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Abstract

In this study, dynaniic niodulus of elasticity (MOEd of ply\vood,
particleboard and mediuni dcnsity fiberboard (MDF) were determined by using a
Fast Fourier Transform (FFT) analyzer and compared to tlieir mechianical
properties obtained froni tlie same speciniens. It was revealed that strong
correlations between MOE() and static bending properties (MOEs, MOR) >vere
found in both longitudinal and bending vibration for particleboard. There ivere
also good correlations behveen MOEd and bending properties of MDF. The MOEd
in longitudinal and bending vibration is acceptable to predict the bending
properties of plyivood in pai allel direction to long axis. Honever poor correlations
\vere found behveen MOEdand IB in particleboard and MDF.

Ilveywords: NDE, vibration frequency, dynamic MOE, strength properties, wood-based
composites.

1. Introduction

The physical and meclianical properties of vvood-based composite products have
\vide variations and many factors can contribute to those such as; ralv material
parameters, species, resin types, manufacturing parameters including pressure, press
time, tempelature, machiies and equipments. On the other hand, quality requilements
for \vood based panels have to be fulfilled as specified in staiidards and by customers.

Systems of quality control in the \vood based panel industry are using different
methods to ensure continuous pioduction of guaranteed quality products. In order to

Rccriveil: 08.05.2008, ncceptcil: 19.06.2008


mailto:dundar@istanbul.edu.tr

44 Tirker Dundar, Nusret As and Huseyin Akkilig

evaluate the quality of \vood composites, genelally, full-sized panels are seleeted
ranidomly from production line and small diameter specimens sawn from these panels
are tested destruetively. The mechanical properties of seleeted panels can be determined
conclusively by destruetive test methods. Holvever, by the effect of numerous
uncountrolled variables tliose values may not reflect the otlier panels properties,
manufactured under the same conditions. The Turkisli Standard, TS EN 326-2 (2006)
allows alternative tecliniques instead of standardized tests for quality control of \vood
based panels if a significant correlatiol between measurement and Standard test can be
proven. Tlierefore, quick and accurate non-destruetive evaluation (NDE) metliods seeni
as an effective alternative to predict mechanical properties of panel products and to
ensure quality requirements.

NDE have been used for many years to evaluate properties of vvood products.
Among the different techniqiies that have been used for predieting the quality of vvood
and vvood based composite materials, one of the most commonly used metliods is the
stress vvave NDE. It uses lowv stress molecular motions to measure two fundamental
material properties: energy storage and dissipatioln. Energy storage is manifested as the
speed at vvhich a vvave travels in a material. In contrast, the rate at vvhicli a vvave
attenuates is an indication of energy dissipation. Jayne argiied that energy storage and
dissipatioln properties are controlled by the same mechanisms that determine a
material’s mechanical beliavior. Thus, useful matliematical relationships betvveen stress
vvave and static mechanical properties sliould be attainable througli statistical regression
analysis techniques (Ross and Tellerin, 1988).

In past several years, a number of research vvere conducted by using NDE
metliods ineluding stress vvave teclinique in order to predict the quality of vvood based
composite. These stiidies focused on relationships betvveen vvave velocity - dynamic
modulus of elasticity and static elasticity - strength properties. Hovvever, some
reserehers found useful correlations among these parameters. Pellerin and Morsctiauser
(1974) reported a good correlatioll betvveen squale of longitudinal vvave velocity and
static MOE wvith r-values of 0.93-0.95 and MOR wvith /-values of 0.87-0.93. Another
research about the using of stress vvave tecliiique in vvood-based composites also
shovved tliat there vvere strong correlations betvveen square of longitudinal vvave velocity
and MOE in tensile vvith an /-value of 0.98, ultimate tensile strength wvith an /-value of
0.91, flexural MOE wvith an /-value of 0.97, and MOR wvith an r-value of 0.93. In
addition, there wvvere good correlations betvveen dyliamic MOE aridLstatic MOE in
tension vvith an r-value of 0.98, ultimate tensile strength vvith an /-value of 0.93,
flexural MOE wvith an r-value of 0.96, and MOR wvith an /-value of 0.92 (Ross and
Pellerin, 1988).

