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LIFETIME OF TIMBER NOTCHED BEAMS UNDER SEVERAL
RANDOM MODELLING OF FRENCH CLIMATES

Myriam Chaplain', Denys Breysse?, Antoine Marache?

ABSTRACT: The mechanical response and durability of building materials is highly influenced by the atmospheric
conditions. Temperature and air humidity have a great influence on the transfer of water and contaminants in the porous
structure of these materials. This paper focuses on the effects of moisture content and/or moisture dynamics which are
even more important when rupture is due to crack. Climatic variations are simulated and a lifetime model is proposed.
The “climat” method consists in processing a wide amount of meteorological records from four French sites covering
different climates, in order to identify their statistical properties, identify their time auto-correlation characteristics, be
able to rebuild synthetic signals with the same or different characteristics. The generic model is able to reproduce a very
large amount of simulations, which is necessary for reliability or statistical analyses. The lifetime model predicts the
incubation time and the time of crack propagation until the failure. As temperature has a smaller influence on the time
to failure than relative humidity, its effects are not directly taken into account in the model. Predictions of the proposed
model for various air humidity simulations are compared with creep test results obtained on notched LVL beams under

various climatic conditions.
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1 INTRODUCTION

Environmental parameters like air temperature and
relative humidity have a high influence on the response
of timber constructions and their durability. Thus it
seems useful to try to better estimate the possible
influence of global change scenarios on the durability of
materials and induced costs, because of a more
expensive maintenance. Many models exist yet which
describe how environmental parameters can influence
durability. The focus is given here on the modelling of
input data for such models, namely temperature and air
humidity. The climatic variability at various space and
time-scales is an issue of interest for many reasons in
civil engineering and building. It must be accounted for
when one tries to optimize the design. Air temperature
and humidity variations have also a main influence on
the ageing processes of building materials, -either
because they directly influence material properties or
because they govern heat and mass transfers. It is the
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case for timber durability since the ambient variations
govern mould growth [13], creep and crack propagation
[3,4,6...].

2 CLIMATE MODELLING

Twelve-year database at the time step of one hour of
temperature and relative humidity have been recorded in
four regions of France: Atlantic (Bordeaux), Brittany
(Brest), Auvergne (Clermont-Ferrand), Mediterranean
(Corsica - Ajaccio). For each climate, a model of the
time variations has been developed. Such a model
enables to simulate the material response in a given
environment and to study what can be this response in
different scenarios, like those corresponding to global
warming. Even if the meteorological processes have not
been modelled explicitly at the regional scale, the
weather model is able to reproduce [3, 17, 19]:

- the seasonal variations for the two variables,

- the day/night fluctuations, with cycles in the
Temperature (T) - Relative humidity (RH) diagram,
reproducing the humid air physics,

- the time memory of the random part of the local
weather, which exhibits some temporal autocorrelation
at a time scale below five days, for both T and RH.



2.1 MODELLING TEMPERATURE AND
HUMIDITY

The Relative Humidity RH is considered as a random
variable whose variations are constrained by temperature
values and physical laws (air saturation). To obtain RH,
an important part of the modeling is the simulation of the
temperature.

2.1.1 Temperature modelling
We considered that time variation for temperature writes
T(t) can be written as (1):

T(t) = Toi(t) + TDa(t) + Ta(t) (1)

where Tpi(t) and Tp2(t) are two deterministic
components linked with seasonal and daily natural
variations (driven by astronomic constraints) and where
Ta(t) is a stochastic signal, whose characteristic have to
be identified. This part will explain the statistical
variability between consecutive days, but also between
years at a given date. It corresponds to the non-
deterministic part of the climate and it is due to
atmospheric phenomena at small time-scales (due to air
masses movements at the scale of few days) and from
local processes (role of vegetation...). The magnitude
and the time correlation of this stochastic signal have
both be identified from the data base of weather records
from 1997 to 2011 on four INRA sites.

Modelling the deterministic Tpi and Tp:temperature
The deterministic part is easier to identify on an
averaged year signal, since averaging reduces the
variability:

Tm(t)=[X Ti(t)]/n 2)

where n is the number of recorded years, here 13. The
seasonal component Tpi(t) of Equation (1) is modelled
with a sine function:

Toi(t) = Trer + Mr.sin [ 27(t — t0)/8760 ] 3)

Table 1 synthetizes what parameters have been identified
for the 3 climates.

