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Abstract: This research work allows us to determine the behavior of concrete as an acoustic 
inhibitor, for this we start from a deep bibliographical search related to the propagation of sound 
and its properties, focused on hollow blocks whose material is concrete. The experimental tests 
are based on the NTE INEN standard where the transmission losses in the sound propagation are 
analyzed together with the properties of said material, under the same standard the tests are carried 
out in the experimental part and the necessary calculations of the different parameters, data that 
will later be used in the simulations. To carry out the simulations, the COMSOL Multiphysics 
software is used, with the poracoustic domain function that uses the Johnson-Champoux-Allard 
mathematical model, which allows characterizing the acoustic properties of the analyzed concrete 
in terms of the angle of incidence of the wave from 0° to 45° and frequency. For the validation of 
the model, the values of the simulated acoustic absorption coefficient and the impedance of the 
surface are considered with the analytical results. Finally, with this study, the acoustic behavior of 
concrete in the form of hollow blocks is identified and the values of the acoustic absorption 
coefficient are obtained through simulations and experimental design. 
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1. Introduction 

In recent years, noise pollution has become a major international problem. Studies conducted in 
Europe indicate that the world is currently facing problems with so-called ambient noise, as all 
kinds of activities, especially in the economic, social, and industrial realms, contribute to 
increasing noise pollution [1]. Worldwide, it is recorded that noise in populated cities exceeds 65 
dB(A) [2], According to the Organization for Economic Co-operation and Development (OECD) 
[3], at least 130 million people are exposed to noise levels that exceed this value during the day, 
and a large part of them suffer from noise pollution above the limits established by the World 
Health Organization (WHO) [4]. It is also stated that noise in quantity is expended by the amount 
of sound generated by everyone in a short or spacious period [2]. 
 
According to reports issued by the Health and Environment Observatory, around 30% of the 
population in Spain, more than 9.5 million people, live with noise levels that exceed the levels 
considered adequate for human health. And nearly 20 million could be subject to lower levels, but 
which can also cause health problems if exposed for long periods of time. It is estimated that due 
to noise, Europeans lose 1.6 million years of healthy life every year, a calculation combining the 
potential years of life lost due to premature deaths and the equivalent years of healthy life not 
enjoyed due to deteriorating health [5].  
 
For this reason, researchers have shown interest and spoken out through scientific publications in 
the academic community that the level of noise pollution in recent years is extremely high, 
becoming one of the most relevant problems in the world. This is due to technological advances 
that have allowed society to evolve, but at the same time have generated new threats to health. 
While noise does not tend to accumulate like other pollutants, it could cause long-term hearing 
problems if not controlled, making it difficult to maintain a relaxed and healthy lifestyle. 
Therefore, any solution to noise will help improve the physical and mental environment [6]. 
 
From this bibliographic analysis, there is a need to provide constructive solutions that protect 
individuals from acoustic shocks, directly improving their quality of life and hearing health 
standards [7]. Construction materials have different properties that characterize them and are 
useful for their selection, considering their shape, resistance, hardness, versatility, and size. 
Leaving aside important properties for certain constructions, one of them is acoustic absorption, 
which uses materials that reduce the energy of reflections, making them less harmful, thus avoiding 
sound focalizations. 
 
This research is based on the analysis of one of the main parameters of acoustic behavior: the 
absorption coefficient in hollow concrete blocks and its behavior as an acoustic inhibitor, through 
simulations. Since at the start of a construction project, the acoustic and absorbing properties of 
one material over another are not considered, which could allow for control of noise pollution 
caused by excessive ambient noise, the cost of construction materials and the tradition in their use 
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become important. This research focuses on the need to evaluate acoustic behavior through the 
simulation of commonly used concrete blocks as construction elements, allowing for the 
determination of the absorption coefficient, an important parameter to consider a material as an 
acoustic inhibitor. To do this, some parameters are considered, such as noise levels that can exceed 
80 dB in industries and adjoining residential areas for periods of exposure greater than one hour, 
considering that the maximum permissible limit is 70 dB in industrial areas, generating polluted 
spaces for the population [8]. 
 
The research has three phases: the first is focused on analyzing the problem; the second is an 
exhaustive literature review that allows for the generation of research antecedents; a third phase 
includes obtaining results and discussion, and finally, drawing conclusions. To quantify sound 
levels, the fundamental parameters of analysis considered are sound pressure, intensity, and 
frequency, which can determine if a sound is strong or weak using some physical quantities that 
help describe the sound phenomenon. Regarding simulation, the Finite Element Method (FEM) 
has been selected, using the poroacoustic domain function based on the Johnson-Champoux-Allard 
mathematical model, which will be used in the software solver. With these arguments, it is possible 
to define the characteristics of concrete acting as an acoustic inhibitor that can be used in 
constructions exposed to high concentrations of noise, achieving structurally secure environments, 
and reducing noise pollution. 
 
