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Abstract: Ecomaterials used in traditional construction are experiencing renewed interest for their low
environmental impact. However, the lack of reference values for the hygrothermal behaviour of some
composite ecomaterials with a low carbon footprint prevents the overall analysis of the structures of
buildings designed with these materials. The wood-clay construction system is an ecological and
sustainable building system. These materials have great potential for applications in places where housing
needs are high, in rural areas of Africa, and have been used for hundreds of years in Europe. The plant
fibres improves the hygrothermal, mechanical and weather resistance performance of clay materials. This
study determines the water content absorbed by the wheat and corn stalk fibres that will allow the water/clay
ratio to be adjusted. For the characterization of red and white clay, the results obtained by the pycnometer
method show that the bulk density of the clay is 2.80 and 2.73 with an absolute density of 2.79 g/ml and
2.72 g/ml. The results of the characterization of wheat and corn fibres show that they have the capacity to
absorb more than 200% and 120% water by weight in only 25 minutes respectively at 23°C. The water
absorption of fibres increases with increasing temperature. This increase contributes to the improvement
of the hygrothermal performance of the materials by the restitution of the absorbed humidity, providing a
very good feeling of comfort. Samples formulated with 0% to 3% wheat fibre have shown that the addition
of fibre reduces the shrinkage of clay materials by 6.35 to 1.53%.
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1 INTRODUCTION

Construction activities consume 38% of the energy used worldwide each year [16]. This consumption
increases more and more over the years and is linearly linked to CO2 emissions. In addition to the CO2
emissions produced by buildings due to heating and air conditioning systems, agricultural waste dumped
at production sites poses various ecological footprint issues [1]. The challenge of the efficient disposal of
agricultural waste and the growing need to reduce energy consumption in buildings has motivated
researchers to examine the incorporation of this waste into clay materials. This new technique allows for
the development of innovative, ecological and sustainable building materials to meet the environmental and
energy challenge [10]. Regarding the alternative to the choice of materials, several local materials are
available to meet the requirements imposed by the field of residential construction. The cob material is one
of the materials that can be studied and improved for its integration into modern construction. Orienting the
building sector towards the use of these natural composite materials with a wood frame structure is a major
issue in the global perspective of sustainable development [14]. Wood-clay-frame construction has a
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particularly small energy footprint and could help reduce Africa's housing deficit estimated at more than 51
million housing units and will increase by 20.2% by 2050 [4]. In addition to contributing to the reduction of
the housing deficit, this type of construction increases the life of the building by providing good seismic
resilience to its structure [13]. In this project, the target material is wood-clay or wood-cob. The cob is a
mixture of clay and vegetable fibres. It is non-load bearing and serves as a filling for the wood frame. There
are few studies on its hygrothermal and mechanical behaviour, aspects which are directly related to the
heating and air conditioning needs. Therefore, the study of the hygrothermal and mechanical behaviour of
the building envelope is a very important factor. It is a first step to assess the impact of a material on energy
consumption and interior comfort which depends on the temperature and relative humidity.

The objectives of the study are:
a. Characterization of two clays, red and white, for their use in the formulation of the study samples,

b. Characterization of plant fibres, wheat, and corn stalk, used to improve the hygrothermal performance
of the clay material to determine the optimal dosage between the water/clay and clay/fibre ratio,

c. Development of a mixture of clay-fibre materials conferring satisfactory hygrothermal properties.

This project is part of the dynamics of sustainable development and has a double advantage. It aims to
improve the hygrothermal performance of the wood-frame building envelope using clay as a filling material.
Moreover, it is a project that will contribute to the reduction of housing deficits in Africa, which represent
more than 51 million housing units, and to the creation of new jobs.

1.1 Wood-Clay or Wood-Cob Construction

Earthen construction is a very common construction around the world due to its simplicity and low carbon
footprint. This type of construction is very common in countries of the African continent, but also in Europe
and North America [7]. Researchers, architects, engineers, and international organizations are looking with
great passion for bioclimatic construction with research on the use of innovative clay soil building materials.
To this end, several studies have shown that ecomaterials regulate heat and humidity and that cement
blocks and metal sheets widely used for the envelope and roofing in urban construction are heating
accumulators. Several studies have been carried out on local materials such as cob, rammed earth, adobe,
compressed earth, but very few on the cob. However, cob is a building material that is arousing renewed
interest in its low environmental impact. The cob is a building material based on clayey earth reinforced
with vegetable fibres, which is an improvement on adobe. It is a non-load-bearing material that is used to
fill the structure of the wood frame building. The cob has the role of thermal and acoustic insulation, it only
needs a finish that would let the cob and the wood frame breathe to prevent mold and rotting of the frame
[10]. Vernacular material, the cob reflects local techniques and know-how. The current challenge is to find
an alternative formulation of cob that meets the requirements of residential building construction. This will
vary the supply of materials in the construction market, contributing to the reduction of the housing shortage
as well as the energy demand.

