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Abstract: In solids, density is an important factor that determines lots of properties such as mechanic behavior. Mechanic 

properties of materials can be determined by static and dynamic tests. Ultrasonic measurements are one of the non-destructive 

test methods and are being applied to lots of field for determination of wide range of properties. When literature in wood science 

reviewed, it’s seen that researches did not make a consensus on the effect of density on ultrasonic wave velocity. Also, 

propagation length is another issue that has close relations with ultrasonic waves. From this point of view, effects of density and 

propagation length on ultrasonic longitudinal wave in Oriental beech, Scots pine, Black pine and Turkish red pine woods were 

investigated in this study. 20x20 cross-cut and 20, 30 and 40mm L direction samples were used to perform measurements. All 

samples acclimatized at 20±1 °C temperature and 65% relative humidity. Then, ultrasonic measurements performed using 

OLYMPUS EPOCH 650 flaw detector and 2.25MHz contact type transducers. According to the results, MC of the samples were 

calculated around 12% and up to 25.49% increase in velocity observed when sample length increased from 20mm to 40mm. 

Coefficients of determination between density and velocity were ranged from 0.78 to 0.94. Therefore, it’s concluded that both 

propagation length and density have positive effect on ultrasonic wave velocity in these woods.             
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Türkiye’de yetişen bazı önemli ağaç türlerinde yoğunluk ve yayılım 

uzunluğunun ultrasonik dalga hızına etkisi 

 
Özet: Yoğunluk, katılarda mekanik davranış gibi birçok özelliği belirleyen önemli bir etkendir. Malzemelerin mekanik özellikleri 

statik ve dinamik testlerle belirlenebilir. Ultrasonik ölçümler, tahribatsız test yöntemlerinden biridir ve birçok alanda birçok 

özelliğin belirlenmesinde uygulanmaktadır. Ahşap bilimindeki literatür incelendiğinde, ultrasonik dalga hızı üzerine yoğunluğun 

etkisi hakkında araştırmacıların ortak bir fikir ortaya koymadığı görülmektedir. Ayrıca,  yayılım uzunluğu ultrasonik dalgalar ile 

yakından ilişki içinde olan bir diğer konudur. Bu bakış açısıyla, bu çalışmada yoğunluk ve yayılım uzunluğunun Doğu kayını, 

sarıçam, kızılçam ve karaçam odunlarındaki boyuna ultrasonik dalgaya etkisi araştırılmışır.20x20mm enine kesit ve L yönündeki 

uzunlukları 20, 30 ve 40mm olan örnekler ölçümlerin gerçekleştirilmesinde kullanılmıştır. Tüm örnekler, 20±1°C sıcaklık ve 

%65 bağıl nemde iklimlendirilmiştir. Sonrasında ultrasonik ölçümler, OLYMPUS EPOCH 650 hata detektörü ve 2.25MHz 

frekanslı temaslı tip transdüserler kullanılarak gerçekleştirilmiştir. Sonuçlara göre, örneklerin rutubet içerikleri yaklaşık %12 

olarak hesaplanmıştır ve dalga hızında örnek boyu 20mm’den 40mm’e çıktığında %25.49’luk bir artış gözlenmiştir. Yoğunluk ile 

hız arasındaki belirleme katsayıları 0.78 ile 0.94 değerlerinde sıralanmıştır. Dolayısıyla, hem yayılım uzunluğu hem de 

yoğunluğun bu ağaçlardaki ultrasonik dalga hızına olumlu etkisi olduğu sonucuna varılmıştır.  

Anahtar kelimeler: Ultrasonik, Doğu kayını, Sarıçam, Karaçam, Kızılçam, Yoğunluk, Yayılım uzunluğu 

 

 

1. Introduction 

 

Discovery of the piezoelectricity in 19
th
 century can be 

assumed as a milestone for the future developments on 

material testing. And, at the beginning of the 20
th
 century, 

measurement tools such as SONAR (Sound Navigation and 

Ranging) were unveiled as one of the very first applications 

of the tools uses the echo-ranging technique. This technique 

based on receiving the echoes of the transmitted sound 

signal to acoustic locating the underwater. By the 

development of technologies, non-destructive 

characterization of materials by sound transceiving can be 

used almost all fields. Ultrasonic method is one of the most 

common used non-destructive testing methods. And, 

according to Vun et al. (2006) not only sample preparation 

is not required for tests and applications is safe but also ease 

of use in terms of application time, attenuation, radio-

frequency and domains provide wide area usage of 

ultrasonic testing. 

