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ABSTRACT 
 
This paper presents an investigation of using static and dynamic material testing approaches to determine the 
modulus of elasticity (MOE) of timber utility poles from two hardwood tree species, i.e. Spotted Gum and 
Tallowwood. The comparative study is necessary for the development of novel non-destructive testing (NDT) 
techniques for the health assessment of in-situ utility poles, which require the knowledge of the orthotropic 
MOE properties. In open literatures, such comparative study on orthotropic material properties are scarce to find 
for most timber species used for utility poles. Typically, material properties are only available in the 
longitudinal (i.e. along main wood fibre) direction, and most international standards cover only details on 
material testing in such direction with no coherent or comprehensive guidelines being given for the testing of the 
other two secondary directions (radial and tangential) of timber. In the paper, the MOE is studied for all three 
orthotropic directions of timber, i.e. longitudinal, radial and tangential. The static MOEs are determined with 
bending, tensile and compression tests while the dynamic MOEs are obtained from the time of flight (TOF) 
method, which is based on the acoustic wave transmission time (WTT). The material testing is conducted on a 
number of small clear specimens of the two high density hardwood species. The static testing results obtained 
from the different material testing methods show a good agreement with each other. The results of the 
longitudinal direction obtained non-destructive tests are about 30% higher than the standard static results, which 
is in agreement to values reported in the literature. In radial and tangential directions, however, the results 
calculated with the generic formula where MOE dynamic equals to the squared wave velocity times the density 
are up to 150% higher than the statically determined results. These findings lead to the conclusion that for high 
density woods such as Spotted Gum and Tallowwood (with a density of 1~1.1 kg/m3 at 12% moisture content), 
the generic formula is unsuitable and must be adjusted.  
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INTRODUCTION  
 
Timber utility poles are traditionally used in many parts of the world as they are relatively low in cost as well as 
environmentally friendly. Especially in Australia, utility timber poles represent a significant part of the 
country’s infrastructure for power distribution and communication networks, with a total of about 5 million 
timber poles being used in service. Currently, 40-50 million Australian Dollars are spent annually on 
maintenance to prevent utility lines from failure. As a result of the lack of reliable tools for assessing the 
condition of in-situ poles, up to 80% of replaced poles were found to be still in a very good and serviceable 
condition Nguyen, Foliente, & Wang (2004). To address the needs of the utility pole asset management industry, 
a cost-effective and reliable non-destructive testing (NDT) method needs to be developed that is able to identify 
and separate healthy from unhealthy poles. 
 
Stress wave methods can offer simple and cost-effective tools for identifying the in-service condition of timber 
poles. Such acoustic methods are capable of characterizing a wood member non-destructively as well as 
detecting internal damage such as voids caused by termites or rot. With stress-wave-based testing, the material 
properties of timber poles such as the modulus of elasticity (MOE) can be determined from the direct 
relationship between the longitudinal wave velocity and the MOE according to the following equation: 
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MOE = V2 · ρ               (1) 
 
where V is the longitudinal wave velocity and ρ is the density of the tested material. The information about 
wood characteristics is essential in order to be able to predict the remaining strength of a pole. Since wood is 
neither homogeneous nor isotropic, the usefulness of one dimensional wave theory may be put into question. 
However, several researchers have shown that one-dimensional wave theory is adequate for describing the wave 
behaviour in wood. As such, (Bertholf 1965; Kollmann & Krech 1960) showed in their research the dependency 
of the wave propagation velocity and the MOE of clear wood specimen. 
 
However, in order to qualify the non-destructively measured values, benchmark values of the same timber 
species are needed. For the two tested species only the MOE in longitudinal direction was available in literature. 
This is because when timber is used for construction purposes, the MOE in longitudinal direction is of primary 
interest due to the superior characteristics of wood parallel to the grain. Hence, MOE values in radial and 
tangential direction are scarce in literature. Furthermore, most values in the literature commonly present MOE 
values determined with bending tests; these, however, can deviate from MOE values derived from tensile or 
compression tests, which has been shown by Schneider et al. (1990).  
 
