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Executive summary 
Sawn lumber from plantation-grown Eucalyptus nitens displays significant variation in 

stiffness and strength. Diversion of low-strength material to non-structural timber 

production and separation of high strength material for premium value structural 

applications will improve resource utilisation and enterprise profitability. Acoustic wave 

velocity (AWV) was evaluated as a direct measure of wood stiffness using two age classes 

of Eucalyptus nitens. The two age-classes (8 years and 13-15 years) from a total of five 

sites provided material representative of the resource currently being directed to the 

structural market. Standing trees and felled logs were measured before and after harvest 

using readily available stress wave timing tools (FAKOPP and Hitman). Logs were sawn, 

dried and finished according to normal structural processing requirements. One sample 

board per log was then tested for stiffness, bending strength and hardness. Log samples 

were also collected to determine green and basic density, and relationships between the 

evaluated wood properties and AWV measurements in trees and logs were determined. 

The AWV along logs provided the strongest correlation with wood stiffness facilitating the 

segregation of logs into stiffness classes. AWV cut-off values were identified to batch logs 

into three stiffness classes with an average MOE of 12, 10 and less than 10GPa. Although 

AWV measurement on logs provided the single best correlation with an R
2
=0.54 (n=155), 

it was observed that both AWV on logs and trees provided highly significant positive 

correlation with board stiffness. The correlation between tree AWV and stiffness was 

sufficiently good (R
2
=0.36, n=155) to allow trees to be batched to segregate the higher 

value structural material. One cut-off AWV was identified to batch material into two 

stiffness classes with an average MOE of 12 and 10GPa. Given that AWV and wood 

property values were significantly different among sites this study indicates that acoustic 

assessment of E. nitens plantations could provide some indication of the resource value for 

the structural market. A weaker but still highly significant positive correlation was found 

between stiffness and hardness indicating that segregation based on increasing stiffness 

would also improve hardness values.  
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1 Introduction 
Acoustic wave velocity (AWV) is one of a suite of non-destructive evaluation tools 

now available to the Australian sawn hardwood industry. Taken with wood density, 

AWV provides a direct indication of the dynamic MOE (Modulus of Elasticity) and the 

timber’s stiffness (Carter, Briggs et al. 2005). It has been shown to be a good indicator 

of dry wood stiffness and has been successful in segregation of softwoods for structural 

timber production (Tsehaye, et al 1997, Ross 1999, Dickson and Matheson 1999). 

Dickson et al. (2003) used AWV tools to segregate sawlogs of Eucalyptus dunnii, 

reporting a significant relationship between AWV and timber stiffness. Ilic et al. 

(2005) used AWV to segregate eucalypt logs and study internal checking in sawn 

boards. This project will determine whether AWV can be successfully used to batch 

plantation grown E. nitens logs for improvement of structural grade out-turn, and 

suitable AWV cut-off values for such batching. 

Sawn plantation-grown Eucalyptus nitens displays significant variation in stiffness and 

strength. Diversion of low-strength material to non-structural timber production and 

separation of high strength material for high value structural applications will improve 

resource utilisation and enterprise profitability. Benefits from AWV-assisted batching 

for structural applications can potentially extend to other eucalypt species grown in 

Australian plantations including Corymbia spp., E. dunnii, E. globulus, E. grandis and 

E. pilularis. 

Plantation-grown E. nitens will comprise an increasing proportion of the future 

sawlogs produced in Tasmania, for both structural and appearance products.  Forestry 

Tasmania has established over 20,000 ha of pruned E. nitens plantations intended for 

appearance-grade applications. These plantations will also yield unpruned upper logs 

potentially suited to structural products. Tens of thousands of ha of additional E. nitens 

plantations in Tasmania owned by FEA Ltd and other private companies are 

potentially available for sawing for structural products in the future. AWV therefore 

has potential to improve log allocation to appropriate processing streams for large 

volumes of sawlogs per year in Tasmania alone. AWV measurement is low-cost, so 

effective segregation to appropriate end use would be highly cost-effective.  
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2  Methodology 

2.1 Harvest 

2.1.1 Site 

Sites were selected from FEA’s plantation estate to provide two age classes 

(approximately 8 years to simulate thinning and 13-15 years to simulate clearfall). 

