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ABSTRACT

Thick hem-fir lumber (101-mm square) was sorted into six groups based on
species and basic density. All groups were dried with the same schedule in an
experimental kiln. Final moisture content distributions did not improve after separation
of species. After basic density separation, however, the runs with low density lumber
resulted in a reduction of drying times, volumetric shrinkage, moisture content
difference between core and shell, and variability when compared to the runs with
high density lumber.

INTRODUCTION

Pacific coast hemlock (hem-fir) is one of the most important commercial
"species" in British Columbia. Hem-fir is a market name of the mix which describes
a combination of two softwood species, namely, western hemlock (Tsuga heterophylla

(Raf.) Sarg.), and amabilis fir (Abies amabilis (Dougl.) Forbes). Both species grow,
are harvested, processed, and marketed together. Pacific coast hemlock of 105 by
105-mm cross section (commonly called baby squares) is specially used for
construction in Japan. Demand for kiln dried baby squares has been continuously
growing over the last few years.

The variation in green moisture content (MC) and basic density within western
hemlock and amabilis fir in British Columbia was cited by Nielson et al. (1985). An
average basic density value, ranging between 377 and 423 kg/m 3 , and green MC of
69 and 85 percent for amabilis fir and western hemlock, respectively, were reported.
Similar variation results for green MC were also reported by Dobie et al. (1966).

Because of the high variation in green MC and basic density, drying thick
hem-fir lumber to a uniform final MC has been recognized by the industry as a
significant problem. Kozlik (1972), cited two major drying problems facing softwood
products in the west: meeting the 19 percent maximum MC for all pieces of dimension
lumber, and reducing planer splits. As has been shown in practice, problems with
high percentages of overdried and underdried lumber are likely to appear if mixed
species are dried together. Lumber with wet spots is not suitable for further
processing, and overdried lumber may contain a considerable amount of degrade.

Dobie et al. (1966) suggested that the presorting of balsam fir from hemlock
may be worthwhile since the research results showed that the fir suffered less degrade
and was dried faster than hemlock. In this way a more uniform final MC could be
reached.
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Nielson and Mackay (1985) analyzed sorting of dry and green lodgepole pine
before kiln drying. They concluded that sorting dry from green lumber before drying
may reduce extra costs to dry the already dry wood, reduce excessive degrade, and
reduce planer breakage due to overdrying in the already dry sort.

Effects of presorting by green density on the final MC variability has also
been investigated by Milota et al. (1993). They concluded that in the mixed hem-fir
species group presorting by green density does little to reduce final MC variability.

Avramidis and Oliveira (1993) also presorted thick green hem-fir lumber into
high and low basic density groups although they mainly focused on the effects of
presteaming treatment on the final drying characteristics. From the results, it was
clear that the low basic density lumber dried faster, the difference in MC between
core and shell was significantly reduced, and the total shrinkage was reduced when
compared to the high basic density lumber.

The objective of this study was to investigate the effect of species and basic
density on the drying characteristics of hem-fir baby squares.

MATERIALS AND METHODS

Materials

Green hem-fir baby squares (105-mm square in cross-section) were obtained
from the green chain of Canadian Forest Products Ltd, Eburne Sawmill Division,
Vancouver, BC. The lumber was rough, with no specific annual ring orientation and
was about 2.5 meters long. The kiln specimens cut from the original baby squares
were 2.2 meters long. Both of their end surfaces were coated with a waterborne
polyvinyl acetate (PVA) sealant in order to minimize end drying.

Presorting by Species and Basic Density

The basic density and initial MC of each specimen were obtained as follows:
a section of about 25-mm in thickness was cut from each end of each specimen. The
green weight of each section was obtained first with a digital balance. Then it was
immersed in water to obtain its green volume. All sections were placed in an oven
at 103 ±2°C for 24 hours in order to obtain their oven-dry weights. Basic density
was calculated as the ratio between the oven-dry weight and the green volume.
Average initial MC was calculated from the green and oven-dry weights.