1.1 Simulation and behavior of sound waves in building materials. 
 
Researchers have seen the need to improve the acoustic properties of building materials to create 
spaces that guarantee better living conditions in areas exposed to high levels of acoustic noise. 
According to Fiala, the starting point for improving these materials lies in identifying their acoustic 
properties and modeling them based on a mathematical requirement of exposure acoustic loads. 
Fiala also considers that a material's attenuation depends on its porosity and volume. Additionally, 
the geometry of the pores can be filled with some type of additive (bulk materials) to help improve 
the dispersion and attenuation of acoustic waves [9]. 
 
Concrete is one of the most common and widely used materials at all levels of construction. 
According to Fediuk, its design is important in a building, but it is mandatory to consider the 
structural parameters and acoustic properties it must have. These properties allow for comfortable 
living spaces and improve people's comfort conditions. Different concrete compositions behave 
differently as sound conductors, with dense mixes acting as sound reflectors and lightweight mixes 
acting as absorbers. The type of reflection that concrete can have depends on the aggregates and 
changes in the design components of the mix. Therefore, the acoustic absorption of concrete with 
acoustic insulation (AIC) can be improved by changing its configuration, adding a porous element 
or a foam agent [11]. 
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Pereira presents a new concept of acoustic absorption called meta-porous concrete, which is a 
sound absorber consisting of porous concrete containing different acoustic resonators. For this 
study, two finite element models were implemented using equivalent fluid theory to describe the 
solutions of meta-porous concrete. With the help of a Helmholtz resonator, samples of porous 
concrete and concrete test specimens are experimentally tested through the impedance tube 
technique, allowing for finding the properties of the equivalent fluid and validating the properties 
with analytical predictions and experimental data. It is worth mentioning that the proposed 
numerical models and methodology allow predicting acoustic absorption in meta-porous concrete, 
considering the simulated results and experimental data. The experiment, given the inclusion of 
resonant structures in porous concrete, allows building a meta-porous concrete that can be used in 
controlling noise in outdoor civil constructions [12]. 
 
1.2 Wave behavior as acoustic inhibitors  
 
There are several strategies implemented to solve problems of acoustic resonance, from methods 
such as placing absorbing elements in the corners of rooms, to the design of Helmholtz resonators, 
where the management of frequency bands allows the efficiency or not of each method [13]. 
Recent research analyzes this problem in depth, indicating that the acoustic absorption found in 
perforated ceramic panels is based on the principle of Helmholtz resonators, considering that this 
method is efficient with narrow frequency bands; for the absorption phenomenon to be effective, 
the ceramic panels are perforated and mounted on a rigid surface. [14].  
 
As part of the procedure for measuring the coefficient of normal incidence sound absorption, an 
impedance tube or Kundt tube with an internal diameter of 10 cm and a length of 56 cm is used. 
The valid measurement range for the coefficient of sound absorption is from 100 Hz to 2 kHz. 
 
Several investigations have found that the attenuation zones that have different frequencies are one 
of the main problems in the field of materials. In this case, they analyzed the flexural waves and 
the properties of the attenuation zone of periodically perforated plates with cross-shaped holes, 
using the finite element software ANSYS, to obtain dispersion curves for flexion. The results 
showed that plates with cross-shaped perforations can generate lower and multiple attenuation 
zones compared to those with other geometric configurations, such as squares and diamond-shaped 
holes [15]. 
 
The acoustic behavior of the samples is analyzed using a numerical method, and the development 
of a code to simulate the structure in 3D and the calculation of tortuosity and two characteristic 
lengths in a numerical software. The Johnson-Champoux-Allard (JCA) model is used to predict 
the SAC at different frequencies. As a result, the acoustic behavior of the optimized acoustic panels 
in the reverberation room is in terms of reverberation time and random absorption coefficient [16]. 
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1.3 Numerical simulation methods for wave propagation. 
 
In current research, mathematical models are used to characterize the sound field and schematize 
the impulse response of the enclosure, making it a valuable tool for acoustic design and analysis. 
Cravero, in his study, presents results of measurements of reverberation time and acoustic 
properties in classrooms using the integrated response method according to IRAM 4109-2. The 
next step is to compare the measured values with those simulated using computational calculation 
tools. Finally, in the analysis of results, the measurements are compared with the recommendation 
given in the ANSI S12.60 standard and international bibliographic references [17]. Another 
mathematical model for the vibro-acoustic analysis of a 17-story structure shows good correlation 
with the measured data. It should be noted that the selection of a numerical method depends on the 
frequency domain. For a low-frequency domain, the finite element method (FEM) or the boundary 
element method (BEM) is preferred. FEM is considered for computational simulations, as the 
research is limited to low-frequency regions [18]. 
 
