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Introduction Context Key Questions Approach and Materials

Towards eco-friendly buildings...

Report and measures

@ Building : largest consumer of energy (~ 44% in 2007) [cgd, 2010)
= Grenelle de 'Environnement, Thermal reglementations (RT 2012)
= 440 milliards €~ 535 000 jObS [Grosselin, 2011]
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Introduction Context Key Questions Approach and Materials

Towards eco-friendly buildings...

Report and measures

@ Building : largest consumer of energy (~ 44% in 2007) [cgd, 2010)
= Grenelle de 'Environnement, Thermal reglementations (RT 2012)
= 440 milliards €~ 535 000 jObS [Grosselin, 2011]

New requirements for materials

@ A need of thermally efficient materials
@ Transition towards eco-friendly materials

Key solutions
@ Eco-materials, especially bio-based materials
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... and multifunctional materials
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Introduction Context Key Questions Approac! Materials

... and multifunctional materials

Structural function

"Thermal function

Acoustical function

Example of hemp concrete

@ A multifunctional material

= Thermics : A = 0.06-0.15 W.m~'".K~!
= Mechanics : py = 200-800 kg.m=2 and E = 1-100 MPa
= Acoustics : High « [cerezo, 2005]
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... and multifunctional mat

Structural function

"Thermal function

Acoustical function

Example of hemp concrete

@ A multifunctional material

= Thermics : A = 0.06-0.15 W.m~'".K~!
= Mechanics : py = 200-800 kg.m=2 and E = 1-100 MPa
= Acoustics : High « [cerezo, 2005]

@ An eco-friendly material
= 1 m? stores 35 kg of CO, on a period of 100 years (LCA in [souiin etaL 2005])

v
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Introduction Context Key Questions Approach and Materials

Hemp and products, their physical characteristics in litterature

Data of [Cerezo, 2005, Arnaud & Cerezo, 2001, Samri, 2008, Collet, 2004, Evrard, 2008, Ceyte, 2008, Placet et al., 2012] -
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Introduction Context Key Questions Approach and Materials

Hemp and products, their physical characteristics in litterature

Data of [Cerezo, 2005, Arnaud & Cerezo, 2001, Samri, 2008, Collet, 2004, Evrard, 2008, Ceyte, 2008, Placet et al., 2012] -

Plant Stem
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Hemp and products, their physical characteristics in litterature

Data of [Cerezo, 2005, Arnaud & Cerezo, 2001, Samri, 2008, Collet, 2004, Evrard, 2008, Ceyte, 2008, Placet et al., 2012] -

Parallelepipedical shape
Porosity : 57-78%
Pore size : 10-60 pm

Cylindrical shape
Length : 5-55 mm
Diameter : 20-40 pum
Porosity : 2-16.2%
Pore size : 0.5-10 um

Fibers
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Hemp and products, their physical characteristics in litterature

Data of (cerezo, 2005, Amaud & Gerezo, 2001, Samri, 2008, Collet, 2004, Evrard, 2008, Ceyte, 2008, Placet et al., 2012] ©

Parallelepipedical shape
Porosity : 57-78%
Pore size : 10-60 pm

Fibers

l

Cylindrical shape
Length : 5-55 mm
Diameter : 20-40 pum
Porosity : 2-16.2%
Pore size : 0.5-10 um

Fibers Hemp wool
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Hemp and products, their physical characteristics in litterature

Data of (cerezo, 2005, Amaud & Gerezo, 2001, Samri, 2008, Collet, 2004, Evrard, 2008, Ceyte, 2008, Placet et al., 2012] ©

Parallelepipedical shape
Porosity : 57-78%
Pore size : 10-60 pm

Fibers

l

Cylindrical shape
Length : 5-55 mm
Diameter : 20-40 pum
Porosity : 2-16.2%
Pore size : 0.5-10 um

Fibers Hemp wool

= Good thermal, modest mechanical, but mostly unknown acoustical

properties...
= Few litterature data describing the microstructure of hemp particles
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Specificities of hemp-based materials

Porous particles and fibers

[Garcia-Jaldon et al., 1998]
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Introduction Context Key Questions Approach and Materials

Specificities of hemp-based materials

Porous particles and fibers

[Garcia-Jaldon et al., 1998]