Three species groups, namely mixed hem-fir (HF), all-hemlock (H), and all-
amabilis fir (F), were visually sorted by a professional grader. Figure 1 illustrates
the grouping of the species groups used in this study. Each species group was
comprised of 240 baby squares. The HF group was approximately 80 percent
hemlock and 20 percent amabilis fir. Based on the distribution of all basic density
values within each species group, two sub-groups were formed with equal number of
specimens, namely, 120 in each. The first sub-group included the low density end of
the distribution and was denoted as the low basic density sub-group (LBD), whereas
the second one was denoted as the high basic density sub-group (HBD). As seen in
Figure 1, the same procedure was followed in each of the three species groups, thus
resulting in a total of six density sub-groups.

Equipment and Drying Protocol

The lumber was dried in a 10.5 m 3 maximum capacity laboratory kiln, which
was capable of holding a maximum lumber charge of 2.44 by 2.44 by 1.8 meters
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Figure 1.	 Species and basic density sorting.
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high. The kiln was equipped with a load cell so that changes in weight of the lumber
charge with time could be continuously monitored. Air velocities were set at about
2.5 m/s with fan reversal every 6 hours. Stickers 30-mm wide and 20-mm thick were

placed approximately 1.17 meter apart.
Before and after each drying run, the following lumber parameters were

evaluated:

(a) The initial quality of each specimen was visually assessed by a professional
grader. This evaluation was carried out according to the standard industry
grading rules. The same grading procedure was performed on each specimen
after completion of each drying run including a qualitative assessment of

surface, end and internal checking and warp.

(b) The initial average MC of each specimen was measured as described above.

After drying, the final average MC was obtained by oven-drying 25-mm thick
sections cut from the middle part of 33 specimens (about 25 percent of the
population) randomly selected from the original 120 specimens. Figure 2
illustrates the location of the specimens within the charge that were used for

final MC determination.

(c) The core and shell MCs were obtained from 25-mm thick sections also cut
from the middle of each of the above mentioned 33 specimens. Each section
was further cut into a core and a shell sample. The MC of each sample was
again obtained by the oven dry method.

(d) The dimensions of 33 specimens in the transverse directions were measured
at fixed positions with a pair of digital calipers. These measurements were
taken before and after each drying run, and the values were used to calculate

the total volumetric shrinkage.

(e) Internal stress development (casehardening) was also evaluated at the end of
each run by the stress prong test. The test was performed on 25-mm thick
sections cut from the middle of each of the 33 specimens.

The specimens used for final MC, core and shell MC difference, as well as
casehardening evaluation are illustrated in Figure 3.

Species and density sorting, resulted in three species groups and two levels
of basic densities. This study was carried out as a 2 by 3 factorial design thus
resulting in a total of 6 drying runs.

In each drying run, the kiln charge was 1.2 by 1.2 by 2.2 meters long and
was comprised of one hundred and twenty (120) baby-squares. The drying schedule
used was the one designed by Avramidis and Mackay (1988). The target final MC

was 13 percent.

RESULTS AND DISCUSSION

Basic Density and Initial MC Distributions

It can be seen in Table 1 that after species and density sorting, the average
values of basic density were considerably different between six drying runs. The HBD
average value for mixed hem-fir, all-hemlock, and all-fir species groups were 447,

472, and 386 kg/m 3 , respectively. In the LBD groups the respective values were 376,

395, and 325 kg/m 3 . The histograms for basic density within each drying run are

shown in Figure 4.

40



7

225
•  276 325 375 425 475 525 575 625

&sic Density On=

100

F-LU

80

?: 60

I
20'

a

*10

225 275 325 375 425 475 525 575 625
Basic Density Omen

100

60

60

4°

20

0

so

60

3
I 40

20

0

225 275 325 375 425 475 525 575 625
Basic Density Ores

a. HF-HBD b. H-HBD 

1
30

1 Hurd

4 I Ji  
225 275 325 375 425 475 525 575 625

Disk Density Moses

c. F-HBD

100

60

K
60

20

0

d. HF-LBD	 e. H-LBD
	 Ir. F-LBD

Figure 4.	 Distribution of basic density for each drying run.



