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Abstract 
The Non-Destructives Testing is considered as a tool to control the quality of materials and products. 
Regarding the wood, these tests enable evaluating its internal feature and in possession of that evaluation 
can make an initial screening, improving the competitiveness of wood and its derivatives. The main 
objective of this study is to compare values of the module of elasticity (MOE) obtained by using non-
destructive testing (PNBR 58:00.10-001 and NBR 15.521/2007 tables classes) device for ultrasound, with 
values from destructive tests (NBR 7190/1997). The wood specie studied was paricá (Schizolobium 
amazonicum Huber ex Ducke) with 6 and 10 yeas-old. The first results, adjusted to a moisture content of 
12%, indicated the MOE determined as PNBR 58:00.10-001 was 19.120 MPa for 6 years and 18.770 
MPa for 10 years-old. Using NBR 15.51/2007 the values of MOE was 13.020 MPa for 6 years and 10.420 
MPa for 10 years. Furthermore, the tests of compression parallel to fibers found the average value of the 
MOE of 11.779 MPa and 12.380 MPa, for 6 and 10 years old respectively. Already the trials of bending 
got up average values elasticity of 9.203 MPa for 6 years and 9,616 MPa for 10 years old. The analysis of 
these results, there is a significant variance between PNBR and compression tests results. The repetition 
of this research with other Brazilians species of wood is important to certify the relation of NBR 
15.521/2007 non-destructive strength class with strength values of compression test. 
Keywords: Schizolobium amazonicum, Brazil, Properties of wood, Non-destructives testing  
 
1.  Introduction 
Comparing with other materials that are used in civil construction, timber has an 
important contribution and excellent properties as well as high mechanical strength with 
low height, easy workability with poor energy, good thermic isolation, and finally is a 
material from renovate source. 

Amazon Forest is the major tropical timber world market supplier. However, this native 
forest unsustainable extraction, waked-up in world community the necessity of 
preserving Amazon biomass. In this way, planted forests with native species in Amazon 
region is a good and economical solution for maintain timber market, capture carbon 
and diminish Amazon forest extraction (Figure 1). The species with high growths are 
the most planted on degraded areas during this least 15 years, and one of this is paricá 
(Schizolobium amazonicum Huber ex. Ducke).  
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Figure 1. Forest plantation with paricá on Pará State, Amazon region, Brazil. 

Then, it is important to improve knowledge of this species behavior in planted forest 
environment, looking for lost suppresses genetics improvement and correct forest 
silviculture. It is possible to create new products from this kind of classified planted 
forest timber, too. (Terezo [1]). 

In this point, Non-Destructive Testing (NDT), and others advantages, allows to study 
and estimate internal characteristics from different materials, then it is possible to 
establish classification ranks. In timber and wood products cases can improve its 
competitiveness. 

Ross [2] define NDT as a science of identify physical and mechanical properties of 
materials without changing theirs properties and finally use capability. These 
information are used for make the best appropriated final material application.   

There have been many others methods for NDT that can be used. Bodig [3] relate some 
of then that are the most applied and considered as more important: (1) visual grading; 
(2) audition observing; (3) low frequency acoustic emission; (4) deflection method; (5) 
Gamma’s radiation; and (6) X-Ray method.  

For Shaji et al. [4] the use of ultrasonic technique was introduced initially on concrete 
structures. Subsequently, some researches were beginning with wood and ultrasonic. 
Many difficulties were found because of wood’s anatomical particularities. The first 
experimental results, with commercial section timber, were estimated by Waubke, in 
1983 on Germany (Sandoz [5]). 

Shaji et al. [4] explain that the time distance pulse, or ultra-sonic pulse speed, depends 
on density and elastic properties of the material. The equipment consists basically of 
one transducer emissary, where are generating and transmitted the ultra-sonic pulse, of 



one other receiver transducer, where all the pulse are received, and finally, one device 
for determine the wave propagation time from emission transducer to receiver 
transducer. In this way, the ultra-sonic pulse is generate by a fast potential electric 
changes from one transducer plate to piezoelectric element that’s cause the vibration in 
one known frequency. The transducer is placed on the material surface and this one is 
beginning to receive the vibrations. The vibrations pass through on the material and are 
captured by the receiver transducer. The pulse speed time is estimated by between 
transducers distance and the pulse propagation time.   