One of the most used numerical methods for porosity and absorber analysis is the Johnson-
Champoux-Allard-Lafarge (JCAL) model, applied to calculate the five transport parameters of the 
JCAL model, including viscous permeability, thermal permeability, tortuosity, viscous 
characteristic length, and thermal characteristic length. These values allow modeling of the rough 
tubes in porous materials, such as parallel rough tubes with idealized sinusoidal morphologies. 
Finally, the results have shown that the presence of roughness in the tubes weakens the thermal 
effect, but drastically reinforces the viscous effect in dissipating sound energy, resulting in 
improved sound absorption [19]. 

2. Materials and Methods 

2.1 Equipment and materials 

2.1.1 Hollow concrete blocks  

The standard used for the manufacture of hollow concrete blocks is: Hollow Concrete Blocks. 
Definitions, Classifications and Conditions. Table 1 indicates the types of hollow blocks available 
in the market and their dimensions. For this study, the type B concrete block has been selected 
[20]. 
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Table 1. Types of hollow concrete blocks and their uses. 
 

NOMINAL DIMENSIONS ACTUAL DIMENSIONS 
USES Block 

type 
length width height length width height 

A, B 

40 20 
15 
10 

20 39 19 
14 
09 

19 o External load-
bearing walls, without 
coating. 
o Exterior load-
bearing walls, with 
cladding. 
o Interior load-
bearing walls, with or 
without lining. 

C, D 

40 10 
15 
20 

20 39 09 
14 
19 

19 o Exterior 
dividing walls without 
cladding, 
o Exterior 
dividing walls, with 
cladding. 
o Interior dividing 
walls, with or without 
lining. 

E 

40 10 
15 
20 
25 

20 39 09 
14 
19 
24 

20 o Lightened 
reinforced concrete 
slabs. 

Standar NTE-INEN [21] [20] 
 
The dimensions of the block to be used are as follows: length = 40 cm, width = 15 cm, height = 
19 cm, and an approximate weight of 8.5 kg as shown in Figure 1. The regulation states that the 
blocks must have uniform dimensions, although the variation in their lengths should not exceed 5 
mm. [20]. 
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Figure 1. Lengths of concrete hollow block samples. 

2.1.2 Standards for conducting tests. 

Table 2 details the standards to be applied in the experimental phase, for carrying out tests such as 
density, porosity, and mechanical strength in the concrete bricks and blocks, parameters necessary 
for carrying out acoustic simulations. 
 

Table 2. NTE INEN standards used to carry out the tests. 
 

Test  Standard used Parameters 

Density 

 Refractory Materials. Determination Of 
Porosity, Water Absorption and Bulk Density. NTE 
INEN 857:2010. 

 Concrete blocks. Requirements and test 
methods. NTE INEN 3066-2016 

Specimens’ 
density 

Porosity 

 Refractory Materials. Determination Of 
Porosity, Water Absorption and Bulk Density. NTE 
INEN 573. 

 Concrete blocks. Requirements and test 
methods. NTE INEN 3066-2016 

Total Porosity 
Percentage 

Mechanical 
strength 

 Ceramic bricks. Part 5: Test Methods. NTE 
INEN 3049 Part 5:2019. 

 Concrete hollow blocks, related units, and 
prisms for masonry. Facing for the compression test. 
NTE INEN 2619:2012 

Stress  

Standard NTE INEN [22][23] , [24][25], [26][27], [28][29], [30] 
 
2.1.3 Software COMSOL Multiphysics  

COMSOL Multiphysics is an efficient simulation software used to model and solve scientific and 
engineering problems. This software uses FEM and partial differential equations. Being a powerful 
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simulation tool, it allows combining conventional physics models into Multiphysics models that 
can be solved simultaneously. With an integrated desktop environment and Model Builder, the 
user can fully describe the model and access all the necessary functions for its use. The interface 
can be seen in Figure 2. 
 
The advantages of COMSOL Multiphysics lie in the possibility of integrating physical parameters, 
material properties, loads, constraints, sources, etc., instead of defining equations, which are found 
in the different modules presented by the program. The variables of the mathematical model can 
be placed directly into the software, such as domains, limits, edges, and solid and fluid points, 
independently of the computational mesh. Ultimately, the package compiles the equations that 
govern the model internally [31][32]. 
 

 
Figure 2. COMSOL Multiphysics interface [33] [31] 

 
The COMSOL Multiphysics software then internally compiles a set of equations that represent the 
complete model. By using advanced numerical analysis tools, it also analyzes the mesh created for 
the case and, based on the numerical solvers it has, presents acceptable errors within established 
ranges. The software allows for visualization and presentation of the results. 
 
