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Abstract: The context of this research is given by a socio-economic situation in which new and more
demanding challenges appear. Using wood, a naturally occurring, renewable, and biodegradable
material, in construction is becoming more and more necessary due to the awareness of the negative
impact on the environment of the construction industry and the energy crisis limitations. The
purpose of this study is to analyze what do we really know about the use of wood as building
material. The search for an answer to the reach question imply the use of a sicentometric literature
analysis, followed by an in-depth and an expert analysis. The research results indicate a major
preoccupation for studying engineering wood structures, like the Cross laminated Timber, the
structural behavior of the structures, the implementation of new IT discoveries in wood construction
technology and a more recent approach regarding the environmental impact of wood construction,
mostly the possibility of using wood waste to prolong the life of wood as a building material. The
results also show a need to create new models of understanding the structural behavior of wood
that considers the fibrous and cellular nature of the material. Wood as a construction material is an
extremely complex material and for a better understanding of it, there is a need to have an
interdisciplinary approach in which to combine the knowledge of construction with that of forestry,
ecology, biology and others.

Keywords: wood construction; building materials; circular economy; mass timber; cross laminated
timber

1. Introduction

The general context of this research is characterized by new and more demanding challenges for
the development of the current society. The complex nature of human activities begins to affect the
environment therefore it is important to find methods to decrease their impact on the nature. One of
the sectors that puts a lot of pressure on the environment is the sector of construction given the
increasing demand, all over the world, for new buildings.

The current construction technology is responsible, worldwide, for big amounts of
anthropogenic pollutants due to the use of large quantities of energy from the extraction of raw
materials, the production of building materials and in the process of construction. According to the
report [1], the sector accounted for 36 percent of global final energy consumption and 37 per cent of
energy related CO:2 emissions. The data presented in [2] reveals that in UK the second largest source
of greenhouse gas emissions is the building sector. The buildings sector contributed 20% of total UK
emissions in 2021, of which the majority came from homes.

The escalating effects of climate change have placed global emphasis on the importance of
reducing greenhouse gas emissions and achieving net zero emissions by the middle of this century.
As such, there is an increasing demand for sustainable building material alternatives to reduce the
environmental impact of the construction industry [3]. Using wood as a building material seems to
be a good way to respond to these demands as wood is a sustainable natural material that not only
need low quantity of energy to be produced but it also traps CO2 during the life of structure [4].
Humans have always relied on wood for their various needs, agricultural tools, building materials,
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fuel, weapons for hunting and warfare, until the last half of the 19th century, wood was the main
material used for construction and power generation energy.

Wood is a material with great mechanical and thermal properties that is naturally occurring,
renewable, and biodegradable. Wood is a naturally occurring, renewable building material with
anisotropic (inhomogeneous) properties that is composed of numerous plant cells arranged into
specialized tissues, also known as anatomical elements, that are quite different [4]. Wood is one of
the older materials in terms of its use in architectural structure and design, but it is certainly not an
outdated choice. Wood offers unique properties not found in steel and concrete, and new wood
construction practices are continually being introduced to the industry. The environmental impact
during the production and end-of-life phases of wood material is generally much lower than that of
equivalent materials produced from inorganic or fossil raw materials [5]. Moreover, unlike resources
of agricultural origin, wood does not compete with food [6]. As a result, since the beginning of the
21st century and in addition to traditional uses, there has been an increase in the consumption of
wood for new applications (energy production, building materials, chemicals, etc.) [7]. Using timber
in construction has increased in recent decades [8].

Wood is the main product of the forests which play an important role in economy and in the
society. As highlighted in [9] forests as important they were in the past, they are essential for the
future also. Forests are a natural ally in adapting to and fighting against climate change and will play
a vital role in making Europe the first climate neutral continent by 2050. Forests are a huge treasure,
as sought after and necessary as other sources of raw materials. Tree trunks and crowns are true
accumulators of solar energy and stores of precious organic matter [10]. Forests covers 45% of the
European territory and more than 25% of the population depends on the forest for subsistence and
income [11].

Given the big importance of the forests and its products to the wellbeing of the human society it
is important to emphasize that any research and discussion related to the use of wood in any form,
including wood as a building material, must consider only legal wood harvested. Illegal harvesting
is an important global problem with significant negative economic, environmental and social impact.
At the European Union level constant efforts are taken to combat deforestation by adopting the EU
Action Plan on Forest Law Enforcement Governance and Trade [12]. Going further, the idea of
sustainability can also be emphasized by using wood from sustainably managed forests, so that
logging activities are complemented with reforestation activities, thus making maximum use of the
wood benefits.

Research purpose

The general context briefly described above highlights the need to better understand the use of
wood as a construction material. A lot of questions appear when discussing about wood as a building
material like Can wood replace concrete or steel? Is it a material that resist in time? If is a good
material, why is it not widely used? How do we need to understand the behavior od wood as building
material? and the list can go on. In this sense the general research question of this study can be easy
to formulate “What do we really know about wood as a building material?” but quite complicated to
answer.

The research procedure used to find answer to the research questions include a scientometric
analysis of the literature and an in-depth analysis completed with an wood expert perspective. The
main data used for this study were extracted from the Clarivate Web of Science database and for a
more coherent extraction of data the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) method was used.

