
����������
�������

Citation: Araya, R.; Guillaumet, A.;

do Valle, Â.; Duque, M.d.P.;

Gonzalez, G.; Cabrero, J.M.; De León,

E.; Castro, F.; Gutierrez, C.; Negrão, J.;

et al. Development of Sustainable

Timber Construction in

Ibero-America: State of the Art in the

Region and Identification of Current

International Gaps in the

Construction Industry. Sustainability

2022, 14, 1170. https://doi.org/

10.3390/su14031170

Academic Editors: Edwin B.

Zea Escamilla and David Trujillo

Received: 14 December 2021

Accepted: 14 January 2022

Published: 20 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Development of Sustainable Timber Construction in
Ibero-America: State of the Art in the Region and Identification
of Current International Gaps in the Construction Industry
Raúl Araya 1,2,*, Alfredo Guillaumet 3, Ângela do Valle 4, María del Pilar Duque 5, Guillermo Gonzalez 6 ,
José Manuel Cabrero 7 , Enrique De León 8, Francisco Castro 9, Carmen Gutierrez 10 , João Negrão 11,
Laura Moya 12 and Pablo Guindos 1,2,13,14,*

1 National Excellence Center for the Timber Industry (CENAMAD), Pontificia Universidad Católica de Chile,
Santiago 7820436, Chile

2 UC Center for Wood Innovation (CIM UC), Pontificia Universidad Católica de Chile, Santiago 7820436, Chile
3 Department of Civil Engineering, Universidad Tecnológica Nacional, Facultad Regional de Venado Tuerto,

Venado Tuerto S2600, Argentina; aaguillaumet@rec.utn.edu.ar
4 Department of Civil Engineering, Universidade Federal de Santa Catarina, Florianópolis 88037-000, Brazil;

angela.valle@ufsc.br
5 Department of Civil Engineering, Universidad EIA, Envigado 055428, Colombia; maria.duque27@eia.edu.co
6 School of Engineering, Universidad de Costa Rica, San Pedro 11501, Costa Rica; guillermo.gonzalez@ucr.ac.cr
7 Department of Building Construction, School of Architecture, Universidad de Navarra,

31009 Pamplona, Spain; jcabrero@unav.es
8 Department of Civil Engineering, Faculty of Engineering, Universidad Rafael Landívar,

Centroamérica 01016, Guatemala; ejdeleon@url.edu.gt
9 Faculty of Engineering in Wood Technology, Universidad Michoacana de San Nicolás de Hidalgo,

Morelia 58000, Mexico; francisco.castro@umich.mx
10 Professional Academic School of Architecture, Continental University, Huancayo 12000, Peru;

cgutierreze@continental.edu.pe
11 Department of Civil Engineering, Universidade de Coimbra, 3030-790 Coimbra, Portugal; jhnegrao@dec.uc.pt
12 Faculty of Architecture, Universidad ORT Uruguay, Montevideo 11300, Uruguay; moya@ort.edu.uy
13 Department of Structural and Geotechnical Engineering, Pontificia Universidad Católica de Chile,

Santiago 7820436, Chile
14 Department of Engineering Construction and Management, Pontificia Universidad Católica de Chile,

Santiago 7820436, Chile
* Correspondence: roaraya@uc.cl (R.A.); pguindos@ing.puc.cl (P.G.)

Abstract: This article presents the latest developments of the Spanish- and Portuguese-speaking
countries of Europe and Latin America towards the development of sustainable timber construction.
As most regions related to these countries have not traditionally employed timber as primary
construction material, bringing the development of sustainable timber construction into fruition
requires a wide range of actions, such as the elaboration of new educational programs, construction
of demonstrative buildings, dissemination activities, settlement of public policies, elaboration of new
construction codes, and the creation of new certification bodies. This article presents an overview
of the state of the development of the different countries of Ibero-America, showing a very uneven
development in the region. In addition to national analyses, a perception survey of 233 professionals
from different countries was conducted, allowing for the identification of good practices, present
gaps, and opportunities, as well as barriers for developing sustainable timber construction. It is
concluded that in order to promote the development of the timber construction industry in the region,
it is necessary to progress on regulatory, cultural, and material availability issues, where international
experience, demonstrative buildings, and the implementation of public policies are crucial.

Keywords: Ibero-America; sustainable construction; timber construction; industrialization;
educational program; public policy; user perception
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1. Introduction

Ibero-America comprises a region in the world that contains 22 countries: 19 Spanish-
and Portuguese-speaking South American countries, and 3 from the Iberian Peninsula—
Spain, Portugal, and Andorra. Of the world total, Ibero-American countries are home
to 8.9% of the population and contribute 7.4% of the world economy [1,2]. Although
the land area of these countries is 15.3% of the world total, this percentage is increased
regarding forests, since the forest area of Ibero-America corresponds to 22.3% of the world
total [3]. A breakdown of the percentages by country is presented in Table 1. Although the
percentage of forest area in the Ibero-American region is close to a quarter of the world
total, most of the countries in the region do not use wood as the main construction material,
but rather other materials such as reinforced concrete or masonry. Exceptions to this are
certain regions of Spain and Portugal in Europe, and Brazil and Chile in Latin America,
which were strongly influenced by the European cultural heritage of the colonization
process in the area. Figure 1 shows an example of wood architecture that successfully fuses
European and indigenous traditions, corresponding to the case of the Chilean churches
located in Chiloé [4]. Together with the influence of countries with a long tradition of wood
construction, another differentiating characteristic is the introduction of fast-growing wood
species in several areas in Ibero-America. Their rapid growth rate often includes timber of
lower structural quality [5], but the renewable potential of wood as a building material can
be maximized, as the typical duration of tree felling ranges from one-half to one-third of
the building’s service life. Fast-growing species also have advantages for the manufacture
of mass timber products, as wood quality is not usually a limiting design parameter for
them [6]. Another distinguishing characteristic of timber development in many Ibero-
American countries is that timber has typically been used for low-income and emergency
housing. In its design, the quality of the products and the technologies used in these
circumstances have commonly been very deficient, one reason why wood construction
is commonly considered low-quality and poor housing, unlike in European and North
American countries with greater constructive tradition in the use of the material [7].

Although timber has not traditionally been used as prevailing material in Ibero-
America, the great potential of timber in the context of sustainable construction has been
reported in many sources. Indeed, timber constructions are typically related to lower
embodied carbon emissions and lower energetic consumptions [8], and, as stated before, the
renewable potential is especially high due to rapid growth cycles in these specific countries.
Therefore, in this study a comprehensive review of the state of the art of timber construction
development in 11 Ibero-American countries (Argentina, Brazil, Colombia, Costa Rica,
Chile, Spain, Guatemala, Mexico, Peru, Portugal, and Uruguay) was accomplished. The
current state of the art of sustainable wood construction was analyzed, as well as the
implementation of educational programs, iconic buildings, public policies, construction,
and design standards. In addition, a survey of the perception of the users of wood in
construction was carried out in order to analyze the perception of people as an important
aspect regarding the development of construction, directly relating to aspects such as user
comfort, with the design process itself [9].

The following sections provide first an overview of the use of wood in construction,
ranging from the procurement of the forest resource to the details of its use throughout the
Ibero-American region. The second part of the article presents the details regarding the
development of timber construction in the different Ibero-American countries. The third
and last part of the article details the results of a survey perception and a global analysis
and outlook.
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Table 1. Amount of world population, surface area, forest area, and gross domestic product of
Ibero-American countries in the world (Own elaboration, based on [1–3]).

% Population % Surface Area % Forest Area % GDP

Andorra 0.001 0.0003 0.0004 0.004
Argentina 0.60 2.07 0.65 0.45

Bolivia 0.15 0.82 1.33 0.04
Brazil 2.77 6.33 12.07 1.71

Colombia 0.65 0.85 1.43 0.32
Costa Rica 0.07 0.04 0.07 0.07

Cuba 0.14 0.08 0.08 0.12
Chile 0.24 0.56 0.45 0.30

Dominican
Republic 0.14 0.04 0.05 0.09

Ecuador 0.22 0.19 0.30 0.12
El Salvador 0.08 0.02 0.01 0.03

Spain 0.61 0.38 0.45 1.51
Guatemala 0.23 0.08 0.09 0.09
Honduras 0.12 0.08 0.11 0.03

Mexico 1.69 1.46 1.62 1.27
Nicaragua 0.08 0.10 0.08 0.01

Panama 0.05 0.06 0.11 0.06
Paraguay 0.09 0.30 0.36 0.04

Peru 0.42 0.96 1.81 0.24
Portugal 0.13 0.07 0.08 0.27
Uruguay 0.04 0.13 0.05 0.06

Venezuela 0.38 0.68 1.14 0.57

Ibero-America 8.92 15.27 22.32 7.42
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2. Methodology

The main objective of the research was to identify the gaps and opportunities to foster
the use of sustainable timber construction in Ibero-America. For this purpose, the article is
divided into two main topics: one focused on contextualizing the global and local reality of
each country in the region, and a second one focused on a perception study for users.