Three site productivity classifications were selected per age-class: high, medium and 

low site index. As the low productivity site from the age-class 8 trees didn’t produce 

any sawlogs, a total of five sites were included in the study. Four sites were from 

North-east Tasmania and one from North-west. The variety of sites is expected to 

provide a broad range of material in terms of density and stiffness. Table 1 provides a 

summary of the sites selected.  

Table 1 Site numbering and colour coding 

 Site Classification High Medium Low 

Coupe NE006B NE011A NE007B 

SI* (initial estimate) C E J 

Date planted 11/93 11/91 9/93 

Colour Red Orange Yellow 

Number of logs  31 36 29 

Clearfall 

Site number 1 2 3 

Coupe NE026 NW007A 

SI (initial estimate) A E 

Date planted 12/98 12/98 

Colour Green Blue 

Number of logs 29 30 

Thinning 

Site number 4 5 

No sawlog 

*SI = Site Index 

 

The trees on each site were assessed and areas sufficient to recover approximately 30 

sawlogs from a single plot were selected for harvest. 

2.1.2 Pre-harvest assessment 

All trees in the selected areas were assigned a 3-digit number with the first digit being 

the site number and the next two consecutive numbers from 01.  

The stress wave velocity (SWV) of each sawlog tree was measured using the FAKOPP 

microsecond timer. Based on the prevailing wind direction as indicated by the wind 

rose from the nearest meteorological site, readings were taken on the western aspect of 

stem for the NW coupe and the north-western aspect for stems for NE coupes. The 

AWV was measured over a one metre length from 0.5 m to 1.5 m above ground level. 

2.1.3 Harvest 

The selected trees were harvested and debarked. Sawlogs were cut to a minimum of 

5.55 m long. Stems were merchandised to maximise sawlog recovery. Where more 

than one sawlog was recovered per stem the sawlogs were numbered with a four 

integer code, i.e. the three integer tree code followed by a log sequence number e.g. 

403/2. 
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Coloured tags were used to confirm the position of the log in the tree, i.e. butt, 2
nd

 and 

3
rd 

log. 

Each site was assigned a site colour with two shades. The small end of each log was 

painted the site colour. Half the logs were painted one shade, the other half the second 

shade. The large end of each log was sealed with clear log grease (Dussek-Campbell 

Technimul).  

2.2 Mill operations 

2.2.1 Mill measurements 

The harvested logs were delivered to FEA’s Bell Bay sawmill and laid out on bolsters 

(Figure 1). The large end of each log was then trimmed, and a 25 mm disk recovered 

(for measurement of density and green moisture content) to leave a 5.4m sawlog. The 

small and large end diameters of each log were then measured. The acoustic wave 

velocity of each log was assessed with the Hitman HM200 now known as the Director 

HM200. 

Figure 1. Measuring logs from site 4 

 

 

After assessment, the large end of each log was painted with one of 22 colours. Colour 

combinations were unique so milled boards can be traced to the source log, identifying 

the tree and sawlog position in the tree. 

2.2.2 Properties measurement 

Green and basic density measurements were made on a diametral strip from the 25 mm 

disk recovered from each log. 

2.2.3 Log processing 

Logs were allocated to diameter batches on FEA’s scanner before milling to a cutting 

pattern according to diameter class (Table 2). Further detail on cutting patterns used is 

provided in Appendix 8.2. 
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Table 2. Cutting patterns by log diameter class 

SED min SED max 100x38 100x25 150x38 150x25 

150 169 1 2     

170 179 2       

180 199 2     1 

200 222 2   1   

223 270 2   2   

 

Figure 2 shows colour-coded boards in green packs after milling. 

  

Figure 2. Boards in green packs after milling 

 

2.2.4 Drying 

All boards were racked and air-dried to below fibre saturation point on-site at FEA, 

over a period of four months (April – August 2007). Boards were then kiln-dried to 

final moisture content (12%) using FEA’s standard schedule for structural E. nitens. 

