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Abstract—Timber is a preferred alternative
sustainable and green construction materials to
concrete for construction purposes. Specifically,
timbers are renewable anisotropic materials with a
long application history in human society. They
are of numerous species, varieties and ultimately,
characterization. These differences demarcate the
extent of its usage and application, especially in
structural and construction purposes. This paper
presents an extensive review of the historical
significance of timber as a sustainable
construction materials including the physical
properties — density and specific gravity, moisture
content and shrinkage, and colour and texture.
Also considered in this piece are the
morphological characteristics, mechanical
properties and the critical factors that influence
timber properties. The review closes with the
practical applications of major timbers,
sustainability and environmental impacts and
future research directions.
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. INTRODUCTION

Jumaat et al. [1] presents new strategies for
timber engineering in Malaysia through engineering
education and research. Additionally, the eco-friendly
attributes of timber including non-toxicity, renewability,
sustainability, low carbon footprints, and low energy
demand further underscore the historical significance
and continued relevance of timber in modern
construction [2-5]. The mechanical properties of
timber, including its anisotropic nature and variability,
have posed challenges in its structural application,
leading to the need for stochastic approaches to
accurately assess the reliability of timber structures.
This historical context is crucial for understanding the
physical, morphological, and mechanical properties of
major timbers, providing a foundation for the
comprehensive study of timber in various applications
[6-17].

The study of timber properties encompasses a
wide range of physical, morphological, and
mechanical characteristics that are essential for
understanding the behaviour and  potential
applications of different timber species. A couple of

studies has been reported on the classification of
common Nigerian timber species based on their
strengths - in pure tension, shear and flexure — to
provide valuable insights into their load-bearing
capabilities. Such classification is essential for
ensuring the appropriate selection of timber for
various structural applications, contributing to the safe
and efficient use of timber in construction and
engineering projects. Adekunle et al. [18] and
Oyediran et al. [19] conducted experimental works to
determine the physical and mechanical properties of
three timber species in Abeokuta in Ogun State and
five different species in Iwo in Osun State respectively
in Nigeria based on BS EN 13183 [20] and BS EN 408
[21]. The physical properties investigated included
density, moisture content, colour and texture. The
mechanical properties were experimentally conducted
in the laboratory in accordance with ASTM D143[22]
and ASTM D198[23] to evaluate the bending strength,
compressive strength, shear strength, tensile strength,
modulus of elasticity, and modulus of rupture. Their
findings showed that all the investigated timber
species except Terminalia superba (Afara) have
mechanical properties of higher values than those
ascribed to classes of strength D30 to class D70 in
the British Code of Practice. This therefore showed
that all except Terminalia superba (Afara) are
recommended for structural applications.

Other studies have reported the importance of
understanding the fracture behaviour of wood,
stressing that despite timber's  widespread
applications in construction, research on its fracture
mechanics is comparatively very limited [24, 25]. The
strengths of timbers have been hampered by defects
such as checks and knots. Hence, extensive studies
are essential to apply quantitative fracture mechanics
techniques to assess the strength-reduction factors of
flawed timber. This underscores the complexity of
evaluating timber properties and the need for
comprehensive studies to understand the behaviour of
wood as a structural material.

Il.  PHYSICAL PROPERTIES OF TIMBER

The physical properties of timber have direct
influence on the behaviour and potential applications.
Density (or specific gravity), moisture content and
shrinkage, as well as colour and texture are
fundamental characteristics that characterize the
physical nature of different timbers [10, 26-28].
Extensive studies have been conducted on the effect
of finishing materials on the physical properties of
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timber, thereby revealing significant differences in
basic wood density, wood shrinkage, and water
absorption ability among different tree portions and
treatments [10, 29-33]. In addition, the tensile
strength of timber is a critical mechanical property of
axially loaded tension and flexural members that
varies with moisture content and grain orientation,
with cross grain reducing the tensile strength of wood.
Experimental and numerical studies have shown that
tensile strength increases with decreasing moisture
content below the fibre saturation point and is
influenced by the orientation of the grain [34].

A. Density and specific timber

Density and specific gravity are crucial
guantitative measures that define the physical
properties of timber [10, 35, 36]. Density is a key
indicator of timber strength and suitability for various
applications. The moisture content of wood is an
essential consideration when determining its density,
with basic density obtained using green volume and
oven dry weight of sample discs. The volume of each
sample is determined using the water displacement
method, and the basic density is subsequently
calculated [8, 10, 35-40]. Additionally, shrinkages are
evaluated from samples at the green stage and after
drying up to a constant weight, with three-dimensional
measurements made for radial, tangential, and
longitudinal lengths [41, 42].

Specific gravity, on the other hand, is another
important measure that helps in assessing the
suitability of timber for specific uses. It is a measure of
the ratio of the density of wood to the density of water,
which provides insights into the relative heaviness of a
timber species. The physical and mechanical
properties of selected timber species are often
evaluated in accordance with specific standards [20-
23] to provide a comprehensive understanding of its
characteristics. These measures provide valuable
insights into the quality and performance of timber,
thereby guiding an informed decision-making process
for various construction, fabrication and manufacturing
purposes.

B. Moisture content and shrinkage

Moisture content and shrinkage are critical
properties of timber that significantly impact its
dimensional stability and mechanical behaviour [8,
43-45]. Wood is an anisotropic material with distinct
differences in tangential and radial shrinkages [41, 42,
46]. The shrinkage ratio varies with moisture content
(MC). As MC decreases below 25%, the shrinkage
ratio exhibits a linear decline in both tangential and
radial directions, with the final shrinkage ratio at about
5.5% in the tangential direction and 3.5% in the radial
direction at the end of drying [41]. Slight shrinkage
associated with the fiber saturation point (FSP) occurs
below 35% MC. Below the FSP, the bound water is
lost from the cell wall leading to dimensional changes
in wood.

