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Summary

Objective

The primary objective of the wood processing trial described in this report was to
evaluate of the potential of alternative sawing and drying strategies to reduce the
levels of checking in plantation-grown Eucalyptus nitens (shining gum) wood.
Surface and internal checking had been identified as significant value-limiting defects
in the earlier Phase 1 CRC for Forestry processing study on this species

(Washusen et al. 2008: CRC Technical Report 168).

Methods

Pruned 24-year-old logs from a plantation at Goulds Country, north-east Tasmania,
and unpruned 18-year-old logs from a plantation in Tumut, NSW, were sawn using a
HewSaw R250 sawmill. The sawmill has a high throughput linear configuration and is
designed to process logs in a single pass with a number of set cutting patterns. The
cutting patterns are achieved using multi-saws close coupled with chippers so that the
sawing is completed more or less simultaneously as the chippers profile the outer
surfaces of the cant.

A total of 106 butt-logs, with small-end diameters ranging from 22 to 36 cm, and log
length of either 5 m or 3.6 m, were sawn using one of three different sawing patterns
to produce quarter-sawn boards 75-100 m x 25 mm x 3.6 m, back-sawn boards with
green dimensions 100 mm x 28 mm x 5 m, and back-sawn boards of the same length
and width and with green thickness 20 mm. The green boards were measured for
spring or bow and end-splitting, and losses of green board volume due to end-splitting
were calculated.

Back-sawn boards were cross-cut to produce boards 2.4 m in length, with sets
allocated to one of five different drying treatments:

1. controlled air drying

2. TKDT (a proprietary drying and reconditioning schedule conducted by
Tasmanian Kiln Dried Timbers Pty Ltd)

a mild industry pre-drying, kiln-drying and reconditioning schedule
microwave pre-treatment followed by Treatment 3
a mild industry pre-drying, kiln-drying and reconditioning schedule for 20 mm
boards.

Quarter-sawn boards were allocated to one of two treatments prior to drying:

6. dried under a mild industry pre-drying, reconditioning and kiln-drying
schedule, and

7. boron-dipped, followed by Treatment 6.

After drying to approximately 15% moisture content, boards from all drying
treatments except Treatment 2 were cross-cut at their mid-length to obtain 1-mm-thick
cross-section wafers for evaluation of internal checking. The cut board-ends were
sealed with paraffin wax and boards were then steam-reconditioned and kiln dried to a
final moisture content of 12%. Matched cross-section wafers were then cut 50 mm
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from those collected prior to reconditioning. Thus checking in back-sawn boards was
assessed at positions corresponding to 1.25 m and 3.75 m above the butt-end of the
log, and in quarter-sawn boards at 1.8 m above the butt-end. Image analysis was used
to determine the number and total cross-sectional area of checks for each wafer.

After sectioning to obtain the internal check wafers, reconditioned board sections
were assessed for surface checking on their best face, by measuring the total length of
visible surface checks per square metre of board surface area. That part of the board
length with end-splits was excluded from this assessment.

Key results

The use of longer log lengths reduced volume losses to green board end-splitting
compared with the previous CRC for Forestry study, which used shorter (2.7 m) log
lengths. There was 6.3% board volume loss for the pruned 5-m-long Goulds Country
logs in this study versus 14.5% from the same resource in the Phase 1 study.

Mean green board volume recovery (excluding the board volume that would have
been docked to remove green board end-splits) was 23%, 36% and 40% respectively
for the three sawing patterns. Mean recovery could have been increased by batching
the logs in narrower diameter classes, each matched to a particular optimised sawing
pattern.

Quarter-sawn boards sawn from flitches obtained from Sawing Pattern 1 showed high
levels of green spring (mean of 40 mm, in 75 mm x 25 mm boards of 3.6 m length).

Reconditioning gave major reductions in internal checking. For four drying treatments
applied to back-sawn boards, mean number of visible internal checks per board cross-
section was reduced from 20-23 checks per board before reconditioning to 3-5 after
reconditioning, and cross-sectional surface area of checks per board was reduced from
16-18 mm? to 1-3 mm? per board. The majority (65% of lower and 72% of upper) of
2.5 m boards from pruned logs were free from visible internal checking following
reconditioning.

The different drying treatments applied to the 28-mm-thick back-sawn boards did not
significantly affect the number of internal checks or their cross-sectional area, except
for minor differences among treatments in the area of internal checks after
reconditioning.

Back-sawn boards with 20 mm green thickness (Treatment 5) did not show any major
difference in internal checking relative to 28 mm boards.

Numbers and area of internal checks in quarter-sawn boards were similar to those in
back-sawn boards. In the quarter-sawn boards, boron-dipping significantly reduced
the number and surface area of internal checks following reconditioning, but not
before reconditioning, relative to the undipped control treatment.

Most back-sawn boards (88% of the lower 2.4 m boards and 96% of the upper 2.4 m
boards, from the pruned Goulds Country logs) were free from visible surface checking
following reconditioning.

These results represented a marked improvement from the levels of surface and
internal checking recorded in the Phase 1 study.
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Internal and surface checking decreased with increasing height above ground. Internal
checking was significantly greater at the board assessment positions 1.25 m from the
butt-end of the sawlog than at 3.75 m from the butt-end.