Data from (ceyte, 2008 :
Mean length (mm) 4-9
Mean width (mm) 1-2.5
Mean thickness (mm)  ~0.5
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Specificities of hemp-based materials

Porous particles and fibers
|

AR
~&———— BAST FIBER

q 11 10pum

P an

[Garcia-Jaldon et al., 1998]
y

Anisotropy of particles

C(@ Data from [ceyte, 2008] :
,:" N Mean length (mm) 49
Mean width (mm) 1-2.5
Mean thickness (mm)  ~0.5
Wide particle size distribution
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Acoustics of porous media

L |pe.x=0)
«=1- X355

_ pt(07)(=e)2
TL(6) =-10log 7@_(07)(:0)

Philippe GLE JTAV Blois 2013



Introduction Context Key Questions Approach and Materials

Acoustics of porous media

Solid phase : Dissipation by mechanical effects

@ Case of an elastic frame : Biot waves [Biot, 1956a, Biot, 1956b]
@ Rigid frame hypothesis : f > fygc [zwikker & Kosten, 1949]

[8
Pt
_ 2
Ol(e) =1- p’(evx_o)
,O,‘(G,X:O)
2
p,(0,x=e)
TL(0) = -10log |————=
( ) p,-(@,X:O)
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Acoustics of porous media

Solid phase : Dissipation by mechanical effects

@ Case of an elastic frame : Biot waves [Biot, 1956a, Biot, 1956b]
@ Rigid frame hypothesis : f > fygc [zwikker & Kosten, 1949]

Fluid phase : Dissipation by visco-inertial (p) and

thermal effects (K)

) (0.x=0)
o=t “pme,x:O)

_ p,(@,x = e) 2
TL(6) =-10log 7@_(07)( —0)
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Acoustics of porous media

Solid phase : Dissipation by mechanical effects

@ Case of an elastic frame : Biot waves [Biot, 1956a, Biot, 1956b]
@ Rigid frame hypothesis : f > fygc [zwikker & Kosten, 1949]

Fluid phase : Dissipation by visco-inertial (p) and
thermal effects (K)

pp+a?lp-o0
p+uwfp

@ Observation level

At pore level At frame level
[Johnson et al., 1987, [Tarnow, 1996,
_ 2 Allard, 1993, Umnova et al., 2000,
a()=1- ‘% Lafarge et al., 1997] Boutin & Geindreau, 2010]
pilt,x =
2
0,x=e
TL(6) = 10log | P{0:X =€)
pi(6,x =0)
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Acoustics of porous media

Solid phase : Dissipation by mechanical effects

@ Case of an elastic frame : Biot waves [Biot, 1956a, Biot, 1956b]
@ Rigid frame hypothesis : f > fygc [zwikker & Kosten, 1949]

Fluid phase : Dissipation by visco-inertial (p) and
thermal effects (K)

pp+a?lp-o0
p+uwfp

@ Observation level

At pore level At frame level
[Johnson et al., 1987, [Tarnow, 1996,
_ 2 Allard, 1993, Umnova et al., 2000,
a()=1- ‘% Lafarge et al., 1997] Boutin & Geindreau, 2010]
(0, X = .
P , @ Case of a multiscale porous network
TL(6) = ~10l0g pi(0,x = e) Double porosity Pore size distribution
pi(6,x =0)

[Olny & Boutin, 2003, ‘ [Yamamoto & Turgut, 1998,

Venegas & Umnova, 2011] Horoshenkov et al., 2007]
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Key Questions

~

In what range are located the acoustical properties of hemp-based
materials and how can we control them ?

~

~
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Key Questions

? In what range are located the acoustical properties of hemp-based
materials and how can we control them ?

? How can we take into account the atypical characteristics of hemp-based
materials to predict and optimize their acoustical properties ?
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Introduction Context Key Questions Approach and Materials

Key Questions

? In what range are located the acoustical properties of hemp-based
materials and how can we control them ?

? How can we take into account the atypical characteristics of hemp-based
materials to predict and optimize their acoustical properties ?

