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Aims and Scope of the Series

Industrial Engineering and Management (IEM) is a discipline that focuses on
optimizing complex processes and systems within various industries. It involves
the integration of engineering, business, economics, mathematics, and behavioral
sciences to improve efficiency, productivity, quality, and overall performance in
organizations. Key aspects of Industrial Engineering and Management include:
Process Optimization; System Analysis and Design; Quality Control and Man-
agement; Supply Chain Management; Operations Management; Human Factors
and Ergonomics; Project Management; Cost Analysis and Financial Management;
Decision Analysis.

Overall, Industrial Engineering and Management aims to optimize resources,
improve processes, enhance productivity, and ensure the effective and efficient
utilization of all elements involved in the production or delivery of goods and
services. It is crucial in today’s competitive business environment for organizations
to stay efficient and competitive.

Production Engineering and Operational Excellence are fields of study and prac-
tices that focus on optimizing and improving the manufacturing and production
processes within an organization. It combines principles from engineering, man-
agement, and operational strategies to enhance productivity, efficiency, quality,
safety, and sustainability in the production of goods and services.

Here are the key components of Production Engineering and Operational Excel-
lence: Process Optimization; Operational Excellence; Manufacturing Systems
Design; Quality Management; Supply Chain Optimization; Production Planning
and Scheduling; Automation and Technology Integration; Health, Safety, and
Environmental Management; Cost Management; Performance Measurement and
Key Performance Indicators (KPIs); Continuous Improvement and Innovation.
Production Engineering and Operational Excellence are crucial for organizations
aiming to stay competitive in the global market by achieving high levels of effi-
ciency, quality, and customer satisfaction while optimizing resources and min-
imizing waste. It is a multidisciplinary approach that encompasses engineering
principles, management strategies, and the effective use of technology to drive
operational success.
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Preface

Wood engineering refers to the use of modern engineering technology to process
small-sized wood or wood chips into large-sized and high-strength wood component
products through bonding and finger bonding. Engineering wood products enables
the effective utilization of wood resources. Compared to construction solid wood,
the main advantages of engineered wood products lie in their stability and greater
structural strength. This means that engineering wood materials can be used in many
places where steel is used in construction projects. This book provides a detailed
introduction to the types, applications, modifications, mechanical performance test-
ing standards, anti-corrosion modifications, and fungal degradation of engineered
wood. It introduces the various types and applications of engineering wood and
modified engineering wood. We would like to thank IntechOpen for their support.

I am honored to have had the opportunity to edit this book.

Jun Zhang

Yunnan Provincial Key Laboratory

of Wood Adhesives and Glued Products,
Southwest Forestry University,
Kunming, People’s Republic of China






Chapter1

Introductory Chapter: Engineering
Wood Review

Jun Zhang

1. Introduction

Forests exist in four major climatic zones (boreal, temperate, subtropical, and
tropical) (Figure1). According to the Global Forest Resources Assessment (FRA)
report published by the Food and Agriculture Organization of the United Nations
(FAO) in 2020, the total area of forests globally amounted to 4.06 billion hectares,
representing 31% of the total land area [1]. Meanwhile, the total global area of planted
forests is estimated to be 294 million hectares, accounting for 7% of the world's forest
area. Asia has the largest area of planted forests with 135.23 million hectares, account-
ing for 46% of the total global planted forest area, followed by Europe, North and
Central America, South America, Africa, and Oceania.

Planted forests are usually defined as forests consisting primarily of planted and/
or intentionally seeded trees. Planted forests can provide benefits for traditional tim-
ber and fiber production, economic development, and employment in rural areas [2],
while they can serve as a key means of combating climate change, restoring degraded
land, and maintaining sustainable ecosystems in the short to medium term [3, 4]. Ina
broader geographic and economic context, well-managed planted forests contribute
to sustainable development toward a forest-based circular bioeconomy and healthy
ecosystems [5].

Wood is one of the traditional materials used in construction applications, and
there is a wide range of engineered wood products (EWPs) available for construction,
from sawn lumber to structural lumber. Light-frame systems are the most common
type of wood-frame construction, using EWPs such as dimension lumber, placed at
regular intervals and fastened together to form floor, wall, stair and roof members.
Due to cost advantages, timeliness, and convenience, light-frame wood construction
is commonly used in single-family homes, multi-unit dwellings, commercial build-
ings, and light industrial buildings. Construction costs and lead times are lower than
traditional methods because more and more structural components are prefabricated
in factories and often shipped to the jobsite along with plumbing fixtures, electrical
systems, paints, flooring accessories, and other materials.

The development of wood-frame construction has been uneven globally, with
major concentrations in North America, Australia, Japan, and some countries in
South-East Asia. In developing countries, although wood is still considered a typical
building material, there are a number of constraints that hinder the development of
EWPs, such as consumer perception bias, which is usually associated with deforesta-
tion; high costs, which are higher when EWPs or more modern building systems are
used; a lack of professional builders, who are accustomed to masonry and concrete
buildings; and a lack of special regulations and standards. Nevertheless, some changes
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Figure 1.
Global forest distribution by climatic domain [1].

can be observed, especially in some developing countries with high forest cover. In
Brazil, for example, the number of companies producing EWPs continues to grow,
and the strong links between civil engineering and forestry have resulted in more
wood-frame construction.

2. Types of EWPs

EWPs are a man-made composite material made from hardwoods and softwoods.
There is a wide variety of EWPs with different manufacturing processes and applica-
tions. Examples of EWPs include particleboard, plywood, fiberboard, oriented strand
board (OSB), laminated veneer lumber (LVL), glued laminated timber (GLT), and
cross-laminated timber (CLT) (Figure 2).

2.1 Particleboard

Particleboard is a man-made board made of wood or other lignocellulosic materials
made of scraps, applied adhesive, and then glued under the action of heat and pres-
sure; the physical photograph of particleboard is shown as Figure 3. As the popula-
tion grows, so does the market demand for particleboard, and over-exploitation of
forest resources has led to a shortage of wood supply in most developing countries.
The scarcity of timber resources has limited the development of the particleboard
industry; therefore, in addition to timber by-products, some plant raw materials (e.g.,
bagasse, bamboo, bark, rice husk, etc.) are gradually being used. Bekalo and Reinhardt
[6] investigated the process and properties of particleboard prepared from coffee
husks. Coffee husk is a coffee processing residue and currently, coffee husk is rarely
utilized in Germany and is usually incinerated or landfilled or poured into river water.
Akinyemi et al. [7] prepared composite particle boards from waste materials such as
corn cobs and wood chips. The effect of waste dosage on the physical and mechanical
properties of particleboards was investigated by fixing the volume of adhesive. The
results showed that the higher the composition of corn cobs, the faster the boards
were saturated by water. The best physical properties were obtained at 50% corn cob
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Physical photograph of particleboard.

composition and the worst at 100%. Nikvash et al. [8] investigated the properties of
three crop processing residues, bagasse, rape straw, and industrial hemp straw, for the
preparation of 3-layer structured particleboard. Bagasse was purchased from Iran and
rape straw and industrial hemp straw were purchased from Germany. Bagasse, rape
straw, and industrial hemp straw were processed into 6 mm long shavings and dried to
a moisture content of 3-4%. The surface layer shavings were wood shavings made in
Germany, and the core layer shavings consisted of bagasse, rape straw, and industrial
hemp straw mixed with wood shavings according to a certain proportion, respectively.

2.2 Plywood

Plywood is generally made of rotary cut veneer or planed thin wood to adja-
cent layers of veneer fiber direction perpendicular to the group of blanks by the
adhesive gluing into a multi-layer wood-based composite material, with a small
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Figure 4.
Physical photograph of plywood.

coefficient of deformation, excellent mechanical properties, etc. are widely used in
construction, packaging, furniture, flooring, car, and shipbuilding industries, the
physical photograph of plywood is shown as Figure 4. Over the years, plywood has
been one of the leading products in China's wood-based panel industry. With the
technological progress and industrial restructuring, the development of plywood
industry has entered the key stage of transformation and upgrading, and value-
added function has become one of the important ways to increase the added value
of plywood, expand its application areas, and enhance the competitiveness of
plywood products.

The flammability of ordinary plywood has limited its application in many fields.
At present, flame retardant plywood production methods are mainly immersion
method, veneer lamination composite method, and surface coating method. Among
them, flame retardant plywood is most commonly prepared by veneer impregnation
process (Figure 5), which is mainly to impregnate veneer or plywood with flame
retardant components by pressurized (or atmospheric pressure) method. The cur-
rent research mainly focuses on the development of new environmentally friendly
flame retardant with high impregnation efficiency, good flame retardant effect, small
impact on mechanical properties and not easy to precipitate. In addition, in order to
meet the more demanding practical application environment, the development of
flame retardant multifunctional (aldehyde reduction, low smoke, mold, moisture,

Plywood | Flame retardant plywood
Imprégnation Dry

-
Flame retarﬂant

Figure 5.
Preparation of flame retardant plywood by impregnation method.
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Preparation of electromagnetic shielding plywood.

antibacterial, etc.) plywood is of great significance [9]. Using ammonium dicyanide,
phosphoric acid, magnesium sulfate, boric acid (BX), and other compound treat-
ment of plywood, heat release is significantly reduced by 91.9%, and smoke release
is reduced by 76.8%. It has a certain anticorrosive and anti-mold function, while the
formaldehyde release of the plywood was reduced by 82.3%.

In addition, electromagnetic shielding plywood is a veneer and electromagnetic
shielding materials with electromagnetic shielding material using stacking, mix-
ing, and flexible pressurization and other methods of preparation with the elec-
tromagnetic shielding effect of wood-based composite materials. Copper powder,
nickel powder, graphite powder, and other conductive powder and iron fiber,
copper fiber and other metal conductive fibers added to the adhesive can be used to
prepare electromagnetic shielding plywood (Figure 6). The metallic copper fibers
within a certain size range can effectively improve the electromagnetic shielding
effect by increasing the amount of fiber coating and glue coating, which has some
practical value. Increasing the amount of conductive material coating can improve
the electromagnetic shielding efficiency but is not conducive to the strength of
the glue. Metal conductive fiber is more conducive to improving electromagnetic
shielding performance than conductive powder under the same amount of conduc-
tive material.

Ordinary plywood is susceptible to insect and fungal attack and decay, and its
service life and scene are limited. After anticorrosive and anti-insect treatment,
plywood has certain anticorrosive, anti-insect, and anti-mold effects, which in
turn extends the service life of plywood. The use of impregnation method of
horsetail pine and poplar veneer preservative treatment with ammolysis alkyl-
amine copper, borate and different additives compound as preservative, after
phenolic or urea-formaldehyde glue gluing can be obtained after a good anticor-
rosive effect of plywood. It was found that the average drug loading capacity of
sound brewing ammonia-soluble alkyl turned horsetail pine and poplar wood
preservation plywood was the highest, reaching 7.80 and 9.10 kg/m® respectively,
the average drug loading capacity of adhesive ammonia-soluble copper vanillyl-
amine horsetail pine and poplar wood preservation plywood was 4.21 and 4.53 kg/
m?, respectively, and that of UF adhesive BX poplar wood preservation plywood
was 4.96 kg/m’, respectively. The average boron retention rate of the phenolic
adhesive glyoxal/propanetriol and BX compounded horsetail pine plywood and
the phenolic adhesive glyoxal/propanetriol and borax (BA) compounded poplar
preservative plywood were 45.52% and 49.38%, respectively, and the preservative
plywood produced under the most favorable conditions could reach the strong
corrosion-resistant grade.
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2.3 Fiberboard

Fiberboard is an artificial panel made from wood fibers or other vegetal fibers,
cured by hot pressing under the bonding action of adhesives; the physical photograph
of the fiberboard is shown in Figure 7. Fiberboard has excellent comprehensive
performance and is an important part of packaging, indoor furniture, and decorative
materials. However, it is easy to burn and produces smoke and toxic gases when burn-
ing, which may lead to fire, and the toxic smoke will cause secondary injury to the
human body in the fire, which will bring serious harm to people's living environment
as well as personal health and property safety. Therefore, it is necessary to choose safe
and harmless green flame retardant to modify fiberboard.

Inorganic flame retardants have the advantages of wide source, low price, envi-
ronmental protection and safety, good flame retardant performance, and small toxic
side effects when they play a flame retardant role, etc. They are the most widely
used flame retardants at present and gradually become a hot spot of flame retardant
research. Inorganic flame retardants mainly include boron flame retardants, phospho-
rus and nitrogen flame retardants, metal hydroxide flame retardants, and metal oxide
flame retardants. Two borates such as BX and BA are the most commonly used flame
retardants in the boron family of flame retardants, which have the advantages of low
toxicity to humans and environmental friendliness [10]. Borates are widely used in
fire protection because they reduce flame propagation [11]. In addition, the combined
use of BX and BA has a synergistic flame-retardant effect [12]. However, inorganic
flame retardants use the process of moisture absorption and loss and other short-
comings, and a single inorganic flame retardant is difficult to meet the application
requirements, the use of the process is often used in a variety of composite, to obtain
excellent performance of the flame retardant smoke suppressant.

In order to overcome the shortcomings of inorganic flame retardants, such as
moisture absorption and loss, researchers have developed organic flame retardants on
the basis of inorganic flame retardants. Organic flame retardants have good compat-
ibility with the base material fiber and excellent anti-loss performance. Organic flame
retardants mainly include organophosphorus and nitrogen, organophosphorus and
boron, organophosphorus and nitrogen and boron. Due to the high production cost
and unstable performance of organic flame retardants and other shortcomings affect-
ing its application, the application of organic flame retardants in fiberboard research

Figure 7.
Physical photograph of fiberboard.
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has rarely been reported, and more organic flame retardants and inorganic flame
retardants composite, the preparation of better performance of the flame retardant.

2.4 Oriented strand board

OSB is a kind of wood structural board made from small diameter timber, mesquite
timber, wood core, and other raw materials, after slicing, drying, gluing, oriented pav-
ing, hot press molding, and other processes, with high strength, high bending strength,
good nail grip, less glue, less formaldehyde emission, anticorrosive, anti-moth-eaten,
anti-deformation, heat insulation, sound insulation properties, etc. The physical pho-
tograph of OSB is shown in Figure 8. OSB can be used to replace structural plywood
in applications. OSB can replace structural plywood in applications, but compared
with structural plywood, the process of obtaining structural units through the planing
process makes it less demanding on raw materials, so the raw material sources are more
extensive. At the same time, in the OSB manufacturing process, the wood utilization rate
is high, up to more than 80%, which can efficiently utilize the wood and achieve the pur-
pose of “inferior wood, better use”. With its excellent overall performance, OSB is used as
abuilding panel in Europe and the United States for flooring, wall panels and structural
support materials, and is now also used in the wood packaging sector, mainly for packag-
ing pallets and container floors. In China, OSB is mainly used for furniture and interior
decoration, commonly used as door frames, shelves, and interior wall panels.

The main research focuses on the theoretical and experimental studies of various
processes in the OSB preparation process, including the influence of particle lay-up on
the mechanical properties of the boards, the study of OSB lay-up structure and sec-
tional density, the theory of bonding interface between particles and adhesive in OSB,
the modeling study of OSB processing and expansion, and the influence of adhesive
and its dosage on the overall performance of OSB [13, 14]. In addition, it also includes
the modification of OSB by adding borate, the improvement and optimization of
hot pressing process parameters, the optimization of directional paving process, the
research and development of OSB adhesive for broadleaf timber, and the improve-
ment of particle production process, etc.

Comprehensive analysis of the current research situation can be found; the
current OSB research has achieved great results. Researchers on OSB manufacturing

Figure 8.
Physical photograph of OSB.
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process of raw materials and basic process parameters for a more in-depth study; but
at the same time should also be noted that, compared with other wood-based panel
products, OSB research is still somewhat insufficient but also need to continue to
strengthen the research on the theoretical and practical aspects of the two.

2.5 Cross-laminated timber

In recent years, CLT has gained popularity in Europe and is gradually gaining
interest in the rest of the world due to its strength, appearance, versatility and sustain-
ability. The material consists of sawn, glued, and layered wood panels where each layer
is perpendicular to the previous one. The layers of wood are joined at a perpendicular
angle, allowing the structural stiffness of the panel to be obtained in both directions,
similar to plywood, but with thicker components. This gives the panel great tensile and
compressive strength. A physical drawing of CLT is shown in Figure 9, and the dimen-
sions of CLT for different applications are shown in Figure 10.

CLT is a sustainable material because it is composed of wood, a renewable resource
(often from reforestation), and does not require the burning of fossil fuels during
its production. It has been used for infrastructure and support on large construction
sites, as a form of concrete bridge, and even as a foundation for tractors in unstable
terrain during dam construction. Due to its interesting appearance and structural
strength, its potential in smaller structures has been noted. Currently, there are even
skyscrapers built using CLT parts.

In fact, CLT is not in competition with the existing timber building sector, with its
focus on linear timber elements, but a direct competitor of mineral-based solid build-
ing materials. This position is expected to be further strengthened. This is due to the
fact that local timber species can be sustainably utilized to the benefit of all regions of
the world.

When designing CLT structures, it is necessary to consider not only specific
knowledge about CLT and joint design but also the whole structure, utilizing inte-
grated knowledge and interdisciplinary thinking.

2.6 Classification of adhesives for EWPs

Wood adhesives can be broadly categorized as petroleum-based or natural
adhesives. Petroleum-based adhesives can be further categorized as thermosets,

Figure 9.
Physical diagram of CLT.
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The classification of wood adhesives.

thermoplastics, and elastomers. Natural or bio-based adhesives can be derived from
four main sources, namely lignin, proteins, starch, and tannin. Figure 11 shows the
classification of wood adhesives and their subclassifications.

Commonly used petroleum-based adhesives include UF, phenol-formaldehyde (PF),
melamine formaldehyde (MF), resorcinol formaldehyde (RF), and isocyanate-based
adhesives [15]. However, growing environmental concerns and the increasing depletion
of petroleum-based resources have put pressure on the wood composites industry to
develop environmentally friendly adhesives using renewable resources [16].
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Chapter?2

Types of Engineered Wood and
Their Uses

Masuod Bayat

Abstract

Engineering wood, also known as composite wood or manufactured wood, is a
versatile and sustainable material that has gained significant popularity in various
engineering applications. Engineering wood is created by combining natural wood
fibers or particles with adhesives and other additives to enhance its strength, durability,
and dimensional stability. The resulting material exhibits improved properties com-
pared to traditional solid wood, such as a higher strength-to-weight ratio, resistance to
moisture and pests, and reduced warping or shrinking. One of the primary applications
of engineering wood is in the construction industry. Another significant application of
engineering wood is in the furniture industry. It can be molded into various shapes and
sizes, allowing for intricate designs while maintaining structural integrity. Engineered
wood products like plywood and medium-density fiberboard (MDF) are commonly
used for manufacturing cabinets, tables, chairs, and other furniture pieces. Engineering
wood also finds application in the automotive sector. The versatility of engineering
wood extends beyond the construction, furniture, and automotive industries. In con-
clusion, engineering wood offers a wide range of applications across various industries
due to its enhanced properties compared to solid wood. Its use in construction provides
durable structural elements while reducing environmental impact.

Keywords: engineering wood, environment, engineering wood product, engineering
wood types, engineering wood applications

1. Introduction

Wood has been used by humans in various fields since ancient times, but in recent
years, environmental problems have made governments and global health officials
think of a solution to minimize ecological pollutants Above all, he thought about pre-
serving the forests. Wood has living and dead cells, which has caused its properties to
be strongly affected by factors such as time, humidity, heat, etc. Wood has relatively
good properties against pressure, bending, and stretching. Also, wood has relatively
good heat and sound insulation properties. Unlike steel and many other metals, wood
is reversible. In addition, wood has a natural and impressive beauty that has caused it
to be used in various industries, including furniture production, interior and exterior
decoration of buildings, etc. [1].

Wood is one of the most important construction and industrial materials obtained
from trees. Wood has unique physical, chemical, and mechanical properties that make
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it suitable for use in various industries, including construction, furniture production,
paper production, etc. Wood is one of the most important natural resources used in
various industries such as construction, furniture, and vehicles.

The decrease in the level of forests and natural resources is reaching more acute
and worrying stages day by day; So that nowadays the efforts of all countries are
toward the optimal use of wood raw material. Wood is one of the oldest building
materials and has many advantages as a building material. Therefore, by using natural
and recyclable wood products, environmental degradation can be controlled to some
extent. Also, reducing energy consumption and costs is very important [2].

However, improper use of forests and neglecting issues related to environmental
protection can lead to air pollution, biodiversity loss, environmental degradation,
and climate change. To preserve the environment and sustainable use of wood, new
approaches have been developed, such as planting sustainable forests, recycling wood,
using engineered wood, and using alternative materials such as polymers and metals.
Also, new technologies such as wooden buildings with minimal energy consumption and
the production of recycled paper help to preserve the environment. The decrease in the
level of forests and natural resources is reaching more acute and worrying stages day by
day; So today the efforts of all countries have led to the optimal use of wood raw material
[3]. However, due to improper harvesting of forests, environmental degradation, biodi-
versity loss, and climate change, wood use may harm the environment [4]. To preserve
the environment and sustainable use of wood resources, new approaches such as plant-
ing sustainable forests, wood recycling, using engineered wood, and using substitute
materials for natural wood such as polymers and metals have been developed [5].

The use of wood waste as raw materials in the production of products is very
important, due to the reduction of harvesting from forests and the preservation of
the environment. Also, by recycling wood waste, you can save natural resources and
reduce production costs [6].

Engineered wood is wood that has been improved using chemical, physical, and
mechanical processes. This type of wood can be used as a substitute for natural wood in
many applications such as the construction industry, furniture industry, art industry,
etc., by increasing its strength, hardness, dimensional stability, and other mechanical
properties [7]. Figure 1 shows the use of wood from ancient times to today.

Engineering wood, also known as composite wood or manufactured wood, has
gained significant recognition and usage in various industries due to its versatility and

‘.‘II l.\II.F\HH_]i lu |

Figure 1.
The use of wood from the past to the present [8].
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enhanced properties compared to traditional solid wood. This engineered material is
created by bonding together multiple layers of wood veneers or fibers with adhesives,
resulting in a strong and stable composite product [9]. The development of engineer-
ing wood has revolutionized the construction, furniture, and interior design indus-
tries, offering an array of benefits and applications.

This introduction aims to provide an overview of engineering wood and explore
its wide-ranging applications in different sectors. One of the primary advantages of
engineering wood is its improved strength and stability compared to solid wood [10].
By combining different layers of wood, this composite material achieves enhanced
structural integrity, making it suitable for demanding applications in construction.
Additionally, engineering wood exhibits superior dimensional stability, reducing
the risk of warping, twisting, or splitting that can occur with solid wood. Another
significant advantage of engineering wood is its environmental sustainability. Many
engineered wood products are manufactured using wood fibers sourced from sustain-
ably managed forests, ensuring responsible and eco-friendly production [11].

Additionally, the utilization of engineered wood reduces the demand for solid
wood, contributing to the conservation of natural resources. The versatility of
engineering wood is evident in its wide range of applications. In the construction
industry, it is commonly used for structural components such as beams, columns,
and floor systems, where its strength, stability, and durability are key factors.
Engineering wood can also be found in furniture manufacturing, enabling the
creation of esthetically pleasing and long-lasting pieces. Its consistent quality and
resistance to warping make it an ideal choice for cabinetry, tables, chairs, and other
furniture items. Furthermore, engineering wood finds its place in interior design,
where it is utilized for wall paneling, decorative elements, and various architec-
tural features [12].

By understanding the characteristics and applications of engineering wood, pro-
fessionals and enthusiasts can make informed decisions when selecting materials for
their projects. This knowledge allows for the utilization of engineering wood’s unique
properties to achieve desired outcomes in terms of strength, durability, sustainability,
and esthetics. In the following sections of this article, we will delve deeper into the
different types of engineering wood, their specific applications, and the advantages
they offer. By exploring these aspects, readers will gain a comprehensive understand-
ing of engineering wood and its potential to transform various industries.

2. What is the application of wood?
2.1 Woods

The main uses of wood are fuel consumption, however, we must remember that
wood was the main source of energy and fuel before the year 1850. Currently, wood is
seen as a fuel mostly in developing countries, which can be mentioned in African and
South American countries.

People who live in industrialized countries and their main source of energy supply
is oil should know that their energy supply sources (coal, gas, oil) were created from
decomposed forests thousands of years ago. Once consumed, it takes millions of
years to be replenished. Some scientists believe that the current forests, with careful
management, can be a source of inexhaustible production of firewood and charcoal,
which are very cheap [13].
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Today, wood is used a lot. Wood is an excellent material for use as fuel. On the
other hand, in the construction industry, wood is used to make materials or the body
of the building. The use of wood for building construction dates back more than
6000 years ago, and this material is still widely used in the construction industry. On
the other hand, some people use wood as a material to decorate the building. Wood is
used to make all kinds of tables and furniture, decorative and consumables, and it is
considered one of the most widely used and common materials for making partitions,
flooring, doors, and windows [14].

In fact, more than 5000 different wooden products are continuously produced.
Products of this category have been known for a long time, some of which are: cel-
lulose, wood varnish, and artificial silk [15].

Another increasing use of wood is in the production of compact boards such as
plywood, chipboard, and fiberboard. Even the complex systems that made space
travel possible require the major use of wood and its products, which can be referred
to as a type of cork from oak bark as thermal insulation.

The following are the most common uses of wood:

* Construction of wooden doors and windows

* Making wooden decorative accessories

¢ Use as fuel

* Making furniture

* Use in building construction

* Create a partition

* Construction of wooden flooring and wall covering

* Use in shipping and boat-building industries

* Making paper and packaging industries
2.2 Wood properties

Wood is a unique and attractive living texture that cannot be compared with
any other material. Wood has great resistance and strength and is very flexible.
The weight of wood is lighter than other materials and it can be made into different
shapes. Another feature of wood is that it has different properties in different ways.
You should know that wood is extremely durable. Many wooden items from hundreds
or even thousands of years ago are still intact. Although one of the most important
negative characteristics of wood is its inability to tolerate moisture. So that the expo-
sure of wood to moisture can cause rotting of the wood texture as well as the growth
of insects and fungi in it.

The most attractive feature of wood that makes it very distinctive is its amazing

design and color. Woods have different colors and designs, and therefore they can be
used to make different materials or different designs [16].
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Converting wood into fibers and smaller components (chips) and then recombin-
ing these components into a variety of composite products makes the manufactured
products have a more uniform resistance in different directions.

In addition to the mentioned cases, the environmental effects brought to the
region due to mining often require more time than a human’s lifetime to restore.
While many trees can be produced during this time [17].

3. Types of engineering wood and their use

Engineered wood, which is also known as industrial wood and composite wood.

It is a wood product derived from wood waste and by-products such as sawdust. In
fact, these waste woods undergo changes and transformations using heat, glue, and
pressure to obtain a suitable and usable replacement for natural wood.

Engineered wood is considered a very prominent development in the production
of building materials. Which has many advantages compared to natural wood. Since
wood waste is used in the construction of engineered wood. (As a result, there is no
need to cut more trees). From the point of view of the environment, they are not only
harmful, but they are also friendly and preserve the environment.

The thickness and density of this type of wood can be ordered based on the needs
and goals of the project. In addition, engineered wood has high strength. This type of
wood can be easily manipulated and cut with simple tools and skills [18].

Wood is one of the most efficient and useful materials that has been available to
man since ancient times. Since the beginning of creation, man has used stone and
wood as the first building materials. In total, three types of wood are used to make
wooden accessories. These three types include soft wood-hard wood-engineering
wood. If you take a quick look around you, you will see that most of your things are
made of wood, and most of this type of wood is made up of engineered wood. If you
do not know what type of engineered wood your bed, desk, chair, and any of these
home appliances are, then stay with us. What kind of wood is called engineering
wood? The reason for the engineering name of this type of wood is that the produc-
tion process of such wood is designed precisely. This type of wood is the result of
using waste and can be said to be a by-product of wood. The collected wastes are con-
nected utilizing heat and glue. Of course, engineering wood is also known by names
such as composite and industrial wood. Due to its very interesting and appropriate
structure, engineered wood created a huge change in the construction of wooden
materials and decoration [19].

3.1 Types of engineered wood
3.1.1 Laminated board

Several thin layers of wood are placed on top of each other and these thin layers
are connected at different angles using glue. As mentioned before, this wood board is
formed by stacking thin sheets on top of each other. It is recommended to use an angle
of 45 degrees to overlap the thin layers in the construction of these boards; Because
the angle of 90 degrees cannot provide enough resistance for multi-layer boards.
Therefore, we connect the thin layers at an angle of 45 degrees. This prevents easy
bending and twisting of the wood [20]. This type of wood is shown in Figure 2.
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(a) single layered structure (b) laminated structure.

Figure 2.
Laminated wood [21].

3.1.1.1 Different types of laminated board

* Multi-layer softwood board (made from wood such as beech, mahogany, and
birch)

Multi-layer hardwood board (made from pine, fir, and cedar wood)
* Tropical multilayer board

* Decorative multi-layer board (suitable for construction and decoration design)

3.1.1.2 Applications of laminated board

Laminated boards have a wide range of applications in various industries and
sectors. Some common applications include [22, 23]:

1. Furniture: laminated boards are extensively used in the furniture industry for
making tables, cabinets, shelves, and other types of furniture. The laminated
surface provides durability, resistance to scratches and stains, and an attractive

finish.

2.Interior design: laminated boards are popularly used for wall paneling, flooring,
and decorative purposes in interior design projects. They offer a wide range of
colors, patterns, and textures to enhance the esthetics of residential and com-
mercial spaces.

3. Construction: laminated boards find applications in construction projects for
making doors, windows, partitions, and false ceilings. They provide structural
strength while offering an appealing appearance.

4.Packaging: laminated boards are used in packaging industries for making boxes,
cartons, displays, and other packaging materials. The lamination protects against
moisture, dust, and damage during transportation.
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5.Signage and advertising: laminated boards are commonly used for creating
signage boards, billboards, display stands, and advertising materials due to their
durability and ability to withstand outdoor conditions.

6. Automotive industry: laminated boards are utilized in the automotive industry
for making interior components such as dashboards, door panels, trims, and
headliners. They offer resistance to heat, moisture, and wear while providing a
visually appealing finish.

7.Educational materials: laminated boards are often used in educational settings
for making whiteboards or blackboards that can be written on with markers or
chalk. They provide a smooth writing surface that can be easily cleaned.

8. Exhibition booths: laminated boards are commonly used in exhibition booths or
trade show displays as they can be easily customized with graphics or branding
elements while being lightweight for easy transportation.

9.Retail displays: laminated boards find applications in retail environments for
creating displays, shelves, and fixtures. They offer a clean and professional
appearance to showcase products effectively.

3.1.1.3 What ave the most important advantages of laminated wood boards?
The main and very important benefits,
1. Strength and endurance: one of the main and very important advantages, the
multilayer board has a lot of resistance due to its composition of several layers. It
makes optimal use of the large and larger surface of wood by consumers who can

easily do many works on the surface of the laminated. Of course, this resistance
is distributed throughout its surface.

2.Size and criteria: the boards are very suitable for making wooden items due to the
texture of the wood and the way the layers are placed on top of each other in ad-
dition to their high strength. Usually, the size of these wooden boards is 180 cm
long and 120 cm wide.
3.1.1.4 What ave the disadvantages of using multi-layer wood boards?

1. Considering their strength, their price is not very suitable for the consumer.

2.Due to the multi-layered nature of this wood board, it is more difficult to cut.
This makes it difficult to cut these wood boards.

3.Dangerous gasses that may be released when cutting this wood board can be
harmful to people.

3.1.1.5 What are the most important applications of multi-layer wood boards?
1.Furniture industry

2.Seats and table types
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3.Types of wooden shelving

4. Stalling and display of exhibitions

5.Making all kinds of wooden doors
3.1.2 Chipboard (particle board)

Like other types of engineered wood, chipboard is obtained from waste wood such
as sawdust and wood chips. These wood wastes are converted into wood chips during
a special process, and these wood chips are well mixed with resin or glue during the
thermal compression process. The final product is called a chipboard.

Chipboard is a type of engineered wood product that is made from compressed
wood chips. It is one of the most widely used types of engineering wood, which is
also known as chipboard. If you pay attention to the structure of this wood, you will
see wood waste, such as wood chips, in its structure. These wood wastes, which are
mostly wood chips, are compressed by heat and pressure and connected by glue or
resin. In addition, note that to improve some characteristics of this wood, such as
resistance to moisture, fire, or the production of soundproof panels, he made changes
and corrections in the boards [24]. An example of chipboard wood is shown in
Figure 3.

3.1.2.1 Applications of chipboard (chipboard)

Chipboard, also known as particleboard, is a versatile and commonly used engi-
neered wood product. It consists of wood particles or chips bonded together with
an adhesive under heat and pressure. Chipboard has a range of applications across
various industries, including construction, furniture manufacturing, packaging, and
interior design. Here are some common applications of chipboard [26, 27]:

Figure 3.
Chipboard wood [25].
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1. Furniture manufacturing: chipboard is extensively used in the production of
furniture, including cabinets, shelves, desks, tables, and wardrobes. It serves as
a cost-effective alternative to solid wood and can be laminated or veneered to
enhance its esthetic appearance.

2. Interior design: chipboard panels are widely employed in interior design appli-
cations. They are used as wall paneling, decorative panels, room dividers, and
ceiling tiles. Chipboards can be painted, laminated, or covered with decorative
veneers or laminates to achieve the desired design esthetic.

3.Flooring: chipboard is used as a substrate for laminate flooring. It provides a sta-
ble and durable base for the laminate layer and helps to create a budget-friendly
flooring option.

4. Packaging: chipboard is commonly used across various packaging applications. It
is used in the production of cardboard boxes, carton packaging, and other types
of packaging materials. Its strength and durability make it suitable for protecting
and shipping various products.

5.Construction: chipboard finds application in the construction industry as well. It
is used for sheathing, subflooring, roof decking, and wall partitions. Its struc-
tural strength and affordability make it a preferred choice for these applications.

6. Soundproofing and insulation: the structural properties of chipboard make it
useful for soundproofing and insulation purposes. It can be used as an underlay-
ment material to reduce sound transmission or as an insulation material in walls,
floors, or roofs.

These are just a few examples of the many applications of chipboard. Its afford-
ability, versatility, and ease of use make it a popular choice across multiple industries
where cost-effective and robust wood-based materials are required.

3.1.2.2 Advantages and disadvantages of chipboard

1. Weight: due to the conditions of preparation and compression, this wood has
lightweight. If we want to compare this wood with the multi-layer type of engi-
neering wood these wood have a much lower weight. This issue has made it more
comfortable in terms of transportation and handling compared to other types of
this category of wood.

2.Price: if we want to mention the most important advantage of using this wood,
it is undoubtedly its affordability. Big companies like IKEA (is the name of a
popular Scandinavian-founded, worldwide furniture store) use chipboard and
MDF to make high-quality and low-cost furniture. These woods are mostly used
in large pieces such as dining tables, desks, TV tables, and bookshelves.

3.Insulating: it is used in making furniture and internal uses; Because these
standard woods are not suitable for parts that are prone to getting wet or in high
humidity. This wood is cheaper than miso wood.
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4.Nail maintenance: one of the main needs that wood must have is the mainte-
nance of nails and screws. During the investigation and comparisons that have
been made, these woods are more maintainable than MDF. Chipboard has a great
ability to accept glue and paint.

5.Malleability: the structure of this wood model is such that you can easily change
its size using a cutting machine and a drill. Buy chipboard raw or coated with
thin sheets of veneer or plastic.

Some of the most important disadvantages of chipboard.

1.1t has low moisture resistance. If it is exposed to moisture, its surface will swell
and become scaly and its color will change.

2.In general, it can be said that chipboard does not have a very beautiful appear-
ance and is mostly used in cases where the appearance of the work is not of great
importance.

3.1t has little strength. In general, it can be said that the strength and resistance of
the chipboard are low and it does not have a high tolerance against heavy load
and pressure.

4.1t is not suitable for heavy loads because it cannot bear them.
5.More destructibility than other types of wood
3.1.3 MDF

Medium-density fiberboard, commonly known as MDF, is made by combining
sawdust, wood chips, or even organic fiber and pressing them with high pressure.
MDF, as a multi-layer board, is widely used as a building material in residential and
commercial projects. Perhaps the only disadvantage of MDF is that it is very dense
and therefore weighs significantly compared to plywood and chipboard.

Undoubtedly, MDF is one of the most widely used woods used in making con-
struction materials and wooden items. They use MDF to make cabinets, furniture,
wall panels, decorative items, and doors; Because MDF is heat and sound insulation.
MDF is also used in acoustic enclosures such as speakers or bass speakers. For people
who work with MDF, the only problem they get from it is its high weight. Usually, the
use of MDF in floor products, such as laminate and parquet floors, is not practical and
its use is completely wrong. In the following, we will discuss some points about the
use, advantages, and disadvantages of MDF [28]. An example of MDF wood is shown
in Figure 4.

3.1.3.1 What are the most important advantages of MDF?
1.Insulation: one of the key points of this type of engineered wood is sound insula-
tion. This point has caused the use of this wood in the music industry as well. to

prevent excessive vibration. As well as insulation against moisture and dryness.

2. Price: this type of wood allows you to use high quality at a low price.
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Figure 4.
MDF wood [29].

3.Resistance: MDF is resistant to termites and other pests due to the use of special
chemical processes in its manufacture.

3.1.3.2 What are the disadvantages of using MDF?

1.MDF wood requires a lot of maintenance. If the MDF fills or cracks, repairing it
is not an easy task at all.

2.Sometimes it may absorb moisture earlier than natural wood and swell.
3.The chemicals used in the structure of MDF are not very suitable for children.

4.The type of glue used in MDF makes it a little difficult to use some connections
such as screws in this material.

5. Although suitable for nail storage, problems may arise at first and the wood is
prone to cracking.

6. For People who work with MDF, the sawdust produced from it can cause respira-
tory problems in them.

3.1.3.3 Applications of MDF

Medium-density fiberboard (MDF) is a versatile material that finds applications in
various industries and sectors. Some common applications of MDF include [30, 31]:

1. Furniture and wooden items. Doors and door components: MDF is utilized
indoor construction, both as a core material and as a surfacing material for panel
doors. It provides stability, durability, and a consistent appearance, making it
suitable for interior doors.
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2. Cabinet making and interior decoration

3.Flooring: MDF can be used as an underlayment for laminate or engineered wood
flooring. Its high density provides stability and helps to reduce noise transmis-
sion.

4. Speaker enclosures: the acoustic properties of MDF make it an ideal material for
constructing speaker enclosures. Its density helps reduce unwanted vibrations
and resonances that can affect sound quality.

5.Artand crafts: MDF is a popular choice for artists and crafters due to its smooth
surface, which allows for easy painting, carving, or engraving. It can be used as a
canvas or as a base material for creating sculptures, signs, or decorative items.

6. Display fixtures: MDF is frequently used in retail environments to create display
fixtures such as shelves, racks, and stands. It can be easily customized to fit spe-
cific product requirements and offers a cost-effective alternative to solid wood.

3.1.4 HDF

If you are looking for an economical and reliable alternative to wood and plywood,
boards made of wood fiber such as (high-density fiberboard) HDF and MDF are the
best choice. Like MDF, HDF (high-density fiberboard) is a composite sheet made
of pressed wood particles. HDF is a very thin sheet whose thickness generally varies
between 3 and 8 mm. HDF is a man-made wooden product that is produced from
the combination of wood chips impregnated with synthetic resins and adhesives.

The mixture of these wood and resin particles is subjected to high temperature and
pressure and becomes thin sheets with a thickness of less than 1 cm. The wood chips
used in HDF are much more homogeneous than MDF and chipboard, which is why
it has a higher density than them, around 900 kg/m® [32]. HDF has a higher density
compared to other types of fiberboard, such as medium-density fiberboard (MDF).
This increased density gives HDF superior strength, durability, and resistance to
moisture and impact. Due to its high density and strength properties, HDF provides
excellent stability and structural integrity. It also has good screw-holding capacity and
can be machined with sprecision. Additionally, HDF has low formaldehyde emis-
sions compared to some other wood products. An example of HDF wood is shown in
Figure 5.

3.1.4.1 Advantages and disadvantages of using HDF wood

1. HDF is a high-priority substrate for multi-layer wood flooring; Because it is hard
and solid.

2. Another advantage of HDF wood is its completely smooth surface, and this
smooth surface makes it suitable for the production of flooring.

3.This type of engineering wood has very high color acceptability.

4.HDF is also a good choice for use in frames, boxes, shutters, and internal shelves
of fitted wardrobes.
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Figure 5.
HDF wood [33].

5.In addition to the price, it looks beautiful and is similar to natural wood, which
makes this type of wood more popular than natural wood.

6. One of the disadvantages that distinguishes HDF from other types of engineered
wood such as chipboard is its high resistance to pests such as termites. The reason
for this is the materials and chemical compounds used in the production process
of this type of wood.

3.1.4.2 Disadvantages of HDF
1.Like chipboard, this wood is not highly resistant to moisture and water.

2.This wood cannot be used in open spaces due to the high absorption of
moisture.

3.1.4.3 Applications of HDF

High-density fiberboard (HDF) is a durable and versatile engineered wood
product with several applications across various industries. Here are some common
applications of high-density fiberboard (HDF) [34, 35]:

1. Wood furniture industry and door making: HDF is widely used for making doors
and furniture due to its resemblance to natural wood. In addition, with the help
of HDF, they make very beautiful wooden items.
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2.Flooring and wallpaper: the natural and beautiful appearance of this type of
wood has made it a suitable choice for people who want to floor and wallpaper
their homes.

3. Wall paneling: HDF panels are employed for decorative wall paneling, wainscot-
ing, or other interior wall applications. The smooth and uniform surface of HDF
allows for easy installation and finishing, such as painting or applying surface
treatments.

4.Interior design and architectural millwork: HDF is a popular choice for interior
design applications, such as wall paneling, wainscoting, moldings, and trim. Its
dense composition ensures stability and resistance to warping, making it suitable
for installations in various environments.

5.Soundproofing and acoustic panels: the dense structure of HDF makes it an
excellent material for soundproofing applications. It is commonly used in the
construction of acoustic panels and sound barriers to reduce noise transmis-
sion and improve acoustics in commercial spaces, studios, theaters, and home
theaters.

6. Crafts and DIY projects: HDF’s versatility and ease of working make it a popular
choice for crafts and do-it-yourself (DIY) projects. It can be easily cut, routed,
and shaped to create custom designs for home décor, signage, model making,
and other creative applications.

7. Automotive industry: HDF is utilized in the automotive industry for making
interior components such as door panels, dashboards, and trim pieces due to its

durability and ability to withstand vibrations.

It's important to note that HDF comes in different grades and thicknesses, allow-

ing for a wide range of applications. The specific characteristics of HDF, such as its
density, strength, and moisture resistance, can be tailored to meet the requirements
of different applications. Overall, high-density fiberboard offers a cost-effective, ver-
satile, and durable solution for various industries. Its applications span from furniture
manufacturing to interior design, flooring, packaging, soundproofing, and beyond,
making it a valuable material in numerous sectors.

3.2 What are the disadvantages of engineered wood?

26

Some of the disadvantages of engineered wood include:

1. Very low reparability: engineered wood has a very thin shell that cracks easily. If
this happens, engineered wood will be very difficult to repair.

2. Unsuitable for humid and hot environments: against humidity and heat, engi-
neered wood may shrink or expand and lose its beautiful appearance.

3. Artificial look: the pattern on engineered wood is usually overprinted, which is
why it feels artificial.
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4. Cost: engineered wood is usually more expensive than traditional wood.

5.Lack of natural attractiveness: engineered wood cannot have the natural attrac-
tiveness of traditional wood due to its uniform appearance.

3.3 Which engineered wood is better?

However, on the other hand, engineered wood also has advantages as a cost-
effective alternative to traditional wood. For example:

1. The most efficient: engineered wood is made from woods that provide the most
efficiency, for example, beech wood and soybean wood.

2. Greater resistance to changes in temperature and humidity: engineered wood can
withstand more changes in temperature and humidity.

3.Reducing losses: engineered wood reduces losses due to biological effects, fight-
ing insects and reducing the size and weight of wood.

4.Providing side cover: engineered wood can provide a side cover that protects the
wood structure against vandalism factors.

5.Improving base construction: engineered wood can be useful for improving base
construction for tall buildings.

In general, engineered wood appears to be preferred in environments seeking to
reduce losses.

3.4 Is engineered wood a natural material? Is it environmentally friendly?

Therefore, engineered wood is not a material that is born naturally, but because
the base material of the tree is used for its production, it can be considered environ-
mentally friendly. However, it should be said that as a raw material, using traditional
wood is better, and using engineered wood should only be done if the project require-
ments support it. Also, for the long-term sustainability of the environment, it is
necessary to ensure the restorative materials used for engineered wood, which usually
consist of chemical resins [36].

3.5 Why is engineered wood expensive?

In addition, the production of engineered wood costs more than traditional wood
products due to more complex processes and advanced technologies. Also, some
types of wood used in the construction of engineered wood are of high quality, which
requires additional costs for their extraction. In general, engineered wood can be used
due to its advantages such as less wood consumption, lower maintenance and installa-
tion costs, greater yield from the tree, and more sustainable applications.

3.6 How long does engineered wood last?

The life of engineered wood generally depends on the quality of construction,
the type of trees used, environmental conditions, and how to maintain and use it.
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However, for high-quality engineered wood, it has a lifespan of at least 30-50 years.
Considering that engineered wood is more resistant than traditional wood, it is
usually used in domestic and industrial applications to make walls, doors, windows,
parquet, and furniture [10].

3.7 How do you protect engineered wood?

You can use the following methods to preserve engineered wood and increase its
life: Regular care and maintenance: to prevent damage to engineered wood, it should
be cleaned regularly and dust and dirt removed from it. Use cleaners made of engi-
neered wood. You can also use wood conditioners to keep moisture inside the wood.
Use of protective coating: using protective coating can prevent wrinkling and scratch-
ing. You can use a water, soil, and corrosion protection coating to protect engineered
wood from water, weather, insects, and scratches. Coating with paint or wood oil: by
coating engineered wood with paint or wood oil, you protect it from moisture, wind,
and sunlight. People who want to use engineered wood outdoors can use wood paint
to cover the wood to prevent corrosion and scratches.

Installing in the right place: installing engineered wood in environments with
moderate temperature and humidity is one of the solutions that can help preserve it.
Avoid installing engineered wood in areas that are exposed to water, sunlight, and
direct wind. In short, to maintain engineered wood, it should be cleaned regularly,
use a protective coating, and cover It is important to choose the right place to install it
with paint or wood oil [37].

4, Conclusion

Although engineered wood protects the environment and prevents indiscriminate
cutting of trees, it should be kept in mind that this type of wood can cause serious
harm to human health. Because in its production process, a type of glue is used that
contains a harmful substance called formaldehyde; Therefore, and both carpenters
and manufacturers are exposed to damage caused by engineered wood; Therefore,
these people should look for solutions such as the use of masks and the size of safety
equipment to minimize the possible risks of working with engineered wood.
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Abstract

Engineered wood products (EWP) have gained popularity and recognition in
Malaysia’s construction industry. These products refer to a category of wood products
that are manufactured by bonding or combining wood strands, veneers, or fibers
with adhesives to create a stronger and more stable material compared to solid wood.
In Malaysia, the use of EWP, such as plywood, laminated veneer lumber, glued
laminated timber, and particleboard, has been growing steadily. These products
offer several advantages over traditional solid wood, including improved strength,
dimensional stability, and resistance to warping and splitting. EWP is also often used
as a sustainable alternative to solid wood because it utilizes smaller, fast-growing
trees and reduces waste. EWP find applications in various construction projects,
including residential, commercial, and industrial buildings. They are commonly used
for interior and exterior structural elements, such as beams, columns, trusses, and
flooring systems. EWP, such as plywood and particleboard, are also used extensively
for wall and roof sheathing, furniture manufacturing, and decorative applications.
The Malaysian construction industry has recognized the benefits of EWP in terms of
cost-effectiveness, design flexibility, and environmental sustainability. As a result,
there has been increased adoption of these products in both large-scale projects and
smaller construction ventures.

Keywords: planted tropical wood species, engineered wood products, economic aspect,
designs of engineered wood houses, components for house construction

1. Introduction

Engineered wood made from a variety of wood types, such as recycled woods,
hardwoods, and softwoods. In addition to being utilized for furniture and cabinetry,
it is frequently employed as a building material for walls, roofs, and floors. The
strength and stability of engineered wood, which is less prone to warping, cracking,
and shrinking than conventional solid wood, is one of its advantages. Additionally,
because it utilizes fewer natural resources and can be made from recycled wood, it
has a smaller environmental impact than solid wood [1, 2]. In comparison with
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conventional solid wood [3, 4] and other building materials like concrete [5], engi-
neered wood products have a number of advantages.

Products made of engineered wood are designed to be more durable and sturdier
than those of solid wood. Using adhesives, wood strands, veneers, or fibers are
bonded or layered together throughout the manufacturing process to produce a mate-
rial with consistent strength and dimensional stability. Engineered wood is less likely
to twist, warp, or split, resulting in greater long-term performance [6-8].

Some of the key advantages of the engineered wood include that it can be pro-
duced in a range of dimensions, forms, and arrangements to satisfy particular design
and building specifications. It makes architectural design more flexible and makes it
possible to build intricate, cutting-edge structures. Engineered wood products, such
as glulam (glue-laminated timber), allow architectural versatility by being built into
vast spans and curved shapes [9].

The engineered wood products are often considered more environmentally
friendly than solid wood as they make efficient use of timber resources by utiliz-
ing smaller, fast-growing trees and incorporating by-products and residues from
the wood industry. Engineered wood also reduces waste since it can be manu-
factured in large panels or beams, minimizing the need for cutting down large
trees. Furthermore, the manufacturing process can utilize adhesives with low
volatile organic compound (VOC) emissions, contributing to improved indoor air
quality [10].

In addition, the engineered wood products go through meticulous manufactur-
ing procedures to guarantee reliability and consistency. Engineered wood products,
in contrast to natural solid wood, are designed to satisfy particular performance
criteria and may be tested and certified in accordance with those standards. Natural
solid wood can vary naturally in strength and features. It is possible to better plan the
construction process and design structures thanks to the predictability of material
qualities.

Products made of engineered wood are frequently more affordable than those
made of solid wood. Smaller trees, which are typically more economical and acces-
sible, can be used to make them. Large panels or beams can also be made from
engineered wood, which eliminates the need for intricate joinery or assembly. Over
time, engineered wood’s greater dimensional stability also results in less waste and
cheaper maintenance expenses [11, 12].

Certain types of engineered wood products, such as fire-rated plywood or fire-
resistant particleboard, can offer improved fire resistance compared to solid wood.
These products are designed to meet specific fire safety regulations and can be used in
applications where fire protection is a concern [13, 14].

It is important to note that the benefits of engineered wood products can vary
depending on the specific product and its intended application. It is always recom-
mended to consult industry professionals and adhere to relevant standards and
guidelines when using engineered wood in construction projects [14].

2. Literature review
The development of engineered wood products in Malaysia dates back to the

middle of the twentieth century, when the nation started looking into alternatives to
solid wood for use in the building and furniture sectors. Here is a general history of
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engineered wood products in Malaysia, albeit the precise timeframe and milestones
may differ [15, 16].

In Malaysia, plywood, one of the earliest types of engineered wood, became
well-liked in the 1950s. Utilizing adhesive, thin veneer layers of wood are bonded
together to create plywood. The local construction sector benefited greatly from its
importation, which was initially done to accommodate the rising demand for building
supplies [17].

In the 1960s and 1970s, particleboard emerged as another engineered wood
product in Malaysia. Particleboard is produced by compressing wood particles or
chips with resin under heat and pressure. It provided an alternative to solid wood in
furniture manufacturing and interior applications.

Laminated veneer lumber (LVL) gained prominence in Malaysia in the 1990s.

LVL is made by bonding veneer sheets together with adhesives to create strong and
dimensionally stable structural members. LVL found applications in beams, columns,
and other load-bearing elements in construction.

Early in the new millennium, glue-laminated timber, or glulam, gained popularity
in Malaysia. In order to construct larger, stronger, and more visually beautiful struc-
tural elements, glulam involves bonding layers of solid wood together. Curved beams
and arches were among the architectural and structural uses for glulam.

The engineered wood product known as cross-laminated timber, or CLT, is rela-
tively new and has attracted interest on a global scale. CLT panels, which are formed
by stacking and gluing many layers of wood at right angles, have been utilized in
construction projects all over the world because of their strength and sustainability,
albeit the specific adoption of CLT in Malaysia may differ.

The adoption of engineered wood products over the years in Malaysia has been
driven by factors such as the availability of raw materials, advancements in manu-
facturing technologies, and the desire for sustainable and cost-effective construc-
tion solutions. Malaysian manufacturers have invested in production facilities and
research to enhance the quality and range of engineered wood products available in
the local market. It is important to note that the specific milestones and advancements
in engineered wood products in Malaysia beyond my knowledge cut-off in September
2021 may require more up-to-date sources or industry reports to provide the most
accurate and recent information.

3. The economic of engineered wood for construction

Engineered wood as shown in Figure 1, also known as composite wood, is a type
of wood product made by joining wood fibers, strands, or veneers together with
adhesives, resins, or other materials. It is used in many different applications, such
as construction, furniture, and flooring. Engineered wood has grown in popularity
as a housing building material in the recent years. This is due to a variety of factors,
including its strength and durability, low cost compared to traditional wood, and
environmental friendliness. [3, 18, 19].

One of the main advantages of engineered wood for housing is its strength and
durability. Because it is manufactured using a combination of wood fibers and adhe-
sives, engineered wood is less susceptible to warping, cracking, and splitting than
traditional wood. It is also less likely to be affected by moisture, insects, and other
environmental factors that can damage wood [20].
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Figure 1.
Some of the engineered wood components used in Malaysia.

Figure 2.
Engineered wood components for large and medium construction works.

Another advantage of engineered wood is its cost-effectiveness. While traditional
wood can be expensive, especially if it is of high quality or sourced from remote
locations, engineered wood can be manufactured using a wide range of materials and
techniques (Figures 1 and 2), making it more affordable and accessible to builders
and homeowners.

Moreover, engineered wood is also eco-friendly because it is made from wood
fibers and other materials that are often derived from sustainable sources, and it is
arenewable resource that can help to reduce the environmental impact of housing
construction. Additionally, it is proved by manufacturing using fewer raw materials
and less energy than traditional wood, and it is a more sustainable and environmen-
tally friendly option overall [19].

The economic benefits of using engineered wood for housing are significant. From
its strength and durability to its cost-effectiveness and eco-friendliness, it offers a
range of advantages that make it an ideal building material for modern homes. As
such, it is likely to continue to grow in popularity and become an increasingly impor-
tant part of the housing industry in the years to come [21].
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4. The designs of engineered wood for houses

The design of engineered wooden houses is similar to that of traditional wooden
houses, but there are some key differences due to the unique properties of engineered
wood [3, 18, 19]. The engineered wood can be fabricated to the various available sizes
and shapes. Therefore, it was easier to create customized designs and structures. So,
that allows for greater flexibility and creativity in the design process, as well as the
ability to optimize the use of materials and space, especially combined with bracket
joining components (Figure 3) [3].

In another hand, engineered wood is stronger and more durable compared to
traditional wood. Apart from that, it can be used to create larger and more complex
structures. This means that designers can incorporate features such as curved walls,
cantilevered roofs, and expansive windows that would be difficult or impossible to
achieve with traditional wood. An additional benefit of using engineered wood in
the design of wooden houses is that it allows for more efficient construction because
engineered wood is manufactured to precise specifications, it can be pre-cut and
pre-drilled off-site, reducing the time and labor required for on-site assembly among

Figure 3.
Metal braces of various sizes and uses to join different components in house construction.
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Figure 4.
T-plate joint are commonly used to join the wood beams and poles.

of joining types as represented in Figures 4-7. Moreover, engineered wood is also
lighter and more consistent in quality than traditional wood, and it is easier to handle
and transport, further reducing construction time and costs by applying the connect-
ing joint between floor and wall as highlighted in Figures 8 and 9. Finally, the use of
engineered wood in the design of wooden houses has environmental benefits. Because
engineered wood is made from recycled or sustainably sourced materials and requires
less energy to manufacture than traditional wood, it is a more environmentally
friendly choice. Additionally, because engineered wood is more durable than tradi-
tional wood, it can reduce the need for frequent replacements and repairs, further
reducing environmental impact [19].

The design of engineered wooden houses offers a range of benefits over
traditional wooden houses, including greater flexibility, increased strength and

Figure 5.
Universal end joint plate.
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Figure 6.
L-plate joint.

Figure 7.
Plate for four joint.

Figure 8.
Plate to join the floor and the wall.
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Figure 9.
Another type of plate to join the floor and the wall.

durability, more efficient construction, and environmental sustainability. As such,
it is an ideal choice for modern homes and is likely to continue to grow in popular-
ity in the years to come.

5. House component construction

Laminated or cross-laminated timber houses, also known as wooden houses in the
tropic, typically consist of several components that work together to create a strong
and durable structure [22-24].

Some of the main components for house construction include:

The foundation of a timber house is typically made of concrete or masonry, and it
provides a solid base for the rest of the structure [25].

Wall framing: The walls of a timber house are typically made of wooden studs
that are spaced at regular intervals and connected with plates and other framing
members.

The roof of a timber house is typically made of wooden rafters that are connected
to the walls and support the roof covering.

Sheathing is a layer of wood or other material that is attached to the exterior of the
wall and roof framing to provide additional strength and rigidity.

Siding: Siding is the outermost layer of the wall that provides protection against
the elements and adds esthetic appeal. Common siding materials include wood, vinyl,
and fiber cement.

The roof covering protects the house from the weather and includes materials such
as shingles, metal, or tile.

Windows and doors: These are openings in the walls that provide access and
light. Wooden houses typically use wooden windows and doors to match the overall
esthetic.

Insulation is used to improve the energy efficiency of the house and keep it
comfortable year-round. Common insulation materials include fiberglass, cellulose,
and spray foam.
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Figure 10.
Another design of the universal end joint braces.

The interior finishes that include the materials such as drywall, trim, and flooring
that are used to finish the inside of the house and create a comfortable living space.

Wall framing is an essential component of a wood house. It involves creating a
structure that will support the weight of the roof and the other elements of the house
[26-28].

All of these components are joint together in creating a strong and stable. Metallic
braces shown in Figures 10 and 11 are quite commonly used.

Some of the steps involved in wall framing for a wood house are as follows:

The first step is to create a plan for the wall framing. This will involve determining
the size and spacing of the studs, as well as the placement of windows and doors.

Once the plan is in place, the wall can be laid out on the building site. This
will involve measuring and marking the locations of the studs and other framing
members.

Next, the wood for the wall framing can be cut to size. This will typically involve
using a saw to cut the studs, plates, and other framing members to the desired length.

With the lumber cut to size, the wall can be assembled. This will involve nailing or
screwing the studs and other framing members together according to the plan.

Once the wall is assembled, it can be raised into place. This will typically require
the help of several people to lift the wall and position it correctly.

Once the wall is in place, it will need to be secured to the foundation and the
adjacent walls. This will involve using nails, screws, or bolts to attach the wall to the

Figure 11.
A universal corner braces.
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Figure 12.
The T-metallic braces used between the laminated timber beam and the pole.

other elements of the house. Figures 12-14 show the metallic braces used in joining
laminated beams with the timber poles.

Once the wall is secured, a layer of sheathing can be added to provide additional
strength and rigidity. This may involve using plywood, OSB, or another material to
cover the exterior of the wall framing.

Finally, windows and doors can be installed in the wall framing. This will involve
cutting openings in the sheathing and framing to accommodate the windows and
doors, and then installing them according to the manufacturer’ instructions.

Roof framing is another critical component of a timber house that supports the
roof s weight and provides structural stability [29-31].

The steps are involved in roof framing:

Before starting the roof framing process, you need to design the roof, which will
involve choosing the roof style, calculating the pitch or slope, and determining the
load-bearing capacity.

The ridge beam is the horizontal beam that runs along the roof s peak, and it is the
roof s highest point. The ridge beam is supported by the walls and should be the first
component of the roof framing installed.
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Figure 13.
Metallic brackets ave used to strengthened the structure between the house beams and poles.

Figure 14.
The metallic braces or brackets are used to strengthen the roof structure.
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The rafters are the sloping beams that connect the ridge beam to the wall plates.
They need to be installed at regular intervals, and their size and spacing will depend
on the roof design and load-bearing capacity.

Collar ties or ridge boards are horizontal members installed between opposing
rafters to provide additional structural stability.

Purlins are horizontal beams that are installed perpendicular to the rafters and
support the roof covering. They may be necessary for certain roof types or heavy
roofing materials like slate or tile.

Roof sheathing is a layer of material installed over the rafters and purlins, provid-
ing a flat surface for the roof covering to be installed. Plywood, OSB, or other materi-
als can be used for sheathing.

The final step in roof framing is to install the roof covering. The covering can be
made of a variety of materials, including shingles, metal, tile, or slate.

Roof framing requires careful planning, accurate measurements, and knowledge
of structural engineering. It is essential to follow building codes and regulations to
ensure that the roof framing is safe and meets all standards.

Sheathing is an important component of a timber house that is installed on the
exterior walls and roof framing. Its primary purpose is to provide a strong, flat
surface for the installation of exterior finishes and to add structural rigidity to the
building [32].

Some common sheathing materials used in wood house construction include the
following:

Plywood is a popular choice for sheathing because it is strong, durable, and
resistant to moisture. It is typically made of thin layers of wood veneer that are glued
together with the grain direction alternating between layers.

Oriented strand board (OSB) is a type of engineered wood product that is made
from wood strands that are bonded together with resin and wax. It is less expensive
than plywood and provides good structural strength [33].

Fiberboard is a type of wood-based panel that is made from wood fibers that are
bonded together with a resin binder. It is lightweight and easy to cut, and provides
good insulation value.

Gypsum board, also known as drywall, is a type of sheathing that is made of
gypsum plaster sandwiched between two layers of paper. It is commonly used
as an interior sheathing material but can also be used on the exterior in certain
applications.

Insulating sheathing is a type of sheathing that provides both structural support
and insulation value. It is typically made of foam plastic insulation with a rigid facing
material like plywood or OSB.

When selecting a sheathing material for a wood house, it is essential to consider
the climate, the intended use, and the local building codes and regulations. Proper
installation of sheathing is also critical to ensure that it functions correctly and
provides adequate structural support.

Siding is an important component of a wood house as it provides protection from
the elements, enhances curb appeal, and adds to the house’s overall esthetic [34-36].

Some common types of siding for a wood house are as follows:

Wood siding is a traditional and popular choice for a wood house. It is available in
a variety of species, including cedar, pine, and redwood. Wood siding can be painted
or stained, and it is easy to replace individual boards if necessary.
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Vinyl siding is a low-maintenance and affordable option for a wood house. It is
available in a variety of colors and styles, including those that mimic the look of wood
siding. Vinyl siding can be easily cleaned with soap and water and does not require
painting.

Fiber cement siding is a durable and low-maintenance option for a wood house. It
is made of cement, sand, and cellulose fibers, and it is available in a variety of colors
and styles, including those that mimic the look of wood siding.

Brick or stone veneer: Brick or stone veneer can add a timeless and classic look to a
wood house. It is available in a variety of styles and colors, and it is durable and of low
maintenance.

Stucco is a popular choice for a wood house with a southwestern or Mediterranean
style. It is made of a mixture of cement, sand, and lime, and it can be painted in a
variety of colors.

When selecting a siding material for a wood house, it is essential to consider
the climate, the intended use, and the local building codes and regulations. Proper
installation of siding is also critical to ensure that it functions correctly and provides
adequate protection from the elements.

Roof covering is the material that is installed over the roof framing to provide
protection from the elements [37, 38].

Some common types of roof coverings for a wooden house are as follows:

Asphalt shingles are the most common type of roof covering for a wooden
house. They are affordable, easy to install, and available in a wide range of colors
and styles. They typically last 15-30 years depending on the quality. Metal roof-
ing is a durable and long-lasting option for a wooden house. It is available in a
variety of materials, including steel, aluminum, and copper, and it can last up
to 50 years or more. Metal roofing is resistant to fire, insects, and rot, and it is
energy-efficient.

Wood shingles or shakes are a traditional and classic choice for a wooden house.
They are made from cedar or redwood, and they can last up to 30 years or more. They
require regular maintenance, including cleaning, sealing, and occasional replacement
of damaged or worn shingles.

Clay or concrete tiles are a popular choice for a wooden house with a Spanish-style
architecture. They are durable and long lasting, with a lifespan of up to 50 years or
more. They are available in a variety of colors and styles.

Slate is a high-end and long-lasting option for a wooden house. It is made from
natural stone, and it can last up to 100 years or more. It is available in a variety of
colors and styles, and it is highly resistant to fire and insects.

When selecting a roof covering for a wooden house, it is essential to consider
the climate, the intended use, and the local building codes and regulations. Proper
installation of the roof covering is also critical to ensure that it functions correctly and
provides adequate protection from the elements.

Windows and doors are essential components of a wooden house. They provide
natural light, ventilation, and access to the outdoors.

Some common types of windows and doors for a wooden house are as follows
[39-42]:

Single-hung windows are a classic and traditional choice for a wooden house.
They consist of a fixed upper sash and a lower sash that slides up and down to allow
ventilation.
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Double-hung windows are similar to single-hung windows but with two movable
sashes that slide up and down. They are a more modern and convenient option for a
wooden house.

Casement windows are hinged at the side and swing outward like a door. They
provide excellent ventilation and are a good choice for areas with a lot of wind.

Sliding windows consist of two or more sashes that slide horizontally past each
other. They are a popular choice for modern and contemporary wooden houses.

French doors are a classic and elegant choice for the entrance to a wooden house
or a patio. They consist of two doors that open outward from the center and provide a
wide opening for easy access.

Sliding doors consist of two or more panels that slide horizontally past each other.
They are a popular choice for a wooden house with a modern and minimalist style.

When selecting windows and doors for a wooden house, it is essential to consider
the style, energy efficiency, and local building codes and regulations. Proper instal-
lation of windows and doors is also critical to ensure that they function correctly and
provide adequate insulation and security.

Insulation is a critical component of a wooden house as it helps to reduce energy
costs, improve indoor comfort, and protect against moisture and air infiltration.

Some common types of insulation for a wooden house are as follows:

Fiberglass insulation is a popular and affordable option for a wooden house. It is
made of glass fibers and is available in batts or blown-in form. Fiberglass insulation
has a high R-value (a measure of its resistance to heat flow) and can be used in walls,
ceilings, and floors.

Cellulose insulation is made of recycled paper and is available in blown-in form.

It has a high R-value and is a good choice for a wooden house with high ceilings or
irregularly shaped spaces.

Spray foam insulation is a high-performance and energy-efficient option for a
wooden house. It is available in two types: open-cell and closed-cell. Open-cell foam is
less dense and is used for interior walls and ceilings, while closed-cell foam is denser
and is used for exterior walls and roofs.

Mineral wool insulation is made of rock or slag fibers and is available in batts or
blown-in form. It has a high R-value and is a good choice for a wooden house in areas
with high winds or extreme temperatures.

Rigid foam insulation is a board-like material that is available in a variety of types,
including polystyrene, polyurethane, and polyisocyanurate. It has a high R-value and
is a good choice for a wooden house with a basement or crawl space.

When selecting insulation for a wooden house, it is essential to consider the
climate, the local building codes and regulations, and the type of construction.
Proper installation of insulation is also critical to ensure that it functions correctly
and provides adequate protection against moisture and air infiltration.

Interior finishes for a wooden house play an essential role in creating a comfortable
and inviting living space.

Some common types of interior finishes for a wooden house are as follows [43, 44]:

Drywall is a popular and affordable option for the walls and ceilings of a wooden
house. It is made of gypsum plaster sandwiched between two layers of paper and is
available in different sizes and thicknesses.

Wood paneling is a classic and traditional option for the walls and ceilings
of a wooden house. It can be made of various types of wood, including pine,
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cedar, and oak, and is available in different styles, such as tongue-and-groove or
shiplap.

Paint is a versatile and affordable option for the walls and ceilings of a wooden
house. It is available in a wide range of colors and finishes and can be used to create
different moods and styles.

Stucco is a durable and low-maintenance option for the interior walls of a wooden
house. It is made of cement, sand, and lime and is applied in several layers to create a
smooth or textured finish.

Tile is a popular and stylish option for the floors, walls, and backsplashes of a
wooden house. It is available in different materials, such as ceramic, porcelain, and
natural stone, and can be used to create different patterns and designs.

Carpet is a comfortable and cozy option for the floors of a wooden house. It is
available in different colors and textures and can be used to add warmth and softness
toaroom.

When selecting interior finishes for a wooden house, it is essential to consider
the style, durability, and maintenance requirements. Proper installation of interior
finishes is also critical to ensure that they function correctly and provide a comfort-
able and inviting living space.

6. Engineered wood for tropical houses

There is a growing body of research on the use of engineered wood in housing
construction, including wooden engineered houses [4, 20, 45].

Here are some key data points:

The cost of building a wooden engineered house can vary widely depending on
factors such as the size and complexity of the design, the type of engineered wood
used, and the cost of labor in the area. However, in general, wooden engineered
houses are often less expensive to build than traditional wooden houses because they
require less raw material and can be manufactured more efficiently.

Wooden engineered houses are often more durable than traditional wooden houses
because engineered wood is less susceptible to warping, cracking, and splitting.
Additionally, engineered wood is often treated with preservatives or other materials
that can help to prevent rot, decay, and insect damage.

Wooden engineered houses can be designed to be highly energy efficient by incor-
porating features such as insulation, air sealing, and efficient heating and cooling
systems. This can help to reduce energy consumption and lower heating and cooling
costs over time.

The use of engineered wood in housing construction can have significant sustain-
ability benefits because it is often made from recycled or sustainably sourced materi-
als and requires less energy to manufacture than traditional wood. Additionally,
because engineered wood is more durable than traditional wood, it can reduce the
need for frequent replacements and repairs, further reducing the environmental
impact.

Wood engineered houses are generally considered to be safe and structurally
sound, provided they are designed and built to code. However, as with any type
of building material, it is important to ensure that the construction is carried out
by qualified professionals and that the house is maintained properly over time.
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Figures 15-21 show some of the ready timber structures made up with either the
laminated or cross-laminated wood for house construction.

The data on wooden engineered houses suggest that they offer a range of benefits
over traditional wooden houses, including lower cost, greater durability, improved
energy efficiency, environmental sustainability, and safety. As such, they are an ideal
choice for modern homes and are likely to continue to grow in popularity in the years
to come.

Figure 15.
The frame and floor structure made from the glue-laminated.

Figure 16.
The beams and poles of a house made from Acacia mangium laminated timber.
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Figure 17.
The authors standing in front of a glue-laminated bridge made from mixed tropical timber species.

Figure 18.
The close-up view of the joinery between the bridge and the foundation using metal.

Figure 19.
A cross-laminated structuve of a cross-laminated house of size 38 sq. m.
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Figure 20.
The front view of the cross-laminated model house.
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Figure 21.
A timber glue-laminated gallery structure in Johore Bahru, Malaysia.

7. Recommendations

If you are considering building an engineered wooden house, then you need to
keep in mind some of these recommendations:

Building an engineered wooden house requires specialized knowledge and expertise.
Look for a builder who has experience with engineered wood construction and a track
record of successful projects. There are many different types of engineered wood avail-
able, each with its own unique properties and characteristics. Consult with your builder
to determine which type of engineered wood is best suited to your needs and budget.
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Engineered wooden houses can be designed to be highly energy efficient, which
can help to reduce your heating and cooling costs over time. Consider incorporating
features such as insulation, air sealing, and efficient heating and cooling systems
into your design. While engineered wood is generally more durable than traditional
wood, it still requires regular maintenance to ensure that it stays in good condition
over time. Make sure to plan for regular inspections and maintenance as part of
your overall building plan. As with any type of building material, it is important to
ensure that your engineered wooden house is designed and built to code to ensure
safety and structural integrity. Work with your builder to ensure that all safety
requirements are met.

Building an engineered wooden house can be a great choice for those looking for a
durable, energy-efficient, and environmentally friendly housing option. With careful
planning and attention to detail, an engineered wooden house can provide you with a
beautiful and sustainable home for many years to come. Engineered wood structure
with a good design and process properly can last long (Figure 21).

8. Conclusions

The benefits of using the tropical engineered wood products include strength and
durability, sustainability, design flexibility, cost-effectiveness, consistent perfor-
mance, and quality. These benefits make the engineered wood products a valuable
material for various applications in construction and other industries. In order word,
the economic benefits of using engineered wood for housing are significant. From
its strength and durability to its cost-effectiveness and environmental friendliness, it
offers a range of advantages that make it an ideal building material for modern homes.
Therefore, it is likely to continue to grow in popularity and become an increasingly
important part of the housing industry in the coming years. Furthermore, engineered
wood house designs offer many benefits over traditional wooden house, including
greater flexibility, increased strength and durability, more efficient construction, and
environmental sustainability. It offers an ideal choice for modern house and is likely
to continue to grow in popularity in the years to come. In another part, roof framing
calls for meticulous design, precise measurements, and structural engineering exper-
tise. To guarantee that the roof frame is secure and complies with all requirements, it
is crucial to follow construction laws and regulation.

Nevertheless, when choosing insulation for a wooden house, it is important to
consider the climate, local building codes and regulations, and the type of construc-
tion. Proper insulation installation is also important to ensure it functions properly
and provides adequate protection against moisture and air infiltration. In terms
of choosing interior finishes for a wooden house, it is important to consider style,
durability, and maintenance requirements. The correct installation of interior finishes
is also important to ensure that they function properly and provide a comfortable and
attractive living space. Overall, the data on engineered wood houses show that they
offer a range of benefits over traditional wooden houses, including lower costs, better
durability, improved energy efficiency, environmental sustainability, and safety.

It is therefore an ideal choice for modern homes and is likely to continue to grow in
popularity in the years to come. Building an engineered wooden house can be the best
option for those looking for a durable, energy efficient and environmentally friendly
housing option. With careful planning and attention to detail, an engineered wood
house can provide you with a beautiful and sustainable home for years to come.
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Chapter 4

Standard Test Methods for Elastic
and Shear Properties

Ahmed Mohamed

Abstract

A fundamental requirement for efficient use of timber-based composite structures
like glulam beams is an accurate knowledge of their mechanical behavior and the
material properties characterizing that behavior. Determining the elastic properties,
such as the modulus of elasticity and shear modulus, for glulam beams requires careful
experimentation and can be challengeable due to the anisotropic nature of wood.
Determining these properties is not as simple and straightforward as in isotropic
materials. Shear tests, such as torsion and shear field and compression loading tests,
are commonly employed to determine the shear modulus of glulam beams. To deter-
mine the modulus of elasticity, experimental methods such as bending and compres-
sion tests are commonly used. In this chapter, we will discuss the experimental
methods commonly used to determine the modulus of elasticity and shear modulus,
for timber-based composite structures. These properties are crucial for understanding
the structural behavior and design of these materials. This chapter describes the
commonly used methods, bending tests, torsion tests, and compression loading tests,
in determining their values. To obtain accurate and reliable results, it is essential to
conduct these experimental methods following established standards and carefully
controlling the test conditions, specimen preparation, loading configurations, and
measurement techniques.

Keywords: modulus of elasticity, shear modulus, timer-based composite, glulam
beams, experimental methods

1. Introduction

The mechanical properties of wood composites rely on different parameters,
including wood species, the type of adhesives used to glue the wood pieces, and the
geometry of the wood pieces [1]. Mechanical properties play a vital role in evaluating
the characteristics of wood-based composites. The elastic and strength properties
provide important information for material selection, design, and establishing product
specifications [1]. Elastic properties relate the resistance of a material to deformation
under an applied load and the ability of the material to recover its original dimensions
when the load is removed [1]. Known as elastic constants, the elastic properties
include the basic and fundamental properties such as shear modulus (G) and modulus
of elasticity (MOE).
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The shear modulus (G), known as modulus of rigidity, is a material constant which
relates shear stress to shear strain and indicates the resistance to deformation caused
by shear stresses [1]. It is a fundamental mechanical property of wood that is used in
the design of timber and engineered wood products. The shear modulus is critical
when designing for lateral torsional buckling of the timber beams [2]. G is also
significant in designing serviceability of wood-joist floors [3] and is an important
input for setting up analytical and finite element models [4]. The modulus of elasticity
(MOE), also known as the elastic modulus or Young’s modulus, quantifies how much a
material deforms under an applied stress within the elastic range. MOE can be calcu-
lated from the slope of the linear portion of the stress-strain graph obtained during a
tensile or compressive test.

The European standard CEN, and the American Standard of Testing Methods
(ASTM) have developed several test methods for the determination of shear and
elastic properties of timber. These methods provide guidelines for testing timber in
small clear wood specimens as well as in structural sizes under flexural and torsion
loadings. The European standard CEN [5] provides test methods in laboratory for
determining some physical and mechanical properties of in structural sizes timber
samples. This standard specifically provides testing guidelines to determine the char-
acteristic values of mechanical properties, including shear modulus and modulus of
elasticity, of structural timber and glued laminated timber. The procedures of the test
methods recommended by [5] are shown in the sections below.

2. Testing methods for shear modulus

The EN408 standard has proposed the torsion and shear field test methods to
determine shear modulus of timber in structural sizes.

2.1 Torsion test method

The torsion test method is a mechanical testing technique used to evaluate shear
modulus (G) of materials, including timber. The proposed version of CEN [5] stan-
dards provide guidelines for conducting the torsion test on timber. This method
involves subjecting a test specimen to a torque along its longitudinal axis, which is
achieved by inducing a relative rotation between the supports where the specimen is
clamped. The test specimen is clamped at the supports, that are positioned at a
distance more than 16 times the cross-sectional depth of the specimen. To measure the
response of the specimen, both torque and relative rotational displacements are mea-
sured at two specific sections, labeled as Section 1 and Section 2 in Figure 1. These
sections are located within the free testing length, denoted as /. The distance between
the supports and these cross-sections, denoted as /,, should be two to three times the
depth of the test specimen. The centers of the supports are aligned in a straight line.
This alignment ensures that clamping the test specimen does not cause any deforma-
tion that could influence the torsion results. The torque required for the torsional
loading can be applied by rotating one or both supports.

The following equation is used to calculate shear modulus (Gr,,)

I<Torl 1

GOV:
o b

(1)
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Figure 1.
Example of test setup with requivements of specific gauge locations [5].

T

—

- / ktor
0 T T T T T T T 1 ('p
0 1 2 3 4
@ - P,

Figure 2.
Torque versus relative rotation [5].

hib 1 1.2 1.5 2 2.5 3 4 5 10

n 0.1406 0.166 0.196 0.229 0.249 0.263 0.281 0.291 0.312

X 0.4158 0.4564 0.4618 0.4904 0.5162 0.5334 0.5634 0.5960 0.6270

Table 1.
Shape factor values for torsion test [5].

The torque stiffness, Kr,,, can be determined using a linear regression analysis as
shown in Figure 2. Linear regression analysis can be conducted on the linear elastic
portion of the graph of torque and relative twist of a specimen within its proportional
limits. Where:

I, is the gauge length, % is the depth of the specimen, b is the width of the
specimen,

1 is the shape factor that is dependent on the depth to width ratio of the specimen
and can be obtained from Table 1.

2.2 Shear filed test method

The shear field test method is a recommended approach for determining the shear
modulus of structural-size timber beams. It involves conducting standardized four-point

59



Current Applications of Engineered Wood

bending tests on the timber beams according to the CEN [5] standard. The objective of
this test is to measure the shear distortion within the areas of constant transverse force.
Precise measuring instruments are placed on both sides of the constant transverse
force, opposite each side of the beam. These instruments accurately measure length
displacements across the shear fields of the sample during testing.

The setup of the shear field test is shown in Figure 3. According to the test method,
the test specimen should be symmetrically loaded in bending at two points over a span
of 18 times its cross-sectionals’ depth. However, if these requirements cannot be met
exactly, the distance between the load points and the supports can be changed by a
maximum of 1.5 times the specimen depth. The span and length of the test specimen
can also be changed by a maximum of three times its depth while maintaining the
symmetry of the test. To minimize local indentation, small steel plates are
recommended to be inserted between the specimen and the loading heads or supports.
The length of these plates should not exceed half the depth of the specimen.

The applied load during the test should be applied at a constant rate. In the middle
of the area under constant shear stress, a square is marked on both side faces of the
specimen. These squares are placed symmetrically with respect to the height of the
test piece. A device that measures the change in the diagonals of the square is fixed to
the test specimen at the square corners, as shown in Figure 4. The shear deformation

6h 1,5k 6 6kt 1,5k

— e

]
gl
ol
VL

1=18k2 1 3A

Figure 3.
Test SETUP for shear field test [5].

Figure 4.
Example of the shear field test apparatus fixed on one of both sides [5].
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Figure 5.
Deformation of the square with diagonals [5].

can be determined from these measurements by calculating the mean value of the

summation of the absolute readings of both diagonals at each side face of the cross-

section, as shown in Figure 5. This measurement provides the necessary data to

calculate the shear modulus of the timber beam using the shear field test method.
The shear modulus G, is given by the equation:

ho (Vip—Via)

orys — X770 — 2
Gtors = @ 1 w0y — 1) 2)
Where:
3
=2 @
; 4“%’1';'wi’2|)withi:1,2 (4)

w; is the mean deformation of both diagonals on opposite side faces of the beam for
a given shear load V;;, in millimeters.

V.2 — V1 represents the shear load increment, which is the difference between
the shear load values, in Newton.

3. Test methods for determining the modulus of elasticity (MOE)

There are static and dynamic test methods that can be used to determine the MOE
of materials. The static methods are used more commonly and are based on the
relationship between the load and the deformation of the sample, while the dynamic
methods are based on the relationship between the frequency of vibration of a sample
and its MOE.

The European standard CEN [5] provides various test methods to obtain the modulus
of elasticity values of structural timber and glued laminated timber. These methods are
used to measure the modulus of elasticity in different conditions such as bending,
tension parallel and perpendicular to the grain, and compression parallel and perpendic-
ular to the grain. The following sections provides review of some of these test methods.
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3.1 Four-point bending test method

The CEN edition [6] introduced a global bending modulus of elasticity and
renamed the existing test as the local MOE. The four-point bending test method can
be used to determine both the local and global MOE [5]. In the four-point bending
test, a full-size specimen is loaded symmetrically in bending at two points over a span
that is 18 times the depth of the section as provided in Figure 6. If it is not possible to
meet this exact span requirement, the distance between the load points and the
supports can be changed by up to 1.5 times the specimen depth. Additionally, the span
and length of the test specimen can be changed by up to three times its depth, as long
as the symmetry of the test is maintained. To minimize local indentation, small steel
plates can be inserted between the specimen and the loading heads or supports. The
length of these plates should not exceed one-half of the depth of the specimen. The
test method also suggests that the test specimen should be supported simply, and
lateral restraint should be provided to prevent lateral torsional buckling. This allows
the specimen to deflect without significant frictional resistance. The applied load
during the test should be at a constant rate, as recommended by the standard. The test
setup for determining the local MOE in bending is provided in Figure 6.

To determine the local modulus of elasticity (MOE) in bending, the deformation is
measured at the center of a central gauge length, which is defined as 5 times the depth
of the section. The deformation and load are observed at two different times during
the test, denoted as (w1, F;) and (w,, F,) in Figure 7. It is crucial to ensure that these
two measurements are made within the proportionality limit of the beam. The
recommended approach is to take the deformation as the average of measurements on
both side faces at the neutral axis.

The equation to calculate the local modulus of elasticity, E,, ; of structural size
specimen in the four-point bending test is

E . ﬂl%(Fz—Fl)

" 16l — ) ©

Where:
E,.;: Local modulus of elasticity in the four-point bending test, in Newtons per
square millimeter (N /mm?).
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Figure 6.
Typical test configuration for measuring local modulus of elasticity in bending [5].
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Figure 7.
Load-deformation graph within the elastic range of deformation [5].

F; and F,: Loads observed at two different times during the test, measured in
Newton (N),

wy and wy: Average deformations measured on both side faces at the neutral axis at
the corresponding times, measured in millimeters (mm).

I: Moment of inertia of the beam’s cross-sectional shape, in (mm?*).

I;: Gauge length for the determination of modulus of elasticity, measured in milli-
meters (mm).

a: Distance between a loading position and the nearest support, in millimeters (mm).

The global MOE in bending is evaluated using the same test configuration as the
one used for measuring the local MOE. The test arrangement is illustrated in Figure 8.

&kt 1,5% &k

< »le »
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6h = 1,54
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Figure 8.
Typical test configuration for measuring the global MOE in bending [5].
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To determine the global MOE, the deformation is measured at two locations:
1. At the center of the span.
2.From the center of the tension or compression edge.

Additionally, when the deformation is measured at the neutral axis, it is
recommended to take the average of measurements on both side faces of the test
specimen.

The equation to calculate the global modulus of elasticity, E,, ¢ of structural size
specimen in the four-point bending test is.

I — 443
By = 3 3a a 6 6)
20k (23253 — 587

Where:

I: The span in bending, measured in millimeters (mm).

b: The width or the smaller dimension of the cross-section, also measured in
millimeters (mm).

h: The depth or the larger dimension of the cross-section, measured in millimeters
(mm).

G: The shear modulus, which is taken as G = 650 N/mm?.

3.2 Compression test methods

The compression test is one of the most used methods for determining the modu-
lus of elasticity and other elastic and strength properties of materials. The specific
characteristics of the compression tests for measuring MOE parallel to grain and MOE
perpendicular to grain in structural and glued-laminated timber, as outlined in the
CEN [5] standard.

1.MOE Parallel to Grain Test:

This test is widely used for determining the modulus of elasticity of timber
parallel to the grain direction. The deformation, or strain, of the specimen is
measured over a central gauge length.

2.MOE Perpendicular to Grain Test:

The perpendicular to grain test is specifically conducted to assess the modulus of
elasticity of timber when compressed perpendicular to the grain. In this test, the
MOE is reported at the proportional limit.

3.2.1 Test specimen

According to CEN [5] standard, the test specimen requirements for the parallel to
grain compression tests are as follows:

The test specimen should have a full cross-section.

The length of the specimen should be six times the smaller cross-sectional
dimension.
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The two contact surfaces of the specimen must be accurately prepared to ensure
they are parallel to each other and aligned perpendicular to the longitudinal axis of the
specimen.

Table 2 provides the dimensions of the test specimen for structural and glued
laminated timber samples in compression perpendicular to grain. These samples are
shown in Figures 9 and 10.

3.2.2 Conditioning test specimen

The conditioning of the test specimens for structural and glued-laminated timber
should be carried out in a controlled environment with specific temperature and
relative humidity conditions. The test specimens should be conditioned at a tempera-
ture of 20 £ 2 degrees Celsius (°C). The relative humidity during conditioning should
be set at 65 + 5%. The specimens should be conditioned until they reach a state of
constant mass. This is achieved when the results of two successive weightings do not
differ more than 0.1% of the mass of the test specimen.

Specimen characteristics

Structural timber Glued laminated timber
b(mm) h(mm) I(mm) Volume (m?) b x 1 (mm?) b minimum (mm) h (mm)
Tension
45 180 70 0.01 25,000 100 400
Compression
45 90 70 — 25,000 100 200

Where:

b: The width of the cross-section or the smaller dimension of the cross-section. Measure in mm.

h: The height of the test specimen perpendicular to the grain, measured in mm.

I: The length of the test piece between the testing machine grips in compression and tension, measured in mm.

Table 2.
Dimension of structural timber or glued laminated timber test pieces [5].

Key
1) grain direction

Figure 9.
A typical structural timber test specimen [5].
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1) grain direction

Figure 10.
A typical glued laminated timber test specimen [5].

3.2.3 Loading procedure

The CEN (European Committee for Standardization) test configuration for
measuring the modulus of elasticity (MOE) in compression is outlined in Figure 11.
The test specimen needs to be positioned vertically between the platens of the testing
machine. The test specimen needs to be centrally loaded to ensure that the compres-
sive force is applied uniformly. This is achieved by using spherically seated loading-
heads. These loading-heads allow the application of compressive loads without caus-
ing any bending or uneven loading. After pre-loading the test specimen, the spherical
loading head should be securely fastened to prevent slipping. The test specimen
should be loaded uniformly with a constant rate of loading throughout the test. The
applied load during the test should be measured with an accuracy of 1%.

Cross section

Figure 11.
Typical compression test configuration in accordance with [5].
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To minimize the effects of distortion during the MOE compression test, the use of
displacement sensors, such as extensometers, is recommended. Two displacement
sensors (extensometers) should be positioned symmetrically in the middle of the two
opposite surfaces of the test sample. The readings from the two displacement sensors
should be averaged to obtain a more reliable and representative result. The displace-
ment sensors should be positioned at least at a distance from the contact surfaces of
one third of the largest cross-sectional size of the test sample. This distance helps to
negate the grip effect, which refers to the influence of the grips or clamps used to hold
the specimen during testing.

In the CEN test configuration, the deformation in compression parallel to the grain
is measured over a central gauge length. This gauge length should be four times the
smaller cross-sectional dimension of the test specimen. The deformation in compres-
sion perpendicular to the grain is measured over a gauge length denoted as %,. The
gauge length £ is approximately 0.6 times the height of the test specimen, h. The
gauge length %o must be located centrally in the height of the test specimen. It should
be positioned at a distance of at least b/3 from the loaded ends of the test specimen.
Here, b represents the width or thickness of the test specimen, depending on its
orientation.

3.2.4 Calculation of MOE in compression parallel to the grain

The equation for calculating the modulus of elasticity parallel to the grain in
compression E, o according to [5] standard, is as follows:

h(F; — Fq)

Eeo = 2w, —wy) @

Where:

l; refers to the span in bending, measured in (mm),

F, — F; represents the increment of load on the straight-line portion of the
load-deformation curve. (Measured in Newton),

W, — W; indicates the increment of deformation corresponding to F, — F;
(measured in millimeters),

A is the initial crossed section of the sample.

3.2.5 Calculation of MOE in compression perpendicular to the grain

The modulus of elasticity perpendicular to the grain in compression is assessed
with the same test configuration for measuring MOE parallel to the grain. According
to EN 408 standard, E. 9o may be determined using the iterative process as follows:

* Estimate the maximum compression load E; 90, max-

* Using the test results, plot a graph that represents the relationship between the
applied load and the resulting deformation as sown in Figure 12.

* Calculate two points on the load-deformation curve corresponding to 0.1 times
and 0.4 times the estimated maximum compression load. These points represent
0.1 (E;,90, max ) and (E; 90, max ) Tespectively.
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Figure 12.
Load-deformation graph for compression perpendicular to the grain according to [5].

* Find the intersection point of the load-deformation curve with a straight line
(line 1) drawn between the points representing 00.1 (E;,90, max ) and (E¢,90, max )-

* This intersection point represents the deformation corresponding to (E; 90, max )
determine the intersection of these two points in the load-deformation curve.
Through these two values draw a straight line 1 as shown in Figure 12

* Draw a straight line (line 2) parallel to line 1. Line 2 originates from the load axis
(F = 0) and is located at a distance equivalent to a deformation of 0.01 /¢, where
horepresents the original thickness of the specimen.

* Find the point of intersection between line 2 and the load-deformation curve. The
deformation value at this intersection point represents the modulus of elasticity
perpendicular to the grain in compression E. 90, max -

The equation for calculating the modulus of elasticity perpendicular to the grain in
compression, E. g9, according to the EN 408:2012 standard, is as follows:

(F40 — F10)ho
E,op = 40~ 710)%0. 8
9 = (a0 —0r0) bl (8

Where:

F40: Load at 0.4 OfEc,go,max (N).
Fi0: Load at 0.1 of E, 90, max (N).
wao: Deformations at F49 (mm).
w1o: Deformations at F1g (mm).
ho: Gauge length (mm).

b: Width of the specimens (mm).
I: Length of the specimens (mm).
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Chapter 5

Wood Degradation by Fungi
and Environmentally Benign Wood
Preservatives

Yan Xia and Lu Jia

Abstract

The causes, processes, features and conditional factors of wood decay and
degradation due to fungi were reviewed. The degradation path of wood varies
depending on diverse fungi and wood species, as fungi possess selectivity in the
degradation of versatile wood components. The chemical treatments and preserva-
tives are reviewed to understand their correlation with the decay mechanisms of
wood. Environmentally benign wood preservatives are discussed, e.g. one based
on chicken feather protein combined with copper and boron salts to replace the
traditional wood preservatives together with several environmentally friendly pre-
servatives based on wood extractives as a source of natural raw materials. Excellent
functionalities of the protein-based wood preservative suggested that this eco-for-
mulation could offer great potential to be used as an environmentally benign wood
preservatives with a more competitive cost. This new system of wood preservatives
provides a theoretical basis for further research and the reasonable utilization and
scientific protection of wood products.

Keywords: wood degradation, mechanism, fungi, environmentally benign wood
preservatives, chemical treatment

1. Introduction

Wood, being a natural resource, exhibits its great value and importance, and can
be used widely as a structural material and industrial raw material in many fields of
the global economy. It is important to note that, despite wood is a remarkable mate-
rial, it is susceptible to be biodegraded by the action of microorganisms, such as fungi
and bacteria. Thus, wood is ready to be decomposed under proper or certain condi-
tions and returns natural components to ecosystem cycling.

Wood is composed of three main components, namely cellulose, hemicellulose
and lignin. The highest content of the three main components is cellulose, a long
linear homopolymer, which is the main chemical component in wood cell walls,
accounting for approx. 40-50% of the dry weight of wood substrates, composed of
p-D-glucose molecules connected by [1-4] glycosidic linkages, and can be broken
down into reducing sugars by cellulase. Hemicellulose is also a kind of polysaccharide
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molecules similar to cellulose, but a heterogeneous material which consists of vari-
ous monosaccharides, and as such easier to be degraded by microorganisms than
cellulose. Lignin, an aromatic heteropolymer, is the third major component of wood,
accounting for approx. 25-30% of the wood dry weight [1, 2]. Unlike cellulose and
hemicellulose, lignin is a polymer composed of condensed phenylpropane units
(including benzene ring and aliphatic structure) with an extremely complex struc-
ture and chemical properties. The main function of lignin is to provide intensity

and durability, as well as resist attacks from microorganisms and insects. Due to its
complex structure, lignin is difficult to be degraded, which is often seen as a difficult
obstacle in the production and utilization of wood, and only a few microorganisms,
such as white rot fungi, possess the ability to completely degrade lignin [3].

In nature, the decay and degradation of wood products is a complex process that
involves the combined action of various microorganisms, which can produce many
types of enzymes and disintegrate woody materials as an organic substrate by the
secreted enzymes [4]. By the loss of the constituents of wood cell walls, such as cel-
lulose, hemicellulose and lignin, wood will lose its valuable strength and stability, and
ultimately be bio-deteriorated by microorganisms. Among the microorganisms, white
rot fungi, brown rot fungi, soft rot fungi, and bacteria are the most common causes
that contribute to the decay of wood [2, 4]. White rot fungi are a few microorganisms
that can completely degrade lignin. Brown rot fungi mainly decompose carbohydrates
(cellulose and hemicellulose). Soft rot fungi are always ready to degrade polysac-
charides. In addition, there are other microorganisms, such as bacteria, which can also
degrade the components of wood [5].

Therefore, the relationship between the chemical components of wood and its
degradation mechanism is strong. The degree of wood decay, or the degradation of
wood chemical components, and the wood decay mechanisms vary depending on
different environmental conditions [2]. For example, humid environments are more
prone to cause wood degradation since microorganisms are more ready to colonize
and reproduce in humid environments. In addition, different types of wood can also
affect diverse types of degradation, leading to different levels of decay.

In order to extend wood service life, some treatments can be performed,
such as heat treatment, chemical preservation treatment or other methods [6].
Meanwhile, the in-depth research on the wood degradation mechanism could
also provide a theoretical basis and technical support for relieving and prevent-
ing wood decay and is also meaningful for both proper protection and reasonable
utilization of wood.

2. Wood degradation by fungi
2.1 Wood decay fungi species

Wood decay can mainly be caused by the infection of wood decay fungi.
Basidiomycetes [4, 7], which are the most common wood decay fungi in wood and
play predominant roles in terrestrial carbon recycling, are well known as members of
Basidiomycota, one of two large divisions of Eumycota, together with the Ascomycota
[8, 9]. Therefore, most wood decay fungi can be assigned to Basidiomycetes or
Ascomycetes. In a terrestrial ecosystem, a large group of decomposers, wood rot
fungi, has been found, with about 1500 species in Finland and about 2000 species
reported in China [10].
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In Division Basidiomycota, Gloeophyllales, an order of Class Agaricomycetes,
is capable of producing brown rot of wood and contains several important species,
among which Gloeophyllum trabeum and Gloeophyllum sepiarium are two important
wood brown rot fungi species in common service above ground [9]. In particular, G.
trabeum is well known as an important fungus for the test during the decay resistance
trial, which has the tolerance of some kinds of organic wood preservatives.

Polyporales is another order of Class Agaricomycetes in Division Basidiomycota
and includes many of the fungi species. In Polyporales, Rhodonia placenta is another
most common species of brown rot fungi and a common test fungus applied in evalu-
ating new wood preservatives. It is interesting that Trametes versicolor is another spe-
cies in Polyporales, but a white rot fungus, which is also a test fungus commonly used
for the assessment of the function of wood preservatives especially in hardwoods.

2.2 Inhabiting conditions of decay fungi

Wood decay fungi have certain requirements in inhabiting conditions for growth
and survival [11], several factors affecting fungal colonization and propagation are as
follows:

1. Water: free water or adequate moisture in wood cell lumina;

2.Oxygen: as living organisms, oxygen is a necessary condition for most wood-
inhabiting fungi;

3.Favorable temperature: suitable range of survival temperature for most wood
decay fungi is from 15 to 40°C;

4. Available nutritional supplies: sustainable nutrient source is also a necessary fac-
tor for long-term living in order to provide sufficient energy and metabolites for
synthesis via metabolism;

5.pH range: favorable chemical conditions are necessary for fungal growth on
wood, the range, the optimal pH condition, is from 3 to 6.

In-depth comprehension of the fungal inhabiting or living conditions is extremely
significant as this information can provide us with a better understanding of how
these wood decay fungi survive and multiply, and furthermore how to efficiently
protect wood and prevent serious degradation. For example, reducing the surround-
ing humidity or keeping wood dry below the fiber saturation point (25-30%) could
efficiently eliminate the fungi growth. In addition, scientific treatments could be
carried out to better protect wood resources, and a new wood preservative system
could be developed. Besides, novel biotechnology can also be developed to pretreat
the woody raw materials or waste wood even including some organic waste, which can
promote the development and progress of environmental protection.

2.3 Wood decay process and feature
2.3.1 Wood decay process

As mentioned before, wood rot fungi are traditionally divided into white rot and
brown rot fungi, and different fungi can decompose the different wood chemical
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compositions due to their own selectivity and action mechanism [12, 13]. During

the process of wood degradation, white rot fungi can mainly secrete a key group

of extracellular oxidases (oxidative enzymes) to degrade lignin, i.e. lignin peroxi-
dase, manganese (II)-dependent peroxidase, and laccase, which is the most typical
and common oxidative enzymes possessing the relative strong degrading ability.
Hydrolytic enzymes, such as cellulase, hemicellulase, amylase and pectinase can as
well as be secreted by white rot fungi, in consequence, white-rot fungi can completely
deconstruct the lignocellulose cell wall materials [4]. In addition, according to the
degradation and removal of wood chemical components by white rot fungi, it can

be classified into “selective” and “simultaneous” decay path [14]: (1) Selective rot
initially degrade the hemicellulose and lignin, but retaining the cellulose [15]; (2)
Simultaneous rot degraded cellulose, hemicellulose and lignin in a rather uniform
depletion [16, 17]. It is noteworthy that the same white rot fungi can cause selective or
simultaneous rot when it decayed different substrates, and even both types rot in the
same substrates [18, 19].

Unlike the white-rot fungi, brown rot fungi can secrete a large amount of carbo-
hydrate enzymes, such as cellulase and hemicellulase, pectinase including amylase.
Brown rot fungi extensively depolymerize the carbohydrates (cellulose and hemicel-
lulose), leaving the fragments of the degraded cellulose and hemicellulose but retain-
ing the modified lignin which is not depolymerized seriously [20-22]. It has long been
thought that these basidiomycetes do not decompose the lignin seriously, and their
activities on lignin, the abundant aromatic biopolymer, are limited to minor oxidative
modifications [23, 24].

As mentioned before, different enzymes display rather various effects on wood
chemical components, especially from various fungi as well as different degradation
stages, which could be attributed to the fungi’s instinctive motivation and selectiv-
ity. Thus, different fungi biodegrade wood in their own selective path, and different
biodegradation paths vary between different wood species (soft and hard wood).

2.3.2 Decay features

According to the shape, wood decay can be classified into white rot, brown rot,
and soft rot [4]. Most wood decay fungi species are subordinate to Basidiomycota
(Basidiomycetes), typically classified into two types, either white- or brown-rot fungi
[7]. Brown rot fungi cause significant degradation of cellulose and hemicellulose but
with little degradation of lignin, which can only be modified. The typical features of
wood brown rot are shrinks and fragmentations, which easily to be decomposed into
soft cubic shapes with brown discoloration, due to the lack of cellulose and hemicel-
lulose, and the oxidation of lignin. Conversely, white rot fungi mainly degrade lignin,
causing a whitish, needlelike texture or fibrous shape of the decayed wood [25]. Soft-
rot fungi, broadly as “non-Basidiomycete” destroyers, resemble the brown-rot fungi
which utilize exoglucanases, and endoglucanases to degrade cellulose, which was
reported that the attack is limited to the amorphous cellulose zones in the microfibrils
[26]. Generally, the attack of soft rot fungi is limited primarily to the carbohydrates in
cell walls, and limited modification of lignin, such as demethoxylation.

2.4 Variation of wood property

Once wood is infected by fungi, wood degradation will be presented outside or/
and inside of wood, with the result of alterations in chemical compositions, physical
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and mechanical properties, and changes of microstructures. Some alterations of
wood properties, such as mass losses, chemical components and microstructures are
summarized as below:

1.Mass alteration

Wood mass loss is commonly accompanied by most fungal decay due to that
fungi need nutrients as they grow through the wood by utilizing the various
components of the wood cell wall. Thereby, most wood decay fungi can utilize
the various chemical components of the wood substrate in the cell wall as they
colonize and grow through the wood, leading to the reduction of the overall
wood mass [27]. Wood mass losses can achieve 70% through brown rot, even ex-
ceed 95% after white rot and about 5-60% by soft rot. Mass loss will be generally
expressed at the different trend of change due to the various decay conditions,
which depends on the diverse wood species including the types of decay fungi as
well as the different periods during wood decay.

Mass losses of some wood species in different periods with both brown rot fungi
and white rot fungi are presented in Figure 1 (derived from the research of previ-
ous research [28] and authors’ results [29]). As portrayed in Figure 1, the mass loss
of wood clearly increased as the decay time prolongs. Besides, regarding softwood,
brown rot fungi were stronger than white rot fungi. In contrast, in hardwood
samples, the deconstruction capacity of white rot fungi to hardwood was more
aggressive and vigorous than that of brown rot fungi, and this could be that the
lignin types of hardwood mainly included guaiacyl lignin and syringyl lignin, and
hardwood lignin contained more methoxyl groups, which was more easily decom-
posed [14, 30]. Furthermore, it was worth mentioning that, in hardwood group,
Hevea brasiliensis showed more resistance against white rot fungi than Populus
yunnanensis and Liquidambar styraciflua, which may be due to the density of H.
brasiliensis higher than that of P yunnanensis and L. styraciflua, attributing to the
significant effect of density on wood properties (Table1).

2.Changes in chemical components

The chemical compositions of diverse wood species at different periods by
brown rot and white rot fungi are summarized in Table 2.
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Figure 1.
Mass loss of different wood species decayed by white and brown rot fungi.
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Wood P. Cunninghamia Pinus H. brasiliensis P. L.
species Y is l lata taeda yunnanensis  styraciflua
Densities/g. 0472 0.401 0.580 0.650 0.364 0.545
cm™
Wood densities of different tree species [31-34].
Table 1.
Densities of different wood species.
P, yunnanensis [19]
Fungi Time(d) Glucan (%) Xylan (%) Lignin (%)
— 0 33.67 9.73 32.24
T. versicolor 30 2593 11.32 29.90
60 26.10 4.49 2764
90 3317 718 25.90
G. trabeum 30 30.09 772 28.33
60 25.76 4.36 2762
90 23.50 2.97 29.62
R.placenta 30 21.80 7.89 27.05
60 20.12 6.57 26.89
90 19.50 3.16 2795
P, jezoensis [35]
Fungi Time(d) Glucan (%) Xylan (%) Lignin (%)
— 0 46.9 232 26.8
P, pini 30 459 22.2 264
60 404 24.2 24.0
90 31.2 263 194
Table 2.

Relative chemical compositions of control and degraded wood.
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For P, yunnanensis wood, Trametes versicolor (white rot fungi) caused simultaneous
rot, resulting in a rather uniform depletion of glucan, xylan and lignin. Conversely,
in brown rot groups, fungi preferentially decomposed carbohydrates, which led
lignin retained selectively. However, they decomposed cellulose and hemicellulose
in their own selective approach. The xylan decreased from 9.73 to 2.97%, which
decayed by G. trabeum, while the glucan decreased from 33.67 to 19.50% after Rho-
donia placenta biodegradation, revealing that G. trabeum could degrade hemicel-
lulose selectively, while Rhodonia placenta could preferentially attack cellulose. It is
interesting that different fungi exhibited obviously different degradation in soft-
wood species, e.g. the Picea jezoensis decayed by Porodaedalea pini, both cellulose
and lignin were depolymerized due to the respective decreased contents, whereas,
the increased content of hemicellulose showed the slight degradation of hemicel-
lulose probably due to the weak influence on hemicellulose from this fungus. This
also reveals that wood rot fungi depolymerize the chemical compositions of wood
substrate through their own degradation pathway.
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3.Changes in microstructure

The microstructure of wood will also undergo significant changes after be-
ing infected by decay fungi, such as the enlarged porosity in the wood due

to the partially or entirely destroyed fibers, which could improve the perme-
ability, decrease the density, and reduce the strength and toughness of wood
as well, making it prone to fracture [2]. Some morphology observations are
illustrated in Figure 2 (derived from the authors’ results [29]). In Figure 2, it
can be seen that white rot fungi T. versicolor almost colonized in cell lumens
at 4 weeks due to the obviously present hyphae in the wood cell lumina, and
hyphae presented in large clusters after 8 weeks [29]. It can be suggested that
white rot fungi T. versicolor grew along lumens of wood cell walls during its
colonization then the lignin can as well be decomposed accordingly [8, 17].
In brown rot fungi, a large number of cell walls were deconstructed, reveal-
ing fungi were able to grow and reproduce, leading to the destruction of
wood cell walls. It was also reported that decay fungi colonized and attacked
through parenchyma cells via pits and the wood rays were the primary paths
for the spread of mycelium [19].

It can be concluded that there also are microstructure changes within wood
during the degradation by fungi with the destruction of the cell wall materials,
resulting in the enhancement of the accessibility of wood substrates as well as
the improvement of the wood permeability.

4.Changes in physical and mechanical properties

Decaying fungi can lead to the changes in the physical and mechanical prop-
erties of wood, such as a decrease in intensity, elastic modulus, hardness, etc.
Simultaneously, the toughness of wood will also deteriorate. These changes will
affect the stability and service life, even the safety of wood products.

Control T. versicolor-4 G. trabeum-16 R. placenta-16
Pinus

Control T. versicolor-8 G. trabeum-8 R. placenta-12
Popolus

Figure 2.
SEM images of wood samples biodegraded by different fungi.
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Wood decay by fungi can cause wood substrate losses, and changes in the
chemical compositions, microstructures and physical and mechanical proper-
ties of wood. Among those properties, strength is a prior concern when study
wood decay due to its critical significance in most structural uses. In summary,
the degradation caused by fungi can damage the wood cell walls, leading to the
destruction of organizational constituents and structure and the embrittlement
of wood, thereby affecting its performance and service life.

3. Wood preservatives

As aforementioned, one of the major drawbacks of wood is its susceptibility to
biological deterioration. Wood can be attacked by decay fungi inadvertently in natu-
ral conditions and as such its durability is accordingly reduced, accompanied by some
decay hazards and others such as losses amounting to billions of dollars each year. It
is the primary reason that wood needs to be treated aiming to prolong its service life.
Based on the background, the chemical wood preservative and protection technology
have been greatly developed worldwide [36].

3.1 Conventional wood preservatives

Generally, conventional wood preservatives can commonly be classified into
three types, i.e. oil type wood preservatives, oil-borne type wood preservatives
and water-borne type wood preservatives. Coal tar and creosote, which are usually
known as traditional oil preservatives, are toxic and effective in resistance against
wood decay fungi, insects and other microorganisms. Oil-borne preservatives, which
dissolve some toxic water-insoluble organic fungicide compounds in organic solvents
[37, 38], are also efficient but limited utilized in certain wood products due to their
volatile organic compound problems. During the actual production and application
process, some traditional preservatives (oil preservatives or oil-borne preservatives)
are poisonous to the environment and human health, due to their containing some
toxic chemicals [39]. Therefore, water-borne preservatives have been developed and
applied instead of traditional preservatives in many areas.

Water soluble preservatives can protect wood efficiently in most environments,
which dissolve some active chemical ingredients in an aqueous solution, which is valid
in the inhibition of the harmful microorganisms to wood due to its toxicity to fungi,
bacteria, insects, and other biological erosion. Besides, water-borne preservatives
can also penetrate into wood cell walls due to their good permeability, and effectively
protect the entire wood from the erosion of microorganisms, then provide long-last-
ing protective effects. Wood water-borne preservatives are usually prepared in liquid
form, which can be applied to wood and/or wood surfaces through simple methods
such as soaking, spraying, or brushing. Compared with other types of preservatives
(oil preservatives or oil-borne preservatives), the application of water-borne preser-
vatives is very convenient. Thus, water-borne preservatives attract increasing atten-
tion due to their well-treatment feature, lower toxicity, less environmental impact and
pollution after use. Collectively, up to date, water-borne preservatives are the most
widely applied wood preservative.

However, there also are some disadvantages to water-borne preservatives, includ-
ing limited fixation and durability due to their high solubility in water, and low
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protection compared to some oil preservatives or oil-borne preservatives, especially in
extreme environmental conditions, such as high humidity.

3.2 Environmentally benign wood preservatives

Wood is easy to be deteriorated for ubiquitous organisms, such as fungi, bacteria
and insects. For this reason, wood products require chemical treatment rather than
soil direct contact to prolong their operating lives. Though water-borne preservatives
are widely utilized attributing to their inexpensive cost and good permeability, their
high solubility also brings negative effects such as low stability and fixation, even risk
to the environment due to the toxic leachable chemicals. Chromated copper arsenate
(CCA) has been extensively used to effectively protect wood for nearly 100 years.
Arsenic and copper compounds are used as toxic elements to the microorganisms
and insects in CCA components, while the chromium salt is applied to fixable agents
and prevent them from leaching from the CCA-treated lumber into the environment.
However, CCA-treated wood products need careful use and cautious disposal for it is
a toxic waste and harmful to humans, animals and the environment due to chromium
and arsenate in CCA elements are inaccessible to standard toxicity characteristic
leaching profile (TCLP) tests [40]. Since 2004 the U.S. Environmental Protection
Agency prohibited CCA for residential purposes due to its hazard during manufacture
and treatment. As a consequence, it is urgent to develop and research feasible, effec-
tive, environment-friendly and cost-competitive wood preservatives to substitute for
traditional preservatives, such as CCA.

Under the above background, environmentally benign wood preservatives are
researched and developed by many wood science researchers and wood preservative
companies during the past few years. Copper salts, which are poisonous to microor-
ganisms and insects, have been used most frequently in wood preservatives and could
react with and/or bind to lignin, tannin, or protein consequently fixed in the wood.
Boron salts are the oldest preservatives and are still used as effective fungicides and
insecticides nowadays on account of their low toxicity [41, 42]. Due to the preserva-
tive active ingredients and low toxicity, copper and boron salts attracted more and
more attention [43-45]. However, the leachates (copper and/or boron elements)
from the treated products during the long-time application are inevitable for their
water solubility [14]. Thus, copper and/or boron-based wood preservatives need to be
developed to stabilize and fix the active ingredients (copper and/or boron elements)
onto wood structures.

Recently, proteins such as soy isolates, okara protein, and feather protein, have
been used to interact with the preservative active ingredients by coagulation, auto-
condensation, and/or other chemical reactions to increase the durability of the
preservative in treated wood [36, 46]. When the copper-boron-protein preservatives
impregnate the wood, copper and boron can interact with wood components and be
fixed in the wood matrix by gelling of protein via heating or other methods. Mazela
et al. (2003) and Thevenon et al. (1998) used proteins and tannin compounds to fix
the boric acid during two impregnation stages [47-49]. Sye et al. (2008) prepared
awood preservative by formulating copper and/or borax with organic waste okara
to substitute the high-price copper azoles (CuAz) and alkaline copper quaternary
(ACQ) [50]. Yang (2006) studied the feasibility of using soy protein instead of toxic
chromium and arsenic to formulate wood preservatives with copper and boron [51].
The aforementioned studies proved that the protein-based wood preservatives could
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penetrate the wood block and protect the wood products against fungal attack as
effectively as traditional preservatives, such as CuAz. In addition, they are environ-
mentally friendly and have been considered as an interest alternative to CCA.

Based on this theory, the authors developed a kind of environmental friendly
wood preservative based on chicken feather protein, which was used as the source
of protein for its environmental benign character and low cost. The preservative
formulations were composed of hydrolyzed chicken feather protein, copper sulfate
(CuS04-5H,0) and sodium borate (Na,B,0,-10H,0). Chicken feather powder was
hydrolyzed at 140°C for 4 h, then the protein hydrolysate was obtained. The con-
densed hydrolyzate was added into the suspension of copper sulfate and sodium
borate. Then the wood preservative solution based on feather protein was achieved
with the dissolving agent ammonium hydroxide (NH,OH) [36].

The results showed that chicken feather proteins can be successfully used to prepare
the protein-based wood preservative, which can penetrate wood structures and are
stable against water leaching. The interactions between chicken feather protein-based
wood preservatives and wood components were also confirmed. Therefore, chicken
feather protein could be used as a source of protein and an efficient chelating agent to
prepare low-cost, effective and environmentally benign wood preservatives, and the
chicken feather protein-based preservative can effectively protect the wood against
decay fungi and prolong the service life of the treated wood blocks, which provides a
new source of protein using natural components as potential wood preservatives. For
exploring the ground-contact protection of the chicken feather protein-based preser-
vative, field trials with much longer processing time need to be conducted in the future
in order to evaluate the long-term effectiveness of this kind of preservative.

Natural materials attract more and more interest as a source of preservatives due
to their simple way to obtain, low cost and environmentally friendly characteristics.
There are some new preservatives prepared from natural materials, due to their
competitive cost, low toxicity and low environmental impact, such as plant-derived
wood preservatives. For instance, Tiina Belt investigated the extractives of heartwood
of Scots pine, containing extractives, such as pinosylvins, and suggested that pine
heartwood extractives have the potential to inhibit the white rot fungi [52]. The
ethanol extractives of teak heartwood residues also showed promising antifungal
abilities as wood preservatives [6]. Tchinda reported that plant essential oil showed
positive antifungal activities, using natural plant extracts to protect wood [38, 53].
Senmiao Fang mixed chitosan and cinnamaldehyde as a kind of natural wood preser-
vative and proved that the new kind of preservative can effectively protect the test
sample, which can be easily used and overcomes the volatilization problem. Salicylic
acid, also a natural organic substance extracted from plants, possessing antibacterial
functions, can also be utilized and formulated as a kind of wood preservative. Li Yan
formulated a salicylic acid/silica microcapsule and studied its decay resistance as well
as the stability of modified poplar wood. The decay resistance of treated poplar was
greatly improved compared to untreated poplar [54].

4, Conclusions

Wood is susceptible to being infected, decayed and deteriorating in the natural
environment due to the ubiquitous microorganisms. Many microorganisms, such as
wood decay fungi and bacteria, could attack and damage wood products leading to
enormous commercial waste and property losses. Wood decay, an inevitable natural
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phenomenon caused by the activity of some microorganisms, brought about various
hazards, such as wood structural deformation, and the losses of original strength

and stability, which could lead to deconstruction and collapse of wooden products,
causing economic impact and property damage even harm and danger to citizens. The
decay mechanisms of wood are different depending on the different decay organisms
(fungi, bacteria or insects) and various wood species including diverse decay stages. It
is very important to understand the decay mechanisms of wood. Through the elucida-
tion of the decay mechanisms of wood, scientific protection technology or measures
could be performed in order to prolong the service life of wood products, which is
crucial both for sustainable forest resource management and the research and devel-
opment of wood preservatives. To enhance the resistance of wood against the decay
fungi or bacteria, chemical treatments and preservatives have frequently been applied
in the wood industry. Environmental concerns have prompted the development of
wood preservatives based on natural materials, which are with high efficacy, low cost,
low health risks and low environmental impacts. Some protein-based wood preserva-
tives or wood extractives have received great attention due to their low cost, toxicity
and environmental impact. As scientific research and technologies advance, the decay
mechanism of wood and its relationship with wood preservatives have been further
developed, providing an improved understanding of the wood degradation process by
various microorganisms (fungi, bacteria) and promoting scientific wood protection
and maintenance.
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Chapter 6

Biopolymers as Coating Additives
for Engineered Wood Products

Mihaela Tanase-Opedal

Abstract

Engineered wood products are used as a construction material due to enhance
performance, faster and higher construction of buildings, durability, and less impact
on the environment. However, its flammability and resistance to mold, insects and
water limits its use in construction, and especially in exterior use. Thus, the necessity
of developing wood coating formulations that reduce the impact of the environment
and increases the durability of engineered wood products. Biopolymers have attracted
considerable interest as alternatives in coating applications for engineered wood
products due to their availability, environmentally friendly and compatibility with
the main wood components. The focus of this book chapter is to give an overview of
the treatment methods and bio-based coating of the engineered wood, with special
emphasis on lignin-based coating. Lignin/lignin nanoparticles, due to the presence of
functional groups, is a promising polymer for coating formulations and applications.
Lignin can produce a significant quantity of char when heated at high temperatures.
This is important combustion characteristic when lignin is to be used as coating addi-
tive for wood. As such, lignin-based fire retardant and antibacterial action of lignin
are important properties when lignin-based coating formulations are developed, and
they are discussed in this chapter.

Keywords: biopolymers, engineered wood products, lignin-based coating,
lignin-fire retardant, antibacterial activity of lignin

1. Introduction

Engineered wood products are building materials that are made by laminating
layers of wood together or by binding wood fibers together into a composite material,
typically with an adhesive usually involving heat and/or pressure [1]. Engineered
wood products offer consistency of structural performance and dimensional stability,
making it possible to integrate them successfully with other construction materials
on large and complex projects [2]. Engineered wood products are making it conceiv-
able to build taller and bigger wood structures, which is highly asked by the building
market [3]. There are many different types of engineered wood products, which can
be categorized according to the type of feedstock used in their manufacture. The
engineered wood association offer guidance on the properties and applications of
engineered wood products being classified in three primary categories, as shown in
Figure 1. Advantages of using engineered wood products compared to alternative
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Figure 1.
The classification of engineered wood products, according to APA.

building materials are: (i) natural, renewable, sustainable and reduced carbon
footprint; (ii) lighter-weight and greater flexibility in design and construction; (iii)
faster and quitter construction; (iv) cheaper construction, warmth and esthetically
pleasing with health benefits. Engineered wood products are considered to be renew-
able construction materials due to their composition [2].

A major factor supporting growth in the use of engineered wood products in
construction is the increased environmental and sustainability concern [3, 4], which
is influencing construction techniques and the choice of building materials. As such,
wood is a renewable and sustainable building material used for modern engineering
solutions and functional and decorative applications [5]. Wood has better insulating
properties and a positive carbon balance compared to other building materials. Wood
has much smaller carbon footprint than other construction materials, and increased
use may reduce CO2 emissions by 14% [6]. Moreover, the greenhouse gas emissions
have been shown to be as the same level as of concrete and lower than steel [7]. If
properly maintained, wood can storage carbon for long lifespan. The engineered
wood products used in exterior applications are maintained in time due to the use of
preservatives such as creosote, halogenated carbamates, benzothiazoles, pentachlo-
rophenol, (alkyl) imidazoles, bis(tributyltin) oxide, or salt-based impregnates [8, 9].
In addition, fire retardancy is an important behavior if the engineered wood products
that are used in construction applications. Currently, the halogenated products are
used as fire retardant additives for wood applications [10-13].

Both the currently used preservatives and halogenated fire-retardant additives used
today are considered toxic, both for humans and environment. Preservative leaching
problem when wood is encountering water and recyclability of wood materials when
preservatives are used have been discussed by several authors [14-16]. As such, these
concerns contribute to the necessity of developing non-toxic bio-based alternatives.
Issues of sustainability and carbon sequestration opens the possibility for new green
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technologies which can improve durability, stability, and performance of wood,
especially in exterior applications [17]. The wood preservative industry is interested
in finding low-cost, environmentally friendly methods for the treatment of the wood
[18]. Engineered wood products (EWP) producers recognize the potential to greatly
expand their market-share if more optimal and affordable wood protection options
can be found [1].

Extending the service life of wood and wood-derived products by using environ-
mentally friendly biopolymers represents an attractive approach for wood protection
from the perspectives of human health and environmental protection [19, 20]. The
modern coating market is dominated by acrylic, polyurethane, and polyester polymer
resins produced from unsustainable fossil resources. These coating additives are still
used on the market due to their properties and low price. In the recent years, sustain-
able solutions such as vegetable-oil based coatings such as tall linseed, coconut, soy-
bean, and castor-oil have been introduced on the market [21, 22] These oils are often
used in different coating combinations to improve their properties. Usually, most of
the additives used in coating applications requires chemical modification [21-24].

An environmentally friendly solution for wood preservation could be the use of
biopolymers [25]. Biopolymers, due to the compatibility with the main wood compo-
nents are considered as interesting alternatives to be used in coating applications [20].
Biopolymers not only that can enhance the performance of adhesives derived from
petroleum in different ways [26], but also they can be used to develop environmental
friendly and sustainable bio-based alternatives. Biopolymers are categorized as a
function of their monomer unit in polysaccharides (cellulose, hemicellulose, glucans,
starch), proteins (gelatin, casein), derived polypeptides (collagen, peptides) and
polyphenols (tannins, lignin) [25, 27]. Biopolymer-based coatings can be directly
deposited onto the substrate surface or by chemical reactions between the biopolymer
and the substrate. The chosen coating technique is decided by a specific application,
thus depending on several factors, described by Song et al. [28]. Biopolymers, due to
the superior compatibility with the main components of wood, have a positive effect
on the penetrability of biopolymer into the wooden mass and can enhance the bio-
polymer biocidal activity. Many other benefits, such as wood recyclability have been
pointed out in the work of Patachia and Croitoru [29]. As such, this book chapter
is important as it gives an overview on the use of biopolymers in coatings formula-
tions and how these formulations can protect the wood against fire, insects, mold
and water. Using natural biopolymers to replace the conventional preservatives and
fire-retardant additives in wood protection is highly recommended, as the engineered
wood product will be completely renewable and recyclable.

2. Treatment methods of engineered wood products

The drivers of using biopolymers-based additives in wood coating applications
consist of sustainable concerns, such as increasing the durability of engineered wood
products without the use of toxic compounds. In general, as described in the intro-
duction part, wood can be protected against fungi, molds or insects by impregnation
using different natural substances [30, 31]. Impregnation has been mostly applied
on the solid wood, where the wood structure was chemically modified so that water
penetration in the wood structure was limited. Chemical structure and composition
of the engineered wood products allows efficient chemical modifications both at
surface and inside the wood structure [32, 33]. As such, there is possible to tailor and
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synthesis recyclable and renewable engineered wood products with specific proper-
ties [18]. The uses of engineered wood products for exterior applications, such as

in house-holds buildings requires both a surface and chemical treatment. Exterior
wood coatings represent the second largest segment accounting 25% of the global
architectural wood coatings market [7]. Different coatings formulations are designed
to protect the wood from weathering degradation and preservation in outdoor
conditions [34]. The coating agents act at the wood surface as barriers against envi-
ronmental factors action, such as attack of insects, moisture and fire) and to maintain
the aesthetical appearance of the wood. Plant oil-type wood preservatives, such as
wood and plants extractives, vegetable oils, natural waxes, different biopolymers and
biological control agents are the most applied one [31].

Both, high and low molecular mass biopolymers protect the wood against mois-
ture, oxygen and biological attack. However, the mechanism between low and high
molecular mass biopolymers is different. Biopolymers with high molecular mass can
be used for surface impregnation, forming viscous biopolymer solutions which can
minimize the leaching of biocidal compounds from the treated wood [35]. As such,
biopolymer coating formulations can protect the environment and prolonging the
lifecycle of wood [35]. Natural biopolymers, with low molecular mass generate solu-
tions (aqueous or organic solvent based) with low viscosity, are proposed to be used
as impregnation agents by diffusion into the wood. As such, by creating a film inside
wood lumen and closing the pores, allows protection of the treated engineered wood
products against water and biological attack. These low-molecular biopolymer solu-
tions could be introduced into wood either by immersing (superficial impregnation)
or by high-pressure impregnation [36, 37]. As such, enzymatic polymerization of
essential oils with lignin in wood and treatments with nanoparticles [18], represents a
promising solution to the engineered wood treatment as illustrated in Figure 2.

Currently, biopolymers are used in wood impregnation as aqueous dispersion or
emulsions. However, new techniques for using biopolymers in wood modifications are
developed in the last years such as biopolymer hydrogels, nanoparticles or biopolymer
insertion by using an organic solvent as carrier. The hydrogels or the nanoparticles

Engineered wood treatment and surface coating

Surface coating with
nanoparticles

Polymerization
Figure 2.

Schematic figure of engineered wood treatment and surface coating.
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can be loaded with biocides and within controlled conditions of temperature and
moisture favors the swelling and the diffusion of hydrogels into the holes in the wood
structure. As such, the biocide is fixed in the wood structure avoiding the leaching
problem. When an organics solvent is used as carrier for the biopolymer, the same
swollen mechanism was observed [38-40].

3. Bio-based coatings

In the last years, have bio-based adhesives gained considerable interest in the
bonding of engineered wood products, as environmentally friendly approach com-
pared to the conventional based adhesives. Natural biopolymers such as, cellulose,
protein, lignin, and tannin and their modifications with different dispersing agents
and cross-linkers have been successfully applied as adhesives for bonding of the
engineered wood products [41]. Because of its hydrophobicity, lignin can be used
as raw materials for coating [42]. Lignin, due to the presence of phenol groups in its
structure, can successfully replace phenol in lignin-based adhesives formulations.
Siahkamari et al. [43] developed a bio-based phenolic adhesive by entirely substitut-
ing both fossil-based phenol and formaldehyde with lignin and glyoxal.

3.1Lignin-based coatings

Lignin, as a natural biopolymer from wood is produced as a by-product in many
biorefinery processes. Currently, only about 1 million ton is used for value-added
purposes, which mainly comprise in dispersants, adhesives, and fillers [44, 45]. Lignin
has a complex chemical structure which includes hydroxyl, carboxyl and phenolic
groups. The presence of these groups depends on the lignin isolation process. Chemical/
enzymatic modification of lignin is often a necessity to introduce new functional
groups that will increase compatibility between the components in the final material,
illustrated in Figure 3. Interest in substituting fossil-based polymers with biopolymers
in coating industry represents a great market opportunity in channeling recent develop-
ments into the production of green coating additives for engineered wood products.
Lignin conversion to high quality products is critical to a biorefinery’s profitability and
sustainability. Organosolv lignin was esterified using dodecanoyl chloride to synthesize
a hydrophobic coating for wood [46]. Literature studies show that lignin-based coatings
have improved water repellent properties compared to conventional coatings formula-
tions [46]. Henn et al. [47] demonstrated the preparation of fully particulate coatings
without the use of binding matrix using lignin instead of metal oxides. Furthermore,
colloidal lignin particles were exploited to prepare water-based, solvent free, and mul-
tiresistant surface coatings. Due to their hydroxyl groups, the colloidal lignin particles
acted as hardener and required no binder to adhere to the substrate. As such, organosolv
lignin has been successfully employed to prepare lignin-based epoxy resins [48].

Micro- and nanostructured coatings, such as colloidal lignin particles or lignin
nanoparticles have gained attention because they disperse easy and due to their
often excellent anticorrosion, antibacterial, anti-icing, and UV-shielding properties
[49, 50]. It has been shown that high surface roughness of nanostructured coatings
is one important factor contributing to their exceptional hydrophobicity [51, 52].
Hydrophobicity and abrasion of nanostructured coatings can be improved by binding
or encapsulating the particles to a polymer/biopolymer matrix obtaining in this way a
covalently particle-polymer matrix. As such, particle-polymer matrix can be applied
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Chemical/enzymatic modification of lignin and lignin
nanoparticles

Lignin nanoparticles Laccase Lignin grafting

Coating applications

Figure 3.
Tllustration of lignin nanoparticles, chemical/enzymatic modification of lignin.

for special applications being shown in the literature to give a very good water and
abrasion protection, but at higher price [50, 53-55].

3.1.1 Lignin-based fire retardant

In recent research literature, it has been found that intumescent flame retar-
dants, such as ammonium polyphosphate (APP), as a non-reactive, inorganic
material can be added to polymers as a substitute for halogen flame retardant,
being compatible with many polymers and biopolymers [56]. APP is a reaction
results of ammonia and phosphoric acid. Therefore, as an additive used for intu-
mescent coating in flame-retardant applications, APP has both function of acid
and gas source. When a product containing APP meets fire, APP acts as a flame
retardant by a chemical effect in the condensed phase called intumescence. As
aresult, a carbon foam is formed at the surface of the material which acts as an
insulating layer, preventing further decomposition of the material. It has been
shown that APP has high content of phosphorus and nitrogen, environmentally
friendly, good thermal stability, low smoke, and nontoxicity [11]. These charac-
teristics makes the intumescent flame superior to conventional flame retardants.
In recent years, lignin and chitosan has been used as a carbon source in different
flame-retardant formulations [12, 13, 57].

Lignin based flame retardants can be prepared by directly physical blending
or by chemical modification [58, 59]. A disadvantage of the physical method is
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Figure 4.
Thermal decomposition of lignin.

uneven multicomponent mixing, which has a negative impact on flame retardancy.
During the chemical modification, the hydroxyl groups present in lignin structure
will react with desired functional groups, such as ammonia, phosphoric acid given
a lignin with modified structure which is suitable to be used in intumescent flame-
retardant formulations [60-63]. Zhang et al. [64] showed that lignin modified
with urea and combined it with ammonium polyphosphate (APP) was successfully
used as a novel intumescent flame retardant (IFR) system to improve the flame
retardancy of polylactic acid (PLA). Moreover, Liu et al. [63] showed that novel
lignin-based flame retardant was done by chemically grafting nitrogen, phospho-
rus and copper elements into lignin structure to improve the flame retardance

of wood- plastic composites. Lignin nanoparticles can also be used in different
intumescent flame-retardant formulations. Collet et al. used for the first-time
lignin nanoparticles modified with phosphor in intumescent flame-retardant
formulations [65].

Char yield during combustion of a polymer is an important characteristic when
the polymer is to be used as a flame retardant or as additive for intumescent coating.
We have observed that during thermal decomposition lignin produces high char yield
up to 45%, as seen in Figure 4. We believe that the high char layer has a positive effect
on smoke suppression and therefore er lignin a promising additive in intumescent
flame-retardant formulations.

Our hypothesis on formation of a larger and denser charring layer helps in
improving smoke suppression is in accordance with literature results of Dai et al. [59].
The mechanism involved here is similar when APP is used, where the hydroxyl groups
present in lignin structure reacts with phosphoric acid and ammonia, as illustrated in
Figure 5.

As such, both phosphor and nitrogen are introduced in lignin structure, having a
function of an acid and gas source in intumescent flame-retardant formulations. We
strongly believe that the synergic effect of both nitrogen and phosphor incorporated
in lignin structure can improve the fire-resistance properties.
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Tllustration of incorporation of phosphor and nitrogen in lignin structure.

3.1.2 Antibacterial activity of lignin

The antimicrobial property of biopolymers has been shown literature to depend on
several factors, such as molecular mass, concentration, ability to be fixed into the wood
structure and electrical charge [66]. Biopolymers with higher molecular masses have
low biocidal activity, compared to high molecular mass biopolymers [67]. Literature
studies shown that the antimicrobial activities of lignin can be inhibited by the pres-
ence phenolic monomers in lignin [68]. The lignin’s antimicrobial activity depends
on biomass source, the presence of hydroxyl and methoxy groups, and the extraction
methods as follows: softwood organosolv > softwood kraft > grass organosolv due to
the effect of acid-soluble lignin content [69]. Lignin as an antimicrobial agent is being
used in commodity products like in plastic production [70], textile [71-73], medical
materials, pest control, and healthcare products [74]. Lignin’s and lignin nanoparticles
chemical modification and combination with metals, for example Cu-lignin combina-
tion, have been shown to increase antimicrobial activity [75]. Thus, the use lignin as an
antibacterial agent is believed to be a high value approach for lignin valorization.

4, Conclusions

Biopolymers are promising bio-based alternative to be used as biocides or barrier-
forming compounds into the structure of wood. Designing a coating system with
better performance on wood depends on understanding the interaction among
individual wood constituents with the coating components. By using biopolymers
as coating additives to protect the wood has environmental benefits and avoids the
issue of wood recycling. Lignin based coating shows great potential in the future asa
promising alternative to fossil-based polymers.
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