
percent and with and without resaw, need 

more data before they can be used with confi- 
dence, even though the T-value of the scaling 
deduction coefficient is highly significant. 

Use of the Study Results 

There are many uses for the results of this 
study. First, the data on tree-sawing times can 
be used in making timber appraisals. One of 
the factors presently used is the average man- 
ufacturers cost in the appraisal zone. With the 
data for tree-sawing times, manufacturing 
costs can be adjusted for timber sales that are 
either above or below average size. Second, 
since the data is from many mills, an individ- 
ual mill owner can compare sawing times a t  
his mill to the average. Such an evaluation 
may suggest changes in sawing procedure. 
Third, a sawmill operator using one of several 
available computer programs1 that require 
sawing times to provide mill analysis informa- 
tion, or to provide the dollar worth of sawlogs, 
could use the actual data developed here or 
could use the variables found to be significant 
and develop individual mill coefficients. 
Fourth, the mill owner could determine what 
type of change in production he could expect 
by adding or removing a resaw a t  his mill. 
Fifth, if the mill owner knows that the average 
diameter and length of the logs he receives a t  
his mill will be changing, he can predict what 
effect this will have on his production and 
costs. 

For example see Adarns, Edward L. "SOLVE: A 
Computer Program for Determining the Maximum 
Value of Hardwood Sawlogs" IJSDA Forest Service 
Research Paper NE-229, 1972. 



Appendix 

Table .%--Log sawing time in minutes 

(Mill has resaw) 

Log length 
d i h  ---.--- 

8 feet 9 feet 10 feet 11 feet 12 feet 13 feet 14 feet 15 feet 16 feet 

Shaded area indicates limits of basic data. 



Table 6.-Log sawing time in minutes 

(no resaw) 

Lug length 

dib 8 feet 9 feet 10 feet 11 feet 12 feet 13 feet 14 feet 15 feet 16 feet 

Shaded area indicates limits of basic data. 



Table 7.-Log sawing time in Minutes per Mbf. 

(Mill has resaw; scaling defect < 25%) 

Log length 
d ib  

8 feet 9 feet 10 feet 11 feet 12 feet 13 feet 14 feet 15 feet 16 feet 

Shaded area indicates limits of basic data. 



Table 8.-Log sawing time in minutes per Mbf. 

(mill has resaw; scaling defect > 25%) 

Log length 

dib 8 feet 9 feet 10 feet 11 feet 12 feet 13 feet 14 feet 15 feet 16 feet 

Shaded area indicates limits of basic data. 



Table 9.-Log sawing time in minutes per Mbf. 

(no resaw; scaling defect < 25%) 

Log length 
dib 

8 feet 9 feet 10 feet 11 feet 12 feet 13 feet 14 feet 15 feet 16 feet 

Shaded area indicates limits of basic data. 



Table 10.-Log sawing +ime in minutes per Mbf. 

(no resaw; scaling defect > 25%) 

Log length 
dib 

8 feet 9 feet 10 feet 11 feet 12 feet 13 feet 14 feet 15 feet 16 feet 

Shaded area indicates limits of basic data. 



Table 1 l .-Tree sawing time in minutes 

(mill has resaw) 

Merchantable height 

dbh 1.0 log 1.5 log 2.0 log 2.5 log 3.0 log 3.5 log 4.0 log 4.5 log 5.0 log 

Shaded area indicates limits of basic data. 



Table 12.-Tree sawing .time in minutes 

(no resaw) 

Merchantable height 

dbh 1.0 log 1.5 log 2.0 log 2.5 log 3.0 log 3.5 log 4.0 log 4.5 log 5.0 log 

Shaded area indicates limits of basic data. 



Table 13.-Tree sawing time in minutes per Mbi. 

(mill has resaw; .scaling defect < 25%) 

Merchantable height 

dbh 1.0 log 1.5 log 2.0 log 2.5 log 3.0 log 3.5 log 4.0 log 4.5 log 5.0 log 

Shaded area indicates limits of basic data. 



Table 14.-Tree sawing time in minutes per Mbf. 

(mill has resaw; scaling defect > 25%) 

Merchantable height 

dbh 1.0 log 1.5 log 2.0 log 2.5 log 3.0 log 3.5 log 4.0 log 4.5 log 5.0 log 

Shaded area indicates limits of basic data. 



Table 15.-Tree sawing time in minutes per Mbf. 
(no resaw; scaling defect < 25%) 

Merchantable height 

dbh 1.0 log 1.5 log 2.0 log 2.5 log 3.0 log 3.5 log 4.0 log 4.5 log 5.0 log 

Shaded area indicates limits of basic data. 



Table 16.-Tree sawing time in minutes per Mbf. 

(no resaw; scaling defect > 25%) 

Merchantable height 

dbh 1.0 log 1.5 log 2.0 log 2.5 log 3.0 log 3.5 log 4.0 log 4.5 log 5.0 log 

Shaded area indicates limits of basic data. 