The ‘time of flight’ (TOF) method is based on the wave transmission time (WTT) and describes the time an 
acoustic wave takes to travel a distance through a medium. Sonic and ultrasonic waves in the lower frequency 
range of up to 50 kHz are usually used for field testing because of the high attenuation of acoustic waves in 
wood. In the laboratory, frequencies of up to 10 MHz are applied on small clear specimens in experimental 
studies. The wave velocities in longitudinal direction are the highest and range from 3050 – 6100 m/s as 
reported by Gerhards (1982), who determined the values on small clear timber specimens with a moisture 
content of 9 to 15%. The velocities in radial and tangential direction are usually around a third of the 
longitudinal wave velocity, with the radial direction featuring slightly higher velocities than the tangential 
direction. This is due to the fact that the anatomical elements, such as fibres and tracheid, are aligned in 
longitudinal direction and the wood rays in radial direction, while in tangential direction, along the annual 
growth rings, no structural elements exist. 
 
Different wave velocities have been determined for a large variety of wood species, predominantly in 
longitudinal direction, but only a few studies have performed static and dynamic testing to characterize the 
material properties of the same tree. Further, no research has been undertaken that compares different static 
testing methods with dynamic results of the same tree. Smulski (1991) reported on dynamically determined 
MOE values for four hardwood species (maple, birch, ash and oak), which were between 22 and 32% higher 
than statically obtained MOE values from bending tests. Similar values were also presented by Burmester 
(1965), with dynamic MOE values being 19 to 34% higher than the static MOE values derived from bending 
tests on beech and two tropical hardwood species. 
 
Several factors influence the wave velocity in wood. The most important may be the microscopic and 
macroscopic structure of wood where the microfibril angle and the length of the anatomical elements (fibres and 
tracheids) play a vital role. Bergander & Salmen (2000) showed that a small cell wall layer results in a high 
longitudinal MOE and therefore higher acoustic wave velocities. The influence of the density on the TOF was 
subject to several studies, with different researchers deriving at different conclusions. Bucur & Chivers, (1991) 
found that an increasing density leads to slower wave propagation velocities, while de Oliveira & Sales (2006) 
observed the opposite behaviour. Other researchers stated that the density doesn’t have any influence on the 
wave velocity (Ilic 2003; Mishiro 1996) or that it has a positive effect but is suppressed by other factors such as 
the micro and macro structure of the material Baar, Tippner and Gryc (2011).  
 
As with all wood properties, also the wave velocity is influenced by the wood moisture content. A linear 
behaviour of the wave velocity as a function of the moisture content below the fibre saturation point (FSP) was 
correspondingly reported by (Bucur 2006; Keunecke et al. 2006; Sakai et al. 1990). When measuring the TOF in 
longitudinal direction, the grain angle is further an important influencing factor, since wave velocities decrease 
with increasing grain angle. Niemz, Kucera and Bernatowicz (1999) reported that a displacement of only 10 
degrees results in a reduction of the wave velocity of 20%. Similar findings were also presented by Armstrong 
(1991). Furthermore, temperature has an influence on the TOF, which is of special importance when 
measurements are carried out in the field Sandoz (1993).  
  



TESTING APPROACH AND METHODOLOGY 
 
For this investigation, two plantation grown hardwood pole specimens of about 30 years in age and 11.5 m in 
length were available for experimental testing. The two pole specimens were of Spotted Gum (Eucalyptus 
maculata) and Tallowwood (Eucalyptus microcorys), two species commonly used for utility poles in New South 
Wales, Australia. For both species, MOE values were determined from static and dynamic material testing using 
both, whole pole specimen and small clear specimens cut from the same pole. All tested specimens were 
sampled from the same tree trunk and the tests present a comparison of the deviation of the wood characteristics, 
obtained with different testing methods, within a single tree. For the analysis, the obtained results were 
compared against each other as well as with literature values (where they were available).  
 
