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I. INTRODUCTION 
 

Sandwich structures have received considerable 

attention recently, primarily because of their high 

specific stiffness and strength properties. These 

structures are typically composed of two thin 

composite laminated faces and a thick soft core 

made of foam or low-strength honeycomb. Sandwich 

construction has been used in aircraft, marine, and 

other types of structures [1]. The module Asymptotic 

Methods in Mechanics consists of analytical 

approximation techniques for solving algebraic, 

ordinary and partial differential equations and 

corresponding initial and boundary value problems 

with a small parameter arising in mechanics and 

other areas of sciences, engineering and technology 

[2]. The objective of this work is the application of 

the methodology for analyzing the behavior in 

bending of the structure of sandwich beams base on 

the second order of asymptotic method in a three-

point structure.In order to verify if the result is 

different from the first order and compare both. In 

this study, we adopted an experimental approach to 

evaluate the physical properties of this species 

exploited in south-eastern Cameroon and the 

software named python to bring out the curves.  

 

II. MATERIAL AND METHODS 
 

1. Presentation of specie under study Species 

Descriptions 
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Ayous or Obéché, the commercial name for our 

wood specie. This species belongs to the 

Sterculiaceae family, with the scientific name 

Triplochiton Scleroxylon K. Schum. Statistics from the 

ATIBT (International Technical Association of Tropical 

Timber) between July 2001 and June 2002 reveals 

that this species ranks 1st just before Tali, Sapelli and 

Iroko, in terms of export volume (440618 m3) at the 

port of Douala (Cameroon). As main uses, it is in 

great demand as wood for interior joinery, moulding 

and plywood. Geographically, Ayous is mainly found 

on the African continent, particularly in West and 

Central Africa [3]. 

 

Iroko or Abang, the commercial name for our wood 

species. This species belongs to the Moraceae family 

and has the scientific name Chlorophora (Milicia) 

excelsa. Statistics from the ATIBT (International 

Technical Association of Tropical Timber) between 

July 2001 and June 2002 reveals that this species 

ranks 4th just after Sapelli in terms of export volume 

(73215 m3) at the port of Douala (Cameroon). As 

main uses, it is in great demand as wood for exterior 

and interior joinery, furniture, parquet flooring, stairs, 

decorative veneer, shipbuilding. Geographically, 

Iroko is mainly found on the African continent, 

especially in West Africa, Central Africa and East 

Africa [3]. 

 

2. Physical Properties of wood: Experimental 

Setup 

Wood, like many natural materials, is hygroscopic 

since it gains or lost moisture from the surrounding 

environment. Many of the challenges of using wood 

as an engineering material arise from changes in 

moisture content or an abundance of moisture 

within the wood [4-5]. 

3. Moisture Content 

After three months of natural drying, we determined 

the moisture content of a batch of specimens from 

each log. For this purpose, according to standard NF 

B 51-004 [6], cubes of 20×20×360 mm3 of side are 

taken from each log and weighed by means of a 

0.01g precision electronic balance. The specimens 

are weighed to obtain the actual mass ( ), and then, 

dryed in an oven set at 103 °C until the mass is 

stabilised. A fast weighing is carried out at the exit 

from the oven to determine the anhydrous mass ( ). 

The moisture content (H) of each specimen 

expressed as a percentage shall be calculated using 

the equation (1) [7]: 

100H o

o

m m
H

m


  -------------(1) 

The moisture content is a fundamental characteristic 

of the state of wood which affects the others 

properties [4-9]. 

 

4. Density 

According to Guitard [7], mass density is the ratio 

between the mass (mi) and the volume (Vi) of a 

sample which aims to specify the mass quantity of 

woody matter contained in a given volume of wood. 

It is a basic indicator of the mechanical properties of 

wood [10-11]. The method of sampling, preparation 

and conditioning of the test specimens is specified in 

NF B 51-003 [9]. Conventionally, the operational 

mode for determining the different densities per 

diameter is governed by standard NF B 51-005 [12], 

and given in equation (2): 

𝜌𝑖 =
𝑚 𝑖

𝑉𝑖
 -----------(2) 

The volume of the sample was measured by a 

physical process consisting of immersing the 

specimen kept in water with a thin rod before taking 

the water level. The difference in volumes gives us 

the volume of the specimen. 

 

The reference density of wood is that obtained with 

reference moisture H = 12%, which serves as a 

reference for comparing wood. Different methods 

have been used to convert measures of wood density 

at 12% moisture  12 , which are often available in 

forestry institute data bases, into basic wood density  

 b . Based on basic wood density data and air-dry 

wood density data (supposedly close to 12% 

moisture) for tropical species or genera [13-14] have 

proposed a linear regression between  b  and 

 12   (Eq. 3) [13-14]. 

𝜌𝑏 = 0.0134 + 0.800𝜌12---------- (3) 

Formula (3) can be inverted to compute ρ12 from 

𝜌12 =
𝜌𝑏−0.0134

0.800
----------- (4) 

 

5. Porosity 

Porosity is the ratio of empty volume to total volume. 

