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ABSTRACT 17 

 Non-destructive techniques for characterizing materials in-service have been increasing 18 
in importance. Thus, it is relevant to assess the potential of non-destructive techniques for solid 19 
materials. This work aimed to determine the modulus of elasticity of Bertholletia excelsa wood 20 
using the particle image velocimetry technique and the ultrasound method to compare the 21 
results with the conventional methodology. For this purpose, samples of Bertholletia excelsa 22 
were made using a circular saw. The samples were evaluated for sound propagation to calculate 23 
the modulus of elasticity using ultrasound equipment. Subsequently, they were subjected to the 24 
compression parallel to grain test in a universal testing machine. The samples were marked and 25 
monitored during the loading session, with the repeated capture of images using a professional 26 
camera. The deformation values obtained were used to estimate the modulus of elasticity using 27 
the particle image velocimetry technique. The mean values of modulus of elasticity found were 28 
17403 MPa for ultrasound, 15589 MPa for the particle image velocimetry technique, and 15333 29 
MPa for the universal testing machine. The particle image velocimetry technique was 30 
considered to be statistically similar (Tukey α = 0,05) to the other methods tested. The linear 31 
coefficient of determination (R2) between the particle image velocimetry technique and the 32 
universal testing machine was 0,95, a high and satisfactory value. Thus, the particle image 33 
velocimetry technique and the ultrasound method are valid to estimate the modulus of elasticity 34 
of Bertholletia excelsa wood and possibly of woods with similar technological characteristics. 35 
  36 

Keywords: Characterization of materials, conventional method, mechanical property, non-37 

destructive techniques, particle image velocimetry. 38 
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INTRODUCTION 39 

Conventional testing techniques used to analyze physical and mechanical properties of 40 

materials, such as the modulus of elasticity, usually require high processing time, specific 41 

equipment, a large number of samples and cause permanent damage to the material tested, 42 

making it unusable. Thus, non-destructive testing techniques become an option to determine 43 

the properties of materials in-service, usually requiring shorter application time and cost when 44 

compared to destructive tests (Pereira et al. 2019, Zahedi et al. 2020). 45 

Among the non-destructive testing techniques, the Particular Image Velocimetry (PIV) 46 

technique and the ultrasound method stand out, as they are considered simple and fast tests. The 47 

Particle Image Velocimetry technique originated from the gaseous materials study field (Raffel 48 

et al. 2018). The technique was adapted to study the movement of solid materials through the 49 

analysis of images captured from samples marked with random points, at first using a laser 50 

(Braga-Júnior et al. 2015) and, more recently, using ink particles drawn on the sample surface 51 

(Pereira et al. 2019, Novosel et al. 2021). The time gap between photos is predefined and must 52 

contemplate the changes that occur in the material during the load application. These images 53 

are processed in a computational algorithm that calculates the displacement that occurred on 54 

the surface of the studied object (Pereira et al. 2019).  55 

Guedes et al. (2019) determined the modulus of elasticity of Cedrela spp. and 56 

Eucalyptus cloeziana wood submitted to static flexion using the PIV technique. The authors 57 

found the technique results satisfactory when compared with the conventional method. Pereira 58 

et al. (2019) also evaluated the use of the PIV technique to measure the deformations of solid 59 

materials in wood panels of Pinus oocarpa, Eucalyptptus grandis, plywood, laminated veneer 60 

lumber (LVL) and oriented strand board (OSB) subjected to static flexion. Obtained values 61 

were statistically equal to those of conventional methods. Therefore, even not allowing a three-62 
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dimensional correlation of images resulting from the tests, as occurs in the Digital Image 63 

Correlation (DIC) technique, the PIV technique has been showing satisfactory results in solid 64 

materials (Peters et al. 1983). 65 

Ultrasound is a technique that uses the propagation of sound created by high-frequency 66 

waves to evaluate solid materials. Variations in the propagation speed of waves emitted by 67 

ultrasound are captured by the equipment and generate information that makes it possible to 68 

determine the modulus of elasticity of the material. Studies using different wood species aiming 69 

to estimate physical and mechanical properties by the ultrasound technique have been carried 70 

out, and satisfactory results have been found (Gonçalez et al. 2001, Ribeiro et al. 2013).  71 