Static Material Testing 
 
For the static testing, bending, compression and tensile tests were conducted to determine MOE values 
according to the German standard (DIN) (Deutsche Norm 1976, 1978, 1979a and 1979b), American standard 
(ASTM) ASTM International (2009) and Australian standard (ASNZ) (Australian/New Zealand Standard 1997, 
2000, 2010), with the Australian standard mainly providing guidelines for commercial structural size specimens. 
Where applicable, the different standards were compared to each other regarding the recommended specimen 
size and shape as well as the proposed testing setup. Since some tests went beyond regular practice, no standards 
were available and the tests were conducted following approaches similar to available standardized tests. 
 

 
Figure 1. Testing setup of (a) 4-point bending tests, (b) tensile tests and (c) compression tests to obtain the MOE 
 
Figure 1 displays photos of the conducted experimental static tests including relevant dimensions. For the 4-
point bending test in longitudinal direction (see Figure 1 (a)), all three standards proposed a similar test setup, 
using a similar specimen shape and the same equation, however, none of them specified bending in radial or 
tangential direction. For the tensile test (see Figure 1 (b)), both, the German and American standard, proposed 
so-called ‘dog bone’ shaped specimen to create a predetermined breaking point. For compression tests 
longitudinal to the grain (see Figure 1 (c)), the DIN and ASTM standard provided test setup specifications, 
however, only the German standard gave detailed setup recommendations for compression tests perpendicular to 
the grain. 
 
For the conducted investigation, two new 11.5 m long utility poles with a diameter of about 30 cm were tested. 
To produce small clear testing samples, a section of the poles of 1.5 m in length was used to cut the samples. All 
specimens produced were clear, straight grained and did not contain any visible defects such as knots or splits 
(see Figure 2). Since most new manufactured utility poles have the sapwood cut off because it is less durable 
and more vulnerable to termite attack, only the heartwood was used for manufacturing the samples. This 
practice was deemed adequate as the elastic and mechanical properties of heart and sapwood are similar for 
most tree species. Since the raw material supply was limited, only seven test specimens and not ten, as 
recommended in Deutsche Norm (1977), were manufactured and tested for the different conducted tests. 
 



 
Figure 2. Small clear specimens used for the static material tests 

 
The bending test specimens in longitudinal direction were manufactured with a rectangular cross-section of 
34×34 mm, which allowed for bending tests to be conducted in two directions. Thereby, more MOE results 
could be obtained, which was important since the raw material supply was limited. Since for the bending 
specimens in radial and tangential directions no standards are available, the specimens were cut with the same 
length to thickness ratio as the longitudinal specimen but wider to make them stronger. The maximum length of 
the specimen that could be cut from the trunk was 85 mm, which allowed for a testing span of 75 mm with a 
thickness of 5 mm according to the Deutsche Norm (1978).  
 
For the tensile testing, the specimens had to have a predetermined breaking point, which was achieved with so 
called ‘dog bone’ shaped specimen. Both, the DIN 52188 and ASTM D143-09 standard require this shape, 
however, with small differences in shape and dimensions. The manufactured specimens had a cross-section of 
16×16 mm in the tested area, giving a cross-sectional area of 256 mm2 opposed to 120 mm2 (DIN) and 46 mm2 
(ASTM). This was done to allow for as many annual growth rings to be tested as possible because plantation 
eucalyptus is fast growing and therefore has wide annual growth rings. The German standard recommends 
testing an area of at least five annual growth rings to obtain meaningful results. 
 
The specimens used for the longitudinal compression tests had a cross-section of 30×30 mm and a length of 
80 mm while the radial and tangential specimens were only 20×20 mm in cross-section and 60 mm long. The 
larger cross-section of the longitudinal specimens allowed again the testing of a larger area. These 
measurements were chosen according to the DIN standards 52185 and 52192 (Deutsche Norm 1976 and 1979c), 
since it was the only standard which dealt with both instances. 
 
