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SUMMARY

The objective of this study was to assess and quantify the physical properties that affect drying rate for eastern 
black spruce and balsam fir. The report is divided into three main sections. The first section covers the physical 
properties evaluation and the relationship between these properties and drying rate. The second and the third 
sections report on results of laboratory and an industrial tests on weight-based sorting.

Physical properties of black spruce from the area of La Sarre, Québec, were evaluated. A sample of 422 boards 
showed a low average moisture content (MC) of 43.5 percent with a relatively narrow range. Average basic 
density o f 0.409 g/cm3 concurs with previously reported values. Low bulk density is a result of the low moisture 
content of black spruce. An average growth rate of 7.3 annual rings per centimeter was measured with values 
ranging from 2.2 to 20.5 rings/cm. In the second part of the study, black spruce boards were segregated for 
drying in four charges using moisture content and basic density as the sorting criteria. All charges were dried 
under the same conditions. The low moisture content charges achieved the fastest drying times to 19 percent MC. 
Regression analysis were conducted to determine the relationship between each physical property studied and the 
drying time to 19 percent MC. Green board weight and moisture concentration, with a coefficient of 
determination ( r )  of 0.48, are the best properties to predict black spruce drying time to 19 percent MC. 
Coefficient of determination was lower for both bulk density (0.42) and moisture content (0.38). Coefficients of 
determination were very low for both growth rate and basic density.

A sub-population of black spruce, selected by sawmill personnel and called "yellow" spruce, was also evaluated. 
All physical properties were distinctly different and showed greater variability for"yellow" spruce as compared to 
black spruce. For example, average moisture content was 74.0 percent and basic density was 0.460 g/cm3. 
"Yellow" spruce is defined as pieces of black spruce having a higher basic density, a higher moisture content and 
a slower growth rate. Weight of green boards was found be the best criteria to separate "yellow" spruce from 
black spruce. Over 96 percent of both species were successfully identified in using 5.245 Kg as the separation 
point. Finally a charge of "yellow" spruce was dried to study drying rate. Drying time was excessively long.

Physical properties of 253 pieces of balsam fir from St-Fulgence, Québec, were also analyzed. Balsam fir is 
characterized by a highly variable and elevated initial moisture content (114.6 percent). Its basic density is lower 
than black spruce with an average of 0.332 g/cm3. However, bulk density of balsam fir is higher than black 
spruce due to its higher initial moisture content. Average growth rate was 7.2 annual rings per centimeter with 
values ranging from 3.6 to 14.6 rings/cm. Balsam fir was also sorted for drying into four charges by initial 
moisture content and basic density. Drying time was found to be more heavily influenced by initial moisture 
content than basic density when dried under the same conditions. Regression analysis were also conducted to 
determine the best physical properties from which to predict drying time. Moisture concentration and weight of 
green boards are the best physical properties to estimate the drying time to 19 percent MC. Coefficients of 
determination of 0.77 (moisture concentration) and 0.76 (board weight) were achieved. Moisture content and 
bulk density follow with r =  0.65 and 0.56. Growth rate and basic density showed a poor relationship to drying 
time.

A laboratory trial was conducted to test these findings. As moisture concentration can not be measured in an 
entire board without destroying it, it was decided to use green board weight to separate a batch of black spruce for 
drying. The drying of the light weight charge took 26 percent less time than the drying of unsorted material. The 
heavy weight charge took 11 percent more. Average final moisture content was also higher (but still within 
specifications) for both charges compared to unsorted. This is due to the lower final moisture content variability 
of sorted charges.
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An industrial test was conducted at the St-Fulgence, Québec sawmill of Stone-Consolidated using the Centre de 
Recherche Industrielle du Québec (CRIQ) prototype weight-based sorter. Final moisture content of four packages 
from both a light and intermediate weight charge were measured. Average final moisture content was 3.4 percent 
lower for the light weight charge which was dried in three hours less than the intermediate. Final moisture content 
variability was low considering that the charges contained mixed species.
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1.0 OBJECTIVE

To assess and quantify the impact o f physical properties affecting drying rates in eastern black spruce and 
balsam fir.

2.0 INTRODUCTION AND BACKGROUND

Variation in drying rates o f species within the SPF grouping creates a wide range o f final moisture content. 
As a result, it is necessary to overdry a significant portion o f a kiln charge in order to ensure that the 
percentage o f "wets" is kept at a tolerable level. Increased shrinkage and warpage, caused by overdrying, 
downgrades boards and increases overall manufacturing costs.

Recently, various researchers have shown that drying benefits are attainable through pre-sorting green 
lumber into different initial moisture content (MC) categories. Among them, Mitchell and Bigbee (1989) 
reported benefits when pre-sorting green western hemlock for drying. They reduced the incidence o f "wets" 
and the average drying time. In a previous Forintek study, Garrahan (1992) reported drying benefits for jack 
pine. Shorter average drying time, lower energy consumption and an increase o f  product value of 
$7.11/MBM were achieved in a northern Ontario sawmill.

Initial moisture content would appear to be a good indicator o f drying time for certain species. However, 
moisture content is only one o f many properties of green lumber which could potentially affect drying time. 
To optimize the drying process o f the SPF group, it is necessary to know how each of these properties 
influences the drying rate o f each species. By identifying the properties that most significantly influence the 
drying rate of each species, sorting and drying strategies may be developed to permit more efficient and cost 
effective drying.
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4.0 MATERIALS AND METHODS

4.1. Physical Properties Related to Drying of SPF Lumber

A supply o f fresh-sawn black spruce was brought to Forintek's laboratory as part o f the "Drying Moisture 
Sorted Lumber" project. This material was collected at Tembec Forest Products' sawmill in La Sarre, 
Québec. It consisted of 530 pieces o f 2 by 4-inch, 8 feet long. Out o f this material, 108 pieces had been
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designated as "yellow" spruce by the mill personnel. It has been evaluated as a separate species for this 
study, although there are no known anatomical differences between this material and black spruce. "Yellow" 
spruce has been defined by mill personnel as a sub-group o f black spruce having a slower drying rate and 
being more prone to warp. They recognize "yellow" spruce by its particular physical characteristics: higher 
MC, slower growth rate and denser material. Its name comes from the yellowish color of fresh-sawn lumber. 
A second supply o f fresh-sawn lumber was collected at the Stone-Consolidated sawmill near St-Fulgence, 
Québec and consisted o f 253 pieces o f balsam fir, 2 by 4-inch, 10 feet long.

