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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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Introduction Context Key Questions Approach and 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]

@ 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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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] ©

Fibers

Hemp wool

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
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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

Philippe GLE PhD Defense



Introduction Context Key Questions Approach and Materials

Acoustics of porous media
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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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Approach of the thesis

Fibers Binders
Constituents
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Introduction

Approach of the thesis

Water Compaction ™,
)

Implementation }

Fibers

Constituents / \
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Key Questions Approach and Materials

Introduction Context

Approach of the thesis

{ ~ 7 v’ \ / Water Compaction y ‘,’
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[ Constituents 0 \ Implementation } \ Products
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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 £
|
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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Particles Fibers  Binders Hemp concrete

X Constituents / \ Implementation ) . Products
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ACOUSTICAL
CHARACTERIZATION MEASUREMENTS

‘r’ Physi:al characteristics Y Acoustical properties of products N
! of constituents ! T — - Dynamic densit: :
I - Particle size distribution o B 3. Prediction, opimization____ - BZIk modulus ! i
3 - Apparent density 3 MODELLING - Sound absorption coefficient 1
1 - Frame density ! - Transmission loss i
i - Porosity H H
‘v‘ - Pore size /‘ ;
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Approach of the thesis

" Water Compaction ™\ /

35

()

Particles Fibers  Binders Hemp concrete
X Constituents / \ Implementation . Products
N | . N N
1
ACOUSTICAL
CHARACTERIZATION MEASUREMENTS
s Physical characteristi N e Acoustical properties of products “\‘
! of constituents ! Bredicion ootimization 3 - Dynamic density 1
I - Particle size distribution ;‘—’""””””"’J ”””” FTTT" - Bulk modulus :
| - Apparent density ' MODELLING | i -Sound absorption coefficient '
" H " '
{ - Frame density S P i ] le—i - Transmission loss 3
i - Porosity | Inverse characterization ! '
:
‘v‘ - Pore size i L ;
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Introduction

Approach of the thesis

Context

Key Questions Approach and Materials
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Introduction Context Key Questions Approach and Materials

Materials tested in the thesis

Hemp, Flax, Hemp+Flax,

= Wools Jute

. 5 origins and 5 particle
= Shiv size distributions
— Binders 5 types (lime and ce-

ment)

= Hemp concretes 3 sets of formulations

Binders and shiv from program PREBAT/ADEME/2C2E
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Introduction Context Key Questions Approach and Materials

Content

0 Acoustical Behaviour of the Materials
@ Experimental characterization of the materials
@ Levers to Control the Acoustical Properties
@ Modelling of the Acoustical Properties

e Acoustics : A Tool of Characterization
@ Analysis of Microstructure
@ Relationship between Pore Size and Particle Size Distributions

© Applications of the results
@ Effects of Culture and Environment on Hemp Particles
@ Optimization of the Acoustical Properties

0 Conclusions and Outlooks
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Content

0 Acoustical Behaviour of the Materials
@ Experimental characterization of the materials

e Acoustics : A Tool of Characterization

© Applications of the results

0 Conclusions and Outlooks
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Behaviour

Characterization The levers Modelling

Characteristics of wool samples

Material Picture e (mm) ov (kg.m™3)
Green hemp i 100 21
e, I
wool/shiv 20 & 50 126 & 57
Needled - 8 95
hemp
Hemp/flax - 100 32
Flax - 50, 50 & 100 33,32
Needled flax - 8 252
i
3 layers flax . 5/40/5 179/78/179
Jute 10 160
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Behaviour Characterization The levers Modelling

Acoustical parameters of wools

0.98 %q: ]
0.96 a ]
0.94 ** 1
0.92 ,
> 09 e ]
0.88 ,
0.86 ,
@ Porosity 084 ]
= pirame € [1000; 1500 kg.m2] 082 ]
= ¢ €[80; 98%)] 085 50 100 150 200 250 300
p, (kg.m™)
O  Green hemp
A Hemp wool/shiv (5cm)
WV Hemp wool/shiv (2cm)
Needled hemp
#*  Hempi/flax
O  Flax (10cm)
< Flax (5cm)
P Flax fireproof (5cm)
Needled flax
* 3 layers flax
*  Jute
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Behaviour Characterization The levers Modelling

Acoustical parameters of wools

10°
ﬁ'm v;
5 # o9
% 10" g
. én A
@ Porosity #
= Pirame € [1000; 1500 kg.m™3] <l o |
= ¢ €[80; 98%] 0 50 100 150 200 250 300
@ Resistivity p, (kg.m™)
= o €[1000; 300000 N.m*.s] O Green hemp
= Increase with py A Hemp wool/shiv (5cm)
WV Hemp wool/shiv (2cm)
Needled hemp
* Hempiflax
O  Flax (10cm)
4 Flax (5cm)
P> Flax fireproof (5cm)
Needled flax
¥ 3 layers flax
x  Jute
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Behaviour Characterization The levers Modelling

Characteristics of shiv

Material Picture ov (kg.m™3)

CA - 100-150

CC 100-160

—— =10 cm

Origins : LCDA, BAFA, HEMCORE, EUROCHANVRE, FNPC
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Behaviour Characterization The levers Modelling

Characteristics of shiv

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

—— =10 cm
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Behaviour Characterization The levers Modelling

Characteristics of shiv

@ Analysis of PSD
o |Initial picture
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Behaviour

Characteristics of shiv

@ Analysis of PSD =
e Initial picture \‘\‘)/\\\\ 1<||\|\
o Treatment \\ RN
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acterization The levers Modelling

Behaviour

Characteristics of shiv

§e 2= 4% ]
ry\y u“‘\\\\\‘
v [ s~ \\u \\
"1\ ;g,’,’n \\ J .:‘“\,\
= \ \ﬁ

@ Analysis of PSD
o Initial picture A 2\ Yy /
WY

o Treatment \
o Image analysis EPN
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Behaviour Characterization The levers Modelling

Characteristics of shiv

05 ¥ » £

Passant

@ Analysis of PSD -
o Initial picture —=-cC
——CD

o Treatment Ce

o Image analysis -A-cBl
-»-CB2

@ Results £ -e-ca3
o Comparison of shiv : case of L/W g o

1
7
g Vi34
@ 7z
205 AN &
© z /_/
e pa
P
0
10° 10'
Lw
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Behaviour Characterization The levers Modelling

Characteristics of shiv

0.8 0.3
0.6
g g 0.2
S 0.4 =1
g € o1
w02 w =
00 2 4 00 10 20
R (mm) L/w
. 0.8
@ Analysis of PSD
. = 02 06
o Initial picture 2 015 2
T s S04
o Treatment g 01 g
o Image analysis T 505 L 02
e Results 00 10 20 00 2 4 6
@ Comparison of shiv : case of L/'W L (mm) W (mm)

o Lognormal particle size distribution
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Behaviour Characterization The levers Modelling

Acoustical parameters of shiv

0.98 1

@ Porosity 0.96 1
= ¢ €[84%; 94%)] 0.944
= ¢ not function of particle size 092

S 09
0.88
0.86
0.84
0.82

08|~ V-CB5| . . . . . .
8 90 100 110 120 130 140 150 160
o, (kg.m™)
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Behaviour Characterization The levers Modelling

Acoustical parameters of shiv

10000
@ Porosity w000 & g v
= ¢ €[84%;94%)] sooor | CC ]
= ¢ not function of particle size 7000 CcE 1
s e — A cB1 v

@ Resistivity 20000y gy v i %1
£ [ ] 3

— o upto 10000 N.m*s IR v i
= Very sensitive to particle size ° 000 v oces| oy, i i ]
3000 ° ]
2000 ] : 5 IS ¥ 1
1000 l k 1
080 160 1‘20 11‘10 160

p, (kgm™)
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Behaviour Characterization The levers Modelling

Acoustical parameters of shiv

35
@ Porosity oo 8
= ¢ c[84%; 94%)] 3 } ¥
= ¢ not function of particle size g z T !
o Resistivity =y 3 o
— o upto 10000 N.m™4s o 4 ¥ l I
= Very sensitive to particle size G ‘f ; ;e
CB1
@ Tortuosity s } > |
= Very high values compared to : ces
classical media i ‘ ‘
80 90 100 110 12 130 140 150 160
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Characterization The levers Modelling

= Effect of constituents : sbinders (LA-LE), 3 shiv (cA-CC) (Cgpyy =

110kg.m™3, Cpjnger = 220kg.m™3)

