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Abstract:

Smart technology is now playing assentialrole in engineering applications that aim to
enhancepeople's quality of lifeparticularly in architecture and mechanical engineering
Despite the fact thatood has been considered a heritage since the ancient Eqysteaitsn

its most basic form, it will never be neglected as iatimditional and natural material.
Therefore, thénypothesis is thathe developments in nanotechnology and the applinatio

smart technologies to wood will take variety of forms in ordettimizeits architectural and
environmental efficiency. Moreover, the improved characteristics of wood allow for a novel
application of ithat might affect the current path in a wid@ge of mechanical applications.

The research methodology is an analytical descriptive approach that shows the impact of smart
technologies with nanotechnology in providingw woodcharacteristicdo enable design
engineers to maximize the usage of wood imaovative 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 avés@nefitan engineering applications.
Furthermore,Experiments have shown that usiogfinite kinds of wood in a various
application such as manufacturing 3D vehicle simulation modelsanalyze dynamic
characteristicand improving the accuracy of meghical measurement systems, as well as
using wood in an urban context to improve technology and environnafintancy.
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wood properties, 3D models, architecture applications and mechanical engineering
measurements
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Introduction

Smart technology research is now one of the most important strategies ghsbalisll as
African countries to match workeeds and create a comfortable lifestilewever, thedesire

of using wood ina various applicatigrsuch as the designing of cavestovide shelter from

the environment and the manufacturing of wooden instruments, dates back to the creation of
the world and the ancient Egyptiai€reasman, P. P. 2013)/ith the appearance of ancient
civilizations and religious civilizations, woodgyed an important part in the elegance and
luxury of architectural decorationReligious 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
ecoystem 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 geneticg\ir temp, humidity, storm probability, and fire freency& pest

and disease outbreak frequency and magnitude) and adjusting forest management behaviors
(Elsayed, G., Hasan,R. 2016)

There has been a substantial revolutionmechanical design implementatiots study
aerodynamics and monitoring techniqugisce the nineteenth century. Other changes in the
American residential architectural arts waeppened as wekspecially those related to design
methodology and building techniques. As a result, smart technologies have emerged as a
significant toolko improve the usagaf wood within many life aspect@awson, S., et al. 2013).
Timber is exactly a wood that has been treated into blocks, beams, and planks. Timber is
commonlyrecognizedin North America as lumber. Timber plays an important role in the
construction of buildingNocetti, M., et al. (2009) (Joseph, M. 2015) (Kolb, J., Schweiz, L.
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& DGfH - German Society of Wood Research 20@8)well as it sharas variousengineering
design implementationgFig.1) describes the usage of wood invariety of technological
achievements, as well as the effects of wood with different materials in the form of Nano
cellulose.
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Fig 1. The utilization of wood in a variety of technological installationgEarth Sciences Building (ESB) | UBC
Campus & Community Planning 2021)

Until the twentieth century, timber was widely used to make bearing wall systems as well as
slabs and roofs of the earliest buildingdichael 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, agveralmodifications have beecreatedo modify its features such

as strength, durability, insulation, moistuabsorption, and readility. Moreover, different
kindssuch as enhanced wood, wood composites, and engin@atet products have been
evolved and develope@oseph, M. 2015). (David W. 20Rdrthermore, with the emergence

of these wood products, timbappears to be reasonable to bear both stress and tension
pressures, as well as to be capable of covering large ggasisown in Fig.ayvhichiillustrate

the usage dimberin severakngineering applications, as well as the interaction of timber with
other materials in the form of Naraellulose toenhancdife 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 haveebaleveloped to reduce the

mass of used wood, reuse and recycle it, to achieve all required propeaxteesraietitive cost.

While the aspects and methods used to enhance timber are considered fundamental to the eco
efficiency that is embedded under thehrella of ecological sustainability, there have been no
simulations of using smart timber in modelling implementations such as 3D automotive
simulation

models and measurement techniques.
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Fig 22 Examples of how to use timber in buildingconstruction). ("Redirect Notice", 2022)

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 toesssthe performanag using smart timber in modelling
applications such as 3D vehicle simulation models and degeshis study assesses the
dependent qualitative efficient factors that significantly improved the performance of timber
products as fotlws

A Review literature to document the innovative aspects that have resulted in the new
timber qualities in a cosdffective manner.
A Simulation technique is used in modelling applicatimnassess the quality of smart

wood'sefficiency

The Hypothesis Is That:

The technological advances employed on timber nowadaydesaatopits physical qualities,
allowing it to be more efficient in modelling applicatioA$so, this technology has the potential
to increase the dependent Litadive efficient aspects of timber, thus improving its performance
in architecture and construction.

