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SUMMARY

Nearly 4000 SPF (Spruce, Pine, Fir) sawlogs were measured at seven (7) 

different locations in the Provinces of Quebec and Ontario. The sawlogs 
were selected from mill yard inventories to represent the range of 

diameters usually processed by the study mills without considering external 
log characteristics. The findings of these investigations can be 
summarized as follows:

1• Log Taper and Eccentricity

Log taper ranged between 0.988 and 1.231 cm/metre depending on species. 
Jack pine logs had the least amount of taper while balsam fir was found to 
have the highest taper factor. Taper for the total SPF sample averaged 

1.09 cm/metre which is close to the commonly used rule-of-thumb of 1-inch 
of taper per 8-feet of log length.

Log eccentricity (ratio of the small axis over the large axis of a 
particular log end) averaged 96 percent an there appeared to be little 
difference between species.

2. Occurrence of Sweep and Crook

Log curvatures of at least one centimetre (1 .0  cm) occur in about 80 
percent of the Eastern softwood sawlog supply. The results of this study 
indicated that approximately 20 percent of the logs were straight, 50 

percent contained sweep and 30 percent had crook or a combination of sweep 
and crook.

3. Sweep and Crook by Log Size

Severity and occurrence of sweep was greater in larger diameter sawlogs 

than in smaller diameter material. Larger diameter logs also had a higher 

proportion of straight logs. In contrast, smaller diameter sawlogs had 
fewer straight logs and fewer logs with sweep but had a higher percentage 
of logs with crook.

4. Severity of Sweep and Crook by Species

About 904 of the logs affected by sweep had longitudinal curvatures that 
were less than 5 .0  centimeters (2 inches). Crook was more severe with only 
70% of the affected logs having less than 5.0 centimeters of crook.

Jack pine logs were found to have the fewest number of straight logs and 

the highest proportion of logs with sweep. Crook was also more severe in 

Jack pine logs. On the other hand, sweep was more severe in balsam fir 
than in both spruce or Jack pine.

On the basis of these findings and the results of other published data, it 
is estimated that the financial benefit of implementing curve sawing 

throughout Quebec and Ontario could reach $100 million annually and could 

represent an additional 500 MMbf of lumber from the same log supply. These

i



estimates suggest that curve sawing technology appears to have the 

potential to make a significant contribution towards the conservation of 
our dwindling natural softwood resource—base and the competitiveness of our 
Eastern sawmilling industry.

It is therefore recommended that curve sawing systems should be evaluated 
to promote this technology based on actual performance results. Such 

studies could identify optimum production parameters and recommend possible 

improvements to curve sawing for implementation under Eastern Canadian 
production conditions.

ii



TABLE OF CONTENTS

Zage

LIST OF TABLES Iv

LIST OF FIGURES iv

LIST OF APPENDICES Iv

1.0 OBJECTIVES 1
2.0 INTRODUCTION 1
3.0 BACKGROUND 1
4 .0 STAFF 3

5.0 EXPERIMENTAL PLAN 3

6.0 RESULTS AND DISCUSSIONS 6
6.1 LOG CHARACTERISTICS 6
6.2 OCCURRENCE OF SWEEP AND CROOK 9
6.3 SEVERITY OF SWEEP AND CROOK 9
6.4 OCCURRENCE OF SWEEP AND CROOK BY SPECIES 9

7.0 CONCLUSIONS AND RECOMMENDATIONS 12
8.0 REFERENCES 13

9.0 APPENDICES

i i i



LIST OF TABLES

Page

Table 1. Statistics Related to Log Taper and Eccentricity 7

Table 2. Occurrence of Sweep and Crook by Log Size 8
Table 3. Severity of Sweep and Crook by Log Size 10

Table 4. Occurrence of Sweep and Crook by Species 11

LIST OF FIGURES

Figure 1. Principle of Curve Sawing Technology 2

Figure 2a) Sawlog Affected by Sweep 4
Figure 2b) Sawlog Affected by Crook 4

Figure 3. Measurement of Sawlog Curvature 5

LIST OF APPENDICES

APPENDIX I - Occurrence of Sweep and Crook by Log Position 

APPENDIX II - Severity of Sweep and Crook by Species

iv



1.0 OBJECTIVES

The primary objective of the Curve Sawing project is to assist the Eastern 
Canadian softwood industry to improve conversion efficiency and lumber 

value recovery through the adoption of log breakdown techniques employing 
curve sawing technology. This study identified as Phase I of the Curve 
Sawing Project concentrates on the occurrence and severity of sweep and 
crook. Specifically, its objective was to determine the extent and 

severity of sweep and crook as operational defects in Eastern Canadian 
softwood log supplies.