Basic wave types which used to determine wood 

material properties were mass (longitudinal and transverse) 

or surface (Rayleigh, Lamb and Love) waves (Bucur, 2006). 

And, according to Björnberg (2014) longitudinal and 

transverse waves were most common used wave types 

which used in ultrasonic testing. Ultrasonic waves which 

used in industrial non-destructive testing and evaluation 

travels through a structural material or component and 

focuses to detect the flaws or discontinuities such as cracks 
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(Schmerr, 2007). According to Berke (2000) radiography 

and ultrasonic tests were some of the most common used 

methods for detection of invisible inner flaws. Ultrasonic 

techniques were one of the most suitable methods for 

determination of all elastic properties of any material 

(Musgrave, 1970; Hearmon, 1961; Dahmen et al., 2010). 

And, it’s simple and very fast to perform measurements 

(Halachan et al., 2017).  

Ultrasonic measurements can be performed by different 

propagation methods and according to UNI EN 14579 

(2004) and Carcangiu et al. (2015) through transmission and 

pulse-echo were the most common used methods in 

ultrasonic testing, respectively. Some properties of these 

methods were expressed by Senalik et al. (2014) and they 

stated that locating the depth of a defect is possible in pulse-

echo mode but impossible in through transmission mode. 

According to Aziz et al. (2013) through transmission 

method was more suitable than pulse-echo method for 

ultrasonic testing of the materials which are porous and have 

rough fiber such as wood. But, many features of pulse-echo 

signals can be correlated with visible wood anatomical 

features (Berndt and Johnson, 1995). Lots of studies 

conducted to determine different properties of wood or 

wood based products using ultrasound but bonding test on 

plywood by Czerlinsky (1943) was assumed as one of the 

very first practices of ultrasonic testing (Krautkraemer and 

Krautkraemer, 1990).  

Evaluation of ultrasonic measurements depends on some 

factors such as wood species and/or structure, testing 

parameters, propagation method and direction, 

environmental conditions, etc. Calegari et al. (2011) 

reported that moisture content and density are the main and 

second factors that affect the ultrasonic wave velocity, 

respectively. Gerhards (1982), Bucur (1983) and Mishiro 

(1996a) stated that effect of density on acoustic wave 

depends on species, structure and propagation direction. 

Effects of these factors were partially studied by different 

researchers. And no common idea about density effect on 

velocity was reported by researchers as followings. Baradit 

and Niemz (2011), Baar et al. (2012), Oliveira et al. (2005a-

b), Oliveira and Sales (2006) and Brandner et al. (2007) 

reported positive relations while Bucur and Chivers (1991) 

was negative. Besides, Mishiro (1996b), Oliveira et al. 

(2002), Ilic (2003) and Teles et al. (2011) reported neither 

positive nor negative relations between them. Also, Beall 

(2002) reported that effect of wood density on signal 

attenuation not clearly expressed. According to the Schmerr 

and Song (2007) reason of the attenuation of ultrasonic 

signal is so complex and amplitude of the signal decreases 

through the propagation path. Attenuation occurs with the 

distance and rises straightly with frequency (Cochran, 

2012). Besides, moisture content, structure of the solid or 

tested material are some of the other influencing factors. In 

wood, attenuation generally occurs because of absorption 

(Krautkraemer and Krautkraemer, 1990).  

Wood is a unique building material due to not only its 

environmental friendly characteristic such as being fully 

renewable and naturally grown properties (Menges et al., 

2017) but also its unrivalled mechanic characteristics. 

Density is the key parameter which describes the mechanic 

characteristic of a material. In the direction of all the facts 

mentioned above, this study aimed to figure out the effects 

of density and propagation length on ultrasonic longitudinal 

wave in wood.    