As shown in Table 1 and Figure 5, the distributions of initial MC within two
density sub-groups in the same species group are very similar (i.e. Figure 5a and d).
The initial MC distribution, however, for each drying run is still quite wide after the
species and basic density sorting. Average initial MCs for the all-amabilis species
group were lower when compared to those of both hem-fir and all-hemlock groups.

Residence Times

As shown in Table 2 and Figure 6, by comparing the three species groups
within the same density subgroup, the kiln residence times were different.

Comparing high and low basic density drying runs in each species group
(Figure 7), although the initial MC for low basic density was slightly higher in each
species group, low basic density drying runs resulted in shorter drying times. For
hem-fir, the low basic density drying run showed about 24 percent reduction.
Whereas in the all-hemlock and the all-fir species groups, LBD runs resulted in about
22 and 11 percent reduction in residence times, respectively when compared to HBD
runs.

Drying Rates

As shown in Table 2 and Figure 8, the average drying rates (%/hr) also
decreased with an increase of the density value in both the high and low basic density
sub-groups. In other words, the higher the basic density of lumber, the lower the
drying rate. It is clear that in the beginning of each run, the drying rate for each
LBD drying run (Figures 8d, e, and 0 was greater than that for the high basic density
in the same species group.

The drying rates for the LBD drying runs were about 52, 55, and 36 percent
higher than those for the HBD runs in the hem-fir, all-hemlock, and all-fir species
groups, respectively.

Final MC Distribution

As shown in Figure 9, within the HBD sub-groups, the all-fir resulted in a
wider distribution of final MC as compared to the hem-fir mix. It is shown in Figure
10 that both final MC and standard deviation for the all-amabilis fir were higher than
those of the other two species. Within the low basic density sub-groups, all-fir,
however, produced a narrower final MC distribution as compared to the other two
species, indicating therefore that all-amabilis with LBD resulted in a more uniform
final MC distribution.

Between high and low basic density drying runs in each species group,the
drying runs of LBD lumber resulted in narrower final MC distributions as compared
to those with high basic density (Figures 9 and 10).

Core and Shell MC Differences

As seen in Figure 11, within the HBD sub-groups, the all-hemlock and the
all-fir drying runs resulted in greater standard deviations compared to the hem-fir mix
although their differences between core and shell MC were much lower. The lower
MC difference in the all-fir group with HBD was probably due to a leakage in the fan
deck of the kiln which allowed condensed water to enter the shell of the lumber and
increase its moisture content. All-fir in the LBD sub-groups showed lower MC
difference and lower standard deviation (about 33 percent less), but the all-hemlock
drying run resulted in higher MC difference and higher standard deviation as
compared to the hem-fir.
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Between the high and low basic density drying runs of the same species
group, the LBD hem-fir drying run resulted in about 25 percent reduction in MC
difference as compared to the run of HBD. In all-hemlock, there was almost no
change in MC difference between the two density drying runs, but the LBD drying
run resulted in a slightly lower variation than that in the HBD sub-group.

The prong-test revealed absence of internal stresses (casehardening) in the
transverse lumber direction.

Volumetric Shrinkage

Table 2 shows the actual volumetric shrinkage values corresponding to the
average final MC reached in each drying run. It seems that the drying runs in the
LBD sub-groups resulted in greater volumetric shrinkage than those in the HBD sub-
groups. Since the final MCs were not the same, the volumetric shrinkage values were
estimated for 15 percent final MC as shown in Figure 12. These estimates were
based on the assumption that shrinkage decreases linearly in the hygroscopic range,
and that the fiber saturation point of wood is 30 percent.

The estimated values are presented in Figure 13. It can be seen for the HBD
sub-group, that the all-amabilis fir group resulted in 14 percent greater volumetric
shrinkage when compared to hem-fir. The all-hemlock group resulted in slightly lower
volumetric shrinkage as compared to hem-fir. For the LBD sub-groups, the all-
hemlock group showed about a 3 percent greater volumetric shrinkage compared to
the hem-fir group, but the all-fir resulted in about 7 percent reduction when compared
to the hem-fir group.

