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 This research is aimed at establishing strength categories for 
two native tree species from Northern Nigeria, Monoon 
longifolium and Albizia lebbeck, by characterizing and grading 
them according to established standards (BS 5268-2, EN 338, 
NCP 2) in order to reduce dependency on commonly utilized 
timber varieties. The study encompassed laboratory 
experiments for evaluating their physical and strength 
attributes, followed by categorization into specific strength 
classes, based on parameters like bending stress, density, and 
modulus of elasticity. After characterization and grading, 
Monoon longifolium and Albizia lebbeck were assigned to 
strength classes D30 and D50 respectively, according to BS 
5268-2 (2002). According to NCP 2 (1973), the timber species 
were assigned to strength classes N6 and N3 in the same order. 
The samples were also assigned to strength classes D30 and 
D50 respectively, according to EN 338 (2009). The results 
indicated that both Monoon longifolium and Albizia lebbeck 
qualify as a hardwood, presenting potential applications in 
boat construction, roofing materials, doors, windows, light 
construction formwork, and general construction, diversifying 
timber resource utilization. 

 
Keywords: 
Monoon longifolium, Albizia lebbeck, hardwood, 

timber grading, strength classes  
 

 
https://doi.org/10.5281/zenodo.13310811 

 

 

 

ISSN-1115-5825/© 2023NIPES Pub. All 

rights reserved 
 

 

 

 

 

 

 

1. Introduction 

This study delves into the characterization and grading of two indigenous Northern Nigerian tree 

species, specifically Monoon longifolium and Albizia lebbeck. The primary objective is to 

establish strength classes for these timber species, a crucial step in expanding the available timber 

resources and potentially reducing the reliance on more commonly used and often overexploited 

species [1]. 

To achieve this, the research followed established standards such as [2,3,4], for the classification 

and grading of timber. These standards provide a structured framework for assessing timber 
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properties, particularly its strength-related attributes. By adhering to these standards, the study 

ensures its findings are aligned with internationally recognized guidelines [5,6,7]. 

These timber species were subjected to laboratory experiments to determine their physical and 

strength properties. Property testing is critical for evaluating various attributes such as strength, 

density, and modulus of elasticity [8]. Following property testing, the collected data is subject to 

thorough analysis. This analysis aims to derive meaningful insights into the properties of each 

timber sample [9,10]. These properties include bending stress, density, and modulus of elasticity, 

which are critical factors in assessing timber's suitability for various construction applications 

[11,12]. 

Based on the experimental results and by the standards, Monoon longifolium was categorized as a 

softwood, while Albizia lebbeck fell under the hardwood classification. Softwoods and hardwoods 

have distinct properties that make them suitable for different construction purposes [13]. 

Softwoods are often preferred for applications where ease of manipulation and lighter structural 

demands are essential, such as in boat-making, roofing materials, doors, and windows [14]. 

Hardwoods, on the other hand, are valued for their strength and durability, making them suitable 

for more demanding applications like structural components and heavy construction formwork 

[15]. 

Overall, this research contributes to the sustainable utilization of local timber resources, promotes 

the diversification of timber species used in construction, and aligns with the global trend towards 

eco-friendly and renewable building materials. By expanding the knowledge base on these lesser-

known timber species and their properties, this study offers valuable insights for architects, 

engineers, and policymakers involved in construction and resource management in Northern 

Nigeria and beyond. 

 

2. Materials and Methods  
The process began with the procurement of tree trunks from various villages and timber sheds 

located within Kano State. These tree trunks originate from different tree species and serve as the 

raw material for the study. To prepare them for testing and analysis, a series of steps were followed: 

 Initial Cutting: The tree trunks were initially cut using a motorized chain saw. This primary 

cutting process results in the formation of large pieces and shapes from the tree trunks.  

 Marking for Identification: Before further processing, each of these large pieces was 

carefully marked for identification purposes. This step ensures that the pieces can be traced 

back to their respective sources and species, a crucial aspect of maintaining accurate 

records for the study. 

 Transfer to Timber Workshop: Following identification marking, the large pieces were 

transported to a timber workshop. Here, they underwent further processing to achieve 

specific sizes and dimensions that align with the standards outlined in the relevant codes. 

 Dimensional Specifications: The pieces were split and cut into precise sizes and 

dimensions as specified in the codes. For instance, dimensions such as 2cm x 2cm, 2in x 

2in (by [16]), and 3cm x 3cm (in alignment with [17]) were achieved during this stage. 