Furthermore, studies have shown that larger
cross-sectional dimensions of lumber are associated
with more severe surface cracking during drying, and
the moisture content gradient between the heartwood
and sapwood regions influences the shrinkage
behaviour [5, 25]. Laboratory experimental testing and
numerical or statistical simulation prediction are
pivotal to understanding moisture content gradients
and shrinkage behaviour, with two-dimensional
models being developed to predict moisture content
distribution during the drying process of wood [9].
Understanding these phenomena is crucial for
optimizing timber drying processes and designing
timber structures with enhanced dimensional stability.

C. Colour and texture

Colour and texture are crucial aesthetic and tactile
aspects of timber that significantly influence its
utilization in various industries such as furniture,
interior design, and construction. The color of timber is
influenced by various factors including species, age,
and environmental conditions during growth; while
texture is determined by the arrangement of wood
fibers [13, 47-48]. Fujisaki et al. [49] evaluated the
material properties of wood based on visual, auditory,
and tactile assessments and found that the affective
properties are similar, even when carried out
separately. Multiple regression analysis also revealed
strong associations between perceptual and affective
properties for vision, audition, and touch.

Wan et al. [50] underscored the significance of
colour and patterns in creating meaning for the user or
onlooker, which can be captured through different
associations or descriptive terms. This highlights the
importance of understanding the visual appeal of
timber in the marketing and communication of wood
products. Additionally, the importance of considering
aesthetic  properties alongside physical and
mechanical properties when selecting timber for
specific  structural end-uses cannot be over
emphasized because the correct use of timber can
enhance the durability of the final product [2, 15, 31].
These insights emphasize the need for a
comprehensive understanding of the colour and
texture of major timbers, as they play a vital role in
both the commercial and practical aspects of timber
utilization.

I1l. MORPHOLOGICAL CHARACTERISTICS

The morphology of timber play a crucial role in
determining its properties and behaviour [14, 51-53].
An exploration of the anatomical structure reveals
important details such as growth rings and grain
orientation. The microstructure-stiffness relationships
of various hardwood species have been studied to
shed light on the distributions of tracheid cross-
sectional dimensions in different parts of Norway
spruce stems [54, 55]. Furthermore, the hierarchical
modeling of microstructural effects on mechanical
properties has been investigated, emphasizing the
influence of wood quality and the juvenile-mature
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wood transition based on tracheid length in species
like white spruce [47, 56]. Understanding these
morphological characteristics is essential for
characterizing the internal composition and
organization of timbers, which significantly influence
their mechanical properties.

Moreover, the tensile strength of wood has been
found to increase with decreasing moisture content
below the fiber saturation point, with the highest
values obtained in straight-grained specimens with
thick-walled fibers [11, 34, 43]. However, cross grain
has been found to reduce the tensile strength of
wood, highlighting the significance of grain orientation
in understanding the mechanical behaviour of timber
[5, 57-60]. These findings establish the intricate
relationship between the morphology and mechanical
properties of major timbers.

A. Anatomical Structure

The anatomical structure of timber plays a crucial
role in determining its physical and mechanical
properties [61, 62]. The significance of understanding
the relationships between microstructure and stiffness
of different wood species highlight the importance of
vessel arrangement and cellular composition. Several
studies have reported the microscopic structure of
wood and established a correlation between
anatomical properties and the potential utility of a
wood species for structural purposes [27, 28, 61-64].
These findings underscore the essentiality of detailed
anatomical studies in assessing the suitability of
timber for various applications, such as construction
and furniture production. Understanding the cellular
composition and vessel arrangement is crucial for
comprehending the unique characteristics of different
wood species, ultimately influencing their utilization in
the timber market [56, 63, 65].

B. Growth rings and grain orientation

Growth rings and grain orientation are crucial
factors that influence the physical and mechanical
properties of timber [5, 64—67]. The growth rings, also
known as annual rings, are formed by the contrast
between early wood and latewood, which impacts the
density and strength of the wood [68]. The orientation
of the wood grain, whether it is straight, interlocked, or
spiral, significantly affects the timber's stability,
workability, and resistance to warping and splitting.

Additionally, the longitudinal shrinkage of timber,
influenced by growth stresses and compression wood,
can lead to material distortion and a greater tendency
to bow, impacting the utilization and mechanical
properties of the wood [9, 45, 58, 67, 68]. The intra-
ring compression strength is a pivotal to understand
the mechanical properties of different wood types, as
it reflects the load-carrying capacity of the wood
parallel to the grain. Hence, understanding the growth
rings and grain orientation of major timbers is
essential for optimizing their utilization in various
applications and industries [8, 58].

IV. MECHANICAL PROPERTIES OF TIMBER

Mechanical properties of timber, such as strength
and stiffness, play a crucial role in determining its
performance in various applications [7, 11, 16-18, 69].
Adekunle et al. [18] found that the characteristic
bending strength and modulus of elasticity of timber
increased as the moisture content decreased below
18%. Moreover, the bending strength was higher in
three point bending tests compared to the four point
tests for all timber species considered. The study also
revealed that timber records its highest stiffness value
as it approaches dryness.

Additionally, Ferreira et al. [34] underscored that
the tensile strength of wood increases with decreasing
moisture content below the fiber saturation point and
is influenced by factors such as grain orientation and
fiber characteristic [7, 11, 70]. The experimental
investigation and numerical simulation conducted on
pine and ash woods showed that the tensile strength
is varied with the direction of the applied load, with
different stress values and failure patterns observed
for the parallel and transverse directions to the grain
[24, 71, 72].

