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Introduction 

The use of precast concrete has be-
come a viable way to build houses due to 
the high degree of reliability of its proper-
ties and characteristics when controlling 
the quality of the process and the qual-
ity standards in the production plant (du 
Plessis et al., 2021). This is corroborated 
by the precast division of the national 
cement union of Ecuador (Ucem), which 
based on basic criteria of high produc-
tivity at low cost, industrialization and 
applicability (low time for assembly), 
show that the properties that the concrete 
will develop are optimal in the face of 
variations due to on site work restric-
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homes in Andean zones

tions (Kim, Kim & Cho, 2020). During 
the design and selection of construction 
materials, the weather is a key factor. 
Sudden changes in temperature directly 
affect the behavior of the materials (cre-
ating cracks and/or detachments) due to 
thermal shock (Rajeshkumar, Anandaraj, 
Kavinkumar & Elango, 2020). Due to 
its privileged geographical position, 
Ecuador has a variety of weather for 
its four regions: coast, Sierra, Amazon, 
and Galapagos; however, Andean zones 
presents the best conditions in terms of 
maintenance for the materials due to the 
cold temperatures (Cevallos, Jaramillo, 
Ávila & Aldaz, 2017). Andean region 
is made of rows of mountains, snow-
capped mountains, volcanoes, high An-
dean peaks, valleys, and lagoons. It is 
characterized by a humid tropical climate 
in transition zones towards the coast and 
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the Amazon, temperate semi-humid to 
humid in the inter-Andean zone, hot 
and dry in the inter-Andean valleys and 
cold in the highlands and mountains in 
the paramos, above 3,000 m of altitude. 
Temperature is linked to altitude; be-
tween 1,500 and 3,000 m the average 
values vary between 8 and 20°C, with 
a temperature gradient of ~ 5°C for eve-
ry 1,000 m of altitude (Narváez & León, 
2001). These climatic considerations are 
necessary when attempting to maintain 
comfort in habitability. This refers to 
construction solutions used in a building 
or home to minimize the transmission of 
sounds (noise or noise pollution) from 
the outside or from an adjacent room. 
This can be achieved using acoustic in-
sulation materials (Escobar, 2019). The 
place of origin of the acoustic materials 
can be mineral or natural, synthetic, and 
bio-based. Through the years, both ma-
terials, techniques and technologies have 
improved, reaching a high acoustic qual-
ity of the constructions. Countries such 
as Spain or Ecuador are an excellent 
reference in terms of research on acous-
tic insulation of buildings (Taban et al., 
2019). Even though the construction sec-
tor offers a variety of acoustic materials, 
it is unknown which are the most optimal 
materials to use them, due to the scarce 
information in Ecuador on the subject 
(Obaco, Royuela & Matano, 2020). 
Consequently, it is necessary to prepare 
a comparative study of acoustic materi-
als for prefabricated concrete homes for 
Andean zones of Ecuador. This research 
validates itself through its development: 
search and analysis of relevant updated 
academic and university research, data 
comparison and use of statistical tools 

and techniques that allow understanding 
and building a new research generating 
contexts; in this case on optimal acoustic 
materials for application in environments 
created with precast concrete (Guevara 
Patiño, 2016). 

Methodology

The Delphi method was used for the 
determination of the best acoustic insula-
tors, after the gathering of the informa-
tion obtained by the experts, the results 
were validated with the AHP method 
(analytic hierarchy process), and organ-
izing the information hierarchically and 
thus it was possible to determine the best 
materials for acoustic insulation in build-
ings in Andean area of Ecuador. 

According to José, Vidal and Lluch 
(2019), the foundation of AHP is:
a) The structuring a hierarchical model 

(representation of the problem by 
identifying the goal, criteria, sub-
-criteria, and alternatives).

b) Prioritization of the elements of the 
hierarchical model.

c) Evaluation of the elements by as-
signing “weights”.

d) Ranking of the alternatives accord-
ing to the given weights.

e) Synthesis.
f) Analysis of sensitivity.

It is important to identify the prob-
lem in the methodology to accept the 
criteria of the experts and place the pro-
posed alternatives on a list, allowing the 
use of these tools in solving the acoustic 
problem in Andean areas (Fig. 1). This 
will provide a series of viable solutions 
to builders and users.
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The main strategy of AHP is the 
paired comparisons, this uses an under-
lying scale with values from 1 to 9 to 
qualify the relative preferences of two 
elements, that is, a comparison is made 
between two elements to determine the 
order of the alternatives (Table 1).

