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ABSTRACT

Timber trading and pricing are primarily influenced by the mechanical and physical properties of wood. Different
parameters of the wood including compressive strength, hardness, and wood density determine the quality of the timber.
This study investigates the mechanical and physical characteristics of five selected tree species: Eucalyptus camaldulensis,
Populus nigra, Melia azedarach, Paulownia tomentosa and Gleditsia triacanthos. The samples were sourced from the
Agricultural Engineering College, and prior to the tests, confirmed to be free from defects and diseases. Mechanical testing
revealed that the direction of applied force, whether parallel (Po) or perpendicular (Pgo) to the wood grain, significantly
impacts compressive strength. The compressive strength values ranged from the highest for Eucalyptus camaldulensis
(55.4 MPa) to the lowest for Paulownia tomentosa (25 MPa). Hardness values varied across species, with the highest
observed in Gleditsia triacanthos (2758 N) and the lowest in Paulownia tomentosa (1016 N). The study classified the
wood hardness into four categories: Very Soft Wood, Hardwood, Softwood, and Medium Hardwood, based on
compressive strength. Eucalyptus camaldulensis exhibited the highest density (0.9 g/cm3), while Paulownia tomentosa
had the lowest (0.3 g/cm?3). Moisture content also varied, with Eucalyptus camaldulensis showing the highest moisture
content (77.21%) and Gleditsia triacanthos the lowest (48.1%). The findings suggest that Paulownia tomentosa is
particularly suited for the wood carving industry. At the same time, Eucalyptus camaldulensis and Gleditsia triacanthos
offer stronger timber, making them more suitable for diverse structural applications.
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INTRODUCTION

Wood, an organic and naturally occurring material, has been used in construction for centuries, utilized in buildings,
bridges, and numerous other structures [1]. Its significance in the construction industry persists due to its renewable nature
and low energy consumption requirements [2]. The utilization of timber in construction has experienced significant growth
globally in recent decades, driven by its lightweight properties and minimal environmental impact [3,4]. However, utilizing
wood depends on wood quality and this mainly depends on its mechanical and physical properties such as its compressive
strength, hardness and density [5,6,7]. Each type of wood has its distinct strength that required to measure separately. As an
orthotropic material, wood exhibits unique characteristics along the longitudinal, radial and tangential axes, each with
distinct mechanical properties. [8,9].
While the wood industry in Iraq has seen recent expansion, the production of timber remains limited and economically
insignificant due to the absence of woodland and reduction of forest cover as a result of climate change in the Mediterranean
region [10,11,12]. Consequently, the local wood industry primarily confined to furniture production and firewood, while the
construction sector heavily reliant on imported timber [7]. In Sulaimaniyah Governorate, several tree species are currently
utilized for timber including Eucalyptus camaldulensis, Populus nigra, Melia azedarach, Paulownia tomentosa, and
Gladitisia triacanthos). However, wood selection for construction requires meticulous consideration. To ensure structural
integrity and durability, it is crucial to select timber free from defects such as rot, warp, knots, fungal infestations, and
mildew [10]. In the past decade, various tree species, including Paulownia tomentosa, Melia azedarach, Albizia julibrissin,
and Gleditsia triacanthos, have been introduced and planted in the Kurdistan Region of Iraq, as ornamental trees along
streets and in parks [3,4,14]. However, some of these introduced species have exhibited poor adaptability to the
Mediterranean climate of the Kurdistan Region, trees will either uproot or stem breakage during windstorms due to weak
mechanical properties [12]. In this study, five of the most common species selected for mechanical and physical properties
assessment include compressive strength, hardness and density. Categorize the timber based on its compressive strength.
Lastly, recommend the ideal tree species to plant depending on the intended use. The findings of this study will provide
valuable insights for government agencies and farmers, enabling them to select and cultivate tree species that are both
economically viable for the wood industry and well-adapted to the climatic conditions of Sulaimaniyah City.
MATERIALS AND METHODS
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Climatological Conditions