A number o f physical properties were measured on each piece. At approximately one foot from each end o f 
each board, 1-inch samples were cut and used for the determination o f moisture content, basic density, bulk 
density, moisture concentration and growth rate. The remaining portion o f  each board was then weighted 
and recorded.

Moisture content (MC) was calculated using the oven-dry method. The MC of the two 1-inch samples was 
averaged and this value assigned as the average moisture content o f the entire board. Board MC and basic 
density were used as a basis o f segregating the lumber into different groups for drying. At the end o f  drying, 
up to seven, oven-dry, MC samples were cut from each board to determine the final MC and to recalculate 
the initial MC.

Basic density is the ratio between the oven-dry weight and the green volume. The green volume has been 
measured by immersion in water. Bulk density is the ratio between green weight and green volume. The 
average o f the two 1-inch samples (cut for initial MC) has been considered as the basic and bulk density for 
the entire board.

Moisture concentration is a water content related property (as is moisture content) but, which excludes the 
effect o f wood density. Moisture content expresses the amount o f water as a proportion o f the oven-dry 
weight o f wood. Therefore it is influenced not only by the amount o f  water but also by wood basic density. 
Basic density is known to vary widely both between and within species. Moisture concentration is the ratio 
of the mass o f water to the green volume. It is useful in comparing the mass o f water in two pieces o f  lumber 
of the same volume.

Growth rate was measured on one o f the two, 1-inch, green MC samples. Annual rings were count along the 
longest radial portion o f the sample. Growth rate was defined as the number o f annual rings divided by the 
measured length.

For both species, the material was segregated into four different groups using moisture content and basic 
density as the sorting criteria. For black spruce, each group consisted o f 60 boards while for balsam fir each 
group consisted o f 30 boards. The four groupings for each species were designated as follow:

LMC-LDb: Low Moisture Content and Low Basic Density Group

LMC-HDb: Low Moisture Content and High Basic Density Group

HMC-LDb: High Moisture Content and Low Basic Density Group

HMC-HDb: High Moisture Content and High Basic Density Group

Drying tests were conducted in a 1000 board-foot laboratory kiln. Each sorted group was dried in individual 
runs under the same drying conditions. Drying schedules used for each species are shown in Appendix I. 
Twice a day, six black spruce sample boards and all the balsam fir boards were weighed to monitor their
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drying rates. Each board remained in the kiln until its moisture content was under 17 percent, as determined 
by weight and/or hand-held moisture meter readings. At this point, six 1-inch samples for black spruce and 
seven for balsam fir were cut from each board to determine the oven-dry final moisture content. These 
samples were also used to adjust the initial moisture content estimate and the moisture concentration. This 
was done as it was found that two 1-inch samples taken from a green board were not sufficient to provide a 
good estimate o f the actual quantity o f water. Drying time to 19 percent MC was calculated for each board.

4.2 Laboratory Trial of Weight-Based Sorting

The Stone-Consolidated sawmill in St-Fulgence, Québec provides a supply o f fresh-sawn, 2 by 4-inch 8 foot 
long, black spruce lumber. A sample of 121 boards was sorted into two groups using green weight as the 
sorting criteria. Pieces lighter than 6.4 Kg (14.1 lbs) were designated as the "light" sort and pieces heavier 
than 6.4 Kg constituted the "heavy" sort. This weight limit was taken from the Stone-Consolidated's in-line 
weight-based sorter.

Each load was dried separately in a laboratory kiln using time-based drying schedules provided by Stone- 
Consolidated. Light and heavy sorts were subjected to the same steps o f dry-bulb and wet-bulb temperature 
for different drying periods. Weight loss o f each board was monitored during the drying tests, to determine 
drying rate and when the target final MC was reached. After drying, the final moisture content was 
determined using the oven-dry method. Two 1-inch samples were cut from each board. Drying time to 
19 percent MC was determined and distribution o f final MC analyzed.

4.3 Industrial Trial of Weight-Based Sorting

A mill trial was arranged, in collaboration with Stone-Consolidated sawmill in St-Fulgence, Québec to 
evaluate benefits achieved during industrial drying o f lumber sorted on the basis of initial weight. Stone- 
Consolidated has an in-line weight sensor along their green chain, between the trimmer and the automatic 
sorter. The system was developed by the Centre de Recherche Industrielle du Québec (CRIQ). The mill is 
actually sorting lumber in three different weight categories. They set a limit for the heavier group which 
sorts out as much as possible o f the balsam fir. Balsam fir is generally heavier than black spruce due to its 
higher moisture content and in spite o f the fact that its basic density is lower than black spruce. The 
remaining material, mainly black spruce, was segregated into two different weight groups. The weight limit, 
between the light and the intermediate sort, was set to obtain the same proportion o f material in the two sorts.