2.1.4 Calculation of Young's Modulus  
The modulus of elasticity is the ratio of stress increment to the corresponding unit strain change. 
If the stress considered is either tension or compression, the modulus is called Young's modulus 
[34]. For the analyzed hollow concrete blocks, compression tests were carried out, where data on 
the last applied stress and deformation were collected.  Equation 1 allows for the calculation: 
 

𝐸 =
𝜎

𝜖
 Equation 1 
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Where, 𝐸 represents the Young's Modulus, 𝜎 is the uniaxial stress or force per unit area, and 𝜖 is 
the strain.  The value of strain (ε) is shown in Equation 2, where ∆L is the change in length and L 
is the initial length: 
 

𝜖 =
∆𝐿

𝐿
 

Equation 2 

 
2.1.5 Sound velocity 
The speed of sound is that which propagates through a material medium, such as air, water, or a 
solid, by means of a sound wave. The speed of sound depends on the properties of the medium 
through which it propagates and the temperature of that medium. At room temperature, the speed 
of sound in air is approximately 343 meters per second (m/s). The expression used in the analysis 
of concrete samples is a function of the Young's Modulus E and the density \rho, resulting in 
Equation 3 .  
 

𝑣௦ = ඨ
𝐸

𝜌
 

Equation 3 

 
2.1.6 Sound pressure level 
The sound pressure level (SPL) is a measure of the amount of energy associated with noise, caused 
by a disturbance of a medium due to the vibration of a bod [35]. Sound pressure is measured in 
Pascals (Pa) and a logarithmic scale is commonly used for its manipulation and representation due 
to the large range of values it can present. The reference pressure used in Equation 4 is the human 
auditory threshold, which has been established at a value of 2𝑥10ିହ 𝑃𝑎  by convention. It is 
important to mention that SPL values can vary widely depending on the sound source and the 
location of the observer. 
 

𝐿௣ = 20 log ൬
𝑃

𝑃௢
൰ 

Equation 4 

 
2.1.7 Reflection 
For the study of acoustic reflection, two different zones must be considered. The first is called the 
zone of first reflections, which arrive immediately after the sound emission. The second is called 
the reverberant tail, formed by delayed reflections. It is necessary to represent this zone, observing 
how the incident rays arrive and the energy level generated [36].  
2.1.8 Acoustic impedance 
 Acoustic impedance is a property that provides information about the medium and the type of 
wave that will propagate. This calculation, of great importance, involves the transmission of 
acoustic waves from one medium to another [37]. The following expression allows the calculation 
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of acoustic impedance (Z), where 𝑝 is the acoustic pressure and v is the velocity associated with 
the oscillating particles in a medium. 
 

𝑍 =
𝑝

𝜈
 Equation 5 

     
2.1.9 Calculation of the absorption coefficient in COMSOL Multiphysics. 

The acoustic absorption coefficient refers to the ability that all materials have to mitigate the 
propagation of sound waves when they impinge on them. Therefore, octaves should be considered, 
since the human ear hears logarithmically, and frequencies are divided in this way, this is known 
as octaves, [38], where an octave is defined as the interval that separates one frequency from 
another by a factor of two. According to the NTE INEN 266 standard [39], Table 3 indicates the 
most used octave bands in Hz. 
 

Table 3. Most used octave bands in Hz. 
 

Octave Band Center Frequencies 

16 31.5 63 125 250 500 1000 2000 4000 8000 16000 
Standar NTE INEN 266 [39] 

 
In this research, the property will be calculated through simulations of acoustic behavior in 
COMSOL Multiphysics software, and it has been considered that for greater accuracy and 
resolution of the phenomenon, the developed frequency will be given in third-octave bands. For 
this purpose, the Porous Absorber has been taken as a reference model, one of the models based 
on the Acoustic Poro domain of the acoustic pressure interface, described in the User's Guide of 
the Acoustics Module [40], which uses the Johnson-Champoux-Allard model as a numerical solver 
for the characterization of absorption properties of a common brick in terms of sound incidence 
angle and frequency [41]. 
 
In general, this model analyzes Johnson-Champoux-Allard (JCA) porous matrices, which are 
defined by the equivalent rigid density 𝜌௥௜௚(𝜔) and the equivalent volumetric modulus 𝐾𝜔. The 

mathematical expressions for these parameters are described below,[40]: 
 

𝜌௥௜௚ =
ఛಮఘ೑

ఢ೛
቎1 +

ோ೑ఢ೛

௜ఠఘ೑ఛಮ 
ඨ1 +

ସఠఛಮ
మ ఓఘ೑

ோ೑
మ௅ೡ

మఢ೛
మ ቏   

Equation 6 
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Where: 
𝜏ஶ = tortuosity factor (high-frequency limit), 𝜌௙ = fluid density, 𝜖௣ = porosity, 𝑅௙ = flow 

resistivity, 𝜇 = dynamic viscosity, 𝑝஺ = inactive pressure, 𝛾  = specific heat ratio, 𝐿௩ = viscous 
characteristic length, 𝐿௧௛ = thermal characteristic, 𝑃𝑟 = Prandtl number.  
2.1.10 Tests for calculating block properties. 