The document is formatted in accordance with the format for scientific papers. The study's
methodologies and methodology are offered after a brief introduction and statement of the study's
objectives. The key findings from the research are reported in the following section of the paper,
together with the responses to the research question. The key results are presented in the paper's final
section, along with a list of the sources consulted for this research.
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2. Materials and Methods

According to the purpose of the paper the needed data were obtained by interrogating one of
the most important scientific databases Clarivate Web of Science Core Collection (WoS) then the data
were process using specific software. The working plan of these methods includes the selection of
articles in a sample database followed by filtering and refining the bibliographic data.

2.1. Data Collection

The entire process of interrogating the database is illustrated in Figure 1. The keywords used for
this study were “wood construction” or “timber construction” or “lumber construction” and the main
filters to limiting the results were related to selection of only paper types “article” or “review” written
in English language. The graph presented in Figure 1 was generated using LucidChart software [13].

( Keywords )

4 v L
Wood Timber Lumber
construction construction construction

L Topic 11 680 1011
: articles articles

| Article or Review 6.86 5.38
articles articles

Figure 1. The data collection flow diagram.

The initial interrogation of the database revealed a number of 11 680 papers having their topic
of wood construction or timber construction or lumber construction. The search was filtered such as
to include only the papers that have the keywords in their title, so the number of articles decrease to
1 011. By selecting the paper type to article or review and the written language to English the number
of records that were further analyzed decrease to 538 papers.

The systematic review was guided by the standards of the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) 2020 Statement, proposed by the researchers Moher
et al. [14] and updated by [15]. The process is represented in Figure 2. According to their research,
the PRISMA approach indicates four steps to identify and extract the data: identification, screening,
eligibility and inclusion.
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Figure 2. The PRISMA 2020 statement flow diagram.

The identification step started with the articles resulted from the interrogation of the WoS
database, 538 studies. Two papers were excluded in this step due to lack of data or duplication. The
next step, a time consuming one, was the screening process which imply the assessment of the records
by title and abstract, 40 papers were excluded from this study. The reasons for excluding the papers
were related mainly to the lack of relevance for the purpose of this study, the majority of the excluded
papers were focused on subjects like urea assisted water splitting, hydrogel and solar evaporator,
construction of a porous carbon skeleton in wood tracheids, material transport, archaeological
studies, different studies on the diseases of species of wood, construction of termites, soil treatments
using wood waste or the construction of musical instruments, aircrafts, boats.

For the eligibility step 496 papers were analyzed by searching the full-text articles. Given the
purpose of this paper and the big number of records remaining after applying the previous filtration
steps, the eligibility criteria included, in addition to access to a full-text version that fits the topic
addressed, an additional criterion related to the topicality of the work, thus mainly studies from the
last years were consider. Other papers excluded in this step were those focused on other research
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areas than civil engineering, construction building technology, materials science and related. The
final number of papers included in the sample database is 308.

2.2. Data Extraction and Analysis

The analysis of the raw data was performed by exporting the journal articles identified in the
scientific database in a plain text file format. The format of the export data file was chosen based on
the files supported by the software used. In this research, the data analysis, was done using the
software Bibliometrix (version 3.1), developed by Massimo Aria and Corrado Cuccurullo,
Department of Economics and Statistics, University of Naples Federico II, Italy [16].

The information obtained by exporting the data from the scientific database contains the full
range of resources available, the title of the article, the author keywords, the keywords plus, the
author’s name and the citation information, including the reference list of all the articles. In order to
use the data in the software, the exported data need to be further analyzed and processed; this was
done manually. The reason behind this is the fact that in order to generate accurate results,
Bibliometrix software need a certain uniformity in the format information. This is also one of the
reasons for working more with the Web of Science database, due to its greater uniformity in the
exported data. The process of data standardization occupied a large percentage of the time needed
to complete the study.

3. Results and Interpretation

3.1. The Evolution of the Annual Number of Published Articles

The interest for a certain subject can be seen also in the number of papers published annually.
To illustrate the evolution of the annually published number of papers having “wood construction”
as topic, a graph was generated (Figure 3) based on the data extracted from WoS database. Given that
the purpose of this graph was just to have a general perspective of the evolution of the interest for
the subjects related to the use of wood in construction, the graph was generated using all the paper
identified by interrogating the WoS database, before the screening process.

The grouping of the articles according to their publication years was taken directly from the WoS
database, without a detailed verification of the publication year. The graph indicates on the x-axis the
years of publication and on the y-axis the number of articles published each year.
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Figure 3. The evolution of the number of papers published annually.

Judging by the number of the papers published each year it can be observed that in the last years
the interest to study the use of wood in construction increase substantially. The data presented in
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figure 3 indicate that the number of papers published each year, having the subject wood in
construction, was quite small up to 2012, each year being published less than 10 papers. The first year
in which more than 10 articles were published was in 2012, when 17 articles were published. The
following year, in 2013, a decrease in the number of articles followed, with only 9 articles being
published, and then, starting with 2014, the number of articles began to increase substantially,
reaching over 50 articles published annually in 2021. In 2022, up to November, there are already
indexed in the WoS database 55 papers. The increase interest in this topic can have multiple
explanations, including the fact that in the last years the number of published papers increased
substantially in all areas of research. However, if we take into account the increased importance given
to issues related to environmental protection and the multiple crises that society is forced to go
through, it can be considered that the interest for a better understanding and use of wood in the
construction activity will continue to grow.