The prioritization of the importance, 
preferences, or probabilities of pair el-
ements. Based on a common attribute 
or criteria represented in the decision 
hierarchy, it is the mathematical basis of 
AHP (Chandna, Saini & Kumar, 2021). 
In terms of quality to make the final de-
cision, the consistency of the judgments 
shown during the series of paired com-
parisons is important. A perfect consist-
ency is difficult to achieve, since in al-
most any set of paired comparisons there 

will always be some inconsistency; for 
they are judgments made by human be-
ings. If the degree of consistency is ac-
ceptable this can be continued with the 
decision process, if the degree of con-
sistency is unacceptable the decision 
maker will have to consider and possibly 
modify their judgement about the paired 
comparisons before continuing with the 
analysis. If the degree of consistency is 
acceptable this can be continued with 
the decision process, if the degree of 
consistency is unacceptable the decision 
maker will have to consider and possibly 
modify their judgement about the paired 
comparisons before continuing with the 
analysis. 

To determine if the criteria are well 
evaluated, the consistency ratio (CR) 

1

2

3

Selection of the best acoustic insulators that can be installed in prefabricated
concrete homes for the Sierra Centro of Ecuador

Physical
characteristics

Acousticisolation Availability Installation Price

Alternative 1 Alternative2 Alternative 3

FIGURE 1. Hierarchy tree (García-Ruiz & Lena-Acebo, 2018)

TABLE 1. Saaty scale for the AHP method (Lin & Kou, 2021)

Value Definition Comments

1 same importance Criteria A is equal to the importance of criteria B.

3 moderated importance Experience and judgment slightly favor criteria A over criteria B.

5 big importance Experience and judgment strongly favor criteria A over criteria B.

7 very big importance Criteria A is much more important than criteria B.

9 extreme importance The greater importance of criteria A over criteria B is beyond 
doubt.

2, 4, 6, 8 Intermediate values between the previous ones, when it is necessary to qualify.
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 calculation is used, where the result of 
the criteria is compared with the data 
shown in Table 2.

TABLE 2. Maximum percentage of consistency 
ratio

Matrix size % max. CR

3 5%

4 9%

≥ 5 10%

Matrix size formulas used to calcu-
late consistency ratio:

IC = (λ_p – n) / (n – 1) (1)

IA = (1.98· (n – 2)) / n (2)

CR = IC / IA (3)

where:
IC – consistency index,
CR – consistency ratio,
λ_p – average Landa,
IA – Ranm consistency,
n – array order.
Note: Landa is the quotient of the row 
vector and the average vector of the ma-
terial comparison matrix; average Landa 
(λ_p) is needed to evaluate the consisten-
cy of the evaluations made by the experts 
(Caner & Aydin, 2021).

Results and discussion

Based on a bibliographic search on 
the different types of acoustic insula-
tors, it was observed that, for an acoustic 
insulating material, there are no param-
eters defined by any regulations. How-
ever, there are some characteristics that 
can help to compare and choose an op-
timal material depending on the type of 

noise to be mitigated (Dong et al., 2021). 
In general, it is understood as “acoustic 
insulation” to reduce the noise level of a 
room (Opydo, 2004). However, the dif-
ference between the terms “isolation” 
and “absorption” must be considered. 
The acoustic absorbers are used to being 
materials of low density (they are light) 
and great flexibility. Acoustic insulators, 
on the other hand, are materials of high 
density (heavy) and greater rigidity, for 
each type of noise there are certain phys-
ical characteristics that the materials 
must meet so that their use contributes to 
noise reduction (Sato, Kurisu, Morimoto 
& Maeda, 2021). In the same manner, 
as the chosen insulation will be applied 
in the Sierra del Ecuador area in height 
ranges from 2,000 to 6,700 m above 
sea level, relevant characteristics must 
be considered in terms of functionality; 
more specifically to the data on the coef-
ficient of thermal expansion (Bao et al., 
2021). Table 3 shows the value of this 
characteristic of the materials and shows 
characteristics to be considered for the 
functionality of the material.

The characteristics of the acoustic in-
sulating / absorbent materials, shown in 
Table 3, serve as a guide for an adequate 
comparison between acoustic insulating / 
/ absorbent materials. It is worth men-
tioning that most of the bibliography, 
consulted publications, do not fully 
specify the physical characteristics of 
the tested materials (thickness, density, 
porosity, among others).