In brief, the vvave velocity and attenuation could be used successfully to predict
the static tensile and flexural properties of vvood based composite materials. Ross and
Pellerin (1988) predieted a useful relationship betvveen stress vvave velocity and
attenuation and internal bond (IB). Similarly, Vogt (1985) stiidied on MDF and it vvas
found a good relationship betvveen square of vvave velocity and static MOE in tension
vvith an /-value of 0.90, static MOE in bending vvith an /-value of 0.76, ultimate tensile
strength wvith an /-value of 0.81, and MOR wvith an r-value of 0.96. Furthermore good
correlations vvere achieved betvveen dyliamic MOE and static MOE in tensile vvith an r-
valie of 0.88, static MOE in bending vvith an r-value of 0.72, ultimate tensile strength
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wvith an r-value of 0.88, and MOR with an r-value of 0.92. It was also investigated the
possibilities of using stress wave to predict internal bond strength of particleboard and
structural panel products by Vogt (1986). It was reported tlat there were relationships
between the square of vvave velocity and internal bond with a correlation coefficient of
0.70-0.72 and betvveen dynamic MOE and internal bond with a correlation coefficient of
0.80-0.99. Han et al. (2006) found that both MOE and MOR of wood based panels
(ply\vood, oriented strandboard and particleboard) vvith related to moisture effect and
they at different moisture colitents can be estimated by observiiig the longitudinal \vave
velocity. Sotomayor (2003) found a strong relationship between static MOE and
dynamic MOE based on stress wave velocity.

Some otlier NDE methods except stress vvave technique have been also
employed to estimate meclianical properties of \vood-based panels. Vibration teclinique
and ultrasound velocity, parallel and perpetidicular to panel surface have been used for
this purpose and good correlations \vere found (Bektha et al., 2000; Dunlop, 1980;
Kruse, 2000; Schivveitzer and Nieniz, 1990; Sotomayor, 2003; Sun and Arinia, 1999;
Vun et ah, 2000; Yang et al., 2005).

The objeetive of this study is to evalilate stress vvave velocity and dynamic MOE
of the vvood based composites such as plyvvood, particleboard, and niediuin density
fiberboard determined by using of longitudinal and bending vibration frequerlicy
measured by Fast Foutier Transform (FFT) analyzer and investigated the possibilities of
predieting the static meclianical properties of vvood based panels.

2. Material and Methods

Commercially manufactured 3 particleboards wvith a dimension of
18x2100x2800 mm, 3 fiberboards (MDF) wvith a dimension of 18x2100x2800 mm and
1 plyvvood wvith a dimension of 20x2100x2800 mm vvere obiained randomly Irom
several mairufacturers. The particleboards and fiberboards vvere manufactured from
mixed species both softvvood and hardvvoods usilig urea-fomialdeliyde resin and the
plyvvoods vvere manufactured from okoume (Aucoumea klainecina Pierre) veneer using
phenol-formaldeliyde resin. Thirty-tvvo (16 parallel and 16 perpetidicular to tlie sending
direetion) 50x500 mm specimens vvere cut from eacli particleboard and MDF panel and
forty 50x500 mm specimens vvere cut from plyvvood along two grain orientation (20
parallel and 20 perpendicular direetion). Totally, 40 specimens of plyvvood, 96
specimens of particleboard, and 96 specimens of MDF vvere conditioned in a room wvith
a relative humidity of 65% +5 and a temperature of 20 +2°C.

In order to delerminie MOE(J, vibration frequencies in longitudinal and bending
vibration vvere used. A Fast Foulier Transform (FFT) analyzer calculated the frequency
of the longitudinal o*bending resonance induced by hitting the end of the specimen (for
longitudinal vibration) or the center of the specimen (for bending vibration), vvliich vwas
supported by a porous and an elastic material. The experimental setup is shovvn in
Figlre 1.
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Figlre 1. The experimental setup ofNDE.
Sekil 1. Tahribatsiz degerlendirme deney dizenegi.