These findings underscore the intricate
relationship  between moisture content, grain
orientation, and mechanical properties of timber [5,
46, 60, 73], providing valuable insights into its
behaviour under external loads and its suitability for
diverse structural and functional purposes.

A.  Strength Properties

The strength properties of timber are crucial for
assessing its suitability in load-bearing applications
such as construction and engineering [2, 7, 74-75].
The strength properties of timber are highly
anisotropic and affected by age, location within the
tree, and structural imperfections. This results in
considerable variability in mechanical properties, often
referred to as random spatial variability. The scatter of
timber elastic properties can significantly impact the
local stress state and failure probability under external
loading, an aspect that has received less attention
than the scatter of strength. As reported on the pure
tensile tests on clear timber, the mean strength of
timber has been found to be inversely proportional to
its volume due to the size effect on strength [4, 8, 76—
77].

B. Stiffness Properties

Timber is a natural unidirectional fiber composite
that exhibits highly anisotropic properties and
influenced by age, location within the tree, and load
history. Recent studies have highlighted the
significance of longitudinal spatial variability in the
elasticity of timber, particularly in relation to bending
tests, and have incorporated experimental results into
stochastic models with orthotropic elasticity. Stiffness
properties of timber are crucial for understanding its
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behaviour under load and its structural performance
[7, 65, 76—79]. The variability in mechanical properties
has significant implications for the response of timber
structures under external loading.

Furthermore, the classification of the bending
strength of timber is essential for structural design and
performance assessment [7, 74, 79]. Strength
classification of timber is based on the characteristic
values derived from test data, including mechanical
properties, dimensions, moisture content, and wood
density. The adoption of Eurocode 5 has prompted
efforts to develop strength classification of timber
species in various regions, aiming to align with
international standards and enhance timber design
practices [80, 81]. These efforts reflect a broader
recognition of the significance of stiffness properties in
timber for ensuring structural stability and safety.

C. Workability and Machinability

The significance of understanding the physical
and mechanical properties of different timber species
is essential to facilitate their selection for specific end-
uses, thereby increasing the lifetime of the final
product. This underscores the significance of
considering the workability and machinability of timber
in the decision-making process for selecting the most
suitable timber species for a particular application.
Workability and machinability are crucial factors in
determining the usability of timber in manufacturing
and construction processes. The ability of timber to be
easily shaped, cut, and joined directly impacts its
processability and adaptability in various applications
[10, 82, 83].

V. FACTORS INFLUENCING PROPERTIES OF TIMBER

The properties of timber are influenced by various
factors such as tree species, growth conditions, age,
and wood processing techniques [5, 8, 18, 19]. For
instance, basic wood density and initial moisture
content are crucial for structural timber applications,
with density showing an increasing trend with tree
height. Additionally, the quality of finishing of timber
have been reported to have significant impact on the
physical properties including shrinkage and water
absorption ability. Hence, the reliability, usability and
the overall quality of timber are shaped by a
combination of inherent characteristics and external
treatments. It is therefore essential to consider these
factors when evaluating and selecting different timber
species for practical application [8, 43, 84].

A. Tree Species

Numerous studies have been conducted in Nigeria
to evaluate and characterize different species of
timber for structural purposes. Adekunle et al. [18]
investigated the physical and mechanical properties of
Ayinre (Albizia coriaria), Aga (Musanga cecropioides),
and Orin dudu (Anogeissus leiocarpus) timber species
in Abeokuta, Nigeria. Beam specimens of various

modulus of elasticity tests, and evaluated the physical
and mechanical properties in accordance with
relevant standards.

Likewise, Oyediran et al. [19] investigated the
mechanical properties of five timber species - Gmelina
arborea, Tectona grandis (Teak), Terminalia superba
(Afara), Ayin (Anogeissus leiocarpus), and Acacia
(Robinia pseudoacacia) - to determine their suitability
for constructing long-span roof trusses. These species
were sourced from the southwestern Nigeria. Their
suitability was evaluated in terms of the mechanical
properties - bending strength, compressive strength,
shear strength, tensile strength, modulus of elasticity,
modulus of rupture, and density.

These studies provide valuable insights into the
physical and mechanical properties of specific timber
species, shedding light on their suitability for various
applications and their performance under different
conditions [85].

B. Growth Conditions and Age

Growth conditions and age significantly influence
the physical, morphological, and mechanical
properties of timber. Studies have found that wood
property values do not necessarily continue to
increase with age after reaching the age of
demarcation between juvenile and mature wood. It
has also been reported that the mechanical and
anatomical properties of plantation-grown eastern
cottonwood and loblolly pine improved markedly with
age, with a significant increase in modulus of elasticity
from early juvenile wood to late mature wood [4, 61].
The age of demarcation between juvenile and mature
wood varied by species and property ranging from 13
to 20 years emphasizing the importance of age in
understanding timber properties.

These studies underscore the importance of
considering growth conditions and age when
evaluating the properties of timber, as they have a
substantial impact on the physical, morphological, and
mechanical attributes of timber [5, 62].

C. Wood Processing Techniques

Wood processing techniques play a crucial role in
determining the physical, morphological, and
mechanical properties of timber [62, 86]. Sawing,
drying, and treatment are key processes that
significantly  influence the characteristics and
performance of wood. Numerous studies have
highlighted the impact of chemical modification on the
physical and mechanical properties of wood. The
research emphasized the potential of color
measurement for predicting the strength of thermally
treated wood, as well as the influence of different
aldehyde-based agents on tensile strength. These
studies underscore the significance of wood
processing techniques in shaping the properties and
performance of timber [8, 10, 74, 87], emphasizing the

dimensions were prepared for bending strength and need for comprehensive understanding and
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application of manufacturing processes to enhance or
alter timber characteristics.