 

2. Material and method 

 

2.1. Material 

 

Three softwoods, Scots pine, Black pine and Turkish red 

pine and one hardwood, Oriental beech, species were used 

in this study. Defect-free, 20x20mm cross-cut and 20, 30 

and 40mm L direction test samples were prepared from the 

sapwood section of these woods. 20 samples for each 

propagation lengths of each species, totally 240 samples, 

were prepared.    

 

2.2. Method 

 

Samples were stored in a climate chamber which 

operated at 20±1 °C temperature and 65% relative humidity 

to reach around 12% moisture content (MC).  At the end of 

about 8
th
 weeks, samples weight became constant and 

therefore acclimation ended. MC and density of samples 

were calculated according to TS 2471 (2005) and TS 2472 

(2005), respectively.  EPOCH 650 (Olympus, USA) 

ultrasonic flaw detector and contact type transducers (seen 

in Figure 1) which propagate 2.25MHz longitudinal wave 

were used to conduct measurements. Through transmission 

method, uses one transmitting and one receiving 

transducers, was chosen to obtain time values between 

transmitted and received signals. In this method, waves 

travel across the tested materials. Velocity of the ultrasonic 

wave was calculated using velocity-time relation as seen in 

equation (1). 

 

V= L/T  (m/s)  (1)                                                                    

 

where; V is ultrasonic velocity, L and T are specimen length 

and measured time-of-flight values, respectively. 

 

 

 
Figure 1. ToF measurements of ultrasonic longitudinal wave 
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3. Results and discussion 

 

In terms of propagation length, minimum, maximum, 

average and coefficient of variation (V) values of the 

species moisture content, density and velocity were 

presented in Table 1.  MC values of all test samples were 

ranged from 12.1% to 12.8%. Coefficients of variation of all 

investigated properties were as low as possible. According 

to results, it’s seen that velocities increased with the 

increase in propagation length. Densities were almost the 

same within the species in terms of length. Density values of 

the species were in accordance with the literature. 

Ultrasonic wave velocities of Scotch pine, Red pine, Black 

pine and Oriental beech wood were 14.21%, 14.1%, 25.49% 

and 12.70% increased when sample length increased from 

20mm to 40mm, respectively. In general increase amount of 

the velocity was around equal for all species expect Black 

pine. And, as seen in table maximum increase in velocity 

was observed for Black pine wood. Difference between 

Black pine and other softwoods is interesting and the reason 

of this differentiation should be clarified with further 

investigations.        

   

 
Table 1. Moisture content, density and velocity values of samples 

 Propagation 

length (mm) 

M.C. 

(%) 

Density (g/cm3) Velocity (m/s) 

�̅� Min. Max. V(%) �̅� Min. Max. V(%) 

Scotch pine 

20 12.1 0.51 0.48 0.55 4.24 3784.19 3652.71 3973.88 2.38 

30 12.2 0.51 0.47 0.56 5.26 4180.78 3956.13 4346.97 2.98 

40 12.4 0.51 0.47 0.56 6.29 4322.25 4154.96 4466.52 2.13 

Red pine 

20 12.6 0.55 0.53 0.58 2.44 3656.95 3593.75 3719.93 0.94 

30 12.3 0.54 0.52 0.56 2.42 3914.60 3799.24 4015.91 1.63 

40 12.8 0.54 0.53 0.56 1.75 4172.69 4062.63 4314.38 1.53 

Black pine 

20 12.2 0.56 0.54 0.57 1.60 3652.40 3559.38 3759.79 1.47 

30 12.4 0.54 0.50 0.59 5.69 4410.60 4009.20 5054.09 7.92 

40 12.1 0.54 0.50 0.57 4.21 4583.76 4372.27 4838.55 3.16 

Oriental beech 

20 12.5 0.73 0.70 0.74 1.56 3780.99 3651.49 3869.72 1.64 

30 12.3 0.73 0.71 0.77 2.15 4239.46 4021.05 4610.45 3.98 

40 12.7 0.72 0.71 0.75 1.58 4261.22 4083.08 4488.89 3.12 

 

 

 
Figure 2. Relationships between ultrasonic velocity and density 
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Relationships between density and velocity were 

presented in Figure 2. As seen in figure, there are positive 

relations between density and velocity for each propagation 

length groups of all species. And, slopes of the lines of all 

propagation length are different and upstream.  

Correlations between density or propagation length and 

velocity were presented in Table 2. As seen in table, there 

are statistically significant relations between all variables. 