2.1. Global and Regional Analysis

A review of the global state of the art of forest resources and generic aspects of the
region, such as forest area, timber species, or types of plantations, among others, was
carried out. The regional analyses in the article were conducted by a panel of international
experts and academics from the 11 Ibero-American countries studied, reviewing at the local
level the state of the art of the educational programs, public policies, construction codes,
and demonstrative buildings, among others.
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2.2. Survey Design

The profile of the respondents is of professionals who graduated in or are in training
in the area of timber construction or in professional careers related to the timber industry
(builders, architects, engineers, foresters, etc.). They were selected from the databases of
the UC Center for Wood Innovation (CIM UC), Cadwork Ibérica & Latinoamérica, AMATA
S.A., and the dissemination was carried out by the researchers in professional courses
associated with wood construction.

The survey itself was composed of a total of 15 questions. Table 2 shows the details of
the questions, which were grouped into 4 study factors: the first study factor was associated
with the respondent’s personal data and previous experience with wood as a construction
material. The second factor corresponded to the user’s perception of the use of the material,
identifying both positive and negative aspects of its use. Then, for the third factor, a
couple of questions associated with the perception of sustainability of the material were
implemented, and finally, the fourth factor was associated with professional training on
topics associated with the use of wood in construction.

Table 2. Details of the survey questions.

Study Factors Question Topics

Personal data

01. Age
02. Country
03. Professional area of study
04. Level of knowledge of the wood material
05. Uses you have made of wood in your professional practice

Perception data

06. Materiality preference for a house
07. Materiality preference for an apartment building
08. Perception of attributes that hinder wood construction
09. Perception of attributes that benefit wood construction

Sustainability
10. Promoting the use of more sustainable building materials
11. Use of sustainable building materials to counteract the negative
effects of climate change

Professional
training

12. Participation in a training program oriented toward the use of wood
13. Type of wood-related knowledge that you would like to acquire
14. Type of preferred channels to acquire the knowledge
15. Format of the channels to acquire the knowledge

Together with the total analysis of the Ibero-American results, a comparative analysis
of these results with the results at the regional level was carried out based on the groups
in Figure 2 in order to identify possible gaps at the cultural or geographic level. For this
purpose, group A, corresponding to Spain and Portugal, was identified as the European
group of the region. Then groups B and C, composed of the Latin American countries,
were identified. The grouping of countries into groups B or C depended exclusively on the
geographical area of the region and the proportion of land covered by forest plantations [3],
according to Figure 2. Thus, group B was composed of the southernmost countries of
America: Argentina, Chile, Paraguay, and Uruguay, which share a proportion of land
covered by forest plantations of less than 50%, whereas group C, composed of Brazil,
Colombia, Costa Rica, Ecuador, El Salvador, Guatemala, Mexico, Panama, and Peru, exceed
50% of land covered by forest plantations.
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3. The Timber Resource

Wood is a renewable natural material whose principal means of production is through
the planting of forests used for its processing. Table 3 shows the proportion of planted
forests in different regions of the world according to the Food and Agriculture Organiza-
tion of the United Nations (FAO) [3]. Within the total planted forests for each region, a
distinction is made between forest plantations, generally of one or two species, intended to
produce timber, fiber, and derived products, following planting and maturing criteria for
their proper maintenance and preservation. Other planted forests that do not fall into this
category are plantations for ecosystem restoration. As shown in Table 3, in South America
almost all planted forests correspond to forests destined for plantation forestry, in contrast
to the European region, where practically no forest resources are extracted in most forests.
Part of this is because forest resources derived from forest plantations in countries lacking
a timber construction tradition are associated with a market economy based on exports,
mainly of pulp and sawn timber. To avoid overexploitation of the forest resource, in terms
of deforestation and preservation, these forests must guarantee sustainable management in
such a way as to preserve biological diversity and benefit the lives of local populations and
workers while ensuring economic viability [10,11]. These certification bodies include the
Forest Stewardship Council (FSC) and the Programme for the Endorsement of Forest Certi-
fication (PEFC). During 2019, a total of 426 million hectares of forests were certified by one
or both systems [3], with more than 60% of these certifications concentrated in the regions
of Canada, the Russian Federation, and the United States of America. Another important
factor for forest resource management is the economic importance of forest resources in
exporting countries. As a result, during the last few decades, many regions have been
working with fast-growing plantations. Table 4 shows some of the largest fast-growing
plantations in Ibero-American countries [12].

Table 3. Proportion of planted forest by world region, 2020 (Own elaboration, based on [3]).

Planted Forest

Plantation Forest Other Planted Forest

Africa 67% 33%
Asia 59% 41%

Europe 6% 94%
North and Central America 32% 68%

Oceania 91% 9%
South America 99% 1%

Ibero-America 45% 55%
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Table 4. Fast-growing species plantations, 2003 (adapted data from [12]).

Species
Mean Annual

Increment
(m3/ha/Year)

Time to Reach
Maturity (Years)

Estimated Extent
Fast-Wood Plantations

Only (1000 ha)
Main Countries

Eucalyptus grandis and
various eucalyptus

hybrids
15–40 5–15 ±3.700 Brazil, South Africa, Uruguay,

India, Congo, Zimbabwe

Temperate eucalyptus 5–18 10–15 ±1.900
Chile, Portugal, Northwest
Spain, Argentina, Uruguay,

South Africa, Australia
Caribbean pines 8–20 10–18 ±300 Venezuela

Gmelina arborea 15–35 12–20 ±100 Costa Rica, Malaysia,
Solomon Islands

In the construction field, the use of forest resources as construction material in the
different areas of Ibero-America is limited by the state of progress of each area, not only
in terms of raw material acquisition, but also due to the lack of development in terms of
regulations for its characterization and classification for structural use, which hinders the
use of the material on site because the calculators lack the necessary technical basis to make
their designs under the appropriate standards.

4. The Timber Construction Share

Although not all countries in the region have made the same degree of progress in
their wood construction industries, they all have common barriers to overcome in terms
of product certification, modification of current design codes, the need for public policies
that promote the use of sustainable materials, or cultural barriers resulting from social
stigmas attributed to the deficiencies of wood as an effective construction material in
contrast to traditional building materials. Regarding wood as a construction material, the
main construction systems used are light-frame platform systems, post-and-beam systems,
glulam, and, to a lesser extent, massive systems like CLT [7], where pine, eucalyptus, and,
to a lesser degree, some imported species like redwood, spruce, or birch are the major
species used in Ibero-America for construction [13–20].

Nevertheless, areas in Latin America where wood has been used more frequently as
the main construction material in housing or mid-rise buildings are scarce. According to
available data, Ibero-American countries have a timber construction share between 2%
and 20% [21–23]. In most areas of Latin America, timber has not traditionally been the
main construction material, in comparison with Northern European or North American
countries. An exception may be the region of Chile, where timber construction share values
are about 20% [23], but still lower than other traditional construction materials such as
reinforced concrete or masonry.

5. National Analyses

In this section, a review of the current state of engineering and sustainable timber
construction, as well as educational programs, emblematic buildings, public policies, and
construction and design standards, will be presented for each country.

