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Creep and moisture interaction on tropical 
timber structures under outdoor conditions: 
spatial variability of mechanical parameters
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1.Context & goals Context, problems
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Goals

First	industry	of	wood’s	
transformation

Wood	
sawed

Related	
Products

• Various species : Baillonella (Moabi), Acoumea Pierre (Okoumé)….
• Mechanical behavior: drying process, nodes, creep, fracture processes…
• Difficult to use in building (Thermo-hydro-visco-mechanical)

q Problems

q Context
Forest

Species

Individual	or	collective	houses



Context & goals Context, problems

Ø Main goals

• Know the impact of the climatic variations and creep on the mechanical
behavior of the structure in tropical environment

• Characterizing and modelling the spatial variability of the physical-
mechanical parameters under tropical climate

Ø specific goals

• Creep tests on beams in outdoor and sheltered conditions

• Bending/compressive test on specimens coming from these beams

• Characterizing and modelling the randomness and spatial variability of 
wood properties : density and mechanical properties

3

Goals
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2. Materials & Methods

Pseudotsuga	Menziesii

Abies	Alba	Mil

Principal	
defaults	of	
the	beams
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Ø Materials:

Beam in sheltered outside climate

Materials Methods

(a)

(b)

(c)

Concrete	loading	
(10	kN)

Moabi specie	
or	Baillonella
Toxisperma



6Experimental devices 

Ø Configuring test specimens for creep tests:

Materials Methods2.	Materials	&	Methods

L = 3000 mm
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Modelling of experimental device for bending test

Ø Configuring test specimens for instantaneous tests:

Materials Methods2.	Materials	&	Methods

L = 285 mm

L/2

Beam
specimen

b = 15 mm

h = 15 mm

F Cross 
section³h/2³h/2 L/2

LVDT  Sensor

x0



Ø Experimental devices
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Materials Methods2. Materials & Methods
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Ø Reliability approaches
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Materials Methods2. Materials & Methods

• Uncertainties and spatial variability➙ material properties, environment, loads, etc.

• Spatial variability characterization and modelling ➙ material properties

• Karhunen-Loève expansion

where : n	:	number	of	terms	of	the	expansion	
𝜉":	Gaussian	random	variables	
𝜆", 𝑓" :	eigenvalues	and	Eigen-functions	of	the	autocorrelation	function	𝜌(∆𝑥)

• The exponential correlation function ➙ represent the autocorrelation shape of the 
material properties (Sudret and	Kiureghian 2000;	Rakotovao et	al. 2017)	

where b is the correlation length

! ", $ = &' + )' *+
,

+-.
/+0+(") 

• Hilbert-Schmidt Operator:

The K-L can be represented mathematically as follows:

X(x, ✓) = µX + �X

nX

i=1

p
�i⇠ifi(x) (25)

In this equation, n represents the number of terms on what is called the truncated expansion.
⇠i is our (Gaussian) random variable after the process of standardization; �i represents the
eigenvalues and fi the eigen-functions of the autocorrelation function ⇢(�x).

Some authors recommend the use of an exponential correlation function when assessing
the autocorrelation of materials properties like compressive strength of concrete when we
work on simple geometries [7, 1]. Several studies had proven that the use of an exponential
correlation function to represent autocorrelation of mechanical properties generally offers
good results. We choose this type of function because of its proven effectiveness and the
simple geometry of our 1D elements.

The exponential autocorrelation function ⇢(�x) = exp(

�|�x|
b

) depends on the parameter
b.

Supposing the field is second-order stationary, which is usually the case in this kind of
studies [1] we have:

�i =
2

b( 1
b2
+ !2

)

(26)

for odd i:
fi(x) =

cos(!ix)q
a0 + (

sin(2!ia0)
2!i

)

(27)

for even i:
fi(x) =

sin(!ix)q
a0 � (

sin(2!ia0)
2!i

)

(28)

a0 is just the half of the length of the domain. To calculate !i we have to resolve the
following equations:

for odd i:
1

b
� ! tan(!a0) = 0 (29)

for even i:
! � 1

b
tan(!a0) = 0 (30)

19
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3.Results Spatial variability of mechanical parameters

Experimental measurements for Bending strength
check when calculating the autocorrelation function if they are meaningful enough for the
purpose of modeling spatial variability.