Table 1: Determinist temperature Tps parameters

Aquitaine  Brittany  Corsica Auvergne
Model parameters
Tref 12.8 11.9 16.0 7.8
Mr 7.0 53 7.2 7.7
to 2600 2280 2810 2710
(min. day) (jan, 18) (jan, 4) (jan, 26) (jan, 22)

From Equations (1), (2) and (3), Tp2(t) can be identified
by studying the deterministic part of the residual Tresi(t) :

Trest(t) = Tm(t) - Tou(t). 4)

Tpa(t) is a zero-mean signal which describes the
day/night variations. It is governed by the solar
radiations intensity and by the air refreshing during the
night. This variation is modeled considering that there is

a linear decrease of the temperature between sunset (tss)
and next sunrise (tx) and that a linear + half-sine
function describes the temperature variation during the
day time [3]. More sophisticated models have been
proposed in the literature, but all models suffer from the
same weakness, that of being unable to reproduce daily
variations in case of overcast days [19]. It is the reason
why, in most usual weather generators, a first step
consists in separating at the very beginning of the
process dry days from days with precipation [20].

The values of tss and tsr are explicit functions of the day
and of the longitude and latitude, the différence of this
txo time (ts-ts) giving the daylight duration D. The
Tp2(t) model considers that the daily minimum
temperature occurs at sunrise. It has only two
parameters: the temperature AT, difference between
sunrise and sunset temperature, and the amplitude of the
half-sine function A. Writing that the signal is zero mean
determines how the signal is positioned around the mean
value, for instance by expressing the temperature at
sunrise:

T(ts) =-AT/2-D (A-AT2)/ 12 = (5)

The values of A and AT varies along the year, since the
daily magnitude of temperature variations depends on
the day length. Figure 1 compares the Tpa(t) signal to a
real record along three consecutive days and confirms
the ability of the Tp2(t) model to describe the daily
temperature variations.
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Figure 1: Daily temperature variations at the scale of 3
days: Tpz(t)model (dotted curve) and Tn(t) - Tp1(t) signal
(hour count on x-axis)

Modelling the stochastic temperature variations

As an example, figure 2 shows the stochastic residual for
the year 2003 in Bordeaux. This year is the warmer of
the time series (the average temperature had been 0.6°C
higher than the average value for the whole data set). It
can be seen that the temperature at a given time can be
10°C higher or 10°C lower than the expected value, this
difference being more than 15°C in extreme periods. For
instance, France has known in July 2003 an extreme
period of hot temperatures, which is clearly visible on
the figure 2, when the measured temperature was 5°C to
15°C higher than usual during a full decade.
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Figure 2: Stochastic part of the temperature, year 2003
(hour count on x-axis)in Bordeaux

The next step is the characterization of this stochastic
residual. The method used here is that of variographical
analysis, which comes to compute the experimental
semi-variogram function for each year:

v(h) = (Z [Ta(t+h) - TA()]*) / (2 N(h)) (6)

where h is the delay between two measurements (or lag-)
and N(h) the number of pairs of data for a given h value.
The average yearly variances of these stochastic signals
is amounts respectively 17.2, 10.2, 7.1 and 20.5°C? for
Bordeaux, Brittany, Corsica and Clermont-Ferrand.
Figure 3 plots the semi-variograms identified for 14
years of record in Bordeaux, the average variogram and
the model varigram. In this case, the model is
exponential.

The same type of results has been obtained for the four
data series, with a progressive loss of correlation with
time log. A kind of periodic variation (with a period
equal 24 hours) superimposes to this behaviour. It results
from the fact that the deterministic signal Tpz(t) has
considered an “average day”, not accounting for the
difference between sunny days and overcast days.
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Figure 3: Experimental variograms and model variogram
(Bordeaux case)

About half of the correlation is lost after 24 hours and
90 % of the correlation is lost after about 5 to 6 days.
After such a delay, there is no more correlation between
two temperature measurements. The correlation time is
of prime importance for the temperature variability,
since it represents the « memory» of the stochastic
fluctuations, very probably due to the atmospheric
phenomena at a regional scale, which have not been
explicitly modeled. The synthetic signals must of course

reproduce this characteristic pattern. The identified time
scale can be compared to that found by [11] with a
different approach, since they identified a 5 days
memory in an auto-regressive model for temperature.
The temporal random fluctuations of wind velocity,
which are also linked to circulations at a regional scale,
are considered to lose their correlation after a delay from
4 to 12 days, with a mean value of 8 days in the northern
hemisphere [14]. The correlation coefficient p used for
temperature on two consecutive days in time series
processes is usually about 0.60 to 0.80, which
corresponds to p>= 0.4 to 0.7, and to a loss of correlation
of about 30 to 60 % [2, 15].