Dynamic Material Testing 
 
For the dynamic material testing, an ultrasonic impulse was created using a 54 kHz transducer of a commercial 
flaw detector. The generated wave was captured with an accelerometer of the same device (receiving transducer) 
and the wave form was recorded with an acquisition system from National Instruments with a sampling rate of 
one million samples per second. The TOF was calculated using Matlab. A diagram of the testing setup is shown 
in Figure 3. Since no standard exists for the acoustic testing of wood, the tests were carried out according to 
common practice mentioned in the literature and used in the industry. 

 
Figure 3. Diagram of the non-destructive testing setup 



For the dynamic testing based on TOF measurements, for each tree species, a timber block of 150×150×150 mm 
was glued together from smaller pieces as shown in Figure 4 a. The larger size of the specimen (compared to the 
small clear specimen of the static testing) was chosen because the length of the small clear specimen would have 
been smaller than the wave length. This is necessary for waves with plane wave characteristics in an infinite 
medium, which was imposed by Bucur (2006). Furthermore, a longer propagation time of the ultrasound signal 
allows for more accurate TOF measurements. Due to the larger size of the specimens, they had to be glued 
together from smaller pieces to minimize the influence of the curvature in tangential direction and to have the 
annual growth rings as perfectly aligned in the orthotropic directions as possible. 
 

(a) 

 

(b)

Figure 4. (a) Timber block used for the acoustic determination of MOEs, and (b) indication of the 25 
measurement locations used in each plane 

 
The acoustic properties of wood and adhesive are similar according to Sanabria et al. (2010) who performed 
ultrasonic tests on glued laminated timber. Hence, it is assumed that the glue line causes a reflection of the wave 
but does not affect the WTT. For the manufactured test specimen, PVA glue was used, which produces very thin 
glue lines. Dill-Langer et al. (2006) showed that only an open glue line affects the TOF due to a change of 
impedance. To verify this behaviour, tests on an intact specimen in tangential direction were carried out, which 
was, after measuring the TOF, cut in into 4 pieces and glued back together. It was found that the standard 
deviation of the measured WTTs was in the same range for the measurements on the intact specimen as well as 
on the one with three glue lines.  
 
For the TOF measurements of the timber block, recordings were not only taken in the middle but also in a 
25 mm raster over the whole surface, which resulted in 25 measurement points for the longitudinal, radial and 
tangential directions (see Figure 4 (b)). For the measurements, flat transducers with a diameter of 50 mm were 
used. 
 
To determine the influence of the slope of grain on the wave propagation velocity, three disks, one for each 
orthotropic plane, were cut as displayed in Figure 5 (a). The disks had a diameter of 70 mm and were 40 mm 
thick. The TOF was measured in 11.25 degree increments, which equals to 16 measurements around the disk. 
Since the transmission time was measured in both directions of the disk, wave velocity measurements in 32 
directions were taken (Figure 5 (b)). To determine averaged time recordings, three measurements in each 
direction were taken. Since proper coupling of the round specimen surface with the flat transducers was not 
possible, tapered transducer caps with a tip diameter of only 5 mm were manufactured. Before using the 
transducers with the caps for TOF measurements, they were calibrated according to the TOF measurements 
captured without the additional caps. For both tests, a water based gel was used as coupling media between the 
transducers and the specimens. 
 



(a) (b)

Figure 5. (a) Disk specimens used for the grain angle tests, and (b) indication of the 32 measurement points 
 
Prior to testing all, specimens were conditioned in a controlled environment of 20 degrees Celsius and 60% 
humidity, to a wood moisture content (MC) of about 12%, which was measured in a kiln after the tests 
according to ASNZ standards. The wood density was also determined after testing according to ASNZ standards. 
 
