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ABSTRACT: the behavior of timber notched beams undergoing mechanical (instantaneous and long term
bearing loads...) and environmental (humidity, temperature...) loading are the principal aim of French
CLIMBOIS JCJC ANR project. Picea-Alba mill and Douglas-fir are the two European local species tested
in this study. The work presented here is the first part of the wider study; the objective of this part is mainly
axed on the determination of mechanical characteristics of the specimens in two dimensions, usual solid
wood beams tested in simple or double notched configuration in bending. The elastic moduli of tested beams
have studied according to normative expressions given by the beam theory. Three normative relationships
have been presented here according to the beam theory and regulatory requirements of Eurocode 5. The me-
chanical characteristics (modulus of elasticity) obtained here is an accordance with literature for the both
species and shows that the two species have modulus of elasticity similar according to the experimental tests

done here.
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1 INTRODUCTION

The Massif Central’s Picea-Alba mill (Sapin
Blanc) covers 40% of the Auvergne forest and is the
strategic resource for the first and the second trans-
formation in wood’s industry in France. Moreover,
Douglas is one of the most used species in France
and especially in the Limousin and Auvergne
(Moutou Pitti et al. 2015). Utilization of these spe-
cies in external conditions more or less protected
constitute an important outlet (Toussaint et al. 2016).
However, in presence of climatic variations (Humid-
ity, temperature, wind,...), added to the long terms
loads, the mechanical behaviour of these structures
is found highly modified disturbing their implemen-
tation and shortening their life in service (Bastidas-

Arteaga et al. 2015). In this specific case, it appears
necessary to study these species submitted to extrem
loadings conditions.

One of the objectives of the ANR JCJC
CLIMBOIS project (ANR 2013; Moutou Pitti et al.
2014) is to study the mechanical behaviour of
cracked wood beams of Picea-Alba mill and Doug-
las-fir under the combined action of the climatic var-
iation (moisture and temperature variations,...), long
terms loads (creep, mechanosorptive effects,...) and
the initial defects (cracks, knots, growth rings orien-
tation,...). The tests presented here, are the prelimi-
naries done on 12 beams of Picea-Alba mill and 13
beams of Douglas-fir. The real dimensions of these



beams have bean obtained according to a finite ele-
ment model coupled with experimental tests (Angel-
lier et al. 2015; 2016; Diakhate et al. 2016; Moutou
Pitti et al. 2016). According to the beam’s theory
their modulus of elasticity are calculated from their
characteristics curves. These modulus are obtained
via normative relationships from the theory of beams
and regulatory requirements of Eurocode 5
(Manfoumbi 2012; De Bilbao 2010; Eurocode 2004;
FCBA 2015). Three methods of the determination of
these modulus of elasticity under flexural four point
are presented. The equation for the determination of
the global moduli of elasticity (with shear modulus),
the equation for the determination of the global
modulus (without shear modulus) and the equation
of the determination of the local modulus of elastici-
ty. The results of these calculations obtained here is
in accordance with the literature.

In the first part of this work a description of mate-
rial and methods are presented. Hence, the presenta-
tion of the protocol and the experimental device are
described. Also, the types of specimens of beams of
these both species are presented; the masses of all
beams, their actual dimensions, and their moisture
content are also posted. In the second part, some
flexural four points tests are presented to determine
the flexural modulus of elasticity of each beam test-
ed. Then, the results from the typical curve obtained
after the performed tests on the specimens of beams
of the Picea-Alba mill and Douglas-fir and the dis-
cussion are presented.

2 MATERIALS AND METHOD
2.1 Description of materials and methods

The experimental campaign of CLIMBOIS pro-
ject (ANR 2013) is divided in three levels. The level
one with the flexural static tests and long terms on
double notch beams and on simple notch beams
specimens. The level two the flexural tests on spec-
imens of small dimensions, and finally cracking tests
on specimens MMCG (Mixed Mode Crack Growth)
in single or combined mode.

In this work, the level one is presented, it con-
cerns the flexural static tests on double notch beams.
Figure 1 shows the model of specimen tested during
the CLIMBOIS project, this model is one of all
model which will be use during the project, for the
tests in the variable climatic conditions and in the in-
ternal conditions, this figure shows also the position
where the captors of position (LVDT sensors) and
the forces sensors will be set. In our preliminary ex-
perimentation, the specimens tested is presented in
figure 2 with all experimental devices use for this
campaign.
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Figure 1. Geometrical characterization of selected notched
beams tested in flexural point in CLIMBOIS project.