1. The newfactors had aconsiderable effecon the new timber potential.

This part of the research will investigate and document the technologicadigrmfproperties

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 ecologiaafultechnology.

1.1 The effectof smart technology on timber:

Nowadays, smadpplications on timber have developed in a variety of forms, but the majority
seems to be embedded sensors or wood material substtsitetlows:

a. Embedded sensors in timberto evaluatehesevere problems that have emerged as a result
of the current honidity, sincenanesensorsare flexible, resilient, and sensitive to moisture
damage, they are used in a range of applications to assess humidity leveldbgtaacsy
including wood roofingAnother sensor is inserted in the main structural parts toder@vidge
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owners and managers with better, more+aale information on how structures are performing
and when maintenance is needasishown in Fig.3.

Fig 3: ShowsLargest 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
Asbestosilt is adurablehigh-quality material that has been treated by a steam anghggisure
system (Autoclave) as part of a technological package that includes Firm & Flex technology
Also, it has various properties as follows:
A High-quality materials that are lodgstingand almost durable, making them perfect for
both indoor and outdoor usage. Bendable for materials less than 12 mm thick.
A Termiteresistant; easy to care for; no shrinking, folding, or bending usinggdnegsure,
steaming firm & flex technology, Coloed designs that are as appealing as rezatje wood,
natural texture and color that are identical to natural wood, and a wide range of applications
A There are several useable thicknesses, such as desired cut, hameasilyoapparent
exactlylike natual wood, norAsbestos
It has many applications as shown in Table(USDA Forest Service- Forest Products
Laboratory 2021)

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

All figures in thetable (SMARTWOOD", 2019)

o SCG/

§ applicati Properties /advantage Image
on

_ The Colonial series is elegant, with carved a

2 refined edges.

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

= Smart . o

= Wood wood and grain kinds, has a deep wood finig

© and profile, and comes in a variety of attracti

5 Plank . -

= : colorsfor both indoor and outdoor application

O colonial . . _

> series Because of the particular coating technology, | |-

g color of both he primer and the top coated

L substance keeps the sar@an be decorated

immediately with acrylic paint.
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For exterior

SCG
Smart
WOOD
Fascia
Board

It is a wood substitute for a walled facade wit

no warping and no shrinking since every porti

is subjected to a high steam treatment (aut(

clave) The pattern is accurate, delicate, an
natural

SCG
Smart
wood
Shading
Plank

It is a wood substitute for shade as a kind _
privacy or sun protection, and it has variq .
advantages.
- Acrylic paint may be applied directly to tk
primer.
-Strong and longasting.

-A smooth surface that suits new and exisl
designs.

-Termiteresistant since it is mixed with cemen |
-There is no shrinking since each item is subje
to ahigh-pressure steam treatment (autoclave

Smart
wood

Fence
Plank

It may be built directly over an existing steel fer,
and can also be used as a stainless fence d¢
minimize weight and allow for faster opening G
closing. Neverdestroy it allows for efficientd
ventilation, is easily installed, and is lightweig
minimizing the cost of the frame.

SCGSmart wood Floor Plai
construction and decoratiol

for

- It is resilient, strong, and lorAigsting, and it may
be placed on a steel frame or on top of a con¢™
floor. !
- It is termiteproof and weatheresistant on botl"'{
the interior and exterior.
-The grain of true wood is apparent on the surfi
giving it the appearance of natural wood. i
-It includes a cream primer color that may ||
customized to the customer's preference.

