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Abstract.  
 
In plantation forestry, tree stems are usually pruned under a silviculture regime. While 
regimes vary, often pruning will occur in the 3rd year and 5th year to support strong tree 
growth and high quality wood production. Silviculture science has advanced considerably 
over the last twenty years, optimising management of stems to prevent viral, bacterial and 
fungal infections, and to mitigate against insects and other factors damaging stems. 
Commonly as part of the management regimes, tree stems in a plantation plot that have 
not been pruned are removed during a thinning operation at about the 10th year of the 
plantation. This optimises harvest quality and allows sufficient volumes of stems to be 
recovered to mitigate any thinning costs.  
Frequently the interval between pruning and thinning causes self-pruned branch stubs to 
develop in many stands, and it is a problem for harvesters to be able to discriminate 
between pruned and unpruned stems within the plantation plot. While wood processors 
use large x-ray image machines during processing to optimise wood recovery, large costs 
are incurred from transporting poor quality, knotty timber following harvest. 
This study aims to investigate the potential of ultrasound waves to detect defects in 17 
years old eucalyptus nitens planted in Tasmania, Australia. In this work, 4 samples 
(billets) from different part of the trunk were used. The trunk parts were conditioned to 
natural forest moisture content (120%). The samples were scanned with ultrasound waves 
at 10 cm intervals in the longitudinal direction and every 45 degrees around the 
circumference. Results show that it is possible to identify cracks and knots in billets that 
are not pruned. The unpruned billets displayed highly variable ultrasound traces, while 
pruned billets showed far more consistent traces.  
 
 
1. Introduction 
 
In Tasmania, approximately 250,000 ha of eucalyptus nitens is available, of which, in 
2015-16, about 2×106 m3 are supplied to the market (mostly to China and Japan) as wood 
chip (Forestry Tasmania annual report 2017; Forestry Tasmania stewardship report 2014; 
PFT annual report 2017). These wood chip plantations are, however, of interest to the 
forest growers for consideration as a source of high quality saw log, which increases the 
value of the log significantly. The high quality sawlog can be supplied to wood processing 
industries for timber recovery. The production of high-quality sawlogs, however, requires 
young trees to be pruned and thinned to provide the optimum growing conditions for the 
strongest, healthiest trees. 
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In the pruning process, the branches are removed on the lower stem, promoting knot-free 
clearwood growth (Forestry Tasmania annual report 2017). This can be ideal for 
appearance-grade wood products (Nolan el al. 2005; Washusen et al. 2004). Pruning is 
done by hand, when trees are between three and five years old (Forestry Tasmania annual 
report 2016). The next step is a thinning process, which is carried out to reduce 
competition between trees. This helps to increase the size of the final crop trees. In the 
thinning process the unpruned trees, which are lower quality, slower growing trees, are 
removed. This is usually undertaken with harvesting machines when trees are about 
10 years of age. The trees that are removed produce logs suitable for pulpwood for paper 
production. The remaining trees are grown on until final harvest when they are between 
25 - 30 years old (Forestry Tasmania annual report 2016).  
This interval between the pruning and thinning processes allows unpruned trees to do self 
(natural) pruning. This make it almost impossible to track the unpruned trees as they looks 
almost identical to the pruned ones after self-pruning. Thus, there is a need to determine 
a non-destructive technique that can identify unpruned trees through detecting the defects 
in the standing trees.  
Detection of defects in wood by nondestructive ultrasonic methods has been investigated 
by many researchers, with a variety of ultrasonic techniques, showing that ultrasound 
method can detect defects in wood such as knots, interlocked grain, bark pockets, insect 
holes, splits, decay, and reaction wood parameters (Franca et al. 2015; Trinca et al. 2015; 
Guentekin et al. 2015; Agrawal and Choudhari 2010; Najafi et al. 2009; Bucur 2005). 
However, there is need to investigate the influences of natural knot and crack in the 
standing trees on the ultrasonic waves. In this paper, the effects of defects in the billets 
on the ultrasonic signal propagation is illustrated. This study aims to investigate if the 
ultrasonic testing can be considered as a suitable technique to identify the pruned trees in 
the coupe. 
 