 Length Consideration: Additionally, the lengths of these timber pieces were determined 

with careful consideration of the mechanical tests that will be conducted on them [5,8,18]. 

Ensuring that the lengths correspond to the testing requirements is essential for accurate 

and meaningful test results. 
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Plate 1. Monoon longifolium (left), Albizia lebbeck (right) 

 

2.1 Determination of Moisture Content and Weight Density  
These 2cm x 2cm x 2cm timber samples were vital for assessing moisture content and weight 

density. Initially weighed, they underwent controlled drying at 103±2oC for 24 hours. Afterwards, 

reweighing and specific mathematical formulas were used to determine the volume (Eqn 1) 

moisture content (Eqn 2) and weight density (Eqn 3).  

 

Volume = l x b x h         (1)  

% moisture content = 
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡−𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡

𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
     (2) 

Weight density = 
𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡

𝑣𝑜𝑙𝑢𝑚𝑒
        (3) 

 

2.2 Determination of Weight Density at 12% and 18% Moisture Contents 
The densities computed above were adjusted to values at 12% and 18% moisture content in 

accordance with [2] using Eqn 4 and Eqn 5:  

 

𝑝12 = 𝑝𝑤[1 −
(1−0.5)(𝑢−12)

100
]        (4) 

𝑝18 = 𝑝𝑤[1 −
(1−0.5)(𝑢−18)

100
]        (5) 

Where is ρ12 = density at 12% moisture content in kg/m3, ρ18 = density at 18% moisture content 

in kg/m3, ρw = density at experimental moisture content, u = experimental moisture content in %. 

 

2.3 Determination of physical and Mechanical Properties  
Tests were done according to standards and as was done by [8,19,20]. The failure loads and 

deflections recorded were then employed to calculate critical parameters such as failure stresses, 

mean failure stress, and standard deviation. Subsequently, these failure loads play a crucial role in 

determining the characteristic strengths of the samples in various modes, including bending, 

compression, tension, and shear, both parallel and perpendicular to the grain [6,19,21]. These 

calculations are performed following the guidelines outlined in [2,3]. 
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2.4 Mechanical Testing to BS 373:1957 

2.4.1 Bending Strength Parallel to Grain (BS 373) 

The test procedures used were in accordance to [16] (Figure 1). 

 

 
Figure 1. Three-point bending test setup [16] 

 

Test loads were applied to the samples until failure occurred and the relationships (Equation 6 to 

11) were used in determining their strength properties.  

Modulus of Rupture (MOR) = 
3𝑃𝑎

2𝑏𝑑2 𝑁/𝑚𝑚2      (6) 

Modulus of Elasticity (MOE) = 
𝑃𝐿3

4∆𝑏𝑑3 𝑁/𝑚𝑚2     (7) 

MOR at 12% MC, 𝐹12 = (1 + (𝑊 − 12)      (8) 

MOR at 18% MC, F18%= 
𝐹12% 𝑥 18

12
       (9) 

MOE at 12% MC, 𝐸𝑚12 = 
𝐸𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

1+0.0143(12−u) 
      (10) 

Minimum MOE, Emin = 𝐸𝑚𝑒𝑎𝑛
2.33𝜎

√𝑁 
       (11) 

 

2.4.2 Other Mechanical Strength Tests 

The test procedures for the compressive strength parallel to grain, compressive strength 

perpendicular to grain, tensile strength parallel to grain and shear strength parallel to grain tests 

are all done in accordance to [16], and their failure loads are recorded for the calculation of their 

failure stresses.           

 

2.5 Mechanical Testing to EN 408:2010 

The testing procedures adhered to the standards set in [17] (Figure 2). 

 

 
Figure 2. Four-point bending test setup [17] 
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Samples were subjected to increasing loads until they reached the point of failure. The subsequent 

analysis relied on established relationships (Equation 12 to 24) to ascertain the strength properties 

of these samples. 