The \vave velocity in longitndinal vibration wvas determined by using of the
follovving equation (Heaimon, 1966):

V=21l (@)

vvhere V is the velocity of the longitiidinal stress vvave, | is the length of the specimen
and/ ‘is the frequericy of the first longitidinal resonance mode. The dynamic modulns of
elasticity in longitiudinal vibration (MOEji) vvas calculated by using the longitudinal
velocity (F) and mass density of the specimen (p) by the follovving equation (Hearmon,
1966):

MOE,u = pV2 (2)

The dynamic modulus of elasticity in free bending vibration/MOEdi,) was also
determiined by using ofthe Euler beam tlieory deseribed by Timoshenkd (1954):

MOEIlb = ©)
i

vvliere f is the frequency of bending vibration in mode no. 1, m is the mass of specimen,
L is the length of specimen, 1is the moment of inertia and y is the 3.561 for free support
condition mode no. 1 (Timoshenko, 1954). No sliear correction vas made because the
effect of sliear was negligible if the spail to thickness ratio of the specimen wvas above
15 (Divos et ak, 1994).

After completing the determination of the NDE parameters, the specimens for
the static tests vvere prepared froni eacli NDE specimens. Static modulus of elasticity
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(MOEs) and modiilus of rupture (MOR) vvere cotidiicted according to EN 310 (1993) in
particleboard, MDF and plyvvood. The internal bond strength wvas also conducted
according to EN 319 (1993) in particleboard and MDF. Totally, 40 specimens of
plyvvood, 96 specimens of particleboard, and 96 specimens of MDF wvvere tested for
MOEs, MOR and IB.

A simple linear regression analysis (y = ax + b) wvas performed to establish
relationsliips betvveen MOEj and static stiffness and strength properties (MOE5 MOR
and IB) at a coufidence level of 0.95. The correlation coefficient (/) and the Standard
error of regression (SKY vvere also calculated to evaluate the benefits of the NDE
technique. As staled in the standards, the static test resiilts of particleboard and MDF
obtained from two direetions that differs based on the manufacturing direetion vvere
evaluated togethel* and the static test resiilts of plyvvood vvere evaluated separately in
two direetions.

3. Results aicl Discussion

The results of linear regression analysis vvere summarized in Table 1 for
particleboard, in Table 2 for MDF and in Table 3 for plyvvood. As shovvn in Tables 1-3,
the strongest correlations betvveen MOE]j that is detemiined nondestructively by using
of both longitudinal and bending vibration frequericy and bending properties (MOEsand
MOR) vvere obtained flom particleboards.

The correlation coefficients calculated for particleboard indicated that there vvere
strong correlations betvveen MOEj and MOEs (Figlre 2) and MOR (Figltre 3) wvhile it
was found that a poor relatiotiship betvveen MOEdand IB (Figlre 4) in both longitudinal
and bending vibration existed. The MOEj-MOEs correlation wvas stroliger than MOEd
MOR correlation in either longitudinal or bending vibration. In additioi, the dynamic
MOE detemiined by using of bending vibration presenled slightly a better correlation
than the longitudinal vibration. Consequelitly, the dynamic MOE detemiined by both
longitudinal and bending freqiiency can be used successfully to predict the bending
properties (static MOE and MOR) of particleboards. Hovvever, tliey are poor predictors
of IB.
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Table 1. The results of linear regression analysis for particleboard.
Tablo 1. Yongalevhalar icin dogrusal regresyon analizi sonuglari.
a b

Dynamic modulus of elasticity based on longitudinal vibration
Boyuna vibrasyonda dinamik elastikiyet moduli

Flcxura! modulus of elasticity 112 -455.9
Egilmede elastikiyet modulu (1.022, 1.219)3 (-740.6,-171.2)
Modulus of rupture 0.07 -53.71
Egilme direnci (0.065, 0.088) (-86.75, -20.68)
Internal Bond 1.05x10'4 0.1762
Yapisma direnci (-6.21x10°6, 2.16x10'4) (-0.14. 0.49)

Dynamic modulus of elasticity based on bending vibration
Egilme vibrasyonda dinamik elastikiyet moduli

Flexural modulus of elasticity 0.9l -288.6
Egilmede elastikiyet moddili (0.74, 0.8S) (-565.6,-11.61)
Modulus of rupture 0.06 -51.42
Egilme direnci . (0.05,0.06) (-80.38, -22.46)
Intcrnal Bond 7.21x10'5 0.2075
Yapisma direnci (-9.15x10'6, 1.53x10'4) (-0.10,0.51)

1Correlation coefficient.
' Standard error of tle regression.
1The values in parenllieses are confidcnce bound.s (p=0.05)