2. Material and Methodological approach 
 
The species studied was Tasmanian eucalyptus nitens (shining gum) from the 17-year-
old Florentine coupe located in Tasmania, Australia. Initially, it was not clear if the trees 
were pruned. Due to this, 4 billets with a length of 70 cm and diameters of 40 to 50 cm 
were taken from different parts of the tree for ultrasonic testing (Figure 1). The moisture 
content of the tree had been assessed using a thermal camera in order to keep the billets 
in the laboratory in the same condition as in the forest. The billets were evaluated using 
hospital medical tools, namely a Computer Tomography scanner (CT-scan). Results are 
shown in Figure 2. This allowed us to identify the pruned and unpruned billets prior to 
testing with ultrasound.  
Nondestructive testing was conducted by ultrasonic wave velocity measurements using 
the Pundit PL ultrasonic device. The equipment consists of two accelerometer transducers 
located on opposite sides of the material being evaluated. Short bursts of waves of 
frequency f = 54 kHz are transmitted at intervals of 750 µs through the wood from one 
transducer (transmitter) to other one (receiver) and the time in microseconds is recorded 
by the equipment. Since the aim is to investigate a technique for in situ measurement, the 
transmitter and receiver were diametrically opposite each other on the tree stem, hence 
they measured the radial wave velocity. 
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124 readings of propagation times were taken in the 4 billets, recording velocities at 
10 cm intervals longitudinally and every 45 degrees around the circumference. However, 
only some of the key results have been presented in this paper due to page limit . 
 

 
Figure 1 four pruned and unpruned billets in humidity room 

 
3. Preliminary Results 
 
As discussed in the previous section, the ultrasonic testing has been implemented on 
4 billets of eucalyptus nitens, collected from different part of the tree. These billets 
initially had been scanned using a hospital CT-scan in order to identify the existence and 
location of knots and cracks within each billet. This helps us to understand and interpret 
the results of ultrasonic wave propagation. As shown in Figure 2, two of these billets are 
with knots the other two are knot free and with clear wood. This is because some of the 
trees in the coupe are pruned and the rest are unpruned. The unpruned billet are identified 
as unpruned B (bottom) and T (top) and the pruned billets are designated pruned B 
(bottom) and T (top) based on their position in the tree. 
In the literature, the effect of a hole on ultrasonic propagation has been identified mostly 
by its influence on velocity or time of flight (Franca et al. 2015; Agrawal and Choudhari 
2010; Najafi et al. 2009). The velocity of ultrasonic waves are calculated using the 
equation (Kerner 1981):  � = ��  (1) 

 
where V, d and t are ultrasonic wave velocity (m/s), transmission distance (m) and 
transmission time (s), respectively. The velocity depends on both the density (a lower 
density corresponds to a higher velocity) and relevant modulus of elasticity for the 
direction and type of wave propagated (in this case the radial modulus, a higher value 
corresponding to a higher wave velocity). According to the literature, there is normally a 
higher velocity in clear wood than in defective wood. However, it should be noted that 
most studies are concerned with the structural properties of the timber, hence focus on 
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the fibre (i.e. longitudinal) direction. In contrast, this study aims to develop techniques 
that can be applied to living trees and therefore has measured velocities in the radial 
direction.  
As shown in Tables 1–4, there is a higher velocity in unpruned billets in comparison to 
the pruned one. While there is great variability in the results and significant overlap of 
the data, the recorded wave velocities in the pruned billets (1017–1545 m/s and 885–1458 
m/s in B and T respectively) were more variable and generally lower than in the unpruned 
billets (1236–1551 m/s and 1557–1811 m/s in B and T respectively). 
 