Since the laboratory trial evaluated the drying behaviour o f black spruce sorted on the basis o f weight, it was 
decided to focus the industrial test on the light and the intermediate sort which are also composed mainly o f 
black spruce. A charge o f light material and a charge o f intermediate material were dried in a conventional 
M.E.C. Technology 200 000 board feet kiln. The same drying schedule was used for both charges. In each 
case, the kiln was filled with a 50:50 mix o f 2 by 4-inch and 2 by 6-inch lumber. Four packages were 
sampled from various locations in the kiln but with a similar sampling pattern for both charges. They 
consisted o f two packages o f 2 by 4-inch, 10 foot long, lumber and two package o f 2 by 6-inch, 10 foot long, 
lumber. The final moisture content was evaluated on each o f these packages. Also, at the sawmill, the 
weight o f 40 boards from each sort was measured to determine the actual weight limit used to segregate the 
light sort from the intermediate sort.
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5.0 RESULTS AND DISCUSSION

5.1 Physical Properties Related to Drying Rate of Black Spruce

5.1.1 Physical Properties Evaluation

Physical property measurements for black spruce are presented in Table 1. Average initial moisture content 
measured on 422 pieces from La Sarre, Québec, is 43.5 percent with a relatively small standard deviation o f
11.5 percent. Average moisture concentration was 0.171 gram of water per cubic centimeter o f wood. O f 
238 boards evaluated, the minimum and the maximum measurements were 0.109 and 0.282 g/cm3.

Table 1. Summary o f measurements o f physical properties for fresh-sawn black spruce boards from
La Sarre, Québec.

Physical Properties n Average Standard
Deviation

Maximum
Value

Minimum
Value

Moisture Content 
(%)

422 43.5 11.5 100.3 26.0

Moisture Concentration 
(g/cm3)

238 0.171 0.039 0.282 0.109

Basic Density 
(g/cm3)

422 0.409 0.030 0.509 0.332

Bulk Density 
(g/cm3)

422 0.587 0.061 0.815 0.439

Green Weight 
(Kg)

238 4.51 0.42 5.79 3.63

Growth Rate 
(rings/cm)

238 7.3 3.4 20.5 2.2

Basic and bulk density were measured on 422 black spruce boards . The average basic density o f 
0.409 g/cm3 concurs with the average o f 0.406 g/cm3 reported by Jessome (1977). The low average bulk 
density o f  0.587 g/cm3 is a result o f and confirms the low water content o f black spruce. Average green 
weight o f 238 boards (2 by 4-inch, 7 feet) was found to be 4.51 Kg (or 9.9 lbs) with a minimum value o f 
3.63 Kg (8.0 lbs) and a maximum value o f 5.79 Kg (12.8 lbs).

Growth rate was measured on 238 boards taken from logs harvested in the region o f  La Sarre, Québec. On 
average, the growth rate is 7.3 annual rings per centimeter. However, black spruce growth rate is quite 
variable in this geographical location. Values ranging from 2.2 rings/cm up to 20.5 rings/cm were observed. 
Histograms showing the frequency distribution for each o f the physical properties are presented in Appendix 
II (Figures II-1 to 6).
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5.1.2 Drying Time Related to Physical Properties

Normal black spruce material was dried in four charges based on initial MC and basic density as explained 
earlier in section 4.1.1. Kiln controller failure during the drying of the HMC-LDb groups resulted in loss o f 
data for this charge. It was decided, therefore, to include the intermediate group in the analysis. Figure 1 
shows graphically the differences in initial MC and basic density for each group.

Table 2 provides a summary o f the drying results (based on drying time to 19 percent MC) as related to 
initial MC and basic density for each o f the groups. As expected, the LMC-LDb group obtained the fastest 
average drying time o f the four groups. Average drying time for this group was 35.0 hours compared to 
51.7 hours (or 48 percent longer) for the slowest group, HMC-HDb.

Table 2. Summary o f  physical characteristics and drying time achieved for the four laboratory
charges o f black spruce.

Sort n

Initial Average Drying Time to 19% MC

Moisture
Content

(%)

Basic
Density
(g/cm3)

Average

(hours)

Standard
Deviation

(hours)

To Dry 95% 
of Material 

(hours)

LMC-LDb 59 35.9 0.380 35.0 3.8 41.9

LMC-HDb 60 35.7 0.441 42.1 6.3 41.6

INTERMEDIATE 60 42.5 0.410 47.4 14.0 76.8

HMC-HDb 59 49.7 0.436 51.7 9.7 69.1

All 238 40.9 0.417 44.0 11.2 64.9

Table 2 also provides the drying statistics for the four charges combined to simulate what would be achieved 
without sorting. This is valid since the same time-based drying schedule was used for the four charges. 
Average drying time of unsorted material was 44.0 hours with a standard deviation o f 11.2 hours. Variability 
in drying time (as measured by standard deviation) is lower for all the groups sorted by initial MC and 
density than for the intermediate group or unsorted material. For example, the standard deviation is three 
times lower in the LMC-LDb group (3.8) as compared to the unsorted group (11.2). Reduced variability in 
drying time results in lower final MC variability which, in turn, creates a better quality product. Final 
moisture content has been demonstrated to be inversely related to level o f drying degrade. A lower final MC 
results in a higher probability that the board will be downgraded. Lowering final MC variability provides the 
opportunity to set a higher target MC, achieve a shorter drying time and reduce drying degrade.

Industrial drying o f SPF must comply with the National Grading Rules for Canadian Lumber as set out by 
the National Lumber Grades Authority (NLGA). In order to be stamped "S-DRY", 95% o f the pieces o f any 
given shipment o f lumber must be equal to or less than 19 percent MC. Thus, the time to dry 95% of the test 
material to 19 percent MC has also been calculated and reported in Table 2. This is to simulate times 
achieved in industrial drying. Approximately 42 hours were required to dry the LMC-LDb and the 
LMC-HDb groups compare to 69.1 hours for the HMC-HDb group. A 65% increase in drying time for the 
FIMC-HDb group. Again, highlighting the benefits o f sorting lumber based on physical properties.
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Regression analysis was used to compare the various physical properties with drying rate. The goal was to 
determine which physical property is most directly related to drying time o f boards within the same species. 
Table 3 presents the regression analysis results for each property individually. Also Appendix III 
(Figures III-1 to 6) shows graphically the best fit curves for these relations. The following regression model 
was used:

Drying Time = m (physical property) + b

where: m : slope
b : intercept

Green board weight and moisture concentration are the best parameters to estimate black spruce drying time 
to 19 percent MC with an identical coefficient o f determination (r2) o f 0.48. The coefficient o f determination 
is a measure o f the accuracy o f using, in this particular case, the green board weight or the moisture 
concentration to predict the drying time. It can vary between 0 and 1; 1.0 would mean that the physical 
property is a perfect predictor o f the board drying time.

