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Abstract The construction of prefabricated houses is a
viable option to solve the problems of housing demand in
the Andean region. The prefabricated concrete houses have
been built in several countries in the region and will surely
be developed in the future. Thinking about their
constructability, information is required about this
construction system, which is scarcely known by the main
people involved in construction: governments, users and
builders. The present work seeks to fill the knowledge gap
on the production and assembly of prefabricated concrete
housing (PFCH), as well as on its advantages and
disadvantages. For this purpose, a search for providers of
this type of housing was carried out in Argentina, Bolivia,
Colombia, Chile, Ecuador and Peru. Through an analysis
of documentary information and interviews with the
managers of the supplier companies, it was established that
one of the main aspects in this construction system is the
definition of the constituent elements of the house as this
defines the need for equipment and hand of work for its
assembly. The main advantage is the short execution time,
while among the disadvantages is the poor adaptability of
the designs. There are conflicting opinions as to whether its
cost is an advantage. This research contributes to the
constructability of PFCH in the Andean region, facilitating
knowledge that can be integrated in the design and in the
construction stage in order to improve the performance of
the construction process.
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1. Introduction

In the construction industry, scheduling problems,
delays and disputes often arise during the construction
process. To avoid them, it is necessary that the knowledge
of constructability reaches the project participants in
advance. Designers need to be familiar with the needs of
the customers, construction knowledge and how the
contractor will implement the design [1-3]. The
construction capacity of a design depends on a correct
consideration of the limitations and possibilities of its
execution [4].

Concerning construction projects, constructability is the
optimal use of construction knowledge and experience
during planning, design, procurement, and construction to
achieve project goals [5]. It is best to review the
constructability of a project in the early stages, including
the design phase, to achieve a greater positive impact on its
performance. Knowledge about what will be built in the
early phases of the project can improve construction
methods, improve decision-making and involve
stakeholders in facilitating their satisfaction [6].
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Nowadays, modern construction systems aim to produce
more homes of better quality in less time [7]. Off-site
construction is one of these methods that seek to optimize
home construction through production based on repetition,
pre-assembly and  standardization. Planning and
implementing an off-site construction process requires a
high level of communication, coordination, and integration
between developers, designers, contractors, builders,
fabricators, and suppliers. The constructability of this type
of housing constitutes a challenge due to the demands of
pre-manufacturing [3].

During the present century, prefabricated construction
grew in the economy of the Andean region, especially in
prefabricated houses of diverse materials [8]. The housing
deficit of Argentina (32%), Ecuador (50%), Venezuela
(29%) [9], Chile (13.43%) [10], Colombia (36.6%) [11]
and Peru (10.4%) [12], generated the need to build
affordable housing for the low-income population, which
can be covered through the use of PFCH [13,14]. Also, this
type of housing has been used as an emergency response to
disasters due to its cost, ease and speed of assembly
[13,15].

The demand to fill the gap between the massive supply
and demand for housing has led to several PFCH programs
being developed in countries of the region, including
Colombia [16], Bolivia [17], Ecuador [18], Pert [19] Chile
[20].

Despite the importance of the growing PFCH market
and the permanent effort of Latin American governments
to provide affordable housing to people, the literature on
this construction system in the Andean countries is scarce
[21]. The literature only shows the result of the
implementation of the housing projects and leaves aside
aspects as important as the production process, the
problems and difficulties faced by those involved in these
projects. Nor are any lessons learned during their
development reported, which are a critical element in the
management of the knowledge of constructability [1]. It is
known from previous experiences that there have been
problems in these constructions such as the delay in the
provision by the suppliers, problems in the compatibility of
the elements of different manufacturers, shortages of
experienced professionals, transport problems and
communication [22-26].

Even though the PFCH is a viable option for the
countries of the Andean region, its implementation has not
been evaluated nor has its production and assembly been
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disseminated, and less it is known the advantages and
disadvantages the assembly of these houses presented in
cities and in rural areas. Advantages and disadvantages
thought from the point of view of production, transport and
assembly on site, which are important aspects to consider
for its constructability [2,3].