? Can acoustics be used as a characterization tool for this kind of
materials ?
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Introduction

Approach of the thesis
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Approach of the thesis

7/ Water Compaction ™\ /

&b

Shiv Hemp concrete

Fibers
Constituents / \ Implementation ; . Products
o e
I

CHARACTERIZATION

‘,’ Physical characteristics \‘
! of constituents !
I - Particle size distribution !
i - Apparent density |
| - Frame density !
i - Porosity H
‘v‘ - Pore size /‘
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Approach of the thesis

/7 Water Compaction ™\ /

o

Fibers Shiv Hemp concrete
X Constituents / \ Implementation ) . Products
~ 1 e N e
|
ACOUSTICAL
CHARACTERIZATION MEASUREMENTS

‘r’ Physical characteristics \‘ Acoustical properties of products N
! of constituents ! - Dynamic density 1
I - Particle size distribution ! - Bulk modulus :
i - Apparent density ' - Sound absorption coefficient 1
i - Frame density i - Transmission loss i
i - Porosity H H
‘v‘ - Pore size ,) ;
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Approach of the thesis

/7 Water Compaction ™\ /
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Approach of the thesis
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Introduction Context Key Questions Approach and Materials

Shiv samples

Material Picture ov (kg.m™3)

CA - 100-150

CC 100-160

—— =10 cm

Origins : LCDA, BAFA, HEMCORE, EUROCHANVRE, FNPC
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Introduction

Shiv samples

Context Key Questions Approach and Materials

Material Picture pv (kg.m™)
CBt1 80-120
CcB2 90-130
CB3 90-130
CB4 100-140
CB5 110-150

—— =10 cm

Philippe GLE
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Introduction Context Key Questions Approach and Materials

Content

o Modelling the Acoustical Properties of Shiv
@ Description of the Material
@ Double Porosity Behaviour
@ Modelling and Results

e Acoustics : A Tool of Characterization
@ Analysis of Microstructure
@ Effects of Culture and Environment on Hemp Particles

e Conclusions and Outlooks
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Content

o Modelling the Acoustical Properties of Shiv
@ Description of the Material

e Acoustics : A Tool of Characterization

e Conclusions and Outlooks
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Modelling of Shiv Description Behaviour Modelling

Description

@ Characteristics

Shape Spherical Parallelepipedical

Particle size distribution Single-sized Lognormal
Micro-porosity - 57-78 %

@ Multiscale porosity

Inter-particle pores Intra-particle pores
N/ ;. & 3 L ] !

.
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Description

@ Characteristics

Shape Spherical Parallelepipedical

Particle size distribution Single-sized Lognormal
Micro-porosity - 57-78 %

@ Multiscale porosity

Inter-particle pores Intra-particle pores
i g % L § Y t
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Modelling of Shiv Description Behaviour Modelling

Description

@ Characteristics
C_Iassial beds

Shape Spherical Parallelepipedical

Particle size distribution Single-sized Lognormal
Micro-porosity - 57-78 %

@ Multiscale porosity

Inter-particle pores Intra-particle pores
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Content

o Modelling the Acoustical Properties of Shiv

@ Double Porosity Behaviour

e Acoustics : A Tool of Characterization

e Conclusions and Outlooks
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Description Behaviour Modelling

Modelling of Shiv

Analysis of the double porosity behaviour

K ol
R(p)> <
(£)>2
>
a
2
7
&« Re(K/P
e
1.2r 0)*
L g
1 L L L L L L ---y/(p
200 300 400 500 600 700 800 900 1000

f (Hz)
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Description Behaviour Modelling

Modelling of Shiv

Analysis of the double porosity behaviour

Kys o
SR(PO)> 3
= Classical porous ~
models do not work g
in this case x Re(KIP)
1.2r i
S
R el )
! 200 300 400 500 600 700 800 900 1000

f (Hz)
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Modelling of Shiv Description Behaviour Modelling

Analysis of the double porosity behaviour

Kys 2
R( Po) >3
= Classical porous ~
models do not work g
. . 7
In '[h!S case . x Re(KIP)
= Multiscale analysis Y20 1
@ Intra-particles pores L ‘ ‘ ‘ ‘ e
@ Inter-particles pores 200 300 400 500 600 700 800 900 1000

f (Hz)