Moisture content, 𝑀𝐶 =  
𝑚1−𝑚2

𝑚0
𝑥 100      (12) 

Dry density, 𝑝𝑑 =  
𝑚0

𝑣
         (13) 

Bulk density, 𝑝𝑏 =  
𝑚1

𝑣
        (14) 

5th percentile value of density, 𝑝05 = (�̅� − 1.65𝑠)     (15) 

Characteristic density, 𝑝𝑘 =  
∑ 𝑝05,𝑛𝑗

∑ 𝑛𝑗
       (16) 

Mean density, 𝑝𝑚𝑒𝑎𝑛 = 1.2𝑝𝑘       (17) 

12% density value, 𝑝𝑘,12% = 𝑝𝑤(1 −
(1−0.5)(𝑢−12)

100
     (18) 

Measured bending strength value, 𝑓𝑚 =  
𝑎𝑓𝑚𝑎𝑥

2𝑤
     (19) 

Characteristic bending strength value, 𝑓𝑘 =  1.12𝑓0.5    (20) 

12% MC value of bending strength, 𝑓𝑚,12% =  
𝑓𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

1+0.0295(12−𝑢)
   (21) 

MOE, 𝐸𝑚 =  
𝑙3(𝐹2−𝐹1)

4.7𝑏ℎ3(𝑤2−𝑤1)
        (22) 

mean MOE, Ē = [
∑ Ei

𝑛
]1.3 −  2690        (23) 

12%MC of MOE, 𝐸𝑚,12% =  
𝐸𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

1+0.0143(12−𝑢)
      (24) 

 

2.5.1 Other Derived Properties to EN 408:2010 

The below expressions (Equation 25 to 34) were used to determine the other strength properties of 

the samples according to [21] 

Tensile stress stress parallel to grain 

𝑓𝑡,0,𝑘 = 0.6𝑓𝑚,𝑘         (25) 

Compressive stress parallel to grain 

𝑓𝑐,0,𝑘 = 5(𝑓𝑚,𝑘)0.45         (26) 

Compressive stress parpendicular to grain 

𝑓𝑐,0,𝑘 = 𝑚𝑖𝑛. {
3.8

0.2(𝑓𝑚,𝑘)0.8        (27) 

Compressive stress perpendicular to grain 

𝑓𝑐,90,𝑘 = 0.007𝑝𝑘 𝑓𝑜𝑟 𝑠𝑜𝑓𝑡𝑤𝑜𝑜𝑑𝑠       (28) 

𝑓𝑐,90,𝑘 = 0.015𝑝𝑘 𝑓𝑜𝑟 ℎ𝑎𝑟𝑑𝑤𝑜𝑜𝑑𝑠       (29) 

Modulus of elasticity parallel to grain 

𝐸0.05 = 0.67𝐸0,𝑚𝑒𝑎𝑛𝑓𝑜𝑟 𝑠𝑜𝑓𝑡𝑤𝑜𝑜𝑑𝑠       (30) 

𝐸0.05 = 0.84𝐸0,𝑚𝑒𝑎𝑛𝑓𝑜𝑟 ℎ𝑎𝑟𝑑𝑤𝑜𝑜𝑑𝑠      (31) 

Mean modulus of elasticity perpendicular to grain 

𝐸90,𝑚𝑒𝑎𝑛 =
𝐸0,𝑚𝑒𝑎𝑛

30
𝑓𝑜𝑟 𝑠𝑜𝑓𝑡𝑤𝑜𝑜𝑑𝑠       (32) 

𝐸90,𝑚𝑒𝑎𝑛 =
𝐸0,𝑚𝑒𝑎𝑛

15
𝑓𝑜𝑟 ℎ𝑎𝑟𝑑𝑤𝑜𝑜𝑑𝑠       (33) 

Mean shear modulus 

𝐺𝑚𝑒𝑎𝑛 =
𝐸0,𝑚𝑒𝑎𝑛

16
         (34) 
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2.6 Basic and Grade Stresses 

Basic stresses for bending, tensile, compressive, shear parallel to the grain, compressive stress 

perpendicular to the grain, are calculated from failure stresses. Eqn 35 was used for the 

computation. Various grade stresses at 80%, 63%, 50% and 40% values respectively were also be 

calculated [9,22,23].  

𝑓𝑏 =
𝑓𝑚−𝑘𝑝σ

𝑘𝑟
          (35) 

Where fb = basic stress, mean failure stress at 12% moisture content, σ = standard deviation of 

failure stress, kr = reduction factor and kp = modification factor = 2.33, Kr for bending, tension and 

shear parallel to the grain = 2.25. Kr for compression parallel to the grain = 1.4 while Kr for 

compression perpendicular to the grain = 1.2 [18,24,25]. 

 

3. Result and discussion 

3.1 Moisture Contents and Weight Densities of Samples 

The value of percentage moisture contents of the samples is shown in Table 1, which also shows 

the weight density of samples (g/cm3), 12% and 18% weight density values. 