The tests carried out will allow obtaining data through experimentation that will validate the found 
parameters, to finally evaluate their behavior through the execution of simulations in specialized 
software. The tests carried out are described below: 
 

- Density and Absorption of the block 
 
This test is carried out under the NTE INEN 3066:2016-11 [29], Standard, Concrete Blocks. 
Requirements and Test Methods, Absorption, Density, and others. This allows determining the 
density of the samples, the necessary steps for its execution are described below, [28]: 

- Three complete samples without defects must be considered for the tests. 

- A balance with an accuracy of ± 1g of mass will be needed. 
 
For the saturation procedure, the samples must be immersed at a temperature between 16°C and 
27°C for a time of 24 to 28 hours in a container that completely covers them and record this value 
as Ml (mass of the immersed sample), as shown in Figure 3. 
 
Next, remove the samples from the water and let them drain for 60 s on a metal mesh, and dry 
them with a damp cloth, determine the mass, and record it. Repeat the procedure every 24 hours 
until the weighing difference is less than 0.2%. Record the result as MS (mass of the saturated 
sample). 
 
Dry the samples in a ventilated oven, between 100 °C and 115 °C, take weight measurements 
every 24 hours until the weight difference is less than 0.2%. Record this value as Md (Mass of the 
oven-dried sample). 
 

𝐾

=
𝛾𝑃஺

𝜖௣
൦𝛾

− (𝛾 − 1) ቌ1 +
8𝜇

𝑖𝜔𝐿௧௛
ଶ 𝑃𝑟1𝜌௙

ඨ1 +
𝑖𝜔𝐿௧௛

ଶ 𝑃𝑟𝜌௙

16𝜇
ቍ

ିଵ

൪

ିଵ

 

Equation 7 
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Figure 3. Samples of blocks submerged in water for density and absorption percentage calculation. 
 
The equations for calculating density and absorption according to standard [28] for concrete blocks 
are detailed below: 
 

Absorption:  

𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 =
𝑀௦ − 𝑀ௗ

𝑀௦ − 𝑀௜
× 1000 [𝑘𝑔

/𝑚ଷ] 

Equation 8 

𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 =
𝑀௦ − 𝑀ௗ

𝑀ௗ
× 100 [%] 

Equation 9 

Density:  

𝐷𝑒𝑛𝑠𝑖𝑑𝑎𝑑 =
𝑀ௗ

𝑀௦ − 𝑀௜
× 1000 [𝑘𝑔

/𝑚ଷ] 

Equation 10 

 
Where, 𝑀௦ is the mass of the saturated unit, 𝑀௜ is the mass of the immersed unit, 𝑀ௗ is the mass 
of the unit dried in the oven, with units given in [kg]. 
 

- Mechanical strength tests: Compression test for hollow concrete blocks. 
 
To carry out this test, the recommendations of standard NTE INEN 640, Hollow Concrete Blocks. 
Determination of compressive strength, which indicates the following steps, [42]:  

- Use whole blocks selected according to standard INEN 639 [29]. 

- The blocks must be immersed in water for a period of 24 hours and then covered with 
cement-sand mortar with a layer no more than 6 mm thick, so that the tested surfaces are regular 
and parallel. 
 
To test the samples, they must be placed with respect to the center of the load application joint. 
The load application will be gradual, in a time not less than 1 minute or greater than two, 
considering a constant speed, Figure 4. 
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Figure 4. (a) Complete specimens (hollow concrete blocks) (b) Compression test on a universal 
testing machine. 
 

- Simulation of acoustic behavior in COMSOL Multiphysics V. 5.6, of the block 
samples (B1, B2). 
 
To carry out the simulations, the absorption model through an open-cell porous acoustic foam 
(Porous Absorber) was taken as reference, from which modeling instructions are described [42]. 
 

- Response variables or achieved results. 
To achieve the objectives, the transmission of sound waves on existing construction materials is 
considered as an independent variable. This is because each of them has acoustic properties that 
absorb, transmit or reflect sound when waves impact on them. The dependent variable is the 
behavior of the materials as acoustic inhibitors, that is, the property of material absorption that 
manifests as incident energy dissipated upon contact with a material, affecting sound propagation. 
 
As a result, the value of the acoustic absorption coefficient is desired through the execution of 
simulations in the COMSOL Multiphysics software, characterizing the absorption properties of 
hollow concrete blocks in terms of sound incidence angle and frequency. The model results will 
be validated by comparing them with analytical data to indicate if traditional brick and hollow 
concrete block meet the requirements to be considered as acoustic inhibitors. 

3.  Results 

3.1 Test Results 

3.1.1 Concrete hollow blocks 

Concrete hollow blocks are widely used in construction due to their great maneuverability. Those 
selected for this study follow the following construction standard [21]. Hollow Concrete Blocks. 
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Definitions, Classifications and Conditions. The dimensions and type of block used in the tests 
and simulations are shown in Table 4. 
 
Table 4. Type and dimensions of concrete hollow blocks in cm. 