2.0 INTRODUCTION

To remain viable in the face of increasing global competition for 

international markets, numerous experts have suggested that the Canadian 
industry must improve both its efficiency and productivity by 
implementating new technology and shift its production focus from commodity 
products to higher valued manufactured products. Obviously, such a shift 
from volume to higher value production will require some long term 

fundamental changes in the industry. In the short term, innovative log 
breakdown techniques may well be the answer to improve efficiency and value 
recovery obtained by existing commodity-based sawmills.

Curve sawing is one technique which would appear to be ideally suited to 
assist the Eastern Canadian industry to inprove efficiency. Where this 

technology is used, it is reported that the greatest benefits and impact 

are realized when processing small diameter sweepy sawlogs. And, since the 
Eastern sawmilling industry has to process some of the smallest crooked 

logs in the world, it is understandable why Curve Sawing technology is 
generating considerable interest.

3.0 BACKGROUND

Curve or pith sawing is not a new technique. It has been used for a number 

of years in Scandinavia for sawing cants with sash gangs and occasionally 
with bandsaws. When applied to logs with sweep, curve sawing has the 

capability to follow the natural curvature of the piece during the 

breakdown operation. This process results in longer lumber and lumber 

having less wane. This compares with the normal Canadian practice of 

straight sawing sweepy cants to produce waney lumber from the concave face 
and short length pieces from the convex face (Figure 1).

Several studies have been conducted in various countries regarding the loss 
in yield due to sweep ( I ,  2, 3, 4, 5, 7, 8). In addition, observations 
have shown that logs with smaller top diameters are usually more crooked 
than larger logs (2 , 4, 5) and that sweep in small logs affects lumber 

recovery more than sweep in larger logs (2 ) . Recently, Swedish mills have 
implemented the curve sawing techniques using circular gang resaws in an 

effort to improve throughput and increase lumber recovery by two to four 
percent (1, 2).
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Figure 1. Principle of Curve Sawing Technology
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Considering these published results, curve sawing technology could have 
tremendous commercial significance for the Eastern sawmilling industry.

However, although sweep is recognized as being an operational problem, 
little precise information is available as to its extent and severity.

As a result , this project on the Occurrence and Severity of Sweep and Crook 
in the eastern softwoods, was undertaken to determine just how big a 
problem sweep and crook really are.

4.0 STAFF

W.F. Love Department Manager

Lumber Manufacturing Technology

Y. Corneau Group Leader

Lumber Manufacturing Technology

S. Constantineau Sawmill Systems & Software Scientist 
Lumber Manufacturing Technology

G. Veilleux Sawmill Process Technologist 
Lumber Manufacturing Technology

T. Armstrong Sawmill Process Technologist 

Lumber Manufacturing Technology

J . McDonald Sawmill Process Technologist 
Lumber Manufacturing Technology

5 .0  EXPERIMENTAL PLAN

Sawlog measurements were conducted at seven mill locations scattered 

throughout the Northern regions of the Provinces of Quebec and Ontario. 
These regions are noted for producing the bulk of softwood lumber 

manufactured in Eastern Canada from black spruce (Picea mariana (M ill.) 
B .S .P . , balsam fir (abies balsamea (L .)  Mill) and Jack pine (pinus 
banksiana Lamb.). At different sites, sawlogs were selected from mill yard 
inventories to cover the range of log diameters processed by the mills, 
without considering external log characteristics.