Table 3. Regression analysis o f physical properties versus drying time to 19 percent MC for black
spruce.

Physical Properties n Slope Intercept
Standard error 
o f estimate of 

drying time 
(hours)

Moisture Content
(%)

238 .84 9.6 0.38 8.8

Moisture Concentration 
(g/cm3)

238 196.1 10.4 0.48 8.1

Basic Density 
(g/cm3)

238 165.0 -24.7 0.22 9.9

Bulk Density 
(g/cm3)

238 112.9 -21.9 0.42 8.6

Green Weight 
(Kg)

238 18.2 -38.2 0.48 8.1

Growth Rate 
(rings/cm)

238 1.7 31.5 0.27 9.6

Table 3 also provides the standard error, the slope and the y  axis intercept for the best fit curve. Standard 
error is the typical error, in hours o f drying, when a physical property is used to predict drying time. The 
error for green board weight and moisture concentration is identical at 8.1 hours and is lower than for any of 
the other properties studied. On an average drying time of 44.0 hours, this means an absolute error o f 18.4%.
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Bulk density and moisture content have a lower coefficient o f determination at 0.42 and 0.38 respectively. 
Their standard error is 8.6 and 8.9 hours. Thus, as expected, moisture content is not the best parameter to 
predict the drying time o f black spruce boards. However the error made in using moisture content is not 
increased significantly at 8.9 hours compared to 8.1 hours for green weight and moisture concentration.

Low coefficients o f determination were found for growth rate and basic density; 0.27 and 0.22 respectively. 
Therefore these properties play a smaller role in influencing drying rate. A regression analysis was also 
conducted to compare growth rate to basic density. A strong correlation was expected as it is generally 
believed that slow growing trees produce denser wood. A low coefficient o f determination o f only 0.19 
disproves this theory, at least for black spruce from the La Sarre area.

5.2 Physical Properties Related to Drying Rate of "Yellow" Spruce 

5.2.1 Physical Properties Evaluation

Initial moisture content, moisture concentration, basic density, bulk density, green weight, as well as growth 
rate measurements for "yellow" spruce are summarized in Table 4. Also, histograms showing the 
distribution for each physical property are presented in Appendix IV (Figure IV -1 to 6). All o f these physical 
properties have a higher average value than normal black spruce. The "yellow" spruce samples also exhibit a 
larger degree o f variability for all properties studied.

Table 4. Summary o f measurements o f physical properties for fresh-sawn "yellow" spruce boards
from La Sarre, Québec.

Physical Properties n Average Standard
Deviation

Maximum
Value

Minimum
Value

Moisture Content
(%)

108 74.0 18.8 137.1 36.4

Moisture Concentration 
(g/cm3)

60 0.334 0.082 0.525 0.162

Basic Density 
(g/cm3)

108 0.460 0.033 0.553 0.351

Bulk Density 
(g/cm3)

108 0.798 0.077 0.974 0.580

Green Weight 
(Kg)

60 6.12 0.59 7.59 4.83

Growth Rate 
(rings/cm)

60 18.8 7.3 35.0 5.8

Average moisture content for "yellow" spruce was 74.0 percent as compared to 43.5 percent for black spruce. 
Figure 2 shows graphically the different pattern o f moisture content distribution for "yellow" versus black 
spruce. Average basic density for "yellow spruce is 0.460 g/cm3 as compared to 0.409 g/cm3 for black 
spruce. Figure 3 presents a comparison of basic density distributions for black and "yellow" spruce.
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Figure 2. Comparison of initial moisture content distribution for "yellow" versus black spruce.
Proportion between black and "yellow" spruce does not necessary represent natural
distribution.
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Figure 3. Comparison of basic density distribution for "yellow" versus black spruce. Proportion
between black and "yellow" spruce does not necessary represent natural distribution.
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Average moisture concentration for the 60 boards sampled was 0.334 gram o f water per cubic centimeter of 
wood. This is almost twice as much as normal black spruce at 0.171 g/cm3. More than three times the 
amount o f water was found in the higher moisture concentration board comparatively to the lower board. 
Average growth rate o f "yellow" spruce is slower at 18.8 annual rings per centimeter versus 7.3 rings per 
centimeter for normal black spruce. A comparison o f growth rate distribution for black and "yellow" spruce 
is presented in Figure 4.

Thus, based on physical properties, "yellow" spruce, a sub-population o f black spruce, is distinguishable by a 
higher basic density, a higher moisture content (almost twice as high) and a slower growth rate (more than
2.5 times less) than normal black spruce (as demonstrated in Figures 2, 3 and 4). An evaluation was made to 
determine the best physical property to separate "yellow" spruce from normal black spruce. For each 
property an optimal separation point was determined. Since no property was entirely reliable in separating 
the two species, an arbitrary separation point was set in order to obtain the same approximative percentage of 
error (percentage o f pieces mis-classified) for the two species. Table 5 shows that the green weight o f boards 
was the best separation parameter with a success rate o f over 96 percent for both species. Bulk density and 
moisture concentration are also reasonably good separation criteria with both over 91 percent successfully 
sorted.

Table 5. Comparison o f physical properties as a parameter to identify black spruce versus "yellow"
spruce boards.

