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Abstract  

This work is devoted to 3-point bending tests performed on tropical specimens of Moabi (Baillonella toxisperma) from Gabon. 
The beams are formerly subjected to long-term loading in three media (air-conditioned, unsheltered and sheltered outdoor) in 
a tropical environment. The beams were sawn into nine 340 mm long sections and subdivided into three sections in the vertical 
direction (top section, middle section and bottom section). From each section, two specimens were extracted for the bending 
test, two for the tensile test and four for the compression test. In the present study, 81 bending specimens with a cross-section 
of 15 x 15 mm2 and a length of 300 mm were used. The tests for the determination of the local modulus of elasticity and failure 
strength in bending were carried out according with NF EN 408. The results obtained show a strong influence of time and 
exposure environments on the mechanical parameters (bending strength and modulus of elasticity). There is also a strong 
variability of these mechanical parameters along the length of the beams with a clear correlation between the sampling areas 
and the level of exposure; this confirms quite well the level of complexity of the wood material. 
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1. Introduction 

The forests of the Congo Basin are located in Central Africa and covers the following countries : Cameroon, 
the Central African Republic, Republic Democratic of the Congo, the Congo, Equatorial Guinea and Gabon (De 
Wasseige et al. 2012). They have a forestry potential of about 70% of Africa's forests. On the 530 million hectares 
of the Congo Basin, 300 million are covered by the forest. The forest area is made up of more than 99% primary 
or naturally regenerated forests, as opposed to plantations, and 46% of dense lowland forests (World Bank 2012). 
The Gabonese forest represents nearly 85% of its territory with nearly 400 species of wood. It is rich in Okoumé, 
Ozigo and other woods called : "various woods" which are in greater number, these are Azobé, Bilinga, Moabi, 
Movingui, Padouk, Sapelli etc. (Manfoumbi 2012). 
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Nsouami et al. 2021/ Structural Integrity Procedia  00 (2021) 000–000 
 

Moabi wood has a density of 0.87 ± 0.07. It is classified as hardwood having a pinkish brown to reddish brown 
color. This species is very much adored by the quality of its wood for interior and exterior carpentry (doors, 
windows, parquet floors, stairs, various fittings, works in contact with the ground or with fresh water) and wood 
in permanent contact with seawater (pillars, pontoons, submerged timber), heavy framework, for veneer 
(furnishings and decoration), for marine construction, for cabinetmaking, slicing and sculpture (CIRAD 2011; 
Doucet et Kouadio 2007). The objective of this study is to evaluate the mechanical parameters of the specimens 
subjected to long-term loading (9 years) to ensure the reliability of the structure. In other words, studying the 
mechanical behavior of tropical woods, in the case of Gabonese species in their immediate environment, is crucial 
to control their lifetime and guide locals in their choice of construction materials (Odounga et al. 2017). The 
different specimens were kept in an air-conditioned room and the tests were carried out in this same room where 
the average temperature and relative humidity were respectively 24.3 ° C and 43.8%. The mechanical parameters 
were adjusted to a moisture content of 12% for comparison. 
 

Nomenclature 

F                      Force increment 
w                     Increase in the arrow 
b                          Thickness of the specimen 
Fmax                  Maximum force 
FS            Failure stress 
h                           Length of the specimen 
l                            Length of the specimen 
MOAC4B            Specimen 4 of Moabi in lower part in an air-conditioned environment 
MOS4B            Specimen 4 of Moabi in lower part in a sheltered environment 
MOU4B              Specimen 4 of Moabi in lower part in a sheltered environment 
MOAC4H            Specimen 4 of Moabi in upper part in an air-conditioned environment 
MOS4H            Specimen 4 of Moabi in upper part in a sheltered environment 
MOU4H              Specimen 4 of Moabi in upper part in a sheltered environment 
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Abstract  