Table 2. The results of linear regression analysis for MDF.
Tablo 2. MDF igin dogrusal regresyon analizi sonuglan.

a b

Dynamic modulus of elasticity based on longitudinal vibration
Boyuna vibrasyonda dinamik elastikiyet moduli

Flexural modulus of elasticity 129 -818.15
Egilmede elastikiyet modiilii (1.11, 1.47)3 (-1387, -249.4)
Modulus of rupture 0.17 -207.21
Egilme direnci (0.15,0.19) (-282.2,-132.5)
Internal Bond 0.1x10'3 0.26
Yapigma direnci (-1.5x1 O, 3.9x104) (-0.59, 1.10)

Dynamic modulus of elasticity based on bending vibration
Egilme vibrasyonda dinamik elastikiyet modulu

Flexural modulus of elasticity 0.76 190.77
Egilmede elastikiyet modiili (6.68x10'2, 8.60x1072) (-197.1,578.7)
Modulus of rupture 0.10 -66.03
Egilme direnci (8.75x102 1.13x10') (-119.1,-12.99)
Jnternal Bond 1.6x10'5 0.5761
Yapisma direnci (-1.3x104, 1.7x10%4 (-4.83x1072 1.2)

1Correlation coefficient.
: Standard error of tlie regression.
1The values in parenllieses are confidcnce bounds (p=0.U5)

R1

0.92

0.81

0.19

0.92

0.84

0.18

R1

0.S3

0.83

0.09

0.85

0.84

0.02

76,68

8.89

0.08

78.33

8.19

0.08

101.38

13.34

0.15

94.42

12.91

0.15
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Table 3. The resiilts of linear'regression analysis for plyivood.
Tablo 3. Kontrplaklar icin do§rusal regresyon analizi sonuglari.

Flexural modulus
of eiasticity
Egilmede
elastikiyet modiill

Modulus of rupture
Egilme direnci

Flexural modulus
of eiasticity
Egilmede
elastikiyet modulu
Modulus of rupture
Egilme direnci

1Correlation coefTicicnt.

: Standard crror of regression.

a b

Par.3 Perp.4 Par. Pcrp.

Dynamic modulus of eiasticity based on longitudinal vibration
Boyuna vibrasyonda dinamik elastikiyet modulu

0.74 0.54 -87.12 209.92
(0.416, 1.062)5 (0.25,0.83) (-1664, 1490) (-1221, 1641)

0.014 5.1x1 08 -40.99 16.66
(8.6x10°, 2.04x10'2  (2.1x10'3 8.0xI0*3  (-69.86,-12.13) (2.07,31.24)

Dynamic modulus of eiasticity based on bending vibration
Egilme vibrasyonda dinamik elastikiyet modli

0.65 0.56 768.74 164.63
(0.50, 0.81) (0.28,0.83) (122.1, 1415) (1157, 1487)
0.009 0.008 -10.05 3.415
(45x10;3 1.44x10')  (3.8x10° 0.012)  (-30.95, 10.85)  (-16, 22.83)
\I 1

3The grnin direetion of surface veneer is parallel to long axts.
1The grain direetion ofsurface veneer is perpetidicular to long axis.
5Tle values in parcntlieses are confidence boutids p=0.05).

Par.

0.75

0.77

0.90

0.68

R1

Pcrp.

0.68

0.64

0.71

0.69

Par.

76.01

i.39

49.25

1.59

SW
Perp.

257.73

2.63

246.09

3.61
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Figire 2. The relationship betvveen MOE,| and MOEs in particleboard.
Sekil 2. Yongalevhalarda MOE¢ ve MOEsarasindaki iliski.

Figire 3. The relationship betvveen MOEdand MOR in particleboard.
Sekil 3. Yongalevhalarda MOEdve MOR arasindaki iliski.

MOES! il.IPaj T.10¢s (L1Pal

Figuie 4. The relationship betvveen MOEdand IB in particleboard.
Sekil 4. Yongalevhalarda MOEdve IB arasindaki iliski.