Defects other than checking and end-splitting were not major causes of downgrade in
the boards cut from pruned logs. However, frequent occurrence of knots in the boards
from unpruned logs led to most of these boards being downgraded to utility grade or
worse.

Application of results

Surface and internal checking in boards of plantation-grown E. nitens can be reduced
substantially, but not eliminated, by appropriate sawing and drying strategies. Internal
checking was much less obvious following reconditioning.

By processing 5 m logs with the HewSaw R250, log volume losses due to docking
board end-splits can be substantially reduced, compared with the Phase 1 study using
Goulds Country logs. Quarter-sawing strategies applied to logs as short as 3.6 m are
unlikely to be successfully applied with the HewSaw R250 because of high levels of
spring in the quarter-sawn boards.

Further work

The impacts of closed checks in reconditioned sawn boards from plantation-grown
E. nitens in a range of downstream manufacturing processes and in product service
needs to be determined. Samples of select-grade boards with closed checks will be
provided to interested manufacturers to enable them to evaluate these impacts.

Quarter-sawing experiments with even shorter logs, in suitable mills, would be
worthwhile if quarter-sawing is required to produce acceptable drying results.
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Boron Control

Figure 32. Examples of internal checking in 75-mm-wide quarter-sawn boards before (left of each
sample pair) and after (right of each sample pair) reconditioning. All boards were cut from the same
log

Figure 33. Examples of internal checking in 202-mm-wide boards before (left of each sample pair)
and after (right of each sample pair) reconditioning
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Surface checking

Surface checking was largely absent from faces of back-sawn boards from pruned
Goulds Country logs (Table 19). Checking was measured as aggregate surface check
length (mm) per unit of board surface area (m?) on the best face. The values shown
are for the graded best face, excluding the sections of boards which would have been
docked to remove end-splits. On average, less than 18% of board length of 2.4 m
boards was not scored, owing to docking for end-splitting and removal of short
sections during assessment of internal checking. A few of the upper boards could not
be scored reliably because of difficulties in re-matching half-sections after samples
were removed for moisture content determination. It is clear that the great majority of
scored boards (88.0% of the lower 2.4 m boards and 95.7% of the upper 2.4 m boards)
were free from visible surface checking.

Table 19. Surface checking on back-sawn boards from Goulds Country

Numberof Mean extent of checking Percentage of boards
boards (mm check length per m? free from visible
board surface area) surface checking
Lower boards 267 155 88.0
Upper boards 186 67 95.7

Comparison of drying performance with Goulds Country Phase 1

The Phase 1 CRC for Forestry processing study (Washusen et al. 2008, 2009) used
pruned E. nitens logs from Goulds Country plantation in north-east Tasmania. The
Phase 2 study also used pruned E. nitens logs from Goulds Country as part of the
experimental material. This made a comparison of levels of checking in pruned
Goulds Country logs, identified as the major value-limiting defect in Phase 1, of great
interest. As noted in the methods section of this report, differences in the sawing
methods and subsequent composition of the board samples that were assessed and
differences in the defect assessment procedures prevented an exact comparison of
checking between the two studies. However, examination of checking levels in back-
sawn boards from Goulds Country, as described below, indicated substantial
improvements in drying performance from Phase 1 to Phase 2.

Surface checking

Figure 34 compares surface checking in back-sawn boards in Phase 1 with the average
surface checking for all back-sawn boards of Goulds Country origin in all drying
treatments of back-sawn material in Phase 2. The aggregate surface check length was
reduced four- to five-fold in boards from both the lower and upper parts of the log. In
both studies, there was much less surface checking in the boards from the upper part
of the original log (the upper 2.7 m sawlog in Phase 1, and the top-end 2.4-m-long
board from Phase 2).
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Figure 34a. Mean levels of surface checking in back-sawn butt-end and top-end boards from Goulds
Country: Phase 1 and 2 studies
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Figure 34b. Percentage of boards free from surface checking, for butt-end and top-end boards from
Goulds Country: Phase 1 and 2 studies

There was a large increase in the percentage of boards free from checking in the
Phase 2 study, with 88% of lower boards and 96% of upper boards were free of
surface checking (Figure 34b).

Internal checking

The level of internal checking after reconditioning in back-sawn boards from Goulds
Country was generally lower in the Phase 2 study. It should be noted that internal
check assessment was carried out by different methods—uvisual inspection in Phase 1
and automated image analysis in Phase 2—so internal checking scores are not exactly
comparable. The number of internal checks detected after reconditioning was lower
for the butt-end boards but slightly higher for upper-end boards in Phase 2

(Figure 35a). The percentage of unaffected boards with respect to internal checking
was much higher in Phase 2 (Figure 35b), for both upper and lower boards. There was
no detectable checking in 65% of butt-end and 72% of top-end boards in Phase 2. As
with surface checking, levels of internal checking were generally lower in the top-end
than the butt-end boards, in both Phase 1 and Phase 2 studies.
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Figure 35a. Comparison of the number of internal checks per board in back-sawn butt-end and top-
end boards from Goulds Country in Phase 1 and 2 studies
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Figure 35b. Comparison of the percentage of internal check-free boards in back-sawn butt-end and
top-end boards from Goulds Country boards in Phase 1 and 2 studies