To work with a biological, heterogeneous, and anisotropic material such as wood which 72 

is of great importance in civil construction requires many studies. Furthermore, Brazil, 73 

according to the United Nations (UN) for the Agriculture and Food (FAO 2015), is the second 74 

largest wood product of Bertholletia excelsa in the world, a complex wood species that needs 75 

to be better characterized.  Thus, innovative techniques such as the PIV technique for solids 76 

and the ultrasound method must be tested in this and in different other wood species and 77 

different types of materials. 78 

In this context, studies are perceived as incipient, especially those that present a 79 

combination of two non-destructive techniques for the characterization of solid materials, and 80 

the research is justified by the attempt to consolidate two recent methodologies as simple, fast 81 

and reliable tests in comparison with a conventionally used method. 82 

This work aimed to determine the modulus of elasticity of the medium density wood 83 

Bertholletia excelsa using the non-destructive techniques Particle Image Velocimetry and 84 

ultrasound method as measurement tools. 85 

 86 
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MATERIAL AND METHODS 87 

 Material preparation 88 

 This study used timbers of Bertholletia excelsa, obtained from an experimental planting 89 

at the Federal University of Lavras (UFLA) from 20 years-old trees. The samples for the 90 

compression parallel to grain test and the ultrasound test were prepared according to the ABNT 91 

NBR 7190 (ABNT NBR 2010). A total of 30 specimens with dimensions of 100 mm by 25 mm 92 

by 25 were conditioned in climate at 22 ºC ± 2 ºC and 65 % ± 5 % relative humidity (RH) until 93 

they reach a moisture content of 12 % ± 1 %. Density value of beech specimen was measured 94 

as 587 kg/m3. The trees have an average diameter of 540 mm. The proportion of heartwood and 95 

sapwood was the same for the samples and all were taken from the same batch. 96 

 Ultrasound test 97 

  The speed of propagation of the sound wave through the specimen, in the longitudinal 98 

direction, was measured by the ultrasound equipment (Ultrasonic-Test BP-7) with 45 kHz 99 

transducers. Through this information, the modulus of elasticity was calculated (Equation 1) 100 

ABNT NBR 15521 (ABNT NBR 2007). 101 

𝑀𝑂𝐸 ൌ 𝑉ଶ ൉ 𝜌                                                                                                                                          ሺ1ሻ 102 

In which: 103 

MOE = Modulus of elasticity (Pa);  104 

V = propagation speed of the wave (mꞏs-1); 105 

𝜌 = apparent density (kgꞏcm-3). 106 

 107 

 The equipment was calibrated with a standard acrylic sample before each test. 108 
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  Compression parallel to grain in the universal testing machine 109 

The samples went through the compression parallel to the grain test in a universal testing 110 

machine (EMIC DL-30000), with the capacity of 30 tons-force and speed of 1 mm/min (adapted 111 

from the ABNT NBR 7190 (ABNT NBR 2010) until the specimens reached the breaking point, 112 

finishing the test. 113 

 Estimation of the modulus of elasticity by the PIV technique 114 

 The PIV technique was performed simultaneously with the compression parallel to the 115 

grain test. For the PIV algorithm analysis, it was necessary to mark the samples with ink dots, 116 

randomly distributed over their entire surface. Thus, consecutive images were captured during 117 

the loading session. The professional camera (Sony alpha a330 10,4 megapixels) was 118 

positioned perpendicularly to the sample surface, at approximately 25 cm distance (Figure 1). 119 

The procedure started with the capture of the image at zero seconds. Subsequently, the capture 120 

was performed every 30 seconds, from the activation of the Universal Testing Machine until 121 

the rupture of the samples. The average time of each trial was 7 min. 122 

 With the strain values obtained by the PIV technique, the loads applied by the universal 123 

testing machine and the geometric characteristics of the cross-section, it was possible to 124 

calculate the modulus of elasticity of the samples tested. It should be noted that the standard 125 

ABNT NBR 7190 (ABNT 2010) was used as a reference (Equation 2). 126 

𝑀𝑂𝐸 ൌ
ሺ𝜎50% െ 𝜎10%ሻ

ሺ𝜖50% െ 𝜖10%ሻ
                                                                                                                          ሺ2ሻ 127 

In which: 128 

MOE = Modulus of elasticity (MPa);   129 

σ = Stress (MPa);  130 

ε = Specific deformation. 131 
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 132 

Figure 1: Setup of the PIV method and the compression test. 133 

 134 

  Data analysis 135 

Descriptive statistics analysis and Tukey test (α = 0,05) were used to compare the means 136 

of the modulus of elasticity obtained by the PIV technique, the conventional technique and the 137 

ultrasound method. In addition, regression analysis was also performed between the methods. 138 