The Predietion of Mechanical Properties of YVood-Based Composites ... 51

Figures 5, 6, 7 sliow plots of regression betvveen MOEd and MOEs, betvveen
MOEd and MOR, and betvveen MOEd and IB of medium deunsity fiberboards,
respeetively. The dynamic MOE of MDF in both longitudinal and bending vibration
also shovved good correlations vvith static MOE and MOR (Table 2). These correlations
vvere vveaker than particleboard, but stronger than plyvvood. Flovvever, a poor
relationship wvas found betvveen MOEd in longitudinal and bending vibration and IB like
particleboards (Table 2). According to regression analyses, the correlations betvveen
MOEdc and MOEs and MOR vvere sliglitly higher than MOEd-MOEs and MOEdrMOR
relationships. Thus, it seems that the dynamic MOE is reliable to predict the bending
properties, but it is not suitable to predict IB of MDF as experienced in particleboard.

Figlre 5. The relationship betvveen MOEdand MOEsin MDF.
Sekil 5. MDF’lerde MOEdve MOEsarasindaki iliski.

MOE* <MP») MOEae (MPsj

Figlre 6. The relationship betvveen MOEdand MOR in MDF.
Sekil 6. MDF’lerde MOEdve MOR arasindaki iligki.
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MOES! iMPel

Figine 7. The relationship betvveen MOEdand IB in MDF.
Sekil 7. MDF’ierde MOEdve IB arasindaki iliski.

Figine 8 and 9 slioivs plots of MOEdMOEs and MOEdMOR relationship in
parallel direetion and Figire 10 and 11 shioivs the relationship in perpendicular
direetion, 1espectively.

Figlre 8. The MOEdand MOEsrelationship in plyvvood in parallel direetion.
Sekil 8. Kontrplaklarda paralel dogrultuda MOEdve MOEsarasindaki iliski.
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Figure 9. The MOEd-MOR relationship in plywoocl in parallel direction.
Sekil 9. Kontrplaklarda paralel dogrultuda MOEdve MOR arasindaki iliski.

Figure 10. The MOEd-MOEs relationship in ply\vood in perpendicular direction.
Sekil 10. Kontrplaklarda dik dogmltuda MOEdve MOEsarasindaki iliski.

53
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Fignre 11. The MOEj-MOR relationship in plyvvood in perpendicular direetion.
Sekil 11. Kontrplaklarda dik dogrultuda MOEdve MOR arasindaki iliski.

As shovvn in Table 3 and Fig. S-Il, especially MOEd-MOESs relationship wvas
remarkable in parallel direetion of plyvvood vvhen compared to the others. The
correlation coefficient betvveen dynamic MOE in bending vibration and static MOE wvas
0.90 in parallel direetion vvhile the others variecl betvveen 0.64 and 0.77. in general, the
ielationships betvveen dynamic MOE and static bending properties in parallel direetion
vvere better than perpendicular direetion. Consequelitly, dynamic MOE in longitudinal
and bending vibration is acceptable to predict the bending properties of plyvvood in
parallel direetion to long axis. Hovvever, using of dynamic MOE obtained from
perpendicular direetion as a predictor of static MOE and MOR may give inaccurate
results vwhen compared to the parallel direetion.

4, Conclusion

Based on the findings obtained from present study, we concluded as follovvs:

Dynamic MOE determined nondestriictively by using of both -longitudinal and
bending vibration frequency technique is a good predictor to estimatcT static bending
properties (MOE and MOR) of particleboards and medium density Fiberboards.

Dynamic MOE determined both longitudinal and bending vibration frequency is
a poor predictor of IB of particleboard and MDF.

Dynamic MOE based on both longitudinal and bending frequency is acceptable
to predict the bending properties of plyvvood vvhen the graii direetion of surface veneer
is parallel to manufacturing direetion, but it may give inaccurate results in perpendicular
direetion.

In general, dynamic MOE in bending vibration shovvs slightly better correlation
wvith static bending properties (MOE, MOR) than longitudinal vibration.
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Bu c¢alismada kontrplak, yongalevha ve orta yogunlukta liflevha (MDF)
orneklerinde vibrasyon frekansi yontemi ile tahribatsiz olarak tespit edilen
dinamik elastikiyet moduli (MOE( degerleri ile taliribath testlerden elde edilen
mekanik  ozellikler  arasindaki iliskiler  arastirilmistir.  Sonu¢  olarak
yongalevlialarda hem boyuna vibrasyon hem de egilme vibrasyonunda MOEJd ile
statik egilme direnci (MOR) ve statik egilmede elastikiyet moduli (MOEY)
degerleri arasinda kuvvetli korelasyonlar tespit edilmistir. Ayni sekilde MDF
orneklerinde de MOEdile MOEsve MOR arasinda iyi korelasyonlar bulunmustur.
Kontrplaklarda ise uzun eksenel paralel yonde MOEs ve MOR ile MOE|]
arasindaki iliskiler Kabul edilebilir niteliktedir. Ancak uzun eksenel dik y6énde
elde edilen sonuglar tatminkar degildir. Son olarak yongalevha ve MDF’lerin
yapisma direnci ile MOEdarasinda bir korelasyon tespit edilememistir.