 
Standard NTE INEN [21] 
 
For the calculation of density in the block samples, the NTE INEN 3066-2016 standard, Concrete 
Blocks. Requirements and Test Methods, Annex D (normative) Absorption, Density, and others, 
is considered. The results are shown in Table 5. 
 
Table 5. Density values of hollow concrete block samples. 
 

 
3.1.2 Test for porosity 

For the calculation of absorption, the NTE INEN 3066-2016 standard, Concrete Blocks - 
Requirements and Test Methods, Annex D (normative) Absorption, Density, and others, is 
considered. The results are shown in Table 6. 
 
Table 6. Total absorption values [%] 
 

NOMINAL DIMENSIONS ACTUAL 
DIMENSIONS

Block Type Long  Width   High Lon
g  

Width  

A, B 40 20,15,10 20 39 19,14,09

Specimen  

Masses [kg] 

Density 
[kg/m3] 

Saturated 
unit mass 

[Ms] 

Oven-
dry unit 

mass 
[Md] 

Submerged 
unit mass 

[Mi]] 

B1 10.05 8.21 10.01 205205 
B2 10.00 8.43 9.96 210750 
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3.1.3 Mechanical strength tests. 

For hollow concrete blocks, the recommended mechanical strength test is given by the standard 
NTE INEN 2619:2012 Hollow Concrete Blocks, Related Units and Masonry Prisms. Refacing for 
compression testing. Table 7 shows the results obtained in the compression test on the blocks. 
 
Table 7. Compression test results (stress and strain) 
 

 
The values obtained for Young's modulus and sound velocity for the hollow concrete blocks are 
shown in Table 8. These parameters are necessary for performing simulations. 
 
Table 8. Young's modulus and sound velocity values. 
 

Specimen 
Módulo de 

Young 
Velocidad sonido 

(c) 
[Pa] [m/s] 

B1 104145.59 0.71 
B2 138926.61 0.81 

3.1.4 Results of COMSOL Multiphysics simulation to obtain the acoustic absorption 
coefficient (α) 

Specimen 

Masses [kg] 

Absorption 
[%] 

Saturated 
unit mass 

[Ms] 

Oven-
dry 
unit 
mass 
[Md] 

Submerged 
unit mass 

[Mi]] 

B1 10.05 8.21 10.01 22.41 
B2 10.00 8.43 9.96 18.62 

Samples  Test tube 
Stress () Strain 

[N/m2] [mm]

B1 
1 225356.22 2.33
2 174451.25 1.39
3 157371.48 1.63

 Mean 185726.31 1.78

B2 
1 226371.64 1.08
2 197663.65 1.62
3 166402.81 1.55

Mean 196812.70 1.42
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These results are obtained by performing simulations of samples in hollow concrete blocks (B1 
and B2) using the previously described procedure. It is important to mention that the simulation 
was carried out considering a frequency range from 10 Hz to 10 kHz, with a 1/3 octave step and 
an angular incidence of the wave from 0° to 45°. These parameters entered the software result in 
graphs of Sound Pressure vs Frequency, Impedance vs Frequency, and Absorption Coefficient vs 
Frequency. These are the results of 2D simulations applied to the main face of the block, where 
the sound wave directly impacts. Additionally, 3D simulations are performed to verify the 
incidence of the acoustic wave on the building material, and the resulting graphs are: 
 

- Results of 2D and 3D simulations of hollow concrete block samples B1 and B2 
 
Simulations of sample block B1 in 3D 
 
The 3D simulation of the hollow concrete block sample B1 is shown in Figure 5, where the 
incidence of the wave at 45°, with a frequency of 99.986 Hz, results in maximum values of acoustic 
pressure (in red) from 2 to 4 [Pa]. Note that these pressure concentration values occur on the faces 
of the block where there is greater acoustic incidence. In addition, the studied body is shown in 
the YZ plane, which allows for a better identification of the incidence of the sound pressure on the 
simulated sample. 

 
Figure 5.  (a) Simulation of Sample B1. (b) Show B1 in the YZ plane. 

 
The distribution of sound pressure level over sample B1 is shown in Figure 6, a result of the 3D 
simulation where the eigenfrequency with a value of 99.989 Hz impinges on the faces of sample 
B1, generating sound pressure level values over the block's hollows between 90 to 100 dB. It's 
worth noting yellow areas throughout the simulated sample with an approximate value of 70 dB. 
These values can vary mainly due to the incident sound speed on the material. The yellow area of 
the sample can be better observed in the XZ plane. 
 



 
 
 

3795 
 

Ann. For. Res. 66(1): 3779-3805,  2023 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
www.e-afr.org 

 

© ICAS 2023 

 
Figure 6. (a) Distribution of the sound pressure level on sample B1. (b) Distribution of sound 
pressure level in the XZ plane. 
 
To obtain better results of sound pressure level in the simulation of sample B1, the mesh is refined 
with a natural frequency value of 99.996 Hz. As can be seen in the color bar in Table 7, these 
values range between 85 to 100 dB, and a different pattern of the incidence of the acoustic wave 
on the block can be seen. These images have been produced mainly due to the number of elements 
in the mesh after refinement, aiding in the convergence of the simulation. 

