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Rezumat:
In vederea determinarii proprietatilor mecanice -
in spetd a modulului de elasticitate — ale

compozitelor fibroase, metodele nedistructive
prezintd anumite avantaje. Tehnica ultrasunetelor,
bazatd pe masurarea vitezei de propagare a unui
impuls si tinédnd seama de coeficientii de elasticitate
ai materialului, a permis realizarea unui studiu pe o
specie indigena foarte cunoscuta, respectiv pinul de
Alep (Pinus halepensis Mill.), cu luarea in
considerare a proprietétilor fizice ale acesteia, cum
ar fi umiditatea si densitatea. Principalul scop al
acestui studiu este gasirea corelatiilor dintre
comportarea acusticd a materialului gi
caracteristicile sale fizice si mecanice.

Cuvinte cheie: lemn, pin de Alep, tehnica
ultrasunetelor, modul de elasticitate, densitate.

INTRODUCERE

Sunetul este un fenomen fizic perceput de
urechea umana. El este generat de vibratii in solide,
lichide sau gaze si este transmis sub forma de unde,
care sunt oscilatii regulate ale mediului de
propagare. In ciuda faptului c& aspectul lor difers,
diferitele tipuri de unde sunt caracterizate de aceiasi
parametri: viteza de propagare, lungimea de unda,
frecventa. Frecventa sunetului depinde de
caracteristicile sursei, in timp ce viteza de propagare
depinde de natura materialului Tn care se
deplaseaza unda, de densitatea si de elasticitatea
acesteia (Gerl si Issi 1997). Dintre mai multe metode
de masurare, cea prin contact consta in masurarea
vitezei de propagare a undei ultrasonore cu ajutorul
a doi traductori “lipiti” pe epruveta. Traductorul este
plasat direct pe piesa. Legatura acustica este
asigurata de catre agentul de cuplare, care poate fi
vaseling, ulei, adeziv celulozic sau un gel special.
Grosimea peliculei este de ordinul zecimilor de
milimetru. Aceasta tehnica este folosita in special in
timpul controlului manual, ca de exemplu atunci
cand deplasarea traductorului este realizata de un
operator.
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Abstract:

With a view to determining the mechanical
properties - specifically the modulus of elasticity - of
fibrous composites, the nondestructive methods
present certain advantages. The ultrasound
technique, based on measuring the propagation
velocity of an impulse and considering the elasticity
coefficients of the material, enabled us to deal with
the study of a well-known local species, namely
Aleppo pine (Pinus halepensis Mill.), with
consideration of its physical parameters such as
moisture and density. The mean goal of this step is to
find correlations between the acoustic behavior of
the material and its physical and mechanical
characteristics.

Key words: wood, Aleppo pine, ultrasound
technique, modulus of elasticity, density.

INTRODUCTION

The sound is a physical phenomenon perceptible
by the human ear. It is produced by the vibrations of
the solids, the liquids or gases, and is transmitted in
the form of waves which are regular oscillations of
the conveying medium. In spite of their different
aspect, the various types of waves are characterized
by the same parameters: propagation velocity,
wavelength, frequency. The frequency of the sound
depends on the characteristics of the source
whereas the propagation velocity depends on the
material in which the wave moves, its density and
elasticity (Gerl and issi 1997). Out of several
available measuring techniques, the contact method
consists in measuring the propagation velocity of an
ultrasound wave by means of two transducers
“glued” on the sample. The transducer is placed
directly on the wood sample. The acoustic
connection is ensured by the coupling agent, which
may be grease, oil, cellulose adhesive or a special
gel. The film thickness is of the order of the tenth of
millimetre. This technique is especially employed at
the time of manual control, i.e. when the
displacement of the transducer is ensured by an
operator.
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OBIECTIV

Principalul scop al studiului prezentat in aceasta
lucrare este gasirea corelatiilor dintre comportarea
acustica a materialului si caracteristicile sale fizice si
mecanice, prin determinarea modulului de
elasticitate longitudinal Tn functie de viteza
longitudinala de propagare a ultrasunetelor,
masurata cu ajutorul a doua aparate diferite.

MATERIAL SIMETODA
Notiuni teoretice

Masurarea vitezei de propagare a sunetelor
reprezinta o metoda alternativa pentru analiza si
caracterizarea materialului. Intr-un mediu liniar,
elastic si uniform (Bucur 2000), viteza undei care se
propaga este functie de densitatea mediului si de
constantele elastice “simple”. Astfel, cunoasterea
vitezelor de propagare intr-un material elastic
permite deducerea proprietatilor mecanice ale
acestuia. Utilizarea metodei cu ultrasunete pe
elemente din lemn a fost subiect pentru mai mulii
cercetari (Bordonne 1989 ; Brancheriau 2002 ;
Bucur 2000 ; Gerl 1997 ; Ouis 2000 ; Sandoz
1996)(Fig. 1).