2.1.2 Absolute Humidity Modelling

The time variations of absolute humidity are governed
by two physical processes:

v" the condensation process, as discussed above,

v the movement of air masses because of the wind.

Reproducing this influence requires a physical model at
another scale. It is not considered directly here.

The choice is to consider a reference time for each day:
trer = 1 p.m , roughly corresponding to the sun maximal
elevation, to the daily maximal temperature and daily
minimal potential absolute humidity. The corresponding
reference value for absolute humidity xrf is calculated
as:

Xref = [2X(1)]/5,1= 11 a.m. to 3 p.m. (step 1 hour)  (7)

Xref and Trer (Which is the temperature at the same time)
appear to be statistically linked. Their correlation can be
identified from data bases as well as the conditional
distribution p(xref|Trer). For synthetic signals, the choice
is, once Trer has been generated, to conditionally generate
xret. Finally, the hourly variations between xrer (day) and
Xref (day+1) are interpolated. At any time, it is checked
that the pair {T(h), x(h)} is compatible with the
saturation curve. These two variables are distributed in a
large domain, and their distribution is constrained by the
(upper) saturation curve (Fig. 4).
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Figure 4: Correlation between Xsrand T (from 3850
data from 11 years of records in Bordeaux)

The simulation process is the following:
- the conditional distribution p(Xref| Trer) is identified from
original records. For any small interval around Tref, the



mean value m(xref) and coefficient of variation cv(Xrer)

are calculated from the empirical data,

empirical polynomial relationships are identified:

m(xef) = f1(Tef) and cv(Xef) = £2(Tef), to fit

experimental results,

- Xref 15 assumed to follow a Gaussian distribution
NV(m(Xef), cv(Xref)), with additional restrictions so as to
avoid too small values or values exceeding the
saturation, which are not physically possible.

Thus, for each Trr value which has been generated by
the synthetic temperature generator, Xrfcan be generated
accordingly. Once xrr has been generated, a linear
interpolation between xrr values on two consecutive
days is performed, with respect to the T signal and the
saturation curve.

More details of the proceeding is developed by Breysse
et al in [3] for Bordeaux climate.

2.1.3 Relative Humidity Modelling
The Relative Humidity HR is obtained from the absolute
humidity x:

x=0.622 Pvap / (760 - pvap) with Pvap = HR Psat (8)

where pvap is the water vapour pressure in mmHg, psa is
the water vapour pressure at saturation

psat pressure depends on the temperature, with a relation
which can be expressed according to an empirical law,
like the Dupré formula:

Psat = exp [46.784 — 6435/Tups — 3.868In(Tavs)  (9)

where Tabs is the absolute temperature in Kelvin and
where psat is expressed in mmHg (the vapour pressure in
hPa can be obtained by multiplying by a factor
1000/760).

Figure 5 presents two simulations of extreme French
climates over a lag of three years: the first is a Brittany
climate which is a humid atmosphere —average RH
around 87%, the second is a Corsica climate which
average humidity RH is near 65%. In Brittany, external
LVL elements have average moisture almost always
equal to the saturated moisture.

Average simulated RH are closed to recorded
observation excepted for Corsica: the model based on the
determination of RH from the modelling of the
temperature gives lower humidity when the temperature
is high like in Mediterranean region.

Table 2: average RH and moisture for 4 regions:
recorded / simulations

Average RH
recorded simulation
Atlantic (Bordeaux) 77% 79%
Brittany 86% 87%
Corsica 72 % 66%
Auvergne 78% 80%

Temperature (°C) - Relative Humidity (%)
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Figure 5: Example of predicted climates (relative
humidity RH and temperature) on top Brittany weather,
below Mediterranean weather