= Effect of density : Formuiation cA-LA, Cgp;, € [90; 140kg. m~3] (Ratio
binder-to-shiv B/S = 2)

= Effect of ratio binder-to-shiv : rormuiation ca-LA, B/s «
[0.5:9] (Cgpiy = 110kg.m™3)
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Behaviour Characterization The levers Modelling

Acoustical parameters of hemp concretes

@ Porosity
5L3C Density Binder content

é 90 100 110 120 130 14C [ 2 4 6
chanvre cbl nder/ Csh\ v
@ Resistivity
5L3C Density Binder content
107
° L]
& 16° fi* T f - P 10° .
' f &1 ol 1
E £ 1g
< f 3 z
S 10* § oioglee g ; f S ”T
.
f .
L 90 100 110 120 130 140 0 2 4 6
cshlv c\:mder e shiv
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Behaviour

Characterization The levers Modelling

Acoustical parameters of hemp concretes

@ Porosity

5L3C

cata

@ Resistivity
5L3C
@ 1cﬁf fh T F
e
% 1¢* % ke ] i e

o (Nm s)

Density

90 100 110 120 130 14C

1Q

chanvre

Density

1G

90 100 110 120 130 140
shiv

o (Nm ‘45)

Binder content

2 4
cbl nder/ CSh\ v

Binder content

6

10

10

2 4
Coincer ' stiv

= Hemp concretes behavior essentially controlled by binder content,

material density and binder type

6
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Behaviour Characterization The levers Modelling

Content

0 Acoustical Behaviour of the Materials

@ Levers to Control the Acoustical Properties

e Acoustics : A Tool of Characterization

© Applications of the results

0 Conclusions and Outlooks
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Behaviour Characterization The levers Modelling

Effect of constituents : Origin and granulometry of shiv

On shiv
1 10

0.9 of i
0.8 8t 4
0.7 7L i
0.6 sl 1
505 g I

2 —&—ccC
04 4 —o—cp |

03 CE
3 -A-cpil
0.2 N -»-cB2|

01 7 f -e-cB3
1 -<4-cB4f

200 400 600 800 1000 1200 1400 1600 1800 2000 o, L _ VGBS

f(H2) 200 400 600 800 1000 1200 1400 1600 1800 2000

f(Hz)
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Behaviour Characterization The levers Modelling

Effect of constituents : Origin and granulometry of shiv

On shiv
10
of ]
8 ]
7h ]
sl
@
<] T 5 i
2 —&—cC
4c —o—cD ||
a CE
3 i -A-cB1]]
o8 -»-ca2||
-e-CB3
! 1 -<4-cB4f
P . | LI L L L . —wv-Cas
200 400 600 800 1000 1200 1400 1600 1800 2000 o, L R . o
f(H2) 200 400 600 800 1000 1200 1400 1600 1800 2000

f (Hz)

= Increase of « with smaller particles
= TL not function of particle size for a given shiv
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Behaviour Characterization The levers Modelling

Effect of constituents : Type of binder

On hemp concretes

——CB-LA ——CB-LA
0.9 —— CB-LB/]| ——CB-LB

60 il
0.8 CB-LC CB-LC

0.7

0.6

0.4
0.3

0.2
0.1

Y

. I . . . . . . . 0 . . . . . . . . .
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
f(Hz) f(Hz)
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Behaviour Characterization The levers Modelling

Effect of constituents : Type of binder

On hemp concretes

——CB-LA ——CB-LA
0.9 —— CB-LB]| ol —— CB-LB||
08 —— CB-LC ——— CB-LC

0.7

0.6

0.4
0.3

0.2

0.1

Y

. I . . . . . . . 0 . . . . . . . . .
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
f(Hz) f(Hz)

= Acoustical properties controlled by permeability
-LD + high o,

-LA and LC ~ intermediate o,

-LB and LE ~ low o
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Behaviour Characterization The levers Modelling

Effect of implementation : Density

On shiv
10
of ]
8f ]
7t ]
__6f ]
=] o
T 34
E’ 5 —— 100 kg.m®
4 ~ PN T 10 kg.m™3}
3 — 120 kg.m"3||
I —— 130 kg.m
2 — 140 kg.m ||
1}, 150 kg.m ]
ol . . . . . . AW
f(Hz) 200 400 600 800 1000 1200 1400 1600 1800 2000

f(Hz)
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Behaviour Characterization The levers Modelling

Effect of implementation : Density

On shiv

=
o

—— 100 kg.m ||

——110 kg.m™>

— 120 kg.m"3||
-3
-3
-3

TL (dB)
N w B (5] (2] ~ @ ©
.

130 kg.m
— 140 kg.m ||
150 kg.m

200 400 600 800 1000 1200 1400 1600 1800 2000 P P P WA
f(Hz) 200 400 600 800 1000 1200 1400 1600 1800 2000
f(Hz)

o r
g

= Gain of « and TL in the tested frequency range
= Move of absorption peak to lower frequencies
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Behaviour Characterization The levers Modelling

Effect of implementation : Density

On hemp concretes

70
—C1l
—C2
60 f
—C3
—C4
501 C5f
—C6
E]\AO* B
° s
-
= 301 4
20+
10 el
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
f (Hz) f(Hz)
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Behaviour Characterization The levers Modelling

Effect of implementation : Density

On hemp concretes

70
—C1
—_—C2
60 il
—C3
—C4
501 C5(
—C6
840 1
° s
—
= 30 q
20
L ik
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
f (Hz) f (Hz)

= Decrease of a and increase of TL in the tested frequency range
= Move of absorption peak to lower frequencies

Philippe GLE PhD Defense



Behaviour Characterization The levers Modelling

Effect of implementation : Binder content

70— . . . . . .
—R1
—R2||
60 R
—R4
50 R5 f
—R6
(=]

200 400 600 800 1000 1200 1400 1600 1800 2000 9""200 400 600 800 1000 1200 1400 1600 1800 2000
f(Hz) f(Hz)
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Behaviour Characterization The levers Modelling

Effect of implementation : Binder content

70 —
J—)
—R2||
60 -
—R4
50 L R5||
—R6
R7
—~ 40 I
. g o
.
F 30 M ]
0 £ T
ol " | ]
200 400 600 800 1000 1200 1400 1600 1800 2000 9""200 400 600 800 1000 1200 1400 1600 1800 2000
f(Hz) f (Hz)

= Gradually change from (high «, low TL) to (low «, high TL)

See : Glé, Gourdon, Arnaud. Acoustical properties of materials made of vegetable
particles with several scales of porosity, Appl. Acoust., 2011
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Behaviour Characterization The levers Modelling

Content

0 Acoustical Behaviour of the Materials

@ Modelling of the Acoustical Properties

e Acoustics : A Tool of Characterization

© Applications of the results

0 Conclusions and Outlooks
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Behaviour Characterization The levers Modelling

Wools : Description

@ Characteristics

Mineral wools  Plant wools

Prrame (kg.m™) ~ 2600 1000-1500
Diameter (um) 1-10 20-40
Micro-porosity - 2-16 %

@ Multiscale porosity
Inter-fibers pores

Intra-fiber pores

[Garcia-Jaldon et al., 1998]

[Collet, 2004]
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@ Characteristics

Mineral wools  Plant wools

Prrame (kg.m™) ~ 2600 1000-1500
Diameter (um) 1-10 20-40
Micro-porosity - 2-16 %

@ Multiscale porosity
Inter-fibers pores

Intra-fiber pores

[Garcia-Jaldon et al., 1998]

[Collet, 2004]
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Behaviour Characterization The levers Modelling

Wools : Description

@ Characteristics

Mineral wools  Plant wools

Prrame (kg.m™) ~ 2600 1000-1500
Diameter (um) 1-10 20-40
Micro-porosity - 2-16 %

@ Multiscale porosity
Inter-fibers pores

Intra-fiber pores

[Garcia-Jaldon et al., 1998]

[Collet, 2004]
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Behaviour Characterization The levers Modelling

Wools : Modelling

Rigid frame hypothesis
@ fyec < 200 Hz for most samples
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Behaviour Characterization The levers Modelling