The study area is located at an elevation of 743 to 750 meters above sea level (a.s.l.). The average annual rainfall of 650mm
indicates that the area is relatively dry, with the precipitation potentially occurring mostly during the wetter seasons (e.g.,
winter or spring). With an average annual potential evapotranspiration of 1500mm, the region experiences a high rate of water
loss through both evaporation and plant transpiration [16,17].
Sampling
Five different species of tree (Eucalyptus camaldulensis, Populus nigra, Melia azedarach, Paulownia tomentosa, and
Gladitisia triacanthos) selected for this study from Sulaimani City to represent the same climatological condition and share
same topographic elevation which is 743m above mean sea level (a.s.l). The selected wood branches were nearly of the same
thickness 50mm. The saw machine was used to cut the samples at a length of 50mm. Timber specimens prepared according
to specific dimensions and requirements and have the same cross-section area of 50mm * 50mm *50mm. Six samples for
each species tested to determine its the physical and mechanical properties.

Compressive strength test

The wood specimen is put in a universal testing machine between two compression platens. To evaluate the wood's
compressive strength, we applied load in two different ways: first, parallel to the wood grain(Po) until the specimen broke,
and second, perpendicular to the wood grain(Pgo) until the specimen broke [15] (Figure 1). Usually, the compressive strength
is given in force per unit area.

Po,o0= F (Mn) /A (mz) .................... @9) [16]

Where Py is parallel to grain (0) or Pgo perpendicular to grain, F force (KN), A cross-sectional area (m?) (Figure 2).
Hardness

test is the force necessary to embed an 11.28 mm steel ball into wood until the ball's diameter is half is measured, is measured
in a lab [5]. This method known as the Janka hardness test, shows which types of wood are harder than others [17]. We can
use the following equation to determine the Janke hardness value Hj=(F)/(A) ..........ccoooiiiiiiiit. (2) [16].

HJ is the Janka hardness (N/mm?), F is the applied loading force (N), and A is the indentation area.
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(Figure 2): Determine the compressive strength of timber (A) Poand (B) Pgo

Density
The weight of the fresh and dry branches was then measured using an electronic balance, and the following formula (Eg. 3)
was applied:

iy = Sample weight (&)
Density = Sample volume (cm?) --(3) [18]

To find the density of the wood, we used a ruler to measure the length and cross-section of the weights specimen, which
enabled us to calculate its volume (Figure 3).

Moisture content

The moisture contained was calculated as the difference between the of the specimens. At first, the wet specimens (green
weight) were directly measured by a sensitive electronic balance, and then the dry weight of the specimens was recorded after
oven drying at 103C° until they reached a constant weight, then the following formula (Eq.4):
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Green weight—Dry weight
MC = g y g

*10. (4) [19] Where MC is the moisture content.

Dry weight

Results and Discussions

The mechanical property of timber is a basic parameter for determining timber classes based on its strength. Strength
represents the quality of timber to resist rupture or bending. The tested species' compression strength results are illustrated in
the following accompanying show in (Figure 4). The lowest compression strength was seen in the Paulownia tomentosa
species, which had a value of (25.3 Mn/m?), while the Eucalyptus camaldulensis species demonstrated the highest
compression strength of (55.4 Mn/m?). The compression strength properties of Eucalyptus. camaldulensis woods were
comparable to those of other Eucalyptus species, as reported in existing literature [20] revealed a compression .
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(Figure 4): Compressive strength of five species of tree samples Poand Pgo (Mn/m?)