Philippe GLE JTAV Blois 2013



Modelling of Shiv Description Behaviour Modelling

Analysis of the double porosity behaviour

Kys 2
R( Po) >3
= Classical porous ~
models do not work g
. . 7
In '[h!S case . x Re(KIP)
= Multiscale analysis Y20 1
@ Intra-particles pores L ‘ ‘ ‘ ‘ e
@ Inter-particles pores 200 300 400 500 600 700 800 900 1000

f (Hz)

@ Double porosity with high contrast of permeability (Fy ~ 0) (ony & Boutin, 2003]
= K~ Kinter

@ W > Wy = Tintra > > 80000N.m™*.s

0
2
¢‘inlra“"/,'mer

= W)™ = O(0inra) > 80000rad.s™" = p = pinter
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Modelling of Shiv Description Behaviour Modelling

Analysis of the double porosity behaviour

Kys 2
R( Po) >3
= Classical porous ~
models do not work g
. . 7
In '[h!S case . x Re(KIP)
= Multiscale analysis Y20 1
@ Intra-particles pores L ‘ ‘ ‘ ‘ e
@ Inter-particles pores 200 300 400 500 600 700 800 900 1000

f (Hz)

@ Double porosity with high contrast of permeability (Fy ~ 0) (ony & Boutin, 2003]
= K~ Kinter

@ W > Wy = Tintra > > 80000N.m™*.s

0
2
¢‘inlra“"/,'mer

= W)™ = O(0inra) > 80000rad.s™" = p = pinter

= Only inter-particle pores take part in the dissipation
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Content

o Modelling the Acoustical Properties of Shiv
@ Modelling and Results

e Acoustics : A Tool of Characterization

e Conclusions and Outlooks
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Modelling of Shiv Description Behaviour Modelling

Models used and parameters

source

LN

Rigid frame hypothesis (fzec < 20 Hz)

@ Visco-inertial effects : wonnson et al. 1987
@ Thermal effects : [zwikker & Kosten, 1949]

T

= P2

sample
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Modelling of Shiv Description Behaviour Modelling

Models used and parameters

(Models | -
Rigid frame hypothesis (fgec < 20 HZ)
@ Visco-inertial effects : wonnson et al. 1987
@ Thermal effects : [zwikker & Kosten, 1949]

v

Characterization process

@ Impedance tube measurement using three positions

D1
of microphone wase etal, 19981 [100; 2000Hz] - p:

e Measurement of (j) [Leclaire et al., 2003] and aeo [Allard et al., 1994]

@ Indirect characterization of the visco-inertial ‘
parameters o and A from p (panneton & oiny, 2006] 0t

© Estimate of porosity ¢giner from :3(K) using Zwikker sample
and Kosten model T

A,
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Results

600 800 1000 1200 1400 1600 1800 2000

Data CC
0 O Model CC
Data CA

=) -
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& 5 3 5

& E *  Model CA
-1
200 400 600 800 1000 Data CBS

200 400 600 800 1000
f (Hz) V¥ Model CB5

0 1
200 400

o

f (Hz)
2 0.5
2 15 2
g E 4

0
200 400 600 800 1000

1
200 400 600 800 1000
f (Hz)

f (Hz)
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Characterization Analysis of Microstructure Culture and Environment Effects

Content

o Modelling the Acoustical Properties of Shiv

e Acoustics : A Tool of Characterization
@ Analysis of Microstructure

e Conclusions and Outlooks
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Characterization Analysis of Microstructure Culture and Environment Effects

Apparent density, porosity and thickness of particles from ¢,

@ Inter-particle porosity

Pv
¢inter =1-
Pparticle

(p\nler

dAovyp om0
(e}
os)
N

140 160

Chanvres CA CcB CC CD CE CB1 CB2 CB3 CB4 CB5

Pparticule (kg-m™0) 523 460 486 605 499 362 425 463 531 633

See : Glé, Gourdon, Arnaud. Modelling of the acoustical properties of hemp particles,
Const. Build. Mat., 2012
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Characterization Analysis of Microstructure Culture and Environment Effects

Apparent density, porosity and thickness of particles from

@ Inter-particle porosity

CA
Pv *

¢inter =1- O CB
Pparticle o cc
4 CD
@ Intra-particle porosity CE
A cCB1
Pparticle » cB2
Qf’intra =1-— ® CB3
Pframe 4 cBa
V¥V CB5

80 100 120 _. 140 160

p, (kgm™)