Therefore, the objective of this research is to know the
most relevant aspects in four dimensions: production
methods, assembly  methods, advantages and
disadvantages of the PFCH that are offered in the Andean
region. This information is a basic input so that the
producers, the customers and the governments of the
Andean region that finance housing programs can
adequately evaluate the constructability of the PFCH, the
capacities they have to assemble this type of housing and
prevent the difficulties that they will encounter while
thinking about the production and during the assembly
process.

2. Materials and Methods

To determine the main characteristics of production and
assembly of PFCH supplied in the countries of the Andean
region, the research team developed the sequential process
described in Figure 1.

First, a systematic literature review was carried out
through the Scopus, Web of Science (WoS) and Google
Scholar databases, also including gray literature due to the
scarce information in the databases. The search was carried
out in the English and Spanish languages, in order to
provide an analysis of publications and academic trends to
evaluate the performance of existing research and
understand patterns based on the following keywords:
Andean region, Andean community, Peru, Venezuela,
Colombia, Ecuador, Chile, Argentina, Bolivia, precast
concrete, precast concrete houses, advantages,
disadvantages, prefabricated housing production, precast
assembly, transportation of pre-fabricated, Andean region,
Andean community, precast concrete, precast concrete
houses, advantages, disadvantages, precast house
production, precast assembly, precast transportation. The
documents were restricted outside the period 2000 - 2021,
a cycle that the research team considered a time range
adequate to obtain updated information regarding the
subject under study.



Civil Engineering and Archite

cture 10(2): 477-489, 2022 479

Literature review

r
Design of interview
guideline

Locating of
suppliers of PFCH in
the Andean region
(Venezuela,
Colombia, Ecuador,
Peru, Bolivia, Chile y
Argentina)

Interview with
managers

'

analysis,

Qualitative data

ATLAS.tI

'

Quantita
analysis,

tive data
statistics

i

Discu

ssion

'

Conclusions

Figure 1. Methodology sequence to meet the research objectives

Second, a search was carried out for the PFCH suppliers
in the Andean region, for this, the Construction Chambers
of each of the countries were contacted looking for
references that allow establish the existence of companies
that produce or sell pre-fabricated concrete housing.
Simultaneously, a search was carried out on the web pages
of the PFCH suppliers, by the use of Google Chrome and
Mozilla Firefox search engines, as they are considered the
most used and which allow optimizing the information

search process [27]. Terms such as: precast concrete,
housing, construction, suppliers and builders were used to
locate suppliers. Once the suppliers were located, the
General or Commercial managers were contacted by mail
since the research team considered them personnel with
most knowledge of the production plant [28]. It was
possible to locate 11 companies in the Andean region that
are part of this study and are detailed in Table 1.
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Table 1. Interview schedule
Date Country hour Country Enterprise Interview consent

12:30 Grandio No

Argentina
13:00 Vibrocom No
13:20 Concretec Yes
12:30 Bolivia Protec No
Grupo Gloria No
16:00 Baumax No

Chile

24/03/2021 16:30 Faelco No
13:00 Constructora Modularq Yes

Colombia
16:00 Prefacol Yes
10:00 Hormypol Yes
09:30 Ecuador Mutualista Pichincha Yes
16:30 Grupo Gloria Yes
17:00 Pera Grupo Gloria No

Along with the location of the providers and taking into
account the literature review, a semi-structured interview
questionnaire (Appendant 1) was designed with open
questions [29] including the objective of the research,
focusing on obtaining data on the production and assembly
methods used by suppliers in the Andean region, as well as
knowing the advantages and disadvantages of
prefabricated housing construction in this region. The
interview questions were evaluated by 3 university
professors, with at least 5 years of construction
management experience and after their feedback a test run
was carried out to fine-tune its focus.

Once the suppliers had been contacted, the interview
was carried out following the schedule programmed in
Table 1. The schedule of the interviews was scheduled to
accommodate the time changes of each country to coincide
with the working hours. The interview was carried out by
means of a telephone call, which was the most appropriate
means to contact those in charge because the contact
numbers were available on the pages business web. The
interview began with an informative introduction to the
objective of the investigation, assuring each interviewee of
the confidentiality of their data and requesting
authorization to record it on digital media, for which a
computer was used creating files in M4A sound format,
which were later manually transcribed to text to facilitate
analysis.