1.2 Clay-Fibre Mix

Mixing the clay with the fibres takes place in several stages. The clay soil is manually extracted at the start
of the less rainy season and stored near the site of construction. It is then soaked for several days before
being placed in a blender to form a homogeneous wet mass, followed by the addition of humidified or non-
humidified fibres [6]. This technique is intended for the construction of wood-frame buildings. Regarding the
formulation in the laboratories for the studies, the mixture is made in two parts with soaked or not soaked
fibres. For the unsoaked fibre method, the clay was moistened and mixed to obtain a homogeneous mixture
before adding the fibres. The mixture is then left to stand for 30 minutes or one hour by filling the framework.
The same scenario is repeated for the mixture with the soaked fibres but no need to let the mixture stand.
The good time to work on the cob manually in Africa is between March to October to facilitate drying and in
North America between April and October to avoid freezing. The cob mixing time can vary, from one hour
to 3 days [9]. The three-day duration allows the water to be distributed well in the fibres and the soil. Indeed,
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the role of fibres is to distribute shrinkage cracks throughout the mass of the wall, improve the cohesion
and shear strength of the wall as well as resistance to weathering [9,11,15].

2 MATERIALS AND METHODS

The objective is to develop a material based on the technique of cob while considering the hygrothermal
properties and economic relevance. Tests carried out in the laboratory of ETS have made it possible to
determine the density of the clays, the capacity of the fibres to absorb water and the speed at which the
fibres are able to return water to the environment, thus drying quickly. This shows that the fibres have the
capacity to absorb rainwater when used in the formulation of earth materials but also capable of returning
it when needed. Six unmoistened and moistened clay-fibre samples with a water/clay ratio of 25% and one
fibre-free sample were tested to monitor shrinkage, mass loss, density and cracking during drying for seven
days at room temperature (23 °C). Additional mixing will be done by varying the water/clay ratio and the
clay/fibre ratio on both sides to determine the optimum water/clay and clay/fibre ratio. These optimum ratios
will be used to produce a cob that is strong enough, easy to handle in the short term, and capable of being
laid directly into wood walls. The samples were made with 25 cm x 25 cm x 2.5 cm frameworks and left in
the open air for three days before being unmoulded. The samples are weighed daily followed by the
measurement of the loss of volume, loss of mass and density. These tests will also be carried out on the
30 x 30 x 2.5 cm®and 30 x 30 x 7.5 cm?® samples directly after determination of the optimal water/clay and
clay/fibre ratios. The first characterizations of the clays were carried out by the pycnometer method. The
dry density and dry mass volume of both clays were determined. The characterization of the fibres was
carried out in accordance with [3]. Figure 1 shows the process of mixing clay with fibres.

Clay soil Water Wheat fibres of

vanable size Rest time is

30 minutes

3
Framework (10 x 10 x 1 Inch
3
and 12x 12x 3inch )

Final product

Figure 1: Process of making the cob
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21 Characterization of the clay

For the characterization of the white and red clay, approximately 200 g of each clay was taken directly from
the bags following the guidelines of [2] and weighed using a balance before putting them in the oven for 24
hours at approximately 110°C, then separated into four 50 g parts of each clay. Three 50 g samples were
used for each clay for the test. Figure 2 shows the clays prepared for drying and the prototype of the
pycnometer method and Figure 3 shows the three samples of the red clay introduced into the pycnometers
filled with distilled water (a) and placed in the air bubble eliminator apparatus (b).

a)
red clay white clay

a) bl

. e

Figure 3: Samples of red clay for tests (a) and removal air bubbles (b)

2.2 Fibre’s characterization

The wheat and corn stalk fibres come from the Institut de recherche et de développement
agroenvironnement (IRDA) in Quebec City, Canada. Before starting the trials, initial moisture content was
determined. The fibres were taken directly from the bags, 10.26 g for the wheat fibres and 10.11 g for the
corn stalk fibres and dried in an oven at the temperature of 30°C for 2 hours for a first calculation. A second
calculation was performed by putting these fibres back quickly in the oven at the same temperature for 1
hour. The two drying cycles confirmed that the 2 hours were sufficient for drying. The initial moisture content
was determined for this purpose. The characterization was done according to [3] and to evaluate the
average length of the fibres, measurements were made on several wheat and corn fibres with a caliper and
a measuring roller. Figure 4 illustrates the samples used to determine the initial moisture content (in an
anhydrous state) in the fibres.
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Figure 4: Samples of whea fibre (a) and com
stalk fibre (b) before placing in the oven.