Wools : Modelling

Rigid frame hypothesis
@ fyec < 200 Hz for most samples

Analysis of the double porosity behaviour

Viscous and isothermal behaviours in intra-fiber pores

-1
POYocointra y j Tintra
w

Pintra
& + (1 = Pinter) > 2 ~ Pinter
Pinter ( PO oointra ) o ( Tintra )
Pintra w

1 binra ]
K = [ + (1 = Pinter) gtra] ~ Rinter
inter 0
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Behaviour Characterization The levers Modelling

Wools : Modelling

Rigid frame hypothesis
@ fyec < 200 Hz for most samples

Analysis of the double porosity behaviour

Viscous and isothermal behaviours in intra-fiber pores
-1

PO%cointra j"/‘n[ra
w

Pintra
& + (1 = Pinter) > 2 ~ Pinter
Pinter ( PO oointra ) o ( Tintra )
Pintra w

1 binra ]
K = [ + (1 = Pinter) gtra] ~ Rinter
inter 0

4

Models used and parameters

@ Fibrous models (pelany & Bazley, 1970, Garai & Pompoli, 2005, Tamow, 1996] : ¢ @and o measured

@ JCAL model onnson etal, 1987, Latarge etal, 1997] : ¢ and o measured, a.., A, A’, and
eo indireCtIy measured from (p,K) [Panneton & Olny, 2006, Olny & Panneton, 2008]

y
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Behaviour Characterization The levers Modelling

Wools : Results

Green hemp Hemp wool/shiv
1 1
Data
---u ~EF
T
s 05} _ _Delaﬁy& Bazle){ ~ES 2527
Garai & Pompoli ==
- = ~Tarnow
0 L L L L L L L L L 0 1 L L L L L L L
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
f(Hz) f (Hz)
15 T T T T T T T T T 15 T T T T T T T T T
& 10
=2
-
= 5
it . . . . . . . 0 , . . . . . . . .
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
f(Hz) f (Hz)
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Behaviour

Wools : Results

Characterization The levers Modelling

Green hemp Hemp wool/shiv
1 1
Data
---u ~EF
T
s 05F ___Delaqy&Bazle){ ====;s |
Garai & Pompoli ==
- = ~Tarnow
0 L L L L L L L L L 0 1 L L L L L L L
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
f(Hz) (Hz)
15 15
& 10 1
=2
-
F 5 g
it . . . i 0 , . . . . . . . .
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
f(Hz)

f (Hz)

= Accuracy of +10% on «a and +2dB on TL for all models (except for
resistive samples)

= Use of JCAL model not relevant for such materials
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Behaviour Characterization The levers Modelling

Shiv : Description

@ Characteristics

Shape Spherical Parallelepipedical

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

@ Multiscale porosity

Inter-particle pores Intra-particle pores
o g % L § Y t

.
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Shiv : Description

@ Characteristics
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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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Behaviour Characterization The levers Modelling

Shiv : 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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Characterization The levers Modelling

Behaviour

Shiv : Analysis of the double porosity behaviour

K ol
R(p)> <
(£)>2
>
a
2
7
&« Re(K/P)
e
1.2r l
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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Characterization The levers Modelling

Behaviour

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)
R el )
! 200 300 400 500 600 700 800 900 1000

f (Hz)
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Behaviour Characterization The levers Modelling

Shiv : 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)
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Behaviour Characterization The levers Modelling

Shiv : 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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Behaviour Characterization The levers Modelling

Shiv : 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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Behaviour Characterization The levers Modelling

Shiv : 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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Behaviour Characterization The levers Modelling

Shiv : 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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Characterization The levers Modelling

Behaviour

Shiv : Results

600 800 1000 1200 1400 1600 1800 2000

Data CC
0 O Model CC
Data CA

=) -

Q

& 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
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1
200 400 600 800 1000
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Behaviour Characterization The levers Modelling

Hemp concretes : Modelling

@ Behaviour of binder
Binder o (105 N.m=*.s) r(um)

[A 125 151 . o

LB 135 1.71 Binders are very resistive with small pores

LC 143 3.11 = High contrast of permeability between

LD 56 212 i i ; ;
intra-binder and inter-particl res?

LE 201 199 tra-binder and inter-particle pores
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Behaviour Characterization The levers Modelling

Hemp concretes : Modelling

@ Behaviour of binder
Binder o (105 N.m=*.s) r(um)

[A 125 151 . o

LB 135 1.71 Binders are very resistive with small pores

LC 143 3.11 = High contrast of permeability between

LD 56 212 i i ; ;
intra-binder and inter-particl res?

LE 201 199 tra-binder and inter-particle pores

@ Identification of the effective porosity

Three hypothesis :
» H1 : Intra-particule pores do not participate

» H2 : Intra-binder pores do not participate

» H3 : Neither intra-particule nor intra-binder
pores do participate

200 300 400 500 600 700 800 900 1000
f(Hz)
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Behaviour Characterization The levers Modelling

Hemp concretes : Modelling

@ Behaviour of binder
Binder o (105 N.m=*.s) r(um)

[A 125 151 . o

LB 135 1.71 Binders are very resistive with small pores

LC 143 3.11 = High contrast of permeability between

LD 56 212 i i ; ;
intra-binder and inter-particl res?

LE 201 199 tra-binder and inter-particle pores

@ Identification of the effective porosity

Three hypothesis :
» H1 : Intra-particule pores do not participate

» H2 : Intra-binder pores do not participate

» H3 : Neither intra-particule nor intra-binder
pores do participate

200 300 400 500 600 700 800 900 1000
f(Hz)

= For most samples, only inter-particle pores take part in the dissipation
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Characterization The levers Modelling

Behaviour

Hemp concretes : Results
Roof formulation : Ratio Binder/Shiv = 0.5

1 T T T T T T T T
~' P -
>
o 051
200 400 600 800 1000 1200 1400 1600 1800 2000
f (Hz)
100 — : ;
o
E 50 1
—
=
O T T 1 1 T I T T
200 400 600 800 1000 1200 1400 1600 1800 2000

f (Hz)
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Characterization The levers Modelling

Behaviour

Hemp concretes : Results
Wall formulation : Ratio Binder/Shiv = 2

1 T T T T T T T T T
o 051 - - == == =2
200 400 600 800 1000 1200 1400 1600 1800 2000
f (Hz)
100 —— ; ; ; ; ; ; ‘ ‘
o
E 50 1
—
=
~ ‘
200 400 600 800 1000 1200 1400 1600 1800 2000
f (H2)
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Behaviour Characterization The levers Modelling

Hemp concretes : Results
Coating formulation : Ratio Binder/Shiv = 4

o 0.5¢ |
Data
— = = = Model
200 400 600 800 1000 1200 1400 1600 1800 2000
f (Hz)
100 — : ‘
)
g 50+ y
= 'L-c:’.i _____ st oind

200 400 600 800 1000 1200 1400 1600 1800 2000
f (Hz)
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Content

0 Acoustical Behaviour of the Materials

e Acoustics : A Tool of Characterization
@ Analysis of Microstructure

© Applications of the results

0 Conclusions and Outlooks
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Apparent density, porosity and thickness of particles from ¢,

@ Inter-particle porosity

Pv
¢inter =1-
Pparticle

(p\nler

dAovyp om0
(e}
os)
N

140 160

80 100

Chanvres CA__CB _CC CD CE _CBl _CB2 ©B3 _CB4 GBS
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

Philippe GLE PhD Defense



Characterization Analysis of Microstructure Pore Size vs Particle Size

Apparent density, porosity and thickness of particles from

@ Inter-particle porosity

Pv *
¢inter =1- o
Pparticle [x]
o
(] Intra-partlcle porosity a
Pparticle 4
¢intra =1-— [ ]
Pframe <
v
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 0.457 0.621 0.560 0.459 0.379 0.701 0.658 0.628 0.570 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 Pore Size vs Particle Size

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
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Behavior of hemp concrete for ¢,

o
Yl %k b "ag® So,0
@ Inter-particle porosity

Prter
-a-
-
80
=]
-]
o
os

0.41 1
Cbinder Chemp

¢’inter =1- -
Papparent binder  Pparticle 0.2f 1

CA-LA -
CA-LB -
CA-LC
CA-LD
CA-LE -
CB-LA -
CB-LB
CB-LC
CB-LD
CB-LE [
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Behavior of hemp concrete for ¢,

