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ABSTRACT 
 

This study investigates the mechanical properties of three lesser-utilized timber species 
in Ghana: Blighia sapida, Gilbertiodendronlimba, and Lanneawelwitschii. Despite their 
potential, these species are underexplored compared to widely used commercial timbers. Six 
trees, two from each species, were tested for properties such as modulus of elasticity (MOE), 
modulus of rupture (MOR), compressive strength, shear strength, hardness, and density. 
Results indicate that Blighia sapida has superior mechanical properties, placing it in the D50 
strength class, suitable for high-resistance structural applications. Gilbertiodendronlimba and 
Lanneawelwitschii are categorized under the D40 strength class, appropriate for moderate 
load-bearing uses. This research demonstrates that lesser-utilized species can serve as viable 
alternatives to traditional timbers, potentially reducing pressure on overexploited species. 
By promoting their use, the study supports sustainable forestry practices and contributes to 
a more diversified and resilient timber industry in Ghana. 
 
KEYWORDS: Mechanical properties, density, strength classification, lesser-utilized species. 

 
INTRODUCTION 

 
Ghana has a large forest area and can boastof over 680 timber species with less than 70 

species studied(André Luis et al. 2013; Chimsah et al. 2013; Pappoe et al. 2010). Only a few 
have been successfully explored in terms of utilization since the properties of the greater 
chunk of these species remain unknown. However, with the global demand for tropical 
commercial timber, and the alarming rate at which forest timber species are being 
depleted,there is a needto explore the mechanical strength properties of lesser-utilized species 
(LUS) of timber in Ghana(Seidu et al. 2023; Ofori et al. 2010; Poku et al. 2001). Lesser-
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utilized species have been defined to mean timber species that are not extensively utilized in 
commercial applications (Welling et al. 2023; Kaba et al. 2022; Antwi-Boasiako and Boadu 
2016). Some scientificstudies have shown that several LUShas been found to have desirable 
properties comparable to the premium timber species known on the international market from 
the tropics(Amarasekera 2012; André Luis et al. 2013). 

In the case of Ghana, several research studies have highlighted the outstanding 
mechanical qualities of lesser-utilized wood species(Ewudzie et al. 2018; Kwaku et al. 2022; 
Ohemeng et al. 2023; Quartey 2022)demonstrated that these species could have qualities of 
equivalent or even superior strength to other regularly used timbers. Atagubaet al.(2015) 
added to this by recognizingGmelina arborea, Parkia biglobosa, and Prosopis africana as 
structurally acceptable plants owing to their high mechanical and physical qualities.Quartey 
(2015) contributed to this by investigating the anatomical features of three underutilized 
Ghanaian hardwood species, so offering a better knowledge of their potential for varied 
uses.These findings show that these underutilized wood species in Ghana have a high 
potential for utilization in various building and structural applications. Blighia sapida, 
commonly known as ackee a middle canopy tree growing up to 25m tall with a branchless 
bole of 15m and a diameter of 80cm(Rashford 2001). Gilbertiodendronlimba, often referred 
to as limbali, is a medium-sized tree that can grow up to 25 m tall with a short bole of 15 m, 
with up to 70 cm in diameter, and Lanneawelwitschii, is a middle canopy tree grows up to 
30–35 m tall with a bole branchless up to15 –26 m, and up to 100–120 cm in 
diameter(Senterre 2005). It is locally known as guganu, which are among the lesser-utilized 
species that have not been explored for better classification and utilization. The chosen 
species exhibit distinct characteristics, both in terms of their botanical features and ecological 
niches. Blighia sapida, for instance, is recognized for its fruit – ackee – yet its timber 
properties remain relatively unexplored. Gilbertiodendronlimba, a prominent timber tree in 
West Africa, and Lanneawelwitschii, with its versatile applicationsremaining rural, present 
additional dimensions to this exploration.  

This study aims to explore the mechanical properties inherent in these timber speciesand 
grade the species for strength classesbased on service classes 1 and 2 according to BS 5268-
2:2002 (Structural use of timber. Code of practice for permissible stress design, materials, and 
workmanship). 

 
MATERIALS AND METHODS 

 
Extraction site 

All three species were cut from the Bobiri forest reserves located in the Ejisu-Juaben 
Municipality of the Ashanti region of Ghana.The forest is classified under a moist semi-
deciduous ecological zone and positioned geographically atlatitudes 6°40′ and 6°44′N and 
longitudes 1°15′ and 1°22′W. In all 6 trees were extracted, that is, 2 trees per specie.The trees 
were labelled asB1,B2, G1, G2, L1, and L2 where B, G, and L representBlighia sapida, 
Gilbertiodendronlimba, and Lanneawelwitschiirespectively.  
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Sample preparation 
The boards prepared to a thickness of 70 mm and 25 mm from the logs were air dried 

atambient temperatures between 25 – 29°C and a relative humidity of 76 – 85%. The samples 
were prepared according to BS 373: 1957. Test specimensincludedbending (20 x 20x 
300mm), compression parallel to the grain (20 x 20 x 60 mm), shear (50 x 50 x 50 mm), and 
Janka hardness (50 x 50 x 150 mm). Also, the density samples were prepared to a dimension 
of 20 x 20 x 20 mm. From each tree, fifteen samples were prepared for each specific property 
being studied.These samples were carefully selected to ensure consistency during testing. 
 

