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ABSTRACT: The dearth of scientific information on utilization potential of some wood species has 

rendered them lesser-used. As such, wood species used for acoustic applications in Nigeria were 

borne out of indigenous knowledge through trial and error. Studying properties of lesser used wood 

species such as Albizia adianthifolia wood will help to provide adequate information on its potential 

usage. This paper aimed at investigating the potentiality of Albizia adianthifolia wood for acoustic 

application. Three trees of A. adianthifolia were felled, and 45 wood samples of 20 × 20 ×
300 𝑚𝑚3 each were collected from each tree. The samples were conditioned prior to acoustic 

measurement. The mean fundamental frequency, resonant frequency, Velocity of sound, dynamic 

elastic modulus, specific dynamic elastic modulus, sound quality, internal friction, radiation ratio, 

acoustic conversion efficiency, impedance, and specific gravity were 807.94 Hz, 2051.20 Hz, 

3542.66 m/s, 7.92 GPa, 12.65 GPa, 126.01, 0.009, 5.76, 731.75 m4kg-1s-1, 2.21 x106 kgm-2s-1, and 

0.62 respectively. Conclusively, values obtained in this study did not perform favourably with 

acoustic standards for wood species, and as such was not considered suitable for making 

soundboards but frame boards of musical instrument. 
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1. INTRODUCTION 

 

The ability and uniqueness of wood to produce sound 

effect when set into vibration by an external body has 

made it considerable for acoustic applications, especially 

for making musical instruments. Acoustic simply 

describes the study of sound, and wood has been used to 

produce a number of musical instruments such as guitar, 

violin, piano, xylophone and percussion (Tsoumis, 1991) 

because of its excellent sound effect. 

A. adianthifolia is one of the lesser used wood species 

available in Nigeria. Its tree is tall, having a few large 

widely spreading branches and more or less horizontal 

branchlets producing flat crown. The wood can be found 

in tropical Africa and S. Africa. It is commonly called 

‘ayinre bona bona’ in Yoruba, Southwestern, Nigeria. 

http://www.jfseunimaid.com/
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The tree grows to about 36m high (Lock & Keay, 1991). 

It has been useful in folk medicine for the treatment of 

cough, diarrhoea, insomnia, irritability, rheumatism, 

stomach ache, tuberculosis, and wounds (Bahgat D, 

2015), and occasionally used for timber purposes 

 

The dearth of scientific information on utilization 

potential of some wood species has rendered them lesser-

used. As such, wood species used for acoustic 

applications in Nigeria were borne out of indigenous 

knowledge through trial and error. Unfortunately, species 

such as Tectona grandis, Cordia millenii, Gmelina 

arborea identified as suitable for acoustic application 

have also been found useful in other wood utilization 

areas, thus putting pressure on this selected wood species 

so much that Cordia millenii is in extinction. 

 

Therefore, to avoid unnecessary pressure on supposed 

suitable wood species used for acoustic application, there 

is need to scientifically investigate the potentiality of 

lesser used wood species to be able to infer its suitability 

for acoustic applications. This procedure involves 

measuring the acoustic properties (sound frequency, 

velocity of sound, damping factor etc.) of a wood before 

a logical and scientific conclusion can be made. 

 

Olaoye and Okanlawon, (2019) had studied the acoustic 

properties of A. adianthifolia in relation to moisture, 

however, the study was not total enough to highlight the 

potentiality of the species for acoustic application. It is 

therefore appropriate to investigate the possibility of 

using A. adianthifolia for acoustic application. 

 

Thus, this paper aimed at investigating the potentiality 

of A. adianthifolia wood for acoustic application. 

 

2. MATERIALS AND METHOD 

 

Three trees of A. Adianthifolia wood having 25 ± 2cm 

diameter at breast height (DBH) were fell. From each 

tree, bolts of 60cm in length were collected axially (top, 

middle and base), and wood samples of 20 𝑚𝑚 ×
20 𝑚𝑚 × 300 𝑚𝑚 (Radial x Tangential x Longitudinal) 

were obtained for the acoustic property test from the 

radial section (core, middle and outer) of the bolt using 

circular machine and planning machine (Fig. 1). 45 

samples were taken from each tree (i.e. 5 samples from 

each position), thus making a total of 135 samples. The 

samples were oven dried at 103±2oC for 24 hours after 

which they were stored at ambient temperature of 250C 

and 60% relative humidity for one month prior to 

acoustic testing.

 

 

 
Fig. 1: Sample collection positions 
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2.1 Acoustic Property test 

 

Selected acoustic properties of the wood were measured 

using the longitudinal free vibration acoustic test method. 

The experiment was set up according to Jalili et al., 

(2014) (Fig. 2). The wood acoustic parameters measured 

were: fundamental frequency (FF), resonance frequency 

(RF), sound velocity (V), dynamic elastic modulus (E), 

specific dynamic elastic modulus (Es), acoustic 

coefficient (K), damping factor (tan𝛿), sound quality (Q), 

impedance (Z) and acoustic conversion efficiency 

(ACE). The experiment was conducted in an enclosed 

laboratory having ensured a total silence, and the FFT 

analyzer showing no sign of a sound signal. 