 
Unpruned B    Unpruned T 

 
Pruned B    Pruned T 

Figure 2.CT-scan result of four billets of eucalyptus nitens (unpruned and pruned billets are shown 
at the top and bottom, respectively) 

 
Table 1 Sound velocity and amplitude for pruned billet B of eucalyptus nitens 

Test No. TOF 
(µs) 

Distance 
(m) 

Velocity 
V=S/T (m/s2) 

Billet height (m) Weight 
(kg) 

Volume 
(m3) 

Density 
(kg/m3) 

1 311.7 0.485 1540 

0.7 382 0.5 765 

2 454 0.485 1068 
3 455.6 0.485 1065 
4 329.2 0.485 1473 
5 367.3 0.485 1320 
6 396 0.47 1187 
7 318.9 0.47 1474 
8 462 0.47 1017 
9 304.2 0.47 1545 
10 373.9 0.47 1257 
11 347.5 0.47 1353 
12 435 0.47 1080 
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Table 2 Sound velocity and amplitude for pruned billet T of eucalyptus nitens 
Test No. TOF 

(µs) 
Distance 

(m) 
Velocity 

V=S/T (m/s2) 
Billet height 

(m) 
Weight 

(kg) 
Volume 

(m3) 
Density 
(kg/m3) 

1 286.9 0.48 1241 

0.7 374 0.49 765 

2 357.2 0.48 1344 

3 329.3 0.48 1458 
4 357 0.48 1345 
5 484.1 0.48 992 
6 432 0.48 1111 
7 493.4 0.48 953 
8 483.1 0.48 973 
9 407.5 0.47 1153 
10 525.4 0.465 885 
11 507.3 0.465 917 
12 337.9 0.465 1376 

 
Table 3 Sound velocity and amplitude for unpruned billet B of eucalyptus nitens 

Test No. TOF 
(µs) 

Distance 
(m) 

Velocity 
V=S/T (m/s2) 

Billet height 
(m) 

Weight 
(kg) 

Volume 
(cm3) 

Density 
(kg/m3) 

1 300.6 0.45 1497 

0.7 91.8 0.12 765 

2 290.2 0.45 1551 

3 295 0.45 1525 
4 285 0.43 1509 
5 261.7 0.43 1643 
6 260.1 0.43 1653 
7 347.9 0.43 1236 
8 305.1 0.43 1409 
9 296.6 0.43 1450 
10 305.8 0.43 1406 
11 353.9 0.43 1215 
12 283.6 0.43 1516 

 
Table 4 Sound velocity and amplitude for pruned billet T of eucalyptus nitens 

Test No. TOF 
(µs) 

Distance 
(m) 

Velocity 
V=S/T (m/s2) 

Billet height 
(mm) 

Weight 
(kg) 

Volume 
(m3) 

Density 
(kg/m3) 

1 265.2 0.43 1621 

0.7 54.15 0.11 765 

2 258.8 0.43 1662 
3 269.5 0.43 1596 
4 262.3 0.42 1601 
5 296.7 0.42 1557 
6 257.5 0.42 1631 
7 234.2 0.42 1793 
8 242.9 0.42 1729 
9 231.9 0.42 1811 
10 245 0.44 1796 
11 242.9 0.44 1811 
12 275.7 0.44 1596 