The density of a wood species depends on its 

porosity and is great when the porosity is 

small.Knowing the specific density of the wood 

material itself ρc = 1530 𝑘𝑔.𝑚−3[7-15], we have 

also estimated the pores volume rate or porosity (γ), 

per diameter using equation (5): 
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𝛾 =  1 −
𝜌𝑐

𝜌𝑓
 × 100---------(5) 

γ: Porosity of the wood; 

𝜌𝑐 : The density of the core; 

𝜌𝑓 : The density of the face. 

 

III. RESULT AND DISCUSSION 
 

1. Young's modulus as a function of the humidity 

rate 

The following curve presents the Young's modulus as 

a function of the humidity rate  

 

 
Figure 1 Young's modulus as a function of the 

humidity rate level of the Iroko. 

 

It appears from the observation of this curve that the 

Young's modulus varies as a function of the humidity 

rate. When the humidity rate increases, the Young's 

modulus decreases, which implies that the material 

becomes more fragile and when the humidity rate 

tends towards zero the Young's modulus on the 

other hand takes its maximum value. We conclude 

that the wood reaches its maximum properties when 

it is in the anhydrous state. 

  

This curve remains the same whether in absorption 

or in desorption, which proves once again that the 

elastic modulus of a gasoline remains unchanged 

regardless of the phase in which it has found. 

 

2. Hygroscopy 

The moisture of 10 test specimens of Ayous and 

Iroko, of sandwich Iroko, of core Ayous and skin 

Iroko and finally of Ayous stuck core, Iroko stuck skin 

presented in the following tables. This for more than 

three months of natural drying of planks previously 

soaked in water. 

 

Table 1 Moisture content (H) of Ayous and Iroko. 

 
  

It should be noted that this moisture content is not 

very far from that adopted at the International 

Conference on Mechanical Wood Technology in 

Geneva in 1949, which is 12% and which serves as a 

standard for the comparison of woods. 

 

Table 2 Moisture content (H) of sandwich Iroko. 

 
 

Table 3 Moisture content (H) of core Ayous and skin 

Iroko. 

 
 

Table 4 Moisture content H of Ayous stuck core, 

Iroko stuck skin. 
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The table 2, table 3 and table 4 are different from 

table 1, just because, the species have faces that are 

not free on absorption it implies that water can’t be 

coming out easily. This brings up high moisture 

content. 

 

3. Density 

The obtained results, as well as the, anhydrous 

density and pores volume rate, are contained in 

Table 5, for a set of selected specimens with no 

visible macroscopic defects. For each diameter, the 

average is determined  

 

Table 5 Anhydrous density. 

 
 

Table 6 Anhydrous density, Density at 12 % moisture. 

Quantities Specime

ns 

Talla Experiment

al 

Ayou

s 

Irok

o 

Ayou

s 

Irok

o 

Density ρ_12 

at 12 % 

moisture(kg.

m-3) 

Average 0.42 0.64 0.34 0.77 

 

Our results are in the same range as that indicated 

by the French Standard NF B 51-002, which stipulates 

that the density of our essences must be between 

550 and 750 kg/m3 for Iroko, and between 320 and 

440 kg/m3 for Ayous [16]. 

 

We have carried out a series of static bending tests 

on 2 cm2 specimens resting on two cylindrical 

supports 32 cm apart and we have determined the 

modulus of elasticity of Ayous and Iroko. The 

following tables will present this different modulus of 

elasticity, for an internal temperature of about 25o in 

the Laboratory, and a relative humidity of about 70%. 

 

4. Results obtained for Modulus of elasticity and 

poison coefficients 

  

The following boards presented the difference result 

of physical property of our species that we are going 

to use to forward the word. These tables have been 

obtained using the fact that the density of Ayous is 

0.42 kg/m3 and the one of Iroko is 0.64 kg/m3. The 

models used are presented in the following. 

 

4.1. GUITARD Model 

According to this model, if denotes the density at 

moisture content close to 12%, the elastic constants 

of wood at 12% is obtained by doing: 

 
1.03

14400
0.65

LE
 

  
 

--------------(72.a) 

1.30

1810
0.65

RE
 

  
 

--------------(72.b) 

0.913

37300
0.65

R L

RL LR

E E 

 

 
   

 
---------(72.c) 

 

If one is interested in the elastic constants at a 

moisture content of H, the previous values are 

corrected as follows: 

 

 ( ,12%) 1 0.01 12L LE E H      ------(73.a) 

 ( ,12%) 1 0.03 12R RE E H      -------

(73.b) 

( ,12%)R L R

RL LR RL

E E E


  
  -----------(73.c) 

 

Table 7 Elastic constant in an anhydrous state 

according to Guitard (Talla 2007). 