strength of 50.40 MPa for Eucalyptus bicostata. Additionally, [21] reported compression test values of 56.3 MPa and 56.9
MPa for Eucalyptus loxophleba and Eucalyptus salmonophloia woods, respectively. According to [22], this species
(Eucalyptus camaldulensis ) is categorized as having medium compressive strength.Tree samples are classified and employ a
standardized scale to categorize six class hardness of various wood species based on [23]. This scale consists of six distinct
classes, ranging from extremely soft wood (class 1) to unbelievably hardwood (class VI), allowing classification of wood
hardness based on compressive strength for samples that are subject to perpendicular stress as shown in (Table 1), and also
for samples that subject to parallel stress (Table 2). According to (Table 1) Paulownia tomentosa (25.3 Mn/m?) is located in
class | very softwood, and Gladitisia triacanthos species has (49 Mn/m?) located in class 111 medium hardwood. According
to (Table 2) Populus nigra, Paulownia tomentosa, and Melia azedarach have (18 Mn/m?, 12.3 Mn/m?, and 24.1 Mn/m?)
compressive strength (Pgo) respectively classify them as very soft wood wheal Eucalyptus camaldulensis and Gladitisia
triacanthos species have (43.3 Mn/m?, 36.4 Mn/m?) respectively it located in softwood class.

(Table 1): Standard scale for determining the hardness of wood sample subjected to Pgo[23].

Sample Hardness
. Range Compressive
Species name Classes Hardness (MPa) strength
(P90)
Populus nigra | Vs;gos(;)ft under 34.3 32.3 Very soft wood
Paulownia tomentosa 1 Soft wood 34.3-49.0 25.3 Very soft wood
Eucalyptus Medium Medium
camaldulensis I hardwood 49.1-63.7 554 Hardwood
Melia azedarach v Hardwood 63.7-98.1 35.8 Softwood
Gladitisia triacanthos ~ V/ veryhard o84 1471 49.2 Medium
wood Hardwood
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(Table 2): Standard scale for determining the hardness of wood samples that are subjected to Po[23]

Range Sample
Species name Class  Hardness 9 Compressive Hardness

MPa

strength (P0)

Populus nigra | Very soft wood under 34.3 18 Very soft wood
Paulownia tomentosa |l Soft wood 34.3-49.0 12.3 Very soft wood
Eucalyptus Il Mediumhardwood ~ 49.0-63.7  43.3 Softwood
camaldulensis
Melia azedarach v Hardwood 63.7-98.1 24.1 Very soft wood
Claditisia Vv Veryhardwood ~ 98.1-147.1 36.4 Softwood

triacanthos

(Figure 5). shows the hardness results for the tested species, among them the species Paulownia tomentosa had the lowest
hardness (1650 N), while Gladitisia triacanthos species performed the highest hardness (2758 N). Paulownia wood's
comparatively low hardness is attributed to its porous nature, which results from the rapid annual growth of the Paulownia
tree. This distinguishes it from other wood types [23]. wood density is the weight of wood in grams per cubic centimeter at a
specific moisture content [18]. The densities of different samples have been measured and presented (Figure 6). It is clear
from the results that the densities of the samples varied significantly. Among the samples, Paulownia tomentosa had the
lowest density of 0.3 g/cm?®, compared to other research as reported in the literature the density of Paulownia tomentosa is
very low 0.27 g/cm® [24]. while Eucalyptus camaldulensis had the highest density of 0.9 g/cm3, the research [25] revealed
similar results that the species E. camaldulensis has an average density of 0.97 g/cm?®.
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(Figure 5): The hardness of five different species (Newton)
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(Figure 6): The measured density of tree species
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(Figure 7): The measured moisture contains trees species