5.1. Argentina

Argentina does not have a tradition in sustainable wood construction, but it does
have 1.3 million hectares of cultivated forests, with species suitable for use in structural
components [24]. The Mesopotamian region is the main forestry–industrial basin, with
species such as Pinus sp. and Eucalyptus sp., whereas the Paraná River Delta is the wood
supplier for Populus sp., all species characterized by their rapid growth [25]. For a little
more than 20 years, universities, companies, and state organizations have been working
to promote the development of the timber construction industry. For safety in structures,
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in 2016 the first Argentine Regulation for Wood Structures INTI-CIRSOC 601/2016 was
approved based on the allowable stress design method (ASD) [26]. It comprises the
requirements for the design and safety of buildings and a supplement with the visual
classification method and the admissible values for five species from plantation forests. The
Argentinean Institute for Standardization and Certification (IRAM) develops the technical
standards for the testing of structural wood, being particularly notorious the standards
for the manufacturing and control of glued, laminated beams [27]. This task is supported
by the work of the few research groups dedicated to the characterization of wood from
implanted forests with proposals of methods for visual classification, determination of
characteristic values, and others that promote construction, especially in light framework.
From the Faculties of Forest Sciences of the different universities and the National Institute
of Agricultural Technology (INTA), studies have been carried out to improve the quality
of forests, the wood that is extracted from them, and the best use of it. According to data
from the Construction Economic Analysis Forum of 2019, the housing deficit affected
3,142,447 families residing in precarious or overcrowded houses [28,29]. The national
government contributes to promoting construction with wood through different resolutions,
establishing that 10% of the national housing plans be made of wood, recognizing the
“construction system in wood lattice” as a “traditional” construction system and eliminating
the requirement of the Certificate of Technical Aptitude (CAT) for the projects (Resolution
3-E/2018), approving the minimum quality standards for low-income housing (Resolution
9-E/2017), and setting guidelines for construction [30,31]. There are still many tasks to
perform to enhance timber construction, especially in the quality controls of the homes
currently offered, incentives in the construction plans with state funding for the use of
this material, and regulations that contemplate the use of wood in construction due to
its effect on climate change. In most universities, the curricula of civil engineering and
architecture courses do not include specific subjects dedicated to construction with wood or
the structural design of wooden structures. In general, to achieve the proficiency required
by current academic standards, the contents are included as complements in subjects where
the main study material is different, and the level depends largely on the profile of the
teaching team. In recent years, there has been growth in the offering of specific postgraduate
trainings, diplomas, and technical degrees; however, an impact at the national level is yet
to be seen.

5.2. Brazil

Brazil has a long tradition of construction with concrete, but the use of timber for
roofing structures is common. In the southern part of the country, where there is a strong
colonization influence from Germans, Austrians, and Hungarians, there are some examples
of ancient wooden buildings [32]. Specific educational programs completely dedicated
to timber construction do not exist. Some universities offer classes in timber construction
and structures in architecture and engineering, but there is a lack of it in most curricula.
Some universities with a tradition in timber construction classes include the University
of São Paulo, the University of Brasília, Federal University of Santa Catarina, Mackenzie
Presbyterian University, and Federal University of Minas Gerais. Recently, there has
been an increase in the number of timber construction companies using glulam and CLT
techniques, and more examples of buildings with larger spans and heights. However, the
tallest wood-framed building ever made in Brazil has only four floors. Two remarkable
demonstrative timber buildings in Brazil are the social light-frame housing building in
Pinhais City in Paraná State and the Dengo chocolate factory building with CLT and glulam
in São Paulo City. The timber structure with the largest span in Brazil is in Shopping
Iguatemi in Fortaleza (See Figure 3), which comprises a glulam roof with a 48 m span and
18 m height [33,34].
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The Brazilian timber structural code ABNT NBR7190 [35] is under review and the
new edition may be available in 2022, with updates for the calculation of the fire resistance
of timber structures and test methods for structural parts. The fundamentals of this code
address the Ultimate Limit State Design (ULS) of Europe, EN 1995 [36]. One of the greatest
problems for building with timber in Brazil is the absence of public policies and long-
term planning. The supply of sawn wood nowadays is oriented towards exportation and
Brazilian builders face difficulties finding material to work with. A significant additional
difficulty for developing timber construction is the lack of structural beams classified
according to the requirements of the codes. Despite the Brazilian codes establishing
structural timber grades, the market ignores them and uses non-classified material. Even
the major companies do not have the habit of using classified timber products. Sawn timber
producers state that consumers do not require structural-graded timber, so they see no
motivation to invest in material classification.

5.3. Colombia

Timber construction in Colombia peaked in colonial times and lasted until the middle
of the last century; however, in the following years, reinforced concrete and masonry
relegated wood construction, keeping its use mainly for roofs and self-constructed housing.
In 1975, with the participation in the Cartagena Agreement Board and the launch of the
PADT-REFORT project, the incorporation of Andean tropical forests into the economy was
promoted to include them as a housing solution [37]. With the launching of the Andean
Group’s Wood Design Manual in 1984, there was a revival of interest in wood construction,
which resulted in the birth of small glulam construction and manufacturing companies.
Some companies started to reforest and invest in sustainable plantations [38]. However,
this incorporation of Andean forests into the economy, which at the time was thought
to be a solution, is now becoming a worrying situation for the forestry industry. Illegal
logging of forests—42% of total wood production, equivalent to 2 million m3 of logs from
natural forests, and the level of illegality in the mobilization of wood in Colombia of
between 71% and 80%—has threatened the subsistence of some species [39]. As a political
counteract, in 2016 the government launched new policies to control deforestation, and
improve forest governance and sustainable sector planning and development, among
which is the sustainable use of forests [40], which constitutes a policy of forest protection,
but not a desire to increase the production of wood from plantations and reforestation.
With an annual per capita consumption of wood of 0.18 m3 [41], Colombia is located
below countries such as Ecuador, Uruguay, and Chile. According to the FAO [42], the
consumption balance was negative for the year 2019 and the production of wood and its
derivatives reached USD 84.5 million, whereas imports were USD 256.6 million [43]. The
reborn interest in wood in the 1980s did not last over time. Wood construction was stagnant
due to the limited availability of the material, the limited knowledge of its design and
construction, and the poor perception of the material as a constructive solution by users.
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In terms of professional training, there are forestry engineering programs; however, in
the faculties of architecture and civil engineering, no wood construction courses are taught.
Only since 2021 have two extension courses in design and construction with wood been
offered by University Nacional and EIA University [44]. Current regulations for the design
of wooden structures only allow two-story buildings or industrial-type structures [45].
Regarding the structural design methods, the Colombian design approach is based on the
Andean Group Wood Design Manual (1984) and U.S. NDS-2005 [46]. It is expected that
by 2022 the proposal to update the regulations proposed in document AIS-100, Title G, of
the Colombian Association of Seismic Engineering, based on the NDS-2018, SDPWS-2021
and Eurocode 8, will be accepted [47–49]. The proposed regulation does not have its own
basic research, but constitutes an adaptation of foreign regulations to the national context
and will allow for the construction of medium-rise buildings in light frameworks (up to
18 m) and the use of CLT. In the local market (see Figure 4), prefabricated wooden houses
are offered at competitive prices with respect to other materials that are used as country
cabins or as luxury houses. Temporary housing camps have also been built in wood in
hydroelectric projects, rural schools, service buildings, and rural social housing solutions.
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5.4. Costa Rica

In Costa Rica, the use of timber for construction was very successful in the first half of
the 20th century. Most of the houses used timber as a structural component and for finishes.
However, it diminished drastically during the second half due to the use of new, upcoming
materials such as concrete blocks, but mostly due to the accelerated deforestation of natural
forests, leaving the use of timber only for finishes and miscellaneous structures. In the 1990s
and the last two decades, reforestation has been increasing and specific plantations can be
found in different regions of the country [50]. In addition, since there are no standards for
timber products, the country has been importing them to supply the need. In the current
wood industry (total volume of 814.731 cubic meters), pallets are the most used product
and represent 51.2% of the market. Wood for construction is only 22.7%, exports 14.3%,
furniture 9.2%, and others 2.1%. Of the total used for construction, 42.5% is for concrete
formwork, 34.5% for lumber, and the rest for finishes such as floors, roofs, and molding [51].

Concerning educational programs, most of them exist in public universities. For
instance, the National University (Universidad Nacional) and Technological Institute (Insti-
tuto Tecnológico) offer Forestry Engineering, which includes courses about the technology
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of wood [52]. On the other hand, the University of Costa Rica (Universidad de Costa
Rica) is the only one offering courses in timber as a structural material. The School of
Civil Engineering at this university is starting to offer the elective course “Design of Wood
Structures” both in undergraduate and graduate programs. This course deals with the
fundamentals of wood as a construction material and its structural design, including beams,
columns, diaphragms, shear walls, connections, and structures [53]. During the last decade,
the research program in these universities has increased significantly. Figure 5 shows an ex-
perimental setup carried out at the University of Costa Rica in which moment connections
with local materials were studied [54].
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As mentioned earlier, the use of timber in construction has increased in the last few
decades due to the importation of classified products from which glulam is produced.
However, it is still low in comparison with traditional construction materials such as
reinforced concrete or masonry. Figure 6 shows Cueva de Luz, a four-story building and
part of a roof structure at the Civil Engineers Association.
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5 at the Engineers and Architects Federation of Costa Rica.

