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NOTICE

This report is an internal Forintek document, for release only by 
permission of Forintek Canada Corp. This distribution does not 
constitute publication. The report is not to be copied for, or 
circulated to, persons or parties other than those agreed to by 
Forintek. Also, this report is not to be cited, in whole or in 
part, unless prior permission is secured from Forintek Canada Corp.

Neither Forintek Canada Corp., nor its members, nor any other 
persons acting on its behalf, make any warranty, express or 
implied, or assume any legal responsibility or liability for the 
completeness of any information, apparatus, product or process 
disclosed, or represent that the use of the disclosed information 
would not infringe upon privately owned rights. Any reference in 
this report to any specific commercial product, process or service 
by tradename, trademarks, manufacturer or otherwise does not 
necessarily constitute or imply its endorsement by Forintek Canada 
Corp. or any of its members.
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1.0 OBJECTIVE
To produce a model for warp development in dimension lumber that 
will allow visual sorting of pieces most likely to warp during kiln 
drying.

2.0 BACKGROUND
Warp in drying lumber can be caused by process variables such as 
improper stacking, poor air circulation, sawing pattern, etc. Warp 
can also be caused by wood variables such as juvenile wood, cross 
grain, compression wood, etc. This study is intended to develop 
methods for assessing the risk of warp in a piece of lumber 
assuming all process variables are minimized. The project is also 
intended to determine the potential for reducing warp by assigning 
pieces from different risk categories to appropriate drying 
treatments.

Three risk categories (high, moderate and low) are recognized in 
this project. Pieces in the high-risk category are likely to warp 
regardless of the kiln practice. This material is generally the 
most severely warped and its distortion often leads to warp in 
surrounding pieces that would not have warped under normal 
circumstances. Pieces in the moderate-risk category are likely to 
warp when allowed to dry without restraint. Pieces designated as 
low-risk are not likely to warp unless poor kiln practice is used.

The working hypothesis for the current study is that lumber can be 
separated into appropriate risk categories based on either visual 
characteristics or those detectable with existing scanning 
technology. Once assigned to a risk category, each piece can be 
handled in an suitable manner. Depending on the risk category, 
this might include a decision to remanufacture the piece to remove 
the warp causing defect; the application of improved drying 
technology, e.g., restraint or high-temperature drying, to minimize 
degrade; or rapid drying for improved kiln economy.

3.0 APPROACH
During the first year of the project, observations were made and 
data were collected on the association of selected wood 
characteristics with warp. Samples of warped lumber and green 
lumber were obtained from member mills. Dry lumber was examined 
to determine which characteristics are typically present in warped 
pieces. Defects were identified in green lumber and their presence 
was subsequently correlated with the occurrence of warp following 
drying.

1



4.0 PROGRESS IN 1990/91

4.1 JACK PINE 2X6X8'S
Two hundred and fifty jack pine 2x6x8's were diagrammed, dried and 
the amount of warp measured. The following defects were recorded: 
presence and position of the pith; presence, location and severity 
of compression wood; number, size and condition (live or dead) of 
knots; and the level of slope of grain.

Cross grain and compression wood were the only characteristics 
having a detectable relationship with warp. The occurrence of 
twist was most closely related to the severity of cross grain. 
The occurrence of crook and bow were most closely related to the 
severity and position of compression wood.

The presence of pith and the condition of the knots were chosen to 
indicate the presence of juvenile wood. These characteristics were 
essentially useless in predicting any type of warp. No detectable 
relationship was found between either characteristic and twist, bow 
or crook.

The position of the pith was monitored because it was felt that 
pieces with pith near a face or an edge would have unbalanced 
longitudinal shrinkage. In theory, these pieces should have been 
more prone to bow and crook than pieces where the pith was either 
absent or centered. However, this did not prove to be the case.

4.1.1 Drying of Pieces with Selected Defects
Twenty jack pine 2x6x8's were selected for severe cross grain as 
well as other defects. These pieces were dried slowly without 
restraint. The level of warp was correlated with grain angle for 
each piece and the results are shown in Table 1. There was no 
significant correlation between level of cross grain and crook or 
bow but there was for twist. The relationship between twist and 
cross grain was deemed to be sufficiently strong to warrant further 
investigation under more rigorously controlled conditions.

