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Abstract 
The prediction of the mechanical properties of wood and the evolution of its 
damage has been essential for its application in many fields such as bridges 
and houses construction, racks of trucks and so on. In more valorization of 
biomaterials following the example material wood arouses for a few years a 
private interest on behalf of the populations. The experimental characterization 
makes it possible to consider the mechanical properties local of Pericopsis 
elata (Assamela) according to various parameters (the wood turpentine, the 
orientation of wood fibers, water the content, the type of test …). From the 
results, we evaluate the mechanical characteristics of Pericopsis elata (Assamela) 
according to the three directions of Orthotropy. Then from the tests of 
load-discharge we measured the evolution of the damage using the variation 
of the Young modulus, which enabled us to note the reduction in the mod-
ulus of elasticity because of the damage following the three directions. Finally 
we noted a progressive and irreversible degradation of mechanical properties 
induced by the development of the microscopic cracks within material. 
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1. Introduction 

Germination, the growth and the coalescence of the cavities are the mechanism 

How to cite this paper: Azeufack, U.G., 
Kenmeugne, B., Foadieng, E., Fouotsa, M., 
Talla, P.K. and Fogue, M. (2019) Mechani-
cal Characterization and Measurement of 
the Damage of Pericopsis elata (Assamela). 
World Journal of Engineering and Tech-
nology, 7, 256-269. 
https://doi.org/10.4236/wjet.2019.72017 
 
Received: November 24, 2018 
Accepted: March 11, 2019 
Published: March 14, 2019 
 
Copyright © 2019 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

http://www.scirp.org/journal/wjet
https://doi.org/10.4236/wjet.2019.72017
http://www.scirp.org
https://doi.org/10.4236/wjet.2019.72017
http://creativecommons.org/licenses/by/4.0/


U. G. Azeufack et al. 
 

 

DOI: 10.4236/wjet.2019.72017 257 World Journal of Engineering and Technology 
 

concerned for the rupture within the material wood, since 1958 by Kachanov 
which describes the evolution of the deterioration of a material and introduced 
the concept of variable of damage. Damage anisotropy refers to the phenomenon 
that a material is vulnerable to damage in some directions but resistant to dam-
age in some other, due to certain texture patterns or certain external loads. Sev-
eral authors [1] [2] [3] modeled damage isotropy, and several others [4] [5] [6] 
took damage anisotropy into account. Then the concept of effective constraint 
which allows the measurement of the damage by the variation of the characteris-
tics of elasticity has been introduced [7] [8]. Many work then largely contributed 
to the comprehension of the phenomenon and the mechanical damage in gener-
al. Among them, the authors such as [9]-[14] particularly treat anisotropy of the 
damages caused on the wood which is an orthotropic material. The three direc-
tions of Orthotropy of wood generate a symmetry which is found in the majority 
of its mechanical properties. [15] [16] [17] [18] proposed stress-strain models of 
confined concrete including an unloading and reloading paths. From this Or-
thotropy, the mechanical characterization of wood is based on the determination 
of three moduli of elasticity, three shear moduli and six Poisson’s ratios. The 
mathematical expression of the elastic behavior of wood can be reduced to a 
symmetrical matrix with nine elastic constants. Hooke’s law can be generalized to 
the axes L, R and T and the elastic compliance matrix is given by [19] [20] [21]: 
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, ,L R Tε ε ε : Deformation according to 3 directions; 
, ,RT LT LRγ γ γ : Shear strains according to 3 plans of shearing; 

, ,L R TE E E : Moduli of elasticity according to 3 directions; 
, ,RT LT LRG G G : Shear moduli according to 3 plans; 

, ,L R Tσ σ σ : Normal stress in 3 directions; 
, , , , ,LR RL TL LT RT TRυ υ υ υ υ υ : Poisson’s ratios; 
, ,RT LT LRτ τ τ : Shear stress in 3 directions. 

We can therefore say that 9 independent linear elastic coefficients characterize 
a continuous, homogeneous and orthotropic body in an orthotropic base. 