 

The wood was struck at one end while the sound obtained 

was recorded at the other end with the aid of a computer 

laptop, using audacity software. The fundamental 

frequency and resonance frequency were obtained from 

the sound generated using Fast Fourier Transform (FFT). 

Hence, equation 1 (Görlacher, 1984) was used to 

determine the dynamic modulus of elasticity (E). 

 

𝐸 = (
2𝑓𝑛

𝛾𝑛𝜋
)

2 𝑚𝐿3

𝐼
… … … … … … … … … … 𝑒𝑞. 1𝑎     

 

Where m is the specimen weight, fn is the fundamental 

frequency, n is the mode number, L is the length of the 

sample. γn is for the first mode 2.267, and I is inertia. 

 

𝐼 =
(𝑏ℎ3)

12
… … … … … … … … … . … … . 𝑒𝑞. 1𝑏 

 

Where b is the width and h is the thickness of the 

specimens 

 

Meanwhile, equation 2-10 were used to calculate other 

selected acoustic parameters.

 

 

 

 

 
Fig. 2: The set-up of the longitudinal free vibration test 

 

Specific longitudinal elastic modulus (Es); 

𝐸𝑠 =
𝐸

𝛾
… … … … … … … … … … … … … … … … 𝑒𝑞. 2 

 

𝛾 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 

 

𝛾 =

𝑜𝑣𝑒𝑛 𝑑𝑟𝑖𝑒𝑑 𝑚𝑎𝑠𝑠
𝑔𝑟𝑒𝑒𝑛 𝑣𝑜𝑙𝑢𝑚𝑒

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
… … … … … … … … 𝑒𝑞. 3 

 

Velocity of sound (V) (Akitsu et al., 1993; Ono & 

Norimoto, 1983); 

 

𝑣 = √
𝐸

𝛾
… … … … … … … … … … … … … … . . 𝑒𝑞. 4 

 

Acoustic co-efficient of the vibrating body (K); 

 

𝐾 = (
𝐸

𝛾3)
0.5

… … … … … … … … … … … … … … … . 𝑒𝑞. 5   

 

Damping factor due to internal friction (tan δ); 

tan 𝛿 =
𝜆′

𝜋
… … … … … … … … … … … … … … … 𝑒𝑞. 6 

 

𝜆1 = 𝑙𝑜𝑔𝑎𝑟𝑖𝑡ℎ𝑚𝑖𝑐 𝑣𝑖𝑏𝑟𝑎𝑡𝑖𝑛𝑔 𝑑𝑒𝑐𝑟𝑒𝑚𝑒𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟  
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𝜆1 = (
1

𝑛
) 𝑙𝑛 (

𝑋1

𝑋𝑛+1
) … … … … … … … … … … … .  𝑒𝑞. 7     

 

 𝑛 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑖𝑣𝑒 𝑝𝑒𝑎𝑘𝑠,  

𝑋1 𝑎𝑛𝑑 𝑋𝑛+1 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑎𝑛𝑑 (𝑛 +
1)𝑡ℎ 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑣𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦 (Fig. 3)

 

 

 
Fig. 3 The schematic view of amplitude decrement of the first mode of vibration through time 

 

Sound quality factor (Q) and acoustic conversion 

efficiency (ACE) (Ross & Pellerin, 1994); 

𝑄 =
1

𝑡𝑎𝑛𝛿
… … … … … … … … … … … … … … … … . 𝑒𝑞. 8 

 

 𝐴𝐶𝐸 =
𝐾

𝑡𝑎𝑛𝛿
… … … … … … … … … … … … … … … 𝑒𝑞. 9  

 

𝐾 =  𝑎𝑐𝑜𝑢𝑠𝑡𝑖𝑐 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑖𝑏𝑟𝑎𝑡𝑖𝑛𝑔 𝑏𝑜𝑑𝑦 

Impedance (Z); 

 

𝑧 = 𝑣𝜌 … … … … … … … … … … … … … … … … … 𝑒𝑞. 10 

 

𝑣 = 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦     
 

2.2 Statistical analysis 

 

Descriptive statistics was used to analyse data obtained. 

 

3. RESULTS AND DISCUSSION 

 

Table 1 represents the acoustic properties measured for 

A. adianthifolia wood. The mean FF, RF, V, E, Es, Q, tan 

δ, K, ACE, Z and  𝛾 were 807.94 Hz, 2051.20 Hz, 

3542.66 m/s, 7.92 GPa, 12.65 GPa, 126.01, 0.009, 5.76, 

731.75 m4kg-1s-1, 2.21 x106 kgm-2s-1 respectively. Fig. 4 

shows the sound frequency measured in frequency 

domain. 

