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ABSTRACT

Eastern SPF producers experience an average value loss of $10 to $16/Mbf due to drying 
degrade. A clear understanding of how wood characteristics influence warp will make it 
easier to effectively modify drying processes to reduce these losses. The goal of this study 
was to categorize green lumber according to its potential to warp, dry the lumber using a 
typical industrial kiln schedule and assess whether pieces that either warped or remained 
straight were correctly identified. Experimental material was a sample of 440 black spruce 
8-foot 2x4’s from four grain defect groups. These were: 1) control, no grain defects; 2) 
cross grain but no compression wood; 3) compression wood but no cross grain; and 4) both 
cross grain and compression wood. Methods used to select lumber with either a high or low 
potential to warp were successful. Warp was found to be related to the severity of 
compression wood and cross grain in each piece. Lumber without cross grain or 
compression wood dried with very little warp. Lumber with both cross grain and 
compression wood had the lowest quality after drying.
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INTRODUCTION

Consumers of Canadian wood products are becoming more selective. They often demand 
high quality, kiln dried lumber for both new and traditional end-uses. As more lumber is 
dried, many producers are recognizing warp as an important factor influencing both 
manufacturing costs and product quality. Eastern spruce, pine, fir (SPF) producers 
experience average warp related value losses of $10 to $16/Mbf depending on the drying 
system. Portions of their production may have value losses as high as $40/Mbf (Garrahan 
and Cane, 1988, 1989).

The development of warp in kiln-dried lumber is controlled by a combination of process 
variables and wood characteristics (Cech and Pfaff, 1980). Process variables include: sawing 
pattern, thickness variation, stacking methods, drying conditions, final moisture content, etc. 
Wood characteristics include: proportion of juvenile wood, compression wood, cross grain, 
knot size, pith location, heartwood content, growth rate, density, percent latewood etc.

Ultimately, most reductions in drying degrade will come from adjustments in process 
variables but a clear understanding of how wood characteristics influence warp will make it 
easier to effectively modify processes. For example, if cross grain resulting from log taper 
creates the problem, changes in sawing patterns can provide a solution (Hallock, 1969). If 
cross grain arising from spiral grain causes degrade, modified sawing patterns will not help.

Much of the research on the relationship between drying degrade and wood characteristics 
has been focused on fast-grown radiata pine (Pinus radia ta), southern pine (Pinus spp.), or 
ponderosa pine (Pinus ponderosa). Solutions developed for these resources may not, 
however, be suited to others. The SPF resource harvested from Canada’s boreal forests 
bears little resemblance to these more temperate species and very little is known about the 
characteristics that influence warp in SPF.

This study examines the influence of wood characteristics on warp in the SPF resource. The 
experimental design mimics typical industrial practices. It also holds process variables as 
close to constant as possible while systematically varying wood characteristics. The goal of 
this study is to categorize green lumber according to its potential to warp, dry the lumber 
under a typical industrial kiln schedule and assess whether the selection criteria correctly 
identified pieces that either warped or remained straight.

Preliminary Study

In a preliminary unpublished study, 250 jack pine (Pinus banksiana) 8-foot 2x6’s, dried as 
part of an investigation on moisture sorting, as well as 200 commercially dried, warped black 
spruce (Picea mari ana) 16-foot 2x4’s and 8-foot 2x3’s were obtained from two Forintek 
member sawmills2 (Chauret and Barbour, 1991).

Jack pine was provided by E.B. Eddy and Normick Perron 
supplied black spruce.
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The dry lumber was examined and levels of twist, bow and crook were recorded along with 
the following 9 wood characteristics: position of the pith, growth rate, position and size of 
knots, specific gravity, cross grain on the face and edge of each piece, and the severity of 
compression wood on the face and edge of each piece.

Each wood characteristic was correlated with each type of warp. Pith position, growth rate 
and knot characteristics never showed a statistically significant correlation. Cross grain on 
the edges and compression wood consistently had statistically significant correlations (Table 
1). Based on these results, a controlled experiment was designed to examine the strength of 
the relationships of cross grain with twist and compression wood with crook or bow.

Table 1. Correlation between wood characteristics and warp.