VI. APPLICATIONS AND USES OF MAJOR TIMBERS

Timber is widely utilized across various industries
due to its diverse applications and use [3, 31, 74, 88].
In the construction industry, timbers such as Douglas
fir, southern pine, redwood, maple, and white oak are
commonly used for structural applications due to their
resistance to acids and thermal insulating properties
[31, 89]. Furthermore, timber is employed in the
construction of chemical plants and vessels for
chemicals due to its resistance to deterioration by
chemicals. However, it is noteworthy that wood may
contain irregularities and imperfections that can affect
its mechanical properties, such as knots, bark
pockets, and splits developed during the seasoning
process. Grading systems exist to indicate the quality
of lumber, with high ratings or specifications of 'clear’
indicating lumber free from visual defects [67, 85].

In the furniture making industry, various timber
species like Madhuca longifolia, Albizia saman, Hevea
brasiliensis, Tectona grandis, and Toona ciliata are
utilized for different purposes such as furniture,
flooring, and musical instruments due to their specific
physical and mechanical properties. Understanding
these properties is crucial in selecting the most
suitable timber for specific applications. Overall, the
diverse applications and uses of major timbers across
industries highlight their versatility and suitability for
specific purposes [43, 58].

VII. SUSTAINABILITY AND ENVIRONMENTAL IMPACTS

Sustainability and environmental impact are
crucial considerations in timber usage [2, 7], given the
potential ecological implications. Sustainable forestry
practices, such as forest certification programs, play a
significant role in regulating timber harvest areas to
ensure the longevity of forest resources.

Furthermore, timber's low energy production
processes and environmentally friendly nature make it
an efficient building material with attractive
mechanical properties, such as high specific strength
and stiffness. However, the mechanical properties of
timber are inherently highly variable due to factors
such as random spatial variability (RSV) and moisture
content. Research has focused on understanding and
modeling the effect of RSV on clear timber
mechanical properties, with the development of size
effect models and the use of the Monte Carlo method
to obtain stochastic responses. This emphasizes the
need for a comprehensive understanding of timber's
mechanical behaviour and variability to ensure
sustainable and environmentally conscious usage in
construction and other applications [7, 17, 38, 90].

VIIl. FUTURE RESEARCH DIRECTIONS

Future research in the study of timber properties
should focus on advancing the understanding of the

mechanical behaviour of timber, particularly in relation
to its highly variable properties [7, 12, 74, 91, 92].
There is a need to further explore the probabilistic and
stochastic approach to analyzing timber structures.
This involves modeling the effect of random spatial
variability (RSV) on clear timber mechanical
properties, developing experimental characterization
of RSV for clear timber, and creating a stochastic
finite element framework for random response
assessment of clear timber components. Additionally,
the importance of understanding the physical and
mechanical properties of various timber species for
different end-uses cannot be overemphasized [39, 72,
93]. Hence, future research should focus on providing
guidance for objective assessment of timber suitability
based on end-use property classification.

These future research directions will contribute to
expanding the knowledge and utility of major timbers,
paving the way for innovative applications and
advancements in measurement technigues.

REFERENCES

[1] Jumaat, M.Z., Rahim, AH., Othman, J. &
Razali, F.M. (2006) Timber engineering
research and education in  Malaysia.
Proceedings of the 9th World Conference on
Timber Engineering (WCTE 2006), Portland,
OR.

[2] Abed, J., Rayburg, S., Rodwell, J., & Neave, M.
(2022). A review of the performance and
benefits of mass timber as an alternative to
concrete and steel for improving the
sustainability of structures. Sustainability, 14(9),
5570.

[3] Ahn, N., Dodoo, A., Riggio, M., Muszynski, L.,
Schimleck, L., & Puettmann, M. (2022). Circular
economy in mass timber construction: State-of-
the-art, gaps and pressing research needs.
Journal of Building Engineering, 53, 104562.

[4] Arriaga, F., Osuna-Sequera, C., Bobadilla, I., &
Esteban, M. (2022). Prediction of the
mechanical properties of timber members in
existing structures using the dynamic modulus
of elasticity and visual grading parameters.
Construction and Building Materials, 322,
126512,

[5] Arriaga, F., Wang, X., Ifiiguez-Gonzélez, G.,
Llana, D. F., Esteban, M., & Niemz, P. (2023).
Mechanical properties of wood: A review.
Forests, 14(6), 1202.

[6] Ayanleye, S., Nasir, V., Avramidis, S., & Cool, J.
(2021). Effect of wood surface roughness on
prediction of structural timber properties by
infrared spectroscopy using ANFIS, ANN and
PLS regression. European Journal of Wood and
Wood Products, 79, 101-115.

WWW.Jmess.org

JMESSP13421021

5859


http://www.jmess.org/

Journal of Multidisciplinary Engineering Science Studies (JMESS)

ISSN: 2458-925X
Vol. 12 Issue 1, January - 2026

[7]

Bazli, M., Heitzmann, M. & Ashrafi, H. (2022).

laminated timber, Engineering Structures, 317,

Long-span timber flooring systems: A 118552.

systematic review from structural performance . .

and design considerations to constructability [18] g?:(l)(:gkl)?kaﬁAé NBageJlg’am'ial\ﬁé.i’ E ?)Im’(zc?l.;.

and sustainability aspects, Journal of Building . o P A )

Engineering, 48, 103981, Mechamc_al properties of three selected t_|mb_er
o species in Abeokuta, Ogun state, Nigeria,

[8] Cabral, J. P., Kafle, B., Subhani, M., Reiner, J., LAUTECH Journal of Engineering and
& Ashraf, M. (2022). Densification of timber: a Technology, 9 (1) 2015: 72 — 78.
review on the process, material properties, and . . .