OBJECTIVE

The mean goal of this step is to find correlations
between the acoustic behavior of the material and its
physical and mechanical characteristics, by
determining the longitudinal modulus of elasticity as
function of the propagation velocity of ultrasounds in
fibre length, as measured by means of two different
devices.

MATERIALAND METHOD
Theoretical Recall

Measuring the propagation velocity of
ultrasounds constitutes a method of choice for the
analysis and the characterization of a material. In a
linear, elastic and isotropic medium (Bucur 2000),
the speed of a wave which is propagated there is a
function of the density of the medium and its "simple"
elastic constants. Thu,s the knowledge of
propagation velocities in a given material makes it
possible to deduce its mechanical properties from
them. The application of the ultrasound method on
wood elements was the object of several researches
(Bordonne 1989; Brancheriau 2002; Bucur 2000;
Gerl 1997; Ouis 2000; Sandoz 1996)(Fig. 1).
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Fig. 1.

Timp de incarcare, emisie si receptie a senzorilor piezoelectrici /
Time of loading, emission and reception of the piezoelectric sensors
(Ouis 2000)

Metoda cu ultrasunete se bazeaza pe analiza
propagarii undelor elastice de joasa frecventa intr-
un mediu infinit. Viteza de propagare, care este
variabila urmarita, este dedusa din ecuatia migcarii:

(1)

unde indicele dupa virguld reprezinta derivata
corespondenta (i, j, k), punctul de referinta orto-
normal pe axele reale; t — timpul; r - densitatea; u -
vectorul de deplasare.

Viteza de propagare V a vibratiilor longitudinale
intr-o bara prismatica, care formeaza un mediu
elastic solid, este legata de coeficientul de rigiditate
C,, sidensitatea (Timoshenko 1961):

Cu (2)
p
Se poate aprecia ca rigiditatea poate fi inlocuita
de modulul de elasticitate, respectiv coeficientul de
rigiditate longitudinal C,, poate fi inlocuit de modulul
de elasticitate longitudinal E, si atunci ecuatia de
baza pentru exprimarea vitezei de propagare a

G, =P,

i.J

I/L:
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The ultrasound method is based on the analysis
of the propagation of the elastic low frequency wave
in an infinite medium. The propagation velocity,
which is the sought variable, is deduced from the
equation of the movement:

(1)

where the index after the comma indicates the
corresponding derivative (i, j, k), the reference mark
ortho-normalized on the natural axes; t — time; r -
density; u-vectordisplacement.

The propagation velocity V of the longitudinal
vibrations in a prismatic bar, made up of a solid
springy medium, is connected to the rigidity
coefficient C,, and the density (Timoshenko 1961):

CLL (2)

One can estimate that rigidity can be replaced by
the modulus of elasticity, respectively the
longitudinal coefficient of rigidity C,, may be replaced
by the longitudinal modulus of elasticity E,. Thus, the

G, =pPY,

vV, =
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undei in lungul fibrelor capata forma:
EL (1 7VTRVRT)

P \/
L
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unde v, sunt coeficientii lui Poisson.

Este de notat ca viteza de propagare dupa o axa
este dependenta in primul rand de coeficientul de
rigiditate (sau modulul de elasticitate) al axei
considerate si de densitatea materialului. Viteza de
propagare a undei elastice de joasa frecventa este
astfel foarte sensibila la proprietatile fizico-mecanice
ale lemnului, caracteristica pe care se bazeaza
utilizarea metodei ultrasunetelor ca metoda
nedistructiva de evaluare a proprietatilor mecanice
ale lemnului (Bucur 1981; Sandoz 1996).

)

Materialul lemnos

S-a selectat lemn de rasinoase din specia pin de
Alep (Pinus halepensis Mill). Epruvetele destinate
cercetarii au rezultat prin taiere pe plin, fiind utilizati
un numar de 5 arbori din statiunea Zemmouri din
Algeria. in ansamblu, au fost taiate mai mult de 100
de epruvete, dar au fost selectate doar 90 de
epruvete cu sectiunea de 50x50mm?, fara nici un
defect.

Epruvetele au fost, pe cat posibil, prismatice, cu
fibra dreapta, fara noduri sau defecte. Ele au fost
selectate astfel incat inelele anuale sa aiba o
curburd neglijabila si sa fie paralele cu directia
tangentiala prin lemn.

Densitatea si dimensiunile epruvetelor sunt
prezentate in Tabelul 1.

expression of the propagation velocity in fibre length
becomes:

Vo= /CLL :\/ E A=V 5V er)
L
P =2V eV =ViVn ViV e —VarV )P

where v, are Poisson's coefficients.