Regarding public policies, there are a few laws that favor projects that are sustainable,
which may come to regard the use of timber as an advantage. In 2008, the Costa Rican
Seismic Code [55] included a chapter about timber structures based on the Special Design
Provisions for Wind and Seismic published by the American Wood Council [56]. The
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structural design must be based on the National Design Specification [46], with certain
considerations. Around the same year, the Institute of Technical Standards of Costa Rica
(INTECO) started to develop standards, based on North American standards, for wood and
wood products, including structural classification, glulam, plywood, and other products.
Despite this effort, it has been a hard task to train and convince the market of the importance
of standardization. Therefore, engineers do not currently have the necessary tools to specify
products for structural applications.

5.5. Chile

Chile has a long tradition of timber construction, especially in the southern part of the
country. Educational programs for timber construction have existed at the University of
Bio-Bio in Concepción since 1969 [57]. Subsequently, timber construction has been taught
at several universities, including the University of Concepción, University of Santiago,
University of Chile, and Pontifical Catholic University of Chile, among others. Typically,
timber education has been a subject of high interest in schools of architecture, but it has
not been implemented with the same intensity in schools of civil engineering. However,
during the last few years, there has been a significant increase in timber subjects in schools
of civil engineering, including courses at the undergraduate and postgraduate levels, and
a significant amount of pedagogical material has been published [6,7,58]. Yet, timber
subjects remain elective subjects. In the professional training field, there have been master’s
programs in Concepción since 1969, but during the last five years the offer has rapidly
increased, and nowadays there are three postgraduate diplomas at different locations in the
country. Research on timber engineering has been performed by isolated groups dispersed
around the country. Among the most active groups are the Forestry Institute of Chile
(INFOR) [59] and university research groups such as the UC Center for Wood Innovation
(CIM UC), Polomadera, the timber engineering group from the University of Concepción
and the group from the University of Santiago. Recently, most of them have joined to create
the National Excellence Center for the Timber Industry (CENAMAD) in order to jointly
promote and research the use of timber.

Currently, the timber construction share in Chile amounts to about 20% [23]. However,
most of it only covers unfamiliar dwellings. During the last few years, a major national
effort has been devoted to enabling mid-rise timber construction. In this context, a large
national project has been conducted to determine the seismic design factors for light-frame
as well as CLT construction [60]. These two important projects have also been empowered
by a national project to determine the lateral and gravitational design of slabs [61]; the
creation of a Building Information Modeling database, which has yielded to a constructive
components platform [62]; and a project to create a national fire design standard for timber
constructions that will be incorporated into actual codes [20]. As a result, significant
advancement of standard codes has been achieved and several demonstrative mid-rise
buildings have been constructed. These new standards enrich the already existing standards
regarding timber classification, characterization, and structural design, which generates
a set of regulations that allows for the design of any type of timber building (without
any restriction in height) around the country. In general, the structural standards of Chile
are based on the National Design Standard for wood construction in the U.S.A [46], with
the difference that only the Allowable Stress Design (ASD) method is allowed but not
Load and Resistance Factor Design (LRFD). The lateral design of assembly is based on the
Special Design Provisions for Wind and Seismic [56], whereas certain aspects of design are
based on European rules, such as the fire design standard [63], as well as the procedure
for the calculation of characteristic properties of laminates, among others. This mixture of
standards often requires the application of probabilistic coefficients for strength conversion.
In the last three years, two six-story building projects have been completed in the country,
namely, the Complejo los Bronces and the Peñuelas Experimental Tower (see Figure 7 [64]).
The latter consists of a non-residential demonstrative tower that allows contractors and
the general public to experience and touch a multistory building. Furthermore, the tower
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is fully monitored with structural and non-structural devices to assess its performance.
Apart from the Peñuelas tower, there have been other relevant iconic projects, including
several hundred social complexes, such as the Oasis de Chañaral, the multistory project
Horizonte del Pacífico, and the Paso de Los Libertadores, among others. These actions have
been necessary for convincing the general public and real estate companies that mid-rise
timber buildings are a feasible national solution, and currently several other buildings of
that height and higher are being developed.
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Although most plantations in Chile are certified as sustainable forests [65], one im-
portant difficulty for developing timber construction has been the lack of certification
regarding the structural quality of timber. Only a few major companies have traditionally
classified and certified their products using international standards. Yet, it has been a
common practice to find timber in any part of the country without any type of structural
certification. Recently, the Ministry of Housing and Urbanism released a norm for the
labeling of structural timber. This remediates the lack of information regarding the quality
of structural timber, but it is yet unclear how the control and monitoring of that quality is
going to be implemented. In Chile, the most used timber species is radiata pine, comprising
97% of national sawn production [66]. Although the structural quality of this wood is below
the average timber of Europe and North America—it classifies as C16 and C24 according
to European standards –it has a very rapid growth rate, as the cutting cycle typically
lasts only 20 years. Recently, the two major forestry companies of Chile implemented
several initiatives for fostering timber construction, including CLT manufacturing and
high-tech prefabricated housing plants, which, along with other entrepreneurial initiatives,
are expected to increase the availability and quality of wood products and assemblies.

Regarding the release of specific public policies fostering the utilization of timber in
construction, there are no special incentives. Nevertheless, it is important to mention that
there is a steadily increasing restraint of the energetic performance of the envelopes due to
the environmental decontamination plans, and therefore timber construction has becoming
increasingly competitive. In addition, the country has a remarkable need to increase
industrialization and productivity because the current national construction capacity is
unable to cover the housing demand [67]; thus, industrialization is also becoming an
important driving agent that is rapidly increasing the interest in timber construction and
timber engineering. In the last few years, several governmental organizations have released
a few public tenders, in which timber was explicitly requested as the main construction
material in an effort to trigger timber construction from the public sector. In addition,
dissemination activities have increased in number and attendees in the last few years. The
major technical and industrial national event is entitled “Semana de la Madera” (SDLM),
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which attracted more than 22,000 online visitors in 2021 [68]. Apart from the SDLM, the
trade fair COMAD has also become an important event in the Chilean wood industry.

5.6. Spain

Although Spain has an extensive traditional use of timber in construction, its use was
scarce during the 20th century, mainly replaced by concrete. The reference for education
is located in the Forestry Engineering School at the Polytechnic University of Madrid,
with a long tradition in courses on structural timber. Moreover, their professors published
a seminal book on the design of timber structures [69]. Timber education has become
a teaching subject, especially in the case of schools of architecture, mainly due to the
particular interest of different professors, and remains mainly either as elective subjects or
as a complementary part within a broader subject. There were several attempts to create a
dedicated Wood Chair at architectural schools, the most recent being that of the University
of Navarra, founded in 2011, one of the oldest [70]. There are some postgraduate programs,
where a Master in Structural Timber from the University of Santiago is the one with the
longest tradition [71]. More recently, master’s programs have been created at Universitat
Politècnica de València (UPV) and the Institute for Advanced Architecture of Catalonia
(IAAC). Regarding the professional timber field, there is a tradition of carpentry diplomas.
Recently, specialized diplomas for structural carpenters have been created [72].

Research on timber engineering has been carried out by isolated groups, most of them
currently joined in the network Lignomad [73]. Spanish researchers collaborate in the devel-
opment of European standards, such as Eurocode 5 [36,49,63], and within different related
networking actions, such as COST FP1402 and CA20139 [74,75]. Remarkable in the field of
informal education and dissemination is the work done by AITIM, a private association,
which has extensively published books and magazines on constructive timber [76]. The
reference dissemination event for professionals is Egurtek [77]. Other recent initiatives
comprise the series of Lignomad conferences [78] and the Spanish Forum Holzbau [79].
There was no standard of timber structures in Spain until 2007 [80], when it was included
in the building technical code (Código Técnico de la Edificación) [81]. Professionals may
alternatively use Eurocode 5 [36,63], which was approved in 2004 and is currently under re-
vision, with an expected approval date in 2025 [82]. The actual use of timber in construction
is still scarce [83], and mainly used in unfamiliar dwellings. Several particular initiatives
of multi-story buildings, mainly related to CLT-based structures, have recently raised at-
tention on timber construction, starting with a pioneering six-story building in Lleida [84].
Other remarkable experiences were a public promotion in Hondarribia (Figure 8) [85] and
a private condominium in Barcelona [86]. More recently, a timber building, OUR SHELVES
HOUSES, located in Madrid, won the Rebuild award for industrialized construction [87].
Public policies are slowly appearing, with the Region of Navarra being a remarkable exam-
ple, which enforced the development of nearly-zero-energy houses for public promoted
buildings [88] and is actively promoting the design and construction of timber-based build-
ings through its public agency Nasuvinsa [89]. Figure 8 shows the current development of
the multi-story building Zure-Tokia in Pamplona [90]. The neighboring Basque Country
region also has an active timber promotion policy, based mainly on the promotion of their
local radiata pine.

