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Abstract: In construction, ensuring the quality and compliance of materials with specified require-
ments is often challenging, especially at construction sites. Conventionally, this process necessitates
transporting samples to well-equipped laboratories, incurring significant time and financial costs.
This article proposes a novel approach through a cost-effective mobile test station, enabling on-site
measurements and immediate evaluation results, regardless of the testing conditions. The foundation
of our testing methodology lies in the Impulse Excitation Technique (IET), which capitalises on mea-
suring the frequency response of samples while considering their mass and dimensions. By applying
this technique, we can effectively determine crucial elastic properties, such as the Young Modulus
and Poisson Ratio. These obtained values can then be cross-referenced with established material
tables to verify the material’s compliance with the specified order. In this study, the developed
universal and mobile test station demonstrated versatility by successfully evaluating three samples of
typical construction materials, showing the method’s reliability on some real case measurements. The
results substantiate its potential as a reliable mobile quality assurance station. Moreover, the station’s
adaptability empowers its use on site, in laboratory settings, or even during material transportation
when necessary. This innovation promises to revolutionise material quality assessment, streamlining
the construction process and expediting decision making.

Keywords: vibration measurements; impulse excitation technique; material testing; mechanical
properties; frequency response

1. Introduction

Construction materials are used to build machines and devices but also in civil engi-
neering for construction purposes [1]. They are mainly metals and their alloys, plastics,
ceramics, and composites. The construction materials used, e.g., for supports and creating
connections of different elements, can be divided into metallic (metals and their alloys),
non-metallic, and composite materials. Material selection depends on the working condi-
tions in which the materials are used. It is imperative that when creating new or producing
typical construction products, their specific properties are known.

Due to the wide range of applications, metallic structures are most commonly used.
Typical metals used in civil engineering include:

e  Steel: used in the construction of buildings, bridges, and infrastructure due to its
strength and durability.

e  Aluminium: lightweight, corrosion-resistant, and strong, making it suitable for use in
construction, transportation, and infrastructure.
Copper: commonly used in electrical wiring, plumbing, roofing, and flashing.
Iron: used in reinforcing concrete, making structural beams, and casting iron pipes.
Lead: used in roofing, flashing, and radiation shielding.
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e Zinc: used for galvanizing steel to protect it from corrosion and for roofing and

flashing.

These metals are chosen for their specific properties, such as strength, durability, and
corrosion resistance, making them suitable for various civil engineering applications.

The quality control of metals in civil engineering involves various steps to ensure that
the materials used in construction meet the required specifications and standards. Some
common methods include the following;:

e  Visual Inspection: This step requires checking the metal for cracks, corrosion, or other
visible defects in construction, structures, and components. This, the most classical
approach presented in numerous works [2,3], has been extensively studied in recent
years due to the incorporation of many novel optical techniques and algorithms. This
includes the use of high-resolution optical devices in connection with specialized
algorithms, e.g., neural networks and deep learning [4,5], drones and other Unmanned
Aerial Vehicles as inspection agents [6,7], motion amplification cameras or video
stream analysis [8,9], and many more.

e  Non-Destructive Testing (NDT): This is one of the most common techniques success-
fully used to inspect building materials and uses sonic and ultrasonic testing based
on elastic wave propagation [10]. Another possibility is radiography or tomography
techniques, which are especially useful for the discovery of internal defects [11,12].
Similarly, to detect a hidden defect, a magnetic particle inspection technique can be
applied [13,14]. This technique, used for ferromagnetic materials (alloys), allows for
detecting shallow surface errors and discontinuities.

e  Chemical Analysis: This is used to analyse the chemical composition of a metal to
verify that it meets the required specifications [15,16]. However, this technique is very
accurate, requiring specialized equipment and time to perform tests and analyses.

e  Mechanical Testing: This is used to test the metal’s strength, ductility, and hardness to
verify that it meets the designer’s needs or can be applied in specific solutions [17].
However, this technique is considered destructive (test sample requirements) and
allows for the use of tiny test objects [18].