Physical Properties Optimal Separation 
Point

Percentage o f success 
(%)

Pieces of black 
spruce identified

Pieces o f "yellow" 
spruce identified

Moisture Content 50.8 % 86.6 88.3

Moisture Concentration 0.240 g/cm3 91.6 90.0

Basic Density 0.438 g/cm3 76.5 76.7

Bulk Density 0.682 g/cm3 92.4 91.7

Green Weight 5.245 Kg 96.2 96.7

Growth Rate 9.6 rings/cm 83.2 83.3

5.2.2. Drying Time Related to Physical Properties

One charge o f 60 boards o f "yellow" spruce was dried in a laboratory kiln using the same drying schedule as 
that employed for black spruce. Average initial moisture content and basic density for these boards are 
presented in Table 6 along with the drying time statistics for this charge. The initial characteristics o f this 
charge were quite different from the four charges o f black spruce. Average moisture content was 73.6 
percent and basic density was 0.463 g/cm3.
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Figure 4. Comparison of growth rate distribution for "yellow" versus black spruce. Proportion
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Table 6. Summary o f physical characteristics and drying time achieved for the laboratory charge of 
"yellow" spruce.

Initial Average Drying Time to 19% MC

Sort n Moisture Basic Average Standard To Dry 95% of
Content Density Deviation Material

(%) (g/cm3) (hours) (hours) (hours)

"Yellow" Spruce 60 73.6 0.463 123.1 40.7 188.3

The "yellow" spruce charge showed a large variability in drying time between pieces. Average drying time 
for the 60 boards was 123 hours with a standard deviation o f 40.7 hours. In order to dry 95 percent o f the 
"yellow" spruce below 19 percent MC a drying time o f 188 hours was required. This would result in many 
pieces being downgraded due to overdrying as approximately half the material could be dried in less than 
123 hours. This indicates the need to pre-sort this material into similar drying rate groups before kiln drying

Table 7 presents the results o f the regression analysis for each o f the physical properties studied. Initial 
moisture concentration is, from all the physical properties studied, the best predictor o f drying time for 
"yellow" spruce. The coefficient o f determination (r2) o f 0.83 shows a strong relationship between moisture 
concentration and drying time to 19 percent MC. The standard error o f the estimated drying time is 
16.9 hours.

Table 7. Regression analysis o f physical properties versus drying time to 19 percent MC for "yellow"
spruce.

Physical Properties n Slope Intercept r2
Standard error 
o f estimate of 
drying time 

(hours)

Moisture Content 
(%)

60 1.7 -.53 0.71 22.1

Moisture Concentration 
(g/cm3)

60 453.2 -28.0 0.83 16.9

Basic Density 
(g/cm3)

60 -138.6 187.3 0.01 41.1

Bulk Density 
(g/cm3)

60 374.3 -176.4 0.56 27.6

Green Weight 
(Kg)

60 58.6 -235.9 0.72 21.7

Growth Rate 
(rings/cm)

60 -0.31 129.0 0.003 41.3
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Green board weight and initial moisture content also display a strong correlation to  drying tim e with r2 0.72 
and 0.71 respectively. Bulk density does not show as strong a correlation with a coefficient o f  determination 
o f 0.56. Basic density and growth rate are poor predictors o f drying time with r2 0.01 and 0.003 respectively. 
A graphical representation o f the relationship between each physical property and the drying time is 
presented in Appendix V (Figures V -l to 6).

5.3 Physical Properties Related to Drying Rate of Balsam Fir 

5.3.1 Physical Properties Evaluation

Table 8 summarized the physical properties measured on balsam fir. This species is characterized by a large 
variability in initial MC between pieces as well as a high average moisture content. Average initial MC was 
114.6 percent with a maximum value o f 195.9 percent and a minimum value of 55.6 percent for the 253 
boards measured. This significant variation in initial moisture content is one explanation for the drying 
difficulties encountered in the industry with this species. The frequency distributions for each o f  the physical 
properties studied are shown in Appendix VI (Figure V I-1 to 6).

Table 8. Summary o f measurements o f physical properties for fresh-sawn balsam fir boards from St-
Fulgence, Québec.

Physical Properties n Average Standard
Deviation

Maximum
Value

Minimum
Value

Moisture Content 
(%)

253 114.6 28.1 195.9 55.6

Moisture Concentration 
(g/cm3)

125 0.355 0.083 0.545 0.182

Basic Density 
(g/cm3)

253 0.332 0.027 0.405 0.269

Bulk Density 
(g/cm3)

253 0.709 0.091 0.932 0.481

Green Weight 
(Kg)

125 7.11 0.868 8.93 5.31

Growth Rate 
(rings/cm)

125 7.2 2.1 14.6 3.6

Average initial moisture concentration, measured in 125 boards, was 0.355 g o f water per cm3 o f wood with a 
minimum value o f 0.182 g/cm3 and a maximum value o f 0.545 g/cm3. The large variability in moisture 
concentration shows that there could be up to a 3 to 1 difference in the amount o f water between any two 
boards in this species. The large variability in amount o f water to be removed during drying may partially 
explain the large variability o f final MC of balsam fir after drying.
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The average basic density o f balsam fir measured from 253 boards was 0.332 g/cm3. This corresponds with 
Jessome (1977) who found an average o f 0.335 g/cm3. Basic density varies from 0.269 to 0.405 g/cm3. 
Average bulk density was 0.709 g/cm3. The large variability in bulk density is due to a low basic density and 
a high quantity o f water. As a result, boards o f similar volume will show a wide range of green weights.
Some boards can have almost twice the bulk density o f another when minimum and maximum values (0.481 
and 0.932 g/cm3) are compared.

