
Comparison of solid wood quality 
and mechanical properties of three 
species and nine provenances of 18-
year old Eucalypts grown in 
clearwood plantations across 

 

southwest Western Australia 

PROJECT NUMBER: PRC114-0708 JUNE 2009

SUSTAINABILITY & RESOURCES 
 

This report can also be viewed on the FWPA website 

www.fwpa.com.au 
FWPA  Level 4, 10-16 Queen Street, 

Melbourne VIC 3000, Australia 
T +61 (0)3 9614 7544  F +61 (0)3 9614 6822 

E info@fwpa.com.au  W www.fwpa.com.au 



 
 
 
 
 
 

Comparison of solid wood quality and 
mechanical properties of three species and nine 
provenances of 18-year old eucalypts grown in 

clearwood plantations across southwest Western 
Australia 

 
 
 
 
 
 

Prepared for 
 

Forest & Wood Products Australia 
 
 
 

by 
 
. 

R. Washusen, A. Murrow, D. Ngo, R. Hingston and T. Jones 
 



 
 

 
 
 

 
Comparison of solid wood quality and mechanical properties of 
three species and nine provenances of 18-year old eucalypts 
grown in clearwood plantations across southwest Western 
Australia  
 
Project No: PRC114-0709 
 
 
© 2008 Forest & Wood Products Australia Limited. All rights reserved. 
 
Forest & Wood Products Australia Limited (FWPA) makes no warranties or assurances with 
respect to this publication including merchantability, fitness for purpose or otherwise. FWPA and 
all persons associated with it exclude all liability (including liability for negligence) in relation to 
any opinion, advice or information contained in this publication or for any consequences arising 
from the use of such opinion, advice or information. 
 
This work is copyright and protected under the Copyright Act 1968 (Cth). All material except the 
FWPA logo may be reproduced in whole or in part, provided that it is not sold or used for 
commercial benefit and its source (Forest & Wood Products Australia Limited) is acknowledged. 
Reproduction or copying for other purposes, which is strictly reserved only for the owner or 
licensee of copyright under the Copyright Act, is prohibited without the prior written consent of 
Forest & Wood Products Australia Limited. 
 
 
ISBN: 978-1-920883-72-0 
 
 
Researcher: 
R. Washusen, A. Murrow, D. Ngo, R. Hingston and T. Jones 
 
CSIRO Materials Science and Engineering 
Private Bag 10 
CLAYTON SOUTH  
VIC 3169 
 
 
Final report received by FWPA in May, 2009 
 

Forest & Wood Products Australia Limited 
Level 4, 10-16 Queen St, Melbourne, Victoria, 3000 
T +61 3 9614 7544  F +61 3 9614 6822  
E info@fwpa.com.au   
W www.fwpa.com.au  
 
 

grace_davies
New Stamp



 

i 

1. EXECUTIVE SUMMARY 

This project examined the log quality/volume yields, wood quality and mechanical properties of 
culled trees of E. globulus, E. viminalis and E. saligna. The trees were grown in the south west 
of WA in clearwood provenance trials established and managed by Conservation and Land 
Management (CALM) and managed by the Forest Products Commission since its inception in 
2000. The plantations were 18-years-old and trees had reached sufficient size to produce logs 
for processing in conventional hardwood sawmills using a back-sawing strategy. 
The three species and nine provenances (3 provenances for each species) were represented on a 
single high rainfall site at Middlesex, WA. The three provenances of E. saligna were also 
represented at Vasse (medium rainfall) and Dinninup (low rainfall) sites. 

This project provided a rare opportunity to evaluate and compare solid wood quality and 
mechanical properties of eucalypts grown in clearwood plantations across the medium-high 
rainfall zone of southwest Western Australia. The results may also be used to indicate the 
potential for these species to be grown in similar climates in the eastern states of Australia. 

Log volumes/yields were tallied and clearwood sawlogs processed in a single trial commencing 
in November 2006 at the Whittakers Timber Products sawmill at Greenbushes (WA) to produce 
flooring of standard grade and better. This sawmill is the newest hardwood sawmill in Australia 
utilising the latest European twinsaw/multisaw technology.  

1.1 Objectives   

The objectives were to determine: 

• Log quality/volumes yields, wood quality, product value and mechanical properties of 
three provenances of E. globulus, E. viminalis and E. saligna grown on a high rainfall 
site and E. saligna on a medium and low rainfall site. 

• Mill door log values determined using a module of CSIROMILL representative of the 
Whittakers sawmill. 

1.2 Key results 

From the high rainfall site: 

• Percentage yields of C-grade sawlogs and better (high-quality sawlogs according to the 
VicForests log grading criteria) from the pruned portion of the stem were 96%, 94% 
and 88% for E. saligna, E. globulus and E.viminalis respectively.  

• Recoveries of select grade boards as a percentage of log volume were 22.9%, 20.7% 
and 23.1% for E. saligna (all sites combined), E. globulus and E. viminalis respectively. 

• There were no statistically significant differences between species and provenances for 
either the recovery or product value per cubic metre of log input. 



 

• Log end-splitting measured just prior to sawing was significantly worse in the               
E. saligna logs (p <0.0001) primarily due to significantly greater end-splitting in the 
Bulahdelah provenance. 

• Knot frequency was significantly greater in the E. globulus boards (p <0.0001) and the 
Geeveston and Police Point provenances of E. globulus significantly greater than the 
Appollo Bay provenance of E. viminalis.    

• Undersizing due to collapse was significantly worse in the E. viminalis boards 
(p<0.0001). Steam reconditioning was not applied in this project and had it been 
applied greater recovery could be expected from all species with greatest effect in       E. 
viminalis. 

• Undersizing due to sawing inaccuracy was significantly worse in the E. salinga boards 
(p<0.001). The sawing related undersizing was possibly the result of cant splitting 
during log breakdown. 

• The butt-log wood density and modulus of elasticity values were comparable with the 
equivalent native forest material. Janka hardness values were marginally lower than 
obtained from native forest material but similar to regrowth E. regnans and                 E. 
delagatensis. 

E. saligna from the three sites: 

• Percentage yields of C-grade sawlogs and better from the pruned portion of the stem 
were 96%, 87% and 98% for the Middlesex, Dinninup and Vasse sites respectively. 

• Recovery of standard grade boards and better as a percentage of log volume were 
22.9% (all sites combined). 

• There were no statistically significant differences between sites and provenances for 
either recovery or product value per cubic metre of log input. 

• Log end-splitting measured just prior to sawing was significantly worse in the 
Bulahdelah provenance at Middlesex than on the other two sites and all provenances at 
the Vasse site.  

• Knot frequency was significantly greater (p <0.001) in the Termeil provenance.    

• The butt-log wood density and modulus of elasticity values were comparable with the 
equivalent native forest material. Janka hardness values were marginally lower than 
obtained from native forest material but similar to regrowth E. regnans and                 E. 
delagatensis. 

• The Dinninup site had significantly higher density in outer heartwood boards (p<0.001) 
than either of the other two sites (Middlesex and Vasse) 

Mill door prices:  

• Despite low recoveries of sawn wood, the mill door prices produced by CSRIOMILL at 
a log throughput rate of 60,000 m3 year-1 indicated potential for viable growing and 
processing. Improvements could be expected with improved processing strategies and 
selection of the best trees for processing. At an internal rate of return (IRR) of 10% mill 
door prices were $149, $169 and $130 for E. saligna, E. viminalis and E. globulus 
respectively for logs as single groups (all log grades combined). 
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• When a discount of 20% was applied to sawn wood from E. globulus and E. viminalis 
to reflect the current price for Tasmanian ‘ash’ timber in WA the mill door prices were 
approximately $50 lower.     

1.3 Application of results 

• The yields of high quality sawlogs and mechanical properties of each species were good 
and comparable with previous studies of native forest eucalypts. There is good potential 
for products to be substituted into existing markets for products such as flooring.   

• Log end-splitting and product undersizing were significant processing related defects 
but they did not have a major impact on recovery or product value. Improvements in log 
end-splitting could be expected with genetic selection. 

• The recoveries are very low in comparison to previous similar projects (Washusen et al. 
2004, Washusen 2006). This is primarily because boards were not recovered from the 
100 x 100 mm (nominally) centre cant. Had boards been recovered from the cant 
recoveries would potentially be approximately 7-10% higher. In addition the drying 
techniques applied were poor, insufficient weighting of drying stacks and failure to 
apply a steam reconditioning treatment produced considerable drying degrade. In the 
future application of a steam reconditioning treatment, particularly in the case of E. 
viminalis and recovery of sawn boards from the centre cant would no doubt produce 
results similar to those reported in the earlier work with CALM clearwood plantations. 

• In general the results are encouraging given that better results could be expected from 
the best trees/larger diameter logs and with the application optimal drying strategies. 
Therefore, the results are in line with previous work in similarly managed stands.  

• While ash-type timber is sold in WA at its current price the best outcomes for WA 
would be to grow species such as E. saligna which do not compete in this market. 
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2. INTRODUCTION 

This report evaluates log quality, solid wood quality and butt-log wood properties of culled 
trees from three provenances of E. globulus (southern blue gum), E. viminalis (manna gum) and 
E. saligna (Sydney blue gum) grown on a high rainfall site at Manjimup (Middlesex) in the 
southwest of Western Australia. It also compares the log quality, solid wood quality and butt-
log wood properties of culled trees from three provenances of E. saligna grown on three sites at  
Manjimup (high rainfall), Vasse (medium rainfall) and Dinninup (low rainfall). 

The plantations examined were 18 year-old clearwood eucalypt provenance trials established 
and silviculturally managed by CALM. Based on earlier work (Washusen et al. 2004, Washusen 
2006) these stands had reached harvestable age to produce sawlogs suitable for processing in 
conventional native forest eucalypt sawmills. These types of stands are still rare in Australia and 
represented an important opportunity to re-examine the potential for the production of high 
quality solid timber products. The earlier work (cited above) in intensively managed stands of 
E. globulus and Corymbia spp. showed substantial improvement in log quality (branch defect 
and tension wood formation) over management strategies where no pruning or thinning was 
applied. Log quality was equivalent to native forest grown logs of the same log grade and high 
recoveries of appearance grade products and consequent log values were recorded. 

In Australia generally, and particularly in eastern Australia, stands of this age are rare. Hence 
little is known of the financial viability of processing these resources and their potential to meet 
market requirements for high quality appearance grade wood products. 

Quantifying wood density, surface hardness, stiffness values and in-service shrinkage rates are 
required to assess final end-product utilisation potential. Similarly, log level data on graded 
product recoveries and values allows comparisons between sites and genetic resources. This 
data can then be used to model mill door log values using real resource processing scenarios. 