; ;LR RL LT TL RT TR

L R L T R TE E E E E E
υ υ υ υ υ υ

= = =                    (2) 
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The elastic properties of wood are sensitive to the variation of its physical state. 
Among the physical influences, the main parameters are: density, the rate mois-
ture and the temperature. On the practical level, for fluctuations in a range of 
moisture content between 6 and the corrections of the adopted moduli of elas-
ticity and shear are the following: 
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The relationships between the longitudinal modulus of elasticity and the shear 
modulus are given by [22] [23] [24]: 
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EG = ; 
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EG = ; 

153
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RT
EG =                (4) 

The relationship between the modulus of elasticity in the longitudinal direc-
tion and the other moduli of elasticity in the other two directions is given by [22] 
[23]: 

13
L

R
EE = ; 

21
L

T
EE =                        (5) 

2. Orthotropy of Wood Material 

Regarding the Orthotropy of the wood, it recognizes different physical and me-
chanical characteristics in each of its directions. The three main directions in 
wood are: the longitudinal direction (L), the radial direction (R) and the tangen-
tial direction (T) in Figure 1. In this reference, the Orthotropy generates three 
planes of symmetry (LT, RS, SL). This Orthotropy has a direct impact on the 
physico-mechanical properties of Wood. 

3. Material and Methods 
3.1. Water Content 

The evolution of the humility rate (H) in wood shows that starting from the an-
hydrous state, the water impregnates the ligneous material until reaching a limit 
which is around the 30% water content of the Wood. This limit is called fiber 
saturation point (PSF). According to standard NF B 51-004 [25], the value of the 
moisture content of wood is defined by the ratio of the mass of water it contains 
( 0Hm m− ) to the mass (m0) of anhydrous wood where mH is the mass of wet 
wood. 

0

0

100Hm m
H

m
−

= ×                        (5) 

H: water content; 

Hm : mass wood with moisture H; 

0m : mass wood in an anhydrous state;  

0Hm m− : mass water contained in wood. 
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Figure 1. Mains direction of Orthotropy of the wood material. 

3.2. Evolution of the Damage 

These tests will be carried out with an aim of studying the evolution of the dam-
age in the material wood. They make it possible to determine qualitatively if a 
material is brittle or ductile, rigid or flexible. Also to quantify the mechanical 
properties such as the modulus of elasticity, maximum resistance, elongation at 
fracture in traction. The tests will be carried out at a constant speed. 

With regard to material wood, when the yield stress is exceeded, the cellular 
walls undergo a buckling what damages material. This has as a consequence the 
reduction in the modulus of elasticity in load-discharge. Plasticity is only ap-
parent and is accompanied by damage. The rupture in compression of material 
presents a ductile characteristic; it occurs a phenomenon of buckling of the fi-
bers [22] [26]. 

3.3. Description of the Machine 

A modern compression traction machine has an adjustable electric drive to per-
form simple or cyclic controlled speed tests. 

The figure presents the kinematic diagram of the testing machine of compres-
sion which we used. The engine is started by power supply. Oil circulates from 
the oil vat through the pipes and pressurly arrives in the cylinder (4). This pres-
sure involves the displacement of the piston (3) which, once in contact with the 
test-tube, gradually compresses it (adjustment of the race by the operator) until 
the rupture of the test-tube. The pressure and the shortening are simultaneously 
recorded. 

Figure 2 shows the kinematic diagram of the compression testing machine we 
used. 

A frame consisting of four interdependent amounts two by two through a 
crosspiece. 

1) A base plate in UPN on which rests the four uprights. 
2) Two longitudinal members (each fixed to two uprights) adjustable in the 

vertical compared to the uprights, thanks to the dismountable screw-nut assem-
bly. On these rails is fixed the lower jaw. 

3) A piston whose linear displacement of the rod causes the extension or the 
compression of the sample. 
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Figure 2. Kinematic diagram of the testing machine tension/compression. 

 
4) A cylinder body, in which houses the control piston. 
5) A driving pipe for the repression of the oil. 
6) Another piping allowing the aspiration of the oil. 
7) A manometer to evaluate the intensity of the effort applied. 
8) An electric motor powered by a DC socket, a box containing oil, filter ele-

ments and oil pumping. 