This work is devoted to 3-point bending tests performed on tropical specimens of Moabi (Baillonella toxisperma) from Gabon. 
The beams are formerly subjected to long-term loading in three media (air-conditioned, unsheltered and sheltered outdoor) in 
a tropical environment. The beams were sawn into nine 340 mm long sections and subdivided into three sections in the vertical 
direction (top section, middle section and bottom section). From each section, two specimens were extracted for the bending 
test, two for the tensile test and four for the compression test. In the present study, 81 bending specimens with a cross-section 
of 15 x 15 mm2 and a length of 300 mm were used. The tests for the determination of the local modulus of elasticity and failure 
strength in bending were carried out according with NF EN 408. The results obtained show a strong influence of time and 
exposure environments on the mechanical parameters (bending strength and modulus of elasticity). There is also a strong 
variability of these mechanical parameters along the length of the beams with a clear correlation between the sampling areas 
and the level of exposure; this confirms quite well the level of complexity of the wood material. 
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1. Introduction 

The forests of the Congo Basin are located in Central Africa and covers the following countries : Cameroon, 
the Central African Republic, Republic Democratic of the Congo, the Congo, Equatorial Guinea and Gabon (De 
Wasseige et al. 2012). They have a forestry potential of about 70% of Africa's forests. On the 530 million hectares 
of the Congo Basin, 300 million are covered by the forest. The forest area is made up of more than 99% primary 
or naturally regenerated forests, as opposed to plantations, and 46% of dense lowland forests (World Bank 2012). 
The Gabonese forest represents nearly 85% of its territory with nearly 400 species of wood. It is rich in Okoumé, 
Ozigo and other woods called : "various woods" which are in greater number, these are Azobé, Bilinga, Moabi, 
Movingui, Padouk, Sapelli etc. (Manfoumbi 2012). 
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a tropical environment. The beams were sawn into nine 340 mm long sections and subdivided into three sections in the vertical 
direction (top section, middle section and bottom section). From each section, two specimens were extracted for the bending 
test, two for the tensile test and four for the compression test. In the present study, 81 bending specimens with a cross-section 
of 15 x 15 mm2 and a length of 300 mm were used. The tests for the determination of the local modulus of elasticity and failure 
strength in bending were carried out according with NF EN 408. The results obtained show a strong influence of time and 
exposure environments on the mechanical parameters (bending strength and modulus of elasticity). There is also a strong 
variability of these mechanical parameters along the length of the beams with a clear correlation between the sampling areas 
and the level of exposure; this confirms quite well the level of complexity of the wood material. 
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1. Introduction 

The forests of the Congo Basin are located in Central Africa and covers the following countries : Cameroon, 
the Central African Republic, Republic Democratic of the Congo, the Congo, Equatorial Guinea and Gabon (De 
Wasseige et al. 2012). They have a forestry potential of about 70% of Africa's forests. On the 530 million hectares 
of the Congo Basin, 300 million are covered by the forest. The forest area is made up of more than 99% primary 
or naturally regenerated forests, as opposed to plantations, and 46% of dense lowland forests (World Bank 2012). 
The Gabonese forest represents nearly 85% of its territory with nearly 400 species of wood. It is rich in Okoumé, 
Ozigo and other woods called : "various woods" which are in greater number, these are Azobé, Bilinga, Moabi, 
Movingui, Padouk, Sapelli etc. (Manfoumbi 2012). 
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Moabi wood has a density of 0.87 ± 0.07. It is classified as hardwood having a pinkish brown to reddish brown 
color. This species is very much adored by the quality of its wood for interior and exterior carpentry (doors, 
windows, parquet floors, stairs, various fittings, works in contact with the ground or with fresh water) and wood 
in permanent contact with seawater (pillars, pontoons, submerged timber), heavy framework, for veneer 
(furnishings and decoration), for marine construction, for cabinetmaking, slicing and sculpture (CIRAD 2011; 
Doucet et Kouadio 2007). The objective of this study is to evaluate the mechanical parameters of the specimens 
subjected to long-term loading (9 years) to ensure the reliability of the structure. In other words, studying the 
mechanical behavior of tropical woods, in the case of Gabonese species in their immediate environment, is crucial 
to control their lifetime and guide locals in their choice of construction materials (Odounga et al. 2017). The 
different specimens were kept in an air-conditioned room and the tests were carried out in this same room where 
the average temperature and relative humidity were respectively 24.3 ° C and 43.8%. The mechanical parameters 
were adjusted to a moisture content of 12% for comparison. 
 