Therefore, this evaluation of these CALM clearwood provenance trails has provided practical 
information and mechanisms that further assist with the establishment of plantations and the 
optimising processing methods across Australia. 

2.1 The species 

2.1.1 E. globulus 

E. globulus is the most planted hardwood species in southern Australia. Most of the plantations 
are currently targeted for pulp markets. However, there is interest in developing some stands for 
production of high-quality clearwood sawlogs to supplement supplies of eucalypt wood from 
native forests, as well as providing diversification for the utilisation of the E. globulus 
plantation resource.  

Recent assessments of a 22-year-old clearwood plantation near Vasse in Western Australia 
(Washusen et al. 2004), using both back and quarter-sawing strategies suggested considerable 
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potential for this species to produce good recoveries of appearance grade timber. The CALM 
clearwood provenance trials provide the opportunity to validate these earlier findings and 
evaluate the effect of provenance variation.    

2.1.2 E. viminalis 

In contrast to E. globulus, there is much less known about the potential of E. viminalis from 
clearwood plantations. There have been very few trials that have assessed this species’ potential 
from either unpruned or pruned stands. It is apparent from species/provenance trials, in both 
Victoria and Western Australia, that E. viminalis is as one of the fastest growing eucalypts and 
tree form is generally good. The CALM provenance trials therefore offer a unique opportunity 
to assess the potential of this species.  

2.1.3 E. saligna 

Eucalyptus saligna is well suited to the medium to high rainfall zone of southwest Western 
Australia, and has been identified by the WA FPC as a species to be grown for sawlogs to 
produce high quality timber for furniture, joinery and flooring. In the medium to high rainfall 
zones trees can be grown to a sawlog size (40 cm DBHUB) within 20-25 years with silviculture 
aimed at low stand density at an early age (Ian Dumbrell pers. comm. 2009). It may also be 
grown in similar climates in south-eastern Australia for the same end use. 

2.2 Objectives   

The objectives were to determine: 

• Log quality/volumes yields, wood quality, product value and mechanical properties of 
three provenances of E. globulus, E. viminalis and E. saligna grown on a high rainfall 
site and E. saligna grown on sites with different rainfall. 

• Mill door log values using a module of CSIROMILL representative of the Whittakers 
sawmill which incorporates technology capable of processing plantation-grown 
eucalypt sawlogs.  



 

3. MATERIALS AND METHODS 

3.1 Plantations and tree selection 

Three plantations were used for this assessment. Each plantation was a clearwood provenance 
trial established and managed by CALM. The first was an 18-year old species/provenance trial 
located on a high rainfall site near Middlesex (Manjimup). Each species had the three 
provenances listed in Table 1. The other two plantations were also 18-year old E. saligna 
provenance trials located at Vasse Compartment 2 (medium rainfall) and Dinninup (low 
rainfall) consisting of the same provenances. The locations of Middlesex, Vasse Compartment 2 
and Dinninup are shown in Figure 1.        

 

 
               

Figure 1: Approximate location of the Middlesex plantation site. 

Table 1: Provenances represented in the CALM provenance trials 

 

Species Provenance 

Geeveston 
Police Point E. globulus 

Franklin 
Barrington Tops 
Mt. Canobolas E. viminalis 

Apollo Bay 
Termeil 

Coffs Harbour E. saligna 
Bulahdelah 

 

Middlesex .
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3.1.1 Plantation management  
Plantation stocking and management are summarised in Table 2. The timing of the thinning and 
pruning varied between sites depending on growth rates. The three provenance trial sites were 
initially laid out in rows 15 m apart with trees spaced within the rows at 2 m intervals to give an 
overall plantation stocking-rate of 333 trees ha-1. The three provenances of each species were in 
six single row plots with 18 trees per plot. 

At all sites stocking was reduced to 166 trees ha-1 at age 2.7 years when residual trees were 
pruned to 50% of tree height or 2.4 metres.  

The second thinning, to a final stocking rate of 125 trees ha-1, and pruning to half-tree height 
occurred at around four years for each site. The final pruning to half-tree height was 
implemented at around six years.  

Table 2: Plantation stocking and management 

Age (years) Middlesex - previous land use was homestead sites for Dept. of Agriculture 
Research Station 

0 Planted 1987 - 333 trees ha-1 and 15 x 2 m spacing 
2.7 Thinned to 166 tree ha-1. Pruned remaining trees to 50% of tree ht or ~2.4 m.  
3.7 Thinned to final stocking of 125 trees ha-1. Pruned to 50% tree ht or ~7-9 m 
4.7 Foliar sprayed coppice with Roundup 15:1 
5.8 Pruned to half tree ht. or ~8-10 metres by ladder 
18.4 Harvest for present study 
 Vasse - previous land use dairy farm Operation 
0 Planted 1987 - 333 trees/ha or 15 x 2 m spacing 
2.7 Thinned to 166 trees ha-1. Pruned remaining trees to 50% of tree ht or ~2.0 m.  
4.2 Prune to half tree ht. or ~5 metres  
4.5 Thinned to final stocking of 125 trees ha-1 
4.7 Foliar sprayed coppice with Roundup 15:1 
6.6 Pruned to half tree ht. or ~7-8 metres  
18.4 Harvest for present study 
 Dinninup - previous land use was mixed grazing/cropping 
0 Planted 1987 - 333 trees ha-1 or 15 x 2 m spacing 
2.7 Thinned to 166 trees ha-1. Pruned remaining trees to 50% of tree ht or ~1.5 m.  
4.5 Culled to final stocking of 125 trees ha-1 & pruned to half tree ht. or ~5 m 
4.7 Foliar sprayed coppice with Roundup 15:1 
6.6 Pruned to half tree ht. or ~7-8 metres  
18.4 Harvest for present study 

3.1.2 Tree selection 

The aim was to harvest 5 trees per plot to simulate a clearfall harvest at age 18 years to produce 
a total of 30 trees per species (10 per provenance) from each site. However, this did not occur 
because of the conflicting objective to thin the stand to a final uniform stocking rate. As a 
consequence tree numbers for each provenance varied from the trial plan and prevented the 
calculation of sawlog/quality yields at the provenance level.   



 

3.2 Log measurement and grading 

After harvest, one full length 6.5 m long pruned log from each tree was cross cut and tagged to 
identify tree of origin and transported to the Whittakers mill at Greenbushes in WA for sawing, 
where they were cross-cut to produce 3.2 m long sawlogs. On CSIRO log diagram sheets the 
following log measurements were recorded; the smallest and largest diameter at each end, and 
the size and location of log surface or end defects on all logs.  End-splits on the log ends, and 
extensions along the log length were recorded on all butt-logs. 

Based on the measurements on the CSIRO log diagram data sheets, the following calculations 
were made: 

Log volume was calculated with equation (1): 

               Equation (1):    L
DDDD

V ××⎥⎦
⎤×⎢⎣

⎡ +++
= π

2
4321

2
1

4
 

     Where:      V = log volume (m3);  
D1 = small end diameter 1 (m);  
D2 = small end diameter 2 (m);  
D3 = large end diameter 1 (m);  
D4 = large end diameter 2 (m);  
L = log length (m) 

The log Split Index 2 m-1 (SI-2 m-1) modified (Yang 2005) to account for sawlog length with 
equation (2): 

       Equation (2):   SI-2 m-1 = ([(SLEND
 2/2) + (SLEND x SLSURFACE /2)] / R2

MEAN) m-1
 

     
               Where:   SLEND = split length on the log end;  
                             SLSURFACE = split length on the log surface;  
                             RMEAN = mean radius of the log end;  
                                                          
 

For E. saligna log volumes were also determined for all bushlogs at each site during harvest on 
the basis of the full diameters (small and large-end) under bark, and also volumes using the 
diameters measured without the sapwood band.  This enabled a ratio of heartwood : sapwood as 
a percentage of log volume to be calculated. 

3.2.1 Log grading and preparation 

Logs were graded as either A, B, C, D and reject using the VicForests grading card shown in 
Figure 2. As the logs were generally free of defect on log ends and along the surface, the logs 
were usually allocated a grade based on diameter.  
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 Figure 2: Victorian log grading card used to grade logs        

All butt-logs were uniquely colour coded with a combination of colours on the small and large 
ends (Figure 3). The second logs were batched with a single colour code to identify the 
species/provenance and plantation site of origin.  

 

 
 

 Figure 3: Log preparation at the Whittakers Timber Products sawmill 



 

On the large end of the butt-logs two dots (Figure 4) were painted on the inner and outer 
heartwood zones so that sample boards could be selected for subsequent mechanical property 
testing. These boards were collected and transported to the Clayton laboratories for assessment 
after drying and grading. All logs were loaded in species batches and mechanically debarked on 
the in feed for sawing (Figure 5).  

      

     Figure 4: Logs marked to indicate location of board for mechanical property testing       

          

                    

                
Figures 5 : Debarking on the infeed (top) and logs on the sawmill infeed (bottom). 
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3.3 Sawing and drying   
The sawing was completed in November 2006. In total there were approximately 98.0 m3 of 
logs. The number of logs processed is given in Table 3.   

Table 3:  Log numbers and volumes for site, species and provenance 

Log numbers 
Species/Site Provenance Butt Top Total 

Barrington Tops 10 8 18 
Mt. Canobolas 8 4 12 E. viminalis / Middlesex 

 Apollo Bay 10 9 19 
Geeveston 12 6 18 
Police Point 14 11 25 E. globulus / Middlesex 

 Franklin 4 3 7 
Termeil 10 8 18 
Coffs Harbour 10 6 16 E. saligna / Middlesex 
Bulahdelah 11 7 18 
Termeil 11 7 18 
Coffs Harbour 11 8 19 E. saligna / Dinninup    
Bulahdelah 11 6 17 
Termeil 9 5 14 
Coffs Harbour 9 4 13 E. saligna / Vasse      
Bulahdelah 12 10 22 

 

3.3.1 Sawing 

The logs were sawn on the Whittakers Timber Products small log line. This mill is equipped 
with an MEM Talley Twin for log break-down coupled with an MEM Cobra Multimate for 
resawing cants and slabs and a trimsaw for docking boards. The twin saw is configured with a 
lazer scanning optimizer that first scans the log and a computer selects the sawing pattern and 
positions the log. The sawing process is then automatic. The overhead end-dogging system has 
a ‘turn-down’ device eliminating the need to release the log for log rotation. 

The sawing strategy produced nominal green board sizes of 80, 108, 167, and 225 mm width 
and  28 mm thickness and a centre pallet grade board 100 x 108 mm which ‘boxed’ out most of 
the defect core and pith. The centre board was not dried and was tallied as wood chip. 

