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Abstract 

The aim of this work is to determine the rheological parameters of Borassus Aethiopum Mart which is taken into account for 

the study of a Borassus prestressed Reinforced Concrete beam by considering the model of Kelvin-Voigt. To achieve this 

objective, creeptests are carried out on samples of Borassus Aethiopum Mart, from the Pahou-Ahozon gallery forest in 

southern Benin, subjected to a constant bending stress along the beam. The moisture content of the samples is set at 12% and 

is obtained by oven drying. The loading level of the samples is set at 20% of the breaking load. Prior to the creep tests, the 

compressive and bending breaking stresses of Borassus Aethiopum Mart were determined. Then, the nonlinear least squares 

method is applied to the Kelvin-Voigt rheological model to identify the optimal values of these parameters. The dynamic 

elastic modulus E and dynamic viscosity constant η of Borassus Aethiopum Mart were calculated from the nonlinear least 

squares method, while its instantaneous elastic modulus E0 was calculated from Hooke's law. A comparison of the numerical 

model taken from the rheological representation made it possible to confirm the previous results 
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Introduction 

Wood is one of the natural products whose use is essential for 

the environment. It is exploited in several ways in order to meet 

the different needs of society. It is a renewable and 

biodegradable material whose production process is less tedious 

un like that of some materials. The sustainable use of wood 

helps store excess carbon in the atmosphere
1
. The latter also 

constitutes a material which can be used in structure precisely in 

the field of construction. For this, a good knowledge of its 

physical and mechanical properties is essential. However, 

studies on the different properties of wood are less thorough, so 

the information is almost superficial. According to certain 

studies previously carried out on wood, aspects relating to the 

delayed behavior of the material are not taken into account from 

a purely elastic modeling even in the case of low loadings
2
. This 

being the case, several studies have been undertaken and they 

have led to a conclusion that the delayed behavior of wood is 

linear visco elastic for stresses less than 35% of the breaking 

stress. Thus the differed behavior of wood can be represented by 

a Kelvin Voigt model
2
. The aim of this work is therefore to 

identify the rheological parameters of Borassus Aethiopum Mart 

wood (rônier) from Benin. 

 

This model consists of a series of Kelvin-Voigt models and a 

spring. The spring characterizes the instantaneous deformation 

and the Kelvin-Voigt model characterizes the proper creep. The 

corresponding equations are as follows: 

                {
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Figure-1: Rheological model of wood. 

E0: Instant elasticmodulus; E: Dynamicelasticmodulus; and η: 

Dynamic constant viscosity. 

 

Solving the differential equation of Equation (1) by Carson-

Laplace transformations revealed the following expression: 

 

  ( )  
  

 
(   

   
 

 ) with t ≥ 0.                             (2) 

 

Thus, the general expression of the total strain is as follows: 
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Materials and Methods 

Experimental device: The experimental device is basically the 

same that FOUDJET
2
 has used in the work in 1986. 
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Figure-2: Experimental device for bending test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-3: The principle of deflection measurement. 

 

Plant material: Nine (09) samples were collected from the 

outer crown of the palm trees tipe in the longitudinal direction. 

The samples were conditioned to a moisture content of 12% 

obtained by drying in an oven. These samples are carefully 

wrapped with aluminum foil to prevent variation in their 

moisture content during testing. The duration of the experience 

is 15 hours. The samples are weighed immediately before and 

after the test. The test consists of subjecting beams to two-point 

bending with an extreme uniform stress on the fibers. During 

the test, the sample is clamped at one end and a concentrated 

load is applied to the free end. Then, the extreme stress exerted 

on the fibers is maintained at 20% of the stress fracture. The 

deviation is measured every 30 minutes at a distance of 150mm 

from the pinched end by means of a comparator, the resolution 

and stroke of which are 0.01mm and 10mm respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-4: Iso stress sample of creep test. 

Method of calculation of longitudinal deformation: The 

expression for the longitudinal deformation of the beam is 

established starting from the geometry of the deformed beam
3
; it 

is described as follows:  

 

   
   

     
             (4) 

 

Where: ε: beam arrow, L: beam length, y: distance from the 

tension fiber to the neutral axis. 

 

The position of the neutral axis with respect to the tension fiber 

is determined using the trapezoidal distribution model of normal 

stresses over a complete surface proposed by PRAGER (Figure-

5). 

 

 

 

 

 

 

 

 

 

 

Figure-5: Stress distribution model in a cross section of the 

beam. 

 

Based on the Navier-Bernoulli hypothesis and assuming that the 

quadratic moment of the beam section is constant. The 

following relationship is established:  

 

 
 

 
 

        

(       )
             (5) 

 

Where:    : tensile stress;    : compression stress; h: height of 

the beam; y: distance from the tenser fiber to the neutral axis. 

 

With equations (4) and (5) we have: 
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             (6) 

 

Finally, the calculated strains were used to estimate the 

rheological parameters of Borassus. 