 139 

RESULTS AND DISCUSSIONS 140 

The values of modulus of elasticity obtained by each test method can be seen in Figure 2. 141 

The mean values of sound wave propagation speed, measured by the ultrasound equipment, and 142 

apparent density of the specimens were 5038,79 m/s and 684,00 kg/m³, respectively. Visually, 143 
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the amplitude of the values for the techniques is similar. However, the absolute results by the 144 

ultrasound method were superior to those obtained by the other two techniques. According to 145 

Stangerlin et al. (2011), the induced stress in dynamic tests is reduced, that is, dynamic 146 

measurements are based on mechanical properties only in the elastic limit and therefore this 147 

method depends on physical characteristics of materials, such as density, moisture, and 148 

presence of imperfections inside the tested materials. The PIV technique has the advantage, in 149 

this sense, of evaluating only the surface of the tested material, not depending on the physical 150 

properties of the material. Thus, it was able to follow the displacements of the specimens from 151 

the beginning to the end of the test, including at the moment of rupture. 152 

MOE 
(GPa) 

Ultrasound PIV 
Universal 
Machine 

17,40 (1,91)* a** 15,60 (2,30) ab 15,33 (2,78) b 

*Standard deviation of means. **Means followed by the same letter in 
the column do not differ at 5 % probability by the Tukey test. 

Figure 2: Range of values and descriptive statistics of Bertholletia excelsa modulus of 153 
elasticity (MOE) obtained by the Particle Image Velocimetry (PIV) technique, ultrasound 154 

method, and conventional method, using a universal testing machine. 155 
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The mean values for modulus of elasticity were 17403 MPa for the ultrasound method, 156 

15589 MPa for the PIV technique, and 15333 MPa for the universal testing machine. The values 157 

found corroborate with other researches with the species Bertholletia excelsa. Thus, for 158 

example, Petrechen and Ambrósio (2016), Jesus et al. (2015) and Souza (2016) obtained values, 159 

respectively, of 18220 MPa, 14881 MPa and 13474 MPa for the modulus of elasticity in the 160 

compression parallel to the grain test, using the universal testing machine. 161 

According to the Tukey test (α = 0,05), there is no statistical difference between the PIV 162 

technique results and those found with for the ultrasound method and those found with for the 163 

conventional method. This result implies that the PIV technique is interesting to make 164 

estimations. Its results are similar to those found with the method already used in the standard 165 

(universal testing machine). As it is also similar to the ultrasound technique, another non-166 

destructive method, the results of this work are quite satisfactory. Figure 3 shows the linear 167 

regression to verify the relationship between the methods. 168 

Figure 3: Linear regression between the modulus of elasticity (MOE) values of Bertholletia 169 
excelsa wood. 170 
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The coefficient of determination between the PIV technique and the universal testing 171 

machine was 0,95. Thus, the PIV technique can estimate results for the modulus of elasticity 172 

that will be very close to the values determined by the universal testing machine. Furthermore, 173 

the coefficient of determination between the PIV technique and the ultrasound and between the 174 

ultrasound and the universal testing machine were 0,93 and 0,95, respectively, equally high 175 

values. These results validate the two recent non-destructive techniques as simple, fast and 176 

reliable tests, in comparison with a conventionally used method, for the wood studied and 177 

probably for woods with similar technological characteristics. 178 

 Other research has already proven the efficiency of the PIV technique and ultrasound 179 

method, compared to conventional methodologies, to estimate physical or mechanical 180 

parameters in wood (Pereira et al. 2019, Guedes et al. 2019, Gonçalez et al. 2001, Ribeiro et 181 

al. 2013). 182 

 183 

CONCLUSIONS 184 

The PIV technique was considered to be statistically similar (Tukey α = 0,05) to the 185 

ultrasound and standard method. The mean values of modulus of elasticity obtained by the three 186 

techniques, ultrasound method, PIV technique and universal testing machine, were 17403 MPa, 187 

15589 MPa and 15333 MPa, respectively. The linear coefficient of determination (R2) between 188 

the PIV technique and the universal testing machine was 0,95, a high and satisfactory value. 189 

Thus, the PIV technique and the ultrasound method are valid to estimate the modulus of 190 

elasticity of Bertholletia excelsa wood and possibly of woods with similar technological 191 

characteristics. 192 

 193 

 194 
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