The various sawing patterns for the log diameter range processed are shown in Figures 6-7.  
Figure 8 shows the breakdown sequence on the twin saw for a 430 mm diameter log.  

The sawing strategy was effective on all but the smallest diameter E. saligna logs (25-26 cm 
SED). Often log end-splits extended dramatically (Figure 9) on the twin saw because the cant 
thickness was too narrow after the second two slabs were removed. This was a software 
problem that can be eliminated by reprogramming the computer so that only the first two slabs 
are removed and then the log turned-down immediately. 

This severe splitting led to recovery loss and some inaccurate board sizing. And was only a 
significant problem in E. saligna. 

  



 

                                
                                   260-315 mm                                                 316-370 mm 

       Figures 6: Break-down to a 108mm cant before rotating 

 

                           
                                 370-400 mm                                                   400-450 mm 

                                           
                                                                         450 mm 

       Figures 7: Break-down to a 228mm cant before rotation 



 

15 

 

 

  

  

  

  
Figure 8: Breakdown sequence on the twin saw for a 43 cm diameter log. From top left, removal of two 
boards, log turn-down, sap removal and production of four additional boards. Remaining cant diverted to 
resaw. 



 

 

 

      

    Figure 9: A small diameter E. saligna central cant split during log break-down. 

3.3.2 Drying 

It was intended that the drying be conducted at Whittakers Timber Products. However, due to 
production constraints all of the wood was dried by the FPC at the FPC Harvey site. The sawn 
wood was initially block stacked, wrapped in plastic and transported to Harvey. The sapwood 
was treated with a standard Boron diffusion treatment. Following treatment, the wood was 
wrapped loosely in plastic and stored under cover for several months.  
 
The timber was racked out for drying and air-dried at the Harvey facility for an extensive period 
during which time sample boards were periodically weighed by FPC to monitor moisture 
content. This data is not available for this report. Drying continued until samples boards were at 
10-12% moisture content (approximately 12 months). No steam reconditioning was applied by 
FPC as such a treatment is not possible on large volumes of timber at the Harvey site.   

3.4 Timber grading and analysis of product quality 

3.4.1 Planing and grading 

The dried wood was transported to Inglewood Products in Perth and the boards planed. 
Approximately 45 m3 of sawn product was skip-dressed to 24 mm thickness using a Speedmac 
623 high-speed planer. The boards were then block-stacked for grading. 
 
Boards were graded using the Forest Industries Federation of Western Australian (FIFWA) 
industry standard for seasoned, sawn and skip-dressed WA hardwoods. This produced prime-
grade (equivalent to select grade AS 2796) and standard-grade boards, with the remaining 
material being rejected and tallied as wood chip. A summary of the FIFWA standard 
permissible defects is given in (Appendix B). 
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3.4.2 Defect occurrence and recording 

During grading individual board grades and dimensions were recorded. Generally board quality 
was good. Most boards were free of knots and although the majority of boards were back-sawn 
there was little evidence of surface checking. Where these defects occurred they were recorded. 
 
The most obvious defects were gross defects associated with drying. Cupping was evident in 
wider boards, particularly in the upper layers of drying stacks, suggesting inadequate restraint 
during drying (Figure 10). There were also some boards, primarily E. viminalis (Figure 11) with 
collapse and associated internal checking. These defects indicated that poor drying techniques 
had been employed and the lack of a steam reconditioning treatment was a major shortcoming. 
 
In order to demonstrate the effect of steam reconditioning on collapse recovery a sample of E. 
viminalis boards with obvious collapse were transported to the CSIRO laboratories in Clayton 
and steamed to determine the benefit from a commercial steam reconditioning treatment.  
 
While collapse was generally not a grade limiting defect it was recorded where present. It was 
also recorded when it resulted in an undersized product. As the processing strategies were 
targeted to the production of flooring, boards estimated to still have skip at 22 mm thickness 
were recorded as undersized. Figure 12 shows examples of such undersized boards. 

From the collected data a number of wood quality variates were calculated. These are given in 
Table 4. 

 

 
Figure 10: Cupped E. saligna boards from the upper layers of drying stacks after planing. 

    



 

      
 Figures 11:  E. viminalis boards with collapse and internal checking 

 

                                       
 Figures 12: Examples of undersized boards Due to collapse (left) and cupping (right).  

Table 4: Board wood quality variates calculated for each log for assessment of variation between sites and 
provenances. 

Collapse related undersizing Length of boards affected divided by the total length of 
boards. 

Sawing related undersizing   Length of boards affected divided by the total length of 
boards. 

Cupping Length of boards affected divided by the total length of 
boards. 

Surface checking Length of boards affected divided by the total length of 
boards. 

Knots  Length of boards where knots were present on graded face 
divided by the total length of boards. 

3.4.3 Recovery 

Board recoveries were calculated as a percentage of log volume using nominal dry board 
dimensions of 70, 90, 125, 150 and 190 mm width and 25 mm thickness. Individual log product 
recoveries were calculated for all butt-logs and recoveries for logs batched on 
site/species/provenance for second-logs.  

Product recoveries were calculated and expressed as standard grade and better as a percentage 
of log volume.  
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3.4.4 Product value 
Product value per cubic metre of log input was calculated using Victorian Ash wholesale prices 
at September 2007 (Table 5). These prices were obtained from southeast Australian mills selling 
from the mill door. The prices are free of GST and based on cubic metre prices using nominal 
dry dimensions. The following discounts were applied: 

• 10% to the volume of select and standard boards less than 3.0 m in length. 
• 50% to the volume of select and standard boards shorter than 1.8 m in length. 
• An additional 20% discount was applied to the volume of select and standard from      

E. globulus and E. viminalis. 
 
The latter discount was applied at the request of sawmillers in Western Australia because wood 
from Tasmanian ash is currently being sold in Western Australian at a price approximately 
equivalent to a 20% discount on the price in the eastern states. 

 Table 5:  Prices used to calculate product values 

ASH WHOLESALE PRICES (SEPTEMBER 2007) 

Width Thickness Select (prime) grade Standard grade 
(mm) (mm) ($ m-3) ($ m-3) 

70 25 1360 631 
90 25 1400 700 

125 25 1460 750 
150 25 1510 750 
190 25 1750 1020 

 

3.5 Wood properties in the inner and outer heartwood 

During grading the boards with the inner and outer heartwood marks placed on the large end of 
the butt logs during log preparation were identified where possible and collected. Two boards, 
of approximately one metre in length were cut from the centre (lengthwise) of the full-length 
boards after planning and were transported to the CSIRO laboratories in Clayton. These were 
used to determine acoustic modulus of elasticity, ‘in-service’ board shrinkage, Janka surface 
hardness and air-dry (bulk) densities.  

At Clayton the boards were thicknessed to 20 mm and processed as shown in Figure 13 to 
produce the clear samples indicated in Table 6.  

 



 

 
 

Figure 13: Diagram showing location and dimensions of samples for assessment of wood properties. 

Table 6: Specifications and sample numbers processed from individual boards for wood property testing.  

Wood property Sample 
dimensions 

Number of 
samples 

Acoustic MOE (GPa)    300 × 20 × 20 mm 4 

Janka surface hardness (kN) (radial & tang. surfaces)               150 × 20 × 20 mm 2 

Board shrinkage (%)  (radial & tang.)  17-5% MC 300 × 100 × 20 mm 1 

Density; air-dry (ADD) (kg m-3)                                                300 × 20 × 20 mm 4 

 
The samples were processed from the boards centred relative to the apex of growth rings, 
ensuring close to radial and tangential faces on material used for testing. The samples were 
equilibrated to 12% E.M.C. in controlled environment rooms, and laboratory conditions during 
measurement were approximately 20 ± 3° C, with a relative humidity of 64 ± 2 %. 
 
3.5.1 Acoustic (dynamic) MOE testing 

Samples machined to 300 × 20 × 20mm, were used for acoustic testing. Using the acoustic 
velocity of sound along the grain and sample densities, an acoustic (dynamic) modulus of 
elasticity (GPa) was calculated using equation (3):  
 

Equation (3):  EL = v2 ρ 
 
           Where :   EL  = Youngs modulus (GPa) 
                           v =  sound velocity along grain (km s-1) 
                            ρ  = density  t m-3  
 
 An along-grain acoustic velocity was obtained by tapping the end-grain and propagating a 
sound wave through samples. The velocity of the along-grain sound wave was measured using a 

Janka hardness   
4 @ 150 × 20 × 20 mm 

Shrinkage 
1@ 300 × 100 × 20 mm 
 

 Acoustic MOE & density          
 4 @ 300 × 20 × 20  mm 
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Davidson’s Industry spectrum analyser (Figure 14). Bulk air-dry densities were calculated using 
dimensions (mean of two radial and two tangential measurements) and a mass, and combined 
with the acoustic velocity data to produce a dynamic MOE (GPa) for each sample.  
 

 
Figure 14: The dynamic measurement of modulus of elasticity (MOE) using the resonance frequency 
method.   

3.5.2 Air-dry density 

Bulk densities were obtained from the 300 x 20 x 20 mm samples used for acoustic testing, 
representing values for the inner and outer heartwood. The air-dry densities (mass at 12% 
MC/volume) were established from two measurement points in both the radial and tangential 
direction using Mitutoyo digital callipers to two decimal places, and a Sartorious digital balance 
(three decimal places). 

3.5.3 Janka hardness testing 

A universal testing machine at CSIRO was used for surface hardness measurements. Testing 
was conducted in accordance with the British Standards Institution (1957) (Methods of Testing 
Small Clear Specimens of Timber B.S. 373:1957), which accommodated sample width and 
thicknesses of 20 x 20 mm. The Australian Standard in contrast required samples 50 x 50 mm, a 
size which was not possible due to the original green sawing thickness of 28 mm. The British 
standard required the 150 x 20 x 20 mm samples to be packed in ‘jigs’ of the same species up to 
the requisite size of 50 x 50 mm in cross-section, as shown in Figure 15. The testing involved 
measuring the force required (kN) to indent a half ball-bearing of standard dimensions into the 
samples radial and tangential surfaces. Mean values were thus obtained of the radial and 
tangential surface hardness for inner and outer heartwood regions. The testing was conducted in 
a controlled environment room set at 20 ± 3° C and 65 ± 2 % relative humidity.   
 
 



 

 

             

 
Figure 15: Hardness testing  jig for holding test sample (top left), test sample in jig (top right), jig and 
engineering vice securing test sample (centre left and right), offset position of radial and tangential sample 
measurements (bottom). 