S ) [19] Oyediran, A.A., Ikumapayi, C.M. and Olufemi,
application. Journal of Wood Science, 68(1), 20. B. (2023). Determination of the properties of

[9] Fu, Z.,, Chen, J., Zhang, Y., Xie, F., & Lu, Y. some selected timber species for structural
(2023). Review on wood deformation and application. World Journal of Engineering, and
cracking during moisture loss. Polymers, Technology, 11, 319-334.

15(15), 3295. .
[20] BS EN 13183-1 (2002). Moisture content of a

[10] Hansel, A., Sandak, J., Sandak, A., Mai, J., & piece of sawn timber - Part 1: Determination of
Niemz, P. (2022). Selected previous findings on oven dry method, British  Standards
the factors influencing the gluing quality of solid International, London, December 2003.
wood products in timber construction and . ) .
possible developments: A review. Wood [21] thfuctE,r\(las 4088.3?1%:?;2%.Zcziln?beﬁzmazrza T'r?l?fdr
Material Science & Engineering, 17(3), 230-241. : tL s 9

laminated timber. Determination of some

[11] Jakob, M., Mahendran, A. R., Gindl-Altmutter, physical and mechanical properties, British
W., Bliem, P., Konnerth, J., Mueller, U., & Standards International, London.

Veigel, S. (2022). The strength and stiffness of

oriented wood and cellulose-fibore materials: A [22] %?Tgﬂmzlmg'ez; (iogc?i)ﬁesrtgn%?rdtirft?;rmigc')rdl\i
review. Progress in Materials Science, 125, . P )
100916. International, West Conshohocken, PA.

[12] Mitchell, H. Kotsovinos, P., Richter, F [23] ASTM D198-22 (2022). Standard test methods
Thomso'n D Barber. D ’& é’ein G (2’023)" of static tests of lumber in structural sizes.
Review of fire experiments in mass timber ASTM International, West Conshohocken, PA.
compartments: Current understanding, [24] Chuchala, D., Sandak, J., Orlowski, K. A.,
limitations, and research gaps. Fire and Muzinski, T., Lackowski, M., & Ochrymiuk, T.
Materials, 47(4), 415-432. (2020). Effect of the drying method of pine and

[13] Nasir, V., Fathi, H., Fallah, A., Kazemirad, S. b_eech wood on fracture toughness and shear
Sassani, F., & Antov, P. (2021). Prediction of yield stress. Materials, 13(20), 4692.
mechanical properties of artificially weathered [25] van Blokland, J., Olsson, A., Oscarsson, J.,
wood by color change and machine learning. Daniel, G., & Adamopoulos, S. (2020). Crack
Materials, 14(21), 6314. formation, strain distribution and fracture

. . . surfaces around knots in thermally modified

[14] l;laswé(V.AAd);?Tr:(I)ep)geljlfs., Ke;zenzlzrgg,z)s v iiiii:lc timber loaded in static bending. Wood Science
emission monitoring of wood materials and and Technology, 54, 1001-1028.
timber structures: A critical review. Construction [26] Niemz, P., Sonderegger, W., Keplinger, T.,
and Building Materials, 350, 128877. Jiang, J., Lu, J. (2023). Physical properties of

. . wood and wood-based materials. In: Niemz, P.

[15] Pastori, S., Mazzucchelli, E. S., & Wallhagen, o o
M. (2022). Hybrid timber-based structures: A Teischinger, A., Sandbgrg, D. (eds) Springer
state of the art review. Construction and Handbook of W.OOd Smence.and Technqlogy,
Building Materials, 359, 129505 pp. 281-353, Springer International Publishing.

[16] Pramreiter, M., Nenning, T., Huber, C., Mller, [27] Rlantln,_N. V., Wahyudi, 1., & P”ad" T. (2.020)'
U., Kromoser, B., Mayencourt, P., & Konnerth, Anatomical structure and physical properties of
J. (2023). A review of the resource efficiency the 13. years old solo_mon-clone teakwood
and mechanical performance of commercial planteq n Bogpr, Indone5|a. In 1OP Conferepce
wood-based building materials. Sustainable ggeg(efi' Ollﬂ;éigalfopsgﬁgﬁghignd Engineering,
Materials and Technologies, e00728. ' ' 9.

[17] Ren, H., Bahrami, A., Cehlin, M. & Wallhagen [28] Pournou, A. (2020). Wood Anatomy, Chemistry
M ’(2624) A ’stéte-of-th’e-ar.t review On’ and Physical Properties. In: Biodeterioration of
connection systems, rolling shear performance, Wooden Cultural Heritage, 1-41, Springer.
and sustainability assessment of cross- [29] Shirmohammadi, M., Leggate, W., & Redman,

A. (2021). Effects of moisture ingress and
WWW.jmess.org

JMESSP13421021

5860


http://www.jmess.org/

Journal of Multidisciplinary Engineering Science Studies (JMESS)

ISSN: 2458-925X
Vol. 12 Issue 1, January - 2026

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

egress on the performance and service life of
mass timber products in buildings: a review.
Construction and Building Materials, 290,
123176.

Salah, F., Vololonirina, O., & Gidik, H. (2022).
Development of fibrous materials applied in
timber-framed construction using recycled fibers
from textile waste. Journal of Cleaner
Production, 347, 2022, 131203.

Ayanleye, S., Udele, K., Nasir, V., Zhang, X., &
Militz, H. (2022). Durability and protection of
mass timber structures: A review. Journal of
Building Engineering, 46, 103731.