Spain has the second-largest total forest area in Europe (27.5 million hectares, after
Sweden). It doubles the forest area of France, and almost triples that of Germany. However,
just 12% of Spanish forests have a management plan [91], though that figure is slowly
increasing. The certification systems used are FSC and PEFC, with PEFC being the most
extensive one. However, together they account for only 15.7% of the total forest area (PEFC,
2,482,656 ha, 13.5%; FSC, 407,245 ha, 2.21%) [92]. The most typical use for the extracted
timber is pulp (36%), followed by sawmills (30%) and the board industries (22%). The
industry with the highest share of timber products is bioenergy (33%) [93].
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5.7. Guatemala

The Forestry System of Guatemala revealed that the country has an area of
3,574,244 hectares covered with forest, which is equivalent to 33% of the territory. Of
the total national forest, 52.7% is located within the Guatemalan System of Protected Ar-
eas. According to Aguilar, there are seven genera of conifers and 17 species of pine in
Guatemala [94]. The absence of a standardization of materials and construction methods
in wood has limited the promotion of policies oriented toward construction with wood.
However, there are policies to encourage forest production, such as the Forest Incentives
Program (Programa de Incentivos Forestales—PINFOR), where the species with the greatest
potential for construction are included [95]. In Guatemala’s engineering and architecture
faculties, the potential of wooden structure systems is recognized as a response to the need
to project earthquake-resistant buildings. At the level of professional training, there is
greater development from the perspective of architecture, and little content in terms of
structural design. Technical training exists from the Instituto Técnico de Capacitación y
Productividad (INTECAP), but it is aimed at general carpentry and not the construction
industry [96]. The few available references are intended for wood-frame structures.

Although wood has been recognized as a construction material for more than 20 years,
both structural design and construction are carried out using empirical principles, or con-
cepts of material mechanics that do not reflect the state of the art of wooden structural
systems [69]. As of 2018, the Committee for the Promotion of the Use of Wood in Construc-
tion was implemented in an effort by various institutions from the public, private, and
academic sectors. Among the dissemination activities, a contest and a wood engineering
seminar were held in 2019 and 2021, respectively. No demonstration buildings or pavilions
have been planned or constructed that promote wood building or expose the state of the art
of wood systems. Until 2020, there were no reference standards for construction with wood
in Guatemala, and both the structural design and the construction of wood was limited to
the designer’s criteria. In 2021, the draft standards for classification, characterization, and
structural design were concluded as part of an inter-institutional project led by the forestry
sector and financed by the Food and Agriculture Organization of the United Nations (FAO).
The drafts of the aforementioned standards are being supported by an ongoing test cam-
paign to determine the mechanical properties of three pine species as established by the
ASTM D2555 and ASTM D245 standards [97,98], i.e., Pinus oocarpa, Pinus caribaea, and
Pinus maximinoi [99]. The draft standards have been submitted to the competent offices,
with the goal that the structural design standard be integrated into the Disaster Reduction
Standard, and the characterization and classification standards into the Guatemalan Tech-
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nical Standards, where the construction materials are collected. For strategic reasons, the
standards developed were oriented toward light-frame construction, although they are
not limited to this construction system. Through the Guatemala Green Building Council
initiative (GGBC), certifications for sustainable buildings, such as Leadership in Energy
and Environmental Design (LEED), Excellence in Design for Greater Efficiencies –(EDGE),
and WELL from the International Well Building Institute, are promoted. Likewise, GGBC
proposed a voluntary certification aimed at promoting sustainable practices in residential
construction—CASA Guatemala [100]. It is expected that these new policies will allow for
competitive advantages when using sustainable timber construction.

5.8. Mexico

The total plantation forest area occupies 47.7% of the country’s forest area, which
is equivalent to 65.7 million hectares, including forest ecosystems with 52% and jungles
with 48%. Unfortunately, this proportion is not reflected favorably in the trade balance,
which has historically shown a deficit over the last decade. The forestry sector in the
2013–2017 period reflected a constant average share of 0.24% according to the national
gross domestic product [101]. In proportion, the construction industry with wood products
is scarce and there is a dominant presence of micro and small companies dedicated to the
transformation of timber forest products, which is reflected in the minimal proportion of
academic programs focused on wood science and technology in their curricula, registering
the dominance of academic programs with a forestry focus. In 1971, the bachelor’s degree
program in Wood Technology Engineering was created at the Universidad Michoacana de
San Nicolás de Hidalgo, and subsequently, master’s and doctorate programs have been
promoted in this same field of knowledge, the trajectory of which that has prevailed in
their status as accredited quality programs should be highlighted. Unfortunately, despite
the available potential of forest area, the volumes of cubic meters for its use, and the
existing value chains, this field of professional training has not proliferated except in two
educational institutions, the Universidad Sierra Juárez and the Universidad Autónoma
Chapingo, where academic content related to timber structures is oriented [102].

There are few companies specializing in the construction of wooden houses, and in
Mexico the construction of these is minimal, which may be due to the little information
that exists on the subject, since there is a series of questions or myths that make people
think that buying or building with wood may represent a challenge to the economy and
safety of those who make use of the space. However, there is a relevant use of wood as
an architectural and engineering material in various constructions of historic buildings
in the country, in which wood has been integrated as an important structural element,
as well as in hotels, resorts, restaurants, and cabins or cottages [103]. Regarding the
regulations for the use of wood in construction, the released standards address the design
and construction of wood structures, qualification and visual classification for structural
timber, construction with pine boards and planks, prevention of termite attacks, and the use
of coniferous wood piles for bridges, which has been achieved through the participation
of various institutions coordinated by the General Directorate of Standards through the
National Organization for Standardization and Certification of Construction and Building,
S. C. [104]. The National Forestry Commission, the federal institution responsible for
promoting sustainable forestry development in the country, points out a certain impediment
for housing institutions such as Fovissste, Infonavit, Conavi, and Sedatu to not promote
housing built with wood, supposedly because there is an ingrained culture in the country
that only rest cabins can be built and the belief that timber is not a real alternative to
building housing for everyone, which has a negative impact, although the National Council
of Wood in Construction has expressed to the aforementioned federal institutions that they
accept its housing proposal. In this sense, CONAFOR itself, as part of its policies towards
sustainable forestry development, has established 12 housing design contests with wood as
an option to promote public policies on the use of wood in construction [102,103].
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5.9. Peru

According to the National Forest and Wildlife Service (SERFOR), Peru has the second-
largest area of the Amazonian Forest globally and the ninth highest cover of forest in
general, representing 57% of the national territory (73 million ha). However, in 2019 the
timber industry in Peru contributed just 1.04% to national GDP [105]. This small percentage
is because the demand for wood products only relies on formwork, interior decoration,
carpentry elements, and furniture. Programs dedicated to designing new wood structural
systems and engineered wood products have not yet been developed in the country.
Universities with undergraduate programs in architecture and civil engineering focus on
the mechanical properties of timber structural elements based on traditional construction
systems such as light-frame and post-and-beam. These standards were established in 1984
by the Andean Project for Technological Development in the Area of Forest Resources
(PADT-REFORT). Nevertheless, there are curricula with a forestry approach, where Molina
Agrarian University (UNALM) stands out. This university offers undergraduate and
postgraduate programs on integral management techniques, transformation, and the use
of timber and non-timber forest resources.