e  Corrosion Testing: This technique is generally based on exposing the metal to a
simulated environment to test its corrosion resistance. The data acquired are especially
useful for predicting the corrosion effect of structures in an urban environment [19].

e  Fatigue Testing: This generally subjects the metal to repeated loading and unloading
cycles to assess its ability to withstand repeated stress. This information is precious
as input for simulation software (e.g., in the case of new materials) and in the case of
high-rise building designs [20-22].

o  Environmental Testing: This technique is based on exposing the material to extreme
environmental conditions, like low and high temperature, humidity, and other envi-
ronmental conditions, to test its performance [23,24].

Regardless of the chosen method, these tests aim to ensure that the metal meets the
required quality standards, is suitable for its intended use, and will perform as expected
over time. Figure 1 shows some of the typical material testing solutions in laboratory
conditions at the Mechanical Measurement Laboratory at CERN, where various materials
must be tested to verify their data (input for finite element analysis (FEM)) and their
usefulness for particle detectors and supporting structures and systems.

Most of these tests are performed in laboratory conditions to provide a controlled
environment for accurate and repeatable results. The results of these tests are then used
to verify that the metal meets the required specifications and quality standards and to
determine its suitability for its intended use in civil engineering applications. Additionally,
reliable material parameters are used as input values for computer simulations (e.g., finite
element method simulation) to decrease the eventual error due to inaccurate material
assumptions. Most techniques” drawbacks are the need for expensive equipment (e.g., a
tomograph or universal testing machine), access to adequately equipped laboratories, and,
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especially, well-trained test engineers. Thus, professional material testing requires sufficient
resources (equipment or money) and testing and data evaluation time.

Figure 1. Typical material tests performed in laboratory conditions: (a) mechanical testing (tensile
testing); (b) digital image correlation; (c) compression test; (d) environmental testing and thermo-
physical analysis.

However, in the case of on-site quality control, where access to specialised equipment
is problematic and time for the test is limited, the options are also limited and usually rely
on visual inspection (visible defect identification) and dimensional inspection (assurance
that dimensions and tolerances are met).

This paper aims to present a tool, testing station design, and the methodology for the
on-site quick evaluation of material properties without expensive and time-consuming
laboratory tests. These on-site testing stations and testing algorithms based on the Impulse
Excitation Technique (IET) are designed to ensure that the metal meets the required quality
standards and, when installed, will perform as designed over time. The results of this
procedure are documented and verified on several typical construction material samples
and show that typical visual and dimensional inspection can be extended by fast on-site
measurement, where the whole procedure, including setup, test, and data evaluation, lasts
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only a few minutes. Additionally, with the Industry 4.0 concept, the data can be transferred
immediately after the test to the cloud for additional processing, calculations, or simple
historical data analyses.

2. Materials and Methods
2.1. Material Testing Based on Frequency Response Analysis

Frequency Response Function (FRF) is a commonly used term in material testing and
refers to the relationship between a system’s input and output signals, usually expressed in
the frequency domain. In material testing, FRFs are used to study the dynamic behaviour of
materials and structures. FRFs are typically obtained by applying a known input excitation,
such as a sinusoidal wave or a step function, to the material or structure and measuring the
resulting response [25,26]. The input and output signals are then transformed from the time
domain into the frequency domain using techniques, such as Fourier analysis, allowing for
a more detailed examination of the system’s behaviour over a range of frequencies. The
FRF can be used to determine important information about the system, such as its natural
frequencies, damping ratios, and mode shapes, which can be used to optimize the design
and performance of the material or structure. It can also be used to identify structural
weaknesses or anomalies, such as cracks, loose fasteners, or other types of damage. Overall,
the FRF is a powerful tool in material testing and is widely used in civil engineering,
mechanical engineering, aerospace engineering, and other fields to study the dynamic
behaviour of materials and structures.