Following drying the boards were planed to final dimensions. 

2.2.5 Board assessment 

Finished boards were sorted by site, log and position in the tree according to the 

colour-coding scheme used (Figure 3). The boards were visually strength graded by 

one of FEA’s grading staff. One 38x100 sample board (from a maximum of two per 

log) was selected from each log and samples cut for in-grade testing of stiffness 

(MOE), strength (MOR), Janka hardness and oven-dry moisture content (MC). The 

board selected was “in-grade” (according to visual grading rules) where possible, 

otherwise the best quality board was selected. Given the size of logs and products cut, 

the radial position of the board in the log was not considered (in some instances there 

was only one sample board per log). 
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Figure 3. Sorting finished boards by site, log and position in tree.  

 

 

Strength and Stiffness Evaluation (Figures 4 and 5) 

 An 1800mm piece was cut from the selected board from the butt end after end split 

had been removed, thus test pieces were selected from approximately equal heights in 

the tree (considering butt-logs, 2
nd

 logs and 3
rd

 logs as three separate classes). The 4-

point bending tests were carried out at FEA’s structural testing laboratory according to 

AS/NZS 4063:1992. MOE and MOR were calculated and corrected to values at 12% 

MC based on the oven-dry MC of each sample by adjusting bending strength and 

stiffness according to AS 2878 (Standards Australia 2000). 

 

Figure 4: 1800mm sample pieces cut and strapped for strength 
 and stiffness testing. 
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Figure 5. Strength and stiffness evaluation at FEA’s structural testing laboratory. 

 

 

 Janka Hardness (Figure 66) 

A 150mm piece was subsequently cut from the butt end of the remaining 

sample board. This piece was tested at 2 points using an Instron machine as 

described by Mack (1979). Once hardness had been assessed the sample piece 

was oven dried and moisture content determined according to AS/NZS 1080.1 

(Standards Australia 1997). 

 

Figure 6. Janka hardness testing using an instron machine. 
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3 Analyses 
Tree-AWV, Log-AWV, stiffness, strength, hardness, green density, basic density were 

tabulated with relevant tree and log measurements and correlations between the traits  

determined. Data were grouped and analysed by individual site, by age class and then 

pooled and analysed as one dataset. Pearson’s product-moment correlation coefficients 

“r” (a common measure of correlation between two variables) were calculated amongst 

variables for each grouping. Linear regression equations were determined for 

predicting stiffness from DBH, tree AWV, log AWV and green density. The 

correlation between AWV and stiffness was analysed further to determine what 

batching values could be determined from the results. The butt-log MOE (and AWV) 

was tested against upper log MOE and AWV using Students T-Test to determine 

whether there was any significant difference. Data for 155 logs was tabulated, with 139 

butt-logs, 13 2
nd

 logs and 3 top logs.  
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4 Results and discussion 

4.1 Wood Properties 

The data for individual tree, log and board measurements for each site are provided in 

Appendix 8.3. A summary of mean wood properties including tree and log 

measurements is provided in Table 3. The standard error is provided to measure the 

error in the prediction of green density, basic density, MOE, MOR and janka hardness 

from tree and log AWV. It should be clear that the standard error measures, not the 

standard deviation of the estimate itself, but the standard deviation of the error in the 

estimate. 

Table 3. Mean tree and log data 

 

 

A comparison of tree and wood property data for each age class, indicate that, overall, 

the more mature wood (age class 13-15 years) was superior to the wood sawn from the 

8 year old trees. Logs from the 13-15 yr old trees were larger than those from the 8 

year old age class with the exception of site 5 (8 years old) that produced logs of larger 

diameter than the low productivity coupe (site 3) from the 13-15 year age class trees. 