moisture content of samples has been calculated and shown in (Figure 7). Among the results, Eucalyptus camaldulensis
had the highest value (77.21%), which was near to the results reported by [4,25], which are (75.14%) and (89.46%)
respectively and lower moisture contain (48.1%) recorded by Gleditsia tricanthos that is close to the result obtained by
[26] which is (36.19%). The relationship between timber density, moisture content, hardness, and compressive strength
significantly influences the appropriateness of various wood species for different uses. To assess which species are more
suitable for use based on the given characteristics, we can examine the various aspects of each species: Eucalyptus
camaldulensis exhibits the greatest density at (0.9 g/cm3) which aligns with the finding [27]. Their research characterizes
Eucalyptus camaldulensis as a high-density wood, a trait typically associated with enhanced strength, while Gleditsia
triacanthos has the greatest hardness (2758 N), making it exceptionally resistant to indentation and abrasion it also has
the lowest moisture content (48.1%), which enhances its dimensional stability and decay resistance this aligns with the
findings of [28] that illustrate as moisture content decreases, wood strength and hardness increase, Among the species
tested, Eucalyptus camaldulensis demonstrates the greatest compressive strength at 55.4 MPa, suggesting its superior
ability to resist failure under heavy loads.

Conclusion:

Various timbers have gained economic value in timber utilization marketing in recent years. Farmers have invested
poorly in planting tree species in Iraq, without focusing on their mechanical and physical properties. This study in the
Sulaimani governorate tested five common tree species: Eucalyptus camaldulensis, Populus nigra, Melia azedarach,
Paulownia tomentosa, and Gladitisia triacanthos. The Results demonstrated significant variations in compressive strength
across species and with the direction of applied force. Eucalyptus camaldulensis exhibited the highest compressive
strength (55.4 Mn/m?), followed by Gleditsia triacanthos (49 Mn/m?), while Paulownia tomentosa demonstrated the
lowest (25 Mn/m?). Gleditsia triacanthos exhibited the highest hardness (2758 Newton) and a moderate moisture content
(48.1%), suggesting good stability and durability for various applications. Eucalyptus camaldulensis and Populus nigra
wood are recommended for high strength wood products industry, while Paulownia is not recommended for load-bearing
structures. Melia azedarach and Paulownia tomentosa may be better suited for the carving industry due to their lower
strength and potentially easier workability. Furthermore, the study highlights the importance of considering mechanical
properties when selecting trees for urban environments. The susceptibility of Melia azedarach to wind damage underscores
the need for careful species selection to ensure the safety and longevity of urban trees. Based on our findings, Eucalyptus
camaldulensis and Gleditsia triacanthos demonstrate beater mechanical properties and may be more suitable for use for
wood columns, tools and local furniture.

Acknowledgments:
I would like to express my sincere gratitude to Dr. Anwar Osman Mohammed from Collage of Agriculture Engineering
Sciences, university of Sulaimani for his thorough proofreading and insightful discussions.
REFERENCES
[1]. Harte, A. (2009). Introduction to timber as an engineering material. In ICE manual of construction materials (Vol.
2, pp. 707-715).
[2]. Kumar, A., Dhiman, B., & Sharma, D. (2022). Sustainability and applications of timber as a structural material: A
review. Journal of Building Engineering, 44, 2395-0056.
[3]. Abdulgader, A., Suliman, H., & Dawod, N. (2021). Some properties of Melia azedarach L. trees growing in Duhok
province. The Iragi Journal of Agricultural Science, 52(3), 774-782.
[4]. Hussein, H. N., & Taha, M. Y. (2023). Properties of Eucalyptus camaldulensis Dehnh and Melia azedarach L.
branches and their potential for utilization in woody biomass. Journal of Duhok University, 26(1), 234-243.
[5]. Fristik, B. (2022). Janka hardness and wood species. Waterlox Coatings Corporation. Retrieved from
https://waterlox.com/guide-janka-hardness-and-wood-species/
[6]. Hiziroglu, S. (2009). Strength properties of wood for practical applications. Oklahoma Cooperative Extension
Service.

200



[7]. Megraw, R. A. (1985). Wood quality factors in loblolly pine. The influence of tree age, position in tree, and cultural
practice on wood specific gravity, fiber length, and fibril angle. (Doctoral dissertation).

[8]. Kretschmann, D. E. (2010). Mechanical properties of wood. Environments, 5, 34.