MAJOR WOOD CORRELATION COEFFICIENT (r) FOR
CHARACTERISTIC EACH TYPE OF WARP

TWIST CROOK BOW

JACK PINE (8-foot 2x6)

Cross Grain Edges 0.794 NS NS

Compression Wood1 NS NS NS

BLACK SPRUCE (8-foot 2x3)

Cross Grain Edges 0.742 3 NS NS

Compression Wood 0.423 0.493 0.323

BLACK SPRUCE (16-foot 2x4)

Cross Grain Edges 0.643 NS NS

Compression Wood NS 0.214 NS

‘Compression wood for crook was measured on the edge of each board while it was measured on the 
face for bow. For twist the level o f cross grain was measured on the edge.

2NS =  not statistically significant.

’Significant at the 99 . 9 %  level or greater.

‘Significant at the 97% level.
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OBJECTIVE

To identify resource characteristics influencing warp and investigate methods to rapidly 
recognize pieces of lumber that will warp.
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EXPERIMENTAL DESIGN AND METHODS

Four hundred forty black spruce 8-foot 2x4’s were selected at Normick Perron’s sawmill in 
La Sarre, Québec. These were square edged lumber with a minimum of visual defects. One 
hundred ten pieces of rough green lumber were chosen for each of the four grain defect 
groups listed in Table 2. The names given in the left hand column of Table 2 are used 
throughout the report to refer to each grain defect group.

Table 2. Categories of lumber selected for assessing the importance of wood 
defects on warp.

GROUP DESCRIPTION

Control Straight grain, no compression wood

Cross Grain Cross grain, no compression wood.

Compression Wood Compression wood, no cross grain.

CG&CW Cross grain and compression wood.

These pieces were selected to fill each grain defect group. This was not a random sample of 
the mill’s production nor was it representative of the proportions in which the selected 
defects occurred. The variation in the magnitude of each defect within each grain defect 
group was, however, selected at random so the reported ranges of cross grain and 
compression wood are representative.
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ANALYSIS OF GREEN LUMBER

Green lumber was shipped to Forintek’s Ottawa Laboratory for analysis and drying.
Thickness variations were eliminated by dressing each piece to a uniform thickness of 1.688 
inches (42.87 mm). Accurate dressing minimized warp due to poor sticker contact within the 
kiln load.

The level of warp in each piece was measured along with the magnitude of cross grain and 
compression wood. Cross grain was measured on both faces and both edges of each piece. 
Measurements were taken at 2-foot intervals using the scribe test (Koehler, 1943). The level 
of compression wood was also estimated on each face and each edge. Compression wood 
was recorded when it occupied a significant area. This typically meant an area with 
minimum dimensions of approximately 6 inches long x 2 to 3 inches wide on one face or 
occupying most of the width of an edge. Narrow streaks were also recorded if they covered 
a substantial portion of the length of the piece.

Compression wood was divided into the four categories, listed in Table 3. These generally 
followed the conventions established by Perem (1958) for describing compression wood.

Table 3. Compression wood classes. 

CLASS DESCRIPTION

CWO No visible compression wood.

CW1 Compression wood scarcely noticeable.

CW2 Compression wood easily recognizable because of greater than
normal amount of latewood.

CW3 Severe compression wood, characterized by annual rings having
more than 50% latewood.

Compression wood shrinks more along the grain than normal wood. If compression wood is 
balanced, i.e., distributed evenly within a piece, then longitudinal shrinkage will be greater 
but the piece will not necessarily warp. Sometimes large planks will dry straight even 
though they contain a significant amount of compression wood. If these planks are ripped 
longitudinally, the resulting narrow pieces bow or crook (Timell, 1986, p. 1810). As the 
proportion of compression wood increases, the likelihood of warp during drying also 
increases. When compression wood is unbalanced, i.e., found along one edge or face, the 
piece tends to crook or bow in that direction (Pillow and Luxford, 1937).
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A measure of differential compression wood was, therefore, made to rank each piece’s 
potential for warp. When using four compression wood classes, differential compression 
wood can be described by four levels 0, 1, 2 and 3 (Table 4). These levels represent the 
side to side difference in compression wood class ranging from no difference to a difference 
of three compression wood classes. In practice, levels 2 and 3 were combined because very 
few samples fell into level 3 and warp was always quite high in both levels.

Forty pieces from each of the grain defect groups listed in Table 2 were randomly assigned 
(based on random numbers) to each of two drying treatments. These were unrestrained and 
restrained under a load of 92 lbs/ft2 (449kg/m2). Restraint was not intended as a remedial 
treatment for warp but rather to simulate the behaviour of pieces located in the middle to 
lower portion of an industrial kiln. Thus, the combined results are representative of those 
expected in an industrial setting.
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Table 4. Definition of levels of differential compression wood.