Site 2 produced the best trees, having the largest diameter, highest mean basic density, 

MOE, MOR and second-highest hardness. Site 4 produced the smallest diameter trees, 

and had lowest basic density, MOE and MOR, although it performed relatively well in 

hardness. Wood from the 13 yr old trees had a higher average stiffness than the 8 yr 

old trees, approximately 2.5 GPa higher. The 13 yr old trees also had a higher average 

MOR (by approximately 10 MPa), a higher basic density (8% higher), and were harder 

than the 8 yr old trees by approximately 0.4 kN. MOR was largely dictated by visual 

grading done, i.e. only in-grade sample boards were property tested (where available). 

A fixed effects model testing the effect of site (as a factor) and DBH (as a covariate) on 

the dependent variables (tree Fakopp, log Hitman, green density, basic density, MOE, 

MOR and Janka hardness) was carried out on butt-logs only (inclusion of upper logs 

would confound the effect of site). Site effect is significant (P<0.001) for all the 

variates, i.e. AWV measurements and wood properties among sites were significantly 

different, indicating the potential of AWV measurements to assess wood quality in 

forest stands. The data was also analysed according to age-class (lower logs only) with 

age as the single fixed factor. Analysed in this manner, age is highly significant 

(P<0.001) for all response variates except hardness where it is still significant with 
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P=0.026. Density, stiffness, strength and hardness are statistically greater in the older 

wood. A third model was used to analyse age and site within age as fixed effects. Both 

terms are significant (most are highly significant P<0.001) showing that wood 

properties differ between ages and sites within age-classes also differ. The means and 

probability values for the variables analysed are given in Appendix 8.4. 

The standard error values in Table 3, are generally larger when tree AWV is the 

independent variable, than when log AWV is used, i.e. log AWV is generally the better 

predictor of green density, basic density, MOE, MOR and Janka hardness. The ability 

of tree and log AWV to predict stiffness is further discussed in section 4.2 statistical 

correlations. 

4.2 Statistical Correlations 

Correlations amongst variables (Table 4) ) show in a general sense that more variables 

provided significant correlation in the older trees (age class 13-15), than the younger 

age 8 trees. For example, tree AWV was found to be significantly positively correlated 

with all variables (with the exception of DBH that had no significant correlation) for 

the older trees, whilst for younger trees, tree AWV was only significantly negatively 

correlated with DBH and positively correlated with log AWV. 

In the pooled data correlations generally improved over the correlations observed at the 

age class level. DBH was significantly (positively) correlated with both tree and log 

AWV’s, basic density, stiffness and strength. It appears that DBH is negatively 

correlated with tree and log AWV within an age class but positively correlated when 

the data is pooled. As there is little overlap of DBH values between age-classes 

(younger trees are generally smaller) it is possible to find a negative correlation within 

an age class, but a positive correlation when the data is pooled (plots are shown in the 

Appendix 8.5. In a study of E. dunnii logs Dickson et al. (2003) observed a significant 

negative relationship between log AWV and DBH (but no correlation with tree AWV) 

for age 9 trees. The authors of that study also observed no significant relationship 

between tree or log AWV and DBH for the 25 yr old trees. In agreement with the 

trends observed by Dickson et al (2003) log and tree AWV was significantly positively 

correlated with basic density, hardness, stiffness and strength. A weaker but significant 

negative correlation was also observed with log AWV and green density but not for 

tree AWV and green density. Basic density was significantly positively correlated with 

hardness, stiffness and strength in addition to DBH, tree and log AWV’s. Hardness 

was significantly correlated with stiffness, strength, tree and log velocities. Stiffness 

was positively correlated with DBH, tree and log AWV’s, basic density, hardness and 

strength. 
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Table 4 Pearson’s correlation coefficients for each age class and pooled data for key 
variables. 