[9]. Sil, A., VR, R. K., & Sahoo, S. (2023). Estimation for characteristic value mechanical properties of structural
timber. Journal of Structural Engineering, 12(1), 10.

[10]. Abdulwahid, M. Y., Galobardes, I., & Radoine, H. (2021). Understanding the use of timber in semi-arid regions:

[11]. Mohammad, A. O., lbrahim, H. S., & Hasan, R. A. (2021). Future scenario of global climate map change
according to the Képpen-Geiger climate classification. Baghdad Science Journal, 18(2 Suppl.), 1030-1030.

[12]. Mosa, W. L. (2016). Forest cover change and migration in Iragi Kurdistan: a case study from Zawita Sub-district.
Michigan State University..

[13]. Adebara, S., Hassan, H., Shittu, M., & Anifowose, M. (2014). Quality and utilization of timber species for
building construction in Minna, Nigeria. The International Journal of Engineering and Science, 3(5), 46-50.

[14]. Mohammad, A. O., Arif, H. O. K., & Shawkat, I. H. (2022). The combined influences of scarification and
arbuscular mycorrhizal fungi on seeds germination and seedling growth of honey locust (Gleditsia triacanthos L.).
ProEnvironment Promediu, 15(51).

[15]. [Mohammed, F. O., Hamasur, G. A., & Almanmi, D. A. (2023). Rock mass strength analysis and disturbance
factor estimation of heterogeneous rock masses for the dam foundation: A case study at Kanarwe River Basin,
Kurdistan Region, NE-Irag. In Proceedings of the Rocscience International Conference 2023 (RI1C2023) (Vol. 19).

[16]. Al-Sudani, H. I. Z. (2019). Temperature—potential evapotranspiration relationship in Irag using thornthwaite
method. Journal of University of Babylon for Engineering Sciences, 27(1), 16-25.

[17]. Qaradaghy, R. A. Q. (2015). Vulnerability and risk intensity maps of groundwater aquifers in Sulaymaniah sub-
basin, Iragi Kurdistan Region (Unpublished Master thesis). University of Sulaimani.

[18]. Aydin, S., Yardimci, M. Y., & Ramyar, K. (2007). Mechanical properties of four timber species commonly used
in Turkey. Turkish Journal of Engineering & Environmental

[19]. Vorés, A., & Németh, R. (2020). The history of wood hardness tests. IOP Conference Series: Earth and
Environmental Science, 505(1), 012020.

[20]. Mohd Jamil, A. W. (2016). Janka hardness rating of Malaysian timbers.

[21]. [21]. Francis, J. K. (1994). Wood Density Samples from Tropical Hardwoods. Tree Planters' Notes, 45(1), 10-
12.. Avramidis, S., Lazarescu, C., & Rahimi, S. (2023). Basics of wood drying. In Springer Handbook of Wood
Science and Technology (pp. 679-706). Cham: Springer International Publishing.

[22]. Sahbani, M. (2014). Etude de quelques caractéristiques physiques et mécaniques du bois d’Eucalyptus. Cas
d’Eucalyptus bicostata et d’Eucalyptus coriacea dans ’arboretum de Souniat (Doctoral dissertation, MSc thesis.
Licence Appliquée en Sciences et Techniques Forestieres, Institut Sylvo-Pastoral de Tabarka, Tabarka).

[23]. Elaieb, M. T., Ben Rhouma, S., Khouaja, A., Khorchani, A., Touhami, I., Khouja, M. L., & Candelier, K. (2017).
Some physical and mechanical characterization of Tunisian planted Eucalytus loxophleba and Eucalyptus
salmonophloia woods.

[24]. Elaieb, M. T., Ayed, S. B., Ouellani, S., Khouja, M. L., Touhami, I., & Candelier, K. (2019). Collapse and
physical properties of native and pre-steamed Eucalyptus camaldulensis and Eucalyptus saligna wood from Tunisia.
Journal of Tropical Forest Science, 31(2), 162-174.