In this study, sweep was defined as a gradual curvature of the longitudinal 

axis of a log (Figure 2a) while crook was defined as a sharp deviation or 
curvature of the longitudinal axis over a portion of the log length (Figure 
2b). Deviation of the log axis was measured as the point of maximum 

deflection from a straight line drawn tight to the sides of the log ends. 
These deviations were measured in the horizontal and vertical axis of each 
sample log and recorded to the nearest millimetre.
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Figure 2a. Sawlog Affected by Sweep

Figure 2b. Sawlog Affected by Crook
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Figure 3. Measurement of Sawlog Curvature
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Sweep, crook and sweep/crook groupings were established to represent logs 
with sweep in one or both axis, logs with crook in one or both axis and 
logs with sweep in one axis and crook in the opposite axis. A log was 

considered to be straight when the deviations recorded in the horizontal 
and vertical axis were less than one centimetre (_< 1.0 cm). All other 
deviations 1.0 cm and greater were recorded and grouped into severity 
classes as shown below.

Severity Classes Deflection (cm)

1 1.0 - 2.49
2 2.5 - 4.99
3 5 .0  - 7.49

4 7.5 - 9.99
5+ 10+

Taper was also calculated for each log by subtracting the average small end 

diameter from the average large-end diameter and dividing by the log 
length. Diameters were measured to the nearest millimetre and log lengths 
to the nearest centimetre.

6.0 RESULTS AND DISCUSSIONS

6.1 LOG CHARACTERISTICS

Measurement of horizontal and vertical axis of sample logs for sweep and 
crook created the opportunity to generate statistics related to log 
eccentricity. With the present day use of advanced scanning technology and 
the added importance awarded to log taper and log eccentricity it was 
decided to take advantage of the opportunity offered by the Curve Sawing 

Project to secure the basic data and generate up to date statistics on log 
taper and eccentricity.

Log eccentricity measurements are presented as the ratio of the small axis 

diameter over the large axis diameter of a particular log end. Sample 
results indicated (Table 1) that this eccentricity ratio averages about 96 
percent. This means that the small axis of a log end is on average about 4 

percent smaller than the large axis of the same end. Log eccentricity was 

found to be fairly constant and there appears to be little difference 
between species or log ends (butt or top).

Results of log taper showed that logs in Eastern Canada have an average of 

1.09 centimetres of taper per metre of log length which is comparable to 
the old rule-of-thumb of 1.02 centimetres per metre (1-inch per 8-feet). 

The least amount of taper was found in Jack pine while Balsam fir had the 
highest taper factor.
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Table 1

Statistics Related to Log Taper and Eccentricity

Log

Characteristics Balsam Fir
Species 

Jack Pine Spruce
All

Small-End Diameters (cm)

Average small end diameter 16.047 17.800 14.520 15.894

Average diameter - small axis 15.796 17.490 14.29 2 15.634

Average diameter - large axis 16.299 18.110 14.747 16.155

Eccentricity ratio (%)* 96.9 96.6 96.9 96.7

Large-End Diameters (cm)

Average small end diameter 21.605 22.315 19.329 20.653

Average diameter - small axis 21.196 21.878 18.894 20.219

Average diameter - large axis 22.015 22.752 19.764 21.087

Eccentricity ratio (%) 96.3 96.2 95.6 95.9

Taper factor (cm/m) 1.231 0.988 1.152 1.096

*Eccentricity ratio (% ): small axis divided by large axis of same log end
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Table 2

Occurrence of Sweep and Crook by Log Size

Log

Characteristics
Total

Log Sample 

(%)

Small*
Logs

(%)

Medium**
Logs

(%)

Large***
Logs

(%)

Straight Logs 19.3 16.2 19.5 30.3

Logs with Crook 17.1 21.3 14.5 8.8
Logs with Sweep 51.5 48.4 54.0 55.9

Logs with Sweep/Crook 12.1 14.1 12.0 5.0

* Small logs = top end diameter classes 8 - 14 cm
** Medium logs =: top end diameter classes 16 - 20 cm
*** Large logs = top end diameter classes 22+ cm
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6.2 OCCURRENCE OF SWEEP AND CROOK

Table 2 presents the frequency of sweep and crook in the total log sample 

and when logs were segregated into small-end diameter categories. These 
results show that on average, the Eastern softwood log supply contains 

about 80 percent of logs that have longitudinal deviations of at least 1.0 
cm in either or both the horizonal and vertical log axes. About one-half 
(50%) of the logs had sweep, one-third (33%) had crook or a combination of 
sweep/crook and 20 percent of logs were considered straight.