One of the possibilities of using the FRF for construction material testing is the so-called
Impulse Excitation Technique (IET). The Impulse Excitation Technique is used in material
testing to study the dynamic behaviour of materials and structures [27,28]. The principle
behind the Impulse Excitation Technique is to apply a sudden, high-energy impulse to the
material or structure and measure its resulting response. This impulse can be generated
using various methods, such as a hammer, a drop weight, or a shaker. Once the impulse
is applied, the resulting response of the material or structure is typically measured using
accelerometers or other types of sensors. The signals from these sensors are then analysed
to determine the system’s frequency response, which can provide information about its
dynamic behaviour, such as its natural frequencies, damping ratios, and mode shapes. The
Impulse Excitation Technique helps researchers to study the behaviour of materials and
structures under dynamic loads, such as during earthquakes, impacts, or other high-energy
events [28,29]. By understanding the dynamic behaviour of these materials and structures,
engineers can design and build structures that are more resistant to these loads and provide
improved safety and performance. Another use is a non-contact sensor (e.g., microphone,
Laser Doppler Vibrometer [30]) and a well-known procedure to calculate some material
properties, like dynamic Young Modulus, dynamic shear modulus, or Poisson’s Ratio.

2.2. IET Testing Principles and Calculations of Material Elastic Properties

Figure 2 presents the testing conditions for obtaining Flexural Resonant Frequency
and Torsional Resonant Frequency. The specific orientation of the supports, sensor, and the
exciter is presented. It is also possible to exchange the supports and hang the samples on
elastic lines in a free-free condition.



Sensors 2023, 23, 8884 5o0f 14

@) (b)

Sensar . Excitar Sensor b Exciter
)

Supporting conditions for the flexural resenant frequency Supporting conditions for the torsional resonant frequency
identification identification

Figure 2. IET procedure schema: (a) obtaining the first flexural mode; (b) obtaining the first tor-
sional mode.

Acquiring the dynamic Young’s Modulus requires calculations based on the detected
first flexural mode, sample mass, and dimensions (Equation (1)).

m {7

3
E = 0.9465 (T)(E—a)T1 1)

where

E—Young’s Modulus, Pa

m—mass of the sample (a bar), g

b—width of the sample (a bar), mm

L—length of the sample (a bar), mm

t—thickness of the sample (a bar), mm

fr—fundamental resonant frequency of sample (a bar) in flexure, Hz

Ty1—correction factor for fundamental flexural mode to account for finite thickness of the
sample (a bar), Poisson’s ratio, and so forth.

Additionally, if X > 20, T; can be simplified into the following

T, = [1.000 + 6.585(%)2] @)

Similarly, the dynamic Shear Modulus can be calculated after acquiring the first
torsional mode using Equation (3).
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where

G—dynamic shear modulus, Pa,
f—fundamental resonant frequency of sample (a bar) in torsion Hz.
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Finally, Poisson’s ratio can be simply acquired after using Equation (5).
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2.3. Mobile Testing Station Prototype for On-Site Impulse Excitation Testing

For the incorporation of the testing principle in the construction site environment,
a mobile test station was designed (Figure 3). The design concept was based on the
following needs:

o  The test station is mobile. Thus, the total weight must be limited so a single person
can move it and perform the required tests;

e  The test station needs to allow for the testing of tiny samples but also larger ones.
Thus, the side and top elements are removable and can be connected in different
places or heights (Figure 3 in black-colour elements 1 and 2). Additionally, the holes in
each element allow for mounting line pulleys (4b) or flexible lines (4c) for suspending
elements in free-free conditions;

o  The bottom of the test station (3abc) allows for different tests depending on the
users’ needs. It consists of a perforated sheet metal plate (3a) that allows for fixing
elements with screws, a layer of a rubber plate (3b) to isolate the testing area from
environmental conditions (e.g., ground motion transfer), and a layer of convoluted
foam (3c) for testing lightweight materials in near free-free supporting conditions.

e  The magnetic feet (4a) allow for fixing sensors or additional elements.

B

3a

Figure 3. IET testing station design: 1-removable top elements; 2-removable side elements; 3a-bottom
sheet metal plate; 3b-layer of a rubber plate; 3c-layer of convoluted foam; 4a-magnetic foot; 4b-line
pulleys; 4c-flexible lines.