In this context, the Integrated Wood Research Group (GIEM), working at the Structure 
Experimental Laboratory (LEE) of the Civil Engineering Department of the Santa 
Catarina State Federal University (UFSC), is developing research on ultra-sonic 
technical applications for Brazilian timbers, as well as for reforested exotic timber. 
These researches aim at elaborate strong correlations among physic and mechanical 
timber properties and the ultrasonic wave’s propagation speed. 

 

2. Objectives 
The main objective is comparing module of elasticity (MOE) values obtained through 
non-destructives tests using ultrasound equipment for the paricá (Schizolobium 
amazonicum Huber ex Ducke) specimen at two growing ages (six and ten years old) and 
two table’s class (one of actual Brazilian rule NBR 15.521/2007 [6] and former project 
rule PNBR 58:000.10-001 [7]). From the final analysis search is done to check if there 
are meaningful differences among these values determined according to the Brazilian 
technical design structure rule NBR 7190:1997 [8]. 

 

3. Materials and equipments 
 
3.1. The paricá tree 
 
The material for this research is the timber of paricá species from a forest plantation in 
the Pará State. The timber from trees of six and ten years old were harvested at 
Tramontina S/A plantation, in the Aurora do Pará municipality. The plantation is 
located at 2°10’ parallel south latitude and 47°34’ West longitude.  

3.2. Material Harvesting 
 
In this stage two forest stands planted in 1995 (six years old) and 1998 (ten years old) 
were selected with 400 trees each. In each one of them five samples of eight trees were 
drawn casually meaning 40 trees for each age of planting. In this way a population of 
800 trees for the two stands was chosen and 80 trees were drawn for the research 
(Prudêncio Junior [9], Costa Neto [10]). These samples were collected in November, 
2005.     

3.3. Timber processing 
 
In the sawmill logs were squared and boards from 5 up to 16 cm thick were sawn 
(Figure 2 a). These are commercial sizes from Eucalyptus and Pinus planted forests in 
the São Paulo state market. 



These sawn boards were kept in a small warehouse built at the Tramontina S/A property 
(Figure 2 b). They were classified according to small defects as bending and shrinkage, 
in order to minimize lost by drying, they were properly stored in order to let the air flow 
between them.  

   

  (a)    (b)    (c) 

Figure 2. Wood process: (a) sawmill logs squared; (b) air drying sawn boards and (c) automatic drying 
room.  

Later on they were dried in an automatic drying room, with moisture control chips to 
check the proper drying (Figure 2 c).  Twenty days took this faze for reaching a 10 % of 
humidity. 

3.4. Samples identification 
 
Logs were identified by a code for each tree that was previously marked by a code 
which was transferred to the logs and this code was again printed in the squared swan 
timber samples. This was successfully transferred to the boards so each sample was 
promptly recognized when was tested afterwards. This is shown in Figure 3. 

 
 

Figure 3. Small logs identified. 

The code follows a logical sequence: tree number; position of each log in the trunk; 
stand number. In the sample each tree was identified by a number placed on it when the 
first inventory measurement was made after the year of planting. Its growth was 
followed by measuring girth and height, each year.   



3.5. Ultrasonic equipment 
 
The ultrasonic equipment used for the sound waves speed measurement was the 
Sylvatest. It needs energy from batteries and weights 5,7 kg, being produced by 
Sandez S/A, Swiss land, has conic shape transducers (Figure 4), with a wave emission 
capacity of 30 kHz frequency (Sandez S/A [11]). 

 
 

Figure 4. Ultrasonic equipment from Sandez S/A with conic shape transducer. 

3.6. Universal testing machine 
 
A universal testing machine produced by Mohr & Federhaff AG was used for testing 
fiber parallel compression strength and bending strength (Figure 5), with a maximum 
capacity of force of 20 tons. 

          
    (a)    (b) 

Figure 5. Destructive test: (a) compression parallel to the fibers and (b) bending test. 

4. Methodology 
 
In this item the sequences are shown for the study development. It is worth of pointing 
out that in this activity was analyzed only the data referring to the log samples near the 
base of each tree, this means that the codes shows the I symbol. This is due to the fact 
that there is a great variability among the pieces of different positions in the tree, which 
would prevent doing the multiple variable comparisons. 