DIFFERENTIAL
COMPRESSION DESCRIPTION EXAMPLES
WOOD LEVEL

0 No difference from side to side. Entire piece CW0,
CW1, CW2 or CW3

1 Difference of one compression wood class. a. CW0 to CW1
b. CW1 to CW2
c. CW2 to CW3

2 Difference of two or three compression wood a. CW0 to CW2
class. or CW3

b. CW1 to CW3

3 Difference of three compression wood class. a. CW0 to CW3

Three moisture sample boards were selected from each grain defect group in each drying 
run. This reduced the number of pieces analyzed for degrade from 80 to 74 for each grain 
defect group. Each drying run consisted of 40 pieces from two different grain defect groups.

The kiln was a laboratory heat and vent kiln with an approximate capacity of 4000 bf. It 
was capable of mimicking industrial drying conditions in most respects. The use of an 
unrestrained run to simulate the top of the kiln load and a restrained run to simulate the 
middle and bottom of the load made the approximation very close.

Kiln charges were dried following a typical industrial schedule (Appendix I) until five of the 
six moisture content sample boards had fallen below 19 percent moisture content. This 
usually took about 46 hours and was followed by a two hour conditioning period to release 
drying stresses. Initial kiln conditions, were dry bulb 150° F (65.5° C) and wet bulb 135° 
F (57° C). The dry bulb was increased to a maximum of 180° F (82° C) in the final stages 
of drying.

ANALYSIS OF DRY LUMBER

The moisture content of each piece was determined from the average of three electrical 
resistance readings taken along the length of the piece. Readings were taken at 1/5* of the 
sample thickness using a Delmhorst® DC resistance moisture meter. Temperature and 
species corrections were made according to the methods prescribed by Pfaff and Garrahan 
(1984).
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NLGA rules for dimension lumber (NLGA, 1987) were used to evaluate warp. Data was 
collected on the number of pieces that fell into each grade based on the level of twist, bow 
and crook. Results are combined so that only pieces making a given grade for all three 
defects are included in that grade. Other grade determining defects, e.g., wane, knots, rot, 
etc. were ignored. In general, they were not important factors in setting grade.

The level of twist, crook and bow was also related to the intensity of compression wood or 
cross grain in each piece. These analyses were conducted in an attempt to establish cause 
and effect relationships so the actual magnitude of warp in each piece was used without 
regard to grade.
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RESULTS AND DISCUSSIONS

MOISTURE CONTENT

Drying curves for all of the kiln charges are shown in Figure 1. No difference in final 
moisture content among the charges was found using Analysis of Variance3 (P = 0.63).

LUMBER GRADES

Grade recovery by grain defect group is illustrated in Figure 2. Combined data on grade 
recovery by warp type and grain defect group for the unrestrained and restrained drying runs 
are shown in Table 5. Separate data for unrestrained and restrained drying runs are given in 
Appendix II. When examining Table 2 and Appendix II, the data in column 5 (Total in 
Grade) can not be obtained by adding columns 2, 3 and 4 because some pieces were 
downgraded due to more than one type of warp.

These data demonstrate that the methods used to select lumber with either a high or a low 
potential to warp were successful. As the amount of cross grain and compression wood 
increased the straightness of the final product decreased. Lumber from the control group had 
minimal cross grain or compression wood and dried with very little warp. Lumber from the 
group with both cross grain and compression wood warped the most (Figure 2).

Understanding how tree and log characteristics influence lumber quality will be useful in 
making informed decisions on forest management, resource allocation and lumber processing. 
Forest managers can help to reduce both cross grain and compression wood by improving 
stem straightness in the future resource. In the existing resource, the possibility could be 
examined of allocating more straight material to the sawmill when demands for quality are 
highest. If this proved impractical, modifications in processing technology, such as curve 
sawing, might be used to obtain more straight grained lumber from sweepy logs.

About half the logs sampled in northern Ontario and Québec sawmills contained sweep 
(Corneau, 1989). In the current study, recovery of No. 2 and better was 15 to 20% higher 
in the compression wood group than in the group with both cross grain and compression 
wood (Figure 2 and Table 5). When cut on a standard headrig, sweepy logs should produce 
lumber with both compression wood and cross grain. If curve sawing can significantly 
reduce cross grain in lumber cut from sweepy logs it holds the potential to greatly improve 
lumber quality by reducing warp.