Chanvres CA CB CC CD CE CB1 CB2 CB3 CB4 CB5

Pparticule (kg.m™3) 523 460 486 605 499 362 425 463 531 633

Pintra 0457 0621 0560 0459 0379 0701 0658 0628 0570  0.498

See : Glé, Gourdon, Arnaud. Modelling of the acoustical properties of hemp particles,
Const. Build. Mat., 2012
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Characterization

Analysis of Microstructure Culture and Environment Effects

Apparent density, porosity and thickness of particles from

@ Inter-particle porosity

Pv = CA
¢inter =1-— O CB
Pparticle o cc
) ] o cD
@ Intra-particle porosity N CE
gg A cB1
Pparticle > cB2
¢intra =1-— ® CB3
Pframe 4 cB4
. . ¥ CB5
@ Mean thickness of particles
_ 80 100 120 _ 140 160
E-= Ps/ Pparticle e, (kg.m )
Chanvres CA CB CC CD CE CB1 CB2 CB3 CB4 CB5
Pparticule (kg-m™3) 523 460 486 605 499 362 425 463 531 633
‘?imra 0.457 0.621 0.560 0.459 0.379 0.701 0.658 0.628 0.570 0.498
E (mm) 0.346 0.419 0.477 0.317 0.280 0.905 0.523 0.395 0.279 0.184

See : Glé, Gourdon, Arnaud. Modelling of the acoustical properties of hemp particles,

Const. Build. Mat., 2012

Philippe GLE
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Characterization Analysis of Microstructure Culture and Environment Effects

Identification of a characteristic particle size from o

@ Empirical and theorical granular 10000 A
models o cs
o cc
[Attenborough, 1993, Prieur du Plessis & Woudberg, 2008, ¢ CD
Voronina & Horoshenkov, 2003, Umnova et al., 2000, A g:l
Boutin & Geindreau, 2010] > cB2
® CB3
4 cB4
() T o
o =AU >
particle A
. . 080 160 1é0 14‘10 160
= Can yield to an estimate of the P, kg.m™)

particle size Rparticie
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Characterization Analysis of Microstructure Culture and Environment Effects

Identification of a characteristic particle size from o

@ Empirical and theorical granular 02 A
models o o
[Attenborough, 1993, Prieur du Plessis & Woudberg, 2008, 0.15 ¢ CD
Voronina & Horoshenkov, 2003, Umnova et al., 2000, A‘g A g:l
Boutin & Geindreau, 2010] & 01 > cB2

) ® CB3
3 4 cB4
F(¢) Vv _CBS
o= AN > 0.05
particle
. X 8.65 0.7 0.75 0.8 0.85
= Can yield to an estimate of the B
particle size Rparticie
= Results with Boutin & Geindreau
model
Shiv CA CB cC CD CE CB1 CB2 __CB3 ___CB4 _ CB5

Fparticle 064 389 421 384 0268 686 502 404 302 208
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Characterization Analysis of Microstructure Culture and Environment Effects

Identification of a characteristic particle size from o

@ Empirical and theorical granular 1
* CA
models o cs
) ' 0.8 cc
[Attenborough, 1993, Prieur du Plessis & Woudberg, 2008, o oo
Voronina & Horoshenkov, 2003, Umnova et al., 2000, g 0.6 CE
’ = > A cB1
Boutin & Geindreau, 2010] 2 » CB2
o2 04 & ® cB3
A F(¢) < cas
0 =Al 0.2 v ¥ CB5
particle
0
0 0.5 1
= Can yield to an estimate of the E (mm)
particle size Rparticie
= Results with Boutin & Geindreau
model
Shiv CA CB cC CD CE___ CBi CB2 __CB3 _ CB4 _ CB5

Fparticle 064 389 421 384 0268 686 502 404 302 208

= Correlation between Rpariicie and E
(mean thickness)

Rpariicie = 0.642E+0.130 (R = 0.939)



Characterization Analysis of Microstructure Culture and Environment Effects

Identification of a shape factor of shiv from a.,

@ Empirical and theorical granular 35 —Y
models (atenborough, 1983, Comiti & Renaud, 1988, . [ S ¢ in| o c8
b =]
Umnova et al., 2000, Boutin & Geindreau, 2010] * i * o gg
25 : ? CE
. 'S A cB1
S S f L ¢ > cB2
2t ? ® cB3
$ <4 cBa
15 4 v CB5
ko 100 120 140 160
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Characterization Analysis of Microstructure Culture and Environment Effects