 
Figure 7. (a) Simulation of Sample B1 with refined mesh. (b) Sample B1 in the XY plane with 
mesh refinement. 
 

- 2D Simulations 
The simulated B1 sample in 2D allows the following results: 
 
Sound pressure vs Frequency 
Figure 8 shows the sound pressure as a function of frequency [Hz] and total acoustic pressure [Pa] 
considering the incidence of the wave, for which two incident angles (θ) = 0° and (θ) = 45° have 
been analyzed. The incident angle (AI) (θ) = 45° presents an irregular behavior compared to the 
curve that describes the incident angle (AI) (θ) = 0°, and as a result, a maximum value of 4.83 [Pa] 
of total acoustic pressure is obtained with a frequency of 250 Hz. These values are within the range 
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that the human ear perceives and tolerates, ranging from 20 to 20,000 Hz. The simulation has 
demonstrated that the block functions as a sound inhibitor. 
 

 
Figure 8. Total acoustic pressure vs Frequency in sample B1. 

 
Impedance vs Frequency 
As impedance is an important property that relates acoustic pressure and the velocity at which 
oscillating particles develop in a medium, at a given frequency, Figure 9 allows identifying these 
values, considering the wave generated by the incidence angle (ϴ) = 45°. Specific surface normal 
impedance (black curve) can be observed to decrease as frequency increases. A value of Z = 21.63 
(dimensionless) is obtained at a frequency of 10 Hz, which remains stable until a value of Z = 
21.05 at a frequency of 40 Hz. Thus, it can be concluded that the velocity of particles will decrease 
as frequency increases.  

 
Figure 9. Normal impedance of sample B1 with different angles of incidence  
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Absorption coefficient vs Frequency 
 Figure 10 shows the results of the 2D simulation for the absorption coefficient [α] of sample B1, 
where the values of the coefficient on the curve can be identified for the absorption coefficient 
with incidence at 45º ((AI) (ϴ) = 45° α), with a maximum value of α = 0.97, f = 1.0 kHz, and α = 
0.29, f = 10 kHz, which corresponds to the linearization of the incidence angle at 45º (analytical 
curve for the absorption coefficient with incidence at 45º (AI) (ϴ) = 45°. (α analytical)). This 
difference between these values is due to the irregularity of the curve at 45° from 630 Hz, as well 
as the value of the speed of sound and the density of the material, which are properties of great 
importance in simulations. 
 

 
Figure 10. Absorption coefficient vs Frequency with the different angles of incidence 
 
3D block B2 sample simulations 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 shows the 3D simulation result of the second sample of the hollow concrete block (B2), 
where the incidence of the wave at 45° with a frequency of 99.987 Hz can be observed. Variations 
in pressure can be seen that produce areas of higher particle concentration (areas of red color) on 
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different faces of the building material, with values ranging from 2 to 6 [Pa]. In addition, the XZ 
plane has been considered for the study, which allows for a better identification of the incidence 
of sound pressure on the simulated sample. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11.  (a) Simulation of Sample B2. (b) Show M2 in the YZ plane. 
 
The distribution of sound pressure level over sample B2 is shown in  
 
 
 
 
 
 
 
 
 
Figure 12, which is the result of the 3D simulation where the natural frequency of 99.991 Hz 
impinges on the faces of the block, generating sound pressure level values between 90 to 100 dB 
(areas of concentration of red color). It is important to mention the yellow areas present throughout 
the block that repeat simultaneously with time (frequency) with an approximate value of 70 dB. 
The yellow area of the sample can be better observed in the XZ plane. 

 
(a) 

  
(b) 
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Figure 12.  (a) Distribution of the sound pressure level on sample B2. (b) Distribution of sound 
pressure level in the XZ plane. 
 
The mesh refinement allows us to observe the results of sound pressure level in the simulation of 
sample B2, with a natural frequency value of 99.995 Hz. The maximum concentration values are 
between 90 to 100 dB, which are shown in the color bar. Additionally, in Figure 13, a different 
plot of the incidence of the acoustic wave on the block can be seen, which depends on the value 
of the speed of sound, which for this sample is 0.81 m/s. It should be mentioned that these images 
were mainly produced by the number of elements in the mesh after refinement. 
 

 
(a) 

  
(b) 

Figure 13. a) Results of the sound pressure level in the simulation of sample B2 with refined mesh. 
(b) Sample B2 in the XZ plane with mesh refinement. 
 
Simulations in 2D 
 
Sound Pressure vs Frequency 
Figure 14 shows the sound pressure considering two incident angles (ϴ) = 0° and (ϴ) = 45°. The 
incident angle (AI) (ϴ) = 45° (green curve) presents an irregular behavior compared to the curve 
that describes the incident angle (AI) (ϴ) = 0°. In addition, the maximum total acoustic pressure 

 
(a) 

  
(b) 
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value obtained is 4.861 [Pa] at a frequency of 250 Hz. These values will vary depending on the 
speed of sound. 
 