Note that a difference is indicated at P- 
values of 0.05 or less.
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Figure 1. Drying curves for each of 
the four drying runs.
AVERAGE MOISTURE CONTENT

CHARGE 1 CHARGE 2 CHARGE 3 -B -  CHARGE 4



Figure 2. Lumber grade based on warp 
for restrained and unrestrained samples.

100
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Table 5. Lumber grade recovery by type of warp and grain defect group,
restrained and unrestrained drying runs combined1. Grading was by 
NLGA rules for dimension lumber (NLGA, 1987).

GROUP TWIST CROOK BOW TOTAL PERCENT
ONLY ONLY ONL IN IN

(N) (N) Y
(N)

GRADE GRADE

No. 2 and Better

Control 70 71 74 67 91

Cross Grain 53 67 73 49 66
Compression Wood 68 46 74 42 57

CG&CG 60 41 70 30 41

No. 3 and Rejects

Control 4 3 0 7 9

Cross Grain 21 7 1 25 34

Compression Wood 6 28 0 32 43

CG&CW 14 33 4 44 59

‘Six of the 80 pieces in each grain defect group were used as moisture sample boards, 
total sample size of 74, 37 from the restrained run and 37 from the unrestrained run.

This left a

TWIST

The influence of cross grain on twist is illustrated in Figure 3. Combined data for twist by 
grain defect group from both the unrestrained and restrained drying runs are presented in 
Table 6. Individual data for unrestrained and restrained drying runs are compiled in 
Appendix II.
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Figure 3. Twist in response to varying 
levels of cross grain for combined 
unrestrained and restrained drying runs

CROSS GRAIN (Degrees)



Table 6. Twist by grain defect group, restrained and unrestrained drying 
runs combined.

GROUP SAMPLE
SIZE

MEAN
TWIST

(mm)

STANDARD
DEVIATION

Control 74 5.4 4.4

Cross Grain 74 10.7 7.6
Compression Wood 74 6.1 6.7
CG&CW 74 6.7 6.7

Samples containing cross grain generally twisted more than those without cross grain.
Lumber near the top of a kiln load may, however, twist even when it contains no grain 
defects. This was observed in the previous study when commercially dried 16-foot 2x4’s 
were examined (Chauret and Barbour, 1991) as well as in several pieces of lumber dried 
during this study.

Some samples with compression wood also twisted. This probably occurred because the 
distortions caused by compression wood do not always stay in one plane and, therefore, may 
be measured as twist.

Twist is evaluated by laying the piece on a flat surface and measuring the distance between 
one corner and the surface while pressing the diagonally opposite corner against the surface 
(NLGA, 1987). When a piece of lumber bows or crooks it is not necessarily a completely 2- 
dimensional process. Pieces with crook also tend to have some bow and vice versa. These 
3-dimensional distortions will be measured as twist. If compression wood is located in one 
corner of a piece, the corner will tend to move out of the plane of the lumber during drying. 
This distortion at the corner will also be interpreted as twist.

These results demonstrate that the relationship between grain defects and twist is more 
complex than is generally recognized in the literature. This complicates data analysis and 
modelling of the effects of various grain defects on warp.

The fact remains, however, that pieces containing cross grain twisted more frequently and 
severely than those with straight grain or those straight grained pieces containing 
compression wood (Table 6). Control samples contained a minimum of cross grain or 
compression wood. They twisted very little and in general did not fall out of grade 
(Table 5). The order of severity of twist by grain defect group was as follows:
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Control =>• Compression Wood =*• CG&CW => Cross Grain

LESS TWIST -*-*-*>-*-*-*-»-*-*-*-»>-*-* MORE TWIST

The severity of twist increases as the magnitude of cross grain increases (Figure 3). This 
agrees with results for twist (Balodis, 1972; Stôhr, 1977). In eight foot dimension lumber, 
twist becomes a concern when it exceeds 12.5 mm, the cut off point for No. 2 structural 
light framing lumber (NLGA, 1987). This commonly occurred in the material tested here 
when cross grain exceeded about three degrees or a slope of 1 in 19. This is significantly 
less cross grain than is allowed in the grading rules (Table 7). Thus, cross grain may be 
severe enough to cause twist that will drop a piece out of grade even in pieces graded select 
structural or number one.

Du Toit (1963) reported a similar finding. Although no data is presented, Du Toit states that 
warp "sets in" when cross grain exceeds two degrees.