For exterior and interior

The Colonial series is elegant, with carved
delicate edges. It is a wood substitute that co
in a range of wood and grain variants, has a
wood finish and a profile, and a range of attrac
colorsfor both interior and exterior applicatio
Beause of the particular coating technology,
color of both the primer and the top coa
substance remains consiste@an be decorat
immediately with acrylic paint

////////
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Nanotechnology has the abilitytoeate 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
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1.2 The effect of Nanotechnologiesn timber:

laminates ocoatingsas shown in Table

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

Case | Nanomaterial

Properties/Advantage

Nano cellulose
fibers

Composites and laminates

Lignocellulose may be combined with a variety of polym
to generate composites that are biodegradablefreast
have good thermal properties, and are lightweight comp
to their inorganic materials. Cellulose Nano fibres have
same durability andtrength as Nano carbon tubes, whic
are used to reinforce construction elements instead of <

So; These Nano fibres are used as natural reinforcing
components that may be shaped into sheets and use

increase mechanical properties in reinforced ausiips
such as polyvinyl alcohol film(Siamfiber cementcom
website. (2021).

The transparent
nano zinc oxide
(Nano ZM)

Protect wood from biological and ultk@olet deterioration.
(Mann, S. 2006).

The ORNL
nanomaterial

It's agreyish silica coating used in the production of liqu
based thermal and electric insulatgMann, S. 2006).

Nano seal wood

It repels water and can also resist UV absorption beca
the Nano patrticles form an incredibly tiny mesh that rep
water and allows water vapor to escape from the woo
preventing decay, fungal, rotting, swelling, and shrinking
is used in both indocand outdoor wood products, is
friction resistant, has no volatile organic compounds, oi
resins, or chemicals, and has a diverse variety of
applications while being cost effectiy®lann, S. 2006).

Silica, alumina
and polymers.

Laminates and coatings

They're a type oéxceptionally waterproof coating
influenced by the behavior of the lotus lg&iam fiber
cement. com website. (2021).

Silver Nano
particles

Because they are an excellent preservative against mi
bacteria, fungi, and viruses, as well as having minime
hazard to human cells, strong thermal resilience, higl

stability, and endurance, they are used as an antimicro
paint to cover the surface of wood. It's a product that'
ecologically friendly productMann, S. 2006).
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Nano copper
and organic
biocides

Nanoparticles have been documented to act as a bioc
storage unit, and the technology used in this innovation
also be used to treat wood with fire resistant chemical
water repellents, resins, and UV agefisver and copper
have high thermal conativity coefficients, which can
assist speed up the heat treatment process by quick
transferring heat from the surface to the deeper layer
Nanasilver (NS) and Nanaopper (NC) have also been
shown to reduce heat accumulation on the surface lay
herce delaying overheating and significantly reducing
mechanical characteristics owing to /850 heat treatme

2. The Unique ParametersEfficiently playeda Significant Rolein 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 characteristicodfdenved 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 (8). 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.

Fig 4: Topography images were made Fig 5: AFM nano-manipulation of two CNCs
using GSI mode data at (a) 30% RH and (labelled A and B) topographical pictures
(b) 0.1 percent RH. Part ¢ depicts height showing how the applied lateral force seems to

profiles for 30% RH (pink) and 0.1 percent bend the initially straight CNCs. Arrows
RH (blue) along the lines drawn in parts a indicate the direction of tip movement for

and b, respectively.

As a result ofthe significant advancements in smagchnology 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 removgrin and hemicellulose from Balsa wood cell walls, which is a
key step in changing the woody mdate 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 habegun. 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 assessmsrghown in Fi§. Fig.9 showshe physical differences
between spongy woodaturalwood, andccarbon 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 bearingacaty for mechanical stresses under repetitive
loads, allowing measuring systems to improve their accuracy and durakiityrding to the
experts, the carbon sponge for this type of wood might be used in a range of vital applications
in the future, suclas water purification and energy storage panels for rechargeable electrical
batteries As a consequence, figure @i@monstrates the repetitive compression results of the
WCS material in measurements

PR MR [ 145
150 ]
—b E 1201
\u i
E %
z‘ 1
i @ 60 52
8 {
304 15
_. L
e s Wood WS WCS
Fig 7: Asaresult of the particular arching layered Fig 8: Density evolutions of natural
structure, graphical analysis of the fragile WC, and wood, Wood Sponge (WS), and Wood
very compressible WCS design and production Carbon Sponge (WCS).

lcchniquc. (Pawson, S., et al. 2013)