2.2 RELATIVE HUMIDITY - MOISTURE
RELATIONSHIP

First, the moisture content in mass at the surface of a
beam is assumed to be equal to the equilibrium moisture
content (Weq) of the material obtained from the iso-
sorption curves. In this study, we use the iso-sorption
curve of a reconstituted LVL spruce wood (LVL,
Laminated Veneer Lumber) we obtained at a
temperature of 20°C. For the LVL, the adsorption and
desorption curves are close, so, to simplify our
modelling, we only consider that adsorption and
desorption moisture isotherm follow the same curve. The
effect of temperature on moisture isotherms is also
neglected in this first approach [12]. The specimens are
LVL notched beams (figure 6). The absorption of LVL is
mainly in its transverse direction, parallel to the layers of
glue. Assuming a process with only one direction of
sorption (height of the beam), and assuming that the
relative humidity RH and so the equilibrium moisture
content (Weq) are expressed by a Fourier series (periodic
basis), we can approximate the moisture content w at a
depth z as follows [6, 21]:

o f 1/2 h L \
W(z2) =W + é eXP{‘ [%J (?‘ - Zj](weqi ~ Ve (10)

where hi is the height of the specimen, z is the

distance from the middle of the beam (figure 6), W qi is

the equilibrium average moisture content on surface for



the period rank i, fi is the frequency associated to the
period i, A is the diffusion coefficient in the tangential
direction (in m?s). A is the rate at which moisture is
transported between opposite faces of a unit cube of a
system when there is unit concentration difference
between them, it is also called diffusivity

(thickness=45 mm)
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Figure 6: Shape of the studied Laminated Veneer
Lumber notched beams (dimensions in mm) and an
exemple of evolution of the moisture content w(z) under
the tangential direction ( a: crack length)

Practically, the moisture content w(z) is determined
using four time scales which correspond to periods -
hereafter, we have chosen 5 periods enough for wood -
along which the averaging value can be processed,
namely: i = 1: year; i = 2: 3 months (season); i = 3:
month (30.5 days); i = 4: week (7 days); ); 1 =5: 1 day.
At the first time using equation (10), at time t=0, the
moisture in the specimen is supposed to be uniform and
equal to a conditioning moisture we = W(z) = Weqi. After,
the moisture weqi varies following LVL isotherm curve
and w varies as expressed by Equation (10).

In this study, RH and thus weq are not strictly periodic
functions, but their average values are periodic. As an
approximation, the relationship (10) can be applied to
determine the moisture profile in a notched beam
(figure 6). The value of the sorption coefficient A is
taken equal to 20.10"' m%s, a value we obtained on
spruce specimens. In this first approach, A is supposed
not depending on the moisture content or on the
temperature and it is also supposed to have the save
value during sorption and desorption. The crack surfaces
are supposed to be at the equilibrium moisture as
external faces; also the moisture evolution above and
below the crack is similar to the evolution in beam of
height hi (figure 6).

3 THE VISCOELASTIC CRACK
MODELS (VCM)

The purpose is to determine the time-to-failure of timber
elements whose rupture is due to the creation and the
propagation of a crack (as notched beams, beams with a
hole etc...). A damage model is applied to predict
initiation (incubation) time; i.e. the time to create a
damaged area which leads to the creation of a macro-
crack. The propagation of the crack is modeled by a
fracture mechanics model considering that the crack

grows in an orthotropic viscoelastic medium and that a
damaged area exists at the crack tip [7, 8].

Humidity has adverse effects on these two stages of
initiation and crack propagation until failure [9]. These
effects must be reproduced by the model. It appears that
the lower the moisture is, the shorter the initiation time
is. On the other side, the opposite phenomenon is
observed for propagation, low moisture leading to a
longer propagation time (Figure 8).

3.1 INCUBATION TIME

In the incubation phase, damage appears as a
characteristic parameter D ranging from 0 at the
beginning of loading to Dc at the crack initiation. The
deflection of notched beams is calculated by finite
element computations with or without a small crack
which makes the notch 5 mm longer. Considering that
this displacement is proportional to the compliance of
the beam, a difference between the displacement with or
without a crack can be representative of the damage of
the beams. We found, by finite elements calculations,
Dc=0.01 for an end notched beam with a crack length
equal to 5 mm. Regarding the damage development, the
second model of Barrett and Foschi [1], with a non-
linear damage evolution and a non-linear cumulative
damage, has been chosen:

B
do _, (F®)-F, .
oA [—F ) +C.D(t) if F@)>F,

dD _ “
dt

(11)
if F(t)<F,

where F(t) is the applied load, Fs is the strength of the
element at a reference moisture content (hereafter wier=
20%), and F, a threshold load. A, B and C are constants
supposed no depending on the moisture, only the
threshold load level, noted SL.=Fo/Fs, depends on w
(Table 3).