Anahtar Kelimeler: Tahribatsiz de§erlendirme, vibrasyon frekansi, dinamik MOE,
direnc dzellikleri, odun esash levhalar.

1. Giris

Odun esash levhalarin mekanik 6zellikleri Gretimde kullanilan hammaddelerin
ozelliklerinden Uretim parametrelerine kadar bir dizi faktérun etkisiyle genis bir aralikta
degisim gosterebilmektedir. Buna karsin drlnlerin sahip olmasi gereken asgari nitelikler
ilgili standartlar tarafindan belirlenmis bulunmaktadir ve dretimin bu standartlari
saglayip saglamadigi dizenli olarak kontrol edilmektedir. Uretim kontrolii genel olarak

Yayin Komisyolii’na sunuldugu tarili: 08.05.2008
Yayina kabul edildigi tarih: 19.06.2008
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bir partide Uretilen levhalarin rasgele olarak 6rneklenmesi ydntemi ile yapilmaktadir.
Kalite kontrol igin partiden rasgele ve belli sayida segilen tam boyutlu levhalardan ilgili
standartlarin 6ngdérdigi olgtlerde kiiclik deney &rnekleri kesilerek bunlar Gzerinde
klasik tahribath testler uygulanmakta ve elde edilen sonuglarin partideki bitin levhalari
temsil ettigi varsayilmaktadir. Fakat olduk¢a kompleks bir dretim slrecinden gecen
levhalarda kontrol edilemeyen de@iskenlerin etkisiyle test edilen levhalar diger levhalari
tam olarak temsil edemeyebilmektedir. Ayrica bu sekilde test edilen levhalar artik tahrip
oldugundan ekonomik bir kayiptir.

TS EN 326-2 (2006) standardi dretimde kalite kontroli icin guvenilirligi
istatistik olarak ispat edilmis alternatif yontemlerin kullanimina izin vermektedir. Bu
durumda gtvenilir, pratik ve hizli sonug veren tahribatsiz test yontemleri tretimde kalite
kontroli icin dikkate deger bir alternatif olarak karsimiza ¢ikmaktadir.

Gecmis yillarda birgok arastirmaci odun esash levhalarin kalitesinin belirlenmesi
icin degisik tahribatsiz test yd&ntemlerinin kullanilabilirli§i Gzerine arastirmalar
yapmislardir. Bu c¢alismalarda genel olarak dalga yayilma hizi- dinamik elastikiyet
modult  ve statik elastikiyet-direng iliskileri lzerine odaklanmiglardir. Birgok
arastirmact bu parametreler arasinda kullanish iliskiler bulmuslardir (Pellerin ve
Morschauser, 1974; Dunlop, 1980; Vogt, 19S5, 1986; Ross ve Pelerin, 1988; Schiweitzer
ve Niemz, 1990; Sun ve Arima, 1999; Bektha ve dig., 2000; Kruse, 2000; Vun ve dig.,
2000; Sotomayor, 2003; Yang ve dig., 2005; Han ve dig., 2006).

Bu arastirmanin amaci yongalevlia, orta yogunlukta lif levha (MDF) ve kontrplak
gibi odun esasli levha drunlerinde Fast Foruier Transform (FFT) analizi ile stres
dalgalarinin olusturdugu boyuna ve egilme vibrasyon frekansim tespit ederek dinamik
elastikiyet modilini hesaplamak ve bunlarin odun esasli levhalarin statik mekanik
Ozellikleri ile iliskilerini ortaya koyarak, bu yolla odun esasli levha drlinlerinin kalite
6zelliklerinin belirlenme olanaklarini arastirmaktir.