~‘
§‘~‘~ YR, I

Fig 9: Wood Carbon Sponge Structural Characterization by SEM Technique using natural Balsa
wood that has been chemically treated, which might be utilized as a sensor in mechanical
applications (high sensitive electrical response upon pressure) (Pawson, S., et al. 2013)
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Fig 10: Mechanical properties of WCS and WC [20]
(A) WCS stress-strain curves with variable force loadings; insets show the WCS
material at random times during compression.
(B) WCS stress-strain data produced after five repeated cycles.
(C) DU/U of WCS energy loss during each cycle.
(D) WC stress-strain curves

(E) Elastic strength retention after 10,000 cycles at 50% strain; the inset shows
repeated compression of the WCS material.

Nowadays, it$ feasible to state that the usaxfeinny 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:

*Severaltypes 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 or@coherent structural
characteristic. STC is now acceptable for a wide variety of purposes.

* STC is a manufactured egite elementOff-site production refers to the fabrication and-pre
assembly of building materials before they are installed on thstrawtion site, and it may
demonstrate the benefits of an innovative production system. Designing building system
components with today's technical measurement tadsproduction procedures has a lot

of benefits:

A Reduced industrial waste as a resfithe unique production method.

A Preassembly techniques are intended to save time and energy on the construction site.
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A Optimizing material performance, such as using current measurement tools for acoustic
rating and machine testing, will estimate waphlity to create substantial valy®avid W.

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

A Use of lowerquality timber for highequality applications makes a significant contribution
A Cost savings of 4%, schedule savings of 20%, and an average of 3.7 ctaerge $FC
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provides two distinct approaches shown in the Table(®lichael F., et, al. 2008)
Table 3: Types of Solid Timber
All figures ("Types of Solid Timber - Google Search”, 2022)

Cross-laminated
interlocking
(ICLT)

timber

2 Commercial name Contflguratlon The benefits
2z igures
9 Glue-laminated timber Traditional National Forest
= (GLT):; structural timber (wood) and
% other woody biomass, such as
ﬁ toxic forest fuels, beetle-killed
trees, and rescue trees, can
Structural composite also be used with STC and
lumber (SCL) together other CLT methods. By using
w | with Laminated veneer these plants, they have the
; lumber (LVL), Parallel potential to reduce costs
- strand lumber (PSL) related to the dlSpOS&l of toxic
s gases and the removal of other
O | Cross-laminated timber woody waste from our forests.
(CLT)
Dowel-laminated timber
(DLT)
@)
2
T Nail-laminated timber
a (NLT) and laminated
& cross-nail timber
z
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Nowadays, crosaminated timbeiin the form of Bearing block panels or Frame wood is
acceptableand some of their examples are shown in Table 4.

JF3I WbXKfF BhxwF awmAJlOF M

Table 4: Examples of solid timberstructure and mechanicalimplementations

Type

Example

Figure

Frame work timber
(FWT)

When shifted perpendicular to the ground, the
entire column has a thickness of 4 mm, and the
columns and beams are stiffened with hardwood
beech frames to withstand these forces.

The enclosure and shape are merged in the
wood grid shells, and the building makes
remarkable use of natural construction
materials. To complete the structure,
prefabricated  wood flooring,  ceiling
components, and each roof frame were erected
as a single prefabricated piece, enhancing
optimal indoor-outdoor interactions.

(King Street in Brisbane, the world’s tallest
timber office building)

(Nocetti, M., et al. 2009)

Bearing block
panels (BBP)

City academy, England, the three-piece CLT

serves as the city academy's facade and is
heavily covered with a brick rain screen. On the
internal partition walls, which are coated in
gypsum board, there is a combination of steel
and CLT. CLT flooring cover the whole
building and act as shear walls from inside.
(Nocetti, M., et al. 2009).

work timber

Bearing block panels as a Frame

The Hive, England, Because the roof cones are
extremely hard during construction, scaffolding
was used to protect glue laminated wood ring
beams at the top of the cones while the wood
roof beams were lowered and fixed in position.
If this structure had been completed, CLT roof
cassettes would have been equipped with panels
that collaborated to form a stressed skin. Three
of the cones are separated by internal vertical
walls that may be deflected. (Nocetti, M., et al.
2009)

m
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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.
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