Density

O Data
0.9r O  Model
0.8 1

. . 0.7 im 4
@ Inter-particle porosity

oa

o
0.61

od

051

Prer

Cbinder _ Chemp

Y

¢inter =1-

Papparent binder  Pparticle 04
03f 4
0.2f 4

0.1r 1

0 . . . . .
90 100 110 120 130 140
hemp

Philippe GLE PhD Defense



Characterization Analysis of Microstructure Pore Size vs Particle Size

Behavior of hemp concrete for ¢,

Binder content
1
O Data
0.9r 0  Model
08} 1
) . o7t 8 g 1
@ Inter-particle porosity 05l ] B ]
Chinder Chemp & 051 8 o 1
¢inter =1- - 0.4f R
Papparent binder  Pparticle % °
03} 1
02 o ]
01 g .
o . . . . . .
0 1 2 3 4 5 6 7
pinder hemp
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Identification of the radius of fibers from o

@ Empirical and theorical fibrous models

[Mechel, 1976, Bies & Hansen, 1980, Garai & Pompoli, 2005, 107 k|

F(¢)
R

Tarnow, 1996]

o=Au

a(N.m™s)
»
<
xx

10t B 3

= Can yield to an estimate of the fiber #*

radius Ry 10°L 9 ‘ ‘ ‘ E
0 50 100 150 200 250 300
p, (kgm™

Green hemp

Hemp wool/shiv (5cm)
Hemp wool/shiv (2cm)
Needled hemp
Hempl/flax

Flax (10cm)

Flax (5cm)

Flax fireproof (5cm)
Needled flax

3 layers flax

Jute

x4 vADdt+d4 PO
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Identification of the radius of fibers from o

@ Empirical and theorical fibrous models 10°F "= =a L E
[Mechel, 1976, Bies & Hansen, 1980, Garai & Pompoli, 2005, — F~=a. R ~
@ ~-a 6 -~
Tarnow, 1996] T S~ ﬁ
E ~Y. ~s
F (qb) Z 10} s s E
o=Ap—; 4 s~ B
R A
f ~ \
. 28
. . . 3
= Can yield to an estimate of the fiber 10°¢ 83\ E
radius Ry 0.8 0.85 0.9 0.95 1
. ®
= Results with Tarnow model
O Green hemp
_ A Hemp wool/shiv (5¢cm)
Material Rf (um) Ry (m) WV Hemp wool/shiv (2cm)
Estimated from o [Olesen & Plackett, 1999] Needled hemp
Green hemp 32 5-25 #  Hemp/flax
Hemp wool/shiv (5 cm) 29 5-25 o ) P!
Hemp wool/shiv (2 cm) 21 525 Flax (10cm)
Needled hemp 19 5.25 4 Flax (5cm)
Hemp/flax 26 3-25 P> Flax fireproof (5cm)
Flax (10 cm) 17 3-19 Needled flax
Flax (5 cm) 15 3-19 * 3 layers flax
Flax fireproof (5 cm) 19 3-19 x  Jute
Needled flax 9 3-19 R _
Jute 17 513 Tarnow d = 30um
== =Tamowd=50pm
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Characterization Analysis of Microstructure Pore Size vs Particle Size

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 Pore Size vs Particle Size

Identification of a characteristic particle size from o

@ Empirical and theorical granular 02 A
models n ce
[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() v ces
— 0.05
o=Aurs
particle
. . 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
Rparticle 384 389 421 384 268 688 502 404 302 208
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Characterization Analysis of Microstructure Pore Size vs Particle Size

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 Pore Size vs Particle Size

Extension of the resistivity model to hemp concretes

@ Evaluation of the equivalent
aggregate size

l MODELLING l

(1 - Qbinter)”a

Chemp 1/3
( Pparticle )

Hpartic/e

Hconcrete =
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Extension of the resistivity model to hemp concretes

@ Evaluation of the equivalent
aggregate size

interparticle

air
&
- 8 .
ms 2 particle
g
[~
binder

(1 - ¢inter)1/3

Chemp 11/3
( Pparticle )

Rconcrete =

Rparticle

@ Use of shiv characteristic size Rparticute
from shiv data
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Extension of the resistivity model to hemp concretes

@ Evaluation of the equivalent

aggregate size Binder content
— interparticle §
air o
-8 . 10°} J
0:8 S particle 3
e @
bind T
_____ inder é 0L o ]
) i
1 . 1/3 " ] i 1
( - ¢mter) 10 °
Reconcrete = mﬂpamde 8 ]
O D
( Pparticle )
10° . . . . . :
0 1 2 3 4 5 6 7
c_IC
@ Use of shiv characteristic size Rparticute binder ™ herp

from shiv data
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Characterization Analysis of Microstructure Pore Size vs Particle Size

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 Pore Size vs Particle Size

Identification of a shape factor of shiv from a.,

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

Umnova et al., 2000, Boutin & Geindreau, 2010] 4 * * o<
E‘ Y ¢ cD
W T ce
. . ' “ A cBl
= Spherical models not suitable 5 v > cB2
2 ® CB3
¢*¢¢ ¢ 4 cB4
15 . ¥ CB5

d65 07 075 08 0.85
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Identification of a shape factor of shiv from a.,

@ Empirical and theorical granular 35 .

models [Attenborough, 1993, Comiti & Renaud, 1988, [ o CB

) ) 3 Y o cc

Umnova et al., 2000, Boutin & Geindreau, 2010] 4 E‘* + & CD

s ATy ce
. . ' “ A cB1
= Spherical models not suitable 5 % v > cB2
. 2 ® CB3
= Introduction of a shape factor *¢¢ < cB4
15 ¢4 | v cBs

¢
Glassbeads, Sand n=0.5 A
Qoo = ¢—It7 ) ~ Soilcrumbs ) n=1 = T —=== ’ :
inter Pumice, D\Zts,’,?fﬁ;gﬁ// e;z'aarlh, Kaolin In'l : g él 65 07 075 08 085
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Identification of a shape factor of shiv from a.,

@ Empirical and theorical granular —"
models [Attenborough, 1993, Comiti & Renaud, 1988, o CB
Umnova et al., 2000, Boutin & Geindreau, 2010] 3 gg

CE
. \ A cB1
= Spherical models not suitable 5 > cB2
. ® CB3
= Introduction of a shape factor < cB4
V¥V _CB5
Glassbeads, Sand n=0.5
Qoo = ¢—It7 { Soilcrumbs n=1
oo = Winter Pumice, Diatomaceous earth, Kaolin n=2 1 . L .
Vermiculite, Mica n=9 0.65 07 21'75 08 085

= Results with Attenborough model
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Identification of a shape factor of shiv from a.,

@ Empirical and theorical granular iy
* CA
models [Attenborough, 1993, Comiti & Renaud, 1988, < o> o cB
Umnova et al., 2000, Boutin & Geindreau, 2010] 3 o oocc
. A ¢ cDp
CE
= Spherical models not suitable c2 : ce!
= Introduction of a shape factor < ggi
1
Glassbeads, Sand n=0.5 v _CBS
_ 47N Soilcrumbs n=1
Koo = ¢inter Pumice, Diatomaceous earth, Kaolin n=2 0
Vermiculite, Mica n=9 0 0.5 1 15 2

E (mm)

= Results with Attenborough model

= Tricky interpretation...
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Content

0 Acoustical Behaviour of the Materials

e Acoustics : A Tool of Characterization
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Models and parameters

Granular model with single-sized spherical aggregates ieoutin & Geindreau, 20101

@ ointer : Estimate from 93(K) using Zwikker and Kosten model
@ Rpariicie : Inversion from o
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Models and parameters

Granular model with single-sized spherical aggregates ieoutin & Geindreau, 20101

@ ointer : Estimate from 93(K) using Zwikker and Kosten model
@ Rpariicie : Inversion from o

v

Lognormal pore size distribution model (Horoshenkov et al., 20071

@ odinter : Estimate from SR(K) using Zwikker and Kosten model
@ o : Indirect characterization from J(p)
@ «. : Directly measured

@ o (std of pore size distribution) : Inversion from «
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Models and parameters

Granular model with single-sized spherical aggregates ieoutin & Geindreau, 20101

@ ointer : Estimate from 93(K) using Zwikker and Kosten model
@ Rpariicie : Inversion from o

v

Lognormal pore size distribution model (Horoshenkov et al., 20071

@ odinter : Estimate from SR(K) using Zwikker and Kosten model
@ o : Indirect characterization from J(p)
@ «. : Directly measured

@ o (std of pore size distribution) : Inversion from «

JZK model sonnson et al., 1987, zwikker & Kosten, 1949]

