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Context : Wood multiscale behavior

Wood fiber i [Harrington 1998]
* 2

1mm=20pm Microfibril

3nm width

Mechanical behaviour at the
A\

. A Structure at the n-1 scale OK

\ A Behaviour of the n-1 scale components OK

’ A Kinematic between n-1 scale components Assumptions
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Aim of the study

Compare strains at different scales in wood

In order tolocalisebehaviours in the medi
and discriminatekinematic assumptions.
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Definition of scales for the study

Wood fiber
1Imm*20pum

[Harrington 1998]

Microfibril
3nm width

X-Ray
Diffraction

Strain gages
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Methodoligy

Study the macroscopic L straey and crystal strainse,,during
wood dimensional changes

Y Two species (Spruce and Poplar)

Y Bending tests (compression and tension)
Y High values of strains (0 to ~6000def)

Y Different Hygrometry (Air-Dry and Saturated)

Y Different Mean MFA (MMFA) (15° to 31° for Poplar)
Methodology

e 4 point bending test on a small specimen (50x3.2x1.9 mm);
displacement controlled

e Measurement of macroscopic strain € on both sides of the specimen

(eSup and an) - .
e Measurement of crystal strains €(m) X-Ray Diffraction
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Principle of XRay Diffraction : application to
wood structure

A

Cellulose 004
crystal plane

o
w»
@
3

Detector

Bragg’s law: d .=l /(2sinq,,,)

dyo, : lattice spacing
| : wave length

Helsinki, 25 Aug. 2011
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Principle of XRay Diffraction : evaluation of
crystal strains

(004) YY (20
7 = —

)

S/ A Cellulose 004
; = X crystal plane

nm

|
Detector

e N

Bragg’s law: d,,=l /(2sinqy,,)
d’o0,=l /(2SINT 4)

Crystal strain: e= (d’y,-dp4)/d o4
dyo4 - lattice spacing
| : wave length
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Methods : determination of
dgo4 lattice spacing Example :Tension Wood dry

d004 Xray diffraction pattern

‘VV

Raw d004 distribution

VVV
d004 detrended

432273 24 25 26 27 23 . ° °
’ Latice : @(004) d Istrlbutlon

Mean Lattice Spacing d,,, (EndIni) / Ini = Crystal straing)
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e lg(a1%)
J

Mechanical principle : Four-point bending in joist orientation

Methods : 4 point bending test displacement controlled

Initial state Inner span

Deformed state
(strain applieq) ;

Setup created by C. Montero
C. Montero
[COST FP0802; Hamburg 2010]
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Results : Spruce

microfibrils strain comparedto Macroscopic
strain A Behaviour roughly linear

- 6;80-%—— between e.... and €0,
T NW Dr i i even out of the elastic
17 - | linear macroscopic
= : : - domain of wood (0.1%).
y— | | Pu
o | i
S | A =0.75% + 0.00 A No significant difference
= 7 in tension and
-0,40 % //’ | : 0,8p % compression
|
" i i A Ratlo g :enano / eMacro
i i
i i . . —
i i Macroscopic stfain =~ Gbry = 0.7
8,86-% '
.| Elastic linear macroscopic
| domain of wood Why J#1 ?
Consistent with literature : [Suzuki, M.,
~25°::~ 40%RH 1968 ; Nakai, C., 2006, Montero, C., 2011]
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Results : MMFA correction

We measure two strains
< in 2 different directions

q &) = € [cos(m2-sin(m)2n;+]

Cu
Thin cell wall : We choose to project the microfibril
5};“/’/ Plan strain field strain in the grain direction L
Xg\;\é\‘;‘_:* . . .
/\fg}v\ Assumptions: shear restrained,
Z R no microfibril slippage,
R no element in series [C. Montero; 2011]
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Results : Spruce

microfibrils strain compared to macroscopic

strain

00N o/

Projected microfibril strain

U, 0070

NW _Dry

g y = 0.87x + 0.00

09N 0/

0,8

Macroscopic strain

D %

U,00- /0

i ~25°c:~ 40%RH  Assumptions : shear restrained
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Results : Spruce

= microfibrils strain compared to macroscopic
3 strain
= 0;86-%
% NW_Dry A Ratios :
S | -=—NWw_sat _
= N gDry_cor. =0.87
—V=X —_
E ! gSat_cor. =0.96
(&}
2
g A Higher ratio Saturated
0,90 % 0,8p% hanDry.
A Saturation of microfibril
strain in compression at :
Macroscopic strairr
5:86-% enano_Sat_comp. =-0.20%

~25°c;~ 40%RH
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Results : Poplar OW

o0 0/

c . . . .