Identification of a shape factor of shiv from a.,

@ Empirical and theorical granular 35 .
models [Attenborough, 1993, Comiti & Renaud, 1988, [ # o CB
3 4

Umnova et al., 2000, Boutin & Geindreau, 2010] 4 * * o<
E‘ Y ¢ cD
2.5 4 4# , CE
. . “ A cBl
= Spherical models not suitable 5 v > cB2
2 {| ® cB3
¢*¢¢ ¢ 4 cB4
15 . ¥ CB5

d65 07 075 08 0.85

9
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Characterization Analysis of Microstructure Culture and Environment Effects

Identification of a shape factor of shiv from a.,

@ Empirical and theorical granular 35 .
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Cultivation parameters : Harvesting
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Environment parameters : Meteorological aspect
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Environment parameters : Meteorological aspect
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Conclusions
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@ Conclusions

Wide range of acoustical properties

¢fntra masked by ¢/nter

Characterization of microstructure from acoustical data
Effect of shape and size distribution of particles

@ Outlooks

— Comparison of acoustical characterization with imagery data
— Further investigation for high binder contents

— Effect of anisotropy of shiv

— Extension to other kind of particles

Philippe GLE JTAV Blois 2013



Thank you for your attention !

Philippe GLE JTAV Blois 2013



Acoustics:
A Tool for the Characterization
of Plant Fibers and Particles

Philippe GLE

Ecole Nationale des Travaux Publics de I'Etat
Laboratoire Génie Civil et Batiment

Supervisors

Laurent A
'é Emman h/ 'é
.
a TPE

=1
=

Philippe GLE JTAV Blois 2013



Appendix Bibliography

Bibliography |
3

(2010).

Bilan énergétique de la france pour 2009.

Technical report, Commissariat général au développement durable.
Allard, J.-F. (1993).

Propagation of sound in porous media.
Applied S ce, page 284

Allard, J.-F., Castagnede, B., Henry, M., & Lauriks, W. (1994).

Evaluation of tortuosity in acoustic porous materials saturated by air.
Review of 65 :754-755

Arnaud, L. & Cerezo, V. (2001).

Qualification physique des matériaux de construction a base de chanvre - Rapport final - Programme de juin 1998 a ao(t 2001.
at de recherche CNRS 071462, page 96

Attenborough, K. (1993).

Models for the acoustical properties of air-satruated granular media.
Acta Acus 1:213-226

Biot, M.-A. (1956a)

Theory of propagation of elastic waves in a fluid-saturated porous solid. | Low-frequency range.
Jou of the Acoustical Society of America, 28 :168-178.

Biot, M.-A. (1956b)

Theory of propagation of elastic waves in a fluid-saturated porous solid. Il High-frequency range.
Jou 1) a, 28 :1179-191

) & & & R

Boutin, C. & Geindreau, C. (2010)

Periodic homogenization and consistent estimates of transport parameters through sphere and polyhedron packings in the whole
porosity range.
P

Philippe GLE JTAV Blois 2013



Appendix Bibliography

Bibliography Il

) & & & @

Boutin, M.-P., Flamin, C., Quinton, S., & Gosse, G. (2005).

Analyse du cycle de vie : Compounds thermoplastiques chargés fibres de chanvre et Mur en béton de chanvre banché sur
ossature bois.

Rapport d’Etude INRA Lille, Réf. MAP 04 B1 0501., page 32

Cerezo, V. (2005).

Propriétés mécaniques, thermiques et acoustiques d’'un matériau & base de particules végétales : approche expérimentale et
modélisation théorique.
PhD thesis, Ecole doctorale MEGA, Lyon

Ceyte, I. (2008).

Béton de chanvre, définition des caractéristiques mécaniques de la chénevotte, Travail de Fin d'Etudes.
ENTPE, p 155

Collet, F. (2004).

Caractérisation hydrique et thermique de matériaux de génie civil a faibles impacts environnementaux.
PhD thesis, INSA Rennes

Comiti, J. & Renaud, M. (1988).