In terms of log size, the results (Table 2) indicate that a higher 

percentage of smaller diameter logs were affected by sweep and crook than 

were larger logs. Table 2 also shows that as diameter increases, the 
percentage of straight logs and logs with sweep increases. This means that 

within the sample of larger logs, there is a higher percentage of straight 
logs and more logs with sweep than in smaller diameter material. The 

higher frequency of sweep in larger logs is the result of larger diameter 
butt logs being bucked into longer log lengths which has the tendency to 
increase the presence of sweep (Appendix I ) .

In comparison, small diameter logs have a higher proportion of logs with 
crook and fewer logs that are straight or sweepy (Table 2 ) . Since smaller 
diameter logs are mostly composed of upper logs, the average log length is 

normally shorter which reduces the potential occurrence of sweep but has 
Üttle impact on the reduction of crook (Appendix I ) .

6 .3  SEVERITY OF SWEEP AND CROOK

The data presented in Table 3 show that approximately 90 percent of the 

logs with sweep or a combination of sweep/crook are contained in severity 

classes 1 and 2 which reflect longitudinal deviations between 1 and 5 
centimetres. Furthermore, the percentage of logs in these severity classes 

decreases as log diameter increases. This means that the occurrence of 
sweep is not only higher in larger diameter logs, but that the severity of 
sweep is also more apparent.

Longitudinal deviations related to crook are on average more severe than 
those for sweep. Only 70 percent of the sample logs with crook fell into 

severity classes 1 and 2 in comparison to more than 90 percent of the 
sweepy logs. On a diameter basis, severity of crook increases with log 
size thus following the same trend as logs with sweep.

6-4 OCCURRENCE OF SWEEP AND CROOK BY SPECIES

Summary of data by species (Table 4) indicates that Jack pine has the 
highest percentage of logs with sweep and a lower percentage of straight 
logs than in either spruce or balsam fir . Sweep (Appendix II )  is more 

severe in balsam fir and less severe in spruce than in Jack pine. Crook, 
however, is significantly more severe in Jack pine logs than in spruce and 
balsam.
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Table 3

Severity of Sweep and Crook by Log Size

Log

Characteristics 
4 Severity Classes

Total
Log Sample 

(%)

Small

Logs

(%)

Medium
Logs

(% )

Large
Logs

(2 )

Straight Logs 19.3 16.2 19.5 30.3

Logs with Crook

Class 1 

2 3 *7 ! 8 .0/
.68 5 .9 )  

10.2 (
.76

2.0 1 
6 .5 /

.59
0.8 ) 

A.A /
■ .59

3 3 .3 ) 3.2 ) 3.6 ) 2.2 )
A i .S ) .32 1 *A . 2A 1 .8 > • A1 0.6 [ . A1
5 o.6 ; 0.6 ) 0.6 J 0.8 /

Total 17 .1 21 .3 1A.5 8.8
Logs with Sweep

Class 1 20.9 (
.91 .92 19.8 1

.91
18.8 )

.872 25.9 / 22.2 / 29.1 / 2 9 .9 /
3 3 .9 ) 3 .3  ) A .0 ) 6 .2)
A 0 .5  \ .09 0 .3  } .08 0.7  > .09 0.8 > .13
5 0 .3 / 0.2 / o .a ) 0 .2/

Total 51 .5 A8 .A 5A.0 55.9

Logs with Sweep/Crook

Class 1 5 .7 ) 7.5 ) A .9 ) 1 *2 )2 5 .3 / .91
5 .8  / . 9A 5 .6 / .88 3 .0  } .84

3 0.8 ) 0.6 ) i . i ) 0.61
A 0.2 > .09 0.2 > .06 0 .3  } .12 - .16
5 0.1 / - / 0.1 ) 0 .2/

Total 12.1 1A.1 12.0 "5 .0
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Table 4

Occurrence of Sweep and Crook by Species

Log

Characteristics
Total

Log Sample 

(%)

Species
Balsam Fir 

(%)
Spruce

(%)
Jack Pine 

(%)