On the other hand, the value of the 
thermal shock coefficient represents the 
expansion of the volume of the mate-
rial; here, materials shrink in cold and 
expand in heat (He, Huang & Jiang, 
2021). The lower the coefficient of 
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thermal  expansion, the less the mate-
rial will shrink or expand with changes 
in temperature. A high thermal expan-
sion coefficient affects the dimensional 
stability of the insulating material (Yuan 
et al., 2017). In cold conditions, thermal 
bridges occur as the material shrinks and 
creates joint cracks or subsidence. This 
causes a strong impact on the perform-
ance of the insulation because it causes 
premature aging of the same and the need 
for repair or replacement is essential.

Expert selection

With the purpose of developing 
both the Delphi methodology and the 
AHP methodology, a group of experts 
was brought together. They established 
judgments and evaluations of the crite-
ria of applicability and functionality of 
the insulating materials. In the first as-
sessment, the comparison and weight of 
the criteria regarding the applicability 
of the material in prefabricated concrete 
homes was established, using the Saaty 
numerical scale. Subsequently, the con-
sistency of said assessments was veri-
fied, which provide coherence in the in-
vestigation, and consequently, obtained 
the list of acoustic insulating materials 
as a result.

Results of the AHP methodology

The evaluations obtained from the 
AHP methodology, compares not only 
the physical-technical properties of the 
materials, but also criteria regarding the 
selection of the materials. In other words, 
the set of evaluations obtained from the 
AHP methodology helped to generate the 
list of acoustic materials in descending 
order with the best options to be applied 
in manufactured homes. The consistency 
ratio values with the weights of the crite-
ria and their own vectors once the aver-
age of the evaluations and judgments of 
the experts consulted has been completed. 
As these values are less than 0.1, they are 
useful for the purpose of research.

Table 4 shows the eigenvectors ob-
tained with the evaluations by interview-
ing the experts, using the Delphi and AHP 
methodology (eigenvectors of each crite-
ria and the average eigenvector once the 
necessary iterations have been complet-
ed), depending on “availability of the ma-
terial and price”, two criteria with more 
weight with respect to the applicability of 
the insulators for the prefabricated homes. 
This is consistent, because: it is useless 
for us to have information on a suitable 
and acoustic insulating material that can-
not be found in the market and preferably 
in the local or national market.

TABLE 4. Eigenvectors of the criteria in AHP methodology

Physical-technical 
characteristics Availability Isolation Installation Own vector

(weight of criteria)

0.48079291 0.080661063 0.15691286 0.1360679 0.213608682

0.152848742 0.199214723 0.06714229 0.19437598 0.153395435

0.088321967 0.457676376 0.47875944 0.34302058 0.341944591

0.201590302 0.158596394 0.19099108 0.17746785 0.182161406

0.076446079 0.103851445 0.10619434 0.14906768 0.108889886
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In the same way, the price factor is 
decisive in the construction environment 
since more importance is given to low-
ering prices than to the insulation char-
acteristics. This must change since noise 
can affect the health conditions of the 
people on those homes.

The consistency of the responses is 
less than 0.1, which translates into co-
herent answers that provide weight in the 
investigation to make the list of acoustic 
insulating materials.

In the evaluations of acoustic materi-
als, several factors were taken into con-
sideration in addition to those mentioned 
above: the sustainability characteris-
tics of the material, the comparison of 

 existing materials on the market and pro-
totypes proposed in research, since they 
demonstrate to have an adequate behav-
ior as an insulator / acoustic absorber.

To obtain the result table (Table 5) 
with the value of the materials: multiply 
the values of the tables of eigenvectors 
(functionality of the material) and the 
weight of the criteria (applicability of the 
material). Here, the best option is the one 
with the highest value.

Only materials that are used inside 
the house are presented in Table 5, since 
when comparing the values of their 
characteristics, they differ depending on 
where the material is applied. For this 
reason, materials exclusively for internal 

Acoustic insulating / Absorbing 
material

AHP 
assessment

Audipet 0.070696426

Audiseal 0.050828737

Sound absorbing plates 
(polyurethane foam) 0.049224798

Cork 0.047869328

Balsa laminated panel 0.043807815

Curtain 0.043693331

Audiglue 0.042399282

Fiberglass 0.041491311

PFRV (fiberglass reinforced 
plastic) 0.040225609

PRFN composed with jute fiber 0.034156729

Veneered chipboard board 
– DM board 0.033375732

Polyurethane foam 0.033366785

Polystyrene foam 0.033013585

Etherboard or fiber cement 0.032797451

Pneumatic acoustic panel 
recycled with resin 0.031420276

Acoustic insulating / Absorbing 
material

AHP 
assessment

Gypsum (plaster) 0.031133019

Wood fiber 0.030465064

PRFN composite with coconut 
fiber 0.030142847

Rock wool 0.029523870

Chipboard laminated panel 
(plywood) 0.028230806

MDF laminated panel 0.027637440

PRFN composite with kenaf 
fiber 0.027517869

Cabuya 0.026881398

Abaca or hemp 0.026365038

Cellular glass 0.026049431

Icopor (expanded polystyrene) 
at 75% and rubber at 25% 0.024062313

Coconut fiber 0.023963115

Encapsulated Cisco coffee in 
polyethylene bag 0.020250811

Rice fiber 0.019409784

TABLE 5. List of sustainable and unsustainable acoustic insulating materials
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use are compared since the setting and 
the characteristics of the materials for 
outdoor use are completely different.