All the 11 companies were contacted, but only 6 of them
(Concretec, Constructora Modularq, Prefacol, Hormypol,
Grupo Gloria and Mutualista Pichincha) consented to the
interview with the general managers, commercial
managers or production technicians. In cases where there
was no response, the information available on their web
pages was used. It should be noted that of all the countries
of the Andean region where less direct information was
obtained was in Peru and where most information was

obtained was Ecuador.

Counting on the information of the companies, the
qualitative data analysis was carried out that allows
researchers to draw conclusions from a set of data in
textual form. This process was focused on the content
analysis [30]. To facilitate the content analysis of the
documents obtained from the companies, the ATLAS.ti 9
tool was used. This software was developed at the
Technical University of Berlin-Germany by Thomas Murh.
It has powerful tools for qualitative analysis that allow
regrouping and managing the material creatively and at the
same time systematically [31].

After analyzing the content of the documents, relevant
terms of regularities, remarkable aspects and recurring
events were categorized or codified, related to the
production and construction processes of PFCH [32]. The
procedure for categorization was carried out with a
deductive approach, because the housing construction
processes and the components that constitute it are usually
known, although the assembly procedure is not exactly
known [33]. In addition, to support the definition of
categories, the existing literature on the matter was taken
into account.

Subsequently, the categories were used to create the
diagrams of networks of objects or semantic networks,
which are a graphic representation in the form of nodes and
interconnected arcs. Drawing the network graphs through
which the information obtained from the 4 dimensions of
organized way, by the use of Atlas.ti [34]. The networks
were used for the analysis and interpretation of the research
data, focusing on the value of the density (D) of each
category, which represents the number of relationships of
the indicated category with other categories [30,35].
Through this process, it was possible to identify the most
important categories of production, assembly, advantages
and disadvantages of PFCH.
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Table 2. Selected documents from the literature review
Theme Country Reference Documents
PFCH projects Ecuador, Colombia, Bolivia & Chile [16-18, 20] 4
. Argentina, Colombia, China, Chile, Spain,
PFCH production United States & Ecuador [13-15,21,39-49] 7
PFCH assembly Costa Rica, Colombia, Espaia, Pera & [46,50-55] 3
Uruguay
PFCH advantages United State, United Kingdom & Spain [43, 56-58] 1
. Spain, United States, China, India, R
PFCH disadvantages Malaysia, United Kingdom & Southafrica [22-26], [49, 57] !

Counting on the aforementioned categories, descriptive
statistics were prepared based on the rooting value (E),
which represents the number of times the category was
mentioned by the interviewees or documents downloaded
from PFCH suppliers’ websites [35]. It is assumed that a
greater number of mentions makes the term or category
important in the subject being analyzed [36]. Also, Pareto
diagrams were elaborated for the categories grouped in the
dimensions of production, assembly, advantages and
disadvantages, which allow a perception of the greater or
lesser relevance of each category [37]. The Pareto rule
allowed identifying the categories that cumulatively
represent 80% of mentions, that is, the categories that are
priority [38]. In this way, it was identified what is mainly
important in the construction of PFCH according to the
contacted suppliers.

As a last step, by means of a contrast between the
literature and the results of the descriptive statistics, the
discussion was carried out and finally the conclusions were
drawn.

3. Results

Table 2 shows all the documents finally selected from
the literature review after all the filters, where the subject
to which each document is related in general is observed,
the country of publication, its respective reference and it is
specifically detailed how many documents refer to the
Andean region.

As a result of the literature review, the relevant

documents selected were 37, of which [16-18,20] are
about existing projects with PFCH in the Andean region.
Six documents refer to pre-fabricated construction in the
Andean region [13,15,21,42,43,46], they refer to the
production of PFCH, but none refers to the benefits and
difficulties, they only relate the form of production. Three
documents [46,50,53] mention the assembly issue, but
none details what is required for this process. Regarding
the advantages of PFCH, only one document was found [49]
within the Andean region, a case that was repeated with the
disadvantages [49]. In total, 13 of the 37 documents refer to
PFCH in the Andean region but do not refer to the
dimensions proposed in this study.

The questionnaire that can be observed in Appendant 1
is the result of the design of the interview, which consists
of 6 questions, these questions allowed to collect the
necessary information to meet the objectives of the
research. Questions 1 and 2 are related to the production
dimension, 3 to the assembly dimension, 4 to the
advantages dimension, 5 to the disadvantage dimension
and question 6 was included to know the experience of
each company in carrying out this type of dwellings.

