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Non destfucti\e testing (NDT) using ultrasonic method was carried out on six 
';"pical wood species consisting of four hardwood species, Sengon (Paraserianthes 
,;/cataria). ~Ieranti (Shorea sp.), Manii (Maesopsis eminii) and Mangium (Acacia 

iilangium), and two softwood species. Agathis (Agathis loranthifolia) and Pine (Pinus 
merkusii). The ultrasonic velocities propagation was measured to determine the 
dynamic modulus of elasticity Cvl0Ed). Static modulus of elasticity (MOEs) and 

e 	 :i10dulus ofruprure (~IOR) were also obseryed. 
t. 	 The obje.:ti\·e of this study \yas to obtain correlations between dynamic test by 

~lltrasonic (\IOEd I and static bending test (MOEs and MOR) on small clear wood 
:pecimens. 

Results showed that soft\\'oods have higher velocities value and better 
reproducibilit: than those hardwoods. Poor correlation was found between ultrasonic 
\'elocities yalUe 2..nd ~IOEs for each species. Meanwhile. MOEd has 50% higher value 
than that of st2..1:-: \IOE (\10Es). Ho\yc\er. there were significant correlation (ex. =0.05) 

d 'Jetween NIOEe \10Es. as 'Nell as between MOEd and MOR for all wood tested, 
for \Ie:- and \Ianii \vood species. The compared data for ultrasonic velocity 

n and bending between hard\\oods and softwood species denoted that for all 
parameters de'. were highly statistically significant (ex. 0.05), except for 

f 	 relationship bet";' e~n velocity and ~10Es in hardwood was non significant. 

Key words: structi\'e testing. ultrasonic velocity. dynamic MOE (MOEd), static 
\10E I \10Es), MOR 

Introduction 
n ~on-destructi \'c te or evalu8.tion is 'defined as the science of identifying the 

physical and m;:chanical properties of an element of a given material without altering its 
j final application capacity (Ross et aL 1998). Non-destructive testing method has been 

extensively used for sorting or grading of wood products. Examples include visual 
s grading and machining stress rating (;"1SR) of lumber. Dynamic modulus of elasticity 

(MOEd) and ultrasonic method also ha\'e been used for the same purpose. Ultrasonic 
stress wave is similar to the sonic stress wave approach except that is applied at higher 
frequencies, l'ltrasonic is a high frequency sound at the inaudible frequency range. The 

f ultrasonic method is very popular with homogenous, 'nonporous materials for detection 
of Haws (Bodig. 2000). In case of \\"ood the frequency is between 20 kHz-500 kHz. The 

) two most frequently used methods are the through transmission and the pulse-echo 
methods (Zombori. 2001). The through transmission method requires two piezoelectric 
transducers (mainly quartz crystals) on each side of the subject being inspected. In case 

mailto:karlinasaJi@ipb.ac.id
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of pulse-echo method, only one transducer is used. It serves both the transmitter and 
recei ver function, therefore only the reflected pulse is measured. 

Several wood and wood based materials, including small clear wood specimens, 
lumber, veneer, and wood composites, have been investigated. The studies have shO\'.'n 
a good relationship (R2= 0.4-0.85) between stress wave based (both sonic and ultrasonic 
stress) modulus of elasticity (::vIOEd) and the static modulus of elasticity (MOE» 
(Bostrom, 1994; Wang et al. 200]; Ayarbva, et al. 2001: 01ievera et al. 2002a). 

The factors that influence the propagation of ultrasonic waves in wood are 
physical properties of the substrate, geometrical characteristics of the species (macro­
and micro structures). condition;; of the medium (temperature, moisture content) and·the 
procedure utilized to take the measurements (frequency and sensitivity of the 
transducers. their size. the position and dynamic characteristics of the equipmel"1 1 

(Olie\era et a!. 2002b; 
The objecth'e of this study was to obtain correlations between dynamic test by 

ultrasonic I :\10Ed) and static bending test (MOEs and MOR) on small clear wood 
specimens. 