RESULTS AND DISCUSSION 
 

Static Testing Results 
 
The MOEs in longitudinal, radial and tangential direction (MOEL,R,T) determined from bending testing were 
calculated using Eq. (2), provided in DIN 52186, 
 

 (2) 
 
where l is the span between the supports, l’ is the distance between the loading points, b and h the width and the 
thickness of the specimen and ΔF/Δf is the linear elastic slope of the load-displacement graph. 
 
The MOEL,(R,T) in compression were calculated with the following Eq. (3) provided in DIN 52192, which was 
also applied to calculate the MOE in tension 
 

 (3) 
 
where l0 is the original length of the measured distance, a and b the cross-section dimensions and ΔF/Δf is the 
linear elastic slope of the load-displacement graph. 
 
Table 1 presents a summary of all determined MOE values for both tested wood species. The values derived 
from the three different test methods correspond well with each other with the exception of the MOEL of 
Spotted Gum in tension, which is about 10% lower than the values determined from the corresponding bending 
and compression testing methods. For the tensile testing of Spotted Gum, all specimens failed at the 
predetermined breaking point but only one of the seven tested samples reached an MOEL of 28.128 N/mm2, a 
similar value as the ones obtained from bending and compression testing. The averaged MOE values of both 
species show the typical ratio MOER/MOEL of roughly 0.1 and MOET/MOEL of 0.05. 
 
Table 1. Comparison of MOE values (in N/mm2) from static tests in longitudinal, radial and tangential direction 

Spotted Gum  Tallowwood  
  Bending Comp. Tension Average   Bending Comp. Tension Average

MOEL 26,512 27,462 24,467 26,147 MOEL 20,702 21,548 20,983 21,078 

MOER 2,207 2,602 - 2,405 MOER 2,227 2,372 - 2,300 

MOET 1,457 1,540 - 1,499 MOET 1,317 1,535 - 1,426 
 
A comparison with values obtained from literature is only possible for the MOE in longitudinal direction where 
the averaged MOE value for Spotted Gum is 23,000 N/mm2 and for Tallowwood is 18,000 N/mm2 in dry 
conditions (12% MC) Bootle (2005). However, it is not specified from which testing methods the results were 
obtained. Since bending tests are the most common testing method in practice, it may be that those values were 



determined from bending tests. For both tested poles, the values are approximately 10% higher than the average 
values from the literature, which lie well within the variations of wood.  
 
As stated earlier, the longitudinal 4-point bending specimens had a rectangular cross-section and were tested 
twice, for 0 and 90 degrees respective to the cross-sectional rotational angle. The resulting values showed no 
significant difference for the MOE, which indicates that the angel of the annual growth rings in respect to the 
applied load does not have an influence on the MOE. 
 
For each type of testing, seven specimens were tested, with the exception of the bending tests in radial and 
tangential direction where twelve specimens were fabricated and tested. Especially for the tangential bending 
test, as many specimens as possible needed to be tested. This is due to the small specimen dimensions, where 
only one to two annual growth rings could be tested and the DIN standards recommend testing at least five 
annual growth rings to obtain reliable results. It was beneficial that both, Spotted Gum and Tallowwood, have 
very small variations between early and latewood regarding the material characteristics. For this reason, it was 
not critical which side of the specimen was exposed to tension and which to compression forces. This 
assumption was verified by testing the same specimen from both sides within the elastic range and comparing 
the MOE values, which did not show a significant difference. The standard deviation of the tangential bending 
tests was at 8%, which is about twice as high as the one derived from the same tests with the radial specimens. 
The standard deviation of all tests ranged between 3% and 9% with the only exception being the MOEC in 
longitudinal direction with a standard deviation of 15%. Since this investigation was carried out on the same tree 
trunk, the deviations of the results should be lower than what would be expected between different trees.  
 