Bobadilha, G.D.S., Stokes, C.E., Ohno, K.M.,
Kirker, G., Lopes, D.J.V. & Nejad, M. (2021).
Physical, optical, and visual performance of
coated cross-laminated timber during natural
and artificial weathering. Coatings, 11(2), 252.

Vidholdova, Z., Slabejova, G., & Smidriakova,
M. (2021). Quality of oil- and wax-based surface
finishes on thermally modified oak wood.
Coatings, 11(2), 143.

Ferreira, D., Fonseca, E. M. M., Pinto, C., &
Borges, P. (2015). Tensile strength of pine and
ash woods — experimental and numerical study.
Proc. of the 6th International Conf. of
Mechanics and Materials in Design, 26-30 July,
Bragancga, Portugal.

Xin, Z., Ke, D., Zhang, H., Yu, Y., & Liu, F.
(2022). Non-destructive evaluating the density
and mechanical properties of ancient timber
members based on machine learning approach.
Construction and Building Materials, 341,
127855.

Balasso, M., Hunt, M., Jacobs, A., & O'Reilly-
Wapstra, J. (2021). Characterisation of wood
quality of Eucalyptus nitens plantations and
predictive models of density and stiffness with
site and tree characteristics. Forest Ecology and
Management, 491, 118992,

Silinskas, B., Varnagiryté-KabasSinskiené, 1.,
Aleinikovas, M., BeniuSiené, L., Aleinikoviené,
J., & Skéma, M. (2020). Scots pine and norway
spruce wood properties at sites with different
stand densities. Forests, 11(5), 587.

Sotayo, A., Bradley, D., Bather, M., Sareh, P.,
Oudjene, M., El-Houjeyri, |., Harte, A.M., Mehra,
S., O'Ceallaigh, C.,Haller, P., Namari, S.,
Makradi, A., Belouettar, S., Bouhala, L.,
Deneufbourg, F., Guan, Z. (2020). Review of
state of the art of dowel laminated timber
members and densified wood materials as
sustainable engineered wood products for
construction  and building  applications.
Developments in the Built Environment, 1,
100004.

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Llana, D. F., Short, I., & Harte, A. M. (2020).
Use of non-destructive test methods on lIrish
hardwood standing trees and small-diameter
round timber for prediction of mechanical
properties. Annals of Forest Science, 77, 62.

Xin, Z., Guan, C., Zhang, H., Yu, Y., Liu, F,,
Zhou, L., & Shen, Y. (2021). Assessing the
density and mechanical properties of ancient
timber members based on the active infrared
thermography. Construction and Building
Materials, 304, 124614.

Gao, Y., Fu, Z., Zhou, Y., Gao, X., Zhou, F., &
Cao, H. (2022). Moisture-related shrinkage
behavior of wood at macroscale and cellular
level. Polymers, 14(22), 5045.

Yang, L., Zheng, J., & Huang, N. (2022). The
characteristics of moisture and shrinkage of
Eucalyptus urophylla x E. Grandis wood during
conventional drying. Materials, 15(9), 3386.

Hill, C., Altgen, M. & Rautkari, L. (2021).
Thermal modification of wood—a review:
Chemical changes and hygroscopicity. Journal
of Materials Science, 56, 6581-6614.

Wang, J., Cao, X. & Liu, H. (2021). A review of
the long-term effects of humidity on the
mechanical properties of wood and wood-based
products. European Journal of Wood and Wood
Products, 79, 245-259.

Wang, S., Chen, D., Chu, J., & Jiang, J. (2022).
Effect of growth ring width and latewood content
on selected physical and mechanical properties
of plantation Japanese larch wood. Forests,
13(5), 797.

Fu, W.-L., Guan, H.-Y., & Kei, S. (2021). Effects
of moisture content and grain direction on the
elastic properties of beech wood based on
experiment and finite element method. Forests,
12(5), 610.

Gonzalez, O. M., Velin, A., Garcia, A., Arroyo,
C. R., Barrigas, H. L., Vizuete, K., & Debut, A.
(2020). Representative hardwood and softwood
green tissue-microstructure transitions per age
group and their inherent relationships with
physical-mechanical properties and potential
applications. Forests, 11(5), 569.

de Almeida, T. H., de Almeida, D. H.,
Goncalves, D., & Lahr, F. A. (2021). Color
variations in CIELAB coordinates for softwoods
and hardwoods under the influence of artificial
and natural weathering. Journal of Building
Engineering, 35, 101965.

Fujisaki, W., Tokita, M. & Kariya, K. (2015).
Perception of the material properties of wood
based on vision, audition, and touch. Vision
Research, 109, Part B, 185-200.

WWW.Jmess.org

JMESSP13421021

5861


http://www.jmess.org/

Journal of Multidisciplinary Engineering Science Studies (JMESS)

ISSN: 2458-925X
Vol. 12 Issue 1, January - 2026

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Wan, Q., Li, X., Zhang, Y., Song, S. & Ke, Q.
(2021). Visual perception of different wood
surfaces: an event-related potentials study.
Annals of Forest Science, 78, 25.

Fu, Q., Yan, L., Ning, T., Wang, B. & Kasal, B.
(2020). Interfacial bond behavior between wood
chip concrete and engineered timber glued by
various adhesives, Construction and Building
Materials, 238, 117743.

Sandoli, A., D'Ambra, C., Ceraldi, C., Calderoni,
B., & Prota, A. (2021). Role of perpendicular to
grain compression properties on the seismic
behaviour of CLT walls. Journal of Building
Engineering, 34, 101889.