4.1. Non-destructive tests characterization 
 
The procedures were based on the former technical rule project PNBR 58:000.10-001 
[7] and the actual Brazilian rule for non-destructive tests NBR 15.521/2007 - Ultrasonic 
Applied to the Timber of Dicotiledony [6]. 

4.1.1. Sampling 
 
This activity used all the classified boards previously classified for this study which its 
position was close to the tree base. In this classification were selected pieces with no 
defect, or least imperfections. 

4.1.2. Moisture determination 
 
Moisture content was determined for each board using a hygrometer of resistive type 
duly calibrated. This required the moisture measurement at three positions of the piece – 
near the borders and central zone, being adopted the mean of the tree measurements. So 
89 sampling were evaluated: 49 from six years old and 40 from ten years old. 

4.1.3. Waves propagation velocity determination in the longitudinal direction  
 
Using the Sylvatest four waves propagations time at equidistant points were 
measured. It is worth of mentioning that the measurements were performed at the 
surface of each piece and not at the transversal section due to defects as shrinkage and 
stains due to fungi at the boards end. The following illustration shows the techniques 
used in this study (Figure 6). 

POSIÇÃO
TRANSDUTORES
EMISSORES

POSIÇÃO
TRANSDUTORES
RECEPTORES

 
Figure 6. Model for the ultrasonic equipment transducers application. 

The 1,5 meter distance between the transducers was defined through a standard 
positioned at the piece central region. This prevented the defects at the ends influence 
the data. 

For the propagation time value determination for each piece were identified and drawn, 
when needed, the not meaningful values from the total of readings done for each 
sample. “One-sided Test” table was used for this. 

RECEIVER  
TRANSDUCER 
POSITION 

EMISSARY 
TRANSDUCER 
POSITION 



The speed of propagation definition was determined by the Equation 1.   

t

L
VLL = ……………………………………….(1) 

VLL – pulse propagation velocity with moisture content below 30% (m/s); L – covered  distance, m; t – propagation time, s. 

                                                                                                            
Referring to the piece saturation, the moisture found in the boards under research were 
lower than  30%, but the speed intervals referring to the classes (classes table) were 
elaborated based on the saturated condition (moisture over 30%), this means that is 
unavoidable to make found values correction.  According to the PNBR 58:000.10-001 
[7], the Equation 2 must be applied.  

%)%30(30 UVV LLLLSATURADA
−−= …………………..(2) 

VLLsaturated - speed in the piece with moisture content over 30% (m/s); VLL – pulse propagation velocity with moisture content below 
30% (m/s); U – timber moisture content (pieces with 30% lower). 
 

For the NBR 15.521/2007 [6] Equation 3 must be applied. 

apLLLL xUVV
SATURADA

ρ+++−= 161745 ……………………(3) 

VLLsaturated - speed in the piece with moisture content over 30% (m/s); VLL – pulse propagation velocity with moisture content below 
30% (m/s); U – timber moisture content (pieces with 30% lower); ρap – timber apparent density, kg/m³. 

 

4.1.4. Classification classes 
 
Found the waves propagation speeds mean values in the longitudinal direction 
determined by Equation 2, for the timber in the saturated condition, the classification 
table (Table 1)  found in the PNBR 58:000.10-001 [7] was used. Knowing that these 
classification class correspond to the expected strictness and strength values for the 
timber in the moisture of reference (12%), the mean values were defined for the paricá 
six and ten years old. 
 
Table 1. Classification class based on the speed classes in the saturated structural piece (Vvsat). Adapted 
from PNBR 58:00.10-001 [7]. 