3.4. Description of the Compression Test Specimen 

The compression sample have dimensions 30 × 30 × 90 mm [22] (Figure 3). 
The elastic constants are given by the following relationships: 

; ;L R T
L LR LT

L L L

E σ ε ε
υ υ

ε ε ε
= = =                    (6) 

4. Results and Discussed 

Figure 4 shows the common shape of the experimental stress-strain curves sim-
ilar to that seen in the literature. Thanks to the linear regression, we deduce the 
slope of the linear part which gives the desired Young’s modulus. This approach 
to the choice of the slope for the determination of the Young’s modulus obeys 
Hooke’s law, with correlation factors greater or equal to 0.99, allowing us to 
conclude that the tests were well done. The desired Young’s modulus is the av-
erage of 15 Young’s moduli on 15 specimens in the radial, longitudinal and tan-
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gential directions. The curves in Figure 4 give the experimental results of the 
simple compression test on specimens cut in the longitudinal, radial and tangen-
tial directions and its mechanical response to simple compression loading. 

All the tests carried out, the curves obtained have almost the same pace ac-
cording to the different directions. The first slope of the curve of the experimen-
tal points gives the Young’s modulus. The Young’s modulus of Pericopsis elata is 
the average of the Young’s moduli of fifteen specimens studied in each direction 
of Orthotropy. The tables show some average results obtained from these tests. 
Tables 1-3 show the values obtained from these curves and also the average val-
ues according to the different directions. 
 

 
Figure 3. Compression sample of dimension 30 × 30 × 90 mm. 
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Figure 4. stress-strain curve ( ( )fσ ε= ) the three direc-

tions of Orthotropy L17, T28 and R3. 
 

Table 1. Determination of the elastic properties of Pericopsis elata (Assamela) following the tangential direction. 

Test-tubes T28 T27 T19 T17 T15 T5 T7 T13 T25 T26 T2 T11 Averages 

( )average MPaTE  476.35 502.31 535.03 504.01 501.18 475.42 339.45 716.13 667.52 360.14 817.3 769.8 555.39 

( )max MPaσ  6.3 5.4 4.5 5.8 5.4 6.2 6 6.4 5.8 6.4 6.9 5.15 5.8541 

( )MParupσ  5.6 5 4.5 5.6 5 5.39 5.5 6.3 5.4 6.3 5.8 5.04 5.4525 

( )%rupε  0.026 0.026 0.024 0.043 0.026 0.031 0.042 0.041 0.033 0.042 0.037 0.024 0.033 

Water content 11.13% 

 
Table 2. Determination of the elastic properties of Pericopsis elata (Assamela) in radial direction. 

Test-tubes R1 R2 R3 R10 R32 R45 R28 R6 R38 R31 R23 R17 Averages 

( )average MPaRE  766.69 878.69 983.71 859.38 813.04 827.03 899 938.2 1095 1478 847.47 915.89 953.874 

( )max MPaσ  6.8 6.8 5.9 7 6.9 6.8 6.7 7.4 7.02 6.5 6.23 6.87 6.782 

( )MParupσ  6.8 5.7 5.2 6.8 6.9 6.4 6.6 7 6.45 6.01 5.67 6.49 6.386 

( )%rupε  0.029 0.026 0.029 0.027 0.039 0.024 0.023 0.041 0.037 0.0397 0.029 0.034 0.0315 

Water content 11.13% 
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Table 3. Determination of the elastic properties of Pericopsis elata (Assamela) in longitudinal direction. 

Test-tubes L17 L23 L21 L19 L18 L12 L26 L16 L25 L22 Moyennes 

( )MPaLmoyenE  10575.63 11359.55 10872.88 11126.42 9360.41 7113.56 11135.16 12370.77 8634.77 11033.16 10358.23 