Average green weight for 2 by 4-inch 8 foot long boards was 7.11 Kg (15.7 lbs) with a minimum value o f 
5.31 Kg (11.7 lbs) and a maximum of 8.93 Kg (19.7 lbs) for the 125 boards measured. A total o f 170 balsam 
fir boards were analyzed for growth rate. The average growth rate for the sample coming from St-Fulgence, 
Québec, was 7.2 annuals rings per centimeter. Again, a lot o f within species variation was noticed with 
values ranging from 3.6 to 14.6 rings/cm.

5.3.2. Drying Time Related to Physical Properties

Four charges with a combined total o f 125 boards were dried in a 8-foot laboratory kiln. Table 9 lists the 
average initial MC and basic density for each charge of balsam fir. Figure 5 shows that the charges are 
clearly differentiated by the differences in initial MC and basic density.

Intermediate board weights taken during drying were used to estimate the drying time to 19% MC for each 
board. Table 9 summarizes the drying times for each charge. The segregation by MC and basic density 
produced groups with significantly different drying times. The LMC-LDb group had the fastest drying time 
with 112.8 hours to dry 95% o f this material to 19 percent MC. The HMC-HDb group had the longest drying 
time at 167.4 hours or 48 % longer than the LMC-LDb group. Overall results show that initial MC has a 
greater influence on drying time than basic density. The HMC-LDb group had a longer drying time 
(156.0 hours) than the LMC-HDb group (122.2 hours).

Table 9. Summary o f  physical characteristics and drying time achieved for the four laboratory
charges o f balsam fir.

Sort n

Initial Average Drying Time to 19% MC

Moisture
Content

(%)

Basic
Density
(g/cm3)

Average

(hours)

Standard
Deviation

(hours)

To Dry 95% 
o f Material 

(hours)

LMC-LDb 31 88.3 0.311 90.6 15.7 112.8

LMC-HDb 29 83.4 0.363 97.8 18.9 122.2

HMC-LDb 29 131.6 0.300 124.6 18.5 156.0

HMC-HDb 36 122.2 0.356 134.6 20.6 167.4

All 125 107.0 0.334 112.8 26.2 156.3
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Table 9 also lists the drying time statistics for the four charges combined. This is essentially a simulation o f 
unsorted material with the exception that some intermediate material has been excluded (See Section 4.1.1). 
Average drying time for all boards was 112.8 hours with a standard deviation o f 26.2 hours. Standard 
deviation o f drying time was smaller for each o f the four sorted groups than for the combined group. The 
LMC-LDb group had the lowest variability in drying time with a standard deviation o f 15.7 hours on an 
average drying time o f 90.6 hours.

Table 10 presents the regression analysis results o f each property studied versus drying time. Appendix VII 
(Figures V II-1 to 6) presents the best fit curves for all comparisons. Moisture concentration and green board 
weight are the best parameters, from the those analyzed, to estimate drying time to 19 percent MC with 
coefficients o f determination (r2) o f 0.77 and 0.76 respectively. Standard error to estimate drying time from 
moisture concentration was 12.7 hours. For green board weight the standard error was 12.9 hours. Moisture 
content was the next best predictor o f drying time with a coefficient o f determination o f 0.65 and a standard 
error o f 15.7 hours, followed by bulk density (rM l.56, standard error = 17.5 hours). The difference in results 
between green weight and bulk density is probably due to sawing variation. It is evident that thicker lumber 
is heavier and will take longer to dry than thinner lumber. The data were not available to confirm 
statistically this assumption or to estimate its effect. Green board weight will, inherently, compensate for 
sawing variation. Basic density and growth rate show a minimal influence on drying rate with coefficients o f 
determination o f 0.02 and 0.13 respectively.

Table 10. Regression analysis o f physical properties versus drying time to 19 percent MC for balsam 
fir.

Physical Properties n Slope Intercept r2
Standard error 
of estimate o f 
drying time 

(hours)

Moisture Content 
(%)

125 0.82 24.9 0.65 15.7

Moisture Concentration 
(g/cm3)

125 276.5 14.7 0.77 12.7

Basic Density 
(g/cm3)

125 126.5 70.6 0.02 26.2

Bulk Density 
(g/cm3)

125 190.2 -22.4 0.56 17.5

Green Weight 
(Kg)

125 26.4 -74.5 0.76 12.9

Growth Rate 
(rings/cm)

125 4.7 79.2 0.13 24.6
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5.4 Laboratory Trial of Weight-Based Sorting

In Section 4.2.1, both moisture concentration and green board weight were the best physical properties from 
which to estimate drying time. Based on these results, it was decided to test their potential to improve the 
drying process by pre-sorting lumber. Green weight of boards was chosen as the sorting criteria since this 
parameter can be measured in a industrial process using on-line weighing devices already available on the 
market. Currently, there are no non-destructive methods available to measure moisture concentration o f 
boards. In collaboration with Stone-Consolidated and the Centre de Recherche Industrielle du Québec 
(CRIQ), Forintek was invited to evaluate the accuracy of the CRIQ weight-based prototype sensor installed 
at St-Fulgence sawmill o f Stone-Consolidated. Results have been presented in an earlier report entitled 
"Sorting and Drying Eastern SPF on the Basis of Initial Moisture Content".

Manual sorting, using the methodology described in Section 4.1.3, resulted in 79 boards falling in the light 
sort and 42 boards falling in the heavy sort. This means, that using 6.4 Kg as the weight limit, 65 percent o f 
material fell in the low weight sort. Two light sort loads and one heavy sort load were dried under similar 
conditions. Table 11 presents a description o f material characteristics before drying and a summary o f the 
results o f the drying tests. The average board (8 feet) weight of the light sort was 6.02 Kg compared to 
6.84 Kg for the heavy sort. The heavy sort also had a larger standard deviation.

Table 11. Summary o f initial conditions and drying time achieved for three charges o f  black spruce 
sorted by initial board weight.