Acoustic insulating materials for 
ceilings were excluded, although they 
can be installed inside the building, in 
precast concrete homes (specifically in 
modular precast) the mezzanine height 
standard is 2.40 m, which is not optimal 
to use it because the living space would 
be reduced considerably. In Figure 2, 
the options of the insulators to be used 
in prefabricated concrete houses are pre-
sented in hierarchical order.

In Figure 2, it is evident that the sus-
tainable materials do not present much 
difference once all the criteria and in-
dividual comparisons by criteria have 
been evaluated. This shows that they are 
a viable alternative to replace the use 
of mineral and synthetic materials that 
are not renewable and that use up the 
planet’s natural resources. The notori-
ous difference in the peaks of the bars is 
in the criteria of availability, since most 
sustainable insulators are prototypes. In 
other words, they are not yet found on 
an industrial scale, but they prove to be 
viable and feasible in their realization. In 
this way, it contributes to an increase in 
its useful life, to a positive impact on the 
environment and to the energy efficiency 
of the home.

Conclusions

In Ecuador there is no regulation or 
guide document for the characterization 
of acoustic materials, since most of them 
focus on standards for measuring the 
sound level in indoor and outdoor rooms, 
in order to later compare the results with 

the admissible noise levels. Likewise, 
the sources of information with databas-
es of the materials do not fully specify 
the physical characteristics of the tested 
materials (thickness, density, porosity, 
among others). Consequently, an invi-
tation is made to the acoustic scientific 
community and interested university 
groups to organize databases that estab-
lish the characteristics of the materials 
and that serve for a correct comparison 
of them.

It is worth mentioning that prefabri-
cated materials with additives or resins 
were not compared to improve acoustic 
quality in the process plant; because they 
do not fall into the category of insulat-
ing materials to be used once the house 
is built. However, it is recommended to 
exclusively develop this type of studies 
in future research, to improve the quality 
of the material in terms of insulation and 
thus, obtaining acoustic comfort without 
the need to use a material already pre-
pared for this purpose.

To guarantee people’s health, acous-
tic insulation constitutes an important 
control in the comfort of the home; 
since in the long run, being subjected 
to noise pollution translates into health 
problems. Therefore, it is necessary to 
implement materials that help mitigate 
this effect.

In acoustic insulation, plastic rein-
forced with natural fiber (PRFN) can be 
classified as alternative materials to plas-
tic reinforced with fiberglass (GRP) be-
cause its acoustic absorption coefficient 
varies between 0.3 NRC for coconut 
fibers and 0.9 NRC for jute fibers, com-
pared to glass fibers whose absorption 
was 0.63 NRC. This shows that they have 
better acoustic absorbent performance.
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Summary

Sustainable acoustic insulation for 
prefabricated concrete homes in Andean 
zones. The construction sector is undoubt-
edly one of the main promoters for economic 
and social development. The modern concept 
of the prefabrication of elements originated 
from the industrial revolution to reduce costs 
and increase production through the mecha-
nization of work, increasing the quality and 
ease of control in the plant. Prefabricated 
concrete homes are aimed at the popular sec-
tors, however, when talking about acoustic 
habitability comfort we refer to construc-
tive solutions used in a building to minimize 
the transmission of sounds (noise pollution) 
from outside or from an adjoining enclosure. 
This is achieved with the use of acoustic in-
sulation materials. In the present research, 
through a bibliographic review, the updated 

state-of-the-art search methodology is de-
veloped, supported by the Delphi and AHP 
(hierarchical analytical process) methods 
and with the opinion of experts to compare 
the properties of acoustic insulating materi-
als; in order to publicize the best acoustic 
insulators to be installed inside prefabricated 
concrete homes. Within the bibliographic 
review, new technologies with sustainable 
materials found as feasible prototypes were 
investigated in Ecuador, where thanks to its 
diversity of ecosystems and the necessary 
existing technology, the natural fibers used 
in the prototypes for insulation/absorption 
are easily found acoustics in homes.
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