For qualitative data analysis, there were 6 interviews that
were transcribed, 4 videos also transcribed and 5
documents with information taken from the business web
pages of the prefabricated concrete housing providers.

The categories identified from the bibliographic review
as important in the prefabrication of concrete houses are
shown in Table 3, where a definition and the reference of
the source of said category are also shown.
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Table 3. Categories defined

Category Description Reference
Design adaptability Ability to adapt precast elements to any design [26, 57]
Quality Quality of EPs [13]
Precast elements Types of precast elements found on the market [15,21]
Production equipment Machinery used for the production process [25]
Production methods Ways of producing EPs [49]
Regulations Structural and normative requirements and patents used in EPs [46]
Production plant Place of production of EPs [13]
Concrete type Concretes used to produce EPs [45,47]
Assembly equipment Machinery used for the assembly process [25]
Facilities and fixed equipment that allow the supply and operation of the
Facilities services that help the dwelling to fulfill the functions for which they have been [45]
designed
Mounting methods Ways of mounting the EPs [53,54]
Cost Economic factor of the PFCH
Ease Less effort for production and assembly activities el
Transport Equipment and trucks used to transport EPs [22]
Skilled labor Personnel working at production [45]
Term Designated time to carry out an activity [57]
Customer's perception Customer's way of thinking about EPs [59]
Work order Number of houses built with the prefabricated system [51]
Foundation Basement of the house in contact with the ground [55]
Design Models of PFCH [41]

These categories detailed above were grouped by
dimensions in 4 semantic networks, the graphs of which
are presented below. In each box, a rhombus can be seen in
the upper left, Figure. That identifies the box as a category.
Within the box is the name of the category, the root value
(E) that represents the number of citations to which each
category was assigned and the value of the density (D) that
represents the number of relationships of the category with
other categories. The semantic networks are shown below.

3.1. Production

Figure 2 shows the relationships of the categories
involved in the PFCH production process, the boxes that
have a circle in the upper left part and within it horizontal
lines indicate the quotes taken from the analysis texts, these
were attached to the category of production equipment
only in this case as an example to better clarify the origin of
the E value of 3, the other citations with their respective
categories can be found in Appendant 2.

The semantic network of Figure 2 shows 8 fundamental
categories related to the PFCH production process. The
category that stands out the most is prefabricated elements
because it is related to all the remaining categories

involved in the production process (which is evidenced by
the value of its density D) and the least important but which
was still mentioned is the type of concrete, perhaps because
being precast concrete elements it is assumed that it is not
relevant, however it must be considered that there may be
different types of concrete and therefore it is pertinent that
they have mentioned it.

3.2. Assembly

Figure 3 shows the relationships of the fundamental
categories within the assembly process, as referred to by
the interviewees and the analysis documents.

The semantic network of Figure 3 shows 7 categories
involved in the PFCH assembly process. The most
important category according to the D density value in this
process is skilled labor due to the relationship that exists
with most categories, which shows to be a key element in
this process. The facilities category, although it has been
mentioned, is the one with the least relationships. This does
not mean that it is less important, but because the elements
are prefabricated, the facilities are post-assembly. Anyway,
it is an element to consider.
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3.3. Advantages

Figure 4 indicates the relationships of the fundamental
categories involved with the advantages of PFCH.

The semantic network of Figure 4 shows 6 categories
related to the advantages of PFCH. In this network, the
outstanding category for its density D is prefabricated
elements. Its relationship with all the categories shows its
influence on the advantages present in the houses built with
this system. On the other hand, the category with the fewest
relationships is quality, which is an aspect that is
considered inherent to the pre-fabricated construction
method but was mentioned by 5 documents.

3.4. Disadvantages

Figure 5 shows the relationships of the fundamental
categories involved in the PFCH advantage dimension.