 

In the 13-15 year age-class trees (and pooled data) stiffness was significantly 

correlated with both tree and log AWV’s with the strongest correlations being with log 

Hitman velocity. Similar results were reported by Dickson et al. (2003) for Eucalyptus 

dunnii. One difference between the two studies is that for the younger age 8 trees we 

find stiffness to be significantly correlated with the log AWV (albeit weakly, r = 0.27), 

but not with standing tree AWV, whereas Dickson et al. (2003) report significant 

correlations (tree and log AWV) for both age class 9 and 25 yr old E. dunnii). Again, 

this indicates that the younger aged E. nitens trees in this study provide poorer 

correlations amongst MOE and other key wood properties. The reason for this is 

unclear, however, one feasible explanation could be that there is greater radial 

variation (of wood properties) in the younger trees; i.e. wood formed later is more 

uniform so that as the tree grows the more variable “core-wood” forms a lower 

proportion of the tree. Thus, log AWV (measuring an average MOE) may be closer to 

the individual piece MOE in older trees, but less reliable in the more variable younger 

trees. Considering that dynamic MOE = density x AWV
2
 (Wang et al., 2001), the 

correlation between AWV
2
 and stiffness was also examined, however, no improvement 

in the correlations was observed. 

As expected, stiffness was significantly correlated with bending strength for all 

datasets. Pearson’s correlations for tree AWV against stiffness were also tested for Butt 

logs only and for upper (2
nd

 and 3
rd

) logs only to examine how tree AWV (measured at 

0.5 to 1.5m) predicts stiffness along the length of the stem. Table 5 shows that there is 
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little difference in the correlation between butt logs only and the upper logs, i.e. tree 

AWV appears to be an equally good predictor of stiffness further up the stem. 

Table 5. Pearson’s correlation coefficients for Tree Fakopp velocity and stiffness for 
butt and upper logs 

 Tree Fakopp Velocity 

All Logs 

Tree Fakopp Velocity 

Butt log only 

Tree Fakopp Velocity 

2nd and 3rd log only 

Stiffness (MOE) 0.60 0.58 0.55 

P < 0.01. 

P < 0.05. 

Paired t-tests were conducted on a sub-set of data (excluding all trees with only butt 

log samples) comparing log AWV and wood property values for the butt-log against 

values for the second log. Table 6 shows that Log AWV, MOR and green density were 

significantly different, basic density was almost significantly different, but no 

significant difference was observed for MOE and hardness of butt-logs versus the 

second log.  

The value of this result may be limited by the small sample size of upper-log material 

but the finding is included for interest. It may be harder to demonstrate a statistical 

difference between MOE than a difference in log AWV as we only tested one board 

per log. Testing multiple boards per log (were possible) may have helped detect a 

significant difference in MOE between butt-logs and second logs. 

 

Table 6. Results of paired t-tests comparing log AWV and wood property values for butt-
logs versus second logs. 

 

Regression equations (Table 7) for predicting stiffness from tree AWV, log AWV, 

DBH and green density indicate that the best single variable for predicting stiffness is 

log AWV, accounting for 54% of the variation in stiffness in the pooled data. When 

examined at the age class level log AWV accounted for 47% of stiffness variation in 

age class 13-15 logs, but only 7% of the variation in age class 8 logs. Thus indicating 

that log AWV is a good predictor of stiffness in older trees but provides a poorer 

prediction for the younger trees examined in this study. 

The addition of other variables that can be easily measured on trees or logs was 

explored. The addition of DBH or Green Density to tree Fakopp or log Hitman velocity 

provided minimal improvement in the prediction of stiffness. 



 

 12 

Table 7. Linear regression equations for predicting stiffness from readily measured 
variables. 

 

4.3 Using AWV to Batch Logs or Trees 

4.3.1 Batching Logs 

The procedure for monitoring stiffness in machine graded structural lumber, according 

to AS/NZS 4490-1997 (Standards Australia 1997
c
), is based on the mean MOE 

exceeding a specified characteristic value. Currently, Australian Standards do not 

require control of the variation around the mean MOE, however, this may change in 

the future. It is noted that some individual companies establish their own “in-house” 

verification rules, explicitly controlling the variation of MOE within each lumber 

grade. An excerpt from AS1720.1 (Table 8) shows the average MOE values for 

different MGP (machine graded pine) grades.  