 

Table 1. Moisture Contents and Weight Densities of Samples 

 Monoon 

longifolium 

Albizia 

lebbeck 

Volume (cm3) 8 8 

Initial Weight (g) 5.6 6.6 

Final Weight (g) 4.5 6.0 

Moisture Content (%) 24.6 10.0 

Weight Density (g/cm3) 0.50 0.68 

ρ12 (g/cm3) 0.47 0.68 

ρ18 (g/cm3) 0.49 0.70 

 

The Monoon longifolium has the higher average amount of moisture (24.6%) and the lesser density 

value (0.5 g/cm3), while Albizia lebbeck has the lesser amount of moisture content (10%), and also 

denser (0.68 g/cm3). 

3.2 Testing Results to BS 373 

3.2.1 Test Results of Samples 

The Albizia lebbeck had a higher level of resistance to the applied bending load (31.48 N/mm2), 

compressive stress parallel (30.58 N/mm2), compressive stress perpendicular (3.73 N/mm2), 

tensile stress (16.67 N/mm2) and shear stress (6.06 N/mm2). A summary of this can be seen in 

Table 2. 

Table 2. Obtained Values of Stresses of Samples 

 Monoon 

longifolium 

Albizia lebbeck 

Failure load (kN) 10.0 12.6 

Area (mm2) 400 400 

Bending stress (N/mm2) 24.94 31.48 

Maximum Deflection(mm) 8 10 

MOR (N/mm2) 261.83 330.50 

MOE (N/mm2) 52600.77 53116.76 

𝐹12% (N/mm2) 1584.82 72.14 

F18% (N/mm2) 2377.23 108.21 
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𝐸𝑚12 (N/mm2) 64197.04 51672.66 

Emin (N/mm2) 13833.13 17600.84 

Compressive stress (N/mm2) 18.42 30.58 

Compressive perpendicular (N/mm2) 3.73 4.19 

Tensile stress (N/mm2) 16.60 16.67 

Shear stress (N/mm2) 4.13 6.06 

3.2.2 Basic Stresses of Samples and Grading to BS 5268 
Table 8 of the BS 5268 is used for characterization. Monoon longifolium is classified as a softwood 

while Albizia lebbeck is classified as a hardwood. Table 7 (moisture content below 18%) of NCP 

2 is used to characterize Albizia lebbeck, while Table 6 (moisture content above 18%) was used to 

characterize Monoon longifolium. A summary of this can be seen in Table 3. 

 

Table 3. Basic Stresses of Samples and Grading of Samples 
 Monoon 

longifolium 

Albizia 

lebbeck 

Bending Strength fbb, par 10.56 13.33 

Compression parallel fbc, par 10.77 19.54 

Compression perpendicular fbc, per  3.00 3.37 

Tension parallel fbt, par 6.77 6.82 

Shear parallel fbv, par 1.59 2.30 

MOEmean 52600.77 53116.76 

Emin 13833.13 17600.84 

Density (ρw) 0.50 0.68 

Final Grading, BS C30 D50 

Final Grading NCP N6 N3 

3.2.3 Grade Stresses of Samples to BS 5268 and NCP 2 

The grade stresses of the samples at 80%, 63%, 50% and 40% are also calculated and are 

summarized in Table 4.  

 

Table 4. Grade Stresses of Samples (N/mm2) 

 

Monoon 

longifolium 
Albizia lebbeck 

   

Bending Strength 10.56 13.33  

80% 8.448 10.664  

63% 6.6528 8.3979  

50% 5.28 6.665  

40% 4.224 5.332  

Compression parallel 10.77 19.54  

80% 8.616 15.632  

63% 6.7851 12.3102  

50% 5.385 9.77  

40% 4.308 7.816  

Compression perpendicular 3 3.37  

80% 2.4 2.696  
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63% 1.89 2.1231  

50% 1.5 1.685  

40% 1.2 1.348  

Tension parallel 6.77 6.82  

80% 5.416 5.456  

63% 4.2651 4.2966  

50% 3.385 3.41  

40% 2.708 2.728  

Shear parallel 1.59 2.3  

80% 1.272 1.84  

63% 1.0017 1.449  

50% 0.795 1.15  

40% 0.636 0.92  

3.3 Testing Results to EN 408:2010. 

3.3.1 Density Test Result 

The wet and dry densities of the samples are determined by measuring their volume and weight 

before they enter the oven and after being removed following 24 hours of exposure to a constant 

temperature of 105°C, respectively. The values obtained and those of the fifth percentile density, 

mean density and density at 12% moisture contents calculated are also shown in Table 5. 