This part of mechanic tests is accompanied by
physical measurements on the test body. These
physical measures are driven by analog measure-
ments on all the tests body. The objective of this
campaign is to obtain additional information to re-
flect the observation conducted on the different tests
beams. Table 1 shows different physics characteriza-
tion of beams of Picea-Alba mill tested here.

Table 1. Characterization of beams of Sapin Blanc tested

LengthL  Width h

Thicness  Humidity ~ Density

(mm) MM pmm)  H®)
S1 3999 179 60.83 10.1 0.406
S2 4004 179 58.86 9.9 0.398
S3 4002 178 60.01 13.3 0.396
S4 3999 179 59.7 10.0 0.410
S5 3996 178 59.86 10.5 0.450
S6 4003 178 60.44 11.1 0.423
S7 4004 179 59.28 12.0 0.417
S8 4000 180 60.28 10.5 0.410
S9 4002 178 59.86 12.0 0.386
S10 4002 178 60.08 11.2 0.378
S11 4002 179 59.96 114 0.427
S12 4004 179 60.04 10.2 0.386
Average 4001.41 178.66 59.93 11.02 0.407
Standard 1.94 0.55 0.35 0.81 0.02
deviation

This precedent table shows that there are not sig-
nificate differences between moisture content (of all
beams of Picea-Alba mill tested here 11.02+0.82 %
(average+standard deviation).

The following table shows also the physic param-
eters of all beams of Douglas-Fir tested, the same
finding can be done about the moisture content
(11.114 0.80 %) of beams studied here.



Table 2. Characterization physic of beams of Douglas test-

LengthL  Widthh Thicknessb  Humidity  Density
(mm) (mm) (mm) H(%)
D1 4032 178 59.66 10.3 0.405
D2 4027 178 59.38 10.0 0.391
D3 4054 174 59.12 12.8 0.517
D4 4049 176 58.5 10.8 0.428
D5 4054 174 59.31 11.2 0.466
D6 4056 175 59.01 115 0.447
D7 4057 174 58.9 11.8 0471
D8 4032 174 58.59 10.5 0.431
D9 4056 176 59.37 12.4 0.486
D10 4050 174 58.93 11.7 0.497
D11 4053 178 58.99 10.7 0.415
D12 6107 174 59.34 9.6 0.419
D13 6105 178 59.64 9.6 0.393
Average 4364 17.62 59.13 11.11 0.445
Sundard = ga 158 0.29 0.80 0,03

2.2 Experimental protocol

Experimental devices are illustrated in figure 2. The
campaign of mechanical characterization of beams
of Picea-Alba mill and Douglas fir concerned the de-
termination of modulus of elasticity of these speci-
mens in flexural four point (Figure 2).

Figure 2. Experimental devices tests

The experimental device is composed of one elec-
tro-mechanical machine, a beam specimen of wood
tested, a centralizer and a computer in order to rec-
ord different data. The beams are loading and un-
loading in flexural four point till a maximal force
equal at 5 kN (Figure 2). This force has taken from
an elastic area to ovoid the first crack of specimens
and to rest in our objectives, knowing that the Doug-
las fir and Picea-Alba mill are respectively the max-
imum stresses of static break equal to 91 MPa and
80 MPa. On one test, the informations are send and

collected by two forces captors and three defor-
mations captors.

3 RESULTS AND DISCUSSIONS

3.1 Results of experimental campaign

In this part the results of tests done on the beams
of two species are presented. The curve of load path
of each specimen is composed of one path of loading
and one path of unloading (Figure 3).
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Figure 3. Curve of characterization of some beams of
Douglas tested

The precedent figure shows the evolution of the
curve of total Force applied on specimen versus the
evolution of the central arrow of collected during the
test. In the following figure the typical curve of evo-
lution of total force versus the evolution of delta ar-
row of specimens tested is shown (figure 4).
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Figure 4. Evolution of total force applied vs delta arrow of
some Picea Alba Mil’ beams tested.

Delta arrow is given by the following equation:
Au = u, — [(ur —u3)/2] )

Where, u, represent the central arrow, u; and us
represent respectively the arrow recorded (as us)



continuously by the LVDT sensors set at position 2,
land 3.

The figure 5 shows the evolution of total force
applied on some beams of Picea-Alba mil versus the
evolution of central arrow of these beams.
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Figure 5. Typical curves of some beams of Douglas fir
tested.