Yang, R., Li, H., Lorenzo, R., Ashraf, M., Sun,
Y., & Yuan, Q. (2020). Mechanical behaviour of
steel timber composite shear connections.
Construction and Building Materials, 258,
119605.

Dahlen, J., Nabavi, M., Auty, D., Schimleck, L.,
& Eberhardt, T. L. (2021). Models for predicting
the within-tree and regional variation of tracheid
length and width for plantation loblolly pine.
Forestry, 94(1), 127-140.

Stangler, D. F., Kahle, H. P., Raden, M.,
Larysch, E., Seifert, T., & Spiecker, H. (2021).
Effects of intra-seasonal drought on kinetics of
tracheid differentiation and seasonal growth
dynamics of Norway spruce along an
elevational gradient. Forests, 12(3), 274.

Zhang, J., Li, T., Lu, W., Wu, Q., Huang, J., Jia,
C., Wang, K., Feng, Y., Chen, X. & Song, F.
(2024). Influence of wood species and natural
aging on the mechanics properties and
microstructure of wood. Journal of Building
Engineering, 91, 109469.

Akter, S.T., Serrano, E. & Bader, T.K. (2021).
Numerical modelling of wood under combined
loading of compression perpendicular to the
grain and rolling shear, Engineering Structures,
244, 112800.

Li, W., Zhang, Z., Wang, X., Mei, C., Van Acker,
J., & Van den Bulcke, J. (2021). Understanding
the effect of growth ring orientation on the
compressive strength perpendicular to the grain
of thermally treated wood. Wood Science and
Technology, 55, 1439-1456.

O'Ceallaigh, C., Conway, M., Mehra, S., &
Harte, A. M. (2021). Numerical investigation of
reinforcement  of  timber elements in
compression perpendicular to the grain using
densified wood dowels. Construction and
Building Materials, 288, 122990.

Wang, T., Wang, Y., Crocetti, R., & Walinder, M.
(2022). Influence of face grain angle, size, and
moisture content on the edgewise bending

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

strength and stiffness of birch plywood.
Materials & Design, 223, 111227.

Tomczak, K., Mania, P., Cukor, J., Vacek, Z.,
Komorowicz, M., & Tomczak, A. (2024). Wood
Quality of Pendulate Oak on Post-Agricultural
Land: A Case Study Based on Physico-
Mechanical and Anatomical Properties. Forests,
15(8), 1394.

Marini, F., Manetti M.C., Corona, P,
Portoghesi, L., Vinciguerra, V., Tamantini, S.,
Kuzminsky, E., Zikeli, F. & Romagnoli, M.
(2021) Influence of forest stand characteristics
on physical, mechanical properties and
chemistry of chestnut wood. Scientific Reports,
11(1), 1549.

Fontes, C. G., Pinto-Ledezma, J., Jacobsen, A.
L., Pratt, R. B., & Cavender-Bares, J. (2022).
Adaptive variation among oaks in wood
anatomical properties is shaped by climate of
origin and shows limited plasticity across
environments. Functional Ecology, 36(2), 326-
340.

Hamdan, H., Nordahlia, A. S., Anwar, U. M. K.,
Iskandar, M. M., Omar, M. M., & K, T. (2020).
Anatomical, physical, and mechanical
properties of four pioneer species in Malaysia.
Journal of Wood Science, 66(59), 1-9.

Zhang, B., Xie, Q., Liu, Y., Zhang, L. & Li, S.
(2022). Effects of gaps on the seismic
performance of traditional timber frames with
straight mortise-tenon joint: Experimental tests,
energy dissipation mechanism and hysteretic
model, Journal of Building Engineering,
58,105019.

Wang, Y., Wang, T., Crocetti, R., & Walinder,
M. (2022). Experimental investigation on
mechanical properties of acetylated birch
plywood and its angle-dependence.
Construction and Building Materials, 344,
128277.

Li, W., Zhang, Y., Wang, X., & Wang, J. (2025).
Relationship between structural characteristics
of growth rings and strain accumulation in
thermally modified Douglas fir wood during
compressive test. Wood Material Science &
Engineering, 20(6), 1166—1175.

Shishov, V.V., Arzac, A., Popkova, M.l., Yang,
B., He, M., Vaganov, E.A. (2023). Experimental
and theoretical analysis of tree-ring growth in
cold climates. Book Chapter In: Girona, M.M.,
Morin, H., Gauthier, S., Bergeron, Y. (eds)
Boreal Forests in the Face of Climate Change.
Advances in Global Change Research, 74, 295-
321. Springer.

Hematabadi, H., Madhoushi, M., Khazaeyan,
A., Ebrahimi, G., Hindman, D., & Loferski, J.
(2020). Bending and shear properties of cross-

WWW.Jmess.org

JMESSP13421021

5862


http://www.jmess.org/

Journal of Multidisciplinary Engineering Science Studies (JMESS)