Materials and .\lethods 
I'vlaterials. Ihe species studied were consisted of four hardwood species, Sengon 
(Parasericmrhes !cataria i. :\Ieranti (Shorea sp.). I\1anii (Maesopsis eminii) and 
I\1angium IAcacia IIwngiwll J. Cind two softwood species. Agathis (Agathis loranthifolia) 
and Pine I PillllS lI1erklisii i. Ite pieces were small clear wood specimens conditioned to 
aehie\'e equilibrium moisture content (EMC) about 15-18%. The dimension of small 
clear wood specimens tested \'.as determined in accordance with TIS 373-1957 
bending tes: ,2 x'::.\ 3CJ I em. 

Ultrasonic "aH propagation and dynamic ,\IOE test. The ultrasonic wa\e 
propagatio:1 was measured . ultrasonic device Sylvatest Duo (f=22kHz). The 
application .lnd measurement C(':--isists of positioning t\\·o accelerometer transducers on 
the material to be evaluated. Ihe ultrasonic wave is introduced into the material by one 
transducer I trall.:,mitterl and pic[":::d up by the other transducer (receiver), with the time 
reading in microsecond5- perfom1ed by the ultrasonic instrument it self. The recorded 
times are used to calculate ultrasonic velocity and dynamic modulus of elasticity. 
based on Equation ( L 2 l. 

d
\' = 

(1) 

\Vhere. d is the distance bet\wen the two transducers (cm), and t is propagation time of 
the pulse from transmitting transducer to the receiving transducer (Ils). 

The ultrasonic velocity \\'a5 used to express the dynamic modulus of elasticity 
(MOEd). The :\10Ed was calculated by the following equations: 

2 (2)MOEd = p x Vu 
a 
c 

http:0.4-0.85
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Where. MOEd is dynamic Modulus of Elasticity (kg/cm2), fi is density (kg/m3), Vu is 
ultrasonic wave velocity (m/s) and g is gravitational constantan (9.81 m/s2

). 

Static bending test. Bending strength property test for the specimens were performed by 
.)ne point loading method in universal testing machine (UTM, rnstron with loading 

,r:acity ± 5 ton). Each specimen was tested to destruction to determine the static 
I i,,')dulus of elasticity (MOEs) and modulus of rupture (MOR). 

Wood density and Moisture content (MC). The density of each specimen was 

determined in accordance with British Standard (BS). The MC was measured using 

gravimetry method . 


.~~sults and Discussions 

Table 1 ShO\\5 the mean values, and coefficient variation of the physical (MC, density, 

ultrasonic velocity) and mechanical properties (MOEd, MOEs, MOR). 


Table L '\lean \-alues and coefficient variation of physical and mechanical properties 

of 6 woods 


Wood Densit\· Ultrasonic 
 MOEs 
2('kai'-'1' 1 velocity:;-,1. I (kg/cm) 

:'1ean 13.54 :::6: 6559 115819 32416 363 
C\-; 'c! 'I

_.) 
~ :::0.8 6.4 36.9 41.9 33.0 

1~~_. 1-1-.7-+ -' ' 

C\"'(I , 6.8 11.8 10.4 11.5 
J Merami \~::::.::' 5044 112522 513 

-t,­

3. Manii \le2.:1 1·U9 50- 5665 161008 70204 754 
C\' ,Cc 1 5.6 11.8 9.3 10.6 

~ . --1-. Mangiurr: :\ 1~2TI I 6213 246544 80081 885 

C\' ICc) 2.1 16.3 5.5 13.4 10.0 
CV: coefficien: \malion 

The me:::'TI \'alucs of ultras0nic velocity of Sengon, Meranti, Manii, and Mangium 
were 6561 rTL s. 5070 mis, 5668 m/s. and 6225 mis, respectively. Meanwhile, for 
softwood mean values of ultrasonic velocity of Agathis and Pine were 6159 mls and 
6850 m/s. rcspccti\'dy. The mean values of ultrasonic velocity showed that softwoods 
have higher \'alues and better reproducibility than those hardwoods. These are 
compatible with previous study in Olievera et al. (2002a) and Bucur (1995). Some 
factors influences of ultrasonic velocity are (1) Fiber lengths and direction; ultrasonic 
velocity is greater in the long fiber and longitudinal direction (propagation through the 
fibers). It is slower in radial direction (propagation through the rays) and tangential 
direction (disoriented propagation); (2) Density, ultrasonic velocity is greater in high 
density, (3) Moisture content, when the moisture content of wood is low the ultrasonic 
velocity is faster. 

