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ABSTRACT

The construction sector has been adopting sustainability strategies to reduce the negative impacts of
this industry. One of the most relevant strategies over the last years has been the incorporation of waste
and natural materials. There has also been a more systematic demand for high-performance products
with improved technical properties. Due to its durability and highly functional properties after harden-
ing, concrete is one of the most commonly used building materials. Since there is a great volume of
concrete being produced every year, studies are being developed to improve its sustainability through
the incorporation of waste materials to substitute aggregates. In this context, the use of natural fibres
and agricultural by-products such as rice husk offers important environmental advantages and it can
be seen as an opportunity to recover a by-product with a high environmental disposable impact. At the
same time, by partially replacing conventional aggregates with rice husk, the density of concrete can
be lowered, contributing to greater economy in handling and transportation costs, improved thermal
and acoustic performance and to an overall more sustainable material. This research aims to assess the
potential of cement-based composite materials with rice husk through experimental characterisation
tests and to address the main challenges regarding the incorporation of vegetable fibres in cement-
based mixtures. The preliminary results obtained suggest that these cement-based composites will
be adequate for thermal and acoustic performance of buildings, while contributing to generate waste
recovery opportunities for the construction industry.
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1 INTRODUCTION
The construction sector has a significant social and economic impact in the European Union
[1]. However, this industry is also responsible for negative impacts, such as depletion of
natural resources, energy consumption and generation of waste that must be taken into account.

In this context, the development of innovative and low environmental impact building
materials will benefit from waste recovery strategies, which may include the use of natural
by-products and the increase of efficiency and performance.

The use of waste from different industries has been studied in different construction mate-
rials, such as mortars [2], concrete [3] and insulation materials [4]. Different types of waste
have been studied: construction and demolition waste (CDW) [5], glass [6] and ceramics [7],
among others.

Natural fibres and agricultural by-products offer important environmental advantages and
is an opportunity to recover by-products with high environmental disposable impact. The
incorporation of wood, hemp and rice straw and husk [8—10] in mortars have also been stud-
ied, to assess the beneficial impact on thermal and acoustic performance.

Rice is one of the most cultivated cereals in the world. Rice husk is a natural material with
1 to 4 mm in size [11] and it is considered a by-product from rice industry with high
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environmental impacts, considering both landfill or burning scenarios [12,13]. There are
some examples of incorporation of rice husk into composite materials with hydraulic binders,
where the benefits in terms of thermal insulation and density reduction are clear [14,15].
However, there are still important research opportunities for cement mixtures with rice husk
in terms of acoustic properties, durability and hygrothermal behaviour, without changing its
morphology and chemical structure.

The goal of this study is to perform an experimental characterisation of cement-based
composite materials with rice husk, in order to develop an innovative and sustainable build-
ing solution. In this experimental work, the rice husk was collected at Baixo Mondego
agricultural region in Portugal and used without any physical or chemical treatment.

2 EXPERIMENTAL SETUP
2.1 Materials and samples

Two types of rice husk cement-based composites were prepared: first, rice husk was added to
the mixture without any preparation (Fig. 1a) and, in the second batch, rice husk was previ-
ously water-soaked (Fig. 1b). The goal is to access the influence of this preparation procedure
on the behaviour of the composites.

The different composites were prepared with Portland cement type CEM II/B-L 42.5 R
(350 kg/m?), natural rice husk (90 kg/m?) and water, with a water-cement ratio of 0.40.

For the characterization tests, small sized test specimens were prepared. The cement mix-
tures were prepared as cubic (150 x 150 x 150 mm?) and prismatic (150 x 150 x 600 mm?)
test specimens, depending on the dimensions required for the different tests. After two days,
the samples were placed in a climatic chamber at (23+1)°C temperature and (50+3)% relative
humidity to complete curing process up to 28 days.

2.2 Methodology

The mechanical, hygrothermal and acoustic characterization of the rice husk cement-based
composites was performed through experimental test procedures described in this section.

This experimental work was carried out at the laboratory facilities of Itecons - Institute for
Research and Technological Development for Construction Sciences, Energy, Environment
and Sustainability, in Portugal.

(a) (b)

Figure 1: Rice husk cement-based composite samples: (a) RHC1 — with rice husk
without any preparation; (b) RHC2 — with water-soaked rice husk.
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Figure 2: Mechanical characterization tests: (a) compressive strength; (b) tensile
splitting strength; (c) flexural strength.

2.2.1 Mechanical characterization tests

The compressive strength tests were performed on cubic specimens, in compliance with
NP EN 12390-3 [16]. This test was performed using an electromechanical universal
testing machine, CONTROLS model 50-C56V2. This machine provides the load at fail-
ure, which is divided by the average cross-sectional area to obtain the compressive
strength (Fig. 2a). The average of three test specimens from each batch gives the com-
pressive strength.