Conditioning and testing 
The samples were conditioned ata temperature of 20°C and a relative humidity of 65% 

and tested according to BS 373: 1957.The Instron machine, 4482 model was used in 
conducting the test. The 3-point loading test was used for the bending test at a crosshead 
speed of 6.604 mm/min, both compression and shear tests were conducted using the 
crosshead speed of 0.635 mm/min and the hardness test at 6.350 mm/min. 
 

RESULTS AND DISCUSSIONS 
 

Determined mean mechanical and physical properties of the three species 
Tab. 2 shows the mean mechanical properties and densities of all six trees from the three 

species labelled B, G and L used in the study. These properties were crucial for determining 
the suitability of these wood for different applications in construction, furniture, and other 
industries.According to the results, the mean values for trees B1 and B2 suggest superior 
mechanical properties and densities across the category of properties determined. 
The properties for trees G1 and G2 were moderate with the L1 and L2 recording the lowest 
across the category of properties from MOE to the density in the order as indicated in tab. 2. 
The standard deviations indicate variability within each treebut in tree B2 the variations were 
wide. 
 
Tab. 1: Mean mechanical properties and densities of six trees from three species.  

Property 
 Tree species  

B1 B2 G1 G2 L1 L2 

MOE (N/mm2) 
16907 
±2286 

17329 
±3171 

12684 
±1211 

9996 
±1149 

10777 
±1370 

10331 
±1548 

MOR (N/mm2) 
123.71 
±15.50 

123.26 
±21.92 

88.67 
±9.68 

64.62 
±15.88 

61.37 
±5.03 

54.74 
±8.85 

Comp||g (N/mm2) 
52.79 
±6.67 

54.91 
±3.87 

34.88 
±3.26 

36.91 
±2.93 

32.22 
±2.92 

29.16 
±3.57 

Shear (N/mm2) 
17.10 
±3.04 

17.97 
±2.18 

11.79 
±1.11 

11.83 
±1.14 

7.66 
±0.62 

5.44 
±1.47 

Hardness (kN) 
15.55 
±4.70 

11.30 
±3.26 

4.74 
±0.45 

4.57 
±0.31 

5.11 
±1.28 

4.69 
±1.34 

Density (kg/m3) 
649 

±28.98 
653 

±31.52 
519 

±11.87 
505 

±18.26 
475 

±21.65 
463 

±32.47 
*B1 & 2 - Blaghiasapida, G1&2 - Gilbertiodendronlimba, L1 &2 - Lannea welwitschia, Comp||g – compression 
parallel to the grain. 
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Variation between trees of the same species for mechanical and physical properties. 
Tab. 3 presents the One-way ANOVA results of the three speciesand the comparison of 

the two trees of each species, B1-B2, G1-G2-, and L1-L2. Modulus of elasticity, modulus of 
rupture, compressive strength, shear strength, hardness and density were the properties 
analysed. Considering the modulus of elasticity (MOE), the F- statistics of comparing B1 and 
B2 and L1 and l2 were 0.163 and 0.652 respectively with p-valuesgreater than 0.05indicating 
an insignificant difference.  
 
Tab.2: A one-way ANOVA. 

Properties Source 
Sum of 

squares, SS 
DF 

Mean square 
MS 

F 
statistics 

Tukey 
P-value 

Sig. 

MOE (N/mm2) 
B1-B2 1,331,413.33 1 1,331,413.33 0.163 0.689 0 
G1-G2 54,190,080.00 1 54,190,080.00 36.302 0.001 1 
L1- L2 1,492,762.13 1 1,492,762.13 0.652 0.426 0 

MOR (N/mm2) 
B1-B2 1.57 1 1.57 0.004 0.949 0 
G1-G2 4,337.07 1 4,337.07 23.395 0.001 1 
L1- L2 329.68 1 329.68 5.939 0.021 1 

Comp (N/mm2) 
B1-B2 33.77 1 33.77 1.059 0.312 0 
G1-G2 30.74 1 30.74 2.991 0.095 0 
L1- L2 70.50 1 70.50 6.186 0.019 1 

Shear (N/mm2) 
B1-B2 5.70 1 5.70 0.761 0.390 0 
G1-G2 0.011 1 0.011 0.008 0.928 0 
L1- L2 36.68 1 36.68 26.97 0.001 1 

Hardness (kN) 
B1-B2 135.17 1 135.17 7.725 0.009 1 
G1-G2 0.23 1 0.23 1.434 0.241 0 
L1- L2 1.32 1 1.32 0.714 0.405 0 

Density (kg/m3) 
B1-B2 86.70 1 86.70 0.088 0.769 0 
G1-G2 1526.53 1 1526.53 6.006 0.021 1 
L1- L2 1,056.13 1 1,056.13 1.266 0.270 0 

*DF- degree of freedom, Sig. – significance, 0 – no significance difference at 0.05 level of significance, 1-
 significance difference at the 0.05 significance level. 
 