It is to be noticed that the propagation velocity on
an axis is primarily dependent on the module of
rigidity (or elasticity) of the axis considered and the
density of the matter. The propagation velocity of an
elastic low frequency wave will be thus very sensitive
to the physical-mechanical properties of wood,
which makes of it a non-destructive method of
evaluation of properties of wood (Bucur 1981;
Sandoz 1996).

(3)

Wooden Material

A resinous wood was retained: Aleppo pine
(Pinus halepensis Mill). The specimens intended for
the tests resulted by live sawing, carried out on a
total of 5 trees of the station of Zemmouri in Algeria.
On the whole, more than 100 specimens were cut,
but one retained only ninety (90) specimens with the
section of 50x50mm?’, clear of any defect.

The specimens were, in so far as possible,
prismatic, with straight grain, without knots or
defects. They are selected in such a way that the
growth rings have a negligible curve and are parallel
with the tangential direction of wood.

The density and dimensions of the specimens are
presentedin Table 1.

Tabelul 1/ Table 1

Identificarea speciilor lemnoase / Identification of wood species

Denumire comuna / Zona/ Denumirea stiintifica / | Densitatea / | Dimensiuni /
Common name Region Scientific name Densitsy Dimensions
[kg/m] [mm]
Pin de Al_ep / Zemmo_u fl Pinus halepensis 570 50 x 50 x 1000
Aleppo Pine - Algeria
Aparatura de masurare Measuring Apparatus

Pentru masurarea vitezei de propagare in prisme
au fost utilizate doua dispozitive de masurare tip
"TICO" si "PUNDIT". Ambele dispozitive sunt
prevazute cu un emitator si un receptor intre care se
determina timpul de propagare.

Epruvetele din lemn (90 de prisme din pin de
Alep, sectiune 50x50mm?®) au fost testate prin
metoda cu ultrasunete, dupa cum se prezinta in
Fig.2.

Tico

Two measuring devices "TICO" and "PUNDIT"
were used to measure the propagation velocity in
beams (Fig. 2). These devices all are provided with a
transmitter and a receiver from which a travel time is
calculated.

The wood samples (90 beams of Aleppo Pine,
section 50x50mm?’) were tested with the ultrasound
method, as shown in Fig. 2.

Pundit

Fig. 2.
Masurarea vitezei de propagare a undelor ultrasonore in epruvete din lemn de pin de Alep cu
ajutorul aparatelor tip Tico si Pundit/
Velocity measurement of ultrasonic wave propagation Tico and Pundit on Aleppo pine wood
samples.
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Cercetarile au aratat ca pentru zonele cu defecte, Studies showed that for weak singularities, the
undele ultrasonice pot gasi intotdeauna o cale de || ultrasound waves could always find a way of
trecere (Bordonne 1989 ; Brancheriau 2002), nefiind | passage (Bordonne 1989; Brancheriau 2002), not
oprite la vitezele acestora prea mici. Oricum, | penalizing whereas too slightly its speed. However,
defectele in lemn sunt intotdeauna traduse prin | the singularities in wood are often translated by
discontinuitatile (neomogenitatea) materialului. | material discontinuities. Discontinuities are genuine
Discontinuitatile sunt adevarate curbe de energie, | waves of energy so that same the smallest
astfel ca acele singularitati foarte mici sunt detectate | singularities are detectable by the measurement of
prin masurarea varfurilor de energie. In acest studiu, | the peak of energy. In this study, all measurements
toate masuratorile au fost realizate la cele doua | were carried out on the two ends of the beam. An
capete ale prismei. Un impuls este trimis de emitator | impulse is sent by the transmitter (Fig. 3), and the
(Fig. 3) si este inregistrat timpul de deplasare | displacement time is given (Bordonne 1989;
(Bordonne 1989; Brancheriau 2002). Pentru a || Brancheriau 2002). By knowing the distance
cunoaste distanta parcursa de fascicolul de unde || covered by the package of emitted waves, the
emise, viteza de propagare V poate fi calculata | propagation velocity V can be calculated as follows:
astfel:

D D

Emitator/ Receptor/
|~_ Emmitter Receiver
Timp de pornire/ Timp de sosire/
Departure Time Arrival Time
Fig. 3.

Principiul masurarii duratei de propagare a undei /
Principle of measuring the wave propagation time.