2. Malzeme ve YOntem

Denemeler, ticari olarak Uretilmis 18 mm kalinhiginda 3 yongalevlia ve 3 MDF
levha ile 20 mm kalinhiginda 1 kontrplak levha Gzerinde yiriatulmustir. Yongalevlia ve
liflevhalar igne yaprakli ve yaprakli agac tirlerinin karisimindan tre formaldehit tutkali
kullanilarak ‘'Gretilmistir. Kontiplak ise fenol formaldehit tutkali 4le olcume
kaplamalarindan Uretilmistir. Yongalevlia ve MDF’lerin her bir panelinden 16 tanesi
zimparalama yonine paralel, 16 tanesi dik olmak lzere 32 adet ve kontrplaktan ise 20
tanesi yuzey kaplamasinin lif yéni uzun eksene paralel, 20 tanesi dik olmak Uzere 40
adet 50x500xlevha kalinhgi mm boyutlarinda 6rnekler hazirlanmistir. Bu 6rnekler
%6515 bagil nem ve 20+2nC sicaklik kosullarinda denge rutubetine ulasincaya kadar
iklimlendirilmislerdir.

Dinamik elastikiyet moduli (MOEJd)’niin tespiti i¢in iki ucundan serbest olarak
desteklenmis &rnegin u¢c kismindaki enine kesite vurmak suretiyle olusturulan boyuna
yonde vibrasyonun ve yine ayni &rnekte (st ylUzeyin merkezine vurmak suretiyle
olusturulan egilme yoniinde olusturulan vibrasyonun frekanslari kullanilmistir. Frekansi
belirlemek icin bir Fast Fourier Transform (FFT) analiz programindan faydalanilnustir.
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Deney diizenegi Sekil 1’de gorulmektedir. Frekans yardimiyla MOEd’nin hesaplanma
yontemleri Formil 1, 2 ve 3°te verilmistir.

Ornekler taliribatsiz degerlendirmenin ardindan EN 310 (1993) standardina gére
egilme direnci (MOR) ve egilmede elastikiyet modili (MOEs) deneylerine tabi
tutulmustur. Ayrica yongalevhia ve MDF &rneklerinde EN 319 (1993) standardina gore
yapisma direnci (IB) denemeleri yapilmistir.

Taliribatsiz ve taliribath deneylerden elde edilen veriler kullanilarak basit
dogrusal regresyon analizi yapilarak p= 0.05 given dizeyinde MOEj ile MOEs, MOR
ve IB arasindaki iliskiler arastiriimistir.

3. Sonug ve Tartisma

Regresyon analizinden elde edilen sonuglar yongalevhia i¢in Tablo 1, MDF igin
Tablo 2 ve kontrplak icin Tablo 3’te verilmistir. MOEj ile MOEsve MOR arasindaki en
glclu korelasyonlar yongalevlialarda elde edilmistir. Bunu MDF ve kontrplaklar takip
etmistir. Kontrplaklarda ylzey kaplamasi uzun eksene paralel olan drneklerde dik olan
orneklere nazaran daha kuvvetli’iliskiler bulunmustur. Bununla birlikte, yongalevha ve
MDF’lerde MOEd ile 1B arasinda bir iliski kurulamamistir. Regresyon analizi
sonucunda elde edilen regresyon grafikleri Sekil 2-11 *de gérulmektedir.

Sonu¢ olarak boyuna ve egilme vibrasyonu frekansi yardimiyla tespit edilen
MOEd degeri yongalevlialarda ve MDF’lerde statik egilme o6zelliklerinin (MOEs ve
MOR) Kkestirilmesinde iyi bir veri saglamaktadir. Ancak bu yolla yapisma direncinin
kestirilmesi mumkiin olmamaktadir. Kontrplaklarda yuzey kaplamasi dretim ydnine
paralel olarak tespit edilen MOEj degeri e§ilme 0Ozelliklerinin tespit icin tatminkar
sonuclar verebilir. Ancak dik yonde yeterli glvenilirlie sahip olmadigi
distnilmektedir. Son olarak egilme vibrasyonundan elde edilen MOEJ ile statik egilme
Ozellikleri arasindaki iliskiler, boyuna vibrasyonla elde edilenlere nazaran bir miktar
daha iyi bulunmustur.
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