The semantic network in Figure 5 shows only 4
categories related to the disadvantages of the PFCH. The
most important category of the disadvantage dimension is
prefabricated elements. Its relationship with all the
remaining categories shows that the type of element,
specifically its weight and size, influences the generation
of the disadvantages. The least related category, but that
has been mentioned four times, is the perception of the
people. The predominant custom in the region is to work
with other construction systems and traditional materials. It
is well known that the construction industry is resistant to
change due to the costs involved and the demand from

customers.
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Figure 5. Fundamental Categories of PFCH Disadvantages in the
Andean Region

After obtaining the 4 semantic networks, the rooting
value (E) was taken from each category to create Pareto
diagrams aiming to identify the most mentioned categories
within each dimension, which are presented below.
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3.5. Production and Assembly

Figure 6 shows the number of citations and the
cumulative percentage of the categories involved in the
production and assembly process of PFCH.

The Pareto diagrams present the 8 categories related to
the production process, ranked from highest to lowest
(Figure 6 A) and the 7 categories related to the assembly
process (Figure 6 B) of PFCH as a function of the number
of times that were cited in the analyzed documents. In the
production process, 80% of the mentions were
concentrated in 5 categories: precast elements, type of
concrete, production plant, design and production methods
with a total of 58 mentions. On the other hand, in the
assembly process 80% of the mentions were concentrated

100%
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in 4 categories: prefabricated elements, assembly methods,
skilled labor and assembly team with a total of 40 mentions.
It is observed that the central category for both processes is
prefabricated elements. Skilled labor is cited more
frequently in assembly process than in production, maybe
because it is assumed that the workforce in the plant is
trained. In any case, it is an aspect to consider in the
assembly process.

3.6. Advantages and Disadvantages

Figure 7 shows the number of citations and the
cumulative percentage of the categories involved in the
advantages and disadvantages of PFCH.
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The Pareto diagrams in Figure 7 show in descending
order the 6 categories related to the advantages and the 4
categories related to disadvantages of PFCH, according to
the number of times they were cited. It is noticed that in
advantages 3 categories: prefabricated elements, term and
cost are the most prominent with a total of 32 mentions.
Concerning the disadvantages, the most mentions were
concentrated in 2 categories, prefabricated elements, and
people's perception with a total of 9 mentions. In the
dimension of advantages and disadvantages, the central
category is prefabricated elements. Customer's perception
stands out as a disadvantage that seems to be hard to
overcome even with advantages such as cost and schedule.

4. Discussions

In the production dimension, 8 categories were
identified that are key when deciding on the PFCH (Figure
2). Of these, 4 categories are considered determining
factors in the production process of the PE for housing
(Figure 6 A). This allows the researcher to know in more
detail what the production is like and what is most
important in this process. In this way, the findings of
Samaniego [21], Vargas [43], Carrefio [46] for
prefabricated housing in the Andean region are
complemented, by including aspects that are typical of the
prefabrication of concrete housing.

The definition of the type of PE the PFCH will be built
with is a central decision and must be taken at the
beginning of the project as part of its scope, since PE
conditions the concrete to be used, the capacity of the plant,
the designs to be made and the methods of production.

It was established that the main method for PFCH is
casting PE into formworks and only one company occupies
robotic printing, confirming what was stated by Tapia [13]
y Carreflo [46]. These two are the main methods used in the
Andean zone for PFCHs that are frequently made with
reinforced concrete. Despite the advancement of the PFCH
market, technological development has not followed the
same trend.

For the design of the PFCH, environmental, economic,
social, transport factors must be taken into account.
Considering the needs of the customer, and finally the
production needs, plants are generally located off-site the
construction settlement. The suppliers included in this
study have the necessary production capacity, counting
with equipment and formworks, most of them highlight
their trained labor. According to Samaniego [21] skilled
labor is indispensable because there are processes that
require a good knowledge of what is being made to avoid
waste and losses.

The main categories identified in the production
dimensions allow the researcher to know in more detail
what the production of PFCH is like and what is most
important in this process. In this way, the knowledge of
Vargas [49] y Carrefio [41] for prefabricated housing in the
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Andean region is complemented and actualized, by
including aspects that are typical of the prefabrication of
concrete housing.

The categories identified in the assembly dimension
represent the most important aspects of this process. Our
findings contribute to those of Paye et al.[53] y Carrefio [41]
for prefabricated housing in the Andean region. It is
emphasized that the type of element defined in the
production process is key in the assembly of the house. The
assembly method, equipment to be used and the skilled
labor involved depend on it. Skilled labor is important, as
Mena [54] agrees, since it intervenes in all the activities
carried out in the assembly. The experience and knowledge
of the subject makes it possible to optimize the work at the
same time, avoid wasting time and money, avoid accidents
and reduce the work redone. The training of the workforce
and their qualification for the housing assembly process is
a central element that must be considered by those involved
in PFCH programs in the Andean region.