The following figure shows the evolution of total
force applied versus the delta arrow record during
the test of some beams of Picea Alba Mil tested.
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Figure 6. Evolution of total force applied vs delta arrow
recorded.

About these typical precedent evolutions of curve
we can see that for the two cases (evolution of total
force with central arrow or with delta arrow) the
curves have the same behavior. The load follow the
same path for the same specimen in the two case.

Table 3 shows the values of different modulus of
elasticity taken from the characteristic curves of
beams of Douglas tested. These elasticity modulus
are deducted from the equation (2) and (3), arising
from the beam theory (Manfoumbi et al. 2012).

Eog(1) = j—i (L — a)(2L? + 2La — a?) )

Where, AF /Af represent the slope of the curve of
total force versus central arrow. L is the length be-
tween the two simples supports of the experimental
devices (imparts Figure 1), a the distance between
the two loads. E, 4(1) is the global elasticity modu-
lus, this modulus does not take into account the ef-
fects of shear modulus. The figure 7 shows the spe-
cific dimensions of beams.
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Figure 7. Dimension of specimen

Table 3. Values of elasticity’s modulus of Douglas’ beams
calculated by equations (2), (3) and (4).

Egg(1)  Eog(2) Ey, AF /Af AF /Au
GPa GPa GPa  (Nmm™1) (Nmm™1)
D1 14.19 14.85 14.81 500 2000
D2 14.15 14.81 13.70 498.5 1850
D3 22.24 24.04 24.44 783.3 3300
D4 12.60 13.13 12.59 443.75 1700
D5 15.97 16.89 14.81 562.5 2000
D6 18.80 20.12 17.41 662.5 2350
D7 20.94 2251 22.22 737.5 3000
D8 20.94 2251 19.44 737.5 2625
D9 22.71 24.45 25.92 800 3500
D10 18.10 19.30 20.25 637.5 2735
D11 12.06 12.55 12.83 425 1733
D12 15.08 15.85 15.44 531.25 2085
D13 16.68 17.62 14.32 587.5 1933

The equation (3) gives the global modulus of
elasticity (Ey 4(2)). This moduli of elasticity take in-
to account the effects of shear modulus.



3al? — 4a3
Eog(2) = 6 )
2bh3(2 2 — =)
AF  5Gbh

As for the equation (2) the parameters a, L, and
AF /Af are the same, but h represent the height of
beam tested and b is thickness as presented in figure
7. Table 4 shows the different values of modulus of
elasticity take from the characteristic curves of Sapin
Blanc beams tested.

The equation (4) gives the local modulus of elas-
ticity (Ey,). Its value is calculated between the two
loads.

__AF a3x12
0.1 ™ Aubh3x8

(4)

For this campaign of experimentation we have; h =
180mm, b=60mm, a=1200mm, L=
3600 mm, and G =750 Nmm™=2 for Douglas Fir,
G = 560 Nmm™2 for Picea Alba Mil.

Table 4. Values of elasticity’s modulus of Picea Alba Mil’
beams calculated by equations (2), (3) and (4).

Eog(1) Eo,g(z) Ey, AF/Af AF /Au
GPa GPa GPa (Nmm™1) (Nmm™1)
S1 17.74 19.17 21.85 625 2950
S2 18.45 20.12 21.78 650 2941
S3 16.97 18.31 19.62 597.75 2650
S4 18.59 20.12 19.66 655 2655
S5 17.04 18.31 19.44 600 2625
S6 22.29 24.67 20 785 2700
S7 19.30 21.01 18.88 680 2550
S8 16.61 17.84 17.40 585 2350
S9 15.08 16.12 14.31 531.25 1933
S10 15.08 16.12 15.67 531.25 2116.6
S11 14.90 15.94 15.67 525 2116
S12 15.33 16.40 16.29 540 2200

The comparison done between the modulus of
elasticity calculated on each case for each beam of
each type of the specimens studied here, shows that:
For each species studied and for the three modulus
calculated, the global modulus of elasticity (E, 4(2))

is the parameter which are the most value (in the two
case), 18.36+3.51 (averagezstandard deviation) for
Douglas Fir and 18.67+1.95 for Picea Alba Mil.

4 CONCLUSION

The experimental campaign of ANR CLIMBOIS
project is vast, going from MMGC specimens for
flexural tests on notched beams in structural sizes
through specimens of different sizes. These tests are
available in static tests and creep tests. The tests re-
ported here are only those flexural type and the only
results shown here are inherent to the characteriza-
tion of two batches of materials constituting the base
used materials. The focus is put on the complemen-
tary logic of these tests, their feasibility and their in-
terest to supply the parameters of the theoretical and
numerical models.