@ oiner : Estimate from R (K) using Zwikker and Kosten model
@ o : Indirect characterization from J(p)

@ «. : Directly measured

@ A : Inversion from «
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Suitability of the models

5 05 b -
@ Suitability of the models & discussion

= GranUIar a.pproaCh iS nOt SUitable fOl' 0 260 460 660 860 1060 12‘00 1460 1600 1860 2000
this material (shape and PSD are not

N 10
taken into account) . oam
= For a given (@inter, Rparticle)> Shiv has _ 9z
greater o (LF) and TL than spherical S °| |7 ol
aggregates P4
2 - - -
0

100 200 300 400 500 600 700 800 900 1000
f(Hz)

Philippe GLE PhD Defense



Characterization Analysis of Microstructure Pore Size vs Particle Size

Pore size distribution : Image analysis and acoustical data

. . . . Original picture Pores, Thresh = 0.2

@ Limitations of image analysis . v

@ Sensitivity to the threshold

o Representativity of the top surface ?
= Need of further investigations (3D)

Voo
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Pore size distribution : Image analysis and acoustical data

@ Limitations of image analysis

@ Sensitivity to the threshold 1
o Representativity of the top surface ?
= Need of further investigations (3D) 08}
@ Acoustical investigation L

= o5 from acoustical properties R 081

° * CA

041 o cB

o cc

0.2F ¢ cD

CE

8.65 O‘.7 O.‘75 018 0.85

0}

inter
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Pore size distribution : Image analysis and acoustical data

@ Limitations of image analysis
@ Sensitivity to the threshold

x 10
o Representativity of the top surface ? 55
= Need of further investigations (3D) s | * CA
. . . . o CB
@ Acoustical investigation a5l | o cc by
= o5 from acoustical properties al M e
= T from [Horoshenkov et al., 2007] § m
=35
1/2 i
_ 8atoo 14 3r
F=|—F——%
U¢intere(2(asln2) ) 25r
&65 O‘.7 O.‘75 018 0.85
@

inter
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Pore size distribution : Image analysis and acoustical data

@ Limitations of image analysis
@ Sensitivity to the threshold

10°
o Representativity of the top surface ? 70 e
= Need of further investigations (3D) 6l o call
@ Acoustical investigation st o el
= o5 from acoustical properties _al CE ||

= T from [Horoshenkov et al., 2007] E
< 4
1/2
- ( 8aoolu ) | I

2 L
U¢intere(2(asln2) ) !
@ Consistence with JZK approach 90 10 120 10 10 1m0 %0
[Horoshenkov et al., 2012] P, (kg-mia)

A= Fe(—3/2(osln 2)?)
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Relationship between pore and particle size

@ Lognormal particle size distribution
(R, oR)
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Relationship between pore and particle size

@ Lognormal particle size distribution
(R, oR)

@ Lognormal pore size distribution
(r, o)
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Relationship between pore and particle size

@ Lognormal particle size distribution
(R, or)

@ Lognormal pore size distribution
(F, os)

@ Linear or nonlinear relationship

. 1/v
considered piwang s onoi 2008 1 = (2)"/

= oR = Vos

a\1/v
F=(R
:>I’—(u)

Philippe GLE PhD Defense



Characterization Analysis of Microstructure Pore Size vs Particle Size

Relationship between pore and particle size

2 os8
. : P T 04 /_o/oﬂ:! S
@ Lognormal particle size distribution 03 Lo o=
(Ra JR) 0.2 o”
. o 1 15 0.7 0.8 0.9
@ Lognormal pore size distribution R(mm) 0, (U-units)
(r, 09) —y
. . . . o cCB
@ Linear or nonlinear relationship o cc
. 1 ¢ cp
considered (Hwang & choi, 2006] & I = (g) v CE
= op = VO'S — Linear fit
_ B 1/v _ _ >
:r:(ﬂ) F=021R+0.13  (R%=0.85)

il
1]
o

06L+0.13  (R?>=0.86)

= Comparison for shiv (¢inter = 0.78) 7 023 4+ 0.11 (R = 0.86)
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Characterization Analysis of Microstructure Pore Size vs Particle Size

Relationship between pore and particle size

2 os8
. : P T 04 /_o/oﬂ:! S
@ Lognormal particle size distribution 03 Lo o=
(Ra JR) 0.2 o”
. o 1 15 0.7 0.8 0.9
@ Lognormal pore size distribution R(mm) 0, (U-units)
(F, 0s) + CcA
. . . . o cB
@ Linear or nonlinear relationship o cc
. 1/v ¢ cp
considered (Hwang & choi, 2006] & I = (%) / CE
= op = VO'S — Linear fit

u

At i}
:r:(R) F-021R+0.13 (R?=0.85)
06L+0.13  (R?>=0.86)

F=023W+0.11  (R?=0.86)

il
1]
o

= Comparison for shiv (¢inter = 0.78)

Paper in review : Glé, Horoshenkov, Gourdon, Arnaud, Khan. The effect of particle
shape and size distribution on the acoustical properties of a mixture of hemp particles.
J. Acou. Soc. Am.
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Applications Effects of Culture and Environment parameters Optimization
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Applications Effects of Culture and Environment parameters Optimization

Investigation of the variability of particles characteristics

@ Sources of variability
e Environment parameters

@ Weather and climate
@ Ground properties and history
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o Environment parameters

@ Weather and climate
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@ Planting
@ Harvesting
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Applications Effects of Culture and Environment parameters Optimization

Investigation of the variability of particles characteristics

@ Sources of variability
e Environment parameters
@ Weather and climate
@ Ground properties and history
o Cultivation parameters

@ Planting
@ Harvesting
@ Post-treatment

@ Experimental program
@ 50 shiv from FNPC (2009 — 2011)
e 7 variability factors controlled
= Variety, Planting date, Planting
density, Nitrogen quantity
= Harvesting date, Retting time,
Position in stem
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Applications Effects of Culture and Environment parameters Optimization

Investigation of the variability of particles characteristics

@ Sources of variability
e Environment parameters

@ Weather and climate
@ Ground properties and history
2009 - Fédora 17

o Cultivation parameters 1 —
@ Planting ° 04 / %
o
0

500 100( 1500 2000

5

@ Harvesting i oy
@ Post-treatment g gy—_," £ — 100 kg
@ Experimental program ™ | e
. a3 a — 3|
@ 50 shiv from FNPC (2009 — 2011) $i—1o & o ] o
a0 500 1000 £ 500 1000 =

e 7 variability factors controlled el
= Variety, Planting date, Planting
density, Nitrogen quantity
= Harvesting date, Retting time,
Position in stem

@ Approach
@ Experimental characterization
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Applications Effects of Culture and Environment parameters Optimization

Investigation of the variability of particles characteristics

@ Sources of variability
e Environment parameters
@ Weather and climate

@ Ground properties and history B[ L)
o Cultivation parameters 09 us
@ Planting o8 ' 250
@ Harvesting 3
@ Post-treatment 07 10000 200
@ Experimental program 05 28
@ 50 shiv from FNPC (2009 — 2011) 05 2 150
e 7 variability factors controlled 04
= Variety, Planting date, Planting 5000 e 100
density, Nitrogen quantity 03 .
= Harvesting date, Retting time, 02 "
Position in stem o 0s
@ Approach 0 o MENEE| , HENEE

@ Experimental characterization
@ Evaluation of (¢jnter, o, Ctoo, N)
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Applications Effects of Culture and Environment parameters Optimization

Investigation of the variability of particles characteristics

@ Sources of variability
e Environment parameters
@ Weather and climate

@ Ground properties and history o ™ e PP )
o Cultivation parameters . 09 450
@ Planting 08 400
@ Harvesting 600 :
@ Post-treatment 1000 o7 30
@ Experimental program o 06 300
@ 50 shiv from FNPC (2009 — 2011) 400 05 250
e 7 variability factors controlled 04 200
= Variety, Planting date, Planting 500 0
density, Nitrogen quantity 200 o 10
= Harvesting date, Retting time, 02 100
Position in stem 100 01 50
@ Approach 0 0 0 0

@ Experimental characterization
@ Evaluation of (¢jnter, o, Ctoo, N)

© Anaysis of (pames Pparticle, Pintras A)
using AnOVa
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Applications Effects of Culture and Environment parameters Optimization