Dynamic Testing Results 
 
The dynamic moduli of elasticity were calculated using Eq. (2). The derived wave velocities with coefficients of 
variation (COV) and MOE values are listed in Table 2. The corresponding measured density values were 
1.06 g/cm3 for Spotted Gum and 1.09 g/cm3 for Tallowwood at 12% moisture content. 
 

Table 2. Summary of wave velocities with COVs and MOE values in longitudinal, radial and tangential 
direction 

Spotted Gum 
 Long Radial Tang
Wave velocity [m/s] 5,521 1,982 1,760

COV [%] 0.9 0.9 0.9 

MOE [N/mm2] 32,313 4,165 3,282 

Tallowwood 
 Long Radial Tang 
Wave velocity [m/s] 5,137 2,095 1,820 

COV [%] 0.8 1.0 1.2 

MOE [N/mm2] 28,764 4,783 3,610  
 
The listed wave velocities are the average of the 25 measurement locations as illustrated in Figure 4 b. The 
measurements were very consistent across the entire cross-section with resulting COVs of approximately 1% for 
the measurements in all three directions. The slightly higher values for the measurements in radial and tangential 
direction of Tallowwood are most likely due to the curvature and the not perfect alignment of the growth rings, 
which are inherent features of the investigated testing specimen and cannot be avoided. The wave velocities 
measured in longitudinal direction are 5,521 m/s for Spotted Gum and 5,137 m/s for Tallowwood, which result 
in MOE values of 32,313 N/mm2 and 28,764 N/mm2, respectively, applying Eq. (3). 
 
Table 3 shows a comparison of the statically and dynamically obtained MOE values for all three directions. The 
23% and 36% higher dynamic MOE values in longitudinal direction correspond well with values reported by 
(Burmester 1965; Smulski 1991). For the values in radial direction, the difference was about three times bigger 
than the values obtained in longitudinal direction. The biggest difference between the static and dynamic values 
was found in tangential direction for both species, with values of approximately 2.2 times higher for Spotted 
Gum and 2.5 times higher for Tallowwood. Overall, the relationship was more closely met for Spotted Gum 
than for Tallowwood but the correlations for both species are very weak, especially in radial and tangential 
direction. 
 

Table 3. Comparison of static and dynamic MOE values (in N/mm2) in longitudinal, radial and tangential 
direction 

Spotted Gum  Tallowwood  



MOE longitudinal 26,174 32,313 23% 

MOE radial 2,405 4,165 73% 

MOE tangential 1,499 3,282 119%
 

MOE longitudinal 21,078 28,764 36% 

MOE radial 2,300 4,783 108%

MOE tangential 1,426 3,610 153%
 

 
Considering that the relationship in Eq. (3) is only based on the wave velocity and the material density, the 
reasons for the deviating values for these two Eucalyptuses is a result of their high densities. The wave 
velocities measured in longitudinal direction are on the upper limit of the typical wave velocity range of most 
woods, which is approximately 3050 – 6100 m/s as reported by Gerhards (1982) on small clear specimens with 
a moisture content of 9 to 15%. Softwoods with much lower densities of around 450 kg/m3 can reach the same 
velocities because of their longer tracheids with lengths of approximately 3 mm in comparison to hardwood 
fibres with lengths of approximately 1-1.5 mm. 
 
Ilic (2003) measured the dynamic MOE of 55 wood species in longitudinal direction on small wood beams, 
among them Spotted Gum. To determine the wave velocity, the resonance frequency method was applied. For 
Spotted Gum with a density of 961 kg/m3, the researcher measured a velocity of 4970 m/s, which results in a 
MOEd of 23,800 N/mm2. This again confirms, as with the static tests, that the two poles tested in this study, are 
above average MOE values.  
 