The physical and mechanical measurement done
on two beams batches showed good homogeneity of
the specimens in terms of density and humidity. The
modulus of elasticity of each beam calculated ac-
cording to three equations arising of beam theory of
each species are close (table 3 and 4). This values
are in accordance with those existing in literature.
For this first experimental campaign an accent was
put in the mechanical characteristic of these two
species the second campaign is in progress. In the
coming works, experimental creep tests will be per-
formed in external conditions. Also, cubic speci-
mens will be debited in tested wood in order to de-
termine local elastic moduli following the
dimensions of wood according a new identification
technique (Nouali et al. 2014).

5 REFERENCES

Angellier N., Moutou Pitti R., Dubois F. 2016. Crack Analysis
of Wood under Climate Variations. Springer, 8:235-242,
2016. Doi: 10.1007/978-3-319-21611-9_29

Angellier N., Moutou Pitti R., Dubois F. 2015. Fracture Anal-
ysis of wood under Variable environment. 1st International
Conference on Bio-based Building Materials ICBBM 2015.
Clermont Ferrand, France, June 21-24.

ANR Climbois project N°13-JS09-0003. 2013. Effects of cli-
matic and mechanical variations on the durability of timber
structures. http://www.univ-brest.fr/anr-climbois

Bastidas-Arteaga E., Aoues Y., Chateauneuf A. 2015. Optimal
design of new deteriorating timber components under cli-
mate variations. 12th International Conference on Applica-
tions of Statistics and Probability in Civil Engineering,
ICASP12.Vancouver, Canada, July 12-15.

Diakhate M., Bastidas-Arteaga E., Moutou Pitti R., Schoefs F.
2016. Probabilistic Improvement of Crack Propagation
Monitoring by using Acoustic Emission. SEM XIII Interna-



tional Congress and Exposition on Experimental and Ap-
plied Mechanics, Orlando, Florida, June 6-9.

De Bilbao E., Blond E., Michel C., Cutard T., Schmitt N., Poir-
rier J. 2010. Identification du module d’Yung de materiaux
réfractaires a base de sic. Matériaux 2010. Pp.CD-ISBN
978-2-9528-1403-4, <Hal-00600493>, Nantes, France.

FCBA NF EN 338. 2015. Fiches Produits Ouvrages Bois
(P.O.B): Bois de structure — Classes de résistance
www.irabois.fr/IMG/pdf/2_-_bois_de_structure.pdf

Eurocode 5. 2004. Design of timber structures Part 1-1 general
rules and rules for buildings. CEN/TC 250/SC5, 2004.

Manfoumbi N., Dubois F., Sauvat N. 2012. Behavior in service
of beams in flexion: adaptation of the eurocode 5 to a tropi-
cal climate. World conference on timber Engineering
(WCTE), Auckland, July 16-19.

Moutou Pitti R., Diakhaté M., Bastidas-Arteaga E., Aoues Y.,
Angellier N., RiahiH., Chateauneuf A., Dubois F. 2014.
ANR JCJC-2013 Project CLIMBOIS: effects of climatic
and mechanical variations on the durability of timber struc-
tures: use of acoustic emission tool to evaluate wood me-
chanical behavior. COST Action FP1302 Wood Music,
Opening Conference. Paris, France, February 26-28.

Moutou Pitti R., Hamdi S.E, Dubois F., Fournely E., Kuzman
M.K. 2016. Thermo-hydro fracture and viscoelastic behav-
ior of timber based materials: numerical analysis. WCTE
2016, Vienna, Austria, August 24-25.

Nouali A., Moutou Pitti R., Delaunay T., Riahi H., Fournely E.,
Le Clezio E. 2014. An identification technique for mechan-
ical characteristics of wood in room temperature. COST
Action FP1302 Wood Music, Multidisciplinary Approach
to Wooden Musical Instruments Identification, Cremona,
Italy, September 30-01.

Toussaint E., Fournely, E., Moutou Pitti, R., Grédiac M. 2016.
Studying the mechanical behavior of notched wood beams
using full-field measurements. Engineering Structures. Vol
113, 277-286, 2016. DOI: 10.1016/j.engstruct.2016.01.052

ACKNOWLEDGEMENTS

The authors wish to strongly acknowledge the Na-
tional Agency of Research (ANR) for its financial
support of this work through the project CLIMBOIS
N° ANR-13-JS09-0003-01 labeled by ViaMeca.