 

Sound frequency can be defined as the number of a whole 

cycle of vibration per second (Plack et al., 2005), and it 

directly measures the pitch of the sound of a material. 

Thus, the higher the FF and RF, the higher the pitch of 

sound produced by the wood when excited by an external 

body. FF represents the first frequency, while RF 

represents the frequency with the highest amplitude of a 

sound timbre. Meanwhile, mean values obtained for 

sound frequency (FF, RF) in this study was lower than 

Olaoye et al., (2019),  for Gmelina arborea wood. A 

suspected reason for this lower value may be associated 

with anatomical makeup, chemical or mechanical 

properties of the species. 

 

Velocity of sound may be defined as the distanced 

travelled per unit time by a sound wave as it propagates 

through elastic medium. The velocity of sound of the 

wood species falls within the range of acceptable velocity 

of sound for wood (3300 m/s – 5000 m/s) 

(EngineeringToolbox, 2018) thus, A. adianthifolia wood 

can be considered suitable for an acoustic application 

where a good velocity of sound is required. 

Notwithstanding, velocity of sound obtained was still 

lower than wood of G.arborea (Olaoye et al., 2019); 

A.robusta (Olaoye et al., 2016); Amboyna and Bamboo 

(Yoshikawa & Waltham, 2014) and Walnut (Jalili et al., 

2014). 

 

Furthermore, internal friction (tan δ), specific dynamic 

young’s modulus (Es), and acoustic conversion 

efficiency (ACE) are considered as the three major 

acoustic properties of wood (Ono and Norimoto 1983; 

Tanaka 1987; Matsunaga et al., 1996; Hamdan et al., 

2016). Also, Akitsu et al., (1993) opined that Internal 
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friction is related to sound damping factor  while ACE is 

related to the ratio of acoustic energy radiated from a 

musical instrument to the energy given by the string 

(Tanaka, 1987). 

 

Therefore, a better acoustic wood species is associated 

with lower value of tan δ. However, Brémaud, (2012) 

stated that an acoustically suitable species should have its 

average value of tan δ to be 0.006, thus implying that 

wood species having ≤ 0.006 can only be considered as 

acoustically suitable species. Consequently, wood of 

A.adianthfolia can’t be regarded as having acoustic 

potential, owing to a mean damping factor higher than 

0.006.  
 

Tanaka, (1987); Yano, Matsuoka and Mukudai, (1992); 

Yano et al., (1995); Matsunaga et al., (1996) reported 

that higher Es and lower tan δ are essential for wood 

suitable for making soundboards of musical instruments. 

Also, Hamdan et al., (2016) highlighted a high ACE 

value for excellent soundboards, while lower ACE and 

higher tan δ is identifiable with making frame boards. 

 

Since higher ACE, Es and lower tan δ have been 

highlighted as an essential parameter for acoustic 

suitability, it is thus appropriate to determine the 

potentiality of A. adianthifolia for acoustic application 

base on these essential parameters. As such, the mean 

value of ACE and Es in this study compared lower with 

G.arborea wood (Olaoye et al., 2019); Dialium sp. 

(Hamdan et al., 2016); Endospermum diadenum (Sedik 

et al., 2010). Also, tan δ was higher than the average 

recommended value. Therefore, the wood of A. 

adianthifolia has no potential use for making sound board 

for acoustic applications, but can still be considered for 

making frame boards.

 

 

 

Table 1: Physico-acoustic properties of Albizia adianthifolia wood 

 Mean  Minimum  Maximum  S.D.  CV (%) 

FF (Hz)  807.94  708.50 887.33 56.49 6.99 

RF (Hz)  2051.20  1623.00 2430.33 241.01 11.75 

V (m/s)  3542.66  3106.62 3890.76 247.69 6.99 

E (GPa) 7.92  5.63  10.59 1.67  21.11 

Es (GPa)  12.65  9.66 15.15 1.73 13.64 

Q  126.01  75.09 155.95 26.85 21.31 

tan δ  0.009 0.007  0.0113 0.002  24.59 

K 5.76 4.28 7.07 0.65 11.31 

ACE (m4kg-1s-1)  731.75  456.51 1090.33 209.38 28.61 

Z (x106) (kgm-2s-1) 2.21 1.80 2.72 3.51 15.84 

Γ 0.62 0.52 0.73 0.07 11.70 

FF – Fundamental Frequency, RF – Resonance Frequency, V – Velocity of sound, E - Dynamic modulus of 

elasticity, Es – Specific dynamic modulus of elasticity, Q – Quality factor, tan δ – damping factor, K – Radiation 

coefficient, ACE – Acoustic Conversion Efficiency, Z – Impedance, γ – specific gravity, S.D. – Standard Deviation, 

CV – Coefficient of Variation 
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Fig. 4 Fundamental frequency measured in frequency domain 

 

4. CONCLUSION 

 

It can be concluded that A. adianthifolia is not potentially 

suitable for general acoustic applications. However, it is 

potentially suitable for making frame boards of musical 

instruments. 
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