It must be pointed out that IET is a non-destructive, non-contact technique. The
purpose of using non-contact methods is usually to not add mass to the testing sample and,
thus, not change its dynamic conditions. In consequence, only reliable data are acquired
from the sample.

2.4. Materials Used for Mobile Station Testing

To test the mobile station, three typical samples of materials used in civil engineering
applications were examined:

e  Structural steel (5235 according to European Standard EN 10025 or A283C according
to the American Society for Testing and Materials (ASTM)). Due to its universality,
structural steel S355 is used to manufacture many of the constructions being created
for various purposes. They are used as quality steels with guaranteed parameters
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sufficient in significant industrial installation applications, from building construction
and drilling rigs to pipelines distributing media under increased pressure. This steel
is universal due to its usage and suitability for welding. The physical properties of
structural steel (EN 5235) are presented in Table 1.

Table 1. Physical properties of structural steel (EN 5235).

Density Elect?. . Therm.all Modu!u.s of Shear Modulus Poisson’s Specific Heat
[kg/em®] Conductivity Conductivity Elasticity [Gpal Ratio [J/(ke-K)]
[MS/m] [W/(mK)] [GPa]
7800 ~12 4045 * 205-2010 * 80-82 * 0.25-0.30 * 460480 *

* Depending on the manufacturer, the alloy composition, heat treatment, the presence of impurities, and the

manufacturing standard used.

e  Aluminium alloy (EN AW-2017A or ASTM 2017). The 2017 aluminium alloy is charac-
terized by good strength properties and high tensile and fatigue strength. It is suitable
for welding and moderately resistant to corrosion. It is used in the production of
structural elements. The physical properties of aluminium alloy (EN AW-2017A) are
presented in Table 2.

Table 2. Physical properties of aluminium alloy (EN AW-2017A).

Density Con]iilzzg;ri ty Corl;ll;::nﬁe:}i ty Modulus of Shear Modulus Poisson’s Specific

3 . . . .
[kg/m°] [MS/m] [W/(m)] Elasticity [GPal [GPa] Ratio Heat [J/(kg-K)]

2790 ~28 130-200 * 72-74* 27-28* 0.34-0.37 * 840-860 *

* Depending on the manufacturer, the alloy composition, heat treatment, the presence of impurities, and the

manufacturing standard used.

e Brass alloy (EN CW617N or ASTM C37800). This alloy is characterized by good
susceptibility to machining. It is widely used in the production of the forged parts
in complex shapes, parts for pipes, industrial clamps, heating elements, water and
sewage systems, and industrial fittings. The physical properties of a brass alloy (EN
CW&617N) are presented in Table 3.

Table 3. Physical properties of a brass alloy (EN CW617N).

Density Con]iilzzg;ri ty Coiléfznﬁe:,li ty Modulus of Shear Poisson’s Specific Heat
3 . . . .
[kg/m°] [MS/m] [W/(mK)] Elasticity [GPal Modulus [GPal Ratio [J/(kg-K)]
8430 ~15 110-120 95-125 * 35-44 * 0.34-0.40 * 377 *

* Depending on the manufacturer, the alloy composition, heat treatment, the presence of impurities, and the
manufacturing standard used.

The samples were chosen due to knowledge of the properties of the material given by
the manufacturers, allowing one to check the calculated values using the method described
in this article and connect them to the values given by the manufacturers. Additionally, all
three samples were used to calibrate vibration measurement systems and show some of the
typical measurement solutions at CERN Mechanical Measurement Laboratory. One of the
methods tested for evaluation is the use of 3D Laser Doppler Vibrometry.

It must be pointed out that the IET method is extensively evaluated and, due to its
reliability, incorporated in the norms. For rectangular bars, cylinders in longitudinal mode
(ASTM E 1876-15), for discs (ASTM E 1876-15), for coatings (ISO 20343), and additional
shapes, like, e.g., grinding discs, pipes, etc., which are not included in the norms but can
be found in the literature. Thus, it may be used to test most of the typical shapes of the
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supplied materials before use in the machining of different parts. The method is also
easily applicable to different, even low-cost, measuring solutions like e.g., mobile device
sensors [31].