Between high and low basic density drying runs in each species group, ones
with LBD lumber always resulted in lower volumetric shrinkages when compared to
those exhibited by the HBD lumber in the same species group. The decreases in
volumetric shrinkage were about 11, 6 and 27 percent for the hem-fir, all-hemlock and
the all-amabilis fir groups, respectively.

Quality Evaluation

The type of product used in this study (105x105 mm) is largely exported to
the Japanese market and therefore is usually graded according to specific customer
rules. For this study the lumber was graded according to the NLGA Light Framing
rules instead of any specific customer grading system. The sale prices for hem-fir
baby squares for the Japanese market were provided by Canadian Forest Products
Ltd., Eburne Sawmill, BC, Canada.

The green and dry distribution of grades for all six drying runs are shown in
Tables 3 and 4. As can be seen, before drying the hem-fir group had a large high
grade lumber population (85 and 87 percent Construction grade in the high and low
basic density sub-groups). The all-hemlock and the all-fir groups, however, contained
a larger ratio of the lower grades, Standard and Utility, to the Construction before
drying in each load. Lower grades may be prone to more degrade development during
drying.

Tables 5 and 6 show the degrade for each drying run in the high and low
basic density sub-groups. The all-hemlock drying runs of both high and low basic
density resulted in the largest amount of degrade. There are probably two reasons for
that: one is that there was already a greater portion of lower grade lumber in each
load before drying and these degrades could have been developed during drying; the
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Table 1.	 Basic density and initial moisture content for each drying run after
species and basic density sorting.

Basic Density (kg/m3):

Species Runs Minimum Maximum Average Std

Hem-Fir HBD 416 566 447 28

LBD 286 414 376 30

Hemlock HBD 435 563 472 28

LBD 316 434 395 27

Amabilis Fir HBD 349 496 386 31

LBD 229 349 325 19

Initial MC (%):

Species Runs Minimum Maximum Average Std

Hem-Fir HBD 25 123 60 20

LBD 21 136 62 22

Hemlock HBD 28 116 59 21

LBD 24 156 64 28

Amabilis Fir HBD 25 113 49 18

LBD 26 137 58 20

Std =Standard deviation
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Table 2.	 Final results from each drying run in the high and low basic density sub-groups.

Species
Basic Density .

Hem-Fir
HBD

Hemlock
HBD

Fir
HBD

Hem-Fir
LBD

Hemlock
LBD

Fir
LBD

Residence Time
(hr)

264 292 222 201 229 198

Drying Rate 0.176 0.156 0.181 0.267 0.241 0.247
(%/hr)

Initial MC 60 59 49 62 64 58
(%) (19.7*) (20.8) (17.7) (22.4) (27.5) (19.6)

Final MC 17.6 17.5 19.1 15.2 14.7 12.8.
(%) (4.1) (4.1) (6.2) (3.0) (4.5) (2.6)

MCcORE-SHELL 7.7 6.3 1.4 5.8 6.2 4.6
(%) (5.7) (7.7) (8.0) (4.3) (7.0) (2.9)

Volumetric Shrinkage 5.4 5.3 5.2 5.7 6.2 6.2
(%) (1.3) (1.0) (1.1) (1.4) (1.0) (1.0)

Basic Density 447 472 386 376 395 325
(kg/m3 ) (28) (28) (31) (30) (27) (19)

* Standard deviation.



Table 3.	 Grade Distribution for each drying run in the high basic density sub-
groups before and after drying.

a.	 BEFORE DRYING

RUNS CONSTRUCTION STANDAR
D

UTILITY ECONOMY

Hem-Fir 102 (85.0) 14 (11.7) 4 (3.3) 0

Hemlock 57 (47.5) 37 (30.8) 26 (21.7) 0

Amabilis Fir 53 (44.2) 26 (21.7) 41 (34.2) 0

b.	 AFTER DRYING (includes shake degrade).

Hem-Fir 91 (75.8) 20 (16.7) 8 (6.7) 1 (0.8)

Hemlock 43 (35.8) 40 (33.3) 32 (26.7) 5 (4.2)

Amabilis Fir 46 (36.7) 30 (25.0) 42 (35.0) 2 (1.7)

c.	 AFTER DRYING (excludes shake degrade).