 

Table 5. Density Test Result of Test Samples 

 Monoon 

longifolium 

Albizia 

lebbeck 

Volume (cm3) 8 8 

Initial Weight (g) 5.0 6.0 

Final Weight (g) 4.0 5.4 

Moisture Content (%) 24.6 10.0 

Characteristic dry density, ρk (kg/m3) 504.23 677.53 

Wet Density ρb 628.43 745.59 

ρ05 503.63 676.93 

ρmean 604.35 812.32 

ρk,12% 534.48 718.18 

3.3.2 Four-Point Bending Test Result 

The four-point bending test results for the specimens are highlighted in Table 6. From the results 

of the four-point loading test, various values related to bending strength are evaluated. These 

include bending strength values, fifth percentile strength values, characteristic values of bending 

strength properties, and values corresponding to a 12% moisture content for the bending strength. 

 

Table 6. Four-Point Bending Test Results of Samples 

 Mangifera 

indica 

Terminalia 

catappa 

Failure load fmax (kN) 8.7 10.5 

𝑓𝑚 =  
𝑎𝑓𝑚𝑎𝑥

2𝑤
(𝑁) 31.42 38.00 
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𝑓0.5 30.65 37.20 

Characteristic values of bending strength properties fk 34.32 41.66 

𝑓𝑚,12% 33.58 40.29 

F12 = 𝐹𝑤 (1 + 𝛼(𝑊 − 12) 34.16 40.93 

3.3.3 Modulus of Elasticity (MOE) Test Result 

The MOE values of the samples are obtained concurrently from the four-point loading test and are 

summarized on Table 7. The 12% moisture content MOE is also estimated for the samples. 

 

Table 7. MOE Test Results of Samples (𝑁/𝑚𝑚2) 

 Monoon 

longifolium 

Albizia 

lebbeck 

𝐸𝑚 =  
𝑙3(𝐹2 − 𝐹1)

4.7𝑏ℎ3(𝑤2 − 𝑤1)
 17915.5 22960.5 

Ē = [
∑ Ei

𝑛
]1.3 −  2690 20600.10 27158.63 

𝐸𝑚,12% 21864.36 22331.39 

3.3.4 Derived Mechanical Properties of the Samples and Final Grading of Samples 

Comparing the results of the characteristic stresses of the samples with Table 8 of the EN 

338:2003. Monoon longifolium fall under soft woods while Albizia lebbeck fall under hardwood. 

This is shown in Table 8. 

 

Table 8. MOE Test Results of Samples and Grading of Samples (𝑁/𝑚𝑚2) 

 Monoon 

longifolium 

Albizia 

lebbeck 

Bending parallel fm,k 28.51 40.92 

Tension parallel ft,0,k 17.10 24.55 

Compression parallel fc,0,k 22.58 26.57 

Shear parallel fv,k 2.92 3.80 

Compression perpendicular fc,90,k 7.56 10.16 

Tension perpendicular ft,90,k 0.60 0.60 

5% MOE Parallel 𝐸0.05 15.05 19.29 

MOE mean perpendicular 𝐸90 𝑚𝑒𝑎𝑛 1.19 1.53 

Mean shear modulus Gmean 1.12 1.44 

Mean density  604.35 812.32 

Final Grading C35 D50 
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4.0 Conclusion  

The study conducted laboratory experiments on Monoon longifolium and Albizia lebbeck, 

following BS 373 (1957) and EN 384 (2004) standards. It established their physical and 

mechanical properties, successfully characterizing and grading them. According to BS and NCP 

standards, their densities were 500kg/m3 and 610kg/m3 for Monoon longifolium and Albizia 

lebbeck, respectively. The basic bending stress values were 10.56N/mm2 and 13.33N/mm2, with 

80% grade bending stresses of 8.45N/mm2 and 10.66N/mm2 for the same species, respectively. 

In accordance with EN standards, characteristic densities were 504.23kg/m3 and 677.53kg/m3, for 

Monoon longifolium and Albizia lebbeck. Basic bending stress values obtained were 28.5N/mm2, 

and 40.92N/mm2 in the same order.  

Following characterization and grading, Monoon longifolium and Albizia lebbeck were assigned 

strength classes C30, and D50, respectively, according to BS 5268-2 (2002). Based on NCP 2 

(1973), these timber species fell into strength classes N6 and N3, respectively. Lastly, according 

to EN 338 (2009), the samples were assigned strength classes C35 and D50, respectively. 
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