10.7 17.J. 

;. .. 

C\' I 'c I 6.5 

:.r-=2.n 
C\' I C[ I 3.1 

6 " 4.0 8.1 

198476 
21.3 

295997 

14.5 

85666 
10.8 

105969 

10.2 

713.4 

838.2 



,. 


Wood Material 

The results of MOEd values were 50 percent high~r than those MOEs values. It !., 

considered to because of micro structural characteristic and viscoelatic properties of 
wood. The accuracy of the determination of MOE of wood by dynamic test is said to be 
higher than that static test. The difference may be due to the rate of loading in static test 
in which creep effects influence the measured static dellection and also may be relater: 
to viscoelastic nature of wood (Bodig, 1982). Wood is highly impact-absorbc;· 
material. In the vibration of wood species, the restored elastic force is proportional v) 
the velocity, Therefore, when force is applied for a short time. the material shows a 
solid elastic beha\ior, vvith longer application of force, its behavior is equal to that of a 
viscous liquid. This behavior is more evident in static bending test (long duration) than 
in ultra~Qnic test. Thus, the modulus of elasticity determined by the ultrasonic method is 
usually greater than that obtained in static deflection (Olievera et 0.1. 2002b). Accordi!: 
to Bodig Z::lO Jayne (1982) and Tsoumis (1991), MOE obtained by vibration test proved 
to be 5-15 percent higher than static test. Meanwhile, Bucur (1995) reported that the 
value .\10E determined from dynamic was about 10 percent higher than static test for 
spruce c;:c . Olievera, et at. (2002a,b) used ultrasonic method and obtained 17-20 
percent b;ter \alues than static test values for 
Brazilic.I1s 'x~'J.j species. 

UZ:fe5 regression analysis method has been used in the field of woo(i 
propen:;:~, mechanical properties of wood are in linearly related (Bodig and 
Jayne. 19'):: B '.leur. 1995). Regression parameters and statistical analysis are presented 
in Table: : Lpre 1. 2. 3, 4, 5 and 6 show relationship between MOEd-MOEs; and 
MOEd-.\10R fe'reach species. 

S,:::::5::'::'::': .::.:'.alyses are developed with the purpose to verifying the existence 
relatio::- _:". :-.~ \ariables under study (ultrasonic yelocity. MOEd. MOEs and 
MOR) 2.:-.: ~:::: .e:', significance of the parameters obtained, 

C: r.-e:::'::.:':-. generally seemed slightly better for MOEd and MOEs for each 
species ~ :-::;-:.. to ultrasonic velocity values and ,\10Eds. The regression model 
develo~e:': s::e:::',::': :Sigh1y significant (li =0.05) for rvl0Ed and MOEs. Close correlation 
of MOE': :.:-.": .\10Es for solid clear wood was reported by stress wave mode (Ross and 
Pelleril.. ~ 09l The statistically high correlation coefficient and the significant 
regressi,::-. -- developed indicate that MOEd may be good predictor of the MOEs, 
howe\-er. SO~1e species (except Meranti and Manii wood) MOEd also as good 
indicator . ~~:e .\fOR. Even though for some species were statistically significant (li = 
0.05). the "::OITelatiol15 \-alues obtained were relatively 10\\' (r < 0.5). This fact seems that 
these migb je dUe to the small sample size (n =24). Another study with large sample is 
needed as data, 

models shown that for all parameters developed were highly 
statlstlC:l:l: significant (li = 0.05) both softwoods and hardwoods, except for 
relationsbr ::-.-:t\\een ultrasonic velocity and MOEs in hardwood was non significant. 