Hem-Fir 100 (83.3) 15 (12.5) 4 (3.4) 1 (0.8)

Hemlock 44 (36.7) 41 (32.5) 31 (25.8) 4 (3.3)

Amabilis Fir 52 (43.3) 24 (20.0) 42 (35.0) 2 (1.7)
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Table 4.	 Grade Distribution for each drying run in the low basic density sub-
groups before and after drying.

a.	 BEFORE DRYING

RUNS CONSTRUCTION STANDAR
D

UTILITY ECONOMY

Hem-Fir 104 (86.7) 13 (10.8) 3 (2.5) 0

Hemlock 64 (53.3) 35 (29.2) 21 (17.5) 0

Amabilis Fir 76 (63.3) 14 (11.7) 30 (25.0) 0

b.	 AFTER DRYING (includes shake degrade).

Hem-Fir 91 (75.8) 17 (14.2) 9 (7.5) 2 (1.7)

Hemlock 59 (49.2) 29 (24.2) 32 (26.7) 1 (0.8)

Amabilis Fir 71 (59.2) 16 (13.3) 32 (26.7) 1 (0.8)

c.	 AFTER DRYING (excludes shake degrade).

Hem-Fir 101 (84.2) 13 (10.8) 5 (4.2) 1' (0.8)

Hemlock 61 (50.8) 28 (23.3) 31 (26.7) 0 (0)

Amabilis Fir 73 (60.8) 14 (11.7) 32 (26.7) 1	 (0.8)

Rejected.
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Table 5.	 Degrade record for each drying run in the high basic density sub-groups
after drying.

RUNS Hem-Fir Hemlock Amabilis Fir

shake
(Number / Percent) 9	 / 7.5 3	 / 2.5 6 / 5.0

check
(Number / Percent) 1	 / 0.8 3	 / 2.5 1 / 0.8

split
(Number / Percent) 0 / 0 2	 / 1.7 0 / 0

crook
(Number / Percent) 3	 / 2.5 8	 / 6.7 0 / 0

twist
(Number / Percent) 0 / 0 3	 / 2.5 3 / 2.5

TOTAL
(Number / percent) 13 / 10.8 19 / 15.9 10 / 8.3

Drying Degrade'
(Number / Percent) 4 / 3.4 16	 / 13.4 4 / 3.4

a.	 Degrade excludes shake because it already existed before
drying and was not caused by drying.
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Table 6.	 Degrade record for each drying run in the low basic density sub-groups
after drying.

RUNS Hem-Fir
=

Hemlock Amabilis Fir.
shake

(Number / Percent) 10 /	 8.3 4 /	 3.3 2	 / 1.7

check
(Number / Percent) 2 /	 1.7 3 /	 2.5 0 / 0

split
(Number / Percent) 2 /	 1.7 0 / 0 1	 / 0.8

crook
(Number / Percent) 0 / 0 4 /	 3.3 0 / 0

twist
(Number / Percent) 0 / 0 3 /	 2.5 2	 / 1.7

TOTAL
(Number / percent) 4 / 3.4 14 / 11.7 5 / 4.2

Drying Degrade'
(Number / Percent) 4 /	 3.4 10 /	 8.4 3	 / 2.5

Degrade excludes shake because it already existed before
drying and was not caused by drying.
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Table 7.	 Grade value for each drying run in the high basic density sub-groups.
(Unit: Canadian $/Mfbm).