3.2. The Trend Topic in Wood Constructions

The evolution of the annual number of published articles reveals an increase interest for the use
of wood as a building material in the last years. For a better understanding of the main subject
approached by the researchers a trend topic graph is presented in Figure 4. The graph was generated
with the help of Bibliometrix software based on data extracted from WoS database. The trend topic
was constructed based on the keywords used by the authors with a minimum word frequency of 5
and the number of words considered each year was set to 3. The graphic representation of the analysis
performed by the software consists of a series of lines and bubble. The lines represent the period of
using that term and the bubbles represent the term frequency. The size of the bubble indicates a
certain level of frequency for each term, the bigger the bubble the most frequently used that term.

wood waste - L 2
circular economy - ®
mass timber construction - 2l
life cycle assessment - &
cross-laminated timber (clt) - . Term frequency
®
sustainability - . B
£ ®
a mass timber - @
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timber structure - @ . 25
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Figure 4. The trend topic of the wood waste in the civil engineering field of research.

The graph from Figure 4 was generated by selecting the most frequently used keywords by the
authors for their papers, thus it can be observed an evolution of their interest regarding wood as a
building material. In the earlier studies wood was analyzed mainly from construction point of view,
most frequently used words were ”construction”, “wood construction” or “wood”. The next
direction of research focused on the study of timber structures and some attention started to the idea
of recycling and possibilities of wood to be recycled. Once the idea of environmental protection
became more and more present in all the research, regardless of their focus, form 2020 the word
“sustainability” became more frequently used. Also, in the last period the focus of the researchers
was on deeper understanding of the use of wood as a building material by exploring the possibilities
of engineering wood, as cross laminated timber or mass timbe. Lately, more and more studies are
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approaching the subject of using wood from circular economy point of view, by prolonging the life
of the materials and improving the waste management.

3.3. The Thematic Evolution of Using Wood in Construction

This evolution of the interest for the wood as a building material can be observed in the graph
presented in Figure 5, the thematic evolution of the main used keywords. The graph was generated
considering two periods, 2010 to 2019 and 2020 to 2022. The graph was generated using the same
Bibliometrix software. The periods considered for the thematic evolution were 2010 — 2019 and 2019
- 2022. The thematic evolution of the keywords was generated with the following parameters: the
number of words was set at 250, minimum cluster frequency 5, weight index inclusion: index
weighted by word-occurrence; minimum weight index 0.1; number of labels for each cluster 1.

2010-2019 2020-2022
Dmass timber
Dcross-laminated timber (clt) cross-laminated timber (clt)
Dconstruction
[timber

barriers . ;
mass timber construction
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Figure 5. The thematic evolution of the use of wood in construction.

The thematic evolution graph is having the same input data, the authors keywords, as the trend
topic graph, but in this graph, it is easy to observe how the keywords transform in time. In the top of
the graph, it can be observed that if in the time interval 2010-2019 keywords like “mass timber”,
“cross laminated timber”, “construction” or “timber” were used separately, in the papers published
in the last period 2020-2022 they were included in the keyword “cross laminated timber”. The study
of subjects like “barriers” in using wood split in studying “cross laminated timber” or “sustainable
construction”. The subject of “construction and demolition waste” is now treated as the “mechanical
proprieties” or “wood waste”. Studies focused on “embodied energy” and a small part of “wood”
are now focusing on “mass timber construction”. The studies more focused on the civil engineering
part “wood construction”, “timber frame” or “timber structure” are still being studied using the same
words while “timber buildings” is found more as “simulation” of the building behavior. The much
to general word “wood” is no longer found today being included in words like “mass timber
construction”, “sustainability” or “wood waste”.

The position of the words on the graph is given by the number of papers published in each
period considered. The majority of papers published in both periods are dealing with the subject of
mass timber and cross laminated timber. The first change can be observed on papers studying the
barriers of using wood as building material. While half of them continue to approach the subject of
using wood to produce cross laminated timber the other half transform and open a new research
subject related to sustainable construction. Even if this direction is still a new topic being situated on
the bottom of the graph, sustainability can be seen as the major change observed in the graph and it

is expected that in the future more studies will focus on looking at wood as sustainable material.
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Another interesting aspect observed in the arrangement of the keywords can be observed in case
of papers studying the propriety of wood to embody energy which is becoming more and more
approached and included in the study of mass timber construction. This can indicate an awareness
that wood can be seen not only as a cheaper replacement for other building materials, but it can be a
feasible solution to the environmental challenges that the construction industry is facing.

The technological advance in the IT domain can be observed also in the wood research field.
More and more papers are using the digital technology to better understand wood constructions,
timber buildings are now easy to analyze by simulate their behavior with the help of a computer
software. Even if the construction field is one of the most conservative sectors, gradually with the
increasing data processing capacity of modern IT tools, the multiple advantages of their use will be
felt in the construction industry as well.