Minimum coefficient (r) value (0.830) obtained between 

velocity and propagation length in Black pine wood.  

Coefficient values ranged from 0.830 to 0.975. 

High frequency waves were used to evaluate the theory 

based correlation between wave velocity and density 

(Hearmon, 1965). Acoustic velocity and density are not 

independent from each other (Baar et al., 2012). And, 

according to Tomppo (2013) ultrasonic wave velocity in a 

solid primarily is affected by density and elasticity. Oliveira 

and Sales (2006) stated that ultrasonic wave velocity 

increased with the increase in density. Yılmaz Aydın and 

Aydın (2018) reported approx. 9.97% and 13.47% increase 

in velocity in Cedar wood (around 12% MC) when sample 

length increased from 20mm to 30 and 40mm, respectively. 

And, variance analysis results proved that there was a 

statistically significant relation between propagation length 

and calculated velocity. They also reported a statistically 

significant correlation between density and velocity. 

Therefore, it’s obvious that results of this study well agreed 

with aforementioned studies. On the contrary some studies 

reported opposing conclusions. Red pine, Mongolian pine 

and four other wood species were investigated by Hui et al. 

(2016). They obtained less than 0.24 coefficient of 

determination values and reported that longitudinal 

ultrasound velocity were independent on oven-dried density. 

In this study, R
2
 values within the species were ranged from 

0.78 to 0.94 as seen in Figure 2. Therefore, as Palacios et al. 

(2011) stated, uniform, knot-free and un-interlocked grain 

test samples provided directly density dependent velocity 

values. Mishiro (1996b) and Ilic (2003) noted that density 

has not any effect on velocity. But according to Baar et al. 

(2012) suppression of the positive effect of density on 

velocity may be done by some factors such as macro and 

micro structure of the material. Calculated ultrasonic 

velocity values can be correlated to lots of factors such as 

MC, density, growth ring angle, hardness, and strength as 

Miettinen and others (2005) did with using pine specimens. 

In this study just density and propagation length effects on 

velocity were evaluated. And, small and clear test samples 

were used. Íñiguez et al. (2007) used longer test samples 

prepared using Pinus sylvestris L. wood and reported that 

each 1 meter increase in sample length resulted 68 m/s 

decrease in velocity in clear wood. In this sense, another 

study which investigates the effects of longer sample 

lengths up to meter is underway. Transmission or 

propagation of a wave in solids or materials depends on lots 

of factors such as chosen frequency, method, transducer 

type, set-ups of detector or signal generator, attenuation of 

signal, environmental conditions, material type and its 

structure, etc. Attenuation which is related to used 

frequency, propagation method of transducers and structure 

of test object is an important parameter in ultrasonic 

measurements (Berke, 2000).  Therefore, matter of 

interpretation about measured values is getting a complex 

issue and due to these reasons skilled user required for 

ultrasonic testing and evaluation.        

 

4. Conclusion 

 

Properties of wood material depend on cellular anatomy 

of the wood structure. In this study longitudinal ultrasonic 

wave properties measured through the longitudinal direction 

of samples. L direction ultrasonic wave velocities calculated 

to evaluate wave-material interaction in terms of density and 

propagation length. Results showed that both density and 

propagation length had positive effects on velocity. Increase 

rate of velocity ranged from 12.7% to 25.49% in terms of 

sample length. In a same manner, increase in velocity 

observed when density of samples increased. Consequently, 

both density and sample length have positive relations to 

ultrasonic wave velocity in Scotch pine, Red pine, Black 

pine and Oriental beech wood.  As an offer, a 

supplementary study which uses samples in a meter or 

longer dimensions should be evaluated to figure out whether 

there will be the similar results or not. 

 

 

Table 2. Pearson correlation coefficients (r) between variables (Density, Velocity and Sample Length) 

Species 
Density 

Length 
2cm Samples 3cm Samples 4cm Samples 

Scots pine 

Velocity 

0.949** 0.895** 0.925** 0.880** 

Red pine 0.910** 0.938** 0.849** 0.968** 

Black pine 0.920** 0.964** 0.947** 0.830** 
Beech 0.975** 0.953** 0.953** 0.873** 
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