3.5.4 Board shrinkage (in-service) 

The absence of green sample data prevented the calculation of unit shrinkages as per Kingston 
and Risdon (1961). Radial and tangential ‘in-service’ shrinkage values were derived from the 
dimensional changes of samples cycled through controlled conditioning rooms at set at 12, 17 
and 5 % equilibrium moisture contents (EMC). The initial EMC point was 12%, as boards were 
dried to this condition. Subsequent measurements were taken at 17, 12 and 5% EMC. The 
equilibration process was verified by repeated weighing of samples to determine when masses 
had stabilised at each measurement point.  

The shrinkage samples, representing inner and outer heartwood zones, were 300 mm 
(longitudinal) × 100 mm (tangential) × 20 mm (radial). Three radial and tangential points 
(Figure 16) and the board masses were measured after the samples had been conditioned to 12, 
17, 12 and 5 % EMC  
 
The tangential dimensions (board width) were measured using Mitutoyo digital callipers to two 
decimal places, and the radial dimension (board thickness) using a digital displacement gauge 
with readings graduated to 0.001 mm. A pneumatic ram using approximately 250 kPa of air 
pressure was used, with the upper contact point being a 10 mm flat disc and the underside of 
specimens resting on a 10 mm flat disc (Figure 17). 
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Figure 16. Shrinkage sample measurement points 

                      
Figure 17:  Board width measurement (left), thickness measurement with displacement gauge (centre), 
contact points on displacement gauge (right). 

 
Samples were oven-dried at a temperature of 103 ± 2° C until a constant weight was obtained to 
determine the actual moisture content of samples at each measurement point. The dimensions at 
each EMC were then adjusted to the target moisture content of each specimen assuming 
dimensional change is linear between 17 and 5 % EMC.  

The values reported indicate the potential dimensional change of boards in the conditions of 
service prevailing in southern Australia.   

3.6 Statistical analysis 
Statistical analysis was conducted on data collected from the butt-logs only with STATISTICA 
software using the following procedures: 

• Multivariate analyses of variance were calculated using the Factorial ANOVA module 
of STATISTICA specifying species, provenance and site as factors. Dependant 
variables of importance were detected from subsequent univariate analyses.  

• For mechanical properties the multivariate analyses of variance using the Factorial 
ANOVA module of STATISTICA used species as a factor. At the provenance level in 
most cases there were insufficient sample numbers (boards) in some cells for such an 
analysis. 

  T

R
R

R

T
T



 

• For significant sources of variation post-hoc analyses were conducted with Scheffé and 
Tukey tests to determine significant differences between groups. 
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4. RESULTS AND DISCUSSION 

4.1 Overall log quality, recovery and product value (all logs) 

4.1.1 Log quality/yields 

Log quality / yields from the pruned stems for the three species at Middlesex and E. saligna at 
Middlesex, Dinninup and Vasse are given in Figures 18 and 19. From Middlesex the percentage 
yields of C-grade sawlogs and better were 96%, 94% and 88% for E. saligna,         E. globulus 
and E. viminalis respectively. For E. saligna the percentage yields of C-grade sawlogs and 
better were 96%, 87% and 98% for Middlesex, Dinninup and Vasse respectively. The majority 
of sawlogs from all plantations were B-grade with log diameter the major contributor to 
differentiation of log grade.  
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Figure 18: Log quality / yields as a percentage of total number of sawlogs for the three species at 
Middlesex. 
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Figure 19: Log quality / yields as a percentage of total number of sawlog for E. saligna at Middlesex, 
Dinninup and Vasse.  



 

 

At a species/site level these results indicate good percentage yields of high quality sawlogs. It 
was not possible to calculate individual provenance yields of sawlogs because the numbers of 
trees harvested varied from the trial plan and selection was not representative of the plots.  

4.1.2 Product recovery and value 

Table 7 gives the actual log numbers processed, mean log diameter, recovery of standard grade 
and better and product value per cubic metre of log input for the butt and second logs at the 
provenance/site level.  

Generally product recovery was very low in comparison to previous comparable trials. This was 
primarily because the processing strategy did not recover utility or pallet grade boards or 
attempt to process boards from the centre cant. Poor drying technique also contributed to this 
result. Despite low recoveries sawn product values were relatively good with the range in the 
means from $192 m-3 to $317 m-3.  

Table 7: Species, provenance and site log numbers, mean log diameter, mean recovery of standard grade 
and better and product value per cubic metre of log input to the mill. 
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E. viminalis Middlesex Barrington Tops 10 38.5 21.7 277 8 34.0 24.6 300 
E. viminalis Middlesex Mt Canobolas 8 39.7 22.3 283 4 35.3 22.6 252 
E. viminalis Middlesex Apollo Bay 10 45.8 23.2 294 9 39.5 24.5 317 
E. globulus Middlesex Geeveston 12 41.5 22.0 265 6 40.0 25.9 300 
E. globulus Middlesex Police Point 14 41.3 19.9 239 11 38.3 20.8 248 
E. globulus Middlesex Franklin 4 39.1 20.2 240 3 32.5 49.4 192 
E. saligna Middlesex Termeil 10 41.2 23.4 294 8 36.9 20.7 254 
E. saligna Middlesex Coffs Harbour 10 44.3 24.0 314 6 38.8 36.1 271 
E. saligna Middlesex Buledelah 11 39.8 22.6 286 7 37.9 22.3 282 
E. saligna Dinninup Termeil 11 34.6 22.6 275 7 30.7 18.6 160 
E. saligna Dinninup Coffs Harbour 11 38.5 24.3 296 8 33.4 18.4 207 
E. saligna Dinninup Buledelah 11 34.6 20.4 235 6 31.4 18.9 201 
E. saligna Vasse Termeil 9 41.8 23.7 256 5 40.9 25.4 308 
E. saligna Vasse Coffs Harbour 9 40.0 23.4 239 4 33.0 25.9 299 
E. saligna Vasse Buledelah 12 40.6 22.4 243 10 36.0 24.8 301 
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4.2 Provenance and species effects (butt logs) 

Data from the butt logs were analysed to determine significant sources of variation for species, 
provenance and site effects. Means for the product quality data analysed are given in Tables 7 
and 8 and mechanical properties in Table 9.  

Table 8: Species, provenance and site log end split severity and product quality indicators of butt logs. 

Sp
ec

ie
s 

Si
te

 

Pr
ov

en
an

ce
 

Su
m

 o
f S

pl
it 

In
de

x 

K
no

ts
  

(m
 m

-1
) 

U
nd

er
si

ze
 c

ol
la

ps
e 

 
(m

 m
-1

) 

U
nd

er
si

ze
 sa

w
in

g 
(m

 m
-1

) 

C
up

pi
ng

 
(m

m
 m

-1
) 

Su
rf

ac
e 

ch
ec

k 
(m

 m
-1

) 

N
um

be
r o

f l
og

s 

E. viminalis Middlesex Barrington Tops 0.51 0.042 0.177 0.000 0.000 0.000 10 
E. viminalis Middlesex Mt Canobolas 0.68 0.093 0.138 0.021 0.000 0.000 8 
E. viminalis Middlesex Apollo Bay 0.56 0.025 0.089 0.000 0.000 0.000 9 
E. globulus Middlesex Geeveston 0.57 0.178 0.065 0.032 0.010 0.033 12 
E. globulus Middlesex Police Point 0.75 0.173 0.033 0.004 0.000 0.021 14 
E. globulus Middlesex Franklin 0.50 0.213 0.060 0.030 0.000 0.052 4 
E. saligna Middlesex Termeil 1.27 0.075 0.000 0.052 0.000 0.000 10 
E. saligna Middlesex Coffs Harbour 1.38 0.050 0.013 0.035 0.005 0.000 10 
E. saligna Middlesex Buledelah 2.95 0.073 0.010 0.042 0.012 0.006 11 
E. saligna Dinninup Termeil 1.10 0.066 0.000 0.034 0.000 0.039 11 
E. saligna Dinninup Coffs Harbour 1.19 0.028 0.008 0.030 0.008 0.009 11 
E. saligna Dinninup Buledelah 0.93 0.032 0.005 0.000 0.008 0.000 11 
E. saligna Vasse Termeil 0.56 0.097 0.011 0.028 0.000 0.010 9 
E. saligna Vasse Coffs Harbour 0.60 0.040 0.000 0.048 0.000 0.008 9 
E. saligna Vasse Buledelah 0.98 0.040 0.014 0.046 0.005 0.008 12 
  

Table 9: Species, provenance and site mechanical properties from the inner and outer heartwood zones of 
butt logs. 

A
ir-

dr
y 

de
ns

ity
 

(k
g 

m
-3

) 

A
ir 

dr
y 

Jn
ak

a 
su

rf
ac

e 
ha

rd
ne

ss
 

(k
N

) 

A
cc

ou
st

ic
 M

O
E 

(G
Pa

) 

In
 se

rv
ic

e 
ra

di
al

 
sh

rin
ka

ge
 

(%
) 

In
 se

rv
ic

e 
ta

ng
en

tia
l 

sh
rin

ka
ge

 
(%

) 

Sp
ec

ie
s 

Si
te

 

Pr
ov

en
an

ce
 

In
ne

r 
he

ar
tw

oo
d 

O
ut

er
 

he
ar

tw
oo

d 

In
ne

r 
he

ar
tw

oo
d 

O
ut

er
 

he
ar

tw
oo

d 

In
ne

r 
he

ar
tw

oo
d 

O
ut

er
 

he
ar

tw
oo

d 

In
ne

r 
he

ar
tw

oo
d 

O
ut

er
 

he
ar

tw
oo

d 

In
ne

r 
he

ar
tw

oo
d 

O
ut

er
 

he
ar

tw
oo

d 

E. viminalis Middlesex Barrington Top 667 789 4.6 5.7 12.4 16.3 0.28 0.37 0.54 0.55 
E. viminalis Middlesex Mt Canobolas 730 797 5.0 5.9 13.0 15.1 0.35 0.40 0.56 0.61 
E. viminalis Middlesex Apollo Bay 573 758 3.8 5.4 12.4 19.5 0.25 0.38 0.41 0.53 
E. globulus Middlesex Geeveston 663 751 4.9 6.3 15.7 18.6 0.26 0.34 0.43 0.50 
E. globulus Middlesex Police Point 589 699 3.7 5.2 14.1 18.2 0.22 0.30 0.40 0.52 
E. globulus Middlesex Franklin 536 718 3.7 4.9 11.7 0.26 0.26 0.32 0.42 0.51 
E. saligna Middlesex Termeil 700 820 4.8 7.2 12.7 16.7 0.30 0.33 0.43 0.48 
E. saligna Middlesex Coffs Harbour 767 870 5.9 7.8 15.4 18.0 0.40 0.39 0.49 0.45 
E. saligna Middlesex Buledelah 686 819 4.9 6.4 14.7 17.2 0.31 0.36 0.48 0.53 
E. saligna Dinninup Termeil 682 782 5.1 7.2 14.3 15.5 0.30 0.33 0.43 0.48 
E. saligna Dinninup Coffs Harbour 686 749 4.8 5.7 14.7 16.1 0.40 0.39 0.49 0.46 
E. saligna Dinninup Buledelah 731 788 5.3 6.1 16.8 18.1 0.38 0.41 0.52 0.50 
E. saligna Vasse Termeil 691 745 4.9 6.1 14.4 16.9 0.31 0.37 0.44 0.45 
E. saligna Vasse Coffs Harbour 746 802 6.1 6.5 15.6 17.9 0.37 0.39 0.50 0.49 
E. saligna Vasse Buledelah 730 803 4.9 6.5 16.4 17.5 0.35 0.37 0.45 0.47 

 



 

 

4.2.1 Middlesex: species/provenance variation 

ANOVA indicated significant sources of variation between provenances for log end-splitting 
(p<0.0001) and knot frequency (p<0.001). There was no significant source of variation for any 
other variates. The results are best summarised in Figures 20 a-b which plot the means, 95% 
confidence limits and significant differences from post-hoc tests.  