4.2 SPRUCE 2x4x16's and 2x3x8's
One hundred dry black spruce 2x4x16's and one hundred dry black 
spruce 2x3x8's were obtained from a member mill. This lumber was 
selected by the mill staff as being highly warped. Each piece was 
diagrammed and the location and severity of various morphological 
defects documented and related to the amount of warp. As with the 
jack pine 2x6x8's, cross grain and compression wood were frequently 
associated with warp. The other defects showed no relationship 
except in the case of very large edge knots which sometimes caused 
severe crooks or kinks.
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Table 1. Correlation Coefficients for Warp in Slowly Dried Jack 
Pine 2x6x8's Versus Grain Angle®.

Jack Pine
Type of 2x6x8 ' s
Warp Coeff. Prob.

Twist 0.79 0.0001

Bow -0.21 0.3800

Crook -0.16 0.5000

a. mean grain angle on edges.
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A relationship was observed between twist and cross grain. Simple 
correlations between twist and average grain angle on the edges of 
each piece were generally in the 0.5 range or greater (Table 2). 
This result was considered encouraging for results from an 
uncontrolled investigation such as those reported here. The 
relationship between twist and grain angle was marginally stronger 
for the shorter pieces and this result agrees with information 
available in the literature c.f. Stôhr (1985)1. The relationship 
between grain angle and twist appeared to be essentially constant 
regardless of the level of compression wood. This tends to 
indicate that compression wood may have a greater influence on the 
level of bow and crook, but it does not control twist.

Correlation coefficients between warp and compression wood rank 
for each piece are shown in Table 3. The apparent relationship is 
similar between each type of warp and severity of compression wood. 
As with cross grain, the correlations are higher for short pieces 
than for long ones but in neither case are they particularly high. 
In the 2x3x8's the results are, however, sufficiently convincing 
to warrant a controlled experiment.

5.0 WORK PLANNED FOR 1991/92
In the coming fiscal year, controlled experiments will be conducted 
to ascertain the strength of the apparent relationships between 
grain angle and twist, compression wood and bow or crook as well 
as the interaction between grain angle and compression wood.

Green lumber containing the relevant defects will be selected at 
a member mill. The selection criteria will include pieces 
containing no defects (control), pieces containing cross grain 
only, pieces containing compression wood but no cross grain and 
pieces containing both compression wood and cross grain 
(interaction).

The selected material will be divided into sub-samples and dried 
at two levels of restraint, i.e., restrained and unrestrained, and 
under two temperature regimes, i.e., conventional and high- 
temperature. The results from this controlled study will be used 
to determine if and how the project should continue.

If a strong relationship is found between drying degrade and 
morphological factors, several possible courses of action will be 
considered. These may include development of methods for 
predicting the potential for warp based on characteristics of logs 
or standing trees, sorting of lumber before it is dried or 
modifications in processing strategies.

1 Stôhr, H-P. 1983. Twist - where do we go from here? 
Mededeling, Fakulteit Bosbou, Universiteit Stellenbosch 
98(II) : 704-729.
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Table 2. Correlation Coefficients for Twist in Black 
2x4x16's and 2x3x8's Versus Grain Angle8 for 
Compression Wood Ranks.

Spruce 
2x4x16's

Coeff. Prob.

Spruce 
2x3x8's

Coeff. Prob.

Compression
Woodb
Rank

CWO 0.30 

CW1 0.77 

CW2 0.72 

CW3 0.79 

Unsorted 0.64

0.10 0.71 0.0001

0.0001 0.73 0.0012
0.0001 0.69 0.0044

0.0001 0.74 0.0001

0.0001 0.74 0.0001

a. mean grain angle on edges.

b. CWO = no compression wood,
CW1 = mild compression wood,
CW2 = moderate compression wood,
CW 3 = severe compression wood.

Spruce
Various
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Table 3 Correlation Coefficients for Twist, Bow and Crook Versus 
Compression Wood Rank.

Spruce Spruce
Type of 2x4x16's 2x3x8's
Warp Coeff. Prob. Coeff. Prob.

Twist COo•01 0.44 -0.42 0.0001

Bow 0.07 0.48 0.32 0.0012

Crook 0.21 0.03 0.49 0.0001
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