T microfibrils strain comparedto
Iz Macroscopicstrain
S 0,60-%

"E OW_Dry

O

= OW_Sat

o Y

O

2

@)

al -

0,6

Macroscopic strain

D %

U, 0070

~25°c;~ 40%RH
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A Ratios :
&y cor. = 0.78
Gsat cor. = 0.88

A Saturation :
enano_Dry_comp. =-0.19%
enano_Sat_comp. =-0.13%

A Higher ratio Saturated
than Dry.

A Saturation of microfibrils
deformation is lower in
the case of Saturated
condions.
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Results : Poplar TW

- : .
€ microfibrils strain compared to Macroscopic A Ratios :
= strain Gy cor. = 0.89
e 8,66-% B
= ’ =0.93
g TW_Dry gSat_cor.
£ --TW_Sat A Saturation :
®)
% —Yy=X enano _Dry_comp. - 0.30%
)
'§ enano _Sat_comp. -0.06%
o
ewano _Sat_tract. -0.08%
-0,40/% 0,6D % T
A Ratios higher than for
OW, and higher
Saturated than Dry.
Macroscopic strainf ASaturation o

deformation lower in the
case of Saturated
condions.

~25°c;~ 40%RH
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Discussion g, <1

Primary wall

S| Shear

L

- Additive strain due to :
1. Middle lamella

2. Amorphous cellulose in series
24 3. Interface cell walls => shear
4. Matrix in series (in term of shear) with microfibrils

ee
e (?%?g Workshop “Hierarchical structure and mechanical characterisation of Wood” Helsinki, 25 Aug. 2011
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D ISC u SS I O n gDry_cor.< gSat_cor.

nano_Dry

EMacro = -
— e enano_Wet

—— . . e e e e e e e e e, et

Dry Saturate

—

Difficult to imagine ‘

Ratio Of StlffneSS Kadditiona/_ component/ Kmicrofibril

decreases with MC
Where K can be normal stiffness (E) or shear stiffness (G)
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Discussion Saturation ofe ., in compression

".. [
ay .®
Ty,

Slippage of mICI‘OfIbI’lfS"‘WOUId occur first in tension

“‘ Yag,

. o ]

. Ta,
Ta,,

] Sttt o6Ftf aodO1fAy3IE

Workshop “Hierarchical structure and mechanical characterisation of Wood” Helsinki, 25 Aug. 2011



L

Mechanic and Civil Engineering Laboratory / Montpellier, France / Wood and tree mechanic

Conclusion

Saturation of strain :
Y Occurs first in compression => buckling (cell-wall) ?

Y Saturation of microfibrils at significantly different strain values, depending on
the Moisture Content => compliance of the matrix.

Ve

Y Saturation in compression and Tension for TW => slippage? slippage + buckling?

Ratio :

Y Ratio always < 1 => some additional component in “series”

: Y Higher ratio in Tension Wood than in Opposite Wood => less component in
series with microfibril for TW.

Ve

Y Ratio increases with MC => Kadditional_component/Kmicrofibril .

However :
Y Results need to be confirmed by repetitions
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Conclusion

Next studies :

Vg

Y Confirm those results with repetitions

Y Viscoelasticity and Mechano-sorptive behaviour

Any question?

Workshop “Hierarchical structure and mechanical characterisation of Wood”
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Principle of XRay Diffraction : diffraction on 1 atom

A
)
X
=
\ 4
A
>
<
)
\ 4
_ Incident X-Ray (I )
4
' c
_ w— O
o Intensity of 8 o
S recieved X-rays f=2 uczg
o cC =
Veis:] N
28 )
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periodic media

A

Bragg’s law:

d=l /(2sinQ)
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Principle of XRay Diffraction : interference in a

20

Constructive waves Destructive waves

d : lattice spacing
| : wave length
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