 

The parameter identification method: The identification of 

the parameters of the linear viscoelastic constitutive law consists 

in determining the unknowns η and E of Equation (2) by the 

method of nonlinear least squares. 
 

Based on the equation below:  
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We adjust the deformations measured in order to minimize the 

distances di as follows:  

(a) Theoretical form (b) Practical form   
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Using equation (8) we have the iterative formulas of equation 

(9) below: 
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With equation (9), the optimal values of a and b have been 

determined. The iteration stop criterion is defined for each 

parameter as follows:
       

  
          et    

       

  
      

 

Results and Discussion 

Table-1 indicates the main characteristics of the creep test, such 

as the initial strain ε0, the final strain εf, the creep coefficient K, 

the proper creep ∆ε and the instantaneous modulus E0 is defined 

as follows: 

 

  
  

  
  ;            ;      

  

  
 

 

The different studies are on the one hand used to model the 

linear viscoelastic behavior of wood and on the other hand to 

validate this model. 

 

Table-2 presents the optimal value for the parameters of the 

model obtained by minimizing equation (8). 

 

Figure 6 shows the delayed behavior of the studied wood and 

the experimental and simulated curves. 

 

Using Excel, the parameters E and η were determined (precision 

10
-7

). The predictive ability of the model is discussed as follows. 

 

Test parameters: Using the t-distribution law considering a 

risk of 1%, each of the determined parameters was tested. The 

results obtained after carrying out these tests are reconciled in 

the tables which follow. The statistical values of the tests at the 

level of each parameter are presented in Table-3 however, the 

various t-distribution tests carried out in order to confirm the 

values obtained are grouped together in Table-4 and 5. The level 

of precision of the results n no need to determine the confidence 

interval of the values. 

 

Predictions fields: Using the statistical law, we constructed a 

99% confidence interval on the regression line (solid line), as 

well as a 99% forecast interval for a future observation (dashed 

line). Figure-7 shows that the forecast limits are always wider 

than the confidence limits. Table-6 summarizes all the 

rheological parameters characterizing each limit. 

 

Adequacy of the regression model : residual analysis : 

Normality of the distribution of residuals : For the species 

studied, all (100%) of the standardized residues    
  

√ ̂ 
 fall 

within the required field [−2, +2] (Montgomery and Runger
4
). 

The errors are then normally dispatched. 

 

Coefficient of determination R
2
: Table-7 shows the coefficient 

of determination calculated for the evaluation studied, the model 

represents 89.90% of the variability in the data. 

 

Validation of the instant modulus of elasticity: Normality of 

the values distribution: Figure-8 shows the normal probability 

diagram of the instantaneous elastic modulus calculated using 

HOOKE's law. 

 

Test on the determination of the mean and the confidence 

interval: The mean value of the instantaneous elastic modulus 

was tested using the t-distribution law, taking in to account a 

risk of 1% to check its validity (Table-8, 9 and 10). 

 

A futur observation prediction: The interval in which we 

could find the observation (n+1), given that the tenth is 

determined. Table-11 shows the lower and upper limits of this 

interval. 

Table-1: Main creep test results. 

N° Indicators 
Data 

Modelisation Validation 

1 Moisture content (%) 12 12 

2 Initial strain ε0(%) 0,324 0,319 

3 Final strain εf(%) 0,341 0,348 

4 Creep coefficient K 1,05 1,09 

5 True creep (%) 0,017 0,029 

6 Relative creep 0,052 0,091 

7 Request rate (%) 20 20 

8 Instantaneous elastic modulus E0 (MPa) 5835 5935 
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Figure-6: Evolution of the longitudinal strain in the time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-7: Limits of the field of prediction of the linear viscoelastic model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-8: Normal distribution of the elastic modulus. 
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Table-2: Synthesis of the optimal values of the rheological parameters of the model. 

N° Data Optimal values 

1 Dynamic elastic modulus E MPa 120 000 

2 Dynamic viscosity constant η 
MPa.mn 5 700 000 

MPa.s 342 000 000 

 

Table-3: Statistical indicators. 

Indicators 

Notation Expression Signification Calculated values 

Sxx ∑(    ̅)
 

 

   

 Sum of squares of x 2,022E+06 

SSE ∑(    ̂ )
 

 

   

 Errorsum of squares 8,71058E-12 

SSR ∑( ̂   ̅)
 

 

   

 Regression sum of squares 8,62718E-11 

SST ∑(    ̅)
 

 

   

 Total corrected sum of squares 8,62389E-11 

 ̂  
   
   

 Unbiaised estimator 3,11092E-13 

se ( ̂ ) √
 ̂ 

   
 Estimated standard error of the slope 3,92194E-10 

se ( ̂ ) √ ̂ (
 

 
 
 ̅ 

   
) Estimated standard error of the intercept 1,98898E-07 

 ̂  E Estimator de E 12E+04 

 ̂  Η Estimator de η 5,7E+06 

The number n of observations is equal to 30. 

 

Table-4: Parameter  ̂  test. 