Sort n

Initial Weight Drying Time to 19% MC

Average

(Kg)

Standard
Deviation

(Kg)

Average

(hours)

Standard
Deviation

(hours)

To Dry 95% 
o f  Material 

(hours)

Light #1 40 6.01 0.247 32.1 5.0 41.5

Light #2 39 6.02 0.294 29.8 6.6 40.0

Heavy 42 6.84 0.492 41.8 11.8 61.0

All 121 6.30 0.53 34.7 9.9 55.0

Analyzing all boards together provides a good indication o f what would happen if  unsorted material was 
dried. The average drying time for the three charges was 34.7 hours with a standard deviation o f 9.9 hours. 
Table 11 also provides the drying time to dry 95 percent o f the material to 19 percent MC. It would take 
approximately 55.0 hours to dry unsorted material to the NLGA specification for SPF lumber. The time to 
dry 95 percent o f material was 41.5 hours for the first charge of light material. The second charge achieved 
similar results with a drying time of 40.0 hours. This is a decrease in drying time o f  26 percent when 
compared to unsorted material.

The time to dry 95 percent o f the heavy material to 19 percent MC was 61 hours. The heavy sort can be 
expected to take approximately 11 percent longer to dry than unsorted material. The different drying times 
for the low and the heavy sorts, demonstrate good potential for weight-based sorting to improve drying 
efficiency.
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Table 12 summarizes the moisture content results obtained after drying. Again the combined data for the 
three charges simulates the drying o f unsorted material. The average final moisture content for unsorted 
material is 12.9 percent with a standard deviation o f 3.10 percent. This average has been calculated for the 
time when 95 percent of the material has reached 19 percent MC (55.0 hours).

Table 12. Summary o f final moisture content variability obtained for three laboratory weight-based 
sorted charges o f black spruce.

Sort n Drying
Time

(hours)

Final Moisture Content

Average

(%)

Standard
Deviation

(%)

Pieces over 
19% MC 

(%)

Light #1 40 41.5 16.0 1.66 5

Light #2 39 40.0 15.7 2.22 5

Heavy 42 61.0 14.0 3.17 5

All 121 55.0 12.9 3.10 5

Average final moisture content was 15.7 and 16.0 percent for the two light charges and 14.0 percent for the 
heavy charge. The standard deviations o f 1.66 and 2.22 for the two light charges are lower than that 
estimated for unsorted. A standard deviation o f 3.17 for the heavy charge is comparable to the unsorted. A 
higher average moisture content for the sorted material combined with a smaller standard deviation for the 
light charges should provide a better quality final product. These results indicate a high potential for weight- 
based sorting to improve the quality of final products.

5.5. Industrial Trial of Weight-Based Sorting

An accuracy evaluation of the CRIQ weight-based prototype has been previously conducted by Forintek and 
presented in the report "Sorting and Drying Eastern SPF on the Basis o f Initial Moisture Content". For the 
current study, 40 boards from the low and the intermediate sorts were weighed in order to estimate the 
weight limit used by the CRIQ prototype to segregate them. The average 10 foot long board weight for the 
low sort is 7.25 Kg (16.0 lbs) compared to 8.24 Kg (18.2 lbs) for the intermediate sort. Figure 6 shows the 
distribution o f board weights for the two sorts. The overlap between the two sorts is explained by the error 
o f the CRIQ prototype in estimating the weight of a board due to motion in an industrial environment. The 
weight limit to segregate the two sorts was estimated at approximately 7.65 Kg (16.9 lbs).

The drying time for the light weight charge was 48 hours compared to 51 hours for the intermediate weight 
charge. Table 13 gives the final moisture content statistics for both charges. The average moisture contents 
for both charges were quite high at 18.3 percent for the light sort and 21.7 percent for the intermediate. This 
can be adjusted by increasing the drying time for future charges. For this study, it is still relevant to compare 
the drying time o f the two charges. In three hours less o f drying, the light material dried at an average 
moisture content o f 3.4 percent lower. Thus the light material dried faster than the heavy material.
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Table 13. Summary of final moisture content variability obtained during the industrial test for the two 
weight sorted charges.

Sort Drying Time 
(hours)

Size n

Final Moisture Content1

Average

(%)

Standard
Deviation

(%)

Light 48

2 by 4-inch 317 18.0 3.1

2 by 6-inch 364 18.6 3.9

Average 681 18.3 3.5

Intermediate 51

2 by 4-inch 317 20.3 4.1

2 by 6-inch 342 23.0 3.9

Average 659 21.7 4.2

Measured with a hand-held resistance-type moisture meter and using C.O.F.I. correction factors for 
species and temperature.

Furthermore, the standard deviations for the two groups were quite low at 3.5 percent and 4.2 percent respectively 
for the light and the intermediate sorts. These results may seem high when compared to the laboratory results. 
Different species were found in the material inspected. Jack pine made up anywhere from 5 percent to 30 percent 
of the material observed in the packages. Jack pine has a faster drying rate than spruce when dried in the same 
charges, resulting in a lower average final moisture content. The frequency distributions presented in Appendix 
VIII (Figures VIII-1 to 4) show that the distributions of moisture content are not uniform. The lower part of these 
distributions must be considered as mainly jack pine boards. Better results can be expected with single species 
loads.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

This study shows that physical properties of SPF lumber are clearly species-specific. Black spruce and balsam fir 
showed differences in their average property as in their variability. In fact, the proportion o f each species in a 
given lot of SPF lumber have a direct incidence on its drying characteristics. Moreover, the study demonstrated 
that initial weight o f green boards is the best criteria to separate "yellow" spruce from black spruce before drying. 
Sorting out these species will improve drying efficiency since "yellow" spruce has definitely slower drying rates 
than black spruce.

This study also demonstrated that initial moisture content is not the only physical property that can be used to sort 
black spruce and balsam fir lumber before drying. Parameters like green board weight and moisture concentration 
prove to be better sorting criteria. Initial weight of green boards is the property offering the highest potential for 
the Eastern SPF industry. A few models of weight-based sorter are already available on the market for industrial 
use. But since only destructive methods are currently available to measure moisture concentration, this property 
does not offer much industrial potential until new techniques are developed.

