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Abstract
Currently, great efforts are being made to reduce the impact of buildings on our environment. In France, their
energy consumption is more important than industry or transports [1]. This is mainly due to the bad thermal
insulation of traditionally used materials like concrete. Besides, the manufacture of these materials usually
requires a lot of energy and leads to significant emissions of carbon dioxyde. For these reasons, sustainable
insulating materials are now of major interest and are extensively used for new constructions. It is important
to know the acoustical properties of these new materials to ensure comfort to the inhabitants.
Asdrubali [2] presented differents results concerning these sustainable materials and seperates them into two
categories, the natural materials like wood wool, sheap wool and clay and the recycled materials like recycled
rubber [3] or recycled carpet [4]. The subject of the present study is hemp concrete, a natural material consisting
in hemp particles mixed with a binder. In Figure 1, one can see the particles that come from the woody part
of hemp. Its life cycle analysis reported that 1 m2 of hemp concrete having a thickness of 26 cm with a timber
frame stores 35 kg of carbon dioxyde on a reference period of 100 years [5]. It is a multifunctional material
since it combines interesting properties in mechanics (light material having an important ductility), in thermics
(its thermal conductivity is about 0.08 W/mK) and in acoustics [6].
The acoustical properties of hemp concretes have been explored in several studies [6, 7]. These studies
showed interesting sound absorptions for hemp concrete, which can be controlled using the different fabrication parameters of this material, the choice of its constituants and of its fabrication process. Concerning its
transmission loss, only one study provided results [8] and discussed the effect on coatings facing the concrete.
The modelling of hemp concretes faces several difficulties. First, the shape of the particles of hemp is far
from spherical. It can be approximated by a parallelepidepal shape having a 3D particle size distribution.
These properties affects the acoustical parameters, like the tortuosity of the material [9], so that the classical
porous models [10, 11] for granular media do not give consistent predictions. Moreover, hemp concrete is
characterized by several scales of porosity, with interparticle pores (≈ 1mm) between the particles, intraparticle
pores (≈ 10µm) into the particles and intrabinder pores (≈ 1µm) into the binder. It is very hard to distinguish
the effect of the different scales on the macroscopic acoustical properties.
The aim of this study is to outline the acoustical properties of hemp concretes. First, the experimental
results for the sound absorption and transmission loss of these materials are reviewed and discussed, these data
are then confronted to new measurements in normal incidence. In a second part, a physical analysis of the
experimental results enables to predict the acoustical behaviour of hemp concrete using a multiple porosity
approach.
Several configurations of hemp concretes have been tested to explore their acoustical properties. In a first
time, hemp particles in bulk (hemp shiv) have been examined using particles of different origins, different
particles size distributions, under different packings. Secondly, hemp concretes have been fabricated with
different binders, different binder/shiv proportions and different densities. These materials have been tested in
the frequency range 150-2000 Hz in normal incidence using a B&K Type 4106 impedance tube. The dynamic
densities, bulk modulus and sound absorption have been measured using a three microphone technique with
a riging backing behind the samples [12]. The transmission loss has been evaluated using a four microphone
technique and an anechoic end [13]. The thickness of the samples is 5 cm.
The comparison of the real part of the bulk modulus with the measured open porosity of the different
configurations revealed a multiple porosity behaviour as described by Olny and Boutin [14]. In the case of
high contrast of permeability between micropores and mesopores in a same material, if the frequency is above
a characteristic diffusion frequency, only the mesopores take part into the acoustical dissipation, so that the
dynamic density and bulk modulus of the material can be approximated by the properties of the mesopores.

1

Symposium on the Acoustics of Poro-Elastic Materials
Sustainable materials and applications

December 14-15-16, 2011 Ferrara

To compute the intrinsic properties of the mesopores, Johnson model [15] can be used for the dynamic
density and Zwikker and Kosten model [16] can be used for the bulk modulus [7]. An example is given Figure 1
for the modelling of hemp shiv. In this figure, measured sound absorption α, normalised dynamic density ρ/ρ0 ,
normalised bulk modulus K/P0 and transmission loss T L are confronted to the modelling using the double
porosity model.
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Figure 1: Hemp concrete (lef t) and modelling of hemp shiv having a density ρ = 120kg/m3 (right)
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