Figure 10: Bending Strength Trajectories for Beam 1, after filtering

Figure 11: Bending Strength Trajectories for Beam 2, after filtering

28
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3.Results Spatial variability of mechanical parameters

Table 4: First and second statistical moments Beam 1 and Beam 2 in Bending Strength after filtering

Traj B1 µ B1 � B2 µ B2 �
1 95.8638 13.4957 106.5550 4.5941
2 94.9714 11.0100 105.4900 8.3643
3 102.0833 17.6942 115.8000 6.3129
4 91.7983 9.8496 116.7320 6.4451
5 101.8700 12.2734 119.1825 7.3306
6 97.0375 15.7560 116.9320 6.8407

MEAN 97.2707 113.4486
SD 4.0394 5.8683

B1: Beam 1; B2: Beam 2

Figure 12: Compressive Strength Trajectories for Beam 1, after filtering

29

Mean and Standard deviation of Bending Strength after filtering (N/mm2) 
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3.Results Spatial variability of mechanical parameters

Autocorrelation of Bending Strength trajectories

Figure 17: Standarized Compressive Strength random variables

7.5 Autocorrelation Function ACF and correlation length

Based on our filtered and standardized trajectories, we now proceed to the calculation of
the experimental autocorrelation function for each trajectory using equation (24) and the
same goes for the theoretical autocorrelation function with a first order exponential ACF.
Calculations were made on MATLAB with a code written by the author of this work.

For calculating the parameter b we used the least squares method as fitting method to
minimize the error between the experimental autocorrelation function and the ACF chosen
as auto covariance kernel. We can observe how the retrieved values of b are really low,
meaning that the correlation between two points of the process decays really fast. It affects
the plot of the exponential ACF. We got the following results:

For bending strength,

Figure 18: Autocorrelation function for Beam 1 Bending Strength

For the other mechanical properties, the reader can refer to appendix A to see the values
of b and the autocorrelation functions. Here we present table 7 with a summary of the values:

33

• Hilbert-Schmidt Operator:

The K-L can be represented mathematically as follows:
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3.Results Spatial variability of mechanical parameters

Table 7: Summary Table for the correlation length b, with mean and standard deviation for each
random field

Traj b for BS1 b for BS2 b for CS1 b for CS2
1 0.1025 0.0499 0.0809 0.1445
2 0.1020 0.0572 0.0670 0.0499
3 0.1382 0.0678 0.1092 0.0670
4 0.0536 0.0656 0.0667 0.0733
5 0.0691 0.0623 0.0219 0.1018
6 0.0324 0.0671 0.0499 0.0903

Mean 0.0830 0.0616 0.0659 0.0878
SD 0.0385 0.0069 0.0293 0.0332

b(m); BS: Bending Strength; CS: Compressive Strength

Some of our values of b are not representative, like the one retrieved for trajectory 6 for
Beam 1 in Bending Strength, and in this case it is not representative because it was com-
puted with 3 observations, not being to accurate. Other values like the one for trajectory
5 on Beam 1 in Compressive Strength must be discarded for the same reason. There are
other values that are lower than the other values retrieved and they approach 0.0499m, we
thought about discard them but there was no reason to do it, even if they are low they
contain information that could be valuable for the representation of the random field. That
being said, we worked with the remaining values of b and computed their mean, and that is
the value that we are going to use in the representation of the random field.

We will use the value of the mean µ and the standard deviation � of the values for
Bending and Compressive Strength too for the representation of the random field in each
beam on each case.

Table 8: Summary Table of parameters to use for K-L Expansion

BEAM b µX �X

BS1 0.09308 97.2707 4.0394
BS2 0.0616 113.4486 5.8683
CS1 0.07474 38.4018 2.5835
CS2 0.0878 49.3625 4.2854

BS: Bending Strength; CS: Compressive Strength

34

Autocorrelation lengths of Bending Strength (in m) 

Table 7: Summary Table for the correlation length b, with mean and standard deviation for each
random field

Traj b for BS1 b for BS2 b for CS1 b for CS2
1 0.1025 0.0499 0.0809 0.1445
2 0.1020 0.0572 0.0670 0.0499
3 0.1382 0.0678 0.1092 0.0670
4 0.0536 0.0656 0.0667 0.0733
5 0.0691 0.0623 0.0219 0.1018
6 0.0324 0.0671 0.0499 0.0903

Mean 0.0830 0.0616 0.0659 0.0878
SD 0.0385 0.0069 0.0293 0.0332

b(m); BS: Bending Strength; CS: Compressive Strength

Some of our values of b are not representative, like the one retrieved for trajectory 6 for
Beam 1 in Bending Strength, and in this case it is not representative because it was com-
puted with 3 observations, not being to accurate. Other values like the one for trajectory
5 on Beam 1 in Compressive Strength must be discarded for the same reason. There are
other values that are lower than the other values retrieved and they approach 0.0499m, we
thought about discard them but there was no reason to do it, even if they are low they
contain information that could be valuable for the representation of the random field. That
being said, we worked with the remaining values of b and computed their mean, and that is
the value that we are going to use in the representation of the random field.