4. The In-Depth Analysis of Wood Construction

In the previous sections of the papers the complex nature of wood was highlighted. Wood is a
natural material, a live one, having many directions that deserve to continue to be explored and
others to be developed in the future. This part of the paper is reserved for an in-depth analysis of the
main papers published mainly in the last years. The purpose of this analysis is to better understand
the actual research directions discussed in recent papers and to identify potential new ones. To have
a general view of the main subjects approached by the researchers with the help of the LucidChart
[13] software a graph was generated (Figure 6).

Log houses

/

Wood historic
" buildings
Wood
structures

Timber
structures

Figure 6. The main research directions in the wood construction field.

As it can be observed from the graph the research directions are covering the entire potential of
using wood as a building material starting from using wood as raw material taken directly from the
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nature and used in construction, the log houses, the processing of round trunk and obtaining timber
products, up to the modern timber constructions, the most known one is the Cross Laminated Timber.

The current socio-economic context creates a big demand for green buildings and wood it is the
best solutions to this new challenge yet in the market there is a lack of confidence in using wood as a
building material [17]. There still are few studies that can prove the benefits of using wood instead
of the other building materials, as it is stated in [8] since wood absorbs biogenic carbon, it is difficult
to determine the environmental benefit until the impact of using other materials in other projects is
taken into account. There is therefore a great need to better know the field of using wood as a building
material.

The idea that wood constructions are not very resistant in time is not supported by practice, as
it can be seen in the study of [18] where the authors identified roof elements made of wood dated
from “can conclude that the four investigated church roofs were built within the period of AD1131-
1157, which makes them some of Europe’s oldest surviving wooden structures”.

One of the simplest ways of using wood in construction is to use the trunk of the tree to construct
the building. This system is called traditional log-house and it is widely used in the mountain areas
where the materials are easily available. The principle of constructing the walls is “superposition of
linear elements connected to the orthogonal walls by corner joints” [17].

Decreasing the wood processing costs by using the whole timber in construction is approached
in [19]. The researchers proposed the realization of log houses with the help of modern digitalization
and robotic cutting technology which allow the preparation of the rounded tree trunk easier and even
at an industrial level. The technology of using rounded trees in constructions is very laborious and
time consuming since each tree is unique and placing one above the other needs a lot of adjustments.
The research performed in [19] shows good results and it reveal the potential of using automatic
methods in the conservatory field of construction.

4.1. The Use of Engineering Wood in Construction

It is important to highlight that there is a more and more awareness of the possibility of using
wood engineering products and thus to consider other solution, modern timber solutions, to replace
the traditional heavy timber constructions. Among the modern types of timber structures, the most
known ones are glulam timber, cross laminated timber CLT and various steel - timber composite
structures. As highlighted in [20] “with the improvement of materials, the upgrade of timber
processing method and the increasing popularity of engineered wood products, larger and more
complex timber structures have been built”. The modern timber structures, the main ones
enumerated in [21] “Cross Laminated Timber (CLT), Nail Laminated Timber (NLT), Dowel
Laminated Timber (DLT), Glued Laminated Timber (GLT), Laminated Strand Lumber (LSL),
Laminated Veneer Lumber (LVL) and other structural composite lumber (SCL) products” are seen as
a efficient structural system with a very good seismic performance.

The use of cross laminated timber has a positive effect in reducing the greenhouse gas emissions
and as it is shown in [22] by replacing concrete floors in steel structural systems with CLT floors the
emissions saving potentials “range between 20 and 80 Mt COze with an average around 50 Mt COze
in the case of full uptake of the hybrid construction system by 2050. The overall savings represent a
1.5% reduction of the annual greenhouse gas emissions generally attributed to construction”.

The proposed and examined beam models appear to meet the market's demands and needs. All
beam types exhibit high mechanical properties, far exceeding the binding requirements for systems
type GL24c, regardless of their design (the arrangement of layers and loads). The beams made from
visually graded side boards have the highest strength, elastic energy, and elastic work during the
bending test. The mechanical characteristics of the fabricated beams, such as bending strength, elastic
energy, modulus of elasticity, and resilience, were tested. Results have demonstrated that the wedge-
bonded beams made from lower-grade lumber do not diverge noticeably from the beams made from
homogenous lamellas [23].

Solutions to improve the cross laminated timber products are presented in [24] where a new
panel was proposed, the panel is made of CLT elements which have less expensive type of wood in
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the interior of the CLT. The CLT panel made with recovery wood had similar results in terms of
mechanical proprieties as the full CLT structure.

The CLT products were studied also from the type of the wood used to produce them. In this
sense the use of bamboo for the CLT production was experimented in [25]. The bonding performance
of the elements was analyzed by conducting orthogonal experiments to evaluate their shear strength,
wood failure and delamination rate considering the adhesive type, its spreading time, the clamping
time and the clamping pressure. The results of the test showed that the adhesive type is the most
important characteristics in the production of CLT elements while the other factors, the spreading
time, the clamping pressure and the clamping time have little influence on the bounding
performance.