Cultivation parameters : Planting

Prame (G Pratoe (K91 o R(um)
1500 800 1
700 0.9 450
0.8 400
600
0.7 350
1000
500 0.6 300
@ Planting date 400 0s 250
= Significant effect on density, porosity 0 200
and particle size s 200 '
0.3] 150
200
0.2 100
100 0.1 50
0 5 0 5 0 g 0 s
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Applications Effects of Culture and Environment parameters Optimization

Cultivation parameters : Harvesting

P (KM ) P (01 [ R(um)
1500 800 1
700 0.9 450
0.8 400
600
0.7 350
1000
500 0.6 300
o Rett'lng” . 400 05 250
= Significant effect on frame density and 0 .
porosity 00 30 '
0.3] 150
200
0.2 100
100 0.1 50
0555 5 5 0-55 5 5 5 0-S5 5 055 5 5 o
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Applications Effects of Culture and Environment parameters Optimization

Environment parameters : Meteorological aspect

Pane (KM ) Py (01 [ R(um)
1500 800 1
700 09 40
0.8 400
600
@ Evolution between 2009 and 2011 1000 o v ”
= Signifiant effect on density, porosity and " -
: ) 400 0.5 250
particle size
300 o4 w0
500
03 150
200
0.2 100
100 01 50
oSN NS o—gg 08 g g g 2

Philippe GLE PhD Defense



Applications Effects of Culture and Environment parameters Optimization

Environment parameters : Meteorological aspect

Prame (kT.M ) Py (0T [ R(um)
1500 800 1
700 0.9 450
0.8 400
600
@ Evolution between 2009 and 2011 1000 . o =
= Signifiant effect on density, porosity and °° =
particle size * N -
. 300 0.4 200
@ Meteorogical data 500 03 150
= 2010 more wet and sunny 0 02 100
100
0.1 50
s s % gsggz °gg: "8g3z
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Applications

Effects of Culture and Environment parameters Optimization

Optimizing the formulation

@ Range of variation of basic
parameters

Parameters [min ; max]
Chemp [100; 150] kg.m™3
Pparticle [400; 600] kg.m*s
E [0,2;0,5] mm
n [2;3]
Chinder [0;900] kg.m™3

Papparent binder [1000; 2000] kg.m*3

@ Evaluation of acoustical performance
@ Random selection of basic
parameters
@ Calcul of corresponding acoustical
parameters
@ Evaluation of acoustical properties
@ Calcul of acoustical indicators

Philippe GLE

Chemp

P, ‘particle
Lie

Cb[nder

P app binder

water
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Applications Effects of Culture and Environment parameters Optimization

Optimizing the formulation

55

@ Range of variation of basic ol og 88 g
parameters 2 2 B
45 | E
Parameters [min; max] 20l g :
Chemp [100; 150] kg.m=3 a5l .
Ppartile [400; 600] kg.m* g Ll i
E [0,2;0,5] mm o * i
n [2;3] %y i
Chinder [0 900] kg.m™2 20 ¢
Papparent binder __[1000; 2000] kg.m™3 151 i - 1
of| * Ul
@ Evaluation of acoustical performance S ‘ ‘ ‘
@ Random selection of basic 0 02 o408 08 1
parameters v
@ Calcul of corresponding acoustical
parameters

@ Evaluation of acoustical properties
@ Calcul of acoustical indicators
@ Results for thickness of 20 and 30 cm
= aw up t0 0.95 and Ry up to 50 dB
= Difficulty of combining good a and
Ry
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Applications Effects of Culture and Environment parameters Optimization

Optimizing the multilayer structure [Perrin, 2011]

@ Samples

@ 3 samples: 1m x 1.4m

e Coating(2cm)/Hemp
concrete(20cm)/Coating(2cm)

e Use of a timber frame (1 sample),
different coatings & densities
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Applications Effects of Culture and Environment parameters Optimization

Optimizing the multilayer structure [Perrin, 2011]

@ Samples
@ 3samples:1m x 1.4m
e Coating(2cm)/Hemp 55
concrete(20cm)/Coating(2cm) ol Homog. 1 - Way 1
e Use of a timber frame (1 sample), - = = Homog. 1 - Way 2
different coatings & densities 47| T pomes. 2 - Way 2 1
. 407 | — Timbe?.frame f)\/Nay 1 1
@ Experimental results 45| L= = = Timber frame - Way 2 |
= Effect of density, but none of timber g 30l / i
frame F sl 7 i
20§ 1
15 1
10F 1
5 ‘2 ‘3 4
10° 10 10
f (Hz)
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Applications Effects of Culture and Environment parameters Optimization

Optimizing the multilayer structure [Perrin, 2011]

@ Samples

@ 3samples:1m x 1.4m
e Coating(2cm)/Hemp

concrete(20cm)/Coating(2cm) 55
o Use of a timber frame (1 sample), —_Homog. 1-way1
different coatings & densities ol Homos 2 Way |

. = = =Homog. 2 - Way 2
o EXperlmental results —— Timber frame - Way 1
45} | = = = Timberframe - Way 2

= Effect of density, but none of timber

o
frame e
= Gain of about 10 dB thanks to "0 1
coatings
= Apparition of a new resonance a5 |
30 2 ‘3 4
10° 10 10
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Applications Effects of Culture and Environment parameters Optimization

Optimizing the multilayer structure [Perrin, 2011]

@ Samples
@ 3samples:1m x 1.4m
e Coating(2cm)/Hemp _ Homog. 1 + coating
concrete(20cm)/Coating(2cm) 100 ‘ ‘
e Use of a timber frame (1 sample),
different coatings & densities sot g
@ Experimental results ) |
= Effect of density, but none of timber g Lot
frame F ol ce et et ]
= Gain of about 10 dB thanks to N T e et
coatings 20k * Exp.Sens 2| |
= Apparition of a new resonance E';'g;-eq
T . 0 ‘ ‘
° Fqu equivalent gnd poroelastic o e e o
multilayer modellings f(H2)
= Good correponding between O{ &, VATELYS

theoretical and experimental
resonance frequencies

= Need of further mechanical
characterization (accuracy HF)
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Applications Effects of Culture and Environment parameters Optimization

Optimizing the geometry using surface irregularities [Debrabant, 2010]

@ Process

@ Experimental investigations using
arbitrary shapes

Profile view
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Applications Effects of Culture and Environment parameters Optimization

Optimizing the geometry using surface irregularities [Debrabant, 2010]

@ Process
@ Experimental investigations using
arbitrary shapes

@ Research of the optimal
configurations (genetic algorithm)

@ Excitation at normal incidence chromosome
o Criterion = Max [0 () df 1o s i1l 0l1lo0t1
@ Constrained geometry : symetry, free Code { PR SRt g e
or crenel shape.
1 11141111

[

ol 4 Vg
111 .
L= [
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Applications

@ Process
@ Experimental investigations using
arbitrary shapes
@ Research of the optimal
configurations (genetic algorithm)
@ Excitation at normal incidence
@ Criterion = Max [2:0" au(f)df
@ Constrained geometry : symetry, free
or crenel shape.

@ Results 09 1

@ First experimental investigations 08 |

0.6 '

0.4
03 .7 L sl

== Flat concrete
----- Irregular concrete ]

100 200 300 400 500
f(Hz)
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Applications Effects of Culture and Environment parameters Optimization

Optimizing the geometry using surface irregularities [Debrabant, 2010]

@ Process

@ Experimental investigations using
arbitrary shapes
@ Research of the optimal .
configurations (genetic algorithm)
@ Excitation at normal incidence
@ Criterion = Max [ o (f)df
@ Constrained geometry : symetry, free
or crenel shape.

Thickness (cm)

@ Results O R

@ First experimental investigations e
© Research of the optimal
configurations

@ Free shape

= Apparition of resonators

o . 50 100 150 200 250 300 350 400 AéU 500 0
= Difficulty of conception foia)
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Effects of Culture and Environment parameters Optimization

Applications

Optimizing the geometry using surface irregularities [Debrabant, 2010]

@ Process
@ Experimental investigations using
arbitrary shapes
@ Research of the optimal
configurations (genetic algorithm)
@ Excitation at normal incidence
@ Criterion = Max [ o (f)df
@ Constrained geometry : symetry, free
or crenel shape.