We will use the value of the mean µ and the standard deviation � of the values for
Bending and Compressive Strength too for the representation of the random field in each
beam on each case.

Table 8: Summary Table of parameters to use for K-L Expansion

BEAM b µX �X

BS1 0.09308 97.2707 4.0394
BS2 0.0616 113.4486 5.8683
CS1 0.07474 38.4018 2.5835
CS2 0.0878 49.3625 4.2854

BS: Bending Strength; CS: Compressive Strength

34

Summary of data identified for modelling the random field (b in m and μ, σ in N/mm2) 
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3.Results Reliability analysis of spatial variability

Figure 28: Realizations of the random field for Bending Strength Beam 1 for M=70

Continuing with the analysis of our model, given the eigenvalues and eigenfunctions that
we computed with our MATLAB code in the steps below, we see in figures 27 to 31 that
when the order of expansion is increased and the density of the eigenfunctions is higher, the
representation of our stochastic process gets more accurate. However, if we take a look at
the representations, even with lower orders of expansion as M = 4 or better with M = 7 the
representation can be considered satisfactory as one can retrieved data with a good level of
approximation without sacrificing computing time. Regarding the absolute error measured,
we can observe the different surfaces of relative error that were created with the help of our
MATLAB code (figures 32 to 36).

8.3 Improvement of the approximation to the exponential ACF as

expansion order increases

Figure 29: Absolute error surface between the random field and its simulation with a truncation at
M=4

40

Figure 30: Absolute error surface between the random field and its simulation with a truncation at
M=7

Figure 31: Absolute error surface between the random field and its simulation with a truncation at
M=15

Figure 32: Absolute error surface between the random field and its simulation with a truncation at
M=30

Figure 33: Absolute error surface between the random field and its simulation with a truncation at
M=70

41

Figure 30: Absolute error surface between the random field and its simulation with a truncation at
M=7

Figure 31: Absolute error surface between the random field and its simulation with a truncation at
M=15

Figure 32: Absolute error surface between the random field and its simulation with a truncation at
M=30

Figure 33: Absolute error surface between the random field and its simulation with a truncation at
M=70

41

Figure 30: Absolute error surface between the random field and its simulation with a truncation at
M=7

Figure 31: Absolute error surface between the random field and its simulation with a truncation at
M=15

Figure 32: Absolute error surface between the random field and its simulation with a truncation at
M=30

Figure 33: Absolute error surface between the random field and its simulation with a truncation at
M=70

41

Absolute error of the process covariance with respect to experimental data

n=4 n=15

n=30 n=70
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With a higher order of expansion we obtain better 
approximations, minimizing error. 
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3.Results Reliability analysis of spatial variability

Figure 28: Realizations of the random field for Bending Strength Beam 1 for M=70

Continuing with the analysis of our model, given the eigenvalues and eigenfunctions that
we computed with our MATLAB code in the steps below, we see in figures 27 to 31 that
when the order of expansion is increased and the density of the eigenfunctions is higher, the
representation of our stochastic process gets more accurate. However, if we take a look at
the representations, even with lower orders of expansion as M = 4 or better with M = 7 the
representation can be considered satisfactory as one can retrieved data with a good level of
approximation without sacrificing computing time. Regarding the absolute error measured,
we can observe the different surfaces of relative error that were created with the help of our
MATLAB code (figures 32 to 36).

8.3 Improvement of the approximation to the exponential ACF as

expansion order increases

Figure 29: Absolute error surface between the random field and its simulation with a truncation at
M=4

40

Realizations of the random field of bending strength 
generated from the Karhunen Loeve expansion 

Improve the reliability assessment of timber components
by considering the randomness and spatial variability
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q The first results show

ü Tests on beam in sheltered tropical atmosphere (Moabi)

ü Tests specimen debited of these beams according Eurocode requirements

ü Tests in compressive in order to know the of young modulus and density

ü Tests in bending in order to know the of young modulus and density

ü The bending moment could be represented by a stationary random field
and modelled by using the Karhunen-Loève expansion

ü Perform the same tests on tensile conditions

ü Perform the same tests on beam in outside and inside conditions

ü Consider uncertainty and spatial variability processes in a reliability
analysis

q Coming works
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