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Aire Naturelle du Douglas

The Douglas has remarkable resistance to fungal agents and dimensional stability.

It is native from the West Coast of the North American continent.

It introduced in France at the beginning of the 19th century and Today it is the main
emerging forest resource of the national territory.

The silviculturists have soon realized that there are some provenances more interesting
than others in terms of adaptability.

Forest selection programs begin with an assessment of seeds from the natural range and
tested in different sites. The provenance / progeny tests have contributed to the selection
of some Clones considered to be interesting in terms of adaptability.

This material allowed the planting of different French seed orchards in many sites in
France.

Prélevement Extraction Marqueurs

Douglas which is the subject of this study, comes from one of these plantations
located in Gimel the cascades in Corréze (France), It results from a propagation by
cuttings of some of these clones.
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Depending on the surrounding conditions, wood tends to absorb or desorb moisture.
The interaction between the moisture and the cell walls results in dimensional variations.
Due to its nature, wood possesses a micro cracks network.

The networks of cracks can develop and lead to the partial or total structure collapse.

The fracture parameters inform the mechanical state of the material
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Mixed mode
* model: isan opening mode.

the fracture process can be dissociated into three pure modes: * modelll: is associated to a shear loading.
* Modelll: is atearing.
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The cracking is a real problem - N
which affects timber structures
durability

Fracture process

Local Approach Global Approach
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Local behavior.

Local mechanical fields (near to the crack tip).
Crack tip singularity.

Observation of the process zone

**Energetic approaches.
**Integral invariants J, G and M.
**Mechanical fields far to crack tip.
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It’s important to evaluate the failure risk and the mechanical state in order to verify if the crack is
stationary or if the failure risk is imminent.
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- Fracture mechanics Global Approach

Energy release rate Integration domain

The global approach is based on energetic methods
The evaluation of the energy release rate can be realized using invariant INTEGRALS :

curvilinear integration

Measurement of the
displacement field surface integration

GO = [(SW-0,, +6;-U,, 6, ;)-dS
S

The knowledge of the material constitutive law is necessary
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Material and methods : Wedge Splitting Test

The fracture parameters in opening mode were identified from a wedge splitting test (opening mode).

Black marks for COD
measurement

- Loading under controled displacement.

- The samples moisture content is estimated at 9%.

Fs=F,=FK/ 2tan o

Electromechanical press
CCD camera

Wedge Splitting sample

~ | Black and white
| speckle pattern Loading system

Loading configuration

The loading configuration
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DIC & MTm .. Measurement of displacement field

- The displacement is calculated by comparing the initial image (F=0) with the image
corresponding to the loading state.

White marks

Black marks for COD
measurement

Sample with
black and white %
speckle pattern §

To measure the
displacement fields To observe the loading
boundaries conditions
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F vs. COD Wedge Splitting Test
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Samples Work of Fracture energy
P fracture (N.mm) (J/m?)
Génotype A 94.42 163.85
Génotype B 273.80 326.12

Génotype C 174.50 269.62
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Optimization of displacement fields

(2.5, (c,0)+A% -1 g, (x,0))

1.1 (1, p)+ A% 102, (1, )

Optimization of displacement field = By an adjustment procedure
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8t RILEM International Conference on Mechanisms of Cracking and Debonding in Pavements (MCD2016)




(7]
S
Q
ﬁ
=)
{ o=
()
(S
Q
&
Lo
Q.
g
©
(T
(@)
{ o=
2
=)

Imiza

( f : r(xm) fx (K' (p)+A§ : r(le) -9, (K’ (P))
121 (1, 0) + AL 1992, (1,0))

(A

600 —

Opt

Adjustment
procedure

RESULTS

1,546 |mm |Translation x2|
0,001 |rad |Rotation

Muskhelishvili series weighting coefficients

| Amplification x50 |

- 1“1
I
NZFNszm
Il Il ez
[ )
— o~ VS
=] > o|&
g
— ] on| = K,\ww =
[ [l e e ) )
<| < AAAmm
Qo
g = A = e
g|a
@
2M577
A e el
W ww| w
= |- NOD| O
Nl 92 e

diseoent??

Ssseveenssnnl

siseeennsepl®
i

:»::ctt?}.
besesenensens
Libbbennnanss
Lhbbavennmens

+o te+8 T0 10 T8 10 1010 1610 +O 18 +0 18 10 10 10 10 10

Optimized

S
Q
=
@
c
S
b=
w
o
a

deformation

<_Initial

position

250

200

Siesbennenplpy

150

100
Xy — position (mm)

feiaieieisisieee o
gtuiatutererereiei @ 8.4
eiareieieise e e
eteterere0e e e
— il

50

N A L
S S L L X RS

dddissssooonnppy
Jiiitsissneoneae,

he 18-23, 2017
100

hodes, Greece

=

&4

Tieee

60
20

o o
R <

(ww) uormsod —2x

Sisesdsnveeeese
T XA A RN AL s
358 b b inivivieioisier
bhabiveinsisiviesies
Pttt

-50

-100
-140
-180

(=) (=
w =]
]
x
m
Ll
/0
S
Ll
-
c
(5]
&
g BRIt
N ©
)
s RRELEE!
S
_®
£ QRRRL
c Qo
g £
E @
£ Qe
5 S
oo
X 2
03 JLdlel
pRnes
peemeehtats
eppmmeeedsii?
P el
e
QRRRRIRE ommeeeaesatt
[mlellelel PR ibay
e o erI?
[Pir] T T ]
Qe @e@eer
@ Pl g
e@ere
o@eee
m@eee
e
L]
-
[mirirriry
i Pl
, e ]
Rl fl T TS PIIYELE
Ll [l LTS jaaaaaamw
AL LI L L Pl
RLLLULL LT T . qmmﬁaaaﬂ
Asesseeerrrrtr bty AT
[ el el Tl ]l S o PPt [ (8
LT o S e YRERREIS
T XY e v L
SN X T T el oomRSe0RTEs Rass
X A AR T v P &
doosemsemtt it tepen 0 ewenEEoree :
.
o o o o =] I b=
2 I S o Y <@ =1
& I 8 ' ; =

(wuw) uorsod —¢x

100 150 200 250

Xy — position (mm)

50

-50

-140
-180




RESULTS

une 18- 23 2017
WRhodes, Greece

New formalism

Equivalent
displacement field
from adjustment
procedure
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Crack relative displacement
factors
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Dubois et al.
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Fsp Kel Kez Ksl KSZ
Génotype
(N) (mmO-5) (mmO-5) (Mpa.mm?0-5) (Mpa.mm?0-5)
A 326 0.068 0.0022 22.30 0.72 190.60
B 505 0.094 0.0005 23.80 0.14 281.40
C 282 0.118 0.0070 16.70 0.98 247.94
350 Genotype B
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the fracture energy
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**The objective of this study was to analyse the fracture process by using a coupling
between experimental and analytical approaches

**From a Wedge Splitting Test the fracture parameters were estimated by using the
optical measurements

**Using an adjustment procedure an “equivalent” displacement field was calculated
from the experimental measurements. This procedure allowing the separation of the
mixed mode by identifying the part of each mode.

**The association between the Crack Relative Displacement Factor and the Stress

Intensity Factor, allowed us to evaluate the fracture energy without the knowledge of
material properties. .
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