 
Figure 14. Total acoustic pressure vs Frequency in sample B2. 

 
 
 
Impedance vs Frequency 
Figure 15 shows the values of impedance, a property that relates acoustic pressure, velocity, and 
the frequency with which oscillating particles develop in a medium. The wave generated by the 
angle of incidence (ϴ) = 45° has been considered. Specific surface normal impedance (black 
curve) is shown, where it can be observed that impedance decreases as frequency increases. A 
value of Z = 21.63 (dimensionless) is obtained at a frequency of 10 Hz, and this value remains 
stable until a value of Z = 21.07 is reached at a frequency of 40 Hz. Therefore, it can be determined 
that the velocity of the particles that develop on a medium is a determining factor in the value of 
impedance. 
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Figure 15. Normal impedance of the sample B2, with the different angles of incidence 

 
Absorption coefficient vs Frequency 
The results of the absorption coefficient are shown in Figure 16, where the value of the absorption 
coefficient can be identified in the curve with an incidence angle of 45° ((AI) (ϴ) = 45° α) of α = 
0.96, f = 1.6 KHz, and α = 0.28, f = 10 KHz, corresponding to the linearization of the 45° incidence 
angle (analytical curve for the absorption coefficient with a 45° incidence angle (AI) (ϴ) = 45° (α 
analytical)). This difference between these values is due to the variability of the curve, especially 
from 400 Hz onwards. It should be noted that the porosity of materials is an important factor in 
the simulations, which is why there is a considerable decrease in the value of the coefficient in the 
analytical curve at 45°. 
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Figure 16. Absorption coefficient vs Frequency with the different angles of incidence. 

4. Discussion and conclusions 

The tests carried out on the samples analyzed in the experimental design and acoustic simulations 
have generated the following discussion of results. When it comes to the density of construction 
materials, in this case, hollow concrete blocks, sample B1 has a lower density value of 205205 
[kg/m3]. It should be noted that for the calculation of the density of this construction material, 
values of mass were considered when the material is completely dry and when it is fully saturated, 
i.e., submerged in water. These density values are an important parameter in the behavior of the 
material when the acoustic wave impacts it. 
 
Porosity is a parameter that must be considered in the simulations of construction materials, as if 
a material is highly porous, it will allow the passage of the acoustic wave, and thus, it cannot be 
considered as soundproof. When analyzing the resulting data of the two samples, the following 
results are obtained for the hollow concrete blocks of samples B1 and B2, with porosity percentage 
values of 22.41 and 18.62. It is evident that the blocks have a higher percentage of porosity 
compared to other construction materials such as bricks, and therefore, simulations on this material 
have shown that they do not have great acoustic properties, affecting the value of the absorption 
coefficient. 
 
The compression tests on the blocks allowed determining the value of the Young's modulus and 
the speed of sound, characteristics of great importance in carrying out acoustic propagation 
simulations. With these criteria, the following results were found sound velocity values of 2.24 
and 2.71 [m/s], and 0.71 and 0.81 [m/s] for blocks B1 and B2, respectively. This parameter allows 
determining the acoustic impedance, of the samples studied, brick B2 has the lowest value with Z 
= 16.74, considering that this property analyzes the movement of particles in a medium. 
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The use of COMSOL Multiphysics software has allowed the realization of acoustic simulations of 
the construction material samples, using all the parameters obtained in the experimental phase, 
thus, the acoustic absorption coefficient could be calculated considering the incidence angle of the 
wave at 0° and 45° as critical angular values. This value will allow identifying which of the 
analyzed elements will behave in a better way as an acoustic inhibitor. The blocks have values of 
B1 = 0.97 and B2 = 0.96, identifying that block B1 presents the best acoustic behavior, considering 
the maximum values generated when the sound wave is incident at an angle of 45°. For blocks B1 
= 0.29 and B2 = 0.28, from these results, the material that behaves best as an acoustic inhibitor is 
the common brick, compared to scientific literature, as it presents the most stable acoustic 
behavior. 
 
COMSOL Multiphysics version 5.6 is the required computer tool for acoustic simulations since 
its versatility and intuitive handling have demonstrated high-quality results in this research. 
Through the 2D and 3D simulations on the construction materials, it was possible to find graphs 
of interest for analysis such as Pressure vs Frequency, Impedance vs Frequency, and Absorption 
coefficient vs Frequency in two-dimensional simulations, and Acoustic pressure, Sound pressure 
level, and Acoustic pressure, is surfaces in three dimensions. 
 
Finally, it was possible to determine through experimentation and simulations that the studied 
construction materials, blocks, behave differently when the sound wave is incident on them, in this 
case, with a critical recommended incidence angle of 45°. 
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