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Abstract 
Nowadays one of the principal difficulties that wood structural development and construction have to 

face is wood creep. Nevertheless, the secret to master and solve the creep deformation of wood relies 

on a sensible and exact rheological model for numerical analysis. In this research work our goal is to 

study the nonlinear creep behaviour of the Cameroonian wood species Millettia Laurentii known as 

Wengé wood through fractional calculus approach. So, we have conducted a nonlinear creep 

constitutive model of Millettia Laurentii wood, that is the Zener fractional rheological model, and the 

parameters of this model have been determined. We have studied the influence of stress level σ and 

fractional order n on the Millettia Laurentii wood creep process by a sensitivity analysis of the model 

parameters. The outcomes of this sensitivity analysis are of paramount importance because they can be 

used in reality to inspect the creep process and deformation amount of Millettia Laurentii wood in 

practical engineering. Moreover, guidance for the secure construction of Millettia Laurentii wood 

engineering can be given by the means of the findings of this research. Our research work is novel in 

the sense that it is the first time that nonlinear creep behaviour of the wood species Millettia Laurentii 

is studied under the mentioned stress level and by the means of fractional derivatives. Memory effect 

materials like wood are materials that actual behaviour depends on the load history of the material that 

is the loads applied to the material in the pass will affect its present behaviour. In this case, fractional 

rheological models are the best means to solve this issue since it take into account past history of the 

material. Whereas, previous research works just laid emphasis on physical and mechanical properties 

of this wood species. 
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1. Introduction 
The phenomenon in which wood deformation increases with time under long-term external 

load is known as wood creep. The development of creep increases the loss of stress in the 

structure of wood. It also redistributes the internal force of static and statically indeterminate 

structures, resulting in excessive structural deformation, a significant reduction in overall 

strength, and even a loss of bearing capacity [1]. The internal energy of wood structures is 

also redistributed by this phenomenon, as a result: the deformation of the structure is 

increased, the strength is significantly reduced, and the bearing capacity of the structure is 

negatively impacted [1]. With the increasingly use of wood materials in civil engineering 

structures, wood creep appears as one of the principal issues that affect the development of 

wood structures, the security of wood constructions and their long-term stability [2-6]. In the 

particular case of wood material, the nonlinearity in wood behaviour can be observed at both 

lower and higher stress levels [7]. A lot of linear models have been proposed in order to 

simulate creep behaviour of wood [8-13]. Meanwhile, the study of nonlinear creep behaviour 

of wood is very complex because this material is assimilated to a certain extend as a 

composite material. The basic Maxwell model is referenced to propose the linearized 

mathematical modelling of the geometric nonlinearity theory [14-16]. But wood creep cannot 

be described accurately with the mentioned model. Some research works have been devoted 

to the nonlinear creep behaviour of wood under high stresses [17-21]. Fractional derivative is a 

temporal differentiation operator that can allow following the evolution of a function varying 

with time [22]. The theory of fractional calculus is widely used in the domain of material 

sciences [23-25], and fractional derivative has been introduced to establish a viscoelastic 
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rheological model that simulates the viscoelastic behaviour 

and the mechanical response of a material [26-29]. Millettia 

Laurentii (Wengé) wood is one of the oldest building 

materials used by humans in the south region of Cameroon 

and in many sub-Saharan African countries. Some research 

works have been devoted to the study of mechanical and 

physical properties of this wood [30, 31], but this remains 

insufficient to well characterise this wood material. 

Therefore, further studies are necessary to promote this 

material in the modern world. So, it is urgent to study its 

creep behaviour to have an idea about the load bearing 

capacity of Millettia Laurentii (Wengé) wood. To achieve 

this goal in the current research work, the fractional 

rheological model of Zener is proposed. 

 

2. Materials and methods 

2.1 The spring-pot 

Let’s use the fractional calculus operator, then equation (1) 

below is the constitutive equation of the Spring-pot (fig. 1b). 

 

 

 
 

Fig 1: a) Newton dashpot b) Spring-pot 
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Where ηn is the viscosity coefficient, n the order of the 

fractional derivative, and  indicates fractional 

differentiation.  
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Where D indicates differentiation and the operation  can 

be expressed as a Riemann-Liouville fractional integral, i.e., 
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With Γ the gamma function.  

Actually, the spring-pot is a fractional derivative description 

of the Newtonian dashpot. The special cases of Eq. (1) are a 

simple spring element when n = 0, representing an ideal 

solid, and a Newtonian dashpot behavior when n = 1, 

representing an ideal fluid. When 0 < n < 1, the spring-pot 

exhibits characteristics of both a spring and a Newtonian 

dashpot.  