Conclusion 
Non-destructiw testing using ultrasonic waves method was carried out for six tropical 
small, clear \1, oDd species, 

Results showed that softwoods have higher velocities value and better 
reproducibilities than those hardwoods. The compared data for ultrasonic velocity and 
bending strength between hardwoods and softwood species denoted that for all 
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parameters developed were highly statically significant (d 0.05), except for 
relationship between ultrasonic velocity and MOEs in hardwood was non significant. 

Table 2. Summary of regression parameters of 6 tropical woods for reiationship 
between ultrasonic MOEd, MOEs and MOR 

Wood Parameter Regression model r Significance 
() species (x andy) of model 
a 
a 
.n 1. 
is \10Ed and \10E5 y c:= OA339x - 14846 0.772 0.596 9.8E-06** 

\10Ed and \fOR y = 0.0041x - 88.789 0.836 0.699 3.63E-07** 
\10E5 and \10R r = O.0077x + 114.62 0.867 0.752 4.03E-08** 

2. Meranti \' and \10E5 y 10.565x - 1042.9 0.635 00403 0.000** 
\10Ed and \10Es y = 0.2601x 22992 0.634 00402 0.000** 

If 

o \,10Ed and \,10R y = 0.0016x 339.31 0.355 0.126 0.088'15 
\10E5 and \,fOR = 0.005x + 256.83 0.458 0.210 0.024243* 

3. 	 7.9884x -;- 24949 0.397 0.158Y 
\10Ed and \1OE5 v 0.1549x 45266 00454 0.206 0.025* 

j \iOEd and \,fOR v = 0.0014x 522.8 0.342 0.116 0.101 n' , 
u 	 \,10E5 and \,fOR y = 0.0104x ..;.. 23.941 0.843 0.712 2.21E-07** 
d 	 4. Mangiu::-: \' and \10E5 y = 0.2738x -:- 78380 0.006 3.35 0.978 ns 

Q 
, 

E-05 
\,10Ed and \,10E5 v 0.2682x + 13964 0.458 0.21 0.024* 
\,1OEd \,10R \. 0.0028x 183.32 0.627 0.39 0.001 **If 

d 

h 
: 1 
r1 

j 

\,10E0 and \,10R \' 0.0008x + 549.35 0.463 0.214 0.022* 
d \,10Es and \,10R \' 0.0067x + 142.57 0.816 0.666 1.16E-06**, 

= 
It 

s 

v= 
3.00E-24** 

\' 0.873 4.72E-31 ** 
0.952 3.44E-50** 

y=7.31 Ix + 0.008** 
\,1OEd and \ y = 0.1529x + 55319 0.488 0.000** 

6. Pinus \' and \,10Es \' 1l.352x + 28212 0.401 0.161 0.052ns 

\,10Ed and \,10Es y = 0.1716x + 55170 0.638 0.408 0.000** 
\, and \,10R y = O.0013x + 453.95 0.699 0.489 0.000** 

and \10R y = 0.0057x + 236.42 0.823 0.677 8.07E-07** 
Sojr.moG 	 \' and \10E5 y 14.621x + 721.73 0.654 0.428 4.48E-07** 

\,10Ed and \10E5 y 0.1894x + 48997 0.849 0.720 2.51E-14** 
r \10Ed and \10R y O.OOI2x + 482.7 0.779 0.607 6.67E-l1 ** 

\10E5 and \10R = 0.0061x + 188.88 

r coefficient correlation: R: coefficient determination; ns 
very significance 

Poor correlation was found between ultrasonic velocities value and MOEs for 
r 
d 
d 

each species. ?\leanwhile. MOEd has 50% higher value than that of static MOE 
(MOEs). Hmre\'er. there was significant correlation (0: == 0.05) both between MOEd and 
MOEs, and between MOEd and MOR for all wood tested, except for Meranti and Manii 
wood species. 

.1 



I 

... 
 ,Wood Material 

The compared data of ultrasonic velocity and bending strength betwc'-!l 
hardwoods and softwood species shown that for all parameters developed were highly 
statistically significant (a = OJJS), except for relationship between ultrasonic velocity 
and :'10Es in hardwood was non significant. 
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