For the determination of the water absorption coefficient, 123 g and 62 g of wheat and cob stalk fibre
respectively were cleaned with distilled water and dried in the oven at 50 °C for 4 hours (Figure 5).
Afterwards, they could cool down before being weighed again. After washing and drying, 120 g of wheat
fibre and 61 g of corn stalk fibre were obtained. After cooling for both drying steps (1st drying last 4 hours
and 2nd drying 1 hour), the moisture content of the fibres was 0%.

Figure 5: Drying the fibres at 50 °C.

At the end of the washing and drying step, the fibres were separated into three samples of 5 g each for
temperature testing. Each sample was completely immersed in distilled water at a temperature of 23°C to
perform the water absorption tests. The same procedure is used for the corn stalk fibre absorption test at
23°C. For the 40°C and 50°C tests, each sample is completely immersed in distilled water heated to 40°C
and 50°C and placed in the oven set at 40°C and 50°C for 48 hours (3 samples of 5 g per temperature).

3 ANALYSIS OF RESULTS

3.1 Characterization results
3.1.1 Red and white clay

The results of these tests gave density of 2.80 and 2.73 for the red and white clay respectively, density of
2.79 g/cm® and 2.72 g/cm3, with initial water contents of 1.68 % and 1.12 % for the red and white clay,
respectively. The results are summarized in Table 1. Red clay is denser than white clay. After these tests,
the formulation two first test samples were made with a water/clay ratio of 25% and a fibre variation of 0%,
2% and 3%.
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Table 1: Test results of clays with the pycnometer according to the ASTM D854-14 standard.

Type of clay Density | Density by mass | Initial moisture content % | Margin of error
g/cm?3 (taken from the bags) %

Red clay 2.80 2.79 1.68 0.016

White clay 2.73 272 112 0.017

3.1.2 Wheat and Corn Stalk Fibre

The physical characterizations of the fibres on water content, length, water absorption and desorption rate
were determined. Corn fibres are very long, they were cut prior to the measurements. The corn stalks in
the laboratory are about 110 cm long. The use of corn stalk fibres for mixing requires the milling process.
Table 2 presents the results of the physical characterization of the fibres.

Table 2: Physical characteristics of the fibres

Type of fibre

Length of the fibres

Initial water content % (from the bags)

Wheat

30+ 0.4cm

7.99

Corn stack

21.31+£2.35¢cm

6.65

The water absorption rate for each sample is obtained by calculation after each weighing of the fibres
removed from the water as a function of time. Equation 1 is used to calculate the water content at time t.

m, =mwm—_;nd)* 100 (%)

Equation 1

m; Moisture content for each weighing at each t (time) in %
m,, Mass of the sample after immersion in water g
my Initial sample mass (anhydrous) g

within 25 minutes of being placed in water, wheat fibres absorb more than 200% of water relative to their
initial mass, and water absorption continues until saturation. Whereas corn stalk fibres absorb only about
120% water based on their initial mass for the same number of minutes at room temperature (23°C). The
amount of water absorbed increases with increasing temperature and the fibres saturate more rapidly when
the temperature is above 23°C. Figures 6 and 7 shows the evolution of the water absorbed by wheat and
corn fibres over 48 hours.
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Figure 6: Evolution of the water absorption rate of wheat fibres function of the immersion time
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Figure 7: Evolution of the water absorption rate of the corn stalk fibres as function of the immersion time