Table 7. NLGA limits on cross grain in structural light framing lumber 

GRADE SLOPE OF GRAIN

Rise Over Run Degrees

Select Structural 1 in 12 4.8

No. 1 1 in 10 5.7

No. 2 1 in 8 7.1

No. 3 1 in 4 14.0

Top restraint combined with high temperature drying is a proven method for reducing twist 
in lumber containing cross grain (Weckstein and Rice, 1970; Christensen, 1970; Mackay and 
Rumball, 1972; Van Der Merwe and Banks, 1973). This technology has been widely 
accepted in several other regions but has not been adopted in eastern Canada. Other work at 
Forintek, c.f., Garrahan and Cane (1988), suggests that top restraint together with high 
temperature drying would greatly reduce the twist observed in this study.

It also seems likely that curve sawing will reduce the level of twist. If sawing follows the 
natural sweep of logs then it should result in lumber with less cross grain. Less cross grain 
will in turn lead to lower levels of twist. There is, however, no data to support this 
contention.

14



Crook

Pieces fell out of grade for crook much more frequently when they contained compression 
wood than when they did not. Pieces with higher levels of differential compression wood 
also crooked more than pieces with a more uniform distribution of compression wood.

The influence of differential compression wood on crook is illustrated in Figure 4.
Combined data for crook by grain defect group from both the unrestrained and restrained 
drying runs are presented in Table 8. Individual data for unrestrained and restrained drying 
runs are compiled in Appendix II. The order of severity of out of grade pieces due to crook 
was:

Control =» Cross Grain =*• Compression Wood =* CG&CW 

LESS CROOK MORE CROOK

Table 8. Crook by grain defect group, restrained and 
unrestrained drying runs combined.

GROUP SAMPLE
SIZE

MEAN
CROOK

(mm)

STANDARD
DEVIATION

Control 74 4.9 2.2

CG 74 5.3 2.6

c w 74 9.8 7.3

CG&CW 74 10.3 7.1

As the level of differential compression wood increased so did crook (Table 8, Figure 4). At 
differential compression wood level 2 and above crook is nearly always greater than the 9.5 
mm needed to drop an 8 foot piece out of grade No. 2. Some pieces with differential 
compression wood of level 0 or 1 also have significant crook but the ability to predict crook 
decreases drastically below level 2.

No processing methods are currently in use to control crook development due to differential 
compression wood. As internal log scanning technology advances opportunities to select 
sawing patterns to minimize crook by controlling compression wood location will improve.
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Figure 4. Crook at varying levels of 
differential compression wood, combined 
unrestrained and restrained drying runs.
CROOK (mm)

DIFFERENTIAL COMPRESSION WOOD (Levels)



Lumber with large edge to edge differences in compression wood content can be 
remanufactured to control crook. Pieces with high levels of differential compression wood 
can be ripped to narrower widths to reduce the level of differential compression wood. In 
the short term, the practicality of this method is questionable. Compression wood must be 
detected visually. This may not be reliable since human graders must make very rapid 
decisions and compression wood may be hidden inside the piece. Emerging internal lumber 
scanning technologies may be available in a few years that could be adapted to this use.

A more fundamental drawback is the tree size in our resource. In eastern Canada, most 
lumber is either 3 or 4 inches wide so the opportunity to rip to narrower widths does not 
exist. For wider, high value pieces ripping off strips of compression wood along one edge 
could, however, prove useful.

BOW

Bow was not a significant grade determining factor in this study (Table 5). It was, therefore, 
not analyzed. In theory, all of the discussions regarding the causes and development of 
crook also apply to bow. The difference is that the compression wood gradient is across the 
thickness of the piece rather than its width.
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CONCLUSIONS

The results of this study clearly demonstrate that cross grain and compression wood influence 
the development of warp. As their severity increases so does the magnitude of warp.

The relationship between warp development and lumber grade is not good. Numerous 
instances were observed where compression wood or cross grain were not severe enough to 
drop the piece out of grade in the green state. During drying, the piece nonetheless warped 
enough to be dropped to a lower grade. Improved methods for recognizing these pieces 
would assist manufacturers in selecting those needing special handling.

Data reported here on the relationship between grain defects and warp may be useful at a 
number of points in the manufacturing process. In the forest or log yard, knowledge of the 
tree characteristics that promote warp provides the opportunity to select the best quality trees 
for the highest value products. It also gives foresters information that could be used in 
managing the existing resource or planning the future resource.