Letting the stress σ (t) be constant (σ (t) = σ) in Eq. (1) and 

taking fractional integral calculation of the equation on the 

basis of the Riemann-Liouville operator, we obtain the 

constitutive relation of the spring-pot [32]: 
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2.2 Establishment of fractional derivative model of wood 

creep 

The classical Zener model was regarded as one that can 

approach the first stage and the second stage of both steady 

and unsteady situations. By replacing the Newtonian 

dashpot in the classical Zener model with the spring-pot, a 

new creep constitutive model, referred to as the time-based 

fractional derivative approach, is proposed, which is 

composed of the Hooke body and the viscoelastic body (fig. 

2). 

 

 

 
 

Fig 2: Fractional rheological Zener model 

 

The total strain in fig. 2 is given by: 
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Where εe and εve are the strains of Hooke body and 

viscoelastic body, respectively. 

For the Hooke body, the constitutive relation is given by 
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Where E0 is the elastic modulus as shown in fig. 2 and σ the 

applied stress.  

For the viscoelastic body, the constitutive relation is given 

by: 
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Where E stands for the elastic modulus, and ηn is the 

viscosity coefficient of the spring-pot.  

By substituting Eqs. (6) and (7) into Eq. (5), we obtain the 

total creep strain of the time-based fractional derivative 

model shown in fig. 2 as below: 
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2.3 Experimental setup 
The efficacy of the fractional derivative model is dependent 

on its ability to adequately fit experimental data. The current 

experiments were carried out at Dschang University 

(Cameroon) using a four points flexural test machine (Fig. 

4) coupled with a strain-bridge possessing a high accuracy. 

The indoor temperature was 23oC and the relative humidity 
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was 65% during all the process. All the wood samples were 

extracted from the same billet of Millettia Laurentii wood, 

originating from Kyé-Ossi natural forest in Cameroon south 

region. The specimens were prepared with a required 

dimension of 20mm×20mm×360mm (fig. 3). 

 

 
 

Fig 3: Sample carrying two gauges. 

 

 
 

Fig 4: Creep test machine 

 

During the test the sample (Fig. 3) is laid on the test 

machine in such a way that one gauge is on the top 

measuring the traction of the wood fibers and another one 

symmetrically on the opposite face of the sample (Fig. 4) 

evaluating the compression of the wood fibers. The wood 

specimens were tested under four points flexural loading 

following the French Norm NF B 51-003 that labels general 

requirements for physical and mechanical tests.  

 

3. Results and discussion 

3.1 Determination of parameters of fractional derivative 

model 

The parameter E0 is the Young modulus, it is calculated by 

the means of initial instantaneous elastic strain at the 

loading time of the wood sample. The expression of E0 is as 

follows: 

 

      (9) 

 

Where σ is the initial stress, and ε0 stands for the initial 

instantaneous elastic strain. 

In this work the model parameters E, η and n were 

determined according to the Levenberg-Marquardt 

algorithm; which is an optimization method who’s the 

coming down direction is a combination between the 

directions of the gradient and Newton-Gauss algorithms. 

The main advantage of this optimization method being that 

the out coming optimized model parameters is of high 

accuracy. The proposed method in this paper that is the 

‘’Levenberg-Marquardt algorithm’’, is different from other 

methods presented in the previous research on “the 

precision or accuracy of the determined model parameters”: 

In fact, model parameters determined by the later methods 

are approximate or are of lower precision and consequently, 

not describing the real behaviour of the material. While, 

model parameters determined by the proposed method are 

of highest precision, reflecting the behaviour of the material 

in real life situation when the wood is loaded.  

 

3.2 Verification of Millettia Laurentii nonlinear creep 

constitutive model 

3.2.1 Experimental research on Millettia Laurentii creep 

under high stress 
A series of uniaxial flexural nonlinear creep tests under 

different stresses and maintaining 23oC were carried out. 

The stress was controlled at 24,62% ABS (about 38,06 

MPa) and 27,83% ABS (about 43,03 MPa). The average 

modulus of elasticity was 21058 MPa and the average 

density was 789 kg/m3. The experimental curves are shown 

in figure 5. 

 

  
 

Fig 5: The curve of the wood creep tests under different stresses 
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As shown in Figure 5, the wood specimen nonlinear creep 

process can be divided into two stages under an uniaxial 

flexural of stress levels of 38,06 MPa and 43,03 MPa:  

(1) The deceleration creep stage, with increasing strain and 

decreasing strain rate, 

(2) The isovelocity creep stage with constant strain rate. 