[25]. [Lisiecka, B., Bokuvka, O., Tanski, T., Krzeminski, L., & Jambor, M. (2018). Obtaining of biomorphic
composites based on carbon materials. Production Engineering Archives, 19(19), 22-25. doi:
10.30657/pea.2018.19.05

[26]. Komaén, S. (2023). Quality characteristics of the selected variant of Paulownia tomentosa (Robust4) wood
cultivated in Hungary. Maderas. Ciencia y tecnologia, 25. doi: 10.4067/s0718-221x2023000100401

[27]. Olufemi, B., & Malami, A. (2011). Density and bending strength characteristics of North western Nigerian
grown Eucalyptus camaldulensis in relation to utilization as timber.

[28]. Asif Shafi Shah, A. S. (2013). Honey locust (Gleditsia spp.): Its Distribution, Nursery Raising and uses in
Kashmir (Doctoral dissertation, SKUAST Kashmir).

[29]. McComb, J. A., Meddings, R. A., Siemon, G., & Davis, S. (2004). Wood density and shrinkage of five-year-old
Eucalyptus camaldulensis x E. globulus hybrids: Preliminary assessment. Australian Forestry, 67(4), 236-239.
[30]. Soares, L. S. Z. R,, et al. (2021). Influence of moisture content on physical and mechanical properties of

Cedrelinga catenaeformis wood. BioResources.

201



Jladi (23 jldall Jladl) £ o) panal Qldadl Al adl) g Ailal) (ailadd) (amg Al ja
3l
pa ) cSsd A
) ediilaididl. Liilapld) drals odae )y il Lutigh psle LIS cditunl) and

LAl

Toaall 58 @l b Ly il Adliaal) Gaibiadll aand (sala®@¥) a5 all o MLy Wiapn e cadidll 2l 5l s RSalSaal Gailadll g
: Eucalyptus Jlas¥) oo s)liae gl dusedl 405l 5 A0S pailadll Au ol Cha GlLEAY) Bag e dall DS, ddall
Aanigl) S e ijuad‘ <o Gleditsia triacanthos s Paulownia tomentosa s Melia azedarach s Populus nigra scamaldulensis
(P90) 2 5ac 5 (PO) &) 50 ilS o) sun cAadaall 3 gall oot () (SlSall SLEAY) geilis o yeda)  al oY) 5 sand) e a5 G oS ey ¢ D) 30
3 ) (U8l s 55.4) Eucalyptus camaldulensis 4 4 el (e haaall 3 8 o can gl i Jasall 3.8 e € JG i eadiall Gl e
Gleditsia triacanthos & ded el cilav cus @)Y o A0lall jladl a8 el (JSal baa25) Paulownia tomentosa - des
lall cuially olaa culll udall el i ) sal) A30a dul all Cdia s (G355 1016) Paulownia tomentosa Ll dad a5 (055552758)
Jas Leiw ¢(3an/at 0.9) WS i Eucalyptus camaldulensis ekl s dacall 38 e 2l ca giall aliall casiall s ooplll asiall s dass sial)
4shll s sine el Eucalyptus camaldulensis sebl cus «osh ) s sinadl ol WS (Ban/ae 0.3) 4ilS sdPaulownia tomentosa
Paulownia ) of () 5 L3 oS il o3 e el s, %48 dais Gleditsia triacanthos Jady <l sk ) s sise S35 (£77.21)
<3 GlzsiGleditsia triacanthos s Eucalyptus camaldulensis sl i s ga 8 ¢ oaial)l i) delial ala (<4 Luulie tomentosa
Ghlid) 8 el y dadiud daedle JET (4 o5 38 L0 Lpailiad s de i) Ll cliglaill daedle ST Lelany Lo ¢ Jumdl ailiad
Ay paall

gy 3l pailadll cadall el ddiall it lia 3 8 Sl pailiad)) Aaliidl e

202