A new model for determining mean structure parameters of fixed beds from pressure drop measurements : Application to beds
packed wwth parallelepipedal particles.
cering Science, 44(7) :1539-1545

Evrard, A. (2008).

Transient hygrothermal behaviour of lime-hemp materials.
PhD thesis, Ecole Polytechnique de Louvain

Garcia-Jaldon, C., Dupeyre, D., & Vignon, M.-R. (1998).

Fibres from semi-retted hemp bundles by steam explosion treatment.
Bi ss and Bioen , 14 (3) :251-260

Philippe GLE




Appendix Bibliography

Bibliography llI

@ Grosselin, J.-M. (2011).

Le développement industriel des filiéres stratégiques de I'économie verte. la filiere “matériaux bio-sourcés & construction”.
In Premiéres Assises Constr & Bioressources.

Horoshenkov, K.-V., Attenborough, K., & Chandler-Wilde, S.-N. (2007).

Padé approximants for the acoustical properties of rigid frame porous media with pore size distributions.
Jou of the Acoustical Society of America, 104(3) :1198-1209.

Iwase, T., Izumi, Y., & Kawabata, R. (1998).

A new measuring method for sound propagation constant by using sound tube without any air spaces back of a test material.
Ir stchurch, New Zealand, page 4

Johnson, D.-L., Koplik, J., & Dashen, R. (1987).

Theory of dynamic permeability and tortuosity in fluid-saturated porous media.
Fluid Mechanics, 176 :379-402

Lafarge, D., Lemarinier, P, Allard, J.-F., & Tarnow, V. (1997).

Dynamic compressibility of air in porous structures at audiblefrequencies.
Journal of the Acoustical Society of America, 102(4) :1995-2006.

Leclaire, P, Umnova, O., Horoshenkov, K.-V., & Maillet, L. (2003).

Porosity measurement by comparison of air volumes.
Review Ci Str 4 (3) :1366—-1370.

Olny, X. & Boutin, C. (2003).

Acoustic wave propagatlon in double porosny media.
Journal of the Acoustica / 114(1) :73-89

@@@@@@@

Panneton, R. & Olny, X. (2006).

Acoustical determination of the parameters governing viscous dissipation in porous media.
Joul he Acoustica iety of America, 119(4) :2027-2040.

Philippe GLE JTAV Blois 2013



Appendix Bibliography

Bibliography IV

[=)

) & & & R

Placet, V., Trivaudey, F,, Cisse, O., Gucheret-Retel, V., & Boubakar, M.-L. (2012).

Diameter dependence of the apparent tensile modulus of hemp fibres : A morphological, structural or ultrastructural effect ?
art A, 43 :275-287

Prieur du Plessis, J. & Woudberg, S. (2008).

Pore-scale derivation of the ergun equation to enhance its adaptability and generalization.
eering Science, 63(9) :2576 — 2586

Samri, D. (2008).

Analyse physique et caractérisation hygrothermique des matériaux de construction : approche expérimentale et modélisation
numérique.
PhD thesis, Ecole doctorale MEGA, Lyon

Tarnow, V. (1996).

Airflow resistivity of models of fibrous acoustic materials.
Journal he Acoustical Society of America, 100(6) :3706-3713.

Umnova, O., Attenborough, K., & Li, K.-M. (2000).

Cell model calculations of dynamic drag parameters in packings of spheres.
The Jou of the Acol Society of America, 107(6) :3113-3119

Venegas, R. & Umnova, O. (2011).

Acousllcal properties of double poroslty granular materials.
/ S 130 (5) :2765-2776

Voronina, N. & Horoshenkov, K.-V. (2003).

A new empirical model for the acoustic properties of loose granular media.
Ap 32

Yamamoto, T. & Turgut, A. (1998).

Acoustic wave propagation 1hrough porous media wth arbitrary pore size distributions.
Journal Acou merica, 83 (5) :1744-1751

Philippe GLE




Appendix Bibliography

Bibliography V

@ Zwikker, C. & Kosten, C.-W. (1949).

Sound absorbing materials.
Elsevier, New-York, page 174

Philippe GLE JTAV Blois 2013



	Introduction
	Modelling the Acoustical Properties of Shiv
	Acoustics: A Tool of Characterization
	Conclusions and Outlooks
	
	Annexe
	Appendix