One of the laboratory tests confirmed the potential of green board weight as a sorting criteria before drying. By 
grouping lumber with uniform drying characteristics, weight-based sorting affects drying time and reduces 
moisture content variability. These results were confirmed by a field test in a mill equipped with a in-line weight- 
based sorter. Weight-based sorting is a simple method improving drying efficiency.

Variability of physical properties between species should be considered in most industrial sorting applications. In 
fact, many SPF sawmills process lumber supply containing two or more species all together. However, the 
objective of this study did not consider the impact on diying benefits when using any physical properties to sort 
mixed species supply. Therefore, further work is recommended to compare drying rate of each individual species 
of the SPF group under similar drying conditions to determine the best strategy to dry mixed species loads.
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APPENDIX I

Drying Schedules for Laboratory Experiments



Table 1-1 Drying schedule for black and "yellow" spruce lumber.

TIME 
AT STEP

(Hours)

DRY-BULB
TEMPERATURE

OF)

WET-BULB
TEMPERATURE

OF)

EQUILIBRIUM
MOISTURE
CONTENT

(%)

20 140 135 16.7

12 150 135 9.8

14 160 130 5.3

Up to the end 180 150 5.3

Table 1-2. Drying schedule for balsam fir lumber.

HOURS 
AT STEP

(Hours)

DRY-BULB
TEMPERATURE

OF)

WET-BULB
TEMPERATURE

OF)

EQUILIBRIUM
MOISTURE
CONTENT

(%)

20 140 135 16.7

23 150 135 9.8

27 160 130 5.3

52 180 150 5.3

Up to the end 180 130 3.0

I -  1



APPENDIX II

Histograms of Different Physical Properties for Black Spruce
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Figure H-1. Initial moisture content distribution for black spruce.
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APPENDIX m

Relationship Between Different Physical Properties and Drying Time for Black Spruce
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Figure III-l. Relationship between initial moisture content and drying time to 19 percent for black spruce.
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Figure HI-3. Relationship between basic density and drying time to 19 percent for black spruce.
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Figure HI-6. Relationship between growth rate and drying time to 19 percent for black spruce.



APPENDIX IV

Histograms of Different Physical Properties for "Yellow" Spruce
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Figure IV-1. Initial moisture content distribution for "yellow" spruce.



Fr
eq

ue
nc

y (
%)

0.15-0.20 0.20-0.25 0.25-0.30 0.30-0.35 0.35-0.40 0.40-0.45 0.45-0.50 0.50-0.55

Moisture Concentration (g/cm3)

Figure IV-2. Initial moisture concentration distribution for "yellow" spruce.
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Figure IV-3. Basic density distribution for "yellow" spruce.
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Figure IV-4. Bulk density distribution for "yellow" spruce.
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Figure IY-5. Green weight distribution for "yellow" spruce.
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Figure IV-6. Growth rate distribution for "yellow" spruce.



APPENDIX V

Relationship Between Different Physical Properties and Drying Time for "Yellow" Spruce



Moisture Content (%)
Figure V-l. Relationship between initial moisture content and drying time to 19 percent for "yellow" spruce.
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Figure V-2. Relationship between initial moisture concentration and drying time to 19 percent for "yellow" spruce.
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Figure V-3. Relationship between basic density and drying time to 19 percent for "yellow" spruce.
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Figure V-4. Relationship between bulk density and drying time to 19 percent for "yellow" spruce.



Figure V-5. Relationship between green weight and drying time to 19 percent for "yellow" spruce.
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Figure V-6. Relationship between growth rate and drying time to 19 percent for "yellow" spruce.



APPENDIX VI

Histograms of Different Physical Properties for Balsam Fir
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Figure VI-1. Initial moisture content distribution for balsam fir.
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Figure VI-2. Initial moisture concentration distribution for balsam fir.
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Figure VI-3. Basic density distribution for balsam fir.
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Figure VI-4. Bulk density distribution for balsam fir.
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Figure VI-5. Green weight distribution for balsam fir.



40

<
H H

Os

35

30

g  25

S '
c  200
:3
CT
Q)

£  15

10

2-4  4 -6  6-8  8 -10  10-12  12-14  14 -16

Growth Rate (rings/cm)

Figure VI-6. Growth rate distribution for balsam fir.



APPENDIX VII

Relationship Between Different Physical Properties and Drying Time for Balsam Fir



Moisture Content (%)
Figure VII-1. Relationship between initial moisture content and drying time to 19 percent for balsam fir.
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Figure VII-2. Relationship between initial moisture concentration and drying time to 19 percent for balsam fir.
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Figure VII-3. Relationship between basic density and drying time to 19 percent for balsam fir.
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Figure VII-4. Relationship between bulk density and drying time to 19 percent for balsam fir.



Figure VII-5. Relationship between green weight and drying time to 19 percent for balsam fir.



Figure VII-6. Relationship between growth rate and drying time to 19 percent for balsam fir.



APPENDIX V ffl

Histograms of Final Moisture Content for the Light and the Intermediate Weight Sort 
Measured During the Industrial Trial of Weight-Based Sorting



30

< 12  12 -14  1 4 -16  16 -18  18-20 2 0 -2 2  2 2 -2 4  2 4 -2 6  2 6 -28  >28
Moisture Content (%)

Figure VIII-l Final moisture content distribution for the light weight sort (2 by 4-inch).
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Figure VIII-2. Final moisture content distribution for the light weight sort (2 by 6-inch).
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Figure VDI-3. Final moisture content distribution for the intermediate weight sort (2 by 4-inch).
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Figure VIII-4. Final moisture content distribution for the intermediate weight sort (2 by 6-inch).