By comparing the results of wheat and corn stalk fibres obtained in this study with those of hemp and
coconut fibres [8], flax[12], alfaifa [5], the fibre water uptake rates are very high in the first minute of their
release or in a controlled environment. The amount of moisture absorbed increases with the temperature
of the environment. Wheat fibres can absorb up to 439%, 492%, 523% water by mass for complete
immersion in distilled water at temperatures of 23°C, 40°C, 50°C, respectively. Corn stalk fibres absorb
316%, 350% and 410% for complete immersion in distilled water for the same temperatures. Temperature
has a significant influence on the water absorption of plant fibres. The higher the temperature, the process
of water diffusion into the fibres is accelerated. For all samples used for the tests, the quantities of water
absorbed by the wheat fibres are always higher than those of the corn stalk fibres. This can be explained
by the fact that wheat fibres have very large capillary pores compared to corn stalk fibres. The high-water
absorption of the fibres may also be due to the presence of non-cellulosic hydrophobic materials [5]. For
the alfaifa fibres studied by [5], these fibres can absorb between 156% to 640% of water relative to their
initial mass and this is due to the presence of hydrophobic non-cellulosic materials. The high absorption
rate values of the vegetable fibres prove that a product made from these fibres will offer a good feeling of
comfort since it will absorb more moisture from the ambient air and, if necessary, release it again. To
evaluate the ability of the fibres to release the moisture absorbed during the test, all samples were exposed
to ambient air for 48 hours at the end of the water absorption test (after saturation). It takes 20 hours for all
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fibres to become saturated while it takes just 48 hours to return the fibres to their original mass (dry state).
The complete loss of water in the fibre structure of corn stalks and wheat fibres is a rapid process. This
shows that the use of these fibres in the formulation of clay materials will not cause mold in case rainwater
infiltration occurs on the wall surface. However, this infiltration could lead to the modification of the
hygrothermal properties of the material. For the formulation of clay/fibre samples, it is necessary to adjust
the water/clay ratio to avoid rapidly drying of the final material which can lead to desiccation cracking.

3.2 Mixing Results

The following Figures 8 and 9 compare the mass and density of wheat fibre-reinforced and fibre-free
samples in the wet state and after a 7-day drying period. Samples reinforced with moistened fibres have
higher masses than samples reinforced with unmoistened fibres and on day 7, the opposite is observed.

day 7
0% fibre

day 6 . .
o M 3% moistened fibre
'~§- day 5 B 3% unmoistened fibre
o
£ ® 2% moistened fibre
5 day4 . .

2% unmoistened fibre

day 3

day 2

Damp

mass.. |

0 500 1000 1500 2000 2500 3000 3500 4000
sample mass (g)

Figure 8: Variations of the mass of the samples as a function of the drying time
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Figure 9: Variation of a sample of the density mass as a function of drying time

The results illustrated in Figure 10 show that in each formulation a withdrawal takes place. This shrinkage
is due to the evaporation of water which causes the particles to move closer to the sample matrix. However,
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it should be noted that the presence of fibres reduces the rate of shrinkage (Figure 10). The time required
for stable sample shrinkage is estimated to be after 7 days of drying for the fibre-free formulation, about 6
days for mixtures of 2% and 3% fibres, whether soaked or not. The shrinkage of the 3% fibre-reinforced
mixture is 1.53% compared to 6.35% for the fibre-free mixture.
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Figure 10: Time dependent water withdrawal

4 CONCLUSION

The knowledge of cob needs to be deepened to be used in modern construction and to promote the
understanding of this construction technique for both rural and urban populations. Clay materials are
particularly sensitive to water. Adding fibres to clay will increase its sensitivity to water. All the work
presented in this article was carried out in the research laboratory of the Ecole de Technologie Supérieure.
The objective of this work is to study the hygrothermal and mechanical behaviour of cob for a wood-clay
construction. In the first part of the work presented in this article are the test results for water absorption of
the fibres and five clay formulations reinforced with wheat fibres with a proportion of fibres that varies
between 0% and 3%.

The literature review highlighted the interest of the addition of fibres for earth construction and its capacity
to reduce the shrinkage of earth materials. The incorporation of fibres accelerates drying thanks to the rapid
removal of moisture from the fibres to the outside environment. In this article, the study was conducted with
Canadian red clay and wheat fibres from the research Institut de Recherche et de Développement
Agroenvironnement (IRDA) in Quebec City, Canada in Quebec City. The density of the clay used for these
tests is 2.79 with a water content of 1.68%. The wheat fibres have a very high sensitivity to water with a
very high-water absorption of 200% for an immersion time of 25 minutes. The formulated samples showed
that the addition of 3% fibre decreases the shrinkage rate from 6.35% to 1.53%. As cob is a very porous
material, the continuity of this study on the analysis of the hygrothermal, mechanical and fire resistance
behaviour will be successively carried out. Several samples will be prepared for the continuation of the work
with fibres of stems of corn, fibres of wheat, red and white clay. The results presented in this paper and
which will be obtained in future work will be used for the hygrothermal simulation model.
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