A possible explanation for the higher velocities recorded in the unpruned billets is that 
the wave velocities in the radial (measured) direction are actually quite slow compared to 
the longitudinal direction, due to the relatively lower radial modulus. It is quite plausible 
that internal knots and branches contain at least some wood fibres that are orientated 
radially, locally increasing the effective radial stiffness. In particular they contain internal 
branch material, as can be seen quite clearly in Figure 2 (e.g. at the 5 o’clock position in 
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specimen ‘Unpruned T’ and at 6 o’clock and 11 o’clock in specimen ‘Unpruned B’), and 
the fibres in these internal branches are predominantly radial.  
The high variability of measured velocities observed in all specimens is harder to explain, 
and to some extent may suggest that it is difficult to obtain conclusive results in practice 
from ultrasonic testing. However, coupled with this is the observation that the amplitude 
of the received signal is also quite variable, as shown in Figure 3 and this provides some 
clues to the explanation. The amplitude of a wave is the maximum displacement of a 
particle in the medium from its rest position (Bucur 2013), and indicates the amount of 
energy absorbed or transmitted by a wave. 
Figure 3 shows the ultrasonic propagation traces recorded at different heights within the 
selected 4 billets of pruned and unpruned eucalyptus nitens, and in different directions. 
The signal to the left of the red vertical line in each trace is just background noise; the 
vertical line indicates the time of first arrival of the wave pulse, and is used to calculate 
the velocity; and to the right, after first arrival of the pulse, the signal appears more 
confused due to the interaction of the finite length pulse with internal scattering and 
reflections occurring within the sample. It can be seen that the amplitude of the received 
ultrasonic pulse appears more variable in the unpruned billets than in the pruned ones. 
The pruned billets also show in general much greater attenuation of the signal. 
The great variability of the ultrasonic traces from the unpruned samples suggest 
variability of internal properties arising from the defects, as already noted in the CT-scan 
results (Figure 2). These internal variations, if of comparable size to the wavelength of 
the transmitted pulse (i.e. a few centimetres) promote scattering, contributing to the more 
chaotic nature of the signal post the first arrival time. 
The pruned billets, on the other hand, showed less variability in received signal amplitude, 
but also significantly higher signal attenuation. An alternative explanation for the 
apparent higher variability in velocity, which also addresses these observations, is that 
the signal is being attenuated by the bark layer, which has significantly different acoustic 
properties to the main stem wood. The presence of internal unpruned branch material near 
the surface could mitigate this attenuating effect of the bark layer, increasing both post-
arrival signal strength and variability, but would do so somewhat randomly depending on 
the location of the defect relative to the measurement path. 
A recommendation following this is to design a method to more positively transfer the 
signals between the transducers and the internal timber, perhaps using a steel plate with 
a spike attached. This would potentially significantly reduce the variability in acoustic 
velocity measurements and produce more conclusive results. 
 
4. Discussion  
This research aimed to investigate the potential of the ultrasonic testing as a technique for 
non-destructive evaluation of the standing trees in the coupe. Accuracy, portability and 
practicability are the key factors, which need to be considered for the selection of a non-
destructive testing technique. In this paper, the internal damage in wood has been 
investigated by a non-destructive ultrasonic technique using a variety of parameters, 
including time of flight, velocity measurement and amplitude. Many studies in the 
literature have been carried out using these ultrasonic waveforms parameters. However, 
it might not be possible to characterise the damage such as knots specifically for standing 
trees using this information only. As there would be different types of defects in different 
parts of the tree, some may not influence the velocity, but may affect other ultrasonic 
parameters.  
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 3 received waveforms of sound propagated through unpruned billets with knots (a: 
unpruned T, b: unpruned B, c: pruned T, d: pruned B) 

 

In this paper, results obtained from velocity were not fully conclusive. However, the 
amplitude of the received wave, which represents the energy propagated from transmitter 
to receiver, shows very encouraging result. The amplitudes of the received ultrasonic 
propagation through knot-free and defective wood show substantial differences in the 
signal amplitude magnitude and variability. The samples have been scanned by computer 
tomography to validate the obtained result.   
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5. Conclusion 
There is an increasing demand for high quality sawlog in building and construction. 
Plantation eucalyptus nitens is an alternative to meet the supply shortage from native 
forest. However, in plantation plots, the high quality sawlog can be produced from pruned 
logs only. Small defects such as knots could lessen the strength and quality of wood 
significantly. This paper investigated how defects, including knots and cracks, affect the 
ultrasonic wave propagation in the radial direction.  
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