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ABSTRALCT

The magnetostriciive delay line
technigus 3Is  wused to  Inysstigate internal
friction @—%, ar elastic moduli in different
wood materials. The tested woods are camphor,
porus alba, and azedarach treecs. Megsuresents
were carried out, for cach wood, in two
principal directions, the longitudinal
direction and the other radial one. However,
the results obtaingd for internal friction and’
elastic moduli were different, not only, for
the wnorked woods, but also for the dJiffersnt
directians 1In the same wood and confirmed the
anisotropic character 2f wood structure.

INTRODUCTION
Wood as a biomaterial consists essentially of zylenm

(i.e.wood tissue)cells which have their walls nmade up of

spiially wound <£fibres of cellulose embedded in a stiff 1lignin

>chief non-carbohydrate constituent of wood) matrix (1). A

(the
simple diagram illustrates the wood directions is shown in £ig.
difference in the.

1, vhere the annular rings indicate the

character of spring and summer growth.:

The structure of wvosd i3 orthotropic (2). It has a

longitudinal axis parallel to the graih, a tangentiail axis

tangent to the -annular growth rings, and a radial axis

perpendicular to the grain and the growth rings. Wood properties
' foé‘ constructional

have provided man with an invaluable medium
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vork ‘where the applications depend on ease ofiwquinq a material,
or, its durability and its ptesentable surface finish. Although

vood ptopertiés are affected by noisture} it has freedom . from

rust and corrosion.

Acoustical and mechanical properties of wood, e.q.

sound wave velocity, sound wave attenuvation, or, damping and

elastic moduli have been stﬁdied by several workers (3 -~ 9). But

investigated wvoods were béech, tulip, spruce, cedar, f£ir, oke,

and pine.

The purpose of this work is to extract, £from acoustical

measurements on some Egyptian woods, éi@nificant parameters which
give informations on their mechanical behaviour. The longitudinail

elastic modulus as well as the internal friction will be measured

for camphor, morus alba, and azedarach wood materials.

EXPERIMENTAL
Different types of dry wood mgtetials are tested in the

present wvork. The investigated woods are road trees which iavolve
camphor, morus albe, and agedarach. Strips'of approximate equal

dimensions (6 X 1.5 X 0.5 cm) wvere cut from these trees with

their main lengths are aligned either along the 1longitudinal

direction or in the radial direction of tested wood specimen

respectively. These strips were used for determining
the longitudinal elastic modulus and internal friction

by exciting them along their lengths into their longitudinal

resonant modes of vibrations.
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The magnetostrictive delay line technique described

pzeviously‘(io, 11) in détaif is used in these investigations. In
this system, a generated burst of mechanical oscillatloné is used

to excite each tested specimen at either the natural frequency or

one of the harmonic frequencies of the speéiien. This technique

is characterized by a resultant signal echo whiéh recorded by the

2. -The parameters

system and is schermatically shown in £fig.

" shown in fig. 2, are used to calculate the internal friction, Q-

, according to the fcllowving equations (10),

Qs = 2ot io 111

Qll Ag'AQ
and

= fnostoxny 12

Qe 1 + x

‘Where Q- and Qm are the coupling and material Q-factors
respectively.

The longitudinal resonant modes of vibzatio@ of each tested

specihen-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

Co is related to the resonance frequency F by

Cp= 2Lg> N (3]
n .
Where n is the mode order number.

The longitudinal elastic modulus E of‘the test’ spééimen
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can be_found;by~us;nq the equation

E = vif A {4}

vhere £ is the denéityvvhich vas determined by weighing
:égulai 'éhape (parallélopipedi samples from the studied woods

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

Alsa, Vv is the longitudinal rod velocity of sound vaves

propagation.

RESULTS AND DISCUSSION

1- Elastic Moduli of Wood.

FPigs. 3, 4, and 5 show the variations of the longitudinal

velecity C, with the width-to-wave length ratio LV Y in

phase
the longitudinai and radial directions for tested camphor, morus

alba, and azedarach woods respectively. The rod velocities Vs and

Ve in both the principal longitudinal and radial directions

respectively, can be determihed (12, 13) by extrapolating the
curves, as showvn in the figures, and finding the out-off with
each phase velocity axis. Thus, the elastic moduli E. and Ea £OT

longitudinal -and radial directions can be found by using equation
(41,

The experimental values for density of wood, sound wvaves
velocities, and elastic moduli are shown in table 1. These values

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

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

other voods. However, all aobserved te;plts'shov:that sound seems

to propagate, about two times faster “in  the longitudinal
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Fig. 1. A sketch shows the directions of wood.
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Fig. 2 .rThe measurable parametfers of the echo-signal

A, : initial amplitude, A, : steady state

0

amplitude , and N : number of oscillations

to cross- over.
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direction along the £fibres than in the other radial one. This

may be dve to the existence of the different grovth ripgs in the

radial direction of wood. These growth rings oppose the waves

propagating normal to the fibres in a similar wvay like grain

boundaries in polycristals, and, hence a smaller values for wave

velocity.

Also, being E: is greater than Ean, as observed here,

reflects that specimens cut with their axial lengths coincidehﬂ

with the longitudinal direction of wood are greatly more stiff

than those whose axial lengths are aligned in the radial

direction for all tested woods.

2~ Internal Friction of Wood.

Table 2 shovs the calculated values of internal f£riction

at the room temperature ( 7 25°C) in both the - longitudinal Qd

and radiai Qi , Qirections for the tested vood materials.

As showa in the above section, the calculated velocities in
longitudinal direction, along the £ibzeg, vere larger than those
obtained lniéﬁe radial difection: ?hisAsugéests that.the damping
of sound vave (or the internal fricticn} values will be smaller
in the longitpdinal direction than in the radjal one. This has
al:gady been observed for all tested-voods as wvas expected and

observed previously (4) for spruce and wvestern red cedar wood

materials.

CONCLUSION
Because of the growth of wood is wmainly controlled by
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nature, therefore, wood structure is not the same for different

voods and hence diiferent>densities~are existed. However, the

variation ofthe measured properties in this wozk fdr the

different directions of the same tested wood confirms the

anisotropic nature of wood.

In spite of, few woods were worked in the present work, but

it can be seen from the tabulated results of Q~* , the type of

wood among = them, wvhich could be used as a good absorber for

mechanical vibrations by preparing boeards in the suitable

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

moie stiff and resistent for applied mechanical 1loads in

different applications.
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Measurcd valuen of densities, sound velocities ( VL ,and VH Jin

Tahle 1.
’ the longitudiral and radial directions . and the corresponding
elastic moduli '(-EL-ana Ep } far illustrated woods respectively.
Tested J05 Vi, [ ELQ Vn ER2
wood {(kgs/in?) { m/5 ) (/e j(nis) ( %/m° )
. 14! ¢
Camphor 761.9 3165 0.76x 15" | 1550 0.18 xo0t”
. 2al0 . 10
Morus 41bz 573.8 3230 0.£0 =10 138¢ 0.11 xi0
. . 1¢ ’ 10
Azedaracn 549.6 4730 3.23 x10 2340 0.30 x10

Heaspred values of internal friction Q;’, QR

~1 o the longit-

Table 2.
wdinal and radial directions of investijmted woods respectively .
e -1
Tested in QR
-wood
Canphor 7.26 x 1073 5.78 x 10'3
Horus Alba 6.49 x 1070 8.4% x 1077
Azedarach “2.26 x 1070 3.74 x 1070

de
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