The National Census of 2017 revealed that wood is a frequent component of urban and
rural dwellings; out of 7,698,900 houses in Peru, 9.5% used wood on external wall elements
and 2% on their roofs [106]. One of the most common construction systems is prefabricated
light-frame structures for basic units. However, one of the main concerns about developing
these wood systems is the lack of quality due to the inappropriate use of the material
and its relation to poor fire resistance, premature destruction by decay, and provisional
nature [107]. In 2015, the Peruvian government launched a new set of regulations aimed
at increasing the competitiveness of the timber sector and ensuring the conservation and
sustainable production of timber [108]. A case of success in the Peruvian Amazon was the
Plan Selva Project (2017) developed by the National Program of Educational Infrastructure
(PRONIED) of the Ministry of Education (MINEDU). The goal of this large-scale program
was to quickly rehabilitate public schools with a prefab unit system that was easy to install
while improving wood construction technology with FSC certification.

In Peru, wood constructed buildings are approved by the Technical Standard E.010
Wood of the National Building Code (RNE). This resource includes structural classification
requirements, resistance values, analysis methods, and design and construction processes.
Despite the standard’s specifications, there are technical and local market gaps related to
wood standardization (dimensions, qualities, and humidity condition) [109]. In August
2021, the Ministry of Housing, Construction and Sanitation (MVCS) began a public consul-
tation phase to promote the update of the technical standard. One of the changes consisted
of adding several forest species as construction elements, thanks to their excellent structural
performance [110]. It is expected that this new standard include requirements designed to
ensure safety, innovative new construction techniques, and systems seeking to minimize a
building’s negative impacts on the environment.

5.10. Portugal

Even though about 35% of the country’s surface is covered with forest and the like
and the forestry sector contributes to about 5% of the GDP [111], timber construction and
the timber products industry are relatively weak and typically consist of small companies,
with the only possible exception being panel production. Mainly for that reason, timber
construction was absent, as an autonomous subject, from the curricula of all Portuguese
universities and institutes up until the late 1990s. Then, an optative discipline on timber
structures was first created at the University of Coimbra, at the MSc level, shortly followed
by others, like in University of Minho and some high schools [112]. Globally, the yearly
number of attendants must be less than 40. Nevertheless, there are some ongoing PhD
works, mostly framed by wide-range doctoral programs. A doctoral program on timber
engineering is set to be created in Coimbra in 2022.
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The Altice Arena Pavilion (see Figure 9), initially known as Utopia, was built for the
World Exhibition held in Lisbon in 1998 and was a breakthrough for modern construction
with timber in Portugal, which was then unaware of the possibilities of this material and
its engineered derivatives. Hundreds of public and private buildings and structures have
been built since. Ref. [113] provides a view of timber construction in Portugal, although
only through 2011.
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The only forest-based strong industry in Portugal is paper and cellulose products
and, at a lower level, the cork industry [114]. As a consequence, eucalyptus planting has
been increasing in Portugal, while the share of traditional species such as oak, chestnut,
and maritime pine progressively lack management or are being affected by fires every
summer. To some extent, this is caused by the predominantly private ownership of the
forest, together with the low income it provides to the owners and the lack of effective
policies to reverse this situation. At the building regulations level, Portugal benefits
from belonging to the EEA (European Economic Area) as well as being member of CEN
(European Standardization Committee), which means it participates in the elaboration and
has access to the vast amount of standards and design codes delivered by this organism,
namely Eurocode 5 (timber structures) [36,63,115] and related standards. The Portuguese
institution in charge of standardization issues is IPQ (Instituto Português de Qualidade),
which hosts or supervises the mirror national committees of those of CEN [116].

5.11. Uruguay

Uruguay has no tradition in timber construction. Cultural roots, misconceptions of
stakeholders concerning the use of wood in construction, wind, and fire risk perceptions
by professionals and end users are the main reasons that prevent the massive adoption
of timber as a structural material. In recent years, two main factors have been gradually
changing this situation; the first is related to construction costs and execution times, and
the second to the availability of timber and engineered wood products (EWP) in the do-
mestic market. The planted forest area has significantly increased in the last 30 years,
today reaching approximately 1 million hectares of fast-growing species, mostly pine and
eucalyptus [117]. Uruguay is one of the few countries where its entire wood-processing
industry relies on renewable plantations, of which more than 90% include certified forestry
practices [118]. In 2019, solid timber, mainly from pine, was the country’s seventh most ex-
ported product [119]. In the national market, consumption of structural timber is marginal,
yet a minimum of 2 million cubic meters of pine wood are annually available and ready
to process for construction purposes [120]. In this context, a novel cross-laminated timber
(CLT) and glulam (GLT) plant is under construction and the opening is scheduled for the
end of 2022. The CLT plant will be the largest and most advanced in South America and is
expected to produce 70,000 m3/year of mass timber [121]. A plywood manufacturing com-
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pany and several sawn mills and preservative treatment plants provide products mostly for
timber-frame houses. Generally, lumber is commercialized with no technical specifications.

Until recently, the Uruguayan standard corpus for structural timber was negligible.
The technical standards were written by specialized committees in the Uruguayan Institute
of Standardization (UNIT), and unless otherwise specified, their application was voluntary.
In 2017, the first Committee focused on structural timber was established, and since 2018 a
set of standards including visual grading rules for sawn timber [122,123] and manufacturing
requirements for GLT [124,125] were approved. Technical reports grounded in extensive
research by universities and laboratories provided the background information to the UNIT
Committee. Currently, the convenience of adopting Eurocode 5 and the drafting of the
national annexes is being discussed. With the approval of the two visual grading rules,
some mills began to deliver graded timber to the domestic market, but this is still incipient.
At the same time, several buildings involving small, medium, and large structures are being
constructed with timber and EWP around the country. One iconic example expected to be
complete in January 2022 is the Museum of American Contemporary Art (See Figure 10), a
complex spatial structure of long-span glulam beams and columns with double curvature
and variable sections. Another example is the José Ignacio Hostel, built in 2017, which was
the first CLT construction in the country. The hostel comprises five buildings, developed in
two and three stories.
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Education in the design and construction of timber structures used to play a minor
role in the various Uruguayan architecture and civil engineering programs. In 2018, the
first postgraduate program, a diploma in Timber Structural Design and Construction jointly
taught by the Faculty of Architecture of Universidad ORT Uruguay and the Faculty of
Engineering of Universidad de la República, was launched. The novelty of this diploma
was the interaction between students with two different backgrounds who were encouraged
to work together, something that had rarely happened before in Uruguay. In addition,
an undergraduate course devoted to structural design with timber was included in the
civil engineering curricula. In November 2019, Uruguay hosted, for the first time, an
international conference exclusively devoted to timber construction, the fourth edition of
the Latin American Conference of Timber Structures (CLEM). With more than 200 attendees
from Latin American and Europe, CLEM 2019 contributed in the efforts to disseminate
the state of the art of timber construction [126]. Other dissemination activities involved
the presentation of two innovative prototypes, La Casa Uruguaya (See Figure 11), winner
of the 2017 national energy efficiency prize and the first-place prize at the international
Solar Decathlon 2015, and a vehicular timber bridge in Las Brujas, made of glulam and a
CLT deck and constructed in 2016. Similar to other South American countries, there have
been public policies fostering timber construction in Uruguay. However, few actions and
initiatives by the government and congress have been undertaken. In December 2020, the
Honorary Committee on Wood was approved by law, aiming at promoting the use of local
wood for construction and furniture.



Sustainability 2022, 14, 1170 19 of 31

Sustainability 2022, 14, x FOR PEER REVIEW 19 of 32 
 

  
(a) (b) 

Figure 10. Examples of timber structures in Uruguay: (a) Museum of American Contemporary Art; 
(b) José Ignacio Hostel. 

Education in the design and construction of timber structures used to play a minor 
role in the various Uruguayan architecture and civil engineering programs. In 2018, the 
first postgraduate program, a diploma in Timber Structural Design and Construction 
jointly taught by the Faculty of Architecture of Universidad ORT Uruguay and the Faculty 
of Engineering of Universidad de la República, was launched. The novelty of this diploma 
was the interaction between students with two different backgrounds who were encour-
aged to work together, something that had rarely happened before in Uruguay. In addi-
tion, an undergraduate course devoted to structural design with timber was included in 
the civil engineering curricula. In November 2019, Uruguay hosted, for the first time, an 
international conference exclusively devoted to timber construction, the fourth edition of 
the Latin American Conference of Timber Structures (CLEM). With more than 200 at-
tendees from Latin American and Europe, CLEM 2019 contributed in the efforts to dis-
seminate the state of the art of timber construction [126]. Other dissemination activities 
involved the presentation of two innovative prototypes, La Casa Uruguaya (See Figure 
11), winner of the 2017 national energy efficiency prize and the first-place prize at the 
international Solar Decathlon 2015, and a vehicular timber bridge in Las Brujas, made of 
glulam and a CLT deck and constructed in 2016. Similar to other South American coun-
tries, there have been public policies fostering timber construction in Uruguay. However, 
few actions and initiatives by the government and congress have been undertaken. In De-
cember 2020, the Honorary Committee on Wood was approved by law, aiming at promot-
ing the use of local wood for construction and furniture. 