 

 
Figure 20 a-b:  Plots of means and 95% confidence limits and significant differences from post-hoc tests; 
(a) Log end-splitting (SI-2 m m-1); (b) Knot frequency (m m-1) (‘a’ is significantly different to ‘b’ at p <0.05).  

The three E. saligna provenances had highest levels of log splitting, with significant differences 
between the Buledaleh provenance and all provenances of E. globulus and E. viminalis.  This 
result supports the observation from the sawing which suggested greater problems with log, cant 
and board-end splitting in E. saligna compared to either E. globulus or E. viminalis. 

The three provenances of E. globulus tended to have more frequent knot defect than the other 
species. Significant differences were found between Geeveston and Police Point provenances of 
E. globulus and Apollo Bay provenance of E. viminalis. 

At the species level ANOVA indicated significant sources of variation for collapse (p< 0.0001) 
and sawing (p< 0.001) related undersizing. The results are best summarised in Figures 21 a-b 
which plot the means, 95% confidence limits and significant differences from post-hoc Scheffé 
tests. There was significantly greater undersizing due to collapse in E. viminalis and 
significantly greater sawing related undersizing in E. salgna than for the other species. This 

   E. saligna     E. globulus       E. viminalis 

 E. saligna     E. globulus E. viminalis 
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confirmed the observations that collapse was a greater problem for E. viminalis and the cant 
splitting observed during sawing contributed to product sizing variation.  

 
 

 

 
Figures 21 a-b: Plots of means and 95% confidence limits and significant differences from Scheffé tests; 
(a) undersizing due to collapse; (b) undersizing due to sawing (‘a’ is significantly different to ‘b’ at p <0.05).                       

4.2.2 E. saligna site/provenance variation 

ANOVA indicated that there was a significant source of variation for site (p<0.001), 
provenance (p<0.05) and the interaction between site and provenance (p<0.05) for log-end split 
severity. There was also a significant source of variation for site for diameter (p<0.001) and 
outer heartwood density (p<0.001) and for provenance for knot defects (p<0.0001). There was 
no significant source of variation for any other variates. The results are summarised in Figure 22 
which plots the means, 95% confidence limits and significant differences from post-hoc Scheffé 
tests for log end split severity and Figure 23 a-c for diameter, outer-heartwood density and knot 
frequency. 
 



 

 

Figure 22: Plots of means and 95% confidence limits and significant differences from Scheffé tests for log 
end split severity for the site x provenance  interaction (‘a’ is significantly different to ‘b’ at p <0.05) for 
E. saligna. 

 
 

 
 

Figures 23 a-c: Plots of means and 95% confidence limits and significant differences from Scheffé tests; 
(a) log diameter; (b) outer-heartwood density; (c) knot frequency (‘a’ is significantly different to ‘b’ at p 
<0.05) for E. saligna. 

Figure 22 indicates that log-end splitting in the Bulahdelah provenance at Middlesex was 
significantly worse than at Vasse and Dinninup. It was also significantly worse than the Termeil 
and Coffs Harbour provenances at Vasse. These results suggest that while there is a genetic 
effect that effect can be moderated by site variation. No data was collected that could explain 
this phenomenon.    
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Figure 23a and 23b indicate that log diameter was less and outer heartwood density greater at 
Dinninup. This trend is consistent with slower growth at the lowest rainfall site. Figure 23 c 
indicates that Termeil provenance had significantly more frequent knots occurrence than the 
other two provenances suggesting that tree breeding may be useful for reduction of knot 
occurrence and reduce the cost of pruning. 
 

Sapwood percentage 

The mean percentage of bush-log volume that was sapwood in E. saligna at a site/provenance 
level is given in Table 10. ANOVA indicated that there was a significant source of variation for 
sapwood percentage for site (p<0.001). The result is summarised in Figures 24 which plots the 
means, 95% confidence limits and significant differences from post-hoc Scheffé tests. There 
was significantly less sapwood at Middlesex indicating that faster growth on the highest rainfall 
site reduced sapwood percentage.   

Table 10: E. saligna bushlog sapwood percentage  

Site Provenance Sapwood (% log volume) # of logs 
Middlesex Termeil 29.1 10 
Middlesex Coffs Harbour 26.0 6 
Dinninup Termeil 40.5 10 
Dinninup Coffs Harbour 34.2 11 
Vasse Termeil 40.8 8 
Vasse Coffs Harbour 42.8 8 
Vasse Buledaleh 37.0 11 

 

 
Figure 24: Plot of means and 95% confidence limits for sapwood percentage for the three sites (‘a’ is 
significantly different to ‘b’ at p <0.05).  

4.2.3 Species variation in mechanical properties 

As indicated earlier inconsistencies with the number of boards prevented analysis at the 
species/provenance/site level for most of the mechanical properties listed in Table 9. However, 
ANOVA indicated that there was a significant source of variation at the species level (all sites) 
for inner-heartwood radial shrinkage (p<0.01) and outer-heartwood tangential shrinkage 
(p<0.05). The results are best summarised in Figures 25 a-b which plots the means, 95% 
confidence limits and significant differences from post-hoc Scheffé tests. Radial shrinkage in 



 

the inner heartwood was significantly greater in E. saligna than E. globulus and tangential 
shrinkage in the outer heartwood was significantly greater in E. viminalis than E. saligna. There 
was no significant effect for any other mechanical property.  

 
Figure 25 a-b: Plots of means and 95% confidence limits and significant differences from Scheffé tests; (a) 
shrinkage in the inner heartwood; (b) shrinkage in the outer heartwood (‘a’ is significantly different to ‘b’ at 
p <0.05). 

4.3 Comparison with native forest mechanical properties 

A comparison of the plantation (combined inner-outer heartwood) density, Janka surface 
hardness and MOE with native forest values and native forest values for shrinkage (Illic et al. 
2000, Bootle 2005) are given in Table 11, Janka hardness for ash eucalypts in Table 12 (Bolza 
and Kloot 1963) and categorization of Australian hardwoods in Table 13 (Australian Hardwood 
and Cypress Manual 2005). 

4.3.1 Wood density and Janka surface hardness 

Table 11 indicates that the mean air-dry density and Janka hardness for plantation grown         
E. viminalis are comparable with the native forest E. viminalis. While the air dry density and 
Janka hardness for the plantation grown E. globulus and E. saligna are substantially lower than 
native forest material of the same species. However, in practical terms this is of little 
consequence. The Janka hardness of native forest E. regnans and E. delegatensis (Table 12) are 
considered high enough for flooring products and other appearance grade markets. The 
plantation material in the present study are at least comparable with these two native forest 
species. In the Australian Hardwood and Cypress Manual (2005) (Table 13) E.saligna would be 
classified as ‘moderate’ hardness and E. viminalis and E. globulus would be at the upper end of 
‘soft’. It should be noted that native forest E.regnans and E. delagatensis have hardness values 
in this range. 
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Table 11: Density, Janka hardness, MOE and shrinkage for native forest material and density, Janka 
hardness and MOE from the present study. 
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E. globulus native forest 900 12 20 5.6 10.6 0.26 0.39 
E. globulus plantation inner heartwood 600 4.2 14.4 * - - - - 
E. globulus plantation outer heartwood 730 5.7 18 *     
E. globulus plantation mean 670 4.9 16.2 *     
E. viminalis native forest 750 6 14 7.6 15.9 0.17 0.31 
E.viminaliss plantation inner 
heartwood 630 4.3 12.5 * - - - - 

E. viminalis plantation outer heartwood 770 5.6 17.7 *     
E. viminilis plantation mean 700 5 15.1*     
E. saligna native forest 850 9 18 5.4 9.5 0.24 0.34 
E.saligna plantation inner heartwood 710 5.1 14.9* - - - - 
E. saligna plantation outer heartwood 800 6.7 17.1*     
E. saligna plantation mean 760 5.9 16*     
* Indicates acoustic MOE 

Table 12: Native forest ash Janka hardness 

Species  Janka hardness (kN) 
E. regnans 4.9 
E. delagatensis 5.0 
E. obliqua 7.3 

                         

Table 13: Categorisation of Australian hardwoods 

Janka hardness  (kN) Hardness category 
< 5.5 Soft 

5.5 to 7 Moderate 
7 to 10 Hard 
> 10 Very hard 

 

4.3.2 Accoustic MOE 

A direct comparison of native forest and plantation MOE values are not possible as the values in 
this report were obtained acoustically (dynamically), rather by static methods. However, very 
strong relationships have been established between the two methods of measurement (Yang et 
al. 2002). Table 11 indicates that the MOE for the plantation grown material is only marginally 
lower than material from the same species from native forests. This indicates that it is unlikely 
that the MOE would limit utilisation of the plantation grown wood for appearance grade 
products. 



 

4.3.3 Board ‘in-service’ shrinkage 

The tangential ‘in-service’ shrinkage for the plantation grown material (Table 9) are an 
indication of potential board expansion and contraction in service. While they are not Unit 
Shrinkages as described by Kingston and Risdon (1961), these shrinkage values can be used to 
estimate board behaviour in the range of 5-17% EMC. For example a 100 mm wide dried board 
with a tangential ‘in-service’ shrinkage of  value of 0.50, will have a shrinkage rate of 0.50% of 
the original 100 mm width per 1% change in MC. Unit Shrinkage on the other hand is 
calculated from green dimensions and as such will tend to be less than comparable ‘in-service’ 
shrinkage calculated here.   