In general, cu cresterea vitezei, numérul In a general way, with increasing speed the
defectelor intélnite in cursul emiterii sunetelor | number of singularities met on the course of the
scade. In fiecare caz, viteza obtinutd este | transmitted wave gets lower. In each case, speed
comparabild cu viteza de referintd pentru specia | obtained is compared to a speed of reference of the
lemnoasa considerata si asociata apoi cu wood species considered, and then related to a
umiditatea de referinta (astfel ca masuratorile s& | moisture content of reference (so that

poata fi comparate). measurements are comparable).

REZULTATE SIDISCUTII RESULTS AND DISCUSSIONS

Relatii intre masuratorile de viteza Relation Between Velocity Measurements
Masuratorile de viteza s-au realizat pe 90 de The velocity measurements were carried out on

prisme. Cele doua aparate de masurare utilizate 90 beams. The two devices used provided
au condus la rezultate comparabile si au fost appreciable results and an average of three series of

realizate in medie trei serii de masuratori per measurements per beam was carried out. Fig. 4
prisma. Fig. 4 prezinta relatia liniara existenta intre presents the linear relation existing between these
aceste viteze luate arbitrar, ludnd viteza masurata speeds by arbitrarily taking the speed of Tico like
pe Tico drept variabila explicatorie. De notat o explanatory variable. One notes a very significant
constanta liniara semnificativa intre viteza linear constraint between the speed of Tico and that
masurata pe Tico si cea masurata pe aparatul of Pundit (R=0.88 forn=90).
Pundit (R=0,88 pentrun=90).
2a00 Vp=0.82Vt+722 R=0.88 n=90 . ‘
oy I..*‘ I:
gg 4200 mry
%% u l.-n .
Fig. 4. EE 4000 n ..l F AL
Relatia intre masuratorile de viteza realizate cu 5§ " ‘= . -
aparatul Tico si respectiv Pundit (n=90) / 5 s ny ;:H." -
Relation between velocity measurement Tico LS L™
and Pundit (n=90). §2 a0 Z .
> a |
3400 +
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Viteza de propagare m/s (Tico) /
Propagation speed m/s (Tico)
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Evaluarea modulului de elasticitate prin metoda
cu ultrasunete

Corelatiile dintre modulul de elasticitate
longitudinalsi densitate sunt pozitive (Fig. 5...8), atat
pentru aparatul Tico, cat si pentru aparatul Pundit.

14000

Evaluation of the Longitudinal Elasticity
Modulus by the Ultrasound Method
The correlations between the longitudinal

modulus of elasticity and the density are positive
(Fig. 5...8), whether it is for the Tico or Pundit
equipment.
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Relatia intre modulul de elasticitate Tico si densitate /
Relation between the elasticity modulus Tico and the density.
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Fig. 6.

Relatia intre modulul de elasticitate Pundit si densitate /
Relation between the elasticity modulus Pundit and the density.

CONCLuUzI

Tn cadrul acestui studiu a fost posibil& evaluarea
eficacitatii echipamentelor utilizate (Tico si Pundit) a
caror alegere a fost dictata de doua criterii de baza:
cheltuielile materiale relativ mici si utilizarea usoara.

Se poate evidentia ca literatura de specialitate
ne-a permis cunoasterea anumitor metodologii Si
intelegerea mecanismului relatiei de legatura cu
proprietatile fizice si mecanice ale lemnului, pentru
parametrii obtinuti prin metoda ultrasunetelor care
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CONCLUSION

Within this study, it was possible to evaluate the
effectiveness of the equipment used (Tico and
Pundit) whose choice was dictated on two basic
criteria: relatively low financial investment and
simple implementation.

It should be emphasized that the literature
enabled us to take note of certain methodologies and
to include/understand the mechanism of the
relations which bind the physical and mechanical
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este nedistructiva.

Din punct de vedere practic, acest experiment
necesita determinari foarte precise pentru
dimensiuni si masa pentru a aprecia densitatea in
functie de care se calculeaza intotdeauna modulul
de elasticitate. De asemenea, s-a evidentiat faptul
ca principala cauza a dezavantajelor este asociata
cu utilizarea prin contact direct a probelor
(epruvetelor) care obliga la pregatirea materialului

properties of wood to the parameters obtained by the
ultrasound method which is non-destructive.

From the practical point of view, this experiment
requires the accurate determination of dimensions
and weight in order to determine the density which
allows the calculation of the elasticity modulus. It
should be noted also that the main raised
disadvantage is that relating to the use of the probes
by direct contact obliges to prepare the wooden

lemnos cu mare atentie.
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Relatia intre modulul de elasticitate (Tico) si viteza de propagare Vt/
Relation between the modulus of elasticity (Tico) and the propagation velocity Vt.
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Relatia intre modulul de elasticitate (Pundit) si viteza de propagare Vp /
Relation between the modulus of elasticity (Pundit) and the propagation velocity Vp.
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