ISSN: 2458-925X
Vol. 12 Issue 1, January - 2026

laminated timber panels made of poplar [80] Araya, R., Guillaumet, A., do Valle, A., Duque,
(Populus alba). Construction and Building M. d. P., Gonzalez, G., Cabrero, J. M., De Ledn,
Materials, 265, 120326. E., Castro, F., Gutierrez, C., Negréo, J., Moya,
. . L., & Guindos, P. (2022). Development of
[70] Sosgkérlf).aaSta“;ho(\ggI;%,) Ei\’/kl)\:ls?frae'-c\i]é’ gﬂn%rgii sustainable timber construction in Ibero-
st.r’ength pr;)pefties of thermally—rrr)lodified Amer_i_ca: _State of the_art in_the region_ and
fraxinus  excelsior wood in  compression. |dent|f|cat_|on of_ current |nternat|_onal_ gaps in the
Materials, 13(7), 1647. iir;gtructmn industry.  Sustainability, 14(3),
[71] Huang, C., Gong, M., Chui, Y., & Chan, F. , , .
\ . [81] De Araujo, V. (2023). Timber construction as a
(2020). Meqhamca! bghav!our of ~ wood multiple valuable sustainable alternative: main
compressed in radial direction-part I. New characteristics challenge  remarks  and
methcth of dfterminting the yield striss of \INOO(:( affirmative aétions. International Journal of
on e stress-strain curve. ournal o ;
Bioresources and Bioproducts, 5(3), 186-195. Construction Management, 23 (8) 1334-1343.
. [82] Ghobadi, M. & Sepasgozar, S.M.E. (2023).
[72] EOV%%?OA" “S;,ltapr(]al, .P"l& van dte_ KUIIend, Jt.hw. Circular economy strategies in modern timber
g ( .)' rechanical properties an er construction as a potential response to climate
interrelationships for medium-density European change, Journal of Building Engineering, 77
hardwoods, focusing on ash and beech. Wood 107229’ ’ '
Material Science & Engineering, 15(5), 289-302. '
. . [83] Sandoli, A., D’Ambra, C., Ceraldi, C., Calderoni,
o1 2026), Ereciof moistire cortont and o 5, & Proa, A (302i). Sustaindble cross
orienta.tion on dowelbearing behavior of laminated timber structures in a seismic area:
. : - Overview and future trends. Applied Sciences,
bamboo scrimber, Construction and Building 11(5), 2078
Materials, 262, 120864. ' '
. [84] Rashidi, M., Hoshyar, A. N., Smith, L., Samali,
[74] Sun, X, He, M. & Li Z (2020)'. Novel B., & Siddique, R. (2021). A comprehensive
engineered Wood_anq bamboo composites for taxonomy for  structure and  material
struct?ral . appllc?]tlorrs. Stz(ajte-of-ar:] . O]; deficiencies, preventions and remedies of
manufacturing  technology  and = mechanica timber bridges. Journal of Building Engineering,
performance evaluation, Construction and 34 101624
Building Materials, 249, 118751. ' '
. [85] Tlaiji, G., Ouldboukhitine, S., Pennec, F., &
[75] Laasonen, S. & ngungn, S.  (2023). Biwole, P. (2022). Thermal and mechanical
Assessment of load-bearing timber elements for behavior of straw-based construction: A review
the design for disassembly. Buildings, 13(7), Construction and Building Materials, 316:
1878, 125915.
R Cari, 1o & Corbi, . (3021, §is6 focton 1861 Z0ang. X, Ui L & Xu, F. (2022), Chenical
" P 1= . characteristics of wood cell wall with an
the compressive strength of laminated bamboo emphasis on ultrastructure: A Mini-Review
lumber. Journal of Materials in Civil Forests. 13. 439 ' '
Engineering, 33(7), 04021161. T '
. [87] Mayencourt, P. & Mueller, C. (2020). Hybrid
[77] ;usHoh, Iﬁﬁ?&iin-ra:m g I'lﬂha}éitjrpl\w (K) A(éol_zele), analytical and computational optimization
Lo N o ; methodology for structural shaping: Material-
Effect of wood species, clamping pressure and efficient mass timber beams. Engineering
glue spread rate on the bonding properties of Structures. 215. 110532 '
cross-laminated timber (CLT) manufactured ! ' '
from tropical hardwoods. Construction and [88] Younis, A. & Dodoo, A. (2022). Cross-laminated
Building Materials, 273, 121721. timber for building construction: A life-cycle-
[78] Augeard, E., Ferrier, E. & Michel, L. (2020). Ziseirs];smr?nnt ngiglﬁvél'z Journal of - Building
Mechanical  behavior of timber-concrete gineering, <, '
composite members under cyclic loading and [89] Shi, L. & Chew, M. Y. L. (2023). A review of
creep, Engineering Structures, 210, 110289. thermal properties of timber and char at
[79] Li, H., Wang, L., Wei, Y., Wang, B.J. & Jin, H. Slevated erfrgg?{?gjrzej Indoorand  Built
(2022). Bending and shear performance of ’ ' '
cross-laminated timber and glued-laminated [90] Sultana, R., Rashedi, A., Khanam, T., Jeong,
timber beams: A comparative investigation, B., Hosseinzadeh-Bandbafha, H., & Hussain, M.
Journal of Building Engineering, 45, 103477. (2022). Life cycle environmental sustainability
and energy assessment of timber wall
WWW.jmess.org
JMESSP13421021 5863


http://www.jmess.org/

Journal of Multidisciplinary Engineering Science Studies (JMESS)
ISSN: 2458-925X
Vol. 12 Issue 1, January - 2026

construction: A comprehensive  overview.
Sustainability, 14(7), 4161.

[91] Fathi, H., Nasir, V. & Kazemirad, S. (2020).
Prediction of the mechanical properties of wood
using guided wave propagation and machine
learning, Construction and Building Materials,

262, 120848.
[92] Wiesner, F., Hadden, R., Deeny, S., & Bisby, L.
(2022). Structural fire engineering

considerations for cross-laminated timber walls.
Construction and Building Materials, 323,
126605.

[93] Llana, D. F., Gonzélez-Alegre, V., Portela, M., &
iRiguez-Gonzalez, G. (2022). Cross Laminated
Timber (CLT) manufactured with European oak
recovered from demolition: Structural properties
and non-destructive evaluation. Construction
and Building Materials, 339, 127635.

WWW.jmess.org
JMESSP13421021 5864


http://www.jmess.org/