The results obtained from the grain angle tests of the three disc specimens of both species are shown in  
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Figure 6. The change in the TOF from radial to tangential direction occurs gradually with the fastest TOF in 
radial and the slowest in tangential direction. This is contrary to the observations made by Ross et al. (1999) on 
Douglas fir at 12% MC. Their tests clearly revealed the longest TOF at 45 degrees with a TOF of 995 μs/m in 
comparison to a TOF of 668 μs/m in radial direction and 800 μs/m in tangential direction. Despite the fact that 
the eucalyptus species used for this investigation are hardwoods with a density almost twice as high as the one 
of Douglas fir, which is a softwood, these different wave propagation behaviours are significant and could be 
subject for further studies.  
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Figure 6.  Wave velocities as a function of the grain angle in all three orthotropic directions of (a) Spotted Gum 

and (b) Tallowwood 
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Figure 7 displays changes in wave velocity in percentage as a function of the grain angle. The measured 
WTTs in radial and tangential direction are very similar, with the tangential direction only being 11% slower for 
Spotted Gum and 13% for Tallowwood. For both species, the wave velocity in radial direction is almost 
constant up to a grain angle of about 10%. Approaching the tangential direction, the TOF remained nearly 
constant from about 60 to 90 degrees. The major change of the TOF therefore occurred between 10 and 60 
degrees. 
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Figure 7.  Change of wave velocity as a function of the grain angle in all three orthotropic planes (in percentage) 

of (a) Spotted Gum and (b) Tallowwood 
 
In the longitudinal/radial and longitudinal/tangential planes, the most rapid change in the wave velocity occurs 
between 0 and about 25 degrees. After this point, the velocity decreases more slowly until it remains almost 
constant from 70 to 90 degrees. This behaviour is also observed in the longitudinal/radial and 
longitudinal/tangential planes of both species. Very similar observations were made by Niemz et al. (1999) on 
spruce and beech specimens. The researchers reported a 20% decrease in velocity for spruce and 15% for beech. 
The average values from both planes (L/R and L/T) for Spotted Gum and Tallowwood reveal a reduction of the 
wave velocity of 13% for both species. These results match very well with the ones from Niemz et al. (1999) of 
beech, which is also a hardwood. Hence, measurements at a 10 degree grain angle in the L/R plane of Spotted 
Gum, for example, would result in a MOE of 22.1 GPa instead of 32.4 GPa, which equals an error of 32%. This 
indicates that the grain angle has a significant influence on measurements along the grain, where most 
measurements are conducted i.e. for the grading of lumber. In the secondary R/T plane, the grain angle has a 
smaller influence and wood could be regarded as transversally isotropic (no distinction between the velocity in 
radial and tangential direction) when measuring the TOF. 
 
CONCLUSIONS 
 
In this research, the moduli of elasticity of all three orthotropic directions were determined for two eucalyptus 
species, Spotted Gum and Tallowwood (two species commonly used for utility poles in New South Wales, 
Australia) using static as well as non-destructive dynamic material testing methods. For the static testing, 
bending, tensile and compression tests were conducted, while for the non-destructive testing, ultrasonic tests 



based on the time-of-flight (TOF) method were carried out. For the static testing, the MOE values obtained from 
various types of tests showed good agreement with each other, especially in the longitudinal direction. For the 
dynamically determined MOE in longitudinal direction, the results obtained using a common equation 
corresponded well to literature values regarding the difference to statically determined MOE values. For 
measurements across the grain, however, calculated MOE values were up to 2.5 times higher than the values 
obtained from the static tests. It is therefore concluded that due to the high densities of the investigated 
eucalyptus species, the commonly applied formula appears to be unsuitable. The investigations based on the 
grain angle confirmed results from Niemz et al. (1999), which indicated a rapidly decreasing wave velocity with 
increasing grain angle. This finding is of great importance for further non-destructive tests on utility poles but 
also for ultrasound-based timber grading. Further investigations on new full scale timber poles are planned to 
study the influence of cracks on the TOF and resulting MOE values. In addition, examinations on artificially 
damaged small clear specimens will be conducted to investigate the influence of voids inside timber poles to the 
TOF and MOE.  
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