The experimental curve characteristics can be described by 

using the elastomer and viscoelastic body in the model. 

Now, the parameters E0, E, η and n need to be solved. The 

Levenberg-Marquardt algorithm; which is an optimization 

method is carried out using the conducted model. The 

calculated model parameters are shown in Table 1, and the 

fitting results are shown in Figure 6. Accelerate creep has 

not occurred when the axial pressure is 38,06 MPa and 

43,03 MPa, the wood creep process consists of deceleration 

and isometric creep.  

 
Table 1: Parameter table of Wengé Wood creep model 

 

σ (MPa) E0 (MPa) E (MPa) ηn (MPa.minn) n 

38,06 8053,32 72789 1,034×106 0,335 

43,03 8331,07 68594 1,028×106 0,334 

 

  
 

Fig 6: Experimental and Zener fractional forecasting curves at (a) 38,06 MPa et (b) 43,03 MPa 

 

The fitting results show that the Millettia Laurentii wood 

deformation after loading can be correctly described by the 

constitutive model. Meanwhile, the initial creep of stage 1 

and the steady creep of stage 2 can also be correctly 

expressed.  

 

 

 

3.2.2 Millettia Laurentii creep under different stresses 

Flexural creep tests on Millettia Laurentii Wood specimens 

under different stresses have been carried out. The different 

applied stresses were respectively 16,55 MPa (10,70% 

ABS), 23,17 MPa (14,98% ABS) 28,13 MPa (18,19% 

ABS), 33,1 MPa (21,41% ABS). Each test lasted 10 hours 

that is 600 minutes, the resulting creep curves are depicted 

on figure 7 below:  

 

  
 

  
 

Fig 7: Courbes de fluage du bois Wengé sous différentes contraintes. (a) 16,55 MPa; (b) 23,17 MPa; (c) 28,13 MPa et (d) 33,1 MPa.
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Under the four preceding mentioned stress levels, 

instantaneous elastic deformation appears first followed by 

primary creep characterized by an exponential decrease of 

creep rate; then stationary creep intervenes nearly at a 

constant creep rate. Characteristics of experimental curve 

can be described once more using a spring associated to a 

viscoelastic body in the model. Here, parameters E0, E, η 

and the fractional derivative order n are determined 

according to the curve characteristics. In the present work 

these parameters have been estimated through Levenberg-

Marquardt optimisation method. The following table 2 

presents values of the previous mentioned parameters. 

Experimental curves and forecasting curves are depicted in 

figure 8. 

 

 

 

 

Table 2: Parameters of fractional Zener model for Millettia 

Laurentii 
 

σ(MPa) E0 (MPa) E (MPa) ηn (MPa.minn) n 

16,55 15716,99 44853 1,512×106 0,390 

23,17 10531,82 74850 1,920×106 0,373 

28,13 9320,74 60034 1,055×106 0,359 

33,1 8405,28 65352 1,153×106 0,363 

 

The Levenberg-Marquardt algorithm is more accurate, 

powerful and concise. Moreover, the fact that the coming 

down direction is a combination between the directions of 

the gradient and Newton-Gauss algorithms, strengths the 

precision of the optimization method and actually it is the 

best optimization tool in the world of research. With the 

other methods when it comes to determine model 

parameters, they just choose few points on experimental 

curves that would help solving the constitutive equation. 

That is what these methods are not concise at all compared 

to ours. 

 

  
 

  
 

Fig 8: Experimental curves and forecasting curves of Millettia Laurentii wood. (a) 16,55 MPa; (b) 23,17 MPa; (c) 28,13 MPa and (d) 33,1 

MPa. 

 

Wood creep curves obtained by Foadieng et al. [30] are 

similar to those mentioned in the present research work. The 

coefficient of determination in this paper (R2 ˃ 0,97), is a 

proof of good correlation between fractional Zener model 

and the real behaviour of Millettia Laurentii wood, as we 

can see in table 2 and in figure 8. Fractional derivative 

Zener model represents primary and stationary creep of the 

studied wood species with a good precision. In sum, the 

validity of the model presented in the present work is 

confirmed by the good correlations obtained at different 

stress levels during the creep process of Millettia Laurentii. 

In the same vein, the application of fractional calculus 

theory to improve creep traditional models is also well 

addressed, given that fractional theory has become one of 

the most indicated means to study the nonlinearity of creep 

of wood material. The outcomes of this research work are in 

accordance with the findings of Brokans & Ozola [20].  