For the dimension of advantages, 6 important categories
were identified to consider when choosing the PFCH and
three of them are considered decisive. This finding agree
with Vargas [49] about the advantages of prefabricated
housing in the Andean region, in a specific way for the
PFCH. The definition of the type of element that will
constitute the house is a decision that will determine the
presence of advantages in the prefabricated house, since it
defines the speed and cost of construction. It was
determined that both the schedule and the cost are going to
be advantages present in all types of manufactured housing.
However, this advantage increases when small and light
elements are defined at the beginning, which generally
facilitates the construction process.

Four are the main disadvantages identified when
deciding on the PFCH (Figure 5). Two categories stand out
as determinants in the disadvantages of the elements for
housing. This provides in detail what disadvantages can be
found when building with a precast concrete system, while
confirming the findings of Vargas [49] on the
disadvantages of prefabricated housing in the Andean
region. As in the other dimensions already mentioned, the
definition of the type of element that will be part of the
prefabricated house is a central issue since the appearance
of certain disadvantages in construction depends on that.
However, the disadvantage of customers’ perception is not
directly linked to the type of element, rather it is a cultural
aspect that should be considered when executing the
housing programs [23].

This research on PFCH, contributes to its
constructability by facilitating knowledge that can be
integrated in the design and later in the construction stage
in order to achieve the project objectives by improving the
performance of the construction process [6]. By providing
information on those important aspects during the
assembly process as well as on their advantages and
disadvantages, it seeks to facilitate the design and
execution stages of these projects by contributing with
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some of its limitations and execution possibilities [4]. In
addition, our findings illustrate to future home customers
and governments the characteristics of this construction
system available in the Andean region, facilitating
decision-making on PFCH programs, which would allow
governments to achieve their objectives of improving
conditions and life of their citizens through housing
programs.

5. Conclusions

The production of PE for PFCH, from the suppliers
analyzed in the Andean region, is carried out in the plant
using formworks or robotic printing (3D). They produce
various precast concrete elements such as concrete panels,
reinforced  concrete  panels, sandwich  panels,
self-supporting panels, wall panels, modules, beams,
columns, plates, stairs and roofs. The definition of the
elements that will constitute the house is the key point on
which the whole process evolves. Based on this element,
equipment and labor will be assigned for the execution of
the prefabricated house. Thinking about constructability,
designers and builders must analyze the shapes, materials
and weights of these elements, so that they facilitate the
transport and assembly process on site.

The common mounting method of the PFCH requires a
concrete base foundation or platform on which the
different concrete elements that make up the house are
assembled. This process is carried out in two ways: with
the use of a specialized assembly team that includes cranes
for handling large and heavy elements; or when the
elements to be assembled are of low weight, with the help
of skilled labor.

Among the main advantages of PFCHs according to the
analyzed providers are: cost and time reduction. Added to
this is the simplicity of the construction system, the
adaptability of designs and the increase in quality control.
The disadvantages mentioned by the suppliers refer to:
problems generated by the weight and size of the PE,
problems with transportation, demand for the use of cranes
and specialized labor. Furthermore, a problem associated
with production is the need to build a significant quantity

of PFCH for the project to be profitable for the PE producer.

Given the reported disadvantages, the implementers of
housing programs and builders should properly select the
housing model that can be taken to the site where it will be
installed.

Regarding the cost of housing and design adaptability, it
was not clear whether they were advantages or
disadvantages, because the opinions of the interviewees
were contradictory to what was expressed in literature.
Aspects that should be analyzed in future research.

A limitation of this study is that the information comes
from few providers that were contacted by the research
team. It is possible that there are other PFCH providers,
national or transnational, that were not contacted due to the
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limited diffusion of their offer in this type of housing in the
region. What could be considered as a source of a bias in
the information obtained?

It is necessary to carry out a study on the constructability
of the designs, the size of the PEs and their relationship
with the cost of the PFCH since they are characteristics that
have presented different criteria when comparing the
information obtained in the literature with that obtained
from the suppliers studied.
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