Class Class VLLsat 
(m/s) 

EM 12% 
(MPa) 

fc0,k 

(MPa) 
Ec0,m 

(MPa) 

UD - I Vvsat < 3.040 5.500 - 6.125 - 6.750 20 8.000 

UD - H 3.040 – 3.690 6.750 - 8.500 - 10.420 25 12.000 

UD - G 3.690 – 3.950 10.420 - 11.720 - 13.020 30 14.000 

UD - F 3.950 – 4.140 13.020 - 13.970 - 14.920 35 15.000 

UD - E 4.140 – 4.300 14.920 - 15.720 - 16.520 40 16.500 

UD - D 4.300 – 4.390 16.520 - 16.970 - 17.420 45 18.500 

UD - C 4.390 – 4.490 17.420 - 17.920 - 18.420 50 19.500 

UD - B 4.490 – 4.600 18.420 - 18.770 - 19.120 55 20.500 

UD - A Vvsat > 4.600 EM > 19.120 60 21.200 

VLLsaturated – speed in the piece with moisture content over 30%; EM – Dynamic module of elasticity; fc0,k – 
Characteristic  compression strength parallel to the fibers; Ec0,m – Module of elasticity mean by 
compression parallel to the fibers test. 



 
For the mean values of waves propagation speeds also in the longitudinal direction 
determined by the Equation 3 for the timber pieces in the saturated condition, the 
classification table (Table 2) found in NBR 15.521/2007 [6] was used. 

Table 2. Classification tables based on the speed classes in the saturated structural piece (VLLsat). 
Adapted from NBR 15.521/2007 [6]. 

Class VLLsat 
(m/s) 

EM 12% 
(MPa) 

fc0,k 12% 

(MPa) 
Ec0,m 12% 

(MPa) 

UD - 20 VLLsat < 3.040 > 6.750 20 8.000 

UD - 25 3.040 – 3.690 6.750 – 10.420 25 12.000 

UD - 30 3.690 – 3.950 10.420 – 13.020 30 14.000 

UD - 35 3.950 – 4.140 13.020 – 14.920 35 15.000 

UD - 40 4.140 – 4.300 14.920 – 16.520 40 16.500 

UD - 45 4.300 – 4.390 16.520 – 17.420 45 18.500 

UD - 50 4.390 – 4.490 17.420 – 18.420 50 19.500 

UD - 55 4.490 – 4.600 18.420 – 19.120 55 20.500 

UD - 60 VLLsat > 4.600 EM > 19120 60 21.200 

VLLsaturated – speed in the piece with moisture content over 30%; EM – Dynamic module of elasticity; fc0,k – 
Characteristic  compression strength parallel to the fibers; Ec0,m – Module of elasticity mean by 
compression parallel to the fibers test. 

 

4.2. Caracterization by destructive tests 
 
In the tests to the physical and mechanical characterization through the destructive 
analyses, the   NBR-7190/1997 [8] was used. For the MOE determination, besides the 
application of the fiber parallel compression strength and bending strength test was 
used. 

4.2.1. Sampling 
 
For the evaluation a casual selection of samples was done. In such way that, according 
to the rule specification for both tests, parallel compression and bending, twelve 
samples for each age of growth (six and ten years old) were reserved.  

4.2.2. Moisture determination 
 
For this purpose, 29 samples were tested, taken from the same groups used for the 
moisture determination by the non destructive analysis. The amount of samples were 16 
with six years old and 13 with ten years old. 

 

5. Results 
 
In the comparison of the moisture mean values, set by both processes, it was found that 
the value indicated by the hygrometer was quite higher in relation to the moisture found 
by the NBR 7190/97 [8]. Accordingly, the MOE value found by using the classification 
table of the rule project (Table 1) was also superior to the one found by the destructive 
analysis. Then, for checking, a new value of MOE by the non-destructive analysis was 



determinated, accepting the mean moisture got through the destructive test. Anyway, the 
values were still diverging, as it can be noted in Table 3. 

Table 3. Evaluation of the moisture values in the module of elasticity determination through the PNBR 
58:000.10-001 [7] and NBR: 15.521/2007 [6]. 

Moisture content MOE -  PNBR 58:000.10-001  MOE -  NBR 15.521/2007 Paricá 
growth 

age 
(years) 

Moisture by 
hygrometer  

Moisture by 
NBR 7190/97 

 Moisture by 
hygrometer 

Moisture by 
NBR 7190/97 

Moisture by 
hygrometer 

Moisture by 
NBR 7190:97 

Six 
49 

15,784 % 
1,29 – 8,18 % 

16 
10,620 % 

0,69 – 6,55% 

49A                 AB 

19.120 MPaC 

122,03D – 2,58%E 

49                 D 

16.970 MPa 
119,47 – 2,62% 

49                35 
13.020 MPa 

120,43 – 3,00% 

49                35 
10.420 MPa 

120,43 – 3,06% 

Ten 
40 

15,105 % 
1,44 – 9,52% 

13 
10,097 % 

0,60 – 5,97% 

40                   B 
18.770 MPa 

292,97 – 6,37% 

40                 C 
17.920 MPa 

306,32 – 6,88% 

40                30 
10.420 MPa 

306,32 – 7,84% 

40                30 
10.420 MPa 

306,32 – 7,99% 
A – Samples; B – Strength class; C – Average; D – Standard deviation; E – Coefficient of variation. 