( )max MPaσ  62.69 63.69 59.96 61.33 59.97 62.69 54.51 58.88 62.04 59.97 60.57 

( )MParupσ  54.51 54.51 53.15 61.33 51.79 53.15 47.69 56.88 62.04 59.97 55.51 

( )%rupε  0.045 0.050 0.039 0.0244 0.062 0.074 0.044 0.054 0.038 0.025 0.046 

15
L

LR

EG ≈  705.04 757.303 724.86 741.76 624.027 474.24 742.34 824.72 575.65 735.54 690.55 

17
L

LR

EG =  622.09 668.21 639.58 654.49 550.61 418.44 655.01 727.69 507.93 649.01 609.31 

153
L

LR

EG =  69.12 74.25 71.07 73.72 61.18 46.49 72.78 80.86 56.44 72.11 67.81 

average

average

L

R

E
E

 10.8591 

average

average

L

T

E
E

 18.6505 

Water content 11.13% 

5. Tests of Loading-Unloading 

The evolution of the damage can thus be obtained in a simple way via 
load-discharge tests which gives direct access to the damaged moduli. It is by 
this method that the damaging behaviour of Pericopsis elata (Assamela) will be 
described. A load-unload compression test is performed on 8 test pieces. An in-
crementation of the stress of 8 bars is made after each cycle until the rupture of 
the specimen, they aim to: 
- To measure the compression stress-strain curves ( ( )fσ ε= ) of the wood 

material in the longitudinal direction. 
- To establish a procedure for measuring the damage, by the variation of the 

Young modulus. 
- To evaluate the decrease of the modulus of elasticity because of the damage 

of the material in the three directions. 
- To calculate the evolution of the Young modulus and the damage during the 

loading phase. 
- To study the reduction of the stiffness of material after each cycle, which will 

enable us to check the evolution of the damage in material. 
The results obtained are shown in Tables 4-6. The decrease of the modulus of 

elasticity after each loading in the radial, tangential and longitudinal direction is 
due to the evolution of the damage in the material. We also note a very great 
improvement of the maximum stress; it is almost three times that recorded in 
the case of a simple compression test. The hysteresis of material increases after 
each cycle due to the hardening of the wood material, the stiffness of material 
decreases after each loading, this can be related to the damage of the wood ma-
terial [27] [28]. 
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Table 4. Mechanical properties of the test of compression load-discharge according to the 
tangential direction Mechanical properties in the tangential direction. 

Test-tubes 
Young modulus 

T6 T8 T11 T2 Averages 

E0 (MPa) 1067 938.6 1030 1004 1009.9 

E1 (MPa) 1040 908.9 876.1 943 942 

E2 (MPa) 963.3 824 803 912 875.575 

E3 (MPa) 887.7 640 769.8 817.3 778.7 

σmax (MPa) 14.9913 17.7170 17.7176 17.7127 17.0347 

 
Table 5. Mechanical properties of the test of compression load-discharge according to the 
radial direction Mechanical properties in the radial direction. 

Test-tubes 
Young modulus 

R6 R31 R38 R9 Averages 

E0 (MPa) 1554 1442 1374 1280 1412.5 

E1 (MPa) 1451 1119 1308 1062 1310 

E2 (MPa) 1410 1298 1255 1030 1248.25 

E3 (MPa) 983.2 1078 998 902 990.3 

σmax (MPa) 13.6284 16.3541 14.9913 14.6284 14.9005 

 
Table 6. Mechanical properties of the test of compression load-discharge according to the 
longitudinal direction Mechanical properties in the longitudinal direction. 

Eprouvettes L20 L27 L13 L54 Averages 

E0 (MPa) 12783.0802 11603.915 11087.005 10725.882 11549.97055 

E1 (MPa) 12134.2994 10811.2526 10751.2066 10530.6306 11031.8473 

E2 (MPa) 10805.4242 10799.5958 10601.5312 9364.9506 10417.7643 

E3 (MPa) 9249.6708 10076.8742 10045.562 9172.184 9636.07275 

σmax (MPa) 59.9652 54.5139 51.7881 58.8769 56.2860 

 
The reduction the modulus of elasticity can be quantified by a damage varia-

ble D for each load-unload cycle by comparing the Young modulus of the dam-
aged material to that of the undamaged material. 
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In the case of an orthotropic damage we will also have in directions 2 and 3 
the expressions (8 and 9) of the damage [29]: 
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where 
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υ  = poisson ratio of elastic contraction; 
E = modulus of elasticity; 
D: damage variable. 

1
1

1
eE σ
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= , 2

12
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e

e

ε
υ

ε
= −  and 3

13
1

e

e

ε
υ

ε
= −                 (10) 

6. Damage during Load-Unload Tests 

The damage variable is defined, conventionally to take its values between 0 and 1. 
The value 0, which corresponds to the initial state reflects the fact that the ma-
terial did not undergo any damage. That, for D = 1, corresponds theoretically to 
the completely damaged state of the material [30], it is said then that the materi-
al has reached the state of ruin. 