Statistical test Data 

Hypotheses      ̂    ;      ̂    

   
 ̂ 

  ( ̂ )
 

 

1,4534E+16 

 

For  =1% and using a t-distribution, we have :      (   ) 2,763 

Conclusion 
  >     (   ) therefore we reject     

 ̂  5,700E+06 
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Table-5: Parameter  ̂  test. 

Statistical test Data 

Hypotheses 
     ̂    

     ̂    

   
 ̂ 

  ( ̂ )
 

 

6,0332E+11 

 

For  =1% and using a t-distribution, we have :      (   ) 2,763 

 

Conclusion 

 

  >     (   ) therefore we reject     

Hence  ̂  120 000 

 

Table-6: Rheological parameters of behavioral curves. 

Graph 
Parameters 

      

1a 112 400 5 700E+03 

1b 133 200 5 700E+03 

2a 105 840 5 700E+03 

2b 148 500 5 700E+03 

 

Table-7: Test of statistical adequacy. 

Statistical test Data 

Coefficient of determination R² 
Formula      

   
   

 

Value 89,9% 

Interpretation The model helps account for 89,9% of the explained values 

 

Table-8: Statistical indicator of the mean analysis. 

Indicators Data 

Notation Expression Designation Calculated values 

S ∑   

 

   

 Sum 

 

56715,573 

 

 ̅  
 

 
 Sample mean 

 

6301,730303 

 

    ∑(     ̅ )
 

 

   

 Sum of the squares of sample deviation 

 

2022497 

 

S² 
   
   

 Sample variance 252812,125 

S √   Sample standard deviation 502,804 

The number of observations n is equal to 9. 
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Table-9: Mean test. 

Statistical test Data 

Hypotheses 
   :      

   :        5835 

   
    

  √ 
 2,785 

For  =1% and using t-distribution, we have :      (   )= 3,106 

Conclusion   <  (   ) therefore we accept     

 Hence    5835 

 

Table-10: Confidence interval of the mean. 

Statistical test Data 

For  =1% and using t-distribution, we have :      (   ) 

        (   ) 
 

√ 
 521 

   5835 

Lower bound 5314 

Upper bound 6356 

 

Table-11: Prediction of the tenth observation. 

Statistical test Data 

For  =1% and using t-distribution, we have :      (   ) 

        (   )  √  
 

 
 

 

1646 

 

   5835 

Lower bound 4189 

Upper bound 7481 

 

Conclusion 

This study carried out on Borassus wood through two-point 

bending creep tests made it possible to determine the 

fundamental parameters of the linear viscoelastic behavior of 

the latter. The model used in this study being that of Kelvin 

Voigt, it was a question of finding the characteristics of the 

spring and of the damper reflecting respectively the dynamic 

modulus of elasticity and the dynamic viscosity constant of the 

material. From this work, it also emerges some key indicators of 

Borassus wood such as the coefficient of creep, the 

instantaneous modulus of elasticity etc. This study of the 

delayed behavior of wood will therefore be necessary for the 

prediction of the future deformations of a structural element in 

Borassus wood. It will then be question of ruling on the effect of 

the loading time on said linear viscoelastic parameters. 

 

References 

1. Trouy, M.C. & Triboulot, P. (2019). Wood material-

Structure and characteristics. 

2. Foudjet, A. (1986). Contribution à l'étude rhéologique du 

matériau bois. Doctoral dissertation, Lyon 1. 

3. Bourahla, N. (2005). Résistance des matériaux de base. 

Université Saad Dahlab Blida, Edition GEOTEC. 



Research Journal of Material Sciences ____________________________________________________________ISSN 2320–6055 

Vol. 12(1), 1-8, February (2024)  Res. J. Material Sci. 

 

 International Science Community Association            8 

4. Montgomery, D. C., & Runger, G. C. (2010). Applied 

statistics and probability for engineers. John wiley & sons. 

5. Bou Said, E. (2003). Contribution à la modélisation des 

effets différés du bois et du béton sous conditions 

climatiques variables: application aux structures mixtes 

bois-béton. Doctoral dissertation, Lyon, INSA. 

6. Chevalier, Y. (1988). Comportements élastique et 

viscoélastique des composites. Techniques de l’Ingénieur, 

5. 

7. Houanou, K. A., Tchéhouali, A., & Foudjet, A. (2012). 

Identification of rheological parameters of the linear 

viscoelastic model of species of tropical woods (Tectona 

grandis Lf and Diospyros mespiliformis). Res J Eng Sci, 

1(5), 17-24. 

8. Husson, J. M. (2009). Loi de comportement viscoélastique 

avec effet mémoire. Application à la mécanosorption dans 

le bois. Docteur de l’Université de Limoges, UNIVERSITE 

DE LIMOGES.  

9. Nocedal, J., & Wright, S. J. (Eds.). (1999). Numerical 

optimization. New York, NY: Springer New York.  

10. Salençon, J. (2009). Viscoélasticité pour le calcul des 

structures. Editions Ecole Polytechnique. 

 

 

 