An improved engineered wood product is the diagonal laminated timber DLT which was
developed as a particularity of the CLT products by changing the arrangements of the lamellas
achieving thus better results in the mechanical and multiaxial load transfer. As it is showed in [26]
with the help of DLT new possibilities for massive timber construction can be achieved, opening the
new application areas in civil engineering and architecture, such as large-span point-supported floor
system having the span bigger than 6 m.

Another direction of research is the use of cross laminated timber CLT and cold formed steel
(CFS) as structural components. As shown in [27] composite CLT-CFS sections used as structural
elements have a good structural performance in modular buildings. The steel plates are evaluated in
[28] where glued perforated steel plate had excellent slip stiffness and shearing capacity in the push-
out and bending tests performed by the researchers. The steel plates experienced low ductility in the
test mainly for the brittle fracture of the adhesive. The steel plates can be replaced by glass fiber
reinforced polymer plate, as presented in [29]. The researchers state that glass fiber reinforced
polymer plates have similar or even greater static bearing capacities as the steel plate connections.

Timber-concrete composite slabs are becoming more and more popular because they combine
the benefits of both materials and provide a practical answer to the growing need for sustainable
construction. The investigations' findings demonstrate that micro-notches have a roughly stiff
composite action between wood and concrete and enough shear strength for application in
commercial and residential structures [30]. Making wood-concrete composite more resilient to the
environmental conditions and improving their compressive strength is the subject of the research
[31]. In [32] is presented a novel approach to cambering timber elements to address the difficulties of
excessive deflections of timber-concrete composite beams during construction.

For the restoration of wooden slabs inside ancient buildings, a theoretical and practical research
of the mechanical behavior of a construction unit made of laminated wood and an ecological mortar
has been done. It has been determined that adding the mortar compression layer boosted the slab's
strength by an average of about 40% compared to using just the wooden joist alone [33].

4.2. The Joining Systems of Wood Constructions

A major problem in the use of wood is related to the possibilities of joining the elements. In this
sense, researchers from a [34] have conducted an experiment to test the corner of a log house. They
tested two types of joints, the standard saddle notch and the dovetail corner. Their research identified
that in case of horizontal load the more efficient type of joint is the standard saddle notch. They
proposed that the improvement of the lateral load carrying capacity of the dovetail log walls can be
made by adopting reinforcing systems.

The research results presented in [35] reveal that timber step joint can be a very good solution to
connect wood members and by not needing any steel part it is an environmentally friendly solution.
This type of joint has an optimal transfer of the compression loads and a very good announcement
before the load-bearing capacity is reached.

The experiments presented in [36] demonstrated the suitability of using high-strength full-
thread bolts in the frame connection of the cross member and the strut. The same experiments
revealed the reliability and safety of using bolts and pins as fasteners to create a frame connection.
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The connection of wood and other building material is studied in [37] where the behavior of the
joint of hardwood timber and masonry investigation can help understand the contribution of flexible
diaphragms in traditional structures. The timber joints are tested in [38] also, particularly the
cylindrical mortise-tendon timber T- joints. The results revealed that subjected to bending moment
the joints can withstand large deformations without a significant drop in lateral force. “The lateral
load-carrying capacity and hysteretic behavior of the joint is greatly influenced by whether the tenon
is under combined bending and shear or pure shear. The hindrance of post bending could
significantly increase the maximum achieved lateral load” [38].

In [39] the researchers proposed a new connection, an apex connection that can permit
development of a folding mechanism in a light wood frame system. The possibility of a more mobile
structures is investigated in [40] also, a new mechanism using reversible mass timber connectors was
developed such that dismountable light-timber frame construction systems can be build. The
dismantled structure can later be reused in this way, the principle of circular economy can be applied
in the wood construction field. A cutting-edge, fully prefabricated timber envelope, created to make
site assembly quick, easy, and scaffold-free is presented in [41].

The study from [42] shows that, for single dowel joints in double cuts, the linker has little
influence on the results, implying that improving their joint properties represents a small
improvement in the reliability results. Aside from subtle differences, the results show that copula
functions are a viable tool for capturing common behavioral nuances between random variables. The
advantages of using dowels to create wood products are highlighted in [43] where the researchers
are focusing on wood products that can be obtained without the use of adhesives as the dowel
laminated timber and densified wood materials.

The advantages brought by the technology can be seen also in the paper [44] where the authors
justify and illustrate the value of using laser cutting technology in the construction of glulam mortise
and tenon joints in timber frames. This study showed a significant potential for the rapid manufacture
of high-quality, high-uniformity mortise and tenon joints using computer-aided laser cutting method
for a variety of applications in the built environment.

4.3. Structural Behavior of Wood Constructions

The behavior of wood as a structural element in construction is another direction of research that
tries to better understand the use of wood as building material. Wood is a natural material and thus
itis very hard to have a control on each interior structure of a construction element. Although in most
of the cases in calculus wood is treated as a usual building material, like concrete of steel, with
homogenous structure, it is worth to mention that the idea of not treating wood as a building material
but more as something between a material and a structure has appeared. The authors of [45] argues
that due to the nature of wood it is hard that the proprieties of wood to be obtained by small standard
specimen. This idea certainly deserves more attention in future research.