The curves in Figure 5 and Tables 7-9 give us the evolution of the damage 
during the compression unloading phase for the specimens in the three direc-
tions of Orthotropy. The Young modulus is calculated from the first slope of the 
rise during the loading. An imposed stress level of cyclic compression test is 
performed for 5 cycles on specimens. Then these specimens are stressed in com-
pression until failure; the results obtained are shown in the table.  

 
Table 7. Evolution of the damage following the tangential direction. 

 
T6 T8 T11 T2 

E (MPa) D E (MPa) D E (MPa) D E (MPa) D 

Cycle 1 1067 0 938.6 0 1030 0 1004 0 

Cycle 2 1040 0.0253 908.9 0.0316 876.1 0.1494 943 0.0608 

Cycle 3 963.3 0.0972 824 0.122 803 0.2204 912 0.0916 

Cycle 4 887.7 0.168 640 0.3181 769.8 0.2526 817.3 0.1859 

 
Table 8. Evolution of the damage in the radial direction. 

 
R6 R31 R38 R9 

E (MPa) D E (MPa) D E (MPa) D E (MPa) D 

Cycle 1 1554 0 1442 0 1374 0 1280 0 

Cycle 2 1451 0.0663 1298 0.0998 1308 0.0480 1062 0.1703 

Cycle 3 1410 0.0927 1119 0.2239 1255 0.0866 1030 0.1953 

Cycle 4 983.2 0.3673 1078 0.2524 998 0.2736 902 0.2953 

 
Table 9. Evolution of the damage in the longitudinal direction. 

 
L27 L20 L13 L54 

E (MPa) D E (MPa) D E (MPa) D E (MPa) D 

Cycle 1 12603.915 0 13783.0802 0 12603.915 0 12679.19805 0 

Cycle 2 11811.2526 0.06289 13134.2994 0.047 11811.2526 0.0629 12071.8588 0.0479 

Cycle 3 11799.5958 0.06382 11805.4242 0.1435 11799.5958 0.0638 11442.3916 0.0975 

Cycle 4 11076.8742 0.1212 9249.6708 0.3289 11068.512 0.1218 10391.81025 0.1804 
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Figure 5. Load-unload tests at imposed stress level in the three 
directions of orthotropy (L13, T12 and R6).  

 
The cycles of loading-unloading at imposed stress level have a non-linearity 

which primarily finds its origin in the following sources: 
- Residual deformations that may result from a release of stresses,  
- It progressive and irreversible degradation of the mechanical properties in-
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duced by the development of microcracks in the material. 
When the imposed stress is greater than a certain critical value, then com-

pliance no longer has a relaxed limit value and the test leads to ruin if the load is 
maintained. The ruin of the material is observed for a critical value of the dam-
age DC much lower than the conventional value 1, in all cases. This reflects the 
fact that the process of damage is not a slow and progressive process. Moreover, 
a sudden rupture is observed experimentally, which corresponds to a value of 
critical damage DC (Tables 7-9). 

7. Conclusion 

This work was devoted to the determination of the mechanical characteristics 
according to the three directions of Orthotropy and also to the determination of 
the damage in three directions by method of variation of the Young modulus 
(healthy and damaged Young modulus). After carrying out the compression 
tests on the different specimens, the results obtained showed the influence of the 
orientation of the fibers (Longitudinal, Radial, Tangential) on the mechanical 
response of the properties. We noted that wood is a very complex material, he-
terogeneous and orthotropic; its mechanical properties strongly vary according 
to the direction of request of the gasoline and the scale considered. We noticed 
that the wood is a very complex material, heterogeneous and orthotropic; its 
mechanical properties vary greatly depending on the direction of loading of the 
species and the scale considered. Load-unload compression tests at the imposed 
stress level have shown the evolution of the damage in the nonlinear phase of the 
stress-strain curve; we have found that the value of the critical damage DC is less 
than the theoretical value in all cases. In the future, it will be interesting to simu-
late the theoretical damage and compare its behavior with that of the critical 
damage.  
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