Straight Logs 19.3 23.9 20.0 17.3

Logs with Crook 17.1 15.8 17.6 16.7

Logs with Sweep 51.5 46.5 50.4 54.1

Logs with Sweep/Crook 12.1 13.8 12.0 11.9
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The study results have shown that 90 percent of the sweep measured in logs 
is limited to severity levels of less than 5.0 cm. Nevertheless, sweep or 

a combination of sweep and crook affect more than 60 percent of the Eastern 
softwood log supplies. Although severity is somewhat limited, the effect 
on recovery remains significant due to the small size of the Eastern 

softwood log population. Studies (5 ) have shown that 2 to 3 cm of sweep 
in logs of 10 to 15 cm can reduce conversion efficiency by approximately 12 
percent. With 60 percent of the Eastern log supplies affected by sweep and 
comparable severity levels, it can be expected that potential benefits 
available from the implementation of curve sawing technology could be in 
the area of 7 percent (losses of 12% on 60% of the logs). Recovery 
improvements of the order of 7 percent when applied to the total 

lumberproduction of Quebec and Ontario would improve conversion efficiency 
by an additional 500 MMbf of lumber with a value of nearly $100 million 
from the same log supply.

7 .0  CONCLUSIONS AND RECOMMENDATIONS

However, it should not be expected that all of the benefits identified will 
be secured because not all mills will implement curve sawing technology. 

Furthermore, the aforementioned potential represents the losses associated 
to straight sawing logs affected by sweep and not the efficiency to which 
curve sawing equipment can recover the identified losses. Nevertheless, 
curve sawing technology appears to have the potential to help improve 

conversion efficiency and make a significant contribution towards the 
conservation of our dwindling natural resources. For these reasons, it is 
recommended that an evaluation of installed curve sawing systems should be 

conducted to precisely determine the volume and value recovery improvements 
that are possible and to identify the optimum operating parameters 

required. This information would be of the utmost importance to industry 

in order to dispell any concerns that they may have about the benefits and 
any potential problems associated with curve sawing.
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APPENDIX I

OCCURENCE OF SWEEP AND CROOK BY LOG POSITION



OCCURENCE OF SWEEP AND CROOK BY LOG POSITION

Log

Characteristics
Total

Log Sample 

(%)

Butt
Logs

(%)

Upper
Logs

(%)

Straight logs 19.3 17.3 21.2
Logs with crook 17.1 13.5 20.4

Logs with sweep 51.5 57.2 46.3

Logs with sweep/crook 12.1 12.0 12.1

Average log length (m) 4.37 4.51 4.24

Average log diameter (cm) 15.9 17.1 14.7
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APPENDIX II

SEVERITY OF SWEEP AND CROOK BY SPECIES



SEVERITY OF SWEEP AND CROOK BY SPECIES

Log

Characteristics 
& Severity Classes

Total
Log Sample 

(X)

Frequency Distribution by Species 
Balsam fir  Spruce Jack Pine 

(X) (X) (X)

Straight Logs 19.3 23.9 20.0 17.3

Logs with Crook

Class 1 3.7 1 2.9 1 5.4 V 1 .5 )2 8.0 / .68 9 .7 /  *80 8 . l }'77 7.6  / .54

3 3 .3  ) 1 .9 ) 2.6 ) 4.5 )
4 l .S .32 1 .0 > .20 1 .3 [ .2 3 1.8 7 .46
5 0.6 / 0 .3 ) 0.2 / 1.3 )

Total 17.1 15.8 17.6 16.7

Logs with Sweep

Class 1 20.9 1 14 .3) 24.2 1 17.7 12 25.9 / .91
2 6 .8 / *88 22. 1/*92 31.0 / .90

3 3.9 ) 4 .5 ) 3 .4 ) 4 .5  )
4 0 .5  > .09 0 .6 ) .12 0 .5  >.08 0.6 > .10
5 0.3  / 0 .3 / 0.2 ) 0 .3  /

Total 51 .5 46.5 50.4 54.1

Logs with Sweep/Crook

Class 1 5.7 1 6 .1) 6 .4) 4 .6 )2 5 .3 /
.91 6. 1/ *88 4 . 9} *94 5.8 / .87

3 0.8 ) 1 *3) 0 .6) 1.0 )
4 0.2 \ .11 0 .37  .12 0 . 1/ .06 0.4 > .13
5 0.1 ) - ) - ) 0.1 /

Total 12.1 13.8 12.0 11.9
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