Table 3: Parameters used in the incubation model for
LVL

W % 9% 20%
Ah'] 2,11.10%  2,11.10"
B 30 30
Clh'] 0,075 0,075
SLo 0,55 0,60

3.2 PROPAGATION

The crack propagation model is based on the Shapery
studies [5] and on the Barenblatt’s crack model. In the
neighbourhood of the crack, the material is divided into
two regions: a process zone which can be highly
damaged, nonlinear and viscoelastic and a region
surrounding the process zone where the material is
considered as linear viscoelastic orthotropic. The crack
length speed (da/dt) is given by the Equation (12).
Details on the determination of the formula are
developed in [7].
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where:
- Ki (a) is the stress intensity factor in opening mode I,
depending on the crack length a (figure 7)

F a
Kj=—+g/ - 13

L oby g(vj (2
- K is the critical stress intensity factor,
- I represents the distribution of the cohesive stress at
the crack tip,
- om 1s the maximum of the cohesive stress
- the parameter A" is a function of the viscosity of the
material,
- the parameters Co, C2 and n are coefficients depending
on the material viscoelastic properties.

Table 4: Parameters used in the propagation model for
LVL

w % 9% 20%
Co [MPa™] 2.03E-3  2.98E-3
C2[s™] 1.22E-2  1.55E-2
n 0,41 0,38

An 0,64 0,66
omli [MPa] 50 45
Ki[MPaVm] 0,66 0,54

Figure 7 presents the evolution of the calibration
function for these LVL notched beams for both
moistures w.

1 &B) RH=60% (W=9%)
4,5 A —_

3,5 1
RH=80% (w=20%)

2,5 A

1,5 T T T T T T 1

Figure 7: Analysis model Calibration function g versus
the reduced crack length p=a/y (=350 mm)

When moisture varies, all parameters are supposed to
vary linearly with the average moisture content
(variation deduced from the values of Table 4), excepted
for om and Ii. As the crack tip is supposed to be at the
equilibrium moisture weq, it was considered that omli
varies with the equilibrium moisture weq.. This moisture
is obtained using recorded RH and wood sorption curve
at the temperature 20°C. When the moisture content is
greater than saturation moisture (here fixed at ws =
25%), the parameters take the values corresponding to
the moisture at saturation ws.

4 TIME MODELLING

Simulations are realised for more than thousand
scenarios of Atlantic, Auvergne, Brittany and Corsica
climates at two conditioning RH: RHc= 55% (we = 9%)
and RHc = 80% (w=20%) (Figures 8 and 9). At the end
of the conditioning, the beams are supposed to be in a
homogeneous state of moisture we. In this paper, since
the strength is linked to the moisture, the stress level is
defined as the ratio between the applied load and the
strength at a reference moisture content (here wier =
20%) and it is noted SL..

Predictions of the proposed model for various air
humidity simulations are compared with creep test
results carrying on notched LVL beams under various
climatic conditions near Bordeaux. Correct trend of the
experimental results is obtained as illustrated in Figure 8.
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Figure 8: Experimental time to failure and average
predictions of VCM under 10 000 RH simulations of
Atlantic climates. (RHc: conditioning RH- SLr : creep
stress level)

As observed on Figures 8 and 9, for a given stress level,
the time to failure is a little higher when the moisture is
smaller. A beam conditioned in a wet area has also a
delayed crack than if it is conditioning at RHc=55%, the
influence of conditioning however decreases for low
stress levels.

Figure 9 emphasizes the influence of the considered
regions on the duration of load. Considering the two
extreme French regions (Brittany and Corsica), for high
stress level SL., (up than 0.6), the incubation time is
more influenced by the conditioning moisture than by
the climate; only propagation time is depending on the
region. For example at SL,=0.8, for an initial moisture
w=9% (RHc=55%), the estimated time to failure in
Brittany is around 70 days and in Corsica is 200 days;
for both the incubation is one day. For an initial moisture
equal to 20% (RHc=80%), the average lifetime is 40
days in Brittany, 122 days in Corsica, with both 3 days
incubation. In terms of lifetime, it is seems however
preferable to have a beam exposed to a dry environment.
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Figure 9: average predictions of VCM under 10 000 RH
simulations of Brittany and Corcisa climates. (RHc:
conditioning RH- SLr : creep stress level). Full line:
RHc=55%, dotted line RHc=80%

When the stress level is smaller than 0.6, because of the
considered threshold load level (Table 3), when the
relative humidity is elevated, like in Brittany, the crack
initiation becomes longer, and when the stress level is
smaller or equal to 0,55, this time is almost infinite
(longer than 600 years). This phenomenon is ever more
emphasizes than the initial moisture is high (Table 5).