@ Results o
@ First experimental investigations ‘ e

@ Research of the optimal o
configurations o

@ Free shape " o4

Thickness (cm)

60

= Apparition of resonators
= Difficulty of conception fHa)

@ Crenel shape

=« lowers (<10%)
= Friendly shape for conception
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Applications Effects of Culture and Environment parameters Optimization

In situ application of plant wool for acoustic correction

@ The project

@ Develop a bio-based wool for
acoustic correction in a shopping mall

&
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Applications Effects of Culture and Environment parameters Optimization

In situ application of plant wool for acoustic correction

@ The project

@ Develop a bio-based wool for

acoustic correction in a shopping mall
e Multifunctional challenge

@ Optimizing sound absorption
@ Providing fireproof properties

y)
#Auchan
@ Mechanical resistance

e BUBBLLLLLLLLLLY

T

UBULKLLLBBLLBLLY] Lot @

=
- . ®
2 CFE-EE) e *
o "y | (88 fenioy
|
*
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Applications Effects of Culture and Environment parameters Optimization

In situ application of plant wool for acoustic correction

@ The project

@ Develop a bio-based wool for
acoustic correction in a shopping mall
e Multifunctional challenge
@ Optimizing sound absorption
@ Providing fireproof properties
@ Mechanical resistance

@ Selection of the type of sample
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Applications Effects of Culture and Environment parameters Optimization

In situ application of plant wool for acoustic correction

@ The project

. 1
@ Develop a bio-based wool for
acoustic correction in a shopping mall o9y
e Multifunctional challenge 0.8
@ Optimizing sound absorption 0.7k
@ Providing fireproof properties
@ Mechanical resistance 08¢
. s 0.5
@ Selection of the type of sample oal
@ Initial samples testings, 2 kinds of 0'37
fibers ' / YW
= Minor effect of the kind of fiber o2 ——vav|
0.1 — BVBH
——BBB
200 400 600 800 1000 1200 1400 1600 1800 2000

f(Hz)
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Applications Effects of Culture and Environment parameters Optimization

In situ application of plant wool for acoustic correction

@ The project

@ Develop a bio-based wool for 1
acoustic correction in a shopping mall 0ol

o Multifunctional challenge )
@ Optimizing sound absorption

@ Providing fireproof properties 0.7f

@ Mechanical resistance

0.8

0.6
@ Selection of the type of sample 5 05f
@ Initial samples testings, 2 kinds of 0.4r
fibers 03l
= Minor effect of the kind of fiber 02t Data
= Agreement with poroelastic modelling ol - - - Fluid-eq. model| |
(resonance) ’ - = = Poroel. model
260 460 660 860 l(;OU 12‘00 14‘00 1660 1860 2000
f (Hz)
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Applications Effects of Culture and Environment parameters Optimization

In situ application of plant wool for acoustic correction

@ The project

@ Develop a bio-based wool for
acoustic correction in a shopping mall

e Multifunctional challenge 0:
@ Optimizing sound absorption }
@ Providing fireproof properties 08
@ Mechanical resistance 0.7
. 0.6
@ Selection of the type of sample o os Treatd faomgs
@ Initial samples testings, 2 kinds of 04 reated fachnge (st atemp)
fibers 03
= Minor effect of the kind of fiber 02
= Agreement with poroelastic modelling 01
(resonance) o
200 400 600 800 1000 1200 1400 1600 1800 2000
o Effect of fire treatment ftra)
= Swelling of the facings from 5.5 to
emm

= Conservation of
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Conclusions and Outlooks

v~ Wide range of acoustical
properties

v Identification of the key levers
(binder content)

Characterization
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Conclusions
Conclusions and Outlooks

- Study water content as
~~ Wide range of acoustical optimization way
properties — Characterize larger samples for
/ Identification of the key levers high binder contents
(binder content) — Comparison of acoustical
characterization with imagery data

Characterization
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Conclusions
Conclusions and Outlooks

5 < Study water content as

© /" Wide range of acoustical optimization way

k5 properties < Characterize larger samples for

8 / Identification of the key levers high binder contents

& (binder content) — Comparison of acoustical

© characterization with imagery data
o V" Pintra Masked by pinter

£ v~ Characterization of microstructure

% from acoustical data

=

v Effect of shape and size
distribution of particles
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Conclusions
Conclusions and Outlooks

5 Study water content as

i v~ Wide range of acoustical optimization way

E properties Characterize larger samples for

8 /" Identification of the key levers high binder contents

& (binder content) Comparison of acoustical

o characterization with imagery data
o ¥ ®intra Masked bY Ginter Further investigation for high

= v~ Characterization of microstructure binder contents

3 from acoustical data Introduce more parameters ?

=

v Effect of shape and size
distribution of particles

Effect of anisotropy of shiv
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Conclusions
Conclusions and Outlooks

Modelling Characterization

Optimization

Wide range of acoustical
properties

Identification of the key levers
(binder content)

Study water content as
optimization way

Characterize larger samples for
high binder contents

Comparison of acoustical
characterization with imagery data

Dintra Masked by pinter

Characterization of microstructure
from acoustical data

Effect of shape and size
distribution of particles

Further investigation for high
binder contents

Introduce more parameters ?
Effect of anisotropy of shiv

Controlling the formulation can
yield to high level acoustical
properties

Possibility of improving TL with
coatings

Particularly strong effect of surface
irregularities
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Conclusions
Conclusions and Outlooks

Modelling Characterization

Optimization

Wide range of acoustical
properties

Identification of the key levers
(binder content)

Study water content as
optimization way

Characterize larger samples for
high binder contents

Comparison of acoustical
characterization with imagery data

Dintra Masked by pinter

Characterization of microstructure
from acoustical data

Effect of shape and size
distribution of particles

Further investigation for high
binder contents

Introduce more parameters ?
Effect of anisotropy of shiv

Controlling the formulation can
yield to high level acoustical
properties

Possibility of improving TL with
coatings

Particularly strong effect of surface
irregularities

Understanding localization effects

Use all optimization ways to
optimize both « and TL
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Thank you for your attention !
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Acoustical comparison of building materials

+  Wood
Cork
Plaster
*  Earth brick
Cellular concrete
Wood concrete
Hemp particles
V' Binder
X Hemp concrete
s i
Sl
| N I I I
° 500 1000 1500 2000 2500 3000 3500 4000
f(Hz)
Samples e (cm) P (kg/ma) @ o (106 Nm’4s)
Wood 45 427 0.64 33
Cork 3.9 114 0.27 0.24
Plaster 4.7 722 0.50 12
Earth brick 5 1625 0.39 7.0
Cellular concrete 3.9 475 0.80 4.0
Wood concrete 5 415 0.50 0.0037
Hemp particles 5 153 0.85 0.010
Binder matrix 5 1500 0.39 33
Hemp concrete 5 260 0.70 0.025
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Effect of the type of fibers

TL (dB)

2 4 : ; 1‘ 12‘ 14‘ 1‘ l‘ 2 Ul' . - . - y y - y y
00 00 600 800 fl)(ag) 00 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000

f (Hz)

(Thickness € [5mm ;10cm]) Green hemp

Hemp wool/shiv (5cm)
Hemp wool/shiv (2cm)
Needled hemp
Hempl/flax

Flax (10cm)

Flax (5cm)

Flax fireproof (5cm)
Needled flax

3 layers flax

Jute

= Good «a but medium TL
= Gain due to multilayer optimization

x4 wvAD*eqd PO
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Effect of implementation : Water content
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Sound absorption
Sound absorption
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Effect of implementation : Water content

1 1

< c
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50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500

Frequency (Hz) Frequency (Hz)
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= Sensitivity of a to surface aspect
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Modelling shiv : From basic parameters to acoustical properties

[}

Johnson et al.