GRADE Hem-Fir Hemlock Amabilis Fir

No Grade Loss

C 807.5 451.3 419.9

S 87.8 .231.0 162.8

U 13.2 86.8 136.8

E 0.0 0.0 0.0

Total 908.5 769.1 719.5

Values Include

Shake Degrade

C 720.1 340.1 348.7

S 125.3 249.8 187.5

U 26.8 106.8 140.0

E 2.0 10.5 4.3

Total 874.2 707.2 680.4

LOSS
(%)

34.3
(3.8)

61.9
(8.0)

39.1
(5.4)

C 791.4 348.7 411.4

S 93.8 243.8 150.0

Values Exclude

Shake Degrade

U 13.6 103.2 140.0

E 2.0 8.3 4.3

Total 900.7 703.9 705.6

LOSS	 7.8
(%) 	 (0.9)

65.2
(8.5)

13.9
(1.9)

Note: Sale value for the Japanese market (March 1994), provided by Canadian
Forest Products Ltd, Eburne Sawmill Division, Vancouver, BC, Canada.

Grade:
	

Value: (CND S/Mfbm)
C (Construction)
	

950.00
S (Standard)
	

750.00
U (Utility)
	

400.00
E (Economy)
	

250.00
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Table 8.	 Grade value for each drying run in the low basic density sub-groups.
(Unit: Canadian $/Mfbm).

]

GRADE Hem-Fir Hemlock Amabilis Fir

C 823.7 506.4 601.4

S 81.0 219.0 87.8

No Grade Loss U 10.0 70.0 100.0

E 0.0 2.0 0.0

Total 914.7 795.4 789.1

C 720.1 467.4 562.4

S 106.5 181.5 99.8

Values Include U 30.0 106.8 106.8

Shake Degrade E 4.3 2.0 2.0

Total 860.9 757.7 771.0

LOSS 53.8 37.7 18.1
(56) (5.9) (4.7) (2.3)

C 799.9 482.6 577.6

S 81.0 174.8 87.7

Values Exclude U 16.8 106.8 106.8

Shake Degrade E 0.0 2.0 2.0

Total 897.7 764.2 774.2

LOSS 17.0 31.2 14.9
(%) (1.9) (3.9) (1.9)

Note: Sale value for the Japanese market (March 1994), provided by Canadian
Forest Products Ltd, Eburne Sawmill Division, Vancouver, BC, Canada.

Grade:	 Value: (CND S/Mfbm)
C (Construction)
	

950.00
S (Standard►
	

750.00
(Utility)
	

400.00
E (Economy)
	

250.00
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other is that the same drying schedule was used in all drying runs even though they
were of different average basic densities. It is quite possible that the schedule was

too severe for the all-hemlock drying runs.
There was no significant quality improvement in the all-fir group compared

to the hem-fir group. The majority of degrade for the hem-fir and the all-fir in the
HBD sub-groups was shake. Although shake already existed before drying, it was
more evident after drying and was easily picked by the grader. The major degrade
for all-hemlock in the HBD sub-group was crook. In the LBD sub-groups, both shake

and crook were significant.
Tables 7 and 8 show the grade value for each drying run in the high and low

basic density sub-groups. In the HBD sub-groups, both all-hemlock and all amabilis
fir loads resulted in increased value losses both whether shake was included or
excluded from the calculations. In the LBD sub-group, the hemlock and amabilis fir
had 1.2% and 3.6% less value losses than the hem-fir if shake was included in the
calculation, but for hemlock if shake was excluded, value loss was increased from
1.9% to 3.9%, 2% more value losses when compared to the hem-fir.

CONCLUSIONS

Based on this investigation, the following conclusions can be drawn:

1. Species and basic density sorting resulted in lumber groups with very different

average initial MCs and basic densities.

2. All drying runs with low basic density lumber resulted in shorter drying
times, and faster drying rates as compared to the runs with high basic density.
All-fir lumber dried faster when compared to the hem-fir mix and all-hemlock

groups.

3. Sorting of species did not improve the final MC distribution, but density
sorting resulted in a reduction of final MC variability.

4. Species sorting resulted in a reduction of MC difference between core and
shell only in the high basic density all-hemlock and low basic density all-fir
species groups. After basic density presorting, the MC difference between
core and shell was significantly reduced in all low basic density runs.

5. Basic density sorting resulted in a reduction of volumetric shrinkage in the
low basic density runs when compared to the high basic density runs.

6. When compared to the hem-fir mix, the all-hemlock group resulted in more
value losses after species sorting, however all-amabilis fir with low basic
density resulted in lower value losses.
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