3. Results

An experiment was conducted on three different material samples to verify the pro-
cedure and the test station as a universal tool for performing quick on-site tests. The
apparatus suitable for accurately detecting, analysing, and measuring a vibrating free-free
beam’s fundamental resonant frequency or period was also used. The test apparatus is
shown in Figure 4.

Figure 4. Test setup overview.

It consists of a frequency readout device made up of a computer with specific soft-
ware (1), an electronic system consisting of a signal conditioner/amplifier, a signal analyser
(2), a force impulse generator (3), a suitable transducer to convert the mechanical vibra-
tion into an electrical signal (4), and a support system, which, in this case, is the tested
mobile station (6). Commercial instrumentation is available that measures the frequency
or period of the vibrating specimen (5). The specific, state-of-the-art analyzer MK II and
PAK 5.11 software (from Miiller-BBM VibroAkustik Systeme GmbH) are used for signal
acquisition and response analysis. However, many different solutions are available on
the market, including mobile, digital ICP-USB signal conditioners, and, e.g., MATLAB or
LabView software. This solution further reduces the test equipment needed for on-site
measurements.

The specimens shall be prepared to be rectangular or circular in cross-section. Either
geometry can be used to measure both the dynamic Young’s Modulus and dynamic Shear
Modulus. Although the equations for computing Shear Modulus with a cylindrical speci-
men are simpler and more accurate than those used with a rectangular bar, experimental
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difficulties in obtaining Torsional Resonant Frequencies for a cylindrical specimen usually
preclude its use for determining Shear Modulus.

Figures 5 and 6 present the results of the measurement performed on the aluminium
(EN AW-2017A) samples (first 10 s) for the support setup for excitation of the flexural forms
(a) and torsional frequencies (b).

0 1 2 3 4 5 6 7 8 9 P
Pa

4 [ TTR_ART/AW2017A3 Samp2_tors Throughput|

3]

2

1

0 % y

1

2

3]

B | SR [N I S S—
0 2 3 4 5 6 7 8 9 P

Figure 5. Experimental test on the aluminium sample (sample 2) (a) support setup for flexural
frequencies excitation together with response graph in time domain; (b) support setup for torsional
frequencies excitation together with response graph in time domain.

The force input signals visible in Figure 5 correspond to the response in the frequency
domain visible in Figure 6.

As can be seen from Figures 5 and 6 after even a low-power impact is applied to a
sample, there is an immediate response visible in the frequency domain. Multiple studies
confirm that the impact force applied to the test object does not affect the measurement
itself [27,32].

However, it is worth mentioning that there are two ways to excite the sample, manually
or automatically. In laboratory conditions, an automated modal hammer can be applied.
This solution is, however, more suitable for laboratory conditions than the quick, low-cost
solution for on-site measurements presented in this paper. In the case of using manual
excitation with a handheld hammer, the main problem is that the impact applied to the
sample must be of a ballistic type (point contact). The other problem is not using multiple
force inputs during the initial excitation (multi-tapings) or tapping before the previous
excitation energy is dissipated. The first problem is solved with the unique design of the
manual impact hammer with the ball element as a tip. The second problem can be solved
while observing the time-domain graph online (Figure 5) and applying another impulse
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when the previous energy is entirely dissipated. Both of those elements were applied in
this study.

a) T TR ART/AWI0LTAS Samps P FET mag 10m

1m
100y
1000 2000 000 4000 5000 G000 TO0:0 8000 9000 10,000
Hz
Pa
b) 10 — TR ART/AWZ1TAI Samg? tors FFT 10m
B L L "-'...._'.-. k.
9
B
i
a | Im
5
4
1
. 3
i 100w
1
BN I
o NI Wl !