3 K | TL
1

|
Zwikker & Kosten

Basic parameters Acoustical parameters Boutin & Geindreau , Acoustical properties
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Modelling shiv : Rigid frame hypothesis

10 ——
o cB
8 o cc
= 6 o CD
T v R CE
o v cB1
S 4 vy Y Y 4 > cB2
) p l < i e _ | e css
9 1| < cB4
A | S l ¥ CB5
0 ‘ ‘
80 100 120 140 160
p(kgm™)

= foec < 200 Hz for all samples
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Modelling shiv : Double porosity analysis

1004 .
l ‘! t ¥ & + CA
o CB
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0 i s ¢ i o cc
g | o D
S 60 1 CE
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Extension of tortuosity modelling to hemp concretes

@ Use of shiv’s shape factor

-n
Qoo = Pinter
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Extension of tortuosity modelling to hemp concretes

5L3C
10
o
8 1} o
fi
6 ©
P 8 ? ° éo @Q
@ Use of shiv’s shape factor 5 % ? m o é
o
4t o o 1
—-n o o
Qoo = Pinter m| @ -
00 @ |
O Dpata
O  Model
<O OO WO oW« omOOWw
D s A i i
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Extension of tortuosity modelling to hemp concretes

Density
10
ol
ol
.y T
@ Use of shiv’s shape factor ol |
-n s 5l
Qoo = ¢inter ° é é E}
4t é 1
&b
o o
ol ]
1h O  Data
O Model
0 90 100 110 120 130 140
Chemp
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Extension of tortuosity modelling to hemp concretes

Binder content
18
16
14 %
12 °

@ Use of shiv’s shape factor

10 {]
Qoo = ¢’;1’t7er ° §

6 B
4 g . ° |
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2f @ ° O Daa
O  Model
o . . . . . :
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Extension of tortuosity modelling to hemp concretes

@ Use of shiv’s shape factor
Qoo = Qﬁftler

@ Only possible for low binder contents
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Cultivation parameters : Planting

- -3
Paquetere K9M ) Poariye KIM) P R (um)

0.9 450
700

@ Variety
= Significant effect on the particle size

1000

500

Pparticle Pintra R Pinter i oo A
Pyalue(2009 - Normal planting) 0.911 0.738 0.183 0.823 0.174 0.004 <0.001
Pyalye (2010 - Normal planting) 0.010 0.001 0.001 0.010 0.006 <0.001 <0.001
Pyaje(2010 - Late planting) 0.443 0492 <0.001 0.421 0539 <0.001 0.018
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Cultivation parameters : Planting

Puguiere KT Py (kom™) O R (um)
1! 1 500
. 700 0.9 450
@ Variety 08 400
. e . H 600
= Significant effect on the particle size . o 550
@ Planting date 500 0s 200
= Significant effect on density, porosity 400 05 250
and particle size 04 200
300
500
03 150
200
0.2 100
100
0.1 50
0 Ea—— 0 e 0 - 0 e
Pparticle Pintra R Pinter v oo A
Pyalue(F17) 0.018 0.008 0.074 0.014 0.063 0.701 0.018
Pyaiue(F32) 0.266 0.075 <0.001 0.242 0.004 0.005  0.038
Pyajye(Uso31) 0.007 <0.001 0.001 0.010 <0.001  0.002  0.585
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Cultivation parameters : Planting

L R ) O RGum)
1! 1 500
@ Variety 700 o 0
= Significant effect on the particle size o0 o® 0
N 0.7 350
@ Planting date 1000 w0
= Significant effect on density, porosity oe 0
and particle size 40 0s 20
n . 0.4 200
@ Planting density 500 300 " -
= Significant effect on the particle size 200 :
0.2 100
100
0.1 50
e g e "gge ‘mge " wsge
Pparticle Pintra R Pinter i Xoo A
pva/ue(ZOOS) 0.313 0.458 0.403 0.370 0.145 0.029 0.646
Pyalye(2010) 0.272 0.300 <0.001 0.267 <0.001 0.171 0.343
Puaje(2011) 0.948 0.396 0.001 0.929 0429 0.587  0.047
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Cultivation parameters : Planting

Paeete 9T Py (0m™) O RGum)
1 1 500
@ Variety 700 o 0
= Significant effect on the particle size o0 o8 00
. 0.7 350
@ Planting date 1000 w0
= Significant effect on density, porosity oe 0
and particle size 40 0s 20
n . 0.4 200
@ Planting density 500 300 N -
= Significant effect on the particle size 200 '
0.2 100
@ Nitrogen quantity 100 o o
= Minor effect on the particle size
0 — 0 e [ 05 T e
3 g8 § 82 558 3¢
Pparticle Pintra R Pinter i Xoo A
pvalue(ZOOQ) 0.095 0.184 0.010 0.080 0.199 0.119 0.618
Pyajye(2010) 0.276 0.065 0459 0272 0242 0.041
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Cultivation parameters : Harvesting

Puguetere (O Py (g™ P R@um)
1! 1 500
0.9 450
700
0.8 400
. 600
@ Harvesting date 07 350
. 1000
= Minor effects 500 06 300
400 0.5 250
0.4 200
300
500
0.3 150
200
0.2 100
100 0.1 50
o 5 5 o 5 5 o 5 5 0 5 5
gt g E gt E R
Pparticle Pintra R Pinter i Koo A
pva,ue(ZOOS) 0.001 0.018 0.304 0.002 0.001 0.107 0.118
pvame(zom) 0.603 0.539 0.016 0.599 0.079 0.228 0.007
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Cultivation parameters : Harvesting

Puqutere K9 Py (G - R@m)
1! 1 500
700 0.9 450
. 0.8 400
@ Harvesting date 600
. 0.7 350
= Minor effects 1000
g . 500 0.6 300
@ Position in the stem
. 400 0.5 250
= Minor effects
300 0.4] 200
500
03 150
200
0.2 100
100
0.1 50
0 ERE] 0 2 = 0 2 £ 3 0= 5
8§z 823 83 &z 3
Pparticle Pintra R Pinter i Xoo A
pva/ue(ZOOQ) 0.120 0.283 0.014 0.102 0.227 0.805 0.670
pva’ue(2010) 0.015 0.016 0.175 0.015 0.657 0.002 0.002
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Cultivation parameters : Harvesting

Puguetere (9T Py (gm™) . R (um)
1! 1 500
700 0.9 450
@ Harvesting date o 08 400
= Minor effects 1000 o7 30
e . 500
@ Position in the stem 0e o0
= Minor effects 400 08 20
. 0.4 200
300
@ Retting s00 o 150
= Significant effect on frame density and 200 ’
porosity 0.2 100
100
0.1 50
0 55588 O sesa B S eeae
Pparticle Pintra R Pinter i oo A
Pyalye(2009) 0.212 <0.001 0.012 0.202 0.110 0.168 0.040
Pyalue(2010) 0018 0.001 0019 0.021 0.120 0.032 0.007
Pyaye(2011) 0.153 <0.001 0.024 0.171 0.532  <0.001 <0.001
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Environment parameters : Meteorological aspect

Poquetere OM ) Py (gm™) O R@m)
1! 1 500
0.9 450
700
0.8 400
600
@ Evolution between 2009 and 2011 1000 o7 50
N r . . 500
= Signifiant effect on density, porosity and 08 300
particle size 400 05 250
300 0.4 200
500
0.3 150
200
0.2 100
00 0.1 50
g gz % gcez % sgsggz %ggg
Pparticle Pintra R Pinter v oo A
Pvalye(F17-25) 0.291 0.457 0.855 0.261 0.039 0.006 0.930
pvalue(FW 50) 0.010 0.026 0.010 0.014 0.002 0.006 0.141
Pvalye(F17-75) <0.001 <0.001 0.421 <0.001 0.018 0.005 0.107
Pyajue(Retting) 0.362 0.397 0.001 0342  0.166  <0.001  0.022
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Environment parameters : Meteorological aspect

Prguiete K9 P (k0m ™) O R@m)
1! 1 500
0.9 450
700
0.8 400
600
@ Evolution between 2009 and 2011 1000 o7 50
. g . . 500
= Signifiant effect on density, porosity and 08 300
particle size 400 05 250
@ Meteorogical data w 300 o 20
= 2010 more wet and sunny 200 03 150
0.2 100
00 0.1 50
gz % gs g %sga % gs g
Pparticle Pintra R Pinter T oo A
Pvalye(F17-25) 0.291 0.457 0.855 0.261 0.039 0.006 0.930
pvalue(FW 50) 0.010 0.026 0.010 0.014 0.002 0.006 0.141
Pvalye(F17-75) <0.001 <0.001 0.421 <0.001 0.018 0.005 0.107
Pyajue(Retting) 0.362 0.397 0.001 0342 0166 <0.001  0.022
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In situ application of plant wool for acoustic correction

@ Optimization 5 05f
@ Thickness of central layer

f(Hz)
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In situ application of plant wool for acoustic correction

1
= 40000
0.97/ —— 60000
|| = 80000
08 = 100000
0.7 = 120000
— 140000
0.6 | —— 160000
@ Optimization o 05l —— 180000

) [ — 200000
@ Thickness of central layer 4

04r

e Facings resistivity
. 0.3F

o Perforations ...
0.2F
0.1,
o ‘
10° 10° 10"
f(Hz)
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