The tensile splitting strength tests were conducted on cubic specimens, in accordance with
NP EN 12390-6 [17]. This test was performed using an electromechanical universal testing
machine, Shimadzu model UH-C2000KNI. The test specimens were placed in the centre of
the testing machine and over packing strips. The loading of the test specimens by the packing
strips causes the splitting of the cubes (Fig. 2b). The average of five test specimens from each
batch gives the tensile splitting strength.

The flexural strength tests were carried out on prismatic test specimens, in compliance
with NP EN 12390-5 [18]. This test was performed using the same universal testing
machine as the compressive strength tests. The load is applied at the centre of the specimen
length, and the maximum load is indicated by the machine, which is used to calculate the
flexural strength (Fig. 2¢). The average of three test specimens from each batch gives the
flexural strength.

2.2.2 Thermal characterization tests

The thermal conductivity, 4 was found by the guarded hot plate method described in ISO
8302 [19], using a single specimen A-Meter EP500 model from Lambda-Mefitechnik GmbH
Dresden (Fig. 3a). The determination of thermal conductivity followed the test procedure
described in EN 12664 [20].

For each mixture, three samples were sliced from the cubic specimens. Each specimen is,
then, placed between the two large plates with 500 x 500 mm dimension, aiming for a mean
temperature of 23°C with a 15°C temperature difference between plates. Each sample is
inserted within an insulation frame (Fig. 3b) to confirm the correct measurements within the
measurement area of the guarded hot plate.

2.2.3 Acoustic characterization tests
The preliminary acoustic characterization of these composites was conducted on small sized
samples by means of an impedance tube, in accordance to EN ISO 10534-2 [21], using
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(b

Figure 3: Thermal characterization tests: (a) A-Meter EP500 model
apparatus; (b) test sample inserted in the insulation frame.

(a) (b)

Figure 4: Acoustic characterization tests: (a) impedance tube for sound absorption tests
(impedance tube prepared for the 100 mm diameter sample test); (b) 100 mm
diameter test specimen inserted in the impedance tube.

29 and 100 mm diameter test specimens. The 100 mm diameter samples are used to deter-
mine the sound absorption coefficient in the frequency range from 100 to 1600 Hz, while the
29 mm diameter samples in the frequency range from 500 to 6300 Hz (Fig. 4).

3 RESULTS
3.1 Mechanical characterization tests

The results of the mechanical characterization tests are presented in Table 1, with corre-
sponding average apparent mass density results.

Natural fibres, such as rice husk, are known for their hygroscopic nature [22]. This ability
to absorb moisture and water has a great influence on the curing process of the cement and,
consequently, on the weight and mechanical properties of these composites.

As expected, the soaking process of rice husks before the preparation of the cement mix-
tures resulted in a mass increase of the samples. Additionally, there is also a significant
increase on all the mechanical properties analysed in this study, especially regarding the
compressive strength.

3.2 Thermal characterization test

The results of the thermal characterization tests are presented in Table 2.
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Table 1: Results of the mechanical tests.

Apparent mass Compressive  Tensile splitting Flexural
density strength strength strength
[kg/m3] [MPa] [MPa] [MPa]
RHCI 1070.1 (x165.8)  1.76 (+0.83) 0.42 (x0.07) 0.60 (x0.01)
RHC2 1511.2 (£60.3) 9.00 (x1.92) 1.43 (x0.36) 1.95 (+0.27)

Table 2: Results of the thermal conductivity tests.

Apparent mass density Thermal conductivity, A
[kg/m"] [W/(m.K)]
RHCI 1091.2 (£91.5) 0.1226 (£0.0157)
RHC2 1311.4 (£14.6) 0.3554 (£0.0210)
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Figure 5: Sound absorption coefficient results.

An increase in the thermal conductivity results can be observed with the soaking process
of rice husks before the preparation of the cement mixtures. This process allowed to produce
more compact and dense samples. As a consequence, the test samples presented less voids
and air gaps, resulting in a reduction on the insulation ability of these composites.

3.3 Acoustic characterization test

The results of the acoustic characterization tests are presented in Fig. 5.

From the RHC1 to RHC2, lower values of sound absorption are verified for all frequencies.
The introduction of saturated rice husks may lead to a more homogeneous mixture with less
pores and consequently a lower sound absorption capacity of these composites.

4 CONCLUSIONS
The presented results suggest that the preparation of rice husks has a significant influence on
the performance of these cement-based composites. By soaking the rice husks before the
introduction on the mixture, all water present on the cement paste will contribute to complete
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the curing process, reducing voids and air gaps, as the saturated rice husks will not absorb this
added water. By performing this preparation of rice husks, unit weight and mechanical per-
formance of the composites can be increased. On the other hand, by reducing the porosity, the
thermal insulation performance of these composites is reduced, as well as the sound absorp-
tion behaviour. Considering these results, the preparation of this type of aggregates will
depend on the functional requirements of the final building solutions.

Further research is required to validate the use of rice husk on cement-based composites,
aiming for the development of building solutions. Considering the organic nature of these
materials, additional durability tests are recommended.
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