Implications for product recovery and utilisation

The current study did not attempt to evaluate overall recoveries of graded dry boards
as a percentage of log volume. As noted in the section above on green recovery, logs
were sawn to one of three fixed sawing patterns in a single-pass linear sawing system.
The HewSaw system will give higher green recovery if logs are batched into narrow
diameter ranges, each with a matching optimised sawing pattern, rather than sawing
logs with varying diameter using a single pattern as was done here (log small-end
diameter for Sawing Pattern 3 ranged from 24 to 37 cm).

In agreement with other studies, the results indicate that by processing long-length
logs with the HewSaw R250, log volume losses due to docking board end-splits can
be substantially reduced in comparison to the Phase 1 study using Goulds Country
logs. It was also shown that quarter-sawing strategies in logs as short as 3.6 m are
unlikely to be successfully applied with the HewSaw R250, because of high levels of
spring in boards from quarter-sawn flitches. Experiments with even shorter logs may
be useful on suitable mills if quarter-sawing is required to produce acceptable drying
results.
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With the sawing methods used in the current study, followed by careful drying and
reconditioning as reported here, the percentage of back-sawn boards with visible
surface checking can be reduced to less than 10%, and the percentage with no visible
internal checking can be reduced to less than 40%. Levels and occurrence of these
defects were lower in quarter-sawn boards.

Severity and frequency of occurrence of surface and internal checking were
substantially lower in the 2.4 m back-sawn board sections from the butt-end of the
original 5 m boards than they were in the 2.4 m boards from the upper end. This raises
the possibility that processers requiring boards with very low levels of checking
defects could cut or source boards from the upper section of the pruned log, directing
the butt-section of the pruned log to other uses where occurrence of internal checking
is less critical.

Other defects (with the exception of end-splits which amounted to less than 10% of
green board volume) were not major causes of downgrade in dried boards from
pruned logs. However, frequent occurrence of knots in the boards from unpruned logs
from the Tumut plantation led to most of these boards being downgraded to utility
grade or worse (data not presented here). This was consistent with earlier studies
comparing grade recoveries of sawn boards from pruned and unpruned plantation
eucalypt logs (Nolan et al. 2005).

The quantitative assessments and photographs of cross-section wafers presented in
this report show that internal checking is much more obvious prior to reconditioning.
The number of visible checks, and the area of checks, detected from image processing
of wafer cross-sections, declines five- to ten-fold on reconditioning. Most checks in
the reconditioned boards are not easily visible to the naked eye on the cross-cut faces
of reconditioned boards. However, the closed-up hairline cracks remain, and it is
important to assess their effect on board performance in appearance-grade
applications such as flooring, decorative panelling, furniture and moulding
manufacture. Samples of boards from the current study known to contain ‘closed-up’
internal checks have therefore been provided to a number of wood-processing
companies to enable them to evaluate this issue.

Marketing of and use of plantation-grown E. nitens boards would also have to take
into account other board characteristics. Surface hardness of plantation-grown

E. nitens boards, at around 4.5 to 5.3 kN depending on board position and face, is
marginal for flooring applications (Washusen et al. 2009). The appearance of the
grain is different to that of native-forest eucalypt boards because the annual growth
rings are much wider, and back-sawn boards have an appearance very different to
quarter-sawn boards. These differences between plantation E. nitens boards and
native-forest eucalypt boards mean that industry will need to find appropriate markets
for new products with characteristics and properties different to existing ones.
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Conclusions

In all the drying treatments used in this study, some degree of internal and surface
checking was apparent in a percentage of back-sawn boards. There were only minor
differences in levels of surface and internal checking among five drying treatments
that were applied to back-sawn boards. Quarter-sawn boards had lower levels of
these defects.

Major reductions in the levels of both surface and internal checking were observed
relative to the levels recorded in the Phase 1 study, but none of the experimental
treatments eliminated these defects.

The high percentage of back-sawn boards that were free from visible internal checks
(over 60% of boards) and surface checks (over 90% of boards) following
reconditioning indicated a good potential to recover appearance-grade products with
the sawing and drying strategies reported here.

Although the great majority of internal checks evident in dried boards prior to
reconditioning closed up on reconditioning, hairline cracks would remain and their
effect on various downstream processing operations and products in service needs to
be assessed.

Adjustments to grading criteria and marketing of products will be required to
accommodate the differences in product characteristics, given the likelihood that
increasing volumes of plantation-grown E. nitens will be processed in the future.

Sawing efficiencies (green product recoveries) are sensitive to relatively small log
diameter ranges, and log processing systems that can accommodate variation in small
end log diameter, for example by batching into narrow diameter classes matched to
optimised sawing patterns, are recommended.

For E. nitens grown in Tasmania and southern NSW, there appeared to be little
practical benefit in the measurement of standing tree longitudinal growth strain for
predicting green board distortion or green board end-splitting.
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