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Figure 2 : Drying kinetics of wheat fibers with time 

(water desorption)

Figure 3 : Kinetics of corn stalk fiber drying with time (water 

desorption)

The main objective of this study is to evaluate the hygrothermal

performance of wood-clay materials reinforced with agricultural

fibers. Wood-clay construction is an environmentally friendly building

system, especially in hot climates and has a low embodied energy.

Water absorption of the fibers is an important parameter in the design

of the mixtures, and the tests were conducted in strict accordance

with ASTM 2654-89a. The results of the characterization of wheat

fibers show that they have the ability to absorb up to 439%, 492%,

523% water by mass after complete immersion in distilled water at

temperatures of 23 °C, 40 °C, 50 °C respectively. For corn fibers

it respectively go down to 316%, 350% and 410% at the same

temperatures after saturation. The water absorption of the fibers

increases with temperature. Two types of clay are used and their

characterization gives densities of 2.79 for red clay and 2.73 for

white clay. These results will guide the determination of fibres in

clay building materials and the results of future samples will be used

in the hygrothermal simulation model of the wood-clay system.

Figure 4 Variation of a sample of the density mass as a 

function of drying time : wheat fibers

Figure 5 Time dependent water withdrawal : 

wheat fibers
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Figure 1: Heat and moisture flow 

on a section of wall

For the numerical simulation of wall systems, a hygrothermal model

at the scale of the building envelope based on Python code is under

development. The model includes the coupled transfer of energy

and mass, the indoor sources due to the air conditioning system and

performance indicators on energy requirements (Figure 1) .

❖ The field of wood-frame construction is currently booming. However, the major limitation of these constructions lies in

their low thermal capacity if they are poorly executed as well and the lack of more concrete data on its hydrothermal

performance and its ability to resist seismic effects.

❖ This project consists of developing a mixture of bio-based materials based on clay and plant fibres inserted into wood

structures. The mixes will be composed mainly of clay and wheat or corn fibres.

❖ The results presented in this poster is a guide for the beginning of the formulation of samples for the hygrothermal tests

presented in part 2.1 as well as for the mechanical resistance studies that will be carried out after the hygrothermal

tests.

❖ Since the fibers are very porous, they absorb about 120% of water by mass for corn stalks and 200% of water by mass

for wheat in 25 minutes and saturate less than 48 hours upon contact with water. Wheat fibers being very porous, they

absorb more water than corn stalk fibers. However, both types of fibers have the ability to resituate ¾ of the amount of

water absorbed during the 48 hours to less than 8 hours.

❖ Shrinkage of the clay decreases with increasing amount of fiber in the mix, regardless of whether the fibers are soaked in

water before formulation. The samples formulated with non-wetted fibers have a higher density than the samples

formulated with wetted fibers of 33 kg/m3 (2% of fibers) and 24 kg/m3 (3% of fibers) at nearly 7 days of drying. This may

be due to the additional water content of the fibers that could not be evacuated after the 7 days of drying.

❖ The data obtained in this test phase will be integrated into the hygrothermal model.

❖ The results that will be obtained by the hygrothermal model will allow the analysis of the variation of indoor

temperatures and humidity of a social housing made of fibre-reinforced wood clay, which is under the influence of the

outdoor climate. The reduction of air-conditioning needs of the dwellings will be evaluated.

❖ The results of the tests and hygrothermal model may lead to a better acceptability of wood and clay structures, so that

they can be considered in building codes in Canada and other African countries. They will also lead to more

environmentally sustainable housing construction projects to contribute to the reduction of excess housing demand in

the African continent and even on other continents.
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Characterization of clays and fibres according to ASTM 854 14 and 

ASTM2654 89a

❖ Fibre cleaning and drying at 50°C for 2 

hours,

❖ Absorption test at temperature of 23°C , 40 

°C  and 50 °C  (3 samples of 5g per step),

❖ Desorption test at room temperature 23 °C 

Determination of density by 

the pycnometer method

1.Formulation of the first samples, E/A ratio equal to 25% and fiber content from 

0%,to3% (unquenched and quenched fibres)

2. Density measurements and sample shrinkage rates
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