It would be useful in future work to obtain comparable ‘in-service’ shrinkage values from native 
forest material. 

4.1 Collapse recovery of E. viminalis 

A sample of 13 E. viminalis boards were steam reconditioned in the CSIRO laboratories at 
Clayton to assess dimension recovery had such a treatment been applied during this study.   

Figure 26 shows an example of a board-end before and after steam reconditioning. Figure 27 
also shows examples of images of slices taken before (left) and after reconditioning (right). The 
cross-sectional area increase was measured using image analysis software developed by CSIRO, 
and is indicated in the post-reconditioning images. Boards were equilibrated to around 12 EMC 
both prior to and after the reconditioning process.  

Dimensional recovery ranged from 7.2-22%. There were also clear indications of a reduction in 
cupping and closure of internal checks. This indicates that recoveries could have been improved 
substantially for E. viminalis and probably for the other two species in this study.  

These results are supported by recent work (Washusen et. al. 2008, 2009) in plantation            E. 
urophylla and E. dunnii, which demonstrated that the application of a semi-commercial steam 
reconditioning treatment significantly reduced cupping and increased board width and thickness 
dimensions. 

 

 
 Figure 26: Example of a 150 mm wide E. viminalis board showing signs of collapse before (top) and after 
reconditioning (bottom). 
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Figure 27:  75 x 25 mm slice cross-sections before (left) and after reconditioning (right) and the percentage 
increase in surface area for each section. 

4.2 CSIROMILL Mill Door Log values 

A principal objective of the study was to determine mill door log values using CSIROMILL. 
The following sections describe the CSIROMILL analysis methodology and results of the 
modelling.  

4.2.1 CSIROMILL method   

CSIROMILL is an analysis methodology designed to simultaneously calculate mill door prices 
based on acceptable sawmill profitability as measured by the internal rate of return (IRR). It is a 
series of linked spreadsheets that replicate sawmills which have strong potential to process 
plantation-grown eucalypts based on trials conducted with the relevant technology. In some 
cases, the mill or wood drying system have been modified from the actual mill where trials 
indicated that improvements in processing performance could be achieved. As a consequence, 
the mills reflect real life situations, although the actual mill configuration may not exist. 

 

Area increase 14. 5 % 

Area increase 12. 8 %

Area increase 15. 8 

Area increase 8. 4 % 



 

CSIROMILL has developed from extensive industry consultation commencing in 2003 and has 
continued to the present. As new systems are tested by CSIRO in processing experiments, new 
modules of CSIROMILL are developed. These modules represent specific processing systems 
based on existing processing equipment to obtain a measure of financial performance. 
CSIROMILL has been applied by Washusen (2006, 2009) to predict mill door prices for 
existing Australian hardwood mills and modern softwood sawmills applied to process eucalypts. 

Input information for CSIROMILL has either been estimated from industry sources or from 
actual processing trials. 

Each analysis is a time series analysis over a 16 year period at which time the mill is scrapped. 
Equity is assumed to be 100%. It allows for taxation on profit and refunds where losses are 
incurred. All equipment is depreciated at rates given in detailed output tables. 

For each CSIROMILL module, which represents a different mill, the equipment and staffing 
levels are fixed and there are defined log input ranges. However, to calculate mill door prices, in 
any analysis it is possible to alter the following variables: 

• Log input can be altered within the defined range and automatic adjustments are made 
to the production costs which are linked to volume throughput. 

• Taxation rate can be altered to any percentage. 

• IRR can be altered to any percentage. 

• Wood value produced per cubic metre of log input can be altered. 

4.2.2 The CSIROMILL module used 

The WH 30000 AD MPS module of CSIROMILL was used to model Mill Door prices. Capital, 
operating costs, staffing levels and summary sheets of the module are given in output files 
presented later. This module is based on the Whittakers Timber products small log line.  
 
For the WH 30000 modules logs are cut to length either in the forests or the log yard and they 
are debarked and sawn as described earlier. A single log input rate of 60,000 m3 annum-1 for a 
two-shift operation was used for modelling. 
 
The module assumes that sawn residues are chipped and transported by conveyors to a stock 
pile or for loading directly into trucks. Bark and 50% of the sawdust is transported to bins and 
sold to local markets. The remaining sawdust is used green as fuel to heat kilns. 
 
Immediately after sawing, boards containing sapwood are segregated and treated with a 
standard boron diffusion treatment. 
 
Drying incorporates air-drying in sheds with drop down sides to control air flow. Following air 
drying the wood is reconditioned in steam then kiln dried to a final moisture content of 10-12%. 
Heating for kilns is via pressurised hot water, heated from a furnace with sawdust and dry 
shavings being used as fuel. 
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The time taken to produce the final product including boron diffusion treatment was assumed to 
be 6 months.  
 
The analysis is applicable to production of oversized skip dressed boards that are sold for 
further manufacturing into flooring.  

4.2.3 Log quality 

Logs were grouped on species and the log quality variation was as outlined earlier in this report 
i.e. log grade varied with the majority of logs equivalent to Victorian B-grade.  The analysis 
therefore assumed that log intake on an annual basis would have the same distribution of log 
quality.  
 

4.2.4 Recoveries 

The recorded recovery figures were averaged for the analysis. Table 14 gives the recoveries of 
sawn wood and wood chip for the three species. 

The wood chip recoveries were calculated by subtracting from the log volume the final sawn 
wood volume (after drying) based on nominal green dimensions (before drying); estimated mill 
waste; and, calculated sawdust production using saw kerf applicable to the sawing system. 

Table 14: Recoveries of sawn boards and wood chip for pruned sawlogs  

 Recovery (% log volume) 
 E. saligna E. globulus E.viminalis 
Standard grade and better 22.9 20.7 23.1 
Wood chips 50.0 52.6 49.8 
 

4.2.5 Wood prices 

Prices for wood chip were AUD 77 m-3 at the mill door (free of GST). This was the estimated 
price for E. globulus wood chip based on the FOB price of AUD 189 BDMT-1. 

Sawdust and bark were valued at exiting prices for Western Australia. Only 50% of the sawdust 
was included in product values as it was assumed that the remainder would be used as fuel to 
heat kilns. Mill door prices were AUD 3 and AUD 6 m-3 for sawdust and bark respectively. 

4.2.6 Wood value per cubic metre of log input 

The wood value per cubic metre of log input was calculated from the average wood value per 
cubic metre of final product multiplied by the recovery. The values are given in 15 for the three 
species and for the two pale (‘whitewood’) species which would be subject to competition for 
Tasmanian ash (prices obtained by applying a 20% discount to sawn products) in Table 16.  



 

Table 15: Wood value AUD per cubic metre for pruned sawlogs of each species 

Species Sawn wood Wood chip Saw dust Bark Total (AUD) 
E. saligna 271 38.5 0.5 1 311.0 
E. globulus 249 40.5 0.5 1 291.0 
E. viminalis 293 38.3 0.5 1 332.8 

Table 16: ‘Whitewood’ species – 20 % solid wood price discount  AUD 

Species Sawn wood Wood chip Saw dust Bark Total (AUD) 
E. globulus 201 40.5 0.5 1 243.0 
E. viminalis 228 38.3 0.5 1 267.8 

4.3 Results and output files 

Mill door log prices for 60,000 m3 year -1 and IRR’s of 10%, 15% and 20% are given in Table 
17.  Detailed output files for an example analysis for the WH 30000 AD MPS module are given 
in Table 18 a-j. 

Despite the relatively poor recovery the Mill Door prices suggest potential for good returns to 
growers as well as sawmillers. However, with the ‘whitewood’ discount mill, door prices were 
around $50 lower.    

Table  17: Mill door log prices for pruned E. globulus, E. viminalis and E. saligna modelled with the 
CSIROMILL WH 30000 AD MPS module. 

Species (discount) 

 

IRR (%) Mill Door Price ($ m-3 annum -1) 

10 130 
15 110 

E. globulus 

20 90 
10 84 
15 66 

E. globulus 
(whitewood 
discount) 20 48 

10 169 
15 148 

E. viminalis 

20 127 
10 107 
15 88 

E. viminalis 
(whitewood 
discount) 20 69 

10 149 
15 129 

E. saligna 

20 109 
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Table 18a: CSIROMILL Module WH 30000 AD MPS description 

Log infeed 

Dual log feed and debarker

Log break-down

Twin band saw with overhead end dogging and hydraulic turn down

Resawing and board sorting systems

Multi-saw slab/cant resaw; trimsaw/docking system; manual stripping frames

Sapwood treatment

Boron diffusion

Drying system

Conventional air drying shed and kiln with residue heating system

Single shift annual intake

20,000 - 30,000 m3 operating on 2 shifts

Species

Mixed species clearwood

Product

Skip dressed appearance grade boards suitable for production of flooring products

Module: WH 30000 AD MPS

CSIROMILL

 
 
 



 

Table 18b: CSIROMILL Module WH 30000 AD MPS summary file 

 

 

CSIROMILL WH 30000 AD
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7 YEAR 8 YEAR 9 YEAR 10 YEAR 11 YEAR 12 YEAR 13 YEAR 14 YEAR 15 YEAR 16

SUMMARY
CAPITAL EXPENDITURE
Infrastructure 1,185,113 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sawmill  7,548,500 0 0 0 0 420,000 0 0 0 0 420,000 0 0 0 0
Drying systems 4,980,000 0 0 0 0 0 0 800,000 0 0 0 0 0 0 0
Drymill 2,781,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL CAPITAL 16,494,613 0 0 0 0 420,000 0 800,000 0 0 420,000 0 0 0 0
CURRENT EXPENDITURE
Infrastructure costs 751,638 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 751,638
Sawmill 1,003,625 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,178,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 1,003,625
Drying systems 540,980 999,960 999,960 999,960 999,960 999,960 999,960 1,109,960 999,960 999,960 999,960 999,960 999,960 999,960 999,960 540,980
Dry mill 463,850 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,257,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 463,850
Log costs 3,013,410 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 3,013,410
TOTAL CURRENT 5,773,503 11,661,606 11,661,606 11,661,606 11,661,606 11,661,606 11,661,606 11,831,606 11,661,606 11,661,606 11,661,606 11,661,606 11,661,606 11,661,606 11,661,606 5,773,503
INCOME
Wood products 0 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000
Sale mill vehicles 0 0 0 0 0 24,000 0 0 0 0 24,000 0 0 0 0 0
Infrastructure 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 257,219
Sawmill 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 692,700
Drying systems 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 270,000
Drymill 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 377,750
Taxation -1,732,051 1,501,018 1,501,018 1,501,018 1,501,018 1,508,218 1,501,018 1,450,018 1,501,018 1,501,018 1,508,218 1,501,018 1,501,018 1,501,018 1,501,018 3,274,649
BALANCE -20,536,065 3,502,376 3,502,376 3,502,376 3,502,376 3,099,176 3,502,376 2,583,376 3,502,376 3,502,376 3,099,176 3,502,376 3,502,376 3,502,376 3,502,376 9,214,517