Table 5: Average and standard deviation (St dev)
predictions for Mediterranean French climate (Creep load
at a stress level = 0.55), for two conditioning RH,

RHc=55% RHc=80%
Time (year) Average St dev Average St dev
Incubation 535 55 547 28
popagation 35 0 35 0
failure 569 55 582 28

Figure 10 presents the probability of failure at a stress
level equal to 0.55 in Corsica (initial moisture we=9%):
this lifetime is strongly dependent on the incubation
time.
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Figure 10: Time probability of notched beam under
Corsica climate (RHc: conditioning RH = 556%) - Creep at
a stress level = 0.55.

Figure 11 presents the time probability of incubation,
propagation and failure of notched beams under Brittany
and Mediterranean climates for two extreme initial

moistures we=9% (RH=55%) and w=20% (RH~=80%),
for a creep stress level equal to 0.6.
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Figure 11: Time probability of notched beams under two
extreme French regions: clear line: Brest, dark line:
Ajaccio (RHc: conditioning RH (a) = 55% - (b) =80%) —
(Creep at a stress level = 0.6)

Table 6 also presents the influence of the initial moisture
in two French regions. In Brittany, if notched beams are
conditioning under high relative humidity, the incubation
time become as long than the propagation time and the
time to failure increases. In Corsica, only the
propagation time 1is affected by the conditioning
moisture, it is lower when the initial moisture is high.

Table 6: Average and standard deviation (St dev)
predictions for two extreme French climates at two
conditioning RHc (Creep at a stress level = 0.6)

RHc=55% Brittany Corsica
Time (year) Average Stdev Average Stdev
Incubation 0,08 0,004 0,08 0,000
popagation 8,19 0,014 16,66 2,208
failure 8,27 0,014 16,74 2,208
RHc=80% Brittany Corsica
Time (year) Average Stdev Average Stdev
Incubation 6,53 5,716 0,12 0,005
popagation 8,20 0,013 14,53 0,590
failure 14,73 5,718 14,65 0,589

Based on the simulations, beams with an initial crack
exposed in a dry land have delayed cracking compared
to a wet climate. Simulations time to failure obtained
using real recorded relative humidity are similar to thus
obtained with the simulated climates.



5 CONCLUSION

Combined models for temperature and humidity
fluctuations have been built after an in-depth analysis of
real data sets for four French climates. The models are
able to reproduce: the seasonal variations for both
variables, the day/night fluctuations, with cycles in the
T-HR diagram, reproducing the humid air physics, and
the time correlation of signals. A time scale of 5-7 days
has been identified.

The lifetime model developed predicts the incubation
time and the time of crack propagation until failure. A
damage model is applied to predict initiation
(incubation) time; i.e. the time to create a damaged area
which leads to the creation of a macro-crack. The
propagation of the crack is modelled by a fracture
mechanics model considering that the crack grows in an
orthotropic viscoelastic medium and that a damaged area
exists at the crack tip. In the case of cracking failure of a
notched beam, we have distinguished the two stages of
initiation and of crack propagation until failure, since
humidity has adverse effects on these two stages. The
crack initiation time increases when the humidity is high.
On the other side, the opposite phenomenon is observed
for propagation, low moisture leading to a longer
propagation time. For a given stress level, the time to
failure is a little higher when the moisture is smaller.
Based on the simulations, beams with a initial crack
exposed in a wetland have early cracking compared to a
dry climate.

Based on simulation and some experiments, in terms of
lifetime, it is preferable to have a beam exposed to a dry
environment excepted if the beam, without initial crack,
is submitted to a smaller stress level (smaller than 0.6),
in this case, a wet area leads to a longer time to failure
because the incubation time is very longer.

The same model will be used now to compare the
response of components located in different
environments, corresponding to common environments
in metropolitan France. A further use of this modeling
will be to simulate various realistic climate change
scenarios and to quantify their effects on component
lifetime, structure reliability, such as to predict possible
increase in maintenance costs due to global change
scenarios.
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