In the sawmill, appreciation of the types of grain defects that cause warp will help mill 
managers plan for improvements in breakdown technologies or strategies. Curve sawing and 
internal log or lumber scanning are technologies that offer the potential to diminish cross 
grain and concentrate compression wood within individual pieces to reduce crook and twist. 
The data also provide the background for conceptual plans to alter bucking strategies or 
sawing patterns to reduce the within lumber shrinkage variation that leads to warp.

On the greenchain, the results of this study suggest that sorting decisions could be 
implemented today to improve value recovery. If the very best or worst pieces are selected 
for special handling, profitability would increase. By eliminating the pieces certain to warp, 
degrade of those surrounding them in the kiln could be avoided. By identifying the pieces 
with the least likelihood to warp, candidates for high value speciality products could be 
obtained.

In the dry kiln, a better understanding of the influence of grain defects on warp helps to 
justify improvements in drying technology such as top restraint in combination with high 
temperature drying. The Canadian industry has been slow to adopt this existing technology. 
The results of this and other studies conducted at Forintek’s Ottawa laboratory suggest it 
would be beneficial in eastern Canada.

Complete implementation of the information gathered in this study will require further 
analysis by Forintek and others. The study does, however, provide sufficient insight to 
allow modest changes in processing and handling procedures as well as worker training.
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APPENDIX I

Kiln schedule followed for all drying runs.

TIME DRY BULB WET BULB EMC

(h) (°F) (°C) (°F) (°C) (%)
12.0 150 65.5 135 57.2 9.5

8.0 160 71.1 130 54.4 5.5

30.0 180 82.2 130 54.4 3.3

2.0 180 82.2 171 77.2 11.6
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APPENDIX H

Lumber grade recovery by type of warp and grain defect group for the 
unrestrained drying run1. Grading was by NLGA rules for dimension lumber 
(NLGA, 1987).

GROUP TWIST CROO BOW TOTAL PERCEN
ONLY K ONL IN T

(N) ONLY
(N)

Y
(N)

GRAD
E

IN
GRADE

No. 2 and Better

Control 34 35 37 32 86

Cross Grain 24 33 36 22 59

Compression Wood 33 20 37 18 49

CG&CG 33 15 36 12 32

No. 3 and Rejects

Control 3 2 0 5 14

Cross Grain 13 4 1 15 41

Compression Wood 4 17 0 19 51

CG&CW 4 22 1 25 68

'Three of the 40 pieces in each grain defect group in each kiln charge were used as moisture sample
boards. This left a total sample size of 37.
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Lumber grade recovery by type of warp and grain defect group for the 
restrained drying run1. Grading was by NLGA rules for dimension lumber 
(NLGA, 1987).

GROUP TWIST
ONLY

(N)

CROO
K
ONLY ' 

(N)

BOW
ONL

Y
(N)

TOTAL
IN

GRAD
E

PERCEN
T

IN
GRADE

No. 2 and Better

Control 36 36 37 35 95

Cross Grain 29 34 37 27 73

Compression Wood 35 26 37 24 65

CG&CG 27 26 34 18 49

No. 3 and Rejects

Control 1 1 0 2 5

Cross Grain 8 3 0 10 27

Compression Wood 2 11 0 24 65

CG&CW 10 11 3 19 51

’Three of the 40 pieces in each grain defect group, in each kiln charge were used as moisture
sample boards. This left a total sample size of 37.

Twist by grain defect group for the unrestrained drying irun.

GROUP SAMPLE MEAN STANDARD
SIZE TWIST DEVIATION

(mm)

Control 37 5.5 5.1

Cross Grain 37 12.7 8.3

Compression Wood 37 7.1 7.8

CG&CW 37 6.3 6.7
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Twist by grain defect group for the restrained drying run.

GROUP SAMPLE MEAN STANDARD
SIZE TWIST DEVIATION

(mm)

Control 37 5.2 3.6

Cross Grain 37 8.7 6.5

Compression Wood 37 5.0 5.3

CG&CW 37 7.2 6.8
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Figure 1. Drying curves for each of 
the four drying runs.
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Figure 2. Lumber grade based on warp 
for restrained and unrestrained samples.
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Figure 3. Twist in response to varying 
levels of cross grain for combined 
unrestrained and restrained drying runs.
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Figure 4. Crook at varying levels of 
differential compression wood, combined 
unrestrained and restrained drying runs.
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