Most of the research interest in the structural analysis of wood elements are focused on the cross
laminated timber behavior. In [3] the potential of using distributed sensors to study the structural
performance of glued timber. Their results have shown that epoxy adhesive is the optimal one to be
used in bonding wood lamellas. The researchers studied three types of epoxy adhesives and
recommend the adhesive 2PE-1 as the easier to work with and the cyanoacrylate adhesive (CY -1) not
to be compatible with timber due to the timber’s porosity and the tendency to absorb the adhesive.

Another study performed in [46] compare the bending and shear characteristics of CLT and GLT
beams. Their results showed that the bending and shear proprieties of the CLT beams, under same
loading conditions, are lower than the GLT beams, because the orthogonal structure inside the CLT.

Other papers focus their research in studying the seismic performance of timber frame
structures. In [47] a heritage Chinese structure with multiple nonlinear connection was investigated.
The seismic performance of glulam timber post and beam structures was the main subject of research
in [48] where the authors emphasized the effect of shear wall.

The good behavior of timber structure in the seismic zones is highlighted also in [49] where
through a series of hybrid simulations of timber frames subjected to ground motion excitation
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proposed post-tensioned timber frame to be suitable for constructions in low to moderate seismicity.
In [21] a new seismic force resisting system for the floor construction is proposed. The system is called
FIRMOC and incorporates Floor-Insolation and Recentering techniques that can be used in MODular
mass timber constructions. The structural system provides good behavior in case of seismic loads
reducing the seismic-induced force on the modular units by more than 50%.

The improvement of the seismic-resistant behavior of buildings can be observed even when
wood, in form of sawdust, is introduced in the concrete mixture. As shown in [50] buildings
constructed with concrete blocks having up to 15% wood additive in the mixture can improve the
seismic resistance.

In [51] large spans and asymmetrical column configurations are supported by an integrative
design concept for punctually supported timber slabs that is currently being developed. To create a
point-supported slab with multi-directional spans, the designed multistorey timber building system
combines the advantages of large timber constructions and hollow box systems.

The investigations from [52] revealed that, for the non-predrilled and predrilled cases,
respectively, the characteristic embedment strength values obtained by substituting the mean density
with the characteristic density values in established equations yield values that are on average 14%
and 19% higher than the actual characteristic values. with a particular emphasis on going over how
to convert mean values into characteristic values

The use of wood products in the building sector can have an important role in conservating the
resources because in most cases, light timber structures are used. The possibility of constructing
sustainable buildings using less material offer a lot of advantage but raised some challenges
especially related to the building acoustic. As highlighted in [53] building acoustics, especially sound
insulation, have a major impact on the usability of the final building. The wood constructions being
lightweight structures are more prone to vibrations than reinforced concrete because they have a
higher stiffness to weight ratio. According to the findings of this inquiry, it is crucial to thoroughly
model the slab joints and the elastic support of the slab [54].

The study [55] outlines the best current analysis and design approaches and examines technical
difficulties related to estimating the vibration serviceability performances of lightweight timber
floors. In [56] is presented a vibro-acoustic analysis of a wood plastic composite WPC orthotropic
panel. The research results presented in [57] shows that the sound insulation performance of CLT is
greatly affected by mass and thus is worth to explore the possibility to produce CLT out of more
denser tree species. CLT is also the subject of the research carried out in [58] where field
measurements of impact and airborne sound insulation for a prefabricated system of plate elements
were performed.

4.4. The Use of IT Technologies in Wood Constructions

The progress achieved in the IT field cannot be overlooked in the case of wooden constructions
thus an important number of recent papers are studying the possibility of including the modern IT
technology to improve and open new ways to use wood as building material. The robotic technology
based on intelligent construction is approached by [20] which see it as a solution to limitation of using
timber structures due to the processing technology. The researchers identify through a case study
related to the effect of milling due to the mechanical characteristics of timber, that by adjusting the
fixing device the existing machine errors are significantly reduced. They concluded that the robotic
processing system and timber frame structure can improve substantially the modern timber structure
constructions.

The robotic technology is approached also in [59] where the researchers proposed a mobile
robotic platform where automated assembly tasks can be performed and an on-site robotic fabricated
multidirectional slab system. By using this technology directly on-site large-scale integrated timber
structures can be constructed.

The assembly of timber structures with the aid of industrial robots was demonstrated in this
research [60] using the application of RL to robotic construction. The tests show that control policies
trained in simulation can successfully transfer to reality and can deal with geometric errors during
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assembly, as illustrated by ap-joint assembly jobs. suggests using reinforcement The first successful
application of this strategy in the context of architectural building is presented, teaching robot
movement control in contact-rich and tolerance-prone assembly activities.

The concept of robotic timber construction significantly expands the traditional scope of timber
construction and introduces the use of robotic assembly logics to this sector by placing the integration
of digital design and automated fabrication at the center of both the final object and the process of its
construction. Using robotic fabrication, Robotic Timber Construction (RTC) aims to advance additive
digital fabrication methods to industrial full-scale dimensions [61].

Another concept integrated in wood construction is the BIM-based methodology, proposed in
[53] that will allow automated recognition of complex element junction and automatically map them.
The augmented reality (AR) has multiple advantages and by using it in the wood construction
process can bring a lot of benefits. The researchers proposed in [62] the use of AR to assist in timber-
drilling tasks. They highlighted that with the help of AR complex drilling angle operations can be
performed using directly the computer-process feedback. The authors of [63] propose a timber
damage identification dynamic broad network, namely TimberNet, that can quickly realize damage
identification via a one-shot calculation.

In the same direction of implementing the new available technology in the wood construction
process the researchers from [64] focus their attention on historic building elements made of wood
that over the years and given the technology that they were constructed have now big variations in
the cross dimension. The researchers proposed an automatic modeling of the timber elements based
on the LIDAR and drilling resisting data.

4.5. The Environmental Impact of Wood Constructions

Another important direction of research in the wood construction field is related to the ecological
aspects of the wood and the possibility of using it in a circular economy context. In the last years a
significant number of papers published have tackled the subject of environmental benefits of using
wood in construction. The subjects of the studies vary from highlighting the ecological and the less
polluting technology of using wood compared to other construction materials to more recent
approaches of prolonging the life of wood products by using the wood waste.

From the environmental issues point of view the use of wood in construction was analyzed from
the concentration of particle matters (PM) produced in the building process. In paper [65] the
researchers demonstrate that in case of two construction one made of steel, and one made of cross
laminate timber better results regarding PM emissions are obtained by using CLT as a building
material.

A more elaborated study was performed in [66] where three buildings were analyzed for life
cycle greenhouse gas emissions (LCGHGE) and life cycle primary energy (LCPE). The three buildings
are made using conventional reinforced concrete (RC), CLT and hybrid CLT. According to the
findings, after a 50-year service life, RC and hybrid CLT buildings create 15.00% and 10.77% less
LCGHGE, respectively, than CLT and hybrid CLT buildings. In comparison to RC buildings,
embodied GHG emissions in CLT and hybrid CLT buildings were lowered by 46.52% and 37.24%,
respectively. This difference at GHG emissions and PE in the product and construction stages is
evident. When compared to CLT alternatives, RC buildings emit less PE and GHG during operation.
In comparison to the RC building, the thermal mass effect has caused the PE for space heating and
cooling in CLT and hybrid CLT structures to increase by 2.25 and 2.12 percent, respectively.

A life cycle analyzed was performed also in [67] where the findings demonstrate the potential
value of parametric LCA as a technique for assessing and reducing the possible impact of moisture
damage around window connections. On the embodied emissions of wall constructions, this
facilitates. Consideration of alternative design and construction methods for timber wall
constructions that can be used in tall buildings is made possible by performing parametric LCA
analysis at an early stage of the design process. This helps to reduce the likelihood of moisture
damage and the embodied emissions that go along with it.
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In order to map the current situation in the timber sector and identify raw material assortments
utilized in the production of semi-finished wood products, an material flow analysis (MFA) for the
year 2019 was conducted. The results of this study demonstrate the growing possibility of using
salvaged timber material more frequently in the future [68].

Due to the fragmentation of its value chain, the abundance of varied stakeholders, and the
complexity of the projects, the construction industry has seen low productivity and significant waste
[69]. If wood is considered as raw source the system of recycling recovered wood is more
environmentally friendly than incineration. New recycling methods are necessary to advance wood
cascading and create a circular bioeconomy [70].

Reusing structural timber has several challenges, chief of which is ensuring strength and safety.
While considering that wood is carbon neutral, the decrease of the environmental load when reusing
structural components made of wood was assessed, and this suggests a significant potential [8].
When used to create WBC, wood waste may be thought of as a CO2 sink and using it to manufacture
low-carbon and circular materials for the concrete industry is an intriguing concept [71]. To lessen
the damaging effects of the construction industry on the environment, wood-cement composite
building materials can be mixed with magnesium oxychloride cement (MOC) instead of regular
Portland cement [72].

In [73] the development of a brand-new, 100 percent biodegradable material concept employing
lignosulfonate, starch, and wood particles. The results of early tests on 3DP Biowall samples
demonstrate the competitiveness of the material mix. The study [74] looks into the usage of waste
wood shavings in circular economy-based sustainable particleboard designs. For that, three
polymeric matrices and two density ranges are evaluated on two wood species (Eucalyptus and
Pinus). The results indicate a viable use for leftover wood shavings in a valuable substance. When
compared to the production of hard-density particleboards, medium-density particleboards can
reduce environmental consequences by up to 23%. This makes it possible to prefabricate various
sandwich panel types as panelized building envelope components to be sent to the job site for rapid
construction of a residential home building envelope [75]. Systems made of panel wood, an example
of off-site technology, are a great deal more effective than an example of on-site technology as showed
in [76].

The study of the use of bamboo as construction material and the waste of bobos in the building
materials was approached in [77]. The material properties comparison between bamboo and
reference lumber reveals that, when compared to the average value of reference timber, bamboo has
a higher bulk density and a lower open porosity. Therefore, the authors think that bamboo
particleboard and bamboo mat board, with their benefits of reduced cost and technical need, have
the potential to be locally climate-adaptive building materials and are competitive with the
comparable timber goods.

5. Discussions

From the previous sections of the paper some very interesting ideas can be extracted and deserve
to be discussed in more detail. Even if the advantages of using wood in construction are becoming
more and more known, there is still some fear of using it from the part of architects and designers.
This fear is mainly due to an ignorance of the complexity of this material and probably because most
of the time the discussion related to the use of wood appears as an alternative solution to the use of
concrete. In these conditions, the comparison of wooden constructions with concrete or brick
constructions inevitably appears.

As is it showed in [45] the current understanding of the elastic and inelastic proprieties of wood
as building material is based on models created for other materials ignoring the nature and cellular
composition of wood. I consider the idea express by the researchers as a valid one meaning that
simple comparation of wood with concrete or steel is not always accurate. Unfortunately, the
literature does not offer many studies in this direction. An explanation for this is that the study of
wood as a natural element, as plant, is made by forestry engineers, which do not have as main goal
the study of mechanical behavior of wood while the civil engineers are focusing mainly on concrete
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and steel assimilating wood in the same way of thinking, as a simple material. Understanding wood
as a construction material must be done precisely by combining the two ways of thinking, knowing
the living nature of wood as well as the mechanical requirements specific to constructions.

Many times, when wood constructions are compared with concrete of steel constructions a
certain competition appears each side claiming that it is more suitable to be used. The large amounts
of energy needed to produce concrete and steel have led to a continuous attempt to replace these
materials with other less energy-intensive ones such as wood. Therefore, wood was somehow
perceived as the material that can completely replace concrete, bricks or steel, hence the opposition
to this material in one of the most conservatory industries, the construction one. It is worth mentioned
that construction is an industry where large sums of money are involved and by replacing the
principal building material a lot of these sums will be lost. It is important to understand that this idea
of competition between building materials is a wrong one, as well as the idea of totally replacing one
building material. I think that for the development of the human society a certain balance must be
find. There are multiple situations where concrete must be used, as in case of underground
foundations for example, and situation where the use of wood is a better solution, for example
building the roof.

Being a natural material, a living material, it is clear that under certain conditions wood can
deteriorate much faster than concrete, this being one of the main fears related to the use of wood in
construction. Although many historic buildings, all over the world, passed the time test, like [18] or
[78,79] there are also lot of early examples of wood buildings having a lot of problems, mainly due to
the moisture [80-83]. In most of the situation the problems are not directly related to the proprieties
of wood but is more the case of a bad design or execution of the works. Here it is the same situation
of treating wood as a replacing material for concrete or steel ignoring or not knowing the
particularities of using wood, the necessity to use treated wood and so on.

A lot of the main disadvantages of wood as a building material can be eliminated using
engineering wood products. The most known engineered wood product is the glued laminated
timber which opened the possibility of constructing infinitely shapes and dimensions construction
elements. From the various types of glued laminated wood elements, the most popular ones are
elements made of cross laminated timber CLT which is becoming more and more considered in
construction, especially in today’s socio-economic context, facing an energy crisis and at the same
time trying to respond to the environmental issues brought by a consummatory society.

The currently construction technology has a major negative impact on the environment, by using
building materials that require large amounts of energy to be produced and by generating a lor of
waste on all phases of construction. In order to reduce this negative impact and the need to apply the
principles of a circular economy in the field of construction as well, more and more studies are
focusing on the use of wood and its advantages as a building material. A major advantage, in this
context, of using wood as a building material relay on the nature of this material being a natural and
sustainable one and fitting perfectly on the idea of circular economy. Wood as raw material can be
transformed in building elements and the waste generated can be reused in the composition of other
building materials or can be a source of generating bio energy, prolonging thus the life of the material
and easing the pressure on the environment.

The progress made by the human society, especially in the IT field, also extend to the field of
construction in general and particularly on wood construction technology. The robotic machines, the
use of augmented reality and all the new available technology makes it possible to eliminate even
more problems related to the use of wood in construction, especially related to the realization of the
joints between construction elements. If the progress recorded in the IT field overlaps with the
progress recorded in the domain of engineered wood products, the use of wood in construction will
definitely expand.

6. Conclusions

Wood is one of the oldest natural materials used by humans, since the early down of civilization.
The interest of using wood, a naturally occurring, renewable, and biodegradable material, in
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construction is becoming more and more actual. This can be seen in the number of research papers
published annually, in the last years the number of papers studying the use of wood in construction,
increased significantly.

Although wood is more and more studied, there are still many fears and reservations about its
use in construction. Most of the time it is perceived as a low budged alternative for concrete or bricks
to construct residential or holiday houses. One reason for this believe is the lack of better
understanding the proprieties of wood as a building material. Wood is analyzed on structural models
constructed for homogenous materials like concrete, ignoring its cellular and fibrous nature.

The main research directions in using wood as a building material are related to the study of
new structures made of engineered wood, the most known ones are the CLT structures, the structural
behavior of wood structures, the implementation of modern IT technology in wood construction
technology and lately the environmental impact of wood construction.

Wood as a construction material is an extremely complex material and for a better
understanding of it, there is a need to have an interdisciplinary approach in which to combine the
knowledge of construction with that of forestry, ecology, biology and others.
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