Essence H
 

LE  

(MPa) 

RE

(MPa) 

LR  RL  

Ayous 13.72 9025.55 972.99 0.361 0.039 

Iroko 12.16 14149.19 1765.37 0.385 0.048 
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Table 8 Elastic constant in an anhydrous state 

according to GUITARD (Laboratory). 

Essence H
 

LE  

(MPa) 

RE

(MPa) 

LR  RL  

Ayous 11.75 7260,23 785,34 0,351 0,03 

Iroko 13,38 17117,95 2162,55 0,393 0,049 

      

4.2. FOUDJET-METANGMO Model 

The dependence between the elastic constants, 

density and moisture content is governed by [17]: 

 

3488 22025.8 321.6LE H    (74.a) 

625.98 4269.5 12.106RE H    (74.b) 

20810.5 47593.8 1236.6R L

RL LR

E E
H

 
   

 (74.c) 

 

Table 9 Elastic constant in an anhydrous state 

according to Foudjet-Metangmo [18]. 

 
 

Table 10 Elastic constant in an anhydrous state 

according to Foudjet-Metangmo (Laboratory). 

 
 

Remark:The even figures of each graph represent 

the curve already obtained by Talla [18]. 

 

We first compare the curve of the FOUDJET-

METANGMO model and the curve of GUITARD 

model obtained by the two experiences. 

 

 

Figure 2 Sandwich beams IAI Moisture H first order 

(Laroratory). 

 

 
Figure 3 Sandwich beams IAI Moisture H second 

order (Laroratory). 

 

 
Figure 4 Sandwich beams IAI Moisture H of the final 

displacement (Laroratory). 

 

 
Figure 5 Sandwich beams IAI Moisture H first order 

[18]. 
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Figure 6 Sandwich beams IAI Moisture H second 

order. 

 

 
Figure 7 Sandwich beams IAI Moisture H of the final 

displacement. 

 

And finally we compare the curves obtained by the 

equation of first order and the second order. 

 

 
Figure 8 Sandwich beams IAI Moisture H (Guitard). 

 

 
Figure 9 Sandwich beams IAI Moisture H (Foudjet-

Metangmo). 

 

It emerges from this confrontation that the theory 

elaborated gives an appreciable approximation of 

the real problem. The discrepancies observed 

between the real phenomenon and the theory can 

be explained by several facts. The displacement is 

measured by a sensor that must be placed in the 

middle of the beam. Under these conditions the 

problem of appreciation of the middle of the beam 

arises. An error in this assessment induces de facto 

an error on the value of the displacement. We were 

guided in this approach by the desire to find a two-

dimensional theory of the beam behavior in the 

continuation of the work already done by Talla [18]. 

This concern led us to simplify the problem starting 

from the behaviour of the plates. It goes without 

saying that such a simplification leads to an error in 

the results obtained. To verify the theory, we used 

two models that predict the elastic constants of the 

material when the density at and the moisture 

content is known.  

 

It goes without saying that the two already different 

models each have a deviation from the actual elastic 

constants of the material. We assumed in the 

development that the thickness of the glue was 

negligible. An uncompromising study would be to 

consider the glue as another phase with its own 

elastic constants. In the end we can say that both 

approaches are appreciable. However, it is preferable 

when we are below   to apply the Foudjet-Metangmo 

approach. Above, it is the approach of Guitard which 

seems to get closer to reality. 
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Figure 8 and figure 9, show us that there is no great 

difference between degree one and degree two 

when we remaining in the linear domain. On the 

other hand, beyond this range the curves deviate 

from each other. We can conclude that for small 

loads, first order of asymptotic development is good. 

To better appreciated the behavior of the material 

over time it would be wise to go through degree 

two, which gives us a better behavior of the material 

in time. 

 

IV. CONCLUSION 
 

This work was devoted to the “Contribution to the 

development of a two-dimensional asymptotic 

theory of the three-point bending behaviour of 

multi-layered beams: applications to orthotropic 

phase sandwich beams”. The objective of this work 

was to present a methodology for analyzing the 

behavior in bending of the structure of sandwich 

beams base on the second order of asymptotic 

method.  

 

In the graph below, we show the representative 

curves of the two models for a density of  . We have 

opted for the Young's modulus in the long direction; 

this does not detract from the generality, the other 

constants having the same tendency. It appears from 

these two curves that their slopes are negative, which 

proves for both models that the elastic constants 

decrease when humidity increases. Moreover, in the 

vicinity of  the curve of the Foudjet-Metangmo 

model is above that of the Guitard model. This 

difference then decreases and cancels around  . From 

this point, there is inversion and the curve of the 

Guitard model is above. In addition, if we set the 

moisture content (here we took) we see that the two 

approaches converge when the density decreases. 

  

In the end, we can say that both approaches are 

appreciable. However, it is preferable when we are 

below   to apply the Foudjet-Metangmo approach. 

Above  , it is the approach of Guitard, which seems to 

get closer to reality, and to apply the first order in 

the case of small load and the second case when the 

load are important. 
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