  
(a) (b) 

Figure 11. Prototype timber structures: (a) La Casa Uruguaya; (b) vehicular timber bridge, Las Brujas. 

6. Perception Surveys 
6.1. Global Analysis 

A survey was conducted to determine the perception of sustainable timber construc-
tion by professionals and potential users in the Ibero-American region. This survey was 

Figure 11. Prototype timber structures: (a) La Casa Uruguaya; (b) vehicular timber bridge, Las Brujas.

6. Perception Surveys
6.1. Global Analysis

A survey was conducted to determine the perception of sustainable timber construc-
tion by professionals and potential users in the Ibero-American region. This survey was
answered by 233 construction professionals in 15 countries (see a depiction by country in
Figure 12), among which 42.7% corresponded to architects, 44.9% to engineers, 4.7% to
builders, and 7.7% to other technical–professional careers associated with the construction
industry. Regarding the age range of the respondents, 75.1% were between 18 and 37 years
old, 17.2% were between 38 and 51 years old, and 7.7% were over 52 years old.
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From the survey results, almost all respondents (98.5%) agreed that it is necessary
to promote the use of more sustainable building materials than those traditionally used.
Furthermore, 79.9% considered that the use of wood as a sustainable material would
also be a measure to counteract climate change due to global warming. These results are
based on the users’ responses, which were subsequently contrasted with the results of the
benefits of using wood in substitution of materials such as concrete and masonry due to the
sustainability in the manufacturing process of the material when this is carried out through
sustainable forest management.

Regarding the use of the material, 53.2% of the respondents stated that they had basic
knowledge of the use of timber in construction, whereas 33.1% had intermediate knowledge
and the other 13.7% had advanced knowledge. Of the total number of respondents who
indicated a basic level in the use of wood, 62.3% corresponded to people between 18 and
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37 years of age, 27.5% to people between 38 and 51 years of age, and 22.2% to people
over 52 years of age. The knowledge was partly associated with the use of wood in their
professional practice, since 28.6% of the total number of respondents had used the material
for some structural purpose, such as beams, columns, and light-frame, or laminated
elements, among others; 26.5% of the total had used timber in the manufacturing of
furniture, 16.7% had used timber only in finishes, and 44.9% had not used it in their projects
at all.

About the perception of its use in construction, of the total number of respondents,
47.4% expressed a preference for wood for the acquisition of their own personal dwelling,
47.9% preferred reinforced concrete, and 35.1% preferred masonry. These results varied
when asking about the acquisition of an apartment in a high-rise building, as 30.8% ex-
pressed a preference for wood, 57.3% preferred reinforced concrete, and 25.2% preferred
masonry. Figure 13 shows the results regarding the perception of the main advantages
of wood construction. The results reveal that the three most valuable attributes of tim-
ber construction included the visual attractiveness, reduced construction times, and its
being a renewable resource, with 71%, 66%, and 52% preference, respectively. Conversely,
the results of the main disadvantageous attributes of wood construction are shown in
Figure 14. Here it can be identified that for the total number of respondents, the three
most relevant drawbacks of timber construction were the vulnerability to biotic agents
(termites, fungi, etc.), lack of regulations, and fire resistance, with 49%, 34%, and 33%
preference, respectively.
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In terms of the interest of the respondents in professional training, Figure 15 shows
the main topics of interest indicated by the respondents, where the three most demanded
fields to be included in education were the possible building/component solutions (timer
flooring systems, perimetral walls, divisory walls, roofs and ceilings, etc.), structural
design, and seismic design, with a total preference by the respondents of 68%, 63%, and
58%, respectively. As for the preferred channels of knowledge acquisition, these are
summarized in Figure 16, where the format preferences for these channels included 62.7%
of respondents preferring face-to-face, 39.5% preferring an asynchronous online format,
and 37.7% preferring a synchronous online format.
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From the results of the survey, it is possible to appreciate that in terms of attributes
that benefit wood construction, along with the visual attractiveness of the material, aspects
related to sustainable construction, such as low carbon footprint, low waste generation in
construction, and the use of renewable materials, were favored to a greater extent. This also
corresponds to the users’ perception of the need to promote the use of more sustainable
construction materials, in view of the implementation of eco-friendly government programs
and public policies around the region.

On the other hand, it is possible to identify two major issues regarding the attributes
that hinder the development of wood construction. The first is associated with the con-
structive feasibility of wood structures in the region, reflected in the availability of the
material and the lack of construction and design regulations. Acoustic, thermal, and seismic
performance do not represent a barrier for most users. It is also possible to identify a topic
associated more with the cultural use of wood and lack of knowledge on how to manage
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the durability of the material, reflected in the social stigma of poverty, fire resistance, and
susceptibility to biotic agents. Regarding the sustainable management of the resource,
reflected in the results of forest deforestation, a quarter of the respondents stated that this
would be an impediment to the development of wood construction.

6.2. Regional Group Analysis

A comparison of the general results of perception and professional training in the
region with the results of groups A, B, and C was made. Figure 17 shows the comparison
of the overall results on the perception of attributes that benefit wood construction for all
groups. Although the general trends observed in the region as a whole were similar in the
different groups studied, there were some changes: Visual attractiveness was more impor-
tant for groups A and B, with 85.7% and 79.3%, respectively, but it dropped considerably for
group B, reaching only 49.3%. Regarding the reduction in construction time, this continued
to be among the top three attributes for users of all groups, registering percentages of
66.7%, 73.1%, and 63.5% for groups A, B, and C, respectively. The renewable characteristic
of the material continued to be important for groups A and B, with 66.7% and 62.7%,
respectively, but it dropped in group B to 44.8%. Individually, some important aspects are
as follows: In group A, the trends observed in the region overall were preserved. For group
B, the prefabrication potential and the low carbon footprint gained importance, both with
62.3%. For group C, the material’s workability was important, with 47.6%. Conversely,
Figure 18 shows the comparison of the overall results of the perception of attributes that
hinder wood construction. The results show that part of the general trends observed in the
region as a whole were maintained in the different groups studied, but there were some
considerable changes between the different regions: Damage by biotic agents (termites,
fungi, etc.) remained one of the main categories of importance for groups A, B, and C, with
percentages of 47.6%, 53.7%, and 46.9%, respectively. Regarding fire resistance, it remained
an important factor for groups A and C, with 28.6% and 36.6%, respectively, but it dropped
in group B, reaching only 28.4%. Regarding the lack of regulations and design standards,
this only maintained its importance in group B, with 46.3%, and it dropped in groups A and
C, reaching values of 9.5% and 32.4%, respectively. Individually, some important aspects
are as follows: For group A, the social stigma of poverty and the availability of materials
gained importance, with 28.6% and 38.1%, respectively. For group B, the social stigma
of poverty became important, with 35.8%. For group C, control of moisture content was
important, with 35.2%.
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In terms of the interest of the respondents in professional training, Figure 19 shows
the comparison of the overall results of the perception of the main training topics. The
results show that the general trends observed for the region as a whole were maintained in
the different groups studied, with some minor changes among the different regions: The
importance of constructive solutions remained one of the main categories of importance for
groups A, B, and C, with percentages of 76.2%, 64.2%, and 68.3%, respectively. Similarly, the
importance of structural calculations remained one of the main categories of importance for
groups A, B, and C, with percentages of 57.1%, 50.8%, and 69.0%, respectively. Regarding
seismic design, this remained an important factor for group C, with 71.0%, but it decreased
in groups A and B, with 38.1% and 35.8%, respectively. Individually, some important
aspects are as follows: For group A, fire resistance gained importance, with 42.9%. For
group B, prefabrication was important, with 56.7%. For group C, the trends of the region as
a whole were maintained. In addition, the results of the preferred channels for knowledge
acquisition in the different groups are presented in Figure 20.
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7. Discussion

The national analyses of the different countries of Ibero-America show that the devel-
opment of the timber industry is greater in countries that have implemented strategies that
not only target the construction sector itself, but also the forestry sector and intermediate
sectors of the wood product value chain. The aim in those countries has been to manage
the forest resource in a sustainable manner through the correct management of forests
by means of international certifications. The need to classify and characterize wood as a
construction material is a common element in most of the countries studied, where most
of them have focused their efforts on the development of regulations to ensure its use in
construction. At the same time, the calculation and structural design methodologies are
commonly based on European or North American references, adapted to the predominant
forest species of each area.

