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ABSTRACT 
The o a y a e t o s t r i ;  2 i v e  d e l a y  l i n e  

t echn  ique  is used t o  inves t i !?a te  i n  t e r n a l  
f r i c t i o n  8''. ar e l a s t i c  m o d u l ~  i n  d i f f e r e n t  
uoud m a t c r l a l s .  The t e s t e d  NUOJS are camphor, 
a v r u s  alba ,  and a ~ e d a r a c h  t r e e s .  Measuresenfs  
H e r e  c a r r i e d  o u f ,  f o r  each N U O ~ . .  i n  two 
p r i n c i p a l  d i r e c t i o n s ,  eAc l o n g i  t u d i n a l  
d i r e c t i o n  and the o t h e r  radial one .  Houever, 
the r e s u l t s  obta ined  f o r  i neerna l  f r i c t i o n  and 
e l a s t i c  ~ o d u l i  #are d i f f e ~ e n t ,  not only, for 
the ~ u r k e d  ~ v o d s , ,  b u t  a l so  f u r  the d i f f e r e n t  
d i r e c t i o n s  i n  the same ~ o o d  and con f i r o e d  the 
an i s o t  r o p i c  charac t a r  o f  uood s f  r u c t u r e .  

INTRODUCTX ON 

Wood as a b8omaterial consists essentially of zylem 

(i.e.vood tissue)cells which have their valls made up of 

spirally wound fibres of cellulose embedded in a stiff lignin 

(the chief non-carbohydrate constituent of vood) matrix ( 1  A 

simple diagram illustrates the wood directions is shown in fig. 

1, vhere the annular rings indicate the difference in the 

character of spring and summer growth. 

The structure of voed is orthotropic ( 2 ) .  It has a 

longitudinal axis parallel to the grain, a tangential axis 

tangent to the annular grovth rings, and 

perpendicular to the grain and the grovth rings. 
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vork vhere the applications depend on ease of working a material, 

or, its durability and its presentable surface finish. Although - 

vood properties are affected by aoisture, it has freedom from 

rust and corrosion. 

Acoustical and mechanical properties of vood, e .g .  

sound vave velocity, sound vave attenuation, or, damping and 

elastic moduli have been studied by several vorkers ( 3  - 9). But 

investigated voods vere beech, tulip, spruce, cedar, f i r ,  oke, 

and pine. 

The purpose of this work is to extract, from acoustical 

measurements on some Egyptian voods, significant parameters vhich 

give informations on their mechanical behaviour. The longitudinal 

elastic modulus as vell as the intarnal friction will be measured 

for camphor, morus alba, and azedarach wood materials. 

EXPERIMENTAL 

Different types of dry wood materials are tested in the 

present vork. The investigated voods are road trees vhich involve 

camphor, morus albe, and azedasach. Strips of approximate equal 

dimensions (6 X 1.5 X 0.5 cm) vere cut from these trees vith 

their main lengths are aligned either along the longitudinal 

dixection or in the radial direction of tested wood specimen 

respectively. These strips vere used for determining 

the longitudinal elastic modulus and internal friction 

by exciting them along their lengths into their longitudinal 

resonant modes o f  v ibra t ions .  
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The wagnetostr ict ive delay line technique described 

previously (10, 11) in detail is used in these investigations. In 

this system, a generated burst of mechanical oscillations is used 

to excite each tested specimen at either the natural frequency or 

one of the harmonic frequencies of the specimen. This technique 

is characterized by a resultant signal echo vkich recorded by the 

system and is schermatically shovn in fig. 2. The parameters 

' shovn in fig. 2, are used to calculate the internal friction, Q'\ 

, according to the folloving equations (101, 

and 

Where Qc and Q, are the coupling and material Q-factors 

respectively. 

The longitudinal resonant modes of vibration of each tested 

specimen vere excited-by cementing it with the remote end of the 

delay line vire. The corresponding resonance frequencies vere 

detected. For a strip of length L and width W the phase velocity 

C, is related to the resonance frequency F by 

Where n i s  the mode order number. 

The longitudinal elastic modulus E of' the test. specimen 



can be found by. using the equation 

E = vZf I 4  I 

where f is the density vhich was determined by veighing 

regular shape (parallelepiped) samples from the studied woods 

under the same huaidity condition (about 60% moisture content). 

Also, V is the longitudinal rod velocity of sound vaves 

propagation. 

RESULTS AND DISCUSSION 

1- Elastic Moduli of Wood. 

Figs. 3, 4, and 5 shov the variations of the longitudinal 

phase velocity C, vith the vidth-to-wave length ratio W/ ')( in 

the longitudinal and radial directions for tested camphor, morus 

alba, and aze2arach woods respectively. The rod velocities V3, and 

VR in both the principal longitudinal and radial directions 

respectively, can be determined (12, 13) by extrapolating the 

curves, as shovn in the figures, and finding the out-off vith 

each phase velocity axis. Thus, the elastic moduli EL and En for 

longitudinal a n d  radial directions can be found by using equation 

The experimental values for density of vood, sound vaves 

vehcities, and elastic moduli are shown i n  table 1. These values 

observed here in the present work, for sound velocities, are in 

great consistent vith those obtained previously ( 4 ,  5, 7) on , 

other v ~ o d s .  Hovever, all observed resplts'shov that sound seems 

to propagate, about two tines faster in the longitudinal 
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Longitudinal 
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Fig. 7. A sketch shows h e  d i rec t ions  of wocd. 

Fig. 2 . The measurable parameters of  the echo-signal 

A, : initial amplitude , A,: s teady state 

amplitude , and N : number of oscillations 

to cross- over. 



directian along the fibres than in the other radial one. This 

may be due to the existence of the different grswth rings in the 

radial direction of wood. These growth rings oppose the waves 

propagating nermah to the fibres in a similat way like grain 

boandarfes in poiycr6seals, and, hence a smaller values for wave 

velocity. 

Also, beiaq E t  is greater than Em, as observed herec 

teflects that specinens cut vith their axial lengths coincideLi 

with the longitudinal dihection of vood are greatly maze stiff 

than those whose axial le~gths are aligned in the radial 

direction for all tested woods. 

2- Internal Friction of Wood. 

Table 2 shovs the calculated values of internal friction 
-\ 

at the room teraparature ( .=: 2 5 O ~ )  in both the longitudinal QG 

and radiai Q: , directions for the tested wood materials. 

As shown in the above section, the calculated velacities in 

longitudinal direction, along the fibres, were latgez than those 

obtained in the radial direction; This suggests that the damping 

of sound wave (or the internal friction) values will be sraller 

in the longitudinal direction than in the radial one. This has 

already been observed for all tested woods as was expected and 

observed previously t i )  for spruce and western red cedar vood 

m t e r  ials . 
CONCLUSION 

Because of the grovth of wood is mainly controlled by 
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nature, therefore, vood structure is not the same for different 

voods and hence different densities are existed. Hovever, the 

variation ofthe measured properties in this vork for the 

different directions of the sarne tested vood confirms the 

anisotropic nature of vood. 

I n  spite of, few voods were worked in the present work, but 

it can be seen from the tabulated results of Q'% , the type of 

vood among them, which could be used as a good absorber for 

mechanical vibrations by preparing boards in the suitable 

direction. Also, what direction should the board be cut to be 

more stiff and resistent for applied mechanical loads in 

different applications. 
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l'sble 2 .  I.:easured values of i n t e rna l  friction , Q in the longit- 

%.s:ed 

wood 

CimMor 7.26 10'~ 

#orus Alba 6.&3 x 10-3 

Azetarach 2.66 x 10-3 