Log Intake (m3) 55,000
Taxation rate 30%
Intake x product value ($) 16,665,000
Mill door price x intake ($) 6,026,821
Internal rate of return 15.00%
Net Present Value $0
Product value ($ m-3 log intake) 303
Mill Door Price ($ m-3 log intake) 110
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Table 18c: CSIROMILL Module WH 30000 AD MPS infrastructure capital 

CSIROMILL WH 30000 AD
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7 YEAR 8 YEAR 9 YEAR 10 YEAR 11 YEAR 12 YEAR 13 YEAR 14 YEAR 15 YEAR 16

CAPITAL

1. INFRASTRUCTURE ASSETS Dpn rate (%)
Office (130m2) 130,000 52,000 60
Staff Facilities (130m2) 130,000 52,000 60
Weighbridge 100,000 40,000 60
Transformer and housing 100,000 40,000 60
Roads Infrastructure and site prep 68,750 27,500 60
Log storage-dams 45,719 45,719 0
Log storage-Hot mix surface 457,188 0 100
Log storage-Sprinkler system 45,719 0 100
Contingencies 107,738 0 100

1,185,113 0 0 0 0 0 0 0 0 0 0 0 0 0 0 257,219
 

Table 18d: CSIROMILL Module WH 30000 AD MPS sawmill capital 

CSIROMILL WH 30000 AD
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7 YEAR 8 YEAR 9 YEAR 10 YEAR 11 YEAR 12 YEAR 13 YEAR 14 YEAR 15 YEAR 16

CAPITAL

2. SAWMILL ASSETS Dpn rate (%)
Sawmill buildings
Green mill 70x40 m 840,000 336,000 60
Sawshop 10x10 m 30,000 12,000 60
Maintenance shop 10x6 m 18,000 7,200 60
Electrical / lighting 150,000 60,000 60
Sprinkler / water storage / pumps 230,000 92,000 60
Contingencies 126,800 0 100
Sawing equipment
Log merchandising foundations 45,000 0 100
Sawmill foundations 45,000 0 100
Dust extraction foundations 12,000 0 100
Sawshop foundations 7,000 0 100
Log merchandising 300,000 300,000 300,000 0 100
Bark conveyor/storage 78,000 0 100
Loading equipment (1 x 966 Cat) 550,000 137,500 75
Infeed systems (2) 161,700 0 100
Log Scanner 80,000 0 100
Chipper canter system 196,000 0 100
Twin log edger system 948,000 0 100
Cant/board edger system 800,000 0 100
Trim saw/docking system 533,000 0 100
Residue system 148,000 0 100
Sawdust extraction 105,000 0 100
Sawdust bin 50,000 0 100
Chipper and transfer system 134,000 0 100
Chip bin 0 0 100
Loading ramps for residue 53,000 0 100
Board segregation 335,000 0 100
Stripping frames 135,000 0 100
Mechanical installation 298,000 0 100
Walkways/safety barriers 250,000 0 100
Compressor and air lines 75,000 0 100
Saws 40,000 0 100
Gantry crane 15,000 0 100
Communication systems 40,000 0 100
Saw doctor 600,000 0 100
Mill vehicles 120,000 120,000 120,000 48,000 40

7,548,500 0 0 0 0 420,000 0 0 0 0 420,000 0 0 0 0 692,700  



 

Table 18e: CSIROMILL Module WH 30000 AD MPS drying equipment capital 

 
CSIROMILL WH 30000 AD

YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7 YEAR 8 YEAR 9 YEAR 10 YEAR 11 YEAR 12 YEAR 13 YEAR 14 YEAR 15 YEAR 16
CAPITAL

3. DRYING EQUIPMENT ASSETS Dpn rate (%)
Fork lift for Lyctid treatment (1) 200,000 50,000 75
Lyctid treatment centre 100,000 0 100
12 tonne fork for loading kilns (3) 600,000 150,000 75
6 tonne fork (2) 280,000 70,000 75
Kilns (4) + drying shed 2,100,000 800,000 0 100
Kiln installation 200,000 0 100
Heating system and installation 1,500,000 0 100

4,980,000 0 0 0 0 0 0 800,000 0 0 0 0 0 0 0 270,000
 

 
 

Table 18f: CSIROMILL Module WH 30000 AD MPS drymill capital 

 
CSIROMILL WH 30000 AD

YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7 YEAR 8 YEAR 9 YEAR 10 YEAR 11 YEAR 12 YEAR 13 YEAR 14 YEAR 15 YEAR 16
CAPITAL

4. DRYMILL  ASSETS Dpn rate (%)
Dry mill 100x40 m 600,000 240,000 60
Electrical / lighting 80,000 32,000 60
Sprinkler / water storage / pumps 180,000 72,000 60
Contingency 86,000 0 100

Optimising docker 300,000 0 100
Multirip 150,000 0 100
predressing 250,000 0 100
Storage 100x40 m 780,000 0 100
Dust extraction 220,000 0 100
3.0 tonne loader (x3) 135,000 33,750 75

2,781,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 377,750
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Table 18g: CSIROMILL Module WH 30000 AD MPS infrastructure operating expenses 

 
 
 
 
 
 

CSIROMILL WH 30000 AD
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7 YEAR 8 YEAR 9 YEAR 10 YEAR 11 YEAR 12 YEAR 13 YEAR 14 YEAR 15 YEAR 16

OPERATING EXPENSES

1. OVERHEADS

Manager (1) 125,000 125,000 125,000 125,000 125,000 125,000 125,000 125,000 125,000 125,000 125,000 125,000 125,000 125,000 125,000 125,000
Marketing/accountant (1 staff) 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000
Office (2 staff) 50,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 50,000
Accountancy costs 10,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 10,000
Electricity connection 10,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 10,000
Insurance-buildings 98,968 197,935 197,935 197,935 197,935 197,935 197,935 197,935 197,935 197,935 197,935 197,935 197,935 197,935 197,935 98,968
Insurance-Stock 79,200 158,400 158,400 158,400 158,400 158,400 158,400 158,400 158,400 158,400 158,400 158,400 158,400 158,400 158,400 79,200
Insurance-Public liability 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000
Insurance-Directors/office liability 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000
Motor vehicle operation 18,000 36,000 36,000 36,000 36,000 36,000 36,000 36,000 36,000 36,000 36,000 36,000 36,000 36,000 36,000 18,000
Land lease 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Legal costs 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000
Quality assurance 2,970 5,940 5,940 5,940 5,940 5,940 5,940 5,940 5,940 5,940 5,940 5,940 5,940 5,940 5,940 2,970
Yard maintenance 20,625 41,250 41,250 41,250 41,250 41,250 41,250 41,250 41,250 41,250 41,250 41,250 41,250 41,250 41,250 20,625
Waste disposal 6,875 13,750 13,750 13,750 13,750 13,750 13,750 13,750 13,750 13,750 13,750 13,750 13,750 13,750 13,750 6,875
Contingencies 100,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000 100,000
Administration expenses 110,000 220,000 220,000 220,000 220,000 220,000 220,000 220,000 220,000 220,000 220,000 220,000 220,000 220,000 220,000 110,000

751,638 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 751,638
 

 
 
 
 
 
 
 
 



 

Table 18h: CSIROMILL Module WH 30000 AD MPS sawmill, drying systems and drymill operating expenses 

 
 
 

CSIROMILL WH 30000 AD
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7 YEAR 8 YEAR 9 YEAR 10 YEAR 11 YEAR 12 YEAR 13 YEAR 14 YEAR 15 YEAR 16

OPERATING EXPENSES

2. SAWMILL
Staff: Green mill (14 staff per shift) 700,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 700,000
Electricity: green mill 192,500 385,000 385,000 385,000 385,000 385,000 385,000 385,000 385,000 385,000 385,000 385,000 385,000 385,000 385,000 192,500
Maintenance (2 staff) 50,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 50,000
Repair motor in fork lift 0 0 0 0 0 0 0 30,000 0 0 0 0 0 0 0 0
Motor vehicle operation 37,125 74,250 74,250 74,250 74,250 74,250 74,250 74,250 74,250 74,250 74,250 74,250 74,250 74,250 74,250 37,125
Motor vehicle repairs 24,000 39,600 39,600 39,600 39,600 39,600 39,600 39,600 39,600 39,600 39,600 39,600 39,600 39,600 39,600 24,000
General repairs/maintenance 0 150,000 150,000 150,000 150,000 150,000 150,000 150,000 150,000 150,000 150,000 150,000 150,000 150,000 150,000 0

1,003,625 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,178,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 1,003,625
3. DRYING SYSTEMS
Staff: air and kiln drying (5 staff per shift) 250,000 500,000 500,000 500,000 500,000 500,000 500,000 500,000 500,000 500,000 500,000 500,000 500,000 500,000 500,000 250,000
Energy kiln drying 140,000 198,000 198,000 198,000 198,000 198,000 198,000 198,000 198,000 198,000 198,000 198,000 198,000 198,000 198,000 140,000
Lyctid treatment 81,675 163,350 163,350 163,350 163,350 163,350 163,350 163,350 163,350 163,350 163,350 163,350 163,350 163,350 163,350 81,675
Repair fork lift 0 0 0 0 0 0 0 20,000 0 0 0 0 0 0 0 0
Repair fork lift 0 0 0 0 0 0 0 60,000 0 0 0 0 0 0 0 0
Repair fork lift 0 0 0 0 0 0 0 30,000 0 0 0 0 0 0 0 0
Maintenance (1 staff) 25,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 25,000
Motor vehicle operation 12,375 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 12,375
Motor vehicle repairs 6,930 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 6,930
General repairs/maintenance 25,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 25,000