 

4. Parameter sensitivity analysis of Millettia Laurentii 

nonlinear creep model  

Creep process of Millettia Laurentii is mainly influenced by 

parameters σ and n, these parameters are obtained by 

analysing experimental and theoretical curves. 

Consequently, the study of their influence will be done 

through variable control method in order to appreciate the 

effect of the underlined parameters on the creep process of 

Millettia Laurentii. The model parameters are: σ = 

33,1MPa; E0 = 8405, 28MPa; E = 65352MPa; ηn = 

1,153×106MPa.minn and n = 0,363.  
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4.1 Influence of the stress level σ 

Let’s introduce parameters E0 = 8405, 28MPa; E = 

65352MPa; ηn = 1,153×106MPa.minn and n = 0,363 into 

equation (8). The different stress levels are: 32,7MPa; 

32,9MPa; 33,1MPa; 33,3MPa and 33,5MPa. Figure (9) 

below depicts Millettia Laurentii creep curves under 

different stress levels. 

 

 
 

Fig 9: Effect of stress level on creep process of Millettia Laurentii 

 

The deformation of Millettia Laurentii is seriously affected 

by the stress level, and the deformation will increase in 

proportion as the stress will increase. However, the stress 

has no significant effect on the creep rate. The higher the 

stress level, the greater the instantaneous elastic 

deformation, and the shorter the time required to enter 

secondary creep at a constant velocity. These outcomes are 

consistent with the works of Njankouo et al. [31] Et Zhou et 

al. [32] about the influence of stress level on wood creep 

process. 

 

4.2 Influence of the fractional derivative order n 

To study the influence of the fractional order, the variable 

control method is made use to ensure that other parameters 

remain fixed. The fractional order is progressively 

incremented from 0,357 to 0,369 by 0,003 step resulting in a 

series of creep curves with different orders, as figure 10 

shows below. 

 

 
 

Fig 10: Influence of the fractional order on creep process of 

Millettia Laurentii 

 

From figure 10, it is straightforward that increasing the 

fractional order increases the duration of primary and 

secondary creeps. The deformation of Millettia Laurentii 

decreases in proportion as the fractional order is 

incremented. In addition, creep rate is influenced by the 

fractional order; that is, the greater the fractional order, the 

smaller the creep rate at each level. This observation is the 

main finding of this experimental work, since it is not 

consistent with the outcomes of Zhou et al. [32, 33] concerning 

the effect of fractional order. As a matter of fact, Zhou et al. 
[32, 33] discovered that increasing fractional order resulted in 

a growth of the material deformation. 

 

5. Conclusion 
In this research work, fractional calculus theory has been 

applied to better study the nonlinear creep of Millettia 

Laurentii and to better follow creep phenomenon in 

engineering. The proposed fractional model has been 

verified and validated through creep tests on Millettia 

Laurentii wood specimens, these tests equally permitted the 

sensitivity analysis of parameters. The outcomes being that: 

The fractional order equation characterizing nonlinear creep 

of Millettia Laurentii wood has been studied and the 

methodology of determination of the model parameters has 

also been detailed. The creep model of Millettia Laurentii 

wood we developed and proposed in this work has been 

validated at several stress levels. The results revealed that 

fractional Zener model can well describe the two first 

phases of creep phenomenon, and it could be used as a 

reference for nonlinear creep of wood. The sensitivity 

analysis of model parameters has been done mainly through 

σ and n parameters. From the results, it is obvious that the 

stress is positively correlated with the deformation and the 

creep rate of Millettia Laurentii wood while the fractional 

order is rather negatively correlated with the deformation 

and the creep rate of this wood species. The deformation 

and the creep rate will grow with the increase of σ whereas 

they will have rather a decreasing shape with the increase of 

n. In future prospects, the stress levels employed in this 

work were not up to the third of ultimate breaking stress of 

Millettia Laurentii wood, the study of nonlinear behaviour 

of this wood species under higher stress levels will be full 

filled in the upcoming research works. The proposed model 

in this work will undergo a modification with an element 

that will take into account the evolution of the material 

towards failure point. 

 

6. Abbreviations  
Millettia Laurentii: is the scientific or botanic name of the 

wood species called locally “Wengé” 

 

ABS: Average Braking Stress of Millettia Laurentii wood in 

Megapascals (MPa) 

σ: Stress in Megapascals (MPa); 

ε: Deformation in meter per meter (m/m)  

E0 et E: Young Modulus en (MPa) 

ηn: Viscosity coefficient in (MPa. minn)  

fig.: Figure 
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