However, when G1 and G2 were compared, the F-statistics 36.302 with a p-value less 
than 0.001 indicates a significant difference. In the comparison of the trees for the modulus of 
rupture, the G and L species were significantly different with p-values less than 0.05. 
However, trees from the B species were not significantly different with p-values greater than 
0.05. The compressive strength of the B and G species was insignificant when compared at 
the tree level. The p-values were greater than 0.05 while the L1 and L2 were significantly 
different. The shear strength followed the comprehensive strength pattern in terms of the 
level of significance. The G and L species showed no significant difference among the trees 
as indicated by the p-values greater than 0.05 for the Janka hardness property. Trees 1 and 2 
of the B species, however, were significantly different with a p-value of 0.009 greater than far 
less than 0.05. The density corresponded with the pattern of the modulus of elasticity. The 
significant variation observed between trees among some species could be a suggestion that 
the two species though with similar DBH, are of different ages which could have influenced 
the density and eventually the mechanical properties determined, this assession has been 
confirmed by many studies(Newsom 2022; Wu et al. 2022; Mañkowski et al. 2016; 
Schniewind 1989). Although the species were extracted from the same forest, solid nutrition 
could be a factor in tree development. 
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Tab.4 shows the classification of the three speciesbased on BS 5268-2: 2002, which 
provides a table with the mean and minimum values of moduli of elasticity. 
The predetermined values are matched with the mean and minimum of the data set of 
the species under classification. Based on BS 5268-2: 2002,Blaghiasapida (B)matched the 
mean value of 15000N/mm2 with the minimum value of 12600N/mm2 placing species B in 
strength class D50. Both Gilbertiodendronlimba (G) and Lannea welwitschia (L) matched the 
mean value of 10800 N/mm2 and minimum values of 7500 N/mm2and 6500 N/mm2 
respectively. These place the two species in the strength class D40.Several studies (Oyediran 
et al. 2023; Lamidi 2022; Christoforo et al. 2019; Rodrigues and Christoforo 2019)have 
concluded that wood species of D50 strength class can be utilised for structural applications 
requiring high mechanical resistance, potentially suitable for demanding construction projects 
where strength and durability are paramount.Species of this classification are suitable for roof 
members such as rafters, king posts, columns, and struts where compressive stresses need to 
be resisted.Wood of the D40 strength class is used for beams that meet specific bending 
strength, modulus of elasticity, and density criteria, ensuring suitability for structural 
applications based on standardized classifications(Ravenshorst et al. 2004).According to 
studies carried out in Brazil (Batista et al. 2023; Lahr et al. 2021), the D40 strength class of 
hardwood, as per Brazilian standards, is utilized in timber structures for its stiffness 
properties, with a representative value of 14110 MPa, potentially impacting structural 
rigidity. 

 
Tab. 4: Strength classification according to BS 5268-2:2002. 
Parameters B G L 
Mean MOE, (N/mm2) 17118 11340 10554 
Minimum MOE (N/mm2) 11160 7101 6510 
Strength class D50 D40 D40 
*B - Blaghiasapida, G- Gilbertiodendronlimba, L- Lannea welwitschia. 

 
The strength class as determined for species B, G and L can be used for construction 

purposes as espouse in previous studies  (Ravenshorst 2019; Ravenshorst and Van De Kuilen 
2016). Still, based on the densities, species B can be used for construction purposes where 
much strength and density are considered. In contrast, species G and L may be considered for 
constructions with lighter strength capacities. 
 

CONCLUSIONS 
 

This study provides an in-depth assessment of the mechanical strength properties of three 
lesser-utilized timber species in Ghana: Blighia sapida, Gilbertiodendronlimba, and 
Lanneawelwitschii. The findings demonstrate that Blighia sapidasuggested superior 
mechanical properties, placing it in the D50 strength class, and making it suitable for 
demanding structural applications. Gilbertiodendronlimba and Lanneawelwitschii fall under 
the D40 strength class, suggesting their use in applications with moderate strength 
requirements. The variation observed within species indicates that factors such as age and 
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environmental conditions could influence the mechanical properties, emphasizing the need 
for comprehensive characterization of these species. 

Also, it highlights the potential of these lesser-utilized species to diversify the timber 
industry and reduce the overexploitation of more commonly used species enhancing 
the sustainable forest management and contributing biodiversity conservation of the 
Ghanaian forest.Beyond the immediate technical considerations, the study holds broader 
implications for sustainable forestry management and biodiversity conservation. As global 
discussions on responsible forest resource management gain momentum (Kaba et al. 2022; 
Forster et al. 2015; Karsten et al. 2014), the findings of this study have the potential to reduce 
the pressure on the few commercial species, guide forest management strategies, and 
contribute to a more resilient and adaptive timber industry. 
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