540,980 999,960 999,960 999,960 999,960 999,960 999,960 1,109,960 999,960 999,960 999,960 999,960 999,960 999,960 999,960 540,980
4. DRY MILL
Staff: Dry mill (9 staff per shift) 300,000 900,000 900,000 900,000 900,000 900,000 900,000 900,000 900,000 900,000 900,000 900,000 900,000 900,000 900,000 300,000
Electricity: dry mill 52,470 104,940 104,940 104,940 104,940 104,940 104,940 104,940 104,940 104,940 104,940 104,940 104,940 104,940 104,940 52,470
Packaging 42,075 84,150 84,150 84,150 84,150 84,150 84,150 84,150 84,150 84,150 84,150 84,150 84,150 84,150 84,150 42,075
Repair forklift 0 0 0 0 0 0 0 30,000 0 0 0 0 0 0 0 0
Maintenance (1 staff) 25,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 25,000
Motor vehicle operation 12,375 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 24,750 12,375
Motor vehicle repairs 6,930 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 13,860 6,930
General repairs/maintenance 25,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 25,000

463,850 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,257,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 463,850
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Table 18i: CSIROMILL Module WH 30000 AD MPS profit and loss summary 

 
 
 
 
 
 
 

CSIROMILL WH 30000 AD
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7 YEAR 8 YEAR 9 YEAR 10 YEAR 11 YEAR 12 YEAR 13 YEAR 14 YEAR 15 YEAR 16

PROFIT AND LOSS (TAXATION)

EXPENSES
Infrastructure costs 751,638 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 751,638
Production costs (sawmill) 1,003,625 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,178,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 1,003,625
Production costs (drying) 540,980 999,960 999,960 999,960 999,960 999,960 999,960 1,109,960 999,960 999,960 999,960 999,960 999,960 999,960 999,960 540,980
Production costs (dry mill) 463,850 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,257,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 463,850
Wood costs 3,013,410 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 3,013,410

5,773,503 11,661,606 11,661,606 11,661,606 11,661,606 11,661,606 11,661,606 11,831,606 11,661,606 11,661,606 11,661,606 11,661,606 11,661,606 11,661,606 11,661,606 5,773,503
INCOME
Wood products 0 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000 16,665,000
Sale mill vehicles 0 0 0 0 0 24,000 0 0 0 0 24,000 0 0 0 0 24,000
Infrastructure 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sawmill 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Drying systems 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Drymill 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TOTAL INCOME 0 16,665,000 16,665,000 16,665,000 16,665,000 16,689,000 16,665,000 16,665,000 16,665,000 16,665,000 16,689,000 16,665,000 16,665,000 16,665,000 16,665,000 16,689,000
PROFIT/LOSS -5,773,503 5,003,394 5,003,394 5,003,394 5,003,394 5,027,394 5,003,394 4,833,394 5,003,394 5,003,394 5,027,394 5,003,394 5,003,394 5,003,394 5,003,394 10,915,497
TAXATION -1,732,051 1,501,018 1,501,018 1,501,018 1,501,018 1,508,218 1,501,018 1,450,018 1,501,018 1,501,018 1,508,218 1,501,018 1,501,018 1,501,018 1,501,018 3,274,649

 
 
 
 
 
 
 
 
 
 



 

Table 18j: CSIROMILL Module WH 30000 AD MPS cost segregation  

 
 
 
 
 
 

CSIROMILL WH 30000 AD
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7 YEAR 8 YEAR 9 YEAR 10 YEAR 11 YEAR 12 YEAR 13 YEAR 14 YEAR 15 YEAR 16

COST SEGREGATION

EXPENSES
Infrastructure costs 751,638 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 1,258,275 751,638
Production costs (sawmill) 1,003,625 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,178,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 2,148,850 1,003,625
Production costs (drying) 540,980 999,960 999,960 999,960 999,960 999,960 999,960 1,109,960 999,960 999,960 999,960 999,960 999,960 999,960 999,960 540,980
Production costs (dry mill) 463,850 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,257,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 1,227,700 463,850
Wood costs 3,013,410 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 6,026,821 3,013,410

OVERHEADS 751,638 1,320,135 1,320,135 1,320,135 1,320,135 1,320,135 1,320,135 1,320,135 1,320,135 1,320,135 1,320,135 1,320,135 1,320,135 1,320,135 1,320,135 813,497
SAWMILL 1,003,625 2,660,303 2,660,303 2,660,303 2,660,303 2,660,303 2,660,303 2,690,303 2,660,303 2,660,303 2,660,303 2,660,303 2,660,303 2,660,303 2,660,303 1,515,078
DRYING SYSTEMS 540,980 1,593,960 1,593,960 1,593,960 1,593,960 1,593,960 1,593,960 1,703,960 1,593,960 1,593,960 1,593,960 1,593,960 1,593,960 1,593,960 1,593,960 1,134,980
DRY MILL 463,850 1,390,167 1,390,167 1,390,167 1,390,167 1,390,167 1,390,167 1,420,167 1,390,167 1,390,167 1,390,167 1,390,167 1,390,167 1,390,167 1,390,167 626,317
OVERHEADS 24
SAWMILL 48
DRYING SYSTEMS 29
DRY MILL 25
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5. RECOMMENDATIONS AND CONCLUSIONS 

In terms of recovery, product value and mill door log prices this project did not produce results 
matching earlier CSIRO projects that examined E. globulus  and Corymbia spp from similarly 
managed stands in southwest WA. This is not because of the log quality and general wood 
quality but due to the production techniques. There was no attempt to recover solid wood 
products from the central core and the wood drying practices employed were well below the 
optimum required to produce high recoveries. There were indications of insufficient weighting 
of drying stacks and there would have been a considerable advantage from the application of a 
commercial steam reconditioning treatment in the final stages of drying. Steaming does not 
appear to be a common practice in Western Australia and going on these results it is clear that it 
should be implemented as standard drying practice in plantation-grown eucalypts at least. 
 
This project also fell short in one other crucial area. It was intended that yields of sawlogs and 
pulplogs be calculated for each of the species, site and provenance to simulate per hectare 
returns from a full rotation clear fall harvest at 18 years. However, the tree selection methods, 
which were primarily aimed at establishing an evenly spaced plantation for demonstration 
purposes, meant the required sampling strategy to determine sawlog and pulplog yields was not 
followed. Because of this it would be useful to repeat this work at some point in the future to 
achieve this objective. 
 
Despite these shortcomings it is clear from this project that stands of E. saligna, E.globulus and 
E. viminalis managed as short-rotation clearwood regimes will produce very good yields of high 
quality sawlogs suitable for processing of back-sawn wood in conventional hardwood sawmills. 
In addition, E. saligna will produce consistent log quality across a range of sites in Western 
Australia.  
 
Despite relatively low recoveries, the CSIROMILL modelling indicated potential for high mill 
door prices. The early pruning produced a high percentage of clear boards and there was little 
evidence of insect attack, decay, kino and kino pockets. Defects associated with drying (surface 
checking, collapse and cupping) were also present in low levels. 
 
From a processing viewpoint some minor undersizing resulted during resawing of cants that had 
split during breakdown (more prevalent in E.saligna). With adjustments to processing which 
avoids log breakdown to a cant that is too narrow relative to its height, this cant end-splitting 
would be minimised or eliminated. The relative uniformity in graded recoveries and product 
value per cubic metre of log input across sites and provenances, indicates that these defects 
were not a major limitation on product recovery or quality. 

The project also produced information on mechanical properties for these species that should 
give growers and processors confidence in products meeting market requirements. Although 
surface hardness, density and MOE were generally marginally lower than native forest material 
of the same species, in some respects they were equal to or superior to ash eucalypts from native 
forests, which make up a major supply of appearance grade hardwood from Australian 
sawmills. 



 

The project also indicated that there is some potential for improvement in log quality and 
processing performance through genetic selection. However, there was little indication that such 
improvement would impact on product recovery and value. 

The future uncertainty regarding the size, quality and tenure of native forest regrowth resources 
in all states warrant continued examination of alternative log supplies, which may supplement 
the intake of hardwood mills into the future. The information in this report on log quality, 
processing, drying, log and product values and key wood properties indicate that each of these 
species may be grown in relatively short-rotation clearwood stands, with the potential to 
produce high quality sawlogs, sawn products and log values comparable with present native 
forest resources. 
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APPENDIX A: WHITTAKERS FIELD DAY 

There were 54 acknowledged attendees at the open day 
 
FPC 
Commissioners - Ray Curo and Nick Oaks 
Farm Forestry - Richard Moore and Bob Hingston 
Technical Services Branch - Ian Dumbrell, Keith Mungham, Beth Copeland 
Collie Sharefarms - Kim Allen, Greg Hodgson, Jeremy Gorman, Neville Dye 
Public Relations - Judi Pitcher 
Industry Development Branch - John Kaye, Terry Jones, Dr Graeme Siemon, Brian Haines 
Senior Timber Inspector - John Mowday 
  
Industry 
Whittakers - Graeme Duncan, Geoff Bertolini, thirty Whittakers staff 
FIFWA and TCA Chairman - Trevor Richardson 
Auswest Timbers - Robert Mills  
Harris Wood Machining - Ray Harris 
McCormick's Milling - Bruce McCormick 
Andrew Thammo – Forest grower 
 
Official appologies were received from  
Gunns, Nannup Timber Products, and East Coast R & D providers. 
 
Details of field day  

During the final day of sawing an open day was held at the mill to enable stakeholders to assess 
first hand the processing performance and product quality of managed short rotation sawlogs. 
Over 50 people, representing all industry sectors, were present during the open day. A list of 
attendees and their organizations are included in Appendix A. At the open day only the           E. 
saligna logs were sawn as these are the main species being planted by FPC in partnership with 
landowners for the production of a new sawlog resource. Comments from participants varied 
considerably. The most important were: 

o Hardwood processors who are experiencing shortages in supply of high quality 
sawlogs expressed the view that if available they would have little hesitation in 
taking on a new resource of pruned E. saligna. Minimum supply would need to be 
around 30,000 m3 log intake per annum on a continuous basis. 

o Mill workers expressed the view that the logs appeared to be easier to process than 
logs from existing Jarrah supplies and were interested to know how soon such a 
resource would be available. 

o Farm forestry representatives (growers and advisers) were interested to know how 
the wood quality compared to other trials in clearwood eucalypts. The most 
important aspect of this was potential log values and how much consistency there 
was between trials in wood quality.  

o There was also considerable discussion about stability of back-sawn boards from 
both native forest and plantation-grown eucalypts. Movement of boards several 
months (up to 6 months) after processing appears to be a problem with some species.  

o Processors suspected that this was associated with stress release and suggested that 
we should consider this during subsequent assessment of boards from the trial. 
Whittaker’s Timber products thought this was a very important aspect as it has 
created marketing difficulties for them in the past. As a consequence they do not 
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attempt to sell boards until at least 6 months after sawing. If it can be demonstrated 
in this trial that this is dependant on provenance, species or location it will be 
valuable information that will assist plantation development. Attempting this will 
only be feasible if the boards become available (at completion of drying) on time. 
We will assess the potential to do this at that time. 
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