Age Class 13-15

MOE = 8.2239 + 0.012 x DBH R2 = 0.09

MOE = -5.1466 + 4.5304 x tree Fakopp velocity R2 = 0.26

MOE = -9.7445 + 5.5786 x log Hitman velocity R2 = 0.47

MOE = 13.1342 -0.0016 x Green Density R2 = 0.00*

MOE = -9.4059 + 4.6723 x tree Fakopp velocity + 0.0128 x DBH R2 = 0.36

MOE = -10.4291 + 5.3054 x log Hitman velocity + 0.0059 x DBH R2 = 0.49

MOE = -2.4010 + 5.1730 x tree Fakopp velocity - 0.0054 x Green Density R2 = 0.31

MOE = -9.5156 + 5.647 x log Hitman velocity - 0.0005 x Green Density R2 = 0.47

Age Class 8

MOE = 9.8083 - 0.0031 x DBH R2 = 0.00*

MOE = 4.1162 + 1.4380 x tree Fakopp velocity R2 = 0.03

MOE = 2.9913 + 1.8093 x log Hitman velocity R2 = 0.07

MOE = 5.4301 + 0.0037 x Green Density R2 = 0.08

MOE = 4.2993 + 1.4196 x tree Fakopp velocity - 0.0005 x DBH R2 = 0.03

MOE = 1.4931 + 1.9878 x  log Hitman velocity + 0.0036 x DBH R2 = 0.08

MOE = -0.8729 + 1.7051 x tree Fakopp velocity - 0.0042 x Green Density R2 = 0.12

MOE = -13.7808 + 4.3406 x log Hitman velocity - 0.0087 x Green Density R2 = 0.31

Pooled Data

MOE = 5.3404+0.0194 x DBH R2 = 0.18

MOE = -8.4965+5.3203 x tree Fakopp velocity R2 = 0.36

MOE = -7.1053+4.8689 x log Hitman velocity R2 = 0.54

MOE = 10.0470+0.0007 x Green Density R2 = 0.00*

MOE = -7.7434 + 4.4443 x log Hitman velocity + 0.0080 x DBH R2 = 0.56

MOE = -10.8715 + 4.8301 x tree fakopp velocity + 0.0151 x DBH R2 = 0.47

MOE = -12.1463 + 5.1334 x log Hitman velocity + 0.0043 x Green Density R2 = 0.57

MOE = -8.2650 + 5.3842 x tree Fakopp velocity - 0.0005 x Green Density R2 = 0.37

*R2 value < 0.00
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Table 8. Characteristic properties for MGP grades: AS1720.1-1997, Standards Australia 
1997

b
. 

 

Two AWV cut-off values have been estimated from the observed results of this study 

to batch material into three grades with values (average MOE) aligning to recognised 

MGP grades (for comparative purposes).   

 

Figure 7 shows the correlation between log AWV and board MOE, and indicates the 

AWV cut-off values.  

 

Figure 7. Correlation between log AWV and board MOE, with batching values indicated. 

 

 

 Avg MOE 12.71GPa 

Avg MOE 
10.09 Gpa 

Avg MOE 9.02GPa 
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The mean MOE for logs with an AWV > 3.8Km/s (as identified by the MGP12 

Equivalent line) is 12.71GPa. The mean MOE for logs with an AWV between 3.5Km/s 

(MGP10 Equivalent line) and 3.8Km/s is 10.09GPa. The mean MOE for logs with an 

AWV lower than 3.5Km/s is 9.02GPA. Thus, the observed results have been batched 

(according to AWV) identifying material that would attain the equivalent of MGP12, 

MGP10, and material that falls below MGP10. Identifying lumber falling below 

MGP10 equivalent is of interest, as the value of this material would be expected to 

drop off significantly. 

Any sorting of logs to increase stiffness will also produce a correlated increase in wood 

hardness. Table 4 shows that there is a significant positive correlation between stiffness 

and hardness (r = 0.3). Figure 8 further illustrates the relationship between these 

variables. Although the relationship is significant the relationship is much weaker than 

that reported by Dickson et al 2003 for E. dunnii, who observed r > 0.6.  

Figure 8. Relationship between stiffness and hardness for pooled data. 