The elaboration of iconic timber constructions has been a common factor in countries
with a more developed wood construction industry, such as Portugal, Spain, Brazil, Costa
Rica, Chile, and Uruguay. Although the level of development of wood construction is quite
heterogeneous throughout the Ibero-American region, this has not been an impediment
to promoting international collaboration. Over the last two decades, various activities
have been carried out to establish international relations between academics and industry
professionals in order to promote different sectors of the industry associated with wood.
International events include CLEM (Congreso Latinoamericano de Estructuras de Madera),
a Latin American congress involving the participation of academics, professionals, and
technicians together with companies from the forestry, wood, and construction sectors.
Currently, this congress has held four editions, with the first one held in Concepción
(Chile, 2009), the second one in Junín (Argentina, 2017), the third one in San Carlos (Brazil,
2018), and the most recent edition in Montevideo (Uruguay, 2019). The fifth edition of the
congress is expected to be held in Colombia. Its activities include lectures and technical
talks by international speakers, technical visits to wood construction sites, and social
gatherings [126].

At the Ibero-American level, CIMAD (Congreso Ibero-Latinoamericano de la Madera
en la Construcción) has been consolidated as the main international instance of wood
construction within the Ibero-American region [127]. The first version of this event was
held at the University of Coimbra (Portugal, 2011), gathering a total of 280 participants
from 14 countries. Subsequently, a second edition was held in Junín (Argentina, 2017) in
conjunction with the second version of CLEM, this time including 278 participants from
14 countries. The third edition is expected to be held in Madrid in the year 2024, covering
similar topics to those of previous years: genetics and forest improvement, production of
wood for construction, wood characterization, wood industrialization, wood structures,
wood architecture, durability and preservation of wood, and restoration of wood structures.
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In terms of networking, the RIDICM Network (Red para industrialización y digital-
ización de la industria de la construcción en madera) has recently been consolidated to
promote the industrialized use of wood at the Ibero-American level [128]. With this, it seeks
to generate channels and linkages between research entities and the business world, focused
on small and medium enterprises, to meet the needs of construction, increasing capacities
in the productive sector of industrialization with wood in a sustainable way. Currently, the
network is made up of 12 Latin American countries, with more than 30 participants.

Among the factors that hinder the development of a sustainable construction industry,
a common factor throughout the Ibero-American region is the difficulty of finding certified
wood for use in construction. This is also reflected in the results of the perception survey,
where 32% of the respondents referred negatively to the availability of the material. In this
way, a vicious circle is generated in the construction industry in Latin American countries
with little or no wood construction tradition, since not having the necessary raw material
for the elaboration of constructions, due to the lack of certification processes or low quality
control to certify its structural use, does not promote its use in construction, which generates
two effects: The material is not available for construction, and the training of construction
professionals with wood expertise is not promoted.

A key factor in countries with a more developed wood construction industry has
been the promotion of professional wood-training programs. At the Latin American
level, it is possible to find educational programs at the undergraduate and postgraduate
levels, distinguishing courses, workshops, diploma courses and master’s degrees in most
of the countries studied. However, doctoral training programs have been scarce in the
region. Given the lack of wood construction tradition in the region, it is still at an early
stage compared to European or North American wood construction, where it is strongly
complemented by the industrialization of its construction processes. It would be crucial for
those regions with less development in wood, together with those that are emerging, to
incorporate industrialized or prefabricated construction concepts into wood construction,
allowing them to be part of the early stages of wood construction design. This would
allow them to boost the wood construction industry in an industrialized way from the
beginning, giving way to a construction philosophy focused on the use of technologies that
not only make use of renewable and less polluting construction materials, but also fewer
time costs in the different construction stages, enabling an increase in housing production
and partially solving the housing deficit in each of the regions.

In the survey results, although there were themes that are transversal to the entire
Ibero-America region, there were some particularities based on the areas of the region
and the users themselves. Regarding the users of wood construction, in general, most of
those who had a basic understanding of the material were between 18 and 37 years old,
which corresponds to a user profile in professional training or a graduate with sufficient
experience to carry out projects with wood. Likewise, this user profile is more focused on
contemporary environmental issues, promoting the use of sustainable materials.

Regarding the transversal themes of the region, there were factors of common interest,
such as resistance to fire and biotic agents, together with the need for training in structural
calculation and development of construction solutions. However, there were particularities
specific to each region that correspond to the state of development of timber construction
in the different countries that make up the region. An example of this is the case of group
A, composed of Spain and Portugal, with respect to the lack of regulations and standards,
where it reached only 9.5% of interest for users, whereas in regions B and C, corresponding
to Latin American countries, this factor was of over 30% importance for users (46.3% and
32.4%, respectively). This corresponds to the state of the art in terms of regulations in Latin
America, where overall progress is less than in European countries. However, this situation
is reversed when we talk about the availability of the material, given that for the European
group A, this factor was 38.1% important to its users, ranking it as one of the three main
factors for the group, whereas for the Latin American groups B and C it reached 28.4% and
33.8%, respectively.
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8. Conclusions and Outlook

This article presented an overview of the state of the art on the current development of
wood construction in different Ibero-American countries, covering the status of educational
programs, demonstration buildings, public policies, and construction standards. The
conclusions described below are derived from the analysis carried out both at the Ibero-
American regional level and individually for each country, among which it is mainly
identified that:

• There are different levels of development in timber construction in the Ibero-American
region, where, with the exception of some regions with a timber construction tradition,
the general trend in Ibero-America shows an industry in development.

• The development of the timber construction industry is directly associated with the
sustainable management of forest resources in each region, mainly native forests and
areas destined for plantations. This in turn conditions the obtaining of raw material
for the industry, facilitating the identification of the product from its origin and with it
the processes of certification, classification, and characterization of the material for its
use in the construction industry. Indeed, the availability of equipment is an important
factor for European users, whereas for Latin American users it lags behind the lack
of regulations.

• In regions with little wood construction tradition, public policies and the lack of
construction and design regulations are often the main obstacles to the development
of wood construction. This is reinforced from the user’s point of view, given that in
countries with developed timber industries (mainly European or those with European
influence) there is no perception that there is a lack of regulations to develop timber
constructions. In addition, there is a lack of demonstrative buildings that certify
construction experience with the material.

• There is a lack of training programs in wood construction, since higher education
institutions do not include specific wood construction courses in their programs. In
addition, there is a lack of postgraduate specialization programs to generate regional
experts with the necessary knowledge to promote the development of each region.
The need for training in structural calculation and construction solutions is transversal
to the entire Ibero-American region, whereas topics such as fire, earthquakes, and
prefabrication design are important, but only at the local level.

There are many similarities among the countries of the region in terms of the im-
pediments to the development of wood construction, which are mostly associated with
regulatory, cultural, and material availability issues. It is necessary to make progress
in these three areas in order to have a solid foundation for the development of wood
construction in the region.

In order to promote not only the development of the timber construction industry in
the region, but also to generate a sustainable management of the resource, it is necessary to
promote measures in countries with less developed industries that allow the forest resource
to be treated from a sustainable point of view, for which some strategies and next steps
are presented:

• Promote public policies on forest management so that regions with forest potential
can manage their resources in a sustainable manner from an early stage.

• Develop regulations that are specifically adapted to the needs and availability of
resources in each country of the region. Alternatively, implement pre-existing foreign
regulations adapted to the country.

• Break down the cultural barrier of the use of wood as a precarious construction
material associated with poverty. It is necessary to educate citizens and construction
professionals through educational programs and the construction of demonstration
buildings in wood so that users can interact with it.

• Promote a construction industry with an industrializable approach, which in the long
term could be an answer to the housing deficit in the region, provided that the cultural
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barriers that prevent the development of the timber industry are overcome, as well as
the procurement of forest resources for construction in each country.

• According to the channel’s preferences for knowledge acquisition, it would be advis-
able to promote transversal training plans, mainly in structural calculation and the
development of construction solutions, in each Ibero-American location, which could
be complemented with online programs at the local level or in other collaborating
Ibero-American regions.
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