1000 2000 3000 4000 5000 G000 FOOO  BOOD 9000 10,000
Hz

Figure 6. Results of frequency response analysis (FFT magnitude) on the aluminium sample (sam-
ple 3): (a) support setup for flexural frequencies excitation; (b) support setup for torsional frequencies
excitation.
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To obtain the first flexural mode of the sample, it was placed on the supports, as shown
in Figure 2a. Several force impulses were applied, which are visible in Figure 5a and are
associated with the frequency responses visible in Figure 6a.

For torsional mode excitation, the supporting system was changed to the one allowing
us to obtain the first torsional mode (Figure 2b). In consequence, force impulses were
applied (Figure 5b), and the first torsional frequency can be clearly identified in Figure 6b as
the frequency that was not visible while the sample was supported in the previous setup).

To obtain a proper statistical evaluation of the systems, for each of the samples (51-53),
three measurements were performed with three response measurement results taken from
each test. An example of one of those measurements is presented in Figures 5 and 6. Then,
those three results were averaged and used to calculate mechanical properties. Finally, the
three averaged results from three separate tests were placed in Table 4 and averaged again
to receive the final result for mechanical properties.

Table 4. IET measurement and calculation results.

Flexural

Torsional

Sample/ Resonant Resonant Mass Length Width Hight Young Shear Poisson’s
Measurement Frequency f; Frequency £, m L* b* t* Modulus  Modulus Ratio
Number [kHz] [kHz] [g] [mm] [mm] [mm] E [GPa] G [GPa] n
Steel
S1/1 2.335 7.973 236 150 20 10 205.524 81.817 0.256
S1/2 2.335 7.973 236 150 20 10 205.524 81.817 0.256
S1/3 2.335 7.973 236 150 20 10 205.524 81.817 0.256
52/1 2.335 7.964 236 150 20 10 205.524 81.632 0.259
S2/2 2.335 7.964 236 150 20 10 205.524 81.632 0.259
52/3 2.335 7.964 236 150 20 10 205.524 81.632 0.259
S3/1 2.336 7.967 236 150 20 10 205.700 81.694 0.259
S3/2 2.336 7.967 236 150 20 10 205.700 81.694 0.259
S3/3 2.336 7.967 236 150 20 10 205.700 81.694 0.259
Average 205.583 81.714 0.258
Aluminum
S1/1 2.337 7.653 85 150 20 10 73.517 27.079 0.357
S1/2 2.337 7.653 85 150 20 10 73.517 27.079 0.357
S1/3 2.337 7.653 85 150 20 10 73.517 27.079 0.357
52/1 2.335 7.654 85 150 20 10 73.517 27.079 0.357
52/2 2.335 7.654 85 150 20 10 73.517 27.079 0.357
S2/3 2.335 7.654 85 150 20 10 73.517 27.093 0.357
S3/1 2.336 7.649 85 150 20 10 74.087 27.093 0.367
S3/2 2.336 7.649 85 150 20 10 74.087 27.093 0.367
S3/3 2.336 7.649 85 150 20 10 74.087 27.093 0.367
Average 74.089 27.143 0.365
Brass
S1/1 1.564 5.067 254 150 20 10 99.239 35.565 0.395
S1/2 1.564 5.066 254 150 20 10 99.239 35.551 0.396
S1/3 1.564 5.066 254 150 20 10 99.239 35.551 0.396
S2/1 1.566 5.064 254 150 20 10 99.493 35.523 0.400
52/2 1.572 5.066 254 150 20 10 100.257 35.551 0.410
S2/3 1.572 5.066 254 150 20 10 100.257 35.551 0.410
S3/1 1.564 5.061 254 150 20 10 99.239 35.481 0.398
S3/2 1.564 5.061 254 150 20 10 99.239 35.481 0.398
S3/3 1.564 5.066 254 150 20 10 99.239 35.551 0.396
Average 99.494 35.534 0.400

* the sample dimensions were strictly controlled during the manufacturing process with £0.01 mm dimensional
tolerance for the test purposes.