 

4.3.2 Batching Trees 

Given the strength of the correlation between AWV measured on the standing trees and 

stiffness there is also batching potential at the tree level, albeit at a lower level than log 

batching. One AWV cut-off value was identified from the observed results of this 

study to batch material into two grades with values (mean MOE) aligning to 

recognised MGP grades (for comparative purposes).  

Figure 9 shows the correlation between tree AWV and board MOE, and indicates the 

AWV cut-off values. 
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Figure 9. Correlation between tree AWV and board MOE, with batching values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trees with an AWV > 3.8Km/s (as identified by the MGP12 Equivalent line) have a 

mean MOE of 12.86GPa. Trees with an AWV less than or equal to 3.8Km/s have a 

mean MOE of 10.21GPa. Thus, the observed results have been batched (according to 

tree AWV) identifying material that would attain the equivalent of MGP12 and 

MGP10. Although the observed correlation between tree AWV and stiffness is not as 

good as that observed between log AWV and stiffness, Figure 9 illustrates how tree 

AWV could be used to segregate high value structural material from lower quality 

material. 

Avg MOE 12.86GPa 

Avg MOE 10.21GPa 
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5 Conclusions 
The objective of this study was to determine whether AWV could be successfully used 

to batch plantation grown E. nitens logs for improvement of structural grade out-turn. 

The results have been encouraging, with highly significant positive correlations being 

observed between log AWV, tree AWV and board stiffness. 

In accordance with results published for other species, AWV along E. nitens logs was 

sufficiently well correlated with stiffness to enable logs to be batched to segregate 

material of varying stiffness. AWV cut-off values were identified from the results to 

batch the logs according to grades aligning with MGP grades. Logs were batched such 

that the resultant lumber was grouped into the equivalent of MGP12, MGP10, and 

those falling below MGP10. The correlation between tree AWV and stiffness was also 

sufficiently good to allow trees to be batched to segregate the higher value structural 

material. Given that AWV measurements and wood properties among sites were found 

to be significantly different, this study indicates that AWV measurements have 

potential application in the assessment of wood quality in E. nitens plantations, i.e. 

acoustic assessment of standing trees could provide indication of the resource value for 

structural markets. 

Analyses of the data by age class suggested that older trees (13-15 yrs) provided much 

better correlations than younger trees, thus suggesting that a larger sample of the older 

trees could have improved the observed correlations. Reasons for the poor correlations 

in young trees are not clear, however, greater radial variation of MOE in young trees 

may offer a viable explanation. 

Although the analysis was limited by sample size, upper logs had a higher AWV and 

produced significantly stronger (MOR) boards than butt logs from the same tree. 

However, no significant difference in MOE or hardness was observed between butt and 

upper logs. 
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6 Further work  
Further work related to this study might investigate the radial and longitudinal 

modelling of stiffness in E. nitens logs with the aim of generating a 2-D stiffness 

profile from estimates of mean MOE. Such a study could be conducted on small clear 

samples investigating the AWV correlation with stiffness, and the radial and 

longitudinal variation of stiffness in the log. The occurrence of knots in the resource 

would likely limit correlation with MOR. 

Another valid extension could be to investigate the use of AWV measurement on sawn 

E. nitens boards to facilitate mean board MOE grading rather than the use of a 

traditional roller type machine stress grader. Such methods are already common 

practice in NZ for radiata pine and are likely to be employed in Australia in the near 

future as grading standards develop. 
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8 Appendices 

8.1 Visual grading rules: 
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8.2 Cutting patterns used: 

SED:150-169mm (2x25x100+1x38x100) 

 

SED: 170-179mm (2x38x100) 

SED: 180-199mm (2x38x100+1x25x150) 
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SED: 200-222mm (2x38x100+1x38x150) 

 

 

SED: 223-270mm (2x38x150+2x38x100) 
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8.3 Tree, log and board data: 

 

 

Data for sites 3,4 and 5 on following page. 
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8.4 Details of analysis using age and age+site as fixed effects 
(excluding upper logs). 

 

 

8.5 Illustration of correlations analysed by age class and as a 
pooled data set.  
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