Nomenclature 

F                      Force increment 
w                     Increase in the arrow 
b                          Thickness of the specimen 
Fmax                  Maximum force 
FS            Failure stress 
h                           Length of the specimen 
l                            Length of the specimen 
MOAC4B            Specimen 4 of Moabi in lower part in an air-conditioned environment 
MOS4B            Specimen 4 of Moabi in lower part in a sheltered environment 
MOU4B              Specimen 4 of Moabi in lower part in a sheltered environment 
MOAC4H            Specimen 4 of Moabi in upper part in an air-conditioned environment 
MOS4H            Specimen 4 of Moabi in upper part in a sheltered environment 
MOU4H              Specimen 4 of Moabi in upper part in a sheltered environment 
MOAC4M            Specimen 4 of Moabi in middel part in an air-conditioned environment 
MOS4M            Specimen 4 of Moabi in middel part in a sheltered environment 
MOU4M              Specimen 4 of Moabi in middel part in a sheltered environment 

2. Materials and Methods 

2.1. Materials  

The Moabi (Baillonella toxisperma) specimens are debited from three beams (89 × 176 × 3090 mm3) storage 
in three tropical environments (air-conditioned, unsheltered exterior and sheltered exterior), see figure 1. These 
beams had been loaded during 9 years (Manfoumbi, 2012). In addition, these beams were sawn into nine sections 
340 mm long. Fig. 2.b and 2.c show the different specimens obtained in height (upper part, middle part and lower), 
see Fig. 2a. From each section, we shoot two bending specimens (81 samples of section 15 × 15 mm2 and 300 mm 
long), two for traction and four for the compression tests (78 specimens of section 20 × 20 mm2 for 120 mm long). 
Please note that only bending tests have been presented and discussed in this paper. Please note that the density is 
obtained by the classical weighing method. 

 

 
Fig. 1. a) Air-conditioned environment. b) Unsheltered environment. c) Sheltered environment 
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Fig. 2. Spatial representation of the beam. a) Beam cutting plane. b) Compression specimens. c) Bending specimens 

2.2. Methods 

2.2.1. Experimental Protocol  
 
The experimental device used for the three point bending tests is an ‘United’ hydraulic press testing system 

machine of the series N ° 0314523 (Figure 3). The maximum load capacity is 100 kN. The device is connected to 
a data acquisition system managed by the Datum 5.0 software. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

 

 

Fig. 3. Experimental devices. a) Three-point bending test 

       For the bending posted in Fig. 3, the determination of the elastic modulus (MOE) and of the failure stress (FS)  
introduced respectively by the Equation (1) and (2) in 3-point bending are done using the following equations 
(AFNOR, NF EN 408 2009) : 

( ) ( )
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l FMOE
b h w
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  Where ΔF is a load variation on the rectilinear part of the load deformation curve (N), Δw is the corresponding 
deformation increment (mm), l is the reference length (mm), b is the thickness and h is the height of the specimen 
(Fig. 3b). 
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  Where Fmax is the maximum force applied during the bending test.  

3. Results and discussion 

3.1. Loads displacement curves 

 

 

Figure 4. Force-displacement curves for the (a) upper (b) middle and (c) lower portions 
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     Figure 4 presents the Force – displacement curves for the three environments posted in Fig 1. The considered 
specimens have defined in the nomenclature section and have been chosen in the same vertical zones (upper (a), 
middle (b) lower (c)), according to Fig 2 c. It is shown that in middle zone (or portion), the maximal forces are 
similar in the three environments. However, the maximal force is noted in Air-conditioned atmosphere for upper 
zones in compression. Simultaneously, the maximal force occurs in sheltered environment for lower zone in 
tensile. 

3.2. Results of bending tests 

The results of bending tests presented in Fig. 4 are discussed in this section in order to investigate the impact 
of physico-mechanical parameter. Table 1 summarizes the experimental results per zone and the mean value per 
beam. The coefficient of variation (Cov) concerns the beam and was estimated from 27 samples. 

                         Table 1. Results of physico-mechanical bending parameters 
 

Exposures Parameters Density (kg/m3) MOE (MPa) FS (MPa) 

Air conditioned 

Number of specimens 27 

Average 756.16 14 871 122.33 

Standard deviation 24.57 1 131 11.04 

Coef of variation (%) 3.2 7.6 9.0 

Unsheltered 

Number of specimens 27 

Average 732.07 14 180 99.84 

Standard deviation 32.64 1 519 11.61 

Coef of variation (%) 4.5 10.7 11.6 

Sheltered 

Number of specimens 27 

Average 749.27 17 195 114.06 

Standard deviation 32.91 1 096 7.05 

Coef of variation (%) 4.4 6.4 6.2 

 
 

In view of the results obtained in Table 1, the physio-mechanical parameters of the specimens from different 
environments clearly illustrate a real variability depending on the exposure medium. Although, we observe that 
the modulus of elasticity of the protected medium is higher than the other two. This can be explained, for example, 
by its larger density (Jodin 1994; Natterer, Sandoz, et Rey 2004) even though it is in a sheltered outdoor 
environment. Other parameters can also explain this phenomenon such as the humidity rate, temperature, etc.  

In a sheltered and unsheltered outdoor environment, the strength and modulus of elasticity of the upper and 
middle specimens are greater than those calculated in the lower part. This observation is particularly pronounced 
for the unsheltered outdoor environment. This can be explained by the high exposure of the upper part of the beams 
to the weather compared to the lower part which is less exposed to run and solar radiation. 

Concerning mean values of MOE, Manfoumbi (2012) reported the following values for this kind of timber: 
17400 MPa (air-conditioned), 21400 MPa (unsheltered) and 24600 MPa (Sheltered). We found a decrease in beam 
stiffness for all environments varying from (14.5% to 33.7%). This loss in beam stiffness could be due to 
environmental effects, loading duration, material aging and wood density. Saifouni (2014) reported that the 
mechanical behavior is impacted by wood density. On the other hand, the coefficients of variation (Cov) vary 
between 0.01 and 0.10. The larger Cov correspond the unsheltered conditions where the environmental exposure 
could affect the microstructure of the timber increasing the variability of mechanical properties. 

4. Conclusion 

The 3-point bending tests applied on tropical specimens of Moabi (Baillonella toxisperma) have been 
investigated in the work. The specimen are debited on beams previously exposed in three different tropical 
environments (air-conditioned, unsheltered and sheltered). Based on the experimental results obtained, we 
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observed that there is significant variability in all the mechanical parameters studied in relation to the values of 
the variation coefficients obtained. Comparing the experimental results with the initial values obtained by 
Manfoumbi (Manfoumbi 2012) during the mechanical loading, we observe a significant decrease for elastic 
modulus and strength in the different media studied. Indeed, we observe, for stiffness, a decrease of 14.53% in air-
conditioned environment, 33.74% in exposed environment and 30.10% in protected environment. Similarly, for 
strength, we noted a decrease of 59.54% in air-conditioned environments, 64.28% in exposed environments and 
56.01% in protected environments. We also noted that stiffness is more impacted for the unprotected environment 
compared to the protected environment and the conditioned environment. 
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environments clearly illustrate a real variability depending on the exposure medium. Although, we observe that 
the modulus of elasticity of the protected medium is higher than the other two. This can be explained, for example, 
by its larger density (Jodin 1994; Natterer, Sandoz, et Rey 2004) even though it is in a sheltered outdoor 
environment. Other parameters can also explain this phenomenon such as the humidity rate, temperature, etc.  

In a sheltered and unsheltered outdoor environment, the strength and modulus of elasticity of the upper and 
middle specimens are greater than those calculated in the lower part. This observation is particularly pronounced 
for the unsheltered outdoor environment. This can be explained by the high exposure of the upper part of the beams 
to the weather compared to the lower part which is less exposed to run and solar radiation. 

Concerning mean values of MOE, Manfoumbi (2012) reported the following values for this kind of timber: 
17400 MPa (air-conditioned), 21400 MPa (unsheltered) and 24600 MPa (Sheltered). We found a decrease in beam 
stiffness for all environments varying from (14.5% to 33.7%). This loss in beam stiffness could be due to 
environmental effects, loading duration, material aging and wood density. Saifouni (2014) reported that the 
mechanical behavior is impacted by wood density. On the other hand, the coefficients of variation (Cov) vary 
between 0.01 and 0.10. The larger Cov correspond the unsheltered conditions where the environmental exposure 
could affect the microstructure of the timber increasing the variability of mechanical properties. 

4. Conclusion 

The 3-point bending tests applied on tropical specimens of Moabi (Baillonella toxisperma) have been 
investigated in the work. The specimen are debited on beams previously exposed in three different tropical 
environments (air-conditioned, unsheltered and sheltered). Based on the experimental results obtained, we 
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     Figure 4 presents the Force – displacement curves for the three environments posted in Fig 1. The considered 
specimens have defined in the nomenclature section and have been chosen in the same vertical zones (upper (a), 
middle (b) lower (c)), according to Fig 2 c. It is shown that in middle zone (or portion), the maximal forces are 
similar in the three environments. However, the maximal force is noted in Air-conditioned atmosphere for upper 
zones in compression. Simultaneously, the maximal force occurs in sheltered environment for lower zone in 
tensile. 

3.2. Results of bending tests 

The results of bending tests presented in Fig. 4 are discussed in this section in order to investigate the impact 
of physico-mechanical parameter. Table 1 summarizes the experimental results per zone and the mean value per 
beam. The coefficient of variation (Cov) concerns the beam and was estimated from 27 samples. 

                         Table 1. Results of physico-mechanical bending parameters 
 

Exposures Parameters Density (kg/m3) MOE (MPa) FS (MPa) 
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Average 756.16 14 871 122.33 

Standard deviation 24.57 1 131 11.04 

Coef of variation (%) 3.2 7.6 9.0 

Unsheltered 

Number of specimens 27 

Average 732.07 14 180 99.84 

Standard deviation 32.64 1 519 11.61 

Coef of variation (%) 4.5 10.7 11.6 

Sheltered 

Number of specimens 27 

Average 749.27 17 195 114.06 

Standard deviation 32.91 1 096 7.05 

Coef of variation (%) 4.4 6.4 6.2 

 
 

In view of the results obtained in Table 1, the physio-mechanical parameters of the specimens from different 
environments clearly illustrate a real variability depending on the exposure medium. Although, we observe that 
the modulus of elasticity of the protected medium is higher than the other two. This can be explained, for example, 
by its larger density (Jodin 1994; Natterer, Sandoz, et Rey 2004) even though it is in a sheltered outdoor 
environment. Other parameters can also explain this phenomenon such as the humidity rate, temperature, etc.  

In a sheltered and unsheltered outdoor environment, the strength and modulus of elasticity of the upper and 
middle specimens are greater than those calculated in the lower part. This observation is particularly pronounced 
for the unsheltered outdoor environment. This can be explained by the high exposure of the upper part of the beams 
to the weather compared to the lower part which is less exposed to run and solar radiation. 

Concerning mean values of MOE, Manfoumbi (2012) reported the following values for this kind of timber: 
17400 MPa (air-conditioned), 21400 MPa (unsheltered) and 24600 MPa (Sheltered). We found a decrease in beam 
stiffness for all environments varying from (14.5% to 33.7%). This loss in beam stiffness could be due to 
environmental effects, loading duration, material aging and wood density. Saifouni (2014) reported that the 
mechanical behavior is impacted by wood density. On the other hand, the coefficients of variation (Cov) vary 
between 0.01 and 0.10. The larger Cov correspond the unsheltered conditions where the environmental exposure 
could affect the microstructure of the timber increasing the variability of mechanical properties. 

4. Conclusion 

The 3-point bending tests applied on tropical specimens of Moabi (Baillonella toxisperma) have been 
investigated in the work. The specimen are debited on beams previously exposed in three different tropical 
environments (air-conditioned, unsheltered and sheltered). Based on the experimental results obtained, we 
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observed that there is significant variability in all the mechanical parameters studied in relation to the values of 
the variation coefficients obtained. Comparing the experimental results with the initial values obtained by 
Manfoumbi (Manfoumbi 2012) during the mechanical loading, we observe a significant decrease for elastic 
modulus and strength in the different media studied. Indeed, we observe, for stiffness, a decrease of 14.53% in air-
conditioned environment, 33.74% in exposed environment and 30.10% in protected environment. Similarly, for 
strength, we noted a decrease of 59.54% in air-conditioned environments, 64.28% in exposed environments and 
56.01% in protected environments. We also noted that stiffness is more impacted for the unprotected environment 
compared to the protected environment and the conditioned environment. 

Acknowledgments 

The authors are grateful for the multifaceted support provided during the period of mechanical testing from the 
management of the National School of Water and Forests (ENEF) of Gabon. We also thank the Ecole Normale 
Supérieure de l'Enseignement Technique (ENSET) of Gabon, the ASE Foundation and aloso the Hub Innovergne 
Project (CAP 2025) for their financial support.  

 

References 

AFNOR, NF EN 408. 2009. « Structures en bois–Bois de structure et bois lamellé-collé. Détermination de certaines propriétés physiques et 
mécaniques ». 

Branco, J., H. Varum, et Paulo Cruz. 2006. « Mechanical Characterization of Timber in Structural Sizes. Bending and Compression Tests ». 
Materials Science Forum, Trans Tech Publications 514‑516 (janvier): 1663‑67. 

CIRAD. 2011. « Technological characteristics of 215 tropical species ». 
De Wasseige, C., P. De Marcken, F. Hiol Hiol, Mayaux P, Desclee B, Billand A, et Nasi R. 2012. Les forets du Bassin du Congo : Etat des 

forets 2010. Luxembourg: Office des publications de l’Union europeenne. http://publications.cirad.fr/une_notice.php?dk=564102. 
Doucet, J. L, et Y. L. Kouadio. 2007. « Le moabi, une espèce phare de l’exploitation forestière en Afrique Centrale. Parcs et Réserves » 62 (2): 

25‑31. 
Jodin, Philippe. 1994. Le bois, matériau d’ingénierie. Nancy (14 rue Girardet, 54042 Cedex): Association pour la recherche sur le bois en 

Lorraine. 
Manfoumbi, Nicaise. 2012. « Contribution à l’adaptation de l’Eurocode 5 aux essences tropicales dans leur environnement ». Thèse de 

Doctorat, Université de Limoges: Limoges. 
Natterer, Juluis, Jean-Luc Sandoz, et Martial Rey. 2004. Traité de génie civil de l’Ecole polytechnique. Traité de génie civil de l’Ecole 

polytechnique fédérale de Lausanne. (13). Presses polytechniques et universitaires romandes. 
https://www.leslibraires.fr/livre/925692-traite-de-genie-civil-de-l-ecole-polytechnique--julius-natterer-jean-luc-sandoz-martial-
rey--presses-polytechniques-et-universitaires-romandes. 

Nsouami, Valérie, Nicaise Manfoumbi, Rostand Moutou Pitti, et Emilio Bastidas-Arteaga. 2021. « Spatial Variability of Ozigo Wood Beams 
under Long-Term Loadings in Various Environmental Exposures ». Sustainability 13 (10): 5356. 
https://doi.org/10.3390/su13105356. 

Odounga, B, R Moutou Pitti, E Toussaint, et M Grediac. 2017. « Etude comparative de la fissuration des essences tropicales par la méthode de 
la grille ». 23ème Congrès Français de Mécanique,Lille,France, septembre, 6. 

Pitti, Rostand Moutou, Valérie Nsouami, Nicaise Manfoumbi, et Emilio Bastidas-Arteaga. 2019. « A database for spatial variability assessment 
of mechanical parameters of Ozigo specie under long-term bending tests in Gabon », 3. 

Saifouni, Omar. 2014. « Modélisation des effets rhéologiques dans les matériaux : application au comportement mécanosorptif du bois ». 
Phdthesis, Université Blaise Pascal - Clermont-Ferrand II. https://tel.archives-ouvertes.fr/tel-01069026. 

World Bank. 2012. « See website globalbankdata.org. The website is presented below. » 
   