 
To perform the statistical treatment, the data was organized and, later on, the variance 
and mean multiple analyses, with 95% of confidence, was done. For the analysis of 
variance the Chochran Test was used, but for the mean analysis the Table ANOVA was 
applied (Bussab & Morettin [12], Fonseca et al. [13]).  

The Table 4 shows the results of the multiple comparisons of the modules of elasticity 
between the ages of paricá. 

Table 4. Multiple comparison of the module of elasticity values between the growth ages. 

Paricá growth age (years) Multiple comparison 
 

Test 

six ten Variance Mean 

Non-destructive test 
PNBR: 58.000.10-001 

49A                  AB 

19.120 MPaC 

122,03D – 2,58%E 

40                   B 
18.770 MPa 

292,97 – 6,37% 
Different - 

Non-destructive test 
NBR: 15.521/2007 

49                   35 
13.020 MPa 

120,43 – 3,00% 

40                 30 
10.420 MPa 

306,32 – 7,84% 
Different - 

Paralel Compression 
12                    

11.779 MPa 
3.205 – 26,13% 

12                   
12,380 MPa 

4.882 – 37,86% 
Equivalents Equivalents 

Module of 
Elasticity 

 

Bending 
12                    

9.203 MPa 
1.289 – 13,45% 

12                    
9.616 MPa 

1.655 – 16,53% 
Equivalents Equivalents 

A – Samples; B – Strength class; C – Average; D – Standard deviation; E – Coefficient of variation. 

 
Regarding the multiple analysis of the values of the module of elasticity between the 
types of tests, for the same age, the results can be seen in Table 5. 

Table 5. Multiple comparison of the module of elasticity values by the test types. 

Test type Multiple comparison 

 
paricá 

growth age 
(years) PNBR: 

58.000.10-001 
NBR: 

15.521/2007 

Parallel 
compression to 

the fibers 
Bending Variance Mean 

six 
19.120 MPa 

62,32%A   
13.020 MPa 

10,53%  11.779 MPa 
 9.203 MPa 

-21,87% Different - Module of 
Elasticity 

(MPa) ten 
18.770 MPa 

51,61%  
10.420 MPa 

-15,83%  12.380 MPa 
 9.616 MPa 

-22,33% Different - 

A – Percentile difference from parallel compression test; 



The variances were different between the non-destructive tests and destructive tests. The 
variances from destructive tests were higher than the destructive tests. This is shows by 
the coefficients of variation in Table 4. With these result, it’s impossible to compare the 
means values between non-destructive and destructive tests.   

The NBR: 7190/1997 [8] demands, for design timber structures in usable states limits, 
the MOE from compression test parallel to the fibers. In this way, were described the 
percentile values of the different non-destructive tests rules and bending test from MOE 
compression test. At Table 5 it’s possible to observe the high values of 
PNBR:58.000.10-001 [7], but a closer values from a new NBR:15.521/2007 [6] rule. 
For the bending test were obtained minors values, that it was expected.  

 

6. Conclusions 
 
According to former presentation, by the Sylvatest performance, close values for the 
wave propagation were found and, obviously, de module of elasticity values produced 
by the use of PNBR 58:000.10-001 [7] were higher. It may be possible that this is due to 
the fact that Equation 2, used for the wave propagation determination is not adequate, 
but Equation 3 has shown more efficiency showing the values of the non-destructives 
testing closer to the destructive testing. 

From other point of view, although the MOE mean values obtained by the ultrasonic 
equipment indicate the same value in the table of the classification rule project and in 
the actual Brazilian rule, as for the multiple comparisons between ages, it was found 
that the variances were distinct. That shows that a great variability occurs in the samples 
of the same age at the non-destructive evaluation. 

On the other side, for the destructives tests – Bending and Parallel Compression – 
applied to paricá, shows no meaningful differences in the module of elasticity between 
six and ten years old.  

Related to moisture, the values obtained with the hygrometer were quite high comparing 
to the one determined by NBR 7190/97 [8], what brought expressive modules of 
elasticity defined by the rule project. When one substitutes the moisture got by the 
hygrometer by the one determined by the rule the MOE values obtained by PNBR 
58:000.10-001 [7] keep high compared to the destructive test values and a few different 
by NBR: 15.521/2007 [6]. 

The variances obtained from non-destructive test using Sylvatest ® were very shorts 
when its compared the values from NBR: 7190/1997 [8] destructive test. It isn’t 
possible to compare the means values from witch methodologies with 95% of 
significance.   

In this way, referring to the application of the classification table for the paricá species, 
there is a need to proceed in making deeper research mainly linked to the growth age. 
So, as in this research were used younger timber it is possible that for older ages the 
results from the non-destructive as well the destructives testing get more closer and with 
a few variability.  

 
 



References 
 
[1] TEREZO, R. F. 'Emprego da Espécie Schizolobium amazonicum em Vigas de 
Madeira Laminada Colada', Doctor qualify Project, Civil Engenieer Posgraduate 
Program, Federal University of Santa Catarina, Florianópolis, 2007. 

 [2] ROSS, R. J.; PELLERIN, R. F. 'Non destructive testing for assessing wood 
members in structures: a review', U.S. Department of Agriculture, Forest Service, Forest 
Products Laboratory,40 p, Madison, 1994. 

[3] BODIG, J.; JAYNE, B. A. 'Mechanics of wood and wood composites', Krieger 
Publishing, Nova York, 1993.  

[4] SHAJI, T.; SOMAYAJI, S.; MATHEWS, M. S. 'Ultrasonic pulse velocity technique 
for inspection and evaluation of timber', Journal of Materials in Civil Engineering, n. 2, 
v. 12, 2000. 

[5] SANDOZ, JEAN L. 'Ultrasonic solid wood evaluation in industrial applications',  
10th International Symposium On Nondestructive Testing Of Wood, Proceedings - F 
Rolf Diederichs, 1996. Found in: <http://www.ndt.net/articles/sandoz/sandoz.htm>, 
Acess on: 12 maio, 2007. 

[6] ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS; ASSOCIAÇÃO 
BRASILEIRA DE ENSAIOS NÃO DESTRUTIVOS E INSPEÇÃO. 'NBR 
15.521/2007 Ensaios não destrutivos - Ultra-som aplicado à madeira de dicotiledônea', 
ABNT, 12 p, Rio de Janeiro, 2007. 

[7] ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS; ASSOCIAÇÃO 
BRASILEIRA DE ENSAIOS NÃO DESTRUTIVOS E INSPEÇÃO. 'PNBR 58:000.10-
001 Ensaios não destrutivos - Ultra-som aplicado à madeira de dicotiledônea', ABNT, 
09 p, Rio de Janeiro, 2006. 

[8] ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. 'NBR 7190 Projeto de 
Estruturas de Madeira', ABNT, 37 p, Rio de Janeiro, 1997. 

[9] PRUDÊNCIO JUNIOR, L. R. 'Métodos Estatísticos' Notes of Civil Engenieer 
Posgraduate , Federal University of Santa Catarina, Florianópolis, 2002, 82 p. 

[10] COSTA NETO, P. L. DE O. 'Estatística', Edgar Blücher, , 264 p, São Paulo, 1977. 

[11] SANDEZ S/A. 'Mode d´emploi Sylvatest'. Veveyse, 17 p, França, 1991,. 

[12] BUSSAB, W. O.; MORETTIN, P. A. 'Estatística Básica', Atual, 321 p, São Paulo, 
1993. 

[13] FONSECA, J. S. DA; MARTINS, G. DE A.; GERALDO, L. T. 'Estatística 
Aplicada', Atlas, 267 p, São Paulo, 1995. 

 
Acknowledgements 
 
Special acknowledgements to: CNPq, Tramontina, EBATA, the partners of GIEM and 
LEE. 

 
 