Table 4 presents the averaged data from multiple measurements on each of the three
samples from the same material. As is visible, for each analysed sample, a comparison of
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three tests shows the good reliability and repeatability of the system and method presented.
In the case of each material sample response analysis, the impact on the Flexural Resonant
Frequency and the Torsional Resonant was in the range of just a few Hz. Slight differences
were probably due to some minimal differences in the sample preparation process or
minimal differences, e.g., in the weight or dimensions (manufacturing with +0.01 mm
dimensional tolerance). This is also why, for statistical reasons, it was decided to calculate
the approximated values of material properties (Table 4). It must be pointed out that the
final value corresponds well with the data of material properties given by the manufacturers
(Section 2.2). The final comparison is presented in Table 5.

Table 5. IET measurement vs. manufacturer data.

Densiy igiom®]  Condntivity  Modulusof - Shese Modulus - Poison'
[MS/m]

Structural steel Manufacturers data 205-2010 * 80-82 % 0.25-0.30 *
(EN 5235) Calculated data ~206 ~82 ~0.26

Aluminium alloy =~ Manufacturers data 72-74 % 27-28 * 0.34-0.37 *
(EN AW-2017A) Calculated data ~74 ~27 ~0.36

Brass alloy Manufacturers data 95-125 * 3544 * 0.34-0.40 *
(EN CW617N) Calculated data ~99 ~36 ~0.4

* Depending on the manufacturer, the alloy composition, heat treatment, the presence of impurities, and the
manufacturing standard used.

As can be seen, the correlation between the experimental values obtained on the
designed mobile testing station and the values given by the manufacturers is in the same
range. Keeping in mind that the aim of this study was to perform quick quality checks on
any test site, the values show very good method reliability.

4. Conclusions

Many techniques can be used to obtain basic material properties, like Young’s Modu-
lus, Shear Modulus, or Poisson’s Ratio. Those techniques can be destructive, e.g., tensile
testing using the universal testing machine, or non-destructive, e.g., using a Digital Im-
age Correlation setup. In both cases, expensive equipment and specialized personnel
are required.

Alternatively, the IET method is a fast way to obtain frequency response data using
simple calculations to acquire material properties, taking just a few seconds. However, the
method has some limitations that must be considered for specific field tests.

The most important limitation is that the IET method is specifically designed to obtain
the properties data of samples that are elastic, homogeneous, and isotropic. Nevertheless,
this dynamic testing procedure has numerous advantages over typical laboratory exper-
iments like static loading techniques. It is also more profitable than ordinary resonant
techniques due to not requiring the application of continuous excitation.

It must also be noted that this method belongs to non-destructive tests. For practical
purposes, the samples may have a larger structure (e.g., beam used for construction) or small
samples obtained from the larger specimen or even the ones already prepared for other tests.
Moreover, the crucial advantage is in the cost minimalization, where there is no necessity to
use expensive machinery for the test but also no need for a complicated supporting system
or setup. The IET requires only stable measurement conditions (e.g., using the presented
experimental setup), an impact tool, and a set of simple supports or elastic strings.

Although, in this evaluation, the samples had the regular shape of a beam, which is
the most common and, from a practical point of view, the easiest to test, the method can
be used for testing both regular and complex shapes. There are numerous procedures for
obtaining the natural frequencies of samples with a particular geometry.
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The proposed test station was used to test different material samples to validate its
usefulness. The results used for calculating Young’s modulus, Shear Modulus, or Poisson’s
Ratio match the values of those parameters for the specific alloy. Additionally, as is visible
in Figures 5 and 6, the whole testing procedure of one sample, including changing support
conditions, takes less than a minute. The results of the frequencies can be read straight
from the graphical output or from a data sheet export file. Additionally, to automate the
calculations, a Phyton script was prepared. Thus, the goal of creating a fast method to
calculate material properties and check the values with the order description was achieved.

Finally, it is also worth mentioning that the IET method is not only used for material
characterization and quality control but also for new material development, especially
designing data generation. In this last case, unknown materials can be tested to obtain
material properties for FEM simulations to improve their accuracy.
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