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Abstract:  

Smart technology is now playing an essential role in engineering applications that aim to 

enhance people's quality of life. particularly in architecture and mechanical engineering. 

Despite the fact that wood has been considered a heritage since the ancient Egyptians used it in 

its most basic form, it will never be neglected as it is a traditional and natural material. 

Therefore, the hypothesis is that, the developments in nanotechnology and the application of 

smart technologies to wood will take variety of forms in order to optimize its architectural and 

environmental efficiency. Moreover, the improved characteristics of wood allow for a novel 

application of it that might affect the current path in a wide range of mechanical applications. 

The research methodology is an analytical descriptive approach that shows the impact of smart 

technologies with nanotechnology in providing new wood characteristics to enable design 

engineers to maximize the usage of wood in an innovative way in engineering applications. 

The objectives of the paper are to highlight the capability of using smart and Nano technologies 

to maximize the potential of natural and gained wood benefits in engineering applications. 

Furthermore, Experiments have shown that using definite kinds of wood in a various 

application, such as manufacturing 3D vehicle simulation models to analyze dynamic 

characteristics and improving the accuracy of mechanical measurement systems, as well as 

using wood in an urban context to improve technology and environmental efficiency. 
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Ϝ:ЉϷЯгЮ 

 ϝуϮнЮнзЫϧЮϜ ϟЛЯϦ ̪ϽЎϝϳЮϜ ϥЦнЮϜ сТϢϹтϹϯЮϜ  ϣЂϹзлЮϜ сТ ϝгуЂ ъ ̪ϢϝуϳЮϜ ϢϸнϮ еуЃϳϧЮ ϣуЂϹзлЮϜ ϤϝЧуϡГϧЮϜ сТ ̯ϝглв ̯Ϝϼмϸ

 ϸϜнв ϼϝЫϧϠϜ нϳж еуЂϹзлгЮϜ йϮϜнϦ сϧЮϜ ϣуЃуϚϽЮϜ ϝтϝЏЧЮϜ ев рϼϜϽϳЮϜ ЀϝϡϧϲъϜ ϽϡϧЛт ϝгзуϠ .ϣуЫужϝЫугЮϜ ϣЂϹзлЮϜм ϣтϼϝгЛгЮϜ

.ϣϫтϹϳЮϜ ϣуЂϹзлЮϜ ϤϝЧуϡГϧЮϜ сТ ЭгϳϧЮϜ пЯК ϢϼϸϝЦм ϣуϛуϠ Ϣ̭ϝУЪ ϤϜϺ  ̯ϝϪϜϽϦ ϟЇϷЮϜ ϼϝϡϧКϜ ев бОϽЮϜ пЯК йвϹϷϧЂϜ ϩуϲ ̪

 ϝуϮнЮнзЫϧЮϜ ϽтнГϦ Ьы϶ ев ̪сЮϝϧЮϝϠм .̯ϜϹϠϒ йЮϝгкϖ бϧт еЯТ ϜϻЮ ̪ϣуЛуϡАм ϣтϹуЯЧϦ Ϣϸϝв йжц ̪йЮϝЫІϒ БЃϠϒ сТ еутϽЋгЮϜ ̭ϝвϹЧЮϜ
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ϝ̭УЪ ϽлЗϦ ϩуϲ йвϜϹϷϧЂϜ буЗЛϧЮ ϣУЯϧϷв ϤϝЦϝГж ϟЇϷЮϜ аϜϹϷϧЂϜ ϻ϶ϓт ̪нжϝзЮϜ ϣузЧϦ пЮϖ ̯ънЊм ϢмыК .ϣуϛуϡЮϜм ϣтϼϝгЛгЮϜ йϦ

 аϜϹϷϧЂϜ пЮϖ ЬнЊнЯЮ ϢϹтϹϮ ЉϚϝЋϷЪ йϠϝЃϧЪϜ ϣϯуϧж ϟЇϷЮϜ ϣжϝϧвм ϢнЦ ϤϝϡϪш ̯ϜϽуϡЪ ̯ϝтϹϳϦ Шϝзк дϒ ϱЎϜнЮϜ ев ̪ЩЮϺ пЯК

.ϣуЫужϝЫугЮϜ ϣЂϹзлЮϜ ϤϝЧуϡГϦ ев ϹтϹЛЮϜ сТ сЮϝϳЮϜ ϼϝЃгЮϜ пЯК ϽϪϕт дϒ еЫгт ϽЫϧϡв 

ЯуЯϳϦ сУЊм ϭлж еК ϢϼϝϡК ϣЦϼнЮϜ ϣуϯлзв ϤϜϿув ϟЇϷЮϜ ϱзгϦ сϧЮϜ нжϝзЮϜ ϣузЧϧϠ ϢϹтϹϯЮϜ ϤϝузЧϧЮϜ ϼмϸ пЯК ϹуЪϓϧЯЮ аϹϷϧЃт с

.ϣуЂϹзлЮϜ ϤϝЧуϡГϧЮϜ сТ ϢϽЫϧϡв ФϽГϠ йвϜϹϷϧЂϜ буЗЛϦ ев бугЋϧЮϜ сЂϹзлв еуЫгϧЮ ϢϹтϹϮ 

ϢϸϝгЮ ϣуЛуϡГЮϜ ЉϚϝЋϷЮϜ ев ϢϸϝУϧЂϜ пЋЦϒ пЮϖ ЬнЊнЯЮ ϣуЪϻЮϜ ϤϝузЧϧЮϜ аϜϹϷϧЂϜ ϣужϝЫвϖ ϣЦϼнЮϜ иϻк ЉϷЯϦ  ϣϡЃϧЫгЮϜм ϟЇϷЮϜ

ϽЗж ̪ϣуЂϹзлЮϜ ϤϝЧуϡГϧЮϜ сТ ̯Ϝ ϣтϸϝЋϧЦъϜм ϣуϛуϡЮϜ Ϣ̭ϝУЫЮϜ еуЃϳϧЮ ϣуϚϝтϿуТ ЉϚϝЋ϶м ϢϹтϹϮ бугЋϦ ϤϜϿув ϣТϝЎϖ сТ ϝлϧгуЧЮ 

 ЙузЋϦ Эϫв ϤϝЧуϡГϧЮϜ ев ϹтϹЛЮϜ сТ ϟЇϷЮϜ ев ϣзуЛв ИϜнжϒ аϜϹϷϧЂϜ дϒ ϞϼϝϯϧЮϜ ϤϽлДϒ ̪ЩЮϺ пЯК ϢмыК .ϣуЫувϝзтϹЮϜм

гЮϜ ϢϝЪϝϳв ϬϺϝгж .ϝлϧЦϸ еуЃϳϧЮ ϣуЫужϝЫугЮϜ ϤϝЂϝуЧЮϜ бЗж сТ ЩЮϻЪм ϣуЫувϝзтϹЮϜ ϤϝуЪнЯЃЮϜ ϣЂϜϼϹЮ ϸϝЛϠцϜ ϣуϪыϪ ϤϝϡЪϽ

 .ϢϹуϮ ϤϝуЪнЯЂ ХЧϲ ϹЦ ϣуϛуϡЮϜ Ϣ̭ϝУЫЮϜм ϣзЃϳгЮϜ ϝуϮнЮнзЫϧЮϜ ϼϝЃв сТ рϽЏϲ ФϝуЃЪ ϟЇϷЮϜ аϜϹϷϧЂϜ дϗТ ̪ЩЮϺ пЮϖ ϣТϝЎшϝϠ

Ц ϢϹтϹϮ ϤϝкϝϯϦϜ ϣЇЦϝзвм ЌϜϽЛϧЂϜ бϦ ̪аϝϧϷЮϜ сТ Эϫв ЭϡЧϧЃгЮϜ сТ ϣглгЮϜ ϝтϝЏЧЯЮ ЬнЯϲ ЌϽЛЮ ЬϝϯгЮϜ Ϝϻк сТ ϽтнГϧЮϜ Ϲу

.ϣугЯК ϣϯЮϝЛв пЮϖ ϬϝϧϳϦ сϧЮϜ ϢϸнϯЮϜ ϣϡЦϜϽв ϣгЗжϒм ЀϝуЧЮϜм ЭЧзЮϜ 

:ϣуϲϝϧУгЮϜ ϤϝгЯЫЮϜ 

ϤϝУЊ ϞϝЇ϶ъϜ  ;ϬϾϝгзЮϜ йуϪыϪ ϸϝЛϠъϜ  ;ϤϝЧуϡГϧЮϜ йтϼϝгЛгЮϜ ϤϝЂϝуЦм йЂϹзлЮϜ йуͮужϝͮугЮϜ 

 

Introduction  

Smart technology research is now one of the most important strategies globally as well as 

African countries to match work needs and create a comfortable lifestyle. However, the desire 

of using wood in a various application, such as the designing of caves to provide shelter from 

the environment and the manufacturing of wooden instruments, dates back to the creation of 

the world and the ancient Egyptians. (Creasman, P. P. 2013). With the appearance of ancient 

civilizations and religious civilizations, wood played an important part in the elegance and 

luxury of architectural decorations. Religious arts, such as Judaism, Christianity, and Islam, 

have changed over time. 

Nearly 4% of the world's forests are plantations, which were planted to supply a range of 

ecosystem services, mainly timber and other wood products. As a result, many designers are 

keen in the success of producing specific timber based on three major criteria: genotype, 

environment, and genetics. (Air temp, humidity, storm probability, and fire frequency & pest 

and disease outbreak frequency and magnitude) and adjusting forest management behaviors 

(Elsayed, G., Hasan,R. 2016). 

There has been a substantial revolution in mechanical design implementations to study 

aerodynamics and monitoring techniques. since the nineteenth century. Other changes in the 

American residential architectural arts were happened as well, especially those related to design 

methodology and building techniques. As a result, smart technologies have emerged as a 

significant tool to improve the usage of wood within many life aspects. (Pawson, S., et al. 2013). 

Timber is exactly a wood that has been treated into blocks, beams, and planks. Timber is 

commonly recognized in North America as lumber. Timber plays an important role in the 

construction of buildings. (Nocetti, M., et al. (2009) (Joseph, M. 2015) (Kolb, J., Schweiz, L. 
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& DGfH - German Society of Wood Research 2008), as well as it shares in various engineering 

design implementations. (Fig.1) describes the usage of wood in a variety of technological 

achievements, as well as the effects of wood with different materials in the form of Nano-

cellulose. 

 

Until the twentieth century, timber was widely used to make bearing wall systems as well as 

slabs and roofs of the earliest buildings. (Michael F., et, al. 2008). However, it has achieved 

worldwide rankings due to its widespread use in building the features of cities in America, 

Australia, and Europe, as several modifications have been created to modify its features such 

as strength, durability, insulation, moisture absorption, and readability. Moreover, different 

kinds such as enhanced wood, wood composites, and engineered timber products have been 

evolved and developed. (Joseph, M. 2015). (David W. 2011Furthermore, with the emergence 

of these wood products, timber appears to be reasonable to bear both stress and tension 

pressures, as well as to be capable of covering large spans. as shown in Fig.2, which illustrate 

the usage of timber in several engineering applications, as well as the interaction of timber with 

other materials in the form of Nano-cellulose to enhance life resilience. So, the objective of this 

research is to show that the usage of timber in mechanical design and construction systems has 

grown globally, particularly when effective applications have been developed to reduce the 

mass of used wood, reuse and recycle it, to achieve all required properties at a competitive cost. 

While the aspects and methods used to enhance timber are considered fundamental to the eco 

efficiency that is embedded under the umbrella of ecological sustainability, there have been no 

simulations of using smart timber in modelling implementations such as 3D automotive 

simulation  

models and measurement techniques. 

 

 

  
 

Fig 1: The utilization  of wood in a variety of technological installations (Earth Sciences Building (ESB) | UBC 

Campus & Community Planning 2021) 
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The Methodology 

While the applications, aspects, and methods for improving timber are completely responsive 

to the eco efficiency that is embedded under the umbrella of environmental sustainability, no 

simulations have been performed to assess the performance of using smart timber in modelling 

applications such as 3D vehicle simulation models and devices. So, this study assesses the 

dependent qualitative efficient factors that significantly improved the performance of timber 

products as follows:  

Å             Review literature to document the innovative aspects that have resulted in the new 

timber qualities in a cost-effective manner. 

Å              Simulation technique is used in modelling applications to assess the quality of smart 

wood's efficiency 

 

The Hypothesis Is That:  

The technological advances employed on timber nowadays can develop its physical qualities, 

allowing it to be more efficient in modelling applications. Also, this technology has the potential 

to increase the dependent qualitative efficient aspects of timber, thus improving its performance 

in architecture and construction. 

 

1. The new factors had a considerable effect on the new timber potential. 

This part of the research will investigate and document the technologically efficient properties 

of timber, as well as the role of smart and Nano technology on it. It will also illustrate how 

timber construction has evolved as an ecologically useful technology. 

 

1.1 The effect of smart technology on timber: 

Nowadays, smart applications on timber have developed in a variety of forms, but the majority 

seems to be embedded sensors or wood material substitutes. As follows: 

a. Embedded sensors in timber; to evaluate the severe problems that have emerged as a result 

of the current humidity, since nano-sensors are flexible, resilient, and sensitive to moisture 

damage, they are used in a range of applications to assess humidity levels in a substance, 

including wood roofing. Another sensor is inserted in the main structural parts to provide bridge 

 
A) The BUGA Wood 

Pavilion spans 30 m over a 

central event area on the 

ósummer islandô in 

Heilbronn 

 

b) the worldôs largest 

timber structure The Bank 

of Norrland  

In Sweden 
 

c) La Seine Musicale, Paris (FR) 

Fig 2:  Examples of how to use timber in building construction). ("Redirect Notice", 2022) 



 ϣтжϝЂжшϜ амЯЛЮϜм дмжУЮϜм ϢϼϝвЛЮϜ ϣЯϮвï ) Јϝ϶ ϸϸК ̼(                                                     вмтϝ̷̹̹̹ 
сЮмϸЮϜ ϼ̮̮̮̮вϦϔвЮϜ " ЬϠЧϦЂвЮϜ дϸвЮ рϔϼï Ϝ"ϢϼЪϦϠвЮϜ ϤϝтжЧϦЮϜм ϤϝЧтϠАϦЮ 

247 

owners and managers with better, more real - time information on how structures are performing 

and when maintenance is needed. as shown in Fig.3. 

  

Fig 3: Shows Largest span timber arch bridge(chinadaily.com.cn) 

the smart timber structure (Joseph, M. 2015) 

 

b. wood material substitution: Smart wood, also known as Fiber Cement wood replacement 

(USDA Forest Service 2021), is one of the Standard Classification of Goods (SCG) for Non-

Asbestos. It is a durable high-quality material that has been treated by a steam and high-pressure 

system (Autoclave) as part of a technological package that includes Firm & Flex technology. 

Also, it has various properties as follows: 

Å High-quality materials that are long-lasting and almost durable, making them perfect for 

both indoor and outdoor usage. Bendable for materials less than 12 mm thick. 

Å Termite-resistant; easy to care for; no shrinking, folding, or bending using high-pressure, 

steaming firm & flex technology, Colors and designs that are as appealing as ready-made wood, 

natural texture and color that are identical to natural wood, and a wide range of applications. 

Å There are several useable thicknesses, such as desired cut, hammer, or easily apparent 

exactly like natural wood, non-Asbestos. 

It has many applications as shown in Table 1: (USDA Forest Service -- Forest Products 

Laboratory 2021). 

Table 1: Wood material substitution and its applications in architecture (Smart wood) 

All figures in the table ("SMARTWOOD", 2019) 

C
a

s
e SCG/ 

applicati

on 

Properties /advantage Image 

F
o

r 
e
x
te

ri
o

r 
a
n

d
 i
n

te
ri
o

r 

Smart 

Wood 

Plank 

colonial 

series 

The Colonial series is elegant, with carved and 

refined edges. 

It's a wood substitute that comes in a range of 

wood and grain kinds, has a deep wood finish 

and profile, and comes in a variety of attractive 

colors for both indoor and outdoor application. 

Because of the particular coating technology, the 

color of both the primer and the top coated 

substance keeps the same. Can be decorated 

immediately with acrylic paint. 
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F
o

r 
e
x
te

ri
o

r SCG 

Smart 

WOOD 

Fascia 

Board 

It is a wood substitute for a walled façade with 

no warping and no shrinking since every portion 

is subjected to a high steam treatment (auto 

clave) The pattern is accurate, delicate, and 

natural.  

 

 

SCG 

Smart 

wood 

Shading 

Plank 

It is a wood substitute for shade as a kind of 

privacy or sun protection, and it has various 

advantages.; 

- Acrylic paint may be applied directly to the 

primer.  

-Strong and long-lasting.  

-A smooth surface that suits new and existing 

designs.  

-Termite-resistant since it is mixed with cement  

-There is no shrinking since each item is subjected 

to a high-pressure steam treatment (autoclave). 

 
 

Smart 

wood 

Fence 

Plank 

It may be built directly over an existing steel fence 

and can also be used as a stainless fence door to 

minimize weight and allow for faster opening and 

closing. Never destroy, it allows for efficient 

ventilation, is easily installed, and is lightweight, 

minimizing the cost of the frame. 

 

S
C

G
 S

m
a

rt
 w

o
o

d
 F

lo
o

r 
P

la
n
k
 

fo
r 

 

c
o

n
s
tr

u
c
ti
o

n
 a

n
d

 d
e
c
o

ra
ti
o

n
 - It is resilient, strong, and long-lasting, and it may 

be placed on a steel frame or on top of a concrete 

floor.  

- It is termite-proof and weather-resistant on both 

the interior and exterior.  

-The grain of true wood is apparent on the surface, 

giving it the appearance of natural wood.  

-It includes a cream primer color that may be 

customized to the customer's preference. 

 

F
o

r 
e
x
te

ri
o

r 
a

n
d

 i
n

te
ri
o

r
 

 

The Colonial series is elegant, with carved and 

delicate edges. It is a wood substitute that comes 

in a range of wood and grain variants, has a rich 

wood finish and a profile, and a range of attractive 

colors for both interior and exterior application. 

Because of the particular coating technology, the 

color of both the primer and the top coated 

substance remains consistent. Can be decorated 

immediately with acrylic paint 
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1.2 The effect of Nanotechnologies on timber: 

Nanotechnology has the ability to create a wide range of novel materials. It created wood tissue 

elements that are applied as composites, as well as unique resins and bio composites that 

evolved on the Nano scale. Furthermore, Nanotechnology has been used in the applications of 

laminates or coatings, as shown in Table  

 

Table 2: Nano materials and its applications of laminates and coatings 

Case Nanomaterial Properties/Advantage 

C
o

m
p

o
s
it
e
s
 a

n
d

 l
a

m
in

a
te

s 

Nano-  cellulose 

fibers 

Lignocellulose may be combined with a variety of polymers 

to generate composites that are biodegradable, cost-free, 

have good thermal properties, and are lightweight compared 

to their inorganic materials. Cellulose Nano fibres have the 

same durability and strength as Nano carbon tubes, which 

are used to reinforce construction elements instead of steel. 

So; These Nano fibres are used as natural reinforcing 

components that may be shaped into sheets and used to 

increase mechanical properties in reinforced composites 

such as polyvinyl alcohol film. (Siam fiber cement. com 

website. (2021). 

L
a

m
in

a
te

s
 a

n
d

 c
o

a
ti
n

g
s 

The transparent 

nano zinc oxide 

(Nano ZTM) 

Protect wood from biological and ultra-violet deterioration. 

(Mann, S. 2006). 

The ORNL 

nanomaterial 

It's a greyish silica coating used in the production of liquid-

based thermal and electric insulators. (Mann, S. 2006). 

Nano seal wood 

It repels water and can also resist UV absorption because 

the Nano particles form an incredibly tiny mesh that repels 

water and allows water vapor to escape from the wood, 

preventing decay, fungal, rotting, swelling, and shrinking. It 

is used in both indoor and outdoor wood products, is 

friction resistant, has no volatile organic compounds, oils, 

resins, or chemicals, and has a diverse variety of 

applications while being cost effective. (Mann, S. 2006). 

Silica, alumina 

and polymers. 

They're a type of exceptionally waterproof coating 

influenced by the behavior of the lotus leaf. (Siam fiber 

cement. com website. (2021). 

Silver Nano 

particles 

Because they are an excellent preservative against many 

bacteria, fungi, and viruses, as well as having minimal 

hazard to human cells, strong thermal resilience, high 

stability, and endurance, they are used as an antimicrobial 

paint to cover the surface of wood. It's a product that's 

ecologically friendly product. (Mann, S. 2006). 
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Nano- copper 

and organic 

biocides 

Nanoparticles have been documented to act as a biocide 

storage unit, and the technology used in this innovation may 

also be used to treat wood with fire resistant chemicals, 

water repellents, resins, and UV agents. Silver and copper 

have high thermal conductivity coefficients, which can 

assist speed up the heat treatment process by quickly 

transferring heat from the surface to the deeper layers. 

Nano-silver (NS) and Nano-copper (NC) have also been 

shown to reduce heat accumulation on the surface layer, 

hence delaying overheating and significantly reducing 

mechanical characteristics owing to /850 heat treatment. 

 

2. The Unique Parameters Efficiently played a Significant Role in the New 

Timber Behavior in Mechanical Stress Conditions 

As one of the smart technology techniques, AFM (Atomic Force Microscope) was used in 

certain publications to explore the characteristics of wood (Chen, C., et al. 2018). (Clement and 

Winston, 2014) These studies looked at the material characteristics of wood-derived cellulose 

nanocrystals (CNCs). AFM appears to capture the reality of surface topographical structure for 

Timber in diverse scenarios and surfaces with minimal sample preparation under particular 

conditions. as showing in Figs (4-6). As a result, under certain conditions, the AFM microscope 

is a powerful tool for analyzing in high resolution inspection of brittle woody fibers and surfaces 

with minimal test specimens.. 

 

 
 

As a result of the significant advancements in smart technology application in the field of 

physical and chemical wood treatments, it was possible to transform wood into a "wood carbon 

sponge" that can sustain repetitive pressure and significant mechanical stress conditions. 

Scientists were able to remove lignin and hemicellulose from Balsa wood cell walls, which is a 

key step in changing the woody mesh-like structure into a laminate structure that looks like a 

spring. As a result, work on converting brittle wood carbon to compressible wood carbon 
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sponge has begun. Wood carbon sponge displayed a very sensitive electrical response as a stress 

sensor and a desired attribute for future potential applications, allowing it to be employed as a 

sensor for mechanical stress assessment, as shown in Fig.8. Fig.9 shows the physical differences 

between spongy wood, natural wood, and carbon wood based on the practical results. As shown 

in Fig.10, The practical findings also revealed that this new type of wood has significantly 

improved physical features and high bearing capacity for mechanical stresses under repetitive 

loads, allowing measuring systems to improve their accuracy and durability. According to the 

experts, the carbon sponge for this type of wood might be used in a range of vital applications 

in the future, such as water purification and energy storage panels for rechargeable electrical 

batteries. As a consequence, figure 10 demonstrates the repetitive compression results of the 

WCS material in measurements 
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Nowadays, it is feasible to state that the usage of tinny structural balsa wood to improve the 

accuracy and precision of a measuring system within one of the most important applications in 

mechanical engineering has been achieved in the laboratory and will be sustainable in the future. 

 

3. Solid timber: 

*Several types of solid wood structural or frame sections are used for walls, floors, rooftops, 

partitions, and building cores in solid wood construction (STC) (STC). The structural behavior 

of timber is optimized through solid wood design process, resulting in a more coherent structural 

characteristic. STC is now acceptable for a wide variety of purposes. 

* STC is a manufactured off-site element. Off-site production refers to the fabrication and pre-

assembly of building materials before they are installed on the construction site, and it may 

demonstrate the benefits of an innovative production system. Designing building system 

components with today's technical measurement tools and production procedures has a lot 

of benefits: 

Å Reduced industrial waste as a result of the unique production method.  

Å Pre-assembly techniques are intended to save time and energy on the construction site. 
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Å Optimizing material performance, such as using current measurement tools for acoustic 

rating and machine testing, will estimate wood quality to create substantial value. (David W. 

2011) (Nocetti, M., et al. 2009). 

Å Use of lower-quality timber for higher-quality applications makes a significant contribution. 

Å Cost savings of 4%, schedule savings of 20%, and an average of 3.7 change orders. STC 

provides two distinct approaches. as shown in the Table 3 (Michael F., et, al. 2008) 

Table 3: Types of Solid Timber 

All figures ("Types of Solid Timber - Google Search", 2022) 
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Nowadays, cross-laminated timber in the form of Bearing block panels or Frame wood is 

acceptable, and some of their examples are shown in Table 4. 

 

Table 4: Examples of solid timber structure and mechanical implementations 
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As a result, the use of Balsa wood in 3D design and manufacturing of vehicle models enhances 

evaluation of the performance of mechanical dynamic systems (aerodynamic